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FOREWORD

This report is the outcome of an Advisory Group Meeting organized by the
Agency and hosted by the Institute of Physics and Nuclear Techniques, the
Academy of Mining and Metallurgy in Krakow, Poland.

The purpose of the meeting was to assess the technical and economic
benefits of applying nuclear techniques in ore processing industry. Nucleonic
control systems and nuclear on-line analytical techniques as well as radio-
isotope tracer tests and their applications in metallic ore-processing, coal
production, and cement fabrication were discussed.

This report contains a summary and the presentations dealing with
nuclear techniques for process control made at this meeting. Using a number
of case-histories as examples, it illustrates technical and economic benefits
obtainable by the installation of nuclear process control instrumentation. It
is expected to be useful for everybody dealing with ore and coal production,
but especially for administrative personnel and engineers who plan and
implement national development programmes related to mineral resources.

The Agency is grateful to the Institute of Physics and Nuclear
Techniques for hosting the meeting and to Prof. K. Przewlocki who led the
local organization and chaired the meeting.
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1. INTRODUCTION

The meeting was originally planned to prepare an overview of technical
and economic benefits of the use of nuclear techniques in ore processing.
Already during the preparation of the meeting, discussions with consultants
revealed that this was a too ambitious task.

Instead a number of case histories are described and discussed. The
most common technical benefits are mentioned and the economic benefits
discussed.

There is a general agreement that the economic benefits are in practice
not so easy to calculate accurately. The reasons are the following: There
usually are other changes in the process made simultaneously with the
introduction of the nuclear techniques. It is often difficult to say which
proportion is attributable to one of the changes. Also the quality of the ore
changes continuously. Another problem is the scale. Normally ore processing
is a very large scale operation and small improvements, in a relative scale,
can lead to large benefits, on an absolute scale. However, the cause of this
small change is sometimes difficult to pinpoint with certainty. General quan-
titative figures are also difficult to derive because of the different
economic systems in different countries. Often ore processing companies are
reluctant to reveal the possible economic benefits obtained.

The used nuclear techniques can be divided into two parts.

a. Methods used for continuous process control, often on-line; and

b. Tracer technology used for process optimization or trouble shooting.

The papers dealing with nuclear techniques for process control are
included in this TECDOC.



2. NUCLEAR TECHNIQUES FOR PROCESS CONTROL

Rao in his paper discusses the UNDP/IAEA regional industrial project in
Asia and the Pacific. Several installations in both ore processing and coal
industries in the region are discussed. Sowerby in his paper discussing
applications in coal industry and Hietala discussing applica- tions in ore
processing and cement industry, describe case histories on the technical and
economic benefits obtained by several of the most commonly used nuclear gauges
used in coal and ore processing plants. These three papers can be read as
kind of overviews. The rest of the presentations, Holynska et a., Leonhardt
et al., Leonhardt and Göldner, and Czajowski describe one or two specific
instrument installations.

2.1 Technical Progress

Significant progress has been made over the past 10 years on the
development, commercialization and industrial use of on-line gauges in the
coal industry, particularly for ash determination. The technique widely used
for ash determination in both black and brown coal is the dual energy
gamma-ray transmission technique. For improved ash accuracy the pair
production technique is used. To give an indication of widespread industrial
use one manufacturer (Coalscan) has installed 61 on-line ash analysers
worldwide since 1983.

On-line nucleonic gauges have also been developed, commercialized and
installed in industry for the determination of ash and solids fraction in coal
slurries, sulphur in coal, silicon in coal and multi- element coal analysis.

On-line XRF analysers have already a well estabished role in on-line
elemental analysis in mining and metallurgical processes, as can be seen from
the fact that one manufacturer (Courier by Outokumpu) has installed 100 XRF
analyzers worldwide measuring 1200 slurry streams. Normally the concentrations
of 2-4 elements per stream are analyzed.

In the metallurgical industry other nuclear techniques have a well
established role in all parts of the process starting from ore exploration and
continuing through the whole process until finished products. In numbers most
applications using radioisotope sources are used for density and level control
gauges.



The steel industry still has a strong requirement for new and advanced
applications of nuclear techniques, although many radioisotope instruments are
already in use. An example of a new application is the introduction of a
depth-type density gauge into a sintering process. An example of a new
instrument is the development of a high accuracy moisture gauge for lump
coke. Both the above examples are in routine use in the steel industry. In
addition more advanced instruments are under development for on-line
multielement analysis in iron-ore sinter plants.

2.2 Technical Benefits

The benefit of using on-line nuclear gauges and analyzers lies in the
improved control of the process, compared with using sampling and laboratory
assay. When laboratory assay is used the information is obtained later than
using on-line measurement. The consequence of this is slow and uneven
adjustment of the process to changing conditions. In addition to doing imme-
diate and frequent measurements the on-line gauges often have better precision
than laboratory analysis.

Another benefit is the possibility of using automatic process control.
In many cases on-line gauges and analyzers, as well as several non-nuclear
instruments measuring other parameters, are connected to the computers
controlling the process. This enables immediate response to the process
resulting in a smooth performance according to specifications.

2.3 Economic Benefits

All economic benefits are derived from the improved control of the
process. In the papers mentioned earlier, a number of case histories are
described with examples of savings obtained in specific cases. Usually the
economic benefit is compared with the cost of the nuclear gauge. It seems to
be a rule that an estimated payback time of less than a year is required
before the buyer even considers ordering one.

The benefits derived from the improved process control depend on each
particular application. However, some examples are given here.

On-line ash monitors enable operating the process with a mean ash
content closer to the specification and with a lower deviation. This leads to
productivity improvements of 1-3.5% as reported by 15 coal producers in
Australia and the U.S.A.



In the steel industry the use of a sinter depth-density gauge results in
savings of coke, coke oven gas and electricity. The use of accurate coke
moisture gauges contributes to the stability of the blast furnace operation
and results in reduced coke usage.

Other benefits in both the coal and steel industries include reduced
labour requirement, improved product quality and marketability, and
environmental benefits.

Typical benefits of using on-line XRF analyzers are savings in raw
materials and energy, enhancement of product quality and often also the
quantity, enhancement of the lifetime of industrial plants, saving of manpower
in analytical laboratories and reduction of waste which also results in
decrease of environmental pollution.

In one case history the installation of an XRF on-line analyzer made the
planned homogenization plant unnecessary, the savings being in the reduced
investment cost.

In several of the case histories the amount of money saved by the
above-mentioned benefits has been estimated. The estimations have been done
by the plant operators and can thus be considered fairly reliable.

Five case histories were presented for a range of applications in the
Australian and U.S. coal industries. These case studies showed economic
benefits from single installations of on-line ash gauges from US$0.3 Million
to US$3.0 Million per year. The actual benefits depend on productivity
improvement, and higher value of coal and coal throughput.

The benefit of improved control of the coal flotation circuit based on
continuous on-stream analysis has been conservatively estimated to be about
US$0.6 Million per year for a plant producing 3 million tons per year.

In the steel industry it has been estimated that the savings due to the
introduction of a depth-density gauge in iron ore sintering is about US$0.4
Million per year for a 1% increase in product yield.

The economic benefit of applying high accuracy coke moisture gauges to
blast furnace feed is more difficult to estimate. Based on savings in coke
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the benefit is estimated to be about US$0.5 Million per year. This includes
benefits which flow from a reduction in blast furnace temperature and a
reduction in silicon content and its variation.

A density gauge used to measure the iron content of ore fed to the ball
mill in an iron concentrator was reported to be paid back in two months with
an annual saving of more than US$400,000. This was obtained by an increase of
mill capacity.

Several case histories of XRF installations in ore- processing plants in
Europe, the U.S.A. and Asia show annual savings from US$200,000 to US$500,000
as a result of increased productivity and savings in reagents and raw
material. Payback times for the XRF installation vary between 3 and 6 months.

Next page(s) left blank 11



BENEFITS OF USING RADIOISOTOPE ON-LINE ANALYSIS
GAUGES IN THE AUSTRALIAN COAL INDUSTRY

B.D. SOWERBY
Division of Mineral and Process Engineering,
Commonwealth Scientific and Industrial

Research Organisation,
Menai, New South Wales, Australia

Abstract

The Commonwealth Scientific and Industrial Research Organisation (CSIRO) has
developed and commercialised nuclear gauges for the on-line determination of ash in coal
and for the in-stream determination of solids fraction and ash in coal slurries. Also a nuclear
technique is being commercialised for the on-line determination of moisture in coke. The use
of these nuclear gauges is already resulting in substantial savings in the coal industry.

In mid-1988, 61 Coalscan on-line ash gauges based on the above developments had
been sold worldwide to a total value of about US$10 million (1988 dollars). These gauges
are used in a wide range of applications including mine grade control, coal sorting, coal
preparation plant control, coal blending and power station feed monitoring. Productivity
improvements of between 1 and 3% have been reported by 12 Australian coal producers
using these ash gauges. It is conservatively estimated that the total benefit to the Australian
coal industry is about US$22 million per year.

1. INTRODUCTION

Mineral- and coal-processing operations can be controlled more economically if
information on important process variables is obtainable rapidly. Much of this information
can be provided by nuclear techniques. Nucleonic gauges based on X-ray fluorescence and
absorption techniques are widely used for the on-stream elemental analysis of mineral
slurries[l]. The use of such techniques has led to substantial savings in the metalliferous
mineral industry and improvements in recovery of valuable minerals of 0.5 to 2% are
common[ 1,2]. The value of increased recovery depends on ore throughput, but for a single
plant it is usually in the range of hundreds of thousands to several million US dollars per
year.

In the Australian coal industry, the most important requirements for on-stream analysis
are determinations of the ash and moisture contents of coal, the determination of the solids
weight fractions and ash contents of coal in slurries and the determination of moisture in
coke. Nuclear and non-nuclear techniques have been developed by CSIRO for all these
applications, although in the present paper only the nuclear techniques will be discussed. Of
these, the on-line determination of ash content of coal has found widespread acceptance since
the installation of the first commercial Coalscan analyser in 1983. By mid-1988 there were
61 installations of Coalscan ash analysers around the world and data on benefits is now
becoming available. In the present paper these benefits will be discussed in detail. As well,
the applications and benefits of nuclear techniques in coal slurry analysis and in coke
moisture determination will be discussed.

2. COALSCAN ASH GAUGES

Two types of ash gauges are in routine use in the Australian coal industry, namely
(a) gauges based on photoelectric absorption in which measurements are made directly on

conveyors using a dual energy y-ray transmission (DET) technique[3,4]; and
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(b) gauges based on pair production (PP) y-ray interactions and high flow sample
by-lines[3,5].
Both are manufactured and marketed by Mineral Control Instrumentation Ltd (MCI)

under the Coalscan trademark under licence to CSIRO. The sample presentation system used
in the Coalscan PP gauge is manufactured by MCI under licence to the University of
Queensland.

The through-belt ash monitor[2,4] (Coalscan Model 3500) depends on the
determination of intensities of narrow beam transmission of low and high energy y-rays.
through coal on the conveyor (Fig. 1). Both intensities depend on the mass per unit area of
coal in the y-ray beam and the low energy intensity also depends on the effective atomic
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Figure 1. Schematic diagram of dual energy y-ray transmission gauge showing the
transmission of narrow beams of M1Am and 133Ba y-rays through coal on a
conveyor.

number of the coal. The y-ray sources and detector are mounted at opposite ends of a C
frame about the conveyor (Fig. 2). The C frame is swung under computer control so that the
y-ray beam either traverses coal at the centre of the belt, or is beyond the edge of the belt
during automatic standardisation and off-belt calibration. Errors in ash determination have
been determined in a series of laboratory measurements on coal samples and in plant trials
and gauge installations^]. The r.m.s. difference between DET gauge and chemical laboratory
ash values for low and high ash coals was usually in the range 0.3 to 0.45 wt% and 0.7 to 1.5
wt% ash respectively.

