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Test Use of Cold Bond Pellet in an Experimental Blast Furnace

Hirao Go, Yoshikazu KUwaANO, Kichiya Suzuki, Tongshik CHANG

Mikiyasu MATSUZAKI, Shigeko NAKAMURA, Eita Tsuzi, and Mitsuru TATE

Synopsis :

From July to August in 1977, a test on the use of cold bond pellet as burden was carried out with an ex—
perimental blast furnace in the Institute of Industrial Science, University of Tokyo.

Following results were obtained :

1) The experimental blast furnace was operated almost successfully when self-fluxed sinter of 4.9 mm
mean diameter was replaced completely with cold bond pellet of 9.2 mm mean diameter at the same Fe—

(ore)/C(coke) ratio.

2) The cold bond pellet retained its original shape and did not show any tendency of swelling and dis—

integration in the shaft.

3) By the replacement with cold bond pellet, the permeability in the shaft was improved, but in the
lower part of the furnace, it became worse on account of the increase of slag viscosity, which was overcome

by the use of serpentine as flux.

4) The reducibility of cold bond pellet was good enough, but its softening and melting properties were
not satisfactory compared with those of self-fluxed sinter.
5) The sulfer analysis of hot metal increased, because of high sulfer content of cold bond pellet and low

slag ratio.
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Sampling of solid and Gas analysis, temperalure measuring
melted materials and obseérvation

Fig. 1. Schematic diagrams of positions of sampling
of solid and melted materials, gas analysis,
temperature measurement and observation.

3. & E

31 B 8

2= PRV oy MIARCEERKE Lich 0% EH
Lie. Z0BEEME, 3 XOHEERONVE, KER S
VR F Dok iEd Table 1 Wik Ui, HESEE &
UCIASRBER S vy PEEAT 2088 E L, &
BRSSP Licd R WO TKRERE LTEER
BERELE e, BRAREBERTA XS — L PRy
y VREBORAS SREMEETEHETHOMEHA L
LDTHDH., TDa—LFXv,y, b EEERE S T,
FORBE HTHIERD ER Y THS.

(1) BHE, S74 8, B 232y 7L
HRERETHD. i, FRHEAELTY 51 240X
FHLTWADT, 4 7=y va ve AXEhEiKs
%D TEY, ZOdiEMFE, T, Fe 28 47<

o T A REE IREE/T. Fe) 13 Befbghn 327
(kg/t) THBOEXF L, =2~ F1, X 301(kg/t)
T LADTL IsD T\ 5.

(2) REIEEZEIEDOFNOK 2 LRI\
b7, BT LA I L.
3.2 BEOHE

LM, XAE 5.2~5.3Nm3/min, KRB
800°C & L, #ighh Si=1.0% % HFEL L. Si HEE
ExEL Lok, BI%E DLV A% EF X8 CRlgkR
FOBRNEY BRI THRDTHD. 2= Py b~
DY vz 13, AW D Fe(ore) /C(coke) »—FR AR
DleEF, 2 —LFVvy FDOEEREY 25%, 50%,75
%, 100% & 4 BefgcIT07e.

3:2.1 BEREH D2 - F2r, bAOYH#]R 2T
EH7e 51k

RV b DHRZ W LIch VAT D X 5 g khs
A bRz,

(1) FH»ADEL

PRy ABREOET, 7tb0Ww H, & CO, EEO L
ARnHZ bR, chboZhid, 2vy rHofffiKo
EREC I HEEET, REKEIDOKEY AEBRRIGEC
$% Hy, DERE IOV, PRETWBREBILVYY
LADOHNBRIISC LB b0 EBbh5. ok, FEFAD
ERZ WD TD, B ARCHE A CFIRED ER
NBED SN E A P EITT LAET L.

(2) =5 7oWEEOEL

A5 THEHBNE 7N T, K= 7 %7 L DOTHRE)
HEASMET U, SEEFRZEA DIESCA Y v iRz %
Tl I hEHEIRE.

a) Coke Table 1. Characteristics of raw materials and production condition of cold pellet.
Proximate analysis (%) Ash composition (%) Mean diameter
F.C. V.M. S ‘ Ash Si0, CaO | ALO, | Fe,0, (mm)
87.99 1.00 0.61 l 10.4 54.0 2.73 27.52 7.63 12.3
b) Ore
Chemi . Mean . . .
emical composition (%) di _ | Grushing | Swelling | Reduci-
tel?me strength | index bility
T.Fe | FeO ‘ $i0, | CaO | ALOJMnO |MgO | S [c.w.* Cmamy | (€/B) | UIS) (JIS)
Silluéer 55.69| 8.14 | 5.91 { 9.65 | 1.08 | 0.5} 1.59 | 0.0100 — 4.9 — — 90.5
§2uet 52.76) — |5.81 |8.10 |1.73| — |0.24|0.057(7.96 | 9.2 124.6 0 97.0

c¢) Chemical composition of flux (%)

