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1.1 
Introduction 

1.1.1 
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Background of the Study 

1.1. 2 

The feasibility study reported in this document is 
an additional work to the feasibility study for 
Amjhore pyrite beneficiation, UNIDO Contract 
No. 82/91 SM. 

For this additional study, refer to UNIDO Contract 
No. 85/16. 

The purpose of the study is to calculate and 
present the necessary technical, operational and 
economical data on a pilot size demonstration 
smelter plant for production of elemental sulphur 
from Saladipura pyrites. 

The capacity of the plant is 1 tonne/h of pyrite. 
The size of the plant was agreed in negotiations in 
Peri, Finland, between PPCL and Outokumpu on 
17 May 1985. 

The basic data and information for the study were 
received in negotiations between PPCL and Outokumpu 
in Finland on 16 - 17 May and 22 - 23 July 1985 and 
by telexes 16 and 22 August 1985. 

Scope of the Study 

Scope ~f the work was originally negotiated in 
Vienna between UNIDO, PPCL and Outokumpu on 29 
November 1984, and it was finalized in negotiations 
in Finland in May and July 1985. 

The scope of the study includes also mini pilot 
smelting tests of Saladipura pyrite concentrates at 
Out~kwrpu's Research Centre, Peri, Finland. The 
tests were performed on 15 - 17 May 1985 and the 
report was issued at the beginning of July 1985, 
and is attached to this study document. 

The ~cope of the plant areas covered by thj.s study 
is limited to the process equipment of the pyrite 
smelting, sulphur separation and handling 
processes. Other areas, like the concentrator 
plant, steam and water handling, power generation, 
etc. are not included. 
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Several arguments for an investment in a 
demonstration size smelter plant can be stated. 

Although the principle of the smelting process is 
well-known to O~tokumpu, and a commercial size 
plant could be built without further tests in the 
European conditions, it is reasonable to confirm 
some parts of the process in Indian conditions 
using a pilot size plant. 

The main points to be tested would be as follows: 

1. The suitability of coarse grained pyrite 
for flash smelting. Outokumpu has always 
smelted fine grained flotation 
concentrates in flash smelting furnaces. 
However, considerable cost savings would 
be reached in ore treatment and pyrite 
drying if coarser material could be 
allowed. 

2. The oxidation degree of the smelting 
process can be confirmed in order to find 
the most economical process tor a 
commercial size plant. 

3. The reduction process by using coal of 
Indian origin can be tested. Outokumpu's 
experience is based on coal from the USSR 
and Botswana, and these coal qualities 
differ to a certain degree from the Indian 
qualities. 

4. The exact behaviour of the flue dust can 
be tested. After test runs in a 
demonstration plant, a more accurat~ 
design of the cleaning device for the 
waste heat boiler and dimensioning of the 
electrostatic precipitator for a full size 
plant can be made. 

5. Dimensioning of the gas washing equipment 
would be more ~ccurate on the basis of 
demonstration plant experiences. 

Generally, the dime~sioning of a commercial size 
plant wili be more accurate, and considerable 
investment and operating co~t savings could be 
reached by reduced safety margins in the design. 
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The training purpose of a demonstration plant would 
be of great importance. In case a full size plant 
is supplied later, the commissioning period of the 
plant would be shorter and the full capacity 
production would be reached sooner if the operation 
crew had experience of long tenr. operation at the 
demonstration plant. Training is even more 
efficient because of several variating smelting 
conditions to be arranged in the demonstration 
plant. 

Additionally, even after the possible supply of a 
full ~cale plant, the demonstration plant could be 
used for test runs e.g. for other potential ore 
deposits in India. The same plant can be used for 
test smelting of copper, nickel and lead 
concentrates as well. The demonstration plar.t can 
also be used for commercial purposes, e.g. smelting 
tests for customers from abroad. 

Commercial Size Plant 

1.1. 5 

No complete economic study for a commercial size 
plant is performed for Saladipura pyrites, only a 
short calculation is shown in Item 1.4.2 of this 
study with an accuracy of ± 30 %. 

However, according to the calculations made for the 
Amjhore pyrite beneficiation it seems to be 
feasible to supply an industrial size plant for 
Saladipura pyrites, taking into account the better 
mining conditions in Saladipura, which reduce the 
costs of the raw material. 

A full scale plant could be dimensioned to smelt 
2 000 tonnes per day of pyrites of 36 % sulphur. 
The sulphur pronuction would be about 600 and steam 
productior. (65 - 70 bar) about 2 000 tonnes per 
da!'· Smelting would be performed with process air 
oxygen enrichment, with full oxidation system. 

Outokumpu's Services in Trainir; and Operation 

Outokumpu can of fer services tor the training of 
smelter personnel and for operation assistance. 

The trai~ing before the starting of the 
demonstration plant can be performed both in 
Finland at Outokurnpu's full scale smelters or the 
pilot smelter cf Outokumpu Research Centre, and at 
the pilot plant of Saladipura during its erection 
and alsc during the start-up. 
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The training would include lessons as well as 
practical training in smelters . 

Operational assistance can be provided during the 
start-up of the plant, as well as for a louger 
period during plant operation. The assistance would 
be given by specialists in the form of overall 
control of operation as well as advice. 

The training and operation assistance persoLnel 
have gained experience at the company's own Kokkola 
pyrite smelter and at Peri pilot smelter as well as 
at the sulphur plants of smelters built by 
Outokumpu in Norilsk, USSR and BCL, Botswana. 

A long term operation of the demonstration plant 
will provide an accurate basis for the industrial 
scale plant design and operation under local 
conditions. Therefore on basis of the operational 
results and experiences Outokumpu as designer of 
the plant and supplier of process technology and 
equipment will be prepared to guarantee the process 
performance and equipment as follows: 

a) Plant capacjty will be guaranteed as daily 
throughput of a certain ~ype of pyrite. 

b) Recovery of sulphur :i_n gas and further as 
elemental sulphur. Quality of feed and 
reduction agent has to be defined. 

c) Quality of sulphur 

d) Maximum sulphur emissions to atmosphere 

e) Consumption of reductant provided that 
quality of reductant and feed as well as 
oxidation conditions in flash smelting 
furnace will be defined. 

The above guaranteed performance figures will be 
verified during a guarantee run period operated 
according to the instruction~ of Outokumpu. 

A mechanical guarantee for the equipment supplied 
by Outokumpu will be given usually for one year of 
operation. 

Extent of guarantee is closely related to the 
supply of Outokurtpu. lt is obvious that Outokumpu 
cannot guarantee performance or equipment in areas 
where design, equipment, selection, erection or 
operation is out of its control. 
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1.1. 7 
Outokumpu's Experience 

Outokumpu Oy has extensive experience in the flash 
smelting system and elemental sulphur production. 
The flash smelting method of sulphidic ores to 
produce non-ferrous metals was in fact developed by 
Outokumpu in the late 1940's. 

Several flash smelting plants have been designed 
and supplied by Outokumpu since then to produce 
copper or nickel in variating degrees of pure 
metal. Nowadays the system is developed also for 
smelting of lead concentrates. 

For flash smelter references see Appendix 1-1. 

For some copper or nickel smelters special sulphur 
separating plants are supplied to produce elemental 
sulphur, and a plant for smelting pyrite concentre 
in industrial scale has been supplied. 

The reference list of commercial size sulphur 
plants, gi\•i1:g customer, country and year of 
start-up, is as follows: 

Outokumpu Oy 
(Pyrite smelter) 

BCL Limited 

Phelps Dodge Corporation 

Xombinat Norilsk 
(Plants for copper and 
nickel) 

Finland 

Botswana 

USA 

USSR 

1962 

1973 

1976 

1981 

The pyrite smelter of Outokumpu was stopped in 1977 
due to the market situation of that time. 

In addition to the full size sulphur plants 
mentioned above, experience is gained at the 
Metallurgical Research Centre of Outokumpu in Peri, 
Finland, where a pilot smelter plant was erected in 
the 1950's and several smelting tests have also 
been performed for pyrites. 

The mini-pilot scale smelting tests for Saladipura 
pyrites were performed at the pilot plant in May 
1985. 
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I FLASH SMELTING 

' 
I Customer Country Smelter 

start-up 

I ' Outokumpu Oy, Harjavalta Finlan.d Copper smelter 1949 \ 

I Outokumpu Oy. Pori Finland Pilot plant 1950's 

Outoku:-npLC Oy. Harjavalta Finland Nickel smelter 1959 

I Outokumpu Oy, Koki.::ola Finland Pyrite smelter 1962 

FuruKawa Co. l_tc .. Ashio Japan Copper smelter 1956 

I Corr.binatuJ Chimico-metalurgic, Romania Copper smelter 1906 
Ba1a r.1are 

I The Dowa Mining Co. Ltd., 
Kosak a 

Japan Copper smelter 1967 

I N1p::>on Mining Co. Ltd., Japan Copper smelter 1970 
Saganoseki 

I Sumitomo Metal Mining Co. Ltd., Japan Copper smelter 1971 
Niihama 

I 
Hinoustan Ccpper Limited, India Copper smelter 1972 
Ghatsilc 

I 
Peko-Wallsend Metals Ltd., Australia Copper i;melter 1972 
Mount t.llorgan 

l.llits.ui l.1ining and Smelting Co. Japan Copper smelter 1972 

I Lta., Hibi 

Norddeutsche Affinerie, Federal Copper smelter 1972 

I 
.Hamburg Republic of 

Germany 

Nippon Mining Co. Ud., Japan Copper smelter 1972 

I Hitachi 

Western Mining Corporation Australia Nickel smelter 1973 

I Limited, Kalgo?rlie 

Karadeniz Bakir 1$1et'Tleleri A.S., T•Jrkey Copper smelter 1973 

I 
Samsun 

I 
I 
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I Peko-Wa!!!;end Metals :_td., Australia Copper smelter 1973 Tennant Creek 
! 

I Nippon Mining Co. Ud., Japan Copper smelter 1973 

' 
Saganoseki 

I BCL Limiteo, Pikwe Botswana Nickel smelter 1973 • \ 
Hindustan Copper Umited, India Copper smelter 1974 

; 

I Khetri 

Rio Tinto Mine:-a. S.C\ •. Spain Copper smelter 1975 

I 
t-iuelva 

Phelps Dodge Corporation. uSA Copper smelter 1976 Hidalgo County. New r,IJexicc 

I Kombinat Gorn!czo-Hutniczy Poland Copper smelter 1978 fv'iiedzi Lubi:i, Giogow 

I Korea Mining and Smelting The Republic Copper smelter 1979 Co. Ltd., Onsan of Korea 

I Kombinat Noril::;V. USSR Nickel smelter 1981 
Kombinat Norilsk l'SSR Copper smelter 198l I Car-aiba Meta1s S.A., Brazil Copper smelter 1982 Camacari 

I Philippine Associated Smelting 
and Refining Corporation, Leyte 

Philippines Copper smelter 1983 

I La G~nerale des Carrieres et Zaire Copper smelter des ~v1inei:, luilu 

I Guixi Smelter, China Copper smelter Kiangzi Province 

I 
Mexicana de Cobre S.A. Mexico Copper smelter Sonora 

I 
Kombinat G. Damianov, 
Srednogorie 

Bulgaria Copper smelter 

Corporacion Nacional de! Chile Copper smelter 

m 
Cobre de Chile (Code!co-
Chile '1 Chuquicamata 

,, Jinchuan Smelter China Nickel smelter Gansu Province 
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1. 2 
Scope of the Plant and the Selected Process 

The benefits of the demonstration plant investment 
are discussed in Chapter 1.1.3 above. 

The scope of the plant has been reduced to a 
rr.~~imum. Only the most critical parts for checking 
are included. Thus no complete sulphur separation 
lir.e is included. 

The system cJmprises the smelter furnace with 
concentrate drying and feeding equipment, was~e 
heat boiler, electrostatic precipitator, sulphur 
condensing boiler, sulphur demister, and gas 
washing equipment as the mair. units. 

Discussions of the process were held originally at 
the Vienna meeting and later at the Pori meeting in 
May. 

In the Pori discussions a system of total oxidation 
was agreed upon, the products cf the smelting being 
sulphur rich gases and silica a~d iron rich slag. 
The possibility of producing separate ma~te for 
iron production - as was originally discussed in 
Vienna for a conunercial size plant - was rejected 
mainly because of the small size of the plant. In 
addition, a roa~ter plant and a roaster gas 
circulation system would cause extra investment 
costs. 

The process system and the scope of the 
demonstration plant study were finalized at the 
July meeting. Slag was accepted to be dumped 
instead of being granulated, and the flue dust to 
be recirculated as slurry and mixed to pyrite 
concentrate feed. For sulphur recovery a "short 
line" was agreed upon. 

The mini pi:ot smelting tests were made with three 
different oxidation degrees. 
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1. 3 
Economic evaluation 

1. 3 .1 
Capital cost The capital costs within the agreed scope are 

estimated on overall cost basis. The only missing 
cost is the site preparation (earth flattening, 
roads and drainages). 

The price level is according to November of the 
year 1985. 

Engineering, commissioning and equipment are 
estimated as foreign supplies, freight, construc­
tion, erection and duties being of indigeneous 
origin. The total fixed capital amounts are as 
follows: 

Foreign supplies: 

- Engineering Rs 5 531 000 

- Commissioning of 
erection and start-up Rs 6 638 000 

- Equipment including Rs 41 447 000 
piping, electrification 
and instrumentation 

- Spare parts Rs 2 072 000 

Indigeneous supplies: 

- Buildings, cons~ruction Rs 1 668 000 

Freight and insurances Rs 1 306 000 

- Erection Rs 5 100 000 

- Custom duties Rs 21 477 000 

Subtota.l Rs 85 259 000 

Miscellanecus 5 % Rs 4 263 000 

Total Rs 8 S' 522 000 
----------------------------
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Tte estimate covers the required utilities and 
st~plies for the plant operation, wages and 
salaries of the staff as well as the maintenance 
expenses. 

The estimated costs are indicative and they will 
depend on the demonstration programs. 

The costs are estimated on annual level assum:.ng 
that the plant shal! operate 7 500 hours per year. 

The cost of pyrite concentrate is not in the 
estimates. 

The summarized estimation results in the following 
annual operating expenses: 

Variable cost: 
Fixed cost 
Total 

" 
Rs/a 

Rs/a 

12 670 000 
3 966 000 

16 636 000 

The nominal sulphur production will be l 080 tons 
per annum. With the sulphur price of Rs 2 573 per 
ton the annual revenues will be Rs 2 778 000. 
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Plant Capacity with Amjhore Pyrite 

1. 4. 2 

The process gas flow out from the smelting furnace 
in total oxidation of pyrite is about 30 % bigger 
when Amjhore pyrite is used than when Saladipura 
pyrite is used. The reason for this is the higher 
sulphur content in the pyrite. Top shale also gives 
somewhat more sulphur in the gas in the Amjhore 
case. 

However, by increasing the oxygen enrichment in the 
process air, the same smelting rate, i.e. 1 t/h, 
can easily be reached. 

Costs of a Commercial Size Plant 
for Saladipura Pyrite 

General 

The estimate is made for a plant of 2 000 t/d 
Saladipura pyrite concentrate. It is a rough 
approach without detailed planning. The accuracy of 
the figures is ± 30 %. 

Investment Cost 

Following the same scope as in the Amjhore study, 
the estimate for fixed capital is 
Rs l 3 20 ·ooo 000. The corresponding estimate for 
Amjhore pyrite was Rs 1 469 041 000. This estimate 
is without off-site facilities. 

Operating Cost 

Pyrite 

Utilities and supplies 
- smelter 
- sulphur plant 
- power plant and coal treatment 

slag dumping 
miscellaneous 5 % 

Rs 1 000/annum 

delivery price 
not available 

38 800 
56 100 
11 400 

5 800 
5 600 

117 700 
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Fixed Operating Cost Rs 1 000/annum 

l. 4. 3 

- wages and salaries 
spare parts and maintenance 
materials 

- miscellaneous 5 % 

8 400 

36 000 
2 200 

46 600 

Flash Smelting Furnace Cooling 

l. 4. 4 

In this study the cooling is designed to be 
arranged with two closed primary circulations, i.e. 
spray water and jacket water circulations. The 
spray water system uses semi-soft water and the 
jacket water system dernineralized water. Both 
circulations are cooled with a secondary cooling 
system by heat exchangers. 

According to the received information the water 
amount available to the plant area - 25 3million 
imperial gallons per day (about 4 600 m /h) - seems 
sufficient also for direct cooling3of the FSF. The 
total need of water is about 200 m /h. 

