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INTRODUCTICN

This investigation was started at the suggestion of Dr..
P. C. Scherer who suggested th&t a film prepared from a cellulose
xanthate, in which the fiber form had been destroyed by some action
other than by dilute alkali, should have interesting properties.
The possibilities of such a material might be much greater if the
destruatiog of the fiber form were brought about by a kneading
action.

This investigation was purely a qualitative one and no
attempt has been made to test any of the products other than by
appearance and general properties.

The main objeet wés that of finding ways and means. of
handling the material in an attempt to prepare a product of some

strength and plasticity.
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HISTORICAL

A search of the chemical literature revealed that no
published work existed on the kneading effect applied to cellulose
xanthate. Some references were found referring to the use of a
ball mill in the production of pulp sheets.(l) Also no references
could be found as to the plasticization of ceilulose xanthate as
suche.

An investigation earried out by F. B. Sutphin(z) on the
- forming of a sheet, or film, from cellulose xanthate indicated that

plasticization of a regenerated film from xanthate was possible.
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Fig. 1 The Cellulose Chain Molecule
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Fig. 2 Ieyer and lark's liodel for the Unit Cell for Cellulose



THEORETICAL
Structure of Ceilulose

The modern concept of the structure of the cellulose mole-
cule is depicted in Figure l. This shows that cellulose is made up
of anhydroglucose units all of which are connected by glycosidic
linkages between the individual glucose anhydrides. Thus the reac-
tions of cellulose are due chiefly to the available hydroxyl groups.
The glucose anhydrides all possess three free hydroxyl groups ex-
cept the end unit which possesses four free hydroxyl groups. The
hydroxyl groupsiare: Cne in the sixth position being of primary
nature and one each in the second and third positions of sew ndary
nature. The fourth hydroxyl group on the end unit is in the fourth
position, ' |

Meyer and Mank's(B)

concept Qf the basie cell is depicted
in Figure 2. Their dimensions are based on ﬁhe work done and estab-
lished by Polanyil#) in 1921, and further caleulations are based
on Haworth's{S) cello~biose model. The dimensions are shown on the
model which, for clarity, only shows three chains. The cello-biess
residues lie parallel to the b axis and the glucose residues lie
alternately pointing in ppposite directions.

The chains were first thought to lie in micellar arrangé—

ments which terminated at regular intervals but this concept has

now been changed and the same chains are now assumed to pass through



both the erystalline and amorphous regions. The chains vary in
length but some measurements show them up to 3600 glucose units in
length for native cellulose.
Formation of Soda Cellulose

Caustic soaa solution econtaining about 18 percent sodium
hydroxide by weight exerts a coﬁsiﬁerable swelling effeet upon cel-
lulose. Such an effeft is commercially used in the process of mer-
corization., This swelling effect is exathermic in nature and 1ﬁ
seems that a definite chemical compound is formed. According to
Vieweg and Heuser(é) the formation of a compound (0651005)2.Nadﬂ

is confirmed.

General Theories of ZXanthate Formation.

l. The Chemical Theory.

The chemical theory assumes that only one of the
hydroxyl groups on each 6631005 unit reacts to form the zanthate and
that the reaction occurs ih definite molecular proportions as repre-

sented in the equation: s

Cell - ONa # CS, = Oell 0-C-SNa

-

2. The Physical Theory.

A continuation of the swelling first exhibited in
the mercerization effect is brought about byvthe addition of the car-
bon disulfide until the secondary valences are broken and the cellulose
separates-into colloidal particles, which go into solution with certain

solvents such as water and sodium hydroxide.solution,



3. The Combination of the Two Theories

This theory assumes that only a part of the
cellulose reacts to give a monoxanthate with the rest of the cel-
lulose being unaffected. The mpno-xénthate formed acts as a dis-
persing agent for the rest of the unreacted cellulose and thus
goes into solution.

Scherer and ﬁiiler(7) found that aging has no effect on
the rate of xanthation. | |

Scherer and Lin(s) verified the abové and also found

that temperature had abmarked effect on the rate of xanthation.

Pulp Used
The pulp used in this investigation was a special alpha~-
cellulose pulp made by Brown Company

Pulp Analysis

Alpha eellulOoSe sveeevreesss. 95.60%
Moisture svseesssrsssesssse s 5081%
N X,
Lighin tiuiveeeoeececeonnsonee  o27%
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Properties of the Plasticizers Used

Action in Cold

Plasticizer Specifie Gravity 18% NaCH Mol. Wt,

Castor oil ‘ .968 Some reaction 933.40
Dimethyl pthalate ) 1.192 Insoluble ; 194,18
Hercolyn 1.020 | Reacted

Oleic acid 854 Same Reaction 282,46
Linseed éil W93 - Insoluble | -
Santicizer 8 1.268 Soluble 199
-Stearic acid o847 Insolﬁble 28L.47
Trieresyl phosphate 1.180 Insoluble 368,36

Benzyltrimethyl ammoniunm

Hydroxide 1.07 Soluble 168
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Description of Equipment Used and Where Located
Ball Mill This piece of equipment has a 3' overall length and is
equipped with two porcelain jaré. The jars are 8" in
diameter and 7" in height. The power uséd is a 1/12 h.ﬁ.
electric motoriwhich rotates the jars at 65 revolutions
perminute. The equipment is made by the Fischer Scientific
Company, Iocated in the Coal Laboratory.

Kneading Rolls-The kneading rolls used are a seb of experimental knead-

ing rolls located in the Unit Uperations Laboratory. This
set of rolls has three rolls on a horizontal plane which
turn at three different speeds_thus.giving the kneading
action. The dimensions of the rolls are: 1O® in length
and A" in diameter and they can be heated witﬁ low pressure

steam., Hanufactured by Chas. Ross & Son Company.

Steam Vessel ~ This vessel is a welded iron cylinder having the dimensions:

3' in height and 1.5' in diameter. The vessel is equipped
with cover, steam iniet, and condensed steam cutlet and is
located in the Rayon Laboratory.

