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P R E F A C E

I HAVE seized the opportunity presented by the need for a new
edition of this book to add a new chapter on recent progress -?i
the Industry, founded on my articles in Annual Ik^ori? ch ^j-';>a
Chemistry issued by the Society of Chemical Industry, 1917-191S.
These reports have also been utilised to provide some of ihe informa-
tion given in the new chapter on Colour Production. Since tiic-
boolc now deals as substantially with the Industry in Great Britain
as it does with the Industry in other countries, it seems logical to
change the title which it bore in previous editions, "Dyeing in
Germany and America," into the one which is now used. It U
gratifying to find that the book has been deemed worthy of trans-
lation and that an edition in French will soon make its appearance.

S. H. H.

MANCHESTER,
Septernbtr 1919.



P R E F A C E TO T H E SECOND E D I T I O N O F

" D Y E I N G IN G E R M A N Y AND A M E R I C A "

THE first edition of this book was issued in 1907 as "a Report to the
Electors of the Gartside Scholarship of the University of Manchester on
the Results of a Tour in the United States of America and G-ermany
in 1905-1906," and was intended to give a general survey of the
dyeing and allied industries of these countries.

The very favourable reception awarded to the book has exhausted
the supply of copies and necessitated the issue of this new edition.
Although no further visit has been paid to either of the countries,
I have been able to add considerably to what appeared in the first
edition, chiefly as the result of experience gained during the past nine
years, firstly as a demonstrator in the Dyehouse of the Manchester
College of Technology, and secondly, as a works chemist and manager.
Naturally, this experience is most in evidence in those parts of the
book dealing with the branches of the industry with which I am the
most familiar. I have also taken the liberty of including certain
material -which I have published in various journals since the issue
of the first edition.

It is hoped that this edition will be useful to the student requiring
a general knowledge of the industry, to the publicist seeking a com-
parison between the industrial conditions in this and other countries,
to the general reader, and also to the practical dyer, who may find
in these pages some things of value and interest to him.

In the preparation of this edition I have received much assistance
from the many helpful suggestions made by reviewers when the book
was first published. I am also indebted to these gentlemen for the
rectification of several errors which appeared therein. I wish to
place on record my appreciation of the care taken in the publication
of the present edition by H. M. McKechnie, Esq., Secretary of the
Manchester University Press; also to repeat my thanks to Arthur
Jones, Esq., M.A., for the help he gave me with the first edition.

S. H. HIGGINS.

LUNOAKTY, PERTH, N.B.,
July 1916.
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C H A P T E R I

GENERAL

The art of dyeing—Influence of chemistry—Opposition to progress—Hank-
dyeing and washing—Cloth-dyeing.

T H E ar t of dyeing is very old, as t h e following quota t ion
from Pliny shows : " Garments are painted in E g y p t in
a wonderful manner, the white cloths being first smeared,
not with colours, b u t wi th drugs which absorb colours.
These applications do no t appear on the cloths, b u t when
the cloths are immersed in a cauldron of hot dyeing liquor
they are taken out painted the moment afterwards. I t
is wonderful tha t , al though the dyeing liquor is only of
one colour, the garment is dyed b y i t of several colours,
according to the different properties of the drugs which
have been applied to the different pa r t s : nor can this
dye be washed out. Thus the vat , which would doubtless
have confused all the colours if t he cloth h a d been im-
mersed in a painted state , produces a diversity of colours
out of one, and at the same t ime fixes them immovably . "
Thus we have evidence t h a t a t an early period the practice
of what is now known as polygenetic colour-dyeing was
carried out. Since such knowledge of dyeing existed in
these early times i t is surprising t h a t i t is only during t h e
last few centuries t h a t marked progress has been made .
The discovery of America influenced the a r t of dyeing so
materially t h a t its real development dates from t h a t
event. Mexico furnished cochineal, and, later, t h e beaut i -
ful tropical indigo displaced t o a large extent t he ancient
woad of England. We find t h a t t h e law restricted t h e
dyeing industry in all countries : sometimes t he methods
of dyeing were strictly defined and no others were per-
mitted ; at other t imes the districts in which dyeing was
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a]io-*\?d were s t a t e d ; and in some periods a d u t y was
^ a e e d on all dyed cloth. Fox instance, a t one t i m e log-
wood was not allowed t o be used for dyeing blues, a s t h e
eo!o-ir> thus produced weie said t o b e fugitive. A n Act
of Parliament of 1552 limited t h e number of coloirrs which
illicit be used ; William I I I . added t o t h e l i s t ; a n d l a t e i
legislation allowed the free use of d y e - s t u S s . These
obstacles hindered, t o some extent , t h e progress of t h e
dyeing industry, b u t i t is only in qui te recent t i m e s t h a t
wcz&i advances have been made.

The introduction of chemistry in to t h e i n d u s t r y has
indefinitely enlarged its resources b y showing h o w t o
produce varieties of colours extending t h r o u g h t h e whole
ranee of the prismatic spectrum, a n d h a s enabled t h e dyer
TO lix and render durable many of those beaut i ful vege-
table dyes t h e ephemeral na ture of whose br igh tness
formerly det racted from their u t i l i ty . Along w i t h these
improvements the nature of the substance to be dyed has
received careful scientific cons idera t ion ; t h e processes
have been adapted t o suit t i e fibres being dyed , a n d
niordants have been introduced b y m e a n s of w h i c t pecu l ia r
shades have been produced, the most diverse fabrics d y e d
together and perfect fixity given to t h e colours.

Yet, during i ts rapid development, t he dyeing i n d u s t r y
had to combat many prejudices, t he greatest of wh ich "was
the reluctance of t h e dyers themselves t o a d o p t t h e new
methods when introduced. The ut i l i ty of colours d y e d
without mordants was not a t first recognised, a n d i t was
a long t ime before t i e substantive cot ton colours could
get a footing. The general adoption of metal l ic m o r d a n t s
was opposed; b u t t h e discovery of alizarine red and , la ter ,
of alizarine blue brought in th is method , and i t h a s g radu-
ally grown in use un t i l now i t is one of t he mos t i m p o r t a n t
methods of dyeing. I t m u s t be remembered , however ,
t ha t every improvement in every t r a d e is received "with
opposition of some kind, a n d the h is tory of dye ing shoTvs
the industry t o l a v e been no exception t o t h e rule . The
preliminary difficulties may be great , and unwill ingness
to discard t i e old methods may exist , b u t t h e f ac t t h a t
the new methods gain acceptance in o the r quar te r s show
their utility, and ought to urge ail beyond init ial ohstacles .
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As to t i e location of t h e dyeing indust ry , we have in
Germany :

1. North-West Germany, including Rhineland and Wes t -
phalia, l a this district the principal centres are Crefeld
for silk, Miinchen-Gi-ladbach for cotton,, and Elberfeld-
Barraen for general manufacture, especially dyeing.

2. Middle Germany, containing wha t is usually called
" the Saxony Indust ry " and spread over a large a rea .
The industry in this district is very old. Chemnitz a n d
Zwickau are impor tant centres.

3. South-West Germany, where the indus t ry is con-
nected with the Trench and Swiss industries. Mulhausen.
is the principal town. Mul tausen is a n impor tan t fine
cotton centre, a n d much fine printing is done in th is dis t r ic t
for English and French firms. The w o r t is to ta l ly different
from tha t of other par ts o i Germany. The jMiinchen-
Gladbach industry is largely devoted t o t h e production of
cotton blankets. I n Chemnitz the dyeing is of a varied
nature. The machines used in the textile districts men-
tioned are in many cases of Brit ish manufacture, or copies
of the same, and e Yen in t h e t rade schools Brit ish machinery
is used. Yet the Germans are now producing a large
number of texti le and dyeing machines, and even expor t -
ing them to Britain.

In America the dyeing industry is scat tered. I n the
Philadelphia district t he dyeing of carpets and coarse
goods is the principal business. In the Southern Sta tes ,
where "bleaching and dyeing are comparat ively new
industries, there are some fine w o r k s ; "but t h e works of
the New England States are the most impor tan t for the
present review. Nearly everything t h a t is manufactured
anywhere in the Uni ted S ta tes is made in New York S ta te .
I t has a population, of over 7,000,000, a, foreign commerce
only exceeded hy four countries, a n d is the leading S t a t e
of the United States in. many impor tant industries. Ye t ,
turning, farther north, we find New England contains two-
t l i r d s of all the cotton, spindles and three-quarters of all
the looms of the Uni ted States, while Fall River makes
tliree-quarters of the pr int cloth produced in. t h a t count ry .

