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TETRODUCTION

Paper is modified in & varisty of ways to meet sonsumer do-
mands, Yor simplicity, these modifications may be roughly grouned in-
to (1) soatings, (2) fillers, (3) satursats, and (4) sdditives. Coat-
ings adhere to the sheel surface, fillers are mechanically entangled
{n the paper web, snd saturants are inbived by the sheet, Additives
are neterials which are tntroduced in small smounts at some point in
the wet-end system and depend on sorption for retention rather than on
the shove~mentioned mechanisms. Additives may be further ldentified
agoording to the point at which thoyv ars introduced--i.s,, beater and
headbox additives--and are revresented by such substances as manno-
galactan gums, stsrch, wood hemicelluloses, and water-soluble methyl-

esllulose, together with wet strenzth and other resins,

The use of additives in papermsking 4s attracting increased
{nterest in the industry, not only for certain specialty papers, such
as those with vet strength, but also for the urposs of decreasing
the power requirements {n the hydrating of pulps and permitting sa 1in~-
cresnsed use of shorter-fibered or poorer quality pulps in furnishes.
Mannogalagctan zume and pethylcellulose are pulp deflocoulators end,
therefore, contribute to mere ﬁniforn formation on the paper machime.
Additives way inorease the ultinate strength properties of a given
furnish and, eonssquently, widen market horigons for a nartieular

product,

Additives are introduced in the vet-end system of the paper

sachine in amounts approximating several per cent of the fiber present.
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Since pulp consistencies vary from 5% {n the beater $o 0.5-1,0%

in the headboex, the sbsolute concentration of additive is very low,

In order to be effectivs, an sdditive must de nieked up from thile
dilute solution in sufficient amounts so that resulting modification
of the fiber surfsce can stabilize mulp suspensions, thus resulting ina
bvetter formation, inorsaned fiber-to-fider donding, znd improved
strength oroverties. Fundsmental studies on additive retention have
not been extensive, This is particularly true -of volyssecharide
additives. Additional information on the manner of additive sorption
by pulps and the factors whiech influsnse this sorntion should result

in more sffective utilization of thsse new papermaking raw materials,

¥ater-soludble cellulose sthers were chosen for the oresent
investigation because they have gshown grezt nromise =s dester addi~-
tives and because they readily disperse in water to form cleary viscous
solutions. In addition, cellulose ethers rre rel - tively resistant te

biological attsck, thus obviating sxtraordinary precautions.
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RISTORICAL RRVIEW

‘ Water-soluble cellulose ethers are made commercially by
steeping purified wood or cotton eellulose in 50% sodium hydroxido and
treating with methyl or ethyl chloride under pressure at elevatod
temperatures (1 - 3). The properties of the product depend on (a) the
pature of the etherifying radical and the degree of substitution
(D.5.), (b) the degree of nolymerization (D.P.), sad {c) the uni-
formity of etherification. The D.P, is controlled largely by sging
the alkali cellulose formed in the steening ovperstion, Methylcellulose
of D.§. 0.7-2,6 and ethyleellulose of D.5, 0.8-1,3 are soludle in
cold water for certain ranges of D,P. Cellulose sthers are insolubdle
in hot water and nresipitate from solution on heating (3, 4). Gela-
tion is accompenied by e slight volume increase in the system (5).
Methylecellulose and gelatin hydresels form coaecervates when mixed (6).
Methylcellulose in solution vositively adserbs weakly hydrated anions
and negatively adsorbs highly hydrated anions in the order of the
lyotroonic series. The effect of salte on methyleellulose solubility
also follovs this series; highly hyirated anions are more offective
in decrensing the solubility (4, Z, 8). Methylcellulese is said to
have no seta-potential in solution (2). PFolyvasic acids, phencls,
tannins, aldehydes, snd certain aldumen preeipitants will precipitzte
methyloslluloss from solution (2, 10, 11). Sonnerskog (12) studied
the gelation of water-soludle ethylcellulose and hydroxyethyleellulose
and postulated an aggregnte formation for solutions of the former
ether. Hydroxyethylcelluloss solutions do not shov such ageregates.

Solutions of methylcellulese ordinarily do nod fermend or mildev (2, 3).
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Methylcellulose has been fractionated from water solutiom
using a salting-out techninue (11). Bigner and Tavel (14) investi.
gated these fractions by ultracentrifuge sedimentation equilidrium,
The molecular dimensions of methylcellulose in solution were detor-
mined from the weight-average molscular weight [using the formula of
Burgers (15)] and experimentally deternined reduced vissosity and
partial specific volume. The nmlﬁ wore checked using a molecular
length of D.P, times the length of a glucose residus (5.15 A.). Ooed
agreemant vas found for the valuss caloulsted by the two methods.
The diameter of a methyleellulose moleculs was found to be 7-9 A,,
tndicating a hmg. thread-like moleculs of one methylated cellulose
chain, Worden (1) reports the experiments ef Katg and Samuel, who
found the thickness of methylcellulose molecules on water to be
L,1-4.3 A, as mossured with a film balance. These findings coincide
with those of Bigner and Tavel, {f orientatien of the glucese ring
at the vaﬁr surface is considered. Staudinger and Reineecke (127)
and Staudinger and Schuls (18) determined the viscosity and osmotic
oressure molecular weights of methyloellulose in water, g-cresol,
nostic acid, and chloreform. The Staudinger Km constant was founmd
to be 11 x 10~ for a methylosllulose with 22-32% methoxyl content

in water solution,

Water-soluble methylecsllulose has deen proposed as an
adhesive for paver coatings (19) and as a greasenroof coating (20).
A nusber of writers have referred to the use of water-soluble methyl~
cellulose sz an sdditive and have reported improvement in strength

oroperties of treated pulps (2] - 26). A reviev of heater additives
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{n general is given by Jayne, gt 8l (27), which includes the
utiliszation of methyloelluloss. Trspamer (28) and Brosdbent and
Harrison (29) have revorted that methylcellulose is a pulp de-
flocculator and dispersing agent. Dixsen (30) coneluded that
fiber-to-fiber bonding was & function of the hydrovhilic mature of

the pulp surface, FHe also found that methyleellulose was marticularly

effective in imparting a more hydronhilic character to pulovs,

Besause the retention of beater additives must involve some
type of sorniien by the mulp, recent investigationg on the adhesion
of high volymers to cellulose are of interest, Mark (31) reviewed
adhesion %o cellnloes in peneral and mentioned four noesidle types of
vonds. (A) Mechanical bonds in which the adhering surfsees avnroach
to within 100-200 A, Such bonds are possible beczuse electron-
micrograchy has shown inhomogeneities in csllulose fider surfaces
which are as much as 300 &4, deep. The mechanical bond 1s very weak,
(B) Polar bYonds, in which attraction occurs between polar groups,
These zroups approash to within 45 A. and the bond energy is 2.4
kiloealories per mole, {(C) FHydrogen bonds oecurring bdetwsen fluor-
ine, oxygen, or nitrogen atoms, im which the mtoms are separated by
2.5-2.8 A, end the bond energy is 5-8 kilocalories per mole.

(D) Covalent bonds (chemical) in which the eonstituent groups are
1.5+2.0 A, apart and the boad emergy is 50 kilocalories or more ver
mole. Melaren (32) found $hat vnolymer adhesion to cellulone from hot
melts was s function of the tack temperature and the ratio of the square
of the polymer dipole moment to the dlelsctric constsnt. This agreed

with the data of Moll and Cstwvald, who showed that nolymers dissolve 4in
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solvenss vhich fall within certain limits of this retio. A lowsr tack
temperature resulds in a lower viscosity and more ready adaptability
to the sellulose interfasce, Hofrishter and Nolaren (33) varied the
carboxyl content of s vinyl chloride-vinyl acetate copolymer by
sdfusting the content of malelc acid. They found that adhesion to
cellulese varied with the cardoxyl content aocording te a Freundllich
adsorptien isotherm, Adhesion incressed with incresaing temverature;
the heat of adhesion wes determined to be 12,500 cal,/mele (endo-
thermic). The hypothesis was advanced that adhesion 1s a resultant
of an exothermie sorption process and an endothermio fluiditsy or
cohesion process. The heat of adhesion is the sum of the heats
associated with their processes and {s endotheraie er exothermie
acoording to the relative magnituds of the two quantities. S8ince
adhesion 1 endothermic, the head of fluidity is greatsr than the heat
of sorvtion. The heat of fluldity was exverimentally determined from
the tack temperature at varying carboxyl contents and the heat of
sorption was caleulated to be 17,500 cal./mole (exothermis). Melerea
and Seiler (34) studied the influsnce of melecular weight on adhesion
and found that above s certain mindmum, the molecular welght d4id not
influence the adhesion of nolymers to celluloss or aluminum foil,
They also found that incressing humidity imoroves adhesion of nolar
nolymers because of a plasticisation effect. Molaren and Hofrichter
(1%) anad MoLaren (3§) have revieved the abave exncrimental worlc in

& gensral way.

Although some investigations have besn carried out en the
retention of certain wet-strength resins and polyelectrolyte cellu~

lose derivatives (eardoxymethylcellulose) by cellulose, the case of
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greatest interest in the nresent study is the sorption of essentially
neutral, highly hydrated, straight-chain polysaccharides fror water solu-
tion. Dats on such systems are not nlentiful. The selective sorptiom
of the amyloss (straight-chain) fraction of starch by cotton or filter
paper was used by Tanre$ (37) for quantitatively separating this frae-
tion from the amylopectin (dranched-chain) fraction, BSamee (38) used
cotton wadding for mording amylose frem feur 0.1% starch sols contain-
ing decrensing amounts of amyloss, The cotton sorbed 1,74 of its
welght in the sol consisting mainly of smylose, and 0.7%4 in the scl
vhich was largely amylopectin. Pasou and Mullen (39) found that cotton
removed the amylose from a 1% starch veste and that the cotton plus
sdsorbate could be washed Iree of amyloneotin, lot water decomposes
the adeorption complex and the amylose can be recovered. FKerr and
Severson (4Q) confirmed these results and found that cotton sorbed

1% of its welght from a 0,33% solution of erystalline amyloss. The
retention wvas determined by washing the cotton with cold distilled
water and drying. The dry cotton placed in iodine solution turned
dlus Put 414 not affect the iodine solution itself, indieating an

i{rreversible sorption,

Obermanns (4]) measured the retention of wood hemicelluloses
by sulfise, alvha, and rag vulps in connsotion with an investigation of
hemicelluloses as beater additives. Xylan prevared from a 6% sodium
hydroxide extraction of soda pulp was added te rag pulp and increased
the ventosan content from 0.7/ to 6.5% at 500 5,-R. freeness and 18%
2t 100 S.-R. fresness. The amount of xylan added was not specified.

Peta-cellulose {aeid-presinitable fraction of the 6% caustie oxtract
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from sulfise pulp) was added to sulfite and alnha pulps in amounts vary-
ing from sere to 18% (bmsed on the pulp). These data are reproduced in
Table I with ealoulated valuss of fha equilibdriun eoncentration and the
sorption, The mulp consisteney vas 1.,42%. When sorption is plotted
against equilibrium concentration, an slmost straight-line relationshiy
exista for Both pulps. Sinoce she eastimation of the beta- plus pasms.
ecellulose in the above pulps was made on handsheets, it follows that the
retention of the beta.cellulose is nractically irreversidle in that,

suspending the pulp in water, 444 not result in removal of the hemi-

celluleses,
TABLE 1
SORPTION OF FRTA-CHULLULOSE BRATRK
WITH PULP 170 350 8.-R, FREFNESS
(Computed from the Data of Obermanns)
Equilibrium Beta- Plus (amnms-
Reta-Cellulose Concentration, Cellulose Sorption 2
Added, % g./100 ml, fn the Sheet, %  g£./g. Pulp X 10
Sulfite Pulp
0.0 0 17.78 0
2,16 0,041 18.08 0.3
18.5 0.227 20.0 2,29
Alpha Pulp
0.0 0 7.98 0
2,6 0.020 9.15 1.17
10.16 0,098 11.14 3.2h

Mareh (42) extracted mspem woed chlorits holocellulose with
varying concentrations of potassiue hyirexide and then returned these

hemicelluloses to their respective holocellulose residues, Although
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the retentiecn dats glven are complicated by a constantly varying
substrate (1i.e., different holocellulosse residuss), it may be oslculated
that xylan retentions varied from 0,2 to 7.0% on the pulp for additions
of 4 to 110% xylan, PFor the only dats which are comnarative, retention
plotted ageinst equilidrium concentration showved a curve suzrestive

of a typieal Freundlich sdsorption isotherm. This was for hemicelluloses
extrected with 10¥ votassium hydroxide. These hemicelluleses might be
expected to possess the longest chain-lengths of the alisli-extractadls

naterials,

Data on the retention of methylcellulose (25) by vulps odbtained
by analysis of the methoxyl content of dried handsheets are of lmmediate
interest to the nresent study. The data show an increcsing retention
vith increasing concentration of methylcellulese in the benter liquid,
vut definite conclusions as to the type of curve resulting from an
squilibrium coneentration-serntion plot cannot be drawn. Some of the
data plot as & curve soncave %o the concentrntion axis and some a2z &
curve convex (Freundlich type) to this axis. Ons reason for this
ambiguity nay de the factor of time which will be shown to Ye very im-
portant in such ressarches, Retention of methylcellulose increased
slightly with degree of beating but it is questionable whether an
effect actually existed. There was no conclusive effect of molecular
weight on retention but the data were somewhat contradietory, probadly
for rensons previcusly mentioned, Roein sisze had no effect on the
rotontinn of methylcellulose, By heating the methylesllunlose with the

stock above the gel point (at vhich more eoncentrated solutions of
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methyloellulose set to a firm gel) greater retentions could be
obtained, probably because ef the adherence of precipitated discrete
particles of methylcellulose to the fibers. TFowever, strength proper-
ties vers decreased in comparison with untreated pulp, {n spite of
{noreased retention of additive, The faet that the handsheets in this
investigation contained methylcellulose indicates at least a partially
irreversidls retention, since the dulk concentration of the additive
surrounding the fiber must have beem very greatly reduced in waking

the sheets. This equilibrium concensration was dbelow 0.1% in all sases
studied. The reduction of the fiber eonsistency from 1.7% in the beater
to 0.02-0.004 in the handshest mold would reduce the concentration of

methyleelluloss about 60-fold.

It {s reasonable to expead that the sorption of additives
sust involve either a process ia which diffusion is the paramount
mechanism or one in which true surfase adsorption oscours. A eondinse
tion of these nrocesses may 2ls0 be involved, The literaturs on
diffusion and adsorption is extensive, but the resder is referred
particularly to experimental work in the fileld of dyeing of cotten
and regenerated gellulose for pertinent information en diffusion (43).
williams and Cady cover the funiamentels of diffusion (4lt). An
excellent reviev of experimental techaiques is given by Geddes (4%).
The book by Mantell (4§) covers the theory of adsorption and contains
key literature refarences. Textbooks on vhysical and colloid chenlstry

alse deal in nart vith adsorvtion (47, 43).
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TRESENTATION OF THE PROBLTM

The primary ournose of the nresent study was to investigate
gome of the vrincinal varindles which could conceivably nffect the reten~
tion of wster-soluble methyl- and ethylcelluloses by vapermaking oulns,
Becsuse adsorntion has been shown to be a function of concentratioen,
particular emphagis was to be placed on this variable. Of hardly less
importance, however, was time, temmerature, additive molecular weight,
and the effect of other elements of the navermeking furnish, such =s

rosin and alum,

Since existing analytiesal technioues for estimating the reten-
tion of cellulose ethers were insdsouate, methods of analysis sultable
for measuring 2 very diluse concentr:tion of additive in the nuln-

additive-water system had to he develonsd,

Om the basis of the results obtained in the investipstion
of the variablos mentioned shove, possible wechanisms for sorvtion were

to be hynothesised and discussed,
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EXPFRIMANTAL PROCEDURES
RAW MATERIALS

Data on the properties of ths additive raw materiale used
ars tabulated in Tabdles II and 1II, The methylcellulose was obtatned
in four different gradea and was a white, £ibrous nroduct ma&i by the
Now Chemical Comnany of Midland, Michigam, which kindly furnished some
of the analytical data, Clear solutions of methylcallulose were made
by sosking the material for 0.5 hour in half the required water for
dilution et near the boiling temverature. Aftsr thie soalt, wator was
added to nearly the mark on the volumetrie flask, The suspsnsion was
cooled below 10° O, until the methylcellulose was completely in solution;
the solution was diluted to the mark aftar bringing the flask and con-
tents to room temperature. Solutions of required concentration {based
on ovendry weights) were nmade Dy volumetric dilution at room temnere-
ture from 0.55 stock solutions, BStock solutionas were atored at room

temperature,

The ethylcellulose was an experimantal sample furnished by
the Dow Chemical Compeny. Solutions of the cthylcellulose vere nade
{n » manner similar to that used for the methyleellulose, exaept that
the stosk solution wns filtered to remove insoluble material defors
diluting to abtain lower soncentrations. The actual concentration of
the stock solution was obtained by evaporating and oven arying 25-ml.

aliquots. The ethylcellulose was 68.5% vater soluble,
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TABLR 111
YISCOSITY DATA ON METHYLCELLULOSY

Vethyleellulose Relative Redused

firade Concentration, Viscosity, Yiscosity, Arrhenius
Methecel £./100 ml. nr 'I.P/g X Av,
Loo 0.0100 1,052 5,22 2,20 2.20
0.0200 1.108 5,36 2,22
0.0300 1,164 5.48 2.20
0.0500 1.286 5.73 2.18
0,0150 1,077 5.14 2.15 2,12
0.0300 1,158 5.28 2.12
0.0500 1,278 5.57 2,13
0.1000 1.616 6.16 2.08
0.,0150 1,078 5,20 2,19 211
0.0300 1,154 5.13 2.08
0,0500 1.274% 5,48 2.1
0.1000 1.610 6.10 2,07
In 0,00048 0.0300 1.154 -~ 2,09 2,00
molar alum 0.,1000 1.610 - 2.00
0.0500 1.27% - 2.10
In 0.05 molar 7.0296 1,146 - 2,03 2.0%
0.0985% 1,584 -— 2.0%
In 0,02 g./ 0,0u08 1.256 -— 1.99 1.99
100 ml, rosin :
25 0.0500 1.099 1.98 0.823 0.829
01,0400 1.078 1.95 0.816
0.1000 1.208 2,08 0.822
0,1000 1,216 2.16 0.850
0.,1500 1.336 2.2k 0.8%
0,2000 1,463 2.7 0.82%
0.0500 1.172 3,4 1.78
0.1000 1.366 3.66 1.%6
L4000 0.0150 1.122 8.13 1.3 3.34
0.0500 1.47% 5.59 3.37
0.1000 2.1 11,41 3.7l
Bthyleellulose 0,0103 1,010 0.975 0,422 0.551
0.0342 1,048 1.31 0.55?
0,0684 1,090 1.32 0.547

¥ots: Consult "Analytieal Procedures” for viscometriec methods,
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Data from the literature on the molecular welghts of water-
soluble methyleellulose are summariged in Tabdle IV, TFrom those data
the Staudinger Km constant may he found to be 11 x 10%, (Concentration
1s.in gram monomer welghts per litnr;) Certain objections t» the use
of the Staudinger ecuation (Tadle II) for comvuting molecular weights
have arigen, and a modification of thim equation is that nronosed by
Mark and discussed by Ewert (49) whers () = mﬂ. (a » constant). The
constant g has a theoretical basis and has been found to vary from
0.5 to 1,0, The sbove equation may be written log (1)) = g + a loz X,
and & plot of log {7 ) vs. log } should yleld & straight line of slope
g snd intercept §. A plot of the drts in Table IV gives an exaellent
straisht line and a value of 0,94 for a. Since the valus of a ia eo
nenrly unity, the Staudinger scuation as originally proposed was used
in the present investigation for computing molesular welghts fron

viscosity data,

As has been revestedly vointed out in the literature, weight
average and number average molecular welghis are equal only for mono-
disperse systems (shayp molecular weight fractions). Since only the
ultracentrifuge data in Table IV were obtained on fractions, an ob-
jection to the use of the osmotic pressure data for ealibrating the

viscosity method mizht legitimately vé raleed, The justification
for such & calibration must lie in the fect that methylation tends to

degrade celluloss severely and such degradation shifts the molecular
weight distribution toward lower molecular weight snecies and, at the
same time, makes the dlstribution more uniform (50). Thus the material
used in obtaining the values in Table IV was nrobadly fairly unifornm,

even though unfractionated,
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TARLE 1V

