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INTRODUCTION 

In September 1970,  The United Nations Industrial Development Organization 

(UNIDO) awarded Swindell-Dreealer Company, Division of Pullman Incorporated 

the   contract (UNIDO Contract No.   70/50)   for  the bench and bag scale tests 

of  Iranian and Indian    iron ores and iron oxide pellets. 

The   purpose of this  test  program was  to qualitatively establish whether or 

not   the  reducibility  characteristics of the  test samples  of the  iron ores 

and  oxide pellets  are equal to better,  or poorer than the  Encino  (Mexican) 

iron  ore which has been  processed commercially In the HyL sponge  iron plants 

at Monterrey, Mexico.     Also a qualitative comparison was made with the Alzada 

oxide  pellets which are  processed in the HyL sponge iron plants.     The results 

also  indicate which ores or pellets appear unsuitable    for reduction by the 

HyL process and should not be  further tested. 

The bench scale tests were carried out by the Development Division of Swindell- 

Dressier Company and the  report covering this work it in Section 3. 

The bag scale tests were conducted by the Research and Development Department 

of Hojalata y Lamina, S.A. at Monterrey, N.L., Mexico. This work is reported 

in Section A. 

The  required beneficiation tests and pellet production of the Shams Abad 

Iranian Iron Ore (Sample No. 50487-A-3) was performed for Swindell-Dressier 

Company by the Mineral Resources Research Center, University of Minnesota, 

Minneapolis, Minnesota.    Their report  Is in Section S. 
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I 
1 Samples* tested were: 

Iranian Ores 

1 1.  Nlassar Keshan Iron Ore - Sample No. 50487-A-1 

I 
I 
I 

I 

This sample was  from Niassar Iron Mine located 40 KM west of 

Kashan, Iran. 

2. Seronan Iron Ore Deposit No.   1 - Sample No.   50487-A-2-1 

This sample was from the Semnan Iron Mine located  10 KM north 

of Semnan,  Iran. 

3. Semnan Iron Ore Deposit No.  2 - Sample No.  50487-A-2-2 

This sample was from the Hamyard Iron Ore Min«  located 

100 KM east of Semnan. 

4. Shams Abad Iron Ore - Sample No.  504S7-A-3 

I Thia sample was from the Shams Abad Iron Min«  located 65 KM 

northwest of Arak, Iran.    This sample underwent beneficiation 

» tests.    Pellets produced from the   obtained concentrate,   war» 

used in the bench and bag scale  reducibility t«ats. 

Indian Ores 

I I.      HOB pet Iron Ore - Sample No.  50487-1-1 

Thia sample waa from Hospet Iron Or« deposit In India. 

2.      Dono—lai Iron Or« - Sample No.  50487 - 1-2 

Thia sample waa from the Donomalal Iron Or« Deposits located 

in the Hospet region of India. 

I 3.      Iron Oxide Pellets - Sample No.  50487-1-3 

Thia sample of pallate waa fro« th« Chowgul« pelletiiing plant 

located at Pale (Goa) India. 

I 

I 
I 

I 
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SUMMARY OF RESULTS 

1.      Iranian Ores 

The samples of the Keshan and Seaman orai tested poorer than Encino 

ore and further testing Is not recommended. 

The sample of iron oxide pellets as produced from the beneficiatad 

I Shams Abad ore tested equal to the  Encino (Mexican)   ore.     It is 

recommended that additional studies be conducted to  determine  the 

estimated operating and capital costs  for the beneficiation and 

pelletizing process. Pellets, as produced, appear suitable for Hyl procasa. 

2.       Indian Ores 

i The samples of the Hospet and Donamalai iron ores  tested poorer than 

Encino (Mexican)  ore and further testing is not recommended. 

The sample of the  iron oxide pellets  from Chowgule Pelletizing 

Plant tested better than the Encino (Mexican) ore and is the most 

suitable of all the samples tested for the HyL process. 

1 Individual Sample    Results 

1.    Niaasar Iron Ore;    from Iran 

Iron content:     65  to 68% by weight 

low metallization compared to Encino (Mexican)  or«. 

Considerable size reduction and some fines formation. 

Sulfur content of 0.17 to 0.2S8X requires pretreatment 

before reduction. 

I Conclusion:    not suitable for reduction by HyL process. 

- 3 - 
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i 2.    Semnan Iron Ore Dap OB it No.   1, from Iran 

Iron content:    wide variation in analyses of various samples- 

1 62.8 to 68%. 

Low metallization compared to Encino (Mexican) ore. 

Ore has tendancy to fuse  (agglomerate)  under reduction conditions. 

Some size reduction and fines production. 

Sulfur content of 0.015 to 2.5% indicates requirement  for 

1 pretreatment before reduction. 

Conclusion: not suitable  for reduction by HyL process. 

3.    Semnan Iron Ore Deposit No.   2, from Iran 

Iron content:    61.6 to 62.0% 

Good metallization compared to Encino (Mexican) ore but 

1 sample had considerable  size reduction and some fines production. 

Conclusion:    although good metallization, size reduction and 

fines are a disadvantage; not ideally suitable for reduction 

by HyL process. 

*•    Shams Abad Ore,  from Iran 

I Iron contant of ore aa received:   46% 

This ore underwent beneficiation testa with the aim to produce 

I a 64* Fe  concentrate.     The beneficiation tests indicated that 

anionic silica flotation of crude ore ground to a fine size was 

not effective, but fine grinding, roasting to convert iron oxides 

I to magnatiti, and magnetic concentration did produce concentrate 

grades in the range of 60 to 62% Fe at iron recoveries of 95% or higher. 

I 
I 
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Pellet« produced fro« concentrate had an iron content of 

59 to  62X. 

Reduction teats showed good metallization when conpared to 

Encino (Mexican) ore with no aise reduction or fines 

formation. 

Conclusion: Pelleta appear suitable for HyL process. 

5. Hospet Iron Ore, from India 

Iron content: 67 to 68Z 

Good metallization compared to Encino (Mexican) ore but 

I considerable size reduction and finea production. 

In single particle test samples aplit and reduction curvea 

could not be developed.. 

Conclusion: not ideally auitable for HyL process. 

6. Donamelai Iron Ore, from India 

• This was a composi cample from aeveral typea of run of mine 

I 
I 

I 
ore - iron content ¿8%. 

Good metallisation when compared to Encino (Mexican)  ore but 

ahowed tendency to agglomerate under reduction conditions 

with considerable aize reduction and fines production. 

Conclusion:    not ideally auitable for HyL reduction. 

7.    Iron oxide pelleta from Chowgule Pelletlzlng Plant, India 

Iron content:    66.8 to 68 IX 

Better metallisation when compared to Encino (Mexican) ore and 

approximately requal to Aliada (Mexican) oxide pellets. 

Excellent physical properties under reduction conditions. 

Concluelon:    pellets appear suitable for HyL proceas and gave 

the beat results of all aamplea tested. 

- 5 - 
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Thia report contain« th* r««uit« of at«a4aré b««ch ae«l« r«ducibility 

I «v«lu«tion toe ta wmámué o* th« a«v«n iron mild« ltt*p/p«ll«t or« 

a««mU«a aitfmitud by ti» Uni »4 NAtloa« Indu«trial D«v«los*»nt Organi- 

1 aation (UNIDO): 

! (1)      S*«©1« No. 504I7-A-1:    Ni««aar Ka«han Iranian 
I 

lwap or«. 

I (2)      S««»i« No. 504I7-A-2-1:    North of 8««n*n Iranian 

É iHKf or«. 

(3)     f««9i« No. 504«7-á-2-21    lUaqrard Umam Irania« 

I 
I 

I 
I 

Hi« «««Beare neust« lUty «*»l*»*tl«* t««ta ia«lti«*   «emm •«« ch—ic«l 

1 «n«ly«la «f th« raw a«a»l«« M «nil M «lati« f*rtlel« «•* batch 

I 
I 
I 
I 
I 

(4) S«a*l« No. J04»7-à-3t MUMM A»«4 Irani«* s«ll«ta. 

(5) l*«»l« N«. S04t7-B-lt K««f«C Ia44«n lua» or«. 

(•) i««»l« No. SA4l7-t-2i D—,1—l«i  In«i«n lua» or«. 

(7) S«M>1« No. S0««7-t-3i 00* Ia41«m pall«ta. 

UM ««ta o«t«l««« fra« ttw ni**«»«» Mil «••• «v*l««t«4 ««4 ci 

•aftáMt «t» r«é»ctl«« a»«CM««ri«tlea «C «tar ltt«é«*«« for tha NyL >r«««««t 

n«*»ly, ti» Encino I«*» an tr tin *1««4« a*ll«t«. 

-1- 
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Each lump/pellet icrMii analyses teat vu rua OB only 20Z of the thoroughly 

blended •«•pi«.      Th« rest vera iMt to Monterrey( Mexico, for further HyL 

fiant tooting» 

Although no prob Ira vu encountered in screaming th« pellet samples, th« 

lump oros did contain appreciable amounts of aatarial largar than 50.8 am. 

Lumps of this sisa war« crushed ao that the entire sample passed through a 

2 inch    sieve (50.8 am), but retained on a   1/2 inch sieve (12.7 au).    This 

is the acceptable sise range for lump ore feed to conventional HyL reactor. 

This was done to a¿¿ of the ore suples.   Memiael oxide pellet sise for HyL 
charge is +3/8", -5/8**. 

