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REOWH 2~ | L OB

H 57 ¥ R}

B2 =N
= A
1. Brsi

BB AES, XPS, UPS, SIMS iz ¥ BEFH

Kk & 2 REAFIHE W, ER RIS 600
Hh, wWIGHERE, TOFAETOMRED 5045
FEENENONTPOREZ Vs o,

RO X512, ootk iRkEmorteinf
ENTHREDI B TRGVWEREZR>LOT
HE,AES B EEFLARALTOBEHRY S5 250
WXT LT, RIMEN RSO TIREI A 7 N i3S
T, BOLLEEEES VL TOEHRES5 25D
DTHY, RAFEORESITIC RO TERE
FETHL, COEKRT, TOEEMERSHICE
BT B SZED D i,

SH, REZWLUFFREOREA S M AHE
e LT, HAbst, BTL9EERNESRE L
—RIcHAwe D, ThiE, ANREszhhiE
HEFFEOUNTHFRICAETZ Z205TH
BHIH, TOFRCEHASHEHEARSH L, 2 F
D, Bild 2 L3, ZOFEICRABNLEE
ELTDEL D#ENHD, CARRTHHEET
E2LDOTEHRELD U,

W2 OWFETNV—7TE, TNETHEMED
RETESATEOWR A FEEL T & 7228, EKEREA
N7 MVOFTEDOR TH - DT, WHRIZH
BTELLDRTEENTZNTE >0, Ly
Uailt, 7 —~vOEEC L D TH#lEL %
Pk ehuwhECHsA, 22T, ¥OX
SRENT, FOLILEREBHET LI, L0
FIRFENR DD, oY 2 & TRIFEC
B0 T30, FEOEES 2 AL~ TH
726

AT IR S TR A P ADORA
T RE, RIS SR & OF O M,
7w ok, EESNEER S REOSEREED
BR-ESICZ AES 2 rozhicg s nEHEE L
WO DD L, XEOEIIZE L& o0, 8FF

KOWTEHHFLBEES N Tw 3 Db Zu0nl,
%A LR - RANCEED 2R HEDL L% <
DWFEHICE > T, FHIZE <, INSRE
DIREIAR Y P NVEIEFRO MBI OWT, 2
NOKRFERESARPEEBEL B ZELEAR
=wEEZLD,

Fehe LTy, Ricvib~ir k3 wRibhER
ik & CERL T2 (ERMCE, — ik e
L TORIEEPIE L S %0 D idee) 3 24,
ZOFFEIC L B FEEIE I FTIR o L 2
BED1~2HORLE, ZAL7 M VOBEIED
B R o7 J e W L D IRINERRE R ko1
BUL, ZO00FEM, #F0Reh v (Zhidtic
btz k9T, COFEDEORENAEN
YORMSTHEDL), #2T, FBEREICBITS
MRS EIRL, ZoMEASIOFEICL S
TEDLESHRTELhEVSIEHE»S, Fh
TNOIREOME LR EIRRT L Z EicT 5,

2. FIMEBENLEIC B 5 HES
SREOWIZIC RS ERAenE L 50k
STHICA LYy, Fil, 3hbba~E, BE~E,
W~e EOBREICRET 2050, Ed, B
FUEBEABOFRICLDIEEL TS, B
2 K Ek R, WA R TE RS S A I B,
Ehahd L, #honFEARMOBREC S
DANSNE L IR, T, FARIY R
N7 VRN, BHOSA~ERE O 5T RS AT
FIUROBLIFHEO—2THH Y, *OIEEWF
SR BRAREL R, B, FOWIEREE
D RABIC R, Hair(15), Little(14)4C & 2 5
TR EDONTL 5,

LanLadis, FROMBHN A~ 2 b v i3 Rt
FUTIR U THRETIE 2 <, HIESHT L ofMEwr s
WTLEZ DEEFHZ Tnd, iz, $3%D



(2)

HIESFEE U CRERMICEfE R 2, HEAETH
DD FTENCBNTILE N Z &, BRI Y
HWiH I BERLTHWAI LR ENS, — 1
W AEERTEC L BN A b v OEIESTTh L
Twbhs, ZOFTECLELOBEANHD, O
EAEHIE LA EE RS Tw 5,
INHDEERIET 2 2, DA, £EEBL
Wiz EOBEDERENY 7 777 FIc Xk 5k
WOMIERH 2, % <O&EBEBEDIL, 1Z1F1200
cm™ BRI M-O 6 0RENC X 2B ER T,
EARTEC & A5G, PEHEFREIREOF TR
EERICREE T H L 72, self supporting disc &
FEEN 2 SERIOB TRHG 2 RENH HH, IO
FlIRERE, RPMte 2y OBE 0.1 mm Ll
FORESBEErRL, 200, WEREEIC
E2 RIS THE S O &b, 1200 cm ! F2fF
DI 2 e BERL 20N ETH 2,
f-T, BEERICL 2 ZOEBO AT IVIZE
HEHHTE 2, AFLEBE»S, EBE~OD
a—F 4 YT, BTN DRI EOHE
HATRETH %, 2) TOEFRIE, FEBICTH 2
SN LBMIBRE 2R OLERH L5, FLOE
Eal, BRI COREEBETER N, 3)IDHE
FlZHAREEREL TIELZ DT ThH D5, ZOHE
EHEDOBELIC & BB EED R 2 2 5 12012

BT aREOLO R RIEE S 0n, KD -

BELEEE (s) B R TFEE (D), LR (1) LD
Soc d*/A%(15, p. 50) DEARMBREANT D &L H 12,
I RENE EEELIIR & < BRI E L 25,4000
~2000 cm ™t DRI D ATt N E BRI RS 2D
WAL, EE Lum LITORMO L 02 HAnhids s
T, £, RRTFOETORATHEHERE
LEESRS, 4)HE 2L OB IR
BEH G HESNER 2SO T, KBr, NaCl 7% &%
FoMBicES> NS, Z5DHMEIR, KFOM
% OALFEEF EHEERPEH D, EicRERE
BEVWE EREELARTH D, Bk, £0i
Do rOBEERELELT 22 EOHEE
e, insitu OAER LT LR SICIITAR
WV, 5 KEROHEIEAEEECBY A2 —D0DE
BRI TH 55, AOFARIEE L < BEH
B, B X o T ORMOEE TR
PARWERETH S, O)EERE EORBHEERTL
L0, gkl Mo B AL REE, Al
FANOEEBIT DT - TERESBRO TEL, %

DOYEFROEE RIFFEICEHEETH 5, 7) i EE
DT e, UiIdUIEERIRE T OHIE»NER
2D, BRHRED E2 LB S 0RO
FhpEE, BNA~T PVEEDHE L 55,
8) BIEREOME LB/ TI3e R ES
iz, ¥ AMARE DM SE S wIRET
HE3 D2, EBERERE~EOEENNZ
5E, Stz iull, well defined surface @]
FINARETH 5, DML EORE T > 5 A
BREFSTG S o8, Rk, WEEL L OE
AP BT 2 1FRROE S iy,

PEDZ Eps, EEEFRABNTHETE 5
WRITFFFICRoONI O THL &, FHE
Wid, LiE U R RE#E S 2 &35 B,

—F, FHART CAOBEEGERL LD
Wi i RO FERES AL 5T 5 28,
RSN DT, ZoMmcELDS
ERHIonTED, £/, BEEScEwWTh 20
FFEESIEE Ly, FRIMAR7 MLVEIEEE LT
i3, BERSEEE(ATR), #E&ESEDR), &
RENRGERAS BTG, £, FHE
HHCIE TR AR T P VTR ZVWHE L S FOIE
BIART MEBLAEELT, 774008,
RCHOOIRZE L TELHET 7 ki, H3 0
R BIERRBCHERIN DI LEBEFT AN
F—1855 K= (EELS) 03b 2, £ 72 5 7 V43 ik
WWEWT, EEEAZEANOERBEERDOHEIFEICE L
TREWA~T MEESK X 2 2B F (SERS)
PERITFERE 81, TOHFORBEOZFRHE F HE
ELTRIMZIIESM T T3,

IS OHER, FNFNART P VDOHEIER,
H D FFE MR REERINE L3R - T
WhHToHIT, BRM, EERETES L ERD
kb, FOFER, Rl aRaE R
FRICB W AL GBS EN S QAR EYIE
KRk RSN, &< OROFEEE A
NI MPAVOHEI AR s TE N, LT, 2
oD HFEOHMERR~N, FRAZICHTZTL
BROETNTHOREERLTITL 2T 3,

3. RO SRERSE (IR-RAS, Infrared Reflec-
tion-Absorption Spectrometry)

T k5, EEEARS AT P L

24e, FiE8 well detined surface ¢ filE | LA~ A]

RTHD, ERERFABREOUER LOEHA, @



F ) a2 OMOEEAHNTEEE TS E D
FEBNEONEN, FhhboBonhagEIERE
KFRADOFHNLEBHCOOTOLDTHD,
— TR FRED 2R OHEZ FIC L > TR
AT, 7L E—DOEEE RS T WEERR
CHISNTWwWS, 2ok 2Mif»s, HiESE
Hx EOWESEENLD, FATDOHEELT

