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I, NATURAL GAS

Various contacts have been made with the Egyptian CGeneral
Petroleum Corporation (EGPC) which is the governmental entity
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 vilfields
and the Deminex oilfields currently owned by the Suez 0il Company.

In the second letter attached, EGPC confirmed the availability

of guantities of natural gas from Belayim sufficient for plant
operations at production levels predicated in this report.
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TRANSLATION

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

April 4, 1980, stat2d it can supply from 10 to 18 million
cubic feet/day of gas from Marine Belayim field from

1982 until 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 Encr. Fayez.

0o Deminex Gas

The following is the gas analysis which was delivered

to us.
Cas
Spread of Chemical Composition

Component % Mole P.T. No. 1 P.T. No. 4
Methane 55.64 48.03
Ethane 20.08 1¢.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 and Heavier 0.83 1.63
Ooxygen 0.00 0.00
Nitrogen 1.04 1.04
Carbon 6.00 12,00

Total 100,00 10v.00
Hydrogen Sulfide Nil Nil
S.G. by calculation (air = 1) 0.9280 1,0174

Thanks.

Monir Ismail E1 Kholy



GAS ANALYSIS FOR PETROBEL CONCESSIONS

Belayim Land Belayim Marine

Methane 66.82 71.72
Ethane 13.76 12.88
Propane 11.88 9.10
I-Butane 1.12 0.82
N-Butane 3.01 1,95
T -Pentane D.04 0.43
N-Pentane 0.70 0.44
Hexane 0.61 0.30
Heptane 0.009 0.08
Nitrogen 0.80 1.08
Carbon Dioxide 0.65 0.37
H,S - -
Gross Calgrific value ) (

(k. cal/m>) 12861 12824

Net Calorjific value

(k. cal/m3) 11705 11774
Density at 0°c

1 atm. (gm/cc) 0.001094

Sp.gr. at 15°C & 1 atm. 0.855 0.788
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Component % Mole P.T. Nol P, T, No., 4

Methane 55, 64 48, 03
Ethane 20,08 19, 16
Propene 11, 81 13. 06
Iso- Butane 0.95 1. 04
N- Butane 2,51 3.09
Iso- Pentane 0,52 0. 68
N- Pentzne Q.62 0, 87
Hexane end Heavier 0.83 1. 03
Oxygen 0.00 0. 00
Nitrogen 1, 04 1. 04
Carpon 6. CO 12,00
Total 100. 00 100. 00
Hydrogen Sulfide NIiL NIL
S. G, by calculation (air=1) 0.9280 1. 0174
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The Egyptian General
Petroleum Corporation
Osman Abdel Hafez Street-
July 3, 1980 Nasr City.
P.0.B. 2130-Cairc-
Tel, : 837388
Ref : 7/250

Mr. Monir El1 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 The available quantity
million cubic feeVday
1981 31.60
1982 26.36
1983 25.86
1984 25.46
1985 26.08
1986 25.27
1987 24.22
1988 23.77
1989 22.97
1990 20.98
1991 19.42
1992 18.82
1993 18.16
1994 17.69
1995 16.84
1996 15.42
1997 14 34
1998 13.62
1999 12.82
2000 11.78

Best regards
Eng. B. Faragallah
General Director for
production
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A.

II. CRUDE OIL

Location

Crude 0il sources closest to Abu Zeneima are:

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

0 Belayim crude oil.

o Deminex crude oil (Suez 0il Company) .

Availability

The production is as follows:

o0 Sinai crude oil: 490 t/4d (217.7 Assal, 208 Sudr, and 60
Metamir).

0 Belayim crude oil: 17,620 m3/day.

o Deminex: No regular production yet.

Prices

Recent prices of the three kinds of crude o0il are as follows:

o Sinai crude oil: USS 32.7, which is the price offered by
the buyer, while the contracting price is expected to be
higher.

o Belayim crude oil: US$ 29,

o Deminex crude oil: Not yet determined.

Characteristics

The following takle shows the characteristics of the three
types of crude oil.
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Deminex

from after Sinai

Specifications field mixing Belayim (Mixture)
API gravity at 60°F 36.3 24,1 26.3
Specific gravity at

60/60°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 1in

air g/ml 0.8417 0.9078 0.8951 -
Water content 7 Vol. 0.70 0.05 0.10 1.8
Salt content 7 Wt. 0.030 0,005 0.005 0.026
Sediment 7 Wt. 0.01 0.01 Nil -
Sulphur content 7 Wt, - 2,20 2.32 1.9
Distillation
Initial boiling point C 97 - - 90
% Distilled at 100°C 5 - - 1
% Distilled at 125°C 8 - - 3
% Distilled at 150°C 12 - - 6
% Distilled at 175°C 16 - - 10
% Distilled at 200°C 20 - - 14
% Distilled at 225°¢C 23 - - i8
% Distilled at 250°C 26 - - 22
% Distilled at 275°C 29 - - 27
% Distilled at 300°C 34 - - 32

E. Transport, Receiving and Storage

Crude oil from the three oilfields is transported by tankers.

This method will utilize the service jetty of Abu Zeneima as

the receiving pcint with special tank 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 available 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:

0 Good quality for the smelting process.

o0 The fewest difficulties in mining operations.

0o 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 wliich 20 m are on the
asphalt road between Abu Zeneima and Abu Thcr. 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.

0 A sandy and finely 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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v. LIMESTONE

Limestone can be found very close to Abu Zeneima. They are mainly
in the Cretaceous-Eccene succession, with varying decrees of purity
and nardness. To the north, east and south of Abu Zenrneima occur-
rences of limestones, and marly or sandy limestcocnes are widespread.
Field studies base the optimum location site on three main criteria:
o Purity of the limestone (lzast sandy or clavyey udmixtures).

o Relative hardness of the rock.

o Least distance from Abu Zeneima.

The location selected is about 4 km south of Abu Zeneima and directly
to the east of the asphalt road from Abu Zeneima to Abu Rudeis.

Low topographic relief marks the quarry 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 Zeneima. The locaticn is at
Wadi Tayiba, northeast of Gebel Musabba Salama, 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 relatively large horizontal extension and seems vo be lens
shaped. The deposit represents a near-surface cementation of
sandstone by silica, hichly stained with iron and manganese oxides.
The rock is extremely hard and weathers to large blccks.
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VI. FERROGSILICON

A. Location

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

An Egyptian ferrosilicon plant for ferroallovs is under
construction at idfu, Aswan Governorate.

B. Availability

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

T.ae current operations under consideration will not require
ferrosilicon consumption. If in the future there is a demand
for low carbon ferromanganese or ferro-silico-manganese, then
ferrosilicon would be consumed at Abu Zeneima and could be
supplied by the Egyptian Chemical Industries (ECI) at KIMA,
assuming that capacity there can be increased or frcm the Idfu
plant when complete.

C. Price
The ferrosilicon price at 75% Si is LE435 per tonne, exclusive
of freight, loading, etc., at the Aswan factory in bulk, based
on ECI .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%
Cu 0.10%

The percentage of carbon and aluminum varies according to the
specific requirements of each consuming industry.
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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:

Price/Tonnes, exclusive of

Quality freight, loading, etc., Factorv,LE
plus-90-mm Coke 193
plus-40-mm Coke 162
plus-15 tc minus-40 Coke 136

D. Characteristics

The characteristics of the locally produced coke are as follows:

Ash 9.5-10%

Fixed Carbon 86% min.
Sulphur 1.2%

Volatiles 1.3%

Moisture 5%

Calorific value 7000 calorie/kg

E. Transport, Receiving and Storage

Coke could be trucked from the plants at Tebin, Helwan, or
Cairo and received and stored in the industrial area of Abu
Zeneima.
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F1l Nasr Co, for Coke & Basic Chemicals

February 4, 1980 Fl Tebin - Helwan - Cairo

Chairman of Sinai Manganese Co

at

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

We beg to inform your goodselves that;-

The quantities which may be available are 1500 ton /- month i, e about
50 ton / day.

The chemical specifications of the produced coke are :-
Ash 9.5 %
Carbon 86.0 % Minimum
Sulphur 1.2 %
Volatiles 1.3 %
Moisture 5.0 %
Calorific Value 7000 Kilo calory / Kg .

The price of bhe 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 regards,
Eng. M. A. Fl Mousy

Manager of the Coke & Basic Chemicals
Factory
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VIII. COAL

Coal was recorded Lefore 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 between 418 and 2,960 meters in the Sinai. In 1959, prcspection
for coal began in the Sinai at Ayun Musa, Beida/Thora and Maghara,
respectively, which led to the discovery of coal beds and carbonaceous
matter. In 1966 exploration started for coal arcund 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 Gebel Om
Rinna and east of Dibbet El Qeri. Tr=> Thora deposit lies at
Wadi Om Thora, north of the El Qor area and south of Dibbet
El Qeri.

2. Occurrence

The Egyptian Geological Survey exploration program for coal
prospection lasted rrom 1959 to 1961. It included topo-
graphical surveying, surface geclogic mapping, trenching,

and adits totalling 240 linear meters. Also bcre holes
totallirng 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 Zuweibin) north of Cebel Musabka Salama.
This occurrence seems worthy of some exploration work.

3. Reserves
The reserves 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
matter, with low coking ability.
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B. Ayun Musa Coal Deposit

l.

Location

Ayun Musa lies on the eastern side of the Gulf of Suez 14 km
south of El1 Shutt (facing Port Tawfik).

Occurrence

In this area, a coal exploration program was carried out by
the 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 Jurassic
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.

Reserves

Reserves were estimated at 18.5 million tonnes of probable
coal.

Properties

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

C. Maghara Coal Deposit

1.

Location

The Maghara area lies in the north Sinai province, southwest
of £1 Arish, and 175 km from Ismailia.

Occurrence

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

All these investigations and exploratory operaticns are
confined to the Bathonian sediments (Safa Formation) which
are represented by intercalations of dark sandstones, shales,
and marls. This succession encloses up to 10 coal seams cf
which only two, the main seam and the upper seam, can be
economically explecited.

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

The total reserves were estimated at 51.8 million tonnes in

an area of 25 square kilometers asgs follows:
o Proven coal reserves - 392.9 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 main seam.

o 6.2 million tonnes from the upper seam.

The area still needs additional drilling exploration.

Properties

These are homogencus sub-bituminous deposits having high

volatile coal with fair coking properties.



IX. SHARM EL SHEIKH MANGANESL ORES

The area of Sharm El1 Sheikh is at present inaccessible from the
Fgyptian side. Therefore, it was not possible for our field team
to make any site visits.

It is useful, however, to site the data pertaining tc Sharm El
Sheikh manganese deposits obtained from previous reports. At Sharm
El Sheikh, manganese and iron oxides are known tc occur in associ-
ation with 4-meter-thick sandstones and congleomerates., The area is
cut by several faults running northwest toc 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 Samgle 2

Sio2 + I.R, 54.78 70.10
Al2O3 + Fe203 2.32 12.92
MnO2 30.33 12.67
CaO Tr. Tr,
MgO - Tr.
L.O.T. 9.48 5.06
100.75 96.91

In June 1961, SMC made a study trip to the area. 2t a site named
Sharm Moba a 4-rmeter-deep old pit was found. The thickness of the
ore here is about 3 meters and extends about 1500 meters toward
the northeast.

Surface exploraticn was carried out by SMC in the area of Sharm

El Sheikh, and several veins were discovered. Most important of
these is the vein of Wadi Khoreita which extends for 200 meters
with a thickness cf 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 reported as follows:
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Sample

5533 __No. Mn %
Sharm Moba 1 14.9
2 24,8

3 13.4

Wadi Khorate 4 51.3

Remarks

At contact of vein
with granite

At middle of vein

At contact of vein
with sandstone

At middle of vein

The vertical downward extension of these veins has not been
determined. Until] now, the ore can only be classed as possibkle.
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B.

E'

X. FETROLEUM COKE

Location
Petroleum coke comes from Suez refineries,

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
smelter is 15,000 to 20,000 t/y.

Prices

In 1976 a contract was concluded with the Aluminum Complex at a
price of US$ 50/tonne. The present price is abouut US$S 70/tonne.

Characteristics

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

Cube density 0.960
Sulphur % Wt. 5.2
N, % Wt. 2.0
Ash % Wt. 0.4
C/H Ratio 87.2/4.3
Volatile matter & Wt, 14.5
Calorific value
(net calculated) 15,000 ktu/lb
Metal content ppm:

Ca 110

Cr 9

Cu 11

Fe 83

Ni 380

Si 410

Na 130

\Y 350-500

Mg 14

Co 0.8

Mo 2.0

Pb 3

Ti 14

Transport, Receiving and Storage

Petroleuw. coke from the nearest refinery at Suez could be
directly trucked to the coke stores at Abu Zereima. It could
also be transported by sea from Suez to the Abu Zeneima service
jetty. From here it could be trucked to the coke storage within
the industrial zone.



XI. NAPTHA

The gas/liquids separation plants operated by Petrobel and Deminex
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 cof normal diesel fuel. The subject may be re-
examinecd in Stage 2, when more information is available.
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EGYPTIAN GENERAL PETROLEUM
CORPORATION

SPECIFICATIONS
OF STRAIGHT RUN NAPHTHA FOR

) el
EXPORTATION FROM ALE_XANDRIA (_/Cg S\ >

e m e e Em e et e e EEE e e e T @ eEa et - -

TEST METHOD RESULT

Specifie Gravity 41 60/60 oF ASTM D . 1298 0.690-0.73
Colour _ By inspectinn Colourless
R V.P. Kg/ck at100 oF  (Max) ASTM D - 323 0.70
Sulphyr content % wt (Max) * ASTM D . 1266 0.05
Gum content {mg/100 m1) (Max) ASTM D - 381-70 2.0
Lead content (Max) ASTM D3116/72 50 P. P.B.
Octane NO. (Motor Mcthod) (Min) ASTM D 2700/75 50 (
Distillation : ASTM D 86/67

I.B P °c 35 - 55

10 % distilled @ oC  (Max) 80

50 % distilled @ oC  (Max) 130

90 % distilled @ °C  (Max) 165

F.B.P. oC  (Max) 175
PONA Analysis : ASTM D 1319/70

------------------ & UOP 273

Olefine % vol. (Max) 0.5

Naphthenes % wvol. (Min) 22. 0

Aromatics % vol . 4.0 - 8.0

Paraffins % vol. Balance
3-24 ,f‘
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CATERPILLAR TRACTOR COC.

Peona, Hlinois 61629

August 28, 1980

Mr. George Aiken
Chief Mining Engineer
Kaiser Engineering

P. 0, 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 fuei
would not be acceptable 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 number would fall below our minimum requirements of

35 for precombustion chamber engines and 40 on direct injection engines. The
viscosity, Tikewise, would probably be below our minimum reauirement 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 includad & 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,

Very truly yours,

e & et

rvice Engineering G.O.
JEWilliams

Telephone: (309) 675-6149
plf/attach.
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SERVICE MAGAZINE

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

1280

Diesel fuels combined with gasoline, naphtha, or other
highly volatile fuels can be dangerous. BECAUSE OF THE
SAFETY HAZARDS INVOLVED CATERPILLAR DOES
NOT RECOMMEND THE USE OF GASOLINE/DIESEL
FUEL OR NAPHTHA;DIESEL FUEL BLENDS Extreme
caution must be exercised when these volatile fuel mixtures
are present.

Gasoline and naphtha are light aromatic distillates of
petroleum. When either of these fuels are combined with
diesel fuel (No. 1 or Na. 2) or kerosene, fuel blends of high
volatility can result. The volatility of these blends could lie in
a dangerous range even if a small percentage o! gasoline or
naphtha is added to the diese! fuel

In a fuel tank, the vapor in the air space above pure diesel
fuel is too lean to be a hazard at normal ambient tempera-
tures. The vapor m a tank that contains pure gasoline or
naphtha is too rich. However, when diesel fuel is mixed with
gasoline or naphtha, the vapor-to-air ratios can be explo-
sive. This varnor above the fuel in the fuel tank can be ignited
by sparks, flames, electric arcing, and even static electric
charges.

There are severa, reason< 1vhy such fuel blends are used
The most commaon is probably to combat fuel filter plugging
problems (waxing) experienced in cc'd temperatures. Also
in some areas. dicsel fuel may be in short supply while
gasoline or naphtha is .eadily available. Users may blend
the fuels to extend the diesel fuel supply.

February 11, 1980

Mechanically, Caterpillar engines can accept certain pro-
portions of gasoline or naphtha blended with diesel fuel
without major effects on performance or engine 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
fc: this reason, personnel who work with, on, or near diesel-
powered equipment 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 persennel in contact with diesel fuels and
diesel-powered equiprent:

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

2. Keep heat sources. 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. Handle all fuels only in well ventilated areas.

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

6. When transterring 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
aitenition of all personnel who have contact with diesel fuels
and diesel-powered equipment.
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Refer to the articies “'Fuel Heaters Are Now Available For
Field Installation’, SERVICE MAGAZINE, January 7. 1980
and "General Information—Diesel Fuels In Cold Tempera-
ture Operation’”’, SERVICE MAGAZINE, 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. -

New Bearing Retainer Plate Is
Used In Carrier Rollers

4154

D9H and DD9H Tractors; 594H Pipelayers

DESCRIPTION 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 ltwas
possible for the former bearing retainer plate to bend The
resuit is a loss of seal face load and a loss of ol

ADAPTABLE AS The new 9G7037 Bearing Retainer Plate
i« a direct replacement for the former 3P3401 Bearing
Retainer Plate. which is canceled ]

New Gasket Gives A Better Seal
Between The Flywheel Housing
And Cylinder Block

1157, 1201

D8K Tractors; 583K Pipelayers

DESCRIPTION OF CHANGE A different gasket is now
used between the flywheel housing and the cylinder block
non D8K Tractors and 583K Pipelayers The new gasket is
narrower than the former gasket in the area near the bore
for the camshaft This gives more load on the gasket in this
area to prevent oil leaks

ADAFPTABLE AS The new 8NG575 Gasket 1s a direct
replacement for the former 2M7961 Gasket which is
canceled »

2 February 11, 1980
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CorrectProcedure For Adjustment
Of Hydraulic Valve Control Cables

3063

528 Grapple Skidders (78W)

According to field reports, wrong adjustment of the hy-
draulic valve control cables on some 528 Grapple Skidders
has caused short cable service life and/or 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 tevision
CONTROL CABLE ADJUSTMENT: Reference numbers
are shown in the illustration.

I \\
1 !
MYDRAULIC PLATFORM ’
VALVE el
ia))
™~ .y
I T B P
A, i
.‘:!I > /’."tn o . ! ‘/{/‘.\ i !K _‘
i om o afim : ST T
2 .o ! _ N '
A:{; i) :::t:p;{,L E , FRONMT
RIGHT $10E Vit ‘H;' VIEW
VIE W : 3/
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MOUNTED \ L
|agulle Y] !
. o

Hydraulic control cables. 1 —Eyes. 2 —Bracket. 3 —Nuts. 4 —Cable
housing ends. 5-—Bracket. 6—-Rod ends. 7—Cable ends. 8 —Nuts.
9 —Nuts. 10 —Cable housing ends.

1 Install nuts {8) and rod ends {6} on the ends of the
cables (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. Atthe
initial (first) assembly, slide the bracket to move the
levers as far as possible away from the platform,
and permit maximum lever movement

4 Install cables through the rear of the platform and the
cable quides

5 Fit the cable housing ends (4) into center of slots in
bracket {2) and tighten nuts (3)

6 Assemble the eyes (1) and nuts on the cable ends
Adjust each eye so the valve stem moves 10 2 mm (.40")
when the control lever is moved against the platform

o



XII. GYPSUM

A. Location

Gypsum and anhydrite form huge lenselike formations in
Miocene rocks which extend along the western margins of the
Sinai Peninsula from the Bitter lakes to the proximity of
El Tor. The thickness and ertension of these deposits vary
greatly from one locality to another, but the reserves are
huge. The most prominant locality 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. 1In some cases, the gypsum is covered by
contorted and squeezed beds of foliated shales and anhydrite,
The latter forms generally an outer layer surrounding 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 through the action of
weathering agents.

The evaporite succession lies unconformanly over tiltecd lower
Miocene basal conglomerates intercalated with day bands, This
unconformity separatecs between the lower open sea sediments
and the upper evaporite closed basin deposits.

C. Ore Types

Three main types are distinguished in the deposit of Pas
Malaab:

o} Alabaster gypsum, massive and banded.
e} Micacecus gypsum; coarsely crystalline and foliated,
o) Anhydrate, massive and hard.

D. Mode of Occurrence

The three main beds can be distinguished from top to bottom
by

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




o} Bed G,: with about 5-meter thickness. It is ccmposed
mainly of micaceous gypsum,

o Bed G,: with a thickness variable frcm 10 to 50 meters,
It is composed of alabaster and 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 ui Extraction and Haulage of Ore

The extraction was being carried out until 1967 by open-pit
methcds from quarry faces. The rock was extracted by compressed
air d-illing and blasted. The ore was selected in the quarry
and rid been transported by trucks to the jetty stockpiles.

The one-m3 mine cars carry the ore to be loaded te 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 ore from the quarries using bi-cable tramways and
the lighter to ship-loading method. However, this was never
implemented.

r. Ore Reserves

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

Ore Reserves of Gypsum and Anhydrite

in Ras Malaab Area

>
&
"nt 1] s :
(0] ~ - [ wl
[V ] U X on o oL Q 0
Bed  Type @ e Tad 0o g3 a3 =
Block € yp No© e N4 g . RO == o
No ] Y &y c o L o o
4 > > E 0C o w ML >
< <~ = O = == =
Al C3 Alabaster ~ 127 = "T0O 7 T 75 "% B Road Immedlate
A2 C3 Alabascer 150 20 6 D&B R'way 1 3 years
A3 G3 Alabaster 200 10 4 D&B R'way 1 20 years
A4 G3 Alabaster 960 25 48 D &B R'way TIT +20 years
A5 C3 Alabaster 560 50 56 D &8 R'way V 2
A6 G3 Alabaster 540 30 32 D &B Road 3 months
A7 G1 Alabaster 10 20 b D & B Road 4 months
Ml Gl Micaceous 20 20 .8 D&B Road 2 months
M2 G2 Micaceous 25 5 W25 Rip Road 1 year
M3 C2 Micaceaus 30 5 .30 Rip Road 1 year
M, G3 Micaceous 200 10 4 Rip R'way 1 3 years
M5 C3 Micaceous 200 20 8 Rip R'way ITI + 20 years
Me G,  Micaceous 840 10 17.0 Rip R'way TV 50 years
M7 G,3 Micaceous 270 20 11,0 D &B R'way IT 20 years
An, Gi Anhydrite 20 25 1 shovel R'way I 3 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 table below indicates the quality of both
gypsum and anhydrites.

Gypsum Anhydrite
Average Min Average
Element Minimum Max 9 samples Map 3 samples
8102 0.09 0.50 0.24 0,27 1.22 0,72
A1203 - - - - - -
Fe203 - 0.08 0.04 0,05 0.C8 0,07
Ca0 31.09 32,66 31,67 38,13 39.52 38,72
MgO - 0.40 0,10 - 1,00 0.64
Nazo - 0.03 0,01 0,03 0.92 0.46
K20 - 0.01 0.01 0,01 0,02 0.02
'1‘102 0.01 0.01 0.01 0,01 0,01 0.01
Mn 0,01 0.01 0.01 0,01 0.01 0.01
H)0 ~ 14,22 15,61 14,99 0,17 1.04 0.68
H20+ bob3 5.69 5.17 1.45 2,75 2,14
co, 0.14 0.82 0.57 0,56 2,43 1.31
SO3 45,72 48,86 47,32 53.16 56,11 54,78
Cl - 0.01 0.01 - 2,18 0.99
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The average total of CaO.+ 505 + H,0" + H,0% for gypsum

is 99.15% and for anhydrite is 96.%2%. T%is is indicative
of the high purity of gypsum and the relative purity of
anhydrite. 1In 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. Clazs

l.

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 ~!ay 15 included in the deposits of

the Nubia Formationr at Musabba Salama, Wadi Khaboba,
Dehissa, Farsh El Guzlan, and Om Eleigan as well as in the
region of Gebel El1 Tih. The semi~fatty (carbonaceous) clay
occurs in the Upper Carboniferous at Khaboba, Dababat, and
Wadi Talha, with variable shades of dark cocloration acccrding
to the content of carbonaceous material.

However, the results of the various analyses carried 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).

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 Qor Wadi Natsh, Wadi Budra and Wadi
Faran. Indivicdual private sector activities began in
1955 by encineers E. El1 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
Company 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 Cemwent Company. These prospecting oper-
ations which had been done in Wadi Natsh included 260
linear meters of tunnel and 500 cubic meters of trenches,
The Egyptian Mining Authority entrusted SMC tc execute

a prospecting program in the Carboniferous for kaolin.
This included trenching in the district El Qor, 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 negative results



due to the high percentage of iron in the kaolin. At
the end of 1960, SMC kaolin prospecting activities
extended to the Cretaceous in Wadi Om Allian, Farsh El
Guzlan, El Harabiat Wad El Fidfafa, ard El Riyaina.
The results of SMC's exploration operations indicated
that the Dehissa district and Farsh E1 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 kaclin prospecting work done by SMC,
the total probable ore reserve was reported to be
75,000 tornes. Creat 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 Rakta Ccmrpany, Dr. Crart,

o Dr. CH. Shukri Cirguis - studied the possibility of
purificaticn of the ore to suit the paper industry
by using hydrochloric ard nitric acids and chlorine.

o (G.O.F.T.) - tested kaoli-. for the use in aluminum
extraction.

¢ Japan ard England - conducted experiments to get rid
of the irpurities and to determine whether kaolin
cculd be upgraded to be suitable for various indus-
trics. They also investicated the possibility of
erectinc¢ a grirdirg unit at the Sinai mires, 1In
Noverber 1961, the tests which had been carried out
by Dr. Pobertscn in Erngland gave good results in the

separation of the silica fror the ore., Dr. Rokhertson's

report stated the following:

"The ore must be milled in a Super Micron Mill 1in
which it 1is possible to separate the materials by
air."

The pulverizinc operation was dore in two stages and
»roduced three grades cf raterial.
P

- Tc pulverize the cre to 200 - 300 mesh.
- To pulverize the ore to 0.5 ricrcr,

The metallurcvical analysis of the final product was
as follows:
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Kaolinite Clay 89.1%

Feldspar 6.1%
Bohmite 2.8%
Aratese 1.5%
Goethite 1.2%
Solubles 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 cperation there was

a 12% loss of ore. 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:

lst 2nd
Original Product Product
"Non Burrt" Alumina 36.7 35.18 39.04 40.00
Silica 46 .6 17.11 46.08 43,94
Alumina 43.07 42.338 45.50 47,05
Ircon 1.0 1.0 0.90 1.00
Water 15.97 17.00 14. 38 14.66

This analysis shows that by using the Micron Mill sepa-
rator we can get rid of free silica. Due to these
previous experiments, SMC decided to erect a pilot plant
for grinding kaolin in Abu Zeneima which was planned to
include the following units:

o One Hosokawa grinding mill.

o One magnetic separator.

o One Shimadzu sedimentograph.

0 OUne Hosokawa imj..ller oreaker.
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0 One 2l-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, ancd then leaching by 5% diluted hydrochloric
acid for two hours while heating to 80°C. The results
were as follows:

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

0 Humidity: 1.27%

0 Combined water: 12.25%

o Specific gravity: 2.6

o The degree of whiteness was not determined.

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

o Musabba Salama Wwest

¢ Musabba Salama East

o FEl Dehissa

o Farsh El1 Guzlan

Geology and Mode of Occurrence

A common geological feature for all the kaclin deposits
mentioned above is that the economic clay beds occur as
irtercalations ir the upper part of the lNubia Fcrmation.
The beds are some meters below the conformable contact

with the overlyirg Cenomanian rocks. Rocks of the Nubia
Formation are relatively common in the study area
particularly in the ncocrthern parts. However, the kaolin

deposits are limrited to the vicinity of contact with
the Nubia Formatior/Cznomanian that only outcrops along
the western borders of the area. This primarily is due
to the fact that the relatively elevated Precambrian-
Carboniferous terrain forming the major part of the
study area dces not include any younger formaticns., It
is only along the dewnthrown western peripheral zones
that the Nubia Forration and the vyounger rocks are out-
cropping; moreover, towards the north in the direction
of the gereral dip, a c¢radual passage of the liubia
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Formation below the surface takes place not far from

the southern foothills of Gebel E1 Tih. Any further
prospecting work should be carried out along the

western zone to the north of Gebel Sarhut El1 Gamal

and particularly along the upper reaches of Wadi Insakar
and on the western borders of Gebel El1 Iseila. This
recommended prospecting area is limited 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
focthills 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
stucdy 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 are recommended to be geologi-
cally studied and mapped for kaolin grospecting. The
first area is limited by latitude 29® 13' N and longi-
tude 33° 11' E and 33° 13' E and includes Wadi Insakar
and Wadi Iseila. The second area is limited by latitude
289 55' N and 28° 57' N and longitude 33° 17' E and

33° 19' E and mainly includes Farsh El Guzlan. Recon-
naissance work in the northern zones of the area at the
foothills of E1 Tih should be eventually undertaker as
part of a continuing kaolin prospecting program,

Kaolin deposits occur in the form of two main beds:

o The upper bed, which is the economically explcitable
one, with a thickness varying from 12¢ - 190 cm.

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

The upper economic bed lies some 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 200-320 west and the dig
varies from 18©0-25C southwest.

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

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

Proven Probable Possible

27,610 tonnes 25,000 tonnes 28,000 tonnes

The company did not perform any exploration work from
Januvary 1, 19€6, to May 1, 1967. Consequently, no
new reserves were added or any upgrading of old re-
serves 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 ancd projected
very large amounts of reserves that need to be verified
as to quality and quantity by a detailed long-term
program.

White Clays

The white clay deposits 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

O

Wadli Budra (lease)
Abu NMateh (lease)
Abu Kafas (lease)

Wadi Geni {(lease)

GCeology anc 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 tc 5 meters helow the
upper cortact of Rbu Zarab Formation with the covering
basalt sheets. The clay is only 40-60 cm thick and
is unsuitable for economic explcitation.

0 The middle bed lies 4 to €6 meters below the upper bed

and about 10 to 12 meters below the upper contact
cf the Abu Zarab Formatior. The thickress of the bed
varies from 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 1is 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 gereral strike of the beds in the area is northwest
to southeast dipping southwest, 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
recommended that the clays be prospected by following
their stratigraphy. A large number of samples should

be collected from many areas and ke tested chemically
and physically. The prospects for increasing known

clay reserves are excellent.

b. Clay Reserves

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

Proven Probable Possible
23,418 tonnes 39,000 tonnes 37,000 tonnes
As for kaolin, SMC did not carry out any exploration
work durinug the years 1966 and 1967, The above given
reserves are those included within the SMC leases.
In a 1948 report prepared by Salizgater huge reserves

were indicated to be verified by further exploration.

Carbonaceous Clay

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

The carbonaceous clays occur in the Upper Carboniferous
sandstones forming the Abu Zarab Formation. Their strati-
graphic level lies immediately below that of white glass
sands, i.e. 15-20 meters below the level of white clays.
Durinag the field studies it was noticed that there is a
marked lateral variation in the content of carbonaceous
matter in these clays. Thus carbonaceous clays may pass
laterally into black clays nct far from low grade coal.



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 63/64 64/65 65/66 66/67
Tonnes 9,092 29,000 46,472 25,950 30,154

6. Transport 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
loacding and unloading processes. Sacks also reduced in-
transit losses.

7. Marketing and Prices of Clays

Most of the kaolin and clay produced was being consumed by
the local market. Limited quantities were exported to

Serma Company, Italy. 2An amount of 12,000 tonnes was con-
tracted for during the year 1966/1567, 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. Value/ Price/
(tonnes) LE tonne LIF (tonnes) LE Tonne LE
Local Market 18,274 142,950 7,822 24,998 187,939 7,518
Foreign Market “2,726 42,759 4,900 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 white and r .rbc ous clay at
various mirne sites and 7,904 tonnes of whio+ .nd carbona-
ceous clay at Aku Zeneima, for an overall total of 32,597
tonnes.

B. Glass Sand

1. Mining Rights

White sands suitable for glass industry were exploited at
Khabckba, Abu Natsh, and Abu Kafas.



4,

Geologz

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
vvhere the Abu Zarab Formation outcrops, but only in a few
cases do the particular specifications justify its suita-
bility for the glass industry. The chemical 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. Throuch selective
analytical assays of the collected samples it may be possible
to verify new findings of large quantities of high quality
glass sand.

Qualitx

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

Element Khaboba Abu Natsh
SiO2 97.5-98.5 98.0-99.0
Fe203 0.02-0.04 0.02-0.06
TiO2 Traces Traces
A1203 0.09-0.10 0.0-0.10
L.0.I. 0.02-0.25 0.15-0.30

Production of Class Sand

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

Year Tonnes
1962/1963 3,842
1963/1964 18,000
1964/1965 11,130
1965/1966 21,252
1966/1967 25,484
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The following table shows the mechanical analysis:

Mesh Khaboba Abu Natsh
+ 30 l1-6 % 1-2 %

+ 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

w

Stocked Cuantities of Glass Sand

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

6. Marketinu 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 1€,695 24,170
Value LE 111,900 148,847
Price/tonrne LE 5.98¢6 6,158

C. Turguoise

Since the 4th Dynasty, turquoise was exploited by the ancient
Egyptians from the Sinai. The o0ld mines included Gebel Maghara
and Sarabet El1 Khadim. At the vresent time, the local Bedouins
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 forn of small concretions alcng cracks
and voids in the sandstones of the Adedia Formation. It is
commonly accomrpanied by ircn oxides which are taken as indicators
of turquoise. It is believed that turquoise was formed by
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percolating surface waters. However, any organized exploitation
of turquoise in the Sinai should be preceded by a statistical
study to indicate the distribution and intensity of minerali-
zaticn 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 MINERALS NOT CURRENTLY EXPLOITED

COEBer

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:

0 Ancient Egyptian copper mining and smelting activities
occurred at Bir Nassib. It is known tc be famous for its
heaps of copper slags produced from primitive ancient Egyptian
smelters. Although the field team could not find absolute
evidence of old copper mines in the area, many collapsed
uncderground 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 underlying the 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 Wadi Fairan have been recorded. Nc significant
work has been directed to these to define their possible
extension and econonic value.

o Copper deposits in Cambrian sandstones are known to be
actually under exploitation along the Gulf of Agaba. They
are represented by secondary copper minerals, mostly
carbonates, disseminated in the sand. This formation is
comparable with the Sarabet El1 Khadim Formation, believed
to ke Cambrian, identified recently by El fhazly in the
stucy area.

Considering the strong evidence for economic copper minerali-
zation, extensive exploration programs in southern Sinai are
wvarranted.

