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ABSTRACT

This study was carried out to develop the biochemical pulping method to enhance energy saving and
decrease the capital cost through the soda pulping under atmospheric pressure (100 ). Nonwood sub-
strates, rice straw, were pretreated by white-rot fungi, Ganoderma lucidum. It has acquired several
basic data that can be applied in bio-soda pulping. The results of this study were as follow.

Without any nutrients or with glucose, N and glucose+N the weight losses of rice straws inoculated
by Ganoderma lucidum were 8.5~29.8%, 9.3~32.1%, 11.8~30.1% and 11.8~24.4% respectively
for 5, 10, 15, 20, 25 and 30 days incubation. The more extending incubation periods, the more
increasing weight losses. The yield of untreated rice straw was 54.8% after pulping. When any nutri-
ents was not added or glucose, N and glucose+N were added for the pretreatment, the total yields were
ranged 50.6~38.5%, 48.6~34.4%, 47.2~38.4% and 49.5~42.6% respectively for 5, 10, 15, 20, 25
and 30 days incubation. The yields were gradually decreased based on extending of incubation.

The physical properties of rice straw soda pulps without fungal treatment, the density, breaking
length, burst index, tear index and folding endurance were 0.24 g/cn?, 2.32 km, 0.91 kPa - m/g, 56.7
mN - n/g and 35 times, respectively. After pretreatment without any nutrients or with glucose, N and
glucose+N as nutrients, the density was 0.27~0.30 g/anf, the breaking length 3.14~5.25 km, burst
index 1.42~2.78 kPa - m‘/g, tear index 45.8~64.5 mN - m’/g and folding endurance 47~ 288 times
at all incubating periods when pulping was done.

The physical properties were increased with the increasing incubation periods. However, when
glucose+N was added, the physical properties were shown superior results each incubating duration.
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Table 1. Weight losses of rice-straw after pretreat-
ment with Ganoderma lucidum (Unit : %)

Additives
Incubation None glucose N glucose+N
Period(days)
0 0 0 0
Untreated 000 100y (100)  (100)
5 8.5 9.3 11.8 11.8
91.5) (90.7) (88.2) (88.2)
10 15.7 14.8 17.5 17.8
(84.3) (85.2) (82.5) (82.2)
15 20.8 17.7 21.7 19.9
(79.2) (82.3) (78.3) (80.1)
20 21.7 24.3 25.6 20.8
(78.3) (75.7) (74.4) (79.2)
25 26.9 29.3 28.1 229
(73.1) (70.7) (71.9) (77.1)
30 29.8 32.1 30.1 244

(70.2) (67.9) (69.9) (75.6)

* () : Yields after pretreatment
* Glucose : 0.5%, N : 0.25%
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Table 2. Chemical constituents of rice-straw after pretreatment with Ganoderma lucidum (Unit : %)

Culture A-B Holo- Klason

period(days) Additives extractives cellulose a-cellulose lignin Ash
Untreated 9.6 70.5 41.8 20.1 0.3

N 4.8 75.8 46.0 21.8 13.7
one 4.4) (64.9) 42.1) (19.9) (12.5)

| 4.1 74.0 46.3 22.0 13.6
5 glucose (3.7) 67.1) (42.0) (20.0) (12.3)
N 2.8 75.1 487 19.9 13.6
(2.5) (66.2) (43.0) (17.6) (12.0)

lucosesN 3.6 76.5 49.0 19.7 13.6
glucose (3.2) (67.5) (43.2) (17.4) (12.0)

None 2.8 77.2 45.0 20.7 14.3
0 (2.4) (65.1) (37.9) (17.5) (12.1

| 2.9 76.6 454 21.2 13.9
10 gtucose (2.5) (65.3) (38.7) (18.1) (11.8)
N 2.5 76.7 49.0 20.4 14.2
2.1 (63.3) (40.4) (16.8) (1.7

lucosesN 3.0 77.2 48.3 20.5 13.8
glucose (2.5) (63.5) (39.7) (16.9) (11.3)

