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tOCtiO*   t. fati« Of COBtOBtO 

toctloa 2. IfttrcHtuction 

•«•Miry of atónito 

Soc t lo« Ï. Laioritory ft>ol«iotloa of loaoriyo I roa Aio» 
(MS1I-* è O 

1.0BOritory tvolaatloa of aoaarlyo Ito* telo* 
NUoto (MS1I-M 

toctioa 4. 9m »col« looto (MftU-l) 

•actios I. aoac*. Staio me Pilot Float loo Ciaf of 
•ofeorlyo Ita« Oro (Mlli-t) 
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1« »irtH lt?0, tat uaiteo IMUH I»Mt*rUl ImlipiM OofMlMtUa 

(WtW) mmmé tvlMoU-DroMlor CMowy, * MvloUa af HI MM IiewfwiM, 

tlw contract  (ITOIDO Contract Ito. W/M) far tat Mack «4 M* teal« toot« of 

•aaartyM (UA1) tra« Or«. 

Ito »urooo« of that otway it M «aalltttlMly oat aal la* »MtMi oc aat taa 

MéaelMllty cHaroctorlotlco af el» MM aaaaUo af CIM Itti ore aae aallete 

are «futi to, »attor, «r UM» taa* tat MCIM 01m 1CM) IMI or« Mick Im 

MM pncNMi cMMiiUUy la the »yt laeaae IM« aléate at Mmiiii», 

NMIM. 

tlw MBCtl  Male   tOOti NN eeWfMa1 a** If  KM MMlOMMt MVUUB of 

MMill-MHUr Of My M4 tlw report cewrlaa taie «Ml it la toc t 1M 

3. 

iM  M|  M«M   tOOt» MM IMtoCttf  *? CM MMUKh M4  iMOlOMMt 

Mat of Hojalata y uatea, I. a. at HMMmy, M. L., MS Ico.   Tlili MM it 

reporte* la tact 1M *. 

Ttw r««ulre4 »eaeflclettM tee* a ma pellet »roéactUa of tat Mtwrly« liw 

ero MO MrfonMd for Svlaeall-ftreMler flea*. m§ ay the Nlaorol INMTMI 

KoMorch Coator, Ualverolty af NMMMM, NUaeeaello, NtoMMta.   Taalr 

report lo la factlM S. 
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HHunr or HMM 

i.    lavala Na. J0511-A - napraaeatativn rwn-of-alne »anale ef tonavi»* In» or« 

Iron Content:    M.57X 

The scrim analysis  Indicate! that 77-7Ì t by weight  is nini» t.S 

aiiliaeteri (3/1 Inch). 

Th« oit, «s tested,  in «x trenti y fr Inn le.    This would explain 

the ex let enee of n high canceatratiaa of fines fatene in the »ample. 

The HyL procese requires the lana ore fane* to ha M-ttX • 10 allu- 

na te re in order to kanp within tha required preeenre drop and suit aale 

flaw dlotrleutlon within the rane tor.    An this Bnhnrlan ore sanala 

lndlcntes thet only 22-23 X of tha ora in • 3/i", it is coanldarnd too 

fina for use in tha HyL process. 

Ore noaeflciatlon in recoanandnd for thin ara navale, in orear to 

lncrnnaa its Pe cancaatrntlen and tn utilise tha finan.   Thin weald 

re nuit in cent envines nt the aalt aha*, during tha aal ting proceee. 

If tha ore Is beaaflclated and than palletised, it la anticipated that 

tha raaultlng pellet will he saltatola far the Myt direct reduction 

procane. 

-2- 



I 
1.    taaate M«. Itili-I» I^Hfliltt» wat-ajina aajala «f laJiafiya Ira* ara 

tra* Caataat la tav Ottt   41.HI 

faa raw ara **a aaaaf lclata* «4 aalUtlaad ta prea*ea « Ml H 

peli«c.    Hit« «a« acMava* «jr ——a ef aallatlait« aftar «agnatlc 

raaatlat aaë *a§a«tlc caacaatratlaa.   Taa aia« of ih« ftaharlya 

•allât va« aa aa avara**, «aalUr thaï tha «taaéard Aliaéa Ftlltt, 

fcwt Idia alta 41ffara*tlal aaaaai aa praala* for tht HyL Direct 

Hia taat taattlta Uéloat« tliat tte baaaftciataé laaarlva 

aallat a** a***' aatalllaatla* ani §*ai alqralcal »raaartla«.    latch 

aatalllaatla* taata lamicata that tat ftaharlya »allât cnaipara4 

f**ar**iy atta ta« Aiaaaa »allât. 

T»a iaaarlya la** oslé* aallat, aa**l« SOSll-1, «fatar« ««Itati« far 

tha araéaetia* af aawaaa ita« ay tha Nyf. 4 ir act raauctlo* ataeaaa. 
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1.    feaale NO.  MSll-C - lavale of higa grade aaharlya Iron or« 

ee laclad at alae oit«. 

tran Contorti    lt.07t 

flM MINI aaalyeia Indlcatee that TI-714 fey weight lo aluna t.S 

al 11la«tera  ()/• Inch). 

The ort,  M U*ated,   i« catreaely  friefele.     Tala weald eaplala tha 

••«latear? of A high con coat ratio« of fino« found la the aaaplr. 

The HyL proceaa  rehuiros tao  1 «aap oro  feed to feo 9S-MZ •  «O •1111- 

etvter« In order  to keep within the required preeaure drop «ad awitaele 

flow distribution within tac reactor.    aa thl» lafcarlya ore «ampi« 

Indicated that only 22-231 of the ora la •3/1",  it  la eoa alea red too 

fia« for aae la the a>L proceaa. 

Ora feeaeflclatloa la recua» »a dad far thla ota eeaale la order to la- 

crease ita Fe concoatration aad to utlllae tao fiaaa.    Tala would 

reault la coat aavlage at the aalt ahop, durlag tae aaltiag proceaa. 

If the ore la feaaeflclated aad then pelletlaed,  It  la anticipated 

that the resultlag pellet will fee aultafel«  for the MyL direct  redactlua 

proceaa. 

(4) 
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(JOSU-A è C) 

mioo ooÊTmcT n/m 

m*mii-mam* cmtmcr mu 

MVltlMI 

April It, lt?l 

' /Jjral.4,—   / tifi»* »»« 
». §. <HMH/P. 
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I. 

of §«Mrlya ir«» »n »•*• 

tm Hjrí. raeacttlUty •«•**•.     o 

líate «ff« (SeSU-C) mé UM «tter 

«• (MSU-A). 

iltt.d 

KM • kl* 

•f 
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ft» Mttn 

It. 

Mit« •!/•"  (im*)   «ft*     )/•"   CfiM«)   trmtim», 

ff«ctt«M Mi «m>*fa«ftlt •!   MM ftMM fracti««« wit« 

M*m 

H i «I, 

•i/r. 

u.; 
II.IM 

ti.t 

Ü.I 

ftt* 

U.IK u.m 

-§. 

i/r, Ti- 

li. 

