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We comunicate to yaou that "Of the fund for the product 1on

development" (CFDF) has -hosen the procavt named: TECHNOLOGYS TO FRODUCE
SULLFHUR IN LARGE SCALE,to receive the request subsidy. In view of the
date and because the formalization of the project depands or a speedy
compliance with the execution agreements of the CORFO; we request that
you see the executive secretary to transact this operation.

It be will necessary that the sponscay present the LEGAL BACEGROUND for a
title search, so that CORFO may formalize the execution agreema2nts, as
preliminary information we require gerneral basic information, also, it
must introduce the reference terms elaborated from the ariginal study,
containig the points indicated in the instruction annex.

Since CFDF gave early delivery of the tatal appruved subsidy, we do
emphasis the obligation to provide guarantees for such resources which
will be liberated partially in agreement with the advance reports. The
sponsor may choose any of the tallowing documents as a quarantee: a)
Certificate of on Endorsable Depasit, b) Letter of Credit from a Banking
Institution, c) Suarantee Folicy; the favored document 1% a.

Attentively

Tomas Vial Vial
Executive becretary
F DF
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1. - SUMMARY

The Naticnal Sulpher Industry has had a litle dgevelopment due
mainly to the lack of proper Technology, not allowing the profitable
exploitation of abundant caliches resources (50-90 sulphur percent in
the mountan ranges). The climate and gaographical conditions under which
the sulphur will be exploitated cause the high cost ot these operaticons.
This last aspect is a factor of arzat importance in implementing this
task on a large sacale; based on an efficient process that permits the
sulphur production to be refined at compatitive caosts,

The study proposes to analyse the main operaticons associated with the
process of extracting the sulphur in the caliches. It will &lso verify
the feasibility and profitability of said resources; by implementing
this task in a large scale of producticon (500 Q00 tons/year of refinad
sulphur).

Such alternatives are based on the adaptation and devel apment
technologies transference in other countries; mainly 1n relation to
systems of contincous fusicon and refining concentrated sulphur; by
methods af flotation using concentrated stages and of preconcentration
caliche from 30-32 percent and U100 percent of sulphur respectively.

The adaptiocn and transfer of suchs technologies to benefit chilean
sulphur caliches would a&llows

= Ta incerase productivity from methods which are 1n operation.

- To implement an alternative technology adeguate tor refining sulphur
commercially and competitivly with a consequent 1nocrease in the
National Econamical Activity mainly crlientated at exportaticns.

The central abjective of the study 15 to verify the feasibility to adapt
technological developments present that permit the cost effective
exploitation of sulphuric caliches .

The methodoloqy used will include a Chemical Fhysical characterization
stage from samples representative of 3032 percent and 3 10 percent




sulphur and experimented of conminuticon’s flotation and fusion with the

purpose of getting the background that will define the opaerational
conditions that will apply in the second stage.

The alternivate technolaogy proposed distinqguished by the results
cbtained during the achivement of the study will be the base of the
preliminary characteristics and will determine the prajecticans and
limitations of the project.

The econocmical evaluatimn corresponding to the implementation of a
process of B8S00 tons/day of caliche capacity from 30 percent sulphur
75 percent metallurgic retrieval in the third chapter af this
presentatiaon.

and

THE ECONOMICS PARAMETER CORRESFONDING TO SAID EVALUATION ARE:

FRIVATE EVALLUATION SOCIAL EVALUATION
VAN (USs$) 16 O71 000 109 618 700
TIF tporcent) 27 a7

The impact that it will have in the =coanomir Industrial sector at a
national level; and the implementation of the alternmative technalogy
pProposed is based on the fallowing consideraticons:

- The existence of large reserves of
sulphur estimated at 100 QOO milion t
the benefit «f the proJect

caliohe between 30-%0 percent

~ Expectation fram the internaticnal mar kot Dased on th2 local
characteristics of the sulphuric acid market, that leave
places for the commercialization of refined sulphur, 13 important to
indicate, that the international transaction ot sulphuric acid
represents a small percent of the warld’s Consumpt ion,

tmpoartant

2.1 _Gengral explaination of the praoblem

“Ns approximately which can extend



Chile holds important reserves of sulphur caliche. However, the
Hecgraphical location of said reserves on the high ranges 1s a factear
that has influenced significantly the scarce development of the Naticrnal
Sulphur Industry.

