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On the Pre-reduced Pellets Produced with Addition of Slag

Formation Materials

Synopsis:

Sougo SAYAMA and Yoshinobu UEDA

The effect of Ca(OH),, SiO, and pyrite addition on the shrinkage and metallization of pre-reduced pellets

was studied. The results are as follows:

SiO, addition was not favorable either from the point of strengthening or of the quality of the pellets.
Only 0-2%, of pyrite was effective in pellet shrinkage, and pellet strength increased. However, desulphuri—

zation was needed because of remains of high percentage of sulphur after reduction.
Ca(OH), addition was very effective both in strengthening and in the quality of pellets. The amount of

Ca(OH)needed for strengthening and for quality improvement differed according as the kinds of ore used

and the reduction conditions.

In the case of reduction at 1 250°C, it was found that an addition of around

49, of Ca(OH), was gencrally effective owing to the formation of slag containing a large amount of CaO.
Pre-reduced pellets which are produced with an addition of CaO can be expected to have a quality of

of easy fusibility in the melting process of pellets, because metallic iron is surrounded by slag which has a

low melting point as well as being low in FeO.

(Received Sept. 28, 1972)
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Fe content and diameter of pellets containing various amount of Ca(OH),
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Fig. 2. Fe content and diameter of pellets containing various amount of Ca(OH),

reduced at 1200°C and 1 300°C.
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B b5dIlEsBtRI RN WbD LEZ R A EIEIX %\~ Photo. 1 (d) (e) iz Ca(OH). &N

5.
" 1300°C ik Ca(OH), % 7wt% ihn L dHHRD

Fe) Metallic Fe W) Wustite S) Silicate glass

T8 Twt% PEshn L 1300°C ¢ 20 min 5855 LRV »
R OMENE R Lic. WAROHABIEE— Tk < #

Q) Quartz

(a) Brazil, Ca(OH); 035, 1250°C 20min (b) Brazil, Ca(OH), 295, 1250°C 20min

(¢) Brazil, Ca(OH); 7%, 1250°C 20min (d) Brazil, Ca(OH), 0%, 1 300°C 20min
(e) Brazil, Ca(OH), 796, 1300°C 20min () Swaziland, Ca(OH), 035, 1250°C 60min

(g) Swaziland, Ca(OH); 495, 1250°C 60min (h) Marcona, Ca(OH); 035, 1200°C 20min
(i) Marcona, Ca(OH), 495, 1200°C 20min (j) Marcona, Ca(OH), 495, 1 300°C 20min

(k) Mosan, Ca(OH); 0%, 1250°C 30min
Photo. 1.

of Ca(OH),. x400 (3/4)

(1) Mosan, Ca(OH); 49, 1250°C 30min
Microstructure of inner part of reduced pellets containing various amount
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#l5E L7s.  Photo. 1 (d) (e) T 7 L7k it £he
#L FeO 719, Si0,28%, Al O44%, CaO — 35 L8
FeO 10%, SiO;45%, AlLO,6%, CaO36% Tih 5.
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MNHDHORFHRD T 5 S VEADHE LB L TV 5.

1250°C ¢ 30min ¥7:1% 60min &5T LAHE,
Ca(OH) % iRfn L= 03 &BILZE & v Photo. 1 ()
(g) 1 Ca(OH), MiFhnIs X O° 4wt AN L, 1250
°C ¢ 60min BIL L=V v FORLEROMEEE T L
oo WekAD I3 X X OMEE Ca(OH), MIRMIOHE
FeO 67%, SiO;229%, Al,0,9%, CaO——, 4wt% I
IMDEL13 FeO 8%, SiO,40%, Al,0,20%, CaO 20
% T, BEDOHDEBRTHLEVEATVWSLZ Ehbrb.
% 7- 1300°C ¢ 20 min &5 L7-84& 3, Ca(OH), @
RIMENEL LB LA WEEHR D FeO HS13{ETT
LR D B-

(3) =wnazr

Ca(OH), #RMT5z LitX DL » FOIRKEIIAE
Y, ¥FA4&BIERLETT3HENSS 50 5.

ZOSEVIIEEEEERSEKT 3% EFLTHED,
Ca(OH), EiRIT% 1200°C T 20 min J&5C Lo A
CHEHEOAERKEITIE <, vy FONFEZET (Photo.
1(h)). L# L Ca(OH), % 4wt% N3 % L EAED
ARIT AR b (Photo. 1 (1)).

