Factors Varying Penetration of Dyes
on Rayons and Kindred Fibres
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During the oast few years there hzs heen an

C8ilk.

E)
cr
t
h
=
&}
pota
1A
1=

anoarmovs incrasase 1~ the u=e of Royon or Al
Thils fibre hes szorune into favor not-as a competiior of.

-

ihre used ith these

=

cotior 2nd zilk but as & commnanion

otaer Tibres to ohizin results muzh mors pleasing than

et they are used slone, The price heins lower than

was marufaciured in such = guality that water had a very

detrimentsl effect on it. Scientific methods hsnve bem
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diazovered o overcoas ihils grect fould to 2 larze ex-

tent, and the discovery of these methods was due to the
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Gl lao hesan mede in tho tryses of
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o times 0%

whera are tvo or mors distinct colors in the bsich.
Thig will sometimss occur viian ihe ewmiirs bHateh is dyed
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inovhe some ettle =t ths same time, Tven —iit’ the ute
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=oked eye. ™ren two or more difTerent tymes of rayon

-

sra hein~ dved, thiz trouble can be expscted.
! Ag tlhe mzlin~ of royon is = chcnmical proces

is Toult of row-lavel Jyelnt Iv Toe some neteh hos
hesn studied from the chenical side =nd also from the
spinnin~ side., In this thesis attentibn wwill be paid to
r by use of the microscope to try To discover
faciors ?iéibie it this instrunent hich cannot be

- T o .
seen by th= eve zlons.

The zuthor wishes to express nis =pdreci-
2tio~ %o the siudenis in the Textile School who helped

with =0 muzh of the routine worc of Ayeine.
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I
HISTORY AYD METHODS OF MANUFACTURING RAYQN AWD CHEMICAL

OR ARTIFICIAL SIIXS,

The +

@

rm Rayon is being used to & zreat extent

in the United States to distinguish fibres formerly call-
ed artificial silk. However, there are some firms making

43
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icizal or chemical ‘fibres who prefer not to use this
Y

term. Among these farms' trade names are Bemberg for a

fibre of the cupra-ammonium type, Celanese for a fibre

of the acetaté type and Tubize for & fibre of the nitro
type.

Two men are s:id to have discovered ihe new
fibreﬁ on2 beins Reamur, a French szientist asnd the other

heine Cherdonnet. It was Chardonnet who secured the first
oxtent.,
Raezl silk is of course an animal fibre, tut

thege othzrs are all ve~eitahle fibres. These are furiher

clag=ified a5 ravenersted celiulose or =ddition products

L]
1

I

of callulosa. I= itha mrazxenarzted clags we find viscose or

zanthats, nitro and cuprammonium types; 1 the lzter class

-

The followine history is itaken from the writings
7

tad To

ar
o
[

of Dr. Jolm H. Haerry . " In 1734 Resmur sug=e

the first time to renmlace real silk =rith artificisl silk

RBut at thet time neithz2r chemical nor mechanical know-

ledce was advanced erouzhir to grasp and develop Ris idexns,

1. Haerry Dr. John H.- Martificiszl Bilks"- Textile Libra{g




and for over a century

until 1855, when Audemars,
cess Tor the production of. a

He nitrated

Fesl

trees to gzet

El

1is
was tryine to imitate
product; mulberry tree, From his

e made a solution by use of

g steel rod into this
which he wound around
tha laclk

haasted. Pue to

ment the process

a Swiss patented
the Tnegt o
nitro-cellulose and so showed th=i
ether-2lcohol;

final solution

of adequrte mechani

the suz=estion was forgotten

a Dro-

rtificial silk.

of muldberty

he

the silk worm by using the same raw

nitre-cellulese product

and dipped

to start a thresd

the rod until the solution was ex-

cal squip-

could rot ettain commercial importance,

though 1t may ri<htly he considered the stariting point
of the artificial silk industyry.
) In 1282-1323 Swan, Trne, Swinburne, Powell

znd Teston produced

medlizte  wroduct in the manufacth:

sy

for electric Thulbs. Swan was the

5

cellulose dissplved in 7lac

nitroeellulcss

ure of corbon

threads as

acid t%rou =n Tine

n les, and denitrated the filaments by reduction wi th
ammoniun gsulphide.

Thourh these inventors hszd sven the very in-
portant feature of the denitration of the nitrocellulose

wnd thoueh their mechanic

wiich were generzlly adopted

A

nufacturineg and thoush thew

from their threads,

they were not

2l wnroceedinT was along

in the later commer-

egven exnibited tex-

succegsrul
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n pubttine their inventions on 2 commerciszl basis, and

it was not intil 197941875 thet Ch~rdonnet had the first

succass of introeducinze a patented manufacturing process.
> - > o

Witrocellulose, dissolved in ebher-zlcohol "collodion"

u

was pressed throuch fine-jeté into a precipitating solu-
tion, and a certain number of finé filaments were gath-
ered and wound together.

In 1229 Chardommet showed his artificial
5il% at the Paris Bxposition, but this "Artiseta" as he
czlled the product was not denitrated and hence still
highly imﬁlaﬁable ané aven exnlosive and therefore at
first wag little anvreciated.

Althouegn Chrrdonnet Tfollowed closely the

earlier proceaedinas of Audemars, Swan snd others, he is

‘and hecauze aftar many years of operatins trouvhles and
finareizl siruggles, hie was ahle o make artificizl silk
5 pavinag comtercial proposition.

Tn 18G9 Despaissis hzd the idea to make solu-

+

tions from pure cellulese instead of from cellulosze deriv-

[

atives =nd he tentavively pziented riew process by which

o

cellulose was dissolved in an ammoniazcal solution of

.

cooper. Due to the death of the invenlor the process Was

not work:d out any further ait the time, but this process

o

. -,
Jdas oesen Irar

-

arded cs the orisinal procsss for the manu-

3
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facture of copper ailk.
In 18¢1-1%%2 Cross, Bevan =nd Beadie discovar
ed that mercerized cotton Fforme with Carbon disulphide
e sodium cellulcse xanthate, a product soluble in
weter. On account of thes viscosity of the water solution,

Rl

which proved very adaptable for the production of fila-

ments, thay called the product "Viscose". From this solu-

tion pure celiulose could be regemerated by coagulation.
n 1857 Puuly took p9t°nt COVbran a Pro-
cesgs in every essential featurs identical to the process
nf Despaisszis. "CppramHOﬂium solution of celiulose."
In 1358-1503 Stearn found in solutions of
emacniun sz2lis 2 very qoﬁd mediun for the precipitation

"ooseulation" of cellulese from Viscose solutions, "solu-

A

tions of cellulcne xanithote!

o
l_.l

e Yo on par] o am L . e R
The Chardormey procese facvories wers £s3id-
v . PR Ve - . - -~y e
lighed i Besoncon, Frinca, Mut —ere not wery successiul,

=

Tn 1264 Lehner opened a faotory in Switzer-

1znd snd worked a modified "wet spinnine" Chardonnet »ro-

ceSu.
I~ Beloium = plant was opened at Tubize.
In 1255 Mlenzstoffia brl“en opened more factor-—

L

ies ir ferriany on the ilmproved opatents of Pauly for cop-
per silk. They also ovpened up itwo factories in France.
In 1004 Ausiria sntered the game, also Enge

land controllad hy the Flanzsitofifabriken Co.

W B



In 1506 there were 7 factories in Germany,
& in Prance, 4 in Switzerlsnd, 3 im Italy ~nd 2 in Eag-
and, Their nroducts were mainly used Tyt
and traid industry.
The United States started to use artificial
5il% sround 1905, and to manufaciure around 1908."
| Tro=m this brief history, it is shown that the
chemical fibres afe Af comparatively recent origin. Anoth—
er fact is also shovm in that the first productis were S0
coarse that they were used in makins braid and not in
making the finer fabrics of the present tinme.
| At the present time, the type beinz manufact-
ured in the lersest quantity is the rezenerated tyoe

nzlled viscose, zantkazte, and a few trade names. Dr. Ara
q :

—-—

thur Patih cives a very fine Aescription of the nmanu-

Faocturine of this type and the following is quoted from

h he viscose process is based on & Tre-

L

s avthority., "™ T

b

chion which was discovered by Cross and Pevan in 1892

A

n Bneland. They found thet mercerized cellulose was able

f

to fopa o definite Tut unstzble comvound when treated
with o givan amount of carbon disulphide. The compound
known as xanthate of collulose, = compound of xanthic

aoid with tre following formula: XOMa plus CS82 equals

SC-0¥28Y¥a ir which X represents‘the celluloze group.

-

Path, Dr. Arthur--"Rsyon Making"- 1G24-- Industrial
Fatl _ :

Fibre Company.




This compound is soluble, in dilute caustic scda solution,

L) k?
¥

from which the cellulose can readily be precipitated by

nnd zeid. This reaction was first made use of ir the manu—

facture of carbon lrmp¥ filameets Tfor the old incandes-
caent lamps, where cellulosa with a high degree of puri-.

ty wes raquired. Some time loter, after many attempis,

t

Q.
ta

thig game re

)

on wag successfully used for the manu-

facture of artificisl silk by Stearn.

£

The process can he divided into two parts:

-

he spool system and 2, the pot system.

'—l
e

ct

1

H

n the form of linters, was

(il

"nile cotton,
used ag s rew meaterisl iv the Che rdonnet snd Supramnon-

)

ium processes, 1t was found that tho best materizl for

: ,
i the vizcoss vprocess was +wood cellulo~e or wood pulp. Fot

2ll Xind= of *roo0d pulp 2re satigfoctoyy and only that

beer found W possess

ok

the necezsary ounlities znd unifomity. frent cure must

"ta pzed ir e=lectine ~ brond, for the »puln is the corner
H Y &
ctone of the vhole building; a specific defect in the

wood pulp canvoi Le correctad durine the process of manu-

Facture. Therefore, upon ihe wood puls of proper guality

ol [}

- Anz2lyeis of the wood pulp should show a

AN By



us2d Tor bleazching. The rest should consist of cellulose
and cellulore derivatives., These celiuless derivoiives
are generslly srouped under the head of "hemicelluloses"
mar he considered s cellulos transformed morz or
less into hydrocellulose or oxycellulose. Their most inw
terestinm property, in conrection with the manufaciure

of ortificizl silk, is thelr solubility in = soiution of

[
9]

caust soda; and as the first procedure of the process
consistis of soakines the wood pulp with caustic soda solu-
ticn, it would seem a2t first sight thz+% the lower the

hemicellulose content of the pulp, the better the pulp

rould he,

LIS R T " - L2 3. R e dirn e e m. - o
LTRO S5 .LUTion 1 The caustlc scda tratitment. ey Lre

ureful as ar indicator. Anothsr irdic-ter which is oxé~

vremely uzeful is the copper nunber of the-pulp, which

15 & measure of th2 emownt of bleaching that the puly

hizg received. An overbhleached puly is @ifficult to handle
e aninils srert lossos iun Ue process, while an undere

Blenched opulop will =ive o firniched product which will
never ztiain to & perfect vhite hleach,

SOAXING

The sulphite of woor =nuln is received a2t the
3 - 1 Y
plent iv the Yo of rectansular shests 1-1% mm thick. It

TP S e



essary *th-t the soda -cellulos> he kepi at o

B
B

is put in thn trourh of a hydraulic press, vhich is then

]

1th czustic =oda solution in order to mercerize

]
.
=
=
@
|..r.

Ks)

the fibres., Streroth of solution, its temperature and

time of souliinm

]

T2 Taotors of the uimost importance.

mn + ES - = %
These 72y v yy frer plent to plant to some extent, the

o

H
determinin~ factor heins the kind of pulp used. It is
nacessary that fhe detzils of this oneration he cloéely
watchad and {that no variationé occur;

The wood pulyp undersoes a zreat physical

change nlle seskine; it swells to a larse extent by ab-

(&)

sorpiion of the liquid. After soaking the required length

of time the gaustic noda is drained from the ¥imdih The

piston ¢f the pres- is cet in motion; 1t slowly presses

Bhn o mre A A . . N .

c.r2 wood PUln shsets cozinst the and wall of ihe press;
e T .

4+ P S . o et 2 LeeE o

dnus gl adine gut the excess of cazugiuic zods soluvlon .

m- o Y

The wood Dduip must retoin & definite arount of caustic

ae prass, which when get remairs constrnt. Until now

"

the sheetls 4 wyood pulp havo retained thair recten-ulsy

5]

forwn., The pPressurs is released and “he pulp, vow called
sbda-cellulmne, ig removed frdm e vress and Lrens-
Terred 10 . machine known &s & shredder.

The shredder 1s 2 chest enclosing rotating
arms, contilnins teeth ovperatine azainst & srating, which

tear the soda celluldse %o very fine shreds. It is nec-

Uil

2ture durin=- the shreddin-~ nrocess. This is accomnlished
By circul:tine cold woter Zhroush ilie lover nari of the

Wredler ion aheclk the heat cerernied b the mechanics 1

iven tempar—

AT B
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rrindire of the pulp.

| RBetvresn the shredding aﬁd the nexi operation
is the Mseeinz" of the soda cellulose, which is en in-
terval of the sresrtest importance. To treat the freshly
prepared soda-cellulose wiih ou acgeing would be disas-
ous. Tt is not only the chisf factor in the behavior

6f the soda-cellulose during the next operation, dut

)
i—l
o)
5
3

Aatermines the vigoosity ¢f the solution of the
cellulose.

The smeina of soda cellulose h=s to he Xept

under perfect control., Time 2nd temperaiure are two fac-
tors which plsy principal poris. The formula uged, the

L 3 "
time snd tensers ture once adopted must be strictly =zd-

hered to. The temperatures of the room vust he kept ab-
anlutaly connt nt and the onerztions =zo timed as Lo have
he room exscceitly +ha ssme nunber of

Tours., The roon is corafully insul-ted; ithe soda-cellu-

1ose would overheat if laft in bulk, therefors one bhatch

ig divided amons a2 numher of sheet-irsn cans.

"ha next chemical sction or operation 1s
called "sumkling". Tae soda-csllulose is Zronsferred
to lovee doukle jaclhaled tumblin~ harrels. Tha rir-
.L
L«

-+ dosr is closed and the tumhline b-rrel =llowed

fu

to wevolve slowly. At ths same time a measured amount

-

oF carbor sidulphide, carried by & vipe passing throush

the cerntire of one of the bearings, is allowed to drip

AL A



5
&

PR

B

‘
%

S P e S S e e Y B

2

19

in the centre of %he barrel, A sicht class enahles the

worknen %o watech the progress of the roeaction. From white

4

the soda-cel 'ulosze iturns yellow then 1ir~ht orange, *nad
: ¥

finally 4o orsnee. Yhen the desired color is obtained,

o i

-

the tumbline harrel is =toyped, the doors opened and the
contonte 2llowad to drop dovm 2 chute dischareinsz iato
a mizxer,

Tre rveaction is o ralatively ropid one and

rust be closely watched. Temperature nlays eon impor¥dnt Pafr

2néd 2ny increase in teupsrature is checked by means of

cold wrnter or brine circulating throuzgh a double jacketh.