Dyeing in Europe was first effected in the y a m form,
and this method is still l&Tgely used. HmTc-Hyeing l a s
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not changed much of recent t imes, a n d in dye-houses in
all countries men can be seen s tanding over wooden v a t s
changing periodically the wooden st icks, f rom which t h e
hanks hang into the dye liquor. The h a n k s are lifted,
turned, and dropped back again, while t o improve t h e
evenness of the dyeing t h e positions of t h e st icks are
changed regularly so t h a t all experience t h e same con-
centration of dye-stuff.

Machines have been devised to imi ta te th i s movement ,
but few of these have been adopted t o any large ex ten t .
Such machines are really only sui table for dyeing large
quantities of yarn the same colour. The a u t h o r did n o t
see any such machines a t work in Germany, b u t in America
the Klauder-Weldon machine for th is purpose was often
seen (see p . 63). I n the United S ta tes , however , hank-
dyeing is not so important as i t used t o be. T h e y make
so many cloths where the warp is t h e same coun t as t h e
weft, tha t both warp and weft are receiving t h e same
treatment before weaving. Both a re dyed toge the r in
the warp-dyeing machine, and t h e n t aken , p a r t t o be
quilled and par t to be beamed. This is said to be a cheaper
process than separately t reat ing t he w a r p a n d weft ya rns
in the more usual way. As regards hank-dye ing machines ,
it is evident t h a t they can never wholly replace hank -
dyeing by hand, for certain colours require special care,
and it is useless to a t t empt to design machines t o meet
each special operation.

After dyeing, the hanks mus t be washed, t h i s operat ion
being of importance. Machines have been devised for th i s
purpose. The simplest method is t o pass t h e h a n k al ter-
nately through water and between a pa i r of squeezing
rollers. The washing-machines are again designed t o
imitate washing by hand. Thus, in one machine t h e h a n k
is lifted out of the water, plunged rap id ly i n again, and
a t the same t ime turned.

Haubold's—a large machine firm i n Chemnitz , Saxony
—build a machine which is very economical a n d has a large
production. I t consists of a circular v a t w i th a pa r t i t i on
fixed radially at one par t of the r i m of t h e va t . F resh
water is conducted in a t one side of th is par t i t ion a n d t h e
dirty water flows away a t the other side, t h a t is , after
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having traversed round the va t and washed t h e hanks
which are suspended from copper rods placed radially on
t h e va t . E a c h of these rods is covered wi th a square
porcelain pa r t on which the hanks hang. The porcelain
p a r t s revolve, thus moving the hanks in the water , while
t h e whole wheel carrying the hanks moves round wi th a
j e rky motion. During the revolution of the wheel, t h e
h a n k s first meet d i r ty water t hen cleaner water as t h e y
revolve, unt i l finally they meet clean water and are t a k e n
out . The hanks are well and rapidly washed, and as t h e
washing is on the counter-current system, t h e water is
economically used. The machine is supplied in three sizes,
w i t h 12, 18, and 27 copper radii, and is suitable for all
classes of yarn.

Hank-dyeing and washing are still principally done b y
h a n d , and a t Chemnitz workmen are seen s tanding on low
bridges crossing the river and washing hanks in t h e running
wate r . This peculiar sight may be witnessed all along t h e
winding river. I n t he Barmen district such a pract ice is
p reven ted by the bad s ta te of the river, for only on a very
w e t Sunday, and when the factories have been closed some
hours , can the Wupper be considered worthy of such usage.

Cloth-dyeing is done on the jigger or on the rope form,
a n d big works abroad were seen using bo th methods. The
dyeing of mordan ted cloth was done in the rope-dyeing
machines, as the mordant ing assured even dyeing and
m a d e the use of the jigger unnecessary. I t was a frequent
occurrence to see a line of rope-dyeing machines a t work
in German works. These machines require li t t le a t t en -
t ion , b u t because of the difficulty of washing i t is a lmost
necessary to have different machines for different colours
before good results can be obtained. This remark also
applies to the use of jiggers for dyeing. I n Germany some
of t h e jiggers had ex t ra rollers so as t o increase t he t i m e of
immersion of the cloth in the dye l iquor ; b u t since dyeing
is really done more in the batch t h a n while in the liquor,
t h e advantage of these rollers is questionable.

A t Miilhausen, as a t Chemnitz, the river is used direct ly
for washing, and washing-machines are directly bui l t over
branches of i t . Most of the works congregate abou t t h e
r ivers and s treams.
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COP-DYEING

Its object—Selection of colours-—The difficulties involved—Machines of two
classes Comparison of these machines—Three important machines—
Perfection not attained.

U N T I L comparatively recently, co t ton y a r n h a d to be dyed
in the hank form: the cop produced b y the spinning-
machine was unwound, t h e y a r n made into t h e hank form,
dyed, then rewound to t h e cop form a n d placed in the
shut t le . During tMs operat ion of unwinding and rewind-
ing, cotton was lost owing t o t h e entangl ing of the threads ,
a n d cop-dyeing arose to save t h e t rouble ment ioned and
t h u s to economise both labour a n d mater ia l . Cop-dyeing
originated in the Manchester dis t r ic t a b o u t t h i r t y years
ago, and has now assumed considerable dimensions in
Germany. Many machines are i n use for cop-dyeing, b u t
t h e success of the operation seems to depend no t so much
o n the machinery used as on t h e proper selection of the
dye-stuffs and on the careful handl ing of t h e machines.

During the dyeing operation t h e d y e l iquor has t o be
forced through the cop, a n d in th i s w a y t h e mater ial of
t h e cop acts as a kind of filter for t h e dye-stuff. I t is
therefore evident t h a t success in cop-dyeing can best be
at ta ined b y using perfectly soluble colours, which leave no
residue in the dye -ba th ; otherwise the re is a tendency
towards uneven dyeing, a n d t o concen t ra t ion of t h e dye-
stuff: on the outside of the cop. This is p a r t l y counteracted
i n some machines b y periodically reversing t h e direction
of flow of the dye liquor th rough t h e cop.

Consideration shows us t h a t m a n y colours, as aniline
black, turkey red, etc. , cannot be dyed w i t h success on

6
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cops ; others, such as indigo, are difficult t o manage . The
dyeing wi th sulphur colours is also difficult because of t he i r
tendency to oxidise on the outside of t h e cops, t h u s p ro -
ducing unevenness. I n using these colours, t h e cops m u s t
be kep t immersed in t he dye liquor dur ing the dye ing
operation. Those colours which are slowly t a k e n u p b y
the fibres are tlie best t o use in cop-dyeing, as even pene t r a -
t ion is ob ta ined ; dyeing wi th basic colours, which ac t
quickly, is difficult. To overcome t h e difficulties men -
tioned, various precautions are t aken , a n d t h e colour firms
give every assistance in t h a t direction b y the i r carefully
prepared recipes. Moreover, i n cop-dyeing t h e difficulties
are accentuated b y the fact t h a t any mis takes are n o t
revealed to t he dyer, who cannot tell if h e is sending b lack
cops wi th white cores t o the weaver. If t h e l a t t e r is n o t
an observant person, pieces of cloth m a y t h u s be spoiled.

The machines for cop-dyeing are of two classes : (1)
those in which the cops have solid spindles, and (2) those
in which the spindles of the cops are perforated.

I n t h e first class the cops containing t h e solid spindles,
which serve to keep the cops from becoming damaged , are
packed together into as uniform a mass as possible b y
means of cot ton waste and other such mater ia l . S t e a m
is first sent th rough the mass and t h e n t h e dye l iquor.
The success of the operation depends on good packing ,
for, if the dye liquor passes along cer ta in channels only,
t h e dyeing of the cops is no t uniform. One of t h e oldest
of these machines and the simplest is t h e Mommer machine ,
in which t h e cops are t ight ly packed i n a square box which
has two of i ts opposite sides perforated. T h e dye l iquor
is pumped between these perforations and through, t h e
mass in t h e box. By reversing t h e di rect ion of t h e dye
liquor more even penet ra t ion is obta ined, for, if ce r ta in
channels are produced dur ing t h e passage of t h e dye
liquor in one direction, i t is n o t l ikely t h a t channels will
be formed in the same places when t h e p u m p is reversed
a n d the dye liquor t ravels in t h e o ther direct ion. I n
Cohnen's machine the cops can be hydro -ex t r ac t ed im-
mediately after dyeing, b y merely revolving t h e b o x in
which, t i e cops are packed. The machine acts in t h e same
way as the one previously described, b u t t h e a r r a n g e m e n t
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for hydro-extracting is very convenient. T h e cops ca
thus be dyed, washed, and hydro-extracted w i t h o u t takin
out of the machine. The machine is specially suitable fc
dyeing basic colours on cops, for in this case i t is necessar
to hydro-extract after each operation if u n e v e n dyeing i
to be avoided. The Obermaier machine, s u c h as is use
for dyeing loose fibres, can also be used for dyeing cop
with solid spindles.

