B L OEGIEIC & 3 AREHREE DR - 2Bk
— AV illfL2H T % R kR O RiE

(FRE#E = 14560128)

P14 — 16 ERFEADT TR Eﬁ%i
FAEWFTE (¢) (1) B FTRei

IIHW T T

00008669631

TR THE 6 A

WEREE
o Kk
Jb BT A TR S A T b T2E R 20

| Sl




&t B T % & %

438 7
£ %xﬁ}::aw /

3

BB AEE

of



WS

BEERE  dok 1 CERITEERFIHE #d0 -
WRSEATHEE IR (LR ITERFTIFES BHER)
DR  kth— (B/MGESME TSR 8%
BIFEsTHERE - FERBE] (LERFERFE TR B
WIEs A « iR THE (LR TEERFETHE BhiEd®) -
BFEmesE « AoE (LRIZERZTHE B -

(FFE 138« 8T

RAFTRITERE (A% (&HEEAD
EERE e & E
Wk 14 4EEE 1,700 ° 0 1, 700
Wk 15 SRR 1, 000 - 0 1, 000
TRIGEE | 80 0 a0
i 5 a0 |
WHFtHR
(1) ==56%

* K. Suzuki, T. Suzuki, Y. Takahashi, M. Okimoto, T. Yamada, N. Okazaki, Y.
Shimizu, M. Fujuwara, Preparation of Crystallized and Mesoporous Carbon by
Nickel-Catalyzed Carbonization of Wood, Chemistry Letters, Vol.34, No. 6, 870
(2005 £ 6 H).

» K. Suzuki, T. Suzuki, Y. Takahashi, M. Okimoto, T. Yamada, N. Okazaki, Y.
Shimizu, M. Fujuwara, Nickel-catalyzed carbonization of wood for co—production
of functional carbon and fluid fuels ~ Part 1. Production of crystallized and
mesoporous carbon, Journal of Wood Science, under submission.

(2) PEEEEE |

T BE, LEEER BRETHE oK B EAKE—, BB, HiseiERE L
TASRBIOMEZ B L § 2= FNVRIIRE A A~ ZADBGE, 5 12 BIEAT
RNV —EERE (LB , 2003487 A

g M, B OBER BBTH LBEER B, BREE], —v sV
BRI I 2AM DB DA VI E T iR ORNE, 2 BAERIEFESR (K
W), 200446 A

e BR, BB PAORRE, UEEER SR fh Bkt BEREGE, N
A F 7 RDOENRBEMEN IR A VL L SRR T T DR R OREE, JUHERE
#2004 FFEAWIFERE RS (/M) , 2004 4F 7 A

00008669631




CER M, BERETF, M OOl BIRTHE UBER Bt BEREE, K
MOBIR= v 7 VAR - A VHEFL & RS H T D 8sEERFBORLE, %555 H A
FAMFERE (RED , 200543 H

g R, SRNEF, mIRESL LEER MEEY Vv —Ainbo
fEaRtEA YRR OEEE e, BREORR, 5 3 BEIRERIEES GUR) , 2005
6 A :

(3) HihkA

- HBEREIRES, o— L= —OFRE Lovidy, $218 5

ERE 17 €E3 A 20 HEAT, p.8-26



B K

1%

T

ZERR
F2E AMOEE= v/ VIR X HisetERROBLE
2. 1 [ILHIZ
2. 2 £ B
2. 3 TERLEBE
(RFBHERAIZ L D A Y HAERDOFER

(Rt FLRSR O ERLESR
2. 4 BbYHIT
BEITHR

BE3E VT 7 v —nmbOkEdaE A VILRZEORLE- T, BRreE OB

3. 1 iELwic
3. 2 £ B
3. 3 RRLBE
3. 4 BPYIT
BEIHR

HAE NFRE
. 1 Chemistry Letters tE&EAC

RIS

4. 2 Journal of Wood Science faif
4. 3 [L»vi3v] BHEGEeFE
BHE & B

~N N 3 O O

13
32
33

(o]

4
34
34
36
42
43

47
65

76



&R L OB LD ARBHRREORE - ZHEEL— A YLz HE T
% Vet s R 3R DB

i

BLE M

FIHEROMB L 0, EOFPEHIT X 2 HIBRIBBHL~OIGR E LT, AHciE
ENBNA A ADTFNAF—FEHA AN TR CHE STV D, BLMED
STEBETEH 00 4 10 BEEE (4 N A < R =X —LFRE L. 02
£ 12 ARIIIAA AR « = o R UVREEIENEBRE SNDE, 14 (wX)
TN F—OFEHEARERICEY Aoz, L L, S AR AF—DK
BEERERNLICIE, OFBIOME L ZEME, OFFREHR 0 A0OM%, QR
BEAOEEBEE LSV AT LAORE, BEREPREZTETHS Y, EE
L LTORBICEEND DL AZDILE VOITEKRT, Kb ok, FALITE
EERALV-VVZIZEL TR, BKRERE U — T 5 —Bh UL w22 4t
BEREHZRND 20T, BEaX MABBEDI0OTHS, i, AMiiEEE
%@Eﬁ‘&E&i%@5E%E®ﬂ4ﬁvxf%b A MREB O I VA
BB =T U T NVEME LTOREL EazEo 0D, o T, AOZRAX
~Wﬁﬂ%TiHMMﬁ®m%# ﬁwx < T VT NVOEELZHREFICAND Z &
BREITHD, ZOLX DRI TE, FEINDDOILEEBRENES Tl -
ARETIANA =T U T NVORFEERZFREE T A2 XAORETHD,

RALIZS —n (i), HRZEIET D R TR VF—ERIEO—D L BAR ST,
b, TAEICHARS 2N 6 DINE, BEITH DN, EENEM CERERES &
WAHRLER S D, ZOHBAENTIILE CO, EOFHIHNT DN B EMRFOR
EREEE, FREEYOERMRBREE LTRESNLTWD Y, LMY
Th DROESPTERARRE, TEG R, feh RKTIBM, BREM Vo785
WAL EEDRE, v T U TNERRELE L TOFEAEIIBEINS, A RE
DAMEZ B HI12iL. HESN AT ZADSESEL WITLTELNARICEH
TLOHFRLBEAET D EBRUBETHD, ZOL ) RBANLARERTHN
By VAR RGEE SORBEIR SN, THETCICEL DRE TR L=y F L
ROMRE, HEEATE L-ERIILITO L S cBEsh s,

(1) 500°CERIZmY VKB AMEROGEEH S5 ™,

(2) {LFEHE INRF T AFNL, T/ =F k) L7z 550-600°ChHRI% CO, CO,

DIRBILRFAMZ BV TR IS 2R3 219,

(3) BEMOEREKE GUBEEBERE. THY) »OALD 00CRIZEHR LD

BRGE L —/v RIEREZ 2B 5 19,
O DR, BRI T B AR R = v VIR B R S LD
FERE LTRBT LR, &0 DiTEITRERENAR ThH S, ik, =yl



HAERATS L LTHIERZD L ) RIER CRERENFERILTHZ &13mbh T
WRWRDLTH D, ZO= v rNOEVERIIAE KRR OMIEEIZ bERREE
., RIGEHEZEENLT D2 & TRMARERD A V1. (FEFLES 2-50nm) b
BHRANZAERLT 2 DTV, Eio= v rVEEOSRITEIET HRE, [0
REHEE OSEBIZORNDDOTIIRWD, EFRLUTUToTmORRHETH D,
ERPED A VKRBT EEN L AR ERLFEED (| 1), BiERRFEERE

ELTCOFRSAR ERRBCTE DA TRERMELET LD, HRZOX 572"
BRERFEORE R ARy & UTHEM LI RFIIRE 2670, = v 7 Vil iRk
Lo CHEHEMW LRBREERELE T LV IOFT- R ERERBNDRL S BETE,
EOITRELE LCORE, BESHESIRE, [IEERDPHEIRSZ &N
B DN RAUE, ZORRITFRRICL TENICREREREFTDHLVIHLLEI
FHLUWVERICESS RKREANAS = AO R NF—+<T7 U TAERE L UCEHE S
NBERELDOTH D, ZiERBIISMIMMETHLNOENETEZBRELTH
INFREAEEERRERNCHNLT DR DV, = v FVBREERIIE S 1 A~ 2 FsH
DRIFIEERT - HEEREEE L WV S TRAEORRICEI LI ESR S nk 2 L LT
DRBERRIADETHA I,

FHEETIE, 2 B KMOER= v 7 /VERERLIC X DHEEMERSE & R
BIORIRFAERE] OF 1 1H R VILRRBORE] [ZBW =y VA &
HEEET CRILT 2 LRERED A VIURENDRLEETEHZ & FE2HIK
&, KEERYOMEIRE 7 IBNVA, BREHE UTORIE] 12\ TZ DR bix
WIEOBE L 7 I AN ABTE, [EOBEIE LTORERECERTHDZ L%
AL RECHE T, B 2 HOF—FTHITER), E3E VS /71—
B OFERMEA Y FLIREORIE i, BUEGEOR] TIIHERY ~—FH
ELTHEHBEIN TR Y F=VBEME-V 7 ) 7 vy — %R e LCRIRD =
NIRRTV, BN REOEGER(LEZZRE L Ty, BERE1To
& & BICEMERERORRREMEA VIRBNEOND Z L 2R, O, BRIES
B ERO= rVARICERT S LR UL ERE. A VRFLERR BT 2 & 035
ERER SN, BRREGICELI—EOTROKRENHR EN o, ZORRELEEZ
TAMOBEE= > r VL RIIC X DFEEMEA VY ILRBDOER Y 0t Aa%t BR
L7=OBRR 12 Th2, 54 EED [ARKE] Tk, ZOZE#BREOELEIZE
LTS, . PAEELTARLEAERE, BREY LV 20T,

