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A Contribution To The Knowledge Of Rosin Sizing

AIntroduction~-

In the process of sising paper with rosin, the rosin sirse,
either as a neutral sosp or as a free rosin sice, is added to the
slush fider stock with the sudbsequent addition of slum. In some
cases the alum is added to the pulp mixture bdefore the addition
of the rosin sise. Such a system consisting of sise, aluminum
sulphate, cellulose fiders and water is an exiremely complicated
one, both physically and cheaically. The colloidsl properties
and characteristios of cellulose alone present difficulties, but
in the presence of colloidal electrolytes, such as alum and rosin
sise in dilute solution, the conditions decome very complex. The
concentrations of the rosin sise and the alum in the deater are
quite low, and the natural bebavior of these constituents will
probably be affected by the colloidally active cellulose fibers.
Under Yeater conditions, therefore, the action of the alum on the
rosin sise is prodadbly not a'u-ph chemical precipitation. Due to
the hydrolytic effect of water and also the presence of the col-
loidally active cellulose fiders, the rosin sise, initially added
to the pulp mixture as a sodium sosp, may poasidbly suffer a par-
tizl or complete chemical rearrangemsnt with the formation of
chemical aggregates other than the pure sodium soap. In order to
understand the action of the alum on the rosin sise in the pulp
mixture, it is necessary to know the chemical and physical nature

of the rosin size under these conditions just before the alum is
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added. The present 1matigauon wes limited to & study of the
nature of dilute sodium adbietate solutions, and the action of
various commercial pulp fibers on these solutions. The dehavior
of these pulp fiders toward dilute sodium hydroxide solutions
was 2ls0 investigated for the purpose of gaining a better under-
standing of the action of the pulp fibers on the rosin soap

soclutions,
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Ristorical Survey

In 1807, Moritz Illig, of Frankfort, Germany, devised a
process for sizing paper with rosin sosp while the stock was
being prepared. Previous to that time, the comparatively small
quantities of paper then prodnced-were rendered water and ink
resistent by surface sizing with starch or glus. 1Illig's process
consisted of adding rosin soap to the stock in the hollander,
with the subsequent addition of alum to coagulate the rosin.
I11lig's process is used throughout the paper industry today,
with only very minor changes. The mschenism of the sizing process
hes been the subject of much discussion and experimental work.
The literature on the subject is gquite voluminous, and there are
many differences of opinion; Only a bdbrief review will de consid-
ered here, a more complete review can be found in thes papers by
Olsen and Gortner (Paper Trade J. 87:;15,59-63,1928) and by Xlein

(Zellstoff und Papier 9:6,370-373,1929).

Illigts opinicn of the mechaniam of the process, wvas
that the rosin wvas first rendsred water soluble by saponification
with alksli, and simply precipitated as free rosin in the stock
mixture by the alum (Pspier-Zeitung 12: ¥rs. 34-41,1%87. A reprint
of Illig's original paper). Lator,.Orioli sxplained the mechanism
of the sizing process on the assumption, that the precipitated
aluminum resinate is the main agent responsible for the siszing
sction, and that the cosguleted free rosin simply supports this
action, In 1878, Warster, probably unaware of the opinions of
I1111g, sgain propounded the theory, that free rosin is the =main

siging agent (Le Collage et 1la Nature du Papler, 1878).
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Cross and Bevan developed the theory that aluaminum resinate
is decomposed by the pulp fibers into free rosin and alumina,
vhich are them adsorbed by the cellulose fibers and produce the
sizing actlon.

Oriffen has shown that neither free rosin or sluminum res-
inate alone can produce efficient sizing, and that both are nec-
essary (J.A.C.S8. 27:258-263,1905).

During the past thirty years, many investigators have pre-
sented experimental date end opinions eoncerning the mechanism of
the rosin sizing process, but with many conflvibeting results, Several
suthors maintain that free rosia is the main eizing agent, while
others believe to have avidence in favor of aluminum resinate as
the principal agent. Included are Arledter, (Papier 2tg. 32; 773-
774, 1907); Remington, Bowach and Devidson, (Ind. Bag. Chem. 3; 466~
471, 1911); Neugedbauner, (Z. angew. Chem. 25; 2155-2159, 1912); Sieder,
(Paper Trade J. T5; ¥rs. 15-17, 1922); Steeckigt and Klinger, (Papier-
fabr. 19; Fest und Auslandts Heft 50-60, 1921); Heussr, (Svensk
Pappertid. 26; 114-11%5, 202-205, 1923); Beltzer, (Industrie Chemique
1924, 56-61, 147-149) and many others.

Zherabov (Bmﬁhnaia Promyshlenost II; 1, 59-77; L4, 391~
L1k, 1923) disagrees with the colloidal theory of Sisbder, lorens,
and Stoeckigt and llliugcr . According to Zhersdov, the active
sizing acids of célophony sre crystalloidal slthough the sizing
solution 1s colloldal. If the union of sluminum hydroxide and
rosin is merely the adsorption of one colloid on another, then

amount of aluminum hydroxide ia the comdbination should vary. But

he states that theresults of Hemington et al, Heuser and Sisbder
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show nearly the same amount of sluminum oxlde, namely 4.78-5.69
percent. Making allowance for variation im the acid number of
different rosins, Zherebov concludes that the alum and rosin
enter into chemical reaction. Also according to Zherebov, only
those compounds have a sizing action which are chemically active,
that is, those that are unsaturated snd have doudle bounds.

Xlemm (¥ochbdl. Papierfabdr. 39; 1369-1372, 1908) hes pointed
out the great importance of physical conditions, such as the mamner
of beating, the influence of drying, etc. The preparation of the
stock, the thermal conditions in the beater, jordan and chests,
as well as the handling of the stock on the mechine and through
the dryers have been found to be of fundamental significance in
obtaining the desired sizing results.

Ostwald and lorens (Kolloid Z. 32; 119-137, 195-209, 1923)
(Colloid Chemistry, Alexander, Vol. IV, Chapter 1Il) come to the
conclusion that aluminun sulphate and sodium resinate are hydro-
lyzed in the beatsr. Cellulose fibers are electronegative, alum
treated fibers are positive, and colloidal rosin is negatively
charged. The positively tharged alumina is adsorbed by the fibrous
interfaces of the negatively charged cellulose fiders. Alumina
also forms a positive layer around the electronegative rosin
particles, so that the colloidal alumima acts as an electrostatic
dinding material detween the fiders and the rosin. lLorens also
found that aqueous solutions of sodium resinate are on the bound-
ary line between molecular dispersoids and typical colloids and

that free rosin is a typical colloidal suspension with & negative

charge.
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Thiriet and Delcroix, the discoverers of the Delthiras
process for the preparation of rosin sise, were prodadly the first
investigators to determine the effect of hydrogen ion concentration
on rosin sizing (Paper 35; 2, 51-55, 192k). They obtained the best
sizing at pH 4.5-5.0. They consider that at pE 4.5-5.0, the cel-
lulose and thﬁ rosin have opposite electrical charges, and that the
sising is produced by a union detween the rosin with a positive
charge and the electronegative cellulose fibers. Above and below
this range of hydrogeam ion conceniration, the rosin and the cellulose
have oloctric;l'char;on’bf the same sign aﬁd the sizing remains in-
complete. | | |

" Shaw (Psper Trade J. 81; 10, 59-62, 1925) was able to show
by practical experiments that at pH 5.0-5.5, the conditions are the
most suitable for the attainment of complete siszing, with a pos-
sidle saving of 33 percent on alum.

According to Roschier (Peppers Trévaru-tid. Finland 1927)
at a pH 3.7-3.9, only a smll amount of aluminum resinate is formed
which is held directly by the fibers, and under these conditions
alumina is also chemically bound by the fibers, which together
with the resinate give the fibers a positive charge, so that the
negatively charged free rosin can unite with the fiders. A large
portion of the alum 1s lost under these conditions. At pH L. 5-
5.0, sodium resinate is transformed mainly into the aluminum salt,
which is directly bdound dy the fidbers. Excess slum forms the
electropositive colloidal hydrate of alumina, which comdines vwith

the colloidal free rosin to fora electropositive adsorption compounds.

These adsorption compounds can them be taken yp dy the negatively

charged cellulose fibers.
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The effect of heating the moist paper on the final sising
hes been investigated by Oeman (Pulp Paper Mag. Can. 26; 1651-1656,
1928) Oeman found that strong heating of the moist paper sheet is
detrimental to the sising, and that the injurious effects are at a
minimum at a hydrogen ion concentration of pH 4.0-5.0.

Olsen and Gortner (Paper Trade J. 87; 16, 47-50, 1928)
found that the adsorption of rosin dy fiders is a function of the
time, 80 that the process must be & colloidsl phenomenon rather than
2 purely chemical reaction., The adsorption of the rosin depends up-
on the ash content of the fibers, and the most suitadble hydrogen ion
concentration for efficient eizing also depends on the ash content
of the fibers. For various pulps, the most favorable pH value
falls between 4.5 and 6.5.

Kanamaru (J. Soc. Chem. Ind. Jepan 34; 242-252, 1921) has
made a detalled study of the effect of seta potential of the cellulose
fibers on the sising process. Kis results indicate that the sizing
efficacy depends upon the quality and nature of the pulp, and thst
a decidedly negative pulp has, in general, a better sizing efficacy.

The degres of dissocistion of rosin size has been investi-
gated by Haug (Paper Trade J. 76; 26, U5-ug&; 77: 2, 51-54, 1923). Ac-~
cording to Haug, sodium resinate when 813h17 diluted with distilled
water, undergoes hydrolysis vhich is approximately 100 percent.

These results are based on measurements of the electrical conduc-
tivity of sodium resinate solutions and on purely chemical tests.

According to Ivenoff (Bumashnala Promyshlenost I; 33, 1922)
at a dilution of 0.5 gram per liter of rosin, as much as 9 percent

of the rosin is free. Ivanoff concludes that at the dilution of the



beater, practically all of the rosin is hydrolyszed and in the
free condition.

Beedle and Bolam (J. Soc. Chem. Ind. 40; 4, 27T, 1921)
following the work of McBain on the consitution of soap solutions, have
determined the extent of hyérolysiu of several commercial soaps at
90 deg. C. Yor sodium abietate solutions, they found the extent of
the hydrolysis of 0.024 and 0,012 normal solutions to be 4.0 and 5.7
per céent respectively,

The preceding remsrks are but a brief summary of the
literature on rosin sizing., There are a greet many papers dealing
vith 81l phsges of the subject, and a review of all of them can-
not be given here, There is a great deal of confusion and contro-
versy in the work reported, but this is undoubtedly due to ths

difficulty of controlling the conditions of the experiments.
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~-DISCUSSION-

Statement of the Problem:-

The present study is concerned only witﬁ the aature of
dilute codium resinate solutions and the effect of various com-
mercial pulps on these solutions. It is necessary io knmow the
extent of the hydrolysis of sodium resimte solutions &t bdeater
concentrations, and the effect of pulp fibers on the hydrolysis
of the soap, in order to understand the action of subsequent ad~
ditions of alum. The liaterature on the hydrolysis of rosin
sizing solutions at beater concentrations contains various con-
flicing reports. In some cases, coiplite hydrolysis is assumed,
without sny concrete experimental data, im other cases, the extent
of the hydrolysis is reported with very little information con-
cerning the methods of measurement. This study -ai be divided
into the following three main parts:

1). The determination of the extent of the hydrolysis of

sodium resinate solutions at beater concentrations,

2). The effect of vsrious commercial pulps on dilute

sodium hydroxide solutions,

3). The effect of various commercial pulps on dilute sodium

abietate solutions.

The concentration of the size in the beater will wvary with
the furnish of the roein, and the conslstency of the stock in ths
beater. The consistency of the stock in the beater iz generally
3 to 6 percent. The furnish of the rosin size will vary from 1/2

to 5 percent or higher, depending om the paper being produced.



-10-

The following table shows the mormslity of the size in the beater,
assuming the size to be neutral sodium resinate, at various con-

sistencies of stock, and for various size furnishes dased on the

stock:

Percentage of Sige----——=—-=--1 2 3 L 5

Formality of Sodium Resinate
Consistency of
Stock: 0003 .0006 .0009 .0012 .0015
L0006 .0012 .0019 .0025 .0031
0009 .0019 .0028 .0037 .0OWb
.0012 .0025 .0037 .0049 .0062
L0015 .0031 .0046 .0062 .0077

.0019 .0037 .0055 .00TH .0093

2\ V=
O\ A

The concentration of the size in §hc beater, under most operating
conditions, will fall in the range between ¥/2000 and ¥/100.

" In these experiments it ;As sadvisadble to: work with a
rather pure form of rosin, and throughout this entire study, the
esizing solutions were rrepared from pure abletic acid, The adbletic
acid vas prepared sccording to the method reported by Steele (J.A.C.S.

