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1.0. INTRODUCTION

The Government Organization CCMIBCL - Corvoration Minera de 3Zolivia
has established a low-grade tin ore processing plant at La Palca {arrrox.
A0C ¥m from La Paz). The production trials started in 1281, ccmmissioning
of the plant was successfully completed in June 1982.

During the first series of production trials of the unique techrology
and equipment arplied it became evident that the off-gases of the rlant which

are vented through a stack intoc the ar'.ent atmosphere excessively vcllute

the environment. Consequently, the concert emerged to eliminate the pollutans
T T ———
at the source for the production of sulvhuriec =2cid bvr utilizing the emitted
sulohur dioxide, which is the major contaminating'component of the off-gas.
Another Goverament cecmpany, COSSMIL, has established a sulphuric acid
vlant of 100 tons per day capacity at Fucaliptus (approx. 2C0O km “rom La Paz).
The vlant was in overation for a relatively short time betweepr 1577 and 1973.
It used indigeneous elemental sulphur as raw material tut for lack of market
outlets for sulvhuric acii of the vpctentially available gquantity operation
of the plant has been shut down and the plant remains Idle for almost 4 years.
The hypothetically correct concevt to combine the two rroblems,
i.e. to transfer the idle plant from Eucaliptus to La Palca, in order
to eliminate %the voilution at La Palca and gain financially hrough producticn
of a useful basic chemical, led to the formulation of a reguest by COMIBCL
for preparatory assistance of UNDP.
In this connection UNIDD has been approached to render direct
technical advice prior to formulating a technical assistance programme
which would be suitable for inclusion in the Bolivian Country Programme
of UNDP and for financing basically from UNDP sources of funds.
Pre-project investigations were conducted by an ad-hoc UNICO
staff mission. Mr.S.R. Panfil, ..nior Interregicnal Adviser (Cffice
of the Director, Division of Industrial Cverations) has veen designated
tc undertcie the mission, to provide immediate direet advice to the Covern--
ment company COMIZCL, and to report on technical and organizational
aspects of the Jovernment's concept of the project, from the viewpoint

of its +iabilisy,




2.0. CCHCLUSIQIS AlD RECOMMENDATIONS

2.1. Conclusicns

a) In conseguence of environmental rolluticn problems encounted
during start-up of the La Palca Tin Volatilizaticm Plant CCMI3CL requested
technical assistance in February 1982, but the project provosal trerared
by CCMIBCL has not yet been approved by the Government. However, tue
Mipistry of Plannirg and Coordination surrorts COMIBOL's request ir princitle.

b} The reed for short and long-term technical assistance is
fully Justified on techrnical grounds, dut the cbjectives and score of
prevaratery assistance requested by CCHMIBCL must be modified in order to
assure paositive results of the techno-econonmic study to be conducted under
the orojlect.

¢) The study shall concentrate on the following aspects (in
order of practical imoortance):

- Pollution abatement at the La Palca Tin Volatilization Plant
through application of recoverable or non-reccverable off-gas purification
methods;

- Zeonomy of sulphur or sulrhur dioxide reccverv from the off-zas
ourification unit necessarily to be instalied at La Palca;

~ Assessment of export market outlets and oroposals for utilizing
sulphuric acid in the country;

- Assessrent of the feasibility of transfer of the existing
sulphuric acid plant from Bucalirtus to La Palea, vis-d-vis the ecoromic
viability of its rehabilitation, provided the market study arrives at positive
conclusions;

- Comparison of alternative technical options solving both
problems: pollution abatement and oroduction of sulphuric acid (preferably
including concents of direct utilization of tne acid at Zucaliptus and/or
La Palea).

d) The environmentai pollution probtlem .. the La Puleca prlant must
be solved, first and foremost, even if' all the technical concepts of producing
sulpnuric acid at La Palca would prove economically not feasibtle as ccmpared
to attainable production costs at the existing ‘rehabilitated) sulpnuric acid

plant using elemental sulphur as raw material.




e) The technical concept of the off-gas purification unit to be worked
out under the P.A. project shall constitute the basis for immediate follow-up
assistance towards physical implementation of a poilution abatement project
by COMIBOL.

f) The assumption of COMIBOL, anticipating that sulphuric acid produced
from off-gases (zero-cost sulphur dioxide) will be cheaper than the elemental
sulphur based acid produced by the existing plant, is technically not realistic.

g) The study shall indicate under whet conditions the transfer of the
existing sulphuric acid plant to La Palca would reduce the investment cost of
the pollution abatement project. It should be born in mind, however, that in
practice environmental protection units of industrial vlants entail financial
sacrifices even if yielding useful by-products.

h) Reliable technical parameters which are needed to design the sulphur
dioxide removal system are not vet availeble, owing to the very short operating
experience, COMIBOL should conduct immediately from now onwerds regular
analyticel assays and calculate the required materials balances of 5, Sn and
As (sulphur, tin and arsenic).

i) It appears not possible to adhere strictly to the environmental”
standards of the industrialized countries when designing the off-gas puri-
fication unit. Limits of permissible emission of sulphur and arsenic
compounds need to be established by an environmentalist (short term consultant)

taking into account viable design features of the wnit, the location of the

plant and the surrounding area affected by the emission. The expert shall be
expected to meke available to COMIBOL world-wide experiences relating te
public health affected by long term exposure to low concentration of zir-
borne arsenic poisoning.

J) As the original concept of COMISOL {(i.e. the transfer of tne idle
sulphuric acid plant from Eucaliptus to La Palca) is not straightforward
technically viable and economically feasible, the Government snould be
cautioned against hasty contracting of expensive nre~investment studies vrior
o having established a viable technical concept by indemena»nt consultants.

k) The Government should be made aware that solving the air poliution
problem at La Faleca "post factum”, after the nlant has been established and

put in operation, may overthrow the feasibility calculations which served
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originally as Justification for the establishment of the low-grade tin ore
nrocessing plant.

1) The indisrensable supplementary investment needed to design and
install the off-gas vurification unit at La Palca will be relatively large
(not suitable for inclusion in a UNDP project). Likewise, the additional
overating costs of the pollution sbatement system need to be considered
realistically as a2 burden on the production cost of the tin oxide. The so-
cio-economic effects should be assessed on their own merits in order to
properly Jjustify the capital investment and higher production costs.

2.2. Recommendations

a) UNIDC shall present to COMIBOL the findings and conclusions of the
mission in a technical report (in Spanish).

b) The draft P.A. project document prepared by UNIDO shall be submitted
to the Government, as socn as deemed opvyortune by UNDP after reconstituticn
cf the Government bodies in connection with presently on-going changes of the
political and economic management of the country.

¢) UNIDO shall continue its cooperation with COMIBOL (by correspondence
through UNDP) in order to monitor the preparatory analytical work carried
out at the La Palca plant for collecting an adequately large number of
reliable rthysical and chemical parameters which are indispensable as basic
technical data for the study. In this connection CCMIBOL is expected to put
into operation the gas chromatograph which has been supplied by the contractor.

d) Apart from the foregoing pollution abatement project, the Govern-
ment should request to prepare a vroject concept on technical assistance
relating to plant modifications needed to solve the spare parts supply
problem, Simultaneously search for non-IPF funds should be initiated in
order to provide a reeslistic prospect for the implementation of the project.
(The Government's request may be expected to follow by mid 1983).

e) The Ccovernment should be encouraged to request assistance in
rehabilitating the sulphuric acid plant of COSSMIL at Eucaliptus, provided
the market study and technical study on local utilization of sulphuric acid

would prove the feasibility of putting the plant back into operation.



2.3. Provosed interim follow-up work nrogramme

(i) Preparation of the Technical Advisory Feport;

{ii) Translation of the report into Spanish and sutmissicn to
the Government;

{iii) Completion of the Project Document for Prevaratory Assistance
and the TOR for subcontracting of the study on ncllution
abatement and utilization of sulchur dioxide at La Palca;

(iv) Translation into Spanish and submission of the document to
the Resident Revresentative;

(v) Preparation of a draft project documert on technical
assistance to COMIBCL for the modi<ication of the La Palca
plant in order to solve the spare parts problem;

(vi) Sear:h for funds from bilateral aid sources for the imple-
mertation of the new separate troject mentioned under (v},

(vii) Moritorirng of La Palca's analytical work for collecting
reliable data and param2ters for the basic design of the
S02 purification unit;

(viii)Continuation of contacts with CCMIBOL (by correspondence
through UNDP) in order to promote from toth sides the P.A.
project so that implementation could begin as soon as the
data base for subcontracting of the concentual engineering
design study for the La Palca plant is ready.

3.0 BACKGROUND AND ACTIVITIES OF THE MISSION

COMIBOL requested UNDP to provide the technical assistance needed to

solve the atmospheric pollution problem at La Palca. The request was submitted
to UNDP on 3 February 1982 (Annex 3). On 15 June 1982 COMIBOL sutmitted the
request to the proper Govermment authorities, i.e. the Ministry of Planning

and Coordination while having in the meantime received the support of the
Ministry of Mines (Annex 4). The two documents had not been copied to LNIDO
because the official endorsement of the request was awaited. The project
oroposal attached to the request (Annex 3) contributes to the understanding

of the background of the project, but it was insuffieiently specific to
formulate workable Terns of Reference for the very complex consulting

services required.
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At the first reaction the involvement of UN-OPE was considered bdecause

in 1580/81 a metallurgical expert of GPE worked at La Palca on start-ur problems

and provided general advice relating to the tin-ore trocessing technology.
Eowever, as he was not a chemical exvert and his terms of reference did not
cover aspects of utilization of the sulphur dioxide emitted in large
quantities by the plant.

