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I. NATURAL GAS

Various contacts have been made with the Egyptian General
Petroleum Corporation (EGPC) which is the governmental e~tity

responsible for natural gas in Egypt.

During discussions with ACB, confirmed in the first attached
letter, the production sector of EGPC provided preliminary
reservoir information and gas analyses about two possible sources
of natural gas which could be utilized in the production of
ferromanganese at Abu Zeneima. They are the Petrobel oilfields
and the Deminex oil fields currently owned by the Suez Oil Company.

In the second letter attached, EGPC confirn!ed the availability
of quantities of natural gas from Belayim sufficient for plant
operations at production levels p~edicated in this report.
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TRAN SLA 'I' ION

June 12, 1980

Product General Manager
The General Authority of Petroleum
Cairo
Madient Nasr

SUbject: Required Gas for FeMn Smelter at Abu Zeneima Sinai

During the meeting today with Engr. Fayez Awadalla at your
office, the following topics were discussed.

o Petrobel Gas

Petrobel Company, in its letter no. 8-1/29 dated
Apr~l 4, 1980, stat2d it can supply from 10 to 18 million
CUb1C feet/day of gas from Marine Belayim field from
1982 untjl the end of 1988. After that, less gas will
be available unless new fields are found or existing
fields extended.

The gas analysis was submitted to Enqr. Fdyez.

o Deminex Gas

The following is the gas analysis which was delivered
to us.

Gas

Spread of Chemical Compositlon

Component % Mole P.T. No. ] P.T. No. 4

Methane 55.64 48.03
Ethane 20.08 19.16
Propane 11.81 13.06
Iso-Butane 0.95 1. 04
N-Butane 2.51 3.09
Iso-Pentane 0.52 0.68
N-Pentane 0.62 0.87
Hexane ar.d Heavier 0.83 1. G3
Oxyger. 0.00 0.00
Nitrogen 1. 04 1. 04
Carbon 6.00 1.2.00

Total 100.00 10u.00

Hydrogen Sulfide Nil Nil
S.G. by calculation (air == 1) 0.9280 1.0174

Thanks.

Monir Ismail El Kholy 3-?



GAS ANALYSIS FOR PETROBEL CONCESSIONS

Methane

Ethane

Propane

I-Butane

N-Butane

.T: ~Pentane

N-Pentane

Hexane

Heptane

Nitrogen

Carbon Dioxide

H
2

S

Gross cal~rific value
(k. cal/rn )

Net Calorific value
(k. cal/rr. 3 )

Density at DoC
1 atm. (gm/cc)

Sp.gr. at 15°C & 1 atm.

Belayim Land

66.82

13.76

11.88

1.12

3.01

.).64

0.61

0.009

0.80

0.65

12861

11705

0.001094

0.855
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Belayim Marine

71.72

12.88

9.10

0.82

1.95

0.43

0.44

0.30

0.08

1. 08

0.37

12824

11774

0.788
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Component % Mole P.T. No 1 p. T. No. 4

Methane 55.64 48.03
Ethane 20.08 19. 16
Propene It 81 13.06
1&0- Butane 0.95 1.04
N-Butane 2. 51 ~. 09
180- Pentane O. 52 O. 68
N- Penlane 0.62 O. 87
Hexane end Heovier 0.83 1. 03
Oxygen 0.00 0.00
r-;Hrogen 1. 04 1. 04
Carpon 6.00 t2.00

Total 100.00 100. 00

Hydrogen Sulfide
S. G. b.,y calcu12t1on (nir=l)

NIL
0.9280

NIL
1.0174
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July 3, 1980

The Egyptian General
Petroleum Corporation
Osman Abdel Hafez str.eet
Nasr Ci ty.
P.O.B. 2l30-Cairo
Te l. : 837388

Ref : 7/250

Mr. Monir El Kholy
Arab Consulting Bureau
2 Mohamed Sabry Abu Alam St.
Cairo.

Sub : The required gas for Ferro-manganese Factory at
Abu Zeneima/Sinai.

Dear Mr Kholy,

Referring to your letter date 12.6.80 concerning
the above mentioned subject. We beg to advise your goodself
that Petrobel Co. had informed us that the available quanti
ties of gas had been changed according to the new results
of the drilling studies as follows :

Year

1981
1982
1983
1984
1985
1.986
1987
1988
1989
1990
J.991
1992
1993
1994
1995
1 Cl 96
1997
1998
1999
2000

The available quantity
million cubic fee~day

31. 60
26.36
25.86
25.46
26.08
25.27
24.22
23.77
22.97
20.98
19.42
18.82
18.16
17.69
16.84
1S.42
14 34
13.62
),2.82
11.78

Best reqarcls
Eng. B. Faraga11ah
General Director for

production
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II. CRUDE OIL

A. Location

Crude oil sources closest to Abu Zeneima are:

o Sinai crude oil, a mixture of the Assal, Sudr, and Metamir
oilfields.

o Belayim crude oil.

o Deminex crude oil (S~ez oil Company) .

B. ~vailabilit~

The production is as follows:

o

o

o

Sinai crude oil: 490 tid (217.7 AssaI, 208 Sudr, and 60
Metamir).

Belayim crude oil: 17,620 m3/day.

Deminex: No regular production yet.

c. Prices

Recent prices of the three kinds of crude oil are as follows:

o Sinai crude oil: US$ 32.7, which is the price offered by
the buyer, while the contracti~~ price is expecteo to be
higher.

o BelayiIT. crude oil: US$ 29.

o Deminex crude oil: Not yet determined.

D. Characteristics

The fv~~uw;nq table shows the characteristics of the three
types of crude oil.
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Deminex
from after Sinai

Specifica tions field mixing Belayim (Mixture)

API gravity at 60°F 36.3 24.1 26.3
Specific gravity at

60/600 F 0.8433 0.9094 0.9223
Density at 15°C in

vacuum g/ml 0.8428 0.9089 0.8962
Density at 15°C in

air glml 0.8417 0.9078 0.8951
Water content % Vol. 0.70 0.05 0.10 1.8
Salt content % Wt. 0.030 0.005 0.005 0.026
Sediment % Wt. 0.01 0.01 Nil
Sulphur conten t % Ht. 2.20 2.32 1.9

Distillation

Initial boiling point C 97 90
% Distilled at 100°C 5 1
% Distill cd at 125°C 8 3
% Distilled at J.50oe 12 6
% Distilled at 17soC 16 10
% Distilled at 200 0 e 20 14
% Distill~d at 'l,.,['"o~ 23 i8<.L.J L

% Distilled at 250°C 26 22
% Distilled at 275°C 29 27
% Dist illed at 300°C 34 32

E. Transport, Receiving and Sto~~

Crude oil from the three oilfields is transported by tankers.
This method will utilize the service jetty of Abu Zeneima as
the receiving paint with special tdnk storage inside the industrial
zone. However, trucking of crude oil directly to Abu Zeneima is
also possible.
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III. DOLOMITE

Dolomite is widely availab~e in the study area since it is a main
constituent of the Middle Carboniferous Om Bogma Formation. The
task was to specify a site of dolomite occurrence having three
main specifications, namely:

o Good quality for the srrelting process.

o The fewest difficulties in mining operations.

o A supply close to Abu Zeneima.

Therefore, an occurrence near the mouth of Wadi Khaboba was selec
ted. This is 24 km from Abu Zeneima of w~lich 20 ~'rn are on the
asphalt road between Abu Zeneima and Abu ThGr. Some 4 km lie along
a desert track. The reserves can be estimated as over 100,000
tonnes. Surface mining, beginning a few meters above the wadi
level, is proposed. Three horizons of different quality can be
recognized:

o A sandy and coarsely crystalline lower horizon.

o A sandy and fi~ely crystalline middle horizon.

o A coarse grained, locally stained by manganese cxide, upper
horizon.

These beds dip southwest and have a maximum height above wadi level
of 30 meters.
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IV. LIMESTONE

Limestone can be found very close to Abu Zeneima. They are mainly
in the Cretaceous-Eocene succession, with varying d~srees of purity
and nardness. To the north, east and south of Abu Zer.oima occur
rences of limestones, and marly or sandy limestones are ~ides~read.

Field studies base the optimum location site on t~ree main criteria:

a Purity of the limestone (l~~st sandy or clayey udmixtures).

a Relative hardness of the rock.

o Least distance from Abu Zeneima.

The location selected is about 4 km south of Abu Zeneima and direct~.y

to the east of the asphalt ~oad from Abu Zeneima to Abu Rudeis.
Low topographic relief marks the suarry area. Reserves can be esti
mated at no less than 1 million tonnes.
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v. QUARTZITE

A highly consolidated quartzite required for the smelting process
was located in the vicinity of Abu 7,eneima. The location is ~t

Wadi Tayiba, northeast of Gebel Musabba Salama t at some 17 km from
Abu Zeneima. This deposit was determined as suitable for producing
the required material.

Quartzite occurs at the top of the Upper Carboniferous sandstone
(Abu Zarab Formation) in the form of a band a few meters thick. It
has a relativAly large horizont~l extension and seems to be lens
shaped. The deposit represents a near-surface cementation of
sandstone by silica, hiShly stained with iron and manganese oxides.
The rock is extrerre1y hard and weathers to large blocks.
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VI. FERROSILICON

A. Location

Ferrosilicon is currently produced by the Egyptian Chemical
Industries Co. "RIMA" in its plants at Aswan. At :/resent KIMA
has no excess as their production meets the local market demand.

An Egyptian ferrasilicon plant for ferroalloys is under
construction at idfu, Aswan Governorate.

B. Availability

RIMA is now supplying the total demands of the local market.
When the Idfu plant starts production the surplus will be
expor.ted. Now RIMA has no surplus production for export.

Tie current operations under conside~ation will not require
ferrosilicon consumption. If in the future there is a demand
for low carbon fer.romanganese or ferro-silico-manganese, then
ferrosilicon would be consumed ~t Abu Zeneima and could be
suppli€-J. by the Egyptian Chemical Industries (ECI) at KIMA,
assuming that capacity there can be incLeased or fr.cm the Idfu
plant when complete.

C. Price

The furrosilicon price at 75% Si is LE435 per tonne, exclusive
of freight, loading, etc., at the Aswan factory in bulk, based
on ECl .etter M/N/80 of July 27, 1980.

D. Characteristics

The Si content is usually 75% according to which the price is
fixed. The specification of the standard FeSi is as follows:

Si 74-79%
S 0.25%
Cr 0.30%
Ti 0.20%
C 0.10%
Al 1. 50%
Ni 0.10%
Ca 0.75%
p 0.035%
Mn 0.40%
eu 0.10%

The percentage of carbon and alumin~m varies according to the
specific requirements of each consuming indlistry.

3-13



VII. COKE

A. Location

Coke is currently produced in Egypt by El Nasr Co. for production
of coke and basic chemicals. Plants exist at Tebin, Helwan and
Cairo.

B. Availability

The producer is provisionally ready to deliver to SMC ferro
manganese projects 1,500 tonnes per month at the rate of about
50 tonnes per day, starting in 1981.

C. Price

The price of coke depends upon the price of imported coking coal.
Therefore, annual contracts must be negotiated. The latest prices
for the delivery of small quantities are as follows:

Quality

plus-90-rom Coke
plus-40-mm Coke

plus-1S to minub-40 Coke

D. Characteristics

Price/Tonnes, exclusive of
~reight, loading, etc., Factorv,LE

193
162
136

The characteristics of the locally produced coke are as follows:

Ash
Fixed Carbon
Sulphur
Volatiles
Moisture
Calorific vRlue

E. TransEort, Receiving and StoragE~

9.5-10%
86% min.
1. 2%
1. 3%
5%
7000 calorie/kg

Coke could be trucked from the plants at Tebin, He1wan, or
Cairo and received and stored in the industrial area of Abu
Zeneima.
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February 4, 1980

Chairman of Sinai Manganese Co

El Nasr Co. for Coke & Basic Chemicals
El Tebin - Helwan - Cairo

Referring to your letter for the supplying Coke to your factories
at 1981, and to your quesstionnaire about the possibilities of our company.

We beg to inform your goodselves that;-

1- The quanti ties which may be a vai lable are 1500 ton r month i. e about
50 ton / day.

2- The chemica! specifications of the produced coke are
Ash
Carbon
Sulphur
Volatiles
Moisture
Calorific Value

9. 5 0/0
86. 0 Ofo Minimum

1.20/0
1.30/0
5. 0 0/0

7000 Kilo calory / Kg ,

3- The price of the produced ton of coke depends on the price of purchase ~

ore which changes from year to year according to the price of the imported
Coal. So. the price could be calculated accordingly.

Best regaras,

Eng. M. A. El M01l8Y

M ana gel' of the Coke & Basic Chemica Is
Factory
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VIII. COAL

Coal was recorded ~efo~e 1956 within the ~arbonaceous sediments cf
west central Sinai as thin bituminous carbonaceous interbeds.

Deep drilling prospection for oil revealed the presence of different
types of coal and carboniferous matter. These were recorded at a
depth b~tween 418 and 2,960 meters in the Sinai. In 1959, prcspection
for coal began in the Sinai at Ayun Musa, Beida/~hora and Maghara,
respectively, which led to the discovery of coal beds and carbonaceous
matter. In ].966 exploration started for coal around the Maghara area.
It ceased in June 1967, due to the war.

A. Beida/Thora Coal Deposit

1. Location

Beida and Thora lie in the west central area of Sinai. The
Beida deposit lies at Wadi Beida which is north of Geb~l Om
Rinna dnd east of Dibbet El Qeri. ~~~ Thora deposit lies at
Wadi Om Thora, north of the £1 Qor alea and south of Dibbet
El Qeri.

2. Occurrence

The Egyptian Geological S~rvey exploration program for coal
prospection lasted trom 1959 to 1961. It included topo
graphical surveying, surface geologic mapping, trenching,
and adits totalling 240 linear weters. Also bcre holes
totalli~g 2,387 meters were drilled on widely spaced centers.
Laboratory studies and tests were carried out.

Previous operations revealed coal lenses interbedded in
carbonaceous shales passing into the subsurface. The KECI/ACE
field team has recorded similar occurrences of coal seams
interbedded in carbonacecus clays at cne of the branches of
Wadi Tayiba (Wadi Zuweibj.n) north of Cebel Musabba Salama.
This occurrence seems worthy of some exploration work.

3. Reserves

The re3erves were estimated at 75 million tonnes as follows:

o Proven reserves - 15 million tonnes of coal.

o Probable reserves - 60 million tonnes of coal and carbona
ceous shale.

4. Properties

The reserves are the bituminous type, rich in volatile
watter, with low coking ability.
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B. Ayun Musa Coal Deposit

1. Lucation

Ayun Musa lies on the eastern side of the Gulf of Suez 14 km
south of El Shutt \facing Port Tawfik) .

2. Occurrence

In this area, a coal exploration program was carried out by
~he Egyptian Geological Survey from 1959 to 1963. This
included 39 deep bore holes totalling 22,338 meters at
depths ranging from 420 to 620 meters. A coal seam in the
form of lenses was found in all holes within the 0urassic
formations with a thickness of 60 to 170 cm. High pressure
water, up to 60 atmospheres, was encountered at the coal
horizon and overlying strata.

3. Reserves

Reserves were estimated at 18.5 million tonnes of probable
coal.

4. Properties

The reserves are the bituminous type, rich in volatile
matter, with low coking ability.

C. Maghara Coal Deposit

L Location

The Maghara area lies in the north Sinai province, south~est

of El Arish, and 175 km from Ismailia.

2. Occurrence

The exploration program of the Egyptian Geological Survey
started in 1959 by executing detailed geological mapping,
drilling 91 tore holes for a total length of 19,000 meters.
Mining and production development was started. Beneficiation
and utilization tests were run.

All these investigations and exploratory operations are
confined to the Bathonian sediments (Safa Formation) which
are represented by intercalations of dark sandstones, stales,
and marls. This sLccession encloses up to 10 coal seams of
which only two, the mai~ seam and the upper seam, can be
economically exploited.

The upper seam is 8 to 10 meters above the main seam. The
thickness of the main SE.:am varies from 110 em to 190 cm,
while that of the upper seam is only 65 em but with some
thicker sections.
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3. Reserves

The total reserves were estimated at 51.8 million tonnes in
an area of 25 square kilometers as follows:

o Proven coal reserves - 39.9 million tonnes.

o Probable coal reserves - 11.9 million tonnes.

The mineable reserves are 35.6 million tonnes as follows:

o Proven reserves - 27.8 million tonnes.

o Probable reserves - 7.8 million tonnes.

These mineable coal reserves include:

o 29.4 million tonnes from the mai~ seam.

o 6.2 million tonnes from the upper seam.

The area still needs additional drilling exploration.

4. Properties

These are homogenous sub-bituminous deposits having high
volatile coal with fair coking properties.
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IX. SHAHM EL SHEIKH HANGANESr: ORES

The area of Sharm El Sheikh is at present inaccessible from the
Egyptian side. Therefore, it was not possible for our field tea~

to make any site visits.

It is useful, however, to site the data pertaining to Sharm El
Sheikh manganese deposits obtained from previous reports. At Sharm
El Sheikh, manganese and iron oxides are known to occur in associ
ation with 4-meter-thick sandstones and conglomerates. The area is
cut by several faults running northwest to southeast, commonly
filled with manganese minerals. It is believed that these deposits
were formed by the action of percolating surface waters. The
chemical analysis of two samples as reported by Hime (1906) is as
follows:

Sample 1 Sample 2

~'O + 1. R. 54.78 70.10~l 2

A1 20 3 + Fe 20 3 2. 32 12.92

Mno 2 30.33 12.67

CaO Tr. 'I'r.

MgO Tr.

L.O.I. 9.48 5.06

100.75 96.91

In June 1961, SMC made a study trip to the area.
Sharm Moba a 4-~eter-deep old pit was found. The
ore here is about 3 meters ane extends about 1500
the northeast.

l\t a site named
thickness of the
meters toward

Surface exploration was carl~ied out by SMC in the area of Sharm
E1 Sheikh, and several veins were discovered. Most important of
these is the vein of Wadi Khoreita which extends for 200 meters
with a thickness of 2 to 3 meters. Trenches across the vein strike
were also executed to validate the vein extension and thickness
variation. Another vein with a thickness of about 2 meters was
discovered at Wadi Telet Fadda.

The results of chemical analyses of samples taken from these sites
are reForted as follows:
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Sample
Area No . Mn % Fe % Remarks._---

Sharm Moba 1 14.9 1.2 At contact of vein
with granite

2 24.8 24.8 At middle of vein

3 13.4 1.6 At contact of vein
with sandstone

Wadi Khorate 4 51.3 3.4 At middle of vein

The vertical downward extension of these veins has not been
determined. UntiJ now, the ore can only be classed as possible.
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X. PETROLEUM COKE

A. Location

Petroleum coke comes from Suez refineries.

B. Availability

Information from ACB telex 611 of August 18, 1980 advises that
petroleum coke availability from prcduction starting in 1983 will
be over 20,000 t/y. The projected demand for the rehabilitated
smelt8r is 15,000 to 20/000 t/y.

C. Prices

In 1976 a contract was concluded with the Aluminum Complex at a
price of US$ SO/tonne. The present price is abuut US$ 70/tonne.

D. Characteristics

The following table shows the characteristics of the Belayim
vetroleum coke:

Cube density
Sulphur % Kt.
N2 % Wt.
Ash % \'ITt.
C/H Ratio
Volatile matter ~ Wt.
Calorific value
(net calculated)
Metal content ppm:

Ca
C~

Cu
Fe
Ni
Si
Na
V
Mg
Co
Mo
Pb
Ti

E. Transport, Receiving and Stora~

0.960
5.2
2.0
0.4
87.2/4.3
14.5

15/000 btu/lb

110
9

11
H3

380
410
130
350-500
14
0.8
2.0
3
14

Petrolew. coke from the nearest refinery at Suez ~ould be
directly trucked to the coke stores at Abu Zeneima. It could
also be transported by sea from Suez to the Abu Zenej_ma service
jetty. From here it could be trucked to the coke storage within
the industrial zone.
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XI. NAPTHA

The gas/liquids separation plants operated by Petrobel and Dcminex
will produce large quantities of naptha, which may be used for
haul truck fuel. Specifications are attached as submitted by the
,EGPC. As yet, no confirmation on available quantities or costs has
·been received. Therefore, costs for truck haulage in this report
were based on use of nQrmal diesel fuel. The subject may be re
examined in Stage 2, when more information is available.
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EGYPTIAN GENERAL PETROLEUM

CORPORATION

SPECIFICATIONS

OF STRAiGHT R UN NAPHTHA FOR

EXPORTATION FROM ALEXANDRIA

TEST METHOD RESULT
----~--------------------- ------------ ---------
Specifi e Gravity at 60/60 of ASTM D _ 1298 0.690-0.73

Colour B v inBoec-tion Colour Ie s 8" . .r - -

R V.P. K g / c & atlOO OF (Max) ASTM D - 323 0.70

SulpbU'T content 0/0 wt (Max) I ASTM D _ 1266 0·05

Gum content (mg/lOO ml) (Max) ASTM D _
~81-70 2· 0

Lead content (Max) ASTM D3116/72 50 P. P. B.

(
Octane NO. (Motor ~ethod) (Min) ASTM D 2700/75 50,

Di stilla tion

I. B P

10 % distilled @

50 % di stilled @

90 % distilled @

F. B. P.

PONA Analysis

. Olefine o/~ vol.

NaphtheneB % vol.

A r omaticB % vol

Paraffins % vol.

A~TM D 86/67

°c 35 - 55

DC (Max) 80

°C (1v1ax) 130

°C (Max) 165

oC (Max) 175

ASTM D 1319/70

& UOP 27~

(Max) O· 5

(Min) 22. 0

4. 0 8. 0

Balance
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m CATERPILLAR TRACTOR CO.

Peorta, Illinois 61629

August 28, 1980

Mr. George Aiken
Chief Mining Engineer
Kaiser Engineering
P. O. Box 23210
Oakland CA 94623

Dear George:

This is to followup our telephone conversation of today in which we had dis
cussed the Suez Refinery naptha fuel product as a Caterpillar diesel engine
fuel.

We concluded, based on the information that you have provided, that the fuel
would not be acceptnble for use in Caterpillar diesel engines. The limiting
factors would most likely be the cetane number and viscosity. Both of these
values were not provided but based on the distillation data that was supplied,
we believe the cetane numb~r would fall below our minimum requirements of
35 for precombustion chamber engines and 40 on direct injection engines. The
viscosity, likewise, would probably be be'low our minimum requirement of 1.4
cst @ 1000 F.

We must also caution against the blending of this fuel with No.2 diesel fuel.
Fuel blends having flash points lower than 1000 F can create extremely volatile
air/fuel mixtures in storage or service fuel tanks. I have includ2d a copy
of an article that we have recently published to further explain this safety
hazard.

George, I apologize for the delay in answering your inquiry, and I hope that
this is the information you were looking for.

JEWilliams
Telephone: (309) 675-6149
PIf/ atta ch .

Very truly yours,

1/"-- z: wJ.j·
~rvice Engineering G.O.
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[B
.. . ....-.~...,-, -- ...]
CATEAPI~L+~-.

SERVICE MAGAZINE
------------==============================================

February 11. 1980

Warning: Avoid Use Of Fuel
Mixtures Of High Volatility.
If You Are Exposed To Such
Mixtures, Be Aware Of The
Hazards Involved And Take
Proper Precautions

1280

Diesel fuels combined with gasoline, naphtha, or other
highly volatile fuel~ can be dangerous. BECAUSE OF THE
SAFETY HAZARDS INVOI.\JED CA"!"ERPILLAR DOES
NOT RECOMMEND THE USE OF GASOLINE/DIESEL
FUEL OR N,A,PHTHNDIESEL FUEL BLENDS Extreme
coution must be exercised when these volatile fuel mixtures
are rm~sent.

Gasoline and na!ihtha are light aromatic distillates of
petroleum When either of these fuels are combined WIth
diesel fuel (No 1 or No 2) or kerosene. fuel blends of high
volatility can result. The volatility of th~se b\l;'nds could lie in
a dangerous range even if a small percentage o~ gasoline or
naphtha is added to the diesel fuel

In a fuel tank, the vapor in thl? 3ir space above pure diesel
fuel is too lean to be a hazard at nmmal ambient tempera·
tures. The vapor 1Il a tank that contains pure gasoline or
naphtha is too rich. However, when diesel fuel is mixed with
gasoline or napHha. the vapor·to·air ratios can be explo
sive This va::;or above the fuel in the fuel tank can be ignited
by sparks, flames, electric arcing, and even static electric
charges

There are severa: reason" :,.;hv such fuel blends are used
The most common is probably to combat fuel filter plugging
problems (waXing) experienced in wid temperatures Also
in some arens, diesel fuel may be in short supply while
gasoline or naphtha is .eadily available Users may blend
the fuels to extend the diesel fuel supply

Mechanically. Caterpillar engines can accept certain pro
portions of gasoline or naphtha blended with diesel fuel
without major effects on performance or engir.~ life.

With this in mind, it is quite possible that hazardous fuel
blends will be used by diesel equipment owners and opera
tors-especially during periods of cold temperatures. It is
Is: this reason, personnel w~.o work with, on, or near diesel·
powered eql'ipment should be made aware of the safety
hazards involved. SAFETY PRACTICES WHICH MAY
HAVE WORKED WELL WHEN iN CONTACT WITH
PURE DIESEL FUEL WILL NOT BE ADEQUATE WHEN
DEALING WITH THESE BLENDS.

As it will be difficult at times to detect the usage of a fuel
blend, we recommend that the following precautions be
observed by personnel in contact with diesel fuels and
diesel-powered equipment:

1 Do not smoke in areas where fuels Me handled or
used.

2 Keep heat source~. flames, sparks, electric arcing, etc.
well away from storage or service tanks.

3 Prevent careless handling, fuel spillage. and tank leak
age and exercise the above precautions If accidental spillage
does occur.

4 Ha!1dle all fuels only in well ventilated areas.

5 Make sure that storage tanks are vented outside of
buildings or enclosures and never into unventllau.j areas.

6. When transferring fuels from one tank to another,
ensure that both tanks are grounded to a common ground
or that they are electrically connected or bonded.

7 Always keep first aid and fire extinguishing equipment
that is suitable for use on oil fires maintained and within easy
access.

We recommend that this information be brought to the
attention of all personnel who have contact with diesel fUAls
and diespl-powered equipment.
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Refer to the articles "F'jel Heaters Are Now Available For
Field Installation". SERVICE MI\GAZINE. January 7, 1980
and "General Information-Diesel Fuels In Cold Tempera
ture Operation". SERVICE Ml\GAZINE. December 17,
1979. for practical and safe solutions to cold temperature
operation problems.

WARNING

THE USE OF FUEL HEATERS IN COMBINA
TION WITH HAZARDOUS FUEL BLENDS
SHOULD BE AVOiDED FUEL VOLATILITY IN
CREASES AS FUEL TEMPERATURE
INCREASES •

Correct Procedure For Adjustment
Of Hydraulic Valve Control Cables
:2063

528 Grapple Skldders (78W)

According to field reports. wrong adjustment of the hy
draulic valve control cables on some 528 Grapple Skidtlers
has caused short cable service life andlor prevented good
performance of the grapple. For maximum performance
and cable service life, use the procedure that follows to
adjust the control cables This procedure will be added to
the Service Manual at the time of the next revision
CONTROL CABLE ADJUSTMENT Reference numbers
are shown in the illustration

Hydraulic control cables. l--Eye.s. :i-Bracket. :j~-Nuts. 4~Cable

houslllg ends. 5 --Brtlckl'1. 6- ·Rod ends. 7 -Cable ends. 8 --Nuts,
9--Nuts. IO--Cahle housing ends.

New Bearing Retainer Plate Is
Used In Carrier Rollers
4154

D9H and DD9H Tractors; 594H Pipe layers

DESCRIVfION OF CHANGE A new bearing retainer plate
is used in the carrier rollers on D9H and DD9H Tractors.
and 594H Pipelayers This new bearing retainer plate is
heat treated for added strength and longer service life It was
possible for the former bearing retainer plate to bend The
resuit is a loss of seal face load and a loss of oil

ADAPTABLE AS Th(~ new 9G703 7 Bearing Retainer Platp.
ie, a direct replacement for the fonner 3P3401 Bearing
Retainer Plate. which is canceled •

HYDRAULIC

VALVE

/ I '"

,i G1,.:: ,)tJj;
;<i ;)0 ';' :::tj!~

'. >:;,,(i-' ::1a~ J
niGHT SIDE

VIF ...

~)UNl'fn

r--I),". WltKH

PLATFORM

~ ~
"'.. "'\

I

New Gasket Gives A Better Seal
Between The Flywheel Housh13
And Cylinder Block
1157. 1201

D8K Tractors; 583K Plpelayers

DESCRIPTION OF CHANCE A different gasket IS now
used between the nywheel housing and the cylinder block
on D8K Tractors and::'83K Pipelayers The ne'). gasket is
narrower than the former gasket in the area near the hore
for the camsh(jft ThiS gives more In,3d on the g<1sket In thIS
il!£>a to prevent oil k'aks

ADAPTABLE AS The ne.v RN9:) 7S Casket IS ,1 c!irect
replilcemenl for the former 2M7961 Cilsket whir:h is
canc~ed •

2 Fehtuarv II. I'JRO
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1 Install nuts (H) and rod ends (6) on the ends of the
cable~ (7) so the cable ends are all the way through the
threads of the rod ends. and are even with the inside of the
rod ends Tighten the nuts (8) against the rod ends (6)

2 Fit the cable housing ends (10) into the center of slots
in bracket (5) and tighten nuts (9)

:3 Assemble bracket (5) to platform with bolts through
the slotted holes in the bracket

NOTE

The slotted holes in the bracket permit adjustment
to limit cable travel (movement) if necessary At the
inItial (first) 3ssembly. slide the bracket to move the
leve's as fM as possible away from the platform.
and permit maximum lever movement

4 Install cables through the rear of the platfoml and the
cabl!' gUidec,

5 Fit the cable housing ends (4) into center of slole, in
bracket (2) and tighten nuts (31

6 Assemble the eyes (1) and nuts on tfw cable ends
AdJust each ('ye so the valve stl?m moves 10 2 mm ( 40")
when the control lever is mlwed against the platform



XII. GYPSUM

A. Locatioh

Gypsum and anhydrite form huge lenselike formations in
I1iocene rocks which extend along the western margins of the
Sinai Peninsula from the Bitter lakes to the proximity of
E] Tor. The thickness and extension of th~se deposits vary
greatly from one locality to another, but the reserves are
huge. The most prominant locaJity for gypsum-anhydrite
production in Sinai is Ras Malaab near Wadi Gharandal, in
the eastern coast of the Gulf of Suez, some 100 km south of
Suez.

B. Geology

At Ras Malaab, the gypsum-anhydrite deposit developed during
the Miocene Age. In some cases, the gypsum is covered by
contorted and squeezed beds of foliated shaJes and anhydrite.
The latter forms generally an outer layer Eurrounding the
gypsum deposit, or as fillings of fracture planes cutting
across the gypsum in a randon. manner. This indicates that
gypsum is transformed into anhydrite throu0h the action of
weathering agents.

The evapori~e succession lies unconforma~ly over tilte~ lower
Miocene basal conglomerates intercalated with day bands. This
unconformity separates between the lowpr open sea sediments
and the upper evaporite closed basin deposits.

C. Ore Types

Three main types are distinguished in the deposit of Pas
~alaab:

o Alabaster gypsum, massive and banded.
o Micaceous gypsum; coarsely crystalline and foliated.
o Anhydrate, massive and hard.

D. Mode of Occurrence

The three mair. beds ca~ be distinguished from top to bottom
by:

o Bed G
1

: with a thickness of 20-25 meters. It is com
posed of either alabaster, micaceous gypsum or anhydrite.
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o Bed G
2

: with about 5-meter thickness. It is ccmposed
mainly of micaceous gypsum.

o Bed G3 : with a thickness variable frcm 10 to 50 meters.
It is composed of alabaster nnd micaceous gypsum.

These beds show variable degrees of lateral variation ir. ore
type and thickness. Moreover, contorted and squeezed beds of
green foliated shales are frequently intercalated either
between these beds or still within one of them.

E. Method vi Extraction and Haulage of Ore

The extraction was being carried out until 1967 by open-pit
methods from quarry faces. The rock was extracted by compressed
air d-illing and blasted. The are was selected in the quarry
and rld been transported by trucks to the j~tty stockpiles.
The one-m3 mine cars carry the ore to be luaded to lighters
which carry it out to the ships at anchorage where it is off
loaded from the lighters. Another haulage method was suggested
to haul the are from the quarries using bi-cable tramways and
the lighter to ship-loading method. However, this was never
implemented.

F. Ore Reserves

The ore reserves have been calculated by blocks and beds and
are differentiated into three are types: alabaster, micaceous
gypsum and anhydrite. The table below summarizes the distri
bution of are reserves:

Ore Reserves of Gypsum and Anhydrite

in Ras Malaab Area >,
~

.....
1II (I) 4-. rl
0 r--- ~ \-l 'r<

<li0 (J ..':G Ul 0 ClL 0 .0
beG c.oUH (1)0 c'"O 0.'"0 Cd

Block Bed Type Cd N Cd '.-1 <li <li0 '.-1 0 Ul 0 rl
H Cd r:: H"c~ c ~ ..':G"c c..c 'r~

No. <li C) <li ol-J QJ t::0 H ~ Cd ~ Cd
;> H ;> EO: 00 o QJ H <lJ ~<<1"' <t: '-" f-;O ~::r. E--<::r. ....

A1 G) Alabaster -iT - - rcr--- -,7) n-r.tr- Roaa rnuneCliate
A2

G
3

Alabascer 150 20 6 D & B R'way 1 3 years
A3

G
3

Alabaster 200 10 4 D & B R'way I 20 y'Oars
A4

G
3

Alabaster 960 25 48 D & B R'way III +20 years

AS G3 Alabaster 560 50 56 D & 1) R'way V 2
A6 G3

Alabaster 540 30 32 D & B Road 3 months
A7 Gl Alabaster 10 20 .4 D & B Road L, months
M1

Gl
Micaceou8 20 20 .8 D & B Road 2 months

M G2 Micace::)IJS 25 5 .25 Rip Road 1 year
H

2 G
2 Micac.eous 30 5 .30 Rip Road 1 year

M
3 G

3
Micaceous 200 10 4 Rip R'way 1 3 years

M
4

G ~icaceous 200 20 8 Rip R'way III + 20 years
M

5 eJ Micaceous 840 10 17.0 Rip R'way IV 50 years
M6 c3 t1icaceous 270 20 11. 0 D & B R'way II 20 years

7 G3 Anhydrite 20 25 1 shovel R'way I 3An, 1
years

D- drilling B- blasting R'way := roadway
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The total ore reserves reach 188 million tonnes of which
146 millions are Alabaster, 41 millions are micaceous gypsum
and 1 million are anhydrite.

G. Grade and Composition of Ore

Thirty samples have been selected for various types of analyses.
From the samples, the tabl~ below indicates the quality of batt]
gypsum and anhydrites.

Element

Gypsum

Minimum Max
Average Min
9 samples

Anhydrite
Average
3 samples

5i0
2

A1
Z
03

Fe
Z
0

3
CaO

MgO

NazO

KZO

TiO 2
Mn(D

H °Z
H 0+

Z
CO2
5°3
C1

0.09

31.09

0.01

0.01

14.22

4.43

0.14

45.72

0.50

0.08

32.66

0.40

0.03

0.01

0.01

0.01

15.61

5.69

0.82

48.86

0.01

0.24

0.04

31, 67

0.10

0.01

0.01

0.01

0.01

14.99

5.17

0.57

47.32

0.01
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0.Z7

0.05

38.13

0.03

0,01

0.01

0.01

0.17

1.45

0.56

53.16

1. 22

0.C8

39.52

1. Of)

0.92

0.02

0.01

0.01

1.04

2.75

2.43

56.11

2.18

0.72

0.07

38.72

0.64

0.46

0.02

0.01

0.01

0.68

2.14

1. 31

54.78

0.99
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The average total of CaO.+ S03 + H 0- + H 0+ for gypsum
is 99.15% and for anhydrite is 96.j2%. T~is is indicative
of the high purity of gypsum and the relative purity of
anhydrite. In anhydrite, chlorinem sodium carbon dioxide
and silica are the main contaminents. For example, halite,
dolomite and quartz are present in small amounts in the
gypsum samples.

The X-ray powder diffraction analysis corroborates presence
of these small amounts of contaminants. The average specific
gravity of gypsum is 2.18, while that of anhydrite is 2.56.
The average value for Vickers hardness for gypsum is 23.89,
while for anhydrite it is 13.
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I. MINERALS CURRENTLY BEING EXPLOITED

A. Clays

1. General

The clays currently exploited by SMC in west central Sinai
include three main varieties: kaolin, white clay, and
carbonaceous (semi-fatty) clay. According to the documents
delivered by SMC, the kaolin occurs in the Upper Carbonifer
ous succession at Abu Natsh, Shalal (Wadi Budra), Abu Kafas,
and Geni. The whiLE: ::'J 3~' ~~ ir."..~l~;iGd in Lhe deposits of
the Nubia FormatioD at Musabba Salama, Wadi Khaboba,
Dehissa, Farsh El Guzlan, and O~ Eleigan as well as in the
region of Gebel El Tih. The semi-fatty (carbonaceous) clay
occurs in the Upper Carboniferous at Khaboba, Dababat, and
Wadi Talha, with variable shades of dark coloration according
to the content of carbonaceous mater.ial.

However, the results of the various analyses carrie~ out on
samples of these clay varieties indicate that the clay of
the Nubia Formation belongs to the category of kaolin. Clays
of the Upper Carboniferous are either white (fatty) or
carbonaceous (semi-fatty).

2. Kaolin Clays

a. Historical

During World War II exploration for kaolin started. This
resulted in the discovery of the deposits at Musabba
Salama, Mezar El Oor Wadi Natsh, Wadi Budra and Wadi
Faran. Individual private sector activities began in
1955 by engineers E. EI Alfi at Wadi Abu Natsh, M. El
Sabaa at Gebel Musabba Salama, and by G. Awad and M.
Soliman. At the end of 1959, the Helwan Portland Cement
Co~pany applied for a prospecting license for. kaolin
in the Abu Natsh District.

SMC started to prospect for kaolin in Wadi Natsh for the
Helwan Portland Ce~ent Company. These ~rospecting oper
ations which had been done in Wadi Natsh included 260
linear roeters of tunnel and 500 cubic meters of trenches.
The Egyptian Mining Authority entrusted SMC to execute
a prospecting program in the Carboniferous for kaolin.
This included trenching in the district El Qar, El Saaho,
Wadi Rakaiz, Budra, Wadi Geni, and Wadi Narsh. After
completing the preliminary exploration, SMC concluded
that the Wadi Geni kaolin bed was suitable for exploi
tation. The deposit had possible ore reserves of 25,000
tonnes while the other districts gave negatj~e results
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due to the high percentage of iron in the kaolin. At
the end of 1960, S~C kaolin prospecting activities
extended to the Cretaceous in Wadi Om Allian, Farsh £1
Guzlan, El Harabiat Wad El Fidfafa, and El Riyaina.
The results of SMC's exploration operations indicated
that the Dehissa district and Farsh El Guzlan had good
kaolin prospects. The prospecting operations done in
this district included 2,000 cubic meters of trenches
and a few inclined shafts.

As a result of the kaolin prospecting work done by SMC,
the total probable ore reserve was reported to be
75,000 tonnes. Great quantities of kaolin were
discovered but it was not exploitable due to the high
percentage of silica and iron. The kaolin samples taken
were tested by:

o The Naticnal Research Center - studied the possibility
of purification of the ore to suit the paper indus
tries. The results using the wet process were nega
tive.

o Re.kta Ccrrpany, Dr. Crart.

o Dr. CII. Shukri Cirguis - studied the possibility of
pur i f i cat i c n 0 f the 0 ret 0 sui t the pape r i n(1 u s try
by using h~'drochloric rlrd nitric acids and chlorine.

o (G.O.F.I.) - testec1 kaoli', for the use in aluminum
extrClction.

c Japan and Englan~ - conducted experiments to get rid
of the i.r~.purit i cs c'\r.d to dete rrr: in8 "'/he Lher kao 1in
could be upgraded to be suitable for varluus indus
tries. They also investigated the possibility of
erectins a grirding unit at the Sinai mines. In
Noverrber 1961, the tesl~ which had been carried out
by Dr. Pober'.:~cn in ELg 1c'.nd gave good resul ts in the
separation ot the silica frorr the ore. Dr. Robertson's
report stated the following:

"The ore must be rdlled in a ~:u[Jer t1icron t-1ill 1n
which it is possible to se~arate the ~aterials by
air."

The pulverizing orcration was ~one in two stages and
produced three grades cr- ~aterial.

Tc pulverizE the ore to 200 - 300 rrcsh.

To pulverize the are to O.~ ricrcn.

The metallurgical anal;sis of the final product was
as [ollO't's:
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Kaolinite Clay
Feldspar
Bohmite
Aratese
Goethite
Solubles

89.1%
6.1%
2.8%
1.5~

1.2%
0.2%

100.3%

The differential thermal analysis showed that the
kaolin ore is in a complete crystalline condition.
It does not contain free aluminum hydrate or hallusite
and the iron oxide is present in the form of hematite
and not goethite.

Engineer El Sabaa commented that the mill had separated
the free silica only and did not do any separation of
the iron. Due to the pulverizing operation there was
a 12% loss of are. It was proposed to continue experi
ments on all the clays.

The chemical analysis of the samples of Cretaceous
kaolin after burning is shown in the following table:

1st 2nd
Original Product Product

"Non Burnt" Alumina 36.7 35. 18 39.04 40.00

Silica 46.6 17.11 46.08 43.94

Alumina 43.07 42.38 45.50 47.05

Iron 1.0 1.0 0.90 1.00

Water 15.97 17 .00 14.38 J.4.Cd

This analysis shows that by using the Micron Mill sepa
rator we can get rid of free silica. Due to these
previous experi~ents, SMC decided to erect a pilot plant
for grinding kaolin in hbu Zeneima which ~as planned to
include the followi~g units:

0 One Hosokawa grinding mill.

0 One magnetic separator.

0 One Shimadzu sec1ilT'entograph.

0 (me Hosokawa imf.~ller Dreaker.
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o One 21-inch-dia dust collector high efficiency
cyclone fitted with dust storage hopper.

In April 1962, the Geological and Mining Prospection
Department carried on experiments and analysis for
kaolin samples. These consisted of primary and
seondary crushing, grinding in a ball mill for one
hour, and then leaching by 5% diluted hydrochloric
acid tor two hours while heating to 80 0 C. The results
we re as fo llows:

o Decrease of ferric oxide from 0.69% to 0.64%.

o HL~idity: 1.27%

o Combined water: 12.25%

o Specific gravity: 2.6

a The degree of whiteness was not determjned.

