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Steam Activation of Charcoal.
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Table 1. FEF1 60 FEREIC &) 2 MR GHER
Sales amounts of activated
w x| M. W | Tamm | TxES A
? Sugar Starch Industrial Pha];ma- Sodium
Powdered activated refinery sugar chemicals ceuticals glutamate
carbon (ton). 1148 1405 6948 1235 1130
W% B 7AW E fiid K N w A | IR
Gas Water Industrial Solvent
Granullar activated purification treatment chemicals recovery
carbon (ton). 16920 16521 874 1602
Table 2. ft & K R o 4 #fF &
s {74 A Sample B Hi Source
A A 7 ®’ = =8
Nara (Quercus serrata Tuuns.) charcoal Iwate Prefecture
B1 7 % ¥ L] 7
Kunugi (Q. acutissima Carr.) charcoal Tochigi Pref.
] il
B2 | 4o do
Bs | ZRER, BT Iﬁj
Kunugi, bark charcoal do
c TAEFY o 4 F OB
Azukinasni (Sorbus alnifolia C. Kocu) charcoal Iwate Pref.
c2 H 7Y oo B &
Sawashiba (Carpinus cordata Brume) charcoal do
c3 */FVH VSR [&]
Onoorekanba (Betula schmidtii ReceL) charcoal do
. ® I E R MK
T A = Yk .
P Akamatsu (Pinus densiflora Sies. et Zucc.) charcoal AsakawaFE;:epsirlmental
v | xv#am A g
Coconut shell charcoal Imported
22 B B & B
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B LUK G RO LRI E
carbon by use in fiscal year 1985,
. i 7 K -
Leo | B ol | B o4 | B 5
egetable Water
Brewery oil treatment Others Export Total
2747 234 4427 996 1344 21614
=3 o z O fh ] i} g
Catalyst Food Others Export Total
825 919 834 2085 40580
Analytical data of charcoal.
T % 5 K O (%
¥R E | | v v mE Proximate analysis
Deggee Bulk % 4 | HERE
LS s . £ %
refining Hardness density 71}\(4 oistu r? U Ash %3 Volatile Fixed
matter carbon
5 6 0. 41 5.60 2,08 12,96 79. 36
5.5 10< 0. 45 7,15 2,52 13,27 77,06
7~7.5 6~7 0,38 5.23 2,28 16.73 75.76
5.5~7.5 — 0. 40 5.57 6,29 17,33 70.81
8.5 6.5 0.25 5.11 4,64 16, 36 73.89
8.5 1 0. 26 4,69 1.63 22,88 70. 80
6 5~6 0.31 5.70 1.45 13,01 79,84
7~8,5 1> 0.15 8.16 1.03 13. 24 77,57
— 10< 0.57 6. 47 1.77 21,89 69,87
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Apparatus for activation.

1: XY Electric furnace 7:w—75—#v7 Roller pump

2: ARFGE Quartz tube 8 : &3t Flow meter

3:&¥Ha° Sample cage 9 : KB [EEE#8E Rotation works

4 : R E Temperature controller 10 : &4& 4 Safty valve

5: K4 £ —4%— IR heater 11: 728K —-Y a4 v+ Ball joint
6: #Ex Thermocouple
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B B Time(min)
Fig. 2. Bfi—BE—SHRATY Y 2—w

Time-temperature-atmosphere schedule.
N, 70— flow
............ H,O %A passing

A:R&—} Start

B : #FIRE Set temperature
—C :N; thTRERHE Hold in N,
D
D
E

B ¥E  Activation (10—50 min)
:JFDEFA 7 Furnace off
k2R D KT Unloading
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Yield of activated carbon.
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Development of surface area in
activation process.

A, P, Y:Fig. 3 #F. See Fig. 3.
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Correlation between yield and
surface area.
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The correlation is significant at 1%
4 F Yield (%) risk level.

Table 3. W R & # ® © £ @ &

Surface area of commercial activated carbon.

R RO z m ¥
Activated carbon | Surface area i b3 Note
No. #%5 Symbol (m*/ &)
13 BW 996 HitH, KNEBE Water treatment
14 SM 1153 ff], AEROREKREA Foods
15 BC 1039 5]
16 YA 1240 Yim
17 F 1278 Fits
18 KW10/32 1068 CHH, Wik, sk4FEM Granular carbon, water treatment
19 SGK—035 1154 T.Y.##, iR, 75%/H Granular, brewery
25 PA 1264 T.C.#H#, #&H Brewery
26 TW—I 1151 H. K. 48, TmoeEsg Industrial chemicals
27 L1 1263 [, EHEA Brewery

Al U&HCHE L RIGHEMEI Table 3ICRTEBDTHHP, Aikd 5B ONIEHRARERMBICE
WTHIRBR EFOBIENC EMBF DT, TRRERENE L FERERSSY (Fig. 6), HEMRK
r =—0.9209 3§ SN T,
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AF LY T —RED L RIERE L & bicng 5 (Fig. 1, BELLAROREIRE A F LY Tv—
Bt & DRICIIERBE FKHEED S (Fig. 8), MBAMRE r =0.8855 BE SN,
3.4 HYHEBEETEEXFLyITL-BREHLOHEE
RERGOETICH > T RKRO A $HBERET T2 (Fig. 9. R A F 1 v 7 v~ o s
ABONBEDT, MEDPEFREZEE L, BHAKONVHEIX Table 2 0L BOTH L5, BSIEHR
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Methylene biue adsorption
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Fig. 7. RETED 2 F v v I v—BREITOREM
Increment of methylene blue adsorption in activation process.
A, C1, P, Y : Fig. 3 #H. See Fig. 3.
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Correlation between surface area and methylene blue adsorption.
** Pig. 6 LR L. See Fig. 6,
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Decrease ratio of bulk density
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Correlation between decrease ratio of bulk density and methylene

blue adsorption.