The Resident Representative of UNDP La Paz suggested that preferably
UNIDO should take up the matter as executing agency of the project. IHowever,
the exchange of cables * on the subject between 12 May ard 13 August 1632
and the letter of 5 July 1982 by which some background informetion was sub-
mitted to UNIDO, did not immediately lcad to a positive reaction. From the
valuable but insufficient technical data on the subject presented by letter
of 5 July 1982, UNIDO understcod that the problems involved are of a very

complex nature. Under these circumstances the formulation of a substantive-

ly and formally correct prevaratory assistance project document was censidered

not possible, unless all the indispensable technical information would become
available to UNIDO.

Pursuant to the Resident Representative's reiterated request to take
up the matter UNIDO confirmed its preparedness tc organize the preparatory
work and decided to dispatch at short notice a professional staff member
mission. This was communicated to UNDP La Paz by cable 328313 of 24 August
1982. Mr. S.R. Panfil, Senior Interregional Adviser of the Division of
Industrial Operations, attached to the Office of the Director and the Chemical
Industries Branch,has been designated to undertake the mission as socn as
available.

Mr. Panfil was expected to collect relevant information and possibly
also to formulate the P.A. project document if the conclusions would warrant
substantiation of the Government's request. In principle, it was understoou
at HQ that the designation of UNIDC to implement the project as suggested
by the Resident Representative was the right ortion, because of the technical
complexity of the project which would require continuity of assistance after
completion of the preparatory rhase, and possibly also some serarate but

interlinked other assistance'projects to the two plants. -

»
mise 590 of 12 May, mise 752 of 16 June, misc 7$5 of 28 June, misc 835

of 7 July, misc 971 of 13 August 1982. All cables addressed to DPC and
°C/FIELD.




The second option of UNDP La Paz, indicated in prior correspondence i.e.
execution of the P.A. phase by UNDP-OPE, though functicnally correct, would not
lead to fulfilment of this condition in an organizationally practical way
within the UN system. It goes without saying that UNIDO is properly eguipved
tc deel directly with this kind of comriex technical issues and would be
ready to organize follow-up work as normelly recuested bv fovernments.on
completion of P.A. orojects.

- On the basis of technical data on the subject available to UNIDO prior
to the mission, with respect to the avvarently uncomplicated orizinal concent of
COMIBOL, it was however, evident :rom the techi.ical viewpoint that some
of the issues Would have to be dealt with differently in order to arrive at
viable solutions covering all aspects of the Government's problem areas at both

plants, Eucaliptus and La Palca.

The UNIDC mission arrived at La Paz on 1L September 1982 on its return
from Jakarta/Indonesia. While its terms of reference were implied by the
background described in chopter 1.0., i.e. to undertake the task of project
identification and formulation, it was found on arrivel that there is rather
need for direct advisory services relating to the Government's concept. The
mission fulfilled this duty,as well in its capacity as technical adviser and
and specialist in technology, engineering and operation of basic chemicals
plants.

As requested by the Resident Representative a separate pertinent technical
report on this subject shall be prepared by the mission (Original English
and Spanish translation) for submission to the Government. The report will rereat
all those essential statements, findings and conclusions of this UNILCO mission
report, which are deemed important for consideration by the Government prior
to submitting the finally valid request for assiscance.

During its stay in Bolivia the mission's work was confined to discussions
with persons at La Paz who could contribute tc the understanding of the
substance of the COMIBOL's problems at La Palca and at  the sulphuric acid
plant of COSSMIL, Because of the general strikg which started on 15 September
and continued till the last working day of the mission it was not possible
to travel in the country to tae two remole plant sites. Nevertheless, through
the contacts arranged by the UNDP Office and the efficient assistance rendered
by the UNIDO JPO the mission was in a position to carry out all its duties
to the extent necessary at this stage in the short time available,
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The 1ist of key persons met is attached (Annex 1). The chrenology of the
mission appears in (Annex 2). Details of the discussions held at La Paz,
findings and technical information collected, and conclusions arrived at by
the mission are presented in the following chapters.

In addition to its prime tasks outlined above, the mission investigated
the status of the Covernment's action on project SI1/BOL/82/802 "Planta de
Fertilizantes Santa Cruz", and discussed the pyrethrum development project on
which some exchange of views took place earlier this year by correspondence
indicating & potential interest of the Government to receive UNIDO's assistance.

Reporting on these two subjects is covered by Interoffice !Memoranda addressed
to the backstopping officers concerned, and does not appear in this report.

The vurpose of the present report is of internal organizational nature
and,therefore, in its present form it shall not be submitted to the Government.
With reference to chapter 9.0. it may be indicated here that the draft P.A,
project document (Annex 7) and the terms of reference for the subcontract
(Annex 8) shall be retained at the UNDP office at La Paz, awaiting an opportune
moment for its submission to the Government, which presently is being re~
constituted in connection with the expected change from military to
democratic/parlamentary rule. Consequently, at this stage only the afore-
mentioned separate technical report on the direct advisory services of the
UNIDO adviser's mission shall be conveyed to the Government.

Annexes T and 8 will be detached and submitted under separate cover
as they are expected to undergo some modifications taking into account the
views of COMIBOL and the Ministry of Mines and Metallurgy for final endorse-
ment by the Ministry of Planning and Coordination,

k.0, REVITW OF TECHNICAL INFCPMATICHN

L.1. Sulvhur dioxide emission nroblems of the La Palca Tin Volatili-

zation Plant

4.1.1. Source of data: The following assessment of the present situation

at COMIBOL's La Palca Plant is hased on background and plent performance data
contained in the Technical Report of the UNDP-OPE consultant Dr,Thomas S.Mackey
(prolect BOL/80/002 Assistance to COMIBOL under Subcontract by OPE to Key Metals
and Minerals Engireering Corporation, Texas City, USA).

The report dated 1L December 1081 covers in principle the period 17-31
October 1991, However, the consultant has visited the plant several times

and has prepared also a preliminary report on observations made earlier in 1981,




He investigated all the essential technical and organizational factors
which have led to the difficulties encountered during the initial start-up
trials of the plant in 1981. Furtnermore, he presented his general observations
covering but not limited to: background of the project and contract; plant
engineering, construction and erection; the performance of the contractor;
evaluation of the tin refining technology applied; trial operations;
economic data cn the entire project; as we'l as conditiomns and prospects of
achieving the required level of productivity, technological efficiency and
financial profitability of the plant.

The report of the UN-OPE Comsultant did not specifically deal with
the problem of recovery of sulphur from the raw material (low-grade tin ore and
tailings from beneficiation cperations). However, the technical des-
criptions contained in the report and the “ata expressed in figures, which aprezy
to bepgérst hand statistical nature, enabled the UNIDO missiorn to draw
substantive conclusions regarding the Government's concept of using the
sulphur dioxide containing off-gases of the plant as feedstock for a
sulphuric acid plant.

4.1.2. Review of the OPE consultants' views on the sulphur removal

problem. The author of the report indicated on p.3 the following very valid
conclusions (Juotation):

"The problems of sulphur dioxide and arsenic in the exit gases must
be addressed immediately, as they could have a severely demaging effect
on the local countryside and its residents. Arsenic, sulphur and silver
metallurgical balances should be started immediately” (=nd quotation)
This taskcan easily be performed by a properly equirped chemical and
physio-chemical laboratory. As a basic laboratory seems to exist at the
site it might only be necessary to provide supplementary instruments,
descriptions of analytical procedures, and introductory expertise (on-
the-job training of analysts by an expert).

Another indication relating to the subject is presented on p.1C/11 of
the same report (quotation):

" The original reports indicated that the metallurgical balance om tin
would bave 8L4.5 percent in the arsenic cake, and 2.2 percent mechanical losses'.
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"The proposed arsenic balance indicated 30.5 percent in the finished
flue dust, 3 percent in slag, 63 percent in the cake and 3.5 percent
mechanical loss. The actual figures remain unknown".

" The proposed sulphur balance indicated 1.3 percent in the finished
tin dust, 13.3 percent in slag, 3 percent in the arsernic cake and 17.4
percent in form of S02 in gases up the chimney. The actual figures are
unknown"” {&nd quotation).

As the original design of the plant did not comprise environmental
aspects, there seems to be no data available on the meaning of "mechanical
losses”. Apart from true losses in form of dust around the z=lant, it may

well be possible that to a considerable extent these losses ajpear in form
of dust in the stream of gases in the vent stack.

Further on p.1ll of the report it is mentioned (quote):

"To date there has been no check on the loss of tin in the gases going
up the chimmey by any method of instrymentation. The Seller had guaranteed
0.1 to 0.5 grams of tin per normal cubic meter in the stack gases” [urquote).

Consequently, both the arsenic and tin content in the (ff-gases in solid
form makes the gas anyway unsuitable for direct processing in a sulphuric
acid plant unless a proper dust removal unit scrubber is installed. This
unit might not be necessary, however, if a complete sulphur dioxide
adsorption or absorption - desorption system would be the final choice.