The kaolin deposits exploited by SMC in the study area
occur in the for~ of beds intercalated within the Nubia
Formation. They were exploited until May 1967 in four
main leases:

o Musabba Salama ~est

o Musabba Salama East

o PI Dehissa

o Farsh £1 Guzlan

b. Geology and Mode of Occurrence

A cornmon geological feature for all the kaolin deposits
mentioned above is that the economic clay beds occur as
ir.tercalations i1' the upper part of the Nubia Fe·rmation.
The beds are some meters below the conformable contact
with the overlyir.g Cenomanian rocks. Rocks of the Nubia
Formation are relatively common in the study area
particularly in the northern parts. However, the kaolin
deposits are li~~ted to the vicinity of contact with
the Nubia FODnatior./C2nomanian that only outcropE' along
the western borders of the area. This primarily is due
to the fact that the relatively elevated Precambrian
Car~oniferous terrain for~ing the major part of the
study area dces not include any younger formaticns. It
is only along the downthrown western peripheral zones
that the Nubia For~ation and the younger rocks are out
cropping; moreover, towards the north in the direction
of the ger.eral dip, CI gradual passage of the nubia
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Formation below the surface takes place not far from
the southern foothills of Gebel El Tih. Any further
prospecting work should be carried out along the
western zone to the north of Gebel Sarhut El Gamal
and particularly along the upper reaches of Wadi 1nsakar
and on the western borders of Gebel El 1seila. This
recoITIlilended prospecting area is lind ted on the west by
the main fault parallel to the Gulf of Suez marking the
fault contact between Miocene and older rocks. The
same possibilities of finding kaolin are valid for the
foothills of the Tih escarpment, representing the
northern limit of the recommended prospecting area;
however, mining and transport condicions are more diffi
cult. Prospecting in the southwestern zones of the
study area around Wadi Budra and Farsh El Guzlan should
be equally initiated. However, it is believed that the
possibilities in this area are relatively limited.

Specifically, two areas ar0 recommended to be geologi
cally studied and mapped for kaolin grospecting . The
first area is limited by latitude 29 13' K and longi
tude 33° 11' E and 330 13' E and includes Waei Insakar
and Wadi Iseila. The second area is limited by latitude
28 0 55' Nand 28 0 57' N and longitude 33 0 17' E and
33 0 19' E and mainly includes Farsh El Guzlan. Recon
naissance work in the northern zones of the area at the
foothills of £1 ~ih should be eventually undertake~ as
part of a continuing kaolin prospecting program,

Kaolin deposits occur in the for~ of two main beds:

o The upper bed, which is the economically exploitable
one, with a thickness varying from 120 - 190 em.

o The lower bed, separated from the upper one by
8 - 10 meters of sandy and silty clays. The average
thickness is about 125 em and it contains a rela
tively high content of quartz and iron oxides, nlaking
it non-marketable and consequently unexploitable.

The upper economic bed lies so~e 40 meters below the
conformable contact surface between the Nubia Formation
and the overlying Cenomanian succession. The general
strike in the whole area is N 30 0 -32 0 west and the di~

varies fron: 18 0 -25° southwest.

At the mine of Musabba Salama west, the upward contin
uation of the ore bed is represented by 40-50 em of
siliceous clay, usually not mine~, followed by a few
centimeters of marker band of ferruginous sandstone and
most probably a hiatus surface.
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c. Kaolin Reserves

According to SMC documents the kaolin reserves on
May 1, 1967, reported as white clay, are as follows:

Proven

27,610 tonnes

Probable

25,000 tonnes

Possible

28,000 tonnes

The company did not perform any exploration work from
January 1, 1966, to May 1, 1967. Consequently, no
new reserves were added or any upgrading of old re
SArves achieved.

The above reserves are those included in the SMC leases.
SMC did not carry out any significant exploration
efforts outside these leases. In 1958, Salizgeter
carried out studies in west-central Sinai anc projected
very large amounts of reserves that need to be verified
as to quality and quantity by a detailed long-term
program .

3. White Clays

The white clay ceposits exploited by SMC in the study area
occur in the form of beds intercalated with the upper
Carboniferous sandstone succession (Abu Zarab Formation) .
They have been exploited under the name of kaolinitic clays
from several mines until 1967. These locations are:

o Wadi Budra (lease)

o Abu Natsh (lease)

o Abu Kafas (lec.se)

o Wadi Geni (lease)

a. Geology a~d Mode of Occurrence

All the occurrences of white clays in the study area
show common geological features. Three clay beds can
be recognized:

o The upper bed lies at about 4 to 5 meters below the
upper contact of l.bu Zarab Formation wi th the covering
basalt sheets. The clay is only 40-60 crn thick and
is unsuitable for economic exploitation.

o The middle bed lies 4 to 6 meters below the upper bed
and about 10 to 12 meters below the upper contact
of the Abu Zarac Formation. The thickr.ess of the ted
varies fro8 60 tc 125 cm with an average thickness of
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about 85 cm. This bed is the economic one and was
previously exploited.

o The lower bed is separated from the middle economic
bed by 6 to 8 meters of sandstone. Its thickness
reaches 80 cm on the average, but the quality is
poorer than the overlying economic bed. The lower
bed has not been previously exploited.

The general strike of the beds in the area is northwest
to southeast dipping southv1est, up to 10 degrees.

During the current field work occurrences of white clays
have been recorded at many locations cf the study area,
e.g., El Qor, Marahil, and Farsh El Azraq. It is
recowmended that the clays be prospected by following
their stratigraphy. A large number of s~lples should
be collected from many areas and be tested chemically
and physically. 1'he prospects for increasing known
cl~y reserves are excellent.

b. Clay Reserves

According to SMC documents the white cle-y reserves on
May 1, 1967, reported as kaolinitic clay, are as
follows:

Proven

23,418 tonnes

Probable

39,000 tonnes

Possible

37,000 tonnes

As for kaolin, SMC did not carry out any exploration
work during the years 1966 and 1967. The above given
reserves are those included within the SMe leases.
In a 1948 report prepared by Salizgater huge reserves
were indicated to be verified by further exploration.

4. Carbonaceous Clay

Carbonaceous clays were exploited by SMC only at Wadi
Khaboba but occurrences were also recorded at Dababat and
Wadi Talha. During current field work other locations have
also been recorded, e.g., Wadi Sih Sidri in the south and
Wadi Om Zaweibin to ttle north of Musabba Salama.

The carbonaceous clays occur in the Upper Carboniferous
sandstones forming the Abu Zarab Formation. Their strwti
graphic level lies imrr,ediately below that of white glass
sands, i.e. 15-20 meters below the level of white clays.
Durin0 the field studies it was noticed that there JS a
marked lateral variation in the content of carbonaceous
matter in these clays. Thus carbonaceous clays may pass
laterally into black clays not far from low grade coal.
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However, the actual relation between these carbonaceous
clays and the coal deposits of Budra and Thora, which
seem to occupy rather the same stratigraphic level, is
still under inspection and no conclusions can be made at
present.

5. Production of Clays

Production of kaolin and clay was undertaken by underground
room and pillar methods except the carhonaceous clay of
Khaboba. The total production of clays from 1962 until 1967
was as follows:

Year 1962/63

Tonnes 9,092

63/64

29,000

64/65

46,472

65/66

25,950

6F:J/67

30,154

6. TransEort and Packing of Clays

The clay was transported exclusively by trucks from the
various mines to Abu Zeneima and by ships or motor schooners
from Abu Zeneima to Suez. From Suez it was trucked to the
various consumers. The clay was packed in 50-kg secondhand
jute sacks to prevent contamination and facilitate the
loading and uDloading processes. Sacks also reduced in
transit losses.

7, Marketing and Prices of Clays

Most of the kaolin ane clay produced was being consumed by
the local market. Limited quantities were exported to
Senna Company, Italy. P-n amount of 12,000 tonnes was con
tracted for during the year 1966/1967, but only 6,340 tonnes
were delivered before the 1967 war. The following table
displays quantities, local prices, franco consumer and FOB
export prices for 1965-1967.

1965/66 1966/67
Quant. Value! Price/ Quant.. Valuel Pricel

(tonnes) LE tonne LE' (tonnes) LE Tonne LE-_.-
Local Market 18,274 142,950 7,822 24,998 187,939 7,518

Foreign Market ..J:,726 ~759 ~ 900 6, 340 31,056 4,898

Total 27,000 185,609 31,338 218,995

8. Sinai Clay Stocks - 1967

There are 25,693 tonnes of whi te and r .rb' ous c lay at
various mir:e si tes and 7 1904 tonnes of whL.. ' ,nc. carbona
ceous clay at Abu Zeneima, for an overall total of 32,597
tonnes.

B. Glass Sand

1. Mining Rights

White sands suitable for glass industry were exploited at
Y~abcta, Abu Katsh, and Abu Kafas.
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2. Geology

The glass sands form part of the Abu Zarab Formation
occupying a horizon about four meters below the bottom of
the lower bed of white clays. The thickness of this glass
sand varies from 8 to 12 meters, but is commonly about
10 meters thick.

This white sand horizon has been recorded at many locations
~here the Abu Zarab Formation outcrops, but only in a few
cases do the particular specifica~ions justify its suita
bility for the glass industry. The che~ical purity, mechan
ical grain size, and relative homogenity have to be tested
carefully to certify suitability for the glass industry in
general and particularly glass tableware.

Therefore, large scale sampling of the white sand horizon
is recommended for future programs. Through selective
analytical assays of the collected samples it may be possible
to verify new findings of large quantities of high quality
glass sand.

3. Quality

The follQwi~g table gives the chemical analysis of the glass
sands produced from Khaboba and Abu Natsh as given in SMC
dccuments:

Element Khaboba Abu Natsh

Si0 2
97.5-98.5 98.0-99.0

Fe 20 3
0.02-0.04 0.02-0.06

Ti0 2
'l'races Traces

A1 20 3
0.09-0.10 0.0-0.10

L.O.I. 0.02-0.25 0.15-0.30

4 • Production of Glass Sand

The production of glass sand during the period 1962-1967
is shown in the following table:

Year

1962/1963

1963/1964

1964/1965

1965/1966

1966/1967
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The following table shows the mechanical analysis:

Mesh Khaboba Abu Natsh

+ 30 1-6 % 1-2 "-6

+ 40 12-20% 6-20%

+ 50 7-15% 20-46%

+ 60 8-14% 14-20%

+ 80 25-50% 14-50%

+100 6-11% 1-2 %

+110 10-12% 1-2 %

-110

5. Stocked Quantities of Glass Sand

On May 31, 1967, there were 1,681 tonnes stocked in the
quarries anc 29 tonnes at Abu Zeneima.

6. MRrketing and Prices cf Glass Sand

Previous glass sand production was directed to the local
market. Quantities of sand sold and the price to consumers
during the two years before 1967 are as follows:

1965/66 1966/67

Quantity
Tonnes IE,695 24,170

Value LE 111,900 148,847

Price/tor:ne LE 5.986 (1,158

C. Turquoise

Since the 4t~ Dynasty, turquoise was exploited by the ancient
Egyptians from the Sinai. The old mines included Gebel Maghara
and Sarabet El Khadim. At the present time, the local Bectouins
engage in limited exploitation of turquoise from the old mines.
Extraction is by primitive hand methods requiring extensive
manual sorting of barren material.

Turquoise occurs in the forre of small concretions along cracks
and voids in the sandstones of the Adedia Formation. It is
commonly acco~pdnied by iren oxides which are taken as indicators
of turquois~. It is believed that turquoise was formed by
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percolating surface waters. However, any organized exploitatior.
of turquoise in the Sinai should be preceded by a statistical
study to indicate the distribution and intensity of ~inerali

zation at each of the proposed sites. The results of this could
be used to determine the viability of commercial operations.
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II. OTHER POTENTIAL ~lINERALS NOT CURRENTLY EXPLOITED

A. Copper

In the southern Sinai prospects for copper mineralization should
not be neglected in future planning for a mining industry.
Support for the validity of such a statement includes three
main topics:

a Ancient Egyptian copper mining and smelting activities
occurred at Bir Nassib. It is known to be famous for its
heaps of copper slags produced from primitive ancient Egyptian
smelters. Although the fi.eld team could not find absolute
evidence of old copper mines in the area, many collapsed
underg~ound workings, e.g. at Om Rinna, with relics of
smelting copper near the entrances are thought to represent
ancient copper mines. The ore is thought to have been pro
duced from disseminated carbonate copper ores of the lower
sandstone unc:erlying th~ Om Bogma Formation. However, pre
vious exploration for copper in the lower sandstone by
Egyptian Geological Survey was negative.

o Shows of oxidized primary copper mineralizaticn in the
genisses of ~adi Fairan have been recorded. Ne significant
work has been directed to these to define their possible
extension and economic v&lue.

o Copper deposits in Cambrian sandstones are known to be
actually under exploitation along the Gulf of Aqaba. They
are represented by secondary copper minerals, mostly
carbonates, disseminated in the sand. 'rhis formation is
comparaLle with the Sarabet £1 Khadim Formation, believed
to be Cambrian, identified recently by £1 Shazly in the
study area.

Considering the strong evicence for economic copper minerali
zation, extensive exploration programs in southern Sinai are
warranted.

B. Ornamental Stene

The main ornamental stone in the Orr. Eogrna district is the
granite of the Om Bogma batholith. One of the best occurrences
of this granite is at Wadi Shelal to the east of Area 45 and
north of Gebel Moneiga. This granite has a nice appearance
when polished; how2ver, two main factors have to be carefully
studied before planning for its extraction as an ornamental
stone. The first factor is the relative frequency of cracks
which would hinder the production of large-sized blocks. The
second factor is the elevation of sites by detailed and accurate
examinations of the area.
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C. Construction and Building stone

Limestones, hard quartzitic sandstones, and basalts are very
common in the study area. Gravels, conglomerates and loose
sands are also common. These represent the main raw materials
for construct ~nr and building stone.

Different varieties of limestones suitable for construction
are common in several rock facies. These belong to various
geolog~c ages, particularly the Cretaceous and the Eocene.
These limestones can be used for construction purposes, pro
duction of lime, road pavement, che~ical industries, etc.

Sandstones suitable for construction purposes can be produced
from beds in the Nubia Formation, as well as in the Carboniferous
rocks.

Clays that are potentially usable in manufacturing clay bricks
are well represented in the Cretaceous and Eocene rocks close
to Abu Zeneima.

Part of the gypsum deposits of Ras Malaab can be used for the
manufacture of cement, whose raw materials are easily supplied
from the area.

D. Fluorspar

During the field work, the YECI/ACB team found some signs of
fluorspar in veins associated with granites. Prospecting
fluorspar deposits should be directed to the Om Bogma pink
granite bathclith. This is most likely to contain the fluor
spar mineralization needed for industrial purposes. Inspection
of shear anC fault zones cutting across the granitic rocks and
affiliated younger granitoids can be expected to reveal fluor
spar mineralization.

E. Feldspar

The Om Bogma granite batholith may contain pegmatitic bodies
from which feldspar can be extracted. Only few examples of
small pegmatitic bodies could be recognized during the current
field work. Specialized eXfloration should be directed toward
feldspar deposits, based on small scale geologic mapping of
area8 of acidic baseITent rocks.

F. Quartz

Quart!., either in the forw of veins or as associated feldspar
in larS~L p0gmatitic bodies should be looked for in the Om
P.Jgma pink granite batholithic intrusion. The exploration for
~~artz should be integrated with any programs for fluorspar

and feldspar.
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I. DESCRIPTION OF EXISTING CONDITIG~S

A. Previous Production

The production of manganese ore was mainly from underground
workings. These supplied 80% of the total production, and
20% of the total production was produced from sllrface workings
with overburden not exceeding 4 meters in thickness.

Table III.C-l in Section 111.(' of the main text shows SMC
production from the first operating year, 1918, until the
last in June, 19~7. The average analysis of the production
is shown as mangarjese, iron, total (manganese + iron) silica
and humidity.

Table lII.C-l also shows the average manganese and iron a~alyses

and their combined percentages from 1918 until 1967. Based
on lnese data, the following can b~ concluded:

o The manganese + iron percentage is about 57%.

o The manganese grade is ~ecreasing.

o The iron grade is increasin~.

o The mangane~~e + iron percentage was nearly CC"lstant since
19S3.

a The silica ]s gradually increasing.

o The rnangancst: to iron rat.io slarted at, "3:1, fell to ahout 1:1,
anC ended as 2:?

D. 11" ..,Hnng OpE':ra t ions

Undergroun~ and Surface Mining Systems were employed in the Om
Bogma mines.

Room and p':} len methods It/orc' used i fj (1m Bogma manqancf;e
dc:posits. ':'his mining methoc; was err.p]o,/ed since 1918, tr.0
beginning of the extraction of manganese ores in the Om
Bogma district.

l\ttcmpts to \;~e other ;-:',cH.(J(;s j nf.>teacl of room un(~ pillar
It/(>re tr iu: rH~t never fully (:c~veloped. Jl.. modif ied short
~all metho~ was tried bLt abandone~ because the hanging wall
could not be sufficiently well controlled and timber con
sumption was hign. This was due to extensive faulting in
the area.
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The room and pillar method was used for the following reasons:

o F a TIl i .1 i a r i t Y (! f t h C' Il1 e thoc1 by t h l' m.1 ncr s .

o A simple and flexible method.

o Safety.

o Little timber used.

o Mining losses not great.

The disadvantages of the room and rillar method, as applied
by SMC, were high explos i vc consumption Clnd r,oor planning
which did not comprehend a centralized mechanical approach
to mining.

a. Roow a~d PillarfMining by SMC

Drillins and blasting of the face was done by three men
and six laborers. The are was loaded for mucking in one
tonne rail cars pulled by diesel locomotives of 30 hp.
Track gauge was 60 em tetween the mine and ropeway
hunkers. The ropeway, aerial tram, hauled the ore to
Depot No. 2 from where the ore was moved by 130 hp
diesel locomotives to bunkers and stockpiles at Abu
Zeneima. Main line track gauge was 75 em for 5-tonne
ore cars.

After the ore between pillars was completely extracted,
a retreat system was used to extract the pillars.
Supported open stopes used tim~er props during retreat
for roof support. Where timber could be recovered
safely or was not used i~ tr.~ retreat, the roof was
allowed to collapse. Timber props were all imported and
no steel \-as used. Some timber had been removed,
probably by local inhabitants over the abandoned yedrs.

The headings normally used a cross section of 2 meters
by 2 meters. The advance per rounct was about one linear
meter and the heading rarely required support. Headings
were done in the prospection period in order to maintain
the ore reserves. As required, halageways for ore ware
through the development headings.

(1) Drilling

Eecause manganese dust has lnjurious effects on the
health, water flushing was used in drilling. All
water was pumped to the mines from the £1 Markha
well. The drilling was done by three men or one man
witr, ar. airley. 1.ightweight, 24-kg percussion drills
were useo. After J960 based on a Demag suggestion,
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( 2 )

some small, hand-held rotary drills of 12 kg were
operated, but they failed in the hard are.

Ire Are.] No.8 the thickness (If Llw mangnl\L'ue d('L'ouJ l
is about four meters. Miners required wood scaf
folds to drill the higher part of the are, and the
timberman needed scaffolds to set headers to: the
posts. Wooden scaffolds arc commonly [icen JlI the
mine indicating that scaffolds were still being used
until June 1967.

The drilling pattern used was the ordinary or pyramid
cut. The drill round was about 1.0-1.15 meters. The
advance per round was 0.9 meter. Cut holes were
connected at the bottom because of safety fuse and
cap use. This ensured successful detonation of all
holes.

Elasti:1o
r'..

BIas t ho 1e s pac in\., depender: t .::,n U1C hardncs s 0 f the
mar:ganese rock, was about 50 c~ in headings and 120
c~ in stopes. The length of the charge per hole was
about 65% of the bore hole length. No electrical
firing was used excert for experimental work in
c:riving tunnels.

Domestic explosives were used as follows:

o Gelatine dynamite, 80% strength, No. 5

o Cartridge of10-cm ::'enqth by 30-mm diameter
(or 7/8-in. dia~eter)

o Detonators, No.6 and ~o. 8

o Safety fuse, detonating cord

( Cl ) r-1 a in Exp los i ve Mag a z i n l~s

SMC had 2 main explosi'./e n~agi:.lzines, each cf
a-tonne capacity.

o Depot No.2, Explosive Magazine. A tunnel
in the area of Depot No.2. The tunnel is
plastered but the doors are missing.

u Lease 8 (lower) I Explosive I"'agazine. In
siwilar condition to the ffiagazine ~t Depot
Ko. 2.

(b) Auxiliary Explosive Magazines________"-_...... . • :2 ,.

SMC tad 17 auxIliary explosive ffiagazines of
I-tonne capacity located in various mining areas.
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o Area 45 Auxiliary Explosives Magazines

- l\ 10-nH"tl'1- x 2-mf'ter tunnel wi t.h oo()r
missing.

- A 3-meter x l-~eter tunnel at Abu Natsh.

- A magazine buildir3 of 7-meter x 43-meter
dimension but with no doors. It 1S 1n
the Tobia area.

o Area Abu Thor Explosives Magazines

- A tunnel 38-meters x 2-meters without
doors.

- A tunnel 6-meters x 2-meters without doors.

o Area Abu Hamat Yemin Explcsives Magazines

- l\ tunnel 22-meters x 2.5-meters without
door.

- A tunnel 1.5-meters x 1.5-meters without
door.

o Area Abu Hamat Shemal Explosives Magazine

- A tunnel IS-meters x 2-meters without door.

- A tunnelS-meters x l.S-meters without
door.

o Om Bosma District Explosives Magazines

- Area 10 has 2 magazines, 2 tunnels and
missing doors.

- Area 9 has 3 magazines and 3 tunnels. Two
of them are missing doors while the third
is complete with doors.

- Area 8 has 3 magazines, 3 tunnels and doors
missing.

b. Miner's Lamps

Underground work viaS lit by acetylene lamps also called
carbide lamps. Corrmercial carbide yields 4.6 ft 3 of gas
per pound of calcium carbide. A lamp will burn for 7
hours on 1/4 kg of carbide.

5-4



c. Mine Drainage

No undergro'.lIid \..;aL'l: v/il~; rcconlcd i 1\ IIH' mint'/1 01 lllll"

nels. Surface inflow occurred through outcrops due to
the moderate rainfall. This was especially noticed
while mining to an outcrop adjacent to large drainage
b':'lsin:;. '1'his phoneon1c:nc,n \.,r.:.w nc,ticed ill Fl AllucJCl anel
El HessiJnia adits. One of these J~; stU 1 ful L frum
occasional inflow. It was also noticed in all the
inclined shafts and pits as at Abu Zarab. All these
inflows were accumulated during the period of occupation
when the mines were not maintained.

d. Mine Venti~ation

No mec~anical ventilation was used, since natural ven
tilatiG~ ~as sufficient. At times, it was necessary to
use fans to drive headings.

e. Pipir-.CJ

The comr'ressec air lines Cilone; the mC:llr, LJro(~uction roads
were 3 or 4 inches in ~i~meter. Major branch lines were
2 inches with ~inor branch lines 1 inch to the various
driving and ~orking points.

The total lengths fou~d in S~C1S WInes are as follows:

Diameter (inches) Ler.qth (meters)

4
3
2
l~

1

1,900
~_,870

3,290
2, 640
1,960

11,660 meters

About 95~ of these pipes arc lr good condition.

f. TracKaCle
r'

The 60-Cffi gauge used track was mcstly 12 kg/re (25 Ib/yd).
The switches were 7 kq/rr, (15 lb/yd). The total of
measurec, used track i~ the ~ines is as follows:

({"eight

12 kg/m
9 kg/m
7 kr;/m

18 kg/~ (csed ~or t~e

wiLcr. inclir.e
on HI~l [\0. 8)
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10,620 IT,

1,160 n~
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The total of used switches found in the mines is as
follow':.::

g. Mine Cars

\\'cigLt

12 kg/m
9 kg/m
7 kg/m

gUClTl.!.2 ~y_

1 1
1

38

Two types of side tipring mine ca~s were found, V-shaped
and U-shaped. Cars w~re found with capacities of 0.75,
1.00 and 1.40 tonnes.

The total number of mine cars found lS as follows:

Quantity

71
J 'J1-

38
1
9

h. Mine Locomotives

Specifications

Capacity 1.Ot - complete
Capacity 0.7St - complete
Box only - It
Box only - 1.4t
Chassis only

Mine locomotives, 60 c~ gauge, were powered by diesel
engines of 30-35 hp. The 13 locomotives found had the
body only with engine drives and some parts missing. All
are considered scrap.

l. Air Compressors

Air compressors used in mines were mainly reobile type with
diesel engi.ne drives. All seven air compressors found in
the nines were scrap.

2. Surface Methods

Surface mining \-:as used when the overburden was less than
4 meters or when the overburden to the ore was not more than
0.5:1 on a volume basis.

In some locations surface mining was used initially until
the overburden reached 4 meters thick. At this point under
ground mining was started. These operations can be seen in
Lease 267, Abu Kafas, and Hill 1\0. 5, Lease 286.

Consumption of explosives was low in surface mining and the
overall mining costs were low.
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3. Ore Loading

Loading of ore to either the mine cars or motor trucks was
done manually by means of a hoe and iron baskets. These were
carried on the head from minefRces to oro cnrA.

4. Labor

Laborers who worked in exploration and mining of manganese
ores were mostly from El Khatara village. Some were from
El Hegaza and Koft villages. The three villages are in
the Kena Governorship of Upper Egypt. Laborers were en
qaged under contract for a period of 5 months work. After
this they returned to ~heir villages for a period of 3 to 4
months before returning for another 5 months work.

The company, according to the labor laws, supplied houses fGr
married miners and furnished rooms for single miners. The
company also subsidized housing and ~rovided free medical
services.

a. Labor Classifications

Laborers were divided into three groups according to the
following classifications:

( 1 ) Con tr " I-

Dr i llers, timbermen, muckers, trammel's, rr:)ad con
struction.and maintenance.

(2) Permanent

Truck drivers, bulldozer operators, grader operators,
winch men, locomotive drivers, pipe fitters, gandy
d~ncers, blasters, mechanics and electricians.

(3) ~~aL.ive

Guards, drlvers, hand sorting teams for the various
high grade metallurgical manganese and manganese di
oxide ores.

b. Output Per Man Shift

Using lO-tonne cars (i.e. 10 tonnes) per mucker per shift
on shift cont~act and three drillers without airleg drills
providing muck for 6 to 8 muckers }cr shift, average
productivity was about 5.4 t/shift, which included muckers,
drillers and timbermen.

Other productlvity flgures incl~Ce 2.~ c/man shift at the
mine bunker and 0.75 t/~an shift overall mine production
at Depot ~o. 2, end of aerial tramway.
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c. Headings - Labor Requirements

Labor required for driving one meter of headin~ WRR:

Man Days/Meter Headin~

2 .26
2. 63
O. 33
0.32
0.33
0.30
1.20

7.39 day/meter drivage

Classification

MUCKeru
Drillers
Blasters
Locomotive drivers
Fitters
Assistant Rais
Others

Average ~eters/man shift = 0.135 m

The labor requirec for 100 t':-dnes of production of
manganese are delivered to the cable-tra~way-bunker was:

Ivlar. Days/lOa Tonnes

10.00
6.00
2.50
2.85
3. 35
1.4 J
1. 52
1. 00
4.00

32.65 day/lOO tonnes
producticn

Clu.ssification

Muckers
Drillers
1'imbermen
Blasters
Locomotive drivers
Fitters
Bin workers
Bais
Others

5 •

Average tonnes/man/shift delivered to bunkers = 3.lt

Production Costs for Manqanese Orc
I'

a. Manganese Ore Production Cost (~or 1950 through 19S3)

Costs per tonne for manganese ore production are in
mi11iems and were ab3tracted from old records from 1950,
1951, 1952 and 1953 at Abu Zer,eima:

'fear 1950 1951 1952 1953-- --- --- --
Direct Costs 540 7 7 " 626 756f..!

General Charges &
Maintena.nce S08 5 J 4 552 521

Overhead C~1arges 537 G62 620 739--- ----

Total FOB Abu Zene ir:~a 1, 585 1,<:169 1,798 2,016
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(1) Direct Costs include:

o Average mining costs.

o Tramway (men, transport cost and repairs).

o Railway (men, repairs to locomotive and cars,
operating costs and loading).

o Abu Zeneima (unloading, handling, bagging and
sorting for fines and pyrolusite).

o Ship loading (loading, repairs, screening plant,
etc. ) .

o Accident c)mpensation.

o fI.ll cos ts of sampl ing and anulysis.

(2) General AdministraLive and Maintenance Costs include:

o Om Bogma (European houses, workmen houses,
kitchen, bakery, mine building, water pipeline of
Suez supply and of wadi supply, etc.).

o Tramway (general ffiaintenance, ore bunker, insur
ance, engineer and crew).

o Railway, maintenance of ways.

o Abu Zeneima (loading, power plant, water lines,
telephone, etc.).

o Casualty damage.

o Messing and facilities.

(3) Overhead Charges include:

a European staff (salaries, subsistence allowance,
travel, hotels, sundries).

c Egyptian staff (salaries and wages for Abu 7.eneima
and Om Bogma, survey assistants, labor recruiting,
travel ~xpenses, guards).

o Medical and sanitary (salaries of doctor and
nurses, hospital, drugs and dressings in Abu
Zeneima and Om Bogma; .

o Sundry services (domestic lighting in Abu Zeneima
and Om Bogma, ice plant, domestic water supply
from Suez and wadi) .
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o Freight loading and unloading (loading and dis
charging vessels, stores handling charges,
loading and running motor vehicles at Abu Zeneima
and Om Bogma) .

o General expenses (telephone, telegrams, post, bank
charges, rent licenses and fees, taxi, agency fees,
legal expenses in Egypt, insurance, sundries).

o Motor road.

o Motor vehicle renewals.

b. Manganese Ore Produ~tion Costs for 1964/1965 and 1965/1966

For the years 1964/1965 and 1965/1966, the manganese ore
production costs per tonne in mi11iems are abstracted
from geologist Abu El Eneim's Report:

Years

Mining Cost
Abu Zeneima Services Cost
Cairo Services Costs

FOB Abu Zeneima

1964/1965

663
1, 107

1,770

1965/1966

674
976
650

2, 300

c. Mansanese Ore Production - Daily Average

The average daily production of manganese ore for 1950
through 1953, 1964/1965 and 1965/1966 was:

Year

Average Daily
Production
(tonnes)

1950

510

1951

514

1952

622

1953

670

1964/
1965

585

1965/
1966

611

As the above statistics indicate, mining costs remain the
same despite elapsed time, increased materials cost, and
the changes in the labor laws which affected salaries,
wages and overhead expenses. This may be due to the
ir.creased production froIT surface mines offsetting under
ground costs. Production from 1950 to 1953 was mainly
from underground mine Leases 8, 9 and 10. These produced
660 tid from 12 tunnels and 3 open-cuts in 1960.

d. Previous Production Costs Sumrna·~.L

After 1960 other minerals were produced, including gypsum
fro~ Ras Malaab, kaolin, white clay ar.d glass sand. All
these minerals shared in the overhead, general an~ main
tenance expenses. Accordingly, the cost of the manganese
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ore was affected. Complete amortization of the
ropeway, railway and the main facilities of Abu
Zeneima and Orr Bogma occurred earlier. Therefore,
the cost of the manganese are did not bear any
portion of amortization.

The prospecting work executed in 1953 amounted to
742 meters and increased the ore reserves by 34,500
tonnes at a rate of 46.49 tim. From 1960 through
1967 this rate changed considerably. Prospecting
work in 1964/1965 was executed in the following
mines:

Mine

Gebel 8
II Korb
Gebel Fouad
l\.bu Barna t Yemi r'
A~u Hamat Shemal

Linear Meters

38.5 meters
27.0 meters
24.6 meters

137.0 meters
377.7 meters

Areas that were mined first exhausted their ore
reserves before 1967. Hence, it appe2rs that these
prospecting costs were excluded from the true
mining cost.

hbu Zeneima overhead costs for 1964/1965 and 1965/
1966 were higher than those for 1950 through 1953.
The Cairo overheads in the 1964/66 period were the
same as in the latter four years.

6. Transportation

The transport of the wanganese ore extracted from Om Bogma
district to Abu Zeneima was difficult due to the very rugged
topography. The German Company, the first operator, found
that the best method to bridge the mountain conditions was
a hi-cable tramway. The first system was installed by
Messrs. Bleichert, a Cer~an company, in 1913. The bi-cable
tramway extends from Om Dogma manganese deposits to a
bunker, Depot No.2, located near the coast of the Gulf of
Suez. from the bunker, a railway 1il.8 extended to the Abu
Zeneima stockpiles. Material was ~oved from the stockpiles
by belt conveyor tb the ship loader.

a. Uncersrounc Hau] in9

Manganese ores were transported by side tipping mine
cars cf one tonne capacity, and were pulled by diesel
loco~otives of 30 hp. The railroad moved ore from the
development work a~d ~ining operations to the tramway
bunkers. ~rack was 60 em gauge and weighed 12 kg/me
Existing track in the mines is:
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10,620 meters
1,160 meters

330 meters
100 meters

12 kg/m
9 kg/m
7 kg/m

18 kg/m

with 11 switches
wi th 1 swi tch
with 38 switches

All of the thirteen 30-hp diesel locomotives utilized
before the war are now scrap. Mine cars existing today
are:

7J cars complete
38 cars, boxes only

9 cars, chassis only
31 cars complete

b. The Bi-Cable Tramwa~

1 tonne capacity
1 tonne capacity
1 tonne capacity
3/4 tonne capacity

Ore was transported from the bunkers of the production
areas Lo the terminal bunker, Depot No.2, by the ~ain

bi -cab Ie tramway. Another s.nall bi -cab Ie tramway exis ts
on lIill No.5. The main trarriway reaches from Station
No. 8 to Depot No. 2 and is called the main tramway with
a length a f II, 855 meters. Faul age on the main tramway
moves the are by g~avity to Depot 2. However, the
section to Ras Fl Homarra requires power.

Tramway Leg I is the extens~0n from Station No. 9 to
Station No.8 or Hill No.8. The tramway extension from
Station No. 8 to Abu Hamat Shemal Station is called
Leg 2 and this part moves ore against gravity for a
length of 1,520 meters. The difference in elevation
between the stations is 188 meters.

The main tramway was pI anned to extend froIT, Abu Harnat
Shewal Station to Abu Hamat Ycmin Slation, Leg 3-a,
which would have been against gravity. This 1,300-rneter
span was under construction in 1967.

(1) Cables

The main bi-cable tramway consists of the following
mixture of cables:

o Two track cables of non-stranded smooth coil. The
cable diameters in the main tramway are 42 mm for
the loaded carriers cable and JO mm for the empty
carrier cable. The diameters in Leg 2, Leg 3-a,
and the cables from Station No. 9 to Station No. 8
are 35 mm for the leaded carriers cables and 25 mm
for empty carrior cables.

o ~he endless stranded traction rope for moving the
loads has various diameters. The main tramway is
24 mm, and for Leg 2, Leg ), ~tation No.9 to
Station t-.io. 8 (both upper and lower) it is 19 nun.
The speed of the traction rope was 2.8 rn/s.
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(2) Carriers

Each carrier consisted of:

o CaYriage (trolley) with four wheels to run on
the track cable.

o \'ravity-operated grip for seizing the traction
rope.

o Bucket with a capacity of 685 kg of manga~ese are
equal to 3.5 hI. The bucket top dimensions are
106 cm x 70 cw with a bottom width of 42 cm and
a height of 57 em.

There are tank carriers to transport water to the
stations and personnel carriers for station inspec
tio~s of the towers end cables. Tram~ay cars spaced
171 meters apart could be moved at the rate of 59
per hour.

(3) Stations

The main tramway statio~s are:

o The terminal stati()r.~; :.Jo. 8 (lower) for loading
are and Depot ~o. 2 fer discharging the carriers
cr tramway cars.

(l ':'he 9 intermediate statiGns which are tension sta
tions, break-over stations, transfer stations and
a ns 1e s ta t i cn s .

The other tramway stations are geographically distri
buted as follows:

c Leg 1 has one loadins station at Station No. 8
upper (Hill 8) and 'rransfer Station t·:o. 9.

o Leg 2 has one terrinal station for loading CArri
ers at Abu Hamat Sheffial. At 187 meters before
!\'j'.j Hamat Sher.La.l, there i.s an intermediate
eq~ilibrium station. At Station No. 8 (upper),
there is a transfer station.

o LE'J:) has o.:e terr:,inal statio~ for loading at Abu
Ha~at YeFi~ and one tra~sfer station at Abu
Hamat Sherr.a}.

(a) Stations Bel\·/eer. Stati.on .l\O. 8 Clncl DeEot .Nc. 2

The names anc~ functions of these stations are
surrmar i zed as fo 110\','s:
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Stations

Depot No. 2

No. 5

No. 6

No. 7

El Shami

El Sence

No. 11

Zaki

No. 1 J

No. 9

tlo. 8

Description

Discharges carriers to bunker.

After tower No. 18, a tension
station.

After tower No. 25, a tension
station.

Station No. 7 is an operating and
control station between Depot
No. 2 and Station No. 10.

After tower No. 30, a tension
station.

After tower No. 44 , a double
anchor.

After tower No. 52, an angle
stat.ion.

After tower No. 50, a tension
station.

After tower No. 62, an operating
control and tension station.

A:ter tower No. 67, a transfer,
tension and angle station.
Station No. 9 has 2 branches with
one line to Hill No.8, Abu
Hamat ShL~Jl, and on the Abu
Hamat Yemin. The other branch
is to Area No.8.

After tower No. 69, a terminal
for loadina.

(b) Stations Between Station No. 9 and Abu Hamat
Yemin

Stations

No. 9

~o. 8

Abu Hama t
Shema 1

t;o. A

No. B

No. C

l\bu Hama t
Yemin
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Description

Discharge station from Upper Lease
~o. 8, and a tension station.

Transfer station at Upper Lease
~o. 8.

Tension, transfer and angle
s ta tion.

Tens i on s ta t ic,n.

Tension station.

Equilibrium station.

Loading terminal.



(4) Towers

Towers between the stations are for supportinq track
cables and the traction ropes. There are 69 towers
betwc~n Depot No. 2 and Station No.8. There are 14
towers from Station No. 9 to Abu Hamat Yemin.

These towers are of steel latticed construction with
saddles and traction pulleys on the top for supporting
the track and traction ropes.

(5) Bunkers

There are seven bunkers with different capacities.
Pour bunkers are between Station Area No. 8 and
Depot No.2. There are three bunkers between Station
Area No. 9 and the station at Abu Hamat Yemin.

Cc1[laci ties of the seven bunkers are:

nunker No.

Depot No. 2

Station ~o. 10

Statien No. 9

Lower 9

Hill t'lo. 8

Abu Hamat Shemal

flbu Hamat Yernin

(6) ~)verall Trarnvlaz-Earacitj'

Capacity (Tonnes)

2,000

4S0

1,20 0

800

450

750

Under construction
(1967)

On the basis of 300 working days per year, 2 shifts
of 7 hours each, the tramway could hundle 35-50 t/h
c,r S00-600 tid. 'l'he daiiy cal;acity includes the
overall efficiency. Station Hill No. 8 to Abu Hamat
Shemal Station is 1,520 meters. Abu Hamat Shemal
;' tat ion to i\ Lu iJ a mat Yerr: inS tat ion i s 1, 300 met e r s .

(7) Hill No.5, Small Bi-cable 'l'ramway

A second small hi-cable tramway, or Jigback, was
\1sec\ j n the transportation of the ore from Hill
~o. 5 downhill to the b~nker in Lease S From the
bunker the are was transported by side dwnp mine
C<1rs pulled by locomotives of 35 hp to the bunker of
Station No.9. From here the ore was transported by
r.w in bi -cab le tr Cimway to Depot No.2.
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The small bi-cable tramway has one tcwer and two
bunkers, one at Hill No. 5 and the other at Lease 9.
The cable diameter on both tracks is 20 mm.

c. Present Condition of the Tramway

Tramway Components

11 7

7 /J 14

4 3

78 25

74 ~~

1 <)

G

Descr1Dtior.---_....._--
Number of Stations

Number of Towers

~umber of Bunkers

Numter of Lo~ded

Carriers

Number of Empty
Carrjers

Number of Carriers
Stand-·by

Number of Water
Carriers

Number of Labor
Carriers

From Depot
No. 2 to

!'.rea 8
(leIweI')

From Station
No. 9 to Abu
Hamat Yemin

Hill
No.
5 Total---
') 20<..

, 89_l

2 9

1 104.l.

1 97

19

6

1

(1) Stations

The main receiving ~tation bas no ra11, none of
the ;6 carrier discharge cornponents, and LO
grease points. The Depot No. 2 Station needs:

a Eeplace!\lent of all !1'issing parts.

() Cleanine; of rust am~ repainting.

o Inspection of the saddles, sleaves, attachers
and aetachcrs.

(, Reconstruct ion of the lLlborers I buildinSIs.

o Reconstruction of 2 water tanks and their
connections to provide water to the water
carriers.
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(b) Station No.5

The station skeleton is complete on its steel
structure bose, but requires:

o Removal of corrosion and repainting.

o Heplacement of grease points.

o Replacement of some saddles.

(c ) S ta t ion t-~ 0 • 6

The station is complete on its concrete base,
bu t requ ires:

o removal of corrosion and repainting.

o Replacement of the grease points.

((3) Stutic1n No.7

The steel station of the skeleton is complete,
but needs:

o The brake reraired.

c reconstructing the station, labor building
and th0 station roof.

o A generator.

G Completion of the g~easing system.

n removal of corrosion and repainting.

o Perairin~ the workshop.

( C' ) F~. '.1- Shan~y S tc) t lon

The steel skeleton of tte station is on a con
crete base and needs:

o removal of corrosio~ and repainting.

o Completion of the greasing system.

(f) Zaki Statien

The steel skeleton of the station is on a con
crete base c)nd needs:

( , P eM 0 v Ci ~ 0 f cor r 0 sicn itn d repa i n tin 9 •

c Completion of the greasing system.
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(g) Ras El Homarra Station

This station needs:

o Rebuilding the residence of the labors and
generator house.

o New water tanks.

o f'., genera tor.

(h) Station No. 10

This station consists of the drive machinery
for moving the cable line to Depot No. 2 and to
Station No.9. 'l'he stat.ion lacks the line
speedometer, some parts of the brakes, the
generator, the air compressor and all the equip
ment and tools needed by the station workshop.
In addition, Station No. 10 requires:

a Reconstruction of the station roof.

o Six new water tanks for machine cooling.

o Removal of the corrosion and repainting.

(i) Station No. I)

This station requires:

o Reattaching sorre angle iro~.

o Generator and rrachine drive.

o Some new wood planks for the floor.

o Reconstruction of the water cooling tanks.

(2) Tramway Add-on Sections

(a) LeS! No.
;

.1.

The Leg No. J span from Station ~o. 9 to Hill
1';0. 8 is 800 r.letars long. The cable diameters
are 35 mm on the 102ld side, 25 mm on the empty
side, and 19 mm on the moving cable.

Ore from Hill No. 8 is received at Station No. 9
and is transferred to the bunker serving the
main tramway to Depot No.2. This part of
Station 9 is complete.
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(b) Leg No.2

This leg spans the distance between Hill No. 8
and Abu Harnat Shema] for a length of 1,520
meters. Cables are the same size as in Leg
No. 1. The Abu Hamat Shema.l station needs new
drive machinery.

(c) Leg NOn 3-A

This connection is between Abu llamat Shemal and
Abu Hamat Yemin with a length of 1,300 meters.
Cables are similar to tllOse on Leg Nos. I and 2.
Leg No. 3-A has four stations:

o Abu Hamat Shemal Stat10n (previously men
tioned)

o Station A

o Station B

o Station C

Abu Barnat Yemin Sta tion WC'tS under cons truc tion.

