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Report on the Mission 

DP/IND/88/015/11-65 

{Nagpur, India: February 5, 1994) 

I . 

,.. . . 

of Dr. lbolya 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 
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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, lnciia. 

The aim of the mission can be !;Ummarized 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 attention to the importance 

and to the possibilities how to handle organics of bauxites and 

their digestion products knowing their quality and quantity. 

. ..... ' . ' . I ! . ·1 • 

Nagpur, febr·Jary 5, 1994. Dr. lbolya 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 

Visit UNDP Delhi office 

Arrival to Nagpur from Delhi 

December 28, 1993 

December29,30, 1993 

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 

Arrival to Budapest 

February 9, 1994 

February 10, 1994 
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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 Hun'lary. 

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. 
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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 (Table 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. 
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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. 
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TaUc I 

Org;mic balances of 'Balco'(46 g) and ·~alco'(55 g) bauxites, taken in l Ba~·er 
cycle. digested of each by 120 ml s~·nthetic aluminate liquor, at plant conditions. 

BAUXITE I BAUXITE ; ALU~I. i RED I WASHING ! TOTAL I DISSOL 13 
CYCLE I ! LIQU I MUD I SODA ! I -VED i 

I l I 
I I ; 

'RALCO'l IN ! 0.0-llS I 0.00"8 
OLT ! I 0.0293 

I I 
- NALCO' la IN 0.0239 

I 
0.()048 

our 0.0193 

• NALCO' lb IN I 0.0239 0.00"8 
our 0.0194 

TOTAL ORGA!~C CARBON OF : 

I.) BAUXITE g. / 100 g. 

SOURCE 
BALCO 

NALCO 

SINGLE 
0.0921 
0.0898 
0.0945 
0.0883 
0.0409 
0.0433 
0.0463 

I I r 1 

0.008091 
I 0.0463 I 1s 0.00547 0.0428 0.03"8 

I 
0.0287 

0.00397 0.0233 81 

I 0.0287 

l 0.0308 0.0224 78 

MEAN R.S.D. 3 

0.0902 4.3 

0.0435 6.2 

2.) SYNlllETIC ALmllNATE LIQUOR TAKEN FRO.M 4 BOMBS g. /I. 

-
SINGLE ~IEAi'l R.S.D. % 

0.044 
0.042 0.042 9,6 
0.036 
0.045 
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Table 2. 

Total organic carbon and humic acid contents of plant samples 

Plant samples of 

The sample BAL CO NALCO 

Expressed in organic C g/1; gilOOg 

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 
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Table 3. 

Composition of the plant samples of 'Balco' 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 

hemimellitic 

trimellitic 

trimezic 

total 

Expressed in of the total org. carb. 

the% 

strong liquor 

2.4 

vanadium salt 

6.7 

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 

8.7 

12.5 

5.7 

0.38 

4.3 

0.38 

0.26 

32.5 

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 laboratory provided for the analysis of organics should be 

used exclusively for this purpose: 

The measurement of organic materials, present in the concentration 
range of 1 o-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 0f 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). 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ENCLOSURES 



-------------------------- - -- -

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

13 

UNI'l'ED NATIONS INOUS1'1UAL OEVELOPHEN'f ORGAN1ZA1'ION 

JOB DESCRIPTI0N· 1 

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: 

Duties: 

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 applied 
and analytical research to local industries in 
process improvement, transfer of technology, etc. 
c) Setting up and operating a data bank 
d) Providing training of Indian engineers 

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

•>Applications and communications regarding this Job Dcscriptjon 
!ihould be sent to: 

Project Personnel Recruitment Section, Industrial Operation.~ Divi$ion 
UNIDO, Vienna Internntionnl Centre, P.O. Box 300, Vienn.~/Ausr.rin 
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Qualifications: 

1 .: 

Her main duties will be to: 

1. 

2. 

J. 

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. 

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

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. (Plan~ 
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. 

University degree (pr~ferably Ph.D.) in analytical 
chemistry with extensive 1Jractical and research 
experience in gas chromatography and its use in the 
aluminium industry. 

Language requirements: 

English 
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Background inror.ation: 

The Indian aluminium industry looks back to a 
history of 44 years. The first aluminium smelter 
(in Alwapars, 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,COO and 580,000 
tonnes per year, respectively. These facilities 
belonq to five aluminiWI companies, naaely Bharat 
AlUJ1iniU11 Company Ltd. (Balcol, Hindustan Aluminium 
Corporation Ltd. (HINDALCO), the Indian Aluminium 
Company Ltd. {INDAL), the Madras Aluminium. Company 
Ltd. (HAI.CO) and the National Aluminium Company 
Ltd. (NALCO). 

With the co-issioninq of NALCO the share of the 
public sector in alwainium sael tinq is more than 
haJ.f of the total installed capacity of India. 
This indicates the decisive influence of the public 
sector on the f1~ture of the industry. The 
sustained qrowth a~d development of the aluminium 
industry in India, apart from requirinq the 
·adoption of suitable long term policies in relation 
to production 11anage11ent, output, pricinq, and 
fiscal levies, is also in need for technology and 
market developaent, which will qradually 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 
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technology necessitat~s proper assessments to 
deten:iine its suitability under Indian conditions, 
the available raw materials, product dern~nds, state 
of engineering developments, etc. Though research 
and development work is being carried out by the 
major aluminiura producers in the country, these are 
JDainly directed towards solving their day to day 
process problems in the plants. No work is done 
for the development of process know-how and basic 
engineering. The technologies followed in the 
existing plants are from various 
countries/suppliers - KAISER, ALUTERV-FKI, VAKI, 
ALCAll, HONTECATINI and ALUMINIUM PECHINEY. Apart 
from -the strategic importance of having an 
indigenous Research, Development and Design Centre 
for Alwainium, 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 alwainiWll 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 annum. 
Considering the payment for know-how, basic 
engineering and royalties for this additional 
follow-up stage this would mean an expenditure of 
at least US$ 95 million. 

It is to be pointed out that the cost for 
Establishment of the Alt111iniwa 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 dnd further extension 
of the Centre. 

When the new aluminium capacity will be cstabli!;hcd 
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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 eng!.neering 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 Rand D centres. 
Close interactions among these Centres' Research 
and educational institutions and industry has 
enabled numerous technological advances t~is 
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 
know-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 Indian aluminium industry to meet the 
domestic demand for aluminium products. This goal 
will be achieved by setting up of an Aluminium 
Research, Development and Design Centre at the 
national level which will be in a position to carry 
out research and development in the field of 
bauxite processing, alumina and aluminium 
production leading to improvement in the ~xisting 
plants and creating new production faci~ities. 
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 emanatinq 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 
technoloqies 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 aeet 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; 

AlwainiUJD electrolysis 
four laboratories; 

Analytical research 
laboratories; 

research department with 

department with three 

General services, instrumentations and control 
department with fou~ 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. Iholya l\lolnar-Perl 

UNIOO Expert, (Professor of Analytical Chemistry) 
Sceme of lecture planned for the \Vorkshop of February I. 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 

acid~). 
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Our achievements: 

(Elaborated in the seventies. patented in 1978. supported hy 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 :ind 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 extr:iction etc. 

c. This system of analysis is elaboratr.d 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. 
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d. Sev\!ral hundn:ds of products originating from various alumina plants 
of all over the World have been analyzed hy 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 C02. 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 lug 

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 cstcrification method, - carried out in the 
presence of the in,)rganic matrix hy the use of sulfuric acid/n-butanol :is 

cstcrifying agent -
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- providing the n-butyl esters of quite all carboxylic acids present in 

'cycle organics' 
- rcpr\!senting the 80-95 % of the total organic carbon of products in 

alumina production, 
- determined gas chromatograph!cally 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 comparison to those presented 
recently in the literature (restricted for the analysis of solutions), such as 

- HPLC, 
- GC/MS 
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NATURE AND ANALYSIS OF ORGANIC CONSTITlJE~rs IN 

THE BA YER CYCLE 

I. l\110LNAR - 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, re!Jroducible and "acceptably" accurate data. 

- concerning the quantity and the quality of the organics equally. 

Satisfactory to determine all of those organics present 

- in very different amounts I o-5 - 30 % , 

- in inorganic matrices of basically different composition, and 

- :n completely various oxydation stages : present 

- in dissoJved 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: 

!c\!rogens 

humic substances 

humic acids 

fulvic acids 

aliphatic and aromatic mono-, di and polycarboxylic acids. 

- The system should be applicable both for routine duties, and research 

works, and, finally 

- it should be achievable for a reasonable price . 
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CLASSIFICATIONS OF METHODS OF OUR 

ANALYSIS SYSTEl\'I 

l\1:ethods of primary importance ( exclusively our principles) 

- The total organic carbon measurement based on the bubble free 
distillation of C02 obtained from the oxydation of organic com­
pounds by potassium peroxy disulfate catalyzed by silver ions [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 w~ter containing solutions, in the 
presence of tl-,e inorganic matrix by su'lphuric acid/n-butanol prior to 
their quant;Lation 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, m 
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 pnor 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 
nng. 

- 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 ncm volatile fraction. 
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l\IETHODS OF TOTAL ORGANIC CARBON l\IEASUREl\fENTS 

Literary background [20-31] 

- Measuring the excess of the oxydation agents proposed first to the 

quantitation of orgamcs present in water: insufficient indicating the 

I 0-40 % 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 C02 [I, 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 optimum time requirements of the C02 elimination and 

oxydation steps. equally. 
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The importance of the 0.01 N scale of measurements: 

- All requirements can be fulfilled in micro-dimension exclusively; 

1.c.. the quantitative C02 elimination. combined with the 

transformation of organics even present in low oxyrlation stages into 

the maximally oxydizable condition without any loss. 

The removal of COz 

- dependent of the physical and chemical characteristics of the matrix 

and the organics to be determined, i.e. 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. I), or, 

- refluxing the acidified heterogeneous matrix of bauxites and red 

muds performing C02 elimination and digestion simultaneously (Fig. 

2) 

- Short survey of the procedure (Fig. 3). 

Reproducibility studies : (100 - 600 1ug 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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Fig. 1. 

;..??ri?_;n;s FO~ !:!:'. ELI~INAT!O~ OF T:!:'. c.;?20:~ DIOXI!::::: CC~iT:::~T 

F~:-t .=-.Ll':·!::::.;;.7=: LIQl.'OR .::..::iJ sen.; s.;r.T SA:·~L=:s 

io 1=10 

1 • 

2. 

3. 

2 

3 

Sli'.:n 

Ratio 1: 2 

Sp!':e::-ical flask 

Gas inlet !?ipe 

~ 2 gas c1lindcr with ::-cd~ce::-
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Fig. ,_. 

APP~-~~'i'US FOR THE ELIMINATION OF TH:!:: c~1.Rnc:-1 DIOXIDE 

CO~TE~;T FROH B.:\UXITE, RED MUD A."JD .l\.LUMI~A HYD­

RATE SAMPLES 

2 

1 

Ratio 1: 2.5 

1. Spherical flask 

2. Glass cond8r' ser 

3. H0t pl.ate 
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n 5 

12 

7 

1 

~10 
Ratio 1: 2 

1. St:!~erical flask 
2. H2 ga5 inlet pip~ 
2a. i!

2 
gas c.yli1~c0r ·,;it.!1 ;~e:c.lt:c.::r 

3. 01:,tribut.ing pir:;e 
4. Quartz pi~ filled with r.J:r:::.er wire 
5 . Feed ~\:r.r.c l 11 to 
G. Glil.Ss stopi:Cr 
7. Ccolcr \.;i t:h water ror.nect: ic;~;, 

(7a, -,1), 7c, 7d) 

. 

W-6 
4 

14 
2 

7a 

2a 
7b 

r 

Ba. 

8. Carbon dioxir'!c <:l;!";o1-rticn f1 as~ 
3-3. Glass tub:~ f .i.llcd ·.-;i th s<x!a 

9. HecJti1vJ cnil 
10. Electric hc.:ter 
H. Gro1~nd joint:. 
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I Table I 

De'termina.tion of the total. orgenic carbon 

I 
_Pl.ant liqu.or Solution O.Ol. JI .3:Cl 

I we1.gb.ed .-eigb.ed consumed CDlJ 
c;r3/cm:3 CIZlJ 

!!!SaD. 

I 
singl.)r val.ue 

P1au"t liqaor1 10,97 
110·. 00/1000 t 0 l.0,00 ll,OJ ll,OJ 

ll,08 

I 5,73 

I 
4,98 s.51 5,66 

5,67 

I 2,07 
2,01 2,2,) 2,19 

I 
2,26 

Pl.ant liquor2 10,37 
119,00/1500,0 10,00 10,34 lO,J5 

10,34 

I 5,20 

I 
4,98 4,94 5,06 

5 118 

I 2,07 
2,01 1,96 2,04 

I 2,09 

I !i.O. ' 5tam1ard Deviation 
R.5.0.%· RclHtivc Standard Ocviation % 

I 
I 
I 

content of plant liquors 

Organic carbon found 
g/dm3 

aean mg e:ln~ value 

0,662 6,62 

o,J40 6,8) 6,66 
s.o. = 0,16 

R.S.0.%= 2,4 

O,l.Jl. 6,52 

o,621. 9,Jl. 

0,304 9,16 9,l.9 
s.o. = 0,1 

R.S.ll.%= 1,0 

0,122 9,ll 



-------------------­Table 2 

Sio~ei 

ljOcUl 

:111 

0,16 

o,oa 

0,063 

0,050 

. . 

