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Abstract:

Printability of paper is an important parameter which is affected by surface roughness of paper. To improve
printing properties of paper, paper surface is either surface sized or pigment coated. Surface sizing is
basically the application of starch solution or other additives on surface of paper at size press, which is
an essential component of paper machine. Surface sizing is generally done of writing / printing grade
of paper like maplitho paper, copier paper, MF Cover paper which is further calendered to improve its
properties like smoothness, reduce fluff and filler dusting problem. To produce high quality paper with high
graphic reproducibility, paper is pigment coated. The coating solution or colour is an aqueous suspension
applied on both side of paper. After application of the required amount, the coating is dried and finished.
In finishing, the coated paper achieves its smoothness and glass potential.

Coating color consists of several components. Pigment is the most important of these are comprises of 80%
of coating slurry. They are in-organic compounds in fine powder form like Calcium Carbonate, (PCC & GCC),
China Clay, TiO2, Almunium Ttrihydrate etc. Another important component are binders which helps to bind
the pigment particles to base paper and to each other. It functions as glue. The amount of binders is coating
colour is about 5-20% wt% of the amount of dry pigment. The lowest amounts are in rotogravure coating and
highest in offset coating.

Besides pigment and binders coating color usually contains various additives like dispersing agents, pH
controlling agents. Lubricants. OBA microcides etc. These components are usually below 2% of total solids.

While the application of sizing chemicals essentially improves the surface properties, coating improves
the surface and printing properties by decreasing ink absorption. It also improves smoothness and gloss
properties of paper. However the extent of any change in property depends on the kind and amount of
various components substances of the coating as well as coating equipment.
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INTRODUCTION

Surface sizing is a paper making process that applies sizing agents to the surface of a partially dried paper web to improve its
strength printability and water resistance. This process is typically performed after paper has been pressed and partially dried
using a size press.

PURPOSE OF SURFACE SIZING

i. Improve Water Resistance - Surface sizing reduces the paper’s ability to absorb liquids making it more suitable for
printing and writing with inks and paints.

ii. Enhanced Printability- By controlling the amount of ink absorbs surface sizing helps maintain sharp print quality and
prevents bleed through.

iii. Increased Surface Strength -Surface Sizing agent binds surface fibers together increasing the paper’s resistance to
abrasion creasing and other stress.

iv. Better Coating Adhesion- Surface sizing creates a uniform and stable surface for applying coatings, improving adhesion
and preventing problems like dusting.

v. Improve Handling and Finish- Surface sizing can also contribute to a smoother and more uniform surface finish,
enhancing the overall quality of the paper.

The process of surface sizing or an external sizing is different than wet and sizing or ‘Interval sizing’. We add the sizing
chemicals in whole pulp at wet end. Thus compared with wet end addition surface sizing provides close to 100% retention
of added chemical reduces problem of wet and deposition and increases life of machine clothing. Surface sizing also allows
reduction or removal of chemicals from the white water to assist in environmental improvements.

CHEMICAL USED IN SURFACE SIZING

There are number of chemicals that are used for Surface sizing of paper to impart the desired properties. Few of them are
discussed below.

a) Starch -Starch is most commonly used to surface sizing agent. A relatively low viscosity solution of 3% to 9% solids is used
at size press to achieve pickup in the range of 30-50 kg. of dry starch per ton of paper produced. Starch is supplied as white
granular powder which is insoluble in cold water. On heating, the water gets penetrated in starch globules and causes them
to swell, Producing a gelatinized solution or paste, depending on concentration. Further cooking cause the solution to thin to a
lower viscosity. Cooling this hot solution

cause thickening which is called “setback” or retro-gradation. Although gelling starches have good film forming properties and
thus contribute to greater surface sizing efficiency, but their high viscosity and setback causes difficulties in their application
on to the paper surface.

Lower viscosity and setback resistance are achieved by using chemically (e.qg. oxidized starch) or thermally modified starch. A
low viscosity starch (thin boiling) can be produced by enzyme conversion.