As regards possible variations of the sulphur content of the raw
material (preconcentrate of tin ore) which were evidently unavoidable
from the outset of the engineering design of the volatilization plant the
following statement made in the preliminary draft report of the consultant
indicates that there is no way of assuring a constant flow of off-gases
containing sulphur dioxide in a narrow range of concentration. {@uotation) :

" The average feed to the fuming furnace nas ranged from 16 to 19
percent sulphur (see Attachement A) and Seller stated in Contract Addition

No.l dated 5 June 1972 that the plant could run 350 mt per day at 25% S
average and 300 mt per day at 30% S average" (End quotation).

From this statement it may be understood that from certain mines or
certain seams of a given mine tin ores of much higher sulphur content

must have been received and considered suitable for processing. Although
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as it appears now from recent overation reports of the plant the presently
actual range is 22-25 % S.

The sulphur content of the raw material, as stipulated in the contractual
documents, leaves some open questions regarding the exact design basis of the
volatilization plant. However, these discrepancies are essential from the
viewpoint of establishing a design basis foraéulphur removal system to be
designed.

Item 6. of the Aide Memoire of January 1982 included in the aforementioned
preliminary draft report maintains that during the implementaticn of the
project and contract there was a change of the indicative (ncminal) sulphur
content of the raw material from 15 to 30 percent which the rlant should
be able to accept for oroessing. COMIBOL had sent a sample of 5CO tons of
the material for prucessing by the Seller of the plant, whereby the sulphur
content was 25 percent. (The Seller made a report in 1979 in connection with
the substitution of fuel oil by natural gasThe calculations referring to
various concentraticns of tin in the feed material took into account a
sulphur content of 25 to 30 percent). Contract Addition No.l set the
average of processing capability at 21 percent sulphur content.

Item 18. of the Aide Memoire recommends to reduce the average content
of sulphur dioxide in the off-gas to below 0,10% and the arsenic component to
a maximum of 0,15%. As this recommendation of the consultant is not specific
enough in relation to the concept of eliminating sulphur dioxide for pro-
duction of sulphuric acid, the UNIDO mission does not support the above-
mentioned presumed target level of emission, An ontimallv ettsinehla Vadel =—ust
established by an in-depth study of conditions and costs, whereas the
permissible level of concentration or quantitative emission must be defined
by a specialist in this field (chemical environmentalist).

The mission, however, supports the recommendations of the OPE consultant
presented under item 19 of the Aide Memoire (Quotation):

"Commission a feasibility study to evalurte various methods to separate
S02 from the exit gases including but not limited to:

A. Nonregenerable systems

1. Lime and limestone scrubbing

2. Sodium scrubbing (Double alkali process)

o

o)
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B. Regenerable systems

1. Sodiuwm scrubbing for sulphuric acid production
2. Dimethylaniline /xvlidire process for liquid SO2 production

3. Sedium citrate process for elemental sulphur production

' L, Sulphuric acid production converting S02 into SO3 after separation

of solids, gas drying followed by absorption

5. Other methods, such as: Matte formation by the addition of metallic

scrap iron to form iron sulphur matte with an expectation to remove the

excess sulphur incomingto the fuming furmace. The possible addition of scrap

iron can pull off the excess sulphur and the sulphuric iron could be removed

from the system in form of matte.

The Seller has indicated a 1C% sulphur

removal in matte. The Buyer can expect a much higher percentage of

sulphur removal, which can reduce the pollution considerably!(ezd

quotation)

As there are many technically conceivable ways of reducing the sulphur

content in the off-gases the subjJect needs to be seriously studied frcm

the viewpoint of practicalities, consumption of auxiliary chemicals,

operating costs,and last but not least the capital investment requirements.

The list of possible ways of solving the problem (A-1,2 and B-1,2,3,4,5,)

quoted above should be considered as guidance only, as some of the methods,

though hypothetically suitable, are not applicable btecause of the large

guantities of sulphur to be absorbed and the cost of chemicals needed.

There are many new:technologies available with specialized companies

dealing with metallurgical processing and environmental protection. As

regards item B-4 it appears unlikely that contractors and/or licencors of

sulphuric acid plant will be in a position to offer a SO2-gas extraction

and purification process suiting the particular operating conditions of the

La Palca plant.

L.2, The existing idle sulphuric acid plant at Euealiptus

Little information was available at La Paz on the sulphuric acid plant.

Nevertheless, for evaluation of the Government's concept to transfer the

plant to La Palea, the mission wishes to draw attention to two three sets of

data available at [a Paz.
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(i) operating paremeters of the sulphuric acid plant presented in the
draft project document for preparatory assistance prepared by COMIBOL
(ref. Annex 3);

(ii) the opinion expressed by the Bolivian Government consultant

Mr. Zavaleta regarding the physicel state of the existing plant (ref.
Annex 5);

(iii) the production cost sheet (ref. Amnex 6).

The plant seems to be in relatively good condition, although some parts

are corroded, the catalyst may be nc longer active and the hardness of tke

cooling water seems to have consideratly scaled the heat exchargers. “hnus

necessitating a major repair or costly replacement of the condensers.
The plant seems to have been capable of producing 10C tons/day sulphuric

consumption of approx. 33-35 tons). The flow-sheet, however, appears rather
simplified (single absorption system ?) because the conversion efficiency
stated is only 86 percent. (In Annex 6 the conversion attained in February
1978 was only 76%). The presently attained efficiency of new sulpnuric

acid plants using the double contact double absorrtion process (DC/DA) is

as high as 99,7 percent in order to prevent environmental pollution problems.
(The balance of unconverted sulphur appears in form of sulphur dioxide emission
of tail gas after absorption). If the indicated figure of 86 percent is
correct, there must have been also an air pollution problem at the Euca-
liptus plant. Standard single absorption plants attain normally a conver-
sion of 97-98% percent.

The indicated concentration of SO2 in the sulphur burning .as prior to
conversion of the Eucaliptus plant is in the normal range for elemental
sulphur processing plants (Eucaliptus: 9,3%, standard: g_.jn%), This,
however, makes the plant unsuitable for processing low concentration S02 gas.
Pyrites processing plants yield a S02 feed gas of 3-5 percent whereas the
S02 content in the »ff-gas of the La Palca plant may vary betweem 1 and b
percent. (Ref. Chapter 6.0). The higher volume of gas to convert the same
quahtify of SO2 into SO3 and further to sulphuric acid would cause a
proportional decrease of plant throughput. Otherwise, it would be ne-
cessary to increase accordingly the volume of plant equipment. It is a

known fact that for this reason the investment cost of sulphuric acid

plants using SC2 from pyrites roasting is at least 50 percent higher than-
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the cost of a comparable plant using S02 from a sulphur burning unit (the
cost of roasting or burning units not included).

If considering the hypothetical availability of S in form of S02 from
the La Palca plant (70,% tons/day), the processing capacity of the conversion
system of the sulphuric acid plant needed would be at least twice the capacity
of the Eucaliptus plant. (This figure was arrived at by assuming:

capacity of the La Palca Plant: 4CO tons/day

sulphur content - average - target: 22 percent

sulphur in form of S02 reaching the chimney: max 8C percent of total

S input).

The most serious problem, however, is inherent in the standard design of
the EBucaliptus plant, It must be fed with a SO2 contairing gas of 9-10
percent concentration at a steady flow rate. Otherwise the operation of
the plant will not be economical. Standard design in this context also
means that the feed gas must be dust-free and free from substances which
would "poison” the conversion catalysi. Therefore in any case for combining
the La Palca plant with a sulphuric acid plant a gas purification unit
is indispensable.

5.0. SUMMARY CF SALIENT POINTS AND FINDINGS (Technical aspects)

a) The engineering design of the La Palca plant did comprise an off-gas

purification system which, as one af many technological options, could have
been expected to yield sulphur in a recoveravle < Presumably the invest-
ment cost factor was the decisive argument wh .4 that the off-gas
treatment section was not purchased and inst

b) If applying present-day standards of environmental protection of the
industrialized countries, the plant would not be permitted to operate unless
measures are taken to reduce considerably the emission of sulphuric and
arsenic compounds into the atmosphere. The rate of emission presently ex-
perienced at La Paleca is far beyond any known permissible limits,

c) The very expensive supplementary off-gas treatment unit now needed
to solve the environmental pollution problem, for technical reasons, cannot
simply be replaced by installing a new standard sulphuric acid plant or by
trensfer of the existing small plant from Eucaliptus.(if the concept would
be to rermove only part of SC2 to the extent possible when using the Eucaliptus
sulpiuric acid plant without major increase of its gas processing volume and
throughout capacity).
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d) The La Palca plant "as is, where is” cannot be considered as a reliable:
source of sulphur dioxide feedstock for a standard sulphuric acid plant
which would be expected to operate continuously and profitably ty using a
"no cost" raw material.

e) The dual problem of environmental protection and sulphur recovery
will have to be solved by applying a technical compromise, taking into account:

- the discontinuity of work of the volatilization furnace owing ton

frequent shut-downs and maintenance problems;

