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Report on the Mission
DP/IND/88/015/11-65
{Nagpur, India: February 5, 1994)

of Dr. Ibolya Molnar-Perl, expert in the analyais of organic materials,
present in Bayer cycles to India between 28 December, 1993 and 11
February, 1994.

for the

Jawaharlal Nehru Aluminium Research Development and Design
Centre, Nagpur

Backstopping officer: Dr, T. Grof, Subsistance officer, UNIDO,
Vienna.

Nagpur, February 5, 1994




Abstract

The mission was prepared by UNIDO Vienna in the frame of the
Project "DP/IND/88/015/11-65" in order to assist the Government of
India to realize a research and design activity of high level in the
Jawaharlal Nehru Aluminium Research Development and Design
Centre in Nagpur, India.

The aim of the mission can be summarized as follows:

- The presentation in theory and in praxis the main part of those
achievements which have been obtained in the analysis of organics,
present in alumina production in a more than ten years lasting
research work, (for the time being not yet published, being a part of
a Hungarian patent), performed at the L. Eotvos University, Budapest
Hungary, supported by the Hungarian Research Institute FKI,
Budapest, Hungary i.e.,:

-- to complete the necessary requirements to be able to start with
the planned duties (apparata, glass wares, chemicals, etc.),

-- to hand over and to teach in those analytical methods that allow
to control and to influence the damage of harmful organics,
present in Bayer cycles, and,

-- to prove the utilization possibilities of the handed over methods by
determining the organics, in terms of their quality and quantity, in
the samples of the plants of 'Balco’ and 'Nalco’, respectively.

- In a frame of a Workshop, in the presence of Indian experts in-
terested in alumina production, to call atterntion to the importance
and to the possibilities how to handle organics of bauxites and
their digestion products knowing their quality and quantity.
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Nagpur, FFebruary 5, 1994, Dr. Ibolya Molnar-Perl
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Activities

The activity of the consultant was based on the job desription and
on the work plan and achievements obtained in JNARDDC

Time schedule of mission:

Arrival to Delhi from Budapest December 28, 1993
Visit UNDP Delhi office December 29, 30, 1993
Arrival to Nagpur from Delhi December 31, 1993

Discussion of the scheme of our work plan with Dr. Janos Zambo
and with Professor T.R.Ramachandran

Work and teaching accordingly the plan (January 01 - February 09,
1994)

Leaving Nagpur February 9, 1994
Arrival to Budapest February 10, 1994




Detailed work plan and achievements

The work has been performed in the presence and by the assistance
of the following colleagues:

K. V. Ramana Rao, Ph. D.
Wasnik Kiran, M.S., and,
Mishra Raj Shekar, M.Tech.

January 1-8
The first eight days were needed

- to accomplish the accessories (apparata, glass wares, chemicals,
etc.),

and
- to prepare the laboratory, - provided for the organic analytical
work, - to make it really suitable to the required purposes, i.e.,

-- to supply it with the necessary tap water and electrical power
sources,

-- and to clean it to the unavoidable necessary extent.

January 9-20

The apparatus for the total organic carbon measurements has been
brought from Hunnary.

In spite of the fact that both the apparatus and the procedure can be
regarded as simple ones, in order to handle the procedure it needs

long experince, a continuous and many sided attention, as well as
farreaching caution.




Miss. Wasnik Kiran seemed to be the colleague who was expected to
be and proved to be the excellent person, (having M.S. degree from
organic chemistry), to carry out these measurements.

The first laboratory tests were the total organic carbon balances of
model Bayer cycles, performed in the bombes of JNARDDC with the
highest success: it means that the synthetic aluminate liquor used for
the modei digestions proved to be kept in organic contaminant free
conditions (Tabie 1).

As to the model Bayer cycles they have been performed with two
bauxites stored in JNARDDC for a couple of months. As seen (Table
1)

- the 'Balco’ balance proved to be acceptable within the
experimental

error of our technological and analytical measurements, while

- the two parallel ‘Nalco’ cycles also provided excellent
accordance.

Meantime the presentation of the planned workshop lecture was also
going on that took a considerable time and effort of the consultant.

January 21-31
Plant samples of ‘Balco’ and 'Nalco’arrived during this period of time

Beside the final installation of the gas chromatograph (GC) and that
of the meantime received vacuum rotary evaporator also the organic
carbon quantitation of the plant samples in terms of their total
organic carbon- and humic acid contents were determined by Miss.
Wasnik with the highest excellence.




February 1-9.

The qualitative and quantitative determination of the constituents of
plant samples (Tables 2, 3), (performing their n-butyl esterification in
the presence of the inorganic matrix), were teached in both to Dr.
Ramana and to Mr. Mishra.

The handling of the GC and that of the data evaluation were
excellently followed by Dr. Ramana.

Discussions on the ccrrespondig literature and theory of the
processes were going on continuously.




Tatle 1

Organic balances of 'Baico'(46 g) and 'Nalco'(55 g) bauxites, taken in 1 Bayer
cycle, digested of each by 120 mi synthetic aluminate liquor, at plant conditions.

BAUXITE | BAUXITE | ALUM. | RED | WASHING | TOTAL [ DISSOL | %
CYCLE | | uQu | mup | SODA -VED |
; ! i
TBALCO'L  IN | 00415 ) 0.0048 0.0463
ouT ! 0.0293 | 0.00809 | 0.00547 | 0.0428 | 0.0338 |75
NALCO' 1a IN | 00239 | 0.0038 0.0287
out 0.0193 0.00397 0.0233 |81
NALCO'1b IN | 0.0239 | 0.0048 0.0287
ouT 0.0194 0.0308 0.0224 |78
TOTAL ORGANIC CARBON OF :

1.) BAUXITE g./100 g.

SOURCE SINGLE MEAN R.S.D. %

BALCO 0.0921
0.0898 0.0902 4.3
0.0945
0.0883

NALCO 0.0409
0.0433 0.0435 6.2
0.0463

2.) SYNTHETIC ALUMINATE LIQUOR TAKEN FROM 4 BOMBS g. /1.

SINGLE MEAN R.S.D. %
0.044
0.042 0.042 96
0.036
0.045

:----------




Table 2.

Total organic carbon and humic acid contents of plant samples

Plant samples of

The sample  BALCO NALCO
Expressed in organic C g/l; g/100g
total humic acid total
(%)*
bauxite 0.166 - 0.128
red mud 0.163 - 0.0750
red mud wash 0.492 - 0.0750
water
prod. hydrate 0.016 -
seed hydrate 0.105 -
spent liquor 5.46 0.129 4.20
(2.4)
digestion liquor 7.50 0.204
(2.7)
strong liquor 12.48 0.296
(2.4)
pregnant liquor 5.40 0.243
(4.5)
vanadium salt 1.164 0.0777
(6.7)

* Expressed in the percentages of the total organic contents




Table 3.
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Composition of the plant samples of 'Baico’ identified and quan-

tified as n-butyl esters

Acids:

humic
formic
acetic
propionic
i-butyric
n-butyric
i-valeric
n-valeric
oxalic
benzoic
succinic
glutaric
adipic
pimelic
o-phthalic
hemimeliitic
trimellitic
trimezic
tota!

Expressed in of the total org. carb.

strong liquor
24
18.7
42.1
1.8
0.21
2.0
0.23
0.23
7.4
0.22
2.1
1.2
0.85
0.27
1.0.
3.3
0.30
0.35
84.7

the %

vanadium salt
6.7
8.7
12.5
5.7
0.38
43
0.38
0.26
325
0.43
3.1
1.1
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
76.1
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Recommendations

1. The lsboratory provided for the analysis of organics should be
used exclusively for this purpose:

The measurement of organic materials, present in the concentration
range of 10-5 - 30 % needs in particular high cleanness:

- the laboratory shoud be kept free of organic contaminants,

- instead of the sweeping, accompanied by flying dust, the
laboratory shoud be scrubbed every morning with clean tap
water,

- similarly also the tables should be wiped with wetted cloth
every

morning.

- The total organic carbon quantitation shoud be performed only by
Miss. Wasnik or exclusively by somebody else who was taught
in by her.

2. The following items (accessories, glasswares) should be
purchased or ordered imediately:

- gas cylinders of high purity nitrogen, pressed air and hydrogen,

- Australian syringes with changable needles (specification given),
- 1 ml pipettes of two marks,

- high temperature septa (specification given),

- quartz tubes for the total organic carbon apparatus {model is

available).




ENCLOSURES




UNI''ED NATIONS INDUSTRIAL DEVELOPMENT ORGAN1ZATION
JOB DESCRIPTION™
DP/IND/88/015/11-65
Post Title: Expert in Gas Chromatography

Duration: 1.5 months on site and 0.5 months homebase

Date required: 28 December 1993
Duty Station: Nagpur, India

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 Department

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 will develop capability of carrying out
the following main 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 applled
and analytical research to 1local industries in
process improvement, transfer of technology, etc.
c) Setting up and operating a data bank

d) Providing training of Indian engineers

Duties: The expert will be required to transfer theoritical
knowledge , analytical  methods and practice of
qualitative and gquantitative analysis of organics
occuring in the Bayer-cycle, in frame of in-house
training.

*) Applications and communications regarding this Job Description
should be sent to:
Pro ject Personnel Recruitment Section, Industrial Operations Division
UNIDO, Vienna Internatijonal Centre, P.O. Box 300, Vienna/Austria




Her main duties will be to:

1. Provide training for the counterpart staff of
the centre in the determination of the total
organic carbon content of the Bayer-liquors,
bauxite and red mud.

2. Provide training on sample preparation for
qualitative and quantitative determination of
organic fractions by gas chromatography.

3. Provide training in qualitative and
quantitative determination of different
organic compounds present in Bayer-liquor by
gas chromatography.

4. Analyse total organic carbon content of about
20 plant samples together with counterpart in
order to determine the organic balances of two
Indian (e.g. BALCO and NALCO) refinery. (Plant
samples will be provided by the Centre).

The expert is expected to submit a Final Report
after completion of the mission in 3 copies to
UNIDO and 4 copies for the
Government of India and the counterpart.

Qualifications:
University degree (preierably Ph.D.) in analytical
chenmistry with extensive practical and research
experience in gas chromatography and its use in the
aluminium industry.

Language requirements:

English




Background information:

The Indian aluminium industry looks back tao 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 in
operation and six aluminium smelters with an
overall capacity of about 587,000 and 586,000
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 of the industry. The
sustained growth and development of the aluminium
industry in 1India, 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 development, which 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 reserves 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 in India are
based almost entirely on technology imported from
various sources. Both in the areas of production
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 krow-how and basic
engineering. The technologies followed in the
existing plants are from various
countries/suppliers - KAISER, ALUTERV-FKI, VAMI,
ALCAN, MONTECATINI and ALUMINIUM PECHINEY. Apart
from "the strateqgic importance of having an
indigenous Research, Development and Design 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 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 annunm.
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 out 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 Centre is
envisaged by the Government to be secured through a
collection of Rs. 100 per ton of aluminium for
aluminium research and development, 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
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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
services, 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 D will be essential for the development of
xnow-how and basic engineering to self-reliance in
alumina and aluminium technology 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 1Indian 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 the existing
plants and creating new production facilities.
Thus, the 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 staff to render research and
development —.echnology in the existing plants and
for setting up of new alumina/aluminium prcduction
facilities based on indigenous raw materials and
natural resources.

In addition, the Centre will handle related
projects such as dealing with the use of
by-products, design improvements for saving of
energy and materials, development of new products
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and alloys. Another particular problem that the
Centre is expected to address is emanating from the
lack of adequate 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 that the Centre
will have to tackle.

It is expected that once the Centre is established
it will meet the fast growing technological service
needs of the aluminium 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 departnent 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 1994-1995.

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.
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ANALYSIS OF ORGANICS PRESENT IN BAYER PROCESS
by Dr. Ibolya Molnar-Perl
UNIDO Expert, (Professor of Analytical Chemistry)
Sceme of lecture planned for the Workshop of February 1, 1994

Introduction:

Remarks, concerning the relevancy of the topic from the point of view
of an analytical chemist also familiar with
the difficulties of alumina plants.

Literary background:

a. Earlier suggestions for the quantitation of the total organic carbon
contents

- by means of measuring the excess of the oxydation agents,

- by different calcination procedures, and,

- by wet oxydation methods.

b. Efforts in order to identify the composition of organics (mainly
restricted to the analysis of aluminate liquor).
- quantitation of the total acidity of the eluate obtained by cation
exchange procedure,
- separation of the organic constituents of the aluminate liquor by
steam distillation; formic- and acetic acid
determination in the destillate by means of selective methods).
- Estmation of the organics previously separated into three groups,
i.e. fractions obtained by extractions performed
-- with ether (benzoic- and fenolic carboxylic ac:ds),
-- with butyl alcohol (humic substances), and,
-- with cation echange ((formic-, acetic-, oxalic- and succinic
acids).




