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DHRETE, FM 1940 7t (1996 F) OESBEEMNFHELT
B, TOIBERENSFAT B ERFEEYIHE 1000 J7t, FHE
B OFET BREYN 940 Tt £ - T3, BfE, KEBX
UHEZOFRBEMED O R4 T 2 ALFEED D 99.7% IIBEAILSY
SNhTws, THs L ORGEERM A O FE T 2 BamPERy o5
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Ak s AR E v 712 EOHYIHROYIENEF 515 (Lee and
Park, 2002; Lua and Yang, 2004). FE& 1 ¥, BE7 5 X F v 712 &
DFEEY) Z R E U iEthR 0 BLE I T 29 biTbh T 3
(Lin and Teng, 2002; Iguchi et al., 1973; Kagawa et al., 1992). _Li2®
JFRIE 3P REL, HEOSVLDONREAETH SN
E— VD & O B DR WYE 2 iE RS Ok E LTV
feWtgE i IEE 1D 7w (Oh and Park, 2002; Hayashi ef al., 1999;
Hayashi et al., 2000). &R A OIRLE - HBE7 0 & 2, filt
i EIcHwonTE 2, T, BFIEIA~OFRIH, BREEh
GERRE & B S 2 K ALEE, NSRS A, RIS A 78 &
DIFEWAEICH 7z > TR STV 5.

AWE T, E—kazlklE U TER L 7o & — ViR S 3
R AMEF I E— v HIiERZ B L, G
WA R I D W TR L 7o, VS AR E LT, R A ARG
i, RFESMRIEE, KB (LA ) v ARIEEEZET L. B &
LT, BT A ROERBIYELLTCT =/ —VEXAFL YT
W=, ALEERERSE DSERIL L T W TKIT TS B IARIE o FLis 2 WE
ELTI12-v7amnxyvE12-vyraa7aNy ALK,

1. RESLUERAE
E—UARIE T E E—L (BR) ITTE = VD SIERE Nz
boEZHW, = URE E— VAR, R, RIbS
HCHREE Sem, E& 25em OMIROKAITH B, E—L
M ZONFEB S LIS Th D, WMHROERE LT3,
D E—VHIRZE 0.5-1.0cm 1k L 72 & 0 2 G okt & L
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Table 1 Activation conditions of beer lees charcoals

Sample Activator Activation Activation Flow rate

name temperature [°C]  time [h] [em®/min]
C900H1 Co, 900 1 100
C950H1 Cco, 950 1 100
C1000H1 Co, 1000 1 100
C900HO0.5 Co, 900 0.5 100
C900H2 Cco, 900 2 100
H900H1 H,0 900 1 250 (N,)
K800H1.5 KOH 800 1.5 250 (N,)

7z

BRI A AMRIE T, RAESURIETE, KER(bA ) 9 2liEED 3 2
DS FETE = VAR AEIRIG L 7o, RIS ZRIEE T, =V
B 5.0g ZHERH A — i AN, BRIAPTEREMKIC TH IR
B 30°C/min T 900-1000°C £ THA L 72D b, KEEH 2 & ffE
100 cm¥/min TS E # T 0.5-2.0 R fIRIE 217 - 72, EiE, KX
FEFc7o— b ROFEET %W CRE» 2R EOHIEET - 7.

IRAESIRIGE TR, B R — MIT AN E— VR 5.0g %,
BRI TERZ A X &R 250 cm®/min Tt L 7825 & FE#EE
30°C/min T 900°C ICHIR Lz Db, 1 BREMIE 21T - /2. KEK
OfEFA I, =07 5 2 3icHliZkE 300em® 1A, 85°C I i FE A
LIERA A EINCTEA L TIT - 7o, KEK ORI, BHE
KFEEAREST 2T EITLD, 12em¥h ITHE L. KA 2R
TEEER L OKBRURTEE T ORI, ERFMTCHSHER, ok
DERANE L TR 72,

IKERALH U & ARIEE TR, = VHIRB K OUKEE(LA Y v A
AERILT 1R R 5.0g 28T R — MTANR, EBR
JAHhCE R A X % FiE 250 cm’/min THE L 7845 5 FIEEE 100/
min T 500°C £ THE L, 1RRIRFFL 2. 20k, AEHE
5°C/min T 800°C IZHiR LD b5, 1.5 KHIiE AT - 72, BHES
PSICER E THS Lictk, ZEKERVWTAEAHYEICE 2 %
Tuere L, vk, JABOEEZNEL, IREZRD .