One of the potential problems with oxidized starches is their anionic characteristic. This may be undesirable when the starch is
reintroduced to the white water system through the use of broke. There may be undesirable effects on wet end chemistry and
the mill effluent treatment plant. Some mills have switched to the use of cationic starches for surface sizing. Cationic starches
are attracted to the anionic fibre (thus making the starch cellulose substantive) resulting in lower BOD (Biochemical Oxygen
Demand) loading on the paper mill effluent treatment plant (ETP).

b) Other Size Press Chemicals- There are number of the water dispersible film formers that are used for surface sizing. These
materials are higher in cost and their use is limited to higher value added paper.

i. CMC (Sodium salt of the carboxy methyl Cellulose) - 1t is useful to improve grease resistance in hold out, surface strength
and print gloss. The CMC solution can be used alone or in combination with starch vegetable gums or protein polymers

ii. Methyl cellulose- This helps in producing hard, flexible and continuous film which offers a good resistance to oil and
greases. The methyl cellulose film is water sensitive, therefore cross linking resins are required to provide water resistance.
Plasticizer (e.g serbitol) are added to improve the flexibility of the film. 1t is used in combination with starch

iii. Polyvinyl Alcohol- PVA is used for forming film having very high tensile strength and high degree of transparency, flexibility
and oil resistance. The film has a fairly good water resistance which can be further improved by addition of the cross linking
resin or an alkali stabilized colloidal silica.
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iv. Alginate- They can be used alone or with a starch, casein or vegetable gums. Alginate gives high density well closed
surface, which is particularly suitable for waxing base papers, gumming stock and paper board for high gloss ink printing.

v.  Wax Emulsion- Wax emulsion are used alone or with a starch to produce better finish scuffing resistance(bind loose surface
fibers), water repellency, blood resistance, better foldability surface.

SURFACE SIZING TECHNIQUE

i. Pond Size Press- These are conventional size press mainly seen in old slow speed paper machine (Fig-1) shows different
type of the pond size configurations (a) Horizontal (b) Inclined (c) Vertical and (d) SIM roll. The size solution is delivered to is
delivered to the nip between a pair of the oppositely rotating role to form a pond of material above the nip. The paper absorbs
some of the solution, and balanced is removed in nip. The overflow solution is the collected in end funnel or pan below the
press and is recirculated back to nip. In this type of the size press, the size solution penetrates deep into the sheet structure,
which normally consider beneficial to paper quality. These type of the press require little maintenance and paper quality is
constant. Runnability is also good at low speed, but at speed above 800ml/min, pond type size press use is restricted, due to
high number of the breaks, pond splashing and other related problems.

ii. Gate roll Size Press- It has offset pond, which is not a contact with the sheet. This offset pond feed a metering nip which
controls the amount of size going to second nip. The second nip controls the film uniformity. The roll is gate roll train run at
different speeds to minimize film split patterning (Fig-.2). The major disadvantages is the restricted size penetration since size
metering is based on hydrodynamic hydrodynamic forces only high viscosity solution are used to achieve high thick size film
on applicator roll.
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PIGMENT COATING

Pigment coating is applied to paper and paperboard to improve printability and appearance. A pigment coating consists of a
pigment and a binder and a small amount of other additives. The binder and additives normally comprise less than 20% of the
coating. The pigment coating provides a surface that is more uniform and more receptive to printing inks than the uncoated
papers.

Two major classifications of pigment coated papers and paper boards are :

1. Coated one side (C1S) - also called as chromo paper/board mainly used for printing lables, wrappings etc, where only the
coated surface is printed.

2. Coated two side (C2S) - also called art paper/board. Mainly used in magazines, papers, diaries, cover pages etc where
printing on both sides is required.

Paper coating operations are classified as ‘on-machine’ or ‘off-machine’ indicating whether the coating is applied on the
papermaking machine or apart from it in a separate operation. There are five major coating processes.