Our achievements:

(Elaborated in the seventies, patented in 1978, supported by the
Research Institute of FKI. Budapest, Hungary)

Basic principles in the development of our analysis system in order to
determine the organics present in bauxites and in any other products
originating from Bayer processes. (all kind of liquors, red mud, alumina
hydrate, soda salt, etc.)

a, All groups of organics separated from the inorganic matrix on the
basis of their physical or chemical properties were characterized

- as part of the total organic carbon content of the product

- by one or more selective analytical method qualitatively and
quantitatively.
Thus, data obtained by the application of our selective analytical
procedures are also given in organic carbon. By this, the possibility for
establishing material balances and the easy handling and/or comparison
of the experimental data was ensured, even in cases of different methods
of analysis applying various matrices.

b. Qualitative and quantitative analysis of organics present in any
products of alumina production, (further on: 'cycle organics') was
performed both by classical and gas chromatographic mehods,
- mainly directly in the inorganic matrix without separation, or,
- subsequently to their isolation by distillation, steam distillation,
intermittent or continuous liquid/liquid extraction etc.

c. This system of analysis is elaborated in such a manner that the groups
of organics or individual organic substances, - being of primary
importance from the point of view of alumina production, - can be
determined with acceptable accuracy

- in the laboratories of plants on the one hand, and,

- they can also serve as a powerful tool in the analytical and
technological basic researches aiming to solve the difficulties caused by
organics in alumina production on the other hand.




d. Several hundreds of products originating from various alumina plants
of all over the World have been analyzed by our system of analysis.
Data obtained proved that:

e. 30-50 % of the 'cycle organics’ is carboxy group,

f. their 80-100 % is carboxylic acid. It is to be emphasized that
significant differencies exist in the relative amounts of the aliphatic-
aromatic and humic acids, respectively depending on the bauxite and
digestion conditions (temperature, pressure, alkali concentration)
applied.

g. The elimination of the 'cycle organics-“ became projectable and can
be folloved accordingly our analytical methods.

Data will be given in details as follows:

a. The principle of our total organic carbon determination method
based on the bubble free distillation of CO7_performed in 0.01 N scale,
using potassium peroxy disulfate as oxydation agent catalyzed by silver
sulfate.

The utilization of the total organic carbon measurement principle will be
presented by
- Reproducibility studies given by the quantitation of 114-665 /ug
organics present in different amounts of
bauxites, red muds, alumina hydrates, aluminate liquors, etc.
- The essential characterization of the particle size of baxite to be
analyzed for its organic content will be
shown by bauxites of various origine.
- Organic balances taken in closed Bayer cycles with Hungarian and
Koyna bauxites.

b. The principle of our direct esterification method, - carried out in the
presence of the inorganic matrix by the use of sulfuric acid/n-butanol as
esterifying agent -




- providing the n-butyl esters of quite all carboxylic acids present in
"cycle organics’

- representing the 80-95 % of the total organic carbon of products in
alumina production,

- determined gas chromatographically from one solution by one
injection.

c. Determination of the humic acid contents.

d. Additional methods, such as continuous liquid/liquid extraction,
amino Nitrogen determination, etc

Chriticism of our methods also in c'dmparison to those presented
recently in the literature (restricted for the analysis of solutions), such as
- HPLC,
- GC/MS




NATURE AND ANALYSIS OF ORGANIC CONSTITUENTS IN
THE BAYER CYCLE
I. MOLNAR - PERL

Introductory remarks

Required characteristics of analytical system proper to control and in-
flueace the damage done by organic materials entering the Bayer cycles.
This complex and exact analysis system should furnish

- reliable, reoroducible and "acceptably” accurate data.

concerning the quantity and the qu'ality of the organics equally.
Satisfactory to determine all of those organics present
- in very different amounts 10-3 - 30 %,
- in inorganic matrices of basically different composition, and
- in completely various oxydation stages : present
- in dissotved form (aluminate liquors, soda salts, alumina hydrates),
or,
- in mainly "undissolved conditions” ( bauxites, red muds)
The oxydation stage of organics increases, in order of listing:

xerogens

humic substances

humic acids

fulvic acids

aliphatic and aromatic mono-, di and polycarboxylic acids.
- The system should be applicabie both for routine duties, and research
works, and, finally

- it should be achievable for a reasonable price .




CLASSIFICATIONS OF METHODS OF OUR
ANALYSIS SYSTEM

Methods of primary importance ( exclusively our principles)

The total organic carbon measurement based on the bubble free
distillation of CO7 obtained from the oxydation of organic com-
pounds by potassium peroxy disultate catalyzed by silver 1ons [1,2].

The quatitation of humic acids based on the measurement of their
total organic carbon content.

The quantitative and qualitative determination of all dissolvable car-
boxylic acids, esterified directly in water containing solutions, in the
presence of the inorganic matrix by sulphuric acid/n-butanol prior to
their quant’cation by gas chromatography: from one solution by one
injection. This principle [3-19] covers approximately 80-100% of
dissolved organic constituents, present in any inorganic matrix, in
dissolved conditions.

Methods of particular importance in sophisticated researches.

Isolation of organic compounds from the inorganic matrix

by continuous solid/liquid and/or liquid /liquid extraction prior to
or/and after digestion providing

in the case of undigested bauxites the neutral organics, such as n-
paraffins, aliphatic fatty acids of long chain, etc., maximum 2 % of
the total oganic content,

in the case of dissolved organics relating to all carboxylic acids
(including the sterically hindered carboxylic groups, having four or
more carboxy groups on the neighbouring C atom of the aromatic
ring.

by distillation combined with hypochlorite oxydation in order to de-
termine the total amino-nitrogen content of liquors and soda salts,

by steam distillation directly from the acidified inorganic matrix re-

sulting in three fractions, such as volatile organics, humic acids, and
the non volatile fraction.




METHODS OF TOTAL ORGANIC CARBON MEASUREMENTS

Literary background [20-31]

- Measuring the excess of the oxydation agents proposed first to the
quantitation of organics present in water: insufficient indicating the
10-40 % of the actually present organics only.

- Calcination procedures widespread used in soil and rock analysis;
time consuming, tedious principles resulting in lost of volatiles.

- Wet oxydation procedures; shortages of earlier proposals:

-~ unsuitable apparatus, ]

-- incorrectly choosen oxydation agents,

-- methodological inadequacies,

-~ lack of quantitative removal of carbonates maintaining the quanti-
ative intactness and retention of the volatile organic compounds,

simultaneously ;

Our principle
Bubble free distillation of CO2 [1, 2, 38-40]

First application in 0.1 N scale proper to plant liquors exclusively.

The extension of the method, for bauxites and for all of its digestion
products, needed exhaustive basic research, performed as a

function

of the quantity and quality of organic compounds to be oxydized in

competition with the mineral cabonates to be eliminated ,

]

of the quantity and quality of the oxydation agent to be applied, and,

of the optimur time requirements of the CO2 elimination and

oxydation steps, cqually.




The importance of the 0.01 N scale of measurements :

- All requirements can be fulfilled 1n micro-dimension exclusively;
i.c., the quantitative CO7 climination, combined with the
transformation of organics even present in low oxydation stages into

the maximally oxydizable condition without any loss.

The removal of COyp

- dependent of the physical and chemical characteristics of the matrix

and the organics to be determined, i.€. it is to be carried out

differently

by bubbling of high purity nitrogen through the acidified solutions for
dissolved organics, such as liquors, soda salts (Fig. 1), or,

refluxing the acidified heterogeneous matrix of bauxites and red
muds performing CO7 elimination and digestion simultaneously (Fig.
2)

Short survey of the procedure (Fig. 3).

Reproducibility studies : (100 - 600 ;ug organic carbon)

- Obtained by dissolved organics (Table 1), characterized by the
relative standard deviation (RSD) percentages <2.5%

- Experiences by the quantitation of partly dissolved organic con-
stituents: the importance of the pulverization degree of bauxites and
red muds (Table2).

- - Obtained by partly dissolved organics, present in the lower oxidation

stage, performing optimum conditions ( Table 3, RSD , <6%).
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Table 1

Determination o the total orgemic carbor content of plant liquors

.Plant 1iquor Solution 0.01 N 3C1 Organic carbon found

l weighed weighed consumed cm- g/dm3
ca fon? om’ =msan mean
l' | Singly value - sIngly  vainme
Plant liquory 10,97
|10 00/1000,0 10,00 11,03 11,03 0,662 6,62
11,08 ‘
i \ | 5,73 _ ' -
| 4,98 5457 5,66 0,340 6,83 6,66
' 5,67 S.0. = 0,16
R.S.0.%= 2,4
I 2,07 .
2,01 2,23 2,19 0,131 6,52
l 2,26 '
Plant litm.or2 10,37
f0.00/1500,0° 10,00 10,34 10,35 0,621 9,31
10,34 '
i 5,20
4,98 4,94 5,06 0,304 9,16 9,19
l 5,18 ©S.D. - 0,1
~ R.S.D0.%= 1,0
l 2,07 -
2,01 1,96 2,04 0,122 9,11
' 2,09
l S5.0. Standard Deviation
R.6.D0.%- Relative Standard Neviation %
i
]
i
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Table 2

Total ocarbon content of bauxite samples as a function of pulverisation degree

Orgenic carbon 10™° /100 g air dry beuxite

Siove:
meah Bauxit, Bauxlt, Bmucita Douxit, Bauxit,
. mnean mean mean | mean w0
am singly value slngly  yalue singly valuo °ingly value aingly val
6,30 6,14 14,6 .
0,16 2I7o 6,0 6.07 6,1 igtg 14,4 2020 6,8 ALt 4,0
’DQ Y v‘ o
6,60 | .97 14,4
c,08 &270 6,70 3% 7,1 1201 14,8
71,13 4,34
7,97 7933 14,3 '7,00 4,77
6,050 7,40 7,70 7,64 7,70 ’ 14,4 ’ 6,9 Y 4,8
7:73 5.0. :0:29 7:50 5.0 —0,’17 1444 ' 6,70 ' 4,82
R.G.D.%3.7 7,76 R.5.D.%=2.2
Bauxit, Bauxit7 Bauxita Bauxits Bauxitlo
20,2 16,8 8,57 "o,
0,16 20,3 20,3 17,0 16,7 9,12 8,7 33'3 28,2 T ig 7,8
20,3 . 5.0..:0,58 16,4  S.D. =0,30 8,46 ’ y 4
"' R.S.D%-2, '’ R.5.0.%1,8 oy
20,3 16, 4 3 3,24
20 8 n ' N f),02 28’6 ,)0 . U", n 3
0’050 20.3 LO.G Jﬂ,‘ 18’) U 3{‘) 0,0 20 7 ‘a ,( .34 ' . "
5.0, = 5.0, = ’ 5.0, =0,37 ’ 8,15 5.0, 0,20
20:5 RED1:5 18,4 R 5.8.>.-.8:$Z 9916R.5.0.%=4,1 ’ 5&1.5;.1).%"-2.4
$.0. = Standard Deviation

R.S5.D.%- Relative Standard Deviation %




Table 3 >
Total organic carbon content of bauxitez™ red muds and alumina hydrates from different measuremonts
. /% air-dry samples ground below 0.05 mm particle size/
Organic carbon found Amount of 0.01 ¥ Hop Organic carbon found
ample ARORRY 001N 1072 /100 Bemple  73CTNS 7 : d 10™%g/100
e consuwned g g a a consume g g re
barud t: "m bauxit hydxr, taken 3 me mud or allm.
taken cxn3 & . , g cm hidrmean
3 eingly xwlrlﬁ\l;e : singly  value
Bauxitl 0,3267 4,06 0,244 To45 Red.mudl 0,1293 1,90 0,114 8,84
0,4803 6,20 0,384 7,92 0,3082 2.24 0,255 8,26
0,5000 6,64 0,398 7,97 0,4660 282 0,409 8,78 8,33
0,5909 7:27 0,436 7,38 s.0. :0.3 - 0,5161 6495 0,417 840850 5 %47
cHg 1 S i ol S o st
. ’ ’ ’ Red mud 0,4982 6,21 0,372 7,47
0.8420 10,40 0,624 T.41 2 0:g768. 8’55 o120 AL 420
Bauxit, O.291§ 3,59 0.?%5 T¢39 0,6170 8,14 0,488 7,27R 2{};i2€°
oI Gl S S e mamay  om ma oo 3
0‘8846 1'1'43 0’586 7'75 S.D. =0,40 0,1858 5071 0,342 18,4 5&.7:6 5
0,9756 12,42 0,745 7,64 R-5.0-3:3.2 0,2478 5,82 0,105 16,5, £0y5s
1,0204 12,67 0,760  T,4%
Bauxit, 0,1612 4,04 0,242 15,0 Alumina 5,800 2,02 0,121 2,08 2 10
o,%gsa %,34 0,29? i2,4 hydrate] 54536 2,00 0,120 2,17 ’
0,3344 o719  0,46° 0 )
14,40 Alumins 5,603 3,45 0,207 3,69
G 230 S8s 142 edh inais, 1228 3,02 081 3546 MO
0,0514 14,94 0,896 13,6 Alumina 0,0795 De22 0,313 39.2 0.0
| hydrate, ~  0,0982 6,65 0,393 40,6 7
S.0. and R.5.D.% as in Tables 1 and 2.