I?. 

;?.o 

??.! 

** • 1.1» • at.M 

i-i/r 0 • e e 

i- l.Mt a.tu li.t* li. li 

we" I.HI i.m H.t? IS.lt 

i/r *.Mt i.tu 9.»4 M.M 

i/r i.*a t.ift li.t* M. ti 



I ti. (continued) 

I 

f 

SIE VI High 

>  -1/1" 

Run-of- 

% mim«4 

Hifh 
•JBUEDL- 

Run-of- 

1/4" 0.441 0.447 7.13 7.41 

4 mmmU 0.257 0.192 2.M 2.14 

• 0.992 1.144 11.03 12.71 

14 • .SM 0.914 0.02 10.40 

29 0.999 1.5 JO 10.10 17.00 

40 1.291 2.100 14.29 25.S4 

1« 2.1« 1.2*0 24.30 15.20 

1» 1.105 0.413 11.21 4.93 

I'M 1.02* 0.229 11.40 2.55 

9.997 0.9990 100.00 100.00 



I 

ni.    flWUÇAl tmm* - ¥w QifP 

Oven dried portions of the raw ores wer« analysed for total 

iroa, aille« and chaaical water. 

Hi|h Run-of 

Total F«, X 51.07 56.57 

sio2,   X 1.23 3.06 

Che»ical H-0, X 6.47 7.84 

-4- 



IV.      C0WCLU8I0N AND DISCUSSIONS 

The resulti obtained fron tht screen and chemical analyses Indicates that 

th« Iron ore samples (50511-A & C) are not suitable for direct reduction. 

The HyL process requires the lump ore feed to be 95-98% + 10 millimeters 

(approximately  3/8") .       This minimum, + 3/8" size requirement  tor  the 

HyL process,   is necessary to keep within the required pressure drop and 

suitable flow distribution within the reactor.       The Bahariya ore(s) 

(Sample 50511-A & C)   indicates that only 22-23%  is + 3/8".      Although 

this is not a decisive factor in the final Judgment on an ore suitability 

for direct reduction (since it could always be  corrected through mining 

operation), it indicates that a siseable portion of the ore will be lost 

during the screening operation.      Usually, if an ore tends to disintegrate 

and produce-3/8" fines, a pelle ti cation proceas is recommended.      On the 

other hand, the chemical analysis indicates the iron content of the 

Bahariya ore(u)  is between 55-58%, with a relatively high amount of 

silica.      Usually,  such ore is not recommended for direct reduction as 

it would lower the efficiency of the plant (direct reduction as well as 

melting processes). 

So, it is recommended to consider a benefication/palletisation process 

for such ore(s).      Such a step would increase the efficiency of not only 

the mining operation but also the direct reduction plant and the melt 

shop.      For relatively good ores,  it was found that the use of pellets 

in the HyL process,  rather than ore lumps, would increase the direct 

reduction plant output by about 20-25%, while reducing the fuel 

-5- 
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XV.      CONCLUglOM AMD PISCUSBIOKS       (continued) 

consumption by at leaat 10%.     For the low iron Better iya ore(s), 

the anticipated gaina obtainad through a beneficiation/pelletizt- 

tion process would be graatar. 

For the above mentioned reasons, no further reduction tests were 

conducted on such orc(s). 
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I.       INTtOBUCTION 

II.      RAM HON OKIWt FILLET TUTS 

ScrMa àmmlfëU 

CrushlKf ItVMfth DattiMlaatim 

ChMileal AMlytia 

Ship» la* lulk BMMlty 

in.    «iwcTion UMHUNMTI 

Unti« Partiel« iKyct—>• 

latoh toáwti— laaarlaaat 

XV.      OltCUftlOU Of iMULTt 

V.      COMOUIK» 

F1GUR18 

7 

10 

11 



X. 

This report contalo» tha rouit« of bench acala HyL rsducibility 

tMti conducted on • sanala of laharlya iron oxide pallata.*    fha 

pallata wera prepared fraa a beneficiate* aaaple of run-of-nine 

ora which waa aubaittad by cha United Netloaa Induetrial Develop- 

it Organisation (UMIDO). 

Tha taata includa a aeree* aoalyala, cruehlag strength ned 

•hippiat hulk deaalty da termination, aa «all aa cheeical analyola 

of tha raw pallata.     Thay alao laclado alafia partiel« and hatch 

reduction runa. 

Tha data ostala«* fraa thaaa taata vara coapsrad with tha raaulta 

of tha aaaa aariaa of taata conducted aa our standard ByL Alsede 

pallata. 

• Saapla No. 50311-1 

-1- 



A. 

II. 1AÜJIÍ 

Ik rum* A»«***!* 

The «enta aaalyalo «M ru« t M CM «tlN IM*V lj« MlUt OMOla 

rocoivadi 

. SilXL. MÜÉÉ PfMrtr«. 

12.7M   (1/2") 13.17 0.00 •o.ia 0.00 

9.31M (3/t") 3.43 1.25 19.12 6.44 

6.35M (1/4") 9tW 0.00 *?.*• 
17.30 19.40 100.00 100.00 

>•      Çf¥fMM »fMtfc Pttt 

Tm Alud« pollata of aaoroilMtaly 1*24 i 

laharlyt pollata of apprMiMtaly 1.00 m 

•val labi«) wara cruano« va lap, a laboratory 

•troaath atta «tra M follava I 

(laraoot alta 

TM cmohlnp. 

AlMéi 
laharlya 

»0.0   -   136.4 

113.6   -   136.4 

•1.4 

122.7 

t 

c. 

Total Iron, M noli M 

carminad by wat ctJMlttry 

ama forvia Mièta of lrM «oro éa- 

tracnéaroa.   IM noulta mio M follava» 

.f. 

Total fa,   X 06.21 if.72 

HoMtlta,    2 #4.66 •5.04 

Mofttotita, X ali 1.03 

Aval lab la Onypon (ealaolatoa), X 21.40 25.03 

Cangua 5.34 13.93 



II. 

e. (cantinead) 

In addition, tita laanrlya raw pallata «ara aaalvaad far 

l>. 