Total carbon oontent of bauxite samples ae a funGtion of pulveri~ation degroa 

nrauxit1 

aingly 

6,.30 
5,70 
,,00 

J 

6,60 
6,70 
7,13 
7~10 

mean 
valu.e 

6,0 

6,70 

·1,1 

7,97 
7,40 7,70 
r{ 9 7 3 S • 0 • "Q t 2 9 

R.S.D.%=3, 7 

Organic oarbon io-~ g/100 g air dry bauxite 

ll8UX'it2 

singly mean 
value 

6,14 
6,07 G,l 

r...97 
·1.30 
4,34 
1,ao 

7,1 

7,6 

?,9J 
r(,64 7,70 
1 • !;;O S. D. =0, 17 
7 (/6 R.S.0.%=2,2 

Dnwc:11i 

singly 

14.6 
14,5 
3-~~± 
14,4 
15,l 

14,.3 
14,4 

mean 
vo.luo 

14,4 

14,8 

14,4 

Dt\UXit 

e1ngly 

. 6,'.)0 
6,60 

'1,00 
G,70 

mean 
value 

6,8 

G,9 

IJo.1.1.Xi t '" 

EJingly 

;3,7~ 
4,21 

4,77 
4,8G 

;~lO 

I, • 0 

4,0 

Baux1.t6 B&uxit7 Bauxit8 Bauxit9 ----~auxit 10 

0.16 

0,050 

20,2 
20.J 
20,J 
20,9 
20,8 
20,3 
20,5 

20,3 
5.0. ::-0,50 

R.S.0.% 2, 8 

20,G 
S.IJ. =0,20 

R.S.D.%:-: 1, 3 

lG,U 
l'{' () 
16,4 

18,4 
J.O' 'i' 
18,4 

16,7 
S.O. =O, 30 

R.S.0.'-.=1,8 

10 r ... ~ 
s.o. =0,17 

R.S.0.%.-:0, 94 

-------------------------------------
~j.(). " Standard lluviation 

IL~j.().\ Rulutivr. Standard Deviation% 

u, ')'( 
~), 12 8 .. , 
n,4G 
8,6G 
~J,O~ 0,0 
0,.3:.> s.o. =ll,37 
9,l~.S.0.%:::4, 1 

27,6 
20,7 

20,6 
20. 'l 

28,2 

20,7 

7 ' ·,· (J 
'f ,91 

3. 2/t 

'{, 8 

0,~4 0,.3 
8,15 !j,(J, .(J, 20 

n.!i.ll.'•·2 ,4 

.. , 
'" 



Aacple 

Baurlt1 

Bawcit2 

Eau.tlt) 

----------------., 

Table 3 "'.\ 
Total organic carbon content of bauxites...--red muds and alumina hydrates from different measurements 

/~ air-dry samples ground below 0.05 mm particlo size/ 

Organic carbon found 
Amount 0.01 N 

of 
ba•ud. t . consu;ned 
taken 3 mg 

g cm 

lo-2 g/100 e; 
bawcit 

mean 

Jlample 
Amount of 
redmu.d or 
alumina 
hydr.taken 

g 

O,Ol N HCl 
con19umod 

cm3 
singly value _ _ _ _ _ __ 

O,J267 
0,4803 
0,5000 
0,5504. 
0.5909 
0,6141 
0,6690 
0,8420 
0,2916 
0,2888 
0,6910 
0,8846 
0,9756 
l,0204 
0,1612 
0,1632 
O,J.344 
0,.3414 
0,5164 
o,6514 

4,06 
6,40 
6,64 
7,09 
1,21 
7,82 
9,13 

10,40 
3,59 
4,18 
9,lJ 

ll,4J 
12,4?. 
12,67 

4,04 
4,04 
7.79 
a,10 

12,92 
14,9~ 

0,244 
0,384 
O,J96 
0.425 
0,436 
0,469 
0.540 
0,624 
0,215 
0,2~l 
0,548 
o,6aG 
0,745 
o,7Go 
0,242 
0,242 
o, 46'f 
0,486 
0,775 
o,a~G 

7.45 
7.,92 
7,97 
1.TJ 7 71 7 38 ' 'I. 

7: 64 S.O. :o,JO 
S,l9 R.6.0.\-J,R 

7.41 
7,39 
a, 40 ·r 
'{. ~3 s 0 , ~06 "0 7 75 . . , .. 
7:64 R.S.0.\=5,2 

., • 4 ~) 
15,0 
14,4 
14

•
0 

14 40 14. 2 5.0. ~0,51 
15, 0 R. S. 0. %= J, 5 
J.J,O 

Red.mudl 

Red mu.d2 

Hed mud3 

Alumina 
hydrateJ. 

Alumina 
hydra..te2 
Alwnimi 
by~ate3 

O~l29J 
o,3os2 
0,4660 
0.4697 
0,5161 
0,6018 
0,4982 
0,5768 
0,6170 
0,1055 
0,1858 
0,2478 

5,800 
5,536 
5,603 
5,226 
0.019~ 
0,0982 

l,~o 
4 24 
6'e2 
6'21 
6'95 
a:og 
6,21 
6,70 
8,14 
5,)4 
5,71 
6,82 

2,02 
2,00 
,,45 
J,02 
s.22 
6,65 

Organic carbon found 

io-2g/lOO g re 
m~ mud or allm. 

h.idr!Tiean 
aingly valu~ 

0,114 
0,255 
0,409 
0,372 
0,417 
0,486 
0,372· 
0,403 
0,488 
O,J20 
0,342 
o, ,ios 

0,121 
0,120 
0,207 
0,101 
0,.313 
0,.399 

8,84 
a,26 
8, 78 8,33. 
7, 9J !.i. [). 0' }0 
8, 08 R • ~:i • n . 'o · 4 , 7 
8,07 

7,47 7 20 
6 • 88 r. 0 ' : 0 30 
7 27 ;J. • ' 

' R • S . D • 'o .- 4 ' 2 

rt,3 7 ao 
10, 4 5 .rt. ~o ;-?5 
16,5 R.S.0.%:5,5 

2,08 
2,17 2,10 

3,69 
J,46 .3,60 

.39,4 
40,6 40,0 

S.O. and R.S.0.% as in Tables 1 and 2. 
'" IJt 
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Utilizations of the total organic carbon quantitation method. 

Literary background (24. 25. 32-34] 

- The first trial [32] was done in parallel with calcinr:d and 
uncalcined bauxites in 11 and 12 closed Bayer cycles, respectively_ 
Due to the insufficient method used, (measuring the excess of Mn04-
}, 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 
parallel, 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 hy 
those reproducibility values given in Tables 1-3. 
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Organic carbon balances 

- Taken in 6 Bayer cycles without sedimentation agent. Bauxite: 

Halimba, Hungary. Organic carbon content 7.70 x to-2 g /100 g 

(Table 4). 

- Taken in 5 Bayer cycles, applying 2.5 g rye flour/ IOOOg 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 

I o-2 g/l 00 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 1.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 hy three different bauxites (Table 7). 



------ -----­Tublc 4 - - - - - - .. -
2fgan1~.!.!nce of Hal1mba_.,2aqxj..te f l_iungary.[ ~n 6_Ba;yer c;x:claf!. 

.. 2 
111 t:.ho lut cyclo thor·o WQO 93G g bauxito digeuted, having org1.111ic oontont:. of 4, BU. lo g orrJunic 
carbon/100 g b~~itc. In the 2-6 cycles there was 900 g bauxite digooted por cycles, with organic 
content 7, 7 .10 orga.nic carbon/100 g bauxite 

-·-··----···- - -·-·-··-M···-····----.. ·-·-·-- . - ·----··-··----· -·--- ·-·-
~w:tber of _______________ o_r_ganic carbon g .. -----·-----··---------------

tho cycle 

r. 
with with aluminato with ·with with w:1i:hln<.1 tl)t<ll c.Ji!fai;onco x~ 

_______ b_a_u_x_i_t_e_ !}._g_uor _.J!~W!~ina ___ i::9<l mud !l:.sl~~>r of i:c<l mu<l _ i xl 

in 0,461 0,042 0,024 0,527 
·.·a:x>::ation out . ___ O_L!_~.Q _____ ._f?..1...<?..~J.. 0_,2q? __ , ___ ._2.L918 0,474 - 10,0 O,lGG 

~ i:-i 0,693 0,205 0,026 • 0,924 
... ~--, .. 1~a ti on ....... .: .. '- out _______ Od~l ______ O,q32 ____ ~-9.df!_? ___ 0,046 0 874 - 5 4 0,252 

3. in 0,693 0,443 0,020 1,156 
::a?'.)!"a tion 

-- 0,5_75 ___ ,_Qt,Q§_!__ 0,?93 ___ .Qi.994 1,124 - 2,8 °1226 
0\lt-

,. in ... 0,660 0,034 1,397 0,693 
vapo::ation out 2.J.717 ·-- o,o_g_ o,476 0,122 1 JG7 + 3 o 01169 

5. in 
-.,,apo:::-a ti on 

out 

o,831 0,028 i,ss'2 
_________ o...:.,,_8_3Q o,o6!L__ __ Jh472 _ 0,123 i 493 - 3 a 01123 

o,693 

6. in 0,693 0,958 0,039 1,690 
.,,apora ti on 

out 1,0~ 0,072 O.i.406 ...sli.1..77 1,717 + 1,7 
0,281 

1,239 (31,6 %) 
::-eci.pitation of 

SOCcl salt 0.821 g /67.8 t/ 0.390 g /32.2 %/ 
/in 697 g soda s«lt/ 

C: 0.0559 g/lOOg 
/in 2060 ml strong li~uor/ 

C: 0.399 g/l 

:tl: total error of technological and analytic<'.ll experiments; in this case and during avery digestion 
v., . ........ . 

dissolved into 1;.he aluminate liquor in the given cycle 

'" (-, 



- - - - - .le"' - - - - - - - - -
Organic balance of Hung·arian llalimba bau?Ci1:..~..!.1!_~ B<!yer -~~.!.es sedimentation promoted with rye-dllour 

-2 900 g bauxite digested per cycle, organic content: 7,7.10 g organic carbon/loo g bauxite 2.25 g 

ryc-flodr, measured by analytical precision was added per cycle for sedimentation, having organic 
content of 0.383 g organic carbon/g rye-flour 

~--------------------~ ~-----~~----------------------~--------------t 

~un~bcr of 
cycle 

1. 
evaporation 

2. 
evaporation 

3 . 
CV<lporation 

4. 
cv..iporation 

s. 
evaporation 

Organic carbon g 
--------------------~-----.. -·--·---------·----~ 

iri 

out 

in 

out 

with with rye­
bauxi te flour 

0.693 o.8"62 

with with with 
aluminate alwnina red 

liq\.!2;.__Ju:_dr~~ mud 
0.024 0.023 

0.429 0.086 1.032 
---------------·-------

0.693 o.866 o.482 
0.753 

0.044 
0.097 1.024 

with V.:lshing 
liquor of 
re~~-

0.010 

0.102 

total 

r~G02 

l.617 

2.005 
1.976 

difference 
% xl 

+ 0.9 

- 5.2 

x2 

0.475 

0.377 

- --------·--------- ·------·----· I 
in 0.6~3 

out 

in 0.693 

out 

0.862 

0.864 

0.352 

1.114 
---
1.304 

1.610 

0.048 

0.083 

0.042 

0.101 

1.033 O.lGl 

1.114 0.203 

2.455 

2.421 

2.903 

3.028 

- 1.4 0.45J 

+ 4.3 0. 509 

---------------.-·--····-···· ·- ... - ... - ........... ·-·~--··-- ... ·-- ----·-----.. --.. ----------------------------------
in 0.693 

out 

0.866 1.698 

1.705 

0.054 

O.Ot.i9 1.120 ().255 
3.308 

3.149 - 4.8 o. 31'2 
---------------------- ···-- ......... - •· 1.......... .. .. ......... •···-·-· .. ·······-· .. ·----······-~-··-·-.... , .. _______________________________ _ 

Nd-llllt 
precipitation 

1.465 g /74.1 ,, 
/in ~200 ml otron9 liquor/ 

Ca 0.665 g/l 

lti. ancl >N of. 'l'ablu 4 

1.960 (25.2 \) 

0.512 9 /25.9 %/ 
/in 555 9 Na-oalt/ 
C: 0.0923 q/100 g 

"I ... 



--------------------
Table 6 

Organic balance of Koyna bauxite /India/ in 2 Bayer cycles 

In the two 1st c~Iles 550 g, in the 2nd cycle 775 g bauxite were digested, having organic 
content of l,48.lO g organic carbon/100 g bauxite 
The two 1st cycles show the reproducibility of technological and analytical experiments. 