However, because we do not know the analysis of the 
raw water, a primary circulations system is 
selected. In case the raw water is pure enough for 
direct circulation - especially for jacket (cooling 
element) water system - some capital and operatio­
nal cost savings are reached. E.g. heat trans­
formers 4 pcs, cooling towers and some pumps could 
be rejected. The cool~ng water flow through cooling 
elements is 40 - ~0 m /h (jacket cooling water). 

Origin of the Equipment 

The process equipment of the scope of this study is 
proposed to be supplied as a complete package. 
Thus, because the main part and the most important 
items such as dryer, flash smelter furnace, waste 
heat boiler, electrostatic precipitator, sulphur 
pumps and instrumentation would be of foreign 
origin, it would be reasonable to supply all of the 
package from abroad. Smaller parts like tanks, 
vessels, ductings, some supports etc. may of course 
be manufactured indigeneously, but they should be 
included in the total package of supply. 
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Keeping the package complete would give some 
advantages. The delivery time for the package would 
become shorter, interferences at the delivery 
limits would decrease and all supplying works of 
the order would become easier. 

Outside the process equipment all other parts of 
the investment such as buildings, infrastructures, 
erection and installation work i,:ill be of Indian 
origin. 

Oxygen has a major role in the operation costs. In 
the cost estimate the price of oxygen is only a 
guess, because no relevant delivery price was 
available. It is reasonable to check the price. 

Delivery Time for the Equipment Package 

The delivery time for the total equipment package 
(CIF) included in tnis study is about 18 months 
calculated from the order. 
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Raw Materials 
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\ 
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BASIC DATA 

I 2.1 
Raw Materials • \ 

I 2 .1.1 
Pyrite Concentrates 

I Sulphur 36.0 w-% 
Silica l2.0 " 
Iron£ t 44.6 " 
Alum Re. 3.0 " 

I Lead 0 .11 " 
Zinc 0.25 " 
Copper 0.03 " 

I Magnesium 0.30 " 
Arsenic less than 0.01 " 

I Moisture before drying about 5 %. 

2 .1. 2 

I 
Silica Flux 

Silica 90 w-% 
Hematite 2 " 

I Alumina 6 " 

2 .1. 3 

I 
Coal 

Cr 38 w-% 
V i:~tiies 30 " 

I Ash 31. 5 " 
Moisture 0.5 " 

I Net heat of combustion 21 MJ/kg 

2 .1. 4 

I 
Fuel Oil 

Bunker c 

I Carbon 85 % 
Sulphur 3.5 % 
Hydrogen 11 % 

I Nitrogen 0.1 % 
Oxygen 0.4 % 

e Net heat of combustion 40.5 MJ/kg 

I 
I 
I 
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2.2 
Plant Site, Utilies and Consumables 

2. 3 
Cost Data 

2. 3. l 

The plant site is in a "non-L1dustrial" area, i.e. 
without any ready-built services such as steam, 
compressed air, laboratory facilities, maintenance 
facilities etc. 

Water is available in necessary amounts on site. 
The temperature of cooling water to Outokurnpu's 
area of scope is designed to be 31 °C. The water to 
be pumped to Outokumpu's area is treated in a 
separate water treatment plant. 

Electric line network to the site: 

voltage 
frequency 
phase 

11 kV 
50 Hz 
3 

Infrastructures on the site will have to be built. 

Coal will be transferred to the site by trucks. 

Oxygen will be supplied in vessels in liquid form 
to the smelter area. 

Oil will be carried to site by trucks and stored in 
tanks. 

Local Unit Prices for Building and 
Structural Materials 

concrete mass, ready installed 
including boardin~ and steel 
reinforcements 

foundation 
column 
slab 
.beam 

supporting steel construc­
tions, ready installed, 

Rs 
Rs 
Rs 
Rs 

3 l,350/m3 2,800/rn3 l,850/rn3 2,100/m 

painted Rs 10,000/t 

walls and roofings of 
industrial .buildings 

off ices 

Rs 65/rn2 

Rs l,SOO;rn2 
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earth excavation Rs ll;m3 
., 

earth filling Rs 20/m-' 

rock blastinq~ Rs 35/m 3 

asphalt covers Rs 100/m2 

2.3.2 

- Mild steel cons:ruction, 
ready installed 

sheets 

profiles 

- Acid proof steel sheets 
construction, ready 
installed 

- Service platforms, stairs 
etc. of mild steel 

Materials 
and manu­
facturing 

Rs 

20/kg 

30/kg 

180/kg 

15/kg 

Local Wages and Salaries, incl. Social Costs 

Managers 

Operating engineers, foremen 

Skilled labour 

Unskilled labour 

Rs/month 

3,000 

2,500 

1,800 

1,200 

Daily, weekly and annual operating time of 
personnel: 

Daily 
Weekly 
Annually 

8 hrs 
48 hrs 

2 400 hrs 

Transpo:-t 
and erec­
tion 

Rs 

3/kg 

3/kg 

3/kg 

3/kg 
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2.3.3 
Costs for Utilities and Supplies 

2.3.4 
Sulphur Price 

2. 3. 5 
Taxes and Duties 

~: 

Filtered raw water 
Semi-salt water 
Demineralized water 
Coal 
Fuel oil, Bunker C 
Electricity 
Sulphuric acid 
Liquid oxygen 
Refractory bricks 

Rs 

1 
2.50 
3.50 
250 
3 141 
0.65 
' 500 ..L 

3 
8 

Elemental sulphur (solid) Rs 2,573/t 

Unit 
3 

m3 
m3 
m 
t 
t 
kWh 
t3 
r .• 
kg 

Taxes and duties of equipment, materials, erection 
etc. 

lo~al supplies 12 % excise duty; 
4 % sales tax 

foreign supplies 45 % customs duty of CIF 
prices 

engineering, commissioning etc. 25 % 
customs duty 

The cost data above for building and structural 
materials, wages and salaries, sulphur, rates of 
taxes and duties as well as prices for most of the 
utilities and supplies were received from PPCL in 
negotiations in July 1985. The same prices were 
used in final calculations for Amjhore pyrite 
study. 

Prices for the different water types and oxygen are 
estimated by Outokumpu Oy. 

The price for electricity is the same as earlier 
given for the A.~jhore study. 
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3.1 

3 .1.1 
3.1.1.1 
3.1.1...: 
3.1.1.3 

3 .1. 2 
3.1.2.i 

3.2 
3. 2. i 
3.2.2 

3.3 

3.4 
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PROCESS DESIGN 

Process Description 

Flash Smelting Area 
Drying of Feed Materials 
Flash Smelting 
Reduction and Process Gas Handling 

Sulphur Plant Area 
Sulphur Recovery 

Process Calculations 
Flash Smelting Area 
Sulphur Plant Area 

Material Balance of th~ Flash Smelting 
Furnace 

Heat Balance of the flash Smelting Furnace 

Diagram: 
Flash Smelter and Sulphur Plant 
Process Flow Sheet 
Dwg. No. 252 300 901 001-1 Rev. 0 
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3 
PROCESS DESIGN 

3.1 
Process Description 

3 .1. l 
Flash Smelting Area 

3.1.1.1 
Lrying of Feed Materials 

3.1.1.2 
Flash Smelting 

The ground and predried pyrite is the starting 
material of the sulphi·.r production. The grain size 
of the pyrite is 80 % - 74 µm and moisture 5 %. 

The pyrite with the recycled flue dust and sand are 
dried separately. Wet material is fed to drying in 
a steam heated dryer. In the dryer the wet material 
is dried by hot steel tubes, which are heated from 
the inside by steam at 5.5 bar. 

The moisture content of the dried material is less 
than 0.2 % and the temperature of the exhaust gas 
is about lOU °C. The exhaust gas contains dust, 
which is separated in the bag filter. The dried 
material is pneumatically conveyed to the feed bin. 

The feed material mixt~re consists of pyrite, flue 
dust ana sand. The sand amount is regulated so that 
all the iron of the pyrite can be slagged. The 
process air is enriched with technical oxygen. With 
oxygen enrichment the temperature of the furnace is 
controlled and with the total oxygen amount the 
oxidation of sulphur and iron is controlled. 

The feed mixture is fed through the roof of the 
reaction shaft by means of the concentrate burner. 
Inside the reaction shaft the well distributed 
pyrite and sand ?articles react with air and 
oxygen. The retention time for the suspension in 
the shaft iE about 1 - 2 seconds, in which time the 
solids are heated up and smelted after many diffe­
rent chemical reactions. As a result of the 
reactions slag and sulphur containing gas are 
produced. 

In the horizontal settler part slag is separated 
from gas. The slag is tapped and cooled in slag 
pots and conveyed to casting. The produced gas 
mainly consists of sulphur dioxide, water, carbon 
dioxide and nitrogen. 
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3.1.1.3 
Reduction and Process Gas Handling 

After the reaction shaft the gas contains SO and 
therefore reduction of the gas is carried ou~ in 
the uptake shaft of the flash smelting furnace in 
order to produce elemental sulphur. The following 
main reactions take place in reduction: 

c + co2 ---> 2 co 

SO~ + 2 co ---> 0.5 s2 + 2 CO~ 
.i. .i. 

502 + 2 H2 ---> 0.5 52 + 2 H20 

s2 + 2 H .. ---> 2 H2s 
.i. 

At the same time the oxidic dust components are 
s~lphidized. 

In the rear end of the settler coal dust is burned 
with oxygen enriched air to raise the temperature 
of the smelting gas for the reduction. 

The reduction is performed by injecting coal dust 
(70 % - 74 IJ,m) agains the gas flow. 

The maximum sulphur production is obtained when the 
gas after reduction contains a little less so2 than 
half of the sum (H2s + H2 +CO+ COS). 

The reduction is endothermic and the temperature 
decreases. The temperature after the reduction is 
1 230 °C. 

The reduced process gas together with molten dust 
is fed into the waste heat boiler, where cooling 
and solidifying of dust compounds take place. The 
boiler consists of a radiation chamber and convec­
tion section. The gas is cooled to 350 °C by the 
boiler and saturated steam is produced at 65 bar. A 
minor part of the dust is separated in the boiler 
and the lemaining dust in an electrostatic 
precipitator at a temperature of 360 °C. 

The dusts from the bciler and electrostatic 
precipitator are taken out through water seals and 
fed to a thickener tank. 

• 
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When the gas is being cooled in the v.aste heat 
boiler, many reactions take place bet11.·een gas 
components: 

2 co + so2 ---> 2 CO- + l/n Sn t. 

2 co + s2 ---> "' cos ' 
2 H2 + 502 ---> 2 H2o + l/n Sn 

2 H, + S- ---> 2 H2S 
t. 

Also sulphilr vapour s 2 polymerizes to s 4 , s6 and 
SS. 

Sulphur Plant Area 

3.1.2.1 
Sulphur Recovery After the electrostatic precipitator the cleaned 

gas is led into the sulphur condensing boiler, 
where the gas is further cooled down to 170 °C and 
at the same time the elemental sulphur is 
condensed. The boiler produces saturated steam at 
~he pressure of 5.5 bar. 

Part of the condensed sulphur is taken from the 
bottom of the boiler and the rest is carried over 
by the gas. These sulphur drops are caught from the 
gas in the agglomerator and demister. 

The recovered sulphur is pumped to the sulphur 
tank, from which sulphur is piped to casting. 

After the demister all the sulphur compounds in the 
gas are burned to sulphur dioxide in an incinera­
tor. Sulphur dioxide is washed from the gas and 
directed into the stack. 
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3.2 
Process Calculations 

The tempera~ure of the air is supposed to be 25 °C 
and its relative humidity 30 %. The oxygen 
percentage of the technical oxygen is 95 %. 

Note: All gas volumes are at normal state i.e. 
l bar, 0 °C. 

Boiler pressure figures are absolute values. 

3. 2 .1 
Flash Smelting Area 

Steam Dryer 

Pyrite ore (wet) 
- moisture (wet basis) 

Sand (wet) 
- moisture (wet ba~is) 

Flue dust (wet) 
- moisture (wet basis) 

Steam 5.5 bar, 155 °C 

Dryer exhaust gas 
- temperature 

Flash Smelting Furnace 

Pyrite 
Sand 

Flue dust 
Fuel oil 

Air to reaction shaft 
Oxygen to reaction shaf ~ 
- temperature 
- oxygen enrichment 

Distribution and 
leakage air 
Slag 

Gas after smelting 
- temperature 
- analysis 

kg/h 
% 

kg/h 
% 

kg/h 
% 

kg/h 

m3/h 
oc 

kg/h 
kg/h 

kg;h 
kg/h 

3 m3 /h 
m /h 
oc 
% 

m3 /h 

kg/h 

m3 /h 
oc 
% 
% 
% 
% 

l 050 
5.0 

168 
5.0 

24.6 
35 

280 

370 
100 

l 000 
160 

160 
110 

l 390 
260 

25 
33 

20 

1 020 

1 690 
1 370 

0.5 
0.1 
2.0 

12. 8 
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.I s % 0.8 
J H2o % 8.2 

.\ 1 
c62 % 9.7 
N2 % 65.9 

Coal to settler k~/h 53 

' I Combustion air m3/h 160 
; oxygen m /h 30 

- temperature oc 25 

I - ~xygen enrichment % 33 

Coal for reduc~ion k~/h 210 

I 
Injection air m /h 40 

Flue dust after furnace kg/h 160 

I Gas after furnace m3/h 2 120 
- temperature oc 1 230 
- anal~.sis H2 % 1. 2 

I 
H.., % 0.8 
co % 5.2 
cos % 0.2 

I 
so2 % 2.8 
s % 3.7 
H20 % 10.0 
c62 % 15.9 

I N2 % 60.2 

Waste heat boiler 

I Flue dust from boiler kg/h 30 
Steam produc-:ion kg/h 1 640 

) 
- pressure bar 65 
- feed water temperature oc 145 

Gas after boiler m3 /h 2 140 

I - temperatur~ oc 350 
- analysis H % 0.2 

H2S % 1. 2 

I 
c6 % 2.5 
cos % 1. 4 
so2 % 2.8 
52 ... SS % 1.1 

I ~60 % 10.5 
.... 2 % 17.0 
N2 % 63.3 

I 
e 

I 
I 



.. . . -

I OUTOKUMPU ENGINEERING o9K A DIVISION OF OUTOKUMPU OY 

I RJA/rhi5 November 1985 3-6 

I Electrostatic Ereci2itators 
, 

' 
I 

Flue dust from precipitators kg/h 130 
Insulator steam k~/h 150 
Gas after precipitator m /h 2 440 
- temperature oc 360 

' I - analysis H % 0.2 
\ H2S % 0.5 

c6 % 1. 7 

I cos % 1.4 
so2 % 3.0 
S2, ... ,S8 % 1. 0 

I 
H
6
o % 17.5 

c 2 % 15.3 
N2 % 59.4 

I 3.2.2 
Sulphur Plant Area 

I Sul:12hur condensing boiler and demister 

Sulphur production kg/h 145 

I 
Steam production kg/h 370 
- pressure bar 5.5 
- feed water temperature oc 145 

I Gas after demis~er m3/h 2 410 
- temperature oc 160 

I 
Incinerator 

Oil. k~/h 28 
Combustion air m3/h 390 

I Secondary air m /h 580 

Gas after incinerator m3/h 3 400 

I - temperature oc 450 
- analysis. co % 2.3 

~06 % 4.0 

I 
% 14.3 

c62 % 12.3 
02 % 2.0 
N2 % 65.1 

I 
I 
I 
I 
-
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I 3.3 

' 

' 
I 
I ' \ 

; 

Material Balance of the Flash Smeltin~ Furnace 

Amount s Fe SiO~ Alf 0 3 c 
kg/h % kg/h % kg/h % kg/ % kg h % kg/h 

In: 
Pyrite 1 000 36 360 44.6 446 12 120 3 30 
Sand 160 1. 4 2 90 144 6 10 

I Flue dust 160 10 16 23 37 31 50 14 22 7.3 12 
Fuel oil 110 3.5 4 85 94 
Coal 263 O.G 1 4.4 12 13 34 6.3 17 56 147 

I 381 497 348 79 253 

Out: 

I Slag 1 020 2.5 26 45.1 460 29.2 298 5.6 57 
Flue dust 160 10 16 23 37 31 50 14 22 7.3 12 
Furnace gas 339 241 

I 381 497 348 79 253 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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3.4 
Heat Balance of the Flash Smelting Furnace 

Amount 

kg,m3/h 

Temperature 

In: 
Pyrite 
Sand 
Flue dust 
Fuel oil 
Coal 
Air 
oxygen 
Reaction heat 
Reaction heat 

Out: 
Slag 
Flue dust 
Furnace gas 
Heat losses 

of 
of 

smelting 
reduction 

l 000 
160 
160 
110 
263 

1 610 
290 

1 020 
160 

2 120 

oc 

40 
40 
40 

25 
25 

1 300 
1 230 

3-8 

Heat 
content3 kJ/kg,m 

9 
10 
10 

40 490 
21 390 

0 
0 

1 470 
1 640 
1 950 

Total 
heat 
MJ/h 

9 
2 
2 

4 454 
5 625 

0 
0 

3 412 
-4 259 

9 245 

1 496 
263 

4 136 
3 350 

9 245 
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PLANT DESCRIPTION 
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Dryer and FSF Feed Area 210 
Flash Smelting Area 220 
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PLANT DESIGN 

4.1 
Plant Description 

4. l. l 
General 

~ .1. 2 

November 1985 4-1 

The pyrite smelter plant is a complete pilot size 
plant producing elemental sulphur from Saladipura 
pyrite concentrate. 