- the Jdiscontinuity of the fuming process (batch operation)which
results in periods (1 - 1,5 hrs) of high-to-low S02 flow followed by pericds
of almost zero flow of S02 (between the batches);

-the lack of any possibility to control the sulphur dioxide content
in the off-gas stream within limits sageguarding trouble-free continuous
operation of the sulphuric acid plant;

- the basic technological condition of the volatilization plaat which
must process a wide variety of available raw materials (suitable for tin oxide
separation) whatever the variation of sulphur and arsenic content in the
supplied material might be;

- the selection of a wviable system for removal of sulphur, sulphur
dioxide arsenic .ompounds and residual tin oxide dust from the off-gas
of the plant. The system shall not be complicated as regards operating
conditions and shall be inexpensive as far as investment cost and consumption
of auxiliary chemicals are concerned;

£) In this context the design target of the S/As/Sn separation unit should
then be to produce an intermediate product, as usual in desulphurization
plants, from which sulphur dioxide or elemental sulphur can be recovered,
while the environmental effect of this operation will be favourable if pro-
perly designed. Because of the inherent cost factor it appears therefore not
advisable to attempt designing a gas purification plant which would be
expected to strictly eliminate all the pollutants to a permissible threshold
level according to European or American standards.

g) While a technically viable solution can surely be found, fulfilling
the conditions indicated under item (e) and (f) above, the economic feasibility
of the combination of gas purification and production of sulphuric acid is
not so evident in a straightforward way as originally anticipated by the
COMIBOL.




h) A precondition to any considerations on this complex subject is the

knowledge of the composition of the off-gas throughout normal operation
of the volatilization plant for at least half a year. Normal conditions in

this context ineclude correct operation according to the operation manuel,

emergency situations, start-up and shut-down operations, and last but not least

any malfunctioning of the tin sulphide oxidation and separation system

(i.e. higher dust load, tin sulphide appearance in the gas, variations of the
arsenic compcient and neesibly entrainment or precipitetion of elemental
sulvhur in some pleces of the metallurgical system).

i) By using the analogy of purifying sulphur dioxide from pyrites
roasting plants a conceptual engineering design study should be carried out.
The study can be undertaken immedictely by using the design data of the
existing plant, but making allcwances for wide variations of the composition
of the off-gas and quantitiative irregularities of the flow of sulphur
dioxide.

J) As it will be necessary to subcontract the study to a third party,
the permission of the supplier of the volatilization plant is nezded prior
to making the documentation of the rlant available to the third party.
COMIBOL must carefully analyze the wording of the secrecy clauses relating
to the licence and know-how of the ccrntract with the Syppljer of the plant.
While the basic contract was signed 10 years ago it might also be pcssible
that the secrecy conditions have expired. Otherwise, it may also be
attempted to waive the conditions, because the plant has been considered as
an experimental unit. In such cases the owner of the plant becomes
naturally an owner of the technological know-how résulting from pilot
operations, and hence, secrecy clauses would no longer be annlicable.

6.0. SUMMARY OF DISCUSSIONS WITH REPRESENTATIVES OF COMIBOL

6.1. The La Palca Plant

The La Palca plant is presently in full operation as there are no-

problems with raw materials availability of the range of tin and sulphur
content which undar prevailing climatic conditions can now be processed.

Regarding the start-up trials and initial intermittent production
period of 1981, the report presented by end 1981 by the UN-CPE consultant
is a valid document. Mos%t of the technical problems which caused dis-

continuity of plant operations have been solved, and still some further
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modifications and improvements are being made. (Anyway, as reported by the
consultant, the Contract and its Additions Wo. 1-15 indicated that the first

year of operation of the plant was to be considered as a process vpiloting

veriod.

Because of environmental pollution problems it was not possible to
operate the plant during the rainy season December 81/February £2. From
March 82 onwards the plant was operated at full design capacity and above,
i.e. 400-435 tons per day input. During this period also further rlant
ad}ustment were made so that full continuity of production was not possible.

The sulphur content of the raw material was higher than the assumed
ootimum (target) level of 21/22 percent (rather in the range of 24-25
percent). Material of the highest available sulphur content has also been
tried out, but because of the severe atmospheric pollution protlems
entailed {4 nas heen determined that certain limits of vermissible S conteat iz
the feed material, emprirically established by the company, will have to be
observed. As regards operation of the vplant during the rainy season there
is little flexibility for choice of parameters to operate the plant at
optimum economical input/cutput capacity. Either the feeds* ck to be
processed must be especially selected and mixed from those sources which
assure low S content, or the plant capacity (throughput) has to be reduced.

In June the plant performance test tock place over a period of 25 days.
All the important guarantee narameters were attained to the satisfaction

of COMIBOL and the Supplier of the plant. The parameters ere as follows:

Parameter Contract Guarantee test

Recovery of tin $3,5-9L4,5% 95%

(efficiency

Capacity L00 tons per day LO8 tpd average over
25 days

Sn content in the over 50% 55-56%

tinpowder (final
product)
The metallurgical verformance of the plant has thus been demonstrated in
a contractually valid form. Under mutual agreement between the Buyer
(La Palca/COMBBOL) and the Supplier the mechanical equipment guarantees which
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formally expired long time ago, because of delays in plant erection and star:-
up, have been extended till end October 1982. The Supplier has sgreed to make
some improvements at his own cost during the continued presence of his project
nanagement team. (Originally 54 persons, now L0, and as from November 19A:
further to be ceduced to 25 engineers for 6 more months). Cn-the-job
training of operators is being continued.

The plant is in opveration since July 82 (after the performance test),
however a number of strikes caused interruptions. Nevertheless, there were
three relatively long continuous production periods of full load daily
capacity utilization. Except for possible political unrest which it is hoped
will cease soon the ccmpany's management rests confident that plant operations
will continue at the design rate of LOO tons/day.

The planning figure for operating days of the plant is 275 days per
year. This figure was arrived at by assuming monthly working days
22-25 (plus maintenance) and one full month of annual turnaround (annual
shut-down for maintenance).

It is planned to operate the plant continuously throughout 1983, as there
is a sufficient stock of raw materials of different grades available from
a number of sources. It may not be possible for énvironmental reasons
to operate the plant fully for 275 days, but raw materials supplies will
not cause bottlenecks. There are some new mining projects under consideration
(feasibility stage and search for capital investment funds) with the aim of
utilizing existing stockpiles of tailings from other ore beneficiation
operations in many locations. The composition of some of these tailings
appears to be favourable (13%S,3-4L% Sn). Logistics and access to suitable
piles are the major problem areas.

The S content of the mined material has a less favourable prospect,
as the low sulphur/high tin content sources are being exhausted, while e.g.
the material from one mine has a S content of 35-37 percent which makes it
difficult to maintain the technologically recommended 3/Sn ration. The
realistically long term target of S in the feedstock is 22 percent. At

present it seems possible to operate in the 22-25 percent range while

the technological optimum assuring high tin recovery is only 18 percent.
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During the recent production periocd analytical data have been collected
in order to arrive at reliable material balances. The following figures
are of indicative nature and shall not be considered as basic average para-
meters for the design of the sulphur removal and utilization system. Work
on the subject is being continued, in particular as the gas chromatogrash
provided by the supplier of the plant to conduct semi-continuous analyses of
the off-gases has not yet been put into operation.

The stack gases

Volumetric quantity (flow-rate) 37,5 cu.m/sec.
Temperature 53°C

Arsenic compounds 0,6 g/sec (as As)
Solids-total 1g/sec (equiv. 15 mg/cum)
602 6,7 vol % (ORSAT)

H,0 . 22,0 vol %

80, 3,9 vol %

02 3,7 vol %

N, 63,7 vol %

These figures differ considerably from the design data given by CCMIBOL
(Ref. Annex 3). In particular the flow-rate and S02 content cast doubts
on the accuracy of measurements. The calculated average of S02 at the given
Jflow rate, equivalent to a throughput of 400 tons/day of raw material would bte
much less than 3,9 %.

The material balances of S and As are being prepared. As a rough
indication the distribution of Sn, S and As may be calculated from the
following figures:

25% S in feedstock, (85% of the feed material is disposed of in form

of slag) ;

Production of Sn powder 25 tons per day, containing 2-3% 3;

(Arsenic) As in Sn powder 1,5%; S content in Arsenic cake 5-10%, 16% As.

(95% percent of total As is in the As cake). These raundom~ figures, howeve
do not permit to construct a complete material balance.

A new problem area has emerged: The Fluor content in the raw material
causes rapid corrosion of refractory bricks and linings. This corrosion
problem is of importance for the sulphur removal and utilization project.
Analytical data is not available as yet.
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The fundamental problem area from which the request for assistance
stems remains the pollution of the ambient atmosdhere with S02, Arsenic
compounds and (little but also containing As) tin-oxide dust.

The Supolier of the plant was (reportedly) assumed to design. the plant
in accordance with the Pollution Abatement end Control Standards of his
country. However, investment cost savings necessitated by the Buyer,
eliminated prover technical solutions from the scope of engineering design
and equipment supply.

The Supplier is now required to prooose a relatively simple end in-
expensive solution to eliminate hardship situations. He will do so by
providing the engineering calculaticns at his exrense, while Le Palca
agreed to bear the construction cost of necessary plant modificationms.

