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Maklng of Self-Fluxing Sinter and the Blast Furnace
Practice with Its 100% Smter Burden

Kenichi Kasai and Takeje Sanematsu

In th¢ sinter which is self- ﬂuxed by addmg the finely ground hmestone, the formation of

unreducible favalite is obstructed or the fayalite disappears.

Moreover, - the glassy silicate

matrix which prevents a gas reduction by surrounding iron oxide will disappear.
For making self-fluxing sinter; the exact control of blending and weighing, especially the

correct addition of return fines, coke breeze and limestone is the most important.

The sui-

table size of coke breeze as sinter fuel is under 5 mm and one of limestone is under 3mm.
As a blast furnace burden; the self-fluxing sinter proves most effective when a furnace

is operated with its 1009, sinter burden.

It seems possible to assume that by this 100% self-

fluxing sinter burden practice, the coke rate can be reduced to below 550kg per metric ton of
pig iron and the productivity of a furnace can be increased to above 1°3 metric tons per day

per cubic meter of inner volume.

The results obtained by this practice at Kokura Steel Works, Sumitomo Meétal Industries
Ltd were sat1sfactory and- proved the above mentxoned improvements in its operating data.

We think, this practice, using a fully self- fluxed sinter burden, is the last step in the series
of ore beneficiation process that are found to be advantageous by roasting ores before char-

ging.
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ERTE2LNhS. (1) B{LE, 2) 3BE, Q) il
@ %5, ) {LEmEsadk.
DEDAERITOVTHENRL, BEEOMEDOR
LD FDE DD ELDODNTORE L, ELRIT
DV TIABER DB D D% ke b U 7SR E X 1
BEEIL, FRHRIEE X OREL o — 2 R DBE(LE 135 5
LWL XD, BEROB VA BSOS T
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# 5T magnetite 3 X OBREEIEICESEINS S OfR(L
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Si0; & &%z Ca0-Si0; 3 XX CaO-Fe.O3 METE
L, %7 SiO; OfEHKI» 7 VRS b ¥z Ca0-
FeO-8i0; 31 3®» k. ' .
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" Table 1. Blending ratio of raw materials (%).
: Purple Fine S. F. i Iron Dust of Fine
No ore purple ore| Larap Wabuska Scale sand B.F. Lime stone
A 350 5°0 10°0 110 105 9 4+0 150
B 370 53 10°5 12°0 110 10°0 42 100
C © 390 55 120 12°0 12*0 11°0 43 50
D 410 60 12°0 120 125 12+0 4+5 0

IV, ERMEEESOREICONT

AT X 5 7S H AT 5 BB 3§ 1
2o —F LR TR SER S TR, Thidkk
SKLAEFR TH U, YT I\ TR ENEE T b b,
BeRRiE s & & IR U SE4 B SRS 8L (BIF T
FRIRARFEFRLEV)ORETH L. COHBYTELT
LT Rl A TH D, UFrOFBEITT.

. BLEDRMHE: THERICE SRR X
DESERERE B Oy, HIEERREERE EOEERTF
CHBEIR, 3— 2 ADEM RS WT RifES 2
v, TS TRINE R ZE 2 oA OB AR B, b4 HIC

BIETEELH .

(1) fia%ls Table 1 O L L EZBMEDD DIT#
FIRFRINE S 0~15% (2L & L.

(2) BIFEEREBIUEE 250mmgé, 250mmpEgX
DHEBIMIT THIK 0~15%, I — U X 2~5% DT
b, 2EF0 L EMER B Tinorc. PKURE, BE
CERRRE, REASE, 4 10mm B, ETIREL, W=,

