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PELLETIZING OF TRON ORE CONCENTRATES

by

T. L. Joseph*

 (Shings Nikaido**Translater)

This paper was contributed to the Journal of the Iron and Steel Institute of Japan by
T. L. Joseph, Professor of Metallurgy, University of Minnesota and was translated by a

member of the Institute.

In the Paper, pelletizing process in U. S. A. which had developed from a pllOt plant scale

into a commercial scale, was described in detail.

In view of the fact that details of design and construction of pelletizing ‘plant had not been
released to the public, if any of the Japanese steel companies wished to take full advantage of
the experience gained in the States, the author suggested that they might write to one of

the following:

- W. M. Kelley, President, Reserve Mining Company, Guildhall Buildipg, Cleveland, Ohio.
John C. Metcalf; The Erie Mining Company, 700 Selwood Building, Duluth 2, Minnesota.
William A. Haven, President, Arthur G. McKee and Company, 2300 Chester Avenue, Cleve-

land, Ohio.
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* Professor of Metallurgy, University of
Minnesota
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Taconite &> 5 =334k Minnesota (Z 100miles
RESTEOERICER LT % Biwabik SgiEROZH
T 5. BOMIE 0-5~2-5miles TR X3 400~750 ft
Té& %. Gruner® |24t Mesabi ik » Ep§ Grand
Radpids wZE 5 7lmies (& 5BEHEK I 8,900, 000
7 t (@ Taconite BSHFEIN TL 3 EEEL TN 5.
27%Fe & LT, 8,900,000 t ® Taconite {3 2,400,000
F t DgkE&A TS SiO: 3 51% Th 55,
Fe% %5 15~40%icZ L LT 2 DICHEDTEEI LT
W A. 4o 1,000,000 75 t D4KFADS Taconite LR D 14
miles FICHEE UIAMCHIES 5. itk & BBAIER
DAL CNADT BrERyiciy Taconite & ED
T 5- , ,

<~ & XA +HE Taconite 25 T"HEK L PTNED
TH BN, ZOPESEINEEHE, SEERE, ZESIE
D~ 7% X 4 P IIFECH A iR LT 5.
Gruner 4% &, 500,000~600,0007 t D~ 2 & X A
% Taconite |3 ERHE CHRIE 3N 505, 4D 3,100,000
7t BN TH A BRI TH & h, Bk 5 Ta-
conite |343EICETE STk T219 Taconite 3E
THETAINEITS 5. SOREGV~~X AL LU
THLE L T % Taconite DA HE LI FOBEETH
B- C RS RIROHEBERIZZ-

T #4484 Taconite T i5

Hubfell® 124> Tiaf 3N 54, Taconite OFE
B e B R R & ) ABME TS OEHAD BRI ED T
sktz. Erie Mining Co.;
Oliver Iron Mining Co. (g2 #N4ER 20 5 t,
30 B t, 50 5 t OB R ORHEIRB TS 2HRELT
W 5. 1948 426 FizF O B T BOEEEEIR U
7z Erie Mining Co. [34E[I#0 1050 75 t DRSHKL% L
TEREHOTHDORFO—RFOER ZHBLI- X
Reserve Mining Co. Tid, BEDIEHOTED R
O—REORBTHELFFON TS ZEOTHL, 62
~64%Fe, 8~10%Si0O; OFEHL1 t 2 &EET 5 DICHI 3
t OESLZMEE LT 5. COSEa N Taconite
. LHERSEET 5 DICKS 8 PV OEHENBETDH S 5 -
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BIOhOBHR<VvAAX LTI A5.

Reserve Mining Co.;

. biﬁipfccll \lﬁ%c‘r !

