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I.  INTRODUCTION AND BACKGROUND 
 
 
Volatile Organic Compound (VOC) emissions from solvent cleaning operations 
contribute significantly to the South Coast Air Basin’s emission inventory.  The South 
Coast Air Quality Management District (SCAQMD or District) periodically adopts an 
Air Quality Management Plan (AQMP).  This AQMP calls for significant reductions in 
VOC emissions from cleaning and degreasing operations by 2010 to achieve attainment 
status. 
 
One of the District’s rules that focuses on cleaning applications has future compliance 
limits for which technology has not yet been specified.  This rule is SCAQMD Rule 1171 
“Solvent Cleaning Operations.”  In order to help develop low- or non-VOC technologies 
to comply with these provisions and to satisfy the AQMP’s goals, the District contracted 
with the Institute for Research and Technical Assistance (IRTA).  Under the contract, 
IRTA investigated and tested low- and non-VOC alternatives in a variety of cleaning 
processes.  The aim was to identify technologies that could be substituted for high VOC 
technologies used today in many types of cleaning. 
 
TARGET APPLICATIONS 
 
At the beginning of the two-year project, IRTA and the District staff identified the 
cleaning applications in Rule 1171 where more work and development and demonstration 
of low-VOC technologies was needed.  The areas of focus were cleaning of certain 
electrical equipment and high technology devices, cleaning of coating and adhesives 
application equipment and cleaning of various types of printing application equipment.  
In earlier amendments to Rule 1171, the District had established target VOC content 
limits for these applications.  The aim of this project was to assess, develop and 
demonstrate low-VOC cleaning systems and determine whether they could be used in 
these applications to comply with the target VOC limits.  Another goal of the project was 
to evaluate the technical feasibility and cost of the low-VOC alternatives. 
 
Table 1-1 shows the applications of interest as they are listed in Rule 1171.  The table 
also specifies the target VOC content of the cleaning systems established in Rule 1171 
for 2005.  Two of the items, cleaning of spray equipment for architectural coating and 
cleaning of solar cells, laser hardware, scientific instruments, and high-precision optics, 
appear as exemptions in Rule 1171.  The target VOC content for the spray equipment 
cleaning was 25 grams per liter and for the high technology systems, the target VOC 
content was 100 grams per liter. 
 
PROJECT APPROACH 
 
IRTA and the District decided to investigate low-VOC alternatives by working with 
specific companies in the Basin that conduct the operations listed in Table 1-1.  IRTA is 
also conducting a project under EPA sponsorship that is focusing on some of the same 
areas that were addressed in the SCAQMD project.  Specifically, IRTA is working with 
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companies that need to clean coating application equipment and printing application 
equipment.  IRTA has completed the analysis with some of the companies participating 
in the EPA project.  The results of the analysis for these companies in the EPA project are 
presented here. 
 

Table 1-1 
Rule 1171 Cleaning Applications and Target VOC Content 

 
Cleaning Application       Target VOC Content 
              (grams per liter)  
 
Product Cleaning 
 Cleaning of Electrical Apparatus Component and Electronic    100 
 Component Products 
  •  Printed circuit board rework 
  •  Cleaning hybrid circuits 
  •  Cleaning general electrical components 
  •  Cleaning electric motors 
 
 Cleaning of Solar Cells, Lasers, Scientific Instruments & High    100 
 Precision Optics 
 
Repair & Maintenance Cleaning 
 Electrical Apparatus Components & Electronic Components    100 
  •  Field cleaning of electric motors, generators, energized  
  equipment 
  •  In-house cleaning of electric motors and other electrical 
  equipment during rework, refurbishing, or rebuilding 
 
Coating & Adhesive Application Equipment Cleaning       25 
  •  Cleaning of spray guns (general) 
  •  Cleaning of spray guns used for architectural coating 
  •  Cleaning of electrostatic spray guns 
  •  Cleaning of adhesive application equipment 
  •  Cleaning of application equipment for satellite/radiation  
  effect coatings 
 
Cleaning of Ink Application Equipment        100 
  •  Screen printing 
  •  UV printing 
  •  Specialty flexographic printing 
  •  UV lamp cleaning                               
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Table 1-2 shows the companies and the electronics or high technology operation for 
which low-VOC cleaners were targeted.  Tables 1-3 and 1-4 show the same type of 
information for coating application equipment and printing operations.  The companies 
IRTA is working with in the EPA project are designated in the tables. 
 

 Table 1-2 
Companies Participating in SCAQMD Project with Electronics or High Technology 

Operations 
 
Cleaning Application     Company                        
Printed Circuit Board Rework   Hydro-Aire 
       Teledyne Controls 
 
Hybrid Circuit Manufacture    Teledyne Microelectronic   
        Technologies 
 
General Electrical Apparatus Manufacture  Corona Magnetics Cicoil 
 
Electric Motor Manufacture    Sterling 
 
Rebuilding/Refurbishing of Electric Motors  Walton 
 
General and Field Electrical Equipment  Burbank Water & Power 
 Maintenance     Covanta Energy 
 
Energized Field Electrical Equipment  Burbank Water & Power 
 Maintenance 
 
Solar Cells      Northrop Grumman (formerly TRW) 
 
Optics       Northrop Grumman (formerly Litton 
                  Guidance & Control Systems) 
 
Scientific Instruments     Astro Pak     
 
CLEANER PERFORMANCE 
 
Performance of the alternative cleaning agent(s) at each facility in each application was 
evaluated on a case-by-case basis.  In each instance, the plant personnel provided 
information on their requirements for the cleaning process.  In nearly all cases, the major 
criterion was if the cleaning was sufficient to go on to the next processing step.  For spray 
gun cleaning, for example, if the spray equipment is clean, it should be able to be used 
successfully in applying the next coating that is required.  In terms of performance, a 
cleaning system was judged as successful if it cleaned as well as or better than the 
cleaning process the company uses currently.  When there were differences in the 
cleaning process, these were noted. 
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COST ANALYSIS 
 
IRTA performed cost analysis for each of the alternatives that was successfully tested at 
each of the facilities participating in the project.  The components included in the cost 
analysis were: 

•  capital costs where equipment needed to be purchased 
 •  labor costs where there were differences in labor between the currently used 
 cleaner and the alternative cleaner(s) 
 •  cleaner costs 
 •  electricity costs where there were differences 
 •  regulatory fees 
 •  disposal costs 
 
For the capital costs, IRTA generally assumed a 10 year useful life of equipment and 
amortized the capital cost over this period assuming a cash purchase.  For labor costs, 
IRTA used the labor rate at the participating facilities.  For the cleaner cost, IRTA used 
the cost of the cleaner paid by the facility where this cost was known.  In some cases, 
where the facility did not elect to use the cleaning alternative, IRTA used an estimate 
based on the cost of the product in commerce.  The cost of electricity was assumed to be 
12 cents per kWh.  The regulatory fees for VOC and toxics emissions were taken from 
SCAQMD Rule 301.  The disposal costs were estimated through conversations with 
waste haulers. 
 

Table 1-3 
Companies Participating in SCAQMD Project with Coating or Adhesives 

Applications 
 
Operation      Company                   
Aerospace Coatings     Hydro-Aire, Gulfstream 
       California Propeller (EPA) 
 
Metal Coatings     American Security Products 
       Metrex (EPA) 
 
Wood Coatings     Oakwood 
       Bausman & Father (EPA) 
 
Autobody Coatings     El Dorado, Holmes (EPA) 
       Westway (EPA) 
 
Architectural Coatings PCM Leisure World (EPA  

and SCAQMD), Murphy 
 
Adhesives      Hickory Springs, VACCO 
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Table 1-4 
Companies Participating in SCAQMD Project with Printing Applications 

 
Operation      Company                 
Electronics Screen Printing    Teledyne Electronics 
 
Plastic Screen Printing (UV inks)   Owens Illinois 
 
Banner Screen Printing (UV inks)   Southern California Screen 
       Printing 
 
Metal Screen Printing     Nelson Nameplate 
 
Varied Screen Printing    City of Santa Monica Paint 
       Shop (EPA) 
 
Textile Screen Printing    Stith 
       Quick Draw (EPA) 
       Melmarc 
       Total Enterprises 
 
Specialty Flexographic Printing   Huhtamaki                        
  
All of the assumptions that were made in the cost analysis are described in detail in the 
sections for each participating facility.  This method makes the costs transparent so that 
they could be calculated based on other assumptions.  
 
LOW-VOC, LOW TOXICITY ALTERNATIVES 
 
Plant personnel also had other criteria that related to safety and regulations.  
Understandably, they did not want to use cleaning agents that were toxic and posed a risk 
or a potential risk to workers or that appeared on various toxics lists.  In order to 
minimize the risks of the cleaning agents to the workers and the surrounding community, 
a hierarchy was used for the testing.  If water-based cleaners could be used in the process, 
then water-based cleaners without solvent additives were tested first.  If these did not 
work effectively, water-based cleaners with solvent additives or soy based cleaners were 
tested.  These chemicals are low in toxicity and VOC content.  If these did not work well, 
acetone and acetone blends with VOC cleaners were tested.  Acetone is exempt from 
VOC regulations and is low in toxicity.  In a few cases, other chemicals that are exempt 
from VOC regulations, like methyl acetate for example, were also tested.  More detail on 
each of these alternatives is presented below.  Material Safety Data Sheets for a number 
of these alternatives are presented in Appendix C.   
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Water-Based Cleaners 
 
Two water-based cleaners were tested at a variety of facilities in the course of the project.  
One of these cleaners, Spray Clean 12, is made by Applied Cleaning Technologies in 
Anaheim.  It is an alkaline cleaner that has been certified as a Clean Air Solvent by the 
SCAQMD.  The District indicates that the cleaner concentrate contains zero VOC.  This 
cleaner was successfully tested for spray gun cleaning after application of wood furniture 
coatings, for cleaning electrical windings on electric motors and for cleaning non-
energized field electrical equipment.   
 
The second water-based cleaner that was tested successfully is called Mirachem 
Pressroom Cleaner.  It is a neutral cleaner that has received Clean Air Solvent 
Certification from the SCAQMD.  The cleaner concentrate contains 75 grams per liter.  
This cleaner worked well for removing ink in certain of the screen printing applications 
and in the specialty flexographic printing application. 
 
A third water-based cleaner was tested at one facility for cleaning hardened grease from 
tooling and the floor.  This cleaner was the commercially available Formula 409.  IRTA 
called the company that manufactures the cleaner but the company did not know the 
VOC content of the cleaner. 
 
Soy Based Cleaners 
 
Soy based cleaners are composed of methyl esters.  IRTA asked the State of California, 
Department of Health Services, Hazard Evaluation System & Information Services 
(HESIS) group to evaluate the toxicity of the soy cleaners.  Based on available data and 
their structure, HESIS indicated that these cleaners were likely to have low toxicity.  One 
of the soy based cleaners tested for field generator cleaning and spray gun cleaning by 
IRTA, called Soy Gold 1000, is made by AG Environmental Products.  This cleaner has 
been certified as a Clean Air Solvent by SCAQMD;  the Gas Chromatograph/Mass 
Spectrometer (GC/MS) method (called Method 313) used in the certification program 
indicates that this cleaner has a VOC content of less than five grams per liter.  IRTA also 
successfully tested another soy product called Soy Gold 2000 which is made by the same 
company in screen printing applications.  This product has not been certified as a Clean 
Air Solvent but it is based on Soy Gold 1000 and contains about three percent of a 
surfactant that makes it water rinseable.  The SCAQMD has determined the VOC content 
of this product is less than 20 grams per liter.  
 
IRTA also successfully tested another soy based product, called Autowash #3 which is 
made by Seibert, in screen printing.  It is composed of about 85 percent soy and 15 
percent surfactants.  SCAQMD has not yet determined the VOC content of this cleaner. 
 
Acetone 
 
Acetone cleaners were widely and successfully tested by IRTA during the project in 
electronics and high technology application cleaning, in spray gun cleaning and, in some 
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cases, in screen printing cleanup.  Acetone is exempt from VOC regulations and it is low 
in toxicity when compared with most organic solvents. 
 
One of the issues that arises with the use of acetone is its low flash point.  Fire 
department regulations specify that no more than 15 gallons can be used in open 
containers at any given time.  No more than 60 gallons can be stored in the facility at one 
time.  If fire walls or other fire department approved building improvements are installed, 
more of the chemical can be used and stored. 
 
Methyl Acetate 
 
IRTA tested methyl acetate successfully in a blend with acetone for spray gun cleaning in 
autobody applications.  Methyl acetate is exempt from VOC regulations.  It has medium 
toxicity but forms methyl alcohol, a listed toxic, as a metabolite.  IRTA tried to maximize 
the use of acetone which is less toxic in the blend with methyl acetate.  Methyl acetate, 
like acetone, has a low flash point and the same fire department regulations apply to 
methyl acetate and acetone. 
 
Volatile Methyl Siloxanes 
 
IRTA tested volatile methyl siloxanes (VMSs) unsuccessfully for cleaning silicone based 
grease in an electronics application.  The VMSs are exempt from VOC regulations.  One 
of the project participants, an electric motor rebuilder, converted to a VMS called D5 for 
cleaning electric motors when they come in from the field.  There is recent evidence that 
D5 causes tumors in rodents and the company is evaluating a conversion to a water-based 
cleaner. 
 
HCFC, HFEs and HFCs 
 
IRTA evaluated HCFC-225, a blend of two HFEs with 1,2-trans-dichloroethylene (DCE) 
and a blend of an HFC and DCE for cleaning energized electrical equipment.  HCFC-
225, the HFEs and the HFCs are exempt from VOC regulations.  HCFC-225 contributes 
to stratospheric ozone depletion and it will eventually be banned for that reason.  The 
HFEs and HFCs contributes to global warming.  DCE is classified as a VOC and it has 
not been tested for chronic toxicity.  Its structure indicates that it might have toxicity 
problems.  
 
REPORT ORGANIZATION     
 
This report is organized into sections that focus in more detail on each of the generic 
application areas.  Section II describes the work that was performed on alternatives for 
electronics and high technology cleaning processes.  Section III addresses the testing and 
results of the alternatives in coating and adhesive application equipment cleaning.  
Section IV focuses on the alternatives that were tested in printing applications.  Section V 
summarizes the results of the project and makes recommendations for cleaning categories 
covered in Rule 1171.  Appendix A provides Material Safety Data Sheets (MSDSs) for 
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some of the coatings used by the facilities in this project.  Appendix B includes some 
stand-alone case studies for some of the companies that participated in the project and 
decided to make a conversion to alternatives.  Appendix C provides MSDSs for some of 
the alternative cleaning agents that were tested during the project. 
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II.  ALTERNATIVES IN ELECTRONICS AND HIGH TECHNOLOGY 
EQUIPMENT CLEANING 

 
SCAQMD Rule 1171 regulates solvent cleaning activities and, as part of that, it 
establishes limits for cleaners that can be used to clean electronic devices and other high 
technology systems.  During this project, IRTA focused on cleaners used in three of the 
categories.  First, in the product cleaning during manufacturing category for electrical 
apparatus components and electronic components, the VOC content of the cleaners is 
currently 500 grams per liter.  In July, 2005, the VOC content declines to 100 grams per 
liter.  Second, in the repair and maintenance cleaning category for electrical apparatus 
components and electronic components, the VOC content of the cleaners is currently 900 
grams per liter.  In July, 2005, the VOC content declines to 100 grams per liter.  Third, in 
the category of solar cells, lasers, scientific instruments and high precision optics, there is 
currently no VOC limit for these cleaners.  The target VOC limit for this category is 100 
grams per liter. 
 
2.1  Preliminary Laboratory Testing 
 
Table 1-2 showed the list of companies IRTA worked with during the project.  Table 2-1 
summarizes the companies that participated in the project and the specific applications 
that were addressed.  In some cases, IRTA obtained contaminated parts from the 
companies and performed preliminary testing using different cleaning agents that might 
be suitable.  In other cases, the cleaning of field electrical equipment for instance, it was 
not possible to perform preliminary laboratory testing. 
 

Table 2-1 
Electronics and High Technology Cleaning Applications 

 
Company      Application                
Teledyne Controls    Rework of printed circuit boards 
Hydro-Aire     Rework of printed circuit boards 
Teledyne Microelectronic Technologies Manufacture of hybrid circuits 
Corona Magnetics    Manufacture of transformers 
Cicoil      Manufacture of flexible cables 
Sterling     Manufacture of electric motors 
Walton  Motors & Controls, Inc.  Rework/rebuilding of electric motors 
Burbank Water & Power   Maintenance of general field electrical   
       equipment 
      Maintenance of energized field electrical 
       equipment 
Covanta Energy    Maintenance of general field electrical 
       equipment 
Northrop Grumman (formerly TRW)  Manufacture of solar cells 
Northrop Grumman (formerly Litton  Manufacture of optics 
 (Guidance & Control Systems) 
Astro Pak     Cleaning of gauges                
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2.2  Field Testing 
 
For each of the companies participating in the SCAQMD project, IRTA developed a test 
plan for testing the alternative cleaning agent(s).  In general, the test plans involved some 
initial testing at the site to screen potential alternatives.  If the tests were successful, 
IRTA requested that the company perform a scaled-up longer term test of the alternatives.  
In one case, the company decided to convert to the alternative and, in other cases, they 
did not convert.  In some instances, companies are continuing to test alternatives.   
 
The description of the testing and the cost analysis of the alternatives for each of the 
facilities is described below.  IRTA generally attempted to include all the costs a 
company would incur in the cost comparison of the alternatives with the cleaning system 
that is currently used.  IRTA relied on input for the companies participation in the study 
for the cost estimates.  For instance, some companies indicated that their acetone use 
would increase and others did not.  In the case where the company did convert to an 
alternative,  a stand alone case study that describes the conversion is presented in 
Appendix B. 
 
2.2.1  Teledyne Controls 
 
Teledyne Controls is located in West Los Angeles, California.  The company builds data 
acquisition equipment and supporting ground data processing stations for airlines and 
airports.  Teledyne also manufactures a wireless ground link system.  The systems must 
have high reliability. 
 
Teledyne has their circuit boards assembled on the outside.  The company does a small 
amount of additional assembly on the boards when they arrive in-house.  A few of the 
boards fail quality control and they are reworked and cleaned by hand.  In addition, the 
customer repair department does a large amount of rework.  The boards are assembled 
using a water soluble flux.  The company has a water-based cleaning system with D.I. 
water.  This system is used in a few cases for the cleaning the flux after rework.  In other 
cases, the company used plain isopropyl alcohol (IPA) for some of the cleaning and a 
blend of 50 percent IPA and 50 percent D.I. water in an aerosol package for the rest of 
the cleaning. 
 
IRTA and Teledyne tested a variety of low-VOC alternatives for the IPA and the 
IPA/D.I. water blend.  These included plain D.I. water, acetone, a saponifier and different 
blends of acetone, D.I. water and IPA.  All of the cleaners provided visually clean boards 
but the worker that was performing the testing did not like the high acetone content 
cleaners or the saponifier because the worker determined it left a residue.  The remaining 
three cleaners, a material called Ionox, plain D.I. water and a blend of 85 percent 
D.I./five percent IPA and 10 percent acetone, were further tested to determine the ionic 
contamination left on the boards after cleaning.  All three cleaners resulted in low ionic 
contamination levels.  Teledyne decided to adopt the blend of D.I. water, acetone and 
IPA which has less than 100 grams per liter VOC. 
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Teledyne used about 12 gallons per year of IPA for rework.  At a cost for electronics 
grade IPA of $12.25 per gallon, the annual IPA cost amounted to $147.  Teledyne also 
used 18 aerosol cans per year of the 50 percent IPA/50 percent D.I. water blend.  At a 
cost of $8 per can, the cost of this cleaning agent was $144 per year.  The total cost of 
cleaning with these materials was $291 annually. 
 
For the alternative (85 percent D.I.; five percent IPA; and 10 percent acetone), it was 
assumed that usage would be the same, 12 gallons plus 96 ounces or 12.75 gallons.  
According to Teledyne, for the new solution, the cost of acetone would be $25 per gallon 
and the cost of IPA would be $15 per gallon.  On this basis, the total annual cost for 
purchasing the low-VOC blend is $41.  
 
Table 2-2 shows the cost comparison of the IPA and the aerosol cleaner and the blend 
that Teledyne adopted.  The values show that Teledyne Controls reduced their costs by 
more than seven times through the conversion. 
 

Table 2-2 
Annual Cost Comparison for Teledyne Controls for Rework Cleaning 

 
      IPA and Aerosol Low-VOC Blend         
Cleaner Cost             $291   $41        
Total Cost             $291   $41   
 
A stand alone case study for Teledyne Controls is presented in Appendix B. 
 
2.2.2  Hydro-Aire 
 
Hydro-Aire, an aerospace subcontractor, is a division of Crane located in Burbank, 
California.  The company has 572 employees.  Hydro-Aire manufactures braking 
systems, pumps and airlocking devices.  The company also does repair work on the 
pumps used in military and commercial aircraft like the C-130 transport and the C-17. 
 
As part of their operations, Hydro-Aire assembles printed circuit boards.  In some cases, 
the boards do not pass quality control and they need to be reworked.  The rework process 
is done by hand and isopropyl alcohol (IPA) is used to clean the flux from the boards 
after the components have been soldered to them.  Hydro-Aire uses a rosin based flux 
because the company has existing aerospace contracts that require it. 
 
