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Abnormal Swelling on Pellet during Prereduced Process

Sougo SAYAMA, [Itsuma SEKIGUCHI, and Yoshinobu UEDA

Synopsis:

An investigation has been made on the abnormal swelling during prereduced pellet firing. Ten kinds
of iron ore and 3 kinds of solid reductant were tested. When pellet contained a reactive reductant, abnor-
mal swelling occurred in some kinds of ore. This was found to be due to the growth of metallic filament
in a pellet, which grew abruptly in the reduction at about 1 000°C.

The swelling was related to the unstabie phase during reduction, or this may be attributed to (1) laminated

structure, (2) strain within crystals, (3) weathering of ore, (4) incomplete recrystallization and so forth.
From the experiment in which 2% of pyrite or 1%, of sulphonic acid (S 15.9%) was mixed with ores, it
was found that sulphur addition was effective to prevent from swelling. However, sulphur addition was
disadvantage with respect to pellet quality, because sulphur remained in pellet after reduction.
(Received Jan. 29, 1971)
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d Table 1. Chemical compositions of ores (wt%).
Name of tested ores T.Fe : FeO Si0O, Al O3 d CaO MgO ; S C-WwW
3 Brazil 6520 0-20 4-29 1-32 - 0-14 | 0-005 0-66
Swaziland 63°65 018 4-68 | 2715 — — | oot | o031
Hamersley 62-10 0-22 4-45 2-56 0-22 | — 0-014 2-22 .
Portlady 6119 0-20 1-63 3-30 | o010 | 0052 545
b Goldsworthy 6585 0-08 3-30 1-25 0-10 — 0-125 072
" Goa 62-95 3-70 2:07 2:61 0-10 0-20 0-025 2-50
Krivoy-Rog -58-52 3-15 15-62 1-04 0-30 0-18 0-032 0-69
Santafe 63°29 14-27 4-98 0-97 1-50 1-10 0-343 1-31
‘_ Marcona 63°22 15:29 5-08 0-82 1-08 176 1-606 0-82
] Mosan 5847 22-55 17-25 0-42 0-71 0-59 0-034 064
7 Table 2. Proximate analysis of reductants (wt%).
4 ,
Reductants E Moisture Volatile matter | Fixed carbon Sulphur Ash
- Coke | 05 ‘ 2:3 832 0-40 13-6
i Charcoal ‘ 1-3 f 11-9 73:2 0-06 3-5
: Lignite char i 57 ! 5-8 77-5 1-03 9-2
; Table 3. Chemical compositions of reductants ashes (wt%).
Reductants Si0, ALO; Fe,Oy MgO CaO
Coke 47-2 233 17-5 2-4 4-2
Charcoal 2-9 7-6 2-3 74 60-5
Lignite char 15-2 16-9 12-9 3-8 25-8
K,O and Na;O were not determined.
Table 4. Size analysis of tested ores and apparent specific gravity and porosity
P of dried pellets.
13 . *®
400 mesh Dried pellet
f . v Kl 0
4 i:?::; gre gﬁe powdered Contain 109 of coke |Contain 109, of charcoal Shoar;tam 10% of Lignite
(Wt%) Apparent . Apparent . Apparent .
specific POEE)/Sl)tY specific POES/Sl)ty specific Po{? s;ty
- gravity o gravity o gravity %o
’ Brazil 832 274 375 | 249 42'8 2:56 41-3
i Swaziland 566 2-68 38-5 2-55 . 411 2-52 42-1
Hamersley : 61-1 ! 2:76 ; 34-4 2'51 40:0 2-59 38-2
Portlady ; 557 : 2-59 i 37-6 , 2-38 42-2 2-31 44-1
4 Goldsworthy 58-8 l 2-62 ‘ 40-3 i 2-33 46°6 2-38 457
Goa 7147 ! 2-76 ; 37-4 ; 2-47 43-6 2-55 41'9
% Krivoy-Rog 863 : 2:77 360 ! 2-49 42-1 2-54 41-1
Santafe 77°9 2:77 ; 36-3 ! 2-35 456 2-60 40-1
'3 Marcona 79-1 : 284 | 368 2-47 44-8 2-64 40-9
Mosan 89-8 | 2:53 I 40-1 2-27 458 2-26 46-2
* Average value of seven pellets.
b(
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H) Hematite
(a) Brazil, + nicol (b) Swaziland, + nicol
(f) Krivoy-rog, + nicol (g) Santafe, + nicol

Photo. 1.
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(¢) Hamersley
(h) Marcona roasted at 1000°C, + nicol.

Micro structure of tested ores.