(3) Towers

There are 69 towers from Depot ~o. 2 to Station No.8.
F.ll 69 towers of the main tramway need paint,
greasing and new saddles. Towers 55, 57, 58, 59, and
GO need their ladders replaced or repaired. According
to the present physical condition of the towers, each
15 classified into one of tte four categories below:

(a) Towers 60% Usable

1 - 2 - 4 - S - 7 - 11 - 12 - 13 - 14 - ] 5 - 16 -
19 - 20 - 22 - 23 - 24 - 25 - 26 - 22 - 32 - 33 -
36 - 37 - 38 -- 39 - 43 - 44 - 46 - 49 - 52 - 53 -
62 ana 66.

Tota] = 33 towers

(l> ) 'l' 0 we r 5 0 't to 6 (; ~ Us ab 1e

3 - 6 - 8 - 18 - 27 - 29 - 30 - 31 - 34 - 35 -
40 41 - 42 - 45 - 47 - 48 - 50 - 51 - 54 - 56 -
61 - 64 - 68 and 69.
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(c) Towers 40% to 50% Usable

9 - 17 - 21 - 55 - 57 - 58 - 59 - 60 - 63 
65 and 67.

Total = 11 towers.

(cJ) Towers 30% to 40% Usable

Total one tower.

Tn addition, there are 14 towers in Leg Nos. 1, 2
and 3-A. Their present physical condition is:

o Two towers only on Leg No. 1 from Station No. 9
to Hill No. 8 and they are in good c:mdi tion.

o The 9 towers of Leg No. 2 from Station Hill 8 to
Abu Hamat Shemal are in good condition.

o The 3 towers of. Leg No. 3-10. from Abu Hamat Shemal
to Abu Hamat Yer.,in were under construction and
all the components appear to be at the sites.

(4) Aerial Tramway Cables

To prevent corrosion and decrease wear, the aerial
tramway cables ~eed regular lubrication and periodic
shifting on thG saddles. But due to the period of
about 13 years when no maintenance was carried out,
all the cables deteriorated to the point of requiring
complete r 0 placement.

ThE-' old '-,MC progran, was to extend the tramway, after
completing the bunker of l\,bu Hem,at Yemin and its leg
to Abu Zarab and to E1 Alluga, as follows:

l\bu Hamat Sherr~a1 to
Abu IIamat Yemen Leg ]-A = 1.3 km

Abu Hanla t. Yemin to
Abu Zarah Leg ]·-B = 1 . CJ km

Abu Zarab to El 1\11 uga Leg ]-C - 1.6 km

Abu Harrat Shen'a .l to
El Ramsy Leg 4 - 2 . 5 km

All these extensions were proposed to carry loaded
buckets uphill and to consume extra power.

d. Rai.lr~a~~~spor~

Ore was transported from the final station of the tramway
called Depot No. 2 to the Abu Zeneima area either to the
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(4) Present Condition ot the H<1ilroad - Sli.l1mary

More than 10 ~1 of the side slopes on the right-of
way have been destroyed and nearly all sleepers are
beyond use. Should the railroad ever be used in the
future, which is unlikely, 3,355 meters will have to
be dug cut from slide material covering the tracks.
About 3,535 meters of rail is completely missing and
2,050 meters is present but in an unusable state.
Any repl~cement would require consideration of
drainage to prevent washouts.

~un@ary of Railroad Condition

Line Track
Track l'ndes-

Present Line troyed
Distance Track but l'n- Track and

Location i?1eter~ Eemoved usable Buried Usable.. -----
From k.rn 0 tc

km 1 1 , non 1,000
From km to

km ') j, CUO 780 50 170
From km 2 to

kni 'j 1,000 190 810
From kIT' 3 to

km 5 2,000 405 285 1• 310
From km ~) to

kIT: 6]: 1, 500 880 020
Fron: 61." to km 7 500 500
fro;n kill 7 to

KIT}
-n SOU 500

Fr ()l'. h;] 7~~ to
K::; 9 1) 5(10 2(jO 1,300

From kin 9 to
krn 12 ],000 2, i 50 200 650

Vro:" kr:. ] 2 to
kl1: 1 ~ ~ l,(jCJO 1,000

i:rom klli 1 ''. to
~m 14 1 ,000 I,OOC!

l~ror.l kr.J
. ,

toL q

hn 1L.;~ s(!n 500
FrClIT 1~ !~ tu

~1f1 ; " '~, (l (, 'iOO
I: I ('111

r
I t (j

~.r.l 1h(~ i r (: () 11 500~..;.;... ---- _.._.._---.~ ----
I (;~ km 16,S()O 3,535 i,G50 3,355 7,560
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o Removing standing water and impnoving drainage at
conveyor and dumper.

o Replacing all belts.

o Reinstalling drivemotors, controls and associated
electrical parts.

g. Previous Direct Costs for Transpor~

Year

Method

Rope
LE/'llonne

Railway
LE/Tonne

Belt ccn
veyor
LE/Tonrle

Trucks
LE/Tonne

1950 1951 1952 1953 1961 1962/63-- -- --
(1) (1) ( 1) (1 ) (2 ) (2 )

0.1345 0.120 0.11825 0.141 0.053 0.059

0.0975 0.120 0.13858 0.067 0.066 0.079

0.0299 0.0447 0.02866 0.029 0.046 0.054

1.360 1.025

The above data is from old accounting books found in
Abu Zeneir,cl. The outa were extracted from SMC Annual
Reports ~nd yearly budgets as submitted to the Assemblies
of the Mini~g Organization. In our opinion these costs
are unc:erestima ted and are nCJt representative of the
actual costs.

h. R0Clds

(l) !v1a l n [{oatis

There are two ~ain roads froffi Abu Zeneima to the
mines of Om Bogma. The present condition of th(~e

roads is:

(a) F] Tarik £1 Daiiri Road

This road connects ~ildi Muttala, Dibbet El
Uer i, v,rad i ~as s ib, I\bu Thor I Abu Barna t Yemi n,
f:l Beida, Area No.8, Area No.9 and Arec\
no. 1 0 . ~lh j~; r 0 adis c a 11 edt11 e c ire u I a r r 0 a d
or E1 Tarik EJ Daiiri, and its length is 59 km.
The following lengths make up the 59-km road.
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Asphalt
From To Total/lall Road/km Track/kro

Abu Zeneima Bir Nassib 39.00 35.5 3.5

Bir Nassib Ahu Thor areil 2.00 2.0

Abu Thor area Abu Hamat - 11.20 11.20
E] Beida

E1 Beida

Area No. 8

Area No. 9
(mosflue)

Area No. 8

Area No. 9
(r:lOsque)

Area No. 10

2.50

1. 50

2.80

2.50

1. 50

2.80

Total lengh of the road
from A.bu Zeneima to
Area No. 10

')9.00 km 35.5 km 23.50 km

The asphalt road was broken down in many places
by the flow of rainwater. Side slopes need to
be restored. At one end of the road, passing
through a cut, the base course material should
be completely replaced. Repaving of the road
sections can be improved by motor grader work
to provide a good surface for trucks and cars.

(b) Wadi £1 Shalal Road

The second access road passes by Depot No.2,
Wadi Baba, E1 Dehissa, Area No. 45, Wadi E1
E;ha la 1 to Om Bogma, Area No. 10. rrhi s road goes
directly to Area No. 10 witho~t passing through
t.he other Orr: Bogma mines. Its length is
38.2 krn. The folloy/ing lengths make up the
38.2-km road:

Unpaved
From '~'o Total/km Asphalt/krn Track/km

Abu Zenetma Entrance of 18.0 18.0
Wad i Baba

Entrance of Area No. 45 12. 5 12.5
\.fadi Baba

Area No. 45 Start at in- 4. 7 4. 7
cline

Tncline to 3.0 3.0
Area No. 10 38.2 kIn 30.5 km 7. 7 km
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The first 18 km are in good condition. The
next 12 .."J km, fron. thE' entrance of Wadi Baba to
Area No. 45, needs to be rebuilt. Water erosion
hus removed the base course of the road. Today
this purt is paved. However, this part of the
road needs to be fully reconditioned. The road
from Area No. 45 to the start of the incline is
closed due to side hill rubble washed down on
various parts of the road. This part of the road
should be reopened for transport of the ore from
El Hessenia, El Saaho and Om Ratam, and to
shorten the route to Abu Zeneima.

(2) Branch Roads

(a) Abu Zarab Road

At Kilometer 43, El Tarik £1 Daiiri, the circu
lar road, bee: ins a brarlch road of 4.1 kIn to the
Abu Zarab area. This branch is unpaved. Via
this branch road and E1 Tarik El Daiiri it is
47.1 km from Abu Zeneima to Abu Thor and 2 km
further to Abu Zarab. The Abu Zarab road is
about 500 meters long and, due to slides from
the sidehill, has been cut into 5 parts.

(b) £1 Al1uga Road

The road which goes to £1 Alluga area begins
from Bir ~assib and goes to Wadi Nassib and the
El Al1uga area. Its length is 4.5 kIn. A. part
of the road is very rocky and unpaved with a
length of about one kilometer. This part needs
to be resurfaced with clay or shales, while the
other parts need only reworking with a grader.

(c) El Rame:.'· Road--- _.....+---

This road branches from the circular road (El
Tarik El Daiiri) at kilo~eter 34.0 and passes
to Wadi Saba and on to the Ramsy area. This
branch has a length of 6.0 kIn, and one kilometer
has a very soft base due to the accumulation of
sand.

(d) Abu Ha~at Road

This u~paved road is a branch from the circular
road (El 'I'arik £1 Daiiri) near Abu Hamat Yernin
and goes to Abu Hamat Shernal. It has a length
of 1.2 km and needs to be repaired.
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(e) E1 Hessenia Four Branch Roads

This area is reached by 4 branch roads as
follows.

There is one branch road from the circular road,
from Bir Nassib passing by A1luga and then up
an incline to E1 Lahian Wadi. From here it goes
south to El Marahil and Wadi El Saaho, El
Hashash, and to the El Hessenia area (Om Sylat).
The length from El Alluga to the Hessenia area
is 13 km. It is a very bad road and extremely
difficult for a truck to pass.

Another branch road is at the end of the asphalt
road, part of the circular road passing the Wadi
El Sih to Wadi El Lahian and to El IIessenia.
The road is very bad and difficult to use by
trucks for ore transportation.

The shortest road is a branch from E1 Shalal
Road (Area 45) through El Shalal to El Hessenia.
Its present rhysical condition was not investi
gated due to a blockage of the £1 Shalal Road.

There is a 1.7 km branch road from Area 9.
This read is under construction. It was roughed
in but never comp1etec. Once completed, this
road could be utilized to transport the ore by
trucks to the tramway station of Area 9.

(f) Ras El Homarra Road

Ras El Homarra Road runs 2.00 y~ from Area 10
to the tramway station. The road's condition
1S very bad due to slides. This road needs to
be completely repaired.

(g) Abu Kafas Road

The Abu Kafas Road is a continuation of the main
road to El Shalal from Area 45. It extends for
3.3 km to Abu Kafas mines. About 300 meters of
this branch road is damaged by 6 cuts due to
slides. About two kilometers from Area 45,
there is 100 meters of the branch road in need
of repair.

(h) Abu Kasar/Wadi Budra Road

This branch road is 1.8 km long. This road is
parallel to the Abu Kafas branch road.
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(i) Om Rinna Road

This branch road leaves the Om Binna asphalt
road and leads to the mine working sites. This
road needs some minor repairs. It has a length
of 8.5 km from the asphalt road section to past
the highest point of the hill.

(j) V-Shaped Hill Road

This road is a branch from the circular road
100 meters from the asphalt end; for example,
at kilometer 35.6 going east through the Wadi
El Sih to the downgrade of the V-shaped hill
for a distance of about 3 km. Thus, the total
distance to the V-shape hill is 38.6 km from Abu
Zeneima.
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RAW t~TERIALS AND PRODuCTS

The following tables indicate projected analyses, and

some actual analyses, for raw materials used and products

made in the various processes considered for this project.



TABLE 6-1

PROJECTED ASSAYS

ORE RESERVE DATA

Case

I (1)

II (2)

III (3)

Mn/Fe

1. 03

2.00

3.00

Mn

27.40

33.0

39.0

Fe

26.71

16.5

13.0

4.0

5.0

4.0

1.0

1.0

1.0

CaO

3.0

4.0

3.0

1.0

1.0

1.0

(1) Data on ~m, Fe and Mn/Fe ratio from proven reserve data 

gangue oxides assumed.

(2) Data projected from overall cumulative figures of total

ore reserves.

(3) Data projected from cumulative reserves having a Mn/Fe

ratio of approximately 3 to 1.



TABLE 6-2

PROJECTED ASSAYS

LOW GRADE ORE (1) AND BLENDS (2)

Mn/Fe Ratio Hn Fe Si0 2 A1 20 3 CaO HgO

0.6 21.5 36.0 5.80 2.38 0.78 0.10

1.0 24 24 10 5 4 3

2.0 32 16 9 4 4 3

3.0 36 12 9 4 4 3

4.0 39 9 9 4 4 3

5.0 40 8 9 4 4 3

(1) Low grade ore .is Om Bogrna mine run with 0.6 Mn/Fe ratio.

(2) The 1.0 to 5.0 Mn/Fe are blends are assumed from dolomite-bearing new
areas are with enhancement from existing higher grade are deposits
having a predominantly acid gangue.



TABLE 6-3

PROJECTED ASSAYS - REDUCED ORES (1)

LOW GRADE ORE (2) AND BLENDS (3)

Mn/Fe ReI t io Mn Fe 5:1°2 A1
2

0
3

CaO ~£2. Wt Rec

0.6 28.5 1.8.0 7 .7 3.2 1.0 0.1 75.22

1.0 31.0 31.0 12.9 5.2 5.2 '3. 9 77 .46

2.0 43.1 20.0 11. 6 5,2 5.2 3.9 77.63

3.0 45.7 15.2 11 .4 5.1 5. 1 3.8 78.71

4.0 49.0 11 .3 11.3 5.0 5.0 3.8 79.53

S.O SO. 1 10.0 11 • 3 5.0 5.0 3.8 79.80

(1) 937 metallization of iron contained

(2) Low grade ore is Om P.ogma mine run \<lith 0.6 Mn/Fe ratio.

(3) The' 1.0 to 5.0 Mn/Fe ore blends are assumed from dolomite-bearing new areaa
with enhancement from existing higher grade ore deposits having a predomin
antly acid gangue.



TABLE 6-4

RAW HATERIALS

PROJECTED A.NALYSES

%
Coke

Fixed Carbon 75.0

Volatiles 2.0

H2O 12.0

Si0 2 5.0

A1 20
3 3.0

Fe 20 3 2.0

S 1.0

100.0

Quartzite

Limestone

99.0

1 ,0

100.0

55.0

1..8

43.2

100.0

Dolomite

CaO 30.2

HgO 21. 0

~'O 2.0~ l 2

CO 2
46.8

100.0



TABLE 6-5

LOW GRADE ORE
COMPLETE fu~ALYSIS

SMC - January 30, 1979

Constituent

Mn0
2

MnO

Fe
2

0
3

FeO

Si0 2
A1 203
Ti0

2
CaO

MgO

BaO

BaS0
4

CuO

I'bO

CoO

NiO

ZnO

Perc en t

32.76

0.97

51.52

nil

5.80

2.38

nil

0.78

0.10

0.40

0.90

0.05

0.07

trace

tracE

trace

(1)

Na
2

0

K
2

0

As 203
P205
S

COr
L

H')O

Undetermined

Mn

Fe

p

Mn/Fe

TOTAL

0.10

0.30

0,02 (2)

0.236

0.09 (2)

0.12

3.25

0.154

100.000

21. 46

36.03

0.103 (3)

0.60

(1) Based on 36.03% total Fe as Fe
2

0
3

.

(2) Assumed based on 42 and 48% gra~e and fine are analysis.

(3) From 0.236% P20S'
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Constituent

Mn0
2

MnO

Fe 20
3

FeO

Si0 2
Al

2
0

3
Ti0

2
CaO

MgO

BaO

BaS04
CuO

PbO

CoO

NiO

ZnO

K
2

0

As
2

0
3

P')Oc:
t.. J

S

CO 2
H')O

lTnd etermined

Mn

Fe

p

Mn/Fe

TABLE 6-6

HIGH GRADE ORE
COMPLETE ANALYSIS

SMC - January 30, 1979

Percent

67.77

11. 18

9.79

nil

1.16

0.90

0.033

1. 45

0.3)

1. 30

0.15

0.05

trace

trace

0.01

0.55

0.30

0.41

0.025

0.185

0.09

0.30

3.90

0.097

TOTAL 100.000

51. 51

6.85

0.081

7.52



TABLE 6-7
REDUCED PRODUCT

LOW GRADE ORE
PROJECTED ANALYSIS

Constituent Percent

Mn0 2
MnO 36.83

Fe 20
3

FeO L• • 31

Fe 44.55 (1)

Si0 2 7.71

A1 20
3 3.16

Ti0 2
CaO 1. 04

~gO 0.13

BaO 1. 32

CuO 0.07

NiO

CoO

PbO

2nO

N (l 0.01, a r
K ° 0.04

2
As 203

0.003

P20S
0.314

S 0.01

CO 2
H')O

L

C 0.30

Und eterm inec 0.203
---

TOTAL 100.000

~n 28.49

Fe 47.85

p 0.137

Mn/Fe 0.60

0) 93% metallization



TABLE 6-8

REDUCED PROD~CT

HIGH GRADE ORE
PROJECTED ANALYSIS



TABLE 6-9
PRODUCT ASSAYS

FeMn Pig Iron Semi Steel SiMn

%Mn 75.0 l~ .0 0.44 65.0

% Fe 16.0 90.0 98.24 17.0

% C 6.5 4.0 O. 04 2.0

% Si 1.]5 1.0 16.0

% Other 1.0 1.0 1.28
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ENGINEERS

DESIGN CRITERIA

The following tables indicate the design criteria developed

and used for the metallurgical balances and p~oduction

schedules for the processes and types of ore considered.

The criteria developed includes:

o carbon reduction reactions

o Metal to products recoveries.

o Specific power consumptions.

o Electrode consumptions.
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ENGINEL=P.'J

A.

B.

e.

D.

E.

F.

G.

H.

FeO t e
12

Hn0 2 + 2e
24

Mn0 2 + e
12

MnO + C
12

510 2 + 2C
24

=

=

=

=

=

=

=

=

TABLE 6-10
CARBON REDUCTION REACTIONS

2FeO + CO
144

2F.~ + 3eo
112

Fe + CO
56

Mn + 2Ci)
55

MnO + CO
71

Mn + CO
55

5i + 2CO
28

2P + 5eo
62
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TABLE 6-11
SUMMARY

METAL TO PRODUCTS

BASE RECOVERIES

FeHn Smelting

70% of Mn in burden to metal

SiMn Smelting

80~~ 0 f Mn in ~'" I"G2:-! to me tal

Pig Iron Smelting

92% of Fe in burden to metal

Semi-Steel Melting

100% of metallic Fe in burden to metal
93% metallization of Fe in burd~n

Process Recovery
*

95% in metal
95% in slag
5% losses - vaporization, dust, spillage and recycle
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Iron Smelting

-------- -- ---~-----~~-
-~-------~-------------------- -- ---_._-----~----~

TABLE 6-12
SUMMARY

SPECIFIC POWER CONSUMPTION

Pig iron

Semi-s teel

SiMn Smelting

Low Mn slag

1,200

600

0.5

0.5

0.5
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TAb,~E 6-13
ELECTRODE CONSUMPTION

Con8u~~ble Electrodes

FeMn Smelting

SiMn Smelting

Pig Iron Smelting

Graphite Electrodes

Steel - Slag Melting

~

25

35

15

7

(1) Reference Industrial Electric Furnaces by
J. Persson and V. Paschkis Interscience Publishers, N.Y. 1960
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DEMAG TEST PROGRAM

Smelting testwork conducted by Demag at Lauffenburg in West
Germany in 1959 has been reviewed and metallurgical balances
calculated from the data generated. The metallurgical balances
and summary tables from the testwork are included in the appendix
for reference purposes. A discussion of the Demag process data is
as given in the following.

The process proposed by Demag is the least co"nplex and involves
direct charging of the ferruginous manganese ore to an open top
smelter furnace along with coke and silica to produce a pig iron
containing about 2.5% Mn and 4% C. The high Mn slag contains 52%
MnO (40% Mn) and an 8 to 1 Mn/Fe ratio. The high Mn slag is
subsequently smelted with coke, limestone, and dolomite to obtain
standard 75% Mn ferromanganese and a low Mn slag. This direct
approach to duplex treatment of the Om Bogma ores lS considereo
the ~.1ost effective because of simplicity of the operation.

Th0 power consumption projected by Demag from the testwork at 2,700
k~h/t of FeMn js 11robably optomistic with the comparatively large
sla(J volumes encountered. A mor€~ realir,tic value is in the ranCJe of
3,500 to 4,000 kWh/t depending on slag levels. In addition, a
somewhat higher level of Mn can be expected in the pig iron if close
carbon control is not observed.
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TABLE 6-1lI
DEMAC TEST PROC~\M

SAEF

M:'i ORE - 0.6 t'lN/FE

PIG IROl\ + Fem

METALLURGICAL DATA

High C Pig
FeMn Iron

Operating Load - kW 9,000 9,800

Oper'l t ing Time - !': 96 96

Avg. Load - kh' 8,640 9,400

kl,.,Th/ Kg Alloy 2. 7 2.0

k;.Jb/t Allov 2, 700 2,000

0,

~in in ~1e tal 75.0 6.0/';'

C'-( Si 1. n :V:etal 1,5 0.5h

% c in Metal 6.0 4.0

Electrode Paste - kg/t 15 8



TABLE 6-15
DEMAG TEST PROGRAM

SAEF

MN ORE - 0.6 MN/FE

PIG IRON + FEHN

CAMPAIGN PROGRAJ1

1000 kg low grade ore 341 kg pig iron +
488 kg high Hn slag

1000 kg high 10.n slag 335 kg Fe~n +
926 kg low Hn slag

335 x .488 = 163 kg FeMn
926 x .488 = 452 kg low Hn slag

HOCRl.Y PRODUCT 10K

Pig iron 9400/2000 = 4.70 t/h

High Mn slag 488/341 x 4.70 = 6. j' 3 t/h

FeMn 8640/2700 = 3.20 t/h

7 MO PIG IROK + 5 MO FEMN

Pig iron 215 x 24 x 4.70 = 24,252 t

Slag 215 x 24 x 6.73 34,727 t

FeMn 150 x 24 x 3.20 = 11,520 ..
~

Slag rEo-! 'd 11,520 x 488/163 34,489 t balance 215/150

Ore req'd 24,252 x 1000/341 71, 000 t

Lc'N Mn slag 34,489 x 926/1000 = 31,937 t



'fABLE 6-j6
DEMP_G TEST PROGRAM

SAEF

MN ORE - 0.6 ~~/FE

P1. G I R00: + FEivIN

Summary - Rcn .; ~1a leY" j 115 RequirE'ml2nt~

t/Campaign
1••, I kg/t 215 dr.<-, I

Pig Iron Bntch Pj£ Iron tid 7 mas----

Low grade ore 1, COO 2)930 331 71 ,100
Coke ;:L.O 700 80 17,200
Quartzite 1L:O 290 33 7,100---

1,340 3,930 444 95,400

Pig iron 341 1,000 113 24,200
High Mn slag 488 1,430 161 34,700

t/Campaign
kgl kg/t 150 d

FeMn Batch FeHn tid 5 mas

High Mn slag ] ,000 2,990 230 34,500
Coke 130 390 30 4,500
Limestone 500 1,490 115 17 , 250
Dolomite 100 300 23 3,450
Sr:r2p

1, 730 5,170 398 59) 700

Fe.Hn 335 1,000 77 11, 500
Low Mn slag 926 2,760 2i3 31,900



TABLE 6-17

DEMAC T~ST PROGRAM
SAEl' - MN ORE - 0.6 WIfE - PIll lEON + FERROMANGANESF

Weight per Charge
k\:

5.80 ')8 :.11"1 2i. (1.78 8 0.10 1 0.99 10
0.1.0 I O. ,19

l. c' l2 LI'
1.0 2 7'>.n J80

a9.L 99 1.0
"- -----_.

169 J2 8 I III 1 J 180

1t,l)

'\ t-I ,'~

',I ,;

.'.1'

')1 . ):' If,. I"

,'i

III

O.Q7

:'(17

:;n7L'H

'Ll./h

lOll

~',~ n

I 14!l

1noo

TOTALS

Quar::.z1te _

Coke

Lo,,", Crade Ore

Pig 1[(111 PrnduCc>J S 1a:.::, !'r" ..iu't't.i ~..cteT 18.1 kal.'lnt'eS Product Pat ius

t"nll/Hn 1.7

Fe,II.'Fe 109.2. )

Fe
2

0
3

/F eO :'. t

Coke to ~ltx

(?erceot) (240/1340) 100 - 17.9

SiD, to Hix
(Percent) (100/1340) !DO - 7.5

S 11'2/ t (100/341)1 000 ~ 291 kg1t

~f'./FE' Sl.:!g R.le

7Cl!. kg/t

(488/341)1000 - 1431 kg/t

(240/341) 1000

MnO + FeO/Si0
2

= 1.83 hy 10.1:

l'· ...,kt:>:'t

Slaglt

Sla,; Ratio

kl'. kl' lin 1 t
~roctuc t / Feed ~,=-('(Jv~

)"2/364 = O.al.(l
211')/21') = 0.9')1
1'>6/109 = 0.923

30/32 = 0.938
7 /8 ~ !l.875
1/1 = 1.000

Ff'

~n

Sit'')
Al 0 6,
I a!'
MgO
C

~ 3-
1 rll' 11. 97

1{) 6.1)

I. L. 3
[1. : I

~' ".::. ')2. (l)

11 f,. I')

9 I . ~!~

:.88 lllli. (lll

Init ial Initial

~ ~ ! ~-

Fe l"!l 11K al. :) ~ tIl.) 1) 7.:'
~i 0.4 (I. ~) !l.III, ,\ l.,tl J ).S
l' 0.8 (1.,7 D.•)l Ca!' 12. 3
Mn h.1 H _l. ')" Mgl' ]().l
S 0.1 11.1 II.IH Mnt1 288.9
C I'>. I 14 4.1 n Fel' 31.4
(It.I,t:''r 0.'> Po;1:! \1 ()f her ~4.4-- --
T(rrAl. 16'>.!l IL.J 1(1/1.(1(1 TnTAl. ')29.11

NnU
2

,:'1n() 4-).7

S i1l
2

! Si 0.2

r,~l)f;/f' (.1.7

l' J n !"letal 1 ".1

lUTA,.. l74.;

174.71.7) - 233 Use 2"0 kg



TABLE 6-18
DEMA~ TEST PROGRAM
SAEF .- ~1J'l ORE - 0,6 MN/Fi - PIG IRON + ":':RRQ1"!!Ii"(;ANESE

Xa~erial

Hi MIl Slag

Cok.?

Limestone

Dolomi.t.e

lit. per Charge

-~

1 GOO

1)0

500

100

Mn0
2

~k.£

Xn z..:nO :-In Fe O. F" :-"eO F~ Sill., :1:,0~ CaO MgO BaD }' S C

X/kg ~ %/kg 2& ~/kg 't/ kg ~~ B£. $ I~ ~ % ~il % ~ " $ % $- ~ .$. -

r):. OS h. 3 " h4 J1.97 320 6.1" 62 1 • 4~ 14 0.21 2 !.84 18
'>:'1 404

:'.00 . 5.00 7 1.00 " 75.0n 90

1.80 9 '>".0(, :75

2.0(! :' .10.20 .10 :'1.00 ZI

TOTALS 1730 404 2 64 338 6f 319 :'3 13 98

Fel1n Produced
~.!!£. Produc ed Material Balances

I
Pruduct Ratios

1.5

22 6.5

251 7 ". 0

54 1h. n

(926/335)1000 ~ 2764 kg

(ljO/335)1000 = 388 kg

(600/1730)100 - 34.7

1600/335)JOOO = 1791 ~

~.~r.l) + ':!!!O + FeO = I 638
Si0

2
•

(130;1730)100 = 7.5

Cok~/t

Slag! t

COKe to Mix
Percent

Slag Ratio
Molal

LoS,'Dol/t

lS/Dol to
Mi" %

0.955

0.957

63/66

"~:23

63/6G - 0.955

54.8

11. t,

22.0

3'Z/338 - 0.981

'03/319 - 0."50

kg "g Unit
PrOduct· Feed Recov~

3"'>/401. ~ 0.980

1r.iT ial
$---

3 21
34.661 MIl

()3 6.80 Fe

303
3" 00I SiC o

_. I I..

2. :'.38 A1 20 1

liP ZO.19 CaO

1:' 1.30 MgO

III 1. 95 c.

92n 1::1
,

MnO/Nn

F,O/Fe

Si01 !Si

P205/ P

C in Metal

Actual
~---%

Al
Z

0
3

510
2

CaO

\,ofnl1

BaO

FeO

'1g0

! .0

100. c)

lnit ial
~---%

335

Actual
!::.-- %

T0TAL

Mn

Si

'!='e.

C

?

s

Other

92.7/.75 ~ 124 Use 130 kg

.".."

_.'._- ",-_.,._....,...-- ----'- ._. --.--_ ..,---_._-



ELKEM TEST PROGRAM

Smelting testwork conducted by Elkem in Norway in 1960 has been
reviewed aud metallurgical balances calculated from the data
generated. The metallur9ica1 balances and summary tables frem
the testwork are included in the appendix for reference purposes.
Discussion of the Elkem process is as follows:

In this duplex process the smelter furnace is preceded by a rotary
kiln which preheats and calcines the furnace charge. The Mn ore,
ccke and fluxes are fed to the kiln and the hot, calcined product
is fed directly to the smelter furnace, The furnace is covered
with a refractory roof and is fed by gravity from multiple re
fractory-lined charge hoppers. With the covered furnace, CO
gas is collected from the furnace top, scrubbed, and supplied to
the rotary kiln to supply heat for preheating and calcining.
Otherwise, operation of the smelter furnace is very similar to
the previous process with pig iron and FeMn being produced on a
campaign basise Wh8n FeMn is being produced in the smelter, high
Mn slag is fed to the preheat kiln along with the basic fluxes
and Mn ore as required. Preheating of the sm~lter furnace charge
with the kiln reduces power consumption by approximately 10%
witt the high slag volume operation.

Linki~g of the rotary kiln to the smelter furnace on a continuous
basis and the hct charging system tends to complicate th2 smelter
operation. The pig iron and FeMn products from the tandem kiln
and furnace campaign operations are of the same quali~y as with
smelter furnace alone. Overall coke consumption is approximately
equivalent.

Comparison of the Elkern propOSal with the metallurgical balances
shows a higher tonnage of pig iron and a slightly lower tonnage
of FeMn for the indicated feed mix. The higher pig iron and
reduced FeMn production indicated by the metallurgical balances
may be due to use of somewhat different analyses for the Mn ore, Mn
fines, coke and flux materials than in the original proposal.
Further, there are objections to operating a closed-top furnace
with 64% of Mn fines in the smelter f~rnace feed as proposed.



Metallurgical Data

TABLE 6-19
PH + SAEF - PIG IRON + FEMN

ELKEM TEST SMELTING

High C Pig
FeMn Iron

Operating Load - kWh 8,300 10,500

Operating Time - % 94 94

Avg. Load - kWh 7,752 9,883

kWl-./kg Uloy 3.4 1. 725

kl,o,Th/t Alloy 3,400 1,725

t/h Alloy 2.28 5.73

% Mn 69.9 5.9

% Fe 22.2 90.0

0/ Si 1.9 0.310

01 C 6.0 3.5Ie

Elec tr'ode Paste - kg/t 25 15



eNGINEERS

TABLE 6-20
SAEF

MN ORE - NN/PE

PIG IRON + FEMN

CAMPAIGN PROGRAM

1000 kg Mn Ore

1000 kg high Mn slag

HOURLY PRODUCTION

341 kg pig iron +
419 kg high Mn slag

364 kg FeMn +
857 kg low Mn slag

Pig Iron

High Mn Slag

FeMn

9883/1725 =

5.73 x 419/341 =

7752/3400 =

5.73

7.04

2.28

ANNUAL PRODuCTION: Pig Iron 215 d/7 rna

Pig Iron 5.73 x 215 x 24 =

High ~1n Slag 7.04 x 2.15 x 24 ::

FeMn 2.28 x 150 x 24 =

Slag Required 8,208 x 1000/364 =

Ore Required 29,567 x 1000/341 =

FeMn 150 diS rna

29,567 t/y

36,326 t/y

8,208 t/y

22,549 t/y

86,707 t/y

Coke Required

Low Hn Slag

29,567 x 210/341 =
8,208 x 126/364 =

8,208 x 857/364 =

18,208
2,841

21,04~ t/y

19,325 t/y



EiVGINEER5

7ABLE 6-21
PH + SAEF - PIG I~ON + FEMN

ELKEM TEST SMELTING

Sunnnary - Raw }A;8terial Requirements
tl campaign

215 d
Pig Iron kg/Batch kg/t Iron tid 7 rna

Low Grade Ore
Fine - 17% Mn 466 1,367 188 40,405
Coarse - 20% }fn 466 1,367 188 40,405

High Grade Ore - 43% Hn 68 199 27 5,897
Coke 210 616 85 18,208
Quartzite 57 167 23 ~938-

1,267 3,716 511 109,853

Pig Iron 341 1,000 138 29,567
High t-In Slag 419 1,229 169 36,326

tl campaign
150 d

FeMn kg/Bat~h kg/t FeM!: tid 5 rna

High Hn Slag 1,000 2,747 150 22,5/19
Coke 126 346 19 2,841
Limestone 588 1,615 88 13,256
Scrap 35 96 5 788--

1,749 4,80 l l 262 39,434

FeMn 364 1 , 000 55 8,208
Low Mn Slag 857 2,354 129 19,325



TABLE 6-22
PREHEAT KILN + SAEF - MN ORE - PIG IRON + F~
FLKB-l TEST SMEl.TlNC

Weight per CharRe
Xaterial I ~

Low Grade Ore (fine) ':'66 27.0 17. I
126 80

Low Grade Ore (cosrse) 466 31. 5 19.9
147 Q3

High Grade Ore 68 69.1 43.69
47 30

Coke (SAEF + Prereducing) 210

Quartzite -5L
TI'TAL 1,267 320 203

t11
<:
C1

~
rn
I!J
:J:J
lTi

C
% kg

~6. 3 19. ':. 6.54 30 0.8 4 1.25 " 0.35 2 O.Oil - 0.28
26:! 184

51.4 36.0 4.04 19 2.2 10 1. 88 9 0.94 4 0.05 - 0.33
:'40 168

16.19 11.33 LO :' 1.5 1 I. 7 I ).09 - 0.15
II fl

0.8 ~.R4 6 1 .27 3 2.43 5 0.41 l 0.48 I 0.40 I 83.5 175
2 I

'" 0 56 1.0- -
514 361 113 19 21 7 1 4 175

C

MoO, /Xnn 44.1

HnO/Hn 2.4

Fe20
3

/FeO 38.6

FeO/Fe 71.1

510 2/Si 3.4

P,05/ P 1.0

( in Metal ---ll.:.-0

172.6

PRODUCT RATIOS

1229 kg

2.34

616 kg

- 16.6

167 kg

4.5

6.7

(419/341)1000

Cao + MnO + MgO/Si0
2

-

(210/341) 1000

(21 Of! 267)1 00

(57/341jI000

(57/1267)100

Slag/t

Slag Rat io

Coke/t

Coke tc Mix !

Si021t

Si0 2 to Mix %

MnlFe Slag

MATER lAt BALANCES

kg kg Unit
Product/Feed Recovery

342/361 = 0.948

193/203 - 0.949

108/113 = 0.952

18/19 - 0.947

20/21 - 0.952

7/7 = 1. 000

Fe

S10,

Al :",

~gO

!in

(aO

?lG IRON PRODDCD) SLAG PRODUCED------
Initial Initial

lB. $ % $ ~ %
Fe 315 332 92.3 SiO, Q9 104 23.6

~n 10 11 3.0 A1
2
0

3 18 19 4.3

( 11 17 3.5 CaO 20 21 4.8

5i .\ 4 ' n MgD 7 1.6

P 1 1 0.2 MoO 236 248 56.4

S - - - FeO 35 37 8.4- -- --
341 360 100.0 BaO/Othe~ 4 Q.:2.....

419 440 100.0

NOTE: Coke used in this calculation includes carbon
required for reducing the ores.

'7:.6/.83<; - 206.7

Use 210 kg



TABLE ~-n

l'!{l·:m.Ai KILl' + SAEF - M:\ ORF - PIt: IROl' + FEl-!:'
ELKE!'1 TEST S}lELTl~G

I.'"i~ht per Charge
'Ma t er i~,l1 I 4

--
High ~.n Sl:1~

I ,,,n,, 4~. t, '. ~ ;'0. ~ :9'; ~. I 81 L~ 1 ~

~S~ In ih "0

C"k" I:'h ().~ :.R4 4 t • ::-; :' ~.4) 1 fl.41
I

Lirnt.·stt'n(' ~S" .' . 1 I.:. i .,~ II C); . ; 11 " 0./1 4

St.:ral' __1_' ._- 1'>-- - - - -
1.7.:.0 ~R) 1~h I Ih it' )0 111 Oh l':'R

TnTAI

0.48 0.40

0.1

83.5 105

105

rn~
<b
G) .....

~111

~rT1
~~

SI.AC PRO!1l'C EI1

["8.8/.S\'>. lW.·'

FEXl' pROfll:n:11

Init inl

~ ~ =
~~ ~')() 163 t>~ '1

Fe 8h 01 :: '3.7

.' I :.-: ~.t\

Si 1.0

" 0.1

S -
TOTAL 3M4 18, 100."

KV

Si0"l :83

Al:01 a I

CRt) ,~ ; 1

~~{")

Mn(l i3 c

Fet)

Oth"r
--
~.:..,/

init isl

~ :

'! QP 31. T

Qi-, UI. f.

'4,~ ,fl. f

(1.0

L.f lA.~

().~

_"_' ....!l....l

crol 100. n

Ft:·

~1n

~1ll.,

Al ~J13

CaO

~"

c

~nl)/}'!n

:"e:,O,/r~l\

Fe()/Ft:>

SiO')/Si

F ,l'I') IF

e in Metal

~.~TEE IAL BALANC f:S

k" kg Unit
Product/Feed Recovt'rv
-~m-E -0--:946-

1 'is 13 7 6 • O. a) I

:QS/311 = n.9~,:

91/ah = ".948

131/348 = 0.951

5/5 = 1. 000

~;."

1.9

~ 9 . ';

6.0

::':.0

108.8

PRODUCT RATIOS

Slag,t (85'(1<:04) 100U ~ 2354 kg

Slag Ratio CaO+Mgo-+MnO
- 1.69S10

2
Cok":t (126/3~4) IOOe, = 3L.o kg

Cok" to Mix! (126/1749)100 - 7·2

LS/t ( 588/364 )I 000 - 1615,
LS i.~ :1ix ;: (588/1749) 100 = 31.6

Mn/Fe Slag 27.7
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TABL~ fl-?4
PH + SAEF - PIG IRON + FEMN

PLANT DESIGN

Metallurgical Data

High C Pig
FeMn Iron

Operating Load - kv.Jh 10,000 10,000

Operating Time - "! 94 94

Avg. Load - kW 9,400 9,400

kHh /kg Alloy 3.40 1. 725

kWh/t Alloy 3,400 1,725

% Mn 75.0 5.0

% Fe 16.0 90.0

% Si 1.5 0.5

% c: 6.5 4.0

Electrode Paste - kg/t 25 15



c: ,VLJ"·.cL 1'-<':;."1

CAMPAIC,.'N PROGRAJ.\1

1000 kg Mn Ore

1000 kg High Mn Slag

HOURLY PRODUCTION

TABLE 6-25
PH + SAEF - PIG IRON + FEMN

PLANT DESIGN

342 kg pig iron +
447 kg high ~m slag

386 kg Fet<m +
811 kg low Mn slag

Pig Iron

High Mil Slag

FeMn

9400/1725

5.45 x 447/31~2

9400/3400

= 5.45 t/h

:::: 7.12 t/h

= 2.76 t/h

ANNUAL PRODUCTION: Pig Iron 215 d/7 rna FeMn 150 d/5 rna

Pig Iron 215 x 24 x 5.45 = 28,122 t / 'T

High Mn Slag 215 x 24 x 7.12 :::: 36,739 t/y

FeMn 150 x 2'~ x 2.76 = 9,936 t/y

Slag Required 9936 x 1000/386 ::: 25,741 t/y

Ore Required 28,122 x 1000/342 = 82,228 t/y

Coke Requ ired 28,122 x 240/342 = 19,735

9,936 x 150/386 = 3,861
23,596 t/y

Low Mn Slag 9,936 x 81J./386 ~ 20,876 t/y

\, \



ENGINEERS
-------------------------------------

TABLF. 6-2h
PH + SAEF - PIG IRON + rEt·m

PLANT DESIGN

Summary - Raw Hateria1 Requirements

Pig Iron kg/Batch kg/t Iron tid t/Campaign
215 d/7 rno

Fine Ore - 19% ~ill 640 1,871 2l.5 52,626

Coarse Ore - 21i' Mn 280 819 107 23,024

High Grade Ore - 48% Mn 80 234 31 6,578

Coke 240 702 92 19,735

Quartzite 60 175 23 _l.z 921

1,300 3,801 498 106,884

Pig Iron 3l~ 2 1,000 131 28,122

High ~.n Slag l.ll7 1,307 171 36,739

FeMn kg/Ba td1. kg/t FeHn tid t/Cam7aign
150 d 5 rno

Hi.G~l Mn S1 ag 1,000 2,591 172 25,741

Limestone 550 1,425 94 14,159

Coke 150 389 26 3,861

Scrap 10 26 2 258

1,710 4,431 29l~ 44,019

FeHn 386 1,000 66 9,936

Low Mn Slag 811 2,101 139 20,876



0.78

1." 5

7

31 ~

0.10

0.35

0.99

l. 40

10

0.103

0.081

0.09

0.09

l. 00 75.00 180

180

~~
G1 .....

~1tI
~rn
~:o

PiG IRQ" PRODUCED
InHial

~ 1£ .-
!'e ~O~ p' 9r.('. -
S1 2 :: 0.5

:~ ] 1 C. )

~r. 17 ] S ~. (1

S t,.o"
r 1 ) 1~ '::'.0

l"";t h,e!" 1 _1 0.16

342 360 1 oC'. on

SLAG PRODl:CED

In1t 1al

~ § --
S i ~ ~ l15 1:'1 25. 7

A120~ ~9 31 6.6

CaG 8 ;.;,; 1.7

~g('1 1 ! 0.2

~nl': 250 26'3 "b.O
F'eCl 34 3" .'.1

Baa/Other 10 IC --, , ,
':'70 toC'.n-~,

XATER lAI. BALA1'lCES

Fe 334/352 a 0.950

~n 211/222 a 0.950

Si0., 119/125 = 0.952

Al :(', 291 H ~ 0.936

Ca0 S/8 = l. GOO

:-t&" 1/1 • 1. 000

BaG I 0/l 0 g l. 000

f..
Fe

2
0

3
/FeO 37.9

FeO/Fe 69.4

:-InOo /!in0 45.8

~nn/~n J.9
Sil).,/Si 1.7

P/'siP 1.0

C 1n Metal 14.0

173.7

PRODUCT RATIOS

Slag/t (447/342)1000 a 1,307 kg

Slag Ratio MnO + CaD r MgO/SiO o• 1.92

Coke/t (240/342 )100G g 702 kg

Coke to
Mn % (240/1300) 100 = 18.5

S102 /t (60/342) 1000 . 175 kg

S10
2

to
(60/1300)l 00 4.6ML" Z .

