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introduction 
Technological advancements and changing customer demands have left their mark on industrial 

cleaning processes. Paint stripping and cleaning processes that depend on highly caustic chemicals 

are being replaced by safer, more advanced formulations. Methods that require expensive disposal are 

being replaced by technologies that are more environmentally friendly to the environment. Innovation 

continues to increase capability and expand options.

technologies

This guide is designed to help you examine the cleaning process in your remanufacturing facility for 

opportunities to achieve better results, per-part cost savings, greener cleaning or perhaps all three. Our 

objective is to help you create a better bottom line with the right products, the right information, and the 

right planning.
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defining terms 
Before we move on to discussing the challenges of cleaning and the best practices to overcome them, 

let’s define three terms that will be used frequently in this document.

substrate

A substrate is a substance on which a process occurs. Here, we’ll use it to describe the items you’re 

removing soils from. Therefore, for the most part, when we say substrate, we mean metal drivetrain 

parts being cleaned prior to or during the remanufacturing process.

surfactant

The word “surfactant” was coined in the 1950’s from “surface acting” to describe chemicals which 

reduce the surface tension of a liquid. That covers a wide range of substances, including additives such 

as emulsifiers and wetting agents that might be found in the industrial cleaners you choose for your 

facility. To avoid confusion, when we use the term surfactant in this document, it will usually be referring 

to the surfactants that interact directly with the soils on the substrate and remove it.

agitation

In the context of industrial cleaning, agitation is a more inclusive term and is used to refer to any 

process where fluid movement is used to help remove soil. This may include anything from ultrasonic 

agitation, pressure spray or turbulence in a soak tank.
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remanufacturer needs and goals 
There’s no doubt remanufacturers have the same goals as every business producing an item for 

market. These and the specific goals of the industry are all served by better cleaning technology. 

Remanufacturers take very different approaches to clean parts, remove complex soils, refinish and 

reassemble into a quality working product.

economy and effectiveness

When economic conditions are favorable, customers tend to purchase fewer remanufactured 

products in favor of new equipment; the reverse is true when conditions are unfavorable and the 

purchaser sees that remanufactured drivetrains can save money while delivering the same capabilities. 

Remanufacturing can provide parts with the same quality and performance as new products for 

significantly less cost.

a clean incoming Product

As you know the items you source for remanufacturing will often have coatings left from their original 

creation and subsequent use, such as paint, soot, carbon oils, and grease. If the cleaning process fails 

to remove any of these, re-claiming will be required; that will drive up costs. In short, the removal of 

soils from the metal surface is the most important step in producing high-quality finished goods.

 Incomplete cleaning can lead to 
poor adhesion of paint or other 
finish coatings and/or create the 
conditions for rapid corrosion.



RemanufactuRing cleaning
Problems, solutions and control

801 W Rockton Road, Rockton, IL 61072   |   Phone: 815-957-4140   |   Fax: 815-624-0381

www.chemtool.com 
REV 06/12/18

soil tyPes

One of the many challenges in the 

manufacturing environment is the 

wide range of organic and inorganic 

soils that must be removed from 

incoming components.

In addition, paint removal will  

usually be required.

 The right cleaning process and chemistry leads to flawless finished products like these engines.

soil tyPe origin of soil

Organic SOilS

Oils, Fats Rolling Operations, Oxide Prevention

Waxes Edge Sealing Operations

Greases/Hydraulic Fluids Contamination from Process Machinery

Mold Release Agents Forming Operations

inOrganic SOilS

Metal Fines Rolling, Grinding Operations

Smuts Pickling Operations

Oxides Welding, Storage and Transit

Passivation Chrome Passivation of Metal

Dust Mill, Transit, Storage
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ineffective aPProaches and  
oPPortunities for imProvement 
In a number of cleaning scenarios, current technology is falling short either in capability or by creating 

additional problems by the manner in which it cleans. While this list is not exhaustive, these problems 

are common and will need to be addressed to achieve excellent cleaning at a reasonable cost.

high alkalinity

In an effort to create a simple and effective cleaning process which can handle nearly any 

contamination, many aqueous cleaning suppliers have introduced products that depend on extremely 

high pH levels. While these can remove some soils off the substrate, they are dangerous to work with, 

especially if they become airborne. They also (as we will see) can be damaging to certain alloys and 

greatly increase disposal costs.

