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ABSTRACT

The very remerkable progress in ironmaking techniques in recent years has almost
doubled the productivity of blast furnace and decreased the coke ratio by about a half
during the past decade.

Anong many techniques heving reslized such epochal dovelopmonts in operational
results, the most importent one is the improvement of physicel and chemical properties
of rev materials to be charged into blast furneco through the advanced technigues of
ore preparation.

This paper describes, with regerd to these ore preparations, the present situstion
of various ore benoficiation methods adopted both in mines and steel mills, examines
distinetive features, advantages and difficulties of such methods and finally considers
possible future trends in this field.

I, INTRODUCTION

The remarkable progress realived in recent years has improved the production
mﬁw of tha blast furnace mﬁim, and ngpaaia&ly in Jam where the W of
2%%3 mﬁu Ea m m tﬁs
eoonomicality of the operation,

The most important role in the development of such ironmaking techniques is
played by the improvement of physicel and chemlosl propertics of the various raw
matsrials to be charged inte blest furnace. Tspeoially the preparations of irem ores
is sffected for such a purposes The preparation of ores conaists of the sereening of
ores by orushing and sising in mine aites (or iron works), the elimination of ime
purities at the same tiwe, and the production of direct shipping ore of a proposed sise
for ocherging into blast furnsce.

The low grade ores are treated by the heneficiation plant at mine site, and high
grade lump ores or high grade fine concentrates are produced from lov grade ores, and
then, those products are supplied to the iron works.

For preparing low gradc ores, a proper method ol concentration suitable to the
kind of ores is adopted to produce high grade ccncentrstes. The produced fine con-
centrates are sent to iron works in Japan as raw msterials for sintering end charged

into blast furnace after converted into sintered cres.
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Recently, as to fine concentrates, a projeet is planned to produce pellets and
nodules of = proposed sice for chearging into blast furnsec by the agglomeration at mine

site and supply to the iron works.
This report chiefly describes in deteil the "Standard Processing Methods of
Beneficiation and Concentration",

II. SUPPLY AND DEMAND OF IRON CRE IN JAPAN

Prior to my lecture on the peeparation of iron ore, I should like to briefly
explain how the stecl industry in Japan uses the iron ores purchased from verious
countriea in the world,

Table 1 shows the progress of the utilieation of iren ores by ¢
years from i9%9 to 1961,

As you are woll aware, the supplying capacity of iron ore resources ia Japan is
too poor to satisfy the stecl production cspacity, The domestic irom resowrces
accounted for 36% of all the iron materials consumed in blast furneces mad for naking
sintered ores in 1959, and this percentage lowered down to 29% in 1961, Table 2
shows such fluetuations in our iron ore utilisstion.

The feet that the sinterod ore plays an impertant rele in the blast fwrmese et
ion will also be touched on in later chapter, and 1 mmmz ?&ﬁ:imﬁl
purpose of understanding the eotusl sitwation of the impor 3

The sises of the imported ores have eueﬁwbmwmmmﬁ%ﬁ
retionalisation of the blast furnace a;saraﬁ&aa anid the progress in techniques. 4As a
result of such examinations, 1ammtsabemaftaarmtmmtm&m
eruefaei&ehaving been allowed ton yeors ago sre crushed again at present to a
desirable sise to chargo ores with an even sise into the Blast furnace, and this largely
contributes to improve the operational officiency of the furneces It i beconing a
matter of primary concern in Japan which of the combination of thus excellently sised

iron ore and the sintered ore or that of the former and the pellet is economically more
favourable for the blast furnace operation,

1. Consumption during the Past Three Years in Japan

(1) Besulta of Jucortatden by couutry.
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Teble 1 Imported Ivon Orves by Country

Unit 3 1,000 Tons

z:::g;a Others| Total

e W4 _

329

Domestic | Ironesand
iren | Pyrite oinder
TOsOURSed iscellanoous®

. X ——

o  fTotal (B) |
‘Dependency (8)/(C)

Total (C) 16,018
W

Notes ¢ (1) Data from "Statistical Survey of Iron and Steel in Japan"
of Jopan Iron and Steel Federation,

(2) *dseellancous materials include mill scale, open=hearth
furnace skaull, soaking pit scale, blust furnnce flue
dust and converter fiue dugt.
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orted fine ore

(3) %i.izetion ox i and sintered ore
A A S A . -

Table 3 Ulilizction of T.ported Fine Gre ond Gintered Ore
Unit: W71

Yaar ) 195¢ iseu ’ 1651 ]

| Import Finerér ’ :
, " Ivon eFe 904,363 |
' Dorestic Ironesand . | 721,231 7%53,h33' : 941,98
prﬂé“m““* Pyrite einder 1,295,686 lydday T4 2,€20,659
se. o ThnyB65 993,013 1,205,529

i i i " ( s - e o ‘m‘
?etﬂl eunlunption 6,3‘1,?35 8;221,277 13,12n,765
7 , I ‘ e S s :
Note: Deta fro; "Staxistxntl Sur?qy of Iran and Steel in Japan" and "Deta far
Reforenes of the Steci Industry" of Jopen Iron cad Steel ?eﬁergtienm

24 ttilieztian of Doaestie iron Hescurees
r,(l) 8it

The iren sand bods onist wat aﬁﬂﬁaantly in Toho'u 1 triot’ (northern -crt of
;Jh‘ﬂﬁ), ahd so=called beaes typo iren scad in the g;iu?i&areeea 2y the majar%ﬁy of these |
~beds froa the :eologicel —oint of view, tnd the mseeshore iron sunc aelda the mecond

‘place; the totnl voluue of these two tyses of iron scad vecounta for ebout 90% of the
total iron s 'nd reserves,

The production hes inecrecsed with tie inerense in denend, It exceeds thot of
doestic iron ore resources iu recoent yerrse  dost of the consupmtion is for sintering
(for blest furnnce) and for suiing eleetrie irong es .ecinlly the irportance of the iron

sand in producinge sintero’ cre is only beecuing lar;or,

deserves of lIron Send by District rtﬁit: 1,000 Tons
’

T _Bistriet o . : . '

. Ty omice  Tohewu ¢ dante  Chu-oky ayushu .| Others ‘Total |

i e — . H .

