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a b s t r a c t

The objective of this study was to evaluate the ability of molasses, a low cost by-product of the sugarcane
extraction, for improvement of the physicomechanical properties of old corrugated container (OCC) recy-
cled paper as a dry-strength agent. The influence of fiber beating on the enhancing effect of molasses was
also investigated. Five dosages (0%, 5%, 10%, 15%, and 18%) of molasses and 3 levels of freeness (420, 400,
and 320 mL CFS) were used as variable factors. For each treatment, 6 handsheets, each having an area of
200 cm2 and basis weight of 120 g/m2, were made. The experimental results showed that except for the
case of tear index, the increase in mechanical and physical properties were considerably higher than con-
trol (untreated) samples. Significant changes of tensile and burst indices, breaking length, and air resis-
tance were observed after the addition of 18% molasses. From a statistical viewpoint, the addition of
molasses had more positive effects on the above-mentioned properties, compared to the fiber beating.
However, at a certain dosage of molasses, with increased beating, the strength properties were improved
remarkably. This is due to the molasses adsorption efficiency, which depends on the specific surface of
particles. The water retention values (WRV) were moderately increased by applying molasses, however
with increasing dosage the WRV was improved. From these findings, it is concluded that molasses is a
promising dry-strength agent and it can also be used as a replacement for cellulosic fibers. This conclu-
sion is in good agreement with the previous research articles, which introduced molasses as a new addi-
tive in papermaking.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Paper consumption has been increasing rapidly all over the
world for decades [1]. Due to the concerns about environmental is-
sues and economical aspects, the importance of recycling and uti-
lization of secondary fibers has been recognized. Nowadays,
around 50% of total produced paper is recovered [2]. However, it
can be stated that pulp properties of recycled fibers decline during
the reprocessing, as a result there is a limitation in the use of recy-
cled fibers in the final furnish. Deterioration of recycled fiber prop-
erties is mainly due to the irreversible changes occurring in fiber
structure caused by repeated chemical and mechanical treatments
and drying [3]. It was claimed that the strength of such recycled fi-
bers was not sufficient to meet the industry’s demand; thus, the
strength should be improved. Traditional methods for increasing
the strength of recycled paper involve either beating of fibers or
adding dry-strength additives [4]. The beating of any fibrous raw
material is a complex process and the most effective of all the
papermaking processes. Studies by Dienes et al. [5] demonstrated
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that PFI beating of chemical wood pulps resulted in an increase
in the amount of cationic polymers absorbed. This effect was
attributed to several changes in the pulp; namely generation of
fines, a change in the quality of the fines, specific surface area,
and external fibrillation of fibers. On the other hand, pulp beating
is not without drawbacks. While it enhances some paper proper-
ties, such as tensile and bursting strength, it is clearly detrimental
to others, slowing drainage rate on the paper machine and decreas-
ing the tear resistance and opacity of the finished paper [6]. Also, it
is a very costly process in terms of energy consumption. To over-
come these drawbacks dry-strength agents can be used. These
materials bond well to the fiber surfaces and are capable of bridg-
ing inter-fiber distances, thereby establishing bonds between fi-
bers and fibrils that would not have otherwise formed. The use
of additives in conjunction with beating allows greater versatility
in the papermaking process. Optimum results are frequently ob-
tained by using both mechanical and chemical means for increas-
ing inter-fiber bonding. It was clearly proposed that a dry-
strength additive should [7]:

1. Be soluble in water-based systems for easy application
with conventional papermaking systems.
ses as a dry-strength additive for old corrugated container recycled paper.
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