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Executive Summary 

Due to the unfortunate closure of ASIRC the additional onsite data collection and 

process review that was to occur to “close the information Gaps” identified in 

Milestone 3 report was not possible and did not occur.   

In order to derive the greatest value out of the data obtained and work done to this 

point by the ASIRC Team, I was contracted by Smart Water to review, consolidate 

and provide a list of recommendations applicable to each company focusing on areas 

where water and material savings might best be made in each company.  

This report is the Fifth Milestone Report and the final deliverable as part of the Smart 

Water Fund Project; „Metal Recovery from Wash Waters and Treatment Plant 

Sludges‟ specific to Australian Aluminium Finishing.  

This report is the result of initial technical surveys of each of the metal finishing 

companies, compilation of technical data collected from all sites (and presented in a 

mass balance format where the data will allow) and any analytical work and in-situ 

measurements performed before the closure of ASIRC to support the technical 

review. 

A mass balance required the following data to be collected: 

 Quantity of metals in/out 

 Volumes of water in/out 

 Volumes of trade waste in/out 

 Existing method of production 

 Existing method of treatment 

Only limited information on Metals usage and wastage was available up to the 

production of the Milestone 4 report and the closure of ASIRC.  No comprehensive 

material balance for metals was possible within the constraints of the studies funding 

and time available. 

The opportunities identified in Milestone 4 report were further refined and a number 

of recommendations thought to be applicable to Australian Aluminium Finishing 

identified.  A Spreadsheet ( Table 4) outlining points requiring clarification was 

produced as a working tool to focus further onsite questioning & analysis to confirm 

the viability of any final recommendations.  This follow-up was intended to involve 2 

staff for 2 to 3 days. 

In the absence of this data and further onsite analysis, the recommendations 

contained in the report will be generic and represent a “best guess” for the company 

based on the information at hand.  
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An attempt has been made to assess the likelihood or ease of success for each of 

recommendations based on the practices at other sites and the literature and case 

studies to hand.  

 Recommendations have had to be biased towards those that will require only 

procedural, time and a small amount of funds to implement.  More expensive 

technology recommendations have been included where applicable but would need 

much more extensive on site production & water quality data before a final decision 

on cost effectiveness and viability could be made. 

Further commitment by the company and or Smart Water of time and money will be 

required to confirm the economic viability of the recommendations prior to full 

implementation. 

Recommendations have been made taking into consideration: 

 findings of current processes and practices  

 transferable practises within the industry sector 

 current literature and practises worldwide, and 

 to include recently developed technologies and innovative changes to process 

design.  

Table 4 is an updated Tabular overview of the theoretical opportunities for 

avoidance/reuse/recycle options, including review against world‟s best practise and 

of practicalities for Australian Aluminium Finishing. Further details confirming the 

applicability should be sought to ensure the practicality of the fit before full-scale 

implementation 

Recommendations for Australian Aluminium Finishing are: 

Short & Medium Term:  

 Further quantitation should be done against wash water quality 

determinations to determine the optimal flow rates through each part of the 

system to maintain surface preparation and plating quality whilst minimising 

water usage.   

 Improve control of water supply to operations by means described; 

 Further document systems and engage/train operators in waste reduction 

practices required on site; 

 Review anodizing work flow and tank order/design to optimise efficiencies 

and minimise processing time and contamination; 



 SWF Milestone 5 Final Report    

  

 If not already in use, Titanium racking though more expensive do not have to 

be stripped and have good current transmission capacity and would therefore 

likely prove more cost-effective in the long term; 

 Investigate the possibility of using biological cleaning agents in initial surface 

soil and oil removal processes; 

 Some attention to the use of electropolishing as a replacement for bright dip 

might be worth investigating in the long term 

 Purchase hand held conductivity, pH, Temp meter for site survey and ongoing 

monitoring & control; 

 Further work be undertake to quantify the water usage in each  line and 

washing sets during operations ( Powder coating & Anodizing) to better 

identify the areas of major usage in order to determine the optimal flow rates 

through each part of the system to maintain surface preparation and plating 

quality whilst minimising water usage.   

 Review rinsing procedures and determine if additional counter current rinsing 

and/or alternate rinsing processes are viable, for instance, the last DI rinse 

(Tank 7) in surface preparation for the powder coating line should be 

reutilised if possible ( depending on quality and flow limitations) in a lower 

quality rinsing application rather than discharged to treatment. 

 Reactive rinsing using wash water from Tank 12 should be routinely used to 

assist with caustic rinsing effectiveness and reduction in flows ;  

 In particular, after the Ni seal, drag-out minimisation from the end of the 

Anodizing line needs to be improved; ; 

 Review solution usage / maintenance procedures and look to optimising bath 

life through monitoring frequency, additives, changes to chemistries, 

concentrations, filtration equipment etc as outlined in the report;  

 Implement plant format changes to tank sequencing and rinse tank / rinsing 

changes; 

 Using conductivity and analysis data to implement flow restrictions to 

minimise water usage whilst maintaining plating quality; 

 Purchase / Use flow meters, flow restrictors and totalisers may be necessary 

to implement reduced flow conditions determined previously; 

 Based on the reduced flow determine the cost effectiveness of moving to 

deionised water rather  than tap water as the water supply to the process to 

further minimise bath and was water contamination;  
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 Further investigations as to treatment options to reduce this TOS and solids 

(SS & TDS) loading being discharged to sewer should be undertaken; and 

 Recommendations as per Table 4 and those contained in 4.1 Observations at 

the site, not listed above. 

 

Further input from the shop floor and management is required to better refine the 

“where to from here”. 
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1. Introduction 

ASIRC was successful in gaining a Smart Water Fund grant to work with 14 metal 

finishing companies to minimise water use and heavy metals discharge to sewer, 

through literature review, mass balances, and assessment of options to 

avoid/reuse/recycle on site and develop implementation plans for each company.  

This project, funded through the Smart Water Fund, investigates the options for the 

metal finishing industry to become more water efficient and decrease heavy metal 

discharges to sewer, in order to enhance wastewater reuse and bio-solids reuse 

opportunities that can be traditionally restrained by the presence of heavy metal 

pollutants. 

As a part of the Smart Water Fund Part A project „An assessment of the technology 

options available for minimising water usage and maximising the recovery of valuable 

heavy metals from Metal Plating operations‟, technical surveys have been conducted 

for each of the companies involved.  

These technical surveys have resulted in a significant amount of data being collected 

for the sites; the data has then been compiled into preliminary „mass balances‟ for 

each site. Further on-site analytical work and in-situ measurements were to be taken 

where required to support the technical surveys. 

The mass balance required the following data to be collected: 

 Quantity of metals in/out 

 Volumes of water in/out 

 Volumes of trade waste in/out 

 Existing method of production 

 Existing method of treatment 

It was estimated that an average of four days should be spent at each of the 

companies to establish the nature of the operations and processes of each company, 

and to collect data. South East Water Corporation (SEW) nominated the companies 

involved in the project, with all falling in their regional boundary and contributing trade 

waste to the sewer system. This additional time and quantitative work required to 

complete the project was not done due to the closure of ASIRC in June 2009. 

Although the companies nominated are in the same industry sector, they are not all 

„metal finishing‟ companies. This has provided an additional challenge as each site 

employs a different production process and resultant waste streams. Despite these 

differences often the challenges with water usage, process optimisation and waste 

management are generic and the methodology transferable.   
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Where possible, data was supplied by the companies involved on the provision that 

confidentiality would be maintained. Supplementary data was to be gathered through 

use of an in-situ water quality meter, taking flow measurements and data from SEW. 

This summary information will be the basis for further development of individual water 

and materials balances for each site.   

The primary objective of this work being to identify the areas of each companies 

operations that lend themselves to process change or optimisations leading to 

reduced potable water and materials usage, and thereby improving the overall cost 

effectiveness of individual operations into the future. 

The current Milestone 5 report is a summary of what data was on hand at the time of 

closure of ASIRC.  The report should be read in conjunction with the ASIRC 

Milestone 2, 3 and 4 Reports. This should allow for the further elucidation and 

expansion on specific recommendations contained in the current report if further 

details are required on options not fully outlined in the current summary report. 
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2. Technical Survey – Australian Aluminium Finishing - 
AAF   

Name Australian Aluminium Finishing  

Address 38 – 40 Elliot Road 
Dandenong 
Vic 3175 
 

Contact Ravi  Gunaratnam 

  

Tel 03 9794 0526 

Fax 03 9794 5310 

Email ravig@aafonline.com.au 

Website http://www.aafonline.com.au../../../../Users/mdoneddu/AppData/Roaming/Microsoft/Signatures/www.buildex.com.au   

 

2.1. Introduction 

2.1.1. General Background  

Australian Aluminium Finishing (AAF) is the largest coater of aluminium in Australia. 

Since beginning operations more than 30 years ago, AAF has diversified to become 

leaders in powder coating, anodising and specialised finishing.  

The company has a presence in 3 states incorporating 11 production facilities and 

services Australia and the South-East Asian region with a workforce of over 250 

people.  

Anodising and Powder Coating are the two main processes operated at the 

Dandenong plant. These are located in two separate buildings with two separate 

water treatment plants.  

Anodising allows the plater to maintain the natural metallic lustre of aluminium whilst 

making the surface finish extremely durable. AAF offers a wide range of finishes, 

including natural, matt, clear, coloured, bright and premium grade anodising.  

Exposed aluminium within 5km of the sea can experience corrosion and in these 

areas anodising is preferable to powder coating, as it gives a uniform distribution on 

both sides of the aluminium profile. The durable outer layer provided in the anodising 

process becomes integral to the aluminium. Anodising is also the finish that is 

chosen for aluminium components of satellites exposed to the harsh environment of 

space. 

2.1.2. Technical Background / Process Description  

The powder coating line involves a relatively simple surface preparation line prior to 

the powder coating operation.   

http://www.aafonline.com.au/
http://www.aafonline.com.au/
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Figure 1 – AUS Aluminium Finishing operations – Surface Preparation Schematic 
prior to powder coating 

 

This surface preparation consists of: 

 An acid etch 

 Rinsing 

 Chromium coating 

 Final rinses.  

This design means that there is little pressure on the treatment plant, particularly 

given that the 9,000L tanks are dumped once per month.  

The Chrome conversion coating assists in preparing the surface for adherence of the 
powder coat and improves overall corrosion resistance. 
 

Powder coatings can be made in a multitude of colours and textures.  The applied 

coating consists of a mixture of high grade polymers and pigments that are heat 

cured to produce a solid tough coating with good adherence to aluminium. 
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Anodising as an electro chemical treatment modifies the surface properties of the 

Aluminium to produce a hard durable outer layer that is an integral part of the 

Aluminium product.   

 

 

Figure 2 – AUS - Aluminium Finishing operations – Anodizing line process flow 

The Anodising process described above shows the following steps: 

 Surface preparation / Cleaning 

 Etching 

 Deoxidise/Desmiut  

 Anodising 

 Colouration if required, and 

 Sealing 



 SWF Milestone 5 Final Report    

Commercial in Confidence  
 - 6 - 

The anodising line is more complex and has a higher throughput at its treatment 

plant. This plant is pH controlled with visual and audible alarms in place to inform 

employees that the pH is outside the control limits.  

