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Effects of decreasing grammage on the handsheet properties of unbeaten and
beaten kraft pulps

Sezgin Koray Giilsoy®", Zehra Hiirfikir?, Betiil Turgut®

Abstract: The aim of this study was to investigate the effects of decreasing grammage on handsheet properties of unbeaten (15
°SR) and beaten (35 °SR) kraft pulps of European aspen (Populus tremula L.) and maritime pine (Pinus pinaster Ait.). Six
different basis weights from 100 g/m? to 50 g/m?® (with 10 g/m? intervals) were employed. Tensile index, TEA (tensile energy
absorption), burst index, tear index, opacity, and apparent density of the handsheets gradually decreased with decreasing
handsheet grammage. The decrease in strength properties that occurred with decreasing grammage was more evident in unbeaten
pulps of both species than in beaten pulps. However, the effect of decreasing grammage on apparent density and opacity was
more pronounced in beaten pulp handsheets of both species than in unbeaten pulp handsheets.
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Doviilmiis ve doviilmemis kraft hamurlarimin kagit ozellikleri iizerine azalan
gramajin etkileri

Ozet: Bu calismada, doviilmemis (15 °SR) ve déviilmiis (35 °SR) titrek kavak (Populus tremula L.) ve sahil gami (Pinus pinaster
Ait.) kraft hamurlarindan elde edilen deneme kagitlarinin 6zellikleri lizerine azalan kagit gramajinin etkileri belirlenmistir. 100
g/m®den 50 g/m®ye kadar (10 g/m’ araliklarla) 6 farkli gramajda kagitlarin iiretilmistir. Kagitlarin kopma indisi, TEA, patlama
indisi, yirtilma indisi, opaklik ve yogunluk degerleri azalan kagit gramaji ile tedrici olarak azalmistir. Hem titrek kavak hem de
sahil ¢ami Orneklerinde, azalan gramajla meydana gelen saglamlik kayiplarnin déviilmemis hamurlarda doviilmiis hamurlara
gore daha belirgin oldugu tespit edilmistir. Fakat, kagidin opaklig1 ve yogunlugu iizerine azalan gramajin etkisinin doviilmiis

hamurlarda déviilmemis hamurlara nazaran daha belirgin oldugu gortilmiistiir.
Anahtar kelimeler: Azalan gramaj, Titrek kavak, Sahil gam1, Kraft, Kagit 6zellikleri

1. Introduction

The grammage of paper is defined as the weight per unit
area. Since last decades, paper grammage has been
decreased to reduce the raw material consumption, energy
costs, postal costs, and waste (Mansfield et al., 2004; Sood
et al., 2005). As a matter of fact, almost all paper properties
are significantly influenced by the grammage of paper (Seth
etal., 1989).

The mechanical treatment applied to furnish is called
beating or refining (Annergren and Hagen, 2009;
Lumiainen, 2000). Beating causes an increase in the specific
surface area and bonding ability of the fiber due to internal
and external fibrillation of the cell wall (Lumiainen, 2000;
ZakrajSek, 2008). Beating also increases fiber flexibility
(Nazhad et al., 1995), swelling capacity (Lumiainen, 2000),
and water retention (Chen et al., 2012; Hui et al., 2009;
Mutjé et al., 2005). In addition, the process brings about
shortening of the fiber length and the formation of fines
(Casey, 1961; Karademir and Imamoglu, 2007; Page, 1989;
Zakrajsek, 2008). Due to the above-mentioned effects on the
fibers, beating affects all paper properties (Casey, 1961;
Lumiainen, 2000).

The effects of grammage on handsheet properties have
been reported by several authors (Brandon, 1966; I’ Anson et
al., 2008; Mohlin, 1992; Nordstrom, 2003; Nordstrom and
Norman, 1995; Retulainen and Nieminen, 1996; Seth et al.,
1989; Skowronski, 1991). In this study, the effects of
decreasing grammage from 100 g/m® to 50 g/m* (with 10
g/m? intervals) on the handsheet properties of unbeaten and
beaten European aspen (Populus tremula L.) and maritime
pine (Pinus pinaster Ait.) kraft pulps were investigated.