MOLRCULAR WRIQHTS OF MRTHYLCELLULOSES
I WATRR SOLUTIOR

¥onomey

MeO OGroups Molegular Molecular Polymer Intrinsie
MeO, 7 Por Monomer VWeight Weight pP Yiscosity  Source
22,5 1.31 180 77,000 428 5.00 (1)
24,0 1.1 182 67,000 370 3.97 Osmotic
24,7 1.46 183 42,000 230 2.90 Pressure
24,9 1.47 184 52,000 280 3.48
26.3 1.56 185 7,000 255 2,84
27.0 1.60 186 108,000 580 5.78
7.6 1.93 189 hs, 500 240 2,67
22,5 1,31 180 82,000 Ls6 5,00 (2)
25.3 1.50 183 79,000 432 b, 37 Osmotie
24,6 1,45 182 kg ,000 269 3.08 Pressure
23.b 1.37 181 6,000 254 2.37
22,6 1.32 180 14,100 79 0.81 (3)
23,8 1.7 187 2h,%00 130 1.49 Bquilidrive
31.7 1.93 189 38,100 202 2,23 UVltracentrifuge
w6 2.1% 151 90,000 418 5.06

(1) Staudinger, F., and Reinecks, ¥., Ann, 105(1938)

(2) Staudinger, H., snd Sehuls, G. U., Ber. $2920(1938)

(3) Signer, E,, and Tavel, I, V,, Helv, Chim, Acta 211535(1938)
Signer, R., and Lieehti, J., Helv, Chim, Asta 231530(1938)

The pulps used for the sorntion sxperiments consisted of cotton
linters from the Hercules Powder Co'many; western hemlock bdleached
sulfite from the Pulp Division, Woyurhnuunar»?iiber Connany; westera
hemlock unbleached sulfite from Puget Sound Pulp and Timber Comnanys

and jack oine bleached and unbleached kr-ft from YVelkoosa-idwards Paner
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Company. These vulps were beaten in & Valley ladoratery deater sccord-
ing to Institute method 403 exceps that 2000-4000-ce. samples wvere
taken at the deaten interwals selected, The linters and sulfite pulps
wvere beaten with a& 5500-gram and the kraft pulps with a 6500-gram
bed-plate load, The cotton linters and the bleached pulps were ex-
tracted with distilled water at room temperaturs until the filirate

pE was 6.5-7.0. The unbleached nulps were extracted at 60-80° C, for
tvo l-hour periods; the fimnsl wunbleached sulfite extract pll was 6,5-7.0.
The unblanched kraft wae given an additional wash in 0,01 ¥ sulfurie
acid and was again sxtracted at room tempersture until the final extract
pE lay between 6.0-7.0. The cotton linter samples used in the rate
sexperimants were sxtracted with water in a Eoxhlet extractor for four

weeks for the 655 S.-R. pulp and five days for the unbeaten milp,

After filtration, the extracted pulp nads were tulled into
snall nieces, thoroughly mired, and stored im 32-ounce wide-mouth,
screv-cap bottles below 10° C, Moisture contents were taken at fre-
auent intervals by random sampling from the stock bottle and all
duplicate samples agreed vithin 0.4%, although the precision was
frequently much better. Consistencies varied between 16 and 30% and
d14 not change anpreciably over a period of many months, GSince the
paximum deviation from the mean, for moisture samnles, was about 0,2%,
1t may be eoncluded that the actusl weights of the one-gram nuln ssanles

(ovendry basis) taken for sorption runs agreed within 1.5%.

Pulp eonsistencies ars lirted in Table V,
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TABLE ¥

PULP FRATING DATA AND CONSISTENCI®S

Time Consistency
Beating, Treeness, (ovendry mulmp),

Pulp nin, ce. S.-R, 4

Cotton 0 880 21.9

linters 50 795 22,6

67 635 19.3

89 70 21,2

98 335 22,6

Bleached 0 885 26,1

sulfite 29 770 22,1

43 570 19.3

» 300 16.8

kraft 15 775 19.9

23 580 17.5

29 328 16.4

Bleached 0 850 20.6
krafd 15 775 -—

{rewnshed) 23 850 16.9

29 325 190.9

Unbdleached 0 855 20.8
sulfite 20 765 —

36 630 22.3

Unbleacned 0 870 24,6
raft 25 818 -
39 695 —

48 610 20,2



DRVZLOFMENT OF ARALYTICAL TECHHIGURS

The sorption® or retention of any sorbate by a sorbent may
be determined by one of two hasic methods. The first is to measure
the sorbed substance directly on the sorbent, or to strin the sorbate
from the sorbent before analysis. This allows use of the so-called
¥infinite bath,” in which the bulk concentration of the sorbate is main-
tained essentially constant during sorntion, The other mathod 1¢ to
measure the changs in concentration of the sorbate in the solvent. The
change in concentration multiplied dy the volume of the solvent ~ives
the quantity talten up by thse wmorbent. Analytic&liy speaking, the first
method 4is the better since it measures directly the cuantity desired,
In addition, 4t nermits soprilen detarminations at a constant concsn-
tration of sorbate., Howsver, the nroblem of removal of mechanically
held liquor from the sorbent is a difficult one. The morbate in the
mechanically held limuor will be analyzed ss sorbed vhen sctuslly it
is not. The sorbent cannot be washed with solvent if the sorption 1s
reversidble, since sorbate will be removed. The second mathod measures
a difference and sonsequently must be very ssnsitive, It also tends
to be inacourate if this difference is small--i.e,, when there is very

14ttle moryption,
Use of Anthrone
A colorimetric test which ampears to meet the snecification _

*This general term, first introduced dy J. W. McBain, is 1sed to
avoid nrematurs commitment ss to the wechanism of ratention--i,e.,
vhether adsorption or absorntion.



of sensitivity for measuring sorntion by conceantration difference is
that of anthrone., Anthrone is a reduction produst of anthraguinone
and i{s formed dy heating the latter under reflux in the presence of
granulated tin and a mixture of acetic and hydrochloric acids (51, 52).

The compound may mov be obtained commercially im reasonadbly wure

form (53).
0
[}
| Granulated 'Hn QCD
e
¢ HC1, AcOH
0
Anthraquinone Anthrons

Anthrone was initially used as a test for glycerol (a red
color is formed) in paper (51). In 1946, Dreywood (54) nrovosed
anthrone as & sensitive test for carbohyirates., A positive dlue-green
color was given by a group of 18 carbohydrates, including starch and
cellulose, & hexoss, & pentoss, some natural gums, cellulose ethers,
and cellulose esters., In essence, the anthrone test comprises the
mixing of one volume of carbohyirate solution with two volumes of
anthrons reagent (prepared by dissolving anthrone in concentrated sul-

furie acid to give a 0.2% solution).

In 1948, Morris (55) confirmed the olaime of Dreywood and
used the re~gent for the quantitative colorimetric determination of
glucose, maltose, fructoss, A-methyl glucoside, galactose, and lactose
with & filter photometer. DPeser's lawv wza obeyed at 620 mmu. Morse (5%)

used anthrons for the measurement of sucrose {consentrations of 10 to
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25 p.v.m,) in beet sugar waste liquors. Sattler and Zerbam (57) con-
tinued thes work on the svecifielty of the test and hypothesized that
the anthrons color was due to the formasion of furfural-type compounds
in the strong sulfuria neid, Viles and Silverman (53) applied antnhrone
to the analysis of stareh and cellulese in cotion lint from air sammles

in textile mills,

Morris (55) svirled the anthrone reagent and oarbohydrate
solution ia the test tube to effect mixing, vhereas Morse (50) sheok
the test (like & elinical thermometer) or used a glass stirrer after
forming two layers of reapent and solutien, Viles and Silverman (53)
preferred a rapild mixing as reagsnt was added, It was found in the
present investigation that neither a glass stirrer nor vertical shaking
yields nrecise results, A pouring techmique, however, was found to
give s vrecision in dunlicate determinations of I 0.5% transmittance
from the mean. This technique consiets of cautiously adding the
peagent to the solution in order to form a double layer, The two
layers are then moured ranidly into a clean test tude and poured back
into the original one., GShaking the test tube with an osalllarotary
mation of the forearm for 15 seesnds alss zave results identical with
those of the pouring technigue. The latter method was adopted,

howaver, because of its extreme simplieity.

With inoreasing age anthrone reagent gives a weaker color
for a given concentration and, consequently, must be calibrated fre-
auently and, vpreferadly, at the time samples are examined, It wvas
hoped, at first, that s simple correlation betwsen iransmittance (for

a ~iven concenirstion) and age of rengent would be possidle, dut
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extensive data indicate that differemt batohes of respent wvary
erraticslly vwith age and only a crude correlation 1is vossidble. Such

a corrslation misht suffice for rough analyses dut for nacurate work
{4 cannot be recommended. Viles and Silverman (53) also found that the
reagent behaved erratically with sge and suggested that the resgent dbe
21lowed to mge at lemat 4 houra before use sinée inconsistencies
ccourred otherwise. Thias was confirmed in the npresent study and is
was found that the transmittance for a given concentration nassed

throuzh a minimum for one day old reagent.

Spectral transmittance curves for the anthrone solor eomplex
vers run on the General Klegctrie recording snsctrophotometer for the
hexoses, 0ligohexoses, polyanhydrohexoses, pentoses, and derivatives
listed in Table YI, Your of these curves may be found in Pigures l-4,
The curves provide almost guantitative proof of the theory of ESattler
and Zerban that hydrexymethylfurfural formed from hexoses in acld
solution is responsidle for the anthrone color. ZExcent for minor
deviations, the snestral curve of hydroxyme thylfurfural is identieal
with those obtained for the hexoses, The ontimum wavelength for
svectrophostometric analysia for £ll the hexose~type carbohydrates
studied wvas found to be 625 mmu, in agresment with the findings of

VYiles and Silverman for cellulose and starch.



TABLE VI

ANTHARORE BXTINCTION COWFFIOIENTS
0¥ CARBOHYNRATES

Specifis BEquivalent
Extinction \ Extinction
Cosfficient, Gram Coefficient,
100 ml. Rquivalent 400 m1,
Carbohydirate £. X Cm, Yaizht Equivalents x om,
£25 wa
Olusose 151 180 27,200
Cellodiose 158 171 27,000
Maltose hydrate 153 180 27,500
Trustose 146 180 26,300
Sucrose 157 i 26,900
Tetramethylzlucose 114 2% 26,000
Methyloellulese (31.5% Me0) 131 189 24,800
Bthyloellulose (331,78 R¢0) 101 205 20,700
Galactose 81.4 180 14,650
Mannose 70.4 180 12,680
Locust bean gum 72,1 162 11,730
Lactoss hydralde : 120 180 21,600
Hydroxymethylfurfural 2748 126 47,000
280 m
Aradbinone 8.2-15.4% —— —
XIylose 15.6-33,3 -— -~
Furfural 55.0-103,2 -— -~

Yote: Tests were zade with 10 ml, 0,24 anthrone in
congentrated sulfuric scid added to 5 ml.
earbohyirate solution in 25-um, test tubes mixed
by pouring once into a clean test tude and pouring
back, Reagent was l-3 days old for hexose-type
earbohyirates and darivatives (exoept 9 d:urm old
for ethylcsllulose); 5 days old for pentnass and
derivatives,
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The present work confirmed the férnation of A bdlue-gresn coloer
for the hexoses and mentoses, but it was found that the nentose color
vss not stable and changed very rapidly to a brownish-red or amber color,
The spectral transmittsnce curve for the ambsr pentose color ig quite
different rrom—that for the blue-green hexass color, Furfural also
ahoved the initial formation of 2 blue-green color, followed by the rapid
shift to nmber. The spectral curve of the amber furfural color was very
gimilar to those for srabinose and xylose. This is further evidence in
support of the hynothesis that furfural-tyne coupounds are nrecursors
of the mnthrone color. The blus-green to amber color ahift of the
nentozes 1mmediataiy rurperta anthrOnc‘ns a qualitative test for differ-

entiating hexoses and psntoses.

The methylpentoses (fucose and rhamnose) give the stable
blue-green hexose color, dut furole acid and furfural mlcohol give the
trensient blue-zrsen color, folloved by the stable amber pentose color,
It was nreviously noted that rlycerol glves e red color with anthrone.
This is anvarently due to the formation of acrolein from glycerol in
the stroox hot acid nresent, since aerolein slone gives a red color,
Formaldehyds and nronionaldehyde also give & red color. Mixing of the
red aldehyde color with the blue-green hexose color nroduces a coler
similar to the amber ventose color., An arabogalasctan isolated from
western larch gave the bdlus-green hexose eolor which changed to reddish-
gresen on standing, indicating a mixture of the hexose and nentose colors.
These qualitative obrervations &are presented as 2 matter of interest,

since {t would be unwise to postulate a reaction mechanism betveen



furfural-tyne commounds and anthrone in the strong hot aulfuric acid

(78.57% at about 90° C.) of the reaction zone,

As mentioned »reviously, the antimum wavelength (maximum
absaorntion) was 625 mm for the hexoses and anhydrohexoses, but Beer's
1aw was also obeyed at 530 mmu. Unfortunately, Beer's law was not
obeyed for any wavelensth for the amber mentoss color, which decrenses
the usefulnezs of the test for these sugars, Ferhans a careful czlibra-

tion of the reazent with a pentose would permit cuantitative measurements.

Included 4in Tsble VI are the sﬂacific'oxtinction coefficients,
enulvalent weizhts, and equivalent extinetion coefficients for the
curbohyirntes studied. It will be noted that the equivalent ertinction
coafficinonts for nll hexose-twvne carhohyirates ylelding glucose and/or
fructose on hyirolysis are asnroximstely enunl, with the excention of
methyle and ethyleellulose, Anpsrently there is some steric ecffect
{nerhrns the hydration layer) which decreases the rote of conversion
of mothyl- and ethyleelluloses to furfural-tyne commounds, resulting
in a wenker color. The influence of ether grouns, as such, is neclipgl-
ble as enn be seen from the data for tetrmmethylslucose, The evidence
for sterie hindrsance is sunmorted by the highly hyirsted natuve of the
water-goluble cellulose ethers, nlus the fact theat the color for
ethylcellulose ig vesker than that for rnethylcellulose; this indicrtes
a prester hydration layer with ethoxyl grouns which is verified by
the hisher ethylecellulose sel noint, The nossibility thnt beta-
slucoeide linkuges sre sufficlently more resistsnt to hyirolyals to

deerctae the rate of eonversion to furfural-tyve commounde in comnrrison
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with alpha-link-res might be considered, but this is ruled nut ag
the sole exnlanation vecaure tie coefficients of mothyl- sund ethyle
cellulose are not equal, All grades of methyleellulose tested

(25, 100, 400, 4000 cn.) gave identical extinction coefficlents.
This agrees with the ~revious data and with those of llarris in that

the chatn length of the molecule does not influence the denth of eolor.

Galactose and mannose have much lower extinction coefficients
(i.e., 2 weaker color for ~ given concentratinn) than glucone- or
fructose-containing ausars. Locust bean gum is a “olymannogalactan
containing 2 ratio of anvroximately 75:20 anhyiromannnse t» anhydro-
ealactoss, 'The extinction coefficient for the sum is seen ty fall a
oromnrtionsl distance between those for mannosge and ralactoss. In
lite manner, lactose hyirate consists of equal amounte of szalectose
residues, The lnctnse extinction coefficient lies very nearly half
way between those of its components. The foregoing data are in ex-
cellent apgreemont with those of lorris (55). The difference in extince
tinn enefficienta of ¢nlactose and monnose and the glusose-fructnse
hexoses surpests & method for measuring the former susars in mixtures
with the latter. Crelininary work with the method of differential
extinetinn, hoever, hns not been esnecially successful with mixturaes

of glucoge nnd mannsse,
Senaratinn of Cellulose from Additive

S5ince any hexose or nolyanhydrohexose will pive ~ bluee

green color with anthrone, it is necessary to semarate comnletely such a
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anrbohyirate additive from cellulose in making retention measurenents
on mlne with antﬁrone. fallulone in water bresks down unon haating
or handlin~ into ahall frajments and debris, which »resumably have a
distribution from sunnrenlloldel down through ecolloidal size, slthourh
evidence hrs been resented which indlcates thnt £ibrils of hernten

nenerma-inge fibers sttain a minimun dismeter of 200 to 300 A. (58).

It is this cellulosic debris which has given rise to the idea

tint cellulose may be "soluble" in water. Strachan (5Q) obtained a
solublility value of 21 m.n.m. for cellulose in water by extracting
blenched soruce sulfite mulp et 15-18° C. (20 grams of oulvn in 800 ml,
of water) after thorourh removal of water-soluble imwurities from the
nuln. Unfortunately, no details are siven of the filtration techniocue
used for sen~reting the cellulose from the water. The evarorated fil-
trate showed a reduneing mower but Strachan a&mltteﬁ thie may have re-

sulted from hvdrolysis during evanoration of the amienus solntion,

It hos been found durings the nresent investipation, hovever,
that the eoncentration of eellulose in a wnter ertract of well-henten
cotton linters mny be reduced to »s little as 0.5 2.v., of cellulose
(enutivalent to rlucose as annlyzed with anthrqne) in water using only
a Cornins medium fritted glnss filter and disenrding the first nortions
of the filtrate; Various technicues, using filtrntion throngh fritted
glags, and Celite nads and centrifugation, indicated that "soluble®
celluloge in the filtrate or centrifusate is largely a function of the
nethod of sennrating the 1liruld and solid nhases. Centrifuging alone,

for examnle, was £ound to give & snlubility of 1 n.r,n. of unbeaten
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cotton linters in water., (The nbove axtractions were all nerformed

at 1% consistency of mulp.)

