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Abstract 

A number of viscose solutions from pine, spruce, and 

cotton pulps were made of various compositions and their vis

cosities and maturities compared during the ripening period. 

It was observed that for solutions of the same composition 

pine pulp gave a higher viscosity and lower maturity, and was 

less stable* Changes in composition had a greater effect on 

the pine viseose solutions, although the general effect was 

the same for all* For a 7$ cellulose viscose from pine, the 

minimum viscosity was obtained at 8.5$ alkali and a change 

from 6 to 7$ alkali caused & decrease of 10j8« Within the com

position range "used for rayon manufacture, the cellulose con-̂  

tent had a greater effeet on the viscosity, a change from 6 

to 7$ causing an increase of 1Q0$* 
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Introduction 

Viscose is an aqueous alkaline solution of sodium cellu

lose xanthate. The solution has a dark redish brown, color, 

a viscosity comparable to that of castor oil, a specific 

gravity greater than one, an odor of hydrogen sulfide, and 

properties of an hydrophilic colloid. 

The general method of preparation is to soak the sheets 

of cotton and, or wood pulp in a sodium hydroxide solution J: 

press to remove excess alkali, grind into crumbs, age for 

two to three days, treat with carbon disulfide to form the 

xanthate, and dissolve in a solution of sodium hydroxide• 

The largest use of viscose is made in the rayon indus

try, where a uniform product is demanded. This uniformity 

can be obtained only by using solutions of the same viscos

ity. The tenacity and elasticity of rayon decrease when the 

viscose viscosity is lowered. The more viscous solutions 

can not be filtered or spun. An optimum viscosity is select

ed and adhered to. In making viscose rayon from Georgia 

pine pulp, difficulty was met with in controlling the vis

cosity of the solutions. Therefore, it was desirable to 

determine the exact effect of changes in the variables (con

centration, time and temperature} upon the viscosity. The 

work of this thesis is to determine the variations in vis

cosity with changes in the cellulose and alkali contents of 

the viscose, and with the age of the solution and to compare 

these for pine, spruce, and cotton pulps. 

The behavior of viscose solutions is given below, with the 
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factors Influencing, the viscosity. 

The viscosity of a viscose solution depends on the 

source of the cellulose (1). Commercial wood pulps for the 

manufacture of rayon usually give viscose solutions of a low

er viseosity than cotton (£)• This is probably due to the 

more strenuous treatment given the cellulose in preparing the 

wood pulp which is indicated by the high copper number of the 

pulp. If the bleaching--and beating of the pulp are prolonged, 

the viseosity of the viscose^solution decreases (3)« Adverse 

cooking conditions give a fine micellar structure, which makes 

the viseosity low (4)# Dry beating depresses the viseosity (5)» 

But after the pulp has been prepared these factors seem to have 

less influence. According to Rassow et al, bleaching with 2 

to 4$ CI equivalent has no effect and fine desintegration of 

the dry pulp has no effeet on the viscosity of the solution (6)« 

(1) E. Berl and A. Lange, Celluloseehemie, 7, 146 (1925); 
&*>Hess, RChemie der Cellulose11, p. 336. 
H. Lotze, Xunsteeide, 15, 378-83 (1933) 

(2) B# Rassow, Th. Voerster & 1* Wolf, Papier-Fabr. 28, 
Fest-u* Auslandsheft 77-80 (1930) 
Charles Doree, nThe Methods of Cellulose Chemistry" 
p. 245. 

(3) A. Iiottermose and H. Radestook, 2,. angew* Chenu42, 
1151-2 (1929) 

(4) Anon, Russa 5, 393-405 (1930) Papier 33, 273-87 (1930) 

(5) P. Woentig, Textilforsch,*3, 154 (1921) 
Kolloid - &. 41, 156 (1927) 

(6) Ibid, 82-83 (1930) 
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Overheating the cellulose in cooking or drying causes a de

crease in viscosity (7)• 

The purity of the pulp is also of importance• Presence 

of small amounts of impurities cause a change in the vis

cosity, The viscosity of viscose is decreased by small ad

ditions of glucose, biosan, and KHSO3 to the original cel

lulose, but the viscosity increases with larger additions un~ 

til finally the xanthatlon and solution become incomplete* 

With increasing additions of hydro cellulose or KgSQg the vis** 

cosity decreases (8). It is seen that the quality of the 

pulp should be as constant as possible in order to insure sol

utions of the same viscosity, when prepared under constant con

ditions. 

Changes in the concentration of the soaking caustic used 

in the mereeri2ation cause Variations in the viscosity of the 

solution. A caustic solution of 17 to 18$ gives the highest 

viscosity. ;."E[se of a weaker or of a stronger solution causes a 

decrease in the viseose viscosity. Iiottermoser and ladestoek 

(9) show that the viscosity of viscose solutions decreases as 

(7) H. de Ghardonnet, German Pat. 64,031; 
1. Bere, German Pat. 199,885;r 

B. Eassow and E. Wadewitz*, J. Prakt. 
Ghem., 106, 299 (1923) 

(8) S. Iwasaki and Biji Sugino, J. Soc. 
Ghem. Ind. Japan 35, Suppl- binding 244-7 (1932) 

(9) Ibid: 1153-4 (1929) 
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ihQ steeping period with UaOH increases up to 24 hours, after 

whieh it increases &g&in until after 90 hours the viscosity 

is the same as after 2 hours. Rassow, Yoerster, and Wolf (10) 

in their work on five commercial wood pulps found that mercer

izing time up to 100 hours had no effect on the viscosity, also 

that changes in temperature of soaking up to 50 degrees C« and 

variations in pressing cause no change* In commercial practice 

however, a temperature o£ 18 to 20 degrees C. and a press ratio 

of 3 to 3*2 times the dry weight of pulp are used. 

