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Introduction
This study explores innovative methodologies for utilizing fibers from

diverse sources, including agricultural residues and grasses, to

respond to the evolving demands in paper-based packaging[1]. Due

to non-wood materials facing enormous challenges for conventional

kraft and soda processes, this approach evaluates a promising

sodium-free alkaline pulping method using ammonium sulfite as an

alternative process to transform Wheat straw, Miscanthus, and

Switchgrass efficiently into suitable fibers for packaging and offering

potential solutions to spent liquor treatment [2-5].

Objectives
 Evaluate the ammonium sulfite semi-chemical process for pulping

of Wheat straw, Miscanthus, and Switchgrass as a non-sodium

alternative process.

 Compare the mechanical properties of non-wood pulps from the

ammonium sulfite process with conventional fibers in corrugated

medium and liner manufacturing.

 Assess the effect of refining and morphology of non-wood fibers on

paper properties.

References
[1] A. K. Singh, P. Itkor, M. Lee, J. Shin, and Y. S. Lee, “Promoting sustainable packaging applications in the circular economy by exploring and advancing molded pulp materials for food products: a

review,” Critical Reviews in Food Science and Nutrition. Taylor and Francis Ltd., 2022. doi: 10.1080/10408398.2022.2088686.

[2] D. M. Le, H. R. Sørensen, N. O. Knudsen, and A. S. Meyer, “Implications of silica on biorefineries - interactions with organic material and mineral elements in grasses,” Biofuels, Bioproducts and

Biorefining, vol. 9, no. 1, pp. 109–121, Jan. 2015, doi: 10.1002/bbb.1511.

[3] Z. M. A. Ainun, S. M. Sapuan, and R. A. Ilyas, Eds., Pulping and Papermaking of Nonwood Plant Fibers. Elsevier, 2023. doi: 10.1016/C2020-0-04482-8.

[4] M. S. Jahan, M. M. Rahman, and Y. Ni, “Alternative initiatives for non-wood chemical pulping and integration with the biorefinery concept: A review,” Biofuels, Bioproducts and Biorefining, vol.

15, no. 1. John Wiley and Sons Ltd, pp. 100–118, Jan. 01, 2021. doi: 10.1002/bbb.2143.

[5] “Agriculture Nutrient Management and Fertilizer | US EPA.” https://www.epa.gov/agriculture/agriculture-nutrient-management-and-fertilizer (accessed May 18, 2023).

-1.0 -0.8 -0.5 -0.3 0.0 0.3 0.5 0.8 1.0

Stiffness Index

Stretch

Burst strength

TEA Index

Tensile Index

Break length

Ring crush

Concora (CMT)

STFI

Taber Stiffness

Thickness

r = Pearson correlation coeficient

Switchgrass

Coarseness Fiber length

Width Degree of fibrillation

-1.0 -0.8 -0.5 -0.3 0.0 0.3 0.5 0.8 1.0

Stiffness Index

STFI

Burst strength

Break length

Tensile Index

Ring crush

Concora (CMT)

TEA Index

Stretch

Taber Stiffness

Thickness

r = Pearson correlation coeficient

Miscanthus

Coarseness Fiber length

Width Degree of fibrillation

-1.0 -0.8 -0.5 -0.3 0.0 0.3 0.5 0.8 1.0

Stiffness Index

Burst strength

Concora (CMT)

Break length

Tensile Index

STFI

TEA Index

Stretch

Ring crush

Taber Stiffness

Thickness

r = Pearson correlation coeficient

Wheat straw

Coarseness Fiber length

Width Degree of fibrillation

Acknowledgement
The authors acknowledge the Sustainable and

Alternative Fibers Initiative consortium members

and the Department of Forest Biomaterials of the

North Carolina State University for their support

and contribution to this research.

Non-wood pulps refining evaluation Fiber morphology vs. mechanical properties

Non-wood pulps comparison with benchmark fibers
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Superior Potential Lower No effect

Ammonium sulfite pulping emerges as a potential alternative to obtain high-
yield pulps from non-wood materials.

Wheat straw and Miscanthus pulps demonstrated mechanical properties
similar and superior than OCC.

The non-wood pulps showcased advantageous mechanical properties and
energy-saving potential, making them promising for packaging applications.

1) Size reduction 2) Pulping 3) Refining 4) Pulp assessment 5) Properties evaluation

• Hammer milling

• Screening: 

Accepted size 2.5 

cm to 5 cm 

• Ammonium sulfite

• 15 % Total SO2

• L/Non-wood ratio 

4:1

• Temperature: 170⁰C

• Time: 15min, 30min, 

45min, 60 min

• First stage: Plates 

gap at 0.010”

• Second stage: 

Plates gap at 0.005”

• Total yield

• Kappa number

• Freeness

• PFI refining

• Fiber morphology

Products target

• Liner 

• Corrugated medium

Benchmark fibers

• Softwood Kraft

• OCC

r > 0.5 = Strong positive correlation r < - 0.5 = Strong negative correlation

CM = Corrugated medium