Si0, | CaO |ALO, [MnO | MgO | Fe,0,

0.58 | — |1.27

Quartzite | 94.53) 0.04 | 2.88
— ] 40.5|7.25

Serpentine | 37.28/ — | 0.77

d) Mixing ratio of raw materials at production
of cold pellet

RobeRiver]| MBR  |Carol Lake| o8t | CaCO,
40.0 23.5 23.5 9.0 4.0
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Fig. 2. Variation of pressure drop with replacement
with cold pellet (Black symbols : Serpentine
was charged as flux).
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Fig. 3. Horizontal distribution of gas composition
at level L.
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Table 2. Conditions and results of operation.

Sinter Cold pellet
period | "Period | Period
1 2
Blast :
Dry volume Nm3/ min | 5.20 4.95 5.01
Temperature °CG | 822 815 811
Humidity % | 2.65 2.76 3.01
Permeability
(AP/V) kg/cm2/m3 | 0.022 | 0.026 | 0.020
Charge : ‘
Sinter kg/d 6 350 — —
Cold pellet (dry) kg/d — 6372 6 682
Coke (dry) kg/d | 2450 2351 2421
Quartzite kg/d | 84.8 26.3 —
Serpentine kg/d — 57.4 101.7
Cold pellet moisture % — 5.40 3.21
Fe/C — | 1.64 1.61 1.65
Pig iron :
Temperature °C 1407 1410 1383
Production kg/d | 3749 3 563 3736
C % | 4.19 3.83 4.03
Si % | 0.94 1.25 1.05
Mn % | 0.19 0.13 0.11
S % | 0.055| 0.075| 0.074
Slag :
Temperature °G 1520 1510 1511
Slag ratio — | 0.397 | 0.345| 0.358
Sio, % | 37.5 37.0 36.6
CaO, % | 41.6 42.5 41.0
Al O4 % | 12.7 14.5 14.3
FeO % | 0.43 0.44 0.52
S % | 0.90 1.17 1.14
Top gas :
cO % | 24.9 24.5 25.1
CO, % | 15.5 16.1 16.2
H, % | 1.44 2.08 2.05
N, % | 58.16 | 57.32 | 56.65
Temperature °G | 288 142 154
Coke ratio — | 654 660 648
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Table 3. External appearance of sampled ore.
- Sinter period Cold pellet period
' Position Position
Level
; 1 2 3 4 5 1 2 3 4 5
p
vV [SO S O[SO — — SO SO SO — —
v |SO S O|SO — — SO SO SO — —
, m SO S O8O SO SO+ (CO)[CO+80 |[CO+SOICO+SO+ (SM) |CO+SO |CO+SO
& I CO (6fe]le{0) CO+SO|SO +SMCO |CO CO CO+SO |SO+(CO)
I M-+SM |SM|CO+SO |[CO+SO — M M-+SM |[SM +CO CO+(S0O) —
'J SO : separate ore CO : clustered ore SM : semi-melt M : melt
E' Symbols in parenthesis mean relatively small amount of samples
HARTE =D, =y VERERIEAT Z7HA 10~  Photo. 2 WRT X 510, BEICELDOTA 5 7 23RET
- BREREETLTEY, 0B tH0FELYHIET 5 LATAHBEENELEE 5. ZhboHSITFNEED
\ &, Ruy FEERRIE, =7 AWK Ikg/t-p i BREDI-FK L. ok, BEAIOELH DIESUE
~ s emobbhb. ~OY) D a2 X B ZEALIHERR T & T o7,
& 3-3-2 $hB X URT 7 ORI 4.1 ETEDH
HEBEABOHKA LUK A S 7 LoBd ofER, & BIEE—BE P27 $ hACH#T L, 2 HEREX
ShSHER L. Ebie Si o bH, CoOET, B ShEBILAEERLLEADRD SV FRAKTIX
L RECETF,Z bR, A9 7D (ALOy) M EHL,
. MgO) 2MET (DT LTI\ A BEfG SRR ER D 6.9
% XL 1.3% LHFH IhB.) Licle®d, mEkoE
-

TR Z O EREOERc X vHEZIh, Thtk
LT SME FERBEE R L.
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Photo. 1. Deformed pellets sampled at [[-5.
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Photo. 2. Exuded out slags sampled at T -4.