Two alternatives were considered for the rework operation.  The reworking takes place in 
the same room as the main assembly operations.  For assembly, the boards are cleaned in 
a high pressure spray system with a water-based saponifier.  One option for Hydro-Aire 
is to clean the boards that have been reworked in this machine.  The machine cycle is 
about 20 minutes long and the workers that clean with IPA do the cleaning in a few 
minutes.  Although cleaning with the water-based cleaning system is an alternative, IRTA 
did not analyze the costs. 
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The second alternative tested was blends of IPA and acetone.  Hydro-Aire tested a blend 
of 92 percent acetone and eight percent IPA, a blend IRTA devised to meet about 100 
grams per liter VOC.  The company used the blend for a period of time and it seemed to 
work well for removing the flux.  Hydro-Aire is currently conducting compatibility tests 
to determine if the alternative cleaner is compatible with all the materials in the boards.  
The tests should be completed this year. 
 
Hydro-Aire currently uses 55 gallons per month of IPA for the rework operation.  The 
company pays $5.01 per gallon for IPA so the annual cost of purchasing the IPA amounts 
to about $3,307.  If Hydro-Aire converted to the 92 percent acetone/eight percent IPA 
blend, the cost of the blend would be $4.31 per gallon, assuming a cost for acetone of 
$4.25 per gallon.  Assuming the same amount of cleaner would be required, the annual 
cost of purchasing the blend would be about $2,845. 
 
Hydro-Aire pays emission fees for the IPA.  Assuming a density for IPA of seven pounds 
per gallon and that the cost of one ton of VOC emissions is $345, the annual emission 
fees amount to $797.  For the new blend, which still contains some IPA, the annual 
emission fee would be $64. 
   
Table 2-3 shows the cost comparison for the IPA and the IPA/acetone blend.  The cost of 
using the IPA/acetone blend is 29 percent lower than the cost of using plain IPA. 
 

Table 2-3 
Annual Cost Comparison for Hydro-Aire for Rework 

 
        IPA  IPA/Acetone  
Cleaner Cost               $3,307      $2,845 
Emission Fees                  $797           $64  
Total Cost               $4,104      $2,909  
   
2.2.3  Teledyne Microelectronic Technologies 
 
Teledyne Microelectronic Technologies is located in Marina del Rey, California.  The 
company manufactures several different types of hybrids.  In the solid state relay 
assembly procedure, the company employs many different cleaning processes including 
vapor degreasing with a cyclohexane and IPA mixture and batch loaded cold cleaning 
and handwiping with a range of VOC solvents. 
 
IRTA worked with Teledyne to identify and test alternative low-VOC, low toxicity 
cleaners for one of the hybrid processes.  The focus was to be on removing flux after 
soldering operations and finding alternatives for the VOC solvents used in batch loaded 
cold cleaning. 
 
In one operation, the non-solid state hybrids were flushed with a spray system using IPA 
prior to cover sealing the assemblies.  IRTA suggested that Teledyne test acetone and not 
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cleaning at all.  The not cleaning at all option worked well and Teledyne discontinued the 
spray cleaning operations throughout the facility. 
 
IRTA began work with Teledyne on the flux removal operation.  The company used rosin 
flux and removed it with a vapor degreaser that used a VOC solvent.  IRTA and Teledyne 
decided to pursue converting to water soluble flux and testing alternative water-based 
saponifiers for removing the rosin flux.  Although some testing was conducted, Teledyne 
continued to pursue testing without the support of IRTA and is currently cleaning some 
solid state parts with water and a saponifier.  The SCAQMD extended an exemption for 
VOC solvents used in small vapor degreasers and batch loaded cold cleaners so the 
company no longer had an imminent deadline to meet.  
 
2.2.4  Corona Magnetics 
 
Corona Magnetics is located in Corona, California.  The company manufactures 
electromagnetic components used in transformers and other equipment for military and 
medical applications.   
 
The magnet wire used by Corona Magnetics is generally solid copper wire coated with 
enamel and it is hand soldered to a terminal in a printed circuit board or a copper or 
nickel pin.  During the soldering process, the enamel is burned off.  As a result, the 
soldering is done at high temperature, more than 700 degrees F.   
 
In the cleaning process, the flux from the soldering operation and various other 
contaminants need to be cleaned.  Corona Magnetics currently uses two types of cleaning 
processes for removing the flux.  First, most of the parts are cleaned in a vapor degreaser 
which contains a blend of HCFC-225 and alcohol called AK-225-AES-L.  Previously, 
Corona Magnetics used a different blend called AK-225-AES and began using AK-225-
AES-L in 2003 because of VOC restrictions in SCAQMD Rule 1122.  The AK-225-AES-
L has a VOC content less than 50 grams per liter because it contains less alcohol than 
AK-225-AES.  The engineer at Corona Magnetics indicates that the company is not 
happy with the AK-225-AES-L because it requires more handwipe cleaning.    
 
Second, the very small and very large parts were cleaned with isopropyl alcohol (IPA) by 
hand.  More recently, because the regulation required cleaners to have a lower VOC 
content, the company converted to a blend of 60 percent acetone and 40 percent IPA.  In 
some cases, if there is a residue left after the vapor degreaser cleaning step, the cleaning 
is again done by hand. 
 
Corona Magnetics currently uses a rosin based flux on the parts.  IRTA and Corona 
Magnetics tested a water soluble flux but it was not suitable for the high temperatures 
required for the soldering.  Rosin flux can be cleaned with a water-based cleaner and a 
saponifier.  The company did not want to use a water-based cleaner, however, because of 
the uncertainty in knowing whether the part was completely dry. 
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IRTA and Corona Magnetics tested three alternatives including acetone, a blend of 92 
percent acetone and eight percent IPA and a blend of 92 percent acetone and eight 
percent d-limonene, a terpene.  The terpene blend did not work at all.  The plain acetone 
and the acetone/IPA blend worked as well as the current process. 
 
IRTA analyzed the costs of replacing the vapor degreaser and the hand cleaning with IPA 
with hand cleaning with either acetone or the 92 percent acetone/eight percent IPA blend.  
To convert to the acetone or the acetone/IPA blend, Corona Magnetics indicates they will 
have to install six lab hoods at $500 each.  The company would also have to spend about 
$3,000 on additional ventilation.  The total capital cost would amount to $6,000.  
Assuming the system would last 10 years leads to an annual cost of $600. 
 
Corona Magnetics used about five gallons of IPA per week for the hand cleaning.  The 
company paid $12.25 per gallon for electronics grade IPA.  The cost of the 60 percent 
acetone/40 percent IPA blend is higher, at $20 per gallon.  The annual cost of using the 
IPA was $3,185.  The annual cost of using the 60 percent acetone/40 percent IPA blend is 
$5,200.  Conversion to the 92 percent acetone/eight percent IPA would require 10 percent 
more solvent because of the higher vapor pressure of acetone.  Assuming the same cost as 
for the acetone/IPA blend used currently, the cost of purchasing the high acetone content 
blend would be $5,720.  The cost of acetone is about the same as the cost of IPA.  
Assuming that 10 percent more acetone would be used, the cost of purchasing plain 
acetone would amount to $3,504 annually. 
 
The HCFC-225 blend used in the vapor degreaser costs of $140 per gallon.  Corona 
Magnetics uses about five gallons per month.  The annual cost of purchasing the HCFC-
225 blend is $8,400.  If acetone in a handwipe process were substituted for the HCFC-
225 vapor degreasing process, more would be required.  Assuming that the usage would 
increase to five gallons per week, the annual cost of purchasing the acetone would be 
$3,185.  Assuming the same usage of the 92 percent acetone/eight percent IPA blend, the 
annual cost would amount to $5,200. 
 
The total annual cost of purchasing the solvents for the vapor degreaser and the IPA 
handwipe solvent amounts to $11,585.  The annual cost of purchasing the solvents for the 
vapor degreaser and the 60 percent acetone/40 percent IPA (the current situation) is 
$13,600.  The annual cost of purchasing plain acetone in handwipe as a substitute for the 
vapor degreaser and the IPA handwipe is $6,689.  The annual cost of purchasing the 92 
percent acetone/eight percent IPA blend in handwipe as a substitute for the vapor 
degreaser and the IPA handwipe is $10,920. 
 
The vapor degreaser uses approximately 6 kWh of electricity.  Assuming it operates half 
the time to maintain temperature, it will use 6,240 kWh of electricity annually.  At 12 
cents per kWh, the annual electricity cost amounts to $749.  The ventilation hoods that 
need to be installed for using the acetone and acetone/IPA blends would likely have one-
fourth horse power blowers and they would be operated for four hours per day.  Each 
hood would use 0.2 kW or 208 kWh annually.  The six hoods would use 1,248 kWh per 
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year.  Again assuming a cost of 12 cents per kWh, the annual electricity cost of the 
ventilation hoods would be $150. 
 
Corona Magnetics indicated that there is no disposal cost for the vapor degreaser.  The 
handwipe solvents would evaporate so they would not require disposal. 
 
Table 2-4 shows the cost comparison for Corona Magnetics.  The lowest cost option is to 
convert the operation to plain acetone handwipe.  This option is about half the cost of the 
cleaning currently (use of the vapor degreaser and the 60 percent acetone/40 percent IPA 
blend).  The next lowest cost option is use of the 92 percent acetone/eight percent IPA 
blend in a handwipe operation.  This option is about 22 percent less costly than the 
current option. 
 

Table 2-4 
Annual Cost Comparison for Corona Magnetics for Electromagnetic Assembly 

Cleaning 
 
        Vapor Degreaser/       Vapor Degreaser/       Acetone       92/8Ace- 
      IPA    60/40 Acetone Blend        tone Blend  
Capital Cost        -         $600         $600         $600 
Cleaner Cost  $11,585   $13,600      $6,689    $10,920 
Electricity Cost      $749        $749         $150         $150  
Total Cost  $12,334  $14,949      $7,439    $11,670 
 
2.2.5  Cicoil Corporation 
 
Cicoil is a small company with 75 employees located in Valencia, California.  The 
company manufactures flexible and cast cables that are used in aerospace, military and 
process automation.  Cicoil assembles about 40 parts per day and they use solvent in 
various parts of the process.  The primary cleaning agent used by the company 
historically was isopropyl alcohol (IPA). 
 
IPA was used to clean the tools used in the assembly process.  Some of the tools are 
aluminum and some are plexiglass.  IPA was also used to clean flux from the cables after 
they were soldered.  Finally, IPA was used to remove a silicone based mold release agent 
that was left on the assemblies from a potting operation.  All of the cleaning is done in 
handwipe operations. 
 
IRTA worked with Cicoil for several months and tested a variety of alternatives.  The 
company cannot use water-based cleaners on the cables because the water can travel up 
the teflon insulation and into the wires when they are in the field and cause failure.  
Cicoil can use water-based cleaners, however, for cleaning their tooling.   Some of the 
alternatives that were tested included water-based cleaners, various blends of acetone and 
IPA, d-limonene which is a terpene and a siloxane solvent. 
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For cleaning the aluminum tools, Cicoil converted from IPA to acetone and found that 
acetone worked better than IPA.  The company converted to a commercial water-based 
product, Formula 409, for cleaning the plexiglass tooling and for removing the mold 
release agent from the floors.  Cicoil then decided to convert to Formula 409 for cleaning 
the aluminum tooling as well.  This cleaner worked as well as IPA.  For the flux removal 
from assemblies that also contain some silicone grease, the only alternative that worked 
well was a blend of 50 percent acetone/50 percent IPA.  Blends with lower 
concentrations of IPA simply could not remove the silicone grease.  Although the 
siloxane solvent did remove the grease, it was incompatible with the materials of 
construction of the electronic assemblies. 
 
Cicoil was using 55 gallons per month of IPA.  Of the 55 gallons about three gallons 
were used for cleaning the tooling and 52 gallons were used for flux and silicone grease 
removal.  Cicoil pays $6.23 per gallon for IPA.  The annual cost for purchasing IPA for 
cleaning the tooling was about $224; the annual cost for purchasing IPA for flux and 
grease removal was $3,888.  Cicoil is paying $7.07 per gallon for acetone.  Assuming 
that Cicoil uses the same amount of the 50 percent acetone/50 percent IPA blend, the cost 
of purchasing the cleaner for flux and grease removal is now $4,150.  Cicoil pays $12.61 
per gallon for Formula 409.  Assuming three gallons per month usage, the cost of 
purchasing the Formula 409 amounts to $454 per year. 
 
Table 2-5 shows the cost comparison for Cicoil.  Cicoil’s cost increased by about 12 
percent when the company converted to the acetone/IPA blend and the Formula 409.  
 

Table 2-5 
Annual Cost Comparison for Cicoil for Cleaning Electronic Assemblies 

 
        IPA         Acetone/IPA and 
                   Formula 409            
Cleaner Cost               $4,112        $4,604  
Total Cost                        $4,112        $4,604        
 
2.2.6  Sterling Electric, Inc. 
 
Sterling Electric, Inc. is an electric motor manufacturer located in Irvine, California.  The 
company has been operating since 1927 and manufactures 50 motors per day.  Many of 
the electric motors manufactured by Sterling are used in food processing equipment. 
 
The electric motors are made of cast iron and aluminum.  Sterling paints the electric 
motors after they have been assembled.  In the past, prior to the coating process, the 
company used a brush and a mineral spirits VOC solvent to handwipe the motors to 
remove finger prints and other contaminants. 
 
IRTA tested two alternatives for cleaning prior to painting.  IRTA brought Sterling a 
parts cleaner containing a neutral water-based cleaner.  Even though the cleaner 
contained a rust inhibitor, the company believed the parts were beginning to rust just after 
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cleaning.  IRTA also tested acetone for handwiping the parts.  Acetone seemed to clean 
well and the company has recently converted to this alternative. 
 
Sterling used about one gallon per day of VOC solvent for cleaning the electric motors.  
The cost of the solvent was $3 per gallon and the total annual cost for purchasing the 
solvent was $780.  IRTA estimates that the company uses 10 percent more acetone 
because acetone’s vapor pressure is higher than the vapor pressure of the mineral spirits.  
Assuming a cost of acetone of $5.17 per gallon, the total annual cost of using the acetone 
amounts to $1,479. 
 
Table 2-6 shows the cost comparison for Sterling.  The values show that the cost of using 
acetone is almost double the cost of using mineral spirits. 
 

Table 2-6 
Annual Cost Comparison for Sterling for Electric Motor Manufacture 

 
       Mineral Spirits                      Acetone 
Cleaner Cost              $780              $1,479 
Total Cost              $780              $1,479   
 
2.2.7  Walton Motors & Controls, Inc. 
 
Walton Motors & Controls, Inc. is a small company with 17 employees located in South 
El Monte.  The company rebuilds electric motors that have been in the field, sometimes 
for many years.  Motors are received at the facility and they are disassembled.  It the 
windings on the electric motors are still good, they clean them without removing the 
protective varnish.  The metal parts are cleaned in a spray cabinet that uses a water-based 
cleaner. 
 
Walton historically cleaned the windings in a mineral spirits parts cleaner.  IRTA tested 
two alternatives with Walton.  IRTA provided the company with a water-based parts 
cleaner.  The water-based cleaner is an alkaline cleaner with virtually no VOC.  It 
performed effectively on the cleaning but Walton was reluctant to use it because oven 
baking would be necessary for the parts cleaned in the water-based cleaner.  IRTA also 
tested a soy based cleaner which did not perform well on the parts.  A service provider 
brought Walton a parts cleaner with a distillation unit that relied on a volatile methyl 
siloxane called D5 which is exempt from VOC regulations.  Walton decided to adopt the 
D5 system. 
 
IRTA analyzed and compared the costs of the mineral spirits used by the company 
originally, the D5 used currently and the water-based cleaning alternative. 
 
If Walton were to use the water-based cleaner, a heated parts cleaner would be required.  
The cost of the unit is about $1,500.  Assuming a useful life for the parts cleaner of 10 
years, the annual cost would be $150. 
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Walton leased a mineral spirits parts cleaner from a service provider who supplied the 
cleaning unit and the mineral spirits and provided maintenance and disposal services.  
The annual cost of the service was $1,300.  Walton also leases the D5 unit and the service 
includes maintenance and disposal costs but the company purchases the D5 separately.  
The cost of the D5 service is $1,188 annually. 
 
The cost of the D5 is $35 per gallon.  Walton uses the distillation unit to recycle the 
solvent so the company purchases five gallons every six months.  The total annual cost of 
the D5 is $350.  The cost of the water-based cleaner is $10 per gallon.  If a 30 percent 
concentration of the cleaner were required for the 30 gallon parts cleaner, then the cost of 
replacing the bath would amount to $90.  The cleaner would require replacement every 
three months.  The annual cost for purchasing the water-based cleaner would be $360. 
 
The mineral spirits parts cleaner had a one-fourth horse power pump which ran four 
hours per day.  The annual electricity cost was $42.  The D5 unit has the same pump but 
also has a still that is run at the end of the day.  The still uses 5 kW of electricity and runs 
for a two hour cycle.  Assuming an electricity cost of 12 cents per kWh and that the still 
operates for 260 days per year, the electricity cost for the D5 unit is $354 annually.  The 
water-based parts cleaner has the same pump as the other two units and it has a 2 kW 
heater that cycles on and off.  Assuming the parts cleaner is used four hours per day, that 
it cycles on half the time, that it is used for 260 days per year and that the electricity cost 
is 12 cents per kWh, the annual electricity cost of the water-based cleaner is $167. 
 
If Walton were to adopt a water-based cleaner, most of the parts would be air dried.  The 
oven the company already owns would be used to dry the electrical windings.  There 
would be no extra cost for drying the windings because they could be put through the 
oven with other parts that have been coated. 
 
The disposal costs for the mineral spirits and the D5 are included in the servicing cost.  
For the water-based cleaner, it was assumed that the disposal cost would amount to $2 
per gallon.  The disposal of the 120 gallons annually would cost $240. 
 
Table 2-7 shows the cost comparison for Walton.  The cost of using the D5 is 41 percent 
higher than the cost of using the mineral spirits.  The cost of using the water-based 
cleaner is lower than the cost of using either of the solvents. 
 

Table 2-7 
Annual Cost Comparison for Walton for Electric Motors 

    Mineral Spirits   D5  Water-Based 
            Cleaner            
Capital Cost      -      -         $150 
Servicing Cost          $1,300           $1,188            - 
Cleaner Cost      -   $350         $360 
Electricity Cost   $42    $354         $167 
Disposal Cost      -      -         $240              
Total Cost           $1,342            $1,892         $917 
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2.2.8  Burbank Water & Power 
 
Burbank Water & Power, located in Burbank, provides power to the city of Burbank.  
The company must maintain their equipment in the field and part of that maintenance 
involves cleaning surfaces of generators and transformers that are not energized and 
various types of equipment while it is energized which means that electricity is running 
through it. 
 
Burbank Water & Power cleans their non-energized field equipment with a water-based 
cleaner.  This water-based cleaner contains less than 10 percent of a glycol ether.  
Assuming the glycol ether accounts for 10 percent, the cleaner would have a VOC 
content of about 120 grams per liter.  The company uses the cleaner sometimes at full 
strength and sometimes at 50 percent concentration. 
 
IRTA provided three water-based alternative cleaners that do not have any solvent 
additives for testing.  These include Spray Clean 12, Spray Clean 14 and AX-IT.  One of 
the cleaners, Spray Clean 12, performed as well as the current cleaner and it has zero 
VOC.  IRTA provided five gallons of the cleaner to the facility and the personnel 
indicated it cleaned well.   
 
Burbank Water & Power currently uses 85 gallons per year of their water-based cleaner 
to maintain their non-energized equipment.  The cost of the water-based cleaner is $9.09 
per gallon.  The total annual cost of purchasing the cleaner is $773.  The cost of the 
alternative cleaner is about $10 per gallon.  Assuming the same level of use, the annual 
cost of purchasing the lower VOC water-based cleaner would be $850.  
 
Table 2-8 shows the cost comparison for the water-based cleaners for the non-energized 
electrical equipment cleaning.  The cost of using the lower VOC cleaner is slightly higher 
than the cost of using the current cleaner.  
 

Table 2-8 
Annual Cost Comparison for Burbank Water & Power for Non-Energized 

Electrical Equipment Cleaning 
 
      Current Water-         Alternative Water- 
      Based Cleaner  Based Cleaner   
Cleaner Cost          $773          $850   
Total Cost          $773          $850 
 
Cleaning of energized electrical equipment is generally done with a so-called contact 
cleaner.  The cleaner cannot be water-based because most water-based materials have 
low dielectric strength and they conduct electricity which would be dangerous to the 
workers.  The cleaner generally cannot have a flash point because these cleaners also 
generally have low dielectric strength as well.  Historically, the industry used 1,1,1-
trichloroethane and CFC-113 for cleaning energized electrical equipment.  When 
production of these two chemicals was banned, the industry began using cleaners based 
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on HCFC-141b.  HCFC-141b is a fairly significant ozone depleter and its production has 
now been banned.  Because companies that perform energized electrical cleaning still 
have an inventory of the chemical, it will be used for a period of time until there is no 
more inventory.  HCFC-141b has a dielectric strength of 53 kV while the cutoff for 
cleaners that can be used on energized equipment is generally 30 kV. 
 
Burbank Water & Power, like other companies that maintain energized electrical 
equipment, uses an HCFC-141b aerosol cleaner.  IRTA tested three alternatives with the 
company that could be replacements for the HCFC-141b.  The first of these was based on 
another HCFC, HCFC-225 which is an exempt chemical.  This HCFC is not as 
aggressive a cleaner as HCFC-141b and employees of Burbank Water & Power did not 
think it performed well.  IRTA provided two other cleaners.  One of these was a 
combination of hydrofluoroethers (HFEs) and 1,2-trans-dichloroethylene (DCE).  The 
other is based on a hydrofluorocarbon, HFC-245fa, and DCE.  Both of these cleaners 
worked well, and the employee indicated they worked as well as the HCFC-141b.  The 
HFEs and the HFC do contribute to global warming; DCE has not been tested for chronic 
toxicity and it’s structure indicates that it could possibly be a carcinogen.  According to 
the MSDSs, the HFC blend has a listed VOC content of 857 grams per liter and the HFE 
blend has a listed VOC content of 1,104 grams per liter. 
 
