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1. 

ABSTRACT 

'lbe activitias of the Consultant reported on below wen carried out 

under the project entitled: •nevelopment of a Basic Industzy for the 

production of alUllina free indeqenous al.uaino ferrous ores, startinq 

with alunite•, DPA/IltA/84/002/11-01. 'l'he consultant was specifically 

enqaqed in work with the Aluminium Raw Materials ProqrCUllDe (ABMP) 

counterparts of the Ministry of Mines and Metals and other Iranian 

Personnel supplyi.ncJ design services fraa external orqanizations. 

'l'he COnsultanc:y, which was carried out over a three week period from 

the 25th July, 1984 to 15th Auqust, 1984, served the followinq objec­

tives: 

Advise the ABM!- on the nquiremnts for and selection 

of neC"!ssary equipment for the establishment of an 

aluminium raw mterials testinq laborato:ry includinq 

the preparation of a detailed list of equip111nt. 

Advise on the implementation of traininq proqramnes 

for national. staff, both on-the-job and abroad. 

Make reco-ndations on the procurement of equipment 

to be installed in the aluminium raw materials testinq 

l.aborato:ry includinq the physical conditions and support 

facilities zequired for their effectiw use to •et the 

ARMP's objectiws. __ 

Present a report containinq conclusions and recommendations 

for the future work pr~uaes of the testinq laboratory, 

equipmnt and staffinq u well as its orC)&Dization and 

maintenance, and required follow-up technical assistance. 
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The Consultant worked in close collaboration with Dr. Karoly Solymar, 

consutlant i.. the processing of alumino ferrous ores, Mr. M. Shariari, 

Managex- of the ARMP and had the opportunity to meet with Mr. K. Singh, 

UNDP Resideut Representative and membecs of his staff on two occasions. 

Discussions in these meetings were centred on the scope and status of 

the project. 

Two field trips were undertaken by the consultant to examine the deposits 

of alunite and bauxite. 

The establishment of the ARMP laboratory testing facilities envisages a 

vertically and horizontally integrated gee-scientific, chemical analyti­

cal, physical testing, technological and engineering complex which will 

form a key component in the pursuit of a programme aimed at exploiting 

Iran's alUJ!linium bearing minerals resources for the production of alumina 

to meet the country's douestic needs. 

The progranune is well underway with a feasibility study on the exploitation 

of alunite being conducted. However it is strongly recomm:!nded that a 

similar study on bauxite be pursued in parallel in order to provide the 

information f~r the critical selection of alternatives for decision 

making and investment purposes later. 

It is noteworthy that several recomnendations made have already been 

accepted and implemented. 

This report is of a complementary nat-..ire to Dr. Karoly Solymar's, for this 

reason it is recommended that they be read together. ...n adition substan­

t:ial reconnnendations were made jointly with Dr. Solymar. 
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RECOMMENDATIONS 

The recommendations presented in annex No.2 were developed jointly 

with Dr. Karoly Solymar, Consultant in the processing of alumino­

ferrous ores. The following recommendations are additional. 

l. It is critically important to pursue a feasibility 

study on the use of bauxite for alimri.na production. 

This will require intensifying the bauxite explora­

tion programme and the careful selection of repre­

sentative samples for detailed analysis and technolo­

gical testing. The information from this activity 

which should be pursued as soon as possible, will 

prove to be invaluable. 

2. It is recoIIlllended that a critical approach be taken 

in the selection and procurement of equipment against 

the objectives of the raw materials laboratory in order 

to maximise the utilization of funds and to ensure 

that the maximum expected outputs from each equipment 

is r'?alized. In addition the equipment selection should 

take place in the context of available maintenance seri,"i.ces, 

locally, in-house and internationally. Further, modular 

type equipment which can adapt to expansion/upgrading 

later should be selected where possible in order to 

minimise the effects of early technological obsolescence 

and optimise the benefits from increased outputs by 

component additions later. This will also serve the purpose 

of enhancing the training/development of staff members on 

a phased/stepwise basis. 

3. In the selection of equipment it should be made conditional, 

where possible, that suppliers crews conduct on-the-spot 

training programmes on the use of the equipment and fully 
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demonstrate its potential before their departure. Basic 

troubleshooting of the equipment must be an integral 

part of this training programme. A written report on 

the installation and related training on each piece 

of equipment by a staff member must be prepared. 

4. The procurement and delivery of equipmen: must be done 

on a tinely and carefully scheduled basis involving 

(a) Preparation of the facilities to ~inimise storage 

time 

(b) Detailed checking of equipment against purchase 

orders and packing lists to ensure complete 

delivery and conformity to specifications. 

(c) Selection of the national staff members who will 

be using the equipment. 

(d) Scheduling the visit of the installation team after 

{.a}, (b) and (c) above have been satisfied. 

5. Warranties and g'~arantees must be carefully exalllined and 

efforts be made to en,.;ure that none of the conditions are 

breached. 

6. On the placement of firm equipment orders a detailed 

delivery schedule should be developed to be followerl by 

monitoring of the delivery status of each piece of 

equiplll!nt through UNIOO to minimise time over-runs and 

project implementation slippages. 

7. The sample preparation area of the laboratory is particulary 

critical because of the hardness of the bauxites and it is 

strongly recommended that standard shelf item grindins 

equipment is not selected. rnstead the samples should be 

submitted to prospective suppliers of grinding equipment for 

their testing and recommendation on the most appropriate 

equipment. 
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8. The ongoing recruitl!ent progranme oi staff members should 

be continued on an accelerated basis aqainst the 

organizational structure and work f~ctions to be performed 

in the laboratories. 

9. A detailed training programme involving: 

(a) In-house and local training 

(b) s~uay Tours and Fellowships 

(c) On t.'1.e spot training by visiting 

::::Onsultants and equipment supplie:.-s 

representatives 

is of critical importance. 

Local training should be arranged in appropriate organizations/ 

ins·citutions where possible. Where possible this should 

precede the selection of candidates for furthe~ specialized 

training on fellowships/study tours abroad. 

The services of UNI.DO should be used in identifying suitable 

institutions internationally for the specific training 

requirements and for arcanging fellowships and study tours. 