P B EBGET UL, REREEEOBCKEAR & A Vi, BEL TOARSEOR
BHRNAA I ADTRXNF R AEIRORRE M Z RODE ST Z LT DD
FHREDIRNL ZATHY, K=y ViiR(L 7 v X35 BERIZmITT
BAT v TOWRE, WEELTMZONDZ LITRD,



[ TN W

ARRERR|  JSU74MEE
(T i) (G &4

P | SR S U O O S I e Ao d
22 M 26 2 30 2 24 26 22 30 22 24 % 2 30

#8 (B
¥) w%&
RROESRY WES . e
SSE (I aEe \
AEEE (T892 ST (BHEY—)L FE)  well
SoEE (GEN) SWE, WAk, mag, 58

EE

St (SERIRY -V i)

=503 (D: 42 nm)
AY3, (D: 2-50nm)
¥90% (D:)50nm)

GREAZRE, SRE

26 (CuKa) 26 (CuKo)

CIE 1E, @35 2 BRRORERTEHRT

3 270fL{04nm<r<lnm)

o N EE
E - Mt <7/———'m%WE
AFIBW, HARS %ﬁ'ﬁ 7 21l (r<0.4nm)

Ll “*E Ieiiite =L+ 3, (1nm< < 25nm)
Hﬁé, WE%’—E < 7uvil{r>25nm)

1-1 SRt (BT TAVIBI (RERSEE) ZHO iR



KBkEgHEm _ Ni &m =R

A # Kt > ke T

(CH3C00) Ni = 4H20

N U5 —iRe

SR

12 BR-ZvTIVRIRRIE L iBREX VARKNORARGILTE



B R

D /ARFF (1999) BARTFRAVF—FEEE, 78(4), 232

2) g # (2002) ABFERES, 48(4), 217.

3) R M (2002) FroxnNX—KREH, FH—EE, TERES, pp. 310-32L

4) $5K fb (2002) A FTANV KT v, BERZRNVE—ZEE, A — 54,
pp. 116-124.

5) A f (2002) AHFIZE, 57(11), 500.

6) gk L (2003) BAMOKEERIIEY v —F 1, 26(6), 20.

T #k f, WWHEER, AKRIHETT (1985) AFEESES 31, 595.

8) #wk b, B, RIFEIE—, WWHEEXR, AMIET (1987) AHMFEREE 33,
423.

9) T. Suzuki, T. Yamada, T. Homma (1992) Mokuzai Gakkaishi, 38, 509.

10) T. Suzuki, A. Katagiri, K. Kobashi, M. Funaki, T. Yamada (1994) Mokuzai
Gakkaishi, 40, 640.

11) T. Suzuki, H. Minami, T. Yamada, T. Homma (1994) Fuel, 73, 1836.

12) T. Suzuki, J. Iwasaki, K. Tanaka, N. Okazaki, M. Funaki, T. Yamada (1998)
Fuel, 77, 763.

13) T. Suzuki, Y. Imizu, Y. Satoh, S. Ozaki (1995) Chem. Letters, No.8, 699.

14) gk &1 (1997) {LFIH, 61, 448.

15) T. Suzuki, T. Yamada, N. Okazaki, A. Tada, M. Nakanishi, M. Futamata,
H. -T. Chen (2001) Materials Sci. Res. International, 7, 206.



B2E AMOBER= v rAERIC K AEEMERBORLE

2.1 1ZL®IC

B 400-500CORILTE LN AARRITIRE, Z2HLE THERETHS, BT 2 EO
HHEITEARIBITAFRTH Y, BB, FEh FREM. BEM, BeAs
ELTORBIZDRR->TnE Y, LivL, ZOMAESIIRE S DELE 20m PLT
D7 vl FLER 2om HF) X2 TEDLNTWD *OTELSFHEDWEIC
W LTV, EORIFMEE, RIGEE % 900°CLL Rz EiFTH BET REEH I
DEBITTIFZEAVEBL L P, —FthE OWEITHRE OB - TR
BB, 900-1000°CTHE LD R THIERRBNOERIND Y7-DIC&BIE Y
OEEBMEEFLRN Y, 207 L% 900°ChH L 5 RERRL THARROHFAILRIC
BRESFELRNWZILEZERL WD, I EITRBRIICERR= > 7/ 4 Kifk
(CH,C00) Ni * 4H,0 Z7KESIREE THM L= A D 900°CiRIL CITEEMEDRE SRR S

(T FR5) DBIEANCAER L., ERL-NVOBROE—/ R EMS LIR) MEEEE 3
B2 9 T BRaOMEMNERES &R T= v FVOEVEBEE I S AR RO
MG 2 R E S BIL &R, FIUT K- CEMEENSE SN 5D TR 5 5 28,
TDZEIFEERBETH B,

Z ZCARETIE, BMRTAARKROMER (REBEOFERNE L MBS HEERG
HFCEDL I RBREEZFAONAET D L RICHEEEDA VL (LER 2-
50nm) fRFBEDELENFEENE 2 hERS LTz, ORI O oHiERB N HED
WZAERT DEEREPHL SN, T BOERD A VAOFBELRT LW S IFEba 7
WRRSHER SNz, UTFIZEOMEZ RS,

2.2 £ B
(1) BRBAST

415~ (Larix leptolepis GORD) A& ¥3H:L T 0.50-1. 40mm RIRDOARH %
TR L CHRALHRFRL L LT, 800 CHRBEERIE & L TRDIZE DR EIL 0. 15%Th
V., TOTEEREREIL Ca, Mg, Na, K, Si, Al THotz, [ROETFKIZEREL,
BEFREHETRO -2 5 O& BRI Ca0, Mg0, Na,0, K0, Si0, ALO, & LT
FhZFh42.6, 14.9, 6.8, 11.0, 14.1, 6.2% T -7z,
(2) = v ZFNVERIE V7 BDLETRN ‘

=y FVETBRE L LT (CHCO0),Ni « 400 Z AV, ZhxBEmb L< ik
(CH,C00) ,Ca * H,0 & T RUIBAM FEHIKIEREBIETHM LTz, Ni & Ca D%
IMEWIAMIZHR LTENEIL 1, 2, 4wth, 0.25, 0.50, 1.0, 1.5 wth& L7z, &
N AOIENNE T B DERIIKRTT 5= S VOfETEEE =2 b a—d %
BE)CITo72 7, EBEERIOKITe —F ) —x AR L— & —fCREME (20~
30kPa, 30-40°C) LTCEREL, 2B, =y VEREM, =y v vn
OILFIL, LM% Ni-, NitCa-tEE L7



(3) R1k

AREBRIZHAN T RALEEL™ 2-1 IR LT, Ni-H2DWE NitCa—REHHg 28 2 X
TV VARRITERY . ZORG e AREEHEIRGERICE ., ORISR DR
BxDO~Y T LAERS (5.9, 11.8, 23.6, 47.2mlSTPem™min™) 5, 10, 20°Cmin
DFIREE CRTEIREE (700, 750, 800, 850, 900°C) (ZMIZAL . 0, 30, 60, 90, 120min
R LT, HBOT-OIZRRO QR Z RUEBAR THITo70, 2 b OR{EFITH
ELTEE, fEE, TWEREINT o7, ARy 7IZHE L, Rz oi L
o ZOBMEOFEMIL, B 3 BIIBRNTH B, KEEHEITOWTIE, b LERIANA
FAUSRIGIREEIL 900°C, ~ U 7 MK 23. 6mlSTPemmin™, FEREE T 10°Cmin™,
REFERIL 60 HTh B,

(4) RBOFERME, REHE, WSS

EEAER ORI OV CEOKEIRIERIMEEDOINEZ RO, X AREHT (XRD,
Rigaku RINT 1200) &-196CITi51T 2 EROEMELER (ThermoQuest Sorpmatic
1990) DPEEIT-oT-. XRD TiX CuKodik% RE L CREBEDE I FHOIEEERT
& Le LEMRR 002 2707 7 A VInBEHE LT, [JER CY—7 ALBIZRBIT DA
ESTT77A4 b, vrFeor—s WIEE RPT HEH L, ZOELRFBRERELD/S
FA—H—L UTHW, BONERRESRRIIOVTIE, BET ¥ P& BJH &
V%W U CBET £@FE (SBer) , BJHRMEFE (SB) , BJH &MFLEME (Vo) , BJH
R RIEE (Vi) , AVILERE (m) , <7l (FLUER 50o0m LA L) BE (Va)
ZRDTz, B OWTIE, Vi, Vm, Va OFFIN Vt THD, A VDT A
— & —& LCL, Vm Ofi SBJH & SBET DY Rm & FoR) 9VE & VT D Rv &
FoR) BV,

