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Development of Pulping Methods of Rice-straw
Chemical Pulp with Higher Yield
and Lower Kappa Number

Chin-Ha Kang' and Sung-Jong Park

ABSTRACT

This study was carried out to acquire basic data necessary for the use of non-wood pulp.
Various chemical pulping methods for rice straw to achieve higher yield, lower Kappa No.
were investigated and then the physical properties of various pulps were tested.

The results of this study were as follows:

When various chemical pulps (Soda, Soda-AQ, Soda-H,0,, Soda-Na,S,, AS, AS-AQ, AS-
Na,5,0;, AS-NayS5;0,, Kraft) were produced with rice-straw, the pulps with the highest yield
and lowest Kappa No. were obtained with Soda-Na,S, and AS-Na,S,0, pulps.

For the breaking length, Soda and Soda-additive pulps(7.5~9.2 km) were better than AS and
AS-additive pulps(6.2~8.1 km). Similarly, for the burst index, Soda and Soda-additive
pulps(6.0~7.0 kPa - m?/g) were better than AS and AS-additive pulps(4.5~6.3 kPa + m?/g).
But the tear index was showed 21.8-30.9 mN - m?/g with a little different between pulping
methods.
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Table 1. Total yield, Kappa No. and brightness of Soda pulps made from rice straw

Cooking Cooking

. o )
temperature (€)  time (min.) Total yield (%) Kappa No. Brightness
60 43.9 10.2 30.0
150 90 44.3 9.9 30.6
120 44.6 9.5 31.3

* Active alkali @ 15% (as NayO), Rice straw/liquor : 1/10
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Table 2. Total yield, Kappa No. and brightness of Soda-AQ pulps made from rice straw

Addition quantity of AQ(%) Total yield (%) Kappa No. Brightness
0 43.9 10.2 30.0
0.05 44 .0 8.2 30.9
0.1 44.3 7.6 32.5
0.2 44.7 7.5 32.0

* Active alkali © 15% (as Nay;0), Cooking temperature : 150C, Cooking time : 60 min., Rice

straw/liquor : 1/10
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Table 3. Total yield, Kappa No. and brightness of Soda-AQ pulps made from rice straw

Cooking Cooking

. o i
temperature () time (min.) Total yield (%) Kappa No. Brightness
60 44.0 8.2 30.9
150 90 44.9 7.5 31.3
120 45.5 7.4 : 31.5

* Active alkali :
straw/liquor : 1/10

15% (as Na;0), addition quantity of AQ : 0.05%(on rice straw), Rice
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Table 4. Total yield, Kappa No. and brightness of Soda-H,Q, pulps made from rice straw

Addition quantity of HoQz (%)  Total yield (%) Kappa No. Brightness
0 43.9 ’ 10.2 30.0
0.5 43.4 9.4 24.6
1.0 43.6 9.6 25.4
2.0 42.1 10.5 26.7

* Active alkali : 15% (as Na;0), Cooking temperature : 150%C, Cooking time : 60 min., EDTA
© 1% (on rice straw), Rice straw/liquor : 1/10

Table 5. Total yield, Kappa No. and brightness of Soda-H,0O, pulps made from rice straw

Cooking Cooking Total yield (%)  Kappa N Bright
temperature ()  time (min.) otal yie 7 appa No. rightness

60 43.4 9.4 24.6

150 90 41.9 8.4 28.6

120 41.1 8.2 29.4

* Active alkali @ 15% (as NayO), HO0; : 0.5% (on rice straw), EDTA : 1% (on rice straw),
Rice straw/liquor : 1/10
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Table 6. Total Yield, Kappa No. and brightness of Soda-Na,S, pulps made from rice straw

Addition quantity of Nay;S; (%) Total yield (%) Kappa No. Brightness
0 43.9 10.2 30.0
0.5 441 10.2 29.8
1.0 46.1 7.2 30.1
2.0 47.1 7.2 29.8