3 TR OMEHE THEL L 7o & — VRIS B o ¥k 2 3Rl 4 5 7o
Y, B = VHIRIE R © KK 2 & A AE T EMEE (JSM-5410,
HABT () 2HOTEHEL, hXEREB L OMALRS %
EHE A AW EEREXE (ASIMP-LP 2, Quantachrome Instru-
ments) 12X OHIEL 7.

FHEIL 72 € — VIR R 2 106 pm DL R ISHMRE L 72 & O 2 135
AlE LT L. RFEREZEERNIC T 90°C T 24 RfilHz % %
11 = 1o & = VHIIRIE IR & BV Cfl 2 OIS %47 - 7o ZRFK
M7=/ —VEREAF LY T—%0AT, 200-2000 mg/dm’
% 7213 200-4000 mg/dm® DIEEEITTE 2 L HICHBL L 72, & — vkl
JRAGEE 0.2 g 12 TN 5 DIKER % 20em® A, 6 BiliRE L7z, [
A EER, R L TV 2 IS E O R Z R - Aot
(Cary 50 SCAN, Varian Inc.) ZHWTHAEL, T oOREES
koo, [FBfIC, B = VHIRIEK 0.02¢ 1T, 200-800 mg/dm® O
12-YV70uxyvEiFl2-Yy7aooFaxryiz20em’ A, 6
Rl U 7o, BB, B L CO2IEEOREE + + v
SY—=HRsa<rr57 (GC-17A, () BEEED M0
THEL, 2hbolEEE KD 1.
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K VRIS L & = OWEH, IRISENE, TGS e
DL Table 11573, DIk, WSIERHC & 0 BRIEAHE 27 2,

Table 2 Effect of activation temperature and time on physical
property of beer lees charcoals activated by CO,

C900H1 C950H1 C1000H1
Specific surface area [m?/g] 800 850 870
Total pore volume [cm?/g] 0.54 0.57 0.60
Yield [%] 73.0 58.8 46.6
C900H0.5 C900H1 C900H2
Specific surface area [m?/g] 570 800 980
Total pore volume [cm?/g] 0.34 0.54 0.55
Yield [%] 82.2 73.0 58.0
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Fig. 1 Effect of activation temperature (a) and activation time (b) on
pore size distribution of beer lees charcoals activated by CO,

7o & Z1E CO00HT 1A CO,, MRIGIREE 900°C, MHIEIF 1h T
bBHILEERLTVS, SHEOREEN AIERS L O 1 HEHO
IKEGIRAE IR, KB LH ) o AR O 7 AR L 2. b —
WIS oHih a2 E— VORI EZHIE LTV b icw, E—
VT TERICHAV SN TV BIRIEN 2 Z LT 5 KB 7 2 MRIE
HAEBHICEAL 2.

P A R BRI O P R 4 IRAT IR R b & QMR AR ] o s
% Table 2 \Z/R9. LEMGRIEREE, TEUIIERIIC X 2tk
ZAbER LT A, IRIGEE ORI O RImRE S & O 2MmfL
BRI, PCRIMET L, BIEREoMINT Y, e—u
FHER K D IR FE-CO, KIEWEHES N B TH B EEA LN S,
FEIC BT bAREOMER A A SN, RIGEEORNE & it
FIFES X CSMALAR ML, PR L, RIGEE%
Zlbs s S L <, ik Es 2 b S & o nlt
FKIMEOMINCEZ 2BV, KA 2GR T 900°C,
2h, KN 2R 100 cm?/min OHRGE S TS 21T - 72 C900H2
DO LA 980mYg L7510, bodsbREL -1,

PR 777 2 5 B D I FLER 34 12 e 3 3 TG IR 5 & OVt 7 R R
DA Figure 1127189, LD H OHTICIE DFT €50 (5
FEBSHIEER) 2 M W7z (Ono and Suzuki, 2003). DFT € 7 Vi3,
17 vl o=y vl fT AYEICHEE & h A LS DR
MiEo—>THD, 774K TOEZRWED 7 — & % HWv CHIFLE
NEEBLTENTE S, ERBREEE, FRUZMERRIC X
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Table 3 Physical property of beer lees charcoals activated by
CO,, H,0 and KOH