 

2.2. Mass Balance Data 

The anodizing process and inputs/ wastes are as described below.  To fully 

understand where wastage and savings can occur, quantitation across this system 

needs to be undertaken.  Data on hand is only partial at best and requires 

significantly more input to achieve the mass balance required to fully understand 

operations at Australian Aluminium Finishing. 

 

Fig 3.  Powder Coating Process showing Inputs & wastes (WEM, 2009) 

No information on the operation of the powder coating line was gained from the first 

two visits to the site or from subsequent information requests.  As such the process 

can not be discussed further at this time. 
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Fig 4.  Anodizing Process showing Inputs & wastes (WEM, 2009) 

No information is on hand as to the level of material usage (Bath additive usage rates 

against production rate etc), quantity and quality of spent solutions disposed of and 

effluent quality (before Treatment), sludge quality and quantity. 

An overview of the water, metals and chemicals used at the site, and the wastewater 

and solid waste discharged from the site is presented in Table 1 below.  This is a 

preliminary mass balance for the site from the information at hand. Additional 

information was not available to complete the study due to the untimely closure of 

ASIRC. 

Table 1 – Preliminary mass balance for Australian Aluminium Finishing 

Date Company 
Visited: 2009    

Contact Name: Ravi  Gunaratnam     

Number of process:      

Process Ins and 
Outs Description/Notes 

Source of 
Information 
(eg. Bills, 

Trade 
waste 

agreements 
etc) 

Total Processes 

    Vol (L,Kg) Cost   Freq 

Water In Total water in       Yearly 

Water Out Total water out       Yearly 

Metals In Total Metals in       Yearly 

Metals Out Total Metals Out       Yearly 

Salt In Copper Sulphate kg       Yearly 

Solids Out Filter cake       Yearly 

Trade Waste Out Trade waste water (L)   31,153,350    Yearly 
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2.2.1. Sankey Diagram – Water Usage 

The data presented in Table 2 was not able to be used to create a „Sankey‟ diagram, 

(which would usually be used to highlight the volumes of water, metals and 

chemicals in, and the volumes of wastewater and solid wastes out of the process) 

due to a lack of data.  Requests to supply WaterMap and process information did not 

yield results up to the time of closure of ASIRC in June 2009. 

The breakdown of water usage between the plants surface preparation for powder 

coating and the Anodizing lines was not quantified.  It is recommended that further 

work be undertake to quantify the water usage in each  line and washing sets during 

operations ( Powder coating & Anodizing) to better identify the areas of major usage 

in order to determine the optimal flow rates through each part of the system to 

maintain surface preparation and plating quality whilst minimising water usage.   

No comparable site was available to compare water usage.  Recommendations   in 

regards to water usage improvements will be the primary focus of this report. 

2.2.2. Trade Waste Quality Data 

No information is available as to the quantity & quality of the solid filter cake residuals 

if any that leave the site.  The anodizing line reports to a treatment plant that 

“neutralises the discharge prior to release to sewer.  No apparent removal and 

dewatering of suspended solids appeared to be occurring.   

An estimate of the level of metals leaving the site in waste water has been made 

based on the results available from Western Port Water and is displayed in Table 2.  

Table 2.  Waste Water Quality for Trade waste discharges 2007/2008 from AAF. 

  Units 

Rosebank 

Engineering 

Total Water In Litres Unknown 

Trade Waste Out Litres 31,153,350   

  Units Units 

   gm/kL kg/yr 

Aluminium (Al) 494 15,390 

Chromium (Cr) 0.07 2.18  

Copper  (Cu) 0.42 13.1  

Magnesium (Mg) 1.0  31.2 

Nickel  (Ni) 2.1 64.2  

Sodium (Na) 1,060 33,023 

Zinc  (Zn)  0.77  24.0 

Susp_ Solids  4,400 137,075 

TDS 3,550 110,594 

TDS - Inorg 3,100 96,887 

TDS -Org 440 13,708  

TOS  2,160 67,291 
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NOTE: Results are based on averages of results available in the survey period  

The discharge quality of the water reflects the minimal treatment occurring on the 

waste streams.    AAF is the second highest discharge by volume and the highest 

discharge by far (Total Kgs) for Aluminium, SS, TDS and TOS. 

Further investigations as to treatment options to reduce this TOS and solids (SS & 

TDS) loading being discharged to sewer should be undertaken.  The obvious source 

of the Aluminium and Sulphur is the sulphuric etching process of the anodizing.  The 

source of Nickel would appear to be the Nickel seal. Drag-out minimisation from the 

end of the Anodizing line needs to be improved.  
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3.  General Discussion – Opportunities for Improvement 

The primary purpose of the study was to provide participants with a toolbox of 

options and ideas to minimise their water and materials usage whilst maintaining or 

improving their product quality. The options provided were to be aimed at areas 

found in each company where the best results could be achieved with the least 

outlay of time & money.   

In the absence of significantly more site time and measurement/quantitation of water 

quality and quantity used, the options will need to be more generic.  Where possible 

guidance will be provided and appropriate case studies will be attached that will give 

companies the information they require to move towards trialling and implementing 

the recommendations.    

The General focus of the recommendations where appropriate or applicable to the 

company will be in the areas of: 

 Alternative processes; 

 General waste reduction by; 

o Improving operating processes / operator involvement; 

o Reducing drag-out losses; and 

o Reducing rinse water requirements 

 Process solution / Cleaning solution Maintenance; 

 Chemical Recovery Options, and 

 Improvements to treatment process , recycling opportunities 

A number of source references and summary guides represent good summary 

documents for a generally review of approaches to waste reduction, cleaner 

production and water efficiency in the plating industry have been utilised in 

generating the following discussion and are recommended for further advice. (QWC), 

(NCDENR, 2009), (WEM,2009). 

Final recommendations will be provided (short term & medium term applicability) as 

to the best way ahead to maintain commercial profitability in this time of increasing 

costs and environmental constraints. 

All references to “plating” should be read in this case as “Anodising” as the majority 

of recommendations remain directly applicable. 
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3.1. Alternative processes 

Due to the nature of the Australian Aluminium Finishing operation, the introduction of 

new technology / alternate metal finishing is not considered as cost effective for the 

site at this time.   

Some attention to the use of electropolishing as a replacement for bright dip might be 

worth investigating in the long term (Graves,2002). 

3.2. General Waste Reduction 

The two most commonly identified areas of waste minimisation identified for the 

metal finishing industry were reducing drag-out losses ( see Sect 3.5)  (ISTC 2008, 

MDEQ 1996, IAMS 1995, Cushine 1994, DPEA 1997 ) and rinse water discharges 

discharges ( See Section 3.6).  These two areas along with other specific items 

relating to Australian Aluminium Finishing are the subject of the following section. 

3.2.1. Improved operating processes/operator involvement 

The following areas are of particular interest: 

 Improved control of potable water supply to plant processes; 

 Improved work scheduling / batching; 

 Improved operator training / involvement in waste minimisation; 

 House keeping and preventative maintenance 

3.2.2. Improved control of potable water supply to plant processes 

Water should ultimately only be flowing to lines that are in operation rather than 

turning a process on at the start of the day and off at close of business.  This water 

control concept can be further implemented by implementing either manual or 

automatic on/off valving to individual lines so that when they are not in use they can 

be turned off locally.  Finer control options for water flow / usage at AAF will be 

discussed further in the body of the report in regards to optimising rinse water usage 

at the site. 

3.2.3. Improved work scheduling / batching 

The concept of batching work again brought up by management is also a very 

effective way to optimise the water and materials usage for a given process, i.e. Only 

have a line operating for a block of time to do all the parts requiring a particular finish. 

This approach is an energy, materials, personnel and time efficient approach that 

should be pursued. 
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3.2.4. Improved operator training / Involvement in waste 
minimisation 

Worker involvement / commitment to ongoing improvement are critical to the 

successful implementation of cleaner production principles and continuous 

improvement practices.  

The documentation of processes and the training of operators is a vital part in 

improving and maintaining quality processes.  As a minimum, all operators should be 

trained in safe work practices / chemical hazards, operator checks and requirements 

for each stage of any given plating operation from racking, timings through each 

stage of the plating process etc to the final removal and inspection of the parts, and 

drag-out reduction / rinsing techniques.  A DVD containing training material sourced 

from the “Merit Partnership” for pollution control in the United States will be provided 

for use by Australian Aluminium Finishing. 

Training in the correct handling of chemicals and required work practices and 

procedures should result in: 

 A better understanding of how to optimise and maintain bath operation; 

 Minimise spill generation, and 

 Improve the consistency of bath formulation and resulting product quality. 

For assistance in operator training, the Australian Institute of Metal Finishing (AIMF) 

web site should visited for a list of relevant local training courses. 

3.2.5. House keeping and preventative maintenance 

The importance of these was outlined in ASIRC Milestone 2 report. (See section 

2.2.2).  The majority of aspects discussed are touched upon in the body of the 

current report. 

3.3. Cleaning and Rinsing Applications 

3.3.1. Aqueous cleaning Processes 

An assessment should be made as to the effectiveness of the existing cleaning 

operation.  Aqueous cleaning uses a solution of water, detergents, and acid or 

alkaline chemicals for parts cleaning (FLDEP, 1995). These materials contribute 

greatly to facilities TDS load in their effluent. Cleaning by immersion with mechanical 

or ultrasonic agitation, and/or spray washing are most common configurations. 

Factors affecting cleaning operations include:  

 Substrate ( what is being cleaned and its chemical compatibilities) (Innes, 

1993) 
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 Degree of cleanliness required (EPA, 1990) 

 Nature of the contaminant ( Organic and/or Inorganic) (EPA, 1990), and 

 Water Quality.  Hard water can decrease the effectiveness of a cleaning 

system  (Innes, 1993) 

Aqueous cleaners consist of a base ingredient (Builders – such as NaOH, KOH, and 

NaSilicates etc) and surfactants and emulsifiers.  These systems can result in 

emulsified caustic waste waters requiring extensive treatment before disposal.  

More flexible weak emulsifying systems with quick break properties or non-

emulsifying systems using spray cleaning should be assessed. Additives and options 

are discussed in detail in an investigation by the Florida Department of Environment 

Protection (FL DEPO, 1995). 

 

3.3.2. Biological cleaning processes 

Biological cleaning has demonstrated major environmental, operational and quality 

advantages over conventional aqueous cleaning in anodizing and Zinc, Nickel and 

brass electroplating etc.  .  Biological cleaning represents a low temperature ( 40 – 55 
oC) long lasting potentially zero discharge method of cleaning that eliminate the use 

of toxic cleaners by employing natural organisms to continuously degrade oils and 

greases used in metal finishing. (Callahan, 2001) 

3.3.2.1. Conditions required for biological Cleaning Operation 

A number of parameters need to be controlled in order to maintain the efficiency and 

effectiveness of this biological cleaning system.  Manufacturers / suppliers should 

provide details in support of system maintenance and optimisation. 

