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ABSTRACT

•

Paper mills in India use different types of waste paper in the
production of various paper grades ranging from cultural to
packaging. The waste papers of foreign origin are generally
neutral sized containing substantial amount of Calcium carbonate
as filler. Recycling of such type of papers give problem in sizing
with rosin soap and alum under acidic conditions. The present
studies indicated that such paper could be suitably sized by
using dispersed fortified rosin at pH 6.2. The pH can be
controlled by using either alum or Poly aluminium Chloride
(PAC) or by the mixture of both. PAC did not show advantage
over alum up to pH 6.2 however it was more effective at higher
pH levels. Premixing of dispersed rosin size with alum prior
to addition to the stock gave better sizing than separate addition.
Addition of cationic starch gave improvement in the sizing with
dispersed rosin where as not much effect was observed for rosin
soap size. The rosin-alum system may not match the performance
of common neutral sizes under all conditions; however. it gives
a viable alternative to raise the wet end pH close to neutral
level. Plackett Burman statistical evaluation of different process
variables on sizing indicated that more effective variables were
Sizing dose > Stock temperature > filler amount > cationic
starch.

INTRODUCTION India are using waste paper as raw material and it
accounts for 31% of total paper production. The
supplies of waste paper in India are from eastern
countries, Middle East and USA. One of the major
problems with the imported papers is that these are

• All over the world, the trend of using recycled
fibers for papermaking is increasing. Recycled fiber
has become an important element in pulp and paper
business. The key driving force for the utilization of
recycled fibers has traditionally been economics. In
India,paper industry is rapidly shifting towards
paper making from raw materials other than wood.
The agricultural residues and wastepaper have
emerged as two main alternatives to the forest based
raw materials. Today about 63% of paper mills in
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generally alkaline/neutral sized cou t a inr n g of pulps improved in comparison -to Rosin soap
substantial amount of CaCO, as filler. Recycling of sizing and the difference in sizing response between-' .~ •...

wastepaper containingCaCO, therefore tends to wastepaper containing no CaCO) and waste paper
give problems in acid process owing to the containing CaCO) also narrows down. However the
decomposition of CaCOr This decomposition results decomposition of filler to the extent of 40% was
in accumulation of sparingly soluble gypsum observed at this pH. When pH was increased. to 6.2,
(calcium sulphate) and calcium hardness in the white Dispersed rosin size shows effective sizing with both
water. with the liberation of carbon dioxide. wastepapers. Also the loss of CaCO) was relatively

lessened (6%) at this pH.
The CaCO, filled papers when repulped and

sized with Rosin soap/alum under acidic pH
condition give problems like severe pH swings,
excessive alum and size consumption, loss of filler.
high deposit problem, foaming, etc in the system. To
overcome these problems it is advisable to size such
paper at neutral or close to neutral pH. The reactive
sizes available are alkyl ketene dimmers (AKD) and
alkenyl succinic anhydrides (ASA). However. it is
well-known that sizing with synthetic sizes becomes
more difficult and uneconomical when the proportion
of "trash" and detrimental substances are sufficient
in paper pulp [lJ. It is generally considered that the
concentration of trash material increases with pH. In
an acid system, alum act as a remedy to bind or
coagulate un wanted components while. in alkaline
systems containing CaCO" pH depression to the
"alum level" would not be acceptable. Keeping all
these in view the development of close to neutral pH
with rosin is being preferred nowadays.

In the present investigations different ways of
sizing the waste paper containing CaCO, have been
studied with the objective of making properly sized
paper. Different process variables like amount of
dispersed rosin size, Alum PAC ratio, amount of
cationic starch, filler amount. residual hypo, stock
temperature and mode of mixing which affect the
paper sizing have also been studied using Plackett
Burman statistical model.

RESUL TS AND DISCUSSION

Sizing with fortified rosin soap size and
dispersed fortified rosir size were tried for waste
paper containing CaCO, and without CaCO,. The
sizing response of these is shown in Fig. I There is
a marked difference in sizing response between
wastepaper containing no CaC03 and waste paper
containing CaCO, with rosin soap size/alum at 4.5
pH. At this pll, with Rosin soap size, wastepaper
containing no CaCO, develops a good sizing while
waste paper containing CaCO, shows poor sizing. At
the same pH. when sizing was carried out with
Dispersed rosin size. sizing response for both types

