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ABSTRACT

To minmise water absorbancy in paper (writing papers),
the highly hydrophobic rosin is added. Optimum conditions
for effectivo use have been studied by estimating the
water penetrating rates of treated paper.

As a deviation from this general method we estimated
the retention of the paper additives used in sizing under
different conditions. The residual additives in backwater
(pulp filterates) were estimated also. These quantities
should be closely related to sizing values (peneration rates).

In our work the following were observed:-

(1) Optimum sizing with rosin is observed within a
pH range of 4-45.

(2) Sizing values increased with rosin addition to
a maximum value after which little increase is observed
for further rosin addition.

(3) Sizing values increased with aluminium (alum)
addition in a similar way as with rosin addition.

All these observations are in agreement with past
works done to find optimum sizing conditions by evaluating

the aqueous liquid penetration rates.

(vii)
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In this work also we tried to find out whether
production of rosin locally in Nigeria is possible. Our
conclusion is that Nigeria has all the potentials to
develop a rosin industry which could be treated as a
by industry of her developing paper industry.



Chapter One

INTRODUCTIORN

1.1 Paper:

Paper is made from cellulose fibres. These fibres
are of piant origin, The plant materials are first
cherically treated to remove unwanted lignin leaving the
plant cells together with the fibres,

The largest source at present is hardwood and sof te
wood of which the pine species (softwood) are on top of
the list. Other sources are the bamboos, jute, hemp and
sizal hemps. Factory wastes like linen and cotton wastes
are also used. Low strength papers are made from mono-
cotyledon stalks such as maize, sugar cane and straws
from various cereals.

The fibres are suspended in water which is later
removed by drainage to give a wet-mat. This mat is weak
s0 it is dried to develop the strength properties of paper.
Chemically the fibres consist of cellulose: long chains
of D-glucose units, linked together by 1-4B bonding.

The fibres are held together by interlocking in a sieve
like manner and also thpough hydrogen bonding1.
1



Initially the bonding is between OH-groups on the cellulose
fibres and the water molecules but when water is removed,

the much stronger interfibre bonding develops. (Fig.1).

/'H“., RN BN
: 0 0= -0’ /,0-
""ﬁ/ \H" “wg
Cellulose Cellulose Cellulose Cellulose
Bonding through H.@-molecule Direct interfibre
bonding
Pigure 1

The admissable suprface of the cellulose fibres can
be increased by fibrillating1 the fibres in thke 80 called
‘r:-ea‘l;im;:‘1 process. By this the number of OH-groups
avajilable for hydrogen bonding is greatly increased. This
increases the strength of the paper and infact the grading
of paper into different qualities of different strength
properties depends on the extent of fibrillation done
on the fibres,

Paper with its interlocking fibre nettwork has pores
through it and it is through these pores that aqueous
solutions pass during absorption. The cellulose fibres
themselves have lumens in them. This means that penetra=
tion by water is possible in the plane of the paper and
perpendicularly in the paper in the direction of the
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inter-fibre pores, The movement of aqueous inks in the
plane of the paper surface gives feather-like patterns
called 'feath&ring'1.

The rapid penetration of water intc paper has been
explained in many ways. ©Some believe that because the
OH=groups on cellulose possess high affinity1 for water,
they easily form hydrogen btonds with water during the absor-
ption process,

Swanaon2 studied the factors that affect penetration
of liquids into paper. He coneluded that the general
equation for the penetration of liquids into capillaries
and other porous materials holds for penetration into

paper sheets also, This equation could be written thus:=

AP = ag Cogﬂ -an--.alnooc(1)
Y

Washburn studied the phenomenon and he gave an equation

for the rate of penetration which could be written as

below: =

%]t' = x_%_cﬁgfﬁ SRS &

Where in both equations;
AP is tle difference in pressure across the sheet
o is the surface tension of the liquid

8 is the contact angle between the paper surface
and the liquid-air interphase.



Y is thc radius of thc capillary
1 4is thc depth of liquid pcnetration
N is thc viscosity of tk 1liquid
.{%% is thc ratc of pecnctration of the liquid

Equation 2 shows that liquids with large contact angles
penctrate lcss, Woatcr and other agueous solutions possess
small contact anglcs hence ratc of penetration is high.

To precvent feathering of inks, on writing papers and
disintegration duc to loss of strength wheﬂrgg absorbed
(i.ce in paper bags ete), water cbsorption must be minimized,
Onc of thc ways could bc by incrcasing the contact angles
between cellulose and watér by trecting the cellulose with
chanicals that are hydrophobic in nature, c.,g. rosin.

The process of minimizing watcer penctration into paper

is called sizing=.

1.2 Sizing of paper:

This can be done by adding rosin in its salt form
into the pulp slurry, The rosin is obtaincd from the
oleoresin of pinus speccies nmd consists of about 90% resin
acids: isomers of abietic and pimaric acid. (Fig. 2)1.
The remaining 10% ie a neutral fraction. Dispersion of
thc frec acids in water is impossible hence acids are

aaponified1. The rosin is then said to be cooked. This



5

This cooked rosin is easily emulsified in water amd its

dispersion in the pulp slurry is enhanced.

C
-
\ \COOH
COOH
(Abietic acid) (Pimaric acid)
T 2} acid ruc e
Fig, 2

IFor cooking of rosin, sodium carbonate or caustic
soda is used., Usually the practice in the paper factories
using this type of process is to add less than the
stochiometric amount of alkali needed for camplete sapond-
fication. The resulting type of emulsion is claimed to
possess better sizing properties than completely neutra-
lized emulsions, The cooking reaction can be represented
byt

2RCCOH  + na2003 ——> 2RCOOHa + CO, + H,0

This greater sizing ability of this non-neutral

emulsion can be attributed to the highly hydrophobic nature



of the free rosin acid molecules present. These form a
nucleus on whose surface saponified rosin acids are arranged
with their -COQ0~ groups directed outwards. Since there

is repulsion of similar changes from neighbouring similar
aggregates of rosin, there is extensive dispersion of

rosin particles in the emulsion hence btetter sizing results
are obtained.

To fix the rosin acids onto the cellulose fibres,
precipitating agents are needed, These precipitating
agents are usually ions of the polyvalent metals. The
effectiveness of these ions increases with the valency
and the co-ordination number of these metala3. Out of
these metals aluminium enjoys a unique position. It is
added in the form of alum (Alz(Sou)‘.18H2o), a readily
available and cheap salt. The aluﬁinium salts are mostly
colourless which is important for the making of white paper
products (cf. iron gives brown colourationa)B.

Studies have shown that optimum sizing is achieved

within a limited pH range. Sone workersh’5’6

have preported
that a pH range of L.0 = 4.5 is optimum for rosin sizinge.
It is known also that with an increase in rosin
concentrations, there is a corresponding increase in sizing
values, however Verhoeff2 and his co=-workers found that

after an addition of 1.0 = 1.5% rosin calculated on dry
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pulp weight, the increase in sizing values obtained per
unit weight of rosin is small. The exact amount of rosin
at which this saturation phenomenon starts, varies with
pulp types and the type of process being used in a paper
factory. Obviously this saturation point has to do with
the available fibre surface to be covered with rosin
molecules,

St.razdins1 has proposed am electrostatic explanation
for the fixation of rosin to the fivbres, In his opinion
the precipitating agents react with rosin to give a posi-
tive chaprge to the emulgated particles. Next the positively
charged particles are attracted by the negative sites on
the fibres., If the theory is correct, then an increase
in alum addition should cause an increase in sizing values

till a saturation point is reached.

1.3 Theo of ! '1:

WVhen rosin or alum are added seperately to pulp
samples, very little or no sizing is achieved, whereas
addition of both together to a pulp sample gives a rapid
increase in sizing values. The reactions taking place
between rosin, alum, and cellulose have been divided into

two;



(1) Complexes are first formed between rosin soap and alume
The alum (A12(30&)3.1BH20) dissociates into Boh== amd A10*
ions. It is assumed that the A13* ions are hydrated ard
these hydrated iomsare hydrolysed to give positively

charged complexes as follows: -
3+ 3+
K7t s a0 ——> [A1(5,0)4]
3+ P 2+ +
[Aa.(1,0)¢] [Al(oa)(ﬁgo)s] + Hg0
2+ % 1 + +
[AJ.(OH)(Hao)sl L~ [Al(o.-{)z(:{zo)u} + Hz0
I T s
[4(08),,(11,0),] [Ma(om (005 + 850
This hydrolysis sequence is accompanied by a rapid
increase in the acidity of the system. The Sou= ions
also react with the hydrated A13+ ions as follows:=-
= 3+ +
80, + [M(1,0)¢]™" &= @1(30“)(&20)&} + 2H,0
Davison’ suggested that rosin in its ionized form (RCO0T)
can also react with the aluminium ion complexes. The

aluminium ion hydrates progressively looses its water

molecules as was the case with its hydrolysis.
RCOO™ + [_]\1(3120)6]3+ o [AJ_(OH)(HQO)5]2+ + RCOOH

In T&UbEB1 opinion a direct attachment of the
OHegroups to the aluminium atom reduces the binding effect
on the remaining co~ordinated water molecules and 80 they

are rapldly replaced by more rosin molecules to give
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diresinates e.g.