Utilizations of the total organic carbon quantitation method.
Literary background [24, 25, 32-34]

The first trial [32] was done in parallel with calcined and
uncalcined bauxites in 11 and 12 closed Bayer cycles, respectively.
Due to the insufficient method used, (measuring the excess of MnO4-
), after the 5. and 6. cycles saturation level has been found: 0.028
and 0.07 organic C/I respectively.

Hungarian researchers [24, 25] tried to measure the dissolution of
organics in one cycle into the plant liquor: the difference resulting in
the dissoiution in a single cycle could not be measurered.

Schepers [33], reported 48 % digestion of native organics. If it would

be so, this organic problem would not exist in alumina production
Jamada's [34] results done in Sumitomo Chemical Co-Laboratories
proved to be in accordance with ours.

Our studies

Model organic carbon balances, performed in closed Bayer cycles. One
of the most important application of this technique.

- Applying three different bauxites in 6, 5 and 2 closed Bayer cycles,
without sedimentation agent, - with one out of the three, - also in
paraliel, in 5 cycles, using rye-flour as flocullant.

-- Following throughly the conditions of the given plant descriptions in
any terms,

-- assuring the completely 'organic contaminants free’ conditions syn-

thetic aluminate liquor, alumina hydrate prepared from synthetic
aluminate liquor).

- Bauxites and every products of its digestion have been analyzed by
those reproducibility values given in Tables 1-3.




Organic carbon balances

- Taken in 6 Bayer cycles without sedimentation agent. Bauxite:
Halimba, Hungary. Organic carbon content 7.70 x 102 g /100 g
(Table 4).

- Taken in 5 Bayer cycles, applying 2.5 g rye flour/ 1000g Halimba
Halimba bauxite (Table 5).

_ Taken in 2 Bayer cycles (the first cycle in parallel) without sedimen-
tation agent. Bauxite: Koyna, India. Organic carbon content 14.8 x

102 g/100 g bauxite (Table 6).

Data evaluation of organic carbon balances of model cycles defined

by the amount of organics dissolved into the aluminate liquor in the

given cycle.

- by differences between input and output of organics i.e. by the

degree of degradation

- by the organic contents of red muds, aluminate liquors and aluminate

hydrates in every subsequent cycle, and ,

- the distribution of organics remaining and leaving the cycles, as well .

comparison of data provided by three different bauxites (Table 7).
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Table 4

Organic balance of Halimba bauxite /Hungary/ in_ 6 Bayer cycles

1n the lut cycle thoro was 936 g bauxite digested, having organic contont of 4,“0.10"2g organic
carbon/100 g bayxite. In the 2-6 cycles there was 900 g bauxite digested per cycles, with organic
content 7,7.10 © organic carbon/100 g bauxite

- o 0 @ e GRS ¢ SRS e 1o B | —— .- - o—

Number of Oxqanic carbon g —
_ tha cyclo with with aluminate with “with with waghing total difforenco %2
bauxite liquor _alumina red mad ligquor of red inud b xl
Lo in 0,461 0,042 0,024 0,527
vaporation ¢ 0,190 0,059 0,207 0,018 0,474 - 10,0 0,166
2 in 0,693 0,205 0,026 . 0,924
vaporation . - 0,252
: out 0,411 0,032 0,385 0,046 0,874 - 5,4
3. in 0,693 0,443 0,020 1,156
vaporation ¢ 0,575 0,062 0,392 0,094 1,124 - 2,8 0,226
a. in 0,693 0,660 0,034 ' 1,397
vaporation oy 0,717 0,052 0,476 0,122 1,367+ 3,0 0,169
s, in 0,693 0,831 0,028 . 1,552
sagoration .4 0,830 0,068 0,472 0,123 1,493 - 3,8 0,123
6. in 0,693 0,958 0,039 1,690
saporation .y 1,062 0,072 0,406 0,177 1,717  + 1,7 0,281
1,239 (31,6 %)
recipitation of
soda salt 0.821 g /67.8 &/ 0.390 g /32.2 %/
/in 2060 ml etrong licuor/ /in 697 g socda salt/
C: 0.399 g/l C: 0.0559 g/l00g

total error of technological and analytical experiments, in this case and during every digestion

[}

i
o

* dissolved into the aluminate liquor in the given cycle
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Organic balance of Hungarian Halimba bauxite in 5 Bayer cycles sedimentation promoted with rye-@lour

900 g bauxite digested per cycle, organic content: 7,7.10"2 g organic carbon/l00 g bauxite 2.25 g
ryve-flodr, measured by analytical precision was added per cycle for sedimentaticn, having organic
content of 0.383 g organic carbon/g rye-flour

Organic carbon g
Nunber of -

cycle with with rye- with with with with vashing AifE
bauxite flour aluninate alumina red liquor of total 3 eicnce %2
liquor hydrate mud red mud ®
1 in 0.693 0.862 4 0.024 0.023 1.602
evaporation . 0.429  0.086 1.032 0.070 1.617 + 0.9 0.475
2. in 0.693 0.866 0.482 0.044 2.085 - 5.2 0.377
evaporation .. 0.753 0.097 1.024 0.102 1.976 ' ’
3. in 0.6Y3  0.862 0.852 0.048 2.455 s 1.4 .45
evaporation .. 1.114  0.083 1.033 0.161 2.421
4, . in 0.693 0.864 1.304 0.042 2.903 + 4.3 0.509
evaporation  ,.¢ 1.610  0.101 1.114 0.203 3.028
3. in 0.693 0.866 1.698  0.054 3.308
evaporation - 4.8 0.342
out 1.705 0.069 1.120 0.255 3.149 ’ '

——aass .40MM A L4 wa . T 4 Lk s B 4 e L ansiim e LR TN PO -a

1.960 (25.2 %)

Na-salt
precipitation
1.465 g [74.1 &/ 0.512 g /25.9 &/
- /in 2200 ml strong liquor/ /in 555 g Na-nalt/
C: 0.665 g/l C: 0.0923 ¢g/100 g

17

wl and »2 of. Table &

_ e




Table 6
Oorganic balance of Koyna bauxite /India/ in 2 Bayer cycles

In the two 1lst cx&les 550 g, in the 2nd cycle 775 g bauxite were digested, having organic
content of 1,48.10 g organic carbon/100 g bauxite
The two lst cycles show the reproducibility of technological and analytical experiments.

Number of Organic carbon g

ith with red with alumina difference
the cycle v with aluminate with washing total
bauxite liquor mud liquor of red mud hydrate t xl x2
l/a in 0.814 0.020 0.036 0.870
evaporation - 4.0 0.638
out 0.629 0.132 0.029 0.045 0.835
1/b in  0.814 0.027 0.030 0.871
evaporation - 1.0 0.636
out 0.634 0.154 0.029 0.045 0.862
_in 1.150 0.594 0.032 1.776
2/ ' - - 2.1 o0.80:z
evaporation out 1.330 ' 0.264 0.066 ¢.078 1.738

P T i it Nt At Wi @ s o B A ¢ SO W Wy 6 G 00 G ST @ 04 ek Sy ¢

1.305 g (65.5 %)

/in 3000 ml strong liquor/
C: 0.435 g/1

%1 and »2: as in Table 4 and Table 5.




Table 7

Final organic balance of digestlon series made of different bauxite

without the use of sedimentation promoting agent

Total Oxganic carbon ,
g?ri?gion From Halimba From Iszkaszentgydrgy From RKoyna bauxi
ges bauxite [Hungary/ bauxite [Hungarian/ [India/ in 2 Bay

in 6 Bayer cycles 1in 5 Bayer cycles cycles x2
g 3 g % q 3

In 3.992 1¢o.0 2,682 100.0 2.021 100.0
In aluminate ; ~
iiquor 0.821 20.6 1.490 55.6 1.305 64.5
In soda salt 0.390 9.8 0.015 0.6 0.0 0.0
In red mud 2.339 58.6 1.070 359.9 0.418 20.7
In product -
hydrate 0.198 .5.0 0.110 4.1 0.091 4.5
Degraded 0.174 4.5 can not be xl 0.182 9.5
analysis 0.070 1.7 0.055 2.1 0.015 0.7

x1: As i@sevident from the results of Table 2, the 2nd cycle cf th::
serie was contaminated during the decomposition of alcali with
organics, 0.12 g expressed in terms of organic carbon. However
in this digesticon serie the guantity of degradation could not
have been evaluated.,

x2: Evaluated from the data of the 1/b and 2/b cycles of Table 3.

I used for the




WHAT ABOUT THE EXPECTED SATURATION LEVEL OF
ORGANICS WHEN OPENING A NEW BAUXITE BLOCK

- Can it be judged ? yes or not ? The answer is yes,

Comments :
- Accordingly our results in accordance with those reported by Jamada
[34] 1t became evident :

because of the tedious and time consuming analytical and technical
investigations,

both the dissolution of organics into the Bayer cycle and their
leaving the system, - in limited number of cycles, - proved to be
quasi linear .

- Thus, by some model cycles neither the equilibrium organic level,
can be obtained nor the number of actual, real cycles reaching to
this can be calculated. Therefore we introduced

The term of the 'theoretical number of Bayer cycle' based on our
own experimental data in accordance with those reported by Jamada
(Table 8).

In order to get the judged saturation level of aluminate liquor prepared
from a newly opened block, only, the experimental organic carbon
content of aluminate liquor obtained in one model Bayer cycle should be
defined and multiplied by 40 .
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Table 8

Figures of theoretical number of cycles calculated from the organic carbon content of liqguors
of model cycles and plants and from literature data

Organic carhon content Theoretical nunber
Temperature Total organlic Dissolved of aluminate liquor g/l of cycles
Bauxite of content of organics During In plants after when )
digsstion bauxite 1 Bayer Bayer cycles were con- By each Mean value
C g/l00 g $ cycle ducted to saturation
Calculated from our own_cxperimepts
Ealimba a. 220 0.077 21 0.072 5.02 69.7 /34.8/%
b. 220 0.077 19 0.133 5.02 37.7 396
Koyna 140 0.161 61 0.217 10.40 47,9 '
Weipa 220 0.185 75 0.386 14.70 38.1
Caleulated from experimental regults obtained by yamada®®
South-East Asia 150 0.16 74 0.201 8.1 40.3
Australia [1/ 150 0.36 69 0.447 17.1 38.3
230 75 0.485 -
Australia /2/ 150 0.25 69 0.310 -
230 78 0.351 11.3 32.2 37.7
Island 150 0.49 74 0.617 24.6 3.9
Africa 150 0.13 72 0.168 5.5 32.7
230 80 0.870 -

avi— - — 1 —— - — ¢ S——

a: in cycles without the use of wedimentation promotimj agant
b: in cycles when rye-flour was used to promote sedimentation

x: value calculated the way that native and sedimentation promoting agent organics entering
the cycle are considerad to dissolve in equal portionsa.




Table 9.
Organic balances of 'Balco'(46 g) and 'Nalco'(55 g) bauxites, taken in 1 Bayer
cycle, digested of each by 120 ml synthetic aluminate liquor, at plant conditions.

BAUXITE BAUXITE | ALUM. | RED | WASHING | TOTAL | DISSOL | %
CYCLE LIQU } MUD SODA -VED
]
TBALCO'L IN| 0.0415 | 0.0048 | 0.0463 o
ouT 0.0293 | 0.00809 | 0.00547 | 0.0428 | 0.0348 |75
"NALCO' Ia IN | 0.0239 | 0.0048 0.0287
ouT 0.0193 0.00397 0.0233 | 81
"NALCO' 1h IN | 0.0239 | 0.0048 0.0287
ouT 0.0194 0.0308 0.0224 |78
TOTAL ORGANIC CARBON OF :
1.) BAUXITE g. /100 g.
SOURCE SINGLE | MEAN R.S.D. %
BALCO 0.0921
0.0898 0.0902 4.3
0.0945
0.0883
NALCO 0.0409
0.0433 0.0435 6.2
0.0463 i

2.) SYNTHETIC ALUMINATE LIQUOR TAKEN FROM

SINGLE MEAN R.S.D. %
0.044
0.042 0.042 9.6
0.036
0.045

4 BOMBS g. /1.




THE QUANTITATION OF HUMIC ACIDS

Literary background
Humic acids centred view [26, 28, 30, 32, 33] : due to their
spectacular physical characteristic, 1.e., they are

- highly soluble in alkalines,
- insoluble in acids.

Consequently their presence can be judged quite as good macroscopi-

cally as by UV spectrophotometry method, proposed and commonly
used for their quantitation. -

Spectrophotometric procedures, - based on the measurement of their
absorbances in the UV region of 380 -420 nm, - can be classified
accordingly their time consume and cost : performed

- with the alkaline liquors directly,

- by the isolated humic acid, previously precipitated, filtered, then
dissolved in alkalines, and,

- by their fractions, differentiated accordingly their molecular weight
applying gel permeation chromatography.

