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The Kinds of Reactions in Coke Gasification by H,O

Yoshiaki Kasuiwaya and Kuniyoshi Isnn

Synopsis : Recently, in order to stabilize the blast furnace conditions, the vapour and/or pulverized coal are injected into blast
furnace. The concentration of H, in blast furnace increases above 8% in such a circumstance. Then it is so important

to understand H, behaviour in blast furnace.

In this study, gasification reaction of metallurgical coke by Ar-H,-H,O mixtures at 1273, 1473 and 1673K has been
investigated. The measurement of reaction rate was carried out with gas analysis method using both of Quadrupole

Mass Spectrometer (QMS) and Infrared gas analyser. The gas analysis method is so useful for not only the quantifying

the reaction rate but also the estimating the kinds of reactions occurring in H,O-coke gasification. The consideration
of the kinds of reactions were made by using the thermodynamic characterization of produced gas composition and the

variation of the amount of each produced gases (H,, CO, CO,) according to reaction temperature. The kinds of reactions .

in the region above 1273K were elucidated.

In coke gasification by H,O, main reaction is water gas reaction I. The generation of CO, is caused by water gas
reaction II and the possibility of water gas shift reaction is very low. Further, owing to produced CO,, Boudouard

reaction occurs and it becomes prominent in high temperature range.

Key words : metallurgical coke ; gasification by H,O ; gas analysis ; water gas reaction ; water gas shift reaction ; Boudouard reaction.
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Fig. 1. Schematic diagram of experimental appara-
tus.
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Fig. 2. Scheme of H,O generator.
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Fig. 4. Variation of produced gas composition
obtained from gas analysis method.



1308 sk & $BVol. 79(1993)No.l 2

150

38volZH, 2voliHz Coke 5g

_O 1273

120

0+

RCSx10% [ 1/s 1

] 3

301

0 250 500 750 1080
Time [ s 1]

Fig. 5. Comparison of gasification rate (RCS) and
gasification degree (TCS) among different
temperatures.

38%H,0, 2000cm®/min(STP), 2—2 2 5 gDHFAIZO L
T, FAMKEL» 6K & 2 B P Y 2 L#EE (RCS : [1/
s], (5)R) L REFEH 2LF(TCS : [—], (6)X) ORERH
WBZRLIZLDTH 3,

RCS= ([Co]om~ [COJ int [Coz]out_ [C02] in) *
12/ (22414 W) weererermsrmmsemmenseueini. (5)
TCS=SROS AL +oeeerrerrnrnrnmmmmrrreeeeannmmniiiii. (6)

Z 2T, [COl [CO,]:CO, CO,Difikk(cm®/s(STP))

WA Fin, out: AEEDOAND, HO%ET

W, @ 2 — 2 2 A E R R i (g)

At - RERERETRE (s)

Ar-H,-H,O%DRCSIZ, (21X U iR oLt 4 2 CO,
% &1 Ar-CO-CO, R H~1273KTH) 4 1%, 1673KTHI1 .4
fEW LARIRIE E A ALEEDOZRIAFTH 5, KIpod v
1673K {23 ) 52 RCSHHR I, KICHEADMEAR & <, KEff &
Ll L T—ElPRS v, RCSHIFROIEKIE, K
EED K S I EINE, 2OBBRUTOL 3 2F
Zbta,

OFHESEG 2R D RIS IERKISHE CIF T 5 7100, #BE
LRSI OFGE £ L b RENT ORI EE RCSIZRA
T3, LI - T, RICEMTIELEHA, RIEED
KEWVIEE, ZORPEKE G,

@za—27 2 DREFIL, ZOREMRILEC S > TRICHD
Rz AW, EERCIE, KD &S CEEHIREZDK
WENADE L, KICDHEITE L L2 2DEAYENLT 5,

BOGHE AL, EFMNRRISEEZERZL IV
», B S LEHT, RKCOBPAT, 204 H %
2 DRZEH IR (K960~ 100s) # Z DE&MFIZI1 5 BUGHE
B b LTERAL, LBROBITCHCT, 212, Kibh—E
DREE ZoRTH a1k, ZDMEERCI,

3:3 BEHYHAEEEIZELITTHEHOBENDZE

Fig. 6 &, B4 2 (Lig B (RCS) ¥ & 7 P4 2k
(TCS) =H SIFTHLIREDREX L LIZLDTH 5 (1273K,
8 %H,0), HisEE» BT 512o0, RCS, TCSH L

10 T T 0.05
1273K , 8%4H20, Coke 5g
TCS
. 8 10.04
o 2%H2
~
Z st o © O -
o8 Rg oA 0.037
.C-’x 5%H2 -
4] S 10.02 8
o IRYVVVVN.VV.VIVYY. VIV INIVIVVNIN N -
P oo pat gaang
2A ooog ooooaoooaooo a a _0_01
8%Hz2
0
U 1 1 " U
0 250 500 750 1000
Time [ s ]

Fig. 6. Effect of H, concentration on gasification
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gasification reactions and water gas shift
reaction.