The pair production (PP) ash gauge[3,5] (Coalscan Model 4500) analyses coal in a
by-line stream taken from the main process line (Figs. 3 and 4). Ash is determined from the
intensities of y-rays from pair production and Compton interactions in the coal. Both
interactions depend on the bulk density of the coal but the pair production also depends on
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Figure 2. The commercial Coalscan through belt ash gauge installed on the mine
output conveyor of the Hebden Mining company, New South Wales,
Australia.
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Figure 3. Schematic diagram of the pair production gauge which determines the ash
content of coal in a sample by-line.

the effective atomic number of the coal. The main advantage of the PP gauge over the
through-belt gauge is that it is about four times less sensitive to variations in ash composition.
Errors in ash determination have been determined in a series of laboratory measurements on
coal samples and in gauge installations. In the laboratory trials on the same bulk samples
used for the DET gauge, PP gauge errors were on the average a factor of 1.7 lower than for
the DET gauge[3]. In commercial PP gauge installations, the r.m.s. deviations between PP
gauge and chemical laboratory ash values have been in the range of 0.2 to 0.5 wt% ash[5,6].
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Figure 4. The Coalscan sample by-line ash monitor, based on the pair production
technique, installed at Ulan Coal Mines Ltd, New South Wales, Australia.

The Coalscan 4500 ash monitor also incorporates a moisture monitor which uses a
capacitance technique for moisture determination, with conducting plates built into the walls
of the sample presentation system.

By mid-1988,61 Coalscan on-line ash monitors had been sold worldwide (Table I) of
which 39 are in Australia and 16 in the USA. The total value of these sales is about US$10
million (1988 dollars). Coalscan ash monitors are presently being used to analyse over 60
million tonnes of coal per year in Australia (Fig. 5). The Coalscan Model 3500 is used more
widely than the Model 4500 as it is more easily installed as no sampling system is required, it
can handle very coarse coal, its measurement time is shorter and its cost is only two thirds
that of the 4500.

TABLE I. SUMMARY OF INSTALLATIONS OF COALSCAN DUAL-ENERGY
TRANSMISSION (DET) AND PAIR PRODUCTION (PP) ON-LINE ASH MONITORS
(MID-1988).

Location

Australia

Rest of World

Total

Number of Installations
DET

26

20

46

PP

13

2

15

16
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Figure 5. Australian coal monitored annually by Coalscan ash monitors.

3. APPLICATIONS AND BENEFITS OF ON-LINE ASH MONITORS

On-line ash monitors can be used in a wide range of applications including: mine grade
control; raw coal monitoring; coal sorting; coal preparation plant control; product blending;
stockpile management; power station feed monitoring and blending; and monitoring at coal
shipping ports. Some potential locations of on-line ash monitors around a coal preparation
plant are shown in Fig. 6.

In Australia, the major application areas of Coalscan ash monitors are wash-plant
monitoring and control, mine grade control and raw coal monitoring (Table II). Outside
Australia there is relatively more emphasis on blending, loadout control and power station
feed monitoring.

Benefits derived from the use of on-line ash monitors depend on each particular
application. However the main benefit is generally produced from operating with a mean ash
content closer to the specification and with a lower standard deviation. Apart from the
economic benefits which flow from operating closer to specification, another benefit is the
direct labour savings from a reduced requirement for laboratory staff. As well, coal producers
can be more market oriented as they are better equipped to produce more products to required
specification.

In the following discussion, a number of the above application areas are treated
separately and the benefits assessed. Where possible, actual case history data is used to
assess benefits.

3.1. Mine Grade Control
On-line ash analysis at the mine mouth (Fig. 6, location 1) can be used to alert the

mining operation of high ash material. Savings can be calculated by estimating the reduction
in high ash contaminants and multiplying by the cost of washing. Devins[7] estimates
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Figure 6. Potential locations and applications of on-line ash monitors around a coal
preparation plant.

TABLE H. SUMMARY OF APPLICATIONS OF COALSCAN DET AND PP ON-LINE
ASH MONITORS.

Application

Mine grade control and
raw coal monitoring

Bulk coal sorting

Preparation plant
monitoring and control

Blending control (by-pass,
stockpiles, loadout)

Power station feed
monitoring

Total

Number of Installations (mid-1988)
Australia

16

2

14

5

2

39

Rest of World

1

0

6

10

5

22

18



savings of about US$0.5 million per year for a 1 million tonne per annum mine. In addition,
the on-line ash monitor provides detailed historical information on previous mine grades
which, combined with core sample analyses, can enable more consistent mine production.

3.2. Raw Coal Sorting
Coal sorting operates on the basis that the stream of raw coal, after primary crushing, is

often segregated into high and low ash segments on the conveyor belt[8]. By determining the
ash content of each segment using a through belt ash monitor, the high ash segments can be
identified and diverted automatically from the main stream, thus lowering the average ash of
the remainder.

The degree of upgrading by sorting is determined by the variability of the coal stream.
Coal streams which have been subjected to a great deal of processing are likely to be well
mixed and unsuitable for sorting. To assess the degree of suitability, a histogram of short
term ash values needs to be prepared[8]. This is most easily achieved using an on-belt ash
monitor.

Bulk coal sorting is practised by two Australian coal companies, namely Vickery Joint
Venture and Muswellbrook Coal Co. Ltd, both in New South Wales[8]. The fast response (10
to 40 seconds) of the Coalscan Model 3500 is utilised in both these applications. The gauge
is located on the feed to the washery (Fig. 6, location 2). The major benefit is the reduction
in tonnage of coal which must be processed by the preparation plant. At Muswellbrook 60 to
85% of the raw coal typically by-passes the washery. A secondary benefit is that the
recovery of by-pass coal is 100% whereas some coal would have been lost if this coal passed
through the washery.

3.3. Coat Preparation Plant Control
In the absence of on-line ash monitors, coal preparation plants are normally controlled

to produce a specified product ash by manual adjustment of the density set points in heavy
media circuits based on laboratory analysis of product samples taken at two hourly intervals.

The introduction of an on-line ash monitor into a coal preparation plant (Fig. 6, location
3) initially leads to improvement in manual control, especially in quicker response to changes
in grade and to malfunctions in the plant. Subsequently a better understanding is gained of the
behaviour of the washery and how the process can be further stabilised and controlled.

The development of reliable ash monitors has made practical the implementation of
automatic systems of coal quality control based on the automatic variation of the specific
gravity of the heavy medium. However, in plants where a significant proportion of the
product is cleaned by froth flotation, the ash content of this product should also be measured
to realise maximum yield. The determination of ash in flotation feed streams is discussed in
Section 4 of the present paper.

A number of investigators have developed and tested control strategies in Australian
coal preparation plants[9,10j. For example, at Ulan Coal Mines Ltd, a steady state control
philosophy has been employed consistent with the principle of yield maximisation in the long
term, with short term variations in product quality blended out on the product stockpiling
system. A control dead-band is applied in the neighbourhood of the target ash content, and
the change to the specific gravity set points (bath and dense medium cyclone circuits are
operated with a fixed 0.04 specific gravity differential) is only activated when both the ash
content is outside the predefined control dead-band, and the minimum time-out period since
the last specific gravity change has expired.

More advanced control strategies are presently being developed in Australia[l 1] which
offer the potential for significant improvements in savings over the simpler controllers such
as that used at Ulan.

Data from two operating coal preparation plants, one in Australia and one in the USA,
is summarised in Table HI (cases 1 and 2). These plants both reported improvements in
recovery after the installation of Coalscan on-line ash monitors. These recovery

19



TABLE m. CASE STUDIES OF PROCESS AND ECONOMIC BENEFITS OF
APPLICATIONS OF COALSCAN ON-LINE ASH MONITORS IN AUSTRALIA AND
USA.

Case
No.

1

2

3

4

5

Application

Wash plant control

Wash plant control

By-pass blending

Loadout control

Power station

feed monitor

Plant
Throughput

(Million
tonnes

per year)

2.0

5.5

0.3

1.5

3.0

Process Benefit

Before After

71.3% 74.8%
(Wash plant recovery)

Recovery increased by

2-3%

1.0-1.5wt% 0.0-0.5wt%
(Below specification ash)

7-8 0
(Penalty shipments)

Reduce mean ash by

1.5 wt%

Economic
Benefit

(US$ million
per year)

1.7

2.7

0.27

1.1

3.0

improvements translate into annual savings of about US$1.7 million and US$2.7 million for
cases 1 and 2 respectively. In both these cases, the average ash of product coal has been
increased within specification and the yield of product coal has been increased..

3.4. Blending Control
In coal preparation, the main application of blending is for the control of product ash,

by either by-passing the washery (Fig. 6, location 3) or by controlling the proportions of coal
from high ash and low ash stockpiles (Fig. 6, location 4).

By-pass blending differs from coal sorting in that the ash content of the preparation
plant product determines the by-pass proportion. Such a strategy can prove to be economical
due to elimination of the cost of washing the by-pass coal and any product moisture penalty.
The procedure leads to maximal yield of product coal only when the ash content of the
by-passed coal is equal to the incremental ash[10] of the washed coal.

By-pass control can be applied in circuits of any degree of complexity. The Newlands
and Tarong operations in Queensland utilise by-pass control systems in conjunction with jig
circuits using Coalscan Model 4500 units to measure the product ash content. At the Howick
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plant in New South Wales, coal is washed in dense medium cyclones and spirals and the
by-pass is varied under automatic control using a Coalscan Model 3500 to maintain the
combined product ash content.

Two U.S. coal producers have reported savings from the use of Coalscan in blending
operations (Table HI, cases 3 and 4). In a by-pass blending application it was reported that the
average ash in product coal was increased by about 1 wt% without exceeding the ash
spécification. Even for a modest 300,000 tonnes/annum operation, the resulting savings are
about US$270,000 per annum. In a second application (case 4), a coal producer was able to
control product ash by blending using a Coalscan monitor. The number of penalty shipments
decreased from an average of 7-8 per year to none per year and at the same time product ash
was increased by 1 wt%[7]. The benefit of this application was estimated at US$1.1 million
per year.

3.5. Power Station Feed Monitoring
In power stations it is desirable to minimise the ash content of the coal. High ash can

result in inefficient boiler performance, higher maintenance costs, slag deposits and
emissions. In the final case study in Table HI, an on-line analyser was used to determine the
ash content of coal supplied to a power station. This permitted ash content to be frequently
checked against specification and as a result the mean ash content was reduced by about 1.5
wt% after installation of the analyser. Savings due to reduced power station maintenance are
estimated at US$3 million per year.

3.6. Total Benefit to Australian Coal Industry
At present, the 39 Coalscan ash monitors in Australia are monitoring over 60 million

tonnes of coal per year (Fig. 5). Assuming that the average improvement in productivity is
1.5% and assuming the average ex-mine value of coal is US$20/tonne (steaming) and
US$28/tonne (coking), the total benefit is estimated to be about US$22 million per year.

Recently CSIRO hired a firm of independent consultants to assess the costs and benefits
of a number of projects within the Division of Mineral and Process Engineering. One of the
projects studied was on-line ash gauges. The consultants contacted a number of Australian
coal producers using Coalscan ash monitors and asked them to assess the economic and
technical benefits. Twelve of these coal producers supplied estimates of the productivity
increases since Coalscan ash monitors were installed. All of these estimates were in the
range of 1 to 3%[12].

