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- IMRODUCTION

The parpdlsse ol this investization tas to find the

Sulfur-Celluls>se ratio at spin time or the so called

maturity, wilch is assume? to be reached Ly viscose

waen an amzonium chloride number of ten is reached. In
- Industry this particular value of ammonium chloride

nusiber 1s arbitrarily taken to indicate that a viscose

is ready to be spun. Lecause of this industrial appli-
cation, interest in this investigation was centered on
the study of the Sulfur-Cellulose ratio at spin time.

STATELLNT OF THE FPROLL ..

In this work an attempt «was made to investigate tne
effect of different Initial degreés of substi£upion on
the maturity Sulfur-Cellulose ratio. In other words,
xanthates with various initial sulfur-cellulose ratios
were to Fe prepared and the rates of decomposition were
to ke studied until an -ammonium chloride nuumber of ten
was reached. TFrom the results it was hoped to deduce
vhether the maturity sulfur-cellulose ratios are dep~-

endent on the initial sulfur-cellulose ratios or if the

sarie sulfur-cellulose ratios are attained when an ammonium
chloride numbter of ten 1s reached, recardless of initial
ratios.

44
From the worx of Scherer and ¥iller 1t was «nown




a
~that the rate of xanthation isAfunction of time, temper-

ature and the amnount of carbon disulfidé used. In this
investigation, the factor of time and temperature'of
xanthation were‘contfolled to one and one-aalf hours and
4CfC respectively. Ey varying the amounts of carbton di-_
sulfide to 9, 257, and 37% by weight, based on alpha
cellulose, the required different inifial sulfur-cellulose

ratios were obtained.

 LITERATURE. REVILY

(A) Structure of Cellulose

Cellulose is the m>st abundant of all naturally occ-
urring organic compounds and probably makeS-ub atleast a
third of all the vegetable matter in the world. It is the
maln constituent of the.cell walls of the higher plants,
having recelved itg nane for fhis feason.34

There is no generally accepted theory;on the formation

cellulose. According to one hypothesis 9cellulose

formed in large plastids.occurring in the cytoplasm

the living cell. There is practically no information

to the essential chemical mechanism of the photosynthesis

cellulose, but it iIs presumably enzymatic.
FIt has teen known for long time that cellulose is

compoéed of glucose residues. The purest avallable form
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of cellulose ( cotton ) yielded glucdse or hydrolvsis.

( CgH1095 ), + n dg0 ——> n CgtyoVg
cellulose ‘ slucose
Thus cellulose 1s anhydro-gliucose.
Recent studies hAve indicated that carbon dloxide
reacts with a molecule of water in the presenée of light

and chlorophyll as follows:

, . caloropayll - S
002 -+ AQO TTEAT o) > HCH0  + Q‘2

. Formaldeayde formed polymerizes to give glucose:

n Cgiho0s =womaewr ( Ced11%s ) p + n HRO

The generally accepted chemical constitution of the
cellulose chain molecules ( fig. 1 ) is the fesult of
more than 5ne hundred years of research on theibehaviour
of cellulose with most varled treatments.ll Thevreactions

~of cellulose resemble those which are observéd to occur
with simple.sugars. Since, however, all tut onc of the
poﬁential reducing groups >f the glucose rééidues ( the
one terminating unit of the open chain ) afe involved
in.glycosidic'linkages between individual menibers of the
chaln, cellulose lacks the pronsunced reduclng power of
the most of the sugars, and its chief reactions ére fhase

of 1ts hydroxyl groups. The formula shows that all glucose -




n

Figure A(l).

Molecular Chain Formula of Cellulose
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residué excepl one ('torﬂiﬁating unit ) rossess three
free ﬁydroxyl groups, the one in é- position being
primary and those in 2 and 3 positions bein: of secondary
nature. 1Ine free hydroxyl groups In cellulose react as
in alcohols £o form addltion compounds with alkalis and
- certain complex salte.

nxperimental eﬁidence nas shown that the individual
ccllulose molecule is composed of glucose residues united
by 1,4 glucosidic linka;esjof tae teta tybe. cponsler and
Doreﬁzstated that celldlose consists of 13ng_paralle1 chains
of ~lucose residues linxea ty privary valences and held
together Ly the secondary valenées. Haworthlohas showﬁ
tnal the primary valences are betieen tne numkter 1 carbon
of one glucose unit and the ox;gen of number 4 carkasn
‘atom of the adjoining glucocte residue. This requires

inversion of every other dne 51 the glucose units as shown

in fisure 1.

( BE) Chnemistry of Viscose

(a) Dippings of the pulp

Reaction >f cellulose with gqueous Nall is technically
known as mevcerization after Joln l.ercer who discovered
v 38 A
the process in 1344.

There are two important objectives in treating cellulose
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with alkalies, namely, to modify tﬁe physical and chemical
properties of naturalvfibers such as in mercerlzation and
to obtain intermediates - as alkali cellulose for con-
. version to cellulose deriéatives.

' The first step in the production of viscose from
cellulose_requires treatment of cellulose pulp with 18%
NaOH solution at normal temperature. This step is often
-spoken of as dipplng, or mercérizatibn.

The action of NaOi on cellulose is?combination-of
both pnysical and chemizcal reactions. The physlcal view
is that simple swelling phenomenon takesplace upon treatment
with aq. NaOH.‘ Thé alkall solutlon, entering between the
micelles, pushes the uniﬁs arart and loosens interconnecting
secondary bonds, glving rise to swelling. According to
the chemical view, cellulose reacts with aq. Nadi in a
definite proportion forming soda cellulose:

Cpd

0

00,04 + NadH oy C.d0Na + HO

The physical swelling phenomena ﬁhich all celluloses
undergo when treated with aq. NaOd are probébly much more
important then the purely chemical aspects of the changes
Involved. w“hatever the reactlons are, they are accompanied
by swelling of the'fiber. |

water is the fundamental swrelling agent but water can

penetrate only Intermicellar spaces giving rise to only




superficial swelling and for complete dissolutlon,water
must:penetréte intramicellar spaces. In order to obtain
such a complete dissolution,or maximum swelling with water,
some device must be used b& which water can penetrate to |
individuai chain bundles. One way is to increase tempera-
“ture. At aigh temperature surface tengion‘af water‘
decreases and a better dezsree of penetration may be obtained.
Another way is to use somekind of agent that majy provide
which ‘ , o
ions A are capakble of penetratipg intramicellar spaces
Ly loosening the crystalline structure of cellulose. Sodium

ion is often used for this purpose.

|
Sodium hydroxide as a swelling agent

lith low concentration of NaOd, swellin; effect is
similar to that of watef. %ith concentration of atout
145 to 19% maximum swellinZ can be obtained and with aigher
concentrations, swelling 1is agaih decreased very rapidly
.almost to.zefo. The swelling with different concentrations
of aq. NaOH 1s best explained by the Donann membrane
equilibrium theory.la

Swelling differences dSbserved 1n caustic solutions
_of varying concentration can perhaps be explained as either
maving lnter or intra micellar character as first pointed
out by'Katz?4 X-ray evidence indicates no change in

spacing between individual celiulose chains when cellulose



. is treated with solution of NaOH below 12% concentration.

In solution above 12 concentration, NaOH enters Intra-
micellar spaces and a definite change occurs in the crystal
lattices as determined by X-rays. However, the phenomencon
is explalned by Lcnnac membrane equilitriuun and is supported
by X-ray evidence. , »

Another explanation is that tﬁe swvelling is caused by
“hydration, i.e., by the cdnesive forces between the alkall
cellulosc’compound and the water molecu}es. Detail discussion
can‘be found in any standard text book.éﬁ

© The factors tnat may effect dcgree of swellinrc are
(1) concentration of Na0il (2) tempeféture (3) nature of
cellulose (4) time of contact (5) hysteresis and equili-
brium (6) changes in solvent and (7) addition of salts.