L4y 1333, 1922). An outline of this method is given below.

fhe Hydrolysis of Sodium Resinate

The system consisting of size, aluminum sulphate, cellulose
fibers, and vater, is an extremely complicated one, doth physically
and chemically. The colloidel characteristiics and properties of
cellulose alone present difficulties, but in the presence of col-
loidal electrolytes, such as slum and rosin size in dilute solu~
tion, the conditions become very complex. The concentrations

of the rosin gigze and the alum in the Deater are quite low, and
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the natural bdehavior of these constituents will probabdbly de af-
fected by the presence of the colloidally active cellulose fibers.
In more concentrated solutions in the sbsence of pulp fiders,
sodium resinate snd aluminum sulphate counld react with one an-
other with the formstion of aluminum resinate. But in the con-
centrations prevailing in the beater, ¥/1000 to ¥/100, the
chemical stability of both the alum and the loﬁp are not very
great, and the stablility of these constituents could resdily de
affected by the presence of the pulp fibers. Sodium resinate is
a salt of a strong base and a very veak acid and in very dilute
solutions, hydrolysis takes place with the formation of colloidal
rosin; due to the extremely low solubility of abietic acid in
wvater, only a very smeall fraction of the abletic scid is in true
molecular solution. Aluminum sulphate is s salt of a very strong
acid and a weak Dase, 2nd at lower concentrations, hydrolysis
takes place with the formation of colloidal alumina, 1In these
dilute solutions, the sluminum is partly present as ionic aluminum
and partly as a colloidal dispersion of slumina., Vhen dilute
sodium resinate solutions are allowed to react with dilute
sluminum sulphate solutions, there are probably several products
formed by the reaction. The rqain present as the sodium soap
could be precipitated by the aluminum ions or dy the acidity of
the resulting solution as sluminum resinate and free adietic scid
respectively. The colloidal free rosin orignally present, and
thet formed dy the reduction in the original slkalinity by the

acid of the alum, could form adsorption products with the colloidal

alumina, It is quite difficult to distingunish between the true



aluminum resinste that may de formed, and the rosin-alurmina
adsorption products. The aluminum resinate, it is true, should
have 8 very definite chemical composition, as compared to the
varisble composition of the adsorption compounds. But under the
conditions of these precipitations, the aluminum resinate preci-
pitate could form adsorptiom compounds with any colloidal aaterials
present, po that the‘rosulting precipitate will have a more or
less indefinite conpoaition.‘ If only colloidal adsorption com-
pounds are formed, the average chemical composition of the pre-
cipitate cannot vary very much from the chemical composition

of true aluminum resinate, since chemical equivalent quantities
of the reactants are very nearly consumed in ths precipitation
regardless of the naturs of the final product,

The characteristics and properties of sosp solutions have
desn carefully studied by McBain and his collaborators (J.Soc.Chenm.
Ind. 37; 2497, 1918). After considerable experimental work, re-
quiring very painstaking measurements, )cBain developed a com-
prehensive theory of sosp solutions, which he dsfines as colloidal
slectrolytes. This theory is based on the hypotheses that all
these solutions are salts in which one fon ia replaced by aa
ionic micelle, which exhibits high conductivity and great solve-
tion, and which carries a great number of electrical charges.

The concentration of the solutions is & very important factor,
in very dilute solutions the soep exhibits the properties of a
simple electrolyte, while concnntraﬁod solutions and the addition

of other substences may lead to the formation of a neutral col-

loid, The conception of an iocnic micelle of great wslency and
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hydration explains the really high conductivity and also the high
mechanical viscosity. His work alsoc establishes the important
theoretical results that colloids and colloidal electrolytes may
participete in true, perfectly reversible and reproducidle equlip-
1idria,

According to McBain, in the cese of very dilute selu~
tions, the sosps are partially hydrolyzed according to the fol-
lowing equationi-

Soap + Water # Acid Soap + ¥ree alkali
The acid is considered to dbe in suspension, either coarse or
colloidal as the cape n;y be, and to consist of something between
the neutral salt NaR and the acid soap NeBR2, where R is the
radical of the fatty acid. ZFree fatty acid can only exist in
excosslvély small amounts in such sosp solutions, even in the
presence of a large excess of free fatty acid. The above e-
quations @iffers from the usually accepted course of hydrolysis
which is generally expressed as follovl:-

Sosp + Water & TFree acid + Free alkali

The free acid in this case either remains in a colloidal sus-
pension or 1s precipitated. The data which eatablish the con-
ception of an aclid soap are based upon direct anslysis, con-
ductivity meagurements, measurements of electromotive force,
end measurements of the free hydroxyl ion by the rate of
catalysis of nitrosotriacetonamine,

In dilute solutions, decinormal or somewhat less, soaps

are composed of simple electrolytes in true solution, with simple

ions, In decinormal solution, hydrolysis ie still present, dut



only in a very minor degree, since the hydroxyl ion comcentra-
tion wss shown to be only sbout ¥/1000. With incresaing comcen-
tzation, the fatty acid lons repidly coelesce to form the ionic
micelles descrided above, until in ¥/2 or B/1 solution the
2c1l0oidei electrolyte comprises all the soap, hydrolysis deing
still more insignificant. Witk further increase in concentration
the ionic micelle becomes less solvated and con&uciu even better,
the only crystalioldal comstituent left is the metallic iom, for
the undissociated soap is now also in the colloidal form.

Prior to the work of NcBsin, much diversity of opinion
existed as to the degree of hydrolysis of soap solutions, due
mainly to the employment of unsuitable methods, such as direct
titration, wvhich disturdbs the equilibrium and 1s dound to lead
to erroneous results. The quantitative data of McBain show that
all soap solutions are alkaline varying from ¥/30000 to ¥/300
for pure soap solutions, down to E/30000 for acid sodium
palmitate, NaBP2, Several percent ;iée.s of alkall is required
to drive back the hydrolysis completely, but not more than a
fev percent of this alkali can be sorbed by the soap even in
the presence of a large excess of slkali, which means that the
hydrolysis must be equal to the alkslinity.

Sosps exhibit a rather high proper conductivity, and in
concentrated solutions the conductivity is abnorsally high
(Bunbury and Martin, Chem.Soc.Trans. 1914, 105, 4l7). In the
cese of the higher soaps, the electrical conductivity, after

passing through 2 minimum at about ¥/10, rises with increase

in concentration up to nearly noraal solution. This further
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substantiates the hypothesis of an ioric micelle of conductivity
intermediate between that of sodium and potassium ions, which was
deduced from other considerations. The formation of the more high-
1y conduction micelle from the comparatively a slow, large true
ijon, and the change of the micelle~ion equilidria with change in
concentration are mirrored in the conductivity curves.

In soap solutions vhich are clear and approximately bomo-

geneous, & low temperature favors the foraation of colloidal micelle,
and this micelle is more hydrated than at higher temperatures.
The adjustments in the equilidria of the solution due to changes
in temperature are made very quickly, and are very soon complete
to within one percent, which mskes it possible to readily obdbtain
reproducible conditions.

In studying the hydrolysis of these sosp solutions, McBain
found the method of measuring hydroxyl ion concentration by the

 eatalytic decomposition of nitrosotriacetonamine quite useful in
checking the results of other methods of measuring this hydrolysis
due to the nature of these solutions, especially at higher oon-
gentrations, it was necessary to work at higher temperatures to
obdiain more or less \omgenoous solutions over a wide range of
concentration, TFor this resson most of the measurements on the
hydrolysis of soap solutions were carried out at about 90 deg.
C. Some experimentsl difficulties srise in making electromotive
force messurements under these conditions, but McBain succeeded
in obtaining good agreement between the electromotive force method

of messuring the hydrolysis and the method depending on the rate

of the catalytic decomposition of motrosotriacetonamine. This



-16~-

m thod was developed by Francis and his collaborators (J. Soc. Chem,
Ind. 37:1k, 2527, 1918), and has =2lsc been studied amnd used by a
number of other investigators.

The hydrolysis of soap solutions, measured dy the rate of
catalysis of nitrosotriacetonamine was investigated by NcBain and
Bolas (Chem. Soc. Trans, 1918, 113, 825). The method of measure-
ment was based on that of Francis, involving the measurement of
the volume of the nitrogen gas libersted. The authors found these
results in good agresment with the hydrolysis values obtained dy
electromotive forco Qoternin&tibn:; Beedle and Bolag (J. Soc. Chem,
Ind. 40: 4, 27T, 1921), determined the hydrolytic alkalinity of
pure and commercial soaps, using the same = thod. The following
tadle reported by th;no anthors ahovi the extent of hydrolysis of

, several commercial sosps at 90 deg. C.:

Concentration Concentration of Percent
Sosp of Sosp Hydroxyl iom Hydrolysis
Sodium Oleate d1 B2, 7% .00079 ¥ .81
Sodium Oleate .05 ¥-1.k% L0009¢ ¥ 1.99
Sodium Oleate .02 ¥--.64 .000T4 ¥ 3.7
Sodium Oleate 01l ¥-o.3% .00066 ¥ 6.6
Sodium Oleate .002 ¥--.06% .00055 ¥ 28.1
Sodium Adietate .024 3-1.0% .00098 X 4.0
Sodium Abletate .012 ¥--.5% .00069 ¥ 5.7

The above table shows that for an N/100 sodium resinds
solution, the degree of hydrolysis is about & porc;nt at 90 deg. C.
The degree of hydrolysis wvould be much lower than this value at
room temperaturs. In a beater with the stock at a consistency
of six percent, and & sige furanish of six percent, the concentra-

tion of the size in the beater water would smount to approximately
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¥/100, assuming the size to be neutral sodium resinate., If we
neglect for the present, the effeét of impurities in th§ wvater,
and the influence of the presence of the stock on this dilute
soap solutlon, we could expect in a beater of stock under these
conditions, that the size is still present as sodium resinate
at least to the extent of ninety five percent,

The degree of dissociation of rosin size has been investi-
geted by Haug (Paper Trade J. 76: 26, W5-u&; T7:2, 51-54, 1923). Ac-
cording to Haug, sodium resinate, when highly diluted with distilled
water, undsrgoes hydrolysis which is approximately 100 percent. These
results are based on electrical conductivity messurements of sodium
resinate solutions and on purely chemical tests.

According to the cryoscopic measurements of Ivanoff on
sodium resinate solutions (Bumasghnaia Promyshlenost I: 33, 1022)
at a dilution of 0.5 gram of rosin per liter, as much 95 percent
of fhe rosin is free. Ivanoff concludes that at the dilution of
the beatesr, practically all of the rosin is hydrolysed snd in the
free condition,

In view of the contradictory results on the degree of hy-
drolysis of sodium resinate reported by Beedle and Bolam on the
one hand, and dy Baug and Ivanoff on the other, the author inves-
tigated the extent of the hydrolysis of these dilute solutions.

The hydrolysis values were dstermined by measurinz the hydroxyl
fon concentr-tion by a method bnsod»qn the catalytic decomposition
of notrosotriacetonamine. MNKeasurements were also made on the

electrical conductivity of sodium resinate solutions for the pur-

pose of moting any changes in the nature of the sosp solutions



-18-

with dilution. These measurements are described in detail in the
Xxperimental Part given later.

Bmploying & method based on the catalytic dscomposition
of nitrosotriscetonsmine by hydroxyl ions, the author found the ex-
tent of the hydrolysis of an ¥/100 sodium abietate solution at
30 deg. 0; to be 0.50 percent. JFor an /300 sodium abietate solu-
tion at 56 deg. C., the extent of the hydrolysis was found to be
4.3 percent. These values appear to be in good sgreement with the
values obtained by Beedle and Bolam. For 0.024 ¥ snd 0.012 ¥
sodium sbietate solutions at 90 deg. C. these investigators found
the extent of the hydrolysis to be 4.0 and 5.7 percent respectively.
At lower temperature, the hydrolysis of thess solutions will un-
doubtedly be somewhat lowver. Hydrolysis measurements irvolving
the direct determination of the hydroxyl ion concentrations seem
to indicate that at beater concentration under normal temperature
conditions, the neutral rosin soap is not appreciably sffected
by the hydrolytic effect of water.

Any great changes in the naturo}of S0AD solntl#nl upon
dilution, due to the hydrolytic effect of water, should be re-
flected in the electrical conductivity curves of the solutions,
The conductivity wvalues of soap solnx;ons are relatively high
when compared with other salts of large molecular sise but they
are much lower than the values for scidium hydroxide solutioas
of the same molar concentragﬁon. If we sssume that the hydrolysis
of the sosp results in the formation of free colloidel abietlc
scid and free sodium hydroxide, &s given in the following equation:

¥aR + EOR &> HR + NaOH



-19-

then &t infinite dilution hydrolysis should de complete, 2nd the
equivaleat conductance of the soap solution should approach the
equivalent conductance of sodium hydroxide, since on complete
hydrolysis one equivalent quantity of free alkali is liderated.

The following tables show the results obtained for the
specific and equivalent conductances of sodium resinete solutions
at 25 dsg. C. The corresponding values for sodium hydroxide solu-
tions at the same temperature are also given for comparison,

Sodium Abietate Solutions

Concentration Specific Equivalent
Conductance Conductance
002 B ' .000153 76.5
004 .000296 4.2
.006 000437 13.2
.008 .000565 70.6
.010 .000685 68.5
0557 00282 ‘ - B50.7
.1113 00508 5.7
Sodium Hggzoxide Solutions
cific nivaleat
Concentration - - Conductance Conductance
00135 .000330 245
L0036k 000895 245
.005u8 00135 245
.00756 .00184 2Lk
00944 .00228 2y2

These values are shown graphically in Figures 1 and 2. In Figure 1
the specific conductances are plotted against the concemtration,
and Pigure 2 shows the trend of the equivalent conductance with con-
centration., The specific conductance is very nearly directly
proportional to the concentration for both the hydroxide and the

resinate throughout the concentration range under consideration.
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The equivalent condﬁctnncc curve of the hydroxide is practically
a straight line and very nearly horizontal. The squivalent con-
ductance of the resinate rises gradvally with iacrease in 4ilu-~
tion. This increase may bde due to the greater activity of the
fons vith dilutiom, and also the hydrolytic breakdown of the
resinate into free hydroxide and colloidal abietic acid., The
slope of this curve becomes greater with incresse in dilution,
bht even at the concentratfon of /500, the slope 1is not very
great snd the oqﬁivalent conductance of the sosp is still far
below that qf the hydroxide. 7The results seem to indicate that
the hydrolytic effects are becoming greater with increage in
dilution, dut throughout the concentretion range undsr consider-
ation, the hydrolysis of the coap is not very grest, &nd that =
lerge percentsge of the rosin is still present as the sodium salt.
The conductivity measurements, therefore, are in good
sgreement with the results obtrined on the hydrolysis of rosin
soap by the metheod invoiving the determination of the hydroxyl
ion concentration. At deater concentretions, the pure neutral
rosin soep 1s hydrolyzed only to a véry slight extent, ard ths
major portion of the rosin is still present ag the sodium selt,
These results are im good agreement with ths work of Beedle and
Bolam, and contrary to the work reported by Haug and by Ivsmoff.
The previous discussion was limited to the behavior of
pure dilute sodium resinete solutions. The hydrolysis equilidrium
is psrtially determined by the concentrution of the small smount of
free slkell formed by the hydrolyeis. Any condition which will af-

foect the concentration of thia free alkall will also affect the
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hydrolysie equilidrium of the éoap. A decreese in the free alkali
concentretion will favor 2 further hydrolysis of the sosp to re-
estoblish the equilibrium conditions. Under beater conditions we
are d;aling with a relatively lerge celluloge-water interface,
end the fider eurfaces are capable of removing ions from the
solution by colloidal forces. In the following pages, the action
of various typee of commercial pulp fidbers oa dllute sodium
hydroxlide solutions will be discussed. A knowledge of the effect
of the pulp fibers on sclutions of low slkall concentrstions
should be of wvrlue ia determining the effect of the pulp fibers
on the hydrolysis equilibrium of the rosin soap.

