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The purpsee of this investigation was to find the

Sulfur-Cellulase ratio at spln time or the so called ° ~

_”
maturity, which is assumed to be reached by viscose

when an ammonium chlorlde number of ten is rcached. In

—·industry this particular value of ammonium chloride

number ls arbitrarily taken to indicate that a viscose

ls ready to be spun. Because of this industrial appli-

„ cation, interest in this investigation was_centered on g
the study of the Sulfur—Cellulose ratio at spin time.

F

STATEMEKT OF THE kROEL«;

in this work an attempt was made to inveetigate the
4

effect of different initial degrees of substltution on
l

the maturity Sulfur-Cellulose ratio. In other words,
4

._

g xanthateswith various initial sulfur—cellulose ratlos F

were to be prepared and the rates of decompositlon were
4

_ to be studied until an ·ammonium chlorlde number of ten

was reached, From the results it was hoped to deduce

whether the maturity sulfur-cellulose ratlos are dep-

'endent on the initial sulfur-cellulose ratlos or lf the F

g
‘ same_sulfur—cellulose ratios are attalned when an ammonlum t

chloride number of ten is reached, regardless of initial
l A

_ ratlos. -
_ 44g From the work of Scherer and Miller it was known
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I mthat the rate of xanthation is^function of time, temper- i
T ature and the amount of carbon disulfide used. in this w

investigation, the factor of time and temperature of

xanthation were controlled to one and one-half hours and
4

Ian
~ 4Ö,C respectively. Ey varylng the amounts of carbon dl·_

° sulflde to Qi, 25%, and 37% by weight, based on alpha
e

cellulose, the required different initial sulfur-cellulose
l

ratlos were obtained. I y

'
·LITERATURE REVIE? ‘

.
_ i(A) Structure of Cellulose

d
T

I
Cellulose is the most abundant of all naturally occ-d

urring organlc compounds and probably makes up atleast a
‘

third of all the vegetable matter in the world. —lt is the l

main constltuent of the cell walls of the higher plante,
d

*

having received its name feg- this reason.54
A _

° There is no genezally accepted theory on the formation
d d

of cellulose. According to one hypothesls gcellulose “

ls formed in large plastids occurrlng in the cytoplasm
of the living cell. There is practically no information I

U

h as to the essential chemlcal mechanlsm of the photosynthesls
of cellulose, but lt ls presumably enzymatlc. T

I
·I llt

has been known for long time that cellulose ls
Q T

composed of glucose residues. The purest available form ’ l
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ofcellulose ( cotton ) yielded glucese on hydrolysistäo
•

061-11005 )2 +· n H20 —-——-> n C6Hl206
_ 1 cellulose

· 2 glucesc
bl

·· ‘

. I Thus cellulose is anhydro·gluc0se. Q I
_ I' I Recent studies have indicated that carbuu diexidel l

I
Creacts with a molecule of water in the presence of light '\

Iand chlorophyll as follows: I · C
_ COIZ + ${26 T.....2.._<=jIl&g;>]*‘>§>;;¤;1¢*...2 uczac + C2 I

.Formaldehyde formed polymerizes to give glucose:
sache .....4; C2H12O6 i Q l

· I n 0611206 ·—EBEHEä2 ( 0631105 ) H +- n H20 I e
II

. The generally accepted chemical constitution of the
‘~

·
I cellulose chain molecules ( fig. l ) is the result of

0 0

s more than cue hundred years of research on the behaviour I
0 of cellulose with most varied treatments.ll The reactions _

' 6 Iof cellulose resemble these which are observed to occur -
C with simple sugars. .Since, however, all but onc of the

. petential reducing groups ef the glucose rasidues ( the
‘ Q ·one terminating unit of the ppen chain ) are involved

R

~
in glycosidicllinkages between individual members of the

h

—— chain, cellulose lacks the proneunced reducing power of
_ the most of the sugars, and its chief reactions are these . 0 ·

of its hydroxyl groups. The formula shows that all glucose-
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· ' ·
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· residue except one (‘tcrminating unit ) possess three 1
C ‘ free hydroxyl groups, the one in C- position being «

E
. primary and those in 2 and 5 positions bein; of secondary ‘

nature. The free hydroxyl groups in cellulose react as

.. in alcohols to form addition compounds with alkalis and 'n

· certain complex salts. 6
‘

.
n Experimental evidence has shown that the individual

e
ccllulose molecule is composed of glucose rcsidues united

e

by 1,4 glucosidic linkages of the beta type. Sponsler and

Dore52stated that cellulose consists of long parallel chains.

of glucose rssidues linxed by primary valences and held 6

A together by the secondary valences. Maworthlohas shown
E

C
that the primary valences are between the number 1 carbon

4 of one glucose unit and the oxygen of number 4 carbon
A

° 6 ·atom of the adjoining glucosc residue. This requires A
invcrsion of every other one of the glucose units as shown g

in figure 1. ‘ i E

( E ) Chemistry of Viscose · __
,/T I ‘

(a) Dipping of the pulp
E 1 ~

Reaction of cellulose with qqueous NaOU is technically
E known as mercerization after John Lercer who discovered A

r the process in 1344.38 6 » .
‘

6..
E

l
There are two important objectives in treating cellulose 6



r -5- T

with alkalies, namely, to modify the physical and chemical

· properties of natural fibers such as in mercerization and
T

·_
T

to obtain intermediates ‘ T as alkali cellulose for con- · ,

~ version to cellulose derivatives. r 1 r

t T TThe
first step in the production of viscose from _ V

cellulose requires treatment of cellulose pulp with 18% T , T
Na0H solution at normal temperature. This step is often T T

° T
Tspoken of as dipping, or mercerizstion. T _ ‘

‘ The action of NaOH on cellulose is?combination~of T.

a Tboth physical and chemixcal reactions. The physical view _
T

\f
T

is that simple swelling phenommnontakesplace upsn treatment

with aq. NaOH.T The alkali solution, entering between the T ‘

micellea pushes the units apart and loosens interconnecting _ g

secondary bonds, giving rise to swelling. According to
T T

, T the chemical view, cellulose reacts with aq. Na0H in a ‘

T
V _dsfinite proportion forming soda cellulosez T

T
- C6H9O40d ·+ NaOH C6H9ONa ·+H20The

physical swellingephenomena which all celluloses yTT
undergo when treated with aq. Na0H are probably much more

important then the purely chemical aspects of the changes _

involved. whatever the reactions are, they are accompanied
T

r
-T

by swelling of the fiber
.T_.

T Water is the fundamental swelling agent but water can
T, T

penetrate only intermieeßhr spaces giving rise to only

·
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. A

A
superficial swelling and for complete dlssolution,water

A must penetrate intramicellar spaces,. In order to obtain

A. such a complete dissolution,or maximum swelling_with water,
‘ some device must be used eg which water can penetrate to

I

‘ individual chain bundles. One way is to increase tempera- g

.
_

-ture. At high temperature surface teneion_of watapn
l

Adecreases and a better degree of penetration may be obtained„

Another way is to use somekind of agent that may provide
· which A A ., · i

y . ions ß„ are capable of penetrating intramicellar spaces

T
A,

by loosening the crystalline structure of cellulose. Sodium

_ ion is often used for this purpose• -
n

. Sodium hydroxide as a·swe1ling agent
6 I

A
n

lith low concentration of NaOH, swellin; effect is

similar to that of water. Eith concentration of about ' i

r f_An
14%-to 19% maximum swellin; can be obtained and with higher

-‘ V concentrations, swelling is agaie decreased very rapidly ‘

- .almost to zero. The swelling with different concentrations

·
n

of aq• NaOH is beat explained by the Donann membrane
6

equilibrium
theory•l2i

w Swelling differences observed in caustic solutions r
—·,_A

-of varying concentration can perhaps be explained as either -

having inter or intra micellar character as first pointed A

A out by·Katz?4 X·ray evidence indicates no change in
.'

_
‘ l 6

A spacing between individual cellulose chains when cellulose ·



° (
— is treated with solution of Na0H below 12% concentration.

(

In solution above 12% concentration, NaOH enters intra—

micellar spaces and a definite change occurs in the crystal

A 4 lattices as determined by X-rays. However, the phenomenon
(

7 is explained by Lomnan membrane equilibrium and is supported

by X-ray evidence. _ ( · ·
(

Another explanation is that the swelling is caused by
(—

· _hydration, i.e., by the cehesive forces between the alkali
4 ce11u1ose“compound and the water molecules. Detail discussion

‘ can be found in any standard text book.é$
(

‘ The factors that may effect degree of swelling are

(1) concentration of Na0H (2) temperature (5) nature of

cellulose (4) time of contact (5) hysteresis and equili-
((

' (
(

brium (6) changes in solvent and (7) addition of sa1ts.56 ·
( l

(
Solubility of cellulose obtained from wood pulp in

aq. Na0H depends partly upon kind of pulp and process of
( conversion etc. ·However in general it is found thatmaximumsolubility

is near 10% concentration. For higher and lower
(

concentrations of Na0H the solubility decreases.l5

The following characteristic changes upon treatment
(

of cellulose with about 19% Ha0H are observed;l4

(1) The tensile strength had become greater than that of
(

original material, (2) The treated material showed greater
y affinity for dyestuff and salts, (5) The sensitivity of the _

a materials to·chemica1 treatment had increasedäb (4) The
.. ( hygroscopicity was higher. ~ —

(
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That the reaotivity of mercerized cellulose has greatly

4.
‘

~ incräéed by the treatment with 13% Na0H may be demonstrated ;

g g ;in various ways: for example the hydrolysis by acids is
( Q.

