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The Post-reaction Strength of Catalyst-doped Highly Reactive Coke

Seiji NOMURA, Masaaki Na1TO and Kouichi Y AMAGUCHI

Synopsis : The development of production and utilization technology of highly reactive coke is significant in order to improve blast furnace reaction effi-

ciency. In this report, the post-reaction strength of catalyst-doped highly reactive coke was investigated. The reaction between coke and CO,
was stopped at the weight loss of 20% and the reaction temperature was adjusted so that the reaction lasted for a constant period. In this ex-
perimental condition, the reaction temperature of highly reactive coke was lower than that of normal coke, which corresponds to the decrease
in the thermal rezerve zone temperature in blast furnace. First, a decrease in reaction temperature made the reaction of the catalyst doped nut
coke more homogeneous, which increased the post-reaction strength of the highly reactive coke produced by post-addition of catalyst to coke
method, however, decreased that of the highly reactive coke produced by pre-addition of catalyst to coke method. Secondly, the post-reaction
strength of catalyst-doped highly reactive coke produced by post-addition of catalyst to coke method became equal to or greater than that of
normal coke. The kinds of catalysts and the catalyst adding method affects the porosity distribution of coke after reaction and hence the post-
reaction strength of coke to a great extent. Suitable selection of catalysts and its addition method to coke leads to the highly reactive coke
with post-reaction strength greater than that of normal coke. Catalyst-doped highly reactive coke seems to be promising to improve blast fur-

nace reaction efficiency.

Key words : coke reactivity; catalyst; ironmaking; cokemaking; post-reaction strength; CSR; blast furnace; thermal reserve zone.
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Table 1. Characterization of the coals used.

Proximate analysis | Total Maximum Mean
Coal (mass % db) dilatation fluidity reflectance

VM Ash (vol.%) |(log MF/ddpm) (%)
A 18.0 9.7 44 1.08 1.64
B 20.9 9.6 107 2.60 1.43
C 25.4 10.6 242 3.74 1.23
D 24.4 8.8 117 2.97 1.20
E 36.7 9.3 43 2.23 0.76
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Table 2. The comparison of the CSR test and the macro thermobalance test.

Reaction time

CSR test | Macro thermobalance test
Sample 20£1mm, 200g
. any CO,/CO ratio
CO, 1009
Reaction atmosphere 2 100% (CO,ICO=50%/50% in this paper)
Reaction temperature 1100°C any temperature
2h

(or any reaction time in this paper)

any reaction time

Weight loss reaction.
(Weight loss (%) = CRI)

The weight is measured after the

The weight loss is recorded during
the reaction.

(The reaction was stopped at the
weight loss of 20% in this paper)

Strength after reaction +9.5mm after 600 revolutions in the I-type tester

(@ (b)

©

Fig. 1. The measurement of porosity distribution in coke by an image analysis, (a) synthesyzed photomicrograph, (b) area sepa-

ration, (c) binary image processing.
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Table 3. The concentration of Na, Fe and Ca in coke, CRI and CSR.

Catalyst concentration
Catalyst key in coke (mass%) CRI | CSR
Substance Addition method Na Fe Ca e 6
No addition ] 0.03 | 0.38 0.13 27.4| 614
Pre-addition [ ] 1.11 - - 55.0| 194
Na Post- dipped in vacuum A | 059 34.6 | 54.5
addition |dipped in atmospheric pressure ¢ | 027 - 30.6 | 58.7
Pre-addition @ - 2.41 47.0 7.6
Fe Post- dipped in vacuum B 2.44 49.4| 33.0
addition |dipped in atmospheric pressure & 1.02 - 46.5| 40.5
Pre-addition O - 1.70 60.4 0.9
Ca Post- dipped in vacuum A - 1.22 | 354 585
addition |dipped in atmospheric pressure (% - 0.49 39.2| 491
Catalyst ke Ca
— y talyst
Substance I Adquon method Substance | Addition method key
No addition L No addifion ]
Pre-addition L] Pre-addition ®
Na Post- |dipped in vacuum A Na - - - o
- - - Post-addition (dipped in atmospheric pressure) | ¢
addition Idlpped in atmospheric pressure L 4 Pre-addition P
Pre-addition - - L] Fe Post-addition (dipped in atmospheric pressure) [ 4
Fe Post- |[d|pped in vacuum & Preaddition o)
addition |dipped in atmospheric pressure ka Ca —— n - -
Pro-addition o) Post-addition (dipped in atmospheric pressure) | <
Ca Post- [dipped in vacuum A 20
addition |dipped in atmospheric pressure O
70 ‘é’. 80 F
g o
60 B 8 70 - % ................................... ... ......
Q i *
50 | o 60 }F
§~ .
T 40 S 50 5
14 N &
2 30 | 5 40 }
© E
20 % 30 F
10 F (&) 20 I I 1 1 . 1
0 , . . A 0 10 20 30 40 50 60 70
CSR (-)
20 30 40 50 60 70

CRI (-)
Fig. 2. The relationship between CRI and CSR.
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Fig. 3. The relationship between CSR and the strength
after the reaction (1100°C, CO,/CO=100/0)
stopped at the weight loss of 20%.
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2

. The relationship between the strength after the re-
action (1100°C, CO,/CO=100/0) stopped at the
weight loss of 20% and the strength after the reac-
tion (1100°C, CO,/CO=50/50) stopped at the
weight loss of 20%.

