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Catalytic Activity of Various Compounds in the Gasificatipo
of Carbon Part 2. Reaction with Water

Tatsuya Ishida, Masayuki Iwasaki, Ikuo Inagawa
Keikichi Fujikawa, Takaji Kanazuka, Hisao Kanoh
and Koshirou Miyahara

Abstract

Gasification rates were measured with various samples which were prepared by the
impregnation of highly pure carbon with a sole compound. It was found that the compounds
of alkali metal linking with oxygen atoms and platinum group exhibited a comparatively
high promoting effect and some other compounds of Mo, Ti and W showed a weak effect
only after an oxygen treatment. It was confirmed that before a commencement of the
gasification the catalysts of alkali metal group and platinum group existed on carbon as
hydroxides or carbonates in the former and in metal states in the latter.

The selectivity to carbon monoxide in the early stage of gasification showed a propor-
tional relationship with a gasification rate in alkali metal catalysts, and a sensitive in-
fluence of the history of a catalyst and a high value upto about 80 percent in platinum
group catalysts. As for the route of the formation of carbon monoxide, it was qualitatively
interpreted that the alkali metal catalysts promoted the oxidation of carbon to carbon
dioxide and the consecutive reduction of the formed dioxide to monoxide. Catalytic

gasification mechanisms were proposed for both catalysts.
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52Lick, 7V —VIxVF-HBEVIERRAN 2 OBIER & SBLEDN B D BHKEN,
NHBLUEESORRD O, KREOH AMAERET AAEWME L LT, & 2{LAl (0,H:0)
OREFICIKR ST T vh ) @BRILEY (FIWRRE) 24° BLXTWLK 22 0EBBELELE
w60 (PIZIASE eI L tholkD£BILEYE D Zukibil) %45 TE 5,
HAEDRBEHTICBT 57 vh ) @BILEVMOIREBICOVWT, KBREVSTICHANONTH
505, BUSHE#BO P TREEDOZRENL, HEBFICL > THHIFIR->TBD Y, oL DT v
H) @BILEVTENT, Wi REEXLESbDD, E, TN ODOYHEMN T LD
WD > TV B DA T BLEND 5,

FREICBNT, KEREHN ZMLA L T B RFEOEMA 2L 552 DILEY O il iE
B & U Z OBRIRVIARKEES 2T, (ERIREBICB T 2D KEEICBE S 2 EEBEFE L KD,
NS DFERITESOT, —BILKRFDERRBE L L L7 ZAUUGD RIEHE 212K 4 5,

. £ B # i&

AREBRICHO I EE, REXEBLORMMLEYFERZRIRD LRLCTH S, 2L, SR
DLEEEITHI 300ml TH 5,

KER EDRIGIC KL BIRFAD A AL, BRI ERERSR) o, KRABDOA - 77X
INEAKR (FiE~200°C) THRL, ZodicH lemHg K35 TRKEKEBAL, RIG
BEMMTICTRAINICBRF 2 UNERICEET S5 LTk DEET 5,

AR L7 Hey CO BLU CO, OAHTICIE, TEMR, TV F+27v—7 bA, T, KRRIED
HQOlCHRF ¥y 7 QEEELLARIu< T I 72H 0T,

m % B & R

1. SRONEBEREICL S HRLENR

&2 ORI A &R L kR A RO T, X OMBEM 2T 2% 2 TH AEH 2 RE
LIEERNK— 1 Th b, A AMLEE G 34 ZLEE (650°C) B0 T30S ZETT - 1o
LED CO BLY CO, DFEERGEE THSo #1 AL (Run) I - TLUF OEMH THEE
ML 7o,

Run A; $ER L 75455 500°C T30ARIMEL, Hic, FRTHHEZ (#10" cmHg) 1230

SfEEER L 7,
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Fig. 1 Variations of G with various treatments
in the reaction with water at 650°C

Run A’; Run A 0%, SHHZEPHICHR (F1 58 Ui
Run B; Run A’ @, HEKL7EA35 500°C T30 L 72, FiC, ZRICBVWTEHEZHE
K% 30 3 fEAT - 7o
Run C; Run B 0%, SMHZHEPL»ICHR LT, KFEEZEH cmHg BA LT 500°C T304 il #h
L7
Run D; Run C 0#ic, HERL T, BEZE 2 cmHgEA L 500°C T30 RI& L 12,
K—1® Run A’ 5, KEDRIEES DERELITH EVFHORR GIEHAET S 5, &

