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TRANSLATOR’s PREFACE.

HAT tranflations of the works of

cminent foreign writers are of great
utility to fcience and the arts is a truth
which has long been known and acknow-
ledged, and indeed {o rapid is the progrefs
of improvement in modern times, that {uch
tranilations are every day becoming more
important: an ardent fpirit of inquiry
having pervaded the greater part of Eu-
rope: andalmofl every nation inthis quar-
ter of the globe, having given birth to men
of fuperior talents and induftry, who are -
deeply engaged in exploring the opera-
tions of nature.

It is evident, that every country muft be
much benefited, which by means of early
tranflations, poflelles itfelf of the fruits of

A 2 the
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the labours of foreign nations. It colle@s
as 1t were into a focus, the fcattered lights
_which are ftruck out in different parts of
the world, and thus rcaps an immediate
advantage from difcoveries which had a
diftant origin. Although the Philofophcrs
of our own country have been eminently
diftinguiihed by that zeal for the advance-
ment of fcience, which 1s one of the cha-
raderiltic features of the prefent age, yet
it nait be ackrowledged thatin the appli-
cation of {cientific chemillry to the arts, we
have been furpafled by our neighbours on
the continent.  The principles of the art
of dycing in particular, {feem to have been
negletted by us, or at leaft do not appear
to have obtained that degree of attention
to which they were entitled, from their
importance both to the manulacturer and
the man of fcience.

No {yflematic treatife on this fubjetl has
hitherto appeared inour language, except-
ing a tranllavon of Hellot, with which

' the
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the public are very little acquainted. Itis
true, we mect with fome very ingenious
and fcientific remarks on dyeing, in Lewis’s
Commercium Philofophico Tcchnicum g
‘but thefe are confined almolt folcly to the
black dye. We have likewife fomc valu-
ablc oblervations on this fubje&, in the
tranflation of Macquer’s Chemical Dic-
tionary. Thele works, together with a
few books of receipts taken from Ilellot,
d’Apligay, Macquer, and Dufay, compre-
hend almoft every thing I have yet {een
in the englifh language on the art of dye-

ing.

The intelligent reader will percetve
that i the prefent work, mucl. light 1s
thrown on the principles of the art of
dyeing by the late improvements in che-
miftry. From an attentive perufal it will
appear, that by means of the properties of
the different gafes, by an attention to the
influence of light and to complicated che-
mical combinations, the ingenious author

‘A g has
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has been enabled fuccefsfully to explain
many important falls, the caufes of which
"were formerly involved in ob{curity. Con-
fidered in this point of view, it is con-
ceived, that the work which I have under-
taken to tranflate will be highly acceptable
to the philofophical chemift; but it is to
the manufaéturer that this work is princi-
pally addrefled. He will find in 1t me-
thods of conduéting his procefles equally
new and fimple. He will learn from 1t
to afcertain with greater certainty the {uc-
.cefs of his operations; it will furnifh him
‘with an opportunity of comparing his own
procefles with thofe of other artifls, and of
adopting the improvements derived from
the labour and ingenuity of his predecef
fors and cotemporaries.

In this treatife particularly, he will find

a certain mode of determining the qua-
lities of the materials he employs, which
will enable him to proportion the quan-
tities fo accurately to each other as to
avoid
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avoid all wafte, and direft him to the
value of any article of which he can pro-
cure a fample. This improvement prin-
cipally depends on the ufe of the acids,
and more efpecially of thole which have
been termed oxygenated.

With a view to facilitate the mode of
obtajning the acids, I have ventured to
add a deflcription and drawing of an
apparatus for the diftillation of thole fub-
ftances, which from experience I find
more fimple and advantageous than any
that I have yet fcen.

Refpeét for the author has induced me
to retain the new french nomenclature,
which 1s at preflent becoming fafhionable;
although it might have becn more accept-
able to many of my readers, if I had fub-
{tituted the terms in common ufe, for thofe
that have been empleyed by Mr. Ber-
thollet. With a view, however, to pre-
vent any miftakes that might arife from

this
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this fource, 1 have {ubjoined a vocabu-
lary, and have likewile added an index,
without which no important work fhould
appear.

In a few inflances, I have endeavourcd
to illuftrate the cobfervations of our an-
thor by notes. Thele are not {o copious
or numerous as I could have wilhed, but
I was {olicitous to make my countrymen
acquainted with this valuable work as
early as poflible, and certain circum-
flances, with which it 15 unncceffary to
trouble the reader, have obliged me to
finith the tranflation within a limited
tie. .

I fhall only add that in tranflating a
philofophical work, which confifts chiefly
of a detail of inporta®t fafts and infer-
ences, I have dcemed it right to prefer
perfpicuity to elegance.
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INTRODUCTTION.

STRONG defire of attralting attention

is obfervable in man in his moft unculti-
vated ftate. Amongft the means of gratifying
this dcfire, the beauty of brilliant colours
naturally prefents itfell.  Thus even favage
nations paint their fkins, and adorn themfelves
with feathers, ftones, and fhells of lively hue.

The women of Gal on their feftival days
ufed to fain themfelves of a brown olive
colour with woad, and this no doubt exercifed
the vanity of thole of higher rank.

The origin of the art of dyeing is certainly
therefore of great antiquity, and very poffibly
nations, little civilized, whcre nature had fur-
nifhed colouring materials of ealy application,
might poflefs fpecies of tints which polifhed
nations may have highly efteemed: thus the
Gauls prepared fome colours which even the
Romans did not defpife. The art however

Vor. L. B muft
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muft bave waited the progrefs of induftry and
luxury, to be much extended or improved.

The Egyptians, according to Pliny *, had
difcovered a mode of dyeing, fomewhat re-
fembling that which we ufe for colouring
printed linens ; the ftuffs, probably after having
been impregnated with different mordants®,
were immerfed in vats, where they received
various colours. It is to be prefumed however,
that the induftry of a people, whom facerdotal
power, by exprefs laws, forbad to change even
their moft indifferent cuftoms, could not be
very aétive.

When we wifth to eftimate the progrefs of
the human mind in remote times, we turn our
attention to Greccc; but therc we find a
ftriking difference between the fine arts, and
théfe fubfervient to our convenience or luxury ;
a diffcrence, the caufe of which, may be per-
ccived. Public opinion placed thofe arts at
an immenfe diftance from cach other; for
while glory was attached to the former, the

» Hift. Nat, lib. xxxv. chap. 2.

b It does not appear that the Englifh artifts have any term
appropriated to this clafs of bodies compofed chiefly of
earthy and metallic falts, employed in the preparation of ftuffs,
to fit them for the reception of more durable colours, I have
therefqge thought it beft to retain the original word, T,

Jatter
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latter were confounded with difgraceful and
fervile employments.

The diftin@tion however was in part well
founded. The painter, the ftatuary, the archi-
te€t, ftamped their genius on their produ&ions ;
their art did not require long continued efforts
for its increafe, nor the accidents and ex-
periments of ages for its flow improvement.
Their invention was able at once to pafs the
limits of time, and thofe mafter pieces of art,
which fo rapidly fuccceded each other in
Greece, have juftly become the admiration of
pofterity.

Yet this nation however fruitful in genius,
or productive of great men, {uffered itfelf to
be led away by its inclinations, and beftowed
its efteem too partially. For while crowns and
the moft fplendid honours were decreed to
thofe who excelled in wreftling, boxing, and
running, the ufeful arts were degraded, even
in the eyes of philofophers.

This is one of sthe moft ftriking charaéters
by which the philofophy of the ancients is
diftinguithed from that of the moderns. The
ancients werc chiefly engaged in fpeculations,
which might procure them the refpe& of a
people, who, while they difpenfed glory,
thought the ufeful arts unworthy their attention.

B 2 This
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This contempt defcended to the Romans;
tor Pliny fpeaking of dyeing, awowedly neglefs
the defcription of operations which are uncon-
nefled with the liberal arts; nec timgends
rationem omiffiffimus, fi unquam ea liberalium
artium fuiffet.

Modern philofophers, above the vulgar, yet
defpifed by the great (whofe pride is fupported
by pretenfions wholly foreign to human fcience)
have given themfelves up to cold calculation,
and to the humble defcription of what nature
and art prefent to them. They have traced
the connexion of the numberlefs wonders that
have occurred to them, and have difcovered in
the labours of induftry, as well as in commerce,
the fource of national profperity, the feeds of
extenfive population, and the grand fupport of
agriculture. But it was the academy of {ciences
of Paris which firft attempted to fhed the light
of fcience upon all the arts, which formed the
projett of publithing the defcription of them,
and which in the midft of pgohibitory regula-
tions, formed the elevated idea, that the
induftry of a nation cannot fail to be enlight-
ened and increafed by a free communication of
all the procefles it ufes, and that the facrifices
it makes by this publicity, are amply compen-
fated by the advantages it derives from it,

This
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This plan was extended to all thé objeéts of
knowledge by the Encyclopzdia, the moft
magnificent monument ever raifed to philofophy
and reafon.

The art of dyeing among the Greeks could
have had but little afliftance from {cience ; but
the aflivity of genius is communicative, and
induftry wultiplies its efforts when folicited by
juxury. Let us fee then what progrefs luxury
'had made in Greece. Let us confult the
philofophical pi€tutc which has been lately
drawn of its manners.

A number of the citizens of Athens paffed
their time in the diffcrent tribunals, for which
they received three oboli, that is nine fous per
day (about 4id. Eng.) The medium price of
a feptier (twelve bufhels) of corn, which is
the moft natural ftandard of comparifon, was
thirteen livres (10s. 10d. Eng.) ; that isa little
more than half the medium price with us; fo
that a citizen of Athens with the daily pay he
received for the difcharge of the moft import-
ant duties of the republic, might purchafe a
meafure of corn, the price of which at prefent
is fifteen fous (74d. Eng.) In order then to
form an idea, not of the public magnificence,
nor of that of fome individuals, but of the
eafe and luxury of the ordinary clafs of citizens,

B3 we
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we muft confider, what they would be at Paris,
if the falary of the public offices was fifteen
fous per day. -

“ Many of them (the Athenians) went bare-
« footed. The drefs of the people was made
¢« of cloth which had received no dye, and
« which might be wafhed (reblanchir). The
“ rich preferred coloured cloths <; they efteem-
“ ed fuch as were dyed fcarlet by means of
“ certain grains of a reddifh colour; but they
« valued ftill more. highly thofe of a purple
«“ dye.”

Silk, which is fubje&ed to the greateft variety
of the proceffes in dyeing, comes originally
from China. The annals of that nation inform
us, that the wifc of the emperor Hoang Ti,
was the firft who fpun threads from the natural
filk cocoons, found on the trecs. From this
country, filkk was carried into Indoftan, and
thence to Perfia, Greece, and Rome, where
however it was not known till a very confider-
able time after the firR employment of it.
Some have concluded from a line in Virgil’s
Georgics 4, that it was in ufe at Rome in the
time of Auguftus, What' Pliny fays on the

< Voyage du jeune Anacharfis.
4 Velleraque ut foliis depe@tant tenuia Seres Georg. lib. ii.

fubje&t
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fubjeét is lefs ambiguous. In the reign of the
emperor Juftinian, filk ftill bore fo high a
price that it'fold for its weight of gold=. It
was about this time, that filk worms eggs were
brought by certain monks, from India to Con-
ftantinople, where a method of hatching them,
and of fpinning from their cocoons was difco-
vered f. Silk worms fecem to have been firft
introduced into Italy about the time of the
Crufades.

The art of dyeing linen appears not to have
been known in Greece before Alexander’s
invafion of India, where, according to Pliny,
they dyed the fails of his veffels of different
colours. The Greeks feem to have borrowed
this art from the Indians.

India was the nurfery of the arts and fciences,
which were afterwards fpread and perfeéted
among other nations. Accidents which had a
tendency to improve the art, could not fail to
be multiplied rapidly, in a country rich in
natural produftions, which requires little labour
for the fupport of its inhabitants, and the
population of which was favoured by the
bounty of nature, and the fimplicity of man-

¢ Voltaire, Effai fur les Moeurs, &c.
¥ Procop. lib, iv, cap. 17. de belle Gothico.

B 4 ners,
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ners, till it was oppofed by the tyranny of
fucceeding conquerors. But religious preju-
dices and the unalterable divifion in cafts, foon
“put fhackles upon induftry ; the arts became
ftationary ; and it would feem that the know-
ledge of dyeing cotton in that country (for
filk was then unknown, or at leaft very fcarce)
was as far advanced in the time of Alexander,
as it is at prefent.

The beautiful colours which we obferve in
thofe Indian linens, to which we ufed to give
the name of Perfes, becaufe they came to us
from Perfia, would lead us to think that the
art of dyeing had there attained a high degree
of perfeftion ; but we find by the defcription
which Beaulieu gave (at the requeft of Dufay)
of fome operations performed under his own
cye ¢, that the Indian procefles are fo compli-
cated, tedious, and imperfe&, that they would be
impragticable in any other country, on account
of the difference of the price of labour,

European induftry has far furpaffed them
in correfinefs of defign, variety of fhade, and
facility of execution, and if we are inferior
to them with refpeét to the livelinefs of two or

& Traité fur les toiles peintes dans lequel on voit la maniere
dont on les fabrique aux Indes & en Europe.

three
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three colours, it is only to be attributed to the
fuperior quality of fome of their dyes, or
perhaps to the length and multiplicity of thexr
operations.

We may then conclude, that the art of
dyeing was much more limited, and lefs perfe&t,
among the ancients than among the moderns ;
but they were in pofleffion of one fpecies of
dye, which has been either loft or negleéled,
which was an obje& of the moft refined luxury ;
that is, purple: its procefles have more at-
trafted the attention of philofophers, and been
more carefully preferved in hiftorical- records,
than thofe of any other colour.

I fhall pafs over the fables with which they
have endeavoured to embellith the origin of
the purple dye ; but it is probable, that it was
difcovered at Tyre, and contributed much to
the opulence of that cclebrated city.

The liquor ufed in dyeing putple was ob-
tained from two kinds of fhell fith, the larger
of which was called the purple, the other was'
a {pecies of whelk : they were each fubdivided
into many varieties, and were flill further
diftinguithed, as they afforded a more or lefs
beautiful colour, according to the coaft where
they were taken, &c.

The
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The colouring liquor for purple is found in
the throat of the fith, in each of whjch was
. contained only a fingle drop; they ufed to
bruife the whelks, which likewife contained a
very {mall quantity of a red liquor with a black
tinge (nigricantis rofe. Plin.)

VWhen they had obtained a certain quantity
of the colouring liquor, they mixed with it a
proportion of common falt; they macerated
them together for threc days, and then added
five times the quantity of water ; this mixture
they kept in a moderate degree of heat, and
feparated, from time to time, the animal parts
which rofe to the furface; thele operations
lafted ten days, after which they afcertained
with a piece of white wool, whether the liquor
had acquired the proper fhade.

The ftuff was prepared for receiving the dye
in various ways; fomc immerfed it in lime
water, fome prepared it with a kind of fucus,
which ferved, like fome of our mordants, to
render the colour more fixed (folide).

We do not know precifcly the marine plant
to which the ancients gave the name fucus,
but its ufe was fo extenfive in dyeing, that the
word bccame a generic term, including all
forts of colouring fubftances. Mr. le Pileur
d’Apligny conjefurcs that it might be a kind

of
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of archil, which is found on the coaft of
Candia®; others again prepared their cloth
with alkanet.

The liquor of the whelk alone did not afford
a durable colour, but it increafed the brightnefs
of that obtained from the other kind of fhell
fith. The Tyrian purple was prepared by two
operations, a firft dye was communicated by
the liquor of the purple, and a fecond by that
of the whelk, hence it was called by Pliny
purpura dibapba. In other proceflcs they em-
ploycd a mixture of the liquor of both the
fhell fith ; for inftance, for 0 1b. of wool, they
uled 200 1b. of the liquor of the whelk, and
100 lb. of that of the purple fith; thus they
obtained an amethyft colour; fometimes they
gavc a ground with coceus, which is our kermes,
and then dyed with the liquor of the purple fifh;
in finc, by different combinations of the above
methods theyobtained a great variety of purples,
which they diftinguifhed by different names ;
the Tyrian purple, according to Pliny, was of
the colour of coagulated blood ; the amcthyft
purple had that of the ftone, fo called ; anothe:
kind more refembled the colour of the violet,

&c. &c.i.
I

b Effai fur les moyens de perfe@tionner I'art de la teinture.
i Thofe who wifh for further information rcfpeting the
purple
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It appears that fome of the kind< of purnle
preferved their colour for a verv jang time;
for Plutarch inr his life of Alexinder relates,
that the Greeks found in the rreainre of the
king of Perfia a great quantity o! vurnlc, which
had not loft its beauty thouph t =wis one
hundred and ninety years old.

The very fmall quannty of ‘tau~r sbrained
from each fhell fith, aod the tedhime wraesis of
the dyeing, raifcd the price of purpie V. tech,
that in the time of Augufius a pound = w00l
of the Tyrian purple dye, couid not be nar-
chafed for one thoufand denarii, about fevea
hundred livres of -our moncy (£'29 11s.
8d. Eng.)

Pricits, who have always fought to derive
advantages from whatever could make im-
preflion on the multitude, attributed in former
times a facred charalter to purple. It was a
colour pleafing to the divinity, and was to be
appropriatcd to his worfhip, and although the
ufe of it has becn long dilcontinucd, the pride

purple of the ancients, may confult the following modern
works, Fabii Colomne Lyncey purpura; G. Gottlob
Richter progr. de purpura antiquo & novo pigmento ;
Reaumur mem. de 1'acad, 1911 ; and above all a learned
work of Mr. Bifchoff, entitled Verfuche ciner gefchi®e der
fabeckuntt, &c. 1780,

of
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of the name is ftill preferved in our facerdotal
hierarchy.

The purple has been, almoft every where,
a mark of diftinftion attached to high birth
and dignities. It was an ornament of the firft
offices of Rome; but luxury, which was
carried to great excefs in that capital of the
world, rendered the ufe of it common among
the opulent, till the emperors referved to
themfelves the right of wearing it: foon after-
wards, it became the fymbol of their inaugu-
ration.

They appointed officers to fuperintend the
manufaflories, principally eftablifhed in Phe-
nicia, where it was prepared folely for their
ufe. The punifhment of death was decreed
againft all who fhould have the audacity to
wear it, though covered with another colour.

The penalty fo tyrannically denounced
againft this whimfical fpccies of treafon, doubt-
lefs occafioned the lofs of the art of dyeing
purple; firft in the Weft, but much later in
the Eaft, where it flourifhed confiderably till
the eleventh century.

The ancients obtained from the coccus, now
known by the name of kermes, an account of
which is given (Seft. III. Part I.) a colour
which was almoft as highly eftecemed as the

3 purple,
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purple, and which was fometimes mixed with
it, as we have before remarked. Pliny informs
. Us, that it was employed in the preparation of
the imperial robes. It was generally called
fcarlet, but fometimes it was confounded with
the purple.

It appears, that it was not till the time of
Alexander and his fucceflors, that the Greeks
attempted materially to improve the black,
blue, yellow, and green dves. -

Among the Romans it was cuftomary from
the carlieft times, for newly married women
to wear a yellow veil, and this colour was ap-
propriated to matrons.

In the games of the circus there was a kind
of quadrill X, the divifions of which were
diftinguifhed by the colours, green, color pra-
JSinus, orange, rufatus, ath coloured, wvenetus',
and the white,

k This term denotcs a troop of cavaliers pompoufly drefled
and mounted for the performance of certain games, &c. It
is borrowed from the French quadrille, or fquadrille, and
that probably from the Italian quadriglia. They were never
compofed of lefs than four divifions, nor of more than
twelve, and egch divifion confifted of twelve cavaliers at
moft, and at leaft of three, T. .

I This, rendered in the original by /e cendré, is alfo, and
I believe more commonly, ufed to denotc a light blue, or

&y bkeo Tu
We
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We are enabled to judge of the qualities of
thefe colours by the fubftances ufed in making
them. I fhall enumerate after Mr. Bilcoff,
who has minutely examined the fubjeft, the
ingredients employed at that time, in the art
of dyeing, in addition to the coccus and the
purple fhell fith.

1. Alum. It feems probable from what
is obferved in the firft part of this work
(Seét. II1.) that the ancients were unacquainted
with our alum in its ftate of purity.

2. Alkanet. Suidas fays, that this fubftance
was alfo ufed by women as a paint.

g. The blood of birds, which was ufed
among the Jews.

4. The fucus. That of Crete was prefer-
red, and it was generally employed as a ground
for valuable colours,

5. Broom.

6. The violet; from which the Gauls pre-
pared a colour which refembled one kind of
purple.

7. Lotos medicago arborea. Snail trefoil
(luzerne en arbre). The bark was ufed in
dyeing fkins, ahd the root in dyeing wool,

8. The bark of the walnut-tree, and the
peel of the fhell.

q. Madder.
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9- Madder. We do not know whether

the madder plant of the ancients was the fame
as ours, or whether it was another root of the
fame tribe.
. 10. Woad. (glaftum). This plant was
undoubtedly in ufe among the ancients, but
we do not know whether their preparation of
it was the fame as ours.

Although the ancicnts might have employed
fome fubftances, of which we have no account,
we cafily perceive that our acquifitions, more
efpecially fince the difcovery of America, give
us a decided fuperiority in many colours.
With refpe@ to the regret which has been
often felt for the lofs of the art of dyeing
the celebrated purple, it may be queftioned
whether it is well founded, and whethcer we
arc not able to produce a purple equally beau-
tiful ?

The fhell fith which furnifhed the purple
dye, probably exift now, in as great abundance
as formerly. They have been fo accurately
defcribed that they may be recognized ; and in
fa®, Thomas Gage informs us, that fhell fith
have been found near Nicoya, a fmall Spanith
town in South-America, which poffefs all the
properties defcribed by Pliny, and others of
the ancients. Thefe fhell fifh it appears, are

at
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at prefent ufed in dyeing cotton, on the coafts
of Guagaquil and Guatimala =.

Cole, in the year 1686, difcovered fome of
them on the Englith coaft, and Plumier found
a fpecies of them at the Antilles. Reaumur
has made many experiments on the whelks,
which he obtained from the coafts of Poitou, and
*Duhamel has minutely examnined the colouring
liquor of the purple fhell fith, which he found
in great abundance on the coaft of Provence.
He obferved, that this liquor does not take a
purple colour without the aflion of light, a
circumftance which Recaumur had before re-
marked relpefting that of the whelk; that
though at firft white, it becomes of a yellowifh
green, which deepens to a lort of blue, that it
afterwards reddens, and in lefs than five mi-
nutes becomes of a very fine deep purple ,
now the purple of the ancients poflefled thefe
charaflcrs.

Further, we have a very minute defcription
of the manncr of catching the fhell fith which
produced the purple, by an cye witnefs, Eudo-
cia Macrembolitiffa, daughter of the emperor

= Hift. philofoph. & polit. du comnm. des Indes. liv. vi.
# Mem. de I’Acad. 1736.

Vor. L. C Conftantine
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Conftantine the eighth, who lived in the cle-
venth century °.

Our indifference as to procuring the purple,
and our ncgligence of the experiments of fome
modern philofophers  refpe&ting it, arife, I
think, {rom our being alrcady in poffeflion of
more beautiful, as well as much lefs expenfive
colours ; and I am not fingular in this opinion »,
In fadl, the kermes affords a colour which was
almoft as highly eftecmed by the ancients, as
the purple, and contributed to that which they
diflinguithed by the name Color Hyfginus. Now
wi know how to cmploy the kermes probably
to greater advantage than they did, becaufe we
poflefs a purc alum, which prepares the ftufl
to rcecive a more beautiful and durable colour ;
yet our dyers have been induced almoft entirely
to dilcontinue the ufe of it, becaufe they can
obtain from cochincal a colour beyond all
comparifon morc beautiful.

o Eudocia Macrembolitiffa was marricd to one of the
Conftantines, and after his death to Rom. III. who was
made cmperor in 1068. The work is to be found in a
collettion publifhed by Mr. d’Anfe de Villoifon, under the
title of Jluecdita graca e regia Parifienfi & e weneta 8. Marci
bibliothecis deprompta. 'T. 1. 1781,

» Bifchoff verfuche, &c. Goguet de I'origine des loix, des
arts, & des fcicnces, 2- partic, liv. ii.

If
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If we fuppofe that the flight difference ob-
fervable between the colour obtained from
the kermes, and that of the Tyrian purple, is
compenfated by the advantage we derive from
the employment of our alum, we may confider
this admired purple, which on pain of death,
none but the Cafars could wear, as fimilar to
that blood red we fce in old tapeftry, which
was produced by kermes.

The fuppofition that the colour which we
obtain from the kermes, is preferable to that
obtained from it by the ancients, is fupported
by the teftimony of Pliny, who infinuates that
it was not a durable colour; mnow the colour
we give by meaus of kermes, to wool prepared
with alum, is exceedingly durable.

The ancients were not acquainted with that
ufeful fubftance foap*, which muft give usa
luperiority in fcouring, and fome parts of the
art of dveing. Inflead of it, with a view to
get greale out cf woel, and to wath linen, they
made ufe of a plant, calied by Pliny radicula,
andd by the Greeks flruthion, and which fome
think was our faponaria, foap-wort ; they like-
wife cmployed with  the fame view, anciher
plant, which Pliny deferibes as a pecies of
poppy. Homer repreflents the princefs Naufica

* Goguet, ibid. part, 1, liv, i,
C = and
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and her attendants wafthing thcir linen clothes
in the ditches, by trampling on them with their
 fecet.  We are informed by other authority,
that the ancients uled afhes in wafhing ; and
fome of the bolar earths were likewife cm-
ploved for that purpofe.

From the new world, we have acquired
feveral fubltances that have been found ufeful
in dycing, namely cochineal, brafil wood, log-
wood, and anotta.

But above all, we are indebted for the fupe-
riority of our colours to our preparation of
alum, and the folution of tin, which give fo
much brilliancy to many of our dyes.  Our
very general ufe of filk, which takes fuch
lively and beautiful colours ; the rapid inter-
courfe of trade, which brings the luxury of
China and the Indics within the reach, cven
of the vulgar; the aétivity of induftry, cn-
lightecned and flimulated by jcaloufy, and a
contention for fuperiority among the different
nations of Europe; thefe circumftances have
raifed us very much above the ancicents, anc
have made colours common among us, with
which the moft opulent among them, werc
unacquainted : but previous to the acquifition
of this fuperiority, Europe experienced all the
devallations of barbarifm.

Iu
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In the fifth century, all the arts were loft
throughout thec Weft ; except a few, which in
a ftate of dccay, were preferved in Italy ; and
no traces were left of knowledge, induftry, or
humanity.

Muratori ¢ quotes a manufcript of the eighth
century, in which we find a defcription of
fome dyes, principally for fkins, and fome
procefles connefted with other arts; but the
Latin, which is almoft unintelligible, and the
chafins we find here and there, prevent us
from being able to form a juft idca of thele
procefles -

The arts were better preferved in the Eafl,
where articles of luxury were procured by
fome of the great, cven fo late as the twellth
century.

During the crufades, the Venctians derived
their power from the barbarous mania of the

1 Diff. de textrina & veftibus ficculor, rudiuvm. Auig. Lzal,
vol. ii.

t I fhall quotc literzlly a defcription of alum, which
feems to prove that they employed only alumineus ftalatites,
or a volcanic earth impregnated with alum.

De ALuMEN.

Alumen antem metallum, eft terra floriens de Ericarin.
Yiritarin terra eft alba facilis ad pifandum,

C3 age s
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age; their fleets were loaded with provifions
for our deftruftive emigration; their com-
merce increafed, the arts were eflablithed
among them, and improved by the induftry of
the Greeks, and fpread from thence through
the other parts of Italy. In the year 1338,
Florence contained two hundred manufalurers,
who are faid to have made from feventy to
eighty thoufand pieces of cloth, which, as an
objett of commerce, was worth twelve hundred
thoufand crowns of gold.

itis faid, that archil was accidently difco-
vered by a Florentine wmerchant, about the
year 1300. Having obferved that wine im-
parted a very fine colour to a certain fpecies
of mofs, he made experiments, and lcarned
to prepare archil,

e kept his difcovery fecret for a long time ;
his polterity, a branch of which flill exifts,
according to IDominique Manni, have retained
the epncllatton Ruccellas, Irom Oreiglia, the
Spanifh tei:n for that kind of mofs,

‘The arts continucd for a long ‘time to be
cultivated in Italy with increating fuccefs. 1In
the year 1429, the fuft collection of the pro-
ccfles employed in dycing, appeared at Venice,
under the name Mariegola del’ arte de i tentori :
a fecond cdition of it, mrzh improved, came

out
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out in 1510. A certain perfon called Giovan
Ventura Rofetti, formed the defign of rendering
this defcription more ufeful and extenlive.
He travelled through the different parts of
Italy and the ncighbouring countries, where
the arts had begun again to flourifh, in order
to make himfclf acquainted with the various
procciles employed ; and he publifhed under
the title Pliftho, a colleétion, which according
to Mr. Bifchoff, is the firft that united the
different procefles, and which ought to be
regarded as the leading ftep toward the per-
fe€lion which the art ol dycing has attainied °.

It is remarkable that in the woik entitled
Plictho, not a word is faid cither of cochinceal
or of indigo, probably thele two dyes were
not employed in Italy.

Pliny, indeed, fpcaks of a fubftance which
came from India, which he calls Indicum, but

s Plizks de avte de tentori, che infegna tenger panni, tele
banlafi 3 fede, fi per Darte magire, come per la commune
aincie, 1 548.

This work has been tranflated into French, under the
title of Suite du teinturier parfait, ou Part de teindre les
Jaincs, foies, fils, peaux, poils, plumes, &c. comme il fe
pratique a Venife, Genes, Florence, & dans tout l¢ Levant,
& la manicre de paflcz en chamois tout forte de peaux,
traduit de P'Italien, Paris 1716,

C 4 i
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it was only ufed in painting. It is very pro~
bable however, that the Indians cmployed it
-in dyeing. The firft of it ufed in Europe,
appears to have been brought to us from the
Eail-Indies, by the Dutch. The cultivation
of it in America, was firft eftablifhed at
Mexico, and afterwards in other parts, where
it acquired a quality {uperior to that which we
ftill get from India.

For a long time, Italy, and efpecially Venice,
poflefled the art of dyeing almoft exclufively ;
a circumftance which contributed to the prof-
perity of their manufatiories and commerce ¢
by degrees it was introduced into France.
Giles Gobelin, to whom the procefs for
making the irue fcarlet had been communicated_‘_
eftablifhed a manufaflory in the place, which
{till bears his name. This undertaking was
decmed fo rafth, that it was termcd Golelin's
Jolly ; but his aftonithing fuccefs, at length
induced our anccftors to think he had made
a compall with the devil. The difcovery of
fcarlet may be confidered as the moft remark-
able xra in the art of dycing. The ancients,
as we have fecn, applicd the name fcarlet to.
the colour obtained from kcrmes, which was
much inferior in beauty to the colour we
diftinguifh by that appellaticn,

The
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The Spaniards having obferved that the
inhabitants of Mexico employed cochineal in
painting their houles, and dyeing their cotton,
gave their government an account of the
beauty of that colour; and Cortes, in the
year 1523, was ordered to promote the increafe
of the valuable infe&, from which it is ob-
tained : the natural colour however, which the
cochineal gives, is but a dull crimfon.

Soon after cochineal was known in Europe,
a great chemift, of the name of Kufler, Kuffler,
or Kepfler, found out the prefent procefls for
making {carlet, by means of a folution of tin,
and carried the fecret to London in the year
1643.

A Flemifh painter called Aleck or Gluck,
got poficflion of this fecret, and communicated
it to Gobelin. The knowledge of the pro-
ccfs, afterwards {pread throughout all Europe.
Gluck travelled into the Eaft, where there
were ftill fome remains of Grecian induftry,
and afterwards fettled in Flanders, where he
fpent a long and profperous life. According
to Mr. Francheville, this man who had becn
fo ufeful to his countrv, died about the year

1550,

t Mem, de Beslin, 1567,
The
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The ufe of indigo, which was likewife a
great acquifition to the art of dycing, was not
fo eafily cfiablifhed as that of cochineal ; it
was [triclly prohibited in England, in the reign
of Elizabeth, as was alfo logwood, which was
ordered to be burned if found in any manu-
fattory ; this prohibition was not taken off till
the rcign of Charles the fecond.

In like manncer the ufe of indigo was pro-
feribed 1 Saxeny; in the edict againil it
(which brings to onc’s mind the cdict againit
the emplovment of antimonial cmciics) it is
fpokcen of as a corrofive colour, and called food
for the devily, Licffende Teufels .

This 1s a lriking example of the errors into
which an uncalightened  adininifbzation nay
fall, which liftens o the fuggeltions of intcicfled
individuals.

Thofe who dyed blue, and were acenflomed
to ufe paftel and woad. reprefcired, that indigo
would deftroy the fale o thefe two articics,
which were the produce »f the country.  Such
a reafon, which would appear {pecious t many
even in the prefent day, ciidly prodiced a
prohibition, which would be ™on cluded by
paying a tribute to the indufiry of other wpa-

v Binofl verfuche, &¢,

110N3,
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tions. The prejudice againft indigo was like-
wifc communicated to France, and Colbert’s
inftru&tion forbad the ufe of more than a certain
quantity in the paftel vats.

The induftry of France, which had remained
in a languid ftate during the ftormy adminiftra-
tion of Richlicu and Mazarin, received a
fupport from Colberi, which fuon raifed it to
preeminence among the nations of Kurope ;
he invited the moft fkiul arufts, ke rewarded
their talents, and cflablithed wany wanufac-
torics ; and it 1s curious to remark, that thole
of Vanrobais and Scdan were called in the
letters patent which were granted them, manu-
fattorics of fime cloth, after the Durch aund
Enghth Bflaon.  In the year 1672, he pub-
lithed a table of inftrutlions for dycing ™,
which merits attention,

The legiilator firft prefeats us with the rea-
fons that fhould induce us to think the obje&
he is confidering, an objedl of confequence ;

» General inftruétion for dyeing wool, and woollen
manufattures of all colours, and for the culture of the
diugs or ingredients employed in them. ‘I'lis woik was
reprinted in 1708, under the toliowing title. Le Teinturier
parfait, ou inftru@ion nouvclle et gencrale pour la teinture
des luines et manufa&ures de laine de toutes couleurs, ct pour
Ja culture des drogues ou ingredients qu®on y emploie,

< If
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If the manufaories of filk, wool, ahd thread,
are to be reckoned among thofe which moft
contribute to the fupport of commerce;
dyeing, which gives them that ftriking vari-
ety of colour, by which thcy refemble what
is moft beautiful in nature, may be confidered
as the foul of them, without which the body
could fcarcely exift.

“ Wool and filk, the natural colour of
which rather indicates the rudenefs of former
ages, than the genius and improvement of
the prefent, would be in no great requeft,
if the art of dyeing did not furnifh attrations,
which recommend them even to the moft
barbarous nations. All vifible objecéts are
diftinguifhed and recommended by colours ;
but,” for the purpofcs of commerce, it is not
only neccflary that they fhould be beautiful,
but that they fhould be good, and that their
duration fhould equal that of the materials
they adorn.””  But though Colbert inftituted

many ulcful regulations for the inftru&ion of
the farmers and of the artifts, he fubmitted to
that feudal fpirit, which from views to the
revenue, multiplying the checks on cgmmerce,
induftry, and agriculture, imprcfled Emoft all
Europe with the idea, that fuch reftraints wwere
ueceffary. Inftead of confning himfelf to

3 fuch
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fuch meafures as might fecure honefty of
manufa@ture, and goodnefs of colour; inficad
of encouraging the feeds of commercial honour,
the objeét of which is thg public confidence,
his reftraints were exceffive. In the dyeing of
black cloth, he infifted upon it, that the ope-
ration fhould be begun with the dyers in grain,
or thofe who give durable colours, and finithed
by thofec who employ only fading colours (tein-
turicrs en grand teint, & teinturiers en petit
tcint) ; cach was confined to a certain number
of ingredicnts, and neither was fuffered to
have Brazil wood, &c.

‘The bad effeéts of this prohibition were
moderated by the facility of cluding it, and by
the rewards beftowed on thofe, whofe experi-
ments promoted the progrefls of the art, and
whofe difcoverics were afterwards to be pub-
lifhed, and to modify the exifting regulations.
French induftry loft its preemingnce by the
criminal revocation of the ediét of Nantz;
which, carrying defolation into our manu-
faftories, dilperfed our workmen throughout
Europe. -

Since that time, the department of admi-
niftration, to which the fuperintendance of
arts and manufatures belongs, has conflantly
fought to repair our loflés and encourarge our

exertions,
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excrtions, and particularly by diffufing know-
ledge, .which, under wife laws, is the moft
-efficacious means that can be employed.

Dufay, Hellot, and Macquer, have been
fucceflively charged with the care of improving
the art of dyeing, and to their labours we arc
indebted for \'t:ry valuable acquifitions. Dufay
was the firft who cntertained juft, thoush incom-
plete ideas, relpeéting the naturc of colouring
fubftances, and the powers by which they
adherc ; he cxamined with great fagacity
ccrtain proceffes, and cftablifhed the fureft
methods that could at that time bc employed
for dctermining the goodnefs of a colour, and
this he did, in an cafy and familiar manner.
Hellot publifhed a methodical defeription of
the procefles ufed in dyeing wool, which even
now is the beft treatife we have on the fubjeét.
Macquer has given an exatt delcription of the
proccfles employed in dyeing filk ; he has made
us acquainted with the combinations of the
colouring principle of Pruffian blue ; he has
endcavoured to make an application of it to
the art of dyeing, and has given us a proccfs
for communicating the moft brillant colours to
filk, by means of cochineal.

The folicitude of government on this fubje,

has, in the opinion of forcignrers, been crown-
cd
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ed with the fuccefs it merited. Mr. Anderfon,
attributes the fuperiority, which certain articles
of French manufafturc maintain over thofe of
the nations who poflcfs the moft beautiful wool,
to the perfettion of our dyes*, and Mr. Home
exprefles himfelf in the following manner.
“ The French arc indebted to the academy of
“ {ciences, for their fuperiority in many of
“ the arts, and efpecially that of dyeing; but
“ many diftinguifhed philofophers have purfued
“ with equal fuccefs, the example of the acade-
“ my of fciencesv.”

Macquer intended to have publifhed a gene-
ral treatifc on the art of dycing, the profpetus
of which he gave us in the year 1781, but the
indifpofition which fo long led us to expe& his
lofs, prevented his engaging in it; he died
in 1784, hefore he had been able to carry into
effc&t any part of his plan. I fucceceded him
in his place of truft, under the commercial
dcpartment of adminiftration, and was charged
with the care of the arts connefted with che-
miftry, and principally that of dycing, fince
which time, almoft all the invcftigations which
I havc inferted in thec memoirs of the acadcmy,

* Hiftory of commerce.
v Effay on bleaching.

in
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in the Journal de Phyfique, and the Annales
de Chymie, relatec more or lefs to the theory
.and praftice of the arts. '

Cheniftry has experienced a general revolu.
tion, which, by fubftituting faét in the place
of hypothefis, with which we have heretofore
been obliged to be contented, has afforded us
an explanation of many obfcure phcnomena of
nature and art.

Of all the arts, that of dyeing, perhaps with
refpcét to its theory, requires the moft extenfive
knowledge of natural philofophy ; becaufe it
is that which prefents the greateft number of
phenomena to analyze, of uncertain changes
to alcertain, and of relations to eftablifh, with
air, light, heat, and many other agents, of
which our knowledge hithcrto has been very
imperfe€t.

Although the labours of the ingenious men
sabove mentioned, and thofe of others, forcign.
ers as well as Frenchmen, may have been very
ufeful, whether in determining the effential
circumftances of procefles, and thus rendering
them more fimple and methodical; or in
analyzing many fubftances employed in dyeing,
and thus extending the refources of the art;
or laftly, in difcovering thc caufes of fome

particular phenomena ; yet they have not been
able
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able to form a theory- which conneéls the art
in all its brapches,. which does not even leave
a great deal to wifh for in eveéry particular
explanation, and above all, which brings inte
* one point of view, the procefles of induftry,
and the operatipns of nature.

I have cndeavoured to take my fituation
between the philofopher, and artift ; to the firft,
I have thewn where it is that the phenomena of
the art of dyeing, and the phenomena of nature
meet, and what are the principles which their
diicoveries have eftablithed.

I have endeavoured to refer all the combi-
nations produced in the formation of colours,
to the laws of attrattion, and all the changes
which the colouring particles undergo, to the
approximation of the elements of the new
combination. In this diftinfion, I confider
only two effefls of attraftion; one, that by
which the firt combination is produced; the
other, that by which the elcments: of this
combination obey their mutual attra@ions.
The firft is analogous to the formation of neu-
tral falts ; the fecond, to combuftion, putre-
faftion, and many other operations of nature.
In the fecond part of my treatife, I bave fur-
nithed them with a fummary account of a very
extenfive art, which deferves their utmoft

Vour. L. D attention,
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attention, and which prefents to their fagacity,
a great number of interefting refearches. They
will pardon me if I frequently prefent objeéts
with which they are familiar, if I fometimes
repeat the fame idea, and if out of regard to
thofe who are not uféd to fpeculation, I dwell
on illuftrations, which te them would be
ufelefs.

To artifts, I have prefented the principles
of Chemiftry, fo far as they are required in
the explanation of the phenomena of dyeing ;
or rather, I have endeavoured to make them
feel the neceflity of an acquaintance with
them ; I have invited their attention to thofe
objcfts moft nearly connefted with their art,
and have furnifhed them with a fketch of the
operations for making the fubftances they em-
ploy, with a view to induce them to qualify
themfelves for preparing fuch articles as they
want, whenever that may be deemed advan-
tageous ; and alfo with a view, to give them an
exaét idea of the nature and properties of thefe
fubftances. They ought however to excufe
me, if while I have aimed at precifion in
defcribing proceffes, I have omitted any thing
effential ; if I have not always pointed out
the beft, ‘and if fome that are interefting have.
cfcaped me ; the myflery which prevails in

moft
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moft manufaftures, is a great obftacle to thofe
who labour for the improvement of the arts.
Both the philofopher and the artift will find
me difpofed to profit by their information, and
to reflify the errors I may have committed, I
wifh them to confider me as a fellow-labourer,
who defires to ftrengthen the ties by which. they
ought to be united ; and as a friend of reafon,
who enjoys, in retirement, the progrefs of
knowledge, from whatever fource it flows.
While they are granting indulgence to my
weak attempts, I with them to confider in me
the civifme of the arts and {ciences.
Experiments which relate to dyeing, are
attended with peculiar difficulties. Since the
beauty of a colour depends on a nicety of
fhade, which the flighteft circumitance may
cffet, we are often difappointed, and what
fucceeds in a fmall effay, may fail in an opcra-
tion on the large fcale; evaporation, which
goes on proportionally fafter in ‘a {mall veflel,
than in a large caldron, variations in the dc-
grees of heat, the great difficulty of obtaining
uniformity of colour, inequalities in the alter-
nation of the a&ion of the liquor, and of the
air, the more difficult precipitation of the
groffer pasts, unite in rendering it very difficult
to apply the moft accurate experiments, to
De operations



XxXxvi INTRODUCT!ON.

operations on a large fcale. Thus I have
rather hinted, than propofed the changes,
which may be attempted in the procefles
commonly employed ; I have defcribed thofe
which may be depended upon, or which are
found in thofe works which moft merit our
eonfidence, confining myfelf, however, to
circumftances which feem effential. ‘The
defcription of the proceffes is preceded by
chemical experiments, which furnith us with a
knowledge of the nature of the colouring
materials employed in them, and more efpe-
cially in the effefts which may be produced by
the ingredients ufed, or which might be ufed as
means of uniting the colouring matter with the
ftuff (intermédes) : this is generally followed
by obfervations on the moft ftriking operations,
on the differences required according 0 the
intention, or according to the nature of the
ftuff, and on the application of the principles
cltablifhed in the firft part of the work.

Hence it is evident that I have guarded
againft leading artifts into error, by inducing
them to change their proceffes prematurely ;
it has been my defign to qualify them for
mnaking experiments in their art, for explaining
the phenomena that may occur, for felefting
ebfcrvations, and- gradually introeducing .into

their
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their manufaétories, more fimple, more varied,
and more perfe&t methods.

In vain fhould I have conceived the hope of
fecing artifts enlightened by fcience, which
teaches them to go back to caufes, thence (as
it were) to calculate effefts ; if there were no
chance of inducing a change in the ufual mode
of their education. But philofophy has paved
the way for a reform, which is fo confonant to
the order eftablifhed on the ruins of prejudice,
and fo powerfully recommended by illuftrious
cxample, more efpecially in a ncighbouring
nation, which has hitherto preceded us in the
path of reafon; that I flatter myfelf I fhall
not be difappointed. The advancement of the
arts ought to attra a confideration propor-
tioned to its ufefulnefs, and to the knowledge
it demands ; more efpecially when the illufions
of vanity, to the imputation of which the
french charafter may have been liable, fhall
be for ever banifhed from the nation,

D 3 ELEMENTS
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ART oF DYEING.

PART THE FIRST.
OF DYEING IN GENERAL.

B
SECTION 1

OF the general Properties of Colofxring
Subftances,

CHAPTER 1,

Of Colouring Particles, and their Attrattions.

AS the phyfical theory of colour is foreign
to the fubje& of the prefent work, I fhall
make only a few obfervations on the aftion
by which the particles of bodies, by abforbing
certain rays of light, and tranimitting or re-
fle&ting others, produce colours, before I enter

D4 on
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‘on” the confideration of the prodpetties.-of
colouring fubftances.

"Newton has démonftrated in his optics, that
tranfparent bodies refle€t the rays, of ome
colour, and tranfmit thefe of anether, according
to the difference of their thicknels or denfity.
Mr. Delavat-~ims endefveoured to-apply the
Newtonian theory to the colours of all per-
manently, coloured bugies, and has: colletted
a great number of expcriments, in_order to
prove, that' the ‘differcncé of eolour #n thefe
bodies is exaflly proportioned to the denfity
of their conftituent parts.

The application of the ingenious expcriments
on the colours refletted by thin and tranfparent
laminz, to the cafe of .permanently colbured
bodies, is founded.upon_apalogies which did
not efcape the penctration of Newton; but
the fubjett,docs net: yet appear to admit of
any dire&t proof, or inference, refpeéling
particular colours 5 for firty the very fame
colours are fucceflively produced by lamina,
the thicknefs of which is increafed in‘a tertain
progteflive order ; Yo that'we canhot determine
'by the kind of ¢olour produced’ by a tranfpa-
rent Yamina, which of all the different degrees

* Experimental inquiry into ti;e canfe of the per'manent
colours of opake bodies, '
of
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of thicknefs capable of producing the colour,
that particular lamina poffeffed. ,

Secondly, the fmalnefs and the denfity of
the particles of bodies, are, according to
Newton, two qualities,: which. combine to
produce colour in tranfparent laminz, and the
thicknefs of the lamina of water, of air, and
of glafs, muft be different, in order to refle&
the fame colour; but -we have no- means
whereby. we can determine either the frealnefs
or the denfity of the particles of bodies ; their
fpecific. gravity will not anfwer this purpofe,
for fmall particles, with very numerous pores,
may give the fame fpecific gravity as larger
pores and a fmaller number of larger par-
ticles.

