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PART E

APPLICATIONS OF ON-STREAM ANALYSIS SYSTEMS

by

W.J. Howarth
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1. BENEFITS OF ON-STREAM ANALYSIS

1.1 Types of Benefit

On-stream analysis permits closer control of the metallurgical

process, and brings increased efficiency and economic benefit through :

li) increased mineral recovery;

(ii) improved or more stable concentrate grade;

(iii) reduced consumption of reagents;

(iv) reduction in labour requirements for sampling and analysis;

and

(v) greater efficiency of experimentation and innovations.

Naturally, the particular benefits change from place to place, a«d are

not always evident or recorded in each plant, but all of those benefits

noted above have been experienced in Australian concentrators using

immersion probes and have been reported in the world literature.

The economic justification for purchasing and installing an on-

stream analysis system derives from an expected increase in efficiency

of operation. The simplest criterion is based on the concept of pay-

back time, i.e. the time over which the increased income from on-stream

analysis returns the installed cost of the system.

The following sections detail benefits of on-stream analysis as

given in published reports, or from direct communication with plant

operators.

1.2 Increased Metal Recovery

Concentrators normally operate in the recovery range 85-95 per

cent. Because of the large tonnage rates processed, small increases in

recovery can bring large increases in the value of concentrate. Some of

the examples in table 1 include automatic control.

In summary, increases in metal recovery from 0.1-3.0 per cent have

been reported by users of on-stream analysis who have kept careful

records. There has been no published record of a user who has made a

careful study and reported no improvement. Many users have reported

that they believe there has been an improvement, but cannot prove the

result owing to inadequate records or other complicating factors such as

change in circuit or change in ore grade.

1.3 Reduced Consumption of Reagents

Flotation reagents are an important component of the cost of pro-

cessing ore. Recent advice from reagent suppliers shows that reagent

costs are approximately as outlined in table 2.
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- TABLE 1

REPORTED INCREASES IN METALLURGICAL RECOVERY

Users

. E.Z. Co (Australasia) )

. North Broken Hill Ltd |

. Zinc Corporation )

. Mt Isa Mines

. Lake Dufault i

. Ecstall Concentrator V

. Mattagami Lake Mines /

Outokumpu Oy Concentrators
Vihanti
Keretti
Pyhasalmi
Kotalahti

System

AMDEL

Courier

ARL

Courier

% Increase

0.7
3.0

small improvement in
recovery

0.1

1-2
0.8
1.6
1.0

2.5
0.3
2.0
1.0

Element

Zn
Zn
Zn

Cu

Cu
Cu
Zn
Cu

Cu
Cu
Cu
Cu

TABLE 2

REAGENT COSTS
($US/tonne of ore processed)

Ore Type

Pb/Zn
(difficult ore)

Pb/Zn (simple ore)
V. large porphyry

Cu

Average Cu

Ni

Collector

0.34

0.075

0.12

0.15

0.43

Frother

0.07

0,024

0.035

-
0.005

Activator

0.11

0.16

-
0.04

Depressant

0.26

0.018

-

0.035

Other

0.025

0.03

0.095

-

-

Total

0.805

0.304

0.142

-

0.825

Users of on~stream analysis have published the following data on

reduction in use of reagents :

Zinc Corporation Ltd Pb/Zn

Mt Isa Mines Cu

Strathcona Ni

Mattagami Lake Mines Zn/Cu

% in collector

6.6 cents/tonne ore

Outokumpu Oy Concentrators report approx. 20% in reagent

In general, reductions from 10-40 per cent in various reagents have been

reported.
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1.4 Increases in Concentrate Grade

Increases in concentrate grade return economic benefits in the form of

reduced smelter charges, and

reduced costs of transportation of concentrate.

Increases in concentrate grade, or more precise control of concentrate

at a specified grade, have been reported by many users and are listed ir.

table 3.

TABLE 3

PERCENTAGE INCREASES IN CONCENTRATE GRADE

User Element % Increase

Mt Lyell Mining & Railway Co

North Broken Hill

Western Mining Corporation

Strathcona (Falconbridge)

E.Z. Co (Australasia)

Kidd-Creek (Ecstall)

Mattagami Lake Mines

Cu

Pb

Ni

Ni

Zn

Cu
Zn

Zn

1

3

more stable

20 (reduction in gangue)

more stable

0.63
0.88

0.4

It is difficult to calculate the exact economic gain in most cases,

as transport costs and smolter contracts are not known. However tho

benefits, where calculated, have been large although not as large as

those from increased metal recovery and reduction in the use of reagents.

1.5 Savings in Labour

In Australian mines, the cost, of labour is high because the actual

wages paid to a worker are only a part of the cost. Other factors are :

allowance for sick leave and long service leave,

contribution to superannuation,

over-award payments for remote locations,

. payroll tax,

allowances for housing, and

; relocation costs.

• The total cost per employee in remote locations can be very high.

In the new uranium provinces in Australia's north, the cost of one

additional worker is approximately $80 000 in the first year*. Even in

thfe more established areas, the cost will not be less than $25 000 per

year.

