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INTRODUCTION

In September 1970, The United Nations Industrial Development Organization
(UNIDO) awarded Swindell-Dressler Company, Division of Pullman Incorporated
the contract (UNIDO Contract No. 70/50) for the bench and bag scale tests

of Iranian and Indian 1iron 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

HylL process and should not be further tested.

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

Dressler Company and the report covering this work {s 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 4.

The required beneficiation tests and pellst production of the Shams Abad
Iranian Iron Ore (Sample No. 50487-A-3) was performed for Swindell-Dressler

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

Minneapolis, Minnesota. Thsir report is in Section S.
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Samples tested were:

Iranian Ores

1. Niassar Kashan Iron Ore - Sample No. 30487-A-1

This sample was from Niassar Iron Mine located 40 KM west of
Kashan, Iran.

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

This sample was from the Semmnan 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 Mine located
100 KM east of Semnan.

4. Shams Abad Iron Ore - Sample No. 50487-A-3

This sample was from the Shams Abad iron Mine located 65 KM
northwest of Arak, Iran. This sample underwent beneficiation
tests. Pellets produced from the obtained concentrate, Wvera
used in the bench and bag scale reducibility tests.

Indian Oras

1. Hospet Iron Ore - Sample No. 50487-B-1

This sample was from Hospat Irom Ore deposit in India.

2. Donomalai Iron Ore - Sample No. 50487 - B-2

This sample was from tha Donomalai Iron Ore Deposits locatad
in the Hospet ragion of India.

3. Iron Oxide Pellets - Sample No. 50487-B-3

This sample of pallats was from the Chowgule pelletiszing plant

located at Pale (Goa) India.
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SUMMARY OF RESULTS

l.

Iranian Ores

The samples of the MKashan and Semnan ores tested poorer than Encino
ore and further testing is not recommended.

The sample of iron oxide pellets as produced from the beneficiated
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 HylL process.
Indian Ores

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.

Individual Sample Results

1. Niassar Iron Ore: from Iran

Iron content: 65 to 687 by weight

low metallization compared to Encino (Mexican) ore.
Considerable size reduction and some fines formation.
Sulfur content of 0.17 to 0.258X requires pretreatment
before reduction.

Conclusion: not suitable for reduction by HyL process.
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2.

3.

Semnan Iron Ore Deposit No. 1, from Iran

Iron content: wide variation in analyses of various samples-
62.8 to 68X%.

Low metallization compared to Encino (Mexicam) ore.

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

Some size reduction and fines production.

Sulfur content of 0.015 to 2.5% indicates requirement for
pretreatment before reduction.

Conclusion: not suitable for reduction by HyL process.

Semnan Iron Ore Deposit No. 2, from Iran

Iron content: 61.6 to 62.0%
Good metallization compared to Encino (Mexican) ore but

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

Iron content of ore as received: &46%

This ore undervent beneficiation tests with the aim to produce

a 64% Pe concentrate. The beneficiation tests indicated that
anionic silica flotstion of crude ore ground to a fine sisze was
not effective, but fine grinding, roasting to convert iron oxides
to magnetit:, and magnetic concentration did produce concentrate

grades in the range of 60 to 622 Fe at iron recoveries of 95X or higher.
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6.

7.

Pelleta produced from concentrate had an iron content of
59 to 62X.

Reduction tests showed good metallization when compared to
Encino (Mexican) ore with no size reduction or fines
formation.

Conclusion: Pellets appear sultable for HyL process.

Hospet Iron Ore, from India

Iron content: 67 to 68%

Good metallization compared to Encino (Mexican) ore but
considerable size reduction and fines production.

In single particle test samples aplit and reduction curves
could not be developed..

Conclusion: not ideally suitable for HyL process.

Donamalai Iron Ore, from India

This was a compos! ecample from several types of run of mine
ore - iron contert (8%.

Good metallization when compared to Encino (Mexican) ore but
showed tendancy to agglomsrate under reduction conditions
with considerable aize reduction and fines production.
Conclusion: not ideally auitable for HyL reduction.

Iron oxide pellsta from Chowgule Pelletizing Plant, India
Iron content: 66.8 to 68 1%

Better metallization when compared to Encino (Mexican) ore and
spproximately requal to Alszada (Mexican) oxide pellets.
Excellent physical properties under reduction conditions.
Conclusion: pellets 2ppear suitable for HyL process and gave

the best results of all samples tested.
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I - DIIRORUCTION

This report contains the vesults of standard beach scele reducibility
evaluation tests conducted on the seven iron exide lump/pellet ore
sanples submitted by the United dNations Industrisl Development Organi-

sation (UNIDO):

(1) Sample No. 50487-A-1: Niasssar Kashan Iranian

lump ors.

(2) Semple No. 50487-A-2-1: DNerth of Semnan Iramian

lump orve.

(3) Semple No. 30487-A-2-2: lemyard Semnen Irsnian
lump ove.

(4) Semple No. 50487-A-3: Shams Abad Iramisam pellets.

(3) Sample Ne. 350487-3-1: lespet Indisn lump ore.

(6) Sample No. 30487-3-2: Demimslai Indian lump ove.

(7) Semple Ne. 50487-8-3: GOA Indiam pellsts.

T™he stenderd reducibility evaluation tests imecluds screem and chemical
anslyets of the rav samples s well es single perticle and batch reduction

TUne .

™he dota obtained frem the reduction tests wewve svelusted and cempared
against the reduction shevesteristices of owr Ssendards for the Nyl proesss;
namsly, the Encino lump ove or the Alsade pellets.

-l
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II - SCARRN ANALYSES
Each lump/pellet screen snalyses test was run on only 20X of the thoroughly

blended sample. The rest wers seat to Moaterrey, Mexico, for further MyL

plant testing.

Although no problem was eacountered in screeaning the pellet samples, the
lump ores did contain apprecisble amounts of material larger than 50.8 mm.
Lumps of this size were crushed so that the entire sample passed through a
2 inch sieve (50.8 mm), but retained on &8 1/2 inchsieve (i2.7 mm). This
is the acceptable sise range for lump ore feed te conventional HyL reactor.

This was done to g} of the ore samples. MNominal oxide pellet sise for WyL
charge 1is +3/8", -5/8",

Sample Sample VWgt. 2 E Eﬁ: gﬁf

m.""l 1..’ - uow ‘1052 l‘o" ’ow - -
Niassar Kashan
50487-A-2-1 19.% - 3.9 44.8]1 14,46 .n - -
North of Semman
50487-A-2~-2 1.0‘ - “.3@ “o” 6.55 30” - -
Hemyard Semaan
”“7"A‘3 200’“ - - - - 27002 “0’1 ’o"
Shame Abad
50487-3-1 19.07 - 3.3 S1.0 112.# 2.2 - -
Hospst
50487-B-2 26.0 - 17.’! “'” ”o’. 70” - -
Doanimalai
50‘0.7-'-3 1707' - - - - ‘7.1‘ 1’01’ l’o,’
GOA

.’.
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IV - SINGE PAKIICLE GABKOUS REDUCTION TESTS
These reduction experiments were conducted in a Stantom thermogravimstric
apparatus (Model HT), modified to opsrate with reducing gases. The

reduction conditions are:

R-Gas Compositiom 61.3% llz

15.72 €O

7.1% co,

15.7% N,
R-Gas Flow Rate 0.28 liurl/cmzlnia
Average Pellet Diamster 1.32 cm
Pellet Weight Range 4.0-5.03g
Lump Weight Rangs 5.0 -6.0p
Reduction Temperatures 800 - 900 - 1000°C

Each particle vas hested to the desired tempsrature level in a stream of
nitrogen and reduced under isothermsl comditioms. The data obtained from
a test were svaluated by plotting the psrceat reductiom fraction (l)' ve
time (t) and comparing such curve vith the stendard reduction curve for
Alzada pellsts or Encino lump. Also, the temperature dependence of the
chemical reaction rate constaat (i.e., the emergy of activation "aM" of
chemical kinetic rate comstaat) vas computed from the slops of the tamgent
to the R ve t curve at time t <2.5 minutes (vhen gas diffusion resistamce

is negligible).