Just as heating the original cellulose causes a lowering 

of the viscosity, so high temperature in grinding causes a de

creased viscosity (11)• The temperature and time of aging the 

alkali cellulose have effects on the viscosity (12)• Long ag

ing periods cause the solutions to have low viscosities. The 

highest viscosity is obtained from freshly made alkali cellu-

lose. A rise in the aging temperature accelerates the decrease 
+ 

in viscosity* 
> 

(10) Ibid: 84-87 (1930) 

(11) Anon, Russa 5, 393-405 (1930) 

(12) Y. Kami, K. Kitaaowa and T. Yamashita 
Cellulose Ind. (Tokyo) 6, 55-66 
B. Rassow et al. Ibid. -85-100 (1930) 
Anon, Papier 33, 273-87 (1930) 
A. Lottermoser and H. Radestoek 
Ibid: (1929) 
C.F. Cross and E.J, Bevan, H. Ost, 
P. Westhoff and L. Gessner, Ann. 382, 352 (1911) 
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Boree (13) shows that during xanthation an increase in 

temperature or ik-time causes a decrease in the viscosity of 

the solution. The change is rapid during the first three 

hours after which increase in time causes only a slight de« 

crease in viscosity. According to Rassow et al. (14), in

crease in the CSg concentration causes an increase in the vis

cosity. 

The composition „pf the viscose solution itself is, as 

would be expected, an important factor in the viscosity of the 

solution. The viscosity increases with increasing amounts of 

cellulose and has its minimum viscosity at about 9$ total al

kali (15). The clearness of the liquid increases with alkali 

content, while its color changes from dark to reddish brown 

(16). Nakashima (17) has derived an equation for determining 

the viscosity of a solution based on the cellulose content and 

the age of the viscose. This equation is for the relative vis

cosities of viscose measured by a falling sphere which may be 

(13) Ibid: P. 256 

(14) Ibid: 88-90 (1930) 

(15) H. Oat, F. Westhoff and L. Gessner, 
Ann., 382, 349 (1911) 
E. Heuser and M. Schuster, Cellulosechemie, 
7, 25 (1926) 
J. d'Ans and A. Jager, Zunstseide, 8, 43 (1926) 
T. Mukoyama, Kolloid - 2., 42, 351 (1927) 

(16) T. Kami, K. Kitaaowa and T. Yamashita 
Cellulose Ind. (Tokyo) 6, 55-66 

(17) Tadashi lakashima, J. Soc. Chem. Ind., 
Japan 35, Suppl. Binding 355-8 (1932) 
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expressed fey; 

In t0 - In tf-*^ + C 

Where: t s falling time in seconds. 
G s gms* of cellulose per 100 ml, of solution* 
to * relative viscosity of the solvent* 
KQ - viscosity concentration constant. 

Buring ripening the value of Kc decreases to a minimum, fol

lowed by a steady increase* This is expressed by; 

Ke * a • b(3> - d) 

Where: a = Ke at minimum viscosity* 
b = 0*00187 
D = ripening period in days* 
d » ripening period to minimum viscosity. 

During the ripening of the viscose solution itself, the 

viscosity drops to a minimum after about two days then rises 

slowly until it finally sets into a gel (18)* This was shown 

by the changes in the viscosity concentration constant of the 

above equation. According to Waentig (19), the primary decrease 

in viscosity+is caused by the cellulose-xanthate gradually go

ing into solution* Mukoyama (20) contends that the increase 

in viscosity is caused by the cleavage of the xanthate groups 

whereby the cellulose is regenerated and because of its insol

ubility, it coagulates and finally solidifies to a gelatinous 

mass* 

(18) B* Heuser et al., Ibid: (1926) 
T* Mukoyama, Ibid: (1927) 
H* Ost et al., Ibid: 352 (1911) 
B* Perl and A. Lange, Cellulosechemie, 7, 146 (1926) 

(19) Ibid: (1927) 

(20) Ibid: (1927) 
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Doree (£1) explains the physico-chemical changes taking 

place in viscose solutions, and the anomalous mass reactions ob

served, with the aid of the mi cellar concept of cellulose* ,r2?he 

viscosity of the newly formed viscose is very high* This is prob* 

ably due to the fact that much of the water is present as envel

ope-water of the internal disperse phase, and less of it in the 

external aqueous disperse medium* If sodium hydroxide is added 

to the viscose, by raising the osmotic pressure of the external 

phase it attracts water from the envelope of the disperse phase 

into the external phase, thus reducing the viscosity* During 

the ripening period the sodium cellulose xanthate gradually de

composes and its envelope-water passes into the external phase: 

the viscosity falls and becomes low enough for spinning* The re-* 

generated cellulose* and any alkali cellulose not at first xan

thate d, remain emulsified in the presence of the undecomposed 

xanthate, which acts as a protective colloid* After a certain 

time the amount of xanthate present becomes insufficient to af

ford protection and the cellulose begins to coagulate *,f 

T* Hakashima and S. Saotome (22) explain the increase in 

viscosity to the formation of HagCS^ and Ha2C03 during ripening, 

since the degree of hydration of the (CSg) or (CGg) ion absorbed 

by the colloidal particles is greater than that of the (OH) ion* 

(21) Ibid: p* 237 

(2B) T. Kakashima and S* Saotome; J. Soe* Chem Ind. 
Japan 35, Suppl. binding 453-5 (1932) 
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Lotze (23) concludes from M s work that although vis

cose has a number of -characteristic colloidal properties, it 

does not follow the fundamental laws governing the viscosity 

of the hydrophilie colloids* 

(£3) Ibid: (1933) 

• « * 
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Procedure of Work 

Tii© properties of viscose solutions are affected by a 

number of variables* To study tJie effect of one variable the 

others must be fixed* With this fact in mind, a study of the 

variations in viscosity and rate of maturing caused by changes 

in the alkali and cellulose contents of viscose solutions from 

pine, spruce, and cotton pulps was made* 

In order to assure constant values of all other variables 

which might effect the viscose, large batches of sodium cell

ulose xanthate were made and these divided into ten or eleven 

parts for dissolving into solutions of different concentrations* 

Conditions for the batches of different pulps were kept as near 

the same as possible* Even with the utmost care, some discrep

ancies oecured from one batch to the next and the effect pt these 

ehanges must be considered and allowed for. 

The process of making the sodium cellulose xanthate was the 

same as that employed in a rayon manufacturing plant* The de

tails of each operation are given below* 

A weighed amount of pulp of known moisture content was soak

ed in an IQfo sodium hydroxide solution at 20 degrees C* for one 

hour* The temperature was kept constant by circulating cool 

water through a eooling jacket* 

The caustic solution was drained off and the pulp was pres

sed to a predetermined weight* A ratio of pressed weight to bone 

dry pulp weight of about 3 was used for the pine and spruce and 
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of about 3.3 for the cotton. A higher ratio for the cotton 

was necessary because' of its higher alpha-cellulose content* 

Pressing required a maximum time of 30 minutes* 

The pressed pulp was put in the grinder and shredded for 

one hour. The temperature during grinding was allowed to rise, 

but was kept as close to 25 degrees C. as possible by circul

ating cool water through the jackets. 