[A2(08) (5,0)5]%% + 2RCooll & (42 (RoooH) , (07) (1,0) 5] *

20'

+ 2H
The free rosin acids formed ebove and the diresinate
moleculecs are insoluble in water, They Flocculate to
give sizing precipitate particles. Resinate ions (RCO0™)
attached to the neutral fractions also take down these
neutrals with them, Positive charges are imparted to the
particles by aluminium complexes aggregating on their

surfaces,

(1i) Wnen the size particles have been formed, they are
fixed onto the negatively charged fibres., OSince these
size particles are positively charged, Oswald amd
Lorenz1 also assumeéd that fixation is electrostatic in
nature,

This fact has been tested by Strazdins, Mason and
‘l‘honde6 by observing the movement of particles in rosin/
alum emulsions in an electric field. Small fibre debris
were found to migrate to the anode in the same type of
studies by Strazdins using pulp suspensions,

The Sou= competes with resinate ions (RCO0™) to form
complexes with [}l(OH)(H20)5]2+. This competition acts

as a moderator for the diresinate formation. This gives
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time for better dispersion of rogin in the system bhefore
they are absorbed, This is important in the paper

making process where rogin emulsion is added to large

chests of pulp, This delay in diresinate formation allows
thorough mixing of rosin and pulp before the actual

sizing takes place, This avoids local excess of rosin.c}»f{

Precipitation of rosin in acid medium has been
ocbserved by Strazling, however the precipitates are
negatively charged and cannot be used to size paper
effectively. However he observed thaet when these type of
precipitates were used, there was little increment in
sizing value and this he attributed to the hydrophobic
nature of the rosin acids which enables them to escape
from the aqueous medium and adhere onto the cellulose
fibres with the aid of Van-der-Waals forces,

If the rosin is %0 be fixed permanently onto the
fibres, forces other than electrostatic attraction and
Van-der-Waals' forces must be considered. It has been
suggested that the carboxyl groups on the lignin residues
amd the hydroxyl groups on the cellulose fibres could be
used for this purpose, The binding between those groups

ardd the aluminium ions could be co=ordinative in character.
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1.4 Sgope of present Work:

In the present work it is intended that the retention
of rosin and aluminium under various cenditi ons should
be studied, The study would be carried out for imported
and locally collected rosin samples, It is then hoped that
a comparative study of the data would throw aome light
on the optimum conditions needed for best sizing develop-
ment, An insight into the mechanism of sizing could also
be gained. For the studies the variables were chcsen as
follows,
pi:

Ag indicated in the first part, pH plays a great
rcle in sizing of papers and it is a well known fact
that sizing values are highest with a certain pH rangé.ﬂ
It is intended that the work should indicate the area of
this sizing pH range by estimating the quantities of
rosin and aluminium present on the fibres and in the
filtrate got from filtering the pulp slurry as is done
on o paper-machine wire. This filtrate is called
"hackwater'. The estimation is done at various pH values.
Rosin and alum concentratbions:

A variation in the amounts used should affect the
sizing values, The pattern of this effect is not well

known. Lstimation of their quantities in the sheet amd
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backwater at fixed pH value should show the nature of
the relationship that exists between sizing and tine above
named chemical concentrations. The concentration of one

mast be fixed while the other is varied during the studies.

1.5 Rogin consumption and production in Nigeria:

Can ion:=-
Various industries like the producers of varnish,
paint, and furniture polish consume rosin, but so far
the largest consumer is the paper industry. In the United
States, this industry consumes about 60% of the total
rosin produced. The rosin is consumed either in the native
form or in forms modified by substituting the hydrogens
in the rosin acid rings. These modified rosin products
are becoming popular due to their effectiveness per wnlt
weight and their increased solubilities. wﬁinﬂ~§¢¢'£;g5‘
Efforts have been made to find other gsizing materials
to substitute for rosin, but so far none has been dable
t0 replace rosin and its derivatives in the whole field
of application.
Until now Nigeria imports most of her paper needs,
Only 20% is made in the country. The rate of paper consum-
ption goeg hawnd in hand with a country's devel cpment.
This will account for the rapid growth of Nigeria's paper

industry. This growth is inlicated by the efforts of
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the Federal Military Government to increase the output of
the paper industry. Apart from one planned mill for tie
production of newsprint in which no rosin is used, one
other mill using rosin will be started in the current
five year develooment plan (1975—1980) with & capacity

of 100 Tons of paper daily.

The existing mill at Jebba produces 14000-15000 tons
of paper per year, and agsuming a maximum rosin content
of about 2%, the rosin consumption at present amounts to
200-300 tons rosin per year in paper making, Allowing
another 200 tens of rosin per year for other industries,
a total of about L00=500 tons of rosin could be estimated
for Nigeria's present annual consumption.

If the expansion programme is carried out, reasoning
on the same basis as above leads to a rosin consumption

of about 1500 tons/year in Nigeria paper mills only.

So ol :

Rogin is produced from exudates of pine species.
Incidentally, these trees also are sources of long fibre-
pulp which is one of the raw materials for paper. Techni-
cally the exudates are called oleoresin. Analysis of this
oleoreain8 from different pine species showed a mean

rosin acid content of about 68%, a turpentine content
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of about 20% and about 12% water and neutral fractions.
The oleoresin composition will differ slightly from that
obtained fram pines grown in Nigeria due to scil and
climatic conditions.

In Kigeria pines do well between latitudes 70-100 9,
where the difference between wet and dry seasons im less
pronounced as it is mear the south & tk ountry,.

Jackson 210

showed that pines in Nigeria grow best

in area where the height above sea level is about 1000 meters
with a rainfall not less than 1250mm per year. Heavy
rainfalls would compensate for low altitudes,

Growth trials O*Y

have been carried out in the following
areast -~

The Jos plateaun

Kaduna (600 metres with 1300mm rainfzll/year)

Tbodan (210 metres with 1700mm rainfall/year)

Mambilla plateau (1500 metres with 1700mm rainfall/ year)

In all these places the species with best growih rates

are the Pinus Oo~cappz Schucle and Pinus Caribaea-var-

hondurensi s-Barpe,

On the same trial sites, Callistris glasWca {(-nother
conifer type) produces copious exudates of oleoresin
with high rosin acid content but its rate of growth is slow.

Besides the yileld of pulp per ton wood is very low for
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this species due to the heavy branchinge. This suggests
that plantations of Cpllistris glaMca could be considered
a secondary scurce of rosin. As rosin industries are
by-industries of pulp production, primary sources will

be fast growing trees with high pulp yields.

Technical methods for the vroduction of rosin:

Generally threc methods are used:
- From standingtrees
- 8olvent extraction of wood wastes
- Acidification of residual liquors from
the pulp mills,

Where standing trecs arc involved11, wounds are made
on the trees and the gum is collected., This is the
oleoresin. The syrupy Julce is cleaned by filtration and
suhsquently sprayed in a flask-dry tank, where volatile
canponents like turpentine and water are driven off,

The molten rosin falls into a buffer storage tenk and is
subsquently packed for sale. This method can bs uvsed
before trees are felled for pulp making.

In the solvent extraction11 wood wastes obtained from
pine Stumps uprooted from pine plantations are chipped to
convenient sizes. They are then extracted with naphtha
or petroleum of 200°%-240°F boiling range. Subsquently

the solvents are removed in evaporators., 4 suitable source
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of these sclvents is the Nigerian petroleum industry.

The last method is only applicable where pulp is
made from pine wood exclusively. The residual liquor11
filtered off contains rosin scap. Acidification of this
liquor liberates the free rosin acids., These are skimmed

from the surface of the liquors.

oduction of ro in Nigeria:

The first two methods of production are suitable
for Nigeria, Infact these two methods could be inter-
grated by feeding the pre-heated oleoresin of the first
method into an intermediate evaporator together with the
oncoming wood extracts fraom the second method.