C900H1 ~ HO00HI KsooH1.5 Activated
carbon
Specific surface area [m%/g] 800 1100 1600 1400
Total pore volume [cm?/g] 0.54 0.71 0.85 1.6
Yield [%] 73.0 42.7 70.2 —

0.2

——  CO,(C900H1)
H,0(HI00H1)
KOH(K800H1.5)

0.15 -

0.1

0.05

Pore volume [cm3/ A -g]

Pore width [A]

Fig. 2 Pore size distribution of beer lees charcoals activated by CO,,
H,0 and KOH

LHMFLEN G OZLA R L TV D, RN ZRIER T, 6A D
ML S - EbFEL TV B, RIGRE OV 6 A DML
FRAD L, 1020 A DL 5. WUEREEZENS &5 &
£ — VHIR £ O R F-CO, BB S 1, KIF 7R FE O 2 HL
DTS A EEZEZAONE, FRITE, BRIGHRSENL &%,
6A DMIFLEIZIZEA EELES, 10-20A OHIFLOBE 12t nAs
Hontc. Pibol & o, iGRRZZL s 87258 0T b3
RN DOENICE A BENREV EbD 5,

KRS L & 0 B L 7 v — VHIRIE R O W) % Table 3 1SR
9. WD 72D iR OEER Ot ic oW T bR Ui, FRmi
BLOSMILERZ, RER A 2RI R < /KRR R <KEE(L
Voo ARIERONECH L 72, Kk vy saRiGRTH B
K800H1.5 @ L&KM 1E 1600mYg & 750, RO EM:R O i
iz Llal- 720y, AR EWEEZRLL, Col End,
K800H1.5 (il dif ik & ik L /NS SHlfLEZ < BET 5 &%
Abhb.

ARG & 0 FHEL L 7o v — VHAIRIE X D I FLEE 5311 % Figure
2IT/RT. RBA 2B XK UOKEGKIGER TH 5 CI00H1 & L U
H900H! TlF, 6A OfifLA b - & bFFEL TV B, —J, Kk
h ) ARG TH D KSOOHL.S TlE, 8A OFfLA S - & b FEsE
LTHD, ZOHEE A RRIEL & K SITE L O MG RS D
ICEBHbDTH 5.

BTG £ — VAR IC X 2 TSR TS E E LTHVW 27 =
= VBEXOAF LY TI— DY % Table 4 IZ/RT. 7 =/ —
WA TESA HTEMIOEHILEMTHE, 2 F LT
W—FEE 18A, HE9ADKREETHY, HTE320DILEYT
» % (Kondo, 1973). Wi¥E & bBUKIMEICE &, BB IC/KICHEMR
TEAIHEEALTVA, MGE—VHIRICKE 7 2/ —VBLT
AF Ly T — OWAE R & PR D BIFR Z Figure 3 1Z/RT.
7 =/ = VIRFETIE, HI00HI 5 X U K8OOH1.5 1T K& 2 WK (3K
EHIEE 1h TERIFEHISET 2016 LT, A F Ly 7 —EE
T, §NTOE—=IVHIIRIE R I 2 O TR 1h T 313
WE L7,
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Table 4 Physical property of phenol and methylene blue

Reagent Phenol Methylene blue
N
Structural formula ©\ (cH,)ZN/ﬂjisD\N(CH,)Z
OH Ct
Molecular diameter SA 9AXI8A
Molecular weight 94.1 320
1.2 1.2
) oo - T T T (= g
o 157 5 1+
£ g £
¢ a
= 0.8 -A < 0.8 - —@— CO,(C900H1)
g i g --&-- H,0(HI00H1)
g 06 g 06 — M- KOH(KB0OH1.5)
® ®
S 04f S o4l
5 —o—A CO,(C00H1) S R ——
5 A H,O(H00H1) 5 -
8 02 -0- Kf)H(KﬂDOHLS) g 02 Tl.
< < /
(] =; L 1 1 0 1 1 1
0 2 4 6 8 0 2 4 6 8

Adsorption time [h] Adsorption time [h]

