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The Properties of Petroleum Coke and Its Use in the Experimental
Blast Furnace Operation

Kichiya SUZUKI, Tongshik CHANG, Kouichi HoNpa,

Yoshikazu KUWANA, Hirao Go, Mikiyashi MATSUZAKI, and Mitsuru TATE

Synopsis:

The petroleum coke, which has the reactivity less than that of ordinary metallurgical coke, was used in
the experimental blast furnace for the purpose of investigating the effect of the reactivity on coke rate. Some
properties of this coke were examined and compared with those of ordinary metallurgical coke prior to the
blast furnace operation.

Following results were obtained:

1) The effect of the difference of reactivity between metallurgical and petroleum coke was observed
clearly at the temperature ranging from 900 to 1 100°C: and the gasification rate of the latter was about
half as much as the former within this temperature range.

Nearly the same activation energy of about 60 kcal per mole was obtained for these two sorts of coke.

2) The effect of lower reactivity on coke rate was not estimated directly from the results of the experi—
mental blast furnace operation because of the difference of various conditions besides coke reactivity be—
tween the standard period and the test period. But the decrease of corrected coke rate from 688 kg/t in
the standard period to 592 kg/t in the test period suggested that more than 23 kg/t of carbon, at least, could
be saved by the use of the petroleum coke.

(Received Feb. 5, 1974)
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Table 1. Micro-strength indexes of coke (DIN).
+28 Mesh (wt%p) 448 Mesh (wt%)
Sample No
Metallurgical coke Petroleum coke Metallurgical coke Petroleum coke
1 0-:90 1-28 12-8 15-4
2 0-92 1-27 12:9 15-3
3 0-93 1-35 129 15-9
-4 0-97 1-36 13-1 156
5 0-98 1-27 13-2 155
6 0-97 133 13-2 15:9
7 1-00 1-27 13-2 15-5
8 0-92 1-33 12-7 16-0
9 0-98 1-30 13-2 15-5
10 0-94 1'28 130 15°5
Mean 0-95 1-31 13-1 15'6
Table 2. Specific surface area of coke measured
by the B.E.T. method (m?/g).
Sample No | Metallurgical coke | Petroleum coke ®
1 0°334 0+ 556
2 0-502 0-877
Mean 0-418 0-716 ®
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Table 3. Experimental condition.

Condition Range
CO; in the mix-~gas (%) 3, 5, 10, 15, 20
Gas flow rate ({/ min 4
Particle size of coke (mm 1:00~2-38, 4:76~6"73, 7:93~.9-52
Weight of coke bed 10, 20, 30, 35, 50
Reaction temperature °CG) 900~1 300
—~ 100 Coke weight:50q |
£ —~ 30 C0:: 20% : —
g 50 — E o——a Metollurgical coke
Q L/:':_____ —— § ~a| 9~ Petroleum coke
Z yard <20 Rt Y
< o "// - 2 © 1100t
%’— 05 “1Coke weight : 30g — %_
= ( ~/  |Particle size : 793 ~9'52mm @ .
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L 4 S
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Fig. 2. Relation between temperature and
gasification.
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Fig. 3. Effect of particle size on the gasification
rate.
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Fig. 4. Effect of CO, partial pressureZon the
gasification rate.
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Fig. 5. Relation between coke volume and
gasification rate at 1100°C.
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Table 4. Rate constants.

Coke ki emp CO) 950 1000 1050 1 100
. K,=Cuk 5-800x 10-3 8758 10-3 1:290 10-2 1-710x 10-2
Metallurgical Ko— ko ks 35-000 21-538 13-525 6-809
coke Ciks=K,/K, 1-600x 10-+4 4-066x 10—+ 9:538 10-4 2-510x 10-3
K,=Cik, 1:400 10-2 2:570 10-3 4-500% 10-3 8-300x 10-2
Petroleum coke Ko=k [k, 21-210 14-286 10-000 7676
Ciky=K,/K, 6600 10-5 1-799x 10-4 4-500x 10-4 1-081x10-3
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Fig. 6. Arrhenius plot of X.
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Table 5. Chemical analysis of coke and burden materials.

