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EXPLANATORY NOTES

Currency: USS$1.00 = Indian Rupees 30 (approx.)

ABBREVIATIONS: ORGANISATIONS

BALCO Bharat Aluminium Company

HINDALCO Hindustan Aluminium Company

INDAL Indian Aluminium Company

JNARDDC  Jawaharlal Nehru Aluminium Research Development and Design Centre
NALCO National Aluminium Company

QAL Queensland Alumina Limited (Gladstone, Australia)

ABBREVIATIONS: TECHNICAL

CAL Aluminate liquor (feed to precipitan:on)
CGM Crystal growth modifier

Hydrate Aluminium tni-hydroxide

MR Molar ratio Na,0/ Al,O,

SOF Settler over-flow




ABSTRACT

PROJECT TITLE:  JAWAHARLAL NEHRU ALUMINIUM RESEARCH
DEVELOPMENT AND DESIGN CENTRE

NUMBER: DP/IND./88015:11-52
MISSION: Consultant in alumina production, especially in the behaviour

and treatment of organics in the Bayer process

OBJECTIVES:
1. Toreview the "organic impurities” situation in the Indian alumina industry and make

recommendations for improvements.

| B

To provide consulting and training services in the ficld of organic impurities in the
Bayer process.

DURATION: Three months

CONCLUSIONS:

The levels of organic impurities in Indian bauxites and alumina refineries are in the low to
medium range, by world standards. Plants with older technology may nonetheless have
difficulty coping with these levels.

The industry has insufticient knowledge of the nature of the organic impurities, their eftects
on the process and of how these problems have been tackled elsewhere in the world.
Inadequate analytical facilities are also a bar to effective identification of problems and
solutions.

INARDDC must establish good facitities and develop its skills in the field of organic
impuritics and of precipitation technology.

The companies should support this development by entering into collaborative projects.
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INTRODUCTION

Backeround to the project

The establishment of the INARDDC is a joint project of the Government of India and
UNIDO 1o assist the development of the Indian aluminium industry. Part of the UNIDO
contribution to the project is the provision of foreign ‘experts’ to provide consalting and
training in specialist fields. One such field identified for attention 1s "The Behaviour and
Treatment of Organics in the Bayer Process”. The Job Description for the position is

reproduced in Annex [.

The position was taken up by Dr. P_J. Cresswell for three months, commencing {1 January

1993,

This report was prepared by Dr. PJ. Cresswell.

Objectives -

The initial objectives are outlined in Annex |. The detailed programme amived at after

discussion with the Technical Adviser at INARDDC is attached as Annex 2. The key points

‘ are:

-

I. Toreview the "organic impurities” situation in the Indian alumina industry and make

recommendations for improvements.

(2]

To provide consulting and training services in the ficld of organic impurities in the

Bayer process.

<

3. Toassist in the upgrading of the existing process mass balance model to allow

vanable temperature profiles in the precipitation area.

This includes some work on process modelling because of the author's experience in this

field and 1ts relevance to the project and to the work of the Centre.

Attainment of vbjectives

Al of the main opjectives of the project were attained. Detailed analysis of the situation in
v the plants was fimited by fack of sutable data. though this did not prevent the tormulotion of

ceneral recommendations.

-
=




1. ACTIVITIES

* Visits to operations: BALCO. HINDALCO, NALCO

¢ Discussions with indusiry reprosentatives at INARDDC: above companics and INDAL

¢ Assessment of the situation in the industry

* Preparation of a case study for the BALCO refinery

¢ One day workshop at INARDDC with staft and industry representatives to discuss the
findings of the mission

¢ Preparation of review report on ‘Analytical Methods for Organic Impurities’

* Training of INARDDC staft through informal consulting and discussions

¢ Provision of technical hiterature to the centre: about 150 items were provided, including
papers, patents and a "Dialog’ literature search.

* Assistance with process modelling. particularly in the area of precipitation

Il. OUTLINE OF THE INDUSTRY

There are currently five companies active in alumina production in India:

Bharat Aluminium Co. (BALCO)

Ownership: ~ Govt. of India
Operation:  Korba (Madhya Pradesh) - 200.000 t'y
Hindustan Aluminium Co_(HINDALCO)

Ownership:  Birla Group & other private investors

Operation:  Renukoot { Uttar Pradesh) - 300.000 t'y

Indian Aluminium Co. (INDAL)

Ownership:  Alcan & other private investors
Operations:  Belgaum (Kamatakay - 200,000ty
Muri (Bihary - 73.gikirty

Madras Adumunium Co_ ¢ MALCO

Ownership:  Private investors tfereien & localy

Operation: Nentar e Tamil Naddu - 000006 Ty reurrentiy not m operation)

Nagenai Aiyminium Co o NALCOG

Owneistup:  Gove of india; some prvatsation s under way.

Opcration, Duagiiiodi e Oissay - 3UG.GG0 s




With the exception of Nalco, most of the alumnina produced is consumed by the local market.
There are plans for major expansion of the industry over the next five years, focussing on the

export trade.

HI. ORGANICS IN THE BAYER PROCESS

A. Introduction

All bauxites from tropical deposits contain carbonaceous material , derived from soil or
vegetation, which becomes incorporated in the minerals during the geological formation
process. When the bauxite is dissolved in caustic soda, in the first 'digestion’ stage of the
Bayer process, some of the organic matter will react and pass into the liquor. With the
constant recycling of the hiquor, the concentration qf dissolved organic compounds will build
up to some equilibrium level, determined by the relative rates of addition and removal from
the system. Also during the course of recycling, particularly where digestion is carried out at
high temperature and or high caustic concentration, there will be degradation of the organic
compounds from the complex "humic acids' to simpler aromatic and aliphatic compounds.
Over a period of time, a complex mixture of organic compounds becomes established in the
process liquor. Two important end products of this degradation process are sodium carbonate
and sodium oxalate.

The organic impurities have a number of effects in the process, such as:

« Increased density, viscosity and boiling point of the liquor.

+ Increased solubility of alumina (causiny reduced yield).

- Co-precipitation of sodium oxalate with the product aluminium hydroxide (‘hydrate’y.

- Generation of foam.

All of these effects impair the efticiency of the process and may reduce the quality of the
product.

From the point of view of impurity control, the problems can be placed in two categories:

« The general eftects due to the presence of all organic impurities.

+ The specitic effects due o the formation and crystallisation of sodium oxalate,

The strategies required to deal with these two issues are quite difterent,
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B. Analytical Methods

Before making any investigation of the issue of erganics, it is first necessary to determine the
levels present in liquors and raw materials using suitable analytical methods. These can be
broadly classified, according to their purpose, as:

1. Methods for determination of total carbon content (organic and’or carbonate).

Methods for determination of oxalate

[0S
H

Methods for the wWeniification and determination of other individual organic species.

(99}

4. Methods for determination of humates (high molecular weight).

The first two are essential, while the others are desirable for more detailed studies.

The analytical capabilities of the different laboratories visited in India varied widely.
JNARDDC currently has no procedures in place. There is a plan to purchase a gas
chromatograph which will be approprtate for the third type of analysis. Methods for the first
two are also required. A comprehensive review was prepared in conjunction with Dr. K.V.

Ramana Rao of JNARDDC to identify the most suitable procedures.

Of the plants, some are well equipped while others have only inaccurate procedures. The
methods used are mainly of the ‘classical’ type, though modern instrumental methods are

starting to appear. There is a need for the industry to work together with the INARDDC to
optimise its analytical capabilities.

C. Sources of orpanic impurities

The main source of organic impurities is the bauxite fed to the process. The data available on
the carbon content of [ndian bauxite does not appear very rehiable. [t is summarised in the

Table below. Data for some foreign bauxites are included for comparison.