Interest in the solid spindle machines, however, i
rapidly decreasing, and at tent ion is being g iven to machine
of the second class. Some machines can, however, b
adapted to dye by bo th systems. For ins tance , th
author saw a machine made by Schirp of B a r m e n bein
used for dyeing cops with solid spindles, whereas thi
machine is usually employed for dyeing accord ing to th
other system.

The penetrat ion of the dye liquor in t h e machine
using perforated spindles is more uniform, a n d this facto
has decided in their favour. Fur ther , the p o w e r t o driv
the dye liquor through the cops is much less t h a n in t h
first system. I n t h e second system, the d y e liquor i
forced into the perforated spindle on which each cop i
placed, through the perforations of the sp ind le , throug]
the cop surrounding the spindle, and back i n t o the dye
bath . I n this way each cop receives ind iv idua l t reatment
instead of being penetra ted by the dye l iquox in a mas
as in the first system. Formerly there was a difficulty ii
transferring the cops t o and from the meta l l i c spindle
used in these machines, but , later, perforated p a p e r spindle
were introduced, which remain inside the c o p s during t b
operations and keep the threads in position. T h e metallic
spindles of the dyeing machines fit inside the p a p e r spindles
After dyeing, the cop along with the paper sp ind le is take]
to the hydro-erfcractor.

One case of uneven cop-dyeing, which h a d l e e n causec
by the paper spindle, came to t he author 's not ice whil<
in Germany. The inside of the cop, immed ia t e ly next t<
where the paper spindle had been, was more deep ly dyec
t h a n the remainder of the cop. Invest igat ion showed tha-
the alum used in the manufacture of the p a p e r had actec
as acid to the dye liquor, drawn t h e dye-stuff f rom solution
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a n d concentra ted i t on t h e p a r t of t h e cop immediate ly
n e x t t o the pape r .

I n the case of t h e perforated spindle machines the
direction of mot ion of t he dye l iquor is a l tered from t ime
t o t ime by reversing t h e p u m p , in order again t o ensure
uniformity of dyeing. Any impuri t ies or solid part icles
of any kind in t h e dye-ba th , which rise t o t h e t o p of the
dye-ba th , t e n d t o fill u p t h e top holes of t h e perforated
spindles and to t h u s produce uneven dyeing.

Modern per fora ted spindle machines : (1) Gramiger 's .
(2) Haubold ' s , (3) Schirp 's , a n d (4) Porn i t z ' s . Gramiger 's ,
one of the first of th is t ype , h a s been improved in England ,
a n d is used for dyeing indigo on cops. Haubo ld ' s machine
w a s seen a t work b y t h e au tho r in t h e dye-works of Herr
Haase , i ts inventor . This works is s i tua ted a t Neukirchen,
a few miles over t h e hills from Chemnitz , and is principally
concerned wi th t h e dyeing of cops a n d stockings. Chem-
n i t z has a large business in t h e dye ing of stockings. The
cop-dyeing machine consists of t w o p a r t s , a dye-ba th of
tun-d i sh shape a n d a receptacle for t h e dye liquor. The
b o t t o m of t h e d y e - b a t h is perforated, a n d in these perfora-
t ions the spindles carrying t h e cops are screwed. The
dye -ba th is connected t h r o u g h a p u m p wi th t he dye-vessel.
T h e p u m p d raws t h e l iquor from t h e dye-vessel, forces i t
t h r o u g h t h e cops in to t h e d y e - b a t h unt i l t h e l iquor fills
t h e dye-bath , a n d t h e n draws some of t h e l iquor back
again th rough t h e cops in to t h e dye-vessel. The cops
are kep t wholly immersed in t h e dye l iquor dur ing t h e
process, and m a n y a l ternat ions of t h e p u m p ensure even
dyeing. The passages of t h e dye l iquor , first in one direc-
t ion and' t h e n in t he other, t a k e p lace a b o u t t w e n t y t imes
dur ing an hour , according t o t h e n a t u r e of t h e dyeing.
If four machines are r u n toge ther , as was t h e case a t th i s
works, one engine suffices for all, b u t wi th single machines
t h e cost of dr iv ing becomes re la t ively higher. The
machine , which was first bu i l t in 1892, costs a b o u t £600.
I t is suitable for co t ton a n d wool cops, a n d t h e p roduc t s ,
t h e author found, s tood minu te examina t ion . After dye-
ing, the cops were p u t in small baske t s a n d a r ranged in
a circle inside a hydro-ex t rac tor . After hydro-ext rac t ing
t h e y were dr ied in a chamber t h r o u g h which a s t rong
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current of hot air was passed. If the cops dry too slowly,
there is a tendency for the upper side of the cop to dry
first, to extract the dye liquor from t h e lower pa r t , and
thus produce uneven dyeing.

The ScHrp machine consists of a s tou t square box with
removable sides. I n the middle of th is box is another box,
which might be considered a longitudinal section of the
larger one. On both faces of the smaller box. the perfor-
ated spindles carrying the cops are placed, so t h a t the
spindles project into t he space of t h e larger box. The
smaller box is fitted wi th the cops, wheeled into position,
and then the dye liquor is forced into the small box,
through the cops into t he larger box, and round again in
circulation. As in the other cases, the direction of the
dye liquor is reversed from t ime t o t ime .

I n the Porni tz machine the cop carrier is a perforated
cylinder, the cops taking up the whole of the round surface.
When the cops have been fitted into position, this cylinder
is lowered by means of a chain into t he dye-bath, which
is a cylindrical vessel big enough t o admi t the cops. By
means of compression and suction the dye liquor is made
to pass from t h e dye-ba th through t h e cops into the dye
reservoir. Fresh dye-stuff can be added to the liquor
while in the reservoir, and in th is way slow and even
dyeing assured. The suction and compression are per-
formed by means of a double-acting air-pump. The
machine can also be used for dyeing w a r p s ; for this
purpose the warps are wrapped round the cylinder of the
machine over t he perforations, which usually carry the
cop spindles. The dye reservoir is usually placed under-
nea th the dye-bath so as to save space.

In all these machines the cops have first to be steamed
and hot water sent th rough t h e m before dyeing, in order
to ensure" even penetrat ion. Pene t ra t ion is of course
assisted b y " boiling out " the cops on a kier before dyeing,
or by adding tu rkey red oil to the water used for " wett ing
o u t " the cops.

At one works cops were seen being dyed in a foam
dyeing-machine. The cops were t ight ly packed in the
t o p of an upr ight cylinder, while a t t h e bot tom of the
cylinder the dye liquor, containing soap, was made to
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froth u p by means of s team. W h e n t h e bubbles burs t ,
t he air r o u n d t h e fibres is d r iven away and t h e dye-stuff
a t t rac ted . This m e t h o d is said t o be successful in* dyeing
certain shades on cheeses.

The a u t h o r saw no cop-dyeing machines in t h e Uni ted
S t a t e s ; cop-dyeing is too delicate a process for t h e American
class of t r a d e .

Nearly all t he cop-dyeing mach ines in use i n Germany
are very similar t o each o ther , different forms being
merely modifications of t h e same principal idea. The
product ion of machines for sale is as y e t l i t t le developed.
Mommer of B a r m e n informed t h e a u t h o r t h a t t hey no
longer bui ld thei r machine, because t h e r e is n o demand
for i t .

Of recent years t h e dyeing of cops h a s no t been much
developed, a n d in spite of careful a t t en t i on t o t he diffi-
culties a t t e n d a n t upon t h e opera t ion , perfect penet ra t ion
has not been a t t a ined . The Obermaier machine is success-
ful for t h e dyeing of loose wool, b u t i t has n o t been so
successful in t h e dyeing of cops . T h e Theis appa ra tus is
much used in Westphal ia and Ho l l and for t h e bleaching
of c o p s ; i t is also said t o b e sat isfactory for dyeing.
The machines used for cop-dyeing do n o t va ry much , and
from t ime t o t ime old types are improved .
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SULPHUR COLOURS AND INDIGO

Fastness of sulphur colours—Importance as cotton dyes—Their tendering
action on cotton—Use for wool dyeing—Machines used for dyeing sulphur
colours—Natural and synthetic indigo—Substitutes for indigo—Sulphur
blues and indigo.