Comments : All the quantitation methods based finally on the meas-
urement of the absorbance of their alkaline solutions are leading to the
same results. These results are not comparable because the absorbance
characteristics of humic acids are dependent

- on the quality of the bauxite they have been formed from , and,

- on the condition of digestion parameters applied in the given plants.

Conclusion: A comparable humic acid quantitation method was needed.




HUMIC ACID QUANTITATION BY OUR PRINCIPLE

Based on the total organic carbon quantitation of the isolated humic
acids

- Requirements: quantitative isolation, and,
quantitative oxydation.

Results: optimum conditions have been achieved as a result of our
exhaustive basic study performed with a number of humic acids of
different origin, performed

-- by different amounts of humic acids,
-- stored for various time after precipitation,
-- in different series.

Reproducibility: (Table 10) proved to be the same as given by the
total

organic carbon measurements (characterised by their R.S.D. %)

The completion of the method is simple:

sample are to be weighed in by analytical accuracy into a baker,
acidified by 10 - 20 ml of 40 % HSO4 (mixed by glass rod),
stored for >4 h,

filtered on glass filter paper, washed until the eluent reaches pH
< 3,

dissolved the humic acids by 1 N NaOH into a measuring flask,
and,

determined an aliquot of their alkaline stock solution through their
total organic carbon contents.




Table 10

Humic acid content of aluminate liquor after precipitation with

sulfuric acid

Amounts used for analysis Amount of preci-
Storage time pitated humic acid
Alunainate 40 % HZSO4 of precipitated %
liquor1 humic acid
co cm3 hrs. a b
5.00 10 4 3.6 3.6
5.00 10 48 sMganﬂ.I&BS 3.4 3.7 3.58
.0. =0.09
10.00 20 bgopuas )35 3.5 59
10.00 20 24 3.4 35

% expressed in the percentage of the total organic carbon
a2 and b: parallel measurements.




THE QUALITATIVE AND QUANTITATIVE DETERMINATION
OF ORGANIC CONSTITUENTS

It is to be focused on the two main types of organics, it means

- on the not dissolved or partly dissolved organic materials present in

relatively low oxydation stage

-- In bauxites before digestion, and , .

-- in red muds after digestion (further:bnz 'bauxite organics’, and,

- on the dissolved organics, present in relatively high oxydation stage,
in liquors, soda salts and alumina hydrates, originating both from
bauxites and from those of flocculating agents (henceforth:

‘cycle organics’).




Literary background

'Bauxite organics': At the start of our work no literature data could be
found ; methods commonly used for the analysis of rocks (mainly shale
rocks) and sediments were unsuitable for the analysis of bauxite organ-
ICS.

'‘Cycle organics': works relating mainly to the investigations of
aluminate liquors can be characterised by their partial nature, it means
they do not strike to make material balances dealing mainly with

- humic acids {20-28, 30, 31, 33-36].

- Shehyn [41] titrated the total acidity of the cation exchanged alumi-
nate liquors, decreasing this value by the mineral acid contents of
eluate followed by their quantiation applying gravimetric methods.

- Lever [42] divided the organic materials of aluminate liquor into
three groups by extractions assuming that
-- in the extracts obtained by n-butanol the humic acids, while
-~ In the ethereal extract the benzoic- and phenolic acids can be
isolated: being completely unfamiliar with their distribution
coefficients in any of solvents. Recently,

~ the HPLC (high performance liquid chromatography) technique was
also tried to utilise for the analysis of aluminate liquors; this tech-
nique proved to be of secondary importance from the point of view
of practice. Reasons: the insufficient separation of acids and its high
cost.

- The GC/MS (gas chromatography/mass spectrometry), utilized for
research purposes concerning the analysis of aluminate liquors only.

- The IC (ion chromatography) relatively common in alumina plants,
proved to be an important tool in the analysis of inorganic anions,
and in addition it can be also used in the determination of organic
anions of low molecular weight.




Our principle

Based on the qualitative and quantitative determination of all dissolvable
carboxylic acids about the 80 - 100 % of total organic carbon present

(excluding the sterically hindered aromatic polycarboxylic acids, i.e. the
0-20 % of the total).

- Esterified quantitatively, directly in water containing solutions,

- in the presence of the inorganic matrix (relating also to bauxites and
to all of its digestion products),

- by sulphuric acid /n-butanol,

- indentified and quantitated by gas chroimatography,

- more than 20 components, from formic acid to pyromellitic acid,

- from one solution by one injection (followed the extraction of esters

by chloroform).

Principle of esterification

As a result of a really exhaustive basic research [2-19] performed with
all possibly homologous series of carboxylic acids being represented by
their chosen members in 'cycle organics’, we could prove that

- taking the water containing solution of acids,

- in the presence of a given amount of anhydrous sodium sulfate,
- by means of sulphuric acid / n-butyl alcohol,

- quantitative esterification yield can be achieved.

This phenomenon can be explained by the fact that under esterification
condition the water content of the system will be transformed to the
crystal water of sodium sulfate forming mainly sodium sulfate deca-
hydrate.

In the case of aluminate liquors by mixing them with n-butanol in the
presence of cc sulphuric acid, under neutralization reaction, the same
process takes place, i.e., sodium sulfate decahydrate is formed decrea-
sing the water content of the system to that extent resulting in the
quantitative csterification yield of thc above mentioned organic acids
present.
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COMPLETION OF THE METHOD

- Estertfication:
Exclusively n-butyl alcohol proved to be suitable as esterification
agent because of the very simple fact that the boiling point of any
other alcohol is so close to the boiling points of the corresponding
formic acid esters that their separation could not be achieved.

- Apparatus: I designed a very simple glass assembly for this special
purpose. It consists of a special esterification flask of a relatively
wide neck with a ground joint fittable to the reflux condenser and as
well to the vacuum rotary evaporator (Fig. 4).

- Isolation of the n-butyl esters by extraction with chloroform and the
evaporation of the extract in order to get the stock solution of esters
suitable for

- separation and subsequent quantitation of the esters by gas
chromatography;

- Gas chromatographic conditions:

-- high separation efficiency was needed providing the separation
and quantitation of esters of different members of various
homologous series of carboxylic acids, from formic acid to
polycarboxylic acids from one solution by one injection .

-- Out of the wide choice of column coating materials only Dexsil
provided this high separation capacity (Figure 5).

- Evaluation of the componets using external standards, certainly
expressing their amounts in organic carbon, as a part of the total
organic carbon content of the given sample.

Practical utilisation
Suitable for the quantitation of the overwhelming part of carboxylic

acids present in any sample of alumina production (80-100 % of ‘the
total organic carbon)
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Composition of sclected samples containing cycle organics (Table 11)

- Values expressed in percentages of the total organic carbon content
of the samples proved that
-- humic acids are exclusively of natural,
-~ amino acids are primarily of rye flour origin,
-- the low molecular weight members of the fatty acid series are
originating from both sources, quite equally,
oxalic acid is coming also from the both sides. Regarding the
distribution of its origin it depends on the characteristics of
bauxites applied.
The aromatic polycarboxylic acids, certainly are originating from
bauxites exclusively.
As to the identification percentages, (when the amount of the sterically
hindered aromatic polycarboxylic acids can be neglected),
- in cases of plant products of a total organic carbon content of >1 g/l
(1 g/1000g) can reach the hundred percent, while,
- in the case of model samries of a total organic carbon content of
<1 g/l (1 g/1000g) proved to be less because of the detection limit
of the constituents

Composition of selected samples containing baux..e organics (Table 12)

- The amount of any compound is highly charcteristic to the bauxite
it is orginating from.

- For example Korba bauxite which has been analyzed 10 years earlier
provided particularly high humic acid and oxalic acid content:.

~ The ratios of the constituents identified in acidic digests compared to
those dissolved in Bayer cycles varied considerably due to the
different nature of bauxite organics and Bayer conditions applied .




Table 11
Components of 'cycle organics' determined as n-butylesters

Acids, Plant | Halimba bx | Hal.bx & rye | Rye flour | Koyna bx
expressed in % : liquor hydr. ' liquor salt | flour - aluminate

of the total , liguor  salt liquor liquor
Org. C L N ]
Totalorg. C g/l | 6.66 0.207 | 0.399 0.0559 | 0.665 0.0923 4.81 0.435
(g/100 g)

Humic * 1 3.6 2.0 1.2 3.1 1.0 1.6 - 14.4
Amino *2 33, nm. |25 nm 18.5 16 13.5 4.9
Formic 12.5 6.0 4.8 19.5 54 183 6.5 4.3
Acetic 36.0 23.9 158 5.6 11.3 5.0 20.0 8.9
Propionic 1.9 0.9 1.5 0.6 1.1 0.3 1.6 0.6
i-Butyric 0.5 05 0.1 0.1 ! 0.1 0.1 0.2 0.1
n-Butyric 0.6 0.3 0.5 0.3 03 0.1 0.1 0.3
n-valeric 0.1 0.3 - 0.1 0.1 0.1 - 0.1
Oxalic 2.1 36.8 9.6 13.4 9.3 17.8 6.4 22.0
Benzoic 0.9 - 0.6 - 32 28 - -
Succinic 5.2 8.0 2.0 0.8 2.1 1.8 15.3 0.1
Glutaric 1.2 38 - -
Adipic 0.7 - - - - - - -
Pimelic 04 - - - - - - -
O-phthalic I.1 1.0 156 103 148 104 - 2.8
Hemimellitic - 0.5 0.1 - - - - 0.1
Trimellitic 28.0 1.4 1.5 0.7 1.0 1.2 - 0.3
Trimesic 3.5 3.1 0.5 0.2 0.2 0.3 - 1.3
Pyromellitic 0.6 14 0.4 0.4 0.2 0.6 - 1.3
not identified 7.2 - - - - - 12.0 -
Measured  in | 103.5 97.0 67.1 558 695 773 98.5 62.6
total 3*

*1.
* 2.
* 3.

Measured by their total organic carbon content
Measured as ammonia formed by the hypochlorite oxydation
Including 11.0 % lactic and 10 % glycolic acids respectively.




Table 12

Components of "hauxite organics’ determined as n-butylesters

Acids, expressed ' ! Bauxites {
in % of the total
Org. C
Halim- Koyna | Weipa Ghana- | Ghana- Jama- Korba
bha kibi Nyinahin ica
Total Org. C 7.70 16.1 18.5 18.6 15.5 20.0 9.8
| £/100 g x 102
Humic I* 3.2 8.1 10.8 7.0 7.4 7.5 9.8
Formic 2* 5.1 3.7 5.6 6.3 4.0 5.9 9.4
Acetic 17.4 8.2 5.0 13.4 9.6 5.8 15.2
Propionic 0.4 0.1 0.1 0.08 0.08 0.03 0.2
i- & n-Butyric 0.05 < 0.02 | <0.02 < 0.02 | < 0.02 < 0.02 0.05
i- & n-Valeric 0.08 < 0.02 | <0.02 <0.002 | <0.02 < 0.02 0.1
Oxalic 1.2 6.7 12.8 8.6 < 0.05 2.1 19.1
Succinic < 0.02 0.4 1.0 < 0.02 | <0.02 2.0 0.9
O-Phthalic 3.8 1.6 0.8 0.2 0.1 0.7 0.2
Lauric < 0.02 < 0.02 | <0.02 0.2 0.2 0.09 0.2
Miristic 0.2 0.1 0.3 0.2 0.4 0.2 0.5
Benzene tricar 0.9 0.5 0.5 0.2 0.8 0.2 1.0
Palmitic 1.4 0.7 0.7 0.4 1.3 0.5 1.9
Benzene tetrac 1.0 0.4 1.0 0.5 0.9 0.3 2.4
Stearic & Pyro 0.5 0.4 0.5 0.3 0.5 0.2 0.8
Indentified in | 35.2 30.9 39.1 374 253 24.9 61.8
total
Dissolved in 1|20 61 75 no data | available 75.0
Bayer cycle |
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DESCRIPTION OF THE METHODS HANDED OVER




INTRODUCTION

An overwhelming majority of alumina is produced all
over the world by the Bayer process, a still living and
unsolved problem of which is that of the organic sub:
stances, so-called "organics”.

Organic substances enter the Bayer-cycle from two

sources:

a) from bauxite to be processed,
b) from flocculants, applied for promoting the set-

tling of recd mud.

One part of the organic substances leaves the circuit
finally or temporarily along with the red mud, alumina hvd-

rate and soda salt. The other part of -he organics accuru-

lates gradually in the liquor phase of the circuit to equi-
librium concentration and has undesirable effects on nearlyv
all steps of the alumina production process.

It is known tbat organics are present in the liquor
phase of the circuit as a mixture of a great number of or-
ganic compounds of different molecular weights, and theirs
effects can be very diverse in various process steps. There
is little knowledge available for the identification of the
individual organic compounds present in the Baver process
circuit and for the mechanisms through which they exert
their harmful influence. This fact can be explained by the
complexity of the task.