2, SOFENARELE L > TER, 01D,
Z ZIIRAND RO RE R A (IR-RAS) Th b,
MO 1 DIFRIFICHAR B BT T 50 )L F — LSS
HEELS) Th Y, B iRBcin s &EET T
DT~ rOEFHELASR (SERS) #F|H 3% HiET
Hb,

IR-RAS 12, REHED 1D TH 55, HEEE
B EORMITE I N EED 2 i BEE
EOREII~, Sk 08 1 Hhs 5 AHE
TR AL, TORFEHET 2L DT,
90" IR AR A L, BEHE & LT ABSE ST
RIRERCA I LB ETE, IOk I RE
HFIZLDEERELCEAL, ARGERICBT
LO0FEEEDWTOHENE RS, ZOHEEY
i, TONBINOEE» SIEES WS, DD,
 ZOBEDONOBIILEBE W L BRI A b
NWERBBRDDVBEENRIECLI2EETREYE LD
MAFRICL->TELE2DTHD, ZOEFHKD
TR ECZERNBE L 1L, &, LEA
STHNICEE LR, FTRIEGCOTTEZ S
LS HIFI X B DL HED 7 720 F o7,
EFEFARMNE 0 &2 0 RINZBE S Ak b, 5%
R BEEE, AFAOEICTE S TRAFEER O
25 7 DMTEAT 3, fE- T, BULAHHD
EERARDEFEWIRMAESNE I Lidk b,
Greenler( 1), K&(2) 5k, AE A p=60~88
DEHCIRMARARICR 2 L2 RL T3, 707,
STORINC L 2T — A > b OELOHH
EHOBIZO FAD I LI BHERI AR % %
DT, ZOHECL > THOTERIIEDOWTOHE,
BEORD ZELHEREINS,

ZDFENE, 19594 Francis 5 (3 )2 L » T,
T DOEREN G FHEMIEIL SN, # D% Greenler
(1), KES(2,5, 60k THEXELLD
ThHb, THNCBLW TR, FHEELSOEEORE
ENE D LRI ERTH -7, Francis 10 L 2
AT 7V BIBEORESFEOHES), REs5iC
L4204 BLU NI Eovr 4 VEEERE(5),

(3)

T4 REEE(6), Leja ook s Cu jytr PhS
LD ¥y S UBOER» e ORE(T 8 )1
EQUEMR DT ond, T0O%k, BER-ORE
FREIZBEOLRE(4)ic kY, BETIEHS
BEEG O 7 AWEFOUERER A 22 N LD
EHHHE & 72 0, well defined surface #4701
HEEZED1DELTEE SR TS,

BEERE O ABEERE & LT, Siss Ni
(97, Pd(10), W(11), Ir(51) k-~ CO B35,
B DS Cul12,48), Pt(13,49) Ni(50) Lo
B CO 2 Y CO R/ igEn%g  AReis, =
DOMEE, Fischer-Tropsch &% & OEEM S T
HLHIERTICRE RV, ZOMOEREL
T, INETHEEEICE > T COmBMEEL <
NSNTw5(14) I &, B ovd CO TR GEERD:
RECHELR T WO THD D, 77, F5,
TS [16)12, 2hoopssEic NLCukmET
DFBROSERIE 2T 5,

Pritchard 2 (12)1z, Cu 8 SO K HEADERE
COMBLRONEREEZ D Z LICETHT, 4
an CU 7 4 VAT EIC(211) (31D mAY R i
TTw5Zk, Fiz, BB S s w72 Cu
AT REEBREOBECREL TEWIC R -
FoAERRE AR BE L T3 L v &b TEBRE
EERHSMICLT,

L, RE 5 (17,18) & NO @A MR - 0
FIEH» 5, FZE, Mica, NaCl g ¥ D&k
LT M RE o b #E L Ni, Pd @&
HAD NORE OBl ERITEYy, FOWRERE N
UBLAEZB S iz Ui, b s, BIEDE
Ni, Pd £z 1860, 1805, 1750 cm (= NI /358
B 51860 1750 cm™! 2%, # M FIIKERE (NO),
DIIFR & WHTFRMEFEIC L 5 5 0, 1805 cm™ (3=
v— NOWERIC L2 LD LREL 7, (NO), i
&2 2 ROV Kugler & [19)45% ) #1c43080 L
7z chromia {2 2T, B L - THIE L7z NO
PERE EF—OEECER L, UL, ZO2K
DRI DR GEE A I3 FEE R & 1,
BEIEOSE TIHHFRELE (1750 cm™) A35#R
fEAE (1860 cm ) L D FE L { o 77z (NO),
BT DT 2 A FEICT U CTEE L AECE
i, 2D NEFTEELESE2E->TRALT
WHLDET D &, FERMEHETIEE OB T —
A2 b OZEBIRFEECH L CEE R RS R
B, =7, WCSHFMERE TR RS O B R D

=

11



(4)

ZEWRB, DI ENS, T3 (NO) R ZD K
IRATEREANCEEL Tws Z eI emzl
720

4. BEF T RIF—IBEadEk(EELS, Electron

Energy Loss Spectrometry)

T O FHEIT19674F, Propst & Piper(52)ic & -
T TAIEFIFER S h, TOEIE SN Ibach
SIC k- THIN FOB R, FmEENHO s
T1970FEA 5, BTk L 72 RAS &35 well defin-
ed surface FOREHOETEHE L L TRRICER
L&,

EELS i, EToHEO—ETh-T, £/ 71
A—=F =2 LD T ANF—EH e VITH Z 7oK
BFREED, hzalicBH L TEORNE
FREBEAF v v FHROTF 74 ¥ %BLT
SREET 5, ZOREBTRIABRE TERE
ORI = A V¥ =432 0 Kb 5D T, ik
B~ PV e D 2 Lk 5, Ibach(53) 5
W, O A7 R IVOEREIE RAS HE—
THY, %7 band OHMFEE b B o ® <3,
FE-T, ZOFEPSESNZFRIIERHICIE
RASWEDHDERA—EEZEZ TR W, DED, 8
EEH FORERE I DLW THAYE TEH AR
5N D,

EELS 5% RAS T2 RO EH T
EMHIToNE, DBRENE, BHERE L TE
TEEELFEHTIOEBETEL{ERTED,
RAS ©10~10" 5 <, REHEEFL0*~107° T
DEENFEETH 5, 2) Lo b, RAS I3 HR
BTREFLIBEBETS 228, EELST R
4000~200cm ™ DEIRIZ > THBERETH L, Z
DIz Pl T EE-KZFR, SE-RROMERE
EOHENRETH D, METE OEZENERS
FIERTH S, Ibach & (54, 5501 Pt(111) E £
OWE CO =/ 2 OREZR, RETHE L ontop
#O—CO(vCO, 2110cm™ : v Pt-C, 480 cm™)
& bridge # o >CO (v CO, 1870cm™ : v Pt-C,
350cm™) @ 2 FEEHORENSDH 5 2 LR EHEN
WHA S 2z Lz, 272085 1, W Ao CO IR (56)
BT v W-0 (620 cn™) M UM v W-C (540
em™) OHIEAMER L, 2 OFEED 5 CO HIHEREN
ETAEEEERL T3, 3)MREEITIRED &
ZHHENRL AL, TmeV (750 cm™) BEW
B|E T, 2L, RAS b T10~10000D 1 T
bH3,4)RAS TREBEZE»SFEE T T 5 HH

CTHIERRETH 2%, EELS CIBFE 2577
DHEEZ (107 torr LIF) T TOHEICRES LD,
- T, MEEOWR L X DSBS DERR: G4
HFTTOHEIZTE 20,

Wiz, HEEFRAFIE LR T 5 &, (i
L TIiE RAS OE&E L [E—TH %00 81H K%
TH2RHEBETIEFLALWRENREEE L2
HEHNELN S Z GBI, 2O i
I, demerit Th H-> THEEEOREN TS &
W2 R D, FDID, TH— R, URE
L OREGEOBEETES, ZhowkBELALE
BB T ORI I E RN IR H T E v,
ZO& I REEERYEI BEEF s »r DIk
BB L7208, ETFNEHESE- THIEY % 2
EHRA BT W B Dubois & (57] i Al,O; HE;
Rhfo €71 & LT, Pt iz Al #2&F L, #
nEREELTALOE LB Rh 220D RIcZEEL
b DOEEY,EE COmA~T PAVEHIEL T
%, 7 OFER, SR & b 2 < ALO; 1 Rh il
A L BRI £ B AT b bk R oxf
6% L1z,

7z, EEREEREREWEED EELS o L 2 8
EfER L, HUSBORFR & EEERAN THIE
U R, band WO A~—BB R oL 255
25 (58], CORREWEDOSBEOEUIEDE
v, HLLWEEHEREOENZ LSO
Ez e Twi,