Driers Two driers were used. Cne a cabinet'drier and heated by a
steam coil. This driem‘is located in Rayoﬁ Laboratory. .The
other drier, a box-type @rier, is heated electrically and is
located in the Physical Chemistry Laboratory. A constant
temperature of 45° C. was maintained in both driers.

Xenthating o
Drum Glass jar of four-liter capacity with screw top.




Grinder

Located in the Rayon Laboratory and was also used as a
kneading machine. Inside dimensions are 10% x 11% x 8%,

This machine contains a pair of blades which carry on |

Vtheir faces sets of serrated shoes. The bottom of the

trough of this machine awves to form two half-cylinders

at the junction of which is inserted a saddle. The

cooling jacket is cast intq;gﬁel with the trough shell

and carries off heat generated and keeps the temperature

constant. Ilanufactured by Werner and Pfleiderer.



Acid -

Crumbs -

Xanthate -

Xanthation -~

Waﬁer Washed-

Acid Washed -

Meaning of Terms and Phrases

Ten percent sulfuric acid.

Soda cellulose prepared by dipping pulp into 18 percent
sodium hydroxide for one hour and then pressing to 3.3
times its original weight of pulp. This pressed pulp
was then ground in grinder for 3.5 hours to form crumbs.
The compound formed on addition of carbon disulfdde to
the soda cellulose. The amount of carbon diéulfi&e
added was 37 percent of the total weight of cellulose
present. This mixture was rotated in an air-tight
drum for 1.5 hours.

The above reaction.

Samples were placed in beakers containing 600 cc. of

. water and the water was changed when it became colored.

This procedure was continued until the sample imparted
no color to the water.

The samples were placed in beakers containing ten per-
cent sulfuric acid and were allowed to remain until

all color was removed from the sample.
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Experiment 1

The Kneading Action

Two-hundred and twenty-two grams of xanthate was
kneaded on the kneading roils until it became too stiff to handle.

A sample of the kneaded material was treated with ten
percent sulfuric acid until completely regenerated. The sample was
then washed with water until free of acid and allowed to dry.

A semnd sample was treated in the same manner and was
boiled in a .5 percent water solution of sodium sulfide.

A third sample was allowed to dry in air without treat-

mnent except the drying action.

Results:
Sample 1 was plastic while wet but on drying became
hard and brittle.
A part of sample 1 was examined under the microscope.
This examination showed that the fiber form had been

destroyed.
Sample 2 could not be cleared up by the boiling solution.

Sample 3 became very hard, had no plasticity, and the
sodium galts reacted with the - ﬁng in the air to give

a film of sodium carbonate.
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Experiment 2

Kneading Form Required to Destroy Fiber Form

Four fifty-gram samples of xanthate were used and each
sample was kneaded on the rolls for differeni lengths of time. The
kneaded samples were treated ﬁith ten percent sulfurie acid until
completely regenerated. The samples were then washed free of acid

and examined under the microscope.

Sample Kneading Time in Minutes
1 | 5
2 10
3 15
L 20

Results:
Samples 1 and 2 on examination under the microscope showed
that the fiber form had not been completely destroyed
while samples 3 and 4 showed that the kneading time was

sufficient to completely destroy the fibver form.

The above samPles were dried in the drier at 450‘0. and
tested for strength by hand examination., The samples

showed increased strength as the kneading time inereased.
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Experiment 3

Effect of Adding Water on Xneading Time

Four fifty-gram samples of :anthate were used and to each
sample a varying amount of water was added. The samples were each
kneaded on the rolls for a period of 20 minutes, a small sample was
taken every five minutes while the material was kneading. This was
regenerated in ten percent sulfuric acid, wéshed, and then examined
under the microscope. The time that each sample was kneaded to com-

pletely destroy the‘fiber form was noted.
- Kneading Time

Sample CC. Water Added In HMinutes
1l .5 15
2 10 10
3 15 : 5
4 20 5

Results:
The kneading time required to destroy the fiber form de-
creased as the amount of water added inereased.
It required at least five minutes of kneading action be-
fore the material became thoroughly plastic.
The above samples were allowed to dry after treatment with
the acid and examined for strength. The dried samples in-
dicated that the strength increased as the amount of water

added increased.



Experiment 4

The Effect of Kneading with Heated Rolls

Four fifty-gram samples of xanthate were used and each

sample was kneaded at different temperatures.* When the samples

became too stiff to knead the time was recorded.

Results:

*

Approx. Temp. Time in
Sample ° ¢, Minutes
1 40 8
2 75 5
3 90 3
L 100 Too hot

Sample 4 could not be kneaded due to the rapidity of re-

generation of the cellulose.

Sample 1 was regenerated in ten percent sulfuric acid and
washed after the sample had been completely regenerated.
The sample on examination showe& that the fiber form had

not been completely destroyed.

The above samples were also treated with ten percent sul-
furic acid until completely regenerated, washed free of
acid and allowed to dry at 450 C. On examination Sample
1 had the greatest strength with decreasing strength in

Samples 3 and 4.

These rolls could be heated with low pressure stean.
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Experiment 5

The Effect of Adding Glycerine

Five forty-gram samples of xanthate were used and to each

sample a quantity of glycerine was added. These samples were then

kneaded on the kneading rolls for 15 minutes. The kneaded samples were

regenerated in ten percent sulfuric acid and/by heat at a temperature

of 45° ¢.
| c.c. Glycerine  Total Wt. Gly- Glycerime - j0q
Sanple Added cerine in Cms. Cellulose
1 2 2.52 21.2
3 10 12,60 105.0
A 15 . 18,90 1574
5 20 25.20 Would not knead
Results:

The glycerine added to the samples prevented to some de-

gree the kneading action on the rolls and this was es-

pecially so in samples containing the larger amounts of

glycerine.

Sample 5 vould not be kneaded due to excess glycerine.

The effect of adding glycerine permitted a much better

kneading action without becoming dry.

The glycerine had no noticeable effect on the plasticity

of either the acid treated samples or the heat treated

samples.



Experiment 6

Attempt to Plasticize with Mineral 0il

This experiment was carried out in the same manner as
Experiment 5 with the exception that mineral oil was used instead

of glycerine.
Results:

No kneading action could be obtained oh the kneading rolls.