TÍO«,  P and S: 

Ti02 • O.M X 

f • 0.314X 

1 • o.oots X 

»hipptin M* Pwwttf 

Tha shipplni bulk danaity af tha pallata «ara datatnlnad 

for cha pallata aa racaivad, i.a.f without furthar siaa 

claosificationi 

•aharlya 

2.01 g/ec 

2.ai g/ee 

I 
Î 
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*•   fiÊÊkf rifluii i 

TIM«« reduction exaarlaeats war« 

in a Stanton Ifcernogravinetrlc 

following conditions: 

Reducing Gas Conposition 

Reducing Caa Flow lata 

Average Pallat Dieneter 

Pallat Weight tanga 

Raductlon Tenaaratures 

•t laethemal eenttUtloM 

(Nadal IT), «near tha 

61. SX U2 

IS. 7% CO 

7.11 C02 

1S.7X M2 

0.2t iitere/ca2/nln 

O.M ea 

l.tS - l.tt g« 
•00 - 900 - 1000'C 

Kaeh pallat waa heated to tha eeeirad tenearature level ta a atraen 

of M2, than radica   leethemelly.      Nam tha« ana taat «ara mm* 

at each ta»*«ratura lavai ta datami«« tha reproducibility «f tha 

rcaul's.    Tha data obtained for aach ¿««paratura lavai vara eval- 

uatad by plotting tha parcant fraction raductlon (R) va. ttea (t) 

aad comparing thia curva with tha "standard" raductlon curva for 

tha Aliada pallata.    Thaaa (1) va.   (t) curvas ara shown in Figuras 

1 through 3. 

On tha othar hand. Figura 4 eheva tha tanparatura dapandanca of tha 

chanlcal raaction rata constant (k), ««ich waa confutad fra« tha 

slopas of tha tannent te tha (r) va.   (t) curva (at aach of tha 

-A- 



III. 

*•     fallet PirUfit, 

B. 

(c««tUU«d) 

ttir«« t««a«rature l«v«le) «c tla» t <, 2.3 «laut«« (*•*• riiiitMu 

to gaa dlffualo» la Mgllglble).     11M slop« of «to straight 11M 

of tho logaritha of (k) va the reciprocal of tho absolute t««o«ra- 

ture (i.e., Arrhanlua Plot) la a aaaaur« of tha activation energy 

of th« chemical raactloa between th« oxide(s) of tha oro and the 

reducing gas. 

Batch Reduction Imprimant 

A one-kilo batch of -12.7s» (l/2M) • 9.51a« (3/iM) pallets IM« 

raducad la a capsule placad la «M «laatrlcally h««tad furnace.    Tha 

reducing gaa flow r«t« was 20 Uter/alaut« «ad th« gaa coasosltlon 

was identical to th« OM IM«4 ia the slagl« par tic la reduction tests. 

Th« reduction was doe* isotharmally at a bad te«*«retur« of about 

WWc.     The pellet b«d «Ma heated «ad cooled la • stie*» of alt roga«. 

Sa*»les (9 poluta «a«h) «MN rvawvad from th« t«f, aléela and 

botto« portions of the reduced batch.      lach sammle was dropped 

ten time« froai a ¿letama« of 101 «m (a sismi at ad Impact tMt).    Th« 

portion of th« sample degradad to 1M« thaa 9.Slam (|/iM) was th«« 

determined. 

Al suda 

Hahuriya 

0 

IS.01 

0 

31.44 

-I- 



IV. (tWkttMté) 

I 
I 
I 
I 
Ï 

Th« «itulatad iapAct —A  t«*U IMU v*rifl«4 the effect of 

cracking and avelli*« phMNMi of the iftherlya pallets 4*rU« 

reduction.  The high percent of th- -9 ."51 wn(-3/8") fraction 

after the degradation tests, resulted vmh'iy  from *.n dring 

way th« chips resulting fro» the daep cracks for*»«1 during 

reduction. 



f. 
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H» reenlto efctelnnd fren alngle »article end Bached bed reduci- 

bllity tette indicate that the oemeflcleted Innarlya tállete, 

IM this evaluation, were of • eilghtly loner grade then the Aliada. 

i'helr  reducibilUv  inprovad at  big        • pp>.,tnrt   .ivi*' • h<   , tue M na, 

and swelling phanonmna that accompany i  : n«   rf     . m i , r.   i  ..-. . ¡l- 

1tatlag tha gaa aovoaeat te and f roa tua utt react ad cere. 

This labariya Iren anida pellet  i    suitablt    or direct   reduction by 

tha MyL »roceee.     •? farther beneficiati!«  ¡.he  Sa ha riva  iron ore to 

yield a higher iron contant concentration than the 5« re ea*oie uaed 

in tkit etndy, a coat eavlag »»nid We rea 11 »ed at the wit Mf, enrlng 

the Mltlng »receee.    Alee the nee ef high reduction teBfreretnree, ere fer- 

atly tha nente«« a lleve» le, le rua—wiii, te erdnr te 

-It- 



tu. 

I. I 

iMrtat «f 

Mnipfd «ritti 

of  tM brmmm 

•IM, «M MMM4M4I 

• ta § MWéI Jt* 

ilfMfft. im IS •¡•um.     AM ta, ttw « 

Mettete«, I.e., MMlUi ihM I.UM (ì/tM) 

in 

mmé ta IM iMjMt m 

ffM MfMttt  MlftlllMtlM.       UM 

iUM4 Iti«  Me M«  MM»   ta 

MtêlliMIltA wlW PMM4 M4 

••M>rlM MIMM. 

11.4« 

I   tMM UM MftlyM* 

fMlUf  •!   llMM  MllyMI 

•M »Uttoi tM Mth MM 

TM 73.0» •l.ll 4.Ü •.H «.14 11.* 

NiééU 7t.es 71.7» «.Ol 40.4* 17.11 M. »4 

Hi>lt«W M.tO 71.11 77.0« «y.il •?.!• «.» 

C.WfKMlUli 77.fi n.tî »ai ».il 41.11 M. 1* 

I 
I 
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Í 

tv.   MMKÊÊÊm or MiULTi 

I 
I 
I 

UM Mí— eeelyeie a*Me*4 the* tha pallets were, on the average, 

§ of «nailer elee (IMB CÌM Standard Altad«.    Alaoet 9SX of th« pellets 

wtl in the range of -t.51 at (3/8")  • 6.35 m«  (1/4").    Th« crushing 

rtrength  shoved  that.the  brn< Hciat* ,1   .--Mr'M  f11'^     lad a higher mean 

crashing  strength than eh« AUa4a.     NevertheUss,  the chemical  analysis 

»home that th« »eneficiated lehariya p«U«t« still h«v« «bout 14 X ««ague, 

| with MI iron content of only 59.7 X      Due to the «v«rage «mall site of 

th« Mil«*«, tlM ehippla* *ulk density «ae higher than th« Standard,  i.«., 

I t» to 2.4* f«/cc.    Thie «l»o could result from a denaer Baharlya pallet 

m olirli to tlM Alaaee.   The sl«e,l« partici« reduction t««t« showed 

the* HM honeflciete« e»eariya ««Hat« 414 »et lend theeeelvee to tha 

I reewctlo« process, at lanar temperatura«, however at higher 

I anon at lirai (10K*C) the reductio« compared favorably with tha 

Aleaea aúllate,    it w»e act lead that the palista •bowed «one 

aapaaalam, eccaopenied ay deep eurfac« crache, durlag the reduction 

praceaa.    Ale« aetlced, wee the presane« of a "lei eerio4H between 

I the reduela« gae on the« and the atart of the recorded weight loee. 

the «eos-ltuee of thia tlae-lag decreased as tha teapereture i»cre«eed 

I fro» •#»• te 1000'C.    The energy of activation of the chaejical re- 

ectlea between the evades and th« reduci«« gee Indicates that the 

•efcerlya pelleté anhlhltad a greater reepemee to teneerature variation« 

I the» the «lata» poliste. 