This description covers the following plant areas: 

drying and FSF feeding 
smelting 
gas handling 
flue dust handling 
sulphur separation 
sulphur handling. 

The additional areas on the site not included in 
this descriptior. are e.g. concentrator plant, steam 
handling equipment, electric power generator, 
pressure air station, water !1andling equipment etc. 

Dryer and FSF Feed Area 210 

The pyrite concentrates mixed with recycled flue 
dust are conveyed from the storage bin(s) at the 
concentrator plant to the dryer plant and fed into 
the multicoil dryer. 

Silica flux (sand) is separately fed into the dryer 
with the same conveyor. 

In the multicoil dryer the concentrate/dust mixture 
or sand is dried with rotating steam coils heated 
by 5.5 bar saturated steam. Condensate can be 
reutilized as boiler feed water. 

Dryer exhaust gases are purified in a bag filter. 

Dried materials are lifted up to feed bins pneuma­
tically. Concentrate/dust mixture and sand have 
their own feed bins. Conveying air is purified in a 
bag filter conunon for both bins. 

The main parts cf the pneumatic conveyor sys-tern are 
air blowers, sending vessel, transportation piping, 
bag filter, and exhaust air fan. 
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Dried concentrate/dust is fed from the bin into the 
smelting furnace with a belt feeder and sand with a 
screw feeder. Rotation speed of each feeder can be 
controlled. 

Both feed bins are assembled on load cells. 

Flash Smelting Area 220 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
E 

II 

II 
I 
~ 

In the flash smelting furnace (FSF) - which is the 
heart of the- sulphur production - pyrite smelts 
forming sulphur containing gases and iron and 
silica rich slag. 

The furnace consists of three main parts, namely 
reaction shaft, se~tler and uptake shaft. 

Concentrate/dust and sand are charged into the 
reaction shaft through a concentrate burner 
(distributor). Also oxygen enriched process air is 
blown into the burne~. 

The smelting occurs in the reaction shaft. 

Molten drops fall down to the settler part, where 
they differ from the gas stream and form a slag 
layer on the bottom of the furnace. Slag is 
occasionally tapped through the thre~ tapping holes 
located on the wall of the settler. 

Slag is conducted by launders to slag pots in which 
it cools and solidifies. Slag blocks are poured 
from pots to a storage heap. Launders are of cast 
steel construction. Pots are of mild steel, 
protected for each tapping with refractory 
castable. 

Sulphur rich smelting gases are reduced in the 
uptake shaft by injecting milled and dried coal 
into the lower end of the shaft. Coal is transfer­
red to the smelting area and further into the FSF 
pneumatically. 

Additional heat to the exothermic smelting heat is 
needed in the reaction shaft due to the relatively 
high heat losses because of the small size of the 
furnace. Therefore an oil burner is installed on 
the roof of the shaft. Additional heat is generated 
also at the rear end of the furnace by coal 
burners. 
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4 .1. 4 

November 1985 4-3 

The smelting furnace is of steel construction 
protected inside by refractory lining. It is cooled 
by spray water on mantle outer surf ace and by 
cooling copper elements in the brick lining. 
Surf ace cooling water is sprayed on the reaction 
shaft and on the side walls of the settler. Cooling 
elements are located at the lower end of reaction 
shaft (connection to settler) and at each tapping 
hole. 

The furnace is equipped with an emergency damper 
(cooled with water) and a removable emergency 
stack, both to be used in case that FSF is wanted 
to keep hot but no gases are allowed to flow into 
the waste heat boiler. 

Gas Handling Area 230 

Hot smelting gases from the FSF are cooled in a 
waste heat boiler (WHB) connected directly to the 
FSF outle~ collar. 

The boiler consists of a radiation section and a 
convection section. The radiation section is a 
large em~ty room, the walls of which are construct­
ed of boiler tubes. In this part gas cools down 
enough to solidify small molten drops it contains. 
Solidified dust particles partly fall down into the 
hopper beneath the radiation section, part of the 
dust continues in the gas stream into the convec­
tion section of the boiler. 

The convection section consists of vertical boiler 
tube banks which further cool down the gas. Again 
part of the flue dust falls down into the hoppers. 

The boiler is of forced cicrulation type and it 
produces saturated steam of 65 bar. For circulation 
one electrical and one steam turbine powered pump 
(stand-by) are installed. The steam turbine 
utilizes the boiler's own steam. The boiler with 
pipings and steam drum is totally thermally 
insulated. 

The cooled gases flow from the WHB into an electro­
static precipitator (EP) where the rest of the flue 
dust is separated. 

The precipitator consists of three cells in 
sequence. It is equipped with automatic rapping 
devices. The hopper beneath the EP is electrically 
heated. 
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November 1985 4-4 

Superheated steam is piped into the boxes of the 
electrical isolators on the roof of the precipita­
tor to prevent the sulphur-containing gases from 
flowing into the box and sulphur condensating 
there. The boxes are also heated electrically. 

Between the WHB and the EF' a disc valve is 
installed. With this valve the EP can efficiently 
be isolated for repairs. 

Flue Dust Handling Area 240 

4. l. 6 

Flue dust separated from gas stream in thQ WHB fall 
to a drag conveyor supplied with a screen as 
intermediate bottom. With this screening conveyor 
the bigger lumps are separated in.to a dust bucket, 
the underflow being taken into a water seal box 
where it is mixed with water. 

The electrostatic precipitator dust is gathered in 
a drag conveyor beneath the hopper and mixed with 
water in a water seal box. 

Dust slurry from both the water seals is conducted 
by concrete launders into a pump tank, from where 
it is pumped into a settling tank. 

The settling tank is of vertical cylinder shape, 
supplied with a cone at the lower end. Gravity 
precipitates the slurry, but some flocculants can 
be used to help. 

The settled dust is pumped as underflow to the 
concentrator plant. Overflew water is returned by 
gravity to slurry making. 

Sulphur Separation Area 310 

The elemental sulphur in the gas is condensated 
partly in a condensing boiler, partly in an 
agglomerator/demister unit. 

In the condensing boiler sulphur condensates on the 
vertical boiler tubes and flows down on the bottom 
of the boiler, from where it is taken off by means 
of a special sulphur seal system. 

The boiler generates 5.5 bar saturated steam and it 
is of forced circulation type. One pump is 
electrical, the other (stand-by) of st~am turbine 
type. 

The boiler is completely thermally insulated. 
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In the agglomerator bed - through which the gas 
flows - the small sulphur droplets grow bigger 
after which they further flow in the gas stream to 
the demister unit, which has a similar bed of 
mineral wool. Now that the gas flows upwards, the 
grown drops fix on the strings of the wool until 
they grow big enough to fall on the bottom of the 
demister. 

The agglomerator/demister unit can be by-passed for 
bed change. 

For safety reasons the gas line is supplied with a 
water seal to prevent too big pressures or vacuums 
in the system. The seal is located between the 
condensing boiler and the agglomerator/demister. 

Gases from the demister are blown by a process gas 
fan into an incinerator to combust the remaining 
sulphur components to sulphur dioxide. Heavy fuel 
oil is used in combustion. 

The incinerator is a cylinder of steel, lined 
inside with refractory. In the incinerator chamber 
secondary air is mixed with the process gases to 
obtain excess oxygen in the mixture. The process 
gas is now heated up by mixing it with fuel oil 
combustion gases, and sulphur comp~nents of the gas 
are oxidized. 

All the sulphur separation area equipment is 
thermally isolated. 

Gas washing equipment will be designed by others. 

Sulphur Handling Area 320 

Sulphur separated in the condensing boiler and the 
agglomerator/demister unit is conducted via steam 
heated and isolated pipes onto a gravity filter of 
mineral wool. The filter separates the dust 
particles of the sulphur. 

From the bottom of the filter casing sulphur flows 
further by gravity to a pump tank. From the tank it 
is pumped to a sulphur day tank of steel construc­
tion. A pipe from the pump tank to the agglomerator 
bed is installed for occasional washing of the bed 
by sulphur. Pumping of sulphur from the filter pwnp 
tank to the sulphur day tank is controlled by the 
surface level of the pump tank. · 

----- --- ------------------------------
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From the day tank sulphur is occasionally conducted 
onto one of the two casting pits by gravity. On the 
other section sulphur is solidifying while the 
other half is being emptied. Sulphur blocks can be 
broken from the solid slab by a small payloader or 
by hand tools. Sulphur blocks are transferred to a 
covered storage. 

All the sulphur handling equipment is kept hot with 
5.5 bar steam and they are thermally isolated. 
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A DIVISION OF OUTOKUMPU OY 
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4.2 

November 1985 

List of Equipment with Main Technical Data 

4.2.1 
Coding 

CODE AREA 

200 FLASH SMELTER AP.EA 

210 DRYER AND FSF FEED AREA 

220 FLASH SMELTER FURNACE AREA 

4-7 

230 FSF PROCESS GAS HANDLING AREA 

240 FSF FLUE DUST HANDLING AREA 

300 SULPHUR PLANT AREA 

310 SULPHUR RECOVERING AREA 

320 SULPHUR HANDLING·. EA 

• 
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I EQ. GROUP EQ. TYPE EQ. CODE 
Basins Granulation basin 108 

< I Bins Day bin 116 Dried charge bin 117 

I Feed bin 117 Storage bin 118 ' \ 
; 

I 
Boilers Steam boiler 122 Superheater 123 Waste heat boiler 124 Boilers, others 129 I Burners Coal dust burner 131 Oil burner 133 

I Concentrate burner 435 
casting eq. Launder 140 

I Conveyors Belt conveyor 167 Drag conveyor 168 Pneumatic conveyor 170 I Screw conveyor 172 .Scraper conveyor 174 Conveyors, others 179 

I Dryers Steam dryer 194 
Ducts, gas Hopper 202 I and dust pipes Stack 204 Water lock 209 

I Fans Fan 212 Blower 214 

I 
Feeders Air lock feeder 216 Belt feeder 218 Drag feeder 223 

I Filters Drum filter 243 Gravity filter 244 

I Furnaces Flash smelting furnace 261 Incinerator 263 
Heat-transfer Feed water heating/cooling heat 280 I equipment exchanger 

Gas reheater 281 e Heat exchangers, others 289 
ft 

1: 

I 
I 
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November 1985 

EQ. GROUP 

Lifting devices 

Mills 

Pumps 

Screens 

Separating eq. 

Special machines 
and equipment 

Tanks 

Thickeners 

Turbines 

Valves 

EQ. TYPE 

Overhead travelling crane 
Crane 

Mill 

Pump 
Dosage pump 
Ejector 
Slurry pump 
Vacuum pump 
Water pump 

Vibrating screen 

Bag filter 
Cyclone 
Demister 
Electrostatic precipitator 
Scrubber 

Agglomerator 
Hot catalyzer 
Cold catalyzer 
Sulphur condensing tower 
Sulphur prilling tower 

Tank 
Autoclave 
Feed tank 
Measuring tank 
Mlxing tank 
Pump tank 
Jacket and spray water tank 
Storage tank 
Reactor tank 

Thickeners 

Steam turbine 

Disc valve 
Emergency valve 

4-9 

EQ. CODE 

318 

325 

370 
371 
372 
374 
375 
376 

411 

417 
419 
420 
421 
423 

431 
433 
433 
464 
509 

510 
511 
514 
515 
516 
518 
519 
519 
521 

532 

556 

562 
569 
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Equipment List 

November 1985 4-10 

Smelter and Sulphur Plant 

Equipment diagram, 
Dwg No. 252 300 901 002-9, Rev. o 
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JUTJKU~~U CY/ENGINEERING DIVISION 
P~JJECT :SALDIPURA OEMO. PLANT 

CLIENT :PPCL 
DJCJME~T:EQUIPM:~T LIST (ATNBI 
OUTJ(J"IPU 11,10 : 
OE SIGN :PW 

23:>-----o 

EQUI ?MEl'H TYPE 

210-----0 

210-111-0100 

SER~ICE 

v: LJ'"!E 
'"!ATER I AL 
RE.-.,,ARKS 

210-117-020'.) 

SER~ICE 

VOLU111E 
"1AT:r<.IAL 
H"!Ai:<S 

OAT E : 35-11-21 ?AGE NJ: l Of 2.'2 
DEPART~ENT :PROJECT 

CLIENT NO : 
REVISION :o DATE :29.10.85 

FLASH SMELTER AREA 

O~YE~ ANO FSF FEED AREA 

DRIED CHARGE BIN 

FOR DRIED PYRITE CONCENT~ATE 
FEED ING. 
(TOT AU 10 M3 
MILO STEEL 
ASSEMBLED O~ LCAD CELLS 

DRIED CHARGE BIN 

FOi< Df<IEO SILICA FLUX 
4 M3 
MILD STEEL 
ASSEMBLED CN LOAD CEllS 
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JJTJ~J~>J OY/E~GlNEE~l~G DIVISION 
P~~JECT :SALDIPU~A DEMJ. PLANT 

CLIE'4l :PPCL 
DJCJME~T:EQUIP"lENT LIST (ATN6) 
~UT:JKUMi»U NO : 
DESIG'll :PW 

21 o- l 7o-01 0 0 

EOJI P"lE'H TYPE 

S!:l\VICE 

~APACITY 

~GT:~ ~J./~ATING lKw) 
~JTJR TITLE 

210-194-0100 

EOJIP"lE"IT TYPE 

TYPE 

SHVICE 
CAPACITY 
p;; ESSJ;ci;: 
"lATER UL 

~JT:R ~J.IRATl~G (Kw) 
~JTJR TITLE 

L>ATE :85-11-21 ?AiiE N:l: z 
OEPARTatENl :Pf\8JECT 

Cl.I ENT NO : 
I\ EV IS JON : 0 DATE :ZCJ.10.85 

PNEUMATIC CONVEYOR S¥STEM 

FOR ~IEO PYRITE ANO 
SANO MATERIALS 
3 T/H 

***210-170-0100-Ml*** ll *** 
AI P BLOME~ 

***210-170-0llO-MZ*** 11 *** 
Al~ eL3~EReSTANO BY 
***2 10-l 70-0130-M3***J • 75*** 
AIR l.:l'K 
***Z 10-170-0100-M't***Oe 7 5*** 
AIR LOCK 
***21G-170-0100-M5***l•5 *** 
EXHAUST AH FAN 

INCL:4Ii' CCMPRESSQFS.SENDING VESSEL 
Tl\ AN SPJ~ TA TIOl\4 A NJ p~~ ssu.; E Al~ 
PIPINGS, SAG flLTEF\,EXtiAJST AIK FAN 
AND NECESSAKY AUTOMATION EQUl?~ENT. 

MULT .lCOl L Ofl YER 

STEl.M D~YEf< 

fCR fSF FEED MATERIAL DRYIN.:; 
1,5 T/H 
lSTEAM) 5,5 SAR UBS> 
AlSI 316 

*** 210-191t-Ol00-~l*** 30 
MuLTl,Oll Ol'YEFI 

"** 
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JUTJ~J~~J :vt:NGINE:RING DIVISION 
P~JJECT :SALJIPU~A DE"1J. PlANT 

CLH"IT :PPCl 
DJ:J~E~T:EQUIP~ENT LIST tATNB) 
JUT:JKJ"1PJ NO : 
'.ESIG~ :PW 

210-212-01:>0 

SERVIC:c 
:t.PACITY 
'4A TER IAL 

'4JT:R ~J./KATI~~ lK•J 
'4jTJP TITLE 

210-417-0100 

SERVI C:: 
CAPACITY 

220----- 0 

E:JJIP"4ENT TYPE 

22)-Ul-!Jl:JO 

EOJIPM:"H TYPE 

SER~ICE 
CAPA:ITY 
i<.E'lA~KS 

:OJI ?'4E~T TYPE 

SE RV IC: 
;t:P~C!TY 

FJEL 

DATE :85-11-21 PAGE NJ: 3 
DEPART'4ENT :PROJECJ 

Cll ENT NO : 
REV lSlON : 0 DATE :29 .10.as 

EXHAIJST AIR FAN 

EXHAUST GAS FAN FuR BAG fllJER 
500 hMl/H 
AISI 316 

***210-212-0lJO-Ml *** l,j 
EXHAUST AI~ FAN 

bAG Fl LT El\ 

FOR DRYER EXHAUSJ GtSES 
500 NM.3/H 

110 (. 

