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Research paper

Pulping Evaluation of Biodegraded Wood Chips
Yu-Chang Su”
[ Summary ]

This paper evaluates the pulping characteristics of bicdegraded chips of a fast-growing hard-
wood, Gmelina arborea. After wood chips were degraded for periods of 1 to § weeks by using 3 white-
rot fungi, namely Phanerochaete chrysosporium, Lentinus edodes, and Coriolus versicolor, the chips
were pulped with chemical, mechanical, and semimechanical methods. Chemical analyses of degraded
wood chips, characterization of resulting pulps, and determination of energy consumption during refin-
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ing of mechanical and semimechanical pulping were conducted. Improvements in properties of these
resulting pulps by treatment with enzymes were also evaluated. In sulfate pulping of bio-degraded
chips, lower yields, higher alkaline requirements, and competitive strength of pulps were seen as
compared to nontreatment pulps. In mechanical pulping, lower energy consumption during refining
and fewer broken fibers were shown. NSSCP(Neutral Sulfite Semichemical Pulp) pulping not only
showed lower energy consumption, but better yields and lower chemical requirements were also
observed.

Key words: biodegradation, biopulping, Phanerochacte chrysosporium, Lentinus edodes, Coriolus

versicolor, enzyme treatment,
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Fig. 1. Weight loss of fungal-treated wood
chips.
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Table 1. Lignin and holocellulose contents of biodegraded chips at various time periods

Lignin loss/

Fungus species '{‘:"IE)G L1gn1?qg;mtent Holo%%l)ulose Holocell. loss
2 23.85 68.40 0.67
P. chrysosporium 4 22.20 67.58 1.56
8 20.09 62.60 1.26
2 23.25 69.85 1.00
L. edodes 4 22.40 60.90 0.61
8 21.50 55.70 0.63
2 24.60 69.20 1.00
C. versicolor 4 22.40 62.59 0.67
8 20.70 56.76 0.77
Normal wood 0 24.98 73.28 -

Table 2. Yields of sulfate pulping of biodegraded wood chips at various kappa numbers

Fungus species P?{;ﬁfs 0 Kappa;(l)umber 0
. 5 48.43 50.52 51.61
P. chrysosporium 8 47.60 49.24 50.89
L edodes 5 43.39 46.14 48 89
8 42.56 45.04 47.51
C. versicolor 5 47.15 49.03 50.90
' 8 46.94 48.50 50.07
Normal wood 0 51.4 54.1 55.3
T~ A R BB 56 —
O - B (MR R ) -
Fig. 2 SR F 0 5 Bk 8 3K 52 1
HiBRES LS PR R (BRI - AR ETER g 48:
(Su et al. 1995) FHERMEF AR FEBERZ i N
HFRURTE » IEFBETU Table 2 ZHEEHAS M e
ELEOMEBRENEETRE » £ FEE 40 & -
FFERIR 4-6% NER - RERMAUEEE 40 - y . \ . r
L. edodes BIWEESZEEEK » TLL P. chrysospo- 20 40 &0

rium, HEEZIEE o HHERE Table 1 F1H
BRERNE R R 2R SR R s
AR (Su et al. 1995) o B hRERE R LHEHE
FEECHFEREERARSHERRE ST
RBEYI S8BT RER—FEERR2 A
EEBIEEMES » EERTEESME ik
KNI HESNEIERE R TTREGIEFE S BAE -
I 5 S 62 4 B 3 2 (Akamatsu 1983, Tamai

S RTIE RN Al — RS R BRI T RS
AR FLUERE o (EERARIET R 2R

Kappa number

Fig. 2. Kappa number vs. yield of kraft pulp-
ing of fungal-treated wood chips. Note: O
P5, @ P8(P.chrysosoporium incubated for 5
or 8 weeks before pulping, respectively); &
L5, & L8(L.edodes); [ 1C5, B C8 (C. versi-
color) respectively; + normal wood.
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Table 3. Energy consumption and strength properties of mechanical pulps from biodegraded

wood chips
Funeus species Periods  Refine energy Tensile index Burst index Tear index
gus sp (wk) KWh /ron N -m/g kPa - m¥/g mN -« m%/g
5 1700 39.6 2.05 --
P. chrysosporium
8 1500 38.9 2.31 8.4
5 1800 35.4 1.90
L.edodes
8 1560 37.5 2.15 : 1.9
5 1950 38.6 2.13 --
C. versicolor
8 1600 36.9 2.34 7.1
Normal wood 0 2070 35.6 1.85 7.0