Coke Sinter
- Silica
Composition | Met. coke Pet. coke Composition A B
F. C 879 98-23 Total Fe 5575 53'9 —
V. M. 2-0 0-35 FeO 7-44 6'5 —
S 0-43 1-01 Si0, 6-03 6'3 97°4
Ash 101 0-35 CaO 10-70 12-9 0-82
Si0, 52:02 — Al,O4 2-03 2-14 0-74
CaO 45 — MgO 0-86 1-02 0-25
Al,O, 25-12 — Ca0/Si0, 1-77 2:05 —
Fe,O, 8-56 —
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Fig. 8. Profile of the experimental blast furnace.
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Table 6. Operation indexes.

T

Metallurgical coke

Petroleum coke

Ttems (8/6 15°~8/8 15°) (8/11 16°~8/13 16°)

Blast:

Volume (dry) Nm3/ min 467 4-50

Temperature °C 845 800

Moisture g/Nm3 24-80 24-08
Charge:

Sinter kg/day 6 549:6 6028-8

Silica kg/day 80°16 234-0

Coke (dry) kg/day 2493-6 20256

Coke moisture % 8-14 0-21

Mean charging interval min 8-61 10-60
Top gas:

Temperature °C 226 307

C % 2526 23-57

CO, % 15-56 15-94

H, % 1-85 1-49

N, % 5733 59-00
Pig iron:

Temperature °C 10 1420

Production kg /day 94 (3842%) 3402 (3423%)

% 3-70 429

Si % 0-68 0-59

Mn % 0-53 058

S % 0-040 0-057
Slag:

Temperature °C 1525 1510

Slag ratio kg/t-p 514 (442%) 561 (482%)

CaO %, 42-0 47-2

Si0, %, 36-4 355

AlLO, % 12-2 80

FeO % 0-90 103

Ca0O/SiO, — 1:15 1-33
Operation indexes:

Ore/Coke e 2627 2:976

Fe/C — 1-666 1:633

7co % 38-12 40-34

Yuz % 41-07 33:67

R; % 68- 54 74-83

Ry % 31-46 25-17

Solution loss kg/t-p 93-03 74°04

Coke rate kg/t-p 6572 (649°0%) 595-4 (591-8%)

Carbon rate kg/t-p 5777 (570°5%) 584-9 (581 3*)

* Numerical value in parenthesis calculated by Fe-balance,
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W1 F v+ — oY OEARERSENT HER LD,
L7HDT, TiFDEENBL ORI bbnL
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Fig. 9. Vertical temperature distribution. (% Authors think that these data show not

reality by any reasons.)
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LictWHHEE S D, FHUKEER LR LT RErD
MW E WO HERIE DTS LRV, LicHoT Fig. 9 @
Fo— o ZEREEORREE, KA S ORELS
D, FEOEEERR LT - ZTREPDLEEZELT DR
Bl

Fig. 11 A o@ETikoiE, %7 Fig. 1212
AR OFE PN A 2 3 X CEERE OSHTEERICD &S50 T
kdEuROZELiRE R L. TRhODED BT,
Fima — o A g R Fig. 10 © F 2K 54T
REERTSIREA Lzt d b 5T, @bk .k
HTEFLTWAZ E5bh%. Zhix bRoX 5,
LT — 2 AERRIT Y v 7 MEOIRESEERDO T
X0 HE» O ERNES TR VERRTH VA,
ko — 2 AR o — o ABEKREO LFORR, T
B0 SEEPERI I ok (FEARMRSEED 86 4
5, 1006 HicoUit) CEbFNRERLELTHT
Bhs. i A A{D Sk R kR & E D S
kD FNEBLT LD LRGSR TR WD, =
AR H AR OSHil O Y 7Y P OIERRHES
P HRTRUEREVEERTD S

WIS F A BERIT L7 ERBUEHT DWW T i, ¥
BT SV HER IV O L ROV E ST L ERR D
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Fig. 10. Variation of gas composition along the furnace height.
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Fig. 11. Variation of ore reduction along the furnace height.
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Fig. 12. Change of reduction degree of ore along the furnace height.

BB CAREREFT S ERNELr LDk, $i2
Fl— L Rz ki) B EUER & Al T — 2 ARRORKRDORE
ExitttTs s, M ERESIDEATH I LR
5, Filia— s AFBARCBRTSER LT LSS
LnTHB.

3:2-3 RISHOETO a— 2 ALKk XIET FhRIC
DT D FE

DLETiR~72 X 9ic, RROBRCILEFLELK
BRIREE, AR X CPEUKEEFEORIC X 28R
B bHRHOTED, EWEEHI—F ADa -7 ALK
FIETHROBEEMFMELZRELDIOTLTVS. &
ZTZ 2 CRAAEIR 0 MRS O E I oW T S HRIE
BRS, FISHEOMF LS IR EHELTHDT LI
T 5.