The refined sulphur production in Chile had been fluctuating because
the prices of this product and the lack of new technology that will
permit the cost effective extracticnm of sUlphur from caliche.

The existing pracessing plants ars inefficient and of limited capacity
restricting the supply of refined sulphur to the internal mar ket .

On the other hand because sulphuric acid is the form most aiten used it
is necessary to emphasize that the commercialization of the sulphuric
acid produced from fusion vapoars, 1s complicated becausa of the
requirements of installaticons and special ponds for transportaticn and
storage. In this way the intarnaticnal markoet of sulphuric acid is
characterized by being local, with captive productiong and consumption,
thus leaving impartant spaces for the commercialization of sulphur.,

To achieve the development =f the National Sulphur Industry 1t requires
the implementation of new Processes of greater capacity and efficiency
that allow us to face the competitive conditions of the arowing demand
=f sulphur that is projected in the next years.

Such process relating to continuing flotation and purificaticon of
sulphuric caliche are made up of different individual oparations such as
conminution and flotation. These are ot vital importance since they
represent a high parcent of the alobal costs of the investment (about
seventy percent).

As to the purification stage we create the application of procegses
based on the use of pPressurized heated ponds combined with pressurized
filtraticn or purification in a cross—current with pressurized water.

Of the different aspects shown a valid alternative, from the Technical
and economic stand point 16 the development of pProcesses of greater
efficiency and capacity based on  the combination of different
individual operaticons that will create new expectations foar the
development of the Naticnal Sulphur Ilnaustry.

S.2. Objectives

The central objective of the study 15 to determine the teasibility of
introducing improvements in the 2fficiency af the extraction pracess of
the sulphur caliche by adapting technology that alleies the devel opment
of & process of areater capacity.

The advantaqges derived trom the applicaticon of the flotation process of
low grade sulphur caliche in combinaticon with contipous purificatian
processes that allows a substantial i1ncrease of the production levels of
refined sulphur.



The wark plan elaborated for the execution of the proposed study in-
cludes a first staqe of chemical and low arade (30-3% percent and 5-10
percent, respectively?, so as to abtain the necessay background to
define the conditions of the different tests of flotation and
purificaticn at the semipilot level in the second part of the study.

The results obtained in the second part will be thoe basis for the
preliminary design of a treatment plant with a predefined capacity
with the curresponding selection of aquipment.,

A preliminary economic evaluation will permit the establishment of
characteristics and praojections «f thoe technological altornatives that

will be the results of thie study.

Z2.3.1 Obtain Samples

The sponsor and INTEC-CHILE will determine the method of abtaining
representatives samples of sulphur of differents contents chigh and 1eow
arade) extracted from the deposit.

- s

“e 3.2 Hackgraound Summary

a) Biblioaraphic search. A bibliographic search will be
conducted based on periodic publicaticns ralating to technological
information and/or market and commercial productions.

h) Analysis of the present situatien of the National Sulphur
Industry. It includes the revisicn of technical informaticon elaborated
for different Naticonal Institutions, in order te evaluate the present
situation of the National Sulphur Industry and its perspective
developments.

cr Visit to differnt sulphur retftinig plants.

£.3.3 Experimental Developmoent at the Laboratory scale

The experimental develapment plan to obtain the proposed objectives in
this study is based on the fallowing stage:

- Chemical and physical characterization of samples. Include Chemical
analisys of lead samploes of head 1 relation to contents of sulphur and
impurities. Granulometric analysis and sulphur liberaticns CUY VES.

- Conminution samples. The results of the chemivcal and physical
characterization will effect the studies of grinding and mi1lling

necessary to obtain the background that alleow the adequate design in the
conminution stage.,




- Flaotation studies at the laboratory level with the agoal 1n mind to
define the operational conditions and the feasibility to apply said
technical in the processing of the following materials:

1) Caliche flotation of 30-32 percent sulphur that will eobtain
concentrations of 85-30 percent sulphur suitable for thair subsecuent
fusicn and refinement.

ii? Caliche flotation of low grade (5-10 percent sulphur) i1s one stage
of preconcentration used for the corncontraton of these materials at
levels of HO-32Z percent sulphur.

iii) Flotation of wastes derived from the sulphuar concentrated fusion.
The characterization of the tlotaticn concentrates 1n auto clave of the
fusion sage to the coalition phenomencn and the el imimation oo f
impurities.

