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e (Co-operation / guidance in laboratory simulation and preparation of a working
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novelties in alumina production” held at INARDDC.
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ABSTRACT

The second retum mission was organised by UNIDC Vienna in the framework of the project to
assist the Government of India in sctting up a functioning Aluminium Research Development and
Design Centre (Project no. DP/IND/88/015/11-08). The second return mission is the continuation
of the former two missions. During the fist mission of the expert duning the period 13th
September and 24th November 1993 preinvestment studies for the modemnisation/expansion of
alumina plants of BALCO, HINDAL CO and NALCO were prepared by the staff of INARDDC
with guidance of the consultant. During the first return mission between 7th November 1994 and
21st January 1995 the main duties of the consultant were: guidance in preparation and fulfilment
of follow-up activities covering above stdies, lahoratory simulation and guidance and preparation
of training materials. During the present second return mission the following main activities have
been fulfilled by the consultant :

e Guidance in the preparation of further follow-up activities concerning the preinvestment
studies prepared for BALCO, HINDALCO and NALCO in 1993-94 and related to co-
operation with NALCO.

¢ Co-operation/guidance in laboratory simulation and preparation of a working paper on
“Optimum process technology for Indian bauxites based on mineralogy”

e Guidance’/preparation of ‘raining matenals. Organisation of the technical programme and
delivery of papers to a workshop on “Emerging trends and novelties in alumina production”

held on 30th November and 1st December 1995 at INARDDC.

Altogether four papers have been prepared and delivered by the consultant dealing with the status
of primary aluminium industries, competitiveness of the Indian alumina refineries, pressure
decantation and hyperbaric filtration of red mud slurries.

In order to achicve further progress in laboratory process simulation the implementation of an up-
to-date digestion testing equipment, larger volume precipitators and a traditional red mud settling
cquipment are reccommended. The organisation of simultancous digestion and precipitation tests
and systematic simulation and mathematical modelling of precipitation for all alumina plants are

advised.




Closer coopeiation and regular contacts are required with the companies in order to reach faster
progress in implementation of process technologies recommended by INARDDC.

Further development of the good level of mathematical modelling is recommerded which can be
one of the strongest areas of the Centre in the future besides bauxite reserve evaluation and
energy auditing

Cooperation with engineering company (¢.g. Engincers India Limited) in preparaticr of
preinvestment studies is highly recommended, with regard to instrumentation and proc23s control
the Tata Rescarch Development and Design Centre would be an adequate counterpart of the

INARDDC.

Nagpur, 18th December, 1995 .
Dr. K. Solymar

UNIDO Consultant




INTRODUCTION

The second return mission was also organised by UNIDO, Vienna and by the Jawaharlal
Nehru Aluminium Research Development and Design Centre (JNARDDC). Nagpur in the
framework of UNIDO Project “Assistance to the Government of India in setting up a
functioning Aluminium Research Development and Design Centre™ (Project No.
DP/IND/88/015/11-08). The second return mission was the continuation of the former
ones fulfilled between 13th September and 24th November 1993 and between
7th November 1994 and 21st January 1995. The mission was planned originally for
2 months duration bat it has been extendeu on the site to 3 months on the request of
national Director and CTA.

The recommendations of the preinvestment studies are valid now-a-days yet and the
expected intensification of the alumina plants need further laboratory simulation, computer
modelling and techno-economic evaluation to be carried out by JINARDDC.

In the meantime HINDALCO decided to realise the plant expansion independently in
cooperation with foreign aluminium company, while at BALCO urgent actions were
necessary to stabilise the plant operation because of the shortage in caustic soda and
alumina in the cycle. The intensification of both BALCO and NALCO plants arc very
sctual. Furthermore, recently INARDDC started the cooperation with MALCO where the
capacity increase is also required. The report has been written by Dr. K. Solymar as a
result of his second return mission. The related job sescription is enclosed as Annexure-I.
The activity at JNARDDC in Nagpur was started on 23rd September and terminated on

18th December 1995.




ACTIVITIES

The actualised tasks of the consultant have been determined by Dr. T.R. Ramachandran.
Director and Dr. J. Zambo, Chicf Technical Adviser in agreement with the above job
description, requests of the companies and the workplan of JINARDLDC for 1995. The

work prgoramme of the consultant is enclosed as Annexure-II.

According to this work programme the activity of the consultant covers three main fields :

» Follow-up actions concerning preinvestment studies prepared for BALCO and
NALCO in 1993-94 and preparation of the cooperation with MALCO.

e Co-operation /guidance in laboratory simulation of digestion and precipitation.

e Guidance/preparation of training materials, organisation of a workshop on alumina

production and deliver papers.

The companies related activity was focussed on the problem shutting of the BALCO
Korba Alumina Plant caused by the critical shortage in caustic soda and alumina in
the cycle.

In connection with laboratory simulation tests and development of the Indian alumina

production a working paper was prepared on “Optimum process technology for Indian

bauxites based on mineralogy”.

The draft of the study on “Main development trends, laboratory simulation and modelling
of precipitation prepared by the consultant during his first return mission has been finalised
by the experts of INARDDC in the main time.

The following papers have been prepared and delivered by the consultant at the

Workshop on “Emerging trends and novelties in alumina production” which was

held at INARDDC on 30th November and 1st December 1995 :

e The status of primary aluminium industrics

Compatitiveness of the Indiun aluinina refineries

e Pressure decanter: a revolution for red section

Hyerbaric filtration as means of siznificant improvement in red mud disposal.
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The same experts of the Centre who have participated in the preparation of the
preinvestment studies in 1993-94, were mostly involved in the follow-up .ctions,
discussions, consultations and laboratory test work, too. The list of the cooperating
experts (senior counterpart staff) is enclosed as Annexure-T11.

The close and good cooperation with Dr. C. Misra, UNIDO consultant in all laboratory
and alumina plant related topics is also to be emphasized beside the valuable kind guidance
of the Director and CTA.

The detailed programme of the above mentioned workshop and the list of delegates are
cnclosed as Annexure-1V.

The schedule of the second retumn missien is given below :

Departure from Budapest to Delhi Sept. 20
Visit UNDP Office Sept. 21-22
Arrival to Nagpur from Delhi Sept. 22

Evaluation and discussion of the alumina production
related activity of Centre carried out in 1995. Guicance
of lab tests

Fact finding mission to Korba alumina plant of BALCO | Oct. 8-14
(Departure on 8th Oct, arrival back on 14th Oct)
Preparation of technical papers for the workshop and | Oct. 15-Nov. 29

for BALCO
Workshop Nov. 30 - Dec. |
Meceting with NALCO experts at INARDDC Dec. 2

mccting with BALCO delegates in Nagpur Dec. 3

Finalisation of the working  paper on optimum | Dec. 4-11
processing of Indian bauxites
Departure  from Nagpur to Bombay, meeting at | Dec. 12
MALCO Office
Departure from Bombay to Mettur Alumina Plant of | Dec. 13
MALCO visit of via Bangalore
Departure from Mettur to Nagpur via Bangalore- | Dec. 14

Hyderabad

Preparation of the report on second return mission Dec. 15-18
Departure from Nagpur to Delhi Dec. 18
Departure from Delhi to Budapest Decc. 19




A/ Follow-up actions concerning the preinvestment studies prepared for BALCO,

NALCO and HINDALCO in 1993-94 and cooperation with MALCO

Extended and successfull activity is going on in the Centre in the ficld of the evaluation of
the bauxite reserves and future bauxite supply for BALCO and HINDALCO including
detailad studics on quantitative mineralogical composition and lub simulation of the
grindability and digestibility of the selected bauxite samples.

Encouraging results have been achicved relating to the optimal beneficiation of the
Panchpatmali (NALCO) bauxite by means of the high intensity wet magnetic
scparation.This ore dressing scems (o be viable if the long distance transportation of this
bauxite is required, e.g. to BALCO plant or to abroad.

The energy auditing of BALCO Korba alumina plant has been carried out with great
success and similar measurements are expected soon at NALCO Danunjodi alumina
plant, too.

Unfortunately, no significant progress was achieved relating to the intensification and

alumina plant expansion at thc companics.

i. Fact finding mission and evaluation of the status of the BALCO

Korba Alumina plant

We visited the Korba alumina plant during the period October 9-13, 1995 together with
Dr. A.K. Nandi, Mr. M.J. Chaddha and Mr. V.Vishwanathan. Dr. T.R. Ramachandran
Director and Dr. J. Zambo CTA also were with our team for a couple of days. The

evaluation and recommendations can be found in Annexure-1V.

The detailed study of the actual situation and that of the expected improved status which

can be achieved after the stabilisation of the plant operation by means ol the refillment of

the caustic soda and alumina shows that the target 185 kt/a production can be achieved. In
order to reach 200 and 225 kt/a capacity MR control, hydrate slurry cooling, digestion
lime charge, thercalter process intensification by parallel stream or swecetening are

required.




Based on the further discussion on 3rd December with Mr. K.P. Paul INARDDC analysed
the level of NaO loss in function of the amount of the return water from the red mud
pond. It was found thai 2m3/t recycling is required to avoid extra loss which Increascs
very rapidly at 1.5 m'/t already (about +5 kg Na.O/t) and at | m'/t reaches a vatue of +9
kg Na,O/t.

Furthermore, the laboratory modelling of the BALCO precipitation combined with
computer simulation justified -hat at an aluminate liquor concentration of 145-150 g/l as
Na.O caustic with ar MR of 1.£2 and with 350 g/l seed 73-74 kg/m’ liquor productivity
can be achieved if 12 precipitator tanks are in operation (tzmperature profile: 60°C -50°C

or 65°C-54°C).

2. Further cooperation with NALCO

A meeting was held in connection with the Workshop at INARDDC 'n order to discuss
the potential topics for cooperation between NALCO and the Centre. The minutes of
meeting is enclosed as Annexure-V. Although the only feasible intensification is the low
pressure digestion, no decision has been made yet. The Centre should make furtaer efforts

in this direction. The regular contact and the projects mentioned with NALCO intercst can

strengthen the cooperation very significantly.

3. MALCO Cooperation

INARDDC has already been involved in MALCO related activity in the field of laboratory
simulation of digestion.

The meeting held in Bombay at MALCO headquarter on 12th December was the first top
level discussion hetween NALCO and INARDDC. Dr. T.R. Ramachandran’s presentation
indicated the capability of the Centre and the potential ficlds of cooperation. MALCO
expressed his willingness to usc the assistance of INARDDC. The UNIDO consultant
discussed the opportunities of the intensification and capaciy expansion of the alumina
plant and cmphasized the capability of the Centre to prepare relatzd techno-cconomic

study. It has heen agreed that the next technical discussion will be held in Nagpur at




JINARDDC on 2.nd December. In order to prepare this meeting accordingly the Agenda
of the meeting with explanatory notes was prepared by JNARDDC based on the plant visit
taken by INARDDC team (Dr. J. Zainbo, Dr. K. Solymar, Dr. A.K. Nandi. Mr. H.K.
Chandwani). The Agenda is enclosed s Annexure-VI. The recommended intensification
is based upon the increase of the caustic soda concentration of precipitation and digestion

with about 20 g/l Na;O caustic.

B. Co-operation/guidance in laboratory simulation_and preparation of a working

material

Between February and September 1995 the laboratory technological tests weice focussed
on the digestion and evaluation of different bauxite samnles from technological point
of view.