When Mr. Delaval afferts, that the ferics
of colours which the metals communicate to
glafs, depends upon their: fpecific gravity, he
rcfutes himfelf by the fafts which he relates’;
for he obferves, that yellow glaffes may be
made either with iron, lead, or filver, which
are very different in fpecific gravity.

Mcrcury, combined with a fmall quantity of
oxygen b i black, but by its union with a

' larger

b It may be proper to inform fuch readers as are ot

acquainted with the new nomenclature, adopted by many
"~ of
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Jarger quantity it afflumes a red colour. Iron
is capable of acquiring almoft any colour,
+ according to the quantity of oxygen with
which it is combined, and the variations of
fpecific gravity, refuiting from thefe propor-
tions of oxygen are very fmall, and much lefs
confiderable than the difference in the fpecific
gravities of thefe metals.

The fame author afferts, that alkalis change
feveral vegetable blue colours to a green,
becaufe they increafe the denfity of their
particles ; and that acids change them to a red,
becanfe they leffen it by folution ; but alkalis

of the freach chemifts, that by this term js to be under-
ftood, that part of the pure or dephlogifticated air, which
is united to metals during calcination; it has thercfore
been alfo called the dafr of pare air (fec the annexed
vocabulary).

What the other conftituent part or parts of this fuid are,
does not feem yet determined ; by fome, it is fyppofed to
be the matter of light; by others, to be that of heat,
called in the above-mentioned nomentlature, caloric (cale-
riue) ; and by others, both are conceived to concur in its
formation. Analogy, and even fome obfervations, have led
e to believe that light is not in every cafe neceflary to the
produétion of this fluid in its elaftic fate, but experiments
are ftill wanting on the fubject.

‘The etymology of the term is from Ofug, acid, and ysfrouas,
1 generate, it being fuppofed the univerfal parent of aci-
dity. T,

alfo
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alfo diffolve moft of the colouring fubftances,
and render them much more mifcible with
water than they are natutally ; they ought
therefore to af&t like "acids; befides, acids
diflolve fome blue colouring fubflances without
changing their colour; thus the folution of
indigo in the fulphuric (vitriglic) acid, retains
its blue colour, even when diluted with a very
large quantity of water, though according to
Mr. Delaval’s theory, the denfity of the blue
particles muft have fuffered a material alter-
ation. Finally, many vegetable fubftances
become red or green, by -means of a very
weak acid, or a very fmall quantity of alkali,
without its being poflible to perceive the fhades
which ought to intervene, g

The {malnefs and denfity of the particles
are not the only circumftances which ought to
be taken into the account; jt appears even
from Newton’s- experiments, that their che-
mical properties have a confiderable influence.
on their colour, for doubtlefs a force which
afls powerfully in refrafting the rays, muft
likewife influence their refle&tion.

By comparing the refraltive power of
different bodies, Newton found that inflam-
mable fubftances poffefs it in a much greater
degree, than fuch as are not inflammable ;

from
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from his obfervations. on : this fubje&, ke drew
the rwonderful -cenclufton;. that' the diamond
eontained a large . quantity .of ' inflammable
mhatter, thdt watet . was -an intermediate fub.
flance, ‘betweenithe -inflammable and uninflam.
mable bodies, 'and that .it fupplied . vegetables
with the inflathmable- principle ;. which truths
have been feen-and.. demonﬁratcd onlyf in the
prefent-days sy .

- Many impoftant obfervat:ons fhll remain
for thofe, who would- follow the < fteps. of that
great man, and compare the refralling powers
of the different gafés, -and other fubftances,
the conftituent principles of which are now
known. Is it the hydrogen # or.-the charcoal
{charbon ¢) which contributés moft to the
refrafling- power of inflammable- fubftances ?
The experiments made on the diamond, would
lead. us to confider it. as a pure; cryftallized
charcoal 1 but in the oil of turpentine, which
has a confiderable refta&mg power, the hydro-
gen'is predommant. e

¢ The name glven tQ the baﬁs of mﬂammablc air in the
new french nomenclature, derived ftom 'r&vp, watcr, and
yrinpas, I generate. T. ‘

4 It is foppofed the author hefe means that fubftance,
which in the fame nomenclature is denominated cardone, ( pure
chgrgeal) fee vocabulary, T,

M:;my
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Many chemical experinients- prove that
oxygen has alfo a great attraltion for light ;
it combines with it, without {eparating the rays,
and it recovers-its' elaftic form in confequence
of this combination, when it is not retained by
& fuperior -attra&ion (affinité); hence when
oxygenated (dephlogifticated) muriatic acid, in
which the oxygen is retained with but a fmall
degree of force, is expofed. to the light, it
quits the acid and affumes its elaftic form, as it
becomes faturated with the matter of light; a
fimilar feparation takes place when the nitric
(dephlogifticated nitrous) acid is expofed to
the rays of the fun, but with greater difficulty,
becaufe the oxygen is more intimately united
with this acid. The oxygen may alfo be
feparated in the fame manner, {from fome oxyds
or metallic calces.

When a particular principle enters into the
compofition of any fubftance in a large pro-
portion, it commonly fhews its own propertics
by thofe which it imparts, however modified ;
thus oxygen by its union with- metals, enables
them to a& more powerfully on the rays of
light, but with diffcrent degrees of force, on
the different kinds of rays, until its attradlion
is fo far weakened by heat, that all the rays
may unite with it, and give it ity elaftic- form.

Hence
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Hence it is, that metallic oxyds change their
colour, from fmall differences in the proportion
of their oxygen. The oxyd of Manganefe
affords us a remarkable phenomenon in this
refpe€t; when faturated with oxygen, it appears
black, if the particles are very clofe; but if
they are diffufed or difperfed, as in glafs, which
contains a certain quantity of this fubftance, it
has a red tinge, which fhews that its appearing
black, arifes only from the red particles being
too ncar each other; if it be deprived of a
great part of its oxygen, either by means of
charcoal, or any other fubftance which is
capable of feparating that principle, the glafs
becomes quite tranfparent, and lofes its colour ;
but it may be reproduced by nitre, or any
other fubftance which reftores to the Manga-
nefc the oxygen it had loft. In this way, its
ufe in glafs-making is explained ; it deftroys
the carbonaceous or coaly matter which might
injure the purity of the glafs, and thus at the
fame time, becomes itfelf incapable of produ-
cing any colour, if it be employed in propcr
quantity.

In metallic oxyds, and many mineral fub—
ftances, all the parts are equally coloured ; but
this is not the cafe in vegetable and animal
fubftances ; their colour is generally derived

from
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from particles, which are mixed or conibined
with thofe of which thefe fubftances are
formed, and vegetables commonly contain
different colouring particles at different times
of their growth, or in their different parts.

It is-almoft folely the colouring particles of
vegetable and animal origin, that are ufed in
dyeing, but they are frequently modified by
different. intermedes <. It is to thefe, that the
name of colouring particles is given in this
treatife (parties colorantes).

Thefe colouring particles are not fo fimple
in their compofition, as thofe of mineral origin,
and oxygen does not aft upon the colours of
both in the fame way. How it afts upon, and
changes them, will be explained in one of the
{fucceeding chapters.

Some chemifts have confidered iron as the
caufe of all vegatable and animal colours ; and
Mr. Becker, in order to fupport this opinion,
makes ufe of the argument drawn from the
property which this metal fo generally diffufed
over nature, has, of afluming a great variety of

< This term and that of mordant feem pretty nearly
fynonimous, both being applied to fubftances that modify
colours, and make them ftrike, as it is commonly exprefled
by our dyers. Vid. Introduftion, page xxzvi. T.

3 colours,
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colours, when its oxyd (calx).is in a ftate of
folution, or of vitrification *. .

Iron does in fa&, appear to be contained in
all vegetable and animal fubftances, but only
in 2 very minute proportion. QOak, which
is one of thofe vegetable fubftances that ought
to afford the greateft proportion of refiduum,
leaves after combuftion, only 133 of its weight
of afhes, and thefe do not contain s34 of their
weight of iron. Is it poffible by fo very {mall
a quantity, to account for the rich and brilliant
colours with which vegctables are adorned ? Is
there any remarkable connexion between the
changeablenefs of fome of thefe colours, by
mcans of acids, alkalis, or air, and the regular
fucceffion of colours in iron, according to its
degree of oxydation (calcination).

I know that the opinion which I am now
oppofing, may be fupported by the fuffrage of
Bergman, who has attempted to prove that
indigo owes its colour to the iron it contains § 5
but I fhall take the liberty of replying, that it
is ealy to fhew, that this great chemift was

¥ Specimen fiftens experimenta circa mutationem colorum
quorundam vegetabilium a corporibus falibus, cum corol-
lariis ; au&ore I. F. Adolpho Becker, 1779.

5 Analyfe chymique de I'Indigo. Mem. des Say. etxang.
tom, ix,

miftaken
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miftaken in this particular. By means of the
pruffiat of alkali ®, he extrafted from the athes
of one ounce of indigo, from thirty to thirty-
two grains of Pruffian blue, the iron of which
lie eftimates to b& from eighteen to twenty
grains ; but in other places, he fhews that the
iron contained in a fubftance, does not at the
utipoft exceed one fifth of the Pruffian blue
obtained from its folution ; and in every other
inftance, he makes ufe of this calculation,
which is very accurate. The quantity of iron
therefore, he obtained from an ounce of indigo,
ought to be reduced to fix grains; in the
experiments which follow, he fhews that the
greater part of this iron may be diffolved in
.the muriatic acid, without any change being
produced in the colouring particles, fo that
the largeft fhare of that metal did not enter
into their compofition. Hence it clearly
follows, that the colouring particles in this
fubftance muft contain a quantity of iron, fo
fmall, ‘as to have but very little influence on
its colour. I am alfo inclined to think phy-
fiologifts wrong, in concluding from the ex-

b By this term is to be underftood alkali, which has been
boiled upon Preffian blue, commionly: called’ phlogifticated
alkali, T.

Vor. L. E periments
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pcriments of Menghini, that iron is the im-
mediate caufe of the colour of the blood.

We are not only incapable by any of the
means of chemical analyfis we -poflefs, of
alccrtaining the compofition of the colouring
particles, with a degree of precifion, fufficient
for dilcovering the principles to which they
owc their properties; but it is alfo obvious
that very different compofitions may produce
the famc colour. The conftituent matter of
indigo is very diffcrent from that, to which
moft of our bluc flowers owe their colour.
We have a grcat number of yellow fubftances
which afford colours very fimilar in their
appearance, yet they are very different in their
properties. There are fimple colours, and
there arc others which refult from a mixture
of thefe, confequently of a compound nature.
Newton has laid down a rule for the produélion
of any given colour, by means of the other
prifmatic colours, Le Blon has fhewn that all
the colours required in painting, may be pro-
duced by different mixtures of red, blue, and
ycllow i.  Dufay has found, .that the fame
might be accomplifhed in dyeing, and has

. $:L'Harmonie du coloris dans la pcinture reduite en
pratique.

thence
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thence inferred that there are only three pri-
mitive colours in nature, which produce all
the reft, and this opinion has been adopted
by many philofophets, though it is eafy to
prove it to be without-foundation.

There is this - difference betwéen fimple
colours, and thofe produced by the union of
different coloured rays, that the former viewed
by mecans of a prifm, retain their fimplicity,
while the latter are decompofed. Thus the
green produced by the rays of that colour,
fuffers no decompofition by the prifm, and has
thercfore the property of a fimple and primi-
tive colour; but that which is compounded,
feparates into blue and yellow. Although the
green employed in dyeing, rcfults from the
mixture of blue and yellow, all greens ate not
to be confidered as compofed of two kinds of
colouring particles ; thus, the green in the
oxyd of copper, cannot arife from particles of
different kinds ; and that of plants is certainly
of a homogeneous nature; but this fubftance
may produce green, either-by reflefling the
green rays, or by refleéting the bluc and yel-
low; and there are many colours neceffarily
produced by the refle@tion of feveral different
fpecies of rays. If the green of plants arofe
from two f{ubftances, the one yellow, and the

E 2 other
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other blue, it would appear extraordinary, that
thefé could not be feparated from each other;
"not their proportions changed by means of
menftrua ; yet there are fome fubftances which
contain colouring particles of different kinds ;
fuch is madder, as will prefently appear.

Green, which I take as an example of the
colours in dyeing, that are really of a com-
pound natyre, dcmonftrates, that the colouring
particles cover only a part of the furface of
the ftuff, though its colour may appear full and
uniform ; for aftcr it has been dyed blue, the
yellow particles ftill attach themfelves, and
produce green; and a proof that they are
attached to the ftuff principally, and not to
the particles of indigo, is, that, though the
procels has been begun by applying the yellow
tirft, provided it be not of too- fixed a nature
folide) it may be deftroyed by the air, and
more efpecially by chemical agents, while the
blue remains nearly unchanged.

Hence we fee, that by mixing rays of
different colours together, we may have the
impreflion of a fimple colour. In fa&, an uni-
form colour may be produced by the mixture of
different coloured wools ; and in painting, fim-
ple fRades refult from the mixture of different

ingredients which do not unite together, ,
: The
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The colouring particles form different com-
binations, and attach themfelves either alone,
or previoufly combined with other fubftances,
to wool, filk, thread, and cotton. The art of
dyeing confifts in employing thefe attraflions
of the colouring particles, in order to cxtra&®,
diffolve, apply, and fix them in the fubftances
to be dyed.

It has been propofed to divide the colouring
particles into extra@ive and refinous ; but {fuch
a divifion can convey only partial and erro-
neous ideas ‘of their properties ; for there are
fome colouring particles, which not being folu-
ble in water, would be confidered as refinous,
and yet they are not foluble in alcohol ; fuch
are the red colouring particles of baftard faffron,
carthamus (carthame) which are only foluble
by means of alkalis; and alfo, indigo, which
is neither foluble in water, nor in alcohol, and
diffolves in alkalis, only wunder particular
circumftances, but very eafily in the fulphuric
acid. '

The colouring particles which are foluble in
water, ‘cannot be confidered as fimilar to the
mucilaginous and extra@ive parts of vegetables,
becaufe the property of diffolving in water,
like thefe fubftances, donveys no idea of the

properties which it is effential to remark in
E g them,

Uttarpara Jayksisbna Public L.ibrary
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them, fuch as their affinities with the chemical
agents employed in dyeing, with the air, with
light, and with animal and- vegetable fub-
ftances. '

The progrefs of true theory is alfo impeded
by attempts to explain the properties of co-
louring fubftances, from the mucilaginous,
refinous, earthy, faline, or oily particles, which
are fuppofed to enter into their compofition, in
the way Mr. Poerner has done ; fuch attempts
are fimilar to the vain explanations frequently
offered refpefling the aftion of medicines.
(Vide Cartheufer's Mater. Med.)

We have juft feen, that in explaining the
caufe of colour, and the nature of colouring
particles, two great inconveniences have arifen ;
firft in the attempt to illuftrate the a&tion which
the particles of colouring fubftances have on
the rays of light, in confequence of their
denfity and thicknefs, without having any means
.of afcertaining this, and without any regard to
the attrattions, which refult from their che-
mical compofition; fecondly, in comparing
.the colouring particles to mucilages and refins,
from fome very faint refemblances; and in
attempting to explain their colouring properties
by conjefures, formed refpefting their com-
ponent parts, while thefe properties ought

rather
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rather to be afcertained by dircét experiment,
than explained by an imaginary compofition.
It was alfo departing from true theory, which
is the refult of obfervation alone, to afcribe
to laws purely mechanical, the adhefion of the
colouring particles to the fubftances dyed, the
attion of the mordants, the difference between
the truc or durable, and the falfe or fading dyes.
Hellot, to whom we are indcbted for the beft
treatife extant on dyeing, was completely wrong
on this fubjeft, and his theoretical ideas fre-
quently influenced his obfervations, and the
principles he laid down, as may be feen by
confulting the work itfelf. Some judgment
may be formed refpeling his theory, from
the following paffage, « I believe it may be
“ laid down as a general principle in the art
“ of which I am now treating, that all the
“ invifible mechanifm of dyeing, confifts in
« dilating the pores of the body to be dyed,
“ in depofiting in them, particles of forcign
“ matter, and retaining them there by a kind
“ of covering not liable to bc affefled by
“ water, rain, or the rays of the fun; in
“ choofing colouring particles of fuch a degrec
“ of finenefs, as to be rendered fufficiently
« fixed in the porés of the ftuff, opened by
“ the hcat of the boiling water, and again

E 4 conftrited
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« conftri€ted by cold, and alfo coated by the
.« kind of varnith (maftic) which the falts em-
« ployed in its preparation had left in thefe
« pores ; whence it follows, that the pores of
« the fibres of the wool, which has been
“ wrought, or is to be wrought into cloth,
« fhould be cleanfed, enlarged, coated over,
“ and then conftri€ted, fo that the colouring
“ particles may be retained in them, nearly in
« the fame manner as the diamond is retained
¢ in the collet of a ring *.”

It is furprifing that Macquer, - who was
amongft the firft who entertained juft notions
refpefling chemical attraltions, was led aftray,
by the ideas of Hellot. * I fhould now ex-
« plain (fays he) the aftion of mordants in
¢ dyeing, and unfold the caufes of durable
* and fading dyes; but this fubjeft has been
“ treated of with fo much fagacity by Mr.,
« Hellot, that J fhall refer the reader to
* him'.”

Dufay

k L’Art de Ia Teintare des Laines, p. 4a.

! This refers to a treatife ondyeing filk, pubdifhed by Mac.
quer, in 1763, entitled Art de la Teinsure en Seie. avant propos,
pag, 8, but that he was afterwards Jed to correlt this opi-
pion, is evident from the following paffage, taken from the
article dyeing, in his chemical ditionary, publithed in 1778,

with his name affixed, vol.iv. pag. 26, ¢ That the sbovs
§¢ (alluding
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Dufay however had before obferved, that
the colouring particles were naturally difpofed
to

¢ (alluding to Hellot’s theory) is not the only reafon how-
¢ ever, is evident from a faét very well known in dyeing.
¢ If after having alumed as completely as poffiblc a pound
¢ of wool, and a pound of filk, each of them be dyed
¢ {cparately in a cochineal bath, they will both acquire a
s very fine and durable crimfon ; but with equal quantitics
¢ of cochineal in each bath (bais) the colour of the wool
¢¢ will be much more full and intenfe, than that of the filk,
¢ and the difference in this refpe is fo great, that the filk
¢ will not acquire fo decp a crimfon as the wool, unlefs
¢ more than double the quantity of cochineal be employed ;
«¢ that is, two ounces and a half of cochineal are requifite
“ for giving the pound of filk as full a crimfon, as that
¢ which is produced in the pound of wool by one ounce
*¢ of the fame fubftance ; and we cannot fay with Mr, le
s¢ Pileur d’Apligny, that this procceds from the pores of
¢¢ the filk being much {maller than thofe of the wool, and
¢ being able to receive only the fineft colouring particles of
e¢ the cochineal, while the wool receives them all, becaufe
« jts pores are cither larger or more numerous; if this
¢ were the cafe, the bath in which the filk had taken up all
¢¢ that it was capable of receiving, fhould fill retain a
¢ confiderable quantity of the colouring matter; but this
‘¢ by no means happens; on the contrary, it is certain,
¢ that filk dyed with the proportion of two ounces and
¢« a half of cochineal to the pound, leaves its bath as clear
¢ and as much exhaufted of its colour, as one prepared for
¢¢ the fame quantity of wool, with only one ounce of co-
¢¢ chincal.” And he afterwards proceeds to attribute it,

$0 # chemical unjon of the colouring particles to the matter
of
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to adhere more or lefs firmly, to the filaments
which receive them = ; he remarks very juftly,
that without this dlfpoﬁtlon, ftuffs would never
affume any colour, but that of the bath, and
would always divide the colouring particles
equally with it ; whereas the liquor of the bath
fomctimes becomes as limpid as water, giving
off all the colouring particles to the ftuff;
“ which feems to indicate (fays he) that the
« ingredients have lefs attraétion for the water,

of thc ftuff dyed, cither immediately or by the intervention
of mordants; and concludes thus: ¢ From thefe effe@s
* we fee evidently, why the extralive colouring particles
¢ cannot ftrike a colour, without the afliftance of a mordant
«¢ previoufly applied to the ftuff to be dyed; it is plain,
*¢ that the compofition of the mordant, the precipitation of
¢t carthy, or metallic bafis, and finally the union of the
*¢ colouring particles with thefe earthy or metallic fubftances,
¢ take place in the ftuff impregnated with the mordant,
* when it is immerfed in a2 decofion, which holds this
¢¢ colouring matter in folution ; and hence it'follows, that
s¢ in all cafes of colours ftruck in this manner, which arc
¢ very numcrous, it is not the ftuff immediately which
*¢ takes the colour, but the earthy or metallic part of the
“* mordants; fo that when ftuffs are well dyed by thefc
% procefles, it is owing to thefe coloured precipitates being
s capable of adhenng to them, more or lefs forcibly.” D'un
maniere plus ou moins folide.

™ Obfervations phyfiques fur le melange de quelques
coulcurs dans la teinture.  Mem. de I' Academ, 1737.

' « than
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« than for the particles of the wool;” he
adds, that many other phenomena might be
accounted for in the fame way ; but that fuch
an explanation flill leaves a great deal to be
wifhed for, and that he would relinquifh it
readily, if a more probable onc fhould be
propofed. :

Bergman feems to have been the firft who
referred phenomena of dyeing, entirely to
chemical principles * ; having dyed fome wool
and fome filk in a folution of indigo, in very
dilute fulphuric acid, he explains the effefts he
obferved in the operation, by attributing them
to the precipitation occafioned by the blue
particles having a ftronger attraftion for the
particles of the wool and filk, than for thofe of
the acidulated water; he remarks, that this
attra€tion of the wool is fo ftrong, as to deprive
the liquor entirely of the colouring particles ;
but that the weaker attraftion of the filk, can
only diminifth the proportion of thefe particles
in the bath; and he fhews, that both the
durability of the colour, and the degree of
intenfity it is capable of acquiring, depend onm
thefe different attraflions. This is, in fa&,

®» Analyfe de I'indigo. Mem. des Sav, etran, tom. ix.
and in the notes on Scheffer’s treatife,

the
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the true light in which the phenomena of dyeing
fhould be viewed; they are real chemical
phenomena which ought to be analyzed inthe
fame way as all thofe dependant on the altions
which bodies exert, in confequence of thcir
peculiar nature.

The colouring particles poffefs chemical pro-
perties, that diftinguifh them from all other
Tubftances ; they have attraltions peculiar to
themfelves, by means of which they unite with
acids, alkalis, metallic exyds, and fome earths
principally alumine. They frequently preci-
pitate oxyds and alumine, from the acids which
held them in folution; at other times.they
unite with the falts and form fupracompounds °,
which combine with the wool, filk, cotton, or
linen. And with thefe, their union is rendered
much more clofe by means of alumine or a
metallic oxyd, than it would be without their
intervention.

The difference in the attraftions of the co-
louring particles for wool, filk, and cotton, is

° In the original furcompefitions, by which is to be under-
flood compounds of more than two ingredients. I have
rendered it by the above word, as the idea feems borrowed
from Beccher and Stahls mixts, compounds, decompounds,
and fupradecompounds, though the application of the term
is morc vague, T,

fometimes
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fometimes fo great, that they will not unite with
one of thefe fubftances, while they combine very
readily with another; thus cotton receives no
colour in 2 bath which dyes wool fcarlet. Dufay
got a piece of fluff made, the warp of which
was wool and the woof cotton, which went
through the procefs of fulling, that he might
be certain that the wool and the cotton received
exaltly the fame preparation; but the wool took
the fcarlet dye, and the cotton remained white.
It is this difference of attra&ion which renders
it neceflary to vary the preparation, and the
procefs, according to the nature of the fubftance
which we with to dye of a particular colour.

Thefe confiderations ought to determine the
road to be purfued, for the purpofe of im-
proving the art of dyeing.

It is certainly proper to endeavour to afccr-
tain, what aie the conftituent principles of the
colouring particlés ; for though fuch an invefti-
gation cannot of itfelf lead to an extenfive ap-
plication at prefent, yet it would appear, that
we have attained a knowledge of the nature of
the modifications produced in thefe particles
by different agents.

" The effential circumftances are, to determine
the affinities of a colouring fubftance, firft, with

the fubftances which may be employed as men-
' 3 ftrua;
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ftrua; fecondly, with thofe which may by their
combinations modify the colour, increafe its
brilliancy, and help to ftrengthen its union with
the ftuff to be dyed ; thirdly, with the different
agents which may change the colour, and chiefly
with air and light.

It muft be remembered, that the qualities of the
uncombinedcolouring particles are modifiedwhen
they unite with a fubftance; and if thiscompound
unites with aftuff, itundergoes new modifications;
thus the propertics of the colouring particles of
cochineal are modified, by being combined
with the oxyd of tin, and thofe of the fubftance
refulting from this combination, are again mo-
dified by their union with the wool or filk ; fo
that the knowledge we may acquire by the exa-
mination of colouring fubftances in their feparate
ftates, can only inform us refpefing the prepa-
rations that may be made of them; that which
we acquire refpefling their combinations with
fubftances which ferve to fix them, or to increafe
their beauty, may inform us what procefles in
dyeing ought to be preferred or tricd; but it
is only by dire& experiment made with the dif-
ferent fubftances employed in dyeing, that we
can confirm our conjefures and eftablith the
procefles.

.In the courfe of thefe obfervations, we fhall

frequently
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frequently be able to point out the rationale of
the circumftances in apcrations, that depend
only upon praflice unenlightened by fcience,
but yet enriched by the trials of many ages; we
fhall be able to retrench what is fuperfluous,
to render fimple what is complicated, and to
employ analogy for the purpofe of transferring
to onc procefs, that which is advantageous in
another; but ftill a confiderable number of
fatts will occur, which we cannot explain, and
which are not reducible to any theory : we muft
then content ourfelves with detailing the procefs
of art, without attempting to give new explana-

tions, and wait for further light fromexperience.
From the preceding obfervations, it follows,
that the changes produced by acids and alkalis
on many vegetable colours, fuchasthe chemifts
often employ, in order to difcover the nature of
different fubftances, are owing to the combina-
tions which take place between thefc colouring
particles and the acids and alkalis. The com-
pounds refulting from thefe combinations, may
be compared to ncutral falts, which poffefs qua-
litics diffcrent from thofe of their component
parts, but in which one of thefe parts may be
in excefs, and its qualities - confequently be pre-
dominant. This flate of combination is ob-
fervable between the colouring particles of
cochincal
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cochincal and acidulous tartrite of pot-afh, or
cream of tartar; by evaporating flowly, a folu-
tion of this falt in a decoftion of cochineal,
cryftals are formed, which retain a fine Tuby
colour, much more bright and intenfe than that
of the liquor in which they were formed.
There are fome acids, particularly the nitric,
which after having combined with the colouring
particles, change the colour which they at firft
produced, make it yellow, and deftroy it. They
then a€t by means of one of their principles, the
oxygen, in a manner which will be explained,
in treating of the afion of air and oxygenated
muriatic acid, on the colouring particles. Blue
colours are not the only ones which become
red by the addition of acids, and green by that
of alkalis; moft red colours, as that of the rofe,
e. g. are heightened by acids, and made green
by alkalis; and fome green colours, fuch as that
of the green decoétion of burdock, according to
Mr. Nofe?, and the green juice of buckthorn.
( Rbamnus Catharticus) according to Mr. Becker,
are reddened by acids. This property, which is
common to moft of the ordinary colours of ve-
getables, feems to prove, that there is a great
#nalogy betieen their -colouring particles; and

? Verfuche einiger beytrage zur chymie.
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it is not without foundation, that Linnzus fup-
pofed 9, that the red in vegetables was owing to
an acid, and indicated its prefence*; but there
are alfo many vegetables which contain acid in
a difengaged ftate, without having a red colour.

The colouring particles then have attrations
for acids, alkalis, earths, and metallic oxyds,
which conftitute a part of their chemical proper-
ties; and in confequence of which, their co-
lours are more or lefs changed.

Thele particles then form, with the ftuff* on
which they arc fixed, a éompound, which retains
- anly fome of their original properties; they are
alfo modificd by their union with alumine, me-
tallic oxyds, and fome othcr fubftances, as are
alfo thoic new compounds, when they are further
combined with the ftuff; all thefe modifications

1 Amenitatum acad. tom. 1v.

r There are fome flowers, the colour of which feems to be
naturally modificd by a very weak acid, without being pro-
perly red; fuch are the flowers of the violet, the red juice of
which becomes bluc, when {uffered to remain for fome time
in a tin veflel ; probably becaunfe the acid which it contained,
combincs with the oxydated (calcined) part-of the furface of
the tin ; fuch alfo are the flowers of mallow, which become
blue by fimple exficcation ; the original colours are reftored
by a very minute portion of acid. Obferv. phyfico-chym. fur
des conlews, par M. Opoix, Fourn. de Phyf. tom. wiii,

s In the courfe of this work, by fuff, is meant any fub-
ftance that is dyed, whatever may be its nature or form.

Vor. L. F are
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are analogous to what is obferved in other che-
mical combinations: we fhall now proceed to °
the confideration of them in detail.

cmtienesebemst R ————

C H AP IL.

Of Mordants.

T HE title Mordant is applied to thofc {ub-
ftances which ferve as intermedes between
the colouring particles and the ftuff to be dyed,
either for the purpofe of facilitating or of mo-
difving their combination.

Mordants merit the greateft attention; as, by
their means colours are varied, brightened,
made to ftrike, and rendered more durable.

The analyfis of the aflion of mordants in
particular, conftitutes dycing a chemical ar,
and a more complete knowledge of their cflefis,
would contribute in an cminent degree to the
perfeétion of that art.

In the third feion, I enumerate the effen.
tial qualitics of the chemical agents moft em-
ploycd as mordants. I afcertain, when fpeaking
of each colouring fubftance, the effeils they
produce on it,

In
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In this chapter, I fhall examine the nature of
the aftion of the principal mordants, and fhall
endeavour to determine, how their attraflions
ferve to-uhite the colouring particles with the
ftuff, and how they affe& the quahncs of the
colours. ¥

A mordant is not always a fimple agent, and
new combinations are fometimes formed by the
ingredients that compofe it; fo that the fub-
ftances employed, are not the immediate agents,
but the compounds which they have formed.

Sometimes the mordant is mixed with the
colouring particles, and fometimes the ftuff is
impregnated with it ; on other occafions, both
thefe modes are united; and finally, we may
dye fucceffively with liquors containing different
fubftances, the laft of which only can a& on the
particles with which the ftuff is impregnated.

Asthe art of printing lincn affords many pro-
ceflcs, in which it is eafy to obferve the effeéts
of mordants: I fhall quote a few examples
from it, which will render the theory hereafter
propofed, more intelligible.

The mordant employed for linéns intended
to receive different fthades of red, is preparcd
by diffolving in eight pounds of hot water, three
pounds of alum, and one¢ pound of acetite of

lcad, or fugar of lead, to which two ounces of
pot-afh,
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pot-afh, and afterwards two ounces of powdered
chalk, are added*.

The alum is decompofed by the acetite of
lead, becaufe the oxyd of lead combines with
the fulpburic: acid, and forms an infolublc falt
which is precipitated ; the bafe of the alum or
alumine (the argillaceous eartb) at the fame time
combines with the acetous acid, and produces
an acetite of alumine; the chalk and pot-afh
ferve-to faturate the excefs of acid.

One advantage refulting from the formation
of the acetite 6f alumine is, that the alumine is
rctained in it by a much weaker attraftion than
in the alum, fo that-it more eafily quits its men-
firuum, to combine with the ftuff and the co-
louring particles.

A fecond advantage is, that the acid liquor
from which the aluminc is feparated, has much
lefs altion on the colour when it confifts of the
acetous, than when it confifts of a ftronger acid,
fuch as the fulphuric.

Finally, the acctite of alumine not having the
property of cryftallizing, the mordant, which is
thickened with ftarch or gum to prepare it for
being applied to the ‘block on which the defign

s We fhall enter into the detail of this operation, when
treating of madder, in the fecond volume.
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is engraved, does not curdle as it would if it
contained alum, which would cryftallize.

Let us attend to the operation performed upon
a piece of linen cloth: when it has been impreg-
nated by the mordant, in the manner determined
by the defign, it is put into a bath of madder;
the whole of the cloth becomes coloured, but
the tinge is deeper in thofe parts which have
received the mordant;. there the colouring par-
ticles have combined with the alumine and the
cotton, fo that a triple compound has been
formed, and.the acetous acid feparated from its
bafis is carried off in the bath.

The colouring particles combined with the
alumine and the ftuff, are much more difficultly
affetted by external agents, than when they are
in a {eparate ftate, or combined only with the
ftuff, without any intermediate bond of union;
and it is on this property that the operations, to
which the cloth is afterwards fubjefled, are
founded : after it has been maddered; it is
boiled with bran, and fpread upon the grafs;
and thefc operations are alternately repeated,
until the ground becomes white. The colour-
ing particles which have not united with thé
alumine, are altered in their compofition, dil-
folved, and fcparated, whilft thofc that have

rombined with it, remain, and are preferved,
I3 without
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without alteration’; and thus, the defign alone
remains coloured.

" This deftrution of the colouring particles by
expofure on the grafs, and boiling with bran,
feems to be accomplifhed in the fame manner
as that of the colouring particles of flax, and to
admit of the fame explanation. The only dif-
ference confifts in fubftituting bran for alkalis,
becaufe they would diffolve a part of the colour-
ing matter which is fixed by the alumine, and
would ghange its colour ; inftead of which, the
bran ‘{aving a much weaker aélion on this fub-
ftance, affetts only the colouring particles, which,
by the attion of the air, have been difpofed toa
more cafy folution.

If, inflead of the mordant I have mentioned,
a folution of: iron be émployed, the fame phe-
nomena take place; the colouring particles de-
compofe the folution of iron, and form a triple
compound with the ftuff; .but, inftead of red,
we get from the madder brown colours of dif-
ferent fhades, down even to biack; and, by
uniting thefe two mordants, alum and iron, we
have mixed colours, inclining to red on the one
hand, and to black on the other, fuch as mordoré
and puce colour,
Finally, we get other colours, by fubftituting
dyers weed for madder, and by means of thefe
two
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two colouring fubftances, indigo, and the two
mordants above mentioned, we obtain moft of
the different fhades obferved in printed ftuffs.

The fubftances which compofe a mordant,
are fometimes incapable of decompofing each
other folely by their own attraftions; but the
attraftion of the ftuff for one of their conftitucnt
parts, brings about a decompofition and new
combinations, and fometimes this effe@ is not
produced or completed without the aid of the
attraftion of the colouring particles. This ap-
pears to be the cafe in the mixture of alum and
tartar, one of the moft common mordants em-
ployed in the dyeing of wool.

I diffolved equal weights of alum and of tartar,
the latter falt by this mixture acquired a greater
degree of folubility than it naturally poffeffes;
but, by evaporation and a fecond cryftallization,
the alum and the tartar were feparated, fo that
they had not decompdfed each other. I boiled
for an hour, half an ounce of alum with an
ounce of wool ; a precipitate was formed, whick
I wathed carefully ; it confifted chiefly of fmall
filaments of wool incrufted with earth: to this
I added fulphuric acid, aud evaporated to dry-
nefs, diffolved it, and obtained cryftals of alum ;
fome carbonic particles feparated from it: I
evaporated the liquor in which the wool had

F 4 been
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been boiled, but obtained from it only a few
grains of alum; the remainder would not cryf-
tallize: I rediffolved it, and precipitated the
alumine by an alkali; the precipitate was of a
flate colour, it grew black upon a red-hot coal,
and emitted alkaline vapours.

By this experiment we fee, that the wool had
decompofed the alum; ‘that a part of the alumine
had combined with its moft detached filaments,
which were leaft retained by the force of aggre-
gation; that a part of its animal fubftance had
been diffolved, and precipitated by the alkali,
from the triple combination which it had formed.

I made the fame experiment with half an
ounce of alum and two drams of tartar; no pre-
cipitation took placc; I obtained by evapora-
tion a fmall portion of the tartar, and fome very
irregular cryftils of alum; the reft would not
cryftallize: this I diluted with water, precipi-
tated by pot-afh, and obfained, by evaporation,
a falt which burned like tartar.

The wool which had been boiled with the
alum felt harfh, but the other had preferved its
foftnefs, ‘The firft had acquired from the mad-
der a2 more dull though lighter tint, but the co-
lour of the latter was more full and bright.

I canhot erter into -a minite explanation of
what took place in thefe experiments; but we

{ee,
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fee, firft, that the wool had begun a decompo-
fition of the alum, that it had united with a part
of the alumine, and that even the part of the
alum which retained its alumine, had diffolved
fome of the animal matter: fecondly, that
the tartar and alum, which cannot decompofe
each other folely by their own attraflions,
become capable of afling on each other, when
their attralions are affified by that of the wool
thirdly, that the tartar appears principally ufeful
for moderating the too powerful aftion of the
alum upon the wool,- whereby it is injured ; for
tartar is not ufed in the aluming of filk and
thread, which have lefs a&iqn on the alum than
wool has. :

As the decompofition of alum by the tartar
and wool, takes place in confequence of attrac-
tions which nearly balance each other, and the
proccfs muft therefore go on flowly, we fee why
it is ufeful to keep the ftuff impregnated with
alum and tartar, for fome days in a moift place,
as is recommended. '

The final effeft of aluming, in whatever man-
ner performed, and whatever chemical changes
may have taken place in it, confifts in the com-
bination of alumine with the ftuff: this union
has probably been imperfeft, and the acids only
partially fcparated, but becomes complete when

the
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the cloth has been boiled with the madder, as
we have feen in the cafe of printed ftuffs.

"An acid or an alkali. may, however, form a
fupracompound with the ftuff, the colouring
matter, and the alumine; for there are fome
colours which are changed by an acid and re-
flored by alkalis, or by calcareous earths,
which take the acid from them, or vice verfa:
but this fupracompofition does not take place
with refpe& to thofe colours which are efteemed
durable, being unchangeable by alkalis or acids,
which are not firong enough to deftroy their
compofition.

The attrattion of alumine for animal fub-
ftances, is-not merely indicated by uncertain
appearances, nor fuppofed, for the purpofe of
being employed in explanations, but is proved
by direft experiment. I united them together,
by mixing an animal fubflance with a folution
of alum, a double exchange took place, the
alkali entered into combination with the acid of
the alum, and the alumine, combined with the
animal fubftance, was precipitated °.

I proved the attration of alumine for animal
fubftances by anather experiment; having
mixed a folution of glue with a folution of alum,
| precipitatcd the alumine by an alkali, and the

® Mem, de I’ acad. 1784,
glue
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glue with which it had combined, fell down
along with it. This compound has the appear-
ance of a femitranfparent jelly, and grows dry
with difficulty ©. Thus we have alfo feen in the
preceding experiments, .that the alkali precipi-
tated the alumine combined with the animal
fubftance, from the uncryftallizable refidue of
the alum which had been boiled with the wool.

The attraftion of alumine for moft colouring
fubftances, may alfo be fhewn by direét expe-
riment. Ifa folution of a colouring fubftance
be mixed with a folution of alum, a precipita-
tion fometimes takes place ; but if to the liquor
we add an alkali, which decompofesthe alum,
and feparates the alumine, the colouring par-
ticles are then precipitated, combined with the
alumine, and the liquor remains clear: this
compound has got the name of Lake. In this
experiment, too much alkali muft not be added,
becaufe alkalis are capable of diffolving moft
lakes.

No dire&t experiment has yet fhewn, that
aluminc attraéls any vegetable fubftance except
the colouring particles; its attrattion for them
fcems much weaker than that which it has for
animal fubftances; hence the acetite of alumine,
as has been already obferved, is a better mor-

¢ Ann, de Chymie, tom. iv. p. 155
dant
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dant for cotton and linen than alum is, and
upon this depend the different means employed
to increafe the fixity of the colouring particles
of madder in the dyeing of thefe fubftances.

Metallic'oxyds have fo great an attraion for
many colouring fubftances, that they quit the
acids in which they were diflolved, and are
precipitated in combination with them.

On the other hand, all metallic oxyds have
the property of uniting with animal fubftances ;
and I have formed thefe different compounds,
by mixing an alkali faturated with an animal
fubftance, with metallic folutions ¢,

It is ot furprifing, therefore, that metallic
oxyds fhould ferve as a band of union between
the colouring particles and animal fubftances;
but, befides the attra&tion of the oxyds for the
colouring particles and for animal fubftances,
their folutions in acids poflefs qualities, which
render them more or lefs fit to a&t as mordants:
thus, thofe oxyds which cafily part with. their
acids, fuch as that of tin, are capable of com-
bining with animal fubftances, without the aid
of colouring particles; it is fufficient to im.
pregnate the wool or the filk with a folution of
tin, although they be afterwards carefully wafhed,

4 Mem. de I'acad. 1,84,
which
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which is not the cafe with other metallic fo-
lutions.

Some metallic fubftances afford in combina-
tion, only a white and colourlefs bafis; and
fome, by the admixture of their own colour,
modify that which is proper to the colouring
particles; but in many metallic oxyds, the co-
lour varies according to the proportion of
oxygen they contain, and the proportion of this
is eafily liable to change. Upon thefe circum-
ftances, which will be examined in the con-
clufion of this feétion, their properties in dyeing
principally depend.

The attraftion of metallic oxyds for fubftances
of vegetable origin, feems much weaker than
that which they have for animal fubftances, and
we are even ignorant whether they be capable
of contrafling a real union with them or not :
metallic folutions are therefore ill fitted to ferve
as mordants for colours in cotton or linen,
except iron, the oxyd of which unites firmly
with vegetable fubftances, as is fhewn by iron
moulds, which are owing to a-rcal combination
of this oxyd.

When the colouring particles have precipi-
tated 2 metallic oxyd from its menftruum, the
{upcrnatent liquor contains the difengaged acid,
which is commonly capable of diffolving a por-

3 tion



‘Jo ELEMENTS OF TRE

tion of the compound of colouring fubftance
and oxyd, fo that the liquor remains coloured ;
but fometimes the whole of the colouring par-
ticles are precipitated, when the proportions
have been accurately adjufted : this precipitation
is facilitated, and rendered more complete, by
the prefence of the ftuff, which affifts, by the
tendency it has to unite with the compound of
oxyd and colouring particles.

Uncombined metallic oxyds have alfo a very
evident ation on many’ colouring fubftances
when boiled with them, and modify their co-
lour; the oxyd of tin in particular, increafes the
brightnefs and fixity of feveral.

The compounds of oxyds and colouring fub-
ftances may be comparcd to many other chemi-
cal compounds, which are infoluble, when the
principles of which they are formed are pro-
perly proportioned; but which are capable of
being fuperfaturated by an excefs of one of the
principles, and thence of becoming foluble.
Thus a metallic oxyd united with a colouring
fubftance in excefs, will produce a iiquor, the
colour of which will be modificd by the oxyd,
whercas, when the colouring matter is not in ex-
cefs, thecompound will beinfoluble, o,r‘ncarly fors

¢ Obfervations on the combination of metallic oxyds with
the aftringent and colouring matter of vegetables. Ann. de

Chymo tom, i.
thefe
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thele effels are very evident in the combination
of ironwith the aftringent principle.

Neutral falts, fuch as nitre, and particularly
muriat of foda (common falt) aft as mordants,
and modify colours; but it is difficult to afcer-
tain the manner in which they a&. I have
found, that the muriat of foda was contained in
fubftance, in the precipitates produced by fome
Ipecies of colouring particles, and that thefe
precipitates retaincd a confiderable degree of
folubility ; it would féem, that a fmall part of
the falt becomes fixed with the colouring par-
ticles and the ftuff.

Salts with calcareous bafes .alfo modify co-
lours; but as thefe modifications are nearly
fimilar to thofe which would be produced by the
addition of a fmall quantity of lime, it is pro-
bable that they are decompofed, and that a little
of the lime enters into combination with the
colouring particles and the ftuff.

If we attend to what has been now faid, we
fhall eafily difcern, what combinations are
formed by the agency of the different reatives
employcd in the analyfis of colouring fubftances
but we mult not forget, that the mordants and
the colouring particles have a mutual a&ion on
each other,” which may change their properties,

We already perceive, that by varying the

mordants,
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mordants, we may multiply prodigioufly the
fhades obtained from a colouring fubftance; to
vary their mode of application even, may be
fufficient : thus we fhall have different effcéls,
by impregnating the ftuff with the mordant, or
‘by mixing the mordant with the bath; by ap-
plying heat, or ufing exficcation; for we ope-
rate upon three eleftive attrattions ; that of the
colouring particles, that of the ftuffs, and that
of the principles of the mordant; and many
circamftances may cawfe variations in the rcfult.
of thefe attrattions ; circumftances which merit
further explanation.  Exficcation favours the
anion of the fubftances which have an attra@ion
for the ftuff, and the decompofitions which may
refult from that union ; becaufe the water which
held thefe fubftances in folution, by its attrac-
tion, oppofed the aftion of the ftuff; hut the
exficcation fhould be flow, in order that the
fubftances may not be feparated before their
mutual attrattions have produced their effect.
Hence we learn, how the repe#ted exficcations
employed in fome procefles produce their effet.,
The greater or lcfs difpofition of the ftuff to
unite with the colouring particles, fometimes
&caﬁons confiderable differences in the mode
of employing the mordant; thus, when this
difpofition is ftrong, the mordant may be mixed
' with
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with the colouring fubftance; the compound
then formed, unites with the ftuff immediately :
but if it be weak, the compound formed by the
colouring particles, and the fubftance employed
as intermede, may feparate, and be precipitated,
before it can be attached to the ftuff. To pre-
vent this inconvenience, we muft begin, by at-
taching to the ftuff, the fubftance which is to
ferve as the medium of union between it and
the colouring particles. From thefc oblerva-
tions, I fhall deduce the explanation of the dif-
ferences that occur in the proceffes employed
in dyeing wool or filk black, or with cochineal.
To judge of the effe@ts of mordants, and of
the moft advantageous manner of employing
them, we muft then, independently of the con-
fiderations afterwards to be mentioned, pay at- .
tention, firfl, to the combinations which may
be produced, either by the aétion of the fub-
ftances w'l'&ich compofe them, or by that of the
colouring \particles and the ftuff; fecondly, to
the circumftance®which may concur, in bringing
about thefe combinations more or lefs _quickly,'
or in rendering them morc or'lefs complete ;
thirdly, to the aflion that the liquor in which
the ftuff is ymmerfed may have, either on its
colour or texture ; and in order to forefee what

that aftion may be, it is ncccffary to know the
Vor. I, G proportions



44 ELEMENTS OF THE

proportions of the principles which enter into
the compofition of the mordant, and what will
be left in an uncombined ftate in the liquor.