| -

: Voluie of . ' : { ,

"oahipoing ere 5,3.C 38,990 5,990 ' 1,050 6,:5C , 190 56,010 |
tevecentage to ‘ '
totel _reserves . 67 10,0 27 11 - 10U

y
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1) Qeilisation
FProgress of Production and Coisutption

tnit 1 /T

Production

59,083 | 1,418,915 |
. 80.660 1,570,197 |
140,319 1,785,747

853,633 | 635,004

1960 , 1,584,000
1,22

_ m&: mae of ﬁmmm, there are following fex.;' onges,
depending upon the deposited conditionss namely, the senshore iron sand, the
bench iron sand, the wountain iron sand r:l the seasbed iron sand,

The seashore iron scnd was coused by the aecuma'atior after the alluvial eposh,
It corasists of loose sand strata, and this diffexvence from the bensh or mountain iron
sond caused by $he ascumulation before she qjluvial epoch largely affests the actual

The seashore iron sand beds row in operation have the stratum thickuess of
sboud 1,5 m = 10 m, ¥he dron content in crude sand of 55 - 18% Fe (the recovery
pezoentage by magnetic separation of 5% - 15%), nlmost without eapping (ﬂﬂ*hﬁ!&tgl; |
uﬁ she beds genmerally oceur in approximetely horizontal strata,

The stoping of the vee~bed iron sand hes recoutly been corducted partially on
commwreial basis. The method ol stoping ic tv punp up and menetically separate
the exrude cand on o shailow rea=bed of ahoub ® 1 = 10 m deepj but there nre still
eeds for furthe: studies on he disposal of waste sand, the limit of nllowable
depth of operation, ete, The stoping method by means of the dredger involves the
stoping of orude sand by pump and by bucket, It is neccasary to chose e proper
method after careful examinations on tho treatment capacity, the cost ot faeiliﬁu,

the operation cost, eic., since the above iwo methods have respective advo,ntag,eonl
and disadvantageous features.

iv) lMeasyres to Irprove Grode_and on Pxample thereof

The principel minerals in the iron sand arc magnebite, ilmenite, ulvospinel,
rutile and the magnetite occupies the most part. Therefore, measures to improve the
grade of iron sand are now taken only by mecns of the marmetic separation. There
exist also the gravity concentration, the reducin; roasting, which both are edopted
only for thc special purpose in limited fields of the industry.

———
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Chemicel Anciysis of Iron Sand Concentrate

PN SN A - ol - - .r " T ;
e,
T Chasteal . Feo s40
‘!MN

The grede of ..l lion sand 4o also irdisated susily by the”
Tesovory pereentngs (yield) of irou semd conecntzate by
magnetie seprretion wnieh feprocents the content ratio of
high mignetic riezels, This perecntage doos not always ,
agree with ihe iron contents by ehemieal analysis, and these
are rolatively J.rre diffeeneces in most cases, ' :

Py

- {2) The econouicel L minimm recovery percentaqe (yield) of
ornde sand Is 55 - 7> {the yleld of iron sand coneentrate )
in case of the st ragnotie seperaticn,
The grude of culc 87,1 dealt with in ac’ual operations is
- % the yield of 7/ = 15 for seashiove iyop sand, and 206 - 30%

sor beneh dron o v, and the grods £ dren sond eoncentrate
by macnetic ceraration 1o abov® 53 60% fe.

aRRment snd_veilization of limonite deposits
The iron ore resources ir Jawn are by for Yoo poox for the ironmeking ability
in the country, but limenite deoomits have keen exploced dnd developed for the
purpose of fully utilizing domesti: rercurces, The Umonite deposits are classifiod
as follows from the viev point o: “heir orinins 1t :
1) Chemical precipitaticr doposit (1imonite beds),

2) Residual deposit,
3) Cave £illin; deposit.
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Among thesc three types, only the first one is vorth bringing into operation,

Some of the typieai mines developed in Javan are enumerited below i

The deposit s situated In the skirts of ibunt Sharans with the length of
2,200 m, the width of 200 m and the depth of 2 = 35 m,  Acilic sulfuric chalybeste
‘springs vell up here and there on the unper part of tue deposit, of which the -
W%stm is arovrd 20% C, Ore beds are orused by the preeipitatior of iren
"nsﬂreﬂ:h ot & lower ecilily.

ning method, Sinee 1944, 3;5

?“:_tiag =) have haa &xma‘ , ,
aples of the analyeds of the 1%3& w 8 followss

ﬁma u&a@

: Tho geoiogy of the area uasiuu of volaanie luvas ¢f the Cainercie evn,
'!sﬁimm. and voloanic &shu; The lisonite beds exist in the plateru of
1,100 - 1,706 m abova ihe pos lovel, and 1% i3 covered oy voleunis cehen.

‘This ic & chemiscl precipitntion of ehe"yha%«mim!al apring, eeni&&atm
ferruginous alunits and hydrophonpherous minerals. The depth of *he oro bede is
1S min mﬁmum ad 10 m in ’a,Ve:;née; ffh@ produciion hag reached 1,25 million tons
since 1937. Thu oxe irom this minc had Lasn very wiaely \ﬂ-.ilized sinee 1937 when the
Thomas' pocess was adopted in Japea (by Nigpon Kokan Corpomtion), but the
produetion has deoreased wi%i thé ruspension of thv sadd process in 19%7.
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Fxomples of the analyeis of the ore are as follows t

Deseription

1983 3,08 | 2,54 [1,922 | - 22,17
pPhosphorous 19%4 44,59 237 1,920 - 21.33
°re 1958 | M85 1186 (218 |61 | 24s |
Ordinary 19%6 41,02 [0,60 |0.684 |10.41 | 22.3¢
ore 19%7 46,70 0450 0,700 [11.20 32,2

Year

1982 |

Fe

43,345

2245

2440 | - %

¥y

| 99400 | 0,30 10,300 | 104t | 3800 |

The Jyrite is one of the most sbunlest mimeral rescurces in Jagan. The
crude ore of pyite is purified to the pyrite concentrate after m; grinding
and flotation, and then, §s $wested in the sulfuriszing rossber as rewvemnterial
sulfuric aeid, he residues (pyrite einder) from suoh treatmente are m&nk
utilised as nn effective ivon sowrce of sintered ore for ironmaking ,