(1) #EEECETHEE

ZHhie oW VRIS E, HEkR, solution loss jR3%E
#, O/C o FAFIHEZRMEL L, BHEOW
BELIOCENT 205 N50BOBRIZES, &
rDREBBECR TS (hda— 7 AR LU AR
D) 0— 2 ADEERD. thEa— 7 ARRRIT
L0, BUDTHERTARHMI— 7 ADREE LR
D, HERDIFEF— 2 LIAHMITLES DTDS.
ZOXVWVKOX S REEZS ST 1) #igk bl
D OWGEITTBRER B L PR ofbOBERBEF I —E
EL, EOTHEERMAE, EREFLEDLLEVWIDEL

TEMKHEZRA, i) AEMNER (yu,) BEHDO 7n,/
nco ILERZLELLZIL L, pco DB L UTERMA, i) A
TH# A{8FEEIX thermal reserve zone (T3} % H AIRE
% 1000°C, BEKEE% 950°C & LT, Kitaiev 0%k
AR 2R LTEE, ) co 2T O/C oD
leEps W ERIZ 3 WT, O/C 1B LISIEEMINICE
b3 % &AL, WEOEERRLZISECLTREL
7z

25 LTROFBRIREE & 0 — &7 Al SO REL
ORERBtR%Z Table 7 WR¥. Zhit X% LBBIERE
OZELITfES 5 0 — 2 AHOZE{biE, BEEEL VLR
a— 2 ALOKEIL XD TEFRL S, 800~850°C
OIREHE T, 1°CHb 032 kg/t-pig &702C
W5, ZOEBFBEEFTRIFZELRTWHEY, 0°2~
0:26 kg/t-pig X VLXK ELELLDPTVWS. LAL
SRERFIIABUFIC K BT a— 2 AOKEREL, #
8k Bic D ORBESHERANCE W EEFE NI,
FIERYRELE BN 5. & O CHERERSER L AT —
s Z{EFBORERIRE D% 45°C % 032 kg-coke/°C
L LTHIIET % &, 144 kg-coke/t-pig L 75 %.

(2) BeRbgispoME BT 5HIE

B SR SAIRD 0 — 2 A b ~DOEE I X E I E ORI
BHY, FOTRTKOWTHIEERZTTR S T LA RE
CiEwEEbhD., Lad 2T o TRAZ FEoZt
RFionwTELTHS. LrLZOHEDRRRED
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Table 7. Calculated coke rate and its constitution at several temperature (kg/t-pig)

Temperature Constitution of carbon rate Carbon rate
(°C) (Crota1) Coke rate
Cpig Celem Cdust. Csol Ccomh v
850 37 6-985 1059 91-58 4273 5735 6524
800 37 6-985 10°59 90-09 442-7 587-4 6683
750 37 6-985 10- 59 88-54 4587 6018 6846

Cplig: C in pig; Celem: C for reduction of Si, Mn and P; Cgop: solution loss G. Ceomb: C of combustion at tuyere.

BE LR, A7 7 oETRE I ZhcEY T 58
BOBIPICLrdERDD> D — 7 ALOIKTEAREL T
DI L EE LT, BTk STIHZR R L gk o
I X B BUE K DRI 1 & DS RSIET S D
ELTT NE L B, IR PE A B 35 7,
R 7 TILOTALG IS T DB E OE(L e, REIRE
DEALIHRETI L, Wb oREUREZ {(bic X b0 — 2 ALt
HHER AW THEEMCRIER TR 5> 2 2 & L