1. Size Press Coating 2. Roll Coating 3. Air-knife Coating 4. Blade Coating 5. Cast Coating.

Size press and roll coating normally take place on - machine, although the latter is sometimes used off-machine. Blade coaters
are used in both locations. Air-doctor coaters were developed for off-machine coating but are also being used on- machine,
especially for paperboard coating and for double coating, on wet-on-wet. Cast coating is done off-machine.
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Coatings applied at the size press generally require a binder content significantly higher than that required for coatings applied
by other methods because of the high absorbency of the paper web at the size press location. Higher binder content and poor
holdout makes size press coating more costly and less efficient than other methods of coating.

In roll coaters, a metered amount of coating is applied roll. Much higher coat weights can be applied and higher application
solids can be used.

In air-knife coating system an excess of coating mixture is applied to the paper surface and an air-jet doctoring unit is used
to remove the excess coating. The main advantage of air- knife coating is its applicability to a wide range of raw stocks and
coating conditions. It is essentially a low-solid, low-viscosity operation. Normal coating solids run from 30 to 55%. low. The
air-knife coater is unique in that it doctors the coating from the web without any direct physical contact with the web so that
it produces a coating that is uniform in thickness regardlerss of the topography of the paper surface. By contrast, the coaters
that use rigid metering or doctoring devices such a blades, rods, and bars, tend to fill in the dipressions in the paper surface
while leaving a minimum of coating films on the high spots, thus producing a coating that is level but uneven in thickness. A
uniform thickness of coating is desirable for highly coloured coatings or when applying high-opacity coatings to a unbleached
raw stock.

Blade coating is now the dominant form of coating. Blade coaters produce a high quality coated surface, which is due to the
absence of the film-split pattern that is characteristic of roll-coated papers. The basic feature of blade coating is the application
of direct-contact physical doctoring principle. There are a number of variations of coaters using this principle. Champion Rod
Coater, Champflex Coater, Puddle-type Blade Coater, Bill Blade Coater, Bent Blade Coater efc.

Cast coating is used to produce ultrahigh-finish pigment- coated papers. Cast coating involves bringing a wet, plastic coated
surface into contact with a non-adhering surface with a high finish then rendering the coating non-plastic, and there after
removing the coated paper from the non-adhering surface. The final coated surface mirrors the finish of the highly polished
drying surface, thus eliminating the need for super-calendering and maintaining high bulk and ink absorbency of sheet.

Properties of Pigment Coated Papers

Surface properties of coated papers are most important and such strength properties as tensile, tear and burst are of secondary
importance. The most important properties are brightness, opacity, smoothness, finish, ink acceptance, ink hold out, and pick
strength. Additional properties important for some applications include porosity, blister resistance, printed opacity, water
resistance, and permanence.

i) Brightness:

Brightness is so important in pigment coated paper that coated paper grade structure is based primarily on brightness and to a
lesser degree on raw stock composition. The principal coating components that influence brightness are the pigments, binders,
and additives and the relative proportion of each in the coating formulation. Fine particle size, high brightness clay, calcium
carbonate, aluminum trihydrate, satin white, and titanium dioxide contribute to high brightness. Synthetic binders produce-
higher brightness than the natural binders; low binder levels enhance brightness. Normally, additives such as the natural gums
and starches have a minor, but negative, effect on brightness.

ii) Opacity:
Opacity of paper relates closely to the degree to which printing can show through from the next sheet in a book. The importance

of coated paper opacity is almost self-evident. Any show-through that alters the appearance of the surface in turn distorts the
image appearing on the surface.