It is intended to relocate the exhaust stack to a new location {20-30m
higher base) while maintaining its original height 12C m (nct 20C = as
disputed for some tiﬁe, but anyway would no* solve the croblem of environ-
mental pollution of the surrounding densely inhabited area during the rainy
season). The Supplier promised tc give prefere tial treatment to eveatual
supplementary equipment orders.

The Supplier has not been asked by COMIBOL to redesign the plant with
the aim of inccrporating a complete sulprhur dioxide and arsenic removal
system, which anyway would g0 beyond the presently still valid scope of his
contractual ovligations. Consequently, the issue is open and can be taken
up under a UNIDO assistance project invelving a +hird party. In this
connection the UNIDO mission draw the attention of representatives
of COMIBOL and La Palca to the necessity of investigations to what extend
the secrecy clause expired in 5 or 10 years as from 1972 i.e. after signature
of the centract.

In any event, it will be indispensable to obtain the Supplier's
authorization in writing prior to making the documentation of the plant accessibl
to individual UNIDO experts or subcontracted consultants. Another option
would be to include a clear statement or waiver of the clause in the hand-over
take-over document of the plant on termination of the contract. This would
largely facilitate future action of UNIDO and eliminate the threat of in-
fringement on the contractual know-now and licensing agreement between the

Buyer and Supplier.
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As transrired from the discussions the COMIBOL - La Palca plant will
need and COMIBOL may recuest technical assistance by mid next year with
the objective of modifying some items of equipment of the plant in order
to solve persisting spare parts suvply vroblems. The UNIDC missiorn suprorted
the idea as it appears opportune already at present to prepare a rroject
document for implementation in 198L, apart from any other project relating

+0 the sulrvhur removal and utilization project,

6.2. The sulphuric acid plant of Eucaliptus

The discussion briefly dwelled on the concept of translocation from
Fucaliptus to La Palca of the existing sulphuric acid plant which is out of
operation since almost 4 years. The plant was engineered and constructed
by a Mexican Contractor who used MONSANTO technology. The contract dates
back to 1972 whereas the plant became operational in 1977. Since then the
vlant worked only for few months because c¢f lack of market outlets for the
product. The nominal capacity of the plant is 100 tons per day (cone. H2SOh).
The asborptive capacity of the market is between 7-18 tons per day only.

The owner of the plant, COSSMIL, is a Social Security Enterprise of the
Military. The question why the plant was located in a distance of 600 km
from the source of indigenous sulphur in Bolivia San Pablo De Napa could not
be answered by COMIBOL. The fact remains that operation of the plant proved
uneconomic and it had to be shut down (see also notes on the report of the
Bolivian Consulting Engineer, Chapter 7.0. of this report and Annex 5). The
plant appears to be in good shape, except for some corroded comronents and
possibly out-dated catalysts. The consensus of engineers at the meeting was
that even if the concept of translccation would be viable, the capacity
of the plant is definitely toco small to absorb the total volume of waste

S02 gases emitted by the La Palca Plant.

7.0. _DISCUSSICN WITH THE BOLIVIAN CONSULTING ENGINEER

Pursuant to COMIBOL's request for technical assistance (Annex 3)
crevared in February 1982 the Government requested Mr., Zavaleta, a private
consulting engineer on chemical plants and refineries to investigate into the
background and justification of COMIBOL's concept of using the Eucaliptus
plant for solving the pollution problem of the La Palca plant. He visited
the two plants and submitted his report in April 1982 (Ref. Annex 5).
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The discussions focussed on the content of the revort and the
conclusions arrived at by the consultant. The consensus was that pcllution
abatement at La Palca has to be given highest priority, apart from any
considerations regarding the utilization of sulrhur dioxide for production
of sulphuric acid. The UNIDO mission expressed its concern over CCMISCL's
concert which did not take into account the investment and oroduction cost
factors of making the waste gas mixture suitable for feeding a standard
sulphuric acid plant. While in any case a 302 purification and "flow-
plus-concentration-equalization-unit” is needed %o assure smooth oreration
of a captive sulphuric acid plant, the production cost of the acid cannct
be comretitive to the cost of elemental sulphur based acid.

The consultant did see encouraging vrosrects of increasing market
outlet for sulvhuric acid, but =2dmitted that foreign trade options are
beyond his field of professional exnerience. He indicated that the con-
cept of using the acid for manufacture of single-supervhosphnate tased on
indizenous phosphate rock would not be viable because cf the distances
involved and little progress or not success in geological research in this
field. Known deposits of phosphate rock are small, of low grade, and in
remote places.

The UNIDO mission fully concurred with thne co' clusions of the
consultant's report. He stated that unless reliable analytical data are
available on the flow of gas to the stack, and on the amount of S02 and
other contaminants discharged, it is not possible to make concrete proposals
or recommendations. Tnerefore, his only but strongly emphasized recommenda-
tions at this stage concentrate on putting into operation the gas chroma-
tograph (purchase of carrier gases, specimen of analytically pure gases
for calibration of the chromatograph, sampling devices, training of the
analyst ete.). It was regretted that his recommendation has not yet been
implemented by CCMIBOL. Therefore, through the UNIDO mission report it is
hoped that the implementation of his recommendation is expedited as other-
wise the urgently needed technical assistance project on environmental

protecticon would be Jjeopardized.

The consultant appears to be highly qualified. The UNIDC mission
would, therefore, suggest to consider his involvement in UNIDO projects,
and in particular, in the expected assistance programme to COMIBOL and
possibvly also to COSSMIL.
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8.0. MEETING WITH THE LATIN AMERICAN REPRESENTATIVE OF SIMON CARVES
(CANADA) Ltd.

With reference to the letter of Simon Carves Canada Ltd. (SCAN), dated
17 June 1982 addressed to the Resident Representative of UNDP at La Paz,

(Ref. copy on UNIDO's file), the discussion dwelled on the origin of the
company's offer to render engineering services for the establishment of a
sulphuric acid plant at COMIBOL's La Palca Tin Volatilization Plant.

The mission learned that it was SCAN's sole initiative to draw the
attention of COMIBOL to the vast exverience of SCAN in the field of sulphuric
acid plants, Moreover, it was known to the Latin American Rerresentative
through other business contacts with Bolivian companies that the basic concept
of COMIBOL in this context was to transfer the existing sulphuric acid
plant of CCSSMIL to La Palca. As the COSSMIL plant was engineered on the
basis of MONSANTO technology of which SCAN is a licenceholder, the offer
has an obvious inherent advar .age from the vrofessional viewpoint.

The UNIDO mission indicated that according to its findings the problems
to be solved at la Palca asre primarily connected with pollution abatement
at’ the metallurgical plant and not as originally conceived to produce cheap
sulphuric acid from waste sulphur dioxide. As the Latin American Represent-
ative is a commercial specialist and not a chemical engineer, the discussion
concentrated on the experience and references of 3CAN to solve enviromnmental
problems, while it was known to the UNIDO mission from earlier contacts with
Simon Carves that beyond any doubts SCAN is excellently qualified to under-
take the study on establishrment of a new plant or redesign and transfer
of the existing sulphuric acid plant.

The principles of subcontracting technical services by UNIDC,in
connection with technical assistance projects,have been explained. The
orocedure of international competitive bidding wis mentioned as well as the
possibility of involvement of SCAN under the nroviso that their references
on the subject matter would be sufficient.

The mission received later a complete sat of reference information on
industrial projects executed by SCAN for the metallurgical industry of
industrialized and develoving countries. Numerous exsmples of studies on
anvironmental protection were presented in the brochure of SCAN, thus

having answered the mission’s query. The mission is of the opinion that
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SCAY may be considered as a well experienced candidate for the study

(under different terms as compared to those offered oy SCAN previously).
However, no arrangements nor commitments regarding cooperation between
SCAN, COMIBOL and UNIDC were made at this stage as it was rremeture to
discuss the matter further, prior to having the activities of the P.A.
project firmly agreed upon with CCMIBOL and approved by UNDP.

Apart from discussions with the representative of SCAN the mission
is of the oninion that LURGI CHEMTE/FRG should also te considered as a

candidate for the study.

9.0. CONCLUDING DISCUSSION WITH THE RESIDENT REPRESENTATIVE o unpe

The mission reported on the discussions held and the conclusions
arrived at on the basis of the information and technical data collected,
The Resident Representative advised the mission how to proceed with further
preparatory work on the project. However, he indicated that at presen®
it is not recommendable to taxe immediate action by urging the Government
to send the official request on the basis of the modifieé terms of
reference for the study proposed by the mission. Continuing strikes and
the expected pversonnel changes at all Government bodies do not permit to
anticipate which sectors and projects will be given priority under the
Country Programme.

In order to continue the contacts established to-date on the subject,
the Resident Representative requested the mission to prepare a technical
report (in Spanish) for submission to the Government, while the project
document and TOR of the subcontract will only be presented to the new
authorities once the reconstitution of the government is completed.

The mission understood that funds for the preparatory assistance are
available under IPF/ABL for 1982, and that the concept of continuing UNDP's
support after completion of the P,A., stage is in principle acceptable.
But, as there are many uncertainties and financial imbalances for-
shadowing, discussions on details, scope, timing and cost of the possibly

large-scale, long-term follow-up project were considered premature.
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ANNEX 1.

