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During the bleaching of many pulps, both for paper and for chemical
purposes, the pulp is subjected to a caustie extraction employing sodium
hydroxide. The pulp swells to a certain extent when exposed to solutions
of alkali, the amount of swelling being controllable in part by aleration
of conditions of tempersture and concentration. Probably the greatest
single loss of pulp yield in the entire pulping process occurs during the
extraction. There is a definite need for a rapid and convenient method
for measuring swelling in order thet a greeter volume of research might be
accomplished in this field.

The following method was developed for the measurement of the swell=
ing of eellulose pulp sheets. A number of disks cut from pulp sheets are
placed in a cylinder of suiteble cross section and weighted with a weighb
so construoted that it will not tip eppreciebly in the eylinder. The eylind-
er is then immersed in a constant temperature bath along with a bottle con-
teining the solution in which swelling is to be measured and the system is
permitted to reach tempereture equilibrium. The swelling solution is then
introduced into the cylinder and reedings of the height of the swelling
column teken until no further inerease is noted. The height of the swollen
column multiplied by 100 and divided by the original height is reperted as
per cent swelling.

G Swelling wes studied in sodium hydroxide solutions eontaining 1, 5,
10, 15, 25 and 35 per cent eaustic by weight and at temperatures of 0, 15,
45, 65 and 85° C. The dates obtained in these experiments indicated that the
rete of swelling was slow in the higher concentrations of alkali and at the
lower temperatures. Swelling was observed to be maximum at the lowest
temperatures and to pass through a maximum in 15 per cemt sodium hydroxide.
These results are discussed.

Swelling was also studied under similar conditions but with wvarious
wetting agents added. Wetting agents were found to have no apprecisble
effect on swelling in sodium hydroxide es measured by this method.
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SOME ASPECTS OF THE SWELLING OF CELLULOSE PULP
IN SODIUM HYDROXIDE SOLUTIONS AND THE
INFLUENCE OF WETTING AGENTS THEREON

I. INTRODUCTION

THE IMPORTANCE OF SWELLING OF CELLULOSE. Meny solids
will sbsorb appropriate liquids, with the result thet they inereese
" in volume. This phenomenon is known as swelling. Few factors are
.as importent to the paper msker or mamufacturer of rayon and allied
produets as is swelling. It is gemerally recognized that the amount
of swelling e pulp has undergone has a direct bearing on the qual-
ity of regenerated cellulose or paper thet can be made from it.
While this reletionship is not clearly understood, the fect that en
improperly swollen pulp makes & poor product is generally asccepted.
During bleaching certain pulps are subjected to a ceustic extraction
employing sodium hydroxide. It is in this step that the major
portion of swelling tekes place. It is well known that swelling
is asccompanied by'a greater or lesser amount of degradation of the
cellulose, actual cleavege of the chain-like molecules. This
breskdown is eccompenied by a corresponding loss of strength of the
pulp end en actual dispersing of a eertain fraction of the cellulose
"~ in the swelling medium. This dispersion accounts for the greetest
"single loss of pulp yield in the entire process. It hes been fonﬁd
that the amount of swelling can be controlled im part by alteriﬁg

conditions of temperature end concentrationm (5).



METHODS OF MEASURING SWELLING. A measure of the
swelling of meny solids of rigid structure such as wood may be
obtained by measuring the dimensions of e semple before and after
immersion in the desired liquid (13). Another epproech is
weighing the semple before and after immersion; the gain in weight
being a measure of the liquid imbibed.

A procedure successfully used to measure the swelling of
gels (6) is the introduction of the semple inte & bell shaped con-
tainer fitted et the top with a capillary connected to a long in-
clined manometer and closed at the bottom with & porous plug, usually
plester of paris. The semple is surmounted by an inert liquid such
as mercury which also fills the capillary. The gel seample forms &
seal between the mercury end the porous plug. The bell is then
immersed in the desired liquid which diffuses through the plug and
causes swelling of the gel which forces the mercury out into the man-
ometer. The length of the thread of mereury in the menometer is a
measure of the extent of swelling. If in plece of the manometer,
the bell is fitted with a eylinder of gas equipped with an accurste
pressure guege, the apparstus mey be used to measure swelling
pressure whieh is defined as the external pressure that must be
applied to just prevent swelling.