Sample Wit. 

msuL 

50487-A-l 28.9 
Niaaaar Keshan 

50487-A-2-1 19.39 
North of Seaman 

50467-A-2-2 18.4 
Manyaré Seaman 

50487-A-3 20.991 
Sitane Abad 

50487-1-1 19.07 
Hos pet 

S0487-8-2 28.0 
Donimaial 

50487-8-3 17.79 
COA 

34.80     41.52      14.56 9.40 

M.98     44.81     14.48 3.77 

45.20     44.59       6.55 3.70 

27.02     et. 71        3.24 

33.35     51.70     12.H 2.30 

27.92     34.50     30.59 7.00 

67.14     lt.19      13.73 
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IV    -    glMfflJ PARTICLE GASEOUS REDUCTION TESTS 

Thsse reduction experiments wsre conducted In » Stanton thermogravlaatrlc 

Apparatus (Model HT), m»4ifi«d to oparat« with reduci«* gases.      Tha 

reduction conditions arat 

R-Gas Composition •1.5X »2 
15.7% CO 

7.IX co2 

15.7X N2 

0.28 liters/ 
2 . 

cm /min 

1.32 eat 

4.0 - 5.0 g 

5.0 - 6.0 g 

too - •00 - ÌOOO'C 

I 

I 
, R-Gss Flow Bat« 

I Avarsgo Pellet Diameter 

Pallet Weight Rangs 

I Lump Weight Rane» 

Reduction Tempn ratures 

Each particle was heated to the desired teeyeratur* level in a itreasi of 

I nitrogen and reduced under isothermal conditions.      The data obtained fro« 
*• 

a test were evaluated by plotting the percent reduction fraction (1)    va 

I tins (t) and conpsring auch curve with th« standard reduction curve for 

Aliada pelleta or Encino lump.     Also, th« temoarstur« dependence of the 

chenlcal reaction rata constant (i.e., the energy of activation "AM" of 

1 chenlcal kinetic rata constant) was computed from th« slope of the tangent 

to the R va t curv« at tin«   t <2.5 minutes (whan gas diffusion reeietance 

is negligible). 

The rssults of the sinals partiel« reduction «mmerlnamta «re shown in UM 

attsehed figuras. 

*(*) 

-4- 
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In aach axp«ria»nt, ou kilo botch of -1/2 inch + 3/1 lach   (-12.7» • 

9.51m) lus» portlcloo woo roducad in * 5 Inch I.D. stoinlooo ataai 

capatila plocod in on oioctricolly hootod futnoco.     Tho roducing gaa flow 

rot« waa 20 l/«in (ot roo« to«»oroturo).      Tho gaa co«pooition was iioiUr 

) to that uaad in tho oinglo porticlo raduction tosta.      Tho roducing gas 

was paaaad through on alumina prohoatar bofora it raachod tho ora bad. 

• Tha raduction woo dono ioothor»olly for 45 minutoa with tho ora bad at 

a about 900*C.      Tho bod woo hootod oad coolod in a at rao« of nitrogan. 

goaploa (8-10 portlcloa) woro roaevod fro« tho top oad botto» portions 

' of aach rodtieod botch and onolyaod for poroont «otolliootion.   Navarthoiooo, 

1 apot chocklnt onolyooo woro froauontly dono on particloa roaovod fro« too 

.iddi« of tho bod.      Tho roamiodor of tho baton woa thorn oulvoriaod and 

| olao aoalyaad for por eoa* «otolliootion.     Tho roaulto ob to ino a aro llatod 

on tha following 

I 
I 
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1 
I 

•acino 

Alsad« 
Palata 

50487-A-l 
Nlaaear Kaahan 

50487-A-2-1 
North of Sai 

50487-A-2-2 
Hawyard 

50487-A-3 
Shaaw Abad 

JO 48 7-1-1 
Ho« pat 

50487-1-2 
Doalaalal 

latch 
2£fUfc 

50487-1-3 
0OA Pallata 

Top 

lottavi 

Coapoalta 

Top 

Mtddla 

lot torn 

Coapoalta 

Top 

Riddi« 

lotto« 

Coapoalta 

Top 

lotto« 

Coapoalta 

Top 

Miedla 

lotto« 

Coapoalta 

Top 

Ml odia 

lotto« 

Coapoalta 

Tap 

lotta« 

Coapoalta 

Top 

Miedla 

lotta« 

Coapoalta 

Top 

lotto« 

Coapoalta 

Total Fa 
-J  
71.23 

•1.42 

73.37 

73.31 

77.61 

•8.25 

76.50 

76.27 

7S.12 

•4.71 

70.83 

70.30 

92.84 

77.83 

70.84 

73.48 

•a.M 
74.20 

66.97 

71.70 

77.80 

72.73 

•0.69 

PO. 93 

78.00 

75.43 

04.49 

00.44 

73.33 

77.82 

91.12 

77.83 

Metallic Fa 
X 

Ha talli aa- 
tioa   X 

17.27 24.25 

34.22 66.59 

21.04 27.92 

4.40 5.99 

25.38 32.70 

74.94 •4.92 

28.37 37.05 

1.99 2.59 

22.14 28.34 

51.04 61.30 

30.43 30.60 

19.33 24.69 

•1.23 07.52 

25.63 32.93 

13.79 19.47 

17.01 24.24 

64.76 70.11 

23.33 31.44 

9.07 13.34 

32.37 43.44 

39.79 76.83 

39.90 54.86 

20.59 35.43 

73.35 00.78 

24.47 31.73 

4.20 3.37 

41.32 36.24 

62.22 70.35 

29.13 38.54 

20.23 26.06 

85.42 93.74 

26.63 34.22 
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VI      -        DliCUlilOM 

A.       Htf Qrm "d *«llat 

The Donianlai eaapl« (SOM7-1-2) it * eoapoalta of five different orae 

which war» found to vary, «mi« other thlnge, la hwten.     Tho Mont 

of «ach oro rocolvod woo in proportioa to ito netlaated percent by «»iaht 

prooont in the ovorall daposit.      However, ona typo (with dark blua tint) 

was observad to ba fraglia and could be pulvarlsed quite aaaily, ao a 

fairly »mall amount actually regained in tha coapoeite saapla taatad. 

Tha North of Seanan saapla (50447-A-2-1) waa coaprlaed of two diffara»t 

oraa.      Ona type waa light, gray in color, whlla tha other ve« daaae, 

with dark blue tint.     Of tha If .3 kilos retained for bench scala testimi 

I 17.5X by weight waa from tha grayish ore that contained a largo amount of 

Si02>ut only 7.54X total Fa (which was preaaat aa FaCty.     Tha analyale 

of tha "bluish" ora,which waa uaed la the single »article and batch 

reduction tests, Is Ila tad la Table III. 

Tha results of tha screma analyaes of the »allât aaaplee (20 kilaa) 

that 3.24% of tha Shaaa Abad pallata «ad 13.7» of tha 00a pelleta ata aot 

I within tha specified MyL elaa raaga of 12.7 aa to t.33 aa. 

Aleo, tha Sheas Abad pallata had aotioeeUe "ourfaaa crecka," rasaitlag, 

perhaps, froa tha sudata eapaaarc to steep taaperature gradlaat dur lag 

I tha drying and thermal treetaaat prooasses. 

Tha reduction charecterietico of tha WIBO pal Ut a aap lee were evaluatad 

| using Alaada pallet« aa tha ataaderd.     Ia tha fa Hewing tabla, tha paraaat 

-7- 
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reduction attained by 00A and that» Abad pallau aftar 10, 20 aad 30 

•lauta« at aach of tha thraa tenaarature lavala ueed, ara comparad with 

tha raaulta of tha Standard Altad« »aliate.     Tha eoaaarleaa factor (F) 

it tha ratio »atwaaa tha percent reduction of an ora pallet to that of 

an Altada pallet reduced under tha eaae condition« of tin» aad teapereture. 

iWO'C F 
Aliada 
X Reduction f  

G0A 
% Reduction 

Shani 
F          X 

Abad 
Reduction 

10 min. 1.00 77.0 O.fO 70.5 0.78 60.0 

20 1.00 94.0 1.00 H.7 0.94 M.I 

30 1.00 H.O 1.00 19.5 0.97 95.« 

fOO'C 

10 ala. 1.00 47 1.0S 49.3 0.75 35.0 

25 1.00 n l.ii 84.0 0.04 f3.f 

45 1.00 94 1.04 97. S 0.09 83.9 

£g!£ 
10 aia. 1.00 41 0.« 30.0 0.73 27.1 

30 1.00 77 0.94 H.O 0.74 54.3 

SO 1.00 IS 0.97 99.5 0.90 72.0 

••tat     r   -   ltd» ttlaa Praatlea • âJÊÊHÊUÊÊ^. 
t Oaaactloa, Altada Pallet 

Alta, the taavcialllty curvee (I Fraction aadaatiaa va Tlaa) of tha OOA 

and Mtaaa Aaad pallata at tat tana raavctloa taaparatuta lavala at« f let tad 

on the attached f laure« IG tat« SA aa4  ISA thru 384. 

It cai be aaaa froa tasta aaffvaa amé frea tat above r faetara, that tat 

redaction «Haraetarlttltt of eiaÉ)ia OSA pallata at« vary eüeller ta tana 

oí Altada, «alia alafia ftfceaa «atti pallete ata lata raáaaibU than Alitai 

pallata. 
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9winé*UDr—i*r Compémr 

I 
If the chemical reactloa rat« coutMti   (computed fro« the 

J slop«« of I v« t eurvM MI  t -K» ar« plotted efaiatt th« reciprocal of 

th« absolute temperature (1.«., according to Arrheniua ea,uatie«), th« 

•lop« of th« straight lin« obtained for each or« it «a indication of 

i th« temperature dependeacy of th« chemical reaction at«p of th« or« 

reduction mechanism,  from which th« activation energies could b« calcu- 

| lat«d (Figures 4G and 4SA).      Results show the similarity between Airad* 

and Shams Abad ores dependence on temperature.      However» the dependence 

I of th« chemical reaction rat« of reduction, of the COA ore pellets» on 

• temperature seems to be higher than that of th« Aliada Standard, which 

confirm« th« trend of th« F factors. 

