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Effects of Calendering on Print Densities of Coated Paperboards
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ABSTRACT
In this study, the effect of calendering on print quality was determined. For this purpose, five different pigment-coating formulations were 
prepared. They were coated on the surface of the base paperboard, previously coated with starch. Half of the coated base paperboards were 
calendered. Then, the Ugra82 (Ugra82 Plate Control Wedge) was printed on calendered and uncalendered-coated base paperboard surface 
by offset printing using black inks. All solid density measurements on the printed wedge were performed using a calibrated Gretag Mac-
beth Spectrolino Spectrophotometer. Double coating of the base paperboard surface is important for printability. As a result of measure-
ment, it was found that calendering increased the surface smoothness. The surface smoothness of coated paperboard increased as long as 
ink absorption reduced. Hence, density value augmented after calendering. Generally, the raise of the kaolin ratio in the coating formula-
tions affected positively printability.
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I. INTRODUCTION
Whether paperboard packages have good printability surfa-
ces they will have resistance against moisture, oil and air af-
fects. Not only the paperboard packages protect their con-
tents from environmental effects, but also they must have 
good printability increasing visual appeal [1]. Printability is 
affected by the physical properties of the paperboard as well 
as the relationship between the paperboard, ink and the prin-
ting machine. It is also important that the source of light is as 
near as possible in color to natural light [2, 3].

A good print will have high print gloss, extended tone 
range, minimal oil absorption, and optimal print density. 
These properties will be affected by substrate properties; 
roughness, porosity, brightness and opacity [3]. An increase 
in surface roughness influences the optical properties of the 
surface leading to a reduction of intensity in the secular’s di-
rection and an increase in diffuse direction. [4]. Paper sur-
face roughness values effect the dot-gain values.

The substrate consists of a pigment coating inter layer, 
which is coated on top of a barrier latex layer. The pigment 
coating inter layer controls the absorption of ink solvents 
[5]. The type, size, and shape of pigment particles as well as 
binder combinations in coatings are all important factors for 
ink absorption [6].

Ink penetration through a coated paper is not a desirable 
feature of a sheet-fed or heat-set offset printed product. Ad-
hesion of the ink on the surface of the substrate allows a hi-
gher density for the same amount of ink applied. This is ob-
viously more cost effective and also can result in a brighter 
cleaner print [7].

II. MATERIAL AND METHOD

The base paperboard coated with starch was supplied from 
the paperboard manufacturer. Roughness properties of 
samples were measured according to TAPPI T555-om-99. 
Gloss values of samples were measured at 75° using a No-
vo-Gloss™ Glossmeter based on TAPPI T480-om-99. Cobb 
values of samples were tested by means of TAPPI T441 om 
– 90. CIE Whiteness, Brightness and Yellowness properties 
of samples were measured based on TAPPI T1216 sp-98. 
Three different pigments (Table 1) were utilized on the se-
cond and third layers whereas the binder (Table 2) and addi-
tives remained constant throughout the study. The third la-
yers were coated using five different coating formulations 
(Table 3). However, the second layer pigment formulation 
was not varied throughout the study.
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II.1. Coating Formulations and Application Methods
For this study, six different coatings were prepared with 
pigments of different aspect ratios and binders. The coa-
ting formulations applied are given in Table 3. All coa-
tings were prepared by the ratios of 60 % solids. The pH 
of the coatings were not adjusted and in the pH range of 
8 to 9. After mixing for 30 minutes, pH (ISO 6588:1981), 
percentage coating solids (ISO 638:1978), and viscosity 
(TAPPI T666 om – 91) were measured. The viscosities 
of the coatings were gauged with a Brookfield viscome-
ter (spindle No. 2; measuring speed 100 rpm). Coatings 
were introduced using a K- Control laboratory coater. The 
coatings were carried out at two coat weights by use of 
two different rods and air dried overnight according to 
TAPPI T402. After the coating process, the coated test li-
ner samples were calendered at 300 PLI, 2-nips against a 
polished metal roll.