2. Material and methods
2.1. Preparation of raw materials

Maritime pine and European aspen are important species
for the pulp and paper industry. The wood samples of trees
used in this study were taken from the Bartin province of
Turkey. The samples were chipped manually, using a chisel,
to dimensions of 25 x 15 x 5 mm for pulping. The wood
chips were then air-dried and stored in dry conditions.
Holocellulose, a-cellulose, and lignin content of European
black pine and European aspen wood used in this study
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were 70.21%-82.68%, 47.11%-49.03%, and 28.23%-
16.69%, respectively (Giilsoy and Tiifek, 2013).

2.2. Kraft pulping

Kraft cooking for each tree species was carried out using
a laboratory type cylindrical rotary digester. The cooking
conditions used in this study are reported in Table 1. After
cooking, the pulp samples were washed to remove the black
liguor and were then disintegrated in a laboratory-type pulp
mixer. The disintegrated pulp samples were screened using
a Somerville-type pulp screen (PTI type P40170) with a
0.15-mm slotted plate (TAPPI T 275). In this method, the
separation is based on size difference between fibers and
fiber bundles or uncooked chips.

2.3. Handsheet making and testing

The pulps at a consistency of 1.57% were beaten to
35 °SR in a Valley Laboratory Beater (PTI type P40130)
according to TAPPI T 200. Handsheets in various basis
weights (50, 60, 70, 80, 90, and 100 g/mz) were obtained
from the unbeaten and beaten pulps using a Rapid-Kothen
Sheet Former (ISO 5269-2). Handsheets were kept
overnight in a conditioning room in accordance with TAPPI
T 402 before testing. The tensile index and TEA, burst
index, and tear index of handsheets were measured
according to TAPPI T 494, TAPPI T 403, and TAPPI T
414, respectively. The apparent density and opacity of
handsheets were also measured in accordance with TAPPI T
220 and TAPPI T 519, respectively.

The handsheet property data for each handsheet
grammage were statistically analyzed using ANOVA and
Tukey’s test at a 95% confidence level (SPSS version 16.0).
In all the figures, different letters on the same line denote a
statistically significant (P > 0.05) difference in the mean
values of the properties among the compared groups.

3. Results and discussion

The tensile index of unbeaten and beaten pulps of both
species gradually decreased with decreasing handsheet
grammage and degree of beating (Figure 1). The effect of
decreasing grammage on the tensile index was more
pronounced on unbeaten pulps than on beaten pulps.
Decreasing the grammage from 100 g/m? to 50 g/m? in the
unbeaten and beaten pulps of maritime pine led to
decrements in the tensile index of 18.83% and 10.82%,
respectively. The same grammage decrease in unbeaten and
beaten pulps of European aspen resulted in tensile index
decrements of 11.26% and 10.08%, respectively. A positive
correlation between handsheet grammage and tensile index
has been reported in previous studies (Burgess, 1970;
I'Anson and Sampson, 2007; I'Anson et al., 2007, 2008;
Mohlin, 1992; Seth et al., 1989; Winters et al., 2002). This
positive correlation can be attributed to the increase in the
number of bonding sites in the sheet because of the
increasing grammage and increasing number of fibers in the
sheet. The tensile strength of paper is significantly affected
by the specific bonding strength and by the bonded area
(Bréannvall and Annergren, 2009). On the other hand, the
tensile index reduction occurring with grammage decreasing
from 100 g/m? to 90 g/m? in the beaten pulp handsheets of

both species was found statistically insignificant. Also,
tensile index differences between 60 g/m? and 90 g/m?
handsheets of European aspen unbeaten pulp were found
statistically insignificant. This result was also observed in
70 g/m* and 80 g/m’ handsheets of maritime pine unbeaten
pulp.

The tensile energy absorption (TEA) of handsheets
decreased significantly with decreasing grammage (Figure
2). This finding can be explained by decreasing inter-fiber
bonding due to the positive correlation between sheet
density and grammage. The effect of decreasing grammage
on the TEA was more pronounced on unbeaten pulps than
on beaten pulps. For example, the TEA of unbeaten
maritime pine and European aspen pulps decreased by
66.90% and 62.51% when grammage was decreased from
100 g/m® to 50 g/m? respectively. However, the same
grammage decreasing in beaten maritime pine and European
aspen pulps led to TEA decrements of 58.61% and 60.22%,
respectively. The positive correlation between TEA and
grammage was reported by Seth et al. (1989).

