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Investigations on the Phenomena in the Blast Furnace with

Heavy Oil Injection

Masaharu SHIMIZU, Tamotsu NAGAI, Kyoji OKABE,

Synopsis:

Mikio KoNDO, and Toshihiro INATANI

In order to study the phenomenological changes in the blast furnace accompanied with the injection
of heavy oil at the tuyere, the reaction gas at the tip of the tuyere was sampled by, the use of the
horizontal probe and analysed. In the case of no oil injection, CO, content increased with decreasing
oxygen content in the inward direction gradually, and after reaching the maximum point of CO, con-
tent, CO and H; content increased. When the injection rate of heavy oil increased, these phenomena
tended to proceed rapidly and to be accomplished in shorter range. When the nozzle head of the oil
burner was pulled backward in the blow pipe, the decrease of oxygen occurred even in the blow pipe.
The decrease of the space of the raceway accompanied with the increase of oil rate was found also by
the bar-test. The gas distribution at the top of the shaft was measured by the horizontally inserted
probe installed at the stockline level and the gas efficiency was calculated.
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Fig. 1. Cross-sectional figure of horizontal probe at the

tuyere level.
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Fig. 2. Schematic figure of horizontal probe at the tuyere level.
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Fig. 3. Tuyere location of gas sampling.
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Fig. 4. Schematic figure of horizontal probe at

the throat.
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Fig. 5. Distributions of gas composition to the
direction of blast flow in experiment No 1.
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Table 1. Experimental conditions at the tuyere where gas samplings were carried out.
Experiment i;Injection rate; Blast { Oxygen Blast Blast Oil/Oxygen | Position of
number of heavy oil | volume* . enrichment | temperature; humidity | nozzle tip**

(1 /br) (Nm3/ min)%; (%) °C) (g/Nm?) | (I /Nm?) ( mm)
1—1 0 938 4-26 1020 | 12 1 0 —300
1—2 460 938 4-26 1020 12 ! 0-327 —300
1—3 620 93-8 4-26 1020 12 1 0-440 —300
1—4 860 93-8 4-26 1020 12 i 0-611 —300
21 0 132-2 415 1090 16 0 —250
22 490 132-2 4-15 1090 16 0-246 —250
2—3 760 131-1 418 1090 16 0-384 —250
2—4 900 1311 4-18 1090 16 0-454 —250
2—5 1020 1311 4-18 1090 16 0515 —250
3—1 900 1250 4-65 1080 18 £ 0-473 —445
3—-2 900 122:0 4-76 1080 18 0-481 —104
3—-3 780 1111 416 1 080 18 0-469 —250
3—4 600 1111 3-08 1080 18 0-376 —250
3—5 390 111-1 3-08 1080 18 0-244 —250
4—1 880 1206 3-49 1100 20 0-500 —250
4---2 890 1206 349 1100 20 0-506 —250
43 900 1206 3:49 1100 20 0-511 —250

* Qalculated on the assumption that total blast volume is equally distributed to all tuyeres.

**  Distance from tuyere nose. The sign is positive to the inward-direction.
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Fig. 7. Distributions of gas composition to the direction of blast flow in experiment No 4.
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DHNETLTWEEFZEXLOBREZHETH L. LOH
HULERATI AL OERKE LT — 7 2T &D
Y, EHcEFohd s FELNEBHTES. Thb
%, Fig. 1l @R+ &5, FRERZO0-A%m o
U AR TH R 2E, ARIOSfERL, O-A 5
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Mk v EmEo O-B F@AkbE, BREKS.
FERTOIHAOHEAELLNS. THbbERIIIZA
BTHy, EBR2IZBAE. FEER2iOWCH X4
o AEBETT5 L, Fig. 6 ItRON 5 X 5 IKEMER
BRELVEERBREOFHIT, + 1 mOfET 0% »3
HUELLY, CO% WERHIICET LTvs. Eil
PYGAEND EH ARSI ERE wie> TL 525,
CO: Hfiicik 2 A — 22> D ¢ Ebhb. B
MUGAL RS 490 [ /hr DPAIIE, +0°6~0-8m i
G, ¥ — 73 FEbh,CO,H% 3AICIETT5. —
4 CO: A EREZIE T 7601 /hr OFEITIE, O
DY~ +0'6m whbo>T, ¥EHELT CO; &5
ERELTWBED, CO, Hy% 0FL WETIREZD
Twizvs. 900! /hr OBEITIE, H 2SI O —
M oD, O rfiicd +04m & +0°8
mORELE—I78H 5. +04m Tz CO: HAnl3k
WAEs L, —F +0°8m TiX Ho% BMEFLTW 5.
INLDFER? L, O HHIKHEbN S C— 713 EE
BISEE ST O/REf o O KiBEL, o
WEPEFWICHEST T 50 51E, BbtEDbAMY
ZDORA LT B EBTE B, T OTHE L 5D,
CO XU He BKHAPTO, 2—FETHEL, £
DRIGEEII ZEDLD THEWEZINTWEIE H b bT
oD O & 10% Ll CO X Hey A54EfF LT
WHZETHE. KBREORMESALE LT, FARKRESE
FHEOT AN -0 L OSBRSS, F457k
HFEEEZLDTE D, it oRR%ZkdRER S
VorLkov 593 X 8 GorsHIKOV 5PIEKIR S R 2 IRA
ATVLEFETHORON 2 ks fiz#HE LT B
B, AFEBREFAERIC CO XWX Hy 22 Op LIFFELT
WHEEGDH D EHBDLNS. F7- GORsHIKOV 5
DHEETIE CO X Hy offic 3o — 2535
LHLhaBEDHYD, ZOBOARE—KSMIIKAN =
LREARERE: ORFGIRRACERT S & L, WEDE
NEBPS SRR ZOHB I o3ETH &, ¥R
BRRBRTAMBI VRS REVT E, BIRE
Lo 5RMIPEWE L 2% 0EECEFTWES.
ERAS DB AT, BEabRIESRE Tl
DHET H5 5, PRI IREE S A0 O —Hrd SRR
DRBEC B L TE LW 0nH5 5. £ LTSRS D
BEHAPKES LTI~ RRXN5 L ILAHRIH
T, 7D CO L Hy 28 O LHFLTWS X
SHMRELEZXBDTERVWEELZLND.
E7, 1 BOF AR bz raceway WTH ADFH
BELTRIE, AR OB ESRLbhETHS S