8

Dispersed rosin showed relatively more
improvement in sizing than rosin soap with the
increment in size dosage (Fig. 2). Fig. 3 illustrates the
effect of stock pH on the degree of sizing on waste
paper containing CaCO,. with rosin soap / alum and
dispersed rosin / alum systems. At the pH range 4 to
6.2 dispersed rosin acid/ alum system shows
effective sizing. However rosin soap/alum system
fails to give effective sizing above pH value of 5.0.
The effective sizing at4.2 to 5.0 pH, is probably due
to the highest charge density of alum at this pH 121

•

MECHANISM OF SIZING

These observations can be explained on the
basis of sizing mechanism of Dispersed rosin and
Rosin soap. Soap size reacts with alum as soon as it
is added to the paper stock. Both electro static
bonding and co-ordinate bonding participate in this
reaction. which obviously results in a strong bond
complex as illustrated in Fig. 4. Since alum is able to
form ionic and co-ordinate bonds with rosin only at
acidic pl-l, sizing with soap size has to be developed
in the low pH region [2J.

•

On the other hand. dispersed rosin size
consists of rosin acid droplets, which have
considerable surface areas. Therefore, its retention is
a consequence of colloid and surface chemistry.
Dispersed rosin does not react readily with alum to
form an aluminium resinate. The alum acts as a bridge
between the negatively charged fibre and, the
negatively charged rosin micelle Fig. 5.

The most significant property of the dispersed
size is its reduced reactivity to form rasinate as it
enters the paper machine water system. Soap sizes
cannot be used in CaCO) systems as they quickly
exchange their sodium ions to form resinate and
Ca++ion, which in turn interferes with size. The
presence of Ca++ion would compete with alum and
form calcium soap which is reported to reduce sizing
13].

•
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Malt~· researchers "-"cdescribcd Ihe stroag
rcacti\'i'~' of ahrlft wilb cellulosic fibre at..highcr pH.
Alum h)'4rolyscs as pH ",creases to (olan colloidal
aluminium aggrcptes HIwllicb can help 1o retain IbC
size due 10 tb(:ir strong surface activity. As pH
,••creases. aluminium species. have l1igheradsorption
on fibres IS·XI.wbich is no doubt beneficial to sizing.
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In a rosin - alum system rosin in either its free
acid or soap form will react with alum to give the
aluminium ester products which create
hydrophobicity. In the case of soap rosin size under
acidic conditions. most of the rosin reacts rapidly
with alum in solution to give the aluminium ester. In
case of dispersed rosin size the reaction of rosin acid
and alum does not proceed in solution. but occurs on
the fibre surfaces in the drier section. The dispersed
rosin size particles arc relatively free to' migrate
during the drying process. thro.ghoul the paper
web. However. as the paper telnperahare increases on
its IUOVenU!nlover the drying cyclindcrs. the heal
creates a sintering process where lbe rosin parW:les
melt aDd distribute l~niformlv over the surface area. of
thcfibres to form the alumi~iu~ resinate 191

ADDITION OF PAC

Addition of PAC in p~ce of ,luPi did not show
much difference in siziai improve_ot upto pH value

.of 6.2. Ai pH higher than 6.2 PAC sbow.ed better
effect indicating that addition of PAC wilt be
required at Itigher pH .(Fig. 6). Differenl modes of
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addition of alum and y.anlmportant r This mmmuzes
the sizing efficiency llyal neutral pH. . cations to inte
modes of mixing wer(>neseparate i.e·.{Rf~;'\ containing CaCQ~,: ..•".~~~~c~O!~~:~~:~~l:s ;riii"edw)i;tr~t~:;~;:~~~~~r AI>DITION d~L~;CATIONIC
the mixture of these two was mixed to the thick stock. SIZING
An improvement in the cobb value of hand sheets
was observed when rosin size and alum/PAC were
pre-mixed as shown in Fig. 6. Pre-Mixing allows
interaction in an environment where the cationic
charge of alum/PACis higher than it would be in the
elevated pH stock.· Hence, a' higher degree of
reactivity is achieved-with available rosin leading to
increased retention· afidsizing. Premixing of

'Oi'spcrsed rosin and'alum/PAC and, addition to thick
stock allows the formation of the discrete alum ininm/

-size part ides immediately -in the-presence of the, fibre.