The sise ai‘mmﬁtmﬁhwmiﬁ
videly wbilised st present is 60 ~ TOR with minus (=)200 mesh,
chemieal analysis is as follows 1§

Analysis of Fyrite Cinder

A 604605 | T30 | 120 | 1,648 | 0,020 | G,288% | 0,428
B 60,75 | 6,79 1,00 1.048 | 0,006 | 0,222 | o,
c 60,80 | T,1R 2,07 0,484 | 0,023 | 0,232 | 0,10
D 61.70 6.% 0,63 0,999 | 0,013 | 0,142 | 0,40

In the case of a high eontent of copper, the pyrite cinder is usually used
Examples of the chemieal analysis are as follows

after decoppering,
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Analysis of Ordinary Fyrite Cinder
and Decoppered Pyrite Cinder

$7.45% 0,486 2,140 57.3% 0,266 1.8T% |
| 58466 0,48 .15 58,85 | 0.2 | 138
87,06  0u48 2.19 88,93 | 0.0 | 197
| s6.92 o2 | 2.0 [stsoe] o ] 180 |
96,65 | 06 194 | 9864 | 00 | 1.8 |

poiermmlarsos e e sudt
Orede of resovered copper § 65 - TOR Cu
~ Copper vesovering s 98k

3, BSises of Rew iaterials Charged into Blast Furnace ad Other Sdeelmking Furmases
aammmmmnmmusmgsmmncmam

 ron o¥e 5 « 5 m i $ = 100 wm 10 = 30 mn

I ‘TL ,
Limestone 30 ~ 60 mm
i

_ ———
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4. klendi:ag of Fine Ore

8ince so many kinds of ore are imported to Japan, it is necessary 4o Wgen.ile
the nature and the sise of ores to reslise a stabilised operation of blast furncce.
For this purpose, & large quantity of ores are scoumulsted in & vast storege yard
by size or by deseription, forming the stosk-piles of rectangular or scm’eireuler
shape, remmmmsamdwmm. ‘

ﬂamamuﬁ‘mnmmmmmumtmrmm
fismsfusiﬁmai“ﬁjm,ﬂm, ores ave taken oul from those piles
by means o2 ;mmmmmmamm, w&i&ﬁ%aﬂgh
mmummmgw,ﬂ&ma,;:f— y rkab)

ﬁ:-t fi% osvs.

In mm lﬁ mm, 3 ee— . fine oves &w $he erushing
rmwm:tanmmmaﬁmﬂ?”@ ‘
care is being taken in onder S0 mintmis: ’
stoshepiles, ‘
the zange of £ 0,48 7o, £ 0,98 a0,

i e i m 7
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111, CRUSHING, SI1.ING, (.SillG aND CLaosSIFICATION

i Ae the primary process of the standard trenting wethod of the beneficiition of
iron ure, the erushing »nd the sizing ar. perforned, and then the elasoifieation is‘
made as 1o the fine ora,

Furtherncre, the most suitable nethod is adopted ameng the rravity ecncentration,
the heavy modia scparation, the magnotie separaticn and the ilotation neeording tu the
kind of ore i) be prepared as neeessity arises to produce the lump ore (dircet shipping
ore) and the finceconesnirate (hipgh grode fine vre), | i
1. Crushing
(1) Byroose ui;_ggmhi_%

The erushing is riade for the ;mrpaaa uf mahking crushed gﬂs of
of making the ore of proposed size in ecse the ore size i3 too 1o r
commereial use with the difficulties in praetiee, and also it is s%aéa !0!! the
scparation of ueeful minercls and gangue (liberation) in order te extraet useful
mineral s from mined erude cres,

(2) Crushabilit

Forees ieting when crushing n substanes are elassified into the pressure, the

shoek and the abr. miuﬁ {cr shearing)s In cvarsc crushing,; it u' effootive to
utilize the pressure, while the abrasicn oan be suceessfully wiilized for éaa o
erushing ur grinding, Though the crushrbility varies with the hind of xa&k ;m& urey
the ore is liable to be erushed nofe casily than the ruek or the f*;agngg e
relative difficulty of the crushability can be also known from the characteristie
values such 13 eompressicn, impaet and abrasicn degreesy the erushability &ﬁﬁ?&aﬁaﬁ

aeeording - 3 thete valuos becume highs  an exampleo of the conpression degroe s
shown in fullowing Teble, '
Example of Compression Dexrec

ul")ﬂ of naterial Coripression degree (.‘ag;/ew?’)
Basalt 2,500 - 5,000
Grunite 1,200 = 3,500
Limcustone 1,000 = 1,500
sandstone 600 = 1,000
Nematit 250 - 1,000
Grlenn 150 - 20C
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(3) Neth ds .f op LBa sind o ]
The sisc of erude or. nay somctimes attain to 300mm op nc®es In a orushing

plant, ores are subjeeted usurlly to two tu four stoyes of erushing fror: the coarse

crushing through the fine erushing tu obt.in - roquired simc, for exampl o

5-25mm (1/% - 1), Gonerally speaking, 1 lurger dressing plent has so much more

stages of erushing, cud » plant of o mdnor sesle hus only one or two stages in most

eases in view of the saving of the first cost .f frellitien nd the sisplifieatton

of uperatiun contril, In the latter ense, hovever, the manual erushing is usually

made by large handdarmor vrdor to the roehante:d erushing as the cuxil fory operatiun,
AR oxample of the erusher used tin oaeh #ta e stated above, whieh is properly

sclveted aeeording tu the tonnage of food ope, the proposed sise for orushing, ote,

is a3 followsy ,

(3) 1In ease the final siav of vushud ore 18 ¥o be around 12w (§%)4

1st stage ~ Make type
) 1In case the finad sise of crushed urc i 4o b arcund 6mn {i’j@k
18t stoge Blake or Gyratory type
ad etz Synons Cone or Pine
Ird stage Rall Crusher oF Syuon