Pulp by its very nature does not lend itself to any of the
above methods. There is a large void volume between the fibers
whiech precludes using weight of liquid taken up as & true measure

of swelling (5) (16). Because of the liquid taken up between the



individual fibers, pulp tends to become & slurry in the swelling
medium end, therefore, linear dimensien inocresse of a block of the
substence is difficult to measure. For both of the gbove mentioned
reasons the swelling of pulp ecould not be messured in the bell with
porous plug apparstus.

A solution to the problem hes been found in mieroscopie
examination of individual fibers before and after swelling (3),
but this is & tedious procedure &t best. It has been learned that
a eellulose fiber aetually>shrinks in length during swelling which
tekes place laterally (2) (7). Since in & pulp sheet the fibers
ere, for the most pert, laid flet, a measure of swelling may be
obtained by noting the increase in thickmess of the sheet (12).
In order to magnify this increase, it is best to measure the swell-
ing of several sheets laid one on top of the other. The methed

of August Noll (8) embodies this prineiple.

STATEMENT OF PROBLEM. There is & definite need for a
rapid end comparatively accurate method for the measurement of
swelling of pulps and similar cellulosic materials in order that
a greater volume of research in this field may be accomplished.

If a better method of controlling swelling in the caustie
extraction step in bleaching eould be found a great seving eould be
afforded those engaged in pulp manufacture.

It was therefore decided to aim this study at the devel=-
cpment of a rapid, convenient method of measuring swelling aﬁd to

study by that method the swelling of pulp in sodium hydroxide et



verious eoncentrations and temperatures. It was thought that
wetting agents might possibly have an effect on swelling of pulps.
It was decided, therefore, to study swelling in sodium hydroxide

solutions to which wetting agents had been eadded.

II. EXPERIMENTAL PROCEDURE

APPARATUS. The apperstus used in this study to measure
swelling consisted of six pyrex eylinders 5.4 ocm. in diameter by
30.5 cm. long closed at the bottom with suitable rubber stoppers.
For each cylinder there was provided a weight constructed of a
cylindrical section of corrosicn resistant steel 2.20 em.'in-dia-
meter by 2.54 om. long fitted at either end with a pérferatedvdisk
of plexiglass 5.3 em. in diemeter and 3 mm. thieck. The pleiif
glass was secured to the steel with flat headed machine serews.
Also provided was a bath that could be maintained at any temperature

from 0 to 100 plus or minus 0.5° ¢,

MATERIALS. Swelling measurements were run on semi-
bleached kraft pulp in the form of disks cut from sheets formed and
dried on a Kamyr machine.

Sodium hydroxide stock solution was prepared and stored i
a 20-liter carboy fitted with a‘soda lime tube to exeludeearbén
dioxide. No attempt was made to rid the solution of silicates.

The concentration of the stock solution was determined by means of

e hydrometer.



Wetting agents used in this study were Triton N~100,
Iriton K-60 and Triton 770 obteined from Rohm and Hass Company,
Philedelphia, Pernnsylvenia, and Kreelon 4-D obtained from Wyandotte
Chemicals Corporation, Wyendotte, Michigen. S8tock solutions con=-
teining 25 grems of wetting agent per liter were prepared end stored
in 1 liter stoppered bottles. The solutions to be used in swell=-
ing measurements were made up in the required concemtrations by

dilution of the above mentioned stoeck solutioms.

METHODS. Five disks of pulp 5.3 cm. in diameter by 2.2
mm, thick were pleced in each eylinder and a weight placed on top of
each pulp pile. The cylinders were then immersed in the bath. 250
ml. portions of swelling solutions of the desired concemtrations
contained in 8-ouncé wide mouth bottles were also immersed in the
bath and the system allowed to reach temperature equilibrium. The
swelling solutions were then poured into the eylinders and readings
teken from time to time of the heights of the swelling columms.