Solutility of cellulose obtained from wood pulp in
aq. Na0i depends partly upon xind of pulp and process of
conversion etc. dowever in general it 1s found that maximum
solubllity is ne;r 10% coancentration. For higher and iower
conccntrations of Nabﬂ the solubility decreases.l5

The following characteristic changes upon treatuent
of cellulose wlth aktout 18% ﬂaOH are abservedzl4
(1) The tensilc strength had become zreater than that of
original material, (2) The treated material showed zreater
affinity for dyestuff and salts, (3) The sensitivity of the

15
materials to chemlcal trcatment had Increased, (4) The

hygroscopicity was higher.



That the reactivity of mercerized cellulose.has greatly
1ncr4%ed by the treatment withyla% NaOH may be demonstrated
“in varilous ways: for example the hydrolysis by acids 1is
faster and by the determination of the copper number which
i1s the degree of oxidation measure,etc.lﬁ

Heat of swelling

%hen cellulose 1s treated with Yali solution of suffi-
cient coﬁcentration to produce swelling, heat 1s developed.
| According to Neéle?eche neat of reaction evolved is composed
of (1) positive heat of neulralization of the OH  isns of
Naoé‘by H* ions of the cellulose (2) the necative heat of
dissociation of the salt ( cellulosate ) formed and (3) the
positive nheat of di.ution of phe Na0Hd solution. The dilution
1s due to removal of alxall from the solution by the cellulose
and of tne liberation of water of reaction as sodacellulose

: 17
1s {ormed.

(b) Acing of alkli cellulose

After the required time of contactlof cellulose pulp
with al<ali solution is over, the excess alkall is removed
by pressing, or by.centrifuging. The soda cellulose 1is
‘next ground In a water cooled kneading machine t95 a\spécified
Bulk Numbe: or till constant Eulk Number 1is attained. |

% Fulk Number is the measure of‘macqpical subdivision

of soda celiuiose crumbs. Bulk Number i1s the weight in

grams of 1000 c.c. of loosely packed soda cellulose crumbs,



The resulting crumbs are allowed to stand or age
in a closed vessel under controlled temperature for a
definite time. During this aging soda cellulose under=-
goes certain changes; the most important’of which are:
increase of its alkali solubility and decrease of its
solution‘viscosity. Both these effects are due to
oxidatl on produced by the alr oxygen which is present
in the system and alkaline'hydroiysis resulting in
cleavage of glycosidie linkages. There is also slight
increase in the reducing power of the soda cellulose and
formation of carboxylic acid groups. |
In.coﬁmercial practice, the éging of alkali cellulose
i1s an important step in the manufacture of viscose ( cellulose
xanthate ). Its purpose is to decrease tﬁe viscosity of‘the
cellulose and consequently of the viscose prepared therefrom
to sudh an extent that a solution is obtained which may be |
filtered and thereafter forced through the spinning nozzle
without difficulty. Experimental results show that the
greatest degradation ( drop in viscoslty ) during aglng
process occurs in the earlj stages.l8 This drop in viscosity
indicates that the average chain length of the_ceilulosé

decreases as aging proceeds. For example

D.P. Time of Aging
1000 | 0 hours

900 A 4 hours

300 113 Hogrg'
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The process of aging is influenced by a numter of
factors; (1) origin and previous history of cellulose
(2) concentration of oxysen (3) conditions underwhich
the alkali cellulose is pre-pared: (a) time of contact
betwéen cellulose and NaOH solution (b) concentration of
NaOH used {¢) .ratio of alkali to cellulose (dezree of
preésing ) and (d) time and temperature of aging.

Lxperiments have shown that the aginc process 1is
essentially a process during waich the cellulose is
degraded by oxidation.lg iore recently,_Staudiﬂger and
Juris‘ch53 ‘have shown that in a higna vacuum ~no aging
of alxalicellulose occurs even after eight days at 20° C.

Thé mechanism >f the chemical process Lty which the
cellulose chains are ruptured during aging is still not
fully known. FPlausitle hypothesas can be found in any

&7
standard text Lbook.

(e¢) Xanthation of alkallcellulose

On the tasis of analogy tetween cellulose and ordinary
alcohols, the reaction betﬁeen sodacellulose and carbon
disulfide was [irst represented In a manner similar to the
reaction between carton disulfide and alcohols in the

presence of alikali:
/002115

CQHSOH + NalOd <+ CSg — Q:;ga + H20




Cellulose xanthates are pre pared by allowing carbon
disulfide to act upon alkali cellulose, either as such or
after 1t has been aged for a certain period. According to
Cross and Eevan, céllulose in the form of sheets ils steeped
in aqueous ﬁaOH of meréerizing strepgth and freed of excess
alkall by pressing or centrifugiﬁg until 1t has acquired about
three times its original dry welght. The alkall cellulose thus
obtained is defibered and SubjectedAto the action of carbon
'diéulfide in a closed vessel which i being frequently shaken
by hand or slowly rotated on a mechanical device. Under the
influence of the carbon disulfide, the mass swells consider-
abtly and changes éolbr from white to yellow and finally io
- deep orange. Completion of reaction can be judged from the
color bty experts or by ﬁoting the change in the pressure in
the xanthating drumdés Duringz xanthation, temperature tends
%o rise but 6n1y a few degrees and may be kept constant by
cooling. |

- If the time of xanthation 1s extended, the crumbly

mass tends to become peptilzed and if stirred may lose fibrous'

structure and become a more or less homogenous paste.

The solution of the xanthate crumbs in water or dilute
alkali i1s an ofgnge dolored highly viscous liquid which Cross
and Eevan have termed "Viscose." \

Tﬁe function of excess alkali 1s probably physical

because as with other reactions, the degree of diffusion -
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of the agents into the fibroﬁs structure and the degree of
swelling accomplished under the action of the alkali are
essential prerequisites in appr;Zhing completion of reaction._
Lxcess of Fali 1s therefore required in the preraration of
~alkxalicellulose in order to avold poor xanthation vield.
There are taree seneral theories of xanthate fbrmation:

(1) The chemical theory: assumes that the reaction occurs

in defiﬁite molecular proportion as follows:
0C_.H. O

//’ 69 4

CGH904ONa + csz —_— =S8
SNa

(2) The physical theory: refers to the dispersion of alghly

swollen cellulose to an extent that the secondary valences

are entirely overcome and the mlicelle separates into colloidal
particles which apparently go into solution in water or

dilute alkali. -

(3) Combination of the physical and the chemical thesrsy:

- assumes that only a portion of the,alkali cellulose reacts
to sive xanthate, the remaining teing unaffected. The
}xanthate formed acts as a dispersing medlﬁm for the uncon-
verted soda cellulosse, takigg:;hole mass Iinto salution.29
O0f the many esters obtained from cellulose, the
dithiocarbonic acid ester is of special theoretical and
practical importance. This compound is obtained when soda~-

cellulose 1s treated with carbon disulfide. The formation

of this ester of cellulose ls broadly represented as follows:
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/

SNa :
sodium cellulose xanthate

3
Free xanthogenic acid ' is not stable; it 1is
C=2<8

Sd
oktalned only in the form of sodium salt. The same is true
for cellulose compound. |
Cross and Eevan are of the opinlon that cellulose
xanthate contains a secdnd'atom of sodium in the form ofzo

sodium hydroxide tound to the cellulose racical as shown:

0-055904—Na03
C=s
Sha

' 31
According to Ost, W“esthoff and Gessner the second

Na atom is present in cellulosate form:
Y e * ’ T
/O C 611:’50 30 Na

N
SNa

Fxperimental results show that in purified xanthate
the ratlo of sulfur to sodium to cellulose derived from

analysis is in agreement with the formula O-(CGHQO4)20H

/

C=S8
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lieser nas conflrmed this by producing purified

xantnate in another way.

