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Steam Activation of Charcoal.
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A REBEEMBRF INTN A EBbN S, BATROLVBEHOKMICEFRED S NV EBEEE LT
ERSNTO2BEFMICHENRSE2 5,
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Table 1. HEF1 60 SFEICH T 2 MARFEER
Sales amounts of activated
w x| FL M| Tamw | TEESR | w55
? 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 ® o o W &
k=g 74 ] Sample B #i Source
A * 7 ®’ = =8
Nara (Quercus serrata Tuuns.) charcoal Iwate Prefecture
B1 7 2 F R 7
Kunugi (Q. acutissima Carr.) charcoal Tochigi Pref.
] il
B2 do do
By | ZRER, BT o
Kunugi, bark charcoal do
ct | TAsTY . 2 F A
Azukinasni (Sorbus alnifolia C. Kocu) charcoal Iwate Pref.
c2 7Y PR &
Sawashiba (Carpinus cordata Brume) charcoal do
c3 A/ X Vh VR =
Onoorekanba (Betula schmidtii ReceL) charcoal do
. RIS X
P Akamatsu (Pinus densiflora Sies. et Zucc.) charcoal sakawaFE;(epS(irlmental
v Y v H 7 HE WA &
Coconut shell charcoal Imported
22 B OE B B
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NERENEARDOIIMEBNTV S, AREL R Grrm) LEHS 3kw BEER=7 v 27 Tmd
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B LR G R O AR R E
carbon by use in fiscal year 1985.
1= ¥
Ledw | B BB K s oom | W m 5
Brewery Vegg,itlable t rzz?ﬁ:én ¢ Others Export Total
2747 234 4427 996 1344 21614
4 i o Z D fh L i} B
Catalyst Food Others Export Total
825 919 834 2085 40580

Analytical data of charcoal.

T % 5 K (%)
¥ M OE & s H ¥ E Proximate analysis
Degree Bulk
of Hardness density K 2| R s o 5| BE F’%?ﬁ
refining Moisture Ash Volatile Fixe
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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%Y 5, BRFEE - B3 170~180V, 16.8A, ¥ 80N THREREICTZET 2, BRICEEL 4
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Uik S KFEREIELTE, B3 1000 NahTET 5, 10 3%8%, KEKICTHEZ 2,

KEREAHE I THERET-720b 0.6 ml/min —F & Lz, KEKRTHEY Ny 2L, FEHEL
T (FFooZh ofFTH 3) EH UFRI100CCHEE THMSBHEERD B L, LR LULIEEEEREPLS
EARD I, Fig. 2 12 « HE - BAKK DV TORT Y2 -V TH b,

Fig. 1. & & # #

Apparatus for activation.

1:®B%JF Electric furnace 7:v—%—$v7 Roller pump

2: AEFIHE Quartz tube 8 : FiEEt Flow meter

3:5#¥ s Sample cage 9 : FIG&[EEE#E Rotation works

4 : JFEFAME Temperature controller 10 : &4& 4 Safty valve

5: 7% £ —%— IR heater 11: #5328 K—nJ 54+ Ball joint
6 : #E>x) Thermocouple
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or BC D
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B 9 Time(min)
Fig. 2. Ei—BE—SHAKIATY Va—n

Time-temperature-atmosphere schedule.
N, 7o— flow
............ H,0 %A passing

A:X&—} Start

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

: R 7 Activation (10—50 min)
JFOBFA 7 Furnace off
: REER D Hd Unloading
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Fig. 3. £ AROBENE
Yield of activated carbon.

A+ 5k Nara charcoal

Bl: 7 x ¥ Kunugi charcoal

Cl: 7X%*+ ¥ Azukinashi charcoal
P: 7#H< v Akamastu charcoal
Y:+i#H 5 Coconut shell charcoal
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Fig. 4. 900°C ic B 2 WENE
Yields of activated carbon B
at 900°C.

B2: 7 x¥% Kunugi charcoal

B3: 7 X ¥F#HEK Kunugi bark
charcoal

C2: 47 v Sawashiba charcoal

C3:4 /4 vHv/ik  Onoorekanba
charcoal

#hiz Fig. 3 4. Others are same as 0 L L 1

Fig. 3. IREIMA 0B 2ERICK o 10 30 . 50

T2%, RAFHETH

Yields are the percentages based on BERERY  Activation time (min)

the weight at time 0. They are

corrected on ash free basis also.

20

P.950°C
1500 | Vi
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_#AB50°C
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* & # Surface area (m?/g)
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Fig. 5. WGl X 2 REFEDORE L L 1 L L
Development of surface area in 0 10 20 30 40 50
activation process.

BT RS R !
A, P, Y:Fig 3 2. See Fig. 3. BRIEEER  Activation time (min)
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Correlation between yield and
400 , . e » surface area.
" Aok 5 3
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The correlation is significant at 1%
IR FE Yield (%) risk level.

Table 3. 7 R & % ® © £ W &

Surface area of commercial activated carbon.

