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In December 1970, the United Natiens Industrial Bovelogment Ovganisstien
(WI130) awarded Swindell-Dreseler Cempeny, A Divieien of Pullnan Incorperated,
the contract (UNIDO Contract No. 70/80) for the bemch and deg scale tests of
Bohariyen (UAR) Irvom Ove.

The purpose of this study is te qualitatively eotablioh whether or not the
veducibility charvacteriotics of the tost samples of the iven ore and pellete
are oqual to, better, o lowver than the Incine (lexican) ivea ove which hes

boen processed commercially ia the Nyl spemge irem plante ot Neaterrey,
Nenice.

The beach sesle teets were corried out by the Doveleognent Bivietien of

Suindel l-Bressier Cmpany and the repert covering thies work is ia Sectiom
b

The bag scale tests were cenducted by the Ressserch and Bevelopmnent Depart-

nent of Nojalata y Lamina, 8. A. ot Neatervey, N. L., Nexuico. This werk 1o
reported im Sectiem &.

The required bemeficistion tests and pellet preduction of the Bahariya irom
ore was perforwmed for Swindsll-Drecesler Compeny by the Nimersl Nesowrces

Research Center, Univereity of Niamoosts, Nimmeapolis, Niameseta. Thetr

report is im Sectien 3.
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1.

Sample VNe. 30511-A - Representative rwm-of-aines sample of Sehariya iren ofe

Iron Content: 36.57%X
The screen analysis indicates that 77=-78 X by weight is mninus 9.5

mfillimeters (3/8 imch).

The ore, as tested, is extremely friable. This would explein

the existence of a high concentration of fines found in the sample.
The HyL process requives the lump ore feed to be 95-90% + 10 milli-
seters in order to keep within the required pressure drop and suitabdle
flow distribution within the reactor. As this Bahariaa ore sample
indicates that only 22-23 X of ghe ore is ¢ 3/8", it 1is comsidered too

fine for use in the Wyl process.

Ore Beneficiation is recommended for this ove sample, im order to
tacrease its Pe concentration and to wtilise the fines. This would

result in cost savimgs at the melt shep, during the melting process.

If the ore is beneficiated and them pelletised, it is amticipated that
the resulting pellet will be suitable for the Nyl divect reduction

process.
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Owindel-Bvessier Conpany

a.

Sanple Ve. 50311-0 - Rapresantetive rw-of-aine sanple of Dehariys irem ore

Iron Contont ia Rew Ove: 47.598

The rav ore wae beneficiated and pelletined te produce a 60X Ve
peliet. This was achieved by seans of pelletiaing after magnetic
roadting and magnetic cencentration. The sise of the Bahariya
peliet was on an average, smeller than the stamndard Alszsade Pellet,
but this esise differential coveed no preblem for the HylL Direct
Reduction Precess.

The test results indicate that the bemeficiated Beharive

pellet has good metallisation and goed physical preperties. Batch
astallisation tests indicate that the Ishariya pellst compared
feverably with the Alssds pellet.

The Dahariya iven ouide pellet, sample 30511-0, sppears suitable for
the production of sponge irem by the Myl direct reductiom process.




Swindoll- Drossioe OCompony

3. Sample Vo. 30511-C - Sample of high grede Behariya irem ore
sslected st mine site.

Iren Comteat: 358.07%
The screen analysis indicates that 77-70% by weight io minus 9.3
aillimeters (3/8 inch).

The ore, as tested, is extremely friable. This would explain the
exintence of a high concentration of fines found in the smmple.

The Hyl. process requires the lump ore feed to be 95-901 ¢ 10 milli-
weters in order to keep within the required pressure drop and suitable
flow distribution within the reactor. As this Bahariya ore sample
indicated that only 22-23% of the ove is +3/8", it is comsidered too

fine for use in the NyL process.

Orve bemeficiation is vecommendsd for this ovte sample in ovder to im-

crease its Fe concentration amd to utilise the fimes. This would

result in cost savings at the melt shop, during the melting process.

If the ore i beneficiated and then pelletised, it is amticipated
that the resulting pellet will be suitable for the Nyl direct reductiovm

procses.
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L AXERGMNCTAGH

Tvo sanples of Bahavriya irea ore have bhooa swbaitted
for Myl reducibility studieos. Oues sanple wes o high
stade ove (30511-C) and the othet wes & tun-of -aine
ove (30311-4).

Prelininery evelustion teets wote condusted thet in-

cluded scroen and chenical anslyses of the sanples.
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1. ERERLARMAALS - N CBM

™e ofes W I separeted iate ¢3/0" (lump) end - )/8" (fines) frac: ioms.
™e ontire lunp frections and ons-fousth of the fines frections were

sceeened thtough a seties of efeoves.

A - SRR god Iises Lisshinns

SARL P *)/8, Lamp -3/8", Vione
- Al A RN Y V'’ SR .

Nigh Grede .M 23.0 17.10 17.0
ftun - of «lilae 11.198 ﬂ.’ 37.90 1.5

- Giien Indaiend Aintalead

Mg han-of- [ TP hm-of -
1 . Ssaln Mes.

* 0 1.2 0 0.0

-1/2" 0 L ° o

[ 3 1.068 3.04) 0.9 18.18

V] Nl 3. 76 1.73 .0 15.1%

vs* 4. 340 31.9%1 .04 0.0

7] o 1.2 .10 0.4 8.2
.M 11.2% .00 00.00

3o




SGIRN MMALIALS - BAW OMJ  (continued)
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I, GHENICAL ANALYSIS - BAW ORES

Oven dried portions of the raw ores were analyszed for total

iron, silica and chemical water.