T H E first sulphur dye-stuff was Cachou de Laval . Vidal
black was afterwards produced b y Vidal, and was the first
real member of this impor tan t class of dye-stuffs, for i t
was by imitat ing Vidal 's method of product ion t h a t other
sulphur colours were produced. These dye-stuffs were a t
one t ime known as " t he colours of the fu tu re / ' and now-
adays they are recognised as very impor t an t cot ton dyes.
Their brilliancy, deepness of shade, fastness, and cheap-
ness have created quite a revolution in the dyeing industry.
Cassella's sulphur blues are well-known colours, and the
Hoechst thiogen violets are bright, clear shades. The la t te r
firm claim t h a t their th iogenpurpur was t he first red sulphur
dye-stuff to be p u t on the market . I t has been s tated,
however, t h a t other firms had previously had products of
a similar na ture which t h e y did not deem wor thy of being
placed on their lists. Of recent years a large number of
sulphur colours have been placed on the market , and
among these the brands of sulphur blacks have been of
special importance. All the colour firms have brought
out sulphur blacks of great pu r i ty a n d concentration.
Their beau ty of shade is beyond dispute, and only in
fastness to bleaching powder solution do they fail t o com-
pare wi th aniline black.

The fact t h a t sulphur colours are ap t t o cause t he
tendering of t he cot ton fibre on which t h e y are dyed, has

12
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p reven t ed t h e m from becoming of still greater impor tance
i n t h e dyeing indus t ry . The t ender ing does n o t t ake
place for some t ime after t h e dye ing , b u t in some cases
c o t t o n goods, which h a d been d y e d a yea r previously,
h a d become qui te ro t t en . The cause of t h e t ender ing
seems to be due t o t h e deve lopmen t of sulphuric acid b v
t h e oxidat ion of t he su lphur con ta ined in t h e dye-stuffs.
Af te r - t rea tment w i th copper sal ts accelerates th i s act ion
a n d should n o t be performed. Chroming is r ecommended ,
b u t m a n y dyers object t o th i s e x t r a t r e a t m e n t , saying i t
is costly a n d t h e shade is a l t e red t h e r e b y . The re is n o
d o u b t , however , t h a t chroming , or t r e a t m e n t w i t h some
othe r oxidising agent , as h y d r o g e n perox ide , b r ings a b o u t
t h e full ox ida t ion of t h e r e d u c e d su lphur dye-stuff, a n d
t h u s produces t h e fullest shade immedia te ly . To over-
come t h e t ender ing caused b y these dye-stuffs small
a m o u n t s of cer ta in chemicals , wh ich neutra l ise t h e sul-
phu r i c acid as i t is p roduced , a re somet imes left in t h e
clo th . F o r ins tance , sod ium a c e t a t e is employed for t h i s
purpose , and also several p a t e n t subs tances .

Sulphur colours are r educed b y sodium sulphide solu-
t ion , a n d t h e solut ion t h u s p r o d u c e d used for impregna t -
i ng t h e mate r i a l t o be dyed . T h e colour is developed b y
t h e gradual oxidat ion of t h e reduced solution in t h e air, a n d
in most cases a change of colour of t h e ma te r i a l du r ing
t h e oxidat ion is not iceable . As regards t h e t e m p e r a t u r e
a t which dyeing t akes p lace , t h i s varies for different
b r a n d s . M a n y su lphur b lacks d y e best j u s t be low boil ing
po in t , b u t 60° C. is somet imes h i g h enough. A low t e m p e r a -
t u r e is preferable in m a n y cases, since slow ox ida t ion
resul ts and t h e dyeings are more uniform. A sl ightly
faster resul t is ob ta ined a t h igh t empera tu res , b u t a t low
t e m p e r a t u r e t h e c o t t o n is b e t t e r preserved. F o r l ight
shades 30° C. is often h igh enough , while some of t h e indigo
b rands m a y be dyed cold w i t h advan tage . T h e a m o u n t
of sodium sulphide t o be a d d e d t o t h e b a t h is also of
impor tance , as a q u a n t i t y wh ich is sufficient t o reduce
t h e dye-stuff is n o t a lways enough t o fix t h e dye-stuff
on the fibre. Since ^ o d i i ^ ^ ^ l ^ h i d e solut ion a t t acks t h e
wool fitoe^sul£^^
nTthe~ dyeing oFfabr ics oon ta i a ing wool. B y using o t h e r



14 T H E D Y E I N G I N D U S T K Y

reducing agents however, such as hydrosulphites, sulphites,
etc. , in place of t h e sodium sulphide, this objection has
been somewhat overcome. B u t i t has been found t h a t on
using these reducing agents the results are no t exactly
the same as those produced b y sodium sulphide.

For dyeing cloth wi th sulphur colours the ordinary
jigger is much used, b u t the au thor also saw jiggers a t
work in which the cloth was kep t wholly immersed in
the dye liquor during the dyeing operation. Exposure t o
the air during dyeing is said to cause bronzy precipi tates
on the cloth. The addi t ion of a little glue to the dye-ba th
is said to prevent these bronzy patches , and thus to assist
t h e dyeing on the jigger. I n dyeing hanks with these
colours, exposure to air during the dyeing operation is also
avoided. The Klauder-Weldon machine is used for this
operation (see p . 63) in t he Uni ted States .

The author found t h a t slop padding was tak ing the
place of dyeing for some classes of colours. E v e r y dyer
knows the difficulty of dyeing evenly, and in cases of
mordant ing and developing dye-stuffs on t he fibre the
difficulties are increased. Tannic acid divides itself fairly
evenly over the fibres, so t h a t impregnat ion in this case is
easily accomplished; b u t in dealing with some of the
chromium mordan ts and other compounds, difficulties
arise. Moreover, tannic acid can be fixed in t h e wet
s ta te , whereas some agents mus t be dried evenly on the
cloth before proceeding t o the other operations. Diffi-
culties of this kind have led t o the introduct ion of padding .
Thus , in Germany and America, mordan t s were often
padded, and then the dyeing done in the s t rand dyeing
machines. I n padding, t h e cloth passes th rough the liquor
to be padded, and is t h e n squeezed evenly b y a pa i r of
rollers. One of these rollers is usually of brass and t h e
other rubber covered. Padding with sulphur colours is
difficult, because t o ensure a uniform result t h e dye-stuff
should be completely dissolved in t he padding liquor. I n
Germany t h e au thor found glucose was used as a reducing
agent in preparing sulphur colours for padding. The brass
roller of the padding mangle was replaced b y an iron one,
since brass and copper pa r t s are a t tacked by sulphur
colour solutions.
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_ P r i n t i n g w i t h su lphu r colours is now performed by
us ing special r educ ing agents for p repa r ing t h e pr in t ing
p a s t e s . Cassel la 's first used caus t ic soda a n d glycerine.

Su lphur colours a re m u c h u s e d in t h e Un i t ed States .
F o r ins t ance , one represen ta t ive of a Ge rman colour works
t o l d t h e a u t h o r t h a t he h a d sold a mil l ion pounds of colour
in a v e r y s h o r t t ime . Su lphur b lacks were i n g rea t demand .
T h e i n t r o d u c t i o n of t hese colours has led t o changes in
t h e m a c h i n e r y i n use ; copper p a r t s h a v e been replaced.
Some firms i n t h e U n i t e d S ta t e s c la im t o h a v e t h e best
m a c h i n e r y for dye ing su lphur colours , b u t whe the r th is is
t h e case or n o t c a n n o t b e de t e rmined because these firms
resolu te ly refuse t o p lace the i r mach ines on view. Repre-
sen ta t i ves of t h e colour m a k e r s were n o t allowed to see
t h e mach ines , a n d these gen t l emen found themselves in
t h e pecul ia r pos i t ion of giving ins t ruc t ions a n d seeing t h e
firm's s e rvan t s oscil lat ing b e t w e e n themselves a n d t h e
dye-house .