The precipitation equipment was investigated only related to the temperature profiles and
no precipitation tests were carricd out.

The consultant made actions to prepare the laboratory madelling of orecipitation until the
arrival of Dr. C. Misra. These tests have been guided by him.

In order to promote the further development work and laboratory simulation a working

material has been prepared by the consultant on “Optimum_process technology for

Indian bauxites based on mineralogy”.

This study emphasizes the role of the mineral individualism and heterotypism in the
bauxites with special regard to the high crystallinity of gibbsite, bochmite and anatase in
Indian bauxites. This fact should be considered at the sclection of the optimum precess
technology. Jt is evident that the gibbsitic bauxites should be processed at low-pressure
digestion (145-160°C) and the monohydrate bauxites at high temperature digestion
(optimally with time charge) along with gibbsitic ore cither in a parallel stream or applying
sweetening in order 1o reach adequate saturation of the digestion effluent and pregnant
liquor by alumina which is the most important precondition of the high liquor productivity,

(iat is the competitiveness of the alumina refinery in long term.




Tws working paper can be used successtully at the cluboration of R&D projeci proposals

as a basic information.

C. Guidance/preparation of trainine materials, Qrganisation of Yorkshop on

alumina process technology

According to the workplan of INARDDC for 1995 the activity of the consul nat was also
focussed on the elaboration of the training material and orgamisation at the technical
programme of the related Workshop.

The training material on the “Main_tendencies in the development of the world

aluminium industries with special reference to_alumina production” has been

prepared by the consultant during his first return missions and was completed carly 1995
by the staff of the Centre.

The present activity was aimed to organise a werkshop on “Emerging trends and

novelties in alumina production”. The technical programme of the Workshop has been

recommended and finalised by the consultant with close cooperation with Director, CTA,
Dr. C. Misra and Dr. P.M. Prasad. The programme covered the fields of the precipitation
and chemical grade alumina hydrates and alumina and that of the red rud disposal and
utilisation beside of the analysis of the status of the aluminium industry at the end of 1995
and discussions of the status and future prospects of Indian bauxites and the maun
tendencies in process and equipment development as pressure decantation and hyperbaric
filtration of red mud. The mathematical modelling of the Bayer process. and especially that
of the precipitation were also key topics of the workshop. Natually alt the papers paid
special attention to the Indian conditions. It was a great success that the scientists of the
Centre delivered excellent papers in different topics demonstrating the progress achieved
also in this aspect duving the past few years. the required contribution of the Consultant to
this activity was limited mostly to the selection of the scope of the papers and to advice of
the presentation. Dr. ALK, Mandi, Mr. M.J. Chaddha, Mr. H.K. Chandwoni and 1.
Mahadevan justified their high technical level and capability to tcach their colleagues in
India. The programme of the workshop and the list of Delegates are enclosed

as Annexure-VII.




The consultant should express his high appreciation related to the actual preparation of
wltogether 8 papers on behall of the scientists of INARDDC to be presented at BAUNAL

Conference next year.

The consultant has prepared and defivered the following papers :
e The status of primary aluminium industrics

Competitiveness of the Indian alumina refineries

e Pressure decanter : arevolution for red section

Hyperbaric filtration as a means of significant improvement in red mud disposal.

The status of primary aluminium_industries at the end of 1995 is healthy and

encouraging. It is expected that most probably 2.7 m tpy brownficld and 1.O m tpy
greenficld alumina capacity will be erected by the end of this decade. Based on the good
competitiveness of the Indian alumina refineries, first of all NALCO and Orissa bauxite
related projects, the expectations for the Indian alumina industry in the near future are
very promising. Intersification of Damanjodi Alumina Plant to increase the capacity by (1.5
m py and the LOmtpy UTKAL. greenfield projects are prime candidates.

The competitiveness of the Indian alumina refineries can be evaluated on the hasis of

e detailed analysis of the alumina production costs. Although the NALCO Danunjod
alumina refinery can be found among the most competitive alumina plants on the world, it
is to be considered that this advantage is the consequence of the availability of the high
grade and very cheap hauxite. (40 US $ saving per ton of alumina in comparison with the
world average bauxite cost) and the low cost of the manpower and overhead (further 20
US $/t advantage).

The sum of these cost elements, that is 60 US $/tis the dilterence in the production costs
of Damanjod plant and world average. It should be drawn the conclusion that all the
efforts are to be made to increase the compettiveness of the Indian alumina relineries,
including NALC'O operation, mostly by means of the intensificaiion in order to reach
stable position on the world alumina and aluminium market for long term. Export oriented
alumina plants can be viable only on the hasis of a state of the art process fecknology.

therefore the use of the low pressuse digestion, parallel stream operation and sweetening,




are the only solutions as they have been recommended in the pre-investment studics

prepared by INARDDC in 1993-94.

The pressure decanter : a revolution of red section because this process technology

and equipment enables the maximum supersaturation of the pregnant liquor by alumina
without any danger of autoprecipitation. This is a key equipment to reach high liquor
productivity up to 90 kg/m’ and beyond in any existing plant. Further advantage is that the
amounts of stored NaOH and alumina in the liquor circuit (inventory), can significantly be
reduced. The equipment is 50 times riore effective relating to the surface area than the
traditional thickener. Finally, but not less important is the fact that the pressurc decanter
enables to develop and accomplish new processes wheic the pressure decantation is a key
unit operation, e.g. Counter-current double digestion, fast separation of the slurry after
sweetening etc. ‘
The first tests for pressure decantation have been carried out in Ewartor (Jamaica) and
Vaudreuil (Canada) then at Simizu (Japan). It is planr=d that the transformation of the
Ewarton plant to pressure decantation will be accomplished by the end of 1996. So
ALCAN have cxperiences for processing Jamaican, Guincan (Sangaredi, Boke) and
blended Weipa/Bintan bauxites. The temperature limit of 150°C can be assumed, imposed
by flocculant degradation.

The underflow mud of the Jamaican bauxite contained 25-30 % solids and the solid
content in the overflow of the pressure decanter amounted to 30-80 mg/l at a flocculant
dosage of 100 g/t red mud. The pressure decanter should be considered as a qualitative
break-through in the separation of blow-off slurry.

Hyperbaric filtration_as = _means of significant improvement in_red mud disposal.

The hyperbaric filter combines the continuous operating principle with an increase in
filtration pressure of up to 6 bar simply by placing the entire disc or drum filier inside a
pressure vessel. The hyperbaric pressure filters, mostly disc filters are in operation world-
wide in coal and mineral dressing industry. The filters are built by Andritr. A.G. (Graz,
Austria) in sizes from 6 m’ up to 120 m* for the disc model and from 1.6 m* up to 25w’

for the drum model.




The laboratory simulation tests and the pilot plant tests carried out by the Andritz mobile

hyperbaric filter plant justified the great prospect of this new operation and equipment for
the filtration of red mud slurries, first of all in red mud disposal. The hyperbaric filter
enables the red mud to be filtered and dried to a moisture content of less than 30 %
(typically to about 25%, in some cases vven as low as 20 %), it has comparatively high
productivity (300 to 6060 kg/m’h) and its operation is practically continuous. The
hyperbaric pressure filtration produces a non-thixotropic, dry cake of 75 % solids. This
red mud can be transported by truck or conveyor belt to the disposal arca. Its caustic soda
content can not he drained off or reclaimed by rain water which does not penetrate 4 mud
deposit of this density after proper disposal and compaction.

The application of hyperbaric pressure filtration is fully justified for the alumina plants
which are under critical conditions due to the huge amount of rain water accumulating
continuously in red mud pond, e.g. at Intcralumina Venezuela or NALCO at Damanjodi.
One of the most promising further field of application may be the direct filtration of
blow-off slurry. The consultant contacted Andritz A.G. in order to supply the Centre and
the Workshop’s participants with relevant information and basic literature. This request
was fulfilled and the informative leaflets have been distributed.

It can be forecasted that the pressure decanter and hyperbaric pressure filter will find wide
application in the future alumina plants.

The related work plan of INARDDC for 1995 has also contained the task cf “Preparation
of training material for the freshly recruited staff of the primary alumina and aluminium
producers”.

Based on the availability of the adequate training materials and Workshop proceedings in
the Centre, the preparation of further training kit has not heen required. The guideline of

the recommended training programme and the sclected material to be studied by the

freshly recruited alumina experts is enclosed as Annexure-VIIL It can be scen that at
least one month training (Group training) is to be organised at INARDDC which contains
the most important laboratory simuiation tesis of the main unit operations of the Bayer

process, toc.




D. Providing the Centre with copies of relevant literature

The list of the copies of the relevant hiterature submitted to the Centre is enclosed as

Annexure-1X.
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6.

CONCLUSIONS

Extended and successful activity is going on in the Centre in the liled of the
evaluation of the bauxite reserves and future bauxite supply for BALCO and
HINDALCO. Such kind of activity has been recommended for NALCO, too. The
recent negotiations scem to be successful.

Encouraging results have been achieved relating to the optional beneficiation of the
Panchpatmaii bauxite (NALCO) by means of the high intensity wet magnetic
separation.

Energy auditing of BALCO Korba Alumina Plant has been carried out with great
success. Similar activity is expected in the near future at NALCO, too.

Unfortunately, no sigrificant progress was achieved relating to the intensification and
alumina plant expansions at the companies, although the recommended process
technologies elaborated in the pre-investment studies are feasible and justified by
world-wide practice.

Significant efforts were made to stabilize the BALCO Korba Alumina Plant operation
to solve the problems caused mostly by the shortage in caustic soda and alumina in
the cycle. Proper evaluation and recommendations have been claborated by
JNARDDC based on a fact finding mission and measures made already by BALCO
suddenly resulted in some improvement.

The laboratory simulation and mathematical modelling of the precipitation processes
of BALCO and NALCO is in good progress, which was prepared by the consultant
during his first return mission and now in cooperation with Dr. C. Misra, then the

activity was performed by the staff under the guidance of Dr. C. Misra.

Similar activity is to be started relating to MALCO and HINDALCO precipitation, too.

The first results have been validated and applicd for different variants of BALCO

precipitation.




9.

Covperation with NALCO is expec ed to be restarted as a resuli of a meeting held in
Nagpur on 2nd of December.

As a new alumina producer, MALCO was contacted in 1995 and further extended
activity relating to the intensification of the Mettur plant is expected based on the
discussions made in Bombay on 12th December and plant visit taken in Mettur on
13th December.

A working material prepared by the consultant on “Optimum process technology for
Indian bauxites based on mineralogy™ justifies the recommended process technologies
in the preinvestment techno-economic studies for BALCO, HINDALCO and
NALCO. They are : low pressure digestion at NALCO, parallel stream operation
and/or sweetening at BALCO and HINDALCO.

The workshop on “Emerging trends and noveclties ir alumina production™
concentrated on the most actual tasks of the technical development on the ene hand
as future bauxite supply, physical and mathematical modelling of precipitation in
order to increase liquor productivity, mathematical modelling and advanced control of
Bayer process, compelitiveness of the Indian alumina refineries, basic development
options (keynote address), production of chemical grade alumina hydrates and
alumina, red m.d disposal and utilisation on the one hand and on the most important

noveltics as pressure decantation and hyperbaric filtration on the other hand.