The principal factors that influence opacity are the pigments, binders, base paper, coat weight and the degree of finishing.
Titanium dioxide with its high index of refraction provides increased opacity as its percentage in the coating formulation is
increased. Binder has a negative effect coating. Excessive calendering pressure or over finishing can lead to transparentizing
and a corresponding loss in opacity.

iii) Smoothness:

One of the principal reasons for applying a pigment coating is to produce a smooth surface that will ensure better contact
between the printing plate and the paper. Smoothness is strongly influenced by the degree of calendering. Smoothness depends
on compressibility, primarily of the raw stock, and to a lesser extent of the coating layer. The type of pigment as well as the type
and amount of the binder are important factors.
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iv) Ink Receptivity:

Coating of paper surface improves its ink acceptance. A number of factors affect the ink receptivity and the ink absorption of
the coated surface, but the most important is the percentage of binder in the coating. The lower the binder to pigment ratio,
the higher the ink receptivity ad ink absorption. Bulky pigments such as precipitated CaCO3, thermally treated clays, and the
amorphous silicates add to ink receptivity. Pigments that orient and pack together, such as the delaminated clays, reduce ink
receptivity. Excessive ink absorption is undesirable since it has an adverse effect on print quality and ink consumption. Ink
receptivity and absorption are readily controlled by adjustments in the binder level.

v) Pick Strength :

Pick strength is a measure of the resistance of the coating to being picked or pulled from the raw stock during the printing
process. The amount of binder and its distribution are the fundamental determinants of pick strength. Wax pick test is quite
suitable provided no thermo plastic materials are present in the coating. With the increased use of latex binders the wax pick
test has been replaced by simulated printing tests.

vi) Other Properties :

There are many other properties of coated paper that can be important for specific grades or special application. Some of these
properties are listed below-

i.  Foldability - The folding strength of coated papers is important because the paper must stand folding on the printing
press and in the subsequent binding operations. The most stringent requirement is for multi-colour heat set printing where
the paper may be heated to 220°C in less than one second. This dries out the paper and tends to make the paper brittle. The
best indication of foldability is a special tensile-at-the fold test in which the paper is heated and the tensile test measured
after folding.

ii. Wet-Pick Resistance - This is the pick resistance of coated papers that have been slightly moistened. Wet-pick resistance
is an important factor for offset printing papers.

iii. Blister Resistance - It relates to the ability of the coated paper to withstand the internal vapour pressure that occur during
heat-set printing. Increasing the coating porosity improves blister resistance.

iv. Permanence (or Resistance to Aging): It is an important property, especially for coated book papers. Paper-making in
alkaline pH seems to be a very important contributor to improved permanence.

COMPONENTS OF COATED PAPERS

Pigment coated paper is comprised essentially of three materials:
1. The base paper or raw stock. 2. Pigment. 3. Binder.

i. Base Paper :

The base paper is the most important component in determining the quality of coated paper. The properties of prime importance
are uniformity, formation, porosity, resiliency, strength moisture, brightness, opacity, finish and surface smoothness. Furnish for
the raw stock varies, 20-50% long fibre, 40-70% short fibre or mechanical fibre, and 10-15% pigment filler. Raw stock for low-
solids coating, for example, 40-50% solids, should be moderately sized to control penetration of coating into the raw stock and
to maintain the integrity of the paper.

The strength of the raw stock is responsible for most of the strength of the final coated sheet.
ii. Pigment:
The principal pigment for coating by far is Kaolin, commonly referred to as China clay. Other pigments include: calcium

carbonate, titanium dioxide, aluminum trihydrate, amorphous silicas and silicates, satin white, talc, zinc oxide, barium sulphate,
and plastic pigments.

Kaolin clay has many desirable physical and chemical properties including while color, fine particle size, platelet particle
structure, low abrasiveness, and chemical inertness. Chemically, Kaolin is a hydrated aluminum silicate.

Calcium Carbonate: - Calcium carbonate, also referred to as chalk, whiting, and limestone, has been used as a paper coating
pigment. Natural calcium carbonate pigment is made by the grinding of limestone and the synthetic product is made by
chemical precipitation. Substitution of calcium carbonate for clay increases the brightness, but has no significant effect on
opacity. Sheet gloss declines with the addition of calcium carbonate.

Titanium Dioxide - TiO2 has the highest refractive index of any white pigment. Its particle size is precisely controlled in
manufacture to maximize reflectance. TiO2 increases both brightness and opacity of coated paper. Rutile TiO2 makes a larger
contribution to the opacity of light weight coated paper than does anatase TiO,.
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Table 1 - Physical Properties of Coating Pigment. Data collected from various sources mainly from Ref2.