I 
Th« behavior of the UNIDO pellet samples in a packed bed as,compare«- to 

| Aliada pallata, is sham« em pee» 6. It can be seen that the m -«liga- 

tion of th« Shams Abad pellets was mor« uniform, because «f it« lees 

reactivity, than th« Alseda pallata which raderne, la peeked bade,  im « 

"réduction wav« front" pattar«. 

I 
I 
I 

It cam also be noticed that the metallisation of the GOA pel lot s la a 

packed bed seems to proceed, Ilk« Altada, U a "reduction wave front 

| patterà."     However, th« «vera«« astalllsatlon 1« approximately the M 

as that of the Altada pellet bed. 

Hat le particle data wat net obtained for two of th« lump ores: 

| (1)    Per tides of Hoapet ore (50M7-I-1) split during heat up te th« 

reduction tempe re tur« and ale« during reduction.     Ae • reettit, 

I portion« of each lump totted were leet aad it waa met poeslbl« 
tO   Obtain   CMtlnuttua  IM4^»   IM.  ...   .1^   «-.-^__ to obtain centlau«ue w«lajht loot vt time eurves. 

! 
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(2)      The uonlnalai «aapls (304Ì7-I-2) was a eaapooite of five or«« «ad 

•ine« It was not poeeible to run «lofi« «artici« t««t« «ad 

knew      which type wee «ned at eeeh temperature lavai, M «infla 

partióla taata were dene for that sample. 

The behavior of tha Hoepet mi Doalsnlal «raa la peeked beds a« coopered 

to Eacino ora la shown on »ata     6. 

Th« metallisation of the Doaiaalai packed bad va« found to be of tha 

"reduction wave front" pattern.      The overall behavior of the Doniaalai 

ore waa found to be better than the Encino ore fro« packed bed reduction 

point of view. 

The Metallisation of the Hospet conpoelte was found te be low, relative 

to the analysed tap and botta« saaplee of tha reduced batch (causad by gaa 
i 

channelling).     However, tha oeojposlts •etalllaatlon Is higher than that 

| of tha Encino standard.     Many of tha Hoepet particle« split into distinct 

I 

I 
I 
I 

I 
I 
I 

leyere during reduction and, as a teeult, underwent appreciable «spanalo«. 

Thla splitting behavior seas» to have leproved the reduction procesa 

(expoees «or« area for reduction). 

There waa no difficulty in running single partiale taets on tha Mlaeear 

Kaahan (504Í7-A-1), North of Isa«s« (504I7-A-2-1) and Hanyard leans* 

(504S7-A-2-2) UMIDO lus» orea.      In the table en tha nmt pegs, the 

perçant reduction attained after varieue tine intervals by each ore 

• particle at the indicated teap a rature lavai waa oewpared with the reeulte 

obtained for the Encino ore partiale«. 

-If» 



Êwiné*iDi+~i*r CompéMT 

Encino NUNU Kaahan North of Soanan Haayard Saaaan 

1000*e f Z Réduction F I Induction r Z induction       F     S MWCIign 

10 min. 1.00 64 0.76 49.4 0.66 42.2 0.93 53 

20 1.00 M 0.94 73.9 0.77 69.1 0.M 77 

30 1.00 96 0.93 99.9 0.99 •4.9 0.95 91 

9QQ*C 

10 «in. 1.00 57 0.62 35.1 0.74 42.1 0.70 40 

25 1.00 93 0.6t 63.3 0.72 66.9 0.74 69 

45 1.00 99 0.97 •6.0 0.99 •9.5 0.09 99 

aoo'c 

10 aia 1.00 49 0.43 21.1 0.99 42.9 0.65 32 

30 1.00 •9 O.SS 49.2 0.97 77.3 0.67 60 

50 1.00 99 0.69 67.3 0.92 90.9 0.75 74 

NOMI    F -   traliccio» Fraction - i-j Ina« 
SlafJüL 
etion, 

Tffi F*fici« 
Eacino Partici« 

I 

Alno,  «ho raoucibility curvna (X Fraction ménction va Tia») of thaaa orna at 

tha thrna rnéuction t^r.ur. Unii ara »lotta« on tha attachnd figuraa 

INK thru 31«; U» thru 3N9 and 1U thru JM. 

It can ha anon fro. thaaa curvaa ma fro. tha ahora F fnctora that, ov.r tha 

900 - 900 - 1000'C raduction taan*ratura ranga, tnn ainfla Niaaaar Kaahan. 

North of Sanaa, and Hanyard 9aa»a» orn lun*a nra Laa raiucihla than alafia 

Encino ora particlaa. 

Nomovar, if tha charcal ra.ction rata octant, (aoanmtad fro. tha al»»oa 

of R va t aa t - 0) ara »lottad according to Arrhamiua aquation to oh tain 

tha toayaratura danandanea (or tha «norf» of notation) of th. charcal 

raactlon atop of tha raduction ..«hanion, Flanraa •>"». «K and 4M9 aw 

-il- 
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I 
I 
I 
I 

»wmám 

obtained. OM could conclue« that tha effect of temperatura on the 

chemical reaction «tap of Niaaeer Keshan end liamyard Som» aro »or« 

pronounced the* that of North of Seaman. 

Finally * tha bahavlor of theee ara« la a peeked »ad, aa compared to 

tocino, is «nova on saga   6. 

1 
A eomparleon of tha composite aatalliaatloa with the »a tal li «at i on« 

| of tha top and bot toa por tiesa » indicata« that tha paekad bada of 

Niaeear Keshan, North of Saamaa, Haayard Saamaa and Encino ora« did 

not raduea uniformly (gaa channeling).     However, tha overall batch 

natallieetion of theae three eree were higher then that of the Inaine 

atandard. 
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UNIDO 
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TWfNATUNC DEPENDENCE COEFFICIENT 

Of SINUC MftTlCU KINETIC CONSTANT 

AS COWANED TO ENCINO Oil WMlTICtIS 

.1 T T T 

07 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
! 

1 

,ti 

•\ i 

£  ENCINO 

m   NlASSAft 

A 1 

AN   • !•.• k-ttt/t Ml« 
fimi tM 



UMIDO 

lûAIT-A-tl     -   MMTH Of SEHN* ME 

tMtU NATICI! «DUCTI» Mît 

it WC 

AS CWPARED TO IMC I HO ONE 

I 

I 

! 

T1«   («Un.) 

OiUtf 

•IK N¡ 
tf.fl CO 

7.11 CO, 
If.» », 

•I?« 



UNIDO 

.A-I.1  - iiatTM or Msmm m 

IMtU WATICIE «DUCTI« RATE 

et WC 

AS COHMAED TO ENCINO OHE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
! 

T1« (Nifi.) 

ft-tti firn to* 
t-4ê« CmpMlt1* •1.M N2 

il.n co 
7.11 COj 

11.71 K 

£lli_tti 

•il- 



ma 
iôAâ7-A.2-1     •   NMTH Of SEHNAN Ou 

IMMU wmTicu NEOUCTION NATE 

•t 10WC 

AS CÖNPANED 70 ENCINO ONE 

I 
I 
I 

lim  (Ntn) 

nm Ni* O.tt  1/O^Hilfl. 
WVMpW 1 %1W •1.11 Hj 

H.71 00 
7.11 COj 

11.71 N, 

UâLMk 

-it- 



TENPENATUIE DEPENDENCE COEFFICIENT 

OF SINUS PMTICLE KINETIC CONST/NT 
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UNIDO 

tOM7-A-2-2 -     HAWVARD SEHNAN ORE 

TINFERATURE DEPENDENCE COEFFICIENT 

OF SINtLE PARTICLE KINETIC CONSTANT 
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BEPOHT ON  BAQ SCALE TESTS. 

UMIDO CONTRACT 70-50 

S/D JOB No.   50*87 

The bag aoale teat«  for aeven Iranian and Indian iron oree on contract 

50*87 have been carried out at Monterrey Pilot Plant. 

Thrat airt atan bag«,   containing 5 Kg.  aach one,   for aaeh ea«ple were 

»rapara«.    Thaaa ««.«plaa wara grouped with eaaplea of Alaada Pallata. 

Groupe of 8 baga ware placad at thraa différant lévela in the reactor. 

The «actor waa operated under nor«al conditione,  the charge waa cooled 

until the TR-12 aquirad 60°C for at leaat 2 houre. 

For each aanple were determinated :    the che«ical analyaie of iron ore 

and .pons« iron  (at   3 lesela),  tha poroaity of aponga iron (at 3 lévela) 

and the reaiatance  to coapreaaion for the aponga iron (thie teat waa 

made only for the  pelleta,   aaaples A-3,  B-3 *nd Altada). 

Tablet I.  thru VITI,   diacloae a eummary of the reeulta for each  aaaple. 

Figur« 1 thru  S  «hows the  photograph of each aanple,  the photograph con 

taina iron ore and aponga iron of the three different lévela,  together 

with th« photograph   there are acme cualitativa appreciation of the  aponga 

iron in such bag,  and commenta on  the reducibility of each of the  aeven 

iron ort aaaplea  compared with the Alxada pelleta.    In figure 9 ie ehown 

the charge diagram  for the pilot plant reactor.    In table IX are ahown 

the operating conditiona for the bag teat run in the Pilot Plant. 



