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The Characteristics of Catalyst-coated Highly Reactive Coke

Seiji NOMURA, Hisatsugu KITAGUCHI, Kouichi Y AMAGUCHI and Masaaki NAITO

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 characteristics of catalyst-coated highly reactive coke produced by ‘post-addition of catalyst to coke’ method were

investigated. First, the catalytic effect of Fe and Ca on graphite and deashed coke during the C—CO, reaction was investigated. Fe and Ca ad-

dition increased the reaction rate and decreased the reaction beginnning temperature. Secondly, it was shown that the reaction rate of Fe or Ca

coated coke was kept high until the weight loss reached 10 percent. This means that the catalytic effect is maintained high in the thermal re-

serve zone of the blast furnace. Furthermore, it was proved that 70% of the catalyst coated on the coke surface still remains after drop im-

pacts and it is considered that the loss of catalyst during coke handling and transportation is small. Catalyst-coated highly reactive coke

seems to be promising to improve blast furnace reaction efficiency.
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Table 1. The measured amount of the catalyst coated on

graphite.
Metal/C (mol/mol)
Catalyst target measured
Fe 0.02 0.016
Fe 0.002 0.0020
Fe 0.0002 0.00025
Ca 0.002 0.0020

Table 2. Characterization data for the coals used.

Proximate analysis Total Maximum Mean )
Coal (mass % db))I dilatation fluidity reflectance Major ash component (mass %)

VM Ash (vol.%) | (log MF/ddpm) (%) P,0s5 | KyO | Na,O | SiO; [ Al,O, | Fe,O3| CaO | MgO
A 23.5 8.6 91 2.78 1.21 1.25| 087 | 0.45(52.56|34.13| 466 | 2.07| 0.71
B 24.0 8.9 104 2.94 1.18 0.45| 093] 0.70[59.29|30.40| 349| 0.62| 0.46
C 35.5 9.4 30 217 0.75 042| 1.03| 062|6197|24.80| 510| 1.68| 0.83
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512 —3mm 80%) % 3EAE 830 dry, kg/m’ T HE SRR
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MR, RIBH 2P0 L, 607 HRIE & 7%k
HIL 7=, RISH ZHKIE, BFEURAFH TO A AT
1 CO,/CO=50/50 & L7z, &7z, ERWDPES%ETOH
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L7z, Testd, STIZ10Y v M AFEEOEHMNIZT -2 23k
i AR, BIZARTSHBHIZAL 2%, ZHL &
W% ORRHL, ZDF £ CRIABRIZH W,
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CO, # A LW R B L (A 2 3 5 IS BUS AR B R.L:
Reactivity Index: 0.85~1.7mm® I — 2 Z ik} 10g & CO, T
& 950°C TG X & 2B 0 K I Hi 111 CO ¥R ¥ (CO)
EARKIED CO,EE (CO,=100-CO)& D, RI=
CO/CO+2C0,)X100)) & #lE Uiz, 7o, s HRFL 72
20mm/PBEa — 2 2 FkBHE, W2 -2 2D KIEME(CRL
Coke Reactivity Index: 20mm D27 — 2 Z3kH200 g %= CO,
FEPA S 1100°C T2h XIE & ¥ 7=t O EE WD H 75 F)™
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Table 3. Experimental condition of the catalyst coating to

. . . coke.
BEICERLEZ3DTH S, ERIKEFe s 2 F OflkE
S ST AN £ - - > RS kS 4 . Dissoived or Dipping
KUK & Table 4 WRd, 22T TR ;v Test dispersed Concentration | period
W — [T AORE A E R E (B, SALD-30008) % H | substance (min)
O addition - -
WTHIE L 72, 2 |caCl 1.0 mol-Call | 5min
fldit A IR X H A RB L LT3, BRI TOM 3 |CaO powder “ B;OSﬁCa/I) 5 min
I A E L, CDQ, Mk, v 4 —, HnWETZ 4 4 |Fe(NOy); 0.2 mol-Fell | 5 min
T4 ZERTOZEINET -2 25, OB -2 5 |Fedust (1.0 merren| 5™
Z (NS RGN E AR 5 0.85~1.70mm) ¥ K U@
Table 4. Ash component and mean size of CaO powder and Fe dust.
Component (mass %) mean size
T-Fe |FeO |P,0s| KO |Na,O| SiO; | Al,O;|Fe,O3| Cal | MgO | TiO, | MnO | SOy (um)
Ca0 powder - - 0 0.1 - 0.7 0.3 0.1] 64.6 08| - - 0.2 11
Fe dust 56.4 4.1]0.055| 0.04/0.021| 6.2 2.1 - 8.6 1.3 0.3 0.3/ 0.018 15
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Bl EZHEL =, RIC, HEEICLDHEL 2B
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BOBIZ RIET COIRBDHE AR L 72, Feflfis 57 7
4+ DHFBA (Fig. 2), CO 1.5~50% DEPH TI3 0% DEE L b
L RISTEMESE) F L7z, FEIZCO 1.5~10% Tl 930~970°C
D, 50% TIL900~930°C THORIGHE L FRHLTW3BZ
EXbhrd, EHIZCO 80% TR NIZS K->
T3, FeDOHA, CO,L CONHHE, KIBEBEIZX-T
PAAMDTERD E B L BT 2EIRINTED
® BICAYDOIREIZ X D AR R L 572020 &S
BEREAMPEUCLLELIONS, 72, Fig. 1 TFe/C=
0.002, 0.016 DA, Fig. 2 TCO%=0, 1.5, 10, S0D {4,
950~970°C TEHEWA 41 50~80% IZF3E U 7z s TEHERD
DK T AT 2 fERAA LN S, Zhik, KIBOH#ETE
EBITRFRGFRLIWD U THOBESMEE S, bl —
IREBBRMEMEAME T UCAMERN ER S 72 0 OFEELS 2
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Fig. 1. The weight loss of Fe-coated graphite during the
C-CO, reaction.
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Fig. 2. The effect of CO on the weight loss of Fe-coated
graphite during the C—CO, reaction.