AUheegh, e« the »lero-.lngU particle reductio« level, one pellet of 

f Alaaee reewced feetor tha» one pollet of leherlya, dae to welfht and 

parity difference. In the «acre-pecked bed caee, the aitanti©» «e* 

different,    let the ease aneant of weight, reduced 1» a packed nod. 

-7- 
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IV.    DliCUillOII OF M8ULT8    (Contimit) 

tht avare*« «etaniaatio* of the lahariya vae higher du« to the largar 

exeoeed eurfec« aro« M »ill •• the «maller «want of iron ptr «it 

of weight. 

Furthermore, at each temperatura Uvei,   if one tikes  the traction 

reduction attained by the • ingle particle(e) at diffère« ti «e intervale 

and relet«« them to tha fraction reduction of the Aliada pelleté («• 

che Standard), and call* thet value tha coaparUoa factor (F), the 

following value« will b« obtained» 

10 Kin. 

r   s 
1.0 

a*áM£ti*m F 1 leduetioo 

77.0 0.70 60.0 

20 Min. 1.0 H.O 0.99 94.9 

30 Mia. 1.0 ff.O 1.00 99.3 

10 Min. 1.0 47.0 O.ftl 21.5 

25 Mitt. 1.0 74.0 o.to 41.0 

45 Kin. 1.0 14.0 O.M •3.0 

w*ç 
10 Hin. 1.0 41.0 0.35 22.6 

JO Hin. 1.0 77.0 0.71 54.3 

MI Hin. 1.0 13.0 O.M 74.4 

MOTE:     F - He àie« t lo« Fr a« tie« 
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lAHARIVA PELLETS 

SINGLE PARTICLE REDUCTION RATE 

at 800*C 

AS COMPAREO TO ALZAUA PtLLtrS 

100» 

! 

Î 

I 

Tin»   (Ntn .) 

R-€tt Fit* Rift 0.21 1/OTHltfl. 

R-€M C«aptt1tfen fl.H "i 
il. n CO 
7.1« °°2 

11.71 »i 

Fig: 1 
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Mill 

•AMMIYA PfLUT 

SINGLE PAHTICLE REDUCTION RATE 

«t 900°C 

AS COWAJKD TO ALZADA PELLETS 

I 
I 
I 

S 

Tim   (Ww.) 

«-fi* FÌ9M Mil t.lt t/•/«•**. 
l-«M C«pMH4«li •1.11 "l 

11.71 CO 
7.11 CO| 

11.» 
"» 

F1|: t 

-11- 



I 
I 
I 
I 
I 
I 
I 
I 

I 

Mill 

MMMIVA PELLET 

SINGLE PARTICLE REDUCTION RATE 

at 1000 C 

AS COMARCO TO ALZADA PELLETS 

JL 
10 

Tim   (Mn.) 

R-lM Fit* ft«*        O.tl t/«/-«t*. 
R-lM ewpMUfw   11.M Nt 

il.n co 
7.UC0, 

tf.lINg 

Fit: 3 
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lAHAftlYA PELLET 

TBPEftATUK DEPENDENCE COEFFICIENT 

OF SINGLE PARTICLE KINETIC CONSTANT 

AS COMPARED TO ALZA« PELLETS 

ALZAOA PELLETS 

MHMIYA PELLETS 

AM   •   f.7 k-cal/f n»l« 

AN   •   4.S k-Ctl/9 Mit 

FI9: 4 
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ifwíndtU Company 

Mill 

MHAIIVA PfUiT 

VARIATION OF METALLIZATION 

WITH PACKED BEO DEPTH 

AS COMPARED TO ALZADA PELLETS 

if Pacte« to* 

Flow of lltovclfif tot 

Aoductton Copulo 
Weight Of On 
Si» Of Polliti 
K-Ga* Flow tato 
R-Gas Composition 
Reduction Tooporttwi« 
Reduction lim 

It.I c« itMttr 
1 kf 

-1.27 CM • O.H on 
M UMTS/Mill 

tt itnolt-têrttcti ORitr. 
«0*C-T.C.(^00*C 1f» to*) 
«t Mill. 

F1§: 8 
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REPORT OR  BAO SCALA TESTS 

g/D JOB *•.  909U 

10 JAUTA T UNIRA,  8.   A. 

RMMrth   Mi   RttUfat 

Maatarrty,  N.   I.    Nfcit* 

Praparaé by: 

lag.  r. W. MacKay 
Hg.  E. R. Martin«! V. 

ffMWt>< »•» 

Iftff*  •*••*• *•  Ptft* 
Kaaafar 
»•aaaroh i Dtralaaatat 
Hojalata y Liai»a, 8.  A. 

Traa—ittai tat 

Nr. (1. F. Joaaaoa 
SWÏRDILL DRI8RLER 00. 
flttafcurgtt, Pa. 

ftaraary k% iff2, 
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m m* seui t mm 
•/• ¿01 ••.    90511 

The bag seal« t««tn for Egyptian iron ora*on contract  50511 have 

bean carriel out at Monterrey Pilot Plant. 

Three wire aoah »age,  eontalning 5 Kge«  oaeh one of Egyptian iron 

oro, «ere groupa* «ith aanplee of Altada Pellote.    Croups   -f ? bags 

(Egyptian and Alnnda ere«) «ore plane« at thra« «ifforent lévelo 

in tho ronetor.    The reactor oaa enacted under «ornai condition«, 

the charge van oooled natii the Tt-12 acuire« ao'c for at leant 

2 honro. 

Por oneh eeaple »ore eoterniaated : tho ohooìionl analyala at iron 

ore and opongo iron (at 3 levalo), tho peronity of opongo iron 

(nt 3 involo) aai tho reoiotnnce to oonpreooion for tho opongo 

irò« (nt 3 Invola). 

Tnblen I and II 41 eel eoe n enawery of tho re nul te for each aanplo. 

Figurée 1 an« 2 oho«a tho photograph of oneh onaple,  th« photograph 

containe iron oro nn« opongo iron of tho thro« different levels, 
together «ith tho photograph) thoro are 000» eunlltntlvn appreciation 

of tho «ponga iron in nnoh bng, nn« 00—nato oa tho reducibility 

of tho Egyptian iron ere oospore« «1th the Alando Pellets,    in 

Table ill aro «Haan th« operating oeaditloao far tho hag toot ran 

in tho rilot Pleat. 

*   lanpl« 50511-« 
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% f Total 

« r«e (itt.) 

