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VOC Adsorption and Desorption Properties of Carbonized Biomass
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The volatile organic compounds (VOC) adsorption and VOC desorption properties of charcoals, woodceramics
and steam activated charcoals prepared from various source biomasses were characterized by thermal analysis. VOC
adsorption properties were evaluated by the rapid method for VOC evolved from wood materials using TG and
headspace GC. VOC desorption properties were evaluated by EGA-lon Attachment-MS. A wide range in VOC
adsorption and VOC desorption properties was observed, and was correlated with source materials and carbonized
temperatures.
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1. LI

VOC (Volatile Organic Compounds) (IR MH#HILEW
DM E LTHWON D, HFYREHER (WHO) (Zih4E
PH2D VOC 2L TERLTEY, RO
VVOC (Very Volatile Organic Compounds; #8580 ‘CLLF ~
50-100 °C) , VOC(Volatile Organic Compounds;iffi s% 50-100 °C
~240-260 °C), SVOC (Semi Volatile Organic Compounds;
240-260 ~ 380-400 °C), POM (Particulate Organic Matter;
380 CLAE) L LTWa, VOCIZIZA X v ROV7 v %
R OEWILEMNE END, A 4~ R T B
WCHRT 2L BRSO EIR” ThY, NA A~ ADFE
L OIS U TIRRIRICHA SN D Z &3k b
T2, Fex ZBEFEMRAA A~ AER L, BEREAER
Mo g, U IR IEORIEHE VOC WA &
LCHEMFHTZ 2N E L, 8Ot REEZ ik
HERHEOFAMEZ BRET L TV D,

2. VOC & FfE D ET A

FENCIUREEN O VOC IKIHIZ 1, VOC J84E DD 720
B - AMOERBNETH D, B LT VOC AR
DD IRNAR 2 IR I FHl C & A FIEOBRREE RE LT,
e UTo KM & R/ ek e R (IR) & AW 38 AR Ay
Hr (EGA) @ 1 FiLTH % BE RN — IR 5 61k (TG-IR)
2L -T40 CTH 5 150 CETHERNE L LA, FAE
SURD IR 2227 MU EICKEL DO E—27, CO, DE—
7, RALKFED B — 27 BMERII S L5 23, 3000 cm™ AT O B
{LRFEH KD ©— 7 1TTIRBEET, 40 THH 150 C
FTICAM D BERT S VOC ROITIFIEELWZ E2%b
Motz, &I TEM - REMOREEE LTHHVLND
~y RAR—=23EEIEA L, B LIo AR M 25 A 7 VI
BAL, 120 ‘CiZ 1 FERI TN 40 ClT 10 BBRF%. +h2
nNoSMHE A A7 u~ 757 (GC) k- THIE LT,
WHE D7 v~ 7T AMIMRE SN E— 7 O RO
K —7 OMELLN KL, FCAMMEES EFRESH
FE—7 OBERIT L, 7~ T ACBITLY
— 7 D)5 40 °CT 10 B BREr L 7230BH bl L
T, 120 ‘CT 1 WEERE U7k 2 2 135 A T 8~20
ERREITNE L T, RBRIMTZ 5 Z e bhot, P