EELS 12 k5 2 g TOHIEF RAS AR
CO, H,, NO OB T % b D »E s, Bl
7L (103) T v (59)E OHIE S b #hes
XT3, Bertolini 5 (60)1k Ni~o CO P&
¥l L, %7 Dubois & (61)i%, Rh(111) 2w
<, Wendelken & [62] 1% Cu(110) 122w T CO ik
BERAEL TWAEH, WIOBE bl L /- Pt
(111) DE4S EFE U & 5 i on-top B, bridge B
WEREASHER SN Tw5 Ho 5(58)ix W o (100),
(110), (11D E EoRREE ZAlE L, RELED
Ey, BEEREOEBELIICL DR LEERE - 4
S EREHLT WS Ibach 5 (63) 1% pt(111) £
NO »#ZEL, £&H5(17,18)D Ni, Pd iz 2T
D RAS - X BFER LR LT L, NO, (NO).OFE
AL, Wiz, WEFEORER L 51 (NO),
DN L, iz, PiE NO & (NO) a3y
T A2 ERFHSMIILT RS,



5. @ RERER (ATR, Atenuated Total Reflec-

tion)

BRI ERGE A REITERES B 28E s,
A Bl & Y% ABT 5 & 2 D—ERiE B ~ER/L,
BDREFAETRAT 5, AFAZRECKEL
LTITEERAERKZ 2 &, ASBREERET 2,
ZDEE AR EIASME R, ASHE L
THRIMEE R, REESNMET 2 &, WE
B OFRMFEIRA =7 bz BBz R — 2 fovas
Bons, INBATR A<7 vV ThHB, 20F
#i3 < Harrick(26), Fahrenfort(27) &1z & -
TEEINTLE, BBETIIHE TS 2B
LXRUEICAESE AR UTEZE UL S GH R
nTETWw5(28),

ZOTECE > T, BINAT b iz A<
7 PREeNAHEEE, RO LI L THES
A, Simon(29)ik, LiiL/-RicB T 5 K=
(R), WIEEOHMNERZE (0) UF B OXEER
(k) (Lambert @ Nz B 2 REEE Y o & L
fob &, k=ad/dan, HL A 3R S OBE s
HoOTwaH, ZORRICLS X ngl, k=0~0.
2OBEANA 6 OHIEHCEVWT RIZkDEL
WHBNITIG L, k23RS LR RN E kD,
Az k=0T 100% %R $HE2 B2, 20D 613
k=0, 2 VENEZRELEVWEEONRIZDNTO
MAALIDVETARZOOERTH L, -7, bk
AU 7o & D W HRAMEIR i R R T R SRk R
H3E, BAESL YL TIIAE DO ARATHE
ke AL, REDEESHEEET 2 &, SAE
£ D W O W BALE TR ISR ELC T U T R
EENEAD L, BRELTEGRICE AT b
WERS Bz AT v UuBELh b,

MARZ FADLE LY E— % 5 R RE
MHEDANRT S VOFEEEEPELL-0TH S
2, FDORER ATR A~ MV AT -
WD, DAY FOBIREE -7 UBOHETFO
T, —RICEEFEICL Sy NiclNTE—2
upi%¥ﬁﬁ§ﬁm¢m,itﬁ%i5ﬂﬁm
PR REERRE D Do/ ROERD
BNTITE DT, ZHREHTEREO B8
KEDLDTH > TAHAPEREIITVES
TEENEE L v, 2) WIDGRE AN L0 RETE T 0
RBEEICRET 2, COESIEENELEZ
EFEOBDT, REREERO N> FRME 598 { it
%o

(5)

EEBE I, mEITESE L L, KRS-5, KRS
-6, AgCl, Ge, Si %2 ¥ n=2~4 OFEEHBHG SN,
AEHI S OB EECENEEE S ¥ L0 E
WD, BHEENANR LSS ITED MBS
HAT Lo & FEH 2 Wk, 1 2 18 CSs, CCLs ¥ %
BOFERE N D, WEOBIEL TR TH L0
BMEETOZFHEIZ L TED, U8B, FHES
HIF BT OBE RIS ERNERR SN S,

Falimesamns k50, ATR 22 oL izitE
A, BORETHREYT 20 THE BoEREREY
K3 2 2 Eilin b, ZOHEQEAN LB
ID2BIDFIEHY, TOE2IFTFERETH 2
DTIRCHEED AR Z ETh b, TOEITRIC
TIRELZ DISHEVTREE 25, Tbb, BrO
B A~OEEE, a0—7 4 v IEOSH, Fho
D FEAONEE, HESEOSEWE, 55
%ﬁﬂ&8®%ﬁ%%®ME%&T%%O:ﬂ6
i, NWIFNLEBEEC L - TIHAIEATRE et 5
Thd,

NS DT OETOESEH 2 iRIZwH~ 5L,
W, WM, eEh A a—F 4 vy, BEIE
FRaHTEAShTHw A, ZhoREEDS
Mo TIEEbw THSREETH -2, 20D
FEMEATR ICE - TREBICER SN EE LS5,
<, Deley & (30)13% < 048, R, @OFY
HTRAMAE UKD ATR 22 FLRFEIEL,
TORMEETR LIz, BHOBIL %58, Bl
Tz ANREFIEZNET— LD R
7 Fads Hermann(31)2 k- THRE ST S
Wi g7z, iR~ — b L7 eojlHo ATR »
HEL, TOEEBRHELEEL Tw 20, BER
U —BEROIN SRS TREOEREENE
THEEENMFES a8, COLEIRBAD
AT FClE, BFELTEEIC LAY N IR
ALTL BDTINEDEET HRENF LS, 2
=T 4 YT LT R WEM R EENENCEA LT
HRTE2550HLNEICHREE BB, &
72— b LT L RAE 0BRSS OB S EREE
HE— RS 2v, IS (32)1E, 288D A
HAEETHE (2 EOBAES DAY FAnE
%ﬂJ)L%AyFwﬁﬁﬁﬁmmﬂgﬁﬁégﬁ
L, TNTHOREERD TEEMI L 025
FiEERHEL T3, ,Ge HESARE A OIERE
AT NOPEEH Sharpe(33)i0 & - THEL (e s
NTw2, BEOREREH5FRBEREOH OIS



(6)

BRI IS 2 ic A7 PV OHEDNR S h,
£ Ay P AOERFEMDHECRED STy
Lo ZOERPOBEBRICE T 25 FORR, Ge
FH = O AVER (DAL 2388 5 s sl
ATR iz, M2 HRK 2 o SRR EAD
H ARE O EC if%f@&m&%z%ﬂ =

ExQIGAGD Aohiznwk 5 TH 54, BHER
#le LT, BEITESLT 0L DOREADKR

W3 % EIE L - fHE S T v b, Becker(34) 1k
FEHL SiE v, RERET AT TASy ¥ UTHES
BEEEED KRBRERT %, ¥/, HFTHE
Ay ¥ BTl 3E TR—D AT hLh
B, SFHESERE N TW S Z RS
Nice ZDNY RIF A TRy ¥y 35 EEALT
1<, ZORKEy 7 FHES, REEOD L
=, WNERI- b5 Si-H EDE W S,

BAEER DRI A LT M b, BRCREASRS by
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EEE L L TERTOBRRRIT- 72, BEEO
it 0.34ml/min TH %,

SEEE, F—REFONE S mm, K3
1000 mm O % 7 A [FIEEE SmlEA L, B
% 1.57ml/min H L, 105H@ECEHESZT-
P2 BEUHL, AT AR AW X ARET, 40CT
#7110 ml iz igE L, ©~ OERERIZ D WT, &, pH,
R ogE, R EHEAEREERLI

2+3-5 #E/OwlrsI74—0E%0
r

Merck #l¢) HPTLC 71—k« 31 A147160 (for
-nano, TLC10x10em) &AL T, 10fH5IHR
L AER E 0.2% VR 7N ay o BREN 7 A+
Yy BTN =T 1~ 6 EEAL T, MEOLEHR
BTt BEERCET®B- 7, BV Yy, K
DEESEEA, FOHE8 121 1THE, &
@R LT P vy IR BIEEE, 130°C
T105RMEA L THRE R Y, SHEREEHATS,

236 BJUHSIUFHEEODN

EIEFIOIE 1, RFER & 28 A0 T1006 7
L 7o DT, BB O RIEETH % Nelson
_Somogyi HEV I hE 5 TiTo 7z, BN EOHER R
EETERpEAS B Uy 500 nm & U7z, HRERED AT IEET

B2« 1« 1 (b)isEL 7z Auto-Analyzer # H
Wiz A Ly BB & R O TR ICTE -
THFU, FEA B IEAFRRD200fZ AR 100wl = L
720

3 EBHERCEE

31 #HEHMoIH

Ky, D=, Rkoero—2A, ¥/ —),
¥ ANES, RS, RERNER oS RER
% Tablel {o5R¥, RgRT V=Y, bF=Y, &
NEBICH 9% TH B AERREEEIEE SR LT
™ (1R (3, bUkE, TV, YA, b
DOIFIGE T H5 7 +—R 1.24%, v —2 44.5%,
<y /-2 107%, 75/ —A1L16%, ¥
— 2 7.36%, RESO¥ME (A7, AN, F
o/ ¥, =) 77 b—RA106%, Sra—A
47.29%, <>/ —2R 2.16%, 7/ —=2 0.52%,
Fym—-A 186UNEBL TH Y, M THILE
Mo~y — At Fru—A0HKHIZR
CFELRTWL, 2O s, BEFEOMRKL
Wi, R RABBENRE LT I o
PlrwEEZONRDS,

3.2 BESHN

Fig. 347, » ReVomEZEB L UFEXLAHR+T0 TG
S 5 R, BEAHF T 360°C & TIciy 70%
BEEFA L T 5,360°C LI TIRERRD EEH
W %Sz Y, 600°C THY 23% 0 IRAEIIE 572,

Table 1 Analysis of sample wood.