Bauxite or Plant C in hauxite (input to process
%o ket ALO,

BALCO 0.18 2.6

HINDALCO 0.25 N

NALCO 0.05-0.10 [.3-2.3

Boke (Guinea) 0.12 24

Weipi i Australiag (.2 44

Dartiny Ranges { Australia) (.20




By international standards. the carbon input to the older plants is in the medium range. The
Panchpatmalli bauxite (NALCO) has very low carbon content. Significantly, this style of

bauxite is expected to be the basis for future expansion of the industry in India.

Another significant contributor to organics is the natural flocculant (starch or similar) uscd in
most Indian plants. This can be wholly or partially eliminated by substitution with synthetic

flocculants which are more stable and used in much lower quantities.

D. Impurities in the planty

Typical impunty levels in the different plants are indicated in the following Table. These
data are obtained from the plants themselves and in some cases do not appear reliable. Some

data for Queensland Alumina (Australia) are included for comparison.

Plant Caustic soda  Carbonate Organic carbon Oxalate
£IN3,0 % ofsoda gl C ¢l Na,C,0,
BALCO 140 1 4 8’
HINDALCO 105 21 9 3.7
INDAL 120 10 3
NALCO 145 13 3.6 0.55
QAL 120 17 25 253

I. This figure is too low: the author estimates the correct value to be in the range 15-20.

(£ ]

This figure i1s impossibly high.
3. This figure is unreasonably low.

Two conclusions may be reached:

» By world standards. the levels of organic impurities in Indian alumina refineries are in the
fow to medium range.

»Insome cases. eg. BALCO. the of levels impurities are high refative to the ability of the
technology to cope with them.

+Some retineries. notably HINDALCO. do have high levels of oxalate and or carbonate.

E. Problems in the planis

As noted in the mroduction. impurity ettects tead to Gl into two cateuories. The problems

reported trom the plants reflect this,




- BALCO has difticulties with liguor concentration (evaporation) and separation of
carbonate and vanadate saits, due to high viscosity.

* All plants are to a greater or lesser extent concerned with oxalute and its effect on
precipitation product yield and quality.

F. Control mec sures

The control measures adopted by the different plants vary widely:

+ BALCO uses salt separation to remove carbonate and vanadium salts. This apparently
removes some organics, but only a small amount.

- HINDALCO uses "wet oxidation’ for general reduction of organic impurities together with
seed washing and crystal growth modifier (CGM) for oxalate control.

* INDAL currently has no controls but is looking for a suitable method to remove oxalate.

* NALCO has no controls and little apparent need at this time.

G. Precipitation

In the Bayer process. ‘precipitation’ is the name given to the stage in the process in which
pure aluminium hydroxide (commonly referred to as ‘hydrate’) is crystallised from the
supersaturated sodium aluminate liquor. It is a key stage in the process, substantially
determining the purity and quality of the product alumina and the overall productivity of the
plant. It is particularly sensitive to the effects of organic impunities. The main effects of
organics are to increase the solubility of alumina and to decrease the rate of crystal growth.
Both of these effects reduce the yield obtainable from the process. Sodium oxalate in the
hiquor also crystallises during precipitation. This may interfere with hyvdrate crvsiallisation
and commonly causes an undesirably firze product. Correct particle size is a kev quality for
alumina.

The industry in India uses a range of precipitation technologies. including batch and

continuous. American and European. Most of it must be considered obsolete,

V. CASE STUDY
A cie study for the Baleo refinery was made by the author in conjunction with {{.K.
Chandwaniand J. Zambo. This is attached as Annex 6 ("Organic mpurites at Balco
Alumina Retinery: Situation and Options for Improvement”). The nndings can be

sumnrarised as tollows:




- The plant laboratory has madequate analytival facilities. As a result, the real I els of
organic impurities in the process could not be properly defined.
- The plant appears to be at equilibrium with fespect to organic impurities.
- The level of organic impurities appears to be at or above that which is tolerable by the
instatled technology.
«  The main problems with organic impurities are:
* Impainnent of the operation of the salt separation unit, which mainly removes
inorganic impurities.
* This is 2 major impediment to any iniensification of the overall process.
+ These problems could be addressed by:
* Replacement of starch flocculant by synthetic flocculant.
* Increasing the efficiency of the salt separaticn unit for the removal of both inorganic
and organic impurities.
. Consideration should be given to redevelopment of the precipitation stage to improve

product quality.

V. CONCLUSIONS

QOverall situation

The levels of organic impurities in Indian bauxites and alumina refineries are in the low to
medium range, by world standards. Plants with older technology may nonetheless have
difficulty coping with these levels. The situation will improve as the industry takes further

advantage of the low carbon bauxites of Orissa.

Knowledue of the problems

The industry has insufficient knowledge of the nature of the organic impurities, their effects
on the process and of how these problems have been tackled elsewhere in the world. One
problem here 15 that the literature is full of smart ideas that are not economically viable.
while the simpler technigues that operators really use are rarely discussed. .\ more critical
approach to the fiterature and personal contacts with other plant operators and researchers
are therefore essential.

Inadequate analvtical facilities are also a bar to effective identitication of problems and

solutions.
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C_ unent approach (o solution

The current approaches have been either to do nothing (BALCO, NALCO) or tackle the
problem head-on (HINDALCO). INDAL is now taking a more measured approach. In the
case of HINDALCO, a decision was taken to reduce the overall level of impurities using
wet-oxidation (Aluterv technology). This was effective in its primary purpose but had
negative effects on the oxalate balance. Seed washing and, subsequently, CGM were
introduced to control oxalate, but the situation is still unsatisfactory as the various impurity

control methods do not appear to be properly balanced.

By contrast, the Australian industry operates with very high levels of impurities but makes
little use of impurity reduction processes, which are not seen to be economic. Oxalate is
carefully controlled, mainly by the simple method of seed washing. These plants are mainly
based on American technology, which uses lower caustic concentrations and is less sensitive

to impurity problems,

Precipitation

Most alumina refineries in the world now produce "sandy' alumina. This is characterised by a
fow fines content, high strength, high surface activity and good flow properties. These
propertics arc all necessary for use in modern aluminium smelter's,.particularly where ‘dry
scrubbing’ is used for fume control. Precipitation technologies have been developed to
produce alumina of this quality at high yield: examples are the Alusuisse method and modemn

developments of traditional American technology.

Because these technologies make active use of particle agglomeration to achieve a suitable
particle size distribution, they have the ability to counteract the fining effects of organics and
are o less sensitive to impurities. Systems for oxalate removal are almost always included as
part of the technology.

While individual companies have their proprietary technologies, the general principles
underiying them are now well known. The industry in India should be using this knowledge

to improve its precipitation methods for better quality and less sensitivity to o:ganics.

kecommended approach to solution
+  Carctul analysis of the real nature of the problems.
+ Reduction of the amount of carbon input to the process, especially by substitution of

syathetic focealants tor starch,
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Optimisation of salt removal systems (where available) to enhance the removal of
organics.

Careful attention to oxalate control by simple techniques, such as:

¢ Product wash

¢ Sced wash

¢ Use of CGM where appropriate and economically justifiable

The plants which are based on the American style of technology (HINDALCO & INDAL)
should be able to take advantage of the many improvements to this technology which have
been made in the past twenty years, examples of which are seen at QAL and Worsley.
The plants with European technology (BALCO & NALCO) will need to take a different
approach. The Alusuisse / Gove technology shows how such technology can be adapted
for the efficient production of sandy alumina.