The alkali cellulose" from the grinder was packed in air

tight cans. A volume of approximately 3 ml. per gm. was used. 

The cans were stored in a constant temperature bath at £5 de

grees C. for about 3 days. The aging time includes the time 

for pressing, grinding, and packing and was 71 hours. 

The aged alkali,- cellulose was treated with carbon disul-

phide in the xanthating drum. The amount of carbon disulphide 

used was IE.5% of the weight,of the alkali cellulose, i.e. 1 ml. 

of CSg per 10 gms. of crumbs. This gives a ratio of CS£ to 

cellulose of .1 to £.4, or a molecular ratio of 1 to 1.13. The 

carbon disulphide was added in two portions one half at the 

start and one half after one hour. The total time for xan-

thation was three hours and the temperature was kept close to 

£5 degrees C. by cooling water in the jacket. 

The sodium cellulose xanthate was weighed out into pre

determined portions and a calculated amount of sodium hydrox

ide solution added to each portion. 'These mixtures were agi

tated with glass "Tn shaped stirrers at 300 r.p.m. for £ hours 

at room temperature, £0 to £5 degrees C. During this operation, 
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the xanthate dissolved and the solutions went through a def

inite range of eolo-i* changes. 

The viscose solutions were stored at a constant temper

ature of 20 degrees C , and the viscosity and maturity of each 

were determined at regular intervals until the solutions Jel

led. 

The first viscose solutions were made up of concentrations 

within the limits of solutions used in rayon manufacture. These 

were viscoses of six and seven per cent cellulose and five and 

one-half to seven and one-half per cent total alkali. The same 

procedure was followed using pine, spruce, and cotton pulps. 

Results from these first solutions showed that a larger • 

range of compositions would be required in order to determine 

the general effects of the components upon the properties of 

the solutions. Viscoses with seven per cent cellulose and three 

to ten or twelve per cent alkali, and with sis: and one-half per 

cent alkali, and from three to nine per cent cellulose were 

made. These were also made from pine, cotton, and spruce pulps. 

A third set of viscoses was made from pine pulp. These 

contained six per cent cellulose and from three to twelve per 

cent alkali and from five and one-half to seven and one-half 

per cent cellulose. 

A total of seventy-two solutions were made and studied 

during the ripening until they set into gels. 

From the data accumulated, numerous curves might be plot-
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ted» As the time-viseosity as well as the time-maturity curves 

for all solutions were similar, only typical examples of these 

were plotted* Other curves drawn include alkali-viseosity, cel

lulose- viscosityf and alkali-maturity curves« 
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Results 

Upon examination of the data and curves, one first notiees 

tJaat the viscosity of the solutions from pine pulp is higher 

than of those from spruce or cotton; e. g. a pine viscose of 

7$ cellulose and 7$ alkali has a viscosity of 27 sec* after 48 

hrs. ripening, vihile a comparable cotton viscose has a viscos

ity of 10 sec. and spruce one of 9 sec* 

One observes from curves 1 through 6 that during the first 

48 hours of ripening the viscosity drops 15 to 25% and reaches 

a minimum. Then it increases gradually until the solution sets 

into a homogeneous gel* 

With increasing amounts of alkali the viscosity of the sol

utions decreases to a minimum and then increases (curves 7, 8. 9, 

and 10). For 7$ cellulose solutions, the cotton viscose ha£ a 

minimum viscosity at 9.5$ alkali, spruce at 9$, and pine at 8.5$* 

A solution of 5*.8$ cellulose from pine has a minimum viscosity 

with 8$ alkali* This minimum viscosity for a pine solution 

(6*95$ cellulose) is 16*8 sec* (curve 7) and that for a cotton 

solution (6*90$ cellulose) is 11 see* 

Increasing amounts of cellulose cause the viscosity of the 

solutions to increase rapidly (curves 11, 12, and 13). The 

general shape of the curve is the same for all pulps* However, 

the curve for pine rises more rapidly than the others and the 

one for spruce rises slowest* These curves (11, 12, and 13) 

are plotted for the viscosities after 46 hrs. ripening, or at 

the minimum viscosities. The general shape is the same at any 
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time during ripening, as may be seen from the data* 

For a eloser-study of the viscosity changes with cel

lulose content variations, curves 14, 15, and 16 may "be ex

amined* These curves are for solutions from pine pulp con

taining 6*67$ alkali and from 5 to 8$ cellulose* They are for 

the same solutions plotted after different ripening periods; 

i* e* soon after dissolving, at the minimum point, and when 

ripe enough to spin* .,,, 

The ammonium chloride maturity is infinite until after 
• * 

the minimum viscosity with aging has been reached, i* e. about 

48 hrs. Then the maturity decreases as the solutions age 

(curves 17 through 22) and approaches zero when the solutions 

gels* The lowest maturity recorded in the data is 3*2 ml* 

The maturities of solutions from pine run lower than those 

from cotton or spruce, i* e* it takes less ammonium chloride 

to salt out the xanthate* The ripening is faster and the sol-

utions are JLess stable for pine viscoses* This is not only 

shown by the lower maturity and higher viscosity, but viscoses 

from pine set into a gel in a much shorter time than is re

quired for other solutions* A solution from pine, 6*75$> al

kali and 6.13$> cellulose, set in 258 hrs*; one from spruce, 

6*78$ alkali and 5.72$ cellulose, set in 427 hrs.; and one 

from cotton, 6*79$ alkali and 6*44$ cellulose, set in 332 hrs* 

It is seen from curves 23, 24, and 25 that a change from 

6 to 7$ alkali cause a 30^ increase in the maturity* The stab-
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ility is also increased by additions of alkali as is shown by 

the time for gelation of solutions; e,» g. 

$> Cell* $ Alkali fime to gel 
6.22 6.26 210 hrs. 
6.17 6.99 258 hrs. 
7.IE 6.66 210 hre. 
7.20 7.17 258 hrs. 