2.3 FEREEBE
(1) RBEFERIIZ L D A VAR OER

[X] 2-2 13 Ni2%FEEARFA O 700-900°CRIL#D XRD 7 7 7 A NV Th B, 26° DL
BEHOSL EIHRANTER 4 X 51z, 850 & 900°CTIE T B BNHEEITART B,
RN TIIBER O T X 912 900 CKRCHEBERRE L E X5, 7283, 850 &
OCORAH TITH 42° (/P& —r 2 B2, BEEFROKETFE (la) b
WRKTHZELERLTND, BB, EBR=y7/MILd 4 & 51° OEHFE—7IZ
RIGBEREWNEE VY —7"Thb, £ 2-1IZFE L O [c & RPI IZESWTHIZE
+5 1 850 & 900°CHNi fR1Z &5 B b 50-800MHz {238\ VT EM EMS L1 ? 30dB
#EED EHESND, Ni ROBROBPEZREROX ¥ v 7%, P/Po (BFRH
JE) 0.5-0.9 TEEIZERE S RoTr, Z OFMEITIEEEMItE-> T A Y HLOBEE
PERTDHZ LB EERLTWS, UL, BERMER TSR ? b FHEEh5
EOIZ, ZOLD RBBIIFBH bR o7,

¥ 2-3 {345 7o Ni RODRAVGIEEEICHE S SBET, Rm, Rv OZEA{LZER LTV %, Rm,
Rv DEBLLTR LA VHMED SBET ORI - THEMNT 2ERNCH 53, Rm i
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F2-1 =v T IVRDOINZHE, Le, RPI L HERIERZ > —/ RIERE

Carbonization Yield”  Lc RPI” EMSY

temp. (°C) (%) (A) (X 107%) capacity
700 24.7 <10  -—--- impractical
750 24.4 <10  --—--- impractical
800 24.2 79 4.33  impractical
850 23.8 91 16.7 practical
900 23.2 86  20.8 practical

3)Dry ash-free, nickel-free basis. P Relative peak intensity,
see the text. © According to the criterion that Lc > 85A and
RPI >15 X 107 are required for practicability. See the text.
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—O— Ni2. SBET
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- -A- -Ni2, Rm,s
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0.25 I ] i i L} 25
—@®— None, Vm
—O—Ni2, Vm 1 20
0.20F —a— None, RPI
—/— Ni12, RPI
115
50151 Z
g iy
N 410 x
E S
> 0.10F D
15
0.05F j/j/ e & N 10
O MA —5

700 750 800 850 900
Carbonization temperature (°C)

X 2-4 Vm & RPI ORAGBEICLE S B4k
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900°CIR T 100% %82 A5 D THREY Th o7z, Rn [ITmAFRF ¥ —IZx LGl &
NTRY O ZoRF A—F—RBEHE LBROOIFERT ¥ — KRR TIIA VIO
RN B D200 b5, Ry 337 A—FFEHICESITHE, 0
RO T & 0 BRI 850°C R, 900°CER™D Ry & SBET 232 FH 83, 76%, 188
& 15Tm*/g T, KRETHRIE LIZARBEOFREA VHKE 2D 89.7% Rm OfHE) .
174m’/g \ZIEHRT B2 L THD, ZDZEiF, I BO= w7 VR TR
AUER7R U CHo 7 M L IEMER D K 5 72O B ERE &\ D TITHERE A EB T X
T Z L BFEFEL TS, EMHRERBREBAE &L 72D ZOTEMITMED b 2 ARRD
BLEI IR RN T A THAARMOF AL I bICIRTHZ EiIZhsA5, H
4 121X Vm & RPI % RIGIBEICR LT ry F Lr, = AEINIZEBWT Vm 28
SBET DI N2 DS B IRIGIBEIZ - TR T2 (K 2-3) DIEI 7 nflidEfE
LTCAVHANRTEDLZLAZERL TR, Z0Z b MAEEDRENERME
S ERD T EPHERINL, ZORICBE LU TREORRILE A Y ILORENE
BRBEREROZLICERTAZI LRI VEETH D, ZOREFANC FEREO R
[ZDOWTE, BB CIIEEREBIIRATH S, ZOMBEIISHO S LR 558
Lo THRAShAZ LT 5,

m%%@xy%mﬁwﬁmi &G

< SRAGIBEE & Ni RIIE D

X 2-5 \ZIENi % 1, 2, A% L7=AM 065572 800, 850 XN 900°CRIL
O RD T A NERLTND, NIZWZOWTE, BCR~-8Y 226" o
PR DI SN 5 K 91T 900°C i 850°C & V) BRI L —/v FIERRICAEYS 4 5
BMEZEBT L7200 T o bo ERINCART 55, 800 CTIIA+72Th
oz, ZTHUL Nil%, 4% THEEITHY . 3 D0 Ni TIEIT TR CTOEREIZBNT
ZOEITHIREICRE 2B E 2 o7, ZORITIX 44° & 51° O&B=v 7
NOFNE— 7 BB, 6 DOBEIT—RIZZE D Th D L I =y FAVEIEIZ
RESEKFEL, BELE 427 28D 5 1| DORBOFEEERTRICET D/
S —201%, 260 OY—7 B IOEIMNIE THEMT A@ERICH o7, B 2-6 D
(A) 1 Ni2%IHRI L 7= A0 5 00 800, 850 TN 900°CER, (B) 1& 3 FED Ni HRANAS 2>
50 900°CKRNDERDOEMELERERLTND, WBIZRLID X ST, P/Po
BBLF 0.5-0.9 2B 2 2OMBOF v v FIEERIFERE LR, A VO
EIENEEEME TR T AL ERLTWS, LrL, 850 & 900°CROEIL
INED 0Tz, ZOMIMEEDOREMIZERD T BoDA&REEITEBY, Nil%, 4%ThH
DX DN RD B, 30D N IINE T B) Mol s & 91T,
B CIREZ HiE A Y HEEDBE MIFUT ERE R OO TR o0, R 2-2 32
TO Ni R EEIRINRORIEOFERME S HABECRET 24 RE L KT L D
bDThHD, ZNHOT—FNHIXLLTOZ LR sz, O800CIT=v 7
IWREE LWEIREFRET AIHMEEAE 5, @9007Ci% 850°C & v kA VLR
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' Ni1% ' o
| 900°C.
@ | i
§ 850°C]|
8 )
N A \ 800°C;
| Ni2% |
N\ L 900°C;
-
wed
@ ¥_Lf . 850°C
g1
= 800°C |
™ \-———J\,\ i
I : ————
g_’ Nid%
N L ‘ 900°C]
| JL ‘ | 8s0°C]
— H | 800°C
40 60

20
20( )

2-5 Nil%, 2%, A%FINU7=AH 0> 5HFH5 L 7= 800°C,
850°C, 900°C/R™D XRD 712 7 7 A Jb
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200 i i i f ¥ i { ]

N, Adsorption Volume

=] ~—e—Ni 1% (B)
E —e—Ni2%
= L ——Nig ]
100
0 ! i i i ] 1 i I
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

PIP, (—)

X2-6 R DOEZRIAEZIERL  (A)Ni2%ERIAK 2> 5 FHEL L 72800, 850,
900°CjR & (B)Nil%, 2%, 4%FIMAM 2 HFRE L 72900C
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#2-2 HBbohi=R{IEHOPREHER

Ni Carbonization| Yield Le RPI | Sser Vm Rv
loaded temp. IC | /% A /103 |  Inflg lcm3/g 1%
None 800 24.1 — — 392 0.009 13
None 850 23.8 — — 288 0.020 48
None 900 23.8 — — 237 0.011 16
1% 800 25.3 90 7.20 267 0.055 68
1% 850 25.5 96 18.3 | 159 0.153 90
1% 900 25.6 101 23.0 141 0.154 74
2% 800 26.0 79 4.33 315 0.058 - 77
2% 850 24.8 98 19.5 171 0.177 79
2% 900 25.5 101 23.4 140 0.203 71
4% 800 27.9 63 2.96 263 0.030 52
4% 850 27.6 91 17.1 177 0.168 83
4% 900 26.7 95 18.8 112 0.204 86
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REUEDO R THAITH S, @RPI & Vi DIREFIETA B, 900°CTiE Ni2%as Nil%, 4%
L VENTWA, @Ni R T SBET 1T Vm DI BT 5, GRPT & Vm 134K Ni
RCBEWIE#ERBREFE LTS, O, @, @@f_ﬂamz):a 900°C & Ni2%2s B
FHZH S LHr STz, @, OIZO>WWTE, ®ICERTDZ LITRD,

« ANT T NILEINOBEE

ATTEOHEIZREY, 900°CE Ni2wZ AW T ZOREZERD o7z, 2E L LTH
U Ni &ET80CKRILBIT o7, M 2-7 £-81XFNE41 900, 850°CPD Ni+Ca KD XRD
Tz y AN, B2-9 £-10 iZFE U NitCa ROEBZOWHEZSER TH D, K 2-11
L-12 120 Ca HIFMNEIZXT T 224 SBET & Rv OZ{k, PRI & Vm OE{LAR
L7z, ZNHORMNLGDD L 512, Ca EOHEMIFIREEHKIZ R, RPI, Vm DIF
ITHEERED L SBET DL oo T, AL AOHTRINTZF L SBET OBEAMNT
DIRPoT2MEINIC X > TRBOFER(L & A VHIALOREZIH L-, Z ORME
850 CRRILD TN 900 CRIL L VEEE ChH o7z, EVVEZL D LB N T T AT
Ko TEIEEZ SNAFRFIMEIE 900°COHE R 850°C LV /INE ot Tk 900°C
RICBFE LN DB D 1 ODFHLE 7259,