The following are the primary requirements to maintain activity (Callahan, 2001): 

 Water.  Needed as the basis of the matrix of operation of the organisms. Most 

enzymatic reactions take place in solution and transport food and nutrients in 

and out of the water based cell cytoplasm, 

 Temperature. Temp of 40 to 57 oC.  Higher temperatures will result in cell 

death.  Raising the temp by 10 oC generally will double the enzyme activity 

and therefore the rate of biodegradation, 

 pH. pH of 8.8 to 9.2.  Mild alkaline conditions required.  High pH 

diminishes bacterial activity whilst low pH induces significant consumption of 

the surfactant component of the cleaner, 
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 Surfactant. Surfactant required to emulsify the oil and remove soil from 

parts and make the material available to biological consumption, 

 Nutrients. Cells require Carbon, Nitrogen, Phosphorous, Sulphur, 

inorganic salts (such as Na, Ca, and Fe) and micro nutrients to survive and 

prosper. C:N of 10:1 and C:P of 30:1  are optimal, 

 Carbon. Carbon is the component required in greater quantity than the 

other nutrients listed above.  This is provided by the Oil and Grease from 

metal surfaces.  < C24 straight chain Hydrocarbons and lower MW aromatics 

are more easily metabolised.  NOTE: Low levels of oil will diminish the activity 

of the system.  High levels of oil will reduce oxygen, water and nutrient 

availability to the microbe population. 

 Oxygen. Oxygen is vital to the maintenance of Heterotrophic or aerobic 

activity.  The major biodegradation pathways for saturated and aromatic 

hydrocarbons involves oxygenases, with 3.5 gm of oil theoretically being 

oxidised for every gm of Oxygen present 

3.3.2.2. Control systems for Biological Cleaning 

As you can see from the above list, the maintenance of optimal conditions would be 

problematic if we were to rely on manual testing and control.  Systems should 

operate 24 / 7. 

The suggested system is composed of the following elements (Haydu, 2002): 

 Process Tank, 

 Lamella separator module.  Acts as a bioreactor / clarifier to remove dead 

cells and particulate matter, 

 Aerator,  

 Heaters / heat controllers, 

 pH meter.  pH can be used to switch off the system if not required by raising 

pH to approx 10.5.  Critical range generally 8.8 to 9.2 , 

 Transfer pumps , Usually seamless magnetically drive systems, and 

 Chemical metering pumps.  Control the addition of nutrients, pH etc 

 

Solution from the soak or spray cleaning system is transferred through the control 

system that controls the environmental conditions of the system, maintaining the 
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chemical and biological equilibrium.  After treatment the biological cleaner is returned 

to the soak or spray cleaning system. 

Wilcox Metal finishing was trialling a biological cleaner for the removal of oils & 

grease. The results of this should be directly transferable to other metal finishers with 

similar surface preparation requirements.  

 

3.3.3. Reducing water consumption in parts cleaning 

Control of the cleaning and manufacturing process yields benefits in materials and 

water savings. Kanegsburg in an article in PF online suggests 12 ways to reduce 

water consumption: 

1. Preclean. Ensure initial cleaning process is effective. The benefit of pre-

cleaning is a shortened final cleaning cycle; 

2. Choose the right cleaning agent. Incorrect selection will result in excessive 

water consumption. Discuss options with suppliers and do trials; 

3. Choose the right cleaning system. Spray, immersion etc systems should be 

considered; 

4. Optimise cleaning steps. Washing rinsing and possibly drying steps will 

impact on final part appearance; 

5. Recover wash & rinse chemistries. Generally oil-splitting chemistries 

preferred.  Oil can be skimmed or with spray systems, oil can be removed 

from the cleaning tank in a separate operation; 

6. Use closed-loop rinsing. Counter current with the final rinse being the 

cleanest effective in water reduction; 

7. Use consistent, well defined water. City water sometimes problematic. 

Consistency important. High resistivity water not necessarily the best as it is 

metal hungry and may detrimentally  impact on the substrate; 

8. Use effective filtration. Improves process performance and consistency, 

limiting soil build-up.  The choice of filter depends on 

a. Particulate or dissolved contaminants 

b. If particulate, size & shape 

c. Organic or inorganic 
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d. Single or multiple contaminant types; 

9. Monitor and maintain wash and rinse fluids. Avoid extremes in monitoring & 

maintenance. Automation of bath monitoring should be considered; 

10. Provide training and schedule maintenance. Regular maintenance of 

particularly spray nozzles is vital to maintain effectiveness ; 

11. Analyse and customise your processes. Process best optimised to parts and 

process of a given operation, and 

12. Manage the process. 

3.3.4. General water usage in plant & parts cleaning 

Most companies have listed water used for cleaning and wash downs as between 5-

10% of their total water usage. Converting cleaning equipment to high-pressure, low-

volume equipment will mean that significant water savings can be achieved. 

Technological advances in cleaning equipment have produced excellent products 

that use a fraction of the water that conventional cleaning systems use. The increase 

in pressure will also mean a better clean for particularly difficult areas.  

There are a wide range of products available to choose from, depending on the 

specific nature of the cleaning. Metal finishers will find the payback period on these 

products is short.  

Water is used for process change-overs, equipment cleanouts, parts rinsing after 

surface preparation and anodizing, tank rinsing, line flushing, floor and spills cleanup 

and other applications such as cooling and heating and boiler operation etc (WEM , 

May 2009). 

In order to reduce overall water usage in plant operations a number of general 

principles must be applied: 

 Education.  Employees must be aware of the need to maintain and improve 

water efficiency; 

 Dry clean-up.  Use vacuums, squeegees, scrapers, brooms and brushes 

before resorting to a water cleanup; 

 Eliminate / reduce floor cleanup requirements where possible by: 

o Finding and eliminating the sources of leaks and spills; 

o Mop up small spills if necessary to minimise spread; 
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o Use floor mats, clean zones etc to minimise the tracking of 

contaminants about the plant area.  

 For anodizing line operations, use efficient Spray washing / rinsing systems 

and controls such as: 

o Spray nozzles with automatic shutoff; 

o Consider the use of high pressure washers; 

o Pressurized air assisted low flow spray nozzles; 

o Low-flow fogging nozzles; 

o Flow restrictors in water lines; 

o Use of timers to shut down water rinses when process is shut down; 

o Turn off water when not in use; 

o Ensure spray nozzles are aimed correctly; 

o Review nozzles spray patterns for optimum application ( fan, cone, 

hollow cone, air atomizing, fine spray and fogging options available to 

suit the application); 

o Maintain and replace worn spray nozzles when required; 

o Use counter-current rinsing; 

o Use conductivity controllers to maintain rinse quality whilst minimising 

water flow; 

o Use spray washing / rinsing techniques for tank cleaning vs. refilling 

and dropping tank wash water; 

o Teflon surface coatings or equivalent on tanks, vats, pipes etc. Non-

stick surfaces for easier cleaning; 

o  Cleaning chemical change.  Changes to type, temperature and 

concentration can reduce water usage; and 

o Operational controls and Maintenance.  Prevent overflows with good 

process controls. 

The dot points mentioned above are covered in more detail in the following 

discussion on use of rinse water in anodizing operations. 
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3.4. Process Solution / Cleaning Solution Maintenance 

Contamination carried by water can build-up slowly or quickly in baths until a stage is 

reached where they exhibit a detrimental effect.  Frequently this contaminant build-up 

is cyclic and can take place over one to 2 months, therefore not being noticed as the 

cause of plating problems.   

Self-contamination of plating solutions.   Chemical attack and dissolution of the work 

substrate, tank walls, heating coils, plating salt decomposition products and 

impurities, electrolytic decomposition products etc will contribute to this degradation 

of the metal finishing solutions.   

DRAGOUT in such cases can assist in creating a „self limiting process” or steady 

state.  I.e. If drag-out is limited in order to maximize cost effective plating operations 

(minimise material & water usage ) all sources of detrimental impurity input to plating 

bath chemistries must be minimised. 

3.4.1. General principles & Options 

A number of general principles are expounded in the literature and discussed in part 

previously are summarised below:  

 Conventional Maintenance/housekeeping. Extend bath life by keeping the 

plating area as clean as possible and preventing foreign matter and corrosion 

product from entering the bath.  Keep equipment well maintained, clean and 

use corrosion resistant Tanks. Filter incoming air or water to reduce airborne 

and water born suspended matter. 

 Monitoring bath Composition/Chemistry, Determine critical operating 

parameters and maintain the bath within acceptable limits.  Monitor regularly 

and maintain bath at minimum concentrations necessary to maintain quality as 

increasing concentration increases drag-out. 

 Process bath operating temperature, Increase in temperature will reduce 

solution viscosity. The effect of temperature on solution stability needs to be 

taken into account as additives may breakdown reducing the active life of the 

bath. 

 Metal finishing Solution Concentration, Higher concentrations mean higher 

viscosity and therefore greater drag-out. Reducing concentration improves 

drainage efficiency (EPA, 1992). 

o Advantages.  Reduced Drag-out losses, chemical usage rates/costs 

and sludge generation 

o Disadvantages.  Decreased tolerance to impurities.  
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 Use of Additive. Generally materials added to reduce surface tension or 

maintain active ingredients in the bath in the soluble form  

o Wetting agents.  Surfactants or wetting agents 

 Advantages. Reduce drag-out losses and can improve finish 

quality 

 Disadvantages. Can cause foaming (particularly with air 

agitated baths). Incompatible with some bath chemistries 

o Non-chelated process chemicals. Inhibit the precipitation of metals 

and additives to maintain bath effective life. e.g. phosphates and 

silicates in etching operations 

 Equipment Modification 

o Anode maintenance. Anodes with higher purity do not contribute as 

quickly to bath contamination.  Low applicability to anodizing. 

o Purified water. Minimises the addition of dissolved ions that will 

eventually impact on the effectiveness of the plating bath or cleaning 

operation 

o Improved vapour/mist control. Reducing or returning captured liquid 

otherwise vented to atmosphere 

 Chemical Substitution. Simplify chemistries to allow for easier maintenance and 

reduced waste issues. E.g. replace cyanide with non-cyanide based processes. 

 Acid solution regeneration. Processes such as distillation, acid sorption, 

membrane electrolysis, crystallisation and diffusion dialysis may be appropriate 

 Spent Acid Bath Reuse.  Reactive rinsing  

 Waste Segregation.  Remove contaminants solids by filtration, carbonates by 

temperature reduction and precipitation processes. Removal of metal 

contaminants by precipitation. 

 Carbon treatment to remove Organics.  Removal of introduced oil (Air agitation 

from compressor) or from bath breakdown products on either a batch or 

continuous basis.  
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3.4.2. Bath filtration options for plating & cleaning bath 
maintenance 

Filtration is the most commonly applied method of corrective bath maintenance. 

Various equipment is used for filtration (Heller,1999), with the most common being 

cartridge filters. Sand or multimedia filters are also commonly employed. Cartridge 

filters are available with in tank or external configurations, with the former used 

mostly for small tanks and the latter for large tanks (Williams, 2007). 

In-tank filtration systems can be very effective in baths that are prone to heavy 

contaminant burden. The filtration systems can be used on their own to provide 

protection from contaminant build up or they may be used in conjunction with a 

carbon product to aid the removal of organic contaminants. The most commonly 

used systems are cartridge and disc filtration systems.  

Detailed discussion of the advantages and disadvantages of in-tank filtration options 

are available in a series of fact sheets produced by the North Carolina Division of 

Pollution Prevention & Environmental Assistance. (DDPEA, 1997 b-d). 

Filtration systems can extend bath life by 2 – 4 times (DEHNR 1997). Not only does 

this introduce a significant water reduction, but significant savings may be made by 

reducing the frequency of replacement of costly chemicals including passivators, 

cleaners, chromate conversion coatings and phosphating chemicals.  