Degree of sutstitution iIn cellulose xanthate obtained
by the step wise procedure already described in the previous
‘part can be summarized as follows:

6 , '
Investigator De %“yss laust | Geiger |[Scherer % .filler

Ratio of xanthate| 0.85:1.0 [1.821.0/1.0:1.0 0.3 : 1.0
sroup : CgHjp0s
unit

These results were obtained by using very larce excess
~of carbon disulfide (100 - 200 % by welght based on Stock %
Theoretical calculations indicate that only 23.4% cs,
1s required to attain 1':1 xanthate group to CgilygOg unit.
However, the course of the reaction of cellulosate with
carton disulfide is complicated by the fact that CS, also
reacts with ¥aOH to form sodium carboﬁate and sodium thio-
carbonate according to equatlon:
3CS, + 6 NaOH —> 2 NagCOz + 2 NagCsz + 3 Hy0

Thus, the formation of secondary compounds necessi-

tates use of nearly 37X 082 when complete xanthation reaction

is carried out at room temperature.

The degree of suostitution which cellulose reaches
within é certain set of conditions will depend upon the rate
of substitutlon and by product formation and thus will be

the result of competition between the two reactions.
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Judgzed b; the results obtained by Kita and Tomi.l‘xi::xaz5
it was found that the rate of the side reaction was high at
the teginning tut slowsdown as the time of contact tetween
mixture'of NaOH solution and 082 becomes longer. It appears
that on xanthation of alkalicellulose betwqen 1/4 snd<1/5
of the CS, employed is consumed for the formation of by-
products.

' The rate at which toth reactions proceed was determined
by tcherer ana fin?s hey found that at the end‘of three |
hoﬁrs,.as much as 9£.2/ of the carbon disulfide used was
present In the form of xanthate and 2% in the form of by-
product. 4

Attempts made at lnvestigation of the distribution
of CSz show that at low temperature by-product formation

r

is very high at first and this decreases as the time of

contact iIncreases. The resction may be repbesented as?l

Cell-ONa 4+ Nad-C =S —_— Cell-ocszma
SNa *

Graphically 1t may be shown as:

by-pr%duct

time
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In the year 1933 fcherer and Miller - undertook an

Investigation of the xanthation process used, in the pre-

paration of viscose solution. The direction of their attack
was to measure rate of xanthation of sodacellulose i.e.,
to measure the rate at which carbon disulfide reacts with
sodacellulose crumbs preapared in normal fashion by tre=
- atment of cellulose with 18% NaOH for one hour. Study wvas
made of the effect of temperature on the rate of xanthation.
Three runstwere made with very large excess of CSp ( 152.4% )
" by welght, usin; temperatures 25°C, 29.5°C and 35°C. Thus
from their investigation it was possible to get any desired
sulfur:éellulose ratio by xanthating for the corresponding
length of timeévdepending upon the temperature used.~ From

. their results:

Temperature : Time " SulfuriCellulose

25 °C min. 0.25
295C nin. 0.25

2950 | min. 0.324
35 C . min. 0. 338

This showed that the rate of rcaction is higher in the
beginning and finelly reaches almost constant values. By
this hethod Scherer and Miller obtalned maximum values of

- xanthate grdup to Ceﬂnpsunit as C.93 : 1.00,




Scherer and HMiller also carried out investication

at different temperatures of the time required to use up

: 48
all of the carbon disulfide. It'was found that with

increasing temperature, time féquired to use up all the
-carbon disulfide decreases.

% CS Temp. Time

2 .

20 25 °C ~ 120.0 min.
20 265 °C €9.0 min.
22 35 T 54.5 min.
37 S 25 ¢ 191.0 min.
37 295 C 117.0 min.
37 35 C v 78.5 min.
This clearly shovied that time and temperature used
in this Investigation were sufficient for coﬁplete reaction.
Scherer ana Miller have also shown that there is no
‘ 49 0 :
effect of aging and btulk number upon xanthatlon time.
dowever, viscoslity of viscose is markedly affected due to
alkaline hydrolysis and oxidation taking place. In industry
soda cellulose crumbs are éged for a period of about 48 hours
so as to get sutisfactor; viscosity of viscose. In this
. 8tudy crumbs were aged for 60 hours. This gave Viscose-
that could be easlly handled.
Formation of soluble xanthate Vork done by Scherer

51 .
end Miller showed that whenever the ratio of combined

sulfur to cellulose exceeded 0.18, formation of soluble

xanthate occurred,
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(d) The ripening of viscose

The hydrolytic changes which viscose undergoes on
standing are described by ﬁhe term "ripening". Viscose
~syrup is allowed t0~étana at constant temperature for a
period of time so that chemical and colloidal changes can
occur.

The cﬁemical changes during‘ripening:— Chemically,
ripening may be re;arded as the reverse of xanthatipn.
thereas xanthatlion represents the subétitution of hydroxyl
groups, the ripening process embodies the regeneration
of nydroxyl groups and hence eventually 6f cellulose.

4 Cross and Eevan first advanced the theory tnat
a chqmical ?hange takesplace during the ripeninz of viécose.‘
Théy assumefli that tihe xanthate passes through three inter-
mediate staces before cellulose appears. ( Xanthate 1s |
dissolved in water after~8tanding for certain time.)
(1) The first product of the reaction is
0—06H904
C =S This compound follows from jhe ratio of
SNa o Na:S:Cellulose = 1:2:1.
(2) After standing twenty four hours a proéuct is present
1n'which the ratio of Né:S:Cellulose i1s 1:2:2 i.e., there
“are present for each two slmple cellulose molecules one
atom of sodium and two atoms of sulfur. . Therefore the

formula: 0-( CglgOy)o-0i

C =S
AN

SNa
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(3) After silx or seven days in alr, the ratlo changes to

6llg0q ),4(0H)

1:2:4. //O -( C.11.0, ) 3

C=3
‘ ’ SNa
(4) After long standing ratio becomes 0:0:Cellulose. This
cellulose is of the emplrical composition 05H1005.

The method of snalysis in which Cross and Eevan sepabated
by-product sulfur from xanthate sulfur by the use of a salt
s>lution, showed a constant decrease of xanthate sulfur,
which led them to conclude that the cellulose xanthate
more correctly termed the cellulose ester of dithlo-carbonic
acid, loses dithio-carbonic acid groups during the
ripening and that cellulose is finally rerenerated.

Ey different metnods of analysis 0st, Viesthoff and
32 S5 :

1~

Gessner and Volffenstein and Oser came to the same

conclusion.
27 .

On the other hand Leuchs publighed experiments which
led him to a different view of the subject. He decomposed
viscose with sulfuric acid énd'determined the amount‘of
carbon disulfide and hydrogen sulfide liberated. Assuming
that all the carbon disulfide set free has its origin in
the decomposition of cellulose xanthate and that all the
typroduct sulfur ls liberated as HoS and sulfur and from

the fact that he obtalned practically constant values for
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. ratio '
the carton disulfide : CGHloosA, he concluded that no chemical

change takesplace during the ripening of viscose.

(C) Theoretical discussion:

As tne ripening of viscose is important In 1ts technical
use, lt was sought to clear avay the differences of opinion
that existed as to chemlcal changes involved. Reflection
led to ‘the conviction that Leuchs was wrong in his conclu-
sion that only cellulose xanthate can produce carbon di-
sulfide when viscose is decomposed by a mineral acid.

Viscose 1s a solution of cellulose xanthate, in which ve
find besides cellulose compounds, NaOH and the products
of the reaction between 052 and excess HaOH; chiefly:
Na0S, , YayC0, , and NagS. | |

If viscose be 1Iiscomposed by a mineral aeid, the
following main reactions takesplace:

Cellulose xanthate is hydrolysed with the formation of
regenerated cellulose and dithiocarbonic acid of which
the latter being unstable decomposes into 032 and watef.( s
Cel1-0GE Na +  HpS0y —> Cell-OH 4 Nais0, 4 i£,COS, guo-c\’sﬂ
H,C0S, —> CSgh 0 |

Sodium thiocarbonate reacts with the acid to form the
sodium salt, carbon disulfide and ags.

