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Studies on the Bleaching of Rice-Straw Chemical Pulp (I)
- Single Stage Bleaching -

Chin-Ha Kang' and Sung-Jong Park

ABSTRACT

This study was carried out to acquire basic data necessary for the use of rice-straw chemical
pulp. It investigated the proper bleaching conditions when rice-straw chemical pulps (alkaline
sulfite-Na,S,0, pulp) were bleached with the various kinds of bleaching agents. And, physical
properties of bleached pulps were tested. The results of this study were as follows;

1. The proper conditions of chlorine sequence were determined to be 4% concentration of
chlorine, 25C of reaction temperature and 50 minutes of reaction time.

2. For calcium hypochlorite sequence, the proper conditions of chemical concentration, reac-
tion temperature and reaction time were 3%, 25°C and 20 minutes respectively.

3. For chlorine dioxide sequence, the proper conditions were 1% concentration of chlorine
dioxide, 70°C of reaction temperaure and 2 hr. of reaction time,

4. The proper conditions of hydrogen peroxide sequence were 1.5% concentration of hydro-
gen peroxide, 70°C of reaction temperature and 1 hr. of reaction time respectively.

5. When the rice-straw chemical pulp were bleached with four kinds of bleaching agents
mentioned above in the proper conditions respectively, brightnesses were the order of
chlorine dioxide, calcium hypochlorite, chlorine, hydrogen peroxide. And, strengthes of
pulps bleached with chlorine dioxide and hydrogen peroxide were higher than those of
pulps bleached with other bleaching agents.

< B ARE AQAER Y] ARG F AR RAG 98 Y8 Boe) 99,

Aegstn 3 AP EE (Division of Forest Science, College of Agriculture, Chonbuk National University,
Chonju 561-756, Korea).

1 A4 2(Corresponding author): e-mail: kjh@moak.chonbuk.ac.kr



66 228 4%

.M E

Folo dgel U=IE Ay At vid =
e e} A7 Avlsa vk aEY FAEe
FRRILTH AT 2dE Fo AR FTHE
olglgel 7H5E 3 e A Uch? ol d &
AdE S5 d8iM BAuct @izt HRat
1 U AN ¢ gl v BAA HEE 329
a2 olg3he W Ee] A=} 4o o
HI S A HRA e @712 Aol Thssi,
Aol E31, tRE FEFAERA HAHER
ghol Addtthe Aol 71d@n. "

ojl¢h Z2 WEAA HiAY F HIL F=
oAl Gl X it} 2 Fe HEE B
go|t}, old] we} HAS o|fdte] FHFUZES
Azdte 77 sl ¢nh.? oy Alzd
APt te W7l o o]g2 B7]8A
T AHEAZ o83y e FHE 3l
of df=d], AP FUEH o] BA5}E
i de o TE S Aot

olefutzt £ ATE HASFUIE & 0 A
S E~ta: IR B oo B R s e |
ol gdte] Hage] MU 19 AYE
Nxde 7Yt Bk BN ENRE vlaa
A AT

2. Mz H 4
2.1 SAME

7] GRS =R A Axd HZE F 4UH
o2 g 2 AN WA HE(AS-
NasS,04 pulp)E Adsle] FANEERE A3
e, o] ¥z AzzAL ey B

o. ¥#AY F= : 15%(Na0 71&)

o. EFEFYE(NaySO; : NaOH) = 40
60

. Na,S,04 A7VE @ 3%

FIEE : 150C

FAAIL 908

. A (rice straw/liquor) : 1/10

c o O ©

g - Fol7]& 32(3) 2000

2.2 HEYH
2.2.1 HZ g

(7h YAFEH(C)

SFEAVNE(L, 2, 3, 4, 5. 6%), ¥HEex
(20, 25, 30, 35¢C) @ WH2AJZH20, 30, 40,
50, 60¥)S W3AA BEY F FWUEE $§
kappa no. 2 HARE 439 A Az
< 73

(L) XtojApted HU(H)

Aol it ag AMSIIE oM FFH bR,
2, 3, 4, 5%), ¥Hg&=(20, 25, 30, 35%)
2 8k2A|ZH(10, 20, 30, 40, 50, 608)< H3l
AlA B9 F EWYPZ £& kappa no. ¥ Y
AEE 23l A4 HezdE PR

(ch olMzid4 #H(D)