Other benefits of in-tank filtration include less pipe work and equipment outside of the 

tank, thereby reducing potentially hazardous spills and leaks. Residue clean out and 

disposal are also eliminated and the burden on the WTP is greatly reduced due to 

the extended lifetimes of associated baths. 

Filter media is re-usable and can be cleaned quickly and easily.  The life of the media 

is dependent on the bath composition. It is important to understand the nature of the 

baths before selecting the material for filter media and pump construction. There are 

a number of materials to choose from and each will have varying levels of success in 

different bath types.  

3.4.3. Monitoring bath composition/Chemistry 

Frequent monitoring of bath composition and chemistry is vital in maintaining   

efficiency and product quality. The  maintenance of critical operating parameters 

within acceptable limits  results in more consistent work piece quality and longer bath 

life, electrode life and improved efficiency (Telukdarie, 2006) (IAMS,1995).  

Use of manufacturer supplied test kits or onsite laboratory, supplier support etc with a 

focus on maintaining plating baths at concentrations giving effective results at the 

minium bath chemistry levels will optimise chemical consumption , minimise drag-out 

concentrations and reduce overall feed chemical and waste disposal costs. 
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3.4.4. Maintenance techniques 

Apart from filtration address previously a number of other options exist depending on 

the nature of the contaminant issue, some of which will be applicable to Anodizing: 

 Carbon treatment of plating baths is a common method of removing organic 

contaminants. The carbon adsorbs organic impurities that are present as a 

result of oil introduction or the breakdown of bath constituents.  Also used in 

conjunction with filtration to remove organics and can act as a pre-filter to 

prevent filter clogging by fines, extending filter life. 

  Chemical treatments.  Proprietary reagents such as Virotech, or PRO-pHx, a 

silicate based material for removal of heavy metal contaminants from acid 

solutions may be applicable.  PRO –pH has been used to control the levels of 

Aluminium in acid baths.   

3.5. Reducing Drag-out Losses 

The first step in reducing water usage in plating operations is to do everything 

feasible to minimise the build-up of contaminants entering the rinse water by applying 

all cost effective techniques possible to minimising the quantity and concentration of 

drag-out/drag-in of plating solutions moving into the wash water and cross 

contaminating other plating baths.   

All such drag-in/drag-out represent wasted resource, by decreasing bath life through 

contamination, increasing bath chemical usage, increasing parts cleaning 

requirements, increased costs in waste water treatment , higher volumes and cost of 

disposal of treated water to sewer as trade waste and solid waste  treatment 

residuals to landfill. 

3.5.1. Principles for Minimising Drag-out 

The following areas of operation and principles apply to minimising the effect of drag-

out in plating operations (Kushner, 1981). 

 Keep solutions under optimum control.  Regular testing & treatment to 

remove harmful impurities and maintain plating quality; 

 Use solutions of low concentration whenever possible.  Vigorous agitation will 

assists low concentration solutions to produce good deposits; 

 Use an effective non-ionic wetting agent to reduce surface tension in surface 

preparation and finishing baths. Possible to get approx 50% reductions in 

drag-out with this alone.  NOTE: non-ionic wetting agents recommended as 

they will not be harmed by the electrolytic processes in the plating baths; 

 Keep concentrations of all dissolved salts at the minimum required for good 

operation; 
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 Use the highest temperature appropriate to good bath operation (see 

suppliers recommendations) to reduce viscosity & surface tension of the 

plating bath.  Increased evaporation will also assist in the return of 

concentrated solution for static drag-out bath  NOTE: subject to bath 

chemistry stability, higher temperatures produce deposits as good or better 

than low temperature operation ( APPU , 1995); 

 Minimise the addition of materials to the bath that serve no necessary 

function; 

 Ensure parts to be plated are racked in the orientation that minimises drag-

out ( do simple racking tests to determine the optimum racking geometry); 

 Decreases the work withdraw rate and increase drainage time. Allow to 

directly drain over the plating bath.  Increase from 3 to 10 seconds will reduce 

drag-out by 40% (IAMS, 1995); 

 For a given drainage period, use the largest portion of the time on withdrawal 

over the plating tank.  This will result in the assistance of surface tension 

effects and thinner films adhering to the part; 

 The deeper an object penetrates vertically into the bath the slower it should 

be removed again so that surface tension can assist in minimising the 

residual film thickness on the part. ( thickness varies with the square root of 

the withdrawal velocity); 

 Withdraw racks smoothly from the plating solution to ensure surface tension 

effects assisting with drainage are optimised.  Automated systems are best of 

course for this; 

 If work has hollows ensure work is free draining on removal or request design 

changes to include adequate drainage holes; 

 Ensure racks are maintained with full coatings to minimise nodules and rough 

spots occurring that can catch or hold plating solutions; 

 Optimise rack drainage to prevent pooling of liquid on parts, rack or irregular 

surfaces ( EPA, 1992); 

 Use drip or drain bar over the plating tank to ensure the majority of drag-out is 

draining back to the plating bath.  NOTE: if solution drying is an issue causing 

plating defects, fog spray to keep the surface moist may assist. 

Critically in applying all the recommendations above, the human element is critical.  

The active co-operation of the personnel running the plating line is vital. 
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3.5.2. Drag-out Recovery Methods 

After applying all possible recommendations to reducing drag-out, the next 

appropriate step is to where possible recover drag-out material that could not be 

maintained within the boundary of the plating tank structure. 

The following techniques and equipment are recommended: 

 Drain Boards.  Of suitable material sloping back to the plating tank.  Liquid 

can run back or be washed back to the plating tank 

 Drip Tanks.  Where continued drainage / dripping can occur over a period of 

time.  More appropriate to drainage requirements of barrel plating.  Barrel 

rotated whilst draining and material pumped back to plating tank. 

 Fog Sprays.  Mist like water spray that penetrates even inaccessible surfaces.  

Low flow mean that more concentrated solution can be returned to the plating 

tank or stored for later recovery.  Also useful with serial rinses supplying the 

water; 

  Drag-out Tanks. Recover rinses.  Simple quick and efficient.  Where 

maximum drag-out recovery required air agitated water filled drag-out tank 

with wetting agent very effective.  Diluted Drag-out can be fed back to replace 

evaporation, concentrated by evaporation & fed back, removed by RO or Ion-

exchange and concentrate returned or otherwise reclaimed, and 

 Or, a combination of the above. 

3.5.3. Effect of Total Natural Recycling 

The aim of eliminating all drag-out is in-fact one that we do not want to completely 

achieve. There are two fundamental reasons why complete closed loop recycling of 

plating material is not obtainable / desirable (KUSHNER, 1981). 

1. Evaporation may not sufficiently exceed drag-out( excessive number of rinse 

tanks required); and 

2. The bath will become contaminated over an extended period of time with the 

build-up of undesirable impurities normally removed by drag-out losses. 

Under normal circumstances, after all drag-out reduction and recovery options are 

implemented, significant though reduced plating chemistry losses will still occur that 

will ensure contaminant build-up is not problematic.  Major contaminants of concern 

in plating baths should be monitored to ensure no issues have occurred.  Look to 

product rejection rate also as a measure of impact. 



 SWF Milestone 5 Final Report    

Commercial in Confidence  
 - 24 - 

3.5.3.1. Evaporation 

Evaporation plays a critical role in the return of recovered plating solution.  An 

ordinary hot plating bath will loose between 3 and 6% of its total volume per day from 

evaporation (KUSHNER, 1981).  The following will assist in increasing evaporation: 

 Blowing air across the surface (possible to double or triple effective 

evaporation rate) using slot ventilated tanks.  NOTE: ensure no harmful 

vapours are generated by the process; 

 Have the work enter the plating bath ( drag-in) as dry as possible ( pre drip or 

air blow off or combinations); 

 Operate the plating bath at as high a temperature as is possible within 

stability constraints; 

 Keep the plating tank at temperature 24 Hrs per day ( confirm relative costs of 

waste treatment of drag-out vs. cost to heat the system on case by case 

basis); 

 Where a bath operates at near room temperature consider the use of vacuum 

evaporation. 

 

3.6. Reducing Rinse water requirement 

Reducing water use has a number of positive effects. 

 Lowers operational costs by reducing water bills; 

 Reduces waste water treatment costs; 

 Impacts on the efficiency of the waste water treatment process generally 

improving contaminant ( metal) removal efficiencies; 

 Reduces or delays the need for treatment capacity upgrades where business 

throughput increases. 

Water used in plating operations should where possible is used more than one time 

to do work.  The required water quality characteristics for a given processing step will 

determine if multiple use of in-process water is acceptable for achieving necessary 

product quality control/assurance.  These quality standards need to be established 

for each point where multiple uses is envisaged. 
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Depending on the water quality requirements for a given process, water may simply 

be recirculated or require only basic treatment such as solids removal or oil skimming 

and / or filtration through cartridge or other filters. 

3.6.1. Summary of Good Rinsing Principles 

Water contamination and poor rinsing are among the major causes of poor metal 

finishing quality.   

For this reason it is vital that for effective and efficient use of rinse water that good 

rinsing practice are implemented throughout the plating shop. 

The following is a summary of the principles that need to be applied in order to obtain 

optimum results from rinsing operations using the minimum amount of water: 

Summary of Good Rinsing Principles 

 Use properly designed rinse tanks ( appropriate inlet & outlet placement, 

materials of construction and mixing) ; 

o Only large enough to suit the work load, i.e. Smaller tanks mean that 

the total water contacts the work surface in the shortest possible time, 

o Simple but controllable way of putting water into the tank, 

o Prevent feed water short-circuiting by properly placing inlet and outlets 

at opposite ends of the tank, 

o Use inlet flow baffles, diffusers, spray heads etc to distribute the inlet 

water, 

o Work area and depth of the tank just sufficient to comfortably hold the 

larges contemplated work load, 

o Constructed of the proper material (minimise any corrosion issues). 

 Have rinse tanks of equal size( larger size is not more effective or efficient); 

 Use rinse tanks of the smallest size compatible with easy handling of the work 

( for any given flow rate, better mixing occurs and the contaminants are 

carried away faster ); 

 Use more than one rinse tank where possible ( counter current multi-stage 

rinsing reduced water requirement whilst maintaining rinsing efficiency and 

minimising treatment plant or recovery equipment sizing); 

 Use agitation in the tanks; 
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 Allow sufficient time for good mixing; 

 Use wetting agents in the rinse tanks (0.02% by weight only. Some increase 

in air bubbles formed when air agitation used. Savings of up to 20% have 

been demonstrated with improved rinsing quality); and  

 Use warm or hot water where possible( particularly where solutions from 

cleaning & plating baths tend to “freeze 

 Have good repeatable measurable water flow control.    

3.6.2. Requirements for Good rinsing ( running or stagnant rinse) 

Good rinsing in either running or stagnant (drag-out tank) requires: 

1. Turbulent relative motion between the work part and the water.  

2. An adequate period of contact between the work and the water; and 

3. The presence of sufficient water during the contact period to 

adequately reduce the concentration of Drag-in surface dissolved salts 

in order to minimise surface contamination that would affect the next 

plating or finishing operation. 

3.6.2.1.  Turbulent relative motion 

Turbulent relative motion.  Can be achieved by a number of different methods such 

as:  

 Direct flow of water (least efficient but most frequently found).  Wastes up to 

98% of water if not used in conjunction with other options. 