This procedure was rigidly adhered to in every respect in

order to eliminate errors due to variations in method.
III. EXPERIMENTAI RESULTS AND DISCUSSION

THE EFFECT OF VARYING VOLUME OF SWELLING SOLUTIONS. Im
order to determine what retie of sodium hydroxide solutiem to pulp
should be used, experiments were performed in which the swelling of
11,0 grem semples was studied in 125, 250, and 375 ml. of 15 per

cent caustic. This concentration was chosen beecause it had been
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found to produce meximum or near maximum swelling over the tempera-
ture renge. As will be indicated in leter date, time of swelling
in these experiments was long enough to esteblish swelling equili-
brium. The results are given in Teble I. Values in the teble are

given as per cent swelling defined by the relationship:v

% Swelling = (Height of swollen column in in. - 0.45) 100
: 0.45 ’

0.45 in. was taken as the height of the unswollen column after it
was found that the average of 25 original heights before the addi-
tion of swelling solution was 0.45 in. end that none deviated more
than 0.10 in. The deviations noted were due to warping of the pulp
disks rather than irregularities in thickness. The swollen pulp,

because of the softening action of the swelling medium, showed no

warping.
TABLE I
THE EFFECT OF VARYING VOLUME OF SWELLING SOLUTION
VOL. OF PER CENT SWELLING
15% NaOH
ml, o° 8° 15° 25° 45° 65°  gg°
125 502 484 456 393% 273 153 107+
250 511 511 444 427 278 153 100
375 522 489 469 434 278 160 100

It should be noted that with the exeeption of the two
values marked with the asterisks all swelling velues fall within
the limits of experimentel error, the magnitude of whieh is estab-

lished in a later section of this paper. For this reason 250 ml. was
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selected for all later experimentel work. It is quite possible that

125 ml., might have sufficed, but 250 ml. was thought to be safer.

MAGNITUDE OF EXPERIMENTAL ERROR. In order to obtain a
meeasure pf the magnitude 6f experimentel error in the measurement of
swelling by this method, one group and a number of pairs of dupli=-
cate measurements were made. In these experiments enough time was
allowed for equilibrium swelling to be attained based on swelling-
time date reported in a later section of this paper. The results of

these runs are given in Taeble II.

TABLE II

DUFLICATE SWELLING MEASUREMENTS

TEMPERATURE PER CENT SWELLING
oc. 5% NeOH 15% NaOH

0 522
512

is 428
444

433%
476%
486%
455%
435%
467*

45 67 302
62 278

65 62 162
56 163

86 33 100
40 100
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The values marked with the asterisks_ﬁere all taken from
& single run.

The mean of all values for swelling at fifteen degrees and
in fifteen per cent caustic is 455>per cent, the mean deviation
from this average being 18 or 3.97 per cent. The maximum deviation
is 32 or 7.07 per eent. Swelling values obtained for the other
conditions 1isted in this teble all fell within these limits except
at 85° ¢, and in 5 per oent caustic under which conditions, however,

the amount of swelling was very small.

TIME TO ESTABLISH EQUILIBRIUM SWELLING. In order to &s-
certein the length of time necessary to reach swelling equilibrium
at the various tempefatures and at the various concentrations of
caustic soda, several experiments were run aecording to the method
described in & previous section. Swelling was studied in 1, 5, 10,
15, 25, and 35 per cent sodium hydroxide solutions and at tempera—
tures 0, 15, 45, 65, and 85° C. Readings were teken from time to
time until 30 minutes additional swelling ceaused no further increase
beyond the limits of experimental error, the megnitude of whieh is
established in an earlier section. This value was teken as equil-
ibrium swelling. The results of these experiments are given in

Table III.



TABLE III

TIME TO REACH EQUILIBRIUM SWELLING

% CONC. TIME IN MINUTES
OF NaOH (O 150 450 65° 85°
1 40 15 5 5 5
5 50 20 5 P 5
10 110 25 5 5 5
15 76 30 5 5 5
25 150 30 5 5 5
35 140 50 5 5 5

It should be noted that swelling is very rapid at the
higher temperatures for all concentrations studied. In all subse-
quent experiments swelling wes allowed to reach equilibrium by
permitting swelling to continue at least as long as the time re-

eorded in the above table.

EFFECT OF TEMPERATURE AND CONCENTRATION OF SODIUM HYDROX
IDE ON SWELLING. Tables IV‘through VIII present the results of
swelling versus time experiments at 0, 15, 45, 65, and 85° C. res-
pectively. The data from Tebles IV end V are plotted in Figures I
and II respectively with per cent swelling as ordinate and time in
minutes as abscissa. Since swelling was so rapid and equilibrium

swelling was reached so quickly at all the higher temperatures, it
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wes decided to present only these two lower temperature runs
graphically.