Number of Organic carbon g 

the cycle bwit~t with aluminate with red with ~~shing with alumina t t 1 difference 
~~~--~----~~~~~a_u __ x~_e ____ ..=l~or mud liquor of red mud hydrate 

0 

a ' xl x2 

l/a 
evaporation 

l/b 
evaporation 

2/b 
evaporation 

in 

out 

in 

out 

in 

out 

o.814 0.020 

0.629 0.132 0.029 
~~-~-~-

0.814 0.027 

o.634 0.154 0.029 
----- ·-----··- ··- --- ··-····----·------·--------·-···-··--· 

1.150 o.594 

1.330 0.264 0.066 

0.036 0.870 

0.045 0.835 
-

0.030 o.871 

0.045 0.862 

0.032 1. 776 

(1.078 1. 738 

-------·--------------· ·--.. ·--·- --· ................ ·~-·. ··-·-·-·--·--·- .. -·--··-·----· ··---·-------------------
1.305 g (65.5 %) 

/in 3000 ml ntronq liquor/ 
C: 0.435 g/l 

>tl and~: as in Table 4 and Table 5. 

4. 0 0. 635 

l.O 0.636 

2.1 o.ao~ 

.., 
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Table 7 

Final organic balance of d.!9_estion series made of different bauxit:.e 

without the use of sedimentation promoting agent 

Total Organic carbon 
during From Halimba From Iszkaszentgy5rgy From Koyna baux.i digestion 

bauxite /Hungary/ bauxite /Hungarian/ /India/ in 2 Bay 
in 6 Bayer cycles in 5 Bayer cycles cycles x2 

% % % 

In 3.992 lC~.O 2.682 100.0 2.021 100.() 

In aluminate 
0.821 20.6 1.490 55.6 1.305 64. '5 liquor 

ln soda salt 0.390 9.8 0.015 o. 6 o.o 0.0 

.tn red mud 2.339 58.6 1.070 39.9 0.418 20.7 

In product 
0.198 5.0 0.110 4.1 0.091 4·_·5 

hydrate 

Degraded 0.174 4.:; can not be xl 0.182 9.5 

used for the 
0.070 1.7 0.055 2.1 0.015 0.7 analysis 

is 
xl: As it evident from the results of Table 2, the 2nd cycle of th~: 

serie was contaminated during the decomposition of alcali with 

organics, 0.12 g expressed in terms of organic carbon. Hovever 

in this digestion serie the quantity of degradation could not 

have been evaluated. 

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



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

\\11AT AUOUT THE EXPECTED SATURATION LEVEL OF 
ORGANICS \VIIEN OPENING A NE\\' UAUXITE HLOCK 

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

Comments: 

- Accordingly our results in accordance with those reported hy Jamada 
(34] it 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 aluminatc liquor obtained in one model Bayer cycle should he 
defined and multiplied by 40 . 



---------------------
Table 8 

Figures of theoretical number of cycles calculated from the orc:ranic carbon content of liquors 

of model cycles and plants and from literature data 

Organic carbon content Theoretical nuniber 
Dissolved __E.f aluminate liguor g/l of cycles 

nauxit.c organics During In plants after when 
Temperature 

of 
diggstion 

c 

Total organic 
content of 
bauxite 
g/100 g 

1 Bayer Bayer cycles were con- Dy each Mean value 
_ _!.~~___£Y,cle duct~d t_o __ s_a_t_u~r'--a_t_i_o_n~~--------------~----------~ 

~g~~~~g~~~=£~~-~ta~~g.~ie~~~~U~i 

Ealimba a. 

Koyna 
r:eipa 

b. 
220 
220 
140 
220 

0.077 
0.077 
0.161 
0.185 

21 
19 
61 
75 

0.072 
0.133 
0.217 
0.386 

20 
~gl~~~g~ga~~g~-di~~~!m~~~~l=~~l~l~~-gg~g~ggg=g~=~~~Si 

South-East Asia 150 0.16 74 o. 201 
Australia /l/ 150 0.36 69 0.447 

230 75 0.485 
Australia /2/ 150 0.25 69 0.310 

230 78 0.351 
Island 150 o. 49 74 0.617 
Africa 150 0.13 72 0.168 

230 80 o.a10 

5.02 
5.02 

10.40 
14.70 

.. 
8.1 

17.1 

11.3 
24.6 
5.5 

69.7 /34.8(X 
37.7 
47~9 
38.1 

40. 3 
38.3 

32.2 
39.9 
32.7 

39.6 

37.7 

···- .. --------··----·-·--·--. ----·---··---------------------------
n: iri cycloa without t.ho uuo or uodimont11tion promoting l\<JOnt 

b: in cycles when rye-flour was used to promote sedimentation 

x: value caleulated the way that native and sedimentation promoting agent organics entering 
tho cyclo are conoidore<l to diaoolvo in equnl portinna. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table 9. 
Organic balances of 'Halco'(46 g) and 'Nalco'(55 g) bauxites, taken in I Ba~·er 
cycle. digested of ead1 b~· 120 ml synthetic almninate liquor. at 1>lant l·onditions. 

BAUXITE I BAUXITE I ALUM. l RED I WASlll~G i TOTAL : DISSOL I 3 

i SODA I i -VED I CYCLE I I LIQU I 1\IUD 
I I I 

• BALCO'I IN 0.0415 I 0.0048 I 0.0463 i ~.0348 175 OUT I 0.0293 I 0.00809 0.00547 0.0428 
I 

• NALCO' la IN 0.0239 o.0048 I 0.0287 
OUT 0.0193 . 0.00397 0.0233 81 

I 

' I 
• NALCO' I h IN 0.0239 0.0048 

I 
0.0287 

OUT 0.0194 0.0308 I 0.0224 78 
I I 

TOT AL ORGANIC CARBON OF : 

I.) BAUXITE g. I 100 g. 

SOURCE SINGLE i MEAN R.S.D. % 
BAL CO 0.0921 

0.0898 0.0902 4.3 
0.0945 
0.0883 

NALCO 0.0409 ' 
I 0.0433 0.0435 6.2 

0.0463 I 

2.) SYNTIIETIC ALUMINATE LIQDOR TAKEN FROM 4 BOMBS g. /I. 

SINGLE MEAN I R.S.D. % 
0.044 I 

I 0.042 

I 

0.042 9.6 . 
0.036 I 
0.045 I 
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THE QUANTITATION OF IllJi\IIC ACIDS 

Literary background 
Humic acids centred view [26, 28. 30, 32. 33] 
spectacular physical characteristic, i .c .. they arc 

- highly soluble in alkalines, 
- insoluble in acids. 

due to their 

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 i~Jlated humic acid, previously precipitated, filtered, then 

dissolved in alkalines, and, 
- by their fractions, differentiated accordingiy 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. 
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IIUI\UC ACID QUANTITATION HY 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 IO) 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 % H2S04 (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 I N NaOH into a measuring flask, 
and, 

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

Humic acid content of aluminate liquor after precipitation with 

sulfuric acid 

.Amounts used for analysis Amount of preci-
Storage time pitated humic acid 

Aluminate 40 % H2so4 of precipitated % 
liquor1 humic acid 

CI!l) cm3 hrs. b a 

5.00 10 4 3.6 3.6 
5.00 10 48 Mean=J.48 3.4 3.7 

10.00 20 4 
5.o. ,,,:0.095 

R.5.0 .• -2.B 3.5 3.5 
10.00 20 24 3.4 3.5 

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

3.58 
0.096 
2.7 
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THE QUALI'"!:'ATIVE AND QUANfITATIVE DETERl\11NATION 

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· on: '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'). 
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Literary background 

'Hauxitc or~anics': At the start of our work no literature data ~ould he 
found ; methods commonly used for the analysis of rocks (mainly shale 
rocks) and sediments were unsuitabk 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. 
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Our principle 

B~se<l 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, 
- indenti fied and quantitated by gas chromatography, 

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 I 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 cstcritication yield of the above mentioned organic acids 
present. 
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CO.l\IPLETION OF THE l\IETHOI> 

- Estcrification: 
Exclusively n-butyl alcohol proved to be suitable as csterification 
agent because of the very simple fact that the boiling point of any 
other alcohol is so dose 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 fillable 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; 

- Gtis 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 lhe 
total organic carbon) 
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3 . 97 1 Formit· 

8.24 

9 .4 5 Propionic 

10 .30 i-Butyric 

1 I . t 3 n-Butyric 

t I .96 

12 . 76 n-valeric 

17.8? 

Succinic 
t 9. t 9 

~:=====::-;~=====~~- Glutaric 
20 .29 Adipic 

Pirnellic 

24.81 

25 .75 

26.64 

llt>mimellitic 
:a :a 

29.07 
29 . 59 Trimesic 

Trimellitic 

31 .05 

Pyrornellitic 
J2 .17 

: i 

Oxalic 

0-phthalic 
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Composition of sdcdcd samples containing cydc organics (Tabk 11) 

- Values expressed in percentages of the total organic carbon content 
of the samples proved that 

humic acids are exclusively of natural, 
amino acids a::-e primarily of rye flour origin, 
the low molecular weight members of the fatty acid series arc 
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 > I g/I 

(I g/lOOOg) can reach the hundred percent, while, 
in the case of model sam! !es of a total organic carbon content of 
< I g/I (I g/ I OOOg) 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 I 0 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 . 
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Table 11 
Com1>onents of 1l')Tle organics' dekrmined as n-hut~·lesters 

Adds, j Phmt Halimha bx · Hal.bx & r)"e i RJe flour J Koyna bx 
expressed in % I liquor h~·dr. liquor salt tlour ! aluminate ,,. 
of the total 

1 
• , liquor salt ! liquor liquor 

I I I ' 

Or~. C l --t- l ' 
Total ~~g~-c g/l--r----16.66 -0.207 I O~J99 0~0559 ! 0.665 -0~0923 t-· 4.81 I 0.43S 
c~1100 ~> l I I 
1----'-~~~---- ' __ ...._ ____ _.__ ___ ___,. 

Humic * I -----~J._6 2.0 1.2 3.1 1.0 1.6 __ - I 14.4 
Amino * 2 3.3 n.m. 2.5 n.m 18.5 16 1 13.5 4.9 
Formic 12.5 6.0 I 4.8 19.5 I 5.4 18.3 6.5 4.3 
Acetic 36.0 23.9 15.8 5.6 11.3 5.0 20.0 8.9 
Propionic 1.9 0.9 1.5 0.6 I. I 0.3 1.6 0.6 
i-Buty~ic 0.5 0.5 0.1 0.1 ! 0.1 0.1 0.2 I 0.1 

----;------+-----t-------T-----+----~---.1 

n-Butyric 0.6 0.3 0.5 0.3 0.3 0.1 0.1 0.3 
n-\'aleric 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 

1--------r---

Benzoic 
Succinic 
Glutaric 
Adipic 
Pimelic 
0-phthalic 
Hemimellitic 
Trimellitic 
Trimesic 
Pyromellitic 
not identified 

1\-leasured 
total 

0. 9 - 0.6 - 3.2 2.8 -
5.2 8.0 I 2.0 0.8 2.1 1.8 15.3 
1.2 3~8 -
0. 7 - - - - - -
0.4 - - - - - -
I.I 1.0 15.6 10.3 14.8 10.4 

0.5 0.1 
28.0 1.4 l.5 0.7 l.O 1.2 

3.5 3.1 0.5 0.2 0.2 0.3 
0.6 1.4 0.4 0.4 0.2 0.6 
7.2 - 12.0 

in 103.5 97.0 67.1 55.8 69.5 77.3 98.5 
3* 

* 1. Measured by their total organic carbon content 
* 2. Measured as ammonia formed by the hypochlorite oxydation 
* 3. Including 11.0 % lactic and JO % glycolic acids respectively. 

0.1 

2.8 
0.1 
0.3 
l.3 
l.3 

62.6 
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Tithle 12 
Components or I h;mxill' Ol"J!anic; I dl'lt'rmined ;1s n-hul)"lt'Sll'rs 

Adds, expressed i i B:mxilt'S i 

I I in 3 of lht• lol:1I I I 

I OrJ!. C 
I 

I \\'eip:i i Gh:ina-Halim- Ko~·na 

ha kihi 
Total OrJ!. C 
1!1100 I! x 1o2 

7.70 I 16.I 18.5 18.6 

Humic 1• 3.2 8.1 I0.8 7.0 
Formic 2* 5.1 3.7 5.6 6.3 
Acetic 17.4 8.2 5.0 13.4 
Propionic 0.4 0.1 0.1 0.08 
i- & n-Butvric 0.05 < 0.02 <0.02 < 0.02 
i- & n-Valeric 0.08 < 0.02 <0.02 <0.002 
Oxalic 1.2 6.7 12.8 8.6 
Succinic < 0.02 0.4 1.0 < 0.02 
0-Phthalic 3.8 1.6 0.8 0.2 
Laurie < 0.02 < 0.02 < 0.02 0.2 
Miristic 0.2 0.1 0.3 0.2 
Benzene tricar 0.9 0.5 0.5 0.2 
Palmitic 1.4 0.7 0.7 0.4 
Benzene tetrac 1.0 0.4 1.0 0.5 
Stearic & Pvro 0.5 0.4 0.5 0.3 
lndentified in 35.2 30.9 39.1 37.4 
total 
Dissolved in I 20 61 75 no data 
Ba1·er cycle I 

I 
I I ! ' I 

! I I 
I 

I J~ma-
I 

j Ghana-
I 

Korba 
Nl·inahin 1ca 
15.5 20.0 9.8 

7.4 7.5 9.8 
4.0 5.9 9.4 
9.6 5.8 15.2 
0.08 0.03 0.2 