LIST OF KEY PERSONS MET AT LA PAZ

1. Mr. Narciso CARDOZO Rodriques
Asesor de Proyectos Metalurgicos Especiales
Corporaciofi Minera Bolivia COMIBOL

2. Mr. Juan MENDOZA
Subgerente Construccion de Plantas - La Palca

3. Mr. Cibino MONTEZ de OCA
Superintendente de La Palca

L, Mr. Ronanth ZAVALZETA
Consultant to the Government

5. Mr. Carlos SALAMANCA
Entreprencur (ex-UNDP Resident Representative - emeritus)

6. Mr. Michael G. WOCLGAR
Latin American Representative LARSA Ltd.
President, Representative of Simon Carves Canada Ltd.

7. Mr. Luis R, MONTOYA CH.
Ingeniero Industrial

8. Mr. Pedro MERCADER
Resident Representative a.i.
UNDP

9. Mr. Anreas E. LENEL
Junior Professional Officer
UNIDO




ANNEX 2.

CHRONOLOGY -~ TIME SCHEDULe OF THE UNIDO MISSION

1L/9 Arrival from Jakarta (14.00).
Initial contact with UNDP/UNIDO JPO Mr. Lenel.
Establishment of tentative programme (including travel to Eucaliptus
and La Palca).

15/9 Discussions at UNDP on the projects and plants.
Review of prior reports (Dr. Thomas S. Mackey's Preliminary Study
on the La Palca Tin Volatilization Plant.
Discussion on UNIDO project SI/30L/82/802 Planta de Fertilizantes
Santa Cruz.
Unofficial discussions on the pyrethrum development project
(Mr. Salamanca)

16/9 (General Strike)
; Meeting at CCMIBOL and substantive discussions on the concept
2 (Messrs Cardozo, Mendoza and Montez).
Collection of technical data.
Meeting with Mr. Zavaleta, Government Consultant (rpivate).

17/9 Discussions on the offer of tecnnical services submitted by
SIMON CARVES CANADA Ltd. (Mr. Woolgas).
Meeting with the UNDP Resident Representative a.i. (Mr. Mercader).
Discussion on conclusions of the mission and further cooperation
with COMIBOL through UNDP.

16/9 .l
- R wr
19/9 Weekend Revort iting

20/9 Second meeting at COMIBOL and discussions with the representative
of La Palca. Presentation of summary of findings and conclusions
of the mission.

21/9 Departure (6.40 a.m.)




ANNEX 3.

Febrero 3, 1982
T-128/82

Seflor
. Krishan G. Singh
- Reoresentante Residente de
- Naciones Unidas para Bolivia
PRESENT® -

Moy sefior Mio:

Me es erato hacer llegar a usted, el documento
de Asistencia Preparatoria para el Proyecto de una Fébrica
de Acido Sulfdrico, que saria instalada en nuestra Planta -
de Volatilizacién de Fstaflo de La Palca, en base de los ra-
ses sulfurosos que emanarfan de la chimsnea, cuvos datos ge-
nerales segfia provecto son los siguientes:

TN R

1. Vodumen de gases en coundiciones 3
norrales Ve 22.4 Nm™/seg.
2. Terperatura t = 53°C
= 3. Volumen Gtil de los gasaes Vp = 49.0 m3/seg.
= 4, Temperatura promedia de los gases tp = 66.5 °C
= 5. Anflisis quimico promedio COy - 5.4 %

Bzo - 22.6 7.
80, - 1.0 2 3,9/9 7

o)
Nz - 6200 1
. 02 - 9.0 'l
= 6. Cantidades de materias nocivas
. descargadas en los gases
. s’2 Gloz = 720 g/seg.
AS GAs = 0.65 g/seg.
Polvo G polvo = 1.8 g/seg.

1
§

"




Pag: 2
Ref: T-128/82

Los daivs raales referentes a los gases de salida de
£a c}imenea, serin detarminados cuando la Planta de Volati-
lizgcién eaté en operacién a partir del 15 del presente mes
de febrero.

Azradeciéndole de anterano sus buenos oficlos en es-
ta cooperecién que requerimos con urgencia, saludo a usted
myy atentamente,

CORPORACION MINERA DE BO

/ a/l
VAR A S

N N
" o * .

Ing. Armando de Urloste S.3.
- GERENTT GENERAL
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" PROGRAMA DE LAS NACIONES UNIDAS PARA EL DESARROLLO
PROY®CTO DEL GOBIERNO DE BOLIVIA
DOCUMENTO DE ASISTENCIA PREPARATORTA

T{tulo: Asist2ncia Prenaratoria nara
el Provaecto &2 wms Fébrica
de Acido Sulfirlco en la Plan
ta de Volatilizacién de Pstaflo.
“1.A PALCA"

Ntmero : ' .

Sector:

Organisme Gubernamental
de Ejecucién:

Organlismo de Ejecucién:
Indumos del PNUD:

Insumos del Gobiwxrno:

Aprobado;

En norbrae deliPrograma de las
Nacionzs Unidas paza el Desarrollo

Fecha de inicladién:
15 de febrero de 1982

Duracién: 3 meses
Clasificacién;y Cédigo del
PRUD

Corvoracién !inera de Bo-
livia

Cerencia Técnica de COMIBOL
1 Experto en cédlculo, disge-
fio, montaje y operacién de
Fébr!cas de Acido Sulfdrico
Contraparte técnica, apoyo
logistico en diseflo y secre-
taxzia.

Fecha:
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ANTECEDENTES -~ o S

La Corporacién Minera de Bolivia, el 6 de junio de 1972 sus-
cribi6 un contrato con Machinoexport de 1la H.R.S.35., para la imple
mentacién de una Planta de Volatilizacién de Estafio, que <cezpuésg
de aproximadamente diez afios entr$ en operacién esporidica de prue-
bas en los meses de marzo, octubre v noviembre de 1981, alcanzando
en este Gltimo mes la capacidad méxima de tratamiento de 390 T.M.N.
/dia dgspieconcentrados de estaflo con un contenido promedio de 3.97
Sn. v 5.

Lamentablemente, en é&ste dltimo mes de overacién de prueba,
emanaron de la chimenea gases nocivos, provocando la contaminacién
ambiental con perjuicios notables en la agricultura de la zona, mal-
estar de la gente y unx visible reaccién en la superficie de la tie-
rra vegetal que presents phatinas blanquesinas, por efecto del drido
sulfadrico generado por la lluvia precipitada en esos cias.

Lo indicado, provocSé una reaccién natural de la poblacién que
se opone a la operacién de la planta, sl no se buscin las solucio-
nes adecuadas para evitar el malestar de la pulucién proveniente
de los gases.nocivos S02; S03; As2 03, de la volatilizacién, que
seguramente estin ~aliendo de da chimenea con porcentajes superio-
res a los indicados en el proyecto.

En lo que corresponde al As y SO3, estd previsto que se mefo-
rarin las instalaciones para el lavado de gases por parte de los
fabricantes; pero el S02 que debe expulsatse por la chimenea, repre
senta el 807 del azufre contenido en la carga para volatilizacién
del estailo, correspondiendo a una expulsién diaria de 80 T.M. de
azufre que puede ser aprobechado para fabricar aproximadamente 200
T.M. de deido sulfirico de 66°Be por el mdtodo de contacto.

OBJETIVOS DE LA EMPRESA -

Despuds de mmn andliasls cuidadoso de los problemas surgidos
coro censecuencia de la contacdnecién ambisental v les Gltimos acuer-
dos con Machinoexport, COMI2OL 3e ta fijado une meta como solucién
de urzeucia, en la necesidad de elaborar un provecto de factibili-
dad para ipstsdar una fibrica de Acido Sulfdrico en corto plazo, ba-
Jo las siguientaes posibllidades:

1. Conseguir en transferencia la fidbrica de Acido Sulfdrico de
Eucaliptus de pnropiedad de la Corporacién del Semuro Social
Militar ""COSSMIL", que aacen cuatro alos se encuentra parali-
zada debido a su exccsiva cupacidaé do produccién 100 T.M.
/dfa de HaSO4 ¥ su aito coste nrovaniznte del alto precio del
azufre refinado que utiliza como materia prima v el pequefio
consumo % 18 T.M./d{ia, motivo por el que trabajaba solamente
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dos meses por affo.

- 2. Comprar una f&hrica nueva con canacidad de produccién de
200 T.M./dfa, con el fin de aprovechar la totalidad del S02
producido diarfacenta.

- 3. Eatudiar la facrtibilidad del proyecto preferentemente en ba-
ge de la rransferencia de la fé&brica de Zucalintus, cuvas

N A instalaciones se encuentran en buen estado v en permsnente
.mantenimniento.

e Un detalle general de las instalaciones disponibles en la
FP&brica de Eucaliptus, es el siguiente:

- Horno de combustién

Entrada de alre 120 °¢C
Gages de salida 840 °C

- Caldara de proceso

Domo presién Kgﬁcmz
Alirentacién de agua 21
Vapor 18

- Intercambiados de calor
Temparatura gases de salida 348 °C

- Convertidor (Cdt'glizador Pentoxido de Vanadio)

» Temperaturas del gas en proceso en las 4 camas

ler. paso Entrade 449 °C Salida 584 °C
2do. paso Entrada 450 °C Salida 556 °C
3er. paso Entrada 450 °C Salida 498 °C
4to. paso Entrada 450 °C Salida 468 °C.

