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Research on Coal-0il Slurry Injection into Blast Furnace.

Kozo MORINAGA, Kikuo Tayma, Keizo Kusuno,

. Yosimitsu JoMoTO, . Yuji KANAYAMA and Hiroshi MATSUOKA |

Synopsxs :

Since 1961 a research on' the injection of coal-oil slurry into 'the blast furnace has been carried on

at Muroran Works, Fuji Iron & Steel Co., Ltd,, - Japan. - Cees
The research was started with the selection of coal preparation of slurry and the fundamental pipe-
* line flow tests. According to the results thereof, a slurry injection system having a capacity of 85 tons
per day was erected. Slurry began to be injected through the ten tuyeres of ‘Muroran No. 1 blast
furnace from February 1963. Since then, the slurry density has beenl increased to 50 wt% coal fines

and a considerable coke saving was made.

Comparative tests, -carried out between fuel oil and slurry, showed that there were no- noticeable-
differences between them with respect to the output and the coke rate.
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‘Table t. Results of coal combustion test.

~ Coal analysis Combustion results
- |Calorific . : o
O ol am|vacfGe | o | n | o |'s [Unbumed | pame Pl e e,
Coa % % | % (gross) % % | Y% | % ko /k al length oy oC
kcal/kg g/kg-coa ‘
Hokkaido
(non-caking) . ‘ :
119 | 10°4 | 45°3 6590 68°0 56 9+8 | 0°21 0°078 Long 735 380
B 7°2 8°7 | 43°8 6405 63*8 6°1 | 15°0 | 0.45 0*139%9 // 703 380
C 31 | 1127422 6843 | 70°2 59 | 11°0 | 0°28 0°248 |Medium 623 240
D 2°2 | 10°9 | 38°9 | 7052 | 71°8 | 5°6 | 10°1 | 0°33 | ~ 0°318 ” 618 250
Coalite 7°2 | 15°2 | 16°4 5777 66°5 3*4 | 13°5 | 0°20 0312 4 525 220
Medvezhka 1°2 | 9°6 | 14°9 | 5390 | 80°1 | 3°9 | 5°6|0°39 0°550 | Short 208 80
Souchang 2°0 | 14°2 | 1076 | 7110 | 75°6 | 3*3 | — | 080 |.No burn ‘
Peru . 1°0 | 12°8 | 42| 6930 — — — | 0°90 | No burn
Coul F Stack N : :
oal hopper wodl ‘ | /
L Furnace 7
Inject
Compressor njection  burner . /

{ Coal

— No.2 No3 Not No5
N,
Air lgniter

Sampling tap -

Fig. 1. Apparatus for combustibility test of coal.
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Fig. 2. Pressure loss vs velocity (at 80°C).
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Fig. 3. - Pressure loss vs temperature.

Table 2. Relation between critical velocity Ve
and pipe diameter.

S ' Ve (m/s)
Pipe Slurry Temp. Ve  calculated
diameter| ©O0C- (o c) observed -
(%) (m/s) | K=4 | K=2
3/8" 30 90 0°18 | 034 | 0°17
11/ 30 85 0°25 | 0°56 | 0°28
yal 33 20 0°36 | 0°78 | 0°39

F70 Fig. 3 TR 51C, HH i HRET &
T logi=CT 7 5B@R»5H 5. 25 ) —D¥Ep % log

p=CT 58Rchsc & BRERICE kbt

vA. L_%’L%@k_ &73‘%, 171) ”‘O)?E#@ZD%):E:WI

VE, ool —ittk & FRRIC, FEEOREZMLIT X —k

OB THEEINGIDEHEZLND.