G) Goethite
(d) Portlady

X400 (3/5)
(e) Goldsworthy, + nicol
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Fig. 1. Specific reaction rate of various reductants

with CO, at 1000°C.

5LFEx2 b5, Photo. 1h iz 1000°C THIEEL 7~ =
3 QR E TR L7c 28BG5> Tla .

Tk, WTho BEITH EU 5D RNEEE LA micro
twin T DWCIIRESR T X I D7z,

1. R B & B
4-1 BRAFEHDRE )

EBRAZIBD L F A EMONER, BGRER LD
HERETELEEDHDS. ZORDILTIDN, N —
AV BRI EM (-0 R FERETF v —) & 20wty
PEE L2 Ly bR Ad, SAEERFEIAVT, N
FHRGAOBRMFICHEL, R VRELEIE L.
TSR 1200°C THE/L 72 & &9 20 min THREIIIT
T D 2 & xBdi. THEEHLS ofyioNE
HEOERBRBRL LTV RHCF» —2HVRE
ATy, BiskEe 400°C, 30min 2L v b OEENE
LLARTL, Fv—% 20 NETHZLRIEMETHD
7z '
BLEDOFHEEROER, NERME 10wtk S X,
AROBRMINRL VLTI VbW O EPRERZERMAL
7o BH B OFHHEOERERIC IS, SEEST
T f- Tt 1200°C ¢ 40 min B3 LETH S
ZEBBNENTWED, SEOERTILETLEA T4
EED 550, BITRHEIR WITho BITIRETD
25min TIEID, FOEDLL » FOERKITOVWTH
T H T L. BumlEERRR 1250°C & L.
42 RMORIGH

REOBHECX VESOhDETRL vy FOGEIFRK
DT 5 eBEFLD ICE hHEINRTVWS. Zhic
I B ERMOEGH, $ithbi AMLEEIRITICR L
THHPILEREERLTVS. SEHBVS 3SEHEDOR
MORIGHZ T 570, kitte CO; 2 EDRIE
kb BERBAICEL X~ NERE TiR07.  —400

—_ 927 —



& Lt @

% 58 &£ (1972) #2 4

(a) Swaziland, coke — 14 mesh

B

- .

Fe) Metallic Fe Q) Quartz
(b) Swaziland, coke —250 mesh

S) Silicate glass

(¢) Mosan, coke —14 mesh (d) Mosan, coke —250 mesh

Photo. 2. Microstructure of reduced pellets with different external reductant size reduced at

1 250° for 25 min.

Table 5. Effect of coke size on swelling index of
reduced pellets (%5).

Coke size — 14mesh —250mesh
*ok * 1 150°C | 1250°C |1 150°C |1 250°C
Brazil 65| —10'7 12-8 — 57
Swaziland -10-0 | —14-2 00 —12-1
Marcona —-10-7 | --20-7 {— 07 —10'0
Mosan — 42| -12'8 64 — 43

Reducing time : 25 min
* Reducing temperature
*#* Name of tested ores

mesh QRMEK 0°3gx— bz v, CO, 2% 100
cc/ min FLBAIRCTWSERE (WFE 30 mm) (K~
FEREAT S, FiERMERG%, FE SRR F
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Fig. 1 i 1000°C DOEDOEMEHEMOIGEI&EERL
7.
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Lo L3 — o 2RI RUSHERMEL,, F v —DFRGEH
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Table 6. Swelling index (9%) of tested ores during reducing tests with different internal
or external reductant.

= Internal reductants
\\ Coke Charcoal
4\ \
External
Name of W Coke Charcoal Coke Charcoal
tested ore
Brazil —10'7 — 2-8 0-7 67
Swaziland —142 —-10+7 —10-7 —10-0
Hamersley -19-3 - 86 — 2-8 - 14
Portlady —18-6 — 86 14 8-6
Goldsworthy —21-4 —13-6 - 78 — 86
Goa —15-7 — 57 71 10°0
Krivoy-Rog —14-2 — 7-1 — 06 7°1
Santafe — 193 —17-8 —17-8 —17:8
Marcona —207 —-19-3 —12-8 —12-8
Mosan —12-8 — 86 00 56
Reducing time : 25min Reducing temperature : 1 250°C.
Reductemts Coke Charcoal Lignite char Coke Charcoal Lignite char
— 0 A
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L?_, § )\O\O 'l 0/8\\ ) O—0. \O——O/'A O\ /? © 0\0—"'0\0/0/T
-r&e < v\ ! 5 Lﬂ\o-’o/ 7 \o/ A
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- + ~—d No— ’ o—>0
? ,’2 \O\AI '
- 1 1 ] 1 1 | 1 i ! | ! ] I I 3 1 I ’ ! 1 1 L 1 i !