The last method of rosin production will not be
useful in Nigeria since it is planned that a mixed cook
of pines and hardwoods would be used to make pulp. This
means that purification of the rosin soaps will be expensive,

Prom this brief study, one can conclude that Nigeria
has the potentials to produce her own rosin. Also there
is an expamding market for rosin in Nigeria. This market
could possibly be extended to the neighbouring countries.
Lastly the petroleum industry will provide a cheap readily

available source of solvents for the rosin prcaduction,



Chapter Two
RAW MATERIALS AND EXPERIMENTAL HETHODS

This chapter will deal with row materials used amd
the selection of loboratory mcthads that would be used

in the work.

2s1 Raw laterinzls:
Inported rosin (This is gum rosin made in Portugol)e
This wns supplied by the Poper 1'ill at Jebba. The lumps
of rcsin with a brown crystalline appearance were kept
in senled cellophane baga to exclude air ard moisture,
Genepnlly commercial rosin is graded12 ot basis of colour
represented by letters X, WW, N, 4, K, I, H, G, F, E and
B in order of increaging darkness amd decreasing qualitye.
Analysis of different grades showed that they possess
acid numbcrs12 ranging from 120 to about 160, Here acid
number is used to characterize rosin. It is the number
of milligrams of potnssium hydrofhe required to neutralized
one gram of rosin, The best qualities have the higher
acid numbers. Rosin samples contnin the rosin acid
fraction (abietic and primaric acids amd their 1somers},
fatty acids, and neutral fractions in various proportions
but roin acid content varies from 60-90%. The guality
of rosin inercases with content of rosin acids.

17
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Our analysis of the imported rosin given gave a
fosin acid content of about 60%. Analysis was done by
precipitating the acids with cyclohexylamine. Comparison
with a rosin cdlour chart showed it to be of grade wWW,
The¢ acid number and moisture contents were about 170

and 0.5% respectively.

Nigeria (log¢al) rogin - This was produced by wounding
pines at Afaka plantation in Keduna. The species used

were the Pinug-0o-Carpa and Pinus Caribaeg-var-hondurcnsis

-Barrg. The exudates aleo called oleoresin were collected

in little containers made of aluminium foil., Hxudates
production in a particular wound could last for about
3= days. Rosin acids dissolve in organic golvents
like ether, chloroform and acetone. This property was
uged in isoclating the rosin acids from the oleoresin
samples ccliected. In our case, the oleoresin was treated
with ether and the solution filtered under suction. The
ether extract was evaporatcd to drynsss in a beaker on
a gteam bath.,. 7The residue was very sticky and on
standing overnight in o desiceater, it gave a mags of
pale brown crystals. This proaduct is our local rosin.
Analysis of the local rosin made showed a2 moisture

content of shout 6,3% with an acid number of about 150.
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The rosin acld content was determined by precipitating
13

the acids aes cyclohexylamine salts., This pave a value
of about 55%, but ealeulations using obhserved acid number
gave about 68%, This difference between the two methods
wag duc to lncomplete precipitation of the cyclohexylamine
salts., It was observed that filtrates obtained after
Tiltering off the salts went turbid on standing due to
furbher salt precipitation. This indicated that this
method is good only for qualitative work. .

Comparing the local rosin colour with a rosin colour
chart showed it to be between N and M grades.

Since rosin is insoluble in water, effective distri=-
bution in parer~making systems is obtained by making
emilaions of rosin socaps. BSoaps are made by a saponifie

W

cation process g follows: -

Rogin (5.0gms; 3.3m moles) was treated with z slight
excess of sodium carbonate analytical grade of 99,9%
purity (1.0gm; 8.95m mles) in distilled water (70 mls).
The resulting mixture wns transferred intc 2 round hottom
flask (250 mls) and diluted with water (100 mls), It was
then boiled under reflux for two hours. During this

process the rogin gradually disgolved to give a bHrownish

liguid which was transferred into a two litre flask anmd
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made up to two litres mark with warm distiilled water at

60°C, This converted the reaction mixture into a white

emulsion which was used as the rosin stock emulsion with

a concentration of 0.25%.

Alum Squple - (Brand - Boliden Aluminium sulphate)
(Supplier - Boliden Aktiebolog of Sweden)

(4'-'&:1.203 content is about 17-18% amd is
iron free).

Commercial alum crystals given by Jebba lLiills were
also used for the studies. A 0.2% stock solution of the
alum was prepared in distilled water. The hydrated form
of the crystals contained various anounts of water molecules
which could be represented as Al2(30h)3' XH,0 where X is
claimed tc be about eighteen in paper maker's alum1.
Pulp sample - (Billerud unbleached Xraft Pulp)

(Supplied by Billerud of Sweden).

The pulp samples used were wet unbleached kraft pulp
given by the mill at Jebba. The pulps were semi-refined
14

to a freeness of about 25-30°SR vhe re °BR is the degrees
Schopper Riegler. Freeness is the ability of a2 given

pulp to retain its water contents and it is measured by
the rate of drainage on standard sieves, l'reeness is
measured by reading the volume of water that drains intp

a cylinder graduated into 100 parts with markings starting
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from top to bottom, The procedure and canditions are
contained in the standard methods of the Technical
Association of Pulp and Paper Industries (Tappis). The
higher the °SR value, the slower the rate of drainage

of water from the pulp. The rate of drainage depends on
the number of cellulose hydroxylic groups that are availa-
ble for making weak bondings with water molecules. This
number is directly proportional to the surface area of
the pulp fibres exposed during refining. The wet samples
were stored in a fridge to prevent biological decomposi-
tion.

2.2 ngpa;a;;on of hand Sheets:

The effectiveness of a given rosin sample is best
evaluated by making paper,sized wi th the rosin sample
on a paper-machine,

This approach is not feasable for a systematic eva-
luation of a large number of samples within a reasonable
time since equilibria in paper-making systems are not
¢uickly established, The size of a paper production unit
and the partial circulation of the enormous guantity of
water used in the paper making are causes of the long
delay before a state of equilibrium is re-established

after a change in the addition of any of the paper making
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I .
(11i) processing of the wet paper mat between press
rolls to smoothen the paper and to remove part
of the water.

(iv) Drying of tle paper on drying cylinders.

The paper making process 18 imitated on & ldboratory
sheet former by draining a pulp slurry with a solid
content of about 0.43-0.5% on a wire gauze (Bee figure l).
Sutseqiently the gauze with the sheet is removed from the
apparatus., The sheet is taken of f the gauze, pressed with
a hand roll ard dried between blotting paper aml dried
on laboratory drying cylinders. The resulting sheet is
called a hand sheet.,

The eseential difference between paper making on a
sheet former and on a paper machine is that on the latter
the fibres are orientated during drainage of the pulp in
the direction of tk gpeed of the wire (machine direction).
Paper thus produced will show difierent characteristics
in the machine divection amd in the cross direction,

These dif ferences are most pronounced in the strength
properties, Properties like water absorption are influenced
by the direction of measurement to a much lowsr extent,

As a consequenge the laboratory sheet former on which the
fibre orientation is at random in the horizental plane

gives more reliable results for water absorption properties
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than for strength measurements of hand sheets in relation
to the results obtained in the practice of paper makings
The experimental work far the underlying ivestigation
could not wait for the arrival of a labopratopy sheet-~former
in the department so we made our own arrangements as
sketched in fig.bh. |
In the arrangement a Blickner filter funnel represented
the cylinder in the sheet former. Similarly the wire
gauze was replaced by a fline mackintosh cloth mesh
supported on a coarse wire gauze,

To retain the pulp slurry on the wire gauze before

) drainage starts, a cotton wood plug which had bLeen sozked

in water for one day was inserted as shown in figure b,
Thig represented the volve shown for the sheet former in
figure L4« In the sheet former the drainage is carried
out by opening the valve and alse that of the sump go
thmt water flowed out so draining the pulp. In our case
we used a vacsuum pump to drain the puilp.

According to the practice of paper making the weight15
of sheets (or paper samples) is expressed in gram per
square meter (M8), The water drained in the three

methods of making paper is called backwater or white watern,

This water contaln residual materials not adsorbed by the
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fibres in the sheet. Also in the three proceedures
mentioned the pulp slurry drained on the wires had a
sonsistency of about 0.4% where consistency is the
percentage by weight of bone~dry pulp in a given pulp
glurry .

The fumnel used had a radius of 10,6 cms hence an area
of 353 sq, cm, This meant that a paper sheet of 60 grams.
per square metre (60 GMS) should weigh about 2,12 gms when
prepared with the funnel. Throughout this investigation
sheets of 60 QI8 were prepared and tested.

Pulp samples were disintegrated in a plastic bucket
using an electric stirrer. This operation tock about 1-2
hours depending upon the dryness of the pulp used,
Distilled water was added and sheets were prepared using
a fixed volume of the pulp slurry. These sheets are used
to determine the concentration as percentage of bone dry
pulp in a fixed quantity of pulp slurry. The consistency
of the stock pulp slurry was found to be about 0,5-0.8%.