N 34 76.8 44.0 24.2 14.4
one 2.7 (60.8) (34.8) (19.2) (11.4)

Lucos 2.8 77.0 446 235 14.2
s glucose (2.3) (63.4) (36.7) (19.3) (11.7)
N 25 78.7 48.7 23.6 14.1
(2.0) (61.6) (38.1) (18.5) (11.0)

| N 2.8 783 49.1 223 14.0
glucose+ (2.2) (62.7) (39.3) (17.9) (11.2)

N 2.6 76.1 432 25.3 14.8
one (2.0) (59.6) (33.8) (19.8) (11.6)

| 3.0 78.3 45.0 24.7 15.1
20 glucose 2.3) (59.3) (34.1) (18.7) (11.4)
N 24 785 49.9 23.9 14.4
(1.8) (58.4) (37.1) (17.8) (10.7)

| N 2.8 785 49.9 24.4 14.0
glucose+ (2.2) (62.2) (39.5) (19.3) (t1.D)

N 2.7 78.5 459 24.8 15.2

one (2.0) (57.4) (33.6) (18.1) (1.1

| 2.7 77.3 44.5 25.4 15.1
55 glucose (1.9) (54.7) (31.5) (18.0) (10.7)
N 23 79.0 493 23.6 14.6
(1.7) (56.8) (35.4) (17.0) (10.5)

lucoserN 2.8 78.8 50.6 2.4 143
glucose+ (2.2) (60.8) (39.0) (17.3) (11.0)

N 26 776 46.1 232 149
one (1.8) (54.5) (32.4) (16.3) (10.5)

| 2.7 76.3 447 25.0 153
20 glucose (1.8) (51.8) (30.4) (17.0) (104
i N 23 785 51.3 21.6 145
(1.6) (54.9) (35.9) (15.1) (10.1)

lucosesN 3.1 78.8 51.8 21.6 138
glucose (2.3) (59.6) (39.2) (16.3) {10.4)

* A - B: Alcohol - Benzene
* Glucose : 0.5%, N : 0.25%
* () : Contents based on original material
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Table 3. Yields of rice-straw pulps cooked with caus-
tic soda after pretreatment with Ganoderma

lucidum (Unit : %)
Additives
Incubation None glucose N glucose+N
Peﬁod(days)
ﬂtreated 54.8 54.8 548 54.8
5 55.3 53.6 53.5 56.1
(50.6) (43.6) (47.2) (49.5)
10 554 53.1 62.8 60.4
Y 46T (452)  (518)  (49.6)
15 57.1 52.5 57.3 57.8
o (452) (432)  (449)  (46.3)
20 51.0 61.6 56.9 55.2
(39.9) (46.6) (42.3) (43.7)
5 52.7 55.1 55.6 55.2
S (385 (390) (400)  (426)
30 56.1 50.7 55.0 57.2

(39.4) (34.4) (38.4) (43.2)

* Cooking conditions : NaOH 15 % ( as Na,0), tempera-
ture 100C, time 120 min., rice straw/liquor : 1/10

* Glucose : 0.5%, N : 0.25%

* () : yields based on original material
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Table 4. Kappa numbers of rice-straw pulps cooked
with caustic soda after pretreatment with
Ganoderma lucidum

Additives
Incabation None glucose N glucose+N
Period(days)
Untreated 234 234 234 234
5 26.5 24.5 26.6 23.8
10 27.6 259 254 28.1
15 342 349 339 333
20 36.4 395 349 271
25 37.1 47.0 36.9 37.0
30 44.6 36.2 26.8 266

* Cooking conditions : NaOH 15 % ( as Na,O), tempera-
ture 100°C, time 120 min., rice straw/liquor : 1/10
* Glucose : 0.5%, N : 0.25%
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Table 5. Brightnesses of rice-straw pulps cooked
with caustic soda after pretreatment with
Ganoderma lucidum