_‘ faster and by the determination of the copper numberwhich(
' is the degree of oxidation measure,etc.l6

(

‘
r Heat of swe;ling_·__.‘

y When cellulose is treated with Na0H solution of suffi-
de ( cient eoncentration to produce swelling, heat isdeveloped.B

I
Aeeeraing to Nealggxhe heat of reaction evolved is composed V

h
(of

(l) positive heat of neutralization of the 0H',ions of _ -

Na0B‘by H+ ions of the cellulose (2) the negative heat of y
‘

‘ X dissooiation of the salt ( cellulosate )_formed and (3) the
1 positive heat of diiution of the Na0H solution. The dilution Ö

y is due to removal of alkali from the solution by the cellulose
’

” and of the liberation of mater of reaction as sodacellulose g
· ' _is formed}7 y g - ‘ ‘

(b) Aging of alkli cellulose

After the required time of contact of cellulose pulp _ t

- with alkali solution is over, the excess alkali is.removed g -

·
by pressing, or by centrifuging. The soda cellulose is ( I

.

~ (next ground in a water eooled kneading machine to a specified

Bulk Numbe: or till constant Bulk Number is attained. A ( I
g % Bulk Number is the measure of mecähical subdivision

X
(

of soda cellulose crumbs. Bulk Number is the weight in

grams of 1000 ole. of loosely packed soda cellulose crumbs_
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0
I The resulting crumbs are allowed to stand or age V., .

in a closed vessel under controlled temperature for a

4 definite time. During this aging soda cellulose under-
0 goes certain changes; the most important of which are: '

4
increase of its alkali soluhility and decrease of its * 40 solution viscosity. Both these effects are due to _ ·0

”0_
oxidation produced by the air oxygen which is present

r in the system and alkaline0hydrolysis resulting in
0

cleavage of glycosidic linkages. There is also slight 4 a

e increase in the reducing power of the soda cellulose and0
formation of carboxylic acid groups.

0
T

In0commercial practice, the aging of alkali cellulose
0 -0

is an important step in the manufacture of viscose ( cellulose
. xanthate ). Its purpose is to decrease the viscosity of the

cellulose and consequently of the viscose prepared therefrom
0

to such an extent that a solution is obtained which may be
0

I
filtered and thereafter forced through the spinning nozzle

' without difficulty. Experimental results show that the
0

40‘0 ° greatest degradation ( drop in viscoslty ) during aging „

process occurs in the early stages.]£0 This drop in viscosity_ _
0

4
‘ indicates that the average chain length of the_cellulose

0 0
40

decreases as aging proceeds. For example u 40 E D.P. Time of Aging
0

0
4 1ooe 0 0 o hours .

4, 900
0

4 hours
0 ' ,0

n 0 500 · 115 hours0
0. 0



(
The process of aging is influenced by a number of.

( factors; (l) origin and previous history of cellulose 4 ~
(2) ccncentration of oxygen (5) cenditions undenwhich

‘”

the alkali cellulose is pre~pared: (a) time of contact ·

between cellulose and NaOH solution (b) concentration cf
”

NaOH used (c).ratio of alkali to cellulose (degree of
pressing ) and (d) time and temperature of aging.

Experiments have shown that the aging process is(
essentially a process during which the cellulose is a

(
degraded by oxidation.]-9 More recently, Staudinger and

‘ Jurischöß have shown that in a high vacuum° nc aging
(

4 of alkalicellulose occurs even after eight days at 20°C.
The mechanism uf the chemical process by whichthe(

cellulose chains are ruptured during aging is still not
”

fully known. Plausible hypothesas can be found in any _ ·‘

standard text book.57 t
( ‘ ·

(c) Xanthation of alkalicellulose
(

4 On the basis of analogy between cellulose and ordinary
_ alcohols, the reaction between scdacellulose and carbon

disulfide was first represented in a manner similar to the _
reaction between carbon disulfide and alcohcls in the _

(
presence of alkali: · . -

y CQHSOH + .NaOA 4- CS2 +· H20



Cellulcse xanthates are pngpared by allowing carbon

e disulfide to act upon alkali cellulose, either as such or
I

°- after it has been aged for a certain period., According tc
‘ -”

Cross and Eevan, cellulose in the form of sheets is steeped ·e
~d

— in aqueous NaOH of mercerizing strength and freed of·excess
W

T „ alkali by pressing or centrifuging until it has acquired abcut n
‘ _ three times its original dry weight. The alkali cellulose thus Ä

obtained is defibered and subjected to the acticn of carbon n i

T ·disulfid€ in a closed vessel which is being frequently shaken r r
1 by hand or slowly rotated on a mechanical device. Under the ‘

e _/

y jninfluence of the carbon disulfide, the mass swells consider-

ably and changes color from white to yellow and finally Lo e _ "
w

_ » deep orange. Completion of reaction can be judged from the
db

color by experts or by noting the change in the pressure in
‘

w thé Xäüthätiüä dP¤mÄ45 During xanthation, temperature tends
d

T
_’tc rise but only a_few degrees and may be kept constant by

T -
cooling.

‘ ~‘ n
.

U If_the time of xanthation is extended, the crumbly *

_mass tends to become peptized and if stirred may lose fibreus ° _,

· structure andbbecome a more or less_homogencus paste. _

J ·The solution of the xanthate crumbs in water or dilute .

· alkali is an orange colored highly viscous liquid which Cross .
‘ e and fevan have tgrmed "Viscose."

ll
_

d '
W

The function cf excess alkali is probably physical 4
Y

because as with other reactions, the degree of diffusion —



. ( of the agents into the fibrous structure and the degree of · (

swelling accomplished under the action of the alkali are ·
essential prerequisites in appräzhing completion of reaction.- (

U
Excess of NaOH is therefore required in the preparation of _

_alkalLcellulose in order Lo avoid poor xanthation yield. y I 4
_ ;There°are three general theories of xanthate formation:

( ( (1) The chemical theory: assumes that the reaction occurs
in definite molecular proportion asfollowszy

Al J y
C6H9O4ONa + CS2 C==S

' y ( \\SNa · "
( _ (2) The physical theory: refers to the dispersion of highly a

° .swollen cellulose to an extent that the secondary valences
er are entirely overcome and the micelle.separates into colloidal

particles which apparently go into solution in water or (; y dilute alkali. ( ~ U
( (5) Combination of the physical and the chemical theory:

rlassumes that only a portion of the alkali cellulose reacts sg
to give xanthate, the remaining heing unaffected. Then
Ixanthate formed acts as a dispersing medium for the uncon-
verted soda cellulose, takiggfhhole mass into so1ution.29 h

Of the many esters obtained from cellulose, the
_ ‘ dithiocarbonic acid ester is of special theoretical and A

practical importance; This compound is obtained when soda-
cellulose is treated with carbon disulfide: (The formation

· of this ester of cellulose is broadly represented as follovsz
‘



2 a ' 2 E p //OC5J9O4 H
2 C6H9O4ONa -+ CS2 ———> Ciis a

E ‘ . SNa H — ‘:' ,’ ‘· sodium callulose xanthate, S H ' " H' · ·Free xanthagenic acid //ß is not stable; it isC=S ° I

' obtained only in the form of sodium salt. Tha same is true
for cellulose compound. I "~

Cross and Eavan are of the opinion that cellulosa
xanthate contains a second atom of sodium in the form of ·E ”20

_ sodium hydroxida bound to the cellulose radical as shown: ,

”
SNa 2 ”

-. ° 31 . ‘
_ . According to Ost, westhoff and Gassner the second

Na atom is.present in callulosateform:~

Experimental results show that in purified xanthate l

a the ratio of sulfur to sodium to callulose derived from ,
,;¤a1ys1S is in agreement with the formula. //O-(C6H9O4)2OH

. CTS ‘
‘ ‘ V _ SNa C
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28 I
I!

S Lieser has confirmed this by producing purified
xanthate in another way. (

4
I I Degree of substitution in cellulose xanthate obtained

·
by the step wise procedure already described in the previous
(part can be summarized as follows: · · .
investigator

•De
hyss E

Faust Geiger Scherer & Hiller · —
Ratio of xanthate 0.85:1.0 1.8:1.0 1.0:1.0 0.93 : 1.0 (
group : CgH10O5I unit · ’

These results were obtained by using very large excess
h

Iof carbon disulfide (100 - 200 Z by weight based on Stock Z ) ·

Theoretical calculations indicate that only 23.4% CS2
, is required to attain 1:1 xanthate group to CÖHIOOS unit.