1300°C T 20 min ;@5cT 5841, Ca(OH), % 4
wt% LT HEMBOERIEE L vy FORKERE
¥e (Photo. 1 (j)). L2 L ZOHBEAETH X DFHE
MEND, by b OFLERICERIEIGD wustite 25 %
CHBLNEBILEIR LSV, 2D X 5 TIEHEMEEK
OBV FERIEE, Ca(OH), ZHMLTHE
TTRUL v PDOERAT BEIRE DI

(4) &

ZOgRE SiO, 259 17% &F L, L OERIERIT
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% I LCETT S &L v b IEENLLED R
N 5. LE{LEE, 1250°C T 30min # 7zi% 60 min
OETEHDEE, Ca(OH), ZEn LTI

7

vr. Photo. 1 (k)(1) iz Ca(OH), 4EiFKHnIs LT 4wt
% WAL, 1250°C T 30min BT L2V » b
OEoMa = L. Thiz X3 & Ca(OH), EFmno
BAE, KRGO Si0, 3% LBV EME L EBEbh 55
W7o, Awt% IINOBEE, Rk X X Ok FeO

15%, SiO;50%, Al,O;3%, MgO 3%, CaO18% T
» HWHELEI LRRG D Si0; BEAT 5. 20X

i FeO 532 &LWiES HMT 529, £BILRI LT
I R T T 5 EmMSH 5.

1300°C T 20 min OETLEMH T, Ca(OH), & 2
wt% RO L7258 WM @ FeO 4313§940% L&
P3, TwWt% IRINTIEMEMDO Rk &+ ORI FeO 7%,
SiO, 50%, Al,O;3%, MgO 4%, CaO30% THD,
WikBh D FeO »MET T 570 &BLRIEL LS.

3.1.2 #

BLEDEBFER X D Ca(OH), 2IRMT 58hRIE, ~
Ly FORKERS XUEBLOWEEcRWT, FTRITDH
24 FRCHE T bbb LT+ E2 ¥ L
BT B.

(1) #BEELHELE LUHEEXEL, BHAEWIZE R
Ly POBRKEIIETD. ZHIIKRMEOFREENSE KD BE
EOETT 5 5TH B,

(2) Ca(OH), #@EERMT D EHWEMOFEERI T
Kb, TOBRECLy FORKED XL E. WwWTh
DA DIEEMEER D & 2~3wt% 58T HHA IR
MRS A BT T A D 5. L2 THhAah oS
ks OIRAE & CaO 43 ORH O EHINE O I 3 BA 7S
BEEIT A Shvin .

(3) Ca(OH), ifhnEH % < EHEMEIERS 21
5wt% DL ESET HHEAE, T L v FOURIE
MBS S, ZOEBIE FeO4 3 XU CaO 4558
WRISHEBRDB S L H b, ZOWEDMEMENS Xhd
TENDIR Ry POWRIBEREBEE VWD LEX
bhb.

(4) WMEOEKRENEL D LBETLYT 2 OEE
EFxh, 2Ly FORLERDOETIIEE V. LicdsD
T 1200°C ¥ X 08 1 250°C TH+Fh 30 min &L L7s
BAEREET S &, —ROETIREORWATE O &
BiLRITXE .

(5) WHIDE AP v 1 200°C TiE5T L
BN, Ca(OH), % HhnT 52 LicAW£ B L3R
T a@EmsHbh5. Zhix CaO a4 nbictt
vy, FeO £33 X U8 CaO 4 3@ W R i Bhitk D B )
EBRGHELARTHDBRLRERENDDEEZLND.

(6) WHADERENS L 5 1300°C & L
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&%, Ca(OH), it ok LichvwEE{b®Rir FH
T5EmBEAE LGNS, Zhlt CaO HEFIMTH I LT
X 9 fayalite D4R S, MDD FeO JpH3%
LT LD THD.

(7) vy ORIV E&FELICEXIET Ca
(OH) . WINDFZENL, ITHF I X OGRILA O s
EORE XV ERD. ZhDETERICTET 5 KT
£kt Dk, HORITTHE, WEMEZL EAA L » b ORERS
LBTCEXE T2 RELNBRLLESDHLTHD.

3.2 BREKICDNT

TN, ATV~ T PR EVE B R EE
(1200°C) CRITETHDHYEIT, WHOERKI A7k
LEFILERBEL D 2 E&2ANTiR~7z. Ly Lissoia
EXRENEN vy POBERPEET, vy PORFED
2555 LETREXE VWA PAFTS 5.