!in/Fe Slag = 7.3

173.7/.75· 231.6 Use 240 k"



TABU' 6-28
PREHEAT ,,11.:\ • SAFF - liN ORE - PIC IRON + FEXl'; - PLAXT DESIGN

Material

High Xn Slag

Limestone

Col«;

Scrap

T0TAi

~eight per Char~e

4

1,000

')')0

1511

10

1,710

c;h.O 101

560 414 77

5~O ;d!, 77

25.7 257 6.6 66 L7 17 0.2
60

L8 10 ')5.0 303

: .1; 'i.n 8 1. n
3

12 - - -
"0 3 2 275 71 320

rn l

<:l
c),

~l
~r
JJ~

C \Ii

" kg, , I

2.1 21

LO 2 75.0 113

- - -
21 2 113

C

~.nO/Mn 66" 3

FeO/Fe 13.9

Fe
2

0
3

/FeO 0.2

SW 2/Si 'i.l

r in !'ie-tal :'6.0

111. 5

111.5/.75 - 148.7 Use 150 kg

- 1.89

= 2101 kg

389 kg

- 8.U

- 1425 kg

32.2

17.7

Slagle (8Jl/3W)lOOO

Slag Ratio CaO+XgC+MnO+BaO
S10

2
Coke/t (150/386)1000

Coke to Mix % (150/1710)100

L5/t (550/386)1000

LS to Mix l: (550/1710)100

Mn/Fe Slag

PRODUCT RATIOSMAiF,,! \.l BA:.ANc ES

kg kg Unie
Product/Feed Recoverv
~!rr--~ 0.958

1.13/4 34 ~ 0.952

'262 /275 ~ 0.953

67/71 = 0.944

304/32<.1 - 0.950

2/2 - J. 000

20/'2l -0.952

Sil',

Fe

~n

Al,.,el ..._ 1

Cat)

XgO

Sal)

SLAG PRODl.:CF.D

Inil ial

!s:s. k~
----or

Sin~ 2'-'9 2h~ 31. 'l

A1 2O, 67 71 8.2

(a('1 ,O~ 320 16.'S

~g:C\ 2 c 0.:

Ba() 20 n c.'i

~n(l 160 168 1'l.2

FeO 9 9 L'i

811 853 100.0

n~ PRl1DVCFP

rnil ial

!s:s !£ .
!'1n 2SQ }04 ;".0

Fe 6:' ~') 16,11

C :'5 26 ".')
51 b ~ I ,
P

~

Other 4 1.11--
386 405 100.0
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PHYSICAL BENEFICIA'l'IOf\~ 't'ESTWORK

During the period in which the Om Bogma area ores have been
exploited, the main contaminant of the manganese ore has been
the iron content. Normally the Mn and Fe oxides comprise about
80% of the ore. For standaril commercial specifications, man
ganese ore contains about 48% ~n and has a Mn/Fe ratio of 7 to 1.
or hetter, that is the are contains J.ess then 7% Fe.

Generally the Mn and Fe in the Om Rogma ores is extremely fine
and intimately associated such that physical separation is
difficult. Further, the oxide ores of manganese tend to create
slimes on grinding which complicate the conventional beneficiati.(ln
methods of sizing, gravity concentration, high intensity magnetic
separation, and flotation.

Since dilution of the local ore by gangue minerals sucr as quartz,
limestone, and dolomite is comparativE'ly minor, the benE~fits of
grinding the ore to liberation are small unless iron can be remo~'ed.

Mineralogical studies show that the iron is finely disseminated
through out the manganese minerals and is therefore ~~fficult to
liberate without extreme fine grinding.

As a means to improve the iron separation characteristics, magn0tic
roasting of the ferruginous manganese ores has been extensively
tested in the laboratory at the National research Center. Wor~

conc1uctC'c by the national Research ('enter from 1961 to lc;73 apply
ing magnE·tic roasting and dry low intensity magnetic separation
~echniques showed some promise of 2f improve~ method for separatj~g

the iron and manganese. As a result, testwork was undertaken by
KEel/ACE at the Mineral Resources research Center (~PRC) in 1920
to confirm an~ further evaluate the magnetic roasting and
separating of iron from the ore using improved proce~ures for iron
removal. Samples of ferruginous manganese stocYpi1e fines and
low grade bunker ore were ohtained by KECI/A~B at Abu Zenei~a

i n r-~arch, 1980, and forwardE'r' to ['pre. rr'he ore V'Ja s chern iea 11y
analyzed and a prelimi~ary mineralogical examination was con
ducted for id?ntification of ore constituents and for interpre
tation of th~ thermal gravimetric analysis ('!.'GA) conducted. 'T'ftE"
TeA analysis provides inf')rmation on roasting and weight loss
characteristics of a particular orc in comparison to an inert
standard.

Subsequently roasting tentwork was conducted over a band of



temperatu~es ranging fruill 5000 to 7000 C. This temperature bando 0
brackets the most favorable temperature range o[ 600 to 650 C
for roasting a nonmagnetic hematite (Fe203) to a stable magnetite
(Fe304) without conversion to nonmagnetic wustite (FeO): The
best res~lts obtained by conversion of te~atite to magnetite
occurred at a roasting temperature of 700 C. The concentrates
obtained were as follows:

Mn Ore Feed to Magnetic Separation After 700
0

C Roast to Fe304

% Wt.
100.0

% Fe
47.8

% Hn
21.8

Mn/Fe
-0:-46 Roasted Ore Analy~is

Magnetic Concentrate (Fe304)

% Wt % Fe % Mn Mn/Fe % Fe Pec % Sen Eff Fe-Mn
J.

63.0 65.1 4.3 0.07 8S.6 73.2

Nonmagnetic Concentrate (MnO)

% Wt % Fe % Mn Mn/Fe % ~n Pec % Sep Eff Mn-~e

37.0 15. 5 54.5 3.52 87.0 74:7

Pec >lC Recovery Sep Eff = Separation Efficiency

In a separate investigation the tesb temperature was increased and
gas reduction was conducted at 1000 C to obtain sponge iron and to
examine the magnetic concentration cha~acteristics for separating
metallic iron from MnO.

When magnetic separa tion ~Nas conducted on redllced ore in wh6ch
the iron as hematite was converted to metallic iron at 1000 C,
the results were as follows:

~n Ore Feed to Magnetic Separation After IGnaoC Reduction to Fe Metal

% Wt
100.-0

% Fe
49.8

% !'1n
24:5

Mn/Fe
0.49 Reduced Ore Anal¥sis

Magnetic Concentrate (Fe Met)

% !-1n
5. 2

% Sep :Sff Fe-Mn
74.7

Nonmagnetic Concentrate (MnO)

% Wt
39.0

% Fe
rs:-S

% r1n
54.5

Mn/Fe
?52

% Mn Pec
87.0

.% Sep Eff Mn-Fe
74.7

Rec = Recovery Sep Eff = Separ~tion Efficiency



The above data on magnetic and reduction roasting cire preliminary
and have been obtained from testwork on samples that are not
necessarily representative of the low grade ore reserves.

The HRRC test report and detailed test results are i~cl~ded in
the Appendix for reference purposes. The initial metallurgical
results are significant enough to warrant further investigation
in Stage 2 in order to determine whether there is application of
physical beneficiation for the surplus hi~h iron-bearing low Mn/Fe
ratio ore reserves of the Om Bogma area. Additional bench scale
testing of a wider range of samples would generate sufficient data
to permit an economic analysis of the roasting and magnetic con
centration approach.

Future concentration testwork to provide more definitive answers
concerning the above improved beneficiation procedures should be
conducted in Stage 2. This testwork will require 1,000 kg of a
representative iron-bearing Mn are sample.
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SINAI MANGANESE ORE STUDIES

Two groups of ore samples were received for testing:

1. Hand specimens (unrepresentative).

Ten samples, each consisting of several lumps, some as large as t\'iO
inches, were submi tted f01' analyses of Fe and t-.1n and possible petrographic
examinations.

2. Bulk ore samples, about 50 pounds each.

Lot 1 : Fines
Lot ..,. Fines
Lot 3: Coarse ore, 3-inch top Slze.

These samples were submitted for analyses of Fe and t-.tn, possible
petrographic examination, and reduction-magnetic separation studies.

HAND SPECHIE\:S

These samples were randomly sampled and anal)'zed, with the results as
shown in Table 1. The assays were not consistent with the groupings suggested.
All but two conta ined 1ess than 2% Fe and more than 5590 Mn. The other two
were over 5290 Fe and 7.4°0 t-.ln or less. The relatively high Loss-on-Ignition
at 1000°C probably included adsorbed and combined water as well as oxygen
released by manganese oxides.

Two lu~?s were cut and polished for microscopic examination with the
following observations:

"t-.1edium Grade" No.2: Red streak.
Manganese mineral appears to have
hematite. Estimated composition:

Grain size 0.01 to 0.25 mm.
crystnllized out of surrounding

Hematite
Pyrolusite
Gangue

55- 6S °0

< 30%
15-25%

"High Grade" :-;0. 2: Yellowish streak. Grain size 2-4 mm length.
Composition: PrimarilY goethite, fibrous, with about 5% quartz.

Further work was unwarranted because these samples were not representa
tive of defined ore quantities.



BULK ORE Si\JvlPLES

The particle size distributions of the three ore lots, as received, are
given in Table 2. Because of the coarseness of Lot 3, it was crushed to
minus 3/4 inch before further study to make better sampling possible.

Each lot was sampled and assayed, anti the mineral densities were determined
hy I iqUld displacement. The LOI was determined at both 900°C and 1000°C (in
air). The bulk densities and angles of repose of Lots 1 and::? in the as-
received condition and Lot 3 after crushing \vere detenllined. The internal
porositles of the ore particles \~'ere estimated by comparing the mineral
Jensities h'ith the gross mean densities of the plus 8 mesh particles as
obtain~~ by mercury displacement measurements. These data are all reported
in Table 3.

A thermal-gravimetric anal/sis was made on a O.2-gram sample of Lot 2
at r,unus ISO mesh. Although the accuracy and precision of the test data
were generally poor, the results did yield a qual i tative picture of the
thermal decomposition characteristics of the are. The data, giH'n in Table
4 and plotted iT: Figure 1, clearly show three stuges of t!lvrrnal decomposition:
loss of free ar,d adsorbed water is the most likely phenomenon belm\' :SOO°C,
dehydration of goethi te between 300 Clnd ::iSO°C, and dCC01!lPOsi tion of pyro-
lusite, ~lnO , to lower o;xides ahove 500°C. (Because of cCJuipment deficiencies,
the observc3 \veight losses arc only approximate.) From other considerations,
such as the equilibrium partial pressures of oxygen o\'er the \arious iron
and manganese oxide~', it \\'3S concluded that the mangancse and iron oxides
remaining after ignition at 900 0 e \'Jere hausmannite (1'vln~04) and hematite
(Fc

2
0

3
), respectively. .')

Laboratory chemical reduction tests were performed on lOn-gram silmples
of Lot;}. to cxplore the possibilities of separating the material into high
manganese-low iron and lo\\' manganese-high iron fractions by subsequent
magnetic separation. I~eduction of iron oxides normally occurs in stages,
the successive products being magnctite (Fe

3
0

4
), wustite (FeO), and, finally,

metallic iron. The manganese oxides also reduce iil stages, but manganosite
(Mno) is the only stable end product to be expected upon reduction of a
manganiferous iron ore. ~lagnetic separation of iron from manganese should
be pOSSIble at either the magnetite or metallic iron stages but not at the
wustitc stage.

Past experience has shown that iron orcs can be reduced to the magnetite
stage in relatively dilute mixtures of carbon monoxide or hydrogen (or both)
at temperatures between 4SIJ and 700 c C, \\'ith best results at 600 to 650°C.
Magnetite formed at less than 600°C: tends to he unstahle in air, even after
cooling below 100°C, and above 650°C, some over-reduction to the nonmagnetic
wustite form begins to occur. Although metallic iron begins to appear even
as low as 700°C, best results require reduction at 900°C or above. Still
higher processing temperatures may he desirahle, especially for very fine
graineJ ores, to promote grain growth or coalescence of the iron for better
magnetic separation.



Reduction Tests

A series of reduction tests at elevated temperatures ~as undertaken
hith the reductant gas consisting of approximately 30~ hyJroBen and 70~

nitrogen, humidified by bubbling through water at room temperature. The
formation of the nonmagnetic Vo'Ustite should not pose a problem with such
a mixture. The reduction temperatures ~ere chosen arbitrarily at 500, bOO.
700, ar.d 1000°e. The reactions h('1'e carded out in a 2-inch diametlr retort
suspended frorr: a halance ir. a \'crtical, C'lectricall;' heated, tube furn,1ce
un d e r the con d i t ion s 1 j cot edin T; j b 1e 5.

'~he ti,TJc, tC::ljlerature and v,cight-Ioss data are recorded in 'r:!lJlcs 6-11
and plo:ted in Figures :'-7 to S}lO\,' the cour<..,c of the reductions. The first
four tests ~erf made: on lO(l-gr(ir~1 portions of the plus 8 1Ih.. 5h fractions of
Lot 2. Tests 5 and 6 were made on l2S-gram portions of the ~inus 8 mesh
fines of Lot 2, agglomerated into half-inch diameter wet halls. The sample
f~r Test 6 contained une percent crude sodium chloride.

~lagnetic ScnaratilJn Tc:sts
_~ .. ....A ..__ ~ .~ _

For tJ 0 n S 0 f t Ll' red uc e: d 0 l' e S 0 f Test ~ I - ,1 \\ ere Jl U 1\ e r i =e: J t CJ II; i 11 tI sIS 0
mesh for dcterminat i011 of their fil;lgnetic ~;eparat ion charllctcrist ics by means
of the rJavis ;nagnetic tube separator. lor each product, a :,(,1'ie::: of three
tube tests at succc5sin'ly morc' \'lgorou5 cO;lditions ~as ! cll-ormcd on identical
S-gram samples. ·H.e heads and r:lagnetic conccntrCltc5 v"ere assCl:'ed for total
iron and 1r:;1I)g~jf1e5e. '\lthou~~h assays for metaL ic iron ~ere also made on the
head sCH"jJlcs of ';est ·1 lind Test S products, pf)ssible interferences by manganese
have not been cstJb;ished and the values obtained may not be accurate.
~1angancsc assay~ of the' nonmagnetic tails - the manr:.tncse concentrates -
here: caJcuLncd f;l":: \,ught reco\'cries and assays of the rr.agnctic concentrates.
The mabnet~c separation test re"ults arc gi\'en In ;-:101c l~.

The results of the· magnetic separation teets arc' sheJ\,'n graphically in
Figu res 8- 11 . The c u n e 5 1abe 1ed j. ere fer tog r a dcan d i ron r cco vcr y 0 f the
/TI3;~netic fraction (lr iron conce:ltrate, hhile tl:c)se labeled /·1n refer to grade
and IT,a:1ganese reco\cr:' of the nonr:wgnctic fr,L'uon or manganese concentrate.
P. single-stage sCjJd.ration can separate anI>' thO components of a niixture;
additional sepdration r~,C'ans v;QuJd ha\'(' to be applied to each of the products
obtained by magnetic separation to remu\'c un\\3nted gangue minerals.

MetallIC Iron Characteristics

If these orcs were to be tr'cated by reduction to the metallic iron
state, the iron recovcry could he greatly enhanced by coalescence of the
metallic iron and promotion of its rnalleability during the reduction process.
The reduced ores from Tests t1 and 5 did not exhibit such enhancement, hut
that of Test 6 did yield an increased prcportion of malleable iron.



SU~V-1ARY M·m CO\CLUS 10\S

The Sin3i Jr,[1n b:.mese are samples here readily reduced to either the
J;,agnetite or me::.lllic iron state with subsequent fair to good efficiency
of spparation by magnetic concentration. The experimental concjjtion::.
employed were selected more or less arbitrarily. It is reasonable to
expect that high grade con:cntrates of iron and of manbanese could be
Jlroduced from this are unJlf optimum process conditions which could be
determined by additional research.

Y£~
1\'. F. SchuL
Research Associate
July 30, 1980



TABLE 1. A.~i\LYSLS OF 511\..\1 1'lX--;C!\\,LSL ORt 11·\\LJ S!'ECHlf.:\S

Sample (~ Fe
----------------------

1. 62 - - I;):J • .:..

O. 6~) 60.5
O. 16 6~.0

Croun LabclC'u "\ledium C;rouo"____. :.J~ . ~ _... ~ . '4. _._~ • __ • _.

2
O. 16 b:2.S

6.4

3
4
5

0.3:2
r -, .,
J ~ . ,)

(J . 4 ~)

O. ~ ()
(). 16

59.4
:.4

55.G
0:.0
GO.::;

14.2
I 1. ()
I 1 . 7
I ~. 9
13.9

TABLE 2. P/il\TICLF 51:!: fJISTPIBlJlIO\,S OF ()I\L S·\J\lPLE5

Size Fraction,
mesh

", [listri~)tlti()n
---~------------_.~-- - --- - - - --- - --

Lot 1 101 :; Lot ::,

+4 16. 1 1:) . () -;' 1 .9
4/8 22.0 20.n 10. -;

0/14 15.9 1c.:; :) . ()

14/28 12.9 12. S 3.5
78/ ~- () . S 5.S 1 . ,)~ J:J

35/48 4.4 4.9 1 -,
.'--

48/65 6.3 4.9 0.8
65/100 7.4 9.4 0.9
100/150 4.4 5 ~ 0.9
1S0/200 2.2 2.7 O. 7
-200 ] .9 :2 . () 2.5

- -- .;.~ --: --:- .:::::;:.:;: -~;:::-::_-=-- :;.-.- - - ':;'~----':--:-=--=.---. -
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TABLE 3. ASSAYS AND PHYSICAL Cl!ARACTERISTICS
OF THE THREE ORE LOTS

Lot 1 Lot) Lot J

Assays:
'v I·e
'u Mn
'v LOl: 900 c C

IaaaoC

38. 1 :; Sl ..1 36.8
16. ~ 1S.

~ 16.0
6. S b.O 7.0
-: -: - .0

~

.9, I I

Bulk den?jty (loose pack)
Ib/f!J
kg/m'~

~lincral.,dcnsity

g/ cm'~

11 ~)

1900
17-'
~,

:2 0:10

4.20

I I 7
1870

,1 .Ob

~k'-'Tl grS2s5 particle density
t,j crn-~

Po r 0 sit y 0 f par tic I C 5, qo

An~lc of repose, degrees

J. CiS .~ . 11 .'. g(l

,~

1 2c>. () ')- ')
~ I

40 . -,
·10

.,
~8 -I 2



TABLE 4. THERMAL-GRJ\VIMETRIC ANALYSIS (TGA) OF LOT 2

Time,
minutes

Temperature
o(

\,:C i gh t La 5 5 J

o
'0

8 50 0

14 100 0.26

26 200 1. 17

32 260 1. 44

34 280 1. 51

36 300 1. 56

40 335 2.36

4=: 300 2.65

47 400 2.61

S3 460 2. () 7

S9 510 2.68

63 5·10 2.91

65 5bO 3.20

68 S~IO 3.82

71 620 4.32
.,.,

640 4.73/ ::>

75 660 4.76

88 790 4.74

90 820 4.58
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TABLE S. REDUCTION TESTS: SU~~AR"

Test No.

Reduction Temp., DC

Prehcat Period:

Timc, min.

% Wt loss

Reduction Pcriod:

Hydrogen, {/min.

Time, min.

% h't loss

1

~oo

165

4.8

60

(), 1

2

600

70

6.9

90

7.8

3

700

90

6.8

360

13.4

1000

140

8.6

270

17.4

5

1000

225

21.7

210

11.0

6

1000

205

17.4

210

13.6



TABLE 6. TEST DATA, REDUCTION NO. 1
(100 g, +8 mesh, Lot 2)

._---_._._---_.---

Time, Gas rates, t/min. Temp. Weight Loss, o.
'0

min. N
2 Hz °c Cumulative Reduction

15 1.0 a 190 1.6
')- 1.0 a 300 2.6... :J

35 1.0 a 380 4.0

50 1.0 a 435 4.5

60 1.0 a 480 4.8

70 1.0 a 490 4.8

120 1.0 a 510 4.8

165 1.8 0 500 4.8

Begin
Reduction 1.8 1.0 sao 4.8 a

;) 1.8 1.0 ~ ) c' 5.6 0.8~~ ..)

10 1.8 1.0 S10 7.8 2.2

18 1.8 1.0 sao 8.8 4.0

30 1.8 1.0 sao 10.2 5.4

45 1.8 1.0 515 10.9 6. 1

60 1.8 1 . f) 500 10.9 6. 1

(Cool 111 )\;2)
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TABLE 7. TEST DATA, REDUCTION NO. 2
000 g, +8 mesh, Lot 2)

----"-

Time, Gas rates, £!min. Temp. Weight Loss, 0,
'0

mln. N H
2

°c Cumulative Reduction")

---

10 1.8 a 210 I .5

20 1.8 0 400 3.3

30 1.8 0 535 4.4

40 1.8 0 600 5.8

50 2.2 0 600 6.6

60 2.2 0 600 6.8

70 3.0 0 600 6.9

Begin
Reduction 3.0 1.0 600 6.9 0

5 3.0 1.0 600 8.1 1.2

10 3.0 1.0 600 9.5 2.6

20 2.5 1.0 600 11. 2 4.3

30 2.2 1.0 600 12.4 5.5

40 2.2 1.0 600 13.0 6.1

50 2.2 1.0 610 13.4 6.5

60 2.2 1.0 60n 13.8 6.9

70 2.4 1.0 595 14.2 7.3

80 2.4 1.0 600 14.4 7.5

90 2.4 1.0 600 14.7 7.8

(Cool ln N
2

)

--.==-~-:..=..:..==---=~-=----===
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TABLE 8. TEST DATA, REDUCTION NO. 3
(100 g, + S mesh, Lot 2)

Time, Gas rates, £/min Temp. Weight Loss, ~o

min N2 H2 °c Cumulative Reduction

10 1.8 0 125 0.4

30 1.8 0 500 3.4

45 1.8 0 645 S.4

60 3.3 0 720 6.5

-:7 2.6 0 695 6.7

90 2.6 0 695 6.8

Begin
Reduction 3.3 1.0 705 6.8 0

5 3.0 1.0 695 8.2 1.4

10 2.6 1.0 698 9.7 2.9

17 2.6 1.0 700 11. 4 4.6

24 2.6 1.0 700 12.4 5.6

30 2.6 1. 0 700 12.8 6.0

45 3.0 1.0 70S 13.9 7.1

60 3.0 1.0 703 14.5 7.7

75 3.3 1.0 703 14.9 8. 1

90 2.6 1.0 690 15.3 8.5

lCS 2.6 1.0 695 15.7 8.9

120 2.6 1.0 693 16. 1 9.3

135 2.6 1.0 700 16.5 9.7

155 3.0 1.0 715 17. 1 10.3

210 3.0 1.0 700 18. 2 11.4

250 3.0 1.0 695 18.8 12.0

270 3.0 1.0 700 19.1 12.3

310 3.0 1.0 700 19.5 12.7

360 3.3 1.0 700 20.2 13.4

(Cool in 1'\2)



TABLE 9. TEST DATA, REDUCTION NO. 4
(loa g, + 8 ill e s h, Lo t 2)

Time,
min.

20

45

70

76

85

94

99

lOS

113

126

131

138

161

195

Gas rates,
t\

2

0.5

0.5

0.5

0.5

0,5

0.5

0.5

0.5

0.5

0.5

O.S

O.S

3.0

3.0

R./min

o
o
a
o
a
o
a
o
a
o
o
o

o

o

Temp.
DC

100

350

510

565

635

70S

750

795

!3S0

S20

96LJ

1000

lCJOO

1005

___Weight Loss, %
Cumulative Reduction

0.4

2.5

3.9

4.1

4.8

6.0

6.3

6.6

6.9

7.2

7.4

'; .7

8.2

8.6

Begin
Reduction

5

10

15

25

35

45

60

75

90

120

150

180

210

240

270

(Cool In N
Z

)

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0
., ()
.). v

3.0

3.0

3.0

3.0

3.0

1 . a
1.0

1.0

1.0

1.0

1 . a
1.0

1.0

1.0

1.0

1.0

1.0

1 . a
1.0

1.0

1.0

1DO:,

1003

1006

1008

1005

IOOS

1006

]003

1010

1005

1000

1000

1010

997

1010

1005

8.6

9.6

10.S

13.0

15.2

16.3

17.4

18.5

19.7

20.6

22.5

23.7

24.6

25.~

25.7

26.0

(;

1.0

1.9

4.4

6.6

7.7

8.8

9.9

11.1

12.0

13.9

15. 1

16.0

16.7

17. 1

17.4
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TABLE 10. TEST DATA, REDUCTION NO. S
(l2S g, -8 mesh, Lot ') Balled)L,

Time, Gas rate s, £/min Temp. Weight Loss, 9&

min. N H
2

°c Cumul at i ve* Reduction
2

2S 1.0 0 200 8.2

70 1.0 0 200 17.7

100 1.0 0 :5 (H) 17.7

106 1.0 0 {~ 00 18.6

115 LO 0 SOO 19.0

133 1.0 0 600 19.4

145 1.0 0 700 20.2

160 1.0 0 800 20.8

173 1.0 0 900 21 . 3

225 1.0 a 1000 21.7

Bedn
'.>

Reduction 3.0 1.0 1000 21. 7

5 3.0 1.0 1000 23.0 1.3

10 3.0 1.0 1000 23.9 2.2

15 3.0 1.0 1000 24.6 2.9

30 3.0 1.0 10UU 26.3 4.6

60 3.0 1.0 1000 29.3 7.6

90 :;.0 1.0 1000 30.2 8.9

120 3.0 1.0 1000 31. 8 10. 1

150 :S.O 1.0 10DO 32.2 10.5

180 .~ n 1.0 1000 32.7 11.0... ~ • J

210 3.0 1..0 1000 32.7 11 .0

(Cool lr, N I. 2'>

~-=------=.:::..:::-==---.:;:::---,- -==....::=---==

*Cumulative weight loss includes balling moisturE:.
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TABLE 11. TEST DATA, REDUCTION NO. 6
(125 g, -8 mesh, Lot 2, Balled,
1% NaCl added)

Time, Gas rates, £/min Temp. Weight Loss, %
rnln. N2 H

2
°c Curnulative* Reduction

2S La a 150 4.0

70 1.0 a 200 12.7

89 1.0 a 300 12.7

92 1.0 a 350 13.4

101 1.0 a 450 14.0

110 1.0 a 500 14.6

120 1.0 a 600 15.0

130 1.0 a 700 15.8

147 1.0 a 800 16.4

156 1.0 a 900 17. a
205 1.0 a 1000 17.4

Begin
Reduction 3.0 1.0 1000 17.4 0

10 3.0 1.0 1000 19.6 2.2

30 3.0 1.0 1000 23.3 5.9

60 3.0 1.0 1000 26.9 9.5

90 3.0 1.0 1000 27.5 10. 1

120 3.0 1.0 1000 28.8 11. 4

150 3.0 1.0 1000 29.7 12.3

180 3.0 1.0 1000 30.7 13.3

Z10 3.0 1.0 1000 31. 0 13.6

(Cool in N
Z

)

*Cumulative weight loss includes balling moistu"re.



TABLE 12. ~~GNETIC SEPARATION TEST RESULTS

Magnetic Portion Nonmagnetic Portion ----- SeparatioJ
% % % Fe Unit % Metallic % % % Mn Unit Efficienc:

Weight. Fe Recovery l-1n Fe Weight Mn Recovery %' ~1n-Fe*

Reduction T~st No.1, sao°c

Heads - 45.5 - 17.4
Cone A 71.6 54.0 85.0 5.4 - 29.4 4 I • -; 77 7 62.7
Cone B 61.6 57.4 77.6 4.1 - 38.4 38.8 85.6 63.2
Cone C 43.6 61.1 58.5 2.9 - 56.4 28.7 92.9 51.4

Reduction Test No.2, 600°C

Heads - 42.0 - 21.2
56.6 37.3

I

94.1 59.6Cone A 43.4 59.3 66.6 2.7 -
Cone B 36.3 62.3 53.8 1.8 - 63.7 "32.3 96.9 50.7
Cone C 31. 6 63.9 48.2 1.3 - 68.4 30.5 98.1 46.4

Reduction Test No.3, 700°C

Heads - 47.8 - 21.8 6.9
Cone A 63.0 65.1 85.6 4.3 - 37.0 51.6 87.6 73.3
Cone B 56.1 68.8 80.7 3.3 - 43.9 45.5 91.6 72.3
Cone C 45.5 72.6 69.1 2.3 - 54.5 38.1 95.1 64.3

Reduction Test No.4, 1000°C

Heads - 49.8 - 24.5 31.9
Cone A 60.9 71.8 87.7 5.2 - 39.1 54.5 87.0 74.7
Cone B 57.8 74.5 86.5 4.6 - 42.2 51.8 89.1 75.6
Cone C 53.9 78.0 84.3 3.7 - 46.1 48.7 91.8 76.0

*Efficiency of separation of manganese from iron: E = (Fe recovery in magnetics) - (100-Mn recovery in nonmagnclvln - Fe

See: N. F. Schulz, "Separation Efficiency," Trans SME/ AI ME , 247, 81-87 (1970).



REDUCTION TESTWORK

Evidence was developed by Elkem showing an increase in the output
of the submerged arc furnace with preheating and partial red~ction

of the ferruginous manganese ore and hot ~harging of the preheated
ore to the furnace. In addition the 1960 Birlefco proposal was
based on solid carbon reduction of the iron-bearing manganese
ore to sponge iron and MnO with subsequent melting of the
reduced product in an open arc furnace to produce pig iron for
marketing and a high manganese slag for FeMn production in the
submerged arc electric furnace. The are preparation procedures
of Elkem and Birlefco were developed to increase the capacity of
the SAEF and to improve its efficiency.

As means of enhancing the duplex smelter process, a furtner
investigation was conducted by KECI/ACB to determine the effect
of preheating and preproduction on high iron-bearing manganese
ore. Ore samples were obtained at Abu Zeneima in March, 1980,
and forwarded to Allis-Chalmers (A-C) Research Laboratories.

Initial tube test results ccnducted on an iron-bearing hand
sample were favorable with metallization of the iron and re
duction of the manganese to MnO. The initial results are sum
marized below. The detailed report including photomicrographs
is included in the Appendix for reference purposes.

Ll..irnp Ore

% Fe
23.84

% Mn
35.57

Mn/Fe
1.45 Hand Sample'

Prereduced Product

% Fe
30.64

% Mn
52.29

Mn/Fe
T~

% C
0.30

Subsequently a larger scale test was conducted by A-C utilizing
the 75-kg sample of stockpile fines and bunker ore acquired at
Abu Zeneima in March, 1980. This test simulated conditions of
gas preheating and prereduction in a cOIT~ercial rotary kiln.
The detailed report of the prereduction testwork including photo
micrographs of feed and products is contained in Appendix 6.
The prere~uction test results are as follows:

Ore Feed

$ Fe
37.6'7

% Mn
18.10

Mn/Fe
0.48 Stockpile and Bunker Sample

t -'



Prereduced Product

% F'e
52.27

% Mn
19.38

Mn/Fe
0.37

% C
0.30

The above test shows that gas prereduction of the iron-bearing
manganese ores can be achieved with a high degree of metallization
and a low carbon product. This test confirms the initial gas
prereduction test results on the hand sample.

The above prereduced product is acceptable as feed for meltdown
in a conventional open arc steelmaking furnace. The furnace
products consist of a low-carbon low-manganese semi-steel and a
high manganese slag. Quar.tzite is added to form the slag.

The combination 0: reduction kiln and open arc melting furnace
allows the existing rehabilitated submerged arc furnace to
operate full time on production of FeMn without pig iron pro
duction. With full-time operation the furnace capability is
approximately 25,000 tonnes per year of FeMn.

As this approach with FeMn and semi-steel products nay have
superior economic and marketing benefits, further testwork is
recommended on a larger representative sample of the iron-bearing
Mn ore reserves. The testwork will provide data essential for
design and economic analysis of commercial reduction and melting
facilities.
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INTRODUCTION

This is the Phase II report of a preliminary direct reduction investiga-

tion on an ore furnished by the Sinai Manganese Company through Kaiser

Engineers. The Phase I report was submitted in April, 1980. The work

herein was at the request of Richard B. Gl'eenwalt, Project Manager, Kaiser

Engineers, Oakland, California.

The purpo se of Pha se II wa s to generate suffi c i en t reduc ed (wi th respect

to iron) product which ~uld be used for subsequent induction furnace

melting tests. The ore feed stock had an average chanistry of 18.10 per-

cent rna nganese, 37.67 pe rcen t iron. The target qual i ty fo r the produc t

was +90 percent metallization (wi th respect to the iron) and less than

0.5 percent carbon.

This investigation consisted 0)' :rushing, grinding, screening, olending,

:Jelletizing, induration, and ACCAR simulation tests. Account ~umber

01-3537-72537 continued to be used for control purposes and all charges

accure<1 were billed dgainst Kaiser purchase order 80012-002.

SUMMARY AND CONCLUSIONS

1. Three separate samoles, shipped from Egypt by Kaiser Engineers, were

chanically analyzed and found to be similar in cOOlposition. The



July, 1980
AI..US·CHAl,MSU

average chani stry was 18.10 percent manganese, 37.67 percent iron.

The three SCJl1pl es v.ere bl ended to fonn a si ngl e canposi te for these

tests.

2. Two sepa rate ACCAR s imul ati on tests v.e re perfo nned. The fi rst using

coarse lump ore with charcoal as the reducing agent. The second test

employed pelletized ore and natural gas.

3. The lump/charcoal test did not yield the results as expected due to

an insufficient amount of sized lump and unexpected early burn out of

the charcoal used.

4. The pellet/natural gas test results v.ere more favorable with most of

the iron oxide being converted to metallic iron. There is a lack of

confinning data to quantify the <Il1ount of iron oxide conversion to

metallic iron. Qual itative data suggests that most iron oxide was

converted and that metallization (with respect to iron) is in excess

of 72 percent. The product carbon level was determined to be 0.3

percent.

5. Total manganese was detennined to be 19.38 percent in the reduced

pe11 et produc t.
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6. X-ray di ffraction for ACCAR Simul ation Test 80-10 shows manganese in

two fonns: Mn2Si04 (tephroite) as the minor to major elanent; MnO as

the minor elanent and approximately one-half as much as Mn2Si04.

7. X-ray di ffraction for ACCAR Simul ation Test 80-10 shows the major

elanent in the product sample to be metallic iron with no ~ron oxide

in the fonn of wustite detected. Metallic iron is estimated to be

f ivetime s as muc has Mn2Si 04 .

8. The results of Phases I dnd II of this preliminary study indi:ates

gaseous iron ore reduction of the Sinai material can be aChieved.

There appears to be no unusual characteristics exhibited by this ma-

terial that waul d prevent ACCAR processing on a commercial scal e wi th

either gas or a solid reductarlt. To further conrinn this fact it is

recanmended that an in-depth study be initiated to fully characterize

the ore, detenni ne the strengths and 'o'Ieaknesses of pell et versus 1ump

processing, investigate various reduction processing temperatures and

to provide data necessary for the sizing and warranting of canmercial

equi pnent.

CHARACTERISTICS OF THE SINAI ORE

Allis-Chalmers reCEived three separate bags of the Sinai are on March 28,

1980. Each bag contained approximately 25 kilogrcms of material. The

bag s v.e rei den t i f i ed ass am p1es 1, 2 and 3.

-3-
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Upon receipt of these materials a screen analysis was perfonned. The

results are shown in Table I.

TABLE I

SIEVE ANALYSES OF AS RECEIVED SH IPMENTS

Sieve Size Percent Pa5S i n9

AS1M
Microns mm Sample 1 Sample 2 Sample 3---
106,000 106 100 100 100

75,000 75 100 100 81

53,000 53 100 100 75

26,500 26.5 100 100 62

13,200 13.2 100 100 41

6,700 6.7 100 94 19

3,350 3.4 70 75 10

1,700 1.7 47 57 7

600 28 mesh 26 37 4

150 100 mesh 13 18 2

75 200 mesh 8 11 1

45 325 mesh 7 9 1

-4-
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2. Chemical Analyses

A sampl e fran each sCfllpl e bag Wl'S analyzed for total iron, manganese

and LOr. These results are shown in Table II.

TABLE II

CHEMICAL ANALYSES OF rs RECEIVED SHIPMENTS

Wei ght Percent

Sample Total I ron Manganese LOl

1 38.80 17.40 5.91

2 39.12 16.80 6.52

< 34.42 20.10 7.93,oJ

Average 37.67 18.10 6.78

~£DUCTION TEST(S)

1. Obj ecti ve

The objective of the reduction test(s) was to produce 15 kilogra.ns of

+90 percent metall ized (wi th respect to iron) product wi th a carbon

content of 1ess than 0.5 percent.

-5-
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2. ACCAR Simulation Test 80-09

The cheni cal analyses performed on the three bag sampl es di d not show

a wide variance of qual ity and, therefore, were canbined into a

sing 1e cem po site to ta1i ng 72 ki1 og ran s •

All coarse fractions \\Ere crushed to minus 25 mm. An ACCAR silTlula-

tion test charge, consisting of the 25 mm x 6 mm sized material, was

synthesized fran the canposite. This charge totalt~d 19.3 knograns.

Charcoal was selected as the reductant on the basis of its clean

nature (no sulfur to transfer to the sponge iron), its Y'eactivity as

a reductant and to serve as a void filler since the 19.3 kilogram of

lump charge was small ccmpared to conventional deep bed ACCAR prac-

tice. Enough charcoal waul d be used to fill the ava il abl e ACCAR

simulator volume to its normal operating level.

The operating parameters used for ACCAR Simulation Test 80-09 are

$hown in Table III.

-6-
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TABLE III

OPERATING PARAMETERS

ACCAR SIMULATION TEST 80-09

July, 1980

Ore Feed Charge (kg) 19.3

Si ze Fracti on (mm) 25 x 6

Bulk Density (kg/m3 ) 1650

Charcoal Charge (kg) 4.5 (2.3 kg added at 105
minutes ; nto test)

Size Fraction (mm) 25 x 6

Bulk Dens; ty (kg/m3 ) 272

Reduction Time ( hrs. ) 3

Processing Temperature ( °C) 1000

Reactor Rotation (rpm) 0.5

ACCAR S"lmulation Test 80-09 did not achieve the level of success that

vias expected. A high level of iron oxide reduction was not reached.

An early burn out of the charcoal was experienced which left the

ACCAR simulator void of reductant and the necessary driVing potential

to canplete reduction. The test was aborted at the end of 150 minu-

tes because of difficulty in controlling the re~ctor temperatures and

the obvious lack of reduction seen in the samples taken during the

test.

-7-



JUlY, l~~U

AUJS -C.HALMau

Chanica1 analyses ....ere performed on the time samp1 es and are tabu-

lated in Table IV.

TABLE IV

CHEMICAL ANALYSES

ACCAR SIMULATION TEST 80-09

Wei ght Perc.ent

Sampl e Total Me ta11 i c
(Minute) I ron I ron

10 33.42 < .08

30 47.72 < .08

50 37.12 < .08

70 38.57 8.68

90 34.23 5.78

120 57.04 7.23

130 38.24 4.18

140 41.14 14.14

The lack of success on this first ACCAR test should not be construed

as imp1yi ng a di fficu1 ty associated wi th the reduction processing of

the Sinai lump material. The insufficient quantities of sized lump

ore influenced the selection of paraneters under which this test was

-8-
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perfo nned and contribu ted to the 1ess than sati sfactory resul ts achi

eved. Also, the lack of success cannot be contributed to a solid

fuel being a poor reductant.

3. Balling and Induration

A Kaiser/Allis-Chalmers decision was made to pelletize the balance of

the Sinai ore for a second reduction test usin~ natural gas as the

reductant. The remaining ore stock amounted to 52.7 kilogrClllS of

minus 6 rmn material which was treated as follows:

a. All materia' was oven rjried.

b. All minus 150 mesh material was screened from the remaining

stock.

c. The coarse fraction was crushed to minus 6 mesh then pulverized

to 75 perc en t rn i nus 32 5 me Sh.

d. A blend was made of the minus ISO mesh and 325 mesh fractions.

e. A screen analysis was performed on this new blend of pellet feed

and is tabulated in Table V below.

-9-
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f. A Blaine measuranent was taken on the dbove pellet feed and

found to be 7,600 cm2/gnn.

TABLE V

PELLET FEED SIZE FRACTION

Sieve Size

ASTM Mesh Percent Passing
Microns

300 48 lOO

75 200 '18

45 325 86

26 500 72

4. Muffel Furnace Test

A small batch of pellet feed was balled with 0.5 percent of bentonite

and pl aced in a muffel furfiace and heated to 1260°C. During the heat

up, pel lets v.ere wi thdrawn from the furnace at 982°C, 1065°C and

1260°C. Compression strength measurenents v.ere taken and microscopic

analyses made to assist in the selection of a firing tenperature for

the balance of the pelletized feed. A tabulation of compression

strengths vs. induration temperature is presented in rable VI.

-10-
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TABLE VI

COMPRESSION STRENGTHS VS. INDURATION TEMPERATURE

Induration
Temperature

°C

982

1065

1260

5. Microscopic Analysis of Oxide Pellets

Compression Strength
kilograms

40

80

47

During the muffel furnace induration test, sampl es ""€re wi thdrawn

from the furnace at temperatures of 982°C, 1065°C and 1260°C. These

samples wp.re mounted and polishc-': for microscJpic examination.

Photomicrographs were prepared and are illustrated in the following

figures.

Figures 1 and 2 show the 982°C oxide pellet structure at 50x and 200x

magnifications respectively. The pellets have pdrtially sintered.

It appears that caJll)l ex mineral canponents have fanned a matrix.

Large gangue gt'ains (gray) and la r '- ,I metal ore grains (white) retain

their individual integrity. The ~rregular shaped black areas are

po res.

. 1- I
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Figure 1. Photomicrograph of Oxide Pellet
982°(, 50X

Figure 2. Photomicro9raph of Oxide Pellet
98£:°(, 200X

-12-
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Figures 3 and 4 show a pellet structure at 1065°C _with magnifications

of SOx and 400x respectively. Large grains are now rounded and

sl ightly di ssolved. Di ssolution of various canponents can be ob

served. Pores (black) show coalescence.

Figures 5 and 6 are oxide pellet structures at 1260°C. Slags have

been fonned and surround the brighter metal mineral phase. Pores are

closed and round.

