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Article Info ABSTRACT
Article type: Background and Objectives: Paper recycling is currently considered as
Full Length Research Paper  one of the most important solutions for environmentally friendly and
sustainable paper production. This process not only reduces the
Article history: consu_mption of resources Iike_ water, energy, and virgin fibers but a'lso
Received: 09,27 2023 contrlbutes.leads to a decregse in poII_utlon. As a result, the paper rgcycllrjg
Revised: 10.14.2023 rate is contln_uously increasing in various countries, further emphagmng its
Accepted: 10.17.2023 importance in achieving a greener and more sustainable paper industry.
Recycled paper is predominantly utilized in the production of packaging
paper and board. However, it is crucial for these paper products to possess

Keywords: not only dry strength but also the ability to maintain the necessary strength

Additives, when exposed to wet conditions, especially for packaging goods that

ge]:_m_ked paper pulp, require cold or freezing storage. To achieve this, various techniques such as
efining,

refining and additives consumptions can be employed. The objective of this
study is to explore the individual impact of each factor, as well as their
interaction effects, in order to enhance the properties of office deinked pulp
(DIP) for the production of packaging paperboard in order to improve the
overall characteristics and performance of the packaging paperboard.

Water absorption,
Wet strength

Materials and Methods: DIP, sourced from Latif Paper Company, was
subjected to refining until it reached an SR value of 30. The additives
including cationic corn starch (at four levels of 1%, 1.4%, 2%, and 3%
based on the dry weight of pulp), wet strength resin (at three levels of 1%,
2%, and 3% based on the dry weight of pulp), and AKD (at three levels of
1%, 2%, and 3% based on the dry weight of pulp), were individually
incorporated into the pulp suspension. Handsheets were made with the
basis weight of 120 g/m* To evaluate and compare the impact of the
optimal additive treatment on the treated pulp, various tests were conducted
on the handsheets. These tests included measuring water absorption,
tensile strength, burst strength, tear strength, wet strength retention, and
absolute wet strength retention. The relative retention strength was
determined by assessing the independent effects of each treatment on the
tensile strength, burst strength, and tear strength of handsheets under both
wet and dry conditions.

Results: The impact of refining on the strength of handsheets made from
DIP was found to be statistically significant in dry conditions. The results
demonstrated that incorporating 2wt% cationic corn starch into the refined
pulp led to the improved performance, particularly in terms of tear strength,
compared to the independent factor of refining alone. Additionally, the
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utilization of wet strength resin and AKD showed a remarkable increase in
the strength of handsheets under wet conditions, as well as a significant
reduction in water absorption when compared to the control sample.
Furthermore, employing both refining and the optimal combination
treatment of additives - including 2wt% cationic corn starch, 3wt% wet
strength resin, and 1wt% AKD - simultaneously resulted in a significant
enhancement in both the wet and dry strength of the handsheets, as well as
a decrease in water absorption. This indicates that the combined treatment
presented a positive effect on the overall performance of the handsheets.

Conclusions: The application of the optimal combination treatment, which
involved refining DIP and adding additives simultaneously, resulted in the
improvement of all handsheet properties when compared to the control
sample. This enhanced handsheet could be suitable for packaging products
that require refrigeration or freezing conditions. In dry state, the strength of
the handsheets exceeded the standard strength of bleached kraft paper as
per Iran national standard no. 2875, with the exception of tear strength. The
evaluation of absolute relative retention wet strength indicated that the
performance of the combination treatment was highly favorable compared
to previous research reports. The combination treatment remarkably
reduced water absorption of the handsheet by 22 g/m? making it suitable
for paper storage in freezing conditions.

Cite this article: Gholampoor, Behnam, Mahdavi, Saeed. 2023. Investigation of independent and
combined effects of refining and additives on the properties of office deinked paper.
Journal of Wood and Forest Science and Technology, 30 (3), 149-167.
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Table 1. Technical specifications of deinked pulp.
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Table 2. Technical specifications of additives.

anls S Aebr eale
ol 55 40 5 w 339380 esle
(e sl 2 e5) (he)d) (422) pH ’ > ’m - o
Solid content Expected Function Appearance Additive
Density (g/cm®) Ash (%) %)
0.64 2 94.26 6-8.5 s ek 2 S s
' ' ' lIDry Strengths White powder Cationic starch
mprovement
uT —d ol tals & ) Lo
1.04 - 17 2.68 tuaatas s AKD
Cobb Reducing Colorless liquid
5 gl 0 A3 g ) Ky mle F sl nd)
1.08 - 125 406 7T o s
Wet Strength Resin Yellow liquid Wet str_ength
resin
ealanul )90 L5L“JL":‘* LY ‘é,«u—\” J‘g.\?
Table 3. Introducing the code of treatments.
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Code Level (%) Treatment Code Level (%) Treatment
Al 1
dals AelS s
A2 2 AKD c - =
Control pulp
A3 3
WS1 1
o YL els -
WS2 2 Wet strength RP - IR R
Refined Pulp
WS3 3
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Table 4. Standard test methods.
. e, Joibw! ol R
S skl osles 053l oo "u_w ? O3l Gy
National Standard number Test method National Standard Test method
number
ol ods iels L usb
INSO 475 S INSO 3225 B et s
Paper water absorption Pulp and paper moisture content
St Sl s 23S Caslin S et (5,801 il
INSO 1115 2 J INSO 3789 st s ek
Dry tensile strength Freeness of pulp
5l s p5iES Caeglie S e U Al bsT 05 S s
INSO 1543 s 2 INSO 4719-1 Bt S AL 025 L
Wet tensile strength Laboratory disintegration of pulp fibers
Six - OAS 5 4 S glie B WA #
INSO 7065 R INSO 3790-2 s o
Dry burst strength Pulp beating
I 50 OAS 54 Cwlie locws S el
INSO 3070 i INSO 3788-1 Sl
Wet burst strength Handsheet making
O o)L 4 Cwslie s 5Ll S
INSO 1297 O R & = INSO 471 sl
Tear strength Basis weight of paper
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Figure 1. Effect of pulp beating, cationic corn starch, and optimal combination treatment on dry tensile index.
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Figure 2. Effect of pulp beating, cationic corn starch, and optimal combination treatment on dry burst Index.
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Figure 3. Effect of pulp beating, cationic corn starch, and optimal combination treatment on tear index.
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Figure 4. Effect of wet strength resin, and optimal combination treatment on wet tensile index.
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