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a  b  s  t  r  a  c  t

The  present  work  focuses  on  the  effect  of  cationic  starch  (Cat  St)  on  the  properties  of  handsheets  made
from  recycled  old  corrugated  container  (OCC)  and  virgin  neutral  sulfite  semi-chemical  (NSSC)  pulp.  This
study  also  evaluates  the  usage  of  OCC  fibers  as  a supplement  raw  material  for papermaking.  The  handsheet
samples  contained  a series  of mixtures  of OCC  and  virgin  NSSC  pulp (0:100,  20:80,  30:70  and  40:60  by
weight)  and  Cat  St (0, 0.5, 1.2,  2  and  3 wt.%).  The  results  showed  that  addition  of Cat St could  enhance  all
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the strength  properties  of  handsheets  remarkably.  At  certain  Cat  St dosage,  with  increasing  OCC  fibers,
the  strength  properties  were  improved  significantly,  which  could  be related  to the  Cat  St adsorption
efficiency.  OCC  fibers  have  more  specific  surface  area  than  NSSC  fibers;  therefore,  they  could  adsorb
much  more  amounts  of  Cat  St.

© 2011 Elsevier Ltd. All rights reserved.

ensile index

. Introduction

Iran has poor natural forest resources that cover only about 7%
f the country’s land area. Similar to many developing countries,
eforestation and over-harvesting in Iran have created environ-
ental issues. On the other hand, increasing demand for forest

esources in various applications has led to the shortages of wood
upply. Thus, there is a need to look for innovative ways of using
on-traditional forest resources to substitute wood raw materi-
ls for pulp and paper industries. The increased demand for wood
s likely to be met  by one or more of potential supply sources
uch as: increased utilization of forest waste, increased utiliza-
ion of waste paper, increased utilization of non-wood fibrous
lants, more environmentally sound pulping process alternatives
uch as bio-pulping and/or, more efficient production of tim-
er through forest/plantation improved management practices
Ashori, Jalaluddin, Wan, Zin, & Mohd Nor, 2006).

Among the possible alternatives, the development of pulp and
aper using waste paper is currently at the center of attention
Afra, Resalati, Olson, & Pourtahmasi, 2009; Fatehi, Mcarthur, Xiao,

 Yonghao, 2010; Park, Kim, Kim, & Lee, 2008; Wan, Yang, Ma,
 Wang, 2011; Zanuttini, Mcdonough, Courchene, & Mocchiutti,
007). Old corrugated container (OCC) is an excellent alterna-
Please cite this article in press as: Ghasemian, A., et al. Strength-enhan
Carbohydrate Polymers (2011), doi:10.1016/j.carbpol.2011.09.010

ive waste material to substitute wood because it is plentiful,
idespread, and easily available. In addition to its abundance and

enewability, utilization of OCC has advantages for economy and
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environment (Ren, Peng, & Sun, 2009; Si-Yang, Ji-Cheng, Xin-Lu,
Hui-Ren, & Yi-Mei, 2010).

The increasing use of recycled fibers and other inexpensive
furnish components, such as fillers, has led to a decrease in the
strength properties of the paper produced from theses materials.
To overcome this problem, it is very common to add different dry-
strength additives, such as cationic starch (Cat St), polyvinyl alcohol
(PVA), modified polyacrylamide, polyamideamine epichlorohy-
drine resins (PAE) in combination with carboxymethyl cellulose
(CMC) and chitosan (Ashori et al., 2006; Zakrajšek, 2008).

Dry-strength polymers can interact with fibers in a number
of ways. In order of increasing bond energy, these interactions
are generally termed as van der Waals forces, hydrogen bond-
ing, ionic attractions and covalent bond formation. The majority
of paper strength additives function on the basis of the first two
energy levels, relying primarily on multiple hydrogen bond for-
mation for their retention and effectiveness. Starch, for example,
which has sufficient molecular size to span inter-fiber distances
and also has a proclivity for forming hydrogen bonds with cellulosic
materials, clearly functions by increasing the number of low energy
bonds between fibers. Certain polymeric additives are capable of
changing the energy of bonding in paper by supplementing low
energy hydrogen bonds (4–6 kcal/mol) with higher energy ionic
(10–30 kcal/mol) or covalent (50–100 kcal/mol) inter-fiber linkages
(Ashori et al., 2006; Liu, Whiting, Pande, & Roy, 2001).

Native or unmodified starch has limited use in papermaking
cing effect of cationic starch on mixed recycled and virgin pulps.

applications because it comes as viscous and unstable cooked
pastes. Starch, therefore, is modified in the paper mill to impart
desirable properties (Glittenberg & Becker, 1998). In order to gain
good retention and improve the efficiency of starch utilization
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