Solutions with only 3.5$ alkali gelled in less than 100 hrs. 

In dissolving solutions it was observed that the color 

change was more rapid tor solutions with a high ratio of cel

lulose to alkali, e. g. tf> cellulose a.nd 4$ alkali and 9% 

cellulose and 6$ alkali. 5his eolor change was from a light 

orange to a dark brown. 
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Conclusions 

Yiseose solutions made from pine pulps (sulfite pulp 

processed at the Georgia Pulp and Paper Laboratory, of Sav

annah) have a higher viscosity than other viscoses. This is 

contrary to the general behavior of wood pulps (page 2), and 

might be explained by a minimum of strenuous treatment in pre

paring the pine pulp, but analyses show the copper number to 

be as high for the pine as for the spruce and much higher than 

for cotton (data sheet Ho» ! ) • The copper number is general

ly considered a criterian of the degree of degradation of the 

cellulose into reducing substances (24)• Pulps that have 

been vigorously treated have high copper numbers and give sol

utions of low viscosity (page 2). Another explanation might 

be the presence of bi-sulfite salts which were not thoroughly 

washed out (page 3), however the ash content of the pine pulp 

is not excessive* 

The minimum, points of the alkali-viscosity curves ind

icate that there is an optimum ratio of alkali to cellulose 

for minimum viscosity. This can probably be explained by the 

eolloidial adsorption of the ions* This ratio remains the 

same during the ripening period. 'For pine viscose a change 

from 6 to 1$ alkali causes a decrease in viscosity of 8 to 

10$; and from 7 to 8$ a drop of 3 to 4$. 

(24) Doree, Ibid: 31-41, 154 
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The pine viscoses are affected more by changes in cel

lulose content than the other viscoses* This would be ex-

pected from the observed higher viscosities of pine viscose 

solutions mentioned above. This difference might be explain

ed by differences in the hydration of the micells or the size 

of them* The cellulose-viscosity curves are in the shape one 

would expect from Hakashima's equation, In t - In t0 * Ke 4 G 

(page 6)» In this case Kc and t0 are constants, therefore: 

In t - C 4 constant, This is the equation for curve Ho. llf 

where the combined constant equals 3*5* For pine pulp in

creasing the cellulose content of the viscose solution from 

6 to 7$ causes an increase of 100$ in the viscosity. 

Pine viscose solutions are not as stable as those from 

cotton or spruce* They set into a gel in a shorter time* If 

the final gelation is due to formation of regenerated cellu

lose, as stated by Mukoyama (page 6), this difference in the 

stability., as well as the viscosity, could be explained by 

a larger ratio of cellulose to combined sulfur in the pine 

solutions* It would be interesting to conduct experiments 

for determining this fact* Also uncombined sulfur would 

form (CSg) ions and increase the viscosity according to the 

hydration theory of Hakashima and Saotome (page 7)* 

The alkali content of commercial viseoses, i* e* those 

used for rayon manufacture, has less effeet on the viscosity 

than the cellulose, but it has a greater effect on the mat

urity and stability* 
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lata Sheet Ho, 1 

In this data sheet and those following the hatch num

bers designate the kind of pulp as follows; E~6-l, E-6-2, 

and 1-6-3 are sulfite pine pulp received from the Georgia 

Pulp and Paper Laboratory, of Savannah; S-3-3 and S-3-4 are 

sulfite spruce pulp received from Tubiise Chatillion in Rome, 

Georgia; C-3-3 and C-3-4 are cotton linters received from 

3?ubiae Chatillion in Rome, Georgia* 

Pulp* Analyses 

Batch Number 

Moisture 
Units 

i 
£-6 

5.50 

S-3 

5*75 

C-3 

5.El 

Alpha Cell* $ 89.95 90.50 98*55 

Beta Cell* % 
5.57 6.30 1.24 

Gama Cell* $ 5.13 2.25 0.23 

Ash $ 0.15 0.07 0.12 

Resin . % 0.80 0.09 

Cu* Ho* '* * 1.18 1.10 0.11 

Bote: All percentages are given on an oven dry weight of 
pulp. 



Bateii # E-6-1 
Units 

Soaking Lye 

3&QH $> 18*05 

HagCOg $ 0*39 

Alkali Cellulose 

BaQH JS 13.88 

BfegCOg JK 1.55 

G e l l . % SO*45 

Data Sheet Bo* 2 

General Analyses 

E-6-2 S-6~3 S~3-3 

18 .13 19.36 18 .14 

0 .43 0.60 0 .43 

-13.48 14.50 14 .74 

2 . 2 $ 1.84 1.17 

30 .51 29.38 30.44 

S-3-4 C-3-3 C-3-4 

18 .13 18.20 17 .83 

0 .43 0.48 0 .43 

13 .61 14.96 14*26 

2 .14 1.21 1.71 

31.70 30.40 30.12 
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Data Sheet No. 3 

Operation 

Batch lumber S-6-1 1-6-2 E-6-3 S-3-3 S-3-4 C-3-3 G-3-4 
traits 

Mercerizing 

Pulp Wts* gms* 440 440 440 440 440 400 400 

Time hrs* 1 1 1 1 1 1 1 

Temp* °C 20 20 20 20 20 20 20 

Press Wt* gms* 1260 1260 1260 1260 1260 1260 1260 

Shredding • * 

Time hrs* 1 1 1 1 1 1 1 

Final Temp* GC 23 22 25 24* 25 25 25 

Aging 

Time* hrs* 71 71 71 71 71 71 71 

AY* Temp oc 25 25 25 25 25 25 25 

Zanthating v 
,. 