In both cases, precipitation is a key area for development.

RECOMMENDATIONS
JNARDDC must rapidly establish analytical techniques in the following areas:
¢ Routine methods for internal use.
* Robust routine methods for use in plant laboratories.

¢ State-of-the-art methods for internal use and as a service to the plants.

The planned acquisition of a gas-chromatograph will fulfill some of this need.

.

As part of this process, INARDDC should immediately move to organise inter-laboratory
tests to determine the accuracy and precision of the analytical methods currently in use, as
a basis for choosing which methods are most suitable for future use.

INARDDC should develop a thorough knowledge of organic impurities through literature
studies and interaction with the plants. Special attention should be given to the chemistry
and behaviour of oxalate in the Bayer process.

INARDDC should build expertise in precipitation modelling and experimentation as a
basis for the development of better precipitation technologies in the industry.

The companies should support this deveiopment by entering into collaborative projects.
These must be of suttable duration and properly tfunded.

LNIDO can assist these processes by continuing to provide overseas travel opportunities

to the research statt,
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UNITEI/) NATIONS
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

UNIDO
PROJECT IN INDIA

DP/IND/88/015/11-52]713207%

JOB DESCRIPTION

Consultant in alumina production, especially in behaviour
and treatment of organics in the Bayer process

.

3 monzhs
tequired As socn as possible

_ Nagpur, India — with travel within the country e

of project .The icmediate objective of the project is to assist the Government

of Incia in setting up a functioning Aluminium Research, Development
and Design Centre consisting of:

a) Alumina Production Research Department

" b) Aluminium Electrolysis Department

¢) Asalytical Research Departwment

d) Geaneral Services, Instrumentation and Comtrol
Department (incl. Workshop and Maintenance)
€) General Administration and Finance Department

The Centre will develop capability of carrying outr the following
miin functions on behalf of and in co—operation 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
imyrovement, transfer of technology, etc.

c) Secting up and operating a data bank

d) Providing training of Indian engineers

Appliciions and communications regarding this Job Description should be sent 10

Froject Personnel Recruitment Section, Industrial Operations Division
UNIDO, VIENNA INTERNATIONA! FENTRE 0N O-idmn ve. L
i i o A e mn e




jDuties The consultant will be required to provide consulting/advisory
services on behaviour and treatment of organics in different
stages of the Bayer process of alumina production and on methods
. of their removal from the production cycle.

His main duties will be to:

1. Deliver lectures and provide consultancy to the specialists
of the Centre and the industry on the relevant subjects of
organics in the Bayer process of alumina production: origin
of organics in the process liquor, identification of organics
in the bauxite and aluminate liquor, impact of organics on
different stages of the process, methods of removal of organics
from the production cycle.

2. Prepare a case study (in co-operation with the specialists from
,the Centre and the industry) on "Organics in Process Liquor,
Impact on Production Efficiency and Possible Means of their ..
Removal*”. The case study has to be for one of the alumina
plants in India, selected by the consultant and counterpart.

3. Provide the Centre with information on the latest relevant
tezhnical literature and supply copies thereof.

The consultant is expected to prepare and submit a technical
report with attached case study upon completion of his mission.
The report should be prepared in line with UNIDO requirements.

Qualifications University degree (preferably PhD) in chemical or metallurgiczl
engineering, with extensive practical and research experience
in study and treatment of organics in the Bayer process of
alumina production.

“.

guage English
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ANNEX 2

WORK PROGRAMME FOR CONSULTANCY AT
' JNARDDC, NAGPUR

DR.P.J.CRESSWELL

19 Junuury 1993

OBJECTIVES

1. Toreview the "organic impurities” situation in the Indian alumina industry and make

recommendations for improvements.

(ad

To provide consulting and training services in the field of organic impunities in the
Bayer process.

3. To assist in the upgrading of the existing process mass balance model to allow

variable temperature profiles in the precipitation area.
TIMING
Commencing 18 January 1993 for 11 weeks. All tasks are to be completed by the end of
March 1993.
WORK PROGRAMME

ORGANIC IMPURITIES IN THE INDIAN ALUMINA INDUSTRY
Contact: R.N.Goyal
i. Obtain information on the situation in the industry from JNARDDC staff and from plant
visits. Topics to include:
+ Ongin of organic impunties at the various plants
«  Composition of plant streams, sufficient to determine a mass balance for the organic

impurities
« Analyvtical methods. in use or proposed

Eftects of impuritics on the process. existing or foreseen

Methods for removai of impuiities. in use or contempiated
2. Develop impurits balances for the plants and veriiy against plant Jata.
3. Review the overall situation and make recommendations for:

Way s to improve plant operating etficiency




- Pwjext areas for development by INARDDC
4. Prepare detailed case study for process insprovement at one refinery.
CONSULTING AND TRAINING OF JNARDDC STAFF

Contact: RN.Goyal, R Ra2e

1. Prepare a bibliography of pertinent fitera™r2

2. Prepare notes summarising the knowledge in ihe field

3. Discussions wiih staff, both formal and informal

4. Deeper investigation of arcas of special interest

5. Review analytical methods and make recommendations for future directions.(R.Rao)

HEAT/MASS BALANCE MODEL
Conta:t: M. J.Chaddha, Sharma

1. Assess existing precipitation model

-~

. Determine best method for modelling variable temperature profile

‘wd

. Implement in model

. Verify against plant data




ANNEX 3

Dr. T.R. Ramachandran
Dr. J. Zambo

R.N. Goyal

SK. Chandwam

Dr. K.V. Raman Rao
Dr. A.K. Nandi

Dr. K.V. Knshaan

R.l. Sharma

H. Mahadevan

M.J. Chaddha

V. Viswanathan

(Y

CONTACTS AT INARRDC

Ditector
Technical Adviser

Head of Alumina Department
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ANNEX 4
INDUSTRY CONTA CT R

BALCO

P. R. Choudhury (Acting GM)

O.N. Sharma (Manager, R&D)

Kedarnath (Chief Manager, Alumina Technical)
A. Mchrotra (Manager, Alumina Technical)
R.S. Singh (Sr. Manager, White side)

HINDALCO

D.B.Rishi, Joint President (Alumina Plant)
T.A.Venugopahn, Joint President (R & D)

Raj Prakash Shah, General Manager (Alumina)
Dr.K.Chowdhury, Manager Laboratory
S.N.Gararia, Superintendent (Energy), Alumina Plant
INDAL

Dr. R.G. Kalbandkeri

NALCO

Dr.R.C.Mohanty, Addl. General Manager (M&R)
P.Vidyasagar, Dy. General Manager (Operation)
P.Das, Dy. General Manager (Operation)
V.K.Sood, Manager (Alumina)

J.S.Bedi, Addl. Chief Engineer (Chem)

B.K. Padhi




SUMMARY OF COMPANY VISITS

A.BALCO, KORBA REFINERY (MP)

28 - 31 January 1993

P.J. Cresswell accompanied by H.K. Chandwani (JNARDDC)

* Tour of the refinery and laboratories

- Discussions with plant management, operations and research staff
+ Collection of data

- Seminar presentation "Precipitation and Impurity Control at Queensiand Alumina”

The information gathered duning this visit forms the basis for the Case Study (Annex 6).

B. HINDALCO, RENUKOOQOT REFINERY (UP)

18 - 20 February 1993
P.J. Cresswell accompanied by R-N. Goyal (INARDDC)
+ Tour of retinery and laboratories

- Dascussions with plant management, operations and rescarch staff

There was special interest here in the problems of impurities and of the potential for

improvements to precipitation. The observations were summansed in a report to INARDDC.