Minneésota O RATE#E R k5 L
T i@ 10 iz Minnesota %> 5 DRSHLOMATIH LE-
I3 4ERR 1500~2700 5 t iIC B A T b. RED —48
mesh OEF L, —ﬁzimﬂfgﬂﬂﬁ%bimm%&—%ﬁi
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Bu i Jasper s 5 OESAIOMERG SICHBEI N T,
KBSk RSk > 5 D SiO2 DA KEEED EEENTER S
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nite K L B A SUCBE L Tl <« AR TH 5- WIEE &
§ WL H OEHEDGER I NIBEOKS D TH 5-
SFIT A S L, SOOSECIIBRLVBRETH D, B
(7¢I (s A= AR AL

Cochran® 3 1954 ZEDFNDHIT L DERICDVITHE.
Ex % EA L7z Humboldt BHFETIBICEIT A HE 24T
DTS {EEALD Jasper $Kid -Specular-hematite
L BrEadio Martite X h KO Tiv%. —48mesh
BSFeT A EICHED T, FIROD Specular-hematite D
TR BT S C EHHR, YA 2w THS% DAT
4 A DBEDHE, FvAVvEBETERZELEVLYE %%i_}f
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D BBIELEONG.
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- -Fig. 1 Dlagrammatlc ﬁow sheet of pelletlzmg in a shaft- furnace (Steelways)
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WRExAN LYY 7 METERINS. Tigerschiold®
32 QIR D R ~ Vv 2 EEED/NHIEKEE TSweden D
< PR EA MBHEDR — Vv PICEEISEERE R B L
HE L5 ZORERE LT, ER 12t OF -7 Ads
‘Sweden (D .Malmberget O~ v 2 A 2w 2 THIICK
WTRBINTILS. Ay FMESEBO~NLVE LYY
ZFDE— Vv 2§33 PO Neubeckum (D Polysius
Co. TYELN T DH, Ohio (O Warren {ZdH 3 Wean
Engineering Co. Z@BUTKETIHHINT 5. -
HER Fo A TELNIZZ Y vE~ L (EF-L) DM
iR PO A OEWE, il BI, SEOKSEDE
OERICFBING. EEEIEEIEL TN A BE
HEE LB LEDL AFELEETRINE 550, &R
FTADLDE~ VDKL I W AEE, EREEEHEO
HOBERITK D TEAEBINDY, AKX 3DV % -
v ERBAFE- ATV BEBOE 2L KD TH
HilHzks. Fo aOBHNKETES LD, EHEHEED
B ED, B OB ED, ML F T a3 BT Y
IBAVERF T ABLE Uy FOAS S RAELT
B KENCRT B8~V v 253613 7/8in @ ~ A % ik
BRCEEFES ATV S, —BK F5 A0E I RER
D 2-3~3 fT2 1 NIE S bA. Bft OED FF 4l
270ft/mn OFEEETEZE L 1388 7/8in Ox -~ 4
%1 H 1000t ¥ C&EH#S 175 5. Sweden T
1i/jin D5~ A BlEBIBEIC, At BOFS 4% 70~
120ft/mn OEFEETEZLTL B 120 metric ton
EEMELNB. L
RN RTEDORE SITIEBRIC, BH K5 5 DBEH
'MK%@&%T@%~WMUﬂ4V§@5-ﬁTﬁfw

DU AN AEIZLI00%H> 550 & X i3400%iTED T
BH, ZIRARINE - PERINZRFOKE UTHEHIC .
© &R F 7 4 OPIENIE R i il s B g

Iylend, A-ARMEBIRERI NV, BB S

& Taconite fESLOREZBIIFSEE 2 ETHE TN

AAEZERT 5. ZO/FLBIREY SERVHADLDNG

W, RERE S . ZOBIREE F 7 4 OREITERST

IR U 2 3 2T D TH—L R JITHEDHDS
Hisks. MEUBIR o 202RITE Y IE LD B0

T OATAEE LT B 2 OREIIE WC. ORISR S

SOMT AV LI 5hTH b, b 3725 Uik

DHEND—FFHET F9 5 DRKEIDH §HINBHIT

OTCW B COORRYEEIZ Fig. 2 o & L&t Aohn
%. Sweden iTNNTR, HEETZ3RASATADRZ
ANR—PFT AORERR XL TOIEANLGN 5. ‘

Fig. 2 Balling equipment of Minnesota Mines
Experiment Station. (Davis and Wade)

Table 1. Compressive strength in pounds of balls made from magnetite ore
(Davis and Wade)*