The results of the single particle reduction emperimemts are showm im the

attached figures.

- toth nﬂt‘g onygea mi!&!o
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V - MIGH MRUCIION TRSTP

In each expsriment, ons kilo batch of =1/2 inch + 3/8 inch (-12.7mm +
9.51mm) lump particles was reduced in a $ inch I.D. stainless stessl
capsuls pleced in an electrically hested furmace. The reducing gas flow
rete ves 20 1/min (at room temperaturs). Ths gas composition was similar
to that used in the single particle reduction tests. The reducing gas
was passed through an alumina preheatsr before it rsached the ors bed.
The reduction was done isothermally for 45 minutes with the ore bsd et

about 900°C. The bed was heated and cooled in a stream of nitrogen.

Samples (8 - 10 particles) were removed from the top and bottom portioms

of sach reduced batch and amalysed for perceat metallisation. Nsverthelese,
spot checking analysse were frequently dons on particles removed from the
middle of the bed. The remainder of the batch was then pulverised sad

also snalysed for percest mstallisatiom. The results obtaimed are listed

on the following page.
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METALLIZATIONS - ONE KILO REDUCTION RUNS

Batch Total Fe Metallic Fe Metallise-
—Semple  Positiem - X _tion X
Eacino Top 7n.23 17.27 24.23
Bottom 81.42 54.22 66.59
Compoeite 75.37 21.04 27.92
Alzada Top 73.51 4.40 5.99
Pelets Middle 77.61 25.38 32.70
Bottom 88.25 7% .94 84.92
Composite 76.50 28.37 37.05
50487-A-1 Top 76.27 1.99 2.59
Niassar Kashan )44 78.12 22.14 28.34
Bottom 84.71 51.84 61.30
Composite 78.83 .43 38.60
50487-A-2-1 Top 78.% 19.33 26.69
North of Semen oo e0n 92.84 81.25 87.52
Compoeits 77.83 25.63 32.93
50487-A-2-2 Top 70.84 13.79 19.47
Hamyard Seman 4414 73.48 17.01 26.24
Bottem 82.06 .7 78.16
Composite 74.20 23.33 31.44
50487-A-3 Top .97 9.07 13.5
Shams Abad Middle 71.70 32.37 45.44
Bottom 77.80 »w.” 76.85
Composite 72.1 .90 54.06
50487-3-1 Top 80.69 28.59 35.43
Hospet Bottom 90.83 73.35 90.78
Composite 76.00 24.47 31.78
50487-D-2 Top 75.8 4.20 5.87
Donimalai Middle .49 4.52 6.2
Bottem 08.44 62.22 70.35
Composite 75.53 29.13 38.%
50487-3-3 Top 77.62 20.23 26.06
GOA Pellets Bottom 91.12 85.42 93.7%
Composite 77.83 26.63 .22
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Vi - _DISCUSHION

A. Ry Ore and Pellat Analvems

The Donimslsi sampls (50487-D=2) is & compesite of five different orves
vhich vere found to vary, smeng other things, ia hardness. The amouat
of each ore rsceived was ia proportion to its estimated percent by weight
present in the oversll deposit. Howsver, one type (with dark blue tint)
was observaed to be fragile and could be pulverized quite easily, so a

fairly small amount actually remained in the composite sample tested.

The North of Semnan sample (50487-A-2-1) vas comprised of two differeat
ores. One type was light, grey in color, wvhils the other was dense,
with dark blue tint. Of the 19.3 kilos retained for bench scale testing,
17.5% by weight was from the greyish ore that contained a large smount of

§i0., ,but only 7.54% total Pe (which was preseat as 10003). The analyeis

zl
of the "bluish” ore,which vae used in the single particle amd batch

reduction tests, is lieted im Tebls III.

The results of the screem saalyses of the psllet samples (20 kiles) shew
that 3.24%X of the Shams Abed pellets amd 13.73% of the GOA pellets ere mot

vithin the specified HyL siss vamge of 12.7 =mm to 9.5 m.

Also, the Shams Abad pellets had woticeshle "surface cracks,” resultiag,
perhaps, from the sudden sxpesurs to stesp temperature gradiont during

the drying and thermal treatmemt processes.

».  Single Particle end Ratch Deducties lune
The reduction characteristics of the UNIDO pellet eamples ware evaluated
using Alsads pellets as the stamderd. In the folleving table, the peresat

-7-
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raduction attained by GOA and Shams Abad pellets after 10, 20 and 30

minutes at sach of the three temperature levels used, are compared with
the results of the Standard Alsada pellets. The comparison factor (F)
is the ratio between the percent reductiom of an ore pellet to that of

an Alzada pellet reduced under the same conditions of time and tempersturs.

Alzada GOA Shams Abad
1000°¢ F___XReductjon F % Reducticn F A_Reductjon
10 min. 1.00 7n7.0 0.90 70.5 0.78 60.0
20 1.00 9%.0 1.00 9.7 0.94 9.8
30 1.00 9.0 1.00 9.5 0.97 95.6
00°¢C
10 mia. 1.00 [} S 1.0 0.5 0.7% 3.0
25 1.00 » 1.11 %.0 0.84 63.6
45 1.00 ] 1.04 9.5 0.9 83.0
[ M
10 min. 1.00 41 0.9 0.0 0.73 27.8
X 1.00 n 0.9 4.0 0.7 $%.)
30 1.00 3] 0.97 9.3 0.00 72.0

Hete:! 7 o haduction Fraction = W
£ Reduction, Alsada Pellet

Also, the reducidility curves (X Frectioa Meduetion ve Tims) of the GOA
snd Shans Abad pellets at the three reduction semperature levels are pletted
on the attached figures IG theu 3G and 184 thew JBA.

It can be seen from these sutves and frem the sbove 7 fasters, that the
reduction characteristios of stagle GOA pellets are very similar te these
of Alsads, vhile single Shams Abad pellets ave less reducible then Alsede
psllets.
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If the chemical reection rate constamts (computed from the

slopee of R va t curves as: t +0) ars plotted against the reciprocal of
the absolute temperature (i.e., according to Arrhenius equation), the
slope of the straight line obtained for each ore is an imdication of

the tempereture dependency of the chemical reaction step of the ore
reduction mechanism, from which the activation energies could be calcu-
lated (Figures 4G and 4SA). Results show the similarity between Alzada
and Shams Abad ores dependence on temperature. However, the dependence
of the chemical reaction rate of reduction, of the GOA ore pellets, on
temperature seems to be higher than that of the Alsada Standard, which
confirms the tread of the F facters.

The behavior of the UNIDO pellet samples in & packed bed as,compared to
Alsada pellets,is showm on page 6. It can be seen that the m :allisa-
tion of the Shams Abad pellets was mors uwniform, because of its lese
reactivity, then the Alsada pellets which reducee, in packed beds, ia s

"reduction wave fromt" pattemm.

It cam also be noticed thet the metallisstion of the GOA pellets in &
packed bed seems to proceed, like Alsads, in & "reduction vave froat
pattern."”  lowever, the everage metallisation ie approximately the sams
es that of the Alsada pellet bed.

Single particle desta was not obtained for two of the lump ores:

(1) Particles of Hospat ore (50487-B-1) oplit during heat up to the
reduction temperature amd also during reduction. As & result,
portions of sech lump tested were loet and it was net possible
to obtain centinueus weight loss ve time eurves.