Ornamental Stcne

The main ornamental stone in the Om Bogma district is the
cgranite of the Om Bogma batholith. One of the best occurrences
of this greanite is at Wadi Shelal to the east of Area 45 and
north of Gebel Moneiga. This granite has a nice appearance

when polished; howzsver, 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‘on and building stone.

Different varieties of limestones suitable for construction
are common in several rock facies. These belong to various
geologic ages, particularly the Cretaceous and the Eocene.
These limestones can be used for construction purposes, pro-
duction of lime, road pavement, chemical 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 Cretacecus 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.

Fluorspar
During the field work, the FECI/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 mineralizaticn needed for industrial purposes. Inspection
of shear and fault zones cutting across the granitic rocks and
affiliated younger granitoids can be expected to reveal fluor-~
spar mineralization.

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 exploration should be directed toward
feldspar deposits, based on small scale geologic mapping of
areas of acidic basement rocks.

Quartz

Quartz, either in the form of veins or as associated feldspar
in largelr pegmatitic bodies should be looked for in the Om

P ,gma pink granite batholithic intrusion. The exploration for
~artz should be integrated with any programs for fluorspar
and feldspar.
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B.

I. DESCRIPTION OF EXISTING CONDITIONS

Previousgs Production

The production of manganese ore was mainly from underground
workings. These supplied £0% of the total production, and

20% of the total production was produced from surface workings
with overburden not exceeding 4 meters in thickness,

Table IIT.C-1 in Section III.C of the main text shows SMC
production from the first operating year, 1918, until the
last in June, 1967, The average analysis of the production
is shown as manganese, iron, total (manganese + iron) silica
and humidity.

Table III.C-1 also shows the average manganese and iron analyses
and their combined percentages from 1918 until 1967. Based

on tnese data, the following can be concluded:

o The mangarese + ircn percentage is about 57%,

o The manganesce grade is decreasing,

© The 1ron grade 13 increasing.

o
-3

manganese + iron percentage was nearly coustant since
b
~ .

DY

[0}

o The silica is gradually increasing.

o The mangancse to iron ratio started at 3:1, fell to about 1:1,
ana ended as 2:73.

Mining Operations

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

1. Underground Mining Methods

Room and pillar methods were used 1in Om Bogma mangancse
deposits. This mining method was employed since 1918, the
beginning of the extraction ¢f manganese ores in the Om
Bogma district.

rttempts to use other methods instead of room and pillar
were tried but never fully developed, B modified short-
wall method was tried but abandoned 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.

H5-1
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The room and pillar method was used for the following reasons:

@)

)

O

O

O

Familiarity of the method by the miners.
A simple and flexible method.

Safety.

Little timber used.

Mining losses not great.

The disadvantages of the room and pillar method, as applied
by SMC, were high explosive consumption and poor planning
which did not comprehend a centralized mechanical approach
to mining.

a.

Roor ana Pillar Mining by SMC

Drilling and blasting of the face was done by three men
and six laborers. The ore was loadec¢ for mucking in one
tonne rail cars pulled by diesel locomotives of 30 hp.
Track gauge was 60 cm Letween the mine and ropeway
bunkers. The ropeway, aerial tram, hauled the ore to
Depot No. 2 from where the ore was mecved by 130 hp
diesel locomotives to bunkers and stockpiles at Abu
Zeneima. Main line track gauge was 75 cm 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 timber props during retreat
for roof support. Where timber could be recovered
safely or was not used in the retreat, the roof was
allowed to collapse. Timber props were all imported and
no stecl vas used. Some timber had been removed,
probably by local inhabkitants over the abandoned years.

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

(1) Drilling

Because manganese dust has 1njurious effects on the
health, water flushing was used in drilling. All
water was pumped to the mines from the Il Markha
well., The drilling was done by three men or one man
with an airleg. Lightweight, 24-kg percussion drills
were used, After 1960 based on a Demag suggestion,

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

Ir Area No. 8 the thickness of the mangancse deposit
1s about four meters. Miners required wood scaf-
folds to driil the higher part of the ore, and the
timberman needed scaffolds to set headers rors the
posts. Wooden scaffolds are commonly seen in 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.

Elastina
B e o .

O g -

Blast hole spacing, dependert on the hardness of the
marganese rock, was about 50 c¢m in headings and 120
cm in stopes. The length of the charge per hole was
about 65% of the bore hole length. Nc electrical
firing was used except for experimental work in
driving tunnels.

Domestic explosives were used as follows:

0 Celatine dynamite, 80% strength, No. 5

o Cartridge of 30-cm length by 30-mm diameter
(or 7/8~in. diameter)

o Detonators, No. 6 and No. §
o Safety fuse, detonating cord

(a) Main Explosive Magazines

SMC had 2 main explosive magazines, each of
3-tonne capacity.

o Depot No. 2, Explosive Magazine. A tunnel
in the area of Depot No. 2. The tunnel 1is
plastered but the doors are missing,

o Lease R/ (lower), Explosive Magazine. In
similar condition to the magazine at Depot
No. 2.

(h) Auxiliary Explosive Magazines

sMC rad 17 auxiliary explosive magazines of
l-tonne capacity located 1in various mining areas.



b.
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Area 45 Auxiliary FExplosives Magazines

- A 10-meter x 2-meter tunnel with door
missing.

-~ A 3-meter x l-meter tunnel at Abu Natsh.
- A magazine buildiry of 7-meter x 43-meter
dimension but with no doors. It is 1n

the Tobia area.

Area Abu Thor Explosives Magazines

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

- A tunnel 6-meters x 2-meters without doors.
Area Abu Hamat Yemin Explecsives Magazines

- A tunnel Z2-meters x 2.5-meters without
door.

- A tunnel 1l,.5-meters x 1l.5-meters without
door.

Area Abu Hamat Shemal Explosives Magazine
- A tunnel l5-meters x 2-meters without door.

- N tunnel 5~-meters x l.S-meters without
door.

Om Bogma 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.

Miner's Iamps

Underground work was lit by acetylene lamps also_called
carbide lamps. Commercial carbide yields 4.6 ft3 of gas
per pound of calcium carbide. A lamp will burn for 7
hourson 1/4 kg of carbide.

(@]
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Mine Drainage

No underground watoer wag recorded in the mines or Lun-
nels. Surtace inflow occurred through outcrops due to
the moderate rainfall. This was especially noticed
while mining to an outcrop adjacent to large drainage
basins. This phencomencn was noticed in E1 Alluga and
El Hessania adits. One of these is still full from
occasioral inflow. It was also noticed in all the
inclinec shafts and pits as at Abu Zarab. All these
irflows were accumulated during the period of occupation
when the mines were not maintained.

Mine Ventilation

No mechanical ventilation was used, since natural ven-
tilaticn was sufficiert. At times, 1t was necessary to
use fans to drive headings.

PiEino

The compressec air lines along the main procduction roads
were 3 or 4 inches in diameter. Majcr branch lines were
2 inches with minor brarnch lines 1 inch to the varicus
ériving and working points.,

-~

The totai lengths fourd in SMC's mines are as follows:

Diameter (incnes) Lergth (meters)

el S I USRN
X
N}
ot

Total 11,660 meters
About 95% of these pipes are in good condition.
Trackaae
The 60-cm gauge used track was mcstly 12 kg/m (25 lb/yd).

The switches were 7 kg/m (15 lb/yd). The total of
measured, used track in the mines is as follows:

Welght guantity
12 kg/m 10,620 m
S kg/m 1,160 m
7 kg/m 350 m
18 kg/m (vsed for the 100 m

wir.ch inclire
orn Hill No. 8)
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The total of used switches found in the mines is as

followa:
weight Guantity
12 kg/m 11
9 kg/m 1
7 kg/m 38

g. Mine Cars

Two types of side tipring mine cars were found, V-shaped
and U-shaped. Cars were found with capacities of 0.75,
1.00 and 1.40 tonnes.

The total number of mine cars found is as follows:

Quantity Specifications
71 Capacity 1.0t - complete

31 Capacity 0.75t - complete
38 Box only - 1t

1 Box only - 1.4t

9 Chassis only

h. Mine Locomotives

Mine locomotives, €0 cm gauge, were powered by diesel
engines of 30-35 hp. The 13 locomotives found nad the
nvody only with engine drives and some parts missing. All
are considered scrap.

1. Air Compressors

Air compressors used in mines were mainly mobile type with
diesel engine drives. All seven air compressors found in
the mines were scrap.

Surface Methods

Surface mining was used when the overburden was less than
4 meters or when the overburden to the ore was not mcre than
0.5:1 on a veolume basis.

In some locatiors 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 No. 5, Lease 286,

Consumption of explosives was low in surface mining and the
overall miring costs were low.



Ore Loading

Loading of ore to either the mine cars or motor trucks was
done,manuallg bg means of a4 hoe and iron baskets. These were
carried on the head from minefaces to ore carsa.

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-
gaged 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 for
married miners and furnished rooms for single miners. The

company also subsidized housing and »nrovided free medical
services.

a. Labor Classifications

borers were divided into three groups according to the

La
following classifications:

—~
-
~——

Contr. *~

Drillers, timbermen, nuckers, trammers, road con-
struction. and maintenance.

(2) Permanent

Truck arivers, bulldozer coperators, grader operators,

winch men, locomotive drivers, pipe fitters, gandy-
dancers, blasters, mechanics and electricians.

{2) Native
Guards, drivers, hand sorting teams for the various
high grade metallurgical manganese and manganese di-
oxlde ores.

b. GCutput Per Man Shift

Using l0-tonne cars (i.e. 10 tonnes) per mucker per shift
on shift contract and three drillers without airleg drills
providing muck for 6 to 8 muckers ver shift, average

productivity was about 5.4 t/shift, which included muckers,
drillers and timbermen.

Other productivity figures incluacde 2.1 t/man shift at the
mine bunker and 0.75 t/man shift overall mine production
at Depot No. 2, end of aerial tramway.

~J1



c. Headings - Labor Requirements

Labor required for driving one meter of headinqg was:

Man Days/Meter Heading Classification
2.26 Muckers
2.63 Drillers
0.33 Blasters
0.32 Locomotive drivers
0.33 Fitters
0.30 Assistant Rais
1.2n0 Others

7.39 day/meter drivage
Average meters/man shift = 0.135 m

The labor requirec for 100 tcunes of production of
manganrese ore delivered to the cable-tramway-bunker was:

Mar. Days/100 Tonnes Classification

10,00 Muckers

6.00 Drillers

2.50 Timbermen

2.85 Blasters

3.35 Locomotive drivers
1,43 Fitters

1.52 Bin workers
1.00 Rais

4,00 Others
32,65 day/100 tonnes

production
Average tonnes/man/shift delivered to bunkers = 3.1t

5. Prcduction Costs for Manganese Ore

a. Manganese Ore Productiocn Ccst (Jor 1950 through 1953)

Costs per tonne for nanganese ore production are in
milliems and were abszstracted from old records from 1950,
1951, 1952 and 1953 at Abu Zerneima:

Year 1950 1951 1952 1953

Direct Costs 540 773 626 756
General Charges &

Maintenance 508 534 552 521

Overhead Charges 537 662 620 739

Total FOB Abu Zeneirma 1,585 1,969 1,798 2,016

W
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(1)

(2)

(3)

Direct Costs include:

O

O

@)

O

Average mining costs.
Tramway (men, transport cost and repairs).

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

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

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

Accident compensation.

A1l costs of sampling and analysis.

General Administrative and Maintenance Costs include:

O

C

@]

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

Tramway (general maintenance, ore bunker, insur-
ance, engineer and crew).

Railway, maintenance of ways.

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

Casualty damage.

Messing and facilities.

Overhead Charges include:

O

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

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

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

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.

Manganese Ore Production Costs for 1964/1965 and 1965/1966

For the years 1964/1965 and 1965/1966, the manganese ore
production costs per tonne in milliems are abstracted
from geologist Abu El1 Eneim's Report:

Years 1964/1965 1965/1966
Mining Cost 663 674
Abu Zeneima Services Cost 1,107 976
Cairo Services Costs - 650
FOB Abu Zeneima 1,770 2,300

Manganese Ore Production - Daily Average

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

1964/ 1965/

Year 1950 1951 1952 1953 1965 1966
Average Daily
Production
(tonnes) 510 514 622 670 585 611

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

Previous Production Costs - Summazy

After 1960 other mirerals were produced, including gypsum
fror Ras Malaab, kaolin, white clay ard glass sand. All
these minerals shared in the overhead, general anc main-
tenance expenses. Accordingly, the cost of the manganese

-10
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ore was affected. Complete amortization of the
ropeway, railway and the main facilities of Abu
Zeneima and Om Bogma occurred earlier. Therefore,
the cost of the manganese ore 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 t/m. From 1960 through
1967 this rate changed considerably. Prospecting
work in 1964/1965 was executed in the following

mines:
Mine Linear Meters
Gebel 8 38.5 meters
rl Korb 27.0 meters
Gebel Fouad 24.6 meters
Abu Hamat Yemir 137.0 meters
Abu Hamat Shemal 377.7 meters

Areas that were minecd first exhausted their ore
reserves before 1967. Hence, 1t appears that these
prospecting costs were excluded from the true
mining cost.

Abu 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.

Transportation

The transport of the manganese ore extracted from Om Bogma
cdistrict to Abu Zeneima was cifficult due to the very rugged
topography. The German Company, the first operator, found
that the best method to bridge the mountain conditions was
a bi~cable tramway. The first system was installed by
Messrs. RBleichert, a Cerman company, in 1913. The bi-cable
tramway extends from Om EBEogma manganese deposits to a
bunker, Depot No. 2, located near the coast of the Gulf of
Suez. From the bunker, a railway liie extended to the Abu
Zeneima stockpiles. Material was moved from the stockpiles
by belt conveyor tb the ship loader.

a. Underground Hauling

Manganese ores were transported by side tipping mine
cars cf one tonne capacity, and were pulled by diesel
locomotives of 30 hp. The railroad moved ore from the
development work ard mining operations to the tramway
bunkers. Track was 60 cm gauge and weighed 12 kg/m.
Existing track in the mines 1is:

w
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10,620 meters 12 kg/m with 11 switches

1,160 meters 9 kg/m with 1 switch
330 meters 7 kg/m with 38 switches
100 meters 18 kg/m

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

71 cars complete 1 tonne capacity
38 cars, boxes only 1 tonne capacity

9 cars, chassis only 1 tonne capacity
31 cars complete 3/4 tonne capacity

The Bi-Cable Tramway

Ore was transported from the bunkers of the production
areas to the terminal bunker, Depot No. 2, by the main
bi-cable tramway. Another small bi-cable tramway exists
on Hill No. 5. The main tramway reaches from Station
No. 8 to Depot No. 2 and is called the main tramway with
a length of 11,855 meters. Haulage on the main tramway
moves the ore by gravity to Depot 2. However, the
section to Ras Fl1 Homarra requires power.

Tramway Leg I is the extension 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 thilis part moves ore agailnst gravity for a
length of 1,520 meters. The difference in elevation
between the stations is 188 meters.

The main tramway was planned to extencd from Abu Hamat
Shemal Station to Abu Hamat Yemin Station, Leg 3-a,
which would have been against gravity. This 1,300-meter
span was under construction in 1967,

(1) Cables

The main bi-cable tramway consists ¢f 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 lcaded carriers cable and 3C 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 lcaded carriers cables and 25 mm
for empty carrier cables.

o The endless stranded traction rope for moving the
loads has various diameters. The main tramway is
24 mm, and for Leg 2, Leg 3, Station No. 9 to
Station No. 8 (both upper and lower) it 1is 19 mm.
The speed of the traction rope was 2.8 m/s.



(3)

Carriers
Each carrier consisted of:

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

o Cravity-operated grip for seizing the traction
rope.

0 Bucket with a capacity of 685 kg of manganese ore
equal to 3.5 hl. The bucket top dimensions are
106 cm x 70 cm with a bottom width of 42 cm and
a height of 57 cm.

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

Stations
The main tramway stations are:

o The terminal stations No. 8 (lower) for loading
ore and Depot No. 2 fcor discharging the carriers
cr tramway cars,

0 The 9 intermediate stations which are tension sta-
tions, break-over stations, transfer stations and
angle stations.,

The other tramway stations are geographically distri-
buted as follcws:

¢ Leg 1 has one lcading station at Station No, 8
upper (Hill 8) and Transfer Station No. 9.

o Leg 2 has one terminal station for loading carri-
ers at Abu Hamat Shemal. At 187 meters before
Abu Hamat Shemal, there is an intermediate
egillibrium station., At Station No. 8 (upper),
there is a transfer station.

o Leqg 3 has o.e terminal station for loading at Abu
Harat Yerin and one transfer station at Abu
Hamat Shemal.

(a) Stations Between Station No. 8 and Depot Nc. 2

The names and functions of these stations are
summar ized as follows:



Stations Description

Depot No. 2 Discharges carriers to bunker.

No, 5 After tower No. 18, a tension
station.

No. 6 After tower No. 25, a tension
station.

No. 7 Station No. 7 is an operating and

control staticn between Depot
No. 2 and Station No. 10.

El Shami After tower No. 30, a tension
station.

El Sence After tower Nc. 44, a double
anchor.

No. 11 After tower No. 52, an angle
station.

Zaki After tower No. 50, a tension
staticn.

No. 190 After tower No. 62, an operating

control and tension station.

No. 9 AZter tower No. 67, a transfer,
tension and angle station.
Station No. 9 has 2 branches with
one line to Hill No. 8, Abu
Hamat She.al, and on the Abu
Hamat Yemin. The other branch
is to Area No. 8.

Mo. 8 After tower No. 69, a terminal
for loading,.

Stations Between Station No. 9 and Abu Hamat
Xemin

Stations Description

No. 9 Discharge station from Upper Lease
No. 8, and a tension station.

No. 8 Transfer station at Upper Lease
No. 8.

Abu Hamat Ternsion, transfer and angle

Shemal station.

No. A Tension station,

No. B Tension station.

No. C Equilibrium station.

Abu Hamat Loading terminal.

Yemin



(4) Towers

Towers between the stations are for supporting track
cables and the traction ropes. There are 69 towers

between Depot No. 2 and Staticn No. 8. There are 14
towers from Station No. 9 to Abu Hamat Yemin.

These towers are cf 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.
Four 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.

Capacities of the seven bunkers are:

Bunker No. Capacity (Tonnes)

Depot No., 2 2,000

Station No. 10 450

Staticn No. 9 1,200

Lower 9 800

Hill No. 8 450

Abu Hamat Shemal 750

Abu Hamat Yemin Under construction
(1967)

(6) Overall Tramway Caracity

On the basis of 300 working days per year, 2 shifts
of 7 hours each, the tramway could handle 35-50 t/h
cr 500-6006 t/d. The daily capacity includes the
overall efficiency. Station Hill No. & to Abu Hamat
Shemal Station is 1,520 meters. Abu Hamat Shemal
Station to Abu Hamat Yemin Station i1is 1,300 meters.

(7) Eill No. 5, Small Bi-cable Tramway

A second small bi-cable tramway, or Jigback, was
used in the transportation of the ore from Hill

Yo. 5 downhill to the bunker in Lease ¢ From the
bunker the ore was transpcrted by side dump mine
cars pulled by locomotives of 35 hp to the bunker of
Station No. 9. From here the ore was transported by
main bi~-cable tramway to Depot No. 2.
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C.

The small bi-cable tramway has one tcwer and two

bunkers,

one at Hill No.
The cable diameter on both tracks

Present Condition of the Tramway

Descripti

Tramway Components

IFrom Depot

Number of
Numper of
number of

Number of
Carriers

Number of
Carricers

Number of
Stand-by

Number of
Carriers

Number of
Carricers

(1) Stati

(a)

5 and the other at Lease 9.
is 20 mm.

No. 2 to From Staticn Hill
Area B8 No. 9 to Abu No
on (lower) Hamat Yemin 5 Total
Stations 11 7 2 20
Towers T4 14 1 89
Bunkers 4 3 2 9
Loacded
78 25 1 104
Empty
74 272 1 97
Carriers
19 - - 19
wWater
6 - - 6
Labkor
] - - 1
ons

Depot No. 2 Stations

The mailn receiving station has no rail, none of
discharge components, and no
The Depot No. 2 Station needs:

the 26 carrier
grease points.

o Replacenent

o Cleaning of

o inspection of the sadcles,

of all missing

rust and repainting.

and detachers.

¢ Reconstruction of the laborers'

parts.

sleaves, attachers

buildings.

o Reconstruction of 2 water tanks and their
connections to provide water to the water

carriers.

-16
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(ad)

e

rh

Station No. 5

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

o Removal of corrosion and repainting.
o Replacement of grease points.
0 PReplacement of some saddles.

Station No. 6

The station 1s complete on its concrete base,
but requires:

¢ PRemoval of corrosion and repainting.

o0 Replacement of the grease points.,

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

o The brake repaired.

¢ Reconstructing the station, labor building
and the station roof.

¢ A generator.

¢ Corpletion of the greasing system.

o  Pemcval of corrosion and repainting.
o PRepairing the wcrkshop.

¥l Shamy Station

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

0 Removal of corrosionr and repainting.
o Completion of the greasinc system,

Zaki Staticn

The steel skeleton of the station 1s on a con-
crete base and needs:

¢ Pemovai of corrosicn and repainting.

¢ Completion of tne greasing system.



(h)

Ras El1 Homarra Station

This station needs:

o Pebuilding the residence of the labors and
generator house.

o New water tanks.
o A generator.

Station No. 10

This station consists of the drive machinery

for moving the cable line to Depot No. 2 and to
Station No. 9. The station 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:

o Reconstruction of the station roof.
0o Six new water tanks for machine cooling.
o Removal of the corrosion and repainting.

Station No. 9

This station requires:

o Reattaching sore angle iron.

o Generator ancd rachine drive.

o Some new wood planks for the floor.

o Reconstruction of the water cooling tanks.

(2) Tramway Add-on Sections

(a)

Leg No. 1
The Leg No. 1 span from Station No. 9 to Hill
No. 8 is 800 meters long. The cable diameters

are 35 mm onr the load side, 25 mm on the empty
side, and 19 am 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 tc Depot No. 2. This part of
Station 9 is complete.
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(3)

(b)

Leg No. 2

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

Leg No. 3-A

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

0 Abu Hamat Shemal Station (previously men-
tioned)

Station A

O

o Station B
o Station C

Abu Hamat Yemin Station was under construction.

Towers

There are 69 towers from Depct No. 2 to Station No. 8.
1l 69 towers of the main tramway need paint,
greasing and new saddles. Towers 55, 57, 58, 59, and
60 need their ladders replaced or repaired. According
to the present physical condition of the towers, each
1s classified 1into one of the four categories below:

(a)

Towers 60% Usable

-2 -4 -5 -7 -3} - 12 - 13 - 14 - 15 - 16
9 - 20 - 22 - 23 - 24 - 25 - 26 - 28 - 32 - 33
6 - 37 - 38 - 39 - 43 - 44 - 46 - 49 - 52 - 53
2 ana 66,

L) =

6

Total = 323 towers

Tower 50% to 60% Usable

3 -6 -8 8§ - 27 - 29 - 30 - 31 - 34 - 35 -
40 - 41 - 42 - 45 ~ 47 - 48 - 50 - 51 - 54 - 56
61 - 64 - 68 and 69.

Total = 24 towers,



(c) Towers 40% to 50% Usable

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

Total = 11 towers.

(d) Towers 30% to 40% Usable

Total one tower.

In 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 Stetion No. 9
to Hill No. 8 and they are in good condition.

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

o The 3 towers oi Leg No. 2-2A from Abu Hamat Shemal
to Abu Hamat Yenin were under construction and
all the components appear to be at the sites.

(4) Aerial Tramway Cables

To prevent corrosion and cecrease wear, the aerieal
tramway cables need regular lubrication and periodic
shifting on the 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 replacement.

The old “MC program was to extend the tramway, after
completing the bunker of Abu Hamat Yemin and its leg
to Abu Zarab and to El1 Alluga, as follows:

Abu Hamat Shemal to

Abu Hamat Yemen Leg 3-A = 1.3 km
Abu Hamat Yemin to

Abu Zarab Leg 3-B = 1.0 km
Abu Zarab to El Alluga Leg 3~C = 1.6 km
Abu Hamat Shemal to

El Ramsy Leg 4 = 2.5 km

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

d. PRailroad Transport

Ore was transported from the final station of the tramway
called Depot No. 2 to the Abu Zeneima area either to the

~20
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cunker cr to thc stcckplie. Side durp rallway Fari,
5 tornre capacity CaCk were uscd. Tne cars were pullea
1 bmctl . The railrcad has a total length
S1

by a 130 hy lcc
A e line was doubled for 500 meters.

of 16,5 km.
At Abu Zereina, therc is a branch toe the stockpile and
one to the hunker. The railiway gauge 1is 75 cm (2.5 ft)
and the weicht of thne rails 1s 18 kg/meter, with wood
sieepers.

w0

The present physical cordlition of the railway 1s cescribed
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(4) Present Condition of the Railroad -~ Summary

More than 10 km 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 miesing and
2,050 meters is present but in an unusable state.
Any replacement would require consideration of
drainage to prevent washouts.

Summary of Railroad Condition

[Line Track
Track Undes-
Present Line troyed
Distance Track but Un- Track and
location (meters) Removed wusable Buried Usable
From km O tc
km 1 1,000 - - - 1,000
Frowm km ! to
km 2 1,000 780 50 - 170
From km 2 to
oo 3 1,000 - - 190 810
From km 3 to
km 5 2,000 405 - 285 1,310
From km 5 to
km 6% 1, 500 - - 8&0 620
From 6% to km 7 500 - - 500 -
From km 7 to
km 7% 500 - - - 500
From bm 7% to
km 9 1,560 200 - 1,300 -
From km 9 to
km 12 3,000 2,150 - 200 650
From kn 12 to
ko 1 1, 600 - 1,000 - -
From ki 12 to
b 14 1,000 - - - 1,000
"rom km 14 to
km 145 500 - 500 - -
Fror 144 to
bin 15 00 - 500 - -
From 5% to
pro1bh b, 500 - - - 1, 500
i 65 fam 16,500 3,535 2,050 3,355 7,560

)
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Truck Transport

Trucks have Feen vsed to trarnsport the manganese ore from
depcsi's rot served by the tramway. The present rcads
cornectirg the Om Bogra mines are not sultable for heavy
trucks., 7To handle trucks up to 20 tonne capacity, all
the rcads reed extensive upgrading. Truck transport to
carry the high grade ores and manganese dloxldes was used
fror the fcllowing truck transprort leases:

n

GVl thelal, Lease 292, to Abu Zeneima stockpile.

; . £ - . c e - L e -
< Abua Faftas, Leases 66 ana <67, tc Abu Zeneilma stock-
L

Tl
¢ i Tror, Teascs 293, 401 and 402, o Abu Zeneima

SR L,

j - b - = Iy —~ s - P ~1y
C, Ve [N ¥ SN N O Teass s Ay TCOALU denelma Cﬁtc‘(_‘l{xtzlle.
o Hoarar Yenar to Abu darnat Siheral tranway bunker.
oLl fliuca, Leases 577 ara foa, to A Zeneira stock-

.'i;t‘.

{
ot fLiana too Abu dencima sUtockiiae.
Lol AR

At
PR o e T e v g e R L I e e
LOC e T OIVeYVCrsS WOl ufeu or LLadlng b}A,‘LpS ana stack-
st - I S o Y T el —— T -
Tiii0 the gcrecred firec Of rargarnese cres.  Fror the
TALT rurnKker ol A Zerelma, hane cars ¢l On€ tonne
cCaracit, WCre Loaced ard manzally trannes to the hand
coerates vovary dunner.  Thiis transierred the cre to an
incLnned Al-neter 1CnC L€ut cunveyor TLls helit conveyor
Lrarcoorted tha cre to thie Jaw-crusher 1in open Clrcult
- R

witrooa LIravinG goreer L v TroCroy LnNLCL

cler=ive woert Toow DZhelu conveylr ftor stockpiling of
STovne rortherrn Larct ool Lre 2ioie loading plant.
VEIrSLZE ¢ s o n nor.izZoLtalr conveyor B2.25 mweters
' Frooootrnis norizonta., conveyor, the ore goes to
ar. l:claise st S37-rener LcnG Feit ornveyor. At this point,
fre wes rfrensferred to a Li-rneter long corvevor lcading
rrroLGr. 4 oy Lincrican cnute.  ALL conveyors are 90 cm
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g,

h.

0 Removing standing water and improving drainage at
conveyor and dumper.

0o Replacing all belts.

0 Reinstalling drivemotors, controls and associated
electrical parts.

Previous Direct Costs for Transport

Year 1950 1951 1952 1953 1961 1962/63
Method (1) (1) (1) (1) (2) (2)
Rope 0.1345 0.120 0.,11825 0.141 0.053 0.059
LE/Tonne
Railway 0.0975 0.120 0.13858 0.067 0.066 0.079
LE/Tonne
Belt con- 0.0299 0.0447 0.02866 0.029 0.046 0.054
veyor
LE/Tonne
Trucks - - - ~ 1.360 1.025
LE/Tonne

The above data is from old accounting books found in

Abu Zeneirma. The data were extracted from SMC Annual
Reports and yearly budgets as submitted to the Assemblies
of the Minirg Organization. 1In cur opinion these costs
are underestimated and are not representative of the
actual costs.

Rcads

(1) Main Roads

There are two naln roads from Abu Zeneima to the
mines of Om Bogma. The present condition of thense
roads is:

(a) Fl1 Tarik El Daiiri Road

This road connects wadi Muttala, Dibbet El
Qeri, Wadi Nassib, Abu Ther, Abu Hamat Yemir,
;1 Beida, Area No. 8, Area No. 9 and Area

No. 10. This road is called the circular road
or El Tarik El Daiiri, and its length 1s 59 km.
The following lengths make up the 59~km road.



Asphalt

From To Total/km Road/km Track/km
Abu Zeneima Bir Nassib 39,00 35.5 3.5
Bir Nassib Abu Thor area 2.00 - 2.0
Abu Thor area Abu Hamat - 11,20 - 11.20

Fl Belda
E1l Beida Area No. 8 2.50 - 2.50
Area No, 8 Area No. 9 1.50 - 1.50
(mosque)
Area No., 9 Area No. 10 2.80 - 2,80
(mosque)
Total lengh of the road 59,00 km 35.5 km 23.50 km

from Abu Zeneima to
Area No., 10

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.

Wadi El Shalal Road

The second access road passes by Depot No. 2,
Wadi Baba, El Dehissa, Area No. 45, Wadi El
Shalal to Om Bogma, Area No. 10. This road goes
directly to Area No. 10 without passing through
the other Om Bogma mines. Its length is

38.2 km. The following lengths make up the
38.2-km road:

Unpaved
From To Total/km Asphalt/km Track/km
Abu Zeneima FEntrance of 18.0 18.0 -
Wadi Baba
Entrance of Area No. 45 12,5 12,5 -
Wadi Baba
Area No, 45 Start at in- 4.7 - 4,7
cline
Tncline to 3.0 -~ 3.0

Area No. 10 38.2 km  30.5 km 7.7 km



The first 18 km are in good condition. The

next 12.5 km, from the entrance of Wadli Babha to
Area No. 45, neceds to be rebuilt. Water erosion
has removed the base course of the road. Today
this part is paved. However, this part of the
road needs to be fully reconditioned. The road
from Area No. 45 tc 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
¥l 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 El Dailiri, the circu-
lar road, becins a branch road of 4.1 km to the
Abu Zarab area. This kranch is unpaved. Via
this branch road and El Tarik E1l 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) L1 Alluga Road

The road which goes to El Alluga area begins
from Bir Nassib and goes to Wadi Nassib and the
El Alluga area. Its length is 4.5 km. 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 Rams' Road

This road branches from the circular road (El
Tarik El Daiiri) at kilometer 34.0 and passes

to Wadi Baba and on to the Ramsy area. This
branch has a length of 6.0 km, and one kilometer
has a very soft base due to the accumulation of
sand.

(@) Abu Hamrat Road

This unpaved road is a branch from the circular
road (E1 Tarik El Dailiri) near Abu Hamat Yemin
and goes to Abu Hamat Shemal. It has a length
of 1.2 km and needs to be repaired.
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(g)

El Hessenia Four Rranch 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 Alluga and then up

an incline to El Lahian Wadi. From here it goes
south to El Marahil and Wadi El1 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 lessenia.

The road is very bad and difficult to use by
trucks for ore transportation.

The shortest road is a branch from El1 Shalal
Road (Area 45) through El1 Shalal to El lessenia.
Its present physical condition was not investi-
gated due to a blockage of the El Shalal Road.

There is a 1.7 km branch road from Area 9.

This rcad is under construction. It was roughed
in but never completed. Once completed, this
road could be utilized to transport the ore by
trucks to the tramway station of Area 9.

Ras El Homarra Road

Ras El Homarra Road runs 2.00 km from Area 10

to the tramway station. The road's condition

is very bad due to slides. This road needs to
be completely repaired.

Abu Kafas Road

The Abu Kafas Road is a continuation of the main
road to El1 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.

Abu Kasar/Wadi Budra Road

This branch road is 1.8 km long. This road is
parallel to the Abu Kafas branch road.



Om Rinna Road

This branch road leaves the Om Rinna 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.

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 MATERIALS 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  Mn/fe  wn  re % A% a0
I (1) 1.03 27.40 26.71 4.0 1.0 3.0
II (2) 2.00 33.0 16.5 5.0 1.0 4.0
IIT (3) 3.00 39.0 13.0 4.0 1.0 3.0

(1) Data on Mn, 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.



TABLF 6-2
PROJECTED ASSAYS
LOW GRADE ORE (1) AND BLENDS (2)

Mn/Fe Ratio  Mn Fe 810, AL,0, Ca0 MgO
0.6 21.5  36.0 5.80 2.38 0.78 0.10
L.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 Bogma mine run with (6.6 Mn/Fe ratio.

(2) The 1,0 to 5.0 Mn/Fe ore blends are assumed from dolomite-bearing new
areas ore with enhancement from existing higher grade ore deposits
having a predominantly acid gangue,
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TABLE 6-3

PROJECTED ASSAYS - REDUCED ORES (1)

LOW GRADE ORFE (2) AND BLENDS (3)

Mn/Fe Ratio Mn Fe §194
0.6 28.5 48.0 7.7
1.0 31.0 31.0 12,9
2.0 43,1 20.6 11.6
3.0 45,7 15,2 11,4
4.0 49,0 11.3 11.3
S.0 50.1 10,0 11.3
(1) 937 metallization of iron contained

(3)

5.2

5.1

5.0

5.0

Low grade ore is Om Poygma mine run with 0.6 Mn/Fe ratio.