High Run-of -

Total Pe, % 58.07 56.57

510,, X 1.23 3.06

Chemical H,0, % 6.47 7.8
-4~




IV. CONCLUSION AND DISCUSSIONS

The results obtained from the screen and chemical analvses indicates that

the iron ore samples (50511-A & C) are not suitable for direct reduction.

The HyL process requires the lump ore feed to be 95-98% + 10 millimeters
(approximately 3/8"). This minimum, + 3/8" size requirement for the
HyL process, is necessary to keep within the required pressure droup and
suitable flow distribution within the reactor. The Bahariya ore(s)
(Sample 50511-A & C) indicates that only 22-23% is + 3/8". Although
this is not a decisive factor in the final judgment on an ore suitability
for direct reduction (since it could always be corrected through mining
operation), it indicates that a sizeable portion of the ore will be lost
during the screening operation. Usually, if an ore tends to disintegrate
and produce=3/8" fines, a pelletization process is recommended. On the
other hand, the chemical analysis indicates the iron content of the
Bahariya ore(s) is between 55-58%, with a relatively high amount of
silica. Usually, such ore is not recommended for direct reduction as

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

melting processes).

So, it is recommended to consider a benefication/pelletisation process
for such ore(s). Such a step would increase the efficiency of not only
the mining operation but also the direct reduction plant and the melt
shop. For relatively good ores, it was found that the use of pellets
in the HylL process, rather than ore lumps, would increase the direct

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

-§-




IV.  CONCLUSION AND DISCUSBIONS  (continued)

consumption by at least 10X. For the low irom Bahariya ore(s),
the anticipated gains obtained through a beneficiation/pelletiza-

tion process would be greater.

For the above mentioned reasons, no further reduction tests were

conducted on such ore(s).
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1. DIMMUCTION

This report contains the results of bench scals HylL reducibility
tests conducted on & sample of Bahariys irom oxide pellets* The
pellets were prepsred from s beneficisted sample of rumn-of-mine
ore which vss submitted by the United Natioms Industrial Develop-
ment Organisation (UNIDO).

The tests include s screen analysis, crushing streagth amd
shipping bulk density determination, as well as chemical smalysis
of the raw psllets. They slso include single particle and batch

reduction runs.

The data obtained from these tests were compared vith the results
of the same series of tests comducted on our standard Myl Alsads
pellets.

* Sample MNo. 350311-B
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Swindell-Drossler Company
1. §AM [RON QEIRE PRLLET TRSTS
A, Beruen Mulyeis
The ecresn anslysis was rua on the eative Beheriys pellet sample
received:

Kilos Retained 2 Retained
~Sieve Alsade _  Behariys Alsade  DBahariys
12.7em (1/2") 13.87 0.00 80.18 0.00

9.51mm (3/8") 3.43 1.2% 19.82 6.464
6.35m (1/4") 0,00 A0.5 .00 93.3¢
17.% 19.40 100.00 100.00

B. Crushias Streagth Decarminatice

C.

Ten Alsada pellsts of approximately 1.24 cm diamster and tea
Dshariys pellets of appromimately 1.00 cm dismeter (largest eise
available) weie crushed ueing & laboratery press. The crushiag
streagth data vere as follows:

VT -y — WY

Alzads 0.0 - 13.4 0.4
bahariya 113.6 - 1.4 122.7
Shemical Analvsis

Total iron, as wall as ferrous and fervie enides of irem were de-
termined by wet chemistry precedures. The resulte were as follews:

—Alaada . _Debariva

Total Pe, X 66.21 9.7

Hematite, X 94.66 85.04

Magnetite, X ail 1.03

Available Oxygen (caleulated), X 26.40 25.83

Cangus 3.3 13.93
-
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C. Chemical Amalypis  (contimued)

In addition, the Bahariye rav pellets were snalysed for

noz

» P and §:
1‘102 s 0.30 2
P - 0.314%

$ - 0.0085 X

.  Shipping Bulk Densigy
The shipping bulk demsity of the pellets were determined

for the pellets as received, i.e., without further siss

classification:
Shizping Pulk Remeity
Al sade 2.01 g/ec
Bahariya 2.46 g/cc
3=
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1. MMCKION RESALSNTS

Siagle Parsicle Runarinsass

Thess reduction experiments vere cendusted st isethermsl conditions
in a Stanton Thermogrsvimetric apparatus (Nedsl UT), under the

following conditions:

Reducing Gas Composition 61.5% Hz
15.7% CO
7.1% coz
15.7% '2
Reducing Gas Flow Rate 0.28 liters/on’/min
Average Pellet Diameter 0.96 cm
Pellst Weight Rangse 1.95 - 1.98 gm
Reduction Temperatures 80 - 900 - 1000°C

Kach pellet was heated to the desired temperature level im a stresm
of llz. then reduce isethermally. Dleve than ens test were dene
at each tempersture level to determine the repreducibility of the
results. The dats obtained for sach tempsreture level were evel-
uated by plotting the percent fractiom reduction (R) vs. time (t)
and compering this curve with the "stamdard" reductiom curve for
the Alsads pellets. These (R) vs. (t) curves sre showm im Figures
1 through 3.

On the other hemd, Pigure 4 shows the tempersture dependence of the

chemical reaction rste constamt (k), which vas computed fram the

elopes of the tamgent to the (r) ve. (t) curve (at each of the
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Swindeli-Dressior Company

A.

111, DRBCTION RIPERIMRIS
Siagle Perticls Ruperimgnts  (comtinued)

three temperature levels) at tims t < 2.5 minutes (vheve resictance
to gae diffusion is negligible). The slops of the straight lime
of the logarithm of (k) ve the reciprocal of the sbsolute tempera-
ture (i.e., Arrhenius Plot) is a measure of the activation energy

of the chemical reaction between the oxide(s) of the ore and the

reducing gas.