The significant contribution of the JINARDDC Scientists (cspecially Dr. A.K. Nandi,
Mr. M.J. Chaddha, Mr. V. Vishwanathan, Mr. H.K. Chandwani and Mr. H.
Mahadevan as excellent authors and lectur, furthermore the highest level organisation
made by Mr. R.N. Goyal) to the great success of the Workshop justified further

significant progress achieved since the former workshop.

. The Centre has well trained personnel (at a world standard level) in bauxite geolog

and cvaluation (directed by Dr. A.K. Nand)), furthermore in laboratory simulation,

material testing and mathematical modelling.
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5.

RECOMMENDATIONS

Although some pregress ws achieved in the implementation of few more adequate
laboratory equipment foi (e simulation of the Bayer process, further action: are
required to implemeny  proper digestion testing equipment, larger voluny
precipitators and red mud scttling equipment (more  small size tubes, with
temperature control in water hath).

The performance of simultaneous digestion tests and precipitation fests i required
where detailed studies should be carried out to determine the characteristic
digestion curves (alumina yield in function of MR or A/C) at different caustic soda
concentrations, salt levels and retention times, at different temperatures. The eftect
of digestion lime charge is also to be studied related to amount, preparation of the
slurry and feeding points. These laboratory simulation tests should be performed
for each alumina plant in order to select the optimum process parameters for
intensification.

The systematic simulation and mathematical modelling of the precipitation
processes for each plant is required under the varying parameters of starting
caustic soda and MR, temperature (temperature profile), sced amount and salt
level. These data are also required for the studies on inteasification.

It is recommended to collect representative bauxite samples form the most
significant and characteristic bauxite deposits of the world (c.g. Weipa, Gove,
Western-Australia, Trombetas, Jamaica, Boke, Sangaredi, Venczuela, ctc) in
order to carry out comparative tests and studics with special regard to the
crystatlinity and reactivity of the bauxite mincrals related to the typical Indian
bauxites.

Further efforts are nceded on behalf of INARDDC and companies to introduce the
recommended technical development measures and to intensity the alumina plant

operations at NALCO, BALCO and MALCO focused on the digestion and

precipitation.

- 16 -
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Closer ceoperation is required with the companies. At least twice in a year. once
JINARDDC, once at the alumina plant detailed technical discussions is
recommended beside the every day contacts.

Further development of the good level of mathematical modelling is recommended
which can be one of the strongest areas of the Centre in the future along with the
energy auditing and bauxite reserve evaluation.

The cooperation with an engineering company (¢.¢. Engineers India Limited) n
preparation of preinvestment studies is highly recommended. Relating to the
instrumentation and process control the Tata Research Development and Design

Centre is recommended as counterpart of the INARDDC.




Annexure - I.

UNITED NATICNS INDUSTRIAL DEVELOPMENT ORGANIZATION
JOB DESCRIPTION

DP/IND/88/015/11-08 :

Post Title: Expert in alumina process engineering
Duration: 2 w/m

Date required: aygust 1995

~uty Station: Hagpur, India with travel in the country

Purpose of

project: The immediate objective of the project is to assist
the Government of India in setting up a functioning
Aluminium Research, Development and Design Centre

consisting of:

(a) Alumina Production Research Departrent

(b) Aluminium electrolysis Department

(c) Analytical Research Department

(d) General Services, instrumentation and Control
Department (incl. Workshop and Maintenance)

(e) General Administration and Finance Department

The Centre wiil develop capability of carrying cut
the following main functions on behalf of and in
cooperation with the bauxite processing/alumina
production and aluminium smelter industries in the

country:

(a) Assimilation and adaptation of available
technologies

(b) Providing recommendations and ad hoc or applied and
analytical research to local industries in process
improvement, transfer of technology, etc.

(c) Setting up and operating a data bank

.
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Providing training of Indian engineers.

Duties: The expert will be required to advise on the
improvement of alumina production technology and on
basic engineering of alumina plants. He will

assist in the setting up of the alumina production
research department of the Centre and in
mathematical modelling and preparation/application
of energy and material balances of alumina
refineries.

His main dnties will be:

1. To assist in starting up activities in alumina process
engineering, provide training to scientists of the centre in
the techno-economic Jjustification of R & D projects,
calculation of benefits of recommendations of changes in
technolcgy, modification of processes, development of
equipment, process control etc.

2. To deliver a series of lectures on preparation of feasibility
reports, conceptual design and basic engineering packages for
modernization of existing alumina plant and establishment of
new ones.

3. To guide in the preparation of a case study for the
modernization of one of the existing alumina plants and
another on the expansion of an alumina plant with new

production line.

4. Provide the centre with information related to the economics
and international competitiveness of alumina production.

Qualification:

University degree ({preferably Ph.D.) in chemical or
metallurgical engineering. Well conversant and experienced with
the operation of all alumina production units/phases and process
parameters as well as with mathematical modelling and basic
engineering of alumina production plants. '

Language: English

Background Information:

The Indian aluminium industry looks back to a history of 44
years. The first aluminium smelter (in Alumpars, Kerala) was put
into operation in 1943. At present there are five alumina plants
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about 587,000 and 580,000 tonnes per year, respectively. These
facilities belong to five aluminium companies, namely Bharat
Aluminium Company Ltd. (Balco), Hindustan Aluminium Corporation
Ltd. (HINDALCO), the Indian Aluminium Company Ltd. (INDAL), the
Madras Aluminium Company Ltd. (MALCO) and the National Aluminium
Company Ltd. (NALCO).

With the commissioning of NALCO the share of the public sector
in aluminium smelting is more than half of the total installed
capacity of India. This indicates the decisive influence of the
public sector on the future ot the industry. The sustained growth
and development of the aluminium industry in India, apart from
requiring the adoption of suitable long term policies in relation
to production management, output, pricing, and fiscal levies, is
also in need for technology and market developmnent, wnich will
gradually be handled by the proposed Centre.

During the past years, India became one of the leading
countries in the world having substantial bauxite resources, after
the discovery of large deposits in the Eastern Coast in the nearly
1970s. The total bauxite recerves of India are estimated to be of
the order of 2,650 million tonnes, which places India on the fifth
place in the world list.

With the vast reserves of bauxite and coal in India, the
aluminium industry has ambitious plans for a faster growth rate
keeping in view the future demand in the foundry and export
potentials.

The existing alumina/aluminium plants 1in India are based
almost entirely on technology imported from various sources. Both
in the areas of prcduction of alumina and aluminium, a number of
technological improvements have taken place in advanced aluminium
producing countries. Import of improved technology is not always
possible, also its introduction is not feasible in the existing
plants. Import of technology necessitates proper assessments to
determine its suitability under Indian conditions, the available
raw materials, product demands, state of engineering developments,
etc. Though research and development work is being carried out by
the major aluminium producers in the country, these are mainly
directed towards solving their day to day process problems in the
plants. No work is done for the development of process know-how
and basic enginee. ing. The technologies followed in the existing
plants are from various countries/suppliers - KAISER, ALUTERV-FKI,
VAMI, ALCAN, MONTECATINI and ALUMINIUM PECHINEY. Apart from the
strategic importuance of having an indigenous Research, Development
and Desian Centre for Aluminium, the Centre is expected to save
substantial hard currency payments to the foreign partners.

For meeting the estimated demand of aluminium by the turn of
the century, substantial additional capacities for alumina and
aluminium will have to be set up in the 1990s. Additional demand
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for aluminium by the turn of the century, which is in excess of the
currently available capacity would be of the order of 440,000
tonnes per annum. Considering the payment for know-how, basic
engineering and royalties for this additional follow-up stage this
would mean an expenditure of at least US$ 95 million.

It is to be pointed ocut that the cost for Establishment of the
Aluminium Centre in Nagpur (both Indian Government and UNDP
contribution) is of the order of US$ 12.5 million. The financing
of operations and further development of the Ceatire is envisaged by
the CGovernment to be secured through a collection of Rs. 100 per
ton of aluminium for aluminium research and develcpment, added to
the price of aluminium (established now by the State in India).
The funds so generated would serve as financial basis for operation
and further extension of the Centre.

When the new aluminium capacity will be established the Centre
will be fully functioning and if it contributes to savings of only
ten per cent of the expected expenditure for project engineering
and royalties, apart from rendering other useful secrvices, its
establishment would be fully justified.

It is to be noted that all the leading aluminium producing
countries have their own R and D centres. Close interactions among
these Centres’ Research and educational institutions and industry
has enabled numerous technological advances - this example is
needed to be followed in India.

In the light of the above, a coordinated effort in R and O
will be essential for the dev:lopment of know-how and basic
engineering to self-reliance in alumina and aluminium technolocy
needed for the establishment of future plants without need to go
for foreign consultancy. Future development of aluminium industry
in the country based on indigenous expertise demands the immediate
establishment of a self-reliance full-fledged and independent
research, development and design centre for aluminium at the
national level.

The development objective of the project is to aim at
self-reliance in alumina and aluminium production technology and to
achieve faster growth of the Indian aluminium industry to meet the
domestic demand for aluminium products. This goal will be achieved
by setting up of an Aluminium Research, Development and Design
Centre at the national level which will be in a position to carry
out research and development in the field of bauxite processing,
alumina and aluminium production leading to improvement in th.
existing plants and creating new production facilities. Thus, tho
output of the project will be physical facilities of an Aluminium
Research Development and Design Centre, adequately equipped with
specialized research and testing equipment and trained professional
staft to render research and development technology in the existing
plants and for setting up of new alumina/aluminium onroduction
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facilities based on indigenous raw materials and rnatural resources.

In addition, the Centre will handle related projects such as
dealing with the use of by-products, design improvements for savinc
of energy and materials, development of new products and alloys.
Another particular problem that the Centre is expected to address
is emanating from the lack of adeguate and_ uninterrupted power
supplies which has led to poor utilization of capacities in the
recent past. Investigations into energy saving technologies of
alumina and aluminium production will be one of the important tasks

{hat the Centre w#ill have to tackle.

It is expected that once the Centre is established it will
meet the fast growing tecknological service needs of the aluminiun
industry in India. The Centre will consist of the following

departments:

Alumina production research department with four laboratories
and one pilot plant;

Aluminium electrolysis research department with four
laboratories;

Analytical research department with three laboratories;

General services, instrumentations and control department with
four sections;

General administration and finance department with three
units.

The civil construction works for the Centre started in Nagpur
in 1990 and will be finished by 1992-1993. The centre is planned
to fully operate/function by 1994-1935.

The assignment of the national staff and procurement of
equipment started in 1989-1990. The first R/D works have started
in 1991-1992. Training of the staff is being carried out in India
and abroad.

For a more detailed information reference could be made to the
Project Document and the Detailed Centre Design.




_._.
w9

IS

Annexure - 1

WORK PROGRANMME

For Dr. K. Solymar UNIDO Expert
22" September 1995 -18™ December 1995 at INARDDC at Nagpur.

The following main fields of activity are planned in connection with the related job
descnption :

Follow-uj actions conceming the preinvestment siudics prepared for BALCO,
HINDALCO and NALCO in 1993-94 and cooperation with MALCO

Fact finding mission and evaluation of the status of BALCO Korba Alumina Plant.