Mordants are not obtained from the clafs of
falts alone; vegetable and animal fubftances ferve
as mordants for each other under certain cir-
cumftances; thus, in the procefs for Adrianople
red, of which there is a defcription in the fecond
volume, the cotton ought to be impregnated,
or rather combined with an animal fubftance;
and thus, the aftringent principle is often em-
ployed as a medium of union between colouring
particles and ftuffs.

No one has hitherto varied mordants, and
theirmode of application,more than Mr. Poerner,
and in that refpe&, his works may be of great
utility, particularly that which has been juft
tranflated f.

f Inftruftion fur I'art de Ia teinture, & particuliérement fur
Ia teinture des laines ; chez Cuchet, rue & hottl ferpente.

CHAP
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CH AP 111

Of the AClion of different Subfiances, parii-
cularly of Air and Light on Colours.

E have hitherto confidered the colour-

ing particles, only as fubftances capable
_of forming different combinations, by which
their properties are modified ; but they may be
altered in their compofition, either by other
external agents, or by the fubftances with which
they unite. -

It is proper to begin with an cxamination of
the changes produced by external agents, be-
caufe they are more eafily afcertained.

The ftability of a colour confifts in its power
of refifting the attion of vegetable acids, alkalis,
foap, and more clpecially that of the air and
light; but this power varies excecdingly, accord-
ing to the nature of the colour and the fpecies of
the ftuff; for the fame durability is not required
in the colours of filk as in thofe of wool.

There is no obfcurity in the aftion of water,
acids, alkalis, or foap; it is a folution brought
about by thefe agents; and it appears that a fmall
quantity of acid or of alkali, fometimes unites

with the compound which gives the colour;
G2 becaufe
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becaufe the colour is not deftroyed, but only
changed, and may be reftored, by taking away
this acid, as for cxample, by means of chalk or
ammoniac (volatile alkali).

This is not the cafe with refpe@ to the
aftion of air and of light. Hitherto, the
nature of their aftion was not underftood ; but
at prefent, confiderable advances being made in
this theory, it is found that nothing but expe-
riment is wanting, to lead us to an accurate
knowledge of the fubjeél.

Scheele had obferved, that the oxygenated
marine acid rendercd vegetable colours yellow,
and he attributed that effe&, to the property it
had of taking up thc phlogifton which entered
into their compofition.

I have fhewn * that the propertics of the
oxygenated marine acid, were owing to the
combination of its oxygen, with the fubftances
expofed to its altion; that it commonly ren-
dered the colouring particles yellow ; but that
by a continuance of its aftion, it dcftroyed
their colour ; without determining in what this
aftion confifted.

Mr. Fourcroy has fince made feveral ob-’
fervations on the aftion of oxygen on the
colouring particles, which throw a great deal

* Mem, de 'acad, 1785.
of
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of light on the nature of the changes they
undergo, chicfly when watery folutions of them
arc left expofed to the air, or have been fub-
jetted to a boiling heat ; he obferved, that in
“ confequence of the attion of the air, vegetable
decoftions formed pellicles, which loft their
folubility and underwent fucceflive changes of
colour ; he marked the gradations of colour
thus produced, and concluded from his obfer-
vations, that oxygen entcred into the compofi-
tion of the colouring particles; that when it
combined with them, their thade was changed ;
and that the morc they received, the more fixed
did their colour become; and that the beft
method of obtaining permanent unchangeable
colours for painting, was to choofe fuch as had
been expofed to the aftion of the oxygenated
marine acid *. I have been employed more
particularly, in a mewoir of which 1 fhall now
give an abftrat, in attempt'ng to afcertain, in
what the attion of the air on colours of different
kinds confifts, by analyzing that of the oxy-
genated marine acid ©, ]
In confidering the cffefls of air on colours,
it is neccffary to make a diftinétion betwcen

b Ann. de Chym. vol. v.
© Ibid. vol. vi. Mem. fur I'alion que {’acide muriatique
eoxygené exerce fur les parties colorantes, '
G 3 thofe
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thofe produced by mefallic oxyds, and thofe
produced by the colouring particles. I had
proved that the modifications of the former,
were entirely owing to different proportions of
oxygen, as already mentioned in the firft
chapter of this fetion; but obfervation led
me to form a different opinion refpefting the
modifications of the latter.

I have obferved, that the oxygenated marine
acid exhibited different phenomena with the
colouring particles, that fometimes, it difchar-
ged their colour and rendered them white,
that mcft frequently it changed them to a
yellow, fawn colour (fasve?) brown, or black,
according to the intenfity of its afion; and
that, when their colour appeared only dif-
charged or rendered white, heat, or a length
of time, was capable of rendering them yellow.
I compared the effe@t produced by the oxy-
genated marine acid, when the particles are
rendered yellow, fawn coloured, or brown,
with the effe&t of aflight degree of combuttion,
and fhewed that they were the fame, that they

¢ Thongh fauve is here tranflated in the ufual manner
{fawn colour) it does not appear to mean what we commonly
underftand by that appellation; for in other parts of the
work, it is called 700z colonr, and applied to that kind of
brown which is produced by walnut peels, &c.

were
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were owing to the deftruétion of the hydrogen,
which combining with the oxygen, more ealfily,
and at a lower temperature than charcoal does,
leaves it predominant, fo that the natural co-
lour of charcoal, is more or lefs blended with
that which before exifted.

This effe&t becomes very evident, when
fugar, indigo, or the infufion of the gall nut,
or of fumach, are expofed to the attion
of oxygenated muriatic gas (dephlogifticated
marine acid air); the fugar and the indigo
affume a deep colour, and afford indifputable
marks of a flight combuftion ; the infufion of
the gall nut, and that of fumach, let fall a
black precipitate, which is nearly pure char-
coal.

Thefe phenomena are analogous, to thofe
which are obferved in the diftillation of organi-
zed fubftances ; in proportion as the hydrogen
is extricated in the form of oil, or of gase,

¢ This term is adopted by moft of the french chemifts,
to denote thofe permanently elaftic fluids, commonly called
airs by englifh chemifts. It occurs firft, I believe, in Van
Helmont’s treatife de Aquis Spadanis, wherein he calls the
carbonic acid gas of the authors of the new french chemical
nomenclature, the fixed air of Drs. Black, Prieftley, &c.
by the name of gas, or gas fylveftre, fuppofed to be derived
from thc German Geif, fpirit. T,

G 4 the
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the fubftance grows yellow, and at length,
there remains only a black coal. If the
hydrogen be expelled from an oil by heat, it
grows brown in the fame manner.

Other experiments which I had made on
alcohol and on ether, had thewn me, that the
oxygen, umnited to the marine acid, had the
property of combining with the hydrogen,
which abounds in thefe {ubftances, and of
thereby forming water.

When therefore the oxygenated marine acid
renders a colour yellow, fawn coloured, or
brown, this effeft proceeds from the colouring
matter having undergone a flight combuftion,
by which, more or lefs of its hydrogen has
been converted into water ; and the charcoal
thus rendred predominant, has communicated
'its own colour.

I have fhewn that the art of bleaching linen
by means of the oxygen of the atmofphere,
of the dew, and of the oxygenated marine
acid, dcpended on this change of the colouring
matter. The colouring particles of the flax
are rendered foluble in the alkaline lixivia,
the altion of which ought to alternate with
that of the oxygen. Thele colouring particles
may be afterwards precipitated from the alkali,
and by evaporation and drying become black,

and
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and prove the truth of this theory, both by
the colour they have acquired, and by the
quantity of charcoal which they yicld by
analyfis.

The alkaline folution of the colouring mat-
ter of linen, which 1s of a dark brown colour,
lofes its colour almoft entirely, by the addition
of a certain quantity of oxygenated marine
acid; and the fame effet is obfervable in
many other fubftances, which have affumed a
colour proceeding from an incipient com-
buftion.

A piece of linen which appears white may
yet grow yellow in the courfe of time (more
efpecially . if expofed to a certain degree of
heat) if the oxygenated parts have not been
removed by a fufficiently ftrong lixivium ; in
like manncr, the green parts of vegetables
are rendered white by the oxygenated marine
acid, but become yellow by being boiled.

Thefe fafls thew that oxygen is capable of
whitening, or rendering paler, the colouring
matters with which it unites, perhaps by having
produced the ecffe@s of a flight combuftion
upon them; or poffibly, thefe effefts take
place only afterwards in a flow manner, but
more readily, when the whole is expofed to a

certain degree of heat. It is very probable
that
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that in all cafes a part of the oxygen unites
with the colouring matter, without being com-
bined with the hydrogen in particular, and
that it is in this way, that oxygen renders the
colouring matter of flax more foluble in
alkalis.

Oxygen has certainly an influence in many
other cafes, on the changes which take place
in the colouring particles of vegetables ;
thefe particles are formed chiefly in the leaves,
flowers, and inner bark of trees; by degrees
they undergo a flight combuftion, either from
the aftion of the atmofpheric air which fur-
rounds them, or from that of the air which is
carried by a particular fet of veflels, into the
internal parts of vegetables ; hence, moft trees
contain fawn coloured particles, inclining more
or lefs to yellow, red, or brown, which, in
confequence of this combuftion, grow thick,
and are at laft thrown out of the vafcular fibres
of the bark, the greateft part of which I have
found compofed of them.

Thefe obfervations teach us how the air afls
upon colouring matters, of an animal, - or
vegetable nature ; it firft combines with them,
renders them weaker and paler, and by degrees
occafions a flight combuftion, by means of

which, the hydrogen, which entered into their
compofition



. .
ART OF DYEING. 53

compofition is deftroyed; they change to a
yellow, red, or fawn colour; their attrattion
for the ftuff feems to diminifh ; they feparate
from it, and are carricd off by water: all
thefe effefts vary, and take place more or lefs
readily, and more or lefs completely, according
to the nature of the colouring particles; or
rather, according to the properties which they
poflefs, in the Rtate of combination into which
they have entered.

The changes which occur in the colours
produced by the union of the colouring par-
ticles with metallic oxyds, are effefls, com-
pounded of the change which takes place in
the colouring particles, and of that which the
metallic oxyd undergoes.

The light of the fun confiderably accelerates
the deftruétion of colours ; it ought therefore
(if the theory I have propofed be well founded)
to favour the combination of oxygen, and the
combuftion thereby produced.

Mr. Sennebier has given us a great number
of interefting obfervations on the effeéts of light
on different fubftances, and particularly on their
colours ; he attributes thele effefts to a dire&t
combinaton of light with the fubftances *.

! Mem. Phyﬁ¢005ymiqw fur l'influence de Ia Jumiere
‘vhile. &c, Vo’. ii & iﬁ.
The
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The effcéts of light on the colour of wood,
have been long fince obferved ; it preferves its
natural appcarance while kept in the dark, but
when expofed to the light, it becomes yellow,
brown, or of other fhades. Mr. Sennebier
has remarked thc varieties which occur in this
particular, in different kinds of wood, and has
found, that the changes were proportioned to
the brightnefs of the light, and that they take
place cven under water, but that wetted wood
underwent thefe changes lefs quickly than that
which was dry ; that feveral folds of ribband
were required to defend the wood completely,
that a fingle leaf of black paper was fufficient,
but that when paper of any other colour was
fubftituted, the change was not prevented; a
fingle covering of white paper was infufficient,
but two intercepted the a€tion of the light.

That philofopher has extended his experi-
ments to a great number of vegetable fub-
flances, in a manner which may ferve to
illuftrate many phcnomena of vegetation, which
I do not entcr into at prefent. But to fhew,
in what manner the fun afls upon colours, it
may be fufficient to examine the appearances,
prefented by a folution of the green part of
vegetables in alcohol,

I



ART OF DYRING. 55

If fuch a folution, which is of a fine green
colour, be expofed to the light of the fun,
it very foon acquires an olive hue, and lofes
its colour in a few minutes. If the light be
weak, the effe@ is much more flow; and in
perfet darknefs, the colour remains without
alteration, or if any change does take place, it
requires a great length of time. Mr. Scnnebier
afferts that an alkali reftores the green colour ;
but if the change of colour in the liquor has
been completed, the alkali has no effeét. He
has obferved that no change of colour takes
place in azotic gas (phlogifticated air) nor in
a bottle which is quite full.

I inverted over mercury a bottle half full
of this green folution, and expofed it to the
light of the fun; when the colour was dif-
charged, the mercury was found to have rifen
in the bottle, and confequently, vital air had
been abforbed, the oxygen having united with
the colouring matter. I did not obferve that
precipitate which Mr. Senncbicr mentions ; the
liquor had continued tranfparént and retained
a flight yellow tinge.

1 evaporated this liquor; its colour was
immediately rendered darker, and became
brown; the refiduum was black, and in the

ftate of charcoal.
The
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The light therefore produced its effeft by
favouring the abforption of oxygen, and the
combuftion of the colouring matter; at firft,
the marks of combuftion are not evident ; the
liquor retains onmly a flight yellow tinge, but
by the affiftance of heat, the combuftion is
completed, the liquor becomes brown, and
leaves a black refiduum.  If the veffel in which
the liquor is, contains no oxygenous gas, the
light has no effe& on the colouring matter ;

-azotic gas in this fituation fuffers no dimi-
nution.

The above oblervation, that ribbands, or a
fingle leaf of white paper, do not prevent the
aftion of light, merits attention, by proving
that light can pafs through cowverings which
appear to be opake, and exert its cnergy at
fome diftance within.

Beccaria, and afterwards Mr. Senncbier,
have compared the cfle@ls of light on ribbands
of various colours; but the diffcrences they
have obferved, are rather to be attributed to
the nature of the colouring matters, than to
the colours, for a ribband dyed with brafil
wood, will lofe its colour much fooner than
onc dyed with cochineal, though the fhade
fhould be perfeétly the fame in both,

Although
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Although light greatly accelerates the com-
buftion of colouring matter, and appears even
neceflary to its deftrufion in fome cafes, yet
in others it is not required. Having put fome
plants into a dark place, in contat with vital
air, I found that it was abforbed by fome. I
alfo remarked that the rofe fuffers a change,
and becomes of a deeper hue, when it is not
in conta& with vital air; doubtlefs, becaufe
it contains a little oxygen, the combination
of which becomes more intimate ; but many
flowers retain their colour perfeétly in azotic
gas.

I placed tin@ture of turnfole in contaét with
vital air over mercury, both in the dark, and
cxpofed to the light of the fun; the former
continued unchanged for a confiderable length
of time, and the vital air had fuffered no di-
minution ; the other, loft much of its colour,
became red, and the air was in a great meafure
abforbed, and a fmall quantity of carbonic
acid was produced, which no doubt had oc-
cafioned the change of colour from bluc to
red.

This obfervation may lead us to form an
idea of fome of the changes of colour, pra-
duced by a particular difpofition of the com-
ponent principles of vegetable fubftances, when

3 by
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by their combination with oxygen, they un-
dergo the effefls of a flight combuftion, which
fnay generate an acid, as in the leaves in
autumn, which grow red, before they become
yellow, and in the ftreaks (panachures) ob-
fervable in flowers, the vegetation of which
is growing languid.

It is thercfore proved, that light promotes
the abforption of oxygen by the colouring
matter, and that thence arifes a combuftion,
the common effeét of which is, the predomi-
nance of carbonic particles.

To the fame caufe, is alfo to be attributed
the injury which ftuffs themfelves are found to
fuffer, from the aftion of light. “ Among
“ feveral examples which I might give, fays
« Dufay, I fhall adduce only one, of a curtain
* of crimfon taffeta, which had remained drawn
“ in a window for a great length of time ; all
“ the parts which were oppofite to the panes
“ of glafs, had entirely loft their colour, while
« thofe which were behind the wood of the
« cafement, were much lefs faded ; and further,
« the filk itfelf was almoft entirely deftroyed
“ in the parts without colour, where the cur-
“ tain might be torn by the {lighteft effort,
« while in the other parts, it retained nearly
% the ufual degree of ftrengtl. 5.

& Mcm. de ’acad. 1737.
Here
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Here an apparent contradiftion occurs. The
* allion of the fun's light produces colours in
vegetables ; it extricates oxygen from the nitric
and oxygenated muriatic acids, from fome
metallic oxyds, and from plants in a ftate of
Vegetation : in thefe inftances, its aftion feems
to be the reverfe of combuftion ; but when it
contributes to the deftru€ion of colour, it
ferves to fix oxygen, and produces a kind of
combuftion. In like manner, phofphorus is
not affefted by the oxygenated muriatic acid,
even affifted by heat, while in the dark ; but
when the a&tion of light concurs, it is converted
into phofphoric acid ®, -

I am unacquainted with the circumftances,
and the attraftions, which determine fometimes
the produ&ion of one effeft, fometimes that of
the other, "but both of them are equilly demon-
firated. They feem to bear a refemblance to
double eleftive attraétions. It is very certain
that calcareous earth yields the fulphuric acid
to pot-ath, but yet that calcareous earth is
capable of expelling the pot-afh, by means of
a double ele&tive attrattion.

There are befides in nature a great many
phenomena of the fame kind; thus, during

» Mem: fur I'acide marin dephlogiftiqué, 1785.
Vour, L. H the
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the vmous fermentation, hydrogen is accumu-
lated in the liguor, but by a continyance of
the fame procefs, the praportion of hydrogen
is diminifhed ; it unites with the oxygen, which
becomes predominant, as foon as the fermen-
tation has advanced to the acid ftage. The
putrefaftion too, which takes place in animal
fubftances, may be confidered as the reverfc

of the phenomena of growth and nutrition.
Colouring fubftances thercfore refit the
aftion of the air more or lefs, according as
they are more or lefs difpofcd to unite with
oxygen, and thereby to fuffer more or lefs
quickly, a fmaller or greater degree of com-
buftion. Light favours this efle&, which in
many , cafes is not produced -without its affift-
ance ; but the colouring matter in its feparaie
ftate, is much morc prone to this combuftion,
than when united to a fubftance, fuch as alu-
mine, which may cither defend it by its own
ppwer of refifting combuftion, or by attratting
it ftrongly, weaken its aftion on other fub-
fances, which is the chief effe@ of mordants ;
and finally, this laft compound acquires fill
greater durability, when it is capable of com-
bjning intimately with the ftuff. :
“Thus the colouring matter of cochineal
diffolves eafily in water, and its colour is
2 N quickly
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quickly changed by the air ; but when united
to the oxyd of tin it becomes much brighter,
and almoft infoluble in water, though it is ftill
eafily affe€ted by the air, and by oxygenated
marine acid ; it refifts the ation of thele better
however, when it has formed a triple compound
with a woollen ftuff. ‘

It muft not be inferred from the above
obfervations, that all yellow colours are owing
to the carbonic part of the colouring fub-
flance ; very different compounds are capable
of producing the fame colour ; thus, indigo is
very different from the blue of our flowers,
from that of oxyd of copper, and from that of
pruffian blue.

Nor do I affert, that oxygen may not unite
in a fmall proportion with fome colouring
fubftances, without weakening their colour, or
changing it to ycllow. In the chapter on in-
digo, it will appear, that it becomes green by
uniting with an alkali, with lime or a metallic
oxyd ; but that it refumes its colour, and quits
thefe fubftances, when it recovers a fmall
portion of the oxygen which it had loft. The
liquor of the whelk employed to dye purple,
is naturally yellowith ; but when expofed to
the air, and more efpecially to the fum, it

quickly pailes through various fhades, and at
H 2 length
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length affumes that colour fo precious in the
eyes of the ancients .

- It may even be confidered as a general fa&l,
that colours become brighter by their union
with a fmall portion of oxygen ; for this reafon,
it is found neceffary to air ftuffs, when they
come out of the bath, and fometimes even to
take them out of it from time to time, exprefsly
for this purpofe ; but the quantity of oxygen,
which thus becoming fixed, contributes to the
brightnefs of the colour, is very inconfiderable
in fome cafes, and the deterioration foon
commences.

The aftion of the air affefts not only the
colouring matter and the ftuff, but alfo metallic
oxyds, when they arc employed as intermedes ;
becaufe the oxyds, which have at firft becn
deprived of a part of their oxygen by the
colouring particles, as will be fhewn when we
come to explain the ation of aftringents, may
abforb it again. Thofe then, the colour of
which varies according to their proportion of
oxygen, have thereby an influence in changes
of colour. Itis doubtlefs to this caufe, that

! Decouverte d’une nouvelle tcinture de pourpre &c. par
Reaumur. Mem. de I'acad. 1711, According to Eudocia,
the purple did not affume its brilliancy nor arrive at perfec-
tion, but by expofure to the rays of tl.e fun.

we
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we are to attribute the change obfervable in the
blue given to wool, by fulphat of copper (blue
vitriol) and logwood. This blue foon becomes
green by the aftion of the air ; now it is well
known, that copper which has a blue colour,
when combined with a fmall proportion of
oxygen, affumes a green one, by its union
with a larger quantity. The change which the
cobburing particles undergo, may indeed con-
tribute to this effe& ; but the colouring parti-
cles of the logwood which have themfelves a
dark colour, fhould rather become brown by
combuftion, than grow yellow, which would
be neceflary in order to produce a green with
the blue.

I have obferved, that colouring particles in
a ftate of combination, were lefs difpofed to
be changed by the ation of the air, than in an
uncombined ftate. This is commonly the cafe,
but there are fome exceptions ; an alkali pro-
duces a contrary effe&.

I half filled a matrafs with an infufion of
cochineal, and expofed it to the light, over
mercury ; a fimilar matrafs contained an in-
fufion of cochineal made with a little tartar;
and in a third, I had added a fmall quantity of
alkali to the infufion. The fecond matrafs
appeared leaft altered in the fame fpace of

Hg time,
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time, and in it, the abforption had been leaft
confiderable. ' In the third, the colour of the
Kquor became firft brown, and was theh dif-
charged, and thc ablorption of air, though
inconfiderable, was greater than in the two
others. I évaporated it ; it afflumed a brown
colour, and left a yellowith brown refiduum.

I made fimilar experiments on many co-
louring fubftances ; the alkali darkened their
colour, which grew morc and more brown,
and promoted the abforption of air. Madder
feemed to be the only exception to this rule ;
its colour, which became darker at firft, ftood
better, than that of the infufion made without
alkali.

The common effeét of alkalis on the colour-
ing particles, is confonant to that which it
produces on many other fubftances, fuch as
fulphur ; it favours the abforption of air be-
caufe it has a ftong attrafion, for the fubftance
which is the refult of that abforption.

From this effe@ of alkalis 1 explain a fa&
obferved by Mr. Becker*; that a vegctable
infufion rendered green by an alkali, becomcs
gradually yecllow, if left expofed to the air,
and that when the yellow is completely formed
(etabli) acids cannot reftore the original colour:

k Specimen, &c, b
ut
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but that this is not the cafe, wher a vegetable
colour reddened by means of an acid, has been
kept in like manner for fome time. We muft
however except thofe' inftances in which acids
have been employed, which aét by giving off
their oxygen in a way we’ fhall prefently fee,
for then, the colour is likewife deftroyed.

———-"-—-—
C H A P 1V.

Of the Yellow Colour produced in Animal Sub-
Sances by the Nitric and oxygenated Muriatic
Acids.

THE. altion of the nitric and oxygenated
muriatic acids, upon animal fubftances,
has fuch a connexion with the preceding fub-
je&t, that I thought it improper to place them
far afunder, though the yellow colour they
produce in wool, and more efpecially in filk,
might merit a place among the procefles of the
art.

Mr, Brunwifer * having obferved that wood

* Verfuche mit mincralifchen fauem geiftern, aufden
holzen farben zu zichen, 1770, in abhandlungen der Baierife

chen akademie,
H 4 " affumed
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affumed different colours by expofure to the air,
endeavoured to afcertain whence thofe colours
proceeded, and to produce them artificially :
he obferved, that by moiftening the furface of
wood with nitric acid, particularly that of
young wood not yet quite dry, it afflumed a
yellow colour, and that by performing the
fame operation, with the muriatic and ful-
phuric acids, it afflumed a violet colour, which
he confidered as compofed of a blue and a
red.

From thefe obfervations he concludes, that,
as all colours are produced by a mixture of
yellow, blue, and red, all thofe which are ob-
ferved in the leaves, fruits, and flowers, are
owing to the colouring particles which exift in
the wood, and are there difguifed by an alkali;
that the mineral acids, by taking up this alkali,
fet the colouring particles at liberty, and that
the fixed air, by penetrating the leaves, fruits,
and flowers, produce naturally the famc effeé,
by combining with the alkali which kept them
difguifed. The author has endeavoured to
apply his experiments, and pretended difcovery,
to the arts®, Having moiftened pieces of

* Entdecknng verfchiedener vegitabilifchen farbemateri-
alien, feiden und wollen zeuge fchén und dauerhaft gelb zu
farben 1771,

. wood
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wood with nitric acid, he poured water upon
* them, filtered the liquor, and employed it to
dye ftuffs of wool, filk, and goats hair, of a
durable yellow, which, in his opinion, is pro-
duced by the yellow colouring particles con-
tained in the wood, and extrafied, or dif-
engaged by the nitric acid.

De la Folie ¢ relates that, having immerfed
a fkein of white filk in nitric acid, or aqua
fortis of the ftrength it is generally met with
in commerce, the filk in three or four minutes
affumed a fine jonquille yellow. He wathed it
feveral times in water, that it might not be
affefted by any adhering acid; the colour fuf-
tained feveral trials to which he fubmitted it,
and the filk prefcrved its luftre unimpaired.
If it be dipped into an alkaline folution it af-
fumes a fine orange colour.

We find feveral experiments on this procefs,
in a differtation by Mr. Gmelin*, who fays
that he has given a fine brimftone colour to
filk, by keeping it for the fpace of a day in
cold nitric acid, or fome hours only, when
the acid was warm. Boiling with foap and

¢ Journal de Phyf. t. iv. pag. 349.
¢ T. Fricder. Gmelin prof. Gotting. de tingendo per nitri
acidum, five nudum, five terra aut metallo faturatum ferico.
Ecfurti 1785,
water
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water diminifhed the brightnefs of this colour.
It was changed to a fine lemon colour, by be-
ing kept for twelve hours in an dlkaline folu-
tion, and it afflumed a fine gold colour when
the folution was employed hot.

All folutions of metals in nitric acid com-
municated a more or lefs deep yellow to filk,
as‘did alfo the folution of alumine in the fame
acid; but thofc of calcareous earth and mag-
nefia produced no effeét.

According to la Folie ¢, folution of tin
mixed with a folution of gold, gives a purple,
which fixes on filk ; but Mr. Gmelin obtaincd
in this way, only common ycllow. Mr. Gmelin
alfo thews, that the different yellows, which Mr.
Struve had faid were obtained by different
mctallic folutions f, depend only on the acid
they contain. The only exception, perhaps,
occurs in the cafe of mercury, the folution of
which gives filk a copper colour.

Bergman was acquainted with this procefs,
when he publithed his notes on Scheffer’s
treatife #: He fays that common aqua fortis
gives wool and filk a clear, beautiful, and

¢ Journ. de Phyf. t. viii.
! Berneriches magazin der naturhunft und wiffenfchaften,
vol. i.
¢ Effai fur I’art de la Tcinture,
’ durable
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durable yellow, in three or four minutes;
that they ought to be wathed immediately, and
that the more the acid is depblogificated, the
greater is the effe& produced.

In my earlieft experiments on oxygenated
muriatic acid, I found that it aHo had the pro-
perty of tinging animal fubftances yellow; but
it does not give them nearly fo deep a colour
as the nitric acid does, and it weakens them
much more than that acid properly diluted ;
fo that for the purpofes of art, the nitric acid
is greatly preferable.

To recapitnlate thefe obfervations then, the
nitric acid diluted with a certain quantity of
water gives filk a yellow colour, which is more
or lefs deep, according to the concentration
of the acid, its temperature, and the time of
immerfion ; the filk muft be carefully wathed
as foon as taken out of the acid: this colour
poflefles confiderable brightnefs; it may be
made deep without fenfibly weakening the filk,
fo that this procefls may prove of real utility,
The colour may be modified by alkalis.

The folutions of calcareous carth and mag-
nefia produce no effet upon filk, becaufe they
do not contain an excefs of acid; the folution
of aluminc and of all metallic fubftances, on the

contrary, produce a more or lefs decp yeliow,
’ becauie
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becaufe they all contain more or lefs excefs of
acid, which aéts upon the filk, like uncom-
bined acid; it was alfo the acid alone, which
dyed the animal fubftances yellow in Mr. Brun-
wifer’s experiments, and not the matter ex-
trafted from the wood.

The yellow colour in thefe cafes, is not
owing to iron, as de la Folie fuppofed; for
the pureft nitric acid, which confequently con-
tains no iron, produces it, as well as that, in
which the prefence of that metal might be
fufpeéted.

If filk be put into concentrated nitric acid,
it quickly aflumes a deep yellow colour, lofes
its cohefion, and is diffolvedw during this
folution, the azot (phloglﬁlcated air) which
enters into the compofition of animal fub-
flances, is extricated, with a long continued
cffervefcence *: if heat be applied, it expels
much nitrous gas, and the liquor immediately
acquires a deep colour and grows brown. At
this time, the oxygen of the nitric acid cer-
tainly combines with the hydrogen, which
abounds in animal fubftances, forming the oil
which is obtained from them by diftillation,
and which renders them fo inflammable. When

b Mem, de l'acad. 1783,
the
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the acid begins to aét and to render the filk
yellow, the fame effet fhould alfo begin to
take place. I therefore fuppofe that the yellow
colour arifes from a commencement of com-
buftion, as explained in the preceding chapter.
This combuftion being very flight, does not
fenfibly weaken the filk; but if the acid is
a little too ftrong, or the immerfion too long
continued, or if the whole of it is not carried
off by careful wathing, the filk immediately
becomes weak, and in vulgar language, which
is here quite accurate, it is durnt.

We therefore now fee, why, as Bergman ob-
ferved, the nitric acid which he called dephlo-
gifticated, is préferable in this operation, to that
which is faturated with nitrous gas; for in the
former, the proportion of oxygen being greater,
it is-thence better fitted for producing the ef-
fefts of combuftion, until it is reduced to the
ftate of nitrous acid.

The fame explanation ought doubtlefs to
apply to the aflion of the oxygenated muri-
atic acid, on animal fubftances; it differs how-
ever in fome eflential circumftances, fome of
which I do not yet underftand, and which re-
quire a greater number of obfervations.

Silk takes a yellow which is much lighter,

when the oxygenated muriatic acid is employed,
than
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than when the nitric acid is ufed : the fulphu-
reous acid difcharges it in a great meafure,
but has no effe@ on the yellow produced by
the dilute nitric acid. The oxygenated muri-
atic acid has however, a much ftronger afion
on the filk; it foon weakens, and even dif-
folvesit: if the filk be lcft for fome time in
this fluid, the yellow which at firft appearcd
grows lighter ; in bonformity to what I have
remarked, that exygen by. being accumulated,
is capable of difguifing the yellow colour occa-
fioned by the combuftion, which it had at firft
produced.

I have endeavoured to cxplain ¢ the effe@s
which f{ulphureous acid produces on colours,
by the facility with which it gives off its oxygen,
and have compared them to thofe of the oxy-
genated muriatic acid; but although it is true,
that oxygen adheres much more weakly to
the fulphureous, than to the fulphuric acid,
I do not believe that that explanation is well
founded.

According to the obfervation of la Folie*,
rofes whitened by the vapour of burning ful-
phur, become green in an alkaline lixivium,

¥ Suite des exper. fur I'acide fulfureux. Ann. de Chym.
t. ii. ,

k Journ. de Phyf. 1774,
and
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and red in acids; I have myfelf obferved, that
the fulphureous acid reddened the tinéture of
turnfole, which has a very fading colour, and
that it afted only like other acids on infufions
of fuftic, brazil wood, and logweod. .1 have
further obferved, that filk which has been ex-
pofed to the vapour of fulphur, exhaled the
fmell of fulphureous acid, when moiftened with
fulphuric acid, although that odour was not
before perceptible. :

I ‘conceive then, that the {fulphureous acid
commonly unites with the colouring particles,:
and with the filk, without giving off its oxy-
gen to them, and confequently, without pro-
ducing any combuftion; that the produ& of
that combination fomctimes lofes its colour
entirely, which is probably owing to the femi-
claftic ftate -of the oxygen; but fometimes
combuftion may, and even commonly fhould
take place by degrees, fo-that the colouring
particles, which have long- been dHguifed,
ought at laft to leave a yellow colour. This
point feems capable of being- eafily cleared up
by a few experiments. |

CHAP.
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C H A P V.

of Aﬁ;iugmt: in general, and particularly of the
Gall-nut.

STRINGENTS merit particular atten-

tion, not only from their great ufe in
dyeing, but becaufe they poffefs a property
which is common to a great number of vege-
tables, :

There is perhaps no property of vegetables,
refpefting which, we have been contented with
fuch vague ideas: frequently fome flight re-
femblance in tafte only has been attended to,
and under the name of aftringents, alum, and
many vegetables of very different properties
have been confounded together, both in medi-
cine and in the arts: moft frequently every
fubftance which renders a folution of iron
black, has been confidered as aftringent; it is
fuppofed that this effeft is owing to one iden-
tical principle exifting in all the fubftances
which produce it, and the title aftringent or
acerb, has been beftowed on that principle, and
it is at prefent confidered as a particular acid,
to which, the name of gallic acid has becn

' given,
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given, from galls or the gall-nut, in which it
© has been found.

Many learned chemifts however, have lately
made a great number of interefting obferva-
tions on aftringents; of thefe I fhall give an
abftradl, but as the gall-nut has been the com-
mon fubje& of thefe obfervations, it ought
firft to be defcribed.

‘The gall-nut is an excrefcence found on the
voung branches of the oak, efpecially of that kind
called rouvre, which grows in the Levant,
Iftria, Provence, and Gafcony. This excre-:
fcence is produced by the punéture of an in-
fe&, which depofits its eggs in the fmall incifion,
whickr it makes in the fpring; the fap which
efcapes by this opening, grows thick, increafes
in quantity, and ferves as a defence for the
young infeft, until it is able to make its efcape;
when there is no hole in the nut, the infe&t is
found dead within; fometimes after it has
quitted its abode other infefts come to occupy
it :

There are different kinds of the gall-nut;
fome inclining to white, yellow, green, brown,
or red; others are afh-coloured or blackith;
they alfo differ greatly in- magnitude, and are
either round or irregular, heavy or light, fmooth
or covered with protuberances: thofe which

Vou. I. I are
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are {mall, blackifh, knotted, and heavy, are the
beft; they are krown by the name of Aleppo
galls, and come from Aleppo, Tripoli, and
Smyrna. .

Galls arc almoft totally foluble in water by
long ebullition, fixtcen drams afforded Neu-
man fourteen of extraft; from the remain-
ing two drams, alcohol extraBted only four
grains.

The fame quantity treated firft with alcohol,
and then -with water, afforded twelve drams
and two fcruples of fpirituous cxtraft, and
four fcruples of watery extratt; the rcfiduum
weighed half a fcruple more than in the pre-
ceding experiment. ‘The fpirituous extraét has
a more ftrong and difagreeable taftc than the
other 2.

Mr. Monnet, to whom chemiftry is indebted
for a great number of important obferva-
tions ®, confiders Macquer as the firft, who
afcribed the formation of ink to a precipitation
of iron, by the aftringent principle, and he
himfelf gives the theory of it; he fuppofes
that the iron has a greater attraftion for this
principle, than for the acid with which it.was

* The chemical works of Cafpar Neuman, &c. by Wil-
liam Lewis.
b Trait} des eaux minerales, pag. go4. -
united ;
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united; but the acid diffolves a part of this pre-
cipitate, unlefs it be largely diluted with water.

Iron is not the only metallic fubftance which
may be precipitated from its menftruum by the
aftringent principle; Mr. Monnet has obferved,
that gold, filver, copper, zinc, cobalt, platina,
and mercury, were alfo precipitated.

The metallic fubftance moft eafily precipitated
is mercury; its folution, mixed with an infufion
of galls, affumes a brick colour, but the preci-
pitate which is formed, foon becomes of a red-
dith gray.

Copper is precipitated pretty eafily; the pre-
cipitate is at firt green, but becomes of an ath
gray, and acquires a reddifh coppery tinge in
drying.

Zinc forms a dirty grecn precipitate.

‘The precipitate from cobalt is of a light
blue: but does not long retain that colour, be-
coming foon of an ath gray.

Silver is precipitated very flowly; the pre-
cipitate which has at firft the colour of roafted
coffee, afflumes a fhining filvery brightnefs, as
it dries on the filter.

Gold alfo falls down, only infenfibly; the
precipitate colleted and dried, perfeltly re-
fembles that of Caffius. Mr. Monnet col-

lefted on a Hhiter the precipitate of iron by
Iz ] the
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the aftringent principle, it was found to be of a
fine deep blue ; and that chemift is of opinion,
that it might be advantagcoufly employed in
vainting. He endeavoured to diffolve it in the
nitric and fulphuric acids; they attacked it but
flowly: having accelerated their ation by heat,
he obtained by filtration, fine yellow tinftures
{particularly from the nitric acid) which re-
fembled a folution of gold. Thefe liquors let
fall no precipitate, but remained always clear
and tranfparent ; alkalis occafioned no precipi-
tation in them, but only rendered their colour
deeper. Mr. Monnet was led, by obferving
this, to diffolve the precipitate immediately in
a {olution of fixed alkali, in which he made it
boil; a blood red folution was produced, in
which water occafioned no precipitation. To
thefe fafls, the academicians of Dijon have added
many interefting obfervations .

The gall-nut yields, by diftillation, a limpid
phlegm, which becomes brown by degrees, then
a ycllow oil, and afterwards one that is more
dark coloured and empyreumatic. All thefe
liquors precipitate fulphat of iron or vitriol of a
biack colour, the coaly refiduum retains no
diftin& properties; it grows red in the fire
without being reduced to afhes, Water even

¢ Elem, de Chym.
in
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in the cold, diffolves the aftringent principle;
an ounce of galls yielded in this way three
drams of extra&, which was very ftyptic, and
not deliquefcent.

Fixed and volatile oils and ether, diffolve
the aftringent principle.

Infufion of galls reddens blue paper, and
tin&ure of turnfole ¢; but it has no effeét on
fyrup of violets.

Sulphuric acid acquires a red colour from
galls; the nitric, an amber colour; and the
muriatic acid hecomes brown; thefe three acids
when faturated with an alkali, precipitate fulphat
of iron black.

The acetous acid, loaded with the aftringent
principle, does not require the addition of an
alkali to produce this black precipitate.

Phofphoric acid produces no change in the
infufion of galls, but this mixture renders the
folution of fulphat of iron turbid, and produces
a white precipitate.

Sulphuret of alkali (alkaline liver of fulphur)
is decompofed by the infufion of galls; and
upon filtering the liquor, that which paffes, pre-
cipitates iron black, but the refiduum does not ;
the liquor appears to be a compound of alkali
and the aftringent principle.

¢ T alfo found that this infofion reddened that of radifhes.

Ig Carbonat
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Carbonat of fixed alkali (mild fixed alk.) pro-
duces a reddith colour in the infufion of galls;
this mixture forms a brown precipitate with ful-
phat of iron.

Cauftic alkali tinges the infufion of galls of
a dark red, and then precipitates the fulphat of
iron black ; this precipitate, when well wafhed,
is not attralted by the magnet; it diffolves with-
out effervefcence in the mineral acids, but is
not aéted upon by the acetous acid.

A mixture of pruffiat of alkali, and tinfture
or alcohol of galls, produces a black precipitate
with the folution of iron ; fulphuric acid at firft
increafes the intenfity of the colour, and af-
terwards deftroys it.

The fame work contains a great number of
other obfervations upon the metallic precipi-

tates produced by the aftringent principle. Galls
produce no effe@ on the folutions of arfenic,
and the addition of this oxyd to the infufion of
galls, does not prevent its altion on iron. The
aftringent principle forms ink with all acid fo-
lutions of iron, except thofe in the‘phofphoric
and arfenical acids.

Finally, we find in it fome experiments on
ink, and on the fediment it yields, by large di-
lution with water. The acetous acid does not
decompofe ink, but the mineral acids quickly
difcharge its colour, the addition of fulphuric

acid
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acid produces heat, without effervefcence; the
liquor becomes yellow, and depofits a grayith
fediment. Alkalis reftorc the colour which the
acids have difcharged ; but, by frequent alterna-
tion of the afion of acids and alkalis, the co-
louring principle is at length deftroyed.

The fame academicians have alfo obferved
another circumftance, which may be found to
be of importance, and to which it appears, that
Mr. Delaval has paid more attention; it refpetls
the altian of galls on iron. Their infufion im-
parts a violet tinge to filings of iron in the cold;
but, by ebullition, part of the iron is diffolved,
and the liquor affumes a violet colour ftrongly
inclining to black.

Mr. Delaval“ fays, that he had long ago ob-
ferved, that galls fimply infufed in diftilled water,
diffolved iron very readily; that he had pro-
duced with this fimple folution, not only the
deepeft black and the moft indelible ink, but
alfo, that having immerfed in it filk and woollen
ftuffs, he had, without the addition of any acid,
dyed them of the deepeft and moft indeftruétible
black.

Dr. Prieftley obtained inflammable air, or
hydrogenous gas, from'a mixture of filings of

¢ Experimental inquiry.
I4 iron,
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iron, -powdered galls and water’. This proves
that galls aft upon iron, like thofe acids which
favour the decompofition of water, and difen-
gage its hydrogenous gas.

Before Mr. Monnet afcertained the manner
in which the aftringent principle aéts upon iron,
and produces black colouring particles, capable
of precipitation, Lewis had made fome im-
portant obfervations on this combination$, and
had endeavoured more particularly to render it
ufeful in the arts.

He obferves, that if we dilute commpn ink
with a fufficient quantity of water, the black part
precipitates, and the liquor remains clear; he
remarks that it is this black part, which, fixing
in ftuffs, produces colour in them. He endea-
vours afterwards to determine the fitteft propor-
tion of the aftringent, and folution of iron, beth
with a view to the quantity and quality of the
black precipitate.

The experiments of Scheele have fo great an
influence on the opinjion formed refpeéting the
nature of the aftringent principle, that I fhall
relate them as delivered by himfelf®, '

f Obfervations on different branches of natural philofophy,
vol. ii. page 131. Of the new edition in 3 vols. 8vo. Bir-

mingham, 1790, page 194, T,
s Philofophical commerce of arts, vol. ii. page 227.

b Journal de phyf, janvier 1787, I vafled
€« pa e
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« I paffed through a coarfe fieve a pound of
powdered galls, which I infufed in a kanne
(two pints and three quarters french, nearly three
quarts englith) of pure water in a glafs receiver,
for four days, during which time it was fre-
quently ftirred with a glafs rod; I then filtered
the liquor?, which was clear and of the colour
of frenchwine, I left it expofed to the openairin
the fame glafs veflel, with no other covering than
a piece of gray paper; this was done in the month
of June. Amonth after, I examined the infufion,
and found it covered with a thick mouldy pel-
licle; no precipitation had taken place, its taftc
was not more aftringent than before, but more
acid : I returned it into the fame veffel, covered
with paper as bcfore.  Five weeks after, I .exa-
mined it again; the half of it had evaporated :
I found in it a precipitate, two fingers breadth in
depth; and above, a mucous pellicle; it had
loft its ftyptic tafte entirely, but ftill made vitriol
of iron black. 1 filtered it, and expofed it again
to the open air; the following autumn, it was
found, that the greateft part of it had evapo-
rated; but what remained, was mixed with a
confiderable quantity of precipitate. I mixed

i ¢« If we employ hot water, or digeft the mixture with
heat, the fluid is not clear, which determined me to employ
¢old water, and infufion in the cold,” "

a
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all the precipitates together, and added cold
water; after they had fettled, I decanted the
water, and poured on as much hot water as was
neceflary for their folution: I filtered the whole;
the liquor was of -a yellowith brown colour;

I evaporated it with a gentle heat; during the
evaporation, fome part of it was precipitated
like fine fand, and another part formed radiated
cryftals at the bottom ; this falt was gray, and
notwithftanding repeated folutions and cryftal-
lizations, I could not make it any whiter.

The falt of galls has the following properties:

1. Its tafte is acid, it effervefces with chalk,
and reddens' the infufion of turnfole.

' 2. It requires an ounce and a half of boiling
water for the complete folution of half an ounce
of the falt; but as foon as the folution cools,
the whole forms a concrcte mafs compofed of
fmall cryftals; half an ounce requires twelve
ounces of cold water for its folution.

3. Itdiffolves very readily in fpirit of wine;
for half an ounce of the falt, only half an ounce
of boiling fpirit of wine is required ; but if cold
fpirit of wine be employed, two ounces are ne-
ceflary to half an ounce of the falt.

4. Expofed to the naked fire in a crucible,
it takes fire readily and melts, exhaling an

agreeable odour, but leaves a coal which is
difficultly
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difficultly reduced toafhes; diftilled in a retort,
it firft becomes fluid, yielding an acid phlegm ;
no oil comes over, but at laft a white fublimate
rifes, which adheres to the neck of the retort,
and remains fluid while it continues hot, but
afterwards cryftallizes; a confiderable quantity
of charcoal remains in the retort. This fubli-
mate, as to its fmell and tafte, nearly refembles
the benzoic acid, or falt of benzoin; it is fo-
luble both in fpirit of wine and water, it red-
dens the infufion of turnfole, and what is re-
markable, it precipitates metallic folutions of
different colours, and vitriol of iron black.

5. A folution of the falt of galls poured into
a folution of gold, renders it of a dull green
colour, and at length precipitates a powder,
which is revived gold.

6. The folution of filver becomes brown,
and depofits, when heated, a gray powder, which
1s revived filver.

7. The folution of mercury is precipitated
of a deep yellow.

8. The folution of copper-affords a brown
precipitate.

9. The folution of vitriol of iron becomes
black ; the more the water is loaded with it, the

deeper is the colour,
10, Lead
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10. Lead diffolved in vinegar, ig precipitated
white. :

* 11. Bifmuth affords a lemon-coloured pre-
cipitate,

12. The molybdic acid becomes of an
obfcure yellow, but no precipitation takes
place.

13. Platina, zinc, arfenical acid, tin, cobalt,
and manganefe, fuffer no change.

14. Solutions of lime, magnefia, alumine,
and barytes, arc not decompofed; but lime
water affords an abundant gray precipitate.

15. The falt of galls is changed into faccha-
rine acid, by diftillation with nitrous acid in the
ordinary way.

The white precipitate obtained from acetated
lead by galls, may again be decompofed by the
vitriolic acid, and the falt of galls is obtained
in its greateft purity : now, as infufion of galls
precipitates acetated lead, I thought this falt
mightbe procured ina flill more expeditious way ;
but I did not fucceed, for when I had decom-
pofed that precipitate by means of the vitriolic
acid, I recovered my infufion of galls with its
ordinary aftringent tafte.