Batgl t

A one-kilo batch of -12.7mm (1/2") + 9.51mm (3/8") pellets wes
reduced in a capsule placed in an elestrically heated furmace. The
reducing gas flov rete wae 20 liter/minute end the gas composition
vas identical to the ome used im the siagle particle reduction teste.
The reduction vas dome isethermally at a bed temperature of about
900°C. The pellet bed wae hosted and ceoled im o streem of aitrogen.

Ssmples (9 pellsts each) were removed from the tep, niddle and
bottom portions of the reduced batch. Each sample was dropped
ten times from & dietamce of 106 om (& simulated impact test). The
portion of the ssmple degraded te less tham 9.51mm (3/8") wes then

determined.
L Baaxadetion Clmpact Taas)
Al sada .62 o 0
Baharlya 14,44 35.01 31.44
.’.
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V. DAAGMAALGN OF MSLIS  (sontinved)

The simulated impact and tumble seets verified the effect of
cracking and swelling phonemens of the Bghariya pellets during

reduction. The high percent of tt- -2.51 mm(-3/8") fraction
af ter the degradation tests, resulted maiviy from hLrearing

away the chips resulting from the deep cracks formed during

reduction.

|
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Owindel-Bvessior OCompany

v. cmGLUSIoN

The results obtained frem single particle and pached bed reduci-

bility tests indicate that the bemeficisted Behariys pellets, weed

in this evaluation, were of & slightly lower grade than the Alzada.
Iheir reducibility improved at hig:. -~ peroture due - he cracking

and swelling phenomena that accompan.el :fe re .. L1 (rooe e tadl-
itating the gss movement to end from the unreacted core.

This Bahariys iron oxide pellet 1i- suitable tor direct reductiom by

the Myl Procsss. By further bemeficiating ithe Bahariya irem ore to
yield s higher iron comtent comcemtratiom than the 59X Fe sample used

in this study, a cost seving would be resalised at the melt shep, during
the mslting precess. Alse the wee of high reduction temperatures, prefer-
ably the naninw ellewsble, i¢ recommended, ia evder to reduse reductien

tine and docresse gas conowmption.
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1. SN NSRS
Metah Madmaien Mmasiosns  (seseiaued)

The rensinder of the redused boteh wee tuibled, 10 & cotanic jor
oquipped vith (ntermal 1ifcere, for 1Y winwtes. Ageta, the weight
of the brehen spongs pesticles, i.0., omaller tham 9.%1mm (3/0")
sise, ves detovnined:

Linasedetien (Rhia Taat)
Al sada 1.0
Baheriye 41.03

The senples used ia the iapast and Swmble teets wore smmalysed
for peresnt metellication. The reswits of these ensliysee ore
li0ted belov and are showm ia Figuse 5 whete the veristien of

mstallisetion with peshed bod dapth ave ploteed fer both the
Al sade ond Deohariye pelless.

Matah Intebiisetien
T" 7.8 03.9%} ‘o“ .Q’l ‘0“ u-”
Riddle 70.0% .7 9.0l 0. 14 37.19 33.94
Bottom 88.60 7.3 17.60 6r.14% .9 .08

Composite 77.91 n.e? 8.1 »n.n 4.1) .26
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Iv. JACUMION OF BESULTS

The ssreen snalysie showsd thet the pellets were, om the sverage,

of meller eine them the Stendard Alsads. Almost 95% of the pellets
were in the renge of -9.51 mm (3/8") +6.35 ™ (1/4"). The crushing
rtrength showed thatthe bencficiated <haviva pollets tad a higher mean

crushing streagth than the Alsada. Nevertheless, the chemical analysis

ehowed that the beneficieted Bahariya pellets sti1l have about 14 X gangue,

wvith an irom content of only 59.7 7  Due to the average small size of
the pellets, the shipping bulk density was higher than the Standard, i.e.,
wp to 2.46 gm/cc. Thie also could result from a denser Bahariya pellet
as ommpared te the Alsade. The eisgle particle reduction teste showed
thet the bemeficisted Beheriye pellets did not leand themselves to the

reduction process, at lower temperstures, however et higher
temperatures (1000°C) the reduction compared favorably vith the
Alsade pellets, It wes noticed that the pellets showed some
onpansion, sccompanioed by deep surface cracke, duriag the reduction
precess. Also neticed, was the presemce of s "lag period"” bestween
the reducing gas on time sad the stert of the recorded veight loee.
The sagnitude of this tise-lag decressed as the tempereture increased
frem 000° to 1000°C. The emergy of activatiom of the chemical re-
ection botveen the omides and the reducing gas imdicates that the
Sohariys pellets exhibited ¢ greater response to tempersture variations
then the Alsade pellets.

Although, on the micro-single particle reduction level, one pellet of
Alsade veduced faster than ome pellst of Behariya, due to weight and
purity difference, in the nscro-pached bed case, the situation wes
édiftevont. Por the sane mewnt of weight, reduced in s packed bed,

-7-



Swindell-Dressier Company

IV. DISCUSSION OF RESULTE (Continued)

the average metallizatiom of the Bshariya was higher due to the larger

exposed surface area as well as the smaller smount of irom per umit

of weight.

furthermore, at each temperature level, if one takes the fraction

reduction attained by the single particle(s) at differeat time intervals

and relates them to the fraction reduction of the Alsada pellets (as

the Standard), and calls thst value the comparisom factor (F), the

following values will be obtained:

1000°c
10 Min.

20 Min.
30 Min.

200°¢C
10 Min.

23 Mia.
43 Min.

%00°¢C
10 Min.
U Min.
50 Min.