Ezomatsu { Todomatsu Shirakaba
H.0 (%) 9.1 9.4 9.1
Ash (%) 0.22 0.51 0.47
Alcohol-benzene extracts (%) 5.66 5.95 6.46
Resin (%) 1.73 3.02 2.24
Klason lignin (%) 30.9 34.5 26.5
Holocellulose (%) 77.7 73.3 79.6
1 a

R R 67.9 69.7 68.4
Sugar composition

Glucose (%) 46.5 42 .4 38.1

Mannose (%) 14.3 12.6 1.6

Xylose (%) 4.7 3.3 19.3

Galactose (%) 2.2 1.9 1.3

Arabinose (%) 1.3 1.1 0.4

a) Detemined by Nelson-Somogyi’s method as glucose.
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~A50°C TIERIAM D %~30%E 2 Z L R T X
5, DBEOFEEICLD, BERD R LD EEE
TIREEND, HEEBVEOKAE WIRFEHE I

T

£ec1

TG curves of Todomatsu.

TEEFRRTH 250~350°C, EZRTFiH TR 250
~3200C TH D, ZOREEF TIEFEARIGHHED,
RO SRR M TR EREIIRE v,
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Q
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w
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o @r =
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1 L L —4 ]
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Fig.4 Temperature changes in the bed and free
board caused after chrging the sample.
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BHEART ERICRECRY ZET 5, —7H, 7Y
R — RERDBEE 1L 290°C TEEE L Tz OH3EF
BACL D —FICREETL, TOR®R, ©5P»
w ER L, K303 HEREO 330C 2R L, B
BwRE T LT 1RSI AR ORE &
BOEET b

RENBAOIREDS L O BREEM 100 IO
EEREREERT L L RRRAR, BRREN—
BRI [T L 72 0 RO SR R T 5 BEEL,
SHAGOEFEEEL X O 2000C AT H 5 Kk
e & %,

22T, 1 ENCHES LA 160 g 28 £ ABE Y
LD ELERRER T ROL LN 18I THD,
T OBEEYRELT ADEKE,OHFEDLHE,
FEEOEE D 3 cm/sec TH D 5B HH15TORFH
Diind I Ll b, (ELAMOTEEREE C !
H:0=48.86:5.96 : 44.85", KM DAKRS % 9%,
WENENG 110 mm 225 % 1 & Liz,)

DI DS, RERE LV I0C HuESE
FE 600°C %R L 7104312121, BRI N E LR E
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T A BEREND D, KEICHEEETEH L
7o T REER R < 10~20% DY 27AEE
B 2 7 — N BIFEAT - 1 BB OMERR T
#9 4300 Kcal/kg OFBABE RN LIz 2 00, L
~DFFEBEZ bh b,

3.4 -1 Nk, HBE, #E, pH

Fig. 5 1o ;, B REE L RICEE R U REOARE
TEDEREE & I L 0BRERT, BoicBa
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B 2SBTE, WIERMET LT, &ALy
T7 2.8/~ Fev ey LOM&EE,
WEEESHTIHFED o g o2, [RERD S
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Fig. 5  Yield (Y), density (p), and viscosity (#,) of
the distillate with various bed temperature

lavels.
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W o T, Y IVOBEDE =Y —DRIERES 280
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mm){ZE LA D o b5 7% Fig. 7 0w
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TR OB 20T RS 2 Epbhotz, &
D7z, FEOK EZRFIES 7 4 (EFE © 45 mm,
F& 1100 mm) CHEER RS, FOBE,
LG BENELLZPEND aw kTS T H5
AL, AEHEARORIISER 2 5 30 RIICE L
72, Fig. 790 1~ 9 OS2 08-S LT, &
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A0 Ci Ty 10mlwigks L, pH, &, 25k ro
TR e~ 2 OFER % Table 2 1273, AW
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Fig. 7

Gel-permeation chromatogram of pyroli-

gneous liquor from Ezomatsu pyrolyzed at

530°C.
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Table 2. Characteristics of the fractions separated by gel-permeation chromatography.

Sample No. 1 2 3 5 6 7 8 9
Molecular Weight | Greater «— —— smaller
pH 5.2 4.5 6.0 3.2 2.8 4.0 4.0 5.0 6.0
Color {yellow} 4 2 (dark) (light) 7 3 3 5 6
Precipitate No Some Some No No No No No No
Turhidity Yes Yes Yes Some No No No No No
. Sour . Like .

Slightly : Strongly Sour Slightly | Sweetly Sweetly | Slightly
Oder burnt 1r(iltga}tl1trll}é) irritating |(irritating)| aromatic | aromatic Eﬁgi aromatic | aromatic
Volume before
concentration 157ml 157ml 173ml 79ml 173ml 126ml 267ml 251ml 141ml

Sample : Pyroligneous liquor 5 ml (Todomatsu 530°C)
Column: Sephadex G 15

344 BTAOAE

Nelson-Sonogyl IO RTHEHORIE L>TKRD
F B R TR O SR ITHIBREE » BT RRIREE & O
rgm % Fig 8 0, - OHETCHIET S 587
LA NEEVEEET 2WETH S HIA,
pE, VRV, T hY, TIVTE R ETH
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Glucose ¥E{E T L7z, Fig. 8 i, MR THILA
M OB ERIT L BE IR 2HEmET L, ¥
NRZMEEDDE L GENE L EETR LT 5,
3.5 BEI/AT LT T A—ILEBLARTI

a4 DA
Pictet?® & 1%, b v — ADEZEESHFIZL T

T T T T

Neison -Somaogyi

a:500nm I/ -
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T
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Relationship between pyrolysis terperature

and reducing agent concentration of distil-

Fig.8

late

Eluent : Distillated water 1.57 ml/min
a) By Toyo-made Universal test paper (pH 1.0-12.0)
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HO

lose proposed by Fred-Shafizadeh et al.

Dehydratron and Decomposition products

Chemical pathways in the pyrolysis of cellu-
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Fig. 10 Analysis of levoglucosan and pyroligneous
liquor by TLC
S: Ezomatsu 4307C pyroligneous liquor (1
ml/H,0 9 ml}
L: Levoglucosan (1.96 mg/H,0 1 ml)
Number : Drops of sample
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Heat: 130°C, 10 min
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Fig. 11

lon exchange chromatography of pyroligneous liquor and standard saccharides
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Fundamental Study of wood Pyrolysis
Pyrolysis by a fluidized bed examination of
saccharides in the pyrolygneous liquor

Masakatsu Miura, Hiroki NISHIZAKI
Ryutaro Tanaka* and Fumiko Yaku*

Plant resources, such as wood, are reclaimable after once used, and there is a huge public
discharge of waste of this kind. It is one of the prblems of the day, how to reuse them as resources
efficiently.

For the purpose of developing an apparatus to turn the waste into resources again by pyrolysis
and of clarifying the properties of the pyrolytic liquid products obtainable from the apparatus,
pyrolysis tests were conducted at temperatures of 350-530°C using a 110 mm (inside diameter)
fluidzed bed and a batch-feeding of wood. This report, as a result, confirms (1) that the pyrolysis
of wood chips by a fluidized bed is easy, and (2) the yield, density, viscosity, pH, and so forth of the
liquid products. It was also confirmed by gel-permation chromatography and orcinol-slufuric acid
method that many kinds of organic matter and succharides were contained therein. As one of the
ingredients, the existence of levoglucosan was recognized from the results of saccharides analysis
and thin-layer chromatography.

