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ABSTRACT

We studied the potential of giant reed fiber (Arundo donax L.) in the kraft paper industries, with the primary
focus on the basic properties of the raw material. An analysis of the chemical composition and fiber morphology
was conducted. The pulp of giant reed kraft was prepared in 20 to 25% active alkali, having 30% sulfidity, at a
maximum temperature of 170°C for 60 minutes. Subsequently, the pulp yield and kappa number were measured
for evaluating the optimum potential as an alternative to the industrial kraft pulp. The results indicated that its
chemical composition contained 74.88% holocellulose, 41.26% cellulose, 22.42% lignin, 24.59% pentosan, 10.22%
extractive, and 4.46% ash. The fiber morphology had a slender fiber shape with a length and width of 1.45 mm
and 24.01 micron, respectively. The measured pulp yield, residue, and kappa number were 51.54%, 1.30% and
25.2, respectively. It was observed that the giant reed kraft pulp had a higher potential than some non-wood and
wood kraft pulps e.g., bagasse, eucalyptus, and softwood. The various pulps were beaten to 350+20 ml (Canadian
Standard Freeness: CSF) freeness and the pulp handsheets were prepared for strength testing. It was observed that
tensile index, tear index, burst index, and folding endurance of the giant reed pulp were higher than bagasse and
eucalyptus but lower than softwood. We conclude that the giant reed can be considered as a viable raw material

option in the kraft paper industry.
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Table 1 Summary of the chemical composition of Arundo donax L., bamboo, bagasse, rice straw, softwood, and

Eucalyptus (the standard deviations in parentheses).

Chemical Giant Reed Bamboo' Bagasse2 Rice Softwood” Eucolyptus5
Composition (%) (A. donax L.) (D. asper) straw’ (P. orientalis) (E. camaldulensis)

Holocellulose 74.88 (0.35) 70.83 74.77 60.70 74.46 723
Alpha-cellulose 46.26 (0.69) 47.64 47.40 41.20 44.31 -

- Acid-insoluble lignin 20.27 (0.02) - - - -

- Acid-soluble lignin 2.16 (0.16) - - - -

- Total lignin 22.42(0.15) 29.58 20.35 21.90 25.20 27.1
Pentosan 24.59 (0.26) - - - - 15.2
Extractives

- Acetone extractives 1.50 (0.26) - 3.15 - - -

- Hot water solubility 8.72 (0.66) 8.60 - 7.30 2.81 -

- Total extractives 10.22 (0.24) - - - - 7.90
Ash 4.46 (0.16) 1.73 1.74 9.20 0.32 0.85

Remarks: 'Khantayanuwong et al. (2023); “Samariha et al. (2011); *Rodriguez et al. (2008);

“Tutus et al. (2010); *Pisuttipiched (2004)
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Figure 1 Fiber morphology of Arundo donax L.
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Table 2 Fiber Characteristics of Arundo donax L., bagasse, Eucalyptus, softwood, bamboo, and rice straw kraft

pulps as determined using microphotographs measurement (standard deviations area indicated in

parentheses).
Characteristics Unbleached Bagasse Unbleached  Unbleached Bamboo Rice straw

Reed kraft pulp  kraft pulp eucalyptus softwood kraft pulp'  kraft pulp?
(A.donax L.) kraft pulp kraft pulp (D. asper)

Fiber length (mm) 1.45 (0.55) 1.33 (0.38) 0.83(0.17) 1.94 (0.75) 248 0.80 + 0.41

Fiber width (um) 24.01(4.90) 24.74 (5.86) 21.76 (3.70) 40.70 (10.10) 27.30 102+53

Lumen width (um) 9.20 (2.89)  11.31(4.37) 7.11(1.87) 23.25(9.15) 2.30 8.7+04

Cell wall thickness (um) 4.71(1.13) 3.88(1.04) 4.12 (1.00) 8.73(2.22) 11.64 1.5+0.1

Slenderness ratio 59.79 (17.57)  56.30(20.23)  38.75(7.69) 57.75 (23.09) - -

Runkel ratio 1.08 (0.26) 0.76 (0.28) 1.24 (0.43) 0.86 (0.41) 0.97 0.34 + 0.01

Flexibility coefficient 48.71 (5.56)  58.27 (8.45) 46.09 (8.23) 56.10 (10.68) 9.06 85.29 £ 4.0

Remarks: 'Bubpha et al. (2017); “Chollakup et al. (2021)
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Table 3 Pulping conditions and pulp obtained for Arundo donax L.

Result Active alkali (%)
20 22 25
Pulp yield (%) 51.54 50.49 49.11
Reject (%) 1.30 0.96 0.16
Kappa number 25.20 18.65 14.39
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Table 4 Physical properties of unbleached kraft handsheet at 350+20 ml (CSF) (standard deviations are indicated

in parentheses).

Unbleached kraft pulp Tensile index Tear index Burst index Folding endurance
(Nm g™ (mN m?g™) (kPa m”g™) (double fold)
Giant reed (Arundo donax L.) 59.12 (2.03) 7.24.(0.27) 3.45 (0.20) 141.0 (45.89)
Bagasse 39.18 (1.49) 5.28 (0.08) 1.64 (0.26) 19.2 (2.14)
Eucalyptus 41.77 (3.89) 4.83 (0.21) 2.23(0.17) 10.4 (1.36)
Softwood 69.75 (3.70) 10.50 (0.27) 5.25(0.44) 772.0 (175.15)
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Figure 2 Physical properties of unbleached kraft handsheets (a) Tensile strength (b) Tear strength

(c) Burst strength and (d) Folding endurance.
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