NagC8z+ HpS0, — .Na2804 + Cp <+ 358

On treatment with mineral acid, thiocarbonate therefore
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| produces carton disulfide just as well as does the cellulose
xanthate, - and the proportidn xanthate sulfur to cellulose
can by no means be ascertained by simply decomposiné viscose
vith a mineral acid and determining the amount of CSg
liberated.

De Vyss in h;s method made use of Cross and Eevan'f
discovery that cellulose xanthate remains unattacked if
treated with a weak acid such as acetic acid or lactic
acid, whereas thiocarbonate are unstable in the presence
of these acids. De Vyss used thls property of viscose
to modify Leuschs' grocedure so as to distinguish between
ianthate carbon disulfidéland thiocarbonate carbon disulfide.
If a dilute solution of viscose be acidified with acetic
acid, 1ts color gradully changes from a deep yellow to a
'very light ycllow. This change in color was assumed to be
an indication qf the disappearance of the thiocarbonates.

At this point all the CS, and practically all the HpS get
free by the action of acetic acid can be removed by extra-
cting the viscose with etlier. Yhen treated with mineral
‘acid the purified viscose solution still produced CSQ’

which could have had no other origin than cellulose xanthate.
Ey 1ts determination, the true amount of xanthate sulfur
could be obtained. De Vyss applied this method to samples

taken at intervals from viscoses which were ripened at

18 ¢ over a total period of 200 hours. Iliis results showed
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a decided decrease of the sulfur cellulose ratio during the
time of ripening with about 50% of the total decrease
occﬁrring during the first third of the time of observatibn.

Fink and co-workersg(a) developed an interesting
method for estimating the xanthate sulfur and its decrease
during ripening process. +hen ultra filtration is applied
\to viscose, suitably diluted, only the inorcanically combined
5e1€ctrolyti¢" 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 ¥knovn, the xanthate sulfir ke calculated.
The method was applled to viscose which was continuously
stirred during ripening period in order to reduce in-homo-
geneity and consequently erratic results. The results
obtained for xanthate sulfur agree very well with those
dérived from thie diethyl chloracetamlde met‘aod.86

According to Klaudltz  there are two reactions which

comprise the viscose ripening process: (1) (Iydrolysis

//p-Cellulose . //O-Cellulose
3C=85 + 3 H0 —= 3 C=58 4+ 3 NaOHl
AN : ’ N
tla Sd
0-Cellulose ' S
3C=5 + 3 00 ——> 3 Cellulose 43 O:I-C\
\ .

SH SH



 -2B-

S

V4
3 0i=C —— S 340 4+ 3 CSg

- 2
\ . ,
sH

(2) Saponification:

0-Cellulose 0

3 C=S8 + 3 sz—f-—> 5 c=Ss + 3 Cellulose
gﬂa éNa
0d

3 c:% o+ 5 NaOH ———=> 2 NagS + Nage0, +3 HpO
SNa

According to reaction (1), the hydrolysis reaction,
presence'of Nad!l stabilizes the xanthate and results in
minimum decomposition of cellulose xanthgte. According
to reactidnl(z), the saponification reaction, prcsence
of NaOH incregses the rate of decomposition of cellulose
xanthate. At lower concentration of NaOH ( 65 - 8% ),
hydrolysis réaction predominates over saponification
reaction.. %orking with normal viscose solution which
contains 5.5% NaOH, it was fouhd that only 15% to 20% of
the total decomposition of the cellulose xanthate was

a result of saponification,



@24 =

The colloldal changes during ripening. Viscose

répresents a tjpically colloidal solution and the colloidal
changes which viscose underzoes on ripening consists chiefly
of changes in viscdsity and in its behafior witnh electro-
lytes. These have been known for a long time and have been
confirmed more recently. They may be summarized as follows:

Immediately after solution of the crude xanthate in
dil. NaOH solution, the viscosity drops over a certain length
of time. It reaches a minimum, then slowly increases over a
long perio&, and eventually increases rapidly. %hen tais
last state has been reached, the viscose coagulates and final-
1y a gel results which shows the phenomena of syneresis. A
typical ripening curve of viscose may be found In any standard -
test book.

Important féctors that can effect the rate of decompo-
sition are temperature, cellulose znd alkall con centration.
As would be expected, temperature increase is a very effi-
cient means of ;ndreasing the rate at which colloidal pheno-
mensa occuf.z At high temperature the rate of hydrolysis
increases and there occurs'rapid gelation. At O © the
colloidal chains are slowed down and both coagulation and
decomposition are retarded so that viscose may be kez; at .

()% for many days without any changes taking place.

Cellulose Concentration. It has been found that with

1ﬁcreaéing cellulose concentration, the viscosity of the

viscose not only increases but also tends to increase at
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a faster rate. In other words, the time in which the viscose
coagulates becomes shorter with increasings cellulose concen-
tration.

Alxali Concentration Viscose shows its greatest

stability to coagulation at about 3% - 9% alkall concen-

tration. Tihis fact was first recosnised by 0Ost, Westhoffzﬂ
33 ©
and Gessner and later coniirmed by other investi:iators.

Methods for detcrmination of Xanthate Sulfur

(1) Direct titratlion method - Johann Tg:ert

%eligh out into a glass plate 1 1/2 to 2 grams of viscose.
Spread out well into a thin film and place plate in saturated
NaCl solutlion ccntainihg about 2% glacial acetlic acid.

Strip the film from the plate when clear. Place itlin a
5eaker and cover with 70 c.c. of 13% NaOH. After five -
minutes dilute with 1C0 c.c. of distilled water and after
three more minutes add 300 c.c. of more distilled water.
After the film is completely dissolved, treat the solution
with acetic acid to Very slight acldity ( takes about 25 c.c. %,
add a drop of starch solutiosn, and titrate witﬁ C.1 N lodine
solution until first appearance of blue.
' in the present investigation

I'his method was tried,but did not give satisfactory
results due to the fact that the determination of end point
durin~ direct titration with iodine solution was quité

difficult.
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. 58
(2) Iodine titration method

A solution containing 12 c.c. of N/10 iodine solution,
50c.c. of 1' acetic acid, and 1COc.c. of distilled water
is cooled to belowl5 T and to this is added an aliquot
portion of diluted xanthate solution to be analyzed. After
standing for twenty minutes excess iodine is tack titrated
with N/10 NagEg0z and the iodine used calculated as total
sulfur.

A second aliquot portion of the sample is'added to cold
saturated brine selution. After fifteen minuteé the cold
solutlion 1s filtered and an aliquot of the filtrate is
titrated as atove with iodine. The iodine consumed is
- calculated as lmpurity sulfur and the difference between
total sulfur and impurity sulfur is considered to be
xanthate sulfur.

fince quite a major drop in the sulfur : cellulose
ratio occuﬁgd within first few hours this method had to te
modified inorder to be atle to determine iniﬁial suifur:
celluiose ratio in the xanthated crumbs. Joreover, the size
of the aliquot portions ﬁsed had to be increased so as to
lead to accurate results.

: 1
(3) Determination of Xanthate sulfur uslng Sodium Zincate

This procedure was a fairly rapid volumetric determi-
hation of xanthatevsulfur in viscose. The sulfur in all
forms, wkether combined as sodium cellulose xanthafe, sodium
‘thiocarbonate.or sodium sulfide, is quantitatlively trans-

formed into zinc sulfide in the presence of sodium iincate.
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The zinc sulfide i1s then titrated iodometrically in the
presence of an excess of sulfuric acid. ¥rom thé amount
of 1odine used total sulfur is calculated.