T A ILI 

IMiltl POH i*W»W •••   **t? - A • 1 

% r« Ttt.i 65.3 

« r«o Ott.) 13.6 

ft F«20|(Caltt> 78.2 

% H«*aUtt *8.o 

ft Magniti!« *3.8 

f( Sulfur 0.258 

%   Ph99p*t*» 0.030 

% mê, oiffM 26.51 

* iMfM 7.9 

* r« Tttfti 

% r« Nttal 

« HvUlHMtl« 

ft Carbon 

• tvlfvr 
K PfcMpiitrv» 

TOP NtWil pnwi 

92.2 81.8 73.2 

81.7 52.5 6.7 

88.6 61». 2 9.2 

0.61 0.52 0.33 

0.010 0.0)0 0.050 

0.112 0.126 0.020 

O 9.1 7.3 

« Por ©«it y 

Rtsiattiict t» 
(t,./Fflltt). 
10 f*lltU. 

ftP 
50.00 )8.62 26.03 



FIGURE    1 

SAMPLE Mo.  50if87-A-1 

mSPECTION OF S^ONOE  IRON SAMPLES 

TOP:    No  fusion.    SOM sise reduction takes piso« during 
réduction.    No fines. 

MIDDLE:    Considerable sise reduction.     Soné fines. 

BOTTOM:    Considerable aise reduction.     Some fines. 

COMMENTS ON THE  REDUCIBILITY. 

Average Metallisation Sample  50^8?-A-1  = 5^.00 * 

Average Metallization Alsads   Pellets (bags) = 71.10* 

The) low metallisation and the considerable size reduction  of sample 50487-A-1 
«••m to indicate  that  this iron ore is not   so  ideally suited for the produc- 
tion of sponge iron by the HyL Process as some of the others. 



T A • L I IX. 

MftflfS rM SAHPtK «•.  fMl* •   ft - 2 

* r« T»t«i 62.8 

« r«o (o«t.) 18.5 
ft r«20> (Cale.) 69.2 

%   lUMtitt 28.1 

% Magna ti ta 59.6 

% Sulfur 2.568 

ft Plioa»a«r«a 0.019 

«   *•«.   OBffM 24.90 

««•M«« 9.7 
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* p« Total 

% p# Matal 

ft NiUlMlttiN 

ft Cartoon 

fi tal f Mr 

% Pkaapharaa 

ft OMglM 

* rar»«ity 
Dantetance ta 
(ft^./a«llat). 
10 pallata. 

•f 

tor 
92.7 

85.4 

92.1 

0.43 

0.372 

0.012 

4.4 

T • r> 
50.48 

82.3 

51.8 

62.9 
O.28 

0.572 

0.109 

8.0 

43.37 

69.5 

7.7 

11.1 

0.38 

O.636 

0.111 

11.7 
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FIGURE 2 

SAMPLE Ko.   50487-A-2-1 

IPSPECTIO» OF SPONGE IRON SAMPLES. 

TOP:     Tht entire sample was agglomerated.     Som sie* reduction. 

MIDDLE:     S oat brittle agglomeration.    SOB« sis« reduction. 

BOTTOM:     Son« sur faca crack«.    No  fusion.    Som «iza  reduction 
and finas. 

COMMENTS  ON  REDUCIBILITY 

Average Metallisation  of Sample 50467-A-2-1  =  55.37* 

Average Metallisation  of Alzada Pellets  (bags)   * 71.10* 

The tendency to fust, the low metallization the sis* reduction and th« fines 
production sake« this iron ore not so ideally suitable for the production of 
sponge iron by the HyL Process. 



TAIL! III. 

MULTI TOt iâWMJ »••  **•>•* . à - 2 • 2. 

güpiCAL MJâltf|î« Of IMI OM 

« Ft Total 

* r«o (o«t.) 
* Ft¿0) (C»lt.) 

% H tu»* tit« 
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* Sul Tur 

•> Paese*«•» 

% 1*4. 0«Ff»a 

fi Qawfoa 

61.6 

3.7 

83.9 
75.7 

11.9 
0.128 

O.010 

26.12 

12.3 

I 
I 
I 
I 
I 
I 

* Po Total 

* r« Notai 

* Notai»itati«* 

% Carboa 

t Saifar 

fi faooaaora« 

fi a««f w 

% Porosity 

Bollatone» t« 
<K,./«ollot). 
10 pellote* 

TOP 

88.7 

86.5 

97.5 

0.77 

0.02 3 

0.017 

f.T 

t 0 9 
51 . %2 

79.3 

59.7 

75.3 

1.1*7 

0.013 

0.017 

13.6 

<*S.57 

72.0 

1.5 
11.1 

0.48 

0.012 

0.108 

t.2 

2? ,22 



FÎ3VIIE 3 

IMPLE No.   50487-A-2-2 

MiMCTio* OF scemai IRON SAMPLES 

TOP:     No  fusion.     So««  also  reduction.    No  finoo. 

MIDDLE:     So««  Crack«.    No  fusión.     So«« «it«  reductio« and  fia««. 

BOTTOM:     Conei<i«rabl« «is«  reduction.    No cracks. 

COMENTS  ON  REDUCTIBILITY 

Av«rag« M«t«llit«tion of Saaple  50V87-A-2-2    «    61.53* 

Av«rag« Metallisation of Aland* Pelleta (aaga)   = 71.10* 

Till« iron or« has regular »etalliaation conoared with th« Alanen f«U«ta, 
ih« ala« reduction  apeeially at  th« botto« could »• a diaadva*t«#«  f«r 
IM aa« of thia «nt«rial in th« HyL proe«aa. 
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FIOOOT   k 

iâWlE    »o.   *)*J?-â-3 

iMPiCTio« or SPOIIIE IKON SAKPLES 

TOPI     All tht taatlt ato tffflMtrttte.    He ti at rtéttttlt« 
Mo finta.     Citateti    (tht  erteli« atrt alroady artatmt 
1« tht rt« tallttt). 

HI DOLE:  Ho fution. No il»« reductio«. No finos. Crtocté. 

•OTTOMt No fu »i or.. No also rtiuction. No finos. Crock o«. 

commta ON WEDHCIIIIITT 

Avtrsff« MottUliatiM of Sotti« 504S?«A->    «    60.07* 
Avtrtfft H.talliaatio» of Al atta Pollot« (baft)    .    71.10« 

ittfultr attalliaation and vor y foot ohytical aharaattrittitt It 
at abitati« for tht ©rotuotio* of aponft  iron by tht Hyt Proctaa. 

tt 
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ft Pt T«t*l 

% p« PHt«l 

« muiHMUM 

1 C Arfeo« 

« tvlfwr 

ft 

• 

TIP Miti« mrw^ 

93.5 §9.5 75.1 

92.0 81.8 12.0 

9*.4 fl.% 15.9 

0«t0 1.9* 0.^8 

0.013 0.010 0.00% 

0.09« 0.108 0.04) 

5.2 6.2 6.1 

ttP 

i PcrMlty 55. M 
tt«4««M«t   19 MS« 
(•|./9*llt«).     «M 
1« p»II** 

MfB «t 

49.20 H. 66 



FIGURE   5 

SAMPLE    No.   50*+87-B-1 

INSPECTION OF  SPONGE IRON   SAMPLES. 

TOP:     Cracked. * A part of the sample «as agglomerated.     So«* 
sis« reduction. 

MIDDLE:    Considerable size reduction.  Cracked.   No fusion.  Son« 
fines. 

BOTTOM:     Considerable sis« reduction.    Cracked.   Fines. 

COMMENTS ON  REDUCIBILITT 

Average Metallization of Sample  50487-B-1  » 68.57* 

Average Metallization  of Alzada Pellets (bag»)   = 71.10* 

doe* Metallization,  but the physical characteristics  of this ore could be 
a problem for  the production of sponge iron by the HyL Process. 



TtlLE VI. 

•MUTI fOt SaMPLK 1«. »Ott? - B - 2 

çWmCâL MâL^tt« Of IMI QM 

* r« Totti 

« P«0 (oft.) 
* r«¿0)(ctic.) 

«   NMHltltt 

« Mitlitt 

* Sulfur 

ti Phoophor« 

« 11*4. Otfft« 

% Qtttfttt 

68.2 

1.7 

95.6 

91.8 

5.5 
0.032 

0.113 

29.1V 

2,6 

% p« Total 

16 f Motti 

« No)umwti«i 

«i Car eon 
« tttlfvr 
% FfcMfiitrnt 
% SttfM 

f e F HIMLI BOTTOM 

97.0 9^.2 75.7 

96.4 88.7 12.7 

99.* 9^.2 16.8 

0.65 1.3% 0.47 

0.016 0.003 0.006 

0.076 0.093 0.093 

2.0 2.8 5.7 

I 
* P>«rotlty 

WealtttRQt t« 
(i^./ytlltl). 
1« ptlUt* 

t • 9 

59.%3 54.54 34.37 
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FIGURE   6 

SAMPLE No.  30kS?-B-2 

IMSPECTION  Of THE SPONGE  IRON  SAMPLES. 

TOP:    The entir« sanpl« was agglomerated.  Cr«ck«d. So«.« ais« r« 
duetion. 

MIDDLE:     Brittle agglomerations.    Considerable ais« reduction. 
Cracktd. 

BOTTOM:    No fusion.     Considtrablt ait« réduction and fints. 