Y0
0.1

3.9
3.9
3.8
3.8

3.8

Wt Rec

77.63

78.71

79.53

79.80

The 1.0 to 5.0 Mn/Fe ore blends are assumed from dolomite-bearing new areas
with enhancement from existing higher grade ore deposits having a predomin-

antly acid gangue,
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Coke

Fixed Carbon
Volatiles

H,0

Quartzite

8102

AlZO3

Limestone

Ca0
Si0

CO2

2

Nolomite

Cal
Mg
SiO2
co,

TABLE 6~4

RAW MATERIALS

PROJECTED ANALYSES

—
N
oo O o

NS R VS]
o O

100.

(el

99.0
1.0
100.0

30,2
21.0
2.0
46.8
100,0



TABLE 6-5

LOW GRADE ORE
COMPLETE ANALYSIS

SMC - January 30, 1979

Constituent Percent
MnO2 32.76
MnoO 0.97
Fezo3 51.52 (L)
FeO nil
SiO2 5.80
A1203 2,38
TiO2 nil
Ca0 0.78
MgO 0.10
BaO 0.40
BaSO4 0.90
Cu0 0.05
ho 0.07
CoO0 trace
Nid trace
Zn0 trace
NazO 0.10
KZO 0.30
AsZO3 0.02 (2)
PZOS 0.236
S 0.09 (2)
CO2 0.12
H,0 3.25
Undegermined G.154

TOTAL 100.000

Mn 21.46
Fe 36.03
P 0.103 (3)
Mn/Fe 0.60

(1) Based on 36,037 total Fe as Fe?og.

(2) Assumed based on 4Z and 487 grace and fine ore analysis.

o
(3) From 0.236% P205.
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TABLE 6-6

HIGH GRADE ORE
COMPLETE ANALYSIS

SMC - January 30, 1979

Constituent

MnO2

MnO
Fe203
FeO

Si0

Undetermined

TOTAL

Mn/Fe

Percent

67.77
11,18
9.79
nil
1.16
0.90
0.033
1.45
0.35
1.30
0.15
0.05
trace
trace
0.01
0.55
0.30

0.025
0.185
0.09
0.30
3.90
0.097

100.000

51.51
6.85
0.081
7.52




(1)

Constituent

MnO
MnO
Fe203
FeO

2

Fe
510,
AlZO3
TiO2
Cal

Undetermined

Mn
Fe
P

Mn/TFe

93% metallization

TABLE 6-7

REDUCED PRODUCT
LOW GRADE ORE
PROJECTED ANALYSIS

TOTAL

Percent

36.83
4.31
44.55
7.71
3.16
1.04
N0.13
1.32
0.07

0.01
0.04
0.003
0.314
0.01

0.30
0,203
100. 000

28.49

47.85
0.137
0.60

(1)



Constituent
MnO
MnO

Fe203

2

Undeterinined

Mn
Fe
P

Mn/Te

(1) 937% metallization

TABLE 6-8

REDUCED PRODUCT
HIGH GRADE ORE
PROJECTED ANALYSIS

Percent

83.65
0.78
8.01
1.46
1.13
0.042
1.82
0.44
1.76
0.06
0.0l

0.06
0.04
0.05
0.004
0.234
0.01

0.30
0.140

TOTAL 100,000

64,78
8.62
0.102

7.52

(1)



Fe

Si

Other

FeMn

75,0
16,0
6.5
1.5

1.0

TABLE 6-9
PRODUCT ASSAYS

Pig Iron

4.0

90.0

4.0

1.0

1.0

Semi Steel

0.44
98,24

0.04

1.28

65.0
17.0
2.0

16,0
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DESIGN CRITERIA

The following tables indicate the design criteria developed
and used for the metallurgical baldnces and production

schedules for the processes and types of ore considered.

The criteria developed includes:

0 carbon reduction reactions
o Metal to products recoveries,
o Specific power consumptions.

o0 Electrode consumptions.
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A, Fe .0, + C
273 12
B. Fe, 0, + 3C
273 36
C. FeO + C
12
D. MnO2 4+ 2C
24
E. Mn02 + C
12
F. MnO + C
12
G. SiO2 + 2C
24
H. P.O. + SC
275 60

[

TABLE 6-10
CARBON REDUCTION REACTIONS

2Fe0 + CO
144

2F~ + 3C0o
112

Fe + CO
56

Mn + 2CO
55

MnO + CO
71

Mn + CO
55

Si + 2C0
2

2P + 5CO
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TABLE 6-11
SUMMARY

METAL TO PRODUCTS
BASE RECQVERIES

FeMn Smelting

70% of Mn in burden to metal

SiMn Smelting

80% of Mn in “wrdon to metal

Pig Iron Smelting

927 of Fe in burden to metal

Semi-Steel Melting

1007 of metallic Fe in burden to metal
937 metallization of Fe in burden

Process Recovery

95% in metal
957 in slag
57% losses - vaporization, dust, spillage and recycle
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FeMn Smelting

High grade Mn ore
407 MnO slag

207 MnO slag

High Mn slag
207 MnO slag

Iron Smelting

Pig iron

Semi-steel

SiMn Smelting

Low Mn slag

TABLE 6-12
SUMMARY

SPECIFIC POWER CONSUMPTION

Metal
Requirement
kWh/t

2,000

2, 500

2, 500

4,000

Slag
Requirement

0.5

0.5

0.5

0.5

0.5
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TAKLE 6-13
ELECTRODE CONSUMPTION

Consumable Electrodes

FeMn Smelting
SiMn Smelting

Pig Iron Smelting

Graphite Electrodes

Steel - Slag Melting

(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 bheen 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 coanplex and involves
direct charging of the ferruginous manganese ore o 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 1s considered
the aost effective because of simplicity of the operation.

The power consumption projected by Demag from the testwork at 2,700
kh/t of reMn is probably optomistic with the comparatively large
slag volumes encountered, A more realistic value is in the range 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 6-14
DEMAG TEST PROGRAM

MN ORE - 0.6 MN/FF

PIG IRON + FEMN

METALLURGICAL DATA

High C Pig

FeMn Iron
Operating Load - kW 9,000 9,800
Operating Time - 7 96 96
Avg. Load - kW 8,640 9,400
kWh/kg Alloy 2.7 2.0
kalhi/t Alloy 2,700 2,000
Z Mn in Metal 75.0 6.0
% Si in Metal 1.5 0.5
% 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 TRON + FEMN

CAMPAIGN PROGRAM

1000 kg low grade ore 341 kg pig diron +
488 kg high Mn slag
1000 kg high Mn slag 335 kg FeMn +
926 kg low Mn slag
335 x .488 = 163 kg FeMn
926 x .488 = 452 kg low Mn slag

HOURLY PRODUCTION

Pig iron 9400/2000 = 4,70 t/h
High Mn slag 488/341 x 4,70 = 6.73 t/h
FeMn 8640/2700 = 3,20 t/h

7 MO PIG IRON + 5 MO TEMN

Pig diron 215 x 24 x 4,70 = 24,252 t
Slag 215 x 24 % 6.73 = 34,727 t
FeMn 150 x 24 x 3,20 = 11,520 ¢
Slag re,'d 11,520 x 488/163 = 34,489 t  balance 215/150
Ore req'd 24,252 x 1000/341 = 71,000 ¢t

Lecw Mn slag 34,489 x 926/1000 = 31,937 t



TABLE, 6-16
DEMAG TEST PROGRAM

SAEF

MN ORE - 0.6 MN/FE

PIG IRON + TEMN

Summary - Raw Matcrials Requirements

Pig Iron

Low grade ore
Coke
Quartzite

Pig iron
High Mn slag

FeMn

High Mn slag
Coke
Limestone
Dolomite
Seraep

FeMn
Low Mn slag

Voo /

¥
Batch
1,000
240
1¢0

1,340

341
488

kg/
Batch

1,000
130
500
100

1,730

335
926

kg/t
Pig Iron

2,930
700
290

3,930

1,000
1,430

kg/t
FeMn

2,990
390
1,490
300

5,170

1,000
2,760

t/Campaign
215 d
!/ mos

71,100
17,200

7,100
95,400

24,200
34,700

t/Campaign
150 d
5 mos

34, 500
4, 500
17,250
3,450

59, 700

11,500
31,900



TABLE 6-17

DEMAG TEST PROGRAM

SAEF - MN ORE - 0.6 MN/FE - PG IRON + FERRQMANGANESE
Welight per Charge MnO, Mn MnO Mn Fe 0 b Sion, Al O Cal MgO BaO ¥ S C
g " o o o o - o . - o o B .
Materjal kp Wik h/kg @ T/ke  G/ke B OURe'  A/kp v kg ; i& %o kg % kg L kg 7 kg % kg 7K
Low Crade Ore 1 Q00 12,76 0,497 51,52 3p.od S.80G S8 2,38 24 .78 8 .10 1 G.99 10 .10 L 0.09 1
128 207 1o Q sl 8 Yo
Coke 240 t S.00 e e 1.0 2 75.0 180
5
(Quartzite 100 99.¢ 99 1.0 1 -
TOTALS 1340 co7 5 g 169 32 I 1 Y 1 3 180
Pig lron Produced Slap Produced Material Ralances Product Fatios
Initial Initial Slag/t (488/341)1000 =
kg kg 2 kg kg * kg kg Unit
Product/Feed Recovery Slag Ratio MnO + FeG/S10, =
Fe 340 T8 63,0 RRTLIN 157.2 166 31.97 Fe 342/364 = (.940 2
s1 0.4 0.2 0.0k AL, 5.9 W6l Mo 2057215 = 0,951 Coket (240/341)1000 =
r 0.8 0.7 0.21 Cal 12.3 7 1.43 sio, 156/169 = 0.923
Mn 5.1 8 2038 Mp 10.1 foo0 AL D, 30/32 = 0.938 foke to Mix
$ 0.1 0.l 0,03 MnQ 288.9 I54 0 52,09 cal 7/8 = 0.875 (Percent)  (240/1340)100 =
¢ 15.1 14 4,10 Fe( 31.4 i 6L3S MgO /1 = 1,000
Otter 0.5 - - Baty, 0r her 244 9 1.84 ¢ S10, to Mix
{Pefcent) (100713403100 =
TOTAL 3165.0 341 100, e TOTAL 529.8 88 100,00 Fe,0,/Fe 109,72
2
Sin,/t (100734111000 =
Fe703/Feu It -
Mn/Fe Slag
MnO/Mn 1.7
Mo, MnO 5.7
s{0,/54 0.2
PO /F u.7
¢ dn Metal 1S4
TOTA:. 174 .7

174.7/.75 = 233

Use 240 kg

1431 kg/t
1.83 by wt

TOL kgt

17.9

293 kg/t



TABLE 6-18

DEMAs TEST PROGRAM
SAEF - MM ORE - 0,6 MN/FY - PIG IRON + TURROMANGANESE

; 2 : S10. Al,0 Cal MgO Ba0 ¥ s c
Wt. per Charge Mn0O Mn MnO Mn Fe 0. Fe Yeg HFG - , o 23 5 e 7 A 7k
Material ke kg kg kg p/xg MRS ke Wk ik : K 1T XK i ok P ke % ke 2 ke 0 kg X kg
Hi Mn Slag 1600 52,05 6.35 66 31.97 320 6.15 62 1.4 14 0.21 2 1.84 18
521 406
Coke 130 2.00 « 5.00 7 1.00 4 75.00 98
Limestone S00 1.80 9 55.006 275
Dolomite 100 2,000 2 30.20 30 21.00 2t
TOTALS 1730 404 2 64 338 6k 319 23 13 98
F <
20 Froduced Slag Produced Material Balances Product Ratios
Actual klnitial . Actual Iniriai Slag/t (926/335)1000 = 2764 kg
kg L = kg T ke i kg kg Unic
Mn 251 75.0 . Product; feed Recovery Siag Ratio CaN + Mro + M0 + Fe( _
- . 510, 321 34.661 Mo 304/40/ = 0.980 Molal sio, =
Fe \l 3
54 1o.( aL0, 63 6.80] Fe 63/66 = 0.955 Coke/t (130/335)1000 = 388 kg
c .
22 6.5 ca0 303 32.721 sio, 372/338 = 0.981 Coxke to Mix
s1 5 1.5 ) Percent (130,/1730)10C = 7.5
- g0 2. 2.38| 41,0, 63/65 = 0.955
» _ ‘ L.5/Dol/t  (600/335)1000 = 1791 kg
- MR 187 20.19] cao 203/319 = 0.°50
S - _ LS/Dol to
Fe 12 1.30} Mgo 0723 = 0.957 Mix Z (600/1730)100 = 34.7
Other 3 L0 ) Bao 13 195 « )
TOTAL 335 160, 0 92v 100. 00
MnO/Mn 54 .8
FcO/Fe 1l.e
S10,/S1 [
P,04/F -
C ip Metal 22.0
92.7/.75 = 124 Use 130 kg

1.638




ELKEM TEST PROGRAM

Smelting testwork conducted by Elkem in Norway in 1960 has been
reviewed and metallurgical balances calculated from the data
generated. The metallurgical balances and summary tables frcm
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 cherge. 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, €O

gas 1s 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 basis. When FeMn is being produced in the smelter, high
Mn slag is fed to the preheat kiln along with the basic fluxes
and Mp ore as required. Preheating of the smelter furnace charge
with the kiln reduces power consumption by approximately 10%

with the high slag volume operation.

Linking of the rotary kiln to the smelter furnace on a continuous
basis and the het charging system tends to complicate thz2 smelter
operation. The pig iron and FeMn products from the tandem kiln
and furnace campaign operations are of the same quality as with
smelter furnace alone. Overall coke consumption is approximately
equivalent.,

Comparison of the Elkem 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 furnace feed as proposed.



Metallurgical Data

Operating Load - kWh
Operating Time - %
Avg. Load - kWh
kWk/kg Alloy

kWwh/t Alloy

t/h Alley

7% Mn

Electrode Paste -~ kg/t

TABLE 6-19

PH + SAEF - PIG IRON + FEMN

ELKEM TEST SMELTING

High C
FeMn_

8,300
94

7,752
3.4

3,400
2.28
69.9
22.2
1.9
6.0

25

Pig
Iron

10,500
94
9,883
1.725
1,725
5.73
5.9
90.0
0.3

3.5

15
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TABLE 6-20
SAEF

MN ORE - MN/FE

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 9882/1725 = 5.73
High Mn Slag 5.73 x 419/341 = 7.04
FeMn 7752/3400 = 2.28
ANNUAL PRODUCTION: Pig Iron 215 d/7 mo FeMn 150 d/5 mo
Pig Iron 5.73 x 215 x 24 = 29,567 t/y
High Mn Slag 7.04 x 215 x 24 = 36,326 t/y
FeMn 2.28 x 150 x 24 = 8,208 t/y
Slag Required 8,208 x 1000/364 = 22,549 t/y
Ore Required 29,567 x 1000/341 = 86,707 t/y
Coke Required 29,567 x 210/341 = 18,208
8,208 x 126/364 = 2,841
21,049 t/y
Low Mn Slag 8,208 x 857/364 = 19,325 t/y
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TABLE 6-21

PH 4+ SAEF - PIGC IXON + FEMN

ELKEM TEST SMELTING

Summary - Raw Material Requirements

Pig Iron kg/Batch kg/t Iron t/d
Low Grade Ore
Fine - 177 Mn 466 1,367 188
Coarse -~ 207 Mn 466 1,367 188
High Grade Ore - 43% Mn 68 199 27
Coke 210 616 85
Quartzite 57 167 23
1,267 3,716 511
Pig Iron 341 1,000 138
High Mn Slag 419 1,229 169
FeMn kg/Batch ke/t FeMn t/d
High Mn Slag 1,000 2,747 150
Coke 126 346 19
Limestone 588 1,615 88
Scrap 35 96 5
1,749 4,804 262
FeMn 364 1,000 55
Low Mn Slag 857 2,354 129

t/ campaign
215 d
7/ mo

40,405
40,405

5,897
18,208
4,938

109,853

29,567
36,326

t/ campaign
150 d
5 mo

22,549
2,841
13,256
788

39,434

8,208
19,325



TABLE 6-22

PREHEAT KILN + SAEF - MN ORE - PIG IRON +

FLKEM TEST SMELTING

FEMN

SMIJINICOOAN T

Weight per Charge [Mn0 Mn [ Mn0 Mn Fe,,O.( Fe sin, Al,)03 Ca0 MgQ BaQ P S C
Material kg, t/kg Z/kg | L/kg t/kg ) T/keg T/kg 2 kg |7 T oTkgl % kg | * kg kg% kg | % kg | % kg
Low Grade Ore (fime) 466 27.0 17.1 S6.3 39.4 6.5 30 0.8 41.25 ~0.35 2 0.08 - 0.28 1
126 80 262 184
Low Grade Ore (coarse) 466 31.5 19.9 S1.4 36.0 4.06 19 2.2 10 1.88 9 0.94 4 .05 - 0.33 2
147 Q3 240 168
High Grade Ore 68 69.1 43.69 16.19 11.33 3.0 P 1 1.7 1 1.09 - 0.15 -
47 30 11 &
Coke (SAFF + Prereducing) 210 0.8 2.84 6 1.27 3 2,43 5 0.41 L 0.48 1 0.40 1 83.5 175
2 1
Quartzite 57 53 0 56 1.0 b __ _ — —
TOTAL 1,267 320 203 514 361 113 19 21 7 i 4 175
21G_IRON PRODUCED SLAG PRODUCED MATER 1AL BALANCES PRODUCT RATIOS
Initial Inftial kg kg Unit
kg kg 4 kg kg 3 Product/Feed Recovery
Fe 315 332 92.3 Si0., 99 104 23.6 Fe 3427361 = 0.948 Slag/t (419/341)1000 = 1229 kg
Mn 10 11 3.0 AJ,OE 18 19 4.3 Mn 193/203 = 0.949 Slag Ratio Ca0 + MnO + Mg0/510, = 2.34
C 11 12 3.5 Ca0 20 21 4.8 s10, 108/113 = 0.952 Coke/t (210/341)1000 = 616 kg
S 4 4 1.0 Mg0 7 7 1.8 Al,,(‘3 18/19 = 0.947 Coke tc Mix 7 (210/1267)100 = 16.6
P 1 1 0.2 MnO 236 248 56.4 Ca0 20/21 = 0.952 5102/t (57/341;1000 = 167 kg
S - = - FeQ 35 37 Mg0 7/7  =1.000 S10, to Mix Z (57/1267)100 = 4.5
341 360 100.0 BaO/Other 4 4 0.9 Mn/Fe Slag 6.7
419 440 160.0 C
MnO., /MoO 64,1
MnO/Mn 2.4
Fe,0, /Fe0 38.6
NOTE: C(oke used in this calculation includes carbon FeO/Fe 7.1
required for reducing the ores. $10,/51 3.4
PZOS/P 1.0

C in Metal 12.0
172.6
T72.6/.835 = 206.7
Use 210 kg



TABLF 6-23

SYIINIONT
2 J S IYY N

PREHEAT KILN 4+ SAEF - MN ORE - PIC IRON + FEMN
FLKEM TEST SMELTING
Weight per Charge [Mno MriFe 0 Fe l Feo Fe Sie, T Al (‘} can Mg( BaQ P s C
Mater ial L& Toke  M/kgfiike ke ke Tikel® Tka ]t 7 k)t kgt T H kg | 7 kg% kgl % kg
High Mn Slag 1,000 485 .6 J8.5 295 H¥.3 83 3.9 15
485 376 6 59
Coke 126 0.3 .84 & 1.27 2 2.4 3 4l 1 0,48 1 0.40 1 83.5 105
1 i
Limestone 588 *.3 la 1.8 Pl S2.7 o 0, 4 0.1 1
Scrap N e —_— = LR — —_— _ - - - _
1,749 485 3761 ik Te 59 313 an 148 9 L 2 105
TOTAL
FEMN PRODUCED SLAC PRODUCED ¥ATFRIAL BALANCES PRODUCT BATIOS
Initial inftial
. - F— ka kg Unit
ke ke - . ks 2
- £ = 34 =B = Product/Feed Recovery
Mn 250 203 6805 510, 283 208 33,1 Fe 0/95 = 0.946 Slag,t (857/3064) 1000 = 2354 kg
Fe 86 91 23,7 1,0 91 Qn  gae Mm 38/376 = 0.951 Slag Ratio  CaO+MgO#MnC - o
‘ 2 L a0 3 e ap e S10, 298/313 = 0.95; $10,
- - " - 2 i = 1, 1
o ) N e > 50 e AL 91/96 = 0.918 Coke 't (126/364) 100 16 kg
- 2 =
N o1 M0 3o e .- Ca0 1317348 = 0.951 Coke to Mix % (126/1749)100 7.2
s - - - Feo q S a6 MRO 5/5 = 1.000 Ls/t, (588/364)1000 = 1615
—_— — . L . . .
TOTAL 3 383 100.0 Other . \ . LS 1z Mix 2 (588/1749)100 37,6
S
S87 <Ny 100,60 ¢ Mn/Fe Slag 7.7
MnO/ Mn 57 4
i-'e:,(i.’,/le\‘ 1.9
FeO/Fe 9.5
S10, /814 6.0
F:(‘rs,"r’ .
¢ in Metal 22.0
108.8
1OB.8/.83% = 130.3%
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Metallurgical Data

Operating Load - kWh
Operating Time - 7
Avg. Load - kW
kWh/kg Alloy

kWh/t Alloy

7 Mn

% Fe

% Si

% C

Electrode Paste - kg/t

TABL® 6-24
PH + SAEF - PIG IRON + FEMN

PLANT DESIGN

High C
FeMn

10,000
94,
9,400
3,40
3,400
75.0
16.0
1.5
6.5

25

Pig
Iron

10,000
94
9,400
1.725
1,725
5.0
90.0
0.5
4,0

15



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

PLANT DESIGN

CAMPAIGN PROGRAM

1000 kg Mn Ore 342 kg pig iron +
447 kg high Mn slag

1000 kg High Mn Slag 386 kg FeMn +
811 kg low Mn slag

HOURLY PRODUCTION

Pig lron 9400/1725 = 5,45 t/h
High Mn Slag 5.45 x 447/342 = 7.12 t/h
FeMn 9400/3400 = 2.76 t/h

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

Pig Iron 215 x 24 x 5,45 = 28,122 t/v
High Mn Slag 215 x 24 x 7,12 = 36,739 t/y
FeMn 150 x 24 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 Required 28,122 x 260/342 = 19,735

9,936 x 150/386 = 3,861

23,596 t/y

Low Mn Slag 9,936 x 811/386 = 20,876 t/y



ENGINEERS

TABLF 6-26
PH + SAEF -~ PIG IRON + TEMR

PLANT DESIGN

Summary - Raw Material Requirements

Pig Iron kg/Batch kg/t Iron t/d t/Campaign
215 d/7 mo
Fine Ore - 19% Mn 640 1,871 245 52,626
Coarse Ore - 217 Mn 280 819 107 23,024
High Grade Ore -~ 487 Mn 80 234 31 6,578
Coke 240 702 92 19,735
Quartzite 60 175 _23 _4,921
1,300 3,801 498 106,884
Pig lron 342 1,000 131 28,122
High Mn Slag 447 1,307 171 36,739
FeMn kg/Batch kg/t Feln t/d t/Campaign
150 dSS mo
High Mn Slag 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 4,431 294 44,019
FeMn 386 1,000 66 9,936

Low Mn Slag 811 2,101 139 20,876



TABLE 6-27 gi
PREHFAT KILX + SAFF - MX ORE ~ PIC IRON 4 FEMN - PLANT DESICN 0
2
Welight per Charge Mn0, Mn { Mn0 Mn Fe,Oi Te Sie, Alq(‘3 a0 Mg0 Ba0 . P . S C grn
Material kg T/kE N/kel T/ka M/kel Yke T/kg 2 T kgl T T kgl T kgl * kg | % kgl % kg | % kg | % kg n}]
n
Fine Cre 640 28.99 18,33 Q.86 .67 54,20 38,00 S 8¢ 3T 2018 s 0.78 5 0.10 1 0.99 6 0.103 I 0.09 1
186 117 f L 348 243
Coarse Ore 780 32076 20071 0,07 0,79 S1.52 36.03 5.80 16 2.38 7 0.78 T 0.10 ~ 0.99 3 0.103 - 0.09 -
92 S8 3 2 tad 101
High Crade Ore 80 67.77 42.%5 11.18 8.66 9,79 6,85 1.16 1 0.90 1 1.45 1 0.35 - 1.4C 1 0.081 - 0.0 -
54 34 9 7 8 S
Coke 240 .00 .00 12 3.00 7 1.00 2 75.00 189
5 3
Quartzite 60 @9.00 58 1.00 1 _ — _ —_ — —_
TOTALS 1,300 332 209 18 13505 332 125 31 ® i 10 1 3 180
PI1C_IRON PRODUCED SLAG PRODUCED MATERIAL BALANCES PRODUCT RATIOS
initial Init {al -
ke = 7 kg T Fe 3347352 = 0.950 Slag/t (647734231000 = 1,307 kg
Fe 308 ERA 90,0 Si., 119 121 25.7 Mn 211/222 = 0.950 Slag Ratioc MnO + Cal + Mg0/$10 = 1.92
St 2 2 0.5 41,0 29 31 6.6 S0, 119/125 = 0.952 Coke/t (240/342)1000 a 702 kg
P 1 1 c.3 Cal 8 Ll 1.7 A1~03 29/31 = 0.936 Coke to
Mn 17 i8 S.0 MgO 1 ! 0.2 cs0 $/8 = 1.000 o % (240/1300) 100 = 185
$ - - G 04 Mg 250 263 56.0 Mg 1/l = 1.000 510,/¢ (60/342) 1000 = 175 kg
, S1i0, to
4 L. 0 Fed 4 7.7 ) in/ = 1,
¢ 13 1 [ 3 36 7. Bag 1o 1.0Q00 Mix’7 (60/1300)100 - 4.6
Other 1 1 0.16 Bad/Other 10 10 Y . “a/Fe Slag - 7.3
342 360 106,00 447 570 1C0.0 —_
Fe,0,/Fe0 37.9
Fe(Q/Fe 69.4
Mn0, Mn0 45.8 i
MnO/ Mn 3.9
S10,/S1 1.7
PZUS/F 1.0
C in Metal 14.0
173.7

173.7/.75 = 231.6

Use 240 ki,




TABLY o-28

PREHEAT KILX 4 SAFF - MN ORE - PIC IRON + FEMN - PLANT DESIGN

SHIINIONT
B P sy g o B e o

Weight per Charge ‘Mno,, Mn] MaC Mn | FeQ Fe Fe, 0, Fe] Si(‘2 Al,,O3 Ca0 MO BaO P S [9
Matertal ke [rad sia] e e e ke| h vk 1 : w{t k|7 g ¥ kgl % kg | % kg| % kg® kg
High Mn Slag 1,000 S6.0 7.7 25.7 257 6.6 66 1.7 17 0.2 2 2.1 21
S0 434 77 60
Limestone 550 1.8 10 55.0 303
Coke 150 2. s.0 8 1.0 5 1.0 2 75.0 113
3 2
Scrap 10 L 1 . o . e _ _ _ .
TOTAL 1,710 5AQ 434 77 o3 2 275 71 320 2 21 2 113
YEMX PRODUCED SLAG PRODUCED MATFFIAL BALANCES PRODUCT RATIOS
Initial Initial
~—tnitia
kg * kg kg = kg kg Unit
Product/Feed Recoverv
Mn 289 304 TS0 Sio, 245 262 31.9 Fe 89/77 = 0.G58 Slag/t (811/387)1000 = 2101 kg
Fe 62 65 16,0 AlL0, 67 71 8.2 Mn 413 /4% = 0.952 Slag Ratio CaO+M0.MnO+Bad - 1.8
¢ 25 2 4.5 Cac 104 320 36.5 s10., 262/275 = 0.953 510,
sS4 o & 1.5 MO 5 s 02 AL 67/71 = 0.944 Coke/t (150/386)1000 = 389 kg
P _ ~ _ a0 20 7 15 cao 164/320 = 0.950 Coke to Mix % (150/1710)10C = 8.8
B - - - Moo 160 168 19.2 Mg0 2/2 = 1,000 Ls/t (550/386)1000 = 1425 kg
Other 4 . 1.0 Feo K 9 s 540 20,71 = 0.95% LS to Mix % (550/1710)100 = 32.2
386 405 100.0 811 853 100.0 Mn/Fe Slag 17.7
C
MnQ/Mn 06.3
FeO/Fe 13.9
Fe,05/Fe0 0.2
S10,/81 5.1
C in Metal 2%6.0
111.5
111.5/.75 = 148.7 Use 150 kg




ENGINEERS

PHYSICAL BENEFICIATION TESTWORK

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. Tor standard commercial specifications, man-
ganese ore contains about 48% Mn and has a Mn/Fe ratio of 7 to 1
or hetter, that is the ore contains less then 7% Te,

Generally the Mn and Fe in the Om TRogma ores is extremely fine

and intimately associated such that physical separation is
difficult. Further, the oxide ores cof manganese tend to create
slimes on grinding which complicate the conventional beneficiation
rmethods of sizing, gravity concentration, high intensity magnetic
separation, and flotation.

Since dilution of the local ore by gangue minerals such as cquartz,
limestone, and dolomite is comparatively minor, the benefits of
grinding the ore to liberation are small unless iron can be removed,
Mineralogical studies show that the iron is finely disseminated
through out the manganese minerals and is therefore 4difficult to
liberate without extreme fine grinding,

As a means to improve the iron separation characteristics, magnetic
roasting of the ferruginous manganese ores has been extensively
tested in the lakboratory at the MNational Pesearch Center. Worbk
conducted by the MNational Research Center from 1961 to 1¢73 apply-
ing magnetic roasting and dry low intensity magnetic separation
techniques showed some promise of o¢r improved method for separatirqg
the iron and manganese. As a result, testwork was undertaken by
KECI/ACB at the Mineral Resources Research Center (MPRC) in 1920

to confirm and further evaluate the magnetic roasting and
ceparating of iron from the ore using improved procedures for ircn
removal. Samples of ferruginous manganese stockpile fines and

low grade bunker ore were obhtained by KECI/ACB at Abu Zeneima

in March, 1980, and forwarde” to MPPC. The ore was chemically
analyzed and a prelimirary mineralogical examination was con-
ducted fecr identification of ore constituents and for interpre-
tation of the thermal gravimetric analysis (TGA) conducted, The
TCA analysis provides information on roasting and weight loss
characteristics of a particular ore in comparison to an inert
standard.

Subsequently roasting testwork was conducted over a bhand of



temperatures ranging from 500° to 700°C. This temperature band
brackets the most favorable temperature range of 600" to 650 C
for roasting a nonmagnetic hematite (Fe203) to a stable magnetite
(Fe304) without conversion to nonmagnetic wustite (FeQ): The
best results obtained by conversion of hegatite to magnetite
cccurred at a roasting temperature of 700°C. The concentrates
obtained were as follows:

Mn Ore Feed to Magnetic Separation After 700°C Poast to Fe304

% Wt. § Fe $ Mn Mn/Fe
100.0 47.8 21.8 0.46 Roasted Ore Analysis

Magnetic Concentrate (Fe304)

3 Wt 2 F
63.0 5.

o
o0

Mn Mn/Fe $ Fe FPec $ Sep Eff Fe-Mn
4.3 0.07 85.6 73.2

(&)

}_-l

Nonmagnetic Concentrate (MnO)

$ Wt % Fe 3 Mn Mn/Fe $ Mn Pec % Sep Eff Mn-¥e
37.0 15.5 54.5 3.52 87.0 74,7
Rec = Recovery Sep Eff = Separation Efficiency

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

When magnetic separation was conducted on reduced ore in whgch
the iron as hematite was converted to metallic ircn at 1000°C,

the results were as follows:

Mn Ore Feed to Magnetic Separation After 1000°C Reduction to Fe Metal

% Wt % Fe % Mn Mn/Fe

100.0 49.8 5.5 0.49 Reduced Ore Analysis

Magnetic Concentrate (Fe NMet)

% Wr % Fe % Mn Mn/Fe % Fe Pec ¢ Sep Eff Fe-Mn
60.9 71.8 5.2 0.07 g7.7 747

Nonmagnetic Concentrate (MnO)

% Fe % Mn Mn/Fe % Mn Rec % Sep Fff Mn-Fe
39.0 15.5 54.5 2.52 87.0 74,7

Rec = Recovery Sep Eff = Separation Efficiency



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

The MRRC test report and detailed test results are included 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 hich iron-bearing low Mn/Fe
ratic 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 ore sample,
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SINAT 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 two
inches, were submitted for analyses of Fe and Mn and possible petrographic
examinations.

2. Bulk ore samples, about 50 pounds each.
Lot 1 Fines

Lot 2: Fines

Lot 3: C(oarse ore, 3-inch top size.

These samples were submitted for analyses of Fe and Mn, possible

petrographic examination, and reduction-magnetic separation studies.

HAND SPECIMENS

These samples were randomly sampled and analyvzed, with the results as
shown in Table 1. The assays were not consistent with the groupingssuggested.
All but two contained less than 2% Fe and more than 55% Mn. The other two
were over 52% Fe and 7.4% Mn 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 lumps were cut and polished for microscopic examination with the
following observations:

"Medium Grade' No. 2: Red streak. Grain size 0.01 to 0.25 mm.
Manganese mineral appears to have crystallized out of surrounding
hematite. Estimated composition:

Hematite 55-65%
Pyrolusite < 30%
Gangue 15-25%

"High Grade' No. 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.
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BULK ORE SAMPLES

The particle size distributions of the three ore lots, as received, are
given in Table 2. Because of the coarsenecss 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, and the mineral densities were determined
by liquid displacement. The LOI was determined at both 900°C and 1000°C (in
alr). The bulk densities and anglies of repose of lots 1 and 2 in the as-
received condition and Lot 3 after crushing were determined. The internal
porosities of the ore particles were estimated by comparing the mineral
Jensities with the gross mean densities of the plus 8 mesh particles as
obtained by mercury displacement measurements. These data are all reported
in Table 3.

A thermal-gravimetric analysis was made on a 0.2-gram sample of Lot 2
at n.nus 150 mesh. Although the accuracy and precision of the test data
were generally poor, the results did yield a qualitative picture of the
thermal decomposition characteristics of the ore. The data, given in Table
4 and plotted ir Figure 1, clearly show three stuges of thermal decomposition:
loss of free and adsorbed water is the most likely phenomenon below 300°C,
dehydration of gocthite between 300 and 350°C, and decomposition of pyro-
Jlusite, MnO,, to lower oxides above 500°C. (Because of equipment deficiencies,
the observea weight losses are only approximate.) From other considerations,
such as the equilibrium partial pressures of oxygen over the various iron
and manganese oxider, it was concluded that the mangancse and iron oxides
remaining after ignition at 900°C were hausmannite (MHSOA) and hematite
(FCZOB)’ respectively.