A secondApartion of the samplc is taken and to this
is added saturated trine solution so that all the xanthate
sulfur will precipitate out. Filter and take an aliquot
portion to tfeat witn sodium(zincate. Impurity sulfur is
quantitatively transformed into zine sulfide in thé presence
of ‘sodium zincate. ‘lhe zinc sulfide is titrated as before
and theyamaunt of luwpurity sulfur calculated. The difference
between the total sulfur and the impurity sulfur gives

the xanthate sulfur.
Reactlions

Na2083+- 3 Na22n02~+ 3 320 ——> 3 ZnS + H82003 + 6 NaOH

g v B
Zns + I ——> Inl, + s

I + 2 na25203 —_—> 2 Nal +—’Na23406

CvHSquzha'F 2 N322n02+ 2 HBO —>2 ZnS +-06H503 %—Na2C05+-3 NaOH

5




EXPERIUENTAL

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

was a special high alpha=-cellulose pulp.

(b) Preparation of Soda Cellulose

555 grams of air dry pulp were cut into sheets which
were 7" by 7" in size. These pulp sheets were placed in a
glass vessel and then submerged in 18.02% caustic solution
so that they were completely covered and the time and the
temperature wvere noted. They were allowved to remain in the
solution for exactlj one hour and then were removed and allowed
to drain back for one minute. The sheets now swollen with
caustic were arranged in an even pile and pressed.

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 thevpan of
the press. Over the pile of pulp sheets was placed a heévy
iron plate and enough blocks of wood were inserted betﬁeen
this iron plate and the top of the press so as to avold
lost motion. The pressure on the sheets was raised to 2000
lbs. per square inch and maintalined there for short time.

The pressure was released and the moist sheets transferred

to the pan of a talance and weighed. The wet weight of the




pulp should be 3.33 times the weight of the dry pulp and,
if necessary, correct weight was obtained by addition of

sufficient dip liquor to the wet pulp.

Grinding of the PulpA The pressed sheets were ground in

a Terner and Pfleider grinder with a curreﬁt of water passing
through the jacket in order to maintain constant temperature.
The gﬁinding was continued for three and one-half hours

and at the end of this time the machine was stopped and a-
bulk nuﬁbef test was ruﬁ as described telow. The crumbs

were retufned to the grinder'and the grinding continued

for filfteen minutes longer and another bulk numbef test

was run. GCrinding was continued until two test agreed.

At this point the grinding was complete and the tulk number
was usually about 238.‘ The contents of the grinder were
transferred into a lar_:e tin can provided for the purpose.

Aging of the crumbs The crumbs werc then transferred

into stoppered btottle and were placed in the constant
temperature room at 15 © for a period of sixty hours. After
uthe required tests nad béen run the crumbs were ready for

xanthation at the end of this perilod.

Alkall Cellulose Tests

Pulk 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 wéight in grams of 1000 c.c.
of»loosely packed soda~-cellulose crumbs was calculated by
simple propoftions. This weicht in grams of 1000 c.c. of
loosely packed soda=-cellulose crumbs was then recorded as

the Bulk Number.



NaOd 2 Ly means of a welghing 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 standard

acid HC1l using phenolphthalein and the % NaOH calculated.

Stock % To the neutralized sample from the above test,
was added about ten ml. of glacial scetic acid and the '
resldue was filtered on a Buchnsr 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

. 105 T to constant wveli nt. The rasidue was calculated as

% Stock.

(c) Preperation of Cellulose Xanthate The crumbs, properly

acged, were then placed in a veighed mason jar which was about
* half filled so as to get satisfactory mixing. 25%_by weight
of carbon disulfide based on stock % was then added to the
jar which was stqppered tightly. The jar was next trans-
ferred to a constant temperature xanthation box at 40%

in which the contents of the jar were mechanically mixed

for a period of one and thres=-quarters hours. At |

the end of this xanthation time, the rotation was stopped

and vacuum was applied for abbut five minutes in cases

where very large excess of CS, was used. About 30 grams
y <O 2 g




of xanthated cellulose was removed at this point to determine
initial sulfuricellulose rastio in the crumbs. Rest of the
xanthated crumbs were used to maxe viscose as described
belows

(d) Ireraration of Viscose Ey means of the tests already

run the proper amount of NaOH and water recuired to give a
syrup containihg 6.5% NaOd gnd 7.0% cellulose was calculated
and placed in the reaction vessel. The Jjar and its contents
vas placed under a propellor blade driven by the large
electric motor and stirred for forty-five minutes so as

to get homogeneoﬁs solution. The jar at the end of stirring
més 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
for a study of the chemical changes taking place.

(f) Typical example showing the calculations involved in

the preparation of viscose

TWeight of the dry pulpeeecececece....545 gms.
Neight of the vwet pulpecececcesece.1815 gms. (3.33 times wt.
of dry pulp.)

- Bulk Number...... 238 ( constant after five hours of grinding)
Alkali 4
Weight of weighing bottle plus crumbs.ecesec...28.9766 gms.

Weight of weighing bottle alonee.ceececcceesse23.8 838 gms.
Weight of crumbs 8loNEeccscesccscecscccesccssss 5.4673 gms.

10.30 ml. of 0.1975 N HC1 were used to titrate above sample:

Therefore: 10.30* 0.1975 X 0.04 X 100 =

14.85% NaOH
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Stock %

Welght of filter paper plus residue.......1.3300 gms.
Je;vht of filter paper 8loNeeceseccescees0.3476 gms.
eight of the residue alonEeceeceecsceeessls 4824gms.

' Therefore: .
1.4384 x 100 -  28% Stock.
£.4578 -

Xanthation

Y“elght of the bottle plus crumbs.....ee...972.6 gms.

“'ei:_.:ht of the bottle aloneooooooo-oo000‘3-069906 fmse.

Weight of the crumbs alone........¢e.c....280.0 gus,

Amount of Carbon Disulfide used:- 257 by wt. based on Stock%
Therefore: 280 x 0.28%x 0.25 = 19.6 gms. CSy

563 :

40 gms. of xanthated cellulose used for determination of
‘initial ratio of sulfur:cellulose in crumbs.

Amount of Xanthated Cellulose.c.c.c....255 gms.
Amount of Original Cellulose ..........2560 gms.

Amount of alkali in 250 g. of crumbs..250X0.148 = 35.7 g. NaOH

Amount of cellulose in 250 g. »+250X 0.230 & 70.0 g. Cell.
70 = 1000 O gms. Total wt. of viscose to give 7%
0.07 - cellulose and 6.5% NaOH.

Amount of alkali required is 6.5%, therefore:

1000.0X 0.065 = 65. gms. NaOd required in 1000 g. of viscose
35.7gms. NaOH already present in crumbs
20 .5cms . to be added to get 6. 5% NaOH content

- 29.30 = 163 gms. of 18% NaOH to be added or

163 = 136 ml. of 18% NaOH required.
T.2°
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Final Composition of Viscose: ( 7% Cellulose & 63;5% NaOH )

255 gms. Xanthated Cellulose
163 gms. ¥aOH

582 gms. H O distilled.

2

1000 gms. Total weight of Viscose.




Procedure for Analysis

(a) Cellulose content of Viscose Into a cold 150 ml.
nearest

beaker exactly 25gms. of viscose was weighed toAcentigram.

It was then transferred to a 250 ml. volumétric flask with
cold distilled water and the volume was completed. A 20 ml.
aliquot sample of the diluted syrup was placed in a 600 ml.
beaker and tobthié‘was added glacial acetic acid in double
the quantity of the sample and the xanthate was precipitated
in shreds. The samﬁle vas then diluted with distilled water
and bolled until all the xanthate has been converted to cell-
ulose. The cellulose ﬁas then filtered in a Gooch crucible
contain-ing a mat of asbestos and washed five times with
boiling distilled-water. After drylng to constant weight

at 105 € the crucible was.placed in an oven at temperature

of 1400°F and the cellulose was ignited. From the diff-
erence between the welizht of crucible plus asbestos plus
cellulose (before-heating in an oven at 1400 F ) and the
welight of crucible plus asbestos ( after heating at 1400 °F );‘
the weight of celiulose was determined.