INA T IATKHE LT AR 2 5B L 120 ‘CC 1 REM R ERZ
DEM%E GC THIET D Z & T, Ao VOC DIGEEE
PITZ DT80, NATIVHICKREZ S THIET
X VOC WAHERENFHMECTE 5 B2 N5, KRERNA
F~vALLTCU Yy NI I v 252D BF-, vy Rt
T v AXEBNERY At RS, BEFIC T ) —
JVETRE % U A E 8 TR SR S CiRIL S 7 2 ALUE R R
METchs, Y BELZFEETEY Y FET I v 7 A TR
BT, Y BV kRIS REE A R O 7 EAHI A
T~ AOEHRABEFHE SN S HEMTHD, ™ 22 TAF
7y REZIv I A2 (CWC) IZOWTHERFEECTHD A
fy, Yhraxo—i, BARCVERIZY T — 3
PNATITER L, 110 CT 1 RS RHE L2 GC HlE
L, "AT7NVERERFTHALTY Yy KBTI v 7 AEHL
VLT TG HIEZTT > 7=, Figd ICCWC & A b %
ST CWC O TG iz H b TR LTz, AV hrd
B & DB RS 70~100 CIZBRIEN D, DEERK T
LTW5 110 ClzikiF 2E &R & GCHIETRD7= TVOC
B2 (FRAZ7a~v NS00 HEBENLRED, fHR
KEWVIFEWEEN/NZWV) ORLR%E Fig2 (TR LT,
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110 CO/NA TIVNTVOC 27 L7z CWC X, RiRE T
WHEBIIASAA T ALY EVELT, TG RIET S & 100 °C
i E TIZlkaE Lz VOC Z NS 2 2 ERlbhroiz,
110 ClZ BT 2B BN E VT EBBEEN SV, WAEHRE
RITHBEET 2 A PO XD RFRCIE, WA O kR
WA SNTITAA TARNIZEF L TVWD VOC DOEIZIE
BOMENED bz, /XA Tb% 40 CT 3 #HEE TH
FFL, [EHRICZ TG KON GC JIiE LTfER E, AT L0k
FHEFE N MR OB 1S, 7y KT3I v 7 25+
mg & FEHED VOC 0.1~0.5 pL % 3o 7 /WA L, 110 C
121 FEER R O A2 GCHIE L7z v — 2 mfE» 5 VOC
WAl CE 5 2 L b oTz, M1 L EORET
M CE B2, BER VOC ~DIGA% EREem CH M
LEZBND,
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Fig.1 TG curves of Cedar based WC and menthone-adsorbed
Cedar based WC.
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Fig.2 Relationship between the mass loss at 110°C and TVOC
values for perfume-adsorbed CWC.

3. VOC A58t 14 o> 5T A

Fig.1 |[Z77 L2 K 91T, VOC WA Rtk a it 1231 7 v
MOV LYy RET I v 7 AL, FRTIUIESEL
72 VOC 23+ 2 0 T, EHESHTEE MS) Z 72 EGA
W& - THBEREOFHMEN AIRETH D LB X b, Bk
® VOC oy BIFT 2 FERE~OHEAEE X, 777 A
V=g EACICK WY T r A A UARETH D IA (A
FAfrE) HEERWAZ L L Lz, E£MBERRETRAL
72 VOC i ah#® L < MS ~BATHITiFA v F—T =
—ANEETHD, HEPBEELT, ©7 I v 7 25ER
BOinsiu®=2 IV TICHbHWONTNDERAF v — 1
B —7 = — A& H - EGAIA-MS ZISH L7z, 1219



Table 1 Adsorption ratio of VOC

yoc Adsorption ratio/%  (%RSD) n=3)
Bamboo Bamboo Bamboo Bincho
charcoal A charcoal B charcoal C charcoal
carvone 89 (5.5) 92 (16) 89 (28) 98 (30)
citronellol 99 (12) 96 (21) 97 31) 100 (30
menthone 81 (27) 60 (15) 82 (35) 95 (20)
pulegone 88 (40) 58 (39) 91 4.1) 98 (19)
benzene 98 (17) 88 (39) 91 (30) 93 (20)
p-xylene 100 (44) 100 (36) 100 (36) 100 (31)

Table 1 (Tl &R & 3 FEOVTRICHK T 5 VOC WA F 4R
L7z, R 10~50 mg & &5FE0.5 pL 27341 TIVITHEA L
110 CIZRFFEZE D~y RAR—2 GC O — VM & R%
BIMLU2WGA DO — 7 HfE & ONORAEREZG, &
DOEZEIETEHNET 2L T, WEBEOERENE
HERL TV 5,

