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ABSTRACT 

Cost control techniques have been implemented at the Newman Beneficiation Plant to 

ensure that ferrosilicon consumption is within target of the plants budget. These 

include a ferrosilicon accounting system, a circuit inventory and medium loss 

monitoring system, ferrosilicon loss incident investigations and monthly ferrosilicon 

loss reports. 

 

These systems have resulted in significant improvements in identifying and 

quantifying sources of medium loss in the plant, as well as promoting ferrosilicon 

consumption awareness among maintenance, operational and technical personnel.  

 

1.0 INTRODUCTION 

The Newman Beneficiation Plant treats low-grade iron ore separating high-grade 

hematite from shale and other siliceous impurities. Both heavy media and wet gravity 

techniques are used to produce approximately 7.8Mt of beneficiated product per 

annum. A schematic flow sheet typical of the Cyclone and Drum Plant media 

recovery circuits are illustrated in Figure 1.1. 

 

At Newman, the conservation of ferrosilicon is of great importance in controlling and 

maintaining the plants operating costs. Ferrosilicon is the largest consumable in the 

plant and makes up for a large proportion of the Ore Processing budget. Hence, a 

number of techniques have been developed to identify ferrosilicon consumption and 

to improve the management of ferrosilicon usage in the plant. These include: 

 

a. Ferrosilicon Accounting System 

b. Circuit Inventory and Medium Loss Monitoring Systems 

c. Ferrosilicon Loss Incident Investigations 

d. Monthly Ferrosilicon Loss Reports 

 



Figure 1.1 Typical Media Recovery Circuit at the Newman Beneficiation 

Plant 

 

 

 

2.0 CIRCUIT MEDIUM LOSS TYPES 

There are two types of medium losses in the plant – Abnormal and Accountable 

Losses.  

 

Accountable Losses result from:  

1. Adhesion to product or rejects after draining and rinsing on the media 

recovery screens 

2. Presence in the Effluent of the Water Recovery Hydrocyclones 

3. Presence in the Effluent of the Secondary Magnetic Separators 

 

Abnormal losses result from: 

1. Equipment failure 

2. Poor plant maintenance 

3. Sump overflows (traditionally through plant start-up’s) 

4. Human Error 

 



3.0 CONSUMPTION CONTROL TECHNIQUES 

 

3.1 CIRCUIT INVENTORY MONITORING 

Circuit inventory monitoring is an online indication of ferrosilicon tonnes in the 

circuit where tonnes in circuit are a function of specific gravity, sump level and 

whether the plant is in/out of bypass mode. A loss in sump level when at constant 

density is the first indicator of ferrosilicon loss in the plant.  

 

3.2 FERROSILICON ACCOUNTING 

The ferrosilicon accounting system reconciles all stock and stock movements to the 

plant within the production recording system (PRS) where a mass balance is 

performed on the ferrosilicon inventory in the site storage shed and bins. 

 

This system ensures that there is enough stock for the plant to run at the required 

density. It is also used to monitor ferrosilicon consumption on a shift basis and to 

facilitate in identifying catastrophic losses in the plant.  

 

3 monthly forecasts of the expected ore types being fed to the beneficiation plant are 

used to predict operating densities in the heavy media circuits and whether 

ferrosilicon consumption will be low, medium or high during these months. This 

information is forwarded to suppliers to ensure that there is an adequate supply of 

ferrosilicon for the plant.  

 

3.3 MEDIUM LOSS MONITORING TEST-WORK 

Medium loss monitoring test-work is performed on a daily basis to monitor 

ferrosilicon losses in the media recovery circuits. Routine metallurgical samples are 

collected from all exit streams and are analysed for magnetic content using a magna-

chute. The results obtained give a rate of loss of ferrosilicon (g/l or g/t) for each of the 

exit streams and allows the metallurgist to monitor the behaviour of the media 

recovery circuit on a daily basis.  

 

The rate of loss of ferrosilicon is monitored daily from the:  

 

 Effluent sample of every water recovery hydrocyclone (g/l) 



 Feed and Effluent sample of every secondary magnetic separator (g/l) 

 Media adhesion samples of every medium recovery screen (g/t) 

 

The monitoring of the media recovery circuits through routine sampling has allowed 

for abnormal or increasing losses in the circuit to be identified more immediately than 

through routine plant inspections which do not allow for losses to be as easily 

quantified. Many instances have highlighted the importance of setting up plant 

equipment properly, both mechanically and operationally.  