-~V T AR, FIEHE, (REREOEE

AU Y AREEZTLEETHEEDOIRD 71 7 7 A )V & BREOE BSR4 Ni2%
+Ca0. 25%ENMABNZ OV TR E K 2-13, -14 L 725, [FU Ni+Ca FIIAMIZD
WCIMBERE OREA R LI LONK 2-15 &£-16 ThH Y, R OEEL Ni2k

WZoTHER LT ( 2-17, -18), ZNHDRERE T FoOAER & MFEEIZ oW
TEEDELONRFE 2-3 THDH, ~UULARETIE, REOFRESEMEE A 2 MFLOM
A3 23, 2ml STPemmin™ & I ARZEIL 2V E OO 11. 6mISTPem ™ min™ THRK & 722077,
Ni2WHIITH 11.6 & 23.2ml [ IMORE L W ERThH o7, FIREE 5-20°C/min
DR OEIITERZFEEL L7 b &R0 Tz, B, FA--#H CIIFREE XY
Ny AOTE, FERIFTID D BT = v SV ORMBEENR A TR T 51 EERTIE
72<, 10Cmin? THoTHD Z LBl bhoTz, SHFRENIREHRF RIS R FIEA
® 60min E TITEKRREELRIFL, 0CHRGEEL LTHEYTHD Z LI
BENT, &BIT, 90 225 180min F CTORFEFERIE PRI OEN/EIN & SBET DE
DRBD > TA VAP D=7 B ~DOpR ) OBEBZFEELZ Lz, Y0min LA
LOHRT RPT 2MEMNTHEM L, A VHRRDON Tl a3 EEICRETHIZ &
XA T AIFINCHRRRICERI SN, #oTA Vb7 a f~DEkIT
RBOFERMIERIZIE E A EFIE T o T2,

U EORERN S, RS MEA YV ILRBOERITRO OGO TE
RENDZ ERELM SN, Ca FERFED le%#%ﬁu RAGIEE 900°C CHRRFHF
] 60-90min, ~VU 7 AJEE 11.6-23. 2m1STPem min™, HIEGEE 10Cmin’, if_
FROTDER L A VAR BOBELREMR LSS, Lo LEIRBNCRIER0N
BERZ L, FPARRTFPRGEERZ A L2070, A /n&-fH?Lrékﬁi%@n%aa{b
M E 5 LCEERBREETHIONERETAZ L Tha, LLTOEMILZ
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10,000 cps
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200

— Ni2%,Cal.5%

—— Ni2%,Cal.0%

— Ni2%,Ca0.5%

— Ni2%,Ca0.25%
— Ni2%

N2 adsorption (cm7g)

0 0.2 0.4 0.6 0.8 1.0
P/Po (-)

2-9 CaZ#HFNULRE 900 CZwTIVkDERBHRSER
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200

— Ni2%.Cal.5%

— Ni2%,Cal.0%

——— Ni2%,Ca0.5% ‘
Ni2%,Ca0.25% J

— Ni2% ,«jﬂ

N2 adsorption (cm¥g)
=
-

0 | | I |
0 0.2 0.4 0.6 0.8 1.0
P/Po (-)

2-10 CaZH#iFNUL7= 850 C- v TIVikDERBRKSEE
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SBET(cm’/g)
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RPI (-)
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Peak intensity

| IOOOOcps J

Ee 23. Zml/mln

o b e

t

.

Ee 46.4m1/m1n:

Ee 11.6ml/min|

A He 5.8ml/min |

60
26 ¢ )

X2-13 HeliBEZZE{L L7=IRROXRDT 2 7 7 A )V
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f I

—o—  He 5.8ml/min

—— He 11.6ml/min
——  He 232ml/min
— —  He 46.4ml/min

(\»
-
o

e R

100

N, adsorption volume (cm3g?)

X2-14 HefEBZZLLLIBOERRGEESEE
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.

Jx 20°C/min

10°C/min

5°C/min

0 20 40 60
20 ()

2-15 THBDERICRIETNRBEDOEE (Ni2%+Ca0.25% il
AR# D 900°CHk{E)
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200 J 1 1 |

20°C/min
10°C/min

—  5°C/min

N2 adsorption (cm”/g)

0 ' ] i ] ]
0 0.2 0.4 0.6 0.8 1.0

P/Po (-)
2-16 EBFROBMRSICRIZTNREEDRZE (Ni2%+Ca0.25% &0
R¥t D 900°Cidk)
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Peak intensity
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_ 400 — , J
S0
i HT Omin
§ ™~ HT 30min l
@ — = HT 60min ,
. —— HT 90min I
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> 200~
=
=
~dd
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=
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0'3‘; | [
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K2-3 ~U U ALHE, AEEE, REFROZE

RPI SpET Vem (cm3/g)
(x1073) (m2/g)  Vmicro  Vmeso Vmacro
Helium flow (mISTPem *min™) 2) x10°
5.8 18.5 114 0 0.186 0.098
11.6 19.6 112 0 0.182 0.100
23.2 175 139 0 0.180  0.080
46.4 - 16.0 138 0 0.149 0.020
Heating rate (‘Cmin™) a)
5 17.0 130 0 0.165 0.060
10 18.0 139 0 0.180 0.081
20 17.6 128 0 0.177 0.087
Holding time (min.) b)
V 0 6.83 305 0.013 0.047 0.087
30 19.5 145 0 0.190 0.084
60 23.6 140 0 0.203 0.085
30 23.9 139 0 0.222 0.104
120 241 122 0 0.210 0.402

a) Ni2%+Ca0. 25% D AM CEHE
b) Ni2%D AR TEHE
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b 2 DORPEIZERZR > TITV, = 7 VR ORI il 7z,

FHEE Y RACBEIIRBORRILE A YV HEEEFEHT L0 ORERICEE,
K+ ThHoTo, TDOEFEMEIIE DN BINE T 850 & 900°C T+ TH D23 800°C
TIEHARFR LW ) =y I VOMBEHR OB EERFEIC L o TN EShE (K
2-5, -6, T 2-2), ICHR 1 LT IUE 900°C THOAH IRE RS LT A EMER
EL LU THEEREETHS Z LIIERATNEZLThD, ¥YRDZ LN LEDE
BRICORINT= v VOB IS L > GER S e, L L, Bbhi
ZHRIZBE LT NI BOBWIZEEEETII R o7, TOERIE Nil%ss, IR
HERTDHEBONRINTH LTIE 42 ET5E LThH, FREAMTRE E
FaRE L0 TS, NilADOIZIERE L 2 23RIE= v 7 VEIBRESKIF S A HE
BNICEOBT A2 LiCh¥T S ¥, MBS D EOBIEIETTA0T, %
OBREROEIMI LT UIETRI v /ha, BETTH 2L bd 5, JIUI N B
% 2% (RAGHEIETH 8%) . 4% (RILADEEEETH 15%) ML THIZEALER
TR0 TeZ LITHT 28 L LTI 5, SEOBENTIEE b, Ni
EOEBIINISLLT CHRREICBRIZILE 5, EARBDOINV T AEENE Le & RPI
B SED ([J2-11 £-12) EWVWORBROEN CThoTe, b T B DERK
2% DR0E Ca SHFRMENLEIOY 7= BRI TIIBRISh "5 Th
Do LML, AMRICNCEET 25 BIORTITLT L HBEETE 202 & TIERYY,
AR OBEFRGB = Vil 7 ae—F— b UTHaIc< L v 5 Eom R,
9% Ca0. 256 DAMEN L DM THRSL ZBBEBHZ LEFRLTNWD, Iy
AOFEITEZ In PR IZE S THRFTH o728, ZOEE L BRVWHIRIZE -
TRRRBOER L A VHIEEDFEE) SBET iz L CRRMTclR-.5Z &
PNEHEGRCTEZ LITZETh o7, SBET OEMNT Wi, Vm & Rv & OFHAES
BREZBRTH LIV OIPBBLTRA VI o TR E LTHRIREN D, ZOfE
U235 BETY, BJHY O & BB LRV, TS ORESR X3 100m
DA —F—IZhH ) A VHOERE T EHOT, REOERLIIA VHRFEELS
B8O IEEERENDI THA D, T BHDERD SBET OB &3 &EITZ &
HEET BV, T D ORI IR R E R L LTHRIEE 2D 3 DDBIAR
DFFBIRBEBRICKTT2D LWEBA LR D, ENOIETELA VIR~ o fLUICBAT
TAHHPETIE T BT EAEHRE LR (& 2-3) LW RIOEEARFA &
2B, ZIZT, L<HLNTWAZ ETIEH AN, FFHEREFIZHAW LI ATEERIC
Lo TEEZRDMIL SBET TR A VHIAMTH D L BRRBLERH S H, REMN
7% Ni 900 900°C 1% SBET A3 140m*/g. Vm 23 0. 20cm’/g, Rv 2% T1%TH Y, ZDRD
o Z X v, AU DED L D RERG FIRT DRERRINILH & EHFOMFR
W JiuE4r B SR D, 2O ISR CIIEEMN L AR ERE AT
D EHRER BN ERICBEE Sh e Z LR BT TND, AU YV AREIZET 55K
HEOHBIIIRBERE LOERE, [BSEBDOIRILEPRERERFIGAT v 7T
HDHZEEERLTWS, 7035 5.8 & 47 2mlem™min™ 1XF N ENYEEL & TRFE®
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BERETHAIINIBE, REBEX-2 L1085, L LEORENEIEER
(11.6-23. 2mlem’min™) IZH 272 HREMNZREELNEZ RV, THITFIREE
THREThH o7, ELS 2, ZTOFREEEITE(LORER/NS VD TRILIE
ERL=y FVIRMEL VERBRETF L3RR, EITE > THBEDOARMK
{LERICHEEE TH D Z LixTh = v r VARG O B R BSE A RFET D &
B9 RTLENEBD TERTH B, REEROEEIOWVWTIL, A VDY 90-
180min D T2V <=7 aFUZEL L=V D T EHEE T XE bRV,
ZOBEBOBRYFOR ST/ o LOFRKZOH L S 2 KRT D724 505, BERE
TIEEORES F+2IZRATE R, LELERL, Zhuzs\WTid@)=v v
DIEHRT & (bRBDIENBREE LD 2 DOBEHNBEZ DD, =& z(@)hE
TeHBEAThH->TYH, FZEROT—HIIRED= v 7 )VRIF~DUFED DK
TOERET HITIIAR+STH D, DBRERTHDIRHIFIGEEEEE LRVRY
IREBOFEFHE Rz S T D%/, T sy e A VIHLOBROMEEICI 2 T Z ORE
EIVELLEVEI IR EBIIBRNAMETH S,