, , Short Head typo -

~ The erushing ritis (axtont of ¢ wehdng) $51 12 =1 & 6 48 above desoribed sases.
Then a fine yrinding is Fegired, for instance, vhen 14 is ro Miroc

feed of magnutie soporation of flodation, 14 is Nedossury o grind ores down to

48 « 200 mosh, In this process, sush wet srinding naohines as the confeal ball mill,

the rod nild, the rarey mill are wswally utilined, Sinee the grimding aetion . f

these grinding nachines chiefly doponds on the abrasiun as oxplained above, it is

desirable that the sige of foed ure is loaa thun 2% (1%) Lp oven about Sewn (1/9"}

A pusaible,  The eritieal arinding sisc is Cotemined by the ecnsiderstione op the

degrec o€ liberation of faineral nd EaRcue amd the grinding, custy  but boequse the

srinding cust i» cunsidorebly hizh, care should be tiken not t. make overgrinding,
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The sizing includes the serovning and the clossification, of which the former is
to classify, by means of ~ serevn ur o siove, grains iceoerding to the proposed siz.s
when treating with rclatively cuarse siges, whilc the lotter is to attein the purposc
of elassification through the utilization of the differcenec in the suttling veloeity
of particles in the woter or in the ~ir when dealing with fince size which eannot be
vbtained with the sorvenini, Lven for the particles «f the same sigze, thercfore,
’l&a cases may cceur where the unes are trected as the float produets and the others
c—si the sink produets, cccording to the difference in the specific gravity if any.

The Jdmit of the sise in n actusl operntion iy 1 = 2m(1/25%) in goneral.

When diseussing the sise of or> groims, no difficulty will ceeur if the shape is
sphoruidal or orthohexagonal. In praetiec, huwever, tho shape is nut uniform at all,
Thuse erushed by pressure are gemerally iiable to be of long plate shape., For
example, the proportion longth t width 1 thickness nay be 3 1 1.5 1,1, but this
proportion bocomus usuclly smeller acvording s the sisc buecomes fine,

It should therefore be ncted that, in sercening, the size and the produecd
m%ane of undersise products vary with whether thu shape of sereen holes are :
postangular or squarc or round. This is clsc the ease tith the tlmaiik&iam :

In order to ubtzsia the sise proper for cumamial uﬂa and to imﬁr%;w ef?@ﬁiféﬁéy
in overy stage of euncontrniion, the sising pl.ys the folluwing important roles.
¥§  each stage of the erushing, thosc ores alvendy erushed to the pruposed sise are ! e
 famediately removed is undersize through the sereoning to imerenso the crashing eapa-
eity of the erusher, :nd in the grinding, the classificotion enables tu provont
from overgrinding and improves nut only the grinding effieiency, but alsu the
magnetic lepura.tion or flotation officicney.

1) M '

Tbe serecn is bru dly divided int. the fullowing two kinds:  the fixed and the

moving sorcens,

The fixed sercocn, called the yrizzly, is uscvd fir treating large siacs, This
type is chicfly installed with 4 gradioent of 30 « 60 duzrees before the first crushing
stage for its superiorities in solidity nd treatnent enpacity rather thon the
aceuracy of servening size. The maxinmr size of undersize in sereening is about
70 « 90% of the sereen aperture, ~nd the troctiient ciprcity is ‘letermined by width
and aperture of the sercen, of which thie stond.rd treitment eupacity is 125LT/24Hr
per 30en? in aperture 25mn (per 1 £t in apurturc 1),
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The type tromsel vhieh is used for vol. tively e irse itins armon., cther typues
o8 the ivving sercen 3:8 2n advanti.e thet it cwn bo used buth fur dry nd wet
perations, but its mijor defeet is that the offoeidve wren in sereening is mall,
The diameter is the rost irportant foet.r deterridning the treatnent enpieity,  The
c:pacity is 0.5 = 0,9.:0/24ir por en® in sperture Trfper 1 r? in aperture 1/25")
inexse Lf 1,81 (6 £t) dicioter md Lbout 3o (10 ft) 1ongy, A 9 wking: servon or
vibrating sercen is uscd for serecndn; rolatively fine grains within %0 « 60m
(2" = 21!&), Thosc types of sercen arc effcetive in rolation tu she fluor wpace,
the seroening eapaeity nd the aseeuraey, vhilc they crve bohind the trommol with
Fegard ¢ the treatnont of the wettid opes, vspuedrdly the oros sontaining olay.
& shaking servon has - longth of 1,5 = 6n (3 = 20 ££), 4 siuve having 1 dinensiosal
propurtion of length 4 width = 2.7 ¢ 1 has the copaeity of 8 « 15 Mr por lﬁe {9 !%35 "
wd the osedllation mubor of 80 = 300 &.ic with the wplitede of 50 = 200m (3 « 8w . |
It is neeussary b fnercase the mumbor of vibration dn urder o sercun fime particles
vith 2 higher eapaeitys The vibrating sercom has been devised for satistying thie
requirements  Suwe of muercus Sypes of this sercon have sush . high vibration as
1,000 = 3,300 R.Puiis with the nuplitudo of 1,8 = 2% (1/16 = 1%) by menne of 4
spoeial ceountrie nochanism, sams and un clestriend vibrator,

The Tysroek serccn is used for ordinary purpose, asd for fime particlvs, ve bave
$he Luwdicad serven and vther typos, Al Jf these Wpes are distinguishod by .
larger enpredty amd fowur echoking up f the siove,
3 Woshing .

The serocning of siieky run € mine i mdeo in She fulluving ordor, It is ot
firat subjoetud . 2 ecarac erwebieg 4o o proposed siso, foe, usuadly loss than
100me (4"), ind then servoned whilde romoving fimo elay adhered tc ores by water in a
serubbor mill .nd ewrrying it to o vibroting: serven or . trumol with water spraying,

The pate of water consumptiun in this 0asuy varying with the quality of $he ore
and the eonditions of tho mixed Pine eloy, is a8 folluwe dn gonoral s

Fuud erudo ore fater consumption

(Hemntate) (about 2113/&3 of
prussurc witer)

1 ton t 2 tuns
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4, Classific.tion

The elassifier .r the eyelunc is ~dopted for elassitying: fine ores which cannot
be casily screened by the vibroting or cther sereens,  as thoe classificr, such
mechanieal classifiers as rake, buwl, spir:l .nd draz ind sume types of eyclone are
widely utilised, but cther hydroulie el-vssificrs ~nd slime separator are used only
in o limitod senle,

The truatment eapoeity of « mechandeal classifier el.sely rol:tes with the sisc
of partieles in scparation, cnd separnting size of partielous is affveted by the pulpe
density and the flow speod of pulp in the tank,
‘ Bost of the eyelome types huve o ddameter of Tmm « 35% {3‘* - Iai”}, an. iale
Vﬁﬁjﬁ,f;e of 1 = skgg‘&z ond a tep;;msiﬁa po &&% of abﬁﬁ me 200 ms&,

Gf ﬁﬂ soparation pois ,f;ad ﬁw de = : IR 7 :
of the Vaim of fﬁeé a?é; iﬁt tiow &?ﬁﬁd Fsaﬁ thtg mrita} ’}?@?@&tﬂ uf ’ﬁ’lé :
bottom r@eﬂ&ﬁg.

