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Background
Chemtronics® - an acknowledged industry leader providing cleaning, protection and
repair solutions for the electronics, telecommunications and critical environments
markets – produces Konform® AR as part of a line of polymeric conformal coatings for
electronic assemblies. Konform® AR is an acrylic coating that provides fair elasticity and
general protection in a one part coating that is easy to apply and remove while providing
high dielectric strength and abrasion resistance. Conformal coatings such as Konform®
AR can help insulate electronic assemblies from high voltage arcs and shorting as well as
mediate current bleed between circuits.
Polymeric coatings are ubiquitous in many manufacturing processes because they are
relatively easy to work with and they increase the longevity and durability of electronic
goods. These coatings allow sensitive equipment and designs to be used in products that
are subjected to significant environmental stresses both from external sources and from
the electrical equipment itself. Konform® AR stands out among other polymeric coatings
in that it’s protective abilities are adequate for many applications, it is easy to apply, and
it is easy to remove compared to other polymeric coatings on the market.
Konform® AR is applied with either an aerosol delivery system, in the form of an 11.5
oz spray can or it can be brushed on from a bulk “paint-can” type reservoir. Both of these
systems utilize many of the same components in order to apply the polymeric coating to
the work piece. Konform® AR utilizes an evaporative curing process where the
monomer components of the coating are suspended in a volatile mixture of solvents
which prevent the polymerization reaction from occurring; on application of the coating
the volatile solvents slowly vaporize allowing the polymerization reaction to take place.
This allows Konform® AR to be applied in a one-step process as opposed to the multistep processes required for many other conformal coatings with similar properties.
Furthermore, this one-step approach allows for a much easier cleanup and coating
removal. Many other conformal coatings can only be removed via abrasive processes
which will oftentimes damage sensitive components. The downside of evaporative curing
coatings is that the solvents must go somewhere. This necessitates the use of effective
ventilation engineering controls such as Sentry Air Systems Ductless Spray Hoods or
Exhaust hoods.
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Figure 1: Konform AR Composition