1310 5% > $8Vol. 79(1993)No.1 2

Fig.1113, iz DEBRFEHF 2OV T, nDfixkD 7w v b
LIbDTH b, nDEIR, 2TOFRBTIULETHSZ L
G, KEVIKESTZARBITHY, HEEETKRES
ZRIBIDERL TV A I E#RT, 272, COPHEET 5
b, USRI T R 0 — RS L, HEV AMBIIZE T 3
CO R, EBCAERLIZCORBI VAL VEFZ OGNS,
LI2H 5T, EEONMEIZS 6IZKE ©OKES ZRIGITO
FAVKEC) LD EBEbN A, FHE, BEIFHLLE L
723 TofEidME b, N 7 — RIS DHEP K S 2
LERLTY 3, 167T3KORITIX, 7" N7 — RSO #EE
WIEH T, AR LICCOME, FEAFCOIRENS
729, nOEP LIHETC TV 3D EHELLND,
Fig.1213, #E# 231 5CO, CORER, KISl

1.5 T
1273K

— — — 147K )

1.45W

n [-]

200 400 600 800 1000
Time [ s ]

(== 2N

Fig. 11. Variation of n-value according to different
experimental conditions.

800 —————— —
g 2vol%H2, 5g coke 78vol %H0
@ 600 | CO evolved ]
< 38vol H0
S 00t ]
5 18vol %H0
S 200 + 8vol%H20 1
100 + : + +
- C0z2 evolved 78vo1%H0
% 80 i
c 60 38vol%H20
£
T 4t ]
= 18vol %Hz0)
s 2 8vol %H0 |
(&5
0 A 1 1 1 A e
1273 1473 1673

Temperature [ K ]

Fig. 12. Variation of evolved CO and CO, with
elevated reaction temperature.

I LT ey b LIZVDTH B, 7ELICCOT AR,
FRED LD 5 1 24E-> T, ML Tw 5, L LLGHs,
RAECO, M AL, 1273~ 1473KDOMTIRHEM L T 35,
1473~1673K DT 5 o & i g i »8d b L Tv
3, COWRETT N7 —RIGHIEFICECZ EERTH
DEEbNSL,

4. B8

AT, L2 — 2 2RO FEHEE 2 v T, Ar-H,-H,0
RDH ALHE R WE L 12,

H,0z & 3 & 2 LRI, ZRICHEBEERKISTDH Y,
BRT 2 FHEL ECHEMTHE, L2 LLEDGL, T A%
Wra b LICERC L - T, ¥e7 AMB O FRIFHED
FEERFEMC L 2B ED S, FDL ) R ELT
CAEDPHEELKIZ, TNLDIELL, KDL LHMREY
Bohnls,

(1)H,0i2 & 3 2—27 205 2Lz T, H,, H,0
2, AL OBEKRTRICDIEINRY LT 5,

(2)H,0z & 2 H AT, AKRES 2RI T2 EL
RISTH 555, KEF ARG &2 b OEIATHEL T
2, 2R, ERLIZCO LY, N7 =S b AL
%,

(3)1273KLL b TH AL o H B I A IR T, 7k
PEA 22 7 DRIBHARE LT 2 alREt IR IE# K,

X L2

1) SEREE—, AW, MR, BPHEE | #4K54%-No.1823
(RBFN624-7H)

2) J.Gadsby, C.N.Hinshelwood and K.W.Sykes: Proc. Roy.
Soc., A187 (1946), p.129

3) F.J.Long and K.W.Sykes : Proc. Roy. Soc. A193 (1948), p.377

4) J.S.Binford, Jr and Henry Eyring . J.Phys. Chem., 60 (1956),
p.486

5) D.L.Biederman, A.J.Miles, F.J.Vastola and P.L.Walker, Jr:
Carbon, 14 (1976), p.351

6) R.T.Yang and R.Z.Duan : Carbon, 23 (1985), p.325

7) R.T.Yang and K.L.Yang : Carbon, 23 (1985), p.537

8) EiME, EHEE— [ gk L, 54 (1968), p.1427

9) &R, HAMG g LM, 75 (1989), p.59%4

10) AHIE, ILKE, MR, M — | JLiEE ke L
ks, 132 (1986), p.21

11) HABLE, AHIBE gk L, 76 (1990), p.1254

12) MIaBiE, AFE gk e, 79 (1993), p.1311

13) #ft¥7— &% (JANAF Thermochemical Table 2nd ed.),
(1975), [ LR 52 A7)