-

£ the operntion is properly carried out, the contents of
the tmbling borrel are an esgrslomeration of more or less
dry oulverent bells of V?rioué sizes, The color must be
wmiform throushout *he hrtch, 2nd the ball when broken,
murt show the g-me shnde incide. They must not be sticks

~ot sumemr, The tint =ow very from plant to nlsnt, hut once

zdopted must be sirictly followed. If the raaction 1s al-
lowed to ~o too f=zr, the contents will form into one large
sticky, rutter-lilks bail, unfii for use snd must be thrown

aws. The color of the over-itumbled batch chanses from a
dark 0r¥nge_%hrough the various shades of red zund some
tines =23 far as = dark brown.
mnis oranae compound is the xonthate of cel-
ulore +o which Cross ard Bevan have given the following

Tormule; 0X-8C-8Ma ir which X is the cellulo=ze group.

his compound of alkali cellulo=e xanthite, when fresily

AR P ey



pTmeréd, is s0luble in voter and inrdiiuté caustié

sodr solution. The solution is made in 2 nmixer provided
with revolving. paddles for stirring, znd a cdoling jack-
et to provide z uniform temperaiure. The regulting solu-
tion is n thick, syrupy, orznge colored liquid of extra-
ordin=ry viscosity, hence the nsme , Viscose.

RIDEVING
Prelimin2ry to spinning, thé solution must

underso a "ripesning or maturin:

=
S

" prozess, similzar to &

(o]
o

da L, - A Lo —~
certain extent to the a~eing

soda~-cellulose, which 1s
familizar to 211 workers of cellulose solutions, be it

viscose, nitrocel lulose or others. Here ithe reactions 2re
better understoed becau=e the xanthzte is-passing thrdugh
succesrive and Jefinite steps of polymerization. The soda
cellulore anthrate, vhen freshly m=zde, hoa the formula =as

riven akove. It 1s on unstble hody and tends to aaslomer—
z=te in . loreer moleculsr aroup, conttining twop three,
four and more cellulose zroups, by losine a corresponding
cuount of sulphur end sodn, vhich 2rs found in vi-cose as

3

by-oroducts under the form of simple or cowmnlex sulpnides.

4

ne ~redter the crowih of the molecule, the less and less

3

solutle it heocomes until Fivwally svonizreous conzul- tion

Fa3 1 — ey ey o
of the xanthite results.

N

here is 2 definite time when wviscoze 1s

v

ready for spinnins which 1s in fect a precipitation of

the cellulo=

4]

. Tnis period is rot of lonz duration and

time the wiscose must be spun. MNesdless to

o
o
H
’..J-
v

(]
cF
-
.
]
o
}_J
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ripening of viscose is zllow:d to %2k place in iron

venks, locmtad in well insul~ted rosms rhere the tempera-
ture is kept ahsolutely constont. The chemist, fortunzte-
1y, has 2t bic disposzl = very guizk ond =ccurate test
by mesne of which he is zble to follow the maturing or
viseose and know thot it will e recdy ot ithe proper iime
which h*s Tean set for spinmine. Thisz is 2 matter of two

carefully controlled factors, time and temperature.

The solution during the spinving process nust
pass through s“ull onenirzgs, zbout .004 of an inch in dis
zmeter. Any minuie nnri ticlez of wn ndiszgolved matier such
o, rust, ¢irt, etz could resdily hlock one of the

.

ar-ll heles cnugine 2 fefective strond. Hence thsz —-ecesgo-

1ty of aspins thz solutio~ of cellulose thorousrhly cletn

It is Tiltered ot vyovi-us etwzes of 4he riperning procsss
vhrousi. loyers of ~heorbent cot ttom, iv order tc havse 1t

aheolut=ly clesr srd frse from suspended forzism motier.
Toer hm series of T

ed Tor ripening or maiuring, the wiscose is rsady for

sninr~in=., Un to this point, the wvarious opp atio are

similarly conducted in 2ll =r*ificisl sil} vlants using

L7, -t —~ —y P L P DY - S - -~ Py -~
wh viscose process, aliuion the operz.ticns noy vary

4 - K S — e N 2 am AeT K] L] - - .
o 2 sli~nt exmiont, I% is in the spinring process thai
I - - - I~ L - - -

the main differences occur. We hinve seen thst viscos

or sods cellulose x=nthzte iz =2 331t of xanthic zcid
in an all=line zolution, Whni iz the ™ahrovipr of éuch z.

compours ~ham ollowed to 2ome in conizet wiith other

iltretion 2nd »roper time have elaps-—

A Sy
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ranmenss? The eorlicer workers of ithe viscose process
experimented with numcerous ssalis und ~cids, ond mix-
tures of hoth were tried., A nunber of resctions hnve

da

heer pumterted, hut only : few hove been used on a com-

o3

mercial scole. Thqébﬁect i= to Tind & suksiance that

v

fodo

=ill »recipitate cellulore 28 such, and give the final

[
@
m

nroduci 2ll the propert required for a textile mater-

2 3

irl, In the e»rly “evelonment of the process, awionium
sulphate wes used to »recinitate the cellulose, but it i3
seldom employed'today, although therc 2re one or to
nlznts still usin~ thi= salt for precipiiating when a -

snecinl guality of =tifiness is reguired. Its actioh on

tha xanthte of cellulose is peculiar; it does not »re-

cipitzte the cellulose s such, bubt itransforms Uie Xan-
“hote oY cellulocs "sodiun-s-1t" into manih-te of

cellulo~e "zorioniuwm ~2lt" T Aienlscement, thus

27 0¥-90-.87s nlus (THAMZ, Q04 2
2 ox30s.a (4 )2

e new s:lt iz inscluble in & solution of

armmorniwa suluh te, therefore ithe xanth:te procipitste 1s
o s0lid foum. Huring the 2et of precinitating, which is
places

wdrating action (okes; tnd if the
vizcose i3 drovn throueh o roﬁnd hole irto =rmmonium
sulphste colution, it will keep_iﬁs form. when exzmined
under the microscope, 1t apnears az ° nerfect glzssy
cylinder, This form mives the product = éértrin deoree
a8 2 matter of fact =ny mstarial drewvm in

the form of = wvod would be less plichle than the same

AL ey
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material drawn ir the form of 2 ribhon, havin~ the s:me

trangfoime-

wm
I

cross-sactiov area. The precipliction 2nd
tion to the amronium sa2lt was only the first step in

1

sninning, for emmoniun cellulose xanthzie was brolten up

inmedi&tely hy passing it throu~h an =acid bat%, usually
dilute sulphuric ~ecid, resulting in the formation of =m-
morivm sulnh-va and cellulose,

SPITVING
As stated, sm-onium sulphzate is now éeldom

-

used

, Tor viscose planis are usine more stirincent and

ution arrives ot the spir-ins mschines under comnstsnt

nrescure, which resulis in 2 resuleted flow and is forced

i

1. P o ) 1, s~ - R I B 5 A A Py P
thrours jets whiech ara perforated —ith round holesgs ohrol-
EN. . an - PR T O S, L . - T L ~ A
utely verfecit snd luvin~ o dilemetier of zhout 004 inch.
M g - ~ = L s E - o e - -

Tler ¢ a2 made of eith »r cliss or m=atsl, usullly aloss

or the count of the

iner courts hevine zs low

os van holes up te Fifty or wore for the hisher cozrser
counts. )

Ta jeie sye dinxned in

Y
ck
O
o
fale
W)
(@)
(@]

]
il
=
]
c—L
s
s

1

'y
[ ol
ig

o P PR S, . - -~ k4 PR S | . €L _— s
vhiel iz ztrovnzly ro@idulated. As soon Zs the viscose 1s

i the ~z2id, th= nreciniistio~ trkes plzce instantly, a8
caelltlone ~nd no intemmedi~te oroduet is formad, ~s is
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the case vwith 2-mowniun svlphste. There 1s ¢ delydrating
retion ot the zome tima, vhiech lenfes thie thread in &

1ot rihron-1likae form., Ths f1:% ribron-1like Foim is

vhei iz degired ir the mznufrcture of zrtificizl =ilk,

for a Tthre~d havine this Form will feel soft ond zlisble.
To milka o thre-d havinrt these gquslifties, it is nezege-

ary ths=t the splnrine or preciniiatinsg hath Lo of con-

atrnt ond uniforn cowposition, »md T Ttont a2t 2 uniform

tempereture within - smell rrnee. These factors are im-
b

ortant at this sittge of “he process for they determine

Weoel ole in the jet represents a filamen

whioh poneculiies meporsvely; ko conditisne duwirs the
nracipitation must L2 sush =s fo awoid the adhering of
the Tilammnis, Tor the disztsncs melrser the holes is
anzll, The vdzecose solution passes I out

of the anzll holass of =2 Jet, and after precipitaiion,
it will form & continuous

poging this hundle iz droawrs over = ravolvine spool or

3 e qaes o e LI R a2 L - CON I o
Sruet, ove Wil Mrwe o continuwous thretd consisting of
g meovy filamenis ~e there are holes in the jet.
. 2 - R e IUCIEI, S di Ve . - -~ L A
Toile 1s 2z2%uslily e H2tas oloce i the

gpinnin~ opersiion. The bundle of filsmant or Timras

which compose tha threzd, ie wound up on 2 8pool re-

volving at corstant speed. The speed of the spool is

in o fixed-—vadie—witlh. the flow of the viscose solution,
these ftwo focitors bein= conciint for a ziven count znd

AP



TilY very for different counts. The number of holes In

thrzad of 150 denier is cenerzlly made with 2 Jet having
LA

trenty holes, mrkin~ the count of each filsment 7.5 den-

lev. Ona  wpuld never attempt Lo make o thrasxd of 300

denler throu-~h the some jst, althoush this is possible.
Paeh filament -would be twice the size of the 150 danier,

Thich ~ould eive 2 hecvy fibre ond acltc the thresd very
s4tiff. Therefore, 307 denier threrd will be made vith a

Jet havin~ o correspondinzly <recter numher of holes, say
forty, i~ order %o ohirin = thread of the desired soft-
vegs ord plihility, because thesge-qualivies depend amonsg

othar froiors, on tha count znd flatness of each fila-

ment.

1o A e
L2 ranculiln

tio=, ~ivasn off o zoneidersble cmount of wUses, TWOUT
wihich ~re H2S8, recoanizable Ly its disarreeahle olor, 2nd
~1s0 H2S82, which doas not possess o7 odor and “sui
~emerigh ) tut vhich is hieshly irviteting to the eyes.

WAQITTYA AT TMWUINA TR W AT
- i L SAL LA - = CR P AL R S

the sponl is removed from the mrohine =nd seni o
wenh room. Comins frowm the spinnin~ room, the rayon is
wet and saturcted with zeid. It is shoolutely neces-

- ——— T :
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vould chir in thaz dryine operation. The operation o
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washing consists of placin~ the & sprxy of
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aive atudy of cellulose ~nd at the prasent time is the

Hesd of the Cellulose Depsrinent ot McGill University.

ot wa are

-

"Bear in mind 4wo or *H*ee facte: firstly
dexling with cells loqe wnich is 2 product 1 which we

neye three hvdroxyl ~roups to ezch C6 unit; of these two
sre secondary ~md one is primary in chw=racter; sécondly
we hive = LATENT aldehyde =roup, tnd thirdly, —e are deal-
in~ with & noturzl plant product which 1s a colloid.

Acceptine 2l) these facts, let us see what

[
[&]

dedus two nz and commercizl applications cin be drawn Trom
them, First of 1il, consider the fact that the cellulocse
molecule contring three hydroxyl sroups. We Xnovw that these
three sroups are there because we con mrke a triacetate
whieh is Oelfneée, and we can oBtain & variety of other
r1-ted and Zcetylated derivatives. . .
Cellulose thus shows &1l the propefﬁies of a-

-

ohol. Purth:raore it behinves ~s any ordi-

D

trihydroxy =i
rmyr sloohol does. Another moint is the foct Thav czllu-

ots with al%rlies. Any “luokol will react with

:—l
o
ot
o
w
;
o

crustic soda to =mive us en equilibrium mixture of what

FRERP e

we +term v alacrolate nnd waiter. Bxcess of water would

decownnosza 1t; emonse of sousiic soda , on the oiler hond,

[¥13
Q

would ~ive us 2 lsvesy amowunt of zlcoholate, In the szme
way, cellulose can raplace the rsdic-l, =nd ve zet 2
cau=tic so0ds derivative of =zn =2lecoligl, nrmely, celluloze

~lcool.

Sociut ethvlate, writien C2HSCMa, has the re-
T s »




22
aring into r2action when

ct

morkabla property of at once en
hrousht into contact with casbon disulphide, ziving us
‘sodiu xsnthste,

Sods ce11u¢oﬂe reacts in the s me m-nney, zig-

ins sodiwa wellulose xanthzt o vroduct readlly soluble in
k. ! -

dilute ~lkalises.

Thege reastions represent the choncas involved
in thé vizzose proczss for the manufacture of artificial
sil%., The zlkaline solutinr of .the cellulose is Torced

L

through *tha spinnsret and then deconposed BY cont=ct —ith

the Y2017 sedtine Hoth", thus revener:iine c21ivlose.

H

Thera is thus 3 thoroughooing enalomy heltreen

o+
Y
]

Az the vi=cose process of monufacturine srti-

el

ric al silk is of such importance, a2 few words will Dbe

auoted from an artifice hy Dr. W. 0. Mitsclhisrléng, who is

one of the suthorities of the United S%ates on rayon.
Tt will Tea asnpreciated that we

denl chemiezlly with 2 hishly complex comsound, “nd Diys-

1ly 2o0lloid=zl in chroryazier,

H-

ig31ly with a stiructurse typ
a2=naklae of urdersoinz decomposgition into products of viry-
ing complexity, so thsat an analyticel invisti~-ntion in-

tnow orly omn callulosa. Reznriless of whethsr it is ex-

1 "itscherling, Dr. ™, C,- "The Viszose Process”"-- A meria

- - oo - - -y YA Al eln
gnr Yragtafe Raporter- Jonuary 28, 1625,

E

. : \ n
proverties of cellulose and those of ordin-ry 2lcohol.

TP
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~

traciad fro coiton, woad or other cellulose—contain&né
material, we hohve o definite Xmowledme of, ~nd can brdduce
definite derivatives from, cellulose, wut we do not Kknow
hint about thz masmitude of the molecule.0f course, -

the sltered nhyesie-l condition associtted with the ulti-

1nte filres *n? cells, mnd the elimination of impurities
and incrusting mstters, chtmsges ' somevwhst the complex

zoluble, »oriiculsrly whan we sutjccet the compound, cel-

o~3 proper, its peculiarities, =nd
irmpurities contmined in the mutarizl as

used for the mrnufaturs of critificizl nilXk,

ig wndoultly the wiscosa2 orocess, Tha demands made upon

2ilk, both in respact 1o

, ?re increasing every day. It is
wnfortunate that mueh of ths technical resenrch vorx Car-
ried sut hy ths manuficiurers ramaisms for obvious reasous

<L - " "
v

~or’ Aerlin~ with the more seneral aspect

-

0f celilulose would only Za2ly the industry if nede ~vall-

Ta préducs ar-ifizial silk raquires experi-
ence an? ¢apitzl. I% is imvossidble to manufacture zac-
cordinm_to s ceritri~ formulas., Practically every phase

ars Jifficulties, vwhich can ounly be .

T ER P
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overcome by continucus sciantific reszenrch.
As raw wzterial, hoth cotton cellulose and
wond pulp are heinq used, At the present iime 1z rtia llj

bleached sulphite pulp is preferred. The pulp must be

2

']

£
ire

&

from limin.,. Szturally it makes a2 vast difiference

wuethier cotton or wood pulo is used.
Comirel of viszcosifty is of immense importi-

-~

znee, but uniform viscosity can only be mzintained when

ot

the raw materiszl is nreviously standsdized so that i
is =lways the s=2me., Therefore, the utmost care must be
exercised i éhe pretreatment of ths raw material.