ERLEE, BERNIREE, BIEKS &,

A, BIRKRINES—EIC LT, I— 2 AREEXE
A
=

a) FRAETH®E 22— 7R3 OT,
BRI KR &S, b)Y 4 10mmY j—gzﬁgfﬁiyi

Table 2.
' (1) ‘Materials combination.
Bl S FiOrap | Dumgun | M ore | Scate | Ion | Domesticl b6 1ime] Coke | Koo
34+7 87 1 66 157 l 16 | 105 | 679 0°1 | 152 } 36 l 36°8
(2) Che;nical analysis of meterials (Raw mix). 7
T.Fe FeO s Cu } Si0; Al,04 Mn P
5247 1400 0°567 0°108 585 1°80 | 0-45 0050
(3) -Chemical analysis of siﬁter.
TFe | FeO | S Desulphurization | ¢, | a0 | Si0; | Mo | TiO: |Basicity
109% CaO| 56°11 | 10°62| 0°065° 885 0°118 | 9°79 7494 0°72 | 096 1°23
59 CaO| 59-33| 15°39 | 07037 95* 1 0°146 | 45°3
(4) Actual results of sinter produced.
Production T/mon Production T/pallet- T/H T/D Return ore %
28,267 - 360 © 43°4 975 368
(5) Size and strength of siﬁter. )
+100mm 100—75 | 75—50 50—-25 _25—1‘5 15—10 —10 Strength % gti:x?eliro;ae
13+3 "7‘10-9 13+9 15°5 187 129 14°8 62°0 10 -
10°5 13°2 149 136 198 14°1 136 622 s
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3~5% TR WTIEIET D XL, +10mm H£8{H KEK

WOT, +10mm FFTDOWTE, 2—2 2% 3%
ERLTHERME L. ¢) BBE a— 5 2iRmEs

BT &, BESHEBRETETOEmMERT. d) e
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ETT5. ZOM@ENE 15% FROEE, Livd
CHLv. ) BBEE o-—22EniLiosnoT
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W 15% DEEKE 11% MBEETHDO. Dbz e
BIEHERER L (15%AK) KRV T o — 2 ARmEsS
CNORECKRESFEETH Lnbr 5.

B. a—-72iFmiEe—ER LT, BREMESXZL 2

oA

a) FAniETHME ARERHET L, HFRERET
DAEIZTT. b) +10mmpE FREEHETE, +
10mmABFRD UK TOEREZ RS- ) BHT HK

ARG NN, BRBERSFIIETETL, AKIS% -

I—D R4 %DLEX 92% 5. d) EEHLE &
Ripaas &, BEimsilias LE < & 5 @EmERT.
e) Bimi® HRKIFMEDEME &b BREETS
5. LA~V R5%DEATE, TOERMIZIVWELLE S
Lve. ) BRLE RIKEEMTE LD CBEERLT
PTHEREETS.

2. SAMSIHIERC X 5 MmO Cal 5% OFEK
. ABEEIRTEE L, MRS OFE VAT D AN < T ) —EF
BILE T, FEkGEE 7LD T B Cal 15% oIk
SETUE—RIT, RERGEIIFEAE L7 CO: Ditdic, X5
IR B, P DBEL S i RORGLER A S < Fe DT
EHAEEE LD, RIBRLBATHS. 26,5
M 8LE ERHBERCDL L S&, FEI324ELR
B X ODIEAEIH /. Table 2 (X0EF1 33 4£5 A D
RED 1 FlERT.

3. EE: HEBEMESEGOWE ITY TR, I —2
A, AIKOREL X OHRMEDERY BELTHIE,

EREMOMERDEER & AE I {, KRR RIIAKRDOEFE
L VIRBER IS ET T 2ET FeO% 13404, #Hig
TR B 5 & & BICIEERIT L B BOF KBRS &
BALEDIE<E—IakdhelinD, HELELESL LS
TWISKBT B ENTESD T ENEHES NI,

. V. BBRMEEREHI100BAICKD
[=Y aeiE S

1. aEafRsE .