Alkali Removsl by Pulp

The action of alkelis on cellulose hes been a gudject of
great importence in the field of cellulose chemistry. The majority
of the work reported in the literature, hovever, is concerned
with the behavior of cellulose toward strong caustic solutions,

It is known that even in very dilute alkali solutions the presence
of cellulosic meterial has & tendency to lower the alkalinity of
the solutions,

Pigure 3 shows tho effect of pulp fibers on the alkalinity
of acdium hydroxide solutione over the concentration range from
BE/500 to ¥/100 sodium hydroxide. The loss in alkalinity will vary
with the initial concentratioa of slkali, the consistency and
mature of the pulp, the time of contact of the fibers with the
solution and the temperature. The’experinental methods employed

in obtaining these curves are given in detail in the experimental

part of this paper. In Figure 3, the percent of the availsble
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slkelinity romoved by the fibers is plotted sgalnst the initial
alkali concemtrations, for two different types of pulp. The
Bleached Sulphita fibers lower the zikalinity of the solutions
to a much graater sxtent tnsn the Alphs fibers. AL tze lower
concentrations, the former removaes almost 80 psrcent of the
available alkalinity, whereas thc latter removes about 30 jercsnt.
In Figure 4, the miliigrams of sodium hydroxide removed from
solution per gram of dry fiber are plottod against the originmal
alkali concon_trationa. " These curves regemble typical adsorption
isotherxs, but further evidence seems to indicate that the loss
in alkelinity is not strictly an adsorption procesa.

The effect of the time of contact of the cellulose fibers
with the solution on the loss im alkalinity is shown in Figure 5.
The percent of the awailabls alkalinity removed is plotted sgainst
the time of contact of the fibers with the solutlion, at thrse
different initisl alkall concenirations. The loss in alkalimity
increases with the time of contsct, and sven after eighty hours
of contact, absolute equilibrium conditions are not attained,
Equilidrius conditions sre more neiriy stisined for the‘noro con-
centrated solutiong then for the vqry dilute solutions.

If the removal of the alkilinity vere due to pure adsorp-
tive processes, then lower temperstures would favor'greater sdsorp=-
tion. The effect of temparature on the loss in alkalinity is shown
in Pigure 6. Ims this figure the percent of avsilable alkalinity re-
moved is plotted against the time of contact of the fibers with

the solution, at two different temperatures, &ll other conditions re-

maining constant., A larger icrcentsge of the available alkalinity
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1s removed at 40 deg. C. then et 20 deg. C. These results indicate
that the slkali removal is not strictly a process of aduqrption.
but probably a combinetion of sdsorptiom, ebsorption and neutral-
igation. In this connection, however, our main concern is the

fact that the alkalinity is reduced regardless of the actual
mechanisn of the removal,

Pigure 7 shows the effect of change in pulp consistence
on the loss in alkalinity of the solution. The solid curve gives
the percent loss in alkalinity plotted against the pulp consistence
and the broken curve shows the milligrams 6f sodium hydroxide re-
moved per gram of pulp plotted against consistence.

The previous di-cﬁssion shows the effect of several factors
on the removal of slkalinity dy pulp fibers. In Figures 3 and L,
the difference in sctivity of two distinct types of pulp fibers
toward alkali removal is illustrated. The loss in alkalinity ap-
pears to be determined, to a very groht extent, by the nature of
the pulp fiders. The difference between various types of com-
mercisl pulp fibers with rdgard to their activity toward lowering
the alkalinity of sodium hydroxide solutlons vas investigated.
Tigure § and 9 show the effect of several pulps on dilute sodium
hydroxide solutions. In Pigure &, the percent available alkalinity
removed is plotted sgainst the original alkali concentrations,
and in FPigure 9, the milligrams of sodium hydroxide per graa of
pulp is plotted against the original alkalil concentration, In
every case, the percent of ihe availsble alkalinity removed in-
creases with increases in dilution. These data also seem to in-

dicate that the percent alkalinity removal spproaches 100 percent
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at infinite dilution. The kraft and sulphite pulps remove over
80 percent of the available alkalimity at the initial concentration
of 1/500. The psrticular sample of unbleached sulphite used in
this case was from a rather raw cook. This pulp shows & pronounced
tendency to lower the alkalinity over the entire concentration
range. The aulphite palp, bleached Mitscherlich sulphite, and
the ordinary bleached sulphite samples foilov tﬁa undleached
sulphite 1a the dscreasing order of their activity tbvard dilute
alkall solutions. The Alpha fiber exhibits & much lower activity
than the other wood fibers and finally the rag-hardstock (Muslins)
shows only & slight tendency towaerd alksli removal. These results
indicate the great difference in the activity of various commercial
pulp fibers on dilute alkaline solutions. It is interesting to
compare the order of the activities of the various pulps. In genersl,
the purer the pulp the more difficult 1t is to obtein good sizing
in the resuiting shest. Reg-stock is more difficult to size than
the size than the ordinary wood pulps. It is elso intcresting to
compare the actioﬁ of this series of pulps on sodium hydroxide
solutions with the results obtzined on the action of the same on
dilute sodium abietste solutions. As will de ghown later, the
action of the various pulps toward sodium hydroxide solutions is
quite analogous to the behavior of these pulps toward the sodium
abietate solutions.

All of the measurements jJust described on the lowering of
the alkalinity of dilute sodiue hydroxide solutions by pulp fibers

were obtained by methods involving direct titration. To obtain

further evidence, a few measurements were also made involving
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the dstermination of the electrical conductivity of dilute sodium
hydroxide solutions before md after being in contact with pulp
fibers. It was found that the conductivity of the alkali solu-
tions decresged on being in contact with the pulp fiders, but in
the case of the very dilute solutions, it was quite difficult to
obtain an sccurate measure of the loss in alkalinity, due to mater-
ials present in the pulp which are soluble in the solutions and have
an effect on the conductivity. However, this distrubiang factor
could de roughly accounted for, by messuring the conductivity of
distilled water after beimg in contact with the pulp fibers, and
deducting this conductivity wvelue from the conductivities of the
pulp-treated &lkall solutions. In this manner, the loas in con-
ductivity o!rsodinn.hydroxldn solutions dus to contact with pulp
fibers was determined, and the percentage losses in conductivity
were found to be of aspproximately the same order of msgnitude as
the loss in alkalinity by methods involving direct titretion, The
recults of these mesmsurements are more fully descridbed in the ex-
perimental part of this paper,

i few mosspuresents wore 2lso mede on the loss in hydroxyl
ion concentration of dilute sodium hydroxide solutions on contect
with pulp fidbers. The hydroxyl ion concentrations were determined
by a method based on the catalytic decomposition of nitrosoiriace-
tonamine, The loss in hydrolxyl iom concentration was also found
to be of the same order of megnitude as the lose in total alkalinity

as dstermined by direct titration.
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THE ACTICN OF PULP FIBERS ON DILUTE SODIUM ABIRTATE SOLUTIONS

At the concentrations of the beater, the rosin sise is hy-
drolysed only to a minor extent, and the major portion of a neu-
tral size could be present in ths beater as sodium resinate pro-
viding there are no factors which affect the slight hydrolytic
alkalinity of the solution. The stability of dilute sodium resin-
ate solutions is very lergely depeﬁdsnt on the hydrolytic slkalinity,
It this alkalinity is removed or neutraliszed the soap will undergo
further hydrolysis until equilidrium conditionms are estadlished.

In the previous section the promounced sctivity of pulp
fibers towsrd lowering the alkslinity of dilute alksline solutions
was discussed. In very dilute solutions & very large portion of
the available alkalinity 1s removed by the presence of the pulp
fiders. The percentage lowring of the alkalinity by ths fiders
appears to spproach 100 percent as the dilution of the alkaline
solution incresses. Connercigl pulp fibers differ from one another
in their activity toward lowering the alkalinity of these odlntione.
In the case of dilute rosinm socap solutions, the alkalinity of the
solution is prodadly also reduced by the contact with the pulp
fibers. But as the slkalinity is reduced, the soap solution will
becoms unstable and further hydrolysis will take place to make up
for the loss in 2lkalinity and reestablish the necessary squilibrium
conditions. Since the various commerciel pulp fiders differ from
cne another quite markedly in their activity toward the alkalinity,
it is quite prodbadle that the extent to which the hydrolysis of

the soap 1is forced dy the mction of the pulp fibders, will depend

upon the nature and sctivity of the pulp fibers.
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The action of varicus commercial pulp fibers toward dilute
sodium resinate solutions is illustrated in Figures 10 end 11. These
curves were odbtained by allowing the:pulp fibers to stand in contact
with the dilute rosin sosp solutions for s period of twenty-four
hours, filtering off the fibers and extracting the fider mets with
sther after they were drled. In a few cases the amount of rosin
left in the solutions was determined. In these figures, the percent
rosin retained by the pulp fibvers (ths ether extract corrected for
the ether solubility of the blank pulp) is plott?d against the per-
centage of sodium resinate present in the solution based on the
weight of the pulp. It is quite prodable that the rosin found in
the pulp fibers is primarily free rosin,

The pulps used in cbsaining the curves in Pigure 10, were
the seme as those used in odbtaining the alkali removal curves in
Pigure 9. The sction of the pulp fibers on the dilute sodium resi-
nate solutions appears to be gquite similar to the behavior of these
pulp fiders toward dilute sodium hydroxide solutions. In both cases,
the order of activity of the various pulp are the same; the un-
bleached sulphite ssmples retalned the lirtont'a-cun£ of rﬁsin and
8lso exhidbits the greatest activity toward elkali solutions while
the rag-hardstock shows the lowest Tosin retention snd also the
lovest activity toward the alkali solutions. Since the various
pulps are arranged in the ssme order in both cases, it ia
quite probable thet the pulp fibers force the hydrolysis of the
rosin soap, and the rosim found in the fiber mats is the liber-

ated free adbietic acid. In the case of the very dilute sodium res-
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inate solutions, a relstively large portion of the alkalinity is
removad by all of the various fiders, =nd the solutions must dbe
rendered very unstadble; dut with the exception of the rug fiders,
it wes possidle to distinguish detween the activity of the various
pulps down to a concentretiom of ¥/500 sodium resinate,

Prom these resulte, it does not necessarily follow, that
21l pulps of the seme clase boheve the srme in thig respect. Figure
11 shows the rﬁsults obteined by using a different sample of un-
bleached sulphite, and pnother sample of bleached sulphite. Put
in general, it seems that the cellulosic purity of the pulp fiders
roughly determines the activity of the fibers towerd sodium hydrox-
ide and resinate solutions., The order in which the vsrious pulps
are arranged is approrximately the same 2e the order of esase of
eizing, set up by general experience. In general, rag-hardstock
ie more 4ifficult to size then elphs fiber, end the lstter is more
difficult to size then ordirary tlezched pulps.

The free rosin lidersted by the pulp fidters under thsse
conditione, most likely differs in physical msture from the free
roein presgent in prepared free roein sizes, The former is lider-
ated under slovly chenging conditions, so that perticle size of
this colloidal rosin is very small immedistely after liberstion,
The free rosin particles in & prepared free rosin sizs are prodably
much larger dus to the methods of preperation.

The vulp fiders in the beater, thersfore, have 2 tendency
to forcs the hydrolysis of the rosin sizs. Under normal conditions,
the natural hydrolysis of the size may proceed up to 10 to 15 ser-
cent, The presence of ths pulp fibers may force the hydrolysis

up to 60 percent or higher depending on the pulp and the deater
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conditions, but in most cases there is still present in the beater
some sodium resinste before the alum ias added, providing hard
water conditions do not produce complete coaguiation. In many
cases, the presence of rosin sosp can be destected in the deater

white water, dy scidulating with mineral acid or with alum.
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 EXPERIMENTAL-

Preparation of Ablietic Acid:~

Seven hundred grams of white rosin (W¥W or ¥G grades) in
small lumps, were bolled with 500 cc. of 98 percent acetic acid
under s reflux condenser for a period of three hours. The mixture
was then filtered while hot through a ‘llrge plaited filter paper vand
the filtrate cooled to room temperature or lower, A few crystals
o? abietic acid wers addsd to stert the crystallization or, when
Anone wore available, the solution was allowed to stand overaight,
where by spontaneous crystallization took place. The product was
then filtered on a Buechner funnel using suction, and the filtrate
set aside for & gsecond crop. The materisl on the filters was suck-
ed as free from mother liquor as possible, and washed with success-
ive portions of cold & percent ethyl alcohol until the filtrate
was practically colorless. The product was again boiled with a-
cetic acid under reflux, copled. crystallized, filtered and washed
as previously éoncribed. The product was then crystallized three
times from sbsolute ethyl alcohol and air dried.

Acid Fumder:-

The 2cid aumber vim deternined by dissolving exactly one
gram of the sample in 125 cc of 95 percent ethyl alcohol, and titrating
wvith standard ¥/10 sodium hydroxide solution, using phenolphthnlyin
as indicator. The acid valus (milligrems of sodium hydroxide re-
quired to neutralize one gram of acid) was found to de 132.1 as
compared to the theoretical value of 132.4. Assuming & monobssic

acid, the molecular weight calculated from the above data is 302.9.'
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as compered with geamerally accepted velue of 302.3 for the molecular

weight of abletic acid.