••• 

HOUSING: AI SI 3lo, 84GS:POL YACRYL '.JI n •• 

FLASh S'1El TING FU\NACE AREA 

CJAL OUSJ BURNER 

FOf. FSF SETTLER HEATING 
8-25 KG/H 
PARALELL ITEMS 3 PCS (020J-04~JI 

Oll BURNER 

REACTION S hA FT J ll bUI" N:: I\ 
130 KG/H 
HEAVY FUEL OIL 
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OUTJKJ~~J CY/EN~INEERING DIVISION 
P~JJECT :SALJIPU~A DE~O. PLANT 

CLIENT :PPCL 
OJCJME~T:EQUIP"4ENT LIST IATNBJ 
OUTJKJM?J NO : 
DESI~~ :P~ 

22:>-1n-02:>0 

EJ:JI ?"1E ~ T TYPE 

SERVICE 

C!PiCITY 
FJEL 

220-134- 0100 

EO..il PllllE'IJT TYPE 

CAPA::ITY 
RE~A~KS 

220-l4J-01')0 

:OJI P"IE~T TYPE 

SERVICE 
JIM: NSIJ"'lS 
li4U ER I .\L 
REMAR1<,S 

220-144-) 1:)() 

SER~ICE 

VJLJ-.E 

DI MENSI :l~S 

"IATERIAL 

DATE :as-11-21 PAGE NJ: 4 
0 EP AR H4ENT : PJ;.OJE CT 

CLIENT NO : 
REVISION :O DATE :29.10.85 

AUXILIARY BURNEK 

START UP 0 IL BURNE fl. 

b-24 KG/H 
LIGHT OIL 

COAL TUYERE 

f OP GAS RE DUC TIO N IN 
FSF UPTAKE SHAFT 
30 -100 KG/H COAL PC•DER 
PARALELL ITE"IS:3 PCSC0230-0400> 

SLAG LAUNDER klTH COVERS 

FOi< SLAG TAPPING 
LENG TH 600 0 M"4 
C.AST STEEL 
PARALELL JTEMS:2 PCS (0200-03001 

SLAG POT 

fOR SLAG TRANSPO~TATIJN FRO~ 
FSF BY FORK Liff TRUK. 
o, 5 flo'.j 

fltJLO STEEL. 

PARALELL 1TEMS:9 PCS l02J0-10)0J 
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JJTJKJ~PJ ~Y!ENGINEERING DIVISION 
P~JJ~cr :SAL~lPJFA OEHO. PLANT 

CL IPH :PPCL 
OlC~~ENl:EQUIPMENT LIST CATNB) 
OJT)KJ"4?U NO : 
DESI GI\! : ?• 

220-198-0100 

EQJI PllilPH TYPE 

SERVICE 

I NCL:JDI 114.:; 

DI "4:NSIJ~S 

-.ATER l AL 

22 0-198-0200 

E QUI PM E 'IT TYPE 

lNCLUDI~.:; 

:>I "'ENS 1 JNS 

~ATE RU. 

DAI E : 85-11-21 PA.if NO: 5 
OEPART~ENT :P~OJ:cr 

CLIENT NO : 
REVISION :O DATE :29.10.85 

GAS OuCT l!IORK 

PROCESS AND COMBUSTION 
AIR DUCT ING 
PROCESS AND COMBUSTION AIR JUCTINGS 
FROM FANS TO oURNERS. 

TOTAL LENGTH: 20 H 
OJAM:250.200 AND 70 MM 
MllO STE El 

GAS DUCTWORK 

OXYGEN DUCTING fOR SMELTER 
PLANT. 

TOTAL lENGTH:30 M 
01 AM:l O:> A ND 30 MM 
STAINLESS STEEL 
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JUT)<J~3J JY/ENGINEERING DIVISION 
P~JJECT :SAL~IPU~A o:Mo. PLANT 

CLIENT : PPCL 
Dj:J"1=~r:EQUIPMENT LIST CATN8j 
JJTJKJ14PU NO : 
DESI Giil :PW 

220-204-'.HOO 

ECUl P"1i:'H TYPE 

TYPE 
SE RV ICE 
D I "1: N S I G ~ S 
"IA TE I= I A. 

220-212-QlO:l 

TYPE 

CAPACITt 
Pi\E)SJl<E 
TEM?HATJf'E 

"1JTJR ~J.IRUING lKllC) 
"1:JTJR TITLE 

220-212-IJ20J 

E;;)JlP'1:~r TYPE 

TY PE 

CAPACITY 
P:CESSJ~E 
TE "IPEI< AT UH 

~JTJR ~J./RATING iKMt 
"ICHOR flTLE 

DATE : 85-11-21 PA:iE NO: b 
DEPARTMENT :P~OJECT 

CLIENT NO : 
REVISION :o ::>ATE :29.10.85 

GAS DUCT 

l'EMOVABLE.,LOClTEO AE!OVE UPTlKESHAFT 
FSF EME~ GE tC Y ST ACK 
LXD 3000X900 "1M 
MILD STE El 

PROCESS AI~ FAN 

CENT ~IFUGAL 

2000 NM3/H 
8 KPA 
35 c 

*** 220-212-0100-Ml*** 7.5 
PROC .ESS Al R FAN 

C0"18USTION AIR FA~ 

CENT~lfUGAL 

200 P\M3/H 
7 KPA 
35 c 

***220-212-0200-Ml*** 1,1 
COMBLSTION AIR FAN 

••• 
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J~TJ{J"1~J :Y/=N~INEERING DIVISION 
P~QJECJ :SALJIPUFA DE~3. PLANT 

CLIE~T :DPCL 
OJCJ~E~T:ECUIP"\ENT LIST &ATNB) 
OUT)l<lJ-tDJ NO : 
OESIG"'I :PW 

22 0-218-01 ::>0 

EOJIPME~T TY?~ 

SERI/ICE 

CAPAC HY 
eE LT LE~GT H 

s= LT 111 )TH 

~JT}P. 'lJ.IV<.Ul111G (Kw) 
~JTJR TITLE 

22J-22:S-J10:> 

EOJI P"1!:~T TYPE 

SEil.ii ICE 
CAPACITY 
~41~ Dl"\El\SIJNS 

~C'TJR ~).II< U ING tK.Mi) 
MJTJf\ TITLE 

22J-23~-J100 

E Olli PM= 'H TYPE 

SE Rll ICE 
:;APA CITY 

"\JTJR ~)./RATING &K") 
"10T:JF< TITLE 

DATE :as-11-21 PAGE NO: 7 
DEPARTMENT :Pf\JJECT 

t.LI ENT NO : 
F;.EVISION :o DATE :29.10.85 

6ELT fEEDEf< 

TO F EEO PYl(IJE CONCENTRATE 
INTO FSF. 
150-1500 KG/H 
'tOJO MM 
300 f'IM 

*** 210-21&-0lOJ-Ml*** 3, 0 *** 
BEU FEEDE~ 

SC.RE .. FE EDE,., 

T 0 f EE 0 SA ~O I NT 0 F SF 
50-2 00 KG/ ti 
L:4000 M, 0:100 M"\ 

*** 210-22&-0lOJ-"ll*** 2,2 *** 
SCf\E w FE ED EJ<. 

PNEU~ATIC FEEDER SYSTEM 

TO f EEO tOAL TO FSF 
30-300 KG/t1 

***Z 20-239-0100- Ml*** O, 55*** 
A IR LOCK 
***220-239-0100-MZ*** 0,55*** 
AIR lOC.K 
•••220-239-0100- M3*** O, 75*** 
AIR lOCK 

2 OCSI~G BINS ASSEMBLED 
ON l CAO CELLS, 
3 AI~ ~OCK fEEOE~S ~ITH PNEUM.Alf\ 
CONNEtT.,VALVES,PIPlNG&CCNT~OL E,. 
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JUTJ~U'4~J OYIENGINEERlNG DIVISION 
P~JJECT :SAlDlPUt.A DEHQ. PLMH 

CLIE°"T :PPCL 
DJCU'4ENT:EQUIPMENT LIST IATNBI 
JUT)l(J'4PU "'Q : 

DESIG"I :P1111 

220-261- 0100 

E~lll PMENT TYPE 

SERvICE 
CAPACITY 
"4A I 'l GI .. ENSI Jl\JS 

BJi;'iEF JPEl\llNGS 

22 0-289-01 OJ 

EOJl?'4E°"T TYPE 

SEPVICE 
:APACIH' 
TE~~ER~TJ~E KA"l~E 

"1ATERI A~ 
RE .. AR KS 

22 o- 2 6 9- 0 30 J 

EOJIPMEll,IT TYPE 

SE Rv ICE 
CAPACITY 
TEMPERATURE RANGE 
lllATERIAL 
ICE !lllARKS 

DATE : BS-11-21 PA~ E NJ: 8 
OEPART'4E~T :PRJJECT 

Cll ENT NO : 
i\!:VISION :O DATE :29.10.85 

FLASH SHEl TING FURNACE 

FOR PYRITE SMELTING 
T /H 

RE AC Tl ON S hA FT 0= 2t 0 M H=l•"' ~ 
l= 5' 5 .. SETT LE~ 

UP TAi..E SHAf T 
SLAG HOl ES 3 

BXL=2,3Xlt7M 11=3,2 M 

SETTLER:4 FOR BURNEF.S,.r. FOR TUYRES 
REACT.SHAFT:lFO+.. BU~NER,l FiJk CONC. 

SPRAY WATE~ HEAT EXCHANGE~ 

FOR FSF COGlI ~G 111oA TCF< 
150 ~3/H 
lN:50 DEG.C. JUT:40 DEG.C. 
MILD STEEL 
PARAlELL ITEMS.: lPCS.(02()0) 
fuR STANlrBr 

JACKET WATE+.. HEAT .EXCHANGER 

FOR FSF COCLJNG ~4TE~ 
50 M3/H 
JN:50 DEG.C.,OUT:40 DE~.t. 
ACID PROOF STEEL 
PAF<ALELL ITElll!S: lPCS,3400) 
FOR ST AN!r SY 
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QUTJ<U~PU CY/E~GINEERING DIVISION 
P~}J:CT :S~LJIPU;A DEMO. PLANT 

CLIENT :PPCL 
OJCJ .. E~T:EOUIP~ENT LIST (ATNBI 
OUTJ<J'4PU ~J : 
OESIG".1 :Pw 

22J-317-'.)l00 

E ~H.11 PME 'IT TYPE 

LIFTl~G CAPACITY 
LI FT I ~:i riEI GHT 

"1JT:J:< 'lJ./C: ATI~G (Kw~ 
..,:r: . .- TITLE 

220-37!>-0100 

EOJIP~:'IT TYPE 

CAPACITY 
Pi\ESSU"E 

~:TJI", '1J.l"ATilllG (KWJ 
~OTJF\ TITLE 

Z2J-3H-'.)3'.)'.) 

E:JJIP14~~T TYP: 

SERv'lCE 

:APA:ITY 
PRESSJRE 

MJTJR ~J./PATll\IG (KwJ 
"'IJTJR TITLE 

DATE :a5-ll-21 PAGE NJ: 9 
DEPAJ\.T"4ENT :PROJECT 

t LI ENT NO : 
REV lSION : 0 L>ATE :29.10.85 

MONO~AIL HGIST 

3 r 
15 H 

***220-317-0100-Ml*U' 4 *** 
MGNu~All HGIST 
***220-317-0100-M2*** o. 15*** 
HO NJ f<All H Cl ST 

SPri.AY WA TE~ PU~? 

FOf< FSF COCLING (PRIMARY CIRC~ITI 

200 
300 

M3/H 
KPA 

***220-376-0lC>O-Ml *** 30 *** 
SP!' A Y WATER PUMP 
'1NCl.ONE PARALELL lTEM:0200 30 K~l 

PARAL[Ll ITEMS: 1 PCSl020iH 
ST AN& .~Y 

JACK ET 11111 AT ER PU"IP 

SPfl.At' WATEf< PUMP f-01< FSF COOLIN'1 
CPRIMAPY tJRCUITJ 
60 M3/H 
300 KPA 

***220-376-0300-Ml *** 11 *** 
JACKET lllATEFI ?UMP 
'1NCl.Ot.IE PAf..4LEU ITEM:O"tO::> 11 Kw) 

PAJ\ALELL lTEMS:l PCS.C0400) 
FOR STANO -bY. 
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JJTJKU"4>J DY/ENGINEERING OlVlSlON 
P~JJECT :SALDl?U~A DE~O. PLANT 

:LIENT :PPCL 
OJCJ~E~T:EQUIPMENT LIST (ATNBI 
OJTJKJ"4PJ NO : 
OESIG"i :Pili 

220-377-01()0 

EOIJIPllJ:~T TYPE 

SERVICE 
C~PACITV 

P~ESSJI<!: 

~GTJR ~J./~ATING CK•J 
"IJT::!R TITLE 

2 2 o- 4 3 5- 0 1 0 0 

22 0-519-010() 

SERVICE 
VOLJllJE 
"lATEICIA~ 

DATE :SS-U-21 PAiiE NJ: 10 
OEPARTMEtH :PROJECT 

CLIENT NO : 
REV 1SlilN : 0 

Gll PUMP 

FOR fSf ~E ACTION SHAFT 
150 KG/H HEAVY FUEL OIL 
3500 KPA 

OATE :29.10.85 

***220-377-0100-Ml *** 0.37 *** 
01 L PUMP 

'ONCENTiATE BU~NE~ 

2 T/H 

SPRA~ WATER TANK 

FOR FSF COOllNG .. ATER 
100 Ml 
MU.O STE EL 
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JJTJKU~PU GY/ENGINEERING DIVISION 
P~JJ::r :SALDIPU~A DEMJ. PLANT 

CLIENT :PPCL 
OJ:J ... :NT:EQUIPMENT LIST CATNB) 
OUTJl(Jlo\PU ~O : 
D~SJGN :PW 

220-5 B-020Q 

EQ:JIP"1ENT TYPE 

SERVICE 
VJ LU ME 
lo\AT:RUL 

2 2 3- 519-'.)3 '.) Q 

EOJIP'4E'H TYPE 

SERVIC: 

V'JLl'tE 
~ATERIAL 

22'.)-5b~-) 100 

E;)~I P"1: 'H TYPE 

MAIN DlMENSl'JNS 
TE "1? E i:; AT U~ E 
REMdRKS 

230----- 0 

EQJIP"'IE°"T TYPE 

DATE :85-11-21 PAGE NJ: 11 
DEPART"4ENT :PROJECT 

CLIENT NO : 
REV IS ION : 0 

JACK ET Ii.AT ER TANK 

FOR FSF COCLING WATER 
30 M3 
MILD STE El 

kATE R TANK 

DATE :Z9.10.85 

tiEAO WAT ER i ANK FOR fSF 
EMERGE NC\' COOLING. 
ZO M3 
MILD STE El 

EMERGENCY DAMPER BETWEEN rSF-WHB 

ltS X 1 M 
•ATE~ IN:30 DEG.c. our:bO DEG.C. 

wATER fLOw:3 M3/H 
\liATER PR ESSURE:4 BAR 

P~OCESS GAS HANDLING AREA 

• 
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JJT)~J~PJ QYfENGINEERING DIVISION 
Pr<JJECT :SALDIPU~A DEMO. PLANT 

CL IEllJT :PPCL 
D3CJME~T:EQUIPMENT LIST CATNS) 
~.HJT:Jl(U'4PU NO : 
o:SIG" :PW 

230-121t-01C>O 

ECJI ?~E'IT TYPE 

TYPE 
SER-' ICE 

:A PACI TY 
P-.ESSJi\E 
Gt.S FLGlll 
T!:~?ERATURE 

230-198-::>100 

EOUI P"1E'l T TYPE 

SERVI CE 

DI ME NS! c~s 

MATER UL 

230-212-0100 

EOl.II P'4E'llT TYPE 

TYPE 
CAPACITt' 
PRESSJRE 
T: MPERATUP<E 

.. JTJR 'lJ./~ATING (K•I 
~OT:JIO. TITLE 

H~AR<.S 

DAl E : 85-11-21 PA.iE NJ: 12 
DEPARTMENT :PROJEtT 

CU ENT NO : 
REVISION :o DATE :29.10.85 

~ASTE HEAT BOILER 

FORCED CIRCULATION 
FOR FLASH SHELTIN~ FURNACE 
OFF-GAS COGllN(;, 
SATUl<ATED STEA"' 2,0 T/H 

b5 SAR 
2500 hlM3/H 

INLET 1230 C 
GUTLET 350 C 

GAS DUCT WORK 

PR DC ESS GAS DUCT ING FOR 
AREA 230 

TOTAL LENGTH:25 M DIAM:450 MM 
•ALL THICKNE5S:3 ~M 

MILD STE El 

Pl<.OC ESS 1.iA S FAN 

CENT RI FUGAL 
2900 NM3/H 

3 KPA 
3b0 c 

***230-212-0100-Ml *•* 15 
p;ocess GAS FAN 

INLET vANE CO~TF.OLLEO 

**"' 
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JJTJKJ~PJ OY/EN~INEERING DIVjSJON 
P~JJECT :SALJIPUf.t. DE .. 3. Pl.U1T 

CLIENT :PPCL 
DJCU .. E~T:EQUIPHENT LIST CATNBI 
JlJTJKJ~PU Nu : 
DESIG~ :Pllll 

230-376-0100 

!:OUI ?"1E~T TYPE 

SERVICE 

:t.PACITY 
HEAJ 

~JTJ~ ~J.t~~TING (Kw) 
~CJTJR Tl TLE 

230-375-0200 

E~JlP~E'H TYPE 

TY PE 
SEi<.flCE 

:A PACI TY 
HEAD 

230-421-01:>0 

E;)JIP~E~T TYPE 

TYPE 
SHvic:: 

CAP~:ITY 

TE .. PERATUPE 

230-562-0100 

::;;)LJJP-.iE•H TYPE 

SE RV IC: 

.. Al~ DPH:NSIONS 

•. !... .. ~~ ~ :·.~: ... 