If galls be diftilled with a ftrong heat, we
obtain an acidulous phlegm of by no means a

difagreeable fmell; no oil comes over, but at
3 length



ART OF DYEING. 87

{ength a volatile falt arifes, like that obtained in
the diftillation of the falt of galls (No. 5) and
which has the fame properties. Hence it ap-
pears, that this falt exifts ready formed in the
infufion of galls, though it cannot be obtained
by the ordinary mode of cryftallization, for it
is fo intimately united with fome mucilaginous
principle or other matter, that it cannot be fe-
parated, without an internal commotion or
fermentation.”

Thefe experiments of Scheele have led moft
chemifts, to confider the gallic acid as the
aftringent principle, and to conclude, that it
exifts in all vegetable fubftances which preci-
pitate the folutions of iron black, and that this
precipitate is a compound of the gallic acid and
the iron, which quits the other acids to unite
with it.

I have repeated and varied Scheele’s experi-
ments on galls, and have obferved,

1. That when the procefs indicated by that
great chemift was employed, greenifh pellicles
were formed in fucceflion, owing to a byffus
which could not be produced in a veffel clofely
ftopped.

e. That in fuch a veflel, where no evapo-
ration could take place, pure, tranfparent, and

yellow cryftals were depofited in winter, without
the
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the influence of the external air; that confe-
quently the gallic acid exifted in the gall-nut,
and was not owing to the abforption of oxygen,
as I had fuppofed .

3. That if the liquor was cvaporated to one
half before being enclofed in the veflel, it ac-
quired a dark colour during evaporation, and
depofited afterwards a much larger quantity of
cryftals, but lefs purc and of a darker colour.

4. That the acid obtained in this manner,
or by Scheele’s procefs, and afterwards diffolved
in water, was always decompofed by evapora-
tion; that black pellicles were feparated from
it, that it grew brown by fimple expofurc to the
air, that after repeated operations, only a mafs
of a confufed cryftallization was obtained, of a
gray, yellowith, or brownith colour, and that
if the evaporation was frequently repeated, the
falt was even totally deftroyed.  Ileat, and par-
ticularly ebullition, haften this deftruétion ; this
I concceive to be the true reafon why we do not
obtain this falt, by evaporating the decoétion of
galls; there then remains an extraft, which
completely refembles that of galls, and which
immediately precipitates folutions of iron black.

5. The folution of gallic acid affumed a fine
green colour with alkalis, both fixed and volatile,

% Ann, de Chym. tom. i. .
n
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in their pure ftate, or combined with the car-
bonic acid, and this colour becomes fo dcep, as
to appear black, if the folutions of gallic acid
and alkali are in a very concentrated ftatc:
the gallic acid aflumed a reddifh brown colour
with lime water; the red tinge difappeared,
and a copious fediment of a gray colour in-
clining to brown, was produced.

I obferved no cffervefcence in the mixture
of gallic acid with alkalinc carbonats, nor
with thofe of lime, or magncfia; though this
fubftance rcddens tin&ure of turnfole, of ra-
difhes, &c. like acids.

6. The infufion of common galls produces
the fame effeét on vegetable colours, that the
gallic acid does, but the infufion of white galls
bas no aétion on them.

Paper ftained with turnfole was not affefted
by infufion of fumach, of floc or walnut-tree
bark, or quinquina.

Having made four fucceflive decoftions of
galls, which had previoufly becn trcated in the
manner recommended by Scheele, the two laft
did not redden paper ftained with turnlole,
though they ftill precipitated iron copioufly
from its folutions. From thefe two laft decoc-
tions I obtained no marks of gallic acid by
fpontaneous evaporation.

n A
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7. A folution of fulphat of iron, mixed
with a folution of gallic acid reduced to as
great a degree of purity as poffible, does not
grow turbid immediately, nor affume any par-
ticular colour; it only becomes black by de-
grees, without lofing its tranfparency, or at
leaft, it docs not begin to lofe it for fome
hours: a fmall quantity of the infufion of galls
inftantly produces a much more intenfe colour
and greater opacity,

Thefe obfervations indifputably prove, that
it is not the gallic acid, which communicates
the aftringent property to the fubftances that
poffels it; that the acid itfelf poffefles that
property, in a degree inferior to other aftrin-
gents; and indeed fumach, treated like the
galls in Scheele’s procefs, afforded me no gallic
acid, though it poflcfles a high degree of aftrin-
gency : walnut pecls treated in the fame man-
ner alfo afforded none.

It appears that the property which the infu-
fion of common galls has, of reddening cer-
tain vegetable colours, proceeds only from the
gallic acid; fince the infufions of fumach, or of
floe bark, which very readily produce a black
precipitate, that of walnut-tree bark, or of
quinquina, did not cxhibit this property; and
thence it is evident, that the gallic acid does

not _
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not cxift in white galls; though the infufion
of thefe expofed to the air, might eafily deceive
us in this refpeét, becaufe it depofits a copious
fediment, which however is not gallic acid.
If the aftringent property was owing to: an
individual pninciple, which was always the
fame, diftributed in djfferent vegetables, the
precipitates obtained by their means, from a
folution of iron, would always form the fame
compounds, and exhibit the fame appearances
and properties; but it is quite otherwife: the
precipitate produced by galls, is of a blackith
blue, that by logweod, has a different fhade
-of blue; that by oak is of a fawn colour or
blackifh brown; that by quinquina a blackifh
green ; they fall down with different attendant
circumftances, and .when fixed.on ftuffs-are
difcharged by alum and tartar, fome much
more eafily than aethers; and deubtlefs. by
multiplying experiments, many other remark-
able differences will be dilcovered insthe pro-
perties of thefe diffeyent.precipitates: , : Aftrin-
gents then form with. izqn, differept fpedies of
compounds, and confeguently, da pet. derive
their progemes from- one- individuak gringiple
found in different vegetdbles; but there muft
be a property common ‘to dlﬁ‘gmqt {ubﬂances,

to .enable them t9 a& lq. ﬁah u”fqm Jnanner
Vor. L on
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on folutions of iron, and to produce precipi-
tates which are more or lefs black, and appear
of the fame nature when not attentively con-
fidered.

I have obferved, when inveftigating the ef-
fefts of mordants, that the metallic oxyds which
unite with the colouring particles, modify their
colours; but fome metallic oxyds, and par-
ticularly that of iron, have colours which vary
according to the quantity of oxygen they con-
tain, Iron when united with only a fmall quan-
tity of oxygen, has a black colour, and forms
what is called martial ethiops. If any fubftance
by uniting with the oxyd of iron, had the pro-
perty of. taking from it a part of the oxygen
which it has, when precipitated from its folu-
tion in an acid, this would be fufficient to give
it a black colour; and if the peculiar colour
of this fubflance was not predominant, or was
of itfelf inclining to black, the compound
formed would have a black colour, thus nitrous
gas, cither uncombined or weakly’attached to
the nitrous acid, renders folutions of iron black,
as I have fhewn!, and even precipitates the

metal, by taking away part of its oxygen,
It

t Mem, del.‘:ud. 1785, p- 338. ‘The canfe of the pro-
deftion oF Diuck by the gallic ackd, fits ao efeaped the figs-
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It is alfo by afing in the fame way; that
* ammoniac is capable of producting a black
precipitite with the folutions of ixon; the
hydrogen of the ammoniac then forms wa-
ter, with the oxygen feparated from the oxyd
of iron, ' .

Now galls, according to the obfervations of
Mr. Monnet and the academicians of Dijon,
which have been ealready ‘related, precipitate
gold and filver from their folutions; by redu-
cing them to their metallic fate; They therefore
have the property of feparating the oxygen from
thofe metals, to which it adheres but flightly,
and from others, that portion which is leaft
ftrongly retained.

The infufion of galls, of itfelf, quickly af-
fumes a deep brown colour by expofure to the
air; yet I have found that it abforbed but a
fmall quantity of vital air. The infufion of
fumach, and that of moft other vegetable fub-
ftances;, particularly woods and barks, likewife
acquire a dark colour by expofure to the air,
fo that when afling upon the oxyd of iron by
feparating a part of its oxygen, an aftringent

city of M. Fotrcroy, it tingei fron black, fays hé, becione it
brings it wiar Yo its metdllic flate. Eleny, de Chym, t. ili. pige

243 .
b . Ks - ought
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ought itfelf to acquire a darker colonr, whicly
thould affift the black. e '
. We fee then in what manner, vations fuly-

ftaiices, which have in other refpeéis'differant
properties; may produce’ black with folutio#is
of iron. Among thefe fubftances, there ate
fome which are reul colodring particles, and
émployed as. fuch in dyeing ; for éxample, log-
wood, and even- ‘moft kinds of coiounng~par-
ticles, form brown or blackifh precipitates
with irén. ~Sometimes the aftringett - effc&
is not iff{aataneovs; but produced by degrees,
and thccblour of the' pretipitate is at firft
Yight ; it grews deefér prwdually, being dark-
ened in proportion as the iron lofes its oxypens
this is obfervable in dit infufioni -of = fullic,
which produees with the ‘folutioh of-irow, a
yellow pYecipitate that gfews brown by 'degrces,
and at length becomes black. *

Although the properfy of ’pfecrpltatmg fblu-
tions of iron black, does not: indicate! the pre-
-fence of the fame individutl’ prifciple-in the
fubftances which' poffefs fit; ‘yet there is no
inconvenience: in calling it by the name .of
allringent principle, provided we convey by
that term, only a property .which is. .common
to a grcat number of fubftances, and which

they may poffefs in different degrees.
The
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. The aftringent - principle precipitates jron
"from almoft all acids: it appears, from the
eaperiments of the Dijon academicians, that
thé acids of phofphorus -and arfenic only,
‘have a ftronger attraftion than it has, for iron;
and phofphoric acid was known to have the
property of fcparating iron from the, fulphuric
acid; but all acids: cxcept .the -acetous, and
probably fome other vcgfetabl,e acids which
have not been tried, rediflolve the precipitate,
and make the colour difappear, until they are
faturated with an alkali. We need not be fur-
prifed, that the altringent principle can -unite
avith metallic oxyds without having the qualities
of an acid, for animal fubftances, oils, even
alkalis, ;and lime, -poflcfs this property.

It is the precipitate compeofed of iron and
the aftringent principle, which by remaining
fufpended in the liquor forms ink ; this fubjett
is fufficiently interefling in -tfelf, and by its
connexion with the black dye, to mcrit a fhort
digreflion.

When a fmall quantity of a folution of iron
is poured into an infufion of galls, the liquor
at firlt grows black at the points of contatt;
‘but the precipitate which has bcen formed, is
rediffolved in the afiringent liquor, but by
continuing to -add enough .of the felution of
. K 3 iron,
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iron, the whole of the liquor grows black, and
lofes its tranfparency: if in this fiate, it be
very largely diluted with water, the precipitate
falls down by degrees ; but the d;poﬁtlon goes
on very ﬂowly, when only a fmall portion of
folution of iron has been employed; but op
the contrary, it proceeds much more rapidly,
if fo large a quantity of folution of iron has
been added, that .the whole of the aftringent
may enter into a ftate of combination, a fuper.
abundance of fulphat of iron ftill further acce-
lerates this effeét.

Here we remark the fame phenomena that are
obfervable in many other precipitations. The
precipitate produced, is foluble to a certain
degree in the aftringent liquor; when the folu~
tion is further advanced, a precipitation coin,
mences; but the precipitate flill remains fuf.
pended, until the aftion of the aftringent prin.
ciple is fufficiently. weakened by the addition
of water: if the iron be in fufficient quantity
to exhauft the aftion of the aftringent principle,
the precipitate is not retaingd, and falls down
much more qmckly

The gum which is added to ink, oppofes the
depofition of the colouring particles; it ferves
the purpofe, of applying a greater quantity of
ghefe colouring particles on the fame firoke of

'” the
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the pen, and of hindering it from running, and
defending it from the alion of the air. Ac-
cording to Lewis, cherry or plumb-tree gum
anfwers this purpofe, as well as gum arabic.

The principles which I have laid down, ferve
to explain many obfervations which Lewis has
made on this fubje®, the chief of which I fhall
now mention, .

The ink wlnch is made by fimple infufion,
is pale and grows black only by keeping ; but
if we wifh to produce a black ink immediately,
we muft imitate the dyers, who boil their
aftringents 2 long time in water, and then add
fulphat of iron: firft, by boiling we diffolve
much more of the aftringent principle: fe-
condly, by adding fulphat of iron to the liquor
while it is &till very hot, we much more quickly
obtain an effe@ analogous to a flight combuf-
tion, which takes place by the union of oxygen
with the aftringent principle.

Frefh ink, as well as newly dyed ftuffs, al-
ways acquires a deeper black by expofure to the
air; the reafon of this feems to be, that the
oxygen which galls are capable of &parating
from the iron, is not fu!ﬁcnem. to produce in
them the degree of combuftion, requifite for
making them contribute as much as poffible to
blacknefs ; and that this combuftion is com-

K 4 pleted
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pleted by the oxygen which they attraét from
the atmolphere.

“The ink in which a large proportion of
fulphat of iron has been employed, foon grows
brown, by the aftion of the fun and air, and at
length becomes yellow, :becaufe the iron which
is- not faturated with the aftringent principle
continues ftrongly to attraft the oxygen, and
thereby lofes its black colour, acquiring one
inclining more and more to yellow, while at
the fame time the combuftion of the aftringent
principle gces on rapidly, particularly with
the affiftance of the light ; but the ink is much
more durable, if the aftringent prineiple be in
fufficient quantity. The beft ink according to
Lewis, is compofed of three parts of galls and
one of fulphat of iron. He found, that by
moiftening writings which had grown brown
or yellow, with infufion of galls, their colour
was reftored. Dr. Blagden employed with
fuccefs, pruffiat of alkali to reftore writings
which age had rendered illegible ®, and found
it more ufeful than galls.

Although chemifts have confidered the aftrin.
gent principle as always' the fame, experience
had taught us, that all aftringent fubftances
were not equally proper for producing a beau-

= Journ. de Phyf, mars, 1788, .
tiful
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tiful and durable black ; it is of importance to
afcertain which of them may be employed with
fuccefs ; but it muft be obferved, that it is
very difficult to make comparativesexperiments
on this fubje& with perfe&t accuracy, becaufe
fome fubftances require much longer boiling
than others to cxtraft their aftringency; be-
caufe a difference in their coarfenefs or fine-
nefs, when fubjetted to-ebullition, is fufficient
to produce diffcrences in the refults; and
becaufe the colouring particles have a greater
or lefs difpofition to combine with the ftuff,
according to the proportion of fulphat of iron
which has been employed. .

It muft alfo be obferved, that folutions of
iron in different acids, may produce differ-
ences in the refults, according to the ftate of
oxygenation of the iron in them, according
as the proportion of that metal is greater or
lefs, and according to the flrong or weak
aftion, which the different acids when difen-
gaged, are capable of cxerting on the newly
formed compound. Finally,.in the dyeing of
a fluff, its greater or lefs attraftion for the
colouring particles may alfo occafion differences
in the refults.

Lewis has obferved, that a decoflion of
logwood employed, inftead of fimple water,

2 for
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for the infufion of galls, increafed the beauty
of ink without rendering it paler; fumach,
floe tree, or pomegranate bark, pomegranate
flowers, biftort, or tormentil root, and oak
bark were not fo powerful as galls. In his
experiments on dyeing, he found that fumach,
oak bark, or the faw-duft of that wood, could
not {upply the place of galls without being
employed in much greater quantities.

Mr. Beunic has publifhed a great number of
intercfting experiments ®, the objcét of. which
was, to determine the beft procefs for giving
cotton a durable black. He firft tried, what
folution of iron gave the fineft black to galled
cotton ; he afterwards combined different folu-
tions, and examined the durability of the
blacks which he produced; and made the
fame experiments on.galled cotton, with other
metals and femimetals; he employed in like
manner, a great number of aftringents, and
tried with them cotton which had received
different preparations.. ‘The procefles to which
thefe numerous experiments have led, will be
found in that feftion ef the fecond volume
which treats of the black dye.

8 Mémoire. for Ia teinture en noir, qui a re nporté le prix
de I fociete de Bruxelles en 1771, Rotterdam 1777,

of
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Of twenty.one fpecies of aftringents, com-
pared with galls; oak faw-duft, the galls of
the colntry, and yellow myrobolans, were the
only fubftances which produced a fine black,
but which was fill neither fo fine, nor fo dura-
ble, as that obtained by means of the common
gall. He found that the oak faw-duft was
preferable to the bark, which is employed by
the dyers of thread, and he obferves that it
is cheaper.

Meflrs. Lavoifier, Vandermonde, Fourcroy,
and I, were defired to try experiments on the
different aftringents, for the purpofe of meking
a report to the academy. The fubftances upon
which we thought it proper to inflitute expe-
riments of comparifon, are galls, aak bark,
rafpings of heart of oak, of the external part
of oak, of logwood, and fumach. To deter-
mine the portion of aftringent principle con-
tained in thefe fubftances, we took two ounces
of each feparately, which we boiled half an
hour in three pounds of water; after the firft
water we added a fecond, -which underwent
a fimilar ebullition, and continued thefe opera-
tions until the fubftances appeared exhaufted :
we then mixed together the decolions we had
fucceflively obtained. #We made ufe of a

tranfparent folution of fulphat of iron, in which
' we
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we knew exaftly the propertions.of -water and
fulphat. We firft eftimated -the. quantity of
the aftringent principle, by ‘the quantity of
fulphat which’ each -liquot could -decompofe,
and afterwards by the weiglit of the black
precipitate which was formed. :In: order to
ftop precifely at the point of faturation, we
muft proceed very flowly in the precipitation,
and towards the end add the folution of fulphat
only drop by drop, and ceafe at the moment
when the laft added quantity, no longer aug-
ments the intenfity of the black colour. When
the liquor is too opake to allow its thade of
.colour to be diftinguifhed, a fmall quantity of
it is largely diluted with watcr, and by adding
to this, a little of* ‘the folution of fulphat of
iron at the end of .a glafs tube, it is difcovered
-whether or not the.point of faturation has been
attained : if we then wifh to get the precipitate
which is formed, the whole muft be largely
diluted with water.

This operation merits attention, as being an
caly and accurate .mode for manufaélurers to
determine the:proper proportlons of aftringents,
and folutions of ‘iron.

To faturate the decoflion of two ounces of
galls, three drams ‘and fixty-one grains of
i'ulphat of iron were required ; the precipitate

when
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when colte@ed-and dried;: Welghed feven dtamv,
twenty-four graims, © .. "

. The decdétion of oak: bark- is of C] deep
yellow ; a-vety fnall portiér of fulphat ‘of iron
gives it a dirty reddifhi-coleur,. and a larger.
one ehanges it vo-a’deep browh. : The quantity
of fulphat required td facutate the decoition
of two “oufices of thisubark, was eighteen
grains. The precipitate’ coMe@led and dried,
formed codrfer and more coripat grains, and
weighed twenty-two grains-;the inner bark of
thie oak afforded very nearly the fame refult,

The ‘deco&tion of the rafpings.of the heart
of oak, required for its faturation, one dram,
twenty-four grains, and the precipitate weighed
one dram, twenty-four grains; the decoélion
of the ekternal wood of thc oak produccd
very little preelpltate

The docoétion of fumach aequired a reddlﬂl
violet colour when a fmall quantity of the
fulphat of iron was added. The quantity
required for its faturation' was two drams,
eightecn- grains. An aecident prevented us
from 'afoertaining the weight of this precipi-
tate ; it perfe&ly r&fembled that afforded by
the galls, v« - - i

- The' déeofdion of logwood became of a

!'applnre blue colour, by the addition of fulphat
of
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of iron: if we go beyond the point of fatura.
tion, the blue becomes greenith and dirty,
The exaft quantity required for faturation
was found to be one dram, forty-eight grains,
and the weight of the precipitate was two
drams, twelve grains. All the precipitations
by means of oak take place readily; that by
logwood a little more difficultly, but fill more
eafily than that by galls.

We then afcertained by trials made with
cloth, that the quantity of aftringent fubftances
required to give a black colour of equal inten-
fity, to an equal weight of the fame cloth, was
proportional to the quantities of aftringent
principle, which we had already eftimated in
cach kind from the foregoing experiments;
but the black obtained by means of the dif.
ferent parts of the oak, does not refift progfs
or tefts of colour (debouslli) nearly fo well as
that produced by galls.

It does not appear that logwood alone is
capable of producing fo intenfe. a black as
galls or oak ; and befides, the colour which
it produces does not ftand the teft of proofs
fo well as that produced by galls.

In the memoirs of Stockholm for the year
1663, it is faid, that we may fubftitute for galls

o the
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the uva urfi gathered in autumn, and dried
carefully, fo as to preferve the leaves green.:

The theory I have given refpe&ing aftrin-
gents, is very far from being complete in all
its parts; but it eftablifhes principles, which
may afterwards be applied by means of expe-
riments, which fhould be much more numerous
and accurate than thofe that have been hitherto
tried. 'We ought however to confine ourfelves
in this refpe®, to the examination of the
principal aftringents, becaufe moft vegetables
poflefs more: or lefs of the aftringent property,
as may be feen by the experiments of Bergius ®
and Mr. Durande *,

After having confidered the aftringent prin-
ciple,- with refpe&t to its affinities with folutions
of iron, it ought alfo to be confidered, with
refpe& to its property of combining with ve-
getable and animal fubftances, particularly the
latter.  Silk acquires by galling (engallage)
which confifts in macerating a ftuff in a de-
coftion of galls 9, a weight which cannot be

* Materia medica e regno vegetabili.

® Mem. fur les parties aftringentes indigenes. Acad, de
Dijon, 178g. ' '

41 fhall apply the term galling to the operation by which
an aftringent is combined with a ftuff, whatever may be the
nature of the aftringent, or fpecies of ftuff,

2 taken
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taken from it, or diminifhed beyond a ccrtain
degree by repcated wathing; after which opera-
.tion, the ftuff when put into a {folution of
iron is dyed black, becaufe the aftringent prin-
ciple, decompofing the fulphat of iron, forms
a triple compound with the oxyd of iron and
the ftuff.

A galled {luff is likewife capable of combi-
ning with other colouring particles, the colours
of which thercby acquire fixity, if they do not
naturally poflefs it ; {o that the aftringent com-
municates its durability to the triple compound,
or perhaps thc morec complex one which is
formed ; but the colour cummonly becomes
deeper by this union;

The aftringent principle by combining with
animal fubftances, renders them incapable of
corruption, and tends to render their texture
more compaft; in this the art of tanning
confifts, which is the bafis of the preparation
of leather.

The prize lately offered by the academy of
fciences relative to this important art, will
undoubtedly procure us great information, and
increafe its progrefs ; but I hepe that the con-
je@ures I had formed will nat be ufelefs to
thofe engaged in the fubjeét. '

An
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An ounce of galls diftilled with a ftrong:
heat, yielded three drams of charcoal; an
oynce of fugar, two drams, twelve grains;
an ounce of the colouring particles of flax,
two drams, twenty-four grains; an ounce of
dry plumb-tree, one dram, forty-eight grains ;
an.ounce of dry walnut-tree, alfo one drim,
forty-eight grains; fo that galls yield almoft
double as much charcoal as hard and dry wood.
I have elfewhere remarked’, that when an
infufion of galls or of fumach was decompofed
by means of oxygenated muriatic acid, a
copious precipitation of charcoal took place,
efpecially in the former.

In confequence of thefe obfervations, I
confider the abundance of. charcoal, as the
effential chara&eriftic of the aftringent prin-
ciple ; the hydrogen which it contains only in
{mall quantity, is however very much difpofed,
partidlly to combine with oxygen ; hencé'it is,
that when an infufion of -galls is left in conta&
with vital air, a fmall quantity of the air only
is abforbed, and yet the colour of the infufion
becomes much deeper ; for in conformity with
the theory laid down in Chap. III. and tnore
particularly in the annals of chemiftry®, the

* Ann. de Chym. tom, vi.  * Ibid.
Vour. L. L charcoal
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charcoal readily becomes predominant, in con-
fequence of the flight combuftion, and the
*colour grows deeper and becomes brown.

A f{ubftance that contains much charcoal,
and can undergo only a flight degree of com-
buftion, ought to poffefs confiderable durabi-
'lity, becaufe charcoal does not combine with
oxygen in the ordinary temperature of the air,
unlefs its union be affifted by other attrations,
and becaufe flight variations of temperature
produce no change in the dimenfions of char-
coal ; on the contrary, fubftances which contain
much hydrogen, and in which the particles of
the hydrogen are in a ftate of divifion, ought
to be eafily decompofed, by the combination
of the hydrogen with azot or oxygen. The
difunion of their parts ought to take place
from fmall variations of temperature, becaufe
hydrogen is dilatable by heat, which the  car-
bonaceous particles’are not ; agreeably to this,
Mr. Monge-ingeniowdly - remarks, that a very
fufible metal "united to one much lefs fo, ren-
ders it brittle at fuch a-degree of heat, as by
melting the firft, defiroys the continuity of the,
parts of the'mixture. .

., When therefore the aftringent principle
combines with an animal fubftance, it commu-
nicates to it, the propcrtics which it derives

from



ART OF DYEING. 109

from the charcoal ; the animal fubftance be-
comes lefs liable to change from flight varia-
tions of temperature; inftcad of growing putrid,
it fuffers a flight degree of combuftion, by the
aftion of the air; for the procefs of tanning
probably could not go on in a perfeétly clofe
veffel : the effe@ of this combuftion is the
conftriétion of the parts, which alfo, afterwards
affifts as a caufe of prefervation. The preli-
minary operations in tanning, confift principally,
in extrafting all thc fatty particles diffufed
through the cellular texture of the fkins, that
the aftringent principle, and even the air, may
have free accefs cvery where,

In confidering the analyfes that have been
made of indigo, which may be looked upon as
the colouring matter leaft liable to change, of
any we arc acquainted with, I find, that this
fubftance leaves in diftillation, a greater pro-
portion of charcoal than even galls themfelves
(Se&. I1. Vol. II). I negle& in this eftimate,
the charcoal which enters into the compofition
of the thick oi], which is obtained chicfly
from indigo, and ‘that whxch is extricated in
the form of carbonic acid, and hydrogenous
carbonic gas,

I conceive, that it is alfo to this abundance
of charcoal; that the durability of the colour

Lg of
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of indigo is to be attributed, and that the
proportion of this principle is the chief caufe
of the difference obferved in the durability of
colours; but the force of adhefion may alfo
have great influence, for a principle which
combines intimately with another fubftance,
ought to form with it 2 more permanent com-
pound, than one which has only a flight difpo-
fition to unite with it ; now the aftrigent prin-
ciple poffeffes a very ftrong difpofition to form
intimate combinations, efpecially with” animal
{ubftances. I fhall explain upon the fame
principles, the fixity communicated to colour-
ing particles by alumine, and by thofe metallic
oxyds which are not liable to contain different
proportions of oxygen, fuch as oxyd of tin.

- All the colouring fubftances which are
capable’ of uniting with metallic oxyds, have
an atlion upon them, which is analogous to that
of aftringents.

The oxyds are thus deprived of more or
lefs of their oxygen, according to the force
with which they retain it, the ftrength of
attraftion with which the colouring particles
tend to combine with them, the proportions
in which they meet with each other, and the
greater or lefs difpofition of the colouring

particlcs towards combuftion. The colouring
3 particles
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particles alfo, fuffer a change in their con-
flitution from thefe circumftances; thus, the
folutions of iron render brown, all the co-
lours into which oxyd of iron can enter,
although it has only a green or yellow colour,
in the ftate in which it is held in folution by
acids, and this effe& goes on increafing to a
certain degrec; but the alteration of the
colouring: particles may afterwards be puthed
fo far, as to fpoil their colour, and to diminith
their tendency to combination; the oxyd of
iron is then brought back to the yellow colour,
by the oxygen which it attrals, and is capable
of retaining. The afion of metallic oxyds
and the colouring particles on each other,
explains the changes obferved in folutions of
the colouring particles, when mixed with me-
tallic folutions. The effe& is gradual, as I
have thewn with refpeét to fuftic. ~ Sometimes,
the mixture does not even grow turbid immedi-
atcly, but lofes its tranfparency by degrees ; the
precipitation begins ; the fediment is formed,
and its colour grows more .and more deep.
Light has fomctimes a confiderable influence
in producing thefe effeéls. .

L g CHAP,
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C H A P VI.

Recapitulation of the Theory laid down in
this Seltion.

ETALLIC colours muft be diftin-
guifhed from thofe which are peculiar to
vegetable and animal fubflances.

The colours of metals are modified and
changed by oxydation, and by the proportion
of oxygen combined with them.

Vegetable and animal fubftances may them-
fclves poffefs a peculiar colour, which varies
in the different ftatcs througwhich they pafs,
or they may owe their colours to tinging
particles, either combined, or fimply mixed
with them. Thefe are the particles which are
extrafted from different fubftances, and which
undergo different preparations, to fit them for
the purpofes of dyeing.

The colouring particles have chemical pro-
perties which diftinguith them from all other
fubftances : the attrattions which they havc for
acids, alkalis, carths, metallic oxyds, oxygen,
wool, filk, cotton, and linen, conftitutc the
chicf of thele propertics.

2 According
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According to the attraftion which the co-
louring particles have for wool, filk, cotton,
and linen, 'they unite more or lefs readily, and
more or lefs intimately with each of thefe
fubftances ; and thence arifes the firft caufe of
variation in the procefles employed, according
to the nature of the ftuff and of the colouring
fubftance.

By the attraétion which the celouring parti.
cles have for alumine and metallic oxyds, they
form compounds with thefe fubftances, in which
their colour is more or-lefs modified, becomes
more fixed, and more difficultly affefted by
external agents than before. This compound
being formed of principles, which have fepa-
ratcly the power of uniting with vegetable
fubftances, and more efpecially with animal
fubftances, preferves this property, and forms
a triple compound with the ftuff; and the
colour which has been again modified by the
formation of this triple union, acquires a
greater degree of fixity, and of indeftruibility
by external agents.

The colouring particles have frequently fo
grcat an attraftion for alumine and metallic
oxyds, that they feparate them from acids
which held them in folution, and fall down
with them ; but the attraltion of the ftuff is

L 4 fometimes
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fometimes neceffary, in order to produce this
{eparation.

* The metallic oxyds which combine with
the colouring particles, modify their colours, not
only by their own, but alfo by afting upon their
compofition by means of their oxygen. The
change which the colouring particles thereby
fuffer, is fimilar to that occafioned by the air,
which injures all colours more or lefs.

Of the two principles which compofe the air
of the atmofphere, it is only the vital air or
oxygenous gas, which afls upon the colouring
particles: it combines with them, . weakening
their colour, and rendering it paler; but
prefently, its alion is principally exerted on
the hydrogen which enters into their compo-
fition, and it then forms water. This effe@
ought to be confidered as a true combuftion,
whereby the charcoal which enters into the
compofition of the colouring particles, be-
comes predominant, and the colour commonly
changes to yellow, fawn colour, or brown;
or the injured part, by uniting with what
remains of the original colour, produces other
appearances,

Light favours the combuftion of the co-
louring particles, which frequently cannot take
place without its aid, and it is thus that it

contributes
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contributes to the deftruétion of colours. Heat
promotes it alfo, but lefs powerfully than light,
provided that it has not a certain degree of.

intenfity. :

To a fimilar combuftion are to be attributed
the effefts of the nitric acid, of the oxygenated
muriatic acid, and even of the fulphuric acid,
when they make the colour of the fubftances
upon which they at, pafs to a yellow, and even
to black *.

* There are a great number of other natvral phenomena
befides thofe which I have pointed out (Arr. de Chym.
tom. vi.) in which the formation of water appears to me
indifputable : thus the acerb flavour of unripe fruits, is

' probably owing to the oxygen being weakly combined in
them ; but by maturation, the fruit from having been hard,
grows foft ; water is formed ; the juice becomes abundant
and fwcet; now, fugar contains a confiderable portion of
charcoal. When their maturity advances too far, and the
fruits undergo that decay which is peculiar to them, their
colour indicates a fuperabundance of charcoal. It appears
by the experiments of the celebrated Mr. Ingenhouze (Exp.
Jar les wégét, tom, ii.) that combuftion takes place on the
furface of fruits expofed to the fun, fo ftrongly, as to
produce carbonic acid. .

Dung, cither by itfelf or mixed with firaw, is changed
into mould, by a degree of combuftion which is even
accompanied with confiderable heat, fo that the charcoal
becomes fuperabund4nt in it; hence probably arife many
pf the phenomena of vegetation.

The
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The effeéls of combuftion however, may be
concealed, by the oxygen combining with the
colouring particles, without afling particularly
on the hydrogen.

Colours are more or lefs durable, or more
or lefs fixed, according to the greater or lefs
difpofition of the colouring particles, to fuffer
this combuftion, and to allow it to go on to a
more or lefs advanced ftage.

Some fubftances are alfo capable of afling
on the colour of ftuffs, . by a fuperiority of
attraftion, or by a folvent power; and in this
confifts the ation of acids, alkalis, and foap,
a fmall quantity of thefe agents however, may
fometimes form fupracompounds with the ftuff,
and thereby change its colour.

Metallic oxyds produce in the colouring
particles with which they unite, a degree of
combuftion, proportioned to the quantity of
oxygen, which can be taken from them by
thefe particles.

The colours which the compounds of mectal-
lic oxyds and colouring particles affumc then,
are the ‘produét of the colour peculiar to the
colouring particles, and of that peculiar to
the metallic,oxyd ; but the colouring particles
and metallic oxyds muft be confidered in that
ftate, to which they have beca reduced by the
' diminution
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diminution of oxygen in the oxyd, and the
diminution of hydrogen in the colouring par-
ticles. *

Hence it follows. Firft, that the metallic
oxyds, to which the oxygen is only flightly
attached, are not fit to ferve as connefling
mcdia for the colouring particles, becaufe they
produce in them too great a degree of com-
buftion; fuch are the oxyds of filver, gold,
and mercury.

2. That the oxyds which undergo confi-
derable changes of colour, by giving off more
or lefs of their oxygen, are alfo bad inter-
medes, efpecially for light thades, becaufe they
produce changeable colours ; fuch are the oxyds
of copper, of lead, and of bifmuth.

3. That the oxyds which ftrongly retain
their oxygen, and fuffer very little change of
colour by the lofs of a part of it, are beft fitted
to anfwer this purpofe; fuch is particularly
the oxyd of tin, which quits its menftruum
eafily, which has a ftrong attrattion for the
colouring particles, and which affords them a
bafis which is very white, and préper for giving
a brightnefs to their fhades, without altering
them by the admixture of another colour.
The oxyd of zinc poffefles fome of thefe
qualities.

In
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In order to account fog,the colours, which
refult from the union of the colouring particles
with the bafis which a mordant gives them,
we muft artend to the proportion in which the
colouring particles unite to that bafis; thus,
the folution of tin, which produces a very
copious precipitate with a folution of colouring
particles, and which thercby proves, that the
oxyd of tin enters in a large proportion into
the precipitate, has a much greater influcnce
on the colour of the precipitate, by the white-
nefs of its bafis, than the folution of zinc, or
that of alum, which gencrally produce much
lels copious precipitates. The precipitates
produccd by thele two laft fubllances, retain
very ncarly the natural tint of the colouring
particles.

We muft then diftinguith in the aftion of
mordants, the combinations that may take
place by their means, betwcen the colouring
particles, the ftuff, and the interirede; the
proportions of the colouring fubftance and
intermede, the modifications of colour, which
may arifc from the mixwre of the colour of
the colouring particles, and of that of the bafis
to which they are united, and finally, the changes
which the colowing particles may fuffer, from

the
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the combuftion that may be produced by the

- intermede.
Aftringents do not derive their charafteriftic

property from an acid, or from any other indi-
vidual principle which is always the fame, but
from the property which they poflefs, of uniting
with the oxyd of iron, of reducing it to the
ftate of black oxyd, and of acquiring themfclves
a dark colour, by the combuftion they thereby
expcrience ; galls, which are to be confidered
as the type of aftringents, readily undergo a
flight combuftion, which gives them a dcep
brown colour; but this combuftion, which re-
quires but a fmall quantity of oxygen, foon
ccafes, without injuring their properties.

Galls owe their ftability to the large propor-
tion of charcoal they contain; and as they have
the property of combining with fome vegetable
fubftances, with feveral colouring matters, and
particularly with animal fubftances, they ferve
as intermedes for them, and impart to them
their own ftability.

SECTION
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SECTION 1L

Of the Procefles of Dyeing in General.

CHAP I.

Of the Differences between Wool, Silk, Cotton,
and Linen, and the Operations, by which thefe
Subfiances are prepared for iaking the Dye.

ARTICLE L

Refletions on the Difference between Vegetable and Animal
' Subflances.

HOUGH we cannot hope to account for
many propgrtics which depend upon the
compofition of organized bodies; yet the know-
ledge we have acquired refpefting the compo-
fition of vegetable and animal fubftances, may
afford us fome light refpefing the caufe of the
different difpofitions of wool, filk, cotton, and
linen, to unite with the colouring particles, and
with the bafes fupplied by mordants.
Wool and filk, are animal fubftances; cotton,

flax, and hemp, are vegetahle produétions.
The
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The compofition of animal fubftances is dif-
tinguithed from that of vegetables, by their
abounding in a particular principle azo#, which,
when in its elaftic form, conftitutes what is
called pbhlogifticated gas, phlogifticated air, &c.
which is found only in {mall quantity in ve-
getables ; fecondly, by their containing much
morc hydrogen, or bafe of inflammable air.

From thefe two caufes, arife the differences
obferved in the diftillation of animal and ve-
getable fubftances. The former yield a large
quantity of ammoniac (volatile alkali) which is
compofed of azot and hydrogen; the latter af-
ford very little, and commonly yield even an
acid ; the former yield a great deal of oil, the
predominant principle in which, is hydrogen,
which is very volatile and difpoled to fly off by
a fmall increafe of temperature, while the latter
fometimesdo not yield it in the leaft fenfible quan-
tity. Inconfequence of this compofition, animal
fubftances, when fet on fire, produce a bright
flame, which breaks out at the beginning, but
is foon ftifled as it were, by the charcoal which
is formed, and which has peculiar properties ;
their combuftion is accompanied with a pene-
trating odour, owing to the. ammoniac and oil
which are produced and cfcape unconfumed :
they are liable 1o putrefattion, in which procefs

ammoniac
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ammoniac is produced, as well as in their dif-
tillation, by a more intimate union of the azot’
-and hydrogen; while vegetable fubftances, on the
contrary, undergo the vinous or acetous fer-
mentation. I barely mention thefe ideas here,
which I have cxplained at length in fome me-
moirs.

As animal fubftances contain a confiderable
quantity of principles difpofed to aflume an
elaflic form, they have lefs cohefive force among
their particles than vegetables have, and a
greater difpofition to combine with other fub-
ftances; hence they are more liable to be
deftroyed by different agents, and are more
dilpofed to combine with colouring particles.

Thus, pure or cauftic fixed alkalis deftroy
enimal fubftances, becaufe they combine with
them, and are faturated by them, lofing their
caufticity (Mem. de I’ Acad. 1783). The con-
{equence of this aétion of alkalis on animal fub-
ftances, is, that they cannot bear leys, and that
alkalis fhould be ufed with great caution, in the
procefles employed fer dyeing them; whereas,
no danger is to be apprehended from the ufe of
alkalis with vegetable fubftances.

The nitric and fulphuric acids have alfo con-
fiderable aftion on animal fubftances; the

former decompofes them, extricates the azot,
feparates
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feparates the fatty matter, and forms carbonic
- and oxalic acids with a part of the hydrogen
and a part of the charcoal : the latter extricates
the inflammable gas, probably azotic gas, and
reduces the other principles to the ftate of
charcoal.

Silk appears to hear fome refemblance to ve.
getable fubftances, by being lefs difpofed to
combine with colouring particles, and by re-
fiting the aftion of alkalis and acids more
powerfully ; which may arife either from the
fame principles being more intimately combined
in it than in wool, or more probably, from its
containing le{s azot and hydrogen : but though
the aftion of alkalis and acids upon filk is weaker
than upon wool, they thould ftill be employed
with great caution, becaufe the brightnefs of
colour required in filk, appears to depend upon
the fmoothnefs of its furface, which fhould
therefore be preferved unimpaired.

Cotton withftands the aftion of acids better
than flax or hemp, and is dlﬂicultly deﬁroyed
even by the nitric acid.

ARTICLE |IL

Of Woeol.

THE principal differences in wool confift
in the length and finenefs of its filaments. That
Vor. L. M _ which
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which has the fineft filaments, is referved for
fine cloths, The moft beautiful wool is
brought to us from Spain. Mr. d'Aubenton
has fhewn, that it may be produced in France,
of a quality not inferior to that of Spain, by
folding the fheep through the whole year, and
choofing the rams with care. Simple infpe&ion
may eafily lead to error refpeéting the fincnefs
of wool, which it is fo important the manufac-
turcr fhould know with accuracy; he has pro-
pofcd a method of attaining that accuracy, by
employing a micrometer for comparing, by
mcans of a microfcope, the finenefs of the wool
to be cxamined, with that of other wools chofen
as ftandards®.

Although the long wool is not fo fine as the
Spanilh, and cannot be cmployed for fine cloths,
it is fill very uleful for thofe commonly known
by the name of englifh cloths; and as the fhecp
which produce it, have much larger fleeces,
the profit they bring, is not inferior to that of the
fine woolled fheep ; befides, the cloths made of
their wool, being cheaper, have a much more
extenfive fale; and the profperous ftate of the
commerce of England, is partly owing to the
abundance of this wool. But the breed of fheep,

* Mem. de I'acad. 1779, Inftrucions to fhepherds and
proprictors of focks.
; which
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which produces one or the other kind of wool,
is connefted with the nature of their pafture,
which ought to determine us in the choice of
them.

The multiplication of our flocks and the
improvement of our wool, is of fo great im-
portance to our induftry, that no opportunity
fhould be loft of calling the attention of the
public to that objeét.

Wool is naturally covered with a kind of
greafe, called fusns, which preferves it from
moths®, fo that it is not {coured until it is about
to be dyced, or fpun.

In order to fcour wool, it is put for about
a quarter of an hour into a kettle, containing a
fuflicicnt quantity of water, mixed with a fourth
of putrid urine, hcated to fuch a degree as the
hand can jult bear, and it is ftirred {rom time
to time with fticks; it is then taken out, and
put to drain : it is next carried in a large bafket
to a fiream of running water, where it is moved
about until the greafe is entirely f{cparated, and
no longer renders the water turbid ; it is then
taken out, and left to drain. It fometimes lofes

® Reaumnr has obferved, that 'rubbing a ftuff with greafy
wool, was fufficiest to preferve it from moths. Mem. de
Vacad, 1728,

M 2 in
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in this operation more than a fifth of its
weight. The fcouring fhould be carefully per-
Yormed, becaufc the wool is thereby better fitted
to reccive the dye.

The ammoniac, or volatile alkali, form~d in
putrid urine, unites with the greafe, producing
a kind of foap, which is foluble in watcr.

The wool is died in the flecce, or before it
is fpun, chicfly when it is intended to form cloths
of mixed colours ; or elfe it is dyed after being
fpun, and it is then intended principally for
tapeftry : but it is moft commonly dyed, after
having been wrought into cloth.

When wool is dyed in the fleece, its filaments
being feparate, abforb a larger quantity of the
colouring particles than when it is {fpun; for
the famc reafon, woollen yarn takes up morc
than cloth: but cloths themfelves vary confi-
derably in this refpefl, according to their de-
gree of finenefs, or the clofencs of their texture;
befides the variety in their dimenfions, the dif-
ferent qualitics of the ingredients employed in
dyeing, and a difference of circumftances in the
procefs, prevent us from relying upon the pre-
cife quantitics we find recommended for the
procefles defcribed.  This confideration ought
to extend to all dves.

2 For
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For moft colours, wool requires to be pre-
* parcd by a bath, in which it is boiled with fa-
line {ubftances, principally with alum and tartar;
this is called the dowillon, which will be accu-
ratcly defcribed in the different procefles : but
there are fome dyes for which the wool does
not require fuch a preparation; then, it muft
be well wafhed in warm water, and wrung out,
or left to drain. This is a general rule which
fhould be obferved with refpeét to all the fub-
flances we wifh to dye, in order that the colour
may penetrate them more eafily, and be diftri-
buted more uniformly.

Mr. Monge has explained the operation of
felting (feiitrage) and the effeéts of fulling, by the
external conformation of the wool and hair of
animals.. He has made fome curious obferva-
tions © on this fubjeét, the chief of which I fhall
now relate.

Nothing particularcan be difcovered by means
of the microfcope, in the filaments of wool or
in the hairs of animals; yet the furfaces of thefe
bodies arc not fmooth; they muft be formed
cither of fmall laminzx placed over cach other
in a flanting dire@ion frem the root towards
the point, likc the fcales-of fith, which cover

¢ Obfervations fur Ja mechanifme du feitrage. Ann.de
Chym. tom. vi.

M3 cach
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each other, from the head of the animal to the
tail; or more probably, perbaps, of zones
placed one upon another, as we fee in the horns
of animals.

If a hair be laid hold of by the root in one
hand, and drawn between the fingers of the
other, from the root towards the point, fcarce any
fri€tion or refiftance is perceived, and no noife
is heard; but if grafping it by the point; it is
pafled in the fame manner between the fingers
of the other hand, from the point tewards the
root, a refiftance is felt which did not take place
in the former cafe, and a tremulous motion is
perceptible to the touch, and a noife fenfible to
the ear. :

We perceive then, that the texture of the
furface of hair is not the fame, from the root
towards the point, as it is from the point towards
the root, and that a hair when prefled, muft
meet with greater refiftance, in fliding or mo-
ving towards the point, than towards the root;
but as it is this texture itfelf, which forms the
principal fubje& of Mr. Monge’s memoir, it is
necellary to confirm it by fome further obfer-
vations,

11, after having laid hold of a hair between
the thumb and fore finger, we rub them againft
each other, in the longitudinal dircflion of the

hair,
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hair, it acquires a progreflive motion in that
direftion towards the root. ~This cffeé&t depends
neither on the nature of the fkin of the finger,
nor on its texture ; for if the hair be turned,
fo that the point fhall be placed where the root
was before, its motion will now be in ‘an op-
pofite dire€tion, that is, it will ftill be towards
the root.

Thefe obfervations, to which Mr. Monge
adds fome others, are rclated of human hair,
taken as an example, but they are equally ap-
plicable to the filaments of wool, to horfe hair,
and to that of animals in general. The furface of
all thefe bodies then, is formed of rigid lamina,
laid upon each other like tiles, from the root to-
the point, which-allow a progreflive motion’ to-
wards the root, but oppofe one towards the point.’

This ftruéture is the “principal caufc of the
difpofition to felting (fedrrage) which the hair
of animals generally poffefles; the hatter, by
ftriking the flocculi of wool with the ftring of
his bow (archet) detaches and difperfes in the
air, each of the filaments feparately ; thefe fall
back one upon another, in all dircélions, on the
table, where they form a layer of a certain
thicknefs ; the workman then covers them with
a cloth, upon which he prefles in all parts, wnth
his hands extended.