FEMVIFEF0.1, 0.3, 0.5, 1.0, 1.5,
2.0%), W22%2(40, 50, 60, 70, 80%) ¥
BREAIZHO0.5. 1. 2, 3ATH& WA Y F
FWHT £& kappa no. ¥ HALE =33
o A AHelza& FHstath

(B oMl FH(P)

SREXIHEF(0.25, 0.5, 1.0, 1.5, 2.0%), &
2L5(50, 60, 70, 80, 90%¢C) ¥ HFgATH
(0.5. 1, 1.5, 2, 2.5A7H-& H3AA 9 &
EWMYE &8 kappa no. ¥ BAEES 233
o A3 AzAE PP

2.2.2 migz=o| E|% 43 XA

ZHE BElerEo g HA ZdA Bwd H3I
FHTEL PFI millE o] &3t 250 mL
CSF& zadt & F2A|E AM-3l 3 60
g/m?e 2 2A3Ath ZA T Folv FLIYFH
(£% 20+27C, RH : 6522%)94 244|137 <]
4 2ESgen, 2" Fole TAPPI Test
Methodsoll 214 E43, H|gEE HiIEx €
WAsE 2450 HiEe gl 2478
Arg-ste] 38 r.



BBz Eujo] B

ajJ

Z ks

3.

3. HZ=gH

ot

A% EARGFOE RIAGYZE TlA] 27
2% 79IA 499 Ave thed w

3.1.1 daEd

Hygelg=g
A A¥3 Age

dauEmA 44 2
ohea) 2,

(7h) Hy =1 7Y

BEHA] L2 250, A7
3%E 1AL FEFAFE 1, 5.
6% =2 WAAIAA A8 e Table 13
2},

TE&E RFE kgl wet 96.0~97.3%
HAE Yehligiew, kappa no. ¥ FEA/E

1.
—

T(A1H)

OlN

Mgt gAa"ded 3% olF
l TEEQT, WA EE FEHIE] 3
w}a‘r FEeHAe 4% olFde 3=

‘?‘ ] ﬁtﬂigk%‘g‘o—ﬂf] th‘ ,,_-‘1:— )\]'/\

BWeFEE 5%71A] 100%, 1 o] /oA
96,20 A= 2uHgn, oltel A%EE 4
B3t & o A e 4%0)T

o=

lN

rlr;gﬂ‘ﬁ_'n'r‘mlo
e b
_‘E‘méoﬁ

o

(L) M 2 3y

A FEHIVFE 4%, A 1AL,
FEE I%E 1A, g 20, 25, 30,
35CE WA 7}HA AFE A3 Table 2
s} 2t}

& ¥ kappa no. & %3] o)} 71-4"1
0| 96/ 22 A=E Jepfiglen, faze
CollA 54.284 714 Eskeh, 39 Fo .{E@HQF

0 %E

#4 pHe 2% doder], ZddF ave
& BF 100701214 ool AuE& HES
2o A4 2xe 25CeIAt

Table 1. Chlorine bleaching of rice-straw alkaline sulfite-Na,S,0, pulp in the various chlorine

dosages

gy PPN KepeNo. Bl P O e
1 97.3 4.8 43.4 2.0 2.7 100

2 96.0 3.2 48.6 2.0 2.5 100

3 96.5 1.6 53.7 2.0 2.5 100

4 96.0 1.2 58.4 2.0 2.3 100

5 96.8 1.2 58.9 2.0 2.2 100

6 96.3 1.1 60.1 2.0 2.3 96.2

* Kappa no. and brightness of unbleached pulp
Consistency of pulp * 3%

and time @ 25C and 1 hr.,

9.2 and 40.4, Reaction temperature

Table 2. Chlorine bleaching of rice-straw alkaline sulfite-Na,S,0, pulp in the various reaction

temperatures
Reaction temperature Pulp yield Kappa Brightness pH of solut.ion Consumpti'on rate of
() (%) No. Initial Final chlorine (%)
20 96.2 2.2 51.2 2.0 2.3 100
25 96.0 1.7 54.2 2.0 2.4 100
30 95.6 1.9 53.0 2.0 2.4 100
35 95.6 2.1 51.4 1.9 2.2 100