FEFN 32 4R 4 AU TEMOIEE 255 (AHED
350 t & NZFAT 516m3) 1T THY 1 BRT 1009 B A
BEFEGRIT X AR L EM L/css R Table3 X5
ISBEHLEHMR NI

CORBEEICIIE EAEHR, 2V v P EcE
ML ELDTIEHTH Y, BYWEE SN TWAIFEIRE
BROY » 7 MEBEO ERLIZE AL kDot

2. KR .

BRI X0 THES S LN 72 D T |6 & ek B
DFEL LOCWETE B vy, BFIES B 1 SF
THEMBHEIL 100% B4 OB 1 » FRERE s
EHE L7z, AMZBECC1IEOME, 2Y v 77 <R
EAEELELHRERGAFEL R Y, Fild EbwT
IEFHT Ore/Coke % 2:9~3'1 OHMTa—~2 ALd
530~570(kg) DR T | AR EiREL K L 57, 1%
KFEEF XU AR O A OREIRIT Iz Table 4, Fig. 1
CRTERDTH B

3. WEIFHREEHERIC T 5E

(1) “EER AEFTHEICD &3 SER TS DAERE
71& balance % & DO EHEDOHIREZ ZIF 2w,
full ZFRERTERrok. L2 TLSED 1 1 A
fEl DFZETIL 100% BIFHEREAEIRIC X 5 R3S, &
FOEERRICV DL SEINE L bIPRIERLVE
WETTZERTER»OR. EHTR L SEOREE
650m? constant T 550t /d DLEEETHS. T
LYkt XY DEMMENE 1530m? THotz, HEROEIFE
BEIILTEDLDTRWEZRL TS, £EREZT

Table 3. Operation results.

Blast Biast Blast press. Slag
Out put Coke rate volume pressure /Blast vol. Blast temp. Top temp. basicity
458 t/d 577kg | 635m3/mn | 493 g/cm? | 0°78 649°C 241°C 114
Chemical . . ..
analysis of Top gas (%) Chemical analysis of pig iron (%)
! 7 T 0 :
Co; | €CO | H, [CO/CO: ! .C Si | Mn s . P . Cu |Cr
1674 23°8 2°1 145 ; 4°2% E 074 1°18 0049 0129 0-145 0067
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Table 4. Equipments and operating data of -
No.! blast furnace.

~

Effective volume 5°43m3
Number of tuyere . 12
Total area of tuyeres 1596cm2
‘Number of hot stove 2
Heating surface of one hot stove 13000m?
Mean ash content 12°39,
c olge Mean moisture content 349,
' Mean grain size 481 mm
Coke rate 548 kg /t.pig
Mean grain size 23°0mm
Content of the under 279
Sinter size of 10mm °
Content of the up size |
9%
of 5S0mm
Consumption (ore rate) 1*641 kg /t. pig
Blast Blast pressure 0°61 kg /cm?
Blast volume 1°530m3/t.pig
Blast temperature 836°C
o Analysis
-~g lron C 4+389%
Si 0°67%
Mn 1°17%
P 0°175%
S 0°033%
Temperature of mol- '
ten pig iron 1.328%
Output (daily) 555t
Analysis
Slag SiO; 344979
Al:O; 14+20%,
FeO 0°84%
CaO 40°75%,
Basicity of slag 116
" (Ca0/Si0y)
Slag volume : .
(calculated) 439 kg /t.pig
| Temperature slag 1352°C
Analysis
Top gas 0, 1729
co - 22'89%
H, 122,
Ns 58°8%
Tex;mapserature of top 230°C
Gas produced 1944m3/t.pig
Dust 18*0kg /t.pig

S HEERTFE L TR, BFENEADLBET S5 A
B, Tbbl BQI— & ABBETREENE 2 5N 5.
%1 EIEOIFERERZIX 5°6m THLEDTIHD 3—F R
| PREEFTREIEMERIY 400t 1E X OB, (FORl: BLEEH
&4, BSETOREE p. 328) 40 O EEFHCTIEA
7€ 555t /d. D — 2Rtk 548kg THD/DTI HDD
—92%%&@$%%3%t?%0k.bkﬁofﬁ@
PHRNEEZEERANCH LT, EVEEETHOR

tEZHND. TO1 HOa— 5 APREEEMER 400t &
N—2ELTa—2Rk 570(kg) EFNIEHE 700t
Linh, £ANAR (543m?) 1m® ¥ 1°3t/d DLERE
RERBHAFESND.