As a result of the above analyses a decision was made to pelletize

the balance of the prepared feed stock at a temperature of 1037°C,

using 0.5 percent bentonite. The balling data are presented in Table

VIr.

TABLE VII

SINAI ORE

BALLING DATA

Green Ball Bul k Densi ty (kg/m3)

Green Ball Mo i st ur e (%)

We t Compressive Strength (kg)

Dry Compressive Strength (kg)

45•7 Centime te r Drops

Total Green Balls (kg)

1562

12.5

1. 97

7.9

+20

43.4

-13-
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Figure 3. Photomicrograph of Oxide Pellet
1065° C, 50X

Figure 4. Photon~crograph of Oxide Pellet
1065°C,400X

-14-
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Figure 5. Photomicrograph of Oxide Pellet
1260°C I 50X

Figure 6. Photomicrograph of Oxide Pellet
1260° CI 400X

-1 5- \
\



.....,
ALUS·CMAl.M."

The balls v.ere fired in an oxidizing pot gr'ate at a temperature of

1037°C. The results of this firing are tabulated in Table VIII.

TABLE VIII

FIRED PELLETS PHYSICAL PROPERTIES

Apparent Densi ty (g/cm3 ) 3.19

Matrix Density (g/cm3 ) 4.51

Open Porosity (%) 29.30

Pellet Strength (kg) 120

Bulk Density (kg/m'3) 1866

Total Fired Pellets (kg) 38

6. ACCAR Simulation Test 80-10

The above fired pellets v.€re blended with 7 kilogrCllls of +6 mm lump

material from ACCAR Simulation Test 80-09 and served as the charge

for the second reduction test.

Natural gas was selected as the reductant and a conventional time-

tenperature ACCAR simulation test was planned. The operating para

meters used for this test are tabulated in Table IX.

-16-
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TABLE IX

OPERATING PARAMETERS

ACCAR SIMULATION TEST 80-10

Feed Charge (kg) 45

Size Fracti on (mm) 12 x 6

Bulk De ns i ty (k g/ m3 ) 1900

Reduction I~me (hrs.) 3

Processi ng Temperature (OC) 1000

Reactor Rotation (rpm) 0.5

This te3t was conducted in the ACCAR simulator for a period of 3

hours at a temperature of 1000°C. The feed charge consisted of

11 mm x 6 mm sized pellets.

The results of this test appear to be excellent although there

is some question as to the quantitative values of metal'iic iron

that have been reported. The information evaluated thus far

suggest a product metallization (with respect to iron) in excess

of 72 percent.

An al ternate 1aboratory has been contacted and asked to confi nn

a metallic iron determination on the 180 minute test sample.

This has been done as a result of apparent discrepancies which

-17-
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evolved during the Phase I evaluation. The results of this second

analysis will be fOrtiarded to Kaiser under a separate cover at a

1ater da tee

During any ACCAR simulation test it ;s customary to sample the charge

on a regular basis to develop a time history of reduction.

Chemical analyses \!\ere perfonned on these sampl es. The resul ts are

presented in Table X.

TABLE X

CHEMICAL ANALYSES

ACCAR SIMULATION TEST 80-10

Wei ght Percent

Sampl e Total Me ta11 i c Metal 1i za ti on
(Minute) I ron I ron

20 45.33 0.08

40 46.12 1. 58 3.4

60 47.14 7.41 15.7

80 47.86 1l.8~ 24.7

100 48.65 16.08 33.1

120 49.67 22.39 45.1

140 50.22 28.62 57.0

160 51.41 35.40 68.9

180 51.88 35.87 69.1

Product 52.27 37.85 72.41

-18-



The final product was also analyzed for manganese (19.38 percent) and

carbon (0.3 percent).

In addition to the above chanical analyses, physical measurements

were made on the reduced product. These values are presented in

Tab 1e XI.

TABLE XI

PHYSICAL PROPERTIES OF REDUCED PELLETS

Apparent Densi ty (g/cm3 )

Ma trix Densi ty (g/cm3 )

Open Porosity (%)

Bulk Density (kg/m3)

Compression Strength (kg)

Total Reduced Product (kg)
(Includes lump are also)

2.60

5.34

48.70

1650

32

38

Because of the Phase I discrepancies between the metallic iron chem-

i stry and the apparent aual i ty of the reduced material, an X-ray

di ffracti on anal ys is of the produc t :;ampl e referred to ; n Tab 1e X wa s

done. The results are as follows:

-19-



Met Fe: Major elanent, approximately five times as much

Mn2Si04: Minor to major elanent, mineral tephroite.

MnO: Mi nor el anent, approximately one-hal f as much as

FeO:

c:

None

None

Trace.

According to thi, analysis, most of the iron oxide was converted to

metallic iron during ACCAR processing.

7. Microscopic Analysis of Reduced Pellets

In addition to the chanical and X-ray analysis, photomicrographs were

taken of a reduced pellet1s cross section to explore the hypothesis

that there may be interactions occurring during the wet chanical

analyses or during reduction processing which masks the degree of

iron oxide conversion to metallic iron.

-20-



Figures 7 and 8 are photomicrographs of reduced product. Numerous

scattered whi te grains are metallic iron. In the center of several

large iron grains (Figure 8) are some unreduced iron oxides. The

gray matrix surrounding the iron grains is probably the manganese

rich mineral canpounds. The dark spots dre pores.

DISPOSITION OF REDUCED PRODUCT

Thirty-eight kil ogrCllls of reduced product resul ted fran ACCAR 5imul ation

Test 80-10. Approximately half of this material has been shipped to

Kaiser Engineers, Oakland, ATTN: R. B. Greenwalt. The remainder of the

material will be stored at Allis-Chalmers Process Research and Test Center

for the next 6 months awaiting final disposition.

?'1~« W. c:;~ ... .. 0'""-'

David W. Rierson
Manager, ACCAR Process Engineer
CEMENT, MINING & METALS SYSTEMS DIVISION

~cL-I~~
Shaochi Huang
Senior Metallurgi st J
CEMENT, MI NING & METALS SYS TEMS DIVI SION

-21-
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AllIS.CH4lHItA1i - -r' .., . -- ...., ......

I~lTROf)UCT ION

At the request of Richard B. Greenwalt, Project Manager, Kaiser Engineers,

Cement, ~lining and ~letals Systems Division was to perform preliminary chemical

analyses and tube furnace reduction studies on var'ious sampl es of 5i nai

manganese ore.

The purpose of this investigation was to perform gaseous reduction on an are

sample which contained approximately 20 percent manganese, 40 percent iron,

and achieve 90 percent metallization with less than 0.5 percent carbon in the

reduced product.

The investigation consisted of a sinqle tube furnace reduction test and

numerous chemical analyses on ore samples submitted by Kaiser Engineers.

Account Number 01-3537-72537 was assi0ned to this study for control purposes

and all charges accured were billed against Kaiser Purchase Order 80012-002.

SUMMARY AND CONCLUSIONS

1. Thi rteen ore sarnpl es were analyzed for manganese and total iron.

2. One sample U~-l) was found acceptable for further testing. This sample

had a weight percent chemistry of 34.57 percent man~anese, 23.84 percent

total iron.

3. A single tube furnace reduction test was performed on ore sampl e M-l.

Qual itative results indicate that most of the oxyge'1 was removed fro- ..,tIe

iron oxide resulting in a highly metallized product.

,



4. Di fficul ty was experienced in the quantative detennination of metall ic

i ron by the mercuric chloride method, in the tube furnace product. X-ray
/

diffraction was used for the Qualitative identification of the compounds

and elements in the reduc ed produc t.

5. By x-ray diffraction it is ~stimated that all iron oxide in the tube

furnace product was converted to metallic iron.

6. By x-ray diffraction it is estimated that all manganese in the reduced

product was in the fonn of MnO.

7. On the basis of this prelirlinary test it appears that there are no

unusual characteri st'ics v/hich "'oul d prevent iron are reduction from

occurring, using ACCAR technology and processing at approximately 1000°C.

PREll ~"H!ARY MlAL '{ SE S OF SHIA I r~J\~lGMIESE ORE

Allis-Chalmers received three man<Janese ore samples (A, 8, C) from Kaiser

Enqineers in ~;o'ler'lbp.r, 1979.

I n Jan uary, 1980, ~ hem i cal ana1y se s viP. r e r:l ade; the res Ij1 t 5 are as f 0 11O'tv s :

Sampl e We i qh t Percent
Mn Fe---

A 57.25 0.31

[3 58.45 0.08

C 51 .96 0.52

-2-



All three samples are judged to be of high grade manganese ore with low iron

C onten t.

Mi neral ogical sarnpl es of A, Band C were al so prepared and examined. Photo-

micrographs on all sartpl es showed massive grains. No attempt was made to

identify the minerals.

Samples A, Band C were found unsuitable for fu'~ther testing due to their low

i ron content.

A second shi rxnent of sarnpl es wa s rece<ived in 1ate JanJary, 1980. These

samples were classified as high (H) (5 pieces), ~1ediUJl1 (r;1) (3 pieces) and low

(L) (4 pieces) grade. Ten (10) fine ground samples were prepared from the

above three grades of 1urnp ore for cher1i cal analyses. The resul ts are as

follows.

Samp1 e ~~eight Percent
Mn Fe

H- 1 59.05 0.13

H-2 57.28 0.06

H-3 58.69 0.04

t~ - 1 34.57 23.84

M-2 59.72 0.33

t~ -3 57.41 1.92

L-1 58.56 0.86

L-2 52.69 1. 53

L-3 57.96 0.23

L-4 51 .04 0.44

-j-



All samples contained high manganese. Sample M-l had a high iron content

(23.84% Fe). An interesting feature of sample M-l was that the fines of this

are showed ferromagneti sm \'1hil. e other sampl es were non-magnetic. Al so, the

color of the fines of M-l was slighDy brown compared with other samples which

were grayish black.

The sample M-l was selected for a reduction tube furnace test.

REDUCTION TEST

The reduction test of sample t·1-1 was performed in a 2.9 inch diameter electric

heated tube furnace. Conditions of the tests ....'ere as follm'ls:

Sampl e \,~eight 264.9 grams

Reduction temperature 1000°C

Reducing Gas 25% H2' 25% CO, 50-', tlz

Gas Flow rate 10 l/min. total

Reduction Time 3 hrs.

The sample was heated in the tube furnace in nitrogen to a temperature of

1000°C. Then the reducing gas was introduced into the tube furnace. The

sample was reduced at 1000°C for three hours and then nitrogen cooled.

-4-·



RESULTS

Chemistry

Total Iron !%)

~~etal1 ic Iron (%)

Manganese (%)

~~nO (%)

Si 02 (%)

C (%)

Mn/Fe

Lump Ore

23.84

35.57

1. 45

Reduced Produc t

30.64

30.64 (estimated
with the aid
of x-rays
di ffraction)

52.29

67.45 (calculated)

1.6S

0.30

1.71

The reduced product was strongly magnetic. The rlicrostructure sho'r'/ed a large

amount of metallic iron. However, the result of a wet chemical analysis

(mercuric chloride method) by Lerch Brothers Laboratory, Hibbing, Minnesota,

did not indicate any metallic iron. An x-rays diffraction analysis was made

to identify the cornpounrls in the reduced product. The diffraction pattern

revealed two compounds in the sample. They were metallic iron and ~{lnO. The

greenish appearance (which suggests MnO) of the reduced product supported this

x-ray diffraction conclusion. It was speculated that the presence of MnO in

the sampl e may have interfered w; th the chemical reaction during the wet

analysis for metallic iron.

-5-



ALLIS (HAL.MfAS

ORE AND PRODUCT PHYSICAL PROPERTIES

Apparent density (9/c~3)

t~a t r i x den 5 i t Y (g / cm3)

Open porosity (~)

\,.Jeight loss after reduction (%)

ORE AND PRODUCT ~·n CpnSTRUCTUPES

Lump Ore U~-l)

4. 14

4.26

2.8

Reduced Product

2.90

5.51

47.4

25. 1

The microstructure ')f a sarnpl e of manqanese ore is shQ'tln in Figure 1. The

diagonal large grClin at the center of the photomicroS)raph exhibits lenticular

structure. It is proba~ly a high manyanese mineral. At the upper left and

lO.../er right cor'le"', the y/hite grains are possibly iron rich r'lnerals. The

II/ork of identificati'Jn of these miner"als .,./as not perfor"f'led.

Figure 2 shows the structure of reduced manganese ore. The numerous \'/hite

arains at'e metall ic iron. The di scontinuous grey net'tlOrk in the iron matrix

i s non fer r 0 usn ~ t e '" i "J 1. The h1ack s DO t s are po r asit i r:: s .

LJc~
Sh~ochi Huang
Senior Metallurgist
CE"~EIJT, t~ltjPJG & r~ETALS

-6-



~-IGUPE 1. M!\NG/\NESE ORE zoo X

FIGURE 2. REDUCED MANGANESE ORE 200X



ORE RESERVE DATA

~he output from rehabilitating the existing 13.2~JA SAEF at
Abu Zeneima is highly influenced by the Mn grade and the Mn/Fe
ratio of the proven and projected ore reserves. Separate
analyses have been prepared for three cases of ore reserves
and metallurgical balances computed. The cases are as follows:

o Case I Proven ore reserves except the ore fines
stockpile at Abu Zeneima having a cumulative
~n/Fe ratio of 1.03.

o Case II Proven and possible reserves having a cumulative
Mn/F0 ratio of not less than 2.0.

o Case III Ploven and possible reserves having a cumulative
Mn/Fe ratio of not less than 3.0.

The annual 13.2-'tIiVA SAEF output and ore requirements were then
computed for each of the ore reserve cases using the cumul&tive
Mn and Fe grades which are listed as follows:

Reserves
Case ~n/Fe % Mn % Fe tonnes

I 1.03 27.40 26.71 913,843
II 2. 0 33.0 16.5 1,500,000
III 3. 0 39.0 13.0 6~O,OOO

From the above data, annual production and ore consumption
figures were computed for the rehabilitated 13.2-MVA furnace
at Abu Zeneima, as summarized belo~:

Mn Ore
Ore Production _. til' reqld

Case ~1n/Fe FeMn ?ig Iron tly

I 1.03 14,045 14,268 62,218
II 2.0 17,197 7,682 66,268
III :3 . a 19,824 4! 570 61,239

Rased o~ these ore consumptions, the life of the proven and
possib~.e Oire reserves is as folloVls:



Total Reserves Ore Regld Ore Reserves
Case tonnes t/y --y"cars

I 913,843 62,218 14.7
II 1,500,000 66,268 22.6
III 650,00 61,239 10.6

These tables show that the MnjPe ratio in the ore reserve
has a hiJhly significant effect on FeMn production and are
reserve life. In fact, at the 3.0 Mn/Fe ratio the projected
1985 FeMn requirement of 20,000 t/y can nearly be produced
by the rehabilitated 13.2-MVA smelter furnace.
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METALLURGICAL DATA

TARLE 6-30
SAEF

i'lN 0RE - 1. 03 i'1N / FE

PIG IRON + FEHN

ORE RESERVE DATA

Pig High C
Iron FeMn

Operating Load - kwl1 10,000 10,000

Operating Time - ry/ 94 94/0

Avg. Load - kW 9, LIOO 9,400

ki.rh/kg ~etal 2.29 3.53

kWh/t Metal 2,290 3,530

% Mn 4.0 75.C

% Fe 90.0 16.0

% Si 1.0 1.<;

ry: C 4.0 6.510

Electrode Paste - kg/t 15 25

\ ,



TABLE 6-31
Sf.EF

~:n Ore - 1.03 MN/FE

PIG IRON -+- FEMN

ORE RESERVE DATA

Cfu~AIGN PROGRAM

1000 kg Mil ore 1.05 ~m/Fe

800 kg high Mn slag
200 kg Mn are 1.05 Mn/Fe

HOURLY PRODUCTION

262 kg pig iron +
570 kg high Mn slag

362 kg FeHn +
744 kg low Mn slag

Pig L:on 9400/1200 + 1090 = (,.10 t/h

High MIl slag 4.10 x 570/262

FeMn 9400/2500 + 10~0

= 8.92 t/h

= 2.66 t/h

ANNUAL PRODUCTION - Pig Iron 145d/4.8 rna FeMIl 220d /7 . 2 rna

Pig iron 14 S x 24 x 4. 10 = 14,268 t/y

High MIl slag 145 x 24 x 8.92 = 31,042 t/y

FeHn 220 x 24 x 2.66 = 14,045 t/y

Slag req'd 14,045 x 800/362 = 31,039 t/y

Ore req'd 14,268 x 1000/262 54,45R
14,045 x 200/362 = -2, 760_

62,218 t/y

Coke req'd 14 268 x 210/262 = 11,43h,
14,045 x 170/362 ::: 6 59 f)_..::..L._

18,032 t/y

Low Mn slag 14,045 x 744/362 28,866 t/y



.. , .........,~c=r"C
ENGINEFR5
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TABLE 6-32
SAEF

MN ORE - 1. 03 MN/FE

PIG IRON + FEMN

ORE RESERVE DATA

SUMMARY - RAW MAT~RIAL REQUIREMENTS

t/y
kgi kg/t 145 d

Pig Iron Batch Iron tid 4.8 mo--
Mn ore 1.03 Mn/Fe 1,000 3,817 376 54,458
Coke 210 802 79 11,436
Quartzite 130 496 49 7,077

Total 1,340 5,115 504 72,971

Pig iron 262 1,000 98 14,268
High Mn slag 570 2,176 214 31,042

t/y
kg/ kg/t 220 d

FeMn Batch FeMn tid 7.2 mo

High Mn slag 800 2,210 141 31,039
Mn ore 1.03 Mn/Fe 200 552 35 7,760
Coke 170 470 30 6,596
Dolomite 5JO 1,381 88 19,396

Total 1,670 4,613 294 64,791

FeMn 362 1,000 64 14,045
Low Mil 31ag 744 2,055 131 28,866
Total ore req'd 62,21B



TABLE b- 33

SAEF - M.••NGA.... r:SE ORE 1.,)1 ~!tE - PIG IRQ:> + FF:X:-i

ORE RESERVE DATA

~s.ter1.'i.l

Yn ore :. (11 Mn/Fe

Coke

~U8!' t z 1 t to'

TOTALS

CaO
kg/ :

~.g0

kg r ~
BaO

kg It P

kR I: ;

kR It
C. kg.

I.OOll .' ~ ... (i '"
.,

.~. n ':'d 1.11 10 1.11 \0 1.11 In
.~ t, ~

~ 1(I : . (' 1.1'\ II \.0 h 75.0 158

- 1

U~) . --~
o.:q.l) 129 I.n

1.\"ol\ :'4 2~ 180 17 )0 10 158

rIC lRL)N rROi)l:,,:ED

10 ., .:. . l ~

1.0

.'r:-: ~' --; tl 1(l t ~ . ()

Initial
kS ":.

15.7

9.7

HO:

496

PROCESS RATlOS

S iO It
2 (1 >O;:~:' 11000

Slag!t
(570!:b2)IOOO - nih kg

Slag Ratio
C"O + 1".g0 + ~O/S10, - 1.93

Coke to ~..ix ;:
(:!lO/i 1'>0)1('0

Cokelt
(210/~6-')1000

510, to ~x %
- (I,O/11411)iOli

0.95:

0.952

i.noo

0.950

0.907

0.94i

Uni t
Re,,::ovt't"v

1<£

'9. R

IlJ/ld

29/30

! ~! ! 80

10 i ~ ~

':"'JI I ... ,' I'

:'~·(1/214

CA.'U>OS

kg kg
?r""duct/Feed._----

~.:l.

R~~t!.C[l=,

SilJ

x,:;o

~o\nJ\ Lu. 5..-\LAl>cr::;

A1 I)
2 )

CaO

XnO/~O

Fe

~L';.(~':"'i.ODl·CE'!.

bitial

~ "-.oS

~ it),., Ib" 17 ... :0.(1

Ai ,,.J ~ io i - ":.:'. ,
\~J.O .'4 hJ

~~n il) 1,1 i.

~o -,: "\ ,,:,(1 '1/'1 .....

:-'cO "

S,alJ!Othe:r

Tt'TAl. '>70 ')<.iq ll)().n

l.ll

.... 11

cn.G

II

: ... ",

~

10

: 1t

S

Other

P

TC~7.4.1..

c

Xn

Fe

51

~m<l/:-!:l 2 ....
Dolomite/t

Fe:O/FeO ~s _q

FeO! Fe 'l. . Dolomit~ to ~x ~

S!'°2/ Si 2."
~/Fe Stal>

C in ~etal il.l! 11. ')

TOTAl. t 57 .S

[)7.R/. -5 - :'lll.4 Us~ 210 kg/c

",



TARLF ... ~ "1-.
SA£F - X."=""ANFSF "RF 1.0, ~(FE - I'll; IRON ;- FEX:-;
ORE RESERVE DATA

17(\

-",un

Ron

T

j .t /::h".
K>:

-- ,,- -- -~--- ----_..-

7'>.0 128

128

\~ -'~

_'f,. '1 ':'.l) " 1_,] : l.tl b LlJ

" 1

).j) q 1."

: - ,1 Itl Hi _~ 1) 1 2l.ll 10"

''> :l.J :'>'1 :0 1q 7 121; \.'

,'.',.;, 1',.'

o..,t'o.S

-,'I

'>'>

.~ ~ • .:. \ 'I

1i~O, ~1 ~O 'tn~ c
e ,,< -- ~1;:--:r -~iU: r:~'"J -,:--± ,," cor-;~E' -c

... /. 6- ... , .. I' ... " .. ~ ... ,. ... /. • '.... • "" - .,. • v ,_ ~ •. t ....__~.'K~_,~_~L~~_:~~ _.r~~~",g ~~~~ __ ~/~~'" KR ~ kg _'__ K.g,.. l(~. __~_~ ,.. _., .~~ ~_ K~ __• __k~
~Q.n ::.: ~.8 22 1.0 40 1.7 14

,)(1(1

1,«\)T;:\TAL~

(\..",k(~

I)\.) 1 ....",,01 t t.~

~~ l)rt? 1. ,); ~'~ni Ft."

H1>:h !-In ,,1,,>:

,---------
~

F~:~ I~Rlli)i.:C~l) ~L~': _'~Q';Dt:n:I1 ?,="'HJUAl. B.-\L\NC'::; ~ RATIOS

-. -' , " ,

1 . (~

l.r'_ ,H, ~ l,l',l.()

Slag Ratio
(EtO + ~~O + ~nO/StO, - :.11

Coke(t
(170(162)1000 - .'U k>:

:'In

r'e

S'

l'

s

l'the-r

TOTAl.

~.£

"8

lui t 1a1

k:; :

::-:. " - , 1

"I 1("> • \ ~

J ,

l~it tal

~ i-l~ "
::,ii) .'\!' .' ... :-1 q ,

_'\1 :l), :11 :> ;

I.Il) l,~ . 1,) ,~ .'''".
~s~, I:" 1.' I 1"_ ')

~,) l'.l~ I' ' ~O. 1

Fcl.~ i~ 1" 1.('1

P""ii1/,.1ther

II ~r.-\.l. -- ~:-', .' inn. (I

~Jl

Fe

::,td,

A1 20 I

(au

~~o

F\~'~u.: t h1n::l

~O,'~O

kg kg
Pr0duct/Fe~d

180/':"0 i

81/84

:. .. ~ ~ .... q

28/2~

18i/1'l7

II 'l/ t 21

CA.R50N

~

12_0

Unit
R~cuverv

0. '14'1

0.9'>9

",0' I

0.906

0.949

0.9,0

S Llgi t
(i:'4/IbillOOO

Coke to ~.ix :
(l10/lo70lI0n

SltJ,/t

SiD] to ~ix %

- 20)'> !<g

- 10.2

~.nO/~tn

Ft!2d3jF~,)

rJ2.:?

)_9
Do limit "I t

()oon,,: )11100 - I It I k¥,

~'e0/Fe Il.l DQlcm1te to Mix %
('>00/1670) 100 - 29.9

:1!O-,/S i

C in Xet.ll

:. _ I

1').0

~~/Fe Sld~

• ,>_ J:'

rOL-u. 1::. ,

! .'.'. <) i" - It-l. 3 t:5" 170 kg/t



METALLURGICAL DATA

TABLE 6-35
SAEF

MN ORE - 2.0 MN/FE

PIG IRON + FEMN

ORE RESERVE DATA

Pig High C
Iron FeMn

Operating Load - kWh 10~OOO 10,000

Operating Time - % 94 94

Avg. Load - kW 9,400 9~400

kWh/kg Metal 3.23 3.35

kWh/t Met.:1l 3,230 3,350

% Mn 4.0 75.0

% Fe 90.0 16.0

% Si 1.0 1.5

% C 4.0 6.5

Electrode Paste - kg/t 15 25



TABLE 6-36
SAEF

NN ORE - 2.0 MN/FE

PIG IRON + FEMN

ORE RESERVE DATA

CAMPAIGN PROGRAM

1000 kg Mn ore 2.0 Mn/Fe

600 kg high Mn slag
400 kg Mn are 2.0 ~~/Fe

nOUFLY PRODUCTION

165 kg pig iron +
669 kg high Mil slag

349 kg FeMn +
587 kg low Hri slag

Pig iron 9400/1200 + 2030 = 2.91 t/h

High Mil 31ag 2.91 x 669/165

FeMtl 9400/2500 + 850

"" 11. 80 t/h

= 2.81 t/h

ANNUAL PRODUCTIO~ - Pig Iron 1l0d/3.6 rna feMn 255d/8.4 mo

Pig iron 110 x 24 x 2.91 = 7682 t/y

High Mn slag 110 x 24 x 11. 80 = 31152 t/y

FeMn 255 x 2t. x 2.81 = 17197 t/y

Slag req'd 17197 x 600/349 == 29565 t/y

Ore req'd 7682 x 1000/165 = 46558
17197 x 400/349 = 19710---

t/y66268
Coke req'd 7682 x 180/165 = 8380

17197 x 190/349 = 9362
17742 t/y

Low MIl slag 17197 x 587/349 = 28924 t/y



TABLE 6-17
SA.EF

MN ORE - 2.0 t>tN/FE

PIG IRON + FEMN

ORE RESERVE DATA-

SUMNARY - RAW }~TERIAL REQUIREMENTS

t/y
kg/ kg/t 110 d

Pig Iron Batch Iron tid 3.6 rna

Xu are 2.0 }1n/Fe 1,000 6,061 Lt 23 L.6,S03
Coke 180 1,091 76 8,381
Quartzite 150 909 63 6,933---

Total 1,330 8,061 .562 61,927

Pig Iron 165 1,000 70 7,682
High Mn slag 669 4,055 283 31,152

t/y
kg/ kg/t 255 d

FeMn Batch FeMn tid 8.4 rna

High Mn slag 600 1,719 116 29,562
M..."1 are 2.° 400 1,146 77 19,708
Coke 190 544 37 9,355
Dolomite 301) 860 58 14,790

Total 1,490 4,269 288 73,415

FeJ"'in 349 1,000 67 17~197

Low Mn slag S87 1,682 113 28,926
Total are req'd f>6,268



TABLE 6-37
SAEF

MN ORE - 2.0 $/FE

PIG IRON + FElvIN

ORE RESERVE DATA

SUMMARY - RAW MATERIAL REQUIREMENTS

t/y
kg/ kg/t 110 d

~l-ron Batch Iron tid 3.6 rna

Mil ore 2.0 Mil/Fe lt OOO 6 t 06l 423 46 t 563
Coke 180 lt 09l 76 8,381
Quartzite 150 909 63 6,983---

Total 1t 330 8,061 562 6l t 927

Pig Iron 165 lt OOO 70 7 t 682
High Mn slag 669 4 t 055 283 31 t152

t/y
kg/ kg/t 255 d

FeMn Batch FeMn t/d 8.4 rna---
High Pill slag 600 lt 719 116 29,562
Mn ore 2.0 400 It 146 77 19 t 708
Coke 190 544 37 9 t 355
Dolomite 300 860 58 14 t 790

Total 1,490 4 t 269 288 73 t 415

FeMn 349 1,000 67 17,197
Low Mn slag 587 lt 682 113 28,926
Total ore req'd 66,268



TABLE 6-38

SAEF - MANGANEf-E ORE 2.0 :-IN/FE - PIG IRON + FE:'!};

ORE RESERVE DATA

,----- ---- ~._----,-

r'I'"'~F"
1- --

~I ~c Mn :e,03 Fe iFeO Fe
''', [ M 2',j. 'ea;'- kJ% .~'O l-'.'- -r-~ -5-T-~-

l Material Z/kg I/kg 't/kl';
.." .... ,.

kg ! __~ 1; kg l ~ k~ L <gkg r./kg IiKs ./Kg ~;Kg !/kg Z kg % Kg l-

I I

Mn ore :.0 ~.n/Fe ] •(jon 1L(I 16. ') ') .0 )() 1.0 10 4.0 40 1.0 10

11n Ih5

Coke IBO 2.0 5.0 9 3.0 <; 75.0 135

4 J

Quartztt .. 1')0 99.0 149 1.0
"'._-- -_.

TOT.'J.5 J • 330 110 It·'; 208 16 40 10
135

~IJ~ PRODUCE~

lOt.. lOO.O

Initial
"",-'-i

3 4055 kg

3 1091 kg

• 909 kg

• 13.5

- II.)

.. 2':'.7

PROCESS RATiOS

Siag/t
(669/165) 1000

Slag Ratio
CaO + MgO + HnO/S10

2
E 2.01

Co!ce/t
(180/165) 1000

SiO to X,ix !
2 (l ,0/11 JO) liiO

SiO,/t
L (J50/165)IOOO

Do]lmite/t

Coke to ,'-!1x ::
(l80/ 1130) 100

Dolomite to Mix:

:-In/Fe Slag

x'Ub.RL\L BALANCE$

kg kg Unit
Product/Feed Recovery

:-In 314/330 - 0.951

Fe 15g/,68 0.949

S10.... 198/208 - 0.953

,-\..12 0 J 15/16 0.938

CaD 38/40 0.950

:1g0 10/10 1.000

CA.'<.BON

Rc=~t1ono
~

Mno/:1nO 72.0

MnO/Mn 1.5

Fe
2
O/FeO 18.0

FeO/Fe 13.2

SiniSi 1.7

C in :-letal 7. U

TOTAL I ).4

1]1.~!.75 - 177.9 Use 180 kg/t

), 7

1.4

::. j

)6.2

29.0

16

In

17

40

20':'

::.17

16

38

1 '>

10

"£

396

194

6119

~o

FeO

LaO

TOTAL

Si0
2

A1/)J

BaO/Other

:-InO

~IRON ~PODU(ED

Initial

!sE. ~

Mu 7 7 4.l1

Fe 147 15) \Io,n

51 2 2 1.0

P

S

C 7 7 4.0

Other 2 2 1.0

TOTAl. 165 III ]ilO.O



TABLE 6-'1')
S"EF - MANCANESE ORE :.0 l'C,/FE - PIC IRON' FE..'l:'

ORE KESERVE DATA

Fe I SiO;, I Al 20 3 I cao 1 '.".,1, '.0 I ' I ' [
tikg ~L" l:~! :.) ~: '5.7 :t;gl 41.4 ~ kg \ 4 k

R

L: kg~ kg

11
'\ Il :0 l.ll !~ 'l.ll 16 L.O ~

).Ii 10 I.Il h 75.0 143

.' . Ii 0 l:I. ;' 91.' I. l) 01

II :Jll "" 141 7, 143

14

h'i

I h."
1>6

.'.Ll

.'hl

.'"j11:'

'1.l)

n:'

,f\li

·411n

1<t<l

1. ,,411'J'l'lTALS

~n 0r~ :.n Xn/Fl::',

Coke

Dolomite

H1;;h :-In al"g

1--------- --- -- --Tht'Chse-r:hlO,· ~ I~InO ~:IF",oJ Fe IFeO

~~. . ~~:ikS!:lk8 :i~~iK.;; ~lg I I I

e>LlO 'lb .•) 2.4 "..... .. j.,....,
,1 ;

1n 1 [ t.'11

1rl' l{)(). U

~!Arl'±~L B.~C;~

kg kg Vnl t

~~t"llduc t/ Feed ~

~...., 371/391 . u.94R

Fe 70/RO - O.'i")

Sil), 200/110 - 11.9)0

AI;,O 1 23.1 ~!.. 3 0.958

Call I l4/l,,1 ~ 0.9)()

~l;;0 7I /.'" - Li. 94 7

~~ARJlON

Slag Ratio
CliO + I-l/:O + MuO/SIO, - 1.97

- 1082

- 1:'. H

• 544

PROCESS RAT 1,15

Sl"g/t
(587/149) 1000

S102 to ~tx

Coke/ t
(190/ )49) lG1l0

S10/t

Coke to Mix ~

( I 411/ J ,,'iO} I (It)

~

2H.H

Red<..: tion~

Mno/:-tno

Oi.~_}'Ji~lil· ElJ.

In1t lal

Ie",- k£- ~

Si0
1 1h(~ 144 L~ .•'

AI
2

Ll, 21 ;" 1. ~

" ~al) 1 \ ... I'd .'.1. ~

:'1gl) " " 1.'.1

~l' J,,' l',.' ~ .'~ • (1

FeO .:/"1 .'7 /•. 4

B"O/O'L,'r

TOTAL ')H/ tdS iUn ,)

-::

1.\1

f, .....

..
lb. n

"''''.(1

2~

"'i

k",-

-' .",

~' 1

""

""

1,,'i

.It'll

FEMN !'ROllliCEll----

P

S

T<'TAL

,,'It her

S1

c

Fe

:-In

;!:n()/~tn

F"? ))1 F"O

hO.O

7.':'

Dollmite/t
lllWi 1~4) J",),) • Hb ll

FeU; !:,'c 12.~ D;)lomite to Mix 't
(Jllll/14911) 100 • 20. I

S10/51
t.. ,

~n/fc Sl.:1..><;

C in Met.;,ll 24. l) '" '1.)

TOTAL 1 L'.l

11;.1 ." - 18;'. H l[st." IIJP kg/ t



METALLURGICAL DATA

TABLE 6-40

SAEF

MN ORE - 3.0 MN/FE

PIG IRON + FEMN

ORE RESERVE DATA

Pig High C
Iron FeMn

Operating Load - kWh 10,000 10,000

Operating Time - "/ 94 9410

Avg. Load - k\-" 9,400 9,400

Hill/kg Metal 4.19 3. 19

lzv.,Th/ t ~1e ta 1 4,190 3,190

a' Mn 4.0 75.0fa

;,: Fe 90.0 16.0

~/ C;' 1.0 1.5n ..,1

% C 4.0 6.5

E.lectrode Paste - kg/t 15 25



CAMPAIGN PROGRM-l

1000 kg Mn ore 3.0 Mn/Fe

500 kg high ~ slag
500 kg Mn ore 3.0 ~/Fe

TABLE 6-41
SAEF

MN ORE - 3.0 MN/FE

PIG IRON T FE.'MN

ORE RESERVE DATA

129 kg pig iron +
771 kg high ~m slag

384 kg FeMn +
524 kg low Mn slag

HOURLY PRODUCT lOr-;

Pig iron 9400/1200 + 2990 ::::: 2.2Lj t/h

High Mn slag 2.24 x 771/129 ::::: 13.41 t/h

FeMn 9400/2500 -+ 690 ::::: 2.95 t/h

ANN1jAl~ PRODUCTION - Pig iron 8Sd/?1 mos FeMn 280d/9.2 mos

Pig iron 85 x 24 x 2.24 4,570 t/y

High Mn slag 85 x 24 x 13.41 ::::: 27 ,356 t/y

FeMn 280 x 24 x 2.95 19,824 t/y

Slag req'd 19,824 x 500/384 ::::: 25,813 t/y

Ore req'd 4,570 x 1000/129 ::::: 35,426
19,824 x 500/384 ::::: 25,813

61,239 t/y

Coke req'c: 4,570 x 180/129 ::::: 6,377
19,824 x 220/384 ::::: LG.358

17,735 :/y

Low Mn slag 19,824 x 524/384 ::::: 27,052 t/y



TABLE 6-42
SAEF

MN ORE - 3.0 MN/FE

PIG IRON + FEMN

ORE RESERVE DATA

SUMMARY - RAW MATERIAL REQU IREMENTS

t/y
kg,

,
kg/t 85 d

Pig Iron Batet Iron tid 2.8 mOB
---

Mn ore 3.0 Mn/Fe 1, (JOO 7,752 417 35,426
Coke J80 1,395 75 6,377
Quartzite 280 1,550 83 7,085

---

Total l,3l'0 10,697 575 48,888

Pig iron 129 1 ~ 000 54 4,570
High Mn slag 771 5,977 322 27,356

t/y
kgl kg/t 280 d

FeMn Batch FeMn tid 9.2 mos

High Mn slag 500 1,302 92 25,811
Mn ore 3.0 ~n/Fe 500 1,302 92 25,811
Coke 220 573 41 11,358
Dolomite 250 651 46 12,906

Total 1, L+ 70 3,828 271 75,886

FeMn 384 1, 000 71 19,824
Low ~ slag 524 1,365 97 27,052
Total ore req'd 61,239



TAB1.l:' ,,-~ 1
SAl'F - ~lANGA1'<E5E ORE 3.0 !'IN i FE - I'l C 1ROt' + FEM]';
ORE RESERVF DATA

Mater1-,J

Mn ore 1.0 Mn/Fe

Coke

l~uart zit~'

lllTAI.~

1.(1(1C'

ISO

700

1 , '~S(1

19.0
391

'''H1

1,\.0 4.0 40 I.() 10 3.0 10 1.0 10
1 '(1

~' .\ ::., .0 'I 3.0 " 75.0 135

Qq.n lOS 1.(1
-

I} , -" j' 11\ 1(1 1 j 5

1'1,: IRl)N P!'(\I'l 'CEn

Initial

~
!'$--_.-

Hn '> 4.0

Fe 116 1:: ~ 00.0

51 l.ll

.'
S

" ,:".(1

('It her I l.{i-
1:':Q 1 ~..., 1(ll'.n

SLAl: PROr)FCr.l'

In it ial

~
~---~

SH'') : 11 :.:. 1 \(1.0

AJ.O. 16 17 : . I
• J

Cal) :9 lP 1. 7

M~"1J lC' III I ..'

l'mll 47: ~q7 61. !

Fei,1 1 i 14 1.7

Dad/Other -- -- --
ill lill 1()ll.O

Mn

f.,

Sil'l,

:\] ,1),
\

(,.:H\

M~""'

c

~n(\ .. '~nll

r-tn(l/~

Fe :l) 1/ Fel)

Ft:>O/Fe

:\ 1(1 .. /S:1

C :in Metal

~\TER IAL BALANCE:;

l' 1" 390

1:0/ 1 3',

: 1" 1:47

16j1 7

2Q i'~ n

I (1 II ()

>1'>.1

1.1

1~. 1

2h. r

!.7

'1.n

113.\

0.'1"0

0.948

(). Q~) ~

0.941

O.qh'

I . (1(l('

PROCESS }(AT 11.\5

Sla~!(

U 71 /1 : 9) 1(1(1(1

51a~ Ratio
Call + !'1g0 + MnOiS1l1, -

Coke!t
(I 80/ 129) 1000

(l~kt> tl' ~ix '.!
(180/1380)!OO

510,,/ t
(:00/129)1000

S10., to Mix t
(200/1380)1 00

Dolomit ~/ t

Dolomite to Mix :.

~n/Fe Sla~

')Q7 7 ~b

i.91

1395 kg

1 J. 0

1"'>(1 .g

14. ~)

16.:

111.\/.7'>·1:-,,' ('se 1KO k~/ (



TABl.E ~-44

SAEF - MANGANESE ORr, '.0 !'1N!FF - I'll: IRI)!' + FE}~

ORE RESERVE DATA

Material

HiRh Mn alaI'.

M.n ore :).0 !'1n /F c

(\'tk,"~

i'olorr.1 t e

TuIAl,:,

"00

,PO

:' !()

:)0

I." 70

hI. ) 1.7
,07 237 9

'9.0 1". n
19, 0"

:.(1

"
- -

19'> 717 08

lP. [1 1 )u ;' . I 11 L7 19 .. 6

':'.0 :n 1.0 " LO 15 1.0

,,(1 II LO

-'.ll
, ,(1. , 76 ;' I . () , I

--
Iho ~l 1 110 64

75.0 11>5

165

SLAt: I Rt1Pl'(FnFEMN I"ROl 1l1CFI'

In It la 1

!'J:. !'J:.---
"

Mn ~'B " ~ ():: 7"'.P

F.. h} " 1~.0

S' 0 ~ 1 • .,

I'

,;

(' .: , ,~ 0.'

Cl!"her ~ 4 I.U

~s:. ':"(1, 1PI).t1

~

Sin.) 164

Al
7

l1
3 27

Call 10'>

:-1~1 01

MnL' It>O

FeO 1:

HnO/Oth .. 1 -
')2':'

In.!...~

.!'J:.

I 7 1 11."

"] ~ ..:..-

Illl 19,9

h·'. 11.0

1t>~ Jl). ,

11 ~, ...
- -
~~l 100.(1

~ll

Ft',

Sill"

..Uol'.. -'

C-H')

M~~)

c

~nl1)/:"1m1

!-'!n('/~n

Ft":,O,/FeCI

reo/ Fe

S {(l,./ S i

(" in ~C'r al

~\'\TFR! AI, R,\I.AM'r:,;

411! 41;'

71;' 7')

1 77/ 18()

2,!;' 1

10',' I 1(1

61/b4

'" ,'''- .

t," . Q

7 . ]

I '1.9

<).1

.'(,.(1

1t>0.7

0.9'>1

0.9'>1

0.9'> 1

0.9"7

0. q"
0.953

PROCESS RA1l0~

Sla~/t

(')24/1S4) 1000

Slag Ratio
CaO + MgO + MnO/510

2
•

Ccke/r
(220/ ,84) 101>(1

Coke to Mix %
(, :0/14 70) I 00

SiO/t

510
2

to Klx '.

Dolomite/t
(250/)84) 1000

Dol~lte to Kix I
0'>0/1 .70) 100

Mr.!Fe Sla~

1365 kg

2.0b

57 l kg

1).(1

h51 kg

1; .0

13.3

! r,(). 7/. -; (" u. .' 14. \ t'se .':?() k~:r



Mn GRADE AND Mn!Fe RATIO

Duplex Smelting

Without large reserves of direct shipping are (48% Mn), ex
ploitation of the Om Bogma area ores requires some method of
reducing the iron content of the ore. Without iron elimination,
the project is limited to production of a ferruginous manganese
ore for which there is a limited demand or a high iron furnace
proiuct (spiegeleisen) for which there is little, if any,
market.

Therefore, a two-stage furnace process, duplex smelting, has
been selected as the most favorable method of treating Om Bogma
area ore. The method of duplex smelting is one in which iron
is removed in the primary stage furnace operation and FeMn is
produced in the secondary stage furnace operation.

The model economic plan for treating the present ore reserves
is to rehabilitate the existing l3.2-MVA submerged arc electric
furnace (SAEF) at Abu Zeneima. Accordingly, KECI/ACB has
carefully studied the alternative methods of rehabilitation and
the effects of variations in the quality of ore reserves on
project economics.

~etallurgical balances and summary tables were computed for a
range of Mn/Fe ratios and are included in the Appendix for
reference purposes.



