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ABSTRACT

One of the objectives of this study were to develop a process for manufacturing activated carbons

from agricultural by-products(rice shells and saw dust) and another is to measure the iodine num-

ber, ash content and removal ratio of COD. The other is to compare those values with those of

commercialized activated carbons,

Agricultural by-products based activated carbons were manufactured through the steam-reaction
method. A rotary kiln type furnace was used for both carbonization and activation. The optimum
operating temperatures for carbomzation and activation were 650°C and 900%C, respectively. For the
activated carbons produced under these conditions, the iodine number was 1,127mg/g. Especially, re-
moval efficiency of COD was 61.5% for 40mg/L. of wastewater and 30% for 150mg/L of SLS(Sodium

Lauryl Sulfate).
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Table 1. The proximate analysis of rice shell, RSB & saw dust

Proximate analysis{wt%)

Sample
Moisture Ash Volatile matter Fixed carbon
Feed rice shell 7.81 12.91 64.51 14.71
Rice shell bar(RSB) 6.25 12.71 64.00 17.04
Saw dust 10.44 1.00 65.61 22.95
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Fig. 2. Experimental apparatus for carbonization and activation.
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Fig. 3. Infrared spectra of rice shell bar(RSB).
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Table 2. The composition of ash of rice shell char

Composition  SiOz AlOs Ca0 Fe:(: K20 MgO MnO NaO
(%) 83.7 0.18 — 0.17 3.10 — — 0.28

Table 3. Carbonization test results

Carbonization temp. 600C  Carbonization temp. 700°C

Time Yield B.D. Time Yield B.D.
(min) (%) (gkm®) (min) (%) (g/m’)

0 351 0.45 0 329 0.48
30  34.6 0.45 30 32.3 0.47
60 343 0.47 60 32.6 0.48

120 342 0.47 120 321 0.46

Table 52%8] Az% char?} 3 ¥8t8ko] 37.3%
2 2L Y+ JAUTh 800~1,000CY 2= ¥
oA dojui= dde] Ashitgo s @3lE uA
& TRE A7l 38 84384 5 7571
BdshyolA e EASVIAR AMEHE ©49
7 EY e et 7

C+H20=C0O+H-
CO+H:20=C0O:+ H:
C+C0O:=2C0O

AH = +117k]J/mol

AH = +159k]J /mol
gges Azste F43THNA e A

o] g, 4B TR AW IEL W
22 A &7 "Eo wg Fox AA s} o=
AARA e Auz 2408 8. 28z 84
& g% ZREAE WSS 5] BB FAsA %
280 AL ¢ 4 A BEA Fadso) & 31T
AV Az M HEAAN 853

2 Aot

3. 3| BN Medn

1) NaOH 8- x99 ¢35

NaOH §9¢] &% 80T, €9 A7) 60
ming w 489 %% & RSBERY A=z¥
g3l Ae] sEgE 2 &9 WstE Table 69
eER i}, Table 694 4849 =7} 0.5004
2Nz Zr71e o €313 3 EFFE 26.19%9
A 22.01%%, &L 86.3%NA 8L.7%= AA%S
U4 = YA 899 F5I}t 2~10N] H o)A
= 238 w3lgAe R D £80] FUEE
o 4 At " B AFe) s HH =
2Nol . oju] 3| EFFL 22.01%, & 81.7%%)

Table 4. The change of size and weight of rice shell bar

Size of RSB and char

No. of samples We(@)  pia(in)  Diafout) Length  ° % Yield(%)
(cm) (cm) (cm)
Rice shell bar A 732 15 275 1.12 1.20
Char A 261 12 44 225 0.76 0.82 35.7
Rice shell bar B 900 15 350 1.08 1.17
Char B 319 12 44 290 0.72 0.82 35.4
4W. 4 W,

where ; Y= ’
[ Dia.(ouside) ]2 - L

[ Dia:towsize)) —~ Dia.(owtsiaa) )+ = L

Table 5. The proximate analysis and ultimate analysis of the char

Proximate analysis(wt %)

Ultimate analysis{wt %)

Sample
Moisture Ash

Volatile matter

Fixed carbon C H N S O

Char 0.45 37.31 2.62

99.62 57.88 1.40 40.72
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Table 6. Effect of concentration for removing ash

No. of  Concentrati . : : |
sample 6 NaOH(N) Tme(Min) Wolg)  Wo()  Temp(T) Yield(%) Ash(%)