Laboratory chemical reduction tests were performed on 100-gram samples
of Lot 2 to explore the possibilities of separating the material into high
manganese- low iron and low manganese-high iron fractions by subscquent
magnetic separation. Reduction of iron oxides normally occurs in stages,
the successive products being magnetite (Fe_ 0,), wustite (FeO), and, finally,
metallic iron. The manganese oxides also réduce in stages, but manganosite
(Mno) 1is the only stable end product to be expected upon reduction of a
manganiferous iron ore. Magnetic separation of iron from manganese should
be possible at either the magnetite or metallic 1ron stages but not at the
wustite stage.

Past experience has shown that iron ores can be reduced to the magnetite
stage in relatively dilute mixtures of carbon monoxide or hydrogen (or both)
at temperatures between 450 and 700°C, with best results at 600 to 650°C.
Magnetite formed at less than 600°C tends to be unstable 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 cven
as low as 700°C, best results require reduction at 900°C or above. Still
higher processing temperatures may be desirable, cspecially for very fine-
grained ores, to promote grain growth or coalescence of the iron for better
magnetic separation.



Reduction Tests

A series of reduction tests at e'evated temperatures was undertaken
with the recuctant gas consisting of approximately 30% hvdrogen and 70%
nitrogen, humidified by bubbling through water at room temperature. The
formation of the nonmagnetic wustite should not pose a problem with such
a mixture. The reduction temperatures were chosen arbitrarily at 300, 600,
700, ard 1000°C. The reactions were carried out in a 2-inch diameter rectort
suspencded from a balance in a vertical, electrically heated, tube furnace
under the conditions listed in Jable 5.

The time, temperature and weight-loss data are recorded in Tibles 6-11
and plotted in Figures 2-7 to show the course of the reductions. The first
four tests werc made on 100-gram portions of the plus 8 mesh fractions of
Lot 2. Tests 5 and 6 were made on 125-gram portions of the minus § mesh
fines of Lot 2, agglomerated into half-inch diameter wet balls. The sample

Portions of the reduced ores of Teste 1-4 were pulverized to minus 150
mesh for determination of their magnetic scparation characteristics by means
of the Davis magnetic tube separator. For each product, a series of three
tube tests at successively more vigorous conditions was pertormed on identical

S5-gram samples. The heads and magnetic concentrates were assaved for total
iron and manganecse. Although assays for metaliic iron were also made on the

head samples of Test 4 and Test 5 products, pussible interferences by manganese
have not been estabiished and the values obtained may not be accurate.
Mangancse assave of the nonmagnetic talls - the manganese concentrates -

were caiculated from weight recoveries and assavs of the magnetic concentrates.
The magnetic sceparation test results are given in Table 12,

The results of the magnetic separation tests are shown graphically 1n
Figures 8-11. The curves labeled Fe refer to grade and iron recovery of the
magnetic fraction or iron concentrate, while those labeled Mn refer to grade
and manganesc recovery of the nonmagnetic fraction or manganese concentrate.,
A single-stage scparation can scparatc only two components of a mixture;
additional separation means would have to be applied to ecach of the products
obtained by magnetic scparation to remove unwanted gangue minerals.

Metallic Iron Charactoristigi

I1f these ores were to be treated by reduction to the metallic iron
state, the iron recovery could be greatly cnhanced by coalescence of the
metallic iron and promotion of its malleability during the reduction process.
The reduced ores from Tcsts 4 and 5 did not exhibit such enhancement, but
that of Test 6 did yvicld an increased prcportion of malleable iron.



SUMMARY AND CONCLUS1ONS

The Sinai manganese ore samples were readily reduced to either the
nagnetite or metallic iron state with subsequent fair to good efficiency
of separation by magnetic concentration. The experimental conditions
employed were selected more or less arbitrarily. It 1is reasonable to
expect that high grade concentrates of iron and of manganese could be
produced from this ore undcr optimum process conditions which could be
detcrmined by additional research.

Nk

N. F. Schulé
Research Associate
July 30, 1980
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TABLE 3. ASSAYS AND PHYSITCAL CHARACTERISTICS
OF THE THREE ORE LOTS

Lot 1 Lot 2 Lot 3
Assays
“ Fe 38. 30.4 36.8
v Mn 16.7 15.7 16.0
% LO1: 900°C 6.5 6.0 7.0
1000°C 7.7 7.0 7.9
Bulk density (loose pack)
1b/ft” 119 127 117
kg/m?” 1900 2040 1870
Minerai _density
g/cm” 4.19 4.20 4. 006
Mean gross particle density
o/ cm? 3.05 3.11 2.96
Porosity of particles, % 2701 26.0 27.2
Angle of reposc, degrees 40+ 2 STUNEI 38

3]



TABLE 4. THERMAL-GRAVIMETRIC ANALYSIS (TGA) OF LOT 2

Time, Temperature Weight Loss,
minutes °C %
8 50 0
14 100 0.26
26 200 1.17
32 260 1.44
34 280 1.51
30 300 1.56
40 335 2.36
42 360 2.65
a7 400 2.01
53 460 2.067
59 510 2.08
63 540 2.91
65 560 3.20
68 590 3.82
71 620 4.32
73 640 4.73
75 660 4.76
88 790 4.74
90 820 4.58




TABLE 5. REDUCTION TESTS: SUMMARY

Test No. 1 2 3 4 5 6
Reduction Temp., °C 200 600 700 1000 1000 1000

Preheat Period:
Time, min. 165 70 90 140 225 205
% Wt loss 4.8 6.9 6.8 8.6 21.7 17.4

Reduction Period:
Hydrogen, {/min. 1 ] 1 1 1 1
Time, min. 60 90 360 270 210 210
% Wt loss 6.1 7.8 13.4 17.4 11.0 13.6



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

Time, Gas rates, %/min. Temp. Weight Loss, %

min. N, H, °C Cumulative Reduction
15 1.0 0 190 1.6 -
25 1.0 0 300 2.6 -
35 1.0 0 380 4.0 -
50 1.0 0 435 4.5 -
60 1.0 0 480 4.8 -
70 1.0 0 490 4.8 -
120 1.0 0 510 4.8 -
165 1.8 0 500 4.8 -

Begin

Reducticn 1.8 1.0 500 4.8 0
5 1.8 1.0 525 5.6 0.8
10 1.8 1.0 510 7.8 2.2
18 1.8 1.0 500 8.8 4.0
30 1.8 1.0 500 10.2 5.4
45 1.8 1.0 515 10.9 6.1
60 1.8 1.9 500 10.9 6.1

(Cool 1in N7)
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TABLE 7. TEST DATA, REDUCTION NO. 2
({100 g, +8 mesh, Lot 2)

Time, Gas rates, %/min. Temp. Weight Loss, %
min. N, H, °C Cumulative Reduction
10 . 1.8 0 210 1.5 -
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 5.0 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 1.0 000 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 1.0 010 13.4 6.5
60 2.2 1.0 600 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 in N2)
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TABLE 8. TEST DATA, REDUCTION NO. 3
(100 g, + & mesh, Lot 2)

Time, Gas rates, &/min Temp. Weight Loss, %
min N, H,, °C Cumulative = Reduction
10 1.8 0 125 0.4 -
30 1.8 0 500 3.4 -
45 1.8 0 645 5.4 -
60 3.3 0 720 6.5 -
77 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 1.0 705 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
105 2.0 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 1n Nz)




TABLE 9. TEST DATA, REDUCTION NO. 4
(100 g, + 8 mesh, Lot 2)

Time, Gas rates, 2/min Temp. Weight Loss, %
min. N, H, °C Cumulative Reduction
20 0.5 0 100 0.4 -
45 0.5 0 350 2.5 -
70 0.5 0 510 3.9 -
76 0.5 0 565 4.1 -
85 0.5 0 635 4.8 -
94 0.5 0 705 6.0
99 0.5 0 750 6.3 -
105 0.5 0 795 6.6 -
113 0.5 0 850 6.9 -
126 0.5 0 %20 7.2 -
131 0.5 0] 96uL 7.4 -
138 0.5 0] 1000 .7 -
161 3.0 0 1000 .2 -
195 3.0 0 1005 8.6 -
Begin
Reduction 2.0 1.0 1005 8.6 U
5 3.0 1.0 1003 9.6 1.0
10 2.0 1.0 1006 10.5 1.9
15 3.0 1.0 1008 13.0 4.4
25 3.0 1.0 1005 15.2 6.6
35 3.0 1.0 1005 16.3 7.7
45 3.0 1.0 1006 17.4 8.8
60 3.0 1.0 1003 18.5 .9
75 3.0 1.0 1010 19.7 11.1
S0 3.0 1.0 1005 20.6 12.0
120 _ 3.0 1.0 1000 22.5 13.9
150 3.0 1.0 1000 23.7 15.1
180 3.0 1.0 1010 24.6 16.0
210 3.0 1.0 997 25.2 16.7
240 3.0 1.0 1010 25.7 17.1
270 3.0 1.0 1005 26.0 17.4

(Cool in Nz)




TABLE 10. TEST DATA, REDUCTION NO. 5
(125 g, -8 mesh, Lot 2, Balled)

Time, Gas rates, #2/min Temp. Weight Loss, %
min. N, H, °C Cumulative*  Reduction
25 1.0 0 200 8.2 -
70 1.0 0 200 17.7 -
100 1.0 0 300 17.7 -
106 1.0 0 400 18.6 -
115 1.0 0 500 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 0 1000 21.7 -
Bes:in
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 2.0 1.0 10006 26.3 4.6
60 3.0 1.0 1000 29.3 7.6
90 2.0 1.0 1000 30.2 8.9

120 3.0 1.0 1000 31.8 10.1
150 3.0 1.0 1000 32.2 10.5
180 3.0 1.0 1600 32.7 11.0
210 3.0 1.0 1000 32.7 11.0
{Cool irm Nz)

—_——— - —oie =

*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, %
min. N, H, °C Cumulative* Reduction
25 1.0 0 150 4.0 -
70 1.0 0 200 12.7 -
89 1.0 0 300 12.7 -
92 1.0 0 350 13.4 -
101 1.0 0 450 14.0 -
110 1.0 0 500 14.6 -
120 1.0 0 600 15.0 -
130 1.0 0 700 15.8 -
147 1.0 0 800 16.4 -
156 1.0 0 900 17.0 -
205 1.0 0 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 2.3
180 3.0 1.0 1000 30.7 13.3
210 3.0 1.9 1000 31.0 13.6
(Cool in Nz}

*Cumulative weilght loss includes balling moisture.



TABLE 12. MAGNETIC SEPARATION TEST RESULTS

Magnetic Portion Nonmagnetic Portion ___ Separatios
% % % Fe Unit % Metallic % % % Mn Unit Efficienc;
Weight Fe Recovery +n Fe Weight Mn Recovery % Mn-Fe*

Reduction Test No. 1, 500°C

Heads - 45.5 - 17.4 - - - - -
Conc A 71.6 54.0 85.0 5.4 - 29.4 4,.7 77 7 62.7
Conc B 61.6 57.4 77.6 4.1 - 38.4 38.8 85.6 63.2
Conc C 43.6 61.1 58.5 2.8 - 56.4 28.7 92.9 51.4
Reduction Test No. 2, 600°C
Heads - 42.0 - 21.2 - - - . -
Conc A 43.4 59.3 66.6 2.7 - 56.6 37.3 94.1 59.6
Conc B 36.3 62.3 53.8 1.8 - 63.7 32.3 96.9 50.7
Conc 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 - - - -
Conc A 63.0 65.1 85.6 4.3 - 37.0 51.6 87.6 73.3
Conc B 56.1 68.8 80.7 3.3 - 43.9 45.5 91.6 72.3
Conc 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 - - - -
Conc A 60.9 71.8 87.7 5.2 39.1 54.5 87.0 74.7
Conc B 57.8 74.5 86.5 4.6 - 42.2 51.8 89.1 75.6
Conc C 53.9 78.0 84.3 3.7 - 46.1 48.7 91.8 76.0
*Efficiency of separation of manganese from iron: Evn-re = (Fe recovery in magnetics) - (100-Mn recovery in nonmagn

See: N.F. Schulz, "Separation Efficiency,' Trans SME/AIME, 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 recuction
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

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 ore 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 further
investigation was conducted by KECI/ACB to determine the effect
of preheating and preproduction on high irorn-bearing manganese
ore. Ore samples were obtained at Abu Zeneima in March, 1980,
and forwarded to Alliis-Chalmers (A-C) PResearch 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.

Lump Ore

% Fe % Mn Mn/Fe

23.84 35.57 1.45 Hand Sample’
Prereduced Product

% Fe % Mn Mn/Fe % S,0 % C
30.64 52.29 1.71 - l.%S 0.20

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 commercial rotary kiln,

The detailed report of the prereduction testwork including photo-
micrographs of feed and products is contained in Appendix 6,

The prereduction test results are as follows:

Ore Feed

S Fe % Mn Mn/Fe
37.67 18.10 0.48 Stockpile and Bunker Sample




Prereduced Product

% Fe % Mn Mn/Fe $ C
52.27 19.38 0.37 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~-carbhon low-manganese semi-steel and a
high manganese slag. Quartzite is added to form the slag.

The combination of 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 may 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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INTRCDUCTION

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 | report was submitted in April, 1980. The work

herein was at the request of Richard B. Greenwalt, Project Manager, Kaiser

Engineers, Qakland, California.

The purpose of Phase Il was to generate sufficient roduced (with respect
to iron) product which would be used for subsequent induction furnace
melting tests. The ore feed stock had an average chemistry of 18.10 per-
cent manganese, 37.67 percent iron. The target quality for the product
was +90 percent metallization (with respect to the iron) and less than

0.5 percent carbon.

This investigation consisted oy zrushing, grinding, screening, nlending,
nelletizing, induration, and ACCAR simulation tests. Account number
01-3537-72537 continued to be used for control purposes and all charges

accured were billed against Kaiser purchase order 80012-002.

SUMMARY AND CONCLUSIONS

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

chemically analyzed and found to be similar in composition. The
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average chemistry was 18.10 percent manganese, 37.67 percent iron.
The three samples were blended to form a single composite for these

tests.

Two separate ACCAR simulation tests were performed. The first using
coarse lump ore with charcoal as the reducing agent. The second test

employed pelletized ore and natural gas.

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.

The pellet/natural gas test results were more favorable with most of
the iron oxide being converted to metallic iron. There is a lack of
confirming data to quantify the amount of iron oxide conversion to
metallic iron. Qualitative 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.

Total manganese was determmined to be 19.38 percent in the reduced

pellet product.
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6. X-ray diffraction for ACCAR Simulation Test 80-10 shows manganese in

two forms: MnpSi0g (tephroite) as the minor to major element; MnO as

the minor element and approximately one-half as much as MnoSiOq.

7. X-ray diffraction for ACCAR Simulation Test 80-10 shows the major
element in the product sample to be metallic iron with no iron oxide
in the form of wustite detected. Metallic iron is estimated to be

five times as much as MnySioq.

8. The results of Phases ! and Il of this preliminary study indicates
gaseous iron ore reduction of the Sinai material can be achieved.
There appears to be no unusual characteristics exhibited by this ma-
terial that would prevent ACCAR processing on a commercial scale with
either gas or a solid reductant. To further confirm this fact it is
recammended that an in-depth study be initiated to fully characterize
the ore, determine the strengths and weaknesses of pellet versus Tump
processing, investigate various reduction processing temperatures and

to provide data necessary for the sizing and warranting of commercial

equipment.

CHARACTERISTICS OF THE SINAI ORE

Al1lis-Chalmers received three separate bags of the Sinai ore on March 28,
1980. Each bag contained approximately 25 kilograms of material. The

bags were identified as samples 1, 2 and 3,

-3-
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Sieve Analyses

Upon receipt of these materials a screen analysis was performed. The
results are shown in Table I.
TABLE I
SIEVE ANALYSES OF AS RECEIVED SHIPMENTS
Sieve Size Percant Passing
AS™™
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
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Chemical Analyses

A sample from each sample bag wes analyzed for total iron, manganese

and LOI. These results are shown in Table II.

TABLE I1

CHEMICAL ANALYSES OF AS RECEIVED SHIPMENTS

Weight Percent

Sample Total Iron Manganese LO1
1 38.80 17.40 5.91
2 39.12 16.80 6.52
3 34.42 20.10 7.93
Average 37.67 18.10 6.78

AEDUCTION TEST(S)

Objective

The objective of the reduction test(s) was to produce 15 kilograns of
+90 percent metallized (with respect to iron) product with a carbon

content of less than 0.5 percent.
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ACCAR Simulation Test 80-09

The chemical analyses performed on the three bag samples did not show
a wide variance of quality and, therefore, were combined into a

single composite totaling 72 kilograms.

A1l coarse fractions were crushed to minus 25 mm. An ACCAR simula-
tion test charge, consisting of the 25 mm x 6 mm sized material, was

synthesized from the canposite. This charge totaled 19.3 kiograms.

Charcoal was selected as the reductant on the basis of its clean
nature (no sulfur to transfer to the sponge iron), its reactivity as
a reductant and to serve as a void filler since the 19.3 kilogram of
lump charge was small compared to conventional deep bed ACCAR prac-
tice. Enough charcoal would be used to fill the available ACCAR

simulator volume to its normal operating level.

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

shown in Table III.
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TABLE I11
OPERATING PARAMETERS

ACCAR STMULATION TEST 80-09

Ore Feed Charge (kg) 19.3
Size Fraction (mm) 25 x 6
Bulk Density (kg/m3) 1650
Charcoal Charge (kg) 4.5 (2.3 kg added at 105
minutes into test)
Size Fraction (mm) 25 x 6
Bulk Density (kq/md) 272
Reduction Time (hrs.) 3
Processing Temperature (°C) 1000
Reactor Rotation (rpm) 0.5

ACCAR Simulation Test 80-09 did not achieve the level of success that
was 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 neccssary driving potential
to complete reduction. The test was aborted at the end of 150 minu-
tes because of difficulty in controlling the reactor temperatures and
the obvious lack of reduction seen in the samples taken during the

test.
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Chemical analyses were performed on the time samples and are tabu-

lated in Table 1V.

Sample
(Minute)

10
30
50
70
90
120
130
140

TABLE IV
CHEMICAL ANALYSES

ACCAR SIMULATION TEST 80-09

Total
[ron

33.42
47.72
37.12
38.57
34.23
57.04
38.24
41.14

Weight Percent

Metallic
Iron__

< .08
< .08
< .08
8.68
5.78
7.23
4.18
14.14

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

as implying a difficulty associated with the reduction processing of

the Sinai Tump material.

The insufficient quantities of sized Tump

ore influenced the selection of parameters under which this test was
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performed and contributed to the less than satisfactory results achi-
eved. Also, the lack of success cannct be contributed to a solid

fuel being a poor reductant.

Balling and Induration

A Kaiser/Allis-Chalmers decision was made to pelletize the balance of
the Sinai ore for a second reduction test using natural gas as the
reductant. The remaining ore stock amounted to 52.7 kilograms of

minus 6 mm material which was treated as follows:

a. A1l material was oven dried.

b. A1l minus 150 mesh material was screened from the remaining
stock.
C. The coarse fraction was crushed to minus 6 mesh then pul verized

to 75 percent minus 325 mesh.

d. A blend was made of the minus 150 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.
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f. A Blaine measurament was taken on the above pellet feed and

found to be 7,600 cml/gm.

TABLE V
PELLET FEED SIZE FRACTION

Sieve Size

ASTM Mesh Percent Passing
Microns L
300 48 100
75 20U 68
45 325 86
26 500 72

Muffel Furnace Test

A small batch of pellet feed was balled with 0.5 percent of bentonite
and placed in a muffel turnace and heated to 1260°C. During the heat
up, pellets were withdrawn from the furnace at 982°C, 1065°C and
1260°C. Compression strength measuranents were taken and microscopic
analyses made to assist in the selection of a firing temperature for
the balance of the peiletized feed. A tabulation of campression

strengths vs. induration temperature is presented in Table VI,

-10-
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TABLE VI

COMPRESSION STRENGTHS VS. INDURATION TEMPERATURE

Induration

Temperature Compression Strength
°C kiTograms
982 40
1065 o 80
1260 47

Microscopic Analysis of Cxide Pellets

During the muffel furnace induration test, samples were withdrawn
from the furnace at temperatures of 982°C, 1065°C and 1260°C. These
samples were mounted and polishe. for microscopic 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 partially sintered.

It appears that complex mineral camponents have formed a matrix.
Large gangue grains (gray) and lar-: metal ore grains (white) retain
their individual integrity. The irreqular shaped black areas are

pores.



Photomicrograph of Oxide Pellet

|
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Photomicrograph of Oxide Pellet
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Figures 3 and 4 show a pellet structure at 1065°C with magnifications
of 50x and 400x respectively. Large grains are now rounded and
slightly dissolved. Dissolution of various components can be ob-

served. Pores {black) show coalescence.

Figures 5 and 6 are oxide pellet structures at 1260°C. Slags have
been formed 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

VII.

TABLE VII

SINAL ORE

BALLING DATA
Green Ball Bulk Density (kg/m3) 1562
Green Ball Moisture (%) 12.5
Wet Compressive Strength (kg) 1.97
Dry Compressive Strength (kg) 7.9
45.7 Centimeter Drops +20
Total Green Balls (kg) 43.4

-13-



Figure 3. Photomicrograph of Oxide Pellet
1065°C, 50X

Figure 4. Photomicrograph of Oxide Pellet
1065°C, 400X

-14-



Figure 5. Photomicrograph of Oxide Pellet
1260°C, 50X

Figure 6. Photomicrograph of Oxide Pellet
1260°C, 400X
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The balls were fired in an oxidizing pot grate at a temperature of

1037°C. The results of this firing are tabulated in Table VIII.

TABLE VIII
FIRED PELLETS PHYSICAL PROPERTIES

Apparent Density (g/cm3) 3.19
Ma trix Dehsity (g/cm3) 4.51
Open Porosity (%) 29.30
Pellet Strength (kg) 120
Buik Density (kg/m) 1866
Total Fired Pellets (kg) 28

ACCAR Simulation Test 80-10

The above fired pellets were blended with 7 kilograms 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-

temperature 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
QPERATING PARAMETERS

ACCAR SIMULATION TEST 80-10

Feed Charge (kg) 45
Size Fraction (mm) 12 x 6
Bulk Density (kg/md) 1900
Reduction Time (hrs.) 3
Processing Temperature (°C) 1000
Reactor Rotation (rpm) 0.5

This test 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 metaliic iron
that have been reported. The information evaluated thus far

suggest a product metallization (with respect to iron) in excess

of 72 percent.
An alternate laboratory has been contacted and asked to confirm

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 forwarded to Kaiser under a separate cover at a

later date.

Ouring any ACCAR simulation test it is customary to sample the charge

on a regular basis to develop a time history of reduction.
Chemical analyses were performed on these samples. The results are
presented in Table X.

TABLE X
CHEMICAL ANALYSES

ACCAR SIMULATION TEST 80-10

Weight Percent

Sample Total Metallic Metallization

(Minute) Iron __Iron
20 45.33 0.08 ----
40 46.12 1.58 3.4
60 47.14 7.41 15.7
80 47.86 11.82 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 72.4]

-18-
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The final product was also analyzed for manganese (19.38 percent) and

carbon (0.3 percent).

In addition to the above chemical analyses, physical measurements

were made on the reduced product. These values are presented in

Table XI.

TABLE XI

PHYSICAL PROPERTIES OF REDUCED PELLETS

Apparent Density (g/cm3) 2.60
Matrix Density (g/cm3) 5,34
Open Porosity (%) 48.70
Bulk Density (kg/m3) 1650
Compression Strength (kg) 32
Total Reduced Product (kg) 38

(Includes Tump ore also)

Because of the Phase I discrepancies between the metallic iron chem-
istry and the apparent quality of the reduced material, an X-ray
diffraction analysis of the product sample referred to in Table X was

done. The results are as follows:

-19-
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Met Fe:

MnoSi0q:

MnO:

Si0p:

Fe(:

Major element, approximately five times as much

present as MnySiOg.
Minor to major element, mineral tephroite.

Minor element, approximately one-half as much as

Mn25104.
None
None

Trace.

According to this analysis, most of the iron oxide was converted to

metallic iron during ACCAR processing.

Microscopic Analysis of Reduced Pellets

In addition to the chemical and X-ray analysis, photomicrographs were

taken of a reduced pellet's cross section to explore the hypothesis

that there may be interactions occurring during the wet chemical

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 white 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 compounds. The dark spots dare pores.

DISPNSITION QF REDUCED PRODUCT

Thirty-eight kilograms of reduced product resulted from ACCAR Simulation
Test 80-10. Approximately half of this material has been shipped to
Kaiser Engineers, Oakland, ATTN: R. B. Greenwalt. The ramainder of the
material will be stored at Allis-Chalmers Process Research and Test Center

for the next 6 months awaiting final disposition.

é;ﬁEbvict W, (;:?¢Anu‘crru

David W. Rierson
Manager, ACCAR Process Engineer
CEMENT, MINING & METALS SYSTEMS DIVISION

sk Wia,

Shaochi Huang
Senjor Metallurgist
CEMENT, MINING & METALS SYSTEMS DIVISION

-21-




Figure 8. Photomicrograph of Reduced Pellet
200X
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OVER 80 YEARS OF SERVICE

LERCH BROTHERS INCORPORATED
GENERAL ANALYTICAL CHEMISTS

WINNESOTA LABORATORILS WISCOMIIN LARORATORILS
e Suoenor

ca. ALLOUEZ
T ecn CONSULTING SERVICE — MINNESOTA, WISCONSIN AND CANADA w.;,ﬁ.,‘ stvict
- BB, wNorer RON ORE CO CF CANADA
GENERAL OFFICES — CORNER N. 4th AVE. W and GRANT STREET 3ggx¢?§um
MAIL ADORESS — P O. BOX 8 — PHCNE (218) 262-3456 SEPT LES QuERH

HIBBING, MINNESOTA 55744
June 20, 1980

or. 5. Huang
Allis-Chalmers Corp,
Mining Systems

?.0. Box 512 (DB)
Milwaukee, WI 53201

Dear Dr. Huang:

The following are the results of the semi-quantitative
scan performed on X-Ray on your sample labelled "product of 80-048A
series"

Spec. Lab #29117

Met Fe: Major element, approximately five times as much
present as Mn2Si0y4.

MnpSi04: Minor to major element, mineral tephroite.

MnO: Minor element, approximately one-half as much as
Mn2Si0y.

S5107: None

FeO: None

C: Trace

Slncerely,

x:%} /J t»/42421 //&

Donald H®, J. Schnortz,
Chief Chemlst
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IMTRODUCTION

At the request of Richard B. Greenwalt, Project Manager, Kaiser Engineers,
Cement, Mining and Metals Systems Division was to perform preliminary chemical
analyses and tube furnace reduction studies on various samples of Sinai

manganese ore.

The purpose of this investigation was to perform gaseous reduction on an ore
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 sinqgle tube furnace reduction test and
numerous chemical analyses on ore samples submitted by Kaiser Engineers.
Account Number 01-3537-72537 was assianed to this study for control purposes

and all charges accured were billed against Kaiser Purchase Order 80012-002,

SUMMARY AND CONCLUSIONS

1. Thirteen ore samples were analyzed for manganese and total iron,

2. One sample (M-1) was found acceptable for further testing. This sample
had a weight percent chemistry of 34.57 percent manqganese, 23.84 percent

total iron.

3. A single tube furnace reduction test was performed on ore sample M-1.
Qualitative results indicate that most of the oxygen was removed fro- .he

iron oxide resulting in a highly metallized product,



4, Difficulty was experienced in the quantative determination of metallic

iron 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 reduced product.

5. By x-ray diffraction it is estimated 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 form of Mn(.

7. On the basis of this preliminary test it appears that there are no

unusual characteristics which would prevent iran ore reduction from

occurring, using ACCAR technology and processing at approximately 1000°C.

PRELIMIMARY ANALYSES OF SIMAT MANGAMESE ORE

Allis-Chalmers received three manganese ore

Engineers in November, 1979.

samples (A, B, C) from Kaiser

In January, 1980, chemical analyses were made; the results are as follows:

Sample

Weight Percent

Mn

57.25
58,45

51.96

fe
0.3
0.08

0.52



A1l three samples are judged to be of high grade mangyanese ore with Tow iron

content.

Mineralogical samples of A, B and C were also prepared and examined. Photo-
micrographs on all samples showed massive grains. MNo attempt was made to

identify the minerals.

Samples A, B and C were found unsuitable for fu-ther testing due to their low

iron content,

A second shipment of samples was received in late January, 1980, These
samples were classified as high (H) (5 pieces), Medium (M) (3 pieces) and low
(L) (4 pieces) grade. Ten (10) fine ground samples were prepared from the

above three grades of lump ore for chemical analyses. The results are as

follows.
Sample Weight Percent
Mn ___Fe

H-1 59.05 0.13
H-2 57.28 0.06
H-3 58.69 0.04
M-1 34,57 23.84
M-2 59.72 0.33
M-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



A11 samples contained high manganese. Sample M-1 had a high iron content
(23.84% Fe). An interesting feature of sample M-1 was that the fines of this
ore showed ferromagnetisn while other samples were non-magnetic. Also, the

color of the fines of M-1 was slightly brown compared with other samples which

were grayish black.

The sample M-1 was selected for a reduction tube furnace test.

REDUCTIOM TEST

The reduction test of sample M-1 was performed in a 2.9 inch diameter electric
heated tube furnace. Conditions of the tests were as follows:
Sample Weight 264.9 grams

Reduction temperature 1000°C

Reducing Gas 25% Hp, 25% CO, 507 Mp
Gas Flow rate 10 1/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.



RESULTS

Chemistry
Lump Ore Reduced Product

Total Iron (%) 23.84 30.64

Metallic Iron (%) 30.64 (estimated
with the aid
of x-rays
diffraction)

Manganese (%) 35.57 52.29

MnO (%) 67.45 (calculated)

Si0o (%) 1.65

C (%) 0.30

Mn/Fe 1.45 1.71

The reduced product was strongly magnetic. The microstructure showed 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 compounds in the reduced product. The diffraction pattern
revealed two compounds in the sample. They were metallic iron and MnO. The
greenish appearance {which suggests Mn0Q) of the reduced product supported this
x-ray diffraction conclusion. It was speculated that the presence of MnQ in
the sample may have interfered with the chemical reaction during the wet

analysis for metallic iron.



ALLiS CHALMERS

ORE AND PRODUCT PHYSICAL PROPERTIES

Lump Ore (M-1) Reduced Product

Apparent density (qg/cm3) 4.14 2,90
Matrix density (g/cm3) 4,26 5.51
Open porosity (%) 2.8 47.4
Weight loss after reduction (%) 25.1

ORE AND PRODUCT MICROSTRUCTHURES

The microstructure of a sample of manganese ore is shown in Figure 1. The
diagonal large grain at the center of the photomicrograph exhibits lenticular
structure., It is probably a high manganese mineral. At the upper left and
1ower right corner, the white grains are possibly iron rich rinerals., The

work of identification of these minerals was not performed.

Figure 2 shows the structure of reduced manganese ore. The numerous white
arains are metallic iron. The discontinuocus grey network in the iron matrix

is nonferrous m2terial, The hlack spots are porosities.

M el

Shaochi Huanq
Senior Metallurgist
CEMENT, MINIMG & METALS SY!

eMS DIVISION
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'E 1. MANGANESE ORE 200 X

FIGURE 2, REDUCED MANGANESE ORE 200X



ORE RESERVE DATA

The output from rehabhilitating the existing 13.2MVA 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.

O

o

o)

The annual
computed for each of the ore reserve cases using the cumulative

Mn ané Fe grades which are listed as follows:

Case

I
1T
ITT

From the above data,

Mn/Fe

W N

13.

OO O

Case I

Case IT

Case III

n"
2

The cases are as follows:

Proven ore reserves except the ore fines
stockpile at Abu Zeneima having a cumulative

Mn/Fe ratio of 1.03,

Proven and possible reserves
Mn/Fe ratio of not less than

Proven and possiltle reserves
Mn/Fe ratio of not less than

% Mn % Fe
27.40 26.71
33.0 16.5
39,0 13.0

having a cumulative
2.0,

having & cumulative
3'0.