Waste Processing concerns

On a related note, disposal fees for high pH cleaners can be quite costly, and the regulatory 

restrictions on such disposal quite burdensome. High disposal cost can lead to a tendency to use a 

cleaning solution past the point of effectiveness in an effort to reduce costs. Once the bath is highly 

contaminated it cleans less effectively, soils are left intact, requiring recleaning, which raises the cost of 

production significantly.

Often cleaners with high pH will have a lower per-gallon cost than more advanced options, but 

significantly increase your total cost per part with safety hazards, high disposal, and costly rework.
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creating the oPtimum  
cleaning Process 
So how do we move past these difficulties and ensure that each item that is an input to the 

remanufacturing process becomes effectively clean at a reasonable cost? Changing the type of 

cleaners you use can be a major part of a successful cleaning strategy. Let’s review some steps 

implementing such a strategy, then examine some of the issues forward.

discovery and Process design – an overvieW

It may seem counterintuitive, but often the best way to design or improve a cleaning process is to start 

from the end, or more properly, the product’s end state.

Does the customer have a cleanliness or performance specification you’re required to meet? If so, make 

sure you and your staff understand exactly what is being requested.

In addition to the basic cleanliness standard, there should be agreement on what constitutes success. 

Here are some typical questions you will likely need to consider for your operation:

	 •	 Optimizing	process	time	is	a	good	priority	for	all	remanufacturing	operations

	 •	 More	specifically,	are	there	limits	on	throughput	time	your	cleaning	process	will		have	to		 	

  meet?

	 •	 If	the	time	spent	cleaning	the	product	increases	or	decreases	significantly,	how	will	that		 	

  affect your general workflow? If it decreases (which is more likely when redesigning a    

  process) will there be ways you can use your workforce more efficiently?

	 •	 What	amount	of	rework	will	be	acceptable?
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creating a cleaning Program to match your goals

Next, with these standards, goals, and considerations in hand, it’s time to begin defining the cleaning 

process. Consider your incoming parts that need to be cleaned:

	 •	 What	metals	are	they	composed	of?	

	 •	 What	soils	are	on	the	incoming	parts?	

	 •	 Is	there	paint	that	will	need	to	be	removed?	

	 •	 Will	there	be	a	need	to	remove	other	coatings,	such	as	a	rust	preventative?	

	 •	 The	incoming	piece	will	likely	be	divided	into	subassemblies	at	some	point;	will	they	be		 	

  different enough in nature that they will need separate cleaning processes? 

	 •	 Is	there	rubber,	a	rubber	substitute	or	other	non-metals	on	the	parts	that	will	affect	your		 	

  choice of cleaner?

	 •	 Lastly,	what	waste	treatment	process	will	be	used	for	the	spent	fluid?	What	processes	will		 	

  need to change if treatment requirements change?

Changes to your cleaning process will require significant thought and planning, and perhaps a number 

of layout and workflow changes. However, if they deliver cost savings per part in the long run, the result 

will be more than worth the trouble.

 A well-designed aqueous cleaning process 
can deliver results like those seen in these 
before and after photos. With the right 
cleaners, and rinsing, all soot and soils 
were removed from this aluminum exhaust 
manifold.
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aqueous cleaner comPonents  
and chemistry 
Surfactants are organic molecules with a hydrophilic (water-loving) end or oleophilic (oil-loving) end. The 

difference between the way these two ends interact with water in the cleaning compound and the soil 

being removed causes the molecule to attach to the soil, then draw it away from the substrate.

surfactant terms 

Surfactants may be described as anionic, nonionic or cationic and the specific ionic type may affect 

other aspects of your cleaning process.

