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Table 1. Kraft pulping of date palm lignocellulosic wastes for preparing unbleached pulp.
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Fig 1. Steps for producing paper handsheets from the combination of recycled OCC pulp and kraft pulp derived from
two types of date palm lignocellulosic wastes.
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Figure 2. Coding of treatments with different mixing percentages of virgin pulp and OCC pulp for the preparation of
handsheets paper.
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Figure 3. Comparison of the paper density from control and blended pulps.
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Table 2. Results of the analysis of variance test of the measured characteristics of the papers.
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Figure 6. Comparison of the paper burst strength index from control and blended pulps.
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Figure 7. Comparison of the paper tear strength index from control and blended pulps.
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Figure 8. Comparison of the paper tensile strength index from control and blended pulps.
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Figure 9. Comparison of the paper RCT from control and blended pulps.
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Figure 10. Comparison of the paper folding strength from control and blended pulps.
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Figure 5. Comparison of the papers air resistance from control and blended pulps.
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ABSTRACT

Background and objectives:

Increasing the use of recycled paper in the production of linerboard and corrugated paper is a key
strategy in the papermaking industry, motivated by both economic and environmental concerns. However,
recycled fibers gradually lose strength after multiple processing cycles. To compensate for this loss,
several studies have examined the incorporation of virgin fibers into recycled fiber furnishes to improve
paper strength and quality. Due to restrictions on the use of virgin forest-based fibers and the enforcement
of environmental policies, the pulp and paper industry has increasingly focused on non-wood plant fibers
and agricultural lignocellulosic residues as sustainable and cost-effective alternatives. This study
investigates the effects of adding different proportions of virgin fibers derived from two types of date
palm lignocellulosic wastes, rachis (R) and empty fruit bunch (E), to pulp produced from recycled old
corrugated containers (OCC). The study evaluates and compares how these additions influence paper
properties, highlighting the potential usability of these agricultural residues.

Materials and methods: Date palm lignocellulosic wastes (R) and (E) were collected from plantations
located in Dashtestan, Bushehr Province, Iran. The wastes were air-dried, crushed, and separately pulped
using the kraft process under an effective alkali charge of 20%, sulfidity of 25%, and a cooking
temperature of 165 °C. The cooking durations were set at 120 min for rachis and 20 min for empty fruit
bunch. The resulting unbleached kraft pulps were characterized by determining kappa number, yield, and
freeness. OCC pulp was obtained from Golestan Persia Paper Mill (Gorgan, Iran). Each type of virgin
pulp derived from date palm wastes (R) and (E) was separately blended with the OCC pulp at substitution
levels of 10%, 20%, 30%, 40%, and 50%. Standard laboratory handsheets with a grammage of 120 g/m?
were prepared from these mixed pulps in accordance with TAPPI standard procedures. The physical,
mechanical, optical, and barrier properties of the produced papers were evaluated according to TAPPI
standard methods using the available instruments in the Pulp and Paper Laboratory of Gorgan University
of Agricultural Sciences and Natural Resources.

Results: Blending unbleached kraft pulp derived from lignocellulosic waste materials from date palms,
specifically the rachis (R) and empty fruit bunch (E), with recycled OCC pulp significantly enhanced the
physical and mechanical properties of the resulting papers. Increasing the proportion of virgin pulp in the
mixture improved the tensile strength, burst strength, ring crush test (RCT), and folding strength indices.
Overall, papers made with virgin pulp from empty fruit bunches demonstrated better performance than
those made with pulp from rachis. Additionally, an increase in density and a decrease in air resistance
were observed in samples containing virgin pulp, indicating a denser and more coherent paper structure.
However, treatments that included virgin pulp exhibited reduced brightness due to the residual lignin



present in the virgin pulps. Furthermore, the tear index showed less sensitivity to changes in pulp
composition compared to other properties, likely due to the direct influence of fiber length and the
uniformity of refining in the treatments.

Conclusion: Despite its environmental and economic advantages, the paper recycling process presents
challenges such as diminished fiber quality and lower durability of the final product. In many regions,
abundant lignocellulosic waste from date palmsparticularly (R) and (E) is often disposed of or incinerated
without full utilization, leading to notable environmental repercussions. The findings of this study indicate
that incorporating unbleached kraft pulp derived from these lignocellulosic wastes, especially (E), into the
recycled pulp composition significantly enhances the physical and mechanical properties of recycled

paper.

Keywords: Date palm waste, Kraft pulp, Old corrugated containers, Paper recycling.