TR T 2HT2RERFT  Industrial Research Insti-
tute, Osaka, Midorigaoka 1, Tkeda, Osaka 563
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Table 1a Species of woods analyzed thermally

Common Name

Family Name

Botanical Name

1. Buna Fagaceae Fagus crenata Blume
2. Mizunara Fagaceae Quercus monogolia FISH. va.
grosserrata REHD. et WILS.
3. Kuri Fagaceae Castanea crenata SIEB. et. ZUCC.
4. Asada Betulaceae Ostrya japonica SARG. i
5. Shirakaba Betulaceae Betula platyphylla SUKATCH.
var. japonica HARA.
6. Dakekanba Betulaceae Betula ermanii Cham.
7. Ezoyamazakura Rosaceae Prunus sargentii REHI.
8. Shiurizakura Rosaceae Prunus ssiori Fr. Schem. Hardwoods
9. Itayakaede Aceraceae Acer mono MAXIM.
10. Aodamo Oleaceae Fraxinus lanuginosa KOIDZ.
11. Katsura Cercidiphyllaceae Cercidiphyllum japanicum
SIEB. et. ZUCC.
12.. Keyaki Ulmaceae Zelkova serrata MAKINO.
13. Shinanoki Tiliaceae Tilia japonica SIMK.
14. Harienju Leguminosae Robinia pseudoacacia Linn.
15. Popula Solicaceae Populus nigra Linn.
16. Tochinoki Hippocastanaceae Aesculus turpiniuta BLUME.
17. Ezomatsu Pinaceae Picea jezoensis CARR.
18. Karamatsu Pinaceae Larix leptlepis GORD. .
19. Todomatsu Pinaceae Abies sachlinensis MASTER. Softwoods
20. Scots pine Pinaceae Pinus sylvestris L.
21. Ipil-ipil Leguminosae Leucaenaglauca (L.) Benth.
22 . Bakauan Rhizopharaceae Rhizophara condelaria Hardwoods
23. Malabayabas  Myrtaceae Tristania pelawan Memm. (Tropical)
24. Mayapis Diperocarpaceae Shorea squamata (Turez) Dyer

F248E Rk (heartwood) % fva 7z, Table 1a,
bz i, Zhs O N U, (RRER 2T L
77
splgEEy, Fig. 1 wwmd £ 51 lamXlemX
3em (RS X YR A X BEES R OEE
YL, FEanHAEE, Ty - —ikkAR
ER L D EZE R TR RS | LA O B RIS
HU .,
2. 2 EBREBERUERAZE
EEC A L - BOR PR, BEEEITE DT-31
WA Avte, Table 2 imi3 2o OftRRER L,
SRR, TR LSRR A A 1 g I LTV
AIE LR, RESHT (100 ml/min), FiEHEE
5°C/min & L7z,

S RHZBEEOREERE (Thermogravi-
metry : TG)*' K& U SBEERE (Derivative
Thermogr avimetry : DTG) ** Q& iR &Ko,
Ky — LB (%)% 1%, Figs. 1-1 1R L7 TG
i bz (b—a=A W) X DERIC & - TR
B, Elr, KY —VEORKOFEEIDRER,
DTG g Lo —2r7 A s Lz,

¥, ARy —VOFEE S 1 O LEDH 5 EEHT,
TG g FOBEERLD 2 ROZOMERS —IVEL
LT%TERLIZY,

BAFFORER » Figs. 1-2 2R L7z Figs. 1-3 43
O BERMESTH Y, NEEEIC L > C Figs.
1-4 T d &0 R THERT %,

2 TG, DTG QB X T ICTA B#EES
(International Confederation for Thermal
Analysis: ) OEIEICHE >,



Table 1b Felled place and period

Woods species Felled place Di?me)ter (Yrs.) Felled period
cm
1. Buna Oshima tobetsu 35 120 56.4
(Hokkaido's Forest)

2. Mizunara Tomakomai (Hokkaido's Forest) 28 100 56.3
3. Kuri Hakodate (Hokkaido’s Forest) 25 90 55.10
4. Asada Tomakomai (Hokkaido’s Forest) 25 100 56.4
5. Shirakaba Sapporo {Private Forest) 15 20 55.10
6. Dakekanba Tomakomai (Hokkaido's Forest) 25 80 56.3
7. Ezoyamazakura Tomakomai (Hokkaido's Forest) 17 17 56.3
8. Shiurizakura Urahoro {Hokkaido’s Forest) 25 70 56.10
9, Itaya kaede Tomakomal (Hokkaido’s Forest) 28 100 56.3
10. Aodamo Urahoro (Hokkaido’s Forest) 23 80 56.10
11. Katsura Gunma (Private Forest) 25 80 49.8
12. Keyaki Gunma {Private Forest) 25 90 49.8
13. Shinanoki Tomakomai (Hokkaido’s Forest) 27 90 56.3
14. Harienju Sapporo (Private Forest) 28 22 55.10
15. Popula Asahikawa (Private Forest) 50 100 56.1
16. Tochinoki Gunma (Private Forest) 20 50 49.8
17. Ezomatsu Tomakomal (Hokkaide’s Forest) 27 90 56.3
18. Karamatsu Tomakomat (Hokkaido’s Forest) 17 30 56.3
19. Todomatsu Tomakomai (Hokkaido's Forest) 25 100 56.3
20. Scots pine Scotland (Foreign woods) 30 120 49.8
21. Ipil-ipil Philippine (Foreign woods) 15 10 52.11
22 . Bakauan Philippine (Foreign woods) 10 10 52.11
23. Malabayabas Philippine (Foreign woods) 18 25 52.11
24. Mayapis Philippine {Foreign woods) — — 52.11

Table 2 Specifications of Thermal Balance

Model Name : TGA—31

Balance Suspension Method : Taut Band Method

Sample Quantity : Max. 10 g

Normal Temperature : Room Tomp.—100°C

Atmosphere : in air or Nitrogen

Flow Rate of N, : 100 ml/min

Heating Rate 0 0.5, 1.0, 5, 10, 15, 20, 25, 30, 50°C/min

Sensitivity :00bg

3. EREREE
3. 1 Tablela, lbizRL 725z owT, #
A Z DTG, DTA g5 R, ZOHEEZ Figs,
2~16 WwRL7, TG L hkbioky —nvg%
Table 3oL 72,

JREER T, 42.1~67.89%, $HEER 47.0~51.3%
B & U 15 39.8~55.4% T - 72, e, Akt

FHRC ST DB BRITIR D W & LT 200~260°C T
ST —A (FELTRY YY) BEHRLEK
WTHEIL T — R (240~300°C) & 512 1) 7' = wpt 280
~500°C THFET B, O —ADFREITEL <,
V7= DRISEERTH D L ST N,

Tz, —HEECEEPEOLESTOY 7=
SHEIE 18.9-26.9%, SIEER 20~349% % /- EaE
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Table 3 Thermal Analysis of Woods

Wood Species

Woodtar Max. Pylolizing

Yield (%)

(Wt %) Temp. (°C) 400°C 500°C  600°C 7000C  800°C 900°C
1. Buna 55.5 290, 346 35.0 28,9  26.2 251 245  24.0
2. Mizunara 57.7 290, 350 35.5 286 26.0 248 240  23.9
3. Kuri 42.1 290, 338 39.5 32,0  28.0 26.0 25.2 250
4. Asada 55.2 205, 350 3.0 251 23.0  21.9 21.3  21.0
5. Shirakaba 61.2 285, 350 32.0 252 230 226 21.0 20.8
6. Dakekanba 55.0 287, 353 29.2 230  21.1 20.1 19.5  19.2
7. Ezoyamazakura 44.5 287, 348 39.2 31.8 28.3 27.0 26.0 25.8
8. Shiurizakura 51.1 290, 355 34.5 28,0 25.0 23.2 225 221
9. Itayakaede 55.9 290, 338 31.7 25,9  23.0 22.0 21.2 21.1
10. Aodamo 58.9 280, 345 29.7 240 212  20.2 19.0 18.0
11. Katsura 61.4 293, 355 31,5 250  22.0  21.0 20.1 19.9
12. Keyaki 54.6 285, 352 37.3 30,0 27.0 25.8 247  24.5
13. Shinanoki 67.8 292, 355 17.0 12,8 116 11.0  11.0  11.0
14. Harienju 52.3 280, 343 33.2 270 244 231 22,3 22.0
15. Popula 52.8 270, 331 345 2.0 250 232 225 221
16. Tochincki 59.8 292, 357 28.8  22.0 19.0 17.5 16.8  16.7
17. Ezomatsu 18.6 300, 343 40.0 331  30.1  28.8 928.4  28.0
18. Karamatsu 47.0 285, 350 49.0  31.0 276 26.1 250 24.5
19. Todomatsu 50.6 290, 344 35.0 282 256 240 23.8  923.3
20. Scots Pine 51.3 - 343 27.0 21,1 19.0  17.4 170  16.9
21, Ipil-ipil 52.2 292, 345 33.8  27.8  25.0 23.7 23.0 22.8
22. Bakauan 55.4 293, 354 35.2  28.0 253  24.0 235 23.0
23. Malabayabas  39.8 252, 335 37.8  31.0 28.0 26.1 — —
24. Mayapis 44.6 278, 352 35.0  31.1 290 28.3 280 28.0
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Fig. 11 Thermogravimetry and Derivative Thermo-
gravimetry Curve of Woods.
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Table 4 Proximate Chemical Analyses of Some Important Japan and Philippene Wood Species.
Solubilities in

Ash Water  Hot-water 1% NaOH ‘%L%OZ};)} C;ﬁzgse Celﬁi-lose Pentosans Mannan  Galactan  Lignin Mg?_té);(pyl Protein