Quantities of this slurry that would give 2.12 gms
sheet in the Buchner funnel were taken into a two 1litre
plastic jug and treated with rosin needed, then stirred
for one to two minutes with a glass rod, Alum needed was
added and the sample was stirred again, The pH of the
sample with these additives was about 5.5-6,0. The pH at



29

which sheets would be made was fixed as described in
section 2.,3. The slurry was then made to one litre with
distilled water to give a final consistency of about 0.35
to 0.50%.

This was quickly but gently poured into the funnel
which had been stoppered with the cotton wool plug, The
water was removed by suctioning using a vaccuum pump,

By controlling the rate of suction with the air inlet
shown in figure 5 a uniform spreading of the slurry on the
wire was achieved., This is called fomation of thc sheet
by paper-mokers.

The shecets formed were blotted between filter papers,
A smoothening effect produced by the process on the
paper machine could be imitated by rolling a piece of iron
pipe under light pressure on the upper filter paper layer.
The sheets were dried on a photadryer, Since the sheets
were more dried than the paper made on a paper machine,
they were kept for one day at room conditions. This was

15

done because the initial water contents of the sheets

affect their water absorbing properties.

2¢3 Variation of pH, Rosin and Alum Concentration:
To study the effect of the variation of pH on sizing

10 mls rosin (25mg) and 10 mls (1.62mg Al3+) alum were
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added to pulp slurry which gave 60 @S sheets a8 above,
The pH of the slurry was adjusted to the desired level
using a pH meter. Adjustments were made with sulphurie
acid (2N; 2-6 drops) or sodium hydroxide (2N; 2~6 drops).
The range chosen was from pH 2-6,5. Below pH = 2, the
gheets were charred on drying due t¢ high acidity. ZEven
when dried at room temperature they later erumbled to
rieces. The upper limit was chosen at 6.5 since gbove
thig velue this sizing process with rosin is not possiblees

Foy investigating the effect of variaticon of rosin
conecentration, the pulp slurry was treated with 10 mls
(1.62mg A13+) alum and various quantitiss of rosin were
used teo make sheets at the optimum pH found from the effect
of pH variation.

Gimilar experiments were carried out to investigate
the effect of varying the alun coneentrations. Here sheets
were made with 10 mls rosin (25mg) at the optimum pH.

These experiments were performed using both imported ard

local rosin,

2.4 Determination of Rosin:

Three methodls were tried, The last one was four O

be useful and adopted as the standard in the work,
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Gravimetric method - This method was proposed as a stand-
ard method by the Technical Association of tlr Pulp and
Paper Industry (Tappi)1h. Here backwater samples or
acidified ethanolic extracts of paper samnples were eva-
porated to dryness and the residues were dissolved in
ether, The ether solutions were filtered and tle filtrate
evaporated to dryness till a constant weight was achievad.
The ether residues were assumed to be the rosin present in
the backwater or in the sheets, From these, total rosin
in 2.12gms of sheet amd all backwater collected were
estimated respectively.

The wesults of rosin extracted from the sheets at
various alum concentrations and at optimum pH is show on
page 32{Table.1)., About 25mg of rosin was added to each
puly sample and corrections were made for the moisture
contents of sheets., (Moisture contents of the sheets
was about 3.45%).

These results showed that values of rosin quantities
determined in the sheet flunctuated strongly and were
higher than the amount originally added to tke pulp. This
error could be as high as 50-60% of rosin added. On this
basis the Tappi gravimeteric method wae discarded.

These high values would be due to other materials extrac-

ted with rosin,
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Table 4: Rosin extracted from sheets

Muntntum sddeq |7o18h8 of residue | ) Sotal Tosin in

(mg) (mg)
Ce.0 8.9 39.1
0.33 5 77.6
0.49 8.9 39.1
0,65 5.9 26.1
0.97 4.8 21.1
1.30 8.6 377
1.62 9.3 LO.8

Co et H

Verhoeff, Hart amd Gallay2

used dyes that react with
rosin. The dyes and the rosin were first mixed to allow
them to react. This dye/rosin mixture was added to the
pulp slurry. The amount of dye left in the sheets and
backwater were matched against standards.

This method was alsc not satisfactory since one was
not sure whether it was the dye/rosin camplex or rosin/
aluminium complex that was retained., Such a dye/rosin
complex could possibly interfere with the rosin/:‘xl}"'
canplex formation, It was possible that some of the dye
did not form rosin/dye complex and were just washed into
the backwater and same sticking unto the fibres. All

these fact would affect our results.
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§ppctronhotometriQJgggggg:
16

Karmi—Pa—Gikyoshii ghowed that it Wwas possible toO
determine rosin in the backwater spectrophotometrically.
This was possible because rosin absorbs U¥-1light in the
raonge of 200-300:1:1117’18’13 with different isomers having
different sbgorption peikSa

We tried this method, The spectra obt ained for
thoroughly'defibred packwater samples did not show distinct
sbsorption peaks (See Pigs. 6 and 7). This was due 1O
yhe presence Of other wood components dissolved in backwater
during sheet making gspecially at very acidic and alkaline
pH values. The compounis seene 1O sbgorb UV light in the
same wavelength reglon as the rosin acids. Yomc of thuse

compounis19 werc lignin, tannins and protolignins.

Tpinl s carried out on paper extracts also proved to
bo ungatisfactory. In the extraction, the acidified ethanol
used rcacted with lignin to give an alcohol-lignin -i |
complex with alkoxyl-groups19. These complexes werc gplit
by the acid to give simpler compound se These prolucts
interfere with the rosin «boorp tion (Bec Fig. T AR

In view of the foregoing Bacts, attempts were mage

to extract the rosin acids from the aqucous medla using

organic solvents pefore the spectrophotometric determinatlon.



3k

UV ABSOPTION OF ROSIN SOAP IN BACKWATER ; Fig /
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Liguid/liquid extractions (extraction of backwater
or paper extracts) werc carricd out using various solvents
such as ether, acctone, chloroform and mixturcs of these
solvents, Of 211 extractions tried, the aquecous liquid/
chloroform extraction proved to be the most successful,
However, the absorption peaks werec cut off around 240-245nm
due to the strong absorption of chloroform at this
wavelength range. This secparation was succesafully carried
out for backwater samples with little interference from
othér wood extractives, However the extraction with
chloroform of ethanolic paper extracts was unsuccessful.

he chlorofom extracts were brown amd did not si.ow proper
absorption peaks in the UV-gpectrophotometier,

To prove that it was the rosin giving the absorption
spectra obtained, pure samples of unsaponified and
saponified rosin were disperszed in water and the emulsions
were extracted with chloroform (analar grade), Similar
spectra were obtained (See Figs. 8 2nd 9).

On this basis we decided that a spectrophotometric
determination of rosin in backwater after extraction with
chloroform would be possible. The preparation of a calie
bration curve for that dectermination will be the sub ject

of the next section,
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It has been shown in page 37 that the determination
of rosin in shecets camnot be done in a similar way. Ve
tried another method by passing the brown chloroform extracts
through a column of activated alumina :nd eluting it with
chloroform, The brown colorations werc removed, but
some rosin was lost as can be seen in Table 2 and Pig,.10,
The spectrophotometric values were comparcd with calculated
values for rosin in the shéet got by subtracting the
rosin in backwater from the amount added to the pulp
initially. The measured values were found to be usually

low and hgghly inconsistent.

Table 2: Observed amd Calculated rosin in sheet

pH lAbsorbance |Rosin observed (mg) |Rosin calculated (mg)
2.0 0.55 14.9 4.1
2¢5 0.56 15.2 1547
3.0 0.57 15.4 18,1
3¢5 056 152 19.0
440 0.68 18.2 134
4e5 D.64 1741 174
5.0 0.82 2241 18.7
5¢5 - - 1he1
6.0 0535 14,20 117
6.5 0.79 - 4.9
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1t may be concluded that the spectrophdtometric
determination of rosin in sheets after separatiorn over
activated alumina was not satisfactory either. Instead
of a determination of the guantiiy of rosin in sheets we
will wae a2 determination of the rate of water penetration

in the sheet (3.10)}.