2-MVA SAEF output and ore requirements were then

Reserves
tonnes

913,843

1,500,000

650,000

annual production and ore consumption

figures were computed for the rehabilitated 13,2-MVA furnace

at Abu Zeneima,

Cagce

I
I1
IT1I

Ore
Mn/Fe

LN

o OO

3

as summarized below:

Production - t/y
FeMn Pig Iron
14,045 14,268
17,197 7,682
19,824 4,570

Based on these ore consumptions, the life of
possible ore reserves is as follows:

Mn Ore
Peq'd

t/y
62,218

66,268
61,239

the proven and



Total Reserves Ore Req'd Ore Reserves

Case tonnes /v years
I 913,843 62,218 14,7
IT 1,500,000 66,268 22,6
ITI 650,00 61,239 10.6

These tables show that the Mn/Fe ratio in the ore reserve
has a hijghly significant effect on FeMn production and ore
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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TABLE 6-730

SAEF

MN ORE - 1.03 MN/FE

PIG IRON + FEMN

ORE RESERVE DATA

METALLURGICAL DATA

Operating Load - kWh
Operating Time - 7
Avg. Load - kW
kWh/kg Metal

kwh/t Metal

% Fe
% Si
% C

Electrode Paste - kg/t

Pig
Iron

10,000
94
9,400
2.29

2,290

4.0
90.0
1.0
4.0

15

High C
FeMn

10,000
94
9,400
3.53

3,530

75.C

16.0

6.5

25



CAMPATIGN

PROGRAM

TABLE 6-31
SAEF

¥n Ore - 1.03 MN/FE

PIG IRON + FEMN

ORE RESERVE DATA

1000 kg Mn ore 1.05 Mn/Fe

800 kg high Mn slag
200 kg Mn ore 1.05 Mn/Fe

HOURLY PRODUCTION

Pig ivon

High Mn slag

FeMn

ANNUAL PRODUCTION ~ Pig Iron 145d/4.8 mo

Pig iron

High Mn slag

FeMn
Slag req'd

Ore req'd

Coke req'd

Low Mn slag

9400/1200 + 1090 =4,

4,10 x 570/262 =

it

9400/2500 + 1020

Fe
145 x 24 x 4,10 =
145 x 24 x 8,92 =
220 x 24 x 2,66 =
14,045 x 800/362 =

14,268 x
14,045 x

1000/262 =
200/362

14,268 x
14,045 x

oo
r_.a
(o

210/262
170/362

14,045 % 7447362 =

kg pig iron +
kg high Mn slag

262
570

362
744

kg FeMn +
kg low Mn slag

t/h
2 t/h

t/h

Mn 220d/7.2 mo
14,268 t/y
31,042 t/y
14,045 t/y

31,039 t/y

62,218 t/y

18,032 t/y

28,866 t/y



~ A F T RS YT e e e e o s e e e m e 0 M OO ——

ENGINEFRS

TABLE 6-32
SAEF

MN ORE - 1.03 MN/FE

PIG IRON + FEMN

ORE RESERVE DATA

SUMMARY - RAW MATERIAL REQUIREMENTS

t/y

kg/ kg/t 145 d
Pig Iron Batch Iron t/d 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 t/d 7.2 mo
High Mn slag 800 2,210 141 31,03%
Mn ore 1.03 Mn/Fe 200 552 35 7,760
Coke 170 470 30 6,596
Dolomite 530 1,381 88 19,396
Total 1,670 4,613 294 64,791
FeMn 362 1,000 64 14,045
Low Mn glag 744 2,055 131 28,866

Total ore req'd 62,218



TABLE ©-33

SAEF - MANGANESE ORE 1.03 MN/FE - PIC IRON + FEMN

ORE RESERVE DATA

Wwt/Chge ]P‘.no, M § v M F':"'O'l te | Fel Fe Si ;\1203 Cal Mg BaQ P 3 C
2 i . o1 " - ' . . . . - "
Material kg li/kg kgl Ykg kgl VRe kg JURR O V/kg N kgl % kg) % kg] ~ g |~ kg | % kg{ ~ kg ] % kg
¥Mn oore i.03 Mn/Fe 1.000 AR [ 3.0 s 1.0 10 3.0 ¢ 1.0 10
AR St
Coke 210 > 5.0 11 .0 6 75.0 158
“ 3
Quartzite el o 9.0 120 1.0 :
TOTALS 1,34 274 238 i80 17 30 10 158
PI1G IRON PRODUCED SLAG FRODUCED SATERTAL 3ALANGES PRUCESS RATIOS
' initial lattial kg kg Untt
(53 L4 . RS K 2 Product/Feed Recovery
Mo 10 11 40 S0, 165 iTa R M 2007274 ° 0.950 5183/(%‘0/%7”0 o ek
2 7 02 [ 276 kg
Fe St Jan SG.0 Al O, ie i .5 Fe e A270 - 5
23 u.952 Slag Ratio
St 5 3 1L vad A W S, 540 11/ 180 - 0.952 Ca0 + Mg0 + .‘tnO/biO: 1.93
P - - Mg O 10 10 iLe AL,C to, 17 - 0.941 C°“E/(‘,m/wo 31000 Ao
S »ni TR wa Sts Ca0 29/30 - 0.967
. Coke to .“7ix x s
N - . (210/1350)100 15.7
c 10 : =0 Fel N = o Mgu 10710 - 1.000
. .
Other 3 1 1.0 Bad/0Other - - - CARBON ’102/5”0/,%,’ 11600 .
BReactiony kg <0 g 496
TOTAL A e 1000 TOTAL 570 S64 1000 ) X
s 59 _R S10, to Mix
$20,/400 9 2 (130713e0) 100 9.7
Mnd/Ma 2.4
Dolomite/t
Fe,0,/Fe0 25.9 -
Fel/Fe 53, . Dolomite to Mix % )
$40,/8¢ 2.h
2 Mn/Fe Slag
C in Metral 11.0 i1,y
TOTAL 157.8

Use 210 kg/t




TABLF &-34

SAEF - MANCANFSE ORE 1.03 MN/FE - PIG 1RON + FEMN

ORE RESERVE DATA

Wt/lhge

Material KR
High Mn slag 800
Mn oore 103 MniFe 2a0
Coke 170
Dolom{te SO0

TOTALS 1,670

laftial
hx Ny -

Mn - N SO0
re 58 61 le.o
St . ~ 1S
P
S
< D AN noS
Other < -

TOTAL el AT 1o

Mno, Mn | Mn0 Mn [ Ye O Fe

[N SR N - el
TS T/kg ) R/kg YR ] Vkg A

6.8
4 NG 1Y
AP AT
5 5
3

S5 N 89

Eal/Other

TOTAL

SLAC_ PROUCED

1
g g
it Jas
28 24
18" )
1is 121
1aG 15
Tq 10
T IO

oo, 0

Reactions
.‘&\U’.’."no
M/ Mn
Fel\)l/ Feld
Yed/ Fe
S10,/5¢

C in Metal

12057078 -

;Ll.,O3 Cal MzO Ba0 P S C
b4 “ kgl % kgl * k2 kg | % kg{ = katf % ke
18 22 5.0 40 1.7 14 T *
T Y s 3.0 6 1.0 2
9 3.0 5 75.0 128
10 R (P § Y Y 105
299 29 197 12t 128
MATHRIAL BALANCES PROCESS RATICS
Kg kg Unit
Product/Feed Recovery
386/407 - 0.949 Slag/c
(74473021000 = 2055 kg
31/84 - 0.959
Slag Ratto
3.7 NG - 0,953 Ca + Mg0Q + MnO/SL0O, = 7 1]
28/20 - 0.966 Coke/t
(179/362)L000 = 570 kg
i87/197 - 0.949
Coke to Mix X
1157121 - 0,950 (170/1670)100 - 10.2
CARBON S10,/¢
12.0 510, to Mix %
62,2
Dolimite/t
5.9 (500730231000 - 13 kg
[ Dolemite to Mix X
{500/1670)100 - 29.9
4.3
Mn/Fe Slag
15.0 - 5,12
OTAL 1228

Use 170 kg/t



TABLE 6-35

SAEF

MN ORE - 2.0 MN/FE

PIG IRON + FEMN

ORE RESERVE DATA

METALLURGICAL DATA

Operating Load - kWh
Operating Time ~ %
Avg. Load - kW
kWh/kg Metal

kWh/t Metal

% Fe
% Si
7% C

Flectrode Paste - kg/t

Pig
Iron

10,000
94
9,400
3.23

3,230

4.0
90.0
1.0
4.0

15

High C

FeMn

10,000
94
9,400
3.35

3,350

75.0
16.0
1.5
6.5

25



TABLE 6~36
SAEF

MN ORE - 2.0 MN/FE

PIG IRON + FEMN

ORE RESERVE DATA

CAMPATIGN PROGRAM

1000 kg Mn ore 2.0 Mn/Fe 165 kg pig iron +
669 kg high Mn slag

600 kg high Mn slag 349 kg FeMn +

400 kg Mn ore 2.0 Mn/Fe 587 kg low Mn slag

HOUFLY PRODUCTION

Pig iron 9400/1200 + 2030 = 2.91 t/h
High Mn slag 2.91 x 669/165 = 11.80 t/h
FeMu 9400/2500 + 850 = 2,81 t/h

ANNUAL PRODUCTION - Pig Iron 110d/3.6 mo 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 24 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
66268 t/y
Coke req'd 7682 x 180/165 = 8380
17197 x 190/349 = 9362
17742 t/y

Low Mn slag 17197 x 587/349 = 28924 t/y



TABLE 6-37
SAEF

MN ORE - 2.0 MN/FE

PIG IRON + FEMN

ORE RESERVE DATA

SUMMARY - RAW MATERIAL REQUIREMENTS

Pig Iron

Mn ore 2.0 Mn/F
Coke
Quartzite

Pig Iron
High Mn slag

FeMn

High Mn slag
Mn ore 2.0
Coke
Dolomite

FeMn
Low Mn slag
Total ore req'd

e

Total

Total

kg/
Batch

1,000
180
150

1,330

165
669

kg/

Batch

600
400
190
300

1,490

349
587

kg/t
Iron

6,061
1,091
909

8,061

1,000
4,055

kg/t
FeMn

1,719
1,146
544
860

4,269

1,000
1,682

423
76
53

562

70
283

288

67
113

tly
110 d
3.6 mo

46,563
8,381

6,983

61,927

7,682
31,152

t/y
255 d
8.4 mo

29,562
19,708

9,355
14,790

73,415

17,197
28,926
66,268



TABLE 6-737
SAEF

MN ORE - 2.0 MN/FE

PTG IRON + FEMN

ORE RESERVE DATA

SUMMARY -~ RAW MATERIAL REQUIREMENTS

kg/
Pig Iron Batch
Mn ore 2.0 Mn/Fe 1,000
Coke 180
Quartzite 150
Total 1,330
Pig Iron 165
High Mn slag 669
kg/
FeMn Batch
High Mn slag 600
Mn ore 2.0 400
Coke 190
Dolomite 300
Total 1,490
FeMn 349
Low Mn slag 587

Total ore req'd -

kg/t
Iron

6,061
1,091
_.909

8,061

1,000
4,055

kg/t
FeMn

1,719
1,146
544
860

4,269

1,000
1,682

423
76
63

562

288

67
113

t/y
110 d
3.6 mo

46,563
8,381

6,983

61,927

7,682
31,152

t/y
255 d

8.4 mo

29,562
19,708

9,355
14,790

73,415

17,197
28,926
66,268



TABLE 6-38

SAEF - MANGANESE ORE 2.0 MN/FE - PIG IRON + FEMN
ORE RESERVE DATA
—— e R o e [
Wt/Chge .‘tnO2 Mn | MnC Mn Z-‘e,,03 Fe | FeO Fe SiO2 ;\1203 Cal Mg0 Bal P S C
t Material kg T/kg t/kg | Z/kg Wkg| L/kgT  i/kg [ X/kg T/kg | % kg | 2 kg % kg{ % kg b2 kg | % kg | = ki | & <R
) 1
Mn ore 2.0 Mn/Fe 1,000 3.0 16.5 5.0 50 1.0 10 4.0 40 1.0 10
3130 165
Coke 180 2.0 5.0 9 3.0 5 75.0 135
4 3
Quartzite 150 o e 99.0 149 1.0 1 . .
TOTALS 1,330 330 Lor 208 16 40 10 135
PIG IRON PPODUCED SLAG_PRODUCED MATRRIAL BALANCES PROCESS RATIOS
Initial
@ k___.__" 2 Initial kg kg Unit
= . k& w32 Product/Feed Recovery
Mz 7 7 4.0 $10, 194 206 29.0 Mn 314/330 - 0.951 Slag/t
- (669/165) 1000 = 4055 kg
Fe 147 155 90.0 AL0, s 16 2.1 Fe 159/168 - 0.949
Slag Ratio
Si 2 2 1.0 a0 38 40 5.7 $10., 198/208 - 0.953 Ca0 + Mg0 + MnO/SiOZ = 2.01
P - - -~ Mg0 10 1 1.4 Al,0, 15/16 - 0.938 Coke/t
= (180/165) 1000 = 1091 kg
S - - Mno 396 417 56.2 Ca0 38/40 - 0.950
Ccke to Mix 2
[of 7 7 4.0 Fel 16 1 2.4 MgO 10/10 - 1.000 (180/1330)100 = 13.5
Other 2 2 1.0 Ba0/Other - - CARBON $10,/t
React lons @ 2(150/165)1000 = 909 kg
TOTAL 165 173 100.0 TOTAL 669 704 1006 -
P'tnOZ/MnO 72.0 $10, to Mix I
(150/1330)100 = 11.3
Mn0/Mn 1.5
Dolimice/t
Fe,0,/re0 18.0 -
FelU/Fe 33.2 Dolomite to Mix X
St /s 1.7
2 Mn/Fe Slag
C in Metal 7.y = 2%
TOTAL 133.4
133.4/.75 = 177.9 Use 180 kg/t



TABLE 6-39
SAEF - MANGANESE ORE . ¢ MM/FE - PLIG TRON -

ORE KESERVE DATA

FEMN

I e e e - .
Wt /Chge | Mnd, Mn | M0 xn, Fa O Fe | Fet Fe 510, A.l,()3 Cag Mg0 Bal P 5 o
Material i kg Tk T/kw | “/kg '\’ng 1/ kg kg ] Wkg kg | % kg 2 “ kgl % kgl % kg kg | % kgt 2 kg | % kg
L___.ﬁ R | | I L
High Mn slag o 2 2.4 9.0 174 2.3 14 5.7 3% 1.5 S
33; ‘ol 14 11
Mo oore 1.0 Mn/Fe 400 330 16.5 S0 200 1.0 4 4. 16 1.0 A
137 H6
Coke 1on Lo 5 0 16 3.0 IS 75.0 143
g 3
Dolomite 00 ) RN b 3.2 91 1.0 [2] —
TOTALS 1,490 132 ol H9 11 210 24 Pat 75 Le3
FEMN PRODUCED SLAG PRUDUCED MALERLAL BALANCES PROCESS RATIOS
41
. k?“‘_‘ii; Inittal kg kg Untt
= = ; ks ke X Product/Feed Recovery
Mn Yol 2050 TALa 510, 189 199 g Mn 3737393 - U. 948 Slag/t
) {587/ 349) 1000 1082
Fe S0 59 Io.0 Al,0, 23 a 1.9 Fe 70/80 - 0,993
-7 Sleg Ratio
51 5 5 P al 13 1al R 510, 2007210 ~ 0.950 Ca0 + Mg0 + Mn0/S{0, 1.97
i3 Mg0 71 5 121 A0 23724 - 0.958 Coke/t
2 (190/359) 1000 544
s . B M Lo . i Cal 1347141 - 0.950
Coke to Mix 1
C 23 2a B S Fel 26 27 A M0 TS - 0,947 (19014909100 12.8
Other 4 PR Ba0/0 ter - - CARBON $10,/¢t
’ - Reag tloas kg - -
TOTAL 3459 in oo TOTAL 587 o18 (0P o
m07/M00 28.38 SL()7 to Mix
0/ Mn £0.0
Dolimite/t
Fe7 li,pe\) .4 (300/359) 100 Kot
Fel/Fa 12.6 Dolomite to Mix ¥
(30014800 100 20.1
510,751 &3
2 Mn/Fe Slag
C in Metal 240 hes
TOTAL 1371
137.1 S = 152.8 Use 190 kg/t



TABLE 6-40
SAEF

MN ORE - 3.0 MN/FE
PIG IRON + FEMN
ORE RESLRVE DATA

METALLURGICAL DATA

Pig High C

lron FeMn
Operating Load - kWh 10,000 10,000
Operating Time - % 94 94
Avg. Load - kW 9,400 9,400
kWh/kg Metal 4,19 3.19
¥Wh/t Metal 4,190 3,190
% Mn 4,0 75.0
7 Fe 90.0 16.0
7 Si 1.0 1.5
%z C 4.0 6.5

Flectrode Paste - kg/t 15 25



TABLE 6-41
SAEF

MN ORE - 3.0 MN/FE
PIG 1RON + FEMN
ORE RESERVE DATA

CAMPAIGN PROGRAM

1000 kg Mn ore 3.0 Mn/Fe 129 kg pig iron +
771 kg high Mn slag

500 kg high Mn slag 384 kg FeMn +

500 kg Mn ore 3.0 Mn/Fe 524 kg low Mn slag

HOURLY PRODUCTION

Pig iron 9400/1200 + 2990 = 2,24 t/n
High Mn slag 2.24 x 771/129 = 13,41 t/h
FeMn 9400/2500 + 690 = 2,95 t/h

ANNUAL PRODUCTION - Pig iron 85d/2.. 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
Ccke req'd 4,570 x 180/129 = 6,377
19,824 x 220/384 = 11,358
17,735 /y

Low Mn slag 19,824 x 524/334 = 27,052 t/y



D

TABLE 6-42
SAEF

MN ORE - 3.0 MN/FE

PIG IRON + FEMN

ORE RESERVE DATA

SUMMARY - RAW MATERIAL REQUIREMENTS

Pig Iron

Mn ore 3.0 Mn/Fe
Coke
Quartzite

Total

Pig iron
High Mn slag

FeMn

High Mn slag

Mn ore 3.0 Mn/Fe
Coke

Dolomite

Total
FeMn

Low Mn slag
Total ore req'd

kg/
Batch

500
500
220
250

1,470

384
524

kg/t
Iron

7,752
1,395
1,550

10,697

1,000
5,977

kg/t
FeMn

1,302
1,302
573
651

3,828

1,000
1,365

t/y
85 d
2.8 mos

35,426
6,377

7,085

48,888

4,570
27,356

t/ly
280 d
9,2 mos

25,811
25,811
11,358

12,906

75,886

19,824
27,052
61,239



TABLE 6-43

SAE¥ - MANGANESE ORE 3.0 MN/FE - PIC

ORE RESERVE DATA

IRON + FEMN

Wt, Chge MnO Mnf Moo MnjFe 0 \ Fe §tel Fe hR U ES SNV cao MgC BaQ ] ? C
Material kg WRE O Vkgf Tk t/kpfr/Rg kg floke Tike T Tk g {° ks f ¥ kg kg ‘x kg I % kgl = kg
Mn ore 3.0 Mn/Fe 1,000 39.0 R 4.0 40 N¢ 10 3.0 30 1.0 10
ERIN 130
Coke 180 2o 8.0 9 .0 S 75.0 135
R
Quartzite 200 . Q9.0 198 L0 :
TOTALS 1,380 390 131 24 17 i 10 135%
Pl¢ TRON PRODUCED SLAC PRODUCED MATERTAL BALANCES PROCESS RATIOCS
loitial Initial Mn 37171390 - 0.650 Slag/t
kg kg k! kg kg * (771712931000 5977 kg
Fe 120/133 - 0.948
Mn 5 S 4.0 $10, 231 243 30.0 Slag Ratio
- S50, 2380047 - 0.953 a0 + MgO + Mn0/§10, i.91
Fe 116 122 90.0 al.ug 16 17 2.1 : .
- ALy to/17 - 0.941 Coke/t
s1 J CaQ 29 30 3.7 - (180/129)1000 1395 kg
Cag a0 - 0.967
P - M0 e 10 1.2 Coke to Mix T
MgQ 10/10 - 1.000 (18C/1380)100 13.0
S - - Mno 472 497 a6l
¢ $10,/t
¢ i\ S 5.0 FeQ 13 14 i.7 - (200/129)1000 1950 xg
Mne | TMne 851
Other | 1 1.0 Bao/Other - - - ) S10, to Mix X
VM (2 3 4.5
|9 1. Voo 0 ;7 alt 1000 Mn /Mn 1.1 (200/1280)100 14,5
FE,L‘},’FQI‘ 4.3 Dolomite/t -
FeQ,/Fe 261 Dolomite to Mix 1 -
S10,7/99 1.7 Mn/Fe Slag 36.2
¢ in Metal 5.0
133.3

Use 18O kg/t




TARLE 6-44
SAEY - MANGANESE ORE 3.0 MN/FE - PIC 1RON + FEMN
ORF RESERVE DATA

Wt/Chge  |MnoO, Mn | MnO ¥n | Fe,0, Fe |Feo Fe EETAN ALL0, Cao Mg Ba0 P S C
Material kg A/kE X/kg{ A/kg R/kgl 1/ke T/kR T Ry Tlkp | Tt Tkel T Toke( T kp |~ kgt % kgl ~ kg“" kg | % kg
High Mn slag 500 61.3 1.7 .0 1se 2. 11 3.7 019 .2 6
307 237 9 7
Mn ore 3.0 Mn/Fe 500 9.0 13.0 4.0 200 1.0 5 3.0 15 1.0 S
195 65
Coke 220 2.0 5.0 It 3.0 7 75.0 165
4 3
Dolomite 250 L . 2.0 5 0.2 Te 1.0 S
TOTALS 1,470 195 237 68 7 166 23 110 64 165
FEMN PRODUCED SLAC FRODPUCED : B
FEMN PRODUCED 2080 PROMCED MATFRIAL BALANCES PROCESS RATICL
Init ial Initial Mn 4tt/an? - 1.951
kg kg % k K B
kg S * - KR R e . 0951 Slag/t
71/7 - .
Mn 287 02 78,0 10, 164 173 L ' ) (524/384) 1000 T 138 kg
S10, 77/18 - .
Fe 02 65 16.0 AL, 25 23 P ; 1777186 0.951 slag Rstfo
. Ca0 + MgO + Mn0/S10, = 2,06
‘ alLe, 2227 = 0.0%7 2
EH 6 & 1.5 Ca0 105 11y 19.9 -2 .
Cao 105110 0 os Ccke/t
A ! - .
v ) i _ Mgo! o1 o e : 955 €220/384) 1000 = 573 kg
Mgt 61/64 = 0.953
Q _ - - Mno 160 168 30.5 953 Coke to Mix 2%
. (220/14703100 = 15.0
c o5 6 6.5 Fe0 12 13 2.4 ”‘_‘”
Mo, /Mno a0k hiOZ/C -
Other 4 4 1.0 BaO/Other - - - -
s ) —_ —_ , $10, to Mix % -
84 G013 1090 524 551 100.0 Mn(/ Mn 5.9 2
) Dolomite/t
Fe 0,/Fet 7
20/ Fed - (250/184) 1000 - 851 kg
FeO/Fe :
eQ/Fe 13.9 Dolumite to Mix %
S10./51 . (250/1.70)100 - 150
/ o y
Coin Metal 60 Mr/Fe Slag 2.3
60,7

R TU S S P | Use 120 kp't



Mn GRADE AND Mn/Fe RATIO

Duplex Smelting

Without large reserves of direct shipping ore (48% Mn), ex-
ploitation of the Om Bogma area ores réequires 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
product (spiegeleisen) for which there is little, if any,
market.

Therefore, a two-stage furnace process, cduplex 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 13.2-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.

Metallurgical balances and summary tables were computed for a
range of Mn/Fe ratios and are included in the Appendix for
reference purposes.



Description

SAEF - 13.0 MVA/1OMW
Rehabilitated 'nit

Mn Ore O Mn/Fe
Mn Ore 1.0 Mn/Fe
Mn Ore . Mn/Fe
Mr Ore 3.0 Mn/Fe
Mo Ore L0 Mn/Fe

M Ore 5. Mn/Fe

TABLE 6-45

SUMMARY = OFERATING ALTERNATIVEC
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GARF SMELTING - 1ig [RON + FeMy
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17183

1r-8hl
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Electrode
Carbon

G Y S
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SUMMARY - OFERATING ALLERNATIVES

SAER SMELTING - FIG [RON + FeMn
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TABLE 6-47
SAEY

MN ORE - 0.6 MN/FE

PIG IRON + FEMN

METALLURGICAL DATA

HIGH C
PTG IRON FEMN
Operating Load -~ kW 10,000 10,000
Operating Time - 7 94 94
Avg. Load - kW 9,400 9,400
kWwh/kg Metal 1.81 3.51
kWh/t Metal 1,810 3,510
% Mn 4,0 75.0
7 Fe 90.0 16.0
1051 1.0 1.5
7 C 4.0 6.5

Electrode Paste - kg/t 15 25



TABLE 6-48
SAEF

i,

MN ORE - 0.6 MN/FE

PIG IRON + FEMN

CAMPAIGN PROGRAM

1000 kg Mn ore - 0.6 Mn/Fe 353 kg pig iron +
429 kg high Mn slag

900 kg high Mn slag 375 kg FeMn +

100 kg Mn ore 0.6 Mn/Fe 752 kg low Mn slag

HOURLY PRODUCTION

Pig iron 9400/1200 + 610 = 5.19 t/h
High Mn slag 5.19 x 429/353 = 6.31 t/h
FeMn 9400/2500 + 1010 = 2.68 t/h

ANNUAL PRODUCTION - Pig iron 185d/y 6.1 mes  FeMn 180d/y 5.9 mos

Pig iron 185d x 24h x 5.19 = 23,044 t/y

High Mn slag 185d x 24h x 6.3l = 28,016 t/y

FeMn 180d x 24h x 2.68 = 11,578 t/y

Slag reg'd 11,578 x 900/375 = 27,786 t/y
Ore req'd 23,044 x 1000/353 = 65,280
11,578 x 100/375 = 3,087

68,367 t/y
Coke req'd 23,044 x 240/353 = 15,667
11,578 x 160/375 = 4,940

20,607 t/y

Low Mn slag 11,578 x 752/375 = 23,218 t/y



SUMMARY ~ RAW MATERIAL REQUIREMENTS

Pig Iron

Mn ore 0.6 Mn/Fe
Coke
Quartzite

TOTAL

Pig iron
High Mn slag

FeMn

High Mn slag

Manganese ore 0.6 Mn/Fe
Coke

Dolomite

TOTAL
FeMn

Low Mn slag
Total Mn ore req'd

kg/
batQE

1,000
240

kg/
batch
900
100
160
500

1,660

375
752

TABLE 6-49
SAEF

MN ORE 0.6 MN/FF

PIG

TRON + FEMN

kg/t
Iron

2,833
680

L42

3,655

1,000
1,215

kg/t
FeMn

2,400
267
427

1,333

4,427

1,900
2,005

456

125
151

t/y
185 d

6.1 mos

65,280
15,667
3,280

84,227

23, 0m,
28,016

t/y
180 d
5.9 mos

27,786
3,087
4,940

15,433

51,246

11,578
23,218
68,367



TABLE 6-50
SAEF SMFLTING - MN ORE 0.0 MN/FE - J1¢ IRON + FEMN

Wi. per Charge an\,. Mn | MnQ Mn Fe ] Fed vol Sio Al 0 -(“m’ﬁ - MO Bau P S C
- - - ’ - ) - N W a - -y - - M - - N - -
Material ke PRENY kgl kg YUk N N Bt NS N NN ke |2 ke | 7 kg | kel % kg = kg | * [N kg
Tow Grate Ore 1,008 e (LRI S.80 AL IR Ja 0L28 3 0010 1 0l I 0L10 1 0.1¢ I 0.0z -
it NN 1o A sl
Coke 240 5,00 12 300 7 i.00 2 75.00 180
N 3
Guartzite 1Y) e . . 909.0¢ 49 100 b R
I'OTAL S 1,790 Jar7 8 Yo Ite LN i 1 1 1 3 180
F1i:_1TRON PRODUCED SLAGC PROVUCED MATERIAL BALANCES PROCESS RATIOS
kg K Unitc
luitial Injtial Procducts,/Feed Recovery
1S3 1 B S :
Fe 18 g0, 0 S 105 1o JaLk Te 34573604 0,948 Slag/t
) . {429/353)1000 - 1215 kg
B 206719 4 : A
4 4 4 1.0 AL0, 6 3 ! B gas21s 0.940
- S{o, 114,119 ARCET slay Ratio
, AN N K b .8 ; Ja + Mo + D
! ! ! ' L ! AL, 30730 0.8 430 ¢ Moo v Mo 207
A Si0,
My 1 1 G0 MgQ 1 1 AN Cap S/ 8 L. 000 -
. } Cokelt
Mo ) YO
s . . 0.0 M0 4y 1as a7 Mt Lt b (250/395)11000 = 080 kg
¢ 14 1S Ho0 Feo 3 37 “arh Coke to Mix 2
farban (26071790)Y100 = 15,6
thet N N ARG Bal Othe: 5 5 1.1
— — T S10./t (50/353) 1000 - N
o - ) >
153 32 100, 00 229 Y 00,0 Fe, 0 Feo 9.1 -
2y o 10, To Mix 2
Y F 71.8 2
Feo/Fe ¢ (50/1290) loo = 3.9
Moo /M 3.3 )
" i Mn/Fe Slayg
oy - 7.0
Mod /Mo 45,1
S10,/581 3.4
plnﬁ'}' 1.0
¢ tn P{g Iren 1s.0
178.7
178.7 .79 = 138 kg Coke Use 240



TABLE 6-51

SAEF SMELTING - MN ORE 0.% MR/FF -~ P1G IRON + FEMN PRODUCTION

Fe O

Twesaht per charge Mr0, Mo }¥nO Mn S0 Fe . Fed Fe Sir, Aly0, Cat MgO Ba0 P S C
Material kg */kg T/kg [ ¥/kg iiwg | R/kgT T/kg LZ/kg Slkgt ¥ kg | * T kg™ kg | ® kgl kg { 7 kel ¥ kpji kg
N 8.2 2.4 220 7.1 64 1.8 16 .
High Mn slag ann a7 Y 57 0.2 RN 10
515 399 ~ ’
Low grade ore joa 12.70 0.97 51 .47 Y. 8¢( 6 2.38 20,78 L 0,10 - 0.99 b 0010 - 0.09 -
33 1 1 51 16
Coke 160 .00 S.00 8 3,00 5 75,00 i2u
i
Nolomite 800 . e 2 2.0 o B ESE 2100 1S
TOTALS 1,m60 21 ane 35 57 244 A tod 167 11 L2v
FEMN PRODUCED SLAG PRODUCED MATERIAL BALANCES PRODUCT RA'[I')S_
T , . kg g Unit
-Ml_ . K I—'—‘—iﬂ"-dtl Product /Feed Recovery
kg L3 : e ke z Slag/c  (752/375)1000 = 2005 ke
Mo 280 295 Dol S10, 11 231 9.1 Fe 90/95 0.947
; Slag Ratio
> 4007421 0.950
Fe 60 63 6.0 AL, 7i 9.0 Hn volL2 CaGHMgO+Mn0+ B0 2 10
s Si0, 2327244 0.951 SiO, :
. S 26 6,8 Cau 1eo In8 L2 N - -
. . 5 ;
Ab,0 67/71 0.944 Coke/t (160737531000 627 kg
$1 6 ¢ 1.5 MyrO 102 167 3.5 Cao 160/ 168 0.052
Coke to Mix %
)2 7 0.953
. - MnO 159 te3 2006 Mad L02/10 933 (160/1660)100 9.6
S - - Fet 1q 41 5.0 carbon Nol/t (500/375 11000 1334 kg
i 4 & 1.0 Ba(Q/0clier i0 1 Y . P Dol to Mix %
Other - / ‘——_)‘ ] - o l—/)) !-e?JT/IeO 4.1 (SO0/1660 1100 3G.1
175 394 1001 750 79 n0.0 Fetl/ Fe 13.5
May ., /Mno 4. ¢
MnO/Mn 04 4
sin f9i 5.1
C it My 26.0
117.7
17.77.7% = 157 Coke Use 160




METALLURGICAL DATA

Operating Load - kW
Operating Time - 7%
Avg. Load -~ kW
kWh/kg Metal

kWwh/t Metal

%4 Mn
7 Fe
7 Si
7 C

Electrode Paste - kg/t

TABLE 6-52
SAEF

MN ORE -~ 1,0 MN/FE

PIG IRON + FEMN

Pig
Iron

10,000
94
9,400
2.47

2,470

4.0
90.0
1.0
4.0

15

High C

FeMn

10, 000

9,400
3.66

3,660

75.0
16.0
1.5
6.5

25



| TA3LE 6-53
SAEF

——r———

MN ORE - 1.0 MN/FE
PIG IRON + FEMN

CAMPAIGN PRCTRAM

1000 kg 1.0 Mn/Fe ore 237 kg pig iron +
592 kg high Mn slag

850 kg bhigh Mn slag 311 kg FeMn

150 kg 1.0 Mn/Fo ore 719 kg low Mn slag

HOURLY PRODUCTION

Pig iron 9400/1200 + 1270 = 3,81 t/h
High Mn slag 3.81 x 592 /237 = 9,51 t/h
FeMn 9400/256D + 1160 = 2.57 t/h

ANRUAL PRCODUCTION - 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 24 x 9,5] = 35,377 tly
FeMn 219 x 24 x 2.57 = 12,953 t/y
Slag req'd 12,953 x 850/311 = 35,402 t/v
Ore req'd 14,173 x 1000/237 = 59,802
12,953 x 150/311 = _6,247
66,049 t/y
Coke req'd 14,173 x 190/237 = 11,362
12,953 x 14G/311 = 5,831

17,193 t/y

Low Mn slag 12,953 x 716/311 = 29,946 t/y



TABLE 6-5 4
SAEF

MN ORE - 1,0 MN/FE

PIG IRON + FEMN

SUMMARY - RAW MATERIAL REQUIREMENTS

Pig Iron

Manganese ore 1.0 Mn/Fe
Coke
Quartzite

TOTAL

Pig iron
High Mn slag

FeMn

High Mn slag

Manganese ore 1.C Mn/Fe
Coke

Dolomite

TOTAL
FeMn

Low Mn slag
Total Mn ore req'd

kg/
batch

1,000
190
70

1,260

237
592

kg/
batch

—— —————

850
150
140
300

1,440

311
719

kg/t
Iron

4,219
802
295

5,316

1,000
2,493

kg/t
FeMn

2,733
482
450
965

4,630

1,000
2,312

484

91
227

287

62
143

tly
155 d
5.1 mos

59, 509
11,312
4,161

74,982

14,105
35,234

t/y
210 d
6.9 mos

35,402
6,247
5,831

12,500

59,980
12,953

29,946
56,049



TABLE 6-55

SAEF - MN ORE 1.0 MN/FE - PIC IRON + FEMN
Wt/Chge MnO.,, Mn § *nO ¥Mn§ Fe, 0. Fe | Fel Fe 510, [ Al 03 Ca0 MgQ Ba0 P S C
Material kg /g vk ) /kg T/ke§ T/kgt T/ke ] U/kg IT/kgfT T okglr T T kgl kel % kg % kg f % kgl % ke § 7 |3
Mn Ore - 1.0 Mn/Fe 1,000 38.0 24.0 34,03 24.0 10.0 100 s.0 SO 4.0 40 3.0 30
380 240 343 240
Coke 190 2.0 5.0 10 3.0 3 75.0 143
4 3
Quartzite 70 99.0 69 1.6 1 . .
TOTALS i, 260 240 243 i79 S7 40 0 143
PIC IRON PRODUCED SLAC PROI'UCED MATERIAL BALANCES PRODUCT RATIOS
kg kg Unic
Initial Initial Product/Feed Recovery
kg kg % kg kg z Fe 231/243 - 0.950 Slag/t
(592/237)1000 2644 kg
Fe 213 224 90.0 ~10, 166 179 28.1 Mn 228/240 = 0.952
h Slag Ratio
51 2 2 1.0 Al,,O3 54 57 9.1 Sio, 170/179 = 0.951 Cad + MgO + b‘an/Si.O2 1.94
P - - - Ca0 38 L0 6.4 Al,(\,) 54757 = 0.947 Coke/t
- (190/237) 1000 802 kg
Mn in 10 4.0 Mg(C 29 30 4.8 Ca0 38/40 = 0.950
Coke to Mix X
s - - - MnO 282 297 477 Mg0 26/30 = 0.967 (190/126C) 100 15.1
c 10 10 4.0 Fel 23 24 3.9 _c $10,/t
(70/237) 1000 295 kg
Qther 2 K ___I__Q Ba(/0Other ~ - - MnO_,/MnO 50,2
- SiO? te Mix Z
237 248 100.0 592 623 100.0 Mn0, /Mn 4.4 (70/1260)100 = 5.6
Fez().’/FeO 2.0 Mn/Fe Slag 1.2
Fezo.‘/Fe 72.0
$10,/$1 1.7
C in Metal 10.0
140.3
140.3/.75 « 187.1 Use 190