In addition to thess exneriments, viscosity determinations
on the suvernatant liquid from a variety of settled mulp-water sus-
pensions (0.5% eonsistency) showed nractically no viscosity increase
aver that of water. (Thsse vulps were vreviously extracted with hot
water to remove vater-soluble impurities,) In another exneriment on
besten cotten linters, an obviously turbid suspension showved no vis-
cosity increase over water alone. Since lyovhodic nollolidal systems
ghow only a slight viseosity increans with increasing coneentration in
contrast to lyonhilic systems vhich exhibit a great viscosity incresee,
1t wust be eoncluded that cellulose is not appreciably soluble in &
molecular sense dut displays some of the ~roperties of & lyonhodle

enlloid in suspension,

Centrifugation, Centrifugation and filtration appeared to
be the simplast and moat feasible methods of separating cellulosie
debris from polyssecharide wolutions. A centrifuge having & centripetal
aoeeleration varying from 1,07 to 2,25 x 105 ca./nee.z over a nath of
6 cm. (centrifuge of 14-20 em. radius, 3200 r.n.m.), failed to separate
cellulose quantitatively from untor:or polysagcharide suvernatant
liquer in 15 minutes. Application of Stoke's law nnd substitution of
1.5 x 105 cn./aoe.2 for ths acceleration indicates that particles
equivalent to a svhers of about 0.4 s dismeter would be semarated,
This, of course, can only be an astinate of the size of cellulose

fines centrifugzed out, since the netlike webs which characterize this
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material would shov a greater resistanae to motion than a sphere of
squal volums, The general technious was te allow 0,5% consistency
mile in distilled water to settle nt least avernirht and to »ipat the
supernatant liquor for sxperimentation. ngntybfivo ml, of supernatant
1iguor or nixtures with methylcellulesa were slnced in = centrifuze
tube with 0,1 gram glass wool to —revent disturbance of ecentrifuxed
narticles., Txhaustive exverimente indicated no sorntion of methyl-
gellulose by zlass wool. Five-nl, samplas were onrefully ninetted for

ansalysis,

Typiesl data are presented in Table VII, The concentrations
givcn vere determined with the anthrone technique and are squivalent %o
methyleellulose, To tost the separation of cellulosic fines, standard
methylcellulose solutions were mixed in equal volume with sunernatant
liguor from settled auln-water susvensions., The suvernatant cellulose
present was spparently too small to aord aporeciable amounts of methyl-
cellulose. (This assumntion was checked using cotton linters and the
visecomatric analytical mothod to be deseribed later,) The maxiwam
sorotion on the fines was found to be 10% of their weight, which may

Ye nezlected,

The equivalent consentration in the settled supernatant liquor
of unertracted oulp.vater suspensions is somewhat varisble, a3 may de
saen from the tadble, This enncentration is, of couree, derendent to
some extent on the tyne of ovulp and time of settling, =nd increases
with degres of beating ~s sxpected, The ocentrifugzate concentration also
incressss with benting, Further evidence that sorntion by the cellulose

fines is negligidvle 1s found in the good agresment between the centrate
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concentrations of tha sunernatant liquor and the methylcellulose-
sunnrnatant liquor mixtures. For example, the cellulose concentration
of the 770 S.-R. bleached sulfite pulp was 0.00066 gram/100 ml. in

the supernatant liquor. In the mixturs, the oellinlose concentration was

0,00070 gram/100 ml, (4ilution taken into aceount),

In the case of pulps extracted with bolling water, & con-
lida;ably better semaration of the cellulose fines anpesrs to have been
aehleved and was almost quantitative for the centrifuged blenched sule
£1%e. This hetter separation makes the ertracted nulvs attractive for
experimental work, However, the unknown effect of bolling on flber
properties raises & possidble objection, since it 43 known that doiling
vhysically dehyirates the fibers. The question of whether this same
separation of fines could be achieved in the vresenae of methylcellulose
mist aleo be raised, Since methylsellulese should have a stabilizing
snd deflocoulating effect on the cellulose fines aeccording to the vork
of Erspsmer (28) 1% would be exnscted that the same degree of separation
eould not be attained. For the nresent study no pulpsg ware extracted
at the boil and, as indicated in Table VII, centrifugation 2lone 1s not

a satisfactory method of analysis,

Fritted Glasg Filtratiopn. Two considerations nanifest them-
selves in the develooment of & filtration technique. First, the cellu-

lose fines must be senarnted from the gum solution; sscond, the zum
molecules must not be removed by ultrafiltration. A drief review of
some of the experimental work in this connection will suffics to bring

out the sallent findings. Cotton linter pulp vas used.
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As filtering mediums, fritted glass filters develoned by the
Corning Glase Compnay vere used, The exveriments to be descrided may
be elassified os follewst (A) Experiments in which settled supernatent
liquor from vuln-additive suspeneions was forced throwgh fritted filters,
disesrding the first portions of the filtrate in order te odtain 2
"plugped” filter for filtration of analytical samples; (B) experiments
{n which standard additive solutions were filtered through these "nlugged"
£11tere; (C) experiments in which mixtures of supernatant liquid from
pulp=water susvensions and standard additive sclutions were filtered
through a "plugzed” filter; and (D) experiments in vhich supernatant

1iquid from pulp-water suspensions was treated as in (A).

In goneral, the fritted glass filters used were 10 »mm, in
diameter and vere employed as filter sticks. The "medium" vorosity
filter oonsisted of Corning tube-type microfilter fumnels with the tube
chipped down flush with the fritted disk, leaving the stem and the diak,
Suetion was applied to the stem. The “fine" porosity filters econsisted
of Corning straight tuds sealing stook with a fritted disk in the
middle. One end of the tube was cut flush with the fritted Alsk and
d1searded, leaving the other tube and termimating in the disk, Suetion
was applied to the open tube end. For all of the exneriments, 0.5%
consistency pulp (1 gram in 200 ml, of 1iquid) wvas used. For the
additive experimente, 1 gram of pulp was added to 200 ml. of 0.005

gram/100 nl, of methylcellulose.

A summary of the important results from the fritted glass

filtration experimenta is presented below,

1. In type (A) experimenta, the concentration of filtrates
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from wedium filters came to & constant velue after 20-25 ml, had been
discarded. The viscosity analytiecal pethod checked the results on

one of these experiments. Initial portions of the filtrate showed
hizher concentrations than the constant vnluss odtained, which is to
be expacted since it may be supposed that plugeing of a filter results
in increasing filtering efficiency. The coneentration of the filtrates
from the fine filters came to a conatant value after 5-10 ml, of filtrate
had been discarded, However, initial vortions of the filtrate showved
concentrations which were slizhtly beloy the constant values obtained.
This is difficult to explain, An adsorvtion by the filter system ia
unlikely since glass wool showad no sorntive canacity for methyl-
cellulose. The filters werse dry so that dilution ie eliminated. rer-
bavs initial increments of the 11iquor solute became mechanically
trapoed in the fritted disk, Methylcellulose molecules dispersed in
vater have lengths which would render them readily visible under an
ordinary mloroscope vrovided the wolecular diameters were larger. This
fact makes the mechanical trapning hypothesis more pleusible. A serious
objection to fritted zlnss f31tration becane sapparent, howvever, as
sxperimentation nrogressed. The £11tration times for each 5-ml,
{ncrement of filtrate increased progressively with plugeing, so that
the increment for snalysis required 20 minutes to filter in the case

of well beaten nulpa,

2. In type (B) experiments, standard solutions filteored
through vlugged medium filters vers regovered nearly quantitatively,
The slight loss noted may vell have resulted from dilution by liquor

of lover concentration left in the nlugged filter. The fine filters
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definitely removed methylcelluless iy ultrafiltration, sinse standard
solutions could not be recoversd wvithout a resdily mearurable (although
not aopreciable) loss in concentration. For most purposes this effect
could nrobably be ignored, There vwas sowe indication that formation

of pulp psds on the face of the fritted filters alse increased ultra-
filtration. Accordingly, filtrations vere perfornod on settled pulps

to avoid filter oake fornation,

3. Ia tyve (C) experiments, in which standard methylaellulose
solutions in mixtures with supernatant cellulose fines from pulp-water
sugpensions vere f1ltered through plugged filters, 1¢ was found that
the standard solutions were recovered quantitatively inm the filtrate
for both medium and fine filters, indicating no nassage of cellulose
finee or ultrafiltration by the filter. Only one experiment of this
type was run for the fine filters; thus these findinge are by no means

conclusive,

4, In s type (D) exveriment, & medium filter almost quanti-
tatively removed the cellulose from the supernatant liquid of 2 mulp-

water suspension after dincording 30 ml, of filtrate.

In summary, it may be stated that medium fritted glass filters
will quantitatively remove cellulosia debris from settled mlp-methyl-
cellulose supernatsnt liquors without ultrafiltration of the additive
by first "plugeing” the filter with 20-25 ml, of liquer, Fine filters,
on tho other hand, anpear to remove additive from solution as well as
oulp fines. An objection to bath tyves of filters is the excessive

filtration times required,
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Filtration with Filter Alds. In an attempt to speed up the
¢iltration technique, filter aids, such 2s analytical grade Celite

(Johns-Hanville diatomaseous earth) and acld-washed asbestos wers oon-
sidered., Exploratery experiments indicated that both Celite and
ssbestos sorbed methylaellulese in aporesiable quantities. Teble VIII
gzlves the preliminary data obtained with the filter aids in the form
of a 2.5 mn, pad made from olﬁrriol on Corning cearss tube-type micro-
filt-ti; Standard methylcellulose solutions of 0,005 gran/100 ml,
wers filtered through these pads, as well as equal volume mixtures of
standard solution and superaatant celluloss liquor mixtures., TFiltra.
tion increments of 6 ml, vers used, except for the standard solution
through asbestos, far vhich 23-m1, inorements wvere ewployed, Zach
increment was snalyeed with anthrone. The Celite mixture was centri-

fuged 30 mimutes before filtration.

It 1s apparent from Table VIII that sorption of methylsellulose
{s occurring, since the second and third increments (where dilution dy
the wet filter pads is not posaidle) still do not aqual the standard
golution concentration. In the case of Celite, however, the fifth
increment yielded the standard solution concentration, and the cellulose
finss in the mixture vere quantitatively removed. Some ultrafiltration
sppears to have ocourred in the cass of the asbestos, although the
evidence is not sonclusive, Asbestos &lso quantitatively removes

eellulose fines,

Experiments were undertaken to determine the extent of

sorption of methylcelluless by Celits and asbestos. The Celite sorbed
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TABLE VIII

FILTRATION OF MRTRYLCLLLULOSE WITH CALITE AND ASBRSTOS

Asbestos Celite

Standard Standard

.8olution* Nixture** Solution® Mixture**

Filtrate Filtrate Hltrate Tilsrate

6-ml, Conceatration, Concemtration, Ooncentration, Concentration,
Increment £./100 =1, £./100 m1, £./100 ml, g./100 nl,

1 0,00018 0.00023 0.00163 -
2 0,00272 0.00186 -— 0.00226
3 0,00443 0.,00218 0.00490 0.,00240
b 0.00486 0.00230 0.00485 0.0024%
L3 — 0.00233 0.00500 -

* 0,005 gram/100 ml, methylcellulose

*% Tqual voluaoliof 100 Schopper-Riegler bleached smulfite
gupernatant fines and 0,005 g./100 ml. me$hylcellulose

very slightly less of the 25-¢p, than the 400-ep, Methocel, This sorption
amounted to annroximately 0.3% en the sorbent weight. The asbestos also
retained less of the 25-ep, naterial and the sorption was about 0.1% on

the weight of asbestos,

Since asbestos filter pads exhidited an early tendency to nlug,
resulting in lengthy filtration times, the use of asbestos was discontinued
and Celite tentatively adopted. The dats in Table VIII seemed to encourags
the use of Cellte, since it seemed nscessary to discard only 10-15 ml, of

f11trate before ssmpling.



It was soen discovered that the analytiosl resulis on
bleashed sulfite pulp systems seemed to check those obdtained by the
viscometrie method only for dilute ooncentrations of methylcellulose
above 0.003 gram/100 ml. This was resdily irzced to a lack of saturation
of the pulp pad with the dilute methylosllulose in the 10-15 ml, of
discarded flltrate, inasmuch ss the pulp pad contained 65-80 mg. of
Celite. Accordingly, the practice was adopted of meking the Celite
slurries for filter pads in 0,010 gram/100 ml. methyloellulose instead
of distilled water. This treatment assured saturation of the Celite and

slininated the Srouble mentioned,

The results of tests on the refined Celite filtration tachnious
are reported in Table IX. The data of the table indicate that atandard
methylcellulose solutions can be reeovered practically quantitatively in
filtering Shrough saturated Celite filters and that discarding 10 ml.
of f1ltrate s sufficient to wash the filter pad thoroughly., The filtrate
concentration data for supernatant fines alone, using (in all tut one
oase) unsaturated Celite filter pads, shov a removal of fines comperable
with that obtained Dy centrifugation of extracted pulps. However, the
methyleellulose solutions in the nixtures were almost quantitatively

resovered,

There is some indication that the sorbed methylcellulose in
the Celite filter psd contributes to its filtration efficiency with
respect to cellulose fines, since a grester concentration of celluloss
debris vassed the unsaturated filters than the saturated ones, sven after

allowing for the dilution of fines 1n ths mixture,
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Cellte filtration is convenient and rapid and, from all

A avallable evidencs, apoears to meet the primary requirements of
separating cellulosic dedris without removing methylcellulose from
solutions. Therefors, this technique was adopted for use with anthrone
in sorption analysis., Howsver, data obtained with technioues in use

vefore adontion of Celite filtration will nlso De reported,

Viscomsiry

In & solution of & given high polymer in & glven good smolvent,
the viscosity exhibited is & functlon of the nolecular wolght distri-
bution of the polymer and its concentration. The above statement is
true provided the range of concentration is low enough that visco-
netric snomalies resulting from fallure to obey FPoiseuille's lav do not
oceur, For s given molecular welght distribvution, viscosity is a
funetion of soncentration. Viscosity, therefore, i{s & nossidle means
of measuringz the concentration of nolyssccharide additives ~fter
sorption on celluless. The requnirements for such a method are that
materiels lesched from the cellulose contribtute nothing to the visconity
{(or crn be corrected for) and that sorption does not alter the
molecular weilght distribution of the sorbate. Another way of stating
this latter requirement is to say that the molecular velght distri-
bution in the solid nhase muat be the same as that of the liquid nhase,
These requirements appear to be largely met in working with pavermaking
-lps, although the evidence agningt & selsctive sorption of a given

moleeular welght 1s by no mesas conclusive,
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0f the many empirical pquationc which have been proposed for
quantitatively relating viscosity and concohtratlonl(ﬁg), the earliest
and simplest s that of Arrhenius (61) leg . = kg, vhere Ne = relative
viscosity, g = concentration of solute in apnropriate units, and k =
s constant, In‘a eapillary viscometer, such as that used in the present
study, the relativs viscosity is ', = $4/3,4,. vhere § and %, are,
respectivaly, solution end solvent offlux times, =nd ¢ =nd 4, are
densities. Por the usual case with dilute solutiong, in whieh 4 4 no'
the relative viscosity is simnly the ratio of solution to solvent efflux

© timesn,

In studying the visecometric amalyticel method, 1t was 4is-
covered that the water extract of coiton 1i_nter pulps had vractically
no viscosity, However, it was soon learned that sulfite and lraft
pulps hed sn sonreciable “regidual® viscosity which remained after ex-
traction with distilled water at room temperature. This residual vis-
cosity was apparently not the result of inorganie impurities, since the
»H of the extracts was 6,5-7.0. The residusl viscosity could be grestly
reduced by batch extracting ralp samples for 2 one-hour vneriods at 60-
80° C. and practically eliminated with 4 one-hour extractions in boiling
water, Table X containm the viscosity data on the various npulos
studied, The "residual® viscosity was deterained by retating pulos
at 0.5 eonsistency in dlstilled water for 3 0 5 days st room tempera-
ture and analyszing the gettled liquer or 1ts concentrate according to
the viscometric snalyticcl scheme. In addition to the effect of ox-

truction in bolling water, the information in Table X indicates that
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TABLR X
RRSIMUAL VISCOSITY OF MULPS

Before Extraotion

Afkar Yxtrection

Relative Relstive

Visoosity Relative Viscosity Belntive

Supernatant Yiscosity Sunernatant Visgcosity

Liquer Centrifugate Iiquor Centrifugate
Cotton Linters
795 8.-R. 1.008 1.006 - -
h7o so‘nc 1.002 o - -—aw
335 8.-R, 1.002 1,001 — —
Vestern Hemlock Bloaghed Sulfits
Unbeaten 1,082 - - -—
770 S.-R, 1,029 —-— - -
570 8.-R, 1,031 - 1.002 1,001
300 B.-R. 1.0% -——— - -
J P (12 Xra
Unbeaten - 1.018 -— -
?75 so"xc 1.027 1.627 — -
— 1,033 o~ —
580 SO‘RI - 1.0% - L d
325 8.-R. — 1,092 - —
P4 o (]
Unbeaten 1.012 - - —
580 8.-R. 1,015 1,015 1.003 1,009
325 so-Ro 1;005 bind L el -
¥ Hemlo 8 ulfisg*®
Unbeaten 1,001 -— . J— -
630 5.-H, 1,006 1.003 1,002 1,000
hid 28 Kraf§**

Unbeaten 1.008 - - -
610 8.-R, 1,00% 1.001 1.001 1,001

*Ro-oxtracted with cold water.
*sPulp extracted for two l-hour weriods at 60-80° C, instesd of with
cold water only.
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centrifuging has only a minor effeet on the residual viscosity and

for pulps extracted with boning water it can de practically ignored,

The pulp residual viscosity is apparently dus to water-
soluble nolysaceharides whieh leach out of the pulp, but was too large
to be explaimed by the cardohyirate concentration as determined with
anthrons (Table VII). It was therefore attrituted to soluble pentosans
of considerable chain length which would affect the polyhaxose anthrone
color very little (Table VI) and would not be ascounted for in the
analysis. This viev is sunported Dy the substantial amount of hexose
carbohydrate found in the extracted bleached kraft and unbleached sule
£ite centrifugztes, although the residual viscosity was nractically
gero. The analytical resultl vas probably the result of suspended

cellulose, the pentosans having been removed in the extrsmetion.

Although boiling water-sxtracted pulps would de nreferadble
in applying the viscometric analytical sechnique, unextracted nulps
were used in order to obtain data commarable with thoee obtained with
the anthrone analyses. Thiz necessitates a correction fer the residual
visconity when sorntion samples are anslysed, A modified form of the
Arrhenius equation is apvlicable to such compuiations., It may de
shown that the relative viscosity of swo solutes dismolved in & given
volutve of liquid may be obiained from the relationships

log H ., = log "rl + log "lr,_
where ’l" = pelative viscosity of the mixture
’,rl = relative viscosity component 1

Ne2 * relative viscosity compenent 2
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or mors specifically
log ", = log Yem = 108 ﬂ;p
whers f .., = relative viscosity of the mathylcellulose
Hem ™ viscosity of the mixture

”!p = residual relative viscosity of the nulp

Bagterial Degradation

Although cellulose ethers are resistant to bacterial degrada-
tion, spoilage mey remmlt if sufficient vrotein is aleec vresent to
sustain certain specific microorganiems (3). The results of bacterial
degradstion, if limited to chain scission (hyarolysis), would not affect
the snalyses with anthrone But would, of course, result in aan erroneocus
viscometric analysis. Complete fermentation of the csllulose sther

would invslidate both analytical methods,

Methylcelluloss solutions up to 0.1%4 concentration were ntored
for many months without any mersurabls reduction in viscosity., As a
further check on vossible basterial sction on the eelluloses sthers used,
visocositiss vere run on mixturas of methylcellulose solutions and on
the filtrste from s suswenaion of 325-ce. S.-R. bleached krsft pulp
vhich had soured slightly (as determined olfactorily), Over a veriod
of 96 hours, the viscosity of two such mixtures 1pcressed slightly,
apparently because of vlugeing of the viscometer capillary by apgglomerated
bacteris., BSmell nartisles could be seen in guscension after this time,
Lfter filtration, part of the liquer from ons of these exneriments was

used to inoculate other ssmmles of methylecellulose and the visogsities

vers deternined, In two exveriments, the viscosities were constant over
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s pariod of 15 days. It may Dbe coneluded from these experiments
that dbacterial degradation of cellulose ethers did not ooocur under
the conditions used in this investigation, In only one instance did&
s pulp-methyleellulose sample have a sour oder »nd in this ocase the
anslytical results, using bath the anthrone and viscometriec tech-
niques, sgresd well, indicating no aporecisble degradation of the

sdditive,
Saupling Procedurss

All sorotion runs wera mede in S-ounce, narrov-mouth, screv-
eap bottles, 200-ml, Pyrex centrifuge jers, or small stock bottles of
K00 to 500 ml. cavaeity. Two hundred ml. of » given cemcentration of
methylcellulose wers pipetted into a bottle or jar and drought to bash
temperature. DIulp (usually one gram--ovendry dasis) at 16 to 30% eon-
sistenoy was weighsd to the naarest m111igram and introduced into the
bottle or jar and then dispersed by rapid mechanical stirring for
several mimites. The Dotile (or jar) was oapped (or stopnered) tightly
and rotated end-over-end at constant temperature for a minimum of 9
days, The bath at 25¢ O, was nontrolled within + 0.2° C., the Badh
st 3.3° 0, within ! 0.3 C,, and the bath at 38.0° O. within Y o.5° 0.
At the end of the rotatisn period, the samples were alloved to setils

at least overnight before smmpling the superastant liquer,

Sinece a variety of sampling methods were uzed during the
present study, these precedures will be given in detail and dssimnated
by a code mumber, References %o progedures later in the text will cite

thess mumbers. Mathods making use of anthrone will hnve the code letter 4
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and those emnloying viscosity the letter Y. The nrocedures are
trbulated in Trble XI. The order of the three omerstions--centrifu~
gation, filtrstion, snd dilutione-con te readily ascertained, since
the inttial oneratinn involved elther the unsettled nuln or the suoer-
patant liguor from settled mln., For evamwle, in method Ab, the
sunernatant licuor was first centrifuged, then filtered, and then
diluted, whereas in method Al the unsettled -uln was first filtered,

then centrifured, s#nd then diluted.