The consultants assessed the costs and benefits over the period 1973 to 1993, allowing
a maximum five year benefit from any one installation. The total quantified benefit to
Australia from productivity gains in the coal industry was estimated to be US$130 million
(1988 dollars). The net benefits attributed to the project after accounting for research,
development and implementation costs were estimated to be US$81 million and the net
benefit to cost ratio was 8.4[12].

4. IN-STREAM ANALYSIS OF COAL SLURRIES

In coal preparation plants, the fine coal fraction (<0.5 mm) is usually physically
beneficiated by froth flotation. Continuous information of both solids weight fraction and ash
content of coal in slurries is required for the better control of flotation circuits. Radioisotope
techniques have been developed, in which three probes are immersed directly into flotation
circuit streams, to determine these parameters independent of variable voidage. These
techniques have been proved in the laboratory, and in a plant trial at the BHP Steelworks
washery at Newcastle, New South Wales. CSIRO has licensed Amdel to commercialise the
system, and has shared in the plant demonstration of the first commercial system installed at
Oaky Creek Coal's preparation plant in Queensland since May 1986[13]. At Oaky Creek
three probes were installed in feed, concentrate and tailings streams (Fig. 7). The plant trial
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Figure 7. Schematic of the analysis zone in the concentrate stream at the Oaky
Creek coal preparation plant, Queensland, Australia showing the three
probes immersed in the stream.

and commercial demonstration showed that sufficiently accurate results could be obtained for
use in the control of the flotation circuit. A second commercial Amdel coal slurry analysis
system will be installed later this year at Curragh Coal, Queensland, Australia.

Clarkson, Hornsby and Walker[14] have demonstrated at the Peak Downs plant in
Queensland, Australia, that the yield of flotation product coal can be increased by 10% by
better control based on continuous in-stream analysis information. This better control of the
flotation circuit would lead to large sayings. For example, assume that the more conservative
figure of 5% increase in yield of flotation can be achieved, 15% of the total product from the
plant comes from the flotation circuit, and the product sales price (excluding transportation)
is US $28 per tonne, then the annual increase in revenue, for a typical large Australian plant
producing 3 million tonnes per year of coking coal product, will be about US$630,000 per
annum.

5. ON-LINE DETERMINATION OF MOISTURE IN COKE

In the steel industry, an on-line measurement of coke moisture is required to control the
ratio of lump coke to iron ore fed to the blast furnace. A convenient location to measure coke
moisture is on the conveyor belt that feeds the weigh skips used to load the furnace.

Capacitance and microwave techniques [15] cannot be used to determine coke moisture
because of the high electrical conductivity of coke. Thermal neutron techniques are not well
suited to on-belt applications on lump coke because of the difficulty in accurately correcting
for bulk density changes and the need to either maintain constant sample profile or to
accurately correct for changes in profile.

The fast neutron and gamma-ray transmission (FNGT) technique permits coke moisture
to be determined independently of thickness and density variations[16,17]. Compared to
bin-mounted gauges, conveyor belt gauges have the advantages of monitoring a higher
proportion of the coke stream and requiring a lower source strength. The simultaneous
measurement of fast neutron and gamma-ray intensities is best carried out using either an
organic scintillator with pulse-shape discrimination properties[16] or a thick Li-glass detector
surrounded by a moderator[17]. The latter is used by CSIRO as it combines simple
electronics and good detection efficiency for both neutrons and gamma-rays.
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A long term field trial of the CSIRO FNGT gauge (Fig. 8) commenced in May 1988 on
lump coke feed to a blast furnace at BMP Steelworks, Newcastle, New South Wales. Two
gauges have been installed, one on a coke feed hopper and the second on the conveyor belt
which transports the coke from the hoppers to the furnace loading skips. Results to date
indicate that both gauges are determining moisture to within about 0.4 wt%.

252Cf Source
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moisture content of static coke samples.

Preliminary results suggest that increased coke moisture content results in reduced blast
furnace hot metal temperature and increased silicon content. Compensation for variable coke
moisture by adding a known amount of dry coke to the furnace therefore has substantial
economic benefits.

6. SUMMARY

The above developments of nuclear techniques for the on-line analysis of coal are
already leading to substantial savings in the coal industry. In particular, the application of
on-line ash analysis techniques are leading to productivity improvements from 1 to 3%. In
Australia, it is estimated that the 39 Coalscan ash monitors presently sold or installed are
saving the Australian coal industry about US$22 million per year.
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EXAMPLES OF BENEFITS USING RADIOISOTOPE SOURCES
IN ANALYZERS FOR ON-LINE PROCESS CONTROL
IN MINERAL PROCESSING

M. HIETALA
Outokumpu Electronics,
Espoo, Finland

Abstract

Economical applications of radioisotope based
on-line process analyzers are described in iron ore
and zink ore concentrator, in copper flash smelting
process and in cement manufacturing. A short
description of analyzers used is included.

1. INTRODUCTION

Nuclear techniques have a wide and well etablished role
in mining and metallurgical processes starting from ore
exploration and continuing through the whole process
until finished products. In numbers most applications
using radioisotope sources are used in density and level
control gauges.
Many applications are also used to produce more advanced
analytical information of the process. In this paper
some examples using radioisotope based analyzers in
mineral prosessing are described.

2. THE ANALYZERS USED IN EXAMPLES

The analyzers used in this paper are developed by Outokumpu
Oy which is a Finnish mining company. The development
of on-line analyzers started for more than 20 years ago.
Today the design and manufacturing of on-line analyzers
is done in a separate operating division of Outokumpu
which is called Outokumpu Electronics.
Outokumpu Electronics is manufacturing on-line XRF-
analyzers for process industry, especially for the
mining and metallurgical industry. Portable XRF analyzers
and metal detectors make also an important product line.
The analyzers described here are using radioisotope
sources and are based on XRF-fluorescence, on gamma
scattering or on neutron activation. Ref /!/ and /2/.

2.1. COURIER 10 (and previous MINEXAN 101 and 102)
These on-line XRF-analyzers are based on the use of
radioisotope sources, like Fe55, Cdl09, Cm244 and Am24l.
The XRF spectrum is detected with proportional counter
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and the sample is measured in a sample cell. Sample cells
are designed to accept liquids, slurries and dry powders
or granulates.
The analyzers can be installed in process environment
without special shielding. The analyzer contains a
microprosessor unit to control the functions of the analyzer
and to calculate assays and to generate reports. The
analyzer can be connected to process control system either
by 4-20 mA signals representing calculated assaysor by using
RS-323C or RS-422 serial line.
COURIER 10 has one sample cell where several streams can
be multiplexed in a selected sequence. It has also a
safety and reference position where the source and the
detector assembly automatically move in case of measuring
cell window rupture. This position is also used to check
and control the internal stability of the analyzer.
The air gap between sample and detector can be only
3 mm wide giving the possibility to measure light
elements down to Al without too much absorption.
In practice sample cell windows and selfabsorption in
the sample itself will set the limit for light elements.
MINEXAN 101 and 102 analyzers were based on the same
measuring principle. Minexan 101 contained one sample
cell and Minexan 102 two sample cells. The detector and
source were revolving between several internal reference
positions and one or two sample cells.
Originally Minexan was designed as immersible probe.
Practical sample representativeness and calibration
problems in slurry prosesses convinced us to return back
to the sample cell approach. Today COURIER 10 has
replaced Minexan 101 and 102.

2.2 COURIER 20 (and earlier MINEXAN 151)
COURIER 20 on-line XRF-analyzer is based on liquid
nitrogen cooled solid state detector, radioisotope source
exitation, multichannel analyzer and microprocessor
controlled operations and calculations.
The measuring geometry has small air gap giving good
possibility to measure as well light elements down to Si.
The resolution of solid state detector is better than
that of proportional counter. This will give better
possibility to measure neighboring elements in the
periodic table simultaneously.
The analyzer can be connected to the process control
system either via RS-232C, RS-422 line or via 4-20 mA
current loop giving assays. The analyzer has two sample
cells and one internal reference sample and safety
position. The detector can be commanded to measure any
of these positions. Several streams can be multiplexed
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to sample cells and in practice the measuring time is
giving the limit to increase the number of streams for
more than 10 for example.
Outokumpu has also COURIER 30 on-line XRF-analyzer which
is using crystal spectrometers to separate XRF-lines. It
has even better energy selectivity than solid state
detector. In connection to crystal spectrometers radio-
isotope sources are too weak as exitation sources and
X-ray tube must be used.

2.3 NACTAN
Outokumpu NACTAN analyzer is a typical neutron
activation analyzer. The activation time, the delay
time before the measurement and the measuring time can
be selected. The sample transport between the activation
station and the measuring station is done automatically
using pneumatic dispatch. The sample taking from the
process has not been automatized.
The neutron source used is 10 Ci Pu238(Be) giving 2*10E7
neutron flux. The analyzer was designed to measure Al
and Si in cement manufacturing. It has as well been used
to measure Si and Cr in ferrocromium concentrator.

2.4 BELTCON

BELTCON analyzer is based on gamma scattering of Am 241
and Cs 137 radioisotope sources from the material which
can be on conveyor belt for example. The scattering of
60 keV from Am 241 is depending on the average atomic
number of the material on the conveyor belt and the
scattering of the 662 KeV radiation of Cs 137 is used
for monitoring that the the sample geometry and
thickness on conveyor belt will be good enough for
reliable measurement.
The measurements are controlled and handled by micro-
processor. The unit is easy to install over the conveyor
belt and there is no mechanical contact with the sample.
In many cases the average atomic number of the sample
will give useful and important information of the
material for process control. In some cases it can be
calibrated even for elemental analysis.

3. ESTIMATING THE ECONOMIC BENEFITS

The economic benefits of the on-line analyzers come
from several sources like:

- On-Line analyzers are a good tool to study the
process and to design process changes and control
strategy. Often very important savings are done
this way.
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- The use of on-line analyzer is giving continuous
information to the process control which will make
on-line control possible. For example when the
tailing starts; to increase it is possible to
react immediately and not after the next laboratory
assay which may be available first on the next day.

- The on-line analyzer is often having better
reproducibility compared to the chemical
laboratory where the human factor is always
present.

- The laboratory personnel have more time to
research oriented assays when they are not
overloaded with routine measurements.

- Sometimes the number of personnel can be reduced.
The economic benefits are in practise often not so easy
to calculate in full because there may be also other
changes in the process done simultaneously and the ore
will newer be exactly the same. In some cases the
customer is also not willing to reveal the economic benefit
figures of their process. In the following part some
real examples are given.

4. CEMENT RAW MEAL ANALYZING EXAMPLE
In cement manufacturing the measurement of Al, Si, Ca
and Fe is important in raw meal control. Outokumpu
Electronics has jointly with Oy Partek Ab Pargas Cement
plant developed a system which is measuring Al and Si
with neutron activation analyzer NACTAN and Fe and Ca
with on-line XRF analyzer MINEXAN.
There are in principle two different process solutions
for the raw mix preparation: heavy investment in the
prehomogenization plant or a fast and efficient analysis
and control for the raw material to the grinding plant
with post-homogenization silos. The Pargas Cement plant
was designed to operate without the prehomogenization
plant.
The Nactan and Minexan analyzers are used to control the
feed to the ball mill. The measurement points are after
the ball mill and after the homogenizing silos feeding
the raw meal to clinker burning process. The sample to
the Minexan analyzer is taken automatically with
pneumatic sampling device from the process. The dry
powder sample is fed by gravity and vibrators to the
analyzer. The sample is stationary during the measurement
time in the sample cell. After the measurement the
sample cell is automatically cleaned before the new
sample enters the sample cell. Part of the measured
sample can be automatically fed to the mean sample bucket
which will be analyzed in the laboratory to give shift or
daily averages. Samples taken similar way can be used for
calibration purposes.
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The sample to the Nactan analyzer is taken manually and
is fed to the laboratory via pneumatic dispatch every
second hour. In the Nactan analyzer the sample is activated
and measured automatically.
The control idea in Pargas Cement Plant is based on fast
on-line measurement of Ca and Fe by Minexan analyzer and
Al and Si are measured in laboratory by Nactan every
second hour.
Important savings were achieved by the analysis system,
because the homogenization plant was not needed. Savings
in capital investments were close to 10 million USD.
Major savings have been achieved in addition by
utilizing the laboratory more efficiently because routine
analysis was not any more done so often. Time was left
for research projects as well. The installation costs
of the analysis systems described were less than half
million USD. Ref /3/.