Ore e Wet Balls [ Dry Ba]ls
- 10 10 ! i0- 1o

Ave. Strong ' Weak | . Ave. Strong Weak

. 72-35 2+79 2-01 -575 =750 -500

AA (24 Starch) o 2-83 z-92 2-20 8-45 | 9-90 7-45

B | 3-5% 4-00 298 1-75 i . 1:99 1-51

C S 3-19 3-48 2-60 1-15 1-32 1-00

D T 4-16 4-74 3-69 - 2-88° | 330 ! 251

E 4-44 6-10 3-10 7-06 i 860 - 4-21

F . cn 355 4-00 304 ' 370 "} 407 | 317

- FF (13}% Starch) 334 3-91 %87 653 7-31 . | 5-68
-G ’ 5-00 5-68 4-50 | 5-30 6-23 «  4-42 '

H £-60 . 3-06 23 z-e2 - 246 - 1-60

HH (424 Bentonite) 322 3-82 L2271 | 547 . 611 . 484

-HHH. (2} Starch) Z-67 - - 3-15 ©2-29 i 5-42 6-22 4-80

I ] 4-57 - 5-09 3-89 - 4-91 5-48 i 4-39

J o 3-62° - 4-87 271 229 339 | 1-35

JJ (5% Sodium Sil.) 3-86 5-29 3-07 - © 5-18 7-10 354

* Information Circular No. 6, Mines Experiment Station, University of Minnesota.
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HK—=LogE

Gog - AT, EE, S0 B EIEME A~ DA
LA SRS BERFE-QE 2 5 2 v. #idl
- VZRD | 2~3ft DOF 3 5 FE D IIRRTH RISk
C ARRITCHRER LI, El Bl ERRNWTH B S
Davis® ¢ Wade i3, fax« D~ %X A4 HKETEHRM
2 O IIFF & FVWARBFTO &R ~ L IR ~ VDR
BEOLLEHE LT 5. (Table 1 £8) 200 7 D
L ADT v XAV T ADERPIREERE O R BcH
W, D 100 DA - v 2 EEIERRE OERBICH Wb 1.
Table 1 OEFIEH1FEFEDFTZ 100 7 D= — L DR
BEONST, #OFF: 10 ¥ OE i S~ e 10 &
. DR 3 5FHE ~ L OEHERREZ R LTIV A

Davis & Wade i2f&> THEIN I HMEREDZEER
IZHAEDIEL & FEHKDEL 5 & DITE TN TS HIRDAE
EETEE oND B, v P A N BB Y Y
A DR TR — A DR ERREE 2 1T 5 DI
SHIRATTH 5 . O, WIRBER D EME L VEE
T — 3PNV IC R IBREE T L b K & IEE
&C%‘/f_:éa 25 NS EERT, EELET »H%. T
%%ﬁa&ajj:%'@@igéﬁ(:i]’ LT, vy FtY
b (REEEED 10~151b D~y b F A F HSEEREE IR
| EWERRORICAEICAMNI NG . C ORRIREI )
HADSRBHIZEIC RN THE INIE S b 4 I ICEE
Td 5. Cooke & Ban!'® i3EEfgs F ¥ ¥ AdBSOD
BRI D~ 77 % A A T 2B 3 ¥ BB P SRR
~ A DORECK X7 COBLNERTE, #HEi
BoN~v o T ORMCHE L, BBENS T ik,
MUT, TOMEDEM? Fig. 3 ZxR3. ‘

Ilmoni & Uggla 12 99% <2324 +& 1-0%
Eo2EUIFHICERAMD Malmberget #5453 b D
ToEE, ER, BEEROF Uy rOWERPE Lis. 2
DUYEE DFEROIEITAT Tigerschiold' (3405
D 71-6% (3 —400mesh B, iz 0-038mm X h/h R
CEFRB LTV B, THESELIS 0D % < DYk
HOFEZIERPHE XN T 5D T, llmoni & Uggla
D5 —~ % % Table 2 T34
‘iﬂvyb@%mmaﬁwﬁﬁwﬁwT%ﬁKM@g
N5DT, REMBNK 3 WRPEERIX T 2 By
I@xéﬁ SRS /2 5. llmoni & Uggla i3~y +5