WE RS T OFEE 500kcal/ kg & L, BB DIEE
0°32kcal/Nm3-°C & J L, FHEIRERITIT 50k
Modiz ) OEFED 1750Nm3 THo EZHMP L, A
7 &'tk 1 kg/t-pig DOZE{bix 500/ (1 750X 0°32) =0-9°C
OEFIRER LY T 5. LicdoTa—s e L
Tix 029 kg/t-pig DL T B LT/ b, Z0
VIR DK UEDS 867°C, 3 — & A HEdykHER 590
kg/t-pig FREL TdH 7o 1964 4N, BH{FDLEPEREN ST
EICERA S I8, 254 1 kg &7 0-25 kg/t-pig
L BRTPRDKREVD, TOBELRIEEOSA
&[RRI DR E Z T, AU ICEWE S
Biv. BLAZOLEEOHIEERAT S L kg HiD
0°29 kg-coke/t-pig 23BAEIR ST (< B3 5 Wi IE A SR R
1°C &b 032 kg/t-pig itV 2 &, ka4 pefe
NEEXCEERECETAHIEEE LTRS Fto+
heRU 1°C ¥ b 0°25 kg/t-pig ZFH VT Wb Z & &
&7 5.
ETAHTHIB2— 7 AR RIEREE LI 25
ST 40 kg/t-pig L LD TV 525, Thici: Bl
HHAWC X SIRA RS Z=oMnE 0 — 2 2RSS & D%
RPBELDOTED, ThEroEEMIESCHVv5
ERXTERV. T TRIGRRFHIESRD, 257K
O¥EMEERIBEDO FHic X >T, #ETsz ko
Ty, I— AT —FCR2EWIEZIFIAMT S
DTHEHT &b, EERERTBEMZHV -2 2
HHEMEERUL Lt E0R 5 rtotis e ittt
%L 857 kg/t-pigi bbb, O _EORIEGRE
(R4 Lkg &H7zh 0°29 kg/t-pig) %M T5 &,
24-8 kg /t-pig &5 5.

LR OHEERESE ST O L O OBEE L& TN
bl Tl v, RHEOBRIRE & $iA A% Al
- BB LRI CIC Lic s LBEo a— 2 2 HR
F4ir 14°44-24-8=39 kg/t-pig (w4 +R) &l 5.
L7chioT, ZEMKO filEa— 2 Atz €88 kg/t-pig
L85,

ZZCEROFHE D~ 7 At & Rila — 2 ZFHKED
R — 7 At 592 kg/t-pig EXHTHE, ZOHER
96 kg/t-pig L7ch, XHIERLTLEhEHh 604-7
kg/t-pig 3 XU 581 kg/t-pig &7 0, KEGH=2—2
AEFAIC X D ¥y 23 kg/t-pig O RFAXT TSNS
ZEWWied. ZOERPITFEUKHEEICIZBET 2 HE L
B 5P HEB TR IR OV TOERISFIE* 1
LY. LAELZOoEHEZELNE, REHOZETXS
wAk&L /Y, Perers LORTIEY AL RBX 5T
Bbhs., 7L 2O EIEDH D L g T RE
LEEOMBOEENREEINRTVWEDT, MENKIE
v xnv.

4. & El

FEHEOTRROBREI— 7 AX D DBEHNENEF
BN TWBHEMI — 7 Al LN ¥lhE T — 7 2
ARSI E, XS5t hb o~ 2A0KM
EFPTOREERARBREERL, UTOoSA»dbEDLrE
ot

1) /MROFEHD— 7 AdHEgEn — 2 2 5T
FEREYE, MIREREICERTWS. BUSHERBIT 58T
1, 900~1100°C iR Citidea — 2 X LA
— 7 AR BGHED BRI 2503, IREO F A{LHE
Tt B e, BFEIIFED /20EEFRT. kT i
IhHla— o ZADH A{dE% S. Ercun OEEFHERZ
BT ESWTERILESG D, REOH AL %
BETHEEZLRTWBENRE C—>CO oFE#{t
FNE—2LT, lia—22LHETRL 60 kcal/mol
D % 157z

* EROLNOADERICI NI, BEHEO 100mm BEOZE{LL O/C
T 03 BEOZELTHELT 5.
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2) HESFC BT BREMI— 7 ADOFRFEBR T,
a— 5 ARG OEHORESMNE L, EHT -2
FDHOOEEN L, KRG -7 AD—2
Z Wik XIETER 2 I LB, D7, BEIRE
7o B UNC BRSSP O MBI T A FIE & A, RUGHE
DOHhE L LT PETERs LOEMIC VI O% HEL X
Fo. Lo LIeHs, ZhbORBIENERS e BRICIRE
XhTWwa ke, Billa— 2 AOHIRBR D ITRERMT
BT ABE—7-L 2iE, 2— 27 ABEOECER
FTHRTOVEED BEE—Tn 1o ERE @ETE
T, HELEREHLEL» Dk

r B A B ARG aKBEFREESOH T X
STCfFlbhikdo T, EAE, THBGABLLELTI
ZERFEEFITIEHT 5.
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