DATE :85-11-21 PA~E NO: 13 
OEPA~T .. ENT :PROJECT 

CLIENT NO : 
REWISION :O DATE :29.10. 85 

WATER PUMP 

.-HS CIRCULATION iliATER PUMP 

lb H3/H 
30 M 

***230-37b-Ol:l0-Ml *** 0,37 *** 
RHB CIRCULATlON WATER PUMP 

wATER PUMP 

TURBINE DRIVE WATE~ PUMP 
wHB CJRCULATIJN •ATER PUMP 
FOR EMEF. GE ~C ~ 

lh M3/H 
30 M 

El EC Tk OS lA Tl C PR EC IP IT AT OK 

FOR WiB 
FOi' SMEl Tl NG GAS CLEANING 

2500 NM.)/H 
350 c 

••• SEVE~Al.TOTAL *** Zb 

01.SC VALVE 

FJR EP. SEPAF.ATlGN 

OIAMETEf<-: 0..4 M 

••• 
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JJTJ<lJ~PJ ~Y/ENGINEERlNG OIVJSION 
P~JJECT :SALDIPU~A OEMQ. PLANT 

Ci. IE~T :l>?CL 
nJCU~E~T:EQUIPHENT LIST IATNBJ 
DvT:JKlJ'f PlJ N0 : 
D:; SIGN : Piilf 

240----- 0 

EOJIPMENT TYPE 

24)-14:J-0100 

:'.~JI P"l:NT TYPE 

SERVIC: 

01 HE NSIJNS 

~AT:RIAL 

;;E"IAR<S 

240- lb9-01C>O 

EQUIDME'H TYPE 

S::Rvl:E 
CAPACITY 
"1AI~ Dl"1ENSIONS 

~~TJR ~J./PATl~G (K~) 
"l':'TJI< JI TLE 

240-153-:noo 

EOUI P~ENT TYPE 

S~Rv'ICE 
CAPAC ITV 
"IAl\J OPt=NSICNS 

"IJTJ~ 'JJ./RATING (KW) 
".:TJR TITLE 

DATE : 8~ 11-21 PA~E NO: 14 
OEPART~ENT :PROJECT 

C~I ENT NO : 
REVISION :o DATE :29. lG.85 

FLUE DUST taANOLINb AREA 

LAUNDER 

FOR FLUE DUST SLURRY 

L: .30 00 M M W ~ 20 0 MM 
OEPTH:zoo MM 

CJNCRETE 0,1M3, STEEL CJVERS 

PARAlELl ITEMS: 1 PCS. 40200) 

DRAG CONVEYOR fO~ WHB OJST 

FOR WHB OU ST 
Z T /H 

lENGJH 8000 MM 
•I OT ti 400 MM 

***240-108-0100-Ml *** 2,2 *** 
Dt<.AG CONVEYOR FOR WHB DUST 

ORAG CONVEYOR fO" EP DUST 

FOR EP DUST 
1 T/H 
LENG TH 11000 MM 
.-10H1 200 HM 

***240-168-0200-Ml *** ltl *** 
Of.I.AG CONVEYOR FOF<. EP OUST 
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JJTJ~J~PJ QY/ENGINEERING DIVISION 
P~JJECT :SALJIPUkt DE~J. PLA~T 

CLIENT : ?PCL 
~JCJ,,.E~T:EQUIPMENT LIST CATNBI 
JlJT)KJ14PU NO : 
DESIG~ :PW 

240-209-0100 

EOUIP'4E'llT TVPE 

TYPE 
SERVICE 

VJLJ~E 

11,A TE R l AL 

240- 3 7 .. - 0 l '.)Q 

E:;JUlPMENT TYPE: 

SERVI::: 
CAPACITY 
.-tEAJ 

"4JTJR 'llJ./F<ATI"JG lKll'IJ 
,,.CJTGR Tl TLE 

F< E '4ARKS 

240-374-0200 

EOJI P"lE'H TYPE 

SERvlCE 

CAPACITY 
riE AJ 

'1J"'JR 'lJ./iC.ATP~G lKwwJ 
M!JTQR Tl TLE 

DATE : 85-11-21 PAGE Na: 15 
DEP ~ T~ENT :PROJECT 

CLIENT NO : 
REVISION :o 

hATER LOCK 

•ITH WATER NOZZLES 
FOR WHB AND EP. DUSI 

0,2 "43 

STAI M.ESS STEEl 

DATE :29.10.85 

PARA LE LL I TE MS: l PCS. (()2001 

SLUR~\' PUMP 

FOR FLUE DLST SLURRY 
15 M3/H 
10 M 

*** 240-374-0lOJ-"'l***0,75 *** 
DUST SLUR~Y PUMP 

SLUR~Y THICKNESS 15 -20 G SOLI~S/L 

SL UR ft Y P UM P 

FO~ OUST SLURRY THICKENE~ TANK 
UNOE~LOh. 
1,5 M3/H 
20 M 

*** 240-374-0200-Ml***Ot 75 *** 
OUST SLU~RY PU"4P 

SL~f\Y THICKNESS 200 \; SOLIDS/L 
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~uT=Ku'4~J JV/ENGINEERING DIVISION 
P~JJ=cr :SiLDlDURt DEMJ. PLANI 

CLIENT : PPCL 
DJC"~ENT:~QUIPMENT LIST CATNBJ 
:JUTJK\J'4PLJ NO : 
DESIGN :PW 

240-518-0100 

EQUIP .. :;~T TYPE 

SERlllCE 

VOLU~E 

~~TERI~. 

2 .. J- 534-JlOO 

EOLIIPMENT TYPE 

TYPE 
SERf'ICE 
JI ~E NSI O,_.S 
"4AT!:Rl~i.. 

300-----0 

!:QJlPi.tE~T TYPE 

31 o----- o 

E;JJIP"1E~T TYPE 

ECUI Pi.tE '1T TYPE 

CA PA: I TY 
PRESSU~E 

GAS Fl Jli 
TE"1PHATUFE 

VCJLJ"1E 
"4Al'1 Dl1111ENSl:r~s 

MA TE R l AL 

OAJ E : 85-11-21 PAGE NO: lb 
D EP AR Tll4 ENT : PROJECT 

tll ENT NO : 
itEVlSION :o 

PUMP l ANK 

DATE :29.10.85 

WHB ANO EP. fl tJE OUST SLURRY 

10 M3 
CONC~ETE WALLS.,STEEl COVE!<. 
CCNCii.ETE VOLUME ABOUT 2 M3 

TANK 

THICKENER iANI<. 
FOR FLUE DUST SllJHc. Y 
H (TCTAlU DIA =b X 5 M 
HI LO STE El 

SULPHUf\ PLANT AREA 

SUlPnUR RECJVEf\ING ARcA 

SULPHUR CONDENS·l NG BOI LE~ 

SATURATED STEAM 440KG/H(HIGH Pi<ESSI 
5,5 SAR 

INLET 
uuTL ET 

29~0 
3b0 
175 

NM3/H 
c 
c 

HEAT TRANSFE.-.. AkEA 100 1142 
C OUT El\ J LX WX H 
4,ox2,9x2,c;"' 
STEEL 
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uuTJKu~?J DY/ENGINEERING DIVISION 
P~JJECT :SALDIPu~A OEHJ. PLA~T 

C:LIE'H :PPCL 
OJC:J~ENT:EQUIP~ENT LIST CATNBI 
OUTJKJ-tPU NO : 
DESIG... :Pw 

H0-198-0100 

E;>JIP"'l~~T TYPE 

SERVICE 
DI "'IE NSI D~S 
hlATERIAL 

310-209-0100 

ECJl1>114E~T TY?:: 

s:Rv1c:: 
VJLJ-.E 

"'IATfi:\ lAL 

310-212-n'o 

;;Oi.JI PIWl:'H TYPE 

CA PACJTY 
P;.i.ESSJl(E 
TEIWIPEl<ATJ~E 

~JTJQ ~J./~ATING (KW~ 
"'IJTJR TITLE 

DATE :as-11-21 PAGE NJ: 17 
DEPARTl'illENT :PROJECT 

CLJ ENT NO : 
REVISION :o DATE :29.10.85 

GAS DUCT 

PROCESS GAS DUCTINGS FOR AREA 310 
LENGTH: ~TOT.DIAM. M ANO M 
STAINLESS STEEL •All THICKNESS HM 

hATE~ LOCK 

FOR PROCESS GAS DuCTWOKK 
o,s M3 

BGOY (If MILO STE a ,LINED •HTH 
ST A I ~LES S ST EEL 

PROCESS GAS FAN 

2930 NH3/~ 
3 KPA 

170 c 

***310-212-0100-Ml *** ll 
PROCESS GAS FAN 

INLET VANE CONTROLLED 

••• 
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JJTJ<J~PJ JY/E~Gl~EERING DIVISION 
?~OJECT :SALDIPU~A OEHJ. PLANT 

CLE~T :PPCL 
OJCJ14ENT:EQUIPMENT LIST IATNB) 
OUTJIW"1PU NO : 
DESIGN :PW 

310-212-0200 

E QJI P14E"H TYPE 

TYPE 
SERv'lCE 

CAPACITY 
?~ESSJ;<~ 

TEMPEi;UJt<E 

"1JT~R ~3./RATING IKW) 
li!JT)R T nu: 

310-212-0300 

HiJIPME"IT TYPE 

CAPACITY 
P~ESSJP\E 

TE MP EF\AT JPE 

~)T)R ~)./~ATING (KWJ 
M!JTJP TITLE 

31:>-2b3-0l00 

EQJIPMENT TYPc 

SERVIC: 

:a P~CJTf 
[) I M: NS i J "i S 
REMAR<S 

DATE :85-11-21 PAGE NJ: 18 
DEPART .. ENT :PROJECT 

CU ENT NO : 
REVISION .:O DATE :29.10.85 

COMBUSTION AIR FAN 

CENTl(lfUGAl FAN 
FO~ INCi NERATOR 

550 t-.Ml/H 
6 KPA 
35 c 

***310-212-0200-Ml *** 2,2. *** 
COMBUSTION AIR FAN 

SECJNDARY AIR FAN 

CENT f.l FUGAL 
FOR INCi NE fiA TOR 

750 NM3/ ti 
8 KPA 
35 c 

***110-212-0300-Ml *** 4 
SECONDARY AIR FAN 

INCINERATOR 

••• 

FOR PROCES~ GAS H2S CJMSUSTIJN 

1NLEJ:2900 NM3/H OUJ:40JO N~3/H 
O: ltB M L:2,5 M 
l NCL UD ING: BR IC KL IN I NG 
F~EL :HfA VY F UE l CI l 

TEMP:INLET/OUTLET 160/450 OEG C 
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:JTJ<J~>J ~Y/E~GINEE~ING DIVISION 
P~JJECT :SALDlPU~A DEMO. PLANT 

:LEl\IT :?PCL 
DJCJME~T:EQUIP~ENT LIST CATNBJ 
OUT:JKJ"4PU NO : 
o:sIG~ :PW 

E:;)JJ P"1::'1JT TYPE 

S:RVICE 

: A PACITY 
P~ESS;,HE 

'4JTJR ~J./RATI~G (K~) 
MGT:JR TITLE 

310-317-010() 

SERvlCE 
CAPACITY 

~OTJR ~)./RATING CK•) 
MOT:JR TITLE 

EQLIIP~!:"T TYP: 

CAPACITY 
TEMPHATUF<E 

"IATERIAL 

DAT E : 8 5- 11-21 PAC. E NO: 19 
DEPAr..T'4ENT :PRJJECT 

Cll ENT NO : 
l\EYISION :O DATE :29.10.85 

ti ATER PUMP 

SLJlPhUR COl\D!:~SING BGJLER 
CIRCULATION ~ATER PUMP. 

3,5 M3/H 
'tOO KPA 

***310-376-0100-Ml *** ltl *** 
WATEI< PUMP 

GI l PUMP 

fOR INCi NE RA TOI\ 
50 KG/H HEAVY FUEL Oll 

***310-377-0100-Ml *** 0,18 *** 
fUEL Oil PUMP 

OE Ml STEJ< 

2900 NM3/t-i 
165 c 

DIA~ETER 1100 MM 
DEMISTER BED: HEIGHT 150 MM 
CARBCN STEEL,BEO OF ACIOPRuOF STEEL 
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JVTJ(J~~J ~V/ENGINEERI~G DIVISION 
PRJJECT :SALOIPu~A DEMO. PLANT 

CLIE"'4T :PPCL 
OJCJME~T:EQUJP~ENT LIST CATNBJ 
OUTJKLllllP!J NO : 
OESIG~ :PW 

310-431-0100 

EOJIPlllE"T TYPE 

:APACIH 
TE li1 I> E ~AT UFi E 
DI MENSIJ'llS 

320-----::> 

E;)JIPlllE"T TYPE 

320-142- 0100 

E~Jl PME~H TYPE 

SER~ICE 
VOLJ lllE 
"\AT: RIAL 
R;:MARKS 

320-244-)100 

E;J:Jl P111:•H TYPE 

TY PE 
SERVICE 

VOLJAo!E 
01 A4ENSIJNS 

llotATERIAL 

k:"1ARKS 

DATE :as-11-21 PAGE NO: 20 
DEPARTMENT :PRQJECT 

CUENT NO : 
REV IS JON : 0 

AGGLOHERAT~ 

29~0 NH3/H 
165 c 

DATE :29.10.85 

DI AMETER:600 ~M 
AuGlOMETEJC BED: H: 100 "I~ 

SEO: A<:lOPkCOF ST EEL, SJOY:CARB.S TEEL 

SULPHUR HA NOLI NG ARE A 

CAST ING PIT 

FQR SULPHU~ CASTING 
AREA 60 M2CTOTALI 
CONCRETE 
CONSJTS OF TWO SECTIONS.ONE FO~ 
SOU DI FY ING OF SULPHUR., 
THE CTHER BEING EMPTIED. 