EBILELESELEELIEVIETL L v MRET
E DIBTLEMIT D WTHETT 5720, WRORELEL S
5 X5 Ca(OH), % 2wt% FRMLI-A T — 5
FéhAaxZ AW CERE T/ D7, Table 1 L DL&EH
TR LIFERER L. ZOBERBXIUCLy POl
MR LA REET DB LEOEDEEITHS.

(1) Photo. 2(a)(b)(c) i 1250°C ¢ 120 min

Table 1. The effect of the heating pattern on
the quality of reduced pellets.
B T. Fe |MFe/T.Fe Pellet dia.
Heating pattern (wt%) (%) (mm)
1 250°C 30 min 78-2 90-1 11-0
1 250°C 120 min 79-2 92:9 10-8
1 150°C 120 min 80-2 93-3 11-4
1 150°C 120 min— . . .
1250°C 120 min | 816 981 -3
Tested ore: Swaziland ore added 2 wt% of Ca(OH)
BWITLHED by b KL ZR L. ZDX DT

1250°C Timm L= v » brx 3 IRHEEZ TR, SHERX
SRR <, FEFRD FeO 534,89 3% Timmmr & <
EATVWS. PRIEIIRE Y &FBERE BTE, "k
FeO 4y D (19 55% ) HEFAR I SE#RAAF VT W
HHEETRT. Ly rOPREICIEWEEEDOFEN T
E B, NEOWMGETTY 2k X UHNERD FeO @
RV ERE & D BEflASIE 5 NETTIETT LA .

(2) #Im_v vy b33 BELER RTHEE, STk
DEDHETET LADDEHEZONS. Ly FDSL
IR bSO &gk T T OMITTAHE L HES, SEEEDM
% FeO 4 DS itEps 80 5. b OB ETTHE < B
E#koinItid FeO % CTHEFT LIRMMR S RICAERT 5-

{ TN .

(a) 1250°C 120min, outer part (b)
(d) 1150°C 120min, inner part (¢}
~ 1250°C 120min, inner part

Fe) Metallic Fe S) Silicate glass
1250°C 120min, middle part (c¢)
1150°C 120min~ 1 250°C 120min, outer part (f)

P L 0 -

1 250°C 120min, inner part
1 150°C 120min

Photo. 2. Microstructure of Swaziland pellets containing 2wt%, of Ca(OH), produced

under different reducing conditions.

x 400 (3/4)
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D EROWEAR £ TEITH ZIEER T, WAEIROE
BWORTTIEAEL@ARIFND Fer+ & e- R&BERE LT
ZDX S HEMPD Fet+ i Xhiffo4BHE I CIRE
WEIT X WL T 572, PRIEEL Bk SR T
LrEZILND.

(3) 1150°C ¢ 120 min i&5G Lz Ly hDRERD
W& Photo. 2(d) WiRL7. ZOEHERIEIBEDTRAL
AR L, ROERE CIRITRETT 5.

(4) 1150°C T 120 min85C L%, X5z 1250
°C ¢ 120 min @ E HETE B/ v FDHERE NER
OHf%E Photo. 2 (e)(f) KR L. ZDXSKV
v DORERSER & D ARSI <, SRBLETRIETICH
b EEbicr sy PORKID T

TOXHIER vy FOEBILEREFEEL BT HcDI

N v —

W, HEMIEEC W ORMEORAEZ I X 80 L&tk
v, XLREBRCEVWTET EEEE 2SS TS
Ehhka LB EX V. L L ZOBEICITHEHEOFEE N
D7 L WEABK X B EERESE T VT, GEILH DIEE R
ERVvy b OEBMRIC OWT E HIBETT L ES D
A5,
3.3 SO, H{IC DT
RESIEEER Vo FOETRIE LI, SiO: F7o

12 CaO ZEMT 5 LA THB LBTVBY. 3-1
KEHWT CaO F ORI DWT ifiR7h3, T T

Si0, HMOLHERIC DWW THRET R T 27

Fig. 8 1z 1 $&3A3E SiO, % 0, 2, 4, 7Twt% Il L,
1250°C iz 3T 30 min #IT LB SO REZ R L.
ZhizX B & SiO; ZIEMT ItV L v b DOILHEE
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Fig. 3. Fe content and diameter of pellets containing various amount of SiO,

reduced at 1250°C for 30 min.
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Fig. 4. Fe content and diameter of pellets containing various amount of pyrite reduced

at 1250°C for 30 min.

