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Abstract — Activated carbon was manufactured from the mixture of anthracite and bituminous coals from China under

various experimental conditions using steam as the activation agent in a batch type rotary kiln. The effects of coal size and

the weight ratio of anthracite and bituminous coals on the properties of activated carbon have been determined. The non-

isothermal kinetic model was employed to determine the activation energy of the steam-anthracite and bituminous chars and

the resulting values are 6.25 and 15.57 kcal/mol, respectively. The carbonization temperature do not produce any significant

effect on the properties of activated carbon, whereas carbonization time affects the pore structure of activated carbon due to

the mild gasification. The range of micro pores increases with increasing reaction time at a given temperarture, but the ad-

sorption capacity, porosity of activated carbon decrease and the average pore diameter decrease with increasing reaction tem-

perature at a given reaction time. The content of anthracite do not affect the adsorption capacity of iodine(l,) and methylene

blue(MB), but it increased micro pores. With the coal size of 0.1 mm, volatile material in the coal was evaporated ex-

plasively in the carbonization process so that non-uniform pore were produced. However, the effect of coal size less than

0.075 mm on the pore structure is founded to be marginal.
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Table 1. Specification of commercial activated carbon

Table 2. Analysis of anthracite and bituminous coal used

Use Trade name Shape L MB Sper Raw material ™ VM ASH FC
Pure & waste Calgon-F400  Crush 1032 220 1003 Anthracite 0.8 9.8 8.2 81.2
water treatment Norit PK-3 . Crush 837 120 899 Bituminous coal 4.1 39.2 1.6 55.1
Car canister Kuraray Crush 1164 270 1185
Mitshubish Crush 1124 290 1280
Solvent recovery Kuraray Pellet 1002 220 1060
Westvaco Pellet 1049 270 1234

Decolorization of
sugar solution

Calgon CPG  Crush 1040 150 1016
Atochemical Crush 1075 280 1083
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Fig. 1. Experimental apparatus.
1. Water tank
2. Metering pump
3. Steam generator
4. Thermocouple
5. Temp. controller

6. Motor

7. Compressor

8. Main power supply
9. Condenser

10. Rotary kiln
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Fig. 2. Thermal gravimetric analysis diagram of anthracite and bi-
tuminous coal.
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Fig. 3. Comparison of TGA thermograms obtained from the cal-
culations and experiments.

Table 3. Estimated value of a and b for anthracite and bituminous

char
Sample a b
Anthracite char 4.48E-4 1.39
Bituminous char 1.65E-5 1.99
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Fig. 4. Arrhenius plot for activation of anthracite and bituminous
chars.
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Table 4. Effects of carbonization temperature on the characteristics of activated carbon

Carb. temp. Carb. time L Act. cond. I, MB Seer D, Ve Vi
600°C 60 min 197 900°C 923 150 806 21.2 043 0.26
700°C 153 130 min 923 150 765 215 0.41 0.25
800°C 108 910 150 814 21.8 0.44 0.25

Table 5. Effects of carbonization time on the characteristics of activated carbon
Carb. temp. Carb. time I, Act. cond. I, MB Seer D, Vo Ve
700°C 50 min 115 900°C 917 150 773 20.9 0.40 0.25
60 min 153 130 min 923 150 765 21.5 0.41 0.25
70 min 185 938 200 1049 21.2 0.56 0.32
Table 6. Effects of temperature on the characteristics of activated carbon

Carb. cond. Act. temp. Act. time L MB Sser D, Vop Vur
700°C 850°C 130 min 764 50 660 24.0 (.40 0.20
70 min 900°C 938 200 1049 21.2 0.56 0.32

930°C 1061 230 1168 22.4 01.65 0.26
Table 7. Effects of activation time on the characteristics of activated carbon

Carb. cond. Act. temp. Act. time L MB Seer D, Ve Ve
700°C 930°C 90 min 830 160 760 19.9 (.38 0.25
70 min 110 min 930 170 1017 21.3 (.54 0.28

130 min 1061 230 1168 22.4 .65 0.26
150 min 1083 260 1207 25.0 0.75 0.22
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Fig. 5. Typical N,-adsorption and desorption isothermal plot.
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Fig. 6. Electron microscope of raw material(a), char(b) and activated carbon(c).
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Fig. 7. Effects of activation times on the pore size distributions of ac-
tivated carbons.
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Table 8. Effects off raw materials on the characteristics of activated carbon
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Fig. 8. Pore size distributions of activated carbons prepared from
anthracite and bituminous char.
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Raw material Carb. cond. Act. cond. L MB Seer D, Vi Ve
Anthracite 700°C 930°C 1031 230 1034 17.9 0.46 0.29
Bituminous 70 min 150 min 1063 260 1049 24.8 0.89 0.22
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Table 9. Effects of anthracite/bituminous coal weight ratio on the characteristics of activated carbon