= Torre de absorcién
Entrada de gases 246 °C
Entrada fcido 80 °C

N
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Torre de secado

Entrada da aire 17 °Cc
Entrada de #cido 33 °C

- Torre de bombeo de £cido
Concentracién 98.3 %
Dilucién Lt./min 8.5

- Enfriadores Acide - Agua
Presién Kgﬁcm? 1
Temperatura 41 °cC
pH 3 8.6

- Economizador
Presién de salida Rchnz 17
Terperatura de entrada 60 °C
Temperatura de salida 205 °C

- Andlisis Reich - Convertidor SO, %
Entrada primer paso 9.3 %
Salida cuarto paso - 1,35 %
Conversién . 86 A

- Panel de control para todos los
procesos de la fabrieacién

~ Instalacién ccupleta para tratemiento de sguas
procedentes del R{o Desaguadero

~ Dos estanques de almacenamiento de Acido sulférico
c/u. con capacidad e 3.000 T.M.

I[sta planca trabalé solamente / meses en perfodos de 2
afios cada ve=z,
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OBJETIVOS DE 1A ASISTE I"TA PREPARATORIA -

Dentro da la priatica rezular que desarrolla Naciones Uni-
das en el cawse de la 2ialstencia TScnica, los objetivos de la
Aslstencia Przparatoria sarian los sigulentes:

1. Con ls soistencia de un expaxto en 2ilculo, diseffo y opara
el6n de Cibricasz e fcido sulfdrico, estudiar la posibili-
dad de fairicar &-ldo sulftirico en basa de los gases sulfu
ross3 provenlentes de la volatilizacién de estafio en la -
Planaa da La Pualca-Potosi.

2. En funcisn de las posibiliades favorables, estudlar el mer
cado prcnio coun su3 corresvondientes proyecciones a futuro
y el mercudo de los pafses vecinos.

3. En bage del merscado ident’fieatto v laz nosiblidades favora-
bles Je fabrlesr secido sulidrico a rartir de los gases sul-
furoso: da La T.ulce, elabcrar el Provecto de Factibilidad,
considzrando praferenterznte las instalaciones de la Fgbri
ca da Xucaliptus con las adlciones nccesarias que la tecno-

logfa aconseje.

4. Preparsr los documentos nicesdarlos para tramitar el finan-
clamiento requscrids.

ACTIVIDADRS -

El exverto contratado nn: el orpgenismo de ejecucibn, en co-
laboracf6n con la Cersnela Técvnica, realizurd las sirulentes acti

videdes:

15 - 18 Febrero: Insnecelén Vibrica de Sucalintus, Planta de Vo=
Jarilizacisn La Palcsa, evaluacién instalaciones
indnatrialea Fucaliptvas y aforo-riestreo gases

svifurosce Lo Falca.
1° - 10 Yavzo: f3irndio rmeraado loce) 7 pafses vecinos.
15 Marzo ~ 7 Mave: "laboracidn del Provecto de Factidilidad.

H

10 ~ 15 Mavo: = Zuvisién v antrega Prcyecto de Factibilidad a
PNUD y COMIRCL, !
i
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INSUMOS -

PNUD -

Asistencla Técrica equivalants a 3 meses/hombre en la si-
guiente especialidad:

Un ermerto en cilculo, diseflo y operacién de fabricas de
§cido c1lfGrico en base de gases sulfurosos provenientes
de procesos plrometalGrricos.

GOBIERNO
DE BOLIVIA - T1 Gobiermo proveers técnicos de contravartida rara

ARG,

as esnpeclalicdades aue raquiara el estudio del provecto de
factiblidad, aziismo proveari servicios de laboratorio
para au&lisie quimicos. gabinetes de disefio, oficinra y
apovn sacretarial.

La Paz, Febrero 3 de 1382

-
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ANNEX k.

CORPORACION MINERA DE BOLIVIA

Casillas 349—674 y 1414 — Direcc. Telegrifica COMIBUL— La Paz— Bolivia

- s ooty -

l :
Junio, 16 de 198§>——-——
| fen 1L
T-606-82 \o2 | | M.

Sefior ‘ - ror |
- Krishan G. Singh,

1
REPRESENTANTE RESIDENTE DE |
NACIONES UNIDAS PARA EL DESARROLLO I

Presente, -
Ficha:

Estimado sefior Singh: 27 JUN 1989
RBot/po [0 1

Adjunto a la preserte, me es grato hacer
le 1legar, fotocopia de nuestra carta T-603/32 de fecha 15
de junio del afio en curso, con la que requerimos al sefior Mi
nistro de Planeamiento y Coordinacién, ratificar nuestra so-
licitud de Asistencia Preparatoria para el Proyecto de una
Fibrica de Acido SulfGrico en la Planta de Volatilizacién de
Estafioc "La Palca', que presentamos a vuestro despacho en fe-
cha 3 de febrero de 1982, asimismo,’ le adjuntamos también pa
ra su amable conocimiento fotocopias de las notas cursadas
al respecto, con el sefior Ministro de Minerfa y Metalurgia,
Cnl. DIM. Carlos Morales Nufiez del Prado.

Con este motivo y a la espera de sus
atentas noticias, le reitero las seguridades de mi considera

cién mas distinguida. ]
% DE BOLIVIA

CORFORACION M

rnaldo Rivexo Gutiérrez

GEREWENERAL a.i.

ADJ: Lo citado -

Ing.

-




CORPORACION MINERA DE BOLIVIA

Casiltas 239 — G674 y Uil1 — Diree. Telegrafica COMIBOL -~ La Paz - Lolivia

Junio, 15 de 1932

', Adolfo Linares Arraya}l
INISTRO D PLAWEAMIENTO Y COORDINACION

i ~
e At -
L T2oCente.,

EIE SRR

~ Saiier Minlstro:

Me es prato hacer llegar a usted fotocopia

d2 la solicitud de Asistencia Prenaratoria para el Proyec-
o de una Tébrica de Acido Sulftrico en la Plaata de Vola-
tilizaciéa dJ=2 Estafio "La Palca', que nuestra Instituciom
presents a La oficina del Programa de llaciones Unidas para
=1 Degarrollo "PHUD" en fecha 3 de febrero de 1982; asimisg
=s, adjuntc también cooilas de las notas curscadas al resvec
o con el safior Ministro de Mineria y Metaldrnia, Cal. DI,
Garlos Yorales Nufiez del Prado, quién en su carta N° 292
¢2 19 de abril, recomienda continuar con las gestiones per
tinentes,

Cor es de rigor, y, a £fin de oficlalizar
¢l indicadn tramite, insinfio a su autoridad, ratificer
nuestra solicitud ante "PHUD', que por su parte ya ticne
adelantadns cestiones en su oficina central de Nucva Yorlk.

Con esﬁe motivo, reitero al sefior HMinistro,
las seguridades de mi consideraci6én distinguida,

CORPORACION MINERA DE BOLIVIA

ORIQINAT F21814D0
Tng. drst L iivero G, v

Ing. Arnaldo Rivéro Gutlérrez
GERENTE GENERAL a.{i.

) . ,.f...:,-..,:._ L cpetid C0 \
ADJf L, citado ///// ) DLP_”mn“uo.vaul,Jlo Al

e.¢c. Ings Cardozo
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ANTTX 5.

La Paz, 5 de Abril de 1982,

Serfior

Andreas Lenel
NACIONES UNIDAS
Presente,~

Estimado Sr. Lenel:

Tengo el agrado de adjuntar a la presente el informe

del viaje realizado a las instalaciones de La Palca, a
f{n de evaluar la posibilidad de prestacién de servicios
de acuerdo a los términos de referencia elaborados por
la Corporacidén Minera de Bolivia,

Sin otro particular, aprovecho la oportunidad para salu-
dar a Ud, con la mayor atencién,

@MM -

Ronanth Zavaleta M,

BNU

-
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INFORME PRELIMINAR DEL VIAJE REALIZADO A LA PLANTA Db
VOLATILIZACION DE LA PALCA Y LA PLANTA DE ACIDO SULFURICO

DE EUCALIPTUS

INTRODLICCION
Entre los dfas 22 y 24 de Marzo del aflo en curso, se reca-

1izé wi viaje a las instalaciones de la planta de volatiliza-
¢idn de estaiio de La Palca, y la plama de dcido sulfdrico de
Eucaliptus, a efectos de verificar en el terrcno, la posibi-
lidad ffsica de realizar los trabajos contenidos en el plan

de trabajo "Alcance de Trabajo para la asistencia tfcnica pre-
liminar por parte de PNUD para el proyecto de una fébrica de
4cido sulfdrico en la planta de volatilizacién de estarfio La
Palca de propiedad de COMIBOL), prepirado por la Corporacidn
Minera de Bolivia en fecha 26 de Febrero de 1982, copia del

cual sSe adjunta a la presente,

COMENTARIOS GENERALES
De los puntos contenidos en el alcance de trabajo mencio-

nado, los tres siguientes presentar los mayores problcmas para
su realizacidn:

- Determinacién del voldmen Ytil de gases sulfurosos provenien

tes de la wvalatilizacidén de estafio de La Palca,

- Muestreos y andlisis quimicos de los gases sulfurcsos,

- Evaluacién de los gases sulfurosos para fabricacidn de dcido
sulfdrico,

Los problemas :3e relacionan fundamentalmente con la imposi-
bilidad presente de realizar andlisis qufimicos cuantitativos
de los gases de venteo de La Palca, lo que obedece 2 las si-

guientes razones:

~ Si bien se dispone de un cromat6gra£o de gases dotado de 3
columnas de adsorcidén, que posiblemente permitirfa realizar
andlisis de los gases emitidos en La Palca, cabe mencionar
que este adn no se halla operable, en primer lugar por no
haber sido todav{fa instalado, y en segundo por no disponer-
se de los gases estandar requeridos para la calibracidn
dol mismo, a ffn de poder obtener de este equipo,,los and-~

liais cuantitativos de gases que son requeridos. 3

e e e b




~ Tampoco se dispondrfa de gas portante (helio o hidrégeno
quimicamente puro) que es imprescindible para la operacién

del cromatégrafo.