Al Dabariye
_F _Iletuctism P 3leductien
1.0 1.0 0.78 60.0
1.0 9.0 0.99 9.9
1.0 9.0 1.00 9.3
1.0 47.0 0.62 28,3
1.0 7.0 0.00 61.0
1.0 9.0 0.88 8.0
1.0 41.0 0.35 22.6
1.0 77.0 0.72 54.5
1.0 93.0 0.80 74.4

otk 1 tetention Praerion SR 0 I
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% Fraction Reductien (R)

10

50511
BANARIYA PELLETS

SINGLE PARTICLE REDUCTION RATE
at ‘!)O.C
AS COMPARED TO ALZAUA PELLETS

20 » 0 ) 60
Time (Min.)

R-Gas Flew Rate 0.28 1/ef-min. *

R-Gas Compesition 6.5 "2
1$.7% CO
7.3 o, |
5.7% N,
|
Fig: i
|
-1l= |
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1 Fraction Reduction (R)

$0811
BAMARIYA PELLET

SINGLE PARTICLE REDUCTION RATE
at 900°C
AS COMPARED TO ALZADA PELLETS

» 2 ® [
Time (Min.)

R-Gos Flew Mewe 0.28 V/efain.
R-Ges Componition 6185 W,
5.7 €0
7.8 o,
[N R




% Frection Meduction (R)

10

$0511
OAMARIVA PELLET

SINGLE PARTICLE REDUCTION RATE
at 1000 ¢
AS COMPARED TO ALZADA PELLETS

Timg (Min.)

R-Ges Fiew Rate  0.28 1/esf-mtn.
R-808 Conponition 6).08 u,

%.% ¢0

7.8 ¢o

. N

Fig: 3
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50511

SBAHARIYA PELLET
TEMPERATURE DEPENDENCE COEFFICIENT

OF SINGLE PARTICLE KINETIC CONSTANT
AS COMPARED

TO ALZADA PELLETS

.0006 0007 0000 .0009 001
ALZADA PELLETS N = 6.7 k-cal/g mle
BAMARIYA PELLETS AM s 4.5 k-cal/g mele
Fig: &4
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Swindell-Dressier Company

50811 ,

OAWARIYA PELLET

VARIATION OF METALLIZATION
WITH PACKED BED DEPTH
AS COMPARED TO ALZADA PELLETS

Dttom

Packed bed

gy Flow of Reducing Gos 4

Reduction Capsule
Weight of Ore
Size of Pellets
R-Gas Flow Rate
R-Gas Composition

Reduction Temperature

Reduction Time

1. l cm diameter

- cz, o L4 o.” cm
20 Yiters/min
s ltn'h-urticlo enper.
C.{000°C in bed)
4 ain.

Flg: §
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REPORT ON BAG SCALE TESTS

8/D JOB Ne. %0311

Cendusted Oy

NOJALATA Y LAMINA, 8. A.
Researeh and Develepaeat
Neaterrey, N. L. Nizniece

Prepared by: Progented te:
Ing. P. W, MacKay Iag. Jesls M. Pofla
Ing. E. R, Nartines V. Nanager

Research & Development
Nojalata y Limina, 8. A.

Tranenitted to:

. Q. 7. Johnson
SWINDELL DRESSLER CO. Pedruary &, 1972,

Pittesburgh, Pa.
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REPOORT ON BAG SCALE TES%S
T R

8/9 JOB Ne. %0311

The bag scale teste for Egyptian iron ore®on comtract 50%11 have
been carried out at Meaterrey Pilot Plamt.

Three wire sesh bags, containing 5 Kgs. each ome of Egyptian iron
ore, were grouped with samples of Alseda Pellets. Croups »f 2 hags
(Egyptian and Alsada eree) were placed at three different levele
ia the reactor. The reactor was operated uader aormal conditioms,
the charge was seeled watil the TR-12 aquired 60°C for at least

2 houre.

For cach sample were determimated: the chemieal analyeis ef iros
ore and aponge irom (at ) levels), the porosity of spomge iroa
(at 3 levels) and the reaistance to compressioa for the sponge
iroa (at 3 levels).

Tablee I and II disclese a summary of the results for each eample.
Figures 1 and 2 showa the photograph of each sample, the photograph
contains iron ere and sponge iron eof the three differeat levels,
together with the photograph thers are some cualitative appreciation
of the sponge iren in each bag, and commente oa the reducidility

of the Egyptian iron ere compared with the Alsada Pellets. In
Table III are shewn the operating conditioms fer the bdag test rua
in the Pilet Plaams,

* Sample 350511-9



% Fe Total

% re0 (Det,)

% rep0) (Cale.)
% Nematite

% Ragnetite

% Sulfer

% Phoophorsve

% Med. Onpgon
% Gengue

% Fe Total

% Fo Netal

% NetalMsation
% Carben

% Sulfwr

% Phoophorve

% Gengwe

POMOAITT ANR ASSXSTNIGA 10 SONPRRSALGN O JRSNSL 1SN

% Peroeity 6. 08 06,29

(l;:l;::uo :0 conprosel on
/pellet). Average of
0 pellete. « ”n




—— amm ems auD G G G G GB G ab G G & G G - ==

FIGURE 1

INSPECTION OF SPONGE IRON SAMPLES

TOP: No fusion,
MIDDLE: No fuaiom.

BOTTOM: No fuesion.
COMMENTS ON REDUCIBILITY

No sise reductiom,
No eise reductioa.

No sise reductiom,

Soee coraeka,
Some araeks.

Soae arasks.