 

The following are examples of how valuable the importance of routine sampling has 

become to the operation of the Newman Beneficiation Plant.  

  

3.3.1 Example 1 – Secondary Magnet Set-up 

Effluent samples collected from the secondary magnetic separators from 

March to April 2001, indicated that 3.8 tonnes of ferrosilicon was being lost 

per day. The average effluent losses decreased from 0.538 g/L to 0.071 g/L 

after the squeeze gap and bottom clearance settings were corrected on the 

separators.  

 

If not for daily sampling of the media recovery circuit, the losses incurred by the 

secondary magnetic separator may have continued, as much of the focus at the time 

was placed on Humbolt screen failures, which also caused significant ferrosilicon 

losses.  

 

3.3.2 Example 2 – Secondary Magnet Level Control 

Approximately 1.56 tonnes of ferrosilicon was being consumed per day to the 

effluent of a magnetic separator. This particular separator had an older design 

under-pan, which was observed to have poor level control due to large 

fluctuation in volumetric flow.  Losses had decreased after installation of a 

newer designed under-pan.  

  

 

 



3.3.3 Example 3 – Product Screen Adhesion 

The average adhesion on the sink screens had increased from 120 g/t to 1559 

g/t, causing a significant increase in ferrosilicon consumption at the Drum 

Plant. A blocked bleed-to-clean line and faulty density gauge were the 

probable causes of an increase in slimes content and higher operating density 

in the plant. The combination of the two had lead to a more viscous media 

which was harder to wash from the rocks passing over the media recovery 

screens.  

 

As well as measuring the rate of loss of ferrosilicon from the exit streams, circulating 

media samples are taken to monitor the specific gravity of the in-circuit media. This is 

used to determine whether preventative measures such as increasing inhibitor 

additions and increasing air sparging during plant shutdowns (particularly in the 

summer months) is required to reduce the risk of increased corrosion when the in-

circuit specific gravity is low or decreasing.  

 

Data from the daily metallurgical samples have also been used to justify screen 

replacements in the plant, as well as determining whether secondary magnetic 

separators are still required in the circuit and whether it was cost effective to add 

inhibitor continuously to the medium circuits.  

 

3.4 FERROSILICON INCIDENT INVESTIGATIONS 

Ferrosilicon incident investigations are carried out by all personnel involved in 

incidents involving catastrophic losses of ferrosilicon from the plant (ie maintenance, 

operational and technical personnel). The focus of the investigations is to: 

 

a) Determine the tonnes of ferrosilicon lost during the incident 

b) Determine the cause of the incident 

c) Identify the contributing factors leading to the catastrophic loss 

d) Identifying the controls which failed and how they failed 

e) Determine the preventative actions to be taken to prohibit further incidents 

from occurring. 

 



Through these investigations the abnormal losses in the plant have been better 

identified. The process of investigating incidents in the plant has also been of 

educational benefit to plant personnel and has raised awareness in ensuring that plant 

conditions are optimised to maximise ferrosilicon recovery.  

 

3.5 FERROSILICON LOSS REPORTING 

The ferrosilicon loss report is stored in PRS. It gathers data from routine metallurgical 

sampling, which is recorded in PRS, to account for losses in the plant. This report 

balances and summarises the ferrosilicon losses in each of the media recovery circuits 

over the month using the average loss rate, production data and total tonnes of 

ferrosilicon used for the month. An example is illustrated in Figure 3.5.1.  

 

Figure 3.5.1: Example of Beneficiation Plant Ferrosilicon Loss Report for the                          

Drum  Plant    

Bene Plant Ferrosilicon Report 

June-02 

Drum Plant 

      

Summary 

  Drum A Drum B Combined 

Sec. Mag. Sep. Losses 2.33% 1.93% 2.10% 

Water Rec. Cyc. O/F Losses 2.65% 2.84% 2.76% 

Sinks Adhesion 37.53% 45.04% 41.82% 

Floats Adhesion 2.44% 3.43% 3.01% 

Total Adhesion 39.98% 48.48% 44.82% 

Total Accountable Losses 44.95% 53.24% 49.68% 

Abnormal Losses 55.05% 46.76% 50.32% 

 

Ferrosilicon losses are reported as Abnormal or Accountable, and the sum of these 

make up for the total ferrosilicon losses for the month. The total accountable loss is 

the sum of the measured losses during the month from adhesion and effluent 

discharge. The difference between the total tonnes of ferrosilicon used (obtained from 

ferrosilicon accounting) and accountable losses gives the total abnormal losses for the 

month.  