COMMEHTS ON REDUCIBILITT 

Average Metallisation of Saaple  50487-B-2 = 70.13* 

Average Metallization of Aleada Pallets (baga)  =  71.10* 

This iron ore haa very good Metallization,  but it has the  following dis- 
advantage« :    tendency to  fuse,  considerable size reduction and fines gen- 
eration. 



T A I L I VII. 

RC8VLTI fOt SÄHPLt •••   fMif - B - 3 

% T% Tatal 68.1 
* rao (Ott.) 1#i» 

* ra20)(Cala.) 95.8 

% HtMtii« 92,7 

% Magnatila 1*.5 

* Sulfur 0.0)2 

* rhoaphorua 0.097 

* Rat. 0*7f«n 29.10 

* Oaaf«a 2.8 

I 
I 
I 
I 
I 
I 

% Pa Total 

« Ft Katal 

* HtUlMMtlM 

* Carbon 

11 §»lfw 

ft ft««**«•« 

ft Paroaity 

Ptaiataiica ta 
(Ra,./pallai). 
10 pallata. 

TOP 

90.7 

87.8 

96. 5 

0.93 
0.026 

0.10) 

7.4 

TOP 

60.25 

43 

89.1 

85.7 
96.2 

2.60 

0.013 

0.128 

7.2 

55.26 

28 

75.1 

12.7 

16.9 

0.98 

0.00% 

0.112 

6.0 

35.29 

16 
A«MaflbauaBÉk     Aaf 
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FIGURE    7 

SAMPLE No.   50487-B-3 

INSPECTION OF THE SPONGE  IRON SAMPLE 

TOP:    No  fusion.    Soi«  cracks.    No finos. 

MIDDLE!     SOM« siso reduction  and finos. 

BOTTOM:    Practically no sis« reduction and no  finta. 

COMMENTS ON  REDUCIBILITY 

Average Metallisation of  Sample 50487-B-3 x 69.97 ft 

Average Metallisation of  Altada Pellets (bags) « 71.10* 

This iron ore seems to be the best suitable for the production of spongs 
iron by the HyL process, the metallisation is very similar to the Alsada 
Pellets snd siso its physical characteristics are very good. 



T A • i. I VI"- 

•MVLTI fOt ALZADA PELLETS. 
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% F» TtUl 68.0 

% r»0 (Ht.) 1.7 

* r«20)(C«lf.)    95.4 

«  H•••tit» 

« ItafnttlU 

% Sulfur 

«  Rté.  0«ffM 
« (iMfM 

* r« Tttfti 
* rt Mtifti 

« Carte»« 

« Sttlfnt 

« PfcMplttr«* 

* OMfM 

% Pwttlty 

p*al «Une» ta 
<i,./ftlWt). 
10 pall«*«. 

91.6 

5.5 
0.006 

0.242 
29.06 

2.6 

t 0 f 
91.8 
87.6 

95.** 
0.88 

0.025 

0.397 

5.7 

52.94 

180 

89.9 

84.0 

93.4 

2.6* 

0.007 

0.311 

5.4 

51.42 

41 

75.9 
18.6 

2%.5 
1.00 
0.008 

0.267 
6.4 

32.81 

44 
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FIGURE   8 

ALZADA PELLETS 

I 
I 
I 
I 

TOP:    No  fusion.    No «1st reductio» 

MIDDLE:    Slight  al •• r «du e ti on.   Soao  finti. Crnekoé. 

BOTTOM:    Slight  ais« rtduction.  Fines. 



TABLE I X 

OPERATING CONDITIONS 

REFORMER GAS ANALYSIS 

«2 73.3« 

CO 11.50% 

CO2 9.53* 

CR% 5.67* 

R-GAS PREHEAT TEMPERATURE 

AIR  PREHEAT TEMPERATUR! 

COMB.  CHAMBER TEMPERATURE 

METALLIZATION OF  REACTOR CHARGE 

GAS  CONSUMPTION , REFORMED GAS 

?30»C 

700«C 

1050«C 

77.73*     • 

12*9.38 II M3/Ton.Ft. 

* For this pilot "lant tast th« rtactor «aa not prthaatad aa usually, 
bceaust th« rtactor «as aanually chargad in ordtr to placa tht bags 
at th* 3 diffarant lavala.    So tha metallisation is slightly lowsr 
than tha normal  valúa for Alzada ^aliata.   Tha Metallisation of tha 
eharg« ia «ithln standard variance for production raactora in tha 
HyL process,  though on tha lo» sida of tha varianea. 
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Final Report 

MNCM-SCALI: AMO PI LOT-PUNT  IISTING 

OF  IRANIAN IRON ORE 

For 

aftNKM -DftESSLER COMPANY 

»tinteli Atto«:itti Mrtctor 
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A sanele of Iranian iron ort provided by Swindell-Dressier Cu a» any was 
subjected to bench-scale tttting following Microscopic examination and pre- 
liednery liberation study.    1*«s« results indicated tfcat although anionic 
•Ilie« flotation of the crue» aateriel ground to a fin« si:«" was not effec- 
tive, fine grinding and Magnetic con contrat ion of th« crude,  roasted to 
convert th« iron oxides to Magnetite, did give concentrât« grades  in th« 

of 60 to b2\ Fe at iron r«cov«ri«s in excess of 95%. 

This concentrate did not »eet  the requirements s«t by Swindell-Dressier 
^ tmy of 64% Fe, Ü.15% S, 4% SiO-, du« to th« presence of S% oonganos« 

in th« «agnatic concentrate and inclusions of gangue in the iron ox id« 
•at rix.    However, in conversations wit!» HT. G.  F.  Johnson of that  c oaf any 
approval was given for th« production of 100 ki logra»« of pollata using a 
roast  - «agnatic concentration - pel leti zing proc«ss,  with th« esMOCtition 
of producing a concentrate with the following ch«»istry: »1% Fe,  1% H*. 
?% S402,  I* M20j, ** M% iron '•cowry- 

two concentration results of the pilot plant run did agree quite «oil 
with those estimated fro« the bench-scale data: eO.5% Fe, 2.9% *A, e.?% StO], 
I.II MjOj, and 0.02i% S at 94% iron recovery. 

Hie concentrate was balled and fired in a pot grate furnace producing 
pellets which had a rough appearance and «any shallow surface cracks, proben 1y 
«ne to a rather large shrinkage in the pel leti     Th«s« pellet» had salariat« 
cruahing strength but produced only a 92.2% plus 1/4 inch tua*le strength, 
again probably du« to the rough texture of th« pellet surface.    Additional 
tests en larger quantities of Material would lead to iaprovoiont and porteos 
•lininet ion of this problo».    Pell«t chemistry was aa follows: 59.»9% Pa, 
t.S% S102, 2.S% Mh, and 0.01% Fe**. 

tiw» fired pellet product wat tollt into two shipments, 20 pounds to 
•windelt-Dress 1er Cosw/any, Una, Po««eylvnnU, and the remainlag ÎO0 
te Fierro lenonja, S.A. 

DggfObUlttt Of MWTUI 

On October 14, 1970 a aanll temple of Iranian iron ere wot roeeivod fa* 
liainary testing     Hie tájale, which wat labeled Soda?-A-J by twlndell- 
tler wo« given the IMC designation of Oro Ma. m7, Ut He. I, Project 

Ha. in. 

On 0ecenb«r S, 1070 a» «re shipment ves roeeivod which weignod M?t 
pecada.   Ine sample «as contained in twelve drusa ntsjsjtred 1, 1, 4), I, e, • . 
•Ti/li, II, II. •** 14, and wot labeled Immple U44J7-A-1    Itile te*ml« •*» 
givo« the HntC label of Ora Ha. 17S7, Ut Ho. 2, Project Hi. ITS. 



HHCN-jCàlt TESTI WC 

»roUeUnary mntrtHjtctl Examina ttoti 

Hl« small  staple,  lot  No.   I,  which had been libeled 5Ö487-A-3 by 
gwlndeU-Dress 1er,  was used in Miking a preliminary   examination prior to 
the preparation of a proposal outlining a progran of concentrating and 
peiletiiing tests. 

The sample analysed 46.U40„ Fe, 0.01% !-*••,  2.76% Mn, 0.011*. P, 0.01t% S, 
12.71% Si02,  1.04% A1203, and 10.90*. LOI. 

Three briquets were »wide fro« hand specimens of the sample and examined 
under a reflecting micro*cope.     In the first briquet goethite was the domi- 
nant  iron amerai,   filling spaces between grains of quartz,  cementing the« 
together, and presenting a pseudo-pt lygonal structure,     rhe average sita of 
the quartz grain»  was SO microns.     In the second briquet  the principal  iron 
•inorai was again goethite,  this tine more massive with son« coliofom struc- 
ture.    Some goethite occurred as veins   in cracks of the quartz.    Pyrolusite 
was present as  lens-shaped irvstals and as intersected  irregular prisma 
scattered in the  goethite.     In the third briquet siderite was the nain iron 
mineral, but goethite was also present, occurring as very thin rims around 
the siétrite grain«.     (Probably the goethite ooterved in the first  two 
briamats was  formed by the alteration of original siJerite). 

Ten grams of the sample was ground  for 10 minutes  in a Spex mill 
than x-ray analyzed.    The results showed that quart: »as predominant, but 
that a fair amount  of siderite and some calcite were also present. 

The sixe of the gangue grains varied conaiderably but most of the 
goethite can be  liberated by a  :?0/3:s-mesh grind. 

