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Article Info ABSTRACT

Article type: Background and Obijectives: The effective use of chemical additives as
Full Length Research Paper  retention-drainage aids in papermaking processes containing high levels of
fiber fines is essential from product quality, economic, process efficiency,
and environmental perspectives. Numerous complex systems have been

Article history: developed for this purpose. In recent years, the application of nanoparticles
Received: 01.05.2026 at the wet end of papermaking, and their interaction with cationic
Revised: 02.05.2026 polyelectrolytes in multi-component flocculation systems, has attracted
Accepted: 02.05.2026 significant attention due to their potential to enhance both paper quality

and process performance. Among the most widely used polyelectrolytes
in the paper industry are cationic starch (CS) and cationic polyacrylamide

Keywords: (CPAM). Zeolites, naturally occurring, abundant, low-cost, and pH-stable
Cationic starch, minerals, have seen growing use across various industrial applications.
CPAM, They have also demonstrated benefits as fillers in papermaking. Owing
F|OCCU|3“C_’” systems, to their high specific surface area and strong anionic charge, zeolites
Nano zeolite, hold promise as anionic nanoparticles in complex wet-end flocculation

Recycled pulp and paper systems.

Materials and Methods: Old Corrugated Container (OCC) recycled pulp
(Canadian Standard Freeness ~ 315 mL) was obtained from a local mill
without any additives. Nano-zeolite (NZ) with an average particle size of
38 nm (Pishgaman Mohit Zist Pak Co.), cationic starch with a degree of
substitution (D.S.) of 0.03 (Boyakhsaz Co.), and cationic polyacrylamide
with a viscosity of 5500 cP (from the inventory of MWPI) were used. Two
addition strategies including i) a binary system: CS followed by NZ and ii)
a ternary system: CS, then CPAM, followed by NZ were evaluated. Both
systems were compared with each other and with an untreated control
sample. The dosages applied (based on oven-dry pulp weight) were: CS at
1%, CPAM at 0.2% or 0%, and nano-zeolite at 0%, 0.1%, 0.2%, and 0.3%.
Pulp properties, including total retention, drainage time during laboratory
handsheet formation, and drained water volume measured using a Dynamic
Drainage Jar (DDJ), were assessed. Additionally, key paper properties of
the handsheets, thickness, tensile index, burst index, and tear index, were
evaluated according to TAPPI standards.
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Results: In the ternary system, nano-zeolite significantly improved pulp
performance compared to the control: drainage time decreased by up to
16%, drained water volume increased by up to 8.5%, and total retention
rose by up to 15%. Similar, though less pronounced, improvements were
observed in the binary system: drainage time reduced by up to 11%,
drained volume increased by up to 7%, and retention improved by up to
12%. Paper properties also showed marked enhancement. In the ternary
system, thickness increased by up to 18%, tensile index by 55%, burst
index by 101%, and tear index by 20% relative to the control. The binary
system yielded more modest gains: thickness (+8%), tensile index (+17%),
burst index (+37%), and tear index (+6%). In both systems, increasing NZ
dosage generally enhanced performance, with 0.2% NZ delivering the best
overall results.

Conclusion: Thanks to its porosity, high anionic charge, and exceptionally
large specific surface area, nano-zeolite significantly enhanced the
performance of cationic starch and CPAM in OCC recycled pulp and
paper. The improved micro-flocculation of pulp components led to better
retention, faster drainage, and superior structural and strength properties in
the final paper. The ternary system (CS + CPAM + NZ) consistently
outperformed the binary system (CS + NZ), demonstrating the synergistic
effect of combining two polymers with nano-zeolite. Beyond these
technical benefits, the local availability, low cost, wide pH stability, and
pollutant adsorption capacity of nano-zeolite further support its practical
application in OCC recycling mills.
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2- Cationic Polyacrylamide (CPAM)
3- Bridging Flocculation
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Table 1. Cationic Starch Specification.

(D.S) GMserul a3 AR ey S Sy sbes oH Cosb,
Degree of Substitution Viscosity 6% Ash Cooking Temp. Moisture
0.03 325-500 cP 3.3% 85-90°C 6.5 7.8%
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Table 2. Nano Zeolite Specification.

X, oH Sl a3 TN R NPV ) PSR &
Colour Whiteness Purity Moisture Particle Size Type
s 8-8.5 93-99% 99% 1% 38 nm Clinoptilolite
1- Clinoptilolite
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Table 3. Cationic Polyacrylamide Specification.

X, Y4 OC s an 5K s el 3l 50 (Y+ °C les 5,5V g/ pH
Color Viscosity @ 20 °C Solid Content (10g/l @ 20 °C)
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Figure 2. Effect of binary and ternary Nano-Zeolite-based additive complexes on total retention of OCC
recycled pulp.
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Figure 3. Effect of binary and ternary Nano-Zeolite-based additive complexes on drainage time of OCC
recycled pulp.
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Figure 4. Effect of binary and ternary Nano-Zeolite-based additive complexes on drained water from OCC
recycled pulp in DDJ analyzer.
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Figure 5. Effect of binary and ternary Nano-Zeolite-based additive complexes on caliper of OCC recycled paper.
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Figure 8. Effect of binary and ternary Nano-Zeolite-based additive complexes on burst index of OCC
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