2e3.4 Gemipilot tests

They will etfect the next tests under predefined conditions in the
laboratory staqgae.

- Semipilat tests of conminution. lThe evaluatat 1on ot & conventional
process of arinding 14 being considered.

- Continouws flotation at the semipilot level in arder to obtain scaling
critera and verification af the 2ffizoency of prototype cells adapted for
the sulphur caliche flotation.

- Tests of continouws fusion arientated at determining the main
operaticonal parameters and teo abtain the necessary background to make
estimates, of investment and operational coste,

- Fefining tests in which the pressurired tiltraticning of sulphur is
fused and concentrated and washed in a continous process in order to
prove industrial filter prototypes and to abtain technical and
economical data of this aperation.

2.3.9 Advance Feport

The results of the differnt tests pretormed will be reported as well as
the main conclusions.

2.3.6 Freliminary design of the proposed process

Based on the results cbtained in the first stage the preliminary design
of one plant of a determined capacity, with the cowresponiding
metallurgical and materials balance, will beqgin. It will contain a
description of the main characteristics of design and operation of the
equipment coneiderad.

2.3.7 Economic Freliminary Evaluation

-

The proposed provcess will be the basis of a praliminsvy szomomic
evaluation (calculation of ezonomils ndicators),



2.2.8 Final Fepwort

The results and analysis will be discussed in relation to the proposed
technological alternative.

2.4 Backaground and bibliography

Chile has abundant sulphur resources that are one potential source of
income.

However, the sulphur production of Chile is low and variable compared to
the conditions of the market. It has not reached the interrnal demand. In
13987 the sulphur production was 37 048 ton (4,

Chile consumes arcund 120 000 ten annually of refined sulphur, mainly
for the producticon of sulphuric acid; Importation is appraoximately S50
percent the internal demand (1),

The production of sulphuric acid starting from the fusing gases does not
seem to be least in the short t2rm, a compatitive substitute for the
refined sulphur. This is due to the characteristic of the local market
and the requirements of specialized installations for the storage and
transportaticon of thig,

In the sulphur refinement production the commonly used techinology hag
been the Direct fusion of caliches with S0 percent or more primary
sulphur, extracted selectively trom the eposits,

The direct fusicn in fived retorts ar in autoclave with proessur1zed
water vapor have brouaght about products with 98 percent purity but with
law recoverys and hiah costs,

For caliches of low grade, flotation has been used as a concentration
stage to abtain 8% percent =ulphur, which must later ba refined.

The chilean auteorc]lave brouaht about producte ot Y9 percent purity but
with recuperaticonsg of F0-50 percoent because of Mechanical conditicones
from operation of the autoolave,



The development from a Japanese autoclave for a concentration process of
flotation of €5-75 percent sulphur improved noticably the efficiently o
the treatmant process.

Said equipment allowed recuperaticns in the order of 80 percent with a
product of high grade similar to those obtained in chil@an autore Ave.,

But such technologies have a 1ow capatity. 1his tactor works negatively
on the 2conomics efficiency because of the nigh fixed costs of the
production relation to the gecaraphic location of the deposit.,

As an alternative to these limitations fusion and the contilinous process
of refinement from concentration have been studied such 19 the case of
the batelle process implemented at the pilot scale to study the caliche
sulphur proacess of the purico deposit (1) (5.

Said process 1s based on the following stages:

1), Sulphur tusion in pulp form 30 percent soiilds) in a furnace tvpe
oven 1n which the puly circulates at a cartaln praessure and heated
externally with water vapour.

2).= The fused sulphur and the suspended gangue 1s pumped to a column of
purification of 20’ high and 8" of diameter heated externally with
vapor .

3= The fused sulphur enters at the upper part of the coclumn from where
it 1s circulated in a crosscurrent of haot, pressured water injectaed at
the bottom part of the column. The hot water crosses the tunded mass of
sulphur by way of perforataed plates that wold the fused sulphur in its
descent.

The ganque enters in liquid form and is carried away towards the upper
part of the column where it is discharged.