Elaboration of recommendations relating to the further co-operation with NALCO.
Determination of the main fields of the cooperation with MALCO based on discussions

and plant visit.

Cooperation/guidance in laboratory simulation of digestion, red mud settling and
precipitation. Preparation of a working material conceming the selection of optimum
process technology for Indian bauxites based on mineralogy.

Juidance/preparation of training materials. Organisation of the technical programme of'a
workshop on “Emerging Trends and Novelties in Alumina Production™ at JNARDDC.




Annexure 111

List of the Co-operating Experts ( Senior Counterpart Staff)

Name of Participants

Dr. T.R.Ramachandran

Dr. J. Zambo
Dr. C. Mishra

Dr. P.M Prasad

Mr. R.N.Goyal

Mr. H Mahadevan

Mr. H.K.Chandwani

Mr. V.Vishwanathan

Mr.M.J.Chaddha

Mr.K.V . Krishnan

Mr.Ramana Murthy

Mr.K.J.Kulkarni

Mr. R.K.Meshram

Designation

Director

Chief Technical advisor

Consultant (UNIDO)

Professor, Consultant

HOD (Alumina)

Scientist

Scientist

Scientist

Scientist

Scientist

Scientist

Scientific Assistant

Steno-cum-Assistant

Field

Overail Supervision
Co-ordination & Guidance
Alumina Technology

Red Mud Disposal and
Utilisation

lumina Technology
Alumina Technology and
Lab. Simulation
Alumina Technology and
Lab. Simulation
Mass & Heat Balance

Alumina Technology &
Mass and Heat Balance

XRD Analysis

Alumina Technology and
Lab. Simulation

Lab. Simulation

Preparation of Reports



421/JNARDDC/DIR/95
October 24, '95

Mr. Divakar Dev
Chairman-Managing Director
Bharat Aluminium Company Limited

Scope: Complex, Lodi Road

New Delhi 110 003

the alumina plant and

Sub: Visit of the JNARDDC {cam to Korba to evaluate

smelter performance

Dear Mr. Dev:

perts from our ting of Drs. Solymar, Horvath and Nandi

al, Basu, d Chadda) visited the Korba alumina plant

the period October 9 -13, g5 and discussed with the plant personnel
. Zambo, our Chief Techncial Adviser and 1

ad collected extensive data on plant

e have prepared 2 report, 2

A tecam of ex Centre (consis

and Messrs Agarw
and smelter during
about the perform
were with the 1€
parameters and analys

copy of which is enclo
It may be noted that some steps are

normalise the operations at the alum
this information t0 you. In addition, icated the areas where

1o be taken up by our Centre. We would submit detailed proposal
{hese tasks in @ phased manner in the next three to four weeks. O

approval of the BALCO mznagemen ate investigations in th

immediately.
I would be pleased 10 mak

t, we could initi

ea prescmation at Delhi on the problem areas 2
them.
plcasure of hearing from you and with best regards,

Looking forward to the
yours sincercly,

T —

(T.R. Ramachandran)

both Delhi and Korba 10
. We have already faxed
further work is
s for carrying out
nce we obtain the
ese areas

s we foresce



ALUMINA PLANT

Findings

. The total alumina production in 1994 - 95 was 168,000 touncs which is 16,310
tonnes less than the target of 185,00 tonnes
2. From April '95 the caustic consumption 1
- details are given in Tabls L. The soda losses
nput of fresh caustic, therefore the volume of the process
ficantly. This has resulted in the use of only 9 precipitators
large quantity of seed hydrate was

wis increased and the production of

afumina decreased were not

properly replaced by 1
liquor has shrunk sigui
in stead of the normal 13 units. In addition a

taken out of the systcm.
The total reduction of caustic 1n the production liquor is 1831 tonnes of NaOH

(100%). The shortage of alumina trihydrate (ATH) in the production cycle is
4,767 tonnes expressed in terms of AI203. This includes 3,000 tonnes of ATH
stock (2,000 in terms of alumina) which was consumed totally. The caustic and
alumina requirements to fill up the plant and achieve the normal operating
conditions are detailed in Table 2. The reason for higher caustic consumption is

analysed in Annexure L.

uction of caustic and alumina in the production cycle the

3. Due to the significant red
rated production capacity (185,000 tonnes

alumina plant is unable to operate to the
per year)

The alumina quality is poor, the Na20 content is close to 0.6 % and the - 45 pm
fraction is about 65 %. The rcason is that in order to achieve higher.production
figures and thereby mect the target, the end temperature of precipitation is set
about 520C, which may result in higher liquor productivity, but the product is
very fine and the agglomerates contain considerable amount of occluded caustic.

5.  The normal stock of 3000 tons of ATH has to be restored. For this immediate
purchase of 2000 tons of alumina is to be made.

f alumina are avilable as inventory. This implies that

6. Presently only 1000 tons o
k (about 8,000 tonnes) was also consumed.

the rest of earlier existing stoc

I -




fmmediate Measures

To

achicve the normal capacity

of the alumina plant (185,000 tpy) the following

immediate actons are required:

BALCO Headguarters

Calculation
oiven in Table 2. IT MAY BE NGT

o

AND 11,567 TONNES OF ALUMIN AK

additional 1,831 tons of caustic (100% NaOH) to

Procure as a one tme action an
W increase the ovcrall process concentration of

fill up all the 13 precipitators af
caustic.

purchase of 2767 tons of alumina in ord
precipitators (inall the 13) 10 the earlier level of 350 gpl.
pPurchase of 2000 alumina to fill up the ATH stock ( in the alumina plant for

calcination) upto the earlier level of 3000 tonnes of ATH
Purchase of another 6800 tons of alumina for building up the alumina stock to the

desired level of 15 days requirements {(15%520) -(1000)} i.e. 6800 tonnes.

er to replenish the sced level 1n

uired (a one time action) caustic and alumina ar¢
ED THAT 1831 TONNES OF CAUSTIC (100%)
E TO BE PROCURED IMMEDIATELY.

s of the immediately req

Plant Management

1d in order to reduce the specific consumption of bauxite
caustic soda by means of increase caustic soda

Increase the digestion yie
| as Na20, by keeping six

all other utilities, including
e digestion liquor upto 171 gp

in both lines

and
concentration of th

autoclaves in operation
With the present manual control system the tar

By maintaining the Mainpat bauxite content to no
the caustic consumption jevel can be kept below 90 ke N~OH/ton of alumina.

The justified level of soda consumption in case Of of Mainpat bauxite will be
determined on the basis of study to be conducted by J NARDDC.
To decrease Na20 content and coarsening the product, it is necessary

the end temperature of the precipitation process above 55 °C
To discuss the quality of lime with the suppliers and elaborate / agree with them a
new price scale offering more than the lincar component for cach percent of Ca0o

content above 70 % and more penalty if the CaO content less than 70 %.

get MR is to be increased to 1.55.
more than 33% (1/3) of feed,

to increase
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SPECIFIC CONSUMPTION 1995-96

Bauxite Quality

Producuon, Tons Bauxite (V1) Soda Loss Distribution Recovenes
%

Calcined  (Asis) Caustn, Al203  Si02




Short term actions {(1-2 years)

After successful completion of the first phase of modemisation of the smelter the
ansual alumintum production is expected te be about 100,000 tons per annum. In
oder to ncrease the production capacity of alumina plant to the level of 200,000
tons/year, following actions are required:

. Increase of liquor productivity by increasing Na2O concentration upto 175 gpl and
sced concentraiion upto 400 gpl in the aluminate liquor

2. Introduction of mstrumental MR contro: system at blow-off stage and setting up

the blow off MR as 1.50

Alumina quality improvement and intensification of precipitation process by

changing temperature profile through introduction of more heat exchangers

mterstage coolers - the start and end temperatures have to be over 70°C and 55°C
respectively)

4. Lime addition to the digestor.

‘o

INARDDC will elaborate and prepare proposals on a contract basis for the above
mentioned tasks. The proposal will be submitted by INARDDC within 2 to 3 wecks.

Medium Term Actions (3-5 years)

110,000 - 115,000 tons of aluminium per annum production capacity is expected to be
achieved after the second phase of modernisation of the smelter. Annual production of
220,000 - 230,000 tons of alumina can be achieved by intensification of production
processes through intensive uses of gibbsitic bauxite such as Panchpatmali and/or other
bauxite resources. Pre-feasibility study analysisng the optimum bauxite supply,
introduction of medium temperature (7150 °C) digestion temperature in onc of the
existing digestion line or implementation of the so called sweetening technology could
be prepared by INARDDC on a contract basis.




Table 1 (Contd, )

SPECIFIC CONSUMPTION 1994-95

Month  Produstion, tons Bauxite (V1) Soda Loss Distribution Recovenes Net Lime F.Oil, Steam Power Bauxite Quality
- Soda as In vt %
’ Loss 70 %
Ca0
Hydrte  Caliined  {Asis) (Dry) Bound Sol. With Salt Caustn.  R.W. kgi kg/t Hyd. Cal. Al203  si02
Prod. +
_ Phys.
Apr94 13600 10700 2.58 2.50 85 13.2 54 15.1 8.2 6.5 74.0 208 105.5 142 402.2 707 48.9 1]
May 16010 14000 2.59 2.5} 78 113 $.6 14.6 29.4 6.1 74.0 270 103.0 3.38 I8L4 569 48.5 1,35
= June 12500 14500 2.60 2.51 9.5 11.5 5.6 15.1 N7 5.0 75.0 270 107.0 3.45 413.4 S48 49.3 1.47
i July 14500 13500 2.65 2.52 o 11.0 5.6 14.0 25.0 56 T1.0 200 105.0 3.4 410.1  64.7 49.8 33§
Aug 14200 14300 2.69 2.53 79.0 15.2 5.6 15.14 2.7 22 90.9 180 110.0 3.38 4046 619 49.6 3.26 Ual
7 Sept 13500 14500 2.78 2.58 843 17.5 8.5 17.6 12,6 23 110.0 130 110.0 3.30 4146 608 43.6 3.70
- ot 14500 13400 2.63 2.54 83.0 12.1 6.0 16.6 26.8 6.0 35.1 220 103.0 3.30 4002 825 48,83 .77

Nov 15000 14600 2.60 254 7609 126 5.7 14.6 257 6.0 78.1 27 103.0 330 3778 6.4 49.03 3.61

Dec 13100 15300 2.60 2.54 M 16.5 5.6 14.6 20.8 5.0 85.0 212.6 102.5 in 4144 594 49.10 in

Jan'9S 13300 13200 2.60 2.53 80.8 163 5.6 15.6 293 5.0 84.0 255.0 104.0 1 4221 870 4881 3.8
Feb 12750 12800 2.60 283 80.6 160 5.6 16.6 3.0 2.0 818 260.0 103.5 3.33 42,1 707 47.5 3.%0
Mar 15700 14300 2.51 2.83 862 120 5.6 14.6 288 4.0 85.6 218.% 102.5 N 3485 831 483 PRLD

163560 165200 2.63 2.53 80.4 13.7 56 15.3 2.9 4.6 8.8 229 104 8 338 009 63 +8.36 3.53




SPECIFIC CONSUMPTION 1993-94

Tabl o 1 (C‘(‘,.".!ZJ. )

Mcath Produstion Tons Bauxite (Vv) Soda Loss Cistribution Recovery Lime F. Steam, Power Bauxite Quality