Experiment 7

The Characteristics of the Pulp Grinder When Used

as a Kneading Machine

Cne-thousand grams of xenthate were used in this experiment.
Two-hundred gram portions were added to the grinder in an effort to
determine the minimum amount of xenthate that could be used and still
get a maximum kneading action. It was found that it réquired between
800 and 1000 grams of xanthate to obtéin satisfactory results. Also
the amount of kneading time reqpire@ to completely destroy the fiber
form was determined by teking samples every ten minutes. Thié time
was found to be between 50 and 60 minutes

In the following work 888 grams of xanthate was used since

that was the capacity of the xanthating drum employed.
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Experiment 8

Attempt to Plasticize with lineral 0Oil

Eight-hundred and eighty-eight grams of Xanthate was placed
in the grinder and allowed to knead for one hour. iineral oil was
added in five ¢.¢, portions and small samples were withdrawn after
each addition had been thgrpughly kneaded.

The withdrawn samples were divided into three portions for
regeneration:

Portion A ~ Regenerated with ten percent sulfuric acid,

washed with water, dried’at 45° ¢,

Portion B - Regenerated by heat at 45°C. washed with

water, dried at 450 Ce |

Portion C - Regenerated by drying in air at room temperature.

The procedure was adopted as standard regeneration inm all
subseguent experiments.

Note. When the kneading action was lost due to the addition of the oil,

water was added in five ¢.&. portions until the kneading action

resppeared.
Total €.¢. Total Weight Cil 0il % 100
Sample 0il Added Added in Grans Cellulose

1 5 L8 2.0
2 10 9.7 4e0
3 15 1h.5 6.0
L 20 ‘ 19.3 8.0
5 25 2.1 10,0
6 30 28.9 12.0
7 35 ' 33.7 1.0
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Results:
lione of the samples Showed inereased plasticity, although
inereased strength was shown in all of<the samples. This was as-

sumed to be due to the addition of water to the kneading mixture.

The heat regenerated and water washed sample had the

greatest strength.

The air-dried sample was very brittle and reacted with the

GOy in the air..



Experiment 9

The Effect of Adding Soap

Eight-hundred and eighty-eight grams of xanthate was placed
in the grinder and allowed to knead for one hour. Ordinary household
granulated soap was added in ten gram portions and small samples were
withdrawn after each addition had been thoroughly kneaded.

The samples were treated in the standard manner.

Total Weight of __Soap x 100

Semple Soap in Grams Celluloge '
1 10 Le2
3 30 12.4
4 40 16.7
5 50 20.9
6 60 25.0
i £

O ”»

9 90 37.5
10 100 41.6

Results:
The material showed decreased strength as the weight of
the soap increased. This was especially true in the acid

treated (A) samples after 50 grams of soap had been added.

The water treated (B) samples showed little change in

strength and it was assumed that the soap was dissolved out.,

The dry soap was not completely dissolved in the kneading

mixture above Sample 6.
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Experiment 10

The Effect of Adding Soap Solution

This experiment was conducted in the same manner as Ex-
periment 9 with the exception that the soap was added to the knead-
ing mixture in solution.

The soap solution was_made by adding water to 100 grams

of soap until a very viscous solution was formed.

Total ngght Soap Soap x 100
Sample Added in Grams Cellu%ose
1 10 LeR
2 20 8.3
3 30 12.4
4 40 16.7
5 50 20,9
6 60 » 25.0
7 70 29.1
8 80 33.3
9 90 37.5
10 100 41.6

Results:
‘The material was very plastic throughout the experiment

while kneading was handled with greater ease.

The greatest strength was exhibited in the acid treat-

ment (A) Sample 5 with decreasing strength thereafter.

There was no apparent inerease in plasticity in any of

the regenerated samples.
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Experiment 11

Abtempt to Plasticize with Mineral 0il

Eight-hundred and eighty-eight grams of xanthate was placed
in the grinder and allowed %o knead for one hour. To the kneading
mixture was added soap solution containing 50 grams of soap. Mineral

cil was then added in 10 C.C. portions.

Total G.C. Total Weight 0il 01l x 100

Sample 0il Added Added in Grans Cellulose

1 10 9.7 440

2 20 19.4 8.0

3 30 28.9 12.0

4 40 38.6 16.0

5 50 : 48.3 20,0 -

6 60 58.0 24.0

7 70 67.7 28.0

8 80 Kneading action lost

Results:
The addition of the soap solution permitted a greater amount

of 0il to be added to the kneading mixture.

The maximum amount of oil added was 70 C.C. and on the next
addition the plastic form was lost and could not be restored

by the addition of water.

Sample 6 showed that the oil had been added to excess,

shown by an oil film formed on top of the water.



Experiment 12

Effect of Adding an Aluminun Salt

Eight~hundred and eighty-eight grams of xanthate was
placed in the grinder and allowed to knead for one hour. To the
kneading nixture was added 50'grams of soap in solution. Ten-gram
portions of aluminum sulfate were then added to the kneading mixture
but after the second addition the dry salt would hot "knead in."

The first addition d4id show that there was a definite reaction.

Experiment 13

Effect of Adding an Aluminum Salt
Eight-hundred and eighﬁy-eight grams of xanthate was placed
in the grinder and allowed to knead for‘one hour. To the kneading
mixture was added 50 grams of soap in solution, and a saturated water
solution of aluminum sulfate in portions containing ten grams of the
dissolved salt. |

Samples were taken and treated in the standard manner.

Total Weight of Salt x 100
Sample Salt in Grams * Cellulose
1 10 Le2
2 20 8.3
3 30 ‘ 12.4
L 40 16.7
5 50 20.9
6 60 25.0
7 70 29.1
8 80 Plasticity destroyed

Results:
There was a definite reaction between the aluminum salt
noted by the hydrogen sulfide gas given off and the change

in color of the material.



Increasing amounts of salts decreased the strength notice-
ably in all samples. Sample 3 (A) showed some strength

but samples 4, 5, and 6 rapialy decreased in strength.

No plasticity was shown in any of the dried samples.