* Kappa no. and brightness of unbleached pulp
Consistency of pulp : 3%

reaction time @ 4% and 1 hr.,

10.0 and 37.4, Chlorine dosage and
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Table 3. Chlorine bleaching of rice-straw alkaline sulfite-Na,S,0, pulp in the various reaction

times
Reactio.n time Pulpyield Kappa Brightness pH of soluti.on Consump?ion rate of
{min.) (%) No. Initial Final chlorine (%)
20 96.8 1.9 42.6 2.0 2.3 100
30 96.6 1.7 44.6 2.0 2.4 100
40 96.3 1.7 47.7 1.9 2.3 100
50 95.9 1.6 50.2 1.9 2.3 100
60 96.3 1.6 50.3 2.0 2.2 100

* Kappa no. and brightness of unbleached pulp : 10.0 and 34.3, Chlorine dosage and
reaction temperature : 4% and 25¢C, Consistency of pulp : 3%

Table 4. Calcium hypochlorite bleaching of rice-straw alkaline sulfite-Na,S,0, pulp in the vari-

ous chemical dosages

Ca(0Cl), Pulp yield Kappa . pH of solution Consumption rate of
Brightness . . .
(%) (%) No. Initial Final chemical (%)
1 97.6 6.1 48.0 9.7 8.4 65.3
2 98.7 59 52.2 10.5 8.6 60.2
3 98.6 5.5 54.2 10.3 8.7 42.2
4 98.7 5.0 55.2 10.3 8.7 35.0
5 97.3 4.5 55.9 10.4 8.8 30.6

* Kappa no. and brightness of unbleached pulp : 10.0 and 35.0. Reaction temperature

and time :

25T and 30 min.. Consistency of pulp : 3%
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Table 5. Calcium hypochlorite bleaching of rice-straw alkaline sulfite-Na,S,0, pulp in the vari-

ous reaction temperatures

Reaction

Pulp yield

Kappa

pH of solution

Consumption rate of

Brightness — - )
temperature (C) (%) No. Initial Final chemical (%)
20 96.0 4.9 53.2 10.4 8.9 36.4
25 95.9 4.5 53.7 10.4 8.9 42.2
30 96.0 4.5 53.3 10.4 8.8 45.1
35 95.4 4.5 52.9 10.4 8.7 48.0

* Kappa no. and brightness of unbleached pulp : 9.5 and 35.0, Chemical dosage and
3% and 30 min.. Consistency of pulp : 3%

reaction time :

Table 6. Calcium hypochlorite bleaching of rice-straw alkaline sulfite-Na,S,0, pulp in the vari-

ous reaction times

Reaction time

Pulp yield Kappa

pH of solution

Consumption rate of

(min.) (%) No. Brightness Initial Final chemical (%)
10 96.7 5.0 49.4 10.5 8.7 15.8
20 96.3 4.4 50.5 10.5 8.5 23.5
30 96.4 4.1 48.3 10.5 8.7 23.5
40 96.4 4.1 48.0 10.5 8.7 31.1
50 96.7 4.0 48.5 10.5 8.8 35.0
60 96.0 3.8 47.1 10.5 8.8 38.8

* Kappa no. and brightness of unbleached pulp @ 8.8 and 36.3, Chemical dosage and

reaction temperature :

3% and 25, Consistency of pulp : 3%
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Table 7. Chlorine dioxide bleaching of rice-straw alkaline sulfite-Na,S,0, pulp in the various

chlorine dosages

ClO, Pulp yield Kappa Brightness pH of solutilon Consump‘tion rate of
(%) (%) No. Initial Final chemical (%)

0.1 99.7 8.1 47.7 2.1 7.8 75.7

0.3 98.1 8.0 48.0 2.5 7.9 75.7

0.5 98.1 7.2 50.3 2.5 7.3 70.8

1.0 97.4 51 60.0 2.3 6.7 70.3

1.5 96.8 2.8 44.2 1.9 5.6 91.9

2.0 95.7 2.3 43.4 1.9 4.6 94.5

* Kappa no. and brightness of unbleached pulp : 8.8 and 47.6. Reaction temperature
and time : 40T and 2 hr., Consistency of pulp : 10%

Table 8. Chlorine dioxide bleaching of rice-straw alkaline sulfite-Na,S,0, pulp in the various

reaction temperatures
Reaction Pulp yield Kappa Brightness pH of soluti'on Consump.tion rate of
temeprature {¢) (%) No. Initial Final chemical (%)
40 97.4 4.3 52.5 2.1 6.9 70.3
50 97.5 4.3 52.7 2.1 6.9 80.6
60 96.7 4.2 53.7 2.1 6.1 97.6
70 97.7 4.0 54.8 2.1 6.8 85.4
80 95.7 4.0 52.5 2.1 6.2 91.6