Firing temperature

——— T-Fe

(x10°C)

———tm—— MFesrg (%)

Firing temperature

qrovity

o]
75 85 95 105 115125 85 95 105115 125 85 95 105 115125 7585 95 105 11S 125 85 95 105 115 125 85 95 105 115 125

(x10°C)

~——O=-—— Apparent specific

Fig. 2. Fe content and apparent specific’graving of pellets,when reduced with different reductants
at each temperature for 25 min. Size of external reductant was — 140 mesh and the kind of
external reductant was the same to internal one.
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Fe) Metallic Fe W) Waustite S) Silicate glass
(a) Brazil, coke, 1050°C (b) Brazil, charcoal, 950°C (¢) Brazil, charcoal, 1050°C

X400 (3/5)
(d) Swaziland, coke, 1050°C

(¢) Marcoma, lignite char, 1150°C
lignite char, 950°C.

(f) Marcona, lignite char, | 250°C

(g) Mosan, charcoal, 950°C (h) Mosan,

Photo. 3. Microstructure of reduced pellets with different reductants reduced at different

temperatures for 25 min.

SHIHE LT IIRT BHEE M 38V 2 &% BTz,
hematite %55 EIREDIEVWT I DWW ETFW AT o —
52 K%, magnetite T SIEREDBVWEILETF v
N A FDEE 4 SRR RCERET 25 min, QuBn# L
REED RrEE, £8ksdah, £BtEo Bk
Fig. 21T L7z, hBRNELNEORMOBEIITHT
hfE—& L7z

TOFERICE B E 950~1050°C DRTWTROES
HRPITEHEERETTS. 22— 2A0EE84&E# 4+
B Ltheb % 1050°C 2 LEEHAR L, ¥ Afbd BRIt
LU BEIRCHD. AROEEST SESD RS
950°C 2> BIEFE D 7 5 v vk X ORILUOBEETIRE L
V. F oy —DEA1E 1050°C T4 BERO AR S AT
LHPEEDRTR -~ REARROBHICH 5.
Ry POMBEERECHET 2L ROEEITH
5.
(1) F5vn
I — 2 204 950°C 13 KER4 A wustite (270 b,

1050°C iz 7 % & wustite O—NREBEKICET D V15D
% (Photo. 3a). AKEDHE 750°C X hiEER 7 5 o
@ hematite }7Fric magnetite H34E ik LI F V344 L
xXh 5. 950°C iz wustite B F-D—ZnEEZICET P D
(Photo, 3b), 1050°C zix % & §sd 5 it k& Bk
BERTEORLENS. 1 150°C Tl ik S ERE A
255D THERE LTV BT 5 »03bh s (Photo. 3
©). F i —DiAHD 750°C ¢ magnetite A4 K LI F
PSS E S, 950°C TE&ESEM4ER L, 1050°C Tk
ROBE X D &FEEKTIEF TS <L 3 REBHI
RYoicv. %70 1250°C TRIBABOTAEN S V. ki
F v~ DFEGIRTIE, D 3 >V T b FRIZHK
MHOREEREL ADLRD.

(2) 2A9o—-30F

32— 5 ZDEPE 950°C THRL L7z wustite $7 F-ic 28
IMREL B bha. 1050°C ¢ wustite DO LR IT
&ESMBERT D (Photo. 34d).

KROBE 750°C T magnetite PSEKTLH13T 5 o

— 30 —
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X3000 (3/5)
Reducing temp. : 1 150°C, Reductant : charcoal

Photo. 4. Metallic iron filament in reduced pellet
of Brazil ore.

W EBVWRTFOMSLITERZ S, 950°C T wustite
D—EAEIBERIT L DV IED MRS EIT R Y 7o
Bicu,

F v —DHATE 750°C T magnetite 21T & A ELTH
DTk D, 950°C L H &BEAERT S,

(3) =na+

I — 5 ZADEE 1050°C 15, K - F + —DEEE
950°C /> LEBERD KT B F v —DIE 1150°C T
EBERFEDS R LT w528 (Photo. 3e), 1250°C ¢
REBERDIENITE L DIMB AN AATERE LTS
(Photo. 3f).

(4) & 1L

O~ ZDEATE 1050°C T wustite p 54 [E§RA
FET 5. KROBAE 950°C T L v FORIEA
&<, AN MR Bk % < A b D (Photo. 3 g) .
F v —DEED 950°C TN & BT B A5
MR B R Y 72 570y (Photo. 3 h).