Weight * gms 1091 1100 1007 1160 1194 1174 1160 

Time " * hrs* 3 3 3 3 3 3 3 

CS3** ml* 110 110 100 116 120 116 116 

Final Temp* °G ZZ 26 24 24 25 26 23 

dissolving 

Time hrs* 2 2 ,* 2 2 2 2 2 

Av. temp* °C 23 25 22 21 20 22* 22 

Ripening :, 

Temp, ©C 20 20 20 20 20 20 20 

* Aging time includes pressing and grinding time* 

** One half of CSgadded at start and rest after one hour, ex
cept batch 1-6-3 in which second half was added after an hour 
and twenty minutes* 
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Data Sheet lo. 4* 

Dissolving Data and Tiscose Analyses 

Diss olving; Viscose 

Solution gms of ml of $ HaOH % Total % 
Ho. crumbs Lye in Lye Alkali Cellulose 

E-6-1 6-A 90 300 4.18 6.26 6.22 
ii 6-B 90 300 4.48 6.47 6.04 
it 6-G 90 300 4.80 6.75 6.13 
n 6-D 90 300 5.05 6.99 6.17 
tt 6-E 90 300 5.34 7.14 6.02 
n 7-A 110 300 4.18 6.66 7.12 
*» 7-B 110 300 4.48 6.93 7.25 
n 7-G 110 300* 4.80 7.17 7.20 
n 7-D 110 300 5.05 7.30 7.09 
n 7-E 110 300 5.34 7*52 7.08 

3-3-3 6-A 90 300 4.18 6.03 5.68 
n 6-B 90 300 4.48 6.32 5.76 
H 6-0 90 300 4.80 6.60 5.68 
? 6-D 90 300 5.05 6.78 5.72 
tf 6-E 90 300 5.34 7.03 5.73 
If 7-A 110 300 4.18 6.48 6.76 
n 7-B 110 300 4.48 6.67 6.67 
n 7-C 110 300 4.80 7.03 6.72 
it 7-D 110 300 5.05 7.14 6.58 
n 7-B 110 300 5.34 7.34 6.73 

C-3-3 6-A 90 300 4.18 6.34 6.33 
n 6-£* 90 300 4.48 6.79 6.44 
it 6-G 90 300 4.80 6.97 6.13 
tt 6-D 90 300 5.05 7.12 6.21 
it 6-B 90 300 5.34 7.47 6.38 
H 7-A 110 300 4.18 6.96 7.48 
tt 7-B 110 300 4.48 7.16 7.53 
tt 7-C 110 300 4.80 7.46 7.38 
n 7-D 110 300 5.05 7.64 7.39 
n 7-S 110 300 5.-34 7.77 7.40 

1-6-2 A 110 312 0.00 3.55 7.12 
ti B 110 306 1.98 5.01 6.95 
it 0 110 300 3.99 6.51 6.94 
n D 110 294 6.00 8.04 6.79 
tt £ 110 288 7.99 9.45 6.93 
n K 110 282 10.00 10.95 7.10 
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Data Sheet No* 4 - Continued 

pissoiYing Data and Viscose Analyses 

Dissolving Yiscose 

Solution gms of ml of % HaOH f Total $ 
Wo. crumbs I#e in Lye Alkali Cellulose 

35-6-2 F 15 366 6.55 6.55 0.91 
n G 50 339 5.61 (S.65 3.28 
« H 80 334 4.91 6.55 4.84 
tt I 110 301 4.03 6.54 7.06 
tt J 140 ̂  271 2.99 6.47 9.00 

S-3-4 A 110 312 0.00 3.56 7.35 
R B 110 306 1.98 5.01 7.19 
tr G 110 300 3.99 6.60 7.27 
n 33 110 294 6.00 7.99 7.32 
n 1 110 288 7.99 9.40 7.14 
tt F 110 282 10.00 10.89 7.10 
tt a 50 339 5.62 6.66 3.56 
n H 80 334 4.91 6.54 5.07 
it I 110 301 4.03 6.38 7.05 
» J 140 271 2.99 6.64 9.46 

0-3-4 A 110 312 0.00 3,71 7.17 
» B 110 306 1.98 5.10 6.94 
« C 110 300 2.99 6.66 7.08 
R D 110 ' 294 6.00 8.06 6.95 
ft B , 110 288 7.99 9.54 6.78 
ft F 110 282 10.00 10.96 6.76 
• 

• • ' & 50 339 5.62 6.65 3.16 
B H . 80 334 4.91 6.65 4.98 
tl I 110 301 4.03 6.60 6.92 
tt J 140 271 2.99 6.55 8.80 

1-6-3 A 90 312 0.00 3.26 5.99 
tt B 90 306 1.98 4.76 5.90 
tt G 90 300 3.99, 6.30 5.89 
n D 90 394 6.00 7.87 5.73 
n B 90 388 7.99 9.40 5.72 
ft F 90 382 10.00 10.98 5.85 
a S 82 303 4.72 6.58 5.38 
tt H 90 296 4.52 6.74 5.88 
* I 77 290 4.29 6.66 6.44 
tt J 104 284 4.03 6.73 7.10 
tt K 111 279 3.80 6.64 7.63 
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Data Sheet No* 5* 
'11 

1! 

.Viscosity! £ata (Viscosity in Seconds) i 

II 

Batch E-6-1 
Hrs of .I1 

Ripening 6-A 6-B 6~C 6-B 6-B 7-A 7-B 7-C 7-B 7-E ! 

3 16.0 16.0 16.0 16.0 15.0 32.5 32.0 32.0 30.0 30.0 
27 12.6 12.2 12.4 12.2 11.4 27.0 28.0 27.0 24.0 24.0 
48 13.5 12.5 11.5 12.5 11.0 28.0 27.0 27.0 24.0 23.5 
98f 15.0 14.0 15.0 14.0 13.5 33.0 32.0 31.5 30.0 29.0 

143 18.5 17.0 18.0 17.0 16.0 40.0 

Batch E-6-2 

39.0 40.0 36.0 34.0 
1 
1 

11 

Hrs of 
Ripening A B C D E K 

jfr 

G H I J | 

3 46.0 22.5 20.0 17.8 18.0 21.5 1.0 4.0 20.0 60.0 
23 58.0 21.0 17.0 15.5 16.6 20.0 0.8 3.8 17.0 60.0 
45f 72.0 25.5 18.0 17.0 17.2 21.2 1.0 4.0 20.0 80.0 ji 
72} -- 30.0 21.0 17.0 18.3 24.0 1.0 4.5 22.0 
98* — 31.0 22.0 18.0 19.0 25.0 1.2 4.8 24.0 90.0 ; 
141} •at* 43.0 26.0 20.0 21.0 26.0 1.5 5.0 26.5 — ' 

170 33.0 27.0 25.4 31.3 

Batch S-3-3 

1.5 6.0 32.6 
! E 

"*"*• 1 

|-| 
1 j 

Hrs of 
Ripening 6-A 6-B 6-C 6-D 6-E 7-A 7-B 7-0 7-D 7-E ' 