The raw cellulose is immersed in agueous
anustic soda solution at 20 degrees C and of a concentfa—
tion renging from 17.5 to 23 per cent MaOH, depending up-
on the cLarécter'of the cellulose used. The excess of
cau$ﬁic'sbda_is pressed oﬁt or exirscted [ either hydrau-
lic praz=es oy centrifuces are used commereirlly) %o a

noint whnere the cellulose ratiom %to that of sodiur hy-

ma. g A

This ould reprasent theoratical »roncertions,
but gwince 100 per cant cellulcose is rot being used in the

menufzeture of viscose silk, theorstieczl proporiions czn-

-

not be maintzained. The -~nslysis of the soda cellulocsze

( cependinr~ upon the type of cellulocse used) is sbout as

~

follows: 25 to 32 per cent cellulose; 12.5 to 18 per comt

A



Ve OH; 62 +0 l ;ﬁe cemt of H20.
fiscoae preprred

]

3

"!

commercial wand pulp would cont=in

cent MadH, It is rnot neces=ary

sodr must he proctice2lly free from
~mature is 20

ization tvem to 21 de

1

The onily rel.
of ths ¢ u~%tic sodn
conzider:hly less concentrs
e ured 17 tho tomaersture is decr

cellulo

in

The sozked ~ni pras-ed

]

is ¢disinterrzied, safter ~whick it h

n

hread crunbs, The sodo cellulocse 1
hours, durins vhich depolymeori

lowerin~ of vi-~oosivy occur.

WMora comnlicatad is the. fom~tieon

xrrilhote. Rotatirs drums nrs uned
TR R
ratlcalll,

3 e

i3
p

reguired, Pracilenlly, hovwever,

R
‘.—l-

i u=zed., As & motsier of fref, if
Tollowed
derlk onsd +hé subrequent threzd is
becomeé cresm

than ususzl., It

= 1isht yellovwish

I S A4 K
“hite, #nd it is
-

move 211 sulvhur conpounds witlould

T2y Tivorous trestuent, Fre
N 7 n

efficiently

to soy

ion bheitween

ted crus

for each molecule c21lulose one molacule
1

to 1i-ht

from =
a2hout 13 to 13.% pef
th=t the czustic
corhonztée, Mercer-
wxrees C.

the concertration

LY,

coluticn "n?d the temperature is that

tic roda

eased, ™ut tris would

e too vet for xanthotion.

»pulp, now an

z¢ the a2ppearance of

s M"aeed" from 24 to 48

erization and subsegquent

for this operatirn. Th
cs2

considerntly less £S2

the molaculcr ratio is

2lso dark, or dorker

-y an e ~ AV
rether than

Treumn,

Adifficurlt Lo re=-

tlezched viscose

very 2ood

~glutions caen

alcornolzte

80—

throushout the procass, ths viscose becomes vaIy

WP eakray
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silk will not dye level, particularly the lirsht shades.

This is cdue »rimcrily to improper desulphurizetion, Even if

trzoes of zulvphur compounds, rot easily traceahle by enal-
vais, will couse this unlewel dyeing,
Yenthetion is carried out &1 20 dza-~rees € and

iz comvléted in 30 1o 35 minutes. The excess of corbon
tisulphide must be removed. The.xmnthnte is soluble in
water, but-more re lly in chuztic sods solution. Excess
cru=ic mode wrezarves viscose %o &2 ceritcin extent, snd
~1=sp irsures norm~l ond uniform moiurina., It retards the
to moture viscose. The de-

srocends ir four distinct stages. If

8
lulosze, we find theit the steps mey be indic:ted by the
1:82:1; sscond step, 1:2:2; third
step, 1:2:4; fourth step, cellulose
bath, ~cids ond neid salis
ars comoonly usged with or without the addition of sugars,
Tha concentratiorn of -~ecid, usuzlly gv1onarlc zcid, is
o1 § %to 15 per cent, snd sodium sulphets of zhout
tha ssme concaentration.

Tt is well to ~dd to s L:-th gslucose or on-
srne of sugar, or hydroxyl compound, Io retard
cetiipns of e thAthad, or rather to effect sclective sat-

-

tine. Some planis use = doukles setiing bath; thot is,




they finish the setiins by a weak hath of sulvhuric seid.

praferohly by a vacuum

Trheapid is wssHed out,
rotery washer. With the latter it tokes sbout one znd a
hvlf Lo two hours to wash ~ spool havinz 2,500 to 2,700
maters of =11k of 1F0 “sgnier. The consumption of water
is 40 to 50 li%ers per pourd. With the newer tvpe of wash-
ing ma~hine the spools rowein in 2 horizontal position,
iich is olzined to be sn advaniage, since the upper l-yer

of silXk “Joes not hwecome tangled, as is usuzlly the case

vnen the spools sre washed wvertically.

7

There ar=s other -mesns of washing spools, namely
the spray system, hut thi= requires_: very irrge amount of
water sn’ trkes 2 lowm~ time. Apvroximately from 600 to
700 litires of vater ls required per pound of silk washed
on spools by the spray sysiem. burthermko, fast washing

hrg the ndvanisse thatl w.<~3 ceilulorce thread does rot he-

come slinmy ctn? the efficisncy of =he subseguent uwnwinde

Tha spools ar: dried at shout 50 to £0 de-
mreea C foy two tn three hours. Aiso here the vacuum
wosiin~ process olfers mwvwy sdvantinges, in thot conzid-
era™ly —wors Tater ¢o- he rownoved from the individusl

Vv o L Lo 4 ~ : 4- 3
speol, trus shorienin~ ths dryin~ time.

on spindles and the thre-d directly itwisted. The spools
must ror revelve fornterthah ,200 r.p.m. The usuzl “wwist

ig skout 2.7 i 2.7 turns per inch.
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To remove the sulphur and sulphur fompounds,
the sgkeins 2re ftrented with hot sodium sulphide solution

containine aktout .1 per cent sodium sulphide at a temper-

-

ature of 50 to 20 decrees C. The skeins are then washed

E,

=ith water, finally hleached by th

2 usuzl mathods, and
34 )
dried.
As viscoge is usad to 2 mush arecter extent
49 =

ths 6ther types, more sprce hag been given to
tris fype. Horrever, tlle other ivnes
zrc sleo important, =nd -~ hriel description of the manu-
facturin~ nrocass of »itro type will no™ he ~iven.

Tis Lrpe 1s zlso khOﬁn a9 Chardonnet, Col-
lodion, Ressncon, Tubize; Frankfurter, BHungsrian, Lehner,
Vivier oné Vitro silk. In ihe United Siabes at tuis time,

the only manufaciurers of this type 2re the Tubize Conm-

o

pany with 2 plant =zt Hopewell, Virsirisa,

Cotton linters are used in malkin~ this {ype
nnA thess linters must be thorou~hly clasned before the
first process of =itrrition iokes place. The nitretion
formes *“ne rubszirnce Xknown &s gun coititon and is very ex=-
plosive if dry. To ~void thse explosive guatities, the
operstions 2ra Myret" processes. Chemicnslly the rz~ulis of
nitrstion are crllad " cellulose nitric =cifd esters™. In
order to ohirix hegt remulis, these esters musit be com-
pletely soluble in ether-zlcolol mixture which is used as
152‘:

2 solvent. Dr. Hremry ys, " Too much nitration impsirs

the solubility -nd ronders the fibre weaker alter de-

nitration fus %to too advrnced decomposition.”

1. Hzerry, Dr. John H,-"Artificial Silks "- Vol. 1.

R
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After securine the cellulose trinitrate of the
proper gualities, it is washed to remove the excess of the
aid, The nexti = 2p is to make the spinring solution; this

consists of dissolving the nitrated material in a solution

1]

of ethyl acohol- eth~or solvent or in acetone free methyl

Iy

mtcoliol #ixed ith & small amount of ethyl ~lcohol and

ether. This forms 2 solution called collodion which is

fzmilisar %o us in the "Yew Skin" used for cuts. Bafore
spinming can toke plice, 21l 2ir =nd impurities must be
.removed frowm thies wiscoun solution.

Thera rro twg ant
net used the dry'method in whﬁih‘the solutisn was forced
throueh copillsry ovenincsg of very small dismeter into
a. cuirent of w=gm =ir. As ether and nlcohol are both wvol-
atile, they are removed by evaporatidn in this werm 2ir,.
Lahmer invented e wet nrocess whers the solution is
forced out of ihe holes ints o precipitating bath, “hich
i1a usunlly vater, With the wet nrocess , o twist can be
vleced in the £hraad oo fommed;
ary pfocess.

At this point the =ilk ie —ound on sposls in
game mormnar ns vith viscorse =vd well washed, then mazde up
ints skeins.

Riaht lere, 2rest c-re is needed in hondling

if *he skeins are dry, due to the inflamdhility and ex-
nlosive qu:lity. Treatment with -cmmodiua sulphide or

L I e




sodium hyrdOSulhide sulgﬁion causes this d=nag=rous nitrate
quality to be romoved. Too lon~ on immersion in this de-
nitrating bath will cause a weskenine of the thread, )

In his book on artificial silk, Dr. Haerry
seys, "If the sillk is vot denitrsted esvenly throushout
the fibre, it will dye uneven later on, as cellulose
hydrate »nd porily ritrrted cellulo=e h-ve enti ly dif-
erent 2bsorpniion shilities for dyscinffs. Sulphur, "hlﬂh
i%f Zenitration is nos corafully carried out, mey precipi-
tvate in the bath arxd 70 on the fibre foraine a crust, c=n

tlso be » source of much {rouble to the dyer 2nd printer.

If crlcium ~nd wmrrnegium sulfhydrates are used for denitra—

Tiorn, calecium ~nd masnesium-hydroxides can he deposited

on the silk, caﬁ?inw the well known "lime spots".*
Theskeins ore now ~ell weshed with warm water,

ard <hen ire~ied ~ritl diluted hydrochloric ?cié to romove

tr=ces of iror sulphides; washed a~rin; hlezched =nd dried

els, Cuprommonium ond =o forth, In tha United States, w

n~ve & larse olart at Elizsbetizon, enmes~ee ¢nllsd the
foanviern Bewhers Co.

Raw cotton is uzed for t;iz type; tho cotion
is -ell scoured, blenched, u d roextrreted =nd Zried, nf £

A L] .

caen is tresied with » =olutior of copver dis-olved in

ermoniivThie is the frmiliar test solutinn used under the

wme of M"Sehreitzar's rerqent®, or " svronizesl copmarox

e ERP S B
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Thz cotton is dicsolved in this solution with
grect care heines given e the cancerurntlo", tempearature
and lenzth of time. The qualit ties of ©.700d thread such
s lustre, strsngth, elasticity znd sillkiness depend large=-

1y on the core given in mslins and keeping thxe solution,

V3
T

I~ provortion as d00013051‘ﬂon

]

liguiTzction 2dvance,

o,

the =0sd qualitieé of the thre-d disap-ecr. In order %o
have uniformity, it is Thast to spin the solution as soon

25 possihle. MMr. A, Tenwey, Vice President of the “mori-
crn Beabereg Company exid in $2lk civea st the Yorth Caro-
lins Staie Yollese Textile School thst his firm was now
makines this type of rayon thot Waé perfectly uniform and
far superior in uniformity to the real silk as made by the -
silk Tofm. Yot only was the artificial sroduct more unl-

Forrm, Tut they were zlgo moking filsmanits of a size one

proxzimztely .6 denier,

?he solution is pressed fhrou«“ filier pres-
ses %o remove The very smnllest imﬁurities guch zg dust
wiich mny khe present ond which would plusg up the minute
Moles ir the spinwerets. Iw the 0ld deys, inzuezd of
spir-erets, ~lases tules ware dravn outl and tbeﬁ cut in
t-o tp abttain twn pleges with very fine holes. The zless
ieg mert in - hook sh-pe nd the solution Fforced out throush
these tiny holes into the cozzulaiin~ bath.

Aue
"The viscoze golution le blueato ihe nresence
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of copper, but if =n a2cid coazulatine bath is used, tkis
Llus color is lost. If an 2lkeline cozzulotine hath is
used, . precipiitate of copper cellulose ( h"lue in color)

'3

trkes place; ials is washed in ecidified water to remove

tha copwner. Washins e‘ﬁbth“r procesoes ara simil-r <o

thore used =it wvi-coze.

=« gtrommer fibre, than callulore precipitoted directly

vith seids, It is wvery imzporiant to wash the fi

r.T‘
i
oy
t

solutely free fromacids and 2lkelies, otherwise thEJ would
he demaoced iv ths drying mmd rot “hen stored.”

Another imvortint tyvpe of artificisl fibfe is
cellulo=e -cetate which comesz in %the trade as Celsnese,
Acetate =nd Acetyl. T to a-few vearz o2wo, sals {ype was

. - A~ oy
mede in this countuy

'|..._

vy one fimm orly, Anrrican Cellulos=z
T

N . and Chemicnl Cowmprny. Rut =t thiz {ime saveral othizr fimms

cra producine or 2re ~oin~ to vroduca tris type. Profes-or

fxJ

1 irles Mullin rrises, " Cellulose acaiate mey Le pre-

pured from cotlon, “ood or other celiuvlosic material,

~cebic whyiride, ncaotie acily -mad o crtrlyst such ns sulze

prurie ~2id, nhosvhorie ceoild, zinc Ehlorile, onuydrous
~geteates of zinc nl nranese, chlorseatic cid, dimethyl
aulphate ond =n forth."

1, HakrFy [ ¥o7n Hoe-"Artificizl Silks"- Volume 1.

2, Mullin, Profasror Chazles B.-- "Aceiste Silk =nd Ius

PR T e



Acetzte =ills differ drowm the other irpes so

frr described in tho

cr

L - . - - ol

tlhavy are 21l rereneroted cellulosse
Alne -
[V B

i=s %o sty thnt th finol product ie cel’ulose wilch

differs from the orizinal wood or cotton col iulose in
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ccetzte iyopes. Thie tyne convring hesifes the celluloze

molecule, to or thres wcatate sroups whilch have r-pl.ced

-

ydroren or nydrox¥l ~roups ir thae oxmin iﬂ"l cellulose. As

to vhers ond vrich elements sre rapleoced, thic ~uthorities
1 1]

disa~ree. Por use in this poper, it is sufficient to xnow

that these acetote zroups cre present slther as raplace-
ment or additionsl groups witk the cellulose molecule. I

is guieckly searn that the =zcetote type will have mony pro=-
parties vhich differ —ith =211 tha other types.

Muliin ~iwee ir hia ook unded l-oter mathods,
= ~mor% ~erourt of present procesces divided inéo fivr

steps im preprring cellulose acetate."{l) The acetyla-

r zcatic cid snd acetic

-
L

. *ullin, Professor Ch-rles ®.-. "icetnte Silk znd Its

D-\' eq"
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r s period of timé, usazlly
for 2% least 12 hours, at = fixed temperature, vhich
faries ir different processes -mnd patenfs; The reaction
ﬁhqs'CCJtinues rezularly until‘the desired stage is
reschad. The duration and tamperaﬁure of th;s.ripening

oprocess have an imporisnt effect orn the solubility ond

other proparities of the renultine nrocduct. {4) Precipi-
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sulfuric zeid. {5) Washing, centrifuging, and drying &
20 to 30 denmress C ir welli-ventilated ro

The next proces~es are not so well knowm as

o7

cr2 the viscose proces-es. Thisz.dry flaky mess is dise

Q

zrolved in o~ solvent, usu~lly =cetone. In the spinnin

n

?

. 1~

the cozrulation of tha thread occurs in warm air, on

i

the solvent 1s rscovered,

-

y

With tliz hrief account of the menufecture of

the ~rtificial silks, —e will continue the work with an

reing of the veri-~us iypes.

~
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VARIOUS CLASSES OF NVRS USED AYD "ETHODS OF USING THREM,

A1l of %hs =riificisl sillks excepiing the
zcetates can Ta &yed with dyes susk a5 =re used on covtlon.
On the acetate trype, & =zpeclsl =zeries of dyes has been
invented.