GRAV ITV Fl UER 

STEEL illRE FILTERCACIO PKGOFJ 
FOR SULPHUR 

l M3 
LXWXH: 
2x1xo.s M 
CONCRETE .,5 TE EL COVH 
STEAM HEAT JN~ Pl PES OF STEEL 

STEAM HE AT ED. 
CONSISTS OF TwC lXl ~ PARTS.ONE 
OF wlCn IS OPE~ATING.,TrlE OJ~E~ 
SEO JO 8 E CHANGE C. 
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OJT)~J~~J OY/E~GINEERING DIVISION 
?~JJECT :SALJIPU~A DEHO. PLANT 

CL IE'4T :PPCL 
OJCJMENT:EQUIPMENT LISY IATNB) 
QJTJKJMPU NO : 
o:SIG~ :PW 

320- 378-0100 

EQUI PME"'4T TYPE 

SERllICE 

:.iPACITY 
HE~J 

~JTJR NJ./~ATING (KWJ 
-.,:iTJR Tl T LE 

fi. E "1t.R KS 

320-378-1200 

YPE 
SERVICE 

::APACITY 
~EA) 

~JTJR ~J./RATI~G (Kw) 
~'.HJI< TITLE 

R:MARKS 

E 0 U I P lltE '4 T TYPE 

SERVICE 

VJLJME 
~AERIAL 

OATE :85-11-21 PAliE NO: 21 
DEPARTMENT :PROJECT 

CL.I ENT NO : 
REVISION :0 DATE :29.10.85 

PUMP 

SULPHUR PUMP 

FRO~ PUMP TANK TG SULPHUR TANK 

0 t2 P'3/H 
15 M 

**•320-3 78-0 lJO-Ml *** O, 09 *** 
SULPHUR PU fllP 

ST EA H HE AT ED 

PUMP 

SULPHUF PUMP 
SULPHUR PUMPING FR(M PU~P TANK 
TO AGGLuMERAT:lR BED WASHlNii. 
0.2 M3/H 
15 M 

***320-378-0200-Ml*** 0,09*** 
SULPHUR PUMP 

ST EA M HE AT ED 

PUMP TANK 

SULPHUR PUMP TANK 
FOR fl LT ER ED SULPHUR 

5 M3 
CONCRETE, 2 M3 
STEA~ HEATING PIPES 
INCLUDING STEEl C.OVER5 
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OJTJ<J~'J JY/=NGlNEERJNG DIVISION 
PR:JJECT :SALOIPURA DEMO. PLlNT 

CUE NT : PPCL 
DJCU~E~T:EQUIP~E~T llST (ATNB) 
OUTJl(J114PJ NO : 
DESIGN :PW 

32 0-5i:J-01()0 

EOUI Pi.tE 'H T YP!: 

SH~JCE 
VOLUME 
~t.TEICIAL. 

i:.E~Al<.1<5 

DATE :85-11-21 PAGE NJ: 22 
0 EP AR T"1EN T :PROJECT 

tll ENT NO : 
REVISION :O 

STORAGE JANK 

SULPHUR ST CR AGE TANK 
10 M3 
Mll.O STE EL 
STEAM HEATED 

DATE :29.10.85 
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OUTOKUMPU ENGINEERING 
A DIVISION OF OUTOKUMPU OY 

AKi/rhiS 

4.3 
ELECTRIFICATION 

4.3.1 

November 1985 4-11 

Description of Electrification 

4. 3. 2 
Motor list 

Contents: 

1 GENERAL 

1.01 General description of electrification 
1.02 Power supply 
1.03 Distribution 
1.04 Voltages 
1.05 Standards 
1.06 Protection 
1.07 Control 
1.08 Measuring 

2 CONSTRUCTION OF MAIN ELECTRIC EQUIPMENT 

2.01 415 v switchgears 
2.02 Local control boxes 
2.03 Lighting 
2.04 Plugs and socket outlets 
2.05 Power and control cables 
2.06 Cable trays 
2.07 Earthing materials 

Attached diagram: 

Single Line Diagram 
Dwg No. 252 300 701 001-3, Rev. 0 
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OUTOKUMPU ENGINEERING 
A DIVISION OF OUTOKUMPU OY 

AKi/rhi5 

1 
GENERAL 

1. 01 

November 1985 4-12 

General description of electrification 

1. 02 
Power supply 

1. 03 
Distribution 

1. 04 
Voltages 

1. 05 
Standards 

1. 06 
Protection 

This technical specification describes and 
determines the main principles in electric 
distribution. 

Electric equipment, possible drives, subcentres and 
materials included in machinery supplies are not 
specified separately. The main principles for all 
the electric equipment are in accordance. with this 
specification. 

Electric power to the smelter plant will be 
supplied by others. 

Power will be fed to a main switchboard in the 
plant area by cables. 

The general distribution system is shown in the 
attached single line diagram. 

Motor voltage 
Lighting device 
Control voltage 

3 phase 
1 phase 
1 phase 

415 v 
220 v 
220 v 

50 Hz 
50 Hz 
50 Hz 

The apparatus and equipment comply with the IEC 
Recommendations valid on the day of study. Should 
these lack the VDE standards shall apply. All 
electrical equipment is suitable for continuous use 
at the rated load at the ambient temperature of 
+35 °c. The mechanical dimensions are in accordance 
with the DIN standards. 

Fuses are used for short-circuit protection in the 
distribution system. The rated currents of the 
fuses are selected so that a selective tripping is 
possible. The contactors of the motor feeders are 
provided with thermal overload relays in order to 
protect the motors against overload and operation 
at 2-phase. 
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A DIVISION OF OUTOKUMPU OY 
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1. 07 
Control 

l. 08 
Measurings 

2 

November 1985 4-13 

Major part of the motors of the plant are control­
led from ~he control rooms. In addition they can be 
equipped with lockable local control switch where 
necessary. The local control switch will be placed 
near the motor. InterlQcking relays, if any, will 
be mounted in rack. located in MCC room. 

Incoming feeder to switchboard is provided with 
V-meter, change over switch and A-meters. Incoming 
feeder is also equipped with kWh-meter. 

A-meLers for motor feeder are provided where 
necessary. 

CONSTRUCTION OF MAIN ELECTRIC EQUIPMENT 

2.01 
415 V swiLchgears 

Construction 

Protection 

Technical data 

2.02 

·Multi-cubicle-type switchgears for indoor installa­
tion. The cubicles are separated from each other 
with sheeL steel partitions. 

Also vertical cable ducts are separated from the 
apparatus cubicles. 

Busbars are made of copper and closed to the 
section of their own in the upper part of the 
centre. A neutral bar is mounted in the lower part 
of the centre. 

The structure of the 415 v switchgear is protected 
agains contact, the degree of protection is IP20 
complying with the recommendat~ons of IEC 529. 

Requirements 
Rated voltage 
Rated current 

Short circuit strength 

* short circuit r.m.s 
k peak short-circuit 

IEC 439 
415 V, 50 Hz 
630 A 

1 ls 20 kA 
.:.. dyn 50 kA 

Local control switches and terminal boxes 

Box with switches or terminal blocks for indoor or 
outdoor installation. 

Degree of protection for local cont:ol switches 
according to IEC IP 55. 
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OUTOKUMPU ENGINEERING 
A DIVISION OF OUTOKUMPU OY 

AKi/rhi5 

2.03 
Lighting 

2.04 

November 1985 4-14 

A local control switch rated current 10 A, in the 
control circuit. 

Local control boxes will be used where necessary 
according to the process. 

The reflectors of f loodlightings are made cf 
anoidized aluminium. 

Protection degree of lighting fixtures is IP34 in 
the process areas. 

Lighting is mainly made by using fluorescent tubes 
and mercury vapour floodlights. 

Plugs and socket outlets 

2.05 

Plugs and socket outlets for outdoor installation 
are made of insulating material. 

Protection degree is splashproof, minimum :?44 in 
the process areas. 

Domestic plugs and socket outlets, 10 A or 16 A. 

415 V power and control cables 

2.06 

Motor cables: 

Phase conduct~rs of copper: 
* 2.5 ... 16 mm 2 single wire 
* 25 ... 240 mm stranded, compacted and sectorshaped 

- 3.5-core ca~les with plastic insulation and sheat 
- standard IEC Publ. 502-1 

Control cables: 

- plastic insulated control cables 

Phase conductors of copper: Mainly 1.5 and 2.5 mm
2 

diameters will b~ used, if necessary the diameter 
can be also 4 mm . 

Cable trays and protec~ion conduits 

When mounting the cables mainly racks and conduits 
will be used. 

Racks and conduits are of aluminium alloy. 

~·· 
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2.07 
Earthing materials 

November 1985 4-15 

The cables a=e protected to 1.5 mm height, or at 
places susceptibJe to thermal or mechanical 
damages, by means of protective aluminium or steel 
conduits or tray covers. 

Switchgears and electric equipment will be earthed . 
Cable racks will be earthed from both ends. 

Switchgear will be earthed by means of 50 mm 2 

plas~ic insulated copper cabl~s. 

Motors and consumption equipment will be earthed 
through the protective concentric conductor of the 
supply cable. 
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4.3.2 
Motor list 
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20TJ<J~~~ :v/=NGl~EERI~G DIVISIO~ 
?;~JE:T :S!LJIPU~A o::~:. PLANT 

:UE'H :PPCL 
)JCJ~=~T=~~roµ LIST (81 
JUT:l<J~:>U ~J 

:)ESIGN :Pw 

2Jo-----o 

=:;hJIPM='H TYPE 

21 '.)- ----') 

ZlJ-117-'.H·JJ 

2l'.)-ll7-J21J 

21)-17)-Jl ')() 

E~UIPM::NT TYPE 

~JTJR ~)./F!Tl~G (~wt 

~_:r:i~ TITL~ 

2 l '.)- 194 - '.) l 0 ') 

,.. : T '."' f.; " J. Ii:; AT l ~;.; ( t< w t 
~JTJf.I TITLE 

DAT E : a 5- ll - 2 l P Ai; E NJ : 1 OF 1! 
D EP Ar;. P'4E~ T : Pf. JJE CT 

Cll ENT NO : 
REVISION :o DATE :29.10.85 

flASH SMEL TEF. AREA 

0kYEF. AND FSF fEEJ AF<EA 

DF.IED tHA~GE BIN 

OF IE 0 CH Af.. GE 6 I:~ 

Pl',IEUMATIC CJl\VHOR SYSTEM 

***210-l 70-0l:lO-Ml*-** 11 *** 
A I,:; Bl Ow ER 
***210-170-0lJ0-"'12*** ll *** 
A I F Bl c~ E f. • S TA Nl.J 8 Y 
***.210-173-0lJ0-M3***0t7':>*** 
A IR L:::lC.K 
***210-170-0100-1'44***0•75*** 
A IR LOCK 
***2 10-170-01J~M5***lr5 * ** 
EXHAUST AH FAN 

MU LT IC CI L Dk Y !: r 

*** 21J-194-'JlJJ-Ml*** ~J 
l'l.ULTH.Gll. Cf<.Y~I< 
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~JT:<J~~J ~Y/E~~INEE~I~G DIVISION 
P~:J:'.Cl :S.iLJlr>LJFA O!:MJ. PLA"H 

CLIE~T :i:>P(L 
DJCJ-.i::t\IT:Jlol!'}TJR UST UH 
GJTJK(.JJlol!PJ NC : 
D~SIG~ :Pw 

210-212-Jl'.)O 

EJJI PM:'H TYPE 

~~TJR ~)./~4TI~G (K"J 
~JT~R TITLE 

ZlJ-417-)lJJ 

EQJI il"'.:'H TYP!: 

22)-----) 

E:JJIP"1:'4T TYP~ 

22J-131-JlJO 

El.iJIP~::\!T TYPI:: 

22)-133-01)0 

22J-l34-JlJ'.) 

n J-l4J-noo 

DUE :d5-ll-21 ?A:;E NJ: 2 
DEPM.T·-.ENT :Pi:<.JJECJ 

CU ENT NO : 
l<.EVISION :o DATE :29.10.85 

EXHACSf Alf( FAN 

***210-212-01;)0-Ml *** 1.5 
EXHAUST Alf\ FAN 

BAG FllTER 

FLASH SMELTIN.:; fUi'.NACE Ai<i:A 

C.OAl DUST Buk~H. 

Cl L 8Jf<.N Ef\ 

Au XI Ll Af' r BUF< NER 

C Ci AL T Ut Eh E 

SLAG LAU~DEI<. wlH1 C.uVERS 

*** 
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~JT:KLJ~PJ JY/E~~I~EERl~~ DIVtSIO'I 
P:;i.JJ~CT :SALDIPU;;.A O~M'J. PLANT 

CLIE'H :P?CL 
JJ:J~~~T:~JTJk LIST lBt 
:UTJl(.J'4PLJ ~Q : 

DESIG~ :Pw 

22J-l44-nOtJ 

EiJUl ?"1:;~T TYP: 

22 :_l-1<;8-'.H JJ 

Z20-198-020J 

220-212-0100 

E..JUIP"1E:'JT TYPc 

'1 :!T :, ;;. ·n • I ;._ :. T r ~~ G ( K" ) 
•CT~;;. TTTL1= 

220-212-0200 

E;JJI P"1E'\IT TYPE 

~JTJR ~J./~ATING (X~t 

~:T:~ TITLE 

~20-218-01:>'.J 

~:,T:)i= 0.1;:;:.Ttr-.G (K.-J 
'1JTJ~ TITLE 

;)ATE : 85- H-Ll PA.:>E NJ: 3 
D=PAl\T'4ENT :PRCJECT 

CLIENT NO : 
I' EV JS ION : 0 DATE :29. lC.·.85 

SLAG POT 

GA:.; DUCT WJ l'K 

GAS DUCT 

PROCfSS AH FAN 

*~* 22()-212-01 JO-Ml**w: 1,:> 
PROCESS Al F F4~ 

COMBUSJlON Alk FAN 

***220-212-0200-Ml*** 1,1 
COMBUSTION AH< ~A·~ 

BELT FHDEJ< 

*** 

*** 2l0-d8-.Jl0)-Ml**~ 3, J *** 
BELT FEE:DEk 
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:JTJ<J~~J Jv/::\~lNEE~I~G DIVIS1:~ 
;i;: J EC T : S 4L JI ? J ~ A 0:: 'tJ. PL A~ T 

C LI E 'H : PP Cl 
aJ:J"4E~T:"'JTJ~ LlSl (BJ 
SJTQKJ'4?J ""J : 
:l::SJ::;~ :Piii 

220-228-nOJ 

~JTJR ~O./~ATING (Kw) 
"lJTJR TITLE 

MJTJ~ ~J./~ATI~G IKw) 
"'IJT::;k. TITL:: 

22 0- 261- 0 l JO 

22 J-29 ~-) l) '.) 

22J-28.j-')3JO 

220-317-)lJJ 

EOJI P"l:;:~T TYPE 

~:TJ" ~J./~ATI~G (K~) 

"1GT:i< TITLE 

DAT E : d 5- ll -2 l PAGE NJ: 4 
DEPA~TMENT :PROJE~T 

CLIENT NO : 
REVISI::IN :o DATE :29.10.85 

SCREh FEEDER 

•** 213-228-0100-"41*** 2.,2 ••• 
SCRE• FEEOEI'. 

PNEU~ATIC FEEJEF. SYSTEM 

***2 20-2 39-0 lJO-Ml *** O, 55*** 
AIR lCCK 
***220-2 3<;-J lJO-M2*** O, 55*** 
AI i'. LOCK 
***220-239-0100-r-13*** C),75*** 
All\ LOCK 

fLASt-: SMEL Tll'.~ F Ur<. NACE 

SPRAY ~ATE~ HEAT EXCHAN~ER 

JACKET ~ATEF. HEAT EXC~A~~ER 

MJNJf<AlL HCIST 

•••2~J-317-0l00-Ml*** 4 *** 
fll0f'4u~AIL rlCl ST 
***.::'.20-317-0lJ0-"12*** ),75••• 
"4QN,JF.All HCI ST 
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:uT:<.J..,>J :v/EN~INEE~ING JlVISIJN 
P~:J!:CT :SALJlPU~A uE!o1J. PLANT 

C.LIE~T ::>PCL 
o::J~=~r:~JTJ~ LIST (8) 
:'JTJ<.J'4P0 '110 : 
DES l G~ : Pw 

221-37:>-)l)J 

EOJl P~:".IT TYPE 

~:r:1< >iJ.HATI~G (Kw) 

~:.T:I< Till!: 

2ZJ-3fo-03')J 

"'4JTJR '-'J./~HPiG (Kw) 
·-1JT:R l ITL!: 

ZZJ-377-01 JJ 

"':r:i; 1jJ.1;: t.rJ•.;; (K.,l 
..,:.r:::.;; rnu: 

Z20-·'t35-01 )0 

::JJI ?Mf'H TYPE 

22 J- 5B-'H O'J 

22)-51=1-1)2·}0 

EJulPMC:"'JT TYP:: 

D AT E : 8 5- 11 - 2 1 P AG E ~ J : 5 
L>EP~ TMENT :Pt\JJECT 

Cll ENT NO : 
I'. EV ISIO~ :O DATE :29.10.85 

SPRAY WATEf< PUMP 

•••220-370-0100-l'H *** 30 *•* 
SPF< AY WA TEI< PUMP 
( INCL.'.JNE PAl<.lLEll 1T=!o1:0ZJO 3J Kiit) 

JACKET ~ATE~ PU~P 

***220-370-0300-Ml *** 11 *** 
JACKET ~ATE!<. PUMP 
(lNCL.Or-..E PA~b.LEil £TEM:04JJ Ll KRJ 

CIL PUMP 

***220-377-0lOO-Ml 11<** ·J.37 *~* 
CI L PU!.1P 

tONCENTkATE BUFNER 

J A CK ET ._ AT EJI. T A"4 K 
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JJTJ~U~PJ :Y/~~Gl~E~Rl~G OIVIS10~ 
;>=._JJECT :SALDIPJl=A DEMO. PLA"ll 

C~IE~T :PPCL 
DJCJ~E~T:~JTJR LIST lBJ 
:~T:::l<.Ja.tPu N] 
o::s1.;N :PW 

22 J-5B-03JO 

220-56~-Jl·'.)'.) 

