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ABSTRACT..
This paper describes the alkaline and acid papermaking process in more details. Basically
the alkaline papermaking is carried out at pH of 7·0 to 9 O. The acid papermaking is
carried out at pH of 4 0 to 5.0, with rosin, and is being presently used in India. The
advantages of alkaline papermaking are both economic and quality.

It is now evident all over the world that alkaline papermaking is the current trend.
In the United States and Europe more than 75% of the printing and writing Paper
maufactured today is by alkaline papermaking. Most of the conversions to alkaline
papermaking have happened in the United States during the last seven years. Some
other countries have started using alkaline process at few of the mills. Most other
countries are either experimenting with it or seriously looking into it.

This paper will explain sizing mechanism. chemicals and fillers used in both alkaline
and acid paperrnaklnq. It will also discuss manufacturing process of alkaline paper•.

The economic and quality advantages occur because with alkaline system other fillers
like precipitated and ground calcium carbonates can be used. The major quality
advantages are permanence, higher briqhtness, higher opacity and improved print quality.

•

•

The paper industry bas been making printing
paper since before 1950's only by what is called acid
si zing, SiL:ing is defined as resistance to water and i.
required for printing papers to make paper resistant
to water in the offsr;t printing process. Without sizin.
the paper will be weakened by water and break during
printing operations.

In offset printilli. the fact that images can be made
by making the printin. plate accept water or ink "
used. The ink acceptable area is the print area. Figure
1 shows schematic of the offset printing process.
The printroU is first passed over the water applicator
rolland the non-image areas accept water. Then the
print roll is passed over the ink applicator roll whicb
tbe •. accepts ink in the imllgeareas. The print r911
comes in contact with the blanketrol] and accepts tbe
Ink from the print roll. The blanket roll then transfer.
the Ink to the paper to create the; .• mage on the papllf.

'In acid sizing (pH of 4 to 6.5), rosin and alum are'
used. The rosin-alum complex has hydrophobic- .od
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hydrophylJic components. The bydrophyllic com-
ponent attacbe. to tht ceUulete and tbe hydropbobic
component ilstretcbed but to make fib.r surface
hydrophobic as shown in Figure 2. There can be
two basic reactions of the hydropbobes with the
cellulose fibers:

1. The uncontrolled deposition of the bydrophobes
on the cellulose which lead to what are called pitch
problems on a paper machine.

2. The controlled deposition of the hydrophobes on
the cellulose which leads to what il called acid sizing.

In alkaline .izing (pH 7 to 9 ), the hydrophyllic
part of the alkaline sizing agents reacts with the
cellulose fibers. The hydrophobic component of the
sizing agent sticks out to make the cellulose fibers
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repel water. Figure 3 Ihows the chemical reactione
that take place with Alkyl Ketene Dimer (AKD).AKo
can react with the cellulose to create sizing of the
cellulose or can react with water to get hydrolysed
and not create sizing of the cellulose, The reactions
with other alkaline I'zing agent, Alkenyl Succinic
Anhydride (ASA) are quite similar.

"oRset "Priiit7ifg Process'

~
Water Applicator

~.

Pri!lting Paper

-':jgure 1

Reactions'S,tween Rosin. and Cellulose
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Paper making is quite complex, both mechanically
and chemically and hence changing from acid sizing to
alkaline sizing is quite critical. The chemical com-
plexity is due to the electrochemistry involved Each
component used to make paper has its own zeta
potential (electrical charge, either positive or negative,
To obtain the best finished paper properties, the
knowledge of zeta-potential of the components used
and at all critical points during papermaking process,
is essential The Figure 4 Ibows tbe importance of
tbe zeta-potential of all the components and their
effect on drainage. retention, pressing, drying etc.
Hence, a tborougb knowledge of the effect of all
variables, is necessary to manufacture paper of
superior quality.

to

•
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Figure 4

Wben acid siz ing is used to size papers, alkaline
fillers like precipitated calcium carbonate (PCC) and
ground calcium carbonate (GCe) could not be used
and only clay and titanium dioxide are used. In the
1950's wben alkaline lizing wal developed, the
alkaline fillers could be used.