%) (%) %) %) %) (%!} (%) (%) (%} %) (%) %) (%)
Karamatsu 0 0-0.5 2.1-11.1 3.9-20.1 10.1-28.3 1.8-5.5 ¢7.2-58.8 30.6-38.9 d48-11.8 4.1-78 0.6-90 20.3-31.8 33-3.8 0.30%4
Ezomatsu 0306 1.1-3.0 1.85.5 832-15.0 1840 485603 33.9-488 52123 47-7.8 0.2-14 23.0-32.5 5160 0313
Todomalsu 0 4-0.8 0727 1342 7.4-14.6 2.64.5 505594 31.7-410 51-11.6 39-7.2 0.2-03 2.8-33.0 3.355 0510
Akamatsu 0.1-0.4  0.5-0.9 1,6*3:6 10.7-245 1.9-3.9 48.6-58 3 31.0-41.3 9.9-12.9 3.5-10.1 0308 24.9-3L.6 - 08
Kuromatsu  0.1-0.4  0.2-0.2  2.3-4.3 14.2-24.3 1.8-2.8 553-58.1 37 1-41.5 10.3-12.9 3.2-7.9 0.3-06 27 2-30.8 - 0.7 |Softwood
Sugi 030.8 0.128 1303 13.2-227 1.3-5.0 49.0-56.6 33.1-41.9 9.6-12.0 3.6-78 03-1.3 28.0-34.8 - 1.5
Hinoki 0.2-0.0 11-3.5 2148 117243 1.2-41 50.8-58.1 39.6-44.7 6.1-11.5 5987 0.3-0.5 257322 - 0.7
Momi 0.1-0 6 2.1 1.0-3.0 11.5-1L.7 1.3 49 0-54.3 B2 8.5-10.9 7.9 1.3 29 4-32 2 - 0.9
Tsuga 0.1-0.2 -- 1731 §90-11.2 2.1-2.8* 47.7-558 32.2-406 5.6-9.1 7490 03-1.8 24.7-30.1 -- 1.6 -~
Buna 0.2-1.0  06-3.0 1.5-36 15.7-19.8 0.6-3,8 51.9-61.2 40.7-45.9 21.3-26.2 0.0 0.1-16 18.3-2.2 -- 0.6-1 24
Nara 0,106 2.1-50 3.3-8.0 14.9-24.3 06-1.0 50 4-62.0 37.1-43.5 18.3-24.0 0.0 0.4-1.8 20 5-22.8 -- 0.7-1.0
Kaba 0167 0719 1575 129-28.0 0573 50.7-61.3 36.6-486 17.5-29 1 0.0 03-0.7 17 1-2¢4 - 0.8-1.1
Kashi 0.2-0.7 -- 2.6-54 13.7-18.2 2.4-6.3 50.1-53 7 36.9-39.6 18.7-23 5 0.0 0.5-0.6 13 1-21.5 -- 0.7-1.2 |Hardwood
Shinanoki 0.2-0.6 20-23 2.9+4.1 21.1 6.0 55.2-61.5 33.1-42.3 20 4-20.7 0.0 0.1 23.5-26 9 - 0.7-1.0
Kaede 01-07 1238 2252 167-258 1.4-30 50.9-610 37.1-48.9 18.7-25.7 0.0 0315 195%.2 -- 0.6-0.7
Doronok: 0.2-2.0 1.2-2.2 2.9-45 19.5-24.6 18-3.6 54.8-66.4 338-46.8 16.3-23.6 0.0 0.1-11 18.7-25.2 -- 0.4-0.8
Ipil-ipil* 1.2 - 7 212 5.4 67 5 18 4 2.0 “
Mayapis* 0.3 18 18.5 4.6 63.6 12.3 297 Hardwood
Red Lauan® 0.3 2.0 20.3 45 584 115 34.8 Tropical
Tangile* 0.3 1.3 16.9 2.9 63.7 12.8 31.8 -

* By MANUEL R. MONSLUD AND FRANCISCO N. TAMOLANG, ORIGINALLY APPEARED IN THE JUNE & JULY 1969 ISSUE
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Thermogravimetric analysis of local woods

Yoshio NoDa, Katsuji ISHIBASHI
This report describes an experimetal study on thermogravimetric analysis of wood species
grown in Hokkaido to explore an approach for utilization of local bio-masses.
Test species belonging to the following families were prepared and also tested similarly for the
reference. |
Contents g&*wood tar and residue of the species were calculated from the derivative thermog-
ravimetric curves (DTG): the curves of 200-500°C were used for the former, and of 400-900°C for
the latter.
Woodtar contents of the hardwoods and the softwoods are 42.1-67.8%, while the tropical woods
are 39.8-55.49.
Regarding the residues obtained at higher than 600°C, following results were obtained : (1) The
residue contents from Fagaceae, Rosaceae and Leguminoseae have slightly higher value than
those from Betulaceae, Aceraceae and Ulmaceae, on the other hands, the tropical woods and the
softwoods are almost similar to those from Rosaceae and Fagaceae. (2) Volatile substances
remained in all residues are relatively stable against temperature change from 600°C to 900°C :
weight loss of the residues between 600°C and 900°C is 6-89% based on the 600°C residue.
The experimental results showed that woodtars and residues formed by thermal decomposition
on the local woods are useful for industrial materials, especially the latter are useful for
activated carbon industry.
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wt. 6 (JEKMEIRE REHE) BEVNZ LN TEDT,
H—R T AN—REDTEHERE L T
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REMBLEES S 7oA, w&kUVE
SMED 20070 A>T 5, BHEER

HApEER LRI AR

BT L D ARE N CEFREREL., K7 a
Y AT, *OFHERECE W TE{LEREER T
BY 2 HHERL D, HEVEEMOE £ TEE
BREEERL, FLTIOEEBRESENME
7ot ATHERET 2, BT o2 AR ERET
T3 3000°CRREDEE 2 MLE LT 525, 100 MPa
# 5 1000 MPa BBEORE T T, BELRY
Bebs 1500°C (IR OIREP SR 5 2 LhikE
BRNTWVEMMN KL, ARRT AT 7 LT v
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1400°C o FEEHRIR TERVLE 2170, RAE—H4h
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2. KEKHZE

2.1 FRIPLTFOHEE
TAT 7y NT 4, KRR (C: 76.9 wt. %,
H: 64wt %, O+N+S: 167 wt. %) M UK
A7 EER (C: 865 wt. %, H: 62wt %, O+N+
S: 82wt %) o FBEARSERC & D B
DT ELTAE LU, B, KESHEOKIGER
ELTEATHE 12 oRESA - b7 v —7%F
Vs, BUBEM S RIGRE 400°C, ktH 19.0~25.4
MPa, KIGRFREHI1209ThH 5, B L L CHk
IR DR REHETHRIE S 10wt. 9%, Bl = LT
s lwt. BIENL 7z, RIGERDE, £39~F
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BSEAFF VRNEFORYY AT LD T A
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Ho/Hea) % Table 1 iom L 72,



(48)

Table 1 Yield and analytical data of parent asphaltenes from Hokkaido coals hydrogenated at 400°C

Hydrogen distribution Structural parameter .

Reaction Yield  Ultimate analysis (% d.af)
Sample i )
time (min.) (% d.a.f) C H 0 N S
Taiheivo-coal
asphaltenc 123 248 869 6.7 5.0 1.8 0.2
Oyubari -coal 124 3.1 88.6 6.6 3.4 1.9 0.4

asphaltene
#*M. W: Molecular weight

2.2 FTRT7pLTFroaMBKEERE (HIP)
EET COBLIE L, #ESsERTEo HIP &
BrHuwi-, HIP =B O A% Fig. 1 Rz,
COEBIEEEE 16000C, RE|ETy 294.2 MPa
(3000 kg/cm?) & THEATETH 5, ZDIKED
SEEFEGERY Fig 2 10m Lk, #EHZAE
47mm OEH S GIEFEEF -7 IWCHAL, 0O
F o —TEBEFRTOEY 7T =5 —F G
£ 37 mm, A 20mm, £ 150 mm) JO ¥
< o8 (N 10 mm) (A Uiz, BB E LT
7Ty A ERWE, HIP EBOREAEE
ZEEE Fig. Lz Lo THHT 5 &, Rr~@
BTV A A RS RO (BT © 8
D, FLT74NT—DTHRESNTI YTV Y
FGIBA SIS, SOV y I3 HEE
2B 5 4 ¥ 75 AR (AMINCO 8) T, 1 BBaAH
23 70 kg/cm?T 2 BrEHE T 1400 kg/cm?* THEE

(©®

Ha He  Ho fa ¢ Hau/Ca Ho/Ha

0.335 0.363 0.302 0.69 0.41 0.77 0.8 420

0.294 0.305 0.401 0.69 0.4l 0.64 1.3 490

i, BEESEF®RREESNE, 2Ty
—FEEFBIC TR N RBE L CmEERL,
FiELME7 ATy A ARRBET YA Y75
LEFLCTNT o HAREHET 2EE 0> T
Wa, BEIEs A AEORINS EHE N EE
Ente 7R UERENE@RER L, mER
RIFOEESIECOREHICE L& ZATAYT
Loy Y —DEEE R =R L 7o, 1400 kg/em?Bl = o
ETCZEL-HEC3EREAER 7Fr—2 )
v -@OWEL, BT KRREE TREET 5,
BEERFARFIECENCELE, BFREL
OEERRFEEAFODEREL THEAZLERO
PEEEMEL, 2Ly — L EEERFOE
Baels, R TIEEREEOZRELTE )
Ty e —F i & D EERESEAE A ORE
% AR 300~350 'C/hr T 1400°C TNy s 2
Tk 3000 kg/emPETHET B Z ENTES,

4
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Schematic arrangement of HIP apparatus
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Fig.4 X-ray diffraction profile of Taiheiyo-coal asphaltene treated under high pressure
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X-ray diffraction profile of Oyubari-coal asphaltene treated under high pressure
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Table 2 Experimental conditions and crystallite parameters for asphaltenes treated.