- No se tiene seguridad de que los dispositivos de muestreo

de gases de chimenea y otros sean los md&s adccuados,

Le informacién anterior fué proporcionada por personal
técnico boliviano trabajando en La Palca, y lamentablemente no
pudo complementarse con conversaciones con especialistas rusos,
pdr hallarse estos ausentes en el momento de la visita. Se
acordd que la informacidédn adicional requerida serfa enviada
una vez que dicho personal se constituya en La Palca, lo que
permitird verificar el presente informe preliminar y plantear
las soluciones pertinentes, Sin embargo, en base a los datos

disponibles, se puede aseverar ya, que de momento, resulta

imposible cubrir los puntos mencionados con anterioridad, v que

.

son lamentablemente, lo mas relevante del alcance de trabajo

elaborado por la COMIBOL para esta primera fase.,

En lo que se refiere a la fdbrica de dc¢ido sulfdrice de
Eucaliptus, ésta se halla sin operar desde hace unos 3 aifios
aproximadamente, Su capacidad nominal de produccidén de 10C
toneladas métricas por dfa de 4cido sulfdrico concentrado, no
permitirfa utilizar sino una fraccidén de los gases emitidos por
la planta de La Paica trabajandd a plena capacidad, por 1o que
tampoco representarfa una solucidn total, Otra interrogante
adicional se refiere al contenido de arsénico de los gases tra
tados, ya que adn en cantiaadés muy pequefias sus compuestos
son capaces de desactivar rdpidamente los catalizadores mds
comunes, entre ellos los de vanadio, que son utilizados en
Eucaliptus, Este aspecto es especialmente importante y debe-

ri{a ser estudiado en su verdadsra magnitud.,

Por lo demds la vuelta a operaciones de esta planta reque-—
rir{a de inversiones importantes especialmente para reemplazar
equipo destrufdo (tales como ser las piscinas de fusién de
azufre y el equipo de filtrado de azufre fundido), para reali-
zarrépéraciones a fondo del equipo de intercambio deé c&lor,




muy deteriorado por la excesiva dureza del agua utilizada
(proveniente Jdel Rio Desaguadero). Posiblemente tendria tam-

bién que reponerse el catalizador del pentéxido de vanadic,

qun después ¢l tiempo transcurrido dificilmente estarfa ope-
rable, a pesar de informaciones en contratio suministradas
pot los encargados de mantenimiento de la planta, Sin embargo

R I VO VU

de Jali-lentarse la planta con los gases de La Palca, podrfa ob- ;
viarse la scceidn de fusidn y filtrado de azufre, ;
RECOHANDACIONES . ,

Como priner paso deberia ponerse operable el cromatégrafo

de rases, parn .cuya calibraciédn sc requieren los siguientes ja-
ses, u¢n botellones pequeflos y en grados para andlisis:
Anhidride sulfuroso
Anhidrido carbdénico
Mondxido de carbono
Nitrégeno
Oxf{geno
Oxidos de nitrdgeno
£:3tos gases no se encuentran el mercado local y deberdn ne-

cesarTiamente ser importados, para lo que se tiene miAxima pre-—

NS

muti. Se detierd consceguir también suministro constante de

botellones Jde zas helio o hidrégeno para gas portante del cro
masdsrafo,

Deberd tanbidn asegurarse de disponer del eqﬁipo de sopor-
te suficiente, como ser microjeringas en el rango de 5 a 20 mi-
crolftros, v material de mantenimiento adecuado, Deberd también
garantizarse la disponiblidad de equipo confiable de muestrec
de gases, y desarrollar una marcha de recoleccidn y andlisis
cuantitative de compuestos de arsénico contenidos en las mues-
tris gaseosas que se tome, a efectos de determinar el conteni-
do por metro cibico de gas, pardmetro importante para la tomn
de decisiones respecto a la utilizacidn de la planta de aéido

sulfifrico de Eucaliptus, .

Lo anteriormente expresado hace poco factitle la prestacidén
inmediata de serviclos de acuerdo al alcance de tra?ajo plan~
teado por COMIBOL, Si bién se podrfa ir avanzando én aspectos
tales como la determinacién de la demanda del £cido en Bolivia
y pafses vecinosa, y la determinacién del estado de la planta de




dcido sulfdrico, de momento tendrfa que dejarse de lado el
aspecto fundamental del problema, consistente en los puntos
planicudos de comienzo, con el consiguiente alargamiento del

tiempo de servicios requeridos,

nanth Zavaleta M,

La Paz, Abril 2 de 1982,

crm
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CORPORACION MINERA DE BOERIVITAU
Coeillis 349— 673 y 1414 — Direce. Telegrifica COMIBUL— La Pnz-—'lc'\!.ligi’._\"‘x.. : Y N
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ALCANCE DE TRABAJO PARA ASISTENCIA TECNICA PRELEH%ﬂAR“P@RW———~—
PARTE DE "'PMUD'" PARA EL PROYECTO DE UNA FABRICA}DE ACIRO ~°
SULFURICO EN LA PLANTA DE VOLATILIZACION DE ESTARO “FA PAH

.
|

. " CA" DE PROPIEDAD DE "COMIBOL
Fediia:
26 Feg Bey |
. a Ma ¥ . m——
EXPERTO : Dr. Ronanth Zavaleta L-;_1do , /3JL/§0/2022
- DURACION: 1 mes

El ‘experto contratado para el trabajo preliminar que serd
completado por el experto solicitado a "PNUD" con carta
T-128/82 de fecha 3 de febrero de 1982, deberd cumplir en
.1 mes, las siguientes tareas, en colaboracidén con técnicos
especialistas dependientes de la Gerencia Técnica:

nformaciones so

=4

Del 1° al 5 de Marzo: Acopio de e
»
’ Beido sulf@rico instaladas en
. el pais. Estudios de mercado propic

y paises vecinos.

Del 8 al 12 de Mzrzo: Estudio en detalle del estado de la
Fabrica de Acido SulfGrico de Euca-
liptus para su positle traslzdo a la
Planta de Volatilizacién de La Palca

Del 15 al 26 de Marzo: Determinacién del wvolumen Gtil do ga
’ ses.sulfurcsos, proveniertes de la
Volatilizacién del estafio en La Plan
ta de La Palca.

-~ Muestreos y anélisis quimico de los
gases sulfurosos

- Temperatura promedio de los gases ex
pulsados por la chimenea, '

—————




CORPORACION MINERA DT BOLIVIA

Caodias 300=07% vy B — Theece. Tebegrilica COMIBUL— La Paz— Bolivia
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[l
- Evaluacién <= los gaces sulfu
rosus para fabricacide de 4ci

do sulftrico.

Del 30 de Mar:zo al 2 I sbril: Zlaboracidn del intorme prc
liminar y su prescntacidn a :
"PNUD" y 'LOMIBOL™
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ANNEX €.
got&l de¢ Produceién de la Planta
tllptus en periodos de 2 -

E:-'e- T y 10.459.834  Xilos
—=—  DETALLES DE PRODUCCION E INSUMOS CORRESPONDIEATZ AL ULTIO
PERIODO ( ¥ES DB FEBARRO DB 1978 )
L4
FRODUCCION CARTIDAD KILOS COSTO DS FRODUCCION $b.
i Acido Sulfiirico  1.929.5% 863.03
Concetracidn 98,3 4
Densided Promedio 1,84
Rendimiento 76,57 %
Dias tratajedos 28

INSUMO DE YATERIA FRIMA Y REACTIVOS QUIVICOS PARA EL TRATAMIENTOD

DE AGUA

Centidad Precio Total

Kilos Unit, $b.
Azufre refinado 99,5 % 702,380 1,264 887,808,32
‘Carbonzto de Sodio 2.700 T,60 17,480 .00
#rtmseoe Sulfato de Aluzinio 1.464 55 oommen B.066.64
Diatomita 270120 14.12 1.694.40
.. . Posfato Disddico 156,5  7.18 1.123.67
. Sulfito de Sodio 20,5 1l.co  3.085.50
Hidrdéxido de Sodio 229 10,62 22,748,220
Cal 10 3.06 30.60
Posfato trisddico . 216 8.887 1.920.02

’ ' Total $b. 946,3839.33

La Pagy, 20 ule Enero de 1982
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