~ 413 mesh| for simter food
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IV, incicnlI0) 0 ik

In order to vxpluin tne ireciment of iron ores, 1 will try to give BUumma Ty
definitions of ile ;ravity concentration, tie magnetic separation and the heavy
nedia separution, and also in view of the recent remarikable progress, the flotation
will be toucied on briefly togetior witi un exampie of operation,

1. Gravity Couceniration .

The ore grains iaving different specific gravities do different movements when
on outside forcc acts on them at the same time, It is tuerefore possible to
sagarate two kinds of ore grains from each otier, ; ; u

Uswally tne Aydraulice power and the pnewnatic power are utilized as the.
~ outside force, | . o

The free "faliing :éﬁ?ement of ore gr&ms i, rﬁlﬁﬂ !'g' thc ta:rtc
eleaments of gravity, buay;mey and re&istiviﬁy‘
(ii) In tue wetual operation of Yie gravity concentration, muny ore
sFains are sug, sonded closely to eaei otier und sink down in aif&aﬂng

eac. olier, {.at is, the novement is ruled ﬁy tme theory of to=called
Ma&erea “alling, '

as Sura izwn

in f;j
ﬁiﬁzsfa of grsnular or fum r&mﬁar orer f?
« ﬁter aaeiilamxg up and down,

In this methaﬁ, the mixed ore @,mins oni the uﬂen are mbjacted to the wy and
down movemenis Ly the repeated up wd down eurrent of vater, and ’me ore grains of
& largar specific g,rewity are settled down to the bottom layer of ores and concene

trated, and tius tie ore yrains of a smaller speeific gravity are separated and
rejected,

(3) Shasing 1uble Cesaration

siie snaking table bas 4 mec' qnism norizontally shaking the table at approxi=

mately rigrt angles to the di rection of the flow of washing water on the plane

inclined surfuce of 4 table, ‘he ore jrains of o smaller specific gravity are

druined away wii.. wisiing water to the dircetion of tie slope of table, waile those

of a larger spcciiic pFavity move to thLe direction at righi angles to the vater flow

'R
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by the inertia uction of tne .orizontal siaking of tiwe tuble, and tius the
separation is effected betwcen tiese two kinds of ore grains,

This metihod is adopied for separating oxidized ores which are not suitable
to the flotation, as well as for utilizing it often as an auxiliary operation in
the flow of flotation process,

(4) Example of sravity

Wty sopcentration
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2. heavy media separation

The heavy wedia scparation was adopted in 1948 for the first time in Japan,

aadg by 1960, this method hus been used in more than fifty mines (chiefly in coal,
copper and pyrite mines),

The types of the nuchine used in the metal miau are Akine and iirlifteCone
types and mostly /emco Lrum type in the coul mines, The treatment capasity of a
unit is about 20 - 100i/kr, :

In many cuses, the heavy media separation in metal mines is conducted as an |
preparatory operation (rough aeparattw) of the flotation or the magnetie uymt;&,_
- #hile taut 10 cosl mines, fer obtaining the finul products, |
; ‘f&: size of ore grains treated in tie La&ty media separation is usually xmm
to the range oi Sowm - ﬁﬁ:@{iﬁ" - 2-2{3"} at present, It is however emcteé that,
~ia the fulure, the treating tecinique of fine gaftieiu will iarhely be developed
by yemeral adopiion of the wink-rloat separating maehine suitable to trut fine

grains below Smm (1/5") (Cyolone type or i umbelt type), : ;
as the heavy medium, tle forroesilicon or the golena is used in case of
relatively hig: speeitic &ravity of the hLeavy méia, and the pyrite or the magnetite
is used in case of a lower specific gravity,
_ Por treating those of low spoeific sravity as tie ws;, the write T i
_ madnly utilized, : . , : |
 m order to obtain satisfictory results in an ag@mﬁu nf the heavy media
ration, it is essential to keey the i?ﬂfﬁl Eravi *@ of the hoavy leéi& alvays |

'at the rated value, and for this purpose, the aseurate control is W&; aﬁe by
means of the automatie gravity snetex.
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an exumple of the heavy .edis separntion is shown belows

Flowsieot of vy, edia Sec . r.tion
. " Fn S vl A W A
aeyvy .eni: Cew Ore {Lu Grey

*

3,  lLagnetic separation
The magnetic separation has beeny for its convenience and eificieney, adopted
singe some hundred and fitty years, The imsortance ol this process ix inervasing
more and more in all the fields of tie ore dressing methody not limited to the
magnetic iron ore,

Go far, the low intensity magnetiec mepar.tors of about 560 = 2yU00 Kausk Lave
been used for the purposc of separating bigh naghetie minerals sueh as the magnetite
und the pyrrhotite (special kind ol pyrriotite), I recent years, bigh intensily

magnetic separators of 10,000 - 25,000 paurs have been remarkably developed for
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treating low maghoire miner.d:. suer. “® pafet wd volira ite, and are aow put to
practicad use (or resakalii, socewdar Jenait oo and biaoni v I Boiie Caases abroad,
Thus, this ty o0 o Lepalator s oxpanding ats [iclds of wtadieaiton larger wd
lurger tovard varicus scets og Lo Min. ousiry,

fae most Lol d use o1 oo ety PO LTAlOr Al Gkt pres et B8 o
TeCoVer iron sail ConcebtPuic: 1o cru. Sadidy It i alio wetively utilized in
various fiedds snclucin, ti Broifa e d ol magfictiic ad oy rerots ity bae Pucovery
of mediun in iesvy wedin BE AL LROR WG Lie Peeovery of dron ecntunt of vlast
furnace si., or “oelbesPt: furhacc sl 14 ironcaking,