•

Tbe acid sizing of paper bas been rapidly replaced
all over the world by alkaline sizing. In alkaline
sizinl. as the name suggests the sizinl of tbe paper is
done under alkaline conditioas. It has been shown
over the lasf 3'S years that alkaline sizing is better than
acid sizin. because of significant savings, enhanced
paperqualityand permanence. The (ollowinl table
shows the merits of alkaline papermakiag over acid
papermaking.
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The fo\l.)wing table sbows the principle difference
between acid and alkaline papermaking.

ACID ALKALINE

Sizing Chemical Rosin AKD or ASA
Alum

Filler Clay PCC
Soapstone GCe•• Ti02 Ti02
Tarc Clay

• Retention Aid Cationic An ionic/Cationic

Operating pH 4.0-6 5 7.0·90

Operating Electrochem. -15 to -10 to neutral
(Zeta-poteDtial) -25 mev

ALKALINE ACID

Optical properties
Physical properties
Energy required
Corrosion
Makeup water required
Emuent treatment
Permanence
Recyerabilit,
Filler options
Microbiological activity

-------------------------------------------------------------- .....

Higher
Stronger
Less
Less
Less
Less
More
More
Unrestricted
More

Lower
Weaker

More
More
More
More

Le••
Less

Restricted
Less

•
Because of the reasons mentioned above the alka-

line paper making has spread all over the World. In
Europe. because of the avaiJability of chalk, the
a'ibline papermakieg conversion Was achieved sooner.
By 1985 approximately 7010 of the production of fine
pap~~~hich includes printing, writing and copy
paper~, had been converted to alkaline sizing. In
United States the alkaline papermaking had been used
onl~ in speciality paper mills until! 1986and was only
JO%ofthe fine paper production. Before' 1986the main
reasons for not going alkaline were the non-availabili-
ty of good sizing agent and low cost fillers. -But since
that time till today the conversion has been 75% beca-
use of the availability of lood sizinJ agents and
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precipitated calcium carbonate. (PCC). from,oD lit. peG
facilities. The progress in alka line papermakinl in
United States is' shown graphically in Figure 5.
Countries like Mexico, Indonesia, Colombia, ThailaDd,
Brazu have also partially converted oihave been very
seriously looking intoalkaline papermaking.

Alkaline Paper making
Technology Spectrum in United States'

Ku_E..Yl~.'" !m
Alkalln, Printing Pape,.. Ec:u." 11M

On.lte ftCe PI.nt, Eeu... 1962

Alkaline Prillting Papers, GIatt.ltM 1171

Sizing Ce"a,opment in l,abomory 1975

Ground Calcium CarUonate Production 1971!

ProLllaMl: Abr •• ion, P•.••• ptgdng. etc. 1'71

Customer Res/"tanc •.: 18M, XEROX, Enwl. 1982

Fira' Commercial On-Sltepce PI.nt 1984

Sizing O.nlopment . 'aper Prodr.-ction 19M

Inltil;l Major MillConv ••.• ion 19.

Firs, W•• t Coast Mill Con~on 11M

AllWlne PapanMking OptirTlization 1181-90
"ap.(MIllConve"i~ns 1188·93 ~ _

10 20 30 40 50 $0 70

0/.Alkaline Conversio" ••

,
Figure 5

Since the world il getting smaller, and because
of global competition, alkaline papermakinl has to be
accepted as the most logical way to make fine papers in
the future. It is time for. rest of thecountrie. hi the
world to start looking into converting itl fine paper
production frem acid sizing to alkaline sizing.

Based on the above table. it is neces.ary to look at
the .avinas and quality aspects for alkaline
papermaking.

Savings:

Normally acid sized papers are made with lower
percent fillers and to get increased opacity, expensive
fillers like titanium dioxide are used. In alkaline sizing
lower cost fillers at higher percent is used, which
represents savings in raW material costs. For papers
presently being made by alkaIinesizing these saving.
have been significant.

The paper under alkaline conditions produces
increased and stronger fiber bonding. This increase
tBf(~nlth eM be Capitalized in several ways. One
approach it to reduce fiber refining and get a sheet that
is faltet,irainia, ud easier to dry. This provides
higher production rate and lower enerlY requirement
in producing paper. The other approach would be to
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maketigbtero:weight paper of equal strength. Yet
another approach is to use higher per cent filler by
replacing the higher cost fiber.

Tbe principat filler for alkaline system is precipita-
ted calcium carbonate (PCC). The difference between'
tbe fillers commonly used clay. pce, ground calcium
carbonate (GCC) and titanium dioxide (TiD.) are
as follows; ·*(Shown below)

Another way of looking at the savings ill to
increase profits by following ways:

* Manufacturing Value added grades of paper.