L
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Fig. 5 Mechanism of siziog with dispersed rosio/alum
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for polyanions or
case of waste paper

STARCH IN

The addition of cationic starch in the stock
further improves the sizing response in case of
dispersed rosin. 'Since dispersed rosin size'S. arc the
dispersion' of, free rosin acids. ,which have
considerable s~rface areas. Therefor'c': its retention is
a con~.eq\lf:n£~ of colloid and surface chemistry and
is, (aciljt~~(.t by conventional retention aids like
cationie-starch.iwhich can bridge betweensurfaces.
Cationic starch being a. high molecular-weight
polyelectrolyte, creates electrostatically (f~isted
multiple bond that helps to anchor the dispersed size
particle. This also assures good attachment :,under
high shear. Fig. 7 shows the effect of cationic starch
on sizing efficiency of two types of rosin sizes. With
the addition of 0.5% of cationic starch, the cobb
value decreases in case of dispersed rosin size. The
decrease in the cobb value is more at 6.2 pH that at
4.5 pH for dispersed rosin sIze. By adding cationic
starch and premixing of alu,ITI,&dis,persed rosin
~jling can be i~l},pr.ove,d.further; Rosin soap sizes on

. other hand did not. show such improvment in sizing}--"': ,'....~. >.. . --,:... . .: ". . ' . ".',. . .

on the addition oJ_catio ..nic starch. This, suggests that
cali'onic' starcIL·i~.lTIpre .su itablej forvsizing ..with
disp,crscd :~9s.in si;z;e's, for ..~t:utr,aI.,aPP'licatlOn.AIl
added feature ofcatiQl}i~ starch.Ts, that it .also
f~ncti~lls~~ the'rele11tjon aidiQ[ fill'es, and Iiller.
improving fir~t'pas~'ret~ntion, '." .. '
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EFFECT OF DIFFERENT PROCESS
VARIABLES ON SIZING

Since paper making stock is the complex mixture
of fibers. fiber fines. fillers. sizing chemicals
retention aids. slimicides etc, it was decided to check
the effect of selected seven process variables on

sizing of waste paper. The relative effect of seven
process variables on imported waste paper pulp (with
CaCO~) has been studied using a Plaekett-Burman
stat istica Idesign,

The high (+) and Iow t-) levels arc chosen far
enough apart to expect as significant response in
sizing properties. but not so remote from normal
stock preparation conditions which arc usual ly
practiced in mill. The assumption made was that with
in the restricted range of each variable. the response
is essentially linear,

Fig.7 Effect of addition of cationic starch on cobb value

PLACKETT-BlJRMAN DESIGN

In this type of experimental design II (I I. two
levels of each variable were selected as given in
Table-I.

Table-ll shows the combmati on of si z ing
conditions for waste paper pulp containing CaCO,
used in the experimental setup,

The sizing degree of hand sheets. evaluated by
Cobb and contact anglc arc given in Table-Ill

• 28

26 -f--

' ..

24 f--

","
-22 - ,:
N . '.'.

E-S20 ~
• . ~
:::s r--

l18 f--

.IJ

.g 16 f--
o

•

RosInsoap Ro.In soap
without with starch
starch

DIspersed Dispersed DIspersed Dispersed DIspersed
rosin rosinwith rosin rosinwith rosinwith

without starchpH4.5 without starchpH6.2starchpH6.2
starchpH4.5 starchpH6.2 (comIxlng) (Combdng)

r--
1----1 f--

14 f--

12 -

-

-

-

IPPTA Vol. 13, No.3, Sept. 2001 1 1



I SIZING I

Table-I

S.No. ProcellS Variables Process Variable Conditions

Low level (-) Higb levle (+)
~~

A Dispersed rosin size (%)
>

r 2
B AlumlPAC ratio 1:0 1:\

C Cationic starch (%) O~2 1

D Filler amount (%) to 30

E Residual Hypo (%) 0 0.5

F Stock Temperature (OC) 20 50

G Mode of Mixing Seperately mixed Pre-mixed

•

Tattle-II Sizing conditions used in accordance to Plackett - Burman design

Experimeat A B C D E F G

No.

t + + + - + - -
2 - + + + - + -
3 - - + + + - +
4 + - + + + --
5 - + - - + + +
6 + - + - - + +
7 + + - + - - +
8 - - - - - --

•

Table-III Cobb & Contact angle values for different exper imcnts

Experiment 1 2 3 ~ 5 6 7 8

No.