(a) Phenol

Condition

(b) Methylene blue
Solid-liquid ratio: 0.2 g/20 cm3
Initial concentration: 1000 mg/dm3

Fig. 3 Adsorption amount of phenol (a) and methylene blue (b) with
beer lees charcoals activated by CO,, H,0 and KOH
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Equilibrium concentration [mmol/dm3]

(b) Methylene blue

Solid-liquid ratio: 0.2 g/20 cm3
Adsorption time: 6 h

Fig. 4 Adsorption isotherm of phenol (a) and methylene blue (b) with
beer lees charcoals activated by CO,, H,0 and KOH
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ZHHR A Figure 4 ISR, 7 =/ — VORFETIE, §XTOE—
JVRARRTE BT D W TR i (3 P S 1 mmol/dm® PUTR @ SR 6f
BoAacEinl, ToBBaERR LIEVIcENdg 2885 R L
7z. C900H1 & HO900H1 Tld, “Fi#EE 1 mmol/dm® LIF @ R GH
HTD7 2/ — VIRERICKXBENL D - 12, (KIEEEKTO
WEOWE I, NSEHA»OWET Z2 T EBHSNTV S,
7z /) —IVONTFRETH S 5 A I OMFLED CO00HI & HI00H]
IZOVWTEIFEEETH 5 T &, KEEHEETORERD =N
INEOVHEHRELTHEA SN S, KSO0HL.S 1, C900HI & XU
HO00H1 & LhiEe L T 1 mmol/dm?® LA 0 S fFs C & & 13 20
L, WEROMEIIHIED 135-18fETh -7/, TN, 8A
OHIfLENZ W LIRS 2 EEZONE. 7=/ —VIEE
&, R A RRIE R <K AR SIS R <OKBRIL A ) o & R7E R DI
ICREL B o7, CONEFE, SRS RO LRmAE S & 02
LAMOKRKEZSDIAE —HT 5. [HHERAED T35 VEEE2TET 5
ZEmS, 72/ = VESADLOMALNCKE L TWEEER
SNB. —F, AFLYTIU—DRETIE, TNTOLE— VK
TR AT B O TS B EHNEREE 0.02 mg/dm? LI O JEREE SR T /&

e Torss SOk



Table 5 Physical property of 1,2-dichloroethane and 1,2-

dichloropropane
Reagent 1,2-Dichloroethane 1,2-Dichloropropane
79 791
Structural formula H—C—C—H H=¢—¢—C—H
H H H H H
Molecular weight 99.0 113
Solubility in water [mg/dm® (at 25°C)] 8.58%10° 2.80x10°
7 7
B 5
3 °r ° 6 PR
E 5L —O— CO,(C900H1) E 5L —@— CO,(C900H1)
= ==~ H,0(HI00H1) = I --A-- H,0(H900H1)
S 4l —O~ KOH(KB00H1.5) S 4 - KOH(K800H1.5)
g I —
& 3b G 3m AT
c = c a
= P A — Ao 2 /
g ldeE 2 1f
< W <
o Il 1 0 Il 1

0 2 4 6
Equilibrium concentration [mmol/dm?]

o

2 4 6

Equilibrium concentration [mmol/dm3]
(a) 1,2-dichloroethane (b) 1,2-dichloropropane

Condition  Solid-liquid ratio: 0.02 g/20 cm3
Adsorption time: 6 h

Fig. 5 Adsorption isotherm of 1,2-dichloroethane (a) and 1,2-
dichloropropane (b) with beer lees charcoals activated by CO,,
H,0 and KOH

BOTIEIL, 2 OR—EMIcao < ZBE)Z/R L. KS800HL.S (&
C900H1 ¥ & U HO00H1 & ik LT, (KRR fHIK T o e B s K
BRI L7z, x F LYy 70— DREITIE 9A DI EOFLANE
THY, 9AFHEOHFLAMED > E KL T2 W ENEH &
LTCEZONS, 7=/ —LVOREOBS LR, 2FL v T
V= E R, RER A A RIS R <K ZZSURTE IR <K LA ) & A
BRIE R DIFIC K & < 75 b, KFEINIE R O LRk s & 02 flflE
FMOREIDIEE—F LI, A FLvy7—iF9A LI EOHFLA
WKREHELTWSE EEZ SN 5. Figure 2 5 5, HI00HI I 1
K800H1.5 & lh#: LT 10A LI EOHAMBEZ K FEEL TV AIT b
b5, A F Ly T —IRFEEE K800H1.S O B\l - TWw»
5. COHHE LT, WEHAMOENES ONS, SHEIEKD
T2/ = VBXRUAF LY TV —REREREKT S E, HTRD
INEWVWT =/ — VO RFERIIANEF V. 5A L EOHIFLOMTL
BRI 9A D L OMALOMILAR DR L D bREV LD
TH5.