Preparation of Standard Sodium Abietate Solutioms:-

An B/10 solution of sodium resinate was prepared by dissolv-
ing 30.23 grams of the acid im 500 cc of .2000 N sodium hydroxide
solution and then diluting to exactly one liter. A clear solution
with 8 red drown color was obtained. Solutions of lower concen-
tration veres prepared dy carefully diluting this stock solution.
Solutions of B/100 concentration and below are slightly turdiad
and opalescent even at room temperature,

The Deteraination of the Hydrolysis of Sodium Abietate

In the presence of alkali, nitrosotriacetoramine is quan-
titatively decomposed into the unsaturated ketome, phorone, with the
evolution of nitrogem gas. This decomposition wes 6b§orvad by

Heinte (“3,“' 1877, 1:‘-.;[/’ 250) snd may be expressed as follows:
/ 3

_CH
e T S o = c‘\cﬂj
! + /M, 0
C =o¢ /N'—/vo > C -0 + N 2
! LHJ
n-c Qo ”-C'_ = C—:C.ﬂ_;

Cliddens ':nd ?ranci\tg(;g.c.s. 1912, 101, 2358) mede a carsful study
of this reaction and found the same to be monomolecular, snd elso
found that over & certain range of hydroxyl ion concentration the
rate of catalysis is directly proportional to the hydroxyl iom
concentration. The course of the reaction could be followed by
measuring the volume of nitrogen gas evolved, or by recording

the pressure of the same. Ths former method was employed in the
original studies. The apparatus used by Cliddens and Francis was
similar to that descrided by Walton (Z. physik, Chemie 190k, 47,185)

in the latters studies on the catalysis of hydrogen peroxide
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by iodine. The reaction was generally carried out in a Jena glass
flagsk, which hed sn arrangement in the neck to hold one of the
reactants in & dropping tude until it wae desired to start the
reaction, Yor very dilute solutiona of alkali, a silver reaction
flask and dropping tube were employed. It is necessary to agitate
the contents of the flask, to lnsﬁre innediate liberation of the
‘gas; this 1is usuvlly sccomplished by shaking the entire flask.

The reacﬁion vessol was connected to a gas burette by means of
capillary glass tubing, The agueous solution of the alkali was
contained in the dropping tube, but in some cases this procedure
wves reversed, The flasgk was set up and shsken in a constant
temperature bath and the gas durette was held in & constant
temperature Jacket.

Prancis and Geake (J.C.S. 1913, 193, 1722) investigated
the catelytic decompesition of nitrogsotriacetonsmine using Barium
hyéroxide, sodium hydroxide, potassium hydroxide, phosphates
tetraethyl ammonium hydroxide, and tetremethyl ammonium dydrox-
ide. The measuremente were made by the volume method sini%ar to
that used by Clidbens 2nd Francis. For all these various bnues
snd selts, it wae found thst the rate of the catalytic dfoonpo-
cition wes a function of the hydroxyl 1onrooncentratloi. The
rete df decomposition of the amine was found to be directly pro-
portionrl to the hydroxyl ion concentratiom up to &n hydroxyl iom
concentratioﬁ of .05 R, Above this hydroxyl ion concentration
the reaction is still momomolecular, but the reaction constants

scommence to "drift", that is, the reaction constant is mo longer
directly proportional to the hydroxyl ion concentration. The

method is sherefore availadle for the estimation of the conceny
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tration of hydroxyl ion up to a concentration of .05 normal, to
a degree of accuracy of 2-3%. 'The importance of the method as
s means of determining the hydroxyl ion concentration lies in
the fact, that the effect of neutral salts in ordinsry concen-
tration is unimportant,

Trancis, Geake, Roche (J.C.S. 1915, 107, 1651) describe
& new apgaratus for measuring the,concentration of hydroxyl ions,
based on the catalytic decomposition of nitrosamine, which in-
volves the measurement of pressure rather than volume. With
this apparatus the authors were adble to obtainm results on the
hydrolysis of sodium cerbonate in good egreement with those
obtained by conductivity and electromotive force measurements.
They also investigated the uge of various other amines, and by
using nitroso-vinyl~-diacetoramine or nitroso-isobutyl-diaceton-
amine they were able to bridge the region of ionic concentration
which owing to the drift in the constanta, cannot be measured
through the agency of nitroso-triacetonamine. In the case of
nitroso~-triacetonanine, the reaction constent commences to
drift at a hydroxyl iom concentration of .05 H. Yor anitroso-
vinyl-diacetonamine and nitroso-isvutyl-diacetonamine the re-
action constant does not drift until a hydroxyl ion concentra-
tion of 0.k is attsined.

Broensted and King (J.A.C.S. L7, 2523, 1925) in their
studies on the secondary kinetic salt effect, investigated the
ceatalytic decomposition of nitroso-triacetonamine by hydrolxyl ions.
They describe another plece of apparatus which wes designed to mea-

sure quite generally the velocity of a reaction in which & gas is

evolved, by a measure of the pressure above the solution as the
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reaction proceeds. This apparatus is essentislly a modification
of that descrided dy Walton (see above) with 2 monometer to measurs
the pressure shove the solution, instead of measuring the volume

of the evolved gas with a burette. The remsction vessel is shaken
in a2 thermonstet by means of a special cam arrangement,

Kilpatrick (J.A.C.S. 48; 2091, 1926) in his work onm cataly-
sis in buffer solutions, also investigated the catalytic dscomposition
of nitrosotriacetonamine. This investigestor employed a method of
following the course of reaction, involving & measurement of the
volume of the gas svolved, dut instead of sgitating the entire flask,
the solution 1is egitatad by mesns of a stirrer with a mercury seal,
The rates of the reactioﬁ and the tgnporature coefficients were
determined from 20 to 80 deg. C. It was alsc found that the
temperature coefficients were uneffected by neutral salt and the
anth#r finds his results in agreement with Broensted's concept of
secondary salt effect. Broemsted snd King were sble to show & salt
effect for an 0.01 ¥ sodium hydroxide solution at 15 deg. C amounting
to 7 percent in an 0.1 ¥ sslt solution.

The spparatus used for this work was similer to that used
and described by Francis (see zdove), involving the measursment of
the volume of hitrogen gas envolved. A sketch of the apparatus
is given in Tigure 12. The resction veseel A was a 100 milliliter
PYrex volumetric flask, which wss connected to the gas buretts
C by means of the capillary glass tudbing B. An effective Joint
between the flask an the capillary tudbing wvas attained dy the

use of s short plece of rudber tubing of the proper dimensions,

which was slipped over the end of the caplllary tubing and then

forced tightly into the neck of the resction flask. A similar
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joint was made between the capillary tubing and the burette. The
flagk is beld in a clamp attached to the vertical wooden shaft
E, This shaft is attached firmly at the upper end, dut the lower
end was capable of vidbrating through a lateral dietance of about
two or three centimeters. The vidration was produced by means of
a cam arrangement on & horizontal shaft driven by a small elsctric
motor, ss shown in the disgrem, The spesd of the shaft driving
the cam was 350 R.P.M, This produced 2 very violent and effective
agitation in the reactiom flask, which was only filled to three
quarters of its total capscity. The verticel length of ths capil-
lery £glass tubing B was sbout three feet, and it was sufficiently
elastic to withstand this vidbration, The reaction vessel was held
in a constant temperature water bath, which could be held within
.02 deg. C. The gas burette C is inclosed in & conatant tempera-
ture water jacket, the water for the seme was circulated through
another thermostat.

The nitrosotriacetonamine used for this work was obtained
from the Esstman Kodak Research laboratory, and the quentity of
nitrogen liberated from a given amount of chemical was withia
ons percent of the theoretical value,

The Procedure for making the determination was bdriefly as
follows: 50 cc. of the alkalil or soap solution were accurately
pipetted into the reaction flask, and the flask was then shsken \
uttil thermal equilidrium was attained. A solution of the nitro-
sotriacetonamine (containing sbout six grems of emine per liter)
was 2180 kept in the thermostat and brought to thermel equilibrium,
In the case of the soap solutioms, which developed considersble

foar due to the agitation, a few drops of kerosene were added to
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eliminate the possidilities of foam getting into the capillary
tudes. VWhen it was desired to start the reaction, 25 cc. of
the amine solution were carefully measured off with a pipette
and ran into the reaction flask, the flask was then immediately
conrected to the delivery tudbes, and the agitation started. Volume
readings are taken at suitadble intervals depending on speed of the
reaction. The time intervals were n‘#anred vith 2 stop watch; in
nesrly every case, with the exception of exceedingly slow reactions
the doconpouiiioﬁ was ;llowea t§‘go to completion., In the case of
the very slow reactions the final volume was obtalned by liderat-
ing and measuring the nitrogen from the same quantity of the same
nitrosamine -ointion with a stronger alkall.

For a monomolecular reaction, the velocity of the ssme is

given by the following equation:

k=1 1n a8
: a~-x

o

where k is the velocity constant, a is ths quantity of reactive
constituent present at zero time, x is the quantity of reactive
constituent converted in time t, and a-x is the guantity of
reactive constituent remaining at time t. This equation can de
more convenlently expressed in terms of burette readings as

follows:

vhere V‘ is the final burette reading. Y° the initial durette
reading, and vx is the reading at any particular time t. The

following is a typical experimental run:



The reaction flask containsd .200 gram of amine, 50 cc. of water
4 drops of kerosene, snd 25 cc. of .0150 ¥ ¥eOH,

Temperature maintained at 55.8 deg. C.

Minutes Reading V V, -V ¥ 1n_ Wy k
> “"'ix V‘- x

0.0 2.5 0.0 2L, % 1.00 0 -
1.0 12.90 10.40 14,55 1.715% 540 Roy sl
8.0 14.00 11.50 13.45 1.855 .618 L0773
9.0 15.05 12.55% 12.40 2.012 . . 700 0778
10 16.00 13.50 11.45 2.185 .782 .0782
11.5 17.20 18.70 10.2% 2.43% .850 0773
13 18.35 15.85 9.10 2.745 1.010 0777
15 19.67 17.17 7.78 3.21 1.17 0717
17 20.80 18.%0 6.65 3.7 1.322 07117
19 21.80 19.30 5.65 4. 42 1.485 .0780
22 22.90 20.40 4.55 5.48 1.70 0773
25 23.80 21.30 3.65 6.84 1.92 .0768
30 24.90 22.30 2.55 9.79 2.28 .7760
180 27.1% 24,95 Average .077%

In order to check the apparatus and the procedure employed,
a series of experiments was carried out using dilute sodium hydroxide
solution of known strength., The following table gives a few data
for the reaction constant at several concentrations of sodium hy-
droxide, together with the values of X/¥aOE and k/OH. Thess values

were obtained at 29.8 deg. C.

!o;:gilty lorg;lity k k/¥eOH k/OH
.0100 .0096 L0178 1.78 1.85
.0100 .0096 .0183 1.83 1.9
.0200 .0190 .0357 1.78 1.88
.0300 .0282 .0523 1.7% 1.85
.0200 .0190 .0352 1.77 1.86

Average 1.87
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The k/OE value obdtained dy Francis at 30 deg. was 1.91
and that reported by Kilpatrick st the same temperature was 1.89.

Phe Extent of the hydrolysis of ¥/100 sodium abietate
solution was then determined at 30 deg. C. The complete data for
one of these determinations are as follows: The reaction flask
contained .2000 gram of amine, 50 cc. of water, U drops of kero-
sene, and 25 cc of .030 ¥ sodium abietate. The reectior proceded

at 2 temperature of 29.8 deg. C.

Minutes Beading v % - % in k
Wy

o] 1.10 .00 28.50 1.000 - -
135 1.53 .Zz 28.07 1.016 L0159  .000118
210 1.7 64  27.86 1.024 .0237 .000113
koo 2.20 1.10 27.%0 1.040 .0393  .000098
425 2.2 1.15 27.35 1.042 0412  .000097
550 2.67 1.57 26.93 1.058 0564  .000103
870 3.0 2.30 26.20 1.089 L0854  .000098
1210 .20 3.10 25.50 1.122 1150  .000095
1270 4.3 3,24 265,26 1.130 .1250  .000099
1330 4,59 3.49 25.00 1.1ko .1336  .000100
1450 4. 7% 3.66 24,85 1.147 1371 .000096
1525 5.00 3.90 2L.60 1.158 .1468  .000096
1585 5.06 3.96 24,54 1.163 1510  .000095
1645 5.18 4.08 24,42 1.172 1590  .000097
28.50 Average .000100

The hydroxyl ion concentretion may then be estimated by
taking the hydroxyl ion constant from sbove as 1.87 and calculating

as follows:
.000100 / 1.87 - .000054 ¥ ON ionm.