Average Metallization of Ssmple 50511-B * .07 %
Average Metallisation of Alsada Pellete (bags) s 77.97 %

Geed metallisation and very good physical characterietica, it socme to
be auitadble for the production of sponge iron by the Ryl »roeeess.
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§ Mod. Saggee
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% Phcepheres
¥ Gangwe 6.9

MOSMNISS 400 RERMSRNAS S ORENGMAE 6E_SRINNE.I0N

TeoP aens oen
% Perent by ”».n 6.9)

Mot otonee 0 oonpreasied
(Ry./pollet). Aoevage ot
' peliote. ) ”




IREPECTION OF TRE 3rONdL

0P
NIWLE:
POTTON:

Be fuasion,
No fusion.
Be fusion,

FIQME 2

Al ’ADA VELLETS

TRON SAMYLES:

No sise reductiom.
Sligth sine reduction.
31igth size reduction,
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TABLE 11I
; GONDITIONS
MEPORRER QA8 ANALYSIS

7.9 %
13.00 %
.09
7.2 %

238

B - GAS "RERBAY THPERATURS

AR PRERBAT TEIPERATURS .
OONOVETION CRANDER TEWERATVRE .
WETALLISATION OF RBACTOR CRARSER .
GAS CONGUIPTION, RIFOINED GAS .

739%
300
1,0900¢
».9 9%
1,192.26 ) /2en. Po




rie. CRARGE DIAGRAN.
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INTRODUCT 10N

In esrly July 1971 s omall sample of Bahariya, U.A.R., iron ore (S-D sample
muber 505119 1 was received frem Mr. Gordon Johnson of Swindell-Uressler Company
with a mstl for a proposal te beneficiate and produce 100 kg pellets for 5-D
direct reduction testing. These pellets were to mect the following criteria:

minimum Fe 64% silica 3-4%
maximum S 0.15% physical size 3/8" - 5/8"

2 was issued by

In vespense a fow preliminary teats were made ami‘at brief report
N. P. Schulz regarding the beneficiation of the Bshariya ore by magnetic rossting
ond magnetic concentration techniques. A magnetic concentrate of 63V Fe and 5%
8.0, wes sade st 94% iron recovery, which when pelletized would not meet the 64%
Pe minimmm specified by S-D. Theae reaults together with a propossl for
séditional testing which would include flotation of magnetic concentrate were
n‘dtu" to Mr. R. F. Dunn alse of Swindell-Dressler Company. The decisien
wes then made by S-D to proceed with the production of 100 kg of pellets via
sagnetic reasting and magnetic cemcentrstion only, ignoring the 648 Fe
soquivensnt in the final oxide pellet.

™e bulk sample of seven drums of ore was rcceived by the Mineral Resources
Research Conter in mid-September. Bench scale tasting and pilot scale production
of the 100 kg plus of magnetic concentrate was compieted hy late October, but
problems were encountered in producing acceptable pellets, which delayed cempletion
of the preject until mid-November, st which time 80 kg of firved pellets were

sont to Lavede, Texas and 20 kg to Btna, Penmsylvanis.

SMOMRY OF ABBULTS .

A portion of the crude ove wes crushed, ressted to magnetite, ond magnetically
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concentrated to produce a 62% Fe, 0.168 8, 6.5% 810, product at 88% weight
recovery and 96% iron recovery. The iron and silica contents of the concentrate
were about 1% poorer than anticipated.

Initial balling and firing tests gave pellets with scverc surface cracks
which resulted in poor abrasion test results. Adjustments in ball size from
7/16 x 5/8 to 3/8 x 1/2 and balling rate, and the addition of 0.8% bentonite,
however, permitted the production of pellets with reasonable quality. The

final product assayed: 59.7% Fe, 1.6% Mn, 7,28 SiO,, 1.7% AL 0

2‘ 3. 0.33‘ P.

and 0.011% S,

Calculations from pilot plant data indicated a work index of 13 for roasted
material ground to 80N passing 39 microns. This would vield estimated energy
roquirements of 21 KWH/LT crude for crushing and grinding commercially.

Pwel requirements for reduction and pelletizing the conccentrate are

estimeted at 0.8 and 1.0 MM Btu per LT of crude and pellet respectively.

DISCUSSION OF RESULTS

limi Testing of 11 le

A semple of the ore was roasted to the magnetite state in the Bench

Camister Roaster at 650°C for one hour in an atmosphere containing 10% H,, 20%

co,, and 70% N, (dry basis), humidified to sbout 15% water vapor. The roasted
ore was pulverized dry to minus 150 mesh and 8 series of magnetic separations
was mede in a Davis Tube Concentrator on 10-grem iqln to determine the
magnetic separation charscteristics of the Nuiod ore.

The seperation results and chemical anslyses of the crude ore, rossted
preduct, and magnetic concentrates are given in Table 1. The most acceptadle
results corresponded to & concentrate grade of 62.8% Fe at 95% iron recovery.
The sulfur content of the concentrate at this condition was sbout 0.17% and the
silica S.4%, Further treatment by megnetic separation produced a concentrste
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of 64.2% Fe, 0.14% S, and 4.1% $10,, but st only 67% iron recovery.

To sttain the specification of 64\ Fe minimug in fully oxidized iron ore
pelleta, the grade of the comcentrate would have to be 66% Fo if no binder is
used and 66.7% Fe if 1% inorganic binder must be used for sgglomeration.

It was therefore con:luded that the specifications for sulfur and silica
could be met, at low recovery, but it was extremely doubtful that the required
iron content could bo reached by magnetic roasting and <cparation.

Swindell-Dressler representstives then made the decision that flotstion
of magnetic concentrate was not justified and accepted the lower pellet iron

content and higher silica.

Pil e Testin

The seven drums (4000 1b) of ore were crushed, using a roll crusher,
through 3 mesh (1/4 inch), and sixed, before s 600 b sample of materisl
wes split out for further testing.

