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ABSTRACT 

The very remarkable progress in ironmaking technique* in recent years RAS eintest 

deubied the productivity of blast furnace and decreased the eoke ratio by «teat « half 
during the pest decade. 

Among many techniques having realised such epochal dovslopoonts in operational 

results, the most important one is the improvement of physical and chemical properties 

of raw materials to be charged into blast furnaeo through the advanced techniques of 
ore preparation» 

This paper describes, with regard to these ore preparations, the present situation 

of various ore ben of ici at ion methods adopted both in mines and steel mills, examinee 

distinctive features, advantages and difficulties of such methods and finally considere 
possible future trends in this field* 

I.     IKTRODtJCTCC*! 

The remarkable progress realised in recent years has improved the product ion 

efficiency of the blast furnace operation, and especially in Japan where the supply of 

heavy ooking ooal depends on imports, the striking decrease in the coke consumption 

ratio enables to lower down the production cost of pig iron and to promote the 
eoonomicality of the operation. 

The most important role in the development of such ironmaking techniques is 

played by the improvement of physical and chemical properties of the various raw 

uteritis te be charged into blast furnace.     Especially the preparations of iron ares 

it effeeted for oueh a purpose.     The preparation of ores consists of the screening of 

ores by crushing and siting in mine sites (or iron works), the elimination of im- 

purities at the same time, and the production of direct shipping ore of a proposed sice 

for oherfing into blast furnace. 

The low grade ores are treated by the beneflciation plant at mine site, and high 

grade lump eres or high grade fine concentra tei are produced from low grade ores, and 

then, those products are supplied to tho iron works. 

For preparing low grado ores, a proper method of concentration suitable to the 

kind of ores is adopted to produce high grade concentrates.      The produced fine con- 

centrates ate sent to iron works in Japan as raw materials for sintering and charged 

into blast furnace after converted into sintered oran. 
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Recently, as to fine concentrator, a project is planned to produco pellets and 

nodules of a proposed sice for charging iato blast furnace by the agglomeration at mine 

site and supply to the iron works. 

This report chiefly describes in detail the "Standard Processing Kathode of 

Bonoficiation and Concentration". 

II.  SUPFLÏ AM) DEMAND OF IRQV  ORE IH JAPAN 

Prior to my lecture on the preparation of iron oro, I should like to briefly 

explain how the steel industry in Japan uses the iron ores purchased fren various 

countries in the world. 

Table l shows the progress of the utilisation of iron ores by country during three 

years from 1959 to 1961* 

As you are veil aware, the supplying capacity of iron ore resources in Japan if 

too poor to satisfy the stool production capacity.  The domestic iron resouroes 

accounted for 36% of all the iron materials consumed in blast furnaces and far making 

sintered ores in 1959, and thi3 percentage lowered down to 29% in 1961.  Table 2 

shows such fluctuations in our iron ore utilisation. 

The fact that the sintered ore playa an important rale In the blast fumata operai* 

ion will also be touched on in later chapter, and I believe that Tabla 3 serves Isa 

purpose of understanding the actual situation of the imported eroe. 

The sisea of the imported ores have carefully been examinad keeping pace with the 

ratianaliaation of the blast furnace operation aüd the progrese in techniques.  As a 

result of such examinations, it has come to be one of the recant trends that even those 

ores of a sise having been allowed ton yeers ago are crushed again at present to a 

desirable sise to ehargo orea with an even sise into the «last furnace, and this lsrgely 

contributes to improve the operational efficiency of the furnace.  It is becoming a 

matter of primary concern in Japin which of tho combination of thus excellently sised 

iron ore and the sintered oro or that of tho former and the pellet is economically 

favourabîe for the blast furnace operation. 

1. Consumption during the Past Three ïears in Japan 

(1) Seguita of importa,^ by QpUfllrY- 
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fable 1     Intrisa Iron Oree by Country 

t'nit ; 1,000 fens 

leaf ¿Jalaya Philip- 
pines India Goa US* Canada South- 

America Others Total 

1959 

I960 

1961 

3,750 

5,354 

6,650 

1,295 

1,202 

1,229 

l,a77 

¿,442 

1,699 

1,404 

1,997 

3,153 

539 

825 

946 

677 

1,084 

1,115 

329 

1,271 

4,939 

518 

686 

1,118 

10,389 

14,861 

20,899 

<*>     CwM*i«on of «MMumpi^ fati* betwn imported and donertic mi 

Tabi« 2     Coupariton of Conduction Ratio 

Unit • 1,000 Ton« 

1959 

Inserted or© (A) 

Dependency <A)/(C) 

Doasstie 
iron 

resouroei 

Iron or« 

Iron-sand 

Pyrite cinder 

Lg.»eell«utoous* 

Total (B) 

10,300 

64% 

I960 

13,357 

67f« 

1,141 

1,419 

1,300 

1,858 

5,718 

1,161 

1,570 

1,447 

2,301 

6,479 

Dependency (B)/(C) 3<# 33¿ 

fetal    (C ) 16,018 19,836 

1961 

18,644 

71* 

1,134 

1,786 

2,022 

2,668 

7,610 

2<& 

26,254 

Note« I (l)   Data from "Statistical Survey of Iron and Steel in Japan" 
of Japan Iron and Steel Federation. 

(2)    *i&eeellaneou8 materials include mill scale, open-hearth 
furnace skaull, soaking pit scale, blast furnnce  flue 
dust and converter flue dust* 
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(3)    îrti*izatiun o¿ i;..;^orted line art? and^sjatorud or«.» 

Tnble 3    Utilization cu  Imported Fino Or*5 end öiutererl Ore 

abiti Wt 

ÍCL.T 195S Ì3W> 1C>:>1 

; Wintered ore product io;: 6f¿53,920 1,673,546 12, 361,89(3 

i  Ii.-i-.iort Fine ottì },123,C¿0 

Iron or« 
t 

Doi.iegtic        Iron-sand 
production| _     _       J   , Iprite cinder 

lise, 

4,007,8*7 *,017,281 

904,363 

721,231 

1,295,606 

76»»tK65 
» « • •»*• 

921,190 

^53,633 

1,4 w,774 

993, ii 13 

940,254 

941,98* 

2,C20,659 

1,^6,529 

Total consumption 6,811,735 H,221,277 13,12óf7Q5 

Notfi    I)«tf! ITO..! "Statistica Survuy of Iron end Stool in Japr.n" etici  "Dutft íir 
Referene» of the 3to:i  Industry" or «Jr-pui iron uid Steel Peculation. 

2«      rtiÜAí.tion oí' to..iostic iron lie.icurces 
(1>    Sit«"*ioi. find utili::. f.i,ia of iron said in Jtpcn 

1 * ^«tributigli of ire;, aend bods in Juvroi 

The iron «and beds osi at .oat cbuadtatly in Tohoku ti.triet (northern :t.rt of 

Ju^n),  auù so-craie.J be.ie:i ty,,, iron «,tf in the ¿iluviur. oeouvy the a&Jerity- of these 

beds froa the ^olo^icl :,o,:it of view,  CR¿ the seashore iron .«mf hold, the second 

Place,    the totra v«m.)e :.f t;Weu tw ty,tì3 of iron »cul recant a for about 9<# of the 

total iron s ml rosorves. 

The production ho increased with tue inereue to deniead,      ît #3tc#eda tet»t of 

do««»»tic iron ore resource, i:. recent yeu-s.      Uost of the ee.iewtion is for nintwine 

(for blnst fumncoi and for .,o:a«K eiectrie iron?    «socially the i^ortanco of the iron 

sand in produciti«* sintera' ore is only boco:.iing lr.r,\or. 

Reserves of Iron Said by District 

" -   ...     Ri strict 

4 

| Volane  of 
'    íshij>;.iíi- ori) 

} f*rc«Mit r».rp   to 
tot ni   reservos 

 trniti    1,000 Tons 

,      ,to'^"-^'-"      Toho'ui      .imito      Chu oku •   Kyushu   .  Others      ïotal 
-•—      r — ——      !      1 .  