7 H R R OH * m ¥
Activated carbon | Surface area i b3 Note
No. % Symbol (m2/ &)
13 BW 996 HitH, KiER Water treatment
14 SM 1153 A, OB akif Foods
15 BC 1039 &
16 YA 1240 Yits
17 F 1278 F 43
18 KW10/32 1068 CHf, %k, /KM Granular carbon, water treatment
19 SGK—035 1154 T.Y.4##, HiR, 7AiM Granular, brewery
25 PA 1264 T.C.#H®, #HiEH Brewery
26 TW—1 1151 H.K.#8, T%EoEE Industrial chemicals
27 L1 1263 [, E#EA Brewery

R U&HTRE - SEEER Table 3itRT &80 THHP, Kidh oSN IiERRIRERMEICE
DTHRBR & BRSO EBIP T, ERRERSNES TEEEARSYD (Fig. 6), MHRAKEK
r=—0.9209 BB SN,
3.3 REMEAFLYTIN—BRhEnRF
AF UV T =l S REEEE & bicignd 5 (Fig. D, BMELAARKOEREE A FL vy 7v—
Bifa & ORICIRERE G D 5 (Fig. 8), MBI r=0.8855 G o7,
3.4 HHILEERTELAFLYTIL-BRENEORHE
RIEFSOETICH > T ARO A HHBERMET T2 (Fig. 9. FAR 2 F L v 7 v—REHOEMH
LoNBDT, MEDBEFEELEE L, BEARDH HHEIX Table 2 DL B8O THHH, WEGHR
OHFIE/ERKOHFHEXI0 % X i, A FLvy7v—Bahes Y#HicE-T7Tay b 35&
Fig. 10 B o, MBERBRE 1% CHENEGET, BROITREETR,S A FLrviv—[it
APHEETE BT D -1,
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Fig. 7. RG> 4 F v v 7 u—BEHIOHBM
Increment of methylene blue adsorption in activation process.
A, C1, P, Y : Fig. 3 £#f. See Fig. 3.
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Fig. 8. ZEEREE A F L v Irv—Ris0BER
Correlation between surface area and methylene blue adsorption.
** Fig. 6 L. See Fig. 6.
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REDE, KESUEACEN » THEEREE TOFE LRI, RETAKENEy M Ny [iHT
e, FIRREIRESLE 10 457 Ne hom#s L TRkEE 2812 5 (Fig. 2) CL@FNCE~/,
B TE R B A T ORKI O R BSRIER ST 5 00 FEES 2 5 L LI BRICE(BLOT, Ny th
OB X 3 RE & RISHEEORHORERIC OO THENG T LitT 5, ERR EETHMAORI
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AHYLEE  Bulk density

AF L7 I—BEEh  Methylene blue adsorption

0.8

o
o]

o
»

©
IN]

320

240

160

80

HYHBEETE (BEHOA G ILLE/BRRRONYILE, %)

Fig. 10.

Decrease ratio of bulk density

AYHEETESE 2 F vy 7T o—e) - OBFR

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.
A, Bl, Cl, P, Y : Fig. 3 #. See Fig. 3.
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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
fkBEEExBEEZONLE, B THYRIEDNTIE—H 900°C F TRERKIEML 72D 5 900~950°C
DB TP D EEROBETHRONE, BBHEAPIKLBZ EY I X+ 50 800~900°C DIz,
3 FBREBOESBEEL, BIUEREEDREN, &< La GBEROLEMSD) OBMBAEShTE
b (Fig. 14), AEROBES Ny honBc LD, REXMOBDE L UREOHEHEEDRZHE &
BLEZDBND,

20 o
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Mo 14
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© g
=2t
1) .0
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s L Fig. 11. ARROEH> & Ny b 900°C i

. B HmEEE S OBEGK
5 L L ! 1 ! L ! Correlation between volatile matter
10 14 18 22 % and weight loss of charcoal
{£ % 4 Volatile matter (%) samples at 900°C.

** Fig. 6 L[ . See Fig. 6.
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3.6 BUERIGOEMLEIRILY—
Fig. 3 o KESRMBEOBORKOERHDE, WHELLSCERNIZECD, 0RXEE LTHRS
ZENTETH S, Fig. 3 @ time=0 iK1} 2 Y #HOHESZ 1 &L, time=t T 2 ERBRAERE
W &4 nid 850~950°C DT

—dW/dt=k e (1)
Arrhenius [z X NITEEEHROEEE LI
k=Aexp(—4E/RT) e (2)
A, 4E [TFEK
ML OXEEE -»T
Ink=const—4E/RT s (3)
Floid
log k=const—dE[4.573 T e (1)

2z 1T & logk &% X, YH#hicE D, bW Arrhenius plot(Fig. 15) OEBOEE RS
M LT AV F-ARD BT EMTE, 7 RICDOVT 24keal/mol, 7 % FHRICDNT 23 keal/mol 2%
Bot, KABIELS LEIVESRRZHZN23 35T 22kcal/mol L7 ) BIEDHIIH T EEHS
Ve RN ZUTP= R (B ORRET 900°C E THs 38 keal/mol, 900°C [ 1T 27. 5 kcal/mol
PEONTV I,

log k

Fig. 15. 4 7 XU 7 X FROKEKRE
REOT—v=9Z«7ayb -2 . L L
Arrhenius plots of steam activation 0.8 0.9
process of charcoal samples. 1 ,
A, Bl: Fig. 3 2. See Fig. 3. T X10
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(1) RIEREEESICHBHRERRSIECH, RAKCREROBNNRONE, M A F7KD
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) HHHEOETR (B 8EE) E4FLvry7r—RailoREBEEsEET, FRETEL
OAF VYT —REHDOHENTEETH 5,

(5) RERIO Na i 850~950°C INEUC & b RRZEE ORI M 5, Chid MR K 3 REXKE
DL ERFEDHEBBEDRBZCLIODTH 5,

(6) BIEKIGDEEALT A NVF—~DIHE LTH 5 RT 24kecal/mol, 7 X FRT 23 kcal/mol 3B 51
70

X 13

D BEREE: B&. Ll p. 95 (1965)
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3 BB tERTRERITERPITRE. 22, (2), 609~814 (1963)
4) de) # Ik, 74, 1985, (1971)
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Steam Activation of Charcoal

Fusako Ame®

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
vields, 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 m3/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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