Manufacturing higher quality papers which will
bring significantly higher selling price.*

Quality Aspects:

As mentioned above in advantages of alkaline
vs aeid papermaking tbe fol/owing quality aspects
further mention:

Permanence:

With the, use ,of PCC in 'alkaline papers the
degradation ,orfiib:r! is minimized . ''the atmospheric
oxidizing .:pmponents attack PCC before it can attack
the fibers. aJ,ld hence the- degradation of fibers, reduc-
tion in strength and discolouring is suppressed. This
permanence is quiteesscotial for printing papers used
for books.

Brightness

Normally acid sized printing and writinl'papers
used clays with brightness of 76-90%, which gives
low brightness papers. To increase the brightness
sometimes titanium dioxide is used, which is very
expensive. Bulin alkaline sized papers the use of
PCC; with very high brightness 95-98%. increases the
brightness oJ the paper by l!-5% ,'which is' very signi-
fica nt, This can be seen in Figure 6, where tbe bright-
ness of papers made by acid and alkaline sizing is
shown.

.Alkaline Papers
Brightness

76

74

•• 72••S 70

~68 --/m 66

6462~--------------~~==~------~20o 5 ·10 15
Ash Level %

../ AI•• lln. :

~_--- . ~_Acld

• Blink I

Figure, 6 •
Opacitv s

Because of the use of PCC in alkaline sized papers
the opacity of tbe papers is increased by 2-5% ove~
similar ~cid sized papers, which is very significant.
This significantly reduces the ink showthrough when
the paper il printed. This can be seen in Figure 7.
where tbe opacity of papers made by acid and alkaline
siziqg ,is shown.

Alkaline Papers
ISO Opacity

95

-Acid

.• Blank

90
?:-
.~ 85
Q.

o·
80

--- Alkaline

75+-~~--+-~~~~-+--p-~
o 2 4 6 8 10 12 14 16 18

Ash Level %

Figure. 7

Bulk, Caliper, Stiffness :

Because of the use of pee in alkaline sized papers
the bulk of the papers is increased by 5-15% ovet.~id
sized papers, which is very sigatf'icant. This also ,gives
higher stiffness Which is an advantage in handling

• Clay pee GCC TIOl
Brightness (ISO) ') :79·93 94·96 90-94 99
Scattering Coefficient ,'", '... ~,.

800-1200 1800·2500 1200-1800 4500-6000
pH 7.0 9.4 9.4 7.5Pr,ices in US. 120 120 ]20 1800Silbort ton

4
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prmting papers. This CB.1l be seen in Figure 8. where
fh~ Ciliper of'papers mild. by acid and alkaline si~inl
is shown.
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Figure!!

Microbiology:

There ia more microbilogical growth in alkaline
system but this has been studied and preventive
measure. are commercially available.

Other potential issues are:

* Felt Filling: Higher filler level can create felt
fil/ing but proper actions can be used to minimi!e
this. The felt life is normally the lame as in the
Case of acid sizing.

* Press picking: This Can be minimized by using
proper roll cover. It is also minimized by proper
selection of sizing and retention agents.

* Wire Life: Due to the higher filler level, .ad
especially with ground calcium carbonate, the
particles can get entrapped at the foil or Vacuum
boxes. This can cause wire abrasion. This can be
minimized by using Precipitated Calcium
Carbonate.

* Productivity: is usually higher after the first
year, When all the operating issues have been
resolved.

* System variability: is significantly reduced by
alkaline sizing. This is dependant on the proper
use and quality of chemlcats.
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As can be seen from the above discussions, for
alkaline sizing to, be successful one needs good
source of suit~bl~ 'quality and economical filler.
sizing agents and retention aids.

Fillers for Alkaline Papermaking:

Evaluations of the fillers available for 'alkaline
papermsking has been done quite extensively in the
laboratory and on paper machines. The finers evaluated
were clay. ground calcium carbonate. tltanlum dioxide
and precipitated calcium carbonate. It has been
concluded that precipitated calcium carbonate is the
filler of choice because of its higher optical properties

per unit cost.

Precipitated calcium carbonate is tht raw material
of bi~gest importance after the fibers. pce is available
all over the World but special grades of pce are
required for fiine paper manufacture.