5,3,C 

') 

•W,990      5,990 ;     1,050   '   6,<.5C 

hJ " lú'° P 11? ' 

190 50,010 

lOUyc 
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J&Gßrese of Production and Ce isumption 

Ihit i :^T 

Tear 

1959 

1960 

1961 

Production 

1,441,000 

i,584,COO 

1,712,172 
•MMM • • •«* 

Consumption 

Sintering 

721,231 

851,633 

941,932 

Electric ironTOthors 

038,601 

635,904 

703,446 

59,083 

80.660 

j  140,319 

otal 

1,418,915 

1,570,197 

1,785,747 J 

For the purpose of »topine iron sand, there aro following four en«««» 

depending upon the deposited conditional   namely; the seashore iron sand« the 

ben«h iron sand, the mountain iron sand Ml the sea-bed iron sand* 

The seashore iron sand was caused by the aeeumtf.atior. after the alluvial epoch« 

It consists of loose sand strata, and this difference ^rom the bench or mountain iron 

sand caused by the accumulation before the diluvial epoch largely affects the actual 

operations» 
fits seashore iron sand beds ROW in operation hare the stratum thickness of 

about 1,5 m - 10 m, the iron content in erude sand of 5# •• 189¿ Fe (the recovery 

percentage by magnetic separation of & - 1#), almost without capping (oTerburden), 

and the beds generally occur in approximately horizontal strata. 

The «toping of the eee«bed iron sand lies recently been conducted partially on 

eoswercial bads«   The method oí etoping in tc pump up and meinetically separate 

the crude cand on a shallow rea-bed of about ! n - ¡O n despj    but there are still 

needs for further studies on *,he disposal of waste sand, tho limit of allowable 

depth of operation, etc.     The stoplng method by raearts of the dredger involves the 

•topine of crude sand by pun© and by bucket.     It is neoeasory to chose a proper 

method after careful examinations on tho treatment capacity, the cost of facilities, 

the operation cost, etc., since the above two methods have respective advantageous 

and disadvantageous features» 

iv)    Measures to Imo*«• Prode and an Example thereof 

The principal minerals in the iron »and aro magnetite, ilmenite, ulvospinel, 

rutile and the magnetite occupies the most port.    Therefore, measures to improve the 

grade of iron sand are now taken only by means of the mannetic separation.    There 

exist also the gravity concentration, the reducing roasting, which both are adopted 

only for the special purpose in limited fields of tho  industry. 
BBCVSSSSl •M mm 
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Chemical Anerysia of Iron Sanrt Concentrate 

Chargeai 
Kind îptupoaition 

A 

B 

C 

3n-ecn AncAzt '.a ef Iron 8«.v& Concentrate 

loo-ijoTx5o-aor I -200 

**« (1) Ih. grada of 0i l>19 fc^ 8an¿ la      lrdieai#d „^^. „ . 
r.cor,ry pereenrtngo (yi#M) of Jrou ,„* ^HJ^^L* "* 
woßnetie **prrrMcn «nich r^irecentj the content ratio of 
high mitene F-::,*«.!«.     ?hi. pewont^e doe. net Ul»     " 
a3ree with lì» iron contrat, oy chemical analy.u! anTtLr. 
— Wivcly 3 .r,o differ«. i„ TO8i «wï. ^ 

<2)  ^vT^t^^ mS^^r"^ ^*cwA^ (yfld)of 
in tato or th* wt lagnotie «separation, 

1- *h. .0»^, tut ta«, dc,(,it. _ t9en „^ ^ dowl jH7the
lu* 

purpose of fully utilizing domestic reroarcee     ?h. n~ ^    * 
a* foil«« *.*   +K     4 . ricuce«.    .he linonite depo.it« are elaitified 
aa follow from the rlev point oí   hoir origina t 

1) Chemical precipitation depn.it (lignite bed.), 
2) fie.idual deposit, 

3) Care filling deposit. 
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Amoug those three types, only the first one ii verth bribing iuta operati©»» 

Some of the typieai mines developed in Japan at« enumerated below i 

A»     Gunma ¿âne 

fhe deposit is situated In the skirts of Mount Slur&na with tho length of 

2,200 m, the width of 200 ra ar.d t w depth of 2 - 25 m.     Acinic sulfuric chalybeate 

springs well up her« and there on the upper part of tue deposit, of which the 

temperature in arourd 20°C,      OïI* lotis or© cpu3«d by the proeinitalio»  of iron 

oydroxidt  at a lower acidiiy. 
Exoaration is made accordine to the open-pit niain* method.     Sine« 194*1, 2#5 

Billion tons of Hmonite and 160 thousand tona of sintered ore (dencrlbed separately 

• nodttlisliK? -) Mve been ¿i-oatMed. 

Examples of the analysis of the limoniti aro a« follow«! 

mmmmm 

Year 

1918 

19W 

1960 

1961 

Fe SiO 

•*••*••••*• 

•a. 8# 4^51* 2.4S* 0.735* 

46,92 4,52 *.!? 3.910 

47.44 $.08 2.73 1-042 

46,29 3.97 3*23 l*e'5 

B.     Suwa uäne 
Tho geology of the ft*«a consists of voloani« lu**a cf the Caiitonci« era, 

agglomerate and volcanic ashes.     The linonite beds exist in tha piatta-u of 

1,100 - 1,700 m abow* the eoa level, and it ia eo-.ered oy volean!« reber», 

Thie is a ohcml-scl precipitation of chciybea*,e-*»ine*al sprtntf, eor^aiaii.K 

ferruginous alunitJ and hydrophoopherous minerals.     Tl* depth of the oro beds is 

15 m in maximum oxA 10 m in cvem-co.        Tha production lias reuend 1.23 ronton tons 

ainee 1937.     Tho ore fron this mine ha4 bs« ve*y widely utilised <»<ne© 1937 whon the 

thonsas p**oeees was adopted in ¿apea (by Nippon Kokan Corporation), but the 

production has decreased witi  thé suspension of the said process in 1957» 
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rxample» ©f the analysis ©f the ore are a« fellows t 

Description Year Fe S P SiO P.w. 

*ssfcss¿sjsj 

phoaphoroui 

of» 

1952 

1953 

1954 

1955 

45.345* 

45,08 

44,59 

44.85 

2.24/4 

2,54 

2.37 

1.66 

2,4479» 

1,922 

1.920 

2,118 

- fr 

6,61 

20.58* 

22.17 

21.33 

24.78 

Ordinary 

or« 
1996 

1957 

1958 

47.02 

46.70 

49*00 

0.60 

0,50 

0.30 

0,684 

0.700 

0.500 

10,41 

11.20 

10.00 

22.34 

21.20 

29*00 

(3> 

TI» fyrite le one of the nost efcundast nlneral resource« In J«*«,     The 

crude ore of pyrite 1« purified to the pyrite concentrate after erusaine, griaftiag 

and flotation, ani then, 1« treated in the aulfuriiing roaeter a« ra«-e*terial ef 

•ulfurie Mid.      The residues (pyrite eluder) fren euch treatments «re ««ti*»«? 

utilised as na effectiY* iron soteree of sintered ere for ireansJtiag. 

