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Kinetic Analysis of Coke Gasification Based on Non-crystal/Crystal

Ratio of Carbon

Synopsis :

Yoshiaki KASHIWAYA and Kuniyoshi ISHII

Gasification of metallurgical coke was studied at 1000, 1200, 1400°C with Ar-CO-CO, mixtures.
Reaction of coke in blast furnace is dominant from about 900°C. And at the same time, growth of graphite
crystal (crystallite) in coke begins to occur from that temperature.

In present paper, two types of carbon crystal were classified by means of X-ray diffraction. One is
crystallite that contribute to X-ray diffraction, another is noncrystalline carbon that contribute only to
background intensity. In this study, reaction model that the two kinds of carbon have different reactivity
and react simultaneously and independently, was developed and kinetic analysis was performed.

Following results were obtained.

(1) Lc increases as function of temperature and there is no influence of reaction. (2) La increases as

function of temperature in Ar atmosphere.

But in existence of reaction, the size of La is so smaller.

From this result, it was considered that the gasification reaction proceeds such as mode of decreasing La.
And reaction mechanism combining to characteristic of crystallographic structure is proposed.
Key words : metallurgical coke; gasification; kinetic analysis; crystalline size of carbon; reaction

mechanism ; X-ray diffraction.
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Fig. 1. Processes of gasification and crystalliza-
tion of carbon.
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(a) Unit cell of graphite crystal
(b) Relationship between crystallite and La, L¢

Fig. 2. Schematic diagrams of graphite crystallite.

T Bl

Q:Quartz

Intensity

Heat Treatment in Ar

before Experiment

20 30 40 50
20

Fig. 3. X-ray diffraction patterns of heat treated
and non-treated metallurgical coke.

Table 1. Chemical composition and physical properties of metallurgical coke.
Chemical composition (wt%) Apparent Mean Void
xed Volatil &nsitgf diameter fraction
T.Fe Si0, Al;03 Ca0 MgO S Fixe Volatile (g/em®) (mm) ()
1.1 6.0 3.3 0.3 0.2 0.7 87.5 0.9 1.05 1.59 0.495
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Fig. 4. X-ray diffraction patterns of metallurgical
coke at various reaction temperatures.
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Fig. 5. Relationship between Lc and temperature.
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Fig. 6. Relationship between La and temperature.
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Network
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Fig. 7. Schematic diagram of elementary reactions
related with graphite crystalline characteristic.
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.6t 1
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Fig. 8. Variation of N,, Nc with temperature.
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Fig. 9. Schematic
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D, BRI AIFENS .,

b)CO D%

DCO I IisiRzrH D, K CO BEITL,
COWHEEHEETH S.

ii) B (1400°C) 125 & CO OMEIEhR L, 13L&
AERONRL 5.

80 e —
1400°C 1 1
64 £0=2% t -
s S, C0=20% |
- o0 1
21 [yt | ]
B T J
16+ Te— % 3
L Yoo 2%, b
0 t + 4 ' '
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—_
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Fig. 10. Variation of RCS with experimental
conditions.
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SRR TELLDOLEILND.,

BRATEEREIC L 5 THNTRA—F —T 4 9T 4 ¥ 54T
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Hws).
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OFEY L, (13), ()R KRD XS (2&EIT 5.

—dCc/dt"—ch‘Cc,o ............................... (22)

—dCa/ At 3 kot Cag rvorreresreeseresensanien (23)
L7=h 5T, RENToRISHEE IR,

—dC/dt = ke Ccot+ kaCao

= (kncCco+ k12Ca0) Pco,/ (1 + k2Pco

RCS=—(dC/dt)-12-Vs/ Wo
= (Ncki,c+ Nak1a)Pco,/ (1 + k2 Pco
+ k3Pco,)
= ko* Pco,/ (1 + k2Pco + k3zPco,) - (25)

Z Z T,
o= Nckic+ Nakig -+eereererreeseressereneeenies (26)
Ni=C;012Ve/ Wo
(i=Cor a, Ve:bed OEFE) ----eeevmeee (27)
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g L7z, (25)Ro#EEAs1/ Pco, & Pco/ Pco, #
WEMEBTHAZLICER LT, ERUGETHT 24TV, ko,
k2, ks R 7. Pco, Pco, &, BAO & KOO
D AP E VI (IRED). kic, ki i3, (26)RA
HkdBA, ZDE E 1400°C T, Noa=0THAHCZ
Epe, 1400°C @ ko % kic & LTHW (kic=
ko). 18507 kic, kia, k2, ks OFDEE HFEE &
LT, EERE LToEE2ITY, FULEBLOHON
ZHMBEORTEESFEIMEICE) LI TA—F—
TA T4 TERITO kie, ke, k2, ks KD 72 7%
B, Ket&, BaE% 30 5%, BB 20s THOK
L7,

Fig. 11 TR BETCHEONZHEER (kic, ke
(s '-atm™), k2(atm™"), k3 (atm™")) % HED (@) T
KL, EREEBOREKGFEIZ, ROXI k5.

kic=exp(9.49 — 24200/ T ) ---evvveereneees (28-a)
kio=€xXp(4.19 — 13400/ T ) --eeeveeeeeeeeess (28-b)

2=€xp(—17.7+ 27700/ T ) --wevvveveeerees (28-c)
ka=exp(—1.59+ 5680/ T ) «-rereemeereereens (28-d)

e %, RS D (BE#), ApericBe 52 (—E1EEARL)

Temp. [*CI
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10T . pderibigoe et al S
---Kobayashi et al .
12 > pPresent Work ., . . . >
6.0 7.0 8.0 9.0
1/T x104 11/K]
Fig. 11. Arrhenius plot of rate constants.
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