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Rate of Water Gas Reaction

Shinjiro Kobama, Kenichi Fuxur
Takeshi TaAME and Masumi KiNosHITA,

(Fuel Chemistry Laboratory, Faculty of Technology, Kyoto University)

Ti:e rate of the water gas reaction, CO+ H,0=C0,+ H,, was obscrved by allo-
wing 1:1to1:3 mixture of CO and H,0 at 1 atm, and at 350 to 450°C to flow at
dif ferent flow rate over 2 gm Fe,0,+10%Cr,0; catalyst packed in a quartz tube of
2em diameter and by avalysing the resultant gas. It was found the kinetic law derived

from the differential equation,

_ 400  k(CCO)(H,0)—K (H,)(C0,))

dt (CO ]+ e (H,0) ’
[(COY ete.:— concentrations, ¢:— the contact time or the free volume in the pac-
ked layer divided by the volume flow rate, K:— the equilibrium constant of the
reaction, ¢!— empirical constant] was well obeyed at the earlier stage of the reaction

or at smaller ¢ but not later.

It was considered how the differential equation leading to the kinetic law was
derived from the mechanism that the reaction consists in the bimolecular reaction CO,
Hy+8r — 0228w + CO,, H,0, where Sy — o and Sz are sites on the Fe, O, surface

coungisting of Fe atom either combined or not with oxygen atom respectively.
LI - L
CO+ H 000, H,;-+9860cal
BB EBRGRACTRD SN AP Y <R S, TRNCEE T 5 bifibF, £
DFEBEFRPIFFT Z =0l cZ L L, ¥ Podovani F¢r Lotteri)’ Taupichler® oFz s34
BT ¥R, IEEHEROKEER 400C i+, F7F 20H,0O8C O3Bk 1 ~6,

Bin 1 ~30FBc iz CEBETVW, cORBELZAFEETH 2L L THEOTHE,, BE
FKOBBORENFTCeOREY —RFHE: L CHETWhE, MILOEA& D cOFEY 2Rk

*) U ABE T EIRREH L B
1) C. Podovani, A. Lotteri; J. S. C. I., 56 3Y9/T (1936)
2) F. G. Laupichler; I E. C., 30 578 (1938)
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R —KTH 2 LT ERNBESEARESTH D, 2BICBEE LT ZOERAE
BB TP 2, LT CBEROKOSBELY# 2, BB T CREL by, K
MR r E A, R, RO L= 2 ¥ — 2R,

2 R B K &

JABE L 7B Fo B L 10280 CraO 35 & A2 Cry0,3— R, 03 50 3 O, FEIREO
WY D 7 v e = 7K TR L b, FI51% 1 ORI RIBL 7o b O & i \ne,

TR AT 2 (3 B % T O BRI = OIRERC X b M L T & & 7 C O % NaO Hi#k
B 7w — VT, 2N EH 2 OMCHBT 22 L h Lk,

KRR EEHEOBMIMC L VB T2, ‘

FEEEME 20mm OFEWcH o, PocsHE Smm OB ARES Y, HE
B E OB BEHEBTRETS 2, e e KFCkE, BRE ML &,

3T Orsat OF ADHTHEE, ROEBREC~Y t v, EEckb C0,, CO, H,
L 7o

E 2 g OEEY AV, VA0 # b L b, BERIEEEL 450°C, 400°C, 350°C,
FEL Y A h OKE C OB (Pao)o/(Peo)o 3, 2, 138w b Tfiok,

3SR B W R

SHTRER, ROCORFEMEL L CHHE L 2COEtER#E 1 F i,

¥ 1 e
WM Py, | W L I 5 C Ogfkas (%)
2P B
¢C) WORRECN 1 (10 | C O, H. co (CORcHE)
450 1 0.121 | 33.5 31.2 34.9 49.1
0,284 38.7 37.0 245 60.6
0.435 40.3 87.8 . 217 64.5
0.680 | 41.2 39,0 19.8 67.0
1.360 417 40.0 | 19.0 68.2
1.756 | 425 40.2 19.0 68.2
e ——— - ‘. - S — PR . — e ——
450 2 0.124 i 39.6 37.5 23,0 62.6
0.286 | 44.4 42.8 13.0 | 77.0
0.475 . 46.8 43.5 9.7 82.3
0.530 46,2 49.3 9.4 83.0
L8 | 5.2 48,6 10.0 81.9
450 3 0.005 | 96.7 24,9 47.2 35.9
| 0.142 ; 32.6 31.8 34.5 38.g
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o (Pm)o/u,w)o!%%maﬁ £ B W R 0 | comts
¢C) - | (x104hr) | CO, H, | cO (C 0N