Thnege closnes of dvestuffs will be hriefly
dascribed under the clas~ificdation of Direct, Brusic,
Suyﬁhr, Vat and Dispersol or SRA,

Piresct dyes receivad this nzne bectuse ol their
nhility to dye cobiom dirsctly without the use of a mor-
dznt., They are 2lso czlled tsubstzntive” dyes, Most of
Lham e derived from benzidine, ( WH2,C8H4- CSH4.VH2), and
contain the MM zwvoup twice thus being "{airaz8d" compounds
As herzidife zs sro-m -rove contsins two amide sroups, the
directe are somatines cnlled "dismines",

n frannte clossification, there ere five

-

soluhle in woter,
Qome of the direct colors contain o

R T~ d -t Ol N dota 2 - o
sfter hein~ dyed on %thn fibre, thile dye czn te

diazotized - develoned %o chanze 1ts color or in most

crses Lo vroduce - foster dye. This section of the direct
; :
dweg 1e ecnlled developed dyeinz cnd ¢ be used on ine

~ I I R R B T R - =1 -

srtificisl -ilks excsptin~ “he =celries,
T T = 3 > iy e e - . - % . e
he basic dyes, scmetimes called the tannin

, sre mostly color bases with hydrochlorlic acicd or

g



zine chloride. On cotton, they require tan-ic ccid or
roma sush mordart i~ order to nroduce s rezl dyeins in-
stead of mtazininz, but on the rayous they dye quite
'reédily. Bome of them will dye the zcetate types.
Chemically the basic Jyes ore derived from
trivrenylmethzne, czine, scridine sn? 220 compounds.
Sulnhur dres o+ be clessed with the direét
dves from %she foct kot ther c-n be cpolied to cotten
—ithout »Hraévisue mord-ntin~. However, we will place
then ir < ssporats closs dus to the fact that they cen-
not “e dissclvesd writhout the use of sodiws sulphide. Thi
cheniczl is so trOﬁ”lJ zlXkaline that it would ftend to

discolve thz acstate sil%s if thsy were Lein~ dyed with

sulprur dyes in ot zolutions. The acetate 2ilks as will be

meen later cannot resist the action of

41

strong al: alies.

"

ounds and in

[a)
L&)
re)
n

These éves are ~1L sulnhu

. ~ - J— tem . o s e 1 -~ A n ey
meny cases are cresn i price. Ther cive 2 4ull celor =n

w
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]

A
S

ardintrily would no% ha used ov rayons, hut 1f the 3loth

corntained » lors2 amount of cotilon, ihien ouln ur dyes used

thz cloth.

o-dye the cotion could sl<o ha used Lo dye the rayon in

. - L - P - - EER PR - W e - B T
Tro ot 2yes —ithi- thie past fev  jyears n°ve

come into ~resi favor Jue to the fact thzt they heve the

- - L - - y - Ex Axr e A 4:1n
vra~tast frstnass as - class of 21l the dysstuffs, As thay

e ov the sestnite frne 1= limited. In crder to dye on
this type, ~ reiardins~ a~ani such on glue must be used,

L g
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Matthews clas<~es tha vats as follows: -{a)

ineluline hoth rotursl and aynthetic; (L) thio-
. o E]

“indigo fraes, 2ont-inins sulohur: (c) indigo ZJerivative
. = [ 3 - ] . w3 ) . 3

]

such 28 hrom-indizos; usually not derived Trom indigo
itself, hwut built up symtheticalliy; (4) snthraguinene

derivatives, includin~ the various Indenthrene, Civanone,

tives, of ~his» Hydron blue is represeuntative.”
Some use just ths thres classes; indisoids,
znthracuinones ond carbazols, ALl vat dyses must Tirst e

rz7uze? Lo the seluhls leuzo compound s e dyes them-
selves are vot soluhle in water. Afier hein~s raduced, thsy

are 2321i2d to *he fibre and then oxidized eithsr by the

n

oryrern in tha =21ir or by solutions of such chemicals as
zodiwt pervorate,
Ag ths 8RA 5y diexzersol typ2 of 4yss 2re the

most recently

(L

dn Ty Eal

sha more Fully thar the precedine clesszes, WYhen the
scetate sil%s ctme om the murket, the dyers were much 0D
nosed to dyeins them due to the fact that thery raeciated .

T

~imoaet 711 4

Q

(e

H3

2~ 9% Ayes. Tu» Rritish compony mtking the

-
1orzast cmount of this t

. - ~am - £ 1 ki —an LS = T - - oL -
mendous IZmount oF resexreh od finzll y pul on ke mar-




Nname Wwas mven to them as -.'U.lO,_Q 1’3_01"’1015’1”—8016. was used
in mslin~ the disperzion solution of thz 2yes. The first
dyv~s pubt cut were the Ionsmines, “ut now ve have the clcss

5

of dispereol dyas 1nclu”1n~ those called ARA, Celatine,
1
Duranol, Celanol znd Dispersol. Mulliv says, "Tho affini-

acetste silk For o large nunber of dyes =n’ buses,

krovm. Many, in fact, most of *hese com-
sourds are mot soluble in water, and a wide variety of
mathods to overcome this insolubility have been worksd oul
The "1-0ﬁﬂ=01 ‘vas arz mersly aﬁother attenpt to overcome

t. .l:‘.:‘

this insolubility of compeunds having an affinity for acet-

ate silk, but “he modus opersndi is aniirely new, in tho
thev are solubilized by physical mathods znd not by cheni

cal matlods.

T+ is 2 heretofore unexpected Tact, possitly
not 2% all gh-racteriatic of dyein~ acetase =1lk ovly,
1at certiin COQﬂO;“dq {dyestuffs)

sffinity for ~catstz silk when in colloidzl solution,

~re in tirus zolutiorn. This i= particul-nrly the case

»lare thz comdound is solubilized by meons of chiemic=zl

il
[§]
T
<t
)
ck
i}

Mullin, Professor Ch:rles Bo--~ M 8illk ~nd Is

I
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With most of the dyes used in dyeing artifi-
ecial silk with the exception of the acetates, the method
of dyeine is quite similar to that of dyeing cotton. It
micht be noted, however, that basic dyes will dye soﬁe
0? the rayons without fhe use of tannic ncid. Some of
the méthods as recommended by o few Americen dyestuff
manufacturers Will'be given here,

) Mational Aniline and Chemiczl Bompany give
the followine data with their ¥Splantine® dyes, which
belonm in the direct or substsintive class, " Preé&re the
bzth vith the requisite amount of dysstuff and from
20 ﬁOBOﬁ‘COﬂﬂOﬂ galt. Dye at 2 boll for one hour. Rayon
is dyed the same'stréngth as cottonkt a low temperature;
somewnzt heavier 2t the beil. Acetate silks are very
gliah{ly stzined."

' Wepn dneir develonad colors, they zive the
llowin- data:'" Dye in a neutral or slightly alkaliﬁe
hath with adtition of 1% to 30% Comron Szli for one hour
at a Boil. Wash well =nd diazotize in a cold fresh btath
sontaining 1% to 3% Sodium Nitrite znd 3 to 5% Sulfuric

acid 182 dewres Twaiile. Rinse 1lishtIy and develop at
once ith & to 1% Developer B dissclved inm + to %

Ceu~tic Soda 77 devrree Treddle., Rayon is dyed the same as

cotton at a2 low temveraturs, somevh:zt hesvier at the holl.

Mha. 8rrdoz Chenical Torks, Inc. gzive the fol-

lowine dzata with thelr "Pyrazol PFast Cotors", which belong:
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%o the direct mroup. " % to 3% color; 20 to 40% Glauber
Salt; 1 to 2% Turkey Red 0il, The gonds should be enter
ed into the dyebath at 120 degress F, brought up slowly
to 160 to 17§ degree; F and run at fhis-temperatufe for
30 to 45 minutes acc ording to the depith of shade." This
firm mentions only Viscose in these directiocons.
John'03nphell_and_Comp&ny zi7e the following
dyvein~ directions for their Sol-fmicdine and Amidine Colors
"T?e Viscose 8ilk wiich has previously been wetted out, is
entered into the dy=hath with the requisite ameocunt of coloy
and 5 to 109 "lauber Salt ( Anhydrous) for light and
mediwa shades, or 10 to 207 for hecvier shades, 17 Sul-
phorated Castor 0il or "Namasol" and 1% Soda Ash, at 40
degrees C, btrousht slowly up to 45 degrees C for light

and mediws shades, ond 80 to 0 desrees € for heavier

shades; and continued ot this temperature for 4 hour;
T then rinsed ond fdried., Ir previrving the dyebastih for the

dyeing cf Vi-ecose 8ilk, the dye-1liquor for li~ht zh=zdes
should not excesd tweanty-five times the welzht of the
mrterial,. Por heavier shades a2 more concentrated hath
ig recomrmended," |

Yerport Chemica2l Yorks, Incorvorated, have
vna Fol owine to zay in rvemard t¢ thsoir direct celors:
"The dyebzth, to which the dissoclved color 1s added, is
nade up o ° ﬁoluﬂe of 40 <ines the weizht of the mater-

21, The #wateri-l is then entaraed into tha lulke warm

i
bath vhich is ~r=duzlly rais=d <o a temperaiturs of 140

a8 M
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1}

deorees F. snd the dyeins continued for 45 minutes. The

-

use of 107 to 30% of calecined Glauber's soli, depending

h

upon the quantity of dyssituffs, 1s requirscd.”

]

The Cibe Company =ive the following directions

Ffor use with their Chlorantine Tast Colors on Viscose:

" The moterial 1s dyed in 2

[

to 25 times its weight of

wrzter rith 5-40% faluberszlt crystals. Commence lukevwarm,

rai-~z slowly to 20 desrses C. -nd dye at this temperature
for 1

our. Pale shades 2re preferably dyed with Soap,
Borsx or Prosphzte,W
T, I. 42u Pont de YVemours ~nd Coupary, Inc.,

iomne for direct 2olers with artificial

color, 15 to 207 comon s=li, 1% sodaz ash; dye at 140
to 160 dozrees F for one hour."

For Pasic colers, just a few nmetiiods will be
riven, first the metihod of John Campbell ~nd Conpany:
"Wor licht shades Viscose silk is not mordanted, TFor
. mediwa "nd heavy shades, Viscose silk is first mordanted’
Ly -workine at 50 degrees C for tvo hours in =z h:th con-

siﬁting of 2 to 47 Tannic acid =nd § to 1% Hydrochlorie

}

acid. After hydroextrmeting, the mordmmt is fixed hy

vorking cold for 20 minutes is a fresh %Lath chorged with
17 to 27 of Tartar Bactic, Tnter tae miterial into the
dyehoth at 30 desrees C.1 workx for five to ten minutes

-

ard brin-~ the teampsrature up slovly to 50 %o 50 degrees C

[ N e
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and continue dyeing until the required depth of shade is
obtained. T™ie dissolved dyestuff may be added to the dye-
beih in small portions during the dyeinz operation, to
prevent too rapid exhaustion.- .

The dyebath should contain from 2% to 5% of
Acetic feid. It should not exced? forty times the welght
of the matarial for lisht shades. For heavier shades a
mors concentrated dyeboth is recommended."

Yeauport Chemical Works, Incorpornted =zive thes
Airesticns for hasic colors: " The material is entered
into the cold baih nd the temperature gradually ralsed %o
, tne dyeinst thern continued for 45 minutes.
In the czse of Mewport Auramine O the temperatfure should
not exceed 120 dezrees F. Yo mordant is mecessary zlthouzh
the use of 2 sm2ll =mount of acetiec acid retards the ex-
haustibn of *hese colors and will aid in the securing of
level dyeinas."

TOTE: Althoush basic dyes sre made by these

diffarint firms and put orn the mrrket 2s beine duplicstes
of dyes described in Rowe's Colour Index; these two firms
do not a~ree in their directions as lo wmordanting, one

states ih t mordaris zre needed and the other tokes the
oprosite stend,

M-=xt to be dircussed are the Sulphur Colors;
Johrn Camphell ~nd Compiny wive these dyein~ dirsctions for
their "Amsltlhion' { sulphur) colors. "The dyestuff is fifét

csenerately disgoived in 8odium Sulnkide Concentroted, The
= o =

A B



Czstor 0il or "Camssol", 2% 8oda Ash at

out ond oxidized; washed in & warm s0sD

ve - ligquor should not

times the wei~ht of the Viscose Silk."
B,I., du Pont de Memours znd

for their "Sulfosene" (sulphur) colors:

dved in the sama manner =8 moat sulphur

Py

the game cmount as the

"

130 fewrees %o 150 derrees F.M

(=3

Ee)

s

nie
or wayons is the V t colors; these dyes

lieht ~nd washins =e compared 7ith some

roucht slowly up to 75 derrees Centhrﬁu
at this temperature Tor gne-hiwlf To one

zgh as color. For each pound of tire dyest

raztint olzss of dyes

"

Tiscose Silk whick has previously been wetted out is enter—
¢ dyehath containing the requisite amount of col~

or and 10% to 157 Glauber Snlt (A rﬂydrous) 2% Sulphonated

40 dezrees C.,

e =nd continued
hour; then wrung
solution; rinsed

exceed tweniy

Compzny, Inc.,ssy
" The dyestuff is

dyes: made into

2 smooth D<que with cold water and one-nalf as much soda

tuff used zhout 2

. ozllon of.boilinv mter is added together with the ne-~
cegsary 2mount of sodium sulbﬂlde concentra ted, usually
gyestuff. This solution is gently

boiled =nd when the color is dissolved it is stirzined
into the dyebath in which 30 to 50 pounds o; comion salt

m 5 bean dizcolved., Artificial =ilk should be dyed =t

2re very fast to

of the othar

clsgees, »» ~ro usad vhers sush fastness is needed. How-

ever. they ore much mors Aifficult to =2p»nly and to secure
b3 o Py

e
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level dyeinqs‘than Zre the directs =nd *asics. Pue to the
facf that each vat dye must Le dyed at its own particular
proper temperature, it is almost impossible to dye a2 mixa
ture of two or more vat colofs when tryinc to obtzin some

desired shade., This is not menerally understosd by the

loyman -né causes the dyesr much trouble in trying to obe

ct

[

2in a sinele dyestuff that will zive the desired shzade by
itself.
Sandeoz Cheniczl Works give directions Tor

makine up 10 =allons of Dye Vat with seperzie notes for

each dye: ." Caustic soda 64 dexree Twaddle, % %o 1} pints;

Hydrosuphite WQ to 16 ounces; Glauber or Comron Sglt, 2 to

2 pounds; reduction temperature varies from 125 to 190
degrees F.; dyein~ temperature varies from 70 to 140 deé
srees F.Y

Nztional Aniline and Chemical Company, Inc.,
zive these directions for thelr "Carbonthrene Biue BCSY
" 100 pounds of rayon yarn; 1 to 10 pounds of dye; & to
> pints Czustic Soda 74 demres Twaddle; 1% to 3% pounds of
phite Conc. Powder; make up to 200 to 225 zallons.
Reduce and dissolve the ﬁyectuff 2t 120 decrees ¥. in 2
stoclk vat, containine from 30 to 40 zellons, with the re-
quired smount of Cosusilc Soda and Hydrosulonhite. Add fnis te
this dyebzath, ~hich previously heos bewn shorpened with a

small amount of Crurtiz Soda snd Hydrosulvhite, ¥Mvya for
v ! 5

ong hout 2%t 120 desress P., sgueeze or 21low to drain ond

ke
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rinse in cold and then irn hot water., The removal of the

crustic zoda is I

a

cilitated by souring with Hydrochlorie

or Sulohuric Ac

[ws
ol
m
a1
(&)

then thoroughly rinsing in cold
water. Yarn and wiece <oods ars usu~lly given a Tinal
boiling zoxp treatment,”

Newport Cnenical Works, Insprporated say of
their vat colors: "The Anthrene and Thianthrene Colors
are the fastest dyestuffs now obtainamhle. They are dyed
from hydrosulphite vats at various temperatures, depend-
ine upon the color." This firm uses the color in péste,
Hydrosulphite Yone. Powder, dry Caustic soda.