M4 The
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The preflure brings the filaments of wool
pearer to each other, and multiplies the points
of contaét; the agitation gives each of them a
progreflive motion towards its root, by means
of which, they entangle each other, and the
laminz of each filament, taking hold of thofe of
the other filaments, which are in an oppofite
dire&ion, the whole is retained in the ftate of
clofe contexture, which it had acquired by the
preffure

In proportion as the texture becomes clofer,
the preflure of the hands ought to be increafed,
both in order to make it ftill more compat,
and to keep up the progreflive motion, and
intermixturc of the filaments, which now meet
with greater refiftance : but during the whole of
this operation, the filaments of wool lay hold of
each other only, and not of the cloth, the fibres
of which, as has been already obferved, are
fmooth, and have not the fame properties in this
refpetl.

The aptitude for felting in wool and hair,
does not depend entircly on the ftrufture of
their furface ; it is not enough, that each fila-
ment fhould have a progreffive motion towards
its root ;. nor that the inclined laminz, by lay-
ing hold of each other, fhould retain the con-

texture in the ftate to which it has been reduced
bv
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by compreflion: it is alfo neceflary, that the
filaments fhould not be ftraight like needles ;
for, by a continuance of the motion and preflure,
cach of them would continue its courfe pro-
greflively, without changing its direétion, and
the effeét of the operation would be, to remove
them all from the centre, without producing any
contexture. It is therefore neceflary, that each
filament fhould be crooked, fo that the exremity
neareft the root, fhould be difpofed to change
its dire€tion continually, to entwine itfelf round
freth filaments, and to return back upon itlelf,
if it thould be fo determined, by any change in
the pofition of the reft of its length.

Wool poflefling this ftruéture naturally, is
peculiarly fitted for this kind of work, and may
be employed in it, without being fubjetied to
any previous preparation ; but the furs of rab.
bits, hares, and beaver, are naturally firaight,
and cannot be employed alone for felting, with-
out having undergone a previous operation,
which is called fecretage, which confifts in rub.
bing them before they arc ftripped, with a bruth
moiftened with a folution of mercury in nitric
acid; this liquor, by aéting only on one fide of
the hairs, changes their retilinear dire&ion,
and communicates to them that difpofition for

felting, which wool has naturally,
The
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The operation of fulling woollen ftuffs is fo
clofely conneéted with felting, that I cannot avoid
entering a little into that fubje& at prefent.

The afperity of the furface of the filaments
of wool, and their difpofition to acquire a pro-
greflive motion towards the root, forms an ob-
ftacle to the fpinning of wool, and the working
it into ftuffs, all the filaments muft therefore
be covered with a coat of oil, which by filling
the cavities, renders the afperitics lefs fenfible,
juft as a coat of oil renders a fine file ftill
fmoother. 'When the picce of ftuff is wrought,
it muft bc frecd from that oil, which gives ita
difagrecable fmecll, renders it dirty, and would
prevent it from taking the colour we wifh to
dye it ; for this purpofc, it is taken to the fulling-
mill, where it is bcaten with large beetles, in
a trough of water, through which fome clay has
been diffufed. The clay uniting with the oil,
renders it foluble in the water, and both are
carried off together, by frefh water brought
thither by the machine; and after fome time,
the ftuff is found clean fcoured.

But fcouring is not the only objcét in fulling;
the alternate preffure of the beetles on the ftuff,
particularly when the {couring is advanced,
produces an cffeét analogous to that of the

preflure of the hatter’s hands; the filaments of
wool
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wool which compofe a thread of the warp or of
‘the woof, acquire a progreffive motion, infinuate
themfelves into the adjoining threads, then into
thofe which are next, and prefently, all the
threads both of the warp and woof, are felted
together. The ftuff is now found contratted in
length and breadth, and participates both of the
nature of cloth and of felt; it may be cut with.
out being fubjeét to ravel, and there is no ne-
ceflity for hemming the different pieces of it
employed to make a garment. If it be common
woollen flocking web, the ftitches arc now no
longer fubje&t to run, when one of them hap-
pens to flip; finally, the threads of the warp
and the woof, being now no longer fo well de-
fined, nor fo diftin& from each other, and the
fluff being alfo thickened, forms a warmer
clothing.

ARTICLE 1IIIL
Of Silk.

SILK is naturally coated with a fubftance,
which has been confidcred as a gum, to which
it owes its ftiffnefs and elafticity ; ‘that which is
moft commonly met with in our climate, con-

tains befides, a yellow colouring matter.
Moft
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Moft of the purpofes for which filk is em-
ployed, rcquire that it fhould be deprived not
only of its colouring matter, but alfo of its gum.
Both thefc purpofes are anfwered by means of
foap, and the term fcouring (décrenfage) is ap-
plied to this opcration, by which it acquires its
fupplenefs and whitenefs. The fcouring ought
not to be fo complete for filks which are to be
dyed, as for thofe which are intended to re-
main white, and a difference ought even to be
made, according to the colour we mean the filk
fhould have.

This difference confifts chiefly in the quan-
tity of foap employed ; thus, for common co-
lours, it is gcnerally thought fufficient, to boil
the filk for threc or four hours, in a folution of
twenty pounds of foap for each hundred of filk,
taking care to fill up the kettle with water from
time to time, that there may be always a fuf-
ficicnt proportion of flutid. The quantity of
foap is increafed for thofe filks which arc to
be dyed blue, and more efpecially for thofc
that are to be fcarlet, cherry-colour, &c. be-
caufc, for thefe colours the ground muft be
whiter, than for fuch as are’ lefs delicate. In
treating of each colour, the quantity of foap
proper for the filk intended to receive it, is

mentioned.
When
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When filk is to be employed white, it
" undergoes three operations, the firft is called
dégommage ; it confifts in keeping the hanks of
filk in a folution of thirty pounds of foap
to a hundred of filk: this folution ought to be
very hot, but not boiling; when that part of
the hanks which is immerfed is entirely freed
from its gum, which is known by the whitenefs
it acquires, the hanks are turned upon the
fkein fticks, fo that the part which was not be-
fore immerfed, may undergo the fame opera-
tion*; they are then taken out of the kettle, and
wrung out, according as the opcration is com-
pleted.

The fecond operation, is the exite. The filk
is put into bags of coarfe cloth, five and twenty
or thirty pounds in each bag, which is called a
boiling bag (pocke); a bath of foap is prepared
like the former, but with a lefs quantity of
foap ; in this the bags arc boiled for an hour
and a half, taking care to kecp them conftantly
ftirred, that thofe which touch the bottom of
the kettle, may not reccive too much heat.

The third operation is called blanchiment,
which is principally irtended to give the
filk a flight caft, to make the white more
pleafing, and from which it derives different

* This is called by our workmen, faking over.
namecs,
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names, fuch as china white, filver white,
azure white, or thread white. A folution of’
-foap is prepared, the proper ftrength for which
is determincd, by its mode of frothing when
agitated ; for the china- white, which fhould
have a flight tinge of red, a fmall quantity of
anotta is added, and the filk is fhaken over in it,
until it has acquired the defired fhade. To
the other whites, more or lefs of a blue tinge
is given, by adding a little blue to the folution
of foap; though fome had before bcen put into
the cuite.

To prepare the azure, fine indigo is taken,
and after being wcll wafhed two or three times
in moderatcly warm water, it is ground fine
in a mortar, and boiling water poured on it;
it is then left to fettle, and the liquor alone is
employed, which retains only the moft fubtile
parts; this is called azure. A fmall quantity
of the liquor of a frefh vat of indigo, may be
fubftituted for azure.

At Lyons, where they make a more beau-
tiful white than at Paris, no foap is ufed in
the third opcration; but after the fecond, the
filks arc wafhed, fumigated with fulphur, and
azured with river water. In this mcthod, it
is of importancc to employ very clear water.

When the filk has becomc very uniform,
2 and
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and has acquired the defired fhade, it is wrung
out and dryed.

The white obtained by thefe means is not
yet fufficiently bright, for thc filk intended for
white ftuffs; but muft fill be expofed to the
vapour of fulphur: this operation is defcribed
under the article fulphur.

As foap feems to impair the luftre of filk, the
academy of Lyons, in 1761, propofed as the
fubje& of a prize diflcrtation, to find a method
of fcouring filks without foap; and the prize
was adjudged to Mr. Rigaut, of St. Quentin,
who propofed fubftituting for foap, a folution
of foda, or carbonat of foda, fo much diluted
with water as not to injure the filk ; but fome
inconvenience muft have attended the praétice of
this method, as it is not adopted, though gene-
rally known and eafy of execution,

The Abbé Collomb ¢ has publifhed fome ob-
fervarions highly worthy of attention, refpefting
the fcouring of filk by the ation of water alone.
Having perccived that a fkein of yellow filk,
which he had boiled for about three hours in
common water, had loft nearly one cighth of
its weight, he repeated the boiling twice, and

4 Obfervations fur la diffolution du vernis de la foie.
Journ, de Phyf, Aofit, 178s.
thereby
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thereby brought the diminution to nearly one
quarter.

" The filk which has fuffered this lofs of
weight, ftill retains a yellow or rather chamois
colour, which renders it unfit for white ftuffs,
or for fuch as are intended to rcceive any
colour, the beauty of which depends on the
whitenefs of the ground, upon which it is
applied; but it takes thofe colours very well
which cannot be injured by the tinge it retains ;
thus the black which it took, feemed preferable
to that of filk {fcoured with foap.

The filk remains very firm and ftrong after
this operation, the threads of it, compared
with fimilar ones fcoured with foap, fupported
weights which broke the others.

Eight hours of brifk ebullition are required,
to diffolve the whole gummy coat of filk, and
it thereby lofes a little more than one fourth of
its weight; but the boiling ought to be con-
tinued longer, when the barometer is low, be-
caufe the greater the weight of the atmofphere,
the higher is the degree of heat at which water
boils.

This confideration led Mr. Collomb to try
the cffe@ of boiling filk in Papin’s digefter,
and he found that only one hour and a quarter

were
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were required, to complete the folution of the
gummy coat, although the degree of heat muft
have been inferior to that, which produced many
of thofe effeéts obferved by philofophers, in that
concentrated kind of ebullition.

I have feen a pattern of filk ftuff fcoured by
Mr. Collomb; it feemed to have the qualities
which he mentions; but it had lefs fupplenefs
and foftnefs than filk {coured with foap.

Mr. le Camus, a learned naturalift of the
academy of Lyons, gave me a fmall quantity
of the fubftance feparated from filk by the wa-
ter, .in one of Mr. Collomb’s operations; it
was black, brittle, and of a fhining frafture,
and afforded by diftillation the ufual produéts
of animal fubftances; it diffolved eafily in warm
water, and left very little refiduum on the filtre;
the folution which 1is tranfparent and of a
greenifh yellow colour, was not fenfibly affetted
by acids or alkalis.

Solution of alum produced in it, a dirty
white precipitate ; that of copper, a dark brown
precipitate ; that of fulphat of iron, a brown
precipitate ; nitro muriatic folution of tin (folu-
tion of tin in aqua regia) a white precipitate ;
acetite of lead, a brown precipitate. All thefe
precipitates are in {fmall quantity, and more or

Vou. L. N lefs
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lefs vifcous. The infufion of galls and that
of fumach, produce a white precipitate.

Alcohol does not diffolve this fubftance even
by ebullition, taking up only a yellow colour-
ing matter; this folution by evaporation, af-
forded a refiduum of fcales of an amber yel-
low.

I added fome drops of muriatic acid to
nearly two ounces of alcohol, and boiled it
on twenty grains of the filkk gum, a folution
took place, but on cooling, this fubftance put
on the appearance of jelly.

The {fubftance taken from the filk in the
{couring then, appears to be of an animal na-
turc, and therefore, the foap fuds ufed in that
operation foon becomce putrid; when feparated
from the filk, it is eafily diffolved in water,
but not in alcohol. Though not of a vege-
table nature, it may with confiderable pro-
pricty be called a gum. That part which
gives it the-yellow colour is {oluble in alcohol,
and when it is feparated, the gum becomes
brown. It is not improbable that this colour
is occafioned by the heat to which it is expofed
in the boiling, becaufe, when only the yellow
colouring part is feparated by Mr. Beaume's
procefls, which I fhall prefently deferibe, the

filk is whitened.
3 In
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In Mr. Collomb’s proccfs, the gum is fepa-
rated, and takes with it only fome of the co-
louring particles; and in the procefs of {cour-
ing by foap, the gum and the yellow colouring
particles are carried ofl together.

I boiled fome yellow filk in a retort, where
as the vapours didrnot efcape fo frecly as from
an open veffel, a-degree of hcat muft have
been produced, fuperior to that of water boil-
ing in the open air.  After having been boiled
for four hours, the filk had loft one fourth
of its weight, but it had almoft entirely retained
its colour.

I boiled another pattern in the fame way,
in a quantity of water impregnated with com-
mon falt, it became whiter, but lofl lels of its
weight, though the degree of heat was cer-
tainly incrcafed by the addition of the falt,
which reftrained the evaporation of the water ;
poffibly, a part of the falt had united with the
filk. Expcriments might be made with other
falts, and perhaps we fhould find fome, that,
without injuring the filk, might be more ufe-
ful in diffolving the gum and colouiiag par-
ticles. i )

When filk is intended for the manufa8lure
of blonds and gauzcs, its natural elafticity and
ftiffnels fhould be preferved; the greatclt part

N 2 of
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of what is produced in thefe climates, is of
a yellow colour, but it is the white china filk
that is principally ufed for thefe purpofes;
this is fo dear, that our manufalurers can-
not vie with the Englith, from whom we
get it, as they always referve the fineft for
their own manufaétures; it has thcrefore been
a defideratum, to find out the means of de-
priving the yellow filk of its colouring par-
ticles, without deftroying the gum, and thereby
depriving the filk of its elafticity. Mr. Beaumé
has folved this interefting problem, but has
kept his procefs fecret: fome artifts however,
to whom he intrufted it, or who had been led
to the difcovery by their own obfervations,
{ucceeded in the exccution of it; but the pro-
cels appears to be liable to accidents, which
by occafioning lofs, incrcafe expence, fo that
hitherto, notwithftanding the advantages it pre-
fents, it has not been carried into execution.
I fhall communicate what has tranfpired re-
fpe&ting it.

A mixture is made with a fmall quantity
of marinc acid and alcohol, in which the filk
is immerfed ; the marine acid muft be pure,
and not contain any nitric acid, which makes
the filk ycllow. To give it an uniform whitc
colour feems to be one of the moft difficult

parts
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parts of the procefs, efpecially when we operate
on large quantities. There is likewife great
difficulty in dyeing the whitened filk, fo as to
prevent its curling, it ought certainly to be
kept conftantly ftretched during the drying.
The alcohol that has been impregnated with the
colouring part, muft be again feparated from
it, fo as to ferve for fubfequent operations,
otherwife the procefs would be too expenfive ;
for this purpofe it is to be diftilled by a gentle
heat, in a glafs or ftone ware veflel.

It appears from the experiments above re-
lated, that the marine acid is ufeful in this pro-
cefs, by foftening the gum, and thus affifting
the alcohol to diffolve the colouring particles
combined with it.

The preparation with alum muft be con-
fidered as one of the general operations in
dyeing filk, for without aluming, the greateft
part of the colours applied, would poffefs ncither
beauty nor durability.

The preparation with alum confifts in mixing
in a tun or vat, about forty or fifty pails of wa-
ter with forty or fifty pounds of roman alum,
that has been previoufly diffolved in warm wa-
ter; this muft be carefully ftirred during the
mixture, to prevent the cryftallization of the
alum.

N 3 After
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Alier having wafhed and beetled the filk,
and wrung it out with the jack and pin®, in
ordcer to feparate any foap it may have rctained,
it is immerled in the alwin liquor, where it is
left for cight or nine hours, after which, it is
wrung out by hand, over the vat, and wathed
in a fiream of water.

In the above quantity of liquor, one hundred
and fifty pounds of filk may be prepared, with-
out the addition of any more alum, but when
it begins to grow weak, which thofe who are
in the habit of employing it, can eafily diftin-
guifh by the tafte, twenty or twenty-five pounds
of diffolved alum muft be added as before, and
this addition muft be repeated, until the liquor
acquires a difagreeable fmell ; and then, it may
be employed in the preparation of ftuffs in-
tended for daiker colours, fuch as browns and
marones, till it has loft all its ftrength,

The preparation of filk with alum is always
made in the cold, becaufe when the liquor is

¢ This is a contrivance for wringing more ftrongly, than
can be done by the hands alone; the pin introduced through
the hank at one end, or into a twift of the cloth, is fecured
in a fixed pofition, while the other end or twift is fixed to
the hook of the jack, which can be forcibly turned round
by means of a winch conneted with it. When this degree
of force is not neceflary, and the hands only are employed

in the operation, it is called wringing ont by band. 'T.
employed
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employed hot, the luftre of the filk is liable to
be impaired.

ARTICLE 1IV.

Of Cotton.

COTTON is the down or wool contained
in the pods of a trec or {hrub f which grows in
warm climates. This down is feparated from
the feeds, which it covers, by a kind of mill.

Climate has great influcnce on the qualities
of cotton, and the fpecies of the cotton trec
fcem to differ actording to the hcat of the
country in which they grow®; great variety of
them arc found in the american iflands, but it
appears from Mr. Bennet's account®, that the

T Of the four fpecies of the cotton plant (Goflypium) only
one is perennial, and therefore called the arborewn which
grows to fix or cight feet high. That from which our cotton
is commonly got is the berbaceum, Lin. which grows only to
about two feet in height. The third is the Airfutum or hairy
american cotton, two or three feet high. The fourth is the
Barbadenfe or Barbadoes fhrubby cotton, which rifes to four
feet. 'Thefe three are all annual plants. T.

& Effai fur les cara@eres qui diftinguent les cotons des di-
verfes parties da monde, &c. par M. Quatremere Difjonval.

b Tranfaltions of the fociety inftituted at London for
the encouragement of arts, manufattures, and commerce,
vol. i,

N 4 inhabi-



146 ELEMENTS OF THE

inhabitants have hitherto negle@ted to choofe
thofe fpecies, which would be found moft ad-
vantageous, and have thus loft_much of the
benefit, that might be derived from this valu-
able article.

Cottons differ principally in the length of
the filaments, their finenefs, their firength and
colour. ‘

Cotton is of different fhades from a deep
yellow to a white ; the darkeft coloured comes
from Siam and Bengal, and is often made into
fiuffs without changing its natural colour. The
moft beautiful is not always the whiteft, it is
neceflary to bleach it, by proceffes fimilar to
thofe employed in the bleaching of linen. The
operations neceflary however in bleaching cot-
ton, are lefs various, and more expeditious,
than thofe for blcaching linen. Inftead of
thefe operations, we may employ oxygenated
marinc acid, and with the affiftance of time ¢
we can thus produce a more beautiful white,
than by the ordinary way of bleaching, and
the cotton afterwards appears better fitted for
the reception of a fine colour in dyeing, as
Mr. Decroifille has obferved. I have fuc-
ceeded in bleaching the yellow cotton of St.
Domingo, which has been prohibited on ac-

! Aanal, de Chymie, tom, ii.
count
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count of its bad colour, which it fo obftinately
retains.

In order to difpofe cotton to receive the dye,
it muft undergo an operation called fcouring.
Some boil it in four water*, but more frequently
alkaline ley is ufed, the cotton muft be boiled
in it for two hours, and then wrung out, after
which it muft be rinfed in a ftream of water,
till the water comes off clear, and then dried.

The cotton ftuffs which are to be prepared,
muft be foaked for fome time in water, mixed
with at moft one fiftieth of fulphuric acid, after
which they muft be carefully wathed in a ftream
of water and dried. I have obferved that the
acid which had been ufed in this operation, had
taken up a quantity of calcareous earth and
iron, which would have injured the colours.

We may confider aluming and galling as
operations generally employed in the dyeing of
cotton and linen.

In the preparation with alum, about four
ounces of it are requircd to each pound of
ftuff, it muft be diffolved with the precautions
mentioned in the preceding article, and fome
add a folution of foda in the proportion of
one fixteenth of the alum, others a {mall quan-
tity of tartar and arfenic. The thread is well

* Vid, chap. xii. fe&t. iii. vol.i. T.
impreg-
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impregnated by working it pound by pound
in this folution, it is then put altogether into
*a veflel, and what remains -of the liquor is
poured upon it; this is left for twenty-four
hours, and then removed to a ftrcam of water,
where it is fuffered to remain for an hour and
an half or two hours, in order to extraft a
part of the alum, and it is thcn wathed. I have
found that cotton gains about one forticth of
its weight in this operation.

In the operation of galling, different quan-
tities of galls or other aftringents are employed,
according to the quality of the aftringents, or
the eflc&t defired.

The galls powdered, are boiled for about
two hours, in a quantity of water proportioned
to that of the thrcad to be galled; the liquor
is then fuffered to cool to a temperature which
the hand can fupport, after which it is divided
into a number of equal parts, that the thread
may be wrought pound by pound, and what rc-
mains aftcr the operation, is pourcd upon the
wholc together, as before defcribed in the pro-
cels of aluming. It is then left for twenty-
four Lours, efpecially when intended for mad-
dering for black, but for other colours twelve
or fifteen hours are fufficient. After this it is

to be wrung out and dricd.
When
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When ftuffs are galled which have already
rcceived a colour, the operation muft be per-
formed in the cold, that the colour may not be
injured. ' ‘

I have found that cotton which has becn
alumed, acquired more weight in the galling,
than that which had not undergone that pro-
cefs ; although alum adheres but in fmall quan-
tity to cotton, it communicates to it a greater
power of combining, both with the aftringent
principle and with the colouring particles.

ARTICLE V.

Of Flax.

AS flax and hemp poflefs the fame proper-
ties fo far as relates to dyeing, we have gene-
rally made no diftinétion between them in this
work. -

If cotton be an important obje& for the cxer-
cife of our induftry, flax and hemp are of il
greater conlequence, both as they are the pro.
dutt of our own country, and as they afford
a fource of very extenfive employment to the
lower orders of the community. The manu-
falture is extended to all parts of the country,

and is divided into various branches, from that
of
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of the ftrongeft cordage, to the fineft kind of
thread ; it is a means of collefting together
the families of the peafants in the intervals of
more laborious employment, and thus gives
them fome fhare in the enjoyments of fociety;
it affords an ealy occupation for infancy and
age, which may inure the former to habits of
induftry, and afford a relief to the latter.

As we are at prefent paying fo much atten-
tion to the draining of marfhes, and as the
number of fmall tenures is likely to be in-
crealed, it is of fome confequence to obferve,
that marfhy grounds which have been drained,
are the beft calculated for the culture of hemp,
and that this is a2 kind of produce that would
be found particularly convenient to the inferior
farmers .

Flax muft undergo feveral preparations before
it is in a proper ftate to receive the dye ; the
firft is the watering, by which the fibrous parts
of the plapt become difpofed to feparate, fo
as to be rendered fit for fpinning. The water-
ing 15 an operation of fo much confequence,
from its influence on the quality and quantity
of the produd, and from its deleterious effets

* InftruQtion familiere fur la culture & le roui du chanvre,
& P'ufage des gens de Ia campagne ; par M, de Pertuis.

on
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on the air, that it appears proper that I fhould
give fome information refpe€ting the place in
which it ought to be conduéted.

In the watering, a glutinous juice which
holds the green colouring part of the plant in
folution, and which is the medium of union
between its cortical and ligneous parts, under-
goes a greater or lefs degree of putrcfaftion,
according to the mode of conduéting the opera-
tion; this appears from the extrication of
carbonic acid and inflammable gas, which Mr,
Rofier! has obferved to take place.

This fubflance appears greatly to refemble
the glutinous part, that is held diffolved in the
juice we get from green plants by preflure,
which is feparated along with the colouring
particles by a heat approaching to that of
ebullition, which becomes putrid, and which
affords ammoniac by diftillation : but though
this fubftance is hcld in folution in the ex.
prefled juice of plants, it is probable however,
that water alone cannot fufficiently feparate it
from the cortical parts; whence it happens,
that the hemp which has been watcred in too
ftrong a current, is deficient in fupplenefs and
foftnefs.

! Effai fur la culture & le rouiffage du chanvre ; par M.
I'abbé Rofier,
If,
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If, on the contrary, the water employed in
this operation bé: ftagnant and putrid, the
hemp acquires a brown colour, but more efpe-
cially lofes its firmnefs, and exhales very per-
nicious vapours,

It appears then that this procefs is performed
to the greateft advantage, in watering pits fitu-
ated on the banks of rivers, where the water
may be changed often enough to prevent a
putrefaétion, that would injure the hemp, and
be prejudicial to the workmen; yet not {o
often, as to hinder the degrec of putrefa&tion
neceffary for rendering the glutinous fubflance
foluble in water.

Mr. Rofier has found that the opecration
went on when the hemp was covered with a
layer of earth, and he recommends that me-
thod. Mr. Prozet ™ has propofed the mixing
a fnall quantity of cauftic alkali with the
water, with a view of increafing its folvent
power, and preventing putrefattion; but it
appears from Dr. Home’s experiments, that
the alkali retards the opecration, and renders
the {lax liable to break *.

During the watering of the flax, and the
degree of drying it may have undergone both

m Mem. fur le rouiflage du chanvre. .

» Effay on the blcaching of linen, pag. 37o.
hefore
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before and after, its green colouring particles
fuffer a change, fimilar to what we obfervc in
the green fubftance of plants expofed to the
attion of air, and the influence of light.

Their colour changes to a yellow, fawn
colour, and even becomes brown, from that
combuftion, the theory of which I have given
in the firft feftion. A great part is then foluble
in alkalis without requiring a higher degree of
oxygenation, fo that, by treating the drefled
flax with an alkaline folution, we can deprive
it of a confiderable poruon of the colouring
matter, which perhaps rémains combined with
a part of the gluten. The proccfles publifhed by
the prince of S. Séver for obrtaining fine dreffed
hemp, dcpends on a folution of thefe colouring
particles °.  He direfls us to lixiviate the
drefled hemp in a folution of two parts of foda,
and onc of lime, then to impregnate it with
foap and keep it in digeftion, to walh it well
and afterwards to hackle it.

I have endeavourcd to whiten drefled hemp
completely, by the method I employed for
thread, but though we fhould expett that its
filaments would by this mcans lofe but little of
their firmnefs, yet they become fo much dif-
pofed to fplit, and feparate from each other,

¢ Journ, de Phyf. introd, tom. ii,
that
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that they wonld prove much more difficult to
twift, and would give a much weaker thread.
1 have made experiments on drefled hemp
prepaled in the prince de S. Séver’s method,
and on fome prepared in the ordinary way,
with a view of comparing the proceffes; the
firft afforded a greater proportion of tow, and
the thread produced from it, was not better in
appearance than that of the fecond, after it
_had been leyed ; the firft was alfo lefs firm, but

it poflefled one advantage which merits atten-
tion, that in the hackling, it did not produce
that duft which is fo pernicious to the work-
men.

The beauty which may be communicated to
drefled hemp by leying before it is wrought,
does not appear to poffefls the advantages,
which its appearance might lead us to expeét,
fince by this means, we diffolve only that
portion of the colouring matter, which would
have been carried off by the firft leys ufed in
the beginning of the bleaching of the cloth.
The great finenefs given it, probably cannot
be produced, but at the expence of the length
and firmnefs of the filaments.

A clergyman of the department of Somme,
has rendered his miniftry refpeftable, by di-

re@ing his attention to an objeét with which
the
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the public happinefs is very nearly connefed.
Mr. Brile has eftablifhed near Amiens, a kind
of public fchool, in which he examines the
methods employed in the culture of hemp, both
with refpeét to the watering, and the dreffing
with a view of fele&ing the beft, and rendering
them as complete as poffible *.

He employs a procefs, which probably is not
liable to the inconveniences occafioned by leying
the dreffed hemp; he waters the hemp as foon as
pulled, and he feparates the cortical part by
a peculiar kind of operation immediately after
the watering, and having foaked .. in a weak
folution of black foap, he wathes it with great
care ; previous to the drying, the colouring
particles which would have afterwards been
{oluble only in alkalis, may be diffolved and
extrafted by water, with the addition of a
{mall quantity of foap, the hemp becomes
much whiter and divides better and more
minutely without however being injured ; and
the lcys preparatory to the bleachmg become
unneceffary.

‘Conimon thread and the linen made of it,
contain then a colouring fubftance which may

? Analyfe pratique fur la culture. & la manipulation du
chanvre.

Vou. L. O be
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be extrafted by fimple lcys, but there is like-
wife a part of this fubftance, which is really
eombined with the vegetable fibres, and which
cannot be taken away except by the deftruétion
of its nature, by the combuftion it undergoes
during its combination with oxygen, as I have
explained in the firft fe&ion, Chap. III. thread
lofes by the operations employed in bleaching,
from § to § of its weight.

Flax intended to be dyed, muft be fubjetted
to the operations which cotton undergocs, iu
the fcouring, aluming, and galling.

C H A P 11.

Of Dye-Houfes, and the Operations employed in
the Art of Dyeing.

W HEN we confider it as a general
principle, that works carried on in a
great manufaftory are more advantageous, than
thole condufted in a detached manner, the
fubdivifion of employment affording an oppor-
tunity for each workman, by being engaged by
one objet, of acquiring celerity and perfcélion

of
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of execution, the whole being ordered with
one general view, and carried on in all its parts
without lofs of time; this principle muft be
confidered as peculiarly applicable:to -the art
of dyeing, becaufe what rcmains after one
operation may often ferve for another. A
bath which has been too much- weakened
for a particular colour, or even for ‘the
lighter fhades of that colour (fuites) may be
found ferviceable, by affording a ground for
other ftuffs, or forming a ncw bath by the
addition of freth ingredients. The galls that
have been employed in the galling of filk, may
be ufcful in other operations, on wool or
cotton; a great number of inftances of the
fame kind might be enumerated.

It would be eafy by confiderations of this
kind to prove, that the progrefs of the art of
dyeing is very much impeded, by its divifion
imto two branches, one comprehending the
good or durable dyes, the other, the falfe or
fading " colours, by the claffification of dyers
as they work in filk, wool, or thread, and by
the regulations which forbid one clafs to keep
the ingredients deflined for the ufe of the
other. We ought, I think, on the contrary, to
encourage extenfive works in dyeing; and
.thofe who dire&t them, ought to lay down a

Oe plan
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plan of operations which might conne& the
whole, and prevent all lofs of ingredients, of
time, of fuel,.and of work ; and this plan ought
to be regulated by the fappofed demands of
trade.

A dye-houfe fhould be fpacious, well lighted,
and as near as poffible to a fiream of water; it
ought to be floored with lime and plafter (ciment )
and channels fhould be made for carrying off wa-
ter, or fpent baths; and the whole fhould be con-
trived with the ftri€teft attention to cleanlinefs.

The caldrons, the fize and pofition of which
are to be regulated by the operations for which
they are defigned, fhould be made of brafs or
copper, unlefs for fcarlet, in the preparation of
which, it is better to ufe tin veffels, as well as
for other delicate colours in which a folution of
tin is employed. Brafs is lefs liable to be atted
upon by faline fubflances, and to fpot the ftuffs
than copper. It is of great confequence that
the caldrons or coppers be well cleaned after
each operation; and thofe of a large fize, ought
to have at the bottom a pipe with a cock, for the
purpofe of emptying them. Above each copper,
a hole fhould be made in the chimney, or in the
wall, for the reception of poles, for draining the
fkeins of wool or filk, as well as ftuffs, fo that

the liquor may fall back again into the copper.
- For
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For the pieces of ftuff, a winch or reel is
ufed, the ends of which are placed on two iron
forks, which may be put at pleafure into the
holes made in the curb which'fuppofts the
edges of the coppers.

Many dyes for filk, where a boiling heat is
not required, are prepared in long copper or
wooden veflels, called troughs or backs..

As the greateft parts of the colours ufed for
filk are very delicate, they require to' be quickly
dried, that they may not change. For this
purpofe, a drying room is neceffary, confifting
of 2 chamber heated by means of a ftove;
the filk is ftretched on a moveable pole,
called a fhaker, which is hung up, and kept
continually in motion, in order to haften the
drying.

It would be neceffary to enter into a very
minute detail, if I undertook to defcribe every
thing neceffary in the conftruétion of a dye-
houfe; more accurate ideas may be at once
gained by infpe&ion, than the moft laboured
defcription could convey; befides, the difpofi-
tion of a dyc-houfe, muft bear a relation to the
operations for which it is intended, and fhould
be fo conftrufied, that thofe operations may
beft fucceed.

But it is to be wifhed, both for the progrefs

O3 of
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of the art, and even of {cience, that a little place
fthould be referved for keepingan apparatus for
the common experiments in chemiftry, as well
as for particular experiments relative to dyeing.

The manipulations in dyeing, are neither
difficult nor complicated, their objett is, to im«
pregnate the ftuff to be dyed with the colouring
particles diffolved in the bath; to caufe the
altion of the air to -concur, both in fixing the
colouring particles, and in giving them bright-
nefs, and carefully to remove fuch as have not
been fixed in the ftuff.

I fhall content myfelf with giving a deferip-
tion of the moft common.

When whole pieces of ftuff, and even many
of thefe, are to be dyed at once, the winch
above defcribed muft be ufed. One end of
the ftuff being firft laid acrofs it, by turning it
round pretty quickly, the whole paffes over it
in fucceflion. It is then to be turned the con-
trary way ; fo that the part of the ftuff firft im-
merfed, may be the laft in the fecond immer-
fion, and thus the dyeing be -as equal as pof-
fible. If the piece of ftuff be of confiderable
Jength, or if Yeveral pieces are to be dyed of
the fame colour, the two ends are joined toge-
ther, the winch then paffed within, and put on
the forks,

2 If
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1f wool is to be dyed in the fleece, a kind of
broad ladder, with the tounds very clofe®, is
to be placed over the copper, on which the
wool-is to be put, in order to be drained and
aired, or when the bath is to be changed.

If the wool is in fkeins, - rods are to be pafled
through them, and the operation is the fame
as for filk or thread, it confifts in turning the
hanks of filk, and the fkeins of thread or wool,
upon the fkein fticks in the liquor; this is called
fhaking over (/ifer) and the rod is called (/sfoir)
fkein ftick.

When the filk or thread is dyed, it muft be
wrung out, in order to feparate the fuperabun-
dant colouring particles. This operation is per-
formed with a cylindrical piece of wood, one end
of which is fixed in the wall or in a poft, and is
called (/' ¢fpart) ; when this operation is repeat-
cd feveral times fucceflively, for the purpofe of
drying and giving luftre, it is called (cheviller)®.

When a certain quantity of ingredients are
added to a liquor, they fay they give it a
(brevet) and that they rake it, when they fiir it
about, and mix it with the rake.

Somctimes they give a firft colour with an

* Called by our dyers a fcraw or feray, T,

b See a defeription of the method employed by our dyen,
page 144. T, .

¥ O 4 intention
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intention of applying another upon it ; and thus
making a compound colour, and then they are
{did to give a ground (domner un pied).

To rinfe, is to wath a {ilk from the dye, or
from the ley, in a fmall quantity of water, and
this they call rinfing (difbrodure).

When they are under the neceflity of pafling
a ftuff feveral times through the fame liquor,
each particular operation is called a dip (paffe).

A colour js faid to be rofed (rg#) when
the yellow tinge of a red colour is changed to a
fhade inclining to a crimfon or ruby colour,
and when they change a yellow red to a more
complete red, they are faid (virer une couleur).

Although the manipulations of dyeing are not
very varigus, and appear extremely fimple,
they require very particular attention and an
experienced eye; in order to judge of the qua-
lities of the bath, to produce and fuftain the
degree of heat fuited to each operation, to avoid
all circumftances that might occafion inequali-
ties of colour, to judge accurately, whether the
fhade of what comes out of the bath fuits the
pattern, and to eftablith the proper gradation
in a feries of fhadas.

I do not mean to fpeak of the management
of the vats, nor, above all, of the compofition

of colours, in which the art principally confifts,
and
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and where nice combinations are frequently
required.

ey ——
C H A P. Il

Of Fuel.

A S fuel is a principal article of expence
in dyeing, it is of great importance to
diminifh the confumption of it as much as pof-
fible, and to felett that which may produce
the defired effeft, with the leaft poffible
expence; it is proper therefore to diffufe the
knowledge of the philofophical principles of
the produ@tion of heat by combuftion, and of
the powers which influence its communication,
in order that they may be applied as circum-
ftances require. '

When bodies are burnt, none of their prin~
ciples aredeftroyed; they had previoufly formed
together one kind of compound, and they now
feparate from each other, at the high tempera-~
ture to which they are expofed, in order to
form others with the vital air in conta& with
them: fuch of the principles as cannot unite
with the vital air, that is the earth, fome faline

and
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and fome metallic particles compofe the
cinder.

* The new compounds formed, are carbonic
acid, or fixed air, and .water: the proportion
of thefe varics according to the proportion of
the carbonic particles, and of the hydrogen or
bafis of inflammabie gas, that had been con-
tained in the inflamnable body. Let us take
common charcoal as an example.

If we burn a hundred grains of charcoal ina
glals bell inverted over mercury, after the com-
buftion, we find a quantity of carbonic acid, cqual
in weight to that of the coal confumed, and of
the vital air changed. One hundred parts of this
ncwly formed acid contain fixty-two of oxygen,
or bale of vital air, and twenty-cight of char-
coal (charbon); a fmall quantity of water is alfo
formed, which is diffolved in the carbonic acid,
and the vital air likewife holds a little of it in
folution. As thefe quantitics are not known,
the above cftimate cannot be confidered as
perfetily accurate,

1f we burn alcohol or fpirit of wine, we have
a refult confiderably different; we obtain a
quantity of watcr greater in weight than the
{pirit of wine, becaufe the inflammable principle
of the alcohol is chiefly hydrogen: now hydro-
gen forms water, by combinung with oxygen,

or
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or the bafis of vital air; for the fame reafon
alfo, oil affords a great quantity of water. We
may confider charcoal and alcohol, or rather
ether, as the two extremes; the former afford-
ing by combuftion, fcarce any thing but car-
bonic acid, and the latter water; and other
combuftibles we may confider as intermediate,
approaching one or other of thefe extremes, in
a greater or lefs degree, according to their com-
pofition.

While the hydrogen and carbon combine
with the vital air, which forms about one-fourth
of the atmofphere, the caloric, or principle of
heat, which was united with the vital air, and
which gave it its elaftic form, is in a great mca-
fure difengaged ; perhaps, there is alfo extri-
cated from it a portion of carbon, and above
all of hydrogen, which was containcd in the
combuftible body ; fuch is the origin of the
heat produced in combuftion *

Thofe

a Although the theory of heat has been confiderably im-
proved lately, and has been the fubje&k of many ingenious
difquifitions, we fhall always, perhaps, be obliged to con.
fider the priuciples received refpecting its nature and combina-
tions, as fuppofitions only, by means of whichwe may be
able to conne& the phenomena it prefents, and explain the
laws by which it is governed.

When we confider vital air as the fource of the heat difen-

gaged
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Thofe who wifh to be more particularly

acquainted with the experiments of which we
) have

geged in combuftion, we do not mean to fay, that the burn-
ing body does not itfelf contribute to the prodution of that
heat, though by fixing our attention on the principal caufe
of the phenomenon, we are fometimes apt to content our-
felves with mentioning it alone. ‘The whole theory (which
has met with fome oppofition) contradiéts fuch a fuppofition:
bat if we obferve, that in combuftion accompanied with flame,
the vital air lofes its clatic ftate in a greater or lefs degree,
while the burning body, fo far from being diminithed in
bulk, enters into a combination which increafes it; and if
we confider, that the heat difengaged, is proportioned to the
quantity of vital air combined, and that in thofe cafes, where
little heat is produced by the combination of oxygen, a great
deal may afterwards be extricated from the compound, as we
fec in the cafe of nitre, and oxygenated muriat of pot-afh ;
we muft acknowledge, that this theory is at leaft probable
and fatisfaGory.

Among the bodies which moft powerfully contribute to
the produ®ion of heat, hydrogenous gas eught certainly to
hold the firft rank ; now the theary which afcribes to vital air
principally, the heat difengaged in combuftion, affords in
like manner an explanation of the heat produced by this gas;
though fome, by a falfe application of Dy. Crawford’s expe-
riments, have thence deduced an objeftion, which they have
propofed with a degree of infojent difdain.

I thall not here examine whether Dr. Crawford’s hypo-
thefis ought to be admitted or not. He endeavours * to
prove, that the heat difengaged in combaftion, ought to be
attributed to a change of capacity for heat in the burning

* On amimal heat, &c. bodi
. ies,
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have juft given a flight fketch, and with the
theory of combuftion at large, fhould confult
feveral memoirs of Mr. Lavoifier, in the tranf-
attions of the academy of fciences, and his

bodies, as appears by comparing the capacity of the body
before it is burnt, with the capacity of its refidoum after
combuftion. Dr. Crawford has found, it is faid, that hy-
drogenous gas contains five times as much fpecific heat as vital
air ; it ought therefore to contribute much more to com-
buftion than vital air ; the heat therefore difengaged in com-
buftion, proceeds principally from the burning body, and
not from the vital air.

According to Dr. Crawford, there are two ways of afcer-
taining the fpecific heat of bodies, by comparing the fub-
je€ts of experiment, by bulk or by weight. Dr. Crawford
has adopted the latter, which perhaps is more fallacious and
more inconvenient than the former. It is in this way then,
that we muft compare the weights of the oxygenous and hy-
drogenous gafes, which combine in combuftion, in order to
determine the quantity of heat difengaged from each in pro-
portion to their fpecific heat. We muft therefore take eighty-
five parts of oxygen to fifteen of hydrogen. The quantity of
heat then difengaged from vital air or oxygenous gas, ought
to be to that produced by hydrogenous gas, as eighty-five
to feventy-five, or as feventeen to fifteen.

But what il increafes the proportion of the heat pro-
duced by vital air, according to Dr. Crawford, is; that the
fpecific heat of hydrogenous gas is not fivg times greater
than that of vital air, but only," as 21,4000 to 47,490, and
that not fo much as fifteen parts of hydrogen are¢ required
to eighty-five of vital air.

elements
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elements of chemiftry, for to him we are prin-

cipally indebted for this beautiful theory ®.
In

b In juftice to my friend Dr. Crawford, I think it my
duty to give the reader a fhort account of the difcoveries
refpeing heat, to which the author alludes, and to fupply
a few dates, the accuracy of which I can anfwer for from
my own knowledge : with thefc dates, it is not furprifing
that the ingenious author fhould have been unacquainted,
as notwithftanding the high chara@ter of Dr. Crawford’s
work, it has not yet been tranflated into French, and fome
of them indeed are not contained in the work itfelf.

The firft in the order of thefe difcoveries, are thofe of
Dr. Black, made in the year 1759, by which it was proved,
that ice during its converfion into water, and water during
its converfion into vapour, abforbed a large quantity of heat,
or elementary fire ; hence it was concluded, that other bodies,
when they became fluid, and in their converfion into vapour,
abforbed heat. ‘Thefe difcoveries and inferences form what
is called the doétrine of latent heat. ‘The fame philofopher
proved by experiments on metals, that bodies of different kinds
have different capacities for containing heat. Dr. Irvine dif-
covered by a ferics of experiments made prior to the year
1777, that, when bodies give off heat, in confequence of a
change of form, their capacities for heat are diminifhed, and
that the reverfe of this takes place, when they abforb heat.

In the fpring of the year 1777, Dr. Crawford inftituted
a feries of experiments, with a view to difcover the caufe
of animal heat. In the courfe of his inquiry, he found,
that blood contains a much greater quantity of fire, or of
abfolute heat, than the elementary fubftances of which it
is compofed : hence he inferred, that this fluid muft necef-

farily attralt heat from the air, in the procefs of refpiration :
the
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In order to obtain the greateft poffible effet
from any combuftible body, it is neceffary that

all

‘the pure air of the atmofphere muft therefore contain more
heat, than the fixt air into which it is converted during that
procefs; and as it was well known, that the change pro-
duced in the air by the inflammation of combuftible bodics,
was in a variety of refpe@s, fimilar to that which it under-
went in refpiration, he fuppofed, that the evolution of heat
from pure air, was the caufe, not only of animal heat, but
likewife of that of combuftion. This fuppofition was after-
wards confirmed, in the fummer of the fame year, by ex-
periments made to determine the comparative heats of ful-
phur and oil of vitriol, of metals and their calces.

Hence it appears, that {o early as the fummer of the ycar
1777, the theory of animal heat and of combuftion, which
is now generally received over Europe, was eftablithed by
Dr. Crawford, as an infcience derived from fact and experi-
ment.

This difcovery he communicated to his friends at the
univerfity of Glafgow, where he then refided. In the autumn
of the year 1777, it was publickly Lnown at Edinburgh;
and in the courfe of the winter, it was explained to a
numerous affembly of the ftudcits in the royal medical
fociety.

We arc told indeed, that Mr. Lavoifier propofed as a
conje®ure, a theory ncarly fimilar to Dr. Crawford’s, in a
paper which is faid to have been read before the academy
of fciences at Paris in the year 1777 ; but we do not find
any account of this theory in tle tranfa&®ions of the aca-
demy, till the year 1780, Admitting, however, that Mr.
Lavoifier’s conje@ure was coeval with Dr. Crawford’s ex-
periments, it cannot be affirmed with propriety, that ke

it
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all the parts of it, which are capable of com-
bining with vital air, fhould unite with it; it
"is confequently ncceffary, that there thould be
neither fmoke nor foot, this is principally to
be accomplifhed by properly proportioning the
inferior opening of the furnace, the fire place,
and the chimney.

The current of air which fupports the com-
buftion ought to have eafy accefs, but if the
chimney be too large, the carbonic acid formed
is not removed without fome difficulty, it re-
mains in contaét with the fuel, and thus oppofes
its combuftion. If the chimney be not fuf-
ficiently high, a.part of the hydrogen reduced
to the form of vapour efcapes without being
burnt; as do alfo the coaly particles which
form the foot, hence arifes a diminution of the
effe&t which the inflammable body ought to have
produced. A higher column of air rarified
and rendered lighter by heat, and the conden-
fation of the vapours of water and carbonic
acid at the top of the chimney, would have
concurred in producing a more rapid current
of air. Thefe effefls are more particularly
obfervable in reverberatory furnaces, in which
we eafily fee the importance of having the
opening of the chimney properly proportioned

is the difcoverer of what he is only faid to have CO!IJCC-

tared. T,
3 to
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to the fize of the furnace, the power of which
is fingularly increafed by adding pipes of a
certain length to the top. But too long a
chimney occafions anether inconvenience which
we fhould be careful to avoid, for when the
combuftible parts which rife, have time to cool
below the degree of heat required for their
combuftion, they conftitute a mafs, which by
its weight impedes the circulation of the air.

