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1. INTRODUCTION

A vd.de range of on-strcair. analysis systems is currently available

from commercial suppliers. Systems may be classified according to tht

type of detector, and to the method of presentation of the sample

which, in turn, determines the location of the detector.

Table 1 summarises the detector types and methods of sample pre-

sentation. Table 2 summarises the attributes of the different types of

detector. Each of the applications noted in table 1 has been commercially

successful, and has certain advantages and disadvantages. As the technology

develops we can expect improvements over the next few years.

TABLE 1
DETECTOR LOCATION

Detector
Type

Scintillation

Proportional

Solid-state

Crystal spectrometer

In-
stream

X

X

X

Near-
stream

X

X

Remote

X

X

TABLE 2
PERFORMANCE CHARACTERISTICS OF DIFFERENT DETECTORS

Analysis
Sensitivity

Multi-element
analysis

Counting time
per assay

Excitation
source*

Minimum size
system

Scintillation
Detector

Proportional
Counter

Adequate for feeds, concentrates
and most tailings

Each element
requires
separate
detector

1 - 5 min

Radioisotopes
3 - 100 mci

One stream

Yes, but
limited by
resolution

1 - 5 min

Radioisotopes
1 - 100 mCi

One stream

Solid-state
Detector

Good

Yes

1-10 min

Radioisotopes
30 - 200 mCi
& X-ray tubes

One stream

Crystal
Spectro-
meter

Excellent

Yes

20 s

X-ray
tube

10 - 14
streams

* 1 mCi = 37 MBq
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2. X-RAY TUBE/CRYSTAL SPECTROMETER SYSTEMS

The current versions of this type of system [Leskinen et al. 1973,

Basinger 1973] were developed over at least twenty years with many

notable failures along the way. Essentially, they follow the conventional

approach of piping slurry samples into a laboratory-type XRF analyser.

These systems sequentially analyse slurries sampled from up to 14

process streams and routed to a central air-conditioned room housing the

crystal spectrometer. The 14 slurry by-lines are installed side-by-side

in the room, and each has a flow cell with a thin window. The crystal

spectrometer automatically moves to the position in front of each flow

cell window, is stationary for 20 seconds while the analysis is made,

and then moves to the next window.

PROCESS
FLOW

SECONDARY
SAMPLE

SAMPLE
CELL FLOW
5 GPM

TIMED
SAMPLE

FIGURE 1

A SAMPLING CIRCUIT OF THE "COURIER-300" SYSTEM

A typical sampling system is shown in figure 1. A primary sample

of about 200 L min 1 is continuously taken from the process stream by an

appropriate saiup.ler. The continuous samples are routed to the central

laboratory, where each -by-line is cut by a secondary sampler (figure 2)

to 20 L min"1 which passes through the individual flow cells for analysis.

The slurry overflows are returned to the process streams.

Several elements can be determined simultaneously by using several

scintillation detectors with the fixed crystal spectrometer. This, and

the capability to analyse up to 14 streams with one crystal spectrometer,

are the main advantages of the system.
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The overall system, involving two-stage sampling, long routing of

slurries about the concentrator, flow cells, and the precise positioning

required for the spectrometer, is complex and very expensive. Sampling

systems are critical and require much maintenance (compared with immersion

probe and short by-line systems). The developments in these systems

over the past 20 years have led to reliable on-stream analysis, and the

largest number of commercial on-stream analysis systems are of this

type.

Two manufacturers are prominent in this field, namely, Applied

Radiation Laboratories (ARL) in the USA, and Outokumpu Oy in Finland.

The main advanbaqos of these systems are their ability to analyse

several elements simultaneously, and a good sensitivity which enables

low levels of metal concentration to be determined. The disadvantages

are high cost, inflexibility and uncertain reliability owing to the

complexity of equipment plus the problems of pumping samples through

small diameter lines.

3. SCINTILLATION DETECTOR SYSTEM

Scintillation detectors form the basis of immersion probes for in-

stream systems [Watt & Gravitis 1973, Watt 1977]. These systems, supplied

by the Australian Mineral Development Laboratories (AMDEL), are based on

research and development by the Australian Atomic Energy Commission.

The X-ray techniques are discussed in Part C of this series.