*-
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(2) The Donimalai sample (50487-3-2) was s eoqouhu of five ores and
since it was not poseible to run single particle tests and
know which type wvas used at sash temperature level, no single
particle tests were dome for that sample.

The behavior of the licspet and Donimslai ores in packed beds as compared

to Encino ore is showm on page 6.

The metallisation of the Donimalai packed bsd was found to be of tha
"reduction wave front' pattera. The overall behavior of the Donimalai
ore was found to be bettar than the Encino ore from packed bed rsduction

point of view,.

The metallisation of the Hospet composite vas foumd to be low, relative

to the analyssd tep and bottem samples of the reduced batch (csused by gas
chasmelling). lMowever, the composite mstallisatiom is higher tham that
of the Encino stendard. Meay of the lospet particles split into distimct
layers during reduction and, 88 & iesult, underveat appreciabls sxpamsiom.
This splitting behavior seemse to have improved the reductiom procese

(exposes more area for reductioem).

There vas no difficulty in rumaing single particle tests om the Niessar
Kashan (50487-A-1), North of Semmam (50487-A-2-1) and NHamyard Semman
(50487-A-2-2) UNIDO lump ores. In the teble on the next pags, the
percent reduction attained after various tims iatervals by each ore
particle at the indicated temperature level was cempared with the results
obtained for the Emcimo ore particles.

-10-
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Encino Niassar Kashan North of Semman Hamyard Semnan
1000°C F
10 min. 1.00 64 0.76 48.4 0.66 42.2 0.83 53
20 1.00 [ 0.84 73.6 0.77 6s.1 0.88 n
30 1.00 9% 0.93 8.9 0.8 8%.8 0.95 91
900°C
10 min. 1.00 57 0.62 5.1 0.7 42,1 0.70 40
25 1.00 93 0.68 63.3 0.72 66.9 0.7 69
45 1.00 99 0.87 8.0 0. 88.5 0.9 [ 1]
00°C
10 min 1.00 &9 0.43 1.1 0.88 42.9 0.65 2
30 1.00 L 0.53 49.2 0.87 77.3 0.67 60
50 1.00 ” 0.68 67.3 0.92 90.9 0.75% 74

Note: 7 = DReduction Fractiom = Wln

Also, the reducibility curves (X Praction Reduction vs Time) of these ores at
the three reduction tempsrature levels are plotted on the attached figures
INK thru NK; 1N8 thru NS amd 1HS thru us.

It can be seen from these curves snd from the above ¥ factors that, over the
800 - 900 - 1000°C reduction temperature Tangs, the single Nisssar Kasham,
North of Semnan and Hamyard Semmam ore lumps are less reducible than single

Encino ore particles.

Moreover, if the chemical resctiom rate constants (computed from the slopes
of R ve t ae t + 0) are plotted accerding to Atrheaius equation to obtaia
the temperature dependence (or the emergy of sctivetion) of the chemical

‘reaction step of the reduction machanism, Figuree NS, AWK and ANS ave

elle
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obtained. One could cenclude that the effect of temperaturs om the
chemical reaction step of Niasssr Kashan snd Namyard Semnan are more
promounced than that ef Nerth of Semmea.

Finally, the behavior of these eres ia a pasked bed, as compared to

Eacino, is showm on page 6.

A comparison of the cemposite metallisation with the mstallisstioms
of the top snd bottom portioms, indicates that the packed beds of

Nisssar Kashan, North of Sesman, Hamyard Semmam and Encino oves did
not reduce uwniformly (gas chaaneling). However, the overall batch
metallisation of these thres ores were higher tham that of the Eacime
standard.
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at 900°C

AS COMPARED TO ENCINO ORE

Time (Min.)

R-8as Flew Rete
R-Ges Composition

el

0.28 V/enf-min.
.08 W,
5.7 €0
708 Co,
0.7 N,



% Frection Meduction (R)

SINGLE PARTICLE REOUCTION RATE

at 1000°C

AS COMPARED TO ENCINO ORE

»n »
Time (Min)

R-Gas Flew Rate
R-8as Composition

el9e

0.28 V/enP-min.
0158 W,

15.7% @

7.1% co,

% XN



Swindell-Dressior Company UNIDO
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TENPEMTURE DEPENDENCE COEFFICIENT
OF SINGLE PARTICLE KINETIC CONSTANT
AS COMPARED TO ENCINO ORE PARTICLES
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REPORT ON BAG SCALE TESTS.

UNIDO CONTRACT 70 - 50

S/D JOB No. 50487

The bag scals tests for seven Iranian and Indian iron ores on contract
50487 have besn carried out at Monterrey Pilot Plant.

Three wire mesh bags, containing 5 Kg. each one, for each sample were
preparsd, These samvles were groupsd with sasples of Alsada Pellets.
Groups of 8 bags were placed at three different levels in the reactor.
The reactor was operated under normal conditions, the charge was cooled
until the TR-12 aquired 60°C for at least 2 hours.

For each sample were determinated: the chemical analysis of iron ore
and spongs iron (at 3 levels), the porosity of sponge iron (at 3 levels)
and the resistance to compression for the sponge iron (this test was
made only for the pellets, samples A-3, B-3 and Alzada).

Tables I. thru VITI. disclose a summary of the results for each sample.
Figurss 1 thru S shows the photograph of each sample, the photograph con
tains iron ore and sponge iron of the three different levels, together
with the photograph there are some cualitative appreciation of the sponge
iron in such bag, and comments on the reducibility of sach of the seven
iron ore samples compared with the Alzada pellets. In figure 9 is shown
the chsrge diagram for the pilot plant reactor. In table IX are shown
the opsrating conditions for the bag test run in the Pilet Plant.




% Fo Tetal

% FeO (Det,)

% Fe, 0] (c.l.o)
% Hematite

% Magnetits

% Selfur

% Phosphorve

% Red. Onpgen
% Cengwe

% Fe Tetal

% Fe Metal

% Netaldisation
% Carbon

% Sulfwe

% Phoephorus

% Cangwe

*ADLE

RESULTS POR SARPLE Re, 30009 - 4 - 1

GABMEGAL MIALYSLS OF 100N ORS
65.)
13,6
78,2
48,0
43,8
0.2%98
0.030
26,.%1
7.9
SEONIGAL MALIALA O APRRGK L1DSN
Tor? nIoOLS poTION
92.2 R1,8 73.2
81.7 52,5 6.7
88.6 6b,2 9.2
0.61 0.%2 0.33
0,010 0.030 0.050
0,112 0.126 0,020
b, 9.1 7.3

% Porosity

Negistonne te ¢
("o/"‘.l.t)o
10 pellete.

Teor nIoeis OTTON
50,00 38,62 26,03
enprecsion - - -

Avorege of




FIGURE 1

SAMPLE No, 50487-A-1

INSPECTION OF SPONGE IRON SAMPLES
TOP: No fusion. Some size reduction takes place during
reduction, No fines.
MIDDILE: Considerable size reduction. Some fines.

BOTTOM: Considerable site reduction. Some fines.

COMMENTS ON THE REDUCIBILITY,

Average Metallization Sample SOUB7-p-1 - 54, 00%
Average Metallization Alzada Pellets (bags) = 71.10%
The low metallization and the considerable size reduction of sample S0487-4-1

seem to indicate that this iron ore is not so ideally suited for the produc-
tion of sponge iron by the HylL Process as some of the others.



TADLE 11.