However, the course of the reaction of cellulosate with
- carbon disulfide is complicated by the fact that CS2 also

reacts with Na0H to form scdium carbcnate and sodium thic-
··

carbonate according to equation: _
3CSZ +- 6 Na0H >——{> 2 Na2C03-+ 2 Na2CS3 4- 3H20‘

.Thus, the formation of secondary compounds necessi·
I

(·
tates use of nearly 37Z CS2 when complete xanthation reaction

’ is carried out at rocm temperature.
The degree of substitution which cellulose reaches

—I
1

within a certain set of conditions will depend upon therate‘
of substitution and by product formation and thus will be H

I the result of competiticn between the two reacticns.
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.
V V

”Judged by the results obtained by Kita and Tomihisazä
V

”
_ it was found that the rate of the side reaction was_high at

the begin¤ing.but slowsdown as the time of contact between
· mixture of NaOH solution and CS2 becomes longer. It appears
° that on xanthation of alkalicellulose between l/4 ad l/3

of the CS2 employed is consumed for the formation of by- V

products. V
V

V
The rate at which both reactions proceed was determined

by Scherer and
lin?3 ‘ They found that at the end of three

l

V _ hours, as much as 96.2ß of the carbon disulfide used was ·

present in the form of xanthate and za in the form of by•

product. V _ « V
V

° V Attempts made at investigation of the distribution

of CS2 show that at low temperature by-product formation
‘ is very high at first and this decreases as the time of K U

V contact increases. The reaction may be represented
asgl

°' Cell-0Na 4-0611-QCSZNQ.

‘Graphically it may be shown as:
V l

_ y by·pr%duct ?g_5‘@ h

V
V4

timm · l
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S
In the year 1953 Scherer and Miller 4 undertook an

investigation of the xanthation process used,°in the pre- „”

paration of viscose solution. The direction of their attack y
W ° g was to measure rate of xanthation of sodacellulose i.e.,°

to measure the rate at which carbon disulfide reacts with — T

sodacellulose crumbs preapared in normal fashion by tre- g
· S atment of cellulose with 13% Na0H for one hour. Study was

. 8
made of the effect of temperature on the rate of xanthation.
Three runs were made with very large excess of CS2 ( 152.4% )5

‘ by weight, using temperatures 25°C, 29.5°C and 55°C. Thus
-‘ _ from their investigation it was possible to get any desired WU

sulfurzcellulose ratio by xanthating for the corresponding F

W W
length of timeivdepending upon the temperature used.‘ From I ‘·

. their results: 5
W -

‘ Temperature — Tigg” Su1fur:Cellu1ose W ~
25 fc

1
115 min.

5
0.25

1
yW 295C 90 min. 0.25 ‘

55 C 52 min. . 0.25 I

25 je ‘ 5
.200 min. 0.522 5 l .“

295p W 200 min. 0.524 i .·· 55 C . 200 min. 0. 558
· ‘ S .This showed that the rate of reaction is higher in they4

beginning and finally reaches almost constant values. *Ey
‘ this method Scherer and Miller obtained maximum values of S

W „, xanthate group to Cößwpäunit ag Q_gg , 1.0Q;
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-A -17-A A A A A

A A A
_5 Scherer and Miller also carried out investigation 5

A
y at different temperatures of the time required to use up

all of the carbon disulfide.48 It•was found that with
increasing temperature, time required to use up all the

A ·carbon disulfide decreases. . -
. CS2

·
Temp. Time .

A
y

‘

A
20 25 éC W 120.0 min.20 29.5 :0 69.0 min.
22 55 0 54.5 min.

. 57 - 0 25 ‘C
191.0 min.„ 57 29.5 jo 117.0 min. ·

57 55 C p 78.5 min. .

y -5 This clearly showed that time and temperature used

in this investigation were sufficient for complete reaction. .

- Scherer and Miller have also shown that there is no ·
A

effect of agingqfg and bulk 'numberbo upon xanthatien time.
However, viscosity of viscose is markedly affected due to

5 alkaline hydrolysis and oxidation taking place. In industryA
A

' soda cellulose crumbs are aged for a period of.about 48 hours 5

y so as to get satisfactory viscosity of viscose. In this

5 study crumbs were aged for 60 hours. This gave viscose·
'

A A

that could be easily handled. ·
A A

Formation of scluble xanthatg_ Work done by Scherer _
and Milleäl showed that whenever the ratio ef combined

- sulfur to cellulose exceeded 0.16, formation of soluble A
A xanthate occurred. - h
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V (d) The ripening of viscose
X

° «
X 1.

The hydrolytic changes which viseose undergoes on ~ x

_ standing are described by the term "ripening". _Viscose

·syrup is allowed to stand at constant temperature for a

g peried of time so that chemical and colloidal changes can

. occur. X · X
· - The chemical changes during ripeningz- Chemically,

l

X
ripening may be regarded as the reverse of xanthation.

X
·

Whereas xanthation represents the substitution of hydroxyl
X

groups, the ripening process embodies theregeneration_(

g of hydroxyl groups and hence eventually of cellulose.
X

w Cross and Eevanb first advanced the theory that g

a chemical change takesplace during the ripening of viscose.· (

g _
X

They assumeäll that the xanthate passes through three inter-

mediate°stages before cellulose appears. ( Xanthate is
X

1 X

g vdissolved in water after standing for certain time.) X XX

~ (1) The first product of the reaction is · X
T ,

//O-C6H9O4 .
C:éS ·_ This compound follows from the ratio of '

·g Na:S:Ce11ulose : 1:2:1. ‘ (

( ·
XX

(2) After standing twenty four hours a product is present
°‘

· in which the ratio of Na:S:Ce1lu1ose is 1:2:2 i.e., there _
·are present for‘each two simple cellulose molecules one ( ( ‘

·
X

atom of sodium and two atoms of Sulfur. ,Th¤refore the

(
de

formula: Q/9°( C6H9p4)2'oH
· W

c==s · ·-



·‘•l9—(5)

After six or seven days in air, the ratio changes to ·

d 1:2:4t //O—(CSHQO4__
y i C==S (

· Ä $\SNa '
(4) After long standing ratio becomes O:O:Cellulose. This
cellulose is of the empirical composition C5HiOO5. f

The method of analysis in which Cross and Eevan sepabated
_

by·product sulfur from xanthate sulfur by the use of a salt
solution, showed a constant decrease of nanthatesulfur,which

led them to conclude that the cellulose xanthate
more correctly termed the cellulose ester of dithio-carbonic _

_' acid, loses dithio-carbonic acid groups during the r
ripening and that cellulose is finally regenerated.U

Ey different methods of analysis Ost, Westhoff_and
· (

Gessnerßz and Iolffenstein and Oseräö came to the
same, I

( conclusion. ' . ' i ja . 27 ·
d On the other hand Leuchs published experiments which ‘

led him to a different view of the subject. He decomposed a
viscose with sulfuric acid and determined the amount of t)
carbon disulfide and hydrogen sulfide liberated. _Assuming

y that all the carbon disulfide set free has its origin in ’

the decomposition of cellulose xanthate and that all thel (
byproduct sulfur is liberated as HQS and sulfur and fromi
the fact that he obtained practically constant values for
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4 i 4 4
·

4 ‘
ratio

‘ 4

the carbon disulfide : CGHIOOBA, he concluded that no chemical
A - change takesplace during the ripening of viscose.

4 A (C) Theoretical discussion: 4
i As the ripening of viscose is important in its technical

use, lt was sought4to clear amay the differences of opinion
‘ that existed as to chemical changes involved. 3eflection _ ‘

4
~ led to·the conviction that Leuchs was wrong in his conclu-

4 A sion that only cellulose xanthate can produce carbon di-
‘ b sulfide4when viscose is decomposed by a mineral acid.

,
_4

Viscose is a solution of cellulose xanthate, in which
we4

_
_ find besides cellulose compounds, Na0H and the products

4

4 4
of the reaction between CS2 and excess Na0H; chiefly:

4

Na2C33 , Na2C05 , and Na2S. 4 4 4
4 . 4 4

If viscose be iecomposed by a mineral acid, the i A
following main reactions takesplace:4 3 S

· Cellulose xanthate is hydrolysed with the formation of
4_

regenerated cellulose and dithiocarbonic acid of which
y A the letter being unstable decomposcs into CS2 and water.(

S
.