Fable 4. Properties of bio-NSSCP and refining energy consumption (P. chrysosporium)®

Kappa Refiningenergy Freeness

Tensile index Burst index  Tear index

Ring crush

number  kWh/ton (mL) (N »m/g) (kPa. m%g) (mN. mYg) (kgf. m’/g)
Bio- 110V 1190 406 69.5 4.00 7.0 4.85
NSsscp 1202 1150 a11 73.2 3.89 6.8 5.00

135% 1200 398 70.5 4.12 7.2 5.30
Blank 1279 1450 402 60.8 3.29 5.3 4.90

232,50, Na,CO, = 16%: 4%, temp. V175°C, 2170°C, P165°C, respectively, Basis weight 160 g/m’.

PNa,80;: Na,COy = 16%: 4%, temp. 175°C.
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Fig. 3. Comparison of refining resistance of
fungal-treated wood chips and control.
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Fig. 4. Beating of enzyme-treated pulp. Note: + enzyme-treated NSSCP; KP ; O conirol.

Table 5. Properties of enzyme-treated bio-kraft pulps ( P. chrysosporium)

Freeness Tensile index Burst index Tear index Foldurance
(mL}) (N« m/g) (kPa * m*/g) (mN « m%/p) (dfs)
AD 405 43.4 4.1 8.1 739
B? 387 53.9 33 6.6 624
c¥ 402 56.6 3.8 8.9 665
D Blank.

2 Cellulzyme (cellulase).

3)Xylanase (hemicellulase) 2 ug/g; basis weight 60 g/mz.
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Table 6. Properties of enzyme-treated bio-kraft pulps
sm(])gc?&l;ess Tensile index Burst indzex Tear ind;ax Foldurance

(s) (N - m/g) (kPa * m*/g)  (mN - m'/g) (dfs)
AV B 184 65.7 4.73 8.0 299
Tr. 207 65.8 4.84 9.1 275
B* BI 172 75.7 5.17 6.0 276
Tr. 200 70.7 4.87 6.2 288
c* BI 180 73.5 5.80 9.0 547
Tr. 210 70 5.05 9.4 292

U Bio-KP from P. chrysosporiun.
Y Bio-KP from L. edodes .

)Bio-KP from C. versicolor; enzyme: cellulzyme 2 ug/g ; Bl: blank; Tr: enzyme treated; basis weight
60 g/mz.
Table 7. Properties of enzyme-treated bio-NSSCP of P. chrysospoium
Freeness Tensile index Burst index Tear index Foldurance
(mL) (N * m/g) (kPa - m’/g) (mN - m%/g) (dfs)
Ab 398 70.5 4.12 7.20 153
B2 389 69.4 4.53 7.60 168
c? 405 72.6 4.85 7.90 157
D Blank.
Cellulzyme (cellulase).
3 Xylanase (hemicellulase) 2 ug/g; basis weight 60 g/mz.
Table 8. Properties of enzyme-treated bio-NSSCP
Bekk Tensile index Burst index Ring crush
smoothness 2 2
(s) (N » m/g) (kPa » m~/g) {kgf - m“/g)
X 1| 57.1 62.0 3.69 5.30
Tr. 81.5 60.0 3.27 5.86
8» B 30.4 53.9 3.09 4.90
Tr. 55.2 56.7 2.89 5.30
c? B 39.7 52.4 3.19 5.00
Tr. 64.8 60.8 3.38 5.60

;) Bio-KP from P. chrysosporium.
)Bio-KP from L. edodes .

3 Bio-KP from C. versicolor; enzyme: cellulzyme {basis weight 160 g/mz).
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