1'escrirtion

S..\.EF - 13 ...~ ~.f'.·A/l,,'r<h:

Rehabilitated "nit

TABU: (,-4 ~

~llXMt\...."Y - 'JI"ERA7INC r\Lr:"':RN.;T IVE~'

~~EF S!'-SLT:N:.~ - ~ ~\; I~i'JN + Pe~!.!:

Total Reduced Electric Natural Electrode
Fe.~'.lJ"l :'ie Iron Si!".:~ Semi-Steel ~m 'Jre Ure ('oke fuwer Cas Car-bon
tT; t />. --::r: t/:; + I •• tTY t/:: ~·I:: ~S17:; -;:r:-'y I .~

r-~n ,'IN':" \ l a l t-'J1/}'~ i 1<)' :~. , .... ,',' - - ' ,t~~1 \ ' ..~ ,'r j..-" '. ..~ H2. <. "\\'- .... - - '.35

1-\..., Orc' l.l'Mr./Fe 1.'<153 1'.1', ' - - (,t" ;l.;.", - ITlG.3 P2 • .3 - S'je

IY1n (1T'f" .' ~ill/Fe
1(,') - - ) 1~;,'1 - 1'''·~'·1

l-.,', -, - 52 c
,-.. :-

I>tro Ore ). \.1 ~1nlF'e
IHt"',;,~ "~ 42.\' - - . \...~'5~' - l',"'4L A: • .3 - 53'5

."o1I1 Ore 4.l' Mn/F~ .'15'~4 ~'3 j_~ - - ,,1+), ',4 - ..... Tr;\4 ;)2 • .3 - 5bl.

~, """ 'i. Mn/Fe ?715' - - - -~~,4 ,.): - :Ot,54 -)2. ~ - ',79

,', iNA I MANr'.ANESE ~OO12

SltMMARY - OPER!...TI~~ Ar. J.'ERNA 7rVES

~~' S~fELTING - FIG IRON T F'eI.m
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TABLE 6··47
SAEl'

MN ORE - 0.6 MN/FE

PIG IRON + FEMN

METALLURGICAL DATA
HIGH C

PIG IRON FEMN

Operating Load - k\-J 10,000 10,000

Opera ting Time - % 94 94

Avg. Load - kW 9,400 9,400

kv.'h/kg Metal 1. 81 3.51

Hlh/t Metal 1,810 3,510

"/ Mn 4.0 75.0/0

% Fe 90.0 16.0

"/ Si 1.0 1.5Ie

% C 4.0 6.5

Elec trode Paste - kg/t 15 25

.. \



TABLE 6-48
SAEF

MN ORE - 0.6 MN/FE

PIG IRON + FEHN

CAMPAIGN PROGRAJv!

1000 kg Mn ore - 0.6 Mn/Fe

900 kg high Mn slag
100 kg Mn ore 0.6 Mn/Fe

HO[RLY PRODUCTIOK

353 kg pig iron +
429 kg high Mn slag

375 kg FeMn +
752 kg low Mn slag

Pig iron 9400/1200 + 610 5.19 t/h

High Mn slag 5.19 x 429/353

FeMn 9400/2500 + 1010

::: 6. 31 t /h

::: 2.68 t/h

ANNUAL PRODUCTION - Pig iron 185d/y 6.1 m('~ FeHn 180d/y 5.9 mos

High MIl slag 185d x 24h x 6.31

Pig iron 185d x 24h x 5.19 ::: 23,044 t/y

::: 28,016 t/y

FeMn 180d x 24h x 2.68

Slag req'd 11,578 x 900/375

::: 11,578 t/y

::: 27,786 t/y

Ore req'd 23,044 x 1000/353 ::: 65,280
1!,578 x 100/375 ::: -lL087

68,367 t/y

Coke reqid

Low Mn slag

23,044 x 240/353
11,578 x 160/375

11,578 x 752/375

::: 15,667
::: ~940_

20,607 t/y

::: 23,218 t/y



TART ,E 6-49
SAEF

MN ORE 0.6 I,m/FE

PIG IRON + FEt--lN

SUMMARY - RAW NATE RIAL REQUIREHENTS

t/y
kg/ kg/t i85 d

Pig Iron batch Iron tid 6.1 mas
--~

Mn are 0.6 !'In/Fe J ,000 2,833 353 65,280
Coke 240 680 85 15,667
Quartzite 50 It,2 18 3,280---

TOTAL 1,290 3,655 456 84,227

Pig iron 353 I, 000 125 23, C...
High Hn slag 429 1,215 151 28,016

t/y
kg/ kg/t 180 d

FeMn batch FeMn tid 5.9 mas--- ----
High Mn slag 900 2,400 1SL, 27 , 786
Manganese are 0.6 Mn/Fe 100 267 17 3,087
Coke 160 4 ')"! 27 4~940.. I

Doloml.tc 500 lz11l 86 15)433

TOTAL 1,660 4, lin 284 51,246

FeMn 375 1. (JOO 64 11,578
Low Mn slag 752 2,005 129 23,218
Total Mn are req'd 68,367



TABLE 6-S0
S,\EF S~\Fl.T1NC - HN 11RE O.b :-IN/FE - I'll: IRON + FEMN

c
~lt.·ri~ll

1-'1. l't'r ('htl I ~C

k ~~
~. AI:"; T-·-c.q()-r-~f.O-~:\J,~ r ,,~-"

K~, k~, k~, k!(, kl'.' k~" ~,' kg

1 .. '\0.' i: r .'i' i to' ~ 't-e

l\lke

l.,;"'..UH-t :1t ..·

n'TAI :-;

I • Pll\~

;':'0

--~
1• .'''1

'

I.' . " I'
L'/i .1 l \ ~

:(17

l' . II ~

1(1 $

$

'1
.... ;<.,
.' • ()l'l

;(,1

\(1 ...

<,.~{l "0 ~' . ,:-;

').l){" t .' 1.PCl

qq. Ill' ~q l.l)(l-_.
It" 1.'

(\. :~ S I.~ • I (1 l).ll 0.10 0.10

i .00

0.02

75.00 ISO

I~O

MATER IAL RAI.ANI'FS
kg ~ Unit

I'roclJ ..· ts,.' Ft:... il:....J ~'

r-'t·· 14. ')/ Jtl~ lL~4~

~n ..'l)4.' ~"'l r', n.q~Q

:-; i ~ I • 114111 q l1. 9 '8

:\ 1 .,1) \(1/1.' ll. '~)8

l·...ll' :-;;S 1.00t'

~tgl) t t 1.ll ll i"1
(okt.'/ t

C'':'()/ ,<:,.1) l(l()P

Cllk..:' tl' Mix ::
(241li 12QO) 101\ IS. h

.'.()}

i 215 kg

1.:. 2

"so kg

PROC FSS RATIOS

( ';[1/ )') \) lOOl)

(42Q/3"3) 1000
Sla~/ (

:-. ta).: R.atio
(atl + M-nU ..... Mg()

S i()..,

Sil!,it.lq. ()

('~lrh\'n

Fe ,l). Fl~()

f'!(: lRll~ !'!<11Plil"f.ll SLAC I'Ronl,'!,p-------,--- -------
IldtLd !EJt !:ll

k< !:£ ~ !:::£
1'" lrr ,3,) lJl1~-(\ ~ i.l~ , \0" 110 ; ........

~:i , .:. 1.11 AI"ll, H1 ;: ".\

l" I J i l . 1 i.'..-ul " S I.t"

r-'!.,n I, I, ':".l' ~1f/'1 I ! (1 • .-

S il.\'li ~n() .'4') ~ ....~ "/ . ~'

.. ,~ 1"1 .'.; tl Ft"{) J') " ....:.2

ll[!lt:'I (l.t": Hal), i'l hel , , 1.1
- _.. '--
~ '" "

I" ll){l.llll .... ~Q .:,,,,: :Ol l .l)

Fev/Fe 71. t' ~1l1~ to Mi~ :
(~0/12Qn) IUU 1.9

~tnl) 0tn

Mm.' ,/Mn(\

j. 1

t.~). :

Mn/ Fe Slag
7.0

~10...,/:'1 1.4

p ..:l.\:'r I.U

C fn rf~ Irl.... n I ~. ()

178.7

I it'.,~ ;~ .. ..: 3~ k.g (\lk~ t'!:>e ::'~ (~



TARl.E 6-51

SAEF SXHTlNC - MN ORE O.~ Ml\/,E - PIC IRON + FFMN PROTllWTJON

7... ); O. : 1.1 10

".Iil' h : . lli 11.78 I (1.111 - 0.99 1 O. I 0 - 0.09
10

c.". dl) 0 l. 0(1 'j 75.00 ! 21)

: • ()(1 II) Ii' . :11 I I l '} I . (Ill IV,-_. - - _.-
It> '>7 244 71 108 In7 II llU

I) 1 ~l 39°

0.91 '>1 .47

'>1

~) • ih)
(

_.-
f~ rIll

"7.:1

"1

21

~ 2. 7h

--. I

J 1,0

')(Ill

1110

Yl1n

1,ht'10T~)'rAl.S

Lf,J\oi ~rade ore

[k") 1 lHU itt-"

(I..lke

N!gh ~n sl«g

I \.Ici~~hl per (,hd1,~" j.jf,O--MI~Tf;'~(~~eii ~ . Sil'-E'AI'()~T- ,:.en 1 ~lg0 I BaD I P J $ I c
!'!at"rial k~~ "/kg 1/K.!;! ::/1<.g' :'/kg! %/kg ::k: ~ . kg ': -. kg:. ~~; kg X kg ~ k! kg Z __3

8 .. 2 24.4 ~20 7.1 64 1.8 16

nJ"]\ I'RODl" fJ1

111![1«1

~
$----

Mn :'~{1 79 ') ,''J.i l

F.. 00 03 11l.O

II .?h () (,

S! t, L I.'>

Dol to Mix :!
(50011660 II ilC)

Coke [0 Mix 7
(160/16&0) 100

Slag Ratio
CaO+MgO+MnO+BaO

$iO 2. 10

200'> kg

427 kg

13 JJ k,:

• 30.,

¢ 9.6

PRODUCT RAl ~'1$

(l60/) 7 ') ) lOOn

(500/]7,>,'000

( 752/37'» 1000

Cukel [

f)o1/t

Slagle

O.~52

0.953

0.944

U.9'>1

0.947

0.9'>0

Unit

Recoverv

~~art'~'ll

67/71

1J. 5

4. I

9()/95

232/244

160/168

102/107

400142<

~\'\TF.RIAl. HALfu~CES

- kg kg
Proc.luL'c /Fet:-d

Fe:i) l!FeO

FeO/ Ft:'

~I~(l

S to,

AI:(1 J

(an

Fe

Mn

~~

In j t i,' I

~s. ~
----:

S iI', 219 131 :}.l

Al,L1 3
',. 7 i 9.0

(:HU Ion I "Ii .1I.'!

M;:0 IO~ l\11 I). '>

MnO I'> I ! 6J 20. h

Ft:'() IQ 41 '>.'

BaO/l)t:ler i 0 II . ,, ..
7'i:' ,i4/ 100.0

1.0

!()C.ll

~

,Y4J 7 '>

111" hrl

Modo/Mnt>

MnO/Mn

4. f

04.4

S i(l 1,:-: i 5. I

C i:' : .. ~l!. 26. a
117.;

117. 7 .,' ') - 1 ') 7 Coke Use 16(1



METALLURGICAL DATA

TABLE 6-52

SAEF

MN ORE - 1.0 MN/FE

PIC IRON + FEMN

?ig High C
Iron FeMn

Operating Load - kW 10,000 10,000

Operating Time - ~ 94 94

Avg. Load - kw 9,400 9,400

k\-,Th/kg Hetal 2.47 3.66

kWh/t Metal 2,470 3,660

0/ Mn 4.0 75.010

% Fe 90.0 16.0

% Si 1.0 1.5

0/ C 4.0 6.51'-

Electrode Paste - kg/t 15 25



TA3LE 6-53
SAEF

!,1N..2RE - 1._0 MN/F~

PIG IRON + FEMN

CAMPAiGN PRC~Rfu~

1000 kg 1.0 Mn/Fe ore

850 kg high Mn slag
1~0 kg 1.0 MniF~ ore

HOURLY PRODUCTION

237 kg pig iron +
592 kg high Mn slag

311 kg FeMn
719 kg low Mn slag

Pig iron 9400/1200 + 1270 == 3.81 t/h

High Mn slag 3.R1 x 592/237 == 9.51 t/h

FeMn 9400/250Q + 1160 == 2.57 t/h

Am~UAL PRODUCTION - Pig iron 155d/5.1 mos FeMn 210d/6.9 mos

Pig iron 155 x 24 x 3.81 == 14,173 t/y

High Mn slag 155 x 2L. x 9.51 == 35,377 t/y

FeMn 21J x 24 x 2.57 ::: 12,953 t/y

Slag req'd 12,953 x 850/311 == 35,.',02 t I:.'

Ore req'd 14,173 x 1000! 237 == 59,802
12,953 x 150/311 == _ 6,247

66,OL.9 t /", )

Coke req'd 14,173 'X 190/237 == 11,362
12,953 x 140/311 - 5J 831

17,193 t/y

Low Mn slag 12,953 x 719/311 == 29,9[.6 t/y



TABLE 6-5 I~

SAEF

MN ORE - 1. a MN/FE

PIC IRON + FEHN

SUMMARY - RAW MATERIAL REQUIREMENTS

t/y
kg/ kg/t 155 d

Pig Iron batch Iron tId 5.1 mOB

Xanganese are 1.0 Mn/Fe 1,000 4,219 384 59,509
Cokt~ 190 802 73 11,312
Quartzite 70 295 27 ....i,l..§.l

TOTAL 1,260 5,316 484 74,982

Pig iron 237 1, 000 91 14,105
High Mn slag 592 2,493 227 35,234

t/y
kg/ kg/t 210 d

FeMn batch FeMn tId 6.9 mas--

High Mn slag 850 2,733 169 35,402
Manganese are 1.0 Mn/Fe 150 482 30 6,247
Coke 140 450 28 5,831
Dolomite 300 965 60 12,500

TOTAL 1,440 4,630 287 59,980

FeJ'1n 311 1,000 62 12,953
Low Mn slag 719 2,312 143 29,946
Total Mn are r ec; , d 66,049



TABLE 6-55
5AEF - ~ ORE 1.0 ~;!FE - PIC lRO~ + fF~

~terial
i .

~ 0re - 1 .. 0 ~/Fe 1, 000 'R.O 24.\) 14. J J4.0 10.0 lOr ';.0 so 4.(1 40 3.0 30
380 240 141 240

Coke 190 2.0 ';.0 In 1.0 " 75.0 143
4 ,

Quartzite 7n 99.(1 (,9 1.1i-- -
TOTAl.S 1,260 240 241 i 79 57 ,~ (1 J(l 143

P1C lRO~ PR~

In1 t ial

~
~----:(

Fe 213 2:4 90.0

51 2 2 1.0

p

~ iO 10 4.0

S

C JO 10 ~.O

Other 2 J .n--
237 248 100.n

SLAG PROl'i.;CED

Initial

~
~----3. Fe

-,10
2 166 J 75 28.1 ~!n

A1 2O, 54 ';7 9.1 SiO o

e"o JR 40 h.4 Al "')().,- ,
~O 29 ,0 4 .. 8 CaO

SnO 282 297 47.7 :-IgO

FeO 23 24 3.9 C

BaO/Other - :-Inn
2

/:-lnO

'>92 623 100.0 ~O/!'!n

Fe
2
O, /FeO

Fe 2O,/Fe

SiD/Si

C in Metal

MATER lAL BALANCES

kg kg
Product/Feed
--2-3-1/24 )

128/140

170/179

54,' Cj""

38/40

29/10

,;n.2

4.4

2.0

72.0

1.7

10.0

140.3

Unit
Recoverv
0.950

0.9':'

0.951

0.947

0.950

0.967

PRODUCT RATIOS

Slag/t
(592 I 217) 1000

Slag Ratio
CaO + MgO + !'!nO/Si02

Coke/t
(190/237) 1000

Coke to Mi" !
(190/1260) 100

SiO It
2 (70/237) 1000

SiO t,. Mix Z
? (70/1260) 100

Mn/Fe Slag

24~J kg

1. 94

802 kg

IS. 1

295 kg

5.6

1:.2

140.3/.75 - 187.1 Use 190



TABLE 6-56
SAEF - ~ OR, j.O ~/tr - Plr. lRO~ + Ft~~

C

Material I Kg I ~/ Kg ,",,/Kg I ~iK~ 4/ Kgr J"j Kf 'KgIIK" '.IKgl' Kg I ' Kg I KFj • Kgl ' Kg. ~ l<gI .. 1<l'I% kg

High Mn slag 8 sn "'/.1 3.9 28.1 239 9.1 77 6.4 51, 4.8 41
405 314 .n 26

~n ore laO Xn!Fe 150 38.0 24.0 14. , ."'4.0 W.O 15 5.0 1\ 4.0 6 3.0
36 16

Coke 140 :.C! S.O 7 "'. n 4 75.0 105

n0lomite ,00 - 2.0 6 30.2 91 21.0 6 J- - - _. -
TOTAL:-' 1.440 16 1" ~~ :6 ~t17 Po9 151 to9 105. ,-

P

FOO> PROnVCED

lnit ial
~ ~---::

~ 3~ 245 75.0

50 53 10.0

:y :1 o. 5

I .5

2312 kg

9.7

1.71

20.1\

- 450 kg

- 965 kg

- 9.S"

(719/311) 1000

PRODUCT RATIOS

(11,0/311) 1000
Coke/t

Coke to Mix 7
(140/1440) 100

Dolomite/t
(300/311) 1000

Slag Ratio
CaO + MgO + ~~0/Si02

S lag/ t

M..,/Fe Slag

Dolomite to Mix :
(300/1440)100

0.966

0.939

Unit
Recoverv
o:94S--~

0.947

0.954

0.954

21.0

7.9

4.1

11.4

4.1

53.5

06/89

W/64

2551267

143/l51

104/109

~~TER1AL BALAN(ES
kg kg

Product/Feed
~350-

S!:-AG PROPFCEP

lnitial

l8. ~----.=. :-In

S10,) 244 257 33.9
Fe

Al
2
0

3
% 90 11.9 S10 0

C3(\ 143 I ~ I 19.9 Al...,O..,_ 1

MgO 104 109 1~. i. CaO

?-!nO 129 13l:> !~.n
:-I~O

FeO IJ Ii. 1.9
C-----

BaO/Or h"r MnO:?"MnO
-- -- ---
719 7,7 100.0

~.nn/~n

Fe 2O/FeO

FeO/Fe

SiD
2
/SI

C In Metal

1.0

100.0

4

328311

C

("the!"

s

Fe

!'In

102.2

1l12.2/.75 - 136.3 [lse 140 kg!t



METALLURGICAL DATA

TABLE 6-57
SAEF

K~ ORE - 2.0 MN/FE

PIG IRON + FEMN

Pig High C
Iron FeMn

Operating Load - kW 10,000 10,000

O?erating Time - % 94 94

Avg. Load - kW 9,400 9,400

kWh/kg Metal 3.37 3.40

kWh/t Metal 3,370 3,400

% Mn 4.0 75.0

% Fe 90.0 16.0

% Sf 1.0 1.5

% r' 4.0 6.5L.

Electrode Paste - kg/t 15 25



TABLE 6-58
SAEF

MN ORE - 2.0 MN/FE

PIG IRON + FEMN

CAMPAIGN PROGRAM

1000 kg Mn ore - 2.0 Mn/Fe

700 kg high Mn slag
300 kg Mn ore - 2.0 Mn/Fe

HOURLY PRODUCT IO~1

160 kg pig iron +
695 kg high Mn slag

352 kg FeMn
645 kg low Mn slag

Pig iron 9400/1200 + 2170 2.79 t/h

High Mn slag 2.79 x 695/160

FeMn 9400/2500 r 920

= 12.11 t/h

= 2.75 t/h

High Mn slag 115 x 24 x 12.11

ANNUAL PRODUCTIO~ - Pig iron 115d/3.8 mos

Pig iron

FeMn

Slag req'd

Ore req'd

Coke req'd

Low Mn slag

115 x 24 x 2. 79

~ 50 x 24 x 2, 7~

16,500 x 700/352

7,700 x 1000/160 = 48,125
16,500 x 300/352 = 14,063

7,700 x 180/160 = 8,663
16 , ')()O· x 180/352 = B. 438

16,500 x 645/352

FeMn 250d/8.2 mos

= 7,700 t/y

= 33,424 t/y

= 16,500 t/y

= 12,813 t/y

62,188 t/y

17,101 t/y

= 30,234 t/y



TABLE 6-59
SAEF

MN ORE - 2.0 MN/FE

PIC IRON + FE:"lN

SUMMARY - RAW MATERIAL REgUIREMENT~

t/y
kgl kg/t 115 d

Pig Iron Batch Iron tid 3.8 mOB

Mn ore 2.0 Mn/Fe 1,000 6,250 419 48,125
Coke 180 1, 125 75 8,663
Quart zite 100 625 42 --l~

TOTAL 1,2RO R,OOO 536 61,601

Pi i~ iron 160 1,000 67 7,700
III ~',!l ~ln H \ a Po h95 1.,344 29\ '\1,424

t I y
kg/ kg/t 250 cI

Fe~1n Batch FeHn tid 8.2 m08

High Mn slag 700 1,989 131 32,813
Manganese ore 2.0 Mn/Fe 300 852 56 14,063
Coke 180 511 34 8, LdS
Dolomite 300 852 56 14 z058

TOTAL 1,480 4,204 277 69,372

FeMn 352 1, 000 #)6 16,500
Low Mn slag 6/~ 5 1,832 121 30,234
Toted Mn orc req'd 62,188

i
J.



TABLE 6-60
SAEF - ~ ORr - ~.O ~/H - PH: lRO~ + FE~

._- ---~----ID----' -l-- ----J-' ~-~ E~ I l)o\nO . ~ Fe~O, Fe Fe<' Fe. ~;;0_ AI,03 CaO MgO BaO P 5 C
:'.aterials !/kg ~kg_ ::/!i~::jkf' !~~~!kf'_ 7 '~f' _c 'y 'Z__ kg 'Z __ ~ % kg % kg % kg~ kg

~n Or~ - :.0 ~n/Fe

Ceke

Quart: zite

TOTAl

1,000

11l(l

100

1,2/l0

12.D
12fJ

320

1n.n
iAn

:'.{l

Ih3

Q.O q(l ~ .11 40 4.0 40 3.0 30

) . ~) q 1.0 ') 75.0 135

qq.n go l.n-
198 46 40 30 135

PIC I R;'~ PROnt'rED

Fe

51

P

Mn

S

C

Other

~

1 , -,,-

J 0 J

SLAG PR0llUn I!-------
Init1aI Init ta I F't:....

~
.,

~
~---- ,

11n
))0 qO.n $1<1 2

184 194 ::f">.c"

1.0 Al
Z

0
3

:'4 4h h.l
Sj('~

Cau 3B ':'(1 '). ')

A1 2n,\

CaO
':'.0 ~gtl 29 1O 1..1

)o\p;o
~nO 181. 4n.:. < ').3

C
4.0 FeO 10 ! -; 2.1

1 .ll Bal)/Other
~no-:/~n('"

--- -- --
MnO/Mn

108 100.r 095 'II 100. (1

Fe:,O,!FeO

FeO/Fe

Si0
2
!Si

C in ~t:'tal

MATER TAL BALANCES

~ ')4/l63

304 () 20

I R8/l Qil

44/ LIf::

38/40

29/30

69.8

1.5

17.5

32.1

1.7

7.0

129.0

PRODUCT RATlOS

0.945 Slag/t
(695/160) 1000 = 4344 kg

0.9'))
Slag Ratio

0.950 CaO + MgO + MnO/510
2

= 2.22

0.957 Cokel t
(I RO/l60) 1000 ~ 1125 kg

0.950
Coke to Mix %

0.967 (180/1 :'8u\ 100 . 14.1

SiO/t
(100/160) 1000 = 625 kg

510 to Mix ;(
2 (100/1280)100 = 7.8

Mn/Fe 5lag 23.9

129.6/.75 - 171.8 Use 180 kgl t



TABLE 6-61
SAEF - Ml" ORE ~.O Ml"/FE - rIC IRO:> + n~

Mat erial RCh;;fD~-- xt".n0. xnJ Fe,,,,
------------ L.L_.-:y:2·~ %/kg _1:/kg _"/_k_·g_~k_rJ..~~Kg --~---l 1 [ I I I JFe Fe0 Fe S10 0 Al 00, ('.0 MgO BaO P S C. :/1 g :i~~"":!k~ =__ __.'.. ~ 1:_~:;.. kg : kg % kg ~ kg % k~ % kg

High ~n Slag

~l Or-(' - :.0 ~n/Fl>

C<->ke

Dolomite

Tt1TAl

700 ')5. J 42.S ~' . , I.S 26.') lS6 6.' 44 5.5 39 4.1 29
)(1(1 11

'W(1 J; . (1 16.(' G.O 27 4.0 12 4~O 12 3.0 9
q~ 41

ISO :.0 ').0 9 ). (1 5 75.0 135
4 l

,00 :.0 ~ 30.2 91 n.o 63- - - - -
1.480 9tJ )00 ~l 13 ~28 61 14~ /01 135

;'nitial

~ ~ -
i6J . , )'.0

'" ')4 It'>.(l

~ .~
.~ !:'. ~

r- ; ,

~RODUCF.D

lni t 1al
~---- .

2'! ') "31. t'

>,j Q 0

i ,., ..'1l.Q

~ O! l~ .Q

! ~~ ~.)

" 0.9

PRODUCT RATIOS

0.950 Slagl t
(0':' 5/3 5 2) 1000 ~ IR32 kg

0.948
Slag Ratio

0.951 CaO + MgO + MnO/Si0
2 = 2.02

o.951 Coke.·' C
(IR0/352) 1000 = 511 kg

0.951
Coke to Mix %

0.951 (180/1480) 100 . 12.2

Od/t
(300/352) 1000 = 852 k~

Del Co Mix %
000/1480) 100 = 20.3

Mn/Fe Slag 24.2

60.4

,Slbl

5. 5

1:'.11

,o.~

61/04

96/l 01

)76l3q6

217/228

135/l42

:"ATERL'.L BALANCES

Fe

~r.

c

~!.o ...

CaD

F"io/ FeO

FeO/Fe

~,~(l

:\ 1~(),

~nt)/~:1

~nO.,/Mnn

10C.0679

~

StO,,> 2«.

Al ./~.~ ,"
cal" 135

~pj 9"

:"1nl,) l ... t-

Fd~ "
BaC/0to'r --

b~5

1.C

Jon.o,'0

F~ PRO[)l',:EP

3~2

p

Si

~n.

Fe

Other

c

"

S10
2
/51 5.1

C !n ~etaJ .:!Lc .0

128. ')

128.51. ) 5 & 1 d . J Use 180 kg/t

"



'I'ABLE 6-62
SAEF

MN ORE - 3.0 MN/FE

PIG IRON - FEMN

METALLURGICAL DATA

Pig High C
Iron FeMn

Operating Load - kW 10,000 10,000

Operating Time - % 94 94

Avg. Load - kW 9,400 9,400

kWh/kg Metal 4.56 3.34

k\-fu/ t Met~l 4,560 3,340

% Mn 4.0 75.0

Ic Fe 90.0 16.0

0/ Si 1.0 1.510

% C 4.0 6.5

Electrode Paste - kg/t 15 25



,' ......,~r:~
ENGINEERS -------------------

TABLE 6-63
SAEF

MN ORE - 3.0 MN/FE

PIG IRON + FEMN

CAMPAIGN PROGRAM

1000 kg Mn are - 3.0 Mn/Fe 118 kg pig iron +
793 kg high Mn slag

500 kg high Mn slag
500 kg ~il1 are - 3.0 Mn/Fe

350 kg FeMn +
588 kg low Mn slag

HOURLY PRODUCTION

Fe~fu 280 x 24 x 2.81

High Mn slag 2.06 x 793/118

FeMn 9400/2500 + 840

Slag req'd 18,883 x 500/350

=: 2.06 t/h

=: 13.85 t/h

= 2.81 t/h

FeHn 280d/y 9.2 mas

=: 4,202 t/y

= 28,254 t/y

=: 18,883 t/v

=: 26,976 t/y

85 x 24 x 2.06

9400/1200 + 3360

High Mn slag 85 x 24 x 13.85

Pig iron

Pig iron

A~~UAL PRODUCTION - Pig iron 85d/y 2.8 mos

Ore req'd 4,202 x 1000/118 =: 35,610
18,883 x 500/350 = ~976

62,581) t/y

Coke req'd 4,202 x 170/118 =:

18,883 x 200/350 =:

6,054
12J 790

16,844 t/y

Low Mn slag 18,883 x 588/350 =: 31.,723 t/y



" .... ,::::3t:=~
ENGINEERS

-------------~------------------------------------------------------------------------------------------------------------------

TABLE h-'('!l
SA1'~F

MN ORE - 3.0 MN/FE

prc [RON + FENN

SUMMARY - RAW MATERIAL REQUIREHENTS

kg/ kg/t
Pig Iron Batch Iron tId

Mn ore 3.0 Mn/Fp 1,000 8,474 419
Coke 170 1 , LI 41 71
qunrtzite 150 1,271 63

TOTAl. 1, 12 () II , ) R6 55:1

Pig iron 118 1, 000 49
High Mn slag 793 6,720 332

kg/ kg/t
Fd1n Batch FeMn tId

High Mn slag 500 1,429 96
Mn ore ",.0 Mn/Fe 500 1,429 96
Co kp 200 ')71 39
l)o)omltl' 250 714 48

TOTAL 1, Lj 50 4,143 279

FL't-1n 150 I, 000 £>7
Low Mn ~;l11 g 588 1,680 III
Total Mn ore rcq'd

t/y
85 d

2.8 mas

35,610
6,054
5,3LIl

Ii'.' ,005

4,202
28,254

t/ Y
280 d

9.2 mas

26,976
26,976
10,790
U,482

78,224

18,883
:11,723
62,586



TABLE 6-65
SAEF - ~ ORE 3.0 l'L"</FE - PIC IRON + F~

~teri81s

Mn Ore - 3.0 Mn/re 1,000 56.9 1~.(1

3hO
I- .1 L'.O

1:'11

--- r-;] I f G I I IF,'(~ Fe Sll', .\1,(13 CaO Mg(1 BaD P S C

~fh :!kg • _ ',_kg : _~ _k~ ~ ,.,_~f!.! kg %_ kg: kg % kg % kg

9. n 90 f,. 0 40 4 .0 40 3.0 30

Cokt:>

<,lua~:zae

Tl'TAI.

170

1"0

1,320 \H)

~ • (1

1 0
'

".11

9 0 .11

9 1.(1

1"9 1.0

:4~ :"7 40 10

75.0 128

128

0.0')0

Unit
Recovery
0.943 Slag/t

Fe

Si

P

:-In

c

Other

I'll; lROl' Ph.1DrOJ" SLAC !'FOPt'UP------
In!t!al Initl,.,

!':.£ k;:;----_ !':.£. k:--'

106 11:1 9tl.l1 S10... ;3.'. 24h 29. ')

1 •n A.l :.:: 0, :... ') ... ~ .... t"

CaO 18 .:on:.. .,~

~J'l Hg{) 2':' 10 ~.6

Nfl\') ... 3'" .:. <"s c,,!... Q

:~.n F(''',~ I: 1\ l.~

1.0 BaD/Other - -- ---
lIS I::" Ill('.l) 7'1l 51" 100.0

Fe

~ln

Sit),

Al :l' 3

\".:A(1

~.~l'

"
~n(~ "l/Nn()

~nl' -./~n

Fc"~~)l/Fe()

F~ .,(11 f Ff'

Sit) ,/~i

t" in ~et.1.1

~T~~rAL aALANCES
~kg

Product/Feed
--rIT;r2"2

'41/ )bO

.:"6/~48

:... ')/:... 7

IF,' .:'

_'9 11)

77 .4

~ .2

1.1

1,.., . ()

0.9

).0

1 ~ 2.6

0.9')2

n. 0 ,7

0.9)0

0.967

PRODUCT RAT. uS

(793/118) I 000

Slag Rat.io
CaD + HgO + HnO/SiO,

Coke/t
(l70/1I8) 1000

Coke to Mix X
(170/1320) 100

SiOo/t
• (I ')0 III 8) 1000

SiO? to Mix:
• ( I ')0 I J ) 20) l 00

Hn/Fe Sla"

6720 kg

1.91

1441 kb

I:: . 9

12 71 kg

II .4

36.1

,~.

12~.6/0.7~ : l~'.'" l'se 170 kg/t
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TABLE 6-66

SAEF - MN ORE 3.0 MN/FE - 11(, lRO~ + FEMN

--- '1\;--- - --- ~-- --
,I.'L/Chge MuO o Mn MnO Mn Fe o 0

3
Material I kg %/kg ~/kg '!./~_ ~t~ Ii - -~--------1---;r--- J;J I ~~Fe FeO Fe 510 0 Al?03 CaD !".g0 BaD P 5 C

'!~~ ~/~~ '/kg: .-:: __~~ ~_'_~g ;, kg ! kg! kg ;: kg~~;: kg

Hi"h Mn 51,,&

Mn nre - 3.0 ~/Fe

Coke

Doh·mi te

TOTAL

"00

'DO

200

250

1.450

'>b.9 3,-.0
28'> 180

180

54.9 42.)
: 1 ;

211

17.1

8b
2.0

1-- "
6(;

61

1.6 1 .2 29.5 148 5.6 28 4.8 24 3.6 i8
{)

9.0 45 4.0 20 4.0 20 3.0 15

".0 10 l.d h 75.0 150

2.0 _5 30.2 2£.. 21. C 2l..- -
6 208 54 120 86 150

~ nit ia 1
!ss.----3:

'!. 7 r, "'>.0

,9 16.0

24 6.5

1.',

Mn

Fe

C

5i

P

s

Other

FEMN PRODUCm

~

261

')6

2J

350 368

1.0

100.0

SLAe PROI l:cl:.!:'.

Ini' i a]

~ !ss.
--- Mn

-

S J0 2 185 195 78.4
Fe

A]203 51 ,4 - ~) i0
2

CaO 114 120 :1.5 A} 2(11

MgO 82 86 1".8
Can

M"O ,~~ I ,,~- 21.M M"O

Fen 12 l' 1.8
C

il"O/Other
Mnl)2,'MI\0

-- -- --

588 620 100 . .\
Mnn/Mn

Fl'~.l)3/Feo

Fe·d/Fe

S1O/S1

(' In Metal

MATER lAL B,v.ANCFS

371/193

~5/69

198 / 208

'> 1154

114/12C

82/l:J6

19.1

b(~. ()

!J.8

L:.f)

".1

~4.()

147.H

0.948

0.91,)

0.951

0.94:.

0.950

0.954

PROPUCT RATIOS

Slagle
(588/150) 1000

Slag Ratio
C.,O + MgO + MuD/Sino

'-

Co 1<e/ t

(200/350) 1000

Coke to Mix :
(20(,/:450)100

[loll t
(250 /l50) 1000

t)cl to Mix %
(250/1450i 100

Mn/F. Slag

]680 kg

l. 98

571

13.F

7\4

17.2

12.0

147.8/.75 a :9'.1 (Use 200;



~lliTALLURGICAL DATA

TABLE 6-67
SAEF

MN ORE - 4.0 MN/FE

PIG IRON + FEMN

Pig High C
Iron FeMn

Operating Load - kWh l(J,OOO 10,000

Operating Time - % gLI 94

Avg. Load - kW 9,400 9,400

kWh/kg Metal 5.79 3.19

kWh/t Metal 5,790 3,190

% Mn 4.0 75.0

% Fe 90.0 16.0

I. Si 1.0 1.5

I. C 4.0 6.5

Electrode Paste - kg/t 15 25



TABLE 6-68
SAEF

MN ORE - 4.0 ~m/Fe

PIG IRON + FEMN"

CAMPAIGN PROGRAM

1000 kg Mn ore 4.0 Mn/Fe

350 kg high ~n slag
6~0 kg Mn ore 4.0 Mn/Fe

HOURLY PRODUCTION

91 kg pig iron +
835 kg high Mn slag

363 kg Fe~m

501 kg low Mn slag

Pig iror. 9400/1200 + 4590 .., 1.62 t/h

High Mn slag 1.62 x 835/~1 == 14.86 t/h

FeMn 9400/2500 + 690 == 2.95 t/it

A1~UAL PRODUCTION - Pig iron 60d/2.0 mo FeMn 30Sd/10 mos.

Pig iron 60 x 24 x 1. 62 == 2,333 t/y

High Mn ~lag 60 x 24 x 14.86

Fe~m 305 Y 2t: x 2.95

Slag req'd 21 s 594 x 350/363

Ore req'd 2,333 x 1000/91 == 25,637
21,594 x 65fJ/363 == 38,667

Coke req'd 2,333 x 160/91 == 4,107-
21,594 x 230/363 == 13,682

Low Mn ~lag 21,594 x 501/363

== 21,398 t/y

== 20,821 t/y

64,304 t/y

17,784 t/y

== 29,803 t/y



TABLE 0-69
SAEF

MN ORE - 4. 0 MN / FE

PIG IRON + FOOl

SUMMARY - RAW MATERIAL REQUIRE~NTS

t/y
kgl kg/t 60 d

Pig Iron lia.t..c.h. Iron tid 2.0 illns.----
Mn are 4.0 J-f.n/Fe 1,000 10,989 427 25,635
Coke 160 1,758 68 4,101
Quartzite 160 1,758 68 ~1~

Total 1,320 14,505 563 33,837

Pig Iron 91 1,000 39 2,333
High Mn slag 835 9,176 357 21,406

t/y
~g/ kg/t 305 d

FeMn Batch FeMn tid H).O'mo.

High Mn slag 3S0 964 68 20,817
Mn are 4.0 Mn/Fe 650 1,791 127 38,675
Coke 230 634 45 13,691
Dolomite 150 413 29 -1S~

Total 1,380 3,802 269 82,101

FeMn 363 1,000 71 21,594
Low Mn slag 501 1,380 98 29,800
Total are req'd 64,304

"lj'\ !
1;\



TABLE 6-7/1
SAEF - ~IANGAJ';r:SE c'RF ~"O MNF"E - FI(~ l1iON • "-D~

Haterial

Mr. ore :... .. 0 ~m/Fe 1 ;,XX) t.} . ,- ~c, .

Coke

~=rt cite

. 1 ~ ,,,',

] '~l t

lI-',

T''TAl",'

PIG IRON PRODUCED

1 ~ ~2C'l ,0<'

SLAu FRQD~r.::"~ ~!ATERLAL BALANCES PROCESS RATIOS

lni t. isl
~--:&

l:-.i:. ia.l
~ ,.

.')4 2R.9

.~

~, '.. ''-

3U 3. 4

4G1' c.

,) 1.
,

~

Mn

.:;,Ff'>

Si

P

S

C

Ot.her -
~1

,So;,

~

~~l

CA'

~

100 -,'

~~ "I )~

.41,)~;

"ai'

~':.tzt 1

!J~,~.

~el'

F',a,t ·'~t:e;

~

~.,~ 1

1..;. ....

,.~:

20

~73

y

- 3) ,~ ',"~~ 10J.0

'In

~e

~: \,.)

.';1?\)1

~...r\.l

~02 'MnCi

~!.nO/Mn

Fe:' J 1 ~'e'"

;;" .:-') '~ e

S il).~, S I

in ~'!et.al

kg kg
Produet/~

37') 3<,)0

S,S '*'
.?43;2')~

45/L"7

3t!:' 4tJ

29/30

d).l

0.'1

9.9

l,".~

0.9

4.l

no.,)

l'nlt
Recovery

1.949

0.9)7

0.94')

0.957

0.950

i).'f<;7

Slail, It
(835/91)1000

Slag Ra~~~ + MgO • MnO ISI02

Coke/t (160/91) 1000

Coke to Mix 1
(160/1320) 100

Si02 /t (160/91)1000

Si02 tv Mix %
(160/1320)100

Do1omi telt

Dolomite to Mix ~

Mn/Fe Slag

9176 kg

2.01

1758 kg

12.1

17')8 kg

12 .1

52.3

~1\1 .. ,.' l':" .... "s~ lr~' !'~



T:'.lIL£ 6-11
SAE? - Y.A.'\'~A:\-~SF ~'h:' !... ~']\ ,~...y - ?l\~ ::~~ ~~ • :-~:-).~

l\:- -'"e 1 ';y,,)~ ± 'Co'

~~...terial k.;; 1-'"" '~ l. ""l ""I .-, - •.. '\ ~ I ~ . ~ I' ,
,~" ~ g',"" 'e I ~ll") . .\1:'-1
J" ••,. ",'. t·'_I_ ',. ~.
~~ ". I" ~ • ~ I 'j ~! :. ~

c
% kg

'.~ 1(;;~ Y:n sla~

Mn 0~~ 4.0 y~ :e

,,'uke

,:,()

f' l:.;,~~:

., :,)1 :. ~1 -. l.r
. , 12_.......

l~'· >.~

;.:l .. ' :.', .) '., '.,. ,,) -.'
,

~) ~' -., ~:'r -, . ' ~ 20
L.('1 .......... L ,~..:.. ''')

~5.0 173

",1=1 ~"

"I',"'1'P.l..s

lo:....l'

1. ~,,"" ~ ~, :. -'. ,,~")

~l-\ •. J :.. '-, ,-' 1 ... "

','--

;E

,,4 173

~'':'~ ~",":,::,':',:i,,"Y 7! ....:..· :~ :''','',,'':-'~ ~~-\TI~R :A:. ~AI.A.N\~S ?Rl)CE~S RATIOS

Coke/t
'230 363':000

Slag I'~

1S01,363)lCXXl
~

;;"~

Si

~

•.:"·1

~

:','::'"

:ni ~ ial

!
: ~ ,\.'~

A~2'~ .~

"'"a,'

~

:".:..

C·)

-;

~

>\,.....

::.. :~ia~,
~l\ •

~ ,~

\".:.

;;"e

':~ : "

.. ,
·.....2 ..

'&~',

::Sc, :....\~.

,..;>

'.. ~ ... "....,

_.:l "2

...,; ~~

\.\.~\...;

'\ ,jr::.L.

J.()~L.

'-).~

ll. ,v-,4

Sla,.; Ra<:: io
\~a() !"'~ , :-'.nO SiCJ2

1380 1<.,-

loCK)

;'34 k;;

;:.

,- :: ....

\'.....~,'

!-"_"1,"

~~ (O-l'

;. ... -...i .'<J. ~

1.,,'"

" .. '
'~.

\~.,", ''.::'

,). ,)S 3
'oke ~o !Y!ix .~

(?30 1380 1100

.:3i0")

16.

~-:: ~ i..... :"".

,"It ~-.lt" :-

~! ~~ :;. :,"','.

~8" .,",: ",r~~

:,'\, ~ ,
:-'..:~ V:.

~- ~,

~.~~ :,: ~

~ ..... ~

SilJ,.., ·u ~,ix

:"'10 LJCJ. t ·,e ~

1~,) 303 \ l:'00

Dolc~ite to Mix:
\1~01380)loo

413 I<.,;;

l').Q

~'-,

• ~ ~~. 5. 1 " .