(b) Xanthate sulfur content.of Viscose

(1) Initial xanthate sulfur in the xanthatedkcrumbs

On comgletion of the xanthation, 30 gms. of the crumbs
were placed in a liter beaker containing 200 ml. of a solution
of 70% CHz0:d % 30% A50 . The sample was vigorously agltated

and .
with a high speed.propeller A after two minutes of agitation




~sufficlent glacial acetic acid was added to make concentration

was
of 2% R agitationApontinued for one more minute and then

the excess solution was decanted. The crumts were next
_waéhed'thrice on a suction filter with 200 ml. solution
of 857 CHzO0H plus 15% HOH plus 2% glacial acetic acld

using high speed propeller for vigorous gﬁirring. ‘Next

with
the crumbs were washed tarice .- 700 ml. of solution of

A
159 CHSOH plus 15% {OH as indicéted. "Finally the crumbs
were washed with pure cﬁson. The use of 70% CHzOH was
declided upon after finding that this concehtration permitted
sufficient swelling of the érumbs to ensure proper washing
out of impurities. The use of 385% CHzOH was decided upon
after finding that pure methyl alcohol did not give quite
as comblete removal of impﬁrities; 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 ét room temperature and

vas used immediately in the experiment.

Preparation of Xanthate Solution Six grams of purifiéd

xanthate were dissolved in 300 ml. of 12% NaOH by stirring
for about ten minutes. A 20 ml. aliquot was used to deter-
mine cellulose content as described before. Other aliquot

portions were kept for the determination of xanthate sulfur.
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- Xanthate Sulfur Defermination To a solution containing

20 ml. of N/10 iodine solution, 1CO ml. of 10% acetic acid
and 200 ml. of distilled water was added a 20ml. aliquot
portion of the prepared xanthate solution to be analyzed.

After standing for 30 minutes excess lodine was back

titrated with N/10 FapS50z and the iodine used calculated

as total sulfur.

A second aliquot portion of the sample,;as added to
20C ml. CidzOH plus cold saturated brine solution. - After
15 minutes the solution was filtered and an aliquot of the
filtrate was titrated as above with iodine. The iodine
conéumed was calculated as impurities sulfur and the

difference between total and Impurity sulfur was considered

to be xanthate sulfur.

Xanthate Sulfur in the Viscose

Into a 150 ml. beaker exactly 25 gms. of viscose was
nearest
welgned to the,centigram. 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.
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Cetermination of Xaﬁthate Sulfur using Sodium Zincate

(a) Determination of total sulfur

Reagents A sodium zincate reagent composed of 10 gms.

of C.F. zinc oxide, 100 gms. C.}. caustic soda and distilled
water to 1000 ml. ; 0.1 N Iodine ; C.1 N thiosulfate and

1 3 sulfuric acid.

Procedure Into a cold 15C ml. beaker there. vas weivhed
- nearest

25 gms. of viscose to theﬁpentigram. It was transferred

to a 25C ml. volumetric flask with cold distilled water

and the volume was completed. Into a 500 ml. Erlenmeyer
flask there was introduced in the order given, 100 ml. distilled
water, 10 ml. sodlum zincate, and 10 ml. aliquot of thé
diluted viscose; and the flask was .covered wiﬁh a 5 cms.
diameter funnel to avoid spattering. Yo immediate preci-
Pltate occurred. The mixture clouded between 65 C and 70 C
and floqulation started at 75 C ( a yellow ppt. appeared
overnlgnt Lf the solution was «ept at room temperature.)
The contents were brought to & boil ahd after SO'minutes

of gentle boiling, fhe contents of the flask were cooled

In ice and then flushed into a 800 ml. beaker containing

a cold solution of 50 ml. of M/HpSo, and 20 ml. of 0.1/N
1odihe. he mixture was lmmediately transferred bacxk 1nto
Frlenmeyer flask quantitatlvely and a minimum of 20 minutes

of contact to decompose the ZnS entirely was allowed. The



excess ilodine was titrated with 0.1 N solution of sodium

bthiosulfate 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

Reagent Saturated NaCl solution plus others already
mentioned in part (a). |
Frocedure 100 ml. of diluted viscose prepared for the
determination of the total sulfur ( 25 gms. in 25C ml. )
was pipetted into a_SOO ml. volumetric flask packed in ice
and the volume completed with an iced saturated aCl solution.
This was mixed well and allowed to stand for 15 minutes.
( in case of unripe viscose, the rate of settling of co=-
agulated xanthate was likely to be low. A centrifuge may
te advantageoﬁsly used to hurry the seéttling and speed up
analytical procedure). The sample was filtered through
a dry fiuted paper of rapid filtering characteristic and
a 50 ml. portion of the filtrate was pipetted into a 500
ml. TErlenmeyer flask and its sulfur conteht determined;
exactly as for total sulfur above.

The difference between total sulfur and impurity sulfur
gives the xanthate sulfur.

Reactions refer to page 27 .
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Ammonium Chloride Number of Viscose

Into a 125 ml. Erlenmeyer flask 2C gmé. of viscose
was weighed to the nearest centigram. To this was adaed
30 ml. of distilled water which was mixed well until complete
dilution was obtained. ’This sample was then titrated with
an aqueous ammonium chloride solution ( 10% bty weight )
adding about 1 ml. at a time until the viscosity of the
mixture btecomes fairly ﬁigh. From this point on.HH401‘
was'added a few drops at a time ﬁith vigorous shaking aftef
each addition, until the wmixture becomes so thick that 1t
will no longer flow easily on inverting the flask. This
point was taken as Lhe énd point and the number of ml.
of NH401 required was recorded as the NH4Cl number.
Considerable practice was required to obtain check'results;

Effect of Acetic Acid on cellulose content upon standing

Procedure for analysis given on pagé 34 was followed
until the samples were diluted with distilled-water and
toiled until all the xanthate has been converted to cellulose.
The beaker was then gllowed to stand for required length
of time to study the effect of acetic acid on cellulose
content, upon standing.

o4
Analytical iethod of analysis for checking conversion

factor Determination of S in N%E by (1) Gravimetric wmethod

and (2) Volumetric method ( Iodine titration method )
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(1) Sravimetric Method. Nearly 12 gms. of Nag5,9Hy0 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. HNOz which gave
rather strong oxidizing effect. The solution was kept hot
for half an hour and was parﬁly covered with watch glass.
More liquid bromine was added to keep solution slightly
yellovish; to insure complete oxidation. The solutlion was
next taken to dryness; more conc. HNOz was then added and
sample was again taken to dryness. Txcess conc.lIICl was

added and taken to dryness on a hot plate. More conc. HCl was
added and again brogght to dryness; At this point water was
added and solution was made slightly acid using 4% HC1l solu-
tion. By this treatment all the sulfide was converted to
soluble sulfate. Ten ml. of 10% BaCl2 solution was then
added slovwly and the beaker was allowed to stand 6vernight

to let crystals of EaSO4 grow. 7The following day the preci-
pitate was transferred quantitatively to a filter paper and
washed with hot ﬁater. The fllter paper'was put in a weighed
crucitle and gently heated at first; followed by 20 min. at

900 ©. Increase in welght was calculated as BaSO4.

TFactor: BasO, X 0.1373 = S gms.




(2) Volumetric ( Iodine Titration ) iethod

lagS + I, —> 2 Kal 4+ s
To a solution containing 2C ml. of N/10 iodine solution,
"1C0 ml. of 10% acetic acid and 200 ml. of distilled water
vas added 10 ml. aliquot of Nay5,9Hp0 solution. After
standing for 30 minutes excess iodine was back titrated
with ¥/10 NayS50z and the lodine used was calculated as

sulfur.

(3) Volumetric iethod In this method, 10 ml. of NapS,9Hg0

was taken in 500 ml.;erenmeyer and to this was added 20 ml.
of NagZnOp solutién-w- and 100 ml. of distilled water.