Additives
None glucose N glucose+N
Incubation i
Period(days)
Untreated  31.4 314 34 314
5 27.6 325 30.0 319
10 27.7 32.6 30.9 329
15 320 28.1 26.1 28.6
20 26.3 26.1 26.8 29.8
25 28.4 27.5 27.2 28.2
30 289 28.6 324 31.8

* Cooking conditions : NaOH 15 % ( as NaO,», tempera-
ture 100°C, time 120 min., rice straw/liquor : 1/10
* Glucose : 0.5%, N : 0.25%
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Table 6. Chemical constituents of soda pulps made from rice straw pretreated with Ganoderma lucidum

(Unit : %)

perCiéX(lit(liiraeys) Additives extAract?ves cgl?xll(())se a-cellulose Il(ilgrslionn Ash
Untreated 1.6 82.0 61.1 9.2 6.0

None 1.2 83.1 60.5 9.1 5.4

glucose 1.7 85.2 62.7 94 5.5

> N 1.4 84.4 60.5 9.9 4.8
glucose+N 1.3 82.4 59.6 10.6 4.6

None 0.9 83.7 64.0 11.1 5.6

10 glucose 1.2 85.2 65.5 9.8 5.7
N 1.1 84.5 64.2 10.0 5.8

glucose+N 1.1 85.9 63.7 104 55

None 1.1 84.1 62.4 9.5 6.3

5 glucose 1.0 82.7 62.1 10.7 6.1
N 1.2 84.4 62.7 10.6 5.6

glucose+N 0.9 85.5 62.9 84 5.3

None 1.0 81.3 59.8 9.5 74

20 glucose 1.2 83.1 62.3 12.5 6.4
N 1.0 833 61.7 9.7 5.3

glucose+N 1.0 85.2 65.0 10.5 5.0

None 0.7 83.9 61.1 7.8 4.8

55 glucose 0.8 80.8 58.5 114 5.2
N 0.9 84.6 62.4 9.1 4.8

glucose+N 1.0 85.0 64.3 9.0 4.5

None 1.0 84.0 62.4 9.6 4.8

30 glucose 0.8 84.2 60.6 7.9 58
N 0.8 88.7 67.8 6.3 4.5

glucose+N 0.9 89.0 67.8 72 5.0

* A« B : Alcohol - Benzene
* Glucose : 0.5%. N : 0.25%
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Table 7. Physical properties of soda pulps made from rice straw pretreated with Ganoderma lucidum
Culture Additives Density Breaking Burst index Tear index Folding

period(days) (g/en’) length(Km) (kPa - m'/g) (mN - m'/g) endurance(times)

Untreated 0.24 232 091 56.7 35

None 0.27 3.14 1.42 477 47

5 glucose 0.27 4.01 1.81 45.8 56

N 0.27 3.80 2.02 48.8 71

glucose+N 0.28 397 2.07 45.9 52

None 0.28 326 1.90 48.1 54

10 glucose 0.27 4.17 1.96 47.8 85

N 0.27 4.09 2.04 494 72

glucose+N 0.28 432 2.10 50.1 75

None 0.28 3.56 1.92 53.8 65

5 glucose 0.28 4.20 2.01 48.7 102

N 0.28 425 2.11 534 67

glucose+N 0.29 4.49 2.17 589 106

None 0.28 3.63 1.94 56.7 79

20 glucose 0.29 428 2.17 527 98

N 0.29 4.32 2.15 543 70

glucose+N 0.29 4.53 2.21 59.1 97

None 0.29 3.67 1.99 57.7 33

’5 glucose 0.29 434 2.32 59.1 134

N 0.29 4.59 2.23 59.3 36

glucose+N 0.30 4.76 2.39 64.5 106

None 0.29 4.01 2.05 58.5 64

30 glucose 0.30 4.87 2.46 58.9 225

N 0.30 5.25 2.78 57.2 249

glucose+N 0.30 495 247 59.9 288

* Freeness of pulps after beating : 300 m¢{CSF
* Glucose : 0.5%. N : 0.25%
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