Cell-0CS2Na +- Cell-0h + Na3SO4-+ H2C032 gas-qfsä
azccsz ——-> cs2+ a2c 4

4Sodium thiocarbonate reacts with the acid to form the
4

4
A sodfum salt, carbon disulfide and 323.

Na2CS5+- H2SO4 4. CS2 4. 323 h
„, On treatment with mineral acid, thiocarbonate therefore ·

44
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C
produces carbon disulfide just as well as does the celluloee
xanthate,-and the proportion xanthate sulfur to celluloee
can by no means be ascertained by simply decomposing viscose
with a mineral acid and determining the amount of CS2 l
liberated. W

7 ·4 ‘
De Wyss in hie method made use of Cross and Eevan':

discovery that cellulose xanthate remains unattacked if W
‘ treated with a week acid such as acetic acid or lacticC

acid, whereas thiocarbonate are unstable in the presence

of these acids. De Wyss used this property of visccse
to modify Leuschs' procedure so as to distinguish between

kanthate carbon disulfide and thiocarbonate carbon disulfide.C
If a dilute solution of viscose be acidified with acetic

g
C

— acid, its color gradully changes from a deep yellow to a 2
C

° Cvery light yellow. This change in color was assumed to be ~
an indication cf the disappearance of the thiocarbonates. g

a At this point all the CS2 and practically all the H2S Set g
C

C
free by the action of acetic acid can be removed by extra-

C cting the viscose with ether. When treated with mineral
C

°acid the purified viscose solutien still produced CS2,
C which could have had no other origin than celluloee xanthate.

Ey its determination, the true amount of xanthate eulfur _ ’

could be obtained. De Wyss applied this method to samples UC
taken at intervals from viscoses which were ripened at
l8<b over a total period of 200 hours. His results showed

‘C
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' . a decided decrease of the Sulfur cellulose ratio during thef W
time of ripening with about 50% of the total decrease

· occurring during the first third of the time of observation. i

y Fink and co-workers9(a) developed an interesting °
i method for estimating the xanthate sulfur and its decrease J

during ripening process. Ehen ultra filtration isappliedJ
xto

viscose, suitably diluted, only the inorganically combined
_ Helectrolytic" sulfur enters the ultrafiltrate, whereas the

Sulfur combined with the xanthate ('Colloidal' Sulfur )
remains upon the filter so that if the total sulfur content

_ ' ‘_
of the viscose be known, the xanthate sulfür be calculated.
The method was applied to viscose which was continuously U
stirred during ripening period in order to reduce in—homo-U — —

geneity and consequently erratic results. The results .U
obtained for xanthate sulfur agree very well with those
derived from the diethyl chloracetamide method.26‘

According to Klauditääj there are two reactions which
comprise the viscose ripening process: (l) Hydrolysis

i

0—Cellulose ·
A

0-Cellulose
5 H20 +· 5 NaOH f

yj SNa U SH U _
JU 0-Cellulose I

S L
U U 5 cääs +. 5 H20-..-4>J5 Cellulose-p5 Oi-QT

T SH _ SH
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S '
A? ’ a

_ ~ 5 0H—C2 ——e——————E> 5 H20 +· 5 CS2
„

\\SH ° +

(2) Saponification:
O—Cellulose OH .

(V 5 0:; + 5 5 Czg —I— '5CelluloseI)

OH
a 5 5 Na0H """=> 2 Na2S +Na2cO5 +5 H20

~
According to reaction (1), the hydrolysis reaction, _,

H presence of Na0H stabilizes the xanthate and results in

minimum decomposition of cellulose xanthate. According

, to reaction (2), the saponification reaction, prcsence
+ (of

Na0H increqses the rate of decomposition of oellulose
’ xanthate. At lower concentration of NaOH ( 6% - 8% ), A

2 hydrolysis reaction predominates over saponification

reaction.. horking with normal viscose solution which _
(A

l
2 contains 6.5% Na0H, it was found that only 15% to 20% of

the total decomposition of the cellulose xanthate was
·

a result of saponification. _)
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‘ The colloidal changes during ripening. Viscose · i

i represents a typically colloidal solution and the colloidal ' A
i

g changes which viscose undergoes on ripening consists chiefly·”
I

k of changes in visccsity and in·its behavior with electro-

lytes. These have been known for a long time and have been
W

confivmcd m¤P8 P6¤@¤t1U¤3 They may be sumarized as followsz A
i

i Imediately after solution of the crude xanthate in ~

dil. NaOH solution, the viscosity drops over a certain length Ä
i A A

of time. It reaches a minimum, then slowly increases over a
' long period, and eventually increases rapidly. When this —

last state has been reached, the viscose coagulates and final- ~

ly a gel results which shows the phenomena of syneresis. A
V

typical ripening·curve of viscose may be found in any standard ·test book. _
y wlmportart factors that can effect the rate of deccmpo-

sition are temperature, cellulose and alkali concentration. V'

__'
As would be expected, temperature increase is a very effi-

cient means of increasing the rate at which colloidal pheno- w

mena occur.2 At high temperature the rate of hydrolysis
T increases and there occurs rapid gelation._ At O Ü the

„
N " colloidal chains are slowed down and both coagulation and

decomposition are retarded so that viscose may be kept at —

Oeb for many days without any changes taking place.
42

T T Cellulose Concentration. lt has been found that_with r ·

increasing cellulose concentration, the viscosity of the

. g viscose not only increases but also tends to increase at f
lu
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‘ a faster rate. In other words, the time in which the viscose
. ‘coagu1ates becomes shorter with increasing cellulose concen-

E A tration.

. Alkali Concentration Viscose shows its greatest
. stability to coagulation at about

3%)-
9% alkali concen-

tration. g2·1s fact was first recognised by Ost, Westhoffgä
A ( and Gessner and later confirmed by other investigators. ·

~
‘

Methods for determination of Xanthate Sulfur
(1) Direct titration method — JohannEggertteigh

out into a glass plate 1 1/2 to 2 grams of viscose.

Spread out well into a thin film and place plate insaturatedNaC1
solution containing about 2% glacial acetic acid. R

· Strip the film from the plate when clear. Place it in a
’—/

( beaker and cover with 70 c.c. of 19% Na0H. After five ‘ r

. minutes dilute with 100 c.c. of distilled water and after
° three more minutes add 500 c.c. of more distilled water.

[

After the film is completely dissolved, treat the solution
with acetic·acid to very slight acidity ( takes about 25 c.c. %,l
add a drop of starch solution, and titrate with 0.1 N iodine

l

l
solution until first appearance of blue. ‘

‘ in the present investigation
This method was tried^but did not give satisfactory

4 results due to the fact that the determination of end point(
during direct titration with iodine solution was quite
difficult. °
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_ (2) Iodine titration method
gg

w «
U T

_
‘ j

A solution containing 12 c.c. of N/10 iodine solution,
50c.c. of l' acetic acid, and lOOc.c. of distilled wateri
is cooled. to beldwl5‘% and to this is added an aliquot ° ·
portion of diluted xanthate solution to be analyzed. After _ W

~ » standing for twenty minutes excess iodine is back titrated
with N/lO Na2S2O5 and the iodine used calculated as totalsulfur. , _

_‘ A second aliquot portion of the sample is added to cold- A j

x saturated brine selution. After fifteem minutes the cold ‘ s

solution is filtered and an aliquot of the filtrate is
j_ ‘

titrated as above with iodine. The iodine consumed is
A j A calculated as impurity sulfur and the difference between r

total sulfur and impurity sulfur is considered to be
° xanthate sulfur.

p ·« Since.quite a major drop in the sulfur : cellulose
·

g
W

ratio occuéed within first few hours this method had to be
j

modified inorder to be able to determine initial sulfur: A
cellulose ratio in the xanthated crumbs. Moreover, the size
of the aliquot portions used had to be increased so as toi

. lead to accurate results. i 'v(5)
Determination of Xanthate sulfur using Sodium Zincate_l

{

‘ This procedure was a fairly rapid volumetric determi-
”

j
nation of xanthate sulfur in viscose. The sulfur in all . _d
forms, whether combined as sodium cellulose xanthate, sodium

T
‘thiocarbonate or sodium sulfide, is quantitatively trans- ‘ s<

_ formed into zinc sulfide in the presence of sodium zincate.
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The zinc sulfide is then titrated iodometrically in the
presenee of an excess of sulfuric acid. From the amount
of iodine used total sulfur is calculated. —

A second partion of the sample is taken and to this
is added saturated hrine solution so that all the xanthate
sulfur will preeipitate out. Filter and take an aliquot ‘

_ portion to treat with sodium zincate. Impurity sulfur ie
X

quantitatively transformed into zinc sulfide in the presence
of·sodium zineate. The zine sulfide is titrated as before X

and the amount of impurity sulfur ealculated. The difference
X

4 between the total sulfur and the impurity sulfur gives
the xanthate sulfur. X X

Reactions 2
- Na2CS5+· 5 Na2Zn02~+ 5 H20 5 ZnS -p Na2C05 +-6 Na0H

I ZnS +- 4 I2 ——+—————€> ZnI2 ·t _4 S _
"I2 +· 2 Ha2S203 ——————e> 2 Nal +—‘Na2S406 T

2 Na2Zn02+ 2 H20 ——e>2 ZnS Na0H I
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(
EXPERIMENTAL

I
~

’ (a) Nature of the pulp The pulp used in these experiments
°”

was a special high alpha-cellulose pulp.
( (b) Preoaration of Soda Cellulose (

555 grams of air dry pulp were cut into sheets which
were 7" by 7" in sise. These pulp sheets were placed in a ‘