* Active alkali @ 15% (as Na0), Cooking temperature : 150C, Cooking time : 60 min., Rice
straw/liquor : 1/10
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Table 7. Total yield, Kappa No. and brightness of Soda-Na,S, pulps made from rice straw

Cooking Cooking

. o .
temperature (€)  time (min.) Total yield (%) Kappa No. | Brightness
60 46.1 7.2 30.1
150 90 45.8 7.1 29.3
120 456 7.2 28.2

* Active alkali : 15% (as Nay0), NayS; : 1.0% (on rice straw), Rice straw/liquor : 1/10

Table 8. Total Yield, Kappa No. and brightness of Alkaline sulfite pulps made from rice straw

Mixing ratio (%)

N2,505 NaOH Total yield (%) Kappa No. Brightness
10 90 44.7 8.5 30.9
20 80 44.9 8.7 30.8
30 70 46.4 ' 9.4 31.6
40 60 47.3 9.6 32.3
50 50 48.2 10.1 33.2
70 30 52.4. 13.8 34.8
90 10 56.9 17.1 28.1

* Active alkali : 15% (as Nas0), Cooking temperature : 150C, Cooking time : 60 min., Rice
straw/liquor : 1/10
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Table 9. Total yield, Kappa No. and brightness of Alkaline sulfite pulps made from rice straw

Cooking Cooking . o .
temperature (T) time (min.) Total yield (%) _ Kappa No. Brightness
60 47.3 9.6 32.3
150 90 47.3 9.9 35.1
120 47.3 9.2 38.6

* Active alkali :

15% (as Na,0), NazS0O; : NaOH = 40 : 60, Rice straw/liguor @ 1/10
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Table 10. Total yield, Kappa No. and brightness of Alkaline sulfite-AQ pulps made from rice

straw
Addition quantity of AQ (%) Total yield (%) Kappa No. Brightness
0 47.3 9.6 32.3
0.05 47.5 8.4 34.1
0.1 47.2 8.2 34.3
0.2 46.5 8.2 35.0
* Active alkali : 15% (as Nap0), NasSO; : NaOH = 40 : 60, Cooking temperature : 150T,
Cooking time : 60 min., Rice straw/liquor : 1/10
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Table 11. Total yield, Kappa No. and brightness of Alkaline sulfite-AQ pulps made from rice

straw
Cooking Cooking . o .
temperature (C)  time (min.) Total yield (%) Kappa No. Brightness
60 47.5 8.4 34.1
150 90 46.6 8.0 34.7
120 46.8 7.5 35.0

* Active alkali : 15% (as Naz0), NayS0s; :
(on rice straw), Rice straw/liquor : 1/10

NaOQOH = 40 : 60, addition quantity of AQ : 0.05%
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Table 12. Total yield, Kappa No. and brightness of Alkaline sulfite-Na,S,0; pulps made from

rice straw
Addition quantity of Na;S;0; (%) Total yield (%) Kappa No. Brightness
0 47.3 9.6 32.3
0.5 | 49.1 9.3 33.3
1.0 48.0 9.3 33.8
2.0 48.2 9.5 34.8

* Active alkali : 15% (as on Nay0Q), NayS0O; : NaOH = 40 : 60, Cooking temperature @ 150C,
Cooking time : 60 min., Rice straw/liquor @ 1/10

Table 13. Total yield, Kappa No. and brightness of Alkaline sulfite-Na,S,0; pulps made from

rice straw
Cooking Cooking . o .
temperature (C) time (min.) Total yield (%) Kappa No. Brightness
60 49.1 9.3 33.3
150 90 48.3 8.7 33.4
120 48.1 8.5 33.2

