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Abstract This paperevaluates the effect of heat treating of linerboard for improvement of its stiffness and compressive
strength. The experiments and testing of the physical and strength properties were conducted according to TAPPI test
methods. The results revealed that heat treatment of linerboard at 200°C increases themachine-direction and cross-direction
compression strength 10-15%. Moreover, the increase of the linerboard weight decreased the machine-direction and
cross-direction, mainly of both of tensile index and compression index, at appro ximately equal board density. Additionally,
the increase in density will add to the increase in properties in the machine-direction and cross-direction.The effect of the
dwelltimes has been investigated in this study and found that an increase in cross-direction short span compression was 2.5%
for the 19.05 kg liner and 5.5% for the 11.8 kg liner. However, the benefits of the increased strength have to be balanced

against the energy costs.
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1. Introduction

There is currently a significant emphasis on linerboard
treatments to improve various qualities of linerboard because
of its wide use in the packaging market. The treatments
involves heat and pressure, or heat alone, during or after the
production process. However, the qualities of the linerboards
that should desirably be enhanced depend upon the intended
application of the product.

A primary determinant of the performance of linerboard is
the compressive strength as measured by short-span
compressive (STFI) test. In particular, the compressive
strength, mainly the cross-direction (CD), is often the
weakest point of the board. Various studies have been
conducted on the compressive strength of linerboard and
reported that the linerboard is a very sensitive material and
can lose rigidity depending on environmental conditions
[1, 2].

According to the literature, several methods have been
used to increase the stiffness and compressive strength of the
manufactured linerboard and corrugating medium. A method
was proposed for heat treatment of corrugated boardthat
involved blowing hot air at 190°C through stacks of board
where it could be heat-treated and then cooled with a cycle
time of 100min. Although the process improved the wet
compression strength however such a system would not be
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practical for a large production facility[3, 4].

A higher production heat treatment process was proposed
where the paper web is subjected to a heat treatment at
350-400°C for a few seconds[5]. With this treatment, the wet
compression strength was increased from 10% to more than
25% of the dry strength. The main effect of the heat
treatment was believed to be an increase in moisture resistant
cross-linked bonds in the cellulose[6]. The increase in wet
stiffness however has to be balanced against an increase in
dry brittleness.

Another improvement methods were proposed based on
combination of densification and heat treatment process of
linerboard or bleached board with press-drying rolls at the
dry end of the paper machine[7, 8]. The sheet density i
increased to 700-900 kg/m’ and treated at a temperature of at
least 216°C. In a machine trial, the machine direction (MD)
and CD dry compressive strength were increased 8 and 19%
respectively while the MD and CD wet tensile were
increased 240 and 270% respectively. However, there was a
loss in folding endurance of about 26%.

Several drying processes were proposed to increase the
paper density and strength[9]. For instance, two commercial
Condebelt dryers are employed today on board machines
[10, 11]. However, more research is needed for better
investigation of heat and mass transfer phenomena inside the
dried sheet and inside the drying chamber in all of these
drying processes sheet and inside the drying chamber[12].

The motivation for of this study started by investigating
the effects of heat treatment of a portion of a papermaking
furnish to improve the paper machine drainage and sheet
bulk. Experimentally, it was noticed that when heat
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treatment is applied to the fines fraction from a linerboard
pulp, a tough congealed mass was obtained that could not be
easily dispersed to add back to the furnish. Based on this it
was decided to pursue heat treating of linerboard for
improvement of stiffness and compressive strength.

2. Methods and Materials

The experiments were conducted on three types of
commerciallymade linerboards whichwere obtained fromthe
Jordanian Paper and Cardboard factory. The Linerboard was
treated in a computer-controlled heated press (57x5”) at
200°C and different times.Prior to testing, the treated boards
were conditioned under conventional conditions (23°C and
50% RH) for more than 24 h. For every measurement, a
sample of five specimens was testedfor each type of
Linerboard.

The symmetry directions of the linerboard are shown in
Figure 1 and defined as the following: the machinedirection
(MD) corresponds to the winding directionof'the spindle, the
cross direction (CD) correspondsto direction transversal to
MD in the sheet plane, andthe thickness direction (TD)
corresponds to the directionalong the thickness out of the
sheet plane.
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Figure 1. Linerboard geometry and principal material directions
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The physical and strength properties of dried linerboard
were measured using tensile and compression testing
instruments according to TAPPI T826, TAPPI T494, and
TAPPI T414. However, the results were statistically
presented by means of table showing the average value of the
property (with 95% confidence level) for each time.