(_ glass vessel and then submerged in l8.02% caustic solution

g so that they were completely covered and the time and the
temperature were noted. They were allowed to remain in the

“ ‘ solution for exactly one hour and then were removed and allowed

to drain back for one minute. The sheets now swollen withU
caustic were arranged in an even pile and pressed. · y
Pressing of the pulp_ A piece of heavy iron plate from(
the pan of the hydraulic press was placed under the pile of

. ’ pulp sheets and the whole mass transferred to the pan of

_ the press. Over the pile of pulp sheets was placed a heavy
·· iron plate and enough blocks of wood were inserted between

e this iron plate and the top of the press so as to avoid
lost motion. The pressure on the sheets was raised to 2000

A lbs. per square inch and maintained there for short time.
The pressure was released and the moist sheets transferred b
to the pan of a balance and weighed. Tümawet weight of the
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‘ pulp should be 5.55 times the weight of the dry pulp and,
1

if necessary, correct weight was obtained by addition of
d

sufficient dip liquor to the wet pulp.
1

j Grinding of the Pulph The pressed sheets were ground in
1

a Werner and Pfleider grinder‘with a current of water passing

through the jacket in order to maintain constant temperature.
A The grinding was continued for three and one·ha1f hours

and at the end of this time the machine was stopped and a- 1

bulk number test was run as described below, The crumbs
4 were returned to the grinder and the grinding continued -

for fifteen minutes longer and another bulk number test
W was run. Grinding was continued until two test agreed.

At this point the grinding was complete and the bulk number

was usually about 258.. The contents of the grinder were
f

transferred into a large tin can provided for the purpose.
' Aging of the crumbs The crumbs were then transferred

0
h

“ into stoppered bottle and were placed in the constant
4

temperature room at 15‘Ü for a period of sixty hours. After
xthe required tests had been run the crumbs were ready for - —

e ‘ xanthation at the end of this period. r

Alkali Cellulose Tests
Bulk Number Test By means of a liter beaker the weight _
in grams of loosely packed soda-cellulose crumbs was deter· ·
mined. From this weight, the weight in grams of 1000 c.c. a

of loosely packed soda-cellulose crumbs was calculated by n

simple proportions. This weight in grams of 1000 c.c. of
-

g loosely packed sodaecellulose crumbs was then recorded as
1

y
Ü · _ the Bulk Number. N "
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Na0H @ Ey means of a weighing bottle, five grams of ~

the moist crumbs were weighed into a beaker and covered

with 150 c.c. of distilled water. After standing and stirr·

~ ing for five minutes the mixture was titrated with standardl C _
j

acid HC1 using phenolphthalein and the Na0H calculated.
j

3
_ Stock @ To the neutralized sample frem the above test,

ß

was added about ten ml. of glacial acetic acid and the
S

p ' residue was filtered on a Buchner funnel provided with
a weighed filter paper. The pad on the paper was washed

with about a liter of hot distilled water and dried at H

. 105‘Ü to constant weight. The residue was calculated as
·

% Stock. p ‘

g (c) Preparation of Cellulose Xanthate The crumbs, properly

aged, were then placed in a weighed mason jar which was about
‘ half filled so as to get satisfactory mixing. 25% by weight ‘

‘ of carbon disulfide based on stack % was then added to the

jar which was stoppered tightly. The jar was next trans- H A

ferred to a constant temperature xanthation box at 40°b

in which the contents of the jar were mechanically mixed

_ for a period of one and three-quarters hours. At
l

the end of this xanthation time, the rotation was stopped
C

1 and_vacuum was applied for about five minutes in cases·
·_ where very large excess of CS2 was used. About 30 grams
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” of xanthated cellulose was removed at this point to determine

initial sulfurzcellulose ratio in the crumbs. Rest of the

~xanthatedcrumbs were used to make viscose as described
(

be1ow:_
(

‘ ·“

(d) Preparation of Viscose hy means of the tests already

run the proper amount of Na0H and water required to give aÄ
syrup containing 6.5% Na0H and 7.0% cellulose was calculatedu

h

5 and placed in the reaction vessel. The jar and its contents V
— -

was placed under a propellor blade driven by the large w
electric motor and stirred for forty-five minutes so as

to get homogeneous solution. The jar at the end of stirring
(

was covered and placed in the cold room at 15¢C to ripen.
(e) Ripening of Viscose ’The ripening of the syrup was

. carried out at 15 in the constant temperature room for a /

period of 200 hours. Samples were taken out every 24 hours
.5

‘
for a study af the chemical changes taking place. _

~ (f) Typical example showing the calculations involved in ‘

the preparation of viscose r
°Weight of the dry pulp............545 gms.

. 4 weight of the wet pulp...........1815 gms. (5.55 times wt.
« ( of dry pulp.)

A·EUlk Number...... 258 ( constant after five hours of grinding)

, Alkali %_'.

Weight of weighing bottle plus crumbs.........28.9766 gms.
Weight of weighing bottle alone...............25.5388 gms.
Weight of crumbs alone........................ 5.4678 gms. 4 (

_ 10.50 ml. of 0.1975 N HC1 were used to titrate above sample:
Therefore:



7 g
0

-32-stock 6; g -
( Weight_of filter paper plus nesidue.......1.9300 gms.

Weight of filter paper alone...·...........0.3476 gms.
Weight of the residue alone...............1. 4924gms.

· Therefore: r C
1.4824 x 100 7- 28% Stock.— ” 5.4678 ' 7

_ Xanthation
Weight of the bottle plus crumbs..........979.6 gms.
Weight of the bottle a1one................699.6 gms.

p Weight of the crumbs alone................280.0 gms, ’
”

g Amount of Carbon Disulfide used:- 25% by wt. based on Stock%
Therefore: 280x O.28>< 0.25 = 19.6 gms. CS2 7 7

1
19.600 ; 15.52 ml. CS2 used. ·

A
Ifägl

I
. _ U

40 gms. of xanthated cellulose used for determination of
7 7initial ratio of su1fur:cellu1ose in crumbs.\ 5

Amount ef Xanthated Cellulose..........255 gms.
Amount of Original Cellulose ..........250 gms.

_ 0 Amount of alxali in 250 g. of crumbs..250><0.148 = 35.7 g. Na0H 7
Amount of cellulose in 250 g. „ ..250><O.290 ü 70.0 g. Cell.

7 70 ; 1000.0 gms. Total wt. of viscose to give 7%
_ 0.00 t · g cellulose and 6.5% Na0H. „ .

Amount of alkali required is 6.5%, therefore:
1

l0O0.0><0.065“ ; 65. gms. Na0H required in 1000 g. of viscose
7 35.7~ms. Na0H already-present in crumbs

g _ 7 29.3gms. to be added to get 6.5% Na0H content

2 29.30 ; 163 gms. of 18% Na0H to be added or

163 : _l36 ml. of 18% Na0H required. · ’
ICQ · ' 4
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Final Composition of Viscose: ( 7% Cellulose & 6;5% Na0H )
, -255 gms. Xanthated Cellulose

A
-

1 - 165 gms. Na0H _
582 gms. H20 distilled. . ‘

1

1000 gms. Total weight of Viscose.



° Procedure for Analysis
_ L (a) Cellulose content of Viscose Into a cold 150 ml._ nearest

A . beaker exactly 25gms. of viscose was weighed to^centigram. Ad 'It was then transferred to a 250 ml. volumetric flask with
5 cold distilled water and the volume was completed. A 20 ml. P

aliquot sample of the diluted syrup was placed in a 600 ml.
P

beaker and to this was added glacial acetic acid in double E
1

AA the quantity of the sample and the xanthate was precipitated ~
‘

A in shreds. The sample was then diluted with distilled water .x
and boiled until all the xanthate has been converted to cell-
ulose. The cellulose was then filtered in a Gooch crucible1 _
contain—ing a mat of asbestos and washed five times with

A y boiling distilled water. After drying to constant weight
l

A

at l05‘Ü the crucible was placed in an oven at temperature
‘ of l400°F and the cellulose was ignited. From the diff·

W
A”

erence between the weight of crucible plus asbestos plus
cellulose (before-heating in an oven at l400°F ) and the

U
F

weight of crucible plus asbestos ( after heating at l400°F
).“

the weight of cellulose was determined.
I I (b) Xanthate sulfur content of Viscose A

(1) Initial xanthate sulfur in the xanthated crumbs A
w A On completion of the xanthation, 50 gms. of the crumbs ~ d

T were placed in a liter beaker containing 200 ml. of a solution °

of 70% CHSOH & 50% H20 . Tgzdsample was vigorously agitated
- with a high speed.propeller”A.ufter two minutes of agitation ·
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ysufficient glacial acetic acid was added to make concentration T

» of 2% , agitatioäjäbntinued for one more minute and then
the excess solution was decanted. The crumbs were next l r

y _washed thrice on a suction filter with 900 ml. solution
of 85% CH50H plus 15% HOH plus 2% glacial acetic acidli
using high speed propeller for vigorous stirring. iNext