"se ~"'l(' ki .

~.n,'F'e Slag 2(;.'



l'lETALLURGICAL DATA

Operating Load - KWH

Operating Time - %

Avg. Load - KH

K"m/Kg Metal

K".11/ t Me tal

% Mn

I,: Fe

% S1

Electrode Paste - Kg/t

TABLE 6-72
SAEF

Mn ORE 5.0 Mn/Fe

FeMn

High C
FeMn

10,000

94

3.03

3,030

75.0

16.0

1.5

6.5

Q5



TABLE 6-73
SAEF

MN ORE - 5.0 t-lN/FE

FENN

CAMPAIGN PROGRAJ."1

1000 kg Mn ore 5.0 Mn/Fe

HOURLY PRODlJCTIOi\

355 kg PeMn +
377 kg high Mn ~lag

High Mn slag

FeMn

3.10 x 377/355

9400/2500 + 530

;; 3.29 t/h

;; 3.10 t/h

ANN CAL PROOrCTIOi\

High M:1 slag 3.29 x 365 x 24 ;; 28,860 t/y

Fet'1n 3.10 x 36') x 2L1 27, 156 t/y

Ore req'd 27 , 1 56 x 1000/35') = 76, LI 96 t/y

Coke req'd 27, 156 x 270/355 = 20,65'1 t/y



TABLE 6-i~

SAEF - ~~~G~~E~E ORE ~.O ~/FE - F~

C
Material I kg kg

~n Ore 5.0 ~n/Fe 1.000 40.0 8.0 9.0 90 ~.O 40 4.0 t... f:l 1. I") 10
400 80

Coke 270 :.0 ').0 1:' 1.0 8 75.0 201
4

Q'uar::Z'!te -- - - 99.0 - i .0 - - - -
TOTAL~ 1.270 ~OO 84 104 48 ~O 30 203

lnitial

~ ~

10it tal. ----~
~ "'"

SLAt: PRanCeD

(270/355) 1000 • 761 kg

1062 kg

21.3

077/355} 1000

Slag Ratio
CaO + MgO + ~.n0/Si02 = 2.15

PROCESS RATIOS

Coke/ t

5 lag/ t

Cok~ to Mix:
(270/l270) 100

510
2
/t

MATERIAL BALANCES

180/400 - 0.950

8011\4 : 0.947

99/104 : 0.952

:'6/!..8 - 0.958

18/40 - 0.950

29/30 - 0.967

c

A1 20,

Fe

SlO,

CaD

MgO

:-In

, .6

iO .1

23.4

,. .R

12_ 1

19.0

30

93

.:. ~ :

,9

1 i

: ')~

38

29

~

e8

46

29

,..." ,

510
2

~o

~o

A1
2

0
3

CaO

FeO

I.')

16J'

7~.. ('I

60

280

FE:-!:' PRODUCED

~

)7

266

c

s

~.n

Si

l'

Fe

Ot '~er BaO/Other

377 397 100.0

Mn° 2/MnO

Mn()/~n

Fe 20/Fe{)

2h.~

2.2

2. 5

5t0
2

to Mix %

Dolomite/t

Dolomite to Mix %

Fe 20/Fe 19.1 Mn/ Fe Slag 5.1

510.,/51 4. 1

C in ~etal 24.0

! 98.5

198. S/ . 75 - '264. 7 (Use 270 kg/t)



PREHEAT KILN

In the review of original process technology and testing data,
evidence was developed by Elkem showing an increase in the output
of the submerged arc furnace with preheating and partial reduction
of the ferruginous manganese ore and hot charging of the preheated
ore to the furnace. In addition the 1960 Birlefco proposal was
based on solid carbon reduction of the iron-bearing manganese
f)1"'(':' t-r. c:::nr.ngo ; Y'r.n ;"Inri Mnf"l t.,i -l-h "'uhc ....rruont rnp~tl·ng ""vf the"'-' .................. _ ...... t;>.....", .... '- ................... ~~ \,A. ....~ ,*1"''''''' 0..1.\,.,.1.1 CJ j.JLJ'--'-1 '- , ... ~ .

reduced product in an open arc furnace to produce pig iron for
marketing and a high manganese slag for FeMn production in the
submerged arc electric furnace. The are preparation procedures
of Elkcm and Birlefco were developed to increase the capacity of
the SAEF and to improve its efficiency.

As means of enhancing the duplex smelter process, a further
investigation was conducted by KECl/ACE to determine the effect
of preh~ating and preproduction on high iron-hearing manganese
are. Ore samples were obtained at the Abu Zeneima in March, 1980,
and forvwrded to Allis-Chalmers (A-C) n.esearch Laboratories.

Initial tube test results conducted on an iron-bearing hand
sample were favorable with mctalJ.ization of the iron and re
duction of the manganese to r~nO.

Metallurgical balances and summary tables indicating anticipated
increases in production are included in the Appendix for reference
purposes.
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TABLE 6-76
2~.;YY";"::·~· - ~'?FR';::iK; A:"7'EP.x';::~:ES

:~.=:::,::,:\-:, ~~ =:.:; .. S..;EF - ~.: ~ :~(:::; .. ::E'.Y~

:U~ Re ...-:'uced £lectric Natura.l Electrode
:-.,>:.:. },i..~ ~iY:. Se=:-~:eel ~~ ,-','re Ore ~oke Power Gas Carbon

't./'; --:r:: t /-,; ": ;' '; t/y th ~';/y ~;;;:rl:r tTY

~ L':"'e 1.- ~/F'e

"--

~"'o!1 \ -'J""'('

~:.";. ..,...,.~

~.,:";. ,":-e

( ~r:.":~'f'

~··.n/Fe

YJ.. /::'e

...~ ''-.,i ~ • - - .c:,,~), - :....._..,~,<~ '~,; . ~ - 705

./,.... ~:'~ : ') ~ ~ - - '~3 '.''j - 1':1('61 :12.3 - 595
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l ~l.. _r·"':".'" - - ~ . ..::)r l...) -. :
075" Q2 .. j - 5'"

SmAl MAlIGA.'lESE 50012

SU~A:r'{ - nFERA':"ING ALTE~'!':'/E~

?REHEAT KILlI -to SAEF - FIG IRON .... Fe~.l'l



METALLURGICAL DATA

TABLE 6-76
PH + SAEF

MN ORE - 0.6 MN/FE

PIG IRON + FEMN

Pig High C
Iron FeMn

Operating Load - kW 10,000 10,000

Operating Time - % 94 94

Avg. Load - kh' 9> t+ 00 9,400

kHh /kg Metal 1. 63 3. 16

kWh/t Metal 1,630 3,160

% Mn 4.0 75.0

% Fe 90.0 16.0

% Si 1.0 1.5

% C {I.O 6.5

El(:c trade Paste - kg/t 15 25



TABLE 6-77
SAEF + Prehedt Kiln

Mn Ore - 0.6 ~m/Fe

Pig Iron + FeMn

CAMPAIGN PROGRAM

1000 kg Mn ore - 0.6 Mn/Fe

900 kg high Mn slag
100 kg Mn are - 0.6 Mn/Fe

E,'l'RLY PRODUCT 1O~;

353 kg pig iron +
429 kg high Mn slag

375 kg FeMn
752 kg low Mn slag

Pig iron

High Hn slag

feMn

9400/(1200 + 610) .90 =

5.77 x 429/353 :;::

9400/(2500 + 1010) .90 =

5.77 t/h

7.01 t/~

2.97 t/h

A~~LAL PROnLCTIO~ - Pig Iron 18 5d / 6 . 1 roo FeMn 180d/5.9 roo

Pig iron 5.77 x 185 x 24 = 25,619 t/y

High Mn slag 7.01 x 185 x 24 = 31,12 l•

FcMn 2.97 x 180 x 2L, = 12,830

Slag Rea'd 12,830 x 900/375 :;:: Ju,792

Ore Req 'd 25,619 x 1000/353 = 72,575
12,830 x 100/375 = 3,421

75,996

Coke Hec;'d 25,619 x 2L.0/353 17,418
12,830 x 160/375 = 5,47 l•

22,892

Low Mn slag 12,830 x 752/375 25,728



TABLE 6-78
PH + SAEF

M~ ORE 0.6 MN/FE

PIC IRON + FE/HN

SUMMARY - RAW :-1J\TEEIAL REQUIREMENTS

TOTAL

FeMn

t/y
) 85 d
6.1 rno

t/y
180 d
5.9 mo

72,575
17,418
1,nlR

1L I H:I()

:~5, 72H
75,990

93,011

30,792
3,421
').47'1

u..L.Urr

tid

7I
ltd

506

138
168

:3] ')

392
94

-2D..

kg/ kg/t
hatch Iron

J,OOn 2,833
2',0 680

')0 It.)

1,290 3,655

353 1,000
429 1~215

kg/ k?,/t
batch FeMn

900 2,400
Ino 267
I () () 427
'd)ll I '\ \ .~---- -, -_.-

J ,hhO II , '1 :J 7

'j 1 'i 1, ()()()
7 ') ~ :! ,00)

TO'l' AI.

, .
feC[ tI

Pig Iron

I,' f '~-III

!,lIW i'111 ~,Ll~l.

'1'11';1] Mn ('fl'

Iiivh Mil SJdg
Milllg.'1npsl' ore ().r-, Mn/Fe
( I II! ('

jil, 1(111111,'

P ii', i rOll

l-lir,h 1'1n sla g

Mil ore (). 6 i-ln/Fe

Coke
QUArtzite



TABLE 6-79
PH + SAEF

MN ORE - 1.0 MN/FE

PIG IRON + FEr11\

METALLURGICAL DATA

Pig High C
Iron FeMn

Operating Load - kW 10,000 10,000

Oper a t i.:lg Tirr.e - I. 94 94

Avg. Load - HI 9,400 9,400

kWh/kg Metal 2.22 3.30

kWh/t Metal 2,220 3,300

01 Mn 4.0 75.01-,

% Fe 90.0 16.0

0/ Si 1.0 1,5/0

% C 4.0 6.5

Electrode Paste - kg/t 15 25



., _..----,.,. -'-" -" '"
E/'vGINEER S

TABLE 6-80
PH + SAEF

MN ORE - 1. 0 MN/KE
PIG IRO~ + FEMN

CAMPAIGN PROGRAM

1000 kg Mn are - 1.0 Mn/Fe

850 kg high }1n slag
150 kg 1.0 Mn/Fe ~re

HOURLY PRODUCTION

237 kg pig iron
592 kg hig!. Mn slag

311 FeMn
719 low ~', slag

Pig iron
Eigh Mn slag
FeHn

9400/(1200 + 1270).90
4.23 x 592/237
9400/(2500 + 1160).90

:::

:::

4.23 t/h
10.57 t/h
2,85 t/h

AKN~AL PRODGCTION - Pig Iron 155d/5.1 rna FeMn 210d/6.9 rna

Pig iron 155 x 24 x 4.23 ::: 15~73f) t/y

High Mn slag 155 x 24 x 10.57 ::: 39~320 t/y

Fe;'1n 210 x 24 x 2.85 ::: 14,364 t/y

Slag Req'd 14,364 x 850/3~1 39,258 t/y

Ore Reg'd 15,736 x 100e!?3? 66,397
14,364 x 150/311 -- 6,928

73,325 t/y

Coke Req'd 15,736 x 190/237 12,615
14,364 x 140/311 ::: _..~~L~66

19~081 t/y

Low Mn slag iLl, 364 x 719/311 :: 33,208 t/y



" ....4 I ~ c:: r-'C
ENGJfVEE R ~-7

'I'A BU: ()-R 1

PH -I- SA 1':1"

MN ORE 1.U MN/FV

PIG IRON -I- FEMN

SUMMARY - RAW HATERIAL Rr'~QUIREMENTS_

t/y
kgl kg/t 155 d

Pig Iron batch Iron tid 5.1 mo

Mn ore 1 .0 Mn/Fe 1,000 4,219 42B 66,397
Coke ]90 R02 H] 12,615
l)\ III 1- t '1. I I (. 7n 7. 9 Ii 10 _~I.! 6/1l_

'10'!'AL I , 2(,0 r, , 'II (, ')\9 H'I , 6'}/,

I' j ',' iron i'17 i ,000 102 ]S,7'36

111 gil Mn slap, 592 2,49R 2 ')/1 19,320

L/y
kgl kg/t 210 d

FeMn batch FeMn tid (1.9 mo

II 19h Mn slag 850 2,733 1H7 '19,2 f i8

Mn are 1.0 Mn/Fe 150 482 33 6,928
Coke 1I10 450 31 6,466
Dolomite 300 965 66 13,861--- ---

TO'!' i\I, I , II II () /1 ,610 117 he) , Ii 11

Jd;111 ') I 1 1,O()() hM iI, , )6(,

l. nv; ~ln ,'i 1il ~', 71lJ 2,'Jl:! 158 '11,208
':'0 tal t-ln (Ire rt'q 'd n,ns
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TABLE 6-82
PH + SAEF

MN ORE - 2.0 M~/FE

PRIr~RY PIG IRON & SECONDARY FEMN

METALLURGICAL DATA

Pig High C
Iron FeMn

Operating Load - kh' 10,000 10,000

Operating Time - % 94 94

Avg. Load - kW 9, ~ 00 9,400

kWh/ kg Metal 3.03 3.08

k'vih/ tHeta 1 3,030 3,080

% Mn 4.0 75.0

% Fe 90.0 16.0

a/ Si 1,0 1.5/0

% C LI.O 6.5

Electrode Paste - kg/t 15 25

\



KAISER
ENGINEERS

TABLE 0-83
SAEF + Preheat Kiln

Mn Ore - 2.0 Mn/Fe

Primary Pig Iron + Secondary FeHn

CAr'AIGN PROGRAM

1000 kg Mn are - 2.0 Mn/Fe

700 kg high Hn slag
300 kg Mn are 2.0 }~/Fe

160 kg pig iron +
695 kg high ~m slag

352 kg FeMn +
645 kg low Mn slag

HOURLY ~RODUCTION

Pig iron 9400/(1200 + 2170).90 = 3. 10 t/h

High Mn slag 3.10 x 695/160 13.47 t/h

Fe~1n 9400/(2500 + 920).90 = 3.05 t/h

ANNeAL PRODUCTTO~ - Pig Iron 11Sd /3.8 mo FeMn 2SOd/ B. 2 rno

Pig iron 115 x 24 x 3.10 = 8,556 t/y

H1gh Mn slag 115 x 24 x 13.47 = 37,177 t/y

feMn 250 x 24 x 3.05 = 18,300 t/y

Slag Eeq'ti 18,300 x 700/352 %,392 t/y

Ore Req'd 8,556 x 1000/160 53,Lt75
18,300 x 300/352 15)597

69,072 t/y

Coke Req'd 8,556 x 180/160 9,626
18,300 x 180/3 52 = 9,358

18, 98!-. t/y

Low Hn slag 18,300 x M5/352 :: 33,533 t/y
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SlJM}1ARY - RAW t-I/\TERIAL RELlU J REMENTS

Pig Iron

Mn ore 2.0 Mn/Fe
COl<l'

(!1l1lrlz1Il'

'I'IITAI.

f'Jg iron
IIj gil Mn si ;1)',

Fet-1n

II i gh l"1n s I a g
Mn or(' 2.() Mn/Fe
Cokp
Do 1om Ito.

TOTAL

I'I'MII

1,( IW r·lll ;; I iii'

T () I /I I i'lll '''' ' r ( '( I " I

Ti\ HI Y (\- HII

I'll -f Si\rF

MN ORE 2.() ~IN/Fi':

PIC IRON + FEMN

kg/ kg/t
batch Iron

1 ,oon 6,250
IHO 1 , I 7 ')
I O() () 2 ')---- ------

1, / BO EIO()()

I (If) I,Q()O
h9 r) I, • 3/j 4

kgl kg/t
batch FeMn

700 1 ,9B9
30n 8 r)2

IRO 51 1
300 H c- ')

).----
1 ./IRO I• • 204

1 r- 'I I , ()()()J I.

,) I, " I , H ~ /

tid

It,

323

tid

146
62
17
()2

107

n
IV,

t/y
115 d
3.8 rna

53. f175
fJ.626

-~!~

H. ') 'JI)

'37.177

t/y
250 d
8.2. rna

16.392
15.597
9. '~58

15,597

IB.100

\\,','\"\
('(),()7'2

;C\
'.
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TABLE 6-85
PH + SAEF

MN ORE - 3.0 MN/FE

PIG IRON + FeMn

METALLURGICAL DATA

Pig High C
Iron FeMn

Operating Load - kW lO,OOO 10,000

Operating Time - % 94 94

Avg. Load - k\\ 9, {t 00 9,400

kw'h/kg Hetal 4.10 3.01

k\-,Th/t Metal 4,100 3,010

% Mn {I.O 75.0

% Fe 90.0 16.0

% Si 1.0 1.5

% C 4.0 6.5

Elec trade Paste - kg/t 15 25



TABLE 6-86
PH + SAEF

MN ORE - 3.0 MN/FE

PIG IRON + FEMN

CAMPAIGN PROGRAM

1000 kg Mn ore - 3.0 Mn/Fe

500 kg high Mn slag
500 kg ore 3.0 Mn/Fe

1-l0CRLY PRODCCT IO~~

Pig iron 94jO/(1200 + 3360).90

High Mn slag 2.29 y. 793/118

FeMn 9400/(2500 + 840) .90

t\.'<KljAL PRODCCTIO:\ - Pig Iron 85d/2.8 rna

Pig iron 85 x 24 x 2.29

lIigh ~n slag 85 x 7/~ x 15.39

re~n 280 x 2L x 3.13

Slag Req'd 21,034 x 500/350

;::

;::

;::

;::

;::

118 kg pig iron +
793 kg high Mn slag

350 kg FeMn
588 kg low Mn slag

2.29 t/h

15.39 t/h

3.13 t/h

FeMn 280d/9.2 rno

4,672 t/y

31,396 t/y

21,034 t/y

Ore Req'd

Coke Req'd

II 6 72 x 1000 /l 1H ;:: 39, 593
21034 y. 500/350 ;:: ·jO,.QLI 8

/;f;72 x i70/118 = 6)731
21034 x 200!350 ;:: 12 019

~-

69,642 t/y

18,750 t/y

Low Mn slag 2103L, x 588/350 ;:: 35,337 t/y

. / \



TAnI.E 6-87
PH + SAFF

MANGAt'lESE ORE 3. a NNI FE

PIG lROt\ + FENN

SLfM}1ARY - ({AW :-fATERIAL RFOl'rREMEt\TS
--->...

t/y
kgl kg/t '~s d

Pig Iron batch Iron tid 2,8 010

Xn Ore 1.0 Nn/Fe 1,000 8,474 466 39,593
Coke 170 1. 114 1 79 1i,731
quartzile J :-H J ~~ 70 .-ls9)~

TOTAL 1 , \HI II ,1 h() (Ji S ')/.,262

Pill, 1ron lIB 1 , 000 55 II,b7'2

High Mn s 1.11~ 791 6,720 369 J 1, '396

t/y
k~d kg/t 2BO d

F('~1n halch FeMn tid 9. 2 ~~---
High ~ln 81.11', SOC) 1 , II 2<) 107 '\0, OIlS
Mn Ore " •0 ~ln IFe r)()o I , I, :' <) 107 'lO, OIlS

Coke 200
c -, \ 1.3 12,019) / .

Do 10m i Lt..' /5() 7111 51. l~.Qll'l---
TOTAL 1, I. SO :. , 14 J 3 I I S 7, I '31

Fer-ln " Cd) 1 , (I( 1(1 "'<: '21, OJ!.,j

Low ~ln s 1il It "?l,I\ 1• oRO 126 !'),'337
Tolal ~jll or C' req'd () <) , bl. ~~

I
f I

~ I !./;
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REDUCTION AND MELTING

With an ample supply of local natural gas available in the Abu
Zeneima area, it is important to investigate ore processing
methods which use the Qocal energy to the fullest extent. Birlefco
had proposed iron elimination by ore reduction with solid carbon
anc melting of the metallic iron product to obtain pig iron
and high Mn slag in an open-arc furnace.

In this investigation KEel/ACE considered a system for natural
gas reduction in a rotary kiln to produce a low-carbon sponge iron
from the ferruginous manganese ere. In the following step t.he
gas-reduced ore is melt@J in a conventional open arc steelmaking
furnace to olltain low-carbon semi-steel and a high Mn slag
for submerged arc furnace smelting.

The major advantages of this system are the fol.lowing:

o An approximate 50% reductioII in imported coke consumption
by using natural gas for re~uction.

o Full allocation of th0 rehabilitated smelter furnace
to ferroal1oy produc~ion.

With the 13.2-MVA smelter furnace fully availahle for FeMn
production by using the gas reduction system, the following
annual quantities of ore and products result:

Production - t/:L___. Ore Reg' (1
Ivin/Fe Ratio FeMn Semi-Steel t/y

0.6 25,492 34,305 117,447.
1.0 23,915 18,631 103,765
2. 0 25,054 7 I 302 7'7,000
3.0 25,842 3,970 71,305

Metallurgical balances and sum_mary tables are included in the
Appendix for reference purposes.

( )
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TARLE 6-89
Dr, + OAEF + SAEF

MN ORE - 0.6 ~m/FE

SEMI-STEEL + F~m + SIMN

/0 MIl o. !~!~ 75.0 65.0

% Fe 98.24 16.0 17.0

Q' Si 1.5 16.0/,

% C 0.04 6.5 2.0

El ec trod e Paste - kg/t 7 25 35



TABLE 6-90
DR + OAEF + SAEF

MN ORE - 0. 6 ~1N/FE

SI:.1H-STEEL + n:1vLN + S IMN

CAJ'1PAIGN PROGRAM

1000 kg Hn are 0.6 Mn/Fe 714.6 kg reduced ore

1000 kg reduced are 431 .3 kg semi-steel +
542.7 kg high Mn slag

900 kg high Mn slag 41 7 kg FeMn +
10 () kg Mn are 0.6 Mr/Fe 605 kg low Hn slag
900 kg low Mn slag 259 kg SHIn +
100 kg Mn are 0.6 Mn/Fe 588 kg slag

l-lOURLY PRODCCTIO;\

Semi-steel 34,305 t/y/8,760 x .70 = 5.59 t/h

High Mn slag 5. 59 x 542.7/431.3 7.03 t/h
Low i'~n slag L.91 x 605/417 4.22 tlh
FeXn 9400/(2500 + 730) = ::. 9~ tlh
SiMn 9400/(4000 + 1140) = 1. 83 t/h

A~NCAL PRODUCTIOK - FeMn 286d/19. 4 rno Si~1n 79d/2,6 rno

High Mn slag
Semi-steel

~o,ooo t/y FeMn x 900/417
43,165 x 431.3/542.7

43,165 t/y
34,305 t/y

Fe,J..fn

SiMn
Low Mn slag req'd
Reduced ore req'd
Ore req'd

Coke req'd

Final slag

20,000/2.91 x 2ij 286 d/y
2.91 x 286 x 24 20,000 t/y

1. 83 x 79 x 2l+ - 3,470 t/y
),470 x 900/259 = 12,058 t/y
34,305 x 1008/431.3 79,539 t/y
79,539 x 1000/714.6 .= 111,306
20,000 x 100/417 4,796
3,470 x 100/259 = 1,340

117,442 tly

20,OGO x 188/'t 17 b,633
3, It 70 x llfO/259 1,876

10,509 tly

20,000 x 605/417 29,017
- 12,0')8

3,470 x 588/259 = 7,878
2/1,837 t/y



TABLE 6-91
DR + OAEF + SAEF

MN ORE - 0.6 ~/FE

SEMI-STEEL + FEMN + SI~m

, SUMMARY - RAW MATERIAL REQUIREMENTS
t/y

kg/t 365 d
kg/batch semi-steel tid 12 IUO

Mn are .- 0.6 Mn/fe 305 111,306
Reduced are 1,000 2,320 218 79,539
Quartzite 30 70 7 2,399
Coke --- ---

TOTAL 1,030 2, 190 225 81,938

Semi-steel 431 1,000 94 34,305
High Mn slag 543 1,260 119 43,165

t/y
kg/t 286 d

kg/batch FeHn tid 9.4 rna

High :vIn slag 900 2,158 151 43,165
Mn are O.G Mn/Fe 100 2L.O 17 4,796
Dolomite 300 719 50 14,361
Coke 1EW 432 30 8,633_._-- ----

TOTAL 1 ,480 3, 5L. 9 248 70,955

FeMn 417 1,000 70 20,000
Low Mn slag 605 1,451 101 29,017

t/y
kg/t 79 d

kg/batch SLHn t/el 2.6 rna----
Low Mn slag 900 3,475 153 12,058
Iv1n are O. f, Mn/Fe 100 386 17 1,340
Coke ill 0 541 24 1 ,876
Quartzite --- ---

TOTAL 1 ,140 L1 , ~02 194 15,274

SiMn 2') 9 1,000 4L+ 3,470
Low ~fn slag 588 2,270 100 7,878
Total s 1ar3 24,837
Total Mn are required 117,442

,Fe~~ produced if operated for 365 days = 25,1t92 tly



TARLE 6-92
DR + OAEF + SAEF - MN ORE 0.6 MN/FE
SEMI-STEEL + FEMN + SlMN

Hateria1

Dirf 't Reduc<'d Ore
- 0 .. 6 ~n/Fe

Quartzite

Coke

TOTALS

1,000

30

1,030

36.83 28.49 4 .. 31 44 .. 55 .~46 7.71 77 3.16 32 1.04 10 0.13 1 1.32 13 0.137 1.4 0.01 0.1 0.30 3
36S 285 43 34

99.00 30 1.00

----
368 285 43 34 446 107 32 10 1 13 1.4 0.1

Sl.:~ni-Stc~l ProduC't'\.'\ ~ Produred Material Balances

In:itial Init1a I
~ ~ ~ ---g- . kg kg Unit- k

Product/Feed Recovery
Mn 1.9 2.0 0.4':- $j':,o 101.b 107.0 18.74 Fe "-zs6/480 c D.949
Fe 4:'3.7 -446.0 Q8.2~ A1 20

3
30.4 32.0 5.00 Mn 271/285 c 0.949

C 0.2 0.2 0.04 c..O 9.5 10.0 1. 75 SiOo 102/107 D 0.953

Si - M!':(l 1.0 1.0 0.18 A1
2
0

3
30/32 • 0.950

r 1.2 1.3 0.29 Baa 1:2 .. 3 13.0 2.28 CaO 9.5/10 - 0.950

S - MnO 347.0 365.3 63.92 !'!gO 1/1 - 1.000

Ot~H?:r 4.3 4.5 0.90 1',-0 40.9 43.0 7.53 BaO 12/13 D 0.923

TOTALS 431. 3 454.0 100.00 TOTALS 542.7 571.3 100.00

......,~,

i .....

__c__

MnO/Mn
l'eO/l'e

1'2°5 / 1'
C in :-l~toiJ.l

0.4

1.3
O.?
W/3.0 0.633

Produc t Rat 105

Slaglt
(542.7/431.3)1000

Slag Ratio
Cao + MgO + BaO + MnO/S10

2

Coke/t

Coke to Mix %

SiD to Mix %
2(30/1030) 100

SiO?/t
-(30/431.3) 1000

Mn/Fe Slag
(269/32)

= 1258 kg

• 3.05

• L.9

• 70 kg

• 8.45



TABLE 6-93
DR + OAEF + SAEF - !oN ORE 0.6 MN/FE
SEMI-STEFL + FEM!' + SHIN

Material

High Mn Sl"g

Mn Ore 0.6 Mn/Fe

Dolomite

Coke

TOTAL

900

100

300

180

1,480

C

kg
! I ! ! I ,

63 .9~ 7.53 18.74 169 5.60 50 1. 75 16 0.18 2 2.28 21
575 441 68 53

32.76 20.71 0.97 0.7< 51.52 36.03 5.80 " 2.38 2 0.78 I 0.10 0.99 1 .103 .09
33 21 1 52 36

2.0 6 30.2 91 21.0 63

2.00 5.00 9 3.00 5 75.00 135
4 3 - - - .- - - -

21 447 39 <. 190 57 108 6~ 2:! 135JJ

Fi::MN PRODUCED

Initial

~.&
~--- !

312 328 75.0

67 70 16.0

'27 ~8 6.5

1.5

MIl

Fe

C

S1

P

S

Other 4

417 437

1.0

100.0

SLAG FRODUCED

Initial ~

~
~--- -

Fe
Si0 2 166 175 27. 5

.H
2

0
3 54 57 9.0

S 1(12

CaO 103 108 17.0
Al

2
0

3

CaO
MgO 62 65 10.2

MgO
BaO 21 22 3.4

Ba0
MnO 172 181 28.5

C
FeO 27 28 4.4

605 636 100.0
Mn0 2/MnG

MnO/Mn

Fe2O/FeO

FeD/Fe

SiOzlSi

C in Metal

MATERIAL BALANCES

445/468 - 0.951

88/92 ~ 0.956

181/190 0.953

54/57 - 0.947

103/108 = 0.954

62:"5 = 0.954

21/22 - 0.954

4.6

71.6

4.:

15.0

6.0

28.0

129.4

PRODUCT RATIOS

Slag/t
(605/4 I 7) 1000 = 1451 kg

Slag RE.tio
CaO + MgO + BaO + MuO

: 2.15
Si0

2

Coke/ t
(180/417)1000 = 432 kg

Coke to Mix :t
(180/1480)100 = 12.2

Dol/t
(300/417) 1000 . 719 kg

Dol to Mix 7-
(300/1480) 100 - 20.3

Mu/Fe Slag
6.3

--~,

'" .~

1'29.4/.75"" 172.5 (Use 180 kg/t)



TABLE 6-94
SINAI ~~CANFSE - 80012
DR + OAEF + SAH - !'IN ORE O. t> ~ll'> IFF - Sl-:l'l1-sn:n + Hl' + S lw.-;

Fe/)" Fe C
}taterial I Kg ... lr;. j

~/k~ kg;"/ KS .
Low lin Slag 900 28.5 /~. 4 27.5 24R q.() 81 17.0 153 1 n. 2 92 1.4 31

257 199 40 3\
Mn Ore 0.6 Mn/Fe 100 32.76 0.97 So 1.47 5.8 6 2.1b 2 0.78 1 0.10 - 0.99 , 0.10 - 0.09

33 " 1 \ 51 36.>

C,'lkc 140 .'.0 'i. n 7 \.n 4 75.0 105
1

(,"I".lartz1te - - - _.. 99.0 - 1.0 -- -- - -
TClTALS 1.140 21 200 38 31 261 :".7 154

105
92 32

~1ATER1Al, P\L\NCES PRODUCT RATIOS

210/221 • 0.949

S DIN PRODlJCED SL;C; PRODl'Cl:.T

Init ial Initial

!.s. ~ ~ ~
~ Mn

-
.

l1n 168 177 b'i .l1 SiO o 159 167 27. a Fe

Fe ~4 46 17.0 Al/'3 83 87 14.0 Si('.,

C 5 5 :.(1 CaO 146 154 24.9 Al:-1,

81 ~~ 44 lo.O MRo 87 92 14.9 eat"

p BaO 30 32 5.2 M~O

S Mnl) 'i4 57 9.2 C

Other - F",' 29 30 4.8 Mn().,/!1nl)-- -- --
259 272 100.0 588 619 100.(1 MnO/Mn

Fe 2O,/FeO

FeOIFe

SiOo/Si

(' in ~Iet a1

67/69

249/261

81187

146/154

A7/Q';l

~.fl

38.h

4.1

".0

37.7

5.0

'i'. 9

0.971

0.9~3

0.954

0.948

0.945

Slag/t (588/259)1000

Slag Ratio
Cao + MgO + BaD + MnO

510
2

Coke/t
(1.40/259) 1000

Coke to mix %
Si0

2
/t

S L0
2

to Nix •

Mn/Fe Sla.';

• 2:70 kg

- 2.17

- 541 kg

1.9

9°.9 I. 7) • 1 31.2 (lise 140 kg,!t)



METALLURGICAL DATA

TABLE 6-95
DR + OAEF + SAEF

Mn ORE 1.0 Mn/Fe

Semi-Steel + FeMn + SiMn

OAEF SAEF SAEF
:~emi-Steel FeMn SiHn

Operating Load - K\\rrI 10,000 10,000 10,000

Operating Time - % 57 94 94

Avg. Load - K\\' 5,700 9,400 9,400

Kltnl/Kg Metal 1. 87 3.44 5.57

KwH/t Metal 1,87 LI 3, M.O 5,570

% Hn 0.44 75.0 65.0

'X Fe 98.24 16,0 17.0

% Si 1.5 16.0

~/ c 0.04 6.5 2.0/e

Electrode Pas t e _. Kg / t 7 25 35

I j
! '. \

t,



TABLE 6-96
DR + OAEF + SAEF

Mn ORE 1.0 Mn/Fe

SEMI-STEEL + FeMn + SiMn

CAMPAIGN PROGRAM

1000 kg Mn ore 1.0 Mn/Fe

1000 kg reduced ore

800 kg high Mn slag
200 kg Mn ore 1.0 Mn/Fe

900 kg low Mn slag
100 kg Mn ore 1.0 Mn/Fe

HOURLY PRODUCTIOt-;

736 kg reduced ore

279 kg semi-steel +
711 kg high Hn slag

337 kg FeMn +
631 kg low Mn slag

209 kg SiMn +
653 kg slag

ANNUAL PRODUCTION - FeMn 30Sd/l0.0 rno

Semi-steel
High MIl slag

FeMn
Low Mn slag

SiMn

18,631/8,760 x .70
3.04 x 711/279

9,400/(2,500 + 940)
2.73 x 631/337

9,400/(4,000 + 1,570)

= 3.04 t/h
= 7.75 t/h

= 2. 73 t/h
= 5.12 t/h

= 1.69 t/h

S~~!l 60d/2.0 mo

High Mn slag
Semi-steel
FeMn

SiMn
Low Mn slag
Reduced ore req'd.

Coke req'd.

Final slag

20,000 t/y x 800/337
47,478 x 279/711
20,000/2.73 x 24
2. 73 x 305 x 2L~

1. 69 x 60 x 24
2,434 x 900/209
18,631 x 1,000/279
66,778 x 1,000/736 = 90,731
20,000 x 200/337 c: 11,869
2,434 x 100/209 = 1,165

20,000 x 160/337 = 9,496
2,434 x 110/209 = 1,281

20,000 x 631/337 = 37,4L~8

10,481
2,434 x 653/209 = 7,605

= 47,478 t/y
= 18,631 t/y
= 305 d/y
.. 20,000 t/y
= 2,434 t/y
= 10,481 t/y
= 66,778 t/y

103,765 t/y

10,777 t/y

31:,,572 t/y

'1/.. IJ
'.. \ .

i.J \



TABLE 6-97
DR + OAEF + SAEF

MN ORE - 1.0 MN/FE

SEMI-STEEL + FE}lli + SIMN



TABLE 6-98
DR + OAEF + SAlF - !'IN ORE 1.0 IiN!FE - SEMI-STEFL + n~ + SIM:'

l'Iaterial l:
C

kg

Reduced Or ..... 1.0 !"!n/Fl~

Quartzlt"

T0HL

1,000

50

1,0')0

31.0 18.8 ~. :: 1~.9 I ~9 ').2 ')2 5.2 52 3.9 19
310 288 00

- - "9.0 "() 1.0 -- - -
310 :88 22 1 70 ')2 '2 .l<J

'."-......,,,' ,,"'''''''-

;....--'-
"'~ ,--

,.>-,.

SEMI-sn:EL PI,~ ~:!,n[)l'n:D HATERl.~ 3,\LANCES ~-!~

In1< lal Init 181 !'In 29')/310 . 0.952 Slag/ t

~
~--- . !::.£ ~--- (711 / ~ 79) 1000 ~ 2548 kg-

Fe 295/3 10 - 0.952

!in 1 1 o " 510 0 170 i 79 21.9 Slag Ratio.. ' ~

SHL, \ 70/179 (1.9'" CaD + MgO + Mnl1/S10 2
. 2.52

Fe -:'74 28S 98. '2,~ Ai 203 49 ~:2 0.9
A1 2()3 49/52 - 0.942 Coke/ I

C 0.0';' Cat) 49 ':' ~ .9
CIll) '.9/ ')2 - 0.942 Coke 10 Mix 1.

5i - l'IgO 37 39 ).2
Mgl) 17/19 . 0.949 SiO/1

P !inO 379 399 ).4 (50/279)1000 . 179 kg

S FeO 27 :S ).7 S i02 to Mix '"
(50/l050) lOO - 4.R

Othe-r 4 " 1. 28 BaO/0th"r -- -- -- Mn/Fe Slag

~79 293 100.00 iiI 749 100.0 (294/21) , 14.(}



'T.\BLE 6-99
DR + OAEF + SAEF - ~ ORE 1.0 l":!"fE - SEMI-STEEt + FEM:'; + Sl~

High Mn sJ"l'

MnlFe03 felleD
Z/kg ';:;tg %/kg ~./kg

lilt /Chg"lMn02 ~ln lY.nn
Material -L kR__~/~g_ %/k~.E~~~

800 53.4
427 331

_.... 1

,e

feI S1O~ I Al ,°3 I CaO

kgI %
MgO-::r-- BaD J

P kgI% _._:~ %
C

%/kg ~ ~ kg :: - kg % kg % kg % kg
- .

21.9 191 6.9 55 6.9 55 5.2 42
2 J

74.0
48

Xn Ore 1.(1 ~!~e

C<:>ke

Dolam1 te

TOTAL

200

160

200

1.360

24.0
48

48

~.o

3

331 50

l0. (l 20 5.0

5.0 8 3.0

2 J) 4-
21 223

10 ':'.0

10.2

70

3.0

602 LO

123

6

42

90

75.0 120

120

FEM!' PRODUC":;; SLAG PRODUCED Y.ATER lAL BALANr:£S PRODUCT RATIOS

I nit ial
~----';:

265 75.0

57 16.0

:3 6.5

1 .5

~.n

Fe

c

Si

p

S

Other

"

~

25::

54

2:'

337 3St.

1.0

100.0

18.

Si0 2 201

Al
2

0
3

67

CaO 117

!-\gO 86

!'!nO J40

FeD 20

BaO/Other -
631

laiC:!.al
18.---%

2' , 32.0_.
70 10.5

123 IS. ';

90 13.6

147 2~. 2

21 3.2

--
663 100.0

Mn

Fe

5i0
2

A1
2

0
3

CaO

MI'O

c

MIlO/MaO

~.r~.O/~n

fe 2°,!feO

FeO/Fe

510 ....151

( in ~etal

113.2/.75 - 150.9

360/379

70/73

216/227

67/70

175/184

l2S/132

10.5

57.8

~. 4

12.2

4.3

21.0

Il1. 2

(l'se 160)

0.951

0.951

0.950

0.957

0.951

0.947

Slag/ C

(631 /3 37) 1000

Slag R.a Cio
Cao + MgO + MnO/SiO Z

Coke/t
(160/)17) 1000

Coke to Mix %
(160/1360)100

Dol/t
(200/337) 1000

Dol to Mix %
U 00/13 60) 100

Mn/Fe Slag

- 1872 kg

- 1.85

475 kg

- 11. 8

- 594 kg

- 14.7

7.0



TAll1.E 6-1 00
MA....CA....ESr ORE 1.0 ~:FE - SE~l-STEEL + F~ + Sl~

Mat-erial
l1n rF"oO, Fe 1Fee' Fe [ ,W, ~~()3-r CaO I ~gO J BaO I P I S 1 c

I I I !/k~ ':/'Kg--' ':'/k! 1 ~/k,;: ~/k~ ~ ~ k~: .~~~g: kg ': kg :: kg:: kg

Lo_~ !in Sla-g

~r. Ore i.G ~n/Fe

C('Ike

T(1TALS

900

100

lID

1,110

~2.2

200 IS';
:~ .0

~.O

155

3.2 32·0 288 10· 5 95 18.5 167 13.6 122
29 22

2~ .0 10.(\ l() 'i.n '; 4.0 " 3.0
-~ r..

5.l) ~ 1.0 3 75.0 b3
2

- - --- - --- -- -
26 22 303 104 171 125 83

5 L"l!\ PRODliC ED SLAG PRODUCED M.ATER!AI. BALA."i CES PROCESS RATIOS

Jn1 t ia 1

~
~---~

136 143 ~~.O

3b 38 17. (\

33 35 10.0

,~"".-

!'1.n

Fe

51

P

s

(

Other

209

~

22(1

:: .0

100.0

Initiai ~rl

~ !<-£-----
Fe

SlO, 217 228 33.2
SiU,

p.l,O_ 99 104 1'>.1
...., .~.l ,()

:::aO 162 171 2~.9

CaO

~gO 119 125 18.2
M~(1

MnO 44 46 6.;
C

Fe,) 12 13 1.9
~nO,/MnO

BaO/Other - -
-- -- --- MnO/Mn

653 687 [Oo.n
Ft'z'l/FeO

Ft~11 Fe

510-,/5 i

C 1n Metal

81. 3/. 75 • 108.4

170/1 i9

~)/~8

288/303

991 ID~

Ib2/171

119/125

5.2

31. 2

2.8

8.1

30.0

4.0

81. 3

(Use llO}

0.9'10

0.9~4

0.949

0.952

0.947

D.952

Slag/t
(653/209) 1000

Slag Ra t10
Cao + MgO + MnO/SI0

2

coke/t
(110/209)]00G

Coke to Mix '::
(110/1110)100

SF'zit

SiD:: to MIx Z

Polomlte/t

Dolomite to Mix:

Mn/Fe Slag

3,124 kg

1. 79

~ 526 kg

~ 9.9

• 3. 7



TABLE 6-101
DR + OAEF + SAEF

Hn ORE 2.0 Hn/Fe

Semi-Steel + FeHn + ~J"{n

METALLURGICAL DATA

OAEF SAEF SAEF
Semi-Steel FeMn SiHn

Operating Load - KHh 10,000 10~000 10,000

Operating Time - % 37 94 94

Avg. Load - KH 3~720 9,400 9 ~ t~ 00

KWH/Kg Metal 3.12 3.29 4.94

KWll/t Metal 3~120 3,290 4~940

% Mn 0.44 75.0 65.0

'X Fe 98.24 16.0 17.0

% Si 1.5 16.0

% c 0.04 6.5 2.0

Electrode Paste - Kg/t 7 25 35

/\
/1.1\

/



TABLE 6-102
DR + OAEF + SAEF

K~ ORE - 2.0 MN/FE

SEMI-STEEL + FEMN + SIMN

CAMPAIGN PROGRM1

1000 kg ~m ore 2.0 Mn/Fe

1000 kg reduced ore 2.0 Mn/Fe

650 kg high Mn slag
350 kg Mn ore 2.0 Mn/Fe

HOURLY PRODUCTION

737 kg reduced ore

185 kg semi-steel +
933 kg high Mn slag
353 kg FeMn +
523 kg final slag

Semi-s teel
High Hn slag
FeMn
Low Mn slag
Sil1n

7,302 t/y/8760 x .70
1.19 x 933/185
9400/(2500 + 790)
2.86 x 558/353
9400/(4000 + 940)

= 1.19 t/h
= 6.00 t/h
= 2.86 t/h
= 4.52 t/h
= 1.90 t/h

AN~CAL PRODUCTIOt\ - FeMn 291d/9.6 rno SiMn 74d/2.4 mo

High Mn slag
Semi-steel
FeMn

S i..l"1n
Low Mn slag req'd
Reduced ore req'd
Ore req'd

Coke req'd

Total slag

20,000 t/y FeMn Y. 650/353 = 36 1 827 t/y
36,827 x 185/933 = 7,302 t/y
20,000/2.86 x 24 = 291 d/y
2.86 x 291 x 24 = 20,000 t/y
1. 90 x 74 x 24 3,374 t/y
3,374 x 700/280 8,436 t/y
7,302 x 1000/185 = 39,470 t/y
39,470 x 1000/737 = 53,555
20,000 x 350/353 = 1':1,830
3,374 x 300/280 = 3,615---'-- 77 , 000 t/y
20,000 x 180/353 = 10,198
3,374 x 170/280 - 2,049

12,247 t/y
20,000 x 558/353 ::. 31,615

8,436
3,374 x 523/280 -. 6,302- 29,481 t/y

I/
i t,.\ ,/



TABLE 6-103
DR + OAEF + SAEF

MN ORE - 2.0 MN/FE

SEMI-STEEL + FEMN + SIMN

SUMMARY - RAW MAT ER IAL REQU IRENENTS_Cli
t/y

kg/t 365 d
kg/batch semi-steel tid 12 rna

Mn Ore - 2.0 Mn/Fe (147) (53,555)
Reduced are 1,000 5,405 108 .19,470
Quartzite 150 811 16 5,921
Coke

TOTAL 1,150 6,216 124 45,391

Semi-steel 185 1,000 20 7,302
High Mn slag 933 5,043 101 36,827

t/y
kg/t 291 d

kg/batch FeMn tid 9.6 rna

High Mn slag 650 1,841 127 36,827
Mn are 2.0 Mn/Fe 350 992 68 19,830
Dolomite 150 425 29 8,489
Coke 180 510 35 10,198---

TOTAL 1,330 3,768 259 75,344

FeMn 353 1,000 69 20,000
Low Mn slag 558 1,581 109 31,6lLl

t/y
kg/t 74 d

kg/batch SiNn tid 2.4 rna

Low Mn slag 700 2,500 114 8,£136
Mn are 2.0 Mn/Fe 300 1,071 49 3,615
Coke 170 607 28 2,049
Quartzite

TOTAL 1,170 4, 178 191 14,100

SiMn 280 1,000 46 3,374
Low Hn slag 523 2,868 85 6,302
Total slag 29,481
Total Mn are req'd 77,000

FeMn produced if operated for 365 days = 25,054 tly
( I

I' '\
> \ \



".