L

RESULTS FOR SAWPLE Ne, 30487 - 4 - 2 - 1

GEMMICAL MIALIALS OF 10N ORE
% Fe Toetel 62.8
% re0 (Det,) 18.9
% Fep03 (Cale.) 69.2
% Hematite 28,1
% Magnetite 59.6
% Sulfur 2,568
% Phospherue 0.019
% Red. Omygen 24,90
% Canguwe 9.7

SHBNIGAL MSALIALS OF SPQNGE 1IN

ToP NIDDLE BOTTON

% Te Total 92.7 82.3 69.5
% Te Metal RS, b 51,8 7.7
% Netallisatioea 92.1 62.9 11.1
% Carbon 0,43 0.28 0.38
% Sulfur 0.372 0,572 0.636
% Phoopherue 0,012 0.109 0.111
% Gangwe bob 8.0 1.7

PORCSITET AND REALITINCE TO CONPRESRION OF SPQNOE LRGN

ToP NIDOLE DOTTON
% Peroaity 50,48 43,37 27.08
Reniatence te somproseion - - -
(Rq./vellet). Avereqe of
10 pellete.




FIGURE 2

SAMPLE No, 50487-p-2-1

INSPECTION OF SPONGE IRON SAMPLES.

TOP: The entire sample was agglomerated, Some size reduction.
MIDDLE: Some brittle agglomeration. Some size reduction.

BOTTOM: Some surface cracks. No fusion. Some size reduction
and fines.

COMMENTS ON REDUCIBILITY

Average Metalliszation of Sample 50487-A-2-1 = 55.37%
Average Metalligation of Alzada Pellets (bags) = ?71.10%

The tendency to fuse, the low metallization the size reduction and the fines
production makes this iron ore not so ideally suitable for the production of
sponge iron by the HyL Process.




TADLE 111,

C

RESULTS FOR SANPLE We, 30087 - A - 2 - 2,

SREMICAL MNALTSIS OF 1008 ORF
% Fe Total 61.6
% Fe0 (Dot.) 3.7
% Fe,0) (Cals.) 83.9
% Hematite 75.7
% Magnetite 1.9
% Sulfur 0,128
% Phospherve 0.010
% RMed. Onpgon 26,12
% Gengus 12,3

GEENMECAL MIALTALS OF SPONGE LNON

tor RINOLE soTYOoN

% Feo Tetal 88.7 79.3 72.0
% Feo Metal 86,5 %9.7 8.5
% NetallMisation 97.5 75.3 11,8
% Carbon 0.77? 1.47 0. 48
% Sulfur 0,023 0,013 0.012
% Phesphorve 0.017 0.017 0.108
% Geagwe 9.9 13.6 9.2

PORCAITY ANP RESLITINCE IO SONPRASMICH OF PROE LRGN

To?P L ] SOTTON
% Peronity 81, b2 48,57 22,22
Resistence to conpregsion - - -

(Rq./pellet). Avorege of
10 pellete.




FIQURE )

SAMPLE No., 50487-4.2-2

INSPECTION OF SPONGE IRON SAMPLES

TOP: No fusion. Some size reduction., Ko fines.
MIDDLE: Some Cracks. No fusién. Some size reduction and fimes.

ROTTOM: Considerable size reduction. No cracks.

COMENTS ON REDUCIBILITY

Average Metallisation of Sample 50487-a<2-2 = 61,%53%
Average Metallisation of Alsada Pellets (bags) - 71,10%

This iron ore has regular metallisation compared with the Alsada Pellets,
the sise reduction specially at the bottom could be a disadventage for
the uge of this material in the Myl proceaas.




ABOULYS POR SANPLE Ne. WP - A -)

SAMNGAL MALINA S0 LA 088
% Pe Toteal 62.)
% Pe0 (Det.) 1,7
% '0‘.’ (“l.o’ 6.8
% Nematite 83.0
% Nagmetite 5.9
% 8vlfer 0.009%
% Phoapheres 0.098
% Med. Onpgee 26,47
¥ Gengue 1,6
l
l SRASAL MALILLL S MR 1S

teor? [ (] TN
% Fo Total 79} 79.) .2
% Fe Netal 711 69,1 2.2
% Netal disatied 89,7 87.1 3.0
% Cardben 0.79 0.70 0.2}
% Sulfwr 0,02k 0,009 0.008
§ Phcepherve 0,02) 0.108 0.11)
§ Gongwe 17.6 17,0 17.6

POSOAITT A0S ASAMRENAS 10 AMFRRSMIGE OF IPERNLINED

\ B 4 NS TR
¥ reresity L) o, 7 9.9
Moststonne to compregsiem 110 194 »

(g /pollet). avovage of
0 poilete.




TIGURE &

SAMPLE Ne. ”~a7.‘.’

INSPECTION OF SPONGL IRON SAMPLES

TOP: All the sample was agglomerated. No sise redustioa
No fines. Cracked (the cracks were aAlready presoat
in the raw pellets).

MIDDLE: No fusion. No sise reductioa. No fimes. Cracked,

POTTOM: No fusion. No sise reduction. No fimes. Cracked.

COMMENTS ON REDUCIBILITY

Average Metallisation of Sample 50487-a-3 =« 60.07%
Average letallisation of Alsada Pellets (bags) = 71.10%

Regular metallisation and very good physical characteristics it see®e to
b0 suitabdble for the production of sponge iron by the Myl Process.




SAENSAL MALEALS OF LIGN ORS
% Fe Teotal 67.3
% Pe0 (Dot.) 1.8
% ey 0y (Cales) 9,2
% Nematite 90.2
% Magnetite 5.8
% Sulfur 0,064
% Phoasphoree 0.0%)
% ned. Onpgee 28,76
% Cengue 3.9

SRENSGAL ARALTALA OF ARERGE. LENS

Teor nooes soTON

% Pe Tetal 93.9% 8.5 75.3
% Fe Netal 92,0 81,8 12.0
% Netal Mostien 98,4 9.4 1%.9
% Carbon 0.80 1.9 0.48
% Selfee 0,019 0,010 0,004
% Phospheree 0.0%8 0. 108 0.06)
% Congue 9.2 6.2 6.1

ROARAITL ANR ASMISTINGA 10 OMIPSMAICN OF SPSRel 1RGN

toP noses OTTON
% Perosity ss, 88 49,20 36. 66
feetstonce t0 conpression - - -

(Rq./vellet). Avevage of
0 pellete.
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FIGURE 5

SAMPLE Nc. 50487-B-1

INSPECTION OF SPONGE IRCN SAMPLES,
TOP: Cracked, - A part of the sample was agglomerated, Some
size reduction.

MIDDILE: Considerable size reduction, Cracked. No fusion. Some
fines,

BOTTOM: Congiderable size reduction. Cracked. Fines.

COMMENTS ON REDUCIBILITY

Average Metallization of Sample SO487-B-1 = 68,57%
Average Metallirzation of Alzada Pellets (bvags) = 71,10%

Good Metallization, but the phy=ical characteristics of this ore could be
a problem for the production of sponge iron by the HyL Process.




PABLE V1,

RESVYLTS FOR SANPLE Ne. 90k8? « B - 2

CHRMICAL MIALYSLS OF 108 ORE
% Fe Total 68,2
% FeO (Det.) 1.7
% Fep0j)(Calee) 98,6
% Hematite 91,8
% Magnetite 5,5
% Sulfur 0.032
% Phospherve 0.113
% Red. Onm 29.14
% o 2,6

SEBMIGAL MALTSIG OF SPONQE LROS

ToP? NIDOLE BOTTON

% Fe Total 97.0 9,2 75.7
% Fe Metal 96.4 88.7 12,7
% Netalldisation 99.4 9,2 16,8
% Carbdon 0.65 1,36 0,47
% Sulfur 0.016 0.00% 0.006
% Phosphorve 0.076 0.093 0.093
% OCeagwe 2.0 2,8 5.7

PAMAITT ANR RMIITIGE TO SONPRRSLION OF APONOE IRON

To? NIDOLE TTON
% Peorosity 59.49 Sk , Sk 3,37
Reaistonce to coompressiam - - -
(Rq./pollet). Averege of
10 peliete,
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FIGURE 6

SAMPLE No. 50487-B-2

INSPECTION OF THE SPONGE IRON SAMPLES.
TOP: The entire sample was agglomerated. Cracked. Some size re
duction.