* Kappa no. and brightness of unbleached pulp @ 9.8 and 37.5. Chemical dosage and

reaction time :

1% and 2 hr.. Consistency of pulp : 10%
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Table 9. Chlorine dioxide bleaching of rice-straw alkaline sulfite-Na,5,0; pulp in the various

reaction times

Reaction Pulp yield Kappa

pH of solution Consumption rate of

time (hr.) (%) No,  Crehtmess o Fimal chemical (%)
0.5 976 45 487 2.3 6.7 67.6
1 9.1 4.0 52.0 2.3 6.6 69.2
2 98.2 3.9 56.4 2.3 6.5 80.6
3 98.4 3.9 54.7 2.3 6.5 74.1

* Kappa no. and brightness of unbleached pulp
1% and 70°C, Consistency of pulp : 10%

reaction temperature :

9.8 and 37.5, Chemical dosage and

Table 10. Hydrogen peroxide bleaching of rice-straw alkaline sulfite-Na,S,0, pulp in the vari-

ous chemical dosages

HyOy Pulp yield Kappa . _pH of sclution Consumption rate of
%) (%) No,  DUEREReSS il Final chemical (%)
0.25 99.2 5.9 44.2 11.3 10.9 50.0
0.5 98.2 5.0 48.1 11.3 10.9 83.6
1.0 97.5 5.0 52.4 11.3 11.0 91.9
1.5 96.6 4.8 54.3 11.2 11.1 94.6
2.0 96.4 4.3 54.8 11.1 11.1 95.9

* Kappa no. and brightness of unbleached pulp : 7.0 and 38.2, Reaction temperature

and time :
Consistency of pulp : 10%

70°C and 2 hr., Additives :

NaOH 1.0% + Na,SiO; 5% + MgSO, 0.5%.,
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Table 11. Hydrogen peroxide bleaching of rice-straw alkaline sulfite-Na,5,0, pulp in the vari-

ous reaction temperatures

Reaction Pulp yield Kapp:

pH of solution Consumption rate of

temperature (C) (%) No. Brightness Initial Final chemical (%)
50 99.9 5.2 50.4 11.2 10.9 85.6
60 98.7 5.0 51.2 11.2 10.9 94.6
70 98.3 4.4 53.3 11.2 10.8 94.6
80 98.6 4.2 53.6 11.2 10.7 94.6
90 97.7 4.4 54.6 11.2 10.8 94.6

* Kappa no. and brightness of unbleached pulp :

6.5 and 38.1, Chemical dosage and

reaction time : 1.5% and 2 hr., Additives : NaOH 1.0% + Nay8iO; 5% + MgS0, 0.5%,

Consistency of pulp @ 10%

Table 12. Hydrogen peroxide bleaching of rice-straw alkaline sulfite-Na,S,0, pulp in the vari-

ous reaction times

Reaction Pulp yield Kapp Brightness pH of soluti.on Consumpicion rate of
time (hr.) (%) No. Initial Final chemical (%)

0.5 97.6 5.1 47.9 11.1 10.8 9.6

1.0 97.7 5.4 52.2 111 10.8 9.6

1.5 97.2 5.5 52.2 111 10.9 94.6

2.0 97.5 5.1 53.8 1.1 10.9 94.6

2.5 96.3 5.1 53.6 11.1 10.9 94.6

* Kappa no. and brightness of unbleached pulp : 6.2 and 40.0, Chemical dosage and

reaction temperature :
0.5%. Consistency of pulp : 10%

1.6% and 70%C. Additives :

NaOH 1.0% + Na;SiO; 5% + MgS0,
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Table 13. Physical properties of rice-straw alkaline sulfite-Na,S,0, pulps bleached with the var-

ious kinds of bleaching agents

Bleaching agents Density Brightness Breaking Burst index Tear index Folding
(g/cm®) length (km) (KPa ' m%g) (mN-m%g) endurance (times)
Cly 0.43 53.4 6.35 3.70 26.58 168
Ca(0OCl), 0.41 57.3 6.12 3.53 28.01 163
ClO, 0.43 61.1 6.99 3.86 27.42 260
H:O, 0.43 53.0 6.49 3.71 27.38 292

* Brightness of unbleached pulp : 39.4, Freeness of beaten pulp : 250 mL CSF
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