Fig.3 (JITERRICEAE LIZ LRy, A by, _uB
VRN p-F LD EGA-MS HIERS R %, Figd [ZIIMKR
C W3 L7z EGA-MS JIER R Z F 2R Lz, &KX
VOC OBBERIEDFRENR LD L 912, TRENOE B
IZOoWTHELNZvAZ R~ N T AEBENRQTORLTHS,
W RIIHRRDOFTBRKE OWHBBBERT D2, £
RrRA Y M AFFIBR%T ITHBET 20lcx L, Nt
VR p-F UL AT 60 CLAEIZAR DR EBBEL 22, W)
FEMOEN VOC 12 &L CTHBERRRS B2 5 2 &b
D, ZOFHIEN VOC MBERHEOTHMEEE LTAEIES X
btz ¥
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Fig.3 MS chromatogram of (A) Carvone, (B) Menthone, (C)
Benzene and (D) p-Xylene desorbed from Bincho charcoal
manufactured from naturally grown Quercus phillyraeoides in
Wakayama.
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Fig.4 MS chromatogram of (A) Carvone, (B) Menthone, (C)
Benzene and (D) p-Xylene desorbed from Bamboo charcoal
manufactured from naturally grown bamboo at Hiratsuka.

4. EMERD VOC Wit & #it & RAd

BREDONA A< AEFRE L, KAKBITUEIZ L > T

R LT2IEPER D VOC WG Rt & TR DT R T 5
7 Z L a—1L®GG (GG) KU Norit # Darco®G-60 (G60)
L L, AWEEERIZa y b U F—D R
(Cotton C) #JFEFE L 1 BEREIHEVE (Cotton ACL), 2 FFfH
&Y (Cotton AC2) , A7 % (Oga C) % 1 REMEJHRTE (Oga AC),
V% (Apple C) % 1 WREfHIERTE (Apple AC), 650°CHEAL
DT T N7 7 A 73— (AF650 C) & 1 HEIHRTS (AF650 AC),
TO0°CHERR DT v 7V 7 7 A 73— (AF700 C) % 1 REfEIHRTS
(AF700 AC) @ 6FfETdH 5, Table2 (T L7=iFMER K
OWRISALER T O ALY D L HiAs - ML - MALARL 2R
L7z, Cotton AC2 & GG, AF700 AC & G-60 A3 Hu#g gLV
TEFFEEZ R LTINS, 72U 3 (BEHES) 2B
T 556, BMITLBEIC L > THE L FERENERT S Z
ENRDOND, Figs IZITARFER THWZ4 VOC DibFRE
hi, D rEE TR LT,

Table 2 Specific surface area, pore diameter and pore volume
of the activated carbon and carbonized biomass.

BET Langmuir Pore Pore volume
specific specific diameter
surface area surface area (A) (cm’/g)
(m’/g) (m’/g)
Cotton C 308 444 9.5 0.15
Cotton AC1 483 698 9.5 0.24
Cotton AC2 918 1312 9.9 0.46
OgaC 304 436 54 0.15
Oga AC 477 684 53 0.23
Apple C 95 137 8.2 0.047
Apple AC 718 1030 52 0.35
AF650 C 10.2 16.0 24.0 0.004
AF650 AC 748 1076 11.0 0.37
AF700 C 1.9 2.8 21.0 0.002
AF700 AC 666 958 10.0 0.33
GG 936 1338 9.8 0.45
G-60 653 877 10.2 0.30
P e o Ul ol
Carvone Menthone Pulegone
(T,,: 230 °C) (T,,: 207 °C) (T,: 224°C)
(M.W.=150) (M.W.=154.25) (M.W.=152.23)
Ho/\)\/\/\\ HO/\)\/\)\
Citronellol Geraniol
(T,:225°C) (T,:229~230C)
(M.W.=156) (M.W.=154.24)
Benzene Toluene p-Xylene
(T,,: 80 C) (T,,: 110.6 C) (T,: 138.4 °C)
(M.W=78.11) (M.W.=92.14) (M.W.=106.17)

Fig.5 Chemical structures, molecular weights and boiling
points of VOC used in this experiment.