B — VHIRIE I & 2 IR R ET ) O WA iR T W
f2l12-Y 700y vBIU12-V7 007 a8y OYit%E Table
51C/RT. 12-¥Y7 B0 X8 VIEHTFE90, 12-Y 7m0 70N
YRAFRIB DG TH Y, W{bAEYIENTFHICs n e %
2OHLTHEY, NMEBLUBRBICHETH 3.

JRERICE B 12-YV 7 ooy v ELY12-Y 7007 onNy
DU EFM % Figure SIT/RT. 12-Y7 oy v ORETI,
T ATORRIE R I D WS 1 mmol/dm® DL 0 R I <k
HREFELIEML, 0%, Eericimd 288 457R L0 k.
1,2-Y 7 vaxy YIRERE, REEA ZIRIER<KAESURIE R <K
Bibh VY ARIGERONAICKES B, 12-YV 7888 YD
ST RGRIE R QML IS LTNS L, FIET X TOMLNI
WHEST 5 EHZOND, WERIISTERER O LRI L X 04
MALABICRKRECBEBLTVWE EEZONS, 12-Y 70070
NV OWRFE TR, TRTOMIGHIK U CORH#EEE 1 mmol/dm® LI

H32% 55 (2006)

300

200 |

Initial concentration: 300 mg/dm?
Removal: 99.5%
Solution volume: 10 dm?®

100

Adsorption amount [mg/g]

100 200 300 400
Equilibrium concentration [mg/dm?3]

Fig. 6 Engineering aspect of removal of 1,2-dichloroethane with beer
lees charcoal activated by KOH

TOREE TSR FEL L, ok, Eericngd
AHiAATRT. 12-YV 7 ou o g, R 2GR <
IKAESIRTE I <KER L7 ) & SRR R DNEIC K & 18- 70, SR
RO 12-YV 70018 vyBLP12-V7 0o 7o vIkER
Wit 2 &, WLAMDNTH 4 XBEPL TV bbb
9, 12-Y7uu7uNyOlEEN 12-Y/aaxy vo2 [ED

LEfs-oTwa, Col#EE, mlbeYoKicktd 2iEmME D&
WICHES L bDEEZ OGNS, WHIGE T, EE-REM OB
JNCBARR L TV B IAME SR E WG, IWE IR T OiEdc e
ICHEAET Btz iclgg Lic< < 755 (Kondo et al., 2001). 12-¥
sooxyryBLU12-V7 oo 7oy OEMREIL20°C TEN
2N 8.58X10°mg/dm’, 2.80X10°mg/dm*® THH, 12-¥Y7 oo 7o
Ny EHIELTI12-YV 7 0oy vy ORBEMN3HELEKEV
(Stephen and Stephen, 1963). 1,2-¥ 7 v o x ¥ v OISR L
oleDld, WH - IBEMOBIENRE VLD THLEELS
ns.

KOH Jl/ERZH W CT12-Y 7 ouxy v 2 WERET L E XD
PREFFEIC D W T TG 2T - 72, 1,2-Y 7 mu Ty YO
EH AR & McCabe-Thiele fif it D55 % Figure 6 1279, filbTse
hiE, 12-v7 oox s v OylEE 300 mg/dm®, BREH 99.5%,
R 10dm® & U, 3 B EIc L 2BEEHEL TV, HIN
DR EHRZER T 5 OICHE S i/ DIRIE IR i 2 R TR R K
kv fz. 3 B IREONS, 1B, 2 BB XU 3 BT 1,2-
vroozxy v OKRBEEL 476, 84 BXU 15mydm® L1 5
KB THES KOH MG R, 1B, 2BBRU3BRHEHTI194g,
108g BX TV 9.6g L7107z, 3 BDERIFEZME U CTHE SR KOH I
HREL 398g TH B, [AROREIMEEEZ 2B TITS £9 5 &,
B U tro & 2 1 BB LU 2BHT12-Y 70018 v Ok
BB 212 BL U 1.5mg/dm® &80, o0& X pEERIGKE
FIBBLU2BEHT362g BLU274g &1 5. 2 BroifE4%
U TS HS KOH HRIG IR 1T 63.6g TH 5. BIEMIEZH 0
&, LRI A 2%, [H UREIEE 2152 0IcEEd 2 G
3D w5,