To solve this problem the exact knowledge of the 1life
and of the qualitative and quantitative changes of the in-

dividual organic compounds is indispensaktle. Such a com-

plex and exact analytical method is required for this purpose




which makes possible the reliable qualitative and gquanti-
tatlve determination of orcganic substances oresent in
amounts between 10 ° and 1 per cent in different stages
of oxidaticn in various materials of the alumina produc-
tion cycle.
The complex analytical method elaborztecé by ALUTERV-
FKI and ELTE makes possible the qualitative ana quantitati-
ve cdeterrination of abcut 30 different orcanic compounds
wnich represent 75 to 80 per cent of the totzl orcanics.
The above-mentioned analytical methcc can be split

into two rethods closely connected with each other:

a) Determination of the total organic content.
b) Selective qualitative and guantitztive analvsis

of the indivicual organic components or groups.

Organics have always to be expressed in terms of

carkon ("Corc") so that cata of indivicdual compounds can

be easily handled and ccmpared.




1. DETERMINATIOGHN OF TOTAL ORGANIC CARBGHN CONTEH
[N MATERIALS OF THE BAYER ALUMINA PRODUCTION
PROCESS

YE BASIC PRINCIPLE OF THE METEOD

organic carton content, after siimrination c:I

-3
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r
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the carbonate content of the samples to be investigatec
(bauxite, red mud, aluminatefliquors, alumina nhydérate, scca
salt, etc.), has to be oxidized quantitatively to carkon
dioxide. This oxidation takes place in an acigdic mecdiur
with potassium peroxydisulphate (hz 2 8) in the presencs
of a catalyst consisting of silver ions. The carbeon dicxide
set free curing oxidation has to be distilled into a barium

hydroxide measuring solution. The gquantity of abscrkec

9]
th

carbon dioxide is determined by titraticn oI the excess

bariun hydroxide with hyvdrochloric acig.

REAGENTS

Barium hyéroxicde soluticn 0.01N, containing 350

chloricde (BaC12.2520)

[ty
\\
'— 4
U
oV
8]
’ 4
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Preparation: 3.2 g barium hvdroxice (Ba/OH/Z.SHZG,

analytical grade) is dissolved in 200 ml distillec

water and 100 g barium chloride (BaC-7.2ﬁ20 a.g.)

is dissolved in 100 ml bkoiling distilled water.

The two hot solutions are mixed and let stand over

for 24 hours, then the volume is filled up to

2,000 ml with distilled water and filtered into the

storing £lask of an autoratic buretto. Previously

n-pentane is poured into the storing flask up tc

cca. 10 mm height.




The burette (of 15-20 ml volume) 1is
storing flask and closed by a glass

s30Ca asbestos.
Bvdérochloric acid solution 0.01N

1t has to be prepared from a.g. hydrochlcr.c acic
by first dilutinc ic to O.1ll, standardizinc the lactter
using potassium hycrogen carbonate (KHCO3_ in the
presence of methyl red indicator and subsezuently
diluting it to an exactly tenfold volume w_th dis-

tilled water.
Potassium hydrogen carbcnate (a.g.)

30 weight per cent phoschcric acid soluticn

organic substance

Preparation: 1 liire cencentrated a.c.

phosphoric acid (53904) is heated up

point, then some 0.5 g potassium percxydis

(xzszoa) is added¢ 3 times in small dcecses

hot solutiocn. e solution has to be kep:

rate boiling for another 1 tc 1.5 hour.

ing the volume of the solution has to be filled
up with distilledé water free from carbon c.oxide
and organics to 1,000 ml. This phosphcric :cid will
be diluted at a 3:1 (water to acid)} ratio with
distilled water free from carbonate and or:anics

according to reguirements.

Storing: In a glass skoppered tlask. The class

stopper has to be covered by a bell-jar to protect

it from dust.




Saturated potassium peroxydisulpiiate scluticn

rfor the preparation oI the soluticn

a.g. 2O8 purified by recrystallizaticon and dis-
tllTec vater free from carbonate anc organics have
to be used. The saturated solution has to be pre-

pared freshly every dayv.

At recrystallization some 230

- . . (@] . -

in about 600 ml hot (60 to 80 ~C; water
and the hot solution is filterec thrcugh a G-3 cglass

filter. (The glass filter has tc be washed previ-
cent sulphuric
then rinsed

s
[

K25208 crystals precipitated frcm the filtered and
cooleé solution are similarly filterecd throuch a

glass filter.

Storing: The purified wet crystzals
glass ¢oppered flask. The alass sto

by & bell-jar from dust.

Silver sulpnate
Preparation: 1:4 sulphuric acid is addéed to saturated
silver nitrate solution until precipization dces not

occuz anymoere.

Storing: The decanted silver sulchate i

a wet form in a glass stoppered fla




Distilled water free from carbonate an

Preparation: Distilleé water has to be redistilled
in a glass apparatus in the presence of silver
sulpnate (0.1 g/1). potassium peroxycisulphate

(0.5 ¢/1) and holystone if a 20 ml sample of the
distilled water - boiled for nalf an nour - con-
sumes more than 0.20 ml 0.01Y alkali sguivalent tC
carccn dioxide. For the elimination of carbonate
the cdistilled water free from orcanics has to be
boiled for another half an hcur in the presence cI
holvstone. Carbonate eliminaticn has to be repezted

on each day of measurement.
Storing: in a flask covered by a glass beaker.
blue ané methyl red indicator soluticns

Precaration: Some 0.3 ¢ thymol blue &

amount of thyl red indicators

me
100 @l 96 per cent ethyl alcoho

eacn.
n-pentane
Lolvstone
Grain size: 2 to 3 mm
The holystone has to be freed from organics by

ignition at 500 O¢c for half an hour.

Storing: In a glass stoppered flask covered

a protecting bell-jar.




Copper wire (a.g.)

As usecd for microcombustion accordéinc to

combustion method.

gas. Hicgh purity (99,99 per cent).

EQUIPMENT AND APPARATUS

Apparatus for the elimination of carben dicxide from alu-

minate liqucr and soda salt samples:
See Fig. 1.

Parts:
{1) 100 al glass stoppered scne

(2} Gas inlet pipe made frcm class

glass stopper.

(3) N2 gas cylinder with redu

Apparatus for the elimination of

ite, red mud ané alumina hydrate
See Fig. 2.

Parts:
(1) 100 ml glass stoppered spherical flask.
(2) Glass condenser.

(3) Hot plate. OQutput: 200 to 500 .




Apparatus for determination of the total organic carben
content in bauxite, red mud, alumina hydrate, aluminate
liquor and soda salt samples previously freed from carbcen

dioxice:
See Fig. 3.

Parts:
(1) 100 ml glass stoppered spherical flask.
Hz gas inlet pipe.
HZ gas cylinéer with reducer (15 to 40 dm3).
Distributing pipe.
Quartz pipe filled with copper wire.
Feed funnel.
Glass stopper.

Cooler with water connections (7a, 7b, 7c,

100 ml glass stoppered Erlenmeyer flask for

carben dioxicde absorption.

Glass tube filled with soda asbestos insertel

into a rubber plug with two borings.

(9) Heating coil, wound round quartz pipe (4).

Power regulated by a toroid transformer.

(10) Low inertia electric heater. Power requlated

by a toroid transformer.

(11 to 14} Ground joints of parts 1,3,4,5 and 7.
1.1 PREDPARATION OF THE SAMPLES: CARBON DIOXIDE ELIMINATION

The task of sample preparation is the elimination

of the carbon dioxide ccntent of materials to be examined.




purinc elimination of carhbon dioxide a very important
condition is to avoid any loss of organic substance. The
method and apparatus used for carbon dioxicde elimination
depend on the samples to be investigatecd.

1.1.1 Preparation of aluminate licucor and soda salt sarmvles

Preparation of these materials is carried out in the
apparatus shown in Fig. 1.

A portion of aluminate liquor or scda salt stock
solution, containing 300 to 600 g of orcanics expressed in
organic carton, is measured into reac:zion flask 1.

After adding 20 mi 30 weight per cent (i.e. 3:1)
phosphoric acid and inserting gas in:et pipe 2, high purity
N2 gas 1is passed throuch the sclution for 3C minutes at rcexm
temperature with such an intensity that the bubbles can jusc
not be counted.

After 30 minutes the preparaticn {(carbom dioxicde
elimination) of the sample can be considered as accomplishec,
gas introduction is stcored. Total organic

P.2.301.

therefore, N2

content is determined according to ¥

3

1 of
(=4

\
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1.1.2 Prevaration of bauxite, red muc and alumina hydrasze

samnles

For preparation of the samples the apparatus shown
in Fig. 2 is used. A sample of air-drv alumina hydrate or
bauxite or red mud having a grain size less than 0.05 mm
is weighed on an analytical scale into reaction flask 1
in such én amcunt that the quantity of organics be between
300 and 600 ug expressed in organic carbon. Pulverized
samples have to be introduced into the flask through a

long stem funnel.




After addinc 20 ml 30 weight per cent phosphoric
acid solution and fitting condens.r 2 the ccntenc of
the reaction flask is kept in uniform smcoth boiling fcr
about 1.5 to 2.0 hours.

After boiling is finished the condenser should
pe washed rack into the flask by maximum 5 ml digtill
water free from carbon dioxide and organics.

Total organic content is ceterminecd Zrcm the sarn:ie

-

preparec¢ this way accordéing to para 1.2.3.Z.
1.2 DESCRIFTICN OF THE MEASUFEMENT OF TOT2I, OFGANIC CRRECH QOWTET

1.2.1 Preoaration of the apparatus for determininc totel

orcanic carbon content

H2 gas inlet pipe 2 is fitted to grcuncé joint 1

of the apparztus (Fig. 3) and grouné joint 12 is closec 2v

stopper 6. The ground joints are fixed bv springs and the
end of the cooler is immerged to a cdepth of 1 to 1.3 cm
into water poured into flask 8. Then high purity H, gas
is led through the cdevice from Hz gas cylincer 2
intensity of 2 to 3 bubbles/sec for i1 minute in orcder tc
drive out the air. After that heating coil ¢ is made glow
by a toroid transformer and the copper wire filling is ra-
duced to pure metallic copper. Th ..~ of the reduction
(1 to 2 minutes) is indicated t s 2 2d colour of the
filling material.

After switchin; -f heato 72 H2 gas introduction 1is
continued until the coppcr filling cools down, then the
H2 gas is shut off, too, and flask 8 is disconnected frecnm
beneath the stem of the cooler. For finishing the pre-
paration glass stopper 6 and gas inlet pipe 2 are removesg,

feed funnel 5 is placed back 1into ground joint 12, and




(P
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finzlly the funnel is filleé up with distilled water fre=

rom carbon dioxide and organics.

rr,

Note: The preparation {(reducticn) of the ccppe

r
wire filling should be carried out before each reasuremsnc.

1.2.2 Determination of the operaticnal blank valuve

The accuracy of measurinc requires a reliable rezro-
ducibility of the operational rtlank value. VWhen ceterm:i-

ninc the blank wvalue all prccecures ci the carbor cioxics

i

(

eliminaticn and organics determination should be carriec
cut with the prescribecd gquantities of chewricals, observing
the reaquired time of each procedure, but without addincg the
samples therselves.

Note: The operational blank value is to be ceterr.nec
a chemical for the first time.

1.2.2.1 Determination of the plank wvalue when arelvsinc

‘aluminate licuocrs or socda sal:

10 ml distilled water free from carbon dioxide and
organics andé 20 ml 30 per cent phesphcric acic are put
into reacticn flask 1 of the apparatus shown in Fig. 1.
N, gas is conducted through the solution fer 30 min
with such a flow intensity that the bubbles can just nct
be counted.

Parallel to this procedure 20 ml distilled water
free from carbon dioxide and organics and 3 ml saturated
pPotassium peroxydisulphate solution are put into flask 1
of the apparatus shown in Fig. 3, and socme 0.1 g of holystone

and some 0.1 to 0.2 g of silver sulpnhate is added.




Fiask 1 is fitteé to ground foin i andé heating IO
is switched on.
e content cf flask 1 is brought G toill and kep:

uniformly boiling with the nelp of naeater 18. When the
te

vapours leave cooler 7, heater % iz switched on.

During the prccecdure there i3 ne ccoling water in
the mantle of coocler 7, and flask £ 1s not uncer it.

The apparatus beccrmes free Zrom air within 2 minuzes,
then flask 8 is fitted to the end cZ ccoler 7. P
about 5 ml n-pentane should be pour=2d int the flaskx, than
exactly 15 ml 0.01% Ba(O#), solutica has to ce le

a buretzce.

paratus shown in Tic. e¢ funnel 3 of

Fig. 3 (stcpcock is clos ) é to flow cdown in
small portions into flask 1. wni eéinc the blank sc:u-
tion the ccntent of flask 1 shoulé oe xept in ccnstant
boiling.

The blank solution has to k= ilowed =¢ flew cown to
the stopccck of the feed funnel, t-en flask 1 of Fig. 1 nas
to0 be washed out 3 times with 2 ml distillecd water ea
time. Wash water has to be added nto flask 1 of Fig. 3
through funnel 3 as well.