1 Qil vt %

70% i

Ca)

Hydnte Calcined  (Aasis) (Dry) Bound Sol With Salt Caust,  R.W., Net Hyd, Cal Al20) $i02
prod.  Physic. Loss
April 15000 14500 2.61 2.53 81.2 109 40 14.6 9.7 6.0 5. 220 102 3.35 1120 58 49.22 i
‘93
May 15500 17300 2.61 2.53 20.1 106 4.5 14.6 214 6.0 74.0 220 104 12 374 48 48.18 362
June 15130 12020 273 2.57 862 10,7 48 14.1 303 6.5 79.0 190 102 3o 186 6 48.20 1.96
July 15300 16200 .M 2.57 862 107 S0 14.1 LS 6.5 78.0 203 102 3.8 407 43 48.20 )70
Aug 14820 10500 2.7% 2.7 930 12,1 5.0 15.1 36.2 7.0 920 235 102 138 199 66 48.50 4.20
Sept 14300 18778 2.70 2.4 820 13 50 15.6 2.4 4.7 790 230 101 3134 408 £1) 47.430 J40
Ot 15529 14100 .57 2,49 200 s 52 14.4 283 6.0 7.0 22 101 wn 408 57 48.2 3.5§
Nov 15400 14200 2.54 246 18 12,0 6.0 14.6 237 6.7 77.0 218 101 .40 380 $7 41.9 390
Dee 158310 14430 2.54 246 792 150 60 15.6 293 6.5 %0 S 104 340 424 58 485 3.70
Jan'94 15700 15200 2.60 2.5 880 1.0 5.6 14.6 N2 7.0 840 8 103 3.8 165 60 46.9 R
Feh 14510 16030 2.58 250 86.0 13.7 8§ 14.6 153 6.5 8.0 295 100 3.8 359 49 49.2 3.0
Mar 15950 14233 .08 250 8s.) 13.1 5.3 14.6 1.6 6.5 750 297 10 3.3 16$ 46 489 30
183040 181930 263 2.52 819 123 52 14.7 ns 6.3 7.0 29 100, 3.4 k11 “ 4831 3



Table 1 (Contd.)

BAUXITE RECEIPT AT BALCO PLANT (QTY IN LAKH TONNES)

CAPTIVE MINES OF BALCO PURCHASE GRAND PECENTAGE
TOTAL
Phutkapahar  Mainpat  Total Caplive  Purchass
Mines
1.24 4.55 . . 933 6.7
96.2 3.8
1925-37 .0 . . . . 93.4
1987-88 ; . . . . 89.2
1688-89 . . . . . 68.9
1989-90  1.86 0.70 - 2.56 2.22 4.78 53.6 46.4
199091  1.52 1.05 - 2.57 2.75 532 483 517 |
. 1991-92 1,12 0.72 - 1.84 in 5.59 33.5 66.5
1992-93 1.09 0.83 -~ 1.92 2.97 4.89 39.3 60.7 ’
1693-94 125 0.75 0.64 2.64 1.71 3.35 60.7 39.3

- 199495 1.32 0.68 1.00 3.00 1.76 4.76 63.0 37.0




Table

Immediate measures

Requirement of additiona! caustic soda and alumina to normalise the

(a)

(b)

(c)

Balco alumina plant

Caustic Soda Requircment

Existing conditions dur.ng precipitation :

No of precipitators in line = 9 (Volume 2151 m3 each)
Caustic concentration = 138 gpl (as Na20)
Alumina concentration = 80¢gpl

Solids content | = 300 gpl

Additional caustic soda requirement to increase the caustic
concentration to 142 gpl.

19359 x 0.004 x1.29 =  100tons
To take into linc 4 additional precipitators

8604 x 0.142 x 1.29 = 1576 tons

For entire plant process liquor (To reach 171 gpl caustic Na20 in
digestion liquor from 168 gpl).

40000 x 0.003 x1.29 = 155 tons

Total Caustic Soda Requireincnt :

(a) + (b) + (c) = 1831 tons as NaOH (100%)

e




2 Requirement of additional aluming hydrate

PUR

(@) ‘To fill the existing linc of precipitators {rom a solids content of 300
to 350 gpl.

i

2151 x 9 x 0.050 968 tons hydrate

(b)  For filling 4 additional precipitators

2151 x 4 x0.350 = 3011 tons hydratc
Total for precipitators = 3979 tons hydrate
(@) + (b)

= 2602 tons as Al203

(¢) To increase the Al1203 concentration by 3 gpl for the entire process

55000 x 0.003 = 165 tons Al203

(d) Additional 3000 t hydrate (around 2000 t as AI203) are required to
replenish the stock.

Total Alumina Requirement = 4767 tons as Al203
(@) + (b) + (c) + (d)

3. Alumina requiremnts for filling up the plant stock
Desired level is to meet requirements of 15 days alumina consumption.
Considering that the present stock is 1000 tonnes, the total requirment is

(15x520) - (10C0O) = 6800 tonnes to be purchased immediately.

TOTAL ALUMINA TO BE PURCHASED IS 11,567 TONNES.

Tabile - 0 {(Contdl)



Table - 2 (contd.)

Short term measures

Requirement of additional caustic soda and alumina in Balco Plant to
reach caustic concentration of 175 gpl as Na20 in digestion liquor and
solids content in precipitators as 400 gpl

1. Caustic Soda Requirement

For entire plant process liquor (To reach 175 gpl caustic Na20 in
digestion liquor from 171 gpl)

40000 x 0.004 x 1.29 = 206 tons as NaOH (100 %)

[£S]

Alumina Requirement

To fill all the 13 precipitators from a solids content of 350 to 400 gpl
(Seed)

2151 x 13 x 0.050 = 1398 tons hydrate (914 tons as AI203)

10




Annexure ]
Evaluation of increased caustic soda loss

“The distribution of caustic soda loscss, the caustic soda recovery and nct loss in the
time peried April 93 to Septeraber 95 can be scen in Table 1 along with the alumina
production. The yearly average caustic seda loss in 1993-94 amounted to 78kg/ton and
in 1994-95 it went upto $3.5kg/ton, while in the last 6 months between 95-99 kg/ton.
Based on analysis of blow-off-mud, the average Na2O content increased from 5.2%
(1594-95) o 6.0 % (April to September'95), while silica content remain almost
unchanged (7.75-7.87%) respectively. It means that NaZ0/Si02 ratio increased from
0.67 to 0.76 probably due to higher reactivity and conversion yield of utanium
minerals present in the process bauxite. The same difference i.c. 0.8% as Na2O was
maintained in the related average values of the causticized red muds. This increase in
the bound soda content in the causticized mud has caused 12.5kg/ton additional NaOH
loss in the given period. The reason for same is required to be investigated by
JNARDDC.

Due to the increased undigested alumina losess (boehmite and diaspore) the specific
bauxite consumption has a’so increased from about 2.60 ton/ton to 2.70 ton/ton. The
soluble NaOH losess increased from 13.2 kg/ton to 15 kg/ton during this period. Slight
increase (2 kg/ton) was measured with product alumina and salt removal. Altogether
the increase of these losses reached about 16.3 kgs NaOH per ton.

Furthermore no return water was recycled during the past half year, which resulted in a

decrease of about 6 kg/t in caustic soda recovery.

Finally the red mud causticisation should be mentioned. While the recovered NaOH by

causticisation reached about 35 kg/t under optimum conditions and the average in 1993-

94 was also 31.8 kg NaOH/t alumina, this value decreased to a level of 26-27 kg/t in

the last half year due to changed chemical and mineralogical composition of red mud to

be causticised. The level of efficiency of causticisation reduced on account of increase

in quantum of bound soda. In addition the quality of lime used is always below the

accepted international practice.

It can be stated that two main reasons for the increase in soda consumption are:

1. The low level of caustic soda in the circuit

2. Intensive use (1/3rd of feed bauxite) of Mainpat bauxite - although the detailed
effects need to be investigated

11




SOME COMMENTS ON RESPGNSES OF MR. K.
CHATTOPADHYAY, GM KORBA ON STABILISATION
SUGGESTIONS OF JNARDDC

Alumina

The present problems in the alumina plant are associated with the reduction of
production liquor and hydrate in the process. The plant can not operate 01 the rated
capacity of 185,000 t/a with a depleted system. Concentration of the process liquor, the
duration of precipitation and the seed ratio are still sigmficantly lower then normal. The
effect of these factors were analysed by mathematical modelling of the Balco's
precipitation process and the results are summarised in the enclosed table. If the plant

operates ac¥ording to the designed parameters (case No 1) the liquor productivity is 67.69

g/l and production capacity of 195,000 /a can be easily achieved by the normal flow

rate of 360 m*/h aluminate liquor (8,000x3600x67.67 = 194,890). The effect of decline in

any main parameter was also shown in the table and it can be summarised as follows:

I. The Na20 concentration in the digestion and aluminate liquor is about 4-5 g/l lower
then the normal. Due to this the liquor productivity and the production capacity of the
whole plant is lower by about 2 g/l. 4

2. Due to the empty precipuator tanks the retention time is shorter, therefore the
precipitation yield and consequently the liquor productivity is also lower. Normally
12/13 tanks could be operational cut of the total 14. Presently 11 is in line, i.e. the
precipitation time is about 15 % shorter than possible (earlier 9 tanks were operational
only). If the number of operational tanks is reduced from 12 to 11 the liquor
productivity ic decreasing from 67.69 g/l to 64.26g/l, and there is another 3 g/l
additional reduction in production capacity when the operational tanks are 9 only.

3. The seed ratio in the precipitation were also reduced from 350 g/l to 300 (in the last
precipitation tank). The model indicates, that the eflect of this action on the liquor
productivity is also another 3 - 3.5 g/l provided that al! other parameters are
unchanged. )

4. Increase in .he end temperature of digestion up to 55 °C was suggested because of
the very poor quality of the alumina produced. It is true, that the liquor productivity
may be decreased by about 6 g/l compered to 50 °C, but on the other hand, according
to the smelter people the fine was over 60 % and the Na20 concentration was above
0.5%. If our information is not correct (the mentioned in the lctier data are not
enclosed), the practice ot low end tempera.ure can be continued, until the required
quality allows it. However, it is worthy to note that the annual production of 185,000
can be achieved by the suggested parameters as well as it can be sce in case of 11 in
the table (8000x3600x64.66=186,221)

5. One more factor, men‘ioned in the letter of Mr. Chattopadhyay concerns the
production capacity namcly the target MR It is true that increase of MR in blow off
liquor from 1.52 to 1.55 wili reduce the liquor productivity by about 2g/l (case 6 in the
table), but our earlier study has shown, that by manual control the wide fluctuation in

12




7 The effect of lime quality on the causticisation effici

the blow oft MR can not be eliminated, and in meny cases - especially when the
production is forced by charging more bauxite - the actual MR is much bellow the
target and considerable pait of the available alumina left undigested. That is one of the
main reason of the higher bauxite and caustic consumption.