It should be noted that equilibrium'swelling was reached
quiékly for the lower ceneentfations of sodium hydroxide, but that
this rate drops off rapidly with increasing concentration of ceustiec.
At 0° the semples immersed in 25 per cent and 35 per cent sodium
hydroxide were still swelling slowly at tﬁe end of 180 minutes. It
is probeble that this eontinued slow swelling at low temperatures
would eventually lead to dispersion of the pulp in the swelling
medium. »

Figures III and IV show the date from Tables IV and V
with per cent swelling as ordinate and per cemnt ccncentration of
sodium hydroxide as abscissa. It is noteworthy that although in
lower concentretion of sodium hydroxide swelling equilibrium is
reached rapidlys in all other comcentrations this condition is

attained more slowly as concentration increases.



TABLE IV

PER CENT SWELLING VERSUS TIME AT 0° CENTIGRADE

TIME IN ~ PER CENT CONCENTRATION OF NaOH
MINUTES Lo 10 15 25 35
5 33 67 127 71 0 0
10 33 96 . 204 116 18 7
15 31 113 240 193 33 13
20 38 127 284 238 63 15
30 40 129 326 329 80 33
40 51 131 369 438 107 49
50 49 144 402 511 134 67
60 49 144 422 516 167 89
75 49 144 442 522 189 102
90 47 142 442 824 215 122
110 47 - 142 467 526 245 151
120 a9 140 463 522 256 175
140 49 = 142 465 526 248 196
155 -- - - 300 196
170 - — ST 311 198

180 49 140 = 482 522 313 198
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TABLE V

PER CENT SWELLING VERSUS TIME AT 15° CENTIGRADE

TTIME IN PER CENT CONCENTRATION OF NaOH

MINUTES 1 5 10 15 25 35
5 31 100 374 389 286 58

10 35 102 382 411 322 160
15 38 107 382 420 335 206
20 40 109 387 432 336 220
25 42 111 387 434 333 240
30 45 113 389 438 340 256
40 47 111 391 432 340 264
50 45 113 393 429 340 276
60 45 111 398 429 340 278

TABLE VI
PER CENT SWELLING VERSUS TIME AT 45° CENTIGRADE
T TIME IN ~ PER CENT CONCENTRATION OF NaOH

MINUTES 1 6 10 15 25 35
5 31 63 102 298 189 -

10 31 56 102 278 187 e
15 33 65 109 300 187 ik
20 33 67 111 300 184 b
30 31 65 111 304 193 o
40 33 83 109 302 196 s







TABLE VII

PER CENT SWELLING VERSUS TIME AT 65° CENTIGRADE

T IIME IN PER CENT CONCENTRATION OF NaOH

MINUTES 3 5 10 15 25 36

5 24 58 58 162 200 129

10 22 56 65 156 200 129

15 22 58 87 158 198 129

26 27 56 67 162 198 134

40 24 56 7 162 200 131

TABLE VIII

PER CENT SWELLING VERSUS TIME AT 85° CENTIGRADE

T TINE IN PER CENT CONCENTRATION OF NaOH
MINUTES 1 5 10 15 25 35
5 29 33 40 96 125 116
10 31 40 a2 98 127 118
15 29 38 45 100 131 116
25 31 40 47 100 129 116
40 29 40 45 100 129 116
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Rearrangement of the date in Tables IV to VIII inclusive
80 as to show the per cent swelling in various conecentrations of
sodium hydroxide and at various temperatures at the end of 5, 10,
15, 20, and 30 minutes, and after equilibrium swelling had been
reached, makes more evident the effect of caustic concentrations
and of temperature on the extent of swelling. This has been done in
Tables IX to XIV inelusive, The data in these tebles are shown
graphically in.Figures V to XVI inclusive in which the data from
each table have been plotted first as isotherms showing per cent of
swelling againét eoncentrations of caustic and then as isoconcen-
trations showing per cent swelling against temperature.