Hxperiment 14

Attempt to Plasticize with Dimethyl Phthalate

Eight-hundred and eighty-éight grams of xanthate was
placed in the grinder and allowed to knsad for one hour. Dimethyl
pitlelate was added to the kneéding mixture drop by drop anﬁ samples

were taken after five C.C. portions had been added.

Total CC Plasti- Total Wt. Plas- Plagtieizer x 100
Sample cizer Added tieizer in Gums. Cellulose
1 5 595 2.50
2 10 11.90 4.95
3 15 17.85 Te43
A 20 23.80 9.92
5 25 29.75 12.38
6 30 35.70 14.85
7 35 41.65 Plasticity destroyed

Results:
30 C.C. was the maximum amount of plasticizer that could be
added. The kneading action was lost and could not be re-

stored by addition of water.

Ko plasticity was shown in any of the dried samples and all

tended to be brittle.

Increasing amounts of plasticizer d4id not alter the character

of the dried samples.
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Experiment 15

Attempt to Plasticize with Dimethyl Phthalate

and Soap Solution

Eight~hundred and eighty-eight grams of xanthate was placed

in the grinder and allowed to knead for one hour. To this was added

50 grams of soap in solution. Dimethyl phthalate was added drop by
] .

drop to the kneading mixture and samples were taken after five C.C.

portions had been added.

Samples were treated in the standard manner,

?\

Total CC Plas- Total Gms., Plas- Plasticizer _ 150

Sample ticizer Added ticizer Added Cellulosgse

1 5 5.95 2.50

2 10 11.90 L.95

3 ‘15 17.85 Tek3

A 20 23.80 9.92

5 25 29.75 12.38

6 30 35.70 14.85

7 35 41,65 17.37

8 40 47.60 19.83

9 45 53455 22,30
10 50 59.50 Plasticity destroyed

Results:

The addition of the soap solution permitted a greabter amount

of the plasticizer to be added.

Ko plasticity was shown in any of the dried samples and all

were more brittle than samples from Experiment 14.

Increasing amounts of plasticizer did not alter the character

of the dried samples.



Experiment 16
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Attempt to Plasticize with Dimethyl Fhihdlate, Soap

Solution and an Aluminum Salt

Eight-hundred and eighty-eight grams of xanthate was placed

in the grinder and allowed to knead for cne hour. To this was added

a water solution containing 50 grams of soap and 50 grams of aluminum

sulfate. Dimethyl phithdlate was added drop by drop to the kneading

nixture and samples were teken after five C.C. portions had been added,

Semples were treated in the standard manner.

Total CC Plas-

Total Gms. Plas-

Plasticizer

Semple ticizger Added ticizer Added Cellulose x loo
1 5 5.95 2,50
2 10 11.90 4495
3 15 17.85 743
L 20 23.80 9.92
5 25 29.75 12,38
6 20 35.70 14.85
7 35 41,65 17.37
8 40O 47.60 19.83
9. 45 53.55 22,30
10 50 59.50 24475
11 55 65.45 Plasticity destroyed
Results:

The addition of the aluminum salt permitted an even greater

amount of plasticizer to be added than in Experiment 15,

Ho plastieity was shown in any of the dried samples and all

were nore brittle than samples from Experiment 15.

Samples 9 and 10 (B) cleared up well and were of a waxy

tough nature.
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Experiment 17

Aﬁteggt to Plasticize with Tricregyl Phosphate

This experiment was conducted in the same manner as
Experiment 14 with the exception that trieregyl phosphate was used

as the plasticizer.

Sample Total CC Plas~- Total Gms. Plas- Flasticizer

ticizer Added ticizer Added Collulose * +%0
1 5 5.90 2.45
2 10 11.80 4£eG0
3 15 17.70 T35
L 20 23.60° 9.80
5 25 29.50 12.40
6 30 35.40 14.75
7 35 . 41.30 ’ 17.20
8 40 47.20 ' 19.65
9 45 53.10 Plasticity destroyed
Results:

The samples had less stréngbth than did the samples from

Experiment li.

The plasticity could not be restored on the addition of

water after 40 C.C. of plasticizer had been added.

No plasticity was shown in any of the dried samples and
strength decreased slowly as the amount of plasticizer

added incregsed.



Experiment 18

Attempt to Plasticize with TricreSyl Phosphate

and Scoap Solution

This experiment was conducted in the same manuner as
Experiment 15 with the exception that tricregyl phosphate was

used as the plasticizer.

Total CC Plas- = Total Gms, Plas- Plasticizer x 100
Sample ticizer Added ticizer Added Cellulose
1 5 5.90 2.45
2 10 11.80 490
3 15 17.70 7.38
A 20 23.60 .80
5 25 ‘ 29.50 12.40
6 30 35.40 14475
7 35 41.30 17.20
8 40 47.20 19.65
9 45 53.10 22,10
10 50 . , 59.00 24450
11 55 64.90 . 27.00
12 60 70.80 Plasticity destroyed
Results:

The soap solution permitted a greater amount of the plas‘--~

ticizer to be added to the mixture.

No plasticity wasobserved in any of the dried samples.
Also the samples had less strength than did the samples

of HExperiment 17.
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Experiment 19

Attempt to Plasticize with Tricresyl Phosphate,

Soap Solution and an Aluminum Salt

This experiment was conducted in the same manner as
Experiment 16 with the exception that tricresyl phosphate was used
as the plasticizer.

Total CC Plas- Total Gms,., Plas- Plasticizer

Sample ticizer Added ticizer Added Cellulose x 100
1 5 5.90 245
2 10 11,80 4.90
3 15 17.70 7+35
4 20 23.60 9.80
5 25 29.50 12.40
6 30 ; 35.40 14.75
7 35 41.30 17.20
8 40 L7 20 19.65
9 45 ' 53.10 22.10
10 50 59.00 Plasticity destroyed
Results:

The dried samples had little strength and were very brittle.
Samples 8 and 9 (A) and (B) crumbled on touch,

Ho plasticity was observed in any of the samples;
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Experiment 20

Effect of Adding Casein (Powdered)

Eight-hundred and eighty-eight grams of xanthate was
placed in the grinder and allowed to knead for one hour. To the
kneading xanthate casein was added in ten-gram portions,

Samples were taken and treated in the standard manner.