Table 1. Gasification rates, G, and selectivities to CO, S,
obtained from various samples at 650°C

« 106 . 106 . 106
TR SR st e o
LiNOs 0. 92 1.16 2.08 44.3
NaNOs 0. 28 1.29 1.57 17.9
KOH 0.18 1.05 1.23 14. 4
RbNO; 0. 27 1.45 1.72 15.6
CsNOj; 0.17 1.48 1.65 10. 2
H2 PtClg 0.9 1.17 2.12 44.8
Pb (NO3j)q* 0. 87 1.08 1.9 4.7
Ca (OH), 0. 09 0.73 0. 82 11.0
Y (NO3); 0. 02 0.17 0.19 10.5
ZrO (NOg3)2* 0.97 0. 85 1.82 53. 2
V205 0.05 0. 45 0. 50 9.8
MnCO3 0.17 0.24 0.41 41. 3
Fe (OH)3 trace 0.32 0. 32 -
Cr (OH)3 trace trace trace -
T10,** 3.01 0.70 3.71 81.3
HoMoO4** 2.40 2. 56 4.96 48.3
HyWO,** 2.29 1.30 3.59 63.8

* possible influence of NOj

** dissolved to nitric acid
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TOREEIR KOH 3£ U HoPtCls 2B <, oL TORETE LV, Run B ® H,PtCle 3kt
OEEHLICX ZEIELGHHMNTH S, RunCBLU D »b, BEALELTOREIZOVT,
IKFENIRIC X BEHOEABED ST, chicstl, BRUBICX 3ERD FEME->TH
5o

BM—1® Run A’ iITBVWTRHICTKIET 5506 (Mo, Ti, W, Pd) &, FK OB ICHIRE
HHOIHBICHER L AR ERCTHABIN ., FHRERE L THBAERE LICREDH X
bBXTZOHBD L DKL A ZLETH, Run A BLIU A OFREEKLILETA, 20
D S, RIEOFERIIH ZEBERBIMOBILIEATE > TV B i, BILFI,ES
ifEbicc itk s s, Lal, Zasodondnd, BELE (Run D)
& - TiEHER 2R C &0, FEDRILIREICH S I bDTROILEY S H X LiIcE
HTHBAREHIRER I NS,

M—1DWFho Run KB THERNHBENLELTHD, -7, fiiEs LTERL
TV3 EHMENB3WHEIZ, KOH 8L H:PtCle ThH B, FiT, Th ) LEBOEL DILA
MBLIUVALD 5 0E/¥5 VI LEY O T ZLEBEEF L cOBE—1 TH b, Thbib
EYO GlED» S, ERET VA ) 2BILEMBLUALKILEY (AE&BXT/ 7Yy L) H
fikit & L THERTH B LWV R B,

2. EIEAICEITZHRMEEYORE

R LEBOo—EEETHEL, MBI II3FADOEERE(NERDILONBK—2 TH b, K
— 2 0EEHRIT, EERVAHEGTIEAIK—EEEENOARIN S, —F, KLV
THEAITIECDEIBBESES SV, LT, TOBEIL, BOED B VITRELTM
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Fig. 2 Weight decrease of various samples (5atom %)
during the pretreatment (max. temp., 750°C)
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YD ISIC & 0 R L - SEDESRNHEI T 5 C LIk DiE b, B—2 DEREIA Y v 41k
amE¥ (PIF, KOH/C, K2CO4/C, % &kt 2) 0ERMHETH 5, 200°C UTORET
KOH/C % & U K,COs/C DSR4 7. Chid KHCO; ONREEDY KL L THBT &b
5, FiitE LTREhicE T 5 KHCO; OBRICE 56D TH S, KNO3/C @D 400°C K
DRPHBEICBY BREEE, KNO; & CORIKICLEbDTH 5,