2.4 BbYIiz

AN Ni % 2%REEHE L TR L% 900°CTRILT 5 L&D X Y FLRENH
B EPHLNTRoT, TOMKERE Ni BIZ L AEMIMEED —TiieRED
FERRIE, A= v o VBRIEERA YR O M & AT A T THERR &2 & 3ETAH O
REMFBA & L COBTENICEOEELZEAT2b0L 259, TRETHDIRD
JFERD O & E BN L IRIEREREZ RIFHCE T DHREME D B B ELE S 7= FlH3 720
LR BRORBMCIR IO TRE A B A D Z L PREETH D Z L A BT 5,
IO EEFRFEEZ D E ZIREIAM S L UIRBERFERHC = v 7 VAR 2 5
FEAERT 5 2 T CTBIE (LT A RBIOERERLERE I Th D, =v7rren
S RIS ARE D =— 7 e fREE A B Z I L, A OB i e LToET-
REAESIEXH Uiz Z SITERMICERIREOD, o HE L7z &9 BERICE
- ARREEE 5 2 B T DI EBROE R E ERARE S 0 ITBTZ ENER SIS,
EEMLRERERE VD Zo0EE. HREEFINAT A REBMBOE—FEME L
TIRBEBNZITONDD, ZOBEBLNARRKIL NI OEINZBRE L TREM
TR LT 5 Z L2255, B (Rhfk) B L WHITEEZEDLIZ LT
ARROMERIZH ZRRE(LT 5 Z B FRIN, ZIUIRRBICESL > TER T
IRWVEEREEE UTHELAETAUNERD S,

& SCHR
D 84K 1 (2002) NAAwANL RT v, BRTRAF—FESRE A — L4,
pp. 116-124.

2) dkAtERE, WAaFEAE, Fiufez (1999) Rp54sE, 45, 171,
3) EEARET, BEFET RU & (2004) A#5E2EE, 50, 106.
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BIE VT IV —AhbORREEA Y RROBE— T, TRIEFOZR

3.1 1ZLwiz

U7 =3 n—RZRWTEERRKAREIRTHY . £ OHRIFIAITONT
IFINETREL ORBERDH D, ZNFETY 7= OREGIEIAM O{LFER) VT
BB X VR s, TOREENODOENE =7 U— NI, TREFH, 283,
TEWEM, EREOTE, BEEHL LTRHAIRTWS Y, L, £5 Lk
FBITBEMRI A OEE B L T, L0 DITREO SV REITSEFAZE
LTI OESDERETFo TR L TH D, BHRLARTIERBARVOI,
B DEIR SN V= ANIFERIOBENE LSEE L., £ RKIbRs &
DLBENAREE TR OVRET 2S00, UENEELWZ L Thd, it
T, FHERWVEBEThHo7= L 512, BfIMHELRDICERTEAL52 V7
=V OGRS B EEEESRE SN ANER D H, TO LD RIIEND, MG
Lo TRESNMBEL 7 = ) —VEHWD U 7= OFBEE Y BEaE R &
REBEEZEDTVD, ZOHEBEZ, ZoFETELN Y 7= K 3-1 ITRL
BRSSOV V) 7= /=N (AP)e) T 7 vV —v (IC) —RZEDLE
HABERCH T8, (WFHRIGHE, AHRAITTIRES L ER LR, BYRFRIZE
o CEHSBEM B NGRS N A FREENE WV I TH B,

DX BRBEENOAMECTRA = v VAR R(L ©% LC ICEA L TREOHR
bERS, MOBHEY /=0 b0 T ROEREBOEN O, FRU DA IV
T AD=y VIR BBMEEER V. = v SV BRI VT T LOTRM
B O%53HE L C 50-800Miz 2BV TER L-YLVOERE L —/V R (BMS) MhREE
HT 5 LC ROBEEIZRTI LT, B S CIIfROBRB CHER T 2B RNED 1 4
TAMUESETAHARBE IC 1oV T Nid%tCad%bZ M L CERKFHE S
(15m1STPemmin™) ~C 900°C-1h RALAITZIL EMS A T B DME o 00 b3
M LTS, T T BiIAst T pedy & BN IRIERE R L B T 5 A Y FLR
R PoOREEENRD D, £, LC B T BED EMS # & L TOERBG L CIImi
(Tekifk) BRSO AND (K 3-2) OT, ZNHDOTERIZL > THRED
FERECHABER O L )BT A0 MBLERD D, 2T, RETHEE
KUEE b ki kA%, kI L-ERTEE 1 0 LC IROFE MM & MIFLIEE 2 3072,

3.2 % B
ZEREREFIFEEERGEOE / H LC (T FOREO Y= F L= —T VIER
B, SEHE1.89%) % THF (Z¥AfE L. Z T (CH,C00) Ni - 4H,0+ (CH,C00) ,Ca * H,0
KR AEMZ T —& Y=z R L— & — G L, Ni+Ca #h0 LC (Ni, Ca &I
Iz 3wth) ZIRMMU7-, BEEERE - ORENY 3g # ATV LV AREICERY,
FHEFSECB LT N, KT (15nlSTPem?min™) THEL (FHEEEIX 10°C/%)
L. 900°CT lh fREF L7z, BONRIMIL, BEEXRELEA ) VIS TER
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-OH
-OH -0

=0 B=-0-Alkyl P

—= o enol or cresol
-O-Alkyl _0-Anyl
-O-Aryl

1,50,

OCH,
_—O(H)

B3-1 RKrsHEEchdVI /D2 /—IV (R=CHs
TUIT /oL Y—=)l) DBHIEE

& e .“Oo B o:"- WERR

‘ .‘ I NA 5= -
i (i) ik nilod =R REMRR @ &

NH-Ca —-b» BER

B 32 BREIhIKREXAVIARRORGBILIE
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7 CEH# L. ROTZOMBETY ) —VRT ) —& LTEERAR—L I Lh
T 30 St S OIZEMR L7k % IM FYER P IZERIR T 24h HHHRIRIE L 7=k ik
Uiz, T BHKRL, B0k, BRUESERIZ W TSR (50% A D7 U£8) . Ni
b Ca DEFE., SEHEEFAEL., &51T CuKauftBIT X5 X BREHTE 77K 12
BT 5 N, REEERRREEITo7z, BoIiz X 70T 7 A Vinb REBEDIFY
TR Lo, JBMIEERE dooo, Hhi'— 2 3REE RPI (26" fHEQEWEREE AES T 7
74 M BUFOENTEISE) %R, N, WS ED> &% BET HEFRHE R SBET,
BJH EIZ L AREHE Sy, SMFLAERE V. A VILEE Wes, <7 T FLIAFE Wac %
BHL,

3.3 MEREBE

B4 3-3, 34 iZThehlapihr, bk, (CERGHSMRIO XRD 7 7 A, &
FOWHEBELRBELRLTNS, KR a7 7 A A0, T B0 RPI (Hb)ciXa)
LR LTS, () TIFE LR LIZZ E083005, (b)TiE Ca X Ni iy ®
-7 BELRTTE0T, T RODKEREETIZNVbDWS AT & I VR
EHbDLEFAIND, (CNUTELER= v F/VITHKTD 47 & 51" o —7
DFET DRIV T MMCBERT HEPTHRIIFZERICHEI L TEY |, NI OREIX Ca
B DFNLIVEE LN L EERT R, WITIUZLTHINOOEBEDREN T
Ry DFEERMEIZIERIZ D723 o T 2 LIHENTH 5, 7238, (), (bIT CaS DE—7~
MFRD HIVD Z EiE, RIEHRIT Ca MBHHI L LTEIE Ni OFEHE T4 %
BHELTWD, —HERORBESERII)TIE P/Po=0. 45-0, 90 DFHZRDX ¥
D TBPPRYRENZENG A VIRBWEIE CTHFEET A Z &E8bnd, b)TiEz
DIEFED X v v 73> LT P/Po=0.90 LLEDF ¥ v 703k L, (c)TiHb)OiE
BN L HICBEI L= & 5 AR L., 202 LIZFNThILE DK & HiFL
NREOHEANEEITR . o712 L AR LTV,