Celite £1lters were mode by briefly stirring 0.5 gram
analyticnl srrde Celite in 50 ml. of 0,01 gran/100 ml. methyleellulose
solution. fFrenm this slurry, 3-mm. nads of Celite were formed on conrse
microfilters »nd sucked dry. The filtrate from these filters was
frecuently slishtly turbid ns the result of édislodred Crlite mar-
ticles. "his turbidity was resdily removed by centrifuging 2 minutes

in = amall clinienl centrifure before sampling for anthrone analysis.

The eentrifure hnd a centrisetal field of annroximately
1.5 x 106 cm./aec.z. Sarmles were ce:;trifuged with 0,1 gram glass

wool to mrevent dlaturbance of merticles centrifured out,
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Analytioal Frocsdure

Anthrong, The analytical nrocedure using anthrone is as
follows!

1. The reagent consists of 2 grams of anthrone dissolved in
1830 grams of concentrated sulfuric acid., The acid is shaken vigorouily
to insure pood dissolution of the anthrone, The re-gent is stored at

room tenperature snd 1s azed one day bdefore use,

2, Five ml, of the solution to be tested is diluted volumet-
rically so that the diluted concentration of methylcellulose lies
between 0,001 and 0.005 zram/107 ml, In sampling method AS, this 4ilue

tion was done prior to filtrasion,

3. Five ml, of the diluted solution is placed in a 25 x 25-mm,
test tude mnd 10 mnl, of anthrone rengent is added cautiously to form
a double layesr. The contents of the test tube are poured rapidly inte

a olean tent tube and then returned to the original tube,

L, The test tube is stoppered and the mixturs alloved te air
cool, The tranamittance of the solution is read in a l-om, sdbsorntion
cell using a model 14 Coleman universal spectrophotometer at 625 mma
wvavelength, using reagent and water as a reference ligquid, Alr en-
trapped 4in mixing occasionally deposits on the face of absorotion cells.

This can be removed by evacuation in a desicoater for ssveral minutes.

5, Tor oalibration, two samples of 0,005 gran/100 ml, methyl-

cellulose were run and & stralght line drawn through the sample average
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on & log transmittance vs, oonconirntion plot. Celidtration is nre-
ferably done at the time samples are run or at least within one day
of the runﬁing of the samples, The goncentration of samples 1is
obtained from the calibration curve. The concentrstion of supernatant
1iquor is caloculated by sultiplying the sample concentration by the

appnropriate dilution factor,

6. Sorption of additive im computed by subtracting the
equilibrium ooncentration times the 1iquid volume of the system from

the initial methylcellulose,

Viscosity. The viscometric analyticel techninue is given in

detall telovw,

1. Ten ml. of the sample %0 be tested sre introduced (at
bath semperature) into a Cannon-Fensie Ostvald-type Series 50 viscometer
(60) through a Corning coarse miorofilter. The liquid held in the
niorofilter stem can de forcﬁ& out by gentle air pressure. The vie-
cometer is held in A bath at 25° C. (maintained constant within 1 o.01* C.).
After allowing 5 minutes for temperature equilidration, the solution
efflux time is measured in duplicate with a stopwateh to the nearest
0.1 seaond., Kinetic energy corresctions are not reauired for water

solutions in Beries 50 viscometers.

2. The relative viscosity of the solution 4is computed from
the efflux times of solution and solvent, resnectively, The relative
vizcosity of the methylecellulose in the supsrnatant liauor is obtained by

subtracting the log of the mulp residual viscosity from the log of the
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1iquor relative viscosity to obtain the log of the methylcellulose
relative viscosity. The concentrstion of methylcellulose is then

computed using the Arrhenius viscosity equation,

3, BSorption is caloulated by subtracting the esquilibrium
gonaentration times the ligquid volume of the system from the initial

nethylcellnlose,
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EXPRRINERTAL DATA
TFFRCT OF TIME ON GORPTION

The tims required to attain sorption eagquilivriun is important,
Unless equilibrium is attained, snalytical results will bYe devendent on
this varisble. %o determine the time necessary for sorntion to be
comnletes, experimentis wers run at 25° 0., using sporoximately 1 gram
of pulv in 200 ml, of 4OO-cn, grade methylcellulose, The results for
cotton linters and dleached sulfite malp are given in Tables XII and

XI1I,

 Twenty-five ml, samnles ware rexoved at intervals and analysed
with anthrone, using the sampling methods indicated., In ealoulating
sorption, aAllowance vas made for methylcellulose nreviously removed in
snalytical samples. For exmaple, in Run 1 for 655-c¢. S.-R. cotton
linters, the total sorption at one hour was the initial methylcellulose
less the methylasllulose removed in the samples at 0,167 and 0.5 hour,
and less the methylcellulose present in the 1iquid volume of the system
at one hour. For the 235-cc. S.-R. cotton linters, the 96~ and 240-hour
apalyses vere for separate ypulp sanples. The snalyses for 12 and 72

hours were obtained from the same pulp sample,

Taking successive analytical samples in the manner indieated
results in an increase in the consistency of the pulp in the sorntion
system. The consistency varies from about 0.5% at the beginning of &
run to 1.0-1.3%, depending on the mumber of saaples taken. The tacit

assumption is made that consistency has no effect on the amount sorbed,
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TABLE XII

RATE OF SORPTION OF M-THYLCELLULOSE

KY COTTOF LINTENS

Liquid .
Velune Cumulative
Time, System, Concentrstion, Sorption
hr, »l. £./100 mi.  g./g. Palp x 10

m 1 - 655 SQ‘R.
0,167 202 0,00410 0.20
0.5 177 0.00385% 0.26
1.0 152 0.00362 n.30
2605 127 ’ 0¢00302 0039
4.5 102 0.00268 0.43

m 2 - 655 s.—R.
0.167 202 0.00407 0.20
0.5 177 0.00403 0.21
2.0 152 0.00345 0.32
- 8.0 127 0,00273 0.2
20,0 102 0.00260 0, b
50.0 77 0.00230 0,46

Bun 3 - 655 6.-R.
1.0 202 0.00315 0.28
4,0 177 0,00275 0.3%
10.0 152 0.,00220 0. 40
24,0 127 0.00180 0,4
36.5 102 0,00156 0.46
53.0 77 0.00146 0.47

Unbeaten
1.0 202 0.00465 0.05%
Lk,0 177 0, 00424 0.11
10,0 152 0.00443 0.09
24,0 127 0.00432 0.09
36.5 102 0.00413 0,11
335 5,-R.

12,0 202 0,00314 0.52
36,0 202 0.00268 0,66
72,0 177 0.00228 0,71
2h0.0 202 0.00090 n.82

Hote: U00-cp. methylecellulose
Inttial concentration 0,005 gram/100 ml. in 200 ml, voluxe;

25° C.

2

Vet
Pulp,
e

3,00

3.00

J.50

3.50

oD
™aln,
&

0,845

0.874

1‘282

1,191

0.703
0,604
00703
1,00

Samnling
Method

Al

Al

A3

F 3
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TABI® XIII

RATE OF S8ORPTION OF MRTHYLCHLLULOSE
BY 700 S.-R, BLFACHED SULFITE PULP

Liquid
Volume Cumulative Vet oD
Time, System, Concentration, Sorptien, 2 Pulp, Pulp, Sampling
hr. ml, g./100 m1, g./g. Pulp x 10° g 2. Method
Initial Concentration,
0,0150 g./100 ml.
2,0 204 0.0119 0.58 4,52 1,00 AS
8.0 179 0.0112 0.71
24,0 154 0.0098 0.97
48,0 129 0.0097 0.99
Initial Concentration,
0.0500 g./100 nl,
2,0 20k 0,0432 1.2 4h,s2 1,00 AS
8,0 179 0,748 1.21 ~
24,0 154 0,0431 1,21
L8.0 129 n,0l420 1.46

Fotet 770-ce; S.-R, bdleashed sulfits
400-cp. methylcellulose
25® C,

Tor s classical sorption system, such as that of socetic acid in

vater on chargoal, this is trus, In other words, the amount sorbed
depends on the total charcoal present, not on the chareoal per unit
volume. Illovever, there is some indication that inereassing Tulp coD~-
sistency reduces retention of methyleellulose, This will he diecusaed
in more detail later. Even if sorption decreases vith incresasing
consisteney, the conclusions to be drawn regerding time to constant

sorption are not invalidated, although soms objection migzht legitimately
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be raiged to rite esuatlons obtained in the manner mentioned sbove,

Some of the Azts of Tsbles XII and XIII are nlotted in Fisure
5. The iastantaneous rrte of sortion is yiven by the slones of the
curves in Firure 5, sind it can readily be seen thut the rate nt s given
time inerenses with the derree of besting; this misht he exnectad aince
+ualn surface, from all availadle evidence, 2lso fnere-ses with beating.
fhe soration is characterized by A rasid initisl rate fnlloved by a
sradunlly decre-sing rate, snd anneurs to be loreoly comnlete in nbout
70 hours for the 770-ce. S.-R, bleached sulfite snd well-beanten cntton
linters, in 50 hours for the 655-ce. S.~K, cotton linters, smd in abmt

10 honrs for the unbeaten lintors.

Sorntion rate is a function of initial concentration, #s may
e concluded fronm s study of Table XIZI. ¥or the bleszched sulfite »uln
with an initisl concentration of 0.0150 2ram/100 nl., 507 of the total
garation at 48 hours was cornlete in twn hours but, for &n initial
concentration of 0,0500 granf100 ml,, 83% of the 48~hour eorntion was
eamnlcte in tnis seme time. (Anpurently, the necessity of diluting
aamnles 13110 for analysis ¢n the 0.0500 granf1n0 ml. run introduced
annlytical errors which masked the am11 chanreg occurring between
2 spd 24 hours.) & commarison of the curves of Figure 5, vith resnect
to the effect of the initial eoncentration on the rrte of sorntion,
cannot he mrae since different ~ulns are involved and (ne will e shown
1rter) hicneched sulfite sorbs more than cotton linters »t similnr

degrees of beatine,
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Although the ocurves in Figure 5 might bde interpreted as in-
dicating a nesrly constant sorvtion after 70 hours, it 1s desiradble to
pressnt othar evidence in this regerd, In Table XIV are given analyses
of cotton linter nulps at various times un to 288 hours. These data
ghov that, for initial concentrations of 0,0150 gram/100 ml. and above,
sorntion is eomplete in about 100 hours, For lower concentrations, &t
least 180 hours sre required. Accordingly, a minimum time of 220 hours

or 9 days was adopted for all further runs to insure sorntion equilidrium,

The data in Tables XII and XIII, when vlotted as log time
vs, log aoﬁtinn (and also log concentration), yleld straight lines,
This relation is of the form X/K = at®, vhere X/M is sorption in grane
ner 100 grams of vulp, § is the time in hours, and g and g are constants
which are given in Table XV. From the data nresented, there annears to
be & relationship between the constant g and the degree of beating, as
velllan the absolute concentration in the system, vheress the exponent
n is affected relatively little. The congtant inereases with the
degres of besting and with incressing concentration, Xeating seecms to
have only a small effect after it i» initiated. Since only a limited
amount of data was available, however, no detailed correlation was
attempted, In addition, it was found that the rate of sorption was not
nroportional to the instantaneous concentration or to the difference
between squilibrium and instantaneous concentrations., The data alwso
did not fit the equation of ladergren se given by Swan and Urquahars (6L,
which states that the sorptisn rate is vromortional to the difference

between saturation snd instantaneous sorptions, Ouetaver's equation (§_2_).
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TABLE XIV

PIME REQUIRED BY COTTON LINTHERS
FOR CONSTANT SORPTION

Initial ' Concentration
Concentration, Yreeness, Time, At Given Time,
g./loo ll. CC. so“no hro g. /100 Dl.
0.0050 795 69 0.00225
130 0.00182
276 0,00170
0.0150 795 92 0.00935
180 0.00800
276 0.0091$
0.0250 795 93 0.0177
180 0.017%
288 0.0176
0.0050 635 121 0.00178
180 0.00163 ;
276 0.00138 ,
0.0150 635 122 0.00855
192 0.00850
276 0.00840
0.,0250 635 132 0.0172
192 0.0171
288 0.0169

Note: Sampling Method A)
400-cp. methylcellulose at 25° C,
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TABLE XV

RATS BOUATION® CONSTAWTS FOR
COTTON LINTZRS AND BLUACHED SULPITR ¥ULPS

Constant
Pulyp 3 3

Cotton linters

unbeaten 0.06 0.17

655-cc. 8.-R, N.29 0.12

135-cc, S.-H, 0.35 0.15
770-30. s "'Ro
Bleached sulfite

0.0150 g./1¢0 ml,

initial eoncentration 0,49 0.12

0.0500 g./100 wl.

{nitial concentration .95 n.10

sPor the squation X/¥ = g&?

whioh relates rate of sorntion to the instantaneocus gordate nresent and the

free surface available, wns not spplicable,

"1t must bhe emphasized that the squations deduced from the rate
data obtained in this study are actually parabolie in form and, conse-
quently, would never show a constant sorotion, mno matter how large & !
value of time was substituted. Therefore, these rate squatione annly
only to the early stzges qf aorption and would probably sgive erroneocus
results for times greater than sbout 50-70 hours for beaten vulps and
about 15 hours for unbeaten ypulps. An analogous situation arises when

apnlying the Freundlich adsorntion isothernm, whiech 1is also parabolie in
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form, to sorntion systems which come to & constant or saturation
sorotion, The Freundlich equation may not be used to wredict sorntion

for concentrations whieh approach the saturation concentration,

The rate studies on the sorntion of LOO-e¢p. methylcellulose
have shown thet a conelderable time ig required for sorption equilibrium
to occur. At 0.5 to 1,37 coneistency, sorntion is complete in 107 hours
or less for concentrations of methylcelluloss of 3% or more on the fiber.
For lower concantrations, st least 180 hours are required. Although
cormmlete squilidbrium resuires a nrotracted time, sorntion was found to
be 40% comnlete for unbeaten and 70% complets for beaten cotton linters
(at a concentration of 1% of additive on the pulps), in a time of two
hours, At this same time, slightly beaten bleached sulfite nulv had
gorbed 60% of the saturation value for 3% additive on the fiber and
807 for 10% ndditive on the fider. The rate equations obtained were
of the form X/M = at™, where X/K is the sorption, % iz the time, and
& and g are constants. It was vointed out thst this type of equation
i¢ parabolic in form snd, therefore, is applicabdle only to the early
stages of sorption, JFrom these squations, 1t was concluded that the
rate of sorption increases with increasing eoncentration of additive
and with increased beating, although concentration had the most vro-

nounced sffect.
RHFECT QOF BRATING O¥ SORPTION

The general nrocedure in investisating the affact of variables

on the extent of sorntion was to run at lenst two and, in most cases,



three or more samnles at wvarying initial concentrations in order to
obtain & curve of equilibrium concentrntion versus sorntion. A com-

~aprison was then made between curves rather than btetween voints,

Bleached Sulfite Pulp

In Table XVI ore tabulated the results obtained with bleached
sulfite vulps of diffaerent degrees of beating, using 400-cp. methyl-
cellulose at 2 tempersture of 25° C. The initial concentration and the
equilibtrium concentrations for the anthrone =and viscosity methods 2re
given, The sampling proceduras refer to the outline given in Tadle XI.
The viscometris data are nlotted in Figure 6§ and the anthrone data in
Yigure 7 with equilibrium concentrations as abscissas nnd sorntions as

ordinates,

The curves in Figure 6 and Figure 7 vere obtained by fitting
the data of Teble XVI to & Freundlich sdsorption isotherm (46, 48) which
gives an equation of the type X = u‘ or more specifically X/M = mn.
vhere X/M is the sorption in grems per 100 grams pulp, g is the
equilibrivm concentration in grame/100 ml. and g end p are constants.
The best streight lines wvere drawn through these data on a log-log nlot
of equilidrium concentyation versus sorotion, These lines are the
best fit of a straight line to the experimental data and were drnwn
in this fashion to indicate the applicability of an adeorption isotherm

‘0f the Freundlich type.

A study of Pipures 6 and 7 reveals that the dnta fit sn equation
of this type reasopably well, aslthough there is considerabls variability

{n the analytical results. A curve of somevhat sigmoid shape, similar to
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that obtained in the adsorntion of moisture vapor by cellulose, would
£4¢ the dsnta better than the parsbolic curves shown but, inasmuch as
the variability of the results was so great, no attempt vas made to

anply such a curve,

The data will algo fit moderately well an isotherm of the
Langmii? type (1§, 48) which is sn hymerbdola: g/(X/M) = 1/ab +g/d
whers X/K is sorntion in grems/100 grams pulp, g is the equilibrium
coneentration in grams/100 ml,, and & and b are constants, This equation
has the advantagse, in sorption ntu@loo. that the curve becomes essentially
narallel to the X axis therefore indlcating a sorovtion saturation, whereas
the Freundliash parabolie curve does not do so. The Freundlich isothers
{s therefore applicable only to dats which are not too near the region
of saturation. Since the best curve through the nresent exnerimental
dsta is of sigzmoid shape as vreviously mentioned, the Freundlichisatherm
gives n 114tlc bdetter fit than the Langmwuir equation. The Brunauer-
Eumntt-?oiler (4§) adsorption equation for molecular multilayer adsory-
tion was not applied to the data obtalned but 1% conceivabdly might it
more precise data quite well, since this equation is annlicable to

signwold tyne adsorptions.