TABLE 6-56
SAEF - MN ORYF i.0 MN/FF - PIG IRON + FEMN

Wi/Chge IMnO ., Mn § Mn0O Mn Fe,,(‘} Fe f Feo Fe Sio, Al.,O3 Cat MgO Ba0 P S C
Material kg L/kg t/kg P i/kg YkgfR/kp Tke f ke ke * “ kgl kgl ¥ ke g} kef 2 e o 7 kg
Kigh Mn slag 850 47,7 3.9 8.1 239 9.1 77 6.4 S4 4.8 41
405 14 33 26
Mn ore 1.0 Mn/Fe 150 38.0 24,0 3403 24.0 i0.¢ is s.¢ 8 4.0 6 3.0 S
36 36
Coke 140 R 5.0 7 1.0 4 75.0 105
: .
Dolomite 300 — — 2.0 6 0.2 91 21.0 3
TOTALS 1,440 36 314 38 ) 267 89 151 109 105
FEMN PRODUCED SLAG PRODUCED MTERIA;“ BALA;SCES bt PRODUCT RATIOS
Product/Feed Recovery
Initial Inirial 3377150 5———5.._4.
ke kg z kg kg z s 3327350 -9% Slag/t
. , ; (719/311)1000 - 2312 kg
¥n 232 245 75.0 st0, 204 257 33.9 Fe pO/b4 - 0.9
- . Slag Ratio
2 7 -
Fe 50 53 1.0 A1Lo, 86 90 1.9 S10, 235/207 u.934 Ca0 + Mg0 + M0/S10, - L7
s 3678 =
c 2 21 6.5 a0 143 1ol 19.9 Al,0y 86789 0966 Coke/t
. (140/311) 1000 = 450 kg
. . .
) ; s s 4g0 104 109 et ca0 1437151 0.94
Coke to Mix 7
- 1 ; = n /
P N - - ¥n0 129 130 18,0 g0 1047109 -954 (140/1440)100 - 9.7
s - - - FeQ 13 14 1.9 S Dolomite/t
(300/311) 1000 = 965 kg
I3
Other 4 4 1.0 Ba/Other - - - Hn0, /MnO 7.9
. Dolomite to Mix X
5
1 328 100.0 719 797 100.0 Mn0/Mn 33.3 (300/1440)100 - 2.8
Fe,0,/Fe0 et Ma/Fe Slag - 9.¢
Fel/Fe 1.4
$10,/51 4.3
¢ in Metal 21.0
102.2

102,2/.75 = 1363 llse 140 kg/t



TABLE 6-57
SAEF

M{ ORE - 2.0 MN/FE
PIG IRON + FEMN

METALLURGICAL DATA

Pig High C
Iron FeMn
Operating Load - kW 10,000 10,000
Operating Time - 7 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
% Si 1.0 1.5
7 C 4.0 6.5

Electrode Paste - kg/t 15 25



AN X~ §-t]

CAMPAIGN PROGRAM

1000 kg Mn ore

700 kg high Mn

TABLE 6-58
SAEF

MN ORE ~ 2.0 MN/FE

PIG IRON + FEMN

-~ 2,0 Mn/Fe

slag

300 kg Mn ore - 2.0 Mn/Fe

HOURLY PRODUCTIOV™

Pig iron
High Mn slag

FeMn

ANNUAL PRODUCTION

9400/1200 + 2170
2.79 x 695/160

9400/2500 r 920

160 kg pig iron +
695 kg high Mn slag

352 kg FeMn
645 kg low Mn slag

2.79 t/h
12.11 t/h

2.75 t/h

- Pig iron 115d/3.8 mos  FeMn 250d/8.2 mos

Pig iron
High Mn slag
FeMn

Slag req'd

Ore req'd

Coke req'd

Low Mn slag

115 x 24 x 2.79
115 x 24 x 12,11
250 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
16,500 x 180/352 = 8,438

16,500 x 645/352

7,700 t/y
33,424 t/y
16,500 t/y

32,813 t/y

62,188 t/y

17,101 t/y

30,234 tly



TABLE 6-59
SAEF

MN ORE - 2.0 MN/FE
PIG IRON + FEMN

SUMMARY - RAW MATERIAL REQUIREMENTS

kg/ kg/t

Pig Iron Batch Iron
Mn ore 2.0 Mn/Fe 1,000 6,250
Coke 180 1,125
Quartzite 100 625
TOTAL 1,280 8,000
Piy iron 160 1,000
High Mn slag 695 4,344
kg/ kp/t

FeMn Batch FeMn
High Mn slag 700 1,989
Manganese ore 2.0 Mn/Fe 300 852
Coke 180 511
Dolomite 300 852
TOTAL 1,480 4,204
FeMn 352 1,000
Low Mn slag 645 1,832

Total Mn ore req'd - -

121

t/y
115 d

3.8 mos

48,125
8,663

4,813
61,601

7,700
1, 424

t/y
250 d

8.2 mos

32,813
14,063

8,478
14,058
69,372

16,500
30,234
62,188



TABLE 6-60

SAEF - MN OR¥F - 2.0 MN/FF¥ - pIc IRON + FEMN
Wt/Chge | MuO, Mo | MnO Mn Fe,,ﬂB Fe rF;e(\ F;
Materials kg kg T/kg | Tkg Ukg| Tke k| ¥/
Mn Ore - 1.0 Mn/Fe 1,000 32.0 in.0
320 160
Coke 130 2.0
4 3
Quartzite 100
TOTAL 1,280 320 163
PlC RODUCED SLAG PRODUCED
Initial Initial
ke ke : ke kg x
Fe 142 150 90 .0 S10, 184 i94 26
Si 2 2 1.0 Al 0. 44 4 6
P - - - Cav 38 40 S
Mn 7 b 4.0 Mg 29 30 4
S - - ¥n0 384 404 S
C 7 7 4.0 Fel 16 17 2
Other K 2 1.0 Bav/Other - - -
180 168 100.C 695 T3] 160.90

si0, 1,0, cao ¥g0 8a0 P 3
T T kg T kg T kg | = kg [ % kgl % kg kg | 2 kg
Q.60 qQ b 40 4.0 40 .0 30
5.0 .G S 75.0 135
990 Q9 0 1
198 46 40 30 135
MATERIAL BALANCES PRODUCT RAT10S
Fe 154/163 = 0.945 Slag/t
(695/160)1000 = 4344 kg
Mn 3047320 = 0.952
Slag Ratio
S10, 1887198 = 0.950 Ca0 + Mg0 + Mn0/S10 = 2,22
Al,t\‘ L4/46 = 0.957 Coke/t
- (180/160) 1000 = 1125 ke
Cal 38/40 = 0.950
Coke to Mix %
MgO 29710 = 0.967 (180/178u) 100 - 141
C S$10,/¢
- (160/160)1000 = 625 kg
MnO, /Mn0 69.8
h 5102 to Mix ¥
M0 /Mn 1.5 (100/1280)100 = 7.8
Fe,oz/Fed 17.5 Mn/Fe Slag 23.9
FeQ/Fe 32.1
Si0,/si 1.7
C in Metal 7.0
126.6

129.6/.75 = 172.8

Use 180 kg/tc



TABLE 6-61
SAEF - MN ORE 2.0 MN/FE — PICG IRON + FEMN

Material Wi /ChgeiMnd, Mn{MnQ Mn Fe,ﬂ3 FelFel
Vg “/xg T/kgli/kg wikg] T /kg . /
High Mn Slag 700 9.3 42.8
300
Mn Ore - 1.0 Mn/Fe 300 32.0
6
Coke 180 2.0
4 3
Dolomite 300 .
TOTAL 1,480 96 300 51
FEMN PRODUCED LAG PRODUCED
Initial Initial
ki kg H kg kg :
o 263 A 5.0 530, 204 215 31.6
Fe 56 54 6.0 AlLO S8 1 e n
C 03 A [ Lat 135 P42 AL I
Si [ [ i "gO 96 tol 14 .9
» - - - MO lab 154 227
< ~ - - Fetd [ [J N9
Other 4 - 1.0 BaC/Otn.r - - -
352 370 10000 645 679 100.0

Fe $10, AL,04 Ca0 Mg0 Ba0 P 5 c
ks kg~ kgi % kg | = kg{ % kgi % kg
6.3 44 5.8 39 4.1 29
4.0 12 4.0 12 3.0
5.0 9 3.0 S 75.0 135
.0 t _30.2 581 .0
13 228 61 42 10t 135
YATERIAL BALANCES PRODUCT RATICS
Mo 376/396 - 0.950 Slag/t
(645/352)1000 = 1837 kg
Fe 61/64 = (1.948
Slag Ratio
S0, 2177228 = 0.951 Cal + Mg0 + MnO/SiO2 = 2,02
ALL0y 58/61 = 0.951 Coke't
. (180/352)1000 = 511 kg
Cao 135/142 = 0.951
Coke to Mix %
MO 96/101 = 0.951 (180/1480)100 = 12.2
C Del/t
(300/352)1000 = 852 kg
Mn, /Mnr0 0.9
- Del to Mix Z
MnQ /Mo 60.4 (300/1480)100 = 20.3
Feﬂ(‘»]/!-'eo 5.5 Mn/Fe Slag 24.2
FeO/Fe 12.6
$10,/81 st
¢ in Metal 24 .0
128.5

128.5/.75 = 1:1.3

Use 180 kg/t



METALLURGICAL DATA

Operating Load - kW
Operating Time - 7
Avg. Load - kW
kWh/kg Metal

kWh/t Metal

Electrode Paste - kg/t

TABLE 6-62
SAEF

MN ORE - 3.0 MN/FE

PIG TRON - FEMN

Pig
Iron

10,000
94

9,400

4, 560

%0.0
1.0
4.0

15

High C
FeMn

10,000
94
9,400
3.34

3,340

75.0
16.0
1.5
6.5

25



LA an L= I "~ o ¢

ENGINEERS

TABLE 6-63
SAEF

MN ORE - 3.0 MN/FE
PIG IRON + FEMN

CAMPAIGN PROGRAM

1000 kg Mn ore - 3.0 Mn/Fe 118 kg pig iron +
793 kg high Mn slag

500 kg high Mn slag 350 kg FeMn +

500 kg Mn ore - 3.0 Mn/Fe 588 kg low Mn slag

HOURLY PRODUCT ION

Pig iron 9400/1200 + 3360 = 2,06 t/h
High Mn slag 2.06 x 793/118 = 13.85 t/k
FeMn 9400/2500 + 840 = 2,81 t/h

ANNUAL PRODUCTION - Pig iron 85d/y 2.8 mos FeMn 280d/y 9.2 mos

Pig iron 85 x 24 x 2.06 = 4,202 t/y
High Mn slag 85 x 24 x 13.85 = 28,254 t/y
FeMn 280 x 24 x 2.81 = 18,883 t/v
Slag req'd 18,883 x 500/350 = 26,976 t/y
Ore req'd 4,202 x 1000/118 = 35,610
18,883 x 500/350 = 26,976
62,586 t/y
Coke req'd 4,202 x 170/118 = 6,054
18,883 x 200/350 = 10,790
16,844 t/y

L.ow Mn slag 18,883 x 588/350 = 31,723 t/y
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TABLE 6--G4
SAVEF

MN ORE - 3.0 MN/FE

PIG IRON + FEMN

SUMMARY - RAW MATERTAL REQUIREMENTS

tly
kg/ kg/t 85 d

Pip Iron Batch Iron Elﬂ. 2.8 mos
Mn ore 3.0 Mn/Fe 1,000 8,474 419 35,610
Coke 170 1,441 71 6,054
Quartzite 150 1,271 63 5,341
TOTAL 1,320 [1,186 553 47,005

Pig 1iron 118 1,000 49 4,202
High Mn slag 793 6,720 332 28,254
t/y

kg/ kg/t 280 d

FeMn Batch FeMn t/d 9.2 mos
High Mn slag 500 1,429 96 26,976
Mn ore 3.0 Mn/Fe 500 1,429 96 26,976
Coke 200 571 39 10,790
bolomite 250 714 48 13,482
TOTAL 1,450 4,143 279 78,224

FeMn 150 1,000 67 18,883
Low Mn slag 588 1,680 1113 31,723

Total Mn ore req'd - - - 62,586



TABLE

6-65

SAEF -~ MN ORE 3.0 MN/FE - PIC IRON + FEMN

Wt /ChgeMno Mn | Ma0d MnjFe O N
Materials kg /R T/kg | %/kg t/kglt ke
Mn Ore -~ 3.0 Mn/Fe 1,000 56.9 16.0 1721
360
Coke 170 A
Quartzite 150
TOTAL 1,320 60
PIC TRON PRIDUCED SLAG PRODUCED
Inttial
kg L7 kS kg
Fe 106 112 Q0.0 $10, 234
Si 1 1 1.0 AI‘OK 49
P - - - can 38
Mn N S 4.0 Mgo 29
S - - MO W35
¢ q 5 $ .0 Fes 12
Other 1 1 1.0 BaQ/0Other -
118 24 1000 793

©

T/kg

©

12.0
120

Fe Fe
ke T/ke Kg
90
S0 e
99,0 129
D4R

Mn

sS10,

Al L0,
273

vat

Mn¢, /MnO
MnO | /Mn
F“«‘H/Fe“
FE;03/FP
S{o /s

¢ oin Metal

122.6/0.75 =

1a3 s Use 170 yg/t

Al ,03 Ca0 Mg0 Ba0 P S C
1 T okglT kgl® kg | % kg~ kgy % kg f * kg
4.0 40 4.0 40 3.0 30
- < 75.0 128
1.0 2
47 40 30 128
MATERIAL BALANCES PRODUCT RA1.US
2 3 - Unit —
Product/Feed Recovery
15/172 = 0.943 Slag/t
(793/118)1000 = 6720 kg
342/360 = 0.950
Slag Ratio
236/ 248 = 0.9952 Ca0 + MgQ + Mn0/S10, = 1.93
49/47 = 0.957 Coke/ft
(170/118) 1000 - 1441 kg
38,0 = 0.950
Coke to Mix X
2930 = 0.967 (170713200100 = 12.9
510,/t
b (15G/118)1000 = 1271 kg
S10, to Mix %
2.2 (150/1320)100 = I1.4
1.1 Mn/Fe Slag 36.1
36,10
0.9
5.0
122.6



TABLE 666

SAEF -~ MN ORE 3.0 MN/FE - 11CG IRON + FEMN

o F iChge Moo, T Mp[Mad T Mn [Fe0 fe| Fe0  Fe
Material | ks S/kf T/kgli/kg T/kg | Wig i/kg !l Y/kg T/kg { %
High Mn Slag 500 54.9 42.5 1.6 1.2 29.
213 [
Mo Ore - 3.0 Mn/Fe 500 56.9 3¢.0 17.1 | DA
285 180 86 60
Coke 200 2.0
/
4 3
Dolcmite 250 . _ —
TOTAL 1,450 180 213 63 6
FEMN PRODUCED SLAG PROI UCED
initial Initial

kg kg 2 ke kg 2
Mn 261 275 75.0 si0, 185 195 2R.4
Fe 56 59 6.0 A1203 51 94 T3
C 23 24 6.5 CcaQ 114 120 RN
S3 6 6 1.5 Mg0 82 86 168
P - - - Mn() 144 152 AR S
S - - - Fel 12 i3 iy
Other 4 4 1.0 Ba0/0Other - o -

350 368 100.0 588 620 10000

9.0 45

MrQ, /Mn0
MnO/Mn
FvUOX/Peo
Feid/Fe
$10,/81

¢ 1n Metal

147.8/.75 =

5.6 28

4.0 20 5.0

3.0 [

54

—

sio, AL, a0
T okgl ¥ T kg bR kg
9.5 148

M
=)

MATERIAL BALANCES

173/1393
65/69
1987208
S1/54
11a/12¢

82/86

5.1

24.0

147.8

197.1

2

]

(Use 2003

3.6

3.0

21.G

(.948

0.951
0.94%
0.950

0.554

i8

MgO BaO P S C
p4 kg | % kg | 7 kgl % kg = kg
75.0 150
150
PROTMJCT RATIOS
Slag/c
(588/350) 1000 = 1680 kg
Slag Ratlio
Ca0 + Mgl + Mn0/5107 = 1.98
Coke/t
(200/350)1000 = 571
Coke to Mix %
(206/1456) 100 = 13.F
hol/t
(25Q/359) 1000 = 714
ol to Mix %
(250/14503 100 ~ 17.2
Mn/Fe Slag 12.0

I T TR I A



TABLE 6-67
SAEF

MN ORE - 4.0 MN/FE

PIG IRON + FEMN

METALLURGICAL DATA

Pig High C
Iron _FeMn
Operating Load - kWh 106,000 10,000
Operating Time -~ % 94 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
% Si 1.0 1.5
ZC 4.0 6.5

Electrode Paste - kg/t 15 25



TABLE 6-63
SAEF

MN ORE - 4.0 Mn/Fe

PIG IRON + FEMN

CAMPAIGN PROGRAM

1000 kg Mn ore 4.0 Mn/Fe 91 kg pig iron +
835 kg high Mn slag

350 kg high Mn slag 363 kg FeMn

650 kg Mn ore 4.0 Mn/Fe 501 kg low Mn slag

HOURLY PRODUCTION

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/u

ANNUAL PRODUCTION - Pig iron 60d/2.0 mo FeMn 305d/10 mos.

Pig iron 60 x 24 % 1.62 2,333 t/y

High Mn slag 60 x 24 % 14.86

21,398 t/y

FeMn 305 ¥ 24 x 2.95 = 21,59 t/y

Slag req'd 21,5394 x 350/363 = 20,821 t/y
Ore req'd 2,333 x 1000/91 = 25,637
21,594 x 656/363 = 38,667

64,304 t/y
Coke req'd 2,333 x 160/91 = 4,107
21,594 x 230/363 = 13,682

17,784 t/y

Low Mn slag 21,594 x 501/363 = 29,803 ¢/y



TABLE 6-69
SAEF

———mn e

MN ORE - 4,0 MN/FE

PIG IRON + FEMN

SUMMARY - RAW MATERIAL REQUIREMENTS

Pig Iron

Mn ore 4.0 Mn/Fe
Coke

Quartzite

Total

Pig Iron
High Mn slag

FeMn

High Mn slag

Mn ore 4.0 Mn/Fe
Coke

Dolomite

Total
FeMn

Low Mn slag
Total ore req'd

kg/
Batch

1,000
160
160

1,320

91
835

ke/
Batch

350
650
230
150

1,380

363
501

kg/t
Iron

10,989
1,758

1,758

14,505

1,000
9,176

kg/t
FeMn

964
1,791
634
413

3,802

1,000
1,380

563

39
357

t/y
60 d

2.0 mps.

25,635
4,101

4,101
33,837

2,333
21,406

t/y
305 d
10.0 mo.

20,817
38,675
13,691

8,918

82,101

21,594
29,800
64,304

——
S
et
~."



TABLE 6-70
SAEF - MANGANESE ORF L.0 MN FE - PIG IRON - PEMN

By

WA

kg

Materisl Ky
Mn ore 4.0 Mn'Fe 1,000
Coke 10
artcite it
TOTALS 1,320

Injitial

= kg x
Mn 4 L “
e sl =8 Qe
Si 1 3
P - - -
s - - -
I L L L
Other N 1 1

i1 QY 100.0

1%

©

I

AloV3
~ A
la ©
J Ly L.0
e 5
. -
W

MATERIAL BALANCES

kg kg

Product/Feed
379.3%0

30

Unit

Recovery

2.949
0.957
0.3k
0.957
0.950

[ <

Bal 4 3
kg | % kg
PROCESS RATIOS
Slag 't
(435,31 )1000
Slag Ratio
Cad + Mg0 - Mn0/S10,
Coke/t (160/91) 1000
Coke to Mix %
(160/1320)100
S10,/t
2/% (160/91)1000

510, tu Mix %
(160/1320)100

Dolomite/t
Dolowmite to Mix %

Mn, Fe Slag

"

9174 kg

2.01

1758 kg



TABLE 6-71
SAET -

MANCANYSF ORF

Lo

- FT5 TRON

- FENMN

T . o - s~ ~
W Thge 1 Mnd, PN ETS T Te SO 1.3 Ca MO BaC P c
Material xg T PR Pw 1 RIS R H T ke <{F ksl T kg [ ¥ k) % k2 ks | % kg
High Mn oslags 350 - . oy W - . e A 2
19 =3 -
Mn ore L.Q Mn Fe LN ~1.0 RCRN 20 LD RS Y RIS L0 e 3L 20
LM A )
Joke TR0 oo ) . - ~5.0 173
Tolomite 180 o H W2 w01 x
TOTALS 1,30 e 183 N w2 ol 173
SLAL TR MATERIAL SALANCES PROCESS RATIOS
Initial P We Lo S0k
. e E4 o 7 Slag: ¢
ke | A Re K 7 viag L
=Y x = * - . B .. .
Fe ne s YL ash 501,363 11000 = 1380 kg
Mn S o8k 2 i 14 [ RIS
TeT1s = Q.esk 3lax Ratio
Te i o A50, e (SIS Jad - MgO +» MaQ Si0 1.9
2 Alss o %2 S o.ck2 2
Si ' i - =R = S X Coke’/t o i
N -3 2 0. 98k 1230 353'1000 = n3koke
B - - - M 1 - 12,1
AN DGR R L] N
2 N . .. oy o - - Q.93 oke -0 Mix %
3 . - . My, 1L e AR (230 13801100 = 6.7
N o8 s . Fed '* ~ 1.0 340, ¢ -
VRO, B =
Merer -~ - 1.0 ~al Dtver - - - i, co Mix 2
Mo toMr N <
3 T R A Solomize t
Ve [P ‘ - ~
ey T 180 3311000 L13 Kg
e e P Dolemite to Mix %
e N V150 13803100 = 12.9
[SRYRFIINE S .
Mn'Fe Slag 26,7
. tersl O )
L LT JRs se D30 w0
N
RN



METALLURGICAL DATA

Operating Load - KWH
Operating Time - %
Avg. Load - KW
KWH/Kg Metal

KWH/t Metal

7 Mn

7 Fe

% Si

% C

Electrode Paste - Kg/t

TABLE 6-72
SAEF

Mn ORE 5.0 Mn/Fe

FeMn

High C

FeMn

10,000
94
9,400
3,03
3,030
75.0
16,0
1.5
6.5

23



TABLE 6-73

SAEF
MN ORE - 5.0 MN/FE
TEMN
CAMPAICN PROGRAM
1000 kg Mn ore 5.0 Mn/Fe 355 kg FeMn +
377 kg high Mn slag
HCURLY PRODUCTION
High Mn slap  3.10 x 377/355 = 3,29 t/h
FeMn 9400/2500 + 530 = 3,10 t/h
ANNUAL PRODUCTION
High Mn slag 3.29 x 365 x 24 = 28,860 t/y
FeMn 3.10 x 365 x 24 = 27,156 t/y
Ore req'd 27,156 x 1000/355 = 76,496 t/y

Coke req'd 27,156 x 270/355 = 20,654 t/y



TABLE 6-74

SAEF - MANGANESE ORE S.0 MN/TE - FEMN
Wt /Chge Mno HMn{MnO Mn Fezo~ Fe § FeO Fe 5102 Aiz()3 Cao Mg0O BaC I P C
Material kg T/kg  L/kgli/kg  t/kgli/ke’ kgl %/kg T/kg]® kg 1T ke kg kgl 2 kg % kg | % kgj 2 kg
¥Mn Ore 5.0 Mn/Fe 1,000 40.0 8.0 9.0 g0 4.0 40 4.0 40 N 30
400 80
Coke 270 2.0 5.0 14 1.0 8 75.0 203
5 4
Quartzite _ 99 0 1.0 . _ _
1,270 400 84 104 48 40 30 203
FEMN PRODUCED SLAGC PRODUCED MATERIAL BALANCES PROCESS RATIOS
Initial Inf{tial Mn 380/400 - 950 Slag/t
kg xg % ka kg 2 (377/355)1000 1062 kg
& Fe 80/84 = L3467
Mo 266 280 75,0 5102 g8 92 23,4 Slag Ratio
S10, 99/104 = 952 Ca0 + Mg0O + Mn0/S10, 2.35
Fe 57 50 6.0 A1203 &6 <8 1201 - -
Al.,ﬁ} 46748 = .958 Coke/t
Si S S 1.5 CaQ 38 Gt 0.1 - (270/355) 1000 761 kg
ca0 38/40 = 1.950
r - - - Mz 29 0 7.6 Coke to Mix 7%
Mg0 29/30 = .967 (270/1270)100 21.3
S - - MnO 147 159 36.0
C 5102/t -
e 21 24 6.5 FeO 29 31 T.8
Mn0 , /Mn0 2.2 S10, to Mix % -
Other 4 4 1.0 BaC/Other - - - - -
Mno,/Mn 2.2 Dolomite/t -
355 373 1I06.0 377 397 106.0 -
Fe,OleeO 2.5 Dolomite to Mix % -
Fe,0./Fe 19.3 Mn/Fe Slag 5.1
$40,/81 4.3
C in Meral 26,0
198.5

198.5%/.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

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 ore 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 further
investigation was conducted hy KECI/ACB to determine the effect

of preheating and preproduction on high iron-hearing manganese
ore. Ore samples were obtained at the Abu Zeneima in March, 1980,
and forwarded to Allis~Chalmers (A-C) Research Laboratories,.

Tnitial tubec test results conducted on an iron-bearing hand
sample were favorable with metallization of the iron and re-
duction of the manganese to !"n0O,

Metallurgical bhalances and summary tables indicating anticipated
increases in production are included in the Appendix for reference
purposes,
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TABLE 6-76
PH + SAEF

MN ORE - 0.6 MN/FE
PIG IRON + FEMN

METALLURGICAL DATA

Pig High C

Iron FeMn
Operating Load - kW 10,000 10,000
Operating Time -~ 7% 94 94
Avg. Load - kW 9,400 9,400
kWh/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 4,0 6.5

Electrode Paste - kg/t 15 25



CAMPATIGN PROGRAM

TABLE 6-77
SAEF + Preheat Filn

Mn Ore - (0.6 Mn/Fe

Pig Iron + TFeMp

1000 kg Mn ore - 0.6 Mn/Fe 353 kg pig iron +
429 kg high Mn slag

900 kg high Mn slag 375 kg FeMn

100 kg Mn ore -~ 0.6 Mn/Fe 752 kg low Mn slag

EQURLY PRODUCT ION

Pig iron 9400/ (1200 + 610).90 = 5.77 t/h

High Mn slag  5.77 x 429/353 = 7.01 t/h

F'eMn 9400/(2500 + 1010).90 = 2.97 t/h

ANNUAL PRODUCTION - Pig Iron 185d/6.1 mo  FeMn 180d/5.9 mo

Pig iron
High Mn slag
I'eMn

Slag Reg'd

Ore Req'd

Coke Rec'd

Low Mn slag

5.77 %
7.01 x
2.97 x
12,830
25,619

12,830

25,619
12,830

12,830

185 x 24 = 25,619 t/y
185 x 24 = 31,124
180 x 24 = 12,830
x $00/375 = 30,792
x 1000/353 = 72,575
x 100/375 = 3,421

75,996
x 240/353 = 17,418
x 160/375 = 5,474

22,892
x 752/375 = 25,728



TABLE 6-78
PH + SAEF

MN ORE 0.6 MN/FE

PIG IRON + FE/MN

SUMMARY -~ RAW MATEPRTAL REQUIREMENTS

kg /
Pipg Tron batch
Mn ore 0,6 Mn/Fe 1,000
Coke 240
Quartzite 50
TOTAL 1,290
Pig iron 353
High Mn slag 429
kg/
FeMn batch
High Mn slag 900
Mianganese ore 0.6 Mn/le 100
( oke 16O
potomft e . 500
TOTAL 1, 660
oM 375
Low Mnoslay, 752

Tatal Mn ore req'd -

kg/t
Iron

2,833
680
142

3,655

1,000
1,215

kg/t
FeMQ

2,400
267
427

1,513

h,67

1,000
2,005

392
94

506

138
168

1413

t/y
185 d
6.! mo

72,575
17,418
1, A18

e

93,631

25,619
31,124

t/y
180 d
5.9 mo

30,792
3,421
5.474

17,103

56,790

12,8740
25,728
75,996



TABLE 6-79
PH + SAEF

MN ORE - 1,0 MN/FE
PIG TRON 4 FEMN

METALLURGICAL DATA

Pig High C
Iron FeMn
Operating Load - kW 10,000 10,000
Operating Time - 7 94 94
Avg. Load - kW 9,400 9,400
kWh/kg Metal 2.22 3.30
kWh/t Metal 2,220 3,300
7 Mn 4.0 75.0
7 Fe 90.0 16.0
% Si 1.0 1.5
% C 4.0 6.5

Electrode Paste - kg/t 15 25
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TABLE 6-80
PH + SAEF

MN ORE -~ 1.0 MN/FE
PIG IRON + FEMN

CAMPAIGN PROGRAM

1000 kg Mn ore - 1.0 Mn/Fe 237 kg pig iron

592 kg higl. Mn slag
850 kg high Mn slag 311 FeMn
150 kg 1.0 Mn/Fe ore 719 low 1 slag

HOURLY PRODUCT ION

Pig iron 9400/ (1200 + 1270).90 = 4.23 t/h
High Mn slag 4.23 x 592/237 = 10.57 t/h
FeMn 9400/ (2500 + 1160).90 = 2.85 t/h

ANNUAL PRODUCTION - Pig Iron 155d/5.1 mo FeMn 210d/6.9 mo

Pig iron 155 x 24 x 4,23 = 15,736 t/y

High Mn slag 155 x 24 x 10.57 = 39,320 t/y

FeMn 210 x 24 x 2.85 = 14,364 t/y

Slag Req'd 14,364 x 850/311 = 39,258 t/y
Ore Req'd 15,736 x 1000/237 = 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 = 6,466

19,081 t/y

Low Mn slag 14,364 x 719/311 = 33,208 t/y



SUMMARY - RAW MATERTAL
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TABLI 6-81
PH + SAUI

MN ORE 1.0 MN/FFE

PIG IRON + FEMN

Pig Iron

Mn ore 1.0 Mn/Fe
Coke
Quartzite

Pfv tron
Hign Mn slag

FeMn

High Mn slag

Mn ore 1.0 Mn/Fe
Coke

Dolomite

eMn
l.ow Mn siayp
Total Mn ore req'd

REQUIREMENTS
kg/ kg/t
batch Iron
1,000 4,219
190 802
70 295
TOTAL I, 260 by 16
247 1,000
592 2,498
kg / kg/t
850 2,733
150 482
140 450
300 965
TOTAL 1,440 4,630
3 1,000

719 2,312

t/d
428
81
30

519

317

6Y
158

66,397
12,615
4,642“

813,654

15,736
319,320

tly
210 d
6.9 mo

19,258
6,928
6,466

13,861

66,5173
1,364

43,208
13,325
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TABLE 6-82
PH + SAEF

MN ORE - 2.0 MN/FE
PRIMARY PICG IRON & SECONDARY FEMN

METALLURGICAL DATA

Pig High C
Iron FeMn
Operating Load - kW 10,000 10,000
Operating Time - 7 94 94
Avg. Load - kW 9,400 9,400
kWh/kg Metal 3.03 3,08
kWh/t Metal 3,030 3,080
7 Mn 4.0 75.0
7. Fe 90.0 16.0
% Si 1.0 1.5
7 C 4.0 6.5

Electrode Paste ~ kg/t 15 25
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TABLE 6-82
SAEF + Preheat Kiln

Mn Ore - 2.0 Mn/Fe

Primary Pig Iron + Secondary FeMn

CAM"AIGN PROGRAM

1000 kg Mn ore - 2.0 Mn/Fe 160 kg pig iron +
695 kg high Mn slag

700 kg high Mn slag 352 kg FeMn +

300 kg Mn ore 2.0 Mn/Fe 645 kg low Mn slag

HOURLY PRODUCTION

Pig iron 9400/(1200 4+ 2170).90 = 3.10 t/h
High Mn slag 3.10 x 695/160 = 13.47 t/h
FeMn 9460/(2500 + 920).90 = 3.05 t/h

ANNUAL PRODUCTION - Pig Iron 115d/3.8 mo FeMn 250d/8.2 mo

Pig iron 115 x 24 x 3,10 = 8,556 t/y
High Mn slag 115 x 24 x 13.47 = 37,177 t/y
FeMn 250 x 24 x 3.05 = 18,300 t/y
Slag Req'd 18,300 x 700/352 = 16,392 t/y
Ore Req'd 8,556 x 1000/160 = 53,475
18,300 x 300/352 = 15,597
69,072 t/y
Coke Req'd 8,556 x 180/160 = 9,626
18,300 x 180/352 = 9,358

18,984 t/y

Low Mn slag 18,300 x 645/352

Hi

33,533 t/y
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TARLE 6-84
PH + SAVFEF

MN ORE 2.0 MN/FFE

PIG IRON + FEMN

SUMMARY - RAW MATERIAL REQUIREMENTS

t/y

kg / kg/t 115 4
Pig 1ron batch Iron t/d 3.8 mo
Mn ore 2.0 Mn/le 1,000 6,250 465 53,475
Coke 180 1,125 B4 9,626
Quartzite 100 62y 46 _H, 348
TOTAL L, 780 8,000 999 6HK, 449
Pig fron 160 1,000 /6 8,556
High Mn siap 695 4,344 323 37,177

t/y

kg/ kg/t 250 d
FeMn batch FeMn t/d 8.2 mo
High Mn slag 700 1,989 146 36,392
Mn ore 2.0 Mn/Fe 300 852 62 15,597
Coke 180 511 37 9,158
Dolomifte 300 852 62 15,597
TOTAL 1,480 4,204 307 76,944

. VeMn 157 1,000 7 18700
lLow Mo oslay hih I, 852 13/, 1,01

Total Mn ore veqg'd - - - 69,072
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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 10,000 10,0600
Operating Time - 7% 94 94
Avg. Load - kW 9,400 9,400
kWwh/kg Metal 4.10 3.01
kWh/t Metal 4,100 3,010
% Mn 4.0 75.0
% Fe 90.0 16.0
7 Si 1.0 1.5
7 C 4.0 6.5

Electrode Paste - kg/t 15 25



TABLE 6-86
PH + SAEF

MN ORE - 3.0 MN/FE

PIG IRON + FEMN

CAMPAICN PROGRAM

1000 kg Mn ore - 3.0 Mn/Te

500 kg high Mn slag
500 kg ore 3.0 Mn/Fe

HOURLY PRODUCT ION

Pig iron 9470/(1200 + 3360).90
High Mn slag 2.29 x 793/118

FeMn 9400/(2500 + 840) .90

ANNUAL PRODUCTION - Pig Iron 85d/2.8 mo

Pig iron 85 » 24 x 2,29

High Mn slag 85 x 24 x 15.39

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

1

3.13 t/h

FeMn 280d/9.2 mo
= 4,672 tly
= 31,396 t/y
= 21,034 t/y

= 30,048 t/y

69,642 t/y

FeMn 280 » 24 x 3,13

Slag Req'd 21,034 x 500/350

Ore Req'd 4672 x 1000/118 = 39,593
21034 x 500/350 = 30,048

Coke Req'd 4672 x 170/118 = 6,731
21034 x 200/350 = 122012_

Low Mn slag 21034 % 588/350

18,750 t/y

= 15,337 t/y



SUMMARY ~ RAW MATERITAL

TABLE 6-87
PH_+ SAFF

MANGANESE. ORE 3.0 MN/FE

PIG TRON + FEMN

REQUIREMENTS

Pig Tron

Mn Ore 3.0 Mn/Fe
Coke
Quartzite

Pip Iron
High Mn slagp

FeMn

High Mn glay

Mo Ore 3,0 Mn/Fe
Coke

Dolomite

FeMn
Low Mn slay
Total Mn ore regq

'd

kg /
batch

1,000
170

150
TOTAL 1,120

118
791

K/
batch

500
500
200
250

TOTAL 1,450

50
S5

kg/t

Iron

8,474
1,441

1,271
11,186

1,000
6,720

kp/t
FeMn
1,429
1,479
571
714

,,1[13
[, 000
1,680

126

tly
15 d

2.8 mo

39,593
6,731
5,938

52,267

4,672
31,396

t/y
280 d
9.2 mo

30, 048
30,048
12,019
12,018

87,113
21,034

35,7337
69,6472
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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 docal energy to the fullest extent. Birlefco
had proposed iron elimination by ore reduction with solid carbon
and melting of the metallic iron product to obtain pig iron

and high Mn slag in an open-arc furnace,

In this investigation KECI/ACB considered a system for natural

gas reduction in a rotary kiln to produce a low-carbcon sponge iron
from the ferruginous manganese c¢re, In the following step the
gas-reduced ore is melted in a conventional open arc steelmaking
furnace to obtain low-carbon semi-steel and a high Mn slag

for submerged arc furnace smelting.