5. CONCENTRATOR SLURRY MEASUREMENT EXAMPLE

Outokumpu COURIER analyzers are measuring more than 1200
streams in concentrators and the number of installations
is more than 100. The reason for most installations has
been purely economical.
As example we refer to COURIER 20 installation at Asarco
Young zink concentrator in the U.S.A. In the beginning of
this year they have installed COURIER 20 analyzer and
the reporting and process control system of Outokumpu in
connection with the analyzer called AOP. The results have
been very good and they were published in a local AIME
meeting in Knoxville summer 1988 by Mill Superintendent
Greg Gullard.

The results in brief were:
- payback time for the system less than 3 months,
- recovery of Zn increased by 1.5%,
- improvement of Zn-grade by 0.4%,
- reagent consumption reduced by 10%.

The benefits were achieved by simple assay based control
strategy. The reagents are automatically added in a
feedforward manner using ratio control based on the head
assay.
Other things that have had impact on good results
have been:

- the operators are always aware of the process
status thanks to the analyzer and good color
graphics,

- history and trend displays have been used to
analyze and troubleshoot the process benefical
way.

Ref
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6. IRON ORE ON CONVEYOR BELT
A good example of short payback time has been the
measurement of iron ore fed to the ball mill in
Rautaruukki Oy Rautuvaara concentrator in Finland.
The bottle neck in the concentrator was the capacity
of magnetic separators. The ball mill had capacity for
more than what magnetic separators could handle.
The waste rock was softer than the ore itself.
Earlier the feed had been kept constant and the feed
rate was set according to the best ore available.
The BELTCON analyzer was able to measure the average
iron content of ore fed to the mill. In this case
Beltcon was installed over the conveyor belt feeding
the ore to the mill. The speed of the conveyor belt
was controlled according to the assay information of
the BELTCON. The lower the iron content was the higher
the feeding rate was set. After the control law and
parameters were found and set the output of the
concentrator was almost constant and always in the
highest possible level. Earlier the feed was kept
constant and the concentrate rate was warying. The
increase in the mill capacity was so significant that
the payback time was less than two months. Annual
savings have been more than 400000 USD. Ref /5/.

7. COPPER FLASH SMELTER APPLICATION
In copper flash smelter the concentrate fed to the smelter
is
burned and the process will get most of its energy from
the burning of the concentrate. The heat value of the
concentrate depends heavily on the sulphur content. The
process is controlled by feeding fuel and oxygen enriched
air.
To control the flash smelter it is important to measure
the heat value and impurities of the concentrate fed to the
process on-line. The on-line measurement of sulphur,
iron, copper, zink, lead, arsenic and some other
elements has been done by COURIER 20 analyzer in
Outokumpu's Harjavalta Copper Smelter.
The sampling of the dry concentrate powder fed to the flash
smelter is rather straightforward. It contains rotary
feeder and under it a divider sampler feeding the final
sample to the analyzer. The sample cell of the analyzer
is filled in several layers to guarantee good
representativeness of the sample. The measurement is
done in stationary state as was done in cement raw
meal.
The savings of COURIER 20 analyzer are coming mainly for
its stabilizing effects on the flash smelter control.
The payback time for the analyzer system has been less
than half year. The reasons for savings have been:
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- The temperature of the slag could be reduced by
10 C, which gives substantial saving in fuel
consumption,

- The matte grade will be constant giving maximal
throughput in the converting process,

- The As-analysis will be used to control what kind of
scrab to feed to the process to give even As content,

- Pb and Zn information are used to inhibit the
blocking of the waste heat boiler after the flash
smelting furnace.

The Harjavalta system will be described in more details
in the paper to be published in the spring 1989 at AIME
conference. Ref /6/.

8. CONCLUSIONS

The economic benefits of on-line analyzers based on the
use of radioisotope sources in the mining and metallurgical
industry are well established and proven in several cases in
practice. Radioisotope sources are wery reliable, small,
stable and long lasting (most of them) components in
process analyzers.
Sometimes customers are afraid of radioisotope sources
and the legistlation is very strict. Often the use of
radioisotope sources have no practical alternative. If
there is an alternative manufacturers and users of on-line
analyzers are carefully considering which technique to
select. Still the use of radioisotope sources have many
advantages.
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STATUS AND POTENTIAL OF NUCLEAR TECHNIQUES
IN ORE PROCESSING AND COAL HANDLING
IN ASIA AND THE PACIFIC

S.M. RAO
UNDP/IAEA Regional Industrial Project,
CAIR/BATAN,
Jakarta, Indonesia

Abstract

The UNDP/IAEA/RCA Regional Industrial Project aims at
extended use of isotopes and radiation technology in industries in
Asia and the Pacific region. The programme includes the use of
Nucleonic Control Systems <NCS> in the mineral industry. An
intensive training/demonstration programme conducted in Phase I
(Ipez-ipao") using an on-stream analyser COS A) installed in a
copper concentrator in Philippines helped in the dissemination of
information on NCS in the region. The OSA's and laboratory type
isotope-based analysers being used in the region's mineral
industry are reportedly yielding substantial economic and
technical benefits. Future potential of nuclear methods in ore
processing in the region appears to be very good. In Phase II
<1P87-1PP2>, the Regional Project is organising a similar activity
in coal. One Regional Executive Management Seminar was conducted
in Australia last year and it is now proposed to install a
nucleonic coal-ash monitor in a lignite mine in Thailand and use
the installation for an intensive training/demonstration
programmefor the benefit of the regional coal industry.

1. INTRODUCTION

Industrial progress anywhere depends on modernization of
industrial processes and their control. The developing part of the
Asia and Pacific region is no exception. Modernization is a
complex and inter-disciplinary process needing specialised inputs
of widely varying skills. The UNDP Regional Industrial Project on
Industrial Applications of Isotopes and Radiation Technology in
Asia and the Pacific aims at providing information transfer in one
such area of industrial modernization. The programme of the
Project includes tracer technology in industry, non-destructive
testing, radiation technology and nucleonic control systems CNCSD.
The last named sub-project on NCS is a subject of discussion in
this Advisory Group Meeting.

During Phase I of the Regional Industrial Project
C1982-19863, nucleonic control systems were installed in Bokaro
Steel Plant, India Cfor automatic control of thickness of hot
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stripsD, in Si am Kraft Paper Company, Thailand Cfor Basis weight
and moisture control} and in the Banget copper concentrator of
Phi1ex Mining Corporation, at Baguio, Philippines Cfor on-strearn
analysis of copper concentration in different streams}. The Philex
installation was used for conducting training and executive
management seminars which were the main vehicles of
technology/information transfer in the area of nuclear methods in

ore processing.
In Phase II C1987-1991} a new activity on NCS in the coal

industry has been taken up mainly for ash content control in coal
operations.

In the developing part of Asia and the Pacific region, China,
India, Indonesia, North Korea, Malaysia and Philippines have
significant mineral processing industry. The metal production in
the region excluding Japan and Australia amounts to O.83, O.32 and
O. 46 million tonnes respectively of copper, lead and zinc. China
produces 8OO million tonnes of coal per year and India 16O million
tonnes and have large potential for NCS use.

When the Project activity on minerals started in 1983, there
were no on-stream analysers in the region's mineral industry
outside Australia and Japan, though there were some laboratory
type analysers based on radioisotopes. The Project activities over
the years helped to disseminate the necessary information and
today there are quite a few on-stream analysers already installed
and in use and some more are on order.

2. PROJECT ACTIVITIES

The Regional Project is supported by budgetary contributions
from UNDP and the Governments of Australia and Japan and also by
' in-kind' contributions from the 12 participating countries.

The programme is designed to transfer technology/information
from the donor countries and other developed countries to the 12
participating countries in selected areas of industrial
applications of isotopes and radiation technology.

In the field of nucleonic systems as applied to the mineral
and coal industries significant development was already realised
in Australia by 1983. The Commonwealth Scientific and Industrial
Research Organization CCSIRCO and Julius Kruttschnitt Mineral

34



Research Centre CJKMRO, University of Queensland who contributed
to these developments were willing to share their skills and
experience with the rest of the region.

The Project programme on minerals consisted of ;
al> installation and demonstration of an on-stream analyser COSA3

system in the Banget concentrator of Philex Mining
Corporation, Philippines;

fcO training courses for metallurgists;
cD special management training course;
dD executive management seminars;
eD short-term courses in China.

For the training courses and the executive, management
seminars mentioned above, the Phi lex installation of OSA was used
as the demonstration facility.

3. 1. PHILEX INSTALLATION OF OSA

This installation was supplied and installed by AMDEL
CAustralian Mineral Development Laboratories} in 1983. Initially,
probes were placed in four streams and the monitoring was extended
to two more streams in October 1985. The system consisted of 14
OSA probes C5 density probes, 5 copper XRF probes, 3 iron XRF
probes and 1 solid state detector probeD.

The experience with the system was variable and a lesson in
itself. When the system was initially calibrated in properly
designed analysis zones, it provided reasonably good results and
especially gave trends in copper concentration in the critical
tailings stream. The good performance continued for six months
when the installation was used for training-demonstration
purposes. Later calibrations were not satisfactory. An
investigation by Australian experts into the causes of the
inaccuracies revealed that :

ID 4 of the earlier analysis zones were by-passed for operational
reasons and the new analysis zones were poorly designed
leading to unacceptable non-uniformity in the slurries.

2} the probe checks with standard briquettes were not being done
properly. Since the probe heads were not being cleaned well,
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the reproducibility of detection geometry was poor. Use of
these check results contributed to inaccuracies.

The present situation is that most of the calibration
problems have been solved through a training/consultancy programme
between Philex and AMDEL. The system is now operating well and is
effectively contributing to process control at the plant.

2.2. TRAINING COURSES FOR METALLURGISTS

Two training courses for metallurgists were conducted during
the life of the sub-project ; one during 1983/1984 and second
during 1985/1986.

The first course was four months long; one month in Australia
and three months in Philippines. Eleven participants from 7
countries attended the Australian part of the course and 9 from
six countries attended the entire course. The Australian part
covered the principles and practice of application of nuclear
techniques to mineral processing, visits to AMDEL for basic
instruction on OSA and to Cobar Mines to see OSA in operation and
training in the control of mineral concentrators. The Philippines
part of the course mainly consisted of practical aspects of plant
control, regression procedures to calibrate the systems,
flotation modelling, elementary feedback control and Fortran
programming.

The programme for the second course was modified based on the
experience in the first course. The Australian part of the course
was extended by an extra week to cover computer programming and
more visits to Australian Mineral Concentrators and the
Philippines part was shortened to two months. Eleven participants
from eight countries attended the second course.