While the solids ratio of the second white layer formu-
lation was 60 %, the third white layer formulation’s was 
62%. The viscosity values were 300±100 cP (centipoises) 
and pH was 8.5. The pigment coating was applied to the 
base paperboard surface using a K Control Coater and its 
bars.

After the coated base paperboards dried out, they were 
calendered. Calendering process continued until the coated 
base paperboards had enough brightness. Temperature and 
pressure of the calendering process was kept constant th-
roughout the period of the study.

The Ugra82 was printed on the calendered and uncalen-
dared-coated paperboards using offset printing with black 
inks and a plate prepared at 60 lpc. Print densities were 
measured using a calibrated Gretag Macbeth Spectrolino 
Spectrophotometer (D50, 2 degree observer, UV included, 
with white backup) according to ISO 12647-2.

Image 1: Ugra82 Plate Control Wedge

III. RESULTS AND DISCUSSIONS
Luminosity, grain size and pH values of pigments utilized 
in operational tests are given in Table 1. Table 2 shows bin-
der properties. Coating formulations are given in Table 3. In 
Tables 4 and 5, optical and physical properties of uncalende-
red and calendered-coated paperboards are presented.

Table 1: The characteristics of the mineral pigments

Pigments Brightness Particle size pH

Kaolin 88 % 80 % (2 mm below) 6 - 8

Calcium carbonate 93 % 56 % (2 mm below) 9.50

Titanium dioxide 95 % 0.25 – 0.35 mm 6 – 8

Table 2: The characteristics of the binders (Latex)

Properties Amount
Dry matter 50 % ± 1
Viscosity 370 mPa.s
Density 1,02 g/cm3

pH 8 ± 0.50

Table 3: Using pigments and binder parts to the formulations

Pigments F1 F2 F3 F4 F5

Kaolin 50 25 75 30 30

Calcium carbonate (Calcite) 50 75 25 65 60

Titanium dioxide - - - 5 10

Binder (Latex) 8 8 8 8 8

Table 4: The physical properties of uncalendared base paperboard

Testing F1 F2 F3 F4 F5

Cobb (g/m2) 101 100 97 107 104

Gloss 75° (%) 35 24 40 31 28

Roughness (microns) 3.78 3.66 3.14 3.17 3.32

Brightness (%) 78.20 79.00 77.60 79.70 81.40

Yellowness (%) 0.47 0.10 0.70 0.40 0.42

CIE Whiteness (%) 90 95 86 81 81
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Table 5: The physical properties of calendared base paperboard

Testing F1 F2 F3 F4 F5

Cobb (g/m2) 95 94 70 92 98

Gloss 75° (%) 44 37 54 40 42

Roughness (microns) 2.04 2.09 1.73 1.88 1.67

Brightness (%) 77.40 78.30 77.10 79.60 81.30

Yellowness (%) 0.60 0.22 0.80 0.42 0.48

CIE Whiteness (%) 87.70 91.80 85.40 82.00 81.80

After the calendering process, cobb values decreased. 
The lowest Cobb value was gathered from F3, which con-
tained 100 parts Kaolin. However, The F3 had the highest 
gloss value. The increase of the Kaolin [8] in the coating 
formulations led to an augmentation in the yellowness va-
lue. However, it resulted in the highest brightness values. 
The highest brightness value was obtained in the case of 
F5, containing 10 parts titanium dioxide. The smoothness 
values improved after the calendering process. The kaolin 
addition caused a raise in the smoothness due to the par-
ticle shape (Table 4, 5).

Calcium carbonate [9, 10] considered worldwide as 
inexpensive filler and due to its special white color as a co-
ating pigment, also thanks to its good ink absorption, en-
sures opacity, brightness, smoothness and improved printa-
bility. These characteristics are related to the particle size 
distribution and to the shape of calcium carbonate partic-
les [11]. The augmentation of the calcium carbonate ratio in 
the coating formulations increased brightness and CIE whi-
teness values, but decreased gloss values. After calendering, 
the brightness and CIE whiteness values were diminished. 
However, the gloss values were advanced (Table 4, 5).