2.5 Calibration curve for the Spectrophotometric
Determination of Rosin:

Portions of stock emulsion of imported rosin (0.25%)
were taken and made up to 100 mls with distilled water,
Subsquently the pH of the diluted sample wes ad justed 10
about 10~41 with sodium hydroxide (2¥), The diluted sample
was transferred to a 250 ml separating fumel a2nd 25 ml
of anclar chloroform was added. The funnel was shaken
for a few minutesz, After thnt the chloroform layer was
dravn into standard 50 mls flasks, 4notke r 20 mls of the
CHCIL3 was uged to extract the agqueous layer {for tle second
time. The two extracts were combined and made wp to
50 mls. Absorpition spectra were pocorded with the Unicam

spectrophoctoneter 8 uging 10mm silica cells.

At o wavelength of about 255nm 4ll isomers of rosin showed
absorption, but different peaks were cut off however dug to

the strong 03015 abgorption in the range of 235-2L15nm,
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In agqueous cystems absorption of rosin acids has a
maexinum at cbout 24inm. This ghifts to sbout 250mm in
chloroformzo. We chocee 255mm, nenr to the expected
absorption maximum vut not hindercd too much by the chlow
roform absorption, The results of the calibration are
in Table 3 and Fig.1l. & similar calibration curve was

prepared oy local rosin also,

Teble 3: Rogin Calibvration curve at 255mm.

Volume of stock extracted G%£§?§E€?Tion Apsorbances
0.0 mls 0.0 0.00
0.1 5.0 0410
0.3 15.0 Qe2bH
0.5 25,0 0Ll
0.8 Lo.0 0.66
1.0 50.0 0.81
e 55.0 0.88

The calibrations for imported ond local rosing are

shown in Fig.11 and Fig.12 respectively.

2.6 Determination of rosin in Dackwaters

Backwater samples were defibred Ly filtering on
cheese cloth under suction, KRosin extraction was carried
cut 2s in the previous papagraph for 5 mls of each

samples The rogin concentration were read from the



10 +
L2
IMPORTED ROSIN CALIBRATION CURVE
Fl,?’
8 <
Absor barice 3151
N
-
1O)
‘ -
1
‘T 1
. . 5 T T T -r r T
.0 40.0 60.0 80.0

=== Rosin mg/lit,

GRAPH, 3. IMPORTED ROSIN CALIBRATION CURVE, . . TABLE 3



43

LOCAL ROSIN CALIBRATION CURYE Fg. 12

0 2.0
= rosin /50mis CHCLy

LOCAL ROSIN CALIBRATION CURVE TABLE . ....J



W

calibration curve., Separations should be done carefully
since little debris of filbres collect at the interphase
of ¢hloroform aml water. They may interfere with the

rosin absorption in the apectrophotometer.

2.7 DRetermination of gxgg;g;gaﬂigggt

In general, there are various methods for the deter-
mination of aluminium ions including grmvimetrioz1,
caﬁ].orimetric21 and co-precipitating21 methods.  Our

experience with these results are summarized below.

Gravimetric methods:

Here the aluninium ions were determined as alumina

(Algoj). The alumina was obtoined by igeiting the alumi-
nivpm hydroxide pirecipitated under alkaline conditions.

We tried this method bubt did not get reproducible” ?22
results. Other workers reported the same experience.

The total precipitation of aluminiun hydroxide occurs
at pH 6.5«7.5. 1In this norrow range indicators gave no
relinble result since end-point colour changes were often
difficult to observe. We used a pH-meter. However too
high results were obtanined (but reproducible), The smount
of water of crystallization in ignited alumins is usually
a matter of uncertainty as shown by BlumeB. After all the

amall amount of precipitote in our work caused a<enpari-

tively low accuracy of the welghings,
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Co-precipitation method:
Here precipitatigg agents are used to precipitate

aluminium ion complexes, The precipiiates are weighed and
from their molecular formulae the aluminium ion contents
could be determined. The common precipitating agents

are 8-=hydroxylquinoline amd solochrome-cyanine-R, We tried

these two but the results were not reproducible,

oto c :

Coloured aluminium complexes are used to determine
the concentration of aluminium ions by means of a Baus'ch
and Lomb spectronic 20 spectrophotometer, Our trial was
based on the method proposed by K, E, Ehnr'l{e'z,4 in 1966,
The results we obtuined were repgpoducible and considering
the foregoing observations we decided to determine the

aluminium contents of our samples in this way.

2,8 Calivration curve for spectrophotometric determination
of aluminium iong:

Reagents - &bout 0,10 gms aluminium wire of analyti-
cal reagent grade (99.9%) was treated with concentrated
HC1 (3 mls) and concentrated A0, (3 mls) respectively.
The resulting reaction mixture was heated until a homoge-
neous solution was obtained., This was diluted to 2 litres

with distilled water.
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A buffer solution of pH 9.0 was prepared by dissolving
207 gm8 ammonium chloride in 266 mls concentrated analar
ammonia solution, in a 2 litre flask and made up to the
nark with distilled water,

The 8-hydroxylquinoline reagent (1%) was prepared
by dissolving 1.0gm of the solid reagent in 100 mls of

chloroforn. The reagent wns stored in a dark bottle.

Q re of a on dete ation:

Portions of the aluminium solution were taken into
a 250 mls beaker and 50 mls of distilled water was added.
The pH was adjusted with drops of analar ammonia solution
or 1 (2N) to give a value of 9.5 on a pH-meter, Then
10 mls of the buffer solution was added and the whole was
made up to 150 mls with distilled water. This was trang-
ferred into a 250 mls separating funnel and 10 & 1 mls of
the 8-hydroxylouinoline reagent in chloroform was ndded.
The funnel was shaken for about 2-3 minutes. The system
reached equilibrium after about two minutes. The CHCJ.5
layer was run into a 50 mls standard flask. The agueous
layer was agnin extracted with another 10 mls of ciiloroform.
The chloroform extracts were combined in a 50 mls volume-

tric flask and made up to the mark with acetone (analar).
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An intense yellow solution was obtained. Using acetone
as o reference, nbsorbances were read at 390nm with
Baus'eh and Lomb spectronic 20, A blank extraction with
distilled water was done and its absorbance valuc sub-
strocted from the alurinium determin.tions, A graph of
absorbance values agninst concentrations was prepared,

(Teble 4 and Fig. 13).

Table 4: Aluminium calibpation curve at 390mu

S St e | STt [Sommosion

0.0 mls 0,04 0 0.0

0.5 0.23 0.19 0.025
0.8 0.25 0.21 0.040
1.0 0.30 0.26 0.050
162 0435 0.31 0,060
1.5 Oe45 O.u1 0.075
2.0 0.57 052 0.100
3.0 0.84 0.80 0.150
4.0 1 .09 1.05 0.200

2.9 Determination of aluminium ions in backwater and
in Sheet:

Backwater samples (30-50 mle) were token and HINO,
(20) (3 mls) and HC)(2N; 3 mls) were ndded respectively.
The mixture was made up to 100 mls with distilled water
and then boiled for about three minutes until all the fumes
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of the acids were discharged, |

The solution wos then cooled in an ice woter bath
and the pH was ad justed as in the procedwre for the
calibration curve. Sudbsquenily the aluminium ion concenw
trations were determined with the Bous’ch and Lomb Spect-
ronic 20 and the calibraticn groph, following the proce-=
dure of the previous paragraph.

Tg determine the aluminium ion contént in the sheets,
weighed samples corrected for molsture content (about O.5gms)
were ashed in silica crucibles in amuffled furnace av
about 100000. The ashes were discolved in HN03 and HCL

and the aluminium iong content detsrmined ns above.

2410 Rate of water penstration in Handgheets:

Since 'Sizing’ is done to minimize the rate of pene-
tretion of agueous liguids into poper, the nost direct
way 1o evaluate sizinm is that based on rotes of penetra-
tion of these liguids.

In this work paper smmples were floated on a 1%
golution of ferric chloride, A drop of potassiun ferro-
eyonide (1%} was placed on the sheets. When the two sollme
tione made cemtact, the Plue colour of the TPerriferro

cyanide conplex developed immediately.
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Chapter Three

RESULTS

Blank sheets of 2.12gms were observed to contain a
mean quantity of about O.4mg aluminium while the backwater
samples obtained, contained cbout 1.5 and 1.1mg of alumi-
nium and rosin respectively., ~hese correcting factors
were determined for each set of experiments and deducted
from our expecrimental values,

The effectiveness of rosin as 2 sizing agent could
be studied by determining the amounts of aluminium in
the backwater and in the sheet and of rosin in the
backwater when standard sheets were made at subsquent
variation of alum and rosin quantities added to the pulp
of pH L.3.