KNOs/C 8 X T KNO2/C 3, CORETOMRCENT, Eic CO; 8LU N ZAEKRT %,
MRBOSEHCE T N A(LAYMOKEEIERT 5 72D, ERKEOSITED S, HBLDR
bhBEBLUEZDLE, fo BLU fy, T, ARCEBLTCOERELEN ) Y LDRET
K, r (O/K), 2% LDHDMHE—2THb, RIMLEYOYHEEZFAREFORMESL L
THBULIo &, fo BLY fy REBDOVBOBEDID, HOMELD WL H/NES1ME
L1355, KNO3/C 8LV KNO2/C &b, fy2iFIF1 THY, BMLEVBTRICTHBEL T
BT ERTT, F1, fold Iy ICHELT, HRO/ASVTELD, £ ORKHEMEICEKE
LTWBZ &Lt d, TRHDRRHTEVT, 1 (0/K), H1.510EV, COFRICEST 518
FERHNELTRD (1) BLY (2) BERD LD & - T, MHEMIIRKEDA ZLLDEVE
BETHRLIRBIRICE > TV 5,

4KNO;3+5C—>2K,CO3+2N,+3CO; (1)
4KNOy+3C—>2K;CO3+2N,+CO; (2)

CH;COOK/C 3R H 2 Dfthic x & v 24K L, ZDHRBRIZEHETHS S5, r (0/K)
2515 E185 T &id KoCOs 755 TV BAMBEMEA KR E W0

K;COs/C RDEBD CO, 21T 5. CHIIR—2 DFERD S, FHiD KHCO; DRIC
£B560THD, £->T, K.CO3 DHfRIRISV. 7z, KOH/C &AL TR, -
T, SEEWIH ZLOHETT BIBE (600~700°C) ICE S TORRT, KBRILWD 5 IZREE
HWEH - TRELICERT 5 boodic, Gk nd 5,

Table 2. Analysis of fractions of residual oxygen and nitrogen atoms
and atomic ratios of oxygen to potassium in the samples

Compounds COI’;I&C;;IO};OD/ Fractions fo in gas fy Ii“n(go/%iig
KNO3 0.5 0. 46 0.86 1.6

” 1.0 0.55 1.00 1.4

” 10.0 0.53 0.93 1.6
KNO, 5.0 0.21 0.91 1.6
CH3;COOK 5.0 0. 25 - 1.5
K,CO3 5.0 0.11 - 1.3
KOH 5.0 0. 00 - 1.0
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K—2on )y sREHCBWT, 600°C 25 700°C OETHKBT 2 EEELIE, chdD
WFNOREHCB W TOEULTED, »D, COREBMETEFHY 2L EITT ST L,
Ehs, EEAAZLEEECBEET S, RIMERKZEEDRIETH S, K— 1D KOH/C H8
COBUBIGIKBOWTEREZRT CEEEZET S L, Tavh ) &BMEOIERBEEICIE, B
BIETHER L -ABFLAMORRIC K 3BT E, BTREOTVE LB (550 RILAYD
LA ZLHNEDFUKIC & B2 ERBILEVOBELAELVF v 7 X « 4 7 VEHE L T
%o '

H,PtCle/C 8 LU PdCL/C 3EMLHEEREAZRL TS (K—2, A#),400°C & 500
‘C ORI B HMRITISH CRICEML T 5, 20T, Fik OEREEICHLT30 5 MK
LR ET, =F Ly ORFIERARE L (K—3), TFLvokHEtss, ALs
U799 DB ETRESNS T ELY, TNSORABHTT, BEBLUYT Y L3,
BERLIREE 400°C KEZ ETOMICIZEALLBICET TRILEN TV S, #-T, H2{LiZS

100+
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Fig. 3 Conversion of ethylene hydrogenation on the
samples calcined at various temperatures
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Fig. 4 A corelation between G and S measured from
various potassium-carbon samples
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Table 3. G and S values from platinum- and palladium-
carbon samples treated under various conditions

Compounds . Calcination G +10%/ S/%
(composition) temp./°C mol* min
H;PtClg 500 2.12  44.8
(2. batom %) 2.66 16.0

1.50 22.5 -
0
7o 2.50 5.5
PdCl, 500 1.95 44. 7
(2.5atom %) 1.95 56.5
’ 700 3.90 78. 2
(5.0atom %)

Bl LORIETH 5.
3. —HILRREDLRES

ERIERLEELZDH ) Y LMEEMEEHCOWT, Gitkdd 3 SofEx 7oy b LizDh
K—4Thb, INSORKOFESM HFEFR) BIURMEFHFRIFIFICE TV S,
LirL, G & S ORI AR SBIRAS S B REDIKIC L BH ZLIBRDEUSIC & D s, K
IS (3), (4) BLU (5) ORIGHEE v1, v2, v3 DOEWMICRDOBFEBTRIN B,

C+H,02CO+H, (3)
CO + H,022C0, + H, ' ()
C+C0,-22C0 (5)