(2) a—-22ik SEOEEIT1 AR THORN
O~ R FHALL EICET L 548kg & BREISRE L
TRERFECHEER L. BEbrEOBEFERIECS
WIREEAER R D OT, BREREOHRE L HIRER
LItk v, PRORELEZXP D L EDRFRATRGH
OREZI» DI -7 ATV HE B LIETOEME
RYiwWwioole. L L, BIFHBERESL 100% 2T X
WELNII = ALRINEZEIL ETE 5 O TH
9, uT%®¥lkkbﬁ6$ﬁKOmT%§T6 b
ET5.

A. BIFHERERSLOEITH: BERE %é%m%@ﬁﬂ%.
HIZd X 55, L7 LHRTHES ISR L TRIF
ThbH VIRV, TRiTiE»ivb b3 BRI EREE
LBV T—RAEZRTHLBRITHLORELLTE
DBEGMEIC D EE X BN, L L TSI Sh
TRIKAE%, T sZ ik, #ETHED fayalite
DEFREMIET 555 5%, EERLDS HITELER
BAFELTWAETH ACEERS, ¥7AEEREY
T LD 5 &h, BHIFHEEOBITEN EOXE
REREESTWSD. ZOMEETEOMLEIT X VIET
HAEE DD THMCERA S, ikt % T LERR
FTHABEREOE LDTV 5. Table 5 1I&FE BRI
WX DEFIREC BT HFEN ARG OB E LD

Twé-L@Mﬁm%bféwﬁ&%ﬁmmﬁiﬁwa
Table 5. Top gas volume and analysis in
different burden.
. Top gas co Gas
\ CO CO2 7 .
Burden T~ /COz volume/t.pig
Self-fluxing . . .
sinter 1009 | 2 |- 17 |173%| 27000m
(Conventional) L .
sinter 50% | 2 15 | 1+67 | 27400
Raw iron ore . .
= 100% 26 | 14 | 1°86| 2°700

Type of ore burden.

Sinter [Hematite Magnetite

Conventional sinter 50 a5 g
50%
Raw iron ore 100% 0 85 15
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WZ &ML, EHiT
DEETEFNTHKED

FREEIZ X V5T B CO,

REDRNT EEEE

ANV, S BiGETTE

DEPVRKELLBDDLE

Abhb. EHICBekd 5

B E LCHE 2 |mIFT
YA B VAR BERS SR 100%

DOIFHEL{T o charg-

ing line T CHLBR {3,
Hea ok, Wiig: 2

H%hF & (charging line« §§Z}
STIRKHE) 19°3me BGHE 3,y
¥ : BHIFTS (charging S
line SmTif7c)14-3ms  SEOT
HPBEERO A 2GS 8,
GEMZ s T 84
B BoFOTL mE ¥
S AR o T, CO: O
26°4%, COz: 1549, %af;
CO/CO;: 1760, ZhiZH E

TEVERE RS SE O v R i
TEHEDS BIFTH % 7 DR Fig. 1.
Pk ML T, H¥AERTHRESRBE LTI
bNDTLETTIDOLELLND. $hLORAET
D7 BEBRAK S I TIBH OE & R L 7.

B. BIRER: 32— AR ETELDLEEDFE
LT, BRERIFLFETHS. —fFic 800°C
~900°C IIESIRER EE 2 b DA, TREEAL S L
DLHEMEELTH,

i. PAXZAGHP S —CHRERIFRDZ L.

ii. Wi, 2D v PHRELFERREEL TS L.
i, BEFRENCRABDOSE T .

iv. BABRAFFASIERASE N & & (85%Lh EAEEE L)

V. BURERS (FnXE28t) Kifgods s o

k.
BHFoND. KIEECH VLTI 840°C OFEEET
EWTD, #if, RY v FPRED RS TARLRH
7. TiebLEERD b FHANZITIHE SN EiR
EEABFREL IS D, I — I AMETO—RAE Ao, ¥
FROGESRD PR FIREEIX 750°C CH ot TEUEE;
HIVH 20kg DI~ 2 2AHDET KESL 724D
Ezbhb.

