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INTRODUCTION

Chemical analysis methods of bauxite involving wet

techniques use only small samples and hence there exists need

for a fast, efficient, economic and non-destructive method to

analise large representative samples of ore for quality control

in the mining industry. Such requirements can be met by use of

neutron activation techniques using an isotopic neutron source.

The method essentially uses 27A1(n, -y) Z8A1 reaction which

involves 1779 KeV gamma emission with a convenient half life of

2.24 min. Earlier studies (1-4) have utilized this technique

with excellent results using neutron generator or isotopic

source. This study utilizes a "datively small (5 Ci) Am-Be

neutron source with 107 n/sec giving neutron flux - 101* n/cm2.s.

EXPERIMENTAL PROCEDURE

The detection system utilises a 2"x2" Nal(Tl) sintillation

crystal coupled to commercial electronic modules and

multichannel analyser for gamma spectrum. Integral counts

with a nominal low level discrimination to suppress pulses up to

330 KeV was used to improve statistical error.

The mineral samples used in this study were obtained from

.179.



National Department of Mineral Production. Sample preparation

consisted of mechanical grounding followed by sifting using a

100 mesh sieve. Chemical analysis of samples was carried out

using wet technique for standardisation of the method. Table I

gives the sample details.

TABLE I: Characteristics of the Samples

Serial
Number

State of Origin Sample A12O3 Content by
Code Chemical Analysis %

01

02

03

04

05

06

07

Para

Espirito Santo

Pará

Minas Gerais

Minas Gerais

Minas Gerais

São Paulo

BP1

BES1

BP2

BMG2

BMG3

BMG1

BSP1

49.85

51.37

53.25

53.99

56.73

58.57

59.81

It was imperative to moderate the high enerpy neutrons from

Am-Be source to benefit from larger neutron activation cross-

section in thermal region. For this purpose paraffin was used

and consisted of, the "moderator" placed between neutron source

and the sample and the "reflector" between the sample and

biological shielding. The aim of "moderator" and "reflector"

was not only to moderate the source neutrons but also to render

a more uniform neutron flux inside the sample. It would be noted

that only with uniform flux the results would be insensitive to

sample geometry alterations during fall of the sample into the
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counting chamber. Flux distribution and cadmium ratio

measurements were carried out to optimise and select moderator

and reflector thicknesses. A maximum value of - 30 for the

cadmium ratio of aluminium, obtained with 3 cm moderator was

considered satisfactory. The reflector thickness was fixed as

7 cm based primarily on the saturation aspect of count rates in

aluminium pellets with increase in thickness. Vertical flux

distribution was also measured in sample location using

aluminium pellets.

Mass of the acceptable sample defends on che space within

irradiation chamber having acceptable nctron flux variation

coupled with considerations for flux attenuation inside the

sample during irradiation and for the self-shielding during

counting. Practical tests were considered suitable and were

carried out to evaluate the overall effect of these factors and

to fix thickness of annular cylindrical sample. About 100 g of

sample placed inside a plastic container of 4 cm diameter was

irradiated and subsequently counted at various angles to obtain

azimuthal variation in the response which represents a composite

effect of flux distribution and self-shielding. An azimuthal

variation of only about 51 around the mean was obtained during

these measurements and any changes in this variation would thus

be much smaller and acceptable. Based on these measurements a

sample height and annular thickness of 5 cm and 4 cm

respectively were fixed. This gives a sample volume of 950 cm*

and sample mass of - 2 kg.
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EXPERIMENTS IN LABORATORY SCALE

A solid paraffin block with 37 r diameter and 40 cm height

having two axial cavities, one ^ centre for neutron source and

another for 100 g sample bev>- i 3 cm paraffin moderator was

constructed. The irradia' .» waiting and counting periods for

the sample were chosen JS 4 min, 40 sec and 4 min respectively.

Each of the 7 samples was checked for reproducibility and half

life. Furthermore the gamma spectrum of the sample was also

measured before and after the irradiation.

EXPERIMENTS WITH SIMULATION MODEL

An irradiation chamber having an annular cylindrical cavity

was constructed in paraffin. Figure 1 shows the overall layout

of the scheme as well nsirradiation chamber details. The sample

after irradiation drops into the courting chamber which is

then shifted horizontally by 3 meters and subsequently manually

inserted into counting chamber. In this manner the radiation

from the neutron source is prevented from reaching the counting

chamber. This arrangement simulates adequataly the irradiation

and counting chamber for the pilot project.

PILOT PROJECT

Figure 2 shows details of feed, irradiation and counting

chambers alongwith valves, interconnecting tubes etc. The

counting chamber has been shifted from below the neutron source

by incorporation of an inclined interconnecting tube.

Practical tests for gravity flow of the ore indicated a

minimum diameter and maximum inclination of the interconnecting
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tubes to be 75 mm and 30° respectively. The counting chamber has

a diameter of 13 cm and height of 15 cm. The project involves

vacuum sucking of sample into feed chamber from where it falls by

gravity into irradiation chamber for a 4 minute irradiation.

Afterwards the sample falls into counting chamber for being

counted during 4 minutes. Finally the sample leaves out to join

the process stream. Distance between irradiation and counting

chamber is 2 m which gives a 1 meter vertical separation

between them. Simultaneous irradiation and counting of

successive samples can be carried out by appropriate operation

of the system valves.

RESULTS

Measurements of gamma spectrum during laboratory scale

experiments did not show any significant interference due to

Si, Fe, Mg, Mn, V content in Bauxite. This is achieved primarily by

appropriate choice of irradiation and counting periods. This is

also confirmed in the measured half lifes of the samples. The

measured value ranged from 2.20 J 0.04 min to 2.37 í 0.05 min

as compared to the standard value of 2.24 min. Figure 3 shows

calibration curve obtained during these measurements. By linear

fitting the curve can be represented as Y= 148.3 X. The limits

of detection and determination are found to be about 2g and 5g

of aluminium respectively. Statistical analysis showed ther

samples could be distinguisted to within 1.2% A12O3 in bauxite.

Measurements with 2 kg sample in the simulation model were

carried out to check the effect on the reproducibility of

counts with the gravity drop of the sample from irradiation
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chamber. The results of five repetitions are shown in Table 2,

TABLE 2: Reproducibility With 2 kg Samples

Sample

Code

BP1

BMG2

BMG1

Chemical

(% Al

49.

53.

58.

Analysis

,°.)
85

99

57

Net

(4

43694

52846

55018

Counts

min)

• 1179

± 1640

± 1347

Relative

Accuracy

2.71

3.11

2.4*

CONCLUSION

The process in industrially viable and meets the

requirements and gives aluminium analysis in bauxite ore in

less than 5 minutes with betterthan 3% relative accuracy. It is

planned to construct a semi-industrial scale model for

aluminium determination in bauxite ore.
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