23'.)-----') 

23J-l2"t-()100 

23Cl-19:,-01)') 

EOJIPlo\E'iT TV'P;: 

23:J-212-C' lJ:J 

::OJl?"l::~T TYPC: 

~~TJ~ ~J./~ATl~G (Kwt 
"l'.::T:R TITL:: 

2 3 J- 3 7 o-0 l JO 

~::T:R '•J./t;AT!\JG (K.-t 
"1:T:.~ TPL: 

2 _;.'.)- 3 h· 0200 

EQJIP"IE"T TYPE 

.... -
DAT E : a 5- ll -21 PA~ E NJ: b 
DE? AF-. Ti'\ENT : PF OJE CT 

CLIENT NC : 
~EVISION :Q DATE :29.10.85 

~A TEF. TANK 

P~wLESS GAS rlANDLING ~R::A 

kASTE HEAT BGlLEF 

C.AS DUCTWOfCK 

Pl'OCESS GAS FAN 

***230-212-0100-Ml *** 15 ••• 
PROCESS GAS fAN 

l..ATH PUMP 

* * * 2 30-3 7b -;) l 0 0- Ml * * * 0 ,3 7 • * • 
WI H a C 1 I< C UL AT I Cl f-. ~A T c F P \.J M? 

wATE~ ?JMP 
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:JTJ<J~~J JY/E~GI~EE~IN~ OIVISICN 
=>:..JJECT :SALQIPJFA DE~J. PLANT 

:::Ll:\IT :PPCL 
JJ:::J'4=\IT:~JTJ~ LIST (d) 

OJTJl(J'4PJ Nu 
:>ESlu~ :PW 

230-421-:nn 

E~JIP'4::\IT TYPE 

23)-562-)1,J 

2-tO----- 0 

E:lJl?14:'H TYPE 

240-l'tJ-')100 

z:,J-163-0I'JJ 

~:T~~ \J./~~TI~G (K~I 
-.,er::~ r1TLc 

~ : T ; ~ \l J • I "' H 1 t~ G ( K "d 
-AJT:,"! TITL~ 

2~'.)-20~-0110 

DATE :85-11-21 PA.iE NQ: 
0 E? 4F T'4EN l : Pr<QJE CT 

Cll ENT NO : 

1 

REVISION :o DATE :29.10.85 

ELEC n.os TA TIC Pk EC IP IT ATOR 

*** SEVE~AL,TOTAL **• 2o ••• 

0 I SC VAL VE 

fLUE OUST HANDLJ NG Ar<EA 

lAUNDE R 

DRAG CONVEYO~ FOR ~HB OUST 

***240-168-0100-~1 *** 2,2 *** 
D~AG tO~VEYGR fJ~ ~hR DJST 

DRAG CON~EY~~ FG~ EP ausT 

***240-168-0200-Ml "** 1, l *** 
DRAG CuNVeYJR fQk EP JJST 

~ATE~ LOCK 
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:JTJ<J~?J JY/~NGI~EE~ING DIVISION 
p;JJ=CT :S4LJIPJCA DEMG. PLA~T 

:::.u::~r :PPCL 
JJCJ'4=~T:~JTJR LIST lB) 
~UTJo<.J'4PJ ~J : 
DESl-''1 :PIN 

"0 T: R ~:. fr. AT I :..iG ( K 10 
"IJT~I< TITLE 

~JT~I< ~J./FATIN~ (K~) 

~JTJR TITLE 

2 4 IJ- 518- J l ~ J 

240-534-0lOJ 

EOU1PMENT h'i'E 

3) J-----') 

:;iJI P~:;~T TYP: 

310-----o 

E:JJJ?~!:'ljT TYPE 

11J-12~-11JO 

:.;;JlP'1:-..iT TYP:: 

DATE : as-11-21 PA.iE NJ: 8 
DEPAPl'1ENT :Pf'iJJECf 

Cll ENT NO : 
REV IS lJN : 0 DATE :29.10.85 

SLURf\Y PUMP 

*** 240-374-:HOJ-""l***Ow 75 *** 
DUST S LU F.lf. Y PUMP 

SL Uk I< V P U'1 P 

••• 240-374-0200-~l•••0,75 *** 
OUST S LJ f..f'. Y PUMP 

PU"IP TANK 

TANK 

SULPHUI\ PLANT Ai<EA 

SULPHUR RECGVERll\G Al<EA 

SJLPHJF. CC:l\DE."<ISING t101LEF< 

GAS D~CT 



I JJT:<J~~U JY/E~GlNEE~l~G DIVISION CATE :BS-11-21 PAGE NJ: 9 
i><J.!=CT : S!.l'J I i>U"A D: '4J. PLA"lT D EP AR T'1EN T : Pf<.OJE CT 

I CL IE "lT :PPCL 
J'J:U ... :'H:~JTJR LI ST l BJ 

I 
JUTJl(J"4PJ ~0 Cll ENT NO 
DE SIG~ :Pw REVISION :o DATE :29.10.85 

' 
I 310-209-JlOO 

I 
E;)UlP~:~T TYPE hATEf:I LOCK , 

' 

I 31 J-212-'Jl:J'.'.> 

::JJI::>.c::'H Ty.:>: PRGCESS GAS FA~ 

I ..,:T:.F "l J • I F. AT p, G ( K Iii. 1 ***310-212-0100-Ml •** 11 *** 
'-1) TJR TITLE PRCC ESS GAS FAN 

I 31 )-212-'.}2)) 

I !::~JIP~E\JT Ty::> E COMBUSTION Al R FAN 

-.,:1:;.. ~:;.1;..ATING ( t<,,.; ) ***310-212-02.)0-Ml *** 2,2 *** 

I 
..,::n;. TITLE COMBUSTICN AH F Ai~ 

I 
31:>-212-0~J) 

EQJIP~E~T TYP: SECC NDAF\ Y AIR fAN 

I "1GTJ;. ~:J./RATll-.JG ( K Ir: J ***310-212-0300-Ml ••• 4 *"'* 
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4.4 
Instrumentation 

4.4.1 

4-17 

General Description of Instrumentation 

4.4.2 

Contents 

1.0 Design Concepts 

2. O Control Rooms, Control ·,anels an:i Operator 
Work Stations 

3.0 Field Mounted Instrumentation, Wiring and 
Piping 

4.0 Power Supplies and Signals 

5.0 Drawings and Data 

Preliminary Loop Number Schedule for Instrumentation 

Attached diagram: 

Flash Smelter and Sulphur Plant Instrumentation 
The Most Important Control Loops 
Dwg No. 252 300 901 003-9, Rev. 0 
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1.0 
DESIGN CONCEPTS 

1. 01 

1. 02 

1. 03 

1. 04 

1. 05 

1. 06 

1. 07 

4-18 

The instrumentation and control system is designed 
to provide the information and control necessary to 
operate the pilot plant efficiently and safely. 

The controls shall be implemented using industry 
standard instrunents antl control systems. Use of 
custom designed or proprietary control systems 
shall be avoided to the extent possible. 

Major instrumentation and controls shall be 
standardized. 

The following factors shall be given special 
consideration: 

The availability and the location of 
vendor service and parts supply centers. 

The amount of flexibility demanded by 
plant operations. 

The maximum recovery of a high purity 
product and controlled pollutant levels in 
plant effluents. 

Electronic type instruments shall be generally 
used. Use of pneumatic instruments shall be 
avoided, except for control valves, certain local 
control loops, and special applications where the 
pneumatic instrumentation has a definitive 
advantage over the electrical instrumentation. 

The control room instrumentation shall be based on 
a conventional electronic analQg system. The system 
shall be built up for a future addition of a 
computer system for high level controls, data 
acquisitioc, reporting and process management. 

ISA symbols shall be used on preparing of Piping 
Instrumentation Diagrams (P & IDJ. 

DIN sta~dards and metric units shall be used in 
instrumenta~ion desig~. 
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2.0 
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CONTROL ROOMS, CONTROL PANELS AND OPERATOR WORK STATIONS 

2.01 

2.02 

2.03 

3. 0 

A central control room (CCR) with control panels 
and operator work stations will be provided. The 
control room shall be the point of control for 
operating and/or monitoring the process and will 
contain the necessary instrumentation and controls 
to operate the process. 

A free-standing control panel with semigraphic 
diagram on the top part shall be provided for CCR. 
The vertical section of the panel shall include 
complementa~y analog inst~uments. The sloping 
console section shall include start-stop push 
buttons for motors, selector switches, ammeters 
etc. 

The CCR shall be pressurized with filtered air to 
exclude dust and noxious gases (SO and H S) and 
shall be air conditioned to maintain a suitable 
constant temperature and humidity. 

FIELD MOUNTED INSTRUMENTATION, WIRING AND PIPING 

3.01 

3.02 

3.03 

3.04 

Field mounted transmitters shall be two (2) wire 
type wherever possible. For certain special appli­
cations, where two (2) wire transmitters are not 
available, four (4) wire transmitters may be used. 

Enclosures for field mounted instruments shall be 
DIN IP54 d~st tight and water tight construction. 
Classification for hazardous application location, 
if required, shall be specified on the data sheets. 

Instruments located outdoors and subject to severe 
ambie~t conditions including moisture, freezing and 
corrosion, shall be protected either by heating 
and/or shall be installed in weatherproof housing 
or shelters. The use of protective housing or 
enclosures shall not inhibit the functioning of the 
instrument or detract from th ability to perform 
routine service. 

All automatic control valv~s shall be provided with 
isolating block and bypass valves, unless duplica­
tion of equipment and lines allows control valve 
replacement without shutting down the process. 
Control valves which are not provided with isolat­
ing block valves and bypass shall be supplied with 
a manual handwheel or other means for manual 
operation. 
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3.05 Instrwnent sig~als and alarm wiring shall be 
designed with twisted pair cable with alwninum 
mylar eler.trostatic shielding, a bare copper drain 
wire and overall PVC jacket. The cable shall be 
suitable and approved for installation in cable 
trays. 

3.06 Multipair cables shall generally be used to connect 
the field junction box to the control panel. The 
ca~le characteristics shall be the same as above 
except that each pair of conductors shall be 
individually shielded and have a bare copper drain 
wire. 

3.07 

3.08 

3.09 

3.10 

4.0 

The primary instrument connection shall be the 
responsibility of the piping section. These connec­
tions will include process block valves, thermowell 
or probe couplings and flanges. 

The instrument process piping material including 
tube, valves and fittings shall be 316 stainless 
steel. 

The tubing runs for pneumatic transmission signals, 
and connections between filter-regulators and 
instruments, shall be made with 6 mm outside 
diameter 316 stainless steel tubing with 1.0 mm 
wall thickness. 

Tube fittings for pneumatic system shall be 316 
stainless steel compression type. 

POWER SUPPLIES, SIGNALS AND UNITS OF MEASUREMENT 

4.01 

4.02 

4.03 

The electrical supply for instruments will be 
220 V, 50 Hz. 

Supply of power to all instr1.41Tlents regardless of 
their location shall be the design responsibility 
of the instrument section. The supply of power to 
field instruments shall originate from the 
appropriate control panel. The instruments in the 
same loop shall be powered from the same source of 
power. 

Pneumatic i~strurnents shall operate from instrument 
air supply of 140 kPa gage pressure and shall yield 
a control signal over a range of 20 to 100 kPa gage 
pressure. Under special circwnstances other signal 
ranges, and air supply pressures may be specified. 
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4.04 

4.05 

5.0 
DRAWINGS AND DATA 

5.01 

4-21 

The piping section will supply a nominal 600 kPa 
gauge pressure dried and filtered instrument air 
supply source. 

The following transmission signal levels shall be 
used: 

Analog signals 
Alarm signals 
Counters 
Solenoid valves 
ON-OFF controls 
Status signals 
Interlocks 

- 4 - 20 mA DC 
- 24 V DC 
- 24 V DC 
- 220 V, 50 Hz 
- 220 V, 50 Hz 
- 220 V, 50 Hz 
- 220 v, 50 Hz 

A set of basic engineering drawings and data shall 
be prepared for major instrumentation and control 
systems. The drawings and data shall be sufficient 
to allow a qualified engineering company to perform 
detail engineering. The basic engineering drawings 
and d~ta shall include the following: 

General specification for instrumentation 
design 

Instrument index 

Piping and instrumentation diagrams 
( P & IDJ . 

Instrument data sheets 

Control panel specifications 

Control panel layout drawings 

Layout drawings for central control room 

Space reservations for lccal control rooms 
and desks 

General specification for main control 
functions and operation 

General specif icaticn for instrumentation 
installation 
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5.02 
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A complete set of detail engineering drawings and 
data shall be prepared for all instrumentation and 
control systems. The drawings and design data shall 
be detailed to allow a qualified contractor to 
submit bids for the procurement of installation 
material and completion of the work with a minimum 
of field engineering at the jobsite. The detail 
engineering drawings and data shall include the 
following: 

Updated basic engineering drawings and 
data 

Loop Diagrams 

Wiring diagrams 

Cable schedules 

Cable tray layout drawings 

Plot plan drawing of field instruments and 
junction boxes 

Installation details and bills of material 

Drawings of process couplings and tappings 

Vendors drawings and data for engineering, 
maintenance, construction and record 
purposes 

Drawings of auxiliary voltages supply 
system 

Drawings of installation racks and 
auxiliary equipment cabins 

Maintenance manuals for instruments 
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I 4.4.2 
Preliminary Loop Number Schedule for Instrumentation 
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4.5 
Civil Works 

4.5.1 
Description of Buildings 

1. Off ice and con·.:rol room building 

Size 10 m x 10 m, total volume about 650 m3 . 

The building has two floors. On the first floor are 
located the electric connection room and laborato­
ry, on the second floor the control room and 
offices. 

The structure of the building is of concrete 
pillars, floors are concrete slabs. 

The external walls are built of 200 mm concrete 
blocks covered with plastering. Partition walls of 
the electric room, control room and staircase are 
made of the same blocks. Light partition walls 
consist of wooden or steel support frame and gypsum 
plate (or corresponding) on both sides. 

Roofing: double bitumen felt roof insulation wich 
crushed rock surfacing. 

External doors are of steel construction, internal 
doors are made of hardboard with wooden frames. 

Windows are of Louvre-type with aluminium frame. 

2. Smelter aisle 

Size (a~eaJ about 13 m x 11.5 m, total volume about 
2 300 m . 

'l'he structure is of steel columns and beams, 
cladding and roofing of corrugated sheets (asbestos 
or steel). Part of the cladding is of corrugated 
transoarent wall sheeting. 

3- Sulphur storage 

Size is about 20 m x 5 m. 

Lower part (bins) are of reinforced concrete. The 
height of the r~ar wall of the bins is about 3 m, 
side wall at the rear 3 m, at the front 1 m. The 
bins are open at the front. 

Above the bins only a roof is built, the sides are 
open in about 2 meters' height 
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The roof is made of corrugated plates and supported 
with steel columns. 

4. Oxygen storage slab 

4.5.2 

Size 3 m x 9 m. The slab is built of reinforced 
concrete. 

The storage is surrounded with a fence of 
galvanized wire mesh. The height of the fence is 
2 m. 