S u l p h u r dye-stuffs h a v e n o w a d a y s become so i m p o r t a n t
t h a t t h e y h a v e chal lenged t h e pos i t ion of some of t h e older
fas t colours . As previous ly men t ioned , su lphur blacks are
u s e d in p lace of aniline black, a n d we also find t h a t some
s u l p h u r b lues h a v e rep laced t h e use of indigo t o some
e x t e n t .

Ind igo , one of t h e oldest a n d sti l l t h e m o s t i m p o r t a n t
dye-stuff, h a s a h i s to ry full of in te res t . N o t on ly has t he
n a t u r a l ar t ic le h a d t o overcome t h e opposi t ion of sub-
s t i t u t e s ; t h i s opposi t ion i t c o u n t e r a c t e d very well, unt i l
t h e p r o d u c t i o n of syn the t i c indigo caused t h e n a t u r a l article
t o become of less a n d less i m p o r t a n c e . Indeed , i t is only
t h e p r e s e n t w a r which h a s caused a renewed in teres t in
t h i s colour . I n 1880 t h e chemical cons t i tu t ion of indigo
w a s dec la red , a n e v e n t which led l a t e r t o t h e p roduc t ion of
s y n t h e t i c ind igo on. a commerc ia l scale. A large indus t ry
h a s ar isen there f rom, as t h e following figures s h o w : from
1896 t o 1904 G e r m a n y ' s e x p o r t of syn the t i c indigo in-
creased i n v a l u e f rom 6'4 t o 25 mill ion m a r k s , and t h e
l a t e s t r e t u r n s pub l i shed (for t h e y e a r 1913) show t h e s e t o
h a v e inc reased to 40 mill ion m a r k s . As a resul t , during
t h e yea r s 1899 t o 1903 t h e price of indigo fell 50 per cent .
I n 1900, D r . B r u n c k of t h e Badische Anilin u n d Soda
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Fabrik s ta ted t h a t the quan t i ty of indigo produced
annually in their factory would require the cultivation of
more t h a n a quarter of a million acres of land in the home
of the indigo p lan t . I t has been prophesied t h a t natural
indigo will be as dead as madder in a few years ' t ime,
ye t we find it has t o some extent held its position in the
Eas t , and various Commissions have tried to improve the
cultivation in order to increase t he production. B u t
there is obviously a limit t o which the production can be
improved, for p l an t life does no t admit of the thorough
comprehension t h a t operations in a colour works do,
and the producers of synthet ic indigo have the price of
indigo and product ion very much in their own hands.

The crippling of t he synthet ic indigo industry by the
war has been tu rned to account by the British and Indian
press as an occasion to revive interest in the restoration
of the na tura l product ion. The movement to break the
German synthetic indigo monopoly was started in London
three years ago, b u t despite all efforts the vegetable dye
failed t o make headway. Many dyers and consumers
would have lent the i r support t o t h e restoration of t h e
natural industry, b u t the crop season was too far advanced
to secure an increased ou tpu t in the near future. I n fact,
t he area under cul t ivat ion in Ind ia in 1914 was 20 per
cent less t h a n t h e previous year. I n 1895-96 exports
reached their m a x i m u m a t 187,337 cwt . ; in 1902-3,
a period following the establishment of the synthetic
industry in Europe , t he exports fell t o 65,337 c w t . ; while
in. 1912-13 they only reached 11,857 cwt. The United
Kingdom has been most faithful among the principal con-
suming countries t o re ta in the na tura l dye, although the
country 's requirements have been steadily curtailed.
Among the strongest meri ts of the artificial dye were its
more uniform character and the easier methods of using
it . Moreover, t h e percentage of indigotin in the na tura l
article was found difficult t o determine. Wool takes more
readily to t he na tu ra l dye, but while the artificial article
does not yield quite so bright an effect, i ts colour is con-
s tant . To encourage the development of the na tura l
industry two proposals have been made : (1) to subsidise
t h e industry in India , and (2) to restore the obligatory
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na tu ra l indigo clause in all Government cont rac ts . This
clause is said to have been deleted under pressure of the
German monopoly, combined with representat ions on the
p a r t of English dyers. The Brit ish Government bought
up t h e Indian crop a t the beginning of t h e war. The
au thor thinks t h a t any a t t emp t t o pe rmanen t ly bolster
up t h e natural indigo indus t ry will n o t meet w i t h success.
The only way of fighting t h e Germans in t h i s industry
will be by taking up the product ion of synthe t ic indigo.

J a p a n and China have also renewed the i r interest in
the na tu ra l article. La t te r ly these countries h a d depended
almost entirely on German synthet ic indigo. Na tu ra l
indigo production is one of the oldest industr ies of bo th
China and J a p a n . Their own needs being great , t h e y do
not expect to be able t o export a n y of t h e na tu r a l article.

Besides the competi t ion of t he synthe t ic article, indigo
has h a d other rivals t o face. The in t roduct ion of the
direct cotton colours h a d little more t h a n an init ial effect
on t h e consumption of indigo, because t h e direct blues of
this class of dye-stufis were no t found to be near ly so fast
as indigo. I t is t rue t h a t some direct blues are faster t o
light t h a n indigo, and t h a t some da rk shades have the
coppery appearance of t h a t dye-stuff, b u t none have been
found really fast t o washing. A t t e m p t s have been made
to increase the fastness of these dye-stufis. The fastness
to l ight was improved b y an after t r e a t m e n t w i th copper-
sulphate solution, and in some cases t h e fastness to wash-
ing was improved by t rea t ing t he dyed mater ia l wi th a
weak solution of potass ium bichromate ; b u t still the fast-
ness t o chlorine was in few cases good. This fault was
also evident in t h e case of indigo-blue dye-stufis belonging
to t h e basic class. Metaphenylene blue , Indamine blue,
J a n u s blue, Indoine blue, and Diphene blue h a d certain
good features, b u t were found wan t ing when submi t t ed t o
the action of weak bleaching-powder solution. Naph-
th indone blue resembles indigo very m u c h in aspect , reflex,
and in being exceedingly fast to l ight , washing, and acids,
b u t again t h e fastness to chlorine is n o t good. I n order
to increase the fastness of the direct co t ton dye-stuffs,
diazotising and developing on the fibre was introduced, and
in th is way many good imitat ions of indigo were produced.
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Diamine blacks and blues, Naphthylamine black, a n d
certain Benzo blues diazotised and developed with be t a
naphthol and other developers have been much used for
producing indigo shades, b u t again the fastness to chlorine
was not found as good as t h a t of indigo. Alizarine blues
and the alizarine cyanines have also substi tuted indigo in
many cases. As regards the newer va t blues, there is no
doubt t h a t these colours are used for purposes for which
indigo was formerly u s e d ; b u t the high price of these
colours restricts their application. Moreover, these dye-
stuffs are found to " bleed " in to white cloth (and more
so t h a n indigo itself) when boiled in caustic-soda solutions.
This defect is part icularly noticeable when the caustic-soda
solution contains ma t t e r which has a reducing action.
B u t of all t he colours which have been used as substi tutes
for indigo from t ime t o t ime, sulphur colours are the most
impor tant . Sulphur blues, which are exceedingly fast t o
light and washing, are now supplied by the different colour
firms ; in some cases the fastness to chlorine is fairly good,
b u t this defect is their great disadvantage. The first
sulphur blue was introduced b y the Society of Chemical
Indus t ry , Basle, and was soon followed by Cassella's
Immedial blue C ; the pa ten t s for the two colours were
owned conjointly by the two firms. Other sulphur blues
were soon p u t on t h e marke t by the other colour firms.
I n America, sulphur blues are much used for warp-dyeing
and for piece-goods. I t is found, however, t h a t these
colours are not usually very fast t o alkaline boiling.