3 6.8 7.0 6.0 6.2 6.0 12.2 11.5 11.8 11.6 12.0 ' 
21 5.6 . 5.0 5.0 5.4 5.0 9.0 9.0 9.2 9.0 8.8 !, 
46 5.0 5.0 4.8 5.0 4.6 10*0 9.0 9.0 8.0 8.0 , 
96 5'. 2 5.3 5.0 5*2 5.0 11.0 10.0 11.0 9.0 9.2 |! 
140 6.8 7.0 6.0 6.2 6.0 13.0 

Batch C-3-3 

12.5 11.6 11.0 12.2 1 
1 

1 
Hrs of '1 

Ripening 6-A 6-B 6-C 6-D 6-E 7-A 7-B 7-C 7-D 7-E ; 

3 6.0 6.0 5.0 6.0 6.0 12.2 12.0 12.0 12.0 11.0 
234 5.0 6.0 5.0 5.0 5.0 10.5 10.0 10.0 10.0 9.0 I 
46 5.5 6.0 4.5 5.0 5.0 10.0 9.0 10.0 10.0 9.0 
97 7.0 7.2 6.0 6.0 6.5 14.0 14.0 12.5 12.5 12.0 
141 8.0 9.0 7.0 7.5 8.0 18.5 17.0 16.5 16.0 15.5 



Data Sheet No. 5 - Continued 

Yiscosity !3)a,ta (Viscosity in Seconds.) 

24 

' Hrs of 
Ripening 

20 
45i 
73 
924 
141 
213i 

Hrs of 
Ripening 

3 
23 
46 
69 
97 
191 

Hrs of 
Ripening 

A B 

Batch S-3-4 

S 

29.0 19.0 15.0 15.0 14.0 16.0 
32.0 17.0 13.2 13.5 12.0 13,8 
40.0 16.0 13.0 12.0 11.5 13,8 
48.0 18.0 15.0 14.0 12.0 13.0 

— 18.0 15.0 14i0 12.0 13.5 
—. 22.0 16.0 15.0 13.5 15.0 

—. 19.*0 17.0 15.8 16.8 

A B 

Batfrja C-5-4 

C £ E F 

60.0 23.0 20.0 17.0 16.0 20.0 
50.0 18.0 16.0 13.0 13.0 14.0 
58.0 18.5 14.0 12.0 11.0 12.0 
— 20.0 15.0 12.5 11.5 12.5 
— 25.0 16.5 13.5 12.5 13.5 

— 20.0 18.0 16.5 13.5 
Batch B-6-3 

A 3) E 

H J 

1.2 3.5 15.0 59.0 
1.0 3.0 12.0 52.0 
1.0 3.0 12.0 58.0 
1.0 3.0 12.5 58.0 

- - 3.2 12.5 - -

1.2 3.5 16.0 — 

— 4.4 17.6 --> 

H 

1.0 4.5 19.0 56.0 
1.0 4.5 14.0 50.0 
1.0 3.5 13.0 47.0 
1.0 4.0 13.5 — 
1.2 4.2 15.0 — 

— 5.0 20.0 — 

H K 

31.0 22.2 14.9 14.2 14.5 15.5 10.0 14.8 21.5 38.8 47.5 
4&.0 16.0 12.2 11.2 12.0 14.0 
53.0 16.2 11.8 10.8 11.8 12.8 

— 18.0 13.0 11.5 12.0 14.0 
~~ 20.6 13.2 12.0 14.0 15.0 

7.0 11.2 17.0 27.8 37.0 
7.2 11.0 16.0 26.2 37.5 
8*8 13.0 17.5 30.0 40.0 
9.0 14.0 20.0 32.0 50.0 

— 41.0 17.0 14.2 17.0 18.0 12.0 18.0 25.0 42.0 68.0 



Data Sheet No* 6 

Maturity Data (Maturity in ml . ) 

Batch B-6-1 
Hrs of 

Ripening 6-A 6-B 6-C 6-D 6-E 7-A 7-B 7-C 7-B 7-E 

12 .0 12 .5 13 .0 13.8 14.2 11 .1 11 .5 1 2 . 3 12.9 13 .1 
7.9 8 . 4 8.9 9.6 10.9 7.0 7 .4 8 .1 8.8 9 .4 
6.8 7.0 7 .3 8 .1 9 .4 6.0 6.7 7 .1 7.5 7 .4 
6.0 6 .1 7.1 7.0 8 .6 5.1 5 .3 6 .1 6.6 7.0 

Hrs to gel. 210 234 257 267 292 210 234 258 258 267 

^Batch S-3-3 
Hrs of 
Ripening 6-A 6-B 6-G 6-£> 6-E 7-A 7-B 7-C 7-B 7-E 

73 12.3 12.8 14.1 15.0 15.3 10.6 11.7 12.5 12.2 12.5 
984 10.1 10.9 12.4 12.8 13.3 10.0 10.4 10.7 11.0 11.6 
140£ 9.2 10.1 10.4 10.4 11.1 7.7 8.8 9.1 9.8 9.5 

Hrs to gel. 355 379 403 427 427 355 379 389 403 403 

Batch C-3-3 
Hrs of 
Ripening 6-A 6-B 6-0 6-D 6-B 7-A 7-B 7-C 7-B 7-B 

52 13.0 14,5 14.8 15.1 15.4 12.6 13.0 12.9 13.5 15.4 
97i 10.0 10.6 11.0 10.6 11.0 9.0 9.3 10.2 10.1 10.4 
143 7*0 8.0 8,6 9.2 9.6 6.6 7.1 8.2 8.0 8.1 

Hrs to gel" 332 332 356 356 380 332 332 356 356 356 

Batch 1-6-2 
Hrs of 

Ripening A B C D E K G H I J 

26 14.5 16.0 — — — — — — — 15.0 
50i 5.0 7.6 10.9 14.0 18.8 21^3 — 15.0 10.1 8.0 
73 3.2 5.6 8*2 12.6 15.4 18.1 — 14.2 8.1 5.0 
100 — 4.5 7.0 10.9 13.5 16.0 22.8 11.2 7.3 5.5 
14£ _- 3.3 6.5 9.3 12.3 13.8 — 9.4 5.5 4.0 
170J ... — 4.4 7.0 9.8 10.4 13.6 6.7 3.3 — 

Hrs to gel. 90 168 261 357 381" 333 — 357 261 168 



. Data Sheet Ho* 6« 

Continued. 