About  150 grams of the sample was crushed through S mtsh and roasted for 
our at 650    C   in an atmosphere of lb\ water vapor,  8.41 Hy,  16. S% CO2, 

thrc 
one hour at 650" C in an atraosph 
and §•••% N¿.    After the roasted product had been pulverilla" tfirough ISO 
mtsh,  10 grams of the product was concentrated in a Davis magnetic tuba. 
Nearly 97 percent of the iron in the tuhe feed was recovered in a concentrate 
containing 60.15"   Fe and <>.97% Insol. 

TAiLfc   1.     HAMS TUiF TtST RESULTS   IN PAELimNànY  SIMPLE 

Material 

Concent rate 
Tailing 

100.00 
•s.ss 
la.67 

FÌ 

J. 41 
00. «S 
10.65 

Fe h 
16.11 
17.M 
4.02 

\ 
Intol 

14.74 
6.07 

45 69 

% 
Fa tec 

100.00 
fa.»2 
S.* 



Preliminary Flotation Tests 

On December  3,   1970 the Mineral  Resources Research Center received   l¿ 
drue» of Iranian  iron ore weighing 2075 pounds from the Swindel 1-Uressler 
Company and labeled  them Ore No.   1757,   Lot  No.   2.    The ore was  to be used 
in bench-scale  tests  to determine a suitable flowsheet  and to prepare  a  200- 
kilogram sample  of tired pellets for further testing by Swindel1-Dressier. 

Two cursory  flotation tests were conducted on a    sample of 
Lot   2.     The object   of the tests was  to produce an  iron concentrate  contain- 
ing about 4 percent  silica.    The first  test  used direct anionic silica 
flotation and the  second test used  selective desi ining  followed by  anionic 
silica flotation.     Although the  latter method was more  effective than the 
former method in upgrading the sample,  neither method was able to produce a 
concentrate containing 4 percent  silica. 

Test  Procedure 

A 50-pound representative sample of  Lot  2 Ore 1757 was crushed and 
ground to minus  10 mesh.    For each  flotation test a 500-gram charge of the 

' minus  10-mesh material was  ground  in a small  rod mill   for 20 minutes  at  50 
percent  solids.     Table  2 shows screen analyses of the  rod-mill  feed and product. 

| In the first   test   the ground  500-gram charge was   translerred to a batch 
conditioner and pulped at  40 percent  solids.    A specified amount  of causticiied 
tanioca flour was  added.    The pH of the  pulp was a.lusted to  11.7 with caustic 

I »Bet and the pulp was  conditioned  for 2  minutes.    Next   the pulp was  conditioned 
' for one minute with  CaCH and finally for two minutes with Acintol   FA-2.    The 

conditioned pulp was  transferred  to a  I agergren  laboratory flotation  cell, 
i diluted to volume,   and floated until  barren of froth,  or for about   5 minutes. 
I The froth was returned to the cell  and scavenged for 3 minutes with the 

supernatant water from the roughing operation. 

1 In the second test the 500-gram charge  (which had been ground with ^SiOj) 
was transferred to a fiberglass cell and diluted to volume of b liters.    Caus- 
ticized tapioca flour was added and the pulp was conditioned for one minute. 

I At this point the agitation was stopped,  the suspension was allowed to settle, 
and the supernatant water was siphoned off. Then distilled water was added 
to the cell and the pulp was agitated for 10 seconds. Again the suspension 
was allowed to settle and the superantant water was siphoned off. The sedi- 
mentation-decant at ion procedure was repeated four times. The des limed pulp 
was then treated by flotation in the same manner as was followed during the 
first test. 

The reagent schedule and the metallurgical results for each test are 
ri ltd in Table 5. 



TABLE 2.     SCREEN ANALYSIS W THE MINUS  10-MESH 
ORE AND GROUND ! LOTA HON FEED. 

M i nui 10-mesh 20-m i nute f. round 
Sitt Rod-Mill Fted Rod-Mill 

i ir .'JA 
\ CUM Ntsh tlt % Cm 

-10*41 65.99 65.99 - - 

• öS 5.95 71.94 - - 

•uw 4.74 7d.60 - - 

•liO 3.43 00.11 - - 

«200 S.02 03.13 - • 

•270 1.02 IS. OS 2.23 2.2S 

•sas 1.02 06.07 2.63 4.00 

52$ 13.33 100.00 05.14 100.00 

T«t«l 100.00 100.00 
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Magnetic Concentration Following Roasting Crude to Magnetite 

Approximately 50 pounds of Lot 2 crude ore was  crushed through 10 mesh, 
balled and roasted  in a pot-type batch  roaster at 0^0° C  for one hour with 
a reducing gas containing 6% H2 and CO. 

Roasted samples  were  subjected to batch ball-mi 11  grinding for selected 
periods of time and concentrated in a Davis tube to  indicate liberation and 
response to magnetic concentration.    These results,  shown  in Table 4,  indicate 
grinding beyond 150 mesh has little effect on  liberation,  yielding concentrate 
grades of 61  to 62 percent  Fe at  iron recoveries of 94  - 9^ percent. 

These tests led to several bench-scale fine grinding  - magnetic separation 
cationic silica flotation tests on the roasted ore to determine if higher 
concentrate grades  could be obtained.     These  results,   shown in Table 5, 
indicate that the flotation tailings eliminated are  in the 40 - 50'« Fe range, 
resulting in considerable   loss in recovery with  little concentrate grade 
improvement.    These data are also shown as grade-recovery  curves in Figure  1. 

Microscopic examination of the magnetic concentrate showed the presence 
of considerable 5 - 10 micron sized gangue disseminated within the magnetite 
particles.    Several photomicrographs of these materials are shown in Figure  2. 

Since the grinding required to liberate this gangue  is far beyond what 
is presently considered reasonable, the sponsor was asked  for a decision on 
further testing and/or pilot-plant production ot  products.    Ine Swindell - 
Dressier Company concluded that pi lot-plant testwork should proceed to 
produce 100 kilograms of fired pellets for their evaluation.    In view of the 
large iron recovery losses associated with small   improvements in concentrate 
grade resulting from silica flotation,  it was also decided that the pi lot - 
plant process should consist only of roasting to magnetite, wet fine grind- 
ing and magnetic concentration, and pelletizing.    Mr.  G.  F. Johnson was 
informed of the expected concentration results:  61% Fe,  3% Mn, 7% Si02, 
l\ AI2O3, at 90% iron recovery. 

PILOT TESTING PROGRAM 

Magnetic Roasting 

Five hundred pounds of ore was ground to 40 percent minus 325 mesh in 
a dry Hardinge batch ball mill. 

The ground material was moistened and balled in a 3 1/2 foot hailing 
disk.    The material balled well and the balls averaged 1/2 inch in diameter. 

A charge of about 180 pounds of wet balls was placed in a 16-inch 
diameter by  18-inch deep basket and roasted at 650° C in a batch roaster 
for one hour with a reducing gas containing a combined H2 plus CO of 6 per- 
cent.    The reducing gas and the heat required were produced by burning 
natural gas with a deficiency of air. 



TAilE 4.    BATCH GRINDING AND DAMS TUB!. CONCENTRATION TfcSTS 
ON MAGNETICALLY R0AST1D SAMPLl 

Grind Time* (mi n) 5 10 15 20 

Sise Distribution- -Cum % p ìssinp 

65 aesh 99.0 99.9 -- 

100 95.8 99. b 99.9 -- 

150 S9.1 97.4 99.5 90.9 

200 79.4 91.7 97.7 91.7 

270 71.7 15.2 94.3 »6.2 

325 65.3 79.1 90.0 93.1 

Fe 

Davis Tubt Results 

49.94 
47.34 

Head, % Fe 
% DT Mag 

50.27 
47.99 

50.02 
47.84 

50.10 
47.25 

Conc   % la 
% Wt 

00.55 
79.26 

61.19 
78.17 

61.47 
77.02 

62.15 
76.02 

Tail   \ Fe 11.08 11.00 11.62 13.11 

•Ground in 4" x 8" dia. laboratory ball Mills at 50% solidi. 



TAILE 5.     FINE GRINDING—MAGNETIC SEPARATION—CA1I0NIC SILICA 
FLOTATION TEST RESULTS ON ROASi KD ORL 
(Magnetic concentration in laboratory wet Sala mag- 
netic separator and flotation by addition of 0.02 
lb/T MG83 and 1 drop MIBC to each stage! 

Grind: 

Head 

Mag Tail 1 

Nag Cone 1 

Nag Tail 2 

Nag Cone 2 

Nag Tail 3 

Nag Cone 3 

Froth 1 

Cone 4 

Froth 2 

Cone 5 

Froth J 

Cone 6 

Froth 4 

Cone 7 

Froth S 

Cone •* 

40 min 3 50e« solids 
0.3* +325 mesh 

FwT 

1OO.0 

15.5 

84.5 

5.4 

"'O.l 

1.6 

77.5 

2.1 

74.7 

2.7 

"2.0 

2.9 

69.1 

2.9 

t>6.2 

3.6 

62.6 

Tfi 

49.8b 

9.72 

(57.2) 

17.19 

(59.9) 

29.87 

60.S8 

S4.12 

(60.7) 

50.10 

(61.1) 

50.27 

(61.6) 

S2.28 

(62.1) 

5S.28 

62.71 

"\ Fe Recov 

100.0 

3.0 

97.0 

1.9 

95.1 

1.0 

94.1 

3.1 

91.0 

2.7 

M.3 

2.9 

•5.4 

3.0 

12.4 

3.» 