In order to roast the queatities of meteris] required here it was
necessary to crush and grind the material to ssize suitable for talling. These
bells were roasted and not hard fired and were readily broken following
reasting. A schematic flowsheet for the pilot testing is shown in Figure 1.
This 600 1b sample was therefore dry ground in a batch ball mill, to give
epproximetely 60\ passing 325 mesh, which was mecessary to produce fines for
balling before magnetic roasting. The ground ore was then soistened and balled
ine 3 1/2 fe. disk. Ball size rvanged from 3/8 to 5/8 inch.

T™he balls were charged in a 20 inch diameter by 18 inch deep basket
(approx. 300 10) and the basket placed in & reduction furnace. The charge was
hosted to 680°C by passing hot eombustion products frem a natursl gas burner
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through the charge. Reduction wes accesplished by adjusting the burner gss-air
mixture to produce a combustion product containing a combined H,, CO content
of four to six percent. Reduction was considered complete when the exit gases
coming off the charge contained the same percent combustibles as thc inlet gas.
The ore charge was then cooled to below 100°C with precooled combustion gases.
These roasting conditions are suitable for the conversion of other iron oxides
to magnetite.

The roasted material was then passed through a roll crusher to break up
the remaining balls. Size distributions and assays for these products are shown
in Teble 2.

& Scple Tests on Roasted Product

A sssl] portion of the rossted meterial was subjected to bench scale
grinding end Davis tube magnetic separation tests to determine the "target' for
the pilet concentration tests. These results, as shown in Teble 3, indicate
thet & mexisum grade of sbout 63V Fe could be sttained by magnetic separstion
alone. Grinding beyond 90V passing 325 mesh results in slight grade improvement,
63.4 vs 62.7% Pe, vith the loss of significant recovery, 92.9%vs 95.8%. These
results are in geners] agreement with the conclusions reached as & result of

the preliminary testing of the small semple.

Comeptretion

A circuit consisting of & ball mill, Sweco screen, two single drum magnetic
seperators and a high-frequency demagnetizing ceil together with necessary pusps
ond piping ves sssembled for the concentration of the roasted ove. An equipment
1ist and flowsheet ave shown in Teble 4 end Figure 2.

Reasted ore wvas fed at the rate of sbout 71 pounds per hour to this cirecuit,
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with & total of about 400 pounds of ore being consumed. Following one hour of

preliminary operation for the circuit to come into equilibrium, two scts of

composite semples were collected, each representing two hours of operation.

These composites were sssayed for iron and Devis tube magnetic iron and size

distributions were detersined. The primary data are shown in Table S. Since

it was felt that the sampling of Sweco screen oversize would unduly disturdb

the process, the calculations were made without these data. Metallurgical

cslculstions for the concentration process were made using the MATBAL computer

pregraa, vhich provides a consistent set of calculated stream weights and

sdjusted analyses based on a statistical treatment of the two scts of dats.

In this case the Fe asssy, and Davis tube magnetic iron assay were used in

the calculations. The resulting metsllurgicsl balance is shown in Table 6 and

indicates s concentrate grade of 62.1% Fe, s weicht recoverv of $7.9% and an irom

recovery of 96.4%. The chemical analysis of the combined cucontuté was:

62.11\ Pe, 0.159% S, and 6.50% 3102. somewhat lower than the anticipated product.
The final concentrste was collected in settling boxes, water was decanted,

and the consolidated solids were removed and dried on a hot viate st 220°F to

s meisture of sbout 15V. Filtration of msterials similar to this has proved

to be s problem in the past, and it was decided in view of the quantity of

msterisl processed that settling and low temperature drving would be sppropriaste.

Peljetising Magnetic Concentrate

Dried concentrate was moistened to § percent moisture and balled in a
3 1/2 foot balling disk. Weter as spray vas added as nooded. Finished balls
7/16 inch to 5/8 inch in dismeter were produced.

Saell pot firing tests indiceted unsatisfactory pellets would be produced
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from these balls. High shrinkage and severe surface cracking of the pellets
resulted in a poor tumbler index.

Approximately 220 pounds of comcentrate comtaining 8 percent moisture was

then mixed with 0.8% bentonite. This material was balled in the 3 1/2 foot disk

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

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

The balls were fired in a 12 inch diameter by 9 inch dcep pot grate furnace

ot & firing temperature of 2250°F. The details of grcen ball and pellet
qualities which are given in Teble 7 indisate the pellets were of reasonable
quality.

Grinding Mesults

Since the roasted crude was already 60\ passing 325 mesh, it was decided

that & Dond ball mill grindability test would be suspicious (feed normally mimus

6 mosh), and therefore the work index for the material was calculated frea the
pilet plant data. The dimensions and opersting comditions of the 1 ft. dia. x
2 ft. ball mil] gave sufficient informetion to calculate useful power input to
the mill. The feed rate, and site distributions of feed and product from the
grinding circuit permitted calculation of the work index. These calculations
are shown in Teble 8§ and indicate a work index of 13.1 corrected to the
stondard § ft. dismeter bdall mill.

Mumerically the work index represents the energy (KWH/NT) required to
reduce the meterial from theoretically infinite feed size to 80 percent passing
100 microns. It can them be used to estimate emergy requiremsnts for
grinding from any feed size to any product size. It is, of course, limited
prectically to the size range in which grindsbility or pilot-plant tests were
wade.
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Since rossting to magnetise preceded the grinding in these tests, it
is net & definitive moasure of the work index of the crude ore, and in fact it

is resognized that roasting will quite eften cause a reduction in work index.
Since the crushing and cearse grinding emergy requirements are ususlly lower
than for fine grinding, and werk indexes for hematite and limonite ores are

wsually in the 10-13 renge, the calculsted size reduction energy requirements
for crushing the cosrse grinding crude can be estimated on this basis without

intreducing too much errvor.

ts for oss Fl t

There are several alternstives availeble in carrying out the crush -rogst -

concontrate portion of the precess, including:

1) crush te 3/4 in., reast in vetary or verticel kilm or traveling
grete, quench, grind, sad concentrate

2) crush or grind in & dry sutegencus will te 14 mesh, reest in
fluid bed, quench, grind and cencentrate.