Maturity Data (Maturity in ml») 

Hrs of 
Ripening 

Batch S-3-4 

A B D B F G H 

15#0 — 
10.8 13.0 15.0 15.3 18.6 2,2.8 27,2 17,5 14.0 13.0 
6.2 7.5 10.1 14.3 16.0 22.0 -* — 10.8 11.2 

4.5 7.8 11.9 14.6 17.3 25.0 13.3 8.0 6.3 
— ~5.6 7.0 10.8 13.8 15.2 8.9 5.4 4.3 

Hrs to gel. 116 211 333 *405 429 405 ~ 

Batch B~€^3 
Hrs of 
Ripening A B C D B F G 

429 333 283 

H J K 

46 
99 

143 

7.7 8.0 13.7 18.4 20.4 26.0 14.1 13.5 12.0 11.1 12.4 
5.5 9.4 11.5 15.6 19.2 10.0 9.4 7.7 7.5 7.0 

— 4.0 6.0 9.3 14.0 16.0 7.4 6.3 5.5 5.3 4.5 

Hrs to gel. 95 165 261 357 381 333 309 285 261 246 222 

Batch C-3-4 

C 
Hrs of 
Ripening A B D E F G H 

70 
97f 

191 

a0.4 14.0 14.5 17.0 23.2 24.2 — — 13.7 — 
5.4 8.7 12.2 15.6 18.6 24.4 12.8 9.0 8.1 
4.4 5.7 8.7 9.7 12.0 16.6 9.0 5.7 4.5 

Hrs to gel. 98 268 308 380 380 380 380 380 308 260 
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Data Sheet no. 7* 

<., Data for Curves 

Curve Hcu 1 2 3 
Bateh Ho# B-6-1 E-6-1 S-3-3 
Solution Ho. 6-C 7-B 6-1 
Type Curve Time-Viscosity Time-Viscosity Time-Viscosity 

Hrs. sec. Hrs. sec. Hrs. see. 
Points 3 16.0 3 32.0 3 6.2 

27 12.4 27 28.0 21 5.4 
48 11.5 48 27.0 46 5.0 
98£ 15.0 98i 32.0 96 5.2 
143 J-8*0 143 39.0 140 6.2 

Curve Ho. 4 5 6 
Batch Ho. S-3-3 *. C-3-3 C-3-3 
Solution Ho. 7~C 6-D 7-B 
Type Curve Time-Viscosity Time-Viscosity Time-Viscosity 

Hrs. sec. Hrs. sec. Hrs. sec. 
Points 3 11.8 3 6.0 3 12.0 

21 9.2 23i 5.0 23& 10*0 
46 9.0 46 5.0 46 9.0 
96 11.0 97 6.0 97 14.0 
140 11.6 141 7.5 141 17.0 

Curve Ho. 7 8 9 
Batch Ho. 1-6-2 S-3-4 C-3-4 
Hrs of Ripening 45£ / ^ 45fr 46 
Type Curve Alkali-Viso'ty Alkali-Visefty Alkali-Vise*ty 

> $ Sec. $ See. $ Sec. 
Points 5.01 25.5 5.01 16.0 5.10 18.5 

• ' - 6.51 18.0 6.60 13.0 6.66 14.0 
8.04 17.0 7.99 12.0 8.06 12.0 
9.45 17.2 9*40 11.5 9.54 11.0 
10.95 21.2 10.89 13.8 10.96 12.0 

Curve Ho» 10 11 12 
Batch Ho. E-6-3 E-6-2 S^3-4 
Hrs of Ripening 45i 4£b 45i 
Type of Curve Alkali-Vise1ty Cell-Viscosity Cell-Viscosity 

% S e c . f> S e c . fo S e c . 
Points 4.76 16.2 3.28 1.0 3.56 1.0 

6.30 11.8 4.84 4.0 5.07 3.0 
7.87 10.8 7.06 20.0 7.05 12.0 
9.40 11.8 
10.98 12.8 

9;00 80.0 9.46 58.0 
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Bata Sheet Ho. 7, Continued 

v., .Data for Curves 

Curve Ho. 13 14 15 16 
Batch Ho. •C-3-4 E-6-3 E-6-3 ,1-6-3 
Hrs of Ripening 46 2£ 45* 142 
Type of Curve Cell-Vise'ty ,Cell-?isc fty. Vise f ty Vise'ty 

fo S e e . f> S e c . Sec. Sec. 
Points 3.16 1.0 5.38 10.0 7.2 12.0 

4.98 3.5 5.88 14.8 11.0 18.0 
6.92 13.0 6.44 21.5 16.0 25.0 
8.80 47.0 7.10 38.8 26.2 42.0 

7.63 47.5 37.5 68.0 

Curve Ho. 17 18 19 
Batoh Ho. U-6-1 E—6—1 S-3-3 
Solution Ho. 6-1 7-D 6-A 
Type of Curve Time-Maturity Time-Maturity Time-•Maturity 

Hrs. ml. Hrs• ml• Hrs. ml. 
Points 48 13.8 48 12.9 73 12.3 

96^ 9.6 96i 8.8 98* 10.1 
119f 8.1 
143£ 7.0 

119& 7.5 
143i 6.6 

140£ 9.2 

Curve Ho. 20 21 22 
Batch Ho* S-3-3 C—3—3 (C-3-3 
Solution Ho. 7-C 6-A 7-A • 
Type of Curve Time-Maturity Time-Maturity Time--Maturity 

Hrs • ml* Hrs. ml. Hrs, » ml. 
Points 73 12.5 52 13.0 52 12.6 

98f 10.7 97£ 10.0 97* 9.0 
" - 140£ 9.1 143 7.0 143 6.6 

Curve Ho. 23 24 25 
Bateh Ho. E-6-2 S-3-4 C-3-4 
Hrs. of Ripening 73 73i 70 
Type of Curve ilk.-^Maturity Alk.-Maturity Alk.-•Maturity 

f> m l . fo m l . % ml. 
Points 3.55 3.2 3.56 10.8 3.71 10.4 

5.01 5.6 5.Q;L I2.0 5.10 14.0 
6.51 8.2 6.60 13.0 6.66 14.5 
8.04 12.6 7.99 15.3 8.06 17.0 
9.45 15.4 9.40 18.6 9.54 23.2 
10.95 19.1 10.89 2Z.S 10.96 24.2 
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Inscription of Equipment 

For this work the equipment of the viscose rayon pilot 

plant of the State Engineering Experiment Station was used. 