*&> sise of the pyrite concentrate to he ehsrged inte the fluid-solid roaster 

widely utilised at présent ie 60 - 70* with «laus (-)200 mash. An exas*>lc of the 
ehemieal analysis Is as follows i 

Analysis of Pyrite Ciator 

Deeeription Fe 810. 
- 

À 

B 

C 

D 

60.60*» 

60,75 

60,80 

61,70 

Ai2o3 

7.31Í» 

6,79 

7.18 

6.30 

1.12fr 

1.00 

2,07 

0,63 

1.654fr 

1,048 

0,484 

0,999 

e« la 

0,021fr 

0,016 

0,023 

0,013 

0.166* 

0.222 

0.232 

0,142 

0.41fr 

0.71 

0.10 

0.40 

la the ease ef a high content of copper, the pyrite eluder is usually «sad 

after de coppering.     Exauce, of the ehe»ieal analysis are as follows I 
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Analytic of Ordinary Pyrit« Cinte? 
ana D«copp«rod Pyrit« Cinder 

M 

Fe 

9T,43* 

58.6« 

97.86 

96.92 

96#69 

Ordinary pyrite «inter 

Cu 

0,48* 

0,48 

0*48 

0,92 

0,46 

S 

2.14* 

2.19 

2.19 

2.01 

1.94 

Decoppered pyrite einder 

F« 

9T.33* 

98,89 

98,93 

9T.80 

98,64 

Gu 

0,26* 

0,21 

0,20 

0*21 

0,20 

1.8T* 

1*38 

1.90 

W*9 

••iMTti I   Deeoppering »ottentage t 60 - 70* 

Ovate of Nionnd oopper t 69 - 70* Cu 

Copp«r reeorerinc percentage » 98* 

3,     Si... of B«r Material. Chawed iato Bla* Fumato and Oth-r Sieelnakin* P«n—. 

11» .1... of raw materiel, io bo «have** loto bla* fwma.« •** •»•**••»*• 

£««• to now being rtandatdiaed a. ahown in in. fall«*« •**•• «* ••*••*•«* 

I« 1. generally recogni.ed that a »ino 10 . 99 » •*»• t****** •«•*• ** ** 

blaoi furnaee operation. 

Blast fumaoo 

3 • 90 m 

Open-hearth 

30 - 60 ram 

3 - 100 m 

85 - 160 ran 

Conforter 

10-30 

19 - 29 no 
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4*     Blending of FìM Ore 

Since so mmr hkA» of ore ere iqurted to **aji,#i« io neceaeary to hsacgenise 

the nature and «ha siso of oro* io realise a stabilised operation of blast furnr.ee. 

For this purpose, a large quantity of orca aro aaauanlated in a met storage yard 

by sise or by description, fontag «te stock-piles of rectangular or semicircular 
•b&pe.     To nahe auch stock-piles U sallad the balding« 

»he bedding ie nade with aiaed oree for diva«« oharging into bloat furnace and 
fine ore. for listeria* aa ita objects, «ad «boa, oree are tafcea citi from thaw pilot 
by «sans of a raalaisav for «ha purpose af blamasj« «ho», „«eUy rt n^ ^j, 

direction «o «bo long axis of stockpile, and its effect is eapaaially rataarbaMe 
for fins ocas« 
* 

the blending operation in OagUbineIs» *te*ial Centre for Ni^on Soban 
Corporation is prasentcd bala»« 

I» Oogiabiam law ikteri« Centre, both aereen*! fin. otas fra. «ha «wùfi». 
**•**• and putahaaad fin. ota» ata sent «a the era bodftiag »tan«,    tea speoiaX 
«are is being «aba« in ***** ta aiai-U. variation i« abaaAaal composition aaoag 
stockpiles. 

The result, aba« that ehendeel eoeço.ition af Mandad fine am stay within 
the raa«. af • 0.* *, t 0.* ««^ and Í 0.* A*_<v t. «b, target wa**, 
(arcrage él* M. 3 

( 
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III, CüUSHING,  SI~Ii-,G,   ;rt3HiI«G AND GASIFICATION 

AB the priiiiury process oí the st.ind.ird treating i,i».thod of the benefici dio« *f 

iron oi-ü, the crushing ano tho sizing ~.rj perfumed, and then the elasuification in 

ra«ade as io the  fin»,  or«. 

Furtherr.nre,  the niest suitable --¡evi'od is adopted ario-m, the 'ravity concentrati«, n, 

the heavy "udii  sopirativm, the magnetic separation aud the il'., tu ti«, n accord in«? tu tho 

kind of uri'  L¡ be ¡i-*ep.red as necessity «.rises to pr-jduce the iunp ore (direct shippin 

ore) and t!io fine-cenc->ntr..tu  (hi<:h grzAv fine «re), 

1*      Crush? nr- 

The crushing  i.i r.ade for the purpose of makina crushed oru3 of usably site er 

uf making the ore el* proposed si'-.a  in cas« the  ore sis« is tu » large to uff or for 

consnereial un« with the difficulties in practice, and also it is nad« for the 

separai ion .[' useful minerals and gangue (liberation) in <>rder t«   extract useful 

mine^iil 3  fr<>m nine«*1 crudy -ros, 

(2)    Crushability 

Forces   ictinA when crushing a substance  are classified  into tin- pressure» the 

shock und the abrasion (or shearing).      lu co.irse crushing, it in effective te 

utilise the pressure, while the abrasion can bo successfully utili»«««  f*r ftne   , 

crushing >»r grinding•      though the crusuability varies with the kinU of rock nul ore, 

the ore is liable t-. be crushed ciuru easily thiin the rock or the gangue«      The 

relative difficulty of the cru3hability can be  alsu known fruii the characteristic 

values such  is coHipressún,  i tup act and abrasi«-» degrcsi    the crushubility iiocruases 

accord i ¡ik    .-s tliv-L'e valu.«s bocon-e hifrh.      ^n exanple «f the co--prassi on décrue is 

shewn in fell owing Tabic» 

Sxnm-ple of GoRipressiun Berreo 

Kind <jf --...aturial 
2 

Conpressifn defjr« e  (Kg/en   ) 

Hasult 2,500 - 5,000 

Granite 1,200 -   i,50() 

L ilio L. tone 1,000  -  1,500 

Liaiid» to-no 600  -  1 ,000 

Hematit • 250  -  1,000 

Gil ena 150  -       200 
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(,)   MU- di ,f srmihiiw and nHwiiw 

Tho .i,c of crudo or,   my .^tte^. attain U KXte ut, t^,      ln a cftlshi|lg 

Plant, or.. at- .ub^t*d «„,Uy t., tw. t.. f,ur .t^. ,t cru.hin« fr,,r, th, c.vr.. 

cru,hing through the fin. crushing to ,bt.i» .. roquir.d  mim%l, f„r ullfrplo 

J - 25 . (i/3 .1«).      G.norally ipoaklntCf  , t ^ drt>Mint< pi nt h> 8 

-t...    f p.,^, lJld a plmt ùt x i;iint r ^ h; s    niy    ft     r tw in 

«*. in vW of th. ,^ ,f th« fir.t c ,t    f f.Uitic.  «* th, ^.^ifioatio» 
J17ÌJB C"tra'      Iö ^ »*"- «"•«. *—r. ih- ^n cru^i«, i. umiuúly 

*«« by i^^ ,H.r to th. .^Me.1 «„..„in, ,. th. ,«ÄiU,ry up.rati.». 

!•* ttasN m^, type 

*»** ••te» Oyr.tury type 

tuï    . ** "tlgü c^»« or Fine Oyr tory type 
U>l    I» ewe th« fiinl sii«   ,f *M.«.I.^   „   j   ..    . i7 ww* »sie  ,f erws&ed urc ii t ; tc .rfoiwd im (l/4»)t 

!•• «ti- tì ».-Ute .ir Gyratory typt 

Sym^ni Cone ^r Fino 
Oyritory type 

Sali Crtuhvr ar action 
Skurt Head type 

•*•» a ri»c .»i..i^, 4« .    .   J • ' »    « i • ta ..Kr» d.Mrlb«i «u« 

*. r^j * «, ^ur"' "t""4 ",l•,u,,, M•,,l,,o* - - «^ «» ->». mi , «ai   ar«y »HI aro «naiy «tili^.    silMo tho „^4..   M 

*•« «rta% ,a.hi,o. ofci„n» a»UBÍ. ^ t*. „   , *     ^ """ "' 

ir ,.*ta,...     u;á ir 7*"th"2^ <,") - "- *-« *• «v..» 