Table 1. Kraft cooking conditions of European aspen and
maritime pine chips.

Cooking conditions Value
Active alkali (%) 18
Sulfidity (%) 25
Liquor/wood ratio 4/1
Cooking temperature (°C) 170
Time to cooking temperature (min) 90
Time at cooking temperature (min) 60
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Figure 1. The relationship between grammage and tensile
index of handsheets in different pulps (different letters on
the same line denote a statistically significant (P > 0.05)
difference)
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Figure 2. The effect of grammage decreasing on TEA of
handsheets in different pulps
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Figure 3 shows the linear correlation between the burst
index of unbeaten and beaten pulps of both species and
handsheet grammage. The effect of decreasing grammage
on the burst index was more pronounced in unbeaten pulps
than in the beaten pulps. Decreasing the grammage from
100 g/m’ to 50 g/m” in unbeaten and beaten maritime pine
pulps led to decrements in the burst index of 21.34% and
10.04%, respectively. The same grammage decreases on
unbeaten and beaten European aspen pulps resulted in burst
index decrements of 13.09% and 10.61%, respectively.
Burst index differences between 70 g/m? and 90 g/m?
handsheets of maritime pine beaten pulp was statistically
insignificant. This finding also observed in 10 g/m’
grammage decrements of European aspen unbeaten pulp
handsheets.

The tear index of the handsheets gradually decreased
with decreasing grammage (Figure 4). For European aspen,
decreases in tear index were more evident in unbeaten pulp
than in beaten pulp. However, with maritime pine, the effect
of decreasing grammage on tear index was more
pronounced in beaten pulp than in unbeaten pulp. For
example, decreasing the grammage from 100 g/m’ to 50
g/m? in unbeaten and beaten maritime pine pulps led to
decrements in tear index of 9.05% and 26.95%,
respectively. The same grammage decreases in unbeaten
and beaten European aspen pulps resulted in tear index
decrements of 25.39% and 21.24%, respectively. Winters et
al. (2002) also noted that tear index decreased with
decreasing grammage. Tear index depends on individual
fiber strength, while tensile and burst indices of handsheets
depend on bonding ability of fibers On the other hand, tear
index increase usually reaches a peak value before falling
off gradually despite tensile and burst indices increments.
This result may be attributed to fiber strength losses during
beating. Thus, possible fiber failure increases during tearing
test (Song and Law, 2010).

The sheet density (kg/m°) is one of the most important
structural properties of paper, and it has an important effect
on other properties. Higher density indicates better inter-
fiber bonding in the sheet. Therefore, sheet density can be
used as a measure of the degree of inter-fiber bonding
(Bréannvall and Annergren, 2009). A linear correlation
between handsheet grammage and apparent density of the
handsheets of both species was observed in this study
(Figure 5). This finding is in agreement with previous
studies (Girlanda and Fellers, 2007; Honkasalo, 2004; Seth
et al., 1989). The decreases in apparent density that occurred
with decreasing grammage were more evident in beaten
pulp handsheets of both species than in unbeaten pulp
handsheets. For example, the apparent density of unbeaten
maritime pine and European aspen pulps decreased 8.93%
and 6.90% when grammage was decreased from 100 g/m? to
50 g/m% respectively. However, the same grammage
decreasing in beaten maritime pine and European aspen
pulps led to decrements in apparent density of 10.39% and
14.10%, respectively. This outcome could be attributed to
strong positive correlation between apparent density of the
handsheets and relative bonded area (RBA), as described by
Rennel (1969). On the other hand, there is a linear
correlation between sheet density and beating time (Xia and
Gong, 2011). The greater flexibility of beaten fibers gives
them a higher probability of contact with other fibers. An
increase in beating time results in an increased bonded area

and more densely-packed fibers in the sheet (Brannvall and
Annergren, 2009). In addition, the number of fiber
fragments in pulp suspension increases with increased
beating time and, by filling the spaces between fibers during
formation, causes an increase in sheet density (Xia and
Gong, 2011). Apparent density differences between 80 g/m’
and 100 g/m® handsheets of maritime pine beaten and
unbeaten pulps were found statistically insignificant. This
finding also observed in between 50 g/m? and 70 g/m® of
European aspen unbeaten pulp handsheets.