The major advantages of this system are the following:

0 An approximate 50% reduction in imported coke consumption
by using natural gas for reduction,

o Tull allocation of the rehabilitated smelter furnace
to ferroalloy 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/vy Ore Req'd
Mn/Fe Ratio FeMn Semi-Steel t/y
0.6 25,492 24,305 117,442
1.0 23,915 18,631 103,765
2.0 25,054 7,302 77,000
3.0 25,842 3,870 71,305

Metallurgical balances and summary tables are included in the
Appendix for reference purposes.



TABLE 6-88

SIOMMAEY - OFERATING ALTERNATIVES
SETUCED ORE
Total Electric Hatural Electrode
Pleolrern cemi=fteol ooure oke Fower as Carbo
Aok el ——

A o W, 37y Ny
DR+ GAEF « CAEF
i AT
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At froduceion

MnoTre WoMn e e - W Ly LiThan TS 3 10600 1L0.9 e 0

tooown Pe S - Ll 1732 103S [ aral 1777 1324 22,24 716

Mn Ore O, Mn/Fe - 14Tk

T s L22k7 11k .3 12,90 £hH9
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- SAET
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Mrnore 1L M Pe UHoS - - RIS L5143 ot 15033 105.6 3.35 574

UINAT MANCANESE FOOL2

SUMMARY - OPERATING ALTERNATIVES
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TABLE 6-89
DI. + OAEF + SAEF

MN ORE - 0.6 MN/FE
SEMI-STEEL + FEMN + SIMN

Metallurgical Data

OAEF SAEF SAEF
Semi-Steel FeMn SiMn
Operating Load - kWh 10, 000 10, 000 10, 000
Operating Time - 7 69 94 94
Avg., Load - kW 6,870 9,400 9,400
kWh/kg Metal 1,25 3.23 5.14
kWh/t Metal 1,229 3,230 5,140
7 Mn 0.44 75.0 65.0
7 TFe 98.24 16.0 17.0
YOSi - 1.5 16.0
% C 0.04 6.5 2.0

Electrode Paste - kg/t 7 25 35



TABLE 6-90
DR + OAEF 4+ SAEF

MN ORE - 0.6 MN/TE
SEMI-STEEL + FIMN + SIMN

CAMPATIGN PROGRAM

1000 kg Mn cre 0.6 Mn/Fe 714.6 kg reduced ore

1000 kg reduced ore 431.3 kg semi-steel +
542.7 kg high Mn slag

900 kg high Mn slag 417 kg FeMn +

100 kg Mn ore 0.6 Mr/Fe 605 kg low Mn slag
900 kg low Mn slag 259 kg SiMn +

100 kg Mn ore 0.6 Mn/Fe 588 kg slag

HOURLY PRODUCTION

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 Mn slag 2.91 x 605/417 = 4,22 t/h
FeMn 9400/ (25006 + 730) = 2,91 t/h
SiMn G400/ (4000 + 1140) = 1.83 t/h

ANNUAL PRODUCTION - FeMn 286d/19.4 mo SiMn 79d/2.6 mo

High Mn slag 20,000 t/y FeMn x 900/417 = 43,165 t/y
Semi-steel 43,165 % 431.3/542.7 = 34,305 t/y
FeMn 20,000/2,91 x 24 = 286 d/y

2.91 x 286 x 24 = 20,000 t/y
SiMn 1.83 x 79 x 24 = 3,470 t/y
Low Mn slag req'd 3,470 x 90G/259 = 12,058 t/v
Reduced ore req'd 34,305 x 1000/431.3 = 79,539 t/y
Ore reqg'd 79,539 x 1000/714.6 = 111,306

20,000 x 100/417 = 4,796

3,470 x 100/259

it

1,340
117,442 t//y

Coke req'd 20,000 % 18G/417 = &,633
J,d70 x  14G/259

o]

i

1,876
10, 509 t/y

Final slag 20,000 x 605/417 = 29,017
.- 129058
3,470 x 588/259 = 7,878

24,837 t/y



TABLE 6-91
DR + OAEF + SAEF

MN ORE - 0.6 MN/FE

SEMI-STEEL + FEMN + SIMN

- SUMMARY - RAW MATERIAL REQUIREMENTS

Mn ore - 0.6 Mn/Fe

Reduced ore
Quartzite
Coke

Semi~steel
High Mn slag

High Mn cglag

Mn ore 0.6 Mn/Te
Dolomite

Coke

FeMn
Low Mn slag

Low Mn slag

Mn ore 0.6 Mn/Fe
Coke

Quartzite

SiMn
Low Mn slag
Total slag

Total Mn ore required

TOTAL

TOTAL

TOTAL

kg /batch

1,000
30

1,030

431
543

kg/batch

900
100
300
180

e st e

1,480

417
605

kg/batch

900
100
140

1,140

259
588

FeMn produced if operated for 365 days = 25,492 t/y

kg/t
semi-steel t/d
- 305
2,320 218
70 7
2,390 225
1,000 94
1,260 119

kg/t
FeMn t/d
2,158 151
240 17
719 50
432 30
3,549 248
1,000 70
1,451 101

kg/t
Shim r/d
3,475 153
386 17
541 24
4,402 194
1,000 44
2,270 100

t/y
365 d
12 wmo

111,306
79,539
2,399

81,938

34,305
43,165

t/y
286 d
9.4 mo

43,165
4,796
14,361

8,633
70,955

20, 000
29,017

t/y
79 d
2.6 mo

12,058
1,340
1,876

15,274

3,470
7,878
24,837
117,442



TABLE 6-92
DR + OAEF + SAEF - MN ORE 0.6 MN/FE
SEM1-STEEL + FEMN + SIMN

[ =
Material Wt. per ChargejMn0, Mn {MnQ Mn FeQ Fe Fe $10, Al,,O3 Cag MgO BaO P S . ¢
kg T/kg  T/kell/kg  T/kel¥ke T/ke | % kg x kg 1T T kgl % kel X kgi X kg % kgl % kgj # kg
Dire 't Reduced Ore 1,000 36.83 28.49 4.31 44,55 446 7.71 77 3.16 32 1.04 10 0.13 11.32 13 0.137 1.4 0.01 0.1 0.30 3
- 0.6 Mn/Fe 368 285 43 34
Quartzite 30 99.00 3¢ 1.00 -
Coke = o . o _ _ _ _ . _ R —
TOTALS 1,030 368 285 43 34 446 107 32 10 t 13 1.4 C.1 3
Semi-Steel Produced Slag Produced Material Balances Product Ratics
Initial Initisl
ke kg z kg Kg 2 kg kg Unit
Product/Feed Recovery
Mn 1.9 2.0 0.44 S1%, 1016 107.0 158.74 Fe 456/480 = 0.949 Slag/t
- 542.7/431. =
Fe 4307 446.0 9826 aLQ, 30,4 32.0  5.60  Mn 271/285 = 0.949 (562.77431.3) 1000 1258 ke
C 0.2 0.2 0.04 Ca0 9.5 10.0 1.75 $10, 102/107 = 0.$53 Slag Ratio
- + M -
s - - g0 Lo L0 oas Al 30/32 = 0.950 €a0 + Mg0 + BaO + Mn0/S10, 3.05
r 1.2 1.3 0.29 Ba0 12,3 13.0 2.28 CaQ 9.5/10 = 0.95u Coke/t -
. s - - MnO 347.0 365.3 63.92 MgO 1/1 = 1.000 Coke to Mix % _
Other 4.3 5.5 0.99 Fol 40.9 43.0 7.53 Ba0 12/13 = 0.923
" . . P Si0, to Mix X
TOTALS 431.3 454.0 100,00 TOTALS 542.7 571.3 100.00 (30/1030)100 - 2.9
C
si0,/t
MnO/Mn 0.4 “(30/431.3)1000 ~ 70 kg
Fe(/Fe -
P,0g/P 1.3 Mn/Fe Slag
C in Metal 0.2 (269/32) = 8,45
1.9/3.0 0.633




TABLE 6-93
DR + OAEF + SAEF - MN ORE 0.6 MN/FE
SEMI-STEEL + FEMN + SIMN

Wit /Chge |MnO, Mn |MnO MofFe,0 Fe § FeO Fe Si0, .-'\1ﬁv()3 Ca0 Mgd BaO P S C
Material kg 2/kg  Z/kglzixg  R/kpii/Re” kg | T/kg Tikg | % T kgl % T 7 kel % kgl % kgl & ng % kg | % kgiZ kg
High Mn Slag 900 63.92 7.53 18.74 169 S5.60 50 1.75 16 0.18 2 2.28 21
575 44¢ 68 53
Mn Ore 0.6 Mn/Fe 100 2.76 20.71 0.97 0.7% 51.52 36.063 5.80 6 2.38 2 0.78 I 0.10 0.99 I .103 .09
33 21 1 S2 36
Dolomite 300 2.0 6 30.2 91 21.0 63
Coke 180 2.00 5.00 9 3.00 S 75.00 135
. _ _— & 3 _ — _ _ — _ —_
TOTAL 1,480 21 447 39 55 190 57 108 65 2y 135
FEMN PRODUCED SLAG FRODULED MATERIAL BALANCES PRODUCT RATIOS
Injitial Initial Mn 4457468 = 0.951
kg kg z kg kg 2 Slagfc
Fe 88/92 = 0.956 (605/417)1000 = 1451 kg
#n 312 328 75.0 $10, 166 175 27.5
- s10, 181/190 » 0.953 Slag Ratio
Fe 67 70 16.0 A1203 54 57 9.0 - CaQ + MgO + Ba0 + Mn0O 215
Al,\O3 54/57 = 0.947 510, )
c 27 28 6.5 Ca0 103 108 17.0 - °
CaQ 1037108 = 0.954 Coke/t
st 7 7 1.5 Mgo 62 65 10.2 (180/417)1000 = 432 kg
Mg0 62,A5 = 0.954
P - - - Ba0 21 22 3.4 Coke to Mix %
BaQ 21722 - 0.954 (18G/1480)100 = 12.2
S - - - MnO 172 181 28.5
C Dol/t
Other 4 4 1.0 FeO 27 28 4.6 (300/417)1000 = 719 kg
MnC, /MnO 4.6
417 437 100.0 605 636 100.0 - Del to Mix 7
MnO/Mn 71.6 (300/1480) 100 = 20.3
Fe 0,/Fe0 4.2 Mn/Fe Slag
273 -~ 6.3
FeQ/Fe 15.0
$10,/S1 6.0
C 1in Metal 28.0
129.4

126.4/.75 = 172.5

(Use 180 kg/t)



TABLE 6-94

SINAI MANGANESE - 80012

DR + OAEF + SAEF - MN ORF 0.6 MN/FF - SEMI-STEFL + MN + SIMN
Wt/Chge | MnO, Mn | MnQ Mn f Fe, 0, Fe | FeQ Fe S{0, Al,0, Cal MgO BaC P S C
Material kg T/kg kg | %/kg nikg b T/Rg7 kg [T/ kg Tikpd t kg - kgl % kg | kg | =~ kg| % kg | % kg | % kg
Low Mn Slag 900 28.5 4.4 27,5 248 9,0 81 17,0 153 10,2 92 3.4 31
257 199 40 31
Mn Ore 0.6 ¥n/Fe 100 32.76 0.97 §1.47 5.8 6 2.38 2 0.78 1 0.10 - 0.99 1 0.10 - 0.09 -
33 21 1 51 36
Coke 140 2.0 5.0 7 3.0 4 75.0 105
3 2
Quartzite - - . %0 - 1o o —_— — —_ —
TOTALS 1,140 2 200 38 1 261 87 156 a2 32 103
SIMN PRODUCED SLAG _PRODUCED MATERIAL RALANCES PRODUCT RATIOS
Initial Initial
e % ) 210/22 - .
ke _}:h X kg E& x Mn 10/221 0.949q
Mr. 168 177 65.0 S10, 159 167 27.0 Fe 67/69 - 0.471 Slag/t
2 (58872591400 - 2070 ke
Fe 44 46 17.0 Al,04 83 87 14.0 S10, 249/261 a 0.953
- Slag Ratio
¢ 5 5 2.0 Ca0 146 154 24.9 Al 81/87 = 0.954 Ca0 + Mg0O + BaQ + MnO
B 3 = 2.17
10,
S1 &z a4 ie.0 MgO 57 92 14.9 CaQ 146/154 = 0.948 -
Coke/t
P - - - BaO 30 32 5.2 MgO 87/92 - 0.945 (140725931000 =~ 541 kg
Coke to mix %
s - - - Moo 4 57 9.2 C $10,/t
Other - - - Fed 29 30 4.8 MnO .,/ Mn0 4.6
- S0, to Mix X
259 272 100.0 588 619 100.0 MnO/Mn 38,6 - - -
Fe,0,/Fe0 4.1 Mn/Fe Slag 1.9
FeC/Fe 9.0
$10,/81 37.7
¢ in Metal 5.0
9.9

9%.9 /75 = 13322

(Use 140 kg/c)



METALLURGICAL DATA

Operating Load - KWH
Operating Time - 7%
Avg. Load - KW
KWH/Kg Metal

KwH/t Metal

7 Mn
7 Fe
% Si
% C

Electrode Paste - Kg/t

TABLE 6-95
DR + OAEF + SAEF

Mn ORE 1.0 Mn/Fe

Semi-Steel + FeMn + SiMn

OAEF
“emi-Steel

10,000
57
5,700
1.87

1,874

0,44

98,24

0.04

SAEF
FeMn

——r———

10,000

94

9,400

3.44

3,440

75,0

16,0

1.5

6.5

25

SAFF
SiMn

10,000

94

9,400
5,57

5,570

65,0
17.0
16.0

2.0



TABLE 6-96

DR + OAEF + SAEF

Mn ORE 1.0 Mn/Fe

SEMIL-STEFL, + FeMn + SiMn

CAMPAIGN PROGRAM

1000 kg Mn ore 1.0 Mn/Fe 736
1000 kg reduced ore 279
711
800 kg high Mn slag 337
200 kg Mn ore 1.0 Mn/Fe 631
900 kg low Mn slag 209
100 kg Mn ore 1.0 Mn/Fe 653
HOURLY PRODUCTION
Semi-steel 18,631/8,760 x ,70 =
High Mn slag 3.04 x 711/279 =
FeMn 9,400/(2,500 + 940) =
Low Mn slag 2.73 x 631/337 =
SiMn 9,400/ (4,000 + 1,570) =
ANNUAL PRODUCTION - FeMn 305d/10.7 mo 5iMn 60d/2.0 me
High Mn slag 20,000 t/y x 800/337 =
Semi-steel 47,478 x 279/711 =
FeMn 20,000/2.73 x 24 =
2,73 x 305 x 24 =
SiMn 1.69 x 60 x 24 =
Low Mn slag 2,434 x 900/209 =
Reduced ore req'd. 18,631 x 1,000/279 =

66,778 x 1,000/736
20,000 x 200/337
2,434 x 100/209

Coke req'd, 20,000 x 160/337
2,434 x 110/209

Final slag 20,000 x 631/337

2,434 x 653/209

L] t non

37,448
10,481

7,605

kg reduced ore

kg semi-steel +
kg high Mn slag

kg FeMn +
kg low Mn slag

kg SiMn +
kg slag

3,04 t/h
7.75 t/h

2.73 t/h
5.12 t/h

1.69 t/h

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 tly

34,572 t/y



TABLE 6-97
DR + OAEF + SAEF

MN ORE - 1.0 MN/FE

SEMI-STEEL + FEMN + SIMN

SUMMARY - RAW MATERIAL REQUIREMENTS

Mn ore - 1.0 Mn/Fe
Reduced ore

Quartzite
Coke

Semi~steel
ligh Mn slag

High Mn slag

Mn ore -~ 1,0 Mn/Te
Dolomite

Coke

FeMn
Low Mn slag

Low Mn slag

Mn ore - 1.0 Mn/Fe
Coke

Quartzite

SiMn

Low Mn slag

Final slag

Total Mn ore req'd

kg/batch

1,000
50

TOTAL 1,050

279
711

kg /batch

800
200

200
160

TOTAL 1,360

337
631

kg/batch

900
100
110

TOTAL 1,110

209
653

FeMn produced 1if operated for 365 days

kg/t
semi-steel t/d
- 236
3,584 183
179 9
3,763 192
1,000 s
2,548 130
kg/t
FeMn t/d
2,374 156
593 39
593 35
_45 31
4,035 265
1,000 66
1,872 123
kg/t
SiMn t/d
4,306 175
479 19
526 21
5,311 215
1,000 41
3,124 127
23,915 t/y

t/y
365 d
12 mo

¢0,731
66,778
3,337

70,115

18,631
47,478

t/y
305 d
10.0 mo

47,478
11,869
11,869

9,496
80,712

20,000
37,448

t/y
60 d

2.0 mo

10, 481,
1,165
1,281

12,927

2,434
7,605
34,572

103,765

9 L



TABLE 6-98
DR + OAEF 4 SAEF - MN ORE 1.0 MN/FE - SEMI-STEFL + FEMN + SIMN

Wt/Chge {MnO Mn} Mn0 Mn | Fe O Fe FeO Fe S10, Al .,03 Cag Mg0 EaQ P S C
Material [N T/kg Vkgi kg T/kg! Wkp T/kp |T/kg kg T T ke {2 T kel % kg { % kg | % kgt X kg | * kg | % kg
Reduced Ore 1.0 Mn/Fe 1,000 31.0 8.8 2.2 12.9 129 5.2 52 5.2 52 1.9 39
310 83 22
Quartzite 50 _ __%9.0 S0 .o - . ___
TOTHL 1,050 310 288 22 17¢ s2 a2 39

SEMI-STLEL PLIDUCED SLAC PRODUCED MATERIAL BALANCES PRODUCT _FATIOS

Initial Initial Mn 295/310 - 0.952 Slag/t
k k 1 kg kg (711/2791000 2548 kg
=% = - = Fe 295/310 0.952
Mn 1 1 0.4 S10, 170 179 Slag Ratio
. S10, 170/179 0.9sn Ca0 + Mg0 + Ma/Si0, 2.52
Fe 274 288 85,24 ALL,O4 49 52 . N
- AlL0 49/52 0.942 Coke/t -
C - _ .04 Ca0 49 82 -
Cao 49/52 0.942 Coke to Mix % -
Si - - - MgO 37 39
Mg 37/39 0.949 $10,/¢
P - - - MnO 379 399 < (50/279) 1000 179 kg
< - - - FeO 27 28 .7 §i0, to Mix %
- (50/1050)100 4R
Other 4 4 1.28 BaO/0Other - -
- Mr/Fe Slag
279 293 100,00 7il 749 100.0 (294/21) = 14,0



TABLE 6-99

DR + OAEF + SAEF - MN ORE 1.0 MN/FE - SEMI-STEEL + FEMN + SIMN

Wt /Chge MﬂO2 Mn {¥noO MniFe,0 Fe | el Fe 510, Al C\3 Ca0 MgO BaQ P s c
Material kg L/kg  %/kg|X/kg  L/kg 2/'%3 2/kg {5 /kg T/kg) T “ kg (% C T kgl x kgl X kgl % kg] 2 kg [ % kg| 2 kg
High Mn slag 800 53.4 3.7 23.9 191 6.9 5% 6.9 55 5.2 42
427 331 3G 23
Mn Ore 1.0 Mn/Fe 200 24,0 6.0 10.0 20 5.0 0 4.0 3 .G [
48 48
Coke 160 2.0 5.0 8 3.0 S 75.0 120
3 2
Dolomite 200 . e _ 2.0 _ & e 60 21.0 42
TOTAL 1, 360 48 331 SO 3 223 70 123 90 120
FEMN PRODUCED SLAG PRODUCED MATERIAL BALANCES PRODUCT RATIOS
s qlnitial- i ﬁlnitiax. Mn 360/379 - 0.951 Slag/t
== ha E 4 -
Fe 70/73 - 0.953 (63173371000 1872 ke
. , ‘ 2 12 2.
Mr 282 265 75.0 510, 01 212 2.0 cio 2167227 0.950 Slag Ratio
C, - - = . -
Fe 54 57 16.0 Al O 67 70 10.5 2 Ca0 + Mg0 + )‘an/SioZ 1.85
- a1,05 67/70 - 0.957 Coke/t
C 22 23 6.5 Ca0 117 123 18.5 © : .
Cal 175/184 - 0.951 (160/337)1000 475 kg
1.5 > 86 90 13.6
3 ’ ’ e M50 125/132 = 0.947 Coke to Mix Z
P - - - 20 140 147 2.2 (160/1360) 190 - 1.8
C
. 5 Dol/t
s - - - Feo 20 n 3.2 . .
MnQ., /Moo 10.5 (200/337)1000 594 kg
. : : ‘the - - - <
Other = nd 1.0 Ba0/Cther — — e MEO/MA 57.8 Dol to Mix %
137 354 100.0 631 663 100.0 (200/1360) 100 R
! § 4
Fei’ol' Fed - Mn/Fe Slag
FeO/Fe 12.2 = 7.0
S0 fS¢ 4.3
C {n Metal 23.0
113.2
113.2/.75 = 150.9 Use 160)




TABLE 6-100
MANGANESY ORE 1.0 MN/FE - SEMI-STEFL + FEMN 4 SIWN

Wi/ Chge 1m0, ¥nfMno ¥in | Fe,0, ’r‘e} Feo Fe| s, ,\15(53 ca0 ¥go Ba0 P S ¢
Material kg JT/kg T/kg %/kg T/kg| Tkg' TIRg} Tk Yke | T ket kg | kg | % kgt kgl kgl * kg | = kg
Low Ma Slag 900 22.2 3.2 32.0 288 10.5 95 18.5 167 13.6 122
200 155 29 22
Me Ore 1.0 Mn/Fe 100 L0 2500 0.0 5.0 5 4.0 4 3.0 3
A 24
Coke 110 2.0 5.0 S 3.0 3 75.0 b3
a 2
TOTALS 1,110 24 155 26 22 303 104 171 125 63
SIMN PRODUCED SLAG PRODUCED MATERIAL BALANCES PROCESS RATIOS
Initia’ Inftial Mn 1704179 = 0.950 Slag/t
kg ke T kg kg i (65372091000 = 3,124 kg
Fe 45748 - 0.944
Mn 136 143 65.0 310, 217 228 33.2 Slag Ratio
S10, 2887303 @ 0.949 Cal + MgQ + Mn()/Si.o2 = 1,79
Fe 30 g 1 A0y 99 104 15.1 )
- a1,0, 99/104 - 0.952 Coke/t
S1 33 35 io.0  Ca0 162 171 24.9 B (110/209) 100G = 526 kg
Ca0 162/171 = 0.947
P - - - ¥g0 119 125 18.2 Coke tc Mix ¥
Mg0 119/125 - 0.952 (110/1110)100 = 9.9
s - - - M0 44 46 6.7
C S10, /¢
¢ 4 4 2.0 Fed 12 13 1.9 = .
MnO , /MnO 5.2
Other - - - Ba0/Cther - - - S10, to Mix Z
MnO/Mn 31.2 - - -
209 220 100.0 653 687  100.0
Fe,03/FeO 2.8 Nolomite/t -
Fo(}/Fe 8.1 Nolomite to Mix X -
S10,/84¢ 30.0 Mn/Fe Slag
- = 3.7
C in Metal 4.0
81.3

B1.3/.75 = 108.4 (Use 110}



METALLURGICAL DATA

Operating Load - KWh
Operating Time - 7
Avg. Lead - KW
KWH/Kg Metal

KWH/t Metal

% Mn
7 Fe
7 Si
%z C

Electrode Paste - Kg/t

TABLE 6-101
DR + OAEF + SAEF

Mn ORE 2.0 Mn/Fe

Semi-Steel + FeMn * $iMn

OAEF
Semi-Steel

10,000
17

3,720

3,120

0.44

98,24

0,04

SAEF
FeMn

10,000
94
9,400
3,29

3,290

75.0
16,0

1.5

25

SAEF
SiMn

10,000
94
9,400

4,94

4,940

65.0
17.0
16,0

2.0

35



TABLE 6-102
DR + OAEF + SAEF

MN ORE - 2.0 MN/FE
SEMI-STEEL 4 FEMN 4+ SIMN

CAMPATICN PROGRAM

1000 kg Mn ore 2.0 Mn/Fe 737 kg reduced ore

1000 kg reduced ore 2.0 Mn/Fe 185 kg semi-steel +
933 kg high Mn slag

650 kg high Mn slag 353 kg FeMn +

350 kg Mn ore 2.0 Mn/Fe 523 kg final slag

HOURLY PRODUCTION

Semi-steel 7,362 t/y/8760 x .70 = 1.19 t/h
High Mn slag 1.19 x 933/185 = 6,00 t/h
FeMn 9400/ (2500 + 790) = 2,86 t/h
Low Mn slag 2.86 x 558/353 = 4,52 t/h
SiMn 9400/ (4000 + 940) = 1,90 t/h
ANNUAL PRODUCTION - FeMn 291d/9.6 mo SiMn 74d/2.4 mo
High Mn slag 20,000 t/y FeMn » 650/353 = 36,827 t/y
Semi~steel 36,827 x 185/933 = 7,302 t/y
FeMn 20,000/2.86 x 24 = 291 d/y
2,86 x 291 x 24 = 20,000 t/y
SiMn 1.90 x 74 x 24 = 3,374 t/y
Low Mn slag req'd 3,374 x 700/280 = 8,436 t/y
Reduced ore req'd 7,302 x 1000/185 = 39,470 t/y
Ore req'd 39,470 x 1000/737 = 53,555
20,000 x 350/353 = 19,830
3,374 x 300/280 = 3,615
77,000 t/y
Coke req'd 20,000 x 180/353 = 10,198
3,374 x 170/280 = 2,049
12,247 t/y
Total slag 20,000 x 558/353 = 31,615
- 8,436
3,374 x 523/280 = 6,302

29,481 t/y



TABLE 6-103
DR + OAEF + SAEF

MN ORE - 2.0 MN/FE

SEMI-STEEL + FEMN + SIMN

| SUMMARY - RAW MATERTAL REQUIREMENTS

t/y
kg/t 365 d
kg/batch semi~-steel  t/d 12 mo
'Mn Ore - 2.0 Mn/Fe - - (147) (53,555)
Reduced ore 1,000 5,405 108 39,470
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/ly
kg/t 291 d
kg/batch FeMn t/d 9.6 mo
High Mn slag 650 1,841 127 36,827
Mn ore 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 31,614
t/y
kg/t 74 d
kpg/batch SiMn t/d 2.4 mo
Low Mn slag 700 2,500 114 8,436
Mn ore 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 Mn slag 523 2,868 85 6,302
Total slag - - - 29,481
Total Mn ore req'd - - - 77,000
FeMn produced if operated for 365 days = 25,054 tfy




TABLE 6-104
DR + OQAEF + SAEF - MANGANESE ORE 2.0 MN/FE - SEMI-STEEL + FEMN + SIMN

Wt/Chge | 1m0, Mn fMn0 Mo | Fe 0, FefFeQ Fe Si0, AL,0, Cal ) Ba0 P s C
Material kg kg w/kgli/kg %/kg] %/kg” Tikghi/kg Tkg T kg2 kegl? kgdt kg § % kel % kg | * kg ] % kg
Reduced Ore 2.0 Mn/Fe 1,000 43.1 20.6 11.6 116 5.2 52 5.2 s2 3.9 39
431 20¢
Quartzite 150 —— —_ 99.0 149 1.0 1 — —
TOTALS 1,150 431 206 265 53 52 39
SEM1-STEEL PRODUCED SLAG_PRODUCED MATERIAL BALANCES PROCESS RATIOS
Initial Initial Mn 410/6431 = 0.95] Slag/t
kg kg X kg kg z (933/185)1000 - 5043 kg
Fe 1957206 = 0.948
Ma 1 1 0.44 510, 252 265 26.9 Slag Ratio
- s10, 252/265 - 0.95! Ca0 + MgO + Mn0/S10, = 2.20
Fe 182 192 95.24 Al,0, 50 53 5.4 - -
- AL,0, 50/53 = 0.943 Coke/t -
si - - - Ca0 49 52 5.3 -
ca0 49/52 = 0.942 Coke to Mix % -
P - - - Mg0 37 3¢ 4.0
Mg0 37/39 = 0.949 $10,/t
S - - - Mnod 528 556 56.6 (150/185)1000 = 81l kg
c - - 0.04 FeO 17 1€ 1.8 510, to Mix %
(150/1150) 100 = 13.0
Cther 2 2 1.28 BaQ/Qther - - -
Dolomite/t -
185 195 100.00 933 983 100.0

Dolomite to Mix ¥ -

Mn/Fe Slag 309




TABLE 6-105
DR + OAEF + SAEF - MANGANESE ORE 2.0 MN/FE - SEMI-STFEL + FEMN + SIMN

¥t /Chge }fMno, Mn IMno MnfFe 0, Fe f FeC Fe sto, Al,0 Ca0 Mg0 Ban P 3 C
Material kg 2/kEg Ukglr/kg  S/kefi/kg Tike fU/ke YkefX kgl - 3kg x kg § = kg % kg f % kg R % kgf % kg
Eigh Mn Slag 650 56.6 1.8 26.9 175 5.4 35 05.3 3% 4.0 26

368 289 12 9
Mn Ore 2.0 Mn/Fe 350 32.0 it.0 9.0 32 4.0 14 4.0 6 3.0 11
112 56
Coke 180 2.0 5.0 9 3.0 5 75.0 135
4 3
Dolomite _ 150 _ _ 0 3 302 45 1.0 32
TOTALS 1,330 112 285 59 9 219 54 93 69 135
FEMN PRODUCED SLAC_PRODUCED MATERIAL BALANCES PROCESS RATI0S
Initial initial Mn 377/397 - 0.950 Slag/t
kg kg 1 kg kg = (558/353)1000 = 1581 kg
Fe 65/68 - 0.949
Mn 264 278 75.0 s10, 196 206 35.0 Slag Ratio
N sio, 203/219 0.954 Ca0 + Mg0 + MnO/SiC, = 1.62
Fe 50 59 16.0 a1,0, 51 S4 9.2 - -
< ALL04 S1/54 - 0.944 Coke/t
St & & 1.5 Cad 68 53 15.8 - (180/353)1000 - 510 kg
Ca0 88/93 = 0.946

3 - - - Mg0 66 69 1i.7 Coke to Mix %

MgC 66/69 = 0.956 (180/1330)100 - 13.5

S - - - #n0 146 154 26.2

A $10,/t -

C 2 24 0.5 Fed 11 12 2.1 -

MnO ,/Mn0 2.4 S10, to Mix % -

Other _4 & 1.0 Ba0/Other - - - b -

- - MnO/Mn 60,7 Dolomit. /r
353 371 100.0 598 S8S  100.0 (150/353) 1000 = 425 kg
Feqo.j/FeO 6.3
- Dolomite to Mix 2
Fe(/Fe 12.6 (130/1330)109 - 9.8
$10,/51 5.1 Mn/Fe slag 13.2
C in Metal 24.0

133.1

133.1/.75 = 177.5 (Use 180}



TABLE 6-106
DR + OQAEF + SAEF -

MANGANESE ORE 2.0 MN/FE - SEMI-STEEL + FEMN + SIMN

Wt/Chge Mn(]2 Ma { MnO Mn Fe,,O3 Fe | Fel Fe sio, Al,,(\.; Ca0 Mg0 Ba0 P S C
Material kg “ikg  %lkg ] t/kg t/kglrikgT T/kg {T/ke t/kg? “ kgh? BN B kgd % kg kg § % kg {2 kgl % kg
Low Mn Siag 700 26.2 201 35.0 245 9.2 41508 1 11.7 82
183 142 15 11
Mo Ore 2.0 Mn/Fe 300 32.0 16.0 9.0 VAR 12 4.0 12 3.0 9
9 48
Coke 170 2.0 5.0 9 3.0 5 75.0 128
3 2
TITALS 1,170 96 142 50 1t 281 81 123 G1 128
SIMN PRODUCED SLAG YRODUCED MATERTAL BALANCES PROCESS RATI10S
Initial Initial Mn 2277238 = 0.954 Slag/t
kg kg z ky kg x (523/280)1000 = 1868 kg
Fe 58/61 = 0.953
Mn 181 190 65.0 510, 171 180 32.7 Slag Raticu
83 267/28L = 0.952 CaC + MgC + MﬂO/’SiO,7 = 1.78
Fe 48 50 17.0 Al,,O.i 77 81 4.7 -
o Al, o 77/81 = 0.951 Coke/t
Si 45 47 16.0 Ca0 117 123 22.3 - (170/280)1000 = 607 kg
Ca0 117/123 = 0.951
P - - - Mgl 8¢ 91 6.5 Coke to Mix ¥
Mg( 86/91 = 0.945 (170/1170)100 = 14.5
s - - - MnO 59 62 1.3
C S10,/t ~
C [ s} 2.0 Fe0 13 14 2.5 -
M0, /Mn0 20.9 $10, to Mix ¥ -
Other - - - BaO/Other - . - - °
Mn0/Mn 415 Dolomite/z -
280 293 100.0 $23 551 100.0
Fe,,03/Fe0 S.4 Dolomite to Mix % -
FeO/Fe 10.7 Mn/Fe Slag 4.5
$i0./S1 40.3
C in Metal 0.0
124.8
124 .8/.75 = l66.- (Use 170)
k“;
.