23 - 23 February 1993
P.J. Cresswell accompanied by R.N. Goyai {JNARDDC) and N.G. Sharma (NALCO)

Tour of mune. refinery and laboratories

Discussions with plant management, operations and research staff
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JAVWWAHARLAL MEHRU ALUMINIUM RESEARCH
DEVELOPMENT AND DESIGN CENTRE,
NAGPUR

ORGANIC IMPURITIES AT BALCO ALUMINA REFINERY :
SITUATION AND OPTIONS FOR IMPROVEMENT

Preparation of this case study has been part of the work programme for consultant in
organics in the Bayer process

Prepared by Dr. P.J. CRESSWELL
UNIDO consultant

APRIL 1993




TABLE OF CONTENTS

OBIECTIVES
INTRODUCTION

. PLANT OBSERVATIONS

A. ANALYTICAL METHODS

B. ORGANIC IMPURITIES

C. INORGANIC IMPURITIES

D. PRECIPITATION

E. PROCESS PROBLEMS DUE TO ORGANIC IMPURITIES

Il. ASSESSMENT

A. COMMENTS ON THE DATA

B. ORGANIC CARBON BALANCE

C. BALCO IN THE WORLD CONTEXT
D. FUTURE DEVELOPMENT AT BALCO

11l. POTENTIAL METHODS FOR IMPURITY CONTROL

A. FLOCCULANT

B. LIME

C. SALT SEPARATION

D. SEED OR PRODUCT WASH

E. CGM |

F. LIQUOR BURNING AND WET OXIDATION

IV. POTENTIAL METHODS FOR PRECIPITATION IMPROVEMENT

A. OPTIMISING YIELD OF THE EXISTING OPERATION
B. PRODUCT COARSENING

RECOMMENDATIONS

LIST OF ATTACHMENTS

PAGENO.

]

(RS

L B - N

[~ -2 B~ N - T~




IPROJECT: DPAND-SS915°11-32

CASESTUDY

ORGANIC IMPURITIES AT BALCO ALUMINA
REFINERY : SITUATION AND OPTIONS FOR
IMPROVEMENT

OBJECTIVES
= To assess the effects of organic impuritics on the Balco alumina refinery.
+  To make recommendations for control of impurities and improvement of the plani.

INTRODUCTION

BALCO ¢Bharat Aluminium Company) operate an alumina refinery at Korba. Madhya
Pradesh. The plant was opened in 1973, using the technology of Aluterv-FKI. and has a rated
capacity of 200660 tanes per annum of alumina. Afl of the alumina produced is consumed
by the adjacent aluminium smelter. The refinery uses traditional European’ technology.
characterised by high temperature and caustic concentration in digestion and high solids
precipitation. to produce a very fine alumina. typically 40w finer than 43 microns.
The BALCO smelter is currently upgrading its technology to reduce energy consumption,
These changes may be incompatible with the present alumina guality. JNARDDC has
theretore been preparing proposals to improve the refinery technology to allow nroduction of
avcoarser product. As organic impurities in the process aitect refinery operations and product
quality. this study was initiated to determine the current siteation ia the plant and 0 make
seme recemmendations for improvement.
The data upon which the study is based was mostly obtained during a visit to the plant by
P.J. Cresswell and H.K. Chandwani in January 1993,

{. PLANT OBSERVATIONS

A._Analviical Methods

Determunaiton o orzanic impurities in plant fiquors is hased on two procedures
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i) Tomal areuanic carbor is detcrininad by osidation vith acid pormanganate, The
cvolvad COLmay beabsorbad i cxveess Bu Oih, solution and deternvnad by Buation. e
simple method normaily wsad s o add exeess permanganaie and then back-titrate with

sodium oxalate, The resuit is expressed in terms of cqunatent Na C4 vt

b) Onatlate is determined by oxidative titration with cerie sulphate using a frrroin
indicator.

I is clear trom the data tsee below) that neither of these methods gives accurate results. The

plant people are aware of this and use the results only as indicators.

The method fur Total Organic Carbon appears to grossly under estimate the real value. Some

wnder estimate is to be expected as the conditions are not sufficiently vigorous to oxidise all

of the orzanic impurities. Acetate 15 particularly ditticult to oxidise and typrcatly accounts

for about 25", of the total impurities. Another factor contributing to the error may be ihe use

of back titration. This must make some assumption about the stoichiometry of the oxidation

reaction. presumably that it is equivalent to the oxidation of sodium oxalate.

.07 -2H,0=200,7 - 4H - e
Because of the complex mixture of compounds being oxidised. the actual stoichiometry  may
be quite ditterent.
The method for oxalate appears to grossly over estimate the true value. Again, some
oeerestimate is to be expected because the method is not fully selective for oxalate and other
casily onidisaile species wili e determined as well. Better accuracy might be obtaned by
potentiometric measurement of the end point instead of the indicator.

Additional anabytical data are available from some external sources. particularly Alutery.

B. Organic Impurities
Bauxite
The tpieai bausite composition 1s siven in Attachment ToAverage carbon figures for the
sl I ears Jre Siven o Mtacnment 2 Fhe fong term average s i INTw € with no
R

’
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Individual analvses of samples from several mines. are also given i Attachment 2. These are
all around 6147
The bauxite carbon is thought to be about 50% soluble in digestion.

Red Mud
Annual average vatues for carbon in red mud are given in Attachment 2. The long term

average is 0.27% C with no trend other than a small drop in the past two years.
The typical composition of the filtered mud is given in Attachment 1.

Liquors

The current composition of plant liquors is given in Attachment 3. Caustic and mole ratio
values for a number of different streams are given in Attachment 4. Annual average impurity
levels in settler overflow and 'thickener overtlow’ (spent liquor) are given in Attachment 5.
The organic carbon content of the liquor is said to range from 20 to 30 2L ( expressed as
equivalent Na,C,0,) and is currently 24 ¢ L. This is clearly not accurate tsee below.
Analytical data for oxalate in liquor appear scant. The current value in settler overtlow is
given as "about 8 g L. Data from May 1991 showed values of 9.17 and 8.84 ¢ 'L for SOF
and spent liquor. respectively.

Hydrate

Analytical data for hydrate are given in Attachment 6. Organic carbon in hydrate has been
measured at 0.09%.. alumina basis { Attachment 23, The hydrate has some colouration which
may be due to contamination with cither iron {0.046" as Fe, 0.2 or Organics.

Alumina

Analyses of product calcined alumina are given in Attachment = The levels ot Sifiea. fron
and Soda are hich by world standards.

Salt Cake

The composition of the salt cake (approsimater is V.0 N7 00 6% Na. (O 2" Nab

3, Orzanic carbon fevels have heen determined i ihe range s - Fime AMtachment 26

The vanadium is said o precipizite us 4 complen sait with phosprate and Huoride. The




oxakate content of the cake has not been determined. One would expect precipitation of
oxalate in the evaporator to be quite significant, particularly if the fevels in the hiquor are
anywhere near those claimed.

Individual organics

A range of erganic impurities in bauxite and liquor has been determined by Alutery,
presumably by gas chromatography (see Attachment 8). The main components in liquor are,
in order : acetate, formate, benzene polycarboxylates, succinate and oxalate. The
composition was judged to be similar to Hungarian plant liquor. It was observed by this
author that the Balco liquor was odourless.

This is in contrast to liquors from Australian bauxites, which have a strong odour, possibly
due to the presence of volatile amines. This indicates some qualitative differences between
the organic species present in Indian and Australian bauxites. ( A 'normal ' odour was noted

in subsequent visits to Hindaleo and Naleo ).