The opacity of handsheets gradually decreased with
decreasing grammage (Figure 6). This can be attributed to a
linear correlation between sheet thickness and grammage
(I'Anson and Sampson, 2007; Mohlin, 1992). A positive
correlation between opacity and grammage was also
reported by Seth et al. (1989). The effect of decreasing
grammage on opacity was more pronounced in beaten pulp
handsheets of both species than in unbeaten pulp
handsheets. For example, the opacity of unbeaten maritime
pine and European aspen pulp handsheets decreased 3.40%
and 4.52% when grammage was decreased from 100 g/m’ to
50 g/m? respectively. The same grammage decreasing in
beaten pulp handsheets of maritime pine and European
aspen led to decrements in the opacity of 10.23% and
8.92%, respectively.
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Figure 3. The relationship between grammage and burst
index of handsheets in different pulps
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Figure 5. The relationship between grammage and apparent
density of handsheets in different pulps
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4, Conclusions

One of the most important trends in papermaking
industry is reduction in paper grammage. The results of this
study showed that properties of paper made from European
aspen and maritime pine were highly dependent on the
grammage. The decreasing in grammage caused statistically
significant decreases in tensile index, TEA, burst index, tear
index, apparent density, and opacity. The loss in strength
properties that occurred with a decrease in grammage was
decreased with beating. However, the loss in apparent
density and opacity of handsheets due to decreasing
grammage was increased with beating. Decrease of 10-20
g/m’ in handsheet grammage were resulted with statistically
insignificant losses in handsheet strength properties. This
result enables both more efficient usage of fiber resources
and reduction in furnish costs. Also, a low grammage causes
the reduction in the volume of disposed waste and landfills.

Acknowledgments
The authors wish to express special thanks to the OYKA

Pulp and Paper Mill technical staff for providing handsheet
testing facilities.

References

Annergren, G., Hagen, N., 2009. Industrial beating/refining.
In: EK, M., Gellerstedt, G., Henriksson, G. (Eds.). Pulp
and Paper Chemistry and Technology Vol. 3. Berlin:
Walter de Gruyter, pp.121-136.

Brandon, C.E., 1966. Effect of basis weight on folding
endurance. Tappi Journal. 49, 233-235.

Bréinnvall, E., Annergren, G., 2009. Pulp characterization.
In: EK, M., Gellerstedt, G., Henriksson, G. (Eds.). Pulp
and Paper Chemistry and Technology VVolume 2. Berlin:
Walter de Gruyter, pp. 429-459.

Burgess, W.H., 1970. Effect of basis weight on tensile
strength. Tappi Journal, 53: 1680-1682.

Casey, J.P., 1961. Pulp and Paper Chemistry and Chemical
Technology Volume 2 Papermaking. New York:
Interscience.

Chen, Y., Wan, J., Zhang, X., Ma, Y., Wang, Y., 2012.
Effect of beating on recycled properties of unbleached
eucalyptus cellulose fiber. Carbohydrate Polymers, 87:
730-736.

Girlanda, O., Fellers, C., 2007. Evaluation of the tensile
stress-strain properties in the thickness direction of
paper materials. Nordic Pulp and Paper Research, 22:
49-56.

Giilsoy, S.K., Tiifek, S., 2013. Effect of chip mixing ratio of
Pinus pinaster and Populus tremula on kraft pulp and
paper properties. Industrial & Engineering Chemistry
Research, 52: 2304-2308.

Honkasalo, J., 2004. Behaviour of Different Furnish
Mixtures in  Mechanical Printing Papers. Espoo:
Helsinki University of Technology, Laboratory of Paper
Technology Reports Series A22.

Hui, L., Liu, Z., Ni, Y., 2009. Characterization of high-yield
pulp (HYP) by the solute exclusion technique.
Bioresource Technology, 100: 6630-6634.

I'Anson, S.J., Sampson, W.W., Savani, S., 2008. Density
dependent influence of grammage on tensile properties
of handsheets. Journal of Pulp and Paper Science, 34:
182-1809.