 



3.6 FERROSILICON MONTHLY LOSS TRENDS 

To compare ferrosilicon consumption from month to month, the data presented in the 

ferrosilicon loss report is trended to give a complete overview of how each media exit 

stream is performing.  

 

This trend is useful in identifying when losses are slowing increasing, due to changes 

in the environment or plant conditions. For example in Figure 3.6.1, a slow rise in 

secondary magnetic separator effluent and water recovery cyclone effluent losses 

occurred during the summer months of 2001 and 2002. These results are presented in 

Table 3.6.1. A likely cause of these losses occurring could be an increase in corrosion 

activity during the hotter months.  

 

Table 3.6.1: Average Effluent Losses November 2001 to February 2002 

Month/Year Avg Secondary Magnetic 

Separator Effluent Losses (%) 

Avg Water Recovery Cyclone 

Effluent Losses (%) 

November 2001 5.2 1.3 

December 2001 7.8 2.8 

January 2002 8.2 1.4 

February 2002 5.6 0.9 

 

Figure 3: Monthly ferrosilicon loss trend (November 2001 – February 2002) 

 

 



4.0 FUTURE DEVELOPMENTS 

Investigation techniques using microscopy methods have been identified as a useful 

tool to determine ferrosilicon corrosion behaviour at the Newman Beneficiation Plant. 

Current interests are being focused on secondary magnetic separator effluent samples 

where most of the corroded particles are believed to exit the media recovery circuit.  

 

Corrosion losses from the media circuits are currently estimated by collecting 

composite samples for the month and using pycnometer tests to calculate the  % 

ferrosilicon contained in the sample.  Quantitative analysis using instruments such as 

the MLA can be used to measure the abundance of ferrosilicon, magnetite and other 

elements in the sample as shown by Figure 4.0.1.  

 

Figure 4.0.1: MLA images (from a polished section) of magnetic separator effluent  

 

 

 

 

 

 

 



5.0 IMPROVEMENTS TO DATE 

 

Since the introduction of the ferrosilicon monitoring systems, there has been a 

significant increase in plant feed capacity from 8.5 MTPA to 11.5 MTPA. During this 

time, we have seen a significant improvement in ferrosilicon adhesion losses in the 

Drum Plants as illustrated by Figure 5. This has been due to a reduction in the number 

of catastrophic losses in this plant.   

 

Figure 5: Ferrosilicon Consumption (g/T) vs Total Bene Feed Tonnes 

 

 

Although the cyclone plant losses had not improved from YEJ99 to YEJ02, it is 

expected that these losses will reduce significantly in YEJ03 due to the replacement 

of the media recovery screens in this plant over the past 3 months. Metallurgical test 

work is currently in progress to determine the optimum settings for these screens in 

terms of ferrosilicon consumption. Indications to date suggest a significant 

improvement in adhesion and catastrophic losses in this plant.   

 

A Ferrosilicon Operating Excellence Project Team has been formed with the objective 

to identify where losses are occurring in the plant and to determine what measures 

which can be taken in the future to overcome these losses. Outcomes from this project 



should see further improvements for a reduction in ferrosilicon consumption in both 

plants.   

 

6.0 CONCLUSION 

Significant improvements in identifying ferrosilicon consumption have been achieved 

through the introduction of the ferrosilicon consumption control techniques described.  

 

The implementation of these systems have allowed for ferrosilicon losses to be better 

identified and quantified through the accounting and monitoring systems. Historical 

data from these systems have also been useful in investigating and justifying changes 

to plant equipment and practices. Ferrosilicon awareness and involvement in 

campaigns to reduce consumption have also improved significantly through the 

introduction of loss incident investigations and monthly loss reports. 