Precipitated Calcium Carbonate (PCe):

pce is chemically the same as limeston~.marbte.
chalk and around calcium carbonate. In thePce
process the limestone is calcined to give quicklime,
which is then hydrated to calcium hydroxide. The
carbon dioxide which is evolved in the calcination
step is now reacted with the calcium hydroxide to
obtain pce with desired quality The slaking and
carbonation steps and design of the equipment are
used to control the quality of pce along with the
source of the limestone and its calcination. Figures 9
and 10 show the different shapes that can be made
with this process. All different sizes in these shapes
also can be made.

The advantage of pce over chalk and ground
limestone is that the particle size distribution is uni .•
modal and very narrow. This control of the particle
size distribution is quite important for its use in paper
because that allows the papermaker to control the
desired paper propert ies more precisely,

Chemicals for Alkaline Papermaking:

Since alkaline papermaking is carried out at eleva-
ted pH of 7.0 to 9.0 it requires different chemicals
which are compatible at alkaline pH. The system
strategy i. also quite different and requires special
knowledge and testing. The paper machine also needs
to have minor equipment modifications and additions.
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Precipitated Calcium Carbonate (PCC)

Calcite Rhombohedral

•

•

Aragonite Needle

Szing Agents :

Figure 9

The Sizing agents used in alkaline paper making
are reactive chemicals which interact under appropriate
condition. with cellulose to provide a water repellant
quality to paper. There are two main synthetic sizing
agents:

1. Alkyl ketene dimer (AKD)

2. Alkenyl Succinic Anhydride (ASA)

Operating pH :

Since the equilibrium pH of precipitated calcium
carbonate is 9.4, the papermaking system tends to
equilibrate in the range of 7.0 to 9.0 for an alkaline
system. For most of the alkaline paper machine) pee
buffers the system and therefore no additional chemi-
cals for pH adjustment are needed.

6

, ElectrochemistrY:

Due to its crystal structure and the action of ions
pee requires a residual positive Zeta potential. This
could, however, be dependant on the mill water com-
position, etc. Due to its positive charge and absence
of large quantities ofeletronegatively charged clay. the
system charge tends to equilibrate in the range of-IO
to neutral. It is critical to control the electroche-
mistry of the system.

Retention Aids :

•

Since pee is electropositive, cationic (+ vel in
nature, the retention aids usually need to be switched
anionic (-ve). The retention also depends on the
aoionicity o( the fibers used for paper mak ing. The
retention of fiber fines and filler is critical for the
success of the progrllm.

IPPTA Vol. 6 No.1 1994



Precipitated Calcium Carbonate (peC)
Calcite Scatenoheara, ,Rosette)

•

•

Large Particle Size

•

Key factors affecting Successful Conversion :

Most of the potential issues metioned above have
been solved and most alkaline mills world- wide enjoy
most of the advantages. However, several factors
influence the success :

* Pulp quality and variability

Paper machine configuration" *
** Press section

** Dryers

*

** Size press

Quality of alkaline chemicals (namely sizing agents.
retention aid •• PCC and biocidesj

Delivery systems for-new wet- end additive.*
IPPTA Vol. 6; No. I 1994

Small Particle Size
Figure 10

* Technical level of mill and operating personnel.

Recommendations for Hardware:

The detailed and more specific recommendations
can be developed only after a pilot machine trial, mill
audit and paper machine trials. However, some
general comments can be made at this stage.

* The wet end system needs to be properly designed
based OD what is available now. Separate tank.
with agitators, motors and flowmeters for prepa-
ration and delivery of the following chemicals:

** Precipitated Calcium Carbonate

** AKD/ASA

•• Starch

•• Alum



*. Retention aid

*... Biocide

Manufacturing Strategy and Implementation :

The program will be developed in the following
stales:

* Preliminary evaluation

Phase I: hand sheet study.
feaaibil ity.

Technoeconomic*

* Phaae IJ~ Pilot trails - Paper quality and
performance evaluation

* Phase III : Pretrial preparation to get paper
machine and personnel ready for paper machine
tfials.

•

Production Trial"* 1

Trial "* 2

Trial "* 2

1 Day

3 Days

3-10d.JYs

This will complete paper production trials for all
grades.

Next will come the following stag es;

* Paper Performance - Customer Evaluation
•

• Market Evaluation

* Total EConomic Evaluation •

* Conversion monitoring

Install permanent svstem in place*

•
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