Table 3 [ZHMHEH 7=V D VOC WAES TE 2R L,
RS - AHFLES - MFLAMEIT Cotton AC2 & GG, AF700
AC & G-60 BENZILEIUT M Z /R LTV 5, BT
FEHT- 0 O THTH#Ed 5 & Cotton AC2 & GG 1358
LU 724 2 7= DIk L, AF700 AC 12 G-60 & 0 072 <
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Table 3 The number of the adsorbed molecules to the activated carbon.

number of molecules ( X 10'7 /m?)

carvone pulegone menthone citronellol geraniol benzene toluene p-xylene
Cotton C 0.2 0.4 0.3 0.2 0.2 1.2 1.4 0.8
Cotton AC1 0.7 0.6 0.7 0.6 0.6 1.3 1.1 0.9
Cotton AC2 0.8 0.7 0.8 0.7 0.7 1.3 1.2 0.8
Oga C 0.4 0.3 0.4 0.2 0.2 1.1 1.1 0.4
Oga AC 0.6 0.6 0.7 0.6 0.7 1.2 1.1 1.0
Apple C 1.2 0.8 1.2 0.9 0.8 3.0 1.5 1.3
Apple AC 0.5 0.5 0.5 0.4 0.5 0.9 0.8 0.6
AF650 C 52 8.6 12.9 15.1 7.8 - 8.6 5.1
AF650 AC 0.4 0.4 0.6 0.6 0.4 0.8 1.3 0.2
AF700 C 20.6 522 82.1 91.6 55.6 - 10.5 33.1
AF700 AC 0.5 0.5 0.5 0.4 0.5 0.9 0.8 0.6
GG 0.7 0.7 0.7 0.7 0.6 1.1 1.1 0.7
G-60 0.6 1.0 1.1 1.0 0.6 1.5 1.6 0.6

Ty, Avbhry, Yhoxo—i, LT TK1R
DfE% 7R L7-, Fig.6 XU Fig.7 1213 Cotton AC2 & GG,
G-60 K. T8 AF700 AC DA /VAR > KR p-F 3 L v OBt
AT LIz, p-F v L OiEERIE GG 3% <, AF700 AC
IIE & A EBBER A BT, G-60 [HAKIRA D S BiAE L T
WBDBRDLND, A A~ A& FUEE 35 Ak & ONEHE
%D VOC Wi PE X R O BE R K S T b L&
2N W RFERBATTEDLT v N7 7 A /3—T
X 650 CHEfk & 700 CHERR D IR(LY Tl AE R L < B
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Fig.6 MS chromatogram of carvone desorbed from (1)
Cotton AC2, (2) GG, (3) G-60 and (4) AF700 AC.
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Fig.7 MS chromatogram of p-xylene desorbed from (1)
Cotton AC2, (2) GG, (3) G-60 and (4) AF700 AC.
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5. REDy K352 v s RORBHEREICHT 2
HRREORE

TR
Voayy 7 Iy 7 AT iﬁv\ﬁ%@?ﬁﬁmtifr\/v

£—13 1200 Ck}fﬁkﬁ) 105.6 kITmol™ T % DITx L 800 °C
BEpkiZ 94.8kImol! TH D, ' 2X Uy FEFI v 7 2D
FIEHEIEIL 800 CLL T CTHERK L7253kl & 1000 ‘CLL EDFR
BF TR/ 5D Z LA SEM, XPS L v #iEshTngd 1D, &k
JETRER LIZAX Ty KBTI v 7 2D VOC W&
& BRI L2, 400 CHERK (CWCL), 600 CHERK