Consultants and suppliers representatives should be notified 

in advance that they will be required to provide training. 

Where possible this should be written into contracts. 

It is recommen~ed that, funds permitting,at lea.st two staff 

members be sent on the same training course especially in 

the case of overseas fellowships particularly for highly 

special~zed high technology disci~lines 3J1d st.udy tours. 

It is also recommended that in uddition to reports on the 

training programme overseas, participants present an in-house 

seminar on the subject pursued on fellowshi?S and ~tudy 

tours to broaden the scope of tne t&chnology tra.,sfer. 
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10. Where Consultants are used to conduct in-house training 

programI!Es it is reconunended th~t the trainees be care­

fully selected and also that a pre and post-course 

examination be conducted to facilitate critical evalu~­

tion. 

11. A detailed mechanical, electrical, electronic preventive 

maintenance programme must be developed for all the 

equipnent. Where possible the service of local maintenance 

companies should be used and they should ~ork in concert 

with the overseas equipment suppliers especially in the 

absence of local representatives. 

12. In-house maintenance services should also be developed at 

least for basic trouble-shooting and minor repairs. 

Personnel for this purpose should work closely with the 

contracted maintenance company for control purposes. 

13. An inventory of all spares must be established including 

the establishment of stock and re-order levels. This 

can be done manually as well as by computer. 

14. In addition to the spares normally delivered, on request, 

it is recommended that the project manag'!!ment determine 

the possibility of establishing a system of receiving 

spare on consignment from equipment suppliers and make 

arrangements to pay for them only wnen they t.ave bE>i.=m put 

in use. 
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INTRODUCTION 

Iran currently conswres 120,000 tons per year (tpy) of aluminium 

of which 45,000 tpy is produced locally at its Iralco Smelter 

using imported alumina. It is projected that the country's 

alumina requirements will be in the order of 600,000 to 2,000,000 

tpy by the early nineteen nineties. This volume of alumi :la impC'rts 

will require foreign expenditure of about US$200 million per year 

and readily justifies the n~ed to develop a domestic alumina industry 

based on indigenous raw materials such as alunite, bauxite and 

alumina-silicates. 

For this reason the Government of the Islamic Republic of Iran 

established an Aluminium Raw Materials Programme (ARMI>) in 1981. The 

ARMP is a division of the Ministry of Mines and Metal;.; charged with 

the responsibility of implementing the following major activities: 

(i) Continuation of the necessary geological prospecting 

and mining work for producing the required samples 

(ii) 

(iii) 

of alumina-ferrous ores in order to prove the qua.~tity 

and quality of the reserves . 

Establish a raw materials testing laboratory 

Enter into contracts for the undertaking of feasibility 

studies for alumina production from alumina-ferrous ores 

such as alunite, bauxite and alumino-silicates. 

(iv) ConDtruct and operate alumina plants based on the results 

of the feasibility studies. 

Three main types of alumina-ferrous ores are found in Iran, these are 

1. Alunite (found in the north-western region of which 100 

million tons constitute proven reserves and 250 

million tons estimated reserves) • 

2. ,Bauxite (found in the north-western region, with reserves 

estimated at 70-80 million tons). 
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3. Alumina-silicates (found extensively in Iran in large 

tonnages) . 

The three ores vary significantly in their physico-chemical properties 

requiring substantially different processing technologies for extraction 

of their alumina values. Consequently their alumina production costs 

are different. 

In addition, in the case rf al1.inite, the ability to market by-produc~s, 

K
2
so

4 
and H

2
so

4
, imposes constraints on the capacity of the alumina 

plant. 

The variation in the properties of the three ores also require different 

materials handling and testing methods for their technological evalua­

tion. In the earlier and current investigations which required testing 

of the ores, samples were collected and shipped to external laboratories 

for testing at great cost in foreign exchange and time. This necessiLated 

embarking on a programme to establish the materials testing laboratory. 

The cu::rent status of this element of the project is as follows: 

(al The ARMP has been provided with some of the monetary resources 

required for implementation of the initial phases ~f the 

project. 

(b) It has commenced recruitment of the necessary staff and 

has started its training programme. 

(cl It has been provided with land by the Ministry of Mines 

and Metals to locate the laboratory facilities. This is 

located at Karadj which is about 37 km from Tehran. 

(d) The architectural design of the facilities including 

utilities and laboratory infrastructure has been completed 

by Iranian consulting firms, with ;ubstantial inputs from 

the Consultant. 
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The activities of the Consultant were effectively organized by the 

manager of the ARMP Mr. Mohammed Shariari. Detailed discussions were 

held with members of hi:: staff, representatives of the two Iranian 

Consulting firms responsible for the design and construction of the 

laboratori~s. Discussions entailed, equipment selection, installation, 

commissioning and maintenance, logistics of laboratory layout, support 

facilities and infrastructure and the safe use of equipment. The 

training needs for the maximum effective use of facilities was also 

discussed. Discussions were not always limited to the consultants 

job description but also involved considerable sharing of relevant 

experience gained on ST/JAM/80/0Gl "Upgrading the Scientific and 

Technological Capabilities of the Jamaica Bauxite Institute" of which 

the consultant is Project Manager. 

In addition literature of relevance was handed over to theARMP by the 

Consult.mt. 

The duration of the consultancy was for three weeks over the period 2:th 

July to 15th August, 1984 incl~ding briefing/debriefing and travelling. 

Annex No.l is the activity schdule pursued by the consul-:..ant while the 

consultant's job description:: is: given- below. 

Advise the ARMP on the requirements for selection of 

necessary equipment for the e::;-:abli.;hment of an aluminium 

raw materials testi:ig laboratory iricluding the preparation 

of a detailed list of equipment. 

Advise on the implementation ot training programmes for 

national staff both on the job and abroad. 