C. Inoreanic Impuritics

The inorganic impurity content of the SOF and spent liguors over the past five years are

given in Attachment 3. All values are relative t a caustic concentration of 140 'L Na, .

Carbonate

The sodium carbonate concentration is in the range 23-30 « L. Total salt concentration
tmainly carbonate) is about 10" of caustic. [n "American” terminology this corresponds to a
€5 ratio about (.90, The carbonate level is controlled both by causticisation and by salting
out. The figures indicate that this is sutticient to maintain a low carbonate level.

Silica

Silica concentrations in figuor are in the range ©.3-0.6 ¢ L which is what one would expect
for liquors of this concentration,

Sikica in aluming is G035 %0 which is considered fiigh. Silica in hvdrate is 5.024 %0,
indicating that the silica contamination arises in precipitation. not in calcination. The data in

Attachment S maicate adrop of 104 - 0eX a ESI0L hetween SOF and spent iquor,

Nsummng s sieh i oo AL o precipiiation. denosition of this amount of silica would
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made a hvdiate with 0.06-0.12 4 Si0.. This is well above the observad level, indicating that
most of the silica is not precipitated on the hydrate.
fron

Iron in Baver liquors may be soluble, colloidal or as suspended muatter (red mud) and the
distinction between these forms is often difticult. One must assumie that the impurity
amalyses (Attachment 3) are made on well filtered liquor so that only soluble and collotdal
iron is determined. The observed concentrations are about 40 mg L Fe.O, in SOF and 20
mg L in spent liquor, indicating precipitation of 20 mg L. Again, assuming 63 ¢ L yield this
would made a hyvdrate with 0.031% Fe,0,, or 0.047 % on a calcined alumina basis. A recent
hydrate analysis was somewhat higher than this {0.046 % Fe,0,. Attachment 6) but average
levels in alumina are in the range 0.049 - 0.035%, in general agreement with this estimate.
This indicates that the bulk of the iron in alumina arises by precipitation of soluble or
colloidal iron, with probably only a small contribution from suspended solids.

To have confidence in these estimates it is really necessary to have data on impurity levels in
liquor feed to precipitation as there may be removal of soluble or colloidal iron at the Kelly
filters. These data are not currently available.

Vanadium -

The vanadium level in plant liquors is about 1.7 ¢ 'L as V.0,. Control of this impurity 15
critical and is achieved by salting out as a complex vanadium. phosphorus. flueride salt. The
process of crystallisation and separation of the salt appears to be quite sensitive 1o changes
elsewhere in the process. Because it is such an important part of impurity control at the
Balco plant. the chemistry of this unit process should be better understood.

D. Precipitation

Ihe precipitation area at Balco follows Aluters technology. using high caustic. high solids.
"ow temperature conditions to produce a tine hydrate talumina typically 40 %o - 45 microns).
Precipitation is continuous, with aluminate liquor tCAL) and recycled seed being mixed and
then passed to a series of fitteen air-agitated tanks (typically 12 on liner. Some of these are
squipped with extermal heat exchangers to provide coofing. The product from the List

arecipitater iy sphitinto seed and product streams. The seed is tilterad ondise fifters and then




recycled. The product s filtered, washed and sent for caleination. The plant does have one or
two cone classifiers but these are not in use.

Developments at the Balco Smelter require that the alumira be coarsened to about 20%
fines. In the longer term it may be desirable is to produce a sandy alumina with less than
10°% - 45 microns. The problem facing the plant is how to achieve this coarsening. Trials in
the past have shown that coarsening to 20% fines is possible by raising the precipitation
temperature about 4°C, thus encouraging agglomeration. However, the trials showed that
precipitation efficiency dropped about 5% and the process became unstable. Simply raising

temperature is not an acceptable solution to the cearsening problem.
pe gp

E. Process Problems due to erganic Impurities
Foaming is an intermittent problem. High liquor viscosity causes a number of nroblems in
evaporation and salt separation:
I. The high boiling point and viscosity reduce the efficiency of evaporation.
2. This results in lower caustic concentration in the digestion liquor, reducing yield.
3. Scparation of impurity salts is impaired, so these tend to remain in the circuit.
Product quality is a major issue (excessive fines, high Si0, and Fe,0,) but this is probably

not directly related to organics.

1. ASSESSMENT

A. Comments on the data

As mentioned in Section 2.1, the Balco laboratory does not appear to have adequate methods
to accurately determine organic carbon and oxalate in process liquors. The values for carbon
in bauxite and mud in Attachment 2a appear reasonable. Those for bauxite carbon in
Attachment 2b are significantly lower. but consistent with the most recent data in

Attachment 2a. This may reflect a real chaage or be an analytical artefact.
The current value for organic carbon in liquor is wiven as 24 ¢'L (as Na,C,0y) which 13
cquivalent to 4 ¢ L as C. For comparison. the Gove retinery. which has a relatively low level

of organics. has 10-12 ¢ L C while QAL hasabout 25 ¢ L C. 4 ¢ L would be taken to be a




negligible content of organic impuritics. However the liquors are highly coloured and from

this one might judge the real carbon contcnt to be in the range 20+/-5¢1C.

Some aticripts have been made at Baleo to develop a method for determining carbon in
liquor using a Leco carbon analyser. The was apparently unsatisfactory, but values up to 17

¢'L C were obtained in trials. This is consistent with the above estimate based on colour.

With oxalate, the situation is reversed. The concentration is liquor is quoted at about 8 ¢'L
Na,C,0,. Now the solubility of oxalate in Bayer liquor is quite well known. At 140 gL
Na,0 the equilibrium solubility will be less than 2 g'L and the 'critical oxalate concentration’
(the metastable limit) will be around 3 gL (about 2.8 ¢ in QAL liquor). Hence a level of 8
'L is a thermodynamic impassibility.

The levels of organic carbon and oxalate in Balco liquors must therefore be considered to be
runknown’. Without this information, no serious discussion. Of the problems of organic
impurities in the plant can be undertaken. The first priority for INARDDC and the plant

laboratory must be to establish reliable methods and to camry out an accurate survey ot the

organic impurities in the various plant streams.

B. Oreanic Carbon Balance

-

An estimate for the organic carbon balance in the plant can be made using "best available
data’.

The balance is reasonably good. considering the uncentainty in the input data. Some of the
Jifterence must be assigned to carbonate produced by degradation of organics in digestion
and in the recirculating liquor. This will be removed by causticisation and in the salt cake.
The carbonate content of the salt cake is 0.3 kg t ALO, as C. Itis notable that the balance is

dominated by carbon entering in the bauxite and leaving in the red mud.

The balance suggests that organic impurities in the plant are at or near equilibrium. This 15
confirmed by data in Attachment 5. which gives levels of organic and other impurities for
the last five years. While the absolute values for organic € cannot be accepted. the data do
indicate stability between 1987 and 1990, The level appears to have increased by about 10%s
over the period 1990-1992. However, the data for January 1993 ( Attachment 3y indicate a

rewrn to the earlier level.




CARBON BALANCE FOR BALCO REFINERY

Spevific Consumption % C C input ‘output
per tonne ALO. ket ALO.
INPUTS
Bauxite
Flocculant ¢ Starch)

Total inputs

OUTPUTS
Red mud
Liquor
Alumina
Salt cake
Total outputs

\ct input - output

C. Balco in the World Context

Lntil recently. Baver process technology followed two distinet practices. the Eurepean and

the American.