The separate pieces used are briefly described below* 

The mercerizing tank and press are combined in one unit. 

The tank is made of £ iaeh steel plates and is 20 inches 

long, 9 inches wide, and 9 inches deep. The bottom is tap

ped for a f inch pipe and has a slight pitch to insure com

plete drainage. The sides and ends have a 2 inch cooling-

water jacket made from 9 inch structural ehannel. Runners 

are welded on the inside of the tank on the sides and bot

tom to guide the press plate. This plate is 8i inch by li 

inches, is made of 1 inch steel, and is fastened to the 

press screw with a tapered pin. The press screw is if inches 

in diameter, 30 inches long, and has 5 square threads per 

inch. The screw comes into the tank through a gland at one 

end and is moved by a threaded worm gear. This gear has 57 

teeth of i ineh circular pitch and is activated by a 3 inch, 

double thread, 1 inch lead worm. On the end of the worm 

shaft there is a fly wheel and crank. The unit is equipped 

with babbit bearings and brass thrust bearings. The tank is 

connected with i ineh pipes to the caustic tank from which 

the soaking lye is supplied. 

The grinder, or shredder is built up on two sections of 

standard 6 inch pipe separated by a central BTn shaped hol

low block. The sides are made of i inch and the ends i inch 
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steel plate. The pipe sections, ends, and central block are 

welded together, and-,the sides are fastened on with cap 

screws* In each end, or each pipe section there are two hel

ical type rotating blades. These sets revolve in opposite 

directions and cut against stationary blades attached to the 

central block. These blades also revolve about central cy

linders made of standard 3§ inch pipe. The inside dimensions 

of the grinder are 16 l/S inches long, 1£ l/8 inches wide, and 

13 inches deep. In the bottom there is a drop door in each 

pipe section to allow emptying. The central block and cylinder 

are connected together with pipes and offer a large cooling 

area. The unit is equipped with S. K. F. ball bearings and the 

blades are driven with two sets of 10 inch spur gears, 14 

diametral pitch, 1 inch face. The grinder itself is driven 

with a one horse induction motor. 

The eooling water jackets of the mercerizing tank, grind

er, and xan/fchate drum described below are all connected to a 

central cooling system. Thus the temperature is accurately 

controled. 

The alkali cellulose storage consists of a water bath 

with light bulbs for heating and a mercury thermo-regulator to 

keep the temperature constant. 

The xanthate drum is a section of a standard 10 inch 

pipe 15 inches long. It has a Z\ inch jacket around the sides, 

and sight glasses in the removable ends. The drum is mounted 

on trunnions in such a manner that it turns end over end. The 



drum turns at 4 r* p# nu and is driven by a 3/8 horse induc

tion motor, through a..-set of reducing gears. 

The dissolving was executed in 600 ml. beakers as des

cribed above* A Frigidaire was used to store the ripening 

viscose at 20 degrees C» 



m 
Analytical 

Analysis of Wood Pulp* 

Moisture: 

Fill a weighed can with pulp, weigh, and heat in oven at 

105 degrees C. for 8 hours» Cool and weigh. 

a • weight of can 
b « u « w plus moist pulp 
c » H « « plus dry pulp 

$ Moisture s £.." c x 1G0 
* e - a 

Ash: 

fake 10 grams of pulp and ignite in a weighted platinum 

crucible* a is weight of ash. 

$ Ash * (100 • $ Moisture) a/lO 

Alpha-Cellulose: 

3.5 - 4.0 grams of air-dry pulp are treated with 50 ml. of 

18$ HaQH at 18 degrees C» for forty-five minutes. (The pulp is 

rubbed with the lye in a 12-oz. tumbler using a glass rod of one 

cm. diameter.) '50 ml. of water are added and the mixture fil

tered through a Buchner funnel and the cellulose washed with 

200 ml. of 8f> SaOE at 30 degrees C. (The alkaline filtrates are 

put aside and used for the estimation of B- and C-eellulose.) 

The cake is washed with three 25 ml. portions of 95$ alcohol. 

The alpha-cellulose is steeped in 100 ml. of 5$ acetic acid, 

washed thoroughly with hot water and dried at 105 degrees G. for 

8 hours. 

The filter paper is removed and the sample is weighed as 

Alpha-cellulose. 

H A-eell » twt» of A-eell) (xoo • $ Moisture) 
^ wt. sample 
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Beta- and Gamma-Cellulose: 

Dilute the alkaline filtrate from above to 500 ml. 50 ml* 

of the alkaline filtrate are treated with 10 ml. of KgCrgO? 

solution (90 g. per liter approx.) and 10 ml. of 1Z$ H2SO4 and 

the mixture boiled for five minutes. Cool, and add 25 ml. of 

0.8 H FeS04. Titrate with 0.3 H KMJ1O4. (Run blank.) 

a * titration of sample 
b = titration of blank 
g = weight of sample, 
m « per cent moisture 
N - Horm. of EMn04 solution 

• * 

jt 0.0675 H (a-b) ( ^ ) 
$ B and C-cell = g

 v ; {100 * f> Moisture j 

Gamma-Cellulose: 

100 ml. of the alkaline filtrate is neutralized with sul

phuric and precipitated B-cellulose filtered off and washed. 

The filtrate, which contains the C-cellulose, is treated with 

diehromate, etc., as above, and the result calculated to G-cel-

lulose, the B-cellulose being found by difference. 

C.C911; = 0.03375 g (a-b) ( l Q 0 ^ f Molsture, 

fo B-eell. » (ft B and C) - ft C 

Ether Extract: 

20 grams are extracted in a Soxhlet apparatus for six 

hours. The ether is distilled off and the residue is dried in 

the bulb at 100 degrees C. 

wt. of resin . ^ ^ „ . , » 
f Resin * go (100 -f ft Moisture) 