# 3-1 (ZiXa), (bl (CFENFNROERE, S EFE. Ni & Ca DEFERUR
RGeS L REE A RICETARREE LT, (@), b, (C)DFEERIEIL
LC RNLEEIDFE LSV &, bz 2 g SR IiThbh e hotz 2 &
BALES T OBENE Z o 7o 2 L 2R LTV D, @)D S EHEI LC FHOREE
HEDOA ZUDPRIEMIZEAEZOEEEEINDGZ LEZERLTRBY, Z0A
F 73 L U TH RENTRE T 505, BBEEIZ L - CIRTERIIREINTZZ &
(2725, Ni & Ca DEFEIL, (b)Tid@) L v < Ue) CrisEzg sl Li=s3,
XRD 77 7 ANHRT L DIZ(CNTiE Ni DEFHEYIIEEFELTRY, Fa)é okt
BT Ca OFEEFERIT W THAHDIZH L NI OFRTFERIT 350 & EHEmh o, REORE
FRPEIZ DUV THE, (@)D Le & RPT I EMS BB DEFAEYE (Le=100A, RP1>4.5X107
T 50-800MHz D —/v FZhEIL 30dB PAE) WEZ U T L, (O)Tida)lk v HENIcE
WV REEPED D = L2725, ET2, (2)D Wes 1 0. 17cm’/g THRERD A V£l
JRBED VMes EIZIEHIL 12, LCRIZZDOFETHRERMED X YILRFZTH B, (b),
() Tl(a)& ¥ ViMes, VT 23EHN L CIRABREBEMSER T 2 L T3, 728, K 3-5
({25 2 T AL LA O BMR DD L 91T, (©3b)E Y VI, VMes D3R E
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® Tat%
A (CaS

A Gal
O Ni metal

B33 UJ/oLY—IviE@ER, bk, BBk
D XRD 7O27 74
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ZEZREE (cm?¥/g)

40 - . . — .

—e— 0%
300 |- e B

——— B P

200

100

X3-4 U7 2 v —R@)HbL, (b)/isckE,
(C)ER BT ok > 22 B i 5 45 1R B
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K1 V77V —/VEROMAL, AL, BITEER OSENR

B TR A4 UE EREHE Le doo2 RPI

(pm) BE %) Ni Ca (A) (A) (X107

Ok 17.9 4.5 11.6 7.9 96 3.42 7.5

i A 5.9 4.4 10.9 7.5 94 3.41 6. 4

[ e G A 10.0 < 0.1 3.8 0.4 99 3. 40 27.5
- SBET SBJH VT VMes VMac
Bty (m*/g) (m*/g) (cm®/g) (cm®/g) (cm®/g)
kI 112 136 0.294 0. 172 0.122
wookr 104 117 0.525 0. 275 0. 249
FRYEI L 164 162 0.566 0. 215 0. 346
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ABSTRACT

Japanese larch loaded with different amounts of nickel and calcium was carbonized at
700-900 °C for 0-2.0 h with a different heating rate in a different flow of helium to
examine the influence of these variables on the crystallization of carbon (the formation
of T component) and the development of mesopore. From the result, proper reaction
conditions were established for effectively producing the dual functional carbon with
adequate electroconductivity and liquid phase adsorption capacity, thereby explaining
what factors would govern the reaction process. It is also confirmed that meso-
porosity developed at the cost of specific (BET) surface area in parallel with the
formation of T component. Discussion on this problem led to elucidation of how and
why the simultaneous dual function could be realized.
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Introduction

As wood is a typical renewable and carbon-neutral energy resource, its conversion into
liquid and gaseous fuels is becoming important in recent years. Attempts of wood
liquefaction and gasification have been made mainly in Europe and North America
since the oil crisis in 1970s and to data many processes have been developed."?
Current technologies are, however, still unsatisfactory in terms of commercial
operation> A chief problem lies in much difficulty of complete and selective
conversion into tar (oil) or gases by a single-step thermochemical means, thus
requiring high operating cost as a whole. This leads to the opinion that the full
conversion into fluid energies is not always reasonable. Attention must be also paid
to the prediction that petroleum is to be exhaustible about 40 years later.* When
considering the anxiety, what is expected in the near future for wood being a high-
quality biomass should be not only utilization as fluid fuels but also supply of
chemicals and materials as substitutes for petroleum.

Carbonization that is in principle the same technology as pyrolysis™ also is a
thermochemical energy conversion means in that the total yield of oil and gases
obtained as by-products can amount to about 70 %. Although the classical
technology is inferior to liquefaction and gasification in both yield and fuel quality of
the corresponding product, it has the advantage that the main product wood char is
widely used particularly in Japan as soil improver, fodder, moisture conditioner,
deodorant, etc.”®, in addition to solid fuel. It is thus the characteristic of carbonization
that can afford useful functions to the solid product. Nevertheless, the potential of
carbonization, even if its easier operation and lower running cost compared to
liquefaction and gasification are industrially favorable, will remain unexpanded as long
as the use of wood char is limited to the present state. For raising the value of wood
carbonization, it is essential to add new and more useful functions to the resulting char
in parallel with improvement of oil and gases in quality.

From this point of view, the entitled nickel-catalyzed carbonization has been
undertaken and so far reported for functions and performance of nickel-loaded wood
char obtained at various temperatures: (1) high gasification reactivity of 500°C-char
with hydrogen™?, (2) excellent catalytic activity of chemically modified char prepared
at 550-600°C in hydrogenation of CO™ *and CO,", and (3) practical electromagnetic
shielding capacity of 900°C-char comprised of electroconductive crystallized carbon
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(T component).”® Of these topics, (3) may attract greatest attention because effective
crystallization of wood carbon at such a low temperature, even though nickel catalyst is
used, has never been found until then, to our knowledge. Our recent work”
furthermore disclosed that 900°C-char prepared from Ni 2 wt%-loaded wood was
almost equal to coal-derived activated carbon in the proportion of mesopore (pore with
diameter of 2-50 nm) and specific surface area.”® It follows that wood carbon having
not only adequate electroconductivity but also good adsorption capacity in liquid phase
could be obtained. This is the first finding to afford simultaneously the dual function
to carbon materials, thus convincing that the nickel-catalyzed carbonization is an
innovative technology of advanced wood utilization. However, the optimum reaction
conditions to produce such a highly value-added wood carbon are not examined yet.
In addition, how and why the dual function can be afforded is still uncertain. These
are technologically and scientifically interesting problems deserving investigation.

Under the circumstances, the present study was conducted to examine the influence
of reaction variables on the relevant properties of wood carbon obtained. As the
result, proper conditions for the purpose were established, thereby explaining what
factors would be crucial. The reason for actualizing the simultaneous dual function
could be accounted for as well. Discussion about these matters should lead to better
understanding of the nickel-catalyzed carbonization process.

Materials and methods

Wood material

Powdered Japanese larch (Larix leptolepis GORD) with diameter of 0.50-1.40 mm
was used as the raw material. Its ash content, determined as incombustible residue at
800°C, was 0.15 %. Major metals contained were Ca, Mg, Na, K, Si, and Al, and
their compositions were 42.6, 14.9, 6.8, 11.0, 14.1, and 6.2 % as CaO, MgO, Na,0,
K0, SiO,, and ALO,, respectively.

Nickel loading and co-loading with calcium

As the precursor of nickel, (CH,COO),Ni * 4H,0 was loaded alone or together with
(CH,COO),Ca * H,O onto raw wood by usual aqueous impregnation. Loadings of
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nickel and calcium were adjusted to 1, 2 and 4 wt % and 0.25-1.5 wt % for wood,
respectively. The co-loading of calcium was intended for controlling the catalytic
activity of nickel on the formation of T component.””  After impregnation, excess
water was removed in a rotary evaporator at reduced pressure (20-30kPa, 30-40°C).
The loading of nickel alone and co-loadings of nickel and calcium are thereafter
written as ‘Ni-" and ‘Ni+Ca-’, respectively.

Carbonization

The reaction apparatus used in this experiment is shown in Figure 1. About 2 g of Ni-
or Ni+Ca-wood was packed in a stainless vessel, and the vessel was placed in a
vertical quartz tube reactor. The reactor was then electrically heated at a rate of 5-
20°Cmin’! in a different flow of helium (5.8-46.4 mISTPcm”min™) for carbonization,
and after reaching a desired temperature (800-900°C), the temperature was maintained
for 0-180 min. The same treatment was made with raw (None-) wood for
comparison. Liquid and gases evolved during the carbonization were condensed in
cold traps and collected in sampling bags, respectively, to analyze the composition.
The detatled procedures are described in a subsequent paper of Part 2. For reaction
variables, unless otherwise noted, carbonization temperature, helium flow, heating rate,
and holding time were 900°C, 23.2 mISTPcmmin”, 10°Cmin’, and 60 min,
respectively.

Crystal structure of carbon, surface area, and pore structure

After weighing to obtain yield on an ash-free, additives-free basis, the resulting char
was subjected to measurements of X-ray diffraction (XRD, Rigaku RINT 1200) and
adsorption and desorption isotherms of nitrogen at — 196°C (ThermoQuest
Sorptomatic 1990). In XRD, Cu-Ka ray was radiated to calculate the average
crystallite size of carbon indicating to the thickness of the hexagonal layer, Lc, and
the spacing of the plane, d002, from the profile. Peak intensity at (002) plane was
given relative to that of artificial graphite Lonza and the value, RPI, was also
employed as a parameter of carbon crystallization. For nitrogen isotherms obtained,
BET* and BJH* methods were applied to determine BET surface area (SBET), BJH
total pore volume (Vt), and BJH mesopore volume (Vm). Volumes occupied by
micropore(pore with diameter of <2 nm) and macropore (pore diameter> 50 nm)

also were obtained by BJH method and they are denoted as Vi and Va, respectively.
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obtained by BJH method and they are denoted as Vi and Va, respectively. For
evaluating mesoporosity, the ratio of Vm to Vt, expressed by Rv, was adopted in
addition to Vm, as descried in our recent paper.”