•vT

' FIGURE 2

CUTTER TYPE SECONDARY SAMPLING
SYSTEM AT THE PYHASALMI CONCENTRATOR
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FIGURE 3

RADIOISOTOPE IMMERSION PROBES
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Immersion probes for in-stream use are shown in figure 3. Each

contains a radioisotope source and a scintillation detector. The probes

feed signals to an electronic unit located nearby. A small digital

computer in the plant control room receives output from a number of

these units and then calculates the concentrations of wanted elements in

the various streams in which the probes are immersed. The general

configuration is shown in figure 4.

Teletype or Visual
Display Unit

FIGURE 4

GENERAL CONFIGURATION OF AN
IMMERSION PROBE SYSTEM

The XRF probes have outer windows of Mylar or Kaptan, normally of

thickness 0.05 mm. These windows are usually changed every two to

twelve months, the frequency depending on the abrasiveness of the slurry.

There is also an inner window in each probe; a sensor detects ingress of

slurry past the first or both windows, and activates an alarm in the

plant control room to signal window rupture.

A typical 'analysis' zone into which the probes are immersed is

shown in figure 5. To minimise air entrainment in the analysis zone,

slurry is entered below the surface of the slurry in the zone; in

addition, one or two baffle plates are installed. A small agitator ensures

that the turbulence in the zone is sufficient to provide good mixing.

The uniformity of slurry throughout the analysis zone is checked at the

time of installation by using a density probe to measure slurry density

throughout the zone.
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FIGURE 5

A TYPICAL ANALYSIS ZONE FOR A
15 TONNE PER HOUR TIN FLOTATION

STREAM
Each scintillation detector probe is designed to analyse for one

element only, so when several elements have to be analysed, or when

inter-element corrections are required, several probes are needed.

A typical installation to measure copper and zinc would require

a copper probe, a zinc probe, and a slurry density probe. Note that a

slurry density probe is required to correct for variations in solids

content of the slurry.

Accuracies obtainable with scintillation detector immersion probes are

Feeds 5 - 8 \

Concentrates 1 - 5 \ % relative

Tailings 8 - 12 )

The minimum detectable level is about 0.01 wt% of the metal being

analysed by this type of detector. Therefore, for very low value

tailings, as in copper operations where the copper level may be 0.05 wt%,

scintillation detectors do not give sufficient sensitivity. In these

circumstances, it is necessary to use a solid-state detector probe.

The advantages of scintillation detector systems are low cost, ease

of maintenance and operation, and reliability. The immersion probe

concept is also very flexible. The only major disadvantages are the

lack of sensitivity to low levels of metal and the need to increase the

number of probes to handle multiple elements or inter-element corrections.
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4. PROPORTIONAL DETECTOR SYSTEM

An on-stream analysis system based on an in-stream probe containing

a high resolution proportional detector is shown in figure 6 [Hietala &

Viitanen 1978].

•/C'TAsr
REGULATORS
DISCRIMINATORS
PULSE REGISTERS
CONTROL LOGICS
COMMUNICATION

ROTATING
MECHANISM —
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PULSE SHAPING

FIGURE 6

PROBE FOR ON STREAM ANALYSIS OF
MINERAL SLURRIES AND INCORPORATING
A RADIOISOTOPE X-RAY SOURCE AND A

HIGH RESOLUTION PROPORTIONAL DETECTOR

The overall performance of the detector, electronics, and spectrum

stripping techniques is checked regularly by the system's computer using

measurements of reference samples which are automatically rotated before

the detector. The probe can be used in-stream but it is recommended by

the manufacturer (Outokumpu Oy, Finland) that it be used on a sample by-

line with a flow ce!2. dimensioned for flow rates in the range 150-250

L min 1. This flow cell can be fed directly from the primary sampler

without the need for pumping. The accuracies expected under normal

operating conditions are:

Analysis Range

(wt %)

0.1-0.5

0.5-5

>5

Relatives Accuracy

(%)

5-15

3-8

1-5
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The minimum detectable level is about 0.01 wt%. This type of probe was

installed at the Keretti concentrator, Finland, in June 1976 to analyse

for the elements copper, zinc, cobalt, nickel and iron in two streams,

zinc rougher concentrate and feed of the zinc rougher circuit.

The system does not seem to have been widely accepted by the

mineral industry and there is very little information available on long-

term accuracy and maintenance requirements. A trial in Canada on a

copper zinc ore is known to have resulted in satisfactory accuracy on

feeds and concentrates but unsatisfactory results on tailings. Sub-

sequently, a solid-state detector was installed in the tailings stream.