Ant./Bit. ratio Carb. cond Act. cond. I MB Seer D, Vip Vyp
30/70 700°C 930°C 1061 230 1168 22.4 0.65 0.26
40/60 70 min 130 min 1014 200 1219 235 0.71 0.19
50/50 1093 230 1203 22.8 .69 0.23
60/40 1074 230 1153 214 0.62 0.23
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Fig. 9. Effects of anthracite/bituminous coal weight ratios on the
pore size distributions of activated carbons.

E4ol e A ehiw o). Adwb ez dA A
AR fedRtuct 3 ebgAo] 7] W] BB Sgo] B

o, webd Fa e Al i frdgdel uldte] 2pe} o
A AT g AR oe g sAsich gelu B AFzd g
dekat fralwhel e Hstel oot GAgdvke] FAbw, AA AT
23 v AT A9 E dFe bA] Eahd, aeba] T
3 fredwd Zzhe] AlFSACl et EdEs dAE AT Ey
g A3, ol L gl whet =A] JEe WA A o
4 odvh. Fig. 9= Fdwtat frdwte] s wistel b A3 iEs
old], F-dukel gefo] Figel wpe} vla|HFo] b, AlF-E
9] ez Ak & 5 ok
Fig. 102 T &ke] §3de] 30%2} 60% of AJske] SEM Apal
ole], F-odgke] o] W Aol viAgIAle Bade] HoizlH,
aeby] fage] Fakel B A fole vlA fdAER o1F1A ¥
F Ateloll A &4dsbrt dojute], ubdel] Fdvke] FFo] w2 A4
ol A qjabE mdollxie] gAdslel] uiet vl A Fe] FAe] A
ot b Elct.

3-5. {E9 2ler} fMEY| DIXE 98

A5 g% E 0.1, 0.075, 0.063, 0.045 mmE v|E2)a}e] Foiet
7} fodete] 2AEE 307002 23 ¥ sl P (6X 16 mesh) L7
Z ol g3le] U w3}, &3 2 SRS Azl e
o152 EA-& Table 100l vyelfig]ct. o] Azbel w2, 31w~} 0.1
mme} 8] 73}ed 0.075 mm o) 8lol| 4= A= chard] 8 2. & Fabs
i #Adste) 8 9 & FAbsI MB gA#e] A2 {Apsich o
g} % 0.1 mmelldE A Fabge] dAE Holed], o

(a) (b)
Fig. 10. Electron microscope of activated carbon for anthracite/bi-
tuminous coal weight ratios.
(a) 30/70, (b) 60/40.
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Fig. 11. Effects of particle size distributions of raw material on the
pore size distributions of activated carbons.
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Table 10. Effects of particle size distribution on the characteristics of activated carbon

Particle size(mm) Carb. cond Act. cond. L MB Sger D, Vip Vur
0.100 700°C 930°C 1019 230 1073 254 0.68 0.29
0.075 70 min 150 min 1057 250 1168 25.7 0.75 0.15
0.063 1076 260 1169 270 0.79 0.16
0.045 1083 260 1207 25.0 0.75 0.22

&t 22 FI34H MI3Z 19961 63



% Ame) Ado] Y4B SHol mAE: 3 269

(@) 0.160 mm () 0.075 mm

(d) 0.045 mm

{c) 0.063 mm
Fig. 12. Electron microscope of activated carbon for particle sizes.
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I, :iodine adsorption capability [mg/g of activated carbon]
MB :methylene blue adsorption capability [ml/g of activated carbon)]
Sper : BET surface area [m’/g]

: total moisture [%)]

: volatile material [%]

: fixed carbon [%]

tincreasing rate of temperature [‘C/min]

: temperature at reaction time t ['C]

: temperature at reaction time t=0 ['C]

:reaction time {min]

:weight of char at T [g]

:weight of char at T, [g]

: fraction of conversion

: activation reaction rate constant [min ']

: parameter of Eq. (7) for Eq. (6)

- average pore diameter [A]

Vi :total pore volume [cc/g]

Vue :micro pore volume [cc/g)
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