Results
Influence of carbonization temperature and nickel loading

Figure 2 illustrates XRD profiles of 800-, 850- and 900°C-chars obtained from wood
with Ni 1%, 2%, and 4%.  As already described for Ni 2%-wood", the formation of T
component that can be verified by a relatively sharp line at 26° was a little more
effective at 900°C than at 850°C and insufficient at 800°C for acquiring an adequate
electroconductivity equivalent to electromagnetic shielding capacity. This was alike
for Ni 1% and 4%, and the three loadings of nickel gave no serious difference in the
peak intensity at an equal temperature. In these figures, two sharp peaks due to nickel
metal appeared at 44 and 51° for all Ni-chars and their intensities depended upon
nickel loading, as is usual. A small peak at about 42° is assigned to another carbon
crystallite corresponding to the width of the layer. This peak at (100) plane has a
tendency, although obscure in these profiles, to increase with increasing the peak height
at 26°. Figure 3 represents (A) isotherms of nitrogen adsorption and desorption for
chars derived from Ni 2%-wood and (B) those of 900°C-chars from three Ni-woods.
As is seen for Fig. 3(A), a gap between the two curves at about 0.5-0.9 of P/Po was
wider for higher temperature, implying an increased proportion of mesopore by
increasing the temperature, although the difference for 850- and 900°C-chars was
small. These features analogous to those of the above-mentioned formation of T
component were observed for the isotherms of Ni 1 % and 4%, and difference in
mesoporosity among the three loadings of nickel was not so great when the
temperature was same, as can be estimated from Fig. 3(B). Table 1 summarizes
properties relating to crystal structure and pore structure of carbon together with yield
for all of Ni-chars and None-chars. It is affirmed from these data that (1) the
temperature of 800°C was too low for nickel to exert the desirable effect, (2) 900°C
surpassed 850°C in the production of crystallized mesoporous carbon, (3) Ni 2% was
better than Ni 1% and 4% at 900°C when considering both RPI and Vm, (4) SBET
decreased with the increase of Vm for Ni-chars, and (5) RPI and Vm had a close

51



relationship with each other for each Ni-char. On the grounds of (1), (2), and (3) the
Jjudgment that 900°C and Ni 2% were suitable for the purpose was made. As for (4)
and (5), they are to be discussed later.

Influence of calcium co-loading

According to the judgment in the preceding section, 900°C and Ni 2% were chosen to
deal with this problem. As reference, 850°C-carbonization with the same nickel
loading was done. Figures 4 and 5 display changes of SBET and Rv and those of
PRI and Vm with calcium co-loading, respectively, for chars obtained. Increase in
the amount of calcium resulted in an almost monotonous decrease of Rv, PRI, and Vm
with increasing SBET for both temperatures. The co-loading of calcium thus helped
to increase SBET, thereby retarding the crystallization of carbon and the development
of mesoporosity.  The situation was more conspicuous for carbonization at
850°C than that at 900°C. In other words, the disadvantage caused by calcium co-
existed was less serious at 900°C than at 850°C. This can be another evidence of the
preference of 900°C-carbonization.

Influence of helium flow, heating rate, and holding time

In Table 2, typical data are given to show the influence of the entitled reaction variables.
For helium flow, both developments of carbon crystal and mesoporosity maximized
at 11.6 mISTPcm?min” for Ni 2%+Ca 0.25%-wood, although they did not
substantially differ from those at 5.8 and 23.2 mISTPcm®min™.  For Ni 2%-wood,
11.6 and 23.2 ml exceeded the other two flows in RPI and Vm, as is not given here.
Variation of heating rate from 5 to 20°C/min brought about no great difference, as
exemplified for Ni 2%+Ca 0.25%. Within the range tested, the rate was not so
important as to govern the catalytic effect of nickel in the presence and absence of
calcium, and 10°C/min was proper enough. In contrast, holding time was serious
particularly in the initial period up to 60 min for Ni 2%, convincing that 900°C was the
suitable reaction temperature. In addition, the prolonging from 90 to 180 min caused
a considerable transition of mesopore to macropore with only a little increase of
RPI accompanying a small decrease of SBET. A slightly increased RPI and a
moderately developed macroporous structure with the loss of mesopore in

the period of over 90 min were likewise found for calcium co-loading. The change
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for calcium co-loading. The change from mesopore to macropore was thus almost
useless for enhancing the crystallization of carbon.

Discussion

The foregoing results demonstrated that effective production of crystallized meso-
porous carbon was achieved by the following combination: loading of Ni 2% without
calcium, carbonization at 900°C for 60-90 min, helium flow of 11.6-23.2 mlem®min™,
and heating rate of 10°C/min. They also confirmed a close correlation for the
formation of T component and the development of mesopore. It is more technolo-
gically and scientifically significant to analyze what factors would

govern the reaction process and to explain how and why mesoporosity was closely
related to the cry-stallization of carbon. Discussion was focused on these two
problems to touch on the feature of nickel-catalyzed carbonization.

As expected, carbonization temperature was a crucial factor actualizing the crystal-
ization of carbon and the mesoporous structure. The priority can be ascertained by
such a strong dependence of the catalytic effect of nickel on the temperature that 850
and 900°C were sufficient, whereas 800°C was unsatisfactory for any nickel loading
(Figs. 2 and 3, Table 1). It is to be emphasized that even 900°C is a much lower
operation temperature for crystallizing wood carbon compared to literature.”*  The
successful low temperature carbonization was deservedly accomplished by excellent
catalytic activity of nickel. However, difference in the loading of nickel was not so
important for the effect obtained. A chief reason for this was the unexpectedly large
action of Ni 1%, though the percentage for the resulting char amounted to about 4 %
when considering the yield. The almost satisfactory effect of Ni 1% would result
from high dispersion of the metal precursor particles within wood tissue.'®  As a larger
loading of catalyst is less favorable in the dispersion, the effect will often enhance to a
smaller degree than expectation or will sometimes diminish inversely.  This
explanation will hold for the nearly useless increase to Ni 2% (about 8% for char) and
4% (about 15% for char). The significant influence of nickel loading can be pointed
out by different relations of RPI with Vm or Rv at each temperature produced
according to its different amounts. More serious influence may be recognized for less
nickel loading than 1%, although it does not serve the present purpose. It was also
unexpected that any co-loading of calcium diminished Lc and RPI (Figs. 4 and 5),
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since its optimum co-loading for the formation of T component was previously
observed for lignin-based char® However, this situation of wood char is not always
incomprehensible. The earlier finding that inherent mineral matter in wood (0.15%)

was enough to act as the promoter for nickel catalyst”

suggests that even 0.25 %
addition of foreign calcium may be possibly too much. Although the presence of
calcium was also unfavorable for Vm and Ry, it is fortunate to be teconfirmed by the
undesirable effect that the production of crystallized carbon and the development of
mesoporous structure took place at the cost of SBET in concurrence with each other.
For the decrease of SBET, it is interpreted as the result of coalescence of micropore into
esopore when considering the interrelation with Vm and Rv.  As a matter of course,
this interpretation does not contradict either theory of BET*' and BJH* Because the
crystallite size of T component is in the order of 10 nm consistent to the diameter of
mesopore, the crystallization of T component will involve the structural change by
which mesoporosity can be enhanced. 1t is thus inevitable that the formation of T
component will induce the decrease of SBET. These statements may be a reasonable
explanation for the close interrelation among SBET, mesoporosity, and T component,
even though positive proof is lack. They will in turn give an account for the situation
that T component grew only slightly during the transition of mesopore into macropore
(Table 2). It is necessary to note here that mesoporosity is a more critical property
than SBET for activated carbon applying in liquid phase adsorption, as is generally
accepted. For a typical Ni 2%-loaded 900°C-char with SBET of 140m?/g, Vm of 0.20
cnr’/g, and Rv of 71 %, its adsorption capacity for large molecules like dyes, vitamins,
oligosaccharides, etc. is estimated to be sufficient, according to the report by Yasuda
and Tamai.”* This supports the feasible production of the dual-functional wood
carbon in the present study. Concerning helium flow, appearance of the optimal value
implies that diffusion and/or deposition of gaseous products on char surface was an
important reaction step. Thus the flows of 46.4 mlcm®min™ was too large to promote
the diffusion and/or deposition step (Table 2). However, when the flow was in the
proper zone (11.6-23.2 mlem®min™), it had a limited influence. This was also the
case with the heating rate. Correctly speaking, the heating rate varied in a moderate
range so that it became a much less important factor than carbonization temperature
and nickel loading. Nevertheless the heating rate without great difference from to that
used in conventional wood carbonization has a technologically great importance in that
it guarantees the easy and simple operation of nickel-catalyzed carbonization. As for
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the influence of holding time, it may be noticeable that mesopore was changed into
macropore to a considerable extent during 90-180 min. Although the long latent
period for the transition would reflect the difficult formation of macropore, a full
explanation cannot be given at present for the difficulty. That is, even though there
are two possible reasons of a) the activity loss of nickel and b) low thermal
conductivity of carbon, the present data was insufficient for deciding which was more
serious, a) or b). Further investigation is required for dealing with this problem in
detail, in addition to gaining a proof of the relationship between T component and
Mmesoporosity.