5. SOLID-STATE DETECTOR SYSTEMS

Solid-state detectors have only recently come into prominence, with

four manufacturers now offering on-stream analysis systems based on.

these detectors. Systems are available either as a near-stream option

or in an immersion probe configuration for in-stream use.

5.1 Near-stream System

The near-stream systems [Watt 1977] allow two to four streams to be

analysed by one detector. Figure 7 shows a typical sampling system.

The sample by-line arrangement of an on-stream analysis system is based

on a solid-state detector, a radioisotope source and a short sample by-

line.

OVERFLOW RETURNED
TO PUMP BOX

^-SCREEN (6mm MESH)

SECONDARY
SAMPLt

SPIGOT OR SAMPLE
THIEF ON PUMP
DISCHARGE

RETURNED TO
PUMP BOX

PRIMARY
SAMPLE

SECONDARY SAMPLE FROM
ANOTHER STREAM

•CABINET

SLURRY SWITCHING
MECHANISM

BYPASS PIPE

SOLID-STATE DETECTOR

FIGURE 7

A SAMPLING SYSTEM USED IN AN ON-STREAM ANALYSER
BASED ON A SOLID-STATE DETECTOR LOCATED IN THE

THE PLANT CLOSE TO A PROCESS
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The primary sample, taken from the process stream of vertically rising

slurry, flows into the primary sample tank in which the slurry is de-

aerated and screened for foreign objects. A secondary sample of much

smaller flow rate is taken from this tank through a device which allows

slurries from up to four separate by-lines to be routed through the

sample flow cell viewed by the solid-state detector. The detector and

associated electronics are enclosed in a temperature-controlled cabinet

which is mounted near the process streams, so avoiding the settling

problems associated with long runs of pipe. This on-stream analysis

system has been tested in plant trials at Noranda Mines Ltd, Ontario,

Canada for copper, lead and zinc and is now installed in three mineral

concentrators in Canada. This system is manufactured by Inax Instruments

Lt.d, and Bondar & Clegg of Canada.

Counting time for low metal values can be long to achieve the best

precision, since there may be only a few counts per second in a particular

channel. Although it is generally considered desirable to limit counting

times to five minutes, up to ten minutes may be necessary for levels

below 0.1 per cent. This means possibly excessive times between reporting

assays if more than two streams are to be analysed by the same detector.

5.2 In-stream System

An in-stream probe system [Watt 1977] is manufactured by the Nuclear

Equipment Corporation, USA, and AMDEL has a licensing agreement to

market the probes. The in-stream probe is illustrated in figure 8.

This type of probe would generally be used only in tailing streams or

where several elements need to be assayed simultaneously. .

INSCAN
Solid State
Detector
Probe ...

Line Receiver Mini or Micro
Computer

Signal Analyser 2

FIGURE 8

SOLID-STATE DETECTOR IN-STREAM PROBE

Teletype or Visual
Display Unit
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The solid-state detector resolutions obtained under plant conditions

will generally be of the order of 200-300 eV. Minimum detectable

levels for most elements will be around 0.005 per cent, allowing sufficient

analytical accuracy for the vast majority of applications.

The disadvantages of solid-state detectors are cost, sensitivity to

vibration and electrical interference, and the necessity to maintain a

supply of liquid nitrogen (2-4 litres per week per detector).

6. GENERAL REQUIREMENTS

On-stream analysis systems represent relatively complex technology

operating in a harsh environment, mostly with rather poor maintenance

facilities and a long way from major centres of industry. A successful

system will have been designed to withstand the harsh environment and to

be maintained at the first level by process personnel rather than instrument

technicians. Therefore, the system should be as simple as possible,

robust and of modular design so that faults can be easily identified and

rectified by replacement of modules rather than components.

Availabilities of over 95 per cent are possible from the successful

systems currently available. This high availability is essential because

poor system performance, even for a short time, may result in loss of

operator confidence and long-term rejection of the system as an operating

tool.

Speed of response is important.. In general, each assay should be

available at least once every 15 minutes. Shorter times may be desirable

in some situtations where the system is used as the basis of process

control.

Very approximate numbers of commercial- systems in current use are

as follows:

X-ray tube systems : Applied Radiation Laboratories 29

: Outokumpu Oy (Courier system) 22

Scintillation detector systems : AMDEL 16

Solid-state detector systems : Inax, and Bondar & Clegg 4

Proportional counter systems : Outokumpu Oy 2

The authors believe that the future direction will be towards

smaller systems which offer the advantage of lower cost, more flexibility .

and simpler installation and maintenence requirements.
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