< 0.02 < 0.02 0.05 
<0.02 < 0.02 0.1 
< 0.05 2.1 19.1 
< 0.02 2.0 0.9 
0.1 0.7 0.2 

'0.2 0.09 0.2 
0.4 0.2 0.5 
0.8 0.2 1.0 
1.3 0.5 1.9 
0.9 0.3 2.4 
0.5 0.2 0.8 
25.3 24.9 61.8 

available 75.0 
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DESCRIPfION OF THE l\1ETIIODS HANDED OVER 
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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) frore flocculants, applied for promoting the set­

tling of red mud. 

One part of the organic substances leaves the circuit 

finally or temporarily along with the red w.ud, alur.tina hyd­

rate and soda salt. The other part of ;:he organics accwru­

lates gradually in the liquor phase of the circuit to equi­

librium concentration and has uncesirable effects on nearly 

all steps of the alumina production process. 

It is known trat organics are present in the liquor 

phasP. of the circuit as a mixture of a great nurrber of or­

ganic compounds of different ~olecular weights, and thei~ 

effects can be very diver~e in various process steps. There 

is little knowledge available for the icentification of the 

individual organic compounds present in the Bayer process 

circuit and for the r.?echanisms through which the:1 exert 

their harmful influence. This fact can be explained by the 

complexity of the task. 

To solve this problem the exact knowledge of the life 

and of the qualitative and quantitative changes of the in­

dividual organic compounds is indispcnsatle. Such a com­

plex and exact analytical method i;, required for this purpose 
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which makes possible the reliable qualitati~e and quan~i-

tJtive deterreination of organic substances ?resent in 

amounts bet~een 10-S and 1 per cent in different stages 

of oxidation in various ~aterials of the alunina produc-

t.ion cycle. 

The complex analytical method elaborated bv ALUTE~V­

FKI and ELTE reakes possible the qualitative ~n6 quantitati­

ve deterTination of abcl!t 30 differe!1t or<;az:ic CO::!pounds 

whic~ represent 75 to 80 per cent of L~e total organics. 

The above-mentioned analytical method can be split 

in to two rrethods closely connected with eac!1 other: 

a) 

b) 

Determination of the total o~ganic content. 

Selective qualitative and quantitati'\:e analysis 

of the indivicual organic co~pcne~ts or groups. 

Organics ha'.re always to be expressed in terms of 

carbon {"C ") so that data of individual corrpounds can org 
be easily handled and cc~pared. 
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1. DETERMIXATIO~ OF TOTAL ORGANIC C~RBON CO~TE~T 

IN MATERIALS OF THE BAYER ALUMINA PRODUCTION 

PROCESS 

T~iE BASIC PRINCIPLE OF THE :'.•!ETEOD 

Total organic carbon content, afte~ eii~i~ation c: 

the carbonab~ content of the samples to be inves-c.igateC. 

(bau:<i te, red mud, alul'!linate. ·liquors, alumina hydrate, sec.a 

salt, etc.), has to be oxidized quantitatively to carbon 

dioxide. This oxidation takes place in an aciQic rnediu2 

with potassium peroxydisulphate (K 2s 2o 8 ) in the ~resence 

of a catalyst consistinq of silver ions. T~e carbon dicxide 

set free curing oxidation has to be distilled into a ·bar~u~ 

hydroxide measuring solution. 'I'he quantity of absorbed 

carbon dioxiCe is deternined by titraticn of t~e excess 8£ 

bariuz:1 hydroxide with hydrochloric acid. 

REAGENTS 

Barium hydroxide solution 0.01N, containi~g SO g/l bari~~ 

Preparation: 3. 2 g barium hydroxide ( 3a/O!~/ 2 . SH/}, 

analytical grade) is dissolved in 200 ml distilled 

water and 100 g barium chloride (BaC1 2 .2H 2o, a.g.) 

is dissolved in 100 ml boiling distilled water. 

The two hot solutions are rr.ixed and let stand over 

for 24 hours, then the volume is filled up to 

2,000 ml with ~istilled water and filtered into t~c 

:;toring flask of an auto!T'atic burt~::t·.~. Pr.evi0usl;· 

n-pcntane is poured into the sto1:i.;1c:j fL1:;k up to 

cca. 10 nun height ... 
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The burette (of 15-20 rr.l volur:!e) is placec ::m the 

storing flask and closed by a glass tube ::lled ~ith 

soC.a asbestos. 

Eydroc:1loric acid solu L.'...:Jn 0. OHl 

It has to be prepared from a.g. hydroc~lc~:~ acic 

by first dilutinc:; i;: to 0. Ul, standarcizinc; ~:ie la;:~er 

usi~g po~assium hycro~en carbonate (~Eco 3 . i~ the 

presence of methyl red indicator and subs<=~uently 

diluting it to an exactly tenfold volume \..::th dis­

tilled water. 

Potassium hydrogen carbo~ate (a.~.) 

30 weight per cent ~hos~~cric acid solution :ree :re~ 

organic substance 

Preparation: 1 li~~e concentrated a.~. au.:. ~i ~'' - -
phosohoric acid (~~?0 4 ) is heated up to bc~ling 

- J 

point, then some 0.5 g potassium percxydi~~l?hate 

(K
2
s

2
o

8
) is added 3 tines in s~all coses .:..~;:o the 

hot solution. The solution has to be kep~ i~ mode­

rate boiling for another 1 to 1.5 hour. ~:ter cool­

ing the volume of the solution has to be filled 

up with distilled water free from carbon C::oxide 

and organics to 1 ,000 ml. This phosphoric lcid wi 11 

be diluted at a 3:1 (water to acid) ratio ~ith 

distilled water free fro~ carbonate and or;anics 

according to requirements. 

Storing: .ln a gl.::.ss ~;toprercd fl.Js}:. The c;~.:iss 

stopper has to be covered hy a bell-jar t- prot0ct 

it from dust:.. 
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Sa turatec ~otassi u..-:t perox::•disulphate sc 1:.:. ::ic::1 

Preparation: For the prepar3t~on o: tje solution 

a.g. K2s 2o8 purified by recrystallization and dis­

tilled wate!:' free from carbonate anc organics have 

to be used. The saturated solution has to be.pre­

pared freshly every day. 

At recrystallization some 250 g ~ 2s 2c 8 is dissolved 

in ab0t!t 600 ml hot (60 to 80 °c; distilled water 

and the hot solution is filtered through a G-3 glass 

filter. (The glass filter has tc be ~ashed previ-

ously with a rnixture of 50 ml 96 per cent sulphuric 

acid and 25 ml 30 wt. per cent H?O,, ~hen rinsed - ... 
wit~ distilled water until pH crO?S t0 about 3. 

K2s2o8 crystals precipitated frcffi ~~e fil~ered and 

cooled solution are si~ilarly filterec through a 

glass filter. 

Storing: The purified wet crystals are stored in a 

glass S:oppered flask. The alass stcr-!=er is prc~ec':.ed 

by a bell-jar from dust. 

Si 1 ve r s u 1 t::h ate 

Preparation: 1:4 sul~huric acid is acced to saturated 

silver nitrate solution until precipi:.ation does not 

occu::: anymore. 

Storing: The decanted silver sulphat~ is stored in 

a wet form in a glass stoppered flask. 
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Distilled water free fro~ carbonate and crganics 

Preparation: Distilled water has to be redistilled 

in a glass apparatus in the presence of silver 

sulpfiate (O. 1 g/l), potassium pero:..:ycisulp:iatc; 

(0. 5 g/l) and holystone if a 20 ml sainple of the 

dist.:..lled '.-Tater - boiled for half an hour - con­

sur..es more than 0.20 ml O.OHl alkali esuii:alent tc 

car~cn dioxide. For the elimination of carbonate 

the distilled water free from organics has to be 

boiled for another half an hour in the presence cf 

holystone. Carbonate elimination has to be repeatec 

on each day of measurerr.ent. 

Storing: in a flask covered by a glass beaker. 

Thymol blue and ~ethyl red indicator sol~tic~s 

Pre?aration: Soffie 0.3 g thymol blue and the sa~e 

amount of methyl red indicators are dissolved in 

100 ~1 96 ~er cent ethyl alcohol {et=-..ar.ol a.g.) 

eac'.1. 

r.-pentane 

f:olystone 

Grai~ size: 2 to 3 mm 
The holystone has to be freed from organics by 

ignition at 500 °c for half an hour. 

Storing: In a glass stoppered flask covered with 

a protecting bcll-j~r. 
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Copper wire <~-s.) 

As used for microcombustion accordin~ to the Pre~~ 

co~hustion method. 

N
2 

gas. High purity {99,99 per cent). 

EQUIPMENT AND APPAAATU5 

Apparatus for the elimination of car~cn dioxide fro~ al~­

minate liquor and soda salt samples: 

See Fig. 1. 

Parts: 

( 1) 100 nl glass stOI.Jpered spherical fl.as}:. 

(2) Gas inlet pipe made frc~ ~lass =~ttec into a 

glass stopper. 

(3} N2 gas cylinder with reducer {15 to 40 ~~ 3 ). 

Apparatus for the elimination of carbon dioxide fie~ baux­

ite, red med and alumina hydrate samples: 

See Fig. 2. 

Parts: 

(1) 100 ml glass stoppered spherical flask. 

(2) Glass condenser. 

(3) !lot plate. Output: 200 to 500 t·:. 
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Apparatus for determination of the total organic ca~bon 

content in bauxite, red mud, alumina. hydr~te, alurni::ate 

liquor and soda salt sa~ples previously freed from carbc~ 

dioxide: 

See Fig. 3. 

Par-.:s: 

( 1 ) 100 ml glass stoppered spherical flask. 

( 2) H.., gas inlet pipe. 
L. 

( 2a) H 
2 

gas cylincer with reducer ( 1 5 to 40 - 3) C...1'!1 • 

(3) Distributing pipe. 

{4) Quartz pipe filled with copper wire. 

(5) Feed funnel. 

(6) Glass stopper. 

(7) Cooler with water connections (7a, 7b, 7c, ~~). 

(8) 100 ml glass stoppered Erlenmeyer flask for 

carbon dioxide absorption. 

(Sal Glass tube filled with soda asbestos insert2~ 

in to a rubber plug with t'.vO borings. 

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

Power regulated by a toroid transformer. 

(10) Low inertia electric heater. Power regulate~ 

by a toroid transformer. 

(11 to 1~: Ground joints of parts 1,3,4,5 and 7. 

1.1 PRE!:>J\RATION OF THE SN·1PLES: CARBON DIOXIDE ELI:HNATE1N 

Tht• task of s<Jmplc pr8paration is t:ht~ eli.n~in.:itior. 

of the carbon t.!i.oxi.d<! r.:cr.tent of materials to be e:-:.:imine~~-
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ouring elisination of carbon dioxide a ver7 i~portant 

condition is to avoid any loss of organic substance. T~e 

method and apparatus used for carbon dioxide elimination 

depend on the samples to be investigated. 

1.1.1 Preoaration of aluminate lia~or and soda salt sa~nles 

Preoaration of these materials is carried out in -~o ·-··-
apparatus shown in Fig. 1. 

A portion of aluminate liquor or soda salt stock 

solution, containing 300 to 600 ug of org~~ics expressed in 

organic car~on, is measured into reaction flask 1. 

After adding 20 ml 30 weight per cent (i.e. 3:1) 

phosphoric acid and inserting gas inie~ pipe ~, high purity 

N2 gas is passed ~~rou~h the solution for 30 minutes at roe~ 

te~perature with such an intensity t~at t~e bubbles can ius~ 

not be counted. 

After 30 minutes the preparation (carbon dioxi~e 

elimination) of the sample can be considered as accomplishec, 

therefore, N2 gas introduction is stepped. Total organic 

content is determined according to ?era i .~.3.1. 

1.1.2 Preoaration of bauxite, red rn~c and alu~ina hydra~c 

samoles 

For preparation of the samples the apparatus shown 

in Fig. 2 is used. A sample of air-dry alumina hydrate or 

bauxite or red mud having a grain size less than 0.05 mrr. 

is ~ighed on an analytical scale into reaction flask 1 

in such an amount that the quantity ~f organics be between 

300 and 600 ug expressed in organic c~1.c!.Jon. Pulveri7.cd 