Conclusions

Nickel-catalyzed carbonization of larch was conducted under various reaction
conditions to examine the influence of each variable on the crystallization of carbon
(the formation of T component) and the development of mesopore. As the result,
such a combination as Ni 2% without calcium, carbonization at 900°C for 60-90 min,
helium flow of 11.6-23.2 mlcm™min™, and heating rate of 10°C/min was found to be
proper for effectively producing crystallized mesoporous carbon with the dual
function of electroconductivity and liquid adsorptioncapacity. Itbecame

also clear in this connection that carbonization temperature was a foremost reaction in
that it had a great influence of the catalytic effect of nickel and the co-loading of
calcium was unfavorable . It was furthermore confirmed that mesoporosity
developed at the cost of specific (BET) surface area in parallel with the formation of T
component.  The interrelationship for BET surface area, mesoporosity, and
Tcomponent realizing the dual function could be well explained.

References

1. BridgwaterAV,CzenikS,PiskortzJ(2001) An overview of fast pyrolysis.In:
Progress in Thermochemical Biomass Conversion, Bridgwater A V (ed),
Blackwell Science, Oxford, pp. 977-997.

2. Maniatis K (2001) Progress in biomass gasification: an overview.

In: Progress in Thermochemical Biomass Conversion, Bridgwater A. V. (ed),
Blackwell Science, Oxford, pp. 1-31.

55



3. Suzuki T (2002) Liquefaction and gasification of woody biomass-current status of
progress development (in Japanese). Mokuzai gakkaishi 48:217-224

4. Suzuki T (2000) Catalyst technology used in biomass conversion into liquid and
gaseous fuels (in Japanese). Shokubai 42:521-525

5. Bridgwater A V, Bridge S (1991) A review of biomass pyroly31s and pyrolysis
technologies. In: Biomass pyrolysis liquids upgrading and utilization, Bridgwater A
V, Grassi G (ed), Elsevier Applied Science, London, pp. 11-92.

6. Elliott D C, Beckman D, Bridgwater A V, Diebold J P, Gevert S B, Solantausta Y
(1991) Develpments in direct thermochemical liquefaction of biomass: 1983-1990.
Energy Fuels 5:399-410

7. Suzuki T (2002) Carbonization (in Japanese). In: Dictionary of new energy, Kaya
Y (ed.), Kogyochosakai, Tokyo, pp. 310-321.

8. Suzuki T (2002) Carbonization (in Japanese). In: Biomass handbook, Yokoyama S
(ed.), Obmusha, Tokyo, pp. 116-124.

9. Suzuki T, Yamada T, Homma T (1985) Hydrogasification of wood for high
heating-value gas production IL-Influence of the method of catalyst addition and
gasification temperature on the CH, production (in Japanese). Mokuzai gakkaishi
31:595-602

10. Suzuki T, Yamada T, Homma T (1992) Hydrogasification of wood for high
heating-value gas production VII-Different low temperaure hydro-gasification
reactivities between wood and bark chars loaded with nickel and iron catalysts.
Mokuzai gakkaishi 38:509-515

11. Suzuki T, Minami H, Yamada T, Homma T (1994) Catalytic activities of ion-
exchanged nickel and iron on low temperature hydrogasification of raw and
modified birch chars. Fuel 73:1836-1841

12. Suzuki T, Iwasaki J, Tanaka K, Okazaki N, Funaki M, Yamada T (1998) Influence
of calcium on the catalytic behavior of nickel in low temperature hydrogasification
of wood char. Fuel 77:763-767

13. Suzuki T, Imizu Y, Satoh Y, Ozaki S (1995) High catalytic activity of ion-
exchanged nickel on carboxymethylated wood char in methanation of carbon
monoxide. Chem Letters No. 8:699-700

14. Suzuki T (1997) Preparation of fine metallic nickel particles supported on woody
carbon and its catalytic application (in Japanese). Chem Engineering 61:448-449

15. Suzuki T (2003) Nickel-catalyzed carbonization of wood for conversion to energy

56



and material (in Japanese). Research J Food Agric 26(6):20-25

16. Suzuki T, Yamada T, Okazaki N, Tada A, Nakanishi M, Futamata M, Chen H T
(2001) Electromagnetic shielding capacity of wood char loaded with nickel.
Materials Sci Res International 7:206-212

17. Suzuki K, Suzuki T, Takahashi Y, Okimoto M, Yamada T, Okazaki N, Shimizu Y,
Fujuwara M (2005) Preparation of crystallized and mesoporous carbon by nickel-
catalyzed carbonization of wood. Chem Letters 34:870-871

18. Yoshizawa N, Yamada Y, Furuta T, Shiraishi M, Kojima S, Tamai H, Yasuda H
(1997) Coal-based activated carbons prepared with organometallics and their
mesoporous structure. Energy Fuels 11:327-330.

19. Wang X S, Okazaki N, Suzuki T, Funaoka M (2003) Effect of calcium on the
catalysis of nickel in the production of crystallized carbon from lignocresol for
electromagnetic shielding. Chem Letters 32:42-43

20. Wang X S, Suzuki T, Funaoka M (2004) Production of crystallized carbon for
electromagnetic shielding from lignocresol by nickel-catalyzed carbonization-
Influence of calcium co-loading (I). Materials Sci Res International 10:48-52

21. Brunauer S, Emmett P H, Teller E (1938) J Am Chem Soc 60: 309

22. Barrett E P, Joyner L G, Halenda P P (1951) The determination of pore volume and
area distributions in porous substances. I. Computations from nitrogen isotherms, J
Am Chem Soc 73: 373

23. Fitzer E (1987) The future of carbon-carbon composites. Carbon 25:163-190

24. Nishimiya K, Hata T, Imamura Y, Ishihara S (1998) Analysis of chemical structure
of wood charcoal by X-ray photoelectron spectroscopy. J Wood Sci 44:56-61

25. Yasuda H, Tamai H (1996) New porous carbon materials and their adsorption
characteristics (in Japanese). Kagakukogyo No.4:37-43

26. Tamai H, Kakii T, Hirota Y, Kumamoto T, Yasuda H (1996) Synthesis of extremely
large mesoporous activated carbon and its unique adsorption for giant molecules.
Chem Mater 8:454-462

57



8¢

He

a: Pressure control valve
b: Flow meter

¢: Quartz tube reactor

d: Thermocouple

e: Stainless vessel

f: Sample

g: Electric furnace

h: Temperatute controller
i: Cold trap

j: Three-way valve

k: Gas sampling bag

I: Soap film meter

AN

1

)

Fig. 1 Reaction apparatus used for nickel-catalyzed carbonization.
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Fig. 3 Nitrogen adsorption and desorption isotherms of (A) 800-, 850-, and 900°C-chars obtained from Ni2%-wood
and (B) 900°C-chars obtained from Nil %-, Ni2%-, and Ni3%-woods.
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obtained at 850- and 900°C-carbonizations.
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Table 1. Yield and properties of none- and three kinds of Ni-chars chars obtained by
carbonization at 800, 850, and 900°C.

Nickel  Carbonization | Yield® Lc® d002° RPI¢ SBET® Vm' Rve
loaded Temp. (°C) (%) (A) (A) (x 107) (m*g) (cm*g) (%)
None 800 24.1 < 10 -—- -— 392 0.009 13
850 23.8 < 10 - - 288 0.020 48
900 23.8 <10 -—- -— 237 0.011 16
Ni 1% 800 25.6 90 342 7.2 267 0.055 68
850 255 926 3.41 183 159 0.153 S0
900 253 101 341 23.0 141 0.154 74
Ni 2% 800 26.0 79 3.41 4.9 315 0.058 77
850 258 98 3.42 19.5 171 0.177 79
900 25.5 101 342 23.4 140 0.203 71
Ni 4% 800 . 279 63 342 3.0 263 0.030 52
850 27.6 91 342 17.1 177 0.168 83
900 26.7 95 341 20.7 112 0.204 86
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*Dry ash-free, additives-free basis "Average crystallite size of carbon indicating the thickness of the layer
“The spacing of the plane at (002) “Relative peak index, see the text °BET surface area 'BJH mesopore
volume ®The ratio of Vm to Vt (total pore volume) used as a parameter of mesoporosity



Table 2. Influence of helium flow, heating rate, and holding time on the relevant properties of Ni-chars.

Ni+Ca Variables Lct RPI* SBET' Vit (cm®/g)
loading (%) (&) (x 10®) (m%/g) Vit Vm' Va!
Ni2+Ca0.25 Helium flow* 5.8 102 18.5 114 0.000 0.182 0.098
11.6 103 19.6 112 0.000 0.186 0.100
232 102 17.5 139 0.000 0.180 0.080
46.4 88 16.0 138 0.000 0.149 0.020
Ni2+Ca0.25 Heating rate® 5 96 17.0 130 0.000 0.165 0.060
10 102 18.0 139 0.000 0.180 0.081
20 99 17.6 128 0.000 0.177 0.087
Ni2 Holding time* 0 93 6.8 305 0.013 0.047 0.087
30 101 195 145 0.000 0.190 0.084
60 101 23.6 140 0.000 0.203 0.084
90 110 23.9 139 0.000 0.222 0.104
180 109 24.1 122 0.000 0.210 0.402

*®°Their units are mISTPcm™min, °Cmin™, and min, respectively “*"®'Same as b, d, e, f, and g in Table 1, respectively

&J Micropore volume and macropore volume determined by BJH method, see the text
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