Pigment Chemical Composition Most Particle Shape | Density Refractive ISO %
Particles (kg/dm®) | Index Brightness
(wm)
Kaolin Clay ALO; * 2Si0, <2H,0 0.3-5 Hexagonal platy | 2.58 1.56 80-90
GCC? CaCOs3 MgCOs 2- 0.7-2 Cubic, 2.7 1.56-1.65 87-97
3%) prismatic, platy
Talcum MgO - 4Si0, * 2H,0 0.3-5 Platy 2.7 1.57 85-90
Gypsum CaSO, * 2H,0 0.2-2 Roundish 2.3 1.52 92-94
Titanium
dioxide
- Anatase TIO, 0.2-0.5 Rodlike 3.9 2.55 98-99
- rutile TIO, 0.2-0.5 Rounddish 42 2.70 97-98
pCC® CaCO; 0.1-1.0 Variable, 2.7 1.59 96-99
usually rodlike
Calcined Kaolin | ALO; ¢ 2SiO, 0.7 Aggregated 2.69 1.56 93
(median) plates
Plastic pigment Polystyrene most common
- solid 0.1-0.5 Spherical 1.05 1.59 93-94
- hollow 0.4-1.0 Spherical 0.6-0.9 1.59 93-94
ATH ¢ AI(OH); 0.2-2 Platy 242 1.57 98-100

(a) Ground Calcium Carbonate (kalcite), (b) Precipated calcium carbonate , (c)Alumina trihydrate

iii) Binders :

Paper coating binders can be divided into two general classifications:
1. Water soluble colloids such as starch, protein, and polyvinyl alcohol.

2. Aqueous emulsions of synthetic polymers such as stysenebutadiene, polyacrylate and polyvinyl acetate.

Starch is the most widely used paper coating binder. Modified starches with relatively low viscosity are desired. The principal
types of modified starch used for coating are dextrin, oxidized starch, starch ethers and esters, and enzyme-converted starch.

Latices based on styrene-butadiene dominate the market for synthetic paper coating binders.

Table -2 Characteristics of three major types of paper coating latexes and their paper coating performance characteristics

Latex Type

Chemistries and Molecular

Minor Comonomers

Modifiers

Paper Coating Performance

Architecture Characteristics
S/B Latexes Cross Linked Styrene- butadiene Acrylonitrite methyl Vinyl acids hydroxyethyl | High binding strength High-solids
copolymers methacrylate etc. acrylate acrylamide coating blade runnability High

coating gloss High ink gloss

S/A Latexes

Styrene-n-butyl acrylate
copolymers

Acrylonitrile methyl
methacrylate etc

Vinyl acids hydroxyethyl
acrylate acrylamide etc

High-solids blade coating
runnability High coating gloss
High ink gloss
Light stable coatings

PVAc Latexes

Linear vinyl acetate
homopolymers

Ethyl or butyl acrylate
ethylene, etc

Vinyl acids

Blister resistant coatings
Better Fiber coverage More porous
coatings Paper board coatings

ADDITIVES:
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In addition to pigments and binders, most coatings contain other materials that are added either during the preparation of
the coating mixture or at a later stage in the coating operation. These additives include deformers, lubricants, wax emulsions,
preservatives, flow modifiers, and in solubilizers. The additive may be a fundamental part of the formulation or its use may
be limited to occasions when problems occur. Generally most additives are used in small amounts and rarely exceed 5% of the
coating solids.

CONCLUSION:

Both the processes of surface sizing and coating are utilized for modifying the surface of paper thus making it suitable for good
printing. The choice of selection of process depends on grade of paper produced. While surface sizing is mainly good for low
coast writing and printing paper, coating is needed for papers where high graphic resolution is required. Selection of pigments
and binders and other additives plays a crucial role in deciding the properties of coated paper. With new innovations in coating