2.3. TRAINING COURSE FOR MILL MANAGERS

A special one month management training course was organized
by JKMRC of the University of Queensland for mill managers with
emphasis on the economic, operational and technical aspects of the
use of radio! sot ope mineral analysers. The participants calculated
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the pay-back time for the OSA in each of their countries. Most of
them arrived at a figure close to four months as the pay-back
time.

2. 4. EXECUTIVE MANAGEMENT SEMINARS

Two executive management seminars, each of two days duration
were conducted at Baguio City. Philippines. The first seminar
conducted in 1984 was attended by 9 senior executives from S
countries. The programme concentrated on providing information
required for business decisions to use nucleonic mineral
analysers. Emphasis was placed on the level of financial
investment needed and estimated economic benefits.

The second seminar was organised in 1986, exclusively for
managers from the Philippines mineral industry.

2. 5 OUTPUT OF MAN-POWER DEVELOPMENT PROGRAMME

Compared to the pre-project status, there is undeniably
considerable expertise in on-stream analysis and control of
mineral concentrators in Philippines, Malaysia, China, Thailand,
Indonesia and India. The awareness generated through the executive
management seminars is equally important if not more. Once the
decision makers are convinced of the technical and economic
benefits, then the local experts can help in the selection of the
systems, their installation and organizing local training
programmes for operators.

There are now 6 on-stream analysis systems known to be
in operation or are being installed in the region CPhilippines
i, Malaysia 1, China 3, India 1 ,D. There is reason to believe that
there are probably others more recently installed in Philippines
and Indonesia.

An interesting fallout of the training programme is the
benefit derived by M/s Hindustan Cooper in India. Their
participant to the metallurgists' course, after exposure to the
control part of the course, realised that the limitation on the
concentrator troughput at his company's mine site was due to
overgrinding of the ore. This helped in significant increase in
the concentrator throughput and savings in power and grinding
balls and also avoided the need for a new concentrator.
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3. TECHNICAL AND ECONOMIC BENEFITS

By 1986 there were five AMDEL OSA's operating in the region
outside Australia; one each in Philippines and Malaysia and three
in China. In addition,, one x-ray tube OSA is reported to be
operating in Indonesia. Three more systems were to be ordered, two
by India and one by Philippines. There already existed laboratory
type nucleonic analysers in mineral processing plants in some
countries including India and Indonesia. Technical and economic
benefits from both types of systems are briefly indicated
hereunder.

The Malays!an example is a case in point. The company. M/s
Overseas Mineral Resources Development Sabah Berhad, owns and
operates the Mamut Copper Mine in Sabah, East Malaysia. The Mamut
concentrator processes about 2O,OOO tonnes of copper ore. The ore
has, on average, 0.56 wt% copper, O. 6 g/t gold, 3 g/t silver with
recoveries about 88, 5O~6O% and 7O% respectively. An AMDEL system
was installed with solid state detector probes in the rougher
tailings and cleaner tailings streams and scintillation detectors
in the copper concentrate stream. It is reported that the OSA
helped in reducing the reagent addition rate by 1O% resulting in
an annual saving of US$233,OOO, well above the total cost of the
system.

In the case of the Phi lex concentrator in Philippines, no
figures for savings are available. Inspite of the calibration
problems and lack of accuracy described earlier, the company had
offered to acquire the system by paying a negotiated price to the
Project. Immediately after installation of the system in September
1983, the copper recovery started increasing from about 8O% and
reached nearly 84% by March 1984. It appears to have remained
steady thereafter since the company's annual report for 1987
indicates a copper recovery of 83. 4% and compares with the 1986
figure of 83.5%. The report further states that "Metallurgical
test work was continued on copper and gold recovery and the
on-stream analyser at the Flotation Area was used successfully".
In a recent report sent to the Philippines National Counterpart of
the Regional Project,, the Phi lex officials expressed their
complete satisfaction with the system and identified the following
two intangible benefits;
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ClD continuous availability of XRF assay info provides better

operator control of the flotation circuit, and
C23 better control of the process affects production economics

through improved flotation performance.

M/s Hindustan Zinc, India have two AMDEL radioisotope

laboratory analysers which are being used for a fairly rapid
analysis of samples from process streams of two adjacent
concentrators. They report 1.5% increase in recovery valued at
USSSOO.OOO attributable to the use of the radioisotope analysers.
They are presently installing one AMDEL make on-stream analyser at
their Udaipur plant and the installation is expected to be
completed by November this year.

PT. Preussag Kelapa Kampit, Indonesia have two off-stream

radioisotope mineral analysers MAP 2 and AMDEL 818 for tin assay.
After a full assessment of the techno-économie benefits, they
chose to have laboratory type analysers as on-stream analysis was
not justifiable at their level of production. They report
significant technical improvements from the use of the laboratory

analysers. These improvements, they insist, were possible only
after considerable effort in investigating the right range of
application, the accuarcies obtainable with different types of
samples and appropriate on-site calibration and checking
procedures. The manuals provided by the suppliers were considered
totally inadequate to effectively use the analysers. Training of
personnel, as provided under the Regional Project, is considered
essential by the company. The benefits realised from the use of
the analyser are low cost and fast analysis. The later advantage
of fast analysis helps in controlling the mining and plant process
whereas the earlier conventional assay procedure was too slow to
be of any real value to the company.

From the foregoing it is clear that the mineral processing
industry in the region of Asia and Pacific has come to realise the

importance of isotope methods of analysis and the technical and
economic benefits from such applications.

4. FUTURE POTENTIAL

The regional mineral processing industry outside Japan and
Australia is estimated to produce US$2 billion worth of metals.
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Five on-sirearn analysers operating today can only be considered a
beginning. Large potential for increased application of OSA* s
exists particularly in China and Philippines followed by India and
Indonesia.

In view of large enthusiasm shown by China, two short-term
C3-4 days} courses on "instruments for on-line and bulk analysis
in the mineral industry" were organised in Shanghai and Beijing.
The Shanghai course was attended by 47 participants and the
Beijing course by 3O. This demonstrates the potential in China.

In India both Hindustan Copper and Hindustan Zinc are very
keen on OSA's. In addition to the OSA installation mentioned
above, Hindustan Zinc is considering installing one more system at
a new mining site. Lepanto Mining Corporation in Philippines also
plans to install an OSA in their process plant.

5. NUCLEAR METHODS IN COAL INDUSTRY - AN RCA ACTIVITY

The UNDP/IAEA Regional Industrial Project is implementing a
separate activity on the use of nucleonic control systems CNCSD in
coal. This activity is being fully supported by the Government of
Australia as part of their contribution to the regional project.

The programme on NCS Ccoal3 was planned based on the
recommendation of a two-member consultant mission in 1986 of
Prof.Dziunikowsky, University of Mining and Metallurgy, Krakow,
Poland and Mr. A.C. Eapen, Bhabha Atomic Reseacrh Centre, Bombay,
India. The mission visited Australia and recommended activities
oriented towards the use of nucleonic coal-ash monitors in the
region's coal mining and user industries.

The first event under this programme was a Regional Execitive
Management Seminar CREMSD organised in Australia in
September-October 1987. The seminar focused attention on the
principles, design features, operational aspects and economic
benefits of two nucleonic coal-ash monitors CCOALSCAN 35OO and
COALSCAN 45OOD being manufactured by MCI Pty. Ltd., Australia.
There were 9 participants from 6 countries and they could get a
deep understanding of all aspects of nucleonic coal-ash monitoring
through lectures and visits to mine sites and power stations where
the COALSCAN was being used. It was learnt that the pay-back time
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in certain cases was as low as a Tew weeks. In one case the
pay-back time was calculated to be only five weeks; the annual
savings being $2 million at an investment &2OO,OOO.

The Project now plans to implement the next stage of the
Project activity which involves the installation and commissioning
of a COALSCAN 35OO Cwith moisture meter D at the Mae Moh Lignite
Mine in Thailand and the organization of a three-tier
training/orientation programme for engineers, piant-managers and
company executives from the coal mining and user industries. This
part of the programme with an estimated budget outlay ofnearly SI
million is expected to commence early next year and extend upto
1993. In over 25 separate courses, about 5O engineers/scientists,
45 piant-managers and 35 company executives are expected to
participate.

It is also learnt that the Mae Moh Lignite Mine in Thailand
plans to acquaire 5 more COALSCANS for ash-control of its
operations.

6. CONCLUSIONS

Mineral NCS activity of the UNDP Regional Industrial Project

effectively contributed towards CaD development of man-power
for on-stream mineral analysis and CbZ> awareness of the technical
and economic benefits obtainable from the use of OSA systems. The
new activity on NCS Ccoal5 is expected to yield substantial
outputs.

The availability of expertise and equipment within the region

in Australia helped in the success of the project activities.
The regional mineral industry, from its own experience,

confirmed the positive economic benefits from the use of both
on-stream and off-stream radioisotope analysers.

The size of the regional industry and its awareness of the
benefits of nuclear methods indicate good potential for increased
use of the methods in the future.
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Abstract

The radioisotope X—ray fluorescence measuring system has
been developed for automatic multielement, analysis of zinc—lead
ore slurries. The system consists of several XRF measuring
probes, electronic unit and minicomputer with its peripherals.
The system has been used for simultaneous determination of
Fe,Zn and Pb in flotation streams with accuracy within 3-13 °/i,
depending on metal concentration. Improved control of the
flotation process resulting from on—stream analysis has led to
increases of up to 3.4 % in metal recovery.

1. INTRODUCTION
A modern metal ore flotation process requires a continuous

instrumental measurement of metal content in main flotation
streams. The introduction of continuous on—stream analysis
system to mineral processing plant leads to better control of
the flotation process, which results in economic benefits
through increased recovery of valuable minerals and reduced
consumption of reagents. The additional advantage is reduction
of staff both in plant and in analytical laboratory.

X—ray fluorescence technique is most often used for
on—stream analysis of metal ore—slurries [13. Especially the
radioisotope energy—dispersive XRF CREDXRF) method provides the
possibility of using measuring probes immersed into the slurry
in point of analysis. The main advantage of this technique is
the elimination of transportation of slurry to a central
laboratory which houses the X—ray spectrometer.

REDXRF measuring system has been developed by us for
on—stream determination of Fe, Zn and Pb in zinc—lead ore
slurries [23.

2. METHOD OF SLURRY ANALYSIS
In XRF method it is necessary to eliminate the influence

of the variation in the chemical composition of the solid
fraction and water content in the result of analysis. This is
obtained by additional measurements of backscattered primary
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radiation and the intensities of the characteristic X-rays from
the main interferring elements. For the determination of zinc,
lead and iron in zinc—lead ore slurries a simple calibration
equation is used [33:

G. = a .+ a.. I. +i 01 11 i a. . I . + a.. I,ij j ibs bs C13

where:

01- aibs = the constants to be determined from
regression analysis.
C. = thé concentration of the determined element.
I. , I . = the relative values of the measured intensities ofi Jcharacteristic X-rays of the determined i-th element and
interferring j—th element, respectively.
I. = the relative intensity of backscattered radiation.

If a linear model is not sufficient it is possible to use
more complex calibration equation which cover a greater content
range and take matrix effect better into account. In some case
a slurry density gauge may be needed [31.

3. DESCRIPTION OF THE MEASURING SYSTEM
The system consists essentially of X-ray fluorescence

immersion probes, electronic unit and minicomputer with its
peripherals.