** Fig. 6 L[FIL. See Fig. 6.
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Decrease of bulk density in activation process.
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Ry L DA (Fig. 1), R FRELINMRIC L 3ELIZEEAERD SN (Fig. 12), —FE
EREET A =Y REkhs T ORDBED bh (Fig. 13), 850~950°C ol ic ERE D2 Eb itz
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3 FBREBOESBEEL, BIUEREEDREN, &< La GBEROLEMSD) OBMBAEShTE
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** Fig. 6 L[ . See Fig. 6.
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3.6 BUBRIGOEMLEIRILY—
Fig. 3 2 L KESREOBORROBER R, WHELELBICERNICECYD, O0RRIEE LTHD
ZEMAETH D, Fig. 3 @ time=0 BT 2 Y HOHAE1 & L, time=t ICHT 3 HBERFRE
W &3 nid 850~950°C DT

—dW/dt=k e (1)
Arrhenius 1z X {ULEEEROREZELR
k=Aexp(—4E/RT) e (2)
A, 4E 1ZEK
ML OXEAEE - T
Ink=const—4E/RT e (3)
Fhld
logk=const—4E[4.573T (1)

Z2zT YT & logk &% X, YH#EICEY, VWhHhw3 Arrhenius plot(Fig. 15) OEBOEE 1S
ML AV E-ARD LT ENTE, FFRICONVT 24kcal/mol, 7 X FRIT DT 23 keal/mol 8
Boht, KOBEAE LEVESRZENEN 23 5 XU 22kcal/mol L7120 HIEDHFIIH D BEINS
VW, B EnZO= 1R (BR) ORET 900°C % T8 38 keal/mol, 900°C [ LT 27. 5 keal/mol
BRONTV S,

log k

Fig. 15. + 7 XU 7 X FROKEKRE
REDT—Vv=9 2«78y b -2 L L L
Arrhenius plots of steam activation 0.8 0.9
process of charcoal samples. 1
A, Bl: Fig. 3 /. See Fig. 3. T %X 10°

4. ¥ E

HRIESMEE LT, HBE 850, 900, 950°C o> 3 BihE, Wi 10~50 2R UARD KESREETT - TK
DORERBE SN,

(1) RIEHEEESICERNSERRDMECH, ARCREROBIMARONS, fl2 1 F 7RO
900°C, 30 YMDMIET, WK 32.4%, £EH1232m?/ &, A F LV V7 —BE0 240 OFEMHRBE SN
foo B2 RFR (B1) TRINE39.75%, FEH 12255m/ g, A F L v 7 rv—fifah220 Th -1,
TREFVRTINER AL 8%, REH 1097 m/ &8, »FL v 7 v—Rif 1253 T, fEkEDERE L THE
ONTVWEY U H S RORME42.1%, 1192m/ &, FLv v 7r—hel 240, BLU%OMOHRE
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PR & B EIBROERBE SN, TA Y RIS DO TIRINE 2519, FEE 1380m/ 8, *FL v 7
V— BT 290 SR S, REH, A F U Y TA—HERBREOBUREZPPED, TATYRIRE LS
{, 900°C, 204> THLH 50.04% D& & ELEK 1104 m/ &, A F LV Tu—E210 BB LNTN 3,

(2 WROPWRELREHEOBERBERNTHBERPIERTH %,

B) REBLAFLryTr—hEhEOMICREEERIEETH S,

@) HAYHEOETR (B ®EHE) X F Ly v—FeahtoHBEEGENEET, LEETRL
SAF VYT N—RBENOHEENTHETH 5.

(5) MATERID Ng rh 850~950°C In#uc & H KR REROBAOMEC 5, N MEICE 5 BERE
DRI EREOREEBEDRELILEDTH 5,

6) RIEFIGDOERA LT A Vv F—DiEE LTFH FRT 24 kecal/mol, 7 X FRT 23 kcal/mol 255554
70

X 13

D BEHEER: W& EmiR, p. 95 (1965)

2) FEET: KRk

3) BB kBERFRIEMEEAFERS. 22, (2), 609~814 (1963)
4) dwn ¥ Iqk. 74, 1985, (1971)
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Steam Activation of Charcoal

Fusako Ape®

Summary

Nara, Kunugi and other deciduous wood charcoal were steam activated under varying
conditions of temperature and time: 850, 900, and 950°C, and from 10 to 50 minutes. The
yields, surface areas, methylene blue adsorption values (MB), and decrease ratios of bulk
densities of sixty activated samples were determined. On Nara charcoal, 32.4% of yield,
1232 m?/g of surface area, and 240 of MB value were obtained under the operating conditions
of 900°C temperature and 30 minutes’ activation. Almost the same results were obtained
from kunugi and other charcoals. The obtained surface areas are as big as those of
commercial activated carbons,

Then some calculations were carried out about the correlations between the yield and
surface area, between the surface area and MB value, and between the decrease ratio of
bulk density and MB value. They are all significant at the risk level of 1%. It is espe-
cially interesting that the MB value is estimable from single determination of the decrease

ratio of bulk densities.
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