samples have to be introduced into the flask throuqh a 

long stem funnel. 
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After adding 20 ml 30 weight per cent phosphoric 

acid solution and fitting cond~ns!r 2 th~ ccnten~ of 

the reaction flask is kept in uniforn smooth boil.::1g fc::c 

about 1.5 to 2.0 hours. 

After boiling is finished the condenser should 

be washed back into the flask by maximun ~ ~l distilled 

water free from carbrn1 dioxide and organics. 

Total organic content is ceterminec :rc3 t~e sak:-~e 

prepared this way according to para 1.2.3.2. 

1.2.1 Prenaration of the aooaratus for deter~ini:1c tota~ 

orcanic carbon content 

H
2 

gas inl2t pipe 2 is fitted to ground joint 11 

of the appar~tus (Fig. 3) and ground joint 12 is closed ~y 

stopper ~- The ground joints are fixed by springs and t~e 

end of the cooler is iwnerged to a depth of 1 to 1.5 c~ 

into water ooured into flask 8. Then high ?Urity H2 gas 

is led through the device from H2 gas cylinder 2a ~ith ~~ 

intensity of 2 to 3 bubbles/sec for 1 minute in order tc 

drive out the air. After that heating coil 9 is made gic~ 

by a toroid transformer and the copper wire filling is re­

duced to pi.:re metallic copper. Th' .. --:. of the reduction 

( 1 to 2 minutes) is indicated l , . •r: ',;..J colour of the 

filling material. 

After switchin :i . f hea~, !.. H2 gas introduction is 

continued until the co~~~r filling cools down, then the 

H
2 

gas is '.'ihllt off, too, and flask 8 is disconnected frc:'"l 

benec:lth trh' ~;tr~rn of the cooler. For finishinc; the pre-

paration gL,1~;:; :;topp~r ~and <J<JS inl1~t pipe l arc rerrovc·i, 

fc~d furnw L S i.:; placed back into ground joint Q, and 
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finally the funnel is filled up with distilled wate~ f=e~ 

from C3rbon dioxide anC Organics. 

Note: The preparation (reduction) of the ccpper 

wire filling should be carried out before each rreasure~e~t. 

1. 2. 2 Determination of the operatio!:.<:l blank v.:1lue 

The accuracy of rne~suring recuires a reliable re==o­

ducibility of the operational blank value. When deter~~­

ning the blank value all procedures cf the carbo~ dioxi~e 

eli~ination and organics deter~ination should be carriec 

out with the prescribed quantities of che~icals, observi~g 

the required time of eac:1 procedure, but wi t~1out ac.:::!inc;: -:he 

sa~ples the~selves. 

Note: The operational blank value is to be deter~~~ed 

every day before beginning the investigations or when us~ng 

a chemical for the first time. 

1.2.2.1 Determination of the blank value w~en a~al~si~~ 

aluminate licuors or soda sal~ 

10 rnl distilled water free fro~ carbon dioxide a~d 

organics and 20 nl 30 per cent phosphoric acid are put 

into reaction flask of the apparat~s sho~n i~ Fig. 1. 

N2 gas is conducted through the solution for 30 ~inutes 

with such a flow intensity that the bubbles can just net 

be countec'.. 

Parallel to this procedure 20 ml distilled water 

free from carbon dioxide and organics and 3 ml saturated 

potassium peroxydisulphate solution are put into flask 1 

of the apparatus shown in Fi<J. 3, and sor.e 0. 1 CJ of holys-.:onc 

and sow.e 0.1 to 0.2 9 o: silver: s11lpr1atf1 is ~ddc:d. 
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Flas~: 1 is fitted to grou:H: ~oi:1t 11 «:.r.'-l li.::.::.::.i!'.C: -·~ 

is switched on. 
The contenc cf flask 1 is br~ught to ~ai~ and kec~ 

unifo.:::-mly boiling ·.-1i th the i1elp of ~-:.ea::.<~!: 10. \·~hen the 

vapours leave cooler 7, heater ~ i5 s~i~c~ed on. 

During the procedure there is no cooling water in 

the mantle of cooler 2• and flask E is not under it. 

The apparatus becc~es free ==om air ~it~in 2 ~ir.~::.es, 

then flask 8 is fitted to the end == cooler 7. Pre~ious~v 
about 5 ~l n-pentane should be pou=2d into t~e flas~, th~n 

exactly 15 ml 0.01N Ba(OH)
2 
solutic~ has to be let in rrc~ 

a burette. 
Opening the t.·!at~r tap anc s:: '.)pcoc~' 7d, the vapours 

condense and the ~~(OH) 2 solution is s~cke~ ~p to a~out cne 

third of the height of the cooler. 
Thereafter the blank solutic~ prepared in the ap-

paratus shewn in cic. 1 is poured ~~to feed fu~nel S cf 

Fig. 3 (stopcock is closed) and is allowed to flo~ down in 

small portions in::o flask 1. \·:i1il: feedi:1g the blank sc::..u-

tion the ccn~ent oi flask shcul~ je ~ept in ccnstant 

boiling. 
The blank solution has to t~ allowed ~c f lcw dow~ to 

the stopcock of t~e feed funnel, t~2n flask l of Fig. 1 ~as 

to be washed out 3 times ~ith 2 ml distilled ~ater each 

time. Wash water ~as to be added ~~to flask 

through funnel l as well. 

of Fig. 3 

After adding the blank sol~::ion and wash water, 20 ml 

saturated potassium peroxydisulpha~e solution is poured in­

to funnel ~, whic~ has to be added into flask in fre~~:n~, 

small doses during the ~o minute t~~e period of oxidaticn 

and distillation. 
The level of the Ba(0!1)

2 
sc:..•Jtion suckc(•. up int:o 
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height of the cooling water (opcrat~ng scopcocks 7~. 7c 

and 7d) . 

Subsequent to the cxi~a.tion and dist~llat:cn th~ 

cooling water is let ouc fro~ the cooling wancle er ccoler 

7 through stopcock 7d. The solutic~ flows frc~ t~~ cccl0~ 

into flask 8 under the pressure in t~e ap~ar~cus. 

After emptying cooler z, flask 8 :3 :c~ered s~ t~~t 

the end of the cooler dces not reac~ the !i~uid. 3y si~~l-

tanecusly opening the water ta.p ar.c stc;icoc:-( la (ic .:11:C: 7c 
are closed) the cooler is completely fillec u;:; w:th '.·:at:.2::.·. 

By further boiling the content of flas~ 1 for o~e 

minute the apparatus is washed out ~ith va~our a~d c2n-

densate, subsequently flask 8 is ~isconnec=ed fro~ the e~d 

of t~e cooler and closed by a ground glass scc?per. 

Concluding steps of the procedure are the fcllc~i~g: 

c::::oling water :s let out from ccoler 7 t::' C:;Je!".i:·>; st2~-

cock 7d and tur~ing off the water tap, 

ti::: sto~cock of feed funr.el ~ is ope!1ec, 

heaters 9 and 10 are switched off. 

1.2.2.2 D~ te rr..in.::-'.:.ion 

ite, red mud and alumina hvdratc 

::: 2. ~: ~-: -

20 ml 30 weight per cent phos~cric acic solutic:n i.s 

poured into reaction flask 1 of the apparat~s shewn in 

Fig. 1. After inserting condenser 2 the ccn~c~t of flas~ 

.l is kept in mild boiling for 45 minut.~s, t~:en hcatLng 1 
is switched off, the condenser is washed with 2 to 3 ml 

distilled water into flask 1 and its content is allowec 

to cool to room tc~pcraturc. 
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~how~ in Fi~. 3 is prepared (see para 1.2.1 a~c~ :.2.2.1 ~p 

tc feeding the blank solution) . 

ed. in the apparatus shc~n in Fig. 2 is poure~ i~tc feerl ~un-

ne 1 ~. Sut:seqt:e!1tly the procedure is car!."ie~ ·::~t :::s .ce-

scribed in ~ara 1.2.2.1 with the difference ~~at cxidaticn 

anc cistilla~ion are carried on for 45 ~inu~2s a~c so~e ;o ~l 
saturated potass.it.."r. ;ieroxydisulphate solutic:-: is acced i::: 

fres~ent, Suall COSeS curing this tiwe [-eric~. 

~:ote: The operational blank ·:alue she:: le ~c ::he sc.!:e 

when carryi~g out the elimination of carbon ~icxice accc~di~g 

to the procedures ~escribed in eit~er para 1.1.1 er para 

1. 1. 2 or a~ least the difference bet'.-reen tb.e::: ::~o:::c not: 

exca2d +O.i ~l supposed t~at the reagen::s ::s2~ are ;ure a~d 

the prccecures are adhered to. If sc, t~e e:i~:~2~~on c: 

carbon dioxide can be c~itted. 

1. 2. 2. 3 !'·!easurer::en t a:1c calculaticn of -::.:--.e ::::~=-~~:.:::.al 

So~e 5 ~l n-pentane is poured i~to ~ ~08 ~l qlass 

s~op~cred ~rlenrneyer flask. :'.") I~·• I • • 
u.11t::-:;~ so.1..utio:: 

is let tro~ a burette into the flask and 

thy1.,ol blue indicator solution is adced. 

The Sa(OH) 2 solution has to be titrated ~it~ 0.01~ 

hydrochloric acid solution. During titratic~ t~c :1ask 

should be closed and sh3ken frequently. Ne~r to t~e titra­

tion endpoi:1t the HCl solution should be added drop-,1ise and 

after each drop the flask has to be shaken t~oroughly. 

The chanrjc of the incica~or's colour- from bll:e to c;reen 

shry,;;, ti:r~ c~1dr;nint of the titration. 
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C 
.. - ,. 

0!'15\.:~~._:!..C:!: •
1 

iJ.Oi:: ECl 

The sclution coll2sted i:1 flask 3 accoroi~~ to ~2=~ 

i.2.2.l or 1.2.2.2 hast:: ~e titrated :-.-it:1 o.orn ::-.:,;-c:~:-.::-

chlcric acid stan~ard so:~ticn in the prese~ce o~ ~~r~~: 

blue indicator wit~ t~e s~~e t:tratins rresc:-~~t:c:!s. 

Cons.:::::pticn: v 
2 

·J.01:: :.:Cl 

The fellowing :o:r=:.:la is ~sed for t::~ calc-..:l.::-r:.:..0-: 

of the operational bla~k ~alue: 

B = IV - v \ v ' 1 2. 
.:: nl 0.01N EC~ sol~ticn, 

where: 

B is t!":e ope!:"atio:1a2. ::::1anl: 
v 

v 
1 

v 
2 

f 

0.01~ ~Cl solut.:.c~. 

is t::e t"cluz;:e c: C . .:1~J HC2.. solutic~ cc~st.iffiec: fo!:' 

is t~e volu~e of C.2iN ~Cl solution cc~su~ci fc:-

titrating t~e 15.C: ~l 0.01~ Ba(0~) 2 salutic~ ca:­

lecte~ whe~ de:e~~::1ing t~e o~e:-atic~al bl~~k 

v a 1 ue ( ::; 1 l , 

is the factor of t~e O.OlN HCl solution. 

The blank value s~~ll net be higher than 0.8 ml 
< 0.01N HC! solution (Bv = 0.8) and if measured re~e3tedly, 

the deviation shall not ~e higher than +o. 1 ml O.OlN HCl 

solution. 
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1-i.35 IT\l a.Orn HCl (V
1

} is cons;z:ec fer t~e neut:::-;ili­

zation of !S.mr::l O.OlN Ba(CH)_, solut:ic:i. Aft.er carryi:-.~ 

.... . - . . - - l ... a~ 1 '"' ~ 1 ·1 ··c 1 (.. . . oli.t. ~ne cescr1cec p:::-oceaures ..>. ::i n- v.u •· rt - \' 2 r ::..s con-
- - .... i.-. .... -· ..... : ...... ~ l'O . 0 01· 1 .. _·o·-) su;;::ec. ror ..... e neu:..:::-ai.1za ... 1on O.:.. ... r:e • ::i. , 21 • ,, cc. t ~ ., 

solu~icr~. T!""' .. e cperationcl blar:k \=-al.~e calc~lated fro!!' t=-:e 

above dat~ is: 

n = (V - V ) 
'-'~· 1 2 

£ = (14.35 - 13.35) . 1.015 = O.Si ~1 

0.01~ HCl scl~t.ion. 

1.2.3 De~er:Jination of the total orc3~ic c~r~on content 

1.2.3.1 82ter~ination of the total orcanic c~r~on conte~tof 

a~urr:ir:a~e licuor anc soda sal~ sa~oles 

For the sake of exact rneas~re~e~~ ::~e tocal organic 

carbon co:c ::en t s~ct;ld be :iet·,;eeri 300 ar:c 6CO ug in the 

T!:e usual t.c::al crgar:ic carbc~ 

ccnter.t o: ~lu~i~ate liquors is sc .. ~ S ~~ 

Ccnsequ~nt!y the amount of liquc:::- used for one 

determination is: 

= = 0.045 ml 
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(-tSO 1' ("', -
I-.· ., 

is the IT.ean ot t~c estinat0c 8 to 12 

content.) 

This value is ~ell apprcac~ed by taki~~ out _ -· 

from the hundredf~ld diluted stock solution (10 ~: uri~i~al 

liquor diluteci to 100 ml, then out of this sclu=~an ~O =l 

diluted repeatedly to 100 ml). 

10 10 
100 . 100 5 = 0.050 nl 

When analysing soda salt a stock soL:L.ion is pre~.-:rec 

so that 5 to 10 nl cf it contains 300 to 6CO -~ orq.-:~ic 

carbon. 

If e.g. t~e expec~ed total orga~ic c~r~cn ccnten= 

is between 2 anC. 3 per cent, 

-! 50 

2.5 . 101) 
1CO 

= 0.018 g 

is ~eighed in ~re= t~e scda salt for ~~er~ ~ ~: ~~~ck sclu-

ticn, therefore, 250 ml stock soluticn is ?re~arcd fr~~ 
250 