 Spray rinsing (high velocity sprays) Advantages.-Uses ¼ to 1/8 of the 

equivalent dip rinse.  Sprays only operate when work dipped into spray tank. 

Disadvantage – not good where part has hidden recesses / surfaces. 

 Fog Rinsing (highly atomised air entrained water droplets).  Excellent over 

heated plating baths to remove the majority of plating solution before final 

rinsing or over drag-out tanks before regular rinsing. 

 Manual motion of work.  Variable in effectiveness.  Can be very good when 

the operator is conscientious. 

 Mechanical motion of the work. No generally rapid enough. Security of work 

on racks an issue. 
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 Blowing air through the water.  Probably the best all-round option for 

improving forced convection mixing.  Blowers recommended.  Minimise oil or 

particulate entrainment.  Ensure good distribution (pipe distributor at bottom 

of the tank).  

 Pumping. Angle for tank turbulence.  Air venturi possibilities, 

 Propeller agitation. Not as efficient as air agitation. Occupies tank space. 

 Vibratory agitation (Ultrasonic).  Energy intensive.  Specialty applications 

The method suggested as most appropriate for Australian Aluminium Finishing is; 

 Blower agitation of all rinsing & drag-out tanks (where possible, taking into 

account any OHS issues from increase air emissions - i.e. Chrome tanks) 

through distribution manifold located at the bottom of the rinsing tanks. 

Agitation by pump recirculation of other systems (possibly in-tank filter 

system) is an alternative to air agitation and may be used in conjunction with 

air agitation. 

 Fog rinsing where applicable over heated plating tanks, static drag-out tanks 

prior to flowing rinses. 

3.6.2.2. Adequate period of Contact 

An adequate period of contact between the work and the water.    

Is dependent on how effective the forced convective mixing is within the wash water 

tank.  If there is good agitation and a non-ionic wetting agent is present, 5 seconds 

may be adequate. If there is no agitation to speak of and the parts have complex 

geometry, a few minutes may not be adequate. 

In general, 10 to 15 seconds should be enough in the presence of the recommended 

agitation method.  If agitation is only fair, significant addition anal time will be required 

(2 to 5 times as long). 

It is recommended that Australian Aluminium Finishing review their process and 

ensure adequate rinsing times are implemented.  

3.6.2.3. Sufficient Water 

The presence of sufficient water during the contact period to adequately reduce the 

concentration of Drag-in 

Generally rinse tank flow is continuous whilst work enters and leaves the wash water 

tank at discrete intervals.  Build-up of contaminants with good mixing will trend 

towards an equilibrium state.  
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In order to increase effectiveness of rinsing and minimise the quantity of water used 

to achieve this effect counter current multi tank rinsing is recommended.  This 

allows a significantly smaller amount of water to achieve a better rinsing result and 

reduce the load on water treatment plants or metals recovery units. 

Principles used for minimising Process rinsing and cleaning water usage include: 

 Improve efficiencies with counter-current rinsing multi-tank systems 

 Multiple use of water.  Sequential use from high quality requirements to low 

quality needs 

 Use of conductivity flow controllers where appropriate 

 Improve rinsing with improved agitation, spray nozzles, pressure rinsing, fog 

rinsing or a combination of the above 

 Use dry clean-up practices where possible.  Squeegees, vacuums, scrapers, 

brooms and brushes rather than a hose. 

 

3.6.3. Flow control Techniques 

One of the issues mentioned previously in Section 3.6.1 & 3.6.2 is the importance of 

flow control in obtaining optimum rinsing flow rates to unit processes. 

There are a number of possible approaches that range in expense and need to be 

individually assessed against the needs and type of plating operation in question. 

The following options are available: 

 Flow Restrictors.  Usually constructed of elastomer material with an orifice 

that squeezes smaller with increasing feed line pressure.  Provide a fixed flow 

rate at varying feed water pressures. 

o Available in approx 0.4 to 40 litres per minute flow ranges; 

o Work best for lines with consistent throughput (consistent drag-out 

levels being managed). 

 Flow Cut-off valves.     Water flow to rinse tanks as stated previously should 

be cut-off when process lines are not in use.  They can be: 

o Manual; 

o Automatic.  Solenoid valve to turn off when power is shut off to the line 
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o Foot actuated valve in job shops with intermittent operations; 

o Activate only when components are being rinsed; 

o Use photo sensors to turn on water valves or spray heads only when 

part is passing the sensor on that rinse stage 

 Conductivity Meters & Controllers.   Can ensure that a set water quality 

standard is always maintained in the wash water system.  Conductivity can be 

related empirically in a given system to the TDS.  General reductions of 40% 

in water usage can be achieved (Metal finishing, 2009).   

The placement of the conductivity sensor is critical to the success of the 

system as false readings will be attained if the sensor is placed near the 

fresh water inlet. Ideally, the sensor should be placed near the overflow, 

where the most contaminated water is found. Good mixing in the tank is also 

required.    Failure to flush such systems will result in false readings and the 

possibility of an increased rejection rate for product due to spotting.  

Systems and requirements are as follows: 

o Conductivity control systems consist of a conductivity sensor, a 

conductivity analyser and a solenoid valve; 

o Require good mixing to ensure conductivity is representative of the 

actual level in the wash water tank; 

o Operate in a dead band mode with a set point upper & lower 

conductivity level between which the solenoid valve allows the flow of 

water to dilute the and flush out contaminants to waste maintaining 

rinse water quality; 

o Most useful on batch or intermittent plating lines; 

o Inductive loop sensors ( electrodless sensors) recommended as more 

robust , have a wider measurement range and are less prone to 

fowling; 

o Sensor placement critical to ensure accurate monitoring of solution 

conductivity ( best near the overflow exit of the wash water tank); 

o System cost in the vicinity of $2,000 with an expected payback of 

approx 1 year; 

o Systems should be cleaned and checked for calibration at least 

monthly; 
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o Not advisable for control of wash water where contaminants are 

suspended rather than dissolved; 

o Portable conductivity meters can be used to establish a fixed flow rate 

for consistent operations either for supply to the plating line or to 

establish flows to individual rinsing operations. 

Start points for typical plating systems are listed in Table 3 below 

Table 3. Conductivity Start Points (NCDENR, 2009) 

Acceptable Rinse Water Contaminant Limits 

Rinse bath For 

Conductivity in 
micromhos 

(umho) 

Alkaline cleaner 1,700 

Hydrochloric acid 5,000 

Sulphuric acid 4,000 

Tin acid 500 

Tin Alkaline 700 to 340 

Gold cyanide 260 to 1,300 

Nickel Acid 640 

Zinc acid 630 

Zinc cyanide 280 to 1,390 

Chromic acid 450 to 2,250 

  

 Flow Meters.  Are relatively inexpensive and in conjunction with 

accumulators/ totalisers can assist in the maintenance and control of water 

usage in the plant. (For example, Insite Model PX55LPM inline flow meter. 

Range to 55 lpm, Price approx.$205 + GST).   They can: 

o Can be installed in the main water feed line or on individual rinse 

tanks; 

o Can be a portable unit that can be moved between lines for 

optimisation trials; 

o Do not actually save water but allow for better monitoring; and  

o Can help identify optimum utilisation, excessive usage areas or leaks 

when systems fail.  



 SWF Milestone 5 Final Report    

Commercial in Confidence  
 - 31 - 

Flow meters and restrictors allow the operator to set the desired flow rate and trial by 

reducing the flow incrementally to a point where there is just sufficient water flow to 

maintain the required part quality. 

3.6.4. Alternate rinsing configurations 

Optimising the flow of water from high quality to low quality usage requirements and 

ensuring that contact is maximised for any given technique is vital in ensuring 

minimization of water usage whilst maintaining product quality.  The information 

contained below includes items already noted previously but of critical importance to 

minimising water usage in plating operations.  The following techniques can be used: 

3.6.4.1. Counter current rinsing 

As mentioned previously, water flows in the opposite direction to work flow. 

Plating Bath
Rinse Tank 

1

Rinse Tank 

2

Rinse Tank 

3

Work Flow

OverflowOverflow

Fresh 

Water

To 

Treatment 

Plant

 

Figure 3: Counter-Current rinsing sequence 

 Two to three tanks in series at most is recommended.  For the same rinsing 

efficiency with perfect mixing, using 2 tanks in series reduces water 

consumption by a calculated 98.6%, with 3 tanks reducing consumption by 

99.7%. A real world estimate of 90% reduction in water consumption for 2 

tanks in series is the more likely outcome.   

 Reduction in water flow achieving the required rinse efficiency and 

effectiveness means more concentrated plating material in Rinse tank 1 that 

will at worst reduce the sizing and efficiency of water treatment operations 

and at best allow for some reuse or efficient use of alternate metal recovery 

options, reducing wastage. 

 If space is an issue, consider dividing existing rinse water tanks with a 

partition that can act like a weir. ( NOTE: ensure sufficient space remains for 

the racking )   
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Counter current rinsing is extant in the Surface preparation system for powder 

coating, with tanks 2& 3 and 5 & 6.  The last DI rinse (Tank 7) should be reutilised if 

possible (depending on quality and flow limitations) in a lower quality rinsing 

application rather than discharged to treatment. 

Use of more counter current connectivity in the Anodising system should be 

considered depending on quality and compatibility issues that would have to be 

trialled on site.  

3.6.4.2. Reactive Rinsing – Rinse water reuse 

Depending on water quality requirements the rinse water from one plating step may 

be directed to rinse at another step in the same processing line or in another line.   

Alkaline 

Cleaner
Rinse Tank

Acid 

Cleaner
Rinse Tank

Plating 

Bath

Work Flow

Rinse Tank

Fresh 

Water

 

Figure 4: Reactive Rinsing 

This approach can be used: 

 Diverting overflow from an acid rinse to an alkaline rinse. Effectiveness of the 

rinse will improve due to neutralisation effect of the acid rinse, reduced 

viscosity of the drag-out layer, reducing water usage 50%.; 

 Rinse from  a single stage after a plating operation directed to the rinse after 

an acid or caustic cleaning step; 

 A combination of the above for triple water usage. Eg. Diverting a nickel rinse 

to use as a rinse after and acid dip with the final use being diverted to the 

rinse after an alkaline cleaning step,  

 Reuse from a critical rinse to a less critical rinse in the same or other 

processing line. NOTE: ensure that the arising cross contamination is not 

problematic, i.e. do trials. DO NOT USE if trials show that precipitation, 

staining or contamination can result. 

Rinse from Tank 12 should be routinely used to assist with caustic rinsing.  It was 

indicated that this was done sometimes, but no reason was given as to when and 

why during our visit. 
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3.6.4.3. Double dip rinsing 

Double dip rinsing is a quick and simple process change that can help maintain bath 

concentrations and eliminate the need for high water throughput or excessive 

dumping of the tanks.  

 Rack rinsing cycle is repeated twice in the same tank(or two tanks 

hydraulically connected); 

 This method is not as effective as counter-current rinsing; 

 Option for facilities that are restricted due to floor space or financial 

constraints; 

 It is more effective than rinsing a piece once.  