Make recoT"!JI!endations for the procurement of equipment to 

be installed in the aluminium raw materials testing 

laboratory including the physical conditions and support 

facilities required for their effective use to meet the 

ARMP's objective. 
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Present a report containing conlusions and reconunendations 

for the future work programme of the testing laboratory 

equipment and staffing as well as its organization and 

maintena.,ce and required follow-up technical assistance. 
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PARr l 

REQUDEMENTS FOR AND THE SELECTION OF NECESSARY EQUIPMENT 

FOR THE ALUMINIUM RAW MATERIALS TESTING IABORATORY 

The aluminium rc.w JM.terials testing laboratory (ARMTL) will b ~ equipped 

and staffed to analyse a minimum of 25-30 samples per day. The tests 

to be carried out will include: 

Wet Chemical determinations (routine) of the macro­

components and trace elements of alunit.e ore, bauxite 

and alumina-silicates. This will include comprehensive 

determina~ions on all the components of these materials 

which are critical for their thorough scientific and 

technological evaluation. The components in these kinds 

of materials have been documented variously and relevant 

literature was handed over to the counterparts by the 

Consultant. 

Wet Olemical determinations for the development of new 

analytical methods. 

Mineralogical - prase analyses 

Textural and physico-chemical a~alyses 

Technological testing for simulation of the various unit 

operations for processing bauxites, alunites and alumino­

silicates to determine the optimum technology for the 

most cost-ef fecient process and for selecting the most 

suitable processing variants from the alternatives 

available. This section of the laboratory will not have 

the capacity to han "lle 25-30 samples per day. 

The recommendation was made by the Consultant (and accepted) that a 

Reserves Division be incorporated into the facilities. This will enhance 

the effectiveness of the ARMP and is critical for the efficient and early 

achievement of its objectives. 
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Figure 1 is an operation3 fiowsheet which shows the activities which will 

be pursued in the ARMTL, with the exception of the pilot plant testing, 

which will be pursued later. The technological tests shown in the flow­

sheet will therefore be done at the bench scale. 

Table 1 is a list of the equipment required for each operation and their 

functior/output with remarks as necessary. 

The equipment listed will provide the ARMTL with the maxi.muul capability 

for the analysis and testing of the alumina-ferrous ores in the light of 

available technology \analytical and ore processing methods) and the 

critical parame~ers which the laboratory will need to evaluate for each 

ore. The fact that a reserves prospecting programme is an on-going 

process was ~lso taken into consideration as well as the need to lay the 

foundation from the outset for a well equipped research laboratory since 

the ARMI'L could conceivably develop into the national alumina research 

institution for servicing th~ alumina plants afLer their construction 

later. 

It is noteworthy that the facilities will also enable generation of data 

on the specific consumption of bauxite (tons bauxite/ton Al
2
o

3
) which is 

critical for the technological mapping of the reserves recommended by 

Dr. K. Solymar. Furthermore the soft-gamma ray settler will enable detailed 

and accurate characterisation/modelling of the sedimentation properties 

of the muds generated from both bauxite and alunite processing. These are 

critical for ~ he selection of the most economically suitable variant 

for processing the bauxites. 

The equipment will also enable the simulation of the reductive-roasting 

and leaching technologies for Al
2
o

3 
production from alunite. 

Some of the equipment listed in table 1 are highly specialised - non­

standard items especially in the area of technologi~al testing. Examples 

of these are: 

The Soft Ganuna Ray Settler 

The desilication, preci~itation, temperature controlled 

water bath and 

The Thermo-analytical equipment. 
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~is recommended that these be purchased from ALUTERV-FKI along with 

the necessary soft-ware and technology/training as a package. 

Samples coll~cted for the exploration progranme must be done with the 

view to have these comprehensively analysed and tested for the purF<Jse 

of using them as standards in the laboratory work programme. In addi­

tion it will be necessary to procure other standard bauxite samples 

(diasF<Jric and chamositic) and alunites from other countries where 

these are found eg. Greece, USSR, Mexico. The alumina sub-committee 

of t.1-ie ISO can assist in the supply of some of these sta:idarcis as well 

as analytical met.'1.ods -

In addition to the main equipment the following ancilliary e~uip1:1ent 

are critical: 

Voltage stabilizers for protection of the equipment, 

uninterrupted operation and accurate analysis. 

Eye wash and safety showwers. 

Laboratory pipe fittings (taps, sink etc.) 

Fire extinguishers. 

In addition to the basic utilities the laboratory will need the following 

support serv~ces/utilities: 

Compressed air central s~ation with distribution 

throughout tne laberatories. 

Vacuum - central with distribution throughout the 

laboratories. 

Glassblowing work, equipped with gl<'tss cutting equipment. 

torches, grinding equipment etc. 

Maintenance wo:.:-kshop, e.1.ectrical and mechanical (tools 

include: vol tr.eters, small hand tools, lathe etc.) • 

Standby electricity generator 

These can be housed in a common area - services building off the main 

building - which will be partitioned as necessary. 
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In general it is recommended that the Contracts and Procurements 

Di vision of L'NIDO be used for the procurement of all equipment. 

s~veral suppliers and types of the equipment needed are listed in 

the ONIDO Stud~ (UNIDO} 1.0.466, 15 September 1981: "Profile of 

Transferring Technology in Testing, Investigation and Evaluation 

of Bat!xite". Manuals of the air compressor and vacuum pump were 

handed over to the project manaqerrent. 

Since benefication of the bauxite and alunite will be investigated 

it is reconnnended to purchase a simple high intensity magnetic 

separation for bench scale studies. Th>! Davis tu.oe tester shewn 

in Seper catalogue 0184 will be useful for this purpose. A copy of 

this catalogue was handed over to the project management. 

It will also be critical to establish a proper equipment spare parts and 

lal:;oratory stores for reagents and disposables. A cold room for the 

storage of volatile ch€llli.cals is also necessary. 

In selec7..ing the laboratory ware for the wet analytical laboratory 

teflon and other plastic ware w~ll be necessary for handling alunite 

samples in order to a~oid contamination with sodium. Since this could 

lead to errors by confusing natro-alunite with alunite. 

In addition to the eyewash and safety showers, other safety considerations 

include the safe storage and anchoring of gas cylinders and the procurement 

and location of fire extinguishers in the laboratories. 

The laboratory infrastructure and utilities were discussed in detail with 

the consulting engineerig firms and the recommendations made accepted. The 

layout and logistics of the laboratory discussed should be adhered to. 