£+, Ca0, CaCl, NaCl, Biiblz> 2y 7 (B&#) 18
EEED 3 RM UL, CORES, FORIC—H-S
DDRV o

FeRa EEAL, FORE2WARLEALT B

S0

30

CRUSHING LOAD-KG

20— /

|
7

©=- SODIUM SILICATE

o - smncn
| PERcENT BINDING AGENT ‘
00 oa 8z 63

Fig. 3 Effect of binders added to the sur-
face of pellets on their dry strength.
(Cooke and Ban)

4 B THD BN B FOMEEEL, ~U o b
PSEEA S NI — SR FICRENS T 5 D25 ¢ %
1T, ER-NOEBFEICHELTAEL LTHS- &

WEOFRIC RV y PBEBAINIIHG, Xv .y POEHEY

RSBEN v 3 v 7 R RET & %. NaCl, B
DOLEOFIMEy 2 v 2R B % 600°C LI LiTED 5.

P UTHRMUSO~ Y 5 M A 175°C 380D #0H
AT Ui A B8 U0

AME O m G

s % 7 MEICEARIDED # - A OMBEOEE®, ~
P2 FA4vDIEL T, BHHICEBRIN K- LDE
B OREBIZFRTO, RERS 7 AN, HORE
—PED IR I R T < - BB~ U » kDR
MR K DB OB DR E DR F R, SSET MK
B UOEIg R OBA 2B C A1, B AEHEL LT
I RUE S 678U . 2 BT, IR, WIRE, kA
B R SRR OB I R LTEETH 5.

FY B — LD

& Uggla iz~<v 54+, CaO OFEim:
20mm@ 3 — AV DEDRBEE #3555, Call,, NaCl, g
WZFBA EB UISWHEPRID . R - VO RERE
REInAEIE Lo 2-1kg » 6 Wyoming <y r34 b
0-5% 27.5)3[10) 3-5kgiZHZATI 5.

BlEA—IILDME

Ilmoni
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Tale 2 Influence of additives on pellets made from Malmberget concentrates*
Propérty {No Additive; Bentonite CaO CaCl, NaCl lBorax
'a | b 0°259%] 0.5 059 1-09| 3-0% 5°0%/0-25% O- 50/0 25/’,0 15%
Green Balls: : . . , o 4 .
Water content Ww, % 6:5 {6-9 |7-1 |69 |65 |65 |6°6 |65 [6°6 |66 167 | 70
Apparent density, g./cc 3-59 | 3-52 | 3-54 | 3-47 | 3-53 | 355 | 349 | 3-37 | 3-56 | 3-57 ] 3:55 | 3-52
Porosity, % 30-3 [31-5 [31-0 [32-1 [30-8 |29-9 ([29-4 30-3 30-7 '30-2 i30-8 -31-3
Resistance to dropping,-cm’ 100 100 100 105 - 110 115 125 125 100 165 | 105 90
Resistance to knocking- . : .
No. of falls from 10 cm. 25 22-| 30| 35 22 29 36 32 17 17 20 25
Crushing strength kg 22 2-1 2-9 |35 |26 2-8 3-2 2:9 20 2°0 2 0 2-4
Dry Balls: ' . : . | :
Crushing strength kg. 04 [ 04 {29 |6-8 [35 |45 183 ;80 |14 }12-0 13 [ 07"
Resistance to rapid drying- : : : i
Shock temperature, °C 175 175 | 500 | 450 | n.d. | n.d. | n-d. | 350 350 350 |+600 |+600
Fired Pellets: ) o : C o '
Apparent density, g./cc 3-97 [ 3-95 | n.d. | n.d. | n.d. | n.d. { n.d. | 4:0 3-94 | 3-95.| 3-92 | n.d.
Shrinkage at burning, % |51 |52 |6-1 |7-3 |n.d. | nd. |n.d. ({136 |53 |54 |52 |5 9
Crushing strength, kg. 1130 | 1520 | 1750 | 1970 | 1260 | 1770 | 1930 | 2310 | 1250 1250.| 1650 | 1475
Strength at reduction: L
Material+10mm., % 89 90 83 96 94 99 91 99 1 94 | 93 19 20
v +6mm., % 89 92 83 96 97 99 95 99 .96 94 .31 24
Reducibility: : P
Time for 509 red., min. s n.d {nd | 24 | 2] 22 | 24 26 | n.di! 19 ¢ 20 | n.d.
v # 959% red., min. 8 | n.d. | n.d. 90 | 120 | 95 | 96 98 |n.d. | 76 ;| 78 n.d.
Change of volume at : i :
reduction, % +60 | n.d. {nd. | +33| -6 | +8 | =1 | +9 | n.d. ! +18 ‘-i—llO n.d.