MO8t 00 il Lagnetie selislators arr 6f wei Wyouy and e tre vaent Ciloseity
of aw umit is o . 504 r (eruce sano), & o Lie geed WaieTy 0. somy
Bopulitors use oluet Foagheiie 1y ¢, 10 coianly used BUSGFaiery Lo emabent
Waghot ds widely wiiliacd and (lis WO o0 e al Lor 48 eXaceiod to De develojed
Fartler in tic (uture,

A eXuligl o tue (lowsace: of b et s . retioh o iren - 4 i 2 own
belowy

. Flovsieet ot qacine Segaration

af lren Sapd

A Ter trude Sune
mm——————» ﬁ! f;é&}}é P

&

§ i!i.!‘ﬁifgi LK |

e SN 2 ape

(1y00C | ques)
i7 ! 3;1;1&31 if’ Sﬁ?il.
L2 ————— ( {i)
h-r e — S, W N * (000 : a&lif'i\;
2l ;xiﬁffi}i' f*n*ts.

- ) (C
irep ’ tall ;

m—«-kﬁ-cﬂ—-—*i
4 q_tj (KO e
Ire Lanctae Ty

t- . ; {1 (©)
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4, Flotation (un example of irvatment of cuyprifcrous mynetite)

It w.s been o subjeet ol long study to obtuin nig. ride concentr.tes Lirougi
tne treatuent o: irc. ores by {letuticn, but this metuod is ot so widely utalizeo
for the ecomomicul reusous,

In order to Lut this metiod 1o practical use, il is neeessary to muske funda-
wental studies on tue uineralogical eomjosition oi erude ore, the grade variation
of valuzble minerals and on e possibility to iivourably effect the liburation of
valusble winer-ls and gungue in producing concaentraies, Tuere .:fz in dapan
maghetite de.osits involving such noneferrous minerals as copper, lead, =zine due
{0 tie eauses ol ore deposiis, a5 to t.e run oi mine ore [rom suci ore deposits,y
the differential flotation of copper, lead and zinc is {irst effeeteds the rougi
concentrates of coper and lead are recovered as tae frot: of tav tirst flotation,
and tavp, the rouy. concentraies are separated to copper concenirate and lead
concentrate tiirough the cleaning ilotator, Tle sinkeores of the lirst flotation
are feeded to toe second flotation cell, and t.e ainc concentrate is recovered as
froth ia the process of the second [lotatica,

The pyrite concentrate is recovered as the froti in the tiuird flotation from
the sinkeores of tlie second flotalion, In a mine in Japan, where the crude ore
of pyrite eontains arsenic, iige arsenical pyrite concentrate is recovered [rom
the sinkeores of the third flotation in tie course of the fourtn flotation,

The sink-—ores of ti.e fourt: flotation are feeded to the wet type magnetic
separator, where thc waybetite concentrate is recovercd, and thus the purpose of
the differential flotaiion and iie wmagnetic separaiion is attaincd,

A example of the flowsieet of tue differential flotation for sulphide

minerals bearing mugnetite is as followss
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In Jajany tou cares are rare viere too flotation is mede lor  cinde
purpose oi ob’uining iron ®encentrate, fae raghetite 1o pecovervd os byenroduct
of tue Fecovery ¢ valuwbl. nor-icrrous uinerdls, Yaks oaoPs ol sroduetion bas
80 f{aF buen ado2tued s tiue wuxiliary weals Jor preducing sdditionsl iromsasing
rav materials, | owever, vit. e PemaPiaole progross ki this iiclu, sue.
netnod will oe stonted dor treeting Bow Posoure ., ad ii the advantages o. st

o method is recopnized from iue view poind o1 tiv puyebiliy od the chberprisyg

it will greatly contribute to tie full wtilization of widevclooet 1roB Posoureds
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e Umoue o (107.2)

o N o W

R R .

P P Jorkdng nethod
ﬁa;g;fa??f}ﬁﬁ o i

niaerel ; T ———

Cota Toen- - Undeps
D o fhd ; !

. ‘ sit 1 ewnund

o s SRR SR TR

ﬁhieﬁ:ibu‘ §‘ 3,

Gunme 13,327 ftsfey

Dungun 1,995,538 |864,214

Temengen 4T6,T58 | 29,034 5&53‘;2 :
Larep P [o68,535% | oea,sae ¢}

* in ihe yeer onded Sent, ¥ 32, 1962, wet volume

In the examsles of omuishi ond Chic it i ines sresenied as vhe tyslesd
#ines in Jujen, the eusrifercus nepnetite is severated to t'e Cu-concentrate wd
the mapnetite concentreote, « ' :

Those of Gunme and Temoanen, imleye idnes show e i wile ﬁ&ﬁ’*iﬁ% and
scroening srocess performed in t'¢ overnifon of 1imontte ore TERCPYRN,

in Dungan, Poleye and Laren, Philippines . jnce, o sweicl crushing and
sis&:ﬂg process omasizine the washine is cdovied due

of ‘the »roduced ores: thowever in the litier pine, "o meoneiie sewration is
tlso adopted ot the same tine,

e tw saeeit! feutuves
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Vie AGGLOMLR.TION

If an outside fore. acts on the ore to wechonieally “reck it, and the ove i
sevooned to a size we desirc, then the fine ore is wroduced in comsequence. Algo
tn the wig and steel weodusin~ wrocens in an fron works, the “lest furnace flue dust
is montancously nroduecd from the “last furmice and the converter flue dust trom
the convertep,

In mince, wvhen the Slustin: is made for oxeavatin: ores, in onge of dgeing
mechanically and of loeding o unloading orvs to the wagon or Sruck for
tmasmortation, $he volure of oroduced fine ores attaing « consideradble anount
Slee osused Ly tho increnge in the volum: of hendline ores,

If these fine oves ave whoccssod to vy mtorials wosni®1c o be eharged into
blagd fumnes, the podc nlayed ty sueh & nrocuss will surely be very tmmortant
in the cconomie wroblen of the blagt furmacc omemtfon,