DEDOHMBBEE AT E, KRy a -2 2
TR E 1050°C X 0 &EERSERT 5, 3 —2
ZOFGHEL 1150°C T4 0 — 4 RI3EET 5.

AREELZTF v+ —FBVWIBE, BSEEL, 1050°C
TRERMIITEALHEZNRD. 950°C T4 B 4
BT 5D, T 7o ERIUORROBEICBHKESES
PER L, &< 1000°CHhTics v 2L » MIEIE
T 5. F v —OFEIRR & FEREIEMASE I & 25
bOTHHERNEORESAZLNT, 2~ 2A0BEL
[FIFRIEAROBE X S hd TRV, E7akR e NERVIC
BWwTbRAT o —30 FE2laFOBRAITEIESTE
ALRER V. ZOXSTRMIZOWTikR5 &, I~
7 ADLGEIRIR L v, RICHSEIERBETH S F
v — ERREIIE T 5 &, KIROFPE DA BHAKEBEK

Table 7. Swelling index of pellets when reduced
with charcoal at 1250°C for 25 min.
Ores were roasted before pelletizing.

T Roasting tem.

- Not

Name of 7T 1000°C|1300°C

tested ores \\\ roasted
Brazil 21-2 35 67
Swaziland - 57 |— 72 [-10'0
Hamersley 71 |— 72 |— 14
Portlady 3:6 7'1 8-6
Goldsworthy 28 |- 36 |— 86
Goa 71 |— 36 i0-0
Krivoy-Rog 7-1 0 7°1
Santafe — 72 0 |—17-8
Marcona 14-2 106 |—12-8
Mosan {284 0 56

MPEIC A K LIEIRS A S5 D vk, —HIC RSHED &
P CTREHETE LV

OB EEII R v LT F Ly OSBRI
ERT S Epnmoh, ZTOEDOHETHD, (Ir0%
BDIZTTRFC H iR b MRS Bk LRl —D b D &
Eibhd. ThODMEREFEITLL » Fx CO
B LS YW TTHDRD, KW TIER
OB VRMERVIET ALV FEBERT B D,
HLIRTTEM THHREBESHNLET AR L, TOHE
Ry NIRRT S0, BEETHEOS VLV b
PR T ORI D L LR

ARG EkO EEBEF BB X BHER R %
Photo. 4 1T 7R L72h5, /NEHD MR L v hETORRIC 5
LERRERBRIC, BEAEORRTAT L S TER
L, fu~Z23H S TR WEAED 53T whisker 128
EOMHAEEZ NS, £z O#MEIREESI S
AR+ ($9100°C) ThHHEERDTHRT D T &
B, Kl HOBMKEEBMRECET s ERTRITVS
L5, FHREITEETHEE TS EEXOh, B
IRLZEIT ALy PRBFEBEIhT L, BEOLLD
FTEHRMNOTE 2 5T TH 5.
CDERIB0CCEIL LA E &0k, WTROBETD
WERAZRICALNS. L F + —DBAKIIT Z DN
PELL, 1I50°CCEIT LA &EE B L TEESD
B L, FeO oSMiErAEL s, —FlE LTRMIC
Fr—HAWICINAFHEEDOET L v b OHEMHEE X
M4 0075549~ THITLAFERIZ, FeO 49°6
%, Si0Q, 27°2%, Al,O; 1'5%,, MgO 1182, CaO
8:8% Thot. E/OETH ADFENSIE VD & B
b hs, wustite 4 e
4.6 BRLUILEROERT

—EREREE RS RYETT 5B AT O VTR R
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Table 8. Swelling index of reduced pellets with various reductants under

several heating patterns (95).

: Heating patterns’ ! .
Name of 1oopec ¢ 1000°C20min o 900°C 1 250°C
. | 10°C / min 4 10°C /min | -

tested ores | ~ 20 min 1250°C 25 min | 1250°C 25min | 20 Win

Reductants T~ ’ , ‘ ;
:  Coke | 7-1 2- — 14 —10-7
Brazil . Charcoal 42-9 37-1 — 4-2 6-7
\ Lignite char 10-7 00 —10'7 “ - 35
‘  Coke 0-0 ' — 78 ~15°7 142
Swaziland Charcoal — 35 - 99 —13°5 | —100
Lignite char 1-4 ‘ - 9-3 --15-0 | —12-8
Coke | o0 | -—136 | 157 | —207
Marcona Charcoal ‘ 3:6 -10-0 : —12-8 i —12-8
Lignite char ‘ 36 —15'6 ' —14'3 —13-6
Coke ! 15 L -85 I 136 _12:8
Mosan Charcoal } 28:6 28:6 ! 00 . 5-6
Lignite char L 3-6 —16-3 | —10°6 | —10-0

fTreo7. 1000°C 7211 1300°C ¢ 1hr BEHEL 706K
HaREE L, B LTRREZEV 1250°C CRmE
TTETie ol b EOERFMOIENKRSE R Table 7 TR
L7 RksHiosodadia GERE LRV 2EE e L
B E DERE S FRITR L