1 0.5 60 2.08 4.36 80 86.3 26.19
2 1.0 60 5.08 4.07 80 84.0 26.3
3 2.0 60 5.11 - 375 80 81.7 22.0
4 4.0 60 5.11 3.60 80 85.2 24.1
S - 6.0 60 5.13 3.56 80 89.2 27.3
6 8.0 60 5.12 3.42 80 91.4 284
7 10.0 60 5.10 3.41 80 9.0 30.9

*Wo : Weight of rice shell char
Wc : Weight of rice shell char after removing ash
** Ash content of original rice shell char : 37.3%

Table 7. Effect of temperature on the removal of ash

No. of Concentration

sample 6 NaOH(N) Time(Min.) Wo (g) Wc(g) Temp.(“C) Yleld(%) Ash(%)

1 2.0 120 5.01 4.94 20 98.6 36.24
2 2.0 120 0.01 4.53 40 90.4 30.17
3 2.0 120 5.07 4.11 60 81.0 22.34
4 2.0 120 2.05 3.71 30 73.4 14.03
5 2.0 120 5.08 3.94 98 77.5 17.35

*Wo : Weight of rice shell char
Wec : Weight of rice shell char after removing ash

Table 8. Effect of immersing time on the removal of ash

No. of Concentration

sample 6 NaOH (N) Time(Min.) Wol(g) Wc(g) Temp(t) Yield(%) Ash(%)
1 2.0 30 5.08 4.36 80 85.8 25.97
2 2.0 60 5.08 4.07 80 80.1 21.00
3 2.0 120 5.11 3.75 80 73.4 15.18
4 2.0 240 5.11 3.60 80 70.5 11.49
5 2.0 480 513 3.56 80 69.6 10.39
6 2.0 960 512 3.42 80 66.8 5.63
7 2.0 1,440 5.10 3.41 80 66.9 | 6.41

*Wo : Weight of rice shell char
Wc : Weight of rice shell char after removing ash
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2N-NaOH &9 FIA7HE 2hr. B TGN 3 Zopzity, 57t 20004 80TCE F7HE o B3

S W exwsle] he walgAe] HPFF R £ AY ALUFL 36.2400M 14.03%2 B2 &
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Table 9. Properties of activated carbon manufactured from rice shells

Activation

Properties Raw char Clean char A Clean char B
temperature(C)
Iodine number (mg/g) 730.3 892.2 1009.6
800 Yield(%) 82.0 78.2 71.7
Iodine number(mg/g) 749 997 1,127
%00 Yield(%) 68.7 63.4 58.0
where :
Raw char : carbonizaton of RSB without removing ash. (ash content : 37.3%)
Clean charA : carbonizaton of RSB with removing ash. (ash content : 17.4%)
Clean charB : carbonizaton of RSB with removing ash. (ash content : 5.6%)
Table 10. Results of manufacturing activated carbon from rice shells +-saw dust
Mixing ratio(wt%) Carbonization Activation Steam lodine
: ) ) amount Total b
Rice Saw Temp, Time Temp. Time (g steam/g  vield(%) numoer
shell dust (¢) (min) (T) (min.) char) (mg/g)
100 0 600 60 800 102 1.50 26.4 660
100 20 600 60 800 102 1.50 24.7 730
100 40 600 60 800 102 1.50 22.9 787
1400 0 600 60 750 85 1.25 29.2 571
100 20 600 60 750 85 1.25 27.3 635
100 40 600 60 750 85 1.25 25.9 692
100 0 600 60 900 60 1.45 24.5 654
100 20 600 60 900 60 1.45 22.4 756
100 40 600 60 900 60 1.45 21.4 838
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Table 11. The properties of manufacturing activated carbon from char with and without removal of ash
Sample Activation Activation Ste(arr;?mount Iodine number B.E.T. H.D.(%)
No. temp(C) yield(%) g el (mg/g) (m2fg) 7

/g char)
(1) 900 58.0 1.33 1127 1551 91
(2) 900 63.7 1.33 749 . 962 04

*(1) : Removing ash
*(2) : Without removing ash

Table 12. The proximate analysis of activated carbon manufactured in the study

Moisrure{wt %) V.M. (wt%)  Ash(wt%) F.C.(wt%)
Calgon F-400 7.22 3.68 6.49 82.61
Kurarey 2.84 3.71 3.39 90.05
Riceshell 1 3.02 8.12 19.46 69.40
Riceshell 3 1.96 2.77 47.18 48.10

*Riceshell 1 : Removing ash
*Riceshell 3 : Without removing ash
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