71.5 

20 min   • 50% solids 
6.7%    *325 mesh 

(high frequency demagnetization 
between stages) 

fRt % Fe S Fe Ri lecov 

100.0 50.43 

13.3 9.39 

86.7 (55.7) 

4.9 18.07 

81.8 (58.0) 

2.7 25.94 
79.1 (59.1) 

1.1 43.07 

78.0 (59.5) 

1.7 40.95 

76.3 (59.9) 

1.9 43.04 

74.4 (60.4) 

2.2 45.93 

72.2 (60.8) 

2.1 47.56 

70.1 61.19 

100.0 

2.5 

97.5 

1.8 

•5.7 

1.4 

M.3 

0.9 

•S.4 

1.4 

12.0 

1.6 

•0.4 

2.1 

88.S 

2.0 

86.3 

• 3.22 Nn 
4.17 SlOj 

1.N AljÔj 
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FIGURE   2.     PHOTOMICROGRAPHS OF  PLUS 500 MESH PORTION OF MAGNETIC CONCENTRATE 

I 
I 
I 
I 2-A    (50X) 2-B    (150X) 

I 
I 
I 

These photoaitrographs »ho« the prevalence of finely disseminated gangue 
(S-10 Microns) locked with the magnetite in the plu» 500 mesh portion of 
the concentrate. The magnetite (white) commonly contains quarti or car- 
bonate gangue inclusioni (gray) as shown in 2-B. There is a snail amount 
of frae quartz (gray - distinguished fro* matrix by grain boundaries) 4n 
thi* sise fraction as shown in 2-A, but not enough to account for tha 
high insoluble content of the concentrate  (6.7% Si02, 61.4% Fe). 

I 
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The roasted product was cooled to roo« temperature with the same gat 
•ixtura which had been pracoolad by passing it through a cooling towar. 

Aia S00 pounds of ore were roasted in three batches and the products 
combined.    The roasting time used was over double that which would ordinarily 
ba required but was used to altura uni fonai ty of roast in all three batches. 
The smell balls broke    up readily into discrete particles following roasting. 

Concentration 

A circuit consisting of a ball mill, Sweco screen, two single drum 
magnetic teparators and a high-frequency demagnetizing coil together with 
necessary pumps and piping was assembled for the concentration of the roasted 
ora.    An equipment list and flowsheet are shown in Figures 3 and 4. 

Roasted ore was fed at the rate of about 75 pounds per hour to this 
circuit, with a total of about 380 pounds of ore being consumed.    F01*0**11} 
100 minutes of preliminary operation for the circuit to come into equilibri«, 
two sets of composite samples were collected, each representing two hours 
of operation.    These composites were assayed for Fe and size distributions 
wore determined.    The primary data are shown in Table 6.    Metallurgical 
calculations for the concentration process were made using the MATBAL 
computer program, which provides a consistent set of calculated stream 
weights and adjusted analyses based on a statistical treatment of tho two 

I tots of data.    In this case the Fe assay, plus 325 mesh and minus 500 mesh 
screen analyses wore used in the calculations.    The resulting metallurgical 
balance is shown in Table 7 and indicates a weight recovery of 76.7% and an 

| iron rocovery of 93.7%. 

Since it was felt that the sampling of Sweco screen oversize would 
§ unduly disturb the process, the calculations were made without thmse data. 
I The minima weight of the screen oversize and ball mill discharge ware 

calculated baaed on the assumption that the screen oversise contained no 
I minus 500 mash material.   Since this is a recirculating stream its data 

«muid have had little effect on the overall process yields. 

The chemical analysis   of the combined concentrate was: 60.54% Pa, 
|2.i7% Ml, 6.70% Si02,  109% A1203 and 0.028% S.    This im in quite good 

•gnmmjnî with the expected concentration results. 

ITÌ» final concentrate was collected in settling boxes, water was doçantmm, 
and the consolidated solids were romoved and dried on a hot plate at 220   r 
to a »tature of about 15%.    Filtration of materials similar to this has 

I                       »reved to bo a problem in the past, and it was decided in view of the quan- 
tity af material proceasod that settling and low temperature drying wmM 
•f '— 

I 
I 
I 



FIGURE 3.    PILOT PLANT CONCENTRATION FLOWSHEET 
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PIGIAI: 4.  PILOT PLANT LQUIPMKNT LIST 

Feeder 

M  1/: ft x 1  1/2 ft x 2 ft cone shaped hopper with variable speed I»«It 
feeder. 

Uli  Mill 

1 ft dia.  x 2 ft Denver,  f>8 rpm,  2o5   lb ball  charge 
1   5/8  in.  x  1  3/8  in.       40   lb 
1 3/1 in. x 1  1/8 in.      :»0 
1   1/8  in.  x 7/8  in. 80 

7/8 in. x y8 in. 90 
-5/g in. 5 

Puînés 

3 -  1  in.  Denver vertical  sand nuaips 

Screen 

Sveco Vibro Biergy »parator,  IS in.  dia.  x 3:S awsh 

Magnetic Separators 

2 Dings single drum, countercurrent separators,  SO in. dia. a 9 1/2  in. 
drums,  20 rpm, 4 pole electromagnets 2.2 aap I  US volt field 

Deyaytizing Cüil 

40 aap, 40UD eps 

Dewatering Tanks 

2 -     : ft x ; ft x 4 ft overflow tanks Ht collecting and debater in« 
concentrate 



f* 

I % 

i 

Mi 

- • — •#»© <N 

fistia* 

14 

$ 

I 
I 
I 
I 
I 
I 

e 

i 
a« 

g 
IM 
H 

(Ä 

I 
V) i 

I 

Ti 

» * •*> « m "» 

<* 4 r^ O) 9i 

S ft » * r^ 

*t £ £ — o\ <JÏ 

< O M   f N i ft "í 

$ * 9» t • 2 in «* * 

C.  r-í '— ** ^ f> »•   » *~- •" 
<" «  • 

•     (k 9> *> i     £ * -T "5 i*» i* 

K. / « Ç î ; C ^. O ! 
"-  «t t 5 ií f i - r' 5 5 —<  H r i f i rt  • if 

e 

! 

U. 

^ »      r- 

1 

NC*«* 

SfcStS «A 

I» -« • f^l *-< 

*!£*« ^ 
K 

« 4 «A Vi • lA« 

tt£$3S£ 

»* x«ni>ieo9iii 
1 
* 

$Si$i£SDi3 

»J     ONNi'.  —••••©»•"»© 

irt • U1 O O  Ç  S i^> c © 

i 

3 



IS 

TABU:  7.     l'I LOT PLAUT Rf SUITS- -MAI I RI Al.  HM.AMCfS 

Actual Aver- 
age 

Uli us' 
¿Ml 

i alcuUted 
Hata Data ft Wt    " Uniti r "opponent 

I II l» ita Kit i lb. ^ lb   pecov. '0 

Total   Iron   . 

Circuit h evil 49.62 49.71 4'). •>() 49. 8U 3"8.9~ 100.00 H8.71 100.00 
l«ll Mill  Discharge* 49.Ü2 49.90 49.76 49. V- 599."6 158.26 298.44 150.15 
Screen Overs i:e* — — 49. (>9 J20.80 58.26 10<>.73 51. 1 5 
Screen Undersi ¿i HO. 19 49.7i> 19.91 49.80 378.97 100.00 188.') 100.00 
Nag Separator     u1   1 12.53 13.'.»~ 13.25 13.;- ft". 09 17.70 t.90 4.72 
Mag Separatov ione  1 5".ss 57 . 73 ".65 5 " . f •(' 311.8" 82.30 P9.tl 95.28 
Mag Separator   Tu il   2 13.SI 14.31 14.09 14.09 21.OK 5.56 2.97 LS7 

Mag Separator Cone 2 60. 39 61.11 W1.75 60.11 290.80 "6.73 176.14 93.71 
Standard Devi at]on 0.. 24 

Pluf  325 Mesh \ 

Circuit  Feed '1.2 5'.4 64.3 64.30 S"!.»' 100.00 243.68 100.00 
Mil Mill Discharge* 44.4 34.0 39.2 39.20 599.?* 1S8.26 235.11 90.41 
Screen Oversize* —   — 91 .22 220.1c St.26 201.41 02.6S 
Screen Underside \9 6.2 ".0 8.89 3~|.97 100.00 3S.70 13.83 
Ms« Separator Tail  1 6.5 3.1 5.0 4.(>6 67.09 17.70 3.13 1.28 
Mag Separator Cone  1 10.4 10.2 10.3 9.«0 311.17 12.30 50.57 12.55 
Mag Separator Tai 1  2 Ü.0 0.0 0.0 0.01 21.08 S.S6 0.00 0.00 
Mag Separator Cone 2 9.5 13.5 11.5 10.51 290. M 76.73 SO.$7 12.54 
Standard Deviation 2.4 

30.5 

Mi nut 500 Mesh l 

371.97 100.00 110.24 Circuit Feed 32.0 31.2 31.20 100.00 
•all Mill uncharge* 40.3 43.3 41.« 41.10 $99.76 ISO.M 2M.70 212.03 
Screen Oversize* — -_ -  - 0.00 220.90 SO.M 0.00 0.00 
Screen Under*i te 70.5 tr.: 68. 5 66.15 378.97 100.00 210.70 212.03 
Mag Separator Tail  1 78.9 77.8 71.4 78.82 67.09 17.70 12. tt 44.72 
Mag Separator Cone  1 66.4 5".4 61.9 63.43 311.17 82.SO 197.02 167.31 
Mag Separator Tail  2 90. 6 17 .5 §9.0 tf.03 21.08 5.S6 10.76 IS.07 
Mag Separator (one 2 66.2 56.2 61.2 61.57 290.90 76.7S 170.00 1S1.44 
Standard Deviation 1.9 

Final Concentrate CHcaical Analysis t>0.54<, It,  2.87*» Mn, 6.701 SiO,,  1.00*» AljOj, 
and 0.028% S. 