Hydrophilic—Literally “water-loving.” These are attracted to water molecules and tend to be easily 

dissolved in water.

Hydrophobic—Literally “water-fearing.” These substances tend to have no interaction with water at all. 

They are attracted to similar molecules such as oils.

Oleophilic—Many hydrophobic substances can be classified by this term, which literally means “oil-

loving.” This makes them ideal for bonding to and lifting the greasy soils common on drivetrains.

anionic—These surfactants have a negatively charged ion (hydrophilic and usually organic) and a 

positively charged ion which is usually hydrophobic and metallic.

nonionic—These surfactants are composed of oxygen-rich hydrophilic sections and hydrophobic 

organic sections. They tend to foam less than anionic surfactants and area better choice for hard water 

applications.

cationic—These compounds are positively charged. They tend to bond to hard surfaces and are 

incompatible with any solution containing negatively charged anionic surfactants.
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other cleaning actions 

Before we examine the details of the different chemical components in the correct cleaning mix, it will 

be helpful to get an idea of the mechanics of the process. No matter how cleaners are applied, some or 

all of the following processes will need to occur:

Wetting: Substances known as wetting agents lower the surface tension of water and pull the water 

solution into otherwise hydrophobic surfaces. This allows the solution to contact every surface of the 

soil to be removed, even in deep crevices and under soil layers.

Saponification: This process uses alkaline chemicals to turn fatty substances into water-soluble soaps.

Emulsification: The breaking up of fats and oils into very small particles which are uniformly mixed 

into the water. This creates micelles, which are aggregates with hydrophilic atoms on the outside of a 

formation and hydrophobic atoms on the inside, isolating the soil from the solution.  

Suspension: The action which keeps insoluble particles from settling in solution

Dispersion: Breaking up the soils removed from the surface into even smaller individual particles which 

are more easily suspended in solution.
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Softening/Sequestration/chelation: The inactivation of water hardness.

cleaner types and component basics  

Now that we know how these substances work in general, let’s examine the various types available  

for use. 

acid cleaners: Low pH cleaners which perform well in general cleaning tasks and are also used for can 

cleaning, rust removal, welding, brazing and smut removal.

neutral pH cleaners: Run at pH 5.5 to 8.5. They are compatible with aluminum, copper, steel and iron. 

Mild alkaline cleaners: Run at a pH of between 8.5 to 10.5. Compatible with most metals.

aluminum casting cleaner: Specifically formulated for aluminum cleaning.

alkaline cleaners: Run at pH of between 10.5 and 12.5. Be sure to carefully check the product’s 

compatibility with aluminum alloys.

Strong alkaline cleaners: These are dangerous without proper safety precautions and contact with the 

product should be avoided. They should also be restricted to ferrous substrates, as they will damage 

many non-ferrous alloys. They run at a pH over 12.5 and are suitable for cleaning very heavy grease or 

oil from parts.

 When a properly chosen detergent 
or other surfactant cleans a soil 
from the component’s surface, it 
will remove the contaminant and 
bear it away in a self-contained 
aggregate of molecules called a 
micelle.



RemanufactuRing cleaning
Problems, solutions and control

801 W Rockton Road, Rockton, IL 61072   |   Phone: 815-957-4140   |   Fax: 815-624-0381

www.chemtool.com 
REV 06/12/18

Sump cleaner: This product is used to remove built-up residue, oil, and dirt from metalworking 

systems prior to recharging with fresh product.

In short, one of the main concerns will be matching a correct pH level to the job at hand.

 Here we see another view of how the right process and cleaners will not only remove dirt, but separate it and 
keep it in suspension. Avoiding unnecessary precipitation is essential for the best cleaning results.