TR LD L 1000°C CRERE LRI L, BT
v MCEER L&, WIhdEEa0HE X 0 b
RLTWS. i 1300°C CREEE L7551k, 1000°C
TREBELZHE X VIEZROBEIXKL L2T 5.
4.7 BTEE

4.5 TR~7z L5 1 §9.1000°C T2 Ly OIREEE
T 572, Ry bERIEITT D & T 1000°C fhix
TOWENHE CELIRLTELT2LLBLETHDL &
FHITED. ZhERT 570D, Taolkid<s 48D
FREHIC X DRI 2 TR D/

A. 1000°C fF~HiHE% A+ 20 min {FE

B. 1000°C ¢ 20 min #&@7%, 10°C / min o) Fi85H

EEe 1250°C = CHIE L, 25min {F#%.

C. 900°C F~t}i% At, 10°C /min o FiEE

ET 1250°C £THEL, 25min {RfF.

D. 1250°C DfFE~H % At 25 min {5

MG L7 Ly bOREREZREEL, 48/ (772
W, AT o—F52 K, 2 uadr, BUDIKOWTEFDERE
Table 8 {T7R L7z, RMIZAKREKEZAVS & EREDR
$a (Toon, KD REHFATELIEETS. C
NEEHBIC LR > THEL, Bl THEHEIIRS
T, BEOBH Ly MNIBLhiv. hbofER
P HIERT HRERELLL L, v—2 ) —F A %F
WA ORMBLHEIEDLAADI &, BEOIRRETET

LTh@BIo L nwry Mo hisnwZ Exbhb.
M CIIELED O EERMEL X D DB E T ER 2 — Y
WHEBNLED, T3V EMELTa—RzHvi
BEDX>edinbdsb.

EIEMDOTFHWEA (AU —52 F, =a7) O
BRRMBELOTD, E&%HE (B - C - D) 257
DTCHBEECKET R V.

BLEOERL D, EEOBEWETL Ly b2EDH /2D
ik, 1000°CAHhIEa CEHIETRLLBHATH T EPBE
B TH D EFE LWREEEIRM, A%
B ECXoTRERDTWS. ZLETOET & R
BRESTECEEL, vy PORMBSIREZINS /2D
EBbh3.

5. REERICET 5

5-1 #$ELADLME

THE THEEA DR FIETTH T DV TR SRR O T
HPHVANEERFEINTETVSE. TiubbiEl s
v, BEBRIRT SBE TR order TIXA LA
OBAIHEL G, WaRkE) BREHLIAD L LT
5. ¥7i: micro twin {ZOWTIE, TNEROEEHDN
HENEEE LD L ZALIPOIVES DD T
LEREELTCWS. ARXPRSETOBENITOWTE
LK LichT, MNLEREZFT 0, HDVEEEOHE
THRAAMENEZ B XITEN5 &, BREDMIYRES
DRIER 5 X 5N TWBIETTH B EBRNTWSE. Rk
SR RERIRC D&, PN BSA % CO 2
BT LI EO—RNERTH Y, BFEREZRILV
SLEM DD, SIRREOMER X SHAHER

— 32

s



BRE_Vy PORBERICRTSRERRICOWT 249

(a) Krivoi-rog

THOTEE, ERICTOFERECL LD LEE X
TWb. GEXEPSE Y » OEIRERE THERbIcL
SEDTERF OB 3 X IS E357iR & LTHLETH
5EHZTVD. EREFERAFCOSFEBAKRI %
RiclEsRZ2 43 5 X 5 MR REREZ X TWb T &8
FRE LTS, £oFEEico>WTi, SUHEATEE
7o BT R A RO T WBRERIIR ST win L.

EFHEDD, BV MR W TR EE
SROVER LSRR YRR 3 B A, SEhOES,
ERREOTEL S, gothite DRKIC X BIEFHE he-
matite 75 SO R EiCREE kDDA, R
D LE YD TE TSR E O R i HR
DD EIHERETIETE L.