The probes are mounted in the plant in the flow—cell fed
by a by—line from the process streams. A schematic diagram of
the flow—cell is shown in Fig. 1. The flow—cell consists of two
vessels connected by siphon. Entrainment of air in the analysis
zone is minimised by having baffle plates and de—aerator. The
flow—cell is equipped with sampler, allowing samples to be
taken for calibration and control analysis.

baffle
plate

slurry i
nlet j

/

/

V

dea<

/

/
^

Probe
position

Calibration
Sampler

vessel
slurry outlet

-Sampler

/
baffle
plate probe

position

Fig. 1. Schematic drawing of flow-cell.

XRF probe CFig. 23 consists of a rigid, water proof cover
with the measuring Melinex window, an argon-filled proportional
counter Cenergy resolution-17 îî at the energy of 6.4 keV) and
radioisotope source. Usually Gd—109 radioisotope is used of the
activity of 73-185 MBq, depending on the flotation stream. The
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Fig. 2. Schematic drawing of XRF gauge. 1-waterproof cover,
2-Melinex window, 3-proportional counter with preamplifier,
4-radioisotope source, S-nylon grid.

probe is additionaly equipped with the heater for stabilizing
temperature inside the probe, window puncture sensor and
leakage sensor

In Fig. 3 a. scheme of the electronic unit and data
processing system is shown. The electronic unit consists of a

s.c
ANALYZER

S.C
A M A I V7C7D 1

SERIAL
COUNTER

s.c
ANALYZER

S.C
ANALYZER

FACE

CAM AC DATAWAY

INTER-
FACE

4 *
EXTER.
CLOCK

DISPLAY
CONTROLLER

U
MICRO-

COMPUTER
PRS-4

f

L

FLOPPY
DISC

MEMORY

TV
MONITOR

MOSAIC
PRINTER

Fig. 3. A scheme of an electronic unit and data processing
system.
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set, of four channel spectrometers equipped with peak
stabilizers. Selection or the energy channels coresponding to
energies of the characteristic X-ray lines of the determined,
and interferring elements as well as to the energy of the
backscattered radiation is made in a differential Cwindow)
mode. The data processing system provides the number of counts
every 100 s in particular energy channels and calculates the
concentration of the determined elements in slurry solids. The
mean values of Fe, Zn and Pb concentrations are printed at
fixed time intervals C15 min> and are also displayed in the
flotation room. Also the computer activates an alarm when
electronic equipment or technological process is
malfunctioning. Another program enables calculation of the
coefficients of calibration eqution from the signals and the
results of chemical analysis of calibration samples taken from
the particular streams. The simple statistical evaluation of
the calibration results is also made.

4. BENEFITS OF ON-STREAM ANALYSIS SYSTEM
The on-stream analysis system was tested in mineral

processing plant for zinc-lead ore slurry analysis. The
accuracies of the determination of zinc, lead and iron in
zinc-lead ore slurries are presented in Table I. Figure 4
shows one month comparison of the results of on-stream and
chemical determinations of lead and zinc in tailings. The
accuracies of the determination of Zn, Pb and Fe appeared to be
satisfactory for process control. Two EEDXRF on-stream analysis
systems have been installed in mineral processing plants for
permanent work.

Table I. Accuracy of on—stream analysis
zinc—lead ore slurries.

of

Analysed slurry

Tailings
Feed
Concentrates

RSD

10 -
5 -
3 -

Oil*

IS
8
S

Standard deviation values have been
calculated from the deviations of the
results obtained from on—stream analyses and
from those obtained by chemical analysis.

The main advantages of the system are: automatic
multielement analysis, ease of maintenance and operation,
reliability and speed. The system runs unattended during
afternoon and night shifts. The main items requiring attention
during day shift are : measurement of standard samples,
checking the stability of electronic equipment, checking the
XRF probes and flow-cells and changing of XRF probe windows
every two weeks.
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Fig. 4. Comparison of on—stream and chemical déterminât.ion of
Zn and Pb in tailings.

On-stream analysis has proved to be a valuable aid to the
Flotation operator as it provides information on the
performance of the flotation plant. The use of on-stream
analysis system reduces the delay between taking sample and
reporting of the analytical results which are used by operating
personel for process adjustments. Especially, the rapid
response of the measuring system enables us immediate detection
of disturbances affecting flotation process e.g. a blockage in
reagent feeding lines. This significantly reduces time lags in
taking corrective action by operator. Faster elimination of
such disturbances leads to a reduction in tailing losses and
improves the quality of concentrates.

The results of the determination of zinc, lead and iron in
particular flotation streams are used for optimization of the
flotation process by controlling the reagent additions as well
as a pulp level in flotation banks. The above parameters are so
adjusted as to keep zinc and lead contents in tailings below
the permissible level. Such improved control of flotation
process reduces average zinc and lead contents in flotation
tailings thus increasing the recovery of valuable minerals.

The on—stream analysis system is an essential prerequisite
for the development and introduction of an automatic flotation
control in mineral processing plants.

Improved control of flotation process resulting from
on—stream analysis has led to economic benefits through
increased mineral recovery, more stable concentrate grade and
reduced consumption of reagents. The additional advantage is
a reduction of shift control analyses and of associated works
in chemical laboratory.

Gains in the metal recoveries and reagent savings recorded
in two mineral processing plants in Poland are given below:
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- increase in ZnS recovery
- increase in PbS recovery
- reduced reagent costs

2.7X-3.4*
1,2X-4.4X

The pay back period both installations in Poland was less
than four months.

5. CONCLUSIONS
The results obtained so far confirmed a high degree of

applicability of the REDXRF measuring system . The on—stream
system has proved to be the very useful tool for operating
personel and has resulted in considerable economic benefits.
The industry acceptance has been confirmed by the fact that the
REDXRF measuring system is to be installed in next mineral
processing plants.
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Abstract

The benefits of a new automatic X-ray fluorescence method
are described. It is successful used for carrying out express
analysis of uranium in the flow of solutions. The sensitivity
threshold for the determination is nearly 5O ppb.
The analyzer properly combines
— a system for sampling and solution modification,
— a radiochemically proved step for the selective preconcen-
tration of the interesting metal traces,

— and the X—ray fluorescence analysis, including a sealed
proportional scintillation counter as detection instrument,
and a radioactive source for the excitation of the sample.
The X-ray fluorescence analyser RFAA-3O is controlled by a
compatible personal computer and can not only be integrated
into industrial control systems but also used in labs. There
is expected an increasing importance of such type of an analy-
ser because other important heavy elements such as Ag, Cd, Cu,
Ni, rare earths, platinum metals, Au, Hg and Tl can be also
determined.

The control of hydrometallurgical processes and the environ-
ment protection require the determination of heavy metal
traces in aqueous solutions. A very high sensivity is often
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desired. Many analytical methods used up to the present time
have not satis-fied the requirements of modern industry and of
environmental research.

Both our new automatic X-ray fluorescence method and the new
analyser RFAA—30 Pi] are successfully used for carrying out
express analyses of uranium in the flow of solutions. The
sensitivity threshold for the determination of this element
is nearly 5O ppb.

The analyzer properly combines
- the X-ray fluorescence analysis, including a sealed propor-

tional scintillation counter as detection instrument, and a
radioactive source for the excitation of the sample,

- a system for sampling and solution modification,
- and a radiochemically proved step for the selective precon-
centration of the interesting metal traces (Fig.i).

reagent
output

X-ray

act/ecus
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\ ^=i
sampfing j modification of

\ the solutioni

M««
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enrichment

i excitation of characteristic
\ X-ray
i
\ element déterminât/onii
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FIG.1 Scheme of the X—ray analyser

50



The decision to use the RFAA-3O X-ray -fluorescence analyzer
will be -fully justified i-f

— an automatic analyzer -for routine analytic work is needed,
— the measurements have to be largely continuous and taken at
the process stream,

— it is necessary to detect extremely low concentrations o-f
various elements down to the ppb—range,

— the production process cannot wait -for control commands -from
a conventional -factory laboratory,

— high speed, reliability, reproducibi1ity and accuracy are
required.

The bene-fits o-f our automatic X-ray fluorescence analyzer are:

— a robust construction which is largely protected in order to
withstand industrial operating conditions which are often
tough,

— an optimum use o-f instruments and materials by applying a
radionuclide X—ray source,

— -fully automatic measurement, real time processing of
measurement data and the provision of process control
signals by using compatible personal computers,

— easy operation by menu—driven evaluation programs,
— the detection of even very low element concentrations, using
both their physical and chemical properties, through pre-
vious chemical enrichment,

— the option of simultaneous measurement of other important
parameters such as temperature, CO content, pH value, con-
ductivity etc. by integrating further measuring sensors.

The analyzer RFAA—30 combines the selective enrichment of a
particular element or a group of elements with its subsequent
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quantitative determination by means o-f X-ray -fluorescence

analysis.

The sampling is done -fully automatically by separating a
defined quantity o-f liquid -from the process stream or a series
o-f samples to be analysed, making use o-f approved standard
equipment supplied by VEB EAW Elektronik Dresden consisting of
- fixed volume proportioning units,
- a proportioning pump with adjustable output, and
- a reactor unit.

The selective enrichment of the element to be determined is
carried out in an automatic liquid-solid enrichment stage.

Depending on which component or components are of interest, a
special chemical reagent can be added to it in order to obtain
a favourable chemical form of the elements to be determined.
The solution is then contacted with a porous sorption tablet,
the contact time being chosen to ensure a 1OO per cent enrich-
ment on the sorbent of the element(s) to be analysed and thus,
at the same time, the elimination of interference components.
Loaded sorption tablets can be regenerated.

The transport of these measuring tablets from a magazine into
the "loading" and further into the "measuring" position and
their deposition in a stacking magazine is done by an electri-
cally driven sample changer (Fig.2).
The radionuclide X—ray sources offer a definite advantage over
X-ray tubes in that they do not need a supply from external
current and voltage sources. The energy of the exciting ra-
diation can be adapted to the measuring task by a correspon-
ding selection of the radionuclides or by including a seconda-
ry target. The use of the nuclides Cd-109 and Am-241 is pre—
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FIB.2 Sample changer with PSC

ferred. The sources are in a shielded source holder which
permits the exit of primary radiation in the direction of the
measuring tablet.
The proportional scintillation counter PSC (a novel X-ray
detector) enables easy detection o-f secondary X-ray quanta
in an energy range of 3 ... 3O keV. Outstanding features are
its robust construction and its maintenance-free operation as
it does not require any cooling, unlike most semiconductor
devices On the other hand, its spectrometric parameters as
well as energy resolution» and thus the separation of neigh-
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bouring X-ray lines, are clearly superior to those obtained
with conventional proportional counters. Due to the physical
principle of PSC production of inert gas luminescence resul-
ting from an absorption of X-ray quanta it is possible to
detect X-ray fluxes up to nearly 10» s-1 without a deteriora-
tion of spectrometric properties, ensuring at the same time
high counting efficiencies.
A modular assembly for the processing of analogue pulses comes
after the proportional scintillation counter. Its components
are:
- high voltage supply units 2 and 5 kV, respectively,
- spectrometric amplifier,
- electronic peak height stabilizator,
- 256 channel Wilkinson ADC integrated spectrum buffer.
The latter can store pulse height spectra and transfer them to
any computer for evaluation of the spectra. Its core is the
analogue—to—digital converter which has a functional unit for
intelligent processing of measurement data.
For the control of measuring data processing and of spectrum
evaluation a software package is offered which can run on any
MS-DOS compatible computer system. The implementation of user-
specific evaluation algorithms can be done on the basis of the
programming language Turbo—PASCAL.
An increasing importance of such type of an analyser is ex-
pected, because other important heavy elements can also be
determined. If the sorption parameters and also the conditions
of excitation for the X-ray radiation to be analysed are
adapted as completely as possible to the measuring task,
detection limits of some ppm or even ppb become a real possi-
bility for a great number of elements, reaching from V via Ni
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and Cu, the rare earths, Ag, Cd, the platinum metals, Au, Hg,
Tl, Pb up to U. All this is achieved with measuring times of
just a few minutes.