European

This was characterised by high caustic concentration in digestion to enapi high productivin
and low heat consumption. Precipitation was also caried ot moderatels Bieh Coasi

concentrations, low temperatures and high seed ratios. [his venerated a fine procat siiaple




for making oury alumiaa. Impurity control was based on precipitation of inpuritics
tprincipaliy sodium carbonate) from concentrited liquor (sabiing ovts. ln this sysiem. the
i problem with organic impugitics is the increase in kiguor viscostiv, which reduces the
efficiency of evaperation and of the separation of the precipitated salts. Traditionally.

European refinenies processed local bauxites which had low levels of organie impurities.
American

The Amenican practice was based on tropical bauxites which could be treated at lower
temperatures and caustic concentrations. The lower caustic in previpitation created
conditions favourable for veneration of a coarser product which was hightly calcined to make
sandy alumina suitable for prebake smelter cells. Energy consumption in disestion and
evaporation was not a major concern because of the low cost of enerey. Control of carbonate
in this svstem was mainly by internal causticisation (addition of lime). As the source of
alkali was often soda ash. it was in fact not possible to achieve high caustic concenirations.
The tropical bauxites contain higher levels of orvanic impurities. The American technology
is loss sensitive to this. the main effect betng a reduction in precipitation vield. Evaporation
of liquors to high concentration is not required. Oxalate control is necessary to maintun
control of particle size. .

Modern Technology

In the past twenty yvears. a number of factors have changed the face of the alumina industry
worldwide. Principal amongst these are:

* The emergence of coarse sandy alumina as the standard product. due to the evolution of
smelter technology.

- Widespread use of tropical bauxites, with wide ranging charactenstics requiring both
Bieh and fow temperature treatments.

« NV woridwade inerease in the cost ot enerey.

\x o resuit. a1 nbrid wechnology has emersed which attempts to bring the high producuvity
and enerey etticieney ot the furopean technology to the production ot sandy alumina.
caamples can e seen i the Gove and Worsley retinenies in Australia, These plants use

At ceneentrations which hie between the European and Amernican traditons, Thes

“ennnn rebativ ey msensitive e orgame imparities and can tolerate high fevels 23 0 1 C e

~bres




Waorsley). Product quality is ensured by active control of particle agglomeration and oxalate
removal.

Balco

The process used at Balco embodies classical European technology. However. in treating a
bauxite with medium level of carbon (say 0.13%), it appears to be ator bevond the limit of
this technology’s ability to cope with impuritics. This poses both immediate and long term

problems.

D. Future Development at Balco

Technological development at Balco can take one of two directions:

- Maintain current product quality (or slight improvement) but increase productivity.

- Move towards production of a world standard product.
Increase in productivity requires the intensification of both digestion and precipitation. There
are three key process parameters to consider:

- Caustic concentration in digestion.

- Molar ratio in digestion (at blow-oft).

- Molar ratio in the precipitation feed (aluminate liquor).
The first of these may be directly limited by evaporation efficiency. The other two are
fimited by the efficiency of alumina extraction in digestion and the stability of the resulting
liquor.
it is well known that both extraction efficiency and liquor stability can be increased by the
ddition of lime. Lime addition at Balco has also been proposed for control ot iron in liquor.
However lime also reduces phosphorus in the liquor, which is required for formation of the
complex vanadium sait in the existing salting out process. Thus, every attempt to introduce
fime to the digestion or clarification areas upsets impurity removal and has to be abandoned.
it is absolutely necessary. theretore. 1o modify the salting out process to get around this

mpasse. Possible methods are considered below,

Development of a coarser product is also considered.
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111 POTENTIAL METHODS FOR IMPL RITY CONTROL

The immediate needs of the plant can be identified as follows:
« To increase the efficiency of evaporation and salt scparation.
- Control of oxalate to assist the product coarsening project.
Tl\c basic strategy in the first case can be based around:
- Reduction of impurity input to the process.
« Enhancement of impurity removal.
The following sections examine the potential impact of several options on the impurity
situation.

A. Flocculant

The plant currently uses starch flocculant (maize) which introduces about 08 kg CtALO..
\Most of this will be removed with the red mud. A change to synthetic flocculant, which 15
used at much lower dose rate, would almost eliminate this source of carbon input. It has alse
been observed that red mud floceulated with synthetic flocculant has greater surface acuvity
for absorption of organics. The removal of C from the plant in red mud can therefore be
expected to be maintained or increased. Hence we can expect a negative effect on the carbon
balance amounting 10 0.5 - T ke CtALO(10-20% of the total). Over time this wiill lead to
reduction in the carbon inventory in the liquor. The data are insufficient to predict what the
new equilibrium level might be.

B. Lime

Addition of lime to digestion is proposed to improve extraction efficiency and increase
liquor stability. allowing a significant reduction in SOF mole ratio. This is a key issue in
increasing productivity at the plant see abover. Addition of lime will also affect impurities.
The main expected etfect is reduction of Fe. P. Ti and carbonate in liquor. One can expect
wome reduction in organics by absorption o3 the precipitated calcium salts. The main

problem comes in the effecton control of vanadium in the salt separation plant.

(. Salt Separation.

Salt separation is used to contred vanadium by precipitation of' a complex V" P.F salt from

concentrated Hguor. Effective operation of this unit appears to be critical for smooth running
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of the phaat. The salt cake also contains some sodium carbonate (12%0) and organics {about |
e, C ). This organic content scems rather Tow and it should be possible to increase it. making
the salt separator a more offective contributor to the overall carbon balance (currently only
0.2 kg CTALOY.

A problem with the salt removal system is that the presence of organic impurities, by rasing
the viscosity. reduces the liquor concentratien achievable by the evaporators and impairs the
se aration of the previpitated salts. Above some level (undefined in this case) this may lead
to a vicious circle of increasing organics and diminishing effectiveness of the impurity
control system. There may be a need to reduce the organics to a level where salt separation
can again be effective. This may be done on a ‘once ofT" basis using absorbents. such as
activated carbon, or by improvements to the equipment. The concentration problem may be

addressed by modification of the evapoiators to include forced circulation.

The incompatibility with lime may be fixed by changing the chemistry of the saft. In the
absence of phosphorus. vanadium can be precipitated as a sodium fluoro-vanadate. This
oceurs at lower temperatures (20-257°Ch so that it is necessary first to chill the liquor. Thus
the benefits of lime use can be enjoyed without compromising impurity control.

The basic physics and chemistry of the salt separation stage needs to be better understood.
both to ensure effective control of V in the face of process changes and to develop its
potential tor removal of organics.

D. Seed or Product Wash

Hydrate washing is well established as the simplest and most effective method tor oxalate
control. The oxalate bearing hydrate is first deliquored and given a displacement wash with
cold water to selectively remove adherent liquor. while minimising the Jissolution of oxalate
at this stage. 1t is then washed with kot water to dissolve the sodium oxalate. The aim s o
produce a wash liquor with a high conventration of vxalate and low concentration of caustic.
which can be causticised with fime to precipitate calcium oxvalate and recover soda. The
operation van be carried out on drum or beit fiiters. Permancent disposai of the vaicium

axalate is a problem which must be taken into consideraton.
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In the Kaiser technology. the target stream foi seed washing is the tertiary thickener
underflow. which may contain up to 3% sodium oxalate.

Product washing is an attractive alternative because this stream will be washed inany case
and the process can be adapted for oxalate control with minimal additional equipment or
water usage.

In any particular plant. it is tirst of all necessary to establish the concentration of oxalate in

the various streams to determine the most cost effective method for control.
E. CGM

Crystal growth modifiers {CGM; are becoming a standard part of the operation of Bayer
process precipitation circuits. However their mede of action, optimal formulation and
method of use are still not well understood. They do not have a direct etfect on impurity
levels. The main effect seems to modify the interaction between the crystallisation of sodium
oxalaie and hydrate. This results in a stabilisation of crystalliser operations by enhancement
of agglomeration and reduction in fines.