The percent hydrolysis of the /100 sodium adietate solu-
tion at 29.8 deg. C is then found to be ~

. 00005% x 100 / .01 =---0,5U4 percent
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The average value of the percent hydrolysis of ¥/100
sodium resingse from several similar detersinations was found to
be 0.50 percent. This value appesars te be of the propsr order of
magnitude vhen compared withk the value of 5.7 percent for an
!/;OO sodium resinate solution at 90 deg. C., obtained by Beedle
and Bolam (J. Soc. Chea. Imd. LO; 4, 27%, 1921). Due to the ap-
parently slight hydrolysis of the resinate solutions, and the
velocity of the decomposition of the nitrosotriacetonamine at
30 deg. C. it 1s rather difficult to measure the hydrolysis of more
dilute soltuions. However, the above data seems to indicate that
the hydrolysis of the soap does not proceed to & very appreciasdle
extent in the concentrations prevailing in the beater. In order
to determine the degree of hydrolysis of -ore‘dilute sodium res-
inate solutions, it was found noc.ssary.to reso;t to 2 more el-
evated temperature, where the velocity of_tha reaction is con-
sideradly greater end the extent of the hydrolysis is also
greater,

A series of experiments was then carried out using dilute
sodium hydroxide solutions of knmown strength, im order to obtaln
the hydroxyl ion constant of the reaction at this temperature.
The reaction were carrisd out at 55.8 deg. C. which corresponds
to 133 deg. F. The following table shows the reaction constant
at eeversl alkall concentratioms st this temperaturs, together
with the values of k/OH. Yor these very dilute solutions at this
temperature, the degree of ionization wes taken as one hundred

percent,
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Yormelity of NaOH : k k/OX
.00200 L0294 1.7
.00200 ' .0280 14.0
.00300 .0459 15.3
.00500 0752 15.0
.00500 0772 15. 4
.00366 .0560 15.3

Average 15.0

The value calculated from the data reported by Kilpatrick
(J.A.C.S. u8; 2091, 1926), for this particular temperature was found
to be 14.9. Por these very dilute solutions of sodium hydroxide,
the presence of small amounts of carbon dioxide has an aprrecisble
offect. The solutions had to be prepered from f reshly redistilled
water which was doiled just prior to making up the solutions. The
experiments had to bde carried out immediately after preparing the
solutions,

The extent of the hydrolysis of am .0033 X sodium sbletate
solution was then deternined., The complete data for one of thess
determinations are s follows: The flask contained .200 gram of
smine in 50 cc of freshly boiled diatilled water, 4 drops of
xerosene, and 25 cc of .0100 sodium resinate solutions. The re-
action proceedesd at a temperature of 55.8 deg. C. The temperature
of the water in the gas burette Jackets was held at 22.5 deg. C.

throughout the experiment.
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Minutes  Reading v Y-V, A 1n k
voﬁ - ')\

0 .80 0 26.4%0 1.00 - -
30 2.68 1.88 24,52 1.078 0752 .00250
w5 3.50 2.70 23.70 1.114 .1080 .00240
™ 5.08 4,28 22.12 1.194 AT .00237

168 9.30 8.50 17.9 1.475 .3820 .00227
186 10.00 9.20 17.20 1.535 429 .00231
360 15.38 14.58 11.82 2.23 .802 .00223
420 16. 74 15.94  10.46 2.525 .936 .00223
1170 25.10 24,30 2.10 12.57 2.74 .00234
1265 25.73 24.93 1.47 17.96 2.89 .00237
1410 26.15 25.35 1.05 25.10 3.2 .00228
27.20 26.40

Average .00231
The hydroxyl ion concont:ation of this soap solution may
then be calculated from this value and the hydroxyl ion constant-
.00231 / 15,0 ==---- ,000154
and the percent hydrolysis of the .00330 ¥ sodium abietate solution
nsy then be estimated as:
.000154 x 100 / .0033 ~=--L.7 %
The average valus of the percent hydrolysis of X/300
sodium abietate solution at 65 deg. C. was found to be 4,38,
This value 8lso sppears to be of ths proper order of magnitude
when compared with the figure, 0.50% for the hydrolysis of B/100
sodium resinate at 30 deg. C, previously obteined, and the results
obtained by Beedle and Bolam. These results indicate that under
ordinary beater conditions, the natural hydrolysis of sodium
resinate does not proceed to any appreciable extent, and that if
there were no other disturbing factors, such as impurities in
the water and the effect of the pulp on the soap, a predominant
< percentage of the size could exist as sodium resinate. The con-

ductivity measurements described below, also seem to indicate
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that the sxtent of the natursl hydrolysis of sodium resinste is
not very appreciable at concentrations preveliling in the beater.
An experiment was made in an attempt to discover the
effect of the presence of pulp fiders on the hydroxyl ion concen-
tration of dllute sising solution. The procedure was as follows:
Your grams of bleached sulphite pulp were thoroughly mixed with
one hundred cc. of an 0.01 N sodium resinate solution and allowed
to stand two hours. The pn1p<fibcrs were then filtered off, and
tventy-five cc. of the filtrate were used in the catalysis ap-
paratus, The reaction flask contained ,200 gram of amine in
50 cc. of water and the 25 cc. of the above filtrate. The ex-
perimental conditions were exactly the same in the previously
descrided hydrolysis experiment, with the exception that in this
case the soap had bdeen in contact with pulp fibers. The hydroxyl
ion concentration was found to de .000054 N. This indicates an
apprecisble lowering of the hydroxyl lon concentration, since
the hydroxyl'ion concentration of the untreated solution was
found to be .000154 N, es given above. Apparently the presence
of the pnl§ fiders lowered the hydroxyl ion concentration by
sbout sixty percent, which in turn should have an sppreciable
effect on the extent of ths hydrolysis of this eoap solution.
The effect of a lerge portion of ths origimel hydroxyl lom con-
centration 1s removed by the presence of the pulp either by a
process of sorption by the fibers, or by a neutralization due
to impurities im the pulp, or a combination of these processes.
The removal of the alkali by the pulp should tend to disturd the

normal hydrolysis equilibrium of the sodium resinate and should

force the hydrolysis to an extent depending, along with other
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factors, on the amount of alksli removed, The dehavior of various
pulps toward di;uto sodium hydroxide solutions has been studied with
the intention to ascertain the effect of this alksli removal om the

sodivm resinate solutions; snd will de described later.

THE CONDUCTIVI?TY OF SODIUN RESINATE SOLUTIONS-

Mlute solutions of sodium abietate, ¥/100 end below, show
a slight turbidity ever at room tempersture, a&nd this turdbidity in-
creaseg gradually with rising temperature. Solutions having a con-
centration greater than /100 appear to be perfectly clear and
homogeneous., The concentration at which the turdidity appears is
not definite end sharply defined, dut at rooxm temperature the ef-
fect is noticable in the range of E/100 solution. Freshly prepared
solutions are opaleacent, dut on stending or with rise in temperature
the collolidsl particles seem to coelesce and graduelly become quite
coarse end finally settle out. From rough qualitative odservation,
the amount of material responsible for this turbidity appears to be
only 8 small fraction of the total resin present, since on the ad-
dition of dilute minersl acid a comparatively large floc is pro-
duced. This would de expected im the light of the previously des-
cridbed work in the extent of the hydrolysis, for at room tempersture,
the turbidity of an ¥/300 sodium resinate zolution must be due to
less than five percent of the total resin present. In these dilute
soclutions, the course of the hydrolysis may proceed according to

the generslly accepted reaction-
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NaR + BOR <= ER + WaOH ...........(1)
where R is the abletic acid radical, and the sbietic acid HR, is
present in a colloidal comndition; or the resction may proceed ihe
following course os suggested dy McBain-

2WsR + HOH T~ NaBR, + NaOH ............(2)
wvhere the acid soap is in suspension, either course or colloidal
as the case may de, and consists of something between the neutral
salt ¥aR and the scid soap lh!lz. Prodbadbly in these very dilute
solutions, the formetion of the acid ioap does not proceed to
sny great extent, and the hydrolysis primarily follows eguation
(1). In either case, zny great changil in the equilibrium due to
dilution should dbe reflected in‘thn_condncttiity curves of these
solutions,

A few ana.ntonon;n vere iads on the electrical conductivity

of sodium abietate solutions ;f concentrations ranging between /10
and ¥/500. The apparatus employed consisted of an ordinary, Arrhenius
type, conductivity cell with pletinized platinum electrodes, and a
small potentiometer used as a VWheatstone Bridge. An alternating
current with a frequency of one thousand cycles wos used. The
solutions were prepared separately rather than by dilution in the
cell. Yor comparison, measureaents wers also made on <ilute sodium
hydroxide solutione in the same concentration range. The following
tables show the results odtained for the specific and equivalent

conductances of sodium hydroxide and resinate solutions at 25 deg. C,



-55-
Sodium Abietate Solutions
Concentration Smoific Equivalent
Conductance Conductance
002 8 000153 76.5
.00k .000296 T4.2
.006 .000437 73.2
.008 .000565 70.6
.010 .000685 68.5
L0557 .00282 50.7
.1113 ' 00508 45.7

Sodium Hydroxide Solutions

Concentration Specific : Squivalent
: Conductance Conducteace
.00135 X .000330 245
00364 .0008% 25
00548 00135 245
.00756 .0018k4 2uk
.00944 00228 242

The specific conductsnces are plotted in figure 1, and
figure 2 shows the trends of the equivalent conductances of the
h&droxids and resinate solutions. The eguivalent conductaace of
sodium hydroxide ag infinite dilution obtained by exterpolation
from these data is 246 as compared with the accepted value of 2u3.
fhs equivalent conductsnce curve for sodium hydroxide is almost
horisontal in this concentration range, while thet of the sodium
sbietats increases slightly with incressing dilution. The con-
ductivity of the sodium resinate is rather high, but soap solutions
in general hnyo abnorsally high conductivities. ZFrom the above

‘ dats, the apparent conductivity (equivalent) st infinite dilution
. of the sodium abietate is about 90; although the approximation
of this value by exterpolation is quite unreliabdle, it is interest-

ing to compare this figure with the equivalent conductance of so-

dium acetate at infinite dilution, which is 92 at 25 deg. C.
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The equivalent conductence of the resinate solutions in-
crease slightly with increasing dilution, but the slope of the curve
is not particularly abmormsl, which seems to indicate, that no great
fundementel changes are taking place in the consitution of the
electrolyte. The extemt of the hydrolysis undoudbtedly increases
with increasing dilution, nevertheless the rate ai which this
chenge increanses through out the particular concentration rangs
under consideration, is not very rapid.

Determinations of the hydroxyl ion concentration of sodium
resinate solutions based on the catalytic decompositiom of nitro-
sotriacetonzmine, indicate that the extent of hydrolysis of an ¥/300
solution i{s somewvhnt less then 5 percent at 56 deg C, end that the
hydrolysis of an H/100 codium resinate solution is abdout .5 percent
at 30 deg. C. The conductivity measurements secn‘to indicate thet
no greet changes are teking place ir the constitution of the elec-
trolyte in the concentration range between ¥/100 and E/1000. The
extent of the hydrolysis of the soap apparently does mot increase
very rapidly on dilution over thie concentraztion range, and is
probsbly less then ten percent in soap concentrstions below ¥/1000,
The concentrstior of rosin sire under beaster conditions ranges from
¥/1000 to N/100, sssuming a neutral size. At beater concentretions,
therefore, the extent of the norwal hydrolysie of the rosim soap
is not very great, and probedly less than 10 percent under most
conditions. Providing there are no factors which would tend to
force the hydrolysis of the soap, the bulk of the size added to

the beater as sodium resinate can exist as the true soap, with

the formation of only a rather small percentage of hydrolysed

and colloidal resin. Commercial pulps, however, have a tendency
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to greatly reduce the alkalinity of dilute alkali solutions, and
this dehavior will have an appreciadble effect on the sizing solu-~
tions. This behavior will de discussed in the followving psges.

In the previously described measurements om the hydrolysis
of sodium ebietate solutions, it was found that the hyxroxyl ion
concentration of the soap solution was considerably diminished by
being in contact with commercial pulp fibers. It was also observed
thet vhen pulp fibers were allowed to stend in contact with dilute
sodium resinate solutions for seversl hours and subsequently fil-
tered off to give & clear filtrate, the smount of adbletic acid
that could be precipitated from the filtrate by a mineral scid
was less than the precipitate ocbtained from & similsr solution
that had mot been in contact with the pulp. This latter obser-
vation might suggest that the sodium sosp, which has a large un-
saturated molecule, is sorbed as such by thec cellulose fiber
interface. However, the fact that celluloze has & tendency to
pick up 2lkali, and that the hydroxyl ion concentration of a
soap solution is reduced by the presence of pulp fibers, with a
lowsring in concentration of the soap solution, lndicate the
probability of the pulp fibers forcimg the hydrolysia of the
godiun resinate, with the liberation of apprsciable quantities
of colloidal abletic acid. 7This abistic acid is ir an extremely
fine colloidal condition when it is first liberated snd could
be readily sorded or mechanically held by the pulp fiders., The
tendency of pulp fihers to lower the alkelinity of dilute alkall
solutions sprears to ba of fundamental imgortnnce to the problem

of rosin sizing, and for this reason a study was made of the de-

havior of various commercial pulps toward dilute alkali solutions,
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This study was limited to alksll concentrations which would
approximate the conditioms preveiling in the beater, theot is, %o
solutions which contain smounts of elkali as sodium hydroxide e-
quivelent to the amounts of so’ium resinate im the beater water,
These concentrations range betwsen ¥/100 snd ¥/1000. The lowering
of the alkalinity of solutions by the Presence of pulp fiders was
determined by three indspendent methods; the first method involved
direct titrationm, the second conductivity neesuremente, and the
third method was based on the estimetion of the hydroxyl fon mn-
centration by the rate of the catalytic decompoeition of mitrosotri-
acetonamine. The firat method is the simplest and was used through~
out, the others:were used for verification in 2 few cases.

In & preliniﬁary’experinent. the following procedure was
chosen: Ten-gram ssaples of shredded pulp were placed in Prienmeyer
flasks, of 500 cc. capacity. To esch of these was added s 250 cc.
portion of an alkali solution, which gives a consistence of L percent.
A series of samples was thus prepared, with alkali solutions ranging
from .002 ¥ to .01 ¥ MaO¥ at intervels of .002 §. A portisn of
each of the alkali solutioms was kept for a dlank d;taruinatioa.