 Particularly effective where viscous material is being removed, such as 

caustic surface preparation; 

 Can be used in static drag-out tank to maximise retention of plating bath 

components that might be fed back to the plating tank to replace evaporative 

and drag-out losses rather than using expensive bath makeup chemistries; 

 Rack after rinsing can be dipped in the drag-out tank or wash tank after the 

plating bath. This increases the metals concentration in any water film 

carryover into the plating bath, thus minimising any dilution of plating baths 

chemistry by carryover and optimises the part for plating.  

3.6.4.4. Air Knives 

Air knives work on the same principle as spray bars but air is used instead of water.  

 It provides the same benefit of removing solution from the surface of the work 

pieces returning it to the process bath. The air physically pushes the liquid 

from the part and back into the process bath;  

 A benefit of the air process over the spray process is that fresh water is not 

being fed into the process bath and thus diluting it;  

 Nozzles may be stationary or movable, offering the best possible coverage for 

a given rack of parts. 

This method is best applied to parts that are simple in shape. It is desirable for the air 

stream to contact as much of the surface of the part as possible. Care must be taken 

to ensure time is minimised so that solution evaporation and spotting will not occur. 
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3.6.4.5. Spray Rinsing 

Typically these can be used over a static rinse to reduce drag-out. Can be very 

effective on flat surfaces.   

 Have flow rates of 0.15 to 4 litres per minute; 

 Can spray water only or air-atomised; 

 Spray patterns available in full cone, hollow cone, flat fan and finer misting or 

fogging spray types; 

 Spray angle, throw and pattern important when designing the layout and 

determining nozzle type/number required; 

 System requirements include water supply, nozzles, inline filter and check 

valve; 

 Expected payback for system ( < $2,000 ) approx 1 year 

 

3.6.5. Reducing Drag-out to improve Rinsings 

Drag-out reduction is reducing the residual film of plating solution remaining on parts 

moving to rinse operations.  By reducing the volume of process solution wasted by 

drag-out we can conserve expensive bath formulations, reduce water needed to 

clean parts and reduce mass loading to waste treatment plants. Reduction 

techniques (as mentioned previously in detail) include: 

 Operating and maintain process formulations at slightly above the minimum 

concentration sufficient for effective plating. i.e. at minimum chemical 

concentrations for good plating effect This: 

o Decreases viscosity and therefore the quantity of drag-out, 

o Reduces metal level in actual drag-out solution minimising 

contaminant load requiring removal and treatment. (Eg use of a 250 

gm/l Cr bath rather than a 400 g/l bath will reduce drag-out by 38%) 

 Maximise temperature to lower bath viscosity; 

 Use wetting agents to reduce surface tension ( up to 50% reductions can be 

achieved)  Wetting agents should: 

o Inhibits bubble formation on Cathodes improving efficiency‟ 
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o Be Non-ionic and stable against electrolysis, 

o Be appropriate to the bath chemistry in question, and 

o Be trialled and added at the minimum concentration demonstrated to 

be effective. 

 Rack parts to maximise drainage( train to edge, point rather than flat or 

cupped surface; 

 Ensure racks are maintained in good working order. Minimise pitting, 

corrosion and nodule formation that significantly increase drag-out; 

 Extend drainage time over process tank or dead rinse; 

 Increase drip time.  Eg. Increase from 3 to 10 sec reduces drag-out on 

average by 40%; 

 Use spray of fog rinsing over process tank or dead rinse; 

 Position drainage boards between process tank and rinse tanks. 

 

3.6.6. Waste water reuse 

For most metal finishing processes, recycled wastewater is suitable to use in rinse 

tanks following caustic cleaning and acid pickling. Alternative, less critical areas 

should be identified where treated waste water can replace potable water usage; for 

example in cooling towers, equipment first rinse or washout of pigment materials in 

batch manufacturing processes.  

Water quality parameters need to be monitored if rinse water is going to be recycled 

or reused. Monitoring and control of Total Dissolved Solids (TDS) is a critical 

indicator for water quality in these operations. If the water treatment system is not 

designed to remove TDS, then dissolved solids can accumulate in the recycled rinse 

water, causing a noticeable decrease in product quality. Sodium is a known 

contaminant that is introduced to the plating line through treated wastewater. It is 

important to understand the capability of the WTP and the quality of the water exiting 

the WTP as to its suitability to recycle.  

Some electro plating shops are reusing treated waste water for non-critical rinse 

steps such as after alkaline cleaners and after acid pickling steps. 

It is critical that the effect of this on subsequent plating baths due to the high TDS of 

this water and the likely introduction of contaminants such as Sodium that may 

reduce the effective life of a plating solution.  
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The use of treatment chemistries that minimise the waste water TDS and the 

introduction of detrimental contaminants will possibly allow for partial reuse possibly 

in non critical areas of plating operations or as a component stream (fresh or rain 

water: waste water blends to a specific quality standard determined to be non-

detrimental to operations) or in non plating operations such as cleaning and cooling 

towers.  Products such as Electrobind and Aquasil are alternative reagents for metal 

removal with claims of producing TCLP compliant sludges and treated wastewater 

suitable for low quality reuse. Electrobind from Virotech has been used successfully 

at Excellent Electroplaters where significant levels of treated waste water are used in 

fume scrubbers. 

The use of this water after further membrane treatment techniques such as RO is 

more feasible though at the current cost of potable water, the cost effectiveness may 

not warrant the introduction of such systems.   

3.6.7. Rain water capture 

Rainwater capture and reuse in non-critical processes has often been regarded as 

too difficult and not financially viable. However, with recent increases in the cost of 

potable water installing rainwater tanks is becoming more cost effective and 

attractive to businesses that are exposed to high water usage.  

 Every square meter of roof space is capable of capturing 1 litre of water for 

every 1mm of rain. Therefore, a site with a roof space of 3000m2 in 

metropolitan Melbourne would be capable of capturing approximately 3ML 

per year based on recent average rainfalls (Bureau of Meteorology, 2009).  

 Tanks can easily be installed and plumbed into operational processes, to be 

made available to refill rinse tanks and other non-critical processes.  

 It may also be used for „wash ups‟ and cleaning of parts and equipment. 

Where the quality and quantity is consistent rainwater can be carefully fed 

back into primary processes.  

To improve the quality of the rainwater collected the collection systems can be set up 

in such a way that the initial rainwater is diverted to stormwater to avoid collection of 

dust and particulates on the roof. These are known as first flush systems. After a 

calculated amount of time, the water is then directed back into the collection tanks. 

 An alternative to the first flush system is to treat the rainwater as it comes on site 

(e.g. sand bed filtration, membrane filtration, etc.). Treatment can be as simple or as 

complex as the required water quality and budget dictates.  

 



 SWF Milestone 5 Final Report    

Commercial in Confidence  
 - 37 - 

3.7. Water & Chemical Recovery Technology Options 

As the literature illustrates, there are many techniques are available to recover water, 

metals or acids that have contaminated rinse water streams.  The material is either 

returned to the process or sent off site for recovery/disposal. For economic sizing and 

implementation of these technologies, volumes need to be minimised by the 

introduction of drag out and rinse water efficiency techniques. 

Chemical Recovery to produce a waste stream of sufficient quality for reuse must be 

an objective with significant economic benefits. Here the chemicals can be recovered 

in 3 ways: 

i. Recycling back into the process, 

ii. On-site recovery for resale, and 

iii. Shipment off site for recovery / disposal. 

Metal recovery can also be achieved via technologies such as evaporation, ion 

exchange, reverse osmosis, electrolysis and electrodialysis (Hunt, 1988). 

Metals can be reused by: 

i. Returning to the bath as makeup 

ii. Sold or returned to suppliers 

iii. Sold to a reclaimer, or used on site as plating metal anode 

material 

Savings associated with the various methods of recovering water, metals or acids are 

site and process specific and depend on factors such as: 

i. Volume of the waste containing the metals 

ii. Concentration 

iii. Potential to reuse some of the metal salts, and Treatment and 

disposal costs. 

3.7.1. Rinse Water Reuse & Treatment Technology 

There are various types of equipment which can assist in the recovery of process 

water in the plating process. Heller (1999) Many of these processes are more 

focussed on the metal recovery aspect of the technology and a more detailed 

discussion of some of these processes can be found in Section 3.7.2 – Plating 

component recovery and reuse technology options  
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Types of equipment that have successfully been used in the metal finishing 

industry include: 

 Evaporators. Atmospheric and Vacuum.   Most applicable to 

concentration of drag-out for return to a process bath.  Require condenser 

systems if used for water recovery. 

o Vacuum Evaporators – Operate by lowering the vapour pressure, 

reduce the boiling point required to evaporate water, so some heat 

sensitive ingredients are protected from degrading. Energy 

requirements reduce (capital cost increases) as we go from single 

effect, to multiple effect and Vapour recompression units 

(Freedman, 1995).  Cold vaporisation units use ambient energy to 

provide vaporisation (Cushnie, 1994). 

 Membrane Technologies.  Size Separation Systems. Initial Removal of large 

particulates with a cartridge filter system recommended.   

St Lawrence Technologies in Canada in 2000 have written a data sheet that 

summarises the potential applications of membrane technologies to water and 

waste waters (St Lawrence Tech, 2002).   

Membrane technologies can be used for the removal of suspended solids, oils 

(Ferguson, 2001) and other impurities including dissolved ions (Srisuwan, 

2006). Separation is achieved through a pressure differential across a 

membrane. Cross flow systems provide a continuous self cleaning effect 

allowing for high filtration rates to be maintained, though membrane fowling is 

always of concern in higher concentration wastes. Systems require periodic 

flushing and cleaning to maintain operability. This is a technology being looked 

at for platers looking towards zero discharge or total recycling.  

The choice of membrane depends on the pH, temperature and specific 

application. Membranes are either organic polymers or inorganic (carbon fibre 

or ceramics). Ceramics are becoming more popular for their high temperature 

and chemical resistance (Freedman, 1995) 

Micro-filtration and Ultrafiltration are most commonly used in plating 

applications (Ferguson (2001) and Ieronimo (1995)). Listed below are the 

options in overview. IAMS (1995) 

 Micro-filtration. (0.05 – 3 µm) Oily waste streams. Oils and Greases 

separated from water, solvent and cleaning bath constituents (Ferguson, 2001). 

Can be used to remove cleaning solution drag-out from rinse water lines 

(Cushnie, 1994). Recovery of Caustic cleaners.  Does not remove dissolved 

ions. Final water polishing of treated waste waters (EPA,(1995) and Freedman 

(1995)) 
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 Ion Exchange. Batch system applicable to most plating baths and wash waters 

(Panayotova (2006) and MDEQ (1996)). Versatile technology that can be a 

major component in low or zero discharge plating shop configurations. 

Common applications include: 

o Treatment of water to produce high quality rinse water,  

o recovery of chemicals from rinse water (return to plating bath), and 

o treatment of plating baths to remove contaminants (EPA (1995) and 

Cushnie (1994).  

o Best applied to relatively dilute streams in combination with other 

conventional drag-out reduction practices.  EMR on metal 

concentrates from Regenerant stream EPA (1995).  

 Ultrafiltration. (3-130 nm) Facilities with mixed wastes containing emulsified 

oils from aqueous cleaners. Recirculates and concentrates process solutions. 

RI DEM (1994) does not remove dissolved ions.  

 Reverse Osmosis (0.1-1.5 nm) Uses semi-permeable membrane that blocks 

metal salts and additives. Recycling wastewater.  Water polishing of incoming 

water if TDS > 500ppm or as roughing filter before water treatment by ion-

exchange (SCHULTE, 1998).  See also plating component recovery below. 