MIDDLE: Brittle agglomerations. Considerable size reduction.
Cracked.

BOTTOM: No fusion. Considerable size reduction and fines.

COMMENTS ON REDUCIBILITY

Average Metallization of Sample 50487-B-2 = 70.13%
Average Metallization of Alzada Pellets (bags) = 71,10%

This iron ore has very good metallization, but it has the following dis-
advantages: tendency to fuse, considerable size reduction and fines gen-
eration,



*TADLE ViI,

RESULTS FOR SANPLE Ne, 30487 - 3 . )

CHENICAL MIALTALIS OF 1N08 OBE
% Fe Totsl 68,1
% FeO (Det.) 1.4
% Fe3 03 (Cale.) 95.8
% Hematite 92,7
% Magnetite 4,9
% Sulfur 0.03¢
% Phospheruve 0.097
% Red. Onygen 29.10
% Gengue 2.8

SABMIGAL ASALYSIA OF SPONGE 1PON

Torp NIDDLE BOTTON

% Fe Total 90,7 89,1 75.1
% Fe Metal 87.8 8s.7 12.7
% Metallisatien 96.8 96,2 16.9
% Carvon 0.93 2.60 0.98
% 8ulfur 0.026 0,013 0.00k
% Phoophoruwe 0.103 0.128 0.112
% Goagwe 7.4 7.2 6.0

POROAKTE MMD REALSTINCE 10 CONPRESEION OF APQNOE LRQN

TOoP nIwLE DOTTON
% Porosity 60.2% 59,26 3%5.29
Reaistence to compreseion 43 28 16
(Kq./pellet). Averege of
10 pellete.
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FIGURE 7

SAMPLE No. S0487-B-)

INSPECTICN OF THE SPONGE IRON SAMPLE

TOP: No fusion. Some cracks. No fines.
MIDDLE: Some size reduction and fines.

BOTTOM: Practically no size reduction and no fines.

COMMENTS ON REDUCIBILITY

Average Metallirzation of Sample 50487-B-3 = 69,97%
Average Metallization of Alzada Pellets (bags) = 71.,10%

Thie iron ore seems to be the best suitable for the production of eponge
iron by the HylL process, the metallization is very similar to the Alsada
Pellets and also its physical characteriatics are very good.
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TABDLEB Yills

RESUYLTS POR ALZADA PELLETS.

GEMMGAL MALIAIA OF LGN 0B

% Fe Tetal 68.0
% FeO (Det.) 1.7
% Fep0j (Calee) 95,4
% Homatite 91,6
% Magnetite 5.5
% Sulfur 0.006
% Phosphorue 0,242
% Red. Omnygen 29,06
% Gangwe 2.6

SEEMICAL MIALYAIS OF APOSQE LN
RIDOLE
% Fe Total 91,8
% Te Metal
% Netallisation
% Cardon
% Sulfwr
% Phosphorus
% Gengwe

POROAITE AND RAALATINGE 10 COMPRASAION OF APOROS RN

Tor? NILs POTTON

Registonce to cempreceion 180 b

(Rq./pellet). Average of
10 pellete.
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FIGURE 8

ALZADA PELLETS

TOP: No fusion., No sise reduction
MIDDLE: Slight sise reduction, Some fines. Cracked.

BOTTOM: Slight sise reduction. Fines.




REFORMER GAS ANALYSIS

TABLE 11X

CPERATING CONDITIONS

L F) 73.30%
co 11,50%
CO2 9.53%
CHy 5.67%
R=GAS PREHEAT TEMPERATURE = 730¢C
AIR PREHEAT TEMPERATURE = 20060¢
COMB. CHAMBER TEMPERATURE ) 10509C

METALLIZATION OF REACTOR CHARGE
GAS CONSUMPTION , REFORMED GAS

¢ For this Pilot Plant

77.73% o
1249,38 N N3/Ton.Fe.,

test the reactor was not preheated aa usually,

becsuse the reactor was manually charged in order to place the bags
at the 3 different levels. So the metallization is slightly lower
than the normal value for Alzada Pellets, The metsllizstion of the
charge is within standard variance for production reactors in the

Hyl process, though on the low side of .the variance.
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NBOPAY

A semple of Iranian iron ore provided by Swindell-Dressier Company was
subjocted to bench-scale testing following microscopic examination and pre-
lisinary liberation study. These results indicated that although aniomic
silics flotation of the crude material ground to a fine size was not effec-
tive, fine grinding and magnetic concentration of the crude, roasted to
convert the iron oxides to magnetite, did give concentrate grades in the
range of 60 to 62% Fe at iron recoveries in excess of 95,

This concentrate did not meet the requirements set by Swindell-Oressler
Cempany of 64\ Fe, 0.15% S, 4\ Si0,, due to the presence of 3\ mengenese
in the magnetic concentrate and inglusions of gangue in the iron oxide
@strix. However, in conversations with Mr. G. F. Johnsom of that compeny
approvel was given for the production of 100 kilogrems of pellets using a
reest - magnetic concentration - pelletizing process, with the expectstion
of producing a concentrate with the following chemistry: 61\ Fe, 38 W,
7% 8102, 1V Al,05, at 90V iron recovery.

The comcentration results of the pilot plant rum did agree quite well
with those estimated from the bench-scale data: 60.5% Fe, 2.9% ¥, 6.7% 840;,
1.18 Al205, ond 0.028% S at 94% iron recovery.

The concentrate was balled and fired in a pot grate furnece producing
peliets which had a rough appearance and many shallow surface crachs, prebably
due to a rather large shrinkage in the pellets. These pellets had adoquate
crushing strength hut produced only a 92.2% plus 1/4 inch tusble strength,
agein probebly due to the rough texture of the pellet surface. Additiemsl
tests on larger quantities of meterial would lead to improvement and pethaps
elimination of this problem. Pellet chemistry was as follows: $9.69% Po,
6.5% 8107, 2.5% Mn, and 0.00% Fere.

T™e fired pellet product wes split imto twe shiru. 20 pounds

to
Swindell-Dressier Company, Btna, Pennsylvania, snd t remaining 200 pounds
te Fierre lspon)a, S.A.

OESIGNATION OF SANPLES

On October 14, 1970 o smell sample of ilrenian irvom ore was reseived fer
liminery testing. The sample, which was lsbeled $0487-A-3 by Swindell-
slor wes given the MARC desigmation of Ore Ne. 1787, Let No. 1, Preject

. 178.

On Docomber 3, 1970 on ore shipment was received which weighed 2073
. The sample was centained in twelve drums numbered 1, 3, 4, 5,6, 7,
8,0, 11, 12, 13, ond 14, and ves lgbeled Semple 50487-A-3. This cample was
given the MARC lobel of Orve Wo. 1757, Let Ne. 2, Preject M. 178,



BBNCH- SCALE TESTING

Preliminery llnoralq.jcal Examingtion

The small samplc, ot No. 1, which had becn labcled 50487-A-3 by
Swindell-Dressler, was uscd in making a preliminaty examination prior to
the preparation of a proposal outlining a program of concentrating and
pelletizing tests.

The samplc analyzed 46.04% Fe, 0.08% te*®, 2.76% Mn, 0.018% P, 0.019% S,
12.78% Si0), 1.04% Al30y, and 10.90% LOL.