Total Grams Casein .

Sauples Casein Added Cellulose 100
1 10 4e16
2 - 20 8.33
3 30 . 12.50
4 40  16.66
5 50 | “ 20.83

Results:
On regeneration of the samples (A) and (B) it was ob-

served that the casein had not been com@letely dissolved.

The samples had no strength.
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Experiment 2L

Effect of Adding Casein in Solution

The experiment was conducted in the same menner as Ex-
periment 20 with the exception that ten-grams, portions of the
casein in solution was added to the kneading mixture. The casein
solution was made by dissolving 100 grams casein in hot 18 percent
sodium hydroxide. The solution was cooled and then added.

The samples were treated in the standard manner

Total Grams Casgein 100
Sample Casein Added Cellulose
1 10 Lo16
2 20 8.33
3 30 12.50
4 40 16.66
5 50 20.83
6 60 25.00
7 70 28,16
8 80 33.35
9 90 37.50
10 100 L1.66

Results:
The samples increased in strengbh up to a maximum of 60

grams of casein added after which the strength decreased.

The (B) samples had the greater strength but required a
greater length of time for treatment than in any of the

previous experiments.

Ho plasticity was observed in the dried samples.
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Experiment 22

Attempt to Plasticize With Dimethyl Phthdlate

égg_Caseiﬁ
Eight-hundred and eighty-eight grams of xanthate was placed
in the grinder end allowed to knead for one hour. To the kneading
xanthate was added 60 grams of casein in solution. The plasticizer was
added in five C.C. portions to the kneading mixture.

The samples were treated in the standard manner.

Sample Total CC Plas~ Total Gms. Plas-  Plasticizer % 100

ticizer Added - ticizer Added Cellulpse,
1 5 ‘ 5.95 ' T 2450
2 10 11.90 4e95
3 15 17.85 743
A 20 23.80 9.92
5 25 29.75 12.38
6 30 35.70 ' 14.85
7 35 41.65 17.37
8 40 47,60 19.83
9 45 - 53.55 Plasticity destroyed
Results:

The treated samples (A) and (B) had less strength than the

samples from Experiment 21 and were very brittle when dry.

The strength of the samples decreased as the amount of

plasticizer added increased.

No plasticity was observed in any of the samples when dry.
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Experiment 23

Attempt to Plasticize with Trieref¥l Phosphate

And Casein

This experiment was conducted in the same nanner as Experi-

ment 22 with the exception that tricregyl phosphate wag used as the

plasticizer.
Total CC Plas- Total Gms. Plas- Plasgticizer
Sample ticizer Added ticizer Added Cellulose =~ 100
1 5 5.90 2.45
2 10 11.80 490
3 15 17.70 : 7.35
A 20 23.60 - 9.80
5 25 29.50 12.40
6 30 : 35.40 1475
7 35 41,30 17.20
8 40 C 47.20 19.65
9 45 53.10 22,10
10 50 59.00 24,60
11 55 64490 Plasticity destroyed
Resgults:

The treated samples (A) and (B) had less strength than the

samples from Experiment 21 and were very brittle when dry.

The strength of the samples decreased as the amount of

plasticizer added increased.

No plasticity was observed in any of the samples when 4ry.



Experiment 24

Attempt to Plasticize with Santicizer 8*

Eight-hundred and eighty-eight grams of xanthate was
placed in the grinder and allowed to knead for one'hour. To the
kneading mixture was added the plasticizer in 10 C.C. portions;

the samples were withdrawn and treated in the standard manner.

Total CC Plas- Total Gms. Plasg- Plasticizer

Sample ticizer Added ticizer Added Cellulose = 100
1 10 ' 12.68 5.28
2 20 25.36 . 10.56
3 30 38404 ' 15.84
L 40 50,72 ‘ 21,12
5 50 63440 26.40
6 60 : 76.08 - 31.68
7 70 88.76 : 36.96
8 80 101.44 4R .24
9 g0 114.12 L7 .52
10 100 126,80 52.80
Results:

The plasticizer did not destroy the kneading action at any

time-appearing to be soluble in the xanthate.

The (B) samples were unaffected since the plasticizer is

soluble in alkaline solutions.

The (A) samples were brittle and strength decreased as the

amount of plasticizer added increesed.
Ho plasticity was observed in any of the dried samples.

* lixture of o and p teluene ethylsulfonamides.



Experiment 25

\

Attempt to Plasticize with Santicizer 8 and

Soap Solution

This experiment was conducted in the same manner as Experiment

24 with the exception that 50 grams of soap in solution was added to the

kneading mixture. The plasticizer was then added as in Experiment 24.

Results:

The (A) samples had less strength than the samples from

Experiment 2.
The (B) samples were unaffected.
No plasticity was observed in any of the samples.

Experiment 26

Attempt to Plasticize with Santicizer 8,

Soap Solution and an Aluminum Salt

- This experiment was conducted in the same manner as Experiment

2/ with the exception that a solution of 50 grams of soap and 60 grams

of aluminum sulfate was added to the kneading mixture. The plasticizer

was then added as in IZxperiment 24.

Results:

The (A) samples had little strength and decreased in strength

as amount of plasticizer added increased.

The (B) samples were affected by the addition of aluminum
salt and decreased strength was observed as the amount of
plasticizer increased.

No plasticity was observed in any of the samples when dried.



Experiment 27

Attempt to Formlg Cellulose Gel from

Cellulose Pulp

Thirty-two grams of dry pulp, 644 grams water and 136
grams of small flint stones were placed in the ball mill and allowed
to heat for 52 h§urs. Thé material was examined e?ery four hours
under the microscope to determine the degree of bheating. This
examination was made with small smears of the material placed on a
glass slide.

Results:
The material required a total of 52 hours heating time to

completely destroy the fiber form.

A white, syrupy material resembling buttermilk was obtained

and this material could be filtered by the use of a vacuum

filter.