NaogS + NaQZnQQ + HOH ———> 2Zns_+ NaOH

The contents were brougat to a toil and after 30 min. of
gentle bolling, the flask was cooled. To thls sample was
added a mixture containingv20 ml. of 0.1 ¥ I, and 100 ml.

of 10% acetic acid. After 30 min. of standing excess iodine
vas back titrated with N/10 Ne, S50z and the lodine used was

calculated as sulfur.

-t refer to page 37 'reagents!'.




RESULTS _

(a) Effect of acetic acid on cellulose content of Viscose:

Time in hours. Cellulose content.
0 0.0897 gms./ 10 ml. aliquot
o 0.0707 gms./ "
2.5 0.0723 gms./ "
2.5 0.0720 cms./ "
4.5 0.0734 gms./ "

. (b) Conversion Factor:

Procedure ‘ Factor | Amount of Sulfur gms.
Gravimetric S  or 0.1373 0.01313 % 0.01306
EaSG .
0 ne ra on .0 137 I .
Sodium Zincate S:21 or 18/127 “ 0.01635 & 0.01690

Converéion factor for reaction:
2 Cell-OcszNa + 12 —>== 2 NaI +4 2 Cell-0CSo

4SS :2Io0or2S :11I or 84/127 for Iodine titration
Ce11-0c52NA + 2 NagZnO,—=2 2ZnS + Cell-OH + NagCOz+ 3 NaOH

ZnS  + Ip ———= 2nl, + 8

‘

S:21I or 18/127 for NayZn0O, method.
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o - a
/0 CS2 - 5‘7/(
Procedure for Analysis| Fac%or| Time drs,| ‘Av. Celll Av. S |S/Cell.
2 Cell-0CS,Na +Is —> .
64/127 0 0.1326 0.0376|0.283
2 NaI+ 2 Cell-0CS,.
ZnS + Io— Znlp + S. 16/127 0 # Fails completely.
--------------------------------------------------- ‘-——-------—--n
2 Cell-0CSgNa + I, —>
2 NaI+ 2 Cell-OCSg. 64/127 24 0.0650 |C.00758(0.117
ZnS + I —>ZnS, + S. 16/127 24 0.0641 0.C0700|0.109

During the analysis 1t was found that in the determination
of inltial sulfur : cellulose ratio the results obtained by the
modified Iodine titration method were quite different from those
obtalned by the Sodium Zincate method. It was also found that the -
results obtained by the Sodium Zincate method were not reproducible,
and that the range of the results obtained was quite wide. In
order to ascertain the correctness of the zravimetric factor
analysis were carried out in which sulfur content of NayS, 9Hs0
solution was determined by the modified Iodine titration method
and by the Sodium Zihcate method. From the results the correctness
of the conversion factor was established. The correct factors
for each reactions are shown above. Once the correct factor
was found, the inability of the Sodium Zincate method to give
satisfactory results was concluded to be due to the fallure of

the method.




TAELE (1)

‘"Change in Sulfur:Cellulose ratios on ripening of viscose."

Xanthation:

' Rigening:

Time in hours

o)

26

30

50
54
71
72
74

93
g4

116
140
165
195

CcsS
Timg
Temp.

56 # B

40 T.
Temp.: 15 C.
S:C0ell., ratios

356, .364, .370

.175, .184
.1385,.190

.163,.175
.161,.174

.153,.166
.155, .157
.156

.142, .147
.139,.139, .146

.130,.132, .135, .139
.117, .118, .120, .128
.105, .120
.097,.098

Av. Time

0

28

52

72

93.6
116
140
165
195

37% by wt. based on alpha cell. content.
one and three-quarter hours.

Av. S:Cell.

0.3630
0.1835

0.1695

0.1594

0.1426
0.1340
0.1210
0.1125 N
0.0975
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TABLE (2)

Xanthation:

Ripening:

Time in hours

0

22
23

54
55

78
79

102
103

- 150
1¢8

Xanthation: 082
Time
Temp.

Ripening : Temp.

Time in hoﬁrs

Tim8
Temp.

Temp.

2% *8 &

s *» .b

40 T
15 ¢

S:Cell. ratios

.254, .253, .261

0124 ’ 0150
.120,.125

.1C¢, .116
.111

.111,.0994
.102, .1180

.0700, .0S34
1050

. 0802, .0803
. 0683, .0626

TABLE (3)

0

22.5

54.4

78.5

102.4
150
198

25% by wt. based on alpha cell. content.
one and three-quarter hours.

Av. S:Cell.

C.2580
0.1247
0.1120
0.1040

0.0953
0.08025
0.06890

% by wt. based on alpha cell. content.
one and three-quarter hours.

40 c.
15 T.
S:Cell. ratios

0

24
26

72
75

148

1956 -

.140,.161, .169

. 0650
.0650, .05¢83

.0484
. 0436

.0360, .0368

.0300, .0340

Av. Time Av. S:Cell.
0 C.1570
25 0.0666
73 0.0460
148 0.0364
195 0.0320
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TABLE (4)

"Change in Ammonium Chloride Number on ripening of Viscose"

37% by wt. based on alpha cell. content.

Xanthation: 082 :
, Timeé : one and three-quarter hours.
Temp. ¢ 40T ,
Ripening: Temp. : 15 C
Time in hours NH,Cl # Av. Time Av. NH4Cl #
o infinity o infinity
26 23.6,25.6
34 25 .5
45 21.3,22.4 35.2 23.68
54 . 13.6,16.8 ,
55 17.0,20.4 - 54.5 16.95
74 13.0,13.0 ‘
76 , 12.6,12.8 ,
78 12.4,12.6 76 12.73
102 11.8,12.05 '
104 11.2,11.5 103 11.64
114 11.2,11.2 114 ‘ 11.20
124 10.8,10.9
130 10.5,10.685 127 » 10.71
165 9.7,9.7,9.8,9.7 165 9.73

195 8.9,8.9 195 ' 8,90



"Changes in Ammonium

Chloride Number on ripening of Viscose "

Xanthation: CSy
Time
Temp.

~ Ripening: Temp.

. Time in Qours

o

25
28

56
59

80
83

104
107

150
198

Xanthation: CSg
Time
Temp.

Ripening: Temp.

Time in hours
0

24
26

75
77

148
195

TABRLE

(5)

40%C
: 15 °C
Nd,C1 #
infinity

11.80,12.00
11.70,12.C0

©10.85,11.10

1¢.35,10.90

9.90,10.30
10.10,10.15

9.70,9.70

9.00,5.55
8.45,8.50
7.30,7.10

TAELE

(6)

20 08 e

40
: 15 C
NH,C1 #

“iInfinity

10.0,10.4
10.2

8.0, 3.2
8.2

6.0,6.0
4.8,4.8

Av. Time
C

26.5
57.5
8l.5

105.5
150
198

25% by wt, based on alpha cell. content
one and three=~-quarter hours

infinity

11.87
10.92
10.11

9.49
8.47
7.20

9% by wt, based on alpha cell. conient
one, and three-quarter hours

" Av, Time Av. NH,CL #
0 infinity
25 . 10.20
76 8.10
148 6.00
195 4.8
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TAELE (7)

" Sulfur : Cellulose Ratio vs. Ammonium Chloride Number "

From Graphs:~ Figure (1) and Figure (2)

Time hours S:Cellulose Nid4Cl # % CSo
200 ' 0.096 8.8 37
160 - 0.114 3.8 37
- 140 0.123 10.4 37
12C 0.132 11.0 37
100 0.140 11.8 - 37
80 0.151 12.6 37
60 0.183 14.8 37
50 C.163 23.0 37
45 0.172 33.0 37
200 C.083 7.2 25
16C 0.079 3.2 25
140 C.C84 3.6 25
120 0.0%0 2.1 25
100 0.096 2.6 25
80 C.102 10.1 25
60 C.1C9 10.7 25
40 0.117 11.4 25
. 20 0.127 12.3 25
10 C.142 13.9 25
7 0.160 20.0 25
200 0.031 4,7 9
160 0.034 5.7 9
140 C.036 6.3 9
120 C.038 6.8 9
.100 0.041 7.4 9
" 80  0.045 3.0 9
50 0.050 8.7 9
40 0.059 3.6 9
20 0.072 10.86 9
10 0.092 11.6 9
S 0.116 13.0 9
2 0.140 22.0 9

Cellulose ratio.... initial
Cellulose ratio.... maturity

tn
6]
=i
-
.—t
o]
=

R r % CSo_
0)157 0.064 9
0.253 0.100 25
0.363 ' 0.118 _ 37
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Figure 4,
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DISCTUESION OF PECULIS

“aen different viscoses were analyzed during thelir
ripening at 15%., fairly concordant results were obtained
with viscoses made under practically the same conditions.