Burbank Water & Power currently uses 247 16-ounce cans of the HCFC-141b aerosol 
cleaner at a cost of $14 per can.  The total annual cost of using this cleaner is $3,458.  
The cost of the HFE/DCE cleaner is $25.98 for a 12-ounce can.  This translates to $34.64 
for a 16-ounce can.  Assuming the same usage, the annual cost of purchasing the 
HFE/DCE blend is $8,556.  The cost of the HFC/DCE blend is $16.16 per 16-ounce can.  
Again, assuming the same usage, the annual cost of purchasing the HFC/DCE blend 
amounts to $3,992. 
 
The employee who supervises and performs the cleaning indicated that the alternative 
cleaners worked well but he was concerned that the workers that do the cleaning might 
have to spend more time if the cleaners failed to work as well in some instances.  For this 
scenario, IRTA assumed the cleaning labor would increase by 30 percent.  Currently, six 
people spend two hours per week performing this type of cleaning.  Assuming a labor 
rate of $30 per hour, the labor costs for energized electrical equipment cleaning are 
$18,720.  If the labor cost increased by 30 percent through adoption of one of the 
alternatives, the labor hours would amount to 811 per year and the labor cost would total 
$24,336. 
 
Table 2-9 shows the cost comparison for the energized electrical equipment cleaning.  
The cost of using the HFE/DCE blend if labor remains the same is 23 percent higher than 
the cost of cleaning with the HCFC-141b.  The cost of using the HFC/DCE blend if labor 
remains the same is comparable to the current cost of using HCFC-141b.  If the labor cost 
increases, the cost of using both of the alternatives is much higher than using HCFC-
141b. 
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Table 2-9 
Annual Cost Comparison for Burbank Water & Power for Energized Electrical 

Equipment Cleaning 
 
           Current     HFE/DCE     HFC/DCE     HFE/DCE     HFC/DCE  
           Cleaner   (same labor)    (same labor)    (more labor)    (more labor)  
Labor Cost          $18,720      $18,720      $18,720      $24,336       $24,335 
Cleaner Cost            $3,458        $8,556        $3,992        $8,556         $3,992  
Total Cost          $22,178      $27,276      $22,712      $32,892       $28,327 
 
2.2.9  Covanta Energy 
 
Covanta has a generating facility in Sun Valley, California.  The company provides 
electrical power to Southern California Edison.  Covanta maintains their generators in the 
field on a regular basis.  The generators are not energized when the cleaning occurs. 
 
Covanta historically used mineral spirits to clean the generators.  The company currently 
uses trichloroethylene (TCE) both in bulk quantities and in aerosol cans to perform the 
generator cleaning.  Covanta provided a discarded generator so IRTA could test 
alternatives.  A high pressure spray system that was used for spraying the mineral spirits 
was used for testing alternatives.  IRTA and Covanta tested a soy based cleaner in various 
dilutions with water containing a rust inhibitor.  A blend of 70 percent water, 25 percent 
soy and five percent rust inhibitor performed well in cleaning the generator and did not 
rust the parts. 
 
Covanta uses 32 gallons of TCE at their two locations including the Sun Valley plant.  
About 80 percent of the TCE volume or 25.6 gallons is used in aerosol cans.  Assuming 
there are 13 cans in a gallon, the company uses 333 cans per year.  The price of the TCE 
is $6.94 per can.  The annual cost for purchasing the aerosol cans is $2,311.  The 
remaining 6.4 gallons of TCE is used in a blend of 80 percent TCE and another 
component.  The price of the blend is $47.  Thus the annual cost of the non-aerosol TCE 
blend is $376.  The total annual cost of purchasing the TCE products is $2,687. 
 
IRTA estimates that if Covanta converted to the soy material, they would have to use 
about 10 percent more product to obtain equivalent cleaning.  Covanta uses 32 gallons of 
TCE based products currently so 35.2 gallons of the soy blend would be required 
annually.  The blend is made up of about nine gallons of soy, about two gallons of rust 
inhibitor and the remainder is water.  The cost of soy and the rust inhibitor are about $6 
and $10 per gallon respectively.  The annual cost of the blend would be $74. 
 
Covanta currently pays SCAQMD toxics fees for the emissions of TCE.  The cost of the 
emissions is 11 cents per pound.  Assuming a density of 12.13 pounds per gallon for the 
32 gallons of TCE used per year, the toxics fees paid by Covanta amount to $43 annually. 
 
Table 2-10 summarizes the cost comparison for Covanta.  The cost of using the soy based 
blend is 37 times lower than the cost of using the TCE. 
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Table 2-10 
Annual Cost Comparison for Covanta for Generator Cleaning 

 
       TCE       Soy Based Cleaner                
Cleaner Cost              $2,687   $74 
Emission Fees        $43                -                                           
Total Cost               $2,730   $74 
 
2.2.10  Northrop Grumman (Formerly TRW Space & Technology Division) 
 
Northrop Grumman, located in Redondo Beach, California, manufactures solar arrays for 
satellites.  As part of the manufacturing process, the solar cells are assembled in an array 
and cleaned with isopropyl alcohol (IPA) and acetone.  The contaminants that are being 
removed are primarily particles and fingerprints.   
 
IRTA worked with Northrop Grumman to identify and test alternative handwipe solvents 
for the solar cells.  The company provided IRTA with a solar array with several cells to 
perform initial testing.  In the initial testing, IRTA used IPA as the baseline.  The 
alternatives that were tested included plain deionized (D.I.) water, plain acetone, a blend 
of 50 percent acetone and 50 percent D.I., a blend of 90 percent acetone and 10 percent 
IPA and a water-based cleaner followed by a D.I. rinse.  The Northrop Grumman 
engineer indicated that the acetone and the acetone/IPA blend appeared to work best. 
 
The company and IRTA performed scaled up testing on the solar cells.  The technician 
indicated that she had used acetone in the past and it worked well.  The tests indicated 
that acetone did perform well. 
 
One issue that arises with the use of acetone concerns the wipe cloths used by Northrop 
Grumman for cleaning the solar cells.  Acetone extracts certain components from the 
cloths.  The company has a concern that the materials that are extracted from the wipe 
cloths will end up contaminating the solar cells if acetone is used as a final wipe.  At this 
stage, Northrop Grumman is planning to perform tests on the wipe cloths and to 
determine the levels of extraction and if there could be other wipe cloths that would not 
result in as much extraction.  IRTA also suggested that the company include blends of 
acetone with D.I. to see if the extraction could be minimized. 
 
Currently, Northrop Grumman can use acetone for cleaning the solar cells but must use 
either IPA or ethyl alcohol for the final wipe.  The results of the wipe cloth research may 
determine a way for the company to convert to acetone for even the final wipe. 
 
Northrop currently pays $5.75 per gallon of semiconductor grade IPA and $5.85 per 
gallon for semiconductor grade acetone.  The company currently uses 20 gallons of IPA 
and six gallons of acetone.  The annual cost of purchasing the cleaners amounts to $150.  
If Northrop Grumman were to convert to acetone exclusively, assuming the cleaner usage 
would be the same, the annual cost of purchasing acetone would be $152. 
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Table 2-11 shows the cost comparison for converting the operation from IPA to acetone.  
The cost of using IPA and acetone is about the same as the cost of using acetone alone. 
 

Table 2-11 
Annual Cost Comparison for Northrop Grumman for Solar Cell Manufacture 

 
       IPA/Acetone  Acetone 
Cleaner Cost            $150      $152  
Total Cost            $150      $152 
   
2.2.11  Northrop Grumman (formerly Litton Guidance & Control Systems) 
 
Northrop Grumman manufactures laser guidance systems for commercial and military 
aerospace applications including spacecraft and aircraft missiles.  The high precision 
parts are lapped and polished and blocking materials are used to hold the parts in place 
during these operations.  The parts are cleaned in several steps of the process to remove 
the lapping, polishing and blocking compounds. 
 
In the past, Northrop Grumman relied heavily on CFC-113 and TCA for cleaning the 
parts.  Several years ago, Northrop Grumman initiated projects to find alternatives.  They 
converted primarily to VOC solvents and some water-based cleaning processes.  At that 
stage, the company’s operations were classified as Batch Loaded Cold Cleaners (BLCCs) 
using VOC solvents and were covered by Rule 1122.  Northrop Grumman did not have to 
make a conversion away from the VOC solvents in 1999 because they qualified for an 
exemption, (k)(1)(c), that extended the deadline until 2003.  Even so, the company 
decided they wanted to convert away from the VOC solvents in 1998 and they again 
began working on non-VOC alternatives.  By January, 1999, Northrop Grumman reduced 
their use and emissions of VOC solvents by 16,000 pounds or eight tons annually. 
 
In the frame manufacturing operation, Northrop Grumman used n-methyl pyrollidone 
(NMP) to clean wax which was used to plug the frame bores to prevent lapping 
compound from intruding.  The company eliminated this cleaning step by using plugs 
with O-rings to block the frame bores acting as a physical barrier to the lapping 
compound.  In another step, epoxy was used to bond the frames to holding fixtures during 
lapping and polishing.  NMP was used to remove the epoxy.  Hot air at a temperature of 
200 degrees F is now used to separate the frame from the fixture.  The thermal expansion 
differences between the glass frame, metal fixture and epoxy causes the debonding.   
 
In another operation, the substrate operation, pitch was used to hold the mirror substrates 
to mounting blocks during lapping and polishing.  NMP, Bioact 280, a terpene-based 
solvent and small amounts of methanol and methylene chloride were used for deblocking  
and cleaning.  Litton has substituted a thermoplastic for the pitch in the bonding 
operation.  Acetone is currently used to dissolve most of the thermoplastic; this cleaning 
step is followed by a soak in an Armakleen detergent that is a certified Clean Air Solvent.  
Acetone was also used in the past for the cleaning. 
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In the prism operation, wax is used to bond the prisms to mounting blocks for lapping 
and polishing.  A terpene product called Opticlear was used to dissolve the wax and clean 
the parts.  This product has been replaced by Daraclean 121, a water-based cleaner. 
 
Northrop Grumman used 10 drums of NMP per year in their process in the past.  The cost 
of the NMP was $450 per drum.  The total annual cost of the NMP was $4,500.  Fourteen 
drums of Bioact 280 were used each year at a cost of $550 per drum.  The total cost of 
using the Bioact was $7,700 per year.  Fourteen drums of Opticlear were also used each 
year at a cost of $1,695 per drum.  The total cost of using the Opticlear was $23,730 
annually.  The cost of the methylene chloride and the methanol amounted to $200 per 
year.  The total yearly cost for purchasing the VOC solvents was $36,130. 
 
The new operations involve the use of Daraclean 121 and an Armakleen cleaning agent.  
Northrop Grumman estimates that three drums of Daraclean 121 at a cost of $850 per 
drum will be required.  Two drums of the Armakleen detergent at $105 per drum will 
also be required.  The total cost of the two water-based cleaners amounts to $2,760 
annually. 
 
Northrop Grumman substituted thermoplastic for pitch in the bonding operation.  The 
thermoplastic, at a cost of $12000 annually, is much more expensive than the pitch which 
carried a cost of about $2,000 annually. 
 
Disposal costs for the Bioact 280 were $1,890 per year.  Disposal costs of the Opticlear 
was also $1,890 per year.  The disposal cost for the NMP was $1,350 per year.  The total 
disposal cost for the solvents amounted to $5,130 annually. 
 
The disposal cost for the Daraclean 121 is $405 per year.  The Armakleen detergent does 
not have a disposal cost.  Northrop Grumman is exploring whether the thermoplastic can 
be recycled. 
 
Northrop Grumman estimates that the electrical cost and the labor cost remain the same 
with the old and new operations. 
 
Table 2-12 shows the cost comparison for the VOC solvents and the water-based 
cleaners.  By making the conversions to not cleaning and to water-based cleaning, 
Northrop Grumman reduced their emissions by about eight tons per year.  They also 
reduced their costs by about 65 percent. 

 
Table 2-12 

Annual Cost Comparison for Northrop Grumman for Optics Cleaning 
 
      VOC Solvents            Water-Based Cleaning 
Cleaner Cost         $36,130   $2,760 
Materials Cost (Thermoplastic and Pitch)       $2,000            $12,000 
Disposal Cost           $5,130      $405   
Total Cost         $43,260            $15,165  
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A stand alone case study of Northrop Grumman’s conversion is provided in Appendix B. 
 
2.2.12  Astro Pak 
 
Astro Pak provides precision cleaning services to the aerospace, semiconductor and 
medical industries.  The company is located in Downey, California.  Astro Pak conducts 
precision cleaning and relies mainly on an ultrasonic water-based cleaning system for 
cleaning the parts.  Some parts, however, are required to be cleaned by hand. 
 
IRTA worked with Astro Pak to identify and test an alternative to isopropyl alcohol (IPA) 
for cleaning gauges for Boeing; these gauges are classified as scientific instruments.  
IRTA and Astro Pak conducted testing of several alternatives including a soy based 
cleaner, a water-based cleaner, acetone and a few blends of acetone and IPA.  After the 
gauges are cleaned, Astro Pak uses non-volatile residue analysis (NVR) to determine 
whether the gauges are clean.  The lower the NVR, the cleaner the parts.   
 
During the testing, IPA was used as the control.  The findings indicated that the parts had 
a lower NVR when acetone and acetone/IPA blends were used than they have with the 
IPA used currently.  The soy based cleaner and the water-based cleaner left a residue so 
the NVR levels were higher.   
 
IRTA performed the cost analysis for acetone because it was the alternative that gave the 
lowest NVR level.  Astro Pak receives the gauges three or four times a year and each job 
requires the use of two to three gallons of IPA.  Assuming an annual use of IPA of 10 
gallons for the cleaning and assuming a cost for electronics grade IPA of $7.27 per 
gallon, the annual cost of cleaning the gauges with IPA amounts to $73.  If acetone were 
used instead of IPA, Astro Pak would require 10 percent more because acetone has a 
higher vapor pressure than IPA.  Astro Pak pays $7 per gallon for electronics grade 
acetone.  On this basis, the annual cost for purchasing acetone for cleaning the gauges is 
$77. 
 
Table 2-13 shows the cost comparison for IPA and acetone.  The cost of using acetone is 
somewhat higher than the cost of using IPA.  It is important to note, however, that the 
acetone cleaned better than the IPA.  
 

Table 2-13 
Annual Cost Comparison for Astro Pak for Scientific Instruments 

 
       IPA                        Acetone 
Cleaner Cost      $73                           $77  
Total Cost      $73                           $77    
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III.  ALTERNATIVES IN COATING AND ADHESIVE APPLICATION 
EQUIPMENT CLEANING 

 
SCAQMD Rule 1171 regulates solvent cleaning activities.  It establishes VOC content 
limits for cleaners that can be used to clean coating and adhesive application equipment.  
Currently, the VOC limit for these cleaners in the rule is 550 grams per liter.  Effective 
on July 1, 2005, the VOC limit for these cleaners declines to 25 grams per liter.  The 
purpose of this project was to determine if the 25 gram per liter VOC limit was feasible 
for all cleaning categories for coating and adhesive application equipment. 
 
3.1  Preliminary Laboratory Testing 
 
At the beginning of this project, IRTA approached Graco, a spray gun supplier, and 
requested that the company build a spray gun cleaning system similar to the current 
Graco enclosed spray gun cleaning system.  IRTA requested that the Graco system be 
modified to contain a heater.  IRTA also asked Applied Cleaning Technologies (ACT), 
located in Anaheim, to build a very small table top heated ultrasonic system that could 
also be used for testing.  IRTA conducted preliminary testing to determine which types of 
cleaners appeared appropriate for a number of different coatings and adhesives at the 
ACT test center.  The heated Graco unit was used for most of the preliminary testing and 
it was also provided to certain facilities for testing alternatives during the project.  The 
small heated ultrasonic system was used in the field testing.  Graco also provided IRTA 
with a typical HVLP spray gun to use in the preliminary testing at the ACT test center. 
 
Table 1-3 showed the list of companies IRTA worked with during the project.  IRTA 
obtained samples of coatings from all of these companies in order to conduct the 
preliminary testing.  In some cases, IRTA obtained a variety of different coatings from 
each of the facilities; in other cases, the company only used one coating or adhesive and 
IRTA obtained only these samples.  IRTA also obtained other coatings from two coatings 
suppliers so that additional types of coatings possibly not used by the participating 
companies could be tested.  Table 3-1 shows the list of companies that provided coatings 
and adhesives for the preliminary testing classified into different coating and adhesives 
categories.  Some of the companies listed in the table participated in an EPA project that 
also involved testing alternative cleanup solvents and these are specified in the table. 
 
The preliminary testing was designed to screen potential cleaners in a laboratory testing 
situation.  The cleaners that worked best on the coatings in the laboratory testing could 
then be provided to the companies participating in the SCAQMD and EPA projects for 
testing in the field.  IRTA used the spray gun cleaner and the spray gun provided by 
Graco to test the alternatives.  IRTA tested several different water-based cleaners, soy 
and a soy blended with water and acetone on all of the coatings.  If none of the options 
worked well, IRTA modified the alternatives to find one that did work effectively.  
Material Safety Data Sheets (MSDSs) for some of the products that were tested are 
provided in Appendix C. 
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Table 3-1 
Companies Providing Coatings and Adhesives for Preliminary Testing 

 
Company     Type of Coating/Adhesive    
Hydro-Aire     Aerospace primers and topcoats 
Gulfstream     Aerospace primers and topcoats 
California Propeller (EPA)   Aerospace primer and topcoats 
Sherwin Williams    Aerospace primers and topcoats 
American Security Products   Waterborne and solventborne metal coatings 
Metrex (EPA)     Marine solventborne coating 
Oakwood     Wood furniture stain, sealer and topcoat 
Bausman & Father (EPA) Wood furniture waterborne and 

 solventborne coatings 
AMT      Wood furniture solventborne coatings 
El Dorado     Automotive primer, basecoat and topcoat 
Holmes Body Shop (EPA)   Automotive primer, basecoat and topcoat 
Westway Industries, Inc. (EPA)  Automotive primer, basecoat and topcoat 
PCM Leisure World (EPA and SCAQMD) Latex and enamel architectural coatings 
Murphy Industrial maintenance solventborne 

architectural primer, intermediate coating 
and topcoat 

Dampney Company, inc.   Industrial maintenance coatings 
Hickory Springs    Solventborne foam fabrication adhesive 
Vacco      Solventborne thin film laminating adhesive 
 
The results of the preliminary testing are shown in Table 3-2 for categories of cleaning.  
When the scaled up field tests were performed, most of the results listed in Table 3-2 held 
up.  In a few cases, as described below, the results in the field were different. 
 

Table 3-2 
Results of Preliminary Screening Tests 

 
Category of Cleaning    Alternative(s) Selected    
Aerospace coatings    acetone 
Metal coatings     acetone 
Wood furniture coatings   water-based cleaners, acetone 
Autobody coatings    acetone, acetone/methyl 

acetate blend 
Architectural coatings    water, water-based cleaners, soy,  
      acetone, acetone/surfactant 
Fabrication adhesive    acetone, soy 
Thin film adhesive    water-based cleaner, acetone    
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3.2  Field Testing 
 
For each of the companies participating in the SCAQMD or EPA project, IRTA 
developed a test plan for testing the alternative cleaning agents.  In general, the test plans 
involved some initial testing at the site to determine if the findings from the preliminary 
laboratory testing would hold up in the field.  If the tests were successful, IRTA asked the 
company to perform a scaled-up longer term test of the alternatives.  In some cases, the 
companies decided to convert to the alternatives and in other cases, they did not convert.  
A few companies indicated they might convert to the alternative in the future.   
 
The description of the testing and the cost analysis of the alternatives for each of the 
facilities is described below.  IRTA generally attempted to include all the costs a 
company would incur in the cost comparison of the alternatives with the cleaning system 
that is currently used.  In instances where companies did convert to an alternative, stand 
alone case studies that describe the conversion are presented in Appendix B. 
 
3.2.1  Hydro-Aire 
 
Hydro-Aire, an aerospace subcontractor, is a division of Crane located in Burbank, 
California.  The company has 572 employees.  Hydro-Aire manufactures braking 
systems, pumps and airlocking devices.  The company also does repair work on the 
pumps used in military and commercial aircraft like the C-130 transport and the C-17. 
 
Hydro-Aire applies aerospace coatings as part of their manufacturing process.  Like other 
aerospace companies, the company uses a chromated epoxy primer and a polyurethane 
topcoat.  Hydro-Aire also uses some specialized coatings like a fuel tank primer that is 
difficult to clean.  MSDSs of a typical primer and topcoat used by the company are 
shown in Appendix A.  For several years, Hydro-Aire used aero-MEK, a blend of MEK 
and various other solvents for cleaning their spray equipment. 
 
IRTA conducted initial testing with Hydro-Aire.  The first cleaner IRTA tried was 
acetone since that cleaner worked well during the preliminary screening tests for all of 
the aerospace coatings.  The painter indicated that the initial testing at the facility showed 
that acetone seemed to work well on the typical primer and topcoat used by the company.  
IRTA and Hydro-Aire arranged for scaled up testing using the enclosed spray gun cleaner 
the company currently uses for cleaning.  The next time the company changed out the 
solvent for disposal, acetone was used in place of aero-MEK.  Hydro-Aire evaluated the 
new cleaner on all of their coatings, including the fuel tank primer, and found it effective.  
The company decided to convert to acetone and has been using it for almost a year.  
Figure 3-1 shows a picture of the enclosed spray gun cleaner at Hydro-Aire. 
 