A small sample when ﬁlaced on & glass slide and allowed to
dry at a temperature of 450 C. had great strength but no

plasticity.
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Experiment 28

Attempt to Plasticize the Material from

Experiment 27 with Dimethyl Phthaldte

A weight of ﬁiaterial from Experiment 2’7 corresponding to 7.5’
grams of actual cellulose, twé C.C. dimethyl pthalate, 20 C.C. water,
and 200 grams of stones were placed in the ball mill, and allowed to
heat for a period of four hours. The beaten material was earefully
washed from the ball mill, filtered in a vacuum filter and then dried
at 45° C.

Regults:

The material crumbled on touch.

Experiment 29

Attempt to Plasticize the Material from

Experiment 27 with Tricresyl Phogphate

This experiment was conducted in the same manner as Ex-
periment 28 with the exception that tricresyl phosphate was used
as the plasticizer.

The results were the same ag in Experiment 28

Experiment 30
Attempt to Plasticize the laterial from

Experiment 27 with Santicizer 8

This experiment was conducted in the same manner as Experi-
nent 28 with the exception that santicizer 8 was used as the plasticizer.

The results were the same as in Experiment 28.



Experiment 31%

Attempt to Plastieize the Material from Experiment 27

with Santicizer 8 and Sodium Hydroxide

This experiment was}conducted in the same manner as Ex-
periment 30 with the exception: that 4.5 grams of sodium hydroxide
was also placed in the bail mill,

Result:

The dried samples had some strengbh but no plasticity was

observed.

* A new bateh of material was mede in the same manner as Experiment 27.

Experiment 32

Attempt bto Plasticize the Material from Experiment 27

with Santicizer 8 and Soap Solution

This experiment was conducted in the same manner as Ex-
periment 31 with the exception that five grams of soap in solubtion
was also placed in the ball mill,

Results:
The material could not be filtered and no sample could be

obtained. The material was discarded.
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Experiment 33

A Cellulose Gel prepared from'g_Viécose Solution

and Then Beaten in the Bgll Mill

Two-hundred and twenty-two grams of xanthate was made into
viscose solution cont&ining 7.5 percent cellulose and 6.5 percent sodium
hydroxide (these percentages were calculated.) This solution was al-
lowed to gel by placing in a constant temperature of 550'0. for ten
hours. The gel was then broken up into fine erumbs by grinding in
the grinder for three hours.

The ground crumbs were placed‘in a cloth box and water was
allowed to continuously run through the bag, thus washing the material.
To completely wash the material fequired about twenty hours.

A weight of this washed material éorresponding to 30 grams
of cellulose and 200 grams stoneés was placed in the b;ll mill and
allowed to heat for three hours. The heating time was sufficient
to form a dispersion that resembled soft putty in nature. A sample
of this maierial'was placed in the drier and allowed to bécome
thoroughly dry. On examination of the dried material econsiderable

strength was observed but no plasticity.



Experiment 34

Attempt to Plasticize the Viscose Gel with Santicizer 8

In this experiment the beaten material obtained from Ex-
periment 33 was used. A weight of material éorr33ponding to 7.5
grams of cellulose, 2 C.C. of Santicizer 8 and 200 grams of stones
were placed in the ball mill and allowed to beat for a period>of
foui hours. The material was then washed out carefully with water
and filtered in & vacuum filter. The sample was then dried at A5° C.
Result: |

The material crdmbled on touching.

Experiment 35

Attempt to Plagticize the Vigcose Gel with Santicizer_§

and Sodium Hydroxide

This experiment was conducted in the same manner as Experi-
ment 34 with the exception that 4.5 grams of sodium hydroiide was also
placed in the bali‘mill. |
Result:

The material had fair strength but no plasticity when dry.

Experiment 36

\

Attempt to Plasticize the Viscose Gel with

Dimethyl Phthalate

This experiment was conducted in the same manner as Experi-
ment 34 with the exception that dimethyl pthalate was used as the
plasticizer.

Result:

Haterial crumbled when dried.
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Experiment 37

Attempt to Plasticize the Viscose Gel with

Tricresyl Phosphate

This experiment was conducted in the seme manner as
Experiment 34 with the exception that tricresyl phosphate was used
as the plasticizer.

Result:

The nmaterial crumbled when dried.

Experiment 38

Treatment of the Viscose Gel by Washing Free of Water

with Acetone

The ground and washed méterial from Experiment 33 was
washed free of water with acetone and an amount Qf tﬁié material cor-
responding to 30 grams of cellulose and 260 gramng of stones were
placed in the ball mill. This material was beaten for auﬁeriod of
40 hours. At the end of this‘time the material was not completely dis-

persed so the material was discarded.

Experiment 39

Attempt to Knead the Viscose Gel in the Grinder with Soap

A batch of viscise gel was made up and treated in the same
manner as in Experiment 33. The entire batch was placed in the grinder
with a soap soluiion containing 50 grams of soap and perﬁitted to grind

for four hours.
Result:

No kneading action could be obtained so the material was dis-

carded.
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Experiment 40

ttempt to Plasticize a Lime-Viscose(9) Mixture

with Dimethyl Phthalate

Two-hundred and fifty grams of crumbs were aged” 48 hours
and were then xanthated in the standard manner. The cellulose xan-
thate so formed was made into a viscosé solution containing 7.5 pér-
cent cellulose and 6.5 percent sodium hydroxide. This solution was
allowed to stand for 24 hours in constant temperatured room at 18° ¢,

One-hundred-gram samples of the above solution were placed
in beakers. To the different samples was mixed 50 grams of lime and
varying amounts of plasticizer.

The samples were placed on glass slides and allowed to dry

at 45° C.
Total CC Plas- Total Gms. Plas-  Plasticizer < jgoo
Sanple ticizer Added ticizer Added Cellulose
1 1 1.19 15.85
2 2 2.38 31.70
3 5 5.95 79+45
A 10 11.90 158,85
5 15 17.85 248.05
6 20 23.80 317.00
Results:

The dried samples hgﬂ a light green color and were easily

brokeﬂ.

The addition of plasticizer had little effect on the strength.

The addition of the plasticizer permitted greater ease of
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Experiment 41

Attempt to Plasticize a Lime-Viscose Hixture with

Tricresyl FPhosphate

This experiment was conducted in the same manner as Ex-
periment 40 with the excepltion bthat tricresyl phosphate was used
as the plasticizer.