The isotherms show best that swelling is greatest at
sodium hydroxide concentration of 15 per cent and decreases as con-
centration becomes greater or smaller. The isceoncentration eurves
show clearly that greatest swelling is obtained at 0° C., although
equilibrium is reached much more slowly and that emount of swelling

becomes progressively smaller as temperature is inereased.
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TABLE IX

FIVE MINUTE SWELLING

CONCENTRATTON
NaOH 0° 15° 45° 65° 85°
1 33 31 31 24 29
5 67 100 63 58 33
10 127 374 102 58 40
15 71 389 298 162 96
25 O 286 189 200 125
35 0 58 A 129 116
TABLE X
TEN MINUTE SWELLING
PER CENT PER CENT SWELLING
ggggmnrnamlag 0° 15° 45° 65° 85°
1 33 33 31 22 31
5 96 102 56 56 40
10 204 382 102 65 42
15 116 411 278 156 98
25 18 322 187 200 127
35 7 160 F- 129 113
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TABLE XI

'FIFTEEN MINUTE SWELLING

24

~ PER CENT PER CENT SWELLING
CONCENTRATION ;
NeOH 0° 18° 48° 68° 85°
1 31 38 33 22 29
5 115 . 107 65 58 38
10 240 382 109 67 45
15 193 420 300 158 100
25 33 335 187 198 131
35 13 206 === 129 116
TABLE XII
TWENTY MINUTE SWELLING
~ PER CENT "PER CENT SWBLLING
CONCENTRATION
Ne.OH 0° 159 459  g5° 859
1 38 40 33 25 30
5 127 109 67 57 39
10 284 387 111 67 46
15 238 432 300 160 100
25 63 335 184 198 130
35 16 220 == 132 116
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TABLE XIII

THIRTY MINUTE SWELLING

~ PER CENT PER CENT SWELLING
CONCENTRATION
NaOH e°  18° - 48°  e8° 85°
1 40 45 31 27 29
5 129 113 65 56 40
10 325 389 111 69 47
15 329 434 304 162 100
25 80 340 193 200 129
35 33 266 @ --- 131 116
TABLE XIV
EQUILIBRIUM SWELLING
CONCENTRATION
NaOH A T T T R 85°
1 49 45 33 24 29
5 140 111 63 56 40
10 482 398 109 71 45
15 522 429 302 162 100
25 313 340 196 200 129
35 198 278 131 116
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DISCUSSiOH OF THE SWELLING OF CELLULOSE. Cellulose was
first defined by Payen (10) over 125 years ago as the fibrous residue
that resists the attack of nitrie escid and alkalies on woody tissue.
He proposed the empirical formula CeH1005 (corrected on the basis of
modern atomic weights) which is still considered correct today.
Braconnot (1) was the first to publish the relationship between
glucose and ecellulose as represented by the equation:

(CeH1g%)n +  mH0 — nCgHy20g
This was later proved to be quantitative.

The presence of three alcoholic hydroxyl groups, one
primery end two secondeyy, for each gluccse residue has been repeat-
edly established by esterification and etherifieation. On the basis
of known factis, cellulose is now generally accepted to be a conden-
sation polymer of glucose. It appeers to teke the form of glucopy-
renose units linked together in all eases as beta glucosides. This

structure is shown schemetieally for two glucose residues.

# ot CHOH
H H i
: H
w L
S e R
CH,OH o o

~ Five such pairs of glucopyranose units are grouped in the mono-

clinie unit cell of cellulose. The minimum length for a eellulose

- molecule probably represents a length of twenty times that of the unit



36
cells, while the average molecular length of the cellulose molecules
of ecotton has been reported to be five times this_awount. Because of
the great length of the ecellulose molecule, the unit cells are
oriented more in one direction them in others, giving rise to long
threadlike ehains. A large number of these chains are, in turn,
bundled together to form the erystellite or micelle, the building bloek
of the cellulose fiber. Since not all the cellulose molecules are of
the same length some bridge the geap and tie adjacent micelles together
end to end. The chains of micelles in the eellulose fiber are arrengel
in e helix at a slight angle tc the exis with en outside layer which
spirals about the fiber at an angle which in some cases approaches
ninety degrees. Wood fibers supply a striking examplé of such
orientation. A

X-ray evidence indicated that, when the cell walls of cellu-
lose materisls swell, water is taken up between the erystallites and
within zones of less perfeot oriemtation to add its volume to that of
the cell walls. The spreading apart of the micelles is thus almost
entirely at right sngles to the direetion of orientation of the
threadlike units. The fact that only & limited smount of wﬁter can be
teken up within the cell wall is probably due to the fact that the
molecules that pass from one bundle to enother do so in such & rendom
menner as to tie them all together through chemieal bonds. The
micelles are thought to be further held together by the secondery
valenece forees of hydrogen bonds between hydroxyl groups on adjacent

molecules, (18)
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THEORIES ON SWELLING. A great many attempts have been made
to explein the taking up of a swelling medium by a swelling solid. A
few which have received rether wide support will be mentioned here.