HEET, EREBILRUITELAEELET SiO: o
ZhiRMXzv. Ry FOMBREY A5 LRRIGD Si0; 5%
%<, WHOBMEAR SRy, RELRE{ESVy b
DFEL RISEERSEZTMT D LIt X2 0GEadbhsd
CEERBNTWBD, @by MCBT 2EBRTILER
1L DBETRIG S FRFICETL DT, vy FOFL FIX
BILFHIOBES LIIYURELDEDTHA 5.
3-4 pyrite [N DT

BRI VT pyrite RIEMT A E, Ly FORE
BEEMNESIE T EBED EMBDE T EE2B~7-. pyrite I
Mo » bOFHBIZRE IIETREEIL ODWTRITT 572
®, pyrite &L &L I F FRERE T30,
Ca(OH) % 2Wt%hiEim Lz 75 o, A9 o -5 K, &

o4 BogarBVWERSY T2, Fig. 4T pyrite

Table 2. Relation between the pyrite addition
and pellet qualities—pellet diameter
and residual S.
Name of | Brazil Swaziland
ore !
ngc?i:tion Diameter |Residual S| Diameter [Residual S
(Wt9%) (mm) (wt%) (mm) (wt%)
0 13-8 0-03 12-6 0:05
02 12-9 0-17 11-5 015
04 126 0-19 11-4 0-21
1-0 12:0 0-30 11-1 0-51
2:0 11-1 1-03 11-0 0-99

Reducing temp. : 1200°C
Reducing time : 20 min

% 0, 02, 04, 1-0, 2:0wt%#pn L 1 250°C ¢ 30 min
BT LS EOERE R L.
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T X % & pyrite ¥ b T002wt% TR LTH, %
vy hOBFEICXELRBREAE LS. L LEDHMm
EMSEINT 51T LA WIREORENE KD, by
F DUKEIXE LS LB CRIIET 5 - Ca(OH) 27N
LT 3 U NVEEROFER» LB Sl X 51, Ca(OH),
L pyrite DHEEEFRMT B Ey PORFETX X D

¥o. Table 21z pyrite RN LICETLV v FRITERY

5 S HFELk BYETS S 3Eltry hoME

2 BA T pyrite IRHIVEEFE L <7gv.

4.

BT Ly PERULET S & T, @k§iA1 Ca(OH),,
Si0,, pyrite T 5 Z LDy FOWEER K&
BRI XIFETEE I OWTRT L. SEIOERRIIC
BT, 2—72% 10wty REIERTY - X1
y Mo —2s 2 EhiThmEl, vy bOREREE
BT R EFXE L HECX 0ETTR Yy b ELE
L7ohs, Enrh O RGAER Y (silicate glass) 7 & A%5&TT

o)

Ry FOMNEYTETEIRERERLLBZLEZHL
T Lic. ZOWMEOERBERS XCHEIC 2 WTIEAR

Bi7c A E SR OIE LT 505, KR TIHETR L »

b D ST & SETER S D BA{RIZ D W T O ZERER I KR
BREP R FhALERELDLERDERVTHS.

SiO, FHIMMETT RV » PORER XOMAIOE D b
IF%E L v pyrite Wb h 0°2wt% DIFEHIT %2
Uy OB IIEDSHS. Lo Lin Lic SH0iEY
BAETED vy MRREETHDOT, EHICHIEIC
BT 2ERIETHAS.

Ca(OH), OEEXHMT S aﬁﬁi«v/bmm
HEk XONRBIOME D SHE Ly Y Bhns X gkl
LOBHS IOETRER I DERSD, HlE LTER
It Lic~= 24 MER (Si0: §9 5%, CaO+MgO Y
0-29%) T2V Tih~hiE, CaO ST S ETH
AT 5% 1250°C DL ETEITT 2B/, Fkirh 4
wt% @ Ca(OH), OFRMEBEZZELS LEBETLRV v PO
Mk IUe&BERcBE LEhRERNED L.

Wb DA EY s TS 2 Wil & & Licdig
ERETESREFBBCRERIBRMOBTLZERELET.

X R

1) mesiEs,: gL M, 58 (1972) 4, p. 37
2) iy, B, REM: §k &8, 58 (1972) 2, p.240
3) REEH»: g&e@, 51 (1965) 4, p. 581
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