450 3 0,284 37.0 3.6 | 23.8 61.6
0.330 43.0 41.2 | 13.8 75.8

. . 0.548 47.0 4.5 | 6.3 88.0

f i 0.593 45.7 44.9 i 9.0 83.5

| | 0.8 0.2 | 47 |75 86.0

400 | 1D oeam | 808 | 2m8 | 414 | 4.4
i 0.316 . 87.0 35.5 27.9 56.4
0.644 40.4 38.3 21.3 64.8

1.133 40.5 38.0 20.0 66.6

| 1.620 40.7 i 39,2 19.5 67.3

400 2 0.107 25.2 22.6 50.5 32.9
0.308 39.7 38.1 21.2 65.0

0.410 40.4 38,2 20.6 65.9

0.776 44,0 4.2 14.7 74.5

0.895 41.1 4.1 12.8 77.3

3,720 42.6 42.6 8.5 84.4

400 3 0.111 19,2 — 60.6 24,5
0.182 27.8 - 44.8 38,2

0,294 39.5 — 20.7 65.7

0.344 38.7 37.5 22,2 63.6

0.680 42.1 39.5 16.4 21.8

0.759 4.4 42.6 10.8 80.6

0.972 44.6 4.3 10.0 81.9

350 | 1 0.142 24.4 92,4 52.9 30.8
| 0.542 30,0 28.2 41.8 41.1

$ 0.552 35.5 — 30.8 53.0

i 0.820 38.0 35.8 25.6 59.3

! 0.920 38.2 35.8 25.5 59.4

i 2,000 38.1 36.6 25.5 1 59.4

350 2 0,101 14.3 127 720 16.3
0.201 29,2 26.8 1 43.8 39,1

0.346 36.8 34.5 | 28.5 55.6

0.469 40.1 38.2 21.8 64.2

0.626 39.8 38.5 21.2 64.9

0.907 - 2.4 39.9 | 17.3 70.4

1,007 43.8 4.3 | 4.4 74.8

1.081 42.4 39.7 17.6 70.0

1.287 2.8 41.4 15.2 73.5
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i (Pmmmpm%‘%mw#ﬁ? W R ) comfE (%)
¢€cC) (x104hr) | CO, H: | CO (C OFtnE)
350 1 0.136 23.1 20.7 55.2 28.9

0.153 20.0 18.0 | 60.7 24.4
0.252 31.2 29.2 38.4 4.4
| 0.351 38.3 36.2 2.6 59.3
| 0.558 40.7 38.5 19.9 | 66.9
5 1.860 42.4 40.5 17.1 70.6

COREREIEL {EbTEERCOWT, WHEZOMEBEL 2l ~OBORCONWTHE
L e RROBERDPEEOICE N TE L X CERBEETERL, * oMot 0k RE
DI E VT LRBMCENTLEL { B TEE BAT & AS5o%k,

_ d(CO)  k({COICH,0)—K(H,)CO0,))

Iy

a = (CO+ ¢ (H,0) (1)
- - i [ CCOJLHI OJeY s <
o kR, ¢ ke, Iﬁizl-@m_%z(— CH,3 ECOzje) TP 3, Suffix e x4
BWHE T RTo
zh & b sk .
E(1—K)(B—
f(z)=-“ﬁiigggmgh—%f(l) (2)
MBS S, AL
Sl2)={1—a)(1—¢e)—ca} log (x—a)—{(1—B)(1—¢c)+ea} log (x—f) (3)
o la=142K) +/(a—1)+4aK
-2 (1—-K)
i (4)
3 _(@a—1+42K) —a/la—1)2+4aK
e -21—-K)
zzo
a=[H,03,/{C O], ] (5
5)
2 =(C0OJ) [(CO, f

 Suffix , XFEEEATOBEEEDT,

O e\t AB B MEE S L CTHIL kiR, FEBEOERINC ¢ =0.2 & Lo
FHEERSEMS (1) XN THL X (EDbEN 3,

¢ =0.2 2 LAao (2)ROEBEHEBLUESHT 2L, H1EOL5CAB, HH, H%
EHT 2 ZO0EBBS L D RsEMBON 2, cnX bk ERD 2L, ZORPOMEFL D
EH2FE UL, BECHE Y b BHEHES. c OXOMEL D BEC L b Il 7% — &K
OB EHE2BUENE D, FAMCEL CiE 9.4keal, B4 B L Cid 5.3keal i 2 i % 8%,
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¥ 2 3
A% &)
Kk (hr—1 (%104 k (hr=d;  (x10%)
o e T B e o
¢C) T ¥ P 2|
450 | 3 2 00 3.28 - —
2 3 80 3.23 4.70 11.11
1 3.88 — 16.00 —
400 3 | 1.45 - | 6.25 —
p 1,97 1.81 8.75 —
| 11 2,00 — 10.50 8.53
350 | 3 | 1.04 — 3.91 —
; 2 1.41 1.19 6.05 6.02
\ :
| 1 1.13 — 8.10 —
4 WEEROEE