The X-ray fluorescence analyzer RFAA-30 can be not only inte-
grated into industrial control systems but also used in labs.

This opens up important applications
for mining, metallurgical industry, chemical industry, for
process control and monitoring of waste solutions (effluents),
in energetics, power plants for monitoring of polluting
effluents,
in environmental protection for monitoring of effluents,
river and drinking water, and
in microelectronics for recovery of valuable metals and bath
control to mention just the most important ones.
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THE PHOTOACTIVATION ANALYSIS OF COPPER
IN COPPER ORE AND FLOTATION PRODUCTS

W. CZAJOWSKI
United Lower Silesian Copper Mines,
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Abstract

This paper details a photoactivation analysis method for estimation of copper
in copper ore and floatation products. The reaction 3Cu (y.n) Cu-t-ß results
in annihilation radiation which is measured by gamma spectrometry with time
resolution 1-2x10 nanoseconds. The paper describes the analytical
system using this method. The method has been found useful not only for
determination of Cu in ore and floatation products but for determination of
Pb, Zn and Ag. The method is very fast, inexpensive and avoids the use of
noxious and corrosive chemicals which are required for conventional methods of
assay.

1. INTRODUCTION

Implementation of a method of photoactivation analysis of copper in copper
ores was carried out with the contribution of engineers and technicians from
the Central Laboratory and the mines assay labs, i.e., Lubin, Polkowice,
Rudna. This method was introduced then in their laboratories and has been
successfully used till now. The analytical systems were commissioned in 1971,
1973 and 1975.

Before I commence with presenting here of the economic aspects of the
photoactivation method of analysis I would like to explain the objectives that
made us install this technique in our assay labs and the advantages that are
found in our conditions.

The main objective that made us develop this new method of analysis was the
need for increasing efficiency of copper determination in the mines assay labs
not possible to be attained by other chemical methods. One should bear in
mind that mining of 7 million tons of ore per year requires an average of 400
analyses of copper per day (250-300 geological samples) to secure efficient
mining and beneficiation operations.
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To carry out the same amount of chemical analyses (for instance, iodine
fluoride ntethods) presents the assay labs with uncomparable effort and costs:
high consumption of chemicals, higher employment, laborious sample preparation
and nuisant working conditions as compared with fast, physical method of
activation analysis. Investigations over implementation of nuclear activation
technique to the mines assay labs practice were initiated in the KGHM Central
Laboratory at the beginning of 1969.

The idea has been practically confirmed by Pradzynski from IBU who activated 5
ore and concentrate samples in the All Union Institut of Nuclear Geophysics,
Geochemistry in Moscow where this method was first proposed to be developed
/Sulin/.

Our theoretical considerations were experimentally tested on an analytical
system compiled of a coincidence detector from the Muclear Physics Laboratory
of the Wrocaw University and the Betatrons from IBJ as a source of gamma
radiation. The analytical system was assembled in IBJ Swierk and the
experimental developing of the new analytical method was commenced.

Promising results of the first measurements have encouraged KGHM management to
set up a program for development of a commercial analytical method based on
nucleus activation for determination of copper in ore and concentrate samples.

All data necessary for the design and construction of the analytical system
were collected experimentally.

Some fundamental rules of photo activation analysis are listed below:

probability of reaction occurrence depends on the active cross-section
area of nuclides.

- due to different activation energy thresholds for different nuclides, it
is possible to attain selective activation by using photon beams energy
below the activation threshold of nuclides that are to be discriminated.

sample activity is directly proportional to the activation time during
the first activation half life provided that the activation beam energy
is constant.
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by exposing samples of different elements to hard gamma radiation it was
found that for some specific ranges of energy the radiation absorption
suddenly increases due to the reaction (gamma,n) defined as a huge
resonance.

The absorption increment is so high that it can be named as the reaction
threshold. Some values of reaction thresholds are given in Table 1
/Bezerin/. It should be noted that threshold values quoted by various
authors may slightly differ.

Results of our own attempt to determine the most selective action energy
for copper Cu are presented in Fig. 1. The favourable position of
the resonance curve in relation to the matrix elements can be seen very
clearly.

The scale on the abscissa is expressed in terms of divisions on the power
adjusting dial of the Betatron. For our instrument the operating point
was selected with power adjusting knob set on 350 and this refers to 13
MeV. In these conditions the other matrix elements are not activated but
only copper is.

The irradiating beam energy is established within the range of ± 60 KeV
and this is quite satisfactory for selective activation. The irradiation
initiated nuclear reaction Cu63 (gamma,n) Cu62

Cu62 —————— Ni62 4- ß+ + further

results in annihilation reaction releasing 2 counter-directed quanta with
the energy of 0,511 MeV according to the reaction

ß* + e ——————> 2y

The annihilation radiation is measured by means of gamma spectrometer
with time resolution l-2.10~7ns fitted with scintillation beads
arranged in appropriate geometry. The annihilation radiation intensity
depends directly on the copper concentration in the sample. This is
represented in Fig. 3.
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A

300 SSO

Acceleration time, units on the adjusting dial

FIG.1. Betatron calibration curve.

2. INSTALLATION OF THE ANALYTICAL LINE AMD TESTING

Figure 2 presents the analytical system using this method. It consists of the
following elements:

- the sample transportation system, which consists of 3 channels for
transportation of the samples to the activation source and then to the
activation measuring spectrometers,
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sample preparation room

samples transpor-
ting lounderj -jf^.iir-v-j, „ —., •..—.....a

wall

eleetrie gear
cubicle

control panel

be batron !!'

spectrometers

belt conveyor

radia-
tion beaiaj

sample chute
I to the storage

FIG.2. Layout of the activation analysis laboratory.

the radiation source - betatron B 30's (Polish make, I.B.J. Swierk near
Warsaw) is the source of gamma radiation with maximum quantum energy 30
MeV, and maximum radiation intensity 100 R (min) m2,

the annihilation radiation detector system which consists of: 3 sets of
fast coincidence system with resolution time 100-200 ns, with
scintillation heads NaJ/TL diameter 3" and photomultipliers EmM.J. dia
80 mm.

- control and monitoring system.

Circulation of samples in the analytical line is fully mechanized in order to
secure high capacity and safety. Times of particular operations: activation,
detection intervals, transportation and recording are centrally controlled for
all three channels.
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The sequence of analytical operations is as follows: each sample is dried and
ground to grain size less than 3 mm. After the samples are put into specially
designed plastic containers (40 mm dia and 20 mm high) which are then weighed,
on both sides of the containers two plastic caps with copper plates as
reference standards (99,99% Cu) are pressed. These secure constant geometry
of the containers and make sample transportation easier. So packed sample
after marking and registering is introduced to the analytical line. Samples
(three at a time) are introduced to the system automatically and operation of
the system is supervised by an operator in the control room. The sequence of
the automatic operations is as follows: sample activation in betatron 7 min,
cooling down and transportation of activated sample to the spectrometers room
l min and activity measurement 5 min. Total time of the cycle is constant,
and this determines the efficiency of the analytical system.

The measured sampled activity is referred to the constant number of countings
from the monitor, i.e., to constant energy of the activating beam and to the
constant mass of the sample, and then is correlated to copper content in the
sample. The result of analysis is directly obtained from the calibration
curve, which covers such parameters as: sample mass, channels numbers, self-
screening, self-absorption, etc.

Figure 3 presents the calibration curve. Calibration of the curve was done by
means of the same samples which were first activated and measured, and then
ground for chemical analysis. For 3 different samples standard deviations
were determined:

wastes (low in Cu) 8,26%
feed (overage in Cu) 3,68%

concentrate (rich in Cu) 2,00%

Compared to this, the standard deviations for a classical analysis are as
follows:

wastes (low in Cu) 10,1%
feed (overage in Cu) 2,66%

concentration (rich in Cu) 1,87%

The influence of moisture and grain-size distribution was checked. If the
sample is homogeneous, and for grain size up to 2-3 mm, such influence does
not exist.
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FIG. 3. Sample activity as a function of the copper content
(corrections included).

3. ECONOMIC BENEFITS OF THE PHOTO-ACTIVATION ANALYSIS

Implementation of this method, besides technical advantages, presents also
economic benefits, safety, and better work conditions. The method proved to
be useful not only for determination of Cu content in ore and flotation
products, but it may also be used for determination of Pb, Zn and Ag. It is a
rapid method. For one sample it takes about 15 min.

It is a reliable source of information, because the samples are about 100 g
mass. Accuracy is similar to classical methods and this technique is more
convenient for routine analysis,

The main reason for developing this method was to shorten the sample-
preparation and the analysis, which were impossible with chemical methods.
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We should keep in mind that our mines, producing 7-12 million tons of copper
ore per year, usually need 300-400 analyses of copper ore per day; to optimize
the mining and beneficiation operations; 70% of our samples are geological
ones.

Carrying out such a number of analyses with classical method, for instance,
jodine-fluoride method, involves some problems. In our condition it will
require significant quantity of chemicals, higher employment for sample
preparation, and laboratory technicians for chemical analysis.

For detailed discussion of the economic and technical aspects of the
photoactivation method of analysis and for comparing it with the classical
method, the following should be considered.

1. Time necessary for sample preparation.
2. Time of the analysis itself.
3. Laboratory staff employed.

Ref. 1. In classical analysis about 2 hours are needed to prepare a sample,
while in photoactivation analysis it takes only 1 hour (mostly for drying).
Sample preparation is a series of procedure so one technician is able to
prepare 30-40 samples for the classical analysis and 150-200 samples for
photoactivation method within 8 hours.

Ref. 2. One single determination of copper by the classical method takes 3-4
hours, while the photoactivation analysis takes only 7-12 minutes. It should
be mentioned here that, like the sample preparation, the classical analyses
are also made in series, so for 200 samples per 1 shift/8 hours/7-9
technicians are to be employed and only 5 persons on the betatron system. It
should be noted that betatrone operates 3 lines simultaneously so actually one
sample determination is 7-12 minutes when divided by 3 samples that makes 3-4
minutes per one sample.

Ref. 3. The mines assay labs employed 40 persons before the photoactivation
method was implemented, now employment has been reduced to 30 persons. It
should be mentioned here that some 30% of analysis, mainly floatation
products, are made by chemical methods so far, the reasons beings as follows:

a. high water content of the samples (samples must be filtered and then
dried, there is a little saving on sample preparation time).
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b. metallurgical balance regulation requires that chemical methods are used
for this purpose.

The advantages of the implementation of the fast photoactivation method of
analysis are two:

1) Countable, resulting from:

a) lower unit cost of analysis, the actual figure for photo-activation
analysis is 200 z and for chemical method is 400 z based on 1987
prices.

b) reduction of laboratory employees.

2) Advantages difficult to estimate, but resulting from improved economy of
mining operations. Fast information on the mine copper ore grade allows
for more efficient extraction operations.

Mineralogical composition of our ore is variable so it is very important
to know the actual copper distribution across the mine front, to direct
the mining operation properly.

For the concentrator engineers, fast information on the flotation
products grade is useful for adjusting the process parameters accordingly.

The other advantages concern safety and working conditions. The
application of the betatron technique led to reduction by 70% of mineral
acids consumed for sample decomposition, so cost of maintenance of
exhaust facilities has been vastly reduced.