•Oall Mill Discharge and Screen uvera i te »eights calculated on basii ef Se r tan 
Ovars i le having no a i nut 100 aaah Material in it.    rhis gives atalau* values fof 
thaee weights. 



hintan 4 taaaty fivt pome* of concentrate containing tl% »litMW 
aaa aai lad in) 1/2 foot diaaettr disk using fio binder addition.    Finiste«* 
«alia teté • Witt uro of lo .4%, gave 7 to t li-inch drops, tué had not tue 
éry strengths of 4.1 and 4.S pounds,  respectively. 

»reliai««!? eaaah-scale toits indicato* the aaxiaua drying teas» rat ur» 
«itaaut decrepitation vu 406* F at a gas volecity of 500 faat por aim*«, 
aad fired ball« liai • linser shrinkage of IS percent. 

salis wort firad in a one-foot disaeter by nine-inch deep pot 
the following condition*.: 

ériod at  400° F at 100 ft/ain  for 20 ain 
praaeated at 2¿so9 r at 200 ft/«in for 10 ain 
fita* at  2250°  F at  200 ft/ain for 20 ain 

••é shrinkage was appraiiaately  J5 percent and the pellets had 
Stesilo« surface cracks. Coaare*sion strengths of the fired product wore ia 
tao 40f to aso pound ranga with an average of t>M pounds.    A eOO-graa 
tastier test gave 92.2% plus  1/4-inch and 3.1% ainus 21 aesh      Tne paar 
1/4-lach tupaie  index is due to the  abrasion of the rough surface, and 
could proaohiy be iaproved with «ore elaborate and detailed testing.    Ite« 
cheaucel analysis of the fi rad product  is shown in Table I along with the 
analyses af other pertinent saaalc»  froa this study. 
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imi 0.    CMMIGAl ANALYSIS Ml CNUK (MS, »OAST» 
PILOT PLANT GONCnmtATE, AM F HMD PHLlt 

• 

SStli^H til. 

Pr«ll«lMry 
SMflt 

% 
Crue« 

% 

Roattté 
emit 

* 

Conc«ntr*tt 
\ 

flit 
 i_ 

T«tftl Ft 4«.04 44.03 SO. 12 60.54 St.M 

*••• 0.01 0.16 10.14 ... 0.« 

Ml 2.70 2.ff ... 2.17 2.01 

tfto2 12.fi 12.40 14.SS 6.70 «.ti 

MJOJ 1.04 1.42 .... 1.00 ... 

P O.Oll O.Ol« ... ... ... 

• 0.019 o.ois ... 0.021 ... 

toi 10.00 12.69 ... -.- ... 
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ÜHÉÉÜUjLZSSÜ 
  tall «in grindability tests were nade on tht crude ort which had 

bona roasted to nagnetit* st a 14-a*sh grind,    These grindability tosti 
wort Mai at both  100 and 200 nosh and work  index« wore calculated at 7.S 
and 7.2, respectively.    Data for the tests are shown in Table 9. 

An additional source of siailar infomatio« is the pi lot-plant data 
far the grinding circuit.    Fro« the dimensions and operating conditions of 
the 1 ft dia.   » 2 ft ball «ill  it was possible to calculate the power input  
to the Bill.    This in conjunction with the feed rate to the ball «ill - scroon 
grinding systos» and the sise distribution of feed and product stream peralta 
tstlMtion of a work index being experienced in the pilot plant.    These 
calculations ar« shown in Table 10 and indicate a comparable work index of 
S.S.    This is  in quite good agreement with the grindability results, consid- 
ering the differences in food and product  sizes. 

 irically the work index represents the energy  (KWH/NT) required to 
reduce the notorial fro« theoretically infinite feed size to §0 percent 
passing 100 «icrons.    It can then be used to estinate energy requilisants 
for grinding fro« any feed site to any product site.    It  is, of course, 
United practically to the site range in which grindability or pi lot-plant 
tests wore node. 

Since roosting to magnetite preceded the grinding in these tests, it 
is not a definitive «easuro of the work index of the crude ore, and in fact 
it is recognised that roasting will quite often cause a reduction in work 
index.    Since the crushing and coarse grinding energy reouirenents are 
usually lower than for fine grinding, and work indexes for henstite and 
It «on i te ores are usually in the 10-15 range, the calculated site reduction 
energy toqui ressent* for   crushing and coarse grinding crude can be estinoted 
on this basis without introducing too auch error. 

»tocoss Flowsheet and bit mated Energy toqui ronents 

There are several alternatives available in carrying out the crush-roast 
concentrate portion of the process, including: 

1) crush to 5/4 in., roast  in rotary or vertical kiln or 
traveling grate, quench, grind, and concentrate 

2) crush or dry autogenous 1 y grind to  14 swsh,  roast  in 
fluid bed, quench,grind and concontrate. 

There is questionable diffforonce in the reducing gas roqulronents for the 
various roosting steps. 

Since the  first process would «axinii« the anount of grinding following 
roasting, when th* work index is lowest, it  is used in this report to eati- 
nate energy roqu i renent s.    Tno flowsheet ueed in «oking those tstinstes is 
shown in Figure 5 using ISO ITPN pellets as a basis n   I hH-LTfM). 
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TAUI 9.    RESULTS OF ROW GRINUAIILITY TESTS AT 100 AND 200 MESH 
Of! ROASTED CRUDE ORE 

Mi« Dutribut ion Ned 100 Mesh Product 200 Mtfh Product 

(1 tatting) »° Mesh 100.0 

14 97.5 

20 IS.S 

21 67.6 

SS 53.2 

4i sto 
65 Sl.O 

»00 24. % 

ISO If.S 74.• 

30« 16.0 SS.I 

270 43.1 17.2 

12S 14.6 76.S 

fm(mitt*m) 7M ill 41 

% (Ml/NT) 7.Ü 7.; 
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TAiLE 10.    CALCULATION OF WORK INDEX PROM PILOT PUNT DATA 

Diati» ion» i ft dia.  « 2 ft 
Wti0tt of balls 260 lb t 290 lb/cu ft 

JJ3^ 75   lb/hr - 0.0375 NTPH 
V    - fraction of «ill occupied by bails -   0.570 
f 

C    - critical  spoed    *    0.M8 

¿  .   s.iD0-5 (3-2- svp)   c,(i - o.i/2»-,0S    (mm: 

m    3.73 W/NT balls 

Mill MMtr •  3.73 x 260/2000  « 0.4§« W 

CtTftCtifl« to I  ft dia.  «ill       f •   (f)  *    •    °' 

• ,04Mi 0.6*0/0.0371     »    ».51 MM/NT 
• ft 

9m   •    SJ «icron. 10/^¡o    •    1.761 

10 /V^io   "   °-1*6 

1.022 

9m  * IM a4croAt 

12-      io ì    s.si 
«t • «1% -fâ • fm ' ••» "^ 
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FIO*! 5.    PROCESS FLOiSHEET 

Run of Mine 

Gm 
'M 

141   \m 

t>l% Ft 
f|% Ft Mvov 

Roasting  "  5/4" 
ami 

217 
100% Cm* Wt 
44V Ft 

|00\ Ft Rtcov 

101    TPtl 
êê% Cru4t it 
S0\ Ft 

100'* Fe Rtcov 

ili iefctntr» 
and 

I i I! 

lulling 

«VI i£ 

1 Si»    IfM 
t»y   i rude it 

1 --*'- « 
»».v. sto, 
»is    Fe wov 

T«tl  tv 

41    Tf* 
20*. O 
IS*. Fe 
S\ Ft Recov 
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UM estiaated cruthiag energy requirements for attaining M% passiag 
1/2 Indi, which it asauaod suitable for roasting, art I ? KNH/I.T.     H»« 
eatiaated energy requirements for rod and hall milling are 13.3 WAV LT of 
eme« or«, baaed on achieving the »0* passing 32 micron grind experienced 
III UM pilot plant.   Calculations leading to these results are shown in Table II 

Reducing gas could be obtained by the partial  combustion of oil or 
natural gas, and the process requirements  are  in the rang« of 0.1 to 1.0 IK 
•tu equivalent per LT of crude ore. 

Fuel requirements for the pellet i :ing process should be baaed on tha 
assumption that the exotheraic Magnetite to hematite reaction (0.4 1*1 ttu 
per LT pellet) is not available at the appropriate temperature to he useful 
In heat economy.    An eatiatte of 0.9 to i.O m lltu per IT is therefore 

'late. 
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TMU 11.    (ÜIND1NC WttGV ttqUIWMEMT CALCÜUTIO» 

CfWfti* to Ml o«»*iftt 1/2" 
PW * ^>7U0 •*«"*• •â - 13 

ion 
« .  i .  i.s Wm/m • 1.7 WH/LT c 

rrto 

'•o* 

•^ Mill *ftë fell Mill (ir indi ut to 10% petting 12 ti crom 

•á • • f*     • S2 ti eróos 

g .i (JS IL)  - U.I «M4/NT • 11.1 WM/IT 
1  ¿Fl..      *VZ t—fé 

o* 13.3 KHH/LT ernét 
cruéo 

i-*r»-    «at**.*-».-*« «..r.is»*-  i  •»< 

(floto:    Thes* inor*y roquiroM«t» offt ootoé 0* • ft. tita, ftállt 
an4 would h* rotocoil by foc tor (t/êy-2    for ltrfor 
éiotetor «ills.) 
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