Three briquets were made from hand specimens of the sample and cxamined
under a reflecting microscope. In the first briquet goethite was the domi-
ment iron mineral, filling spaces hetween grains of quartz, cementing thea
together, and prec<enting a pseudo-polygonal structure. e average size of
the quartz grains was 50 microns. In the second briquet the principal iron
mineral was again goethite, this time more massive with some colloform struc-
ture. Some goethite occurred as veins in cracks of the quart:z, Pyrolusite
was present as lens-shaped (rvstals and as intersected irregular prisms
scattered in the gocthite. In the third briquet siderite was the main irom
mineral, but geethite was also present, occurring as very thin rims around
the siderite grains. (Probubly the gocthite observed in the first two
briquets was tformed by the alteration of original siderite).

Ten grams ot the samplc was ground for 10 minutes in a Spex mill and
then x-rav analy:zed. The rcsults showed that quart: was predominant, but
that a fair amount of siderite and some calcite were also present.

The size of the gangue grains \uried considerably but most of the
goethite can be liberated by a 270/325-mesh grind.

About 150 grams of the -ample was crushed through 8 mesh and roasted for
one hour at 650° C in an atmosphere of lo% water vapor, 8.4V Hy, 16.8% COp,
and 58.8% N>, After the roastcd product had been pulverized tﬁrou.h 150
mesh, 10 grams of the product was concentrated in a Davis magnetic tube.
Nearly 97 percent of the iron in the tube feed was recovered in a concentrate
containing 60.85°% Fe and 0.97% Insol.

TABLE 1. DAVLS TUBF TEST RESULTS IN PRELIMINARY SAMPLE

O . W R T T e R B e

. \
Material ﬂ F} Feio Insol Fo Moc
Feod 100.00 RN | | 16.88 14.74 100.00
Concentrate 3.3 00. 85 17.% 6.97 9 .62

Tailing 16.67 10.63 4.02 45.69 .9

b
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Preliminary Flotation Tests

On December 3, 1970 the Mineral Resources Rescarch Center received 12
drums of Iranian iron ore weighing 2075 pounds from the Swindell-bressler
Company and labelcd them Ore No. 1757, Lot No. 2. The ore was to be used
in bench-scalc test~ to determine a suitable flowsheet and to prepare a 200-
kilogram sample of fired pellets for further testing by Swindell-liressler.

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 sccond test used selective desliring followed by amionic
silica flotation. Although the latter method was more effective than the
former method in upgrading the samplc, neither mcthod was able to produce a
concentrate containing 4 percent silica.

Test Procqggyg_

A 50-pound representative samplc of Lot 2 Ore 1757 was crushed and
ground to minus 10 mesh. For cach flotation test a ~00-gram charge of the
minus 10-mesh material was ground in a small rod mill for 20 minutes at S0
percent solids. Tahle . shows screcn analyses of the rcd-mill feed and product.

In the first test the ground S0U-gram charge was transierred to a batch
conditioner and pulped at 40 percent ~olids. A specitied amount of causticized
tenioca flour was added. The pH of the pulp was adiasted to 11.7 with caustic
seds and the pulp was conditioned for . minutes. Next the pulp was conditioned
for one minute with CaCl> and finally for two minutes with Acintol FA-2. The
conditioned pulp was transferred to a Fagergren laboratory flotation cell,
diluted to volume, and floated until barren of froth, or for about 5 minutes.
The froth was returned to the cell and scavenged for 3 minutes with the

supernatant water from the roughing opcration.

In the second test the 500-gram charge (which had heen ground with Na;SiOy)
was transferred to a fiberglass cell and diluted to volume of o liters. Caus-
ticized tapioca flour was added and the pulp was conditioned for one minute.

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-
sentation-decantation procedure was repeated four times. The deslimed 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
summarized in Table 3.




TABLE 2.

SCREEN ANALYSIS OF THE MINUS 10-MESH
ORE AND GROUND F'LOTATION FEED.

— ——
Minus 10-mesh 20-minute Ground
Sige Rod-Mjll Feed Rod-Mill Product
e sh W Ttm SN Yta
-10¢48 65.99 65.99 - -
¢ oS 5.95 71.94 - -
100 4.74 76.68 - .
*1%0 3.4 80.11 - -
«200 5.02 83.13 - -
270 1.92 85.08 2.28 2.23
328 1.62 86.67 2.63 4.0
-328 15.33 100.00 95.14 100.00
Tetal 100.00 100.00
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!glnctic Concentration Follouinlfnoastiq!;prude 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 650° ¢ for one hour with
a reducing gas containing 6% H, and CO.

Roasted samples were subjected to batch ball-mill grinding for selected
periods of time and concentrated in a Davis tube to indicate liberation and
response to magnetic concentration. These results, shown in Tuble 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 - 906 percent.

These tests led to several bench-scale fine grinding - magnetic separation -
cationic silica flotation tests on the roasted ore to determire if higher
concentrate grades could be obtained. These results, shown in Table 5,
indicate that the tlotation 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 concentruate 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 tar beyond what
is presently considered reasonable, the sponsor was asked for a decision on
further testing and/or pilot-plant production ot products. The Swindell-
Dressler Company concluded that pilot-plant testwork should proceed to
produce 100 kilograms of fired pellets for their evaluation. I[n view of the
large iron recovery losses associated with small improvements in concentrate
grade resulting from silica flotation, it was also decided that the pilot-
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% Si0,,

1% Al,05, at 90% iron recovery.

P1LOT TESTING PROGRAM

ge.nctic Roas;igl

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

The ground material was moistened and balled in a 3 1/2 foot balling
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
dismeter by 18-inch deep basket and roasted at 650° C in a batch roaster
for one hour with a reducing gas containing a combined H, plus CO of 6 per-
cent. The reducing gas and the heat required were produced by burning
natural gas with a deficiency of air.




TABLE 4. BATCH GRINDING AND DAVIS TUBE CONCENTRATION TESTS
ON MAGNETICALLY ROASTLD SAMPLL

S v —— ——
Grind Time* (min) 5 10 15 20
Size Distribution--Cum % passing
05 mesh 99.0 99.9 -- --
100 " 95.8 99.0 99.9 --
150 " 8S.1 97.4 99.5 99,9
00 v 79.4 91.7 97.7 98.7
270 " 71.7 85.2 94.3 96.2
328 " 65.3 79.1 90.0 93.1
Davis Tube Results
Head, % Fe §0.27 50.02 49.94 50.10
% DT Mag Fe 47.499 47.84 47.34 47.28
Conc % Fe ©0.55 61.19 61.47 62.15
5 Wt 79.26 78.17 77.02 76.02
Tail % Fe 11.08 11.00 11.62 13.18
A SR

*Ground in 4" x 8" dia. laboratory ball mills at 50% solids.




TABLE §.

FLOTATION TEST RESULTS ON ROASTED ORL

(Magnetic concentration in laboratory wet Sala mag-

FINE GRINDING--MAGNETIC SEPARATION--CATIONIC SILICA

netic separator and flotation by addition of 0.02
1b/T MG83 and 1 drop MIBC to each stage)

AR e e —
Grind: 40 min ? S0% solids 20 min @ S0% solids
0.3% +325 mesh 6.7% <325 mesh
(high trequency demagnetization
W T e T Te T 3 e IR 303 T
Head 100.0 49, 80 100.0 100.0 50.43 100.0
Mag Tail ! 15.5 9.72 3.0 13.3 9,39 2.5
Mag Conc 1 84.5 {(67.2) 97.0 86.7 (55.7) 97.5
Mag Tail 2 5.4 17.19 1.9 4.9 18.07 1.8
Mag Conc 2 701 (59.9) 95.1 81.8 (58.0) 95.7
Mag Tail 3 1.6 29.87 1.0 2.7 25.94 1.4
Mag Conc 3 77.5 60.58 94.1 79.1 (59.1) 94.3
Froth 1 2.8 $4.12 3.1 1.1 43.07 0.9
Conc 4 74.7 (60.7) 91.0 78.0 (59.5) 93.4
Froth 2 2.7 50.10 2.7 1.7 40.95 1.4
Conc S v2.0 (61.1) 88.3 76.3 (59.9) 92.0
Froth 3 2.9 50,27 2.9 1.9 43.04 1.6
Conc 6 69.1 (61.6) 85.4 74.4 (60.4) 90.4
Froth 4 2.9 $2.28 3.0 2.2 45.93 2.1
Cone 7 06,2 (62.1) 82.4 72.2 (60.8) 8.5
Froth S 3.6 58.28 5.9 2.1 47.56 2.0
Conc #* 62.6 62.71 70.8 70.1 61.19 .3
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FIGURE 2. PHOTOMICROGRAPHS OF PLUS 500 MESH PORTION OF MAGNETIC CONCENTRATE