—ta, «...» ».. B.t 1 ; ù r '::""-,iu ,,,u ihu LrtM4ni ••-*• -* -— *»• 

4-M    »tifi« 
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2.      Siting 

(1)   Coman» uf sitimi 

The sising includo« the serening and the classification, of which the former is 

to classify, by nu ans of a screen or a  siovo, crains  lecurdint tu the proposed siz.fi 

«hen treating with relatively Cu-irse  siz^s,  while the letter is i...  .tt.iin the purpotK- 

uf classification through tho utilisation ef the difference in the settling velocity 

of partici«!    in the water ur in the air when dealing with fine size which connut be 

obtained with the screening.      liven for thv particles    f the some siso, therefore, 

the eases may occur whore tho ones arc treated as the float products and thu others 

as the sink products, according to the difference in the specific gravity if any« 

The liait of the siso in an actual   »per-.tion is 1 - 2ma( /25H) in general. 

When discussing tho silo of on grains, no difficulty will occur if the shape is 

spheroidal or orthohexagonal.     In practico, however, thu shape- is not uniform at all. 

Those crushed by pressure ari» generally liable to be i<f lane pi it e shape.      Far 

example, the proportion length t width  t  thickness way be  3 i 1.9 i.l, but this 

proportion becomes usuelly smaller according as the sis«,* bucones fine. 

It should therefore be noted that,  in screening, tho sise and the produced 

volume of undersise products Vary with whether thv shape of screen holes are 

rectangular or ccjuaru or round.     This is also the catte with the classification. 

(3>    g*Jgfto*s ùi sising 

In order to obtain thu sise propor for e» mereiai ore and to improve efficiency 

in »very stage of concentration, the sising pi ¡ys the folluirini   important rules. 

In each stage of the crushing, those uros   il ready crushed to the proposed cite are 

immediately removed as umUrsiftu through the» screening te. increase the crushing capa- 

city of the crusher, and in the grinding, thv classification enables t.- provent 

fron üvergrinding and inprvos not only the* ¿¡rindin/- efficiency, but also the 

magnetic separation or flotation efficiency. 

The screen is broadly divided int., the-  following two kinds:    the fixed and the 

moving screens. 

The fixed screen, called the* jrissly,  is used fir treating largo sizes.      This 

type  is chiefly installed with a gradient of 30 - 60 décrues bo fore the first crushin 

stage  for its superiorities in Sulidity and  treatment capacity rather than the 

accuracy of screening sisu.      The n,ixir.iurr. sice   ,f undursisx- in .screcninr- is about 

70 - 905» uf the  screen aperture,    nd the  treatment cip city is   leterminod by width 

and aperture  of the screen,  of which the-  st ,nd .r<i  troitncnt capacity  is 125kT/24Hr 
2 2 )bt 30cn;    in aperture 25ran (per 1  ft     in apertur..  1"). 
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Th,. typo tr..rjü,a líhieu i« us«d for rol tiv«ly ours* /^.in» .«nun,,    thor typ.;« 

,: tin ,:i..vinr,  scr,v«   .-.a    n .wir mt ;hV th.t it cm ka us»d both fwr dry  mû wet 

•¡uTïti-ns,  but  its r.j.r defect  is tïi--.t th.- e-ffueUvü  x9v:: in soroi-nin« is »all. 

Th, diji^tur is th. -,.«t inp.irt-int f et r d^rr-inii»,'! tho ti, trient capacity.      The 

e-.picity is 0.5 - O.ft.ï/2-tfir p.r 30cr.!2 in -y« rtur.   InMpt* I ft2 in ip^tti*  l/25M) 

in e.«,   ,f 1.8ri (0 ft) <:irjMt*r .;nd 4b *it *n (io ft) !,„•>     A ,h ^kin,: scr^>n or . 

vibrating- iiroui is use¿ f„r screi-ni«, ivi tivl.v fitu ¡;r:Uni within 50 - ¿Onta 

(2" - 2 A),      Tho«, typt, .f .«r^n -r. t-ffuetin- in rdition tu the flvur ipacü, 

«i« •«renine eip.eity .m' th%. accuracy, while tlwy  .r« behind tíu tremad with 

rcyird t, the iroitnont .f tht wwtt.U aten, wspt.-ei.--Hy ttu   -ros • ntUnin? day. 

A «tukin« servun h..s     lu**,    f i.5 - fn (I . 20 fi),     * si«*o having t dimensional 

prop.rtim   f iünfcth i width * 2.T i I ht» th« c^rity ,f « - l5üT/*r por i«2 (9 ft*) 

md tho j.cill .tin miiiber of 80 - 100 ÄJPjd. with the uejlitede vf 50 . 300m (2 - S«! 

It is fte«os.ary t   inerte* ttt« «unb«r   f vibriti»* in ,rd«r to »ercoli fia« partielos 

with i hifíhwr e opacity,     ïhw vibriti*? 99t**n h,s b*en devlsud fot satisfying this 

ru«iir«>«it.      Saat of nui. er „us typ«.  ,f this sere,n hiv* mteh .. high vibration is 

1,000 - 3,500 «.p...;. with th*  u.iplitudu   f 1.5 - 25«r, (l/l* - 1») by means -f * 

sptciU veecntrie noetnnisr., enrts md ;in uleetrieU vibr.tr. 

Tho Ty-r ,ck »er«cn in used f r   rdinary purpose, and fot tU* partiel,., »« bare 

tho Luw-hW serwn md utlwr ty^os.     All ,f th*n« typ«,. aM distinguish^ by * 

lirfwr «vpieity ind fow^r ehufciac up   f the »lev*, 

i.     Wish inj 

Tho »«r^nin* -f sticky run    f «i»„ i. „»rfe 4a tfee MKviiife crder.      H is at 

first subjeeiyil t„     « .rs,   creen in, t. n pr«p.n<Hl si.*, i.e. ttMatly loss than 

IOC** (4*),   4ttd thvn M»'«s4 «Hil« rsnoein« fi»ö #lny AA0red te ores by «at« in * 

«rubber mill ,»tf 9 irryiM it tu r, vibrati», swoeii .r ; tros».l with water spraying. 

iho ritu ,t water c n«^tiun in this e;t.tì> varyi^. with the «.rvlity of tho ore 

rnd tht, conditions of tW misud finw slay, i. a»  f.,ll(Jw. io corali 

Ffwd srwlu or« 

(Hcmvtitv) 

1 ton 

(tiuft #:itur e< 

( vb >ut 2ki^eft   uf 
prvsswru w,it«r) 

2 t.n« 
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4,      Classific,tiun 

The elaaaifier  .>r thy eycl^nc ia ¿Uupted  l\ r el-iaaiìyin^ fino ->r».«B which ciiuiwt 

be easily aereened by the vibrating   r ether acroena.      AM thy cl.-iaaifier, auch 

mechanic vi eluantifier» .i« rake, buwi,  vpiril .-.Bd dra»  md satae typ e a ..I' eycl^n* -are 

widely utilised, feti* other hydraulic el-s-aaifitrs and »lime »eparut»r ir« used < »ly 

in ¡i limito»! serlo. 

The treatment cecity   f ; muehinicil ciassifi.r el  soly ril-.W» with the siso 

of partiti«« in sop\rutiwni tvnd aep ur<tin¿ aia»    <f partialü« ia  vi'l'ected by ili« pulp» 

density and the flow speed of pulp in the t\nk. 

ì,ìv>Bt i»f the cyelonc» types hivo  . diyaeter of 75mn - 35o»w (3n - 14"), an inlet 

pressure of I - 5kg/em2 .vnd •. ssparttiun p int of about 100 - 200 neah.      Th«* «ontrei 

of the aep.vratien point r.nd the density of underflow ia s*wlu through the adjustment 

ef the volume of fe*d ore, ita flow spuyd and the numerical   \perture uf undef-fluw 

bottom opening. 

General retirement«   ,f ir,*n works in Japan t.¡ the minea in S >uth-£ast Asiti ia 

t^> the aise of are are aa follows* 

vjru 

Fine ore 

ÏÏi»ù 

-lOOmw -   + 6ian 

N.B. 