Mable XVI and Pipures 6 and 7 shov that the analytical results
obtained with the anthrone method and with the viscometriec method agree
very poorly. In general, viscosity glves sorptions which are 1.5 to 2
times those obtaiﬁod with the anthrons method. In addition to the poor
azresment between the two methods, considerable variability is anvarent

for a given mathod between runs made under oresumably identioal conditions
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using samples of tha sane nulp, The wariadility of the resulis may
conceivably he associated with either the analytical method, the method
of trentment, or may be inherent in the system being studied., This
variability, whieh will be discussed in detail later, makes it diffioult
to drav orecise guantitative eonclusions from the data, but the gqusli-
tative offect of the several varlablos can be readily ascertained., Thess
gualitative relationships constitute the main ourpose of ghic study and
a more quantitative interoretation will have to swalt refinement of the
analytical techmicuss, methods of trentment, or statistical analvsis for

a characteristically variabls system,

Figures 6 and 7 indicate clearly that sorntion ls a function
of beating snd increasss with the degree of alp treatment. In the case
of both analytical techniques, the sorption by the well-dbezten wulp 1s
about 3 to 4 timea that for the unbsaten pulp, Sorption ineresses
rapidly at first with incrensing equilibrium concentration and then in~-
cresses less ranidly as higher concentrations are annroached, The
nighest concentration of additive used (0.1% or 20% on the mulp at
0.5% consistency) was not sufficient to saturate the pulo since the
gsorntion curves are not varallel to the X-axis in this region, although
more nearly mo with the anthrons than the viscosity methods, ‘owever,
1t 1s obvious that the puln im nearly saturated at 20% of additive and

11ttle would be gained by inareasing the methyleellulose %o nulp ratio,

The reader may be interestsd in the strairsht lines of negative
45° glape formed by the gronuns of woints in Pirures 6 and 7. These

straight lines result from the method of commutation of the sorption and
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{ntersect the X-axis at the initlal methylcellulose concentration
and the Y-axls nt the amount of methylcellulose added on the nulv. The

1ines hnve no other signifieance,
Bleached Xraft Pulp

In Table XVII and Figurs 8 are given the results of runs with
bleached kraft nuln at differsnt degrees of beating, The effect of beating
in the ease of the bleached kraft is much less pronounced than with the
blesched sulfite pulp, although sorption quite definitely inereases with
beating, There is no significant difference between sormtion by the
775-c¢. and the 580-cc. 8.-R, freeness mulns, and the well-beaten pulp
sorbs only about 1,5 times the methyleellulose retained by the unbenten
stoek., These results are necessarily quite tentative, decause of the
limited dsta avallable, Additional runs would undoubtedly alter avernges

but not trends,
Cotton Linter Pulp

In Tadle XVIII ars tadulated results of experiments using
eotton linters beaten to various freenesses. The agreement datween
the two analytical methods is much better for the linters than for the
blenched sulfite or blesched kraft pulps. Although the ssaples for
anthrone analysis were largely obtained dy fritted glass filtration, in-
stead of by Celite filtration, the agreement of the methods is wndoubtedly
the result of the nature of the bantesm cotton linters aad will be dis-
cusnsed in detall later. The viscometric method requiro’ no correction for
residual visecosity of the vulp and, oonsaquantly; no variability in results

hecause of this correction ean oscur,
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The viscasity dsta for cotton linters are meager but they
show that sorption incrsases with beating. Surprisingly snough, the
935-ce. 5.,-R, fresness vulp sorbed a little less methylcellulose than
the 470-ce. 8.-R. freeness nﬁlp. Anthrone, however, shows ahbout the
gams gorntion for both of these pulns, sxcevt for the last result with
_ the 470-c6. S.-R., pulp, which appears to be too high, The anthrons
mathod alwo indicates that sorntion ;ncreaaoa with beating ond that
wvell-beaten pulps sorb about 4 %o 5 times tha methylcellulose sorbed
by the unbeaten pulps. The increase in sorption 41d not occur =s

regularly with beating ns with the blesched sulfite rulp,
Unbleached ¥raft and Unbleached Sulfite Fulns

¥Yor the unbleached pulps the viscometric anslytieal method
was used exclusively and, sinece the pulps had prasticslly no residusl
vincosity, only a small correction was necessary, Unbeaten znd one
beaten ianterval (about 600-ce. 5.-H, freeness) wvera run for each mulng
the results are given im Tabls XIX, Again, it will be noted that
aorotion increases with deating. Tor 610-ce. 8.-R. unbleached kraft
pulp, the inecrease in sorntion was sdout threefold over that of the
unbeaten mulp and anproximately the same for the 630-ce. S.-R, unbleached

anlfite pulp when compared with the unbeaten sulfite pulp.
Sorption Constants

Table XX gives the Freundlich isotherm constants for the
pulps wtudied in the vresent investigation. A possible nhysical inter-

pretation of these constants will be mentioned in the discussion of results,
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TABLE XIX

LFFROT OF RQUILIBRIUM CONCHNTRATION OX SORPTION BY
UNBLZACHED KRAFT AND UTBLUACHED SULFITE PULP

Viscosity
Initial Bauilibriua Viscosity
Concentration, Concentration, Sorption, Sammling
£./100 ml, g./100 ml, £./100 g. malp Procedures
Ugheaten Xraf$
n,0150 n,0111 0.7% v2
0,0500 0,0445 0.97
B A
0,0150 0,0068 1.61 72
0.0500 0.0382 2.20
0.1000 0.0834 2,98
en Sulf
1,0300 0,0258 0.78 Y2
0.,0500 06,0426 1.38
8,=-i
0,0300 0,0183 2,28 v2
0.0500 0.0307 3.75
0.1000 0,078k 4,03

¥ate: U0O-op. methyleellulose at 25° C.



TABLE XX
FREUWDLICH SORPTION 1SOTHERN ONNSTANTS
Viscometric Analyeis

LoO-cp. Methylcellulose

25* C,
Degree of Beating Constant a fonstant p

Pleaghed Sulfite Fulp

Unbesten b5 0.20

770 S.‘R. 8.1 0.2“

5?0 5.-3. - 1202 QQBO

100 S.-R. 1.3 0.2

Plesched Kra

Unbeaten 19.0 0.5

775 S.=R, 22,1 0.5

580 S,-R., 13.6 0.

325 8.-R, 18.2 0.%9
U [ 8 Pu

Unbenten — -

630 S.-R, 10.8 0.3
4] h af

Unbeaten 1.8 0.20

610 S.-R. 5.3 0.25

Cotton Linters

Unbeaten 1.0 0.23

a?D so"'no 503 0.25

335 8,-1, 503 0.25
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COMPARISON OF SORPTION BY PULPS AT SIMILAR DRORYES OF BREATING

The relative sorptivity of papermaking vulvs for methyle
cellulose 1s of interest, Doth from & theoretical and from a practical
viewpoint, In Figures § and 10, the various pulps used in this study
are somoared at similar desrees of heating. Yor vigscomeSric analysis
at anproximately 600-ce. S.-R, fresness, the bleached sulfite pulp
sorbed nsthyleellulose to a greater extent than the kraft or unblesched
sulfite pulps. Bleached krsft and unbleached sulfite sorbed about the
same amount and are Jjust significantly lower than the bleached sulfite.
Unblesched kraft, however, showed a lower sorptivity, which eorresnonded

roughly to unheaten blemched sulfite,

Anthrone analysis at 800-ce, S.-R, freeness ghowed = similar
relstionshin between bdleached sulfite and blesched kraft, and indicated
thnt cotton linters were simificantly lower than the above yulps. The
sorption of the linters corregronded to that shown by 770-ce. 8.~H,

freenasa bdleached sulfite milp,

In Figure 10, blezched sulfite pulv is compared with cotton
1inters and bleached kraft at about 300-ce. §,-R, freeness, These dnta
show that bdlesched sulfite and blenched kr~ft have anvroximately the
gane relative sorntivities as at 600-ce, B.-R. freeness, and that cotton

linters retain mmch less methylcellulose than the other yulps.

Anthrone analysis =t 300-ce, 8,-R, fraenese showed no difference
betveen blsached sulfite and bleached kraft oulps dut, again, cotton
linters gave a sorstion which was & 1ittle greater than that given by

700-cc. B.-R. freeness bleuched sulfite pulp.
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In summary, the nulns studled may be arranged in the following
order of sorptivity at similar degrees of beating., Blenched sulfite
has the greatest sorptivity followed clowaely by bleached kraft and un-
bleached sulfite, vhich are approximately eaual, From comperisons
with blesched sulfite, it wns concluded that cotton linters showed
graster sorntivity than unbleached kraft, and thnt-thesc 1ztter two

malps retained much less additive than the other nulns,
2FFECT OF MOLECULAR WEIGHT ON SORPYTION

The affest of molecular weight on sorption is a marticularly
i{nteresting wvariadle, nlncc.tho efficacy of the viscometric method of
analysie demends on the absence of aelectivo'ratantion of & particular
molegulrr smecies by the pulns inder investigation. In Table XXI and
Firures 11 and 12 are presented data obtained by both the viscomstrie
and anthrone analyticel techniocues for 770-cc. 5.-H., freenoss bleached
sulfite pulp, with ourves drawn through the hoo-cp, methylcellulose
dsta, It may be observed from Flgure 11 that none of the viscosity
gredes of methylcellulose deviate significantly from the values for
the LOO-ep. sample, except for a single point for the 100-en, methyl-

cellulose (an apparent anomaly) and the ethylesllulose data,

In Figure 12 = similar situation exists, excent that only
ona noint of the oth&lceltulola data deviates sigsnificantly from the
li0n-ep, methylesllulose curve. The ethylcellulose results obtsined
viscometrically must be questioned, because of the very low viecosity
of this material. This, in turn, made the residusl visoosity of the

pulp a major portion of the obsarved viscosity, thus materially decreasing
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7=
confidence in the findings.

Table XXI alsc includes data on the addition of 25%-6p.
methylcellulose to 300-cc. §.~%, bleached sulfite pulp. The viscometrie
data do not differ significantly from that obtained with LnO-ep, methyl-
cellulose but, uafortunately, the sorntion as determined with anthrons
ia consideradly lower and corresponis to the sorption obtained with
Log=ep. mathylcellulond on 770-ce. S.-R. fresness pulp, Yo explanation
for this situation has been found and, in vievAof the other findings,

the snthrone data for the 300-ce. §.-R. freeness vuln must be disregarded,

1t was conoluded that sorption of methylcellulose by vulps is
not secomnanied by & selective retention of particular molecular snecies,
and that ethyloellulose is sorbed o salightly greater sxient than

mathyleellulose,
RYFECT OF ROSIN AND ALUM ON SORPTION

In Table XXII are reported results on the effact of rosin and
alun on the retention of 400-cp., methylcellulose by 570-ce. S.-R,
froensss bleached sulfite pulp. The rosin used was a commercial {Grade F)
wood rosin containing 305 free rosin and 70% solids, One ml. of a Wt
polution of this rosin was sdded to the appropriate methylcellulose
solutions (before addition of the puln) to give 4% rosin on the vulp.
One and one-half ml, of reagent grade papernaker's alum (512(304)3.1anzo)
in 44 solution was added to the methylcellulose solutions to give 6%
alum on ths mulp, For the experiments employing both rosin and alum,

the rosin was first added to the methyloellulose solution, folloved by
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the puip. and ﬁhon the alum., The procedurs followed in moking the
0,005 and 0,05 molar alum-methylcellulose solutions included the
addition of 200 ml. of solution to the salt in an 8-ounce bottle, then
shaking until the alum was éonplatnly dissolved. The pulp was then

added as explained in the "Expsrimental Prosedures” section.

Roein and alum in the presence of methyleellulose and in
concentrstions sorresponding to those obdtained in samples diluted for
filtration had no avvrecizble effect on the anthrone snslysis. Specifi-
cally, 0.004 g./100 ml, of rosin and 0.006 g./100 ml. of slum in 0.005 g./

100 ml, methylcellulose did not affect the anthrone calibration,

In anslysing with the viscosity technique, it was found that
the presence of the salt reduced the Arrhenius viscosity constaat for
400-6p, wethyloellulose only slightly. TFor no salt this constant was
2.11, for 0,n00kS molar alum 2,09, for 0.00% molar alum 2,07, and fer
0.05 molar alum 2.0k, Rosin at a concentration of 0.0k g./100 ml.
reduced the Arrhenius viscosity econstant to 1.99. Incressing alum and
rosin coneentrations spparently tend to collapse the hydration layer
and reduce the visgosity of the methylcellulose at a given songentration,
The Arrhenius viscosity equation was obeyed in an excellent manner in
the presence of the alum, Viscomities wers, of course, determined
relative to the solvent, which was the particular salt solution used
in a given sxneriment, The visecosity of the 0.00045 molar alum solution
was essentially that of water, snd the 0.005 molar alua had a viscoslty

relative to water of 1.014; the 0,05 molar alum had a viscosity of 1,116,



The data in Tadle XXIl, when compared with Tigures 6 and 7,
ohov that there is no affect of the 4% roain on retention. (In arriving
at & conolusion from a set of data, obviously anomaloue values wers
dleregarded. Such ia the case with the viscometric anslytical value
at 0.1000 g./100 al, initial consentretion,) There is also no effect
of the 6% alum on retention., FHowever, the combinstion of ly% rosin and
6% slum shovs a disztinat effect on retention when evaluated visce-
netrioally, The anthrone results, on the other hand, shov that rosin.
alus are not significant, No experiments vere nade %o determine the
effect of the combination rosin-alum on methylcellulose viscosities and,
for computational purposes, it was asguped that the rosin and the alum
wers removed from solution by nrecipitation on the fiderse. Therefore,
the viscosity d-ts are suestionable, and it wast be eoncluded that,
at 0.5% consistenay, 4% rosin asd 6% alum exert little or no influence

on the retention of methyloellulose by moderately beaten bleached

sulfite p\:llp. .

In the oase of the higher coneentrations of alum, A very
grent effeat on serptilon may be noted. For the 0.05 molar alum solutlon,

the wmethylcellulose is nearly quantitatively retained.
SORPYION HEUVERSIBILITY
Effect of Concentration

Yrom a theoretical viewooint, the reversibdility of a sorntion
system cen give important clues to the nature of the forces involved and,

in a practical sense, can serve to deteraine those labdoratory or industrial
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conditions vhich will be most effective, A "reversidle” nrocess is

one which san ba reversed by making infinitesimnl changes in conditions
of state--for example, concentration or temperature, In the case vhere
2 log exists in the resnponse of the process to the ghanges in conditions,
*hysterosis" 1s sald to éccnr. A vrocess is irreversible if it does not
resvond to reverse changes in conditions but goes essentially in one

direction only.

Tabulated results of exveriments on reveraidbility of the
milp-methylcellulase-water system way be found in Tables XXIII and
¥X1¥. The procedurs included the addition of distilled water to a
system at equilibrium in order to dilute the methylcellulose. After
rotation for at least nine days, the squilibrium concentration was againa
deternined and the sorption computed, making allowances for the initial
saupls removed, If initiasl and final sorptions are equasl, then no
changes have occurred as & result of the dilution and the morption is
irreversibles, If the sorntion decreases to corresrond te the new
equilibrium concentration, then the sorntion 4y reversidle. If the
sorption decrenses only nartislly, so that it 1lles between the initial
sorption and that corresnonding to the nev equilibrium concentration,
then hysteresis has taken plase. A study of Tables XXIII snd XXIY
indientes that the initial and final sorntions agree fairly well, eon-
sidering the analytical variability (vreviously mentioned in the
section) in the effect of beating, and taking inte account the fact thas
the final sorntion values are nearly equally distributed sbout the initial
values. The viscometric sorptions in narticular agree wall and, as will

be pointed out later, more confidence can bde plased in this method than in
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that of the anthrone, These data, therefors, supvort the sonclusion
that the sorntion of methylecellulose by vnulps i3 irreversible with
respect to concentration changes. In short, methylcellulose will adsord

Tut not desord,

In order to ascertain whether the manner of addition could
{nfluence the retention of methylcellulose, equilibrium systems of
nulp-methyleeallulose-vater were treated with sdditional methylcellulose
in moderately concentrrted solution, so that the resulting equilidbrium
coneentration would be materially inoressed, These dnta are given in
Table XXV, The sorntions obtained from the sorption versus enmuilidrium
concentration curves of FTlgure 7 are 1isted for comparison in the last
column, The aprasment between these values and the final sorntion values

is pood,
Effsat of Temmersture

Teble XXVI and Figure 13 revort results of experiments de-
signed to show the sffeet of temnmeraturs on sorption reversibility,
A run vas nede at 38° C. and another at 3.3° C. After sampling to
determine the equilibrium concentration, the 38° C, samples were rerun
at 3.3° C. and the 3.,3° ¢. samnles at 38° C. It may e obserqu from
Yirure 13 that sorption inareases yith temperature, and that sorntion
appears to be a function of the particulsr temvernture reached (and
{ndependent of the path) for ascending temperatures, Fowaver, for
descending temmerzturss & hysteresis effect is observed, since the
3%° O, run, vhen rerun at 3,3° C., had a higher sorntion than the

initisl 3.3% C, run, It was concluded, therafore, that sorntion was
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not completely irreversible with resnect to temner:ture but showed

¢ hysteresis effect,

In summary, it hne been shown in this section that sormtion
of methylcellulose by mulns is irreversible with resnect to concentration

snd exhibits o hysteresis effect with resmect to desceniing temmer-tures.
WRMOT OF MHUPCRAMITT O SORPTION

Table ¥XVII contains dnta on the effect of temmernture on the
retention of 4N0-en. methylcellulose by 570-cc. S.-H. freeness bleched
gulfite min. The anthrons dats from Table YXIII are nlotted in Fisure
14, o restdual viscnsity constants were availeble for 3.3° C, =2nd
230 §,, and the residusl viscosity obtained at 25% ¢, wea used throughout
for viseometric comnutations. Ilowever, it meems reasonsble thet temnera-
ture stould ffect this velue to such sn extent so that the viscosity

concentrations can only be annrnximntely correct.

From Figures 13 ~nd 14, the marked effect of ternarrture on
gorntion ¢n be rendily seen. Hetention increxses with increasing
temmersture, in eontrzst to a clrssical tyve adsor-tion in which sorntion
decrerses with Incressing temnersture. The effect of tem-erature is
even more -ronounced than the effect of beating (Fisures 6 and 7), and
radlaine the temaernture 13° C, resulted in dnublin~ the sorntion As
meraurad by viscomity and increased the sorntion 507 ae mersured with

anthrone =s commared with sorntions at 25° C,

fhe anthrone d-te of Table XXVIT were »lotted on log-log

granh naner, #nd the best stralght line was drswn throurh the nointe
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{n tha manner wreviously described for fittine the dnta tn - Freundlich
santherm. From this mlot values of enuilibrium concentrotions for the
thres temmer-tures nt & given gorntion wore obtained. These data may
ve substituted in the Glaneius-Claneyron ecuation o obtain the

differential hent of retentinn,

= - AR = (RToT4/T2-T1) 18 82/S)
where Q = hert evolved or absorbed,
AR = hont of retention,
o ond Jp are absolute temmeratures corresnonding
to enuilibrium cnncentrations, and

9_1 end Gy »t & selected rorntion.

1t may be seen from this equation that a nlot of logs C versus
the recinrocal absolute temmersture will sive 2 straipght line whose
alome multinlied by the gas constant i, end the f£actor for conversion
of natural logs to narerian loss will ~ive A H. Such & wlot ie siven
in Firure 15 with the lines corresvonding to solected sorntions thet
nre tsbulated. In Table ZWVIII the slones of the verious lines are
~4{ven, together with the enloulated hents of retention. For comnrrison,
the hents caleculated from the viscosity data cre included. The agree-
ment between methoda is good, considering the mrobsdle errors in the
viaconity technirue mentioned nreviously, and serves to insnire con-
fidence in the commarative nature of the anthrone dnta, The hent of
retention does not anoeir to vary sreatly for gorntions above 1.6% on

the -mln,
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FIGURE 15
B fffect of Temperature on Sorption
by 570 S.-R. Bleached Sulfite Pulp
Sorption Isostere
- Sorption
© 1,60
o 2,00
@) 3.00
= 4,00
i | | |
0.0032 0.0033 0.003% 0.0035 0.0036

Racinrocal Absolute Temperature °K.
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TARLE XAVIIX

AT OF RETRATION OF MOTHYLOELLULOSE

Slope
Log Concentration-
Sorption, Heelorocal Temnerature
#./100 g. mlp Curve AR,
Anthrons Metho
1.60 M0 20,200
2,00 4600 21,100
3.00 Lg30 22,600
k,00 4870 22,300
Av, 21,500

Viscosity Hetho

L.00 3870 17,700
5.00 ko70 18,600

usnerimental runs using 300-ce. 5.-8, freeness blenched sulfite
nuln end methyleellulore of 400 and 25 on. viscosliy srndes were z1s0
mnde. Althoush these dntn were momewhat meeger (only twd nointe ware run
on the 38° ¢, and 3.3° C. curves), they gave herte of retention anwnroxi-
mating that odtained from the 570-cec. S.-R, muly. It was coneluded,
therefbre. thnt hents of retention varied little with the desres of bent-

ing of the —uln or with the mnlecular weisht of the nethyleellulose,

3ince retention of methylcellulose increnses with increaning
tennerature, in a mammer eimilar to the increase in adhesion of eonolymers
to celluloge wit)h incresse in temprrature, n cleasical-tyne adsnr-tion
whenomenon connot be exclusively involved. Accordingly, & line of rensoning

aimilor to that of Tofrichter and lclaren (32) wos followed in obtaining



an actual heat of adsorntion. These invastigators nostul-ted that

the hent of adhesion was enual to an exothermic heat of adsorntion and
an endothermic heat of fluidity or cohesion. The evolution or absorn-
tion of heat on adhesion devends on the relntive marnitudes of coheslon
snd adsorntion, They found adhesion %o be endothermic and, consequently,
eoncluded that the hent of cohesion was grenter than the heat of ad-

sorntion,

Since Uofrichter and Helaren worked with hot melts in their
{nvestisations, the idea of heat of fluidity or cohesion is hardly
apnlicable to high molymer solutions in good solvents. £m will be dis-
cussed lnter, there is every reason to believe that a gelation of
methylcellulose occurs at the fiver-golution interface on sorntion of
methrleellulose from water solution, Therefore, the hant of gelsation
wes substituted for Hofrichter snd Velaren's heat of cohesion, Thus,
the hent of retention waas nmade equal to the hest of zdsorntion vlus
the hent of gelation, Ileate of gelation of methylcellulose were 0b-
tsined by annlication of the Clausius-Claneyron equation to pgelation
temmerntures obtained by the Tow Chemicrl Gommany (3). These dnta
are listed in Table XXIX together with the calculated molar heat of
gelntion and the snecific hent of pelation. The snecific heat of
polation wrs obtained by dividing the mol-r heat by the molecular
weicht obtained from dnta furnished by Dow, The gelntion teney tures
and molecular weirhts are averages of n number of batches of the
Fethocel grades listed. From Table XAIX it may be seen thot the heat
of pelation is relntively constant with resnect to moleculsr welsht,

and that the heat of gelation decreanses with increazsing enmncentration,
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TABLE XXIX

HAAT OF GHLATION OF ¥.THOCHLE

Gelation
¥ethocel Concentration, Temmerature, A, 4%,
Grade 4 (vy wt.) °C., Cal./mole Cal./eran
Looo 2.6 51.b4 32,600 0.23
3.0 50.5
25 2 55.0 20,600 n.78
5 L3,s
15 2 55.0 26,200 0.86
5 51.5
5 51.5 11,800
10 h0.0
10 2 53.5 30,200 1,19
5 52.0
5 5.0 13,400
10 1.5

*From Dow Hothocel Frochure (3), Mirures 6-9 (v, 47-.50),

The values from 2 to 5% concentratinn were used in commuting the hest of

gorntion; the sverage molar heat of gelation wus taken as 29,700 ezl. [nole,

The form of the Clansius-Cloneyron scuation used was thet
emmloyed by l'eyer and van der Wyex (63) for calculating the hent of pelaw

tion of gelatin,
%= =81 = RIoT; [To~T) 1n ¥afiiy,

where ¥, and ¥ 2re the concentrations by welght of solutions saturated

at absolute temmeratures Ty ond T,.