I n spite of the contentions of t he makers of sulphur
blues, there is no doubt t h a t for producing indigo-blue
shades indigo itself is t h e cheapest and the fastest dye-
stuff t o use. A t one t ime t h e firm of F . Bayer supplied
pat te rns of cloth dyed wi th (1) indigo and (2) sulphur
indigo blue, saying, " Please tes t t he comparative fastness
t o washing and boiling." B u t the fastness of incligo
depends largely on the method of dyeing, for if a s t rong
v a t be used and few " dips " given, t h e result is n o t so
good as in the case of t he employment of a weaker v a t
and giving more " d ips ." This remark also applies to
Cassella's s ta tement in their book on cotton-dyeing, t h a t
indigo loses in dep th of shade every t ime the mater ial is
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washed, w h e r e a s some sulphur colours do no t . I f pieces
of cotton d y e d w i t h indigo and wi th su lphur b l u e are
exposed t o t h e l igh t , i t is found t h a t t h e former fades more
rapidly t h a n t h e l a t t e r ; in fact , some su lphur colours
improve i n s h a d e af ter a shor t exposure t o t h e a i r . On
further exposu re , however , t h e condi t ions are reversed , a n d
this d is t inc t ion is appa ren t after a few d a y s in s u m m e r or
a few weeks i n winter . Moreover, i t is no t i c ed t h a t ,
although t h e ind igo becomes l ighter in colour, i t r ema ins
the original t o n e , whereas t h e su lphur b lue , w h e t h e r i t be
after t r e a t e d or n o t , fades t o a greyish shade . Su lphu r
colours, un l ike ind igo , are n o t definite chemical c o m p o u n d s
whose cons t i t u t i ons are known t o c h e m i s t s ; a n d a s m o s t
of them are p r o b a b l y mixtures , i t c a n n o t be e x p e c t e d t h a t ,
as they a re g r a d u a l l y decomposed b y sunl ight , t h e res idua l
unaffected colour will be t h e same blue subs tance as com-
posed the or iginal dye-stuff. I n order t o emphas i se t h e
marked difference be tween indigo a n d su lphur b lues unde r
the action of l i gh t , t h e Bayer p a t t e r n s m e n t i o n e d above
were exposed. After fourteen d a y s b o t h were st i l l good
in shade, b u t af ter forty days t h e r e was a cons iderable
distinction in f avour of t h e indigo ; t h e indigo h a d re-
mained a l igh t b l u e , whereas t h e su lphur colour h a d become
a dirty r ed -g rey shade . The suppor te r s of su lphur colours
assert t h a t t h e t e s t s ment ioned are t oo searching a n d t h a t
the fastness is good e n o u g h ; b u t such s t a t e m e n t s do not
satisfy t h e dye r , s ince for blouses, sh i r t s , a n d o the r ar t ic les ,
colours are r e q u i r e d which fade in a n agreeable m a n n e r .
Indigo alone does t h i s , and m a n y G e r m a n dye-works h a v e
found th is o u t t o the i r cost, a r e t u r n t o t h e ind igo va t
being the consequence .

Vat dye-stuffs , which have been p roduced i n large
variety of r e c e n t yea r s , are ex t remely fast a n d m u c h used
for woven goods . Thioindigo red was p u t on t h e m a r k e t
by Kalle & Co. in 1905, a n d since t h a t t i m e t h e Ciba and
Algol colours h a v e provided m a n y o ther shades . These
colours, a l ong w i t h t h e I n d a n t h r e n e series, a re d y e d like
indigo a n d a re v e r y fast, b u t because of the i r expense are
not usually u sed for heavy shades .



C H A P T E E IV

MERCERISING

Invention of the process—Hank-niercerising machines—Piece mercerising—
Cooling of the lye—Recovery of the caustic soda—Recent scientific
work on mercerising.

MERCERISING is a process of t rea t ing cot ton with con-
centra ted caustic-soda solution in order to give i t a silky
lustre and feel. The effect is no t merely produced b y the
action of the caustic soda on the cot ton, b u t either (1) the
cotton must be kep t s t retched during the action or (2) it
must be s t re tched to the original dimensions after the
action. The soda causes the cot ton to become t ransparent ,
to swell, and to shrink cons iderably ; b y resisting the
shrinkage the lustre is produced, and, b y washing the soda
out of the cloth while the cloth is s t retched, the cloth does
not afterwards shrink when the s t retching force is removed.
Mercer in 1844 noticed t h a t caustic-soda solution caused
cot ton fibres to become t ransparen t , to swell, and to shr ink;
he made use of his observation in the production of
" c r i m p e d " cloth b y pr int ing caustic soda on cotton
cloth. Lowe in 1889 discovered t h a t cotton in the
stretched s ta te became more lustrous when t rea ted with
caustic soda and washed while still s tretched. H e
pa ten ted th is method of lustring, b u t allowed his pa ten t
to lapse. I n 1895 Thomas & Prevos t repatented Lowe's
idea, b u t t h e p a t e n t was disputed and became void.
Experience has shown t h a t for all classes of mercerising,
caustic soda of s t rength no t less t h a n 55° Tw. should be
used, t h a t is, in t he mercerising mangle , and the caustic
soda should be kep t as cool as possible during i ts action
on the cot ton. Numerous pa t en t s have been t aken out

20



M E R C E R I S I N G 21

for adding different substances t o t h e caust ic soda t o
increase t h e shr inkage p roduced in t h e cot ton , b u t all
these have proved worse t h a n useless. Progress in the a r t
of mercerising has t u r n e d t o t h e mechanical r a t h e r t h a n
t h e chemical side.

I n all mercerising machines t h e ques t ion is t h e opposing
of the force which t ends t o m a k e t h e co t t on shrink, for
if shr inkage t akes place t h e lus t re suffers.

Cot ton can be mercerised as (1) loose, (2) h a n k , (3) warp ,
and (4) piece. The mercerising of loose co t ton does n o t
seem t o have y e t advanced from t h e exper imenta l s tage .
Different means have been suggested for gr ipping t h e
fibres a n d t h u s p reven t ing t h e m from shr inking, b u t th i s
has been found a difficult m a t t e r .

For y a r n mercerising the re are m a n y machines . T h e
principal G-erman machines which t h e a u t h o r saw a t work
were : (1) Kleinewefer 's, (2) H a u b o l d ' s , a n d (3) Bemberg ' s .
The Kleinewefer mercerising es tab l i shment is said to b e
t h e largest of i ts k ind in t h e world . Thei r hank-mercer is -
ing machine works on t h e centrifugal principle. T h e
hanks are p u t over a perforated d r u m and enclosed b y
another d r u m . This d r u m is connec ted b y a shaft t o a n
exact ly similar d r u m a t t h e o ther side of t h e machine .
Three h u n d r e d kilos of hanks are p laced over each perfor-
a t ed d rum, t h e outer d rums are fixed over t h e hanks ,
caust ic soda is a d m i t t e d to t h e inner perfora ted d rums ,
a n d t h e n these d rums carry ing t h e h a n k s are made t o
revolve b y means of t h e shaft . Centrifugal force causes
t h e caustic soda t o pass t h r o u g h t h e perforat ions of t h e
inner d rums , t h r o u g h t h e h a n k s a n d in to the o ther d rums .
F r o m these i t passes b a c k t o t h e s torage cis terns . The
inner d rums , being s tou t ly bui l t , resis t t h e shr inkage of t h e
hanks , a n d in th i s way lus t re is p roduced . The pipe is
t h e n disconnected from t h e caust ic-soda cis terns, a n d wa te r
is let in to t h e inner d rums t o w a s h (again b y centrifugal
action) t h e h a n k s . The h a n k s after be ing t a k e n out of
t h e d r u m s are furtheT washed i n v a t s b y h a n d . The
caust ic soda after being used in t h e machines , of which
the re are m a n y in t he same room, passes in to a t rough in
t h e middle of t h e room a n d thence to a resexvoix, where
i t is k e p t u p t o s t rength- The wash-wate r is used for
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dissolving the solid caust ic soda used for making up the
solution in the reservoir . The t ime allowed for the action
of the caustic soda on tlxe co t ton was iive minutes, and
the lustre produced was seen to be very good. I t is im-
por t an t t o note t h a t t h e economy of the caustic soda was
also said to be good. Most of the i r mercerising was clone
in the grey s t a t e . Messrs. Kleinewefer informed the
author t h a t they were not allowed to sell their machine
in England, as the i r p a t e n t r ights were bought by an
English association of manufac turers .

The Haubold hank mereeriser is very much used in
Germany. I t consists of two sets of heavy stretching
rollers arranged in pa i rs , one over the other, and over
each pair the hanks are placed. The distance, between
each pair is regulated so as to give the hanks a slight
stretch, and t h e n the rollers are caused to revolve. In
this way the h a n k s are made to move round and round.
The lower Toller is t h e n placed in a t rough containing t.he
caustic-soda solution, so that- the hanks pass in and ou t
of this solution m a n y t imes. Shrinkage is prevented by
the heavy rollers. After the hanks are thoroughly im-
pregnated by the caust ic solution, the. cau.stic-.soda trough
is removed, and the hanks washed by jets of cold water
while still s t retched over the rollers. To economise the
caustic lye, the upper roller is provided with a squeezing
roller which, pressing against the hanks , causes as much
caustic lye as possible, to flow back into the, trough. The
machine is made very s t rong in order to withstand the
great shrinking force exerted by the hanks when treated
with the caustic soda. At the back of the machine there
is a similar set of rollers which hav«» the name position and
are cont inuat ions of those a t the, front. The, machines
are made generally with twelve pairs of rollers, and have a
capacity of from 500 t o 1800 pounds of yarn .