The fused sulphur descends and 14 discharged from the bottodn part of the
column. Resulting in a product or 99,49 percent sulphur.

The column 1s similar to a distillation column, but in this case the
heating is external in order to mantaip a lou centigrade degree.

This proces:s was tested in a pirlct plant at a rate of 29 ton/sday from
caliches with S0 percent sulphuy and a produaction of 9 tonzday of
purified sulphur. Tests have also been pertarmed on hidrometalurgic
Process but these have not praceded hecauwse of problems in the costs and
aperations,

However, sucess has been seen using calolum chloride of low cost as it
1s & by praduct of the sadium—-chlor1de ndustry 1n the eighth FEQ 1o
near chillian. (1)




It is based on the process of 89 percent sulphur concentrates, thickened
and mixied with a concentrated solution of more than S50 pa2rcent calcium
chlaride at 120-130 centigrade degree.

It maintains said temperture for 5-10 minutes 1n agitation and after -
wards is emptied in a deposit or condult with water at temperature.

The separation of sulphur from the aanqgue 1s done with AKINSS or DORE
classifies.

Important advances have been made in the flotation process in
conventional cells (3) and column types, which used 1n combination with
a continous puritication process resuit 1n areater capacity of treatment
of caliche with a law content of sulphur.
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3.~ JUSTIFICATION OF THE STUDY

The Justification of the study is based on the oconcmis analysis of the
potential impact derived tram the techrnological innovations praposed,

The study analyse the estimation of the net development (VoAN) and
internal rate of return CT.I.RE) of the investment created tor the
implementation of a treatment process 8 S00 ton/day caliches of 30
percent grade, which includes mine ewtract o Slages wize veduction,
flataticon, fusion and refinement. Fig. 5.1

The values of the metallurgic parameters were estimated based at
analysis of the technical background cbtained frem different sources of
the sponsor.

The Investment and operaticnal costs were celouwlated 1n accordance to
the backaround that are indicate fxllowinag., Table 5.1

TABLE 3.1.- PARAMETERS OF ECONOMIC EVALUATION

FARAMETERS FEFERENCE VALUE

Trzatment Capacity 2O O ton/year
Froduction Frogram H S0 ton/day;

9 month/year

Medium Grade Sulphur
Froduction of Fefined Sulphuy
Grade of Refined Sulphur

S0
S0 Q00

A

percant

percent

Global Metallurgic Fecuperat1on JACTRW percent
Frice of Refined Sulphur 1o Uss/ Tton
Investments B3 224 000 WSS

Global Operation Cost 11.4 US$/ton
Discont Rate~Frivate 20 percent
Discont Rate-—-Fublisc 1 percent
Fublic Frice Holdings 13 percent abo-

ve the value
ot the cen-
tral Bank ex-
change rate.




FIGURE 3.1
SIMFLIFICATION OF THE PROFOSED FROCESS
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3.1 Economic Evaluation

The 1nvestment calculation, operaticn cost and necessary 1NCome to
elaborate the cash flow corresponding to the Economic Evaluation has
been based on the following points:

3.1.1. Investments UsSe 83 224 Q00
The total cost of the project has been caloulated considerving the
following tams:

- Fixed Investments of the mine  US% 17 950 000

It includes the main equipment and necessary machinery tor the
extraction (perforation equipment, trucks, buldozers and cther minor
equipment); construsction of road and annexed instalaticone (fine
gunpowder and camp). lable 3.2

- FEixed Investment Flant Use 485 163 Q00

The estimated value 1ncludes the main equipment tor cave grinding,
milling, flotation fusion and refining with their recpective costs and
assembly., Table 5.3

- FErzinvestment studiee US$ 11 385 000

The cost of preinvestment studies related with the mine considers the
spending in tha preparation, evelopmz2nt and @ngineering before the
exploitation. These equal 9 months of mine cperation costs, 1n the
order of 3 US$/ton. (US$E 885 000

The preinvestment studies of the plant project include principally the
engineering -ost, which is estimated at US$ 4 300 000 oqual

approximately to 10 percent of the value of the fixed investment.

= Work Capital US$ 8 721 QOO

The Work Capital raculated is equal to & months of the total mine and
plant operaticon costs 2stimated at 11.4 US$/ton 2xtracted.