®,I. Bu Pont de ¥Wemours and Company, Inc.
say of their wvats of ~hich Sulfanfhrene Pinik FF Paste

will be used here for an exemple: "The required amount

'

of Paste shiould be mixed with caustic soda which has pre-

[4

viouegly bheen dissolved in water. This mixture should then
be poured into the-dye vat which contains the total volume
of water to be used, =nd then sufficient Hydrosulfite Conc
should be added.

The guantities of dry camstic soda ~nd hydro-
sulfite which =zre neces-ary in the vreparation of the dye-
vat should v-ry zuoroximately f£rom one-half to itwice the
amount of color used. The vatl shouid ba hezated nearly to 2
boil, =t which temperaturs the dyestuff should be complete=
1y reduced, As soon -< reduction is complete the heoting
is discontinuéd'ani the vat allowed to cool to about 140

f necessary, beé-

e

dezrees F. znd 10 pounds of soap added

fore the dyeins is sizried,

oLy
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The yarn which has been previsusly boiled ouﬁ
hydro-extraéted and suspended on bent sticks, is entered
into the dyebath., The yarn is dyed in the.cooling bath for
one hour snd is then lified, =llowed to drain and rinsed
in cold water, After the cold water rinse it is given a

wash ir hot water, soured ~ith sulphuric acid, again washed

(o

no- 80

o

o

ed at a koil for twenty minutes in & hath contain-
ine 3 pounds of soap. A thorough rinsing ehould follow."
Tor acetate silk dveins, the mekers of the

Celzrese type have put on tha m.rket = set of dyes called

0>

1
3.R.A. colors. In the directions for dyeing with these
dves, the mnkers say: "the asdictants to be employed for
theée colors are Olvie 0il Soap, Turkey Red 0il, Common
Sélt, Amronia. These colors are paste colors { usually
107 strens=ths) which are dissolved in *roiling water or
tetter in boilinz soap se=n solution. They dye Celanese
direct from mildly alkaline ( ammoniacal) or so=p baths,
Thev may be mixed tosgether indiscriminately in any or
=211 proportions for the pfoduction'of compound shades,
The rmeneral motibod is simple being similar to thor dyeing
of cotton or other artificinl silk in - direct manrer.
For he-vy or tishtly twisted zoods &ifficult of pene-
tration to be dvad in pale shades 1t is advisable to dye
an extendsd pericd in the cold, 2nd to make increased |
addition of soap or Turkey Red 0il to the bath., It will

e found th:t most of the S.R.A. colors have mood af-

o ————



finity i» the cold. The level dyeing qualities are very
cood provided due reosrd is paid to the ratios of affin-
ity to temperature. Pale shades generally may berdyed
cocl or even cold without ruch szerifice in the matter
of subseﬁuent fostness to washing. )

In dyein~ desp shades there is little advin-
.tage in the uze of inorgdnic s21lts such ss common szlt or
‘Alauber Salt. In ny case excesses of these tend to throw
the qolors or Turkey Red 01l out of solution.

The Cel-nese is scoured and bleached wiien nece
essary bhefors dyeinz, Soft water is essential for suc-
esaful dyeing with S.R.A. colors. The volume ratio is

.

usuallyvabout 251 to 30 1 dependinz upon the typs of
machine used. The hath is set with about .5 to 1.5
erams per litre of Olive 01l soap. Wher2 the amount of
color in the bath is very small as in pale shades, the
addition of = little Turkay Red 0il up to 1L to 2 cc
per litre hazs o heneficisl effect. Temperature should
not 7o over 80 de-rees C."

Tke arowre was copnied from & emnll pamphlet

put oui by tke British Cel:ines: Cfomp=ny. The Amarican

Oallulose znd Chenie~l Homufacturins bovpan;

t
ct
fu

use *he s~me ~ritaun Mut have ndled =znother preniration
called "Celascour® which is uszed as zn as-cistznt and =lso
i“\

28 ¢ mROOUT. Lthev sey this for it: " This product is a

new 001101’“1 liquid pregsration spocially devised for

-
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use in scourinz 2nd dyeing z&ods containing Ceianese
vorns. It has pfoved rot to sffect Celanese ot 2ll delet-
eriously ond to have m%nf useful properties in respsct to
scourinq, particularly very 0ily or szreasy zoods, 2ni nota~
bly as an addition to dyebaths containine S.R.A. Colors
for. lavel Ayeineg and penatrat

The Ciba Compeny slso make a special series
of dyes called "Cibzcet" which are %o be.used on acetate
gilks. Their dveins instructicns are as follows: "oa
previous cleansin~ or even bleaching is necessary, par-
ticulnrly for pale shades, WETTIV® OUT, ~vork ine m-terizl

-

zp and 1 cc of Ammon-
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ia per litre for & hour-at 50 desrees C. Instead of Soap

1.5 grams Solapol 0il =nd 1.5 cc Ammonia mey be used to

avoid formation of Lime Socps in hard water,

Dyeinz is carried out ~ith adlition of 2-4
sme 802D per 1itre dyeh~th, Turkey Red 01l may also be
used. The calculated gusntity of Sozp or 0il is dissolved

1w 20 times thes amount of way

()]

r ot 50-460 devrees C, pour-
ed ovar the raquizitie amount of dyestuff paste and stirred
urtil = fine sizte of Jisporsal is attained. Thals Emulsion

is =d%ed slowly to ithe dyehoth =nd ths whole well rilced up

[}

Intar ihe maoterisl sna dye for & - 1 hour from 20 o 20
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Q0 mush is beoing studied in the colloidal field

'
ag remrds 2yein~, that & ghort rasune will e ncde of
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this important dyein~ suhie
One of the best articles was given in & paper

read i» EBngland to the Woreﬁa“ Dyers! Guild by B Gfeen-
hzleh » Th:z title of this prper was "Artificial Silk.
Dyzinm Prom = Colloidal Strndpoint", and & few of the
most imporizant parts will be quoted now: " Colloids are

g ﬂer“llj con

ist of two phases in the

the disperée, mnd the other the disparzion medium. To

qive you ar exumple of this take the case of thickened
starch; thi%, heing 2 colloid, hzs starch for its disperse
phase and water for its disporszion mediwn, Simil:rrly in |
this case all solutions.of dyestuffs may be rezarded as
colloids, the dyestuff beinz dispersed throuzh the medium
solvent whetever it may be. Yow the diasperse
phage mey he 0r 2 comrse nature asg ir the case of_starch,
or it =2y be, or thHe other hand, very fine as in the case
of the dyestuff, and we tharefore =et two kinds of phases,
namelg, one of what 1s kxnovn as a phase of low dinpersion
an the other as 2 phase.of hizh dispersion.

M

Tx2 nEch diasversion phases are akin to solu-

| Greenhialeh, B.- "Artificisal Silk Dyeins From A Colloidal

St ndpoint"-~The Vsar 5

(%

i

d Calico Printer- ¥y 15, 1627.

oy
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they apnear to be, silks or fibres zre to a certnin de-

L

sree correlzted to dyestuff soléfions in that they both

are of a similar physicel structure. ALL artificial fi-

a
a

Lyres =re excellent examples of colloilds, particulszrly
Py 3 oL

72
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—
W
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]
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partaking of that class which
anmertains to low disversion zives us subsiances which
“he solid nature yet possassing in themsalves
tha physicol ﬂtructdre of éolution.

Tiquids ars mor= mobile than solids for the ~im—
ple reazson that they contzin more donic agtivity and it
must not b2 concluded that solids zre chsolutely inert, for
tha 1latest advance% in science h=ve showm that everyiihing
13 cipable of ionic movament in some degree or other, Ac-
ceptance of these fa«ts shows also that accordingly.
colloids of hish disparsion must nebgscafily b2 more mo-
wile than thos=e of o lower order of dispersity 50 thgt
solution must possess & superlativaness over colloids and
likswise colloids over solids.As on example, the action
0f direct colors omn cotton =nd viscose show an increase

£

Lo in

+

n” color on the vi~cose, this beiun~ due nol reased

C

antivity of the dys colution, *»ul of increased acfivity,

R )

hi~her dispersion phase,

3

if i+ thus wmasy be termed, of the
romely viscese, over the cotvon. Dyoinmg is not only the
aotion of the dyrstuff in solution but the combinstion
the coldr and “he zubstance to be dyed.

&L £

H-vin~ trus ~=ined scme liftstle insi~ht as %o




what bhe,colloida; and ovhysical aspect of dyeing is, we
muet rnow consider what it is th=t causes certzin colors to
g token up bty &ertain Tibres and why in othar cases re-
sistence of colbination ensues as is the case with Csla-
nese snd certair dirsct zotion solors. £lthoush two

subzt nces m»¥ be instianced as tein~t colloidsl, yet it is
not wholly 2 corollzry that ithey possess simil.rity of
action; on the contrary, they m:y_eash Ve s0 distinctly
zntagonistic as to be ahsclutaly rep@2lant in their com-
bined zection, so much so that in cerisin cases a break up
- one or Wotlh collzidﬁl vhases takes place, his.is anala-~

gous ta precipitation. In cases such as these where ionie

-

action is not =0 drastic, but where no clezr mutuzl action
is discarnable, the colloidal phases are said to he unsym-
pathatic to each other and 25 such have no common fun0u10n
Letrean theu. This explszine vwhy no dyeine will tsk~ place

Ly immersion of Celmmese-in 2 Trth of Sky Blue FF, neither

D

the dyastuf? =solution nor dinmperse phase, nor the &

i

Q
[¢]
ck
<
[

celluloze dirsgoves Dlhinss havin~ anythin-~ in common be-

twaan them, Tut esch Taein~ of an unsymps *hetﬂﬂ nriure o

o

. ¢
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term affinity i3 rother mlsleading as it moy imply any-
1ine from a vhysicsl mimiture to 2 chemical combintiion
toXkine plsce betwesn thz two bodies an? has been previous—

£

ig only by an acceptonce of the principles

=try that a definite ond true unders

be one of parfect aczord in resmect to the fibre and the

£

L

crises, nomely, that of wrriatlon in desree of dispersicn
z2s repre=snted by different dyestufls iﬁ zolution =and the
recultant action on a stable colleid sud“las srtifiecisl
silk. For inst nce, solutions of Dirsct Yellow @& and
Direct Browm are very diverse, the yeilow Leing as 1t
wepn mony mors Cearaes Min soluiion®™ fhap the browm,

“or ir 20lloid 1l linesurs~s, the yellow possesszes & nisher
Adaores of Alznovnion thrr AT Bron.

Tis iz exzctly vhzazt one finds in the dyeing

of vizcose, mmaely, *hot certain colors ora a2bsorbed or

'tcken un riore r.opidly thinn others of the some class, ané
this Trotor slons is one which —ust B3 reckoned with in
the produstion of secondary or tertiary' hades, Arisine
from this ~raumnent ﬁe rezlise %thnt a sscond principle of

serfest drveins is thet ir vhickh the dezress of dispersion
5f menhers cownrisine~ the dysehaith should be prsciically

anzlazous ~nd somevhere avout the seme plane, Thils means

h o ————
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2T, 4 1

chet for mixed szhades, thz indiscriminate use of dy~stuffs

zhould be avoided and only defin te colors whose solution

%

roner ties are definitely knowm utilised.
Considerine these various functions there is

- period htre an explanation of certscin erratic foctors

“e-comes necesmary, particularly with resard to that state

kXnowm as barriness or wrevennzss of depth or tone bLe-
[N,

tresn two or more samples of a2 sunnosedly stoble Tibre.

Por instsnce, two h-nks or cops of wiscose sither zingle

or woven in the pilece, ead suhjected tothe szme tinctoria

afmeant moy on sxXinintition ke found to exhinhit two die-
inzst shodes of the same color, tiis color beins too a

Ture oryanic compound. Here lg a metzmorphosis which

semms inexplicahle in that there are present two definite

sympnthetic sishle colloids whose actions wmutu~lly should

~lvwys ??oduce the zaome result

yat varistion has arisen.
Mhie leads us to ~ further consideration of

" of this colloidal functioﬁing and on ex:ﬁifauion of the
process facltors, it will be found that there hos been
reazaed a point where the disperzion of the dyeine phase
hes Lecoms too low rnd hence its activity hzs been lilke-
wise lessened, c-usin~ ir part o breskin~ up or partisl
nracinitation of the dyestuff solule, 2nd functions of
thias kind are practlieslly uncontrollatle, so0 thail any
2mount of s rlLtlo‘ may easily be expected, Fron this
point, therelore

, we are led to the conclusisn that the

tesl 2yestuffs to Te gmployed in dyeing colloidal hediles

o ——
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such as srtificizl silk ar- those which possess 1 gh de-

T

o)

sree ol disperalon in =molution, or if we may put it so,
colors which in themselves are exceptionzally solurle zand
rive clear solutiorns. This factor épplies rmore to viscose
than to Celanese, .

Referrineg to the =2citivity of substonces when
dyed on silk, thers is =n excellent example to be found
in wh:t is known a8 photﬁropism. Certoin ézo dyestuffs

ara symp:ihetic to Cel=mnesge, but =fter dyeing function

4

el
n
;_r.
a_r.

;n
>
p.

9

ﬁhe coods are dried, it is fouﬁd that ex-
posur=s to lisht ahd dorkness have tlie properiy of miving
z differencs of shade, Portions of the fobrie which huve
been éhielded.from light possess an untirely different
shzde from the exposed portions, and these former on ex-
pozure to lizht readily assume 2 nommal tone zoain, re-
vertins to the ~brnorm=l when covered zgsin, This is due to

the action of thé li<ht causing & wandering of a certein

(\]

- .

atom in the dyestuff molecule, which movement is caopavle

of nroducina two definite cheamicsl compounds each possess-

Wi

ing thz stme empirdcal formula, yet beln~ totzlly diverse

throuzh different orientation of fheir molecu

£
4]

Considering the dyeins of Celanese from this

strndpoint, porticularly as rewards the use of S.R.A. =nd

ingphases =&are very uch loer thzr tho-2 ohizingdz in

the cose of processing of viscose with direct dyestuffs
E - 3

b ————
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in thzt it iz ca=zier to obizin wnifo Mify in
shede on Oszlenese them on viscose particulsrly vhen dyeing
mediz of low di=persion are utllised. Bvidewnce of this
car Le seen by the Toed that Oy

czlly level rerults vwhimn proces~ed in o dyveine solubion

color przsent, vhersas with vi-gcse, treatment under
rinilur conditions =ould be digtincitly clhmotic.