IRTA analyzed the cost of using acetone at Hydro-Aire and compared it to the cost of 
using the aero-MEK.  Hydro-Aire purchased six drums of aero-MEK annually for 
cleaning their spray guns and for handwipe operations.  About 60 gallons went toward 
spray gun cleaning each year.  From the scaled up testing, the company estimates that it 
will use roughly the same amount of acetone.  The company paid $4.94 per gallon for  
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Figure 3-1. Spray Gun Cleaning System at Hydro-Aire 
 
aero-MEK and pays $4.25 per gallon for acetone.  On this basis, the cost to the company 
for purchasing aero-MEK amounted to $296 annually; the cost of purchasing acetone 
instead amounts to $255 annually. 
 
The SCAQMD emission fees are $345 per ton of VOC emitted.  Assuming a density for 
aero-MEK of seven pounds per gallon, the fee for emitting 60 gallons is $72 per year.  
There are no fees for acetone since the chemical is exempt from VOC regulation.   
 
The annualized cost comparison is shown in Table 3-3.  The cost to the company for 
purchasing acetone is somewhat less than the cost for purchasing the aero-MEK.  In 
addition, through the use of acetone, the company can avoid paying the VOC emission 
fees of $72 per year.  Hydro-Aire reduced their costs by 31% through the conversion to 
acetone.   

Table 3-3 
Annual Cost Comparison for Spray Gun Cleaning for Hydro-Aire 

 
          Aero-MEK              Acetone 
Chemical Cost             $296                 $255 
Regulatory Fees              $72                                -            
Total Cost             $368                   $255  
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A stand alone case study for the Hydro-Aire spray gun cleaning conversion is provided in 
Appendix B. 
 
3.2.2  Gulfstream 
 
Gulfstream, located in Long Beach, CA, manufactures and maintains private aircraft.  
The aircraft are painted with traditional and high VOC aerospace coatings.  Gulfstream 
has an enclosed spray gun cleaner that is leased from a service provider.  The company 
uses lacquer thinner for cleaning the spray equipment after applying the coatings.   
 
In the preliminary tests IRTA conducted, acetone worked well on aerospace coatings.  
Even though some of the coatings applied by Gulfstream were higher VOC than 
traditional aerospace coatings, IRTA thought acetone might be suitable for the company.  
Acetone was tested in a spray gun cleaner provided by IRTA and Gulfstream personnel 
indicated that it performed well. 
 
Gulfstream is currently leasing a spray gun cleaner.  To convert to acetone, the company 
would have to purchase an enclosed spray gun cleaner.  The capital cost of a spray gun 
cleaner is $5,000.  Assuming a life for the equipment of 10 years, the annualized capital 
cost of the unit is $500. 
 
The company’s spray gun cleaner is maintained by the service provider.  The cost of the 
maintenance which includes leasing the unit, the cost of the solvent, the cost of disposal 
and the cost of maintenance is $225 every two weeks.  The annual cost of the service is 
$5,850.  If Gulfstream converted to acetone, the company would have to maintain the 
spray gun cleaner.  Assuming there would be 26 changeouts each year, that it would 
require 30 minutes to do the changeout and that the labor rate is $20 per hour, the annual 
cost of maintenance would be $260.  
 
The cost of the lacquer thinner is included in the servicing cost.  If the company 
converted to acetone, the cost of the new cleaner is $2.45 per gallon.  Gulfstream would 
have to change the unit out twice per month.  Assuming a five gallon capacity for the 
unit, the annual cost of the acetone would amount to $294 per year. 
 
The current service provider includes disposal in the servicing cost.  If Gulfstream 
converted to acetone, they would need to dispose of 120 gallons per year.  Assuming a 
cost for hazardous waste disposal of $2 per gallon, the annual disposal cost would 
amount to $240. 
 
Table 3-4 shows the cost comparison for Gulfstream.  The figures indicate that the cost of 
using acetone is more than four times lower than the cost of using the lacquer thinner. 
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Table 3-4 
Annual Cost Comparison for Spray Gun Cleaning for Gulfstream 

 
      Lacquer Thinner                       Acetone 
Capital cost      -                $500 
Service cost           $5,850                    - 
Maintenance cost     -                $260 
Cleaner cost      -                $294 
Disposal cost      -                $240  
Total cost           $5,850             $1,294 
 
3.2.3  California Propeller 
 
California Propeller is a small aerospace subcontractor located in North Hollywood.  The 
company purchases government surplus parts and different types of parts that have been 
used in the field for more than 50 years and refurbishes them.  The parts include 
propellers and intricate governers that are used on aircraft.   
 
The parts arrive at California Propeller and are disassembled, cleaned, inspected, 
reworked and painted.  The company, like other aerospace firms, uses a chromated epoxy 
primer and a polyurethane topcoat.  A spray gun is used to apply the coatings and, when 
it was cleaned, it was disassembled and cleaned with MEK in a bucket.  
 
IRTA had obtained and tested samples of California Propeller’s coatings during the 
preliminary testing at the ACT test center.  During those tests, IRTA found that acetone 
worked well on the coatings.  IRTA and the company performed scaled up testing of 
acetone at the facility and found that it worked well as an alternative to MEK.  The 
company decided to convert to acetone. 
 
California Propeller used five gallons of MEK every two months for spray gun cleaning.  
At a cost of $5.12 per gallon, the company was paying $154 per year for the cleaner.  The 
same amount of acetone is now used for spray gun cleaning at a cost of $3.32 per gallon.  
The annual cost of purchasing acetone is $100. 
 
Table 3-5 shows the cost comparison for California Propeller.  The figures show that the 
company cut their costs by 35 percent by converting from MEK to acetone. 
 

Table 3-5 
Annual Cost Comparison for Spray Gun Cleaning for California Propeller 

 
      MEK              Acetone 
Cleaner Cost     $154                 $100 
Total Cost     $195                  $100 
 
A stand alone case study for California Propeller is presented in Appendix B. 
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3.2.4  American Security Products 
 
American Security Products is located in Fontana, CA.  The company makes burglary, 
fire protection and gun safes and is the largest security safe manufacturer in the country.  
As part of the manufacturing process, American Security Products paints the safes.  The 
company uses a urethane topcoat, a polyester topcoat and primer.  Four years, the 
manufacturer used an enclosed spray gun cleaner and lacquer thinner to clean the 
equipment used to spray the coatings. 
 
American Security Products began testing acetone for cleaning their coatings that 
contained solvent.  It worked well and the company made the conversion away from 
lacquer thinner four years ago.  There was no additional capital equipment needed since 
the company could simply use acetone in the enclosed spray gun cleaner instead of 
lacquer thinner. 
 
The cost of the lacquer thinner used by the company for spray gun cleaning was $5.50 
per gallon.  The company purchased 10 gallons a day.  Assuming the company operates 
for 260 days per year, the total cost of the lacquer thinner amounted to $14,300.   
 
SCAQMD emission fees for VOCs are $345 per ton.  Assuming all of the lacquer thinner 
was emitted, American Security Products emitted 10 gallons of lacquer thinner per day or 
2,600 gallons per year.  Assuming a density for the solvent of seven pounds per gallon, 
this amounts to 18,200 pounds or 9.1 tons per year.  The emissions fee was $3,140 per 
year. 
 
The company uses the same amount of acetone for spray gun cleaning.  The cost of the 
acetone is $4.50 per gallon.  On this basis, the purchase price for the acetone cleaner is 
$11,700 annually.  There are no emission fees for acetone because the chemical is exempt 
from VOC regulations. 
 
Table 3-6 shows the cost comparison of the two solvents for American Security Products.  
The company reduced their costs for spray gun cleaning by about one-third through the 
conversion to acetone.   
 
In the past, American Security Products used waterborne coatings for some of their 
production.  The company currently uses waterborne coatings only for touch-up kits 
provided to the customers.  When the company first adopted these coatings, they began 
cleaning their spray equipment with plain water.  They used plain water for this purpose 
for several years. 

Table 3-6 
Annual Cost Comparison for Spray Gun Cleaning for American Security Products 

 
      Lacquer Thinner            Acetone 
Cleaner Cost           $14,300             $11,700 
Regulatory Cost            $3,140                   -  
Total Cost           $17,440             $11,700 
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A stand alone case study for American Security Products is presented in Appendix B.  
  
3.2.5  Metrex 
 
Metrex is a small company located in Glendora, CA that has about 25 employees.  The 
company manufactures, rebuilds and refurbishes various types of valves.  Many of the 
valves processed by Metrex are used in a marine environment. 
 
IRTA began work with Metrex on their spray gun cleaning as part of an EPA project.  
The coating Metrex applies to its cast iron valves must be highly resistant to attack by the 
harsh marine environment.  The paint used by the company is a solventborne coating.  An 
MSDS for the coating is shown in Appendix A.   
 
For many years, Metrex used lacquer thinner for cleaning their spray gun.  They flushed 
the solvent through the spray gun in a small bucket.  The company has now converted to 
acetone for the spray gun cleaning operation.  Metrex used about one-fourth of a gallon 
per month of lacquer thinner or three gallons per year.  The cost of the lacquer thinner 
was $10.85 per gallon so the total cost amounted to about $33 annually.  Metrex did not 
pay any regulatory fees for using the lacquer thinner because the emissions were very 
small.  They now use the same amount of acetone but pay $9.16 per gallon.  The total 
cost of using the acetone is $27 annually. 
 
The cost comparison for Metrex is shown in Table 3-7.  The use of acetone reduces the 
cost of the spray gun cleaning by about $6 per year. 
 

Table 3-7 
Annual Cost Comparison for Spray Gun Cleaning for Metrex 

 
      Lacquer Thinner            Acetone 
Cleaner Cost      $33                    $27  
Total Cost      $33                    $27 
 
A stand alone case study for Metrex is presented in Appendix B. 
       
3.2.6  Oakwood Furniture 
 
Oakwood is a high end furniture manufacturer with about 400 employees located in 
Ontario, CA that manufactures oak furniture.  Figure 3-2 shows a picture of the type of 
furniture manufactured by Oakwood.  The company has tested a variety of alternative 
low-VOC coatings for their manufacturing operation and is using coatings with a very 
low VOC content.  The coatings used by the company include two stains, two sealers, a 
toner sealer, a clear sealer and one topcoat.  Oakwood is using a waterborne topcoat that 
is very low in VOC.  The spray equipment for this topcoat is cleaned with plain water.  
An MSDS for one of the stains used by Oakwood are shown in Appendix A. 
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Figure 3-2. Furniture Manufactured by Oakwood. 
 
The company has a flat line for coating wood panels and the coatings applied on this line 
are solventborne but are also very low in VOC content.  Oakwood uses an acetone based 
cleaner for cleaning the spray equipment on the flat line.  The blend contains acetone, a 
glycol ether and a few different petroleum solvents.  The VOC content of the cleaner is 
96 grams per liter. 
 
Oakwood cleans the automated spray equipment on the flat line once a week by hand.  
The company does a more thorough cleaning every three months.  During the weekly 
cleaning, the employees clean the spray system, the metal on the conveyor and the rubber 
conveyor itself.  A picture of the flat line coating application equipment during cleaning 
is shown in Figure 3-3. 
 
IRTA obtained samples of Oakwood’s solventborne coatings and conducted laboratory 
testing with the Graco spray gun cleaner to screen potential alternatives.  Plain acetone 
worked well in the testing but IRTA also found that an alkaline water-based cleaner 
called Spray Clean 12 worked well in this application. 
 
IRTA tested the water-based cleaner at Oakwood at various concentrations.  The cleaner 
did not perform well at 25 percent concentration but it did perform well at about a 50 
percent concentration.  IRTA arranged for the company to do scaled up testing with 10 
gallons of the water-based cleaner and it performed well on the metal part of the 
conveyor and the spray system and nozzles.  It did not perform well, however, in cleaning 
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the coating residue from the rubber conveyor.  IRTA tested plain acetone for cleaning the 
rubber conveyor and it worked well. 
 
 

 
 
Figure 3-3. Spray Equipment Cleaning at Oakwood. 
 
Oakwood currently uses 80 gallons per month of the acetone blend for cleaning the 
application equipment.  At a cost of $5.25 per gallon, the total annual cost of the cleaning 
agent is $5,040. For the cost comparison, it was assumed that 75 percent of the cleaning 
(equipment cleaning) can be performed with the water-based cleaning alternative and that 
the remaining 25 percent (conveyor cleaning) can be performed with plain acetone.  It 
was further assumed that the company would use 20 percent less cleaner if they 
converted to the water-based cleaner since it is obviously less volatile than the acetone 
blend.  It was also assumed that the company would use about 10 percent more plain 
acetone than the acetone blend.  On this basis, about 48 gallons of the water-based 
cleaner and 22 gallons of plain acetone would be required each month.  The water-based 
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cleaner is diluted to 50 percent concentration with water and it costs about $9 per gallon 
for the concentrate.  The annual cost of the water-based cleaner would be $2,592.  
Oakwood can purchase plain acetone for $4.24 per gallon.  The annual cost of the 
acetone would amount to $1,119.  The total cost of the alternative cleaners is $3,711. 
 
Although it was not tested at Oakwood, plain acetone worked well for cleaning the 
Oakwood coatings during the screening tests at the ACT test center.  For the cost analysis 
for this option, it was assumed that 10 percent more acetone would be used than the 
current cleaner.  The use of acetone would be 1,056 gallons per year.  At a cost of $4.24 
per gallon, the annual cost of using plain acetone is $4,477. 
 
Table 3-8 shows the cost comparison for the current cleaner, the water-based and acetone 
alternative and the plain acetone alternative.  The figures show that Oakwood could 
reduce their costs for spray equipment cleaning by about 26 percent through the 
conversion to the water-based cleaner and plain acetone.  The cost of using plain acetone 
is 11 percent lower than the cost of using the acetone blend. 
 

Table 3-8 
Annual Cost Comparison for Oakwood for Spray Equipment Cleaning 

 
    Acetone/VOC  Water-Based/Acetone  Plain 
        Cleaner   Cleaner          Acetone  
Cleaner Cost       $5,040    $3,711           $4,477  
Total Cost       $5,040    $3,711           $4,477 
 
3.2.7  Bausman & Father 
 
Bausman & Father is a very small company with only two employees including the 
owner.  The company, located in Huntington Beach CA, strips and refinishes furniture 
and other wood items.   
 
Bausman and Father uses two types of coatings: an acetone based coating and a water-
based coating.  For several years, the company cleaned their spray gun in a bucket after 
spraying the solventborne coating with lacquer thinner.  A few years ago, they converted 
to acetone.  Bausman cleaned their waterborne coating with plain water. 
 
IRTA began working with the company on a project sponsored by EPA.  As discussed in 
an earlier section, ACT contracted with a vendor to build a small table-top ultrasonic 
cleaning system that could be tested in spray gun cleaning.  IRTA provided this cleaning 
system to Bausman.  The preliminary laboratory cleaning tests performed by IRTA 
indicated that an alkaline water-based cleaner and acetone should both perform well on 
Bausman’s coatings.  Bausman began using the water-based cleaner, Spray Clean 12, in 
the small ultrasonic unit for cleaning the spray gun after spraying both the acetone and 
waterborne coatings.  The water-based cleaner was more effective in cleaning the spray 
gun than the acetone.  A picture of the ultrasonic unit at Bausman is shown in Figure 3-4. 
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Figure 3-4. Tabletop Ultrasonic Cleaning Unit at Bausman & Father. 
 
Bausman used about one-half gallon of acetone each time the spray gun was cleaned.  
The company used a total of two gallons of acetone per year.  At a cost of $7 per gallon, 
the total annual cost of the acetone was $14. 
 
Bausman did not have to pay for the ultrasonic system but another company would have 
to purchase the unit.  The cost of the system is about $300.  Assuming a useful life for the 
equipment of 10 years, the annual capital cost is $30.  The water-based cleaner is used at 
a concentration of 25 percent.  Assuming a cost for the cleaner concentrate of $10 and 
that the cleaner is changed out twice a year, the annual cleaner cost amounts to $5.  The 
ultrasonic unit is heated and it uses 1.2 kW of electricity.  Assuming it operates for eight 
hours (a full day) for the four cleaning cycles per year and assuming an electricity charge 
of 12 cents per kWh, the annual electricity cost for operating the unit is $4. 
 
The cost comparison for Bausman is shown in Table 3-9.  The cost of using the water-
based cleaner is much higher than the cost of using acetone because of the capital cost of 
the ultrasonic unit.  Even so, the total cost of cleaning is very low.   
 
This analysis did not include the labor cost for cleaning before and after implementing 
the ultrasonic cleaning system.  It was assumed that the labor for cleaning the spray 
equipment at Bausman & Father is negligible.  In other cases where much more cleaning 
is done, the labor savings for automating the cleaning process could offset some or all of 
the capital cost from purchasing the unit. 
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Table 3-9 
Annual Cost Comparison for Bausman & Father for Spray Gun Cleaning 

 
      Acetone    Water-Based Cleaner 
Capital Cost          -    $30 
Electricity Cost         -      $4 
Cleaner Cost         $14      $5   
Total Cost         $14    $39  
 
A stand alone case study for Bausman & Father is presented in Appendix B. 
 
3.2.8  El Dorado 
 
El Dorado reworks and repairs four buses and airport shuttles per week at their facility in 
Ontario.  The buses range from 20 to 40 feet in length.  The company performs touch up 
painting for the buses.  They clean and mask the surface and apply the paint.  El Dorado 
uses HVLP spray guns to apply the coatings which consist of primers and topcoats. 
 
The company currently uses an enclosed spray gun cleaner for cleaning their spray 
equipment.  El Dorado uses a VOC solvent that meets the 550 gram per liter VOC level.  
IRTA provided the company with the spray gun cleaner designed by Graco and tested 
two alternative cleaning agents that worked well during the preliminary testing.  The first  
 
was acetone and the second was a blend of 80% acetone and 20% methyl acetate.  As 
mentioned earlier, methyl acetate, like acetone, is exempt from VOC regulations.  The 
company reported that the acetone/methyl acetate blend worked more effectively than the 
plain acetone on their equipment. 
 
 El Dorado currently uses a service provider and leases their cleaning equipment.  In 
converting to an alternative, the company would need to purchase an enclosed spray gun 
cleaner.  The cost of the spray gun cleaner is estimated at $5,000.  Assuming a useful life 
of the equipment of 10 years, the annualized capital cost is $500. 
 
El Dorado estimates that the new cleaning solvent requires more time for cleaning than 
the solvent used currently.  Instead of one minute per cleaning job, the new solvent would 
require five minutes.  The workers clean about four times per day and the labor rate is 
$10 per hour.  Assuming a work schedule of 260 days per year, the current annual labor 
cost for cleaning is $173.  The annual labor cost for cleaning with the new solvent would 
be $867. 
 
The service provider currently performs maintenance on the unit and the total cost of the 
servicing, including waste disposal and supply of the cleaner, is $180 every six weeks or 
$1,560 annually.  Assuming that the unit is cleaned and changed out every six weeks and 
that the changeout requires 30 minutes, the maintenance cost with the new solvent would 
amount to $43. 
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The service provider used by the company currently includes the cost of the solvent in the 
service cost.  The cost of the new blend of acetone and methyl acetate is estimated at 
$6.20 per gallon.  Assuming that the five gallons require changeout every six weeks, the 
annual cost of the new cleaner would be $269. 
 
The service provider includes the cost of disposal of the solvent in the servicing cost.  For 
the new cleaner, El Dorado would have to dispose of five gallons of solvent every six 
weeks.  Assuming a disposal cost of $2 per gallon, the annual disposal cost would 
amount to $87. 
 
Table 3-10 summarizes and compares the costs of using the current solvent and the new 
cleaner.  The annual costs are slightly higher for the alternative cleaner than for El 
Dorado’s current cleaner.  Even though the company would need to make a capital 
investment in equipment, the cost of using the new zero VOC cleaner is only $33 more 
per year. 
 

Table 3-10 
Annual Cost Comparison for Spray Gun Cleaning for El Dorado 

 
     Current Cleaner            Acetone/Methyl 
                      Acetate Blend 
Capital Cost     -                        $500 
Labor Cost              $173                        $867 
Service Cost           $1,560                            - 
Maintenance Cost    -                          $43 
Cleaner Cost     -                        $269 
Disposal Cost     -                          $87  
Total Cost           $1,733                      $1,766 
 
3.2.9  Holmes Body Shop 
 
Holmes Body Shop is located in Santa Monica, CA.  It is one of a chain of 10 body shops 
located from Santa Monica in the west to Riverside in the east.  Like other body shops, 
the company repairs cars and paints them as part of their process.  Holmes uses HVLP 
spray guns and the guns are cleaned in an enclosed spray gun cleaning unit leased by 
Holmes.  A picture of the spray gun cleaner is shown in Figure 3-5.  A service provider 
also maintains the equipment, supplies the cleaning solvent and disposes of the waste.  
MSDSs for the coatings used by Holmes are shown in Appendix A. 
 
During the laboratory testing phase, IRTA was not able to clean the spray gun 
contaminated with Holmes’ coatings effectively with plain acetone.  IRTA was able to 
clean the coatings with a blend of 80 percent acetone and 20 percent methyl acetate.  
Because plain acetone worked effectively on Westway’s coatings (see below), IRTA 
provided five gallons of acetone and five gallons of the acetone/methyl acetate blend to 
Holmes for scaled up testing.  The plain acetone did not work for Holmes but the 
acetone/methyl acetate blend did work well.  
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Figure 3-5. Spray Gun Cleaning System at Holmes. 
 