-6mm with a mixing 

riti«: btílow 2C¡¡¿ 

+150 meat» fer sinter feed 
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IV.    irtJi.-'.^rio:. oí- o.íL 

In order to  explain tne   ,r,.,lr,*nt »i   iron ores,   1 will  try   to  ,,ive «ummary 

definition, of  il., travit*  concentration,   t;.t m^neiic  separation and the heavy 

«odi« .e.aration,  and also in vi.* oí ti.« recent remarkable .,»£,08*,  til, flotation 

will  be toucued on briefly toBet(.er witi, on example oi  operation. 
1.       Gravity Concentration 

The ore ¿rain« Lavinfc different specific feravities do different «ore.«*« when 

an outside force act« on the« at the N» time.       It i. therefore possible to 

serrate two kinds or ore grains from each ot; er. 

Usually t/.e >o-draalic power «ad the pneumatic power Are utilised as tn« 
outside force. 

U>    $*ei» of fällig :»v««n* »? »- ^rnlnn In yntnr * 

(i)    fhe free fall in* movement of ore ¿rains is ruled by the t»re* 

einernte of gravity, buoyancy and resistivity« 

(ii)     In t.,e actual operation oi the .ravity concentration,  many ore 

bfain« ,rc „upended closely to eae:, ot,.er and .Ink down in affecting 

•«.   ot.er,     ;„at is,  tie novement is ruled by t.e theory of ao-called 
hinderte  «"ailing, 

(2)     Oi^ separation 

». Ji. Sectio» i. t« .ttd« il, .ur^e „f S8.liroMM by tt, mfren... 
in ill«« r.t„ „i ...„ kIaiD. ot úiflv,r„nt sjeciflí èrwlilM Äd rt ta 

««f of ¿r-nUar er íin¿ iron^„ ow„ ,Bl„eral, ^ ^ ^ 

water oscillai,!^ up «mi down. 

ta «U. «th^ t* mi„d o„ tr.int on th8 .„„„ m ^ 
«o« «««t. V tlle repeit8ti u? „,„ îOTO currmt of ^ ^ tiw ^        J 

:i;:i t,,us **ore ^ °( *-TOuer *-"• —* -—- 
Tue  aii^in,  table ha* a mec anism norUontally shaking  th« *t.M       * 

m, + „i4.   ~i      *• , *^    "Mlafe tkîe  table «*t approxi- 
mately   rifcí.t  anHlor. to the direction oí  the fi«* „«• „    i • 

, . Uo* rf washing water on the alane 
inclined  «urinée oí   u table.        fiW ore »ruBI ftf „ P 

. . °r<* *-r,ai1» of * •«aller specific ^ravily are 
drained  «way   wit..  washinb  water  to   the  direction ni   i ì . 
of   .  l44P |ir • «""tion oí  t.ie «lope of table, while those 

a larger   ^ciac gravity  move  to   ti,« direction  at ri  ¿ini        *    ., 
«non  at ri^tix angles to the water flow 
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by the inertia action of too »ori¡sout.il  si akinj, of the tt„ole,  and ti us th« 

separation is effected between these two kinds oí oro grains. 

This method is adopted for separating oxidized ore» which are not sttitablö 

to 4J»e flotation»  a» well as for utilising it often as an auxiliary operation i* 

the flow of flotation process. 

(0    Biwaply. of ¿raviy concentration 

tump 

Haw ore 

! Crusher 
Santi 

frommtìl 

rGSi 

Nut 

Q     %i «limit 

T *. 

C  *• 

T  •*- 

r1±h rf Ji 

HHî 
h 

C ,,, Concentrate 

i. ...  ...iddi in,, 

ï ...  Tailing 

i-ulv,»riaor} 

-j Clttssifier 

Course 
sund 

äand Fine 
sand 

-î Table |"T fj Table |- ^ Table \\ 

Ü 

L 
¿(li    ¿J 

T 

i 
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2.      heavy media separation 

^   ïtte heavy media separation was adopted in 1948 for the first tin.© in Japan, 

and by I960, this method has t«en u»ed in mor« than fifty mines (chiefly in coal, 
copper and pyrite mines). 

The types o I   the .nachine used in the metal mines ave nkins and airlift-Cone 

type« and mostly  ./emco l>rum type in the coul mines.      The treatment capacity of a 
wit it about 2C - lOOi'/t.r. 

In many cuse«,  the heavy media separation in metal mines is conducted as an 

preparatory operation (rough separation) of the flotation or the magnetic separation, 

viale ti*ut in coal mines,  for obtaining the until products. 

The sise oí ore grain» treated in t*.e heavy media separation is usually limited 

to the range oi 5mm . ta*(l/5i> - 2-2/5") ¿t present.       It is however ejected that, 

in the future,  tüe treating technique oí line particles will lately b« developed 

by general adoption of the sinWloat separating machine suitable to treat fine 

grains below 5mm (1/5*)  (Cyolone %y:>e or »isnbolt type). 

as the heavy medium,  the «erro-silicon or the galena is used in case of 

relatively hi*, specific gravity of the heavy media, and the pyrite or tne magnetite 
is used in case of a lower specific gravity. 

For treating those of low speciiie gravity as the coal, tne pyrite cinder is 
mainly utilised. 

In order to obtain satisfactory results in an operation of the heavy media 

separation,  it is essential to keep the spécifie gravity of the heavy modi» always 

at the rated value, and for this purpose, the aoeurate control is usually made by 
means of the automatic gravity meter. 
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m exornólo oí tía» heavy „orna Aüp^rntion is shown  IK.-In M 

* •— tin    i      li ii p i  i—wi ili*- nrr- i T-WII —    • •   "  — '   " 

rtO.lVy   ..e<ll Oí-     (t-U   i. "!'.•> 

~t uruni ..'(.»lit'if 
'. vt rii i1'.-.' 

!~"•* (.1 jt- 

<*) 

h«uvy i.ediu ¡biMa» j 
ilo at 

Sink 

«n» •¿Mal» 1 Servan 
MfMa 

Scree» f»" •' j 

(<•) heavy i «did 
W  ii..i»»»»tll—I^HM 

UÏ 

«•> 

•Mka 

te 
Flotation 

•Umili       IIMìPM»»-««IPì 

| l'láckn. r ) 

I . ii£»etic íwpa« i 
j-w-W^^^i  •••tftlfc—lull    I       '•jMJBll»*»*»'-   -f 

I Clii*siJier   | 
! 

————»W    '    | 

Otì«,*vi,Hetifcinfe coil j 

-.«dim» 
I 

niiRtl. 

le 
H»t*U«tt 
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>,      uOfcAetle separation 
The »acetic aeration l::is b«fnf íor il« conveniens and «mciMiey, adopted 

sine« «one hundred and lilty y«irs, The iiiuurtaitee «i ihi* .»rnc.** i* ineritili« 

more und more in all tuo field* oí ti.« ore tuvimini, w«.-th«dt not limited to the 

magnetic iron or«* 
So far,  the low in ten »it? magnetic ee^ir^ior» oi about **i « ¿,oüü canati hart. 

been used for the .»urpose of »eparatinfc high ra*snetic mineral* *uei. «*  th»   Mtftoiiiu 

und the pyrrhotit« (social kind oi pyrrhotiu).      In recent >«:»r«,  i>iMb int.m*,Hy 

magnetic separators oí 10,000 - 25,000 K.IUFK have been remarkably  develop  »or 
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truutiufc  io*  iiu^ntiif minc-ivii,  MICI    ,* ,   rn*i     n,¡ -«i'».     * „ . ..* fe..rm-t   ^uu  .Ohr*»«,   :ln«! ,,re nov, put   to 
.raetic.1   „.,   i,r f ^AraU^ b^ruiaf ;MKl4l|t    ^ ^„^  in  ^  ^^ ^ ^ 

Thu,,  tfci,.   t^ lfl   ^var»tur i»  ...V«i*i«,. MM   ha,!. M   utUi.,uon iar^r   m,, 
Uiv-r   towr..  s,ril,llf.  ri.clr, .,,   , _.  ..^^    U.„L((U;>< 

'"'   '""»»i   .• m-r ,1   u.-t   * i   i. i-    ,  . ... ....  . ,      ,   ,   „ , 
'   '!   'i( ' •'• '   •» -¡..  -i«   »t  . r«-f «-m   is  M. 