· the crumbs were washed thrimeüéfh ?00 ml. of solution of5
85% CHÖOH plus 15% HOH as indicated. ‘Fina1ly the crumbs t
were washed with pure csöou. The use of 70% CH50H was '

decided upon after finding that this concentration permitted1
sufficient swelling of the crumbs to ensure proper washing

, out of impurities. The use of 85% CHZOH was decided upon
5

after finding that pure methyl alcohol did not give quite k5
as complete removal of impurities; probably since the crumbs '_

were not swollen and could not be dispersed into easily » ·
purified separate fibers. The product was dried by drawing
through it„a current of dry air at room temperature and t
was used immediately in the experiment.i

· Prepgration of Xanthate Solution Six grams of purified
5

5
xanthate were dissolved in 300 ml. of 12% Na0H by stirring ,

’ for about ten minutes. A 20 ml. aliquot was used to deter-
1

4
mine cellulose content as described before. Other aliquot 9

· portions were kept for the determination of xanthate sulfur.
5
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A
‘ Xanthate Sulfur Determination To a solution containing

20 ml. of N/10 iodine solution, 100 ml. of 10% acetic acid
ll

and 200 ml. of distilled water was added a 20ml. aliquot

portion of the prepared xanthate solution to be analyzed.

y 'After standing for 50 minutes excess iodine was back
’ titrated with N/10 Na2S205 and the iodine used calculated

’ 1
as total sulfur.

y A second aliquot portion of the samp1e_was added to u
200 ml. CH5OH plus cold saturated brine so1ution.· After
15 minutes the solution was filtered and an aliquot of the
filtrate was titrated as above with iodine. The iodine
consumed was calculated as impurities sulfur and the

· difference between total and impurity sulfur was considered
A

to be xanthate sulfur.

Xanthate Sulfur in the Viscose ·
l 1

Into a 150 ml. beaker exactly 25 gms. of viscose was
nearest ,

weighed to theßpentigram. It was then transferred to a
250 ml. volumetric flask with cold distilled water and _
the volume was completed. The diluted viscose was used‘
to determine cellulose content and xanthate sulfur exactly ‘ „
as described in previous part.

I
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„ 1‘ Determination of Xanthate Sulfur using Sodium Zincate

(a) Determination of total sulfur
I

« Reagents A sodium zincate reagent composed of 10 gms. _
0

d
0

of C.E. zinc oxide, ico gms. 0.}. caustic soda and distilled0
water to 1000 ml. ; 0.1 N Iodine ; 0.1 N thiosulfate and
1 M sulfuric acid. i

·
Procedure Into a cold 150 ml. beaker there was weighedi

U
““'"'"“”'

nearest A y25 gms. of viscose to the^centigram. It was transferredl
to a 250 ml. volumetric flask with cold distilled watert
and the volume was completed. ilnto a 500 ml. ErlenmeyerI
flask there was introduced in the order given,l00 ml. distilled)_

y water, 10 ml. sodium zincate, and 10 ml. aliquot of the V
diluted viscose; and the flask was covered with a 5 cms.

_ diameter funnel to avoid spattering. No immediate preci- ·
pitate occurred. The mixture clouded between 65 Ü and

70‘b °
pand floäulation started at 75 E ( a yellow ppt. appeared ,„ ·
overnight if the solution was kept at room temperature.) l
The contents were brought to a boil and after 50 minutes e· i of gentle boiling, the contents of the flask were cooled _

Y

in ice and then flushed·into a 600 ml. beaker ¤¤a¤a1¤1¤g
a cold solution of 50 ml. of M/H2So4 and 20 ml. of 0.1/N F

. iodine. The mixture was immediately transferred back into —_ ’

Erlenmeyer°flask quantitatively and a minimum of 20 minutes
k of contact to decompose the ZnS entirely was allowed. The
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~ excess iodine was titrated with 0.1 N solution of sodium
Äthiosulfate in the presence of a few drops of starch solution

as indicator. From this amount of total sulfur was determined.
(b) Determination of Impurity sulfur

— Ä ‘

Reagent Saturated NaCI solution plus others already l

mentioned in part (a).
ÄÄ Ä

t
Ä

Procedure° 100 ml. of diluted viscose prepared for the
Ä

determination of the total sulfur ( 25 gms. in 250 ml. )

was pipetted into a 500 ml. volumetric flask packed in ice

and the volume completed with an iced saturated HaClsolution.This
was mixed well and allowed to stand for 15 minutes.Ä

( in case of unripe viscose, the rate of settling of co-
Ä Ä

„

agulated xanthate was likely to be low. A centrifuge may
be advantageously used to hurry the settling and speed·up

Ä

‘ana1ytical procedure). The sample was filtered through _ Ä

p a dry fluted paper of rapid filtering characteristic and

a 50 ml. portion of the filtrate was pipetted into a 500

ml. Rrlenmeyer flask and its sulfur eentewt determined;

exactly as for total sulfur above.
·

Ä
The difference between total sulfur and impurity sulfur

o gives the xanthate sulfur.
Ä

Reactions refer to page 27 .
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° Ammonium Chloride Number of Viscose .

[

Into a 125 ml. Erlenmeyer flask 20 gms. of viscose
was·weighed to the nearest centigram. To this was added

30 ml. of distilled water which was mixed well until complete ‘

F dilution was obtained. {This sample was then titrated with
an aqueous ammonium chloride solution ( 10% by weight )

., ., adding about 1 ml. at a time until the viscosity of the ·

y
‘ ‘mixture becomes fairly high. From this point on NH4Ü1— v

was added a few drops at a time with vigorous shaking after _ a

each addition, until the mixture becomes so thick that it ‘

will no longer flow easily on inverting the flask. ·This
.

(
_ point was taken as the end point and the number of ml. - q

‘ of NH4Cl required was recorded as the NH4C1 number.

y Considerable practice was required to obtain check results.
Effect of Acetic Acid on cellulose content upon standing

Procedure for analysis given on page 34 was followed ( f

until the samples were diluted with distilled-water and E
boiled until all the xanthate has been converted to cellulose.

The beaker was then allowed to stand for required length (

of time to study the effect of acetic acid on cellulose
content, upon standing. · I

x
y\

Analytical Method
ag

of analysis for checking conversion {
X

vfactor Determination of S in N35 by (1) Gravimetric method .

p
( and (2) Volumetric method ( Iodine titration method ) ( 1
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k (1) Gravimetric Methgd. Nearly 12 gms. of NagS,9H20 was

dissolved in water and diluted to one liter. A ten ml.
‘ aliquot was taken in 400 ml. beaker and to this was added

_ a few drops of liquid bromine to bring about oxidation.

The sample was made acid with excess conc. HNO5 whichgaverather

strong oxidizing effect. The solution was kept hot

for half an hear and was partly covered with watchglass.·

More liquid bromine was added to keep solution slightly
”

yellowish; to insure complete oxidation. The solution was

next taken to dryness; more conc. HN05 was then added and 1
· sample was again taken to dryness. Excess conc.HCl was

T added and taken to dryness on a hot plate. More conc. HC1

wasaddedand again brought to dryness. At this point water was

added and solution was made slightly acid using 4% HC1 solu-

y tion. Ey this treatment all the sulfide was converted to
· soluble sulfate. Ten ml. of 10% BaCl2 solution was then ‘

added slowly and the beaker was allowed to stand overnight

to let crystals of EaS04 grow. The following day the preci-

r pitate was transferred quantitatively—to a filter paper and

washed with hot water. The filter paper was put in a weighed

crucible and gently heated at first; followed by 20 min. at

900 °C. increase in weight was calculated as BaS04. -(
Factor} BaS04 >< 0.1575 Z S gms. y
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J (2) Volumetric ( Iodine Titration ) Method

{ 2 Na2S +- I2 ——————€> 2 Nal 4- S 2
To a solution containing 20 ml. of N/10 iodine solution,

° _l00 ml. of 10% acetic acid and 200 ml. of distilled water

was added 10 ml. aliquot of Na2S,9H20 solution. After

A standing for 30 minutes excess iodine was baek titrated

with N/10 Na2S205 and the iodine used was calculated as
sulfur.(3)

Volumetric Method) In this method, 10 ml. of Na2S,9Hg0( was taken in 500 m1.;Rr1enmeyer and to this was added 20 ml.
4

of Na2Zn02 so1ution-é- and 100 ml. of distilled water.
Na2S 4- Na2Zn02 4- HOH —+———5> gg§_ 4- Na0H _

4 The contents were brought to a boil and after 30-min. of
_

gentle boiling, the flask was cooled. To this samplewas‘
added a mixture containing 20 ml. of 0.1 N I2 and 100ml.)of

10% acetic acid. After 30 min. of standing excess iodine x
_ was back titrated with N/10 N&2S2Ü5 and the iodine used was

calculated as sulfur.„ _ ‘

-%- refer to page 37"reagents°. n
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-4é-RESULTS____
(a)·Rffect of acetic acid on cellulose content of Vlscosez

‘ Time in hours. Cellulose content
0 0.0697 gms./ 10 ml. aliquot4

"· H
· 2.5 0.0720 gms./ n « ’

‘ 4.5 0.0754 gms./ „ .

