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Estimation of Deterioration of Coke Strength by CO, Reaction

Tetsu NisHI, Hiroshi HARAGUCHI and Toshiaki QKUHARA

Synopsis :

The deterioration of coke in the blast furnace has been evaluated as the change in coke size due to

reaction between coke and CO, gas.

To clarify the deterioration mechanism, a series of experiment has

been carried out at each reaction temperature by using an apparatus for high temperature CO, reaction.

The main results obtaind are as follows.

1) Based on the findings mentioned above, a model was developed for estimating the deterioration of coke

strength by CO, reaction.

2) The model contained the influence of alkali in coke on deterioration of coke strength in the blast

furnace.

3) The deterioration of coke strength estimated by the model closely agreed with that measured at
different reaction temperatures by using an apparatus for high temperature CO, reaction.

4) The influences of coke properties, operation condition in the blast furnace and alkali in coke on the
deterioration of coke strength were discussed by using this model.
Key words : coke ; CO, reaction ; gasfication ; strength after reaction ; blast furnace ; deterioration of coke ;

estimation ; alkali.
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Table 1. Analyzing parameter for CO; reaction of a single particle coke.

Ttem Thickness Weight before

Weight after
mm reaction ( %)

Zone reaction (%)

Weight after I type
- drum treatment (%) % %

Ratio of reaction
index (%)

Gasified amount Reaction index
oy

A I Wa —
B I Ws RWg
C Ic We RW¢

RIA/RI
Rig/RI

- GA R, A
Gg
RIc/RI

Iwe Gc RIc

A: Disappeared part by
gasification at surface

AB B: Disintegrated part to -9.52mm
by drum treatment after
gasification

. Residual part at +9.52mm by
drum treatment after
gasification

particle diameter before
gasification (observed,mm)

Particle diameter after.
gasification (observed,mm)

4. Particle diameter after drum
treatment (observed,mm)

Fig. 1.

Reaction model of a single particle coke.
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Fig. 2. Apparatus for high-temperature CO;

reaction.

Table 2. Coke qualities.

150 Reactivity by MSI  Porosity 16(1)8
Coke| DIfs CRI CSR  jig'nethod (%) (%) (%) (%)

] |8.3 26.8 61.5 25.3 30.9 48.4 86.9
I |8.7 35.1 52.7 54.0 25.1 41.4 8.2
M (8.6 29.3 60.6 28.0 33.1 44.7  88.3
IV [ 87.3 18.6 75.3 9.5 30.4 46.2  89.5

Note : MSI (Microstrength Index) CRI" (Coke Reactivity Index)
CSR” (Coke Strength after Reaction)
199 (4 130 X 700 mm, 20 rpm, plus 10mm index after 600
revolutions)
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Fig. 3. Relationship between weight loss and
strength after reaction.
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Fig. 4. Relation between RlIg and I1°93.
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Fig. 5. Relation between Rl and I3 .
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Fig. 6. Relation among RI, reaction temperature
and RIg at sample 1.
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Fig. 7. Flow diagram of the deterioration of coke
by CO,. '
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Table 3. Coke qualities.
1 Reactivity by MSI Porosity 1598
Coke sample DI’ CRI CSR JIS method (%) (%) (%) (%)
L 85.7 31.7 58.8 38.5 30.9 39.4 87.4
Formed coke M 85.3 42,3 46.8 51.0 19.4 43.4 87.1
H 85.7 46.6 4.5 56.5 17.4 43.7 87.7
. T5 84.7 28.6 59.7 21.5 25.8 47.7 87.1
Ordinary coke MK 85.6 32.7 52.1 22.0 26.5 465 85.4




680 % & W % 76 £ (1990) £ 5 &

6
B
S 4t 7.
g
$ L
oL
QL 2r AM
M RH
L oT5
AMK
L | 1 |
% 20 40

Volatilized K,COy volume

Fig. 9. Relation between volatilized K,CO3 vol-
ume and K,O in coke.

60

(1100C)
coke without

Y alkali

coke with alkali

RI (%)

Reaction time (min)

Fig. 10. Relation between RI of coke with alkali
and without alkali and reaction time.

WHYHEEI— I ZADRIEEE (Ra) 23— 2 AHFD
KO & CRIETEHELTAHASLEA7)RITRT L) &H
VSR ENY (A

Ra=0.0046- CRI+ 0.097-K,0 + 0.073 ------ (17)
1100° TOT VA ) EET— 7 ZADRILEEDERH»
5, 1500°C ¥ COT VA )EEITI— 7 ZAORSEE%
WETHILE2RA. 22T, TAHYOEELERT
KT (Fa) 8 AL, 7TVHIEET— 7 2O
HE (Ra) #(1)RXDELHICRT LT L1

Fa D# X FIZowTix, 1100°C i2BIFHT VA Y
HEI— 7 ADOKLERE (Ra) 7T VH ) EEEL 2—
2 ADRIGEEDHD 1500°C $TH—ETH 5 LK
EL7. 2L7T, 1100°C, Pco,=1atm DEHETHT
MA)EEBELI-2 2OREEE (R) 2FHLO
RO EFHLTKD, Faid(19)RD LS F & &
L7-.

Fa= Ra/R

07 1100C, Poos
= latm
06
=)
S 05F
= 04 CRL
0286
A317
0.3 0327
0423
0.2 A46.6
] ! !
0 1 2 3 4 5
KO (%, in coke)
Fig. 11. Relation between K,O in coke and Ra.
90
Sample (MK)
1100C, Pcoy =1 atm
80
S 70
g= 1 =322%
" ol
60 91%
50L measured 0.64%
s 0.187%, |
0 20 490 60 80
RI (%)
Fig. 12. Influence of alkali and RI on 1.