Implementation of th~ recommendations will result in the output of a well 

equipped aluminiwn raw materials testing laboratory capable of carrying 

out all the analytical work and technological testing planned for the 

ARMP. 
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PART 2 

IMPLEMENTATION OF TRAINING PROGP..AMMES 

The efficient and effective utilization of ~lle ARMTL will require the 

pursuit of an intensive training programme for members of staff in 

highly specialized disciplines, several of which are highly specific 

and are not coimnonly offered internationally. The training i:'rogranune 

must therefore be combined with the functions of the laboratory 

illustrated in figure l and will take the form of local and in-house 

training and overseas training in similar institutions. It is recom­

mended that international training take the form of: 

1. Study Tours and 

2. Fellowship$. 

In both cases it is recommended that the training division of UNIDO 

organize all trdi.ning programmes after the development and organization 

of a training plan by the project management. 

1. Study Tours: 

A minimt:m of three study tours will be necessary. The objectives of which 

is to provide the uembers of staff of the ARMTL with an understanding 

of the integral nature of laboratory operations/investigations as they 

relate to the bauxite and alunite ore deposits and mine and the opera­

tion of the alumina works. The trainees should aim t~ achieve a substan­

tially high amount of technology transfer on the overall operations of 

alumina production technology from the ore deposits through the laboratory 

to the alumina plant. This should provide a thorough understanding of 

the context in which the ARMTL will operate and a grasp for the scope 

of the work involved in establishing the ARMTL and the conditions necessary 

for its effective use and operation. The information obtained from these 

study tours will also form a basis for formulating specific training 

programmes on fellowships. 
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It is recommended that the thre~ study tours to b~ undertaken should 

be as follows : 

1. Bauxite deposits and alumina plan~ with th.air 

attendant laboratories and ore reserves division 

in a major producer country such as Jamaica, 

producing and processing '-]ibbsitic type bauxites 

bv open pit mining and with low temperature 

.-tl.umina plants and a visit to the newly established 

laboratories and pilot plant at the Jamaica Bauxite 

Institute ~enerated from project ST/JAM/80/001. 

? . A similar tour as in 1 above tc European alumina 1 

plants, laboratories, mines and bauxite _deposits. 

It is recommended that Hungary, France, the FRG 

and Greece be included in these tours. 

3. A study tour to the USSR - t.he Institute of VAMI 

and the Kirovobad alumina plant which is bas~.~ on 

alunite processing. 

These study tours should be organized and implemented at the earliest 

possible time. In each case at least two members of staff should 

undertake the tour and it is recommended that these should take 

place over a minimum of two weeks. The participants should be 

engineers and scientists as necessary and should be fi.miliar with 

alumina production technology. 

In all cases detailed reports should be written as 1:equired by UNIDO 

and an in-house seminar held by the participants. 

2. Fellowships: 

The fellowships recoimnended for the ARMTL staff are as follows: 

Reserves Division: 

1. Training in alumina-ferrous ores exploration (drilling, 

sampling. mapping). 
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2. Reserves Evaluation (computation of tolll"ages and grades) 

3. Mine Planning and Control 

4. Land rehabilitation and Mineral Reserves Manag~ment. 

Th~se fellowships should be pursued by a minimum of two experienced 

geologist over a minimum of six (6) weeks. These fellowships may 

be undertaken at ALUTERV-FKI or the Jamaica Bauxite Institute. 

Wet Cllemistry Laboratory: 

Fellowships for two individuald in the organization and 

operation of a modern wet chemistry laboratory from 

sample preparation and analysis through to data computation. 

This should take a minimum of four (4) weeks including 

several demonstrations on established analytical metho~ 

and techniques and the associated laboratory instruments. 

Morphological Mineralogical: 

A minimum of eight fellowships will be required in this 

area for four principal fields of study with one being 

for an electronic/electrical engineering candidate with 

a strong background in physics. These fellowships are: 

1. Textural and micromorphological studies on baux; t.: and 

alunites by Scanning Electron Microscopy with EDAX 

2 fellowships. Recommended institution ALUTERV-FKI. 

2. ~titative- Phase Analysis by X-Rav, Thermal Studies 

and IR Spectrophotometrx. 

Two (2i fellowships for X-ray analysis, two (2) fellowships 

for Thermal studies and IR spectrophotometry, one (l) for 

surface area, pore size and size distribution and one (1) 

for basic troubleshooting/maintenance of equipment -

especially for the thermal analyzer. 
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Tecllnological Investigations: 

This area will require fellowships of long duration for 

effective technology transfer. It is recommended that 

two (2) fellowships be undertaken at ALUTERV-.t'KI for a 

Il'inimum of three months. The main area of focus will be 

on sedimentation studies by the soft gamma ray settler. 

Th).s will require at least six weeks (including theory 

a.nd demonstrations) with the remainder of the time being 

spent on other areas of technological investigations. It 

is recOI1U11ended that a short fellowship of two weeks 

duratiofi be spent ~~ the Institute of VAMI to observe the 

simulations for the reductive-roasting and leaching 

technologies for alumina production from alunites. 

The ARMTL engineers shruld be sent on these fellowships. 

In aJ 1 cases it is recommended that the fellows be made familiar 

in-house or locally (where possible) on the instruments/technologies 

involved as a pre-cours~ training exercise before travelling. 

To derivll the maximum l:enefits from the training programme it is 

recommended that fellows note and acquire knowledge on; 

1. The detail features of each instrument 

2. The detail conditions for the installation of each 

piec~of equipment. 

3 • All analytical method.:3 . 

4. The range of application of the equipment. 

5. The degree of accuracy and precisio~ for all components 

of alunite and bauxite using each method. 

6. Acquire copies of all analytical methods 

7. Acquire copies of manuals and brochures on each 

piece of equipment. 
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a. Acquire all technical literature (as far as possible) 

on the results of the application ~f the various 

methods. 

9. Ensure that they develop the ability to undertake 

a critical analysis and evaluation of the data 

generated from each analysis/test for application 

in the ARMI'L later. 

10. Information on maintenance should be acquired. 

The scheduling of fellowships should be carefully done in relation to 

the timing of the delivery of equipmert for installation in the ARMTL. 

The time lapse between comp:etion of fellowships and the cotm11encement 

of installation of equipment should be kept to an absolute minimum 

with team;organized in-house to further increase the breadth of the 

transfer of technology. 