If Holmes converted to the acetone/methyl acetate blend, the company would have to 
purchase an enclosed spray gun cleaning unit.  Such units cost about $5,000.  Assuming a 
ten year useful life for the equipment, the annual cost of the unit would be $500. 
 
Currently, Holmes’ service provider does the maintenance on the leased spray gun 
cleaner.  The servicing cost, which includes maintenance, the cost of leasing the unit, the 
cost of the solvent, the changeout cost and the disposal cost, amounts to $2,290 annually.  
If the company converted to the new blend, the workers would have to devote about 30 
minutes to changeout of the cleaner.  Currently the cleaner is changed out once a month.  
Assuming the new blend would also have to be changed out once a month and assuming 
a labor cost of $10 per hour, the maintenance/changeout cost would be $60 per year. 
 
The cost of the cleaner is currently included in the total service cost.  If Holmes 
converted to the new blend, the cost of the cleaner would be $6.20 per gallon.  The 
annual cleaner cost would amount to $372. 
 
The disposal cost is currently included in the servicing cost.  If Holmes converted to the 
new cleaner, the company would have to dispose of 60 gallons of hazardous waste each 
year.  Assuming a disposal cost of $2 per gallon, the annual disposal cost would amount 
to $120 per year. 
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Table 3-11 shows the costs for the current and new cleaner for Holmes.  The figures 
show that the cost of using the new cleaner are less than half the cost of using the current 
cleaner. 
 

Table 3-11 
Annual Cost Comparison for Spray Gun Cleaning for Holmes Body Shop 

 
      Current Cleaner          Acetone/Methyl 
                      Acetate Blend 
Capital Cost      -                    $500 
Service Cost             $2,290                       - 
Maintenance Cost     -                      $60 
Cleaner Cost      -                    $372 
Disposal Cost      -                    $120  
Total Cost             $2,290                 $1,052 
 
 3.2.10  Westway Industries, Inc. 
 
Westway is a small body shop located in Santa Monica, CA.  The company repairs cars 
and, as part of that activity, they paint them.  Westway uses an enclosed spray gun 
cleaner that belongs to the facility to clean the HVLP spray guns that are used to apply 
the coatings.  A picture of this spray gun cleaner is shown in Figure 3-6.  The cleaner 
used by the company is lacquer thinner. 
 
IRTA performed preliminary testing on Westway’s coatings.  The results indicated that 
the coatings could be cleaned with acetone or an 80 percent acetone/20 percent methyl 
acetate blend.  IRTA tested acetone at the shop because it was likely to be less costly than 
the acetone/methyl acetate blend.  The workers at Westway used the acetone for a few 
months and indicated that it was effective in cleaning the spray gun. 
 
To make the conversion to acetone, the company could use the new cleaner in their spray 
gun cleaner so no capital investment in equipment would be required.  Westway uses 
about five gallons of lacquer thinner each quarter.  At a cost of $5.20 per gallon, the total 
annual cost for purchasing the lacquer thinner is $104.  The cost of acetone is $4.50 per 
gallon.  Assuming the same amount of acetone could be used, the annual cost of the 
acetone would be $90.  Disposal costs for the 20 gallons of spent acetone or spent lacquer 
thinner would amount to $40 annually. 
 
Table 3-12 shows the cost comparison of the cleanup solvents for Westway.  The cost of 
cleaning with acetone is about 10 percent less than the cost of cleaning with lacquer 
thinner. 
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Figure 3-6. Spray Gun Cleaning System at Westway. 
 

Table 3-12 
Annual Cost Comparison for Spray Gun Cleaning for Westway Industries, Inc. 

 
       Lacquer Thinner           Acetone 
Cleaner Cost                $104               $90 
Disposal Cost                 $40                                $40  
Total Cost                $144             $130     
 
3.2.11.  PCM Leisure World 
 
Professional Community Management or PCM is the management company that provides 
the painting service to Leisure World, a retirement community where some 22,000 people 
live in condominiums, apartments and houses.  PCM has three separate paint crews with 
60 employees that repaint the buildings every seven years or so.   
 



 43

PCM uses latex paint for the buildings and an enamel coating for painting the front doors, 
windows, doorframes, railings and other metal hardware.  PCM currently cleans the 
equipment used to apply the latex paints with a hose and plain water.  The company uses 
lacquer thinner for cleaning the spray equipment that is used to apply the enamel coating.  
The spent lacquer thinner is reclaimed in a still and reused for cleaning. 
 
During the preliminary testing, IRTA found that two low or zero VOC cleaners seemed 
promising for PCM.  The first was a soy based cleaner called Soy Gold 1000 and the 
second was acetone.  IRTA provided 10 gallons each of the soy based cleaner and 
acetone to one of the paint crews for scaled up testing.  Both cleaners were capable of 
cleaning the application equipment but the soy cleaner took much longer. 
 
The paint crew indicated that there was no difference in the labor required for cleaning 
with the lacquer thinner and the acetone.  They indicated that it would take twice the 
amount of time to clean the equipment with soy than it would with the lacquer thinner.  
The painters spend about 30 minutes per day cleaning.  The labor rate is $10 per hour for 
the 60 painters.  On this basis, assuming a 260 day year, the current labor cost and the 
labor cost for cleaning with acetone are $78,000 per year.  The labor cost for cleaning 
with the soy would be twice as much or $156,000. 
 
PCM purchases one 55 gallon drum of lacquer thinner per month at $4.09 per gallon.  
The annual cost of the cleaner amounts to $2,699.  The company would use 10 percent 
more acetone because it is used in the open and because less would be recovered in the 
still (see below).  Assuming a cost of acetone of $4.24 per gallon, the annual cost of 
acetone would be $3,078.  PCM would probably use 20 percent less soy but the company 
would not be able to use their still to recover the material.  PCM currently recovers 
approximately 22 gallons of lacquer thinner from their still each month.  The soy use 
would be 62 gallons per month.  At $6 per gallon, the cost of purchasing the soy for 
equipment cleaning would be $4,464 per year. 
 
The solvent still uses 5 kW per hour and is operated once a week for five hours.  
Assuming an electricity cost of 12 cents per kW, the annual electricity cost is $156.  The 
cost would be lower or the same if the company used acetone and there would be no 
electricity cost for soy since the still cannot handle materials with high boiling points.  
Note that the still is used to reclaim 22 gallons of solvent.  It would be less costly to 
purchase virgin solvent instead of using the still. 
 
PCM currently disposes of one 55 gallon drum of hazardous waste each month at a cost 
of $110 per drum.  The annual disposal cost amounts to $1,320.  The cost for disposal of 
the spent acetone would be the same.  More soy waste, some 62 gallons, would require 
disposal.  Assuming the soy disposal cost is $110 per drum, the cost for disposal of the 
soy is $1,488 per year.  The spent soy might cost less to dispose of than the other two 
cleaners because it might not be classified as hazardous waste.  To be conservative, 
however, IRTA has assumed the soy would be classified as hazardous waste. 
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Table 3-13 shows the cost comparison for the lacquer thinner and the two alternative 
cleanup solvents.  The total annual cost of converting to acetone is roughly the same as 
the current cost of using lacquer thinner.  Because the labor cost increases dramatically 
with the use of soy, conversion to this cleaner would approximately double the cost of 
cleaning. 

Table 3-13 
Annual Cost Comparison for Spray Gun Cleaning for PCM 

 
    Lacquer Thinner  Acetone  Soy  
Labor Cost          $78,000   $78,000        $156,000 
Cleaner Cost            $2,700     $3,078            $4,464 
Electricity Cost   $156        $156      - 
Disposal Cost            $1,320     $1,320            $1,488  
Total Cost          $82,176   $82,554        $161,952 
  
3.2.12.  Murphy Industrial Coatings, Inc. 
 
Murphy Industrial Coatings is a contractor, located in Signal Hill, that applies industrial 
coatings to substrates that experience harsh environments.  The company provides 
coating services to facilities like publicly owned treatment works (POTWs) and chemical 
plants.  The company uses industrial maintenance coatings and MSDSs for typical 
coatings used by Murphy are provided in Appendix A. 
 
IRTA worked with Murphy at one of their POTW sites.  The coating system is composed 
of three coatings including a zinc primer, an epoxy intermediate and a urethane topcoat.   
All of the coatings, particularly the primer, have a high solids content.  For parts that are 
submerged, like pipes for example, the urethane topcoat is not used. 
 
Murphy uses traditional airless architectural application equipment for applying the 
coatings.  A picture of the equipment is shown in Figure 3-7.  When the workers are 
finished applying the coating, they clean the spray equipment.  They use a five gallon 
bucket containing 2.5 gallons of a cleaner which is flushed through the system.  The 
cleaner used by the company currently is a blend of MEK, xylene and butyl alcohol.   
 
IRTA collected samples of Murphy’s coatings for preliminary testing.  Acetone seemed 
to work well in a laboratory situation.  IRTA provided acetone to Murphy for testing and, 
although it eventually cleaned the equipment, it took much too long.  IRTA then provided 
a blend of 80 percent acetone and 20 percent methyl acetate to the company.  This blend, 
like the plain acetone, took much too long to clean.  IRTA worked with a formulator to 
develop a blend of about 95 percent acetone and five percent of a surfactant called 
dodecylbenzenesulfonic acid.  According to the painter, this blend worked very well and 
was even more effective than the current cleaner on the zinc primer.  The surfactant 
contained about 1.5 percent sulfuric acid, a material used to produce the surfactant.  
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Figure 3-7. Spray Gun Cleaning Equipment at Murphy. 
 
Sulfuric acid is classified as a toxic so IRTA asked the formulator if there were a way to 
eliminate it.  The formulator made a new blend of a salt of the surfactant and acetone that 
did not contain even a trace quantity of sulfuric acid.  IRTA provided the new blend to 
Murphy and the painter and the supervisor reported that it worked well in the cleaning.  
IRTA then gave Murphy 10 gallons of the blend to test and the painter indicated to IRTA 
that it worked well but that it gelled up after use. 
 
Murphy commonly reuses the cleaner twice before disposing of it.  This generally means 
the cleaner is used two days for the cleaning.  The fact that the cleaner gelled meant that 
it could not be reused the second day.  IRTA does not know why the cleaner gelled.  One 
possible explanation is that the cover was left off the container and the acetone 
selectively evaporated leaving solids.  The painter did not report that the formulation used 
before this one gelled and the formulator could perform additional work on the blend to 
make sure it does not gel. 
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IRTA met with Murphy’s owner and discussed the results of the testing.  The owner 
talked to the painter and supervisor and indicated that he was told that the cleaners that 
were tested did not work.  The owner indicated that additional testing would be required 
to make a final determination on the effectiveness of the cleaner. 
 
Murphy indicated that the cost of the cleaner currently used by the company is $3.50 per 
gallon.  This is a very low cost for the blend and other users would not be able to obtain 
the cleaner at that price.  For purposes of analysis, IRTA assumed that the blend was 40 
percent MEK, 40 percent xylene and 20 percent butyl alcohol.  One formulator indicates 
that the cost of this blend would amount to $7 to $9 per gallon.  Murphy uses five gallons 
of cleanup solvent per week.  The cost of the cleaner to Murphy is $910 per year.  The 
cost to other users, assuming the cleaner costs $8 per gallon, would be $2,080.   
 
The cost of the alternative acetone/surfactant blend is $5.90 per gallon.  IRTA analyzed 
two scenarios for the acetone/surfactant blend.  Assuming that the cleaner can only be 
used once because it gels, 10 gallons of the cleaner would be required each week for an 
annual cleaner cost of $3,068.  If the first acetone/surfactant blend were used and it didn’t 
gel after use, only five gallons of the cleaner would be used each week.  Under this 
scenario, the annual cost of the cleaner would be $1,534. 
 
Murphy currently generates about five gallons per week of spent cleaner.  Assuming a 
disposal cost of $2 per gallon, the annual disposal fee is $520.  If Murphy converted to 
the acetone blend that gels, the annual disposal cost would amount to $1,040.  If Murphy 
converted to the acetone blend that does not gel, the annual disposal cost would be $520. 
 
Table 3-14 shows the cost comparison for Murphy.  The first column gives the costs for 
Murphy at the below market cost of the cleaning solvent.  The second column gives the 
costs for another user who purchases the cleaner at the market price.  The third column 
shows the costs for the alternative cleaner assuming it gels after use.  The fourth column 
gives the costs for the alternative cleaner assuming it does not gel and can be used twice. 
The figures indicate that the lowest cost option is the cleaner used by Murphy today 
because of the low cost of the solvent.  Other users that would pay the market price 
would find it more cost effective to use the alternative cleaning agent if it did not gel after 
use.  
 

Table 3-14 
Annual Cost Comparison for Spray Equipment Cleaning for Murphy 

 
   Current VOC        Current VOC     Acetone       Acetone 
   Cleaner (low        Cleaner (mar-       Blend        Blend 
       price)          ket price)       (gels)            (doesn’t gel) 
Cleaner Cost      $910           $2,080      $3,068      $1,534 
Disposal Cost      $520              $520       $1,040         $520  
Total Cost   $1,430           $2,600      $4,108      $2,054 
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3.2.13.  Hickory Springs 
 
Hickory Springs is a flexible slabstock foam producer located in Commerce, CA.  The 
company also fabricates foam.  This process involves applying adhesive to two pieces of 
foam and bonding them together.  The foam is used to manufacture furniture. 
 
Hickory Springs uses an acetone based adhesive to bond the foam in the fabrication 
operation.  An MSDS for a typical acetone based adhesive is shown in Appendix A and a 
picture of the booth where the adhesive is applied is shown in Figure 3-8.  The company 
uses a spray gun to apply the adhesive and the spray gun was cleaned with lacquer 
thinner when IRTA began work with the company. 
 
IRTA obtained a sample of Hickory Springs’ adhesive and conducted preliminary testing 
at the ACT test facility.  The preliminary testing indicated that both acetone and a soy 
based product called Soy Gold 2000 worked well for cleaning the adhesive.  IRTA took 
both acetone and soy to the facility and conducted testing on the spray gun.  Plant 
personnel indicated that acetone worked much more effectively than the lacquer thinner 
for cleaning the spray gun.  A blend of 20 percent soy/80 percent water also worked as 
well as the lacquer thinner for cleaning the spray gun. 
 

 
 
Figure 3-8. Adhesive Spray Booth at Hickory Springs. 
 
Hickory Springs decided to convert from lacquer thinner to WD-40 for cleaning their 
spray guns.  The VOC content of WD-40 is probably very high but the company that 
makes the product was not able to provide the figure.  Because IRTA believes the VOC 
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content is much higher than 25 grams per liter, IRTA did not consider this option to meet 
the 2005 target VOC limit. 
 
Hickory Springs used about one gallon per year of lacquer thinner to clean their spray 
gun.  At a cost of $8 per gallon, the annual cost of spray gun cleaning was $8.  The cost 
of WD-40 is $13 per gallon and, assuming that one gallon of WD-40 is also used, the 
annual cost of spray gun cleaning is $13.  Assuming Hickory Springs would also use one 
gallon of acetone per year and a cost of $7 per gallon, the annual cost of acetone would 
be $7.  The cost of soy is about $6 per gallon.  Assuming a use of one gallon for the 
soy/water blend, the annual cost of cleaning with this cleaner would be $1.20. 
 
Table 3-15 provides the cost comparison for the alternatives for Hickory Springs.  The 
cost of cleaning for Hickory Springs is minimal.  The lowest cost option is the soy/water 
blend. 
 

Table 3-15 
Annual Cost Comparison for Spray Gun Cleaning for Hickory Springs 

        
            Lacquer Thinner       WD-40           Acetone         Soy/Water Blend 
Cleaner Cost   $8            $13     $7      $1.20  
Total Cost   $8            $13     $7      $1.20 
 
3.2.14.  VACCO Industries, Inc. 
 
VACCO is a diversified manufacturer of commercial and defense products and systems 
sold to customers worldwide.  Located in South El Monte, the company manufactures 
engineered fluid controls for aerospace, does precision photochemical etching for 
photofabrication and manufactures valves, filters and manifolds for Quiet and Non-Quiet 
applications for the Navy. 
 
One of the photofabrication operations involves the manufacture of laminated bonded-
core assemblies with thin metal sheets.  An adhesive is used to bond the thin metal 
laminates and an MSDS for this adhesive is shown in Appendix A.  This adhesive is used 
because it doesn’t interfere with the magnetic nature of the thin metal foil and it also 
provides dampening to the thin plastic sheets when it is used for plastic lay-ups.  The 
solventborne adhesive is based on tetrahydrofuran (THF).  A spray gun is used to apply 
the adhesive and the cleaner that is used to clean the HVLP gun after spraying is THF, 
the same solvent that is used as the carrier in the adhesive. 
 
IRTA tested two alternatives at VACCO for cleaning the spray equipment.  One of these 
was a water-based cleaner and the other was acetone.  These cleaners seemed to work 
well in the preliminary testing.  In both cases, however, the cleaners caused the adhesive 
residue to form a thick gel inside the spray gun.  In subsequent testing, IRTA also 
determined that the gel was formed even when plain water was added to the adhesive.  
IRTA discussed the problem with 3M, the adhesive manufacturer.  3M indicated that the 
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adhesive was in a delicate balance and could not offer advice on which low VOC 
cleaners might be able to clean up the adhesive. 
 
Rule 1168, the District rule that regulates adhesives, provides an exemption from VOC 
limits for the thin metal laminating operation.  In addition to VACCO, one other 
company in the Basin performs this type of operation using the same adhesive.  The 
manufacturer of the adhesive, 3M, did not want to undertake an R&D effort to formulate 
a new adhesive with lower VOC content for only two companies in the Basin.  During 
IRTA’s current project, IRTA approached 3M again to discuss reformulating the 
adhesive so a low-VOC cleaning alternative could be used for the spray equipment 
cleaning.  3M indicated that they do not intend to reformulate the adhesive so that 
cleanup would be easier. 
 
Until and unless the adhesive is reformulated without the THF, IRTA does not know of 
an alternative low-VOC cleaner that would effectively clean the adhesive spray 
equipment.  Thus, IRTA did not analyze and compare the cost of any alternatives. 
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IV. ALTERNATIVES IN SCREEN PRINTING APPLICATION 
 EQUIPMENT CLEANING 

 
SCAQMD Rule 1171 regulates solvent cleaning activities and, as part of that, it 
establishes limits for cleaners that can be used to clean ink application equipment.  The 
rule lists several different categories under “Cleaning of Ink Application Equipment.”  
During this project, IRTA focused on cleaners used in two of the categories.  Currently, 
the VOC limit for cleaners in the “Screen Printing” category is 750 grams per liter.  
Effective on July 1, 2005, the VOC limit for these cleaners declines to 100 grams per 
liter.  Rule 1171 also specifies a VOC limit for the “Ultraviolet Ink/Electron Beam Ink 
Application Equipment (except Screen Printing)” category.  The current limit is 800 
grams per liter; effective July 1, 2005, this limit declines to 100 grams per liter.  IRTA 
did not focus on this area because the District is conducting another project designed to 
address cleaning alternatives in lithographic printing.  IRTA did test alternatives in the 
current study for UV screen printing.  The rule also regulates the “Specialty Flexographic 
Printing” category.  The current VOC limit for cleaners in this category is 600 grams per 
liter.  Like the other two categories, this limit declines to 100 grams per liter in 2005.  
Originally, the project plan also covered UV light cleaning but there is now a consensus 
that cleaners for the lights will have no difficulty meeting the 100 gram per liter VOC 
level. 
 
 4.1.  Preliminary Laboratory Testing 
 
Table 1-4 showed the list of companies IRTA worked with during the project.  IRTA 
obtained samples of inks from all of these companies in order to conduct preliminary 
screening tests.  In a few cases, IRTA obtained samples for several ink types from certain 
companies.  In other cases, where the company only used one type of ink, IRTA obtained 
a sample of only that ink.  In addition, IRTA performed screening tests at two ink 
suppliers’ facilities on several typical inks used in the screen printing industry so 
additional inks could be tested.  Finally the Screen Printing and Graphic Imaging 
Association (SGIA) and 3M also provided a variety of inks for screening tests.  Table 4-1 
shows the list of companies and organizations that provided inks for the preliminary 
testing.  Again, a few of the companies listed in the table participated in an EPA project 
that also involved testing alternative cleanup solvents. 
 
The preliminary testing was designed to screen potential cleaners in a laboratory testing 
situation.  IRTA was given two screens by one of the companies and these were used in 
the testing.  In general, IRTA tested cleaners on the inks provided by the companies.  In 
the screening testing, IRTA found that water-based cleaners and soy based materials 
worked well for cleaning the plastisol textile ink.  For UV curable inks, the soy based 
cleaners seemed to work well in general.  Acetone worked well for many inks including 
the difficult to remove solventborne inks. 
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Table 4-1 
Companies Providing Inks for Preliminary Testing 

 
Company/Organization    Type of Ink                 
Teledyne Electronics     Solventborne dielectric ink 
Owens Illinois      UV curable ink for plastics 
Southern California Screen Printing   UV curable ink for banners 
Nelson Nameplate     Solventborne metal ink 
       UV curable metal ink 
City of Santa Monica Print Shop (EPA)  Solventborne paper/metal inks 
Stith       Plastisol textile ink 
Quickdraw (EPA)     Plastisol textile ink 
Melmarc      Plastisol textile ink 
Total Enterprises     Plastisol textile ink 
Huhtamaki      Waterborne flexographic ink 
Nazdar       Various 
TW Graphics Group     Various 
3M       UV curable inks 
SGIA       Various                
 
4.2  Field Testing 
 
For each of the companies participating in the SCAQMD or EPA project, IRTA 
developed a test plan for testing the alternative cleaning agents.  In general, the test plans 
involved some initial testing at the site to determine if the findings from the preliminary 
laboratory testing would hold up in the field.  If the tests were successful, IRTA asked the 
company to perform a scaled-up longer term test of the alternatives.  In some cases, the 
companies decided to convert to the alternatives and, in other cases, they did not convert.  
A few companies indicated they might convert to an alternative in the future. 
 