— (b) Conversion Factor: ” 4 »
Procedure Factor 4 Amount of Sulfur gms.

4 Gravimetric‘
X

S or 0.1575 0.01515 & 0.01506
o6 ne ” ra onl ': 4 or 6 "

4
•.• "0• 6 •.0I57I„‘ Sodium Zincate S:2I or 16/127— Q 0.01655 & 0.01690

Conversion factor for reaction: ‘ [

2 Cell-0CS2Na 4- I2 ·————;> 2 Nal 4- 2 Cell-0CS2 °
4 I

’
4 S : 2·I or 2 S : 1 I or 64/127 for Iodine titration

0 Cell-0CS2Na 4- 2 Na2Zn02——#a»2 ZnS +—Ce1l·0H +-Na2C05+-5 Na0H

· zns 4- I2 -—-———-—E=· ZnI2 +- S

S : 241 or 16/127 for Na2Zn0é method.
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4

% csg : 67%4 Procedure for Analysis Factor Time Hrs 'Av. Cell Av. S {S/Cell.
2 Cel1—OCS2Na +12 —-s

464/1270 0.1526 0.0576 0.285
U 2 Na1+·2 Cell-OCS2.

7 ZhS+·I2—%·ZnI2 + S. 16/127 O % Fails completely.

2 Cell-OCS2Na +-12 -—> 1
2 NaI4-2 Cell-0052. 64/127 24 40.0650

4
0.00758 0.117

4
_ _ ZnS·+12-—>ZnS2 +·S. 16/127 24 0.0641 ,0.00700 0.1094 ses-—--————-4·—---———--- ——-—-—-—- -—-———·—- --—-·—·—-——-·-

4 During the analysis it was found that4in the determination
of initial sulfur : cellulose ratio the results obtained by the
modified Iodine titration method were quite different from those

4 4
obtained by the Sodium Zincate method. It was also found that the·4
results obtained by the Sodium Zincate method were not reproducible,4
and that the range of the results obtained was quite wide. In

6 order to ascertain the correctness of the gravimetric4factor 4
analysis were carried out in which sulfur content of Na2S,9H2O _ „

4 4
solution was determined by the modified Iodine titration method4 4 and by the Sodium Zihcate method. From the results the correctness
of the conversion factor was established. The correct factorsfor each reactions are shown above. Once the correct factor 4 2‘ A was found, the inability of the Sodium Zincate method to give4 4
satisfactory results was concluded to be due to the failure of 22 the method. 4

_ ’
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TABLE (1)

\"Change in Su1fur:Ce1lu1ose ratios on ripening of viscose."
‘

Xanthation: CS2 : 57%_by wt. based on alpha cell. content._ Time : onq,and three·quarter hours.T Temp.: 40 C.
( 5 Ripening: Temp.: 15 Ü.

”
p ·

“
Time in hours S:Ce11. ratlos Av. Time Av. S:Ce11.

_ 0 .556,.564,.570 0 0.5650
‘ .26 .175,.184 · p · .~ 50 .185,.190 h t 28 0.1855

· 50 .168,.175 _
_ (‘

2 '54 .161,.174 52 0.1695 ‘

_ 71 .155,.166 _
‘ U

72 .155,.157‘ 74 .166 72 0.1594(
. _95

’·
.142,.147

94_ .159,.159,.146 2 95.6 0.1426

, 116 .150,.152,.155,.l59 116 ' 0.1540
. . 140 .117,.118,.120,.128 140 0.1210

·
J

165 .105,.120 165 0.1125 ~
·

(
195 _ .097,.098. p 195 _ 0.0975
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1
TABLE (2)

1

"Change in Sulfur:Ce11u1ose ratlos on rlpenlng of Vlscose "
L

Xanthatlon: CS T 25% by wt. based on alpha cell. content.
Tlmä : sne and three·quarter hours.

A Temp. : 4o*t A
‘ Rlpenlng: Temp. : 15 T

1 Time ln hours S:Ce11. ratlos Av. Tlme Av. S:Ce11.
1

.0 _.254,.258,.261 y 0 0.2580

22 .124,.150
25 .120,.125 22.5 0.1247 -
54 .109,.116
55 .111 54.4 0.1120 A_

1 1
78 .111,.0994 _ _
79 .102,.1180 78.5 0.1040

102 .0700,.0984 . '
105 ‘ .1050 102.4 0.0955 l

. 1 150 ‘ .0802,.0805 150 0.08025

198 .0685,.0696 198 0.06890

C TABLE (6)
Xanthatlon: CS2 : 9% by wt. based on alpha cell. content. ’

Tlme :·one and three-quarter hours_ · —
Temp. :_4O C. °

Riéenlng-: Temp. : 15 T.
Time in hours S:Ce1l. ratlos Av. Time Av. S:Ce11.

_ 0
1

.140,.161,.169 _ 0 0.15701

24 1 1
.0650 1

26 _ .0650,.0698 25 . 0.0666

72 .0484 ·‘ 75 .0456 _ 75 0.0460
148 .0560, .0568 148 0.0564 .

1
195· . .0500,.054O 195 0.0520

1 1
/
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TABLE (4)
E \

„

2 "Change in Ammonium Chloride Number on ripening of Viscose"

Xanthation: CS2 : 57% by wt. based on alpha cell. content.— Time : one and three-quarter hours.
2 Temp. : 40% m

Ripening: Temp. : 15°C 4

Time in hours NH4Cl f Av. Time Av. NHQCI j

2 0 . infinity 0
1

infinity- n

26 25.6,25.6 ‘
6 54 25.5 ” ‘

45 21.5,22.4 55.2 25.68

55 17.0,20.4 _54.5 16.95

. 74 Ü 15.0,15.0
E ‘

. 76 _ 12.6,12.8 _
· _ 78 ‘ 12.4,12.6 76 12.75 —

102 11.8,12.05 E S
104 11.2,11.5 ' _ 105 11.64

114 (11.2,11.2 114 ” 11.20
E 124

1 10.8,10.9 ‘
· 150 10.5,10.65 127 · 10.71

165 9.7,9.7,9.8,9.7 l165 9.75

195 8.9,8.9 195 ° 8.90 V
E
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"Changes in Ammonium Chloride Number on ripening of Viscose "
‘

TABLET (6)
T T Xanthationz CS2 _2 25% by wt, based on alpha cell. content‘B Time 2 one and three—quarter

hoursTemp.2 4o°c UT T
„Ripening: Temp. 2 15°C

2 Time in hours N§4C1 Q Av. Time Av. NH4C1 Q 8
· ° 0 _ infinity 0 infinity

_ 25 11.80,12.0028 1l.70,12.C0 26.5 11.87 WY ~66 ‘lO.85,1l.lO
59 W 10.85,10.9O 57.5 10.92

‘ 80 9.90,10.50
85 - U 10.10,10.15 81.5 10.11 ‘

104 9.70,9.70 ‘
W 107 9.00,9.55 7 105.5 9.49 .

T · W 150 8.45,8.50 150 8.47 T
_

198 . 7.50,7.10 198 7.20

TABLE (6)T°

Xanthation: ‘cs2 2 9% by wt, based on alpha cell. contentTime 2 one and three-quarter hours7 ‘ Temp. 2 40

CRiE8HiHE2Temp. 2 15 Ü

Time in hours
T

§ä40l Q _
T

‘Av, Time Av. NH4CL Q ‘
· 0 _ ‘ infinity TU ToW

infinity T

24 10.0,10.4 . 2 T TT
26 10.2 25 · . 10.20

U 75 8.0, 8.2 T
W· . — 77 _ 8.2 76 8.10

E T ’ ° 148 6.0,6.0 148 6.00
195 4.8,4.8 · 195 · 4.8
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- TABLE (7)

" Sulfur : Cellulose Ratio vs. Ammonium Chloride Number "
VFrom GraEhs:— Figure (1) and Figure (2)

Time hours S:Ce11u1ose §ä4Cl # ä CS2
' ‘ 200 ” 0.096 8.8 57

. 160) * 0.114 V 9.8 57‘ ) · 140 0.125 10.4 57
120 0.152 V 11.0 57
100 0.140 11.8 · 57

80 · 0.151 12.6 57
60 0.165 14.8 57
50 0.168 _25.0 57

. ' 45 0.172 58.0 57
« 200 0.068 7.2 25

160 0.079 · . 8.2 25' . 140 0.084 .8.6 25
120 0.090 ' 9.1 25) 100 0.096 9.6 25

. 80 V 0.102 - 10.1 25 · _
60 0.109 ‘ .10.7 25

. 40 0.117 _ 11.4 25 ‘
. 20 0.127 12.5 25

. 10 0.142 15.9 25
7 0.160 20.0 25

200 0.051 4.7 9
160 0.054 ” 5.7 9) 140 0.056 6.5 9
120 0.058 6.8 9

.100 0.041 7.4 9’ · ) 80 _ _ 1 0.045 8.0 9) 60 0.050 8.7 9
. 40 0.059 9.6 4 9

20 · ) 0.072 10.6 9’ 10 0.092 11.6 9
- 5· 0.116 15.0 9

. ‘2 0.140 22.0 9 V

V R : Sulfur : Cellulose ratio.... initial .
r ; Sulfur : Cellulose ratio.... maturity ‘ 1