* MMtltt 

fi t«lf*»r 
f| rtl«#9fcf V9 

ti Mi. 
* 

60.1 
0,} 

•f.1 
•M 

1.4 
0t 00? 

o.m 

U.9I 

• F« tt*êt 
fi rt Ntttl 
ft NttftlMMtl« 
fi Oertc* 
fi t»lfw 

fi 

ftp 
?••? 
n.o 
fO.t 

0.010 

O.M! 
14.10 

n.t 
•f.S 
•t.O 

o.oot 

i4.ro 

44.1 

15.5 
21.2 
1.00 
0.909 
0.%15 

17.10 

fi MrMltjr 

<t*./tm«%). 
*• ptiuu. 

t • t 

%••«? Í1.05 



FldüRE    1 

SAMPLE    NO.       50511  -  1 

I 
! 

INSPECTION or SPOKaF, IRON SAMPLES 

TOP:    Ho fusion.    Mo ait« reduction. 
MIDDLE:    No fusion.    No at»« reduction. 

h    He fualon.    No also reduction. 

Sena ernoka. 
Son« «raoka. 
Sono «malta. 

coNwarra on DEDUCIBILITY 

Avoraf« Metallisation of San pi« 50511-1 
A vorig« Metallisation of Aland« Pell«te ( 

Q«e4 notalliiation and vory good physical choraeteriatloa« it oeeaw In 

h« auitaal« for tho production of apongo iron ay tha HyL »rooonn. 



filli 

64.a 
t.5 
fj.t 
90*9 
*•• 

o.ool 
O.Oi* 

tl«9t 

l 
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W r# IHM 

ti 1 •UH VfOM 

90.1 *.• 9t«9 

«.9 Ha l*.t 

99.Ì ti.? *I.t 
um !•* 1.1% 
O.OM ©«n? 0*009 

o,uo «•IH O.oH 
4.4 *.9 4.9 

fi» 
99.11 
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41'ADA  TELLITS 

IMPKT10« or Tit aromi Tftoi  -Am IKS: 

TOPi    I«  fuaio*.    No  «it» r«<iuctlo«. 

h    ••  f««iM.    äiifth •!*•  r«<twetit«. 



TâllE ìli 

OMMTIIW 00ÜDITIO3 

ARALTII8 

it n.ti « 
« 11.00 « 
00, ?.*? « 
«i t.» % 

• • •*•   "MMif twraMfoin fNN 

Alt MMMftf TflMMTVM 

wtàtutmof o? MâOfoa eumt     •      •»•!•« 
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AUA9A PULITI 

HXDDLI BAOS 

ALZABA PALITI 
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1 
1 • 

1 
1 
1 
1 
! 

r 
i . 

i 
i 
i 
i 
i 
r 
i 
1 .. ••     -r               ; ••. -  «¡fi* 



•• 

I 

I 
! 

i 

BENCH SCALF AND PILOT PLANT 1 EST INC 

OF 

RAHAR1YA IRON ORK (50511-1) 

for 

Swindell-Drossier Coepany 

A i Approv* by 
Prepared by         % .        ^ 

* A A/^ ttzr*- 
». L. «legeI Directer 
totearen Associate 

«Mineral Resources *w«»fch Center 
University ef Hinmeteta 
Minneapolis, Minnesota 

December 16, 1911 



I 
[ 

\ 

0 

INimUCTION 

In early July 1971 • MMlt Maple of iahariya, U.A.R., iron ore (S-D staple 

SOI 11« i was received fra» Mr. Gordon Johnson of Swindell-Dressier Company 

with • request1 for • proposti to beneficiate and produce 100 kg pellets for S-D 

direct reduction testing.    These pellets were to Met the following criteria: 

minimum Po 641       silica 3-41 
maximum S    0.15%   physical size 3/8" - 5/8" 

In respense a few preliminary toots were «ade and* abrief report2 was issued by 

N. P. SetNilz regarding the beneficiation of the Iahariya ore by magnetic roasting 

mi Magnetic concentration technique».    A Magnetic concentrate of 63% Fe and S% 

MO. was Mèo at 94% iron recovery, which when pel let i zed would not aeet the 64% 

Pt aialava specified by S-D.   Those results together with a proposal for 

additional testing which would include flotation of Magnetic concentrate were 

seaamtted' to Mr. ». F. Dunn also of Swindell-Dressier Coopony.   The decision 

woe thou Mode by S-D to proceed with the production of 100 kg of pellets via 

tic roasting and magnetic concentration only, ignoring the 64% Fe 

in the final oxide pellet. 

The hulk staple of seven dtuas of ore waa received by the Mineral hesources 

Conter in aid-Septenber.    tench scale tasting and pilot scole production 

of the IM kg plus of Magnetic concentrate waa coapieted by late October, hut 

prahlet» were encountered in producing acceptable pellets, which delayed coop let ion 

of «ho project until aid-Weveuber, at which tie» 90 kg of fired pellets wore 

seat to Laredo, Teams and 20 kg to It ne, Fenoeylvenia. 

aVMMtV Of (MOULTS 

A portion of the crudo oro »at crushed, roosted to Magnetite, and Magnetically 
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concentrated to product a 62% ft, 0.16* S, 6.51 Si02 product at 8t% weight 

recovery and 96% iron recovery.   Tha iron and tilica contents of the concentrate 

I wort about 1% poorer than anticipated. 

Initial balling and firing testa gave pellets with severe surface cracks 

gj which resulted in poor abrasion test results.   Adjustments in ball size fro« 

7/16 x S/t to 3/8 x 1/2 and balling rate, and the addition of o.8% bentonite, 

however, permitted the production of pellets with reasonable quality.    The 

I final product assayed:    59.7% Ft, 1.6% Mn, 7.2% Si02> 1.7% Al,Ov 0.33% P, 

and 0.011% S. 

Calculations froa pilot plant data indicated a work index of 13 for roasted 

material ground to 10% passing 39 microns.    This would yield estimated energy 

roaui ramants of 21 KNH/LT crude for crushing and grinding commercially. 

Puai requirements for reduction and pellet i zing the concentrate are 

estimated at 0.1 and 1.0 m Itu per LT of crude and pallet respectively. 

DISCUSSION OF RESULTS 

! 

I 
I 
I 
I Ftolimimmry Testina of Small Sájalo 

I A sammle of the ore was roasted to the magnetite state in the Mnch 

* Canister Roaster at 6S0*C for one hour in an atmosphere containing 10% H2, 20% 

f C02, and 70% N2 (dry basis), humidified to about 15% water vapor.   The roasted 

arm was pulverized dry to minus ISO mash and a series of magnetic separations 

I waa aada in a Davis Tube Concentrator oa 10-gram samples to determine the 

magnetic separation characteristics of tha roasted ora. 

The separat lorn results and chemical analyses of the crude ora, roasted 

product, and magnetic concentrates at« given in Table i.   The most acceptable 

rosults corresponded to a concentrate grade of 62.1% Pa at 95% iron rocovery. 

The sul Air caatent of tha concentrate at this condition was about 0.17% and the 

ai Ilea S.4%.   Further treatment by magnat ic separation produced a concentrate 
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of 64.2% Ft, 0.14% S. and 4.1% H02, tut «t only 671 iron recovery. 