Dyeinz %7kom place in this mornver: the &ye-

ztuf T »hege helnt mores wmobila than the lover disperse

colar panses or ~olution herain 4hs coglor is the disper-
ziom Tl the 5137 Ut A1 nersnion modium. )
Dry  Nyeinel it m.r Le doutted ~hether this
is »nossikle, Thot is, whether oma 591id wsy be dis-
solved in erother, yet if ' perfactlr dry S.R.A, dyestuff
he placed ndjocont to o omumnla of perfecily dry Cul:inese

-

the tro ept torotlier in o dry simosphere such 8s

th:t provided by @ desiceator, i+ i1l Le found, =fter

ot e N, PN B ~ N ] - . doo . - - R o -4 v
mors Time, LAt & Wilon Zas U 'twon placge Tnd i =311l hrs
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nibit fnster vrovsriies than ~hawn dyed on cotton. "
T~ fvainz viscoce you cer use the éame
tvpe of dyes =g &r® ﬁsed on cotten. Czre ir the dyelng
of thz températuré will mike it possible to dye unioens
wimcose ~nd cobion of ths s-me depth of shade. The

ceaistonts usze’ vith cottor =re ~lse used vith wigcoss

Adeemed 24vien’
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Yyt ith the immrovements viich have congtantly been
e menufodture of this fibre, kier boiling of
Tincore cotior zonds is mow commonly sarformad. Howsver

the matarisl ir entirsly of viscose

opzn Jjizs or continuous vashers uskgg sonp 0r sS02P =nd

21%213i is uwsuslly sufficient To remove impurities. These

ta

jmpurities com=isi mosily of o0ils and dirt picked up
durins processine. Tha neps ond wax and oiher impurities

com—on Lo cotion are not vresent in the viscose. The oils

- .
ome Trom the tresitmant siven “urins the morufatture of

]

ihre snd from thoi applied as & lulricont to thne Tivre
Py
ag "m ~i7 ip "mitiins. Thers mey clso be some uzed in
a gizin~ compound 1f tha viscon?2 iz used as the warp. The

lurricatires olls in uany c&oas =re O

vh
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comTin=d ~ith sone emulsifyin~ a~ent to mske tlhem more
-~ R T R | 3 i) v
2 eily rreoved irv the scourins Process.

=mte uzed are 2t for cotion dyeinT

57. |

oy ——



8

and are common salt, Glauber 8alt, soli®le oils such as

Sulphonated castor oil snd similzr compounds, sodas ash,

various penetratine asqistants and wetin~ out compounds.
B . 1 R .
Thomas M. Harris writes a few pertinent re-

mirkg in one of hisarticles in rega®d to dyeing viscose.
"Vizcose ks hicher receptivity for dve ( direct) than
COt"‘ - n ".-:\Lw +lh o o a 3 1 1~ +“- 5 7 £ '—*
tonn hos." Another <=ocd point is brought out in the fo
lowing: " Application of Vat colors to Viscose is attended
with considerable difficulty. This is attributed to the

great affinity of the Viscose for the dye." VYhether or

not this affinity i >henice hysdacsl wi amain
not thi ffinivy is chemical or phy 1 will remain to

Formulae have been given for dyeirg Celanese

whialh formulae and dyes can of course be used for acetate
€11X as mads hy other firms. Just & few words from an

- 2
ar2ilece by H, Platit in rescrd to Celanese dyeing: "the SRA

.

frex are not dyed Ty reducing; they are simply-

jaf

ved di=-
rect on the fibre from z noap bath.' Here we find o use
¢TI goap as an assistent rather than as a cleansing agent.

T the veter is hard, we must be careful to use somethinz

i —

to previously softer it or we will find that there is a

2racipiteite of lime soap -0onn the Celanese fibre.

Another care must also be taken with Celanese

o

1~ dyeing to a2voild the usze of alkalies as far as possible

1. Harris ‘homss M.--"Scue Points in Dyeing Viscosele-
Textile Colorist-- Septembher 1527.
2, Platt H.-"Cellulose Acetate Silk"--~Dyestuff R porter--

JTsnuary 26, 1925
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bhecause strono alkalies =ill saponify scetate types of
ertificisl silk. With dilvute acids, this is not the case,

in fact, acids such as fomic =nd acetic are used to give

=iy

certain effedts such =28 "scroop”.

The temperature must be controlled so thav
hisher than 185 deerees ¥ will be avoided. The high hesat
of boiline causes the acetste types to lose their lusire,
and is knovm as "hlinding",

Acetate sil’ does not swell in hot nor in cold
water nor in pure alcohol ( absolute), but does swell
in mixtures of water and some orsanic solvents such as
2lconol,; it is also scluble in agetone, pyridine, acetic
acld glacizl etec.

Tubize will take dyeé as will Viscose, in

+

some cases some of the hasic dyes a2rs deeper on this

5

[AY]
o

nitro type thsn on the xenthste type, The tTeamperature
¢an nlap he raised i ~her then it car with Celanese.

Cunra gmmonium types of rayvon vork 2long
the\samehines as do the other resener:=ted types. & short
acoount of the ﬁyeinz of this yamm will be quotved from
o special contiibution to the Textile Colorist of DPecem~
ber 1927, page 8533, This deals with one mpecizl nake of
cupr: artaoinuwd reyon, "Bembero!,

"Before i fype of rajon Xknown as Beﬁbérg‘

is dyed and subjected to any of the techniecal operations
involved in the dyveine process, no métté? vnat they micht

be, it must first be trested with a hot fatty soap 1li-

]

e ———

el
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guor, heinz allowed to remain in this bath at its boilw
ing point for = period of =zpproximately one hour. The
fibre is then washed with luke-warm weter, and the dyeing
process 5egins.

Dyeinm with substzntive dyes: the shallow

vats, in which

oLt
[7%4

he dyeine process is carried out, are

iy
[
]
]
®
CL
e
o
[
=
)
ct
¢
L

and soda, so that the liquor has a
slishtly alkaline reaction. Dyeing is begun at & tempera-
ture of §9 de~rees F., znd thie is then raised until it
reaches *he boiling point. The liquor is boiled for a
minute or two; then the ~oods are washed and subjected to
2 brichtenina treztment. It ig advisable to add a fatty

coap solution to obiain rore level dyeing. Brighten LY

trentineg with acetic, lactic or formic acid in & liguor to

vhich. 2 1little o0il =mulsion h=g hean sd-ed.

o~

Drreiny with x tenvln mordant: vory from
3347, in sccordance with the depth of shade thst is being
nroduced on thie fibré, the mordantinm takihg place in
“ohos beesn acidified with & 1ittle ascetic
zcid. Cool &nd tre-t fibre with = to 13 # tartar emetic
solution. "ash th~ fihre and dye with the basic dyestuflf
with 2 7itinn of se=tlc or formic acid.

Sulnhur dvestuffs: these dvestuffs are dig-
solved as usual, in socdium svulphide solution, =nd the
solution is then added to .the soda liquor, the dyeing
bein=~ carrizd out 21 th2 boiling temperatire. Wash and

hrishten; dodiun ucet:ite is used in this bath to pre=-

vent formation of sulphuric acid.™

» v ———
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.1 ; :
R.P.Dicks states: "The dyer knows and

we all wnow the { cuprammonium sillt has = oreater zte-
trazction for dyestuffé than viscose sillk, Maturally iv
requires & 1little more rosist in its application, hut

if handled in the richt manner it will =ive you the szme
results with_possibly a shade deeper color."

after studing the previous pagés, it will
be possible to form soxme idea of the problem as picked ou

for this thesis.

Nicks R.P.53- "Cuorssmoniuwn 811Xk Industry"=-~-Dyestuff{ Re-

. ) )
porter-- Jenuary 25, 1925.
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PROBLEN: TO TRY T0 DUTER{IVE EY USE OF TH® MICROSCOPE
RRASOITS FOR UITEVEN DYZRING OF VARIOUS TYPES OF RAYONS,
If the precedin- sections have been read and
studied, there is mo doubt but that chemistry plays a
most important part in the making ané in the dyveing of
royor end kindred fibres, Therefore, many of the changes

o

thout 2 doubt of cheulcol noture. Howaver, there

fn

axre v
msy bhe some changss vwhich are physiczl and which by use
of vproper apparatus and correct methods can be shown
vith the microscope. Such, if any cen be solved, prpblems
i1l be the work in this thesis.

dellulose whether in form of linters or wood
pulo undergoes many chemicel chenges and also v:rious
physical chsneoss hefore if ig made into the =zrtificisl
finished fibre. These chancses hovs their effect on the
suhsequent dyeing. Tany timas, thsa dver hes found that
his dyed -rayons , althoﬁgh dved in the same hath wifh
everything under identical conditions, have iwo or more
shades or itones.

The author has on his desk at present two
slieing of munthote rayon hich ne saw dyed commercially
in the sume bath, ard these two skelns have different
depth of color. The skeins were taken fron the game box
as‘it came from.the artificial silk maﬁufactﬁrer and were
riven identicxl trewiment throushout every proéess, but

ever with ihis care, they are different in color., This

e ———
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ras happened mony times at this and other mills even
though the utmost enre is taken with the dyeing. Pos-
g2ibly this foult is entirely chamicszl, but investiqation
may prove soma paysical fault,

In Plagk snd “hite of Jenuary 1928, the fol-
lowinw_article apperred: " A sreat desl of troubvle is be-
ine c-used now-z-days, by strezXs zppearing in viece-
dyed fabrics, =made »holly or in part, of rayon, which
trouble is coused entirely hy physicsl strain so chang-
ing certein rayon yarns in the fabric thalt they do not
dye up thz same as yarns which have not be subjected-to
excessive vprysical strain. The use of +he microscépe is
of ore.t zssistance in this notter !

1
J.W Welsh v s this to sy ¢ " The 1ight =nd

dark st in ruiscnce so fomilisy 2 “ha dyer, has been re-

duced o = mivnimum hy the rayon manulacturers, and we

think %y 4thiv time th~i 211 knov +ths+ it is impos=ible
&8

- +

Tor the Jdyer %o remedy this trouble. I: is,impossible o
stop it a5 it is for a nerson to maks two cifferent
zrowths of tha éaﬁe ¥ind of wood identical, sg that when
it is varnished it will heve the same appearsnce. The
dyere formerly blesched the yarn in order to do away with
this trouble, but it was of no avail. The lieat and dark
skein horror was wwch “he ssme as ths uneven dyeinga of

slkein yrrn after the mercerizing process.

Tealsh J. Willism--"Dyein - Fest and Uniform ShadegM-m-

Textile World-- Septamber 29, 1§28,

v ———



RPayon thai leaves tlw dyehouse damp or not
bone-&ry will always Tive trouble. One reason is what
it is not wniformly damp and the damno pl#ces in the
thread will produce what are knewn as shiners, due to the
vern stretching in the domp plzces, thereby vroducing
A different tone of color than the rest of the thread. A
rayon taread will lergthen out on Leacomineg damp or wet,

-

without even heian~ siretched, snd unlike other fibres, it

will never come hack Lo its normal lensth. This causes

rayon ~voods to pucker in some places, vwhich mekes then

appear a2 different color than the rest,"

hea ad

rove refers mostly to:piece goods, znd
the microscope, espa2cially the binocular tvpe equipped
=ith epsecizl lenses =snd stages has been of great aid
in determinine these unevenly dyed yaras, hut this tha%is
ig m=ifly to deitermine uneveness throuchout lie whole
kein #nd differercs in ~20lor in skeins 4y=d in the same
1

Jemes . Cox Jr. writes: " The maintaining

of zn even, or definite desgree of bleach in rayon y*rné

L3

by menufaeturers and «fterwards in textile plants, still

L

seams Lo be & more difficult nrosvoszition than with cot-

ton yomms, bLut the progress hss besmn erest. The knowledge

1

f the »roner derree of »lesch necessary in the textile

o

plonts has hesn eradually becomino hetter. The general

Cox, James W. Jr.-=" A Year's Progress i Rayon'--

Textile Yorld-~ September 2%, 1923,

o ———
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averace trend in wost materials in the cotton and silk
branches of the Industry to he piece-dyed anc priﬁted, or
both, has bem of great assistance in lessening hleach
troubleg, as 2 larqe part of sll ﬁroubles caused hy
bleached and over-blesached rayon have been with YABN—
DYED matérialg. Forturstely, the averar~e textile mill
man, as well as the cotton moods snd silk f-bric con=
verter, hss a2t l-st wakened up to the fact that the de-
~ree of bleach in the yarm asg received from the cotton
manufacturer is a very vital factor in the finasl gquality
of the =oods, made wholly, or in parit, from rsyon yarns."

The ahove was & ourely chemical theory as
siven hy = non~m-nufnctﬁrer, g1 here ié & theory for tii
uneven Avaing v»lacins the fault or the dyver. R.P.Dicks,
forwarly President of Cupra , Inc., stataes ss follows: "The
menufacturer of rexl =ilk or other silk is familiar with
ths elhimnees in color or raflizction of lisht due to the
hei~ht of lustre, end if you have iun your drying two dif-
ferent tenslons, you will get two 2ifTerent apoearances
of color in the dy=ad product.”

'y, Dicks gave the following theory also for
tnifosm dveins, ' Those are ithings that are | after 21l,
mechaniczl on 7 re problems which are familiar to all

silk menufscturers. I venture the opinion that all arti-

ficirl 3ilk made by the various groups would dye uniform-

-

Dicks, R.F.-="Cuprammerniwn 3ilk =n’ the Artificisl 8ilk

Induntryas Dyestuff Reporter-- danuary 26, 1925,

kT




ly if the following procedurs were rizidly adhered to,
namely: firet clean thi~ silk properly of =1l foreimm
metters. Step number 2 is to dry thet silk under uni-

Torm tension before it lesves your hands. Step number

66

. .
3 is for the dyer: in his mznipulation, to be exact as %o

his dye-bath in every wnartichlar; =znd finally, it is

necesrary for him to be exact in his DPRYING."
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Iv

DATA AVAILARLE CONCEENING THT PROBLEL.

Data ir resnrd 4o thé use of the microscope
wi th rayon was not available in any qusntity. A search
throush many of the Journals Friled to produce but very
few articles on this subject, =nd none that really were
.exactly on the subject or protlenm.

Professor E. R, Schwarz of M.I.T. wrote the

following: " Reyon fibre, which snpears to the naked eye
gs a filement of cobweb fineness--~ g0 fine as to be in-

visible in evertain lisht--- is seen under the microscope

s a broad strand of unique
per accessories, zlmost =ny

nacde upon it. In brief, the

conform=tion. By use of pro-

desired measgurement may be

A

microscove znc itis sccos-

37

sories equipment open up a most Fruitful field of in-
vertication.”

e - \ 2

artiur K. Johnson, fomerly vprofessor at
Lowell Textile Institute says in one of his articles:
"Progress an’ diversificslion in ithe manufacture of

rayon { whather taking plece in the sp

=

nninz solution,
2. 43 o . - . s s
+0ME gpasulntine patn, in the reelino conditions,
or after compRétion of the original varns) hss brought

the types not groups of rayons closer azn<d closer together

Schwerz, Bdward R.--"Revon Rese-srch Problems®--Textile
H

T

Jormson, Arthur X.--"Iethods of Identifyine Rayons"--

Textile Yorld-- September 29, 1928,

R -
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ilarity of physiczl =nd chemical properties
ting.

These chnnges in process; made for the pur-
u01nﬂ an improved and more pleasing product

e such properties ag subdued lustire, feel,

ver resistance, govering power, weishting,

dyein=s properties, have caused a reasonzbly

el .

dhange in the sizes ( diameter), sh-pes,

)
.

intern=l conditions of the fitres and of the

¢

esult is that ohysical facis znd appearances
gis for identification ( 28 cross- evtlon 1
must be countinuslly z2liered and brouvﬂt up o

sl

T e Germon zuthor, T. Heink ssys: "Segpecially

artificial silk = zonsistent eross section Torm
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nufeturing, wriel: the viscoess gill under~os
irst lines in *the composition of the precip-
sxlt additions to the zcld bath,
oth edged shone of the cross-~sgeciion is in-
fore or less TOUlded‘Suhﬁ dls appears, and a

Algo ohe Kind znd amount of the individwad

ns ir thes precipitatineg hath imprint their

Mikrosconie sn Tuniseide---Ifelliand Textil-

anuary 1628, smaricav Srevisiation by AJH.