CGM tends to be seen as a ‘magical’ cure for plant problems. it is a relatively expensive
additive. but the real benefits are difficult to quantity. Assessment of the ettects of CGM at
Balco should be based on a comprehensive research programme of laboratory batch
precipitation trials. The "boutle” procedure in most suitable for this. The tests should

; referably be done at the plant to ensure that the liquor and seed used are fresh.

F. Liquor burning and wet oxidation.
Wholesale reduction of organic impurities can be achieved by techniques such as liquor
burning i ey, Alcoa. Kwinana) and wet oxidation {Hindalcoy. In practice. such methods are
rarely used due to the expense and complexities of the operations.
Given the avaiiability of a concentrated liquor stream from the salt separator (280 ¢ 1 Na.O».
cither of these vpiions could be considered at Balco. Effective removal of organics would be
abtainad By treating only 2 fraction ot the stron liquor stream (probably less than 3"w. The
costs and henetits of cither o these approaches would require careful analysis betore a firm

recommendation could be made.
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HLPOTENTIAL METHODS FOR PRECIPITATION IMPROVEMENT
The precipitation unit at Balco produces a very fine praduct (46%% fines) at a yicld of 65-08
¢ 1. This may be compared to "world standard’ operations producing less than 10%s fines at
over 70 u 1 vield.
Two arcas can be identified for improvement:

- Yicld and or production

« Quality

A. OPTIMISING THE YIELD OF THE EXISTING OPERATION

The options for increasing the yield were investigated using a simple model ("PPIN" wnitten
by P.J. Cresswell). Plant performance data for November 1992 were used to establish a base
case for the calculations. The effects of varying individual process parameters were then
determined. to identify those which have greatest potential to benefit productivity. The

results are summarised in the following Table.

BASE CASE: NOVEMBER 92

CAL 141.0 ¢ 1. 1.68 MR
Temperature, "C Stant 67. Finish 30
Last tank solids 370 ¢l
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FFFECES OF PROCESS PARAMETER CHANGES ON YIELD:

CASE YIELD GAIN PROD
el e/l t/h
Base (as above) 683 - R0
Decrease feed ratio .63 70.7 24 3935
1.6 7501 6.8
Decrease start temp. 58 -- 50°C 68.6 0.3 REA |
CGM: Increase growth rate 20% 70.0 1.7 39.2
40 714 3.1 40.2
Increase solids 460 g1 69.9 1.6 39.0
Decrease solids 300 ¢ 66.3 -2.0 369
Coarsen solids 20 66.3 -2.0 36.8
Increase sead filter solids ¢ 1388-1600 ¢1) 68.8 0.5 384
[ncrease flow rate 20" 066.1 =22 34.0¢-16%)

Clearly. the greatest scope for increasing productivity comes from a decrease in the molar
ratio of the feed liquor (ie. increasing the alumina content). This ratio is currently very high
due to dilution of the blow-oft slurry with spent liquor.

The effects ot other parameters such as temperature and seed content are small. Fhis comes
as no surprise. as the plant already operates at low temperature and high seed content. so
there is little room for improvement. There may be scope for optimisation ot the temperature

profile.
B.Product Coarsening
Two options may be considered for coarsening the Baleo product:
1. Product 20-30", fines: this should be achievabie using the hydroscparator only with
o loss of vield. Implementation could be similar to the Pechiney method used at

Nafcorsee below,
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2. Product ~10% fines: to convert the plant to world standard product would require tull

classification and agelomeration, as typified by the Alusuisse technology. This
coarsens the seed and can be expected to result in some loss of yield (say 2-3 ¢ h.
Pechiney
The Pechiney approach to the problem has been described by Cristol and Mordini. They use
a special high solids classifier (Turbiflux) treating a portion of the product stream to separate
a product with ow fines (7-10% - 43 mucrons). This type of classification has the effect of
decreasing the stability of the process, increasing the amplitude of fine - coarse swings. This
has been controlled by carefully menitoring nucleation in the process and manipulating the
starting temperature to ensure that nucleation and agglomeration remain in balance.
This technology is currently in use at NALCO (Damanjodi). Expenence there indicates that
it 15 not the ideal solution as this plant has also some problems with yield and product
quality.
Alusuisse Technology
The Alusuisse technology has been described in numerous publications and patents. It was
developed during the late {970's tor the Nabalco Gove refinery in Australia in order to
convert that refinery’s output from floury to sandy alumina. The onginal plant design
teatured traditional European precipitation technology, essentially the same as that now used

at Balco. The essenual changes were :
ai installation of classification for products and seeds

by separate agglomeration of fines.

The classitication area uses hydrocyclones. thickeners and seed tilters, Agglomeraton is
ughtly controlled to maintain a coarse particle size. Ligquor productiviy at the plant is very
high. 80-90 ¢ L ALO.. but this is mainly due to the very high concentration of alumina in the
ieed Hiquor tabout G.74 A CL 15 MRy The original design used only natural cooling, but
mterstage eonling has recently been istalled o allow tor expansion of the plant capacity,
There is no direct control of orcanic impurities at the plant, but these are naturatly Jow

0-12 ¢ 1oorganie Cin iguors, DADNMAC or CGM may be used. Ovalate 1s sometimes a




problem as it remaiins i the pond water (which is reeveledy and may reach quite high

concentrations during the dry scason.
RECOMMENDATIONS

INARDDC Should establish reliable methods for the determuination of organic carbon
and oxalate in Bayer liquors for use at the centre and for transfer to Balco. The range of
meihods available 1s currently under review by Dr Ramana Rao.

Using these methods, JNARDDC and Baleo should determine organic carbon and
oxafate in the various plant streams and develop a mass bajance for the organic
impuritics.

INARDDC and Balco should establish a collaborative project to determine the cause of
the high iron content of the product alumina and te develop and implement a solution.

JNARDDC and Balco should establish a collaborative project to investigate the
fundamental chemistry of the sait separation unit with the foilowing aims:
¢ To maximise the etficiency of the unit for removal of vanadium and organic
impurities
* To mamtain efticient operation of the unit when changes are made elsewhere in the
cireuit.




Lict of Attachments

"Information on Korba Refinery” compiled by Baleo Staft in response to request by
P.J. Cresswell.

a) Organic C in Bauxite and Mud (Annual Averages).

b) Organic C in Various Samples (September, 1993)

Composition of Plant Liquor (January 1993).

Composition of Various Plant Streams (Monthly Averages July-December, 1992).

Liguor Impurities (Annual Averages).
Analysis of Balco Hydrate (January 1993). .
Quality of Alumina (Annual Averages).

Determination of Individual Organics in Bauxite and Liquor.




Attachment 1.

INFORMATION ON KORBA REFINERY (Prepared by Balco stafl).

Bauxite - Bauxite is procured from 20-22 different mines. Detailed analysis of
bauxite so procured is not available. However when blended the bauxite quality range
15 as under :

LOI

Si0.

ke,0,

Ti0,

ALQ, 46 - 48 %o
P.O, 0.15-0.19%
V.0, 0.16-0.20%
C-org - 0.10-0.12"%

The composituon range is fairly uniform all these years and approx. annual
consumption rate 1s 3.0 Jakh tonnes.

Digestion : A slurry flowrate to a maximum of 320 M'/Hr. is maintained. The slurry
contains around 170 gpl Na, O, and 87 gpl ALLO, with a solid content of 260 gpl at
the inlet of desilication. Impunty level before and after digestion is tabulated and
enclosed.