Peuli end Hendovsky (9) believe that certain ions are
strongly adsorbed on the surface of cellulose and in order to meintain
electrical neutrality, the oppositely cherged ions become immobilized
near the surfece bringing their sphere of water with them. These
authors believed that it 1s this water of hydration that is respon-
sible for swelling.

Tolman and Stearn (15) believe that the adsorption of ions
on the surface of the ecellulose creates a surface charge that repels
like surfaces allowing water to enter mechanically.

Proctor and Wilson (11) thought swelling to be due to the
setting up of a Donnan membreane equilibrium that results in a higher
concentretion of ions within the membrane than on the ocutside which
results in the teking up of water by osmosis because of the concen=-
tration difference.

Because of the many sided aspect of the problem of swelling
none of the above theories is able to explein the swelling of cellu-
lose under all oonditions of temperature end concentration (17).

Of interest is the explenation offered by Stemm (14) for
the swelling of wood in concentrated aqueous salt solutions. He
offers & combined sorptien-solution pressure~structural resistence
equilibrium theory. He showed that the swWelling of woed in saturated

selt solutions increases with an increase in the partial specifie
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volume of the salt in solution. The swelling in all cases was less
than the volume of the salt teken up, indicating that some water had
been displaced. Hevebserved & leg between the beginning of sorption
of the salt and the commencement of swelling. As more salt enters
the swelling stmeture, more water must be displeced or the materiel
has to swell. As more and more weter is displaced, its removal be-
comes more and more difficult. The forece neecessary to displace the
water soon exceeds the structurel resistence foree so: that swelling,

rather than water displecement, results.

THE VARIATION OF SWELLING WITH CONCENTRATION AND TEMPERA~
TURE. During the course of this investigation several factors whieh

warrant discussion were observed.

I. Swelling,of pulp was found to be much greaster in eaustie
then in water. This is rather easily explained on the basis of the
setting up of a Donnan equilibrium with the cellulose acting as its
own membrane in the sodium hydroxide solution. There is no possi-
bility of this occcurring in pure ﬁater because of the eabsence of

electrolytes.

II. Swelling wes observed to be greatest at lower temper-

atures. This observation might be explained from two stendpointss

A. It has been repeatedly found that the amount of adsorp-
tion of one material by snother decreeses with incressing temperature.

Since all attempts to explain swelling that have enjoyed any smount



38
of popularity have done so on the basis of adsorbed ions or molecules,

one would expect swelling to decrease with increasing temperature.

B. It has been found that the degree of hydration of the
sodium jon is lower at higher temperatures. This would lend ered-
ence to the theory of Pauli and Handovsky (9) since they explain
swelling on the basis of water of hydration of the ion eharged'opp—

ositely to the ome highly adsorbed.

III. Data obtained in this study indicate that swelling
is slowest at low temperatures. X-ray evidence (18)‘indieates that
when merked swelling tekes place theré is an alteration in the x=-ray
lattice of eellulose. This would‘indicate that the swelling medium
is actually entering and swelling the micelles. In cases of slight
swelling, no evidence of intremicellar swelling has been found. Sime
at low temperatures swelling is merked as well as slow, one would be
led to the conclusion that the low rate of swelling at temperatuies
near zero degrees is due to the fact thet the swelling medium must
penetrate more profoundly into the structure of the cellulose fiber.
Also to be considered is the known fact thetdiffusion rates decrease
with deocreasing temperature. In order to swell cellulose, sodium

hydroxide must first diffuse into it.

IV. The rate of swelling was also observed to decrease wih
inoreasing concentration of caustie. This author believes that this
is readily accounted for by consideration of the fact that as eon-

eentration of alkali solution increases, its viscosity also increases.
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This is accompanied by a ecorresponding deeresse in the rate of
diffusion of caustie through the soclution and consequently in#o the
fiber. The rate of penetration of the pulp sheet by a solution
would obviously decrease with inereasing viscosity. This lower rate
of swelling may also be due in part to the necessity for penetratibn
of the sodium hydroxide into the cellulose micelles, as pointed out

in the following paragreph.