3. Results and Discussion

The results from the laboratory investigation are
summarizedin Table 1. The most significant changes were in
the CD properties. The pressure of 1 psig was just enough to
keep the platens in contact during the heat treatment. Even
with a short dwell time, the CD tensile index increased by
23%, the CD TEA increased 55%, and the CD short span
compression (SCT) increased by 11%. Moreover, increasing
the density by wet pressing at 200°C, has relatively shown
increase in the mechanical properties, as shown in Table
1.However, a higher pressure of 25 psig resulted in an
increase in sheet density but no further improvement in the
compression strength.

However, for further investigation, additional testing was
conductedfor other linerboard weights (11.8 and 19.05kg) by
heat treating at 200°C for 10 minutes and 1 psig. The results
are shown in Table 2. It is clear that the significant change is
in the compression strength. More importantly, the increases
in the CD compressive strength of 11-15% are particularly
noteworthy since this is often the limiting factor in
performance of the board. The heat treatment conditions to
achieve this, however, are not practical.

Table 1. Mechanical properties of heat treatedl Skg linerboard

Pressure Time at Densi Tensile Index TEA Index Short Span Compression
(psig) 200°C & /m?; (N.m/g) (mJ/g) Index, (N.m/g)
psig (min) & MD CD MD CD MD CD
0 0 669 54.1 23.4 437 727 36.9 17.0
1 0.1 681 49.9 28.7 368 1124 43.6 18.8
1 5 702 60.5 27.9 482 1059 42.2 20.2
1 10 690 59.1 28.2 406 1121 44.1 21.9
25 1 711 47.8 22.4 332 547 42.4 20.6
Table 2. Mechanical properties of heat treated linerboard samples at 200°C, 10 minutes
Time at Densi Tensile Index TEA Index Short Span Com pression
Sample 200°C o« /mt3y) (N.m/g) (mJ/g) Index, (N.m/g)
(min) g MD CD MD CD MD CD
Medium
(118 ke) 0 547 52.0 30.3 484 625 27.5 20.3
Medium
(118 ke) 10 558 50.3 29.2 455 486 34.8 23.5
Linerboard
(118 kg) 0 705 65.5 38.4 639 1101 40.7 22.8
Linerboard
1 2 2. . 4 1 43.2 25.4
(118 ke) 0 727 62.6 36.9 87 815 3 5
Linerboard
(19.05 kg) 0 734 47.6 28.9 411 733 30.2 18.6
Linerboard
(19.05 ke) 10 728 50.8 32.9 444 838 35.0 21.1
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Generally speaking, the increase of the linerboard weight decreases the MD and CD of both of tensile index and
compression index, at more or less equal board density. This is illustrated in both figure 2 and figure 3.
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Figure 2. The effect of linerboard weight on the MD properties
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Figure 3. The effect of linerboard weight on the CD properties

Table 3. Mechanical properties of heat treated linerboard samples at 200°C, 10 seconds

Time at 200°C Density Short Span Compression Index,
Sam ple Sec) (kg/m3) (N.m/g)
MD CD
Linerboard(1 1.8 kg) 0 688 38.3 22.2
Linerboard(1 1.8 kg) 10 706 41.8 234
Linerboard(19.05 kg) 0 735 30.8 18.9
Linerboard(19.05 kg) 10 749 32.5 19.4

Much shorter dwell times in the press at 200°C were tried
for the two linerboard samples. The results of the
compression strength testing are shown in Table 3. A smaller
but statistically significant increase was obtained in the short
span compression strength at the shorter dwell time of 10
seconds. The increase in CD short span compression was
2.5% for the 19.05 kg liner and 5.5% for the 11.8 kg liner.

Application of the heat treatment would require either
heated rolls or a radiant heater section at the dry end of the
board machine. The energy requirement to heat the board
from 100C to 200°C assuming 50% efficiency would be
126 MBT U/ton or 74 kwh/ton. The energy costs would have
to be weighed against the value of the increased compression
strength.
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4. Conclusions

The benefits of heat treatment in linerboard strength
improvement were demonstrated in  thelaboratory
experiment. It has been found that heat treatment of
linerboard at 200°C increases the MD and CD compression
strength 10-15%, mainly due to a reduction in shrinkage and
increased density.

Moreover, it was noticed that the increase of the
linerboard weight decreased the MD and CD, mainly of both
of tensile index and compression index, at approximately
equal board density.

Interestingly, shorter dwell times in the press at 200°C
were tried for the two linerboard samples. A smaller but
statistically significant increase was obtained in the short
span compression strength at the shorter dwell time of 10
seconds.

The improved sheet properties obtained with heat
treatment enables the papermaking industries to reduce the
basis weight taking into consideration the energy costs.
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