Desilication is a series of tanks where slurry 1s held for 6-8 hrs. at 93°C.

Clarification : Maize starch is the flocculant used at a rate of 1.5 kg't of mud. No
other additive i1s used.

Around 30 t'hr mud is filtered out with the composition being as under.
L.OI - -12%

Si0. 7-8%

Fe.), 353-36"

Ti0). 14-16"

ALO. 14 - 16

PO, 1.22-0.25"

\0) (0.22-0.23",

\a 6 430

(a0) b - 127,




The return water from the pond 15 analysed for only Na, O, content - 4 to § gpl

deponding upon the water level in poad. The pond water consumption is 38 - 40 M hr,

approx.

4.

Precipitation : Aluminate liquor flowrate is in the range of 330-370 M'hr
containing 140-141 gp! Na,O. & 138-139 epl ALO,. Facilty for measurement of
sced streams do not exist.

Temperature profile and performance date is enclosed.

Temperature profile is regulated by cooling of slurry through interstage coolers, with
industrial water beiny the cooling medium.

Impurity Control : Simple causticisation consists of a serics of pass-over tanks,
generally four in line, where last washer mud, with a 20 gpl Na,O,. concentration and
around 330 gpl solid content, is fed along with lime slurry. Live steam’flashed steam
is used for maintaining the temperature above 93°C. No lime is added at digestion
stage.

For salt separation, strong liquor from evaporation is cooled by heat exchangers and

led to a thickener where a holding time of 4-3 hrs. is available. The settled salt is centrifuged
and marketted. Sait contains approx. 7-8% V,0, & 10-12 % Na,CO..

6.

Problems :
a) Precipitation vield : It is poor if we try to yenerate a coarse product -
(-) 325 mesh around 25%

b) Precipitation control : Lack of analytical facilities for determination of seed
area, no segregation classification facility of seed.

¢) Product quality : oft white colour and fine grain size.
dy Foaming : Very dominant at times in pptr. circuit.

) Oxalate Control : Not much of a problem as the level of oxalate is low.




Attachmeni 2

Oreanic C in Bauvite and Mud (Annual Averases)

Year Bauxite %o Mud %o
83-84 0.172 G.272
84 -85 0.176 0.277
85 -86 0.22] 0.274
86 - 87 0.18¢% 0.298
87-88 0.182 0.267
88 - 89 0.204 0.265
89 -90 0.157 0.270
90 - 91 0.152 0.240
91 -92 0.148 0.233
Overall Average 0.178 0.266

Organic C in Various Samples (September, 1991)

% C
Bauxites : Amarkantak 0.140
Phutkapahar 0.157
Lohar Daga 0.134
Keshkal 0.133
Process bauxite 0.140

Nalco bauxite 0.153

Product hydrate (alumina basis) 0.09

Filter causticised mud 0.22

Soda Salt (centrituge) (0.828
Soda Salt (non-centrifuge) 127

Sada Salt rmonthiy composite) 0.77

Pond return water 1Na.O 241 ophy D.0I28 w L.

Setder overtlow i N O 1457 2piy - 32060 ¢ Loas NaCLO




Attachment 3
Composition of Piant Liguors (January 1993)

All 2/L. except as otherwise noted

Settler Overtlow Spent Liguor
Na,O (Caustic) 1426 1333
Al,0, 132.6

MR (mole ratioj

Impurities - relative to caustic at 140 v'L.

Na.CO, 280
Na, (O, (as Na,0) 16.4
Salt level, ®u 1047
V.0,

P.0.

Organic Cas Na,(,0,)

Si0,

Fe.0.. mg | 13.99

Na.C.0,




Plds. Lquoet

BALCO LIQUOR AWALYSES (JULY - DEC 1892)

ATTACHMEN? - 4

B.0. SOF CAL 1at Precipitator Last Precipitator Spent Liquor Strong Liquor

Cerdh. | Wik Soncn.  H/k Conen W/K Concn. W/R Concn. N/R Solid Conen. M/K  Solid Conen, M/ Conen.
81 8/l g/l g/l 8/l g/l g/l 8/l 8/l 8/l
17v.9 3.8 192.5 1.7 140.5 189 1401 L.70 1404 2.09 28} 142.9 327 345 135.7  3.27 2412
el A 3.33 138.2 1.56  140.5 1.69 140.1 1.69 138.9 213 260 139.7  3.33 343 1340 3.3 235.2
[ESY a4 185.2 1.3 133.9  1.86 139.4 1.66 138.4 2,21 293 138,2  3.4% 355 132.9  3.48 238.9
133.3 344 189.3 P66 14003 1,67 140.0 167 M0.1 2,19 322 141.0 3.4l 380 135.0  3.41 322.0
65,3 9.33 137.4 1.3 140.1  1.63 140.1 1.88 138.4 2.15 322 140.6 3.7 398 135.0 3,39 240,90

1.1 SN ILYRY LR 14uh 188 140.7 187 139.9 2,12 280 141.0  3.09 382 135.8 3.12 236.9




Attaschuent - 5

LIQUOR IMPURITIES, g/1 (Annual Averagen)

Sitlier  Overflow SPENT LIQUOR
eat Na, g Na?C}, B303 V205 C-org.  Fe203 §102 SaltX ¥a2C03 Na?& P20§ V205 C-Org. Fe203 §i02  faiv X
taziegr o gnlTY 19.11 0.87 2.10 25.44 33.4% 0.56 12.02 32.24 19,51 0.82 2.03 25.38 12.8 0.50 172,27
wid ey Lol 16.80 1.41 1.95 24.08 41.6 0.65 10.67 28.42 16.64 1.41 1.86 23.41 19.0 0.0) 10.f3
i
Tovdoye  Ingn 15.12 1.50 1.83 25.14 31.31 0.58 9.1 25.90 15.11 1,50 1.78 24,78 72,31 6,50  §.72
N ) N N T 15,30 1.49 1.78 26.59 40,50 0.60 8.85 25.49 . 34,91 1.47 1.76 241 19,0 0.55 9,535

[EEIEEY AN L 15.02 153 1.70 28.21 37.52 0.55 10,07 26.31 15.33 1.48 1,63 27,33 15.91 D.45 9.3




Attachment 6

Analysis of Balco hydrate
Average of daily composites, 1-15 January 1993.

Y

Moisture 8.5
$i0,

Fe,0;

Na,O (Soluble)

Na,0 (Total)

Size, mesh + 150
- 150 +200
-200 +325
- 325

Bulk density, kg/m’




Attachsent - 7

* QUALITY OF ALUMINA s

Yeer bih- 101 S0, Fe0g  Ti0, POy V0. T S N Y T
alst. kg/tv- ] ) -
k-1 1-2 $20 432 Miceong

1988-39  1.01 0.57 0,037 0.055 0.013 0.003 0.007 0.48 1028 32 2 5.1 150 .9 32.0
1939-9¢ 112 0.63 0.035 0.052 0.011 0.0035  0.008 0.47 1028 A 2 39 138 0.2 2.1 ™

1950-31 1,37 0.7 0.036 0.051 0.013 0.004 0.009 0.49 1083 a1 29 56 15.8 40.0 38.8
1S31-92 118 0.87 0.033 0.048 0.013 0.003 0.008 0.44 1087 ¥ 28 35 132 3%.4 3.6




Alutery, 1977

Conmyponciit i Liguor, C-L.
Formate

Acctate

Propionate

Butyraic

1-Valerate

n Valerate

Oxalate

Succinate

Benznate

Glutarate

Phthalate

Benzene tri-carboxylate
Benzene tetra-carboxylate
Benzene penta-carpoxylate

Benzene hexa-carboxylate