6. In addition, hydrate and alumina stock in the plant is not exist at all. Smooth operation

can not be organised / maintained without buffer stock before the calciner (hydrate)
and between the alumina plant and the smelter.
ency is crucial. It is felt, that effort

in this direction is worthwhile action.
Aluminium

The aim of the ongoing programme is to achieve the stable pot operation

Action pregramme prepared by the plant management is in the right direction, however, it
is felt, that the goal will not be achieved till the target date due to:

Time requirement for repairing of the studs is much longer than anticipated (20 studs per
day is the present capacity of repairing).
‘The eftect of the actions for improv
controlled due to the lack of proper facilities.
Alumina feeding system can not be normalise
side breakers are not procured. It is true, tha
after the second phase of modernisation is comp
of wheel breakers the goals of the first phase - W

phase - can not b= achieved.

Lack of crane weighting system the aluminium tapping is not controlled.
or maintaining the standard operation

More effort and fonger time period is required fq
practice i.e..

e uniform metal and bath height

e uniform alumina thickness on the crust

e uniform anode and cathode current distribution
In the material it is mentioned that the results of addition of little bit of anthracene oil in

{he binder were not encouraging, but the test results are not given and not known by us.

ement of the anode repairing procedure is not

d unless the wheel crust breakers and short
t the wheel crust breakers are not required
leted, however without the procurement
hich are the precondition of the second

13
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CO\IPARISON OF LIQUOR PRODUCTIVITY OF BALCO ALUMINA PLANT WITH
VARYING PARAMETERS

S.No | Aluminate | Alununate No. of Blow-Otf First Last Precipitator | Spent Liquor Remarks
l‘ ! Liquor, Liquor, | precipitators | Liquor | Precipitator | Precipitator | Solids, gpl | Liquor | Productivity
i | Na.Oc MR in line MR Temp., °C | Temp. °C NalOc
il ‘ 141.0 1.67 12 1.55 64 50 350 3.258 67.69 in normal
i operation
i 2 | 1357 1.67 12 1.55 64 50 330 3270 | 6551 | i
i3 | 1410 1.57 11 1.55 64 50 336 3.108 6426 | |
| 4 1 1410 1.67 9 1.55 64 50 332 2951 60.26 I
| 3 141.0 1.67 12 1.55 70 55 334 3.011 61.87 )
; 6 1410 1.63 12 1.55 64 50 346 3.194 69.69 | i
T 410 1.67 12 1.52 64 50 357 3170 6573 | ;
8 11410 1.67 12 1.55 64 50 300 3.137 6494 | i
D9 133.7 1.63 9 1.52 62 30 300 3.056 6342 L lneorporauny l
i wil civaniges m
“ ’ da hime :
Lo10 ‘ 135.7 1.63 1 1.52 62 50 299 3.217 67.57 As per !
| present
ll___ conditions
1L 1310 1.67 13 1.33 70 55 350 3.125 64.66 As seggestad

.



PRESENTS FINDINGS

The critical situation of the caustic soda shortage has been investigated in
detail in the period of 29 November-3 December at JINARDDC with the
participation of Mr. K.P. Paul and Mr. A.K. Roy from BALCO.

it was found that that the traditional method used to make monthly
balances by BALCO is not adequate because the change in liquor and
stock is not in agrecement with the amount of NaOH procured and used for
production. The reason is the unaccounted losses caused by the heavy
rainfalls in the monsoon period which resulted in extra losses due to the
common system (The rain water can not be separated!) on the one hand
and the blocked amount of the caustic soda in red mud lake on the other

hand.

it is clear that new method should be developed and used to determine the

rcal inventory.

It has been calculated that The caustic soda consumption would be 95 kg
NaOI¥/t in average now, considering the extra consumption caused by the
limited amount of return water from the lake, the lower efficiency of the
cycle and the liquor losses caused by increasing supply of Mainpat
Bauxite. Normal conditions can justify 90 kg NaOl I/t consumption.

In the last year however, the caustic soda losses can be estimated as high
as 110 kg/t. The difference in comparison with the accounted value
exceeded 2000 t/a NaOH which should be found in red mud lake. This
amount is missing from the cycle and should be fed into the plant circuit
along with the related alumina in order to normalise the operation. The
adjustment of the pregnant liquor concentration o 141 gpl (from 130) as
Na,O and the digestion liquor concentration to 174 gpl Na,O (from 167)

will result in a production capacity of 185 kt/a.

The actions taken by the alumina plant management are in the right
direction, so recently the 12th precipitator tank has been taken inic
operation and the filling of caustic soda and alumina (sced) is in good

progress.




A fwrther rise of caustic soda concentration ol pregnant liquor up to 145,
then 150 gpl Na,O caustic and the seed amount to 350 gpl hydrate (dry
basis) is highly recommended.

These actions should be completed by the following measures, to bhe
started immediately in order to reach 200 kt/a production rate :

- MR Control System installation (to run at 1.50 target molar ratio)

- Further interstage cooling units in precipitation to optimize the
temperature profile (liquor productivity and alumina quality)

Side stream causticization to control the Na,CO; level in the liquor.

16
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The results of BALCO precipitator simulation (based on computer simulation and validation by laboratory modelling and
plant data) are the following :

Result of BALCO Precipitator Simulation

Based on laboratory modelling and compﬁter simulation
conducted by Dr. C. Misra at JNARDDC.

SL.No. Aluminate No. of Seed g/l | Temperature®C Spent Liquor Liquor
3 Liquor Precipitators of Precipitators Productivity
in Line AlLO; Kg/M’®
Na;Oc | MR First | Last | NaOc| MR

1. 145 | 1.62 12 350 60 50 | 14652 3.23 | 14725
-73.85  74.40

2, 145 1.62 12 350 65 54 146.45 3.21 147.25
-74.21 73.04

3 150 1.62 12 350 60 50 150.00 3.18 152.33
-77.60  74.73

4. 150 1.62 12 350 65 54 150.00 3.11 152.33
-79,34 72,98




Pond Na20 Conc (gpl) as a function of return water from pond
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Pond Liquor volume (m3) as a function of return water from pond
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Na20 Loss (Kg/t) for one year period
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FortNights ;Pond Vol {m3) | Pond Soda Conc (gpl) * Pond Soda Qty {1} . Return Seda Qty (Kg/hr)

1] 85735163; 32, 274067 35.96
2. 861123 26! 328 - 282666, 36.93
31 864894.89 337 291263, 37.89
1 856329.32] 245 2955.98° 38.83
5 84776375, 3.54, 2998.25 39.79
6  839195.18) 362 3039.45; 4075
7. Te30e3261 O T TamlT T TTagresel T T T T T4
8 822067.04] 379 311858 T T 4268
9,  813501.47! T 383 T 31ses. 0 T 43.65
100 " 8049359 T a3e7i T 319332 T 4463
111 796370331 405, 322904, ) 4562
12 ~ 818647761 414 T 339141, "~ 4661
13 84092519, 423 7 3ss5328 7 4756
14 863202 62 a2t T3rz0720 T 4849
15|  885480.05 " 4a39]” T 3887561 4939
16,  907757.48] T a47i T 4055790 7 750.26
17| 93003491 T 454] 7 4225390 5111
18] 95231234 " ae2 439631 T 51.04
19| " o7asgo77l 7 T 49l 456851 5274
200 978361.4] 476 465393 T 8351
21| 98213303 483 473932i 5429
22|  985904.66 X a82469] 5505
23 08967629] 436 """”‘—11916.03?:'":” 5581
24/ " 993da792i T 7 "503] 499535 5657
RetunWater=10tt | | o B o L o
1 853234.13 318 7147 T 7159
"2 85288826/ 325! 277416, 73.18
"3y 85254239 3320 T 2833 N Z N/
4 83085932 7 7 339 2849390 T 76.34
5|77 82717625 " T 346) ’“2864.31;"“ o 7791
6]  814493.18| 383  287776f 795
C71 7 so1s1044| T T T 3e]” T 288974 8109
8|  789127.04 T aes] 2900231 T 8269
9] 77644397 T35t T T 2009220 T 843
10; 7637609 71 2916.71f 8592
11 751077.83) - 389 T 292269 ©B755
12 769237.76 T T a39s] 30494t "~ 78919
13| 78739769, 403 31682 "7 90.78
14] 8osss5762] T T a4l T 330487, 9231
15| 82371755 Caa7l T 7343357 9379
16{  841877.48 ©423] 7 356288 i 9522
171 " 860037.41| 429 7 3692.78] ) - 9661
18 878197.34 T a3s]7 7 7 3823260 " 9795
19 896357.27 441 39543 " 9926
20 896011.4 T oa47) T Tao0z21) T 710053
21| 89566553 T 452 TT T 4051630 "101.78
22 89531966 458 4099.58| 103.03
23 894973.79 463 4147.05] 104.26
24 89462792/ 4691 4194 05! 105.48
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s
' Sheetl
l Retuin Water = 15Ut
FortNights Pond Vol (m3) i Pond Soda Conc (gpl) Pond Soda Oty (t) Retum Soda Qty (Kglhr)
1, 84911663, _3a7 " 2688.86! 106 .87
l 2] 844653 % TTTaggl T am2a4 " 108.77
3,  840189. 89I 328 2754.48! "7 11065
4l 82338932} 333 T 274476 11250
l 's| 80658875 ] T33 273343 T114.37
6 78978818 3as 2120 48 T 11625
7l 772087810 Tisi T 21059 _ 11814
l g  756187.041 T T3se| 268968, 7 120.05
g‘i 73038647 TT3edl o671 81\"_"_;“”——1'21.96
10, 7225859 3671 265220, 12388
I " 70578533 - 2631 1| T 12582
12]  719827.76} 379 272499 127.76
13‘1 73387019 Y 9si T 12964
18] 74791262 3.89 Taei297 T 13145
l 15 T7e19ss05] 395 3007.080 133.19
16]  775997.48| I 3021l T 13488
17~ 790039.91| ] 4.04 73195.42] T 13,
l 481 " B0408234| 409 3289 69‘ o 138.08
1ol e1g12477 aqa T 3302 139.6
20 8136614 418 T 3401 05| T T a07
' ol Boeres03l T _az| 34 3507 14253
T . % X7 143.97
23l Tsooz7i2e| 431 _ 3447.78 1454
l 24l 70507020 43 3461 93' T T T 14882
‘Return Water =20t | | S -
3| Baage9 3| T T35 266315[""""‘ 4182
2| 836418.26 D 5 T 267062] " 14368
' 3| earearde| 3B Treerrory 14552
4] ~ 806919.32 327| " 264209 147.34
5 786001.25| | 26056 . __ 149.18
' 6|  765083.18 7 3.36|_ 2567591 151.02
2 Traaest| 34 252803 152.87
sl 72324704 | 344 248693 "7154.74
| T eer| T T aas|_omanl 156.61
“j0l " esiat09l 352 240008] 1585
1l esoao283| 356 T 235427 T 1804
' 12| 67041776 o TTaet| 241815 T 162.31
13| 68034269 365 —aa8172] 16415
" 14| 69026762 L 254502 165.92
l “15] 70019255, 2| 260804, T T1eT6t
16 71011748 G 26708) 169.25
17]  720042.41) - 38\#__."7__‘7_’2733.32 170.82
18] 729967.34) 3.83 279553 172.34
' 19| 73989227 ) 3.86k T 2857.62] 1738
20 7313114 aga] T 2847.38) 175.21
21| 72273053 To392) 283636 176.6
' 22| 71414966 1396 282457 17798
221 70556879 3.99 7 281201 179.35
l 24!  696987.92] 4.02! 2798.69; 180 69
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Sheet1

Return Waler = 2.5 |

Foangms .Pond Vol (m3) 1 Pord Soda Conc {gp!) :
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2
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Return Water=30tt |

9
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1
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14
15
16
17
18
19
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750449.32]

200

1
2
3
4
el
el
7
8
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569907.83
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Lo

—615200'33i
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" 686520.11

' 573287.69
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828183.26!
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'626815.19]
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- 650044.91)
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6€1659.77

 6ago614|
 636263.03|
 623564.66

~ 610866.29
598167.92

1

657367.04

571597 76!