V. BSwelling was observed to be maximum in fifteen per cent
caustic solution. In order to discuss this finding two consideretions

should be stated.

A. The degree of hydretion of the sodium ion has been found

by meny workers to decrease with inereasing concentration.

B. X~-ray date indicate thet intremicellar swelling does not
teke place in eoneentrations of caustic below ten per cent. As has
been mentioned above, swelling ean be considered a function of ionie
hydration. The x-rey evidence indicates that swelling below ten per
cent caustic can be considered a purely adsorption phenomenon while
ebove this concentration the internal surface of the micelle becomes
more and more availeble for chemical combination between'the cellulese
end sodium hydroxide (18). Then all the internal surface becomes
aveileble, then and only then cen the addition of alkali be considered
as a true stoichiometric chemicel resction. This mey be the ease only

under conditibons of optimum swelling,



THE EFFECT OF WETTING AGENTS. In order to asoertain
whether or not wetting agents wnuld.have any effeect upon the swell-
ing of pulp as measured by this methed; several experiments were
egrried out in which the swelling of pulp was studied in 5 and 15
per cent caustie solutions to whieh 0.03 per ecent of various
wetting agents had been added. 6 and 15 per cent sodium hydroxide
solutions were chosen for these experiments because they had been
feund to cause near minimum and near maximum swelling respectivély.
0.03 per cent wetting agents was chosen because 11terature supplied
with them indicated that at this eonsentration surface tension
lowering is about as great as can be obtained. Swelling measure-
ments were made at temperatures of 0, 8, 15, 25, 45, 65,.and 85° C.

The wetting agents used were Triton N-100, Triton K-60,
Triton 770 eand Kreelon 4-D. These particular webtting agents were
chosen because among them are two anioniec, one non~ionic and one
cationic type. Triton N-100 is & non-ionie wetting agent consisting
of a poly ether alcohol supplied in 100 per cent strength. Triton
K-60 is cationic supplied as an aqueous dispersion.of steeryl di-
methyl benzyl emmonium chloride in the form of & paste contalining
26 per cent active ingrgdient. Triton 770 is anionic eontaining 30
per cent sodium salt of an eryl poly ether sulfate and 30 per cent
isopropencl in water. Kreelon 4-D is an anionic wetting agent
supplied as a powder consisting of 40 per cent orgenic sulfonates and

60 per cent inorgenic salts.
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The results of these experiments are given in tebular
form in Tables XV through XXI. The values for equilibrium swelling
at various temperatures have been summafized in Teble XXII and are
shown graphically in Figures XVII to XX inclusive.

For the sake of easy comparison the corresponding eurves
for swelling in sodium hydroxide solutions without wetting agents
are plotted in the ssme figures.

It should be noted thgt wetting agents were found to have

only & megligible effect regardless of what type of wetting agent

was used.
TABLE XV
SWELLING WITH WETTING AGENTS AT 0° CENTIGRADE
: PER CENT SWELLING :
TIME IN 5 PER CENT NeOH 15 PER CENT NeOH
MINUTES N-100 K-60 770 4&-D N-100 K-60 770 4=D
5 78 71 78 69 53 56 er S8
10 107 91 104 100 127 125 127 122
186 120 116 118 122 169 178 200 173
20 122 118 116 122 224 234 260 251
30 126 120 116 122 331 333 362 378
40 127 120 118 122 427 422 446 454
50 127 122 120 122 489 482 495 478
80 129 127 120 122 520 516 511 6522
70 131 127 127 122 529 524 518 522
80 129 127 127 122 536 534 526 522

90 129 b5 G g 6 540 540 831 522




TABLE XVI

SWELLING WITH WETTING AGENTS AT 8° CENTIGRADE

TINE IN PER CENT SWELLING

MINUTES 5 PER CENT NeOH 15 PER CENT NeOH
N-100 K-60 770 4-D N-100 K-60 770 4-D
5 91 78 78 87 300 325 322 273
10 94 85 80 98 356 371 380 387
15 96 89 87 100 427 415 436 414
25 100 94 100 104 474 472 474 484
35 100 100 94 104 489 489 478 507
45 100 98 94 104 484 489 486 507
60 100 100 94 104 486 486 486 507