TABLE 6-104
DR + DAEE + SAEE - MANGANESE ORE 2.0 ~/FF. - SEMI-STEEL + F~ + SIMN

Material . - . . .
Reduced Ore 2.0 Xn/Ee 1,000 43. I 20.6 IL6 116 5.2 52 5.2 52 3.9 39

431 20t

Quartzite 15O - - 99.0 149 1.0

TOTALS 1,150 431 206 265 53 52 39

SEMI-STEEL PRODUCED SLAG PRODUCED ~IAL~~ PROCESS RATIOS

Initial Initial x.., 410/431 ~ 0.951 Slag/t
~ ~---~ ~ ~---_ (933/185) 1000 8 5043 kg

Fe 195/206 ~ 0.948
Mn I I 0.44 SiD? 252 26~ 26.'1 Slag Ratio

- SiD, 252/265 = 0.951 CaD + MgO + MnO/SiO? ~ 2.20
Fe 182 J97 95.2.\ Al?03 50 5:; ';.4 •

• AI?03 50/53 = 0.943 Coke/t
Si CaO 49 5~ 5.3 •

CaO 49/52 = 0.942 Coke to :'1ix %
P - HgO 37 39 4.0

HgO 37/39 ~ 0.949 SiD /t
S - MnO 528 55f, 56.6 2 (150/185)1000 = 81 I kg

C 0.04 FeD 17 If 1.8 SiD
2

to Mix %
(150/1150)100 8 13.0

Other 2 2 J .28 BaO/Other - - -
- - -- Dolomite/t

185 195 100.00 933 983 100.0
Dolomite to Mix 1.

Mn/Fe Slag JO.9



TABLE 6-10'>

DR + OAEF + SAEF - MANGANESE ORE .... O l-1N/FE - SEMI-STEEL + FE?-\}; + SlMN

C

Material , kg I ~/k£ '%/kgl;:/kg :/kgl~/Kg , Z/k~ I-::/k~ :/kgF k"F 'kgp: kq: kgl '% kg J7. kg P kg) " kg

hlgh ~:n Slag 650 '>6.b I.R 26.9 175 S.4 3'> '>.3 14 4.0 26

368 2S, 12 9
Mn Ore 2.0 ~n/Fe ,,0 ,"'.0 Ib.O 9.0 12 4.0 14 4.0 14 3,0 II

112 '6
Coke 180 2.0 ".0 9 3.0 " 7'>.0 13'>

4

Dolomite 1,,0 2.0 , 30.'" 4) .'1.0 12- - - - -
TOTAl,S 1,130 112 28) )9 9 2lq )4 93 69 U'>

Fr~ PRODllCI-])

P

Initial

.!<.s. k<:---:

:)t'~ 27i:J 7).0

'>b "9 16.0

" 1 . ~

Mn

Fe

Si

5

C

Other

21

4

353

24

4

3] 1

b.'>

1.0

100.0

SLAC PROVI!CF.I1

Initial

I~
~---;:

510
2

196 206 3'> .0

AJ 203 '>1 "4 9.2

CaO fiS 93 1'>.8

MgO 66 b9 I l .7

i-lnO 146 1 )4 26.2

FeO 11 1.' 2.1

BaO/Other

)~18 588 100.0

Mn

Fe

S10 0

A1:,°3

CaO

!'igO

c----
MnO/'1nO

MnO/Mn

Fe ...O/FeO

FeO/Fe

5iG/SI

C in Metal

MATER 1& BALfu>;CES

3 II /197

6'>/68

209/:,] 9

'> 1/ 54

88/93

66/69

24.,,"

bO.7

6.3

1:'.6

5.1

:'4.0

133. 1

0.950

0.949

0.954

0.944

0.946

0.9'>6

PROCESS RATIOS

5 lag/ t
( '>58/353)1000

Slag RBt io
CaD + MgO + MuO/SiC

Z

Coke/ t
(180/353)1000

Coke to Mix '%
(180/1330) 100

SiO ... /t

Si0
2

to Mix '%

Dolom1t I,.

(150/3 53) 1000

Dolomite to Mix %
(l30/l330) 100

Mn/Fe slag

1581 kg

1. 62

510 kg

13.5

- 425 kg

9.8

13.2

133.1/.75 - Ill.'> (Use IRO)



--~,.,-_._"_ .. ----_._----- -- -.'. ---'._-------,,-------

TABLE 6-106
DR + OAEF + SAEF - MANGANESE ORE 2.0 MN!FE - SEMI-STEEL + FEM~ + SIMN

C
}\a teria 1 I kg I :Z/kg :Z/kg J%/kg %!lgP/Kg" " 'k I ~ Ik ~!kgP kgp: - ' I' kgJ% k4t kgf % kg 1% ksl % kg'.. / g 1./ '8 kg -'.

Low Mn Slag 700 2h.2 ~ . 1 35.0 ::'4'1 q. 2 (,4 15.8 III 11.7 82
183 142 1'; 11

Xn Ore 2.0 }1n/Fe 300 32.0 16.0 9.0 .'7 1•• 1) 12 4.0 12 1.0 9
96 48

Coke 170 2.0 5.l' 9 1.0 5 75.0 128
1 0-- - -- - - - - -

lOT.U.S 1,170 96 1" 2 '>0 11 281 81 123 ~l 128

S l}l~ PRODUCED

lnit ia1

~
.$---%

181 190 65.0

48 50 17. (l

45 47 10.0

MATERIAL BALANCES

0.945 14. S

607 kg

1868 kg

1. 78

4.5

070/280) 1000

PROCESS RATIOS

Slag!t
(523/28(1) lOOO

Dolomite to Mix %

Slag Rat!"
CaO + MgC + MnO/SiD

2

Si0 2!t

Coke! t

Coke to MiJ< 7c
(170/l170)l00

Si0
2

to Mix

Mn!Fe Slag

Do1omite!t

0.953

0.952

0.9'>4

0.951

0.951

5.~

20.9

10.7

41.5

58/61

227,'238

86/91

267/281

77!81

Il7/123

Me

$j

Fe

C

Al o

MgO

CaO

M"O!Mn

MnO
Z

/MnC1

Fe
2
0

3
/FeO

Fell!Fe

SLAG l'RODUCED

Initial

~r .$ %

Sill
2

171 180 32.7

A1 2O} 77 81 14.7

Cao 1 i7 12 } 22.3

MgO Sf 91 1f,. 5

Mea 59 62 II.}

FeD 13 14 2.5

BaO!Oth~r - -. -
)23 '>'>1 100.D

~.o

100.0

6

293

~

280

Other

S

c

p

Fe

Si

Mn

S1O o /S! 40.3

C in Metal b.O

124.8

124.8/.75 - Ib6.-. (lise 170)



TABLE 6-107
DR t CAEF + SAEF

Mn ORE 3.0 Mn/Fe

Semi-Steel + FeMn +SiMn

METALLURGICAL DATA

OAEF SAEF SAEF
Semi.-steel FeMn SiMn

Operating Load - KWh 10 JOOO 10,000 lOJ OOO

Operating Time - % 27 94 94

Av'/,. Load -KW 2,660 9,400 9,400

KWh/Kg Metal 4.09 3.19 4.66

KWh/t ~,1etal 4,090 3,190 4,660

% Mn 0.44 75.0 65.0

% Fe 98.24 16.0 17.0

% Si 1.5 16.0

% C 0.04 6.5 2.0

Electrode Paste - Kg/t 7 25 35

;



.,..-...., ---I ...... r'l{
ENG/NEEIlS

TABLE 6..... 108
DR + OAEF + SAEF

Mn Ore 3.0 Mn/Fe

Semi-Steel + FeMn + SiMn

CAMPAIGN PROGRlJ-l- .

1000 kg Mn ore 3.0 ~n/Fe

1000 kg reduced ore 3.0 Mn/Fe

500 kg high Mn slag
500 kg Mn ore 3.0 Mn/Fe

600 kg low Mn slag
400 kg Mn ore 3.0 Mn/Fe

HOrRLY PRODUCTION

748 kg reduced ore

137 kg semi-steel +
956 kg high Mn slag

361 kg FeMn +
/~98 kg low Mn slag

331 kg SiMn +
438 kg final slag

Semi-steel
High Mn slag
FeMn
Low Mn slag
SiMn

3970 t/y/8760 x .70
0.65 x 956/137
9400/(2500 + 690)
2.95 x 498/361
9400/(4000 + 660)

= 0.65 t/h
= 4.52 t/h
= 2.95 t/h
= 4.06 t/h
= 2.02 t/h

ANNUAL PRODUC'lIOK - FeMn 282d/9.3 mo SiMn 81d/?7 mro

High Nn slag 20,000 t/y Fe1'1n x 500/361 = 27,701 t/y
Semi-s tee1 27,701 x 137/956 = 3,970 t/y

FeMn 20, 00°/2.9 5 x 24 = 282 d
2.95 x 282 x 24 -- 20,000 t/y

Si~n 2.02 x 83 x 2/, = L" 02'~ t/y
Lm·, Mn slag req'd 4,024 x 600/331 = 7,294 t/y
Reduced ore req'd 3,970 x 1000/137 = 28,978 t/y
Ore req'd 28,978 x 1000/748 = 38,741

20,000 x 500/361 = 27,701
4, 024 x 400/331 - 4,863

71,305 t/y
Coke req'd 20,000 x 210/361 11,634

4,024 x 210/ 331 = 2,553_
14,187 t/y

Total slag 20,000 x 498/361 27,590
7,294

4,024 x 438/331 5,325
25,621 t/y



TABLE 6-109
DR + OAEF + SAEF

Mn Ore - 3.0 Mn/Fe

Semi-Steel + FeMn + SiMn

SUMHARY - RAW HATERIAL REQUIREMENTS

t/y
kg/t 365 d

kg/batch semi-steel t/d 12 rna

Mn are 3.0 Mn/Fe 106 38,741
Reduced are 1,000 7,299 79 28,978
Quartzite 150 1,095 12 4,364
Coke

TOTAL 1,150 8,394 91 33,342

Semi-steel 137 1,000 11 3,970
High Hn slag 956 6,985 76 27,701

t/y
kg/t 282 d

kg/batch FeMn tid 9.3 rna

High Mn slag 500 1,385 98 27,701
Mn are 3.0 Hn/Fe 500 1,385 98 27,701
Dolomite 100 277 20 5,5 L.O
Coke 210 582 41 11 ,63L•

TOTAL 1,310 3,629 257 72,576

FeMn 361 1,000 71 20,000
Low Hn slag 498 1,380 98 27 ,590

t/y
kg/t 83 d

kg/batch S:H1n tid 2. -; rna

Low Mn slag 600 1,813 88 7,294
Mn are 3.0 Mn/Fe 400 1,209 58 L~, 863

Coke 210 63/-+ 31 2,553
Quartzite --- --- --

TOTAL 1,210 3,656 177 14,710

SiNn 331 1,000 48 4,024
Low ~1n slag 438 1,323 64 5,325
Total slag 25,621
Total Mn are req'd 71,305

/- :

FeMn produced if operated for 365 days = 25,842 t/y ( j

/r ;:I
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TOTAL 6-110
DR + OAEF + SAEF - MA-~GANESE ORE 3.0 MN/FE - SEMI-STEEL + FEXN + SIMN

C

Material I Kg I 4/ Kg h.{ Kg I I../Kg ,./ K.g f 4/ Kg •• / Kgl '~I Kg ...;Kg' ..... Kg I • Kg I ~ Kg I'" Kgl 4 Kg I I. Kg, ,c Kg I % kg

Reduced are 3. a Mn/Fe 1,000 45.7 15.2 11.4 1;4 5.1 51 5.1 51 3.8 38
457 152

Quartz'te 150 - 99.0 149 1.0 1-- - -
TOTALS 1, I 50 1,57 15:' 763 52 51 38

SEMI-STEEL PRODUCED SLAG PRODUCED MATERLAL BALANCES PROCESS RATIOS
kg kg Unit

101 t1al Initial ~/Feed Recovery

1.& ~---! ~
~---~ Mn 435/457 · 0.951 Slag/t

(956/137) 1000 · 6978 kg

Mo I 1 0.44 Si0
2

250 263 26.1 Fe 144/152 ~ 0.948
Slag Ratio

Fe 134 141 98.24 Al
2

0
3 49 52 5.2 510 0 250/263 · 0.951 CaO + MgO + MnO/Si0 2 · 2.32

S1 - - Cao 48 51 5.1 AI
2

0
1

49/52 · 0.942 Coke/ t

p - - HgO 36 38 3.8 CaO 48/ "J · 0.941 Coke to Mix %

S - - MoO 560 589 58.4 MgO 36/38 · 0.947 SlO /t
2 (150/137)1000 · 1095 kg

C - - 0.04 FeD 13 14 1.4

Baa/Other

S102 to Mix 7-

Other 2 2 1.28 - - - (150/1150) 1000 · 13. Q- --
137 J44 ;00.00 956 1,007 100.0 Dolomite/ t

Dolomite to Mix i.

Mn/Fe Slag 42.9



.. ~', .J ~ ~H1ghMn .. slag

Mnore3.0 Mn/Fe

Co~

Dolomite

TOTAL

500

500

210

100

1.310

36.
IS"

1S0

. "

S ~';:<;.;

n'(

rl,.

.1:

,;;' :~ J:,.:'

,',.-

~~ i . ,",

~,?

, r.:

FEMN. PRODUCED

(,J80,kg

1. .6$

Ul

\', :~9 Hi 36','!')' !,UO;J

.~~.ss RAn!.:::'..

(210/,1 .:') 1,{\). 1:,:;0

:: n ~:,!,~,

no l."'~J.i.:::~i/t

(lCO,'J61)lOOO

SiC .• !,

C:.JK(~ to~ix :~:

",
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l.0
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4
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O~her

c

S

Fe.

S1

p

Mn

:;<t ~~~,.: ;;t.:' HL5'



TABLE 6-112
DR + OAEF + SAEF - MANGAl'ESE ORE 3.0 MN/FE - SDll-STEEI. + FEMN + SIMN

M~ BaO
kgl:;;

P
kgI:; S

kg!4
C

Material I Kg 17./ Kg kt Kg II.,/ Kg 7./Kgl Ml<.g 7./Kgl klKg 7./ Kg I 7. Kgll. K&I'" Kgj :: kg % kg

Lo" Mn Slag 600 29.9 1.7 33.5 201 9.9 59 14.5 8;: 10.5 63
179 139 10 8

lin Ore 3.0 Mn/Fe 400 36.0 12.0 9.0 36 4~O 16 4.0 16 J.l. '2
144 48

Coke 210 2.0 5.0 11 3 () 6 75.0 158

- - - 4 3 - -- - - - -
TOTALS 1.210 144 139 51 8 248 81 103 75 158

lui Hal

~
~---::

215 2?6 65.0

;6 59 17.0

53 56 16.0

SIM!' PRODUCED

Initial
~---::

lin

Fe

Si

p

S

c

Other

331 348

2.0

100.0

S102

AI 20 3

Cao

MgO

MnO

FeD

llsO/Other

SLAG PRODUCED

~

1:!2

77

98

71

70

438

125

81

103

75

74

461

27.8

17.6

22.3

16.3

16.0

100.0

Mn

Fe

S10 2

1.1 2°3

CaD

MgO

c

MIlO/MIlO

!'.nO/:'ln

FeZ0
3

/FeO

FeD/Fe

510
2
/5i

C in Metal

MATERL\L BALANCES

269/283 - 0.951

56/59 - 0.949

236/248 - 0.930

77/81 - 0.951

98;103 - 0.952

71/75 - 0.947

31.4

49.3

5.5

12.6

48.0

~

153.8

PROCESS RAne.

Slag/t
(438/331) 1000

Slag Ratio
Cao + MgO + '1nf'.':;i0

2

Coke/t
(210/331) 1000

Coke to Mix %
(210/1210)100

SiOzlt

S10
2

to Mix :;

Dolomite/ t

Dolomite to Mix %

MIl/Fe Slag

- 1]23 kg

2.22

- 634 kg

- 17.4

~
\ ....",.,

153.8/.75 - 205.1 (Use 210)



SPIEGELEISEN

Metallurgical balances and summary tables were prepared to
illustrate the type and quantity of ferroalloys (spiegeleisen)
produced by directly treating low grade ferruginous manganese
ores in the smelter furnace without the initial stage of iron
removal.

The low manganese contents of the spiegeleisen obtained by
direct smelting did not meet the minimum standards of 70% Mn
for a marketable FeMn, therefore, spiegeleisen production was
not pursued.



TABLE 6-113

8.iMYARY - OPERATING ALTERilATIVES

SPIEGELEISEN

Descrip; .' n

~m Ore - 0.6 Yin/Fe

"'.n Ore - 1.0 "'.n/Fe

FeNn
t/y

Pig l~n

tjy
SiY.n

t7Y
Semi-Steel

t/y

Total
Hn Ore
t:(Y

62150

75978

Reduced
Ore

tTY
Coke
t:TY

19267

19754

Electric Natural El.ectrode
Power Gas Carbon SPieg?eiSen

GWfY" ~y tTY t y

82 .. 3 - 220 31448

82.j - 216 30923

SINAI MANGANESE 8001.2

SUMMARY - OPERATING ALTERNATIVES

SPIEGELEISEN



TABLE 6-114
SAEF

MN ORE - 0.6 MN/FE

SPIEGELEISEN

METALLURGICAL DATA

Operating Load - kW

Operating Time - %

Avg. Load - kW

kWh/kg Metal

kWh/t Metal

% Mn

% Fe

% Si

% C

Electrode Paste - kg/t

SPIEGELEISEN

1,000

94

9,400

2.62

2,620

28.4

65.0

0.9

5.7

7
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TABLE 0 -115
SAEF

MN ORE - 0.6 MN/FE

SPIEGELEISEN

CAMPAIGN PROGRAM

1000 kg Mn ore 0.6 Mn/Fe 506 kg Spiegeleisen
227 kg low Mn slag

HOURLY PRODUCTION

Spiegeleis-::.n 9400/(2500 + 120) = 3.59 t/h

Low Mn slag 3.59 x 227/506 = 1. 61 t/h

~~UAL PRODUCTION

Spiegeleisen 3.59 x 365 x 24 = 31,448 t/y

Low Mn slag 1. 61 x 365 x 24 = Ill, 100 t/y

Ore req'd 31,448 x 1000/506 = 62,150 t/y

Coke req'd 31,448 x 310/506 = 19;267 t/y
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TABLE 6-11.6
SAEF

MN ORE - 0.6 MN/FE

SPIEGELEISEN

---------------------.-----------------.- ----------1
. ,

I
i
!

SUMMARY - RAW MATERIAL REQUIREMENTS

t/y
kg/ kg/t 365 d

batch Spiege1eisen tid 12 reo

Mn Ore - 0.6 Mn/Fe 1,000 1,976 170 62,150

Coke 310 613 S3 19,267

Dolomite 50 99 9 3,113

TOTAL 1,360 2,688 232 84,530

Spiegeleisen 506 1,000 86 31,448

Low Mn Slag 227 449 39 14,100



TABLE 6-11:
SAEF - l'.ANC.ANESE ORE 0.6 MN!FE - SPUGEl.EISEN

C
Mat.erial I kg F/kg :::/kg 1:::/kS ::;/kSP/Kg- %/kgl :/kg :/kl'.1 ::: - kIP - -kgj% kgP kg J% kgl ::; kgl % kg p: kg

Mn Ore 0.6 Mn/Fe 1,000 32.76 0.97 51.47 5.80 58 2.38 24 0.78 8 0.10 1 0.11 1 0.10 1 D.I0 1 0.02
328 207 10 8 515 360

Coke 310 2.0 5.0 16 3.0 9 75.0 233
6 4

Dolomite ----2Q - -- 2.0 1 30.2 15 21.0 11 - - - -- -
TOTALS 1,360 207 8 364 75 33 23 12 1 1 I 233

SPIEGELEISEN PRODUCED SLAe FRODUCED MATERl;~ BALANCES PROCESS RATIOS

Initial Initial Mn 204/215 · 0.950

~
~---.=- ~

~---! Slag/t
Fe 346/364 · 0.951 (227/506) 1000 · 449 kg

Mn 143 151 28.4 510
2

61 64 26.8
Si02 72/75 · 0.956 Slas Ratio

Fe 329 346 65.0 AI
Z

0
3

31 33 13.8 CaO + MgO + MoO/Si0
2 · 1. 76

AI 20
3

31/33 · 0.939
51 5 5 0.9 Cao 22 23 9.6 Coke/ t

Cao 22/23 · 0.957 (310/506) 1000 · 613 kg
p - - MgO 11 12 5.0

MgO 11/12 · 0.917 Coke to Mix :::
5 - MnO 79 83 34.8 (310/1360) 100 - 22.8

C
C 29 30 5.7 FeO 22 23 9.6 SiOzit

Mn° 2/MnO 45.2
Other - - - BaD/Other 1 I 0.4 S10

2
to Mix ::;- -- -- Mn!l/Mn 32.9

S06 532 100.0 227 239 100.0 Dolomite/t
Fe2O/FeO 39.0 (50/506) 1000 · 99' kg

FeO/Fe 74.1 Dolomite to Mix ::;
(50/1360) 100 - 3.7

51O,/5i 4.3
!'In/Fe Slag 3.6

C in Metal 30.0

225 .5

225.5/.75 - 300.7 (Use 310 kg/t)

~
,~-

-~ .....~'"
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METALLURGICAL DATA

TABLE 6-118
SAEF

}iN ORE - 1.0 t-fN/FE

SPIEGELEISEN

Spiege1eisen

Operating Load - kW

Operating Time - %

Avg. Load - kW

kWh/kg Metal

kWh/t Metal

94

9,400

2.66

2,660

% Mn 39.3

% Fe 54.2

% Si C.9

% C 5.6

Electrode Paste - kg/t 7
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TABLE 6-119
SAEF

MN ORE 1. 0 ~fN/FE

SPIEGBLEISEN

CAMPAIGN PROGRAM

1000 kg Mn ore 0.6 Hn/Fe

HOURLY PRODUCTION

Spiege1eisen 9400/(2500 + 160)

407 kg Spiegeleisen +
323 kg low Mn slag

3.53 t/h

Low Mn slag

ANNUAL PRODUCTION

3.53 x 323/407 = 2.80 t/h

Spiege1eisen

Low Mn slag

Ore req'd

Coke req'd

3.53 x 365 x 24

2.80 x 365 x 24

30,923 x 1000/40:

30,923 x 260/407

= 30,923 t/y

= 7.4,528 t/y

= 75,978 t/y

= 19,754 t/y
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TABLE 6-120
SAEF

MN ORE 1.0 MN/FE

SPIEGELEISEN

SUMJvIARY - RAW MATERIAL REQU~ REMENT~

t/y
kg/ kg/t 365 d

Pig Iron batch Iron t/d 12 rno

Manganese ore 1.0 Hn/Fe 1,000 2,457 208 75,978
Coke 260 639 54 19,754
Quartzite

TOTAL 1,260 3,096 262 95,732

Spiege1eisen 407 1,000 85 30,923

Low Mn slag 323 794 67 24,528



TABLE 6-121
SAEF - MANGANESE ORE 1.0 MN/FE - SPIEGELEISEN

Wt/Chge MgO J% BaO , P
kg I %

S kgl %
C

Material kg % kg % kg

Mn Ore 1.0 Mn/Fe 1,000 24.0 24.0 10.0 100 5.0 50 4.0 40 3.0 30
240 240

Coke 260 2.0 5.0 13 3.0 8 75.0 195
5 4

1,260 240 244 113 58 40 30 195

"

SPIEGEl-EISEN PRODUCED SLAG PRODUCED MATERIAL BALANCES PROCESS RATIOS

Initial Initial Mn 228/240 · 0.951 Slag/t

$ ~---! !B. !B.---! (323/407) 1000 · 794 kg

Fe 231/244 · 0.946

Mn 160 168 39.3 S10
2

99 104 30.5 Slag Ratio
Si02

108/113 = 0.952 CaO + MgO + MnO/Si0 2 · 1.60

Fe 220 232 54.2 Al
2

0
3

55 58 17.1
Al 20 3 55/58 · 0.948 Coke/t

S1 4 4 0.9 CaO 38 40 11.8 (260/407) 1000 · 639 kg

CaO 38/40 · 0.950

P - - - MgO 29 30 8.8 Coke to Mix %
M,,"") 29/30 · 0.967 (260/1260) 100 · 20.6

S - - - MnO 88 93 27.4
C SiOzit

C 23 24 5.t> FeO 14 15 4.4
Mn°zlMnO 15.7 Si0

2
to Milt %

Other - - - BaO/Other - - -- - -- - - --- Mn0
2

/Mn 73 .3 Dolomite/t

407 428 100.0 323 340 100.0
Fe 2O/FeO 1.3 Dolomite to Mix %

Fe 2O/Fe 74.3 Mn/Fe Slag 6.3

S10zlSi 3.4

C in Metal 24.0

192.0

192/ .75 • 256 (Use 260 kg/ t)



IMPORTED AND HIGH GRADE ORE

In order to demonstrate potential alternates for interim
operation, metallurgical balances and summary tables were
prepared for processing imported and domestic high grade
ores.

With a balanced production schedule using the slag produced
from the ferromanganese smelting to produce silicomanganese,
approximately 20,000 tonnes/year of ferromanganese can be
produced.

.d



rescription

Imported Ore- 501f, l'In

H4;h Grade Ore - 51.5% I-'.n

-

TABLE 6-122

SUMM.'cRY - C'FERATING ALTERNATIVES

IMFORTED AND HIGH GRADE ORE

Total Reduced Electric Natural Electrode
FeMn Pig Iron SiM."1 Semi-Steel Mn are Ore Coke Power Gas Carbon
t/y flY t/,. t/y ~ t7Y tfy GW/y ~tm37y tTY

19000 - 6..')35 - 42899 - 17428 82.3 - 716

180<)8 - 7020 - 42889 - 16495 80.9 - 696

SDIA I MANGANESE 80012

~ - OFERATING ALTERNATT'!E~

IMPORTED AND HIGH GRADE ORE



METALLURGICAL DATA

TABLE 6-123
SAEF

HIGH/LOw-cRADE ORE

Primary FeMn + Secondary SiMn

High C
FeMn SiNn

Operating Load - kW 9,000 11 ,000

Operating Time - % 94 94

Avg. Load - kW 8,460 10,340

k\\Th/kg Alloy 2.42 5.24

kWh/t Alloy 2,424 5,290

% Mn in Metal 75.0 65.0

% Fe in Metal 16.0 17.0

% Si in Metal 1.5 16.0

% c in Metal 6.5 2.0

Electrode Paste - kg/t 15 30
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TABLE 6.... 124
SAEF

HIGH/LOW GRADE ORE

FEMN + SIMN

CAMPAIGN PROGRAM

900 kg high grade ore
100 kg low grade ore

431 kg FeMn +
507 kg high Mn slag

950 kg high Mn ~lag

50 kg low grade ore
317 kg SiMn +
861 kg low Mn slag

HOURLY PRODUCTION

FeMn 8)460/2)424

SiMn 10,340/5,290

High Mn slag 507/431 x 3.49

High Mn slag 215 d x 24 h x 4.11

= 3.49 t/h

= 4.11 t/h

= 1. 95 t/h

SiMn 150 d/5.9 mos

::: 18,008 t/y

= 21,208

::: 7,020

::: 21)038

150 d x 24 h x 1.95

215 d x 24 h x 3.49

7,020 x 950/317

SiMn

Slag req'd

FeMn

ANNUAL OPERATION - FeMn 215 d/7.1 mos

Ore req'd:

High grade 28,008 x 900/431 ::: 37,604
Low grade 18,008 x 100/431 = 4,178

7,020 x 50/317 ::: 1, 107

42,889

Coke req'd 18,008 x 310/431 ::: 12,952
7,020 x 160/317 :-; 2,543

16,t.95

Low Mn slag 7,020 x 861/317 ::; 19,067
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TABLE 6-125
SAEF

HIGH/LOW GRADE ORE

FEMN + SIHN

SUMMARY - RAW HATERIAL REQUIREMENTS

t/y
kg/ kg/t 215 d

FeMn Batch FeMn tid 7.1 mas

High grade are
- 51. 5% Mn 900 2,088 174.9 37,604

Low grade are
- 21. 5% Hn 100 232 19.4 4,178

Coke 310 719 60.2 12,952
Quartzite 120 278 23.3 5,014
Dolomite 240 557 46.6 10,028

TOTAL 1,670 3,874 324.t. 69,776

FeHn 431 1,000 83.8 18,008
High Mn slag 507 1,176 98.6 21,208

t/y
kgl kg/t 150 d

SiMn Batch SiMn tid 4.9 mas

High Mn slag 950 2,997 140.3 21 t 038
Low grade are

- 2] .5% Mn 50 158 7.4 1,107
Coke 160 505 23.6 3,543
Quartzite 150 473 22.1 3,322
Dolomite 400 1,262 59.0 8,858- ..--

1,710 5,395 252.4 37,868

SiMn 317 1,000 46.8 7,020
Low Mn slag 861 2,716 127.1 19,067



'TABLE 6-126
SAEl'" - H1CH/LOII CRADE ORE - PRIl1ARY YEMN -+- SECONDARY Slm; - F~ PRODUCTION

~.. t:erJ.a1

La... Grade Ore 100 32.76 20.71 0.97 0.75 51.52 36.03
33 21 1 1 52 36

Il~h Grade ('rc 900 67.77 42.84 11.188.66 9.79 6.85
610 386 101 78 88 62

Cok~' 310 2.0 1.4
6

Quart:::it:e 120

Dolomit:e 240 -- - -- - -- -
TOTAL 1,670 643 407 102 ]q 140 98

C
% kg

5.80 6 2.38 2 0.78 1 0.10 - 0.99 1 0.103 - 0.09

1.16 10 0.90 8 1.45 13 0.35 3 1.38 12 0.081 1 0.09

5.t) 16 3.0 9 1.0 3 75.0 233:

99.0 119 1.0

2.0 _5 - 30.2 72 21. 0 50

156 20 86 53 13 1 4 233

FEMN PRODUCED SUG PRODUCED MATl:.:RIAL BALANCES PRODUCT RAnOS

73 1h. 0

1.5

30 6. ';

340 75.0
2.38

557 kg

5.94

1176 kg

7.2

278 kg

14.4

719 kg

18.6

(310/431)1000

(120/431)1 000

(120/1670)100

(310/1670)100

(240/1670/100

(507/431)1000Slaglt

Dolomite/t: (240/431)1000

Dol. to

SiC,/t

Cokelt:

Slag Rat:io CaO+MgOfMnO+BaO
Si0

2

Mn/Fe Slag

M.ix :

Coke t:o
Mix :

SiO, to
Mix-:

14.5

2.7

23.5

h.O

1.0

148. :.

~
:'::20.1

50/53 - 0.943

92/98 - 0.942

19/20 - 0.950

82/86 - 0.953

149/156 - 0.955

462/486 - 0.950

Cal'

Mn0
2

/:-1nO

MnO,/Mn

Fe20
3

/F...o

Fe20
3

/Fe

510,/51

1'2°5/1'

C in Metal

F"

Al 20
3

510.

XgO

_C _

Xn

b.O

2.4

9.9

35.3

100.0

32

53

86 16.1

13

20 3.8

In1l:1a1$---::

188

531

141 26.5

13

30

19

so

82

507

179

134

Actual

A1 203

B..O!Ot:her

YeO

Cac

MgO

~nO

Si02

O~.2

0.8

100.0

Init 1,,1
$---~

_3

:'5~

2fo

hQ

323

_3

.. 31

Actual

p

c

S

F"

Si

Other

MIl

226,1/.75 - 301.5 (Use ;:U ka)

~
.~.
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TABLE 6-127
SAEF - BleIl/LOW GRADE ORE - PRIMARY F~ + SECONDARY SIMN - SIMN PRODUCTION

M"terial I Wt.lCh~e 1%/k2 %lk<- 1:/k" Vk" IZ/~~J %/ko I %/k" %/k" 1% ~ kgl % ~ Jkg I Z kgl% kg 1% kgJ% kgp kg I % kg

High !'In Slag 950 35.3 27.3 6.0 4.7 26.5 252 3.8 36 16.1 153 9.9 94 2.4 23 -
335 260 57 45

Low Grade Ore 50 32.76 20.71 0.97 0.75 51.52 36.03 5.8 3 2.38 1 0.78 0.10 - 0.99 1 0.103 - 0.09
16 10 1 1 26 i8

Coke 16:) 2.0 5.0 8 ~.O 5 1.0 2 75.0 120
3 2

Quartzae 150 99.0 149 1.0

Dolomite 400 - - - - - - 2.0 _8 - 30.2 l1l. 21.0 ~- --
TOTAL 1,710 If, 10 336 2H 29 20 57 45 420 43 274 178 24 2 120

S DIN PRODUCED SLAG PRODUCED MATERIAL BALANCES PRODUCT RATIOS

Act:ua3 Init:1al Actual Initial Fe 62/65 K 0.954 SIag/t (861/3l~)l000 • 2716 kg

1£ ~--- ! kll ~--- %
!'In 258/271 s 0.952 Slag Ratio Ca~gO+BaO+MnO

• 2.05
MIl 206 217 65.0 Si02 19I 306 33.8 Si02

510, 398/420 K 0.948
Fe 54 57 17.0 Ai 2e3 41 43 4.7 Coke/t (1 bO/31 7) 1000 = 505 kg

Ai Z(l3 41/43 . 0.954
C 7 7 2.0 Cao 260 274 30.3 Coke to (160/171 0) 100 • 9.4

CaO UIJ /274 K 0.949 !1ix %

51 50 53 16.0 !'!gO 169 178 19.7
MgO 169/178 K 0.949 SiOzlt (150/317) 1000 • 473 kg

P - - - MIlO 67 70 7.7
C S:lOZ to (150/1710)100 = 8.8

S - - - FeD 10 10 1.1 !olix %
Mn°2/MnO 2.3

Other - - - !laO/Other ..1l 24 2:l.. MnO!Mn 47.3
OoIomite/t (400/317) 1000 s lZ62 kg

- - --
317 334 100.0 861 90S 100.0 Fe203/FeO Z.1 Dol to (400/1710)100 • 23.4

Fp.O/Fe 12.2
!olix %

51°2/51 45.4 !oln/Fe in Slag 6.67

C in Meta 1 7.0

!l6.3

116.3/.75 • 155 (Use 160 kg)

"'-c.
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TABLE 6-128

SAEF S}IELTING
IMPORTED ORE
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TABLE 6-129

SAEF

IMPORTED ORE

FEMN + ~i'Mn

CAMPAIGN PROGR#1

1000 kg imported ore

1000 kg high Xn slag

HOURLY PRODUCTION

FeMn 9400/2424

High Mn slag 420/445 x 3.88

SiMn 9400/5290

445 kg FeMn +
420 kg high Mil slag

397 kg SiHn +
817 kg low Mn slag

=: 3.88 t/h

=: 3.66 t/h

::: 1. 78 t/h

ANNUAL OPERATION - FeMn 205 d/6.7 mos. SiMn 160d/5.3 mos.

FeMn 205d x 24h x 3.88 ::: 19,090 t/y

High Mn slag 205d x 2t{h x 3.66 ::: 18,007

Si11n 160d x 24h x 1. 78 ::: 6,835

Slag req'd 6835 x 1000/397 ::: 17,217

Ore req'd 19,090 x 1000/445 ::: 42,899

Low Hn slag 6835 x 817/397 ::: 14,066

Coke req'd 19,090 x 330/445 ::: 14,157
6,835 x 190/397 = 3,271

17,428
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TABLE 6··130
SAEF

IMPORTED ORE

FEMN + SIMN

SUMHARY - RAW MATERIAL REgUIRENENTS

t/y
kg/ kg/t 205 d

FeMn Batch FeMn tid 6.7 mas

Imported are ." 50% Mn 1,000 2,247 209 42,899
Coke 330 742 69 14,157
Limestone 110 247 23 4,719
Dolomite 20 45 4 858
Quartzite 70 157 15 3 t 003
Scrap 55 124 12 2,359

Total 1,585 3,562 332 67,995

FeNn 445 1,000 93 19 9 090
High l-In slag 420 944 88 18,007

t/y
kgl kg/t 160 d

SiNn Batch SiMn tid 5.3 mos

High Mn slag 1,000 2,519 108 17,217
Coke 190 L.79 20 3,271
Limestone 300 756 32 5,165
Dolomite SO 126 5 861
Quartzite 140 353 15 2,413
Scrap 70 176 8 1,203-

Total 1,750 4,409 188 30,130

SiMn 397 1,000 43 6,835
Low Mn slag 817 2,058 88 14,066



TABLE 6-131
SAEF SMEL1'ING; IMPORTED ORE FEMN PRODUCTION

20

70

----22 - 55

l_ 585 500 80

SLAG PRODUCED

BalB=tce

~ 1B. !

Si02 95 100 22.6

A1 20
J

67 71 16.1

e"o 64 67 15.1

MgO 4 4 1.0

MDO 18~ 194 43.9

FeD 6 6 1.3

Other - - --
420 442 100.00
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Coke
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Dolomite

Quartzite
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TOTALS

FEW PRODllC~,~
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Mn 333 350 75.00

Fe 71 75 16.00

C 29 30 6.50

S1 7 7 1.50

P

S

Other _5 5 1.00

445 467 100.00

"'-,.-..-:-

Wt. per Chge.
kg

1_000

330

110

79.09 50.0
791 500

2.86 2.00
29 20

2.00
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C
kg
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2.70 27 6.00 60 - - - 0.01

5.00 17 3.00 10 75.00 248

1.80 2 55.00 61

2.00 - 30.20 6 21.00 4

99.00 69 l.00

- - - -
115 71 67 4 248

MATERIAL BALANCES PROCESS RATIOS
kg kg Unit

Product/Feed Recovery

Fe 76/80 0.946 Slag/t FeMn {420/445)1000 · 944 kg

!in 476/500 0.:151 Slag Ratio CaO + MgO + MDO · 2.42
Si02 110/115 0.957 Si0 2

A1 20
3 67/71 0.944 Coke/t (330/445)1000 · 742 kg

CaO 64/67 0.955 Coke to Mix % (330/1585)100 · 20.8

MgO 4/4 1.000 LS + Do1/t (130/445)1000 · 292 kg

LS + Dol % (130/1585)100 · 8.2
Carbon

Quartzite/ t (70/445)1000 157 kg·
FeZO/Fe 24.0

Quartzite to Mix X (70/1585)100 4.4.
Fe203/FeO 0.7

MD/Fe Ratio in Slag 30.~·MD0 2/Mn 152.7

MDG/MDO 32.7

SiO/S1 6.0

C 1n FeMn 30.0

TOTAL C 246.1

246.1/0.75 • 328.1 kg
(Use 330)



TABLE 6-132
SAEF SMELTING; SILICO~GANLSE PRODUCTION FROM MEDItlM GRADE SLAG, I~WORTED ORE

Wt. per Chge. C
Material kg kg

High Mn Slag l,OOCI 43.9 1. 30 22.6 226 16.1 161 15.1 151 1.0 10
439 340 13 10

Coke 19C 2.00 5.0 10 3.0 6 75.00 143
4 3

Limestone 300 1.8 5 55.0 165

Dolomite SO 2.0 1 30.2 IS 21. 0 11

Quartzite 140 99.0 139 1.0

Scrap 70 70- -
TOTALS 1,750 340 3 80 381 168 331 21 - 143

SIMN PF-OllUCED SLAC PRODUCED MATERIAL BALANCES PROCESS RATIOS
kg kg Unit

Balance Balance Product/Feed Recovery Slaglt SiMn (817/397)1000 - 2058 kg
$ ~ ! $ ~ !

Fe 78/83 0.940 Slag Ratio CaD + MgO + MoO
1.94--Mn 258 272 65.00 Si02 225 237 27.6

Mn 323/340 0.950 S102
Fe 67 71 17.00 A1 203 160 168 19.5 Si02 362/3!l1 0.950 Coke/t (190/397) 1000 = 479 kg

C 8 8 2 ,:,p CaO 314 331 38.5 A1 20
3 160/168 0.952

Coke to Mix % (190/1750)100 10.9-CaO 314/131 0.949
S1 64 67 16.00 MgO 20 21 2.4

MgO 20/21 0.952 LS + Dol/t (350/397)1000 - 882 kG

p - - - MoO 84 88 10.2 L5 + Dol Z (350/1750)100 - 20.0

S FeO 14 15 1.8 Car.bon
Quartz1te/t (140/397)10;)0 353 kg- - -

Fe20
3

/FeO 0.:'
Other - - Other - - - Quartzite to Mix % (140/1750)100 - 8.0-- - -- - - -- FeD/Fe 15.~397 418 100.00 817 860 100.00

MnO/Mn 59.3

Si0 2Si 57.4

C in SiMn 8.0

140.2

140.2/0.75 - 186.9 kg Coke

U£o 190