The mixture in the flasks wers thoroughly shaken and then kept
in a water bath at 20 dsg. C. for a period of twenty-four hours.
At the end of this period the fiders were filtered off on a dare
Buechner funnel. The filtrates were poursd through the mat »
second time to give a clear solution., The alkali concentrations
vere then determined by titrating with ¥/100 stendard sulphuriec

acid solution using phemolpbalein as an indicator. Several

titrations vere carried out with hot solutions to remove the

effect of cardbon dioxide with this 1ndicator: the A8 ¢¢awam .
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in titer Ddetwveen the filtrates and the dlank solutions is a meagure
‘of the loss in alkslinity. The following table gives the results
of this experiment for two differeat pulps:

Bleached West Coast Sulphite (Hemlock)

Originial Final 4 Drop in  Or. ¥eOH removed

Normality Normality Normal ity per gram dry pulp
.00180 .000L8 713.2 00131
.00380 .00160 58.0 .00223
.00580 .00317 45.6 .00266
.00760 .00k80 36.8 .00285
.00980 .00653 33.4 .00330

Purified Wood Fiber, Alphs Pulp

.00180 .00127 28.9 .00053
.00380 .00298 21.6 .00084
.00580 00477 17.8 .00105
.00760 .00658 13.4 .00106
.00980 .00864 11.8 .00119

These dats are represented graphicslly in Figures 3 and 4. In Fig.
3, the percent of the available alkali removed is plotted against
the original alkall concentration. In Fig. 4, the weight of sodium
hydroxide removed per gr;a of dry pulp is plotted sgainst the
initial concentration. The percent removal of the availadble alks-
linity is very high for the sulphite pnlp, especially in the more
dilute colutions, and rapidly falls off with increasing concentra-
tion. The curve for the purified wood fiber is similar to that of
the sulphite pulp, elthough the removal of alkalinity is very much
less than that of the uapurified material. 7The grest differences in
the behavior of these pulps seem to indicate that the nature of the
pulp is a predominent factor i; affecting alkall removal, As al-
ready noted, the curves shown in Fig. 4 resemdle typical adsorption

curves. If the mechanism of this alkali removal wers due to true
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adsorption, then a greater alkali removal would de favoured dy
lower temperatures. It will de shown later that this is not the
case, It does not seem likely that the loss in alkalinity is
due to a neuntralisation effect, since this would require a rather
sharp bdreak in the curve, where the neutralizatioa would dbe com-
plete. Moreover, these quantities of slkali would require an
sbnormally high acid contont=;n_tho pulp.

In the preceding prorinont'the time of contact of the
pulp fibers with the nolution'vtl qr§1trtr11y chosen as twenty-
four hours., It wae necessary to determine the time required for
equilidrium conditions to be established, and experiments were
made to determine the change in alkalinity of solutions with in-
crease in the time of contact with the pulp fibers. The procedure
for making these measurements was as follows: Erlemmeyer flasks
of 500 cc. capacity, each containing 10 grams of shredded sulphite
pulp, and & 250 cc. portion of a standard sodium hydroxide solution
wvere allowed to stand in a weter bdath at 20 deg. C. for periods
of time rasnging from two to seventy-hours. 4 portion of the
standard alkali solution was kept for a blank determination.

When the time of contact of the solution with the fiders had
elapssd, the fibers were filtered off on a dare Buechner funnel
and the filtrate was poured through the mat a second time to obtain
a clear solution. The alkalinity of the filtrates and the blank
solutions were determined by titrating a 50 cc. aliquot portion of
each with standard ¥/100 sulphuric acid solution, using phenol-

phthalein as ean indicator. The following tables give the results
of three series of measurements at different original alkali con-

csntrations. The same pulp was used throughout.
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ALKALI REMOVAL YITE TINE AT 20 deg. C. BLEACEED HEMLOCK PULP
CONSISTENCY - L

Original Concentrstion - ,00225 ¥ NaOH

Percent drop in

Time Normality Alkalinity
0 ’ .00225 00
5-3/4% * .0008%

1-1/2 .000750 67

24-1/2 .0004E0 - ' 19

4g " .000310 g6

n " .000225 9

Original Concentratiom - .00L60 N KaOH,

0 hrs. .00L460 00
2-1/2 ® .00277 40
5-1/4 .00252 45

11 " .00232 50
ol " .00206 25

47 . .00186 6o

70 " .00178 61

Original Concentration - ,00980 ¥ BaOH Percent drop in

Time Normality Alkalinity
0 00980 00
2-1/2 hrs. .00690 29.6
5 " .00670 31.6
5« 00650 3.7

24 L .00636 35.1

47 “ 00616 . 31.2
70 » . 00605 38 .2

In Fig. 5, The percent of available alkalinity removed is
plotted against the time of contect of the pulp with the sclutions.
In the case of the .00225 KNormal series, equilidrium conditions
are not attzined even after seventy hours of contmct, the curve
still hae an appreciadle slope at this point. In the .0046 Normal
series, sn equilibrium is very nearly attained after seventy hours,

and in the .0098 Normal series the curve is practicslly horizontal
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after this period of contact. Im every case, the rate of the loss
in alkalinity is very rapid in iaitial hours of contact; the rate

of removal being rapid in the strong solutions.

TEE EFFECT OF TEMPERATURE OF ALKALI RENOVYAL., The curves obtained
in the preliminary experiments (Fig. L) resemble typical adsorption
curves. As already noted, if the mechanism of the alkali removal
vere due to & process of true adsorption, lower temperatures would
favour a greater removal of alkali, other conditions being the
gseme,  To check this point, ivo series of experiments were cerried
out, one at 20 deg. C and the other at 4O deg. C. Since the time
of contsct was found to be an important factor in determining the
drop in alkalinity, the effect of temperature could be moat readily
observed by determining the loss in alkalinity with time at these
two temperature, using the same initial alkall concentration in
both series. The procedurs for making these measurements was the
same as that used in the previocusly described experiments on the
removal of slkali with time. The original concentration of the
sodium hydroxide solution was .0050 Normal and the consistence of
the pulp fibers was L percent, One set of flasks was kept in a
bath at 20 deg. C;. and the other set in a thermostat at L0 deg. C.
The pulp used in these series was a bleached sulphite pulp from

Western Hemlock,
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ALXKALI REMOVAL YITH TIMNE AT 20 deg. C. Bleached Hemlock Pulp.
COBSISTENCY - L%

Original Concentratiom - .00500 K KaOH Percent drop ia

Time Normality Alkalinity
0 .00500 00

2 nrs. .00322 35.6

y * .00288 y2.4

g " .00248 50.4

16 * .00233 53.4
28-1/2 * .00216 56.8

64 " .00189 62.2

ALKALY REMOVAL YITH TINE AT 4O deg. C. Bleached Hemlock Pulp.
CONSISTENCY - 4$

Originsl Concentration - .00500 ¥ NeOH Percent drop in

Time Normality Alkalinity
0 .00500 00

2 hrs. 00259 4g.2

h e 00217 56.6

g * .00193 6h.k

16 ¢ .00166 66.8
30-1/2 * 00149 70.2

66 » .00116 76.8

In Pig. 6, the percent of the available alkslinity removed
is plotted against the tiie of contect st these two temperatures,
Both curves have the same general form, & larger percentage of
the evailable alkalinity is removed at the higher temperature,
and the curves appesr to diverge slightly as the time of contact
of the pulp with the solutions increases. The removal of the
2lkeli, therefors, cemnot be due to a trus mechaniasm §f ad:érption.
and is probably a rather complex process, depending on the nature of
the constituents present im the pulp, such as beta and gamms cellu~
loses, pentosans, lignin residues, etc. The fact that the slkalinity
is reduced is our main concern in this study, whatever the actual

mechanism of the removal may bde,
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THE EFFECT OF PULP CONSISTRNCE OF THE L0SS IN ALXALINITY. In the
previously described measurements, the consistence of the pulp
fibers in ths solutions was arbitrarily chosenm 283 4 percemt; in
every case a pulp suspension was made by adding 10O grams of
shredded, air-dry fiber to 250 cc. of schtion. A geries of measure-
ments was made to determine ths loss in slkalinity at various
pulp consistencies. Definite quantities of shredded pulp were
sdded to Erlemmeyer flasks of 500 cc. capecity, and to each flask
vas added a 250 cc. portiom of s standard alkall (NeOH) solution,
to give consistencies of pulp ranging from one to six percent.
The flasks were sllowed to stand in & water bath at 20 deg. C. for
2 period of twenty-four hours. The fibers were then removed by
filtering through a dare Buechner funnel, and pounring the filtrato
through the mat a second time to obtain a clear solution. The
alkalinity of the filtraﬂg- and the blank selution were determined
as in the previously descrided experiments., The reasults of these
measurements are given in the following table:

ALKALI REMOVAL AT VARIOUS CONSISTFRCIES AT 20 deg. C. Bleached
Hemlock Pulp (Sulphite)
Pime of contact of wolutions with fiders - 2k hows.
Originsl Concentration of Sodium Hydroxide - .00362 Norsal.
Percent drop in

Consistency Normelity Alkalinity

0 ’ .00362 00

1 00307 15.2
2 00252 30.3
3 .00204 43.7
4 .00157 56.6
5 .00120 66.8
6 .00101 12.2
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!hhie results are shown graphically in Fig. 7. The solid-
1ine curve shows the psrcent available alkalinity removed at the
various conaintenciel. The slope of this curve changes very little
at the lower consistencies, but fells off quite rapidly adove a con-
sistency of four percent, where the residusl alkali concentration de-
comes rather low., The broken-line curve shows the milligrams of
sodium hydroxide removed per gram of dry pulp at the various con-
sistence, This curve mesintaing a maximum of sbout 2.2 milligrams up
to r consistency of sbout percent, snd then gradually drope off with
increasing consistency. Apparently, a consistency of about four pere
cent ig the most suiteble for making determinations on the loss in
elkelinity.

THEE BREAVIOR OF COMMERCIAL PULPS TOVARY DILUTE ALKALI SOLUTIONS-
In the preliminary studies of the mction of pulp fiders on dilute
sodium hydroxide solutions, two widely different pulps were used,
namely, on ordinary bdleached sulphite pulp and a purified wood
fider pulp. These two pulps have quite different chemical and
physical cheracteristics. The purified wood fiber has a higher
slphe-cellulose content snd a lower copper numbder than the ordin-
ary sulphite pulp. Their behevior in ths deater is slso quite
different, the alpha-prulp developes in strength more slowly and
is more difficult to hydrate than the sulphite pulp. As is shown
in figures 3 and 4 these two pulps differ very widely in their
sction on dilute sodium hydroxide solutions. In sm ¥/500 sodium
hydroxide solution, undsr similer conditions of time of contact,
consistence, etc, the sulphite pulp causes a reduction in al-

kalinity of the solution of over 75 percent, as compared with

& 30 percent reduction in tbhe case of the alpha pulp. In the
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range of alkall concentration under consideration, the action of
the sulphite pulp is almoszt three times as great as that of the
purified wood fider, The removal of the slkalinity of solutions
by pulp fidbers appears to bde a rather complex process, and is
prodbadly controlled to a great extent by the physicel and cheaical
characteristics of the pulp fibers. Certain chemical constituents
present in pulp fiders, ancﬁ as lignin residues, beta and gomma-
cellulose, pentosans and the residusl hemicelluloss, may influence
the behavior of pulp toward dilmte alkaline solutions. The removal
of the 2lkali may bde partially due to adsoprtion processes, in
which case, the physical condition of the fider interfaces, the
degree of swelling, etc. may play a predominant role. The prelimi-
nary experiments indicate that commercial pulps differ from one
another toward sodium hydroxids solutions. In the case of dilute
sodium resinate solutions, a reduction i{n the normal alkalinity of the
soap would tend to shift the equilibrium conditions and force the
hydrolysis of salt. Since the lowering of the alkalinity depends
on the nature of the pulp fibéfs. the extent of the ferccd hydrol-
ysis of the sising solution will also de determined by the nature
of the pulp fibers., Pulp fiders which have a pronounced activity
toward lowering the alkalinity of the beater water, would force
the hydrolysis of the sosp asnd consequently chenge the condition
of rosin sise from a true molecularly dispersed sodium salt to a
colloidal suepension of abletic acid, Im the case of a neutral
size, the emount of colloidel rosin formed in this manner would

be determined by the nature of the pulp fibers. A study was made
of the sctivity of the ordinary types of commercial pulps toward

lowering the alkalinity of dilute alkall solutions, to obtain



-67-
further information concerning the prodbadble bebavior of thess
pulps on the constitution of sising solutions.

In order to compare the action of various commercial pulps
on dilute alkaline solutions, measurements were made to determine
the loss in alkalinity at various sodium hydroxide concentrations,
under more or less standardised conditions. The shredded pulp
was allowed to stand in contact with the standsrd sodium hydroxide
solutions for a definite period of time, as in the previous n.s-.
surenents. The consistency of the pulp fibers in the solution
was U perceat, and the time of contect of the pulp fibers with
the solution was chosen as thifty hoﬁfl. in the more diluse so-
lutions, it was shown that equilibrium conditions are not attained
in this period of time, dut longer periods wvere impractical, and
since all the pulps received the same trestment the results are
comparable. In every case, ten grams of shredded pulp were
shaken with 250 cc of the standard sodium hydroxide solution and
sllowed to stand in a thermostat at 20 deg. C for thirty hours.
The fibers wers then filtered off on a bare Buechner funnel, and
the filtrate poured through the mat & second times to obtain a
clear solution. The alkalinity of the filtrate was determined
by titrating a 50 cc aliquot portion with standard ¥/100 sulphuric
acid solution, using phenolphthalein as indicator., The results

of these detsrminations sre given in the following tadbles:-
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THE XFFECT OF VARIOUS COMMERCIAL PULPS ON DILUTE SODIUH ZYDROXIDE
SOLUTIONS