Since the anlysis of rosin in sheet was not successful,
sizing values were determined. These values cannot be
directly related to a figure for the azmount of rosin
present in the sheet, hence they camot be used for a
material balance, DNevertheless, these velues are a useful
representation of the effect of increasing rosin quantity
in the sheet and as such of great value for the p ‘Firf— T
as a quick assessment of the efficiency of a milfﬁg?éﬂat!sveéﬁ

operations,
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3.1 Vaziatlon of pH:

Determinations were carried out as described in
chapter two at 255nm, using backwater samples collected
when sheets were mode ot different pd values. The pulps
were treanted with 1.62 and 25n; of aluminium and rosin

respectfully. The results apre shown in Table 5 and Fig.ih.

& ninimum was obgerved at about pH L-L.5.

Aluminium in Backwaver.

Samples obtained from above-were exﬁfacted Tor their
a2leminiwn contents, It was observed that extpraction in
warn solvents produced a dark greenish coloration, but
when solutions were cooled in ice the intense yellow
coloured complexes of alwminium amd quinoline were formed.
Exposure to light also produced orange colorations instead
of yellow hence absorbances should be reod immediately
after extraction, JThe results are shown in Table 5 ami
fig. 15. The graphs showed a platenu at about pH L-h.Be
Aluninium in Shects,

Weighed sumples were ashed and the aluminium deters
mined as in the experimental. The results (Table 6 ond
fig. 16) were corrected for the initial aluminium contents

of the sheets. 4 simllar ploteau at about pH L-l.5 was

also oboerved,
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Sizing vajue of the sheetg.

Agueous liquids ags they penetrate puaper, travel both
in the vertical and horizontal planes., The tines recorded
for the rates of penetration as said in the experimentals
might have been on the higher side The non-unif ormity
of the hand-gheets made would also alfect the time recorded,
but in both cases when imperited andl local rosin were usad
maximum sizing values were observed at"about pH L-4L.5

(See Taple 6 and fig., 17).

The optimum sizinz pH,

Lowest penetration rate should occur at the most
erfective sizing range; e.p. ot pH 4-4.5 for both local
ard imported rosin, At this range clso we observed a
minimum in the rosin curve in backwater and plateaus
for aluminium curves both in backwater and sheet. Within

this pH ranpge, pH L.3 was chosen as our working pH.

3.2 Varlation of rosin concentration: R,

In this case standard sheets were made as before
but the pulp was treated with 10 mls of alum (0.2%) and
various rosin ¢mcentrations. <The PH of the puly was
ad Justed to 4,3 and the fcollowing analysis were carried

oup as before,
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Rogipn in Backwatep.

Determinations and corrections were carried out as
before. The results are in Table 7 armd fig. 18. The
groph showed a gradual increase of rosin in backwater with
a change in gradient when about 11.0 oI@. local rosin was
added while this was obgerved for imported rosin when about

12.5 mgs was added,

ckwater,

The pesults are in Table 7 and fig. 19. The alumi=~
nium content of the backwater samples decreased assympto-
tically for both rosin samples., For the local rosin, the
graph flattened cut at about 10.0mg addition while it

occurred at about 12,0 mg rosin addition for imported rosin,

Aluminiun in Sheet.

The results for these determinations are recorded in
Table 8 and fig. 20. A gradual increase was observed
but in both cases the increase pettered out. For inported
rosin this point was observed after about 11.0 mgs of
rosin was added armd for local rosin after about 10.0mgs
added.

Sizing values of tie Sheetg.
Similar curves were cbserved for both local and

imported rosin. The curves showed a decrease in rate after
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gbout 10.0mgs of rosin were added in both enses (See

Table 8 and Pig, 21)4

Optimum rosin congentration.

For imported rosin, additions after about 0,5% rosin

ver unit welght of oven dried pulp Aid not give any rea-
sonable increase in sizing values. Als0 increases in
rates of aluminium ~nd rosin retentions were lit tle,
Additions in excegs of 0.5% local rosin on a given pulp
samplés did not give corresponding increases in sizing

values and retention of rosin and aluminiummn.

3¢3 Nariation of Alum concentration:

Sheets were made as above at pd Q.3 with 90 mls of

gtock rosin (25.0 mgs) vhile the alum concentration was

varied.,
Rogin in Backwaker.

The rosin quantities in the backvater decreased
rapidly and then remained constant in both cases. These
flattened portions vere observed after about 0.6 and 0.8 mg
ofr aluminium vere added vhen local ard imported rosin

vere being used respectively (See Table 9 and Fig, 22).

&;gmig;gm in Backwoter.
There was an increase in the aluminium contents of

the backwater samples until about 0.7mgs addition with local
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rosin vhen the rate of increasc suddenly increased roapidly
and was parallel to thot line drawn when no aluninium vas
retained by the sheets, Due to lov experimental values,
the rate decreased glightly for imported rosin but o changs
in gradient was observed after about O0.8mgs addition of

aluminium (See Table 9 and Fig. 23).

Aluninium in Sheefs.

The aluminium retention increased ard then flattened
out in both cases. The flattening cccurred after about
O¢7 and 0.8 mgs. of aluminium were ndded with local amd

imported rosin respectively (See Pigs 24 and Table 10).

Sizing values of the Sheete.,

The results are shovm in Toble 10 and FPig. 25 For
inported rosin the increase in sizing values was little
dter about 1.0mg of aluminium has been added armd for
local rosin after about O.b6my of aluminium was added; but
values were much lover than those obgerved for imporited

rogin,

Qpiimum zluminium concentration,

In our laboeoratory experiments, optimum sizing was
achieved with 2,8% of aluminium in the case of local rosin
vhere as 3.6% aluminium lead to optimum sizing with impbrted
rosin (Percentages calculated on the weight of oven dried

rosin). This is about 35% and L5% of alum sample respectively.
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Tables of Regult:

VARIATION OF

pH

Trble 5: Rosin and Aluminium in Backwater
Totzl rosin in Backwater Total Aluminium in Back-~
pH (mg) water
Imported rosini{Local rosin {Imporged rosin|Local rosin
2,0 10.9 175 221 -
2.5 9.3 15.4 1.7 1.6
340 69 14.5 1.3 1.2
3¢5 6.0 12.7 163 0.9
4.0 1.6 12,2 2.2 0.9
L5 8.6 12.6 143 0.9
5.0 6e3 1361 1.2 0.8
545 10.9 14.5 13 0.7
640 13.9 18.3 0.8 0.7
6e5 20 .1 21.2 0.5 0.6
Table 6: Rosin ond Aluminium in Sheets
Avernge sizing volues Totcl Aluminium in Sheets
pH (Seconds) mg
Tmported rosin|Loc:l rosin {Imported rosin|Local rosin
2.0 & 2 - - -
2.5 240 {2 0.1 0.3
3,0 625 24 De2 0.4
3.5 518 260 063 0.4
4.0 gLy 3686 0.2 O.L4
L.5 L1 450 0.2 0.4
5.0 646 L3 0.2 -
55 603 391 0.5 0.6
6,0 L97 311 0.7 0.8
6.5 L5 225 L PL -
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ROSIN IN B A CKWATER Fig 14

I oy S ) . Local  resin

{mg) rosin in backwater imported

GRAPH & __ TOTAL ROSIN IN BACKWATER [TABLE. D )
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AVERAGE  SEZING VALUES . Fig 17

(5) w LOCAL ROSIN
B

@ = IMPORTED ROSIN

AVERAGE | SIZING VALUES

800 { SECONDS)
600 -
Loo -

200 A

®
0 -
o T T T T ¥ |
2.0 30 L.0 5.0 6.0

—— = PH
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VARIATION OF ROSIN CONCENTRATION

T-ble 7: Rosin and Aluminium in Backwater

Rosin Totol rosi? in Backwater Tot:21l Aluminium in Backwatex
ndd ed. - ) —
(mg) |Imported rosin|Loenl rosin|Imported rosin|Local rosin
0.0 0.0 0.0 17 1.8
205 Oou OD? 101 1.1
5.0 1.7 1.5 0.6 1:1
1«5 2.4 2.1 0.5 1.0
10.0 e 2.6 0.5 0.8
12.5 - 3.9 - 1.0
15.0 L2 5.0 0.5 1.0
17.5 - 6.0 - 1.0
20.0 5.‘4 - 0.5 -
2 00 609 - 005 -

Toble 8: Rosin and Aluminium in Sheets

——

Rosin ' Average sizing values Total Aluminium in Sheet

added L__ . (seconds) )

‘“ng) mported rosin|Local rosin|Imported rosin|Locnl rosin
0.0 4 £ 2 0.1 0.2
245 31 8 Ol 0.3
5.0 180 oL 0.5 Ol
75 Lo1 28" 0.6 0.5

10,0 L7y 533 0.6 -
12.5 - 517 - 0.5
15.0 500 535 0.6 0.5

175 - 548 0.6 -

20,0 546 - 0.6 -

ol (.- SONPORN) NSO, | SAP.. 045
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ROSIN IN B ACKWATER; Fig 18.