(CWC2), 800 CHERE (CWC3), 1000 ‘CHERL (CWC4),
1200 CHipk (CWC5) OB A L7-, Fig.8 ITIT%EX
HFTO TG M2 ER TR L, 400 C~600 ‘CIZE &I
DB SN DA, BERRIEEE 800 ‘CLAETIZ 90 %Ll EDE
BRI THDDIIZHL, 600 CTLLFTiE 60 %REE & Kx<
Hipoto, BRI OHE X BT LY 600 CLLFT
ek U723 BHZIX Si B2 < EEh Tz, 800 CLLET
BEA L 7= EHI 7 A BRE N IR R L7272 2 B2 5
b, ETMR XAREPTRIER R % Table 4 2R L7,

20 =23° fHEDTZ 774 bOO02)HEE 20 =44° f+iT
DTZ 774 RO (100) HEHIZIFE SN2 EHHEOBE S
BERRIREE 800 CLLETRE L 207z, HERKIRE 600 °C &
800 COMNIHEE N AL T HIBE DR H D Z & nbho
72o ZHUX Fig9 128 L7z SEM BEEN S b RS iz,
ORI R & 22k D R A A UAEEN S, L/ hNE RO
Z BTN OEFIREEIZZL L TWBDORbn5,

Table 4 XRD data of cedar based woodceramics.

graphite (002) graphite(100)

20 d Intensity 20 d Intensity

) @ (cps) C) (A) (cps)
CWCl1 22.8 3.9 638 422 2.1 155
cwceC2 229 39 655 445 2.0 170
CWC3 23.1 39 1020 433 2.1 295
CwcC4 232 3.8 1040 438 2.1 345
CWC5 23.2 3.8 1198 43.9 2.1 400
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Fig.8 TG curves of cedar based woodceramics (CWCI,
CWC2, CWC3, CWC4 and CWC5).
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Fig.9 SEM photographs of CWCI1, CWC2, CWC3, CWC4
and CWCSs.
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o LT, BiBEE — 7 R & BERRE 600 °CE TILBERR
R E > TEIRMIABAT T 20124 L, 800 ‘CLL LTI
REANCBATL TR Y, My —27 b/hE<ofc, A
o, =4, Yhbaxra— VKR 7L I THIAE
BOBEMER L, p-F 2 Lt CWC2 DS TIRIZE A
EWiEE L2200 72, BERRIREE 600 (C & 800 COMICY »
RET Iy 7 ZAOBENRENL, Hiot T VOC Wik
LT D2 ENbhotz, WiEa X PRz R L X —%
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Fig.10 VOC adsorption ratio of cedar based woodceramics
carbonized at various temperatures.
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Fig.11 MS chromatogram of carvone desorbed from (1)
CWCI, (2) CWC2, (3) CWC(C3, (4) CWC4 and (5) CWCS5.

6. F&H

BEFEDFHAA A~ ZIHER L, BEREARMRLIHE,
U 2 AP R S E DR &2 VOC WA & L THAFIN
THZ AL L, Bt FiEE2 O RAERE ORI
BEREN Uiz, Ao A~ AORMIIREHZ L > TEZ Y,
BAL TIIBERRE DR REV, Yy FET I v 7 A
(T U 725U & BRI BERR 3~ 5 720, k4 72 BB T
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TEDHT END, RAAAS ARG 2B TH D,
VOC DOWAEMITIE, WAEREITIN 2 T B R O REm A3
FEETHDH, TG X EGA 1T AEM WA L7z VOC O Rk
BREOFHMEEE LCTHATH 5, BEN 2 HMEZE LT
DHIERR O & 57 5 k2 K- CTHFE 2D T 5,

#O#

ARFFEE 21 b b Y ERRA IR ¥ —  MEEEL
L GrREBHR) kOEERABHIIENT Ha
F L L ORRFRORRDO —HE £ L DIebDTT,
W= LET,
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