Bemberg'n have supplied their hank mercerixer to
Germany, France , and I t a ly . I t i.s much like Hauboid ' s
in principle, t h e h a n k s being scratched over heavy revolv-
ing ro l lers ; b u t t he r e are four t ank* or trough;*, each
containing two pai rs of rollers. Them* tank* are joined
together by pipes, ano the r net of pipes connecting t hem
with the supply of caus t ic soda-
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In a very efficient American h a n k merceriser the
principle is t h e same as t h a t of the. l i a u b o l d , b u t in th is
case the rollers move along longitudinal p a t h s , the upper
and lower rollers describing endless p a t h s while car ry ing
the hanks. The hanks are p u t on the rollers a t one end
of the machine, spur ted with caustic, soda while passing
through the machine, and washed towards t h e end of l-lie
passage while still s t re tched. At t h e farther end of the
machine the hanks are removed, so t h a t t h e opera t ion is
a continuous one. The machine is the same a t t he back
as a t t h e front, and its removable, glass sides .show wha t
is taking place within. The dr iv ing is very powerful.
This machine is very sui table for large product ion and is
used by one of t he associations of manufac ture rs in this
country. I n the Cohnen machine, t h e h a n k s are a r ranged
radially on a revolving frame, in a somewha t similar
manner to the me thod applied in the, Klauder-VVVldon
machine. I t was t h o u g h t t h a t t he lustre would be in-
creased by a l ternate ly s t re tching and releasing the. hanks
while sa tu ra ted wi th the caustic-soda solut ion, b u t it wus
found t h a t no be t t e r lustre resul ted. With all these hank-
mercerising machines it is found t h a t .some hanks have,
been less affected by the process t h a n o thers , and in this
case the hanks wi th the poor lust re are t r ea ted aguin in
t h e machine.

Wi th high perfection in mercerising machines , inven-
tive skill has turned t o the saving of the caus t ic sodu.
The hanks are well squeezed by auxi l iary rollers and
then washed on t h e counter -current principle,. The wash-
waters are sometimes used in t he blo-ach-hou.se, and in
other cases they are evaporated and the caust ic .soda used
again. Sometimes the first wash-waters are re-eaunticiHed
and evaporated and the weaker wash-watem used for
boiling purposes. H o t water arid direct s t eam are Home-
times employed to remove the. las t t races of caust ic MKIH
from the mater ial , b u t i t is said t h a t b y .such a procedure
special effects are produced. The swelling of the iibrtw in
said to be less t h a n when cold wa te r alone in used for
washing; consequent ly t h e t h r e a d s occupy less apace, and
the material has a harsher feel.

The mercerising of co t ton wa rps is performed on the
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warp s las le r or warp-dye ing machine , tension be ing
produced by allowing the rollers t o t ravel a t different

speeds. m m _ . . . . . j

MacMn.es for piece mercerising m a y be divided i n t o
two classes : (1) those in which pene t ra t ion is carr ied o u t
on one machine, t h e cloth, made in to a b a t c h and s t re tched
on another m a c h i n e ; and (2) those in which penet ra t ion is
carried ou t on one machine, a n d t h e cloth stretched on
t i e same machine . A t one t ime m a n y machines worked
by me thod (1), b u t nowadays mos t mercerising is done
b y the second me thod .

Many different ways h a r e been t r ied for gripping t h e
cloth and p reven t ing i t from shr inking under t h e action
of the caustic soda , b u t in mos t cases i t has been found
t h a t t he s tenter ha s t o be finally used in order to bring
t h e cloth, o u t t o t h e desired width . I t has , therefore,
become evident t h a t the stenter is. t i e best machine t o
use to keep t i e c l o t l s t re tched while under the action of
t h e caustic soda. Cloth has t o be t u rned out by t h e
merceriser a t t h e original width or a t some definite width ,
and th is necessity l a s led t o t h e a lmost universal adopt ion
of t he stenter for p iece mercerising.

At one -works i n t i e Uni ted S ta tes t i e au thor found
cot ton pieces "being ran i n t h e rope form through s t rong
caustic-soda solution, t l e n washed and bleached in t i e
usual manner . As a final operat ion t h e goods were
stentered, a n d in t h i s way a fair gloss was obtained,
al though the w i d t h was not fully recovered. One m a n
at tended to six mangles in w l i c h t h e cloth, was sa tu ra ted
with t he caustic lye , so t h a t t h e labour cost "was not
high.

T i e most n o t e w o r t h y machines no t using t h e s ten ter
for stretching purposes are Schwabe 's and Jeanm&ire's.
I n the former, t h e c l o t l is passed th rough caustic-soda
solution conta ined i n a t rough, t h e n between a pair of
squeezing rollers, a n d finally on t o a series of large and
small rubbei -covered cylinders. These cylinders are so
arranged t l a t t i e clofch is cont inuously i n contact with
one of the i r number , each cylinder t igh t ly pressing against
those adjacent. T h e c lo th l a s t h u s lit t le chance of s l r ink-
ing, and the suct ion of t h e cloth agains t t h e mbbex acts
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the same direction. The cloth is washed while, .si.ilI
etched by passing th rough t roughs conta in ing water ,
:hat the washing is simpler t h a n on t h e s ten te r . This
shine gives a good lustre , and the shr inkage is said to
Dnly half an inch in a 27-inch cloth. There is no danger
selvedge damages as on the s ten ter , and no danger oi
ducing a raggy cloth by overs t re tching. Sehwalx^s
3hine has t u rned ou t high-class goods for m a n y years ,
. has sometimes been worked n igh t and day . J u d g i n g
n its s t ruc ture and t h e n u m b e r of rollers its initial
5 must h a v e been heavy . The, machines of Keob
. Hasslacher are similar in act ion t o the one jiwf.
bribed.
When using t h e s tenter for merceris ing, the g rea t
.nkage force, resul t ing from t h e action of ilie* can: tic
a on t h e cloth, necessitates caution, when fine cloths
treated. I n Schwabe's machine, when*, the tension is
ributed over t he whole of the cloth, there is no danger
rearing, b u t on the s ten te r t h e cloth, is liable to give
r a t any weak p a r t . I n the, machine for which J ean -
re took out his first pa t en t , t h e cloth was held by
ITS, his device being similar in th is pa r t i cu la r to
wabe's machine ; b u t af terwards pins were, used to hold
cloth. The au thor saw a Jeanrnaire machine a t work
1 the firm of Koechlin Freres of Miiihausen. I ts ou t
of fine cloth was five miles pe r d a y . The d o t h puweH

mgh the caustic lye on t o the round surfaces of c y l i n d e r s
>se surfaces are covered with a large n u m b e r of pin:.,
se pins hold t h e cloth and p reven t it/ from .shrinking,
ee cylinders are used for this purpose , t he d o t h paasing
r each. These machines are a t work in G e r m a n y and
erica, and are very sui table for t h e mercerising of fine
hs. A new French machine s t re tches the c lo th by
,ns of a series of curbed bar e x p a n d e r s T h e ringing
l water t akes place direct ly t h e d o t h leaves tin* irn-
jnating mangle. The expanders are placed b o t h above
below the cloth, and the washing is on t h e counter -

*ent principle. The cloth is squeezed in panning from
wash-box t o another .

The piece mercerising, done a t Bemberg'H of B a r m e n ,
a t one t ime such a r epu ta t ion t h a t Engl ish rnanu-
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facturers were anxious to ascertain their methods of
production. They use the method of " batching " after
impregnating with the caustic lye. A t ight ba tch is made
which after standing some time is taken to a stenter close
by, passed through and at the same t ime washed, t rea ted
with acid, and again washed. The machines are made in
various sizes, and with 6 H .P . they claim to mercerise
16,000 yards of cloth in ten hours. There was a large
plant attached for cooling the caustic soda, b u t a t t he
time of the author 's visit it was not in use. I n fact, ice-
cooling plants, which were at one t ime used, are now
seldom seen. Impregnating troughs, however, are made
with a double jacket, so tha t if necessary t he lye in t h e
trough can be cooled by passing cold water through the
jacket. In order t o produce uniform mercerising i t is
necessary to keep the caustic soda at a fairly even tempera-
ture and not above 65° F .