(DA D)~ Local resin

Resin in b ackwater
~. L mg)

-

e

- ¥ Regin added (mg)

6RAPH . 9. . _ROSIN IN B ACKWATER (TABLE.. 7. .)
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AVERA BE SIZING VALUES ;F}_g 21.

A D) )— =Local  resin
—¥———y = Imported "

b
T

milligram resin added

GRAPH 17 | AVERAGE SIZING VALUES TABLE.. .g.)
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VARIATION OF ALUMII NIUM CONCENTRATION

Table 9: Rosin and Aluminium in Backwater

Alumi- |Total rosin in Backwoter Totnl Aluminium in Back-

nium (mg) o woter (mg) _ ___ |

cdded Imported rosin|Local rosin|Imported rosin|Local rosin
0.0 10.8 11.4 0.0 0.0
-16 10.1-'- 80!4- 0.1 001
0433 9.5 10 .1 0.2 0.2
0.49 9.5 10.0 0.4 0.3
0.65 9.5 10.0 Q.4 0.4
0-81 - 10.0 - 005
0,97 10.0 10 .0 0.5 0.5
1.1“- 903 10.0 - 0.8
1.30 9.3 - 0.7 1.0
1,62 9.0 > 0.8 -

Table 10: Rosin and Aluminium in Sheets

Alumi- x

nium Average sizing (Seconds) Total Al\(:minium in Sheet

added .

(mg) Imported rosin|Local rosin|Imported rosin|Local rosin
0.0 {3 <5 0.0 0.0
0.16 80 12 0.1 0.1
0433 i1 20 0.2 De2
0.49 277 140 0.3 0.2
0.65 321 155 0.3 0.3
0.81 - 165 - 0.3
0.97 L28 160 0.4 0.3
1.14 - 166 - 0.3
1.30 5114 - 0.4 "
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ROSIN N B ACKWATER ' Ffg 22,

G) @ - Local rosin

Img) racin in b ackwater —#———u— = Imported "

———————3mg 1 Aluminium added

GRAPH. I3  [ROSIN IN BACKWATER TABLE. .9)
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ALUMINIUM IN BACKWATER . Fig 23.

(mq) AL3* in b ackwater
) = Local rosin

st = Imported £

3 aluminium added (mal

_—

cRAPH..IT. ..l ALUMINIUM IN BACKWATER taBLE 9)
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ALUMINIUM IN SHEET ; Fig 2b.

milligrams Al in  sheet

f
|
|
|

milligrams aluminium  added

GRAPH. IS [ ALUMINIUM IN SHEET 1apLe.. 10



Chapter Four

DISCUSSION

L1 Retention of Aluminium Rogin as a F ion of

According to Ekw:ﬁ125. 43'1,1;1.‘:1326 and Strazdinss, a

major role in the sizing process is played by the proaucts
of the hydrolysis of the hydrated aluminium complex as
mentioned in the introduction.

In 1965 Btz-al,zdimz:6 did some work on electromobility
of the aluminium complexes precipitated from alygminium
sulphate solutions at increasing amounts of sodium hydro-
xide. The rcsults showed that the mobility is constant
till nbout 2.5 equivalents of the ~lknli were ndded, then
the mobility dropped shorply to zero when neutral
Al({:'t!l)3 flocs were produced., These observationse were
explained in-termz of changes in the surgace charge of the
complexces precipitated.

Millar2’, Reynolds and Linche showed that the
SO{A]?O} ratio wos nlso constant till about 2.5 equivelents
of 2lkali ndded.

The above facts indicnated that ns neutralization
procedaded, 711l the aluminium ions were converted into the
first products of [M(H20)6]5+ hydrolysis - ([AI(OH)(H20)5] 2%y,

72
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When all the aluminium hydrates have been converted into
thevﬁcnohydroxylated products, further addition of alkall
converted these again into di-hydroxylated complexes

(1.es [Al(OH)z(Hzo)u_]"" with less positive surface charge
hence mobility decreased. The hydrolysis is repeated till
nevtral Al(OH)3 flocs were formed.

Our results at varying pH values could be explained
uging the above foets., At low pH values, only a few |
monohydroxylated ([Al(OH)(HQO)é]2+) coauplexea were Tormed
andl the amount available was quickly consumed hy the rosin
added to give the sizing complex indicated in the introduc-

tion. ~ i.c.;
[Al(OH) (HQO)S‘] 2+ WRCoO™ ;:r@l(OH)E(I{2O)L£I * 4+ RcooH

EM(OH)E(HQO)L] ¥ 4+ 2RCOOH Tz [Al(OH)2(H20)2(RCOOH)2J +
+ 2H20

The diresinnte formed is attracted to tie negﬁtively
charged cellulosce fibres., At low pH the trivalent hydrated
aluminium complexes (E&l (Hzo)é}3+) also compete with the
diresinates for attachmant onto the fibres. When this
happens, the negnative charges on cellulose are guickly
neuntralized and the cellulose may even acquire a nett

positive chorge amd repell the positively charged diresinates.
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This means low retention of sizing complexes (diresinates)
at low pH values. This is shown by the large amounts of
rosin and aluminium present in the backwater (Figs. 14
and 15).

As the pH value increases, most of the frivalent
hydrated aluminium ions are converted to monohydroxylated
canplexes. These react whth more rosin to pive more of
the AL/ Rosin sizing complexes which are retained by the
fibres. This means an increase in retention of both
alumidium amd rosin and a corresponding decrease in the
samounts detected in backwater (Figs. 1, 15 and 16),

For rosin in backwater, a min;hm is observed at
about pH hLela5. This point corresponds to maximum reten—
tion (Pig.1L). Graphs of aluminium estimated (Figs 15 and
16) showed that increases of aluminium in the sheet and
decreases in backwater diminished, to give an area of
canstant value., <This is wlthin pH U=4.5 and it supports
“the assumption that the minimum observed for the rosin
in backwater correspords to the range of maximum rosin/
aluminium complex adsorption, This saturation phenomenon
agrees with the fact that the sizing theory postulates
attachement of sizing complexes to individual negatively
charged sites on cellulose, Once these sites are used up,

there is no more increase in aluminium or resin retention
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gince no more sizing complexes can be ahsorbed,

Above pH L-4,5, there is a shorp rise in rosin
quantity determined in backvwnter (Fig. 14). A correspon-
ding increpse for aluminium in sheets amd a decrense fop
aluminium in backwater were observed. (Figs. 15 and 16)4
This could be explained by the fact that at higher pH
values, excess E}l(OH)(H20)5]2+ were formed. These compecte
with the diresinate sizing complex, hence less rosin but
more aluminium was retained by tle fibres. Excessive
absorption of [Al(OH)(H20)5]2+ by the fibres result in
a2 nett positive charge build up arnd the Al/Rosin slizing
compleXes are repelled by the fibres. This algo reduces
the retention of aluminium and rosin.

Strazdin53 observed that the free rosin acids,
unsaponified during cooking of rosin, contribute to the
reduction in retention., This is because at high pH wvalues,
the free ncids ionize to give RCOO™ that con react in
competition with the negative sites not occupied, for
Tfixation onto the positively charged substances present
(including A)/Rogin sizing canplex and other positively
charged hydrolysis products).

He alwmo observed that up to pH 8~9, positively charged
aluminium ions are still present in soluiion; as a conse-

guence some types of A1/Rosin complexes not contributing



76

to the sizing could be present in the whole pH ronge
studied.

Our study of the sizing values at various pid values
shoved that the values increased with pH to maximum at
about pH 4~L4.5 followed by a rapid f£all from pHh.5-5.3.
4 more gradual fall followed from there on. (Fig. 17).

An explanation based on theory .of sizing is that
there is an increase in Al/Rosin sizing complex retained,
hence the sizing values increase. At the maximum sizing
value ve have the maximum retention of Al/Rosin sizing
complex,

In previous paragraphs, it wvas indicanted thot less
rosin was retained at high pH, though more aluminium was
retained, due to excessive [hl(OH)(320)5]2+ formation,
This will explain the sharp fall in sizing values., The
glower fall from pH 5.3=-6 may be due to the moderating
effects of the ionized free rosin acide as mehtioned ear'ier.
These RCOO™ radicsle react in competition with the nega-
tively charged sites on fibres for the excess
Eﬁl(OH)(H20)£]2+ formed. This allows more sizing camplex
to be retained leading to higher sizing values in the
alkaline pH range than in very acidic pHd range. The
result is that generally some sizing 2ffecte are still
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possible at alkaline pH values, fowever a drop in pH

towards the extreme acid region causes a complete loss

of sizing.
L.2 Retention of Rogin and Aluminium as a function of
Rogin concentration at pH 4. 3;

Dircet estimation of rosin in sheet wae not succe-
ssful but sizing values which are indications of the
amounts of rosin present in sheet were determined.