R z- ·=g. cs2__ ’ —
oiisv 0.064 9. 0.258" 0.100 25 * - (
0.565 ° 0.118 _ 57 . )
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l C
· ·r Qi§gQSSION OF VRSULTS

i
When different viscoses were analyzed during their ·

g
· ’ ripening at

l5‘@.,
fairly concordant results were obtained ”' C

with viscoses made under practically the same conditions. ‘ 4
·

‘ ( Tables 1, 2, & 5 ) The three curves in figure l, repre-
sents the averages of three to five different viscoses,

· showing decided decrease in the ratio sulfurzcellulose. ·
~

Curve 1 represents viscose made with 57 äcsg in order to‘.
approach a ratio equal to 2:1. Curve_5 repreeents viscose ,.*1
made with 9%CS2 in_order to approach the soluble xanthate

l 1 ‘~
ratio of sulfurzcellulose 0.16 as found from the work of
Scherer and Mil1er.37 However samples of viscoses made

· with 0% CS2 contained a large portion of undissolved
_ celluloée fibers. Curve 2 represents viscose made with

25 % CS2 in order to get a ratio in between the first two, T
t

thus covering the range of sulfurzcellulose ratio satis-

factorily. Curves 24& 5 were therefore obtained with less
than theoretical amount of CS2. A11 the three eurves show ‘

‘ that more than 60% of the total decrease_occurs within the (

4 first twenty four hours of the time of observation. It ·_ .1
is apparent, then, that the initial rate of decomposition .

is faster, probably involving the change of the C6 stage 4
A4

1 ‘
tO‘th8AC12 stage. ‘ ' ·

e l g ( Tables 4, 5, & 6 ) The three curves in figure 2,

represent change in ammonium chloride number with time d



( of ripening. The state of ripening was determined by

the c.c. of 10% NH4Cl solution necessary to start co- C 4
agulation of a viscose solution. Curve 4, 5, & 6 repre—

sent viscoses made with 57% CS2, 25% CS2, 9% CS2. All 2”the
three curves in figure 2 show a decided decrease in

the ammonium chloride number. All the three curves also
C show that ammonium chloride number appréähes infinity at

C ( „ lzero hour ripening. At the end of 24 hours it is noticed

2 from the curves that ripening has proceeded to a much e

AC greater extent with 9p‘CS2 than 25% CS2:Ehan 57% CS2. (

(
ln accordance with the general acceptance of industry (

. viscose is said to be mature when ammonium chloride number
”

_C of ten is attained. C—
‘

The determination of ammonium chloride number method

is quite complex and considerable practice is required .

2
‘

to get check results. This is especially true of the ‘

measurement of ammonium chloride nuwber before 48 hours
4 of ripening so that these are only a rough approach to

‘ to exactness. 4 I °
'

The general nature of curves in figure l E 2 are n
‘

Ö ~_ similar. The samples of viscoses were kept at temperatureC 14 °c — 15 °c. T ° 2)
(Tables 7) a" The three curves in figure 5 4

4 T represent sulfurzcellulose ratios oorresponding to
ammonium chloride number. These curves were dedueed from



S
, _ _the results of figure l and 2 so as to study the sulfur :

° cellulose ratlos of vlscoses at maturity. Curves 7, 9, &
”

9 show different sulfurzcellulose ratlos at maturlty,
nwhen ammonlum chloride number ls ten. „The sulfur:cellulose t

" ratlos at maturity however decrease with decrease in the
amount of CS2 used;_maintalning other conditions constant. ‘ X

i dn
The curves 7 & B are quite smooth and uniform because the . T 4

·_’t‘
samples of vlscoses were completely soluble. The curve 9 I

_ is non—unlform possibly because of the incompletely'soluble „

_ xanthate. The curves also show that afteräcertaln rapid I
x increase in sulfurzcellulose ratlos with ammonlum chlorldeU

e number, there is very slow increase in the sulfur:cellulose
S 4

n ratlos with ammonlum chlorlde number. Thus the ratio
S

apprjbhes a limit beyond whlch lt does not show notlceableN 4
T change. i I

A

o _(Table 7_ ) The curve in figure 4 represents sulfur: T

cellulose ratio in the crumbs corresponding to sulfur: n
_

If cellulose ratio at maturity. The curve shows decided
‘d

~decrease in the waturity ratio with decrease in the initial
ratio. Thus starting with different initial ratlos gives

I different maturlty ratio. The higher the initial ratio,I ~
l

‘ hhigher will be the maturlty ratio.
nit

should however be
·A

noticed that the maturlty ratio for the soluble xanthate
I are quite close together compared with wide difference in
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the initial ratios. 2 T '

» ( Table 7 ) The curve in figure SA represents
2 ‘ 5

sulfur:cellulose ratio in the crumb corresponding to

% CS2 by weight. _The curve 11 shows the initial sulfur :
r 2 cellulose ratio approach 2;l ( theoretical maximum )
.5

with 57i CS2. initial ratio in the crumis decreases with _S
decrease in the amount of CS2 used; other conditions

2 being kept constant.
U

( Table _7 ) The curve in figure SE represents
— sulfurzcellulose ratio at maturity corresponding to CS2

by weight. The curve 12 shows that the maturity ratios
are different depending upon amount of carbon disulfide

S —

‘used. The higher the amount of CS2, the higher is the -
· maturity ratio. There is almost a linear relationship

2 ‘ between amount of CS2 and maturity ratio. y



CONCLUSLON a
V

4 · (l)The effect of acetie acid on the cellulose content

of viscose is negligible upon standing.
V

(2) The sodium zincate method fails to give satisfactoryV
results in the determination of initial sulfurzcellulose

a ratio in the crumbs.V This may be due to two reasons.
'. Either the amount of sulfur in the initial determination ·

y of sulfur content is so high that the procedure of analysis p
,

V
is not suitahle or possibly, the coagulated xanthate

V
produced by the zinc sulfide itself acts as a protective _ „

T collcid and prevents complete precipitation of all sulfur

. present as zinc sulfide. in consequence of the wide '

variations in results obtained the method is notapplica-ble

to the determination of the initial ratio. yV
(5) The sodium zincate method is quite satisfactory

V „ for the determinatian of sulfur content in the viscose.f
V

This may Le due to the lower sulfur content ( as already
‘ shown that more than 59% of decrease in sulfur content

V ‘

‘ of viscose takesplace within first 24 hours ); or it may _

g be that the protective collcid effects are overcome and
V

that all the sulfur is gravimetrically converted to ZnS; c Ü

giving check results. The results obtained for viscose

_ a by the sodium zincate method and the modified icdine tit· s
V

ration method are in agreement. This shows that the
sodium zincatemethod is quite satisfactory for tneV

V
determination of sulfur content in viscose syrup after V

p twenty four hours ripening.



(4) There is a decided decrease in the sulfurzcellulose
U

ratio and the ammonium chloride number with the time of
ripening. —The major portion of the decrease being within S

first 24 hours. The time required to attain maturity
W

(
depends upon amount of CS2 used during xanthation. a

(

The sulfur:cellulose ratio at maturitydepends(
upon the initial sulfur:cellulose ratio. The higher ‘ _

the initial sulfur:ccllulose ratio, the higher will be V
_ ß the maturity ratio.' W _

U V (6) For wide differences in initial sulfurzcellulose
ratio there is relatively little difference in the _ W

. .‘ maturity sulfurzcellulose ratio.,·._
( (7) The initial sulfurzoellulose ratio depends upon

·_
(

V
‘the

amount of CS2used; other conditions being keptconstant.(
Q The higher the amount of CS2, the higher will be the

initial sulfur:cellulose ratio.
li

n ‘ (
(8) The sulfurzcellulose ratio at maturity depends .

(
“upon‘the amount of CS2used. The higher the amount of W „_

—V Q CS2 used the higher will be the sulfur:cellulose ratio „
( h

hat
maturity. E ' Q 4 ‘ ‘_ _

(
_.

. „' · (9) It may te concluded then that the "maturity ratio"
may be varied at will within a reasonable range by ‘ i

l
t

V
C-

controlling the "initial ratio" of the xanthate.
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i
l Suggestions for furthur work·i

- (l) A more satisfactory method for determining
„ ~ “maturity" should be developed. r Ä

· (2) If possible, a wide range of "maturity ratio" should
Ä be prepared. .

g (5) The effect of different "maturity ratio" on the

x
Ä

properties of rayons spun from them should be studied.
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