=(0.0046- CRI + 0.097-K,0 + 0.073)/R

( 3) U158

Fig. 12 /R £S5, TVAHVEEZI— 7 DK
R (1%99) & # 24L® (RI) OBz, 199 =56—
aRI DBRDSTED SN B A5, TIh ) EEREMIEMT
HEFE a, bEb/NEL BEBSRD SN HFR
(2, BHO CSRMESRMT TR CRIfEL CSR1E
RN, COEPEEZELD, F—H 2RI~
BETANAYPEETHIEIZED I B KIBIIE <
%0, A—RICBEBRECHNLETVNHYPEETH
PIE o THALERKIBIZES o TWA,

212 HTRBLEIOIE, TUHYBHEELRVE
G0 CO, RISEBE X BE O X ZLFE Rl HH#EET &
PSS BUSREE (B 7% CRIR D (6 )KL DRD B Z & A
T&5.

3 7:, RIg B (1)RISRT £ 512, RIGRE
(T;), CSR, CRI, R, (R RETCORIGE) XD #ET



CO, L DRI & B 2~ 7 AHWEKT OFR 681

80

60

CSRa

CRI
O 28.6
A 317

40 0327
® 428

] 1 | A466

0 2 4 6

K20 (%, in coke)

CSRa : 1%3 of coke with alkali be equivalent to CRI of each coke
Fig. 13. Relation between K,O in coke and CSRa.

5.

ZFZT, TVAVEEI— 7 AD COp RBERME
(ID)RXEWETAHI L E LA MEOHEE LTI, (11)
Koo CSR 22w, Fig. 12 ® CSR filE&HB»
CRI % R#fiL LT, F— CRIECOT NV VEEE
UGB E OBRERD, che 7 uh Y EET—
7 ADHIE CSR 5%E#L, CSRa & L7:. CSRDOEL
A58 a— 27 RZoWT, BIRDFETKD 7 CSRe
La—27 207 NVAh)EER L OBET Fig 13 IIR
. COKTHLL L LT, CSRa(y) L a—2 A
D K0 (x) 213 y=a-2" OB RH SR, (200D
EHEHS .

CSRa=(6.0 + 1.05° CSR)-K,00%05+-ereeeeennen (20)

ORI, TVHVEEFI—7 AD RI; IZ2W
Tit, QR THETHI L ELL.

RIy; = {(5490 — 54+ CSRa)/Ti

—(0.042'CRI—0.232)} RIjoeeveereeeennennes (21)

2:2:3 TUAYVEEI—Z ZAD CO, KISHLLTFHI
T FNOVERK

2-1-3 HH & @K% FMET CO, FULHILFHOHE %
1o 7-.

1) R BRAIRE (To)

S BAAAIRAE E 3:1-3 (1 )H TR/ HETHRE
L, (22)XTHETE .

T0=1299.5—~4.55'CRI ........................... (22)

2 ) 24t (RI)

BOGH#E (Ra) 3k, (23), (24)Ki2ft- THRL
= (RI) #Ro 5.

RI;= {1 — exp (— Ra X TMi)} X 100---sssse¢ (23)

RI= ZRI,-= RL + Rl + -+ + RI, ceeveverveneeer (24)

3 ) B 7 x{t=F RIy DHEE

(21)R126E> T RIg, 2518 L, (25)X T R 2&tE

L.

RIz = ZRlg; = Rlg, + Rz, + -~ + RIg,, -+ (25)

4 )CO, FUBHIBAE (1°9) DHERE

(16)RicpE - T, I%00 %FTHE L 7.

I%99=(1.1-Dr'32 —8.0)

—(—0.034-CRI + 2.65)+ ZRIg; +++eveeeee (16)

5 )CO, RIHILTF Ml E 7V DHERK

CO, I FHMEF VD TUYy 7 ¥AXY T 541
213D 4)HD Fig. 7T W C/RLEFIEELERZETH 5.

3. XEFNICLDHMFE

2:1:3, 2:2:3HCRD-EFNEFALT, F 1L
ROFEETVETNVORYEERET LA, £, 20
EFVEFRBLTCa—22ARE, BFHI—-72207 N
B EOEBIIOWTHRET L.

3-1 CO, RUGCH#%E

Fig. 14 12 CO, U iMEE (1°7) NFERME & (16)5X

X YR CO, RUBHRIMAEE (1°0) HEME LB L T

ALz, a—272 1 CREJWMELHEEBEFEICR
GRSz A, 23— A N Tk, 1300°C £ Tid

BWIFIEASdH 543, 1400~1500°C TR ICHET 0=
Ronze, Lal, FERRSBETO 15 KT oMM
BAEFVN T Ialb—YavyERTVEIEND
»5.
3-2 A-7ZARKROEE
DI}2=82,84,CSR=54,57T Lt WEDRL % 4 7&
HOa— 7 A% MBEL, KEFMIESI— 7 RO
RIZBIFAERRD Y I 2 b—Ta YEHE 2TV,
T— 7 ABBED I~ 7 AD CO, FUBHALICB X IFTTE
BELSWIZOWTKRET L. 2o&E %, Fig 15 IR
L7, SR OFz{kRiza—2 A0 CRIVE
b EHmESKE V. QI »ET R, DI,

3
E 80 \
= \, Sample
3 . ]
o4 (W)
A
5_Tor
k- g}
=~ <
g : Sample CRI meas. cal.
28 [ 28 O @
I 186 A A
50

1 1 1
800 1000 1200 1400 1600
Temp. (C)

Fig. 14. Measured value and estimated value of
1%,



% & % 76 4 (1990) £ 5 &

Temp. (C)

|
0 10 20 30 60 70 80 90

RI (%) Strength of coke after
CO; reaction (I%%)
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