* Costs are based on the 1980 Australian dollar.
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Most on-stream analysis users report a reduction in the number of

samplers, depending on the size of concentrator and the extent of sam-

pling. In the normal concentrator, it is expected that there would be

at least one person on each shift collecting and processing regular

samples, and additional personnel on day shift. The shift samplers can

conveniently be excluded, but it is usual to retain the day shift sam-

plers, possibly with an extra person to supervise the on-stream analysis

system. The net reduction would be two people.

1.6 Summary of Typical Benefits

Increases in recovery 0.1-3 per cent

Reduction in reagents 10-40 per cent

Concentrate grade increases 0.5-1 per cent

Reduction in workers up to seven in one case.

To translate these benefits into monetary values, it is necessary to

introduce the specific details of a particular concentrator :

metal processed,

annual tonnage,

head grade, and

ex-mine value of concentrate.

Each case is different and the detailed calculations are not justified

here. The kind of payback time normally found is one year or less.

Paybacks as short as three months have been reported.

2. ANALYSIS ZONES FOR IMMERSION PROBES

2.1 Requirements

One of the critical factors in obtaining a successful plant instal-

lation of immersion probes for on-stream analysis is the provision of

suitable analysis zones. An analysis zone is defined as the volume of

pulp into which the probes are immersed.

The design of the analysis zone must be such that the sample of

pulp 'seen' by the probes is representative of the total volume of pulp

passing the probes (i.e. representative of the total stream) and is not

subject to excessive or variable aeration. An ideal analysis zone is

perfectly mixed and free from air. A poorly designed analysis zone can

give rise to incorrect assays as a result of (a) segregation, or (b)

excessive or variable aeration.

2.2 Segregation

Segregation results if the flow pattern in the analysis zone does

not provide flow velocities sufficient to overcome the settling veloc-

ities of the heaviest and largest particles. The flow pattern of the
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pulp is determined by two energy sources; one is the kinetic energy

(flow energy) of the pulp and the other is an external source such as an

agitator.

The flow energy of the pulp will generally not provide sufficient

mixing under normal process conditions because of the following factors :

variable flow-rate;

variable particle size distribution;

variable pulp density; and

variable mineral distribution.

Consequently, to prevent segregation problems, external agitation is

required to remove any doubts about the degree of mixing in the analysis

zone. The agitation should generally be provided by impellers with the

speed of rotation in the range 350 to 750 rev min"1, and with the diameter

designed to prevent segregation. The type of impeller can be varied to

suit the application, but would generally be either the propeller or the

flat blade turbine type. The mixing should not be so turbulent that it

causes air entrainment.

2.3 Aeration

The probes effectively measure the weight of a particular element

per unit volume of pulp, yet are calibrated in terms of weight of ele-

ment per unit mass of dry solids (i.e. dry solids assay). For a given

dry solids assay, the weight of the element per unit volume of pulp

depends on both pulp density and aeration.

The density probe corrects for changes in pulp density, but cannot

distinguish between a change in pulp density and a change in aeration.

A relatively small degree of aeration can be tolerated, provided that it

does not vary greatly. Excessive aeration, even if constant, reduces

the sensitivity of the probe.

The effect of aeration is most severe when the wanted element is

determined by gamma-ray absorption techniques (e.g. Pb, W, Bi) and less

of a problem when XRF methods are used (as for Fe, Ni, Cu, Zn, Sn, etc).

General experience has shown that minor aeration can be tolerated with

most fluorescence probe installations.

Aeration can be minimised by the correct design and location of the

analysis zone. For instance, probes should not be located in flotation

bank feed or tailing boxes, or in flotation conditioning tanks where

aeration is encouraged.

2.4 Design of Analysis Zones

As is shown in figure 1, a typical analysis zone contains four

major sections :
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entry and missing section is designed to absorb small fluctu-

ations in flow and to feed the de-aeration section with well mixed pulp.

An alternative design to the one depicted in figure 1 is an undercover

arrangement in which the pulp must pass under one baffle and then over

another before entering the de-aeration section.

-SECTION A-A'-

M,

n

FIGURE 1

A TYPICAL ANALYSIS ZONE FOR A
15 t h"1 TIN FLOTATION STREAM

The de-aeration section is designed to provide sufficient reten-

tion time for the entrained air to escape. The retention time of pulp

in a particular section of an analysis zone is the quotient of -che

active volume of the section to the volumetric flow-rate of the pulp.

If tho retention time is too short, excessive turbulence and entrainment

of air will result; if the retention time is too long, segregation may

occur.

Depending on the degree of aeration, the retention time should be

in the range 10 to 15 seconds at the average flow-rate. The sub-surface

entry into the analysis section also helps to minimise the degree of

aeration.

If the froth is excessively sticky and will not break down easily,

provision should be made for the froth to escape. Alternatively, water

sprays could be installed to collapse the bubbles. The sloping section

prevents sanding.
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The analysis section houses the immersion probes and the stirrer,

and is designed to produce an average retention time in the section of

10 to 15 seconds. The height of the inlet into the analysis section

should be chosen to give a pulp velocity of 0.3 to 0.5 m s~1 so that

sanding at the base of the de-aeration section does not occur.