After adding the blank soluzion and wash water, 20 ml
saturated potassium peroxydisulphaze solution is poured in-
to funnel 5, which has to be addeé into flask 1 in frecuznt,
small doses during the 30 minute t- xe period of oxicaticn
and distillation.

The level of'the Ba(OH)2 sc_ution sucked up into




7 through stopcock 7d. The soluticn

cooler 7 can be raised or lowered by chancing the cuula:z

and 748).
Subseguent to the cxidation and distililaticn the
n

cooling water is let ouc from the coolinc mantle cf ccoler

into flask 8 under the pressure in the apraracus.

After emptving cooler 7, flask & 15 Icwerad sc that
+he end of the cooler dces not reech the licguid. 3By simuli-
tanecusly cpeninc the water tap anc stcpcock 7a (7c and 7¢
are closed) the cooler is completely filled up with watar.

By further boiling the content of flasX 1 Zor one
minute the apparatus is washed out with varcur and con-
densate, subsequently flask 8 is cisconneczed Ircm the end
of the cooler anc closec by a ground class stooper.

Concludinc steps oI the prccedure are the fcllewing:

lue 10 casa o

20 ml 30 weight per cent phospheric acicd soluticen is
poured into rcaction flask 1 of the apparatus shcwn in

Fig. 1. &after insertincg condenser 2 the ccntent

to cool to room temperature.




gared (see para 1.2.1
The blank
atus shcwn in Fig. 2 1is
the procedure is car
with the cdiffer
ried on for 45

xydisulphate so

imination of
in either
ence
reacencs
adhered to. 1If sc, the

an ke cmitted.

ané calculaticon

is pourec
15 ml O
flask
blue indicator sclution 1is ac
The Ba(OH), soluticn has to be titratsd wiith 0.01Y
hydrochloric acid solution. During n the Ilask
should be closed and shzken freguently. Near to the titra-
tion endpoint the HCl solution should be added dropwise and
after each dreop the flask has to be shaken thorouchly.
The change of the indicator's colour from blue to creen

shows the endponint of the titration.




The sclution coliz: 1 : ccordinc
1.2.2.1 or 1.2.2.2 has tc titrated with 0.01N =yé
chleric acicé standaré soluticn in the presence oI

hine indicator with the me tit B nrescri
Consurmpticn: V

The fcllowing for-ula is used for

of the operational tla

is the

0.01x5

is the factor of t-e 0.01N HC1l sclutien.

The blank value s>z211 nct be higher than 0.8 ml
0.01N HCl solution (B, 0.8) and if measured repaatecdly,
the deviation shall not ze higher than +0.1 ml O0.C1H HC1

solution.




14.35 ml 29.01N HCL {Vx) is censured
sation of 15.0 rl 0.01N Ba{CH), solutlicn.

-~

the neutralization of i o N £3{0H),

-~

‘he cperaticn iank v e Cai from i

saxe of exact meas: = the total orxganic
carbcn conti shculd be betveen 6C0 ug in the
ligucr samples. The usual tctali orgenic carbcn
aluminate liguors is sare S ¢
Ccnseqguently the amount of licucr us

determination is:

oricginal aituminate liquor.
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5 =0.030 =1

When analvsing socda salt a
so that 5 to 10 ml cf it ccnteains
carten.

excected total

per cent,

ls weighed in IZrcr the fOor evers
icn, therefore, 23 nl icn is

50
= - 0.018 = 0.90C ¢ soca salt.

Further on an alicguot part
or soda salt stock solution is use
organic carbon centent (Corc)'

The aliquet part (5 ml) taken out is freed
dioxide according to para 1.1.1. The solution is poured
into feed funnel S of the apparatus shown in Fig. 3 preparec
for measuring according to para 1.2.1 and 1.2.2.1. The
flask used for the elimination of carben diexide should b

Viashed out three times with 2 ml distilled water free from




rhbon dioxide and or¢ganics atu
added intc flask 1 through
idation and distillation is carrie
.1 and titration according to
gquantity of organic carton can ke calc

formula:

the organic carbon content ci the sample (mg),

is the volume of 0.01N HCl solution censumed for

ol
titrating 15.00 ml 0.01N Ba(CH), solution (ml),

is the volume of 0.01N HCl soluticn consumed for
titrating 15.C0 =1 O.01N Ba(OE), solution collected

when determining the operational 5lank value (ml),

o

is the volume of 0.0114 HCl soluticn consumac fLor
titrating the 15.00 ml 0.01N B8a(0H), soluticn

collected when analvsing the samnle (ml),
is the factor of the 0.01W HCI scluticn,

is one hundredth of the eguivalent mass of carbkon.

The organic carbon concentration

calculated by formuia (2):

is the organic carbon content of the liquor sample (mg)

is the aluminate liquor content of the aliquot part
used for the detormination of tne orcanic carbon con-

centration (ml).




~i

E.g. subsequent to the cxication of 3 mi oI the
nundredfold diluted aluminate iicu o)

0.01N HCL (VB) was consumed when titratin
0.01N Bal(0H), solution. The 15.CO0 ml C
ticn originally consumed 14.33 ml 0.0WN =HCL (V.). A similar
volume of C.01d Ba(OE{)2 soluticn consumed 1
HCl (Vz) when determining the cperaticnal blank valee.

fa

The factor ci the 0.01N BC: sclutic
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5 - (14.35 - 13.85) - 5.20/ . 1.015 . 0.C6 _ 10.5
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The crganic carben concentration of scdz salt car

GEN N BN N AaE G - AE = e -
.

be calculazeé by formula (3):

Ql
= — . 1CO per cent 3
Corq i C cer < (3)
where:
Q1 is =he orcanic carbon ccntent of zhe soda salit
sar2ie (mg),
W is *he soda salt content of the aliguot part used

for the determination of the organic carbon

content (ma).

E.c. 900 mg soda salt was weighed in and diluted
to 250 ml volume. 5 ml of this stock soluticn was taken
out for aralvsis. After oxidation 6.20 ml 0.01N HCL solu-
tion (v,) was consumed when titrating the 15.00 ml 0.0

Ba(O'ri)2 sclution. The 15.00 ml O.0IN Ba(OH), solution




- 13.3831-5. 200

~Zy T

samples shoulé be seleczed
ug organic carben.
carbon dloxicde contan:
to para
according

slurry sample free ZIrom Ca son

useé for thne elimination of carben dioxide should be

out three times with abcut 2 ml distilled water
wash water 1is

free frem

carbon dioxide and organics at a time. The

alse adde¢ into flask 1 through funnel 5.
Subsequently oxidation and distillation is carried
ont according te

tall

pecarding to para 1,200

para 1.2.2.3.  The guantity can be cal-

s Yollowing tormuloe:




The oraganic carben content of the sar

Cllculﬁt;’i ;}':' formula {3)
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The 15.00 =1 0.073 Bz (0= 2 solit=ion

14.35 m1 C.C1¥ HC solution (Vi)' A
Q

C.01 Ba(C=) scrution consumec 13.°0
C

The organic carbon conternt of the sauxite saroniz
WaAS:
“ /14.35-(14.35-12.90)-5.00/. 0.C6 . 1.015 . 20
crg W C 00 = 2:1.2

Accuracy of the organic carben reasurarent £0

bauxite, red mud and alumina hycérate is #5 rel. per

LA
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HUMIC ACID I1W7TENT I

ey Ny orree - - My~
8n:::< ALUMILS 2RE UC-

C
TICH PROCEZSS

rles (bauxite, recd mud, alurinate liguers,
alumina nydrzte, scda salt) is understcc: by humic acids

- spectronihctorecrically (on the basis 7 2 real, existin
relaticnship between organic carbon com=zent ané ewtinc-
:xaline solutions), crx
- on the sasis ¢I carzen dicoxide forrmed Iuring fheir ouid,
©icn Wit potassium reroxydisulphatz.
REAGEZNTE
Sulphuric zcid, pranared bv mixing 22.2 -1 2% wsihz ner
cent sul 77.5 ml GistillzZ: water frse fren
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EQUIPMENT AND APPARATUS

spectrophoteoreter with 1 cm cuvettes.

Vacuum rotary evaporator with S0 and  1,7.9 ml GLa55 shon-

porad Tlags

Glass

micratibre parer, Gr/81, Whatman ot

' tion ¢I treir zlika
e




50 anéd 100 ml beakers.
Dia 3.5 to 4 and 8 to 10 cm funnels.
5 to 250 ml volumetric flasks.

pia 8 to 10 cm G-3 glass filter.

Filtering bell connected to water jet vacuum.

2.1 PREPARATION OF THE SAMPLES: PRECIPITATION AND PREPARA
TION OF THE STOCK SOLUTION OF HUMIC ACIDS

2.1.1 Preparation of concentrated aluminate ligquors (ccn-

taining some 14C to 260 g/l caustic Nazgl.

A 5 to 10 ml aliguot of aluminate ligquor measured
with analytical accuracy, containing at least 0.05 g orcan
carbon, is mixed with the double volume of sulphuric acid
a beaker and the mixture is covered by a watchglass. fte
at least 3 hours from the dissclution of salts -- which is
promoted by stirring - the precipitated humic acids are
filtered on a dia 3.5 to 5 am funnel covered with glass microfizy:
paper. After quantitatively filtering the solution the
humic acids on the filter paper are washed with some 50 nml
distilled water to about pH = 3. The beaker used for the
precipitation of humic acids is washed with eacn 5 ml port
of the distilled water. A 5 to 100 ml 1M alkaline stock
solution is prepared, depending on their quantity, from tr

humic acids on the filter with 1 to 2 ml portions of the 1

sodium hydroxide solution. The beaker used for the precig
tation of the humic acids is washed with each portion of t

sodium hydroxide solution, too.
Remarks:

- A small quantity of humic acid can be quantitatively
dissolved even with 5 ml sodium hydroxide scluticn.

- Should the solution prepared be turbid, it has to be

filtered again.




L

2.1.2 grenaration of weak caustic liquors (containing les:

than about 140 g/l caustic Na,0)

A portion of the weak caustic liquor measured with
analytical accuracy, containing at least 0.05 g organic
carbon, 1is concentrated on a water bath or in a vacuum rot:
evaporater to about 200 g/l caustic Nazo concentration. Tt
concentrated liquor is mixed with the double volume of sul-
phuric acid and the procedure is carried on further accord-

ing to para 2.1.1.

2.1.3 Preparation of soda salt

0.5 to 10 g soda salt measured with analytical ac-
curacy is homogenized with 10 ml distillec water, then
mixed with 5 to 30 ml sulphuric acid. The procecure 1is

carried on further accecréing to para 2.1.1.

2.1.4 FEreparation of alumina hvdrate

50 ¢ alumina hydrate measured with an accuracy cr
0.01 g is placed in a G-3 glass filter fitted on a filter-
ing bell and washed with 20 to 50 ml portions cf 500 ml hot
distilled water. The nortions of wash water are let tc
pass the filter without using vacuum. After the drcpping
stops, the remaining solution is sucked off by vacuum. The
combined washing solution is dried by evaporating it in tic
1,000 mi flask of the vacuum rotary evaporator. The salt
remaining in the flask is washed with 25 ml distilled wate:
into a beaker and mixed with 10 ml sulphuric acid. The

procedure is carried on further according to para 2.1.7.




2.1.5 Preparation of bauxite and red mud

The digest prepared from S g of bauxite or red mud
measured with &1 accuracy of 0.001 g with 60 ml sulphuric
acié accordéing to para 3.2.1.3 is delivered after continuo
liguid-licuid (c.l./1l. further on) etheric extraction or
without extraction gquantitatively into a dia 8 to 10 cm
funnel covered by gylass microfibre paper. The digest is
washed with distilled water and a 250 ml stock soclution
(which can be used for the determination of the acid solukb.
bauxite anc red mud organics based on the measurement of
total organic carbon content) is prepared by combining th
washing solutions. The pH of the last portion dropping
from the filter, containing the digest, shculc ke &t least 3
The dicest remaining on the filter paper is washed with
pocrtions of hot scdium hydroxice soluticn until the solu-
tion passing the filter becores colourless. Bv combininc
the alkaline solutions of humic acids a stock soliution is

prepared.
2.2 DESCRIPTICN CF THE MEASURZMENT OF HUMIC ACID CONTENT

2.2.1 Approximate spectrophotcmetric determineticn of

humic acidé contern

Extincticn of the alkaline solution of humic acics
is measured at 380 nm against a 1M sodium hydroxide soiu-
tion. The aim of the spectrophotometric measurement is
the approximate determination of humic acid content. Ac-
cording to experiences cbtained up to now the spectro-
pnotometric carbon equivalent relative to E = 0.100 of
alkaline solutions of humic aclds expressed in organic
carbon is 7.4 ug/ml for humic acids originating from liquo:

and 5.0 ug/ml for those originating from bauxites.
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A nmor-ion of the soluticn oI humic acids estimatzd
accoréing to parz 2.2.1 to ccntaln 60 o 3C0O ug orcanic
~arbon and measurad with analytical accuracy 15 mixed with
20 ml phosphoric acid zreparec according to para 1 and Ls

freed fror carbonate by boiling iz for 30 minutes in the
coréing to para 1.1.2. The

ic+ien of humic




QUALITATIVE AND QUANTITATIVE ETLANINAT IO
OF CARZOXYLIC ACID
0F THE BAYER ALUMIN
GASCHROMAT

(98]

The overwhelmine majority of carboxvlic acics
in materials of Baver process alumina producticn can

e
trznsformed guantitatively intc esters
1

ﬂl

carboxylic acids - pcositionec cn adj
the arcmatic core - C

Such arcmatic carbo:x
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hewvacarboxvliic acid)}, tanzene centacarboxylic acic a
ic (1,2,3,4 benzene teirccarcoxyiic) and mellephenic (1,2,

tetracarboxylic) acids ameong the tetracarboxyvlic acil
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QUICH DETERMINATICY OF ALL CARIZONYLIC ACIZS AC
I E

ESTERS ESTZRIFIABLE W
MINERAL ACIDS

REAGENTS

Sulphuric acid 98 per cent (a.g.) and 2H
NHaok solution 0.2 and 0.02M

neButyl o aleohol (o.gl)

Antyydrous sodium sulphate fa.g.)

hloroform (a.qg.)