In Fig, 18 we see that the rosin found in backwater
increased almost linearly with increase in rosin added.
When about 11,0mg (for both local and imported rosin)
were added a change in gradient upwards was observed.,
This is about 0,5% of rosin on oven dried weight of a
given pulp sample.

An explanation could be that at the point of change
in gradient, the fibres were saturated. The graph after
that point is amost parallel to tlke 1line obtained when
no rosin is retained by the fibres,

Estimations of aluminium guantities in backwater
(Pig., 19) agreed with the above observations sincé when
no rosin was added, none or little aluminium wag retained
8o most came down in the backwater (about 1,7 and 1.8mg

aluminium found for imported and local rosin respectively).
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With increase in rosin gquantities, more and more Al/Rosin
sizing complexes are formed Lence the aluminium retention
(Fig. 20) increased whereas less aluminium was detected
in backwater (Fig. 19). Above a rosin addition of 11mg,
a constant amount of aluminium was obgerved in water

and in sheet indicating a saturation of the fibres with
Rosin/Aluminium campleX.

Sizing curves (Fig, 21) showed an increase with addi-
tion of rosin till an optimum quantity of 1img was added.
At the optimum rosin dosage, ahout 0.6 and 0.5mg
of aluminium in sheet were observed for both imported and

1ocal rosin. This corresponds to about 6% and 5% on

oven dried weight of rosin used at that point.

L.3 Retention of Rosin and Aluminium as a funciion
of Aluminium concentration at DA le3:

As said in the introduction, maximum sizing effects
with rosin are observed in the presence of precipitating
agents like aluminium ions.

With increase in aluminium concentration in pulp,
the graphs of aluminium fourd in backwater were antlopous
to those obtained for rosin determined in backwater at
various rosin concomtrations. (¥igs. 23, 18). The
ehuracteristic change in gradicnt wuo obsarved when obout
0.8mg of aluminium was added.
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The aluminium quantity retained in the sheet increased
rapidly with the amount of aluminium added to a constant
value when about O.8mg of aluminium was added (Fige 2U4)e

Rosin in backwater &howed a corresponding rapid
decrease till about 0,8mg of aluminium was added; tten
amounts detected remained constant (Fig. 22).

Correspording to these observations, the sizing
values showed an increase put after the optimum aluminium
addition the increments were Very small per unit amount
of aluminium added. (Fig. 25). Initially the values
scattered as shown by the broken lines. This could be
due to an uneven distribution of the first few sizing
complexes formed. #hen enough sizing complexes wWere
formed, distribution became uniform and points were less
scattered.

These results were explained along the same lines
as in the rosin concen*ration experiments. With increase
in aluminium quantities in the pulp slurry, more Al/Rosin
sizing complexes vere formed hence retention and siging

values increased till the fibres were saturated.,

L.l Comparison of Local and Imported Rosin:
A& study of the graphs of rosin determined in back-

water under various experimental conditions (Figs 14, 18,

and 22) showed that more local rosin was detected than
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imported rosin, At optimum pi value, rosin concentration,
and aluminium concentration, about 468, 27%, and LOT of
the local rosin added were detected in the backwater
respectively, Corresponding values for imported rosin
were 22%, 27% and 37% of the amounts of rosin added
respectively,

Results of aluminium determinations in backwater
(Figs. 19, 23) showed higher values for local rosin than
for imported rosin. At optimum addition of local rosin
60% of the aluminium added was fourd in the backwater,
Jith imported rosin the correspording value was 31%. At
optimum addition of aluminium 635 of ths aluminium adied
with local or imported rosin was dctected for both,s In
the sheets 38% of tie aluminium added was detected at
the optimum imported rosin addition while 31% was found
with the optimum addition of local rosin. Similarly
at the optimum aluminium concentration, retentions of
aluminium were about 50% and 38% respectively.

In two of the three sets of <xperiments, the sizing
values with imported rosin were substantially higher than
with local rosin. This was not obvious from the sizing
results obtained with rosin concentration variation

(Pigas, 17 and 25). However in the other two series of
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experiments, imported rosin gave values that were about
twice as large as those of local rosin (¥Figs. 17 and 25).

It can be concluded that in our experiments the
retention of the imported rosin sample is better than that
of the locally collected rosin, leading to higher sizing
values with imported rosin,

A tentative explanation could be found in the struc-
tures of the two rosin samples. It is known that abietic
acid and its isomers possess only one functional group
(the =C00i), and all their sizing reactions arc due to
this group. Assuming that imported rosin also contain
only one runctiona]zlfaoeuzP nolecule, the structure of the

sizing conplex as a diresinate can be written as

- -

OH -

(1,0)~_ | _.-(Rooom)
_sA7

(Hy0) - - | "~ (RCOOH)

i OH J

It is possible that on the average the local rosin contains
more than one functional group per molecule, which cauld

be ~COOH groups or others. In the case of two ~-COOH
groups, the complex can be written as structure (a)

shown on the next page., However a chain structure (b)

is also possible.
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P
q 4
O .
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" ®
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(v) (8,0) R ’ AH0) R
/ l / ]
e COOHA AL e HOQCwCHACOO Hmmmmm AL —mmm H3OO=C o
(1,0)" | (H,0) ‘
0 0
H H

In the two structures last mentioned, monoresinates
were formed, OCray and A&exanﬂergg showed in theip
studies on sizing with aluminium stearates that only
di-stearate is an effective aising arent, and not the
monostearate, If the same holds for diresinate and
monoresinatce, then the observed differences between imporfed
and Jocal rosin could be explained accordingly.

Another explanation cauld be that impurities forming
non-sizing Al- complexes were pregeunt in the local rosin

sample, These complexes gould also be retained hy the
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fibres since they would be positively charged., This will
reduce the amount of local rosin retained in the sheet
hence large amounts detected in backwater, This will give
low sizing vdlues when conmpared with imported rosin.

This explanation finds some support in the values
of the routireanalysis of the two samples. However these
differences appear to be too small tc explain the observed

differences in behavious in our experiments. (See pages
17-18).



Chapter Five

CONCLUSION

Determinations of the retention of aluminium and
rosin as a function of pH showed thet sizing effect is
dependent on the amount of rosin that could te retained
by tle cellulose fibres.

The formation of the sizing complex amd its retention
is dependent upon a number of factors. The pid of the
sizing system profoundly affect this complex fomation as
indicated in chapters one and four., ¥With increase in
the sizing complex retention, the sizing values increased,
The optimum pH for the formation and retention of the
sizing complexes was found (o be in the range of 4.0=le.5.
The maximum retention in the fibres was indicated by the
shape of the graphs of aluminium in the sheets and in
backwater,

A tentative conclusion is that a partial saponifi-
cation of rosin leaving some free rosin acid present in
the "Cook" can enhance the sizing ability of tle rosin
soap emulsion used in pa»™mills. A probable mechaniam‘

8L
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has been described in the pnrevious chapter,

Lastly it has been shown that the aluminium retention
is high around pH 5.,0-6.5. This is in agreement with
Strazdins statement that positively charged aluminium
speécies are present throughzfﬁe pd range we studied,

Results obtained when rosin concentration was varied
at pH 4.3 showed that with increase in the amounts of
roein added the aluminium detected in sheet increase,

The cellulose fibres will continue to adsorb the sizing
conplexes until a saturation state is reached correspons
ding with a constant value in the aluminium content of
backwater samples and in the sheets. BSaturation was
observed at about 11img rosin addition. This is zbout 0.5%
on oven dried weight of the pulp sample used. Addition

of rosin above 0,5% gave very little increase in reten-
tion of rosin and alum.

These observations are supported by the sizing values
obtained (Fig. 21), The practice in mills is to add
about 1-1,5% rosin to a given weight of oven dried pulp
(giving allowance for the degree of efficiency of mill
operations and for losses). It is known that excessive
rosin addition can cause a loss in the quality of the
paper produced in the mill,
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Varying the aluminium concentration in the pulp
glurry at pH 4.3, similar results as above were obhserved.
Bizing values will improve with increases in the gquantity
of aluminium added t1ill a2 state of zefuration ia reached,

Baturation wos observed when about 3,5% of aluminium
on oven dried weight of rosin was added. (LO% alum).

Finally it appears that our sample of imported rosin
gave better sizing effects than locally collected rosin.
Tentative explanations for this observation have been

mentioned in chapter four.
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