As shown in Figure 1 there are a number of volatile compounds that make up the aerosol
spray form of Konform® AR. It can be inferred that the bulk of the “polymer coating”
will be made up of Methyl Ethyl Ketone, typically used as a catalyst for polymerization,
and the proprietary monomer mixture. Also included in this list, but not discussed
extensively here is the “Propane/Isobutane Blend”, which is assumed to be a propellant.
The remaining components are used as solvents which will likely vaporize during the
curing process and therefore must be addressed as respiratory hazards. There is also a
possible concern regarding aerosol sized particulate being generated by the spray process,
however a full analysis of this hazard is outside the scope of this document, further this
issue is almost certainly mitigated by the use of a HEPA filter and thus will not be
discussed further.
n-Butyl Acetate is an organic liquid used in the production of various lacquers and
solvents as well as a flavoring in the food industry. n-Butyl Acetate is also found
extensively in nature in many fruits where it contributes to the characteristic “fruity” odor
of fruits such as bananas or apples. The Occupational Health and Safety Administration
(OSHA) lists the permissible exposure limit (PEL) for n-Butyl Acetate as 150 ppm (710
mg/m3) and suggests the use of an organic vapor cartridge respirator for use in
atmospheres up to 1500 ppm. Literature also suggests that long-term exposure to n-Butyl
acetate is not recommended and could result in irritation of the eyes, skin, upper
respiratory system; headache; drowsiness; and narcosis. Severe irritation of the throat has
been reported in individuals exposed to 300 ppm for only 3-5 minutes, though initial
exposure is not found objectionable until concentrations rise above 3,300 ppm.
n-Propyl Acetate is an organic solvent liquid used in various fragrances and flavor
additives as well as other industrial processes. It is also used as a solvent in many
different formulations. OSHA lists the PEL for n-Propyl Acetate as 200 ppm (840
mg/m3) and suggests using an organic vapor cartridge respirator for use in atmospheres
up to 1700 ppm. Symptoms of exposure to n-Propyl Acetate include irritation of eyes,
nose, throat; narcosis; and dermatitis.
Methodology
Test Equipment and Setup
The unit under test in this study was Sentry Air Systems’ (SAS) 30-inch wide ductless
spray hood (SS-330-DSH). The SS-330-DSH was configured with a spray pre-filter (SS000-IPF), a HEPA filter (SS-300-HF) and a 10lb activated carbon filter (SS-310-CF) ―
standard equipment recommended for conformal coating applications by SAS. The SS-
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000-IPF is a polymer-fiber pre-filter with moderate efficiency used to capture the
majority of large diameter overspray particulate, helping to improve the longevity of the
HEPA main filter. The majority of respiratory protection is provided by the SS-300-HF
which controls particulate contaminants, and the SS-310-CF which helps to reduce VOC
concentrations.
In order to simulate typical product usage of Konform® AR, several printed circuit boards
(PCB) were prepared and staged inside the hood on a fiberglass spilltray (SS-030-AS)
that SAS offers as an option for most of their hoods.
The spray test operator was outfitted with a NIOSH-approved respirator, gloves and a
personal air sampler pinned to their collar to measure chemical exposure during spraying
procedures. For further precaution the operator wore safety glasses and an apron.
During testing, air contaminant concentration was measured using SKC-branded personal
air samplers (SKC-224-PCXR4), each calibrated with a BIOS International Defender 510
(Defender 510). The flow rate of each sampler was set, measured and recorded to meet
NIOSH (National Institute for Occupational Safety and Health) and/or OSHA
(Occupational Safety and Health Agency) test protocol requirements. A sample size was
determined by using the timer onboard each SKC-224-PCXR4 air sampler along with
their calibrated flow rate. Sampling time was selected according to the Minimum Sample
Volume Requirement analysis method.
Testing methodology used in this study was based on NIOSH’s Method 1450 Esters 1
test method. This method calls for a flowrate sampling between 0.01 to 0.2 L/min with a
maximum sample volume of 1 to 10L when contaminant composition is expected to be
approximately 0.5 to 2 times OSHA’s permissible exposure limit for the chemical being
studied. According to the test method, samples are to be taken using solid sorbent tubes
with coconut shell charcoal. This test used SKC-branded Anasorb CSC coconut charcoal
sorbent tubes (SKC-226-01) as sample media.
Data Points
During testing, data was gathered from multiple points on the SS-330-DSH unit and
throughout the lab space. The purpose of this data was to evaluate the performance of the
unit during typical usage of Konform® AR, the material under test, in as realistic a
scenario as possible. To this end, air composition was measured in a variety of locations
to establish:
1. The average contaminant concentration inside the hood during testing;
2. The average contaminant concentration in the treated air at the outlet of the unit’s
Fan/Filter Unit (FFU);
3. The operator’s exposure during conformal coating operations;
4. And the ambient room contaminant concentration before and after testing.
Other pre- and post-test measurement quantities were filter mass, airflow rate, static
pressure across the filter stack and total mass of coating sprayed.
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The lab space during testing was an air conditioned, non-vented room approximately
12’Wx12’Lx 8’H with the SS-330-DSH unit located atop a 32-inch long table in one
corner. Note: Ceiling clearance above the unit was approximately 13.5 inches ― which is
within normal operating requirements ― however, it is expected that a setup with greater
ceiling clearance above the unit would yield an increased maximum airflow.
Air concentration sampling locations were named: Point A, Point B, Point C, Point D,
Point E and Blank. A preliminary test was conducted however, due to unrelated gas
sampling equipment failure, results were not generated. Subsequently, the results
presented here and in the lab analysis are listed as “Test 2”. The air composition samples
were named using the following convention: T + (Test Number) + (Test Point Letter).
Test point locations are as follows:
Test Point A (T2A)
Test Point B (T2B)

Test Point C (T2C)

Test Point D (T2D) &
E (T2E)
Blank

Located in the interior of the hood above the SS-000-IPF and 6 inches below the
FFU inlet.
Located on the exterior of the FFU just above the outlet.
Note: The sample taken at T2B was made with the sampling hose perpendicular
to exhaust airflow.
Located directly in front of the apparatus, about 14 inches above the table top to
which the SS-330-DSH was mounted and about 8 inches away from the front
face of the unit. Note: The sample taken at T2C was at the operator’s collar and
was attached using a SKC accessory included with their air sampling kit.
Located on a shelf in the lab space approximately 5 feet from the test apparatus
and about 5 feet off the floor. Note: T2D was taken before any spraying was
done and T2E was taken just after spraying was completed.
This was a sorbent tube from the same lot number as the other sample tubes and
was subjected to the same handling procedures as the other samples however no
air was pulled through it.