1. Gviquetting

For the alove wmrnone, vasious protennes have bSeen devieod and ave effeotively
uttilised. The soat lasie one Smanz these wrocesees is %0 8dd & neoper volume of
solsture and Linders to the Time ey Yo forr Shrouch the wresgupe forming from
outaide, to inoveasc commpegsive herdnoss throush & wponep deying or after forwed,
Ssuwslly ealled the “Piguctting, The ontimen sisc of fine ofc umadlc in $his mothod
$2 below 10 ey The “inders sush 85 U (sdcked 1im), bentonite, cemens, sreon
viteiol, witeh and oghor errnie mittors ave odded in e 22 ™

In onder %0 inerensc the commonnive hardncas nffor forming, the hardening {s
Wde {n o contimmous buking oven of in o badirc type beking oven, lut o sotisfactory
effect eammot Lo eRweoted,
2y Nodwiisiny

In thin wrocesas, the finc oFea nte contimuously ocharrod into the rotasv kila,
ond Whe nulverised conl, the nu of the Haquid fucl 1s injeeted 1n counter-ourrent
to the eharrud opesn froa the lower ond of the kiln ng the fuel to constitute a
sintoring sone 4n she Kilne  The ghapecd g mitericla are sintered to grenular
shane of clhout 10 « YWeem 'y the rotiry motion of the kiln and $hen di schorped,




—

STEEL SYiP,1963/
Technical Paper/Ao‘l
page 29

This method was opnernted at Oshi nlont in Gunme iiine of Koken lidnding
Corporation (o subsidicry commony of Ninnon Koken Corns) in Jeman, of which the
process is oxnloined,

whizing of Linc.oge (et Oshi Plant in Gunm itne)

?hiu meﬁxaé. is tha nodulizing (notent No,225, 416 in Jopen) by means of o
sotayy kiln, which is cdopted in Guame Iron iine (onernted under the mncgement of
o subsidinry company of Nimpon Loknn Cornoration).

The ore beds iu Gunme Mime ore caused by the limonite ore hed mined os the
dirveet shimning ores In cddition to such orc beds, the liine also commrises e
nertinlly linonite imia?m 0) beds and lominates of ﬁresi%e (Kzﬂgii?a;&}); ané |
these layers are onlled the low grade limonite for thoir low iron sontent. -

Chomionl Annlysis of Low Grede Limonite

o | B0, | 8 | o LK | eN | R
e | & i % £, 048 | 4% | 1% % |

The owtline of the awplication of this method is as followst the thove 1ow
pade ofes ave orushed to below mm and charged into the rotory k.ila, ihen} by
means of heavy oil, the sintored ore by nodulising is mroduced shrough She
. prosesses of dehydwation, éaﬂi!uri:aﬁen, sintering (temmoroture of lﬁiﬁ ﬁi
cooling. *
The sintered ore Ly nodulizing is gex&e!any convertod into the hemtite, aaﬁ
granularised (size s 10 = 30mm) in the nroximity of the dischorpe mouth of the
rotary kiln, and put into the product storage tamk ofter cooling.

Chemictl anclysis of Sintered Ore by Nodulising

% ; i ‘ ! ’
| 7.pe | B0 | 80,| 8 | ® | &0 | Size of Nedule ?
{ 1 i i ' ! !
! ! ! _ -
| sm | 1o | 8 “ 0.2% ' 1.% ' 5 . =30ma - +10mn |
. | ! ' .
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The mine is cquirped with two rotary kilns (2.3m ln, x 38m), of which the
results of omerntion src ca followss

anmicl suomly of low grde ores (1961) T,6007/Yerr
annuel wroduetior of sintered ore by
nodulizing (1961) 39,5007 /Yoar
Troduct yield 585
(eenceity cf rotary kiln) ..., lﬁﬂ‘fﬁhyl&ﬂ in sintered nroducts)

The construetion coat of the a!a\m and the cost of direet sorvioos {m&&é&ﬁg
'tha sost of chnrged lov grade ores, the oust a! &preimim, the szuigm'&iw a:
Xpense of tho head offfecc) nrey O
Construction coat s . isae,m@ae tﬁssgféaa;

o Direct cost of qméﬁetfea t ,?1?}‘1‘ (84 ) |

3 Sintoring "

It woa 12 1929 that the methol %o eherse thu nremored fine ores into blnst
furmaeo- way storted in sn industeial seale in Jopan, Tho acl.B. maehines were

introdueed 4. Yowete Iron Yorks anl the Dwishteloyd sintering mehines $o- Kamniehi Bon

Vorks, and in the noxt veor the Greemwlt tyre mochines hove ocome into aﬂatgztiaa

‘fkia Vanishi Iron Works. ; ‘

 This mothod has come into wide use in the country ginco thu m, and ﬁn

- production of sintered orc in 1961 (ineluding pellet) rosehed 13;3&,9& tonn.

o In Shese days whon the immortance of the sintored ore and the pellet in she

blagt furmiec operation bueomes recognized more elearly than over, the sintered ore,

especially the self=-fluxing sintercd ove will be watched with keener iutemi in
relation to the coke rdio,

(1)

Serven inalysis of Fine Ore
(Peed Rew ipteriel)
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Aperture ‘ For sintering . For pelletizing

according to focd ' feed
m},{ sCreon f ;

{e#m) mé Shose 8 & aaaéii&& ef ;m ﬁmxmm ﬁai the
tiole of minue 100 mesh is loss than 107 ave regomled nPoror Bs Wb |
The size distribution of sintering fced fine orve in Jawen is as shown aa we

attached granh. e j 7

| I% i remorted that, in the sintering everation in ¥ Iron Works in the count
1% decrease in fine narticle content of minua(=)130 mesh rosulted in a.a&faz inerensne
in the sintered ore nroduction, and 1 BIU inerense in the nermeability brought

0.217/hr increase in the nroduction.