In-House Training Programmes: 

These should take the following forms: 

1. Lect·.ires and courses by visiting Consultants 

(these should be informed before hand) . 

2. Pre-course training in-house or in otherlocal 

institutions. 

3. Training equipment suppliers by installation crews. 

It is necessary to make this well in advance. 

4. Seminars by Fellows and participants on study 

tours. It is recoimnended that this be a compulsory 

requirement of nominat~or.. 

Implementation of the training programme above should lead to the effective 

use of the facility. Of importance is the need to establish the laboratory 

work programme at an early date to ensure ehe time-ly pursuit of the 

ARMTL's objective. 
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In additon to these training needs, ARMTL personnel should begin to 

attend international symposia and conferences on bC" . .ixite and other 

alwnino-ferrous ore processing. 

Some of these which may be of interest are: 

TCDC Demonstration Workshop on pilot plant processing 

of bauxite at the Jamaica Bauxite Institute, Kingston 

June 1985. 

Light Metals Conference on the Occasion of the 114th 

AIME Annual Meeting (Bauxite-Alumina Sessions) New York, 

February 24-28, 1985. 

International Symposium on Bauxite Prospecting ar,d 

Mining, October 2-5, 1985. Tapolca., Hungary (Organized 

by ICSOBA and the Hungarian Aluminium Corporation. 
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PAR!' 3 

CONCLUSIONS 

1. At the time of visiting the project the feasibility study of 

aluni te was well underway. It is highly recommended that the 

feasibility study for bauxite be undertaken at the earliest 

possible time since this is critical for the evaluation of 

the alternatives at the disposal of the ARMP arid for making 

sound investment decisions. 

2. Plans for the establishment of the ARMTL (Design and Construc­

tion Phases} are progressing satisfactorily (near =ompletion 

with recommendations by the consultants accepted). The energy 

and architectural consulting firms have done an outstanding 

job. 

3. overall the project has the basis for an efficiently impleme~ted 

project which will bear substantial development and economic 

benefits to Iran. 

4. Staff recruitment is progressing satisfactorily with an enthu­

siastic, dedicated and fairly experienced senior staff already 

in place working under the guidance of a talented,competent and 

experienced project manager. 

5. The complete equipment list now needs to be submitted to UNIDO 

and details obtained front suppliers with quotations for spread 

sheet analysis and ~election of appropriate equipment followed 

by the docuinentation of a detailed delivery and installation 

schedule. 

6. The requireiriants for tr:iining have been identified and a detailed 

training proqramme must be developed for submisiiion to IJNIOO. 

7. The recormnendations for proper maintenance of specific. equipment 

must be obtained from equipment suppliers - including spare parts 

requirements. 
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8. A preventive maintenance programme ll!'~St be established for the 

entire facilities including buildings and support services. This 

will re~re inputs from equipment manufacturers, the designers 

of the ARMTL. The services of these sub-contractors should be 

grouped in a comprehensive maintenance plan which should be 

contracted to and developed by a local maintenance company. 

A maintenance training prograr~ for selected staff members must 

be put in place by the maintenance company. 

9. With careful implementation the project should develop the 

capabilities to yield all the required outputs to enable the 

ARMTL to meet its objectives. 

Follow-up Technical Asssistance: 

Although the staff of the ARMP along with the Iranian Consulting companies 

will essentially undertake the major tasks involved in the establishment 

of the ARMTL, the project will benefit substantially from the involvement 

of UNIDO and its Consultants in assisting with: 

Annexes: 

The selection and procurement of equipment 

Equipment installation and connnissioning 

Development and implementation of training programmes 

and in-house training. 

Laboratory organization and operation and 

Implementation of analysis, testing and technological 

evaluation programmes. 

Annex 1 is the activity schedule of the Consultant while Annex 2 are the 

joint recoll1IIlendations made with Dr. Karoly Solymar (Consultant in the 

Processing of alumina-ferrous ores). Annex 3 is a list of the Senior St4ff 

of the ARMP and the Iranian Consulting Companies. Annex 4 is a list of 

selected papers deliverd to the A.RMP in Tehran. 



25th - 26th July 

27th - 30th July 

31st July 

1st August 

2nd August 

3rd August 

4th August 

5th August 

6th August 

7th August 
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ANNEX l 

CONSULTANT'S ACTIVITY SCHEDULE 

Travel From Kingston to Vienna 

Briefing at UNIDO Headquarters, Vienna 

Arrive Tehran, Conmienced discussions on 
equipment requirements and training. 

Visit to bauxite reserves area with 
Mr. M. Shahriari and Dr. Karoly Solymar 

Continue visit to bauxite reserves areas 
with Mr. M. Shahriari and Dr. K. Solymar 

Holiday. Report Writing. Joint reconunendations 
with Dr. K. Solymar. 

Detailed discussions on equipment, laboratory 
layout and support facilities with ARMP staff. 
Discussions on project scope and status with 
Mr. K..G. Singh (Res. Rep.), UNDP staff members 
UNDP and Dr. K. Solymar. 

Visit to the Alunite reserves area with 
Mr. M. Shahriari and Dr. K. Solymar. 
Discussions on maintenance requirements, and 
detailed basis/just~fication for equipment 
selection. 

Further discussions on laboratory requirements. 
Especially laboratory suppliers, stocks. 
Data processing area/r~quire~etns. 

Meeting with consulting engineers for design 
(Architecture) and energy/utilities. Agreement 
on final design/revisions for construction of 
laboratory building. 
Copy of canmon recommendations presented to 
Mr. K.G. Singh and discussions on progress of 
consultancy. 



8th August 

9th August 

10th August 

11th August 

13th August 

15th August 
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Continue discussions on laboratory requirements. 
Departure of Dr. K. Solymar for Vienna. 

Continue discussions on laboratory. 

As above 

Departure to UNIDO, Vienna 

Debriefing Vienna and Travel to Kingston. 

Arrived Kingston. 
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ANNEX 2 

JOINT RECOMMENDATIONS WITH DR. K. SOLYMAR 

~ E C 0 M M E N 0 A T I 0 N S 

1 - The prefeasibility study for processing Bauxites should be undertaken 

concurrently with the feasibility study conccring Alunite processing. 