574977.62
576667.55
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580047.41
58173734
583427 27!

566611 4
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53297966
516163.79/
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T 335
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348
el
"~ 353
T3ss|
T 357,

i
314’_
316,
319

3220

324

3.27¢

3.4]
343

Pond Soda Oty (t)

~ 2600.76!
2541390 7
2480.83!

t - - -

T 212888

T 3450

]
383
73565

"7319'_”

359

32‘
3.21
323
324
oo B
3.26
327;
328]
329
33
331
332
3.33]
3.34|
3.34
335
3136

_ 22165
2306.45,

237505
2342.1

2637. 56

2619.6'

241909

2356.14

72291 995' L

2226.62]
216003]
2092.21

T 2185150
12201.02]
223652

2340.91

2308.51
2274.28
2239.42

|-
!

!

261209,
" 2569.06]

e

T 2203040 T T

252556

193249
186923
1880.98
190376

192562

2442, 643 -

2359. 12.
2274, 98!
2190, 22|
" 2104. 841 o
2018.83}

184.1.91 7
1857.21)

1892.49
1914.8

1936.23
1885.07
1833.58
1781.76|

172961
1677 12|

Retum Soda Qty (Kg/hr)

176.44

7792
179.39

180.85

18232
©183.79
18527
" 186.76
18826

189 78
1913

19283

1943
1957

_197.05
198.34

199.58

20077
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203.01
" 204.09
7 205.16
T 20621

©207.25

21071

211.49
21226
" 213.03

- 2138

214 57
121535

216.13

21692
217.71

218.51

1 219.32

220.09
220 82
221.52

22219
222.82

223.43

224.01
224.57
22511
22565
226.18
226.71
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JAWAHARLAL NEHRU ALUMINIUM
RESEARCH DEVELOPMENT & DESIGN
CENTRE

BALCO ALUMINA PLANT PERFORMANCE
MONITORING

(REGULAR WORK)

A] MATERIAL BALANCE : INARDDC can conduct monthly material
balance of alumina plant by sperial computer software. INARDDC will
provide basic document/format for required data/information from plant
and based on analysis suggest measures for improvement.

B] LABORATORY WORK: JNARDDC may undertake detailed
laboratory work on following lines:

e Chemical and mineralogical composition of monthly bauxite of
various sources supplied to Korba (cross-checking).

e Chemical - mineralogical composition and digestion test on monthly
process bauxite (cross-checking).

e Analysis of red muds at various stages (Blow-off muds, settler,
washer and causticised muds) and account loss of alumina along the
Bayer line.

e Monthly complete liquor analysis including impurities and organics.

C] BI-ANNUAL PROCESS INVENTORY: JNARDDC in cooperation
with plant can undertake/estimate process inventory of causitc sod » and
alumina basced on volumes of various process tanks/pond, caustic and
alumina concentrations at various places and stocks/receipts. INARDDC




can develop a computer model for monitoring process inventory and

provide future forecast.

D] JNARDDC will prepare monthly report on overall performance of
alumina plant and submit the same to the management.

JNARRDC will submit detailed project proposal on above aspects.
Apart from above specific plant problems can be studied by JINARDDC

time to time in cooperation with Korba.




i Annexure V.

RND between NALCO and JNARDDC on 2/1 1795 at
Nagpur. '

PARTICIPANTS

NALCO JNARDDC

Mr. ML Scth, DGM (R&D), Bhubancshwar Dr. J. Zambo, CTA, UNIDO

Mr. P. Vidyasagar, DGM (R&D). Damanjodi i{ | Dr. K. Solymar, UNIDO Expert

Dr. B.K. Satpathy, Manager (R&D), Bhubaneshwiid | Dr. C. Mishra, UNIDO Expert

1 { Ms. H. Mahadevan, Coordinator (GS)

Dr. A.K. Nandi, Scientist
Mr. H.K. Chandwani, Scientist
Dr. G. Balasubramanian, Scientist

\t the outset CTA welcomed the guests. The INARDDC team wished to know the views
.ncl status of the following projects and proposals submitted to Nalco management during

the past twe years.

1. Capacity improvement of Nalco Alumina Plapt by process intensification.

Red mud pond problem and technological oplions availuble for solving the same.

RE Correlation of plant data on CGM addition and precipitation modeling.

4. Pre-Desilication  studies  of - Panchpatmali bauxite with LP  digestion and

Desitication modeling.

S Encrgy audi of Alumina and steam plant at Damanjodi.

0. Encrgy audit of Foundry shop and Anode Baking Furnace at Nalco.

7. Characterisation and utilisation of spent pot lining.

S Co-operations in the ficld of development of special aluminas.

an official reply to INARDDC intimating the status of the first
Mr. P. Vidyasagar after discussions with his
agar expressed his willingness

Nalco Team informed that
two projects would be conveyed by
colleagues. Regarding third to fifth projects. Mr. P.Vidyas
t a copy of the proposals be sent to him immediately
Regarding sixth and seventh projects
A copy

to co-operate, however he wished tha
o that he would get the necessary approval etc..
Mr, MAL Seth had agreed to get the necessany approval from his management.
ol the proposal on SPL sent carlier was handed over to him. egarding the cighth project
Dr. Satpathy agreed to write 1o JNARDDC immediately requesting to develop standard

practice for the first four products mentioned in their proposal to S & T on this subject.
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jott INARDDC and NALCO  agreed that the general conununication  requires
pupeovement. In this connection the following was agreed to.

ARDDC and NALCO team is to take place once n
at Nagpur and once at Bhubaneshwar. The
1996 at Bhubaneshwar. The mecting

{ Technical Conference between JN
every six months, the venue being once
first such conference is proposed for January
would discuss problems and prospects with Nalco.

-l INARDDC after submitting @ proposal must foliow up the same and make a
! presentation to the Nalco team, as and when required, so that the proposal can be

finalised immediately.

als separately with covering leticr to the concerned
d mark a copy of the letter to Mr. M.M.

$ INARDDC would send its propos
Exccutive Director at Damanjodi or Angul an
Seth, DGM (R & D) at Bhubaneshwar, for necessary follow up.

JNARDDC Team also discussed about the proposals under muking on Geological

~evaluation of Panchpatmali Bauxite, Beneliciation studies on Panchpatmali bauxite,
~aorine balance in Naleo®s cell house and periodical performance evaluation of alumina-
Juminium plants ete Naleo's team Jhowed keen interest and wished that a detail proposal

1.y be made and sent to them for their further necessary action.

It 1 been agreed that selected pauxite samples will be analyzcd by INARDDC by means
of both NRD and NRE which can be considercd as reference samples for NALCQO which
mont of the bauxite samples will be investigated by means of the cheaper traditional wet

chemical analysis at other institution(s)

Nalew team insisted that all jobs being unde
projects must be completed in the specific t
possible so that the job would be highly uscful to the plant.

rtaken by INARDDC be only analytical or
ume frame and certain cases as quickly s

agrecment to persuc the projects with more

The meeting was concluded with an
nstitutions. CTA thanked the participants

understanding for the mutual bencfit of both the
for their free and frank discussions.

—1¥D g\;‘-,\.o«\.‘./b-'u.»—'

ML Seth Q- Nldyese oY, H. Mahadevan 9\‘*\%
DGM(R& D) D (&80 Co-ordinator (General Services)

Nalco. Bhubaneshwar  Salee, ’onmcme;sé& INARDDC, Nagpur.
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Annexure VI.

JAWAHARLAL NEHRU ALUMINIUM RESEARCH
DEVELOPMENT AND DESIGN CENTRE

REF. NO. : J333/INARDDC/TECH/9S
N & - CF P ¢
DATE  : DECEMBER 18, 1995. Opp. Wads Police Station.

Near Wena Water Works.

AN NI ‘1 Amravati Road. Wadi,
FAX MESSAGE NAGPUR - 440 023. (INDIA}

M o RIN.GOYAL TO : MR.. ANIL AGARWAL
HHOD (ALUMINA) MANAGING DIRECTOR
JNARDDC, NAGPUR STERILITE INDUSTRIES LTD.,
BOMBAY.
FAX NO. : 07104-36862 FAX NO. : 022-2836474
PHONE NO : 07104-36865 PHONE NO : 022-2855560

| NO OF PAGES -

DEAR SIR,

IN CONTINUATION TO MEETING HELD WITH YOU AS WELL AS AT
METTURDAM, I AM ENCLOSING HEREWITII AN AGENDA FFOR DISCUSSICN
TO BE HELD AT JNARDDC, NAGPUR ON DEC. 22, 1995 FOR YOUR PERUSAL.

. BESIDES COOPERATION IN THE FIELD OF BAUXITE AND ALUMINA, WE
WOULD ALSO LIKE TO DISCUSS POSSIBILITIES OF COOPERATION IN THE
l FIELD OF ALUMINIUM ELECTROLYSIS AND CARBON AND WITH INDIA
ENGINEERS, BOMBAY REGARDING COOPERATION IN DESIGN AND
EXECUTION. WE WOULD APPRECIATE IF EXPERTS IN BOTH THESE FIELDS
l ARE ALSO INVOLVED IN OUR DISCUSSIONS ON DEC. 22, 1995.

AS OUR DIRECTOR IS OUT OF STATION, I TAKE THIS OPPORTUNITY TO
SEND YOU THE ENCLOSED DETAILS.

THANKS & REGARDS,
R.N. GOYAL

HOD (ALUNMINA)

CC: MR.M.L. KAMPANI ]
CHIEF EXECUTIVE,
MALCO, METTURDAM.

FAX NO : 0:1298-22069

e Dr bel»},\ua_/\_ _ ,gp/ — }e L———M -ff,/(v_n-yn\

HONE 10T 104) 36861, 36863, 36865, 36892 O FAX 07104-36862 O TELEX -0715-7594 ©0 GRAM . *ALUCENTRE’




MALCO / INARDDC Mecting on Dec. 22 95 at Nagpur.
AGENDA FOR DISCUSSION

1) General presentation on the capabilitics of INARDDC
2) Visit to the Iaboratorics

3) Points for discussion
* Capacity expansion to 60,000 mtpy by increasine liguor productivity

i) Equipment Requirement :

- Crushing & Grinding Area. No additional facilities required

- Digestion & Desilication area. Additional heat exchangers may be
required

- Setiling & Washing area. No additional facilities required. Only
synthetic settling aid is to be introduced

- Red mud filtration area. Performance improvement is to be
attempted by way of optimising the operation. Additional filters may
be required. Economics of introducing Vacuum or Pressure filter can
be made.

- Control filtration. Additional filters may not be necessary.