~5- 0.018 = 0.900 g soda salt. 

Further on an aliquot p~rt of the al~~i~ate liquor 

or soda salt stock solution is userl for deter~ining the 

organic carbon ccntent (C ) . ore 
The aliquot r.:l!:t. (S r.11) taL:.en out is freed f ::-cm c2rbon 

dioxide according to par~ 1 .1.1. The solut:on is poured 

into feed funnel 5 of the apparatus sho~n i~ Fig. 3 prerarec 

for measuring according to para 1 .2.1 anc 1 .2.2.1. The 

flask used for the cli.miniltion of carb8n dir.:ddt~ 

washer. out thr0e t:i1T1es with 2 n~l distill.c?d · .. ;;:;t:('r. 

. 1 . 
~,;nou .c 
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c::irbon dioxide and org.:mics ,:n: <.! ti:::::=. ·~·::e -.. :.-:sa -.-:,:.::.er is 

also added into flask l t~rough E~~ne! -- Su~seq~ently 

oxid.:ttion and distil.1.ation is carried ouL. according to para 

1.2.2.1 and titration according to par~ 1.2.2.3. T~e 

quantity of organic carbon can be ca!culated by t~e follc~i~g 

formula: 

Q = /V - (V - V ) - V,/ . f . 0.06 
1 1 1 2 .J 

( 1 ) 

where: 

Q~ 
I 

v, 

v, 
.J 

f 

0.06 

is the organic carbon content cf the sa~ple (mg), 

is the volume of O.OlN HCl solution consu~ed for 

titratina 15.00 nl 0.01N Ba(OH)~ solution (rnl), 
- .!. 

is the volume of 0.01:1 HCl solution cG:Lsurr:ed for 

titrating 15.CO ml O.OlN Ba(OE) 2 solution collec~ed 

when determining the operational ~lank value (ml), 

is the volume of 0. 01:J HCl so lt! Lion consu:':'.~c for 

titrating the 15.00 ml 0.01~ Ea(OH)~ solution 

collecte~ when analysing the sac9le (ml), 

is the factor of the O.OlN HC! sclut~cn, 

is one hundredth of the equivalent reass of carbon. 

The organic carbon concentration of alu~inate liquors 

can be calculateci by form~la (2): 

v1here: 

o, 
v 

is the 

l. !:; the 

o, 
v g/ l ( 2) 

or9an1c c.:irbon content of the liquor sample (rr.q) 

al.u:nLn.:itc liquor content o( th~~ aliquot part 

use<} for t:!w ckt·~r.nin::?t:ir:in r:if U11~ nn;.1nic c.1r.bon con-

centr.1tir;1: (:7'.L). 
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E.g. subsequent to th~ cxi~aticn of 5 m~ a= ~~e 

hundredfold diluted aluDinate iiquor sol~ticn 3.20 sl of 

0 01N HCl (V...,) '1:ds consu."ned '.vhen tit::-atina the 15 .00 ml . .) -
o.01N Ba:OHJ

2 
solution. The 15.CO ml 0.01N Ba(CH) 2 solu-

tion originally consumed 14.35 ~l 0.01~ ~Cl {V.l. A si~~lar 
I 

volume of Q.01H Ba(OH)
2 

solution co:;sur;-,ec' 13.85 nl 0.01:·! 

HCl cv
2

) ,.,;,e"- deteIT.'.inir..c; the <J?erational blan~: v2h:e. 

The factor cf the 0.01N HC: solution was 1.015. 

The crganic carbon concentration of ~~e al;.:.~ina~e 

liquor .... ,,as: 

Q1 /H.35 - (14.35 - 13.85) - 5.20/ . 1.015 . 0.06 
corg = -v- = iO iO 

1CG • 1CO • S 

= 10.5 c:/l 

The organic carbon concentration of scda salt car.. 

be calcula~ed by for.!!ula (3): 

c = ors 
(}) 

where: 

a
1 

is t~e organic carbon content of t~e s~~a sa~t 

sar..:Jle (mg) , 

is t~e soda salt content of the aliquot part used 

for the determination of the organic carbon 

content (mrJ). 

E.g. 900 mg soda salt was weighed in and diluted 

to 250 ml volume. 5 ml of this stock solution was taken 

out for ar:1lysis. After oxic:.:ition 6. 30 r:ll O.OHI HCl solu­

tion (V
3

) · . .;as consumed when titr.:itinq the 15.00 1.11 o.01:i 

Ba(OH)
2 

solution. The 15.00 ml 0.01N l3<!(0i!) 2 :;oi.ut:ion 
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- i·•,,,::. n"' ., ')1' 1 p~cni:; ··oi··t·~., ... ,·--s··--~,..; 1:.:.J.~ --_, __ ; ().01' .. • \-C_1.. .. 1.~f ... __ .I... -....,. ....... U'--.1 .......... , 2 ._) '-"" _ .... - .... \._...__.: -····--· - ~-

EC: (V,l ~-;::e~ <leter?nininc_; ::~:.·~ CI~'o!.:.:·.:..:..<.::.:11 b.:..:m~: ·:.J.lue. 

Th~ f.:lcto= of the O.OlN HCl sol~tic~ ~~s 1 .s:s. 

·.-1i1S: 

Q. 
c = _1 • :OJ 

c!."'; l,·: 

/14.35 -(14.2S - 1j.35 i -:j . :::- :'. 0.~~ . i .015 . 1CC· 

= 2.SS ?er cent 

~c=~racy of the orsanic carbc~ ~eas~=~~en~ for 

alu~inate liquors and sc~a salt is +3 rel. ~er cent. 

1.?.. 3. 2 Determination of ~he -:otai or:-::2.;-:ic c.~"On cc::.tent. c: 

bauxite, red muc and alumina ~~~=a~2 sa~nles 

T~e sa~ples shoulc be select.ec so 

3CC to .•JO ;_ig organic cc.r::,cn. 

t.~:e'.' con t;in 

The carbon dioxide cont2n~ of t.~~ sa~?les is eli~i-

is c2ter~inec accordin~ ~o par~ 1.2.:.:. 

T~e slurry sample free ~rorn carjcn ~~oxide is ccure~ 

into fu~~Pl 5 of the apparatus shown in Fi~. 3 ?repareci for 

meas~ring according to par~ 1.2.1 and 1.2.2.1. The flask 

usec for t~e eli~inatioc of carbcn dioxide should be was~ed 
out three ti~es with about 2 ml distilled water free frc~ 

carbon dioxide and organics a~ a time. The wash water is 

also added into flask throur;h funnel 5. 

p;1 !'." .: 1 . 2 . 2 .. 1. 

r-;:;~.r~~·.··'! :)•.· ~:l":•~ ! .. r)J.J<)~:li.r~f; !(jr'°fiit~! t: 
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'21 
, .. -('J. v, ) V .. J .:. 0.86 ( :-:-": ',. . ,_ 

, .. 
! I _, c :-c: 

(?er abb n::·:i.:itic:.s used see para 1 
., 3. 1 ) • <. . . 

Th•..: 0.1..·ganic c.:i.rbc:1 content of the sa::-:_:;les ~.::.:-.. :.;e 

c~lculate~ by for~ula !3): 

c = erg 

Q~ 
l 

E. c:. 231.2 rng bauxite sa~ple (~)was weighed 

~~ter oxi~a=ion S.00 rnl 0.01~ HCl solu=ic~ (~~l 
.) 

was 

surned ~he~ titrating the 15.0G ml 0.01~ 3a(CH)~ SC .:.·..:-:::C:-.• 

The 15.00 ~l 0.01~ Ba(OH)
2 

solc~ion origi~ally cons~::-e~ 

14.35 ~l 0.01~ HCl solution (V.). A si~ilar vclu~e :~ 
I 

o 01'1 a cc··> · .. - · 13 °o · o ~,., ··c· . -. ~· a :: 
2 

so.:.u~J..on consumec . ~ ::11 • ...: .. :: ..:.. ::::~-.:-

.. ;o.., (P) -.-~-., c·e~er...,1·-ina .. he or-e...---;o..,-i :..,:,......,·-
'-- .. .a. ·2 .1 .... t::... - -··· ··-• - "-• !:""" _c:,..__ .i..a.C:...-. -•c.:. .. r .. 

.... - . ~ .-. ..:!--= .. 

The factor of t~e 0.01~ HCl solution ~as 1.ClS. 

T~c organic carbon conte~t of the ba~x~-::~ sa~=~~ 

c 
erg = 

/14.35-(14.35-13.90)-5.CO/. O.C6 . 1.015 . 
=-

~·.: 

CC!". t 

~c~~rac7 of the organic carbon rreasur~~ent fer 

= 

bauxite, r2d mud and alumina hydrate is +5 rel. per ce~-::. 
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TIOil PROC~SS 

p .RI::c.::.? ~~ o;.- TH=.: =-~E:THOD 

alumina hy~=~te, scda salt) is underscc~~ ~y hu~ic aci~s 

which is i~so lu~ le in IT'.i::eral acids t hc-.:e·:: r I !:°ecC.i ly cis-

solves in =austic liqucrs givi~g a bro~~ =~lcu!:" ~o the~. 

Their ~uar.::.ity car: ~e ce::.eminec 

-0::). I 
- ...__.__I 

relatic~stip he=~een ~rganic carbon ==~~ent a~c exti~c-

tion o~ c~ei= a:~ali~e solu=ions), er 

on the basis c~ car~c~ dioxide for~e~ ~~=:~c ~~eir ex:~. 

ticn ~i=~ pocassium ;eroxycisulphat2. 

cent sulphu=ic acid anc 77.5 ~1 distil:e~ 

c3rbon dioxi~e anc orga~ic matter. 

Sodium hydroxide solution lM. 

EQuI i?~·'.E~IT ;._:rn 1\P~ ;\.RATUS 

Spectrophotc;-:"etcr ·.·:ith 1 cm cw:ettes. 

<~l.,t~-;:; i!li c:~~;~r: i.:)?-·' ~·.~!"'(~r, c;,.~/B1 I ~·:h,.ttf'!1t.'1~ ~::-~"~t.:(:t_,, 

.-.,..--~ 
~ _\_. ... 
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50 .:mcl 100 ~l beakers. 

Dia J.5 to 4 and 8 to 10 cm funnels. 

5 to 250 ml volumetric flasks. 

Dia 8 to 10 cm G-3 glass filter. 

Filtering bell connected to water jet vacuum. 

2. 1 PREPARATION OF THE S,":J1PLES: PRECIPIT.Z:..TION A.i."iD PREP.:\!t~ 

TION OF THE STOCK SOLUTION OF HUMIC ACIDS 

2.1.1 Preoaration of concentrated aluminate liauors (ccn­

taining sowe 140 to 260 g/l caustic Na20) 

A 5 to 10 ml aliquot of aluminate liquor measured 

with analytical accuracy, containing at least 0.05 g orsan 

carbon, is mixed with the double volt.:.rne of sulphuric acid 

a beaker and the mixture is covered by a watchglass. Af~e 

at least 3 hours from the dissolution of salts -- which is 

promoted by stirring - the precipitated humic acids are 

filtered on a dia 3.5 to 5 CT.\ funnel covered with glass microfi.:::r-< 

paper. After quantitaLively filtering the solution the 

humic acids on the filter paper are washed with some 50 ;"11 

distilled water to about pH = 3. The beaker used for the 

precipitation of hwnic acids is washed with each S wl 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 precif 

tation of the humic acids is washed with each portion of t 

sodium hydroxice solution, too. 

Remarks: 

A small quantity of humic acid can be quantitatively 

di~~olvcd even wit~ 5 ml so~ium hydroxide scluticn. 

Should the solution prcp,1rcd be turbid, it has to be 

fi.ltcrcd again. 
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2 .1.2 Preoaration of weak caustic liauors (containina les! 

than about 140 a/l caustic Na 2gj_ 

A portion of the weak caustic liquor measured wit.:,_ 

analytical accuracy, containing at least 0.05 q orga~ic 

c 3 rbcn, is concentrated on a water bath or in a vacuum roti 

evaporator to a.bout 200 g/l caustic Na2o concentration. Tr 

concentrated liquor is r:tixed 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 Preoaration of soda salt 

0.5 to 10 g soda salt rr.easured wit:i. analytical ac­

curacy is homogenized with 10 ml distilled ·,;ater, then 

mixed with 5 to 30 ml sulphuric acid. The procedure is 

carried on further according to ~ara 2.1.1. 

2.1.4 Freoaration of alunina hvdrate 

50 g alumina hydrate measured with an acc:..iracy of 

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 of 500 ml hot 

distilled water. Th~ portions of wash water are let to 

pass the filter without using vacuum. After the dropping 

stops, the remaining solution is sucked off by vacuum. T~E 

combined washing solution is dried by evaporating it in t:iE 

1,000 ml flask of the vacuum rotary evaporator. The salt 

remaining in the flask is washed with 25 ml distilled wate1 

into a beaker and mixed with 10 ml sulphuric acid. The 

procedure is carried on further according to par~ 2.1.1. 
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2.1.s Preoaration of b~uxite and red mud 

The digest prepared from 5 g of bauxite or red mud 

m~asured with c.1 accuracy of 0.001 g with 60 ml sulphuric 

acid according to para 3.2.1.3 is delivered after continuo1 

liquid-liquid (c.1./1. further on) et~eric extraction or 

without extraction quantitatively into a dia 8 to 10 cm 

funnel covered by glass microfibre paper. The digest is 

washed with distilled water and a 250 ml stock solution 

(which can be used for the determination of the acid solu~. 

bauxite and red mud organics based on the rreasurement of 

total organic carbon content) is prepared by co~bining t~e 

washing solutions. The pH of the last portion dropping 

from the filte4 containing the digest, shculd be at least 3 

The digest remaining on the filter paper is washed with 

portions of hot sodium hydroxide solution until the solu­

tion passing the filter becorres colourless. By corrbini~~ 

the alkaline solutions of humic acids a stock so~ution is 

prepared. 

2. 2 DESCRIPTIO~ OF THE :·1E,"'.,SURE::·:ENT OF HU:•1IC ACI ~ CONT!=::·;? 

2. 2. 1 f.,,on;.o:-:ima te socc~roohotcrr:e tric de teminat ion of 

hu~ic acid contc~~ 

Extincticn of the alkaline solution of humic acids 

is measured at 380 nm against a 1M sodium hydroxide solu­

tion. The aim of the spectrophotometric measurerr.ent is 

the approximate determination of humic acid content. Ac­