COTTON CELLULOSZ FPULP-RAG  Hardstock,

Original Final % Loss in Milligr. NaOH per
Formality Eormality Alkalinity gram of Pulp
.00137 .00105 23.4 .32
.00340 .00281 17.3 .59
.00536 .O0LT3 11,8 .63
.00744 .00675 9.3 .69
.00990 .00907 8.4 .83
BLEACRRD MITSCHERLICH SULPHITE
.00137 .00017 87.5 1.20
.00340 .00051 73.3 2.49
.00536 00224 A %g.z 3.23
.00ThY .00377 - 3 3.67
.00990 .00585 40.9 4.08
UNBLEACHED SULPHATE- XRAPT
Original Tinal 4 Loss in Nilligr. ¥aOE per
Normality Normality Alkalinity gram of Pulp
.00135 .000107 92, 1.26
.00340 .00083 .5 2.57
.00566 .00224 60.5 342
.007hk .00364 51.1 3.81
.00990 .00572 42,2 4,17
UNBLBACHED SULPHITE
.001%0 .000107 92.5 1.30
.00364 .000524 85.5 3.11
00547 .00118 75.5 4,29
.00T55 .00215 71.5 5.40
.00943 .00349 63.0 5.94%
BLPACEED SULPRITE- West Coast Hemlock
.00180 .000360 80.0 1.hh
.00380 .00141 63.9 2.43
00580 .0028Y4 51.0 2.96
.00760 LO0olLY 41.6 3.16
.00980 .00635 35.2 3.5
Purified WOOD FIBER -~ Super Alpha
.00180 .00122 32,0 576
.003&0 .00289 23.9 .91
.00580 .oou6L 20.0 1.16
.00760 00639 16.0 1.22
.00980 .00851 13.1 1.28
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The above datamre represented graphically in figures 8. and 9.
In FPig. 8, the percent of the availabdble allmlinity Temoved is
plotted against the original sodium hydroxide concentration, and
Fig. G shows the milligrams of sodium hydroxide removed per gras
of dry fiber for the original alkali concentrations. These curves
1llustrate the great difference in behavior of typical commercial
pulps. All of the pulps studied, give curves of the same general
form, wvhich seems to indicate that the mechanism of the alkall
removal is the same for all pulps. The unbleached sulphite pulp
shows the greatest activity in removing the salkalinity of the
solutions., It not only removes the bulk of the alkali in the more
dilute solutions, but it also removes a relatively large gquantity
of the available alkali over the entire range of concentration,
The kraft and the bleached Mitscherlich sulphite have very nearly
the same activity toward alkali removal, the kraft pulp having
& slightly greater action. The particular sample of bleached
sulphite used in this gdudy wes a pulp of rather high quality,
suitable fof high grads writingc aad book paper. Thi: adbility of
this pn].p to resove alkn.li_ is appreciably lower than that of the
bleached Nitscherlich mlpl;it‘. | The behavior of the purified
vood fiber, the alpha-pulp, is quite different from that of the
other chemical wood pulps; its ability to remove elkali is very
much lower than the activity of the other wood pulps. The rag
hardstock shows & tendency to remove only very smell amounts of
alkali., 7This sample of rag-stock was suitable for high grade

bond, danknote and ledger papers. The order in which these various

Pulps are alligned in their behavior toward dilute alkali solutions
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is rather interesting. The ebility of pulp fiders to remove alkall
sppears to be determined, to a very great extent; by the chemical
characteristics of the fibers, apparently, the higher the quality

of the pulp, the lower the tendency will be to reduce the alkalinity
of sodium hydroxide solutions,

THE DETERMINATION OF ALXKALI REMOVAL BY CONIWCTIVITY METHODS- 1In

the previously described experiments the loss in alkalinity was
determined by the method of direct titration. To obtain further
informetion concerning this action of cellulose fibers on dilute
alkali solutions, s few measurements were made on the electrical
conductivity of uod;nn hydroxide solutions defore and after being

in contact with pulp fibers for a definite period of time. An or-
dinery, Arrhenius type cell was used, in conjunction with a emall
potentiometer used as a Wheatstone bridge. The conductivity values
were determined at exactly 25 deg. C. The shredded pulp fibers were
allowed to stand in contact with the elkall solutions at 20 deg. C.
for a period of 30 hours, at a consistence of 4 percent., The fibers
were then removed by filtration and the conductivities of the
filtrates were determined, MNeasurements were also mads on portions
of the untreated solutions, and on distilled water that had been

in contact with the pulp fibers under similar conditions. The
resulte are as follows:

Unbleached Sulphite Pulp-~

Original Specific Conductance
Kormality Before Treatment After Treatment After Treatment
. Corrected
.001k1 000330 .000176 .000056
.00364 .0008% .000355 .000235
.005LE8 .001 .000550 .000L30
.00756 .0018& .00082%5 .000705

.009LY .00228 .00117 .00105
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The distilled water used in this experiment had a conductivity of
.000001 mho, and after being in contact with the pulp fiders the
conductivity increased to ,000120. The conductivity of the distil-
led water shows a consideradle increase after deing in contact

with the pulp fibers. It is quite difficult to correct for this
disturbing factor, but as a rough apyroximation, the messured values
of the conductsances of the filtrates were corrected by deducling the
value of the conductance of the white water. These corrected values
are given in the last column in the above table. The conductance
values are plotted against the original a2lkali concentration in

Tig. 13. The solid-line curves show the actual measurements for the
blank solutions and the filtrates. The brokem-line curve gives the
corrected values for'the filtrates. The conductivity of the solu-
tiona is sppreciadly lowered dDy the contact with the pulp fibers.

In Fig. 14, the percent lowaing of the conductivity is plotted
againgst the original sodium hydroxide éoncontration. The reduction
in the electrical conductivity should be an index of the removal of
the alkalinity. The percent loss in alkalinity for these sames solu-
tions, determined by titration methods, is 21s0 given in this

figure for comparison. The curves differ by about ten percent in
actual values, but doth curves indicate the pronounced activity of
the pulp fibers on these solutions. The value of the conductivity
method for dotq;ninlng the loss in alkalinity is limited by the
corroctidn thnf must be epplied for the meteriale that are dis-
solved from the pulp by the solutions. The solubility of the mater-
iale in the pulp fibers will undoubtedly vary somewhat with the
concentration of the alkali solutions. However, the results ob-
tained by the conductivity method are in fair agreement with the
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If dilute aluminum sulphate solutions are used im place
of the alkali solutions the behavior is quite different, The
specific conductivity of the filtrates is much higher than the
values of the pure solutions. The sluminum sulphate 1s hydrolyxed
in these dilute concentrations, and the alumina is sdsorded by
the fiders with the liberatios of free sulphuric acid. This
liberated sulphuric acid 1s responsidle for the high conductivi~
ties of the pulp flitrates in the case of aluminum sulphate

solutions.

THE LOWERING OF THE HYDROXYL IOE OONCENTRATION OF DILUTE SODIUM
HYDROXIDE SOLUTIONS BY COMMERCIAL PULPS.- The determination of
alkali by titratiomn methods involving phenolphalein as indica-
tor gives the total alkalinity above pE-8. The previously des-
cridbed meagurements on alkall removal represent changes in the
total alkalinity of the esolutions, rather them actual changes in
the hydroxyl ilonm concentration. A few determimations were mede on
the changes in hydroxyl ion conceamtration due to the presence of
pulp fidbers, by the method baged on the rate of the catalytic
decomposition of mitrosotriacetonamine, In this method it was
found that the measurements could be mede in the presence of the
pulp fibers.

In these expsriments, one graam of shredded pulp was placed
in the reaction vessel, and 50 cc. of the astandard alksli solution
were added., The mixture was allowsd to stand in the thermostat
at 50 deg. C for a period of twenty-four hours with intermittant

shaking. At the end of this period, twenty-five cc. of an aqueous

solution of the amime were added, and the rate of the decomposition
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was determined., The hydroxyl ion concentration was celculated
from the reaction constant and the hydroxyl ion constant for this
temperature, The concentration of the blank solutions were also
deterzined by this w thod, The following data show the effect of
variocus commercial pulps on the hydroxyl ion concentratioam of

dilute sodium hydroxide solutions:

THE LOVERIRG OF THE HYDROXYL ION COECEMTRATION BY COMMERCIAL PULPS

consistence - 2% Temperature - 50 deg. C.
BLEACHED SULPHITE PULP
Original OH ¥insl OB Percent loss
Normality Normality in OH ion
01125 0094 17
.0090 00072 19'5
0056 .00u3 26
.0023 .00126 u5

BLEACHED MITSCRERLICH SULFEITE

0113 0059 L8
.0090 .00l1 5%
.0056 .00185 67
.0023 .00014 94

The changes in the hydroxyl ion concentration are smilar
to the changes in the total alkalinity; but the magnitude of the
former are somewhat greater, especially im the more dilute con-
centrations. These data also show the varied action of differ-
ent kinds of pulp fiders. The dleached sulphite pulp used in these
determinations was of very high quality. Its characteristics
approach those of a purified wood fiber or alpha pulp. The activity
of this pulp to reduce the hydroxyl iom concentration of the so-

lution ie less than half of that of the Mitscherlich sulphite.
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All of the previous measurements illustrate the tendency
of pulp fibers to reduce the alkalimnity of alkall solutions, and
also the great diffarence in behavior of the various pulps. A
similar action of the pulp fibers prodbadly occurs im dilute sising
solutions.

THE EFFECT OF COMNERCIAL PULP FIBERE ON DILUTX SCDIUN RESINATE
SOLUTIONS-

In general mill practice, it is customary to add the sise
to the bcatci after the stock and filler have been added, but
ususlly defore the alum. Ia some operations the size is added
after 2 portion or all of the alum has been furmished to the
beater, but this procedure is rather exceptional, The rosin is
usually added guite early in the beating operation, sad the alum
is introduced shortly before the beater is to be dumped. The
time of contact of the size with the stock depends on the time
of beating, this -aybvary from a saall fraction of an hour %o
saversl hours. There is usually e period of time in the beating
operation in which the stock is in suspension in a dilute rosin
soap solution, before the alum 1s added to precipitate the rosinm,

In the dilute concentrations of the beater, ths course of
the hydrolysis of sodium abietate, probsdly follows the following

equation:
NeR + HOR . —~ HR + XeOH ~s

)
Ka OB
The solubility of ebistic acid in water is extremely low, s0
that any abietic acid that is formed is ia a colloidal condition.
The sodium hydroxide that is formed, will be completely dissocisted

at these concentrations. According to the law of mass action, the
1}
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sdbove reactiod ‘in goveraed by the following relation:

x = (¥aR) (BOR
BR s0R

where k is a constant depending upon ths temperature, and the
quantities in the brackets represent the molecular concentrations
of the reactents. Since the sdietic acid is very insoludle,

the value (HR) will be mintained very nearly comstant dy the col-
loidal rosin, and at these concentrations the value (HOH) is

practically constant, the equilidrium conditions may dDe expressed

The concentration of the soap is meintained dy the alka-

by the relation-

1inity of the solution. Amy condition, which would reduce the sodimm
hydroxide concentration, would also reduce the concentration of the
soap,

The natural hydrolysis of sodium abietate was found to de
less than five percent in an ¥/300 solution at mormal temperatures,
The concentration of the siszing in the beater, assuming a neutral
aise, would probadly fall in the range between l/1ooo and ¥/100.

In bdeater concentrations, therefore, the exteat of the natural
hydrolysis of the rosim soap is only several percent, and a
large percentage of sodium resinate may be preseat providing a
normal alkalinity of the sosp is not reduced. In the beater,
however, the normal behavior of the size will be affected by the
condition of the water and of the stock. Any materiale in the

wvater which will affect the normal alkalinity of the sise, will

also force the hydrolysis of the soap.
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The action of pulp fiders on the alkalinity of dilute so-~
dium hydroxide solutions was discussed in the previous pages. It was
found that the alkalinity was greatly reduced by the presence of
the pulp fibers, snd that ths lowering of the alkalinity was de-~
termined by the nature of the pulp fibers, other conditions re-
meining constant. Also, the percentage lowering of the alkalinity
incresses with greater dilution of the 2lkali solutions. The
percent removal of the available slkalinity by pulp fiders appears
to approach 100 percent at infinite dilutiom. The action of the
pulp fibers on dilute alkali solutions should tend to alter the
normal equilibrium conditions of the dilute sodium resinate so-
lutions. In dilute sising solutions the alkalinity is rather low,
and the rresence of the pulp fibers should produce a great reduc-
tion in the free alkali concentration, with a corresponding drop
in the concentration of the soap. Under similar conditions, the
action of different pulp fibers will probadbly vary, since the
activity of pulp fibers toward alkali removal is quite variable.

A study was msde on the action of various commercial pulp fibers
on dilute sodium resinate solutions. The same series of commer-
cial pulp fidbers was used in this .tndy._al wvas used in the work
on the removal of the alkalinity in dilute sodium hydroxide so-
lutions. These pulps shov a wide range of behavior toward dilute
alkali solutions, and one would expect that the action ofvth.sc
pulps toward sodium resinate solutions would be in the same order
as in the case of the sodium hydroxide solutions.