RemanufactuRing cleaning
Problems, solutions and control

801 W Rockton Road, Rockton, IL 61072   |   Phone: 815-957-4140   |   Fax: 815-624-0381

www.chemtool.com 
REV 06/12/18

choosing the correct cleaners, 
additive and Process 
The first concern in making this series of decisions is ensuring you use a cleaner that is compatible with 

the substrate—the metals and other materials you’re cleaning.

Common substrates seen in engine remanufacturing facilities include cast iron, steel, and wrought/cast 

aluminum, all of which may or may not be painted.

ferrous alloys 

Cast iron is used for many engine components and can be one of the most challenging substrates to 

clean. These parts often have a rough surface profile and therefore a higher surface area for soils to be 

removed from. Cast iron can also be discolored by some chemicals commonly used in cleaners.

Steel, however, is the most robust of the substrates from a cleaning standpoint. It can withstand the 

most aggressive cleaning chemicals, as well as the elevated temperatures and mechanical action 

required to remove some of the most tenacious soils.

alluminum alloys 

Weight considerations are causing some engine manufacturers to make greater use of cast aluminum 

alloys. Depending on the soils involved, aluminum can be a difficult substrate to clean. The aggressive 

cleaning operations used for ferrous alloys cannot be applied to aluminum alloys without damage to the 

substrate.
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matching chemistry to soils 

Once you have established what issues will need to be dealt with in the area of substrates, consider 

what types of soils you will be removing.

Remanufacturers are tasked with removing extremely tenacious soils, including oils, greases, burnt on 

carbonaceous soils, rust, and organic coatings. This may require multiple cleaners applied at multiple 

stations.

There may also be the need to remove paint on incoming parts. Some parts used in remanufacturing 

may be painted with several coats of paint. Aluminum can be damaged by some of the most commonly 

used aqueous paint removers, most of which were designed for use with ferrous alloys. Be sure to 

choose a remover that is compatible with your substrate. 

Some soils require a special approach. For example, if you need to clean metalworking fluids off the 

components partway through the remanufacturing process, moderate temperatures, spray pressure 

and stage times will be needed because of their water-soluble chemistry.

Oil and wax based stamping, drawing and die lubricants present a significant challenge. The chlorinated 

paraffins commonly found in these lubricants may require high performance/highly caustic cleaners or 

high temperatures to efficiently clean in traditional spray washers. This may be a problem when your 

customer is expecting a certain level of energy efficiency. Cleaner formulations designed for lower 

temperatures will likely need lab testing to validate performance on the substrate.

Welding and brazing residues present a different obstacle because they are difficult to remove and 

their chemistry is different from other soils. While the best approach to the carbonaceous materials that 

make up the majority of the soils seen on engines will be an alkaline cleaner, cleaning welding marks 

requires the use of acidic pickling agents. Getting this right is crucial because welding spots interfere 

with paint adhesion.
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useful additives 
Due to a number of requirements—involved in removing difficult soils, protecting the substrate, 

preserving worker safety, saving energy, preventing corrosion, getting the most use out of cleaner 

baths, etc.—can seem daunting. Fortunately, properly formulated additives can help you accomplish 

goals that otherwise might be out of reach or require more time and expense. Among them are:

Sequestrants: These tie up troublesome metal ions in solution. Sequestrants contribute to the life of 

the cleaning solutions by inactivating cations and help keep hard water ions (Calcium, magnesium) and 

iron in solution.

corrosion inhibitors: These prevent oxidation of iron, steel brass, bronze, copper, and staining of 

aluminum during the cleaning process.

Water soluble solvents: Oxygenated solvents such as propylene glycol and ethylene glycol ethers add 

cleaning power to many formulations.

Defoamers: These consist of non-ionic surfactants with cloud points below the application temperature 

to reduce foam in the washer.

Foam control can be crucial to keeping efficiency high and costs low. Foam interferes with the pump 

systems, cleaning equipment and spray action; leading to incomplete cleaning.
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sPraying 
Spraying is the simplest form of agitation, and can be a very effective way of delivering cleaner and 

moving the soil off the parts mechanically.