Cobb Value (g/m") 19 52 ~2 ~7.~ ~8.7 21A 23.5 ~l.~

Contact Angle ° 109° 53° 720 68° 610 101° 96° 76°
•

The relative ranking as process variable' was
evaluated and the results were recorded in Table-IV

The results indicated that the variables mainly

affecting the cobb value and contact angle of
handsheets are the amount of dispersed rosin size.
stock temperature and the amount of filler added.
The main effect of -I X.2 means that when the amount

1 2 IPPTA Vol. 13. No.3, Sept. 2001



Table-IV Main effect of Process variables of sizing and their relative ranking

S.No. Process Variables Cobb Value Contact angle 1
A. Amount of dispersed rosin size -18.2 (1) +1715 (I) I

I
B. Alum/P AC ratio -2.25 (1) +0.25(7)

C. Amount of cationic starch -6.65 (4) +8.75 (4)

D Amount of filler + 8.6 (3) -14.75 (3)

E. Residual Hypo +4.7(6) -3.75(6)

F. Stock T~mperature +10.9(2) -17.25 (2)

G. Mode of mixing - 6.05 (5) +5.75 (5)

* Figures in parenthesis are the rank number.

Table-V Most Influential Process Variables for Sizing of waste paper

Property Process variables Main effect as % of mean

1. Amount of dispersed rosin size - 49.32%

Cobb value (g/m-) 2. Stock Temperature + 29.54%

3. Amount of filler + 23.3%

4. Cationic starch - 18.02%

I. Amount of dispersed rosin size +34.96%

Contact angle (0) 2. Stock Temperature - 21.73%

3. Amount of filler -18.58%

4. Cationic starch + 11.02%

•

•

of size increased from low level (1%) to high level
(2%). there is a decrease in cobb value (as indicated
by-ve sign) which implies that sizing improves with
addition of dispersed rosin size. This is in
accordance to our earlier findings in studying the
effect of rosin size dosage on sizing performance.
Similarly. the value of 10.9 for process variable. stock
temperature indicates that when stock temperature
increases from its low level (20DC) to higher level
(50DC). the cobb value increases (as indicated by +ve
singn), which implies that sizing falls drastically wth
the rise in stock temperature. Same is the case with
other variables. The relative rank of effectiveness of
different process variables remains same when sizing
of paper was checked by contact angle method.
although the sign got reversed. The sign reversal is

IPPTA Vol. 13, No.3, Sept. 2001

due to the fact that increase in contact angle values
indicates sizing improvment

RELA TIVE EFFECT
PROCESS VARIABLES

OF MAJOR

Table- V shows the major influential process
variables and their effect on sizing property of waste
paper. The effect here has been expressed as a
percentage of the mean values of cobb values. This
immediately demonstrates that when sizing was
checked by cobb value. amount of dispersed rosin
and stock temperature were particularly sensitive.
Similarly amount of filler is more sensitive than
amount of cationic starch.

1 3



EXPERIMENTAL

The waste paper pulp used for the above
experiments was procured.from a mill based on waste
paper. as raw material. The pulp eon~ained20% CaCO,
filler. The pulp was sized with Rosin soap/Dispersed
rosin. The dispersed rosin used was white emulsion.
fortified anionic in nature having pH 6. Rosin soap,
used was fortified, anionic in nature having pH value
of 8.5. Handsheets were made on Rapid Kothen sheet
former according to the ISO standard method T06/
565N706. The hand 'Sheets were conditioned at
temperature 27± 1°C and 65 ±2% relative humidity
prior to testing. Cobb value was tested as per
standard Tappi Method 4410m-90 and contact angle
measured as per standard Scan method P 18:66

CONCLUSIONS

• Dispersed fortified rosin and alum can be used
as a sizing system for making paper from waste
paper containingCaC01" This system has
significant advantages over common acid
sizing system using rosin soap and alum & is
operable over a wide range of pH.

• Sizing of waste paper containing CaCO, can be
done more effectively using dispersed fortified
rosin rather than rosin soap.

• Dispersed rosin works effectively at pH range
4.5 to 6.2. At 4.5 pH the decomposition of
CaC03 to the level of 40% was. observed where
at it was only 6% at pH levels of 6.2

• PAC in place of alum did not show much
advantage up to pH level of 6.2. however going
to higher pH 7.0 addition of PAC was found to
be useful. .

• Premixing of dispersed rosin with alum/PAC
showed better sizing than .normal practice of
separate addition.

• Addition of cationic starch produced better
effect in sizing dispersed rosin at 6.2 pH than
acidic sizing.

14
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• The process variables which affect sizing in
descending order were found to be Sizing dose
> Stock temperature> filler amount> cationic
starch.
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