'




Calipracing standardé soluticn containing the fc_lowing
ceompenents welgned in with analytlcecal zccuracy:

C, zer cznc
0.4 - 0.5 g <Iformic a
1.0 - 1.2 o acetic a
/ § propionic a

6] .0 C
0.03-C.04 ¢ 1i-butyric acic SR

L

4 ¢ n-butyric acicd Z4.18

n

0
0.05-0.06 ¢ 1i-valeric
0

n O
.-l
ol
L
(s }]
~}
on

‘.J

n,
(8]
o
~1
n

a
3 @ n-valeric a
0.4 - 0.6 ¢ cyystallic scdium cxalzzs 12.C2
0.03-0.06
0.12-0.2C g succinic a

0.05-0.06

o
o
~}
n

benzoic acidé

(1

n

1¢]

c
glutaric zcic 2.2
0.03-0.04¢ acdipic acid

0.01-0.02

()

[19]
U
)—l
23
(1)
'—l
).c
(9]
fu
0
-
(23
Lt
)
[
2N

0.05-2.C6 ¢ o-zhtnhalic acid 37.7¢
0.0i-0.02 ¢ hemimellitic acic {2 H,C) £3.81
0.0:-D.06 <~ trimellitic acic 37,27
0.0:i-0.06 = trimesic zacid 31037
C.04-C.0n ¢ pyremellitic acié (2 H.O, $1.22
*0.04-0.06 g prehnitic acid 47.24
*0.04-0.06 ¢ mellophanic acid 17.26
*0.04-0.06 ¢ benzene pentacarboxylic acid 44.31

[£9]

&

*0.04-0.06 ¢ mellitic acid

* Only calibrating sclutions prepared with diazcrathane

contain them.

CHROMQUORE WALV, D.M.C.5. (80 to 100 mesh) 5ol

(I".:»};,l,‘;!,‘(i S o Labl)

Dovorl 300 6.C, (Aappliecd Sc. Lab.)
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Vacuum rocary evasoraTor with I ke 1,270 ol stco-
vered Zlasks.

watay batn.

Jroing oven.

16 ul svyringe: S.G.EZ. ~ustralian made.

Esterifying vessels

50 Al vessels with éia 25 mm ¢rzind necks, provided
with condensers, into which glaz: stirvrers (stichks

v

with four tranches, see Fig. 4) reach through the
condensers; 5 ml sperical flashkz with dia 14 mm
ground necqs, nrovided with condergors; aground alasa

steonpoers For tha ostoritoang oo toals,

P

50 to 500 ml shak:ing ‘unncels.
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9]

te ml glass-stopoered test tubes calibratecd
for 0.5 mi (the 9.5 ml tuber for O.1 nl) Zor
S

stcceck solutions of butyl esters.

inner diea 3 mm, 2 m long or inner Jiz 4 mm, 3 m lcng stainle

steel cclumns.

3.1.1.7 Butvlesterification of carktoxvlic zacid centent of
r

2.1.1.1.1 Direct nrccess (for concentrated sciuticns)

1 =1 aluminate liguor is pipe=nied (wikth analvticzl
accuracy) into the esterifving vessel and mixed with 3 ml buke

A glass stirrer is placad into the vessel and afzer we:stin

ey -
i€ IXC

(9

und doint of the condenser wizh cne dren ci concen-
trated lohuric acid, the latter is fitted to the esterif
ing ves
is adde

vessel through the concenser. The pixture 1s repeatedly

su
sel. Subseqguently 2 ml concentrated sulphuric acid
o

3

croowise under stirring into the esterifying

hcmogenized with the help of the glass stirrer until sociu
f—

suliphate procipitates (some 1 to 2 minutes), then esterifii

catiocn is ceontinued for at least 40 minutes in a4 hot watorx

bath,  Subseguen Ly the esterifyzing vessal 15 ccoled to
)

15 v 20 "< by punting Lt ointo water and the condenser 15
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condenser its cocntent is
200 ml shakinc funnel witih

100 ml distillec wazer.

tion is repeated twice mcre Uit

sulphuric acid. The extira
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chloroformic solution of the esters is shaken again wWiztn

another 100 ml of water for one minute, then the gextrac-

o
-ion is repeated twice again with 3 mi chlcreoiorr 2a

13
!

“ha chloroformic soluticn of the ester
second 100 ml of water is collacte
2 shaking funnel, containing

3z ghaken for cne minute. Then it iz let
t

Tacuum rotary evapo

O

o)
4 further 2 x 5 ml chloroform. The sodium sulphate-caonza:
ing tulip funnel is washed with 1 to 2 ml chlerofornm.

The combined chloroformic sclution of butyl esters -

irst eoncentrated to same 2 to 3 ml in the vacuum rotarv

N

evaporator using room temperature water for heating, then

W

the solution iLs quantitatively transferred into a 5 ml ov

=N

Lask and concontrated o 0.5 to 0.3 ml. Subscquencly (oo

sealution Lo transtorred into a calibrated tube and a i

Stock solution L oproparvad Lromo ot




3.1.1.1.2 Process after nrevicus neuvtralisation and
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An aligquot of aluminate ligucr, containing 0.02% to

0.05 g crganic carbon and measurecd Wl ith analytical accurzcy

is pipetted into the eserifying vess sel. If the caust:c

Nazo concentraticn of the ligucr is higher than 100 ¢/L, it

is diluted with distilled water t

t
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concentration or less.

The solutiocn is neutralized under water cooling by
2M sulphuric acid - with the help of a r
paper - to piE ¢ to 10, then it is déried In a vacuum ICIEYY
evaporator. In case of a larce seriss of measurings, when

a number of samples are preparec at the sarme tiwe, dririn

Y9

: . . . 2~ © .
is carriedé out in an oven set at 13C C tewperaturs. [he
dry residue is collected on the bottom of the vessel using
a metallic spatula, then it is mixecd wi

3 =1 butancl. The condenser - after wetIing 1its grounc
a

joint with one cdrop of concentrategd sulphuric acid - is
firted to the esterifying vessel. 2 ml concentrated sul-
prnuric acid is added dropwise uncer stirring through Zhe cC
Censer intc the esterifying vessel which is subseguenzly

placed inzo a hot water bath. After esterifving for ac
least 40 minutes the vessel is cocled to rceom

by placing it into water and the ¢

S ml chloroform into the vessel. The content of the vessal
- after dismantling it from the condenser - 1s guan
tively transferred into a shaking funnel wit farther 5 ml
chloroform and 200 ml distilled water. If necessary, the ve
sel is closed with a fitting glass stopper and 1its conuent
is shaken with portions of the 200 ml diszilled water untl

the salts are completely Aissolueed,

.




minutec.
chlorolornic phase is les down inve a second shaxing funns
containing 200 =i distilled water and 2 =i I sulonur:e
acid. The extrzczion is re

chleoreororn cach zirme as described above. The 30 =i chlor-

formic solutlion zI esters is filtered throcuch a Tuiip Iuno

3 : .. 1 -y 3 - o~ 3 - < ey - ol -1
containing cottcn woel and s2déium sulphate, inte 3 I0 =i
- 3 £ - Y. - P - 3 g T - 3 ey == ey -—— - N e o~
oval flask. The =2xtraczion is finished wiz=™ -ur--a- Rt
crhigcrcIiorm. The scaium sulphate in che funnel is wachad

with 1 ko 2 =l zhioreeorm.

£~ - — v - 3 ~ 3 S ~h T -~ - —_ - .
After cconcentrating the comelned ChLCTCICrITIc solu-
< o} - - S g i s .o .-
ticn Oor onutyl esza2rs o0 2 to 2.5 mi in a <Clum rooary
evapecrator usinc rconm térserature weter icrr nQETIne, LT L=

¥

scca sa_z ancd alumina hvdrace (direc- DroCcess)

C.2 to 1.C ¢ salt is weighed with analvtica: accur-.
hvd

N
aluiTina n

or 5 tc 10

Yol

rate, ccntaining mpaximur 20 per ce:
moisture, with C.C01 ¢ accuracy into the busvlegtar:
vessel. The orc-nic carbon content of the salt or glumin
hydrate shculd te at least 0.008 ¢. & glass stirrer is

.

pleced into the —essel and 0.5 ml water and 3 ml zuzanol
are poured into 1:. Then the condenser is “itted on the
esterifying wvesssl afiter wetting its ground Joint with cne
drop of concentrazed sulphuric acié. 2 =l cen

Sulphuric acid is added dropwise under stirring throuch
the condenser in:is the esterifying vessel, which

quently placed into a hot water bath.
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- in case of aluming yvarate tne Tirot rrion oI the
axtracT oL Tihe chiororormic aextracticn is transicrrod
throuah i Tilzer containine t o 2 VORI Suichiare
On ccLocn wWCol 1IN OYCer o retain tihe Lnsclurciée Darits

inte *the seczng shaking funnel, centainine 080 ol owate

Bauxise and rac nud
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3.1.1.3.1 Direct 2rocess: esteriilicatlion ccriirned wich

S
latter throuch thne concdenser to avoid the possible heavy
t

tinuec without Bu

(?‘ .’.3

ring the mixture several times for 10 to 153 minutes. Sub:
Sequently 2 ml tutanol is introduced through the ccncense:
into the esterifving vessel and the content of the latter
is stirred up. The insoluble part of the digest is float-

Ing in the sclution in a lcocose form. Esterificaticn com-




Lined with dicestion tunocarried
bHath. Then the asteriiving wog
perature by dlecing 1t into wat
2d wWith 5 ml chioroform into th

C
minute. After sepnaraticn o

10 min waiting <ime the chlce
=nrouch & funnel, ccntzinin

in orcer to reczin Zhe Just

3x100 ml water &ccorcing Lo

orcer o free iz Ircm TuTan

)
r
cr
®
¢
7]
ct
0

ormic scluticn cf
the seccncé, thirzrd anc Iourt
In the ccurse oI the Icurth
chloroformic scluction of th

tulip funnel, ccntzirning co

intc a 50 ml spherical flask andé the sodium sulzhate

funnel is washed with 1 *to

be b=
cen

2 m

& el

-
+
-~

PR ~vy
P - e s K
p- [ E G4 O

I 1ls si

chloroform.

Tre chlereicrmic scluticn of the bubyl esters

centrated to 2 tc 3 mil in a vacuum rotary eva

room temperature water for
Quanticatively transierred
centrated to 0.2 o 0.4 ml

Prepared from i%.

heating,

into a 5

and

3

Led

the

ml

r the
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3.1.2 DESCRI?TIZN GF TxZ GASCHEROMATOGRAFPLITZ MEASUZZICTUT
OF BUTYL =ZSTIPRS

3.1.2.1 Preparzzion of the column packira

An amouirz I supzort material correscondine to 1.5
times the volure = the column (CHROMOSORE W.A.W. D.M.C.S.)
is weighed in a 220 ml scherical flask. A cuantity of
stationary prase Zaxsil 300 G.C. calculatec zs 15 cer cent

of the solic surzcor: racerial is weiched wizh 0.07

o -—
-

1]
W

curacy into a 2CZ 1 besxer anc dissoclvec in chlercior=.
after the cormple=z=z cdissciution of the staticnary oShase its

et aca

chloroformic sci-zicn is pourec¢ on the supscre natarigl

cover abundancliy the suczort material, it has to ke Zurther
éiluted with chlzr2form. After letting it stard cr 1 to 2
hours, while stirring the contant of the Zlask repeactecdly
the chloroform is zuanticativeiy removed in a vacuum rotary
evaporator. The column is filled from the class bcctle
shown in Fic. 6 wizh the help of a water-jet vacuus pump.

Both ends of the column are clcsed with glass wool pellists.