[¥2]
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chzracteristics in th= cross~gections. The.cross-section

cr

picture is = wmove Viluzble means of dis inzuishing be-

{4

vreen the virious Kinds of artificisl =11k than *he teXallc) ;19

. 1
Professor ":101d Hithert, Tormerly of Yale, b

but now of IleBill told a litde zbout e X-ray examination

of céllulose in one of his talks fo the Textile Uhemists
=nd Colorists. ki ?poke.?s follows: " Iqhight be well

to discuss the results which have been obtained in the Fa—
serstofr Institute, Berlin, witn regard to thes structure
of cellulose 2nd other fibres#s shovm . by X-ray snalyisis,
This is not ihe Place to =0 into thé detail of <the vork,
€xXcept to say that_by,taking X-féy phofographs of éotton

fibres it hus heam Pos=ible to show +het cellulose probab-

ly heg a v Tuilding unit" of guite small molecular oro-
Portions, provakly of thebrder of (C5 H10 05)4, 2ng tn-+

I—J

such = prqduct is c:pahlse of combining vwith itself to zive
2 derivstive of nuch hi<her molécular relght, which we
Xnow ag ordinarj cotton celiulose, This is not in con-
formity with Irvine's results, iqhhich we have three
units, not is it in conformity with other resezrches,

50 that ths question mu-+ b2 1aft open.

Teverthe less, this work hes already given

us quite snd imvportant insight into the broperties of

Hitvkert, Hzrold~~"Compasition and Properties of Various

artificial 5ilks"--Dyestuff Reporter-- January 26, 1525

o m—r—
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tis cotton moleculé. In the first place, it teacheé us
thet cotton celiulose is not, as we have éreviously 25=-
sumed, a simnle colloid substence; it is vhat we term a
crysta 111ee and Judsing from the evidence available cot-
ton cellulose w&uld seem to consist of these crystalliné
sgoresates of cellulose, which form the skaleton of the
fibre, seated in a mawga of =norphous qaterial. produced
from = previousl& liquid hody. In other words, you must
look at your fibre as & series of these oryétalliﬁe ag=-
gre~ates in this maéma, snd this has many mdvmnunces. It
wllows, for instsance, reactions io .occur hetween these
crystallites znd many rezgents. If all these crystallites

-

are arrerged parallel.{e ths axis, as seamns to be the

17T - 'Y
these results are borne out Ly an exsmination

of the wvarious types of ARTIFILIAL SILE. Xor instnce,

) Ik

in Viscose silk ofter precipitation of the cotton (hy-
drated COtbOﬂ) these crystallites, instead of all being

arrangsd psrallel te ths axis, are arranged in topsy-

obtsin by the Chordonnet process.
You can see that such a mathod of enalysis

ffers considerzble promise,"

asnion as contrasted with, say, cellulose wnich we
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ar

PRIPARATION OF THE SiIPLES.

In the preceding pages, mention has been nmade

of miny chemicals used in scouring and as assistants in

(9] -

th2 dyeing of the different tyves of rayons or awtificial

A,

silks vith

AN,

tlz various classes of dyestuffs. 4s there

wera too many for a shorti thesis of this kind, only the

~

more important were used in the oreparation of the sam-

vles.
The yarn used was obtained from the various
Through
manufaciurers i~ skein Torm. inhyeuﬂa the kindness of

Dean Thomas Felson of the Textile School of Morth CarlO-
linz State vollexe,‘Who golicited these samples, the
following Tirmms contributed thelr »roduct in the 150
‘deniér gsize; DuPont; aAnerican Benherg.Corporatibn; Tub=

£

ize Artificial 9ilk “owpany of America; A mericen Col-

f‘l'!

lulese =2nd Chemical uomnanv and the Vizcose Company.
Thea ﬁuPont Company furnished thelr zenthsote and also
theilr écetate product; ZBembers *UTHlQﬂuu the cuprammaon-
ium type; Americsn Celliulose , the acetzte type; Tubize
thne nitro type; »nd Viscose the xanth:te type.

The e¥eins wer. wound onito spoonls ind then
smxller gkeinsg of 120 yards in length wers wound for
the samples to beﬁreated.

In treatinz the ssmples with the virious solu-

'y

tions, 1t was wmecessary to have =zome idanitifvine mark as

the six different samplas vere treatsd in the same bath at

o,y -y
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1

the same time ir order to have identical conditions. The

metrod of ideniifyin~ wa

woonl thread with one or
gacn time.

0n page 73,
the six varns as they é
out Mrvwine heen tre:ted

leagt lustire of all,

g real simple, as cotton, silk an

Ao

vwo knots was tied onto the fibre

on the top row, are samples of
zme from the manufacmmrers ik

in any way. Bemberg had the

In the midile row of page 73 asre mounted the

samples ohteined by itreating the semples with »lzain water

at the %woiling voint. If this bhoiling were to be contin-

ved for sons time, the acatate silks

a8 short submersion does

T™e nsmes of

tha téﬁ of the peoge snd

séts all the way to fthe
In set ¥ )

rathier the skeins were

made uvp 1 parit fto 1000

i

at 150 dezrees ¥.

would be klinded, =ul
not harm them to a marked degrée.

tha different types anpear at
rafer to that type in the three
bottom ~roum.

tha vottom row, the semples or

subjected to a solution of soap

*orshe acetate

types, this is of course, beyondghe safety point of 185

deqrees F., The soap was

joh

od of scouring was us=d

neutral oliva oil soap. This met”d

& dilute sozp

>

to show effects o

sclution such & could be uged or any Tibre without dan-

ger of alkalinetction

dis=olving them, as would be the

ccase of =an alkaline soap solution on wool or silk.

>
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Or page 75 ars mounte’ the results of the
treatineg of the skeing with various tmnneraturpg of 1 to
100 so=p solution.

This soazp was also s neutral olive soap, but
the solution was made ten times strdnger'than in the pre-
vious case. In scourine with sosp in prictice, the per-
centsge will vary accordine to the fihré znd the smount
of dirt and oil in the fibre., In a uixture containing
cotto% and reyon or artificial silk, the amount would

be haged on the quantity of euch fibre present. Yith a

lar amount of cotton { especially ir the grey), a
larzer amount of séap +ould be necessary to resove as
much dwawisie~ impurities as posszibles Cotton csn stsnd

stroarer snd rouzher treatment than any of the rsyons as
cotion 1#LuLon~*v hen wei, wLefeas tile rayong are weskere
It should h:ve been stated that norcelain
dye cups weare used for these tests and all of the fol=-
lowinz tests. The dyecups were heated in the large irom
baths fitted with holes in which the cups were placed,
the cupp were submerged to withir two inches of the tov
and the solutiors in the cups wers kept 21 this level ine

side the cups. “or Mhoiline

sg5ts, direct heat was used ag
the dyebaths run usually at 160 to 205 which would not
reasch the bolline point of 212 F.

After heincﬁrented, the skeins were washed in

WaTIM T L8
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The sozp solution was made one#o a hundred
in ezch case but set #3 was treated at 140 F; set #4 at
180 7; and set #5 at a boil,

So miny assistants dre used ir dyeing that
211 of them could not be used i~ these tests, therefore,
a few of the more importsnt were used. The temperature
éf 160 ¥ was used as an averacge bétwﬁen the boiling
voint at which meny dyes are treated and the low tempers-
ture at which some of the others are dyed.-

I» many of the férmulae given hy the makers

of dyestuffs, {wo chemicdls wmuch used as assistants were

most mentioned. They were common szlt snd Glauvber salt or .

sodiun gsulphste. The cowmon salt contains no water of
crystallizwtiom Tt sodium sulphate comes Lo us both'
ways, 1o thess2 tests the =odiun sulznhate crvst-ls was
used.

On pege 77; set ¥ 8 shows the results of
trestine with & dilate solution, 1 fo 1000, of common
s21t, Tall. Set #S =ives results of treatment with a
1 to 1000 selutisr of rodium sulvhzte, Fe2804,

Soda ash, 22003, is used with someflirect
dyes =znd »lac used == & scourins o sant. Because of its
21¥zline properties, its use i¢ avoided on the acetate
types to avoid "blinding", This chemical also occurs in
severzl forms corntalnin-~ v.rious sriounts of water of

cryst=llization. The czleined salt was used in set #10,

oy ——
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Cn page 79 are the ssmples obtained from the
use of direct dyes. To show the affect of the dyes alone;
no assistants vwers used.

‘ Set # 1 was dyed with E&agara_ﬁlue made by
the ¥atigne1 “niline Company. This dye has the Oolour
Index numbef, 406, aﬁﬂiq&hus described by Rowe. The

sodium salt of diphenyl—disazo-bis-S-aninb—l-napthol-

X

3i6-disulphonic =cid. From this formula, it is quickly
ceen that it contains:ﬁwo.eachrof-the émino, napthol,
270 aﬁd sulplhionic groups, fhué being a spod representa-
tive of th= direct dyes as described in previous psrt of
the thesis. |

Set #2 was dyed with the seme dye in the
same manner , “ui on scoured m&térial; The yarns had
bteen scourediwht 1 fo 1000 sozd at 150 T to avoid the
0088ible "bBlindina" of th= scetate silks which mi~ht hve
taken placé &t tne hizher tanperatures.

rm

e yains were washed after dyeing , but were

not subjected to &s st enucus treatnent as would h.ve talk-—

en place in domnercial work., It was done in this way to
try to save ef “fects whick mizht be present from the'dye—
A
stuf'f if vot washed off toos soon.
Set # 11 was dyed with Solantine red which
ie listed as Colour Index # 353: sodium selt of 3:3-di-
sulphodiphenyleurea-4-4-digezo=-hige2~amino=8-napthol-

b-sulphionic. acid. Juite sinilar to the previous dye.

N e
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The basic dyes were =2mon~ the earlier of the
zrtificizl dyes discovered and onqbf the older dyess of
the zroup isﬁhe well knowm ethylene Blue with a Colour
Index numﬁer of G22. Sets #12 and 13 were dyed with th;s 

bssic dye. On cotion, it is necessary to use a mordant

u

ch as femnic ~cid in order to get a dye and not =

u
stzin, but viib

Jn

these chenlesl fibres, the tannic =cid

is not ne=ded ag in most =11 cases dyeins tekes place znd

not = staininz. This ma2y seem odd since boith cotton and
four of these rayons zre nlain cellulose, the acetates

alone contzining an ad itional radical.
]

The Boluur Index says of ilsthylene hlue:
tetramethydiamino~diphenazthionium chloride usually the

corresponding zinc double chlowide.
Although acetic eid is used in dyeins of
h-gic colors, none-was used with these dyeings even %o

-t

dvestuf fs. Dyed at 175 7.

4

digeolve e
Sset L 14 was dyed with Rhodamine B, Colour
Index nwaber 746G, snd @escribed as hydrochloride of

o

dietnvl-m~srino-nhienol-phithalein, or tetraethyldismino-
- iy 3 o

)

¢ acld

-

=

rl-xanthenvli-chloride. Mo scet

(&)
I
¢]

{
H
o’
&}
i
4
H
=
;—.-l
()
i)
=

i» thisz case s zn asaslstant.

Orly light washine was given to these

¢

basic dyes, conseguently they will be more liable %o

crock than somes of the othsr dyed samples.

y Trese dved samples are snown on page Sl.




TEXTILE DEPARTMENT

NORTH CAROLINA STATE COLLEGE

CDYEING - j

ese | Tuvize’ | Viscoss

Dye on Scoured material.

with Besic Red Dye on-Unscoure

NORTH CAROLINA TEXTILE SCHOOL

o, -




In =section two
znd 1t was stuted thot theyw
ori=~in, =nd th

come within trenty years.-

These dyes are not solukle in water alone and

21l=0 reguire & reducinm o

da. I+ these

ot

used for reducins and sodiun hydroxide ito

solution needed to keep the dye in

a

on the fibres is more
hon from ths westuff hut

¢rn e 1sid to the clags of

Sets # 15 and 16 were dyed with Ponsol Blue

=~

1ilkels

v

LR T .
posslibly &

shraquinonezzine., Trisg =gr

Wylrvoxy-Terivative

, e val dyas were Jis
are of

air manuf cture in

dyeings, Lykopon, &

Lo A

-

fent --| b
ent =uch

sodiwn I

2 Gale ‘f ‘“?.1.1"—‘

g2

comps.ratively recent

the ﬁnitéthtates has

28 hydrosulphite of so-

N

lution. The e??ect

ikely to ocour from these reagents

he used,

L - 3
TR LVelinz.

v

dysz af the ont ﬂr“qu none 2roup.

These

sets u=nda

the Colour Index 1U1B~r 1109

A

Lt oy - .
B othe remsvks on ved

appear mounted on

set # 17 was dysd with a popular dyestuff,

ulf+nthirene Pink FF,

Schulz fails to discover &ny aum

wer to show in which
dye \houln he plzced.
its formula Lecause of its

two zcelate samples,

clzgs of vat

Srein e
cyeine

but a4 search of Towels sad

It would b=

ber or =ny reading mate

¢yes this particular
interesting to have

rot =toinine, of the

cugsed

nvdrosuphl te was

Torn the alkslil

the resul®

ziso of

b R
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Pats number 18, 15 nd 20 were dyed vith the

SRA dyes as put out by the “mericzn Cellulose =nd Chemi-
"¢zl Compeny.Zhese s:mples appear on page 85.

The dyes were rubbed up with'a wery small
amoun of sulphonzted cestor eil =nd dyed at 160 F. Af-
ter dyeine the skeins were washed in = dilute =oap solu-
tion at 160 T A more severe trestment at a hicher
temperature would ramove muck of the dye tha+t has ra-
mz2ined to stain the Tibres th=t are not of acetate
composition.

e acid dyes ars not usuzlly uentioned

“bhen Ayeinm the reyong er artificisl silks hy them-

melves, Tut ze these dyes are used in dyeing of wool
amd_siik which are a2lso combined with rsyon, it was

cdecided 4o tzy out = ocounls of “hsm. Ae the zoid dyves
veory ~rastly in compomition, =z uch srester virviety
ghoul? ha used hefors fixed opinions should be formed

r Cndl A
RN

.1, H -~
LII2lY &

iy

a8 ©o. ect or v:lue.

o
y

3

vuge 87 are sets# 21 and 22. Set 21

o

was dyed with Fast Acid blue appearing in Colour In-
dex as # 208 ans thus described. Sodium s:lt of 3:6-
diﬁulpho—e-hydroxyuqam'a-naphﬁhalene-azo-phanyl—gamma—
n=pthylzmine sulphonic zcid. Usually 2yed with aid of
flauber s°1t and scetic aecid, but In this case hoth
0f thege a=mcistents were omitied,

Rat 22 wae dyed ith Tast Red likely of

*i

h g AT
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86
Goiour Index nunber 88 and thus described. Sodium salt
of gam-a-naphthalene-zzo- hé%amnapthol~3E6-disu1phonic
acic. %yed‘from an nedd bath, but acid omitited in this
test. 7 ) - : : N
then =211 s:mples had Leen dyed, they were
mountes as showrn on ihese pages. Ihe reagon for leaving
“the end cut was to'm&ke‘it easier to see the amount of

penetration, 2lso evenness.
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I
TREPATATION  ATD EXSIFATION YITH THE MICROSCOPE,

i%nﬁef outline of methods of preparation and

methods. of éxaming samples of thb treated yarns as well

-

as Gescriptior of -=py
' 1
%, Heink states in his article: " The sim- .

aratus w1ll now he =iven.

plest microscopic investipation is the so-called longi-
tudinsl view, that is to say, the inspection of .the
individusl filament in relation to its fibre breadth,
structur, impurities, its flaws etc.

e examine the Tilsment first in «ir, and
indeed hers aqain, the measur went of the filament width
is of importance in respect to the thickness of the
individual filasment. This is different in the different
“inds of artificizl silk."