DEWEHLOBEREZMZ, 10 HIEOHE OIEE
HOREEIT D W TERTE LY. ' ‘ C

(1) BESRMOIE WA

T 5 OV E S IR BET L TV S0, B
BROZC I DENPECEBERZRIT. Bholkd
RIEHEBPKREL LD, TORRBETEENLREL LD L
WA SY o B R RRN: & BE-S) Hhs.

H— kLT 4, T7iE goethite »i4 < hematite 73
i b BALD BEEFTF ALREC L 2Tnw5H L Bbh
5. OBV S Z & X 0 kA 2N JEEVE @ hematite
PBEL, THPEETH D IDETHBEITEIL Z &5
FEHREo—2L LTHEZLNS.

YA e, KIURBNERZEECZITTED,
LD, FERNEICEABRECTWD Z & HHEEITE
5. GIEBWHRBRTWE XL S, B TH HE
L& OBLOFEI DV THET HEEAD L TEIX
BYoRWE>THS. Lo LFEGE LILESH B X
OXBEFOFFR quartz #4430 T, Z 0 quartz

(b) Mosan .
Photo. 5. Ertination stage of quartz included in iron ores. -+ nicol

(¢) Brazil X400 (3/5)

FLCEENC XL, ERE o< D BEgEEE L
7o. ZOFER%E Photo.5a, b lziR L. THiTX B &
WE L BEAT THOLPICREMAZAL, quartz §F
SR EAPFHELTHWB L EEZR LTS, ZOHR
X 0 ERALBRE B TRBRZL IS I X0 WRRIC B SR L
TVBCENTFECES. CORNPREETEHS LT 5
7% BiEy T NRRICEEN R A U S L, BRNOT

S XV REETSENTTSERE LD EFEXHND.
L BARENERAEZT TS T S USRS E
NTWB quartz (2D E[RER wER Tl o R Y

Photo. 5 ¢ IZ7RT %% ZOBEIIEEE LIERBEAT
BT, BRI OE D LTHK D ERDBED NI V.
Lizh 2 CHAET % quartz QOEIZEDAHITX D KA
EROBLCOWTMT S ERVELR TS TH B E

BhX552E87% . BT 52 LTS5 Rio-Doce

UAENBEDEREZ T TWBICd b 53, micro

twin BEEFETH W ERRTWDS Z 2 EIER I BBEE .

(2) BEREOTHWER
22— 5 R REATRREE VA 2 RKickx>

TED, T AT — - 3HRCHRELIRNTFAEL

R >& 0 LT3, WE L biloR RN E
Ut T N E SR Y2 5.

N AL —I goethite #&ATVW5BH, £—hUTFT
4, T7EE77% D hematite & goet.hxte DURG PO %
D 4T BB B, E 70 Hematité ORFRILT
YA TR ILD TS FBEBE WV A ZOFER 2B
L, BOEMCBILTIE goethite 3% UL sis/r7sLads ko
58X D3, hematite DFEJLDOESL, TORADX
STIROWVWTRITTHZLEREETHSS.

BLED X 5 B O/ WA BT S+ TH 5
25, MU HAE D DI WBIR DA RS VWL S5 TH S
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L 5T wustite X O BHERIMEPFEAET I 25D
This, AHAOHE v FOREA%HT 50 b AT
BHAH5H, wustite FHORLIHAT HRETV L HDEET
HDLEEXD. :

(3) BIRLAWEE

B 8T ., wTFEDEMEREHKT, Tuh Y
FRAHH L, Eiz pyrite R ELHSHE. w3 F R
Uy MREFEERZEIT VY & LTRITIEEX
NA RO TH DN, SEERICAVES L Y b7 1~ K
BEEEREITFELTVEERLONS. ZO2ED
magnetite $LF % MO & HE L TH B & S AT
BV EAEAENG. SOKESIE pyrite & LTH
FET 52 LM T TED LN, pyrite B{FET 5 &
RERRPILTE D Z L #FER LD TREMIX6-1 T
wRB .
5.2 EmlLl-#R o

“4:6 T 7o X 5z 1000°C F 7213 1300°C T HEkE
LgRasE e LGELR vy b2EERT S &, 40
BHOBE X VLRIV, O EIE 1000°C T
BE U755 hematite OEFEHOHETHA+HFTHY,
ALERIREBICERDS B PN TV EDTHS S . 1300
°C THRELLE, EMERAELUETV Y MTERKL
7obDiE, 1000°CTIEHE LD D X 0 RO RE MK
WS, ZAVIEIRREEE Lo iES X D RE L
rEZLND.