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

These photomi rographs show the prevalence of finely disseminated gangue
(5-10 microns) locked with the magnetite in the plus 500 mesh portion of
the concentrate. The magnetite (white) commonly contains quartz or car-
bomate gangue inclusions (gray) as shown in 2-B. There is a small amount
of free quartz (gray - distinguished from matrix by grain boundaries) 4n
this size fraction as shown in 2-A, but not enough to account for the
high insoluble content of the concentrate (6.7% Sioz, 61.4% Fe).
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The rossted product was cooled to room temperature with the same gas
sixture which had been precooled by passing it through a cooling tower.

The 500 pounds of ore were roasted in three batches and the products
combined. The roasting time used was over double that which would ordinarily
be required but was used to assure uni formity of roast in all three batches.
The small balls broke up readily into discrete particles following rossting.

Concentration

A circuit consisting of a ball mill, Sweco screen, two single drum
magnetic separators and a high-frequency demagnetizing coil together with
necessary pumps and piping was sssembled for the concentration of the roasted
ore. 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. Following
100 minutes of preliminary operation for the circuit to come into equilibrium,
two sets of composite samples were collected, each representing two hours
of operation. These composites were assayed for Fe and size distributions
were 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 streas
weights and adjusted analyses based on a statistical treatment of the two
sets of data. In this case the Fe assay, plus 325 mesh and minus 500 mesh
screen analyses were used in the calculations. The resulting metallurgical
balance is shown in Table 7 and indicates s weight recovery of 76.7% end an
iren recovery of 93.7%.

Since it was felt that the sampling of Sweco screen oversize would
unduly disturb the process, the calculations were made without these data.
The minisum weight of the screen oversize and ball mill discharge were
calculated based on the assumption that the screen oversize contained no
ainus 500 mesh materisl. Since this is a recirculating streas its data
would have had little effect on the overall process yields.

The chemical analysis of the combined concentrate was: 60.54% Fe,
2.8 Mn, 6.70% SiO7, 1.09% Al03 and 0.028% S. This is in quite good
agresment with the expected concentration results.

The final concentrate was collected in settling boxes, water was docanted,
ond the consolidated solids were removed and dried on & hot plate at 220° r
te s meisture of about 15§. Filtration of materials similar to this has
proved to be s problem in the past, and it was decided in view of the quan-
tity of material processed that settling and lov temperature drying weuld

be appregriate.



FIGURE 3. PILOT PLANT CONCENTRATION FLOWSHEET
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FIGURE 4. PILOT PLANT FQUIPMENT LIST

Feeder
vl 1/2 ft x 1 L/2 ft x 2 ft cone shaped hopper with variable speed beit
feeder.

Ball Mill

1 ft dia. x 2 ft Denver, 68 rpm, 205 1b ball charge
15/8 in, x 1 3/8 in, 40 1b
1 3/8in. x 1 1/8 in. 50

1 1/8 in. x 7/8 in. 80
7/8 in. x /8 in. 9
-5/8 in. 5

Pu.ggs

3 - 1 in. Denver vertical sand pumps

Screen

Sweco Vibro mergy separator, 15 in. dia. x 325 mesh

Magnetic Separators

2 Dings single drum, countercurrent separators, 30 in. dia, x 9 1/2 im.
drums, 20 rpm, 4 pole electromagnets 2.2 amp @ 115 volt field

Demagmetizing Cuil

40 amp, 4000 cps

.3 2 -2 ftxft x4 ft overflow tanks for collecting and devatering
concentrate

|
!
Dewatering Tanks 1
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TABLE 7, PILOT PLANT RESULTS--MATIRIAL K\LANCES

B IR S SR Ul B S S . AR« O
Actual Aver- \drust Calgulate
Data ata age odd t nits Component
I 11 Data ANE b, ‘ b nggv. %
Togal _ln_m_ o

Circuit Feed 49 .62 49.78 49,70  49.%80 ITR.OT 100,00 188,71 100.00
Ball Mill Discharge* 49,02 49,90 49.76 49 .7 509,76 158.26 298 .44 158.15
Screen Oversice* --- R -- 49.00 220,80 58,26 109,73 S8.1%
Screen Undersi oc 50,19 49, 76 19.98 49,80 178.97 100,00 188.71 100.00

Mag Separator ‘a1l 1 12,83 15,97 13,25 13.0° 67.09 17,70 8.90 4.72
Mag Separator (onc | 27,58 57.73 STLe5 ST Lee 311.87 2.30 179.8]1 95..8
Mag Separator Tail 2 13.81 14.38 14,09 14.09 21.08 5.5 2.97 1.%57
Mag Separator (onc 2 60,39  6l.11 6078  60.8] 290.80 7"6.7°3 176.84 93.71
Standard Deviation 0.24

Plus 325 Mesh §

Circuit Feed B 57.4 64.3 64.30 376.97 100.00 243.08 100.00
Ball Mil]l Discharge* 44.4 4.0 39.2 39,20 599.7¢ 188.26 235.11 96.48
Screen Oversize* .- --- .- 91.22 220.80  58.26 201.41 82.65
Screen Undersice 7.9 6.2 ©.0 8.89 3°8.97 100.00 33.70 13.8%
Mag Separator Tail | 6.3 3.8 5.0 4.06 67.09 17.70 3.13 1.28
Mag Separator Conc | 10.4 10. 10.3 9.80 311.87 82.30 30.87 12.5%
Mag Separator Tail 2 0.0 0.0 0.0 0,01 21.08 $.%¢ 0.00 0.00
Mag Separator (Conc 2 9.5 13.5 11.5 10,51 290.80 76.7% 30.%7 12.54
Standard Deviation 2.4
Minus 500 Mesh %

Circuit Feed 30.5 32.0 51.2 31.20 576.97 100.00 118.24 100.00
Ball Mill Discharge* 40.3 13,3 41.8 41.80 599.7¢ 158.2¢ 280.70 212.03
Screen Oversize* --- -- - - 0.00 220.80 58.2¢6 0.00 0.00
Screen Undersize 70.5 67.2 68.5 66.15 378.97 100.00 280.70 212.03
Mag Separator Tail 1 789 77.8 78.4 78.8. 67.09 17.70 $2.88 44.7M2
Mag Separator Conc 1 06.4 57.4 61.9 63.43  311.87 82,30 197.02 167.31
Mag Separator Tail 2 90.6 6.5 9.0 89.03 21.08 $.%¢ 10.7¢ 15.07
Mag Separator (Conc 2 606.2 56.2 6l1.2 61.57 290.80 76.73 179.06 151.M4
Standard Deviation 1.9

Final Concentrate Chemical Anulysis 60.54% e, 2.87% Mm, 6.70% 5i0,, 1.00% Al Oy,
and 0.0288% S,

L SRR S R R R TR R S e e e e e e

*Sall Mill Discharge and Screen Oversite weights calculated om basis of Screen
Oversize having no minus 500 mesh material in it. This gives ainimm values for
these weights.