cording to experiences obtained up to now the spectro­

photomc tric carbon cquival~nt relative to E = 0.100 of 

a1.Y.alin1~ solution~; of hunic acic:s c:<prcssec in 0rr;anic 

carbon i~; 7. 4 1J9/ml. for humir; acids oriqinating from liquo: 

and S.o WJ/ml for tho~;1! 01:ic;in.1tinrr from bauxites. 
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~ ... - . - Ct~·::~r:::i::2::.:.. .. Jr~ <): :!t..!:::ic .1Ci.c: COrltt:::1t: c_:.n ::::l~! ;)dSi:.: ----------

alkaline solut~cns 

soluticn o: hu~ic acids 

a~ccrcing to p2r3 2.2.1 to ccncai~ 60 to 3CO orsanic 
. ~ ... 

::::.:-:ec ·.-1-:_ :::1 

20 ~1 phosphoric acid 9reparerl according to ~ara 1 and is 

:reed fro~ carbonate by boiling it fer 30 minutes in 

according to para 1_1.2. T!:e 

flask, containing the ~~csphoric acid scl~ticn of humic 

acids, 

servi:-ic 

is co:•:--~ec::ec as a distilling flask to the apparac~: 

for the C.eter~i~ation of total 0rganic carbon ~~c~i 
., 
J. Care shcu:i te taken to free the apparatus 

(first cf all i ..... ~ 
-- l..-

feed f~nnell from persulphace by thorc~g~ 

ly washing it wit~ distilled water. Oxidation of humic 

acids is carried on for ~5 minutes according co ~ara 1.:.2 
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3. 
OF CAR.30:~YLIC ACID co::TE::T [;! :-:ATE7:r..;Ls 

0 F T Ii E l3 ;'\ '{ E R ;, urn [ ;·1 A p R 0 D u c· i 0 rl p R 0 c :: s s 3 '{ 

G~SCHROMATOGRAPHY 

THE: !3ASJ:C ?~r::c::::;::r...::: OF 7HE :·!E':'!-:ODS 

T'.ie ove!:"'.-;r1el:l'.inc; majority of carboxylic acics ;::ese: 

in naterials of Sayer process alumina production c~n be 

tr.:msformed quanti tati'.·ely into esters with alcohols i:i. ~-· 

presence of mineral acids in the inorganic ~atrix itse:.: 

·.-1i t=:out any sspa~atic:i; and can ::ie e'.raluatec quali tati ':.:: :.;· 

anc '!Ua'1titativel~' as n-~utyl est.er :ro:-:1 a single sc1'1t:.c:-: 

the basis or a single chro~atcc;ra~. 

The sterically hinderec carboxylic groups of arc~3.~ 

c3rboxylic aci~s - pcsi~ioneci c:i adjacent car~on ato~s ~~ 

the aromatic core - can ~e esterified only wit~ diazcse~~a 

Such aromatic carboxylic acids are: ~ellitic acid (ben=e:-:e 

hexacarboxylic acid), tenzene ;entacarboxylic acid a~c ~=~ 

ic (1,2,3,~ ben:: 1~:--,c te::=.::car::o:·~·lic) C..id !":'ellc;:-i.2nic \1,2,::.,: ::-.:::-: 

tctracarboxylic) acids a~ong t~e tet:acarboxylic aci~s. 

ESTERS ESTS !U FL\31!:: iVITH .::..LcOHCLS Ii:l THE p ?t:S:::::c:.:: r:? 

~·~INERAL l\CIDS 

'.";ulphur.ic acid 'JB per cent. (a.g.) and 21-1 

~laO!: solution 0. 7.:-1 <rnd 0.02:·1 

t:··fht·.y1. d].<:c;hrJ] (.1.<J.) 

1\!1h/di:o11:; :;odi1:r:1 :;<llph;i:·.,~ (a.'J.) 

(: h 1' J 1· n f o nn ( ;i • q . ) 
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Calibr~ci~g standard soluticn contai~ing ~~e f~~lc~inc 

cc~pcn~n::3 ~aighed in ~it~ analytical acc~=ac~: 

l) .. ; - o. 5 g 

1. 0 - 1 • 2 g 

0.06-0.07 g 

0.03-0.0~ a 

0.03-0.04 g 

0.05-0.06 g 

0.02-0.03 q 

0.4 - 0. 6 -· 
O.OS-0.06 .~ 

"' 

0. 12-0. 20 g 

0.05-0.06 "' 

o.o3-o.o,; "' 

0.01-0.02 g 

O.OS-O.C6 g 

O.Oi-0.02 c 

o.o~-O.OG " 
o.o.;-o.oG ·-
0.04-0.-Ji) ,, 

*0.04-0.0G g 

*0.04-0.06 g 

for::lic acid 

acetic acid 

propionic acic 

i-butyric acid 

n-butyric acid 

i-vale:r-ic acid 

n-,.raleric acid 

cr7stallic sodi~~ cxala::2 

benzoic acid 

succinic aciC. 

glutaric aciC. 

adipic acid 

pir:1elic acic 

o-ph::he:lic acic 

henirnelli~ic aciC. (2 

t=irnellitic acid 

t!."" ir:.es i c aci C 

pyrcme~litic ac~c (2 

prehnitic acic 

mellophanic acid 

t.J •"""'. \ 
............ I 

~ 

29.96 

.;s.6: 

:a.IS 

6 0. 78 

.;c. 5 s 

'c. .., ~ 
-:_.. • - I 

:2 .. ~ 4 

.; 3. s 1 

- . ..... -
-=- I • ..;; I 

.;-;- . 2G 

*o.o.;-o.oG g benzene pe~tacarboxylic acid 4~.31 

*0.04-0.01) CJ mellitic acid 42.12 

* Only calibrating solutions prepared with d~azc~~tha~e 

conta.i;1 them. 

(~l!PO:.:c::nP.:: ~-J.l\.~'!. D.t·LC.S. (80 to 1c;o :;.c:;:1) :;c~]: 

D·~x:;; 1 J(;o (;.c. (i1pplic<! ~c. L;ii:.} 
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Gasc~ro~atogra;~ 

I 
I 

:;o a:-:c 

I cooli:::_:. 

I I~tegr~~a= wit~ a ~ase line cor=ector. 

I to .- .......... ..-.,_ 
.;:> !,..\. .. : .. 

pe rEC. : i.cs::s. 

I 
I 10 ul syr~ngc: S.G.E. ;ustralia~ ~n~~-

I Esterifyi::g vesse~s 

I 50 ~l vessels with di~ 35 mm gr~~~~ neck~, provi~cd 

wit~ condensers, into .,,;~ich gl.as~ st:.:..::rcrs (stic'.-::; 

I 
wit!1 four !::.:r.::ir.ches, see Fig. 4) ::-~ac'.1 throw]'h thr: 

condensers; 5 ;:il spcric;d fLi<:.:: · .. ;i~:~ c:1.? 1-1 rrr~, 

I 
I 
I 
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~ste!.-s (s~e ~-:...·._:. S)_ 

I s, 20 and 50 nl o•:al .::r:.d S!Jheric.:::.l f.:..as~:s wit:~ ·:;rot.:.nc jcir 

fitti~g to the vacuu~ rotary evapora~cr_ 

I ~~easurir.c; tt.:bes 

I O = to 3 ~~ glass-stO??ered test t~~es calibrate~ 

fer a.s ral (t~e a_s ml t~ber for 0.1 ~11 ~or s~cri~ 

I s~ock solutions of butyl es~ers. 

Inner die. 3 :::i.m, 2 m long or inner ,::..a. 4 r:1r:1., 3 r l!::.;g stai::lE 

I steel ccl:..::::.:s. 

I 
I 

3.1.1.i 3u~vlesterification of carboxvlic acid content of 

alusinate licuors 

I 3.1.1.1.1 Direct nrccess (for concs~tr~tec sciuticDs) 

I ~: alu~i~2te l:quor is 

I A glass stirrer is placed into the vessel and af =er we==in 

I trated sul?huric acid, the latter is fitted to lhe esterif 

inq vessel. sulp!":uric aci.d 

I 
is added dr~pwise under stirring inco the estcr!fying 

vcss1~ l throur;h Lhe concens.~r. The r:'i:-:ture is repeatedly 

I 
hcmoqcnized with thr.o: help of the glass sti:·rer ur.til sodiu 

I t;. it :\. 

" 1') t1; 7.0 ·\.:ii'/ p1::-.:.in'j i.:·. into ·11.1!".,~r :inc!: .. :,,~ c:~ndr~nscr is 

I 
I 
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c;nantitatively wasl-,ei.i i:1t:.o a 200 !ell shaking funnel ·.-1i::.:: 

~ further 3 ml chlorc~cr::l and 100 ~l distill~d wa~er. 

,:~ it is necessary, the content of the vessel - close~ 

~it:.~ a glass stcp9cr - has to ~e shaken with the ~ixt:.~r2 

cf c:1loroform and distilled water ur:til t!•e s.::.lts are 

~o~pletely disscl~ed.) 

The content cf the shaking fun~el is snaKen :or 

a" 0 ::linute. After a cc~pletc separation of the ~hases 

the chloroformic phase is disc~arged into another s~aki~~ 

funnel, containing 100 ~l distilled water and 1 ~l 2~ 

sulph:.iric acid. The extraction is repeated t~ice ncre 

5 ml c~loroform each ti~e as described ab~ve. T~e 15 ~: 

c:1loroformic solution or the est:.e!."'s is sha~:e!1 aga-".n · .. ;:. :::: 

another 100 ml of water for one ~inute, then t~e 2xt:.rac-

:.ion is repeated t·.-1ice c.gain •.-;:.t~ 5 ~l chlcrofor:: ea.en 

~~e chloroforrnic solutisn of t~e esters extracte~ :re~ 

second 100 ml of water is coll-2ctec :or the t!-'.irc ::..:..::,: 

funnel., 

:..~~ shaken for cne 

containing lCO ~1 distilled ~~~er, 

rr~i n ~..! t~ .. 

-. ,.~ - . ....... -

'~·.ili;i funnel, containinq cottc:; 
.. ... • - 1 • 

'.·JOCl anc SCC.:.!.t:::"t Sl.ll.t);1a:-.. ::' 

:.~ ::o (l 50 !nl cv<:ll flask : :. t ti:;c; 

... t!C',.lL!:-:1 rotary evaporator. The 

~ iurthcr 2 v 5 ~1 chloroform. The sodium sulpha~e-ccn::2: 

:.:.q tulip funn,~l is ·,;asi-.l~d wit:: t.o 2 ml chloro::o:-:'.1. 

The corr.bined ch1.oroforr.1.!.c solution of but;·!.. .~:;tcr'2 

:':i.rst conccr:trat~~c.! to Sl°~1-:-:c 2 to 3 :nl in th°- v.:lc',Jl!:'.1 rcit:.:;:-·_· 

e•1,1por.ator u~;ing room ter:ipcratl!re water for heati:-1.f:r, thc:1 

thf~ solution i.~; quantit.1ti'1r>ly transferred into .:-i 5 ml .:;\·r.. 

fl.d:;k ;mr! concr~nt:J~.11.<~d ~J"J O.S :o 0.'3 ml. 
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J.1.1.1.2 Process afcer orevic~s n~~t~~=~~~t:0n a~tl 

drvinc (fer diluted solucion~l 

An aliquot of aluminate liqucr, containing 0.025 to 

0.05 g org~nic carbon and measured Nith analytical a~~~r3c~ 

is pipetted into tre eS:erifying •1ess2l. ::: f ~he cat.:.st:·-.: 

~ia 2o concentrat.icn of the liqt:cr is '.1igher than iOO c:;:::.., it 

is diluted with distilled water to 100 
, -g/..:.. caustic :·~ ~ __ ·J 

concentration or less. 

The solution is ne~tralized ~nder ~ater coolinq by 

2M sulphuric ac.id - with the help of a p~-~eter or in~icatc 

Pa'C_e~ - to .._OH q to 10, then it is C-.;~~ .;_, a ......... C,,,,r:l ,,_,.....,-~Y"I. - ----:U -·· \JC:. --!• -----1 

evaporator. In case of a large series of ~eas~rings, when 

a number of sar:.!_)les are prepared at t!".e s.::."e ti::-e, dr~·:..nc; 

is carr.ied out in an oven set at 130 °c te~peracure. ~~e 
dry residue is collected on the bottom of the vessel ~s:ng 

a ~etallic spatula, then it is mixed wit~ 0.5 =l wa~2r anc 

3 rnl buta~ol. The condenser - after wetti~g its groun~ 

joint wit~ one drop of concentrated sulp~uric acid - :s 

fitted to the es~erifyi~g vessel. 2 ml concentrated s~l-

phuric acid is a~ded droowise under stirri.nJ t~rouch 
- ., J 

~enser in~o the estcrifying vessel ~~ich is subsequc~~l~ 

placed in:o a ho~ water bath. After es~erifying for a: 

least 40 minutes the vessel is cooled to ream te~pcra:~rc 

and the 
. .. ... 

',_.;asncc ~ .... ..._ -:.:1 by placing it into water 

5 ml chloroform into the vessel. T::.e co:--.tent 

- after dismantling it from the condenser - is quanti:3-

tively transferred into a shaking funnel ~ith f~rthcr 5 ml 

chlorofor~ and 200 ml distilled water. If 

sel is closed with a fitting glas~ stopper 

necessary, L~°- vc 

c:mc it~; con :.:c:1 t 
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acid. The 

c!1loro for::i e~ch =i~e as described abo~e. ~~e 30 ~l c~lor: 

formic solucion =~ es~crs is filtcre~ thrc~~~ a ~~li~ 

O\·.:il fl.:;.sk. 

c~lcro:or~ .. 

ti on 

-...... -
~'-'-

-.....,~ ""'!- - _,... ; ...... ...... ...._ -----:, - ..... 

quantitatively ~=2r:sfcr=ed into ~ c.:;.libr.3tc~ 

stock sol~tion is ?recared from it. 

3.1.1.2 But·:les::2rific3tion of c.:Jr!::o:·:vlic 2c:.c c::::cen: o::: 

scda sal:: and alumina hvdrace fdir2c:: nrccess) 

0.2 to 1.: g salt is weig~ed ~ith analyticai acc~r~. 

or 5 to 10 g aL: .. -:-.:.r:a h;·dr.:1te, ccntai:-iing ::i.J.:·:.l~u:r. 20 :::er C!::: 

moisture, with 0.~01 g accuracy into the bucyl~sterify1ng 
'Jessel. The orr;""'.::ic c.:lrbon content of the S.J.lt er alumina 

0.008 g. .. glass sti~:-e!" i:; hydrate should ~e at leas~ 

placed into the ~essel and 0.5 ml water an~ 3 ~1 !::u:2nol 
arc poured into : ~ 

~~en the conder:ser is :it!:.cC 

es~crifying ~esse~ after wetting its groGnd joint 

drop of concentra::cd sulphuric acid. 2 ~l ccnccr::r~ted 

sulphuric acid is added dropwisc under stir=inq t~rough 

the condenser ir.::.:J the estc>rif:;ing •rc~;sel, ·.-1:-ii:-:!1 :s SU:.)Sf!-

qucntly pl<Jccd i::::o a hot ·,;atcr b<!th. 
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.. ~xtr3.c: ..... 
'.J.i.. 

throur:'.~ 

o:i cc t ~on ·.-:co!. 

;::me 

~;cl.:.: ::..:.c:: or :. ... 1. ·- •• i 
.. _.1 ... :..-.: .... 

sociu::-t sul~::2.::!2 is conccn-::-:-:teC :.o 

2 .0 rd 

3. ; . 1 . 3 

............ 

.:. .. I .. I ... j • 

i - s 

" -'-- -

. .. .... 

:~::~ 

.!.!;.SL..:..~:: .:.e ?.J.!."~:; 

- •• .. -..-..•1r,.;.,, 
-• • - '-- .._.,: L• 

.. ~ . -
, ... D :-1.. .:;,:--:,c. .. 1 

1.0 g bau~ite or red ~ud ~eighed with O.CO~ g 3c-