I t is impossible t o obtain a good regular lustre on
cloth which has not been thoroughly " boiled o u t " before
mercerising. During the short t ime the mater ia l is in the
cold caustic lye, unboiled cloth does no t soak up the lye
very well, and uneven mercerising results. This defect is
usually shown up if the cloth is afterwards dyed or bleached,
for the properly mercerised par ts take u p more dye-stuff
and are more affected by the bleaching liquor than the
parts which have not been thoroughly impregnated by the
caustic-soda solution. Bad mercerising can be corrected
to some extent by remercerising as previously mentioned
in the case of yarn mercerising.

When one has experience of mercerising a certain class
of goods on the stenter, one continually alters t he machine
until the best results are achieved, and i t is only after many
trials t ha t perfect results are obtained. I n this connection,
it is interesting to recall the observation of Hiibner and
Pope t h a t the greatest shrinkage takes place wi th caustic
soda a t 45° Tw. If lye of 55° Tw. be used, t hen on wash-
ing, t ha t is a t the first spirt pipe, sudden shrinkage takes
place, or a t least the tension is so great t h a t careful watch
must be kept . The author came across a machine in the
United States which h a d been altered after repeated trials
made by the managers. After impregnation in the ordinary
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mangle, the cloth passed on to the stentex in the usual
way. After a short passage, and when still far from
stretched to its full width, the cloth was sprayed with the
strong caustic lye used in the mangle. This arrangement
was apparent ly to dispense with the use of two impreg-
nating mangles, and the idea was t o give t h e cloth another
t rea tment with the caustic soda after t h e first dose had
had t ime to penetrate the cloth. After this t r ea tment the
stenter gradually widened, and when the cloth was a t i ts
full width there was a break in t h e s tenter . The cloth
then passed between two squeezing rollers, and again on
to the stenter, where i t was washed. The manager s t a t ed
t h a t this arrangement was the best t h e y had used, and
they had t r ied many others. The cloth was certainly a
long t ime in contact with the caustic lye, so t h a t penet ra-
t ion was evidently good. The author th inks , however,
t h a t two mangles, as often used, would have had a similar
effect.

Some works in the United States claim t o have mer-
cerising machines which are bet ter t h a n those generally
known. Unfortunately these are not placed on view.
I t may be t h a t they have some special devices for over-
coming mechanical difficulties, b u t the merits of these
machines are probably exaggerated. A t one American
works the author was shown everything b u t a new mercer-
ising machine and a machine for dyeing sulphur colours.
Both these were regarded as being of special importance,
bu t the par t ia l mobility of labour has probably revealed
their " secrets " b y now.

I n the Gruschwitz machine for piece mercerising, the
is**srf ~ ^ 1 b y arranging

^ f h
space taken up by the stenter y g g
par t of i t over the lye mang]3. iMy^S^J to f the s tenter
passes wholly through warm water to wasn out the caustic
soda. The space required for t he horizontal s tenter is
reduced in the Weisbach machine by adopting a vertical
arrangement, t he cloth being stretched on a circular chain
stenter the two side-wheels of which have axles which are
not parallel. The cloth after impregnation enters the
clips where they are nearest together, and as the wheels
revolve the cloth is carried round and stretched. The
returns for Crefeld and district, a t t h e t ime of t he a u t h o r ' s
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visit, showed t h a t the business of mercerising was not
increasing and t h a t they were losing some of their markets .
The export t o the United States had fallen ofl, as the
Americans are now mercerising their own yarns, often
buying them from England. At the same t ime, South
America and Eas t Asia had by increased demand part ial ly
made up the deficiency. Competition from all quarters is
lowering the profits in this branch of the t rade .

On the scientific side of the subject, work has been
done by Hiibner in contradiction of the early work of
J . H . Gladstone on the action of caustic soda on cot ton.
Gladstone maintained t h a t cot ton combined with caustic
soda, when immersed in a strong solution of t h a t substance,
t o form definite compounds called " soda celluloses,"
while in weak solutions the caustic soda had no such
action. Since t h a t t ime the t e rm " soda cellulose " has
h a d a recognised meaning; bu t further work has tended
t o show t h a t such compounds do not exist, and practical
experience also points in the same direction. I t has been
shown t h a t cotton absorbs caustic soda from all s t rengths
of solution of t h a t substance in water, and t h a t there is
no dividing line as suggested by Gladstone. Great interest
was taken in the statement, which emanated from Germany,
t h a t cot ton takes up considerably more caustic soda from
a soda lye which has been saturated wi th common sal t
t h a n from a lye of the same concentration containing no
salt. I t was s tated t h a t 100 grms. of cot ton when im-
mersed in a soda lye containing 12 per cent sodium
hydroxide absorbed 8*4 grms. of the hydroxide, whereas
from a 12 per cent solution which had been sa tura ted with
salt, as much as§" | fe^^irw, were taken up . I t was thus
thought t h a t s a f e s a ^ ' d supplant some of the caustic
soda used in mercerising, and thus economise this expensive
chemical. These statements Vere tes ted bo th on the large
and small scale, wiien i t was found t h a t the effect of adding
common salt t o a 12 per cent soda lye was t o decrease i ts
mercerising power instead of increasing it. When the lye
was saturated with salt, t he mercerised cot ton produced
had no t the same lustre or the same a t t rac t ion for sub-
stantive cotton dye-stuffs as cot ton mercerised under t h e
ordinary conditions. Moreover, on allowing the cot ton
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to shrink while in the lye, i t was not iced t h a t t h e shrinkage
produced was no t so great when t h e lye was sa tu ra ted
with salt . Large-scale mercerising showed t h a t t he
addit ion of sa l t t o the lye h a d no pract ical value.

I t is k n o w n t h a t mercerised co t ton absorbs more sub-
s tant ive dye-stuff and more mois ture from t h e air t h a n
ordinary co t ton does. The presen t a u t h o r fur ther showed
(Journ. Soc. Chem. Ind*, 1909, xxvii i . 188) t h a t t h e moisture
absorbed from t h e air b y mercerised co t ton increased as
the s t r eng th of t h e lye used in mercerising increased, and
was approximate ly propor t ioned t o t h e a m o u n t of sub-
s tant ive co t ton dye-stuff and of iodine t a k e n u p from
solutions of these substances b y t h e samples of co t ton
mercerised wi th different s t rengths of caust ic soda.

As regards t h e tes t ing of co t ton for mercerisat ion, two
methods were described b y J . Ht ibner (Journ. Soc. Chem.
Ind., 1908, xxvi i . 105) while t h e presen t au tho r was his
assistant and demons t ra tor in t h e D e p a r t m e n t of Dyeing,
Manchester Municipal School of Technology. Of these
methods t h e au thor has found t h e following very service-
able in pract ice . The p a t t e r n t o be tes ted is first freed
from finishing mater ia l and t h e n immersed, for abou t one
minute , in a solution of 20 grms. of iodine in sa tu ra t ed
potass ium iodide solution. I t is t h e n t a k e n ou t a n d
washed in a t es t - tube wi th cold water . Mercerised co t ton
retains t h e iodine for a long t ime dur ing the washing, and
remains of a blue-black colour, whereas ord inary co t ton
is soon washed whi te . The au tho r uses t h e iodine solution
over and over again, merely pour ing i t back in to t he bot t le
after use, so t h a t t he me thod is a quick one. I n compar-
ing degrees of mercerisatic \, b y th is t es t , i t is necessary
to have t h e samples in approximate ly t h e same physical
s t a t e before tes t ing . For instance, care has t o be exercised
in compar ing two pa t t e rn s one of which has been calendared
m a n y t imes and t h e other no t calendared a t all, for the
form of t h e fibre has some effect on t h e absorpt ion of t he
iodine, a n d also on t h e surrender of t he iodine t o t he
wash-water . After some experience, however , t h e tes t
is a valuable one t o use as a guidance. Cot ton cloth is
sometimes given t h e open-width bleach, t h e boiling being
conducted withCcaustic sodaTof abou t 5° Tw. and after
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schreinering t h e goods are sent out as mercerised cloth.
The above tes t serves to detect such goods. I t also shows
any uneven act ion due to b a d penetrat ion and, when care-
fully performed, gives some indication of the s t rength of
the caustic soda used for t h e mercerising.