The description of the testing and the cost analysis of the alternatives for each of the 
facilities is described below.  IRTA generally attempted to include all the costs a 
company would incur in the cost comparison of the alternatives with the cleaning system 
that is currently used.  In instances where companies did convert to an alternative, stand 
alone case studies that describe the conversion are presented in Appendix B. 
 
4.2.1  Teledyne Microelectronic Technologies 
 
Teledyne is an aerospace subcontractor located in Marina del Rey, California.  The 
company manufactures hybrid circuits and uses conductive and dielectric ink to screen 
print the circuits on ceramic substrates.  The screens used by Teledyne are stainless steel 
metal mesh. 
 
Teledyne used isopropyl alcohol (IPA) for cleaning the screens when IRTA began 
working with the company.  The workers clean the screen during a printing run and after 
the printing run is finished.  The screens are cleaned with a sponge.  After the cleaning at 
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the end of a run, the worker checks the screens under a microscope to determine if the 
screen is clean. 
 
IRTA obtained ink samples and a typical screen from Teledyne and conducted 
preliminary screening testing.  The results indicated that both acetone and soy based 
cleaners effectively cleaned the ink.  Testing at the facility was needed to see if there 
were other effects. 
 
IRTA tested soy based cleaners, diluted soy based cleaners and acetone at Teledyne.  The 
soy based cleaners did not completely clean the ink from the screens even when the soy 
was diluted.  IRTA tested a blend of soy and acetone and, although the blend cleaned the 
screens, it left a residue that was unacceptable.  The company tested acetone and it 
cleaned faster and more thoroughly than the IPA.  The results indicated that acetone was 
the best option.  The company believes that it did leave a slight residue, however.  
 
Teledyne decided not to convert to acetone until the regulation requiring 100 grams per 
liter VOC content cleaners becomes effective.  In the meantime, the company is using a 
blend of 63 percent IPA and 37 percent acetone that contains less than 500 grams per liter 
VOC. 
 
Teledyne used about 100 gallons per year of IPA.  Teledyne staff indicate that the 
company uses about the same amount of the IPA/acetone blend.  If the company 
converted to plain acetone, use might increase because of the higher vapor pressure of 
acetone.  For purposes of analysis, it was assumed that 10 percent more acetone would be 
required.  Teledyne pays $6 per gallon for both IPA and acetone.  The cost for purchasing 
IPA amounts to $600 per year.  The cost for purchasing acetone would amount to $660 
annually.  
 
The workers indicated that the acetone was more effective and faster in cleaning the ink 
than IPA but had a stronger odor.  Although labor costs might be reduced to some extent 
if Teledyne were to adopt acetone, the analysis assumed that the labor costs were the 
same. 
 
Teledyne currently pays emission fees for the IPA used in cleanup.  The company emits 
100 gallons of IPA annually.  Assuming a density for IPA of seven pounds per gallon, the 
company emits about 0.35 tons of IPA per year.  SCAQMD charges $345 per ton so the 
annual emissions fee paid by Teledyne for the IPA amounts to $121.  Since acetone is 
exempt from VOC regulations, use of the chemical would not lead to emission fees. 
 
Table 4-2 shows the cost comparison for the IPA and the acetone.  Even though more 
acetone would be required, the cost of using acetone is about nine percent lower than the 
cost of using IPA. 
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Table 4-2 
Annual Cost Comparison for Teledyne for Screen Printing 

 
        IPA            Acetone 
Cleaner Cost                 $600               $660 
Emission Fees                 $121                   -  
Total Cost                 $721              $660 
  
4.2.2  Owens Illinois 
 
Owens Illinois is located in La Mirada, California.  The company manufactures plastic 
cosmetic bottles and prints on them.  The screen printing process is automated and it uses 
a UV curable ink.  A picture of the process is shown in Figure 4-1.   
 

 
 
Figure 4-1. Screen Printing Operation at Owens Illinois. 
 
Owens Illinois uses a VOC solvent for cleaning currently.  Ink is cleaned from the 
screens with rags containing the VOC solvent at the end of a printing run.  The cleaning 
solvent is also used to clean the bottom of the screens periodically during the printing 
run. 
 
IRTA’s screening testing indicated that soy based cleaners were effective in cleaning the 
company’s ink.  IRTA performed preliminary testing on some of the screens and on the 
in-process cleaning with soy based materials.  Two of these high soy content materials, 
Soy Gold 2000 and Seibert Autowash #3, worked very well on the ink.  IRTA selected 
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one of the soy products, Soy Gold 2000, which is water rinseable, for the scaled-up 
testing.  IRTA provided five gallons of the cleaner to the facility and they used it for their 
cleaning.  The results indicated that the cleaner performed very well for the in-process 
cleaning and at the end of the process.  Some of the workers indicated that they liked it 
better than the current cleaner. 
 
The only cost element that changed during the scaled-up testing was the cost of the 
cleaning agent.  Owens Illinois currently uses 15 gallons per week of solvent and the cost 
of the current solvent is $13 per gallon.  The annual cost for solvent purchases amounts to 
$10,140.  The company would use the same amount of the soy cleaner but its cost is 
lower, at $6 per gallon.  The annual cost for soy purchases would amount to $4,680. 
 
Table 4-3 shows the cost comparison for Owens Illinois.  The cost of using the soy based 
material is less than half the cost of using the current solvent. 
 

Table 4-3 
Annual Cost Comparison for Owens Illinois for Screen Printing 

 
        Current VOC Cleaner Soy Cleaner   
Cleaner Cost        $10,140       $4,680          
Total Cost        $10,140       $4,680 
 
4.2.3  Southern California Screen Printing 
 
Southern California Screen Printing (SCSP) is located in Fontana, California.  The 
company performs screen printing services for the movie and advertising industries.  
SCSP uses UV curable ink for all of their operations.  The screens used by the company 
are very large, perhaps 15 feet long and seven feet high.  A picture of one of the screens 
is shown in Figure 4-2. 
 
At the end of the screen printing process, SCSP must remove the ink from the screens.  
Currently the company has a bay where the ink removal occurs.  The VOC cleaner is 
applied using a pump with a brush on the end for scrubbing the screens.  The cleaner is 
applied to only one side of the screen except in the case of black ink.  When black ink is 
used, both sides of the screen must be cleaned of ink.  After the ink is cleaned, the stencil 
on the screen is removed and rinsed.  The ghost image on the screen is then removed, the 
screen is rinsed again and, finally, is vacuum dried. 
 
IRTA conducted screening laboratory testing on SCSP’s ink and found several 
alternatives that might be suitable.  IRTA did preliminary testing by hand cleaning 
screens at SCSP.  The results of this testing indicated that only one cleaner, Seibert 
Autowash #3, was effective in cleaning the ink.  This cleaner is a blend of soy methyl 
esters and a surfactant.  An MSDS for the cleaner is provided in Appendix C. 
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Figure 4-2. Screen and Cleaning System at Southern California Screen Printing. 
 
IRTA arranged for scaled-up testing at SCSP.  Ten gallons were tested in the operation.  
The cleaner performed fairly well but more labor was required.  All ink colors required 
the screens to be cleaned on both sides. 
 
IRTA analyzed the costs of the alternative and compared them to the costs of the current 
cleaner.  SCSP has one worker who spends seven hours per day cleaning screens.  The 
worker’s labor rate is $20 per hour.  Assuming there are 260 working days per year, the 
annual labor cost for the cleaning process amounts to $36,400.   
 
SCSP provided estimates of the labor breakdown for the cleaning process.  The worker 
spends 20 percent of his time on ink removal, 20 percent of his time on stencil removal 
and rinsing, 20 percent of his time on ghost image removal, 13 percent of his time on 
final rinsing and seven percent of his time on the vacuum dry operation.  For the cost 
analysis, it was assumed that the worker would spend twice the time when the alternative 
cleaner was used on the ink removal part of his job.  On this basis, use of the alternative 
would add 1.4 hours of work per day to the cleaning process.  The annual labor cost 
would amount to $43,680. 
 
SCSP uses 110 gallons per month of solvent and the cost of the solvent is $11.53 per 
gallon.  The annual solvent usage is 1,320 gallons and the annual cost of solvent 
purchases is $15,220.  The cost of the alternative is estimated by the supplier at $7 per 
gallon.  Assuming the volume of the cleaner would not change, the annual cleaner 
purchases for the alternative would amount to $9,240. 
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SCSP emits 1,320 gallons of VOC per year in the cleaning process.  Assuming a density 
of seven pounds per gallon for the current cleaner, the company emits 4.62 tons of VOC 
per year.  The SCAQMD fee for VOC emissions is $345 per ton.  On this basis, SCSP’s 
current annual emission fee is $1,594.  The Seibert Autowash has minimal VOC content 
so it is assumed that emission fees will be negligible. 
 
Table 4-4 shows the cost comparison for the current cleaner used by SCSP and the 
Autowash alternative.  The figures show that the cost of using the alternative low-VOC 
cleaner and the current VOC cleaner are comparable.  Although the labor cost is higher 
for the alternative, it is lower in overall cost than the current cleaner. 
 

Table 4-4 
Annual Cost Comparison for Southern California Screen Printing 

         
                    Current VOC Cleaner                Autowash #3  
Labor Cost        $36,400           $43,680 
Cleaner Cost        $15,220             $9,240 
Emission Fees          $1,594                  -           
Total Cost        $53,214           $52,920 
 
At the time of this writing, SCSP is investigating an alternative cleaner that they plan to 
adopt shortly.  It is an acidic cleaner and the vendor indicates that it has a VOC content of 
30 grams per liter.  Because the testing is not yet complete, more information on and 
analysis of this alternative cleaner is not available at this time. 
 
4.2.4  Nelson Nameplate 
 
Nelson Nameplate is a company with about 270 employees located in Los Angeles.  The 
company manufactures nameplates and part of the operation includes screen printing for 
the nameplates.  Nelson uses a very durable solventborne ink which is difficult to clean.  
An MSDS for this ink is shown in Appendix A.  Figure 4-3 shows a picture of Nelson’s 
screen printing operation.     
 
Nelson uses a blend of acetone and a VOC solvent for their in-process cleaning of the 
screens.  The formulation is about half acetone. IRTA performed preliminary testing with 
Nelson’s inks and found that acetone was an effective cleaner.  At Nelson, IRTA and 
Nelson performed initial testing and found that acetone alone was not a suitable cleaner.  
The problem was that acetone, because of its high vapor pressure, evaporated very 
quickly “freezing” the ink on the screens.  IRTA blended a new formulation containing 
92 per cent acetone and eight percent of a propylene glycol ether which slowed down the 
evaporation of the acetone enough to prevent the “freezing.”  This formulation cleaned 
the ink effectively.  An MSDS for the glycol ether in the blend is shown in Appendix C. 
 
The high acetone content cleaner removed the emulsion from Nelson’s screens.  IRTA 
identified another emulsion that did not have this problem.  Testing at Nelson verified 
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that the alternative emulsion could be used with the high acetone content alternative 
cleaner. 
 
Both plain water and the acetone blend cleaned Nelson’s UV curable ink.  The company 
wanted one cleaner for the UV curable and solventborne inks. 
 

 
 
Figure 4-3. Screen Printing at Nelson Nameplate. 
 
Nelson currently uses 110 gallons per month of their press wash.  The cost of the current 
cleaner is $10.60 per gallon.  On this basis, the annual cost of purchasing the cleaning 
solvent is $13,992.  The Nelson workers indicated they would use about twice as much of 
the alternative cleaner based on 92 percent acetone and eight percent glycol ether because 
it evaporates more quickly.  The price of the alternative cleaner based on purchases of 
drum quantities is $4.40 per gallon.  Assuming Nelson would require 220 gallons per 
month of the new cleaner, the annual cost of purchasing the new cleaner would amount to 
$11,616. 
 
Table 4-5 shows the cost comparison for the current and new cleaner.  The yearly cost of 
using the alternative cleaner is 17 percent lower even though more would be used. 
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Table 4-5  
Annual Cost Comparisons for Nelson for Screen Printing 

 
                          Current Cleaner             Acetone/Glycol Ether Blend     
Cleaner Cost                    $13,992                                              $11,616     
Total Cost                    $13,992                                     $11,616 
 
4.2.5  City of Santa Monica Paint Shop 
 
The City of Santa Monica Paint Shop provides painting and screen printing services for 
the City of Santa Monica.  The shop prints on paper, cardboard, plastics and metals.  The 
City uses an enamel air dry ink on metal signs.  For some of the traffic signs, the City 
uses several other inks including a translucent reflective traffic sign ink.   
 
IRTA began work with the City of Santa Monica on a project sponsored by EPA.  The 
City uses a commercial cleaning agent for removing the inks and sometimes follows with 
MEK.  The cleaner is applied to the screens by hand.  IRTA performed preliminary 
laboratory testing and found that one water-based cleaner called Mirachem Pressroom 
Cleaner, a soy based cleaner called Soy Gold 2000, acetone and a blend of 92 percent 
acetone and eight percent glycol ether removed the enamel ink but that only acetone 
based cleaners removed the other inks.  IRTA performed scaled-up testing with the 
company and found the same results. 
 
Over the last several months, the City has been using plain acetone for cleaning the non-
enamel inks.  One problem with the acetone is that it tends to remove the stencil the shop 
uses for these types of inks.  If the acetone is removed immediately, however, the stencil 
is not damaged. 
 
The City has not had any enamel ink applications over the last few months but has a 
choice of acetone or soy based products for removing these inks. 
 
IRTA analyzed the costs to the City for using the current cleaner and acetone on the non-
enamel ink.  The City purchases eight gallons per year of cleaning solvent at a cost of $14 
per gallon.  The total annual cost of the cleaner amounts to $112.  The use of acetone is 
estimated to be the same.  Assuming a cost of acetone of $7 per gallon, the annual cost of 
using the acetone cleaner would be $56. 
 
Table 4-6 shows the cost comparison for the City.  The cost of using acetone for 
removing the inks is half the cost of using the current cleaner. 
 

Table 4-6 
Annual Cost Comparison for City of Santa Monica for Screen Printing 

 
       Current Cleaner           Acetone 
Cleaner Cost             $112             $56  
Total Cost             $112             $56   
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4.2.6  Stith 
 
Stith is a small textile screen printing company located in Santa Fe Springs.  The 
company applies an emulsion to the screen which is exposed to form a stencil, prints 
primarily on T-shirts and then cleans the ink from the screens using a parts cleaner 
containing mineral spirits.  The screens are then rinsed and the stencil is removed in some 
cases.  In other cases, the stencil is saved for future printing for the same customer. 
 
IRTA performed laboratory screening testing of several alternatives on Stith’s ink.  The 
company uses traditional plastisol textile printing ink.  Acetone, one water-based cleaner 
and various soy products worked well.  IRTA took these alternatives to Stith and 
performed preliminary testing by using rags with the alternatives to hand clean the 
screens.  All of the alternatives worked well.   
 
IRTA provided Stith with a parts cleaner containing a water-based cleaner called 
Mirachem Pressroom Cleaner at about a one-third concentration.  An MSDS for this 
cleaner is provided in Appendix C.  Stith tested the cleaner but it removed their stencil 
and blockout.  Although there are emulsions that are both solvent and water resistant, 
Stith did not want to change their emulsion for the testing.  At that stage, IRTA provided 
a parts cleaner containing a soy based cleaner called Soy Gold 2000 to Stith.  An MSDS 
for this soy based material is provided in Appendix C. 
 
Stith found that the soy based material cleaned the ink but, because the cleaner has a 
lower vapor pressure than their current cleaner, they would have to have an extra rinse 
step.  Stith also found that use of the soy cleaner led to pinhole damage in the stencils and 
they had to be repaired.   
 
Stith already has a parts cleaner and could use the soy product in that unit.  Thus, no 
capital investment in equipment would be required to convert to the soy alternative. 
 
Stith has one employee who spends four to six hours per day cleaning screens.  The labor 
rate for this worker is $10 per hour.  The annual labor cost for cleaning, assuming the 
worker spends five hours a day cleaning for 260 days per year is $13,000.  If the 
company converted to the soy cleaner, the worker would have to spend an extra two 
hours per day rinsing the screens.  In addition, the worker would need to spend about two 
minutes more to repair the damage from pinholes for each screen.  Stith cleans about 30 
screens per day so use of the soy would increase the cleaning time to seven to nine hours 
per day.  The annual labor cost for cleaning the screens would amount to $20,800. 
 
Stith currently changes out their parts cleaner, which has a fluid capacity of 25 gallons, 
once per year and adds five gallons of makeup solvent per month to the parts cleaner.  
Thus, the company purchases 85 gallons of mineral spirits per year.  At a cost of $2.40 
per gallon, the total annual cost is $204.  The soy would require changeout once a year 
but less makeup solvent would be required because of the lower vapor pressure of the 
soy.  Assuming that the makeup would be five gallons per quarter, the total soy usage 
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would amount to 45 gallons per year.  At a cost of $6 per gallon, the cost of purchasing 
soy would be $270 annually. 
 
Stith currently disposes of the mineral spirits at a cost of $375.  The cost of disposing of 
the soy cleaner would be the same. 
 
Table 4-7 shows the cost comparison of the current cleaner used by Stith and the 
alternative soy cleaner.  The figures show that conversion to the soy cleaner would 
increase Stith’s cleaning costs by about 58 percent. 
 

Table 4-7 
Annual Cost Comparison for Stith for Screen Printing 

 
       Mineral Spirits     Soy Cleaner 
Labor Cost           $13,000      $20,800 
Cleaner Cost                $204           $270 
Disposal Cost                $375           $375  
Total Cost           $13,579      $21,445 
 
4.2.7  Quickdraw 
 
Quickdraw is located in West Los Angeles, California.  The company is a textile printer 
and most of their work involves printing on T-shirts.  Quickdraw removes the ink from 
the screens after printing.  The company uses a VOC solvent for cleaning the screens 
currently. 
 
IRTA tested two alternative cleaners with Quickdraw.  IRTA provided the company with 
a heated parts cleaner containing a water-based cleaner called Mirachem Pressroom 
Cleaner at about a one-third concentration.  An MSDS for this cleaner is shown in 
Appendix C.  The company used the Mirachem for several months and found it 
satisfactory.  IRTA also tested a soy based cleaner called Soy Gold 2000 in a parts 
cleaner with Quickdraw.  The MSDS for this cleaner is shown in Appendix C.  Again the 
company found this alternative satisfactory. 
 
To use the Mirachem alternative, Quickdraw would need to purchase a heated water-
based parts cleaner.  Assuming the parts cleaner would cost $1,500 and a ten year useful 
life for the equipment, the annualized equipment cost would be $150.  The company has 
a cleaning system with a pump and a brush currently.  The soy could be used in this 
equipment.  Thus for a conversion to soy, the company would not have to make a capital 
investment. 
 
Quickdraw currently spends about four hours per day cleaning screens.  Assuming a labor 
rate of $10 per hour and 260 hours per year of operation, the annual labor cost is $10,400.  
Quickdraw estimates that the labor cost with use of the Mirachem cleaner would increase 
by 10 percent because it does not remove the ink as easily as the current solvent.  Thus 
the labor cost with the Mirachem alternative would amount to $11,440.  Quickdraw 
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estimates that an extra hour of labor would be required each day for the soy because the 
screens would require rinsing.  Assuming five hours per day for cleaning, the labor cost 
for soy would be $13,000 annually. 
 
Quickdraw currently uses seven gallons of solvent in six months.  The cost of the cleaner 
is $11.40 per gallon and the annual cost of the cleaner is $160.  The parts cleaner used 
with Mirachem would require changeout every six months.  Assuming a parts cleaner 
capacity of 30 gallons, the use of the liquid would amount to 60 gallons.  The Mirachem 
is used at a concentration of 30 percent which means that 20 gallons of Mirachem would 
be used each year.  Assuming a cost of Mirachem of $10 per gallon, the annual cost of 
purchasing Mirachem would be $200.  The soy cleaner is as efficient at removing the ink 
as the current solvent.  Quickdraw would likely use the same amount of soy as the current 
cleaner.  Assuming a cost of $6 per gallon for the soy, the annual cost of purchasing soy 
is $84. 
 
The cleaning unit with the pump at Quickdraw has a one-fourth horsepower or 0.2 kW 
pump.  The unit operates four hours per day with the current cleaner.  Thus the electricity 
use is 0.8 kWh per day or 208 kWh per year.  Assuming an electricity cost of 12 cents per 
kWh, the annual electricity cost with the current solvent is $25.  The soy cleaner could be 
used in the same unit with the same annual electricity cost.  The parts washer for the 
Mirachem cleaner is heated and the heater uses 1.5 kW; the pump uses 0.2 kW.  
Assuming the parts cleaner operates 4.4 hours per day (10 percent longer than the current 
cleaner) and that the electricity cost is 12 cents per kWh, the annual electricity use would 
amount to $233 with the Mirachem. 
 