( Tables 1, 2, & 3 ) The three curves in firure 1, repre-

sents tne averages of three to five different viscoses,

showing dJecided decrease in the ratio sulfur:cellulose.
Curve 1 represents viscose made with 37 ﬁcsevin order to
approach a ratio equal to 2:1. Curvéis represzents viscose
made wvith 9%082 in »>rder to approach the soluble xanthate
ratio of sulfur:cellulose 0.16 as found from the ﬁork of
Scherer and Miller.37 However samples of viscoses made
with 9% £o contained & large portion of undissolved
celiuloée fivers. Curve 2 represents viscose made with
25 % 082 in order to get a ratio in between the first two, -
thus covering the range of sulfur:cellulose rétio satis-
factorily. Cﬁrves 2 % 3 were therefore obtained with less
than theoretical amount of CSg. All the three curves show
that more than 507 of the total decrease occurs within the
first twenty four hours of the time of observation. It
is apparent, then, that the initial rate of decomposition
is faster, probably‘involving the change of the Cg stage
to the Cy5 stage. |

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

represent change in ammonium chloride number with time




of ripening. The state of ripening was determined by
the c.c. of 104 NH401 solution necessary to stapt co-
azulation of a viscose solution. Curve 4, 5, %* 6 repre-

sent viscoses made with 370 CS,, 257 CSy5, 9% CSp. All

2
" the three curves in figure 2 show a decided decrease in
the ammonium chloride number. All the three curves also
show that ammonium chloride number apprﬁ%hes Iinfinity at
zero hour ripening. At the end.of 24 ours it‘is noticed
from the curves that ripening nas proceeded to a much

or

creater extent with 97. CS_, than 25% CSgp than 37% CSg.

2

In accordance with the general acceptance of industry
viscose is saild to bte mature when ammonium chloride number
of ten is attained.

The determlnation of‘ammonium chloride number methéd
1s quite complex and considerable practice is required
to get check results. This is especially true of the
measurement of ammonium chloride nuuber before 48 hours
of ripening so that these are,ohly a rough approach to
to exactness. '

The general nature of curves in ficure 1 % 2 are
similar. 7The samples of viscoses were xept at temperature
14°% - 15 C.

(Tables 7) ~ ' The three curves in figure 3

represent sulfuricellulose ratios corresponding to

gmmonium chloride number. These curves were deduced from




‘the results of figure 1 and 2 so as to study the sulfur :

cellulose ratios of viscoses at maturity. Curves 7, 8, &
9 showkdifferent sulfur:cellulose ratios at matﬁrity,
when ammonium chloride number is fén. The sulfur:cellulose
ratibs at maturity however decrease with decrease in the
amount of CSo used;'malntaining other conditions constant.
The curves 7 % B are quite smooth and.unlform because the .
* samples of viscoses were completely éolutle. The curve 9
is non-uniform possitly tecause of the incompletelj'soluble
xanthate. The curves also show that after:pertain rapid
increase in sulfur:cellulose ratios with ammonium chloride
r numter, there 1s very slow increase in the sulfur:cellulose
ratios with amnonium chloride number. Thus the ratio
apprﬁbhes a limit beyond which it does not show noticeable
- change. |

~ (Table 7 ) Tae curve in figure 4 representg sulfurs:
cellulose ratio in the crumbé correspbnding.to sulfur:
cellulose'ratio at maturity. The curve shows decided
-decrease In the waturlty ratis with'decrease in the initial
ratio. Thus starting with different initial ratios gives
different maturity ratio. The higher the inlitial ratio,
“higher will be the maiurity ratio. It should hovever be
noticed that the maturity ratio for the solutle xanthate

are quite close topgether compared with vide difference in




the initial ratios.

( Table 7 ) The curve in figure 5A represents
sulfur:cellulose ratio in the crumb corresponding to
% CSo by weight. The curve 11 shows the initial sulfur :
cellulose ratlo approach 2;1 ( theofetical maximum )
with 375 CSo. Initial ratio in the crumts decreases with
decrease in the amount of CSg used; other conditions
being xept constaﬁtQ |

( Table 7 ) The curve in figure 5E represenfs
sulfur:cellulose ratio at maturity c§rresponding to % CS2
by weight. The curve 12 shows that the maturlty ratios
are‘different depending upon amount of carion disulflde
‘used. The higher the amount of CSp, the higher is the
maturity ratio. There 1s almost a 11neaf relationship

between amount of CSo and maturity ratlio.



CONCLUS ION

(1)The effect of acetic acid on the cellulose content
of viscose is hegligible upon standing.

(2) The sodium zincate method falls to give satisfactory
results in the determination of initial sulfur:cellulose
ratlo in the crumbs. This may be due to two reasons.

Either thé amount of sulfur in the iﬁitial determination

of sulfur content is so algh that the procedure of analysis

is not suibagle or postibly, the coaguléted xanthate
produced bty the zinc sulfide i1tself acts as a protective
colloid and prevents complete precipitation of all sulfur
present as zinc sulfide. In consequence of the wide
variations in results okbtained the method is not applica-
ble to the determinétion of the initial ratio.

(3) The sodium zincate method is quite satisfactory
for the determinatiosn of sulfur.content In the viscosec.’
Thig ﬁay te due to thc lower sulfur content ( as already
shown that m§fe than 50% of decrease in sulfur content
of viscose takesplace within first 24 hours ); or it may
te that the protective collold effécts are ovefcome and
that all the sulfur is ;ravimetrically converted to ZnS;
giviﬁg check results. 9The results obtained for viscose
Ly the sodium zincate method and the modified iodine tit-

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

determination of sulfur content in viscose syrup after

twenty four hours ripeniﬂg.
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(4) Thefe is a decided decrease in the éulrur:cellulose
ratio and the amﬁonium chloride number with the time of
rlpeniné. -The majqr portion of the decrease teing within
first 24 hours. The time required té attain maturity
depends upon amount of 052 used during xanthation.

(5) The sulfur:cellulose ratio at maturity depends
uﬁon the'initial sulfur:cellulose ratio. The higher
the inltial sulfur:ccllulose ratio, the nigher will be
the maturity ratio.v |

A (6) For wide differences in initial sulfur:cellulose
ratlo there is relatively little difference in.the
maturity sulfuricellulose ratlo.’

(7) The inipial sulfur:cellulose ratio depends upon
‘the amount of CSéused; other conditiosns bveing kept constant.
The nigher the amount of CS,, the higher will be the
initiel sulfuricellulose ratio.

(8) The sulfur:cellulose ratio at maturity depends
‘upon the amount of CS2used. The higher the amount of
CSp used the higher will te the sulfur:cellulose ratio
at maturity.

(9) It may te concluded then that the "maturity ratib"
may bte varlied at wlll within a reasonatble range Ly

controlling the "initial ratio" of the xanthate.



Sungzestions for furthur work

(1) A rore satisfactory method for determining

"maturity" should be developed.

(2) If possible, a wide range of "maturity ratio" should

te prepared.

(3) The effect of different "maturity ratio" on the

properties of rayons spun from them should be studied.
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