To attain th« specification of 64% Po ainiaua in fully oxidized iron ort 

pelleta, tli« grade of th« concentrate would have to he 66% Ft if no binder it 

used and 66.7% Fe if 1% inorganic binder antat bo used for aggi onerati on. 

It was therefor» concluded that th« specifications for sulfur and silica 

could bo »at, at low recovery, but it was extremely doubtful that the required 

iron content could be reached by «agnatic roasting and reparation. 

Swindell-Dressier representatives then nade the decision that flotation 

of aagnetic concentrate MM not justified and accepted the lower pel lot iron 

content and higher silica. 

Pilot Scale Testini 

Tne seven druns (4000 lb) of ore were crushed, using a roll crusher, 

through S atsh (1/4 inch)» and aixed, before a 6tM) lb s aap le of «at erial 

«ti «flit out for further tostiag. 

In order to roast the quantities of oat eri al required hero it was 

nocessasy to crush and grind the «atarial to a site suitable for balling.   Ihese 

••lit «oto roasted and not hard fired and were readily broken following 

roasting.   A scheoatic flowsheet for the pilot testing is shown in Figure 1. 

nils 600 lb staple was therefore dry ground in a batch ball Bill, to give 

approilMtely 60% passing 325 «esh, which was necessary to produce fines for 

balling before «agnatic roast inf.   The ground ore was then «ois tened and balled 

in a S 1/2 ft. disk.    Ball aite ranged from S/t to 5/1 inch. 

Hat bolla wert charged in a 20 inch disaster by 10 inch deep baaket 

(approx. 300 lb) and the baaket placed in a reduction furnace.    The cfcarge was 

| bottai to oM*C by passing not eonbustlon products fron a natural got burner 

I 



through tht cherge.   Seduction was accesa li shed by adjusting the burner gas-sir 

Mixture to product a coabuetioa product containing a coabined H2> CO content 

of four to six percent.   Reduction was considered couplete when the exit gases 

cosing off the charge contained the sane percent conbustibies as the inlet gas. 

The ore charge was then cooled to below 100*C with precooled conbustion gsses. 

these roosting conditions are suitable for the conversion of other iron oxides 

to nagnetite. 

The roasted saterial was then passed through a roll crusher to break up 

the ressining bslls.    Site distributions and assays for these products are shown 

in Table 2. 

tench sesie Teat» on toasted Product 

A tasi I portion of the roosted set tri si was subjected to bench scale 

grinding and Davis tube segnet i c separation tests to «eternine the "target" for 

the pilot concontrstion tests.    These results, ss shown in Table 3, indicate 

that a assis*» grade of about 65% Fe could bo sttsined by stenotic separation 

slone.   Grinding beyond »0% passing 32S assh resultt in slight grade iayiovaasnt, 

•S.« va 42.7% Po, with the loss of significant recovery, 92.9%vs 9$.l%.   Those 

results aro ia general agraaaent with the conclusions reached as a reault of 

' the prellninsry testing of the saall sasplo. 

f 

f A circuit consisting of s ball sill, Swec© screen, two single drua aagastic 

separators sad s h i s>-frequency deasgnetliing call together with necessary paaas 

( sai piping «as eases»led far tas concentration of the roasted ore.   An osjuiaasat 

r list sad flowsheet are shown ia Table 4 sad Figure 2. 

* hsaated are wss fed at the rate of about 71 pounds per hour to this circuit » 



I 
s 

I 
«itil a tet«l ©f «bout 400 pou* mi ore being constami.    Following ont hour of 

• preliminary operation for the circuit to coat into equilibri», two set» of 

| composite sample» wort collect«*, «och representing two hour» of operation. 

These composites wore «star**40* **°* •*• Dêvi* tube "•!»•**« iren »nd *u* 

| distributiona were determined.    Tfce primary data are shown in Tabic S.    Since 

it was felt that the stapling of Sweco screen oversize would unduly disturb 

• the process, tht calculations woro made without these data.    Metallurgical 

calculations for the concentration process were nade using the MATBAL computer 

progrta, which provides a consistent set of calculated stream weights and 

I adjusted analyses based on a statistical treatment of the two sets of data. 

In this caao the Fe assay, and Bovis tube magnetic iron assay were ustd in 

1 the calculations.    The resulting Metallurgical balance is shown in Tobia 6 and 

indicates a concentrait grade of 62.1% Fe, a weicht rocoverv of 17.»% and an iron 

recovery of to.4%.   The cheoical analysis of the combined concentrate was: 

I «2.11* Ft. 0.1S»% S, and 6.SO* SiOj, aoaewhat lower than the anticipated product. 

Tae final concentrate waa collected in settling boxes, water was decanted, 

I and the consolidated solids wero removed and dried on a hot oiatt at 220#F to 

a Misture of about 15*.   Filtration of asterials similar to this has proved 

to be a probità in tht past, and it was decided in view of the quantity of 

I 

I 

! 

( aaterisl processed that settling and low temperature drying would be appropriate. 

I Pollttltlna Megmetic Concentrato 

Dried concontrate was moistened to I percent awl sture and balled in a 

l S 1/2 foot balling disk,   later aa «pray was added a« needed.   Finished balls 

7/Id inch to l/t inch in diameter woro produced. 

gnell pot firing tosts indicated unsstisfactory pellets would bo produced I 
I 
l 



fro* these bills.   High shrinkage Mi severe surface cracking of the pellets 

resulted in a poor tunbler index. 

Approximately 220 pounds of concéntrete containing 8 percent Misturo was 

then aixed with 0.1% bentonite.   Ulis «eteri« 1 was balled in the 3 1/2 foot disk 

using a slower feet rate than in the previous test.   The ball size was also 

reduced to 3/8 inch to 1/2 inch dianeter. 

UM balls were fired in a 12 inch dianeter by 9 inch deep pot grate furnace 

at a firing temperature of 2250'P.    The details of green ball and pellet 

qualities which are given in Table 7   indiaate   the pellets were of reasonable 

quality. 

Grinding Results 

tinea the roasted cruda was already e0% passing S2S nesh, it was decided 

tint a loud ball «ill grindability test would be suspicious (feed nomaily ainue 

• neon), and therefore the work index for the material was calculated fron the 

pilot plant data.   The distensions and operating conditions of the 1 ft. dia. x 

2 ft. ball «ill gave sufficient intonation to calculate useful power input te 

tüo Bill.   The feed rate, and site distributions of feed and product from the 

grinding circuit pernitted calculation of the work index.   These calculations 

oto shown in Table g and indicate a work index of 13.1 corrected to the 

standord g ft. dianeter boll oill. 