3-3 ERXRRRE
AW?%A%7&&®Wﬁ,$/f@@ﬁ®ﬁb6&

TR5Y —OREET X5 20/NE < LSRR Z /N

RFDCEHNEENS. U LD, BRIV TE

TRREPBELCESBZHETS X5 TREMETD

5. %;T%B" THE A ks & LIRS X BRZEIRRRIC /S

6mﬁ%kﬁfét-m%@1mmz DBV THD.
BECREED B E BIE Ve 13, A=uoy
IO LERRC L2 CE 2B,

VC’=K(55/51—1)°‘5D°.'5’---""""_"""-"'---"(2)

ds; ARDOIE

0r; EMOLE

D:, e

K; BE, 8, HECIOTEELHRE

A 7]U/V7@%%#%%¥@Lﬁﬁ Eﬂ@@flo)%%U
AL, KEROBESODKEZERDS E K=4 »ELN,
(2)REFCT Vo 2FHET5 E Table2 CRLI(E

Linh. EPECEEMER BT S &, SHETN2
FEEREL LS. LS 2TK= 21&%?6&@%&
L —FT 5.
K=4&Téaﬁﬁﬁﬁ£w@@2%ﬁﬁwﬁ%%a
KBEREE LTI, AL PERETRESETEER
WIZT &, FFIT 250 2 v ¥ = T OBMREER T 0 4 R
WEEE e O CHEOREVWE2 BIEE LTHOW TV 5
TENREIDHBDOTIEIR VLIRS,

T ofts, Ve OFBFBEEHKC X 5E N HEZOND.
Inds, BEESTET B AR OKKEEIL KIS D
REFEE D BELONERELRE 0T, BEBSO
FROWBEIFEEE 7t s,

34 BXFEHICEXEBEORE

ERBEORME L LTiE, WS 1200 t/day, AT Y
— G4 & 50kg/t-pig & &7, Lo oTHEHEDORT
Y~ EREET 25 t/br ThHY, BTN 104k
%5@5i&fozmmr&ﬁé

BRI, IFRV X 2oL 28546835 %)OJ’C

%L LT 30kg/t-pig DBSIE XL - LT L.

Table 3 XPl EORIAI S & S5VT, SEEOTES
HELDOTHS. FeAECIT, ERE K =2 Tk
DIRFTERICZ LRI 1°3 2 7=EBHE Vo %
FEL7. ZhDofE 205 Kow, EELLTR
1/4" DIF, i*abfm3M”uT@%@%@%?«
EThHD L OfERIME SN,

LHLT, EEE2NILT5 &iﬁaung?fﬁ?‘ﬁdi% {79
RS OB N EREMEEL0T, EEL LT, 11/,
FEL LTI 3/8" @04 PEAVD T L.

Table 3.  Velocity in pipe and practical transporting
velocity: V. .

P,
B 171 1]_/4!7 11/211 2'] -
S* i '
2°5 t/hr| 1°08m/s;- 0°64m/s| 0°47m/s| 0°29 m/s
157 | 069 7 0°39 7 030 # |0*19.7
Voxt 0*337%2) 0°337 0°407 | 0°45 7 *2
p* .
1/4'! 3/8'7 1/2’7 : 3/4!'
S .
2°5 t/hr| 0°97m/s | 0*51m/s | 0*31 m/s' 0*18m/s
1°5 // 0°62 7 0*31 7 0°20 7 o111 #
Vo*t } O"_l8’/*2 0237 0°25#7 %2 | 0°29 7 %2

P*: Pipe. dia.

S *; Slurry quantity. 1nJected
KL Vo=Vex1°3 »
*2 - Obtained from Ve calculated
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Blower

( Coal
-

. Coal hopper Screen.

Cyclone

Coal hopper

Coal feeder
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Oil
® » gl steam

- Mixer Crusher Slurry Mixer

Pump Serviéé fank
pump R

Fig. 4. Slurry injection system.
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9;k®1%5%% B RE L.

R DEAR OREWE T DWW TR 5.

4-1 27 Y-—-EHRRHEE

C ARESEREE, AR EEREZ EESLTRAIT ) ~E

Ly chafr7, e —2—iC XV EE, #l, s
NeF = OEFNICERT S0 TH D, FEOEnE
VX Fig. 4 WRTBEDTHS. (FARBHAES 85 t-slu-
rry/day) '

42 FEBOWE

4-2-1 EU{%%9 #LZ?

FROESTFNE, v—~>v Fﬂ?&@ﬁ%fﬁﬁ:“)fﬁa ] |

HTARIEL I FY—LOERF vy —~Tu7—%
AuvtZf@miasns. 20 e 7 —@3HEKEE 30
Nm3/min, & Kk#FE 800 mmAq DX~ T o7 —~T,
HKE 30kg/min BEF COARE BRMET S &5
T&%.
FLIIFY—LORRA v =1L, ¥ 1'St DRRE
BT RS. OO ERZNEEIC X ) EERES
TIEIRE I m — 2 ) — NV T B D DT TH D, ARD
B EA BT LS e 2 ENTE 5.