rc-coviT iron  Í.W,   (.iiaiiltr<iti.   , 
"-*'•        M   f   .¡IM.  ..cuv.ij   Utili*,rl   an 

virion* tib>l<iF i¡iclm.-in_  t v i.      •     t   , 

of   ¡ui.'diuíit  it-  it>\-   .....tin     »     ., .....x..   ,u.O*«   .*     r   .„,„   ..,.,. ,,,  r,.r(lW|>   „t   lrf)I1 V(M    iX   oJ. oJtsi 

ÍUHUCC   ,.*.„  t.r ,   ullUlf..rll.   .urrui    fcJ       li)  4tTlttiirtiiI 

tiutiP M. -..„•., tor»»  H ».i    i y t,.     Î1, Hi« i    Ct.iaCItt^* 
. .0 to t    » _     t    ( : 

or   .«»ii   it   .,   -  Vï/.r (em«,   rtJlto)t       ,,  ,,.  ,,,   ,jM . 

fcjjMif'.tor»  UM.- i-UdrMi^nic  *>-..,   i,   C(1   ,,,,1,     _   , t ^* <>-•*'• «.-*nlj  u»*..« *u. .riMir, t. i   . vtwHiuiit 

¿urtiti* in **.».   iuturt, 

ut ckij^il.   t i' t,,<-   flou M     . ¡   i 
-      ••       «-i   »•-..    '..i«'»i.'  -,  . .(-«ut«*«,   iron   .«Ik  is1»*» 

OÍ    li*»   äM»»«i 

f TMlltï   *«ttIV; 

L*J.'*>i<Prj*   i>,K~| 

! ^' '      *« aune   JVi ,,    J 

3T7 "~ 

uitt 

  •  «• III,,,,,.,.,..   _ . 

' l'ili.     I ... ,    j 

jj >.••'. r i A 

I i, 

»i   li) 
Li."1-    • .iii   (oar. 
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4,       Flotation  (un example  oí  treatment oí cuHriíwrous magnetite) 

It aus  ueen   i subject  oi Ion*  study  to obtain i:ife.. (ir idu  concenti- .its   Uirou^i. 

ine tre»t¿ient  o«   irò« ores  by íl<>¡.«tion,   but  this metuod it» not so widely  uiilisit« 

for the economical rousous. 

In order to   »ut this Hieti.od to practical  use,  it is necessary to ma*» it»tU~ 

Mental st-udì en on ti.ti uinerjlogical competition 01  crudu ori',   ti;e hrade viriatinn 

oi valiamo roinwr.ils   ma on t;.o possibility  to  ìwourabl.,  eil'ect li.o lib. ration o* 
* 

valuable miner..!•'- lin«! ¿;:.n¿,ue in producir*;, concentrates,       îi.er»- are in «Ju.wui 

¡ììAi,ncftite  r¡«;,í;íii?. involving such rion-ítrrous. minerals as copper,  Acad,   itine dut' 

to  ti.« CftUiKOS  o,   oro deposit,«.        vs   to   t-.e run oi   mine ort;   írom suc. ore  deposits, 

the differential flotation oí' copier,   lead and  nine is tirsi eliucledi     the rou^« 

concentrates  of co.per and  lead tire recovered as tne ("rot-, oí  t.a; íirst flotation, 

and tiun,  tuo rouö4. concentrates are separated to copper eoncuntr; to and lead 

concentrate  thrown tne cleaning ilotator.       the sink-ores of  the first  notation 

are feeded to   tea second  flotation celi,  and t».c ¿ine concentrate is recovered »*» 

froth in the  process of  the  second  flotatica» 

Tne uyrite concentrate is recovered as the fréta in tne third flotation fro« 

tbe sink-ores oí tW second flotation.       In a »ine in ¿apa»,  where the crude or© 

of pyrite contains arsenic,  ¿ißr arsenical pyrite concentrate is recovered i'ro# 

the »ink-ores of the tnird flotation in tiie course of the fourt« flotation. 

The sink-ores oí tue fourth flotation are feeded to the wet type »afenetic 

separator,  wnero tne magnetite concentrate is recovered,  and thug the purpose of 

the differential  notation and tue magnetic  separation is attained. 

im example of the flowsheet of tue differential flotation for sulphide 

minerals bearing magnetite is AS follows: 
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«•l^.ù-ct  of JJiJf.r.ïni..!     l.„flti01!   lor 

ocarín,      ujjitHi, s. 

-lMt',;   Oj-f 

l.-*.*'1 U]V   ' ru.«.,;,. • 

| il^ri'i1 
'•'•  O   Cr U«HLr ! 

üVeril-vv 
l(:r^;i»:t-  Hall   . üi 

 "'-_L^J'i,"".|l».-.-onc JUJJT Fond 
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IREI mw,mv 
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In Ji±>,tfit  i,,u caM's «re rj-i; i-v.tTf 1.1  flotation is m^átj  ivr      sia;,it- 

jjurposw oí obJü,inir% iron itenccntrnte,       ; (u i^iu-tit..- it   n-covcr*-«! <*•» i>.y«»;i rottaci 

oí tufe rtcovory c; v,*lutJ)l,   non-ierro»** >4ÍA&r«,ls*       -\*ii-, íftrfit <<i  .«rouueiien !.<«* 

so  Lar  buon -if¡o >tof    ...s   in.-   ..ixilur;»   I.K <im;  ,or t ro<'acint.   »ddition;.!   j.tvn;.u*i»# 

raw materials,      , o-.i-vrr,  »it.   i.e.  rcmur.;4*Ji«: ;íroNr -... i;.  t:,i-   ,».].,,  suc, 

.ne t.tod vili u,' .tuo . it-it  ¿or i r«\.ti.t;.  n..*.  r<.M.tifv ,,   .u«¡ ti  li*   .nt\ .aitata *- <»»   »i*«*- 

a Bibtnod ib n-co^niüutl  troi.i i... vit.» _>ojr,t OJ   i..   ^ ..; ili i>   o¡   t -.,• v/uivty ri «**&§. 

it will  ^rtíatly contributi to Uv lull  utili., a um of uiu-i-v* 1> se«   in»« r^MutMli 

i 

i 



«-      *--        i  • T    -,-^T 

*v., ^ vi    *vp : g*-em]fi 

mt -• ..»i. „»it. 

CT*«**«** (j! 

¿»tit i*4r.w« !*»#        f  | 
li) 

*w»nmw i» -, .i. „imn,,,»¿»it»«»»«»»« 
.«-»,*,.,•!». I»,,,,,,,, 
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..ine 

un,- 

195,7í " 

3-.,< a:- 

13,827 

1,995,5 38 

476,758 

.rome,   ^o^'jc-i.»!,   ílv',2) 

..?o;i 

lar: 

• * *4*>-«•——-. ' • •%-* *t*»*.*l»4_ ^ „ fc  . „, •***«* 

'n-:i    Í ».•¡"»•OUH 

r.ii »TV   .7 

OTv.inr no*»-oí? 

>en~ 

•.»;;,<;.,. 

* 5,79 ; 8 ,¿v 

'3,63.. j *7,-*6i 

»<t21-, 2,B59,712 

29,034 j 5CÏ.T92 

6*,535* j 968,31* 

«» • » f 

'.'.,17? 

86 

I 

ti 

e 

n 

I Uilcf - 

' -nil .id 

0 

* ia the ye6r ondee! f. >t. 3?,  1%2, wet vo'«*«. 