	 •	 Decide	if	you	will	need	to	manually	apply	spray.	The	geometry	of	parts	and	aggressiveness	of		

  the cleaner should factor into this decision. Another consideration is whether the need for  

  attention by a worker will outweigh the savings of a more automated process.

	 •	 Check	sprayer	alignment	frequently.	Improper	spray	patterns	can	lead	to		 	 	

  “shadows” that will leave soils in place and require re-cleaning or even rework.

	 •	 Daily	checks	should	be	performed	to	ensure	nozzles	and	risers	are	in	proper	working	order.	

	 •	 Workers	should	check	regularly	for	plugged	or	worn	out	nozzles,	plugged	risers,	missing		

  nozzles or missing riser end caps.

 Spray washing your parts may require a large 
appliance like this.

 Or manual operation by workers, or both.
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 This nozzle alignment is acceptable 
in front and end sets of risers if the 
spary overloap is only 5 to 15%.

Washer mechanics nozzle alignment

This is the preferred nozzle 
alignment. The spray should be 
apporximately 30 from vertical 

(1 and 7 o’clock)
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rinsing 
Rinsing is the final preparation of the metal surface for subsequent chemical stages. It removes any 

remaining oils, particulate soils and carry-over chemical on the metal surface, as well as removing 

soluble salts, reaction products, organic chelants, sequestrants, and surfactants.

The presence of any of these contaminants on the metal can interfere with the chemical reactions 

taking place or act as corrosion sites under paint. 

Depending on the quality demands for your finished parts, your rinse water may need to be reverse 

osmosis filtered water or deionized water.

control 
Establishing how the cleaning action will be controlled and how the results will be measured is critical to 

the final results. The four major factors in control of the process are spelled out in the acronym TACT:

Time 
Chemical reactions require a certain amount of time to occur. The process will need to factor in allowing 

time for the reactions and monitoring the run. Time and temperature determine when the chemical 

reaction will take place.

agitation 
Pressure over Time (Flow) determines the volume of solution on the substrate. Flow determines the 

amount of reaction products that will reach the metal surface and interact with soils.

concentration 
The amount of available reactive components per unit volume of bath. Concentration and agitation 

determine the extent of the chemical reaction applied.

Temperature 
Higher temperature reduces the viscosity of soils and increases the chemical reaction rate. As noted 

above, temperature and time determine when the chemical reaction will take place.
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metering and control in the cleaning Process 
If your process is large, carried out over multiple stages or especially complex, Multi-stage, it may 

benefit from an automated chemical feed. 

As a cleaning bath does its work, its chemical qualities may change. If magnesium, calcium or other 

substances are dissolved, the conductivity of the bath will change. The pH level may also change during 

use. Sensors may be configured to feed product into the mix based on conductivity, pH or another 

critical parameter. Managed properly, this will improve control and quality.

Process testing 
Regular verifications will be beneficial for your operation and may be required by customers.  Aside 

from cleaning validation to ensure soils have been removed, your process needs to include these tests:

	 •	 cleaner concentration: Measured on site daily by an operator. Measurement  is often done   

  with a simple titration, by refractometer, or by process monitoring equipment. 

	 •	 Fluid condition 

  pH, conductivity, total hardness, other parameters on larger washers should be  run on site   

  if the customer has a small lab. Send samples to a customer service lab on a regular basis for  

  process control verification. 

	 •	 contaminant Monitoring  

  Oil and grease content, metal content, bacteria testing often performed at the customer   

  service lab.
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disPosal 
Despite tightened environmental regulations and the sometimes caustic nature of the materials, 

proper disposal of industrial cleaners can be handled economically with advanced planning. In fact, 

the advancing state of cleaner chemistry is making it easier to get excellent cleaning results with more 

environmentally friendly products. 

When designing the disposal portion of your process, keep in mind that all process cleaning and rinse 

water must be treated before being discharged. Regulations require low levels of fats, oils, and grease. 