3.1.2.2 Prevarz=:icn ofi =he calibrating solcticon, containin

n-butvl =sters

S, 10 anc 29 ml cortions of the calibratinc solution
whose composigic: is detailed under the reacents cf para 3.
are pipetted wits analytical precision into the bucylesterti
ing vessel and ériz2é in a vacuum rotary evaporator after
neutralization tc H 9 to 10. Subsequently 1 ml synthetic
aluminate liquor ané 3 ml butanol are introcduced into the
vessel, thereafter the procedure is carried out accordéing

to the prescripticns of para 3.1.1.1.2.




=3¢ esterification can be carried o

Wt fran ospal
Guantities of ==a calibratinc solution accerding to sar
3.1.1.1.1, too. Taking into account, hcwever, that the
stock solution o7 a-butyl esters can be stc

limited tine ir =

red for an un-
well closed glass stoorered flask, zhe

reparation of :arcer quantities is more excedienrt,
prep < 1 L

3.1.2.3 Separzzicn of n-butvl esters

Seraraticn o7 n-sutvl esters of cartexyvlic aciés

rancing from formic acicé <O pyromellitic acig
out I{rom 10 ul sczock sclution. High surity nitrocen
used as carrier zas With a flew rate of 10 mj ver iC
g :s usec at C.2 zar,compressed air

pressure. Cihrczmazccrars are arepared on the 2

umns curing 6 ané 30 ain, at 30 ané 60 °C,respectivel"

under isotherma’ ccndéitions. Subsecguently the terrarazer

. S e ~ . o .
1S raised dy 12 ~C zer nin us te 350 TC. at

temperature an iscthermal elution of 5 to 10 TR Is recuire

3.1.2.4 Evalua+t:izn of n-zutvl esters

hen precering the chrcratograrss the Deaks

corre-
sbonding to the ~ain corponents, formic and
(in salt and alu=:ina hycérate sam

to oxalic acid,

acetic acicés
ples that correspondinc
SSC) are registered uncder ocur chrcratcoraniue

Lo . o 8
conditions with a sensitivity of S = 3.10 . those corre-

Sponding to the c==er cocmpenents with a sensitivity of
9 . . .
$=1.10°. The ccitcnents of the calibrating solutions

are characterjzeé Z¥ carboxylic acid values expressec¢ as

integrator units cer ug organic carbon,

Quantities of
known, examined cox

gonents are calculated with the detector

Tresponse of the corresponding carboxylic acigd,

unknown
‘eaks wjerh the aver

2¢e of the detector responses.,




I 3.1.2.0% Benenticn order of carboxvlic acid n-aousstl oagror:
The retantion orcder oi carkoxylic acid zutvl esters
I is in Takble 1.
' Table .
l RETCSNTIC. ORDER OF CARBOXYLIC ~CID n—-3UTVL ZSTEES
Ccl'-m
l Carcoxylic acid kool estar dmx 4w =z x3m
fetencticn Time s;
' Fornic acic ) 460 35:
ac2tic acic J 82: 50%
Di-n-butvl ether * 928 564
2recoionic acid 1,027 596
1-3utyric acié 1,081 638
n-2utyric acic 1,134 638G
' i-Yaleric ac:icé 1,198 721
Oxalic acic 1,471 1,093
Benzoic acic 1,309 .20
l n-3utyl sulchate * 1,945 *,159
Succinic ac:é 1,601 3,250
Glutaric ac:icé 1,664 3,320
Adipic acig¢ ** 1,728 ** 1,391 =
Lauric acic ** 1,732 == 1,395 *~
Pimelic acic 1,785 1.448
Myristic ac:ic 1,825 :,503
. o-Phthalic acicé 1,857 1,925
Palmitic acié 1,928 1,587
Stearic acicé 2,016 1,696
' Arachidic acié 2,116 1,784
Hemimellitic acic 2,136 1,805
Trimellitic acic 2,171 1,826
Trimesic acicé 2,216 1,858
Behenic acicé 2,244 -
Pyromellitic acid 2,310 2,112
' * Evaluation is not cisturbed by solvent-1iike prccucts
formed in various cuantities in the course ci
l esterificatic=.
** Separately rmeasured retention time of these carzoxylic
acids: they <&z not separate from cach other in the
I course of simultaneciis elutions.
- P




.1.2.6 DRetectmor resncase of carboxvlic acid n-buol

Deteczor response of carboxylic acic sutyl es

-
ters

z 2% evaluation of cas chromatocrars

Qualitacive ancé cuentitative evaluaticn ¢f hs

carzoxyl acics zresernt in the s2xamined samcTle is ~ace
oy means oI the cziibrazing sciuticn preparcs freom =ncwn

The evaizazicn can:ke macde by aandé cr by a somouter.

- e

-1t

ized evaluation: intecrztor =it ter
r

- 1in case c¢i manuval evaluation {trianculaticr: cartcouvii

K-

< : 2
acid expressec¢ in uc carbon cer cm peak zrea.

The merhcecd 2% calculaticn and evaluaticn is s=cwn

cn the tasis of chromateccrams and tables prerarec for dutyl
estors of the calizrati

ing soluticn ané & plan:t liguer
igs. 8 anc 9 anc Tables 2 anc 3).

The chromazcgram sfiowing the simultanecus elz=ticn of

-

).

ibrating soluticn and a zlent licucr
In the course of ccrouterized
tation three numbers are orcered to each Tutvl es:er

Retention tire in seconds.

-

The unccrrec:zeZ integrator unit proporticnal tc ¢
quantity of the carkexylic acid

e

l =g carboxylic zcid exctressed in orcanic carken,




3.1

The correctad intecrator unit arerortional o ke

—

quantity of zhie carzaxvliic acié.

Experience shows that peaks correspondinc to
esters of acidés Irca Icrmic to coxalic, eluated on th
falling branch oI the curve, have to be evaluated by-usinc
the corrected intacrator units, whereas for the evaluaticn
of the other peaks :the uncorrected integrator units have
to be used. The =cde of evaluation is of course a functien
of the performance ¢f the integrator. Unknown corpenents
are calculated wi:zh the average of detector responses of
known carboxylic acié esters (Takles 2 and 3).

It is notacd, that <he absclute detector resconse
oI the individual zzartoxviic acié butv! esters is & Zfunction
oI gaschromatograzhic cenditions

oi the cuartz nozz. 2 used. The rel tive deteczor response

»

a
of the incdividual cariexvi:c acié butvl esters is incegencent
stic

of the conditions zné characteri of the given carboxvl:

acia.
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Table 2

CALCULATTION OF 'THE DETECTOR RESPONSGE OF CPHE AUTHENTIC CARBOXYLIC ACIDS O ‘T'HE
BASIS OF I'IG. 8,

Jarioxylic acid Sensi- hetention Cavlosylic acid  Conpuaterized evaluation Manual evaluatl ici (triany.)
butyl ester tivivy tine, s ill.\ 10wl .sc':l‘u- toLal total pupk
Nr. Nanme pon -e:~:px‘es.:.gc3 integrator  response* arca, an” ronponget
inorg. ¢, gy it
1 Foneic acid 3. 103 RRIONR2 D] 22.40 16,191 36,8 4,55 AU (5,48)
2 AoeLie aeid 3.1()9 6LY. 10 3.8 d2,031 1,225 6.60 4.27 (1.58)
3 Propionic acid 1. 109 854. 40 3.17 41,470 13,082 2.18 1.45
< 1-Butyric acid 1.109 911,10 2.23 26,580 11,921 1.68 1,33
5 n-Butyric acid 1. 109 965.90 1.68 17,504 10,457 1,00 1.548
6 i-Valeric acid 1. 10,J 1,016.50 2.40 22,227 9,261 1.50 1.60
7 n-Valeric acid 1.10 1,067.00 2.29 25,581 11,170 1.80 1.27
8 Oxalic acid 3.108 1,301.40 7.29 13,119 1,840 2.80 2.60 (0,78)
9 Benzoic acid 3.108 1,328.50 3.22 3,714 1,153 0.70 1.6 (1.38)
10 Succinic acid 3.108 1,432.50 6.45 9,884 1,532 1.87 3.15 (1.03)
11 Glutaric acicd 1, 10'9 1,495.30 2.51 38,675 15,408 2.20 1,14
12 Adipic acid 1.109 1,558.90 1.60 23,874 14,921 1.16 1.38
3 Pimelic acid 1.109 1,617.90 0,98 12,140 15,064 0.36 2.10
i o=-Phthalic acid 1.10 1,687.60 2.4 28,040 11,800 1.54 1.58
'S5 Heminmellitic aci@ 1.109 1,943.10 0.4 9,709 22,.70 0,22 2.00
D Trime2llitic acid 1.109 1,976.70 1.39 10,197 7,335 0.32 4.3
17 Trimesic acid l.lOg 2,011,.60 1.72 21,018 12,219 0.0 J.nl
'3 Pyrepellitic acid 1,107 2,2069.00 1.72 G,un? 3,009 (.18 9,53
SN NS 12,4404 rverage: 2,15

he chraratogram sheam in Fig. 8 bolonging to the table won pacpared trom 10 gl of the calfbrabiteg stodd solution

of the butyl ciiters an Lhe 2 1 colun.,

response*: integrator wnit per ug carboxylic acid expresscd in organic carlen
responser * : carbozylic acid expressed in g carlon por avé jaal arad
Average: serves for evaluation of unknown butyl outers 2

responses in parentheses: values caleulated for 1.107 sensitivity




CALCINATTON OF Irug

CARBOLNN L C

Carboxylic acid
butyl cuter

tlane

ACED ol

Sonsi- letention e
tivity tine,

-~

et IO

DU~ ALY

b —

P

e
O NI CYUL L LN

Fornuice acid
acvctic avid
Propianie acid
oty i aeind
a-bButyric acid
i=-Valeric acid
n-tuleric acid
Oxalic aciad
fonvoic acid
Succinic acid
Glutaric acid
Adipic acid
Pinx:lic acid

o-Phthalic acid
Leminellitic acid
Trirellitic acid

Trinesic acicd

Pyreocllitic acid
Other I)nLyl vstarg

———— v —— - -

Total:

The chruratogram of g,
semared From S el plant

expressed in por ants of the Latal ovgonic
not enly pimalic acid

1%, ')

9 belonging 1o Ui
Vigpua on thee .

\u\it

14,999
S0,0L0
4,004
5,795
5,56)
23,515
496
57,748
3,718
87,2
23,3139
8,643
18,C€D
39,8683
12,624
22,378
5,046
12,208

v b

o in— b1

Cavl ouylic

integrator uxpruungd
in oy,

) )

-—-...

BRI {Y
du.a)

.f 0!1“
0,49
0.53
2.51

0,001

3.14
0, 32
5.69
1.8
0,59
1.106
3.37
(ST
3.0
-l. 11
Y.0

H.0/

Ol

in

ranw

Coapnateriad ;_;\'.nln.nl o
10

in par
vt A

———

14,00

RIS
1,
0, 32
0, 16
1.70
(), 13
2,10
0,2
3.6)
1,20
O, 0
0,77
2.%
(v, 37
2400
I
RIAEY)
Lo

1.0

babiler ez oy e Crean 100 b oo
m owotaning,

LGOR of)

Ll ostogh

BAST:H

(Mo et ame ey v e Pmi e WA w  Ee———

Manual _cvaluation (Lx'z.uwn\.u ien)
.:glgtiou

ol

paeall ipea
in ane

b

9,00
1.90
0,39
0.32
1,5
0,049
3.8

0,105

5.00
1.38
0.37
0.57
2.29
0. 32
0.72
1.3

0,23

2.0

dbond,

Hy expyvnssed
in o q.

¢

l(i R

0,50
2.°76
0,52
.9
2.4
O.031
3,010
0,156
.77
1.57
Q.51)
1.23
3,62
0,064
3.1
3.42
KIS

6.,.()

Ssobubaeene oF by

— emu e



M) - N
Ceim s amge i meim e maseesmansme cier s omiigm AT AT ~Asprrees
P TUG YOR OTUST O TLIMINATICHD OF TEE O JARESID DIOXRILD IONTEXR

N
RN
SN

N9

W
A
J

Ratio 12

Ratio 1110

genooylinder with reducor




AFPARATUS FCZ IHI ZLIMINATION OF THE CARBG: DICKIZSE
CONTENT FRCH ZiUXITE, RED MUD AND ALUMINA fivn

R ¥
RATE SAMPLES

Ratio 1: 2.5

l.  sprerical flask
2. Glass condenser

3 Hot Dlate




102

Fig. 1.

APPARATUS FOR DETERMINATION OF THE TOTAL ORGANIC CARBON
CONTENT

Glass stopper
Cooler with watnr connactions
(7a, M, 7c, 7d)

4
14

AL

\/

A

]

| 2

a
r‘/
—1—w
Ratio 1:2
H 8a.
)
U 8
Ratio 1:10

1. Spherical flask 8. Carbon dioxide absorption flask
2. Hjp gas inlet pipe 8a. Glass tube filled with scda
2a. H, gas cylinder with reducer ashestos
3. Distributing pipe 9. Heating ooil
4. Quartz pipe filled with copper wire 10. Electric heater
5. Feed funnel 11 to 14. Ground joints
6.
7.
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