The procedure for making the measurements on the action of

pulp fiders on rosin soap solutions was driefly as follows:
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Ten graa samples of the shredded pulp fﬁwrc vers shakoi wvith 250
cc. portions of standard sodium resinate solutions of concentrations
ranging between X/500 and ¥/100. This gave s comsistency of pulp
fibers in the mixture of 4 percent, The samples were allowed to
stand in a thermostat at 25 deg. C. for a period of twenty-four
hours. The fiders were then removed by filtering through a bare
Buechner funnel, and the filtrates were poured through the mats
a second time to odbtain a clear solution, The fibers vere sucked
as 4ry as possidle, and thern dried in an oven at 105 deg. C. %The
fiber mats wvere them extracted with ether in Soxhlet extractors
for four hours., The ether extracts were evaporated to dryness,
dried at 105 deg. C. for a period of sn hour and then veighed. 1In
a few cases, the ioap concentration of the filtrates were deter-
mined by precipitating the rosin from an sliquot portion of the
f£iltrate with mineral acid and extracting with ether, and finally
weighing the extract. This latter method was found to agres quite
closely with the msthod of extraction of the fi'born; The ether
solubilities of the untreated fibers were also determined to cor-
rect for soludle materisls originally present in the fiders. All
of the determinations were made in duplicate, The results of
these determinations are as follows:
Unbleached Sulphite Pulp:

Original Wormality % EHR present  § Rther § Ether
of Sodium Resinaste Dbased on pulp IExtract Extract

_ {Corrected)
L00278 ¥ 2.1 1.59 0.5
.00556 4,2 2.65 1.9
.00835 6.3 3.63 2.89
0111 g.4 4.60 3.86

Blank Pulp — 4 -
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Purified Wood Fiber - Alpha Pulp
.00278 2.1 .h18 36
00556 )4 . 2 . 7% . 73
.00835 6.3 1.08 1.02
L0111 s.4 1.33 1.27
Blank Pulp -—— .06 —

Bleached Nitscherlich Sulphite-
Original Normrlity % ER present € Bther % Xther
of Sodium Resinite based on pulp n Extract Extract

(Corrected)
00278 ¥ 2.1 . 946 .
.00556 4.2 1,43 1.13
00835 6.3 1.76 1.46
0111 B.4 2,00 1.70
Blank Pulp ——- .30 ——
Bleached Sulphite Pulp~
.00278 2.1 .18 Rt
.00556 4,2 1.25 5
00835 6.3 1.60 1.30
0111 8.4 1.81 1,51
Blank Pulp —— .30 ———
Unbleached Sulphate- Xraft
.00278 2.1 17 .69
.00556 4,2 1.38 1.30
.00835 6.3 2.02 2.12
00111 8.“ C 2.% 2082
Blank Pulp —-——- 08 ———
Cotton Cellulose - Rag Herdstock
00278 2.1 LU .63
.00556 4,2 .90 .79
.00835 6.3 1.07 .96
0111 8.4 1.16 1.05
Blank Pulp ~—— 11 ————

In the above tables, the first column gives the original nor-
mality of the sodium resinate in the solutions, the second column ghows

the smount of abletic acid present in the mixture as the sodium
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salt calculated in percent based on the dry fiber., The third
coluan gives the prcent ether solubdility of the pulp mats, dased
on the dry fider, together with the ether solubility of the un-
treated fider. The last column shows the percent ether solu-
bility corrected for the materials naturally occuring ia the pulp.
The six pulps used in this study vere the same as those used in
the study on the removal of alkalinity of the sodium hydroxide
solutions, The adove data are represented graphically ia Figure
10. 1Ia= this figure, the percent rosin removed by the pulp (the
corrected ether extract) is plotted against the percent rosin
originally present inm the solution, both percentages are dased
on the dry weight of the fiber, |

The order of the activity of the vario\_u pulps toward the
godium resinate lolﬁtlona appears o be releted to the behavior
of the pulp fibers toward sodium hydroxide solutioms. The roain
determinations were made by the use of ethsr as a solvent, so that
the major portior of the extracts were free rosin or adietic acid,
The mechsnism by the pulp fibers is probadly quite complex. The
ablietic acid xust first bde lidberated from the sodium salt dy the
natural or forced hydrolysis, due to the reduction in the noramal
alkalinity. This free rosin, as it is initially formed, is in a
very fine ocelloidal condition, and could probadbly be adsordbed or
mechanically held by the pulp fibvers. Apparently, the retention
of this rosin depends or the nature of the pulp fiders., In this
connection, a comparison of the curves im Fig. 10. with those of

Pig. 9 is of interest. In both casee, all of the wood pulps fall

in the same order. The unbleached sulphite pulp, which shows the
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greatest acti;ity toward slkali removal, also has the greatest ef-
fect on the sodium resinate, The purified wood fiber or a2lpha
pulp exhibits the lowest activity toward both slkdi and rosin
soap solutions, The remalning wood pulps lie intermediate between
the unbleached sulphite pulp and the alpha pulp. However, the re-
moval of rosin by the pulp is not exactly proportiomal to the a-
bility of the pulp fibers to lower the alkalinity of sodium hydrox-
i1de solutions, In their effect on sodium hydroxide solutions, the
kraft srd the bdleached Mitscherlich sulphite pulps are fairly close
together, but in the case of the size solutions greater difference
appear., The bleachad sulphite pulps are grouped closely together
in their effect omn the rosin goap solutions. The rag-hardstock
showvs 2 more or less sbnormel behavior toward the rosin sosp so-
lutions. It removes a comparetively large amount of rosin froa
the more dilute soap solutionms, hﬁt the reletive amount removed falls
off quite rapidly with increasing concentration of the soap. The
ability of a pulp to remove rosin from dilute sodium resinate
solutions appears to be determined, to a certain extent, by the
capacity of the pulp to lower the alkalinity of the solution.
The lowering of the =2lkalinity of sodium hydroxide solutions by
pulp fibers is probsbly due to several factors, end probably only
some of these factors are responsible in forcing the hydrolysis
of the soap solutions. The ssction of different pulp fibers on
sizing solutions is quite variable, depending on the nature of
the pulp, | |

The action of a few other pulps on dilute sodium resinate

solutions was investigated., A me chanical-pulp made from s;ruce,

an unbleached sulphite made from Western Hemlock, and a high grade
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bleached sulphite pulp made from spruce, were selected. The ex-
perimental procedure was the same as in the previous work on the

effect of pulp fidbers on rosin sosp solutions.

Kechanicel Pulp-Ground wood |

Original Normality 4 HR present &% Ether % Ether
of Sodium Resinate Ddased on pulp Extract Extract

(Corrected)

00278 ¥ 2.1 1.79 1.35

.00556 4,2 2.25 1.8

.00835 6.3 2,96 2.52

L0111 8.4 J.uh 3.00

Blank Pulp ——— 0.kh ——
Unbleached Sulphite - Hemlock

.00278 2.1 0.76 A7

.00556 4,2 1.4k 1.15

.00835 6.3 2.07 1.78

0111 8.4 2.56 2.27

Blank Pulp —— .29 2.27

Bleached Sulphite - Spruce

..00278 2.1 0.55% A2

. 00556 4,2 1.07 .9l

. 00835 6.3 1.46 1.33

. 0111 8.3 1.55 1.42

Blank Pulp — .13 ———

These data are plotted in Pig. 11. The ground wood pulp exhibits

& rather sbnormal behavior, a relatively large amount of rosin

is removed in the more diluto.solutions, and then the slope of the
curve becomes nesrly constant. Ground-wood pulp is highly lignified,
and a behavior different from chemicel pulps would be exp:cted. The
unbleached sulphite pulp from Hemlock was an essy bleaching pulp

of good quality. The bleached sulphite pulp made from spruce was

a special select pulp, sultable for high grade writing papers.




Meacaresents were made on the degree of hydrolysis of
dilute sodium resinate solutions at concentratisns that would be
prevalent in the beater. The degree of hydrolysis was determined
by the method employed by McBain for generally measuring fho hy-
droxyl fon concentration of soap solutions. This method is dased
on the rate of the catalytic decomposition of nitrosotriacetonemine
by hydroxyl ioms. The degree of hydrolysis of an ¥/100 sodium adie-
tate solution was found to be 0,54 percent at 30 deg. C. At 56 deg,
C. the extent of hydrolysis in an ¥/300 sodium abietate solution
was found to be 4.3 percent. These results are in close agreement
with the data reported by Beedle and Bolam (J. Soc. Chem. Ind. 40;
4, 277, 1921). At 90 deg. C. these authors found the extent of the
hydrolysis of .024 ¥ and .012 ¥ sodium abletate solutions to de 4.0
and 5.7 psrcent respectively., The determination of the degree of
hydrolysis of soap solutions by the method based on the catalytic de-
composition of nitrosotriacetonsmine, was shown by MNcBain to be in
excellent hgrconent with tﬁslhydrblyais determination based on the
method involving electromotive force meagurements. The adbove data
on the hydrolysis of nsutral sodiun‘resinato solutions are con-
trary to the results of Ivanoff (Bumeshnaia Promyshlemost, 1; 33,
1922). Ivanoff found that at a dilntién of 0.5 gram of rosin per
liter (0.0015 ¥ sodium resinate) as much as 95 percent of the rosin
is free. An 010015 sodium resinate solution shows a slight

turbidity, but the turbidity can hardly be due to 95 percent of
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the rosin present, since on the sddition of a mineral acid a very
much greater turbidity is produced. Messurements were also made
on the electrical condnctivity of sodium resinate solutions, The
i{ncrease in the equivalent conductance between the concentrations
of M/100 and ¥/1000 is not very great, showing that no great
changes are taking place in the constitution of the electrolyte
in this concentration raonge. The equivalent conductance of the
godium resinate solutions are high, but there does not appear to
be any pronounced tendency of the conductance curve toward ap-
proaching the conductance curve of sodium hydroxide, which would
be & rough indication of hydrolytic effects. At the concentra-
tions prevailing in the beater, the extent of the hydrolysis of
sodium resinate or neutral size is only several percent, and a
major portion of the neutral size can exist in solution as sodium
resinate. The stability of the roniﬁfsoap in the beater is deter-
mined mainly by the alkalinity of the beater water.

1t was found that commercial pulp fibers have a great ten-
dency to lower the alkalinity of dilute sodium hydroxide solu-
tions. In the concentretion range between ¥/1000 end ¥/100, the
alkali removal curves by the pulp fibers resemble typical adsorp-
tion curves, but the mechanism of the alkall removal can not be
due to true sdsorption processes, since higher temperatures favor
8 great alkali removal. The time necessary for equilidrimm con-
ditions to be established between the solutions amd the pulp
fibers 1s rather long. A great reduction ia alkalinity of the

solutions occurs in the initisl hours of contact with the pulp

fibers; the reduction in alkalinity becomes nearly constant in
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the moreconcentratsd solutions after seventy hours, but a slight,
increase in slksli removal is still noticable after this period of
time, especially in the more dilute solutions (see Fig. 5). The
lowering of the alkalinity is very appreciadble for most commercisl
pulps in an K/500 sodium hydroxide solution, several pulps remove
80 - 90 percent of the available alkaiinity. The activity of a
pulp to remove alkali appesars to de determined by the nature of
the pulp; the bebavior of different pulp fiders is quite varlable,
Unbleached pulps exhibit a great activity toward alkali removal,
bleached chemical pulps have an intermediate effect, and purified
wood fiber and rag-stock show the lowest sctivities. (Pig. 9).

The lowering of the alkslinity of dilute sodium hydroxide
solutions by pulp fiders was determined dy titration methods. Ad-
ditional meesuroments were made on the reduction in the electrical
conductivity of sodium hydroxide solutions dus to presence of
pulp fibters. Meagurements were also made on the reduction of the
hydroxyl ion concentration of sodium hydroxide solutions due to
the presence of pulp fibers, by a method based on the rate of the
catslytic decompoeition of nitiosotriwotonniu by hydroxyl ions.
All of tvholse measurements 1nd$_catq the great activity of pulp fibers
toward reducing tho‘ alkelinity of ‘duuto ®dium hydroxide solutions,
and the grest differences in behavior of the various pulps.

The activity of pulp fibers toward lowedng the alkalinity
of dilute alkali solutions should have sn effect on the normal
hydrolysis of neutrel size solutions. The stadbility of sodium

resinate solutions is determined by the natural alkalinity of these



-86-
solutions. If this alkalinity is removed, hydrolysis will take
place to restore the equilidrium, with the liberation of free able-~
tic acid. Since different pulps have a varied action in this respect
the amount of abletic acid liberated, will vary with the kind of
pulp. The bshavior of commercisl pulps toward dilute sodium
rosinatc solutions was studied, and the results indicate that the
various pulps heve a varisble action on these solutions. The amount
of rosin liberated from the solutions and retained by the pulp fibers
is dependent on the nature of the pulp. Pulp fibers which retain
a relatively large smount of rosin, also show a great tendency
toward lowering the alkalinity of sodium hydroxide solutioms.
Por a series of differsnt pulps, the activity toward alkali
resoval 1s not exactly proportional to the effect of these pulps
on the sosp solutions, but nevertheless, the action of the pulp
f£iders on the rosin solutions appears to be closely related to
the activity of the pulp fibers toward slkali removal (Pig. 9 and 10).
These experiments seem to indicate that the presénce of the pulp
fibers forces the hydrolysis of the sodium resinate. Since no
other agent was used in these experiments to precipitate the
rosin, the smount of rosin retained retained by the fiders was
determined primarily by the foiloving factors: Tirst, the ;-bunt of
free rosin liderated from the soap solution by the action of the
pulp fibers on the alkmlinity of the solution and second, the abil-
ity of the pulp fibers to retain this liberated rosin. There 1s the
possibility of the pulp fibers removing the rosin from the solution

as sodium resinste, and prodadly a portion of the rosia found in the

fibers vas present ss the sodium salt, bdut due to the effect of

the pulp fiders on the alkalinity of the soap solutions, it is
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quite likely that the rosim found in the fibers is prisarily the
liberated, colloidal ebietic acid.

In commercial practice, experience has shown, that in
general, the higher the cellulosic purity of the stock, the more
difficult it is to produce efficient sizing with rosin., It has
been found that rag stock and alpha fider are more difficult to
size than bleached sulphite, the bleached sulphite pulp in turn,
presents greater sizing difficulties than an undbleached fiber,
This behavior of the various coamercial pulps resembles the ac-
tivity of these pulps toward dilute sodium hydroxide and resinate
solutions. The nmature of the pulp fibers appeers to be a rather

important factor in the problem of rosin sizing.
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COncluiiont

From the results obtained in this investigation we may

draw the following conclusions:

1.

2.

The natural hydrolysis of sodium resinate solutions is
nof very great at beater concentration. The extent of
hydrolysis of an'l/loo sodium abletate solution wvas found
to be 0.50 purcent, at 30 deg. C. Por an ¥/300 sodium
sbietate solution at 56 deg. C, the extent of hydrolysis
was found to be L. 3 percent., In the case of a neutral
size, a large portion of the size can exist in the
beater as sodium resinate, providing there are no fac-
tors which will affect the hydrolytic alkalinity of the
solution,

Pulp fivers show a tendency $o lower the alkalinity of
very 4dilute sodium hydroxide solutions. The activity of
the various commercial pulps in this connection, appears
to de determined dy the nature of the pulp, its method
of preparation, impurities, etc. In general, the higher
the cellulose purity of the pulp, the lower the activity
of the pulp toward dilute alkaline solutions,

Dus to the tendency of pulp fidbers to lower the slkalinity
of dilute alkaline solutions, pulp fibers will tend to
force the hydrolysis of dilute sodium resinate solutions.
The extent to which the hydrolysis of the roein sise is
forced, by the pulp fibers, appesars to be closely related

to the activity of the pulp fibers toward lowering the

alkalinity of dilute alksline solutions.