Lead, chrome, zinc and other metals are also restricted to very low levels. Most areas will also require a 

pH level between 6 and 10.

Before changing your discharge procedures, you may need regulatory approval from state and local 

agencies as well as regular testing from an approved environmental lab. Be sure to discuss discharge 

requirements before changing any cleaner in your process.

 This air flotation system is one possible setup for wastewater 
treatment prior to disposal.
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Process results – 
cleaning case studies 

 Choosing the correct cleaner can deliver results like this. 
Induction hardening marks were completely removed.

Here is an example of typical performance with the correct cleaner choice. Previously, the remanufacturer 
in question was using Bio-Force degreaser and compared LAC-945, a highly concentrated, mildly alkaline 
cleaner, and carbon remover. The cleaners were used in the following fashion:

lac 945

BaTH: 120 Gallons

cOncEnTraTiOn: 20%

TEMpEraTurE: 140F

nOrMal cyclE: 25 Minutes

bio-force

BaTH: 250 Gallons

cOncEnTraTiOn: 20%

TEMpEraTurE: 140F

nOrMal cyclE: 15 Minutes
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With four 15-minute wash cycles using Bio-Force, with an operator 
cleaning the carbon manually between cycles, these results were seen:

Meanwhile, a 25-minute cycle with LAC 945 produced these results:
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LAC 945 was chosen for a trial using this part, which was chosen because it was the filthiest part the 
operator could find.

The part was immersed in LAC 945 on a seven-day-old charge for a single 20-minute cycle:
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The following series of before and after images depicts excellent results achieved with the right 
cleaner, additives, and control.

 This cast aluminum diesel turbocharger compressor housing was cleaned with a 40% solution of LAC 
945 and 10% Elimicote additive at 170F. Elimicote is a water dispersible additive which enhances 
degreasing capability.

 These pistons were cleaned in a 25-50% stagnant immersion of LAC 945.
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 This part was cleaned with a 5% solution of LAC 147 at 70 Celsius/158 Fahrenheit. LAC 147 is an 
alkaline cleaner formulated for ferrous substrates and  sensitive aluminum alloys.
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conclusions 

To close, let’s review some of the ground we’ve covered.

The removal of soils from the metal substrate is the most important step in producing high-quality 

finished goods.

Advances in chemical cleaning technology provide opportunities for remanufacturers to achieve better 

cleaning results and cost savings.

Difficulties with the previous generation of cleaners include high alkalinity leading to substrate damage, 

disposal problems and the need to make costly energy expenditures in heating solutions.

Designing a better cleaning process requires beginning from the end state. Use customer specifications 

and your own goals to define what end result you wish to see, then choose the substances and 

processes to reach those objectives.

When designing the process, make sure you match the chemistry of the cleaner to the metal substrate 

and soils, then choose compatible additives which will achieve other desired results.

Careful planning will pay off when devising control (according to the TACT acronym), process testing 

and environmentally safe disposal.
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about chemtool 

Chemtool Incorporated, founded in 1963, is dedicated to the manufacture, technical service and 

marketing of lubricant specialties and industrial cleaners. Corporate headquarters are located in 

Rockton, Illinois with production facilities located in Rockton and research laboratories located 

in Rockton, and Crystal Lake, Illinois. In 2013, we became part of Lubrizol, a Berkshire Hathaway 

company serving customers in more than 100 countries. 

Chemtool Incorporated conducts business domestically and internationally and enjoys close business 

relationships with some of the largest corporations in the automotive, steel, aircraft, and lubrication 

industries. We value our customers, employees, suppliers and the communities that we serve.

If you would like further information or assistance in industrial cleaning, reach out to our staff at:

corPorate office:

cOrpOraTE TEcHnOlOgy cEnTEr

801 West Rockton Road, Rockton, IL 61072 U.S.A.

phone: 815-957-4140

Email: sales@chemtool.com

purcHaSing

Rockton, IL U.S.A.

phone: 815-957-4140

Fax: 815-624-0292