There is questionsble difference in the reducing gos requiremsats for the
verious ressting steps.

Since the first precess weuld meximize the amount of grinding follewing
seasting, vhen the work index is lewest, it is used in this repert to
estimate energy roquirements. The flowsheet used in meking these estimates
is shown in Figure 3 using 130 LTPH pellets ss a basis (M1 M-LTPY). There
is slse the posaibility thet dry sagnetic cebbing ceuld be used on the aime
3/4" reduced preduct te further reduce grinding energy roquirements. Dsy
magnetic cobbing is shewn in the flewsheot, but grinding onergy is ostimeted
on the Dasis of ne weight rejection there.

The estimated crushing onorgy vequirement for sttaining 00V passing 1/2



inoh, which is sssumed sultable for veasting, is 1.7 M/LT. The estimsted
onovgy tequisement for vod and bell ailling is 19.2 M/LT of crude ore, based
on ashioving the 008 pasoing 39 ®icren grind enperienced in the pilot plant.

Caleulations leading te these sosuits arve shewn in lsble 9.

Roducing gos could be ebtained by the partisl combustion of oil er
neturel gas, the precess requizements are in the range of 0.8 to 1.0 o e
oquivelont per LT of crude ove.

fusl requiremsnts for the pelletizing precess should be based on the
ssoumption thet the enethermic magnetite to hematite resction (0.4 WM Ru per
LT poliet) is not aveilabie at the spprepriste tempersture to be wseful in

|
|
I
|
hoat coonsay. An estimate of 0.9 to 1.0 10t BRu per LT is therefore I

.
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1. letter 7/8/71 G. P. Jehmoen to J. 1. Lawver 'x"“. Iren Ore |
Goneficistion and Polictioer Yoot 500 Jab Me.

m 7/21/71  Labosetety M ic Roasting and Separstion
ye lren Ove 30811-A C-201, Ore 1788) by N. |. Schuls.

5. letter 7/23/71 J. E. Lawver to R. F. Dunn regarding s ahove.
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PIGURE |. Ovesell Piiet Tenting Plewsheet Crude Ove Through Polletizing
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TABLE 2. 8ise Distridutions of Selected Products
e —Gumlstive ¥ Pamsing -
Ground Crude Ground Crude
Prior to Balling Following
and Roasting Salling, Roasting,
Sise Crude Ore Csushed Crude Ore snd Recrushing
1.08 in 958.7
0.742 90.3
0.525 84.3
0.37% 76.0
3 mosh 69.0
4 62.5 94.6
® 57.4 87.6
e 52.6 7.8
10 4.0 73.9
14 43.8 67.1
20 3.9 60.7
28 3.0 $4.5
% 32.4 4.0 9.2 .7
4 8.4 43.7 9.1 9.3
6$ 25.8 37.0 91.4 91.8
100 2.9 33.3 4.3 4.3
150 20.6 29.6 77.2 77.1
200 18.1 2.2 6.0 .6
4, ] 16.5 24.2 64.7 61.6
328 15.0 23.3 62.4 8.7
Assays
+8 Mosh Po $3.20
8/48 Yosh Pe 4.97 |
-48 Mosh Pe 46.02
Pe $0.18 56.44
pe*? 1.5
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TABLE 3. Batch Laboratory Grinding and Concentration of Roasted Crude

e INENERERE 5 50 S MR T . S v SN

Grind Tin'(lin)

Davis Tube Results
Conc wt
Fe
Fe Recovery
Tail Fe
Size Distribution
Davis Tube Feed
cum § passing
38
4
65
100
150
200
270
325

90.00
61.14
96.98
17.11

99.7
96.3
91.8
84.3
77.1
66.6
61.6
§7.7

* Grownd in 4" x ¥ dis. lsboratery mill at $0% solids

- i A = ammn.
S 10 20

87.19 B6.81 84.16
62.00 6..73 63.42
96. 56 9°¢ ., 84 92.91
16.09 17.89 25.067
’9.‘
gr .5 99.3
95.) 97.3 9.6
90.3 85.8 9.5
87.0 9.1 9.3

g s/ ]




TABLE 4. Pilet Plant Equipment List

SEEPARS XWX T o Lt LS A WERPET PRt R IRE L s T 2 M IR MAR i WAER - - .1 S RGNS W

Feeder

vl B/2 ft x L 1/2 ft ok 2 ft come shaped hopper with variab-le speed belt
fecder.

Ball Mill

I ft dis. x 2 ft Denver, 68 rpm, 265 Ib hall charge
18/8 in. x | 3/8 in. 40 Ib
1 3/80 im. x 1 L/8 inm. S0

1 1/8 in. x 7/8 in. 80
7/8 dm. x 5/8 in. 20
-5/8 in. S
haps
3 - 1 in. Denver vertical sand pumps
Ssreen
Sweee Vidbro Encrgy Scparvetor, 15 in. dis.
Magnetic fepprstors

2 Dings single drum, coumtercurrent separators, 30 in. dia. x 9 1/2 in.
deums, 20 vpm, 4 poie electromagnets 2.2 amp ? 115 volt field