3.7.2. Plating component recovery and reuse technology options 

The technologies described below are most effective on more concentrated solution, 

but are applicable, either separately or in combination (e.g. ion exchange followed by 

electrolytic recovery of metallic species from wash waters) to achieve the required 

waste minimisation outcome. The technologies either produce a concentrate able to 

be used directly back into the process, or recover constituents for re- use on or off 

site.      

Types of equipment that have successfully been used in the metal finishing industry 

include: 

 Evaporators. Atmospheric and Vacuum.   Most applicable to concentration 

of drag-out for return to a process bath.  More economical when the amount 

of water is small  (MDEQ (1996) ,Freedman (1995), Veit (1989), and Cushnie 

(1994)) 

o Advantages. - Reuses recovered chemicals, no chemicals required, 

reduces liquid waste for treatment and disposal, requires no 

maintenance, widely applicable, low cost and can reuse rinse water 
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o Disadvantages. – Energy intensive (better when bath already heated 

(Cushnie, 1994), needs multi stage counter current rinsing (minimising 

volumes) to be economical, high cost, chemicals can be corrosive to 

the evaporator,  

o Vacuum Evaporators – Operate by lowering the vapour pressure, 

reduce the boiling point required to evaporate water, so some heat 

sensitive ingredients are protected from degrading. Energy 

requirements reduce (capital cost increases) as we go from single 

effect, to multiple effect and Vapour recompression units (Freedman, 

1995).  Cold vaporisation units use ambient energy to provide 

vaporisation (Cushnie, 1994). 

 Electrolytic Metal Recovery.  One such piece of equipment is the 

Electrolytic Metal Recovery (EMR) unit (MFASC, 1997). As outlined in the 

EPA paper of 1995, material is deposited on the cathode in the EMR process. 

Essentially two types of cathode used for this purpose: a conventional 

cathode (electrowinning or a high surface area cathode (HSAC).  

o MDEQ (1996) Operation is capable of recovering 90 to 95% of metals 

such as Au, Ag, Cu, Zn and Cadmium (Bennati, 1983);  

o Not applicable to chromium recovery;   

o EMR is most effective when metal concentrations are high and can be 

used in conjunction with other techniques such as ion exchange. EPA 

(1995);  

o EMR can also be used on spent plating baths to recover valuable 

residual metals.   

The Joint Services Pollution Prevention Opportunity Handbook (JSPPOH, 

2003) indicates that recent innovations in design of electrowinning equipment 

extend the operating range of processes to include more dilute wastewaters 

(< 500 mg/l) in terms of metal and cyanide concentrations.  

Advantages of EMR Technology: 

o Include the recovery of recyclable metals at 90 to 95% efficiency, 

o no chemicals, 

o low maintenance, and 

o  similar to existing plating process. 

 The disadvantages include: 
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o  the energy efficiency is very low for dilute solutions, 

o requires good segregation of rinse waters to maintain recovered metal 

purity,  

o High surface of some metals may have class 4 properties 

(spontaneous combustion), and 

o Not applicable to oxidising bath chemistries. High chloride levels may 

generate chlorine gas (EPA, 1995). 

 Membrane filtration processes form an integral part of water recycling 

technology in metal finishing plants. Ultrafiltration (UF) and Nanofiltration (NF) 

are used to remove oils and greases that accumulate in process wastewater 

and Reverse Osmosis (RO) is often used to remove salts 

o Ultrafiltration. (3-130 nm) Facilities with mixed wastes containing 

emulsified oils from aqueous cleaners. Recirculates and concentrates 

process solutions. RI DEM (1994) does not remove dissolved ions. 

Removal of oils from process solutions, particularly alkaline 

cleaners.(Schulte,1998)  

o Nanofiltration (0.9 – 6nm) Capable of removing dissolved Heavy 

Metals. Fane (1992 ) 

o Reverse Osmosis (0.1-1.5 nm) Uses semi-permeable membrane that 

blocks metal salts and additives. Recycling wastewater. Recovery of 

drag-out from acid nickel process bath rinses (Freedman, 1995). This 

works best on dilute solutions for the recovery of water and 

concentrated plating residuals (MDEQ, (1996) and Benito, (2002)). 

Although not widely used, Reverse Osmosis has successfully been 

applied to a range of processes, including brass, chromium, copper, 

nickel, tin and zinc plating solutions, with nickel recovery being the 

most successful and frequent. Capable of removing 98% of dissolved 

solids and 99% of organics. Not suitable to oxidative process liquors 

such as chromic acid, nitric acid etc. (Cushnie, 1994). 

 Ion Exchange. Batch system applicable to most plating baths and wash waters 

(Panayotova (2006) and MDEQ (1996)). Versatile technology that can be a 

major component in low or zero discharge plating shop configurations. 

Common applications include: 

o Treatment of water to produce high quality rinse water,  

o recovery of chemicals from rinse water (return to plating bath), and 
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o treatment of plating baths to remove contaminants (EPA (1995) and 

Cushnie (1994).  

o Best applied to relatively dilute streams in combination with other 

conventional drag-out reduction practices.  EMR on metal 

concentrates from Regenerant stream EPA (1995).  

 Electro Dialysis.  Electromotive forces selectively drive metal ions through an 

ion selective membrane. Alternating anion/cation stacks.  

o Can be combined with electrowinning. Bolger (2002),  

o Compatible with most plating baths (MDEQ, 1996). Reclaiming of 

nickel and gold from plating rinse waters or cyanide bath systems (Cd, 

Au, Ag and Zn) (Cushnie, 1994). 

 Diffusion Dialysis. Ion exchange/Membrane technique used in acid recycling. 

Movement by differential acid concentrations across the membrane.   

o Popular for chemical solution recovery,  

o Can remove metals and recycle water in plating or anodizing shop.  

EPA (1995),  

o Can separate mineral acids from metals such as Cu, Cr, Ni, Fe and Al 

so that acid can be reused.  Recovery rates as high as 95% for acids 

and 60 -90 % for metal contaminants (WMRC (2000b) and Cushnie 

(1994)), and 

o Popular with anodizers using large amounts of sulphuric acid  (EPA 

,1995) 

 Acid sorption.  Used on acid solutions including pickling or sulphuric acid 

anodizing baths.  Metal rich slightly acidic solution passes up through the bed 

of alkaline anion exchange resin.  Purified acidic solution desorbed from the 

resin with water.  This technology is rarely used in the plating industry (Cushnie 

(1994) and EPA (1995)). 

 Ion Transfer. Selectively removal of metallic cations from chromic acid process 

fluids.  Generally restricted to chromic acid plating baths, etches and anodizing 

baths. Best used in maintaining relatively clean baths due to the low cation 

removal rates (Cushnie (1994) and EPA (1995)). 

 Membrane Electrolysis.  Anode and cathode compartments separated by an 

ion selective membrane.  Used as a bath maintenance technology to maintain 

acceptable levels of contaminants in chromic based metal finishing solutions, 

(Cushnie, 1994). 
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3.8. Improvements to wastewater treatment processes / Recycling 

opportunities 

3.8.1. Changes to  Wastewater Treatment processes 

Conventional physicochemical treatment of wastewater from electroplating usually 

involves the adjustment of pH with an alkaline reagent to precipitate dissolve metal 

constituents.    

Agents such as Sodium Hydroxide, Calcium and Magnesium hydroxide and Sodium 

Carbonate neutralisation reagents are generally used with and without addition of co-

precipitants such as Iron salts and polyelectrolytes to aid coagulation and the 

formation of larger quick settling hydroxide flocs. Precipitated solids are generally 

concentrated/thickened in some form of settling tower prior to dewatering and 

disposal off site.  

Care should be taken in using the treated wastewater from conventional hydroxide 

precipitation treatment processes (DPPEA, 1999).  Treated wastewater quality may 

be improved through the use of proprietary water treatment materials (for example 

the VIROTEC system and/or additional technology for better control of contaminants 

(for example TDS) can lead to reuse in no critical washes and ultimately to achieving 

a closed loop wash water system as outlined by Heller (1999). 

Products such as Electrobind and Aquasil are alternative reagents for metal removal 

with claims of producing TCLP compliant sludges and treated wastewater suitable for 

low quality reuse. Electrobind from Virotech has been used successfully at Excellent 

Electroplaters where significant levels of treated waste water are used in fume 

scrubbers. 

Data on the two water treatment plants at hand is minimal.  Treatment from the 

anodising line appears to primarily be neutralisation. 

 

3.8.2. Sludge production and filter presses/dewatering 

Waste water treatment plant (WTP) discharge treated waste water to sewer under a 

Trade Waste Discharge Licence with their local water authority (in this case South 

East Water). The final step before discharge to sewer is usually sludge 

separation/dewatering.  

Some companies surveyed are still paying to have low solids level treatment plant 

sludges removed from the bottom of their settling tanks. This practice is an inefficient 

and expensive form of solids removal waste treatment and disposal. Due to tighter 

regulation and restriction on landfill disposal and increased levies on waste operators 

(EPA 996 Hazwaste) the costs associated with having metal-laden material removed 

from site are increasing.  
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A filter press or equivalent dewatering technology will remove excess water (up to 

60%) from a treated sludge and greatly reduce the tonnage and hence cost of 

removal from site. The recovered water can then be reused in other plant processes, 

passed back through the treatment system or delivered straight to sewer should it 

meet the relevant discharge licence criteria. 

To the best of my knowledge the main waste water system at AAF does not include a 

solids separation step as the main contaminant is Aluminium, a heavy metal with no 

Trade Waste limit.  No details are on hand regarding any dewatering and disposal of 

solids from plant operations.  This was and area requiring further clarification. 

Solids arising from the powder coating operation need to be analysed to see what 

potential reuse options or waste reduction options would be applicable. 

3.8.3. Air dried sludge and filter cake 

As stated previously, disposal of solid and liquid waste can be an expensive process. 

The moisture of any given waste material can impact heavily on removal and 

disposal fees. The processing of liquid sludge to produce solid filter cake is the first 

step in reducing these costs. It is financially responsible to remove as much water 

from the waste material as possible. Even after being passed through a filter press, 

solid waste may still have a moisture value of around 40 - 60%. This can be further 

reduced by air drying. A thin film of solid material will allow evaporation of a large 

percentage of the remaining moisture and decrease removal costs.  Use of waste 

heat where available may also promote drying and reduce overall disposal costs. 

3.8.4. Reclaiming metals from waste water treatment plant sludge 

There is currently no viable metal recycling option in Australia for hydroxide sludges 

with high levels of Calcium & Magnesium. 

A Danish study identified a Russian Technology from ERG capable of processing 

mixed metal hydroxide sludges by inorganic chemical processes.  Sludges containing 

Cr, Ni, Cu, Zn, Al, Fe, Si, Sn and Bi can be processed recovering metals, metal 

alloys, metal oxides etc.  Contaminants such as As, Cd, Hg and Sb are problematic. 

(Miljo-Kemi, 2000) 

Carbonate chemistries (Soda Ash ) show some promise but there is an issue with 

economies of scale to make reprocessing and metal recovery from this source 

economically viable, even with the current landfill levies that exist in Victoria. 