It was desirad to exanmine the samples as

red aftaey teing trested nd before they were

ny

A -
CASY & Dpes

=
suhject to sny chinge due %o applicztion of =ny agents
used in mounting ir the ordinsry way. Tor the lonzitu-
dinal views, four or five of the threads of the various
varns were mounted on the slides and held dowm by placing
1zbels =%t =1lther end. I this way , the saﬁples were in
sir only, not even a cover glass intervening when being
examined with the‘microscdpe.

One or two of the threads were teased open:
with 2 needle in order—ie-—secure-s zood view of the fila-
ments. ‘hése also were examined as is in alr,

1. Heink, %.--"ilikroscopie zn untsside" -~ Mel iiand Tex-

+i1 Berichte-- January 1928. Transluted into Bnglish by

ALE. Arimshaw, Copy in NCSC Library.

g ———
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Cross-sections were nlso prepared; two msthods

helns uged, ths paraffin method and also the brass bHlock

m

retrod as orisinated by Professor B. R. Schwarz of 1, I.7,
1

Tnls met“ od iz wvery well described in the Textile %orld

of entemoer 29, 1628 in an ariicle written by Arthur

X. annqon.

. A A

At our school, we ars equipned with a “pen-

cer HBotary microtome and this as well as the safety

razor method wag used in slicine paraffin samples, A

pzraffin havine a melting point of 56 was used, the par-
Py B 3 o

affin Leing Xept = coudle of demsrees hi~her than its malt-
ina point. "fire halir pins were uged for wmounting the
szmples. The hzir pinsz were unbent to form a straisht

.

line #nd then each end was turned &t ri<ht ancles to

.

le ve {0 irches of the wire 3s its lensith. The yarn was

cr

avound the hent ends about 2 inch from the hend.
After the stnples wera wound on ﬁhdvire, the ends of the
wire werz hent once wmore to form = loowp. This left the
varn on %the lower part of the wire which acted as 2
sprins and kept it tishit; 2lso the fact that 1t was one

4

nch dovn on the end =llowed room for Sipnine the wvain

="

into the arm paraffin solution. The ya:n was dipped znd
Cthien plzced Ir nold water and then shaken and =llowed to
dry while other ssmples were being dipped, then dipped

4

ana coonled #nd the process renesied until = rodlike

Exd

L

iece =about -3 inch or more in dizmster had been Formed.

3

L —
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Cere had besn taken to piace “he y»rn one ineh cdown on

the wire and it was on essy matter to cut 6ff the sample
in the form of a pencil;

nig pencil was then placed in the holder

of the microtome znd slices cut of a2pproxim:tely 5 wmicrons.
The slices ere mounted on =lides usiﬁg & 1little egrm-
fixstive, snd e pzraffin- dlssolved off with xylene.

Tnis method gzvae the thinnest crosg-sections, but a-set
of thicker ones were made =1s0. L6 make these, the pencil
were held in thqbrnd and a Yilletde razor blade held in

2 holdar from the § znd l.bent store was used for the
slicin~. *lthouch theses =sliczes were thicker, they were
useiul for quick examination,

courge invaolved the

Ty 44, - +
Howavar, these wmethods o

use of zmraffir sn” =lsmo Xylene asz vell ss hezt. These

mi~nt not affect the Aveimes us it ree troushi kast to
use the Tress bloclk matlad of Professor Schwsrz in ade-

L3 L] 1 0 .
dition to these. *hisg method 1ig 2s
bleck one inch thick and round has & hole bored throush

it from top to bottom., The hole is conical to about the

3
i

b
b

11d41e of the hlock when 1t ch:inges to parallel sides.

[t

The hole =% the top is thout one sixite-nth %o onsz sighth
inchi in cdismeter, at the hottom 1% 1z ne:rly three quarters
of an inch. The yarn is threaded in the hole from the

b ]

tfottom 2nd eiven o guick oull to Fill up the-smszll part

of ths hole. It is then tichtened until the comnlete

Ly —
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spaée of the top hole is filled. A sharp razor hblade is
ﬁhen drarm acrosé theﬁop of the brass block cutting the
yarn a2t risht ancles.With a little practice this is
copge vith one strdke. Of course, you cannot met every
1itile filsment into focus, bHut you can gebt many of them,
Tnis works. well Tor light colored znd bleachad yarn, but
not so well for the darker colored ones. '
Meedlegs 1o suj it is =lmost compulsory to have

an apochromstic dnjective when working with colored or

ct

dved varns. It was hoped to have one for this work, but
circumstances orohibited it, iherefore, ths work Wés done
as well 25 possiblie using the achromatic lenses in our
pogsession,

The followin~ equinment was- used in our re-
ceerch: Leitz microscone ~nd Peougeh =nd Lomb microscope.

Yany comhin.ilons of amsit-ups inclulinz use of s.chromatic

obiectives, 4 ma,8 mm.,16 ma, 32w, 48 mm.; & X, 19X

[

504 12 ¥ Oculsvs; Ocular llicrometer Disc; Tratben Fil-

ters; Tausch andLomb Photmicroéraphic Apparatus; Silver=-
men Illuminator. Many photos were taken and will be .
sno'm leter; used comzercial Ontho 5 -by 7 films for Ihls
work and Azo DAPET.

fhe Oculnr Micrometer disc fits into the

oculss snd was used to zet comparative sizes of the

somples. Yirect measurensnts wera not made.

b ——
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Hany tests were tried and discarded due to
non-uniform results, toc much reflection; toc deep a

color of the s mple and wrong combinstiocns of cculars

end objectives. The main trouble was %too much color

hy . 4 7,
aa
WL CX

n could not be cut out when usine achromatic instead

of apochromztic objectives.

b ———
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VII
TARL™S 0F RESULTS AMD LSO PHOT HICROGRA?HS.
his seétion will show results tabulated in
seperate charis for each type of yarn.
Charts I,II,III,IV, V add VI on pages 54 to
S inclﬁsive show the coppearance of the yams vhen usiné
the brass block cross-sections with Bausch and L;ﬁb
rieroscove =t 160 mm, egquipped with & mm achromatic
objective, 12 X eye-piece or ocular and the micrometer
disc,
Chart VII on pagé 100 gives the zppearance
and comparative size of the six vypes of yarns with
ths Tilasments teased out. This chart concerns the file=

~r

menta heress Bhzrts VIII, IX and X are hased on the

microscopé st 16% rmy & mm objective; 12 X oculer; snd

‘micrometer disc. Reflected light.

"

“iith Charts I to VI inciusive which could
not use the reflect:zd light, the Pilvermsn Illuminstor

was used, bubt in some cases later on this could not be

-~

used =zs it Foraed too strong & light snd oo much re-

flection.
C Charis XTI to XVI inclumive give results
after treatment of the irndividucl types of filaments

1

instead of yarms. “sin~ raflected 1i

0

ht,

L




o4

CHART I
DUPONT ACETATE: RRASS RLOCK: WO ILLUMINATOR: FENETRATION,
Set 7; water at a boil. Slight loss of lustre,
set 6; soap, 1/1000, &t 190 F. Yo change.
Set 3; sozp, 1/100, at 140F, Mo chenge.
Set 4; éoap, 1/100, 2t 180 F. Slioht lustre loss.
Set 5, so2p, 1/100, at boil, TLarge loss of lustre.
Set 8, MaCl, 1/1000, at 190 F. S1i=ht lusire loss,
Set 9, ¥22804, 1/1000, at 190 F. Slisht loss lustre.
Set 10, 22003,1/1000, at 130 F. Lusire gone.
fetl, Direct blue, unscoured. Some étaining, light.
Set 2, Pirect tiuwe, scoured. Some staining, light.
Bet 11, Direct red. Very little st.ining.
Set 12, Besic blue, scoured, Dyed put less than resenerst
ed cellulose types,
Set 13, Brsic hlue, unsooured. As sat 12,
Set 14, Busic red. Yell dyed.
et 15, Vat hlue, scoured, Lizht dyeing.
Set 16, Vat wiue, unscoured. Light dyeing.
%et 17, Vat red. Hell dyed.
Set i8, SRA blue, scoured.r Deeply dyed.
Set 1%, SRa blue; ungcoured, Deeply dyed.
Set 20, SRA red. Desply dyad,
Set 21, Acic hlue. Dyed violet. Fibre affects dye.
set 22, =2cid red. Dyed brovmish red., Fibre affects dye

h g W



CHART II

BEMBERG: BRASS BLOCK: O ILLWAINATOR: PENETRATION,

CRIGINAT HAS VERY LITTLE LUSTRE,

Set 7; water at a hoil. ' No chenge.

Set 6; so=2p 1 to 1000 st 190 F. ¥o change.

Set 3; soap 1 tQ’IOO at 140 F,. Mo chuange.

Set 4; soap 1 to 100 at 180 F. No change.

Set 5; soap 1 to lOOlat a boil. ¥o change.

Set 8; FaCl 1 to 1000 at 190 F. Mo change.

Set 9; MaBS04 1 to 1000 at 190 F. ¥o change.

Set 10; ¥a2C03 1 to 1000 at 190 T, ¥o change.
“Set 1; Direct klue, unscoured. Well dyed.

Set 2; Direct blue, scoured. Well dyed. .

Set 11; Direct red. Well dyed.

Set 12;'Basic blue, scoured, Well dyed.

Set 13; Basic blue, unscoured. Tell dyed.

Set 14; Bagic red. Well dyed.

Set 15; Vet hlue, scoured. Yell dyed.

Set 16; Vat blue, unscoured, Tell dwmed,

Set 17; Vat »iue red. Tell dyed.

Set 18; SRA blue, scoured. Slight stain,
Set 1$; SRA blue, unscoured. Slight stain.
SetHZO; SRA red. Very little stain,
Set 21; Acid blue. N Mediwn deep dyeing.
Set 22; Acid red. Medium deep dyeing. .

> ———



96

CHART IIT

. CELANESE: PRASS BLOCK: YO ILIUMINATOR: PENETRATION,

Set?; water 2t a “oil. Slizht loss of lustre.

Set 6; soap 1 to 1000 at 190 F. Mo change.

Set 3; scap 1 to 100 at 140 F. ¥o change.

Set 4; soap 1 to 100 at 180 . 51ight loss of lustre.

Set 5; soap 1 to 100 at boil. Large loss of lustre.

Set 8; MaCl 1 to 1000 at 190 F. Slight loss of lustre.

Set 9; Na2804 1 to 1000 at 150 F. Slight loss of lustre.

Set 10; ¥a2C03 1 to 1000 at 190 F. ZLustre gone.

Set 1; Direct blue, unscoured, Some light staininé.

Set 2; Difect wlue, scoured. | Some licght staining.

Set 11; Yirect red. Very little staining.

Set 12; Basiec blue, scoured. Dyed, hut less than the re-
gerierazed {ypes of cellulose.

Set 13; Basic hlue, unscoured. As set 12.

Set 14; Basic red. Well dyed;

Set 15; Vat blae,scoured. Light dyeing.

Set 16; Vat blue, unscoured. Licht dyeing.

Set 17; Vat red. Well dyed.i

Set 18; SRA blue, scoured, Deeply dyed.

Set 1%; SRA blue, unscoured, Deeply cdyed.

Set 20; SRA red. Deeply dyed.

Set 21; Acid blue, Dyed violet. Fibre affects the dye.

Set 22; Acid red. Dyed hrownish red. Fibre affects dye.

gy ———
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TUBIZE:

BRASS RLOCKS: O ILLUMINATOR:

CHART IV

Set 7; water at a boil.

Set
Set
Set

é;
33
45
53
8;

93
10; Ma2C03 1 to 1000 at 150 F.

soap 1 to
soap 1 to
soap 1 %o
goap 1 to

¥Mall 1 to

1000 at 190 ¥,

100 at 146 F.

100 at 180 F.

100 at a2 beil.

1000 at 190 F.

7a2804 1 to 1000 at 160 F,

1; Diredt blue, unscoured.

2; Direct blue, scoured.

11;
12;
13;
14;
15;
16;
17;
18;
19,
20;

21;

. 22;

Direct red.

Basic blue, scoured.

Baglc hlue, unscoured.

Basic red.

Va2t nlus,
Vat blue,
Vat red.
SRA Dblue,
SRA Blue,

SRA red.

unscoured.,

scoured.

scoured.

unscoured.,

Acid Dblue.

Acid red.

97

PENETRATION,

Ho

o

Mo
No

Mo

Change.
change.
change,
change.
change.
change.
change.

change.

Good dyeing.

Good dyeing.

Good dyeing.

Deep penetration..

Deep penetration.

Desp penetration.

Good dyeing.

food dyeing.

Good dyeing.

Deep stain.

Deep stain.

Deep siain.

Dyed unevenly.

Dyed unevenly.

N e ]
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CHART V

VISCOSE : BRASS BLOCKS : YO ILLUMINATOR:-PENETRATION.
Set 7; w=ter a boil. ‘ Blightly whiter.

Set 6; soap 1 to 1000 at a boil. Slightly whiter.

Set 3; soap 1 to 100 at 140 F. Trifle whiﬁer.

Set 4; socap 1 to 100 at 180 P,  Trifle whiter.

Set §; soap 1 to 100 at a boil. VWhiter.

Set 8; ¥aCl 1 fo 1000 &t 190 F, No chanse.

Set 9; Na2804 1 to 1000 at 150 F. Yo changé.

Set 10;Ma2003 1 to 1000 at 190 F. Mo change.

Set 1; Direct blue, unscoured. Well dyed.
Set 2; Direct ®hlue, '‘scoured. Well dyed.
Set 11; Pirect red. Well dyed.

Set 12; Basic blue, scoured. Deeply dyed.

Set 13; Basic blue, unscoured. Deeply dyed.

Set 14; 3asic red. Deeply dyed.
Set 15; Vat “lue, unscoured.  Deeply dyed,
Set 16; Vat blue, scoured. Deeply dyed.
Set 17; Vat red. Deeply dyed.
Set 18; SRA blue, scoured. Stained.

Set 15; SRA blue, unscoured.  Siained.

Set 20; SRA red. | Stained.

Set 21; Acid Elue Deep stain.

Set 22; Acid red. Deep stain.

T ———
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CHART VI
DUPONT XANTHATE: BRASS BLOCKS: NO ILLUMINATOR: PENETRATIO
Set 7; water at a boil. Yo change.

Set 6; soap atri to 1000 at a boil. Siightly whiter.

Set 3; soap 1 to 100 at 140 F. Trifle whiter.
Set 4; sdap 1 to 100 at 180 F. Trifle whiter.
Set 5; socap 1 to 100 at a hoil. hiter.

Set 8; MaCl 1 to 1000 at 190 F. ¥o c¢hange.

Set 9; ¥a2804 1 to 1000 at 1G0 7. Mo change.

Set 10; Ma2003 1 to 1000 at 150 F. Mo change.

Set 1; Yirect hlue, unscoured. 7ell dyed.
Set 2; Direct blue, scoured. Well dyed.
Set 11; Direct rad. 7 9e11 dyed.
Set 12; Bzgic blue, scoured. Yell dyed.
~Set 13; Basic blue, unscoursd. Well dyed.
Set 14; Basic red, Well dyed.
et 15; Vat blue, scoured, 7ell dyed.
Set 16; Vst blue, unscoured. Well dyed.
Set 17; V=t red. Well dyed.
Set 18; SRA hlue, scoured. ,Stained, i
Set 19; SRA hlue, unscoured. | Stained.
Set 20; SRA red. Stained.
Set 21; Acid blue. Deen stain.
Set 22; Acid red, : Deep stain.