n.d. =not determined. Diameter of pellets=20mm
* Magnus Tigerschidld, ‘“Aspects of Pelletizing of Iron Ore Concentrates”,

Journal of the Iron & Steel Institute (London)

AN IR~ T ARINA DRET BEERRE R REMI 5.
0°5% D~y ++ A4 +REIEIREE%» 0-4kg 5 6°8kg
~BER . EiegED CaO (3%) I8 BiRE 2
8'3kg EEDHB. AL, 7 5% JEHNT 5 & MEEHHE
PEFT 3. C OB 3°0% OFKi: Malmberget f5
ST IBRBOETH 5 & 2R LT 5. CaCl(0-5%)
NaCl(0-279%). B (0-015%) OFANE %N Zh, 500
%, 315%, 175% WLIGEREER T % -

BERR A~ LY P DBRE

g TEFICRT YR T § MiEod 5 Cal
DIBEE~ v » FOOIRESIZ B R 5 2 A ITERER. R
Lishis, e Eing CaO oFRMmEDs 0-5% Ll &
7 AYIZEE 6 H»Tw. llmoni & Uggla & Si0: @

LS (0°169) RESEA~DEIROTRM I 5 BEO KM
Calcium ferrite (DARIZ X 2 EfERL T 5. 15
12 Xfesgergeic e T, Hiske7z Calcium ferrite 34553
Ca0.2Fe;0; O#EL% § DC & 2527z, Ban & Er-
ck®z3 2.5% OFKEDIRMIZ, 61°9% Fe, 7-32%
Si0; i BIE DT~ v DR EE BT AW R
BH U BEOBEIMNZ~ v » +H5 1100°C Ll EOREE
R A FEIRERD TS 1200°C [CRWNT, AR

3. v e B 500°C TBROTIERTHIS A &

CBREEREIC L, 1300°C TRV THEIRDADIZ~ U » b

REMINZNEDOD3EDES L35

Ilmoni & Uggla (3 CaCly (3SR O~v » FOD
BREEICHE LSO R BLH LTs. SRLcAs5, NaCl &
PRSI BERR ~ L » b DIBEER B3 % . Tigerschiold'®
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Fig. 4 Oxidation of magnetite pei]ets in air
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BEARSGo L 24 P2 147

Fig. 6 Sections of magnetite pellets.
{Cooke and Stowasser) ‘
(Upper) Separate sharp edged grains before
firing X 1200 (2/3 Contracted) 0il immersion.
(Lower) Bridging of magnetite grains after
firing at 900°C, X 1000, (2/3 Contracted) oil im-
mersion.
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CRIEAT AT DO T ~~ X A M S

WEELURD HEEL D ELOBRETHES slag &

~ 73 EA FOEFORER 2L U, BHFRFICIERICE
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~rEF XA T OREOHE TR SN BEEER 20
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_vy$ﬂ4%@«vﬂ4b«@@midvﬂmvyf
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REBITH B ~~ 2 4 Fid SiO: DBEEH & B R
Eﬁﬁﬁﬁbam-%ﬁﬂm,zjym@t@@&py
FOERE Y, AT IBELEINII AT v Y R
DDIEGOIHRFES :Z'_~<‘; 13584 ER S 2o, Cooke
% Stowasser'® kB &, <7 FAA FORKERHH
M@ﬁﬁf’@ﬁ’ﬁ%t@{b UTEEDO~~< x4 tOFERIC
B EREVEETHE~~ XA FORERIEREL, X
XY, HEBMCIERO <25 A4 ORISR~
~ XA FORMEBRELDTHB. OB Uy
DOPIM TR LEFLTR U » MZX DR LD, —~w
34F#ACWOT30®ﬁ%bLM¥®%A?5&%)
b Fxg 7 k.—ré’ﬂ%.