81 il
40 amp, 4000 cps
0 Toanks

2 -~2f x2ft xdfe overflow tanks for collecting and dewatering
concontrete

G G St KT S S Se A ¢ SR LRt SR U T S e - e S e Sareugii R
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FIGURE 2. PILOT PLANT CONCENTRATION FLOWSHBLY
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TiILE S. Assays and Bise Blstridbutions for Pilot Concentrations Samples

e R W TS R SRR R S SR e e e e e
ST S On
A Series SFe mag Fe 35 @ 65 100 150 200 270 528 -325
Food $6.25 53.60 0.22 3.5 4.44 (.44 7.47 9.78 4.93 4.00 S7.16
Swece
U Sise $6.79 55.08 0.14 0.82 2.04 5.10 3.95 4.08 83.88
1Mng Teil 12.28 1.83 not available
1 Mag Conc 61.30 59.96 0.% 1.00 2.28 5.02 3.70 4.11 83.5%
2Mag Teil 35.12 23.64 not availsble
2Mag Conec 62.21 60.29 0.24 0.96 1.97 4.42 3.40 4.090 84.08
B Series
Peod $56.30 53.60 0.6 3.33 4.53 6.52 6.88 11.16 5.07 3.91 $8.22
"""““" 56.83  54.88 0.35 0.85 2.08 4.86 3,82 4.17 83.8
1 Mag Tedl 12.20 2.43 not svaileble
1Mag Conc 61.34 $9.00 0.42 1.32 2.42 5.01 3.0 4.2) 02.93
2Wag Teil 35.20 23.64 not svailable
2Mag Coms 62.03 60.19 0.0 1.2¢ 2.40 4.84 3.00 4.32 03.00
C(at ond of rwin)
Ball M1l $56.59 54.6] 0.65 1.60 3.27 6.58 4.47 4.68 70.00
Piseh.
Cosbined Cone
AGS 62.11
s 0.159
80, 6.50

W
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TABLE 6. WMaterisl Dalance for Pilot Plamt Concentretion

Actusl Avg AMjusted Cale Solid So1id Flow Recovery
Pe DTmaghe Pe Dimagfe Flow 1b/hr S Feed Fe DTumagPe

Poed $6.28 $3.60 $6.87 54.10 70.80 100.00  100.00 100.00
Sweco U Size 56.81  S4.98  56.57 54.10 70.80 100.00  100.00 100.00
1 Mag Teil 12,24 213 12,24 2.17 6.88 9.72 .10 0.3
1 Meg Conc 61.32 59.78 61.34 59.69 63.92 90.20 97.90 99.6]
2 Mag Teil 35.16 23.64 35.16 23.68 1.69 2.% 1.49 1.08

g Mag Conc 62.12 60.24 62.05 ¢0.67 62.23 7.8 9.41 98.5¢

M
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TABLE 7. Pelletizing Data Characteristics
2 f . W P
Concentrate Greon Ball Fired Pelleot

Specific Gravity 4.58 . .

Surface Area (Slaine)’ 7420 ca’/g . )
Bentonite - 0.8% -
Moisture - 17% -

18 inch drop, ave. - ? -
range - $-12 -

Wet stremngth, ave ib - 6.0 .
range b - 4.5-8.0 .

Dry streagth, ave |b - 7.8 -
range 1d . 4.5-9.% -

Sise, in. - 3/8 - 1/2 $/1 - 7/16

Compresion, ave 1b . - $20
reage 1b - . 200-9%0

Twsble Index (600 g) » 1/4 inch - - 97.1%
- 1/4 inch ¢+ 28M . - 2.08
b 3“ - - °.”

Shrinkage - - ~35%

Ohen Assay
Pe .68
'..Q oo“
] 1.63
88 7.18
Al0g 1.78
' 00’,

* Blaine measured at 0.6 porosity, the minimum poresity readily attainsble.

wsuslly messured at 0.5 and therefore mot directly cemparsble.

Surface

WW
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TABLE 8. Calculation of Work Index from Pilot Plant Data

DR - 2 SO EXE S8 ':W“

Pilot Ball Mill

Dimensims 1] £t dia. x 2 ft
Weight of Bulls 260 1b ¢ 290 Ib/cu ft
Speed 68 rpe

Feed Rate 70.8 1b/hr * 0.0354 NT/hr
Vp fraction of mill volume occupied by balls 0.570
Cs critical spved 0.888

003

M s 30] D 9'lo Ci)

(3.2- 3 vp) Cs (1 -0.1/2
Mill Power = 3.73 x 260/2000 = 0.484 KN
Correction to 8 ft dia. mitl = (0/8)%% 4 0.660

Bnergy consumed = ¥ = 0.484 x 0.660/0.0354 = 9.02 KMI/NT ore in § ft mill

Poo * 39 microms 10/‘-?"0 = 1.601
oo ° 120 " 10/ Fgg ® 0.913
0.688

Wy = 9.02/0.688 ¢ 13.1 KWH/NT

SOEEEEERARIS. WS ;| § NG 3 SUS- S AR SVONEERENR I TR 1 T S L TETS v e = w-une GERUEREER
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FIGURE 3,

Bentomite

M,0

Overall Commercial Flowsheet Crude Ore Thru Pelletizing

185 L1001
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TABLE 9. Grinding Energy Requiremcnt Calculations

R ok B Le -8 e mibTE s TERTMEEELSTIEST A0S 8 T L MRS AR SIS -

Crushing to 80% passing 1/2"

W, =13 P,. = 12,700 microns FOO  ®

i 80

10M
Wt s 1.5 KWH/NT = 1.7 KWH/LT crude
i":o

Rod Mill and Ball Mill Grinding to 80% passing 32 microns

'i = 13 Pso ° 39 microns Feo ® 12,700 microns
Wew (2 - A2 ) - 19.3 KMUNT o 21.6 KMH/LT rossted crude
oo VFeo

or 19.2 KWH/LT crude

PR SR SRS BT 1T 1S 1T YR A s 5 S8 o L 3 i SRE. 2 o 22 g o 2RISR LTSI T SR

(Note: These energy requirements are based on 8 ft. dia. mills and
would be reduced by factor (0/8)9:? for larger diameter mills.)
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