Sample Temp. (C) Press. (MPa) She;rlr;pel: Sealing Cristalhte parjmeter
002 002
600 atmospheric quarz pan open 3.44 18.5
62.6 Ag tube press 3.40 23.6
800 { 147.1 Ag tube press 3.41 32.4
215.7 Ag tube melting 3.39 24.8
Taiheiyo-coal ) 215.7 Pt tube melting 3.43 37.6
asphaltene 100 [245,2 Pt tube melting 3.44 27.6
147.1 Pt tube melting [ 5.43 bLI
3.43 59.1
1400 215 Pt tube melting 3.43 46.8
9284 4 Pt tube melting 3.42 66.6
600  atmospheric quarz pan op en 3.44 15.4
68.6 Ag tube melting 3.41 22.4
00 { 147.1 Ag tube melting 3.41 21.2
215.7 Ag tube melting 3.40 22.4
Oyubari-coal 215.7 Pt tube melting 3.43 34.1
asphaltene 1 [245.2 Pt tube  melting 3.42 34.2
147.1 Pt tube melting ( 3.42 6.7
’ 3.42 65.3
1400 215.7 Pt tube melting 3.43 60.3
1 284. 4 Pt tube melting 3.43 59.5

2T b, Fig 61Tm Lz & 51z, Le(002) 134 ERBLIUMBRAZRERIGL A0S HEET 5
BEOHIEKEFELTCHEILDEEZLD LTS DEHEEND,

%, HIPYLHEZD 7 A 7 7 L7 » OTLESTES
Table3 iR L7z, MLEIRE O KL L bz Le
(002) kX CIREFEESERIEML, KELU~AT O
TRERREY L TwD, WNEEE 1400C T3,

RESERITIT B wt. %E THEINL, kFSEIZ
0.3~06wt. %= 7T, ~FurxEsEIL0.8~2.0

wt. B2 T L TED, M00C It Tidlhiks
NUBATaREFRNECELI LI 2T

Fig.7 MU Fig. 8 3 #FNFNATERT AT >
VT2 URYERT AT 7 VT > DERTR
Firsi7 3 400C g ToEERIBELRLY
DTHB, WWOC EFTOETAT7 7 VT v OEE
B i3 TA~TT wt. % TH 593, 1400°C, 215.7 MPa
THIP UBEBEO 7 27 7 L5 T 10 wt. %7
H9, Lc(002) oKX REFEEBDOHD L LY
WEDTA7 7 VT DEERDVENET T2 2

Twd, B8, RE-IZESTF = — 7 OEHEC CRTLTHS, ZOFEEREZ2FHICHENT 2
FrELTRENURBEAERERB L L2500, &, BT A7 707 2938 500~550C % Tz 50~60
B0 T T T 1 T T T T T T
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Fig.6 Change in Lc(002) of Hokkaido-coal asphaltene treated with treating condition
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Table 3 Ultimate analysis of parent asphaltenes and asphaltenes treated.

Ultimate analysis

Sample Temp. ("C) Press. (MPa) (% d.a.f.) Atomic ratio
C H O+N+S H/C O+N+5/C

parent asphaltene 86.9 6.7 6.4 0.93 0.06

68.6 94.1 2.3 3.6 0.29 0.03

800 {147.1 93.4 2.5 4.1 0.32 0.03

Taiheiyo-coal 215.7 94.9 2.6 2.5 0.33 0.02

asphaltene 215.7 98.2 0.6 1.2 0.07 0.01
1100 {

245.2 98.0 0.6 1.4 0.07 0.01

147.1 98.6 0.6 0.8 0.07 0.01

1400 {215.7 97.7 0.3 2.0 0.04 0.02

284.4 97.7 0.6 1.7 0.07 0.01

parent asphaltene 88.6 6.6 4.8 0.89 0.04

68.6 93.0 2.2 4.8 0.28 0.04

800 [147.1 93.3 1.9 4.8 0.24 0.04

215.7 92.5 2.0 5.5 0.26 0.04

Oyubari-coal 1100 f215'7 96.5 0.8 2.7 0.10 0.02

asphaltene Yots.2 976 0.5 1.9 0.06 0.01

147.1 97.9 0.4 1.7 0.05 0.01

1400 {215.7 97.8 0.6 1.6 0.07 0.01

284 .4 98.3 0.3 1.4 0.04 0.01

140085 216 JMP2

00T 225 2MPe

800°C 68 GMPa

Wi 125505
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. ) '
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Fig.7 TG curve of Taiheiyo-coal asphaltene treat-
ed under high pressure
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Hot Isostatic Pressing of Coal-Derived Asphaltenes.

Yoshinori NAKATA, Ryoichi YosHIDA, Takeshi OKUTANI,
Shigeru Uepa, Kohei KoDAIRA*, Yousuke MAKEKAWA and
Yuji YOSHIDA

Government Industrial Development Laboratory, Hokkaido
Sapporo 061-01

*Department of Applied Chemistry, School of Engineering,
Hokkaido University

Sapporo 060

The possibility of carbonization/graphitization of two Japanese Hokkaido coal-derived as-
phaltenes was investigated with Hot Isostatic Pressing (HIP) in the temperature range of 800 to
1400°C and the pressure range of 68.6 to 284.4 MPa. The dependence of the thermal behavior of
coal-derived asphaltene is observed to be very small with respect to pressure and very large with
respect to temperature up to 1400°C at high pressure up to 284.4 MPa. Namely, the increased
temperature exerts a large influence on the increase of crystallite thickness in the c-axis direction
(I.c 002) of the residual asphaltene after HIP treatment. The Lc002 increases as dehydrogenation
and the removal of heteroatoms are promoted. Of the coal-derived asphaltenes treated at 1400°C
and 284.4 MPa, the carbon content was about 98 wt %, the hydrogen content 0.3-0.6 wt %, and the
heteroatom content 1.4-1.7 wt %. The weight loss was less than 10% at the TG measurement up
to 1400°C. From these results, it was concluded that the coal-derived asphaltenes terated with HIP
at 1400°C and 284.4 MPa reached the transition region of carbonization to graphitization.
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Nomenclature

(m)

@ =Length of major axis of bubble

b =Length of minor axis of bubble (m)
d =Equivalent spherical diameter of bubble
(m]
d =Geometric mean diameter of bubble  [m)
d, =Orifice diameter (m)
D, =Column diameter (m)
g =Gravitational acceleration (m/s%)
H =Height of column (m)
L ; =Height of bubble aed (m)
L, =Tnitial height of liquid in column (m]
n  =Number of bubbles (—)
p; =Pressure of column (MPa)
Nie =Froude number (= u?/gdy) (=)
N, =Dimensionless parameter (=Ng™"® » Nye)’
(—)
Nye —=Weber number (=d, 4% p/0) (—)
S '=5tandard deviation (—)
# =Gas velocity through nozzle at experimental
conditions (m /s)
#, =Superficial velocity of gas at experimental
conditions (m /s)
p  =Liquid density (kg /m* ]
¢ =Surface tension (N /m)
x  =Liquid viscosity (Pa.s)
ez =Gas hold-up (=1-Lg/L g [=)
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Bubble characteristics in a pressurised
gas bubble column

Kiyoshi Inocawa, Koji IKEDA
and Takashi Fukupa

The behavior of bubbles in a gas bubble column with a single orifice have been investigated
under pressure in the range of 0.1-1.1MPa.
The results are following,
1) The effects of pressure on the sizé of bubbles, the shape of bubbles and the distribution of cubble
diameter in the range of experimental conditions are small.
2) The size of bubbles can be estimated by means of the experimental correlation including the
operating conditions under pressure.
3) The gas hold-up slightly increases under pressure.
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Fig. 1  Size distribution of micro glass balloon
Table 1 Properties of fluidizing particles
particles Micro glass balloon
Density, s 0.45g/cm?®
Bulk density, pb 0.16 g/cm?®
Average particle size,  Dp 200 ym

Minimum fluidization gas
velocity, Umf 0.7 cm/sec

(by air at 20°C, 1 atm)
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Table 2 Experimental conditions

Sample weight 100 g
Fluidized bed height, Lf 150 mm
Supeficial gas velocity, Uo 24.5, 30.0 cm/s
Fluidization gas ratio, Uo/Umf 35, 43
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Elutriation of Particles from a pulsed Fluidized Bed.