METALLURGICAL DATA

Operating Load - Kwh
Operating Time - x
Avg. Load - KW
KWh/Kg Metal

Kwh/t Metal

7% Mn
7% Fe

Z Si

9

C

Electrode Paste - Kg/t

TABLE 6-107
DR + CAEF 4 SAEF

Mn ORE 3.0 Mn/Fe

Semi-Steel + FeMn +*+SiMn

OAEF
Semi~steel

10,000

27

2,660
4.09

4,090

0.44

98,24

0,04

SAEF

FeMn

10,000

94

9,400
3.19

3,190

75,0
16,0
1.5
6.5

25

SAEF

SiMn

16,000

94

9,400
4,66

4,660

65,0
17.0
16.0

2.0

35



T % TTRE wel B R R i

ENGINEERS

CAMPAIGN PROGRAM

TABLE 6-~108
DR + OAEF + SAEF

Mn Ore 3.0 Mn/Fe

Semi-Steel + FeMn + Sigg

1000 kg Mn ore 3.0 Mn/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

HOURLY PRODUCTION

Semi~steel
High Mn slag
FeMn

Low Mn slag
SiMn

ANNUAL PRODUCTION -

High Mn slag
Semi~steel

FeMn
SiMn
Low Mn slag req'd

Reduced ore req'd
Ore req'd

Coke req'd

Total slag

Mn/Fe

3970 t/y/8760 x
0.65 X 956/137
9400/ (2500 + 690)
2.95 x 498/361
9400/ (4000 + 660)

FeMn 282d/9.3 mo

20,000 t/y FeMn x
27,701 x 137/956

20,000/2.95 x 24
2.95 x 282 x 24
2,02 x 83 x 24
4,024 x 600/331
3,970 x 1000/137
28,978 x 1000/748
20,000 x 500/361
4,024 x 400/331

20,000 x 210/361
4,024 x 210/ 331

20,000 x 498/361

4,024 x 438/331

.70

748

137
956

361
498

331
438

0.65
4.52
2.95
4.06
2.02

]

1]

kg reduced ore

kg semi-steel +
kg high Mn slag

kg FeMn +
kg low Mn slag

kg SiMn +
kg final slag

t/h
t/h
t/h
t/h
t/h

SiMn 83d/7.7 mn

500/361 = 27,701 t/y
= 3,970 t/y
= 282 d
= 20,000 t/y
= 4,024 t/y
= 7,294 t/y
= 28,978 t/y
= 38,741
= 27,701
= 4,863
71,305 t/y
= 11,634
= 2,553
14,187 tly
= 27,590
- 7,294
= 5,325

25,621 t/y



TABLE 6-109
DR + OAEF + SAEF

Mn Ore - 3.0 Mn/Fe

Semi-Steel + FeMn + SiMn

SUMMARY - RAW MATERIAL REQUIREMENTS

Mn ore 3,0 Mn/Fe
Reduced ore
Quartzite

Coke

Semi~steel
High Mn slag

High Mn slag

Mn ore 3.0 Mn/Fe
Dolomite

Coke

FeMn
Low Mn slag

Low Mn slag

Mn ore 3.0 Mn/Fe
Coke

Quartzite

SiMn
Low Mn slag
Total slag

Total Mn ore req'd

FeMn produced if operated for 365 days =

TOTAL

TOTAL

TOTAL

kg/t
kg /batch semi-steel  t/d
- - 106
1,000 7,299 79
150 1,095 12
1,150 8,394 91
137 1,000 11
956 6,985 76
kg/t
kg/batch FeMn t/d
500 1,385 98
500 1,385 98
100 277 20
210 582 41
1,310 3,629 257
361 1,000 71
498 1,380 98
kg/t
kg/batch SiMn t/d
600 1,813 88
400 1,209 58
210 634 31
1,210 3,656 177
331 1,000 48
438 1,323 64
25,842 tly

t/y
365 d
12 mo

38,741
28,978
4,364

33,342
3,970
27,701

t/y
282 d

9.3 mo

27,701
27,701
5,540

11,634

12,576

20,600
27,590

t/y
83 d
2.7 mo

7,294
4,863
2,553

14,710

4,024
5,325
25,621
71,305



TOTAL 6~110

DR + QAEF + SAEF - MANGANESE ORE

3.0 MN/FE ~ SEMI-STEEL + FEMN + SIMN

Wt /Chge }‘lno2 ¥n | MnO Mnj Fe O'X Fef Fed Fe Sio, A1203 Cal Mg0 BaQ P S C
Material ke |%/kE kg |u/ke kg| 2/fg’  S/kglt/kg  kelx T okgl % kg | % kg | % kgl 2 kg | % g} 7 kg kg
Reduced Ore 3.0 Mn/Fe 1,000 45.7 15.2 11.4 114 5.1 s1 5.1 51 3.8 38
457 152
Quartzite 150 - 99.0 149 1.0 1
TOTALS 1,150 457 152 263 52 St 38
SEMI-STEEL PRODUCED SLAG PRODUCED MATERIAL BALANCES PROCESS RATIOS
Kg Unit
Initial Initial Product/Feed Recovery
kg kg x kg kg S Mn 43576457 = 0.951 Slag/t
(956/137)1000 6978 kg
Mn 1 1 0.44 $10, 250 263 26.1 Fe 164/152 «  0.948
Slag Ratio
Fe 134 141 98.2% A1203 49 52 5.2 510, 250/263 = 0.951 Ca0 + MgO + MnO/SiOZ 2.32
si - - - a0 48 51 5.1 AL,0g 49 /52 - 0.942 Coke/t -
P - - - Mg0 36 38 3.8 Cal 48/91 = 0.941 Coke to Mix Z -
s - - - MnO 560 589 58.4 MgO 36/38 = 0.947 SiOZ/ t
(150/137)1000 1095 kg
C - - 0.04 FeO 13 14 1.4
$10, to Mix %
Other 2 2 1.28 Ba0/Other - - - © (150/1150)1000 13.0
137 144 200.00 956 1,007 100.0 Dolomite/t -
Dolomite to Mix % -
Mn/Fe Slag 42.9




| TABLE 6-111 SO, ‘ SR
DR’ 4+ 0AEF + SAEF ~ MANGANESE ORE 3.0 MN/FE - SEMI-STEEL

el | ¥t/Chge
Material - ' : ' k&

3
K
=
8
1
&
&)
]
o
=

" Righ'Mn slag 500 - B Te DELUURL A D s 6 G e

“Mn ore 3.0 Mn/Fe 500 36,0 L B SnALn A s

" Coke ‘ 210 ' ; 1 138 !
Dolomite } o 100 o o S S L JES S o

TOTAL 1,310 130 S o

FEMN . PRODUCED

My

w 1,848 Slape

Initial

ke ‘ kg x . ( Las
) ) : F - [
Mn 270 284 5.0 $i0,, a7 Tim ilog Raclw
- ‘ ‘ ‘ - - CAGLED - noggs , Call + vl HL(},‘;;(;‘ -
“Fe' 58 61 16.0 AL,0 £ )
23 Al w o (040 Coke/ s ‘
\ ‘
s1 6 6 1.5 .- Ca0 o e Palh : (0S8 : "
o Cal R - LT : ‘
P - - - Mg0 S a5 a0 Gake to-¥i
k Ml TR B i [ L :
s - - - Mn0 LG - I6 .8
: SR - '
c .23 2% 6.5 Fel 2 @ 1.7 -
: ' ) ' b BA0, e Mix -
4 & 1.0 © Ba0/Other - e e B

‘ bthex

Bolemizelt :
(10073613000 . L4

)
pv
~i
ol
¥

361 379 100.0 - ‘ SEN R Lo,

Telomite to Mix -

Tt (TROATIIOY TG0 Tau
b Mo Re Slayg I




TABLE 6-112

DR + OAEF + SAEF - MANGANESE ORE 3.0 MN/FE - SEMI-STEEL + FEMN + SIMN

Wt/Chge | M0, Mn {MnG ¥n{Fe,0, Fe{Fe0 Fe $10,, ALO, CaC Mg0 Ba0 P S C
Material kg 2/kg  L/xgli/kg T/kgjr/kg x/kgl%/kg Z/kgi % . 7184 kgl® kgl X kg | 2 kgl % kg % kg| kg
Low Mn Slag 600 29.9 1.7 33.5 200 9.9 59 14.5 87 10.5 63
179 139 10 8
Mn Ore 3.0 Mn/Fe 400 36.0 12.0 9.0 3% 4.0 16 4.0 16 3. (2
144 48
Coke 210 2.0 5.0 11 30 6 75.0 158
- 4 3 — —_ _ —
TOTALS 1,210 144 139 51 8 248 81 103 75 158
SIMN PRODUCED SLAG PRODUCED MATERIAL BALANCES PROCESS RATIC.
Inttial Initial Mn 269/ 283 - 0.951 Slag/t
kg kg z kg kg 2 (438/331) 1000 = 1323 kg
Fe 56/59 - 0.949
Mn 215 276 65.0 s1i0, 122 128 27.8 Slag Ratio
si0, 236/248 = 0.950 Ca0 + MgO + Mon/$10, 2.22
Fe 36 59 17.0 41,04 77 81 17.6 -
AL,04 77/81 - 6.951 Coke/t
Si 53 56 16.0 Ca0 98 103 22.3 (210/331)1000 = 634 kg
Ca0 98,103 = 0.952
P - - - MgO 71 75 16.3 Coke to Mix 7%
MgO 71/75 - 0.947 (210/1210)100 - 17.4
s - - - Mn0 70 74 16.0
C $10,/¢ -
< 7 7 2.0 FeO - - -
Mn0,/Mn0 31.4 S10, to Mix % -
Other - - - Ba0/Other - - - - N
- Mn0/Mn 49.3 Dolomite/t -
331 348 100.0 438 461 100.0
Fe,,OBIFeO 5.5 Dolomite to Mix X -
FeO/Fe 12.6 Mn/Fe Slag -
S10,/5¢ 48.0
C in Metel 7.0
153.8
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 obhtained by
direct smelting did not meet the minimum standards of 70% Mn

for a marketable FeMn, therefore, spiegeleisen production was
not pursued.




Descript..m

Mn Cre - C.6 Mn/Fe

Mn Ore - 1.0 Mn/Fe

TABLE 6-113
SUMVARY ~ OPERATING ALTERNATIVES

SPIEGELEISEN
Total
Iron SiMn Seni-Steel Mn Cre
]y /v tly tfy
- - - £2150
- - - 75978

Reduced
Ore

95

Coke

523

19267

19754

Electric

Power
GWly

[

82.3

82.3

Natural Electrode

Ges Carbon Spilegeleisen
Mz3/y tfy tfy

- 220 31kL8

- 216 30923

SINAI MANGANESE 80012

SUMMARY - OPERATING ALTERNATIVES

SPIEGELEISEN




TABLE 6-114
SAEF

——

MN ORE - 0.6 MN/FE

SPIEGELEISEN

METALLURGICAL DATA

Operating Load - kW
Operating Time - 7
Avg. Load - kW
kWh/kg Metal

kWh/t Metal

Electrode Paste - kg/t

SPIEGELEISEN

1,000
94

9,400

2.62

2,620

28.4
65.0
0.9

5.7




KAISER —

ENGINEERS

TABLE 6 -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 = 1,6l t/h
ANNUAL PRODUCTION

Spiegeleisen 3.59 x 365 x 24 = 31,448 t/y

Low Mn slag 1.61 x 365 x 24 = 14,100 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



KAISER

ENGINEERS

TABLE 6-116
SAEF

MN ORE - 0.6 MN/FE
SPIEGELEISEN

SUMMARY - RAW MATERIAL REQUIREMENTS

kg/ kg/t

batch Spiegeleisen
i Mn Ore - 0.6 Mn/TFe 1,000 1,976
Coke 310 613
Dolomite 50 99
§ TOTAL 1,360 2,688
| Spiegeleisen 506 1,000

i Low Mn Slag 227 449

t/d
170

53

232

86

39

t/y
365 d
12 mo

62,150
19, 267
113

84,530

31,448

14,100




TABLE 6-117
SAEF - MANGANESE ORE 0.6 MN/FE - SPIEGELEISEN

Wt/Chge Hnoz Mn § MnO Mn Fe,,O‘ Fej Fel Fe SiO,’ AXZO3 CaQ Mg0 Bal P S C
Materisl kg %/kg /g */kg X/kgdR/kg" T/kgfx/kg “/kgldz “ ke % kef kg g~ kgt 2 kgt % kgl % kg 3% kg
Mn Ore 0.6 Mn/Fe 1,000 32.76 0.97 S1.47 5.80 58 2.38 26 0.78 8 Q.10 1 0.11 1 0.10 1 0.10 1 0.02 -
328 207 10 8 S15 360
Coke 310 2.0 5.0 16 3.0 9 75.0 233
6 4
Dolomite 50 _ 2.0 B _30.2 15 21.0 11 _ _ _
TOTALS 1,360 207 8 364 75 33 23 12 1 1 1 233
SPIEGELEISEN PRODUCED SLAG _FRODUCED MATERIAL BALANCES PROCESS RATIOS
Initial Initial Mn 2047215 - 0.950
[ kg z kg kg z Slag/t
Fe 346/364 = 0.951 (227/506)1000 - 449 kg
Mn 143 151 28.4 5102 61 64 26.8
s10, 72/75 = 0.9% Slag Ratio
Fe 329 346 65.0 Al.,03 31 33 13.8 - Ca0 + Mg0 + Mx:O/Sio2 - 1.76
= A1,0, 31/33 - 0.939
St 5 5 0.9 Ca0 22 23 9.6 - Coke/t
Cal 22/23 = 0.957 (310/506) 1000 L 613 kg
P - - - MgO 11 12 S$.0
Mg0 11712 - 0.917 Ccke to Mix 2
S - - - MnC 79 83 34.8 (310/1360)100 - 22.8
C
o} 29 30 S.7 Fel 22 23 9.6 SiO.,/t -
MnO.,/Mn0 45,2 .
Other - = - BaO/Other 1 1 0.4 - §10, to Mix k4 -
Mo /Mn 32.9
506 532 100.0 227 239 100.0 Dolomite/t
Fe,,03/FeO 9.0 (50/506)1000 - 99 kg
FeQ/Fe 741 Dolomite to Mix 7%
(50/1360) 100 - 3.7
$10,/51 4.3
- Mn/Fe Slag 3.6
C in Metal 39.0
225.5

225.5/.75 = 300.7 (Use 310 kg/t)




ENGINEERS

TABLE 6-118
SAEF

MN ORE - 1.0 MN/FE

SPIEGELEISEN
METALLURGICAL DATA
Spiegeleisen

Operating Load ~ kW 10,000
Operating Time - % 94
Avg. Load - kW 9,400
kWh/kg Metal 2,66
kWh/t Metal 2,660
Z Mn 39.3
7 Fe 54,2
% Si C.9

%z C 5.6

Electrode Paste - kg/t 7



ENGINEERS

TABLE 6-119

SAEF
MN ORE 1.0 MN/FE
SPIEGELEISEN
CAMPATIGN PROGRAM
1000 kg Mn ore 0.6 Mn/Fe 407 kg Spilegeleisen +

323 kg low Mn slag

HOURLY PRODUCTION

Spiegeleisen 9400/ (2500 + 160) = 3,53 t/h

Low Mn slag 3.53 x 323/407 = 2,80 t/h
ANNUAL PRODUCT ION

Spiegeleisen  3.53 x 365 x 24 = 30,923 t/y

Low Mn slag 2,80 x 365 x 24 = 24,528 t/y

Ore req'd 30,923 x 1000/40; = 75,978 t/y

Coke req'd 30,923 x 260/407 = 19,754 t/y
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TABLE 6-120
SAEF

MN ORE 1.0 MN/FE
SPIEGELEISEN

SUMMARY - RAW MATERIAL REQUIREMENTS

kg/ kg/t

Pig Iron batch Iron
Manganese ore 1.0 Mn/Fe 1,000 2,457
Coke 260 639

Quartzite - -
TOTAL 1,260 3,096
Spiegeleisen 407 1,000

Low Mn slag 323 794

t/y
365 d
12 mo

75,978
19,754
95,732

30,923

24,528



TABLE 6-121

SAEF -~ MANGANESE ORE 1.0 MN/FE - SPIEGELEISEN

We/Chge MnOz Mn § MnO MniFe 03 Fe J Fel Fe 5102 A1203 Cal MgO BaC P C
Material ve lzd  wwg| 2ke wxe]n/fes’ a/ve f2ike akg |2 xe]x re| 2 el % 2 kel % ke kel % ke
¥n Ore 1.0 ¥n/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
SPIEGELEISEN PRODUCED SLAG PRODUCED MATERIAL BALANCES PROCESS RATIOS
Injtial Initial Mn 228/240 L 0.951 Slag/t
kg kg 3 kg kg z (323/407)1000 = 7% kg
Fe 231/244 = 0.946
Mn 160 168 39.3 5102 99 104 30.5 Slag Ratie
siQ, 108/113 = 0.952 Ca0 + Mg0 + MnO/SiOZ - 1.60
Fe 22¢ 232 54,2 A.1203 55 58 17.1 -
A1203 55/58 = 0.948 Coke/t
Si 4 4 0.9 Ca0 38 40 11.8 (260/407)1000 - 639 kg
Ca0 38/40 - 0.950
P - - - Mg0 29 30 8.8 Coke to Mix %
MuO 29/30 = 0.967 (260/1260) 100 - 20.6
S - - - MnO 88 93 27.4
c 5§19,/ -
Cc 23 24 5.6 Fel 14 15 4.4
MnOZ/MnO 15.7 S)'.O2 to Mix 7 -
Other - - - Ba0Q/Other - - -
MnOZ/Mn 73.3 Dolomite/t -
407 428 100.0 323 340 100.0
Fe,03/FeO 1.3 Dolomite to Mix % -
Fe703/Fe 74.3 Mn/Fe Slag 5.3
5102/51 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.



TABLE 6-122
SUMMARY - CFERATING ALTERNATIVES

IMPORTED AND HIGH GRADE ORE

Total Reduced Electric Natural Electrode
Description FeMn Pig Iron SiMn Semi-Steel Mn Ore Qre Coke Power Gas Carbon
t/ly t]y tfy t/y tfly 7y t/y W]y Mm37y t/fy
Imported Ore = SO% Mn 19090 - 6835 - Lz8a9 - 17428 82.3 - 716
High Grade Ore - 51.5% Mn 18008 - 702C - 42889 - 16495 80.9 - 696

SINAI MANGANESE 80012

SUMMARY - OFERATING ALTERNATIVES

IMPORTED AND HIGH GRADE ORE




METALLURGICAL DATA

Operating Load - kW
Operating Time - %
Avg. Load - kW
kWh/kg Alloy

kWwh/t Alloy

% Mn in Metal

% Fe in Metal

% Si in Metal

7 C in Metal

Electrode Paste - kg/t

TABLE 6-123
SAEP
HIGH/LOW GRADE ORE

Primary FeMn + Secondary SiMn

High C
_FeMn SiMn
9,000 11,000
94 94
8,460 10,340
2.42 5.24
2,424 5,290
75.0 65.0
16.0 17.0
1.5 16.0
6.5 2.0
15 30
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ENGINEERS

TABLE 6+124
SAEF

—————

HIGH/LOW GRADE ORE

FEMN + SIMN

CAMPAIGN PROCRAM

900 kg high grade ore 431 kg FeMn +

100 kg low grade ore 507 kg high Mn slag

950 kg high Mn glay 317 kg SiMn +

50 kg low grade ore 861 kg low Mn slag
HOURLY PRODUCTION

FeMn 8,460/2,424 = 3,49 t/h

High Mn slag 507/431 x 3.49 = 4.11 t/h

SiMn 10,340/5,290 = 1.95 t/h

ANNUAI OPERATION - FeMn 215 d/7.1 mos SiMn 150 d/5.9 mos

FeMn 215 d x 24 h x 3.49 = 18,008 t/y
High Mn slag 215 d x 24 h x 4,11 = 21,208
SiMn 150 d x 24 h x 1.95 = 7,020
Slag req'd 7,020 x 950,317 = 21,038
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 = 3,543
16,495
Low Mn slag 7,020 x 861/317 = 19,0067
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TABLE 6-125
! SAEF

St

ENGINEERS

HIGH/LOW GRADE ORE

FEMN + SIMN

SUMMARY - RAW MATERIAL REQUIREMENTS

kg/ kg/t
FeMn Batch FeMn
High grade ore
- 51.5%7 Mn 900 2,088
Low grade ore
~ 21.5% Mn 100 232
Coke 310 719
Quartzite 120 278
Dolomite 240 557
TOTAL 1,670 3,874
FeMn 431 1,000
High Mn slag 507 1,176
kg/ kg/t
SiMn Batch SiMn
High Mn slag 950 2,997
Low grade ore
- 21.57 Mn 50 158
Coke 160 505
Quartzite 150 473
Dolomite 400 1,262
1,710 5,395
SiMn 317 1,000

Low Mn slag 861 2,716

t/y
215 d

7.1 mos !

37,604

4,178
12,952

5,014
10,028
69,776

18,008
21,208

tly
150 d

4.9 mos

21,038

1,107
3,543
3,322
8,858

37,868

7,020
19,067



“TABLE 6-126

SAEF - RICH/LOW GRADE ORE - PRIMARY FEMN + SECONDARY SIMN ~ FEMN PRODUCTION

MnO,, Mn | MnQ Mn Fe,,t’).§ Fe sig., AI,,O3 Ca0 Mg0 Ba0 P C
Material Wt /Chge [a/kg  %/kg| X/kg T/kg | W/ke”  S/xg 2 okl Tt kgw kg [ % kgl 2 kg % kg | % kg | 2 kg
Low Grade Ore 100 32.76 20.71 0.97 0.75 51.52 36.03 5.80 6 2.38 2 0.78 1 o.10 - 0.99 1 0.103 - 0.09 -
33 21 1 1 2 36
High Grade Ore 90¢ 67.77 42.84 11,18 8.66 9,79  6.85 1.16 10 0.90 8 1.45 13 0.35 3 1.38 12 0.981 1 0.09 1
610 386 101 78 88 b
Ceke 310 2.0 1.4 5.0 16 3.0 9 1.0 3 75.0 231
(o] A
Quartzite 120 93.0 119 1.0 1
Dolomite 240 . 2.0 S __30.2 72 21.0 50 o — _
TOTAL 1,670 643 407 102 79 150 98 156 20 86 53 13 1 4 233
FEMN PRODUCED SLAG PRODUCED MATERIAL BALANCES PRODUCT RATIOS
Actual Init{al Actual Initial Fe 92/98 = 0.942 Slag/t {507/431)1000 1176 kg
[ | TR
Mn 462/486 = 0.950 Slag Ratio CaO4MgO+MnO+Ba0 )38
Mo 323 340 7s.0 S0, 134 141 26.5 $10, .
$10. 149/156 = 0.955
Fe 09 73 1o.0  Al,0g 19 20 3.8 - Coke/t (31G/431)1000 719 kg
- A1,04 19/20 = 0.950
< 28 30 6.5 caC 82 86 16.1 - Coke to
ca0 82/86 = 0.953 Mix 2 (310/1670)100 18.6
s1 7 7 1.5  Mg0 50 53 9.9
Mg0 50/53 = 0.943 $10./t (120/431)1000 276 ke
P 1 1 0.2 Mn0 179 188 35.3 -
C _ S10, to ” 5
s - - Feo 30 32 0.0 Mix>x (120/1670)100 7.2
MO, /Mno 14,5
. 2 4 - 40/4 7
Other 3 3 0.8 Bs0/Other 13 13 24 yno. /Mn 148, 4 Dolomite/t (240/431)1000 557 kg
431 454 100.0 507 533 100.0  Fe,0./Fe0 2.7 Boii.'m (260/1670/100 4.4
Fe,0,/Fe 23.5 e
$10,/51 6.0 Mn/Fe Slag 5.94
P,0,/P 1.0
C in Metal 3n,.0
20,1
226,1/7.75 = 301.5 (Use 310 kg)
N
e



TABLE 6-127

SAEF ~ HICH/LOW GRADE ORE - PRIMARY FEMN + SECONDARY SDMN -~ STMN PRODUCTION
. 1 HﬁOz ¥n {Mn0 Mn Fe,,03 Fe | FeC Fe SiO2 Al703 Ca0 MgOC BaQ 3 S C
Materia We/Chge |2/kE 2/kg [R/kg Z/kg{ %/kg® T/kg | 3/kg kg |2 1 E A kg|® kg % kg ] = kg | % kg § % kg
High Mn Slag 950 35.3 27.3 6.0 4.7 26.5 252 3.8 36 16.1 153 9.9 S4 2.4 23 - -
335 260 57 &5
Low Grade Cre 50 32.76 20.71 0.97 0.75 51.32 36.03 5.8 3 2.38 1 0.78 0.10 - 0.99 1 0.103 - 0.09 -
16 10 i 1 26 i8
Coke 162 2.0 5.0 8 1.0 5 1.0 2 75.0 120
3 2
Quartzite 150 99.0 149 1.0 1
Dolomite 400 _ o 2.0 8 _30.2 121 21.0 8 _ _ .
TOTAL 1,710 16 10 336 261 29 20 57 45 420 43 274 178 24 2 120
SIMN PRODUCED SLAG PRODJCED MATERIAL BALANCES PRODUCT RATICS
Actual Initial Actual Init{al Fe 62/65 = 0.954 Slag/t (861/313)1000 = 2716 kg
ke ke z ke kg z
Mn 258/271 = 0.952 Slag Ratio Cal+MgO+BaO+MnO - 2.05
Mn 206 217 65.0 51.02 221 308 33.8 SiOz ’
510, 398/420 =  0.948
Fe 54 57 17.0 A:LZC‘B 41 43 4.7 - Coke/t (160/317)1000 = 505 kg
Ai,,()‘3 41743 = 0.954
(o 7 7 2.0 Ca0 260 274 30.3 = Coke to
ca0 260/27% = 0.949 wix ¥ (160717103100 9.4
St 50 53 16.0 Mg0 169 178 19.7
Mg0 169/178 = 0.949 SiOZ/t (150/317)1000 = 473 kg
P - - - MnO 67 70 7.7
9 $i0, to
s _ - - Feo 10 10 11 winly (150/1710)100 8.8
MnOZ/MnO 2.3
- - - 2 = 2
Other Ba0/Other 23 24 2.7 MaG/Ma 47.3 Dolemite/t (400/317)1000 1262 kg
317 334 100.0 861 S05 100.0 F2203/FeO 2.1 \D(ﬁ ;0 (400/1710)100 - 23,4
FeO/Fe 12.2 :
540,/81 45.4 Mn/Fe in Slag 6.67
C in Metal 7.0
116.3

116.3/.75 = 155 (Use 160 kg)
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ENGINEERS

METALLURGICAL DATA

Operating Load - kW
Operating Time - 7
Avg. Load - kW
kWh/kg Alloy

kWh/t Alloy

% Mn in Metal

% Fe in Metal

% Si in Metal

7 C in Metal

Electrode Paste ~ ka/t

TABLE 6-128
SAEF SMELTING

IMPORTED ORE

High C
FeMn

10,000
94

9,400

2,424

75.0

16.0
1.5
6.5

15

10,000
9%
9,400

5.29

5,290

65.0

17.0

16.0

2.0
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ENGINEERS

CAMPATGN PROGRAM

TABLE 6-129
SAEF

IMPORTED ORE

_FEMN + S{Mp

1000 kg imported ore

1000 kg high Mn slag

HOURLY PRODUCTION

FeMn
High Mn slag

SiMn

ANNUAL OPERATION

FeMn

High Mn slag
SiMn

Slag req'd
Ore req'd
Low Mn slag

Coke req'd

9400/2424
420/445 x 3.88

9400/5290

fl

445 kg FelMn +
420 kg high Mn slag

397 kg SiMn +
817 kg low Mn slag

3.88 t/h
3,66 t/h

1.78 t/h

—~ FeMn 205 d/6.7 mos. SiMn 160d/5.3 mos.

205d x 24h x 3.88
205d x 24h x 3,66
160d x 24h x 1.78
6835 x 1000/397
19,090 x 1000/445
6835 x 817/397

19,090 x 330/445 = 14,157
6,835 x 190/397 3,271

#ou

1t

19,090 t/y
18,007
6,835
17,217
42,899

14,066

17,428
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TABLE 6-130
SAEF

IMPORTED ORE

FEMN + STMN

SUMMARY -~ RAW MATERIAL REQUIREMENTS

FeMn

Imported ore - 50% Mn
Coke

Limestone

Dolomite

Quartzite

Scrap

Total

FeMn
High Mn slag

SiMn

High Mn slag
Coke
Limestone
Dolomite
Quartzite
Scrap

Total

SiMn
Low Mn slag

kg/
Batch

1,000
330
110

20
70
55

1,585

445
420

kg/
Batch

1,000
190
300

50
140
70

1,750

397
817

kg/t
FeMn

2,247
742
247

45
157
124

3,562

1,000
944

kg/t
SiMn

2,519
479
756
126
353
176

4,409

1,000
2,058

332

93
88

188

43
88

i et i o e e ]

t/y
205 d
6.7 mos

42,899
14,157 :
4,719 §
858 |
3,003 ;
2,359 |
67,995

19,090 |
18,007

t/y
160 d
5.3 mos

17,217
3,271
5,165

861
2,413

1,203
30,130

6,835
14, 066




TABLE 6-

131

SAEY SHMELTING; IMPORTED ORE FEMN PRODUCTION

Wt. per Chge. [MnO,  Mn | MnO Mn [Fe,0, Fe |Feo Fe | sio0, A1,0, ca0 MgO Ba0 P s c
Materizl kg 2/kg =/kgl T/kg T/kg 7.'/&5: kg [ R/kg %/kg 2 T kg Iz kg % kg § 7 kg B kg §% kg | % kg 1% kg
High Grade Ore 1,000 79.09 50.0 2.86 2.00 2.70 27 6.00 60 - - - 0.01 - - -
791 500 29 20
Coke 330 2.00 5.00 17 3.00 10 75.00 248
7 s
Limesatone 110 1.80 2 55.00 61
Dolomite 20 2.00 - 30.20 6 21.00 4
Quartzite 70 99.00 6% 1.00 1
Scrap SS 55 . . _
TOTALS 1,585 500 80 115 71 67 4 248
FEMK PRODUCYD SLAG PRODUCED MATERIAL BALANCES PROCESS RATIOS
kg kg Unit
Balance Balance Product/Feed Recowvery
kg kg 3 kg kg z
Fe 76/80 0.946 Slag/t FeMn  {420/445)1000 = 944 kg
> 3 : 75.00 $10 95 100 22.6 )
o 3 3075 2 o 476/500 ¢. 451 Slag Ratio  CaO + Mg0 + M0 _ , ,,
Fe 7 75 16.00 a1,0, 67 161 s10, 110/115 0.957 510,
c 29 30 6.50 a0 64 67 15.1 a1,0, 67/71 0.944 Coke/t . (222/“’5)1000 - 2(7)42 kg
Ca0 64/67 0.955 Coke to Mix % ( /1585)100 - .
7 1.50 MgO 4 4 1.0 P -
sS4 7 Mg MgO ot 1.000 LS + Dol/t (130/445)1000 292 kg
P - - - MnO 184 194 43.9 Cach LS + Dol % (130/1585)100 = 8.2
6 6 1.3 =on Quartzite/t  (70/445)1000 - 157 kg
_ - - Fe0 .
s e Fe,04/Fe 24.0 Quartzite to Mix % (70/1585)100 = 4.4
Other S 5 1.00 Other - = - Fey04/Fe0 0.7 Mn/Fe Ratic in Slag = 30.%
445 467 100.00 420 442 100.00 Mn0,/Mn 152.7
Mnb, /MO 32.7
§10,/81 6.0
C {n FeMn 30.0
TOTAL C 246.1
246.1/0.75 = 326.1 kg
(Use 330)
i’
.f""’". i




TABLE 6-132
SAEF SMELTING; SILICO-MANGANLSE PRODUCTION FROM MEDIUM GRADE SLAG, IMPGRTED ORE

Wt. per Chge. MnO2 Mn[Mn0O Mn Fe203 Fe | Feo Fe 5102 AlZO3 Ca0 Mg0 Or er P S C
Material kg Z/kg  %/kgl% kg% %/kg |%/kg Z/kg | Z kg | % kg | % kg | Z kg | I kg% kg {2 kg| % kg
High Mn Slag 1,000 43.9 1.30 22.6 226 16.1 161 15.1 151 1.0 10 - - - - -
439 340 13 10
Coke 19¢ 2.00 5.0 10 3.0 6 75.00 143
4 3
Limestone 300 1.8 5 55.0 165
Dolomite 50 2.0 1 30.2  152L.0 11
Quartzite 140 99.0 139 1.0 1
Scrap ___ZQ . _ 70 _ I — _ .
TOTALS 1,750 340 3 80 381 168 331 21 - 143
SIMN PRODUCED SLAG PRODUCED MATERIAL BALANCES FROCESS RATIOS
kg kg Unit
Balance Balance Product/Feed Recovery Slagft SiMn (817/397)1000 = 2058 kg
kg kg z kg kg z
Fe 78/83 0.940 Slag Ratio CaQ + Mg0 + Mn0 _ ;o
Mn 258 272 65.00 $10, 225 237 27.6 - 323/340 0.950 510,
Fe 67 71 17.00 Al,0y 160 168 19.5 510, 362/381 0.950 Coke/t (190/397)1600 = 479 kg
c 8 8 2 a6 ca0 314 331 38.5 al05  160/168 0.952 Coke to Mix Z  (190/1750)100 = 10.9
Ca0 314/331 0.949
Si 64 67 16.00 Mg0 20 21 2.4 MgO 20/21 0.952 LS + Dol/t (350/397)1000 = 882 kg
P - - - MnO 84 88 10.2 LS + Dol Z (350/1750)100 =  20.0
s - - - FeO 14 15 1.8 — Carbon Quartzite/t (140/397)1620 353 kg
FeZOB/FeO 0.2
Other _= - — Other _- = - Quartzite to Mix % (140/1750)100 = 8.0
397 418 100.00 817 860  100.00 FeO/Fe 13.<
MnO/Mn 59.3
$10,51 57.4
C 1n SiMn 8.0
140.2

140.2/0.75 = 186.9 kg Coke
Use 190