- FEesidual Value uss 1 727 000

It is estimated that the Fesidual Value be 2qual to S percent of the
valueof the main mining plant equipment.

Sel.2 _Incoma
The Income is estimated at an annual production of 1 %40 000 tens of
refined sulphur with a FOBE value of 100 US$/ton placaed in a port.

3.1.3 Expenses

The annual Exponses are =2stimated mn & alabal cast i a mine-plant
operation of 1l.4 US$/ton extracted which 1ncludes expenses for
administrative concepts, commercilalitation and sales. Table 3.4



TABLE 3.4 ESTIMATES OF OPERATIONALS EXFENSES.

ITEM COST FACTORS COST(USS/TOND
Extractiaon - Ferforation (petraleum,lubricant Qo
steels and accessories)
= Blasting (accessories and explosives) 0.5
- lLoading and transportation (petro - Q.7

leum, lubricant, accessories and Spa-
re parts for maintenance)
- Salaries (manpower salaries with an O,
avarage cost of 700 US$s/month for
150 pecple in production jebs and
support personnal )
General spending (includes C amp 1.0
maintenance administration and
miscel laneous.

SUBTOTAL MINLNG S
Transport - Distance 7km (transport cost Q.2
Mine~Flant 0,03 US$S/toan—kEm
Flaotation- - Milling drinding tenergy, maintenance 1.
Flant and steels)

- Flotation (water, maintenance,
ryeagents)

- balaries (manpower salaries with an 0.1
average cost of 700US$/manth o the
40 people)d

=~ General expenses (includes T a&mp, Q0.5
maintenance, administration and
miscelanenus)

T e
P

SUBTOTAL FLOTATION FLANT ' 4,0
=~ Fusicn Fefina2ment (fuels, eloctric 1.9
energy and maintenance)
- Salary (manpowar—salary of Q.1

700US%/manth average and 40 people
in productives jab and support poer-—
scnnel )
- heneral expenses (include adminisg— 0.5
trative expending, camp maintenance
and miscelaneous)

SUBTUTAL FUSION-FEF INEMENT FLANT 2.5



Sales and -~ Transportation of refined sulphur Q.6
commriciali- to port (transport cost 0,02 USS
zation., /ton kmy distance 1320 km).
-~ Shipment (shipment and storeroom 0.8
cammlission and rights).
=~ Administratives costs and misce- Q.3
llanecus.,
SUBTOTAL SALES AND COMMERCIALIZATION. 1.7
TOTAL OFPERATIONS COST. 11.4
TABLE 3.2 EQUIPMENT VALUATION AND MAIN INSTALATION OF MINE
I TEM VALUE (US$)
& Ferforation Equipment 520 000
15 Trucks of 40-50 ton 5 000 000
& Frontals carriers 4-%5 vd 2 700 000
Z Bulldozers 1 000 000
Minor vehicles 200 000
Coampressors 450 000
Construction and camp entlitement LES Q00
Foad constructiong €00 QOO
Fine gqunpowder &8 Q00
Unexpected (40 percent total cost) 7 187 000

TOTAL 17 350 000




TABLE 3.3 EQUIFMENT VALUATION AND MAIN INSTALLATION OF FLANT.

I TEM

VALUE (US$)

Chancado-Milling Flant

- Main Equipment(grinders, miil) S 830 000
- Mipor Equipments tzlassifier, 1 166 Qo
straps, bombs), (20 percent
of the value of main equipment)
- Livil works and equipment assembly 1 400 000
(20 percent value equipment)
TOTAL GRINDING~MILLING FLANT B8 396 000
Flotation Flant
- Flotation cells 8 600 000
— Bombs conditianer, agitator. 1 720 000
(20 percent value flotation cells).
- Civil warks and equipmant assembly = 0Bt 000
(20 percent value equipments)
= Others 2000 000
(Filters) (include assembly)
TOTAL. FLLOTATION FLLANT 14 384 000
Fusion—-Refinement Flant
- Main equipment 7 B6S 000
(fusion, purificatian, bolier,eto)
- Livil works and eguipment assembly 1 473 woo
(20 percent value of 2quipmants)
TOTAL FUSION-REF INE FLANT 8 838 000
SURTOTAL FLANT Sl &18 000
UNEXFELCTED 3550 000
(30 percent investment total)
45 168 000
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4.- SCHEDULE OF ACTIVITIES

The description of the stage and activities of the project are in

the table 4.1

The sequence of activities is indicated in the annex Gantt Letter.