Nuoorically the work index represents the energy (KUN/NT) required to 

rodues the notorial fro« theoretically infinite feed site te M percent passing 

100 «torons.   It eon then bo used to est loot e energy ronzii renante for 

grinding fron any food site to any product alte.    It is, of course, United 

procticelly to the site rouge in which grindability or pi lot-plant tests wore 



Sine« meeting ta esgnttitt puniti tut grinding in thtet ttitt, it 

itMti definitive Muun ef the •*>•% index ef the cruet ore, Mid In fact it 

it roteaniled that routini will euite often cause a reduction in wort index. 

tinct the cru»hing «nd tttftt grinding energy requireaents trt usutlly lower 

then for fina g rinding, and work indexes for HtMtitt tnd linoni te orti trt 

usually in the 10-1S rtnft, the calculated size reduction energy requirements 

fer cruthing tht ceertt grinding crude ctn be estimated on thii basis without 

introducing toe men error. 

iti for »recess Flowsheet 

Intro trt stvortl tlttmstivea available in carrying out the crush-reset 

eeaeeatrete portion ef tht precess, including: 

1)   crush te 1/4 in., reset in retary or vertictl kiln or treveling 
grate, ouonch, grind)» ted concéntrete 

2)   crush or grind in • dry tutogtneue «ili te 14 weh, letet in 
fluid bod, suenen, grind and concentróte. 

Hiere it euettioneble difference in the reducing fie reeui resents fer the 

veriout rtttting »toe«. 

gince the first pretest «euld aexialia tht ae»unt ef grinding ft I loving 

••eating, when the »eric index it lewest, it it ueod in thit report to 

astiaste energy retirements.    The flowsheet used in unking thett ettiaatte 

it shewn in Figure S using 1*4) LTPH poi leti ss t basis (yV hH-Llft).   Hiere 

it sise tht possibility thst éry anajnetic cobbing could be used on the annul 

J/4- reduced preéuet te further reduce grinding energy reaui resents.   My 

aagptetlc cabbing is shewn in tht fictjeheet. but grinding energy is tat lasted 

an the basis ef ne weight reject ica there. 

Hie cattante* crushing entrgr • ssuitenant fer tttalning •#% setting l/l 
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&«*, Mi* it MMN M*t*l« t»f tOtitiOf. it 1.7 «M/LT.    «W Otti«*«« 

Muy mMiNMit fir N4 *i Ml Militi it It.2 «M/LT of emit ort, boto« 

«l oofclovtnf tfco tt% pooti* M «Uro« frifté onporionotd in the pilot pi«*. 

Colouletlono IcaéiMj tt «IH rooolti «ft »nom in roolo t. 

toéueln« §at c*ulá oo o»t«4no« by tfto partiti ceofcuttiefi of oil or 

NtvMl §M, the proeott tt^miMi oro in tht rMtgt of ü.» to l.oiK Itu 

oaoivtloi* ptr LT of enté« ort. 

Pool roqeiroaoftU for ti» poltotiiinf procts» inoulé be boto* on tno 

oooMBftio* mat tno «lotnoraác Mpotito to Koojotit» rotetioti (0.4 Ml Ku por 

IT pol lot) it net ovoiloolo of tao oppropritto toMoroturo to bo no«fui in 

Hoot mm».    M «tt loot« of #• to 1.0 m M« por LT it t IM re foro 
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I.   MM«   T/t/71   C. r. JMM u 1. I. Un» iMNIi« Im On 
•MrfillMlM mi IMMUOf MM IM   J* m. Mil. 

I.    MMft    T/ll/TI    UkMMMT Vn« HMRMU «•MUM Mi ttfantlM 
MaHra IN« ON »Nil-*   (MMC ttjC-MI. On ITM) kr »- I • M 

1.    Utttt   7/II/7I   J. I. Iwir t* «. f. Own ntanini is ¿hov». 
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TAtLC 2.   UM OUtributioo» of Soloctod Product» 

lit« 

c 
I 
1 
1 

Crudo Oro 

LOS in »5.7 

0.742 90.3 

0.S2S 84.3 

0.175 76.0 

S «o»h 69.0 

4 62.S 

0 57.4 

• 52.6 

IO 40.0 

14 4S.0 

to 39.9 

21 SO. 0 

SI S2.4 

41 20.4 

OS 2S.0 

100 22.0 

ISO 20.0 

200 10.1 

270 10.S 

S2S 1S.0 

AftMjrt 

•0 HOMI  FO SS.20 

1/40 Nook N 40.07 

•40 No«* »o 40.02 

Po SO.10 

CwiUttvo % Panini 

Cruonod Crudo Oro 

04.6 

07.6 

70.1 

73.0 

67.1 

60.7 

S4.S 

49.0 

4S.7 

S7.I 

SS. S 

20.6 

26.2 

24.2 

2S.S 

Ground Crudo 
Prior to tailing 
anJ Rootting 

Ground Crudo 
Following 

tailing. Roosting, 
ond R«crushing 

90.2 99.7 

07.1 96.S 

91.4 91.0 

04.S 04.S 

77.2 77.1 

60.0 66.6 

64.7 61.6 

62.4 17.7 

56.44 

lO.Sl 



TAILE 3. latch Laboratory Grinding and Concentration of Roast ad Cruda 

90.00 •7.1«) H6.81 14.16 

61.14 62.60 6J.73 63.42 

96.98 96. >6 9F.84 92.91 

17.11 16.09 17. »9 2S.b7 

Grind Tint*fain) 0       S       io 20 

Davis Tube Results 

Cone wt 

Fe 

Fe Recovery 

Tail Fe 

Sia« Distribution 
Davit Tube Feed 

% patting 

IS 

41 

65 

100 

110 

300 

270 

m 

in 4" x *"  dia. laboratory «ill at 101 toi ids 

99.7 

96.3 

91.• 

•4.3 99.1 

77.1 9?. 5 99.3 

66.6 95.1 97.3 99.6 

61.6 90.3 93.S M.S 

57.7 •7.0 91.1 •7.S 

î 
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TAttLE 4.    Hit Pl«nt Equipment I.in 

«•».•tl.Äin   . _- Aja a.» wm-txm*.-. -.—m -m-*-*- •• 

tai** 
t 1  1/2 ft  x  1  1/2 ft X 2 ft CO«« ihaped hopper with variai-1 v sporti belt 
fecéer. 

Mil Mill 

1  ft èia. x 2 ft Denver,  61 rp», 265 lb hall charge 
1 S/l in. x 1 3/8 in.        40 lb 
1 S/l in. x 1 1/1 in.       SO 
1 1/1 In. x 7/1 in. tO 

7/1 In. x 5/1 in. 90 
-S/l in. 5 

S - 1 in. Donver vortiMl IMMI pwp* 

Vivra fcnrriy Separato*, 15 in. tfit. 