Table 2. Chemical compositions of soots and

heavy oil.
Sample | No G H S Ash
Soot 1 84-20; { 3-7495, | 2°269, | 1:0%
2 84-7 3-60 — —
Heavy . . .
oil 860 12-1 1-20 —

L, BEROSESTE—TRY, FDid 0, DIEE
L OBRET D LB HHWREENRDD. ZDEIPKD
H AR S MEELTERILIS < H Y, raceway NERITEL
%®D O PEETHZ EEFH5, FEROTENS LHK
B O TWE EHET D Z &I TE L.

SR L OEOBRE RTINS 2D, FAREKROLE
ZEE L, raceway N TOHN D D WX kEOLEERI
DVWTHERETILERD S,

3.5 ®IDONWT

EE 4-3 MHORKROLZHANE LAERT, +0°2
MmO E o7 Fig. 7 OF ZAWHESHC kL,
CHy ¥ — s %R THRETHD, HIRDS <F4EL
TWiz. {bFHigk% Table 2 R LD, 11T
AV E —DFRNCFRI e =~ vOFBCHELL
HER OREVE, —FRB 237 vE —THEL
AR TH S, HECIHELS»REEERED
BV, & HicHRS 3°6~3'8% KT L, Eihh
5%7 2/3 OHMBER LTW5S. —F C% OETEK%
CEEEDTWS.

3-6 FLRAETHI raceway ORE (Lgq[m])

oil ratio MIEHNT DI, SEIGEOHERENC L 5 LB
Bz v Tv 553, HNEEEERBIEROERE, &
A OLG AT IR WAL, raceway OFE/NTH
55.

EHPOAL BRI THE, BEhE 31— 7 ADBEHREK
R 5 ore/coke @ EFHUIRHNICHE Z D BRI EIL
TBDT, ThEBFB-DBETLELEL, S
FZOWMG AN T 2R A ERE RS TOB—KAITH
LS. LicdioT, ERERZRDOTEERBREELZ W O
LEFoNHDT, COLERGEFEROEE)T A VF —
BEEDD, 2FE LTRERECRBENAE L, HEML
DEF T 3 VX —HMETT 5 C &I S