Thefe confiderations will appear minute to
fome, but they may be often produ&ive of an
ceconomy that is too much negle@ed in the arts,
in which heat is employed. An attention to
the circumftances of combuftion merely, is not
fufficient, it is alfo neceffary to endeavour te
obtain all the advantage we can from the heat
that is produced, fo that the whole of what is
difengaged by combuftion, may be as effe@tually
as poflible employed for the different purpofes
required.

There are fome bodies which tranfmit heat
eafily, fuch as metals, while others on the con-
trary condu& it flowly, and with difficulty,
fuch as glafs, earthen ware, bricks, and par-
ticularly charcoal. On this property of char.
coal, the celebrated Dr. Black, to whom we
are ptincipally indebted fot our knowledge of
the powers of heat, has conftrufted a well dotis

Vot. I P triv&d
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trived furnace, which I think it right to defcribe,
as a model capable of a great variety of appli-
’ cation.

The furnacc is compofed of plate-iron, which
ferves as a covering, coated internally with a
compofition of one part argillaceous earth, and
four parts charcoal ¢, of the thicknels of from
fifteen to fixteen lines; and in order to prevent
its being deftroyed by the fire, it is covered
with a coat of clay mixed with fand, of about
eight lines in thicknefs, and which is capable of
refifting the a€tion of the fire.

In the fide of the ath-pit, an opening is made,
to which a plate of brafs is adapted, with eight
holes of different diameters, to each of which
is fitted a brafs ftopper. The admiffion of
air by one or other of thefe holes produces a
more or lefs powerful combuftion, and in order
to regulate it at pleafure,” we have only to
employ a combuftible of an uniform nature,
which Dr, Black finds in the coke of certain
kinds of pitcoal.

The charcoal coat of ‘the furnace prevents

- ¢ The mixture which I have ufed, has confifted of neatly
equal parts of charcoal duft and pure pipe clay, in which
the clay was in the larger proportion. I have not been able
to make a mixture in which the eharcoal duft was in larger
‘proportion adhere. ‘T.

the
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the lofs of heat, which is almoft entirely em-
ployed in producing the effc@ we with: - the
regulation’of the heat by the mode of giving
accefs to the air, and the uniform nature of
the combuftible fubftance, enable us to calcu-
Jate not only the duration and power of the
fire employed in an operation, but even the
quantity referved for every particular part of
the operation.

A coating of charcoal might be applied to
the indigo vats, inftead of wsapping them up
in cloths, and alfo, to veflels in which we with
to, preferve for a long time the heat of any
liquor, for this purpofe an earthen or glafs
veflel is preferable to a metallic one, which
more eafily tranfmits the heat to the furround-
ing air.

When water is reduced to vapour, it carries
off a great quantity of heat, which it gives out
on being again reftored to its liquid form, we
may therefore by covering a boiling caldron,
fave a great quantity of heat which might be
employed for various purpofes, and we might
thus even procure a heat of an equable tempe-
rature, as in a water bath.

One might conftru@ cither 'a fand bath,

which might be ufcful in many operations, or
P2 a fuc-
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a fucceffion of caldrons which require different
degrees of heat, by erefting a long furnace in

* fuch a manner that the fire being placed at one
end, the flame and heated air might be carried
by a horizontal flue to the other extremity
of the furnace, where the chimney is placed,
through which the air efcapes after having given
off almoft all its heat.

Even the heat communicated to the chim-
neys in ordinary furnaces ought not to be loft,
ftoves and drying rooms might be placed in
the fituations through which the chimneys pafs;
but inftead of trying to retain the heat in thefe
chimneys, as is proper in furnaces, we ought
to endeavour on the contrary to rob them of
it; thus the part which paffes through the
place we wifh to heat, ought to be of metal;
but we fhould avoid carrying off the heat re-
quired for the inflammation of the combuftible
vapours. .

After having given fome idea of the phe-
nomena of combuftion, and pointed out the
means of employing the heat produced to the
beft advantage, it remains that I fhould con-
fider the different kinds of combutftibles, in
relation to the advantages they afford.

In
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In order to compare the effe@® of different
kinds of -fuel, we may employ the method
defcribed by Mr. Lavoifier4; this confifts in
burning each fpecies of fuel in the fame fur-
nace with a caldron adapted to it, into which
a certain quantity of boiling water is put, and
what evaporates, is gradually replaced in each
operation, by an equal quantity fupplied by a
cock. The quantities of each fuel required
for the evaporation of the fame quantity of
water are then compared. It is obvious, that
the qualities of the fuel, are proportional to
the quantity neceflary for the produftion of
the fame effeét, we have therefore only to com-
pare the quantity of fuel employed in each
operation, with the refpeflive price of each,
in order to determine which is moft advan-
tageous, and ought to be preferred. In this
calculation, it is of no confequence, whether
we eftimate the quantity of each fucl by weight -
or by meafure, provided-we know its price.

Inftecad of evaporating a given quantity of
water, we fhould obtain the refult we want,
by burning either the fame weight, or the fame
meafure of each fpecics of fuel, and after-
wards comparing the quantities of water evapo-

rated.
¢ Mem. de I'acad, 1781,
Pg3 ’ As
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As the.meafure and weight of fuel ought to
be compared with the price it bears, and .as
this varies confiderably in different countries,
we can arrive at no. invariable determination
refpefting that which it is moft advantageous
to employ; in one place, it will be coal, in
another, wood or turf: the rclative prices of
thefe fubftances may vary in a very fhort time,
-by the opening of a canal, the working.of a
coal mine, or the deftruétion of woods.

Many artifts entertain prejudices againft the
ufe of pitcoal, but it is fufficient to remark,
that it is at prefent ufed in fo great-a number
of manufatlories, without producing any incon-
venience, that it may doubtlefs be fubftituted
for other fuel; but as in proportion to its bulk
it affords much more heat, it will be necef-
fary to lcarn by pratlice how to moderate its
effels. .

The conftru&tion of furnaces in which coal
is to be ufed, fhould bec fomewhat different from
that of the furnaces in common ufe. As it
does not eafily inflame, it requires a grate which
may afford a paffage to a current of air.

Though it fhould be proved by experience
that no advantage would arife, in a particular
country, by preferring coal to wood, ftill it

would Le proper to rccommend its ufc, becaufe
- it
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it is very probable that the price of wood will
continue to increafe, and on the contrary, that
that of coal will diminifh, becaufe the working
of coal mines will be encouraged, and morg
fuccefsfully condued, than has hitherto been
the cafe in France, and becaufe we have reafon
to hope that the number of canals, which would
facilitate its carriage, will be multiplied.

Pitcoal is reduced to the flate of a true
charcoal, by an operation called cokeing, which
is analogous to that employed in charring wood.
This charcoal is of confiderable advantage in
the furnaces for fmelting iron ore, for the pit-
coal fwells and runs together when ftrongly
heated, and thus chokes up the furnaces, in-
conveniences which do not attgnd it when re-
duced to coke; but for other ufes, it is better
to employ it in its natural ftate, becaufe all the
bituminous oil which is burnt during the char-
ring, is carried off without producing any effet,
and befides, the operation jtfelf requires labour,
which is attended with expence.

Pcat may alfo be charred, but this opera-
tion prefents a difficulty which is not cafily
furmounted : when newly charred peat is ex-
pofed to the air, it inflames fpontaneoufly like
pyrophorus; this inconvenicnce however may
be prevented,

P4 What
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What has been faid on the fubje& of pitcoat
is applicable to turf; whenever we can, it is
better to employ it in its natural ftate, than be
fubjet to the expence of charrmg it, and at
the fame time of loﬁng all that is confumed
in that operation, which might have afforded
heat.

ssrmapmeset R ————
CHAP 1V.

Of the Means of judging: of the Goodnefs
of a .Colour.

AS there is a great difference in colours,
with refpe&t to their power of refifting
the aftion of air and light ; and as it is in this,
that their durability and goodnefs chiefly con-
fit, independant of their brightnefs, it is of
importance, ‘in order to fecure the public con-
fidence in the manufaflure, to be able by eafy
means, to determine the degree of goodnefs in
a colour. Thefe means muft have appeared of
fill greater importance, when the rigour of
laws impeded the progrefs of induftry, and
anxioufly eftablifhed the diftinftion between
the dyers of durable and of fading colours.

By
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By a whimfical effe of thefe regulations, a
dyer of fading colours, might be liable to
punifhment for producing colours of too du-
rable a nature.

I have but little to add to the remarks of
Hellot ; he informs us of the method em-
ployed by Dufay, whofe obfervations laid the
foundation of the regulations made on this
fubje&t, and examines them with confiderable
acutenefs.

“ As we have not been able exallly to
« afcertain, either by the information of dif-
« ferent dyers, or by the perufal of the old
« regulations, the precife diftintion betweei
« the colours of the fading and the durable
« kind, we are under the neceffity, with a view
“ of gaining the knowledge we want, of adopt-
“ ing a method, which though it is the moft
« tedious and difficult, is yct the moft certain,
 or indeed the only onre upon which we can
“ rely. The late Mr. Dufay of the royal
s¢ academy of fciences, who had bcen feletted
“ by government, as a perfon whofe labours
* might greatly improve the art of dyeing,
“ made experiments on the fubjeét, by dyeing
“ wool of all colours, and even with dycs of
“ all forts, ufed either for durable or fading
« colours ; he even fent to the different pro-

3 “ vinces
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vinces for fuch as are not employed at Paris ;
and finally, he colletted moft of the different
fubftances, which he conceived might be
employed in the art, and tried a very great
number of them, inveftigating their good or
bad qualities, without paying any regard to
the prejudices of the dyers.

 His firlt experiments were made on woollen
yarn, but he afterwards ufed pieces of
white cloth, which he found morc fuitable
to his purpofe.

“ With a view to know what colours were,
and what werc not durable and fading, he
expofed to the fun and air, for twelve days,
fome patterns of all colours, which had bcen
dyed in his own houfe with known compo-
fitions. It appears that this time was fuffi-
ciecnt for a trial of them, for the durable
colours are not at all, or but littlc injured,
while the fading ones are almoft entircly
obliterated ; fo that, after twelve days expo-
fure to the heat of the fun, and the dampnefs
of the night air in fummer, there can be no
doubt as to the clafs, in which each colour
fhould be placcd.

“ But there ftill remained a difficulty, which
was this, that as all thefe colours had not

becn cxpofed to the air, precilcly at the
“ fame
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fame time and in the fame feafon, fome
might have had more fun, and confequently
might have fuffered a greater change in the
twelve days, than others expofed in more
cloudy weather, or when the days were
fhorter. But he difcovered a remedy for
this inconvenience, which removed all diffi-
culty and doubt as to the accuracy of the
experiments; he chofe one of the worft
colours, that is, one on which the fun had
produced the greateft effet in twelve days.
This colour ferved as a ftandard in his expe-
riments, and whenever he expofed patterns
to the air, he always expofed a piece of this
ftuff along with them; fo that he did not
calculate by the number of days, but by
the colour of his ftandard, always keeping
the pattern expofed, till it had loft as much
as that would have done, by twelve days
expofure .in fummer. As he always noted
the day on which he expofed his patterns,
he was led to obferve, that in winter it was
only' neceflary to leave dem four or five
days longer expofed to the air than in fum-
mer. By purfuing this method, he removed
all doubt as to the accuracy of his expe-
riments. In this trial by expofure to the
air and to the rays of the fum, he had a

« flill
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« ftill further objed, which was, to find the
* proper proof for each colour ; what is called
% proof (deboulli *) is the trial of a ftuff with
« a view to difcover whether its dye be per-
“ manent or not: a pattern is boiled with
« alum, tartar, foap, vinegar, lemon juice, &c.
“ and its quality is judged of, by the effelt
“ thefe fubftances produce. The proofs ufed
“ in 1733 were fo infufficient, that they did
“ not even affit Mr. Dufay in difcovering
“ more certain ones, they even deftroyed fome
« good colours, while they produced very
« little effe€t upon the bad; fo that he was
« obliged to fix upon feveral, each of which
« ferves for a great number of colours. The
“ following is a fhort defcription of the method
“ he purfued, in order to difcover them.

« After having obferved the effeft of air
“ on each colour, whether good or bad, he
*“ tried the fame ftuff with different proofs,
« and fiopped when he found one which pro-
“ duccd the fame effe® with the air; then
“ noting the weight of the ingredients, the
“ quantity of the water, and the length of the
« trial, he was fure to be able to produce on
« a colour, an effet equal to that which the
« air would have produced, fuppofing it had

* Sometimes called by our arti&ahilipg.“ be
en
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“ been dyed in the fame way with his; that is,
“ according to the methods employed by the
“ dyers of true and falfe colours. Having thus
“ examined all the colours, and all the ingre-
“ dients employed in dyeing, he found out a
“ method, which may be confidered as accu-
“ rate, of diftinguithing the good or bad
« qualities of each colour, by making, by
“ means of the proof, a fort of analyfis of the
“ materials which compofed it. We cannot
« without injuftice, refufe to. acknowledge,
“ that the means Mr. Dufay employed, in
“ the difcovery of thefe proofs or tefts for
“ colour, are ingenious; for the trial by air
¢ and fun, cannot be made on thofe, where it
“ is neceflary to judge immediately, whether
« a ftuff expofed to fale at a fair or elfewhere,
“ as of a true dye, be really fo or not.

“ The proofs mentioned in the new regu-
« lations, made in confequence of Mr. Dufay’s
“ memoirs, difcharges in a few minutes, as
* much of a colour, when it is not dyed of a
“ durable colour, as would be loft by twelve or
“ fifteen days expofure to the air. But as gene-
“ ral rules for fuch trials muft be liable to many
« exceptions, which either cannot be forefecn,
¢ or though forefeen, cannot be particularized,

“ without the rifk of caufing confufion, or of
« affording
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affording matter for innumerable difputes,
it follows, that thofe rules confidered perhaps
as too general, are alfo too fevere in many
cafes, wherein light colours require falts,
or quantities of falts, which fhall be lefs
aftive than thofe neceflary for deep or
loaded colours (chargées), which may allow
a confiderable portion of their colouring
matter to be carried off by a proof, with-
out fhewing any very vifible alteration. It
would thercfore have. been neceflary, to
prefcribe a proof for almoft every fhade,
which from their infinite variety, would be
impoflible. Thus the air and the fun, will
always be the true teft ; and every colour
which is not changed by them, in a ccrtain
length of time, or which, by cxpofure,
acquires what the dyers call a body (fond)

.ought to be confidercd as a ftanding colour,

even though it thould be confiderably
changed by the proofs prefcribed by the
new regulation. Of this we have an ex-
ample in fcarlet; as foap almoft entircly
difcharges this colour, it has been fubmitted
to the trial by alum ; and when it has been
dycd with cochineal alone, without any
mixture of other ingredients, it ought to

affume a purple colour, in a boiling folution
2 « of
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of alum: if fcarlet be expofed to the fun, it
lofes fome of its brightnefs, and becomes
decper; but this deep fhade is not fimilar
to that' imparted by alum. Proofs then,
in certain cafes, cannot be f{ubftituted for
the aftion of the air and fun, at leaft, fo far
as.refpe@ts fimilarity of cffeft.
“ By mecans of brafit wood, which like
almoft all the other woods loaded with co-
lour, gives a fading dye, I prepared a red,
which was much finer than the madder recds,
and as bright as thofe made with kermes;
this red remained expofed to the air for the
two laft months of the year 1740, which
were very rainy, and for the two firft of
1741 : and notwithftanding the rain and bad
weather it flood, upon account of its pecu-
liar preparation which will be mentioned in
the proper place, and was fo far fron¥ lofing,
that it acquired body. Yet this fame red
which is fo durable in the air, does not refift
the trial by tartar. 'Would it then be proper,
to profcribe this colour, becaufe that fale
difcharges it, or arc the ftuffs we employ for
clathing intended to be boiled with tartar,
alum, or foap? 1 do not however mean
to difapprove of the trial by proofs; they
are ufeiul, becaufe they are ready, but there
“ arc
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* are cafes in which they ought not to ferve
“ as a ground for pronouncing a fentence of
# confifcation ; efpecially when they cannot
« fhew, that a colour which fhould have been
* dyed with materials for durable colours, has
‘ been dyed with thole of a fading nature.”

It is therefore evident, that there has been
hitherto only one fure mode of determining
the durability of colours, that is, expofure to
the aftion of the air, fun, and dew, for a
certain length of time : proofs, whatever pains
may be beftowed on the choice of them, can
only be applicable to the proceffes performed
agreeably to the regulations, and not to thofe
which have been difcovered or improved fince
they were made.

The oxygenated muriatic acid affords a
quick and eafy mcthod of determining the
degrecs of durability a colour may poffefs,
becaufe it alts like the air itfelf: thus, when
we wifh to examine a colour, we need only
put a pattern of the ftuff into oxygenated
muriatic acid, along with a pattern of the fame
colour which has bcen dyed properly; the
comparative power of refifting its ation, fhewn
by the colours of the two patterns, becomes
the meafure of their goodnefls; but as this

liquor has a very ftrong a&ion on the colouring
pdrticles,
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particles, it muft be employed in a very dilute
flate.  This proof has alfo the advantage of
thewing us very nearly the fhades and changes
through which a ftuff muft pafs, when it comes
to be atted upon by theair. Still however, were
it neceffary to examine a colour juridically,
I thould not venture to rely entirely upon the
attion of the oxygenated muriatic acid, and
would only decide with confidence, from the
refults afforded by expofure to the air.

In order to try the colours of filk, it is
generally thought fufficient, to expofe them to
héat in acetous acid, or lemon juice ; and they
are confidercd as good and permanent colours,
if they ftand this teft ; and indeed, when the
woods or archil alone have been employed,
the colours are made red by the attion of a
vegetable acid, but if the folution of tin has
been ufed to dye with thefe fubftances, the
colour which has been prepared in an acid
liquor, is not afterwards affcéted by vegetable
acids, and in that cafe a colour may be reputed
good, which has been much lefs expenfive, and
will prove lefs durable; fo that for filk alfo,
we muft employ the oxygenated muriatic acid,
and morc efpecially expofure to the air.

There is alfo another kind of proof, which
fcems to me very ufeful; it is intended for

Vou. L. Q enabling
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enabling us to eftimate the comparative goodnefs
of colouring fubftances of the fame kind. We
“have hitherto been confined to mere infpe@lion,
or to fome other marks, which afford only
uncertain indications, and could by no means
furnith 1 fcale of comparifon. The oxygenated
muriatic acid {eems to anfwer this purpofe, as
completely as could be defired ; becaufe when
we compare indigo with indigo, the nature of
the colouring particles is the fame, or nearly
the fame, and no foreign affinity can interfere,
to prevent the attion of the oxygenated muri-
atic acid from determuning the proportional
quantity of colouring matter.

If it fhould happen, that any confiderable
difference occurred, even in the nature of
colouring particles fuppofed to be the fame,
it is very probable, that the aftion of the
oxygenated muriatic acid would ftill be a mea-
fure of their comparative goodnefs.

When therefore we with to compare together
two or more colouring fubftances of the fame
nature, and to determine the relative quantity
and quality of the colouring particles in each,
we nced only compare the quantities of the fame
oxygenated muriatic acid, required to produce
the fame degree of deterioration in an equal
weight of cach; the qualities of thefe fub-

ftances,
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ftances, or the quantity of colouring particles
they contain, are dire@ly proportionate to the
quantitics of liquor requircd to produce the
fame effe€ on each; but in this experiment,
it is neceffary, that the colouring matter of
cach fubftance thould have been diffolved in a
proper liquor, and that all the circumftances
in the procefs of comparifon, fhould be fi-
milar. .

If we wifh for example to compare feveral
kinds of indigo, we take an equal weight of
each, powder them carefully, and put them
into feparate matraffes, with eight times their
weight of concentrated fulphuric acid: thefe
are to be kept for twenty-four hours in a heat
of from thirty to forty degrees (100 to 122
Farhenheit) for which purpofe a dunghill may
be employed : each folution is then to be
diluted with a quantity of water, filtered, and
the refidua found on the filters to be colleéted,
and ground in a glafs mortar, and again di-
gefted with the addition of a little more ful-
phuric acid : the laft folutions are alfo diluted
with equal quantities of water, filtered, and
cach added to its correfponding liquor ; finally,
to each folution is added as much oxygenated
muriatic acid as will difcharge the colour, or
rather bring them all to the fame fhade of
Q2 yellow.

s
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yellow. The qualities of the different kinds
of indigo, are proportionate to the quantities of
bxygenated muriatic acid required to deftroy
their colour.

The proofs of fuch colouring particles as
are foluble in water, are much more fimple ;
it is only requifite after having exhaufted them
as much as poffible, to mix oxygenated muriatic
acid with equal bulks of the decofion of the
fame weight of each fubftance, and to compare
the quantity of acid required to bring them all
to the fame hue.

Whatever uncertainty may attend the em-
ployment of the proofs prefcribed by the regu-
lations in many cafes, I am very far from
condemning their ufe entirely; for I fhould
think it unjuft, that a colour which might
ftrike us by a fugitive brightnefs, fhould be
preferred to a ftanding colour, prepared at a
much greater expence, and with a ftri€t regard
to honefty.

How are we to reconcile the intercfts of
commerce, and the freedom from reftraint
which induftry demands, with the fecurity of
the confumer ? This is a problem of difficult
folution, and that requires all the prudence of
the legiflature ; and though a fubjcét foreign to
my prefent purfuit, it is pcrhaps my duty to

mention
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mention the ideas which have occurred to me
refpeting it.

That part of the regulations which relates
to black, ought, I think, to be retained, be-
caufe the proof recommended is proper for
determining whether the cloth has received
a blue ground, and of what intenfity that
has been.

That which refpeéts fcarlet, and the fhades
approaching to fcarlet, ought to be fup-
prefled, as taking it for granted, that pinks
(langoufles) for example, are to be made with-
out employing fuftic or other yellow ingre-
dients, which is impoffible, or which at leaft
cannot be accomplithed, without incurring
inconveniences as great as thofe which would
arife from the fading nature of the colour of
the ingredients, With refpeét to thefe colours
I conceive we may truft merely to the beauty,
of which every body is a judge; becaufc we
cannot fubftitute any thing for cochineal, with-
out injuring the brightnefs of the colour.

Soap is mentioned as the proof for greens;
but we thus profcribe the Saxon greens, which
do not ftand this proof, but are efteemed on
account of their brightnefs, though they are
lefs durable than the greens dyed in the blue

vat (bleu de cuve).
Q3 I thould
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I fhould wifh that all modes of dyeing were
-equally permitted, that the diftin€tion between
grain and other dyers was abolifhed, as it can
no longer be preferved, fince the ingredients
allotted for falfe or mock colours, are now
frequently employed for ftanding colours, that
each artift might give the greateft fcope to his
induftry and fpeculations ; but that the public
thould be informed by a mark, of the colours to
be relied upon as durable ; that "confequently,
thofe colours which had flood the teft of the
proofs eftablifhed by law, fhould be marked
with a lead, declaring them to be true or
ftanding colours, whatever procefs might have
been employed in dyeing them ;

That thofe which fhould be offered as ftand-
ing or true colours, but yet fhould not be
found capable of fuftaining the prefcribed
proofs, fhould merely be referved for the trial
by expofure to the air ;

That if they fupported the aftion of the air,
as well as a pattern of the fame colour of
known goodnefs, they fhould ftill be marked
with the lead as ftanding colours ;

That in fuch a cafe, which would occur but
very rarely, a chemift fhould be employed to
prepare a proper reaftive for immediately dif-
tinguifhing that kind of dye.

I fhould
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I thould prefer to moft of the tefts which
have been recommended, that of the oxy-
genated muriatic acid, which is more fimple,
more indicative, and more general, becing ap-
plicable to colours in filk, cotton, and wool ;
but I fhould wifh, before it was adopted, that
its excellence fhould be eftablithed, by a gieat
number of trials made in prefence of feveral
dyers and merchants, and that the conclufions
drawn from them, when the proof turned out
unfavourable, fhould alfo be only provifional.
The proofs prefcribed in the regulations, may
however be advantagcoufly employed on cer-
tain occafions: it is poflible to render them
more accurate and to direét their application
more judicioully, and I have not a fufficient
confidence in the idcas which I have juft ftated,
to decide, that better methods can be fubfli-
tuted: thefe confiderations have determined
me to mention them.

In making the proper comparifon, whatcver
mode of trial we adopt, we ought to employ a
pattern, of not only the fame colour, but.one
which is very nearly of the fame kind of ftuff,

Cotton and lincn ftuffs, which are to be
leyed, muft be tried by means of alkalis.

Q 4 INSTRUC-
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INSTRUCTION

Refpeiting the Ufe of Proofs for Wool and
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Woollen Stuffs.

S it has becen found, that the method

for proving the dye of cloth, ferges,
and other woollen goods, prcfcribed by the
thirty-feventh article of the rcgulations for
dycrs of true and ftanding colours, publifhed
in Auguft 1669; and by the two hundred and
twenticth and following articles of the gene-
ral inftru€tion of the 18th of March 1671,
for dyeing wool of all colours, and for the
culture of the drugs and ingredicnts employed
in that art, is not fufficient to fupply the
mcans of forming an accurate judgment of
the goodnefs or badnefs of many colours,
and that this method may morcover fome-
times lcad to error and give rifc to difputes,
various experiments have been made, by
order of his majefty, on the wools dcfigned
for the manufa€ture of tapeftry, in order to
afcertain the degree of goodnefs of each co-
lour, and the proofs beft fuited to cach.
“ For this purpofe, finc wools have been
dyed of all colours, both in true and falfe

or mock colours, and navc bcen expofed
({4 to
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to the aGtion of air and of the fun for a proper
length of time.

“ The good colours were not at all changed,
whilft the falfe were more or lefs difcharged,
in proportion to their degree of badnefs ;
and as no colour ought to be reputed good,
but in proportion to its power of refifting
the aftion of the air and of the fun; this
proof has bcen the ftandard for decciding,
refpe&ting the goodnefs of different colours.
« On the fame wools, pattcrns of which had
been expofed to thc air and fun, different
trials by proofs have been afterwards made,
and it has bcen immediately perceived, that
the fame ingredients could not be indifcrimi-
nately employed as proofs for all colours,

¢ becaufe it fometimes happened that a colour,

the goodnefs of which was alcertained by
expofure to the air, was confiderably changed
by the proof, while a mock colour refifted
the a&ion of the very fame teft.

“ Thefe different experiments pointed out
the inutility of lemon juice, vinegar, four
water®, and aqua fortis, on account of the
impoffibility of afccrtaining the degree of
acidity of thefe liquors ; and it appeared to
be the fureft method, to ufe common water

* Of this, fee the preparation, chap. xii. T. .
« with
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with ingredients of an uniform degree of
firength.

“ In purfuing this obje&, it has been thought
neceffary to divide all the colours of which
wool can be dyed, whether in grain or other-
wife, into three claffes, and to determine the
ingredients to be employed as proofs of the
colours comprehended in each.

« The colours of the firft clafs, are to be

« proved by roman alum; thofe of the fecond,

«
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by white foap; and thofe of the third, by red
tartar.

¢« But it is not fufficient, with a view of
afcertaining the goodnefs of a colour by a
proof, to employ for that purpofe, ingredients
of an uniform power; it is likewife neceflary
that the duration of the operation, and even
the quantity of liquor fhould be fixed; for
a greater or lefs quantity of water, confiderably
diminithes or increafes the aftivity of the in-
gredients. The procefles for different proofs,
fhall be what the following articles direét.

ARTICLE I

“ The proof with roman alum fhall be as

follows :
« A pint
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« A pint of water with half an ounce of alum,
muft be put into a pan or other earthen vef-
fcl, which is to be placed on the fire, and
when the water boils brifkly, the wool to be
proved muft be put into it, and left to boil
for five minutes ; after which it is to be taken
out and wafhed in cold water: thc weight of
the pattern fhould be about a dram.

ARTICLE |IIL

“ When feveral patterns are to be proved at
the fame time, the quantity of alum and
water muft be double or even triple, which
will produce no change in the power or ef-
fe& of the proof, provided the proportion of
alum and water be obferved; fo that there
be always half an ounce of alum to each pint
of water.

ARTICLE IIL

* The proof ‘with white  foap fhall be as
follows :

“ Two drams of white foap, cut into fmall
pieces, muft be put into a pint of watcr,
and when the veflel is fet on the firc, the

water muft be ftirred about with a ftick, in
3 “ order



198 ELEMENTS OF THE

« order to make the foap diffolve; when it is
“ diffolved, and the water boils brifkly, the
“ pattern of wool is to be put in, which muft
“ likcwife be boiled for five minutes, reckon-
“ ing from the time of putting it in, which
“ muft not be till the water thoroughly boils.

ARTICLE V.

“ When feveral patterns of wool are to be
“ proved together, the method prefcribed
« Art. II. muft be obferved; that is to fay,
“ to each pint of water, two drams of foap
“ muft always be added.

ARTICLE VL

“ The proof with red tartar, is to be made
« precifely in the fame way, and with the fame
“ quantities and proportions, as the proof with
“ alum; taking care, however, to powder the
« tartar well, before it is put into the water,
“ that it may be entirely diffolved before the

“ pattern of wool is put in.

ARTICLE VIL

« The following colours muft be proved

“ with roman alum, viz. crimfons of all
« {hades,
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¢ fhades, venetian fcarlet, flame-coloured fcar-
“ let, cherry-coloured and other thades of fcar-
« let, violets and gridelins, gris de lin, of all
« fhades, purples, pinks (/angonfles) jujubes,
« pomecgranate flower, blucs, flate grays (ar-
“ doifés) lavender grays (lavandés) wiolents,
“ vineux, &c.

ARTICLE VIIIL

« If, contrary to the regulations refpcfling
« dyes, any ingredients for mock colours fhall
“ be employed in dying finc wools of a crimfon,
“ the deccption will be eafily difcovered by the
“ alum proof, which only deepens the fine
“ crimfon, that 1s, givesit a gridelin tinge,
“ while it deftroys the lighter fhades of the
« falfe crimfon; fo that this proof diftinguifhes
“ with certainty, the mock irom the true crim-
“ fon.

ARTICLE IX

“ The kermes or grain fcarlet, commonly
“ called venetian fearlet, is not at all injured
“ by this proof; it deepens the flamc-co-
“ Joured or cochineal fcarlet to a purple,

« and makes the low fhades more intenfe,
({1 ro
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fo that they acquire a gridelin tinge. It
almoft entirely deftroys the falfe brafil fcar-
let, and reduces it to a colour refembling

-the outer coat of an onion: on the deep

fhades of this falfe colour, it produces a ftill
more {enfible effeét.

“ The fame proof almoft entirely deftroys
all the fhades of the fcarlet dyed with dourre.

ARTICLE X

“ Although violet is not a fimple colour, but
is made up of fhades of blue and red, it ne-
verthelels is fo important a colour, that it
deferves a particular examination. The
roman alum proof produces fcarce any cf-
fc€t on the fine violet, while it very much
injures the falfe; but it is neceflary to ob-
ferve, that it does not always difcharge the
colour of the falfe violet in an equal degree,
becaufe fometimes that colour has becn pre-
pared by a ground of paftel or indigo, and
this ground being a ftanding dye, is not re-
moved by the proof; the rednefs however is
cffaced, the brown fhades become almoft
blue, and the pale fhades of a difagreeable
colour refembling wine lees.

ARTICLE



<€

«

[ {4

€«

€«

€«

€«

ART OF DYEING. 201

ARTICLE XI.

« With regard to the half grain violets, pro-
hibited by the prefent regulation, they are to
be clafled with the falfe violets, and are
equally incapable of refifting the proof,

ARTICLE XIL

«“ The good gridelins may be diftin-
guithed from the bad in the fame manner,
but the difference is flight; the former only
lofe a little lefs than thofe dyed of a mock
colour.

ARTICLE XIIL

“ The good purples ftand the proof by alum
perfetly, whereas the bad lofe the greateft
part of their colour.

ARTICLE XIV.

« The colours of langoufte (piuks) jujubes,

« pomegranate flowers, will incline to purple
« after the proof, if they have been dyed with
« cochineal, but will grow confiderably paler, if

« fultic,
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« fufhc, the ufe of which is forbldden, has
“ been employed.

ARTICLE XV.

“ Good blues, whéther dyed with paftel or
« with indigo, lofe nonc of their colour, while
« the mock colour is in a great meafure dif-
“ charged.

ARTICLE XVIL

« Slate grays (ardoifés) lavender grays (la-
“ wendés) violents, vineux, lofe almoft the whole
« of their colour, when of the mock kind;
“ but remain perfeétly unchanged when good.

ARTICLE XVIL

“ The following colours are to be proved
« with white foap; viz. yellows, jonquilles,
“ lemon and orange colours, and all thofe
“ fhades that incline to yellow; all the fhades
“ of green from the yellow green (pomona
“ green) verd naiffant to cabbage and parrot
“ green (verd de perroquet) madder reds, cinna-
“ mon, and fnuff colours, and the like,

ARTICLE
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ARTICLE XVIIL

« This proof fhews perfeflly, whether yel-
« Jows and the fhades allied to them, are true
« or mock colours, for it carries off moft of
« their colour when they have been dyed with
« french berries (graine d’Avignon)®, annotta®,
“ turmeric ¢, fultick (fufles) °, or faffran, the ufe
« of which for true colours is prohibited ; but
« it does not change the yellows dyed with
« faw-wort (fareite)", dyers broom (gencfirolle)*,
“ bois jaune , weld (gaude) ', and fenugreek®.

ARTICLE XIX.

« The fame proof will alfo difcover com-
« pletely the goodnefs of greens, for the mock
« ones lofe almoft the whole of their colour,
“ or become blue, if they have had a ground
« of indigo or paftel ; but thofe of the true
« kind lofe fcarce any of the colour, and re-

“ main green.

b Rhamaus infeftorins.swrc Bixa orellana.—¢ Curcu~
ma longa,——-* According to the suthor, Rhus Cotinus,
vide notes to pages 268 and 281, Vol, IL——* Serratula
tin@oria,———s Genifta tinRorias—s? Morus tinftoria.
Called by our botanifts and dyjrs fufic——' Refeda lutcola.
=—>* Trigonella fenygrecunk T,

Vor. I. . R ARTICLE
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ARTICLE XX.

¢ Pure maddcr reds do not lofe any of their
colour by the proof with foap, which even
renders them more beautiful ; butif brafil-
wood has been mixed with it, they lofe co-
lour in proportion to the quantity of it which
has been employed.

ARTICLE XXI

s Cinnamons, fnuff colours, and others of
the fame kind, are fcarcely affcled by this
proof, when good, but lofe much of their
colour, if annotto, fuflic, or fonte de dourre,
have been employed.

‘ ARTICLE XXII

« The proof by alum' can be of no ufe and
may lead to crror with refpeét to many co-
lours of this fecond clafs, for it does not
injure fuftic or annotto, which cannot refift
the aétion of the air, but carries off a part
of the colour of faw-wort and of weld, which
notwithftanding, give very good yellows and
greens.

ARTICLE
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ARTICLE XXIIL

« All fawn and root colours are proved with
red tartar: under this title are included all
thofe colours which do not proceed from
the five primitive colours; they are made
with walnut peels, walnut-tree root, alder?!
bark, fumach or roudoul, fanders and foot;
each of thefe ingredients affords a great num-
ber of different fhades, all of which are com-
prehended in the general name of fawn or
root colour.

ARTICLE XXIV.

“ The ingredients mentioned in the, pre-
ceding article are all good, except fanders
and foot, which are fomewhat inferior, and
which make the wool harfh, when employed
in too large a quantity: all that the proof
therefore can do in thefe cafes, is to fthew
whether they have been overloaded with fan-
ders or foot, for then, they lofe confiderably
by the proof with tartar: and if they have
been dyed with the other ingredients, or
with the addition of a.moderate quantity of
fanders or of foot, they ftand much better.

! Rhamnus frangula. T.
R 2" ARTICLE
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ARTICLE XXV.

“ As black is the only colour which cannot
“ be referred to any of the three claffes above-
“ mentioned, fince it is neceffary to employ
“ a much more ative proof to difcover whether
“ the wool has had a deep blue ground, agree-
“ ably to the rcgulations, the proof is to be
“ madc in the following manner: an ounce of
“ roman alum, and as much red tartar, in the
“ form of powdcr, are to be put into a pound
“ or pint of water, and . the whole made to
“ boil, the pattern of wool is to be put in,
‘¢ and a brifk cbullition continued for a quarter
“ of an hour, it is then to be wafhed in cold
“ water, when it will be eafy to difcern whether
“ it has had the proper blue ground, for if-fo,
« the wool will remain of a blue colour ap-
« proaching to black, but if otherwife, it will
“ become very gray.

ARTICLE XXVIL

“ As it is cuftomary’in fome cafes to brown
# colours with galls and copperas, and as this
% operation called browning, &runiture, which
“ ought to be permitted in dyeing durable co-
« lours, may producc particular effefs in the

« proofs of thefe colours; it is to be ob-
¢« ferved
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“ ferved that though after the boiling, the li-
“ quor fhould appear loaded with the dye,
“ from its having carried off the browning, the
“ wool is neverthelefs to be confidered as dyed
« properly, if it has retained its body ; if on
“ the contrary, it lofes its body, or its ground
« of colour, it muft be declared a mock co-
 lour.

ARTICLE XXVIIL

« Although the browning with galls and cop-
“« peras is of a durable nature, yet as it com-
* monly renders the wool harfh, it is proper
“ rather to employ as much as poffible the ufe
¢ of the indigo or paftel vat.

ARTICLE XXVIIL

« The common grays dyed with galls and
« copperas ought not to be fubmitted to any
“ tri.l by proofs, becaufe they are true co-
“ lours, and cannot be dyed otherwife; but
“ care muft be taken to gall them firft, and to
“ add the copperas to a fecond bath not nearly
“ fo hot as the former, becaufe in this way, they
« are rendered more beautiful and more fixed
“ affurés.”

R 3 SECTION
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SECTION Il

Of Chemical Agents employed in Dyeing,

CHAPTER I
Of Acids,

ACI—D S are known by their fharp tafte, by
their reddening the blue colour of fome
vegetables, fuch as that of turnfole, and fyrup
of violets, and by the effervefcence they occa-
fion when mixed with calcareous earth apd
alkalis not in a cauftic ftate,

A great number of acids are already known,
and probably many more will be difcovered by
chemifts, but we thall f{peak only of thofe
which are ufed in dyeing, and we fhall defcribe
only thofe properties, which it is neceflary to
know, in order to appreciate their altion or di-
re€t their ufe in this art.

ARTICLE 1L
Of the Sulpburic or Vitridlic' Acid,

THE pure fulphuric acid is without fmell,
without colour, tranfparent like water, and has
' an
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an un@uofity refembling oil, when it is concen-
trated ; whence it has the name of oll of vitriol,
an appellation which might lead to fome mif-
chievous miftakes refpeling its nature.

This acid was formerly obtained from the
fulphat of iron, or vitriol of iron, by diftilling
it with a ftrong fire, whence it had the name of
vitriolic acid ; but at prefent, almoft all that is-
ufed in the arts, is obtained from fulphur by a
much lefs expenfive procefs. This acid is the
refiilt of the combuftion of fulphur, which, while
it burns, is combined with the bafe of vital air
or oxygen, which exifts in atmofpheric air, and
in nitre, of which laft a certain quantity is added
to the fulphur *. The mixture of fulphur and
nitre is inflamed, and the vapours are received
in a chamber, the infide of which is lined with
Icad, and the bottom of which is covered with
water; the vapours which are colleted, and
unite with the water, form fulphuric acid, which
is to be confidered as fulphur completely burned.

The fulphuric acid, on being taken from the
leaded chamber, is not in a concentrated flate,
but-js.mixed with a certain fuperabundance of

* Mr. de Morvean has pointed out a procefs in which
nitre is difpenfed with (Encyclop. pag. 859.); and it ap-
pears that a-fimilar procefs is in ufe in England. Journal
de Phyf, Septembre 1790,

R 4 water,
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water, and it has the fmell of the fulphureous
acid, which differs from fulphuric acid in not
.being faturated with oxygen ; it contains like-
wife a little nitrous acid, which comes from
the nitre which had been mixed with the ful-
phur. If it be expofed for fome time to the
air, the fmell of the fulphureous acid is diffi-
pated ; but to remove this fmell, and a part
of its water at the fame time, it is evaporated
in open veflels. '

A very fmall quantity of vegetable or animal
fubftance gives the acid a brown colour, and
what is met with in the market, is never quite
limpid ; but it may be made fo, by boiling it
a little while in a retort. By this operation,
we take away at the fame time a portion of
pitrous acid, which is met with in the common
fulphuric acid, and a portion of water; it
becomes colourlefs and tranfparent, and the
concentration is proportioned to the quantity
of water that has been diftilled from it. If
we with to have it perfeftly pure, it is ne-
ceflary, after having feparated the firft portion
which is weakly acid, to continue the diftillation
to drynefs, when there remains a little alkali,
which came from the nitre, apd which is ynited
with an excefs of fulphuric acid, 2 combination
known by the name of acidulated fulphat of

pot-afb ;
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pot-afb ; there is often found likewife a little
fulphat of lead.

For this reftification we ought-to choole a
low necked retort, and to fix it well in the
furnace, that the motion which the ebullition
of the acid occafions, may not break it. If
this accident fhould take place, it is proper to
withdraw ourfelves to a diftance quickly, in
order to avoid the fulphurcous vapours which
are evolved in abundance, when the acid falls
upon the burning coals.

The fulphuric accid attrafts ftrongly the
humidity of the air, and to preferve it in a
concentrated ftate, it muft be kept in veffels of
glafs clofely ftopped.

When it is mixed with water, a great degree
of heat is produced, fo that the mixture muft
be made gradually, left the veflel fhould break.
To make the mixture complete, it is neceffary
that the liquor be well flirred with a glafs
rod, for notwiftanding the ftrong attra&ion
of this acid for water, the difference in the
fpecific gravity of the two fluids, is an obftacle
to their mixture,

The fulphuric acid highly concentrated, has
a fpecific gravity nearly double that of diftilled
water. When it is weak, that is, diluted with

a good
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a good deal of water, the fallacious name of
[pirit of wilriol is given to it.

In order to obtain uniform refults, it is
right to employ for the fame operations, ful-
phuric acid of the fame degree of toncentra-
tion. Its fpecific gravity may be afcertained
by the arcometer of Farhenheit, but it is more
expeditious, and it is fufficient to employ that
of -Mr. Baumé, which is fo well known.

The acid is to be put into a cylinder of
glafs, and the arcometer for falts is to be im-
merfed in it ; the heavier the liquor is, the lefs
is the areometer immerfed, and the degree of
the fcale even with the furface of .the liquor,
points out the degree of concentration. Sixty-
eight degrees of this areometer point out a
highly concentrated fulphuric acid ®.

Hitherto we have uled the fulphuric acid in
dyeing, only to diffolve indigo, and for this
purpofe, a very concentrated and pure acid is
required ; but a good deal is employed to
prepare cotton ftuffs for printing, and in the
bleaching of linen and thread, either by the

 This degree, cftimated by one of thofe inftruments
which I got from France, but the accuracy of which I
cannot anfwer for, correlponds to 1,840, the fpecific gravity
of diftilled water being taken as 1000, T.

3 oxygenated
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oxygenated muriatic acid, or by expofure on
the grafs. It has not been yet ufed in France
for this laft purpofe, though it has in England
a long time, according to Dr. Home ; -and the
cxperiments which have been made in bleach-
ing by the oxygenated ‘muriatic acid, ‘prove
that it may be fubflituted for-four milk, which
is ufually employed'in this country.

For thefe laft purpofes, a very concentrated
fulphuric acid-is'not required ; if then, we are
in the neighbourhood of a manufafture of
fulphuric acid, it is more advantageous to buy
it before it has been concentrated, and to fave
the expence of this operation; but -if at a
diftance from fuch a manufatture, it may be
more advantageous, by leffening the expence
of carriage, to purchafe it in a concentrated
ftate.

Sulphuric acid forms different compoungs
with alkalis, earths, and metallic fubftancas.
In order to point out the acid principle in
théefe compounds, the name of fulphats is
given to thém; thus the combination of’the
vegetable alkali or pet-ath, is called fulphat
of pot-afh. We fhall hereafier treat particu-
larly of the fulphats which are ufed in dyeing ;
at prefent we fhall mention two, the names of
which fometimes occur in works on that art.

The
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The fulphat of pot-afh or vitriolated tartar,
has a bitter and biting tafte : it requires fixteen
parts of watcr-at fixty degrees of Farhenheit to
.diffolve it: it is contained in the afhes of
many vegetables. Hellot confidered it from
its fmall folubility, as proper for fixing colours
in the pores of cloth; but this opinion is
unfounded. It has little aftion upon the
colouring particles.

_Sulphat of foda or Glauber’s falt, is much
mare foluble than the former; it cflorefces,
that is, it parts with its water of cryftallization
to the air, and affumcs the appearance of flour.
It is found naturally in fome "fubterraneous
places, and in fome waters, fo that it is ob-
.tained from the refidua of the waters, which
are evaporated in the falt works of Lorrain.
It is this falt which is ufually fold under the
name of falt of Epfom; but Epfom falt is
fulphat of magnefia and not of foda.

The fulphat of lime, or the combination of
lime with fulphuric acid, abounds in nature.
It is this which forms gypfum, or plafter of
Paris. It requires near five hundred times its
weight of watcr to diffolve it, at twelve degrees
of Reaumur (59 Farhenheit).

ARTICLE
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ARTICLE -IL
Of Nitrous Acid.

CHEMISTS have given different names
to this acid, according to the proceflcs by
which it is obtained from nitre; they have
called what is obtained from a mixture of nitre
and clay, aqua fortis; what is obtained by
diftilling nitre with fulphat of iron, Jpirit of
nitre ; and what is procurcd from a mixturc of
nitre and fulphuric acid, fmoking nitrous acid.
Thefe diftinftions are not made in trade, and
the name of aqua fortis is cqually given to this
acid by whatever procefs it has becn made.
In faft, it is always the fame acid, and it
differs only in its concentration and in its
colour ; fometimes it is pale, fometimes red and
fmoking : it owes its colour and property of
fmoking to nitrous gas, which it holds in
folution, as we fhall explain hereafter.

If we expofe the reddeft acid to a fufficient
heat, the nitrous gas is feparated, and the acid
becomes pale. It isin this ftatc called #itric
acid, and in its red ftate it is called nitrous

acid.

As
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As there is no great confumption of nitrous
acid in the-art of dyeing, and as this is carried
~on very frequently at a diftance from any

manufaétures of the acid, it may be convenient
and may fave expence, for the dyer to prepare
it himfelf. I fhall on this account defcribe
the procefs for obtaining it from nitre, by
means of the fulphurie acid.