In the exannle. of .Wi,M ^ Chic« ibt,    ine* ^seated „ i*, ty >i«u 

»ino. ia Jft;Hu»f the cerifero« n»^ ite i. .r^teâ to f. C-eo*^«*, ^ 
the aapnetite concéntrete, 

"*••• of 0UMU.. and -emaa^ft, ..u*: 4 itle» «s** *-«. dl.-ail. ,,«,*. t«r **, 
•orrai«; ?W0#„ perfori  ltì Vv 0,ereUen ,r H*oniie or, rw«rv„. 

in Dungttn,  i aUya »nd !*»?, I-iH7Piaei , in,., u .w4U B„.M„. nn<, 

•islas PN»» ew-wiElnr t* wa.H„r is íiíio,.^ du«  t. , * ,^1...   ,-*.•«*,. 
of  the .reduced ore.      however in th.  L.Uer n*.   :•* M«MC „ ^^ u 

also adopted at the .an© ti». 

I 



VI,    AOÖWItÄfluji 

li «n outaU* forr, Mtll o« the oro to nKctantwUy N^ck it, and the ore i. 
nemesi to n ,i«c vc *.-ir,, %Um thn ilt|4 ^ t> ^^ ln efl||-#q||M|ee- ^ 

I»  th,   ME and   ,t,< i  nroduci,. n,W„  U un   „.. „^   ^   , ^  ^^   ^ ^ 

i. ^onf «Ko«.iy «rod**,« rton th,    l*,% tmme. ««d th, converter flue du„t fe» 
tfcf converter« 

I« «Inc., wh*B th, .UrtU, u MiU. f<t eÄ<ÄV)fttla:  &rp<( ln qaw of 

«efaiaUly and of ImUm *t «ftlcAdi.v «*»* t» th« Wen or truek for 

if »... nm *. ,*, ^.«^ w mm mUHRU ^^u to to 0h^d ^ 

hHH fume,, «u> «*, nl^4 », «* a ,*.„.. »ai „^ bfe ^^ 
t» th. «««»„«I« ««^ of tfc   hUrt ft||||B(}t «memtffl». 

1.       .»Hqttfttlftg 

V* th*> .M* ««M»., mHmn IM..». h**e w. d#rt<îe4 ftJ|d are #ffwtlw|r 

HUT *" M"*"lo lhe f,,>* ^u '** ***** *» -*«» *»«*«* i*- 
«*rfd*, to ü»^. «NH-W h*rdm„ *«** . ^ «^ of cmr 

a* »». u »i» *** Irt^tt.   *>r eher^, tlrto ,u-l „„^   ^ R ^^     f 

NNftlljr eftHed tfc* '»ticattili*.    Th* »«1». *¿m.     » », "^ ***»*•    «*> <w»tlwia •*•«  of ftnf ort uaabti in tUia nutfcod 
I« Mm 10 *»   Th*   i*^. ^ M ltoB , 1M* 
w**-i «     ,* ^ • ^Ka noe;, e otoaite, cement, ."»©en 

2*      Nifldiilfsii»,* 

.„    '" "*' 7""' *•  ,,B•  — ' "   -H—»1, *.,« ta* «. rotBÏÏ Ml.( 

rrr r "*1' *•• ^ -,h- u,,tt,', ,",•, •• "*•- »• «-».«-J 
»inUrin- »»m. ift y,,   Kiln.      T!     -H«       . »«•«»i^uxe a 
.1»        r    -    , 1Ä 

r:,>l r* Wltü'*ftl« ^» .inter«! to anular •Hani'   of  C'<oUt   10   m   ÌCMnn     ..*i A /a*•«u*ur 
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this method wog operated at Oshi niant In Guntm ¡Aine of iiokan Mining 

Corporation (a subsidiary eonmcny of Nippon Koten Com.) la Ja^an, of which the 

process is explained. 

MoAulUini, of fine ore (at Oshi ?lnnt in Gunnr. ,iine) 

This method in the nodulieins (uatent No.225, 416 in Janun) by moans of a 

rotary kiln, which is adopted in Gunnfc Iron ¿line (oncrated under tho management of 

a subsidiary company of Kinpon ICokun Corporation). 

The or« beds in Gunma &ine are caused by the limoni te ore bed mined as tho 

direct shinning ore.    In addition to such oro beds» the wine also comprise s 

martially linoni te (aPcgOy^O) beds and laminates of jarosite (I^O.JPe^j), and 

these layers are called the low «rade limonite for thoir low iron content. 

Chemical Analysis of Low Grade Limoni to 

C.V. F.üf. 

IJf 15& 

The outline of tho anplleation of this method is as followsl    the above low 

grade ores are orushed to below 30mm and oharffed into the rotary kiln, then, by 

mean« of heavy oil, the sintered ore by nodulising is produced through the 

processes of dehydration, desulfurisation,  sintering (temperature of 1250°C) and 

ooollng. 
The sintered ore by nodulisinS is generally contorted into the hematite, and 

granularised (sise i 10 - 30mm) in the proximity of the discharge mouth of the 

rotary kiln, and put into the product storage tank after cooling. 

Chemical Analysis of Sintered Ore by Nodulising 

T.Pe 

575& 

FeQ Si02 I ¥ Size of Nodule 

10?!» Sf- 0.25* 1.3* 5$ -30mn - +10ram 

•H 
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71,600T/Yct:r 

39,500T/ïuûr 

55V. 

The rine ig equini with two vniniy Mina (2.3m  lin. x 38m),  of which the 

results of o^orction sr.   c« follow»! 

/.nnual  sutmly cf  lew çrrde iir«*  (1961) 

.annuel nroductior. or *iut»>ifcl ore by 

noduliziníT  (1901) 

"roduct ylolit 

(ccmeity cf rotary kila)  ..:..   lCOT/Mry/unit la sintered products) 

The construction cor*t of tht niant und th  cost of direct services (excluding 

the cost of ehorrM im svnúv or,*, tho east of ¿ceciati 03, tho tignati on of 

expense of the ht-«id office) UNI 

Construction sont i ¥200,000,000 (0555,G00) 

Direct cost of production t *lF7t?/T (S4.7T/fl 
3«      E interine 

It vag ta iva* that the taethol tv charge th« «reiared fine ore« into blast 

furane« WAS started in an industrial „cnH in JWM,    The A.I.B. no ehi ne s were 

introduced t« ïawatr. Iron tfork« nrA th«. iMjht-loya sintoring menine* to K&mithi 

Works, and in the n*xt year the Qr«unc*-.lt ty«c achines have cone into operation 
in foni«hi Iron Works. % 

Thie B»thod ha« cent into »ido use in the country sinco thtt ti«c, and the 

production of sintered oro in 1961 (includine pellet) reached 13,370,000 tone. 

In these days when the inmortance of tho sintered ore and tho pellet ia the 

blast fornace oprati on hue OIKS recoil ted moro clearly than ever, the sintered on, 

especially tho self-flwins sintered oro will be watchod with keener interest in 
rotation to the coke re Mo. 

(1)    »fttHM Of finft QK to ho usod for «<ntf,TÍr 

Serven Analysis of fim QgQ 

(Foed Bew ¡isterie!) 
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Aperture 
according to 
ASTií »creen 

For sintering 
feed 

For jtolletlsing 
feed             ; 

3/8*                      ! 4. If -> 

1/3 2*3 - 

7 mesh 11.7 - 

IS 7.0 «t 

35 27*1 - 

43 18.2 »     .   ,   . 

100 20.3 0.4 

110 2.1 11.6 

200 4.1 n.d. 

¿30 3.1 11.3 

-«30 i 76.7 

Ac «hwrn in ih© abore table, «M> »»mer limit of the »ite ef fin© or« i» 

10M (i") and these in a condition of sis* distribution that the mixture of flu© 

Tttrtiol© of minus 100 mesh is les. than 10?. aro regarded nror >r as tin* «intarlile food. 

the site distribution of »Ínterin* feed fine oro in Ja**n is as «hewn on the 

attached grain. 
It i« reported that, in the «Ínterin? cmeration in Ï Iron Work« in the country, 

I* decrease in fine ^article content of minu«(-)l50 me«h resulted in 0.6T/hr insroase 

in the «interod ore production, and 1 BTÜ increa«e in the permeability brought 

0.21T/hr increase in the production. 