1300°C T+ LBk R v » b ix COETD
BRI E RV E RE SR TH 525, BT
v MEER DG E VISR DREEIREA 1300°C THOT
D, BEREGGEBEME TV 7 v BRI TET
AT S I ORFHIOREEETEL, Ll oTHsE
EoRIETEIONENT H55. hl RERsER
%, FRBWIEELV Yy FVEPHLINERE L7=7 )
v FOBITHBICEWTHENAD TS,

52 ZEBEVWTTLAFEITY 2T TR LW
SR E LTHME LA, <037 1% 1000°C CREE LT
PHEILR Yy e BT AE AT BYWEEE 5| &
BT ZOFERAELTIE S OKWPSBRAL T &,
Magnetite $3 hematite [CEE{LX /-2 & 3E LR
. UL 27 =13 1000°C CHEE LT b BRI
/L, <A AFDPELEOFHEX hematite 1THH %k
DHERETHSHS5 LE 2D (Table 7 5H8).
53 REELICDNT

T I U NEARRRTRTT S EBEL, 2 -2 AT
BIC LB SBMNFHEETS. oI thogEaD
B LIFRCEZE CHPh, 7Yy FTHRERL

(a) no addition of pyrite (b) added 2:2wt % of pyrite

Photo. 6. Effect of pyrite addition on swelling,
in case of Marcona ore oxidized and
desulfurized at 1000°C in air. Pellets.
were reduced with charcoal at 1000°C
for 20min.

K=o (MEBEERE ) © LORTT 5 L XL A%
TEINASASL. ZORMER T I OGRS L EE
MBEBLEDELLNED, LT b »ok.

6. REMWERHSIUARALEOMHL

61 (WvEB35Mm
1000°C THREEE LA ov I F LRI PSS I X OV SE pett
EhREH, £y FRED 1000°C T 20 min
R Li-E 5, EEAMCK 50% UEEETS. <
NI F OEFGREGEREER R I AR, 1000°C ¢ RzEE
L a b ic sk 3 % oiX, magnetite 55 hematite
CEML XAz & &, pyrite BELEN S SHEMETF
Licc L ERBEZEZOND T L1 5.3 TR~y S
DIEIRMEIT KT 2 BT B720ic, 1000°C ¢
Be LoSimicitly pyrite & 2°2% R4 (S. 1'14%)
L, RMEARREZHAVCERGET Yy hEBEK Lz &
A, BEALERIRELWE L 25D (Photo. 6
ZR). hbooRvy oMY EEEFHRMECE
L7k R%E Photo. 7 TR L7z, ZHITX B &L
Fo = oV AF R E RMICKREZRVIETTT 5 & @ik
BEOARISINRENE X 5 THAELI,TELNS.
ZhX b pyrite ZIBAT B EIEREHT B L2508
LTI D7=DT, 48 (F720, A7 —5 2 F,
wad, R OEFACThER 2°2% O pyrite &
BALEEOHMBICOWTER L. R ARES
Fvs, 1250°C iz go#hn#h L, pyrite Z{EA L7Ea,
LitWiBgieovwthiz L. £ ofEE %2 Photo. 8 i@
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(a) no addition of pyrite

(b) added 2-2wt % of pyrite
Photo. 7. Microstructure of pellet shown in Photo. 6.

No addition

Pyrite 2°2wt %

Bragil Swaziland

Marcona Mosan

Photo. 8. Effect of pyrite addition on swelling for various ores. Pellets were reduced with charcoal

at 1250°C for 20min.

Tl TR XBESOEHWTILIFIT pyrite N
OEERRbLNE W, TR OIEFEEE ST
BN, FORMPICOWTHERTE.

GBIV vy bRBERT S pyrite RIRNT 5 LT
Xy, Rvy FOBEOBMARCHREND S & 11X, FINE
S5O L )TN SRTWS. £OEHR L LTHik
WORMBBIRIRICREL, 1 4 OIEEBSESITD,
FORERBRSETT S E LTS, F/o pyrite 2R
T AL D, HeS HAZRERATHREMBAE
MHHBZEEBRITWS.