We powder pure nitre, called nitre of the
third boiling, becaufe it is the refult of the
third cryftallization ; we put it with half its
weight of ftrong fulphuric acid into a retort,
which is chofen of fuch a fize, that it fhall be
only half filled, fo that the matter during its
liubbling, may not be forced into the recciver ;
we fix to the neck of the retort a bent tube,
the orifice of which, is large enough to admit
the neck of the retort; we introduce the
cxtremity of this tube, which fhould have a
much {maller diameter, through a cork, into a
receiver with two necks ; to the other neck of
the receiver, we fix a tube which is to be
immerfed in a little water contained in a ma-
trafs, which is to ferve as a fecond rcceiver.
The joints of the retort with the firft tube,
and of the firft recciver, fhould be fmecared
and carefully ftopped with a greafy lute, com-

pofed of white clay and linfeed oil, which has
been
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been boiled with a little litharge (this lute
fhould be beaten for a long time in a mortar,
to render it pliant and duflile) and then co-
vered with flips of linen foaked in white of
cgg, and fprinkled with powdered lime. It
is advantageous to ufe a tubulated retort, and
to have the whole apparatus prepared, before
the fulphuric acid is introduced by the opcning
in the upper part of the resort.

The fecond receiver fhould have a free
communication with the air, in order that the
vapours, which could not be condenfed in the
water, may efcape. The quantity of water put
into the fecond receiver, fhould be propor-
tioned to the quantity of acid we are preparing.
The fire fhould be kept very low at the begin-
ning, and increafed flowly toward the end of
the operation. The acid obtained in the firft
receiver is highly concentrated; that in the
fecond, is weakened by the water in which the
acid vapours are condenfed. The colour of
the latter is green or blue:. thefe colours are
owing to the nitrous gas, and-their difference
depends upon the proportion of water; fo
that if a little water be added to what is green,
it turns it blue; if the gas be expelled by
heat, the liquor becomes pale. The acid in
the fecond receiver is always pure; but that

: in
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in the firft fometimes contains fome f{ulphuri¢
acid, which may happen when the fire has not
been kept fufficiently low at the beginning of
the operation; for I have. frequently found
that when the fire has been carefully regulated,
the acid has been perfeétly pure.

It is of importance to examine the nitric
acid prepared for fale, becaufe it often contains
a confiderable quantity of fulphuric acid, either
from the diftillation having been conduéted
carelefsly, or from its having been added pur-
pofely, to increafe the fpecific gravity of the
nitrous acid. The examination is made by
diluting a fmall quantity of it with diftilled
water, and adding a little of the folution of
barytes or heavy earth in nitric acid. If any
fulphuric acid is contained, a precipitation
takes place, becaufe the fulphuric acid feparates
the barytes from the nitric acid, andforms
with it an infoluble compound. “The nitrit acid
may alfo contain muriatic acid, from the com-
mon falt which is often met with in nitre. This -
mixture is not injurious in any of the operations
of dyeing; if, however, we wifh to know,
whether it exifts or not, the nitric acid is to be
diluted with diftilled water, and a little of the
folution of filver in nitric acid added ; if there

be any muriatic acid, a precipitate is let fall.
In
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In order to free nitric acid from fulphuric
acid, it may be rediftilled from a little nitre,
or from a folution of lead: the latter method
alfo purifies it from muriatic acid.

The nitric acid may be employed for many
metallic folutions, the ufé of which, as mor+
dants, may bec various; but it is principally
.employed for making aqua regia, or the nitro-

" muriatic acid, wlzich will be treated of in a fe-
parate article.

It is neceflary, in order to underftand a
grcat varicty of phenomena, that we fhould
form a juft idea of the nature of nitric acid,
and of its aftion upon other fubftances.

The nitric acid is compofed of two fubftances,
which, when feparate, afflume an claftic, aeri-
form, or gafcous ftate; they are the two gafes
which conftitute our atmofphere. One is in-
capable of fupporting life and combuftion; this
is the azotic gas or pblogifiicated arr ; the other
alone ferves combuftion, is the principal fource
of the light atforded by it, and maintains, in
a remarkable dcgree, the life -of animals that
breathe 1t, whence it is called wrtal air; it
is alfo called oxygenous gas, becaufe when it
becomes fixed in many fubftances, it communis
cates to them acid properties.

Vor. I, $

Azot



220 ELEMENTS OF THL

Azot and oxygen which have loft their
elafticity, and which are combined in favour-
.able circumftances, form the nitric acid; but
thefe two fubftances may unite in various pro-
portions, and upon thefe proportions depend
the different ftates in which the acid is ob-
ferved.

Azot completely faturated with oxygen, forms
a colourlefs nitric acid ; the azot is then in the
proportion of ahout a fifth part of the weight
of the oxygen ; if the proportion of the azot
be much greater, and nearly equal to that of the
oxygen, nitrous gas is formed, which by itfelf,
is in an elaftic ftate, but which may be diffolved
in large quantity in the nitric acid; this is the
gas, which, by its folution, gives to the acid a
colour of any fhade from pale ycllow to
deep red, and changing into green and blue by
the addition of water; this gas attempting to
efcape and to combine with the air of the at-
mofphere, produces the red vapours of the ni-
trous acid.

The nitric acid fomctimes enters into combi-
nation without being decompofed ; this is the
cafe, when it-unites with alkalis and fome earths;
fometimes it is decompofed, becaufe the oxygen
is taken from it by another fubftance : this hap-
pens with metallic folutions = if the metal afts

ftrongly
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ftrongly upon the oxygen, it takes up the whole
of it, and azot is feparated by itfelf, in the form
of gas ; but commonly it takes only a part of the
oxygen, and the other part forms the combina-
tion which efcapes in the ftate of nitrous gas.
hence ariles the effervefcence which the nitrous
acid produces with mectals.

In like manner the nitrous acid may aét
mercly like an acid upon colouring fubftances,
without undergoing any decompofition ; but a
part of the oxygen is taken from it fooner or
later by thefe fubftances, and they then undergo
changes, analogous to thofe which they would
fuffer in combining with the oxygen of the at-
mofphere, and which are the refult of a true
combuftion.

We fhould guard againit the prejudices
which have prevailed, refpeting the vapours
which are feparated by metals from the nitric
acid, and the ftrength of this acid when it has
become fmoking. It is eafy to make it fmoke,
by adding a little iron, or any thing that can
furnifh nitrous gas ; it muft have indeed a cer-
tain degree of firength, to become fmoking,
but, at the fame time, it may be very concen-
trated, and have no colour.

The nitrat of pot-afh is, as its name exprefles,

a combination of mitric acid with pot-afh. This
S 2 falt
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falt is. obtained from old mortar and artificial’
mixtures of rubbifh, in which it is formed by
the coneurrence of atmofpheric air. It has little
aftion upon colouring fubftances; neverthelefs,
it renders their colours a little more clear and
lively.

The nitrat of lime and that of magnefia are
among the falts of earthy bafis, which are found
in many waters, and, like thofe waters, tend to
give a deeper fhade to many colours.

ARTIECLE IIL

Of the Muriatic or Marine Acid.

THIS acid is eommonly known under the
namc of marine acid, or fpirit of falt; it hasa
peculiar fmell, refembling that of faffron; when
it is concentrated, it gives out white vapours to
the air, which are produced by the combina-
tion of this acid, with the water which is caon-
tained in the atmofphere.  When it is faturated
with water, it ceafes to afford vapours; it has
ufually a yellow colour, but this is derived from
a little iron ; when it is quite pure, it is colour-
lefs as water.

This acid is obtained for cemmerce, by di-
Rilling fea falt with clay; bntit is then always.

weak.
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weak. It is obtained likewife by diftilling fea
falt with fulphuricacid. As it fetches fo high a
price in France, that a great part of that which
is fold at Paris, and even fent to Lyons, comes
from England; and, as we may be often at a
confiderable diftance from the places in which
it is prepared, 1 fhall defcribe a method by
which it may be advantageoufly obtained.

This procefs is very fimilar to that which
has been defcribed for obtaining the nitric
acid. I fhall content myfelf with pointing
cout the differences.

The retort to be made ufe of, fhould be
tubulated. The falt is introduced into it, and
afterwards half its weight of fulphuric acid.
The upper opening fhould be flopped quickly ;
the reft of the apparatus fhould be prepared
before. It confifts of two bottles, into which
a quantity of water; equal in weight to that
of the falt employed, is put ; but as the vapour
which is feparated, is very mifcible with water,
a vacuum is very apt to be formed, which
occafions the liquor of the fecond, to pafs
into the firft, and from this into the retort.
To avoid thefe inconveniences, the firft bottle
fhould be furnithed with a tube of fafeguard,
invented by Mr. Welter. This is a tube of
glals of two or three lines diameter, one ex-

S 3 tremity
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tremity of which reaches to the furface of the
water which has been put into the bottle, and
 the other communicates with the atmofphere.
This tube is introduced by a feparate opening,
or flill better, by onc of the corks through
which the tub. of communication paffes.

If a vacuum be formed, the atmofpheric
air gets into the bottle ; but while the vapour
is feparatcd, and preffes upon the liquor, this
is raifed in the tube, until the weight of the
column counterbalances the preflure of the
vapour . It fhould be carefully luted, becaufe
the vapours of muriatic acid are very penc-
trating, and when they have made a paffage
through the lute, it is very difficult to flop
it. If however this accident happens, the beft
mecthod of remedying it, is to rub the place
where the acid iffues with alkali, in order to
faturate the acid, and to apply lute to it imme-
diately. We fhould wait till the effervefcence
produced by adding the fulphuric acid be over,
before we put fire underneath the retort, which
fhould be placed in a fand bath, and the fire
fhould be kept very low, clpecially at the
beginning of the operation.

The acjd in the firft bottle is very concen.
trated and fmoking. It fometimes contains

¢ Ann, de Chym, tom, ii. .
fulphuric
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fulphuric acid, which is difcovered by diluting
it with diftilled water, and adding a little of
the folution of barytes, which produces a pre-
cipitation. If we mean to purify it, it fhould
be rediftilled from a little common falt.

The acid of the fecond bottle is much lefs
ftrong ; il it be too weak for the purpofes it
is intended for, it may be ufed inftead of water
for a fecond diftillation : it has the advantage
however, of heing pure.

Muriatic acid may be employed for various
mctallic folutions, which may be ufed as mor-
dants ; thus the folution of tin or the muriat
of tin, may be ufeful on many occafions. In
order to prepare this falt, tin fhould be dif-
folved by the affiftance of heat, in a ftrong
muriatic acid, and the liquor fhould be evapo-
rated till all the falt which will cryftallize is
feparated. Mr. Baumé relates that he has
prepared large quantities of this falt for print-
ing linens. I do not believe that it is at prefent
employed for that purpofe. The muriat of
lime, and that of magnefia, aéts upon colouring
fubftances, as other falts of earthy bafis.

The muriat of foda or common falt, which
is obtained from fea and other falt water, has
a remarkable aftion upon colourflg bodies ;

S 4 in
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in general, it tends to deepen their fhade and
to render them more fixe:i.

Sal gem is the common falt obtained from
mines which are found in the bofom of the
earth.

Muriat of ammoniac or fal ammoniac, is
eompofed of muriatic acid and ammoniac or
volatile ali.ali. A great quantity of this falt
is brought from Egypt, where it is prepared ;
it is manufattured likewife in many parts of
Europe. That which comes from Egypt is
darker than what is made in Europe, and it is
foiled with foot, fo that it is lefs pure, and
confcquently lefs fit for dycing. Neverthelels
many artifts prefer it.  Sal ammoniac diffolves
eafily in water, and cryftallizes by evaporation,
in quadrangular prifms terminated by quadran-
gular pyramids. Thefe cryftals have a flexi-
bility, which enables them to bend in any
diretion without breaking. Sal ammoniac
renders colours in general deeper and more
faturated.

Mercurial muriat or corrofive fublimate, is
the compound of muriatic acid with mercury,
containing a great quantity of oxygen. This
preparation is made by various praceffcs,
which all @gree in combining mcrcury with
oxygen, and uniting it in this ftate with muri-

atic
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atic acid. This falt aéls upon many colours,
rendering them deeper, more dufky, and more
fixed. |

It may be confidered as a general property
of muriatic falts, to render colours deeper and
more fixed,

ARTICLE 1IV.

Of Oxygenated Muriatic Acid,

THE muriatic acid affumes entirely new
properties when it is combined with oxygen :
its tafte is rough, inftecad of being acid; its
finell is very penetrating; it lofes with diffi-
culty its ftate of gas, and does not combine
rcadily with water: when water is faturated
with it at a low temperature, it becomes folid,
It has a powerful aftion upon colours, but
different from that of acids. It at length
deftroys them.

We may eafily fatisfy ourfelves that thefe
new propertics depend upon the oxygen or
bafe of vital air, by cxpofing a phial filled
with this liquor, to the light of the fun, fur.
nifhed with a bent tube, which paffes under an

inverted jar filled with water. For we fee
{mall
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fmall bubbles ifluing from all parts of the
liquor, and colle&ing in the jar; and if this
gas be examined, it is found to be vital air,
or oxygenous gas, and the liquor which remains
in the phial is common muriatic acid.

I have defcribed ¢ the procefs by which
great quantities of oxygenated muriatic acid,
for bleaching thread and linen cloth, are pre-
pared, as well as the operations employed in
the bleaching ; but there are cafes in which
this acid may be ufeful in dyeing, and it may
be forefeen, that the application of this power-
ful agent will become more general. 1 fhall
therefore defcribe the procefs, by which a
fmall quantity of this acid may be obtained,
and where we do not mean to ufe the apparatus
which is cmployed in preparing it for com-
merce, a defcription of which is found in the
Annales de Chymie.

A retort with a bent ncck, or which has a
bent tube fixed to it, muft be fitted to a bottle
with three openings, to one of which the tube
of fafeguard already defcribed, muft be fixed,
and immerfed in a litle water. In addition
to the firlt, which fhould be fmall, three more
battles fhould be employed, which fhould ftand
one bchind another and communicate by tubes ;

4 Ann, de Chym. tom. {i.
each
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each tube of communication fhould open into
the upper part of the bottle which precedes it,
and into the middle of the bottle which follows
it ; the threce laft bottles thould be almott filled
with water, and have each a tube of fafeguard,
except the laft, which ought to have a free
communication with the air.

The rctort fhould. be tubulated ; or inftead
of a tubulated retort, a matrals may be em-
ployed, which is made to communicate by a
tubc with the firft bottle.  All the tubes thould
communicate in the infide of the veflels by
ftoppers of cork, which fit well, and which
fhould be covered very carefully with a greafy
lute, or with one f{till more convenient, which
is compoled of equal parts of linfeed meal, and
almond paftc (pate d’amende) to which a proper
confiftence is given by ftarch. We may fee if
the gas has got iffuc, by prefenting the mouth
of a phial filled with ammoniac to the dif-
fercnt parts which are luted ; for if any vapours
efcape, a white cloud is formed.

When the apparatus is prepared, we introduce
into the retort by its fuperior opening, or into
the matrafs, five ounccs of fea falt, and an ounce
and half of oxyd of manganefe powdered, and
well mixed with the fea falt ; we then add four
ounces of concentrated fulphuric acid, pre-

vioufly
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vioufly mixed with an equal quantity of water;
for this quantity of ingredients the three bottles
- fhould contain from twelve to fixteen pints
of water (about fixteen quarts Englith).

At the beginning, the fire for the diftillation
fhould be very low, and it thould be increafed
flowly ; towards the end of the procefs the
liquor fhould hoil. We know when the opera-
tion is nearly finifhed by the degree of heat com-
‘municated to the firft matrafs, which is intended
to receive the unoxygenated muriatic acid.

The liquor which is in the firft of the large
bottles, is of a yellow green colour, it is
much ftronger than that in the fecond bottle ;
that in the third is very weak. The mixture
of the three liquors is fufficiently ftrong for
moft operations. It fhould be kept in a bottle
well fiopped, and not expofed to the rays of
the fun.

The apparatus I have defcribed, as well as
that I have propofed for operations on a large
fcale, may be executed in different ways:
the chief objett is to facilitate the combina-
tion of the difengaged gas with the water,
by extenfion of furface, by preffure, and even
by agitation,

The oxygenated muriatic acid, as has been
already explained, may.be einployed as a teft

2 of
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of the durability of colours, and for comparing
the goodnefs of colouring fubftances of the
fame kind. It is ufed for whitening the
ground of fome printed linens; it may be
ufed to deftroy the colours of pieces which
have fuffered fomec accident in dyeing, or
which have been fpoiled by keeping, and thus
fit them for recciving a new dye ; but it leaves
a yellow colour in wool and filk. Linens are
completely whitened by it, unlefs iron entered
the compofition of the mordant ufed in dyeing
them; in which cafe they fhould be paffed
through water acidulated by fulphuric acid. If
the colouring particles have not been entirely
removed, a weak ley will diffolve them.

. Some perfons ufe the oxygenated muriaticacid
to brighten feveral colours, and to render them
clear. I do not know exattly their method ;
I only know that it is often ufeful in this cafe
to employ oxygenated muriatic_acid united to
pot-afh. To obtain this fpecies of combination,
from four to five ounces of common pot-afh.
fhould be diffolved in a pound of water, and
only the bottle which contains this folution
is to be placed after the matrafs intended to
receive the acid wkich is not oxygenated ; the
alkali renders the abforption of the gas eafy.

ARTICLE
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ARTICLE V.

Qf Aqua Regia, or the Nitro-muriatic Acid.

THIS compound acid has received the
name of aqua regia, becaufe it poffefles the
property of diffolving gold, by fome ftyled the
king of mectals: but with regard to its nature,
we ought to confider it as a mixture of the
muriatic and nitric acids, which combine their
powers to produce folutions, that {cparatcly
they were unable to cffe@. Their mode of
aftion I have clfewhere explained °.

The nitro-muriatic acid may be prepared
either by fimply mixing together nitric acid
and muriatic acid, or by diffolving ammoniacal
muriat, or muriat of foda, in nitric acid. We
might make ufc of other falts, nitre, or nitrat
of pot-afh, for inftance, diffolved in muriatic
acid, and employ many other proceffes, which
it would be fuperfluous to mention.

We fhall examine the nitro-muriatic acid
chicfly with refpe& to the folution of tin, as
that is the principal ufe made of it in dycing.

¢ Mem, de l'acad. 1783,
The
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"The dyers do not all prepare the folution of
tin, to which they give the name of compo-
fition, in the fame way : every one has his re-
ceipt. The effefts produced by the folution,
however, are different, according to the man-
ner in which it is prepared: it is of fpecial
confcquence therefore, that the fame artift pre-
pare it always in the fame manner, in order
to obtain uniform effefts, his obfervations on
which, may ferve to guide him in his fubfe-
quent operations.

Several dyers ufe merely the common aqua
fortis of the fhops, which is a kind of nitro-
muriatic acid; as it is prepared from an im-
pure nitre, which is mixed with a greater or
lefs quantity of marine falt: this quantity, how-
ever, being various, and the concentration of
the aqua fortis alfo fubjeét to great variation,
its effefts muft be uncertain.

Pure nitric acid attacks tin with violence,
and reduces it to an oxyd or calx, of which
little remains diflolved; fo that, if the aqua
fortis fhould happen to be pure, the folution
made with it would not be fit for ufe. Yet
Mr. Vogler afferts f, that the nitric acid is the
beft folvent of tin. Suppofing him to have
emrployed pure nitric acid, I fhould endcavour

€ Crel. chemifch, ann, 1785,
to
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to explain his opinion, which is contrary to the
experience of every cther chemift, by the
.manner in which he treated the tin: this he
reduced into plates, and, by the kind of harden-
ing which he thus gave it, he defended it, as
it were, from thc too violent a&ion of the
nitric acid, and rendered it but little foluble
in the nitro-muriatic acid; for, aceording to
him, the latter diffolves it with difficulty, though
every other chemift has found the contrary.
Mr. Vogler obferved, that his nitric folution
rcadily became a jelly: this is a confiderable
inconvenience; for the greater part of the
jelly is precipitated in water, inftcad of diffolv-
ing in it. The formation of this jclly he pre-
vented, by mixing with the nitric folution from
a tenth to a fifteenth part of muriat of foda,
or ammoniacal muriat diffolved in water: but
he might as well have employed at once the
nitro-muriatic acid, which ealily diffolves the
tin, and is not liable to thofe inconveniences
which occur when we attempt to make the
folution with nitric acid alone.

Hellot took eight ounces of nitric acid, which
he mixed with an equal quantity of filtered wa-
ter. In this mixturc he diflolved gradually
half an once of very whitc fal ammoniac, and

two drams of purc nitr¢, and afterwards half
an
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“an ounce of grain tin. Scheffer diflolved one
part of tin in four parts of nitro-muriatic acide.
Macquer diffolved three parts of tin in eight
parts of nitric acid, with which he mixed one
part of fal ammoniac and fix parts of water.
Mr. Poerner put an ounce and half of fal am-
moniac into a pound of nitric acid mixed with
a pound of water, and in this liquor he dif-
folved two ounces of tin. Mr. Guhliche mixed
a pound of fuming nitrous acid with a pound
of water and two ounces of fal ammoniac, and
this liquor he faturated with as much tin as
it could diffolve, adding it by fmall quantities
at a time®. The proportion of tin in this cafe
was morc confiderable than thofe before men-
tioned. :

It is obvious, that thcfe folutions, which
I have taken only from thofe who have written
on the art of dyeing, muft have very different
properties : in all, there is an effential defeét;
the preparation is not conftantly uniform. To
obviate this, it is indifpenfably neceffary to
employ a pure nitric acid, and to afcertain its
fpccific gravity by means of the areometer.
Aftergmany trials, which it would be ufelefs
to relate, the procefs by which I have obtamned

# Effai fur V'art de la Teinture.
® Vollftindiges Farbe und Blaichbuch, &c, Band. iv.

Vor. 1. T the
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the folution that gave me the moft beautiful
colour with cochincal, both on wool and filk,
and that will alfo keep the longeft without the
formation of a gelatinous precipitate, confifts
in taking nitric acid at thirty degrees?, dif-
folving in it one eighth of its weight of mu-
riat of ammoniac, adding by fmall portions an
cighth of its weight of tin, and afterwards di-
luting the folution with a fourth of its weight
of water.

A pure tin, fuch as that of Malacca, or good
englifh tin, thould be chofen, becaufe the com-
mon tin contains copper and lead, cach of which
is prejudicial to the beauty of the colour. Therc
is fome copper even in the finc englifh tin:
but the common tin fometimes contains near
half its weight of lead, and allo, antimony
and bifmuth *. ‘The tin fhould be grained, by
melting it, and pouring it into water agitated
with a bundle of fmall rods. This operation
ought to be performed cautioufly, to prevent
the tin from fplathing about.

In general a fmall quantity of a blacklfh

i 'This T find by an experiment fimilar to that mentioned
page 212, makes the fpecific gravity of this acid dompared
with diftilled water as 1,240 to 1000. T.

% Recherches fur I’E’tain; par M M. Bayen & Charlard.

{fediment
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fediment is formed, from which it is neceffary
to decant the folution.

The folutions which contain a large propor-
tion of tin arc brown, and give decper and Jefs
bright colours: yet there are cafes in which
they may be found the more ufeful ones. A
folution highly charged with tin, that may be
employed with advantage in certain cafes, may
be procurcd by decompofing in a retort, with
a pretty ftrong heat, muriat of ammoniac,
mixed with an equal weight of oxyd of tin;
the refiduum is to be diflolved, filtered, and
cvaporated till it cryflallizes: thus cryftals of
a triple falt, compofed of muriatic acid, am-
moniac, and oxyd of tin, will bc obtained.
When this falt is ufed, a fmall portion of muri-
atic acid muft be added to the folution, to pre-
vent the precipitation of the oxyd of tin.

'The folution of tin does not affe@t colours
by the proportion of metal it contains merely.
When fal ammoniac, nitre, or marine falt, has
cntered into the compofition of the aqua regia,
the liquor which is fupernatant after the pre-
cipitation of the colouring particles is lefs acid;
than when a mere mixture of nitric and- muri-
atic acids is cmployed.: in the former inftance,
therefore, the liquor has lefs aftion upon the
ftuff, and upon the colour, than in the latter.

' T 2 Hence
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Hence it follows, that when a folution of tin
is to be ufed, with a fubftance, the colour of
which is eafily affefted by acids, as madder or
brafil-wood, we fhould choofe a folution of
tin that would retain little excefs of acid, or
ufe it only for the preparation of the {tuff.

The art of dyeing does not poffefs another
mordant capable of producing fuch advantage-
ous cffefts as the folution of tin. I fhall repeat
the explanation I have given of its propertics
in the firft fe@ion. 1. The oxyd of tin has
a great difpofition to quit its folvent to unite
either with the ftuff, or with the colouring par-
ticles. 2. It gives the colour a white bafis not
liable to alteration. 3. It produces no per-
ecptible combuftion in the colouring particles
moft difpofed to change of huc from that caufe,
as thofc of fumach and galls.

The folution of tin acquires a gelatinous con-
fikence more or lefs readily. When this hap-
pens, the dyers fay, that the compofition has
turned. To avoid it, the preparation fhould
be made but a little while before it is ufed.
When the jelly is only beginning to form, the
folution may.be recovered by adding to it a
folution of marine falt. This inconvenience
arifes from the tin's continuing to oxydate by

means of the oxygen which it attrafts from
the
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the atmofphere, or rcceives from the nitric
acid, whence it becomes infoluble in the acid,
and falls down. Heat favours this effe&; on
which account the folution of tin does not keep
fo long in {ummer as in winter.

Conftant obfervation teaches, that a lefs
lively and agreeable colour is obtained by em-
ploying a folution of tin made with rapidity
and the difengagement of much vapour, than
by ufing a folution made flowly and without
effervefcence. The reafon is, that in the former
cafe, the tin acquires more oxygen, the fuper-
abundant part of which is more difpofed to quit
it, and to occafion a combuftion of the colour-
ing particles. On this account we fhould prefer
frefh folutions, made with caution, to old ones,
however carefully prepared.

Other folutions which may be of ufe in
dycing, arec made with nitro-muriatic acid. De
la Folie has propofed that of bifmuth: and
though he begins to diffolve the metal in nitric
acid, it is a combination of it with the nitro-
muriatic acid which is formed in the procefs,
by means of the marine falt employed. The
folytion in nitrie acid alone could not be made
ufe of, becaufe as foon as it is mixed with water,

the metallic oxyd precipitates, fo that it fepa-
T 3 rates,
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rates, before it is able to unite with the colour-
ing particles.

According to the defcription given by Mr.
Dambournay of th-s procefs, which he has fre-
quently employed !, onepart of bifmuth is to be
diffolved in four parts of nitric acid, this folution
is then thrown into the bath, which contains
tartar, and a folution of marine falt is poured
in at the fame time.

I have found, that, whether the folution of
bifmuth be made immediately in aqua regia, or
‘the folution in nitric acid be mingled with a
folution of marine falt and tartar, a confiderable
precipitate is always formed on mixing it with
water, though lefs than when water is mixed
-with the fimple folution in nitric acid. I have
alfo remarked, that the rrecipitate formed by
this folution with the decoétions of colouring
fubftances had an unequal colour and fpcedily
grew brown.

ARTICLE VL
Of Tartar and fome other Acids,

TARTAR isa falt depofited on tte fides of
cafks, from which it is afterwards feparated. It

1 Regueil de procidés & d’expéiiences fur les Teintures folides,

18
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fs naturaily mixed with implirities, depofited at
the fame time with it; and when it is feparated
from red wine, it retains a confiderable portion
of the colouring matter of the wine, whence it
is diftinguithed by the namc of red tartar.
Tartar is purified at Montpellier and at Ve-
nice, by different procefles. At Montpellier,
it is diffolved in water, and cryftallized by re-
frigeration. The cryftals are boiled in another
veflel, with the addition of five or fix pounds
of white argillaceous carth of murviel to each
quintal, and by cvaporation is obtained the pu-
rified tartar, cream of tartar, acidulous tartar of
pot-afp. The laft of thefe names points out
the nature of the falt, which confifts of a pecu-
liar acid combined in excefs with pot-ath. All
the acid may be feparated from the alkali by
means of lime, which has a greater attration
for it than the alkali has, and forms with it a
{alt fcarcely foluble, whilft the alkali remains
in the liquor. If, inftead of lime, carbonat
of lime be employed, the acidulous tartar will
be deprived only of the excefs of acid, when a
truly neutral falt, rartrite of pot-afb, vegetable
Jalt, may be obtained by cryftallization.
The procefs employed at Venice, confifts,
accarding to the defcription of it given by
T 4 Mry.
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Mr. Defmarets ®, in firft, drying the tartar in
iron pots : fecondly, pounding it, and diffolving
it in hot water ; when, by refrigeration,\cryftals
of a purer tartar are obtained: thirdly, in re-
diffolving thefe cryftals, and clarifying the fo-
lution with whites of eggs and afhes.

In the latter procels, the alkali of the afhes
muft decompofe a portion of the acidulous
tartar; the calcareous earth muft alfo efleét a
decompofition ; and tartrite of pot-afh, or ve-
getable falt, muft be produced at the end of
the evaporation.

The acidulous tartrite of pot-afh, or cream
of tartar, always retains a fmall portion of
calcareous tartrite.

An ounce of water, at ten degrees of Reau-
mur (54 Farh.) diffolves only four grains of this
falt ; but boiling water diflolves much more.

The acidulous tartar of pot-ath, which,
throughout this work, I fhall generally call by
the fimple name of tartar, is much ufed in dye-
ing. It is indifpenfably neceflary to employ
that which is purified, for delicate colours, and
it is beft to ufe it in all cafes. In fome pro-
cefles red tartar has been recommended, on the
fuppofition, that its colour would contribute to
that intended to be given to the fuff; but on

® Journal de Phyfique, 1771.
diffolving
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diffolving the tartar, its red particles feparate,
and fhould be confidered as prejudicial im-
purities. '

There is another falt which bears fome ana-
logy to tartar, and which would perhaps pro-
duce good effefts -in many cafes; this is the
acidulous oxalate of pot-afb, or falt of forrel, ex-
trafted fram the juice of forrel, in Switzerland
and in fome parts of Germany. Scheele has
fhewn, that the acid of this falt is the fame
with that obtained from fugar, and feveral ani-
mal and vegetable fubftances, by treating them
with nitric acid; but it is found combined in
excefs with alkali.

Pure oxalic acid forms an infoluble falt with
calcareous earth, with which it has more affinity
than any other acid, on which account it is
proper for detefting the prefence of calcareous
earth in liquids, particularly in water. The
acidulous oxalate of pot-ath may alfo be em-
ployed for this purpofe; but the circumftance
which may render it moft ufeful, is its property
of rcadily diffolving the oxyds of iron, and
difcharging the fpots produced by them.

Vinegar, or the acctous acid, is too well
known to require being noticed. Moft vege-
table fubftances afford a weak acid liquor, if
left to ferment, and diluted with a fufficient

quantity
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quantity of water: but as it may be of im-
. portance, on many occafions, to procure an
acid liquor of a certain ftrength readily and at
a fmall expence, I fhall relate an experiment,
defcribed by the illuftrious Mr. de Morveau,
on the acid obtained from wood by diftillation®,
to which has been given the name of pyrolig-
neous. Nothing more is neceffary than to
diftil fmall bits of very dry beech wood, in an
iron retort, in a reverberatory furnace, and to
r¢§tify-the produé&t by a fecond diftillation, or
at leaft to change the receiver, as foon as the
oily part begins to rife, which is eafily per-
ccived, by its imparting a deeper colour to the
acid. Fifty-five ounces of very dry chips of
beech, afforded feventeen ounces of reétified
acid.

—————mmm Rt erms
CHAPTER IL.
Qf Alum, or Sulpbat of Alumine.

LUM is of fuch extenfive ufe in the arts,
and particularly in dycing, the greater
part of the phenomena of which are found to
be connefled with its propertics, that it is an

a Edcyclop. méthod. t.i. Au mot acide ligmque.

ohjctt
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obje&t of no fmall importance in commerce.
‘The manner in which it is manufaftured has
therefore a claim to our attention, and I ima-
gine it will not be ufelefs, to fpeak of it at fome
length.

What we call alum, is a falt compofed of
fulphuric or vitriolic acid, and pure argil. To
the latter has been given the name of alumine,
from its property of forming the bafe of this
falt. According to Mr. Kirwan, onc hundred
parts of alum contain about twenty-four of
acid, eightecn of earth, and fifty-eight of water,
which may be driven off by heat, without de-
compofing the faline combination.

This fa't is found in fome fprings of mineral
water : it efflorelces on the furface of fchifts,
in coal-mines, or on lava in the neighbourhood
of volcanos, and on many rocks: but the
greater part of the alum made ufe of, is pro-
cured from ores, or manufaétured by amﬁcmlly
combmmg alumine with fulphunc acid.

Alum is mentioned in the works of the
ancients, and that of Mélos was particularly
cclebrated amongft the Greeks®; but the learned
Bergman® imagines, that the alum of the an-

s Voyage du jeune Anacharxis, t. iv.

b Bergman de confell. alum. opufc. wol. 5. ‘This differtation
was written in 1767, Mr. Beckmann maintained the fame
ppinion in the Gottingen memoirs, 17;8,

cicntg
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cients was a native fubftance, that differed
greatly from the falt which we call by that
name; and that the fpecies of alum of which
Diofcorides fpeaks, were rather ftalatites,
which might indeed contain alum, but only in
a fmall quantity, and mixed with other vitriolic
fubftances. .Nothing can be concluded from
the delcription of - Pliny, which is taken only
from inaccurate relations.

Faftitious alum was firlt known in the Eaft :
we cannot tell precifely when or where it be-
gan to be fabricated. One of the moft ancient
manufaflories was that of Roche, a city of
Syria, now called Edefla; whence arofe the
appellation of roch alum, ftill, by an abufe of
words, applied to alum in cryftallized maffes.
In the fiftcenth century, this art was carried
into Italy, from which country it fprcad into
Germany and the reft of Europe.

At the Solfatara, near Naples, is found an
alum ore, under the form of a white earth. In
this ore, alum is produced by the aélion of ful-
phureous acid, difengaged by the heat of the
volcano, or argillaceous lava. This requires
only to be diffolved and cryftallized.

The purcft of alum ores, is that of Tolfa,
ncar Civita-Vecchia. It is compoled, according

to Mr, Monnet, who firft analyfed it, of forty
paits
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parts of fulphur, fifty parts of clay, that is a
mixture of argil and filiceous carth, a fmall
quantity of carbonat of pot-afth, and a very
fmall portion of iron. Bergman has alfo ana-
lyfed it, and gives nearly the fame proportions.

The other ores from which alum is obtained,
arc {chifts, more or lefs pyritous, and mere or
lefs bitumirous. Thofe which arc too pyritous,
ought to be rcjefted, becaufe they afford an
alum containing much fulphat or vitriol of iron,
from which they cannot eafily be freed.

The opcrations by which alum is obtained
from thcfe ores, when it is not found ready
formed in them, as at the Solfatara, have for
their objefts alumination, or the formaticn of
the alum, the extraltion of the alum, and its
cryftallization. '

Mott of the ores aluminate, when expofed to
the air and rain, without preparation ; but thofe
which contain too much bitumen, or too much
fulphur, require to be roafted before they are
expofed to the aflion of air and moifture; and
this operation accelerates the formation of alum
in all. :
Alumination confifts in the combination of
oxygen, which, uniting with the fulphur, con-
verts it inte fulphuric acid, as Mr. Lavoifier

has thewn: but it is in general, fulphat of iron
that



248 ELEMENTS OF THE

that is formed, which, acquiring an excefs of
oxyd by expofure to the air, is decompofed by
the aluminc. We know not any ore, except
that of Tolfa, in which the acid appcars to
combine immediately with the alumine.

When the alum is formed, the ore muft be
lixiviated, and the lixivium muft be evaporated,
till it is in a proper ftate for affording cryfals.
Thefe firft cryftals are wathed, rediffolved in
a very fnall quautity of boiling water, and the
folution poured into a kind of cafk, the ftaves
of which are afterwards loofened, that the mafs
of alum formed in it may be extrafted.

The refiduum of the cryftallizations is mixed
with a greater or lels quantity of the folution of
the ore, and cvaporated till it is in a fit flate
for cryftallization ; and thus the workmen go
on, adding the refidua of the preceding cnyi-
tallizations to frefh folutions of the ore.

There are here two cffential circumftances
to be obferved: the firft, that the folution ob-
tained from the ore of alum, contains an‘cxcels
of fulphuric acid, according to the obfervation
of Bergman; the fecond, that fulphat of iron
is always found in it, in greater or lefs quan-
tity, and that this metallic falt remains chicily
in the refidua of the cryftallizations; for,
according

\
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according to Mr. Monnet, it cannot form mixed
cryftals with the alum.

‘The excefs of fulphuric acid tends to prevent
the cryftallization of the alum, fo that, if it be
not abforbed, a confiderable quantity of the
falt will be loft. It is with this vicw, that fome
add to the liquor, pot-afh ; others, putrid urine,
which contains ammoniac. The latter ought
not to be employed, bhecaufe, according to
Bergman, the alum produced by it, has the
cffeft of altering colours. That learned che-
mift propofed to faturate the excefs of acid
with argil, which would not only abforb the
acid, but, at the fame time increafe the quan-
tity of alum. Mr. Chaptal afferts, that this does
not fulfil the intention : he fays, that the alum
itfelf diffolves an excefs of argil, and lets it
fall at the end of the evaporation; that then,
there is obtained only a granulous precipitate,
without any appearance of cryftals; or, if we
fucceed in procuring a cryftallization of the
alum, without adding an alkali, the cryftals
have neither-the fame hardnefs, nor the fame
weight, as they have in common¢. Mr. Dé-
croizille is of opinion, that the alkali contri-
butes to the cryftallization of the alum, not by
fubtraéting the acid, but by the combination

¢ Ann. de Chym, t, iii.
which
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which takes place between the fulphat of pot-
afh aqd fulphat of alumine; and he informs me,
that he obtained this cryfallization equally
well, by employing fulphat of pot-ath inftead of
alkali.

Iron is fometimes found in a confiderable
quantity in alum, to which itis very prejudi-
cial, particularly if it be ufed for lively and
bright colours. This mixture might be avoid-
ed, by fetting afide the refidua, called mother
waters, which are ufually mixed with the Ili-
quors for cryftallization. From thefe refidua,
which frequently contain alfo fulphat of mag-
nefia and other faline fubftances, alum of an
inferior quality might be procurcd for other
ufes mentioned by Bergman.

The alum of Tolfa, or roman alum, is ge-
nerally preferred to every other kind.  Its fu-
periority confifts, according to Bergman, in its
containing much lefs iron: but by a careful
cryftallization, and not mixing with the folu-
tions of the ore, the refidue of the preceding
cryftallizations, other kinds of aluom may be
rendered even fuperior in quality. The roman
alum contains a fmall portion of iron, in a
peculiar ftate, to which is owing, according
to the fame chemift4, that rofy tinge by which

. ¢ Opufc, t.iiis de prod. volcan. .
14
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it is diftinguifhed. An alum is prepared at
Brunfwick, to which the fame tinge is im-
parted by means of a fmall portion of cobalt.

Mr. Décroizille is of opinion, that the
roman alum differs from other kinds, and
particularly from the Englifh, in containing
much lefs fulphat of pot-ath, and a larger
portion of alumine. He has precipitated the
alumine from englith and roman alum with
carbonat of foda, and found, that the latter
required one third more han the former.

As good alum ores are fcarce in France,
endeavours have been made to fupply their
deficiency, by a direft combination of the
{ulphuric acid wi h alumine.

Common clay is a mixture of alumine, or
that earth which conftitutes the bafis of alum,
and filiccous earth, in very various propor-
tions. It contains alfo more or lefs iron,
and other kinds of earth. We fhould choofe
then the pureft clays, that is, thofe which
contain the leaft iron and calcarcous earth,

Mr. Chaptal, having found, after many
trials, that this procefs was too expenfive to
be. purfued with advantage in the province of
Languedoc, has fought after morc fimple and
economical methods.

Vor. I. U He
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He forms into balls of five or fix inches
diameter a clay, which is carefully feleted.
Thefe he calcines, breaks to pieces, and ex-
pofes to the vapour of fulphuric acid, at the
moment of its formation, in a large chamber,
conftruted of wood coated with varnifh, which
he fubftitutes to the common ones of lead.
The clay thus impregnated with fulphuric acid
he leaves for fome time under a fhed ; then
lixiviates it, and proceeds to the cryftallization.
Far from making a fecret of a manufature
which required many expenfive trials, Mr.
Chaptal has given a defcription of it, to be
found in the memoirs of the academy for
1788, an .abftraét of which has been inferted
in the third volume of the Annales de Chymie.

Mr. Décroizille, who has paid great atten-
tion to the manufa&lure of alum, aflures me,
that he is in poffeflion of a method of com-
bining the earth with fulphuric acid, much more
fpeedy and ceconomical than Mr. Chaptal’s ;
and that he hopes France may foon have no
further occafion to import alum, of which fhe
at prefent procures a confiderable quantity from
forcign countries.

It appears, that in the choice of alum there
are two principal objefls of inquiry : Firft,
Does it contain iron? To find this, the

2 infufion
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infufion of galls may be employed, which
will give a black tinge to a folution of .the
alum, if there be iron in it. -Secondly,
Does it contain much alkali in the form of
fulphat ? The method employed by Mr. Dé-
croizille may be recurred to for the purpofe
of afcertaining this, taking true roman alum
for the fubjcét of comparifon.

Thirty parts of water at the common tem-
perature, are required to diffolve one of alum,
according to Bergman, and of boiling waier
thrce parts are fufficient. '

Alum is decompofed not only by alkalis,
but cven by the carbonats of lime and.mag-
nefia: yet it is to be obferved, that even
alkalis take away only a part of the acid, the
precipitate retaining nearly half of it, and
being a falt with a deficiency of acid, as Mr.
Baunié has fhewn.

If this precipitate be diffolved in an acid, as
the nitric acid or muriatic, this acid feizes
the excefs of alumine, and re-eftablifhes the
proportions which conftitute alum : fo that by
cvaporation we obtain cryftals, which appear
different from thofe of alum, but, on a careful
examination, their form appears referable to
one of the varieties of the cryftals of that falt.
This I have afcertained on cryftals procured

Ui from
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from a folution of the precipitate of alum in
nitric acid, which I requefted Abbé Haiiy to
examine: I alfo fatisfied myfelf, that it was
the fulphuric acid which cntered into the
compofition of thofe cryftals. The alumine
may be deprived of the acid which it retains
when precipitated, by digefting it in a folution
of fixed alkali, or of ammoniac: in this cafe
-no cryftals will be obtained from its folutlon in
the nitric or muriatic acid.

Lime and cauftic alkalis, mixed with the
folution of alum in certain proportions, deter-
mine that falt to affume a cubical form, which
phenomenon was, I belicve, firft defcribed by
Mr. Sieflert , and has given occafion to many
interefting obfervations from Mr. le Blanc f;
but the fpecies of combination formed in
thele mixtures, and the proportions it admits,
have not yet been alcertained. It appears,
that the lime and alkali united with the alum,

.« Siefferts Verfuch mit einhcimifchen Farbematerien, &c.
1775-

Mr. Sieffert quotes a differtation on cubic alum, which
he publithed in the Hamburg magazine. - To obtain this
cubic alum, he direéts twelve parts of common alum to be
mixed with one part of lime flacked in the air, to diffolve
the mixture in boiling water, and to evaporate flowly.

of Journ. de Phyfique, 1783.

facilitate
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facilitate the feparation of the alumine, and
confequently its combination with the fub-
ftances fubmitted to the procels of aluming.
This procefs is employed with fuccefs in dyemg
linen and cotton. ;

I have a few morc remarks to add on the
combination of the colouring particles with
alumine, and of alumine with the alkalis.

It would be fuperfluous to repeat here the
manner in which alum afts in the procefles of
dyeing; as in the thcory I have laid down, I
have particularly called the reader’s attention
to that fubjeét.

The name of lake is fometimes given to the
combination of colouring matter with alumine,
obtained by mixing alum with a folution of
colouring matter, and adding a proper quantity
of alkali to effe&t or complete the precipi-
tation. The term lake, however, has feveral
fignifications : it originated from an extraét of
lac, a colouring fubftance, of which I fhall
treat in the fecond volume: it was afterwards
applied to dry paftels coloured with lac, for
the ufe of painters; and at length to dry
paftels and powders of various colours, and.
different natures.

Alumine diffolves pretty copioufly in pure

or cauftic alkalis, efpecially if aided by calci-
U3 ~ nation,
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nation. Macquer paid great attention to this
folution, and confidered it as a very advan-
tageous mordant, particularly for dyeing cotton
with madders. I have repeated and varied
his experiments, but I confefs, that I have
been far from fucceeding in the degree he
profeffes to have done: it even appeared to
me, that the colouring particles have too great
an attration for the alkali to feparate from it,
and fix in fufficient quantity on the ftuffs,
from which the alkali itfelf has the property
of taking them. On this fubje, however,
I fufpend my opinion, becaufe I find Mr.
Hauffman alfo, whofe authority is of great
weight, confiders the combination of alumine
and pot-ath, which he ftyles alumine of pot-
afh, as well calculated for the purpofe of a
mordant .

¢ In a memoir not publifhed, which he read at a meeting

of the agademy.
b Lettre de M, Hauflman, Ann. de Chym. tom, vii,

CHAP
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C H A P IIL.

Of the Sulpbat of Iron, or Martial Vitriol.

H E fulphat or witriol of irom, martial

vitriol, greem copperas, is cryftallized in
rhombs, of a beautiful green colour, tranfpa-
rcnt when recently cryftallized. In a hundred
parts, it contains twenty-four of fulphuric
acid, twenty-four of iron, and fifty-two of
water.

The fulphat of iron may be made direétly
with iron, and fulphuric acid diluted with a
certain quantity of water. This folution ex-
hibits phenomena far from uninterefting to the
chemift, but which it is not our bufinefs to
confider at prefent. The fulphat of iron formed
in this manner, bears a price which does not
permit it to be employed in the arts, and
nature furnifhes us with means of obtaining it
at a much cheaper rate. s

Native fulphat of iron is found in coal-
mines, in the cavities of pyritous ores, and
in {chifts : but the greater part of what is con-
fumed, is obtained from martial pyrites.

U 4 Pyrites
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Pyrites are ftones confifting of oxyds of
iron, fulphur, argil, filiccous earth, and fome-
times calcareous, earth, in various proportions.
The formation of the fulphat of iron in thefe
ftones is effefted by expofing them a confi-
derable time to the aftion of the air and
.moifture, or by roafting them in the open air,
and leaving them afterwards expofed to its
aftion. It is cven neceflary fometimes to
repeat this operation. The fulphat, when
formed, is obtained by lixiviation and cvapo-
ration.

Sulphat of iron is alfo preparcd with mineral
waters, which hold copper in folution. The
copper is precipitated by means of iron,
and the folytion, which ftill retains a f{mall
portion of copper, is made to cryftallize.

The fulphat of iron of Gollar, commonly
contains a little zinc; that of Hungary, and
that of Saxony, a little copper *. The fulphats
of England and of France are more pure.
Thefe, however, fometimes contain alum ;
particularly the latter.