It is importan._ to note that the relatively low - grade, Diasporic -­

Chamositic, Bauxite can be processed, effectively by the Bayer process 

with proper process Technology selection for example using catalytic­

additives and two stream digestion ( saturation of the liquior by -­

Bcch~ite sweetening ) and Caustic Soda regeneration Via Mud caustici­

zation. It is also critical to note that the chamosite in this -----­

Bauxite is largely unreactive. 

2 - The Aluminium Raw Materials testing laboratory ( ARMTL ) should have­

the capability of detP.rmining the quantitative chemical and mineralo­

gical composition of Bauxites, Aluni tes and Alumina - Silicate clays. 

It should also be capable of determining the Physico - Chemical 

Characteristics and Morphological properties of these Ores and pro -­

ducts. by - products, wastes and other raw materials used and I or -

generated in Technological simulation studies. In addition it should 

he equipped to undertake the bench - scale simulation of the unit ope­

rations of the process technologies unucr consideration for the Alu -

mino - Ferrous Raw Materials mentioned above. 

3 - UNIDO's assistance in the procu~ement and purchasing of instruments -

and equipment which require hard currency is highly recommended. 

A minimum of US# 1,000,000 is required to pursue this activity in the 

first phase which should last until the end of 1986. 

4 - Technology transfer ( soft ware ) and the organization of special -­

training programmt! for staff members of the laboratory - specially for­

orientation and effective utilization of the more technologically--­

advanced instruments is critically important and is recommended for­

UNIDO's execution before the installation of the equipment. 

5 - Maximum use should be made of the experience gained at the Jamaica -­

Bauxite institute ( JBI ), St/ Jam I 80 I 001 and in China, DP I CPR-

80 I 047 and 81 ( 037 ) , for manpower development and equipment --
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selection, installation anrl com:nissioning and overall project --­

organization and implementation. The study tour of the project ~ 

manager's team to the JBI and the participation of selected staff­

members of the ARMP in the workshop which will be held in Kingston­

in the first quarter of 1985 when the operation of the pilot plant­

wil l be demonstrated is highly recommended. 

6 - As counterpart organizations in the field of design and application 

of pilot plant and industr~al scale t~chnologies for processing-­

Alumina - Ferrous Ores based on their experience, the following -­

institutions are recommended : 

(1) Alunite processing 

(2) Bauxite processing 

Institute Vami. Leningrad USSR. 

A. Aluterv-FkI, BUDAPEST,The Eng.and Dev.­

Centre of the HUNGARIAN Aluminium corpo­

ration, HUNGARY, and 

B. The Jamaica Bauxite Institute, Kingston 

JAMAICA . 

(3) Utilization of Alumino - Silicates Mansfeld Kombinat,FNE (Res. 

Institute of non - Ferrous -

Materials ) Freiberg. GDR.­

Hands - on training in the relevant disciplines are available -

these institutions. Furthermore they can a~sist with equipment 

selection, installaiton, commissioning and operation and overall 

planning and organization of prospecting and R & D programmes. 

7 - From the discussions between the Iranian Consulting firms responsi­

ble for the design and construction of the ARMTL. and the ARMP 

staff and UNIDO Consultants it is evident that these firms can 

effectively implement the tasks for which they have bee~ contracted 

by the ARMP. 

8 - For the effective detailed prospecting and evaluation of the ore­

reserves it is recommended that the following equipment. 



-------------------------~--------- ----- --

33. 

BE l'lllKllASEIJ :\ l'R IOR I 

a. FOR CHEMICAL ANALYSES :· 

1. BALANCES 
2. INDUSTRIAL RAPID ANALYZER (NEUTRON ACTIVATION 
3. ATOMIC ABSORPTION SPECTROPHOTOMETF.R ( AAS ) 
4. FLAME SPECTROPllOTOMETF.R 
5. UV - VIS SPECTROPllOTOMETF.R 
6. THERMATIC TITRATOR 
7. XRF(Phillips - IF SUFFICIENT FUNDING IS AVA:LABLE) 

b. FOR MINERALOGICAL PllASE ANALYSES : 

l. XRD ( PHILLIPS ) 
2. THERMOANALYTICAL EQUIPMENT WITH GAS TITRIMETET ( Q -1500 DERNATO­

GRAPH ) 

c. FOR MORPllOLOGICAL STUDIES 

1. OPTICAL MICROSCOPES 
2. SCANNING ELECTRON mCROSCOPE ( S.E.M.) WITII EPAX 

J. rDR TECllNOLOGICAL TESTING 

I. ~OTARY ALUMINIUM BLOCK DIGESTION SYSTEM WITll MINI AUTOCLAVE --
( 45cc ) BOMBS. 

2. LE/\CI 11 NC. ASSEMBLY 
3 . FIJR'.'JACE ( 1600 C ) 
4. ONE (1) 7.5 LITRE AUTOCLAVE EQUIPPED WITll PRESSURE GAUGE ANIJ­

TEMPRATURE CONTROLLER AND TWO (2) 2.0 LITRE AUTOCLAVES WITH -­
SIMILAR ACCESSORIES. 

4a. THE ABOVE LIST OF EQUIPMENT IS IN ADDITION TO BASIC AND GENERAL­
PURPOSE EQUIPMENT SUCH AS BALANCES, GRINDING MILLS, SEIVES ETC. 
THE PRIORITY OF PURCHASING THE SEM AT TIHS TIME IS FURTHER JUS -
TIFIED BY THE FACT THAT TIIERE-IS NONE~N TEHRAN. PURCHASING OF­
THE XRD IS JUSTIFIED BY TIIE NEED TO ESTABLISH THE MINERALOGICAL­

.COMPOSITION OF THE VARIOUS ALUMINO - FERROUS ORES AND TO DETERMINE 
THE DEGREE OF VARIATION FOR A GIVEN TYPE·-OF ORE. THE··LAITER €AN 
NOT·BE THOROUGHLY EVALUATED IN A COUNTERPART-f.ABORATORY 