The aquation rel-ting herts of retention, adsorntion, snd

felation isl
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O = Alig * 2Hor
where the subscrints refer to ratention, sorntion, and gelation. Sube
stituting the exnarimentally determined haents of retention end pelation,
the valus for the heat of sorntion is frund to bes
ok Ok - 4k
= 21,500 - 29,700
= -8200 cal./mole (exothermic).
In comonrison, the value of the hert of sorntion commuted by Hofrichter
and FeLaren from the adhesion dnta of hot melts was - 17,500 eal./mole

(exothermic).

The modified Clausius-Claneyron equations ured in commting
the herts of pelation and retention may he readily derived from the
van't lioff isochors, in turn obtained from the (ibbs-Helmholts equation
(42). The van't Yoff or renction isochors ia!

al nyd:g = O, /RT,
whers X = emuilibrium constant,
T = sbaolute temmerature (°K.),
AH = hert renction, enl, /mole, and
R = srs constant, eal, [mole.
The general exnression for the true thermodynamic gouilibrium ennntant
for » sinrle reactant and n singzle nroduct ist
k= dnfog
‘where okn = retivity of nroduct

Ay = activity of renctant



109~

Intesrotion of the resction isochore gives:

Sk = ope [ 2 g

E b4}

n (k,/k;) = (-QE/BD(Y/I; - /L)
X, and K, are the equilibrium constants at sbeolute temnera-

tures I; and 22.

gubatance

Yor a sorntion nrocess, an esuilibrium exists between a

gorhed én a substrate =nd the same subatance in solution:

Ky = KBy /XBys Ky = *Lp/ By
where the subscrint £ refers to the sorbed state
and B the sorbate state,
Substltuting in the integrated isochore:

In (o Bof XB &R,/ AB)) = (A B/RNL/T - 1/Ty)
Setting 0‘32 = Ap, (in effect chaosinz a constant anrntion),
In (XR [XR,) = (QH/RN1/T, - 3/T)
In dilute solutions, such ns those used in the mresent study,
activities nny be renlsced by cnncentrations!
In (G,/2,) = (AR/B(L/I, - 1/2,)
O = (R /2-1y) 1n (8p/8))
where g,l ond Gy nre equilibrium concentrations corresnonding

to a given sorntion nt temneratures I, and Ty.
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In the cese of the formula used to obtain hents of gelntion,
an emiilidbrium Betwesn a saturnted water snlution of mathylesllulose and
nethyleellnlone in the gel (solid) nhase was nostulated,

8ol 2 Gel
The amilibrium constant wonld het
X = apfag
vhere df = sctivity of the #nl ~nd
Ag = activity of the sol,
The activity of the pgel is, of course, onei
K= 1fag
Substitution in the intepr-ted isnchore and renlacement of eativitien
by welght concentrations glves:
In Uy /4, = AL/R (LI - 1/T)
eince §) = 1/ §) and K, = 1/% 8,
Rearranging
- AL = (35,1 /T; - By) 1n W/t
where Ei and Y, are equilibrium saturated sol concentrations

corresvonding to ahsolute temweratures I, ~nd 22.

A note on the renl-eement of 2ctivities with concentrations
is &n nrder. Activities rre neffactive® noncentratioms ond nre usually
exorensad in molalities (moles/1000 grems solvent). The aimmlest eoncent
18 simnly to consider the eoncentrotinone which emmenr in the nodifled
{anrlares o rating and, therefore, indenendent nf units used for

ernressine the asnrentrations,
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mhe criteris for the ume of thesme eauations must be CONe
aifered. The assummtion is nide, wien uginz the vont't Toff isochore,
ghe b the hoat of reaction (used here »enoriceally) is indenendent of
tau-eriture, This le imnwm everinentally to he untrue., lowever, little
error is wrde in maldns such an aammi~tion over the relatively narrow
tarcersture ronre invnlved, The van't Toff emuntinn is further a-mlicnble
to = esnstant nreasurc-constant volune system. The«s ere wscentially
the eonditions un’er vhich methyleellulose was gnrded on uln, sand the
-uestiong of ervilinriun snd roversibility are nertinent. The gorostion
of methyleellulngme enies ¢n 2 constant state ne nenrly s cnn be measured.
Thie in nnt = true theraodynsanic emiilibrium, however, in which in-
#inftesinel shenees in emncentration, for examnle, wnuld reverse the
gorntion. In £16t, sorntion has been shown to be commletely irreversibdle
with ree-cet to eoncentration in thet netityleellulose will sord but not
desnrt on -mln unler isothermal conditlons. Yowaver, the fiibbs-Folmholtsz
emntinn an which the ven't Joff isochore in based 1s nmmliceble to
yppeversible systems (66), and requires only thermndynamic eouilibrium
in initiel 2nd finnl states of the nrocess, Thua, the efficrcy of the
Le=t of venction ealeulations denends on the sarmroach to true eonilibrium
of the system -wmlpenmethyleellulose-weter. Llthough o true eruilibrium
‘igfnnt attuined, it ean Ye argued that deviations will exist at eech
temmerature and will be in the same direction, so thnt differences in
scturl enuilibrium conditions will ananroximate differences in true
equilibrium ennditionsa. Since the heats rre based on differences, it

mry be enncluded tint the results are valid to &= first annrnrimetion.
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WWRDOONTS O VDL OPRIGH O SORONINT, SORVTYONT RY CTLLONNAY, CRTLCT
OF OATRISTIHAY, AT OWENT OF UIaT NG OF SINAR o) mimPmren

Foymann (4, 5) has shown that solutions of methyleellnless
incrasse slishtly in volume on pelation, Since t'e= mor-tion of mothyle
celiulosa by ~uloe nirht eoneelvably consist of o ~elation At the fihew
surf=ce, an attemmt wam mode to sliow aueh a volume chun~e in = sor~tion
ayster: conglating of wuln, methylasllnlnge, -nd witer. A mermury
fdllntoncter sinilr tn that ured by Feymann was need in ~relininary
sxverinontes but wag ahandoned for a Feville-Thele (62) tyne d1lrtometer,
nodified by ¢ ride nrm vith » atovcoek. Yo mositive eonclusions emild
be dravn from these ex-erimenta, aince the volitwe chenge nffeat s
reprrently too sanll to neresure conveniontly, ~nd the Alfficultles in
excluding aly from the sorstton system -roved to he unsurmountehle in

the time aweilndle,

Wrnerimonts vere eonducted an the ratention of methvlcellulose
by mnwn sreas of cellonhane {vitanse sausege casing), sfier hatehvise
extragtion tr remove glycerin, relinincry exverimente -ith antheone
tndtnstad s e 91i+ht sorntion and sdditional ereriwents, usin- the
visnonity techinloue, sowed a~roxin-taly 7.85 ~ram methyrlaslluloss
retrinad fov one squara neter of wet smwuri-e cneing nt sn equilibrium
eoneentration of shout 0,00 2,/100 ml, Serntion at ~,045 2, /100 ml,
wig rouwly 1,7 oram,  Covaver, the officasy of theae Jaeterain.tions
denends on the apeursey of the daterminntlon of tha w.ter in the cellow

whone «Yieh 19 not avellable for dtluting the et wleellulase, Since

one gaurrs rietor of saunsye cusing welzhs ~hout 50 srena, the amount of
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water introduced with wet cellonhane (or soaked up by dry cellonhane)
4 annraciable. This same uncertainty exists in the case of ~ulvs,
but the amount of water in one gram of -uln which is not avail~ble for
diluting the mothylcellulome cannot possidly be over several grams nd

can consaquently be ignored in a solution of 200 ml,

This water not available for diluting the methylcellulose
vag determined for the sausape casing by soaking extracted stri-s of
crsing in water, and carefully blotting to remove all surface water,
then weirhing hefore and =fter oven drying. 1114 -ressurss (such rs
conching with a handeheet couch roll) had no sffect on the imbibed water.
It wag found that the O-mil high-stretch sausage cosing had an imdibed
water content of 1.25 prams ver gran of cellophane, This water was
agsumed to0 be unavailable to the methylecellulose znd due allowsnce

w-g made in making eormtion calculations.

The snrntion of methylcellulose annesrs to hove vosalbilitles
as & method for surface area mensurement of ~ulns., Towever, only the

barest bezinnins hns been made in the mresent study.

The affect of consistency on the sorntion of methyleelinlose
by "ulns was not studied in detail, but nreliminary exneriments {ndicnted
decressing sorntion with increasing consistency., This may reault from
srenter friction batween fibers ns consistency is incrensed, thue -re-

venting nny loosely held methylcellnlose from being retained,

An exneriment designed to show the effact of noderate rates of

ghear on the retention of -iethylesllnlose by —ulps was condneted. Two
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samnles of 3N~ec, H,.-R. bleached sulfite nulp 2t equilidriun with
400-6n. methylcellulose were stirred in « Waring blendor for 4 minutes
and reannlyszed viscometricslly. The equilidrium concentration decreansed
in both cases, thus indicnting that additional sorntion had tsken mlace
and that no sorbed methylcellulose had been vemoved by the action of

the blendor. The annarent inere~ged sorntion may have been the result
of & somewhat increased surfrce, because of the action of the blendoy,
or to the erncentration of hirh molecular methylcellulose in the
eonious quantities of foam formed. Thin tended to give very low

viscoalties snd very low equilibrium concentrations.
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DIBGUSSTOY OF YHOULDTS
AMALYTICAL TROCENUR%S
{luneral

The search for a suliable analytical nrocedure for measuring
the retention of & carbohyirate sum by cellulose is by no means ended,
The varisbility which erists within and betwesn the anthrone end the |
visoonity tectniues is, mquite naturally, of cmaiderable cmeern be~
couse wrecision in an snalytieal method is slways comforting, althongh
1t 4= certninly trus thot nrecislion does not necessarily insure accuraey.
e existance of thia verlablility implies that certnin voriables hnve
been insdequately enntrolled in the exneriments run thus far, and future
worz on an analytienl method should certrinly he directed tovnrd dis-
covering the esuse nf this variability rnd eliminating it. It could
eonceivably develop that this variability is inherently choracteristie
of the system under investigsation, and that it cannot be eliminnted.

In such a come, recourse would have to be had to statietienl anslysis,

which would involve meny more data than those renorted in this worlk,

Although the date obteined on the system rmlp-methylcellulosew
wnter are quite varicble when considering either the anthrons or the
vigsoosity techninue, 1t fs felt that thies variability does not detraet
from cualitative arpuments and eonclu:iéns. There secems little doubt,
for example, that sorntion incre-ses with benting, although how much
1t increnses 1s dehatnble, In almost overy cnse, those nualitative

conoluaions obtoined with the viscosity techninue slgo armly to the
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anthrone technicue,

It should be emnhasized, however, that the disparity betveen
the anthrons and viscosity methods is due lurgely to the nethod of
comnuting the sorntion., As was nointed out areviously, the calculated
gorntion denends on small differences s&nd, consequently, is very sensi-
tive to the equilibrium concentration. In Figure 16 are plotted the
viscosity versus the anthrone analytical values for bleached sulfite
mulp. It moy be noted thnt the difference betveen the two methods is
only about 10-1233 cf the average concentration at hirher enncentrations
and about 207 at low concentrations. lVevertheless, this emall discremancy
results in o ratio of viscnsity to anthrons of 1.5 to 2 in caloulated

sorntions,

The variadility noted in the results does not lie in the
analyticnl technicues thenrelves, becsuse analyses on a given bottle
conld be reneated in an excellent mannor os long s four weels anart.
The variability, therefore, lies in the systen of nrocedures., The tinme
of\ sorntion was not uniform tut was & nintmum of nine days. Time cmuld
conceivably csuse the wariations noted 1f sorntion continued slowly
over sn extended neriod., The analytical remwrodusidil’ ty, however,
indientes that sorntion 4id not wvary regularly with the length of a
run, surresting thet there is no time effect. (Additional evidence
in this regnrd wes given in the sectlon on the effect of time on

sorntion.)

In senorsl, snmewhat batter wrecision within a run {(~ smooth

ourve could be drawn through the noints on a Freundlich ismothern nlot)
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FIGURE 16

Couparison of Anthrone and Viscosity
Analytical Techniques

Bleached Sulfite Pulp
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was noted than between runs. This sugpests thnt certain wvariables
influenced & given run but were not common to all runs, Temperature
v-riation is & nossibility, but great care was taken to avold any
termmerature fluctuations. Moreover, temnerzture doviatioﬁs could h~ve
been as large as 1° C. =nd still have affected the sorntion less than
105, The stirring nrocedures for dlsmersing the muln were nnt uniform
(stirring was simwly continued until the nulp was disversed), and
nosaibly this overation deserves future study vhen considaring analytical
techni-ues, It is most unlikely, however, that stirring eould have
baen uniform within a run ond nommiform betwsen runs. The time of
rotation also varied hetween runs but was constant for & gilven Tun, 80

thet 1t could wossibly sccount for the results obtalned.

A further nossibility is variation in the antusl ovendry
weight of the nuln samnle. It was caleulated that all one-gram mulp
sarmles lay within the range 0.97-1,03 grams, and it was deemed un-
1ikely that samples would be outside the rance 0,08-1,02 grams, There-
fors, cross vnriations in welghts of samnles ecould not huve occurred.

The loss of weisht by evamoration while the wet muln was being veighed
wrs checed and found to be consideradbly less than 10 mg. and, therefore,

had a neeli-ible effect on the ovendry wveisht of muln,

Tasterisl degradation of methylcellulose has been shown to

Ye noneristent unier the conditions of the exnariments.

Anthrone

The anthrons techni~ue will be considered in more deteil. The
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general method for testing filtratior; nrocedures for use with anthrone
analysis was to mix nulnewater sunernatant fines with known concentra-
tions of methylceliunlose and filter these mixtures through Celite or
fritted gless filters, It was shown that the methylcellulose under such

conditions could be recovered almost quantitatively.

Erepamer (28) and Broadbent and Aarrison (29) have indicnted
thnt methyleellulose 1s a muln deflocculator and dismersing agent.
mherefore, it is reasontble to sunpose that the concentration and Average
size of the settled supernmatant cellulose fines will be greater in the
nwresence of methylcellulose, This is quelitatively shown by the notice-
ably pra-ter turbidity and lonser settling times exhibited by mulns with
sdded methylcellulose in commsrison with untreated mulns. This turdbldity
also incresses with methylcellulose eoncentration. The Celite and
fritted glass filters may readily remove the supernatent fines vresent
in a mln-vwater susnension but are not able to remove quantitatively

celluions fines in the wresence of the nethylcellulose,

As has been mentioned yreviously, the incommlete semaration
of cellulose from the gum would result in an equilibrium concentration
which wos too hish and & caleulated sorntion vhich was too low. Anthrone
determined sorntions were, in almost every case, lower than those
determined by viscosity. If viscority is assumed to indloate the true

level of sorntion, then such a trend would be exnsoted.

The anthrone analytical variability conld be exnlained in
nort by o variation in the distribution of fines from one -uln sample %o

another. This may have occurred during filtration of the muln from the
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houter sinee mulp fines wruld tend to concentrnte in the lower 1nyers
of the filtered pad. In those oulp samnles which had = rreater nrre
centage of fines, the supernatant cellulose concentration and the
equilibriun concentration wnuld be greater, whereas the sorntion would
decreras. The varistion in fines might also influence the level of
gorntion, btut this effect would prodabdly be less than the effect of

unfiltered celluloase fines on the equilidrium concentration,

The residual viseosity hos a nossidle influence on the denth
of color obtuined with anthrone, Table IX shows that the material which
gives the residunl viscosity is largely renoved 1n Celite filtration,
aoarently through sorntion by the Celite. (Conclusions fronm Table IX,
hovever, are comnlicated by lack of knowledge of whether & given con-
centration results from susnended celluloss or soluble hemicellulose
endstances.) The concentration which may result from reslidual viscosity

ern, therefore, be ignored.
Viscosity

Viscosity must give a truc indication of concentrztion of &
nirh molecular weizht subatance in the nresence of yulp, vrovided that
there i3 no sslective sorntion of a narticular molecular welsht specles
and nrovided that any substance leached from the nuln either hae no
viscosity or crn be satiafactorily talken into account, Further aumosi-
tions are that the mulp "residusl viscosity" (4f wresent) ccts inde-
pendently of the edditive, and that the additive dis»lays no viscometric
anomalies. It must also have the ability of beiny satisfactorily renresented

by an equation relsting viacosity to concentrations. The last requirement



1s that the nresence of the sdditive should in no way influence the
extent of leaching out or, in other words, influence the amount of the

residunl viscosity.

The re-ulrements of nonselective sorntion, indenendent action
of additive and residual viscosity, snd lack of viscometrie anomalles
amnear to have been ~dequitely considered for the system nuln-methylcellulose-
water. The data on the effect of molecular weight on sorntion indicate
that selective sor-tion is nonexistent, Hxmeriments with nixtures of
‘alp-water supernatent licuor and Imown methylcellulose concentrations
and with mixtures of rspenwood hemicelluloses mnd methylecelluleose solutions
hive shown thot the vulp extrzet and amsven henicelluloses act independently
with methyleellulose and that log viscositles 're additive ag would de
ermeeted. lethylcellulose hns also been ghown to obey the Arrhenius

equation (relating viscoslty rad concentration) in on excellent manner.