TABLE XVII

SWELLING WITH WETTING AGENTS AT 15° CENTIGRADE

“TINE IN PER CENT SWELLING
MINUTES 5 PER CENT NeOH : 15 PER CENT NaOH

N-100 EK-60 770 4-D N-100 K=60 ‘770 4-D

5 82 87 87 87 456 469 422 434

10 89 94 100 94 478 472 456 434
15 94 94 94 94 478 474 465 442
20 94 94 94 94 478 472 469 440
30 94 96 96 94 478 472 469 442




TABLE XVIII

SWELLING WITH WETTING AGENTS AT 25° CENTIGRADE

PER CENT SWHLLING
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TIME IN 5 PER CENT NaOH' 16 PER CENT NeOH

MINUTES N-100 K-60 770 4-D N-100 K-60 770 4-D

2 65 67 67 67 400 400 393 411

5 78 15 Tl 71 413 427 411 411

10 89 73 13 78 411 dse €1 an

20 89 78 73 78 413 422 413 4l
TABLE XIX

SWELLING WITH WETTING AGENTS AT 45° CENTIGRADE

PER CENT SWELLING

TIME IN 6 PER CENT NaOH 15 PER CENT NeOH
MINUTES N-100 K=60 770 4-D N-100 K-60 770 4-D
2 63 63 53 66 273 278 278 282
5 58 68 &6 &6 276 278 278 289
10 56 56 66 56 278 278 278 289
56 66 b6 56 278 278 278 289

20




TABLE XX

SWELLING WITH WETTING AGENTS AT 65° CENTIGRADE

§
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PER CENT SWELLING
TIME IN S PER CENT NaOH 15 PER CENT NaOH
MINUTES N-100 K-60 770 4-D N-100 K=-60 770 4-D
2 . 49 49 47 38 158 166 149 151
5 49 49 47 38 le0 158 151 151
10 51 49 47 38 160 1866 149 181
6 49 49 49 38 168 168 149 181
TABLE XXI

SWELLING WITH WETTING AGENTS AT 85° CENTIGRADE

PER CENT SWELLING

TIME IN 5 PER CENT NaOH 15 PER CENT NaOH
MINUTES N-100 K-60 770 4-D N-100 K-60 770 4-D
2 8 35 33 31 89 85 98 98
5 33 35 35 85 89 85 98 96
10 3 38 33 38 89 8 98 96
86 35 38 89 85 %

15 38

98




TABLE XXII

TIME IN

5 PER CENT NaOH

MINUTES N-1l00 K-60 770 4-D

EQUILIBRIUM SWELLING WITH WETTING AGENTS

45

PER CENT SWELLING

15 PER CENT NaOH
N-100 K=-60 770 4-D

0
8
15
256
45

65

136
100
94
89
66

49

127 125 122
100 94 104
96 96 94
78 T3 78
56 656 66

49

49

38

638
486
478
413
278

168

540
486
472
422
278

168

531
486
469
413
278

149

b22
507
442
411
289

151
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IV, SUMMARY

A method for the measurement of the swelling of cell-
ulose pulp wes devised and the swelling of pulp sheets in various
coneentrations of sodium hydroxide and at various temperatures
was studied. The influence of wetting agents on pulp swelling was
also investigated.

Swelling of eellulose in caustic solutions was found
to be maximum at low temperatures and to pass through a meximum
at 16 per cent concentration of sodium hydroxide. The rate of
swelling was found to be slow in high concentrations of caustiec
and at low temperatures. Wetting agents were observed to have
little or no effeot on swelling as measured.

The data obtained in the investigation are preéented
in such a meanner as to illustrate the above findings and these

observations are discussed,
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PULP SAMPLES BEFORE SWELLING

Each cylinder contains 5 disks of pulp and
a weight as deseribed in an earlier
section
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PULP SAMPLES SWOLLEN AT 285° C.

Cylinders, from left to right, contain pulp samples
swollen in 1, 5, 10, 15, 25 and 35 per cent
sodium hydroxide solutions, respectively



FIGURE XXIII

CYLINDERS IMMERSED IN CONSTANT TEMPERATURE BATH
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