In the figures below, The solid density evaluation of 
Ugra 82 on the uncalendered and calendered coated base pa-
perboards printed by the offset printing are shown. All figu-
res show the ink drying phenomena at 18 hour after printing 
on uncalendered and calendered paperboard. Also it was de-
duced that there was a loss of density in each formula after 
ink drying.

F1 contained 50 parts Kaolin and 50 parts Calcium car-
bonate. Figure 1 shows that calendered paperboard’s obta-
ined density value was higher than uncalendered paperbo-
ard’s after ink drying. It showed that calendaring improved 
the print density.
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Figure 1: Formula 1 –The solid density values of black printing (a) uncalendered and (b) calendered paperboards

F2 was comprised of 25 parts Kaolin and 75 parts Calcium carbonate. It was derived from the results that when kaolin part 
in formulation decreased, the density value of printed uncalendered paperboard increased. However, density value of printed 
calendered paperboard did not effect this change (Figure 2).

a b
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Figure 2: Formula 2 –The solid density values of black printing (a) uncalendered and (b) calendered paperboards

F3 included 75 parts Kaolin and 25 parts Calcium carbonate. Here the raise in uncalendered paperboard density value 
depending on the amount of kaolin was more evident than F2’s. Indeed, the density value of F3 was higher than F4 and F5, 
containing the titanium dioxide.
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Figure 3: Formula 3 –The solid density values of black printing (a) uncalendered and (b) calendered paperboards

F4 was consisted of 30 parts Kaolin, 65 parts Calcium carbonate and 5 parts Titanium dioxide. The titanium dioxide use 
reduced the amount of the kaolin utilization, thus diminished the density value both uncalendered and calendered paperboard. 
However, the density loss at 6 hour after the printing was minor comparing to the titanium dioxide-free formulae.
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Figure 4: Formula 4 –The solid density values of black printing (a) uncalendered and (b) calendered paperboards
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F5 incorporated 30 parts Kaolin, 60 parts Calcium carbonate and 10 parts Titanium dioxide. The increase of titanium di-
oxide in formula led to the raise of density values of both uncalendered and calendered ones. Therefore, the density value of 
the calendered one was lesser than the titanium dioxide-free formulations.
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Figure 5: Formula 5 –The solid density values of black printing (a) uncalendered and (b) calendered paperboards

SEM images of pigments in the formulations at x15000 magnification are shown on Images 2-4.

      

Image 2: The SEM image of Kaolin pigments Image 3: The SEM image of Calcium carbonate pigments

Image 4: The SEM image of Titanium dioxide pigments

a b
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Conclusions
The solid density values on the calendered-coated base paper-
boards were higher than those of uncalendered-coated base 
paperboards according to the results obtained from density 
measurements of the Ugra 82. The higher densities revealed a 
heavier ink film layer on the substrates, which have a low rou-
ghness value. The augmentation of kaolin pigment in formu-
lations increased the print density due to the plate shaped par-
ticles, also causing the raise in the smoothness values.

Calendering reduced the ink absorption due to the im-
proved surface smoothness of coated paperboard. Thus, af-
ter calendaring the density values got better.

Coating formulations combining the calcium carbonate 
pigment and kaolin pigment can be utilized in order to dimi-
nish the ink absorption by decreasing the solid print density.

Calcium carbonate pigments developed the brightness 
and CIE whiteness values of the coated paperboards. The 
calcium carbonate pigments structure comprised of small 
prisms led to high roughness values. The ratio of the absorp-
tion was grown due the increased capillary spaces.

Although, the use of high ratio titanium dioxide pig-
ments in formulation advanced the print density, the den-
sity values acquired via this formula were lesser than the ti-
tanium dioxide-free ones.

As a result, when the ratio of calcium carbonate is aug-
mented in the formulation, the brightness and CIE whiteness 
values were risen. But, the solid density value was reduced. 
Hereby, it was concluded that the ratio of kaolin in the for-
mulation should be kept high.
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