The correction for residunl viscosity and the influence of
methylecellulose on residual viscosity remain to be discussed. Actually,
these consideratinng are the same, A not inconslderable variability
was noted in the residusl viscosities determined on mlp-water ayatens,
This wnrisbility undoubtedly existed in the nresence of the methyl-
cellulose nnd could nartially account for viscomeiric enalytical wariation,
Any difference in distribution of fiber fines brtween -ulp samnles
could affect the level of sorotion cemiributing to overall variability.
The possibility that methylcellulose eliminntes the residunl viscosity
seems unlikely, since the methylcellulose would have to form o semi-

permeable merbrane at a fiber interface to prevent lenching out. THowever,



the methylecellulose may inhibit extraction ns the result of satura-
tion nf the snlution with reanast to & glven moleculsr weight., Since
the residual viacosity is in all nrobobility due to short-chain,
uater-soluble hemicelluloss material, this also seems unlikely, beczuse
gaturation with respect to short-chain materials certainly could not

exist in the dilute methylcellulose solutions emnloyed.

A brief summary of the evidence in regard tn the nsature of
the mulop residual viscosity is in order. The residuasl viscosity camnot
be inorganic, since the neutral salts required to sive a similar viscosity
simnly are not -resent in one gram of ~ulp. In addition, the -H of all
mlp extracts was near 7, showing the absence of ncids, bases, or
non-nentral salts. On the other hand, hemicelluloses in small concenw
tration could resdily give such viscosities (67). The residual vis-
ensity eamnot be centrifuged out, indiecating that aubstances in aolution

~re resnonasible,
THAORY NF SORMTION
The Wature of Methyleellulose Sorntion

The ernerimentnl results will be reviewed in order to elucldnte

the nmechanism of retention of methylcellulose by milns.

The results obtained with ulns benten to various degrees of
freeness indicnted thnt sormtion for well-brzten malos wrs ammroximately
three to four times thrt obtained for unhenten vulne, Since freeness is a
rourh messure of surface nree, and the surface sres of oculvns increnses

thres to five times with beating (68, €3), it can be concluded that
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sorntion of methylcellulose is & surface phenomenon and that the

tern "adsorntion” is spnmlicable to this nrocess. The variation of re-
tention obtained with beating agrees with the findinrs of Obermanns

for morntion of hemicelluloses and of the Dow Company on the sorntion of
Methocel. In nddition, theoretical considerations lend woight to these
conclusions., The dimensions of the methylcellulome moleculs have been
renorted to be 7+ A, in diameter and the D.P’. x 5.15 A. in length,
According to Feuser (20), cellulose is vresent in the fiber in micelles,
which consist of 100-170 individual nolyglucose chains in tundles of
80-60 4. wide cnd 670-100C A, long. The micellsr bundles nre genarated
by o syetem of hollow spcces consisting of canals of lorgzely varying
widths ranginz from 1000 down to 10 A, The micelles themselves are
fissured by small cracks of sbout 10 A, The dyelins of cotton glves
further evidence as to the size of the synces, Lehner end Smith (Z1)
conclude that 18 A, is tho upper limiting size for dyes which dye eotton,
1t gseems relotively unlikely, therefore, that the longs methyleellulose
chains could menetrate such & structure more than superficially since,
even 1f chain ends were tn penotrate the cellulose (1like threading a
reedle), the ends would soon meet cellulose svaces of the same marnitude

28 the moleculer disnmeter.

In Tabdle ¥¥ the Freundlich adsorntion constants for various
-mlng were given., GCenerally snenking very 1ittls euccess hns bsen had
in sttemmting to attach any theoretical significance to these emnirical
constants., Towever, Gyangi (72) has msde a very interesting attemnt in
this direction. Ry stnrting with the general distribution equation for

e substance distribduted hetween two nhuses, and construsting a nmathematical
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model consisting of ineremontal cubes, fyangi showed that, for an
adsorption which takes place anywhere on a given surface, the Freundlich
exponent p should equal 2/3. If adsorntion is limited to edges of cubes
(1.0., lines on the suri-ce), the Freundlich exnonent would be 1/3 an4,
for the extreme case where point adsorption ia involved, th_e exnonent
vould be zero. It was further pointed out that for A = 1/3, the golute
should be confined to certain lines in the solid nhage, and these lines
may be identified with the exnosed edges of nicrocrystals of the gsolid

vhase or scratches or immerfections in them.

From the dats of Table XX, it can readily be seen that the
exnonents for the sorntion of methylcellulose by milns are quite close
to the value of 0.33 svecified by Cyanel, es indicative of line adw
anr~tion except for the firat two constaonts for blenched leraft mlp., It
is to be exnected that sorntion on the surfeee of a cellulose fider would
be linear and corresnond to the orientation of eellulome micelles in the
gross surface of the fiber. 4As will be nointed out later, however, this
does not necessarily mean that the methyleellulonse itself is linearly
attzched to the celluloss in sorntion, but nerely that the woints of

adhesion between yuly and additive lie in a line,

In comvaring the sorntivity of vulps at annroximately equal
freencssos, it was found that bleached sulfite exhibited the grentest
adsorbing mover, followsd by blemched kraft and unblesched aulfite and,
finally, eotton linters and bleanched kraft., As was shown by Bobertson
and ¥agon (68), freencss is esnentially o function of narticle size and

vagking in the fider nad:; the latter is denendent on fiher stiffness,
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Therefore, to attain the same fresness, stiff fibers mist heve &

amnller worticle size snd, hence, = grester surfrce nrem., There facts
further inerense the Alswarity between the sor-tions of blerched and
unblerched sulfite =n? bleached krsft on the one hand =snd linters and
anblesched kr-ft ~n the other, since at the same freeness the latter
malng woul? howve o reenter surface, It may be wostuleted thnt the
hydro~hilie nature of the wuln surfece fwhich decrerses in the order
noted for sorntion (30)] olays an immortant role in the retention of.
methyleelluloee by mulns; the more hydronhilic mulns would retain grenter

amounts of ndditive,
Gelation of Methylcellulose

In a subsenuent section, the gelation of methylecellulose will
Ye considered in relation to its retention by wood wulns. In this
pection, the gslation will be congidered seoarately, with -articular
reference to thermodynamic effects. Water solutions of methyleellulose
nf sufficient eomeentration and moleculsr weight consmlnte and gel on
heatins to the range 40-65% C. Celation is accommnnied by a slight
volume ‘neresnge in the system. Jeymann (4) inveatisnted these —henomena
and susrested thet methylcellulose exists in vater solution rs hichly
hydrsted sol marticles which must be dehydrated before a mel ean form,
*he voluve chrnge nnted on ~zelation was thou~ht to be the result of
the removal of the "adaorbed-solv:ted" water layer, which had n zrenter
density than the surrounding linuid. This behnvior mey be contrasted
with thnt of agar ~nd gelatin, whose solutions g8l on conling and erhibit

o volume decresse on celation. In the cage of methyleellulose, water
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does not mlay an extensive »:rt in the form~tion of the xel structure,

wherens the reverse is true fnr selatin and rel-ted sudrtances,

It mny be mostulnted, in the erre of gelution of methyleellulose,
that two nrocesses are involved which ure occurrins similtaneourly. COne
nrocese involves dehydrxtion of the methylecellulose marticle snd consiats
in the breaking of the hyirosen bonds Yetween woter layers and the hy-
droryl rrouns nf the methylcellulore. At a given temnerature, there 1s
an enuilibrium between water molecules entering snd lenving the water
ahell »round = methylcellulose ~article. Since the energy mossessed by
~ water mnleoule i1s directly = function of the ~bsnlute temnerature,
raisin~ the temrcrature will inerense the pumber of water molecules which
“nsness the remmisite enerpy to lerve the shell until & new enuilidbriunm
ie rorched., A the temner-ture rises, the water shell grows swmrller,
#1lowing eloser aovroach of the methyleellulose mnrticles to one snother
xnd, =t the eame time, daecreasing the relntive solution viscosity (a
resilt to be ex=ected srince dehydrntion is in essence ~ decrerse in
effeetive marticle dimensions). Other manifestatione nf this nrocess
are reduction in clarity of solutions with increassing temoernture.

The dehydration mrocess is endnthermic (heat must be =dded to the

system), becnuse hyfrogen bonde ore being broken.

A8 the water shell around . methyleellulose nnlecule decrenses
to such ©n ertent thit close =7 ,roach bectvween adjacent mnleculer i
nagsible, moleculsr agcregation besins to oceur, snd the solution hec-nes
bazy. “uls roprepation is the hooinning of the seeond -rocess reroci-ted

vith selation, in whiech byirogren bonding occurs betveen methyleellulose
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moleculeg-—either directly or with "bridges" of sinple water molecules.
This seennd nroceas is exothermic, since hyirosen bonds zre being formed.
As asrresation comtinues, grouns of molecules coalesce to form ~ more

ar less riestd structure, and the methylcelluloge rets to 8 tourh strinegy
#nl., Since gelation occours as the temnernture is raised, it is an
andotliermic nrocess 2nd has @ nositive heat. Thersfore, it can be
ressaned that the hart of gel~tion corresmonds to the difference betwren
the resnective heats of dehyiration snd ngpregntion. Yecnumse the hent
of gelation is wositive, the hent of dehydirantion (&lro vositive) must be
1srger than the negative hent of ap-regation or, in other words, more

hyrroren bonds tre broien in dehyiration than are formed in sggregntion.

In Table X¥IX it was seen that the heat of gelation of methyl-
cellulose, brsed on the d-tn from the Dow Hethocel brochure, was
{ndevendent of the viscoslity sverice moleculsrr weight., Snarking generally,
a peletionghin exists betveen vimcosity and number #ver”ee moleculsry
welght and, for highly disnerse systens, the ratio of the former to the
1ntter i anroxim:tely two., This ratio decrenses to one for monodismerse
systeme. Since the methyleellulose gammles used wvere nnlydiesnerse (un-
fractinon-ted), it may he stnted that the henta of gelation nre 2leo
indenendent of the number ~versge moleculer welrhts, The common factor
amnne the srodes of MYethocsel linted nre the number of chain ends wer
mola. Thuk, it msy be eoncluded thnt gelstion involves the molecule
ne 8 whole but that the chain ends do not take psrt in bonding nethyl-
celluloee marticles. “his i not surorising, since it is to be errected

that ehnin ends womild have much gresnter nobility and aversge kinetic



12}

enerey than the bduls of the chain, From the =ver~ge hert of gelntion
of sbaut 30,000 eal./mrle, nnd the anvroximnte hent of hydrosen bond‘ne
of 7500 cal./mole. 1t c»n ha ctlculated thnt on the rwernge four moles
of hydroxyl grouns mer nole of methylecellulose, or twn hyiraxyl grouns

ner chain end, dn nnt ta%e »art in felntion,
Fechanisn of Hetention

At n plven temmerature nnd & riven eoncentration, s mnlecule
of methyleellulose in woter solution is in emiilitbrium with wrter molecules
enterings and lesving the muter leyers of the hyirsation shell. Halising
the temnerature or incransing the concentration will shift the enuilibrium
and decrense the ertent of the hylrntion shell, An enuatinn which sives
s relationshin betveen relative viscnsity nnd the artisnl smecific volunme
of the dis ersed vnhege of hy'ronhilic eonllofdn is thet of "unitz, This
eouatinn is discusced by Gortner (23). Eince relrtive viseosity is
rel-ted tn enncentrsation, this ecuntion ~lan rives the influence of
eoncentration on the dianerred vhwse w~rtial ewecific vnlume. The
funite ecuation is: R = (1 +0.54)/(1 - ¢)4, vhere U = rolative
viseosity sand ¢= volune fraction of the system oceunied dy the disnerne
shage, For the 4"Necen, methyleellulose, the nortisl snacific volume
for 0.1 £./100 ml, eoncentration is 102 ecc./gram snd for 0,01 £./100 ml,
1t i 120 co./eram. Thus, increasins the cnneentration of a hydro-hilie

enllaid results in = decrense in the hydrstisn shell,

£ wnnd ul» ia introfuced isnthermally into the eyatem
methyleellulnec=ratear, the methyleellulnse mnleeilea becsin to strile the

surfece of the cellulose (4tsnlf having 2 hydratinn lryer), !ost of the



methylcellulose molecules do not adhere to the cellulose because of

the nrotection of the resnective hyiratisn shells, which zre »bout

Lo i, thileck for methylecellilose ~s commted from the Yunitz ecustion,
QOccaninonally, hovever, methyleellulose molecules, having a much highor
energy than the avercge, strile the cellulose surfece .t a noint vhere
the resvective hydration shells are momentarily thin, znd hydrosen dnnds
sre formed with the muln throusrh "bridges" of several wnter moleecules.
These bonds are relotively ensily broken since water molecules in the
outer layers of the resnective hyiration ghells sre not firmly dound,

If the methylcellulose molacules are close enourh to the mln to hydrogen
bond directly or through a single water molecule dridge, the adhesion

i 5 relatively stable one =nd only & few methylcellulnse molecules are

nble tn encrme.

Ag additinnsl methylcellulose molecules strilre the surfaee of
the =ul=n =nd form strble bondm, the noint is ranidly resched where
hy¢roren hondinz between adjacent molscules begins to tnle nlnee.
Ordinarily, when such bonds form 4n solution, they sre ranidly droken
because of the mobility of the resuective molecules, ow, hovever, the
bonding moleculcs ~re greatly restricted through attachment at some
=0int to the cellulsse surface, :n¢ the comolecular bonds are much
more stable, is other molecules continue to adhere to the muln, the
surface becomes more crowded and moleculsr mobility is further reduced
vhieh, in turn, increnses the stability of the comoleculsr honds, Addi-
tionrl molecnles f£ind 1t increasingly 4ifficult to wenctrate the ~dhering

methylecellulose molecules #t the -uln surface, rad the rate of sorntion
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continues to decrense steadily. At aoilibrium, there existas at the
~ln surface n semirigid structure of methylecellulose mnlecules,
analozous to the gel formed on heating a nethyleellnlose solution 4n
water of sufficient concentration. At low enmiilibrium cnncentrations,

the rel structure is less rigld nnd cormact then =t hirher concentrations.

Inerensing the concentration isothermally resultes in & de-
eronsed hydration shell, =llowing & greater number of methylcellulose
maleculas to nossese sufficiently thin hydratisn shells end the remieite
energy to strike the muln surface and adhere--in short, the rate of
goration inerenses, As esuilidriun is anmroached, the gel atructure at
the £iber surface becomes more counact and rigid than at lower concens=
tretims because of the greater number of molecules aghering--i.e.,
sorntion is increased. This increased sorntion is the result of the
decrezsed hydration shell resulting fron bulk eoncentratinn effects,
thue allowing a closer macking at the fiber gurface. »s the concentration
1s Ainereased, saturation of the fiber results (at sbhout 0.1 £./170 ml.),
becouse the nacking at the fiber aurfrre becones 8o great that additional
molecules cannot menetrate to the fiber surface. This occurs becruse
the martinl smecifiec volume and, consanuently, the hydration layer, s
deternined by the Vunitsz enuation, a-mroaches a ninimum with {ncreasing
concentration. In view of the chove, the auestion mirht be ralsed as
to why no nttennt whe made to annly & ¥unitz-type enuation instend of
& ¥reundlich isotherm to the concentration-sorntion datia. The dsata
were s0 varizble that little was to be pained by doins so. owever,
future refinenent of the annlytienl tecinicues mizht noagibly show th=t

this esuation i{as a-nliendble.
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The gel-like structure nt the fiber surface is conceived ns
beine somewhat oriented. The mreferred orlentation would seem to be
with the molecules of methylecellulose nernendicular to the gross fiher
surface., This 4s deemed most nrobadble hecsuse the hydiration layer at
rnolecular chain ends is certainly less th;ck than elsewhere, and the
energy mossessed by such an end segment is gresnter on the averose than
other chain sepmenta, thus makine such chain ends more likely to sdhere
to the esllulose. The mumber of molecules actuslly morbed 1s about
four times less than thnt calculated by assuming a cross-sectional
esren of iOO a0, A, and a stacked rallroad tie macking., This is in
evcellent arreement when it is considered that a 110 an, A, cross
sention 1a nrohably ton small for 2 hydrated methylcelluloee molecule,
aven in n ~el strunture. Yurther evidence thet retention involves
guch an orientatfon is glven by the conclusion thnt chnin ends are not
involved in the ordinsry eelatism of methylcellulosae on heating, =nd
by the £net that the heat of true adsoration of ~5200 cal. /mole
corresnonds to ~hout one grim-ntom of hydrozen bonding ner mole or,
an the average, about one hydroxyl group ner methylecellulose chain
involved in true adsorntion, It will be remembered that hest of reten-
tion wee endothermic nnd comnrised an endothermic hest of gelation and
an exotheimle hent of adsormtion. Since the hert of gelation 1s grenter

in maymitude, the Hent of retention must be endothermic.

The retention of methylcellulose is irreversible with resnect
to isothermel eoncentration chonges becsuse of the reduced mobility of

the molecule nttached to the fidber surface, which revents rehyiration and
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dis~ersion, DNscreasing the temncrature below the oriszinal snrntion
temmersture, hovever, resulta in removal nf methyleellnlose from the
aorbed layers (Firure 13). Althourh decreasing the temwerature de-
crezses the mobility of the ndsorbed molecules and, oonsensuently, thelr
1ikelihood of dYeing demorbed, this is more than offset by the tendency
to rehyirate snd innrense the emilibrium water envelone which, in turn,
forces the g#el structure st the fiber surface to exnand and tear loose

the prenter nort (but aot z1l) of the ndsorbed methylecellulose,

Inereasing the sorntion termerature increases the retention
of methylcellulose, becsuse the water shell ia smaller and the nacking
at the fiber surface is crenter. The reverase taes nl=ce at lover

temmerstures where the retention is leas,

The nressnce of hirhly hydrated nnions, such ag sulfate fon
in sufficient concentration, ererts A dehyirating ef“ect on the methyl-
cellulose molacule, The relative viecosity for a given concentration
18 refuced in such a salt gsolution and the retentinn of methylcellulose
1s rrontly incressed. Apsin, thia may be associated with a amaller

woter shell and detter nacking at the fiber surfice.

Avnrace molecular weirht has no snecific effect on retention
eince, for all the samnles of methylcellulose studied, the molecular
welrht wan sufficlently great that the gel at the fiber surface could
rendily form and maintain = semiegolid atructure. It i=s to be antiei-rted
thiat 2 moleculsr welsht will be reached whera the aver~pe chain length
ig insufficient to <ermit a g£el to form. This should result in decrensed

retention.
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One further remark should be made about the slow rote of
methyleellulose sorntion. ¥or endothermie ~rocesses, the hent of
sctivation for the srocess rust he ~t lemst equal to the heat of re-
action. In the over-nll methyleellulose retention wnrocess, therefore,
the heat of activation must be at least 21,500 cal,/mole (endothermic),
This heat of activation lies in the unner nart of the range which
flesstone (147) demcribes as that of activated adsorntion. This author
further states that the rate of edsorntion is usually relatively slow

and irreversibility nnt uncomnon,
PRAGTICAL IIDLICATIO.IS

A brief resume of the exnerimental results with resnect to
naner nill anlientiona will serve to point un the nracticnl value of

the -resent study.

In using methylcellulose -8 n wet-end additive, the time
varizble is very immortant., Since time to sorntion emuilibrium in
long, methylcellulose should be ~dded rs far back in the onanernmeking
systen as is ~racticrl., This would wrobebly he the beater or the stock
chest rhead nf the beater. “wven then, equilibrium could not be reached
in the time avail-ble from the wolint of asnmlication to the machine
hendbox, althoush sorntion would certainly be largely comnlete in this
time. ™he rate of sorntion could be increased by increasins the arnount
of refining siven to the muln or by inereasing the concentration of the

mathylcellulnse.
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Other factors may algo influence the noint of addition, however,
“relimin~ry exneriments indicrted thnt sorbed methyleellulose is resiastant
to high rates of shear, but this asmect renuires sdditional study. It
ia known, for excmale, that starch is scraved fron cellulose Ilbers in
~agsing throu~h & jordan, Renting and Jordening mey affect methylcellulose
similarly, In addition, other exweriments susposted thnt there nay be an
effect of consistency on sorntion and this alght also ralse objections
to the addition of the methylcellulose %to the benter, where comsistencies
are abvout 55. A comnromigse would hnve to be renched between time, cone
nistency, and any tendency for the be~ting oneration to remove sorbed

methyleellulose.