(2) ats) '

Princinal rew matoricls surmiied for nroducing sintered ore in Janan orv the
immorted fine ore, the fine ae causcd by the sizing for nrenoration, the nyrite
cinder, the ironsmnd and the megnetie ore concentrote, and a certain quantity of the

fine ores generated in the works cre added.
veral nerecnt of nulverized cokce of bilow 3mm and

of hLclow 10mm, and

As wreviously indicated, sc
finc limestone of below 3mm as flux nre added to the raw material
after sufficiently mixing and adding moisturc ®of about 10%, this mixturc is sintered

at about 1,200°C.
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Since the nroduet thus manufacturcd heg o hich norosity and a zood redueibility,

i L VYN

the rate of utilizutim of the sintercd ore is incn&sin’ yeor by year,

rosrees of Rate of Sintercd Ore
TTTTTT o Utdldartion in Slast Furnaee e

Janhn

United Stotes
7 ﬁach«ﬁ& :
Undted ﬂﬁmlm
Vest f}uw
Italy ’

ot S i, oy o o

Ammzf" the imuri‘&ts eonteined in the sinterod fm.l, the oxtstonce of the
nrsenic (4s) i[f%é’éﬂ&‘i’?}??&'%ﬁm, snd 4 1e goncrolly known ihai the vesidual
; \m&ﬁaﬁﬁ”e of 4is is r;lat&miy hich i:z ease of ﬁ?w ﬁxfwﬂn&ingg sintered ore ‘
;-,ﬁmmim@e* - , T
 The hﬁﬁciaﬂi rev matorials o
end hemtite, and in hoth saif—-i’mxim thcd er’ ,
o t}ring exothormie renetion &urinz the s’iﬁi&;ﬁ ;(vrm:eaﬁaa h ﬁ?ﬁf&ﬁbté §§ the
' heratite or linonite in viow of $he omrﬂtic.mi offieicney,

4. Relotive derits of Sintercd Ore sad “ellet

In nromortion thut the eontrol of “last furndec omerntion is nromoted and $he

rationalization Leeoms morc exheustive, cmwratiw discussions of the sinbcred orve
and the mellct will Sccome morc netive. ' .

sssenticlly, it is the common sens. thot the f£i e orvs of & size suitable to the
sintering nre used for sintcred ors nnd thosu of n gize more fine than the above

arc used for nellete Orcs nroluced in o mine brcy £s o matter of course; echarged
into Mast furnaee in the form of =cllet when those

orcs ore imnroved to a nromoged
grade by the bencfieiation nrocvssing after finely prinded as on oncrational
éopdition.

| _
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It is virtuelly im-ossitle to eemmer dhe ceonomferlity  otwoon B sintorad

ore end the nellet im co cetucl furnnec, ln view of tn arescnit oncpetionnd
conditions in ‘he industry in Jentn. n the tadted Steics and othor countrics,

however, the resulis os shovn in the followin: trile hove oven ~henined Ffeon thelr
~ resnective eommamtive onerations.

*
Comnerison of Sclfefluxing Bintor. 10r
snd “ellet in Blagt Purnoec Onerntion

. slabered ort |
[ 10 = 0

In beth sases whore the sclfofiuxing sintored orc i sised ond
she wellet 1a sharted, the blast furanec oncinblon shows zoof resultes It i
consldered thed there is no remrinble diffcrone. wtworn the sontritutions in

Shese oapes $0 the omeretion cftiel eney,
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VI, Cuscsic

W previousiy weniioned, undeveloped ore weynslin in 8 remo’e area, of whieh
the ores have mo (ar beor rogaruod as -o- vayig, a= an ironmaking raw materials
boemune of the u#eocraphleal i uation, or other ope depoaits whieh eould not be the
objeets for devolopmen: Leeaus: of the 0% sraue of erude ores in spite of the large
antitios of depostia, sre uns begomin: snotli hied as spply sourees of irommaking
ran asterlals, with the development of the erashing, sizleg and benefieiation, This
Reans that « ecountr: haviae sueh are deposits way very well be an iren produser by
itwelf, anl: {f the svailabilit. of metnilurcieal Fuel ai lov eant s antieipated,

ore exeellenily siged dAipoet shipping sres of o hMigh grade will be ment te
the markots from the alreaty develaped nines an supplying fronmaking rav saterials,
The fine ore of Wigh vesde <111 oo shle to Tl hopoful narkets for produeing
sinterod oren oy dollein depending on (ho aipe of fine ore,

The ores ol lov srade Ineddentas 1o iic produeide: Lr bich yrade ores ean by
reeovered am hiLh grade eoneentrated spes of uniiorm quality from those ores, due to
the progross made in the beneiielating proecas, and theso produets vill alse be semt
to the Lion works at commereial base pvies,

Thoma faeis aoan the avatlability of the ope foserves of deposits by far larger
Lhan expeeiad ore vesarves e dat: on the wlueny, and the ainer' Life booomws los
than before, sand this will omaile teo roaline a more faveursble payabllity in the
enterprises, (u the {romselin: sido, ‘e volurme and the supplying perlod ef shipping
ores from u same mine In o e eountry oan b wxpoeiod Lo be extonded and the
stability of mueh o nmice 49« woures of rav materiuis will be ruised up,

Yhe progresm made 14 tiae vonel fel i, taehniouoa, cupeelally the magnetie
soparation epabled (s Fvelan denonlte oy o «rade mugnetie minoraln, end the
differential flotati,. canbled o owonarate eopper cdnopals from maunetite in

treating eupriforous tror arcm, snd hus rough sepurat oo aagne ite eah b reguvercd

an a hlgh grade magneid toneentrotos chiough 'he Mg ietle woparatien,
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As & result of the adoption of pollet to be charged into bLlast furnace
and the promotion of development of the direet redueing ironmaking process in
reeent yoars, ii is expoeted that the demand for fine ores will steadily
inerease in vhe future,

I believe that, if the heavy media separction, the magnetic separation
and the tlotation are properly combined, while teking the kind of iron ore, the
ale of the ore deposit, th. distence of iransportetion of produets, ihe
vaphieal conditiona of ihe mine, ete, into consideration, not only low

magnetite deposit, but nonemagnotic low grade hematite and limenit -
sits deft utnsed for many years for the dofavourable ceonomicality have

bosome possible to be doveloped, and ¢oneentrated ores from thosc deposits may
be supplied to the tron works on the ecommerical basis,
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CHICHIBU IRON MINES DRESSING PLANT
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