4:2:2 - 25 ) —ORAEEE
ﬁ%@@ﬁ@&Ehﬁ%ﬁEHﬁ ERX&Y, -

THEEIBBREASINT—IEDRAT ) —~ L7505,
BROGEE, I OIHERRZ R LS SRS
555y ./-’v"%”f%“( w23 #ﬂ‘fkib\f“fjgé'

IBEAT Y — Lt 5.

T2 Y — IS D D F ThD. XHICT F
Y~ R EFHER L EE L ERIS OV TH D, A
BRZELLROIEAED X S5THRDTND: -

4-2:3 25 —QRE, MEKE

A7 Y~ LERRE, EE, 259 —KF
e —E—RRXVEEFTRS. A5Y —R U, Bk
ok 70 {/min, FAMEHET] 15kg/cm? ORI L
FTHY, ARV TPOATF—Z—KXVn~&—DEH
X, WEREELZ T % 7=l BbsEs L Th
%. i ' :

TDATY) —~RFOMER Fig. 5 TRnt.

A5 ) ~RET B € — & —1F, HARE 100 [/min
T, 20kg/cm? DEFLBRITEDOTNS. INEGEIRE
VX§y 100°C T, MEMKIZBERIKER THS.

I FEBITIY 100 r.pam. OEHE B MBI D 2T Th
5.

5. EMEQHERERR

R OBEE AT, BFSOES Bnd 9 BlTrld
T, EIHEKE 30% R 5 ) — O HEEERR 2T
- X OFERIIRDBEY TH DOz
54 EH %A

Delivery Suction
Stator

Rotor & Flange
Fig. 5. Hula pump.
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‘ Table 4. Analysis of coal.

Fuel |

FERIE 1@ (WA 17042 m?,

FRPRAE 7+2m) T

TIovklekn, HER Ol <& P 104,

5

5-1-2 23U~}

B, RE

25 —EPEI“YF}# 30wWt%, /m}’!‘ﬁbi‘i"] 90°C .
T 5.1-3 Tl X OvE
_Z7U—kﬁ%LtEm@ﬁ%%Twh4K,ik

2 HERER

"EM@%ﬁ%kasmékﬁf

ABRIEROBIEZ Table 6 IWRY. k. AT Y~

i

H,0 | V.M. Ash Calorific value e H N | vs T.S
% % % (gross)kcal/kg % % % L % %
- 3'e0 | 39028 | 10°74 72200 ¢ | 72026 1 600 ‘ 0°23 ) s ot 1t 0734
"~ . Table 5. ‘Analysis of oil.
" Chemical composition | | . o PN
: p S Specific ; : Viscosity . Carbon Calorific  value-
- o, gravity Flasohépomt (50°C) - Pouorcpoln,t residue (gross)
a H S (15/4°C) GS %  keal/kg
84°9 | 118 | 2°5 0'940 |- 120 140 ~75 76 © 10,500
Table 6. Thte'opf‘.:'ration data on fuellinjepti,on"at : E?Hﬂﬂﬁ%‘fﬁﬁﬁ%ﬁ@”ﬁl#@, Z DIEHPD lejb:\}%¥R1q:pj:(
No- 1 BE- | =B EURLIC L. Tableo pBBBAE LT, &
Ol |30% slurry ~ PIOERIRE 30% 25 ) ~ Wi & BIRMIREOR
injection | injection L O TI, WMEMN K AKERETED D LD
period - | period o .
(for ten. | (for ten 7z. ‘ . B
e daw) 25 ) — PR gk Hi RS, BHRIERIC < S5
oil | kg/t-p 48 0 TETERBICED TS, BENDLAT Y —~CEXD
0% Sl i ° B LU EEEAE T A ERERER b G U R B
: gm' S 689 650 BRTHD. CRBRECAERPOREESERIC S S
o |Sinter 7 883 894 - 1
-%: C..onve‘rter slag 4 35 34 TERNZ ECEDDO &-E‘bhé : ‘ .
3 |Lime stone ” 22 26 E7o, TRETORT ) —BEHHERETI VT, —N
A |Ore/coke 4 3726 . 3+31 : . : L e,
: e LTAT ) —BE, BRSO THERE
Iron production | t/day 1282 1351 EH I T 735 - i :
fron prod 1/day 262 2o L OBET S EASED BT 5. ChIERROS
L : : RSB I D DDV LIWRAL T 5.
g Blasf volume m?/min - 1220 1330 - OFEDEBEXMEART THIE, BEWMID AR
Ei?qugjme S 3 930 im_ 2% BICFNICHEE T X 5DITHDT, 27 —Hho
55 [Plast humididy | g/m b ? . FBREO ERCHEY, L OERERECEEICED .
e Slag volume kg/t-p - 296 268 a— 7 ALDERTICAESEHIREEZ DTS5 D0 LPHFHZ N
7 |Slag basicity Ca0/Si0y 1°26 133 % v . v
g Si % 0-66 064 BUER T ) — P OGREES 50% KB, WHEH
=N S % 0°24 0° 19 . . I
I _ FTwb. BREBESELRDEDT, AT Y —DR
&) - CO/CO; 190 | 128 gl a0, ERAARUEEREE K
o . = - > =rE- -
S H, % 33 371 5%, BENSEHE EOMBER I TS, JEHA
: g IR R T T D ‘
5-1-1 EFEX IO