* Active alkali @ 15% (as Nay0), NaySO; : NaOH = 40 : 60, addition quantity of NayS;03 :
0.5% (on rice straw), Rice straw/liquor : 1/10
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Table 14. Total yield, Kappa No. and brightness of Alkaline sulfite-Na,S;0, pulps made from

rice straw
Addition quantity of Na:S,04 (%)  Total yield (%) Kappa No. Brightness
0 47.3 9.6 32.3
1.0 47.8 10.5 32.0
2.0 49.6 9.9 34.9
3.0 51.3 9.2 33.7
4.0 48.8 8.8 33.3

* Active alkali @ 15%(as Nay0), NaySO; : NaOH = 40 : 60, Cooking temperature : 150T,
Cooking time : 60 min., Rice straw/liquor @ 1/10
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Table 15. Total yield, Kappa No. and brightness of Alkaline sulfite-Na,S,0, pulps made from

rice straw
Cooking Cooking Total yield (%)  Kappa N Brigh
temperature (C) time (min.) otal yie ? appa No. rightness
60 51.3 9.2 33.7
150 90 49.2 8.2 33.7
120 48.2 8.2 34.4
* Active alkali @ 15% (as NagO), NapSO; : NaOH = 40 : 60, addition quantity of NasS;0,4 :

3.0% (on rice straw), Rice straw/liquor :

1/10

Table 16. Total yield, Kappa No. and brightness of Kraft pulps made from rice straw

Sulfidity (%) Total yield (%) Kappa No. Brightness
0 43.9 10.2 30.0
5 44.0 8.4 28.9
10 43.0 8.8 27.7
15 43.7 8.5 28.2
20 44.6 8.8 28.2
25 44 .6 8.0 28.1

* Active alkali :
straw/liquor : 1/10

15% (as Nay0O), Cooking temperature :

150¢C, Cooking time : 60 min., Rice
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Table 17. Total yield, Kappa No. and brightness of Kraft pulps made from rice straw

Cooking Cooking . o .
temperature () time (min.) Total yield (%) Kappa No. Brightness
60 44.0 8.4 28.9
150 90 44.9 7.6 29.8
120 45.0 7.6 31.9

* Active alkali : 15% (as Na,0O), Sulfidity : 5%, Rice straw/liquor : 1/10
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Table 18. Physical properties of chemical pulps made from rice straw

Cooking Density Breaking Burst index Tear index Folding
Pulp time(min.) (g/cm®) length(km) (kPa-m?%/g) (mN -m?%/g) endurance(times)
60 0.57 7.61 6.64 25.4 408
Soda 90 0.50 8.89 6.71 25.5 498
120 0.54 9.23 7.05 24.6 533
60 0.52 9.02 6.77 23.2 559
Soda-AQ 90 0.55 9.11 6.82 23.3 674
120 0.58 9.19 6.69 23.7 967
60 0.51 8.37 5.88 29.9 833
Soda-H:0; 90 0.60 8.86 6.23 29.6 854
120 0.51 8.54 6.59 30.2 916
60 0.56 8.16 6.63 24.3 616
Soda-Na,S; 90 0.53 8.43 6.54 23.4 729
120 0.56 8.60 6.85 26.4 1,036
60  0.54 6.18 4.54 23.6 327
AS 90 0.50 7.93 5.52 24.9 366
120 0.49 7.52 5.32 25.3 325
60 0.55 7.74 5.91 25.1 533
AS-AQ 90 0.56 7.85 6.03 26.9 539
120 0.53 8.11 6.28 30.9 556
60 0.54 7.71 5.69 23.6 528
AS-Na»S:03 90 0.54 7.79 5.80 24.8 786
120 0.46 7.98 6.01 24.5 854
60 0.52 7.83 5.99 21.8 609
AS-Na;S.04 90 0.54 7.57 6.12 22.8 667
120 0.52 7.90 6.33 23.0 793
60 0.55 8.03 5.94 24 .4 598
Kraft 90 0.55 8.26 6.12 27.1 571
120 0.59 8.22 6.09 26.7 758

* Alkali(based on NasO) : 15%, Cooking temperature : 150C, Freeness : 250 mL CSF
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