Sulphat of iron might be made, free from
copper or alum, if care were taken to keep
picces of iron in the evaporating veflel, as

* Kirwan’s Mirceralogy,

Mr.
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Mr. Monnet advifes * ; fince iron has the pro-
perty of precipitating both copper and the bafe
of alum. It appears, that the fuperiority of
the englith vitriol is owing to this precaution,
which is oblerved alfo in the two manufaQlories
near Alais . There is only zinc which will
not be precipitated in this way; but that is
feldom found in fulphats of iron, and never in
any quantity.

‘The copper contained in many forts of ful-
phat of iron, appears not to be prejudicial to
the black dyes, for which this metallic falt is
chicfly employed. If, however, it be required
to frce them from it, it may be done by keep-
ing plates of iron for twenty-four hours im-
merfed in a cold folution of the falt, when
the whole of the copper will be precipitated on
thefe plates. Cryftallization is incapable of
producing the effe@, becaufe, as Mr. Monnet
obferves, the fulphats of iron and of copper
form a mixed falt, and will not feparate,

Alum is probably more detrimental to black
than copper ; for when a black ftuff is boiled
with that falt, it difcharges the colour by
gxﬂ'olvmg it.  Itis apparently on this account,

® Traité de la Vitriolifation.
¢ Chaptal’s Elements of Chemiftry, vol. ii.

that
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that the englifh vitriol is fo much efteem-
ed. :
Sulphat of iron may be freed from alum
alfo, by keeping it fome time in digeftion with
iron filings: but this decompofition is more
difficult and lefs complete, than that of the
fulphat of copper.

It is only from want of care in the eryftal-
lization however, that the fulphat of iron
retains alum : for, as obferved by Mr. Monnet,
thefe two falts cannot combine into mixed
cryftals, fo that they may be feparated by a
careful cryftallization.

When fulphat of iron is kept long expofed
to the air, it tarnifhes and becomes yellowifh :
its [olution grows turbid by boiling, a part
of the iron is precipitated in the form of a
ycllow powder, and it lofes the property of
forming cryftals. Thefe phenomena are owing
to the iron attrafling oxygen, or the bafe of
pure air, from the atmofphere, with which
when it is faturated to a certain point, it can-
not be kept in folution but by an excefs of
acid. Hence it continues to be precipitated,
till what remains is capable of being held in
folution by the acid which is found in du®
proportion. To avoid this kind of decom-
pofition, the fulphat of iron fhould not be

diflfolved
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diflolved till the moment it is wanted, and it
fhould be diffolved with the leaft poffible heat.
I have remarked, that a folution made with a
low degree of heat, kept much longer expofed
to the air without growing turbid, or depo-
fiting a fediment, than a folution made by
boiling, and afterwards filtered.

Sulphat of iron is of great ufe in dyeing,
particularly for black, gray, and other hues,
which are darkened by its means. I have
fhewn, in the firft feftion, how it afls by
combining with the aftringent principle and
the colouring particles.

Solutions of iron in the acetous and fome
other vegetable acids, are alfo ufed in dyeing:
but thefe preparations are made in the places
where they are ufed, and their defcription will
be foynd with that of the procefles, of which
they make a part.

All the folutions of iron differ greatly in
the ftate in which the metal exifts in them,
and in the property of attrafling more or lefs
oxygen from the air.

The folution in nitric acid, according to
the obfervation of Mr. Hauflman ¢, fhews no
marks of abforbing vital air, even when agi-

¢ Journ, de Phyfique, 1787.
tated
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tated in conta& with it ; but it retains a great
excels of acid.

The folution in acetous acid is at firft of a
pale green; by abforbing vital air it grows
more and more yellowith ; and at length ac-
quires a very dcep reddifh yellow colour. It
takes a great proportion of iron, and abforbs
oxygen without forming a fediment.

The folution in fulphuric acid attraéts oxy-
gen more flowly than the preceding one, forms
a depofit of oxyd proportionate to the quantity
of that principle, and thence acquires a gra-
dually increafing exccfs of acid.

The muriatic acid diffolves oxyd of iron in
whatever ftate it finds it: but if it contain
much oxygen, a part of the acid is difengaged
in the form of oxygenated muriatic acid, as
Mr. Fourcroy has obferved. a

Thefe properties of the folutions of iron,
may ferve to explain the differences they ex-
hibit, when employed in the arts.

CHAP
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C H A P IV.

Of the Sulpbat of Copper, or Blue Vitriol.

T HE fulphat of copper, &lue vitriol, cypras
vilriol, blue copperas, is a falt comnpofed
of oxyd of copper and fulphuric or vitriolic
acid. This falt readily forms blue cryftals of
a rhomboidal form. The quintal contains
thirty pounds of acid, forty-three of water,
and twenty-feven of copper. At the tempera-
turc of twelve degrees of Reaumur (59 Farh.)
it requires nearly four parts of water to dif-
folve it. ‘

Sulphat of copper is of no great ufc in
the arts, whence little attention has been paid
to the different proccfles by which it may be
preparcd.

In making the fulphat of copper for com-
merce, two methods arc employed. The firft
confifts in calcining copper pyrites, or the mat
which refults from the fufion of copper ore,
and. which is ,a compound of copper and
fulphur, and leaving the produ& of the cal-
cination to efflorefce. By this means the

copper is oxydated, and.the fulphur converted
into
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into fulphuric acid. The falt formed is then
extrafled and cryftallized. The fecond me-
thod is to calcine an artificial mixture of
fulphur and copper, to leave it in like manner
to efflorefce, to lixiviate the falt, and cryftallize
1t. :

There are fome waters that contain copper
combined with the fulphuric acid, which might
be employed when we want to ufe {ulphat of
copper.

Lime and the alkalis produce, with the
fulphat of copper, a greenifh blue precipitate,
which foon becomes green in the air. Am-
moniac produces a beautiful blue precipitate,
which it quickly rediffolves, and which alfo
becomes green in the air. Thefe differences
of colour depend on the proportions of oxygen
combined with the copper: if it be in f{mall
quantity, the oxyd is blue; if in a larger, it
is green: whence the blue oxyd becomes
green in the air, by combining with the oxygen
which it attra@ls from the atmofphere.

Oxyd of copper eafily combines with moft
kinds of coloyring particles, by which it is
precipitated from acids. It frequently imparts
to them a pleafing colour: but as its own
colour, which influences that of the combi-
nativn, is eafily changed by the air, the co-
‘ lours
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lours refulting from its mixture are variable,
and of little duration, fo that there are few
occafions on which it can be employed with
advantage. .

It has been remarked, that the fulphat of
copper attacks cloths more than that of iron .
This effcét is partly owing to its poffefling a
much greater quantity of aftive acid than the
latter : for, according to Mr. Kirwan’s cal-
culation, one hundred parts of fuljhat of iron
contain twenty parts of fulphuric acid, and a
hundred parts of fulphat of copper contain
thirty. This acid is fet free when the oxyd
combines with the colouring particles, and
exerts its aftion on the cloth, or rather on
the combination of the cloth with the colouring
particles. But what more eflpecially augments
on one hand the quantity of acid fet free, and
confequently its aftion on the cloth, and on
the other, the influence of the oxyd of cop-
per on the qualities of the colour, is, that this
oxyd enters in a large proportion into the
combination which it forms-with the colouring
particles. I have precipitated an equal quan-
tity of decoftion of fuftic (bois jaune) with
fulphat of copper, and with fulphat of iron,

* InftruQion fur I'art de la Teinture : by Mr. Poerner.

and
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and found the precipitate produced by the
former, much more confidcrable than that
produced by thc latter: confequently there
was more fulphat of copper decompofed by
the fame quantity of colouring matter, than
fulphat of iron. The quantity of acid fet
free is more confiderable therefore, on two
accounts.

A proof, that the altion on the cloth is not
owing principally to the oxyd of copper, is,
that the fame objettion is not made to verde-
gris as to blue vitriol.

C H A P V.
Of Sulphat of Zinc, or White Vitriol.

HE f{ulphat of zinc, vitriol of zénc, white
vitriol, white copperas, is compofed of
fulphuric acid and oxyd, or calx of zinc.
A little more than twice its weight of water is
required to diffolve it at a temperature of
twelve degrees of Reaumur (59 Farh) and

by evaporation we obtain cryftals in the
form



ART OF DYEENG. 267

£

form of a tetrahedral prifm, terminated by a
quadrilateral pyramid. According to Mr.
Kirwan, a hundred parts of fulphat of zinc
contain twenty-two of acid, twenty of zinc,
and fifty-eight of water. '

The greater part of the fulphat of zine met
with in commerece, is prepared at Gollar; where,
alter having roafted and diftilled the ore which
contains the zinc, the refiduum is thrown
red-hot into water, . lixiviated, and the liquor
evaporated, by which means this metallic falt
is obtained.

The fulphat of zinc of the fhops always-
contains iron, and when a folution of it is left
cxpofed to the air, or made to boil, it grows
turbid, and a portion of the iron precipitates ;
but the greater part always remains, and cannot
be entirely precipitated but by boiling the
folution with filings of zinc: evey by this
procefs it is difficult to feparate the whole of
the iron.

Hitherto little ufe has been. made of this
metallic falt in dyeing. When it has been
employed, it has been found to render the
colours deeper; which effe&t is owing, ina great
meafure, to the iron which it always contains.
I have made fulphat of zinc by diffolving zinc
'in fulphuric acid : fome of this folution I have

Vour. L. X poured
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poured into infufions of furhach, galls, madder,
and cochineal, and compared the effefts it
produced with thofe of a folution of common
fulphat of zinc, which had been long made,
and had depofited all the iron that expofure to
the air would throw down. The latter ren-
dered the colours much deeper than the former.
The depofit produced by the pure fulphat with
the infufion of fumach was a violet lilac; with
the infufion of galls, a little deeper; with that
of madder, bright purple; with that of cochi-
neal, firft red, afterwards a beautiful purple.
In general the precipitates produced by the
fulphat of zinc grow a little darker with time ;
which indicates, that the oxyd of zinc pro-
duccs a flight combuftion of the colouring mat-
ter: it appcars, moreover, to combine with it
but in fmall proportion. Hence we fee the
reafon why it renders colours darker than the
oxyd of tin, though they are equally white.

CHAP.
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CH A P. VL

Of Verdegris, and Acetite of Copper:

ORMERLY verdegris was prepared

only at Montpellier, and in its neighbour-
hood. The procefs followed there confifted in
fermenting the ftalks of grapes with wine-lees,
firatifying plates of coppér with thefe falks,
taking them out after fome time, fetting them
up edgewife in a corner of the cellar, where
they were again {prinkled with wine-lees, and
fcraping off the verdegris which fwells up
from the laft operation. The fame procefs
.Was repcated on the plates of copper, after
having removed the verdegris.

At Grenoble they ufe vinegar ready made,
with which they fprinkle the plates of copper.
The verdegris prepared in thefe two wayse
differs in fome of its properties.

The copper is reduced to an oxyd from the
fame caufes as lead is in the making of white
lead, that is, from the concurrent aftion of
the atmofpheric air, and the acetous acid, which
is employed, or which’ forms in the grape-ftalks:
but as veflels of copper are much ufed, it may
not be improper to confider the manner in

X 2 which
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which acids aft on that metal fomewhat at
length.

For copper to diffolve in acids, it is necef-
fary, as with other metals, that it be combined
with oxygen, or reduced to a calx or oxyd.
It is requifite, therefore, that it attra&t oxygen
from the atmofphere, or that the acids furnifh
it, or indecd that it decompofc the water. The
laft cafe requires circumftances which do not
occur in the procefles of dyeing.

Vegetable acids cannot impart oxygen to
copper: but the ation they exert on it favours
its combination with oxygen fo much, that it
readily attrats the atmolpheric air, by which
it is reduced to an oxyd, and becomes foluble
in the acid liquor. But that the, copper may
be capablc of attrafling the oxygen of the at-
_mofphere, it is neceffary, that the liquor be
cold: hence vegetable acids whilft hot do not
attack copper, and the fame thing holds with
refpel to oils, and other fubftances which a&
on that metal, unlefs a portion of copper be
previoufly oxydated, in which cafe it readily
diffolves, whatever be the temperaturc of the
liquor. From this we fec the neceffity of never
fuftcring liquids capable of attacking copper
to grow cold in veflels of that metal, and of
taking care to keep them always cxtremely

clcan,
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clean, thit no oxyd may be found formed on
their furface. '

The nitric acid, and nitro-muriatic acid, or
aqua regia, have the property, though diluted
with water, of imparting oxygen to copper,
and of diffolving it, efpecially when the liquor
is in a ftate of ebullition. Thus it is impof-
fible to prevent a portion of the metal from
being diffolved in baths into which is put folu-
tion of tin, forinftance, unlefs the copper be
carefully tinned. One circumftance, however,
tends to diminifh this effe@, the aftion of the
nitric acid being exerted on the vegctable fub-
ftances, and ftill more on the animal fubftances,
that are in the bath with it. '

The copper in verdegris, then, is reduced
to an oxyd, and combined with a portion of
acetous acid more or lefs cenfiderable. When
the oxyd of copper is completely faturated with
this acid it is wholly foluble in water, and by
evaporation forms blue rhomboidal cryfials,
which, fixing on little fticks, produce thofe
groups known by the namé¢ of cryffallized ver-
degris, cryflals of Vemus (diftilled verdegris).
The ‘difference between this falt and verde-
gris is, that in the former, the oxyd of cop-
per is completely faturated with acetous acid,

or it is the acetite of copper; and that in the
X3 verde- .
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verdegris there is only a portion of the oxyd
of copper in the flate of acetite. This faline
portion may be feparated by folution in water,
the oxyd of copper, which is infoluble in wa-
ter, remaining undiffolved : "but this may eafily
be diffolved in acetous acid, and thus reduced
to the fame faline flate*. Sometimes verde-
gris contains very little acetite; at others,
on the contrary, it contains fcarcely a fourth
of its weight of uncombined oxyd of copper.
To this is owing the difference which diftin-
guifhes the verdegris of ‘Grenoble from that
of Montpellier: the former containing much
more acetite of copper; the latter, of oxyd
of copper uncombined.

Thefe obfervations may be ufeful to any
one who fhould attempt to make verdegris,
or diftilled verdegris, for himfelf, which might
be done in different ways, according to cir-
cumftances; and for judging of the qualities
of verdegris, which wil be more or lefs fit
for any partjcular ufe, according to its nature.
Then, if it 'be ne effary, that the verdegris
fhould be d'flolved, the :reater part of what
was ufed would be wafte: if t contained but
little acetite in this ¢af , the uncombined
oxyd might be diffolved in vinegar, and then

- 8 Mem de 'acad. 1,82,
, ' the
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the whole rendered fit for the purpofe re-
quired. In cther circumftances, it is the oxyd
that is ufeful; when we fhoild choofe verde-
gris that contains little acetite, or even dif-
folve the acetite, and referve it for other occa-
fions.

The verdegris ufed in dyeing black allp
principally, and perhaps folely, by its uncom:
hined oxyd. This oxyd ferves to precipitate
the iron combined with the aftringent prin-
ciple, by combining with the fulphuric acid;
which will explain the obfervations of Mr.
Clegg, that I am going to relate ®.

Mr. Clegg, endeavouring to difcover fome
cheaper ingredient, that might be fubftituted
infltcad of verdegris for dycing black, ob-
ferved, that the copper of the verdegris pre-
cipitated the iron of fulphat of iron, held in
folution with aftringent fubftances, in the ftate
of oxyd. But I have remarked, that the iron
was combined with the aftringent principle,
when precipitated by the oxyd of copper, and
even that the oxyd of iron cannot be precipi-
tated by the oxyd of copper but on account
of the double affinity which refults from the

b Tranfaftions of the fociety, inftituted at London, for
the encouragement of arts, manufaltures, and commerce,
vol. i. pag. 181.

X 4 aflion
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aftion of the aftringent principle. Confider.
fng the verdegris as a precipitant of iron,
Mr. Clegg fought to fubftitute for it other fub-
ftances calculated to precipitate iron from its
folvents. He firft tried alkalis, which appeared
to fucceed in a fmall way, but would not an-
fwer on a large fcale: in fa&, alkalis do not
precipitate the combination of iron and the
aftringent principle, but form with it a fupra-
compound, and give it a reddifh tinge. He
afterwards afcertained, by repeated experi-
ments, that the purpofe of verdegris might
be fully anfwered by a mixture of fulphat of
copper and pot-ath. The fulphat of copper
he direts to be diffolved, and a folution of
pot-ath to be added till the blue colour dif-
appears, that is to fay, till the whole of the
copper is precipitated. Nearly equal weights
of fulphat of copper and of the alkali arc
requifite for this purpofe: and Mr. Clegg af-
fures us, that thefe will fupply the place of
a quantity of verdegris equal to the weight
of both, particularly in dycing hats; in which
much verdegris is employed.

The advantages of this procefs depend on
the ¢ mparative prices of fulphat of copper,
of pot-afh, and of verdegris, Inftead of the

2 fulphat,
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fulphat, we may ufe the folution of copper ip
nitric acid made in the operation of parting. -

CHAP VIL

Of the Acetite of Lead, or Salt of Saturn.

HE acetite of lead, or falt of faturn, is
a combination of lead, reduced to an
oxyd or calx, with acetous acid or vinegar.
It is gencrally cryftallized in fine confufed
needles; if, however, it be cryftallized by a
flow evaporatien, white cryftals in flat paralle-
lipipedons, terminated by two furfaces inclin-
ing in oppofite dire&ions, will be obtained.
"This falt has, with a {light aftringency, a fac-
charine tafte, from which it has acquired the
improper appellation of fugar of lead. It is
in fome degree decompofed by water, and
forms with it a milky liquor, that depofits a
white powder, parly owing to the oxyd of
lead which has forfuken the acid: but this
depofition may be prevented by the addition
of a certain quantity of acetous acid; a pro-
cefs that may be ufeful when this falt is em.

ployed
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gloyed in dyeing. Befide this depofit, which
takes place even in diftilled water, another
' occurs in waters containing fulphat, which is
owing to » cu. ihination of the oxyd of lead
with the fulpuuiic acid, and is proportional
to the quantity of that acid. The falt refult-
ing from the muriatic acid is fufficiently foluble
not always to form a depofit.

The acetous acid does not attack lead in
its metallic ftate, unlefs in conta&t with the air:
but if the air toych its furface, the lead gradu-
ally becomes oxydated, by means of the oxy-
gen it attralls, and is thus rendered foluble
in the acid.  As this manner of preparing acc-
tite of lead, however, would be difis vantage-
ous, both becaufe it would require much time,
and becaufc a great part of the acetous acid
would evaporate, recourfe is had to other pro-
ceffes. .

White lead is an oxyd of lead which appears
to be combined with a fmall portion of acetous
acid. To form it, lead in fhects is fufpended
over vinegar, in carthen veffels, which are
buried in dung, that the heat may keep up
the evaporation of the vinegar, which, in ex-
haling, rcduccs the lead to an oxyd by the
aflitance of the air. This oxyd, which is

powdered with great carc, forms white lead :
but
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but a part of it, falling into the vinegar, dif-
folves in it, and forms acetite of *lead, which
requires only to be evaporated, and purified by
a fecond cryftallization.

Acetite of lead is prepared for the moft part
with diftilled vinegar, obtained from beer or
wine, and white lcad, which, as has been faid,
is an oxyd of lead reduced to a very fubtile
powder, and confequently in the moft favour-
able ftate for folution. Defcriptions of the
procefles by which it is prepared in the large
way may he fecn in the Art du Difillatenr of
Mr. dc Machi, and more particularly in the
Digzionnaive de Cbymie of Mr. de Morveau,
under the article Acétite de Plomb.

If a perfon find himfelf in want of acetite
of lead, he may eafily make it, by diffolving
an oxyd of lead in diftilled vinegar, and evapo-
rating the folution to the proper point for
cryftallization. Various oxyds of lead may
be employed for this purpofe. White lead dif-
folves more cafily than any other, except ce-
rufe: but t'is fhould be rejefted, becaufe it
is a mixture of whiie lead and chalk. Litharge,
or the femi-vitrified oxyd of lead, may be
taken inftead of white lead; but minium dif-
folves with more difficulty.

In
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In many cafes, it would be fufficient, to dif-
{olve the oxyd of lead in white wine vinegar, the
extraftive part of which, that conftitutes its
principal difference from diftilled vinegar,
would not injure colours. Neither would the
excefs of acid which this folution might retain
be detrimental, and it might prevent the for-
"mation of thc precipitate that takes place when
acetite of lead is diffolved in water. As the
acetite of lead is of fome price, this procefs
.might be employed with advantage where much
is ufed.

The acetite of lead forms, in general, a copi-
ous precipitatc with folutions of the colouring
particles.

It deepens colours, and renders them more
permanent, but lefs bright. The greateft ufe
made of it is for the compofition of the prin-
cipal mordant employed for printed lincns, in
which it ferves, as has been faid, to form a
combination of the bafe of alum with acetous
acid, !

CHAD
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C H A P. VIIL
Of Fixed Alkalis.

IN chemiftry two alkalis are diftinguifhed :
fixed alkali, and volatile alkali, or ammo-
niac. The former refifts the a€tion of firc;
the latter cvaporates at every degree of tem-
perature to which our atmofphere is liable.
Each has a powerful attion on the colouring
particles : but as the volatile .alkali is not ufed
in dyeing, or, at leaft, not in an uncom-
pounded ftate, fixed alkali only will be con-
fidered here. o
Fixed alkali is divided into two kinds: vege-
table fixed alkali, or pot-afh, and mineral alkali,

or foda.
ARTICLE L
Of Vegetable fixed Alkali, or Pot-Afb.

THIS alkali is extrated from the afhes
of various vegetable fubftances, whence it has
obtained the name of vegetable alkali: and as
it is more or lefs pure, more or lefs cauftic,

according to the fubftance from which it is
procured,
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procured, and the circumftances attending its
preparation, many varicties are made of it in
commerce, to which have been given different
names, indifpenfably neceffary to be diftin-
guilhed. Firft, however, we muft confider
alkali, independently of the mixtures by which.
its properties are modified.

Vegetable alkali may be pure, and free from
all combination, or it may be combined with
carbonic acid. In the former ftate it is poz-q/5,
the pure pot-afb of chemifts, cauflic vegetable
Jixed alkali : in the latter, it is carbonat of pot-
a/b, eflervefcent vegetable fixcd alkali.

Pure or cauftic pot-alh has a very acrid
lixivial tafte. It attrafls’ the humidity of the
air fo powerfully, that it cannot be made to
cryftallize but by peculiar procefles. In this
ftate it combines with oils to form foap. But
the purity of alkali is never abfolute ; it always
retains carths in folution; unlefs alkohol or
fpirit of wine, be employed to purify it*. Hence
when we faturate it with an acid, a fediment
is formed, which fometimes afflumes the appear-
ance of a jelly: this fedimentis produced by
the earth, which fcparates,

The carbonat of pot-afh is the falt juft men-
tioned faturated with. carbonic acid. In this

& Mem. de I'acad. 1 782,
ftate
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ftate it no longer holds earth in folution, and
it produces an effervefcence with acids, owing
to the carbonic acid, which efcapes, and affumes
the form of gas. This falt has a favour analo-
gous to that of pure alkali, but much weaker,
and without caufticity. It ought to be con-
fidered as a true neutral falt, and is reducible
into cryftals, like moft other falts of this fpe-
cies. Lime mixed with it fcizes its carbonic
acid, and precipitates, thus rendering it cauftic.
It likewife parts with its carbonic acid when
urged by a ftrong heat.

The alkali obtained from afhes, or found in
commerce under different denominations, is‘ a
compound of pure alkali and carbonat of pot-
afh. The proportion of thefe varies, not only
in {alts fold under different names, but even
in thofe which are prepared in the fame way.
A difference in the degree of heat employed
is f{ufficient to produce a difference in caufti-
city ; and they are befides mixed with greater
or lefs quantities of earth, and heterogeneous
falts. ]

The moft fimple method of feparating alkali
from earths, and heterogeneous falts, is to
leave it expofed to the air in a mqift place:
the alkali attraéts the humidity of the air; and
the earth, with the greateft part of the hetero-

‘2 geneous
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geneous falts, forms a fediment, from which is
to be poured off the liquor, improperly called
oil of tartar by deliquefcence. The part com-
bined with carbonic acid, which, if alone, would
have formed cryftals, diffolves by means of the
cauftic part: but it is ‘to be obferved, that, if
the folution be long left expofed to the air,
it gradually attra@s the carbonic acid which
always exifts in the atmofphere, and at length
cryftallizes, as Bohn and Montet long ago re-
marked. If a more fpeedy method of purify-
ing the alkali be required, nothing more is
neceflary than to mix it well with an equal
weight of cold water, and filter the liquor,
or let it fettle, and decant it when clear. An
equal quantity of water may be pourced on the
rcfiduum ; but the alkali thence obtained will
be much lefs fine than the former.

Salt of tartar is an alkali obtained from the
combuftion of tartar, wrapped up in cones of
paper. The refiduum of this combuftion is
difflolved in water, the folution is concentrated
on the fire, the heterogeneous falts are {eparated
as they precipitate, and by deficcation is ob-
tained the falt of tartar, the pureft alkali to be
met with in commerce, but at the fame time the
decarcft. The alkali of falt of tartar has little
caufticity. .
Cendres
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Cendyes gravelées abound in alkali, but are
lefs pure than falt of tartar. They are produced
from the combuftion of wine-lees and the afthes
of vine-twigs.

The pot-afh of commerce is the refult of the
combuftion of wood, burnt for that purpofe in
fome of th® northern countries where forefts
abound, chiefly in Ruffia and Sweden. Ac-
cording to Linnzus, birch or alder is burnt
with a flow fire ; the athes are made into a kind
of pafte with water; billets of fir or pine are
laid in a row, and covered with this pafte; on
» this row another, covered in like manner with
the pafte, is laid tranfverfely ; and this is re-
peated, - till the pile rifes to a tonfiderable
height : this pile is then fet on fire, and when
the afhes begin to runm, it is overturned, and
the melted athes are beaten with flexible rods.
By this operation they are mixed with the logs,
and become as hard as ftone.

It appears from this account, that pot-ath
muft contain much earth; but it feems too, that
lime is fometimes mixed with it. Dr. Home
found it principally in a kind of pot-ath, called
cafbub gfbes, which are much ufed by the
bleachers in Flanders and Artois®.

b Effay on Bleaching. -
Vot. L. Y An
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An excellent judge, Mr. Chaptal, thinks,
that a faving might be made by the eftablifh-
ment of a manufature of pot-ath in fome of
the forefts in France. He fays, he has found
from nice calculations, that a pot-ath which he
caufed to be manufaétured in fome of the forefts
of Languedoc, came not to more than half the
price given for that which is brought us from
the Northe. He obferved, that the afhes of
bard woods generally contained the moft; and
afhes of box afforded him twelve or fourteen
pounds in the bundred. According to Mr.
Sage, a hundred pounds of oak give only half
a pound of afhes®.

The aétion of athes int ley is owing to the
alkali they contain ; hence float-wood, having
been deprived by the water of the falines and
extraftive matter, from which the alkali ought
to be difengaged by combuftion, affords inac-
tive athes.

It is eafy to fee, that the pot-afh of com-
mercc, the vegetable alkali chiefly ufed in the
arts, muft differ confiderably, according to the
mixtures naturally found in it, or added to it,
and the circumftances attending its making.
Now, to afcertain the real quantity of alkali

¢ Elements of Chemiftry, vol. i.
4 Journalde Phyfique, 1789,
contained
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contained in it, would be of no fmall advan~
tage. By the tafte, we fhould eafily be de-
ceived ; for that pot-ath which contained alkali
in a more cauftic ftate, would appear far more
acrid than that in which the alkali was com-
bined with a greater quantity of carbonic acid.
Trials on leys, or on colouring mattér, might
prove fallacious, for the fame reafon. A cer-
tain method of eftimating it would be, to dif-
folve a given weight in water, to filter the
liquor, and to compare the quantity - of acid it
would require to faturate it, and render it in-
capable of turning green the {yrup of violets,
infufion of radifhes, or any other vegetable co-
lour calculated for fuch a teft, with the quan-
tity neceflary to produce the fame effe&t on a
known weight of pure alkali.

Pot-afh is of very extenfive ufe in dyeing:
in general it facilitates the folution of the co-
louring matter, and deepens its colour.

Some dire& the ufe of falt of tartar, or
cendres gravelées, in certain procefles: but pote
ath may be fubftituted inftead of them in all
cafes, if care be taken to purify it as I have
direfted ; unlefs, indeed, an alkali containing
much carbonic acid be required ; and even this
quality may be given to the folution of pot-afh,
by leaving it fome time expofed to the air. As

Y 2 thefe -
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thefe alkalis differ greatly in price, this merits
fome attention.

As fixed alkali has a powerful a&ion on fub-
ftances of an animal nature, and diffolves them
when it is in a cauftic flate, great attcntion
fhould be paid to the proportions of this falt
employed in proceffes to which thefe fubftances
are fubjefled, and to the degree of caufticity
it poffeffes.

ARTICLE IL

Of Mineral Alkali, or Soda.

THE epithet mineral has been affixed to
this alkali becaufe it is frequently found in the
bowels of the earth, on its furface, or in {ub-
terraneous cavities. Thus in Egypt, where it
is called natron, it is obtained from two lakes,
which grow dry in fummer. It is alfo found
in feveral parts of Barbary, in Syria, Perfia, the
Eaft-Indies, and China, and even in our cli-
mates. The greater part of what is ufed, how-
ever, is obtained from the combuftion of plants
growing on the fea-fide, particularly from the
kali, or foda; whence the generic name of foda
has been given it by moft modern chemifts.

' The
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The natron contains fea-falt and fulphat of foda;
or Glauber’s falt, in different proportions.

Mineral alkali exhibits the general charaéters
defcribed in fpeaking of pot-ath : but it differs.
from it principally, firft, in affording different
neutral falts with the acids; fecondly, in being
always faturatcd with carbonic acid in its na-
tural ftate, and -affording cryflals, which, far
from attrafting the humidity of the air, yield
to it their water of cryftallization, and thus ef-
florefce, afluming thc appearance of flour. The
foda of commcrce contains a greater or lefs
quantity of earth, fea-falt, fulphat of foda, or
Glauber’s falt, coal, and fulphuret of alkali or
liver of fulphur. That which is of a good
quality, docs not yield above five or fix ounces
of falt of foda (per pound) which may be fe-
parated by folution and cryftallization. The
beft is that obtained from barilla®, on the coaft
of Spain, and known by the name of alicant
foda. Mr. Chaptal is convinced, that this plant
might be cultivated with the greateft fuccefs on
the coafts of the Mediterrancan.

A plant, known by the name of falicor, which
affords foda of a good quality, is cultivated on

« See a defcription of this pl.ant. by Juffieu, in the memoirs
of the French Academy for 1727,

Y 3 ' the
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the borders of ponds in Languedoc and Pro-
vence.

A kind of foda, known by the name of kelp,
cendre de varech, is prepared on feveral of our
coafts. It contains but little falt of foda, and
its faline parts is fometimes wholly fea-falt.
In general, plants that grow without culture,
produce foda of an inferior quality.

The method above direfted for trying the
quality of pot-ath, is equally applicable for de-
termining that of foda.

To free the mineral alkali from heteroge-
neous falts, it fhould be diffolved in water, and
the different falts feparated as they precipitate
or cryftallize : the cryftals of falt of foda arg
the laft that form. )

When falt of foda is ufed, it is effential to
attend to its ftate; for when it is in cryflals, it
contains more than half its weight of water of
cryftallization, fo that when it has fallen into
efflorefcence, one part will produce as great
effe@ as two of the cryftals.

Salt of foda is a carbonat of foda, a com-
bination of carbonic acid with pure foda. Limec
atls on this falt in the fame manner as on the
carbonat of pot-ath; that is, it takes from it
its carbonic acid, and renders it cauftic : in this

ftatc
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ftate it is pure foda, or fimply the foda of che-
mifts, the foap-boilers ley.

In fome places, the appellation of aqua-fortis,
or foap-boilers aqua-fortis, is given to a folution
of cauttic or pure fodaf. Such a denomination
may eafily occafion miftakes, and make this al-
kaline folution be confounded with nitric acid,
or common aqua-fortis. Hellot informs us,
that he was thus deceived with refpeét to the
manner of preparing an indigo-vat, for which
direflions had been given him. '

Lately, feveral procefles have been difco-
vered for extralling the foda from fea-falt or
muriat of foda, of which it is the bafe. Of
many the fecret has not been difclofed. If
thefe procefles be not too expenfive for ex-
trafting the foda with profit, they ought to be
confidered as very beneficial, as this falt is of
extenfive ufe in feveral of the arts, and we are
obliged to procure it from foreign countries.

f Procs-verbal des Opérations de Teinture faite 3 Yvetot,
par Francois Gonin.

Y 4 CHAP
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C HAP IX.

Of Soap.

O AP is a combination of oil with alkali;

but that this combination may take place, it
is neceffary that the alkali fhould be pure, that
is, free from carbonic acid. Vegetable alkali, or
pot-afh, and mincral alkali, or foda, are both
capable of forming foap : yct the latter is pre-
ferred, becaufe the foap madc with pot-afh has
not an equal degree of folidity.

To make the foap of commerce, we begin
with rendering the foda cauftic. For this pur-
pole, one part of good alicant foda and two of
quick lime, are boiled in a fufficient quantity
of water ; the liquor is filtered, and evaporated
to fuch a degree, that a phial which would con-
tain only cight ounces of purec water, will hold
eleven ounces of this liquor, called foap-doilers
ley.  One part of this ley, and two of oil,
boiled together, till, on taking up fome of the
mixturc with a fpatula, it docs not adhicre, and
fpcedily coagulates, form foap.

In almoft all manufa&lorics the ley is pre-
pared cold, by filtering water through a mix-

' ture

»
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ture of equal bulks of powdered alicant foda
and quick lime. This lye is then .mixed with
oil in the boilers, and their combination is
promoted by the a&non of heat. The ley that
pafled laft through the filter, and which is the
weakeft, is put into the boiler firft, and ftronger
ley is added gradually, till the end of the
operation.

To make mottled foap, foda in its native
ftate, fulphat of copper, or blue vitriol, cin-
nabar, &c. are employed, accordmg to the
colour fought.

A foft foap alfo is prepared® by boiling a
ley made of {oda, pot-ath, or even common
wood afhes, with the cake left after prefling out
the oil of olives, nuts, or rape, with fats, with
fith oils, &zc. which make black or green foap.
Mr. de Bullion has propofed to make foaps with
animal fats ® : I have been aflured, that a learned
chemift has a manufa&ure of this kind of foap
in England. In America, foap is made with
green wax.

All the acids, even the carbonic acid, de-
compofc foap, and feparate the oil by combining
with the alkali. Salts, with earthy or metallic
bafes, have the fame property ; but they effeét

s Chaptal’s Elements of Chemiftry, vol, ii,
b Journ. de Phyfique,
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it by a double decompofition: whilft the acid
unites with the alkali, the oil combines with
the earth or metallic oxyd, from which refult
the earthy and metallic foaps I have elfewhere
defcribed®, that probably might be of fome
utility in the arts.

The principal ufe of foap in dyeing, is for
whitening the filk. For thispurpofe, a white, hard
{foap, prepared with olive oil, fhould be chofen:
whence it is, that the beft foap is made only in
places where this oil abounds, as Portugal,
Spain, or Marfeilles.

The ancients ufed a plant, called by Pliny,
radicula®, fuppofed to be our foap-wort, for
the purpofe of cleanfing woallens: for bleach-
ing linen, they employed a plant, that appears
to be a fort of fpurge.

et R ——
C H A P. X
Of Sulpbur.

'‘CULPHUR is found combined in different
mincrals; but what is made ufe of, is
chicfly extrafted from volcanic’ carths, parti-
cularly from the Solfatara near Mount Vefuvius,
¢ Mémoires de I’Academie, 1780.

4 Plin, lib. xix, cap. iii,
‘ s+ where



ART OF DYEING. 293

where it is purified, and caft into moulds, that
give it the form under which it is called roll
brimflone.

When fulphur is burnt flowly, it is reduced
into a volatile acid, of a very penetrating fmell,
and called fulphureous acid. If this acid be
left in conta with a fufficient quantity of
atmofpheric air in a clofe veffel, all the pure
part of the air, that is, its oxygen, is gradually
abforbed, and the fulphureous acid is changed
into fulphuric acid; fo that the difference
between the two acids depends on the propor-
tion of oxygen, and the ftate in which the
oxygen exifts in them.

In the fulphuric acid the oxygen has loft
the caloric to which it owed its expanfive ftate :
in the fulphureous acid it has retained fuch a
quantity, that the combination it has juft
formed, is volatile, and lofes its elaftic ftate
with difficulty. Thus in the former, the oxygen
is much more concentrated, and much better
combined : in the latter, its affinity is divided
between the caloric which it has retained and
the fulphur. For this beautiful theory of the
nature and formation of acids, we are indebted
to Mr. Lavoifier.

Sulphuric acid afts on colouring matters
like other acids: but the fulphurcous acid,

particularly
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particularly when in an acriform ftate, deftroys
feveral colours.

It is a property of fulphureous gas to dif-
charge the colour of the colouring matter.with
which it combines : but the colour in general
is reftored on faturating it with an alkali. The
colour thus recftored, however, vanifhes in
time, becaufe a combutftion takes place fimilar
to that produced by nitric acid, or oxygenated
muriatic acid, which is owing to the weak
adhefion of the oxygen in the fulphurcous
acid.

Sulpburation, or cxpofurc to the vapour of
fulphur, is employed to give woollens or filk
defigned for white ftufls, the greateft poffible
degree of whitencfs. '

For this purpole, a feparatc chamber, with-
out a chimney, and through which a current
of air may be dire&ted when neceffary, is
chofen.

To a hundred pounds of filk extended on
poles at the height of feven or cight feet, about
a pound and half, or two pounds of fulphur
arc taken. This fulphur being grofsly pow-
dercd, is put into an earthen veflel or iron
pot in the bottom of which is a fmall quantity
of alhes, and fet fire to in feveral places. The

chamber is then fhut clo’c, to prevent the :
fumes
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fumes from efcaping. The next day the win-
dows are opened, to let out the fumes and
dry the filk: but in winter, as foon as the
fulphureous fmell is gone, the windows are
again fhut, and to dry the filk, chafing difhes
with live coals arc placed in the room.

This operation not only gives the filk a
great whitenefs, but at the fame time a kind of
tremulous clafticity, or ruftling, perceptible on
prefling it between the fingers.

As this ruftling of filk is attended with a
certain f{tiffnefs, that which is intended for
making watered filks thould not be fulphurated,
becaufe it would offer too great refiftance to
the impreflions of the calender, under which
ftufls arc pafled to water them.

Neither can fulphuration be employed for
filks defigned for felt (bounsterie) as it would
corrode the iron and fteel of the tools ufed in
manufacturing it, and produce ruft.

Silk which has been fulphurated takes moft
colours badly, and if it be neceffary to dye it,
it muft firlt be deprived of its fulphur, by
repeated foaking and fhaking over in hot water
(vide page 135).

When filk is fulphurated, if it be not blue
enough for the fhade defired, it muft be azured

a fecond
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a fecond time in clear water without foap, and
after that, again fulphurated.

The properties of fulphurated filk are owing
to the fulphureous acid combined with it, the
exiftence of which is rendered fenfible by
means of fulphuric acid, for this immediatcly
difengages from it fulphureous vapours. The
fulphuration of woollen cloths is performed in
nearly the fame manner as that of filk : but
it muft be remarked, that if the operation be
not managed with caution, and if the com-
buftion of the fulphur be carried on with too
great rapidity, fulphuric acid will be formed,
which, collefted in drops, will corrode the
cloth; an inconvenience not eafily to be a-
voided.

C H A P XI.
Of Arfenic.

RSENIC is a metallic oxyd found in
commerce in white lumps, powdery at
the furface, and internally cryfalline, tranf-
parent, and as it wese vitrified. Expofed to

the air it foon becomes opake, and is gradually
reduced
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reduced to a kind of flour ; which may occa-
fion the moft fatal accidents, if miftaken for
other fubftances ; but is eafy to be diftinguifhed
by throwing a little of it on burning coals,
when it immediately rifes in a thick fmoke,
and gives out a ftrong fmell of garlic. If the
proportion of oxygen be increafed by means
of nitric acid, this oxyd-aflumes the charatters
of a peculiar acid, termed the arfenical : if,
on the contrary, it be deprived of its oxygen,
by being urged jn the fire with oily fubftances,
it {fublimes, and takes the form of a femi-
metal.

Oxyd of arfenic diffolves in fifteen or twenty
parts of boiling water, but it requires a much
larger quantity of cold water. Formerly arfeific
was much ufed in many dyes, and particularly
tor printed linens: but the inutility of this -
poifonous fubftance being now acknowledged, it
is ufed in very few procefles, and even in thefe
it appears to be ufelefs. The following prepa-
ration, however, may be excepted.

Fixed alkali has the property of combining
with arfenic, as Macquer has thewn*. To
effe@ this combination, oxyd of arfenic in
powder muft be thrown into warm water con-
taining a confiderable proportion of alkali,

3 Mem, de I'Acad. 1746.
il
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till no more will diffolve. The liquor becomes
of a dark brown colour, and acquires the
confiftence of glue. This mixture, on cooling,’
becomes hard and brittle ; but it attra:ts the
moifture of the air, and again becomes vifcous.
Mr. Vogler has obferved, that it was a very
proper mordant for linen and cotton to be
dyed with madder®. - For preparing it he em-
ployed a folution of common pot-ath : others
ufc pot-afh in its pure or cauftic ftate .

Orpiment is a compound of oxyd of arfenic
with fulphur, found native, and imitable by
art. The more fulphur it contains, the more
its colour inclines to red. It is alfo known
by the names of yellow or red arfenic, realgar,
fandarach, &c. According to a late analyfis
of Mr. Wecftrumb ¢, one bundrcd parts of
_ orpiment contain twenty parts of fulphur,
feventy-nine of oxyd of arfenic, and one of
iron. . This fubftancc is employed in fome
proceflcs of dyeing, particularly in certain
indigo.vats. '

b Ann. de Chym. tom. iv. p. 122,
« Sieffert’s Verfuche mit einhcimifchen Farbematerien,

4 Kleine Phyf. chem. Abhandlungen,

CHAP
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C HAZP XI

Of Water. )

H E - qualities of different waters. are

effential obje@ts to the dyer: but it is
perhaps of lefs importance to point out thé
injurious effets they are capable of producing,
than to deftroy the prejudices tg which they
frequently give rife.

It would be fuperfluous to fay, that water
employed in dy¢ing fhould not be muddy, not
contain putrid fubftances; and that waters fo
loadéd with heterogeneous principles as to be
termed mineral, which are eafily diftinguifhable
by the tafte, ought riot to be ufed. With thefe
excéptions, water afls on colouring matter,
principally by means of the falts with earthy
bafes it contains. Thefe falts are nitrat of lime
and of magnefia, muriat of lime and of mag-
nefia, fulphat of lime, and ¢3tbonat of lime
and of magnefia.

All thefe falts with earthy bafes oppofe the
folution of the colouring particles, caufe va-
rious kinds of thecm to precipitate, in confe-
quence of their cumbining with the earth
they contain, and render their colour deeper

and frequently more dull.
Vor. L. Z The
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The carbonats of lime and of magnefia have
alfo the inconvenience of being precipitated
by boiling, which drives off the excefs of car-
bonic acid that }eld them in folution, o that
thefe earths adbere to the ftuff to be dyed,
make it dirty, and prevent the colouring matter
from penetrating it.

It is of confequence, therefore, to diftin-
guifh the feveral kinds of water called hard,
that thcy may be avoided in moft operations
of dyeing. Chemifts are furnifhed with means
not only of dete€ling the difterent principles
contained in water, but even of alcertaining
the quantity of each with precifion: but the
procefles ncceflary for thele analyfes frequently
requirc profound {kill, and a rcadinefs of
praétice, which thofc who are cmployed in
dycing cannot he prefumed to poffefs. Happily
an caly and common experiment is fufficient,
to fhew wlether water contains fuch a quan-
tity of thefe {#'ts as may be injurious; the
folution of f{oap.

All falts with earthy bafes decompofe foap
by a double affinity : their earth combines with
the oil of the foap, whilft their acid unites
with its a'kali; and this combination of oil
and earth forms an carthy foap, which, being
imuiuble in water, produces the curdling ob-
lerved on fuch occalion- 2,

* Mum. de 1 Sicad. 1780,
If
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If then, a water be clear, not ftagnant, void
of fenfible flavour, and diffolve foap well, it
may be dcemed proper for dyeing; and all
waters poflciled of thefe qualities are equally
proper. _

But as it is not always in our power to
choofe our water, means of correfting bad.
waters, at leaft thofe which are fo to a certain
degree, have heen fought ; particularly for the
purpofc of dyeing delicate colours. For this
end, water in which bran has been made to
grow four, gencrally known by the namé of
four water, or Jfours, is commonly employed.

For preparing the four water, twenty-four
bufhels of bran are put into a tub or vat that
will contain about ten hogtheads: a large
boiler is filled with water, which, when juft
ready to boil, is poured into the vat : the acid
fermentation foon commences, and in twenty-
four hours the liquor is fit for ufe.

I conceive, that the four water afts By de-
compofing the carbonat of lime and magnefia,
from which its acid, being more powerful;
difengages the carbonic acid : thus the ecarthy
fediment, which I have faid is occafioned by
boiling, is prevented from taking place.

Mucilaginous plants are boiled with water

to correlt it alfo. The mucilage coagulates,
and
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and carrying with it the earths that féparate
by ebullition, as well as thofe which might
" happen to be fimply mixed with the water
and render it turbid, forths a feum which is
taken off,

Salts with earthy bafes, which are ih genéral
prejudicial in dyeing, may be in fome cafes
ufeful, and ferve to modify tints. Thus a
water of this kind weuld give a etimilon hue
to the colour of coclitiea:

As the water of a river fmdy comain a
gfeater or lefs quamity of falts with earthy

afes, according as its bed is greater or lefs,
it happéns fometimes, that the fame fhade is
only obtained at certain times, though exallly
the fame procefs is followed ; or that, to ob-
tein the fame refult, certain variations muft
be made in the procefs, according to the flate
of the river.

Water which detontpofes common foap, and
forms ®alcareous fo#p, is improper for bleach-
ing ; ot only om account of the lofs of foap,
whick is decompofed in wafte, but more cfpe.
cially becaufe the calcareous foap, which is
infoluble in wates, adheres to the cloth, gives
it g greafy feel, ad even grows yellow in time,
antd Baakes off: ist licele flakes,

‘|
Exp or tax First VorLume,









ERRATA

Page a1, line 9, aftrr referred, infert the,
—— 142, — 12, for Beaum¢, read Baumé.

——1;8, — g from bottom, for independant, read mda-
pendent.

— 240, — 8, for Dambournay, r¢ad d’Ambourney,
— 895, — 10 from bottom, for felt, read focking web.