5. ONE (1) OIL BATii AND SIX(6) 250cc CAPACITY AUTOCLAVES FOR OPERA­
TING TEMPRATURES UP TO 250 C ( ABOUT SO BARS ) 

6. DESILICATION I PRECIPITATION/ CAUSTICIZATION.TEMPRATURE CONT~ 
ROLLED WATER BATH UP TO 100 C EQUIPED Willi STIRRED VESSELS AND -
BUILT IN OSCIMHOTRANSM11iER FOR CONTINUOS CONDUCTIVITY MEASUR ~ 
MENT • 

7. TWO (2) IHGll SPEED LABORATORY CENTRirUGES UP TO 4,000 RPM 

8. ONE (1) w\BORATORY VACUUM FILTER AND ONE (1) LABORATORY PRESSURE 
FILTER. 

c. _Ii\TJ\ PROCESSINf. EQUIPMENT 

J. ONE (1) MULTI - IJSER MICRO COMPUTEn Wll'fl SIX ((i) TERMINALS WITll -
ONE TEl(MINAI. FOi( l.llmi\RY INFOl(MATION STOl(J\(;E /\ND IH:TIUEVJ\L U~flf­

l'PEO WITll ~100EM FOR Tl E IN TO INTERNATIONAL TNFORMJ\T10N SYSTEMS. 
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-, ONE (1) MICROFILMING EQUIPMENT FOR PROCESSING MAPS AND OTHER -
IJO~llMENT~. EQllIP~IENT l. AND 2.e ABOVE SllOULD BE SPECIFii::IJ -
A:.;O IDENTIFIF.O AS SOON AS POSSIBLE FuR PURCHASING LATER IN RE­
LATION TO TIIE PHASING OF TllE Sl'ECIFIC TRAINING PROGRAMME -­
( ACCORDING TO TIIE THIE SCHEDULE OF TllE MJ\STER BAR CllJ\RT ) • 

9 - IT IS RECOMMENDED TO SEPARATE THE COSTS OF TECHNOLOGY TRANSFER 

( SOFT WARE ) AND TIIE CO')T OF TRAINING ANO FELLOWSIIIPS FROM THE -

EQUIPMENT COST ( HARDWARE ) WHEN CONSIDERING TIIE DlFFERENT SJURCES 

AVAlLABLE FOR FINANClNG. 

10 - lN ORDER TO FACILITATE THE LOGICAL FLOW OF SAMPLES, OVSRALL EFFI­

CIENCY ANO SAFETY IT IS RECOMMENDED THAT THE FOLLO\VINt; GUIDELINES 

BE CONSIDERED IN TIIE MASTER LAYOUT OF TIIE LABORATORY : 

a. THE DRY INSTRUMENTAL PHASE ANALYTIC.\L LABORATORY UNITS SHOULD -
BE LOCATED IN TIIE SAME AREA. 

b. ALL TECHNOLOGICAL TESTING UNITS SHOULD BE GROUPED IN THE SAME -
AREA. 

c. A ORE RESERVES SECTION CARRYING OUT THE FUNCTIONS OF PROSPECTING 
ETC. SHOULD BE CONSTRUCTED ON THE PREMISES OF THE ARMTL. TI!IS­
WOULD ENllANCECOMP-nJNICJ\TION PROMOTE GREATER INTERACTfON ANO IN -
GENERAL INCREASE TIIF. EFFICIENCY ANO EFFECTIVES OF TIIE EXJ>LORA -
TION PRO<;RAMME. 

11 - FOR ALL RADIATION EQUIPMENT USTNC. VARIOUS SOURCES, IT IS HI\.llLY -

RECOMMENDED TO OBTAIN TIIE EXACT SPl£U:lCATIONS FOR TllEIR SAFE USE­

A~D HANDLING FROM THI: COMPETENT AlITHORITIES AND EOIJIPMENT SUPPLIERS 

AND TO PROCURE AN OPERATION PERMIT IN ADVANCE OF THEIR PURCHASE -

ANO INSTALLATION. 

THE FOLLOWING EQUIPMENT ARE TO GE CONSIDERED FOR TIHS PURPOSE 

a. XRD AND XRF, 
b. S. E. M. 
c. INDUSTRIAL RAPID ANALYZER TYPE MTA- 1527200 BY NElITRON ACTIVA-

TION, 
d. SOFT GAMMA RAY ABSORPTION MODEL SETTLER. 

12 - IT IS NECESSARY TO DESIGN A CENTRALIZED SYSTEM FOR THE PROVISION -

OF TIIE COMMON SERVICES OF VACUUM AND COMPRESSED AIR TO EACH LABO -

RATORY UNIT ( AS NECESSARY ) • IT IS RECOMMENDED TIIAT THESE SERVI­

CES BE HOUSED IN TIIE BUILDINf. Pr.OPOSED FOR LOCATtoN OF TIIE STANDBY 

DIESEL ELECTRICITY GENERATOR. 

13 - PROVI.HON SllOULD BE MADE FOR TllE INSTALLATION Of TIIE FOLLOWINC -

SUl'PORTANI> SERVICE FACILITIES : 

a. A PllCYTOC.RAPllY LABUPATORY ( fOR S. E. M. ) 
h. " GLASS BLOWING AND nEPi\RINC. wo•~KSllOP 
c. f\ W\£ NTENANCE ( MECllAN f CAL, 1:LECTIU CAI. ) WOR KSllOP, 
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14 - THE PROGRAMME OF LOCAL TRAINING OF ARMP STAFF ALREADY INITIATED­

BY TIIE PROJECT MANAGER IS SOUND AND EFFECTIVE AND SHOULD PROVE -

TO BE HIGHLY BENEFICIAL LATER. IT IS RECOMMENDED 111AT THIS BE -

INTENSIFIED AND SYNCHRONISED WITH TllE PLANNED ACQUISITION OF -

SPECIALIZED EQUIPMENT. ·nus SllOULD BE FOLLOWED BY FURTHER TRAI­

NING ABROAD RELATING TO TIIE CHARACTERISTICS OF TllE GIVEN RAW -

MATERIALS AS DETERMINED BY TIIE SPECIALIZED ADVANCED EQUIPMENT -­

BEFORE THE INSTALLATION OF SIMILAR EQUIPMENT IN TllE ARMTL. 