0 ~ CcoO
\\ (vol.%)
50
=
~ 5
]
-o- \
E . 0
=) graphite
%’ 10 catalyst: Ca(NQ;),
Ca/¢=0.002 (mol/mol)
15
600 700 800 900 1000

Temperature (°C)

Fig. 3. The effect of CO on the weight loss of Ca-coated
graphite during the C—CO, reaction.
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Table 5. The changes in ash component of coke by deashing and Fe-coating (*calculated value).

Inorganic constituents in coke

(Crggzsaf/h Before Fe coating After Fe coating
db) ° Ca K Na Fe Fe/C Fe Fe/C
(mass %) (ppm) (ppm) (mass %) | (mol/mal) | (mass %) | (mol/mol)
Coal A 10.41 0.128 500 177 0.390 0.00093 0.87*| 0.00196 *
deashed coal A 0.28 0.003 5 - 0.050 0.00011 0.53 0.00114
0 Table 6. The changes in the reaction beginning tempera-
\—Ql\ ! } no catalyst ture of coke by deashing and Fe-coating.
% 5 | deeshed \ deasfed Reaction beginning temperature °C) |
8 no treatment Fe coated coke| difference
= coke
."g', catalyst; Coal A 833 745 88
g 10 “} POy, deashed coal A 848 713 135
C0,/CO=1Dp0/0 deashed
15 0.0035
700 800 900 1000 Fe concentration in
Temperature(°C) . 0.0030 | catalyst solution
. . . 'c —o—1.0M
Fig. 4. The effect of Fe-coating and deashing on the ‘g 0.0025 | _4-02m
weight loss of coke (carbonized from coal A) dur- Y +a~°2"gd_t_
ing the C—CO, reaction. § 00020 | —O—Noaddiion
<
S 0.0015 |
3-1-2 ARBHHEEBKK 0 — 2 256 SORAPER T — 2 2 $ 00010 b
D KoMk e x Cylindrical coke
N 0.0005 | Catalyst: Fe(NO;);
(1) =2 ZDIKMAKL €0,/CO=50/50
0.0000 L . L
Table 512, IR % K3 — o ZH{L 2R Sl & 7R T,
1000 1050 1100 1150 1200

%Vﬂﬁ_ib,wy%wm%#M£éht;&#b#éc
72, CO,H ZALRICD B RAM b 5 & T T3 Ca,
FelZ oW Tk, BIKRTOIREIZZ N Z10.128%, 0.390% T
by, BEIEHTELEY, —FH, BKKRI -2 2HD
Ca, FelRE 13 Z 2 30ppm, 500ppm £ TIKTF L T 5,
K, Natd B JK #ii 200~500 ppm 2> & BEIK % 13 8 ppm D F —
A—FTEKTLTBD, MEEHZIZLACEETZS L
Zibobhd, 272, BMKKRI— 2 2DHFRIHED Fe B8
Z &b, fAEHAEIZ, 0.00103 mol-Fe/mol-C (¥
0.5mass% FeflY) L #wEIhs, (22T, KAOMHK
I— 7 ZOWFHHFe BB IZONTIE, FABERIT -2 X
EBUKR T — 2 2 TFRe R RIZFE U &RE L, {HEFH] Fe
BEICHKKE T — 2 2 TOFEFEEZMA TRD )
(2) EERDZED

B R 36 & USSR 2 — 2 20 CO, #H ZLRIBIZEB
BEBEH M A Fig. 412, £ 7-RICGHHEIRE % Table 612
Y. X T deashed IZHAKLEE L 723 D &R LTV 5,

BEKIR 7 — 2 2 Tk, Fedd$12 & 0 KIS BR4A 6 A
135°CIK P2 FER b2 b, BIKKT— 2 A TIRIKTDH
LAIELALEBETESDT, RISHBEREDK NI I
774 FOFEREEPTHCADOMBHESRIZE S LD
LBIRTE S,

T2, RUBKD — 2 2T ERRIC FedFI2 & D KB
FHAGIRE 2 88°CIKT L, Ik 2 GO REDOEFHI— 2
ZAZB T & RS RIC & 0 KSRGS ME T LT
WwaeEIohs,

17

Temperature (°C)

Fig. 5. The relationship between temperature and reaction
rate of Fe-coated cylindrical coke (CO,/CO=50/50).
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Fig. 10. The effect of various catalysts on CRI of the cata-
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fore reaction). (d) The distribution of Ca for the
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Fig. 15. The effect of drop impacts on the mass percentage

of coke breeze evolution and the Fe content in the
coke breeze.
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Fig. 16. The effect of drop impacts on the catalyst residual
ratio.

Table 7. Effect of drop impacts on the reactivity (JIS Rel
and CRI) of Fe-coated nut coke.

JISRel(-)| CRI()
No addition 15.6 26.7
before drop impacts 20.6 316
Fe coated after 10 times drop impacts 19.2 28.1
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