A move to treatment chemistries that produce a heavy metal rich sludge at multiple 

locations may on consolidation produce the quantities required.  Work is being done   

for instance by a local company Zapitech in the area of Zinc recovery. 
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4. Australian Aluminium Finishing – Observations & 
Discussion 

4.1. Observations at the site / Recommendations 

The AAF metal finishing operation is a large professional operation on a large site. 

There was some indication that some reclaimed water was being used on the surface 

preparation line.  The notes on hand are not clear as to its source. 

The operation used very large baths (9,000 litres) that lend themselves to cycling 

rinse systems through the use of stagnant rinses. 

Rack materials of construction and cleaning cycles were not investigated.  The use of 

titanium rack though more expensive do not have to be stripped and have good 

current transmission capacity. 

Bath testing and maintenance procedure required clarification.    

  

4.2. Discussion of status in site review 

The ASIRC team, working with AAF, was not able to collect the data necessary to 

compile a preliminary mass balance for the site and established a baseline upon 

which further information can be collected and recommendations provided for the site 

(See Section 2.2 Mass Balance Data). 

Only limited information on Metals usage and wastage was available up to the 

production of the Milestone 4 report and the closure of ASIRC.  No comprehensive 

material balance for metals was possible within the constraints of the studies funding 

and time available. 

4.3. Data collection 

Data was collected prior to a site visit in February 2009 by the ASIRC team, and 

during the previous site visit.  There is still significant outstanding data that would be   

before comprehensive recommendations could be made for the site.  The ASIRC 

team envisaged collecting this information in April 2009, which did not occur due to 

ASIRC‟s closure. 

4.3.1. Gap Analysis 

The ASIRC team has identified the following gaps in the data available from the AAF 

site: 

 Quantity and quality of waste streams leaving the site 
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 Coating consumables purchased for the site 

 Salt purchased for the site (colouring and surface cleaning materials) 

 Confirmation of anodizing sequences (within the different plating 

processes) 

 

To fully understand where the level and areas of significant material and water 

wastage a full site water usage survey and collection of information on all of the 

above would be required. 

4.3.2. Steps required for Project finalisation 

To fully complete the project in this Milestone 5 report, the following would be 

required: 

 Collection of additional data for the AAF site to better understand water usage 

in unit processes 

 Formulate recommendations for the site 

 Assess the technical and commercial feasibility of the recommendations 

 Present the recommendations, along with an implementation plan, to AAF 

The current report in the absence of additional data and a further 2 to 5 days for on 

site testing, data analysis, consolidation and review etc can only focus on preliminary 

recommendations and technical feasibility. 
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5. Australian Aluminium Finishing – Final 
Recommendations 

The AAF site as part of ASIRC Milestone 4 report was assessed against the number 

of the drag-out and rinse water reduction recommendations discussed and expanded 

on in this report and against the review of best practices (ASIRC Milestone 2 report).  

The updated Recommendations list based on data at hand and further review is 

attached for use by AAF in order for them to undertake further review and updates to 

their processes is at Table 4. 

The opportunities identified in Milestone 4 report were further refined and a number 

of recommendations thought to be applicable to Australian Aluminium Finishing 

identified.  A Spreadsheet outlining points requiring clarification was produced as a 

working tool to focus further onsite questioning & analysis to confirm the viability of 

any final recommendations.  This follow-up was intended to involve 2 staff for 2 to 3 

days. 

In the absence of this data and further onsite analysis, the recommendations 

contained in the report will be generic and represent a “best guess” for the company 

based on the information at hand.  

An attempt has been made to assess the likelihood or ease of success for each of 

recommendations based on the practices at other sites and the literature and case 

studies to hand.  

 Recommendations have had to be biased towards those that will require only 

procedural, time and a small amount of funds to implement.  More expensive 

technology recommendations have been included where applicable but would need 

much more extensive on site production & water quality data before a final decision 

on cost effectiveness and viability could be made. 

Further commitment by the company and or Smart Water of time and money will be 

required to confirm the economic viability of the recommendations prior to full 

implementation. 

Recommendations have been made taking into consideration: 

 findings of current processes and practices  

 transferable practises within the industry sector 

 current literature and practises worldwide, and 

 To include recently developed technologies and innovative changes to process 

design.  
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Table 4 – Summary Recommendations for Australian Aluminium Finishing 

Recommendations

Aus 

Aluminium 

Finishing Pty 

Ltd

COMMENT ACTION

Reuse of rectifier water
Identify number of rectifiers and flow controls (if 

any)

Liquid Discharge and Filter Presses Filter Press?
Review waste water treatment plants and solids 

generation/handling stsyems

Air dried sludge and filter cake Solids collected once per year.? Get information quality / quantity

Rinse Water Recycling partial Rinse water recycled on surface prep line. Identify other rinse water recycling opportunities.

Alternative reuse of pickling waste - Note 1 partial Reused in caustic baths when required.

Leak monitoring 3
Review of documented work protocols and 

preventative maintenance.

Tank Agitation partial Good coverage of aerated tanks.

Counter-current rinsing partial
Anodising line tanks 7/8; 16/17; 26/27 (27 

heated) ??

correct overflow arrangement partial
Identify any tanks that do not have a correct 

overflow arrangement.

minimising evaporation 3 Several heated rinse tanks.
Applicability testing for insulation balls on 

heated rinse tanks.

reactive rinsing
Pickle rinse reused in caustic rinses when 

required.
Promote

double dip rinsing - Note 3 3 Manually operated hoists.
Confirm any documented work protocols 

regarding rinsing.

improving drainage partial
Angled hoists for large pieces on surface prep 

line.
Identify rack loading on anodising line.

optimise bath operating conditions Need more data on bath chemistry.
Collect temperature, pH and conductivity data 

on tanks.

wetting agents
Confirm any trials done regarding surface 

tension. 

drainage boards Tanks very close together.
Identify any cross tank carryover and potential 

for lids?

rack coatings
Are anodising racking Titanium>.  If not what is 

the rack cleaning requirements?

Confirm condition of rack coatings and any 

monitoring procedures.

rainwater capture 3 Large factory area.  Useful if implemented
Confirm roof space and provide rainwater 

collection estimates.

flow meters 3 None identified. Costings for flow control.

conductivity control Need conductivity data
Collect temperature, pH and conductivity data 

on tanks.

spray bars spray/dip combinations viable? Costings

Air Knives Costings

cutoff valves None identified. Costings for flow control.

Membrane Filtration and reverse osmosis- Note 2 Solids and Sodium levels extremely high. Suitability analysis for removing aluminium.

Evaporators - Note 2 Suitability analysis.

tank filtration Solids level extremely high.
Identify specific tanks with turbidity/solids 

problems.

electrowinning

ion-exchange - Note 2
Confirm current waste practices. Why no 

concerns about aluminium?

ultrasonic rinsing 80 degree rinse tank could be replaced.

biodegradation Only suitable for oily components.
Confirm condition of incoming materials. Any 

excessive dumping of tanks?

Other

KEY

partial

1

2

3

N/A NOT APPLICABLE

Note1-Waste surface pickling acids generated & reuse  on site to be assessed for reuse based on treatment plant system in place/modifications required.

Note2-Application of Ion Exchange, Membrane Systems or Evaporators unlikely in small enterprisers due to costs. Nich applications Only at this stage

Note3-Applicable where bath contamination occurring or limited space for effective number of rinse tanks

HIGHLY LIKELY

LIKELY

POSSIBLE

Subject to checking - further details required from site 

Review Wash Water Dump cycle for effectiveness. Possibility of 

splitting tanks to provide additional rinsing?

IMPLEMENTED
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Table 4 is an updated Tabular overview of the theoretical opportunities for 

avoidance/reuse/recycle options, including review against world‟s best practise and 

of practicalities for Australian Aluminium Finishing. Further details confirming the 

applicability should be sought to ensure the practicality of the fit before full-scale 

implementation 

Recommendations for Australian Aluminium Finishing are: 

Short & Medium Term: 

 Further quantitation should be done against wash water quality 

determinations to determine the optimal flow rates through each part of the 

system to maintain surface preparation and plating quality whilst minimising 

water usage.   

 Improve control of water supply to operations by means described; 

 Further document systems and engage/train operators in waste reduction 

practices required on site; 

 Review anodizing work flow and tank order/design to optimise efficiencies 

and minimise processing time and contamination; 

 If not already in use, Titanium racking though more expensive do not have to 

be stripped and have good current transmission capacity and would therefore 

likely prove more cost-effective in the long term; 

 Investigate the possibility of using biological cleaning agents in initial surface 

soil and oil removal processes; 

 Some attention to the use of electropolishing as a replacement for bright dip 

might be worth investigating in the long term 

 Purchase hand held conductivity, pH, Temp meter for site survey and ongoing 

monitoring & control; 

 Further work be undertake to quantify the water usage in each  line and 

washing sets during operations ( Powder coating & Anodizing) to better 

identify the areas of major usage in order to determine the optimal flow rates 

through each part of the system to maintain surface preparation and plating 

quality whilst minimising water usage.   

 Review rinsing procedures and determine if additional counter current rinsing 

and/or alternate rinsing processes are viable, for instance, the last DI rinse 

(Tank 7) in surface preparation for the powder coating line should be 

reutilised if possible ( depending on quality and flow limitations) in a lower 

quality rinsing application rather than discharged to treatment. 
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 Reactive rinsing using wsh water from Tank 12 should be routinely used to 

assist with caustic rinsing effectiveness and reduction in flows ;  

 In particular, after the Ni seal, drag-out minimisation from the end of the 

Anodizing line needs to be improved; ; 

 Review solution usage / maintenance procedures and look to optimising bath 

life through monitoring frequency, additives, changes to chemistries, 

concentrations, filtration equipment etc as outlined in the report;  

 Implement plant format changes to tank sequencing and rinse tank / rinsing 

changes; 

 Using conductivity and analysis data to implement flow restrictions to 

minimise water usage whilst maintaining plating quality; 

 Purchase / Use flow meters, flow restrictors and totalisers may be necessary 

to implement reduced flow conditions determined previously; 

 Based on the reduced flow determine the cost effectiveness of moving to 

deionised water rather  than tap water as the water supply to the process to 

further minimise bath and was water contamination;  

 Further investigations as to treatment options to reduce this TOS and solids 

(SS & TDS) loading being discharged to sewer should be undertaken; and 

 Recommendations as per Table 4 and those contained in 4.1 Observations at 

the site, not listed above. 

 

Further input from the shop floor and management is required to better refine the 

“where to from here”. 

As an adjunct to this report the author is happy on request to make time available at 

no charge to discuss the report with a company representative.  In this manner, a 

plan for further review by company members and likely priorities for the best way to 

proceed can be agreed that is most likely to generate water & materials savings. 
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6. Conclusion 

Smart Water funded ASIRC to investigate the options available to minimise water 

usage and materials wastage in the Metal finishing Industry.  A number of sites 

agreed to participate and significant data was collected for review. 

Unfortunately with the closure of ASIRC before finalisation of the site assessments 

only limited recommendations can be made. 

The data available on Australian Aluminium Finishing was unfortunately quite limited 

but has pointed to a number of basic areas where considerable cost savings are 

likely to be made. 

Further development of the Commercial feasibility and an Implementation plan 

around these recommendations will need to be undertaken by the company.  

Further commitment by the company and or Smart Water of time and money will be 

required to confirm the economic viability of the recommendations prior to full 

implementation. 
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