raceway DHEAH DI DWT DIEIFICIE, o OHRL®
TIONRH B, FTEHEOGIIEBRALE EOBEGFERD D
720, PO AX—OFr LEFII mmOEHER A5 E T
HETELAATTR S Vb B FEHBIEZERHE L.
B2EP LN, BEWMSFERALEELZEL S » AM
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. HE~OBEMRALCES FRREOZEL 597
™ b7z T, BHVGALEALEE Sh b CXiTHEL o
. Fo. B THHIELERTE RV HaNH D,
Lo R&TIA O 7 EICHT 5B L Ui E70% s Tono o
~ DEF)T A ¥ — Ep(Kg-m/sec) F(6)RTHHELL = i o P o750
p. #3, ik BARDIN 519, Byarvi® 5SfV7fEic, s ///jiio ’
" FECRLEAEFEHE LIS OTHD. 1o = %e®
. Ek:L-‘>{*(0'21+X02>+28}/22.4+¢B'10_3 .
2 98 "o 4000 S 000 6000 7 000
N, (Vs/60)2 22495 \&2 [ Py, Ty \? 4 e
2 (DA (1 180003) . ﬁ ) _T,B_) - Bx(1=4:02 Vo/Ex( (Kgm/sec) N
. 0 Fig. 12. Relation between the blowing condition
~(6) at the tuyere and the depth of raceway.
b T, @B ERES (@/Nm?), = Ak (fED, Fig. 13 3 XO¢ Fig. 4 iz h@ b 2l s i
D: o 1 o, : .
4 T:E;ﬁ;ﬁxfzﬁﬁgﬂfm% fo e, &Coﬂlﬂ%ﬁ®%%%TLk EIBRA B E AT R
) > ;]’;‘m( » To: E( )E@ SR A I RIET B 2 R & B 2B T IR
¢V B ICHRCHRAL, Be DIMELBI B s e, A RO 1 088D CO
b KELTeBH, Lg Wk ;i?m%ﬁ%‘ﬁo)ﬁ/%%ﬁ?ﬁ H ZFIFAERFELTWS C LIS THS. HAF]
- = dr Priewle -~ > 2 37E
y HELREERATLE ORI, (D APREL jmomTibL o s EERIEORRTLSY
y b'L—0%+0%xmﬂE 037 % 10-3V¢ (7 5% 0T, WHOREL A AMAROM LI D755 27
4 %b"ﬁ: §—0°37x107¥5 - (7) rExBhB. —F, FLETON AFIFEC B
Lyj=0-88+092X10-4E, (1—4-0Vo/ER) - (7)' R0 ST, LEOT Z RO RBITS
a= ) e (1 =4"0Vo/Ly) - ;
v Hy% REHGALE et Nt olre 3 \
N Fig. 12 104 (7' 5o ERIEE & b ICR Licat, 4 ) 2% Eﬂi‘])\l,&i%.t% LEiC EHE LT
0 1m OREEC—F LT Z D35 Hi DHEB W VE A & A IR BRI TR
> 5.7 hﬁ;%sl':s(jaﬁzﬁﬂs;zﬁﬁ R, BT O N R MRS 2> SId SN ERERSE O )
Y a@zrgjxpr;» T i B S KA T b EPLPICT B ZLIETEL, DI, b ORI
\ N ’ =P (@ 1IN ~ o SR T ) e S A 2 7
Y DB AW B, Fomey  LLABORNE brph o F, FEARD
o cimd - - BB, BRI E I TEREMT &

Table 3 iz # A RIWFE DR E T LT E?mﬂ}zi&
ZB% 13800 /hr %5 15600 { /hr iz B§§fic 2 —
1&—1&06tTﬁkﬁ,:—71N—1%Twéu
RPN DB ORNALZINX ZERYH D, IF
e T EME R IC o ore/coke & EWFRUE, HLLER
OIEKIEFMEN U THEIRZE D[RR L D Z L 2.0
BLL7c/zdThHD-

1. %

POF R FI—BIOFEORT A7 —%H

~IERN A A RE, PolEc X, BRVGAKEES
FRNBEROZL2AE L TCUTOREREZE .

(1) PricEmE AT E, TioOBEHEH: & L

i

Y

Table 3. Operational conditions during the sampling of top gas.

. Blast Blast Top i(r)ll'l ction Enriched Caosmg?s)ltlon of top Ore/Coke | Coke
No volume pressure | pressure ra{g oxygen g 2 base
(Nm3/ min) | (Kg/cm?) | (Kg/cm?) @/hr) (Nm?/hr) CcO CO, H, (=) (t/ch.)
I 2 540 2:20 0-75 9800 5000 260 20-5 36 3-53 8
I* 2 450 2-14 0-75 10 100 5500 260 205 3-6 357 8
It 2 430 2-06 075 13 500 6 000 239 213 46 3-90 8
) 2 390 2-13 075 13 800 6 500 23:0 220 4-9 3:96 8
v 2 360 2:02 075 15 600 7 000 22-8 213 51 4-24 7'5
> Y 2 360 2'14 0-75 16 000 8 000 23-7 21-8 54 4-23 7:5

* This test was carried out three hours after the repairs of rotating hepper from the trouble.
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(%)

Content in gas

Distance from ihe center {m)

Fig. 13. Radial distributions of gas composition

at the top of the shaft,

(1) XA raceway A D L7270 5T 0% 13K
T2 ’

@i1) €CO0:%, CO% » L He% DHARTIAED
AL 5.

(ili) COy HTicEbN5E— 7&K 5.

(iv) CO, H ofind &bic CH, ¥ X UM 4%
+5.

(2) JIOEROEEAEMITIEN 2 HRKICE Lo 1ins
ET S HWEROPRIRTIE, TR/ vd5HE
BT O B X OREPEREINDH, FEEHTERIEH
DG FHTE L, POTEM OB BECESHh %
O, D&,

(3) 7 Xl —TI O © O OWHEINT % &
TEIZXY, ZORMTHLEDDEMBBELTWS
TEERMER L. FEic/ XOEREIE 2PN 5B
PS5 L, ZOXMTHRETSEMEEET

(4) &b >T, FEROBFECENIELT
eofck s, (DREFTEFERSE L.

06

(-)

CO:/(Co+ CO,)

0 1 ! I
0 | 2 3

Distance from the center {m)

Fig. 14. Radial distributions of COy/(CO-+COy,)
at the top of the shaft.

Ly=0-8840-92 % 10-4E, —0-37 X 10-3V¢

(3) FREBTONAMESHIC X, BHKRAL
EOWIICoh, RLOERD CO # 2 FIFEREEE LTV
o755 FADED CO H AFFHER XX Hy 2 D45l
T3 BH & p I fEEIASRR D Bk oD 7.
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