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Degumming of kenaf fibers by combining steam explosion
with ultrasonic treatment

Xiao Zhang', Guangting Han? Yuanming Zhang? Qijun Wang*, Wei Jiang®, and Shouwu
Gao®

1 College of Textiles and Fashion, Qingdao University, Qingdao 266000, Shandong, China
2 Laboratory of New Fiber Materials and Modern Textile (The Growing Base for State Key Laboratory), Qingdao University, Qingdao
266071, Shandong, China

Abstract: Kenaf has a high content of gum that is difficult to remove. Traditional chemical degumming process causes
serious environmental pollution. To solve the problem, we developed a new method to degum kenaf. We pretreated the
kenaf with steam explosion followed by ultrasonic treatment. We chose the single factor tests to select the ultrasonic
frequency, sodium hydroxide concentration and processing time. Combined with orthogonal tests, we found that the
optimum conditions were as follows: ultrasonic frequency was 28 kHz, sodium hydroxide concentration was 2%, and
processing time was 60 min. Under these conditions, the residual gum of kenaf fiber was 9.72% and the fineness was

139.45 N,,. Steam explosion combined with ultrasonic method is effective in degumming of kenaf.

Keywords: kenaf, steam explosion, ultrasonic, degumming process, orthogonal tests
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1.1 #sl
[20-22]
(H,S04 1 g/L 50 C 1 15
(NaOH) Ih) —» —  (NaOH 6.5%
(H2504) ((NH4)2C204'H.0) - (CoHe) Na,SiO; 3 g/L, Na;SOs 4 g/L, JEC 2 g/L
(CH;CH,OH) (BaCly) 100 °C 115 25—  —
15 NBE-BFEERRKRIZ
1.2 X2 151
HGT-I
BGDR-4.5H —  (NaOH 5% 1 20
GZX-9240 MBE YP2002 24 hy— R ( 1.5 MPa
Y171 KYKY-2800 5 min)— ( 50 C
50 W)— —
13 ARALLUERSEENH 152
(GB5889-86)
Sg
1 50 W 50 C
1
NaOH
[23]
2
1 ARERENREAUZUERNSEE
Table 1 Chemical component contents of kenaf and several common bast-fibers
Variety Wax Water-soluble matter Pectin Hemicellulose Lignin Cellulose
Kenaf 1.50 10.76 7.50 14.87 9.31 56.06
Flax 2.00—4.00 1.00-2.00 1.00—4.00 8.00-11.00 1.50-7.00 70.00-80.00
Ramie 0.20-1.00 6.50-9.00 3.50-4.50 12.00-15.00 0.50-2.00 70.00-77.00
Hemp 1.00-1.20 10.00-13.00 3.60-3.80 20.00-25.00 6.30-9.30 55.00-67.00
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*2 BETFREMERSKF

Table 2 Factors and levels of dual experiment

methods of the single factor

Frequency Concentration

Level (kHz) %) Time (min)
1 18 0 15
2 20 1 30
3 28 2 60
4 40 3 90
5 80 4 120
6 5 150
153
NaOH
3 3
3

1.6 THgEEIEHR
1.6.1

GB/T5889-1986

G,-G
Wj =—0 —15100%
G,
W; Gy
Gy

*3 EXRBEFKER
Table 3 Factor levels of orthogonal experiment

A B C
Level Frequency Concentration Time
(kHz) (%) (min)

1 20 1 30

2 28 2 60

3 40 3 90

1.6.2

Y171C

Nm_
(mm) G—

2 ERSAM

GB/T 5884-1986

10 mm
N = Lxn
G
n— L—
(mg)

2.1 AR FRALIE T L1 R AE T R ) & B R0

5 min

5%
1.5 MPa
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Bl 1 AmRFEE (A: RAERT; B:
Fig. 1 The pictures of untreated kenaf (A), kenaf
fibers pretreated by steam explosion (B).
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Fig. 2 Influence of ultrasonic frequency on residual
gum of kenaf.
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Fig. 3 Influence of NaOH concentration on residual
gum of kenaf.
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Table 4 Design and test results of ultrasonic
orthogonal experiment
Number A B C  Residual gum (%)
1 1 1 1 10.64
2 1 2 2 10.15
[25]
3 1 3 3 10.68
60 min 4 2 1 2 10.13
5 2 2 3 9.82
shs 6 2 3 1 10.32
§10.5 7 3 1 3 10.77
£010.0
= 95 8 3 2 1 10.17
= 9.0
2 g 9 3 3 2 9.98
] 1 1 1 1 1 )
~ 80 15 30 60 90 120 150 K; 10.49 10.51 10.58
¢ (min) . 0
Residual K, 10.09 10.05 10.09 T:Zyli:92.66
B4 B iR AL I Ao 18] X £ R 7% st 5 B 340 gE g SR ‘

Fig. 4 Influence of time on residual gum of kenaf. R 040 046 049
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Fig. 5 SEM micrographs of kenaf fiber. (A) After
chemical degumming, (B) After steam-ultrasonic

degumming.
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