17111 onerators will find that retention of methylcelluleose will
be rmeh grester in summer when the raw water sunnly is wrrm than in winter
when the water ie cold. Any method of heating the water will incrense
retention, and it might be nossible to sorb methylecellulose under sch
ennditions that sorntion cnn occur in warm water, followed by resusnension
of the -wmln in cold water, This method would take cdvantuge of the

temnerature hysteresis effect noted enrlier,

Yo difference among various grades of methylcellulose will he

noted s far ~s retention is enoncerned,

Other factors belns enusl, increasing the benting of &4 given
‘mln or the concentration of methylecellulose will incrense the extent of

methylcellulose retention.
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Addition of methylcellulose to the wet-end system, where the
alum and rosin concentrntion nre pgreatest, will enlimace retention. This

noint will, of course, be the beater.

%o nroblem exists with rerard to diluting the atoek after

gorntion hes taken nlace, since no desorntion will occur unless accomnanied

by temmerature reduction.
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SINGRAL SUMPARY L OnNiCLUSIONS

The retention of methylcellulose by various nanermaking nulns
has been measured by two entirely different snalytical technirues. One
methnd nakes une of & sensitive cnlorizetric c~rhohyirate test (anthrone),
and the other method malzes use of the relationship between viscosity and
concentrrtinn for hishly molymeric substeances. This is exemnlified by
the Arrhenius viscosity enuntion; log relative viscosity is eousl to
a constant times the concentration. In both methods, the sorntion wrs

comnuted from the difference between fnitinl and enuilibrium concentrations,

It was found thnt the results with either anelyticsl method
left mich to be desired with resnect to wrecision. In generel, the
viscometric method mave sorntions which were tvice as grent ns those
ohtained with the anthrone method, lowever, it was #lso noted that the
arme relative values were ohbtnined with either method, For examnle, the
anthrone Aetormined sorntions for blerched sulfite mulv varied from
about 1% (on the mulp) for unbeaten to Iy for well-benten mulns, vhereas

the viscosity determined sorntions varied from 2,5-7.5%.

The reasons for this varinbility in each of the snalytical
technirues ware discussed in detail., It vas concluded that the viscosity
method rave results which wore more nearly absolute than the rathrone
method, tut that either method save commrrative dnta, The warinbility
with either method was anvnrently not due to temmerature fluctuations,
baeterial depradation, lack of & stable eruilibrium system, or wnriation

in wveishts of -uln asmnles.  The noseibility that the muln samnles were
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not uniform with resnect to fiber size distridution was suspented,

gince the -ulns had been dewntered from the benter by filtration, in
which oneration there is a distinct nrobsbility that vulo fines con-
centr=ted ot the -mlip-filtering medium interfnee., Although the filtered
uln wnde were ulled anart into amall tufte ond mixed thoroushly before
aamnling, the tufts were hordly emall enough to assure an nbsolutely
uniform ~uln for a sannle of only one grem of ovendry -uln (about five

grans of vetb mln), Larger samnles would minimize this varintion.

It was wostulated that another faector which could contribdute
to the anthrone varicbility, and vhich cruld also account for the
difference in sor-tion level botween anthrone snd vircosity, wne the
nrobable increase in concentration of muln fines mresent in the settled
eunernatant liqunor of the systenm ~ulp-methylcellulose-water over that
of ~ilnewnter alone. This wes considered orobeble since methylcellulose
hee been shown to be « good deflocculating opent, and the settled
turbidities of mln-methylecellulose-water vere grester and versicted
lonrer than the turbiditles of the nuln-water system. The Cellte
f£41ters wera therefore subjected to & pgrenter load for the netual
snmnles than they wore for nreliminary taats with nixtures of -ml~-water
sunernstant lisuor =nd nethyleellulose aolutions, It ia -rohnble that
cellulose fines menetrated the filters and inerersed the ammarent
enneentrtion of methyleellulose in the filtrate. "lds wold result in

2 hi~her erutlidriun sancentration and n~ lawer sorotion,

The over-nll verinbility in the visconity nethod wnms thought to

te & combination of the varisbility #sa the result of the residusl viscosity
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and that due to nonuniforam distridbution of nuln fines in the ssmnles.
It wae nraviously shown that the mulp residusl vincosity could bhe re-
moved by extraction with hot or bolling water, and this is recommended
for future investizations, The nroblem of obtaining & uniform wulp sammle
is a very aifficult one, because it is necessary to keen the muln wet
(1.e., ~t least 407 moisture) in order to avoid irreversible drying
effects, sand such muln is difficult to mix thorourhly and intimately.
merhans the wulp from the beater could be dewatered on A mslin-covered
wash hox and mixed completely at the same time. After the nuln had
attained 12-15% consistency, 1t could be mressed to remove additional
modsture without much segrezntion of the fines. The nuln should then

be nicked anart into small tufts and again mixed before storaye.

Studies of the affect of time on the retention of mathyleceliulose
by nulns showed that the sorntion reouired & weriod of 180 hours to attain
erutlibrium for 15 sdditive on the nulp at 0.5 consistency. iowever,
for benten ~ulns sorution was 70 complete in two hours, The rate of
gorntion increased with beating becnuse of the resulting greater mulp
gnecific surface, and with the initial concentration of methylcellulose,
netention could be fitted to a marsbolic equation X/M = ath, vhere X/K
1s the sorntion in grams ver 100 grams nulp, % 4g the time in hours, nnd
a =nf p are conatants., p wes auvnroximetely the same for all the mulvs
studied and had an -verage valus of 0.12, & devended on the degree of
beating and the initiel concentration. It wis nointed out that thise
enuation is annlicable only to the earlier stares of sorntion hecause
1t does not indicnte an esuilibrium condition, althoush conatant sorntion

wag shown to ococur,
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Retention of methylcallulose increased with increasing degree
of beatins and inere~sing equilidrium concentration, The data eould be
raensonnbly well revresented by eaquatinons of the Freundlich and Langmulr
isotherm type, but the analytical veriability was such that nositive
conclusions could not be drawn, It was rugrested that the constant
in the Freundlich isotherm indicated that retention wns confined to
1ines on the celluloss surface, The retention of methylecellulose for
well-bezten mulns was generally found to be three to four times the
retention of unbenten mulns, #From this evidence and theoretical con-
atderations of molecular dimensions, it was concluded that the retention
of methylcellulose is a true adsnr-tion and is & functinn of the surfece

nresent.

Cormnrison of varims mulng At similar degrees of benting
showed thet bleached mulfite muln hzd the srartest gorntivity, followed
closely by bleached kraft and unbleached sulfite. Cotton linters :nd
unblenched kraft retained much loss methylealluloae than the other mulns.
It wes nolnted out thet relative sorntivity corresmonded with relstive
hyironhilic character of the mlns, And the hynothesis wng sdvenced that

the hyironhilic nature of the uln surfrce influences retention zreatly,

%xaeriments with four viscosity grades of methylecellulose
h-ving moleculsr weiphts varying from 31,000 to 126,000 indicated no
significant differences between the gredes with resvect to retention by
770-cc. S.-E. bleached sulfite mlp, The viscosity method showed s much

sreater retention of ethylcellulose than the methylcellulose, but the

anthrone nethod indicated no difference, 1t wes concluded that the anthrone



«140-

method ves more comporatively correct in this instence, and that there

wes no nortieular efiest of alwoxyl grouns on retention,

Four mer cent rosin and 6% alum on the puln at 0.5% ennsistency
nad no effect on the retention of the methyleellulogse. For the eombination
of rosin and alum, viscoslty indicated a sinificant effect, vwhereas
anthrone did not. Arain, it was shown that anthrone was more mrobdably
correct, and it was concluded that rosin And alum in the concentrations
used 41d not affect retention. Alum concentrations of 60 and 6007 on
tha nuln, however, grently incrersed retention of methylecellulose which,
for the latter concentration, was almost quantitetive. Thise can be
exnlainaed Dy the dehydrating effect of the sulf:te ion on the methyl-
cellulose. Cross wrecinitation was not involved, because the addition

of the alum to the methylcellulose solution alone caused no coapulation,

Retention of methylcellulose was shown to bYe irreversible vwith
resnect to decre~sing concentrﬁtién under isothermal conditions., 1In
brief, methylcellulose will sorb but not desord., Lowering the temnera-
ture, howsver, results in renoval of some of the methylcellulose from
the fiber. & temmerature hyateresis effect was thus demonstrated for

descending temmerntures.

The effect of temmerature on sorntion was invertignted and
found tn be srenter than the effect of beating, TRaising the temmerature
from 25° tn 78° C, doubled the retention of methylcellulose ns determined
hy viscosity for 570-ce. §.-R, sulfita nuln, Sorntion lsotherms were
rn ot 388, 25°, and 3,3% €. by the anthrone mothesi, and the hest of

retention was determined from these dnta by the ume of 2 modified
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clanaius-clanpyron equation, This heat of rrtention was found t¢o

be 21,500 cal,/mole (endothermic). From the Dow Hethocel brochure,
data were obtained which enabled a calculation of the heat of gelation
of methylcelluloge, This was about 29,700 cal,/mole (endothermic) and
was indenendent of molecular weight., The hypothesls was advanced that
retention of methylcellulose is a combination of an endothermic gelation
wrocess and an exothermic rdsor-tion »rocess, The heat of retention,
therefore, is equal to the sums of the heat of gelation and the heat of
adgorastion, Since the hents of retention and gelation were known, the

heat of adsorntion could be calculated to be -8200 cal,/mole (exothermic).

Some miascellaneous expcriments on sorntion volune chnnge,
sorntion by cellonhane, and the effect of consistency and hirh rates of

ghear on retention were reviewed briefly.

A susrested theory of retention of methylcellulose dy nulns
was advanced »hich nccounts for the observed ~henomena. It was suprested
that methylcellulose is oriented at the fiber surfice, and that the
molecular chain ends of the meth;lcellulosc are vrincinally involved
in retention, The efiect of increusing concentration, incressing
temnerature, and incrensing salt concentration is %o decrasse the hy-
dration shell around the methylcellulose molacule, which mermits a
closer macking :t the fiber surfoce and an increased anrntion, It would
be anticisated that the effect of these variables would decrease in the

orier salt, temmerature, and concentration, and thls was exnerimentally

observed.
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“pastical imnlications of the wresent study were discunced,
and 1t was coneluded that methylcellulose should ba added to the naner-
naking system as far back in the wet end as nonsible, and that the warmer
the mill water, tlie better the retention, Zeater addition wasa considered
advantageous with resnect to concentration of additive and salts nresent,
and nossibly disadvantageous with resnect to consistency nnd beating

effects,



1.

10.

11,

12,

13.
14,

1.

16,

17.
18,

“143-
LITRATURYE CITUD

Faskins, Josenh ¥, Cellulose ethers of industrial significrnce.
In Tigman nnd Wolfram, advrnces in carbohyirste chemistry, Vol, 2,
n. 270.204, Yew York, icademic, 1946.

Wakeman, Rerinald L. The chemistry of commerecial plastics, =. 687,
¥ew York, Reinhold, 1047,

"he Uow Chemical Comnany. The new Methocel mnowdered Now methyl-
celiulose. Hidland, Michiean, The Dow Chemical Commany, 1949,

reymann, E., Trans. Faraday Soc, 31:846-864{135).
Heymann, 4., Trans. Faraday Soe. 32:462-473(1036).
fleller, W., J. Vhys. Chem, 45:378-388(1941).

deymenn, ¥., Fleakley, ¥. ¢., and Docking, A. R., J. Thys. Chem, 423
353-368(1737).

Docking, A. R., Australian Chem, Inst. J. and Proc. 6sko0-in6(1030);
3431223, :

Tice, L. F., Drug % Cosnetics Ind, 5213, 273(1943) as reworted by
(10). See nlso (3), ». 35.

Young, A. %., nnd Kin, ¥, Jethylcelluloss, In Alexander, Collold
chemistry, Vol. 61026-633, New York, Reinhold, 1046,

Yorden, ¥. 8. Technolory of cellulose ethers, Yol. 3:11426; Vol, Ls
2465, et seq. Villbmrn, 7, J., Worden Laboratory sndi Library, 1033,

SSaner-koz, 8., Acta Chem, Seand. 2:523-526(1943).
8ipner, Y., #nd Tavel, P. v., Yelv, Chim, icta 21:535-545(1639),

Furpgers, J. M. Second rennrt on viscosity and plnatioity, ». 152,
¥ew York, ifordemann Pudbl, Co., 1938.

%orden, %. 0., Technology of cellulose ethers, Vol. 311367, !'illburn,
5. J., “orden Loboratory und Librery, 1933.

Staudinger, 1., and Reinicke, i., Ann. 535145-100, esnecinlly ©5(1938).

Staudinrer, '., ~nd Sciuls, G. V., Her, 68:2320-2335(1035).



il
10. Umrisht, R, M., Kin, M., and Peterson, ¥. C., Prrer Trnde J, 114,
no. 2136-40(Jen. 8, 1942).

20, Unricht, R. #i,, and Peterson, 7. ¢., Paner Trade J., 110, no, 1%
21-35(1ay 2, 1940).

21, ZFroadbent, ¥, 1., nnd Harrison, f, A., i‘roe. Tech, Seection, Paver
Valters! Assoc. Ot. Frit, & Ireland 21:213-223(1040),

22. Masser, D. H.,, and dngel, i. C., ¥aner Trade J. 115, no, 8:33-35
(Anr. 20, 1G42). See also Masser, D. M., ond Fngel, H. €.,
U. S. matent 2,393,553(Jan, 22, 1046).
23, Collins, i, %. The effect of benter additives on the nhysical
characteristics of sulfite muln. Syracuse, Hew Yorle State College
of Forestry, 1049,
@
24, Towring, Pacer-Paker 117, no. §3337(1'ay, 16H9),
25, Dow Chemical Comnnny, Midlend, }ichigan, unpudblished work.
26, Hammermill Pamer Comnany, Erie, Pennsylvania, unnublished work,
27. Jayne, J. ¥., Tongren, J. C., and Jackson, D, T., Tanol 33:32-35(1050) .
23, pswamer, A., Pever Trede J. 110, no. 24333-38(June 13, 1940).

29, ¥roadbent, F. D., and Terrison, H. A., Proc. Tech. Section, Paner
Vaxers' Assoc. Gt. Frit, £ Ireland 21:1213-223(10L0).

40, Dixson, H. 7., Jr., Tech. Assoc. Paners 231192-199(1040).

91, Mark, 1, Adhesion. Jn Troceedings of 1048 Plastice Conference,
Plastice Cormittee of the Technlenl Association of the “uln and
paner Industry, p. 51-55. New York, TAPPY, 1048,

92, Meleren, &. D., J. Polymer Sei. 31652.662(1043),

33, lofrichter, C. ¥., Jr., andé. Helaven, A. D., Ind, Eng. Chem,
40 329-331( 1048).

3%, ielaren, A. D,, nnd Seiler, C. J., J. Polymer Sel. 4163-74(1949).

35, Mclaren, A. D., and Hofrichter, C. H., Jr., Tech. Amsoc. Paners
301 346-349(1047).

36, #eLaren, A. D., Tech. Assoc. DPrners 311214-216(1048),
37. Tanret, C., Comnt. rend. 158:1353-1356(1014); 832964,
48, Samec, M., Mer. 734, no. 7:85-92, asnecially RB8(10L40).



39.

Lo.
n,
L2,
h3.
bly,

Ls.

L6,

47,

ko,

500
51,

«lliSe
Pagsu, %., 2nd Mullen, J. %., 2nd, J, Aa, Chem. Soc. 6311168~1169
rerr, H. W., ond Severson, (. M., J., Am. Chem. Soc, 65:103-108(1043).
Obepmanna, 5. %., Daver Trede J. 103, no, 7:92-01(Aue. 13, 1936).
¥arch, R. B., Tech. Agsoc. Pancrs 31:260-246(1518),
tarvie, W. V., and Yeale, S, ¥,, Trans. Faraday Soc, W3235.350(1938),
“$1147ms, J. 7., and Oady, L. €., Cham. Rev, 14:1171-217(1034),
Geddes, A. L. Determination of diffusivity. In Velssderger,
Fhyeical methods of organic chemistry. Ind ed. VYol. 1, Part I,
n. 551-61G, lew York, Interscience Publishers, Inc., 1249,

Mantell, C. L. Adsorntion. 1st ed, lew Yorl:, MoGraw-Fill Book Co.,
1945, 386 .

Glasstone, S. Textbook of nhysical chemistry. 1st ed. New York,
Van Nostrand, 1940, 1289 ».

Heptman, R, J. Colloid chemistry. 2nd ed. ¥ew York, loughton,
¥4£f1in, 1047, 572 0,

Ewart, X, F,  Sismificunce of viscosity measurements on dilute
gsolutinna of high nolymers. In Mark ani Whitdy, Advances in colloid
science, Vol. 2, ». 197-251. ilew York, Interscience Publishers, Inec.,
1046,

Yentroll, #. W., and Simha, R., J. Chem, Phys. 8:721-727(1940).

G4lman, H. Oreanie syntheses, follective Vol, 1t n, 52, Iew York,
wiley, 1l0M1,

Sehlits, F., Panter-Fhr. 36155-56(103%).

Viles, ¥. J., nnd Silvermnn, Leslie, Anal, Chem, 21:050-053(1240),
Dreywnod, R., Ind. Wng. Chem., Anal. ¥4, 18:490(10L6).

Yorris, D. L., Seirurs 107:250=255(1043),

Horse, . F., Ind. “ng. Chem,, Anal. %d. 10:1013(1047).

Sattler, L., and Zerban, ¥. ., Sclence 108:207(1ck8).

Senrs, G. R, Structuras and nrowerties of cellulose fihers. 2. In-
veatisation with the eleetrnn microscome. In Ott, Cellulose and

cellnlose derivatives, m. 216-320. XN=w York, Interscience Publishers,
Inc. . 19""30



59.
60 .

é1.
62,
63.

64,

65.

66.

67.

9.
70.

71.
72,

73.

~146-

Strachan, J., Nature 1411322~333(1938).

Cannon, ¥. %®., and Fenske, !!. H., 01l and Oas J. 33, no. 4752
(A~ril 11, 1935); 3%, no. 47:45(Aordl G, 1936).

Swan, ®., and Urqubart, 4, R,, J. Phys, Chem, 311251-276(1927).
Gustaver, B., Folloidchem, Heihefte 15:185-330(1922).

Yeville, ¥. A., und Theis, 5. R. The measurement of the hydiration
of gelatin and similnr nateriuls and the relation of hydration

to swelling. In “eiser, Colloid symposium annusl, Vol. 7, . hl-
kg, ew York, Wiley, 1230.

Reyerson, L. ii., nnd Cameron, &, H., J. Phys, Chem,, 39:181-1C0
(1935).

A“(fieyer. #urt ., and van der Wyek, A., Holv, Chin, icta 20:1313-1320
1937). A

(1lusstone, S. Thermodynamics for chemists, n. 207. Vew York,
Van Nostrand, 1947,

Millett, ¥. A., snd Stamm, A, J., J. Phys. Oolloid Chenm. 511134-138
(1047).

Roberteon, A. A., and Mason, 5. G., Fulp Paner MYeg., Can~de 50, no, 138
103-110(Dec., 1949).

Browning, B, L., nnd Baker, 2. S., Tanpi 33:69-101(1950) .

Reuser, %. The chemistry of celluloss, n. 27-32., Vew York, ¥Wiley,
194k,

Lenher, S., and Smith, J. ¥., J. Phys, Chenm, 4011005-1020(1936).
Gyand, B. P., J. Phys. Chem. 4o:ll2-453(1945),

Gortner, X. A, Nutlines of blochemistry. 2nd ed., . 52. Vew
York, Wiley, 1038,