The results were the same as in Experiment 40.

Experiment 42

Abttempt to Plasticize a Lime-Viscose iixture with

Santicizer 8
This experiment was caﬁducted in the same manner as Ex-
periment A0 with the exception that Santicizer 8 was used as the
plasticizer.

The results were the same as in Zxperiment 40.



Experiment 43

Attempt to Plasticize with Linseed Oil

Eight-hundred and eighty-eight grams of xanthate was
placed in the grinder and allowed to knead for one hour. To the
kneading xanthate was added commercial linseed oil in five C.C.
portions.

The use of the air-dry sample was discontinued and the pro-

_ until completely dry,

cedure was to place the sample in the drier at 45° Qj’and then treat
with ten percent sulfuric acid, This will be the standard method in

subsequent experiments.

Samples were withdrawn and treated in the-standard'manner.

Total C,0. Cil Total Grams 01l

Sample Added 0il Added Cellulose X 100
1 5 heb5 1494
2 10 9.34 3,88
3 15 13.99 5472
L 20 18.64 7.76
5 25 23.29 9.70
6 30 27.90 Plasticity destroyed
Results:

The addition of the linseed 0il caused an 0ily appearance
to be imported to the kneading mixture with no indication

that the o0il wae dissolving or reacting with the xanthate.

The acid-treated samples (A) crumbled on touching while the
water-treated samples (B) had considerable strength and could
be molded or caused to assume different shapes by the treat-
ment under heat and pressure. The treated gamples (C) erumbled

on touch when dry. No plasticity was found in any of the



Experiment L4

Attempt to Plasticize with Castor 0il

Bight-hundred and eighty-eight grams of xanthate was placed
in the grinder and allowed to knead for one hour. To the kneading mix-
ture was added castor oil in ten C.C. portions.

The samples were withdrawn and treated in the standard manner.

Total C.C. Total Grams 0il % 100
Sample 0il Added . 0il Added Cellulose
1 10 9.68 4,03
2 20 19.36 8.10
3 30 294,04 12.12
A 4O 38.72 16.15
5 50 48.40 20.18
6 60 58.08 2L.21
7 70 67.76 28.23
8 80 T7 o by 32,26
9 90 87.12 36429
10 100 96,80 40.32
11 120 116.16 18,36
12 140 134.52 56,42
13 160 154495 64450
14 180 17424 : 7254
15 200 193.60 £0.60
Results:

The oil apparently dissolved in the xanthate as the plas-

ticity was retained throughout the experiment.

The acid-treated samples (A) had considerable strength but

no plasticity when d&ry.

The water-treated samples (B) had some plasticity, the maxi-

rum effect being in Samples 8 and 9.

The acid-treated (C) samples had decreased strength.



Experiment 45

Attempt to Plasticize with Oleic Acid

Eight-hundred and eighty-eight grams of xanthate was placed
in the grinder and allowed to knead for one hour, To the kneading
xanthate was added oleic acid in ten C.C. portions.

The samples were withdravn and treated in the standard manner.

Total C.C. Total Grams Acid x 100
Sample Acid Added Acid Added Cellulose
1 10 8.54 3.55
N 2 20 17.08 7.10
3 30 25.62 10.65
4 Xo) 34.16 14.20
5 50 , 42.70 17.75
6 60 51.24 21.30
7 70 . 59,88 24.85
8 80 68.32 28.40
9 90 , 76.86 - 31.95
10 100 85440 35.50
11 120 102.48 42,65
12 140 119.56 49.70
13 160 T 136.64 56.80
14 180 154.72 63.90
15 200 170.80 71.00
Results:

The acid apparently dissclved in the xanthate as the plas-

ticity was retained throughout the experiment.

The acid-treated samples (A) had decreased strength after
Sample 7. These samples were very brittle. The water-
treated samples (B) had greater strength than the (&) sam-
ples. The acid-treated (() sampies had less strength than

any of the dried samples.

Ho plasticity was found in any of the samples when dry.
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Experiment 46

Attempt to Plasticize with Hercolyn

Eight-hundred and eighty-eight grams of xanthate was placed
in the grinder and allowed to knead for one hour. ‘To the kneading mix-
ture was added hercolyn in ten C.C. portions until a maximum of &0
C.C. had been added. Then oleic acid was added in ten C.C. portions.
The use of the acid-treated samples (A) wés discontinued and

only the (B) and (C) samples will be discussed in the following experi-

ments.
. Total CC Her- Total Gms. Her- CC Oleic Hercolyn 100
Sample colyn Added colyn Added = Acid Added Cellulose >
1 10
2 20
3 30
4 40
5 50
6 60
7 70
8 80
9 80 10
10 80 20
11 20 30
12 80 40
13 80 50
14 80 60

Results: The water-treated samples (B) swelled considerably in water and

crumbled on touch when dry.

The atid-treated samples (C) did not swell but erumbled on

touch when dry.

The addition of the oleic acid restored the strength to both
(B) and (C) samples. These samples did not swell but were very

brittle when dry.



Experiment 47

Attempt to Plasticize with Stearic Acid
Eight-hundred and eighty-eight grams of xanthate was placed
in the grinder and allowed to knead for one hour. To the kneading
nixture was added five grams of stearic acid dissolved in 25 G;C.'of
carbon disulfide.
The samples were withdrawn in the standard maenner, but were
regenerated in the steam vessel with low-pressure steam.
The regenerated sampleslwere divided into two portions and
treated in the following manner.
Portion A -~ The salts present were dissolved with ten percent
sulfuric acid, thé sample was washed with water and
dried at 45° C.
Portion B - The salts present were dissclved’with watei and
sample wag dried at 450 C.
This procedgre was adopted as standard treatment in all

subsequent experiments.

Total Grams Acid
Sample Acid Added Gellulose X 100
1 5 2.08
2 10 416
3 15 6.24
A 20 8.32
5. 25 o 10,40
6 30 12.48
7 35 14.56
8 L0 16.64
lg 45 18.72

50 : 20.80



Results:

-48-

The steam regeneration permitted quicker penetration in
the (A) and (B) samples. Also the swelling of the samples

in the water-treated (B) samples was decreased.