Building Material Quantities 

The consumption of main building materials for the 
office building, FSF aisle, sulphur storage and 
oxygen storage slab is as follows: 

Concrete for footings, pillars and 
slabs 180 m

3 

Concrete reinforcement steel 14 000 kg 

Steel constructions for 
buildings 15 100 kg 
Steel constructions (supports) 
for the process equipment, 
4 750 kg, are regarded as a part 
of the equipment 

Walls 
External and internal concrete 
block walls, total 

Light partition walls of wooden 
structure 

Roofings 
Double bitumen felt roof insulation 
with crushed rock surfacing 

Corrugated roofing sheets 
(asbestos or steel) 

Cladding 
Corrugated sheets (steel) 
Corrugated transparent cladding 
sheets 

Doors and windows 
External doors of steel 
Internal doors of wooden structure 
Windows 

270 m2 

110 ro2 

120 m2 

300 rn2 

600 m2 

120 m2 

7 pcs 
10 p~s 
50 m 
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Land excavations needed arj about 400 m3 and 
filling volume about 300 m • 

Building costs for Outokumpu's scope are estimated 
on the basis of the above main material quantities, 
and the costs are included in the capital cost 
estimate in Section 6. 
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4.6 
Laboratory Facilities 

The laboratory can be located on the first floor of 
the office building. The room needed for a 
laboratory serving2the smelter and sulphur plants 
is about 40 - 50 m . Depending on the need for 
offices, in a building of the size of about 100 m2 
(as proposed) possibly even more room could be 
arranged for the laboratory thus enabling it to 
serve also other plants on the site. 

The labora~ory facilities of this study are mostly 
designed for the service of the smelter/sulphur 
plant. 

The selection of the equipment, of course, depends 
on the purpose for which the plant is used, i.e. 
for conunercial needs, for research or for training 
purposes. The scope of devices of this study is 
defined keeping in mind the process research and 
developing function of the plant as well as the 
personnel training purpose. 

In case a conunercial size plant will be built later 
on and the demonstration plant is stopped, all the 
laboratory instruments can be used in the big 
plant. 

The activities of the laboratory and the main 
equipment are as follows. 

Solid materials handling to prepare the -solid 
material samples for chemical analysing and also 
for determining e.g. humidity and screen size of 
the material. The equipment is used mostly for 
pyrite concentrate, silica flux, flue dust and FSF 
slag analysing. 

The main equipment are crusher, mill, screening and 
fractjoning device, drying box and moisture 
analysing device. 

Duct flow measuring for gas streams. In the gas 
ducts both the gas flow rate and the dust amount 
and type are investigated. 

The main equipment needed are manometer, Pitot­
tube, dust content measuring device, thermometer, 
suction pump, glass ampullas for samples etc. 
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Gas analysing 
The main piece of equipment for analysing the gases 
is a gas chromatograph. In addition, sampling 
pipettes or suction pumps are needed as well as 
manometers and bottles for calibration. 

Solid materials analysing equipment is used in 
chemical analysing of e.g. pyrite, sand, flue dust, 
slag and sulphur samples. 

The analysing device consists of apparatuses for 
determining sulphur and carbon contents, accurate 
analysis scale, drying and ventilation box and 
basic laboratory equipment consisting of burettes, 
decanters, different kinds of glasses etc. 

Common equ.ipment for the laboratory's needs 
consists a.g. of surface temperature and pH-meters, 
different kinds of scales, normal basic laboratory 
glassware, helium and nitrogen gas bottles, 
sampling vessels and bags, etc. 

In addition, certain storage of chemicals for 
laboratory u~e is needed. 

In the capital cost estimation of this study 
laboratory equip~ent is noted in the extent roughly 
described above. 
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5 
OPERATING DATA 

5.1 
Supervision and Labour Requirements 

Supervision and labour requirements for the smelter 
plant operation are presented below. Personnel 
needed for areas not belonging to the scope of this 
study are excluded. 

5 .1.1 
Total Personnel 

Plant manager 
Engineers 
Foremen 
Crew 

Total 

5 .1.2 
General Supervision 

Plant manager 
Metallurgist 

Total 

5. l. 3 
Operating Personnel 

Engineers 
General foremen 
Foremen (operating) 
Operating crew 
Maintenance foremen 
Maintenance and assisting 
crew 

5. l. 4 
Laboratory Personnel 

Foremen 
Crew 

Day shift 

1 
l 
l 
2 
l 

5 

Day shift 

1 

1 
~ 
8 

39 

50 

1 
1 

2 

3-shift 

4 
20 

4 

3-shift 

8 

Total 

l 
l 
5 

22 
l 

9 

Total 

l 
8 
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5.2 
Requirements of Utilities and Consumables 

Annual consumptions are based on an estimation of 
7 500 ~perating hours per year with full capacity. 

5.2.l 
Flash Smel~~ng Area 

Coal t/a 2 ooc 
Heavy fuel oil t/a 820 
Light f1.iel oil t~a 100 
Oxygen rn I a 2 250 000 
Electric energy MWh/a 690 
Stearn 5.5 bar, saturated t/a 2 100 
Stearn 40 bar, 350 °C, 
superheated t1a 1 100 
Demineralized water m3 /a ~ 300 
Semisoft water rn3 /a 30 000 
Filtered raw water m /a 5 300 
Refractory b~icks t/a 60 
Mortar for bricklining t/a :> 
Oxygen lances t/a 3 
Tapping clay t/a 4 

5.2.2 
Sulphur Plant Area 

Heavy fuel oil t/a 210 
Electric energy MWh/a 100 
Stearn 5.5 bar, saturated t1a 2 250 
Demineralized water m3/a 140 
Filtered raw water m3 /a 
Glass wool m /a 30 
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6 
ECONOMIC SURVEY 

6.1 
ESTIMATION OF CAPITAL COST 

6. l. l 
Basis of Capital Cost Esti•ate 

Scope of Outoku•pu's Esti•ates 

The evaluation of the invest•ent cost is li•eted to 
the agreed scope of work and all the costs outside 
the battery li•its are excluded. 

Within the scope the invest•ent is esti•ated on 
turnkey basis including the engineering, equip•ent 
and •aterial supplies, construction,transportation, 
erection, commissioning and start-up assistance. 
The only •issing cost is the site preparation 
(earth flattening, roads and drainages). 

According the the scope, the following areas are 
included in the esti•ates: 

pyrite drying 
flash s•elting 
flash s•elting furnace gas handling 
dust handling 
ele•ental sulphur separation 
sulphur purification and casting 
office and control building, including 
laboratory 

Ter•inal Points of Outoku•pu's Esti•ates 

Pyrite: 

Coal: 

Bunker Coil: 

Light fuel oil: 

Sulphur: 

Dust: 

Slag: 

The esti•ates are li•itcd within the following 
terainal points 

inlet to the dryer feed funnel 

inlet to the separation cyclone near the flash 
saelting furnace (pneuaatic transport) 

inlet to the feed pipe at the ••elter area 

inlet to the feed pipe at the s•elter arP9 

outlet froa the casting pit, sulphur storage is 
included, transportation vehicles excluded 

outlet of settled dust slurry puap 

outlet fro• slag pot 
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Filtered raw water: 

inlet to the s•elter area/outlet to drnin 

De•ineralized and seaisoft water: 

inlet to the s•elter area/outlet fro• the s•elter 
area 

Secondary cooling water: 

inlet to the heat exchangers/outlet fro• the heat 
exchangers 

Electric energy: inlet to the MCC in s•elter area 

Tail gases: outlet fro• the incinerator 

Plant and instru•entetion air: 

inlet to the s•elter area 

The items out6ide Outoku•pu's esti•ate 

The investaent of the following required iteaF is 
not in the Outokumpu's esti•ate: 

Pyrites supply and concentrator plant 
Liquid oxygen supply, storing and 
vapourizing 
Fuel oil supply, storage and preheating 
(heavy and light fuel oil) 
Coal storage, milling and drying 
Water supply system with softening and 
demineralization equi~aent 
Feed water plant for the boilers 
Cooling tower syste• with circulation 
Tail gas washing 
Stack of tail gas 
Power supply/generation equipment 
Fire fighting equipment 
Land, land developaent, roade and drains 
Workshop 
Wash and change rooas 
Township facilities 
Transport vehicles 
Pay loaders, fork lift trucks, trect~•s 
etc. 
Working capital (atorage inventories of 
raw •aterials, aupplies etc.) 
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Accuracy of the estiaation 

The esti•ates are within the liaits of + 15 ~. 

Indigeneous/foreign supplies 

It is assumed, that the CIF supply of process 
facilities as well as engineering, erection 
supervision and start up assistance will be of 
foreign supplies. 

Civil construction, inlanc transportation and 
erection will be of indigen~ous origin. 

Taxes and Duties 

f'rice level 

Supplies of indigeneous origin: 

The freight, insurance and erection cost as well as 
the cost of buildings and civil work are free on 
duties and taxes. 

Custom duty of foreign supplies 

A custom duty of 40 % is added tn the CIF cost of 
foreign equipaen~ supplies and 25 % for the foreign 
engineering and coa•issioning work. 

The foreign supplies are according to European 
price level in Nove•ber 1985. In estiaation of the 
main equipaent Outokumpu has been in contact with 
the manufactures. 

The Indian supplies are estimated using the unit 
prices received from PPCL in July 1985. 

When converting the foreign currency to the Indian 
Rupees, the following rates of exchange have been 
used: 

RS l = Finnish Marks 0.46 
RS l = United States Dollars 0.082 
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6. 1. 2 
Fixed capi tel, Rs 1000 

Items 

Engineering 

Commissioning, supervision of 
erection ond start up 

Equipment, foreign 
-smelter 
-sulphur plant 
-laborotory 

Electrification 

Piping 

Instrumentation and automation 

Spare parts 

Erection und installation 

Building constructions 

Suh total 

M;~cellaneous, 5 % 

TOTAL COST INSIDE OUTOKUMPU'S 
SCOPE 

Busic price 
CIF 

Indian Foreign 
Supplies supplies 

5531 

6638 

:~ 10 66 
2777 
255:~ 

1~76 

2234 

1541 

2072 

5100 

1688 

6788 55688 

33~ 2784 

7127 58473 

Frcii!ht &: Cost at site 
Insurance: 

:Cu~.t.om :Indian forei~n To~al 

9:i 2 
83 
77 

38 

67 

'! 6 

62 

l :306 

65 

1371 

:duty for :supplies supplies 
:forcir,n 
:supplies 
:45%(25%): 

1383 

I finO 

1 :i ~mo 
: l 2!°) 0 

l l ·l ~l 

574 
: 

l 0 0 5 
: 
: () 9 :1 
: 

~~:D 

2 2 62 f) 

I l 3 l 

23757 

1383 

Ir; f;O 

l ·19 J :2 
l:n3 
l ') ') r: ~~-i 

f) l 2 

!Oi2 

7 <10 

'.J '..l :"'i 

5100 

168R 

:307 2 0 

15 3 fl 

32256 

5531 

11r;:-n-1 

: { l () fi f) 
•)..., ........ 
~I I I 

2 5 fi :i 

l 2 7 t> 

22:3<1 

154 l 

2072 

55fl88 

2784 

581\73 

f)q l ·l 

R~'.li\ 

·l G '.ll R 
·1 l 1 () 
377H 

1 R>rn 

:~ :rn 1~ 

22Hl 

~rn fli 

5100 

l f1HR 

81~'1 OR 

1320 

90728 

-------------------------------------------------------------------------------------------------

T 0 t II l c 0 ~· t w i t h () u t 
duties nnd taxes 

~-· 

-. ~ -, 
'vi' ~' 

71~7 58473 D71 Htl !!H •,fl ·l i :i liG'.i7 I 
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---------------------
ANNUl\f, RRJ\l\K DOWN OF lNVESTMRNT COST Rs l 000 

VF.l\RS 

Engineering 

Commissionin~. supervision of 
erection and slnrt up 

Equipment, foreign 
-smelter 
-- sulphur plnnt 

lnhorntory 

F.lectrification 

Piping 

Instrumentation and automation 

Spnre parts 

Erection and installation 

Ruilding costructions 

Subtotnl 

Miscellnneous, 5 % 

1 

6911 

lB39l 
1644 

756 

378 

661 

456 

~38 

29537 

1477 

2 

4149 

275R7 
2466 
3022 

1510 

2645 

1825 

1534 

4080 

1350 

50168 

2fiOR 

3 

4149 

1534 

1020 

6_703 

335 

TOTA f, 

flfll 4 

8298 

45973 
41l0 
3778 

lBBB 

3306 

2281 

3067 

5100 

1688 

86408 

4320 
- -· -- - - - - - - - - - - - ·- - - - - - - - -- - - - - - - - -- - - - - - - - - - - -- ·- - - - - - - - - - - - - - - - - - -- - - - - - - -
TOTAL COST INSIDE OUTOKUMPll'S 
SCOPE 

31014 52677 7038 9072R 

"' I 

'" 
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6.2 
ESTIMATION OF OPERATING COST 

6. 2.1 
Basis of operating cost estiaates 

Scope and extent of estiaates: 

The operating cost are esti•ated according to the 
saae scope and within the same terainal points as 
the investment cost (item 6.1.1). 

This estimate excludes the delivery cost of pyrite 
concentrate. 

The consuaption figures of utilities and supplies 
are based on the process and plant design as well 
as on the experience received from Outokuapu's own 
pilot flash saelter. 

It must be noticed, that the ~ryerating costs are 
indicative and they will be depenr. on the pilot 
test programs. 

The cost are estimated on annual level asuuming, 
that the plant shall operate 7500 hours per year. 

Unit prices used in the estimates 

The unit prices are the same as used in the Amjhore 
pyrite study in August 1985 with the exception that 
the price of water and liquid oxygen are based on 
the assumptions of Outokumpu. 

- Wages and salaries including social cost: 

- managers Rs 3,000 /month - operating engineers " 2,500 I " - foremen " 2,500 I " - skilled labour " 1,800 I " - helpers " 1,200 I " 
- Bunker c oil Rs 3,141 /ton - Light fuel oil " 3,500 I " - Coal " 250 I " - Refractory bricks " 8,000 I " - Electric energy " 650 /MWh - Mortar for bricks ,, 

6,000 I " - Oxygen lances for " 10 I kg 
tapping 

- Tapping clay " 2,000 I t~n - Glass wool " 700 I • - Demineralized water " 3.5 I " - Semisoft water " 2.5 I " - Filtered raw water " 1. 0 I " 
3 - Liquid oxy1en " 3.0 I N• 
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It is i•portant to check the relevant delivery price 
of liquid oxygen, because the oxygen cost will be 
very re•arkable in the plant operation. 

6.2.2 
Annual operating cost 

Smelter: Annual 
consu•ption 

Unit 
Price 
Rs 

lnnual cost 
'Ls 1000/a 

*Coal 
*Heavy fuel oil 
*Light fuel oil 

2,000 
820 
100 

*Oxygen 
*Electric energy 

2,250,000 

*Steam, 5.5 bar, saturated 
0 

*Steam 40 bar, 350 C 
*Demineralized water 
*Semisoft water 
*Filtered raw water 
*Refractory bricks 
*Mortar for bricks 
*Oxygen lances 
*Tapping clay 

Sulphur plant: 

*Heavy fuel oil (Bunker C) 
*Electric energy 
*Steam, 5.5 bar, saturated 
*Demineralized water 
.:Glass wool 

Subtotal of variable cost 
Miscellaneous 5 % 

690 
2,100 
1,100 
2,300 

30,000 
5,300 

60 
5 
3 
4 

210 
100 

2250 
140 

30 

Total variable operating cost 

t 250 
t 3141 
t3 3500. 
• 3.00 
MWh 650 
t produced in the 

500 
2,575 

350 
6,750 

449 
process 

t3 55 
•3 3. 50 
•3 2. 50 
m 1. 00 
t 8000 
t 6000 
t 5000 
t 2000 

3141 
MWh 650 

60 
a 

75 
5 

480 
30 
30 
a 

660 
65 

t
3

produced in the process 

•3 3.50 
m 700 

1 
21 

Rs 12,067,000/a 
603,000/a 

Rs 12,670,000/a 
----------------------------
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Wages and salaries, 
- plant manager (1) 
- engineers (2) 

fore•en (8) 
- operating crew (39) 

(Rs 3000/•onth) 
(" 2500 " ) 
(" 2500 " ) 
(" 1800 " ) 

Total wages and salaries 

Spare parts and maintenance 

subtotal 

General end miscellaneous cost 5' 

Total fixed operating cost 

Rs 1000/a 

36 
60 

240 
-~~~ 

1,178 

2,600 

3,778 

188 

6-8 

Rs 3,966,000/a 
----------------------------
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6.3 
ESTIMATION OF RBVBNUES 

The production of eleaental sulphur with the noainal 
capacity will be 3,480 kg per day. 

In case the plant will operate 7,500 hours ~er year, 
the sulphur output will be 1080 ton per year. With a 
sales price of Rs 2,573 per ton the annual revenues 
will result in Rs 2,778,800. 