TABLE 4.1 SCHEDULE OF ACTIVITIES.

ACTIVITILIES

No. DURATION GOALS
ACT. (WEEKS)
1 4 Obtain Samples
2 4 Background Summary
3 8 Laboratory Test
4 12 Semipilot Test

a
4

Feport Elaboraticn

6 4 Freliminary design
Process

-

Visit torrain

Definition of taster System
Definition of Samples sizes
Reception, Identification,
and Freparation of Supplies.

Bibliographic Search
Analisys Technical Background
Visit Terrain

Chemical and Physical Charac—
terization

Cyanide Test

Flotation Test

Fusion Test

Conminuticn Test
Flaotation Test
Lontinous Fusion Test
Fefinement Test

Analysis of Fesults obtained
in characterization stage and
Laboratory test.,

Alternative Definition to
implement at semipilat scale.

Fesults and Background
Analysis.

Flow Chart definition
Materials and Metallurgic
balance.

Selection of Equipments.



Economical
Evaluation

lLast Report

Cost Estimate of:

Investment and Uperation
Calculation FParameter VAN, TIF
Sensitivity Analysis in regard
to principal variables

Market Fraofile

Analysis and presentaticn of
results obtained in differents
tests.,

Economicals Frojection Analy-—
sis of proposed process and
conclusicons.




GANTT LETTER

No. ACTIVITY
Final Reportxs
8

*Adv. Report

w

M

1 z 3 < 9 6 7 8 e 10 No MONTH

Distributions of Contributicns

* CORFO $ 4 170 QOO
Sponsar $ £ 780 QOO
Total first stage $ & 950 Q00

*# CORFO & 630 000

Sponsor % 420 QOO
Total second stage $ 1 050 QOO0
TOTAL CORFO % 800 OO0

TOTAL. SFONSOR %
TOTAL )

200 Q00
QOO0 000

Twas
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S.-FROJECT COST

The total value of the study is % 9 300 QO considering a financing
of S1.6 percent from produsctive doevelopment fund.

The breakdown of funds for the project 1€ 1n the annex chart.

6.~ BACKGROUND OF THE SFONSOR

The commevcial mining soclety MINEXCO Libe 15 a private enterprizce
devoted to activities of @wploitation and guploration of mining
deposits, especially suiphur.

Said enterprize (Minzral Exploration Lorporation of the Americas, of
USA) initiated 1ts activities in Chile in 1987,

Now, MINEXZO is carrying out the feasibility study of a praoject of
investment for the explotation of reserves from sulphur caliche in the
sector Fiedra Farada in the Third Figion.,

The General Manager of said enterprise is Mr. Fernandeo Zavala Araya. Mr

Harold W. Gardner, whose curviculum ie annex. Wi1ll act as Technical
Coordinator.

7.~ BACKEGROUND OF THE EXECUTOFR

The pruoject presented will be pertormed by INTEC-CHILE, institute
dependent aon the ©CFDF, whose executive director is Mr. Bartolome W,
Dezerega.

Said institute has the eusperience and the necessary i1nfrastructure and
develaopment of the proposed study.

In this matter, 1t is i1mportant to emphasize the participation of INTED-
CHILE in the project development for  BATELLE-CORFU at the piriot scale
in Arica City in 1977,

Also in last period INTEC-CHILE has developmed different study of
extraction processes from sulphur caliches for private enterprise,
specially in reference to o flotaticom Process,



The supervisor of the project wili be Mr. Carles Malina V. Divil
Metalluraic Engineer of the University of Chile and head ot the Chemical
Industry and extractive metallurgy of INTEC-CHILE,

The equipment will be i1ntegrated by the investigators of the area, Me.
Luis Virgilia, Industrial Enginesr of Mining ot the Technical
University ot the State; Mrs. Wilda bomez and Miss. Carla Thumm both
Civil Mining Enginser of the Chile University. Mr. Luis Virgilio will be
the head the project, included 1s the curriculum ot the atforement 1oned
work eguipment.