KEHEILETE, 1,2-Y 27 oo x4y v ok RS
0.04mg/dm® ETEH LN TWVWAE, THEZEKT 200, BRERE
99.99% & L IR TRt 247 - 7o, 3 BRI RfEossy, 1Bk
2EEBLUZBUETO 12-V/ ooy OERBEER 7S,
0.56 38 £ U 0.04mg/dm® & 75 5. B CHETS KOH &K & 14,
1B 2B BRU3BEHTS59g 264g BLU263gTHDO, 3B
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DER(FZ 1 U THESH KOH /G & 13 138.6g TH 5.
& s

E-vIEh o an g e —ukag R E U TER L2 B —
IVHARAT BT A7 A MRV, IRZARSUIRTE T, JKERIEA ) o A liE Tk
ZHAH L, E— VHIRIER OB LT - 2. E— VHIIRIERK O L
Kk B X CRMFLAR I, KRR A ARG R <KZESURIE R <K
b ) o ARIEIR ONEIC R E < 75 - 7o, KEBR(LA V) 2 & RIG%
1o to &€= VKR O LRI 13 1600mYg &b > E b RELE -
fo. IREEH 2B X UIKERGIRIGZ1T - 72 £ — VAR 1d 6 A OHIAL
MhoLbFELTVDDITHL, KEE(LH ) ¥ ARG 21T - 7c
E— VRIS SATEEOMILN S - L bFGEL TB Y, HRMRIE
ik EARRRTS L O IS R O WA St

Bonf 3FEEO £ - VARIEREH W T 7 =/ =, X F L
YIN—, 12-¥7nunxry rBLU12-Y7 007 oy Ok
S IC > W CHRE L, 72/ —WBXUOAFLYTL—D
W Tld, N2 ORISR A R RIS K <K Z& SRS k<
KEgEALH ) o ARIEIRONFIC K E < 750, BHRIRIE K O M ik
BLUOSMAAEOKRE SOIFEE —F L e, SHRIGKD 7 =
)= IVBEIUOAF LY TNV —IEREILET 3 &, SFRONE
W7 2/ = VOEBREREIKREL B>, 12-Y /vy
BLU12-v7 0070y DRFETOERIC, BERIKREY
Z MR TE e <K 28 SRS R <K BRI A7 U o & T R D NI K & <
otz BIERD 12-Y7 ooy v LY 12-Y 70070
NYWAERERIKT 2 L, Ao N T A X3FLL TV S
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Liquid-Phase Adsorption of Organic Materials with Activated Carbon
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Three activation methods, CO, activation, steam activation and KOH activation, were used to activate beer
lees charcoal manufactured from beer lees discharged by a brewery. Liquid-phase adsorption properties of phe-
nol, methylene blue, 1,2-dichloroethane and 1,2-dichloropropane by the resulting activated charcoal were exam-
ined.

The amounts of phenol and methylene blue adsorbed were found to increase in the order CO, activated
charcoal<steam activated charcoal <KOH activated charcoal. This order coincides with the order of their pore
volume of the charcoals. Phenol was adsorbed in a larger amount than methylene blue on all charcoals, probably
because of its smaller molecular size. The same order of performance was found for the adsorption of 1,2-
dichloroethane and 1,2-dichloropropane: CO, activated charcoal<<steam activated charcoal<KOH activated
charcoal. The amount of 1,2-dichloropropane adsorbed was twice that of 1,2-dichloroethane, even though they
have similar molecular sizes. This is thought to be due to higher solubility of 1,2-dichloroethane in water, which

would reflect its higher affinity for water molecules and make it more difficult to be captured by adsorbent.
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