Hideo Hosopa

Particle elutriations from a fluidized bed of 0.09 m L D. and 1.1 m height were measured under
the pulsed gas flowing with frequencies of 20 to 400 1/min. Experiments were performed in the
bathich system for bed material of micro glass balloons. The elutriated particles were collected at
a given interval and weighed, and size distributions were analyzed. Holdup, frequency and rising
velocity of bubbles in the fluidized bed were measured by a capacitance method. Elutriation rate
cofficients were evaluated from the data and the effect of pulse frequency was discussed.

It is concluded that the particle elutriation from fluidized bed ig lowered by the pulsed gas
flowing. The elutriation rate constant increases with the pulse frequency and at the frequency of
400 1/min approaches to that from ordinary fluidization. The elutriation from pulsed fluidized bed
is affected by the breathing in freeboard gas flow.
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EERREE R, NE 80mme M U155 mmeé &

Table 1 Analyses of coals

Moura Caribbean
Moisture 4.3wt% 1.6wt%
Ash 10.4 6.2
Uolatile matter 25.2 28 .4
Fixed carben 10.1 63.8
Ultimate analyses [wt%, daf]
C 83.0 36.3
H 4.6 5.5
0] 10.1 4.7
N 1.8 2.0
S 0.5 1.0

Crucible swelling
number

S FO — =

2EHEH G, 80mme TIEEICRENLY A %
Ny &L, 155 mme 13 Alr 2 TEBET-77,
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SRR EOARBRIFESTER SN D 2 L 250,

3. HBE

EbprE SR % Table 3 (27, Run 15 {# Moura
REREE LEBRTH S,

Runliz, MEHEA R E LT N, 2wt & &,
MENBANDRESAIRED 572, THE, HE
ISR No ERARE L Tl EEZ N5,

Run 2~4 1F, WMEHMEA A & L TERD A5 Hn
7ol ETH DA, BHEED 450~5000C &< x
D&, T —OENEARPFED S, E5ICFD
ERAED SRR T L L, EERASTATRE &
o7, Run 4 OFEREMEL L B3, RIFHE

Table 2 Size distribution of Moura coal

(mm)] (wit%)
1.68> 2.49
1.68~0.84 38.26
0.84~0.59 17.43
0.59~0.42 11.67
0.42~0.25 13.37
0.25~0.149 9.11
0.149~0.105 3.22

0.105< 4.35
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Fig. 1  Experimental equipment
Table 3 Experimontal results
Run No. 1 2 3 4 5 6 7 8
Coal Moura Moura Moura Moura Moura Carib Carib  Carib.
Bed diameter (I. D}, mm 80 155 155 155 80 80 155 80
Coal feed rate, kg/hr 6.17 20.2 55 2.91
Fluidizetion gas N, Air Air Air  N,+Air  Air Air  N,+Air
Flow rate, N1/min 90.4 277 248 74 160 a7
Temperature, 'C ) 450 500 450 300 400 300 200 400
Char products, kg/h 4.56 45,15 2.29
Analyses of gas, vol%
N, 63.99 99.3 99.64
O, 0.63 0.29
H, 6.67 0.06
0] 8.06
CO, 16.21 0.35 0.43
CH, 4.41

Carib. : Caribbean coal



DEEBRDVTEETH 572, TD T Lk, BERLITHE
RBETHEZ Emd, EiRNre 00COFv—%
BA1E, WHLEE LT

(1)  ZEiREH»5 300°C ~

(2) (1) ®FEICEEIE 400~450°C ~

(3)  (2) ZERCwEHEIE S00C ~
YRS EBOBERICE AGENLELEZ S
na, ,

Run 5 i, WEMLA X DOZERICMA N, fhEA
ELT22L-T, MEBBACEESHAL /D
&L, Fr—0D@ERb &SN TR ZEE I ARE
T\%’Jf:o‘

(71)

Run 6~8 i%, Caribbean R & [Fgl & L /- EET
D, FEMEY A ELGO AL ZERD L S,
BRI 300°C B Th, EERRHIAHRI0NFRET
BAREK L TERNIAEE R 2T, Z D7 d,
Run 7 Tz 2000C T—FEf28 (B{k) L, #OFx
—%Run 8 TE N IbeRELLT, ZERICES
BB EB (T2, TORBE, Fv -8k
PTEDL RSB ET)I T ENTE,

X BA
D Ab¥E LEpEERRATRS, B35
2) ILEETHEMRAGRIRE, 8T



r T -7
L oy . -
% . - RN L2 - -
o =0 , R ' ; . g
. .. - ' ‘L A ~. L - b
- } - \\ i _ - ~ o . ~ -
~ i N s ; \
— - - PN, . . - ey
3 : o ~ - - R
! o - i) - A e ]
\—\ ! e ’ _ Ao
P B - - - o . B S e . - N -
g N s ‘ /7 s v | ,/‘ \/\ o - k N N
f,r‘ - - LY N SN
\\: N . B «: VP o~ nl f// - h - — >‘v ) P N N
@ ‘ - I - S . *’i\ IR ) e - :
).f . \‘_f_ - .y / B i .- _ ) J y . J*l; . :L\" .
=7y s ~ . ! o - ( — , -
- - ! s - ) » S
. ) ~
Lo - - b " o }
\‘1 - .‘- - T -~ J/ - - 7‘\ S
- . s - = B
1Y = - \ L - I
. " ,\ - o= N ‘; -
i._ 7 R N B e ) iy i - '
- . s\ ) S ' - ’ B T e L /
. Y o ) - ) s - .
T L ) S - ;
g . - ’ e . L |
(I - . P - o
r 4 - - . Y
L~ , ,
= - _7-”/4» - < / ’ . ; NS \
g : s - - > e .
L —— - 2 . B ) B i o — )1 A
b _ .\7 e ;. ),4" - ) S » _ - - ;7‘
. . L 3 . ~ o~ Je 8 Va )
T ' ~ B B o = ] S~
R ks T~ Y . O N
ot _ _ - . —— — — , ~ -
- ~ . l - ) B " .
\\'_ : » ) . ’ - \ B! \ _ *) o ,;
' — N < ' “L - — ' - - ) *?
T P T = o]
= S > s - - ~ . T I
N P . . - R e
e M iy - -~ '.)y >, 7 v .
o A ‘- S N : - '
: ‘g a~ » - B . - B - b ~ J., 7
- - ( . - ) |
3 S i = B - 0 —~ o
: , — - R B R,
Lo~ . o ' e A h S
- i - . - ,
J . L R EEIRMRBRA S .
. ' - s - o - -
. 5 -~ - % 31 . 5 ) oo /\7 S
. \ - /
K Lo N ‘ _
SR R T R :
s \ - -- } - L .
e WFISE4E 3 H23H IR - 7 - | o
L e T e BASSE3 AL - BT o= T o
- T “ - ¢ B - - - - 7
— _ . = ] _ AL - -
e o LT ) . - ) . Yo - -
_ | - _ - = . ke : = — ;
~ - R - TERRBELEELEMERBRE n L
T o MTBTRAEKCAITTHELS . | |
< - . P ‘ J
T - ~ B E 011w 0151 o LT
TE - . OO - B OB BKLOX 2 # - a
i AMHEERK LB R HT7 T H ' :
- B w N -
e L ~ < B -0 (). 3860 :
;/ — L ~y 4 = = . - 7 = — = ,
o v - : . i o h -
; \5 Ty - \\' ! ) o - R ‘__/’f ) ;\\L gt\ ~ 7
fT i - » L e = ‘ ‘/7 /’-' \? - ) ' 7' N
e R : AR e N
- - s L [ ' . -~ - T
. , e oy N ¢ T
TR B T
£ - a i - .




( By
,(15 e

- Scenifie Papersg;v*—f £
Fundamental Study Of WoocL PYl’Oly51s

Hg t:lsostatlc Pressmgr of Coal Derwed Asphaltenes ) : : ', N
' Yoshmon NAKATA RYomhl YOSHIDA T’zikeshl OKUTANT Shlgeru UEDA
B Kohel KODAIRA Yousuke MAEKAWA, ,Yujl YOSHIDA (47)

TR By [.-_,

('617 3




	表紙
	界面の振動スペクトルの測定
	オゾンの細胞および細胞構成物に及ぼす影響
	木材熱分解の基礎的研究
	熱天秤による北海道産木材の熱分解特性
	静水圧下（700～2900kg/cm2）における石炭系アスファルテンの熱的処理に関する研究
	加圧型気泡塔における気泡特性
	脈動流動層における粒子の飛び出し
	汚泥の乾燥方法と熱分野解性
	弱粘結炭の流動乾留
	奥付