[

i

123 4 5 678 9 00234 /5K 1778 19 202 22232425 2 2728 29 309
Operating data of No.! blast furnace (May 1958).

C. FIRGEDHIF & ek © Bk T2 B GRS
100% HEADOEFZEECF VTR lux & LTOERE
AT RCBHE R I EA IS, L b ERGIES
MRfE S (+3mm-49%LIF) BEEREICR2TW 5.
BEREEA OM_EIT X D SRR R OB KB 1 Tl o —
DAT ) —XOEERMT X Y, T CaCO3—Ca0 o
RELII & 70 TR S P it B Shcwa. L
7 D TEFRIC B W TR EBIROMFEE (CaCO3—Cal
+CO2) ITHBELBEZFLIE LIV, i IhIIEA
MPHRELT, FARECAS CO; BRHbIE 5
W, ARt Y DOHFAETIRD U, Lz > CEgE
ERET 5. TR (BFEATKAREA
Pkt M0 250kg L+ B) LAUGEE BEEALR
AVI0) LOBIEERABELt YD ITOWTRL B &,
B[KAE 250kg D4-fR & EEEE: 110,000 keal--«--- a 2
— 7 2 ([EExFE86%) ML T CO;: 159 CO 259,
DHRAEEBFEADI -2 R 1kg ¥ D OFEEE: 3600
kcal/ kg - b AKA 250kg DHERI X VRAET S
CO: 2 5im3 (JB4 0°44 kecal/m?®) [ZHEYT 5 HAD
BufkE: 22kcalvc DIEORE»LHEt YD
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250 kg DO KA OS2 ThiE, 3 -7 AEOK
¥ a-4c/b=3lkg HBERINBG. '

D. FRAFAZHOE—{t: 23— ALLREATHE
%3 LT, heat balance REEOHKEELL TEHLD
nivgs, LobIERcEELRTFELTY « 7 MfZ
FEF L HAOSHND L. FALREZBGET AR
HE—T L EFEESE—TH D T LIFRETE
— ka3 olBTkIiblYd, FADLEHEEL
BHCHAT B DORROELTH 5.
Bt e DBEREOHEB B L CBENREHERMFmL T
VEHEVZ LS. IHISEOEETEWTIFRNEA
WDSA R RET H7-IC 6mm PLTO MO EAZ
FRRERIC X D EAHIR L. $ob bEARORER
B AROFESE (e 3EEE, AN 93 EElEDF
BE) LLTo2EDERYTHOR.

Grain size of sinter.

Table 6.
mm' mm ..
—10 10~20i20~3535~501 450 Mean grain size
7%i 3405 | 2005 | 109% | 9% " 23mm
! ]

ZDFERHA R
100% MEAVIELDTHRTNER/RERLTVD. T
Kb (Fig.2) W K4 YROFERY AHIEEE (PR
;@mnTmﬁméﬁﬁmﬁﬁbfﬂ@éhfbé
Zimmermann type continuous
equipment) X D {flE SN PR AED A RES
TOHARO CO, BREIELAKERERLEZDDT,
SEDIFD T & 5O FEREMET X HIEERO BT
5. Thbb '

i. 1009 &iEHEEERSL (6 mmbLT D5 % BHR)

ii. 509 EfEGE, 50% HFiE

iii. 100% Z£4§iA

VI. 8#RELCBTI2FEARNOMER

L. BEIFRSE L ORISR 4

(1) EEERO Lok PRIC T HECHE X
INERSFTC T BE L BIF LB 2 BIF L ko L
OZEP T &Y, FoERGEE (BB S0%EE)
KEWTHHAPLIFERROMEZRL TS
DLEDZELEIBIFLE2EF LIEEMICD I/
BEERICEWVTHIHRBEERET TRV TRVWHL S
LviREE s L. 1009 BiatEE

IOWmEIE AT L 100% 8IS
BT X A IBREERISEDLEITHD. (BI1EF

gas measuring

VIREEN 33 £S5 AR U8 HOEMYY, E2EFy

AR

DIt

RO —ED SITB L CBEELERSL

B EFOMEED Sn,

V1 - /4
g\;/g / N N -~ /0
st ol AN N
~— B yl ~ . ’ ~ \‘ 8
877~ RN
S 6 ——#- T ~_1°

N e V]S s
St NG PN ¢
2F—4 2

Eraace gl (WeE) <— Hest Jurnace center Easé —> Fymace imaliGast?