The design velocity can be varied according to the pulp character-

istics, e.g. particle size, specific gravity of the solids, etc. A

manually adjustable gate in this position has often been useful when

plant throughputs vary markedly in the long term. Some applications

require a sand gate at the base of the overflow weir to assist the

removal of coarse particles.

The discharge section collects the pulp discharging from the

analysis section and an attached pipe transports the pulp to the next

stage in the process. This section need not be very large but it should

be large enough for a sample cutter to be easily moved along the over-

flow weir. This is a convenient point for collecting a representative

sample of the pulp stream.

The above description applies to the normal analysis zone design. •

In some circumstances modifications are necessary. For example in

applications where the pulp flow-rates are high, it is generally neces-

sary to reduce the recommended retention times so that the analysis zone

is a practical size. In applications where the pulp flow-rates are

extremely low, it is necessary to design the minimum size analysis zone

that will house the probes and the stirrer, even though the retention

times may well exceed the recommended figures.

Analysis zones can usually be located within the process such that

additional pumps are not necessary. Typical locations include above-

pump sumps, above-flotation feed boxes, above-mixing or conditioning

tanks, etc. In these locations, the pipes that feed the above-mentioned

process units are simply directed to the analysis zone, with the dis-

charge gravitating to the process unit below. In some cases, it may be

possible to modify existing process units, e.g. mixing tanks, launders,

etc., by incorporating baffles and a stirrer.

The following are general recommendations on the design and loca-

tion of analysis zones :

(a) The zone should be constructed from 4 mm mild steel plate with

6 mm thick soft rubber lining.
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3.

(b) A drain should be located in either the de-aeration or analysis

sections, so that the contents can be removed for inspection

or maintenance purposes.

(c) It is useful for the feed pipe to contain a by-pass arrange-

ment so that the analysis zone can be by-passed without inter-

fering with the process.

(d) The feed pipe should discharge below the pulp line to minimise

air entrainment.

(e) If the analysis zone is fed from a pump, it is important to

minimise flow surges.

(f) The analysis zone should be located to provide ready access to

the probes.

CALIBRATION OF ON-STREAM ANALYSIS SYSTEMS

The primary output from an on-stream analysis system is a series of

count-rates corresponding to particular channels. For example, in a

system measuring copper

Probes

Copper

Iron

Density

Output
Channels

Copper

Backscatter

Iron

Density

Count-rate
Symbol

(Cu)

(Sc)

(Fe)

(Ro)

the calibration equation will be of the basic form:

% Copper = F(Cu,Sc,Fe,Ro)

This equation can take any one of a number of forms but, over long

experience, it has been found that simple equations made up of linear

combinations of the count rates are preferable.

Thus we would be looking for an equation of the form :

% Copper = BQ + + B3

BQ, BI etc. are constants and Cu , etc. are standard count-rates in
S*C

each channel.

The use of standards is essential to allow for long-term variations

in system components. Standard counts in each channel should be read

each week, and entered into the equation if they vary. This type of

equation applies to 95 per cent of applications. Occasionally, improved
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accuracy can be obtained by incorporating a logarithmic or squared term.

This is mainly where the range of metal assays may be very large.

To calibrate a system, count-rates are recorded while a sample is

being taken, being careful to synchronise the two events. The sample is

assayed and sample assays correlated against the count-rates by multiple

linear regression analysis, which uses least squares method to optimise

the constants BQ, Bj, etc. to obtain the best fit between assays and

count-rates.

It is important to take the results over a sufficient period to

cover the full range of all the variables, and at least 20 samples

should be taken.

4. CARE AND MAINTENANCE OF AN ON-STREAM ANALYSIS SYSTEM

The full potential benefit from an on-stream analysis system can

only be realised if the system is maintained at a high level of opera-

tional performance; as with any system, a certain minimum level of care

and maintenance must be maintained.

During the commissioning and immediate post-commissioning stages,

a normal three-stream immersion probe system can occupy most of the time

of a metallurgist, with the help of a laboratory technician. Once the

system is operating on a routine basis, regular attention is still

required, but at a reduced level. This routine maintenance can be

performed by a laboratory technician and should involve, on average,

approximately 30 minutes per stream per day. A metallurgist should

supervise calibration and trouble shooting.

An appropriate care and maintenance schedule is based on operating

experience and is designed to identify faults and maintain the cali-

bration accuracy of the probes. As with any analytical technique,

regular standardisation and maintenance is essential. It is also

important that a continuous record of standard count-rates, X-ray

spectra, assay calibration equations, component failures, etc. be kept.

In addition, a regular check on the performance of the system

should be undertaken by taking 8-hour (or 24-hour) composite samples

from the stream and assaying them by laboratory procedures. The 8-hour

average from the on-stream analysis system should be calculated and

compared against the sample assay. Any major discrepancy indicates that

investigation is necessary.