There is no disposal required with the current solvent.  Use of soy would similarly not 
require disposal.  Use of Mirachem would require disposal of 60 gallons per year of 
waste.  Assuming a cost for disposal of $1 per gallon, the annual cost of disposal would 
amount to $60. 
 
Table 4-8 shows the cost comparison for the current solvent, the Mirachem and the soy.  
The figures show that the cost of using the Mirachem is 14 percent higher than the cost of 
using the current cleaner.  The cost of using the soy is 24 percent higher than the cost of 
using the current cleaner.  
 

Table 4-8 
Annual Cost Comparison for Quickdraw for Screen Printing 

 
     Current Cleaner    Mirachem     Soy Cleaner 
Capital Cost     -          $150                    - 
Labor Cost         $10,400    $11,440            $13,000 
Cleaner Cost              $160         $200                   $84 
Electricity Cost    $25         $233                   $25 
Total Cost         $10,585    $12,023            $13,109 
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4.2.8  Melmarc 
 
Melmarc is a textile printing company with 180 employees located in Santa Ana.  The 
company processes 60,000 to 80,000 garments per day and uses about 1,500 screens per 
day.  They have 10 automated screen printing machines and four manual presses.  After 
the screens are used for printing, they are cleaned in a conveyorized custom designed 
machine that uses solvent with brushes for cleaning the ink from the screens.  The 
cleaning machine has several stages for rinsing the solvent from the screens and 
removing the stencils and the haze.  The stencils are removed from more than 95 percent 
of the screens and the screens are then reused in the process. 
 
IRTA conducted preliminary laboratory testing on the plastisol ink used by Melmarc.  
Several water-based cleaners and soy based products performed well.  IRTA then 
conducted testing at the facility.  IRTA staff removed the ink from the screens by hand to 
screen potential alternative cleaners in several different sessions.  After the ink removal, 
the screens were put through the cleaning unit for rinsing.  The manager said the screens 
were clean and indicated that the ink removal had been successful. 
 
IRTA prepared for a scaled-up test.  Two alternatives were to be tested.  The first was 
one of the water-based cleaners, Daraclean 236, that performed well.  The second was a 
soy based cleaner called Soy Gold 2000.  The management of the company changed 
during the testing.  The new screen and equipment manager refused to allow IRTA to 
conduct the scaled-up testing. 
 
4.2.9  Total Enterprises 
 
Total Enterprises is a textile printing company located in downtown Los Angeles that 
prints on 450,000 pieces each week.  The company has eight automated machines and 
several additional manual machines.  The company has a parts cleaner that is used to 
remove the ink; the parts cleaner is supplied by a service provider and it uses mineral 
spirits. 
 
IRTA conducted preliminary laboratory testing with the plastisol ink used by Total 
Enterprises.  The ink was successfully removed with Mirachem Pressroom Cleaner, a 
water-based cleaner, and with soy based products.  In initial testing at the facility, the 
Mirachem removed the emulsion so facility personnel indicated that this would not be 
acceptable.  In scaled-up testing, IRTA provided a parts cleaner containing a soy based 
product called Soy Gold 2000 to Total Enterprises.  The soy cleaner cleaned the ink well. 
 
Total Enterprises uses a blockout that is water soluble.  After cleaning the ink with the 
soy cleaner, the screens require a rinse.  Rinsing the screens would remove the blockout 
which the company did not want to do.  IRTA identified a blockout that was water and 
solvent resistant but the company refused to try it.  In addition, there was a change in 
management and IRTA could not continue testing at the company. 
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4.2.10  Huhtamaki 
 
Huhtamaki prints ice cream cartons for a variety of customers.  The company has both 
lithographic and flexographic printing operations.  IRTA analyzed Huhtamaki’s cleaning 
agents for the flexographic printing operation which is classified as a specialty 
flexographic printing operation.  In this operation, Huhtamaki uses waterborne inks like 
many other companies that perform this type of printing. 
 
Huhtamaki uses a water-based alkaline cleaner to clean the photopolymer printing plates 
and various metal parts from the press.  The company has used this cleaner for many 
years.  IRTA worked with Huhtamaki to test alternative water-based cleaners.  
Huhtamaki wanted a cleaner that had a lower pH than the cleaner they are currently using 
and they wanted an alternative cleaner that cleaned more effectively.  IRTA and 
Huhtamaki found an alternative cleaner that met these criteria and the company is 
currently performing scaled-up testing.  The cost of the current cleaner and the alternative 
are comparable.  An MSDS for the alternative cleaner, called Mirachem Pressroom 
Cleaner, is provided in Appendix C. 
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V.  RESULTS OF THE ANALYSIS 
 
ELECTRONICS AND HIGH TECHNOLOGY EQUIPMENT CLEANING 
 
Table 5-1 summarizes the applications and companies that participated in the project in 
testing alternatives.  It also specifies the alternatives that were tested and were effective. 
 
IRTA worked with a number of companies that have operations that require flux removal.  
For flux removal operations, plain D.I. water, water-based saponifiers, acetone, 
acetone/IPA blends and D.I. water/acetone/IPA blends are suitable. 
 
Teledyne Controls and Hydro-Aire both conduct printed circuit board rework operations.  
Teledyne uses a water soluble flux and a number of alternatives including plain water 
worked effectively for removing the flux.  The company converted to a blend of D.I. 
water containing small amounts of acetone and IPA.  In some cases, the operators clean 
the reworked boards in Teledyne’s water cleaning equipment with D.I. water.  At Hydro-
Aire, the company uses rosin flux.  An acetone/IPA blend effectively removed the flux.  
The blend is being tested for compatibility.  Hydro-Aire has water cleaning equipment 
that uses a saponifier with low VOC; the operators can clean the reworked boards in this 
equipment. 
 
Teledyne Microelectronic Technologies was able to eliminate one of their cleaning 
operations in hybrid manufacture altogether.  In the manufacturing process, Teledyne is 
primarily cleaning flux from the assemblies.  Although Teledyne delayed work on the 
project, they did test a number of water cleaning alternatives with success. 
 
In the case of Corona Magnetics and Cicoil Corp., flux removal is also a major cleaning 
task.  Corona Magnetics can use acetone or an acetone/IPA blend to remove the flux in 
place of plain IPA and a vapor degreaser.  The Cicoil flux could not be removed with a 
formulation with 100 grams per liter VOC or less.  The company must use a blend of 50 
percent IPA/50 percent acetone because the assemblies are also contaminated with 
silicone grease.  Companies using silicone grease might be able to identify an alternative 
mold release agent but IRTA did not pursue this change in this case. 
 
There are apparently two electric motor manufacturers in the SCAQMD jurisdiction.  
Sterling used a VOC solvent but the application was for surface preparation prior to 
coating, not for cleaning electronics devices.  The company has now converted to acetone 
for this operation.  This operation is not included in Table 5-1. 
 
There are a number of electric motor rebuilders in the SCAQMD jurisdiction.  IRTA 
worked with one electric motor rebuilder in the past, Brithinee Electric.  That company 
uses water-based cleaners exclusively.  During this project, IRTA worked with Walton, a 
company that performs most cleaning with water-based cleaners.  The company has one 
operation where an exempt solvent, D5 a volatile methyl siloxane, is now used.  IRTA 
tested a water-based cleaner for this operation that was also effective. 
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Table 5-1 
Electronics and High Technology Applications Cleaning Alternatives 

 
Type of Application and Companies    Alternative(s)               
Printed circuit board rework   
 Teledyne Controls   D.I. water, acetone/IPA/D.I. water blend, 
        water-based cleaner   

Hydro-Aire     acetone, acetone/IPA blend,   
water-based cleaner 

  
Hybrid circuit manufacture     

Teledyne Microelectronic    not cleaning, water-based cleaners 
Technologies   

 
Transformer component manufacture    
 Corona Magnetics    acetone, acetone/IPA blend 
 
Flexible and cast cable manufacture   
 Cicoil Corp.    water-based cleaner, acetone, acetone/IPA 
       blend, volatile methyl siloxane 
 
Electric motor rebuilding     
 Walton      D5, water-based cleaner 
 
Field electrical equipment maintenance 
 --energized equipment 
 Burbank Water & Power   HFC and HFE aerosol cleaners 
 
Field electrical equipment maintenance 
 --non-energized equipment 
 Burbank Water & Power         water-based cleaners 
  
Solar cell manufacture     
 Northrop Grumman     acetone 
 (formerly TRW) 
 
Optics manufacture      
Northrop Grumman (formerly  material change, physical barrier,         
Litton Guidance & Control Systems)  hot water, acetone, water-based cleaners 
 
Manufacture of gauges     
 Astro Pak     acetone, acetone/IPA blend   
 
For field electrical equipment, IRTA worked with two companies, Burbank Water & 
Power and Covanta Energy.  For cleaning non-energized equipment, IRTA tested water-
based cleaners and a soy/water blend that cleaned effectively.  Burbank Water & Power 
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has been using a water-based cleaner for cleaning non-energized equipment for many 
years.  For cleaning energized electrical equipment, most companies, including Burbank 
Water & Power, are using aerosol formulations containing HCFC-141b, an exempt 
chemical.  IRTA tested a few alternatives that contained exempt chemicals or exempt 
chemical/VOC blends.  Although the exempt chemical/VOC blends worked well, it is not 
clear whether they are recommended by the manufacturers for cleaning energized 
electrical equipment at this time. 
 
Northrop Grumman (formerly TRW) uses IPA to clean solar cells.  IRTA tested acetone 
based alternatives which worked effectively.  Northrop Grumman is conducting testing to 
determine whether the acetone leaches components from the wipes and contaminates the 
solar cells in the cleaning.  IRTA has suggested that the company try cleaning with an 
acetone/D.I. water blend during this testing.  Diluting the acetone makes it much less 
aggressive; the removal of particles should still be adequate but the D.I. water may 
prevent the acetone from leaching components. 
 
Northrop Grumman (formerly Litton Guidance & Control Systems) has been cleaning 
optics used in laser applications without VOC solvents for several years.  IRTA worked 
with the company in an earlier project and has included the information in this document 
to demonstrate that optics companies using handwipe operations covered in Rule 1171 
can find alternatives similar to those used by Northrop Grumman.  For example, the 
company converted from pitch to thermoplastic which is easier to clean with acetone and 
water-based cleaners in either batch loaded cold cleaners or handwipe operations. 
 
 Astro Pak cleans a variety of scientific instruments and IRTA worked with the company 
on testing alternatives for cleaning aerospace gauges.  Acetone was found to perform 
better than IPA, the currently used VOC solvent. 
 
COATING AND ADHESIVE APPLICATION EQUIPMENT CLEANING 
 
Table 5-2 summarizes the types of coatings and adhesives that were cleaned during the 
project, the companies that used these coatings and adhesives and the alternatives that 
were tested and were effective. 
 
In the case of Vacco, none of the alternatives tested by IRTA were able to clean the 
adhesive residue.  IRTA discussed the issue with 3M, the adhesive supplier and 
suggested that a low VOC alternative could be found if 3M would reformulate the 
adhesive from tetrahydrofuran (THF) to tetrahydrofurfural alcohol.  3M refused to 
consider reformulation.  IRTA did not test blends of acetone and THF but this approach 
could be successful at some concentration of acetone.   
 
For all the other categories and companies listed in Table 5-2, IRTA identified and tested 
alternatives that worked successfully.  IRTA obviously did not test every coating or 
adhesive that is used and there may be coatings or adhesives that could not be cleaned 
with the alternatives tested here.  In a few cases, water-based cleaners work effectively.  
For the most part, acetone based cleaners seem to be widely applicable.  In some cases, 
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plain acetone cannot clean effectively and other components like methyl acetate or a 
special surfactant designed to clean high solids coatings were designed to perform the 
cleaning.  In the case of Murphy Industrial Coatings, Inc., the architectural industrial 
maintenance coatings, additional testing using the acetone/surfactant blend should be 
conducted to refine the costs. 
 

Table 5-2 
Coating and Adhesive Application Equipment Cleaning Alternatives 

 
Type of Coating/Adhesive and Companies                            Alternative(s)            
Aerospace epoxy primers and polyurethane topcoats                        acetone  
 Hydro-Aire 
 Gulfstream 
 California Propeller 
 
Metal solventborne coatings                           acetone 
 American Security Products 
 Metrex 
 
Wood solventborne coatings                 water-based cleaner, acetone 
 Oakwood 
 Bausman & Father 
 
Autobody primers, basecoats and topcoats           acetone, acetone/methyl acetate 
 Holmes Body Shop 
 Westway Industries, Inc. 
 
Architectural enamel and industrial maintenance coatings acetone, acetone/surfactant 
 PCM Leisure World 
 Murphy Industrial Coatings, Inc. 
 
Foam fabrication adhesives                       acetone, soy 
 Hickory Springs 
 
High solvent adhesive                             none 
 Vacco            
 
Waterborne Coatings                             water 
 Oakwood 
 Bausman & Father 
 American Security Products 
 PCM Leisure World          
 
IRTA did not work with any facilities that used electrostatic spray equipment.  IRTA has 
held discussions with one supplier of electrostatic spray equipment.  According to a 
Graco representative, companies can use low-VOC, low toxicity alternatives if they have 
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the proper electrostatic spray equipment.  Specifically, the company has designed 
electrostatic spray equipment with the proper grounding to use waterborne coatings.  This 
spray equipment, since it is designed to use water, can be cleaned with plain water.  The 
company has also designed spray equipment for use with acetone coatings and this spray 
equipment can be cleaned with acetone.  The important point is that the proper cleanup 
solvent must be used with the specific equipment designed for that purpose. 
 
IRTA did not test plain water for cleaning waterborne coatings and adhesives during the 
project.  Several of the companies that participated in the project, including American 
Security Products, Oakwood, Bausman & Father and PCM Leisure World, either use 
waterborne coatings today or used the coatings in the past;  all of these companies used 
plain water for cleanup of the spray equipment when cleaning waterborne coatings.  
Many other companies have used waterborne coatings for many years and have used 
plain water for cleanup. 
 
PRINTING APPLICATION EQUIPMENT CLEANING 
 
Table 5-3 summarizes the types of inks that were the focus of the testing, the companies 
that used these inks and the alternatives that performed successfully. 
 
In a few cases, the alternatives performed at least as well as the cleaner the companies 
were using.  At Teledyne, for instance, the acetone worked more effectively in cleaning 
the ink than IPA.   
 
At Owens Illinois, the soy cleaner worked very effectively and the workers liked it better 
than their current solvent.   
 
IRTA tested a soy based cleaner at Southern California Screen Printing.  It did not 
perform as well as their current cleaner and it required more labor.  The company is now 
in the process of converting to a water-based cleaner that they identified and they believe 
it performs better than their current high VOC cleaner.   
 
At Nelson Nameplate, the acetone/glycol ether blend worked well but more would be 
used than the current cleaner on the solventborne ink because of the high vapor pressure 
of acetone.  The high acetone content of the cleaner removed Nelson’s emulsion.  IRTA 
identified and tested an alternative emulsion with Nelson and the new emulsion remained 
intact during cleaning with the acetone blend.  This cleaner as well as plain water worked 
effectively on Nelson’s UV curable ink.   
 
The alternative cleaners that were tested at City of Santa Monica Paint Shop worked as 
well as the cleaner that was being used.  When using the acetone cleaner, the City must 
remove the ink immediately so the stencil is not damaged. 
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Table 5-3 
Printing Application Equipment Cleaning Alternatives 

 
Type of Ink and Companies       Alternative(s)  
Solventborne dielectric ink                   acetone 
 Teledyne Microelectronic Technologies 
 
UV curable ink for plastics             soy cleaner 
 Owens Illinois 
 
UV curable ink for banners           soy cleaner 
 Southern California Screen Printing 
 
UV curable metal ink          water cleaner, acetone/glycolether blend 
 Nelson Nameplate 
 
Solventborne metal ink       acetone, acetone/glycol ether blend 
 Nelson Nameplate 
 
Solventborne metal and plastic sign ink         acetone, acetone/glycol ether blend, soy 
 City of Santa Monica Paint Shop 
 
Plastisol textile ink           water-based cleaners, soy cleaner 
 Stith 
 Quick Draw 
 Melmarc 
 Total Enterprises 
 
Waterborne specialty flexographic ink      water-based cleaners 
 Huhtamaki           
 
In the plastisol ink category, two of the textile printers, Melmarc and Total Enterprises, 
dropped out of the testing program before the testing and analysis could be completed.  
Preliminary results at these facilities indicated that water-based cleaners and soy based 
cleaners were effective at cleaning the ink.  At Stith, water-based cleaners could not 
really be tested because the company’s emulsion was water soluble.  The soy based 
cleaner that was tested was effective in cleaning the ink but it added a rinsing step to the 
process.  According to Stith, the soy cleaner also caused pinhole damage to the stencil but 
this problem was not observed at any other facility that tested soy based cleaners. At 
Quick Draw, both a water-based cleaner and a soy based cleaner were tested for several 
months.  This company used an emulsion and blockout that were solvent and water 
resistant.  Both cleaned the ink effectively.  Again, the soy based cleaner required an 
additional rinse step.  Since two of the participants dropped out of the testing program, 
IRTA believes additional work with textile printers should be done to further refine the 
costs of the alternatives. 
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Huhtamaki has been using a water-based cleaner for several years; IRTA tested an 
alternative water-based cleaner that performed as well as that cleaner for removing 
specialty flexographic ink. 
 
RECOMMENDATIONS 
 
In the course of this project, IRTA focused on finding alternatives in three categories 
including: 
 •  electronics and high technology cleaning applications 
 •  coating and adhesive spray equipment cleaning 
 •  screen and specialty flexographic ink cleanup 
 
Table 5-4 shows the information contained in Table 1-1 in the introduction and 
background section. 
 
In the first category in Table 5-4, “Product Cleaning,” IRTA was able to find low-VOC 
alternatives that were cost effective in every case except Teledyne Microelectronic 
Technologies and Cicoil.  Teledyne was willing to perform only limited testing.  In 
Teledyne’s application, the cleaning is primarily flux removal which can be 
accomplished by a wide range of low-VOC alternatives.  The results of the testing in this 
category indicate that the 100 gram per liter VOC limit can be met.  In the case of Cicoil, 
IRTA tested a number of alternatives and the only low-VOC formulation that worked for 
the application of cleaning the silicone grease was a blend of acetone and IPA with a 
VOC content of about 400 grams per liter.  For Cicoil’s other cleaning applications, the 
100 gram per liter VOC limit can be met. 
 
In the second category, “Cleaning of Solar Cells, Lasers, Scientific Instruments and High 
Precision Optics,” IRTA also identified low-VOC alternatives that performed well and 
were cost effective.  Northrop Grumman (formerly TRW) is conducting leaching tests on 
the solar cells with acetone which should be completed within the next year.  The results 
of the testing in this category indicate that the 100 gram per liter VOC limit can be met. 
 
In the third category, “Repair and Maintenance Cleaning of Electrical Apparatus 
Components and Electronic Components,” IRTA identified low-VOC alternatives that 
were cost effective except in the case of cleaners for energized electrical equipment.  
Companies have traditionally used exempt solvents like TCA, CFC-113 and HCFC-141b 
in aerosol packages for energized electrical equipment contact cleaning.  TCA and CFC-
113 production have been banned and, more recently, the production of HCFC-141b has 
also been banned.  The alternatives that will be available for this application are HFCs or 
HFEs which are exempt chemicals blended with DCE which is a VOC.  These 
formulations have a much higher VOC content than 100 grams per liter. 
 
In SCAQMD Rule 1171, the District provides an exemption from VOC limits for aerosol 
products if 160 fluid ounces or less of the aerosol product are used per day.  The data 
provided by Burbank Water & Power indicates that the company used far less than 160 
fluid ounces of aerosol products per day.  It is unlikely that other companies would use 
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more than 160 fluid ounces of the aerosol products in a day.  This suggests that 
companies that are performing energized electrical cleaning with aerosol products already 
meet the requirements of Rule 1171.  Thus, IRTA believes that setting a VOC limit of 
100 grams per liter for the entire third category is reasonable. 
 

Table 5-4 
Target VOC Content for Rule 1171 

 
Cleaning Application       Target VOC Content 
                (grams per liter)  
Product Cleaning 
 Cleaning of Electrical Apparatus Component and Electronic        100 
 Component Products 
  •  Printed circuit board rework 
  •  Cleaning hybrid circuits 
  •  Cleaning general electrical components 
  •  Cleaning electric motors 
 
 Cleaning of Solar Cells, Lasers, Scientific Instruments & High        100 
 Precision Optics 
 
Repair & Maintenance Cleaning 
 Electrical Apparatus Components & Electronic Components      100 
  •  Field cleaning of electric motors, generators, energized equipment 
  •  In-house cleaning of electric motors and other electrical 
  equipment during rework, refurbishing or rebuilding 
 
Coating & Adhesive Application Equipment Cleaning           25 
  •  Cleaning of spray guns (general) 
  •  Cleaning of spray guns used for architectural coating 
  •  Cleaning of electrostatic spray guns 
  •  Cleaning of adhesive application equipment 
  •  Cleaning of application equipment for satellite/radiation 
  effect coatings 
 
Cleaning of Ink Application Equipment                       100 
  •  Screen printing 
  •  UV printing 
  •  Specialty flexographic printing 
  •  UV lamp cleaning         
 
In the fourth category, “Coating and Adhesive Application Equipment Cleaning,” IRTA 
identified low-VOC alternatives that were cost effective for every company except 
VACCO.  IRTA did not test cleaning agents for cleaning equipment used to spray every 
possible adhesive or coating but the results of the testing indicate that it is reasonable to 
expect that a limit of 25 grams per liter could be met.  This is based on the wide range of 
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coatings and substrates successfully tested during this project.  Only two companies, 
VACCO and one other company, use the high VOC thin metal laminating adhesive in the 
Basin.  The District could provide an exemption for cleaning application equipment that 
has been used to apply this specific adhesive. 
 