(case 1.), 01> 0, 03 5 13E AL CO DAHMERT B, KFEDHEKERES & 1IHEH
YT 5 (K—4Co

(case 2.), v1=v2>vs ; IZIF50%D CO 2HERT 5, HRFNICERD HLVRHEEE
FHEE (R—1) 2HV 5 EH50% D CO AT 555, Hfil
HZEBOTEDTITE S0,

(case 3.), ;i=v3>vy ;(3) BXU (4) DRILT CO, T TEBALEIN, ZD—EHH (5) D
RIGT CO IK@mL&h b, 22, CO, DEEMBEZNIIZE (5) iIKk
% CO DAEROIMESND T L5, CO ~DRERE S (T MT
IC G ICHBId 5 EBTFRINS,

M—4 ORI, (case 3. PARLRICLVBEELTNBILERT, F72, COz 24
fFIE 2RI E 7, AEBREFUAR ETRESNS CEPHERINIIY T LT T OHER
AXFFT B,

HE&EBLU/NT VY AR OBRREHB LOMBORS bDIC>0T, GBLUSEkD
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DHBER—3 ThHb, MELCRNEREKEEDERLIARD G REIELALHEEDETHED
it LT, S OERDE D RRANCENT 5, B O LICER ORI BURIC S ITEB L T 5,
£oT, (4) b3V iF (5) DRINICHFEIRNREZRT M SLOFERSTFRING, THbE,
— 1D RunBBXU D, THEUHDOLFAZRTEELLERL T, REDSVIIRKRILD
DORE T X ZMHNRB RSN B, BFFBERFADTH 5,

4. MEOERRE

TAYERBLIUALKFILEYOMBERAHBATIEEL LT, 203N, ROZDD
BEAERET 5,
B&HE 1) 7ovh ) LB hbi,

MOH+C—>M+CO+%H2 6)
MOH+CO*—*M+C02+%H2 (7
M+HZO—>MOH+%H2 ®)

(et 2.) BeKReEME,

H,0—0(a) + H, (9
C—C(a) (10)
C(a) +0(a)—CO(a) 1)
CO(a) +0(a)—CO, (12)
CO(a)—CO ' (13)

Touh ) @EMECHEIEICENT, 2EHOKE (K—28XU0%K—2) »5, M.COs DB
SougetEnd s, LhL, KEHZEIET S H 2T, MCO; DRI » BR{LY 1 7 v
BEZLE, $70, AT 5 SUATHOKFENIRE DR F ISR ORTLEERMAICKAE LT, K
DFOMHE, THOLE2M 1 OFAVIKEEHT L VDTHEH, BT VvH ) EBOFEEENZ L
EEREL, —H, A9 VIPBBEKT B LEENSKBETEPH->THED, L LUEHS,
7oA ERIEDE  ORIGICHBICRBEDOHDMEIVNS 185 LB, LT, EH
{74 ZALHIT MoCOs D3RR — 3% < 0 IR THERE IS ZH W,

LRI, KBA RIT K BRFEOHEMA ZALRIGICBA LT, Yokoyama 5 Y958 iR
EERICBAEL T35, 3HiD case (3) 5, 1) @ (8) I&EL, (6) BLU (7) 3B
KZHUL LRI TED, »D, IhoDWTNPBREN LS, £, (5) OHFEET 5T
EMFRENS T &IF, Yokoyama 5D (M,0-M) RV Fvy 7 244 7 vDhd M—CO.
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#-T, M3 H,O & CO; it & » TEFHICEILEN 3,
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(a) B—DILEYMOTMIT X > TKEZEDH RLERET L dDiE, Trh ) @EBLUAE
&R TH 5,

(b) 7oA ) SBAEDEEI A ZLETTRICE VBB —DDIREIIKBRILITH 5,

(c) A& LEMIIEBIREBICE TRTSN TIEEHAE DT,

() —BLRFZOEREE ORI, Tovh ) e ickwTid, —H, —B{bRRICE
TREVBRILEIH, COPBRELINABRENFETHIOICKL, ALKeBE Fic
BOTIHMEBELHET S LIk SVEREEZ b OBEBELRRIKEMEETH 5,

(o) B A AL L LT, 7o) &BMEICE, REBEL2THEIEE LV, KB E
BILEBOV K v 7 2%, BLUAGKERBE LTI, RENCHEBLIRES 5,
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