I'Anson, S.J., Sampson, W.W., Sevajee, C.R., 2007. New
perspectives on the influence of formation and
grammage on sheet strength. In: 93 Annual Meeting-
Pulp and Paper Technical Association of Canada,
Montreal, pp.141-144.

I'Anson, S.J., Sampson, W.W., 2007. Competing Weibull
and stress-transfer influences on the specific tensile
strength of a bonded fibrous network. Composites
Science and Technology, 67: 1650-1658.

Karademir, A., Imamoglu, S., 2007. Effects of dry strength
resin and surfactant addition on the paper made from
pulps with different freeness level. Journal of Applied
Sciences, 7: 484-488.

Lumiainen, J., 2000. Refining of chemical pulp. in:
Paulapuro, H. (Ed.). Papermaking, Part 1. Stock
Preparation & Wet End. Atlanta: TAPPI Press, pp.87-
124,

Mansfield, S.D., Kibblewhite, R.P., Riddell, M.J.C., 2004.
Characterization of the reinforcement potential of
different softwood kraft fibers in softwood/hardwood
pulp mixtures. Wood and Fiber Science, 36: 344-358.



60 Turkish Journal of Forestry 2016, 17(1): 56-60

Mohlin, U.B., 1992. Influence of grammage on sheet
strength  properties. In: Paper Physics Seminar
Proceedings, Otaniemi, pp.1-12.

Mutjé, P., Pélach, M.A., Vilaseca, F., Garcia, J.C., Jiménez,
L., 2005. A comparative study of the effect of refining
on organosolv pulp from olive trimmings and kraft pulp
from eucalyptus wood. Bioresource Technology, 96:
1125-1129.

Nazhad, M.M., Ramos, L.P., Paszner, L., Saddler, J.N.,
1995. Structural constraints affecting the initial
enzymatic hydrolysis of recycled paper. Enzyme and
Microbial Technology, 17: 68-74.

Nordstrom, B., 2003. Effects of grammage on sheet
properties in one-sided and two-sided roll forming.
Nordic Pulp and Paper Research, 18: 280-287.

Nordstrom, B., Norman, B., 1995. Effects of grammage on
paper properties for twin-wire roll forming of TMP.
Journal of Pulp Paper Science, 21: J427-J431.

Page, D.H., 1989. The beating of chemical pulps - The
action and the effects. In: Papermaking Raw Materials:
Transactions of the Ninth Fundamental Research
Symposium Volume 1. London, pp.1-37.

Rennel, J., 1969. Opacity in relation to strength properties of
pulp. Part IV. The effect of beating and wet pressing.
Pulp and Paper Magazine Canada, 70: T151-T158.

Retulainen, E., Nieminen, K., 1996. Fibre properties as
control variables in papermaking. Part 2. Strengthening
interfibre bonds and reducing grammage: Paperi Ja Puu-
Paper and Timber, 78: 305-312.

Seth, R.S., Jantunen, J.T., Moss, C.S., 1989. The effect of
grammage on sheet properties. Appita Journal, 42: 42-
48.

Skowronski, J., 1991. Fibre-to-fibre bonds in paper. Part II.
Measurement of the breaking energy of fibre-to-fibre
bonds. Journal of Pulp and Paper Science, 17: J217-
J222.

Song, X., Law, K.N., 2010. Kraft pulp oxidation and its
influence on recycling characteristics of fibres. Cellulose
Chemistry and Technology, 44: 265-270.

Sood, Y.V., Pande, P.C., Tyagi, S., Payra, l., Nisha
Kulkarni, A.G., 2005. Quality improvement of paper
from bamboo and hardwood furnish through fiber
fractionation. Journal of Scientific and Industrial
Research, 64: 299-305.

Winters, U.W., Duffy, G.G., Kibblewhite, R.P., Riddell,
M.J.C., 2002. Effect of grammage and concentration on
paper sheet formation of Pinus radiata kraft pulps.
Appita Journal, 5: 35-42.

Xia, X., Gong, H., 2011. Effects of refining on the fiber
properties of poplar APMP. Journal of Chemistry and
Chemical Engineering, 5: 20-24.

ZakrajSek, N., 2008. Influence of pulp properties on the
adsorption of cationic starch. Tappi Journal, 7: 23-27.