HERL )W 2 HRABIER Y o Tw e s B L THh 5. KFCORCH,0 L &
ROz oppiun i ORI,
4CO+Fey,0,=3FR+4CO, (6)
AH,0+3F =Fe;0,+4H, (7)
Fe:0;13:% 2 2 B HSH N,
C O EEEESE 2N PEEE
Ppo!Peor=ky’, Pay/Preo=ky (8)
BEE Y, ZOOMEMEDIELT 288 PoolPros, Pl Prso I L RIBOMKEREZE 2,
. PEECO—CO: %, H,O—H, %4 #NOFHEE L TE 2 Ba0HTH 595, Hx
OBEEXRESICHFEL, L L BEOAME—~BOMEO b0 F ORI BN <
NWHETETCHE D, LMD TNEOH ARPEHCH 20 Tchr b, BEE—HchindExs
B\ng Bl b Fe, FesO 4, FesO 3 O\n-Fiim—0Ch 5H8, BEMTC FaO, T d b Sk v, (b
L FeeO3-THE, CO, Hyisd A -/hE ) Fe©d 50 Fe0 .08 203 B Fao,
LEE LB RIESS 5,
b LCODEMEIENS(6) (7)) OMBEOCETC L 0oTR2 LE2 % LEHE—-2TH 3
B b, £EICE Fe © site & Fe— O @ site 3SEFETRE E Y2, Fe— 0@ site sstnfis 2
BETHEADLEBENAENWEOEL T, Liehl Fe 0L DRGNP % site SfEfET 2 - E 2
%o RBW, BAOFEEE,

ky
CO+8p-0 2’—_), CO+8m Ky=klk (9)
|
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3
H,0+85 ]-cﬁl Ho48m-0  Ka=hlks (10)
2 .

LEzRER LR\ Sreo, Sk &R 2D site DBETS %,
ko BB oM EEERBcE ot HE, BERE FaOi0b kb kb, BED
BHBEELSI WEE 2 AT SRS, BN S FaO  OH kil L CliiL ik
E2Th kv, BERBCEWTERABEILT 5,
2C0)

- 57 —hiCO) Sre-0+4,(CO0,185=0 (11)
- o 2ULO) ~k2EH,033;24—162/[;12]&%0: ) 12)
—0 208 (€ 0380\ 'C OISR =0 (13)
— atg 2l +#3CH 3038 pe~ky! (H 3)852-0= O (14)

—#LCOI8re_o+k/(C O3ISre+ks(H 3018re—ky' (H 3)8r-0= 0 (15)
zzie [ ) GEMEOEE, vy 0¥, { GIBEEFA DX b OEHE, { dREED T,
Ad &YW 25T
Spe+8Sre-0=8, (16
Tl E—EEHEZ %,
15Kk b,
S k1 LCOJ+ka'TH S 17

Sre-o  k/(CO)+ks(H,0]
(16) & A7) in b,
B/CCOL) + AklH,0)]

Sre~0=80 10 C 033t kalH 03 +5CC O3+ ky/ (H 5 (18)
S =8, — ,,,_kl';,coj,,—l-_ ]yzl,ﬁq?l_.“..._._.,,,,,, . (19)
e mR0 kllfc0«;]+/(72[H20]+1’1[C0]+702/[sz
ocdl)xXx b
— v LEOL €030 k(€ 0,38m

_ klkz(EC O]':Hz Oj'—KEC Oz]EHzJ_)f_ (20)

= B/CC Ok (H30)+5(CO)+H¥ (Ha) ° ’
HLKECO+H,0=C O+ H, o E GEEOE®RLE) ©

/
(CONLH:0): k' kY 1 1)

K=" (€03 Hy: ~ k ks " KiKs
(21) x b



b 7 SR, D B e

d(COI=K k((COIH,0)—-K(COI(H,))

—_

oyt B0 Brcorr ey
él él kl
BELNL, HL
by &
k=" 2 8, (23)
&
ko k
: /f:’ <<1 Ij—, (H)<< "fo (H,0) (24)
EBETEE,
_ . d(CO) *((COIH;03—~K[H,I(CO,)) 25)
a7 (CO,) + e(H,0)
BL e =kalk,’

Enbh, BB XotleX (1) 58#E;ri 2,

£
a

5 #%

nun

#1 By rLEENEERC, SHBEREBER KOOSR O T LT~ CHE AR
O ODEHREHSHEEDILD, TN EL& 2L b L K EHEEEEEOEEL= 31—
FROEE R, CECHEPHE D EBREREE T, #H2FEmcRAon s, 4HE
E b, KOS D H—EEOHERE SA—KERL TV 5, ciuddpek (1) 7585
THRWED, ®@BEREOBEESE s BT AMROF BT 280, v coOBRE
RO oR—BICEHE Lk 20T, $BERT 2t 8z, S-dlEcSREOESR T
5 E, HaOFRLLEHEMABTENLZ THEWEBIRETH 5,
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