W 5T pyrite DIEPICAMEOE y FRAV7T 5
fr by a (S 159wt%) % 08wty HimL<Td
WIREBHT D & L WD, Fiy FANT &+ VEEF
FY D a&RiEimLicEfry FETRMLEVWLD E 2

— B ANETE LS, v FAT 2 8T Y
Y ARERMUE WLy FOIEEDIHIFS Z L EFERL
oo CORERIDFARTSEEREQCANS Z LITX
DFEEREEhEE 5 HAREM R D B T E b5, Lrd
IR L7z S 0 50% 1HETHE RV v FHRICEE TS
DT, by hOGAEDOER S SOFMIEFE L7k
v A

BIER L v POBEERERAEZEDS S OBHRITOWT
i, FiNe 519 p5RN T3 X 5 RS O R FA:
T5ZL0EMIT, BHREBEHKOREI ML LNE T
LRFEEM» kD BIhS. Tibb wustite i HERBEKIC
BILSN BRI, AR LIcEBEOBC SR T2 880
RER LR ic Bk mR T3 LEx o3, Zok
X SHfFET B &, SiI iron rich 7 wustite O
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bbbl i gan

No addition

CaCOj 4 4 wt 9%

Brazil Swaziland

Marcona Mosan

Photo. 9. Effect of CaCOj; addition on cracking for various ores. Pellets were reduced with coke
at 1250°C 20min. Effect was remarkable for Brazil ore, but was not notable for others.

TS L, Sk &BSOHKREZINH U Biko i
WEBRZLEZVWHDELEEDNSE. L LB S
BREDXShEEDODTRETHPIIFRATH 5.

T4 SR EWCHISESSERBRELEVWARREEF
¥ —ZRMTVIEE, KROBESOLBEIEIEN
BHLNI, TOBHED—DL LTHRMD SEHED
EZVEZLNDS. F-EHLD BIEHLTVWS X Sl
RODEDEZLRD.

6-2 HIZEM

RELWE VL v bOBTERBE kB LT, B
bRV v MERRRFTIREESS 1300°C Bl FiT TF45 i BEAK,
TB5ZE, BB Si0;, CaO 7x K&IFEMNT 5 &%)
THBLBNTWS. BIFIE LTIE CaO DFEA
HLUBLL, #0EHiE CaO 2FmMT 2 LT & T
OFERMEEIND D LELTWS. BILAL » MEA
RHZ D FeO BEBRFEAL, BERIPEVEEHK
WHEPBAER L, 2vy POETARICIZ L OEsisr s
2B THHSEEZLNLDT, BHBIX CaO 2ifm
L7-EBR&2{T/ro7.

RE CaCO; % 4-4wt? (CaO 2°5wt%) % 4 &%
M (Toon, A0~ K, wias, Sl O%
AEALIEGELE LEWERIKDEET vy b
B LB Uree RAVERNEE - AL b a—~ 2 22Fw,
1250°C ¢ 20 min 2585850 Uiz 40 %E % Photo. 9
[l Nl O el

ChizXs i 75 o 0v0EE5_ vy FOBRISFY
PEHIETE, RL v FOERGMOLEAEXL 40 ke
2D, AIROFMZE b 70kg IKEKRTH. 20X

Ly MEERET-OORMAORBEE, 8, HEE
MELETR Uy bOEB{LE L OER X OkFcE
LTS BOMITOBREL Uiz .

7. ® &

(1) ABfEicXv@ETLry PRERTAEK, K
JEH DB WM EAVS &, REBIREZREITHAESD
5. ZORMGLETSERICETSE, BRkEERK
PR T 57D TH 5.

(2) BHREESHIIIY1000°C TEEITAEKT B D
T, BEOBEWIETLR Ly MERT 575k, 1000
MO ERME CTELRTELTHL S FIBT 50
ERD 5.

(3) @Mk &ESoLKIGETERIC ST 528D
REEWCEGRR DB EEBb %. EREDIBVERIT
TORREWDERE L TREFR~DEESAORE, #5
e DIEEEIL G T, - goethite DT EREZ bh 5.
TERMED T W R R B O Dl Wil 2 R EED %
WESTHDHY, SHREESROAK & g & OBE%
VTR DI % H T .

(4) ZERAPRCRELAEGRIESR XD Rk
BEMENBEL /£ B, ZHIE hematite OFRESSTSICHE
TETALELRRBCEP R TWS o L Ebhs.

(5) S%EmT5ELEFERZGLETAIENTE
5. S ¥k pyrite L LT, AT 2 EERE LTI
MLTHEFERZEDENS. SHEET S LEHIKLE
ShhsH gk L;Q;\,xfjgéhht, iron rich 75 wustite DFEFIT
SHRGE L, A GBSO BEREAIEIT 5 72 LB
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bhb. S

(6) CaO ZiFMT 5 &LETRV Y FOBEREE
il TED BaBH 5. ZOBHZ WHENEHIT Rt
L, HFHOfHEsHED bhb L Bbh .

Kb DCAMERELEDBITHIZD, VWH AL TRl
& 15D it E AR T E R R < s U
Y. ERERMBCOSEEE I PO TN W cH
BASEE R SHRSFT O AT EC#HEL R LET.
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