DOV, BIOBESICRELTWEE 2 5.

6. &

[l

FH BRI CIE, 196145 D ISR & BlG
L, 1963422 B8 85t/day OREHEREIC XD, 1

'mmmumﬁma5weir@ﬁgﬁlfx7uegk

%}h“"“%’i’ LTwW5.

L@HV”tbht17U—&§m$%&®m@#¥
HEXDFERTIE, a— 2, BEER EEKERID
fz. :
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2) J. D. Douerry & J. Grirren: For Presenta- 32 (1955) 169, p. 563 :
tion Before the Spring 1964 Meeting of Iron- 9) 4. E. CGmonnsipes: “prﬁOJIPO,Z[HBII/I TpaHCJI‘
making Conference, AIME opr” (1961)

10) FMH: 2|, 13 (1963) 66, p. -246-
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} « Experiments on the Solidification of Steel Ingots by Scrape Method.
:“ \ X - .
| Shoichi SHIKANO, Yoshitaka NAKAGAWA, Masaru FurumoTo,
Iwao HAGIWARA and Tadayoshi TARAHASHI
,& Synop51s
‘ Many investigations have been made to get sound ingots by means of modifying the sohdlﬁcatlon
process. Scrape method is one of them. This method was developed from the experiments worked on
‘& Al-49%Cu alloy ingots. It is .to 'make molten metal solidify by stirring with a rod after pouring.
1

This is, however, not simple hydrodynamlc stirring. The surface of the zone of partial sohdxﬁcatlon
is scraped with the rod, and this zone is destroyed.

Hence, the successive progress of this zone from the scraped region is stopped and the whole bulk
r liquid is brought into a creamy state.- The ingots obtained are segregationless and remarkably fine-

grained. " The causes of these phenomena are consndered to be the self-nucleation of crystals and the
. effect of turbulent flow by scraping. :
. ‘ We attempted to apply this method to two steel 1ngots, 800kg ingot poured into metal mold and
- 1600kg ingot poured into sand mold.

The results obtained are as follows; 7

(1) Scrape method could be applied to 800kg steel ingot successfully.

4 : (2) Macro-structure of this ingot became remarkably fine by the application of Scrape method.
‘But, originally, segregation is slight in this size of steel ingot poured into metal mold and because of
. inadequate experimental condition it was 1mposs1ble to check the effect. of Scrape method on V and

% A ghost. : ’ ‘

(3) The results of the experiment on 1,600kg cast steel ingot in order to check the effect of this
method on V and A ghost show that the branched columnar zone, so-called the hot-bed of A ghost
was destroyed by scraping, thereby developing no A ghost and the exterior of ingot was cleen.. In
addition, the growth of V ghost was prevented. (Received 19 May 1965)
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