%0 catalyst no-addition
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g o L \—'\.\:\H
< [ ]
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(&
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Fig. 5. The relationship between the reaction temperature
and the strength after reaction (CO,/CO=50/50)
stopped at the weight loss of 20% (catalyst no ad-
dition coke samples).
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Fig. 6. The relationship between the reaction temperature
and the strength after reaction (CO,/CO=50/50)
stopped at the weight loss of 20% (catalyst pre-ad-
dition coke samples).
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Fig. 7. The relationship between the reaction temperature
and the strength after reaction (CO,/CO=50/50)
stopped at the weight loss of 20% (catalyst post-
addition (dipped in vacuum) coke samples).
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Fig. 8. The relationship between the reaction temperature
and the strength after reaction (CO,/CO=50/50)
stopped at the weight loss of 20% (catalyst post-ad-
dition (dipped in atmospheric pressurc) coke sam-

ples).
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Fig. 9. The porosity distribution in coke after reaction
(CO,/CO=50/50) stopped at the weight loss of
20% (catalyst no-addition coke samples).
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Fig. 10. The porosity distribution in coke after reaction

(CO,/CO=50/50) stopped at the weight loss of
20% (Na pre-addition coke samples).

LLfEmENS,
HINRAETEE L 722 — 7 2T, Table 41T &H1IT,
AREEARTRIN T — 2 2 & HB U Ol E 2AMEw, ZThid,
ALER L 2 A F— MIETH B A RN L 223 K
DARKFOES K UEE/ IRl S h v LELoh
39 ZOkS3%5a3—r AT, KETORBIZED I —
2 ANEBE TRIBH ZABEET 5 K510k b &, N+
SR D HEREIE N T — 2 2 AR L, EEIC

70
Fe pre-addition

65 | —=—1200°C

— -o—-1100°C f
60 !
» g

55 |

50 |

45 |

Coke porosity after reaction (%)

40 1 1 i A
0 2 4 6 8 10
Distance from the center (mm)

Fig. 12. The porosity distribution in coke after reaction
(CO,/CO=50/50) stopped at the weight loss of
20% (Fe pre-addition coke samples).
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Fig. 13. The porosity distribution in coke after reaction
(CO,/CO=50/50) stopped at the weight loss of
20% (Fe post-addition (dipped in atmospheric
pressure) coke samples).
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Fig. 11. The porosity distribution in coke after reaction
(CO,/CO=50/50) stopped at the weight loss of
20% (Na post-addition (dipped in atmospheric
pressure) coke samples).
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Fig. 14. The porosity distribution in coke after reaction
(CO,/CO=50/50) stopped at the weight loss of
20% (Ca pre-addition coke samples).
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Fig. 15. The porosity distribution in coke after reaction
(CO,/CO=50/50) stopped at the weight loss of
20% (Ca post-addition (dipped in atmospheric
pressure) coke samples).

AT S IBIE 2 — 2 2 D ISR

0.1 g
F CO,/CO=50/50
e
E
[
X
c <
2 s
1]
g } m  No addition
o L © l’;lg} catalyst
o Ca pre-addition
0.001 . 2 .

0.00065 0.00070 0.00075 0.00080 0.00085

1/Temperature (K'1 )

Fig. 16. The relationship between the reaction temperature
and the reaction rate during C-CO, reaction
(CO,/CO=50/50, catalyst no addition and pre-ad-
dition coke samples).

Table 4. The characteristics of no-catalyst addition and catalyst pre-addition coke.

Catalyst 600 Apparent| True . JIS coke

Catalyst addition (masAss"z db) ™40 density | density PO(I';TIty reactivity

method ’ ) (glcm®) | (g/lcm®) 5 index (-)
No addition No additoin 11.61 87.6 1.08 1.89 42.6 22.6
Na,CO; Pre-addition 13.79 82.9 1.01 1.87 46.1 50.8
Fe,0, Pre-addition 14.27 82.8 1.02 1.90 46.3 63.6
Ca0 Pre-addition 14.60 85.8 1.03 1.92 46.2 65.7

Table 5. Experimental condition and result in the post-reaction coke strength evaluation test after C~CO, reaction (CO,/CO=
50/50) stopped at the weight loss of 20% under constant reaction time.

Catalyst Target; weight loss 20%, reaction time 131 min
key - -
Substance Addition method Te’":ffcr;’““'e Reac(::::)"me CSRwL20% Time=const

No addition [ 1100 131 67.7

Pre-addition [ 983 155 60.5

Na Post- dipped in vacuum A 1070 137 7.7
addition |dipped in atmospheric pressure * 1081 136 67.5
Pre-addition @ 1041 126 30.5

Fe Post- dipped in vacuum 3 969 116 81.3
addition  [dipped in atmospheric pressure @ 1022 131 71.3
Pre-addition O 1000 131 40.4

Ca Post- dipped in vacuum A 1039 134 74.4
addition |dipped in atmospheric pressure > 1059 121 71.7
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Fig. 17. The relationship between CSR and post-reaction
coke strength after C-CO, reaction (CO,/CO=
50/50) stopped at the weight loss of 20% under

constant reaction time.
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Fig. 18. The porosity distribution in coke after C-CO, re-
action (CO,/CO=50/50) stopped at the weight
loss of 20% under constant reaction time (catalyst
pre-addition coke samples).
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Fig. 19. The porosity distribution in coke after C-CO, re-
action (CO,/CO=50/50) stopped at the weight
loss of 20% under constant reaction time (catalyst
post-addition (dipped in vacuum) coke samples).
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Fig. 20. The porosity distribution in coke after C-CO, re-
action (CO,/CO=50/50) stopped at the weight
loss of 20% under constant reaction time (catalyst
post-addition (dipped in atmospheric pressure)
coke samples).
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