Also the emission of noxious and corrosive vapours (SO , NO and
2 2

HC1) into the atmosphere has been reduced, thus improving the
environmental condition around the laboratory building.
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BENEFITS OF NUCLEAR METHODS
IN LIGNITE PROCESSING

J.W. LEONHARDT, R. GÖLDNER
Zentralinstitut für Isotopen- und Strahlenforschung,
Akademie der Wissenschaften der DDR,
Leipzig, German Democratic Republic

Abstract

Lignite is the basis for power stations, gasification, coking and
heating in the G.D.R., The geological conditions in the open-cast
mines grow continuously more complex leading to a rather rapid
change of the composition and quality of the coal hauled. There-
fore the control of coal quality is important at several points
in the coal production/consumption circuit.
During the last years world—wide a lot of radiometric ash
monitors based on different methods has been developed, built and
checked at streams of both processed and unprocessed black coal
and partly lignite too. Recently some well-known concepts could
be improved matching the characteristics of the coal stream
applying on—line data processing using microcomputer techniques.
The range of activities of the CIIRR on this field comprices both
basic research and applied work. To solve the problems of the ash
content measurement of lignite in a reliable and economical
manner two radiometric systems named KRAS (complex radiometric
analysis system) an SIACON (silicon activation on-line) were de-
veloped and introduced into the practice of the mining and pro-
cessing of brown coal. Data processing is carried out by a micro-
computer .

1. Coal ash monitoring by means of gamma-ray absorption

Coal processing needs quick information about coal quality. In
many cases the ash content, which is the sum of mineral compounds
in coal, already allows to control addressing, blending and com-
bustion of the coal /!/. The complex radiometric analysis system
is designed to monitor the ash content in bulk raw lignite
streams on main conveyor belts in a non-contact continuous mode.
It can be used both at the exit of open-cast minings and at the
entry of power stations, briquette works, etc. KRAS is working on
the main conveyors of the power station at Hagenwerder and on the
main conveyor belt of the open-cast mine Delitzsch Süd-West too.
KRAS is a versatile system based on the use of gamma radiation
and existing in several versions to meet varying conditions of
operation. Using a method for the compensation of inhomogeneities
of the brown coal mass stream /2/ the error is about 3 mass-"/. Ad
(ash on dry basis) in high ash raw lignite (up to 70 mass-"/. A^ )
depending on the variability of the ash composition. The basic
instrument error which gives the lower limit of the total error
if there are no ash composition variation and calibration errors
is below 1 mass-y. Ad at 20 mass-"/. Arf in raw lignite. An error
analysis of these data shows that for black coal the accuracy
would be about three times higher due to its lower water content
and higher density resulting in a higher sensitivity.
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2. Experience in the radiometric on-line determination of the
ash content of raw lignite at the Hagenwerder power station

The 1.5 GW Power Station "Völkerfreundschaft" (PSV) at Hagenwer-
der (G.D.R.) is directly coupled to the open cast mine Berzdorf
via a main conveyer. All the raw lignite hauled must therefore be
utilized by the PSV irrespective of its quality. The constant
deterioration of the raw lignite quality due to geological and
petrographical problems now requires continuous ash content
monitoring as a precondition for a proper response of the PSV
dispatcher to the varying ash content e.g. by

— dumping up and down according to quality of the coal combined
with its appropriate blending (to ensure an equalization of the
coal quality and) to avoid too high ash contents, and by the

— adaption of the boiler operating conditions to the coal
qua 1i ty.

For this purpose at the PSV input an ash monitoring station
was constructed in 1982/1983 including a by-pass installation for
testing different radiometric methods /3, 4/.

2.1. The ash content measuring station

The measuring station erected at the exit of the coal crusher
station is sketched in fig. 1. Every 3OO sec the by-pass instal-
lation (developed by the ORGREB-Institute of Power Plants,
Vetschau, G.D.R.) automatically takes from one of the two main
belts a 400 kg sample (which lasts 40 s), crushes it down to
below 10 mm grain size and feeds it with a thickness of (15Î2)cm
onto a conveyor belt (width 600 mm) which passes the scatter-
transmission ash gauge KRAS-1 with a velocity of 3 cm s"1. After
the continuous separation of a reference sample the coal is fed
back to the main conveyor to which the 2—energy transmission
gauge KRAS—2 has been mounted. The splash—proofed electronics and
the display cabinets are installed at a local control room.

2.2. The ash gauge KRAS-1

KRAS-1 is based on the scatter-transmission of 60 keV gamma-rays
of Am-241. The total ash error including the radiometric, non-
correlation and calibration error contributions is 2.2 mass-"/. A0
in the range of 5 to 3O mass—X A0 and 3.3 mass—% A0 in the range
of 15 to 7O mass-"/. A^ for Berzdorf raw lignite. The dynamic basic
instrumental error is below 1.5 mass-7. A* for thickness varia-
tions below 2O mm. The system has been working since July 1983,
since January 1984 the? ash signal has been made available to the
dispatchers of the mine and the PSV.

2.3. The through belt ash gauge KRAS-2 /5/

The KRAS-2 ash gauge, the principle of which is sketched in
fig. 2, is a non-contact computer-controlled on-stream measuring
system based on the transmission of low and high energy gamma-
rays from radioactive sources (Am-241 and Cs-137, respectively).

68



from crushe
KRAS 2
'2 E-TM)

to local control room

Scheme of the ash
measuring station
s t PSV Hagenwerder

main
KRAS 1
(Se TH)

main conveyor
v = 5 m/s
x = ... 50 cm
ss = ... 30 cm

by-pass conveyor
v = 3 crn/s
x = ( 15 -+-1 ) cm
pS — ... 8 mm

Fig. 1. Scheme of the ash measuring station at PSV Hagenwerder
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Fig, 2, Scheme of the KRAS-2 ash gauge

Raw brown coal can be considered as a two—component system con-
sisting of the ash portion A^ to be determined and the rest
(combustible portion, water). 60 keV gamma photons of an ameri-
cium-241 source (6) are detected after transmission through the
mass stream to evaluate A0. In order to obtain a second, in-
dependent signal for eliminating the influence of varying bulk
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height and density a second radiation source is used containing
caesium-137 (662 keV photons) (6). This signal can be used to
determine the coal mass as well.
The signals are analyzed by a two—channel analyzer (10). The data
are processed by a microcomputer (9) which is contained in a
dust—proof cabinet. The computer may have a distance of up to
100 m from the measuring point. A0 and the magnitude of the mass
stream are continuously displayed and recorded in analogue and
digital form as desired (7,8).
The americium-241 and caesium-137 radiation sources are contained
in a joint lead shielding (5) underneath the conveyor belt (4).
The shielding is provided with a radiation window facing the
detector which is situated above the belt. A scintillation probe
combined with a photomultiplier (1) and provided with a lead
collimator (2) is used to detect the transmitted radiation only.
The sources and probe are attached to a so-called C-bow; the
inner width ranges between 0.5 an l.O m depending on the particu-
lar conveyor. The C-bow is mobile for the purpose of maintenance
and gauging. The off—belt position is used for control and static
calibration based on small samples of pulverized coal (about 3
kg) inserted into the gamma—ray beam.
The source housing comprising both radiation sources (10 GBq
Am—241, O.I GBq Cs—137), shielding and collimation is mounted
directly below and the scintillation detector 120 cm above the
belt. For special requirements the source and the detector may be
installed upside down.

2.4. Operational conditions and instrument accuracy

The KRAS—2 through belt ash gauge is designed to monitor the ash
content in bulk raw lignite streams on main conveyor belts in a
non-contact continuous mode. The system is fully automatic requi-
ring no routine attention from plant operators but a recalibra—
tion once in about 3 month if the ash composition has changed due
to changed geological conditions in the course of the mining
process.
Valid measurements are taken whenever the coal thickness on the
belt is in the range between approximately 5 and 35 cm. The
system automatically recognizes off-range thicknesses and in
those cases displays the last valid ash content on the chart
while continuously monitoring the belt.
KRAS-2 provides continuous ash content monitoring in raw lignite
streams independent of changes in sizing, bulk density, belt load
and segregations for power station feed control and also mine
grade control on uncrushed coal (sizing up to 300 mm).

3. Benefits of KRAS installations
On the whole the following benefits result from the work of the
CIIRR with the complex radiometric analysis system in the
energetics of the G.D.R.

# optimization of transportation and distribution processes
of coal,

* set up of dumps with high quality coal,
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* control of quality of the output of open-cast mines
or of the input of power stations and briquette factories
by blending ,

* increase of the lifetime of the equipment of power stations
by avoidance of extremly off-grade coal,

* decrease of slagging and fowling events,

* decrease of energy losses by coal quality adapted boiler
operation,

* economize of additive gas for boiler operation,

* reduction of the environmental pollution.

4. Silicon activation on-line (SIACON)

Because of the large penetration depth of neutrons and gamma-rays
neutron activation analysis techniques are suitable for the
measurement of the content of ash or selected ash constituents of
coal. The knowledge of the silicon content is a powerful tool for
process monitoring and control, especially if the silicon content
is in good correlation with the ash content of coal. Extensive
statistical analysis of the mineral constituents of G.D.R.—
lignite of different origin show the possibility to characterize
the behaviour of ash in the process of gasification, especially
the softening and melting of ash, by the silicon content of coal
in a fixed field of hauling. With it an optimal temperature of
the gasification process is adjustible for methods with liquid
slag and for methods with solid slag, respectively. Therefore a
fast analysis of the silicon content of the coal suitable for
gasification is of considerable interest.
A test run of an equipment in which sample handling was carried
out by hand under industrial conditions over a period of six
month proved its high reliability and its excellent suitability
for production control purposes. But the test showed also the
necessity to develop an automatic analyzer system, which
determines the silicon content at interesting points of the coal
stream in briquette factories. Therefore the SIACON analyzer
system was developed and installed in the gas combined works
"Schwarze Pumpe".
The main components of the SIACON equipment (fig. 3) are a
sampling device, an irradiation set and a measuring part /6/. The
coal samples fall from a chain conveyor into the sample device.
The sample transport system works on the principle of gravita-
tion. The measurement consists of irradiating the sample for
10 min with fast neutrons from a Pu-238/Be source, followed by an
interval of 15 sec needed for the transport of the sample to the
counting station and 2.5 min for the counting. So the equipment
delivers five measuring results per hour. The great advantage in
relation to the traditional combustion method (about one result
per 2.5 hours) is obviously. After the measuring cycle the coal
sample is splashed out by water.
For 24 samples the linear calibration curve was computed with the
standard deviation of 0.2 mass—"/. SiOss and the correlation co-
efficient of 0.98. For the content of Ad we got the same correla-
tion and a standard deviation of 1 mass-"/.. The variations in
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Fig. 3, Scheme of the SIACON analyser system

particle size (some micrometers to 6 mm) and free moisture
content ( 1O to 2O 7.) had virtually no effect on the accuracy of
the measurement.
Since march 1987 the SIACON equipment works continuously without
trouble in the gas combined works "Schwarze Pumpe". The results
proved to be best suited for the control of the production of
patient fuel, coal dust and gas.

5. Benefits of the SIACON analyzer

The attained benefits of the SIACON analyzer in the gas combined
works "Schwarze Pumpe" are
* automatic Si03- and ash-content measurement every 12 min with

high accuracy,
* control of coal drying,

* control of the quality of the production of patient fuel and
coal dust,

% elimination of the traditional combustion method connected
with the saving of 5 workers in the analytical laboratory,
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# control of the behaviour of slag in the process of
gasification,

# large decrease of slagging events in the gas generators,

# economize of steam as the gasification medium,

# stabilization of the production of gas resulting in a
production increase of 20,000,000 m^ gas per year.
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