In the fifth category, “Cleaning of Ink Application Equipment,” IRTA identified low-
VOC cost effective cleaners for all the companies that participated in the project.  In one 
of the subcategories, textile printing, IRTA was not able to gather implementation data.  
For this subcategory, IRTA suggests that more implementation information be obtained 
before the lower VOC limit for cleaners of 100 grams per liter goes into effect.  For the 
other subcategories, IRTA believes the 100 gram per liter VOC limit can be achieved.  
IRTA worked with several companies that used UV curable screen ink and the results 
indicate that the 100 gram per liter limit can be achieved for UV printing operations.  
IRTA worked with one company that has been using a low-VOC cleaner for cleaning 
specialty flexographic ink.  This indicates that the 100 gram per liter VOC limit can be 
achieved for this type of printing.  IRTA did not work with any companies that clean UV 
lamps because input from industry prior to the project initiation indicated that the 100 
gram per liter VOC limit for this application can be achieved easily. 
 
In summary, then, IRTA tested a variety of alternatives for cleaning in electronics and 
high technology applications, coating and adhesive application equipment and printing 
application equipment.  IRTA tried to cover all of the categories of cleaning in the 
application areas and worked with a number of companies on their processes.  The 
project did not involve testing cleaning alternatives for all contaminants, coatings, 
adhesives or inks but it did focus on many different widely used types of these materials.  
IRTA believes it is reasonable to expect that a limit of 100 grams per liter could be met. 
 



Appendix A 
Material Safety Data Sheets (MSDSs) for Certain Coatings and Inks 

 
 
 
 
 
 
 
 
 



 
MSDSs for Hydro-Aire Primer and Topcoat 

 
 
 
 
 
 
 
 



 





 



 



 



 



 



 



 



 



MSDS for Metrex Coating 
 
 
 
 
 
 



 



 
 
 
 
 
 



MSDS for Oakwood Stain 
 
 
 
 
 
 



 



 



 



 



MSDSs for Holmes Coatings 
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MSDSs for Murphy Coatings 
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MSDS for Nelson Nameplate Ink 
 
 
 
 
 



 



 



 



 



 



 



Appendix B 
Stand Alone Case Studies for Selected Facilities 

 
 
 
 
 
 
 
 
 
 
 



TELEDYNE CONTROLS CONVERTS TO LOW-VOC REWORK CLEANER 
 
Teledyne Controls, located in West Los Angeles, has been providing data acquisition 
equipment and supporting ground data processing stations to operating airlines for over 
20 years.  The systems are used in aircraft and engine monitoring activities including the 
flight data recorder.  Teledyne Controls also manufactures a wireless groundlink system 
that transfers data to and from civil transport aircraft and the operator’s data processing 
center.  The data transfer starts after the aircraft has landed and is parked at the gate. 
 
The systems built by Teledyne must have high reliability.  As part of the manufacturing 
process, Teledyne assembles printed circuit boards (PC Boards) that are a critical part of 
the systems.  Historically, Teledyne, like many other aerospace companies, used 1,1,1-
trichloroethane (TCA) and CFC-113 to remove the flux from PC boards after the 
components were soldered to them.  When the ozone depleting substance ban was 
announced, Ray Cole, the Teledyne Controls Environmental, Health and Safety Engineer, 
decided the best option was to conduct testing and convert to a water soluble flux.  As a 
result of the conversion, the company was able to remove flux from the PC boards with 
plain deionized water. 
 
Teledyne, like other companies that assemble PC boards, must rework some of the boards 
that fail quality control.  During rework, the components are removed from the board, 
flux is added, the components are again soldered and the boards are cleaned.  Generally, 
these are hand operations and the cleaning agent most commonly used for rework 
cleaning is isopropyl alcohol (IPA).  Teledyne was using a blend of half IPA and half 
deionized water for the rework cleaning when IRTA approached the company to 
participate in a project sponsored by the South Coast Air Quality Management District 
(SCAQMD).  The SCAQMD project involves working with companies to find suitable 
alternatives to IPA for rework of PC boards. 
 
IRTA and Teledyne agreed to test several low-VOC formulations to try to identify an 
acceptable alternative.  The alternatives that were tested at Teledyne included plain 
deionized water, acetone, various blends of acetone, deionized water and IPA and a 
saponifier containing no VOC.  Although all the potential alternatives appeared to 
provide visually clean boards, the worker did not like the saponifier or the high acetone 
content formulations.  The other formulations were tested to determine the ionic 
contamination levels and all of the formulations resulted in low levels. 
 
According to Ray Cole, “we decided to switch to an 80% deionized water/5% 
acetone/10% IPA cleaner throughout our facility.  The workers like it and it allows us to 
lower the VOC content of the cleaner to about 100 grams per liter.”  The cost of the 
alternative is much lower because the company was purchasing the 50% IPA/50% 
deionized water product in aerosol packages.  Says Ray Cole, “we’ve made a successful 
conversion.  The cleaner is lower VOC and it’s also less costly.” 
 



Annual Cost Comparison for Printed Circuit Board Rework Cleaning for 
Teledyne Controls 

     Aerosol IPA/  D.I. Water/Acetone/ 
             D.I. Water Blend  IPA Blend  
Chemical Cost         $291     $41   
Total Cost         $291     $41    



LITTON CONVERTS AWAY FROM VOC SOLVENTS 
 
Litton Guidance & Control Systems is located in Woodland Hills, California. The 
company makes laser-based guidance systems for space applications. The optical 
components must meet stringent performance specifications and cleaning is a major part 
of the operation. 
 
The company historically used ozone depleting solvents, CFC-113 and 1,1,1 – 
trichloroethane (TCA), for their cleaning. Litton began work several years ago on 
alternatives when the production bans were announced. All of their operations were 
converted away from CFC-113 and TCA, primarily to VOC solvents and water-based 
cleaners with high concentrations of high VOC solvents.  

 
The South Coast Air Quality Management District (SCAQMD) amended Rule 1122 
“Solvent Degreasers” in July of 1997. The amendments affected VOC solvents that are 
used in batch  loaded cold cleaning operations. The rule requires companies to use 
solvents with a VOC content of 50 grams per liter or less or to use the higher VOC 
solvents in an airless airtight degreaser beginning in January 1999. Since Litton had many 
operations using VOC solvents, they were strongly affected by this rule. 
 
IRTA began work with Litton in 1998 to assist the company in evaluating their processes 
and in adopting low and non-VOC solvents so they could comply with the January 1999 
deadline. Says Gary Augeri, Member of the Technical Staff at Litton, “our operations 
might have been covered by one of the exemptions in Rule 1122 so we could have 
continued to use the VOC solvents. Litton Manufacturing Management wanted to set an 
example and we decided to make a commitment to switch away from these solvents.” 
 
At this stage Litton Optics Manufacturing has converted virtually all of their cleaning 
processes away from VOC cleaners in the frame, substrate and prism operations in the 
optics shop. For frame manufacture, wax was used to plug the frame bores to prevent  
lapping compound from entering the internal bores. Litton eliminated a cleaning step that 
employed n-methyl pyrrolidone (NMP) by using plugs with O-rings to block the frame 
bores as a physical barrier to the lapping compound. The lips of the plugs are now sealed 
with adhesives which are removed with a Liquinox detergent. Epoxy is used to bond the 
frames to holding fixtures during lapping and polishing. In the past, NMP was used to 
remove this epoxy. Very hot detergent is now used to separate the frame from the fixture. 
The thermal expansion difference between the glass part and the metal fixture causes the 
debonding. 
 
In the substrate operation, pitch was used to hold the mirror substrates to mounting 
blocks during lapping operations. NMP, methanol and methylene chloride were used in 
the past for cleaning. Litton now uses thermoplastic; this is followed by a soak in an 
Armakleen detergent made by Church & Dwight.  
 
In the prism operation, wax is used to bond the prisms to mounting blocks for lapping 



and polishing. A terpene-based cleaning process was used to dissolve the wax and clean 
the parts. Litton has converted to Daraclean 121, a water-based cleaner made by W.R. 
Grace for this cleaning process. 
 
All of the parts are put through a final clean either with hot water alone or with hot water 
and detergent. In some cases, ultrasonics are necessary to achieve the required 
cleanliness. 
 
“The new process works very well,” says Mr. Augeri. “In some cases, we were able to 
use different materials in our processes and could avoid cleaning all together. In other 
cases, we could substitute water-based cleaners. We found we don’t have to rely on 
solvents for getting the cleanliness we need. The new water-based cleaners are better for 
the environment and for our workers.”



BURBANK AEROSPACE COMPANY ADOPTS ALTERNATIVE  
SPRAY GUN CLEANER 

 
Hydro-Aire is a division of Crane located in Burbank, California.  The aerospace 
company has 572 employees.  Hydro-Aire manufactures braking systems, pumps and air 
locking devices and is a Boeing subcontractor.  Hydro-Aire also repairs the pumps used 
in military and commercial aircraft like the C-17 and the C-130 transport. 
 
IRTA began work with Hydro-Aire in 1997 on alternatives to the company’s vapor 
degreasers.  The company made a complete conversion away from 1,1,1-trichloroethane 
(TCA) to water-based cleaners in their manufacturing operations.  Hydro-Aire used VOC 
solvents for repair and maintenance cleaning when they rebuilt units from the field and 
during manufacture of new components.  The company also converted these operations to 
water-based cleaners.  At this stage, Hydro-Aire is using VOC solvents only in handwipe 
operations and in spray gun cleaning. 
 
More recently, as part of a project sponsored by the South Coast Air Quality 
Management District (SCAQMD), IRTA worked with Hydro-Aire to test alternatives to 
the VOC solvent used in spray gun cleaning.  The coatings used by the company are 
typical aerospace coatings that generally consist of an epoxy-based primer and a 
polyurethane topcoat.  A number of the coatings are specialty coatings that meet high 
performance parameters.  Hydro-Aire, like other aerospace companies, historically used 
an MEK blend for cleaning their paint spray equipment.    
 
IRTA performed testing using a variety of alternatives in laboratory tests using Hydro-
Aire’s coatings.  The aim was to identify one or more alternatives that would prove a 
suitable alternative to the MEK blend.  The cleaner that performed best on the coatings 
was acetone.  Acetone is exempt from VOC regulations and is relatively low in toxicity 
and is therefore better from an overall human health and environmental standpoint than 
the MEK blend. 
 
IRTA tested acetone at Hydro-Aire and the preliminary testing indicated that it performed 
as well as or better than the MEK blend.  In scaled up testing for several months, the 
same conclusion was reached.  According to Tommy Jennings, Environmental Manager 
at Hydro-Aire, “acetone performs every bit as well as our MEK blend.  We made the 
decision to convert to acetone because it reduces our VOC emissions and it is better for 
the workers.” 
 
IRTA compared the costs to Hydro-Aire of using the acetone for spray gun cleaning and 
compared them to the costs of using the MEK blend.  Hydro-Aire has an enclosed spray 
gun cleaner and the same unit was appropriate for use with acetone.  The unit is changed 
out with the same frequency with acetone as it was with the MEK blend.  Says Tommy 
Jennings, “Acetone is a great solution.  It reduces the health and environmental concerns 
and it’s also less costly than the MEK blend.” 
 



Annual Cost Comparison for Spray Gun Cleaning for Hydro-Aire 
 
      MEK Blend  Acetone 
Chemical Cost         $296     $255 
Regulatory Fees          $72         -  
Total Cost         $368     $255 
 
 



SMALL AEROSPACE COMPANY MAKES SPRAY GUN CLEANING 
CONVERSION 

 
California Propeller, a small 30-employee firm in North Hollywood, was established in 
1950 by Cyrus Bearson.  The company buys government surplus parts and various other 
parts that have been used in the field for 10 to 40 years and refurbishes them.  The parts 
are mainly used for control and governing and they include propellers and intricate 
governors.  They are made of many different substrates including aluminum, stainless 
steel, nickel and brass plating, various ferrous metals and some are anodized. 
 
The parts arrive at California Propeller heavily contaminated with oil, grease, rust, 
various preservatives, black oxide and carbon from long years of field use.  They are 
disassembled, cleaned, inspected, reworked by filing, sanding or blasting and painted.  
Several years ago, IRTA assisted the company in converting away from a 1,1,1-
trichloroethane vapor degreaser to a water-based cleaning process.  Like other aerospace 
companies, California Propeller uses an epoxy based primer and a polyurethane topcoat 
to paint the parts after they are reworked.  When the spray gun is cleaned, it is 
disassembled and cleaned with a brush with MEK. 
 
As part of a project with U.S. EPA, IRTA began work with California Propeller to try to 
identify a suitable alternative for spray gun cleaning.  The South Coast Air Quality 
Management District (SCAQMD) regulates the cleaners that can be used for application 
equipment cleaning in Rule 1171 “Solvent Cleaning Operations.”  Historically, the VOC 
content of spray gun cleaners in Rule 1171 was set at 950 grams per liter and 35 mm Hg 
vapor pressure.  On December 1, 2001, the VOC content of these cleaners declined to 
550 grams per liter.  In July of 2005, the VOC content of the cleaners is reduced even 
further, to 25 grams per liter.  IRTA and California Propeller wanted to find a technically 
suitable cleaning alternative that would meet the 2005 VOC content level. 
 
IRTA obtained samples of coatings from California Propeller and various other 
companies in the Basin to test alternative low-VOC low toxicity cleaning agents in a 
laboratory setting using a spray gun cleaner provided by Graco.  For California 
Propeller’s coatings, it appeared that acetone was the best cleaner in the preliminary 
testing.  Acetone is not considered a VOC and it is relatively low in toxicity.  Based on 
IRTA’s initial results, California Propeller conducted scaled up testing of acetone.  It 
worked as well as or better than the MEK cleaner that had been used previously and the 
company decided to convert to the alternative. 
 
Barrett Bearson, the owner of California Propeller, is very satisfied with the acetone 
spray gun cleaning alternative.  “We are at the cutting edge in aerospace propellers.  We 
would like to be at the cutting edge of environmentally preferable alternatives as well.”  
Says Bearson, “the workers are very satisfied with acetone.  It cleans well, it doesn’t 
cause smog, it isn’t toxic and it costs less than the MEK.  It’s a win-win for everyone.”



Annual Cost Comparison for Spray Gun Cleaning for California Propeller 
 
      MEK Cleaner   Acetone Cleaner  
Chemical Cost           $154            $66   
Total Cost           $195            $66    
 



FONTANA COMPANY ADOPTS LOW-VOC COATING EQUIPMENT CLEANERS 
 
American Security Products is located in Fontana, California.  As the name indicates, the 
company makes burglary, fire protection and gun safes and is the largest security safe 
manufacturer in the country. 
 
In the safe manufacturing process, American Security Products uses adhesives to bond 
the velour to shelves in the safe and to the safe walls.  The safes are also painted.  The 
company began using waterborne adhesives for their bonding operation several years 
ago.  American Security Products uses a urethane topcoat, a polyester primer and topcoat 
on the different lines of the safes. 
 
Until four years ago, American Security Products used lacquer thinner for cleaning their 
coating application equipment.  The company performed the cleaning in an enclosed 
spray gun cleaning unit that they owned.  American Security Products did not have to 
clean their spray equipment for their adhesives at all because the latex residue left in the 
spray gun can simply be peeled off.  For cleaning the solventborne coatings from the 
spray equipment, the company decided to convert to acetone.  This decision was based on 
the fact that acetone is not classified as a VOC and American Security Products wanted 
to reduce their overall facility VOC emissions. 
 
American Security Products has been using the non-VOC alternatives for four years and 
they are very happy with their performance.  “We want to do the right thing for the 
workers and the environment,” says Mike Hassel, Production Manager at American 
Security Products.  “Using water and acetone for cleaning our spray guns has 
accomplished this and it has saved us money.  We paid fees for emitting the lacquer 
thinner and that cost has been eliminated.” 
 
Annual Cost Comparison for Spray Gun Cleaning for American Security Products 

 
     Lacquer Thinner  Acetone             
Cleaner Cost        $14,300   $11,700 
Regulatory Cost         $3,140         -                   
Total Cost        $17,440   $11,700 



SMALL GLENDORA COMPANY CONVERTS TO LOW-VOC SPRAY GUN 
CLEANER 

 
Metrex Valve Corp. is a small manufacturer located in Glendora, California with about 
25 full time employees.  Metrex is on Original Equipment Manufacturer (OEM) that 
manufactures and rebuilds water regulating valves for the commercial, military and 
nuclear industries.  Some of the valves manufactured by Metrex for the military are made 
of cast iron; they are used in the marine environment and must be highly resistant to 
corrosive attack.  The coating used by Metrex on its cast iron parts is an extreme high 
gloss coating that provides the proper protection. 
 
IRTA began working with Metrex as part of an EPA sponsored project.  The aim of the 
project was to work with companies to identify, test and implement alternative low-VOC, 
low toxicity spray gun cleaners.  Metrex agreed to participate in the project. 
 
Metrex uses a High Volume Low Pressure (HVLP) spray gun to apply the coatings to its 
cast iron valves and paints about one to two days each month.  The company cleans the 
spray gun immediately after spraying so the paint being cleaned does not cure.  The gun 
is disassembled and cleaned in a can.  When IRTA began working with Metrex, the 
company used lacquer thinner as the cleaning agent. 
 
IRTA conducted preliminary testing with the Metrex coating and found that acetone 
might be a potential alternative.  Acetone is not classified as a VOC and is low in 
toxicity.  The chemical has a low flash point and the fire regulations allow storage of 60 
gallons and 15 gallons of acetone for open use.  The small quantities of cleanup solvent 
used by Metrex are well below the limit. 
 
Metrex and IRTA conducted testing of the acetone for cleaning the spray gun.  The 
painter indicated that the acetone worked well on the cup and gun; it cut the coating 
residue very effectively.  Metrex performed scaled up testing of acetone over the 
following weeks and found it to be as effective as their current solvent.  The company 
decided to convert to acetone. 
 
According to Bill Carter, Environmental, Health and Safety Manager at Metrex, “acetone 
has performed well.  We decided to use it instead of the lacquer thinner.  Acetone is not a 
VOC, it is better for the workers and they like it much better than the previous solvent we 
used.  Acetone has also proved to be less expensive.  Metrex Valve wants to do its part 
for the environment.” 
 

Annual Cost Comparison for Spray Gun Cleaning for Metrex 
 
       Lacquer Thinner Acetone  
Cleaner Cost       $33        $27  
Total Cost       $33        $27     



SMALL HUNTINGTON BEACH FURNITURE STRIPPER CONVERTS TO 
BETTER SPRAY GUN CLEANING METHOD 

 
Bausman & Father is a small furniture stripping and refinishing company located in 
Huntington Beach, California.  The owner and one employee provide commercial 
furniture stripping services.  After the furniture and other wood items are stripped, they 
are refinished.  Some of the pieces are antiques that are restored to their original 
elegance. 
 
IRTA began working with Bausman & Father as part of a project sponsored by EPA.  
The aim of the project was to assist small companies in identifying, testing and 
implementing alternative spray gun cleaning solvents.  The South Coast Air Quality 
Management District (SCAQMD) modified one of their cleaning rules, Rule 1171 
“Solvent Cleaning Operations” to require lower VOC content spray gun cleaners.  The 
current limit is 550 grams per liter VOC and, in 2005, the limit declines to 25 grams per 
liter VOC. 
 
Bausman & Father uses a High Volume Low Pressure (HVLP) spray gun to apply 
acetone and waterborne coatings to the furniture after it is stripped.  For many years, like 
other companies that coat wood, the company used lacquer thinner for cleaning the spray 
gun.  A few years ago, Bausman & Father converted to acetone. 
 
 As part of the EPA project, IRTA arranged for a small tabletop ultrasonic cleaning 
system to be designed and built for testing.  IRTA provided this system to Bausman & 
Father and the company has been using it for spray gun cleaning for more than a year.  
The spray gun is dismantled and placed in the ultrasonic system.  The cleaner used in the 
system is an alkaline water-based solution.  It is diluted to about 25 percent for the spray 
gun cleaning.  The system has a heater which heats the cleaning solution to about 140 
degrees F.  
 
Mark Bausman, owner of Bausman & Father likes the water-based cleaner and system.  
“It cleans the waterborne coatings very well, better than solvents,” he says.  “Using the 
water-based cleaner allows the waterborne coating to release from the spray gun so you 
can avoid scrubbing.  The system also cleans the acetone coatings well.  The ultrasonics 
are very effective.”  The ultrasonics allow the water cleaner to penetrate the complex 
passages of the spray gun. 
 
Bausman & Father did not have to pay for the ultrasonic system but other companies 
would have to purchase it at a cost of about $300.  The cost analysis presented below 
reflects this cost. 
 

Annual Cost Comparison for Bausman & Father 
 
       Acetone Water-Based Cleaner 
Capital Cost            -   $30   
Electricity Cost           -    $4 
Cleaner Cost          $14    $5   
Total Cost          $14   $3



Appendix C 
Selected Cleaning Alternatives 

 
 
 
 
 
 
 
 



Alternative Cleaners Examined During Preliminary Screening Tests for Coating 
and Adhesive Application Equipment Cleaning 
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Alternative Tested at Southern California Screen Printing 
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Alternatives Tested at Nelson Nameplate 
 
 
 
 
 
 
 
 























Alternatives Tested at Stith and Quickdraw 
 
 
 
 
 
 
 













Alternative Tested at Huhtamaki 
 
 
 





 