(2) futtfifir ftrii mi miM 
TTincinal raw arterial« «untied for nroducinc sintered ore in Jat»n art the 

ismorted fine ore, the fin* ere causea by the  «Ulne for *>re*ioration, the irrito 

cinder, the ironsind and the magnetic ore concentrate, and a certain quantity of the 

fine ore« generated in the works are added. 
A« previously indicated,  several -.rent nf «ulveri«ed coke of below 3mm and 

fine limestone of below 3mm as flux are added to the raw interini oí  below 10mm, and 

after sufficiently mixing and adding moisture »f about 10? ,  this mixturo is sintered 

at about 1,200°C. 
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Strict' the- product thus imnufaetur-d hs8 - hi:;h norotity nnd a ^ood rclucibility 

the rati,  of utilization oí ^"^^FoVe is^^ 

nr'< .îvsB tji iiat^  ol Sintere;] Oro 

  Utili«rtion in ¿last furnace   

ïenr 
Country'      ••—   ^_ l*5b 1>5V I960 I       1%1 

Jp-nBn 53.05 *•*•<# 47. Oí 55.8? 
United States 3o.S .   ! 43.8 51.0 53.0 
U.S.S.E. 56.3 69.5 70.0 7-Î.0 
United .ünp'lon 3s.3    J 43.0       | s6.3 48.0 
West Germany 41.2    | •2.C       ; 46, ¿< 48,0 
Italy 63.5     i 

i 
02.0 56.0 54.0    J 

Anón;; th(¡ irrite-« eontciiwd in the sintered u,vlt tht existence of the 

nrsenic  (A.) i8 esnecírlíy significant, änFit "i«'^utroily known tiuU i,he r««i*wl 

iwneftta«» ol Ai is rtlntivoly hi7h in ecst of «hu self-fluxing sintered ore 
containiiv CrtO« 

The nrincinal rt.v materials of the  sintered oro atv the fin« oro« of «petite 

nnd hemrttite, nnd in   »oth sclí-fluxin;: :.nd ordinary sintered ores, the mûjnttit« 

brine: exothermic renction durine tht   «Ínterin- operation is «referable io the 

hersitito or limonita i» vi.w of the ovemticnal efficiency. 

4.      Relativo „writs of Sintered Oro r.ad *\>llct 

In nronortion that the control of M„t fWce aeration i. nromoted and the 

rationalisation u-come. nor,   „xhau.ti*., comitive discussion, of the sinter«! ore 
and the nellet will   'écorne- mori, fictive. 

SMoatlaUx, it is the coman -wait that the fino ore-« of a sise «itafcle to Me 

•interine are used for „intcreJ ore, and those of n  ,llt n0re flne ^ %h& ftbWe 

are used for «eilet.      Ores .reduced in a min, aro, a. a matter of course* charged 

into Mast furnace in tlu  forra oí „,Uot whi,n thOBC  Wct ftr|> ^^ ^ % ^^ 

-rade  by the  Inficiati on ^.,1»,; after finely grinded as an cmemtional 
condition. 
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It li Hrttttti^ im-o«i!»l« to corner     tlic   .«.»nnniicUti     .-Ut.«« «u   »int.r.a 

o» ert ttw n*li#t i» tn tettttl fur»«. »  i» vhw a  tm   -r* ..ut a* tut*ami 
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tncte miei to tho «Motion cUUUney. 
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VI!.  CUSCU'SIC- 

m .ir*vimmj\  a**ni í juin:.  uii«<.-•,-«ì i-,.« •    ,,. •    *•   ,.-•        • -JIU '» ul,"-,Pi^"' «»*'' '.«•."»•• t« m a reino > are«,  of which 

th- „r.. Uv,- *o »„ IM.M   r.}i»r,.>, a,    .,    :aylilf   *.„ í4i..   ¡„«.Ici.,, r,w ^tsriai* 

Waau.e ci   ih* „«.raphl^l   ,i ...tl:,,,.  ,r ».h-rorn ^at, »hi* eouW not be th. 
ot>j«*t„ f„r ^.lo¡K!li:il   l,fay¡,    ni   tb. iov    rüu(   o(. ^ ^  ü   ^^ of ^ ^ 

«••Mitt.* ,f  ^o.ii..  a,, M,, »„aômitl    ,,olJl,lM iiS „^  8<mveos ef lronBtkl||S 

r.,   »f rl.l,.  with t*. J.vi^„t „,- tll, ^„„i,,., wl,it^ MV, s^ofieiaUou.    £hU 

•-•«.. that  a ««,.,.r   hav|.„   *»ah  m. ^„^ ^  Vt>r>   ^  ^ ^  ^   ^^ ^ 

iWU, .„I:   I,   ,1M. .vaila: ill*    ai -4.^1.1 f «1 a,   I«, *,„<  U antiei^. 

«* •.n.,m> ai«,: u•, m,phu ñrmm ar A ^ grade wlu ^ ^ io 

•      A**0P*d •'*»••• *«• «applviLb irot»«kií»H r*w Material». 
¡«e  ft»*' er<? f'i'   hit'»   •«*«!,      ili ti     *     , j   .  . 

"    "**    *IU  '     uhh" *"  s*>-'; Hopeful carketa for f>ra4i*«i»g 
•inured or** «,   ,.U   ., d-^n,^  oft »,v  ,i«, 0.- t itte ori.§ 

'«* .r.. a.   |«„ ,,*.,,   ln.44«,,« ,     t;.   „^^H,    .,,- „Uh ^ dr#. ^ ^ 

r^r,i .. hi..h «„.,. *,„,,ir^   ,„,. nf „„.^    ^ ^ ^ ^ ^ ^ 

tk. ^r«« «*.  to UH   N*rl,mw „r***..,  «aï  »*.„,. ^^ v|1| ^ ^ ^ 
to tht   il<m Worf- Ät n»a»i>r»Ul ha*   ¡,rier. 

-.T.*,  IMI. *,.*  ^ availaHH»,   ^   ,fr   nf,  rtìS,pv„ ,, „^^ ^ ^ 

than expeet«?«! 0r» rí^-rv**    <~. .-'nt      -, *i       f 
,.      u 

ftî      '' Uu' *lw'»» —* th" ***». '  »if« tew«, ia^ar 
^ ^,  „,  th(. aa .„.:!.   ta r...l^ a «.. fWr(tol.( p;^iUt,   in t* 

^'W * "^ •nini1 f,i fc — '•«»^ - '- «-V- - io ,v a»t«*d and tto 
«Uhiii^ oí   »»«h a mir,   „ ,.  mmtrt , ,„   ,._ ,   . mi   *   >«*i* v, m {*. ruistid »ip, 

•»••«••-I«.-. i-.fhni.,u.a, <.a,...»iaU.v <h««a«natl« 

<11f!fr«nti<il  i Im at i-..      , : j, •  ,,-.,- 
,„    tl "Uti"   r"»,'"-r    '••••r.»l^ Iron .amtnatlta  in 

-m -i hi,»,        . "  '      ''",41    ,}   ,l»11    «t-   ew- b    r.»a.»/„iva 
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A« a roault of ih© adoption of pellet to bo eharged into blast iurnac« 

ma the prwiotio» of dovelopwmt of the diroet reducing ironroakin« proceas in 

ro«o»t yearn,   it  is expected that the demand for fin« ores v,ill  «tuudily 

incresie in ih« futuro. 

I believe that,   if tho heavy media •«-»ration,  tlw magnolie separation 

and the flotation are properly combined, «hilo taking the kind of iron or«, the 

*«al« of the oro depo.it,  th,  dimane* of transportation of product», th« 

g*oe*ap*4eal Matiion» of  the mine, o«.e.  into consideration, nut only low 

grade »agii»tite devait, but nonmagnetic low grade herntit« and liuoaH - 

depo.it» ieft nanead for many year» for th* dofavourablo economicality havit 

hoeafte posible to bo developed, and conooatratod ore« from tho^o deposits «ay 

be supplied t© the iron work« en the eoaweriaal basi«.   . 
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TEMÂNGAN   DRESSING PLANT 
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FLOW SHEET (6)     ' 

BUKITBESHDUNGUN)WASHING PLANT 
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