curacy is ?Ut into an esteri~~ing vessel ?rovicec ~ith a 

glass stirrer anc it is stirred to a hor..o,;e:-iec~s s:'..'.lr:·y 

wit....~ 1.25 :"'li wa;:er. T!1e conce:1ser is ::i::tcci Gn the este:· 

fying vessel after -,1etting its c;rou::C.: 

o~ concentrated sul?h~ric acic. 2 ::i.l ccncentratcd sul-

phuric acic i.s a.iced dropwise unde?:" sti!""ring into t::e 

latter throuyh ~h~ condenser to avoid the ~oss1ble ~eavy 

foaming. Digcs :.::.en is continued 'di t~:our.. 
. " . . 
nuta~ol ~~ st:.r-

ring the mixture several tirnes ~or 10 to 15 ~inutes .. Su!)-

sequent!~ J ml bu~anol is introduce~ throuqh :~c ccncensc 

into the cstcri~ying vcss~l and the cont~nt o~ the latter 

is stirred up. ':'~w insoluble part of th•; dir1,~st is t"loar:-

ing in the sclut1on i~ a loose form. E~.;t.~rificaticn cnr;i-
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. t . : 

·.·! l !'" :: .. : - _- :· 

distille~ water into a 3haking funnel. 

sh2king funnel is - ""'- - - .:::>. 
-~'-

:ninute. oi t~e phases bu= .:i.r-:e.::-

second shaking :~nnel, conta1:1ing 100 ~l ~a=er 2~~ ~1 .: :-! 

sulp:-tur.:c ac~C. 

5 ~1 c~lorc~or~ ~ac~ ~:=e as describe~ above. 

fo~ic sclutic:-: cf t!:.e ~s~crs t;ecomes 2~, 35 anC ~5 :-:--i ~=-=f 

t.1--ie second, thi:-::: anc :our-th extraction stens, res::;e~-::·:-::: :.~· 

In the course o: the - . 
:c~rt.!1, 

chlorofo:-~ic sol~:ion of the esters is collected =~==~c~ 

tulip funnel, ccn=~i~in~ cot~8n ~col and scdiura su!;~2:2 

into a 50 ml spherical flask an~ the soc:~m sul=~ate :n 

funnel is washed ~ith to 2 ml chlorofor~. 

T:--.c:: 6lcrc:c=:m.c ::;clu:icn of e:c but:·l esters is ___ _,._ ~:1-

centrated to 2 to 3 ~1 in a vacuum rotar~ evapor3:0= ~s:~~ 

room temperature ~ater for heating, then the sol~:ic~ 

quantitati~ely ~=ansi~rrcd into a 5 ml o~al flas~ a~~ ~,..,- -............. 

centrated to 0.2 too.~ nl and a 0.5 ~1 stock scl~t~=~ :3 

prepared from i~. 
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i.. .. ] .. ~ !.:.~-:_ .. _,. Lt~~·~~:r::·:. ...... _:::!.~~:1 -"~·::..,.~~-: ... :: ·":-:·· .:· .. ·:····-· ........ "':.------------------------------- ~-- --
~~ .: :-e (~ : : .. :)~ s \:: :; !~ :; :· : ·-~ . :. c: •.! ; : :. ·.: .. ~:: ... : : ------------- ----- ----------------

2 ml O. 2:·\ 

sodil!:::: salts of . . . . . 
is c r:.c~ ::· .... -.=-.-~~:.: :-- :1-

2 ml c..:.stille~ -

- . 

- - - - -­.. - -·--

- -.....:~.- .. 

is . . . 
·:::::-::._ __ ~:: 

.:::-:c 0 . .;, 

. . 
:.~e c:c~ .. c~ :~ ~ e ~ ·.·i: -=.-.:-: 

iuced ~- .. · :r.ear.s o: 
.:once!;ser inc.c t=-:e :lask. :\fte!:" a~ 

t!on tie proc~dure shoul~ ~e f~rc.~er c~rried 

t~ para 3.1.1.1.2 ~ith the followi~~ 

the ratio c: dis::lle~ ~atcr to c~lorofor~ 

extraction shol!l~ be 20 ml to ~l, 

·1c- ')r.; 
.... ..Jc-

- -- - -· -- .... _._ 
~-----

tior. to 0.2 to 0.25 r:ii and a 0.3 r.tl stock :;ol~:t:c:-i 

::c 
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3. l. 2 DESCRIP'!':::: OF T .. - GASC:ROHATOGRJ\PEI:: ~-tEAS\:?..:;:·~::T 

OF BUTY!. :=:s:-=.:P.S 

3.1.2.1 Prenara-::on of ~~e column oackir.a 

An amoua-= ::: sup;:ort material corres;::o:idi:t<; to 1. 5 

tire.es the volur.:e -- the .::olumn (CHROroSORB :·LA.ti. :>.:-t.c.s.) 
is weighed in a =·:::> ml sp:ierical flask. A q-:.iantit::· of 

stationary phase :exsil 300 G.C. calculatec as 15 ~er cent 

of t~e solid s~~~::=-: ~a~erial is weighe<l ~i-:~ O.Oi ~ ac­

curac::· into a 2c:: :::'l bea~~er anc dissolvec i:: c:ilcrcfo:::-~. 

After the co:::p2..s-:; cisscl.~tion of the stat:..c::ary ~::.:se its 

chloroforrnic sc.l:..:-::..cn is ?Ourec on the sup;:c!'.'"~ :".!ateri.::. 

Shoulc the c!'!lo!'.'"-:;f::::::i cc:1t:ainir:.g the static::ary ?hase ::ot 

cover abunCan~l::· -:::e su;:;:ort mace rial, it has t.o be :t.:=t:~er 

diluted wi t!'l After letting i~ st~r.d :c!'.'" 1 to 2 

hours, whil~ st:.==:.::c; t!:e cont~nt of t!°'e :Lask repeat:.ecl;·, 

the c!1loroforn is :;;.iant:. ~ativel~· removed in a c.·acu~ rct:.:iry 

evaporator. The column is filled from the glass bc~t!e 

shown in Fig. 6 · . ..;:..-:.~ the !lelp of a water-je~ vac-au:::: pu:::p. 

Both ends of t~e colur.\Jl are c!csed wi~, glass wool ?el~ets. 

3.1.2.2 Preoara~~=n of ~~e calibratinq sol~~:.on. co~t~ini~: 

n-but.vl esters 

5, 10 anc 20 ml portions of the calibrating solution 

whose compositic:: :..s ce':.ailed under the reagents cf pa:::-a 3. 
! 

arc pipetted •.ht:: a.'lal~·t.ical precision into t!l(? but:tlesteri 

ing vessel and c=:.ec in a vacucm rotary evaporator after 

neutralization tc ?H 9 to 10. Subsequently 1 ml synthetic 

aluminate liquor a.~c 3 ml butanol are introcuced into the 

vessel, thereafte:- the procedure is carried out accorcing 

to the prescript~c~s of para 3.1.1.1.2. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

quam:i t:ies of ~::e calibratin~ solution C?cccrding !:o ;:ar.:; 
3.1.1.1.1, too. Taking into account, hc·.r1ever, t!1at the 
stock solution c= n-butyl esters can be stored ~or an 

:.i..~-

limited ti~e i~ ~ Nell closed glass sto~~ered flask, ~~e 
preparation of :ar;er quantities is ~ore ex~edienc. 

3.1.2.J Seoara::.:cn of n-butvl esters 

r~nqing from fo=-::-~c acic to pyrornellitic acid :s c3rri~c 
Se;:.arati.~:i. ~= n-!:mtyl esters of car!::c:-:yEc acics 

out f!"'ora 10 ~1 s::~c;, sclu~ion. High ?Uri.t::; ni t!"'o~en is 

used as carrier ~as Nit~ a flc~ rate of 10 ~1 per iC tc 

15 s. ~ycrcge~ :s usec a~ C.2 bar,co~pressed air ~r ~ ~ar 
pressure. c;1rc:::.: ::.c;r<U:s are ;>reparec on t!:e : .:nc 3 ... =oi­

umns curi:lg 6 a::c iO min. at 50 and 60 °c, res?ect::. ·:el:•, 

under isother.::a: ~cndit:ons. Subsequently ~~e te~~er~=~=e 
is raised by 12 -c ~er ~in u~ ~ to 350 °c. At t!":is :inal 
temperacure an isct~er.::al elution .of 5 to 10 ~in is re~uire1 

3.1.2.4 Eva!ua~!=~ of ~-butvl esters 

When pre;:a=-~::g t~e c!'lrcr.a cogra:::s t~e peaks c=rre­

sponding to the ~ai~ cor.ponents, forr.ic and acetic ac~cs 
(in salt and alu~i~a hvcrate samoles that corresnoncinc 

.,. . . .. 
to oxalic acid, tee) are registered under our ch:coatc~r~a~ 

8 conditions wi~~ a sensitivity of s = 3.10 , those corre-

sponding to the c-:.~er cc~ponents with a sensitivity of 
- 9 

S - 1 .10 . The c=~~cne~ts of the calibrating solutions 

are characterizec =: carboxyljc acid values ex?ressec as 

integrator units ;er ug organic carbon. Quantities of 

kn~n, examined cc=ponents are calculated with the cetector 

response of the c~rrespondinq carboxylic acid, unknown 

>eaks wi t!1 the averac:e of the detector responses. 
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:.~ .. 2 .. ~; .-ic.:.c ~---··-··l 

The ::-etc~tion order oi carboxylic acid =u~·:l este!":: 

is in T.:!blc 1. 

-:'able .. 

RET£:IT!C:: ORDER. OF CARBOXYLIC .:~CID :1-5!:7:"~ .::STEPS 

Ccl·..=m 
3mx4~ ::"."~3r:m 

Fetem:.iC:l t.ii:e . s ; 

1:- • .. or.:uc acic '160 352 
.=.cc~ic aciC. 821 505 
Di-~-butyl et~e::- * 928 56-1 
?=~?ionic acic 1 ,02 ~ 596 
i-Sutyric acic 1 I OSJ 1 638 
n-3utyric acic 1,1.;.; 680 
i-tfaleric acic 1,196 721 
Ox.ilic acic 1,471 ~ ,093 
Benzoic acic 1, 509 j I 13 j 
n-3utyl sul;:!late * 1,545 : Ii 59 
Succinic ac:.c 1 I fi.01 i ,250 
Glutaric acid 1,664 j I 320 
Adi pie acid "'* 1I128 ** ~. 391 .... 
Loi uric acid ** 1, 732 . ,. 1 I 395 •• 
Pit:elic acid 1,785 j I 448 
Myristic ac:.c 1, 835 ; , 503 
o-?hthalic acid 1,851 l I 525 
?almitic acic 1, 928 ~.587 
Stearic acid 2,016 1,696 
Arac!'lidic acic 2, 116 1,784 
Hernir.ielli tic acic 2, 136 ~I 805 
Trimellitic acic 2 I 171 1I826 
Trimesic aci~ 2,216 ~, isa 
Behenic acic 2,244 
Pyror.ielli tic ac.!.c 2, 310 2, 112 

Evaluation is not disturbed by solvent-like prccucts 
formed in va::-ious quantities in the course cf 

** 
esteri f i cat.:c:-.. 

Separately ~easurec retention time of these car=oxylic 
aci~s: t~ey c= net separate from each other i~ ~~e 
course of si~~ltanecus clutior.s. 
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3.!.2.6 Detec=~= rcs~~~se cf c~rbox~lic ~c:d n-~~~~1 

es~~!!""'5 ----

Detcc-:.or =csponse of car~oxylic acici ~utyl ~seers 

1s shc1o·n in ?ic:_:. -I • 

Qualit.::.~!xe and quanti tat.ive e•.•al'.!at:~:-i cf :.::.e 

car~oxylic acics ?rese~:: in t~e exaci~ed sa~~ic is ~ace 

cuantities - . - . . -or c.::.==cxy!:c ac~cs. 

The e•:al:;a-=.:..c~ c~ ~be ~ace by :ianc er 

.:L~ always e:-:;:=essed i~ crganic carbcn. 

7he ~asis c: c~lc:;latic~ is 

ir: case oi cc=~~teri:ed eval~atio~: ··- ... 
;.:g Cjr::o:-:y!.ic acici ex?ressec in orc:_:anic c;i=bc:i. 

in case cf ca~~31 evaluation ~riangulatic~: Cjr~:xylic 
2 acid expressec :n ~g carbon ~er c~ peak area. 

The n:et~cc ·:>f calc~latic:l and evaluati.C:l is s::c-..;n 

c:i the basis of :::::-omatcgr~s a:ld tables pre pa rec fo::: ~ut:/ l 

estc!"s of t:~e C.'.!l.i::r<?ti:ig solut.:.cn anc a pla~:: liq~~= 

t:igs. 8 anc 9 anc Tables 2 and 3). 

The c:-.ro::-.a-:.::gra."l siio-..,ing the sir:mltar.ccus el:;tic:i of 

C:.!t:y!. esters of t!-le calibrating solution and a ?lant :ic;uc::: 

is ?resented i~ :.:..~. iO. In the course of cc~putar~zec 

e•:aluatio:i t~rce ~~'":".be!'s are orcered to eac~ ::.utyl es:e:r 

peak: 

1 . ) Retention t.:::-e in seconds. 

2.) The unccrrec~ec integrator unit proportic~al tc tr.e 

quantit1 of t~e car~cxylic acid • .. 
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quantity oi ~~e c~~~~xylic ~cid. 

Experienc~ s~c~s t~at peaks corrcspondir.g to 

esters of acics =~~~ :cr~i~ to 0x.::ilic, ~luatec on ~~e 

falling branch o: t~c cun.-e, have to be t?valuatec by- usi~~ 

the corrected in~e~~ator ~~its, ~hereas for the evaluati~~ 

of the other peaks -:..~e uncorrected integrator units ?lc\•e 

to be used. The :::cce of e•.·aluation is of course a funct.:..c:i 

of the performar.ce of t~e integrator. Unknown cocpc~ents 

are calc~lated wi :::: t!'le a'..·erage o:: cetector responses of 

known carboxrlic .ac.:..c esters CTacles 2 anc 3). 

I~ is notec, ~~~t =~e absolute detector respo~se 

o: the indivicual =~r::oxy !..!..c aci.c butyl esters . - . :..s a ::::ic~:.on 

o: gasc.hromatogra;:::::..;:: cc:ici. !:ions, .:irst of all oi the qua.!..:-=~· 
oi the quar::~ noz~:a usec. The relath~e detec~or response 

o:: the inch·icual ::.::.r-::c:iy l:.c acic but::• l esters is ince;:ence!}i 

of the co:lditions ::...":c c~ar.::ict:eristic of the gi•:en carboxy!..:..c 
acid. 
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:l.P~Al~\Tl'.JS ?C;:. :-2:: ::L:;:;n::ATION OF THE Ci\Rno:: '.HOXIJE 

Spi-.e::ical flask 

Glass condenser 

Hot ?late 

2 

\ 

~3 
Ratio 1: 2.5 
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102 Fig. t 

APPARATUS FOR DETERMINATION OF THE TOTAL ORGANIC CARBON 
CONTENT 

1 

~10 
Ratio 1: 2 

1. Spherical flask 
2. H2 gas inlet pir..e 
2a. H2 gas cylincer ·,1it:h reducer 
3. Distributing pii;e 
4. Quartz pipe filled with oopper wire 
5. Feed funna l 11 to 
6. Glass s.topt=-er. 
7. Cooler. with w.:it:0r mnn0ct: i.0ns 

(7a, ·11), 7c, 7d} 

4 

14 
2 

2a 
7b 

{ 

Ba. 

8 

Ratio 1=10 

8. Carbon dioxide absorption flask 
8a. Glass tube filled with scda 

asbestos 
9. Heating coil 

10. Electric heater 
1~. Ground joints 
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