Cementation of

Fig. 7 three neighboring

grains after heating a magnetite
pellet to 800°C in air. x2000. (/2
Contracted) (Cooke and Stowasser) |
Cooke & Stowasser!® |3 = D>OE®E B2 TR Y
DENDOTEFED DI 26D <R XA D/
ZHHEE L. 2R
HC 800°C 2h A L, MAERFA 2129 LICAL, S E.
K(OODK-%@%ﬁﬁm%?ﬁ?i$ﬂ{F®«?_
54}«@@mufmzsmﬁ3n5f§<g4h@i.

DOBUE FEREOME 272 T b G LV E W T
BULCEL LI~ 2 A FOSKEFIIPEOSETF L b

L BES & D EEA T 5 DB TH X P T UR AR LT
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$ & M 4l 4

Fig. 8 Line of cementation of two magne-
tite blocks clamped together and
heated to 800°C in air for 2 hours.
Light hematite, dark magnetlte
% 2000. (1/2 Contracted)

(Cooke and Stowasser)

WA, BITESESIE, B ELED NI~/ F XA
FORERIBZER T CTINEERES L/SWETH 5. TiEW
BREAIX LTS ERMREREETH 5.

1300°C DI FO~~= &4 FEESICRVLTILE, 2 Hogk
REFESTEETSRES SRR E A RBOEKRE UT
D slag ZERI NV ZORELHTOREERORE
12, RED TERMBOBKETORENECDAEKE DTS
CIRUSH S WEIM RIS HET A ETCER B O #% &
13 1300°~1400°C T slag ¥fE3775 5. ZHEDR
BT, ~<2A4 T RBWTREET, KREETD~~
XA FOUSMETS A HEGHOEEN~~ XA +P<w2r %k
24 POKREBEADOEE b DT OREICEE S
b 5. (Fig. 9 BI) ~~ XA +OES LI iERDH
BEORDIZ, ~=2A4 20~ F 24 FOBNIEER%
slag THREE IV 5 #HR, vy FOBER ETFT3.

Idiomorphic grains of magnetite(grey)
and subhedral grains of hematiie
(light) in a lime-bearing pellet fired
at 1400°C. x1770. (12 Contracted) (Cooke
and Stowasser)

Fig. 9
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Fig. 10 The effect of firing temperature on
the grain size of ferric oxide.
(Cooke and Stowasser)
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UOBEROER 2RI 20D, COREH ETRA
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Ridgeon, Cohen, Lang'® I 669% Fe, 4% SiO.,
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DR béT@%k_ﬁ%ﬁ Uiz 20°C GDZBEQ{E tﬁé
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ERRED MO FH %2 B O FEMRITRE LIz
~< XA PRV o RS 1270°C DT OB E T
W& S ORI, Ridgeon & Z DREEIZE -« DZM
ROEBZTEHRT HERELDI. BBREIAIZWO»
DOEMFDHR Na.COs bk KW Th 3 HHFFH R
f7z. (Table'3 ) (LEHICHEL FeOs i3
‘Table 3 Effect of Additives on Strength of

Hematite Pellets.
(R1dgeon, Cohen and Lang)

‘s Solutmn Crushmg Strength 1 n.
Additive Strength| Pellets
Green  Dried Flred at
Percent ' Rapidly | 1300°C . .
Crams ; Crams 1b
None — 1000 |, 300 1500
NaOH | 2 1150 | 5400 2500
NaCO; 3 1200 | 4600 3000
K:CO3 3 750 1500 —
CaCl; - 3 800 | 2000 2000
MgCl, 3 1300 == 4000 700
- MgSO, 3 750 2700 —_

Na;CO3 DIRIMHSAEHT & > Tlehk SiO: DFFEEITIA
BEBThHh 5. HEEROBETO Sodium ferrite (4258
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MFEECERT, 7=~~~ DERBEERIFOD 5 DOK
SEBENS A 72, Fex03 D& ALY Oy 1-23mole iz
FAHTIERBFEET NI 02 15°3% DrA%~<vy b
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12 Burned bel]ets discharging from -
" traveling grate, (Stowasser)
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Hemat1te pellets containing 2- 50 percent of lime-

stone. and fired at 1300°C . (Ban)
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Balls being. dischaxg’ed from the balimé drum
and falling onto a vibratlng screen.
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