Moo hundred twenty five pounds of cemcentrate comtaining 15V meisture
wes Golled in o 3 1/2 feot diameter disk using no binder addition. Finished
belle hed & meiature of 16.4%, gave 7 to 9 18-inch drops, and had wet end

vy strongths of 4.1 and 4.5 pounds, respectively.

Prelininery bemsh-scale tests indicated the maximum drying temperatuse
without docrepitation was 400° F at a gas velocity of 300 feet per minmte,
end fived balls had 8 linear shrinkage of |3 percent.

e balls were fired in a one-foot diameter by nine-inch deep pot
fusnace undor the following conditions:

dried at 400° ¢ st 300 ft/min for 20 min
preheated at 2250° F at 200 ft/min for 10 minm
fived at 2250° F at 200 ft/min for 20 min

00d shrinkage was approximstely 35 percent and the pelieots hod
shellow surfece cracks. Compre-sion strengths of the fired product were iR
the 400 to 850 pound range with an average of 636 pounds. A 600-grem
tumbler test gave 9..2% plus 1/4-inch and 3.8\ minus 28 mesh. The poor
}/4-inch tumble index is due to the abrasion of the rough surface, and
could prebably be improved with morc elaborate and detailed testing. The
chemical amalysis of the fired product is shown in Table 8 along with the
snalyses of other pertinent semplcs from this study.




TADLE 6. CMEMICAL ANALYSTS POR CRUDE ORE, ROASTED CRUDE,
PILOT PLANT CONCENTRATE, AND FIRED PELLEY

M

Preliminary Roasted

Seaple Crude Crude Concentrate Pellet
Camatityent % \ s \
Tetal Fe 46.04 &4.03 $0.12 60.54 $9.58
re’’ 0.00 0.16  16.84 0.00
] .% 2.98% - .8 2.81
m, 12. 12.40 14.8% 6.7 6.8
Al 04 1.04 1.42 .- 1.00 ---
’ 0.018 0.016 .e- .ee coe
] 0.019 0.015 cee 0.0 cve
w1 10.9¢ 12.69 cee .- ece

“._—-..M

3
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ggnuul Tests

Sond ball mill grindability tests were made on the crude ore which had
boon ressted to megnetite at a l4-mesh grind. These grindability tests
were mede at both 100 and 200 mesh and work indexes were calculated as 7.3
ond 7.2, respectively. Data for the tests are shown in Table 9.

An additional source of similar informetion is the pilot-plant data
for the grinding circuit. From the dimensions and operating conditions of
the | ft dia. x 2 ft ball mill it was possible to calculate the power input
to the mill. This in conjunction with the feed rate to the ball mill - screen
grinding system and the size distribution of feed and product streams permits
estimstion of a work index being experienced in the pilot plant. These
calculations are shown in Table 10 and indicate a comparable work index of
8.3. This is in quite good agreement with the grindability results, consid-
ering the differences in feed and product sizes.

Numerically the work index represents the energy (KWH/NT) required to
reduce the material from theoreticslly infinite feed size to 80 percent
sing 100 microns. It can then be used to estimate energy requireasnts
for grinding from any feed site to any product size. [t is, of course,
limited practically to the size range in which grindability or pilot-plaat
tosts were mede.

Since roasting to magnetite preceded the grinding in these tests, it
is not & definitive measure of the work index of the crude ore, and in fact
it is recognized that roasting will quite often cause a reduction in work
index. Since the crushing and coarse grinding energy requirements are
usually lower than for fine grinding, and work indexes for hematite and
lisonite ores are usually in the 10-13 range, the calculated size reduction
energy requirements for crushing snd coarse grinding crude can be estimated
on this basis without introducing too much error.

Process Flowsheet and Estimated Energy Requirements

There are seversl altermatives available in carrying out the crush-rosst-
concentrete portion of the process, including:

1) crush to 3/4 in., roast 1n rotary or vertical kiln or
traveling grate, quench, grind, and concentrate

2) crush or dry autogenousiv grind to 14 mesh, roast in
fiuid bed, quench, grind and concemntrate.

There is quest ivnable difference in the reducing gas requirements for the
various roesting steps.

Since the first process would maximize the amount of grinding follewing
roasting, when the work 1ndex is lowest, it is used in this report to esti-
sate energy requircments. The flowsheet used 1n seking these estimates is
shown in Figure 5 using 150 LTPH pellets as a basis [ I MM-LTPH).




TABLE 9. RFSULTS OF BOND GRINDABILITY TESTS AT 100 AND 200 MESH

ON ROASTED CRUDE ORE

L
Sise Distribution
A

S

Feed

.

100 Mesh Product

SR

200 Mesh Product

(V Passing) 10 Mesh
14
20
28
L
48
[ 1]
100
150
00
270
328

P.(uenu )

SWM)

Wy (0/NT)

100.0
97.5
3.5
67.6
53.2
39.0
310
4.5
19.3
16.0

74.0
$3.0
42.3
M.e

1

4.31

7.8

7.2
,‘.‘

.9

- S O . IS SR ST




TABLE 10. CALCULATION OF WORK INUEX FROM PILOT PLANT DATA

s R = g eTox T ITER W UEERT T E=2 T TR AT I e

Dimensions 1 ft dia. x 2 ft
Weight of balis 260 1b @ 290 lb/cu ft
Speed 68 rpw

Peed 75 1b/hr » 0.0375 NTPH

V’ . fraction of mill occupied by balls - 0.570

¢ - critical speed = 0.888

Ky o 1%t g0 0.172°71%s)  omywT)
e 3.73 KW/NT balls

Wil pewer = 3.73 x 260/2000 = 0.484 KV

Corvoction to 8 ft dia. mill f o (%)“'2 . 0.660

'. " e 0.484 x 0.660/0.037% = A.51 KWL/ NT
l. e 32 microms 10/«7.0 s 1.78
Fae ° 100 microns lO,x’»"'F;(,' = 0,746

1.022

9. o, .85l
"' ./(m -W)-m s 0.31 OA/NT

O m:t;m:;“:ﬂ‘MM




FIGURE 5.

PROCESS FLOWSHEET
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e ostimated crushing onergy requirements for attaining 00V passing
1/3 inch, which is assumed suitablc for roasting, are 1.7 KWH/LT. The
ostimated energy requirements for rod and ball milling are 13.3 KWI/LT of

coude ore, based on achieving the 80% passing 32 micron grind experienced
in the pilot plant. Calculations leading to these results are shown in Table 1.

Reducing gas could be obtained by the partial combustion of oil or
natural gas, and the process requirements are in the range of 0.8 to 1.0 WM
Sty equivalent per LT of crude ore.

Fuel requircments for the pelletizing process should be based on the
sssumption that the exothermic magnctite €¢o hematite reaction (0.4 W Btu
per LT pellet) is not available at the uppropriate tempcrature to he useful
in heat economy. An estimate of 0.9 to |.0 MM Btu per LT is therefore

appropriate.
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TABLE 11. GRINDING ENERGY REQUIREMENT CALOVIATIONS

SO e T & P - R SRR . e I
Crushing to 808 passing 1/2"
I‘ s 13 Pw s }2,700 microms 'IO s ®
m‘
We o }.5 KNH/NY = 1.7 KMH/LT crude
IlO

Bod Mill and Bull Mill Grinding to 80\ passing 32 microms

w 8 P, * 32 microns F,. = 1.,700
i % % lic;~
vou (K& - 1) sy menr o 150 KT
wa ¥ oo ressted
crude

or 13.3 KWH/LT crude

E - _SRY g T R Ee . o mm . oz R WEREESH S WSS W AR LG ¥ oo ¥ Sul:

(Mte: These cnor?y requiressnts are based gn 0 fe. dia. nills
and would he reduced by facter (D/8)°:? for levger
dismcter mills.)
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