The strength of the samples decreased as amount of acid

added increased.

¥o plasticity was found in any of the samples when dry.
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Experiment 48

Attempt to Plasticize with Pure Linseed Oil

Eight-hundred and eighty-eight grams of xanthate was placed

in the grinder and allowed to knead for one hour. To the kneading

mixture was added five C.C. portions of linseed oil in an emulsified

solution with viscose. This solution was made by adding five C.C.

oil to 25 C.C. viscose solution and stirring for five minutes with

a high-speed stirrer.

The samples were withdrawn and treated in the standard

manner.
Total C.C. Total Gms. Cellulose % 100
Samples Oil Added 0il Added 0il
1 5 L.65 1.94
2 10 ) 9 . 314- . 3‘ 88
3 15 13.99 5.72
4 20 18.65 7.76
5 25 23.29 9.70
6 - 30 27.90 11.64
7 35 32.55 13.58
8 40 37.36 15.52
9 45 42¢Ol 17.46
10 50 46,70 19,40
11 55 - 51.35 Plasticity destroyed
Results: The effect of adding the linseed oil in a mixture with vis=-

coge permitted more oil to be added with greater ease. The
acid-treated (A) samples had less strength as the amount of
linseed o0il increased and no plasticity when dry. The water-
treated samples (B) had more strength than the (A) samples

and could be molded to some degree on heating. All the

. samples became very brittle when dried.



Experiment A9

Attempt to Plasticize with Oleic Acid

This experiment was conducted in the same manner as Experi-
ment 45 with the éxcepbion that the saméles were regenerated in the
steam vessel.

Results:

The results were the same ag in Experiment 45 but the stean

regeneration permitted greater ease of penetration in the

treatment of the samples. This was especially so with the

water-treated (B) samples.

Experiment 50

Attempt to rlasticize with Castor Oil

This experiment was conducted in the game manner as Experi-
ment 44 with the exception that the samples were regenerated in the
steam vessel.

The samples were withdrawn and treated in the standard manner.
Results:

The water-treated (B) samples had no plasticity when dried,

dontrary to the results in Experiment 4l. The_(B) samples of

the experiment were reexamined and no plasticity was observed.

It is concluded then that the samples when treated were not

completely dry.



Experiment 51

Attempt to Plasticize with Castor 0il and Nonane Glycol
Zight-hundred and eighty-eight grams of xanthate was placed
in the grinder and allowed to knead for one hour. To the kneading

xanthate was added 80 C.C. castor oil and varying portions of nonane

glycol,
The samples were withdrawn and treated in the standard
manner. |
Total C.C.
Sample lonane Glycol Added
1 5
2 10
3 20
A 30 ’ \
5 50
Results:

The nonane glycol apparently had no effect on the mixture
as the samples had the same characteristics as Sample 8

(A), (B) from Experiment Al.
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Experiment 52

Attempt to Plasticize with a Mixture of Dimethyl Pthalate

and Cellulose Acetbate

Eight—hundred and eighty-eight grams of xanthate was placed
in the grinder and allowed 0 knead for one hour. To the kneading
xanthate was added ten grams in portions of a mixbture of dimethyl
pthalate and cellulose acetate.* This mixture was made by adding
25 grams of cellulose acetate to 100 grams of dimethyl pthalate and
heating until complete solution. The solution was then cooled before
adding.

The samples were withdrawn and treated in the standard manner,

Sample Total Grams Mixture Added
paiple ,

10
20
30
70
50
60
70
80
90
100

OO R~3 O\t~ D+

| it

Results: The samples when withdrawn from the steam vessel had the
appearance of crepe rubber but on treatment with water (B)
became very brittle. The acid-treated samples (A) were
very brittle and had little strength but the water tested
samples (3) had considerable strength but no plasticity.
The gamples could be molded to some degfée\with heat. This

effect increased as the amount of miﬁture édded increased.

* pn addition of some portions the plasticity was deétroyed but could
be restored by adding 5-10 C.C. water.



-53-

Experiment 53

Investigation of a Quatemary Ammonium Compound and Cellulose
| | The quatemary ammonium compound used in this experiment
was benzyl trimethyl ammonium hydroxidé in a 42 percent solution
which is capable of dispersing ecellulose. If this SOlution is di-
luted it will swell the cellulose.(lo)

Two-hundred grams of pulp was cut into small pieces and
placed in a large jar with a mixture of 200 C.C. of water and 200
C.C. of benzyl trimethyl ammonium hydroxide. This was tumbled for
one hour and then placed in the grinder and allowed to grind for
three hours.
Result: The mixture had swollen bnly slightly and the fiber form

could not be destroyed by the knesading action.

Three 100 C.C. portions of the 42 percent solution was added
to the mixture and allowed to grind for one hour each.
Result: The cellulose was still only sligﬁtly~swollen and fiber form

was still present.

The above mixture was allowed to grind overnight and an at-
tempt was made to xanthate this material by the addition of earbon di-
sulfide. The grinder was made airtight and the carbon disuliide added
and allowed to grind for two hours. It was then examined and a yellow
color had been imparted to the mixture. Iiore carbon disulfide was added
and the mixture allowed to grind for‘20 hours. The fiber form was still

present and could not be destroyed by the kneading action,
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CONCLUSIONS

The results obtained in all’of the preceding experiments
emphasize the difficulty which is encountered in thé attempt to
plasticize a cellulose xanthate and the removing of the salts formed
in the xanthate formation. The removal of the salts in the water
treatment (B) required large amounts of water which also seemed to
remove the plasticizer. Some of the plagticizers were soluble in
alkaline solutions and in the dissolving out of the salts, the dis-~
solved salts caused high causticity, thus removing the plasticizer
also.

The acid-traated samples (A} and (C) reguired from three
to four hours to complebely dissolvé the salts present ip the sample.
This preatment probably caused a high degree of degradation since all
of the samples were brittle and had less strength than the water-

‘ treated samples. |

Since the results of the investigation are all negative in
so far as the main object was concerned, it is concluded that a plas-
ticized cellulose cannot be obtained from cellulose xanthate using the

plasticizers and methods set forth in this investigation.
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