Photo. 3. Cross section of sampled pellets at [[-5.
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Fig. 6. Crushing strength of sampled cold pellet.
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Table 4. Results of temperature measurement of
lower part of the furnace (°C).

Point Sinter-period Cold pellet period
G-1 — 1275
G-2 1185 1225
G-3 1260 1215
G-4 1250 —
E-1 — 1310
E-2 1310 1 355
E-3 1 300 1370
E-4 1320 —

Table 5. Chemical analysis of sampled slag in cold
pellet peried (%;).

CaO/
SiO,

1-1 45.75| 385.27 | 10.91 | 2.68 0.77
I1-1 33.88 | 39.01 9.12 | 6.90 1.15 !
I1-2 34.45| 42.25 | 10.44| 3.72 1.23 .
1-3 36.33 | 43.51 | 11.01 | 1.44 1.20

1-4% | 46.07 | 32.18 7.67 | 4.56 0.70 _ *

Point | SiO, | CaO | ALO; | FeO

*: Oozed out slag
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6-2 FEDEFH

BERRBAIRELE B, 2 — A V21 MBI TRE T
BRI & (BBURAS VR 2 vV FEEH
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2= F_u, MEEFRCIL, BEAREEN A LS
LI bR AT 7B LI £ BS O EFITM4R
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SEHESR 5 EESEL OIS R RESIRE CHE
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Table 6. Estimation of top gas composition.

Top gas Degree of
Calculated top gas utilization reduction Sol. loss
carbon
Dry (%) Wet (%) 7CO | 7H, | Rigo | Rig, | Rd
co | co,| H, | CO ’COz H, 'H20 (%) | (%) | (%) | (%) | (%) (kg/t-p)
Sinter period | _ | _ | _ |94.8|15.4|1.43|0.51 |38.4|2.269.6|2.28|28.1| 81.9
- (Ii) 25.3 | 15.1 1.50 {23.4|14.0|1.96 | 6.64 | 37.4|26.2 |65.32.30 | 32.4 98.4
period 1
Table 7. Sulfur balancce.
i — f ~ Desulf.
Sulfur input ( kg/t-p) . Sulfur output ( kg/t-p) (8 raﬁg Slag
- .
Coke | Sinter ' Pellet | Total Pig iron| Slag | Top gas S (%) ratio

Sinter period
o e | 3:987 | 0.169
period 1 )

— 4.156 | 0.55
1.019 | 5.044 | 0.75

3.573 0.033 16.36 85.97 0.397
4.037 0.257 15.60 80.04 0.345
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Fig. 8. Relation between S and (S)/S.
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Fig. 9. Relation between Si and §.

Table 8. Sulfur analysis of sampled ore.

V-1| V-1 M-4| T-4| 01-2]| 1-2
Sinter period| 0.026| 0.029| 0.122 0.087| 0.188( 0.119

Uokddfenet 0.096| 0.126] 0.314 0.241| 0.455/0.099%
period 1

*  Semi-melt

TED, BFEEEEIMET Lz & 2 1By Fig.
8 HiE DAL (S)/S &S oBifR%, Fig. %91k 8 &
Si OBFRERLELDOTHS. Zhbhba— i P2
Vy MERERRCBEEIIRER L ABEOS ¥ 2 5 i
ik, (8)/S EARELTHD, S #ELITHLENRD
DI EERRBE LT 5. & iEiCE o it
BRITRHRAY e b 3ot

6-2-2 JERNERR OB O S
BEAGSNIREERF & = — L V2 vy MREROMEOH T
oW kSR L 08 EPMA 2 X 5 901 X 0 iidk
Hlg L7z, Table 813 WE B2 LE N LR TH
5.

22— PRV b X O BEEEsEeE Bk - &R
xh, HOREOHEBLIL > & T B EEL OMEEE
11 0.083% & 0.013% i 5133 CTh5. LinoT
Table 8Lz —L F_U oy + EEEEHORENITRE
Y7 PR (VEN V) 2s DI LIRD, >+ 7
AN TA L &, Fle oK Iz -
RUy POFHBECZ EERLT B, T HIZEARRE
BEo#Nc kv, HEBRELHM LIS D

Fig. 10. Analysis of sulfur by EPMA.
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Fig. 11. Relation between Si and pig temperature.
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Fig. 12. Relation between Si and dgjo, of final
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