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Abstract

Problem definition and objectives: The shortage of domestic cellulosic resources, combined
with environmental restrictions, the ban on raw wood imports, and the prohibition of foreign long-
fiber pulp procurement to prevent currency outflow, have posed serious challenges to the supply of
raw materials for paper mills. Wastewater pollution in the papermaking industry primarily
originates from the natural constituents and extractives of wood; therefore, a thorough
understanding of wood chemical structure is essential. Wood components are released into the
effluent during the pulping and bleaching processes, thereby increasing the wastewater color
intensity. At the Mazandaran Wood and Paper Industries, the furnish composition for chemi-
mechanical pulp (CMP) production was originally designed as a mixture of 75% hornbeam and
25% poplar and beech. However, the mill currently faces a critical shortage of these raw materials.
The present study, therefore, investigated the effect of alternative hardwood species, including
forest hardwoods such as oak, maple, alder and persimmon, as well as non-forest (plantation)
hardwoods including willow and eastern cottonwood), both individually and in blends with poplar,
as potential substitutes for the original furnish. Additionally, the impact of the produced pulps on
the properties of printing-writing paper and on effluent color generation was evaluated.

Methodology: In this study, the effect of eight hardwood species (forest species including oak,
maple, alder, persimmon, hornbeam, and beech, as well as non-forest/plantation species including
willow and eastern cottonwood) was investigated. Initially, random sampling was conducted from
the mill yard. Fiber morphological characteristics (length, wall thickness, diameter, and lumen
diameter) were measured using the Franklin method on 300 fibers from each wood species. For
chemical analysis, wood chips were ground into powder and sieved using 60-mesh and 80-mesh
screens (60-mesh for extractives and ash content, and 80-mesh for lignin and cellulose
determination). The chemi-mechanical pulping (CMP) process was carried out using 14% sodium
sulfite, a temperature of 170°C, a liquid-to-wood ratio of 7:1, a target yield of approximately 85%,
cooking times ranging from 25 to 50 minutes, and poplar mixing ratios of 32%, 49%, and 64%.
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After refining the pulps to a freeness of 325+25 mL CSF (Canadian Standard Freeness), laboratory
handsheets were prepared. Bleaching was performed using 2% hydrogen peroxide (based on oven-
dry weight) in the presence of 0.2% DTPA to chelate transition metal ions, under acidic pH
conditions. Paper properties were measured according to TAPPI standards. Effluent samples
included those derived from chip washing and bleaching stages, which were prepared by stirring in
water at 55°C for 10 minutes, and subsequently, color parameters of the effluents were measured.

Results: The results showed that hornbeam had the highest fiber length, and among non-forest
species, poplar was superior to willow in terms of both fiber length and yield. Chemical analysis of
the species revealed that poplar contained the lowest extractive content and the highest cellulose
percentage. The lowest and highest lignin contents were observed in hornbeam and oak,
respectively. The highest acetone-soluble extractives and ash content belonged to oak, while the
lowest values for both were obtained from poplar. With increasing poplar ratio attributed to its
high cellulose and low lignin content significant differences were observed in the mean properties
of chemi-mechanical pulp, including brightness, tensile strength, burst strength, and tear strength.
Overall, the findings indicate that the optimal furnish in terms of strength and optical properties
(both before and after bleaching) was achieved in treatments containing higher proportions of
poplar.

Conclusion: In this study, the effect of substituting poplar wood with a mixture of native
hardwood forest species and willow on the optical properties and strength properties of sulfite
chemi-mechanical pulp was investigated. With increasing the mixing ratio of poplar wood from
32% to 64%, the mechanical strengths showed an increasing trend. Based on the optical properties
and strength properties of the resulting paper, it is feasible to replace poplar with a portion of the
two native forest species used. Oak and beech species in these treatments contained the highest
amounts of extractives, which are released during chip washing and can have the greatest impact
on effluent color. In terms of bleaching, alder and oak species, which have the highest lignin
content in the wood, released lignin during pulping and bleaching processes, which can
significantly affect effluent color. Treatments containing a high percentage of poplar (64%)
exhibited relatively high biodegradability.

Keywords: Poplar, Willow, Hardwood, Chemi-Mechanical Pulp, Effluent Color.
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