Hort 

2 Dint« siftgla 4rua, count er cur rent ••parator», Vi in. dia.  x $ 1/2 in. 
, 20 rpa, 4 pole oloctroaainiti 2.2 aia 9 lis volt field 

Him Coil 

#o ay, #000 cp» 

2-<v>2ftx2ftx4ft overflow tanàt fer collecting  KHI defter i n| 



H GUM 2.    H LOT tttfff COUCBNUUTION FLOMHUiT 
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TAMJ I.   Aaaayi an* MM MmlbutlOM for Pilot Concentration! Staplet 

% DT 
A Sitits       %Fo       «af Ft SS 41 

% On 
6S        100        ISO        200        270       S2S 

USL.         567f nM 

1 Nftf T»il 12.21 1.13 

1 ft« CMC 61.S0 59.96 

2 Miff Tail SS. 12 23.64 

2 M*| CMC »2.21 60.29 

• Sort«« 

M.SO S3.60 

«I ^^ 16) • •• 99 > M 

I*** Toil 12.20 2.43 

lNftf Cone 61.J4 St.60 

2 KM Toil SS.20 2S.64 

2 Nig COM 62.0S 60.19 

C(at o«4 of mm) 
lili Wll   S6.S9 S4.61 

DIM». 

62.11 
0.1S9 
6.SO 

All 

0.S6      S.SS      4.S3     6.S2     6.tt     11.16   S.07     S.tl 

O.SS     0.93     2.09     4.96     3.92     4.17 

325 

S6.2S      53.60        0.22      S.S6      4.44      S.44      7.47      9.70      4.93     4.00      S7.16 

0.14      0.82      2.04      5.10      3.9S     4.09      13.61 

not available 

0.36      1.00      2.29      5.02      3.70     4.11      9S.S3 

not available 

0.24      0.96      1.97      4.42      3.46     4.0f      94.il 

1.22 

not aval lab lo 

0.42     1.32     2.42     S.01     3.69     4.21     12.93 

not avallabio 

0.40     1.24      2.40     4.M      3.90     4.32     SJ.99 

0.6S     1.60     3.27     6.SS     4.47     4.6S     Tt.M 

\ 



TAIU é.   MrttrUl klMCi for Pilot Pit* Co»c««tr»tioft 

ACtttftl AV| 
M     PIfetfN 

AiJHétéé 
P*       IfflMfFt 

Ule JolU 
Plow lb/hr 

Sol 14 FIO- 
% f—á 

RMW9Sy 
Ft     BUMfN 

PMé Sé. 21 53.60 Sé. 17 S4.10 70.80 100.00 100.00 100.00 

Swtco U lilt Sé.Si 54.91 Sé.S7 S4.10 70.tO 100.00 100.00 100.00 

1 Nil Tilt 12.24 2.1S 12.24 2.17 6.M 9.72 2.10 0.S9 

4V       ^^^^J*       V^V^V^v él. 52 19.71 él.S4 S9.69 63.92 90.21 97.90 99.él 

2 MM T»il Si. lé 23.64 SS.lé 23.65 1.69 2.S9 1.49 LOS 

,É,C- 
é2.12 é0.24 é2.0S é0.é7 62.23 •7.S9 96.41 M.Sé 



TAMJ 7.    NI Utili* Data Characteristic» 

Concentrate Green teli      Fi rei   Ni let 

I 
1 
I 
I 

Specific Grevity 

Surface Aree (Heine) 

Bentonite 

Moliture 

Il ine« drop, eve. 

ranee 

Met strength, eve lb 

lb 

Dry strength, ave lb 

1% 

Site, in. 

Ceanresion, ave lb 

ranee lb 

Ibnble Index (»00 t) • 1/4 indi 

• 1/4 indi • 2»! 

- 20* 

Sfcriakafe 

Chen Assay 

*•• N 
m 
S10* 

s 

•   Staine 
navali? 

4.Se 

7420 cnVl 
o.ê\ - 

17% - 

7 - 

5-12 - 

6.0 - 

4.5-Ì.O - 

7.S - 

4.S-0.S - 

S/t • 1/2 S/l    - ' 

- S 20 

- 200-9M 

. 97.1% 

. 2.0% 
m o.t% 

7/16 

at O.« toree i ty, the rtniaun ñores lty readily attainable. 
I at OS end therefore not directly i nay • rabie. 

*»% 

SO.OO 
0.16 
LOS 
7.10 
l.T» 
O.SS 
0.011 
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TAtLE I.   Calculât!©« of Wort lado* fro» Pilot Flout Dot« 

Pilot tall Mill 

DiMMl»»» *  **  **••  * 2 ft 

»tight of fc.ll«       2*0 lb • 290 Ib/cu ft 

Stood 68 rpa 
Food Rato       70.8 lb/hr • 0.0354 NT/hr 

Vp fraction of ai 11 voluaw occupied by balls   0.57o 

Ct critical «pued      0.88S 

ft* • 3.1 D0S (3.2 - S Vp) Ci (I - 0.1/29-10 C$) 

Nili Powor • 3.73 x 260/20U0 • 0.484 KM 

Correction to 8 ft dia. «ill        f • (D/i)0,2 • o.obO 

PM • Jt aleroni      10/ "p^ • 1.601 

Pw - 120      " 10/ \ r^ • 0.913 
0.68t 

N| • t.02/0.688 • 13.1       KWH/NT 

r *** i -. rr-m t • ** JR *-¿*-* 

I IftOrty COntUMd • W - 0.484 x 0.660/0.0354 • 9.02 KMI/NT ore in • ft at 11 

I 
I 
I 
I 
1 
I 
I 
! 

1 
I 
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FifiUW 3.   Overall Coiawrcial Flowsheet Croa« Ore lliru Pellctixing 

185 1.1 I'll 
SO.2"» It 
1001 wt 

Crush - 3/4" 

Redue i ng Kiln 
^MeOuction 

16-1 MIMI 
56.t>'i. Yv 
88.71  wt 

t 
Drv Mag 

Separat ion 

Clarification 

1 
latí 

; 
Wet  Mag 

Separation 
or Dry 

*,« Separation 

144  LTPII 
62.0% Fe 
78.0% wt I 
jH>.4"i Fe recov     | 

Tail 

20 ITfM 
16.8% Fe 
10.7% wt 
3.«»% Fe rccov 



TABLE 9.    Grinding Energy Requirement Calculations 

Crushing to 80% passing 1/2" 
M.  • 13        Pg« • 12,700 Microns 

ION 

Fw"- 

H . _4   .    1.5 KKH/NT   •    1.7 KUH/IT crude 

•0 

Rod Mill and Ball Mill Grinding to 80% passing 32 mi croi !•* 

H   - 13        Pg0 • 39 microns F^ • 12,70«   suerons 

* - •,( 
10 10 
i».    -    - 

Pai,      \ 

i¡L   ) - If.3 KWH/NT • 21.b KWH/LT roasted crude 

80        '"80 

or 19.2 KWI/LT crude 

.•î-ws-e-vt-t' ?a*••*«"-*- -»•-*--.-asr-wa,-*-ysit BUMa« 

I 
I 
1 
I 
Í 

(Note:    These energy requirements are based on 8 ft. dia. mills and 
would be reduced by factor (D/8)°-? for larger diameter mills.) 

1 
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