: Self-luxing sinter /00%
- —— -~ i(comentional) Sinter 0% raw ron ore 50%
----------- Raw iron ore 100%

900 900
:G S ey i 50
N m. NN Iy 00
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Gas distribution in furnace under the
various burden-combination.
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Table 7.

Planning conditions for No, 1 and 2 blast furnace.

=

No.1 B.F. No.2 B.F. L Note
Inner volume (m?3) L 543 770
Bosh angle [ 82°08'48"’ 79°59'31""
Hearth diameter (mm) 5+600 6*000 I
Hearth height (mm) 2+600 3200 - ' Except the lower part
Hearth area/inner volume 0°0453 0-0367 ‘

Cooling system

i The distance between
the inner end of cool-
; ing box and furnace

wall surface in 230mm

The distance between"
the inner end of cool-
ing box and furnace
wall surface is o, i, e
the end is exposed

Type of furnace
hearth type

Low bosh and wide

High bosh and narrow|
hearth type.

Operation condition (normal operation under the same burden and operating degree).

No.1 B. F. No.2 B. F.
Blast volume m3/t.pig 1+812 2°030
Coke rate kg/t.pig 626 692 .
CO/CO; of top gas 147 1464
Ore/Coke - 2447 2+35
Rate of the pig containing S<0°049% for all pig produced (25) 42 25
Furnace condition Generally stable Unstable
Frequency of hanging (per month) 14 2%
Frequency of slip (per month) 9 76

Table 8. Result of operating No.1 and No. 2
B.F. in all self-fluxing sinter burden.
No.1 B.F. No.2 B.F.
Blast volume m?%/t.pig  11°555 14604
Coke rate kg /t. pig 564 576
CO/CO: of top gas 1°46 143
Ore/coke 2+93 2489
Furnace condition Stable Stable
Frequency of hanging 3 11
Table 9. Quantity of Zn brought in B.F.
per month.
" Pig Coke '
. produced Ore ratio | consump- Zn/;z(ﬁ%ht
/month * jtion/month
]
18,000t 165 [ 29,000t 24t
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Influence of Various Elements on the Graphitization
of High Carbon Steel (Part 2)

(Study on the graphltlzatlon of high carbon steel——II)

‘Naomichi Yamanaka, Dr Eng. and kumo I{MSdka

Synopsis:

The authors studied upon the influence of various elements on the graphitization of high-
carbon steel made from electrolytic iron or sand iron with 0°01% or 0°05% aluminum addi-

tion. .

Samples were water-quenched from 870°C or cold drawn from 10¢ to 8¢, and then

heated for 24, 48, 72,100 and 150 hours at 650°C. Results obtained were as follows:
(1) Silicon promoted the graphitization of the high carbon steel after ‘Water—quenching
and cold drawing, and manganese inhibited the graphitization.

(2) The carbide forming elements such as chromium, molybdenum and tungsten mh1b1ted

graphitization and chromium was most effective..

(3) Titanium, zirconium and boron promoted the graphitization very markedly after water-
quenching and.accelerated the graphitization after cold drawing.” Vanadium restrained the
graphitization after cold drawing, but accelerated graphitization after water- quenchlng as

the vanadium increasedt to over 0°1%.

(4) Nickel promoted the graphitization after cold drawing and copper had littel effect on -

the graphitization.
ted the graphitization after water-quenching.

‘Columbium inhibited the graphitization after cold drawing, but accelera-

(5) Tin inhibited the graphitization very markedly after water- quenchmg and cold dra-
wing. Phosphorus, tellurium, antimony and arsenic restrained the graphitization. High carbon
steel made from ordinary scrap was highly resistant to’ graphitization in the presence of

_small amounts of tin.
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