IS - IT IS RECOMMENDED THAT A MASTF.R BAR CHART BE PREPARED FOR TIIE 

ENTIRE PROJECT REFLECTING TIIE SEQUENCE AND SCHEDULE OF EACH MAIN 

ACTIVITY AND THAT THE MAIN ACTIVITIES BE BROKEN DOl'IN INTO --­

DETAILED MINI BAR CHARTS FOR CONTROLLING AND MONITORING EACH ~ 

ACTIVITY AND EVENT. THESE SHOULD BE REVIEWED AND REVISED ON A­

REGULAR BASIS BY THE PROJECT MANAGEMENT. 

16 - QUOTATIO~ FROM THE POTENTIAL EQUIPMENT SUPPLIERS BY UNJDO SHOULD 

BE OBTAINED AS SOON AS POSSIBLE FOR ALL OF THE EQ~IPMENT, START­

ING WITH THE MORE EXPENSIVE ONES, INDEPENDENTLY :1f- TIIE EXPECTEl1-

SOURCES OF FINANCING. 

17 - PREPARATION AND DETAILED INVESTIGATION OF SOME SELECTED SAMPLES -

OF EACH RAW MATERIAL IS NECESSARY FOR THEIR USE AS STANDARDS IN­

TI-IE QUANTITATIVE CHEMICAL AND MINERALOGICAL ANALYZES, MORPllOLO -

GICAL AND TECHNOLOGICAL TESTS TO BE CARRIED OUT IN THE ARMTL. 

IT IS RECOMMENDED THAT THIS WORK BE PERFORMED IN ONE ( OR MORE -

AS NECESSARY OF TIIE COUNTERPART FOREIGN' INSTITUTIONS. ). IN -­

ADDITION A PROGRAMME OF COLLECTION OF STANDARD ALUMINO - FERROUS­

SAMPLES FROM DIFFERENT REGIONS SHOULD BE INITIATED. 

18 - SIMPLE PHYSICAL ORE DRESSING METHODS ARE f\ECO~t.tlNDED FOR ALUNITE 

AND BAUXITE BENEFICIATION. IT IS RECOMMENDED THAT THE NECESSARY 

EQUIPMENT BE INSTALLED IN THE ARMTt. 

FOR THE BENEFICIATION STUDIES ASSISTANCE MAYBE OBTAP'ED FROM THE 

COUNTERPART INSTITUTIONS NAMED BELOW : 

a. MECllANOBR, LENINGRAD, USSR ( FOR ALUNITE ) 
b. ALUTERV - FKI, BUDAPEST, HUNGARY ( FOR BAUXITE ) 
c. RUUARSKI INSTITUT, BEOGRAO, YUGOSLAVIA ( FOR PILOT TESTING 
d. FORSSCHUNGS INTITUT FUR AFBEREITUNG (FIA), FREIBERG, GDR 

( FQ~ PILOT TESTING ) . 

SOF6 



PREPARED BY : 

I I 

l"- ~~, J: er ..... 1·-

KMOLY JoLYMAI~ 
CONSULTA~T IN TllE PIWCESSING 
Gt-: ALUMINO - FERIWUS ORES 
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TEHRAN 7th. AUGUST 1984 

AND 

<ill Fu 

,~ .,~,J 1 ~fJJ;~·~'-~. 
't-rm~o ,;OUGLAS ... ' ; 

CONSULTANT JN MATERIAl.S­
TESTING 
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ANNEX 3 

SENIOR PARTNER STAFF 

THEIR NAMES AND SPECIALIZATION 

I. Senior Partner Staff of ALUMIRAN Co. 

/Alwnina Raw Material Progranr"'..e, Gharani Ave. Bimeh Alley No. 9. Telran 

Telephone: 833252-3, Telex No.: 212334 NISC-IR/ 

l. SHAHRIARI, Mohammad 

2. SAYAR, Mahmood 

3. HASSANZADEH, Ebrahim 

4 • AZAR.ANG, Mahmood 

5 • MALEKMOHAMADI, Aman 

6. JOUIZADEH, Shahriar 

7. SHAHRUKHI, Kiumarce 

8. HABIBI, Javed 

9 • KUZEH KANANI, Ferideen 

10. HEMATI, Kholemreza 

Project Manager of ARMP 

Chem. Rng., in charge of Alw1.i..te Project 

Chem. Eng., in charge of alumosilicates 

and Laboratory Project 

Chem. Eng., Alunite Project 

Mining Eng./Alunite, Alumosilicates 

Project 

Mat. Sci. Eng. /Alumosilicates Project/ 

Chemist/Wet Chem. Anal. Lab./ 

Geologist 

Geologist 

Geologist 

II. Senior Partner Staff of the Architecture Consulting Eng./ SHAHR AND 

BARNHMEH/: 

1. SOUKJ:ASIANS, Ara 

2 • - TA VAKILI f Esmail- -

Engineer 

Engineer 

III. Representatives of Energy Consulting Eng.: 

l. 

2. 

KHOEE, H. 

SHARIFI, Y. 

Engineer 

Engineer 



l. 

2. 

3. 

4. 

5. 
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ANNEX 4 

LIST OF PAPERS DELIVERED TO 

THE ARMP IN TEHRAN 

HALL, Robert B. : 

SKIJAROV, R.J.: 

SOLNTSEV, Sergei: 

GOVETT, M .H., and 
LARSEN, J. : 

DOUGLAS, Conrad G.C.; 

World Non-bauxite Aluminium Resources -
Alunite - Geology and Resources of 
Aluminium, Geological Survey Professional 
Paper 1076 - A. 

The Global Law - Governed Nature of The 
Development of Bauxite and Alunite Deposits. 
4th International Congrss of the Study of 
Bauxites, Alumina and Aluminium, Vol. 2, 
Eauxites. Athens, Oct 9-12, 1978. 

The Soviet Aluminium Industry - Methods 
and Materials, Sept. 1983. 

Aluminium - Australian Mineral Eccnomics 
Pty. Ltd. 

UNEP/UNIDO Workshop on The Environmental Aspects 
of Alumina Production, Paris 20-23, Jan., 1981. 
SecreL~riat's Report. 
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