- Precipitation area. Changeover to continous process. Improvement in
the performance of the product classification operations .
Introduction of inter stage cooling and seed washing may be required

- Calcination area. Retrofit the Kilns with efficient heat recovery units

ii) Process Requirement :

- Caustic concentration of the digestion liquor is to be increased by
about 20 gpl (170-17S gpl as Na,0)

- Target molar ratio at digestion should be around 1.45

- Digestion temperature should be increased to the maximum (around

150°C)

- Desilication is to be modified

- Impurities control including causticity of the liquor is to be improved;
one time removal of carbonate salts may be required

- Introduce calcium aluminate injection to kelly filters for reduction of
colloidal iron content of the aluminate liquor, which in turn would
reduce the iron contamination of the hydrate

iii)  Studies to be undertaken :

- Simulation studics of digestion with increased soda concentration

- Simulation studies of desilication for reduction in liquor silica level

- Simulation studics of the precipitation process for optimising the
paramelers of the suggested process technology

- Mass and heat balance of the process before and after modifications

- Organic analysis of (ke bauxite, liquor etc..

- Settling studies with Gamma ray settler to evaluate and optimise the

floccislant dosage

-Economic analysis of the scheme

- Economics of mud disposal

- Evaluation of bauxite supply - Present and future o




* Further capacitv expansion (Opportunitics and Limitations)
- Discussion on capacity improvement
- Usage of extra capaciiy available at precipitation
- Introduction of complete new line

* Discussion with India Engineers. Bombay resarding cooperation in desian

and execution

* Possibility in the field of aluminium electrolvsis & Carbon

*Discussions of the content and scope of the contract




MALCO

QUESTIONNAIRE FOR BAUXITE

PRESENT BAUXITE MINES/SOURCES:

A] GEOLOGICAL DETAILS

e Status of prospecting and exploration

« Bauxite reserves - Proved, Probable and Possible with cut-off grades

¢ Bauxite grade

« Configuration of ore-body

o Lateral and vertical variation in ckem
ccmposition

e Run-off-mine grade

e Details of bauxite sampling and quality control

ical (including Corg.)and mineralogical

BIMINING DETAILS

e Capacity of mines and annual production
Type of mining

e Particle size of run-off-mine ore

Details of bauxite baneficiation, if any
Details of bauxite blending

Mode of bauxite transport

Mining, handling and transportation cost

C]PROCESSING DETAILS

e Process bauxite quality and day to day varations

e DBauxite blending at plant site, if any

o Bauxite bond work index

e Input and output size in crusher(s) and ballmills

e Available alumina and reactive silica at defined parameter

» Bauxite requirement per ton of alumina
« Moisture content and its variations

PLAN AND FUTURE BAUXITE SOURCES:

« Bauxite procurement plan for next five years and expected quality
« Future identified bauxite sources, their exploration status, reserves and quality
e Present landed cost of bauxite from various sources and future projections




DATA REQUIRED

1. Bauxite source Past, present and future
2. Bauxite quality -- DO -
3. Bauxite mineralogy - DO -
4. Process data for mass  In the format enclosed
& heat balance
5. Process controi & Prevailing status
Instrumentation
6. Samples Bauxite, residue, red mud, hydrate and slununa

( 500 gms each )




Annexure VII.

WORKSHOP ON
EMERGING TRENDS AND NOVELTIES IN ALUMINA
PRODUCTION
(Nov 30 - Dec 1, °93)
Programme
Nov 30, ‘95
Technical Session [
9.30-940hrs | TR Ramachandran | Introductorv remarks
940-1020hrs | J. Zambo | Kevnote address i
10.20-11.00 brs | X Solvmar The starus of primarv alumimum §
industries
11.00-11.20brs | .. | Tea break !
11.20-12.00hrs | A K Nandi Present starus and furure prospects of
Indian bauxites for alumina producdon
with special reference to Eastern Gharts
Deposits. 3
12.00-12.30 hrs | K Solymar Competiaveness of the Indian aiumina ;
refineries 3
2.30 - 13.00 hrs | Discussion i
13.00 - 14.00 hrs | | Lunch break i
Technical Session II
1400-1440brs | MJ. Chaddha & l Mathematcal modziling of Baver process |
t V. Vishwanathan j
1440-1320brs | HK Chandwani & Receat advances in Hydrate precipitation :
H.Mahadevan and scope for improvemeat m Indian !
Alumina Refineries. }
{1520-1540hrs | | Discussion
15.40-16.00 brs | | Tea break !
11600-17.00hrs | C. Misra Enhancement of liquor productivity by |
modelling and simuladon of precipinfon
17.00-17.30 Ravi Gopinath Advanced Conrol and Optimisaton i !

Alumina Refining (Presentation by -
participants). :




December 1, *95

Techaical Session IIT
9.30-10.30brs C. Mis2 | Production and markar of |
ciemicai grade alvrmina |
hydates and alumiza wity |
| scecial refereace to h:c;zni
| condigons |
10.30 - 1043 birs f I Discussion !
10.45- 11.00 &rs | | Teabreak i
11.00 - 11.20 hrs i X. Soiymar | Pressure  decapter : a|
! revoludon for red secien |
1140- 1220 krs B. Manhadevan, Red mud discosal |
‘EXChndwam & - An Cverview !
PM. Prasad | |
112.20- 12.40 brs i i Discussion !
112.40 - 14.00 hrs [ | Lunch break i
Technical Session IV
1100 - 14.45 hrs ! K Solymar Hyperbaric fiitradon as a
means of sigmficant
l improvement m red mud
, disposai
JI425-1545 s, ; " M. Prasad P-oblems & proscects of =d
mud udiisadon %ith speciai
reference to Iogan
I ccodifons. i
14.45 - 16.00 brs | i Discussion |
{ 16.00-16.20 brs | | Teal break |
1 16.20-17.30 hrs RN. Goyal, K.V. Krisanan, | Visit to the faciiides of - - !
' G. Balsubramaniaa 2amre  Demonstaten ¢ !
' characterisanion faciiiges :
117.30 - 18.00 brs | | Concluding session




List of Delegates

f_ Sk Name Company / Institutation
| No.
1. | Dr. Ravi Gopinath TRDDC, Pune
2. | Mr. Y.P. Thareja Mecon. Ranchi
3. | Mr. P. Ashwadhama L&T, Bombay
p 1. | Mr. M. Kapadia L&T, Bombay
5. | Mr. B.N. Shaha L&T, Bombay
6s | Mr. K. Ramachandran Malco, Metturdam
1. | Mr. S. Bhattacharva EIL, New Delhi

- e e e——

$. | Mr. S. Haldar

EIL, New Delhi

9. | Mr. RJ. Singh-

Hindalco, Renukoot

} 10. | Mr. N.N. Rov

Hindalco, Renukoot

i1. | Mr. RK.P. Verma

Hindalco, Renukoot

|
i 12. | Ms. Nohua Banerjee
L

Indal, Beleaum

* 13. | Dr. B.K. Satpathy

Nalco, Bhubaneswar

' 14. | Mr. K.P. Paul Balco
i 15. | Mr. P. Vidyasagar Nalco, Damanjodi
| 16. | Mr. M.M. Seth Nalco, Bhubaneshwar




Annexure - Vill

Guidline for Training for the Freshly Recruited Staff of the
Alimina Producers.

The following materials, proceedings available at INARDDC are recommended as basic
information to be studied :

. UNIDO Group Training in Production of Alumina. Training kit prepared by ALUTERV-
FKI, Budapest, July 1979 for UNIDO.

- Volume 2.  Chemical background and technology of processing bauxite to alumina.
- Volume 6. Technological investigations of bauxites and red muds.

- Volume 7. Evaluation of bauxite investigations for the selection of alumina
processing  technology. Brief outline of feasibility studies.

2 Laboratory practice in alumina production. Theoretical Background and Laboratory
Manual. Prepared by ALUTERV-FKI, Budapest 1983 tor UNIDO Group Training.

‘s

Preinvestment studies prepared by INARDDC in 1993-94 for BALCO, HINDALCO and
NALCO for intensification, modemisation and expansion of Korba, Renukoot and
Damanjodi alumina plants.

4. Workshop Materials :

- Proceedings of workshop on “Improvement of Alumina Production Technology™
prepared by INARDDC. (The Workshop was held in Nagpur on 12th and 13th January
1995.)

- Proceedings of workshop on “Emerging Trends and Novelties in Alumina Production”
prepared by INARDDC.  The workshop was held in Nagpur on 30th November and st
December 1995)

The studying of the papers presented at TMS Annual Mectings in the last few years and
the Proceedings of the Alumina Quality Workshop heid in Australia is also highly recommended.

Further sclection of the training materials/hooks should be made according to the special
duties and interest of the trainees.

It is required a special short course relating to the mathematical modeling of the Baver
process (Preparation of material and heat balances.)




It is advised to organise at least one month programme consisting of lecture programme,
laboratory practice. technological calculations and  mathematcal modeling.  Laboratory
Simulation tests on predesilication, digestion, red mud separation and precipitation should be
carried out by the trainces along with the evaluation of the lab test results under guidance of the
screntists of INARDDC. 1t is reccommended to involve high level experts from the companies in
the lecturing programme and to discuss the status and deveiopment strategies of the Indian
alumina refinenes in detail.

As an example, the programme of the UNIDO Group Training held in China at Zheng
Zhou Light Metals Rescarch Institute can be ¢ wnsidered. (The related final report 1s available in
the library of JANRDDC.
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Annexure ~ IX

List of the Copies of Publications

Techno-economic feasibility study for alumira production from Elburz bauxite by the
Bayer tube digestion process.

UNIDO Contract No. 89/59
Project No. DP/IRA/85003
Draft Final Repcrt Vil. I-IL
ALUTERV-FKI, Budapest, February 1990.

Alminium,Bauxite and Alumina (by Patricia A. Plunkert and Errol D. Sehnke)
Annual Report 1993
U.S.Department of the Interior Bureau of Mines.

Report on the Plant Tests camed out between 03.02 and 10.02. 1984 in the Renukoot
Alumina Plant of HINDALCO. ALUTERV-FKI, 1984.

The UNIDO Group Training in China on Alumina Production and Aluminium

Electrolysis held in Zheng Zhou P.R. of China, from 29.10.1984 to 0.7.12.1984. ['nal

Report. Contract No. 84/102. between UNIDO and ALUTERV-FKI UNIDO Project No.
UC/UD/CPR/84/138 Prepared by ALUTERV-FKI, Budapest, 1984.

Light Metals 1995 Proc. of the technical sessions of LMD of TMS at the 124th TMS
Annual Meeting, Las Vegas, Fer. 12-16 1995. All papers of Bauxite/Alumina sessions.

Metal Bulletin’s & Industrial Minerals’ International Bauxite and Alumina Markets
Conference (papers presented) Miami , Florida USA, 3-4 April 1995.

Pollution Prevention and Abatement Guidelines for the Aluminium Indusrty, Study
prepared by ICF Kaiser Engineers International, USA, for UNIDO, in the Project
US/GL.O/91/202 January 1994.
Status of the World Aluminium Industry. Study prepared by Vincent Tortoriella Franqui
Patincs and Norberto Labracdor (Instituto de Inguiniena Caracas, Venezuela, for UNIDO
IPCT. 178 (SPEC), 7 July 1992.

Literature and leaflets on Hyperbaric pressure filtration developed by Andritz A.G.

Double stage digestion and pressure decantation related patent applications.