After testing was completed all of the air composition samples were immediately
refrigerated and couriered to a third party analytical lab, HIH Laboratories, for next day
testing. Sample refrigeration is a requirement in the NIOSH test method being used. HIH
Laboratories analyzed the samples for n-Butyl Acetate and n-Propyl Acetate and results
were reported in mg of target reagent. This information was converted to mg/m3 by
calculating the total volume of air sampled at each individual test point.
Mass measurements were made using an ADAM CPQ plus-35 scale and airflow
measurements were taken using an EXETECH 407119A hot-wire anemometer following
instructions for airflow measurement that can be found in Appendix B. Static pressure
was measured using a HHP886 digital barometer. These measurements are for reference
only and did not significantly contribute to the test results.
Test Procedure
1. The FFU and enclosure for the SS-330-DSH were assembled on the lab table.
2. All pre-test filter mass measurements were taken.
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3. Air sampling media for T2A, T2B, T2C and T2D were calibrated using the SKC-224PCXR4 and the Defender 510 to an approximate flowrate of 200 mL/min, making
sure to record the exact flowrate for each sample.
4. The static pressure sensor was installed in the FFU and the SS-000-IPF was installed
in the SS-330-DSH enclosure.
5. The remaining filters were installed in the FFU in the following order, starting from
the fan outlet: SS-300-HF, SS-310-CF.
6. The SS-030-AS with the PCBs was placed inside the enclosure with the Konform®
AR conformal coating spray as well as the air sampling equipment for T2A then the
hood sash was closed.
7. The test apparatus was turned on with the motor control set to the highest fan setting.
8. After allowing the apparatus airflow to stabilize, pre-test static pressure readings were
taken along with pre-test airflow measurements. The airflow measurements were
taken in accordance with the method outlined in Appendix B.
9. Air samplers outside of the hood were put into there respective places and staged for
sampling to begin.
10. The pre-test ambient sample T2D was taken, allowing the sampler to run for 25
minutes before shutting down the sampler and capping the sample media.
11. The post-test ambient sample media was calibrated using the same method as before
with the sample media inlet being capped after the sampler was staged at T2E for the
post-test ambient sample.
12. The operator, wearing appropriate PPE, began spraying the Konform® AR according
to the manufacturer’s specifications.
13. Spraying was continued for 5 minutes in order to allow the apparatus enclosure’s
interior composition to stabilize before measurements were taken.
14. After 5 minutes, the samplers for T2A, T2B and T2C were started.
15. Spraying then continued for 25 minutes.
16. After 25 minutes the samplers at T2A, T2B and T2C were turned off, capped and
their sampling times were recorded.
17. Immediately after spraying was finished the air sampler at T2E was started and ran
for 28 minutes.
18. After 28 minutes the sampler at T2E was turned off, capped and its sampling time
recorded.
19. After testing, the airflow and static pressure were measured as before.
20. Following this the post-test filter masses were also recorded.
21. The air samples were then refrigerated and couriered to HIH Laboratories the
following day in a box containing ice.
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Data/Findings
Konform® AR Industrial Hygiene Test Data
Sample Time Sample Flow Rate
Test Point ID
(minutes)
(mL/min)
T2A
25
208.08
T2B
25
203.15
T2C
25
207.71
T2D
25
202.5
T2E
25
201.37
Blank
28
n/a

Test Point ID
T2A
T2B
T2C
T2D
T2E
Blank

Sample Volume
(m3)
5.202E-03
5.079E-03
5.193E-03
5.063E-03
5.034E-03
n/a

n-Butyl Acetate
(mg/m3)
0.577
216.589
0.963
0.593
0.993
n/a

HIH Laboratories Analysis Results
n-Butyl Acetate
n-Propyl Acetate
(mg)
(mg)
< 0.003
< 0.003
1.1
1.2
0.005
0.004
< 0.003
< 0.003
0.005
0.004
< 0.003
< 0.003

Calculated Results
Sample Indicated Concentration
n-Propyl Acetate n-Butyl Acetate
(mg/m3)
(PPM)
0.577
0.138
236.279
51.9
0.770
0.231
0.593
0.142
0.795
0.238
n/a
n/a

n-Propyl Acetate
(PPM)
0.121
49.7
0.162
0.125
0.167
n/a

Indicated Performance
n-Butyl Acetate
n-Propyl Acetate
% Efficiency
% Efficiency
99.734%
99.756%
Apparatus Properties
Pre-Test
Post-Test
Apparatus Properties
Pre-Test
Post-Test

Fan Static P
(inH2O)
2.64
2.56

Avg In-flow rate
(ft3/min)
270
247

Mass SS-300-HF
(kg)
3.17
3.17

Mass SS-310-CF
(kg)
4.5
4.73

Mass SS-300-IPF
(kg)
0.7
0.72

Mass of Spraycan
(kg)
0.45
0.14
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Results Summary
HIH Laboratories processed the samples and analyzed for the components n-Butyl Acetate and
n-Propyl Acetate. According to HIH Laboratories, the reporting limit for the analysis was 0.003
mg of analyte. Meaning any samples made in areas of very low concentration might not register
on this analysis and, with certainty, the sample contained less than this amount.
Considering it is better to underestimate filter performance, the results presented for this test will
follow the convention that if a sample has a reported value of “< 0.003 mg” that value will be
taken as 0.003 mg. This results in the reported filter efficiency being considerably lower than its
actual efficiency; however following this convention also guarantees that the filter’s performance
is no worse than the reported value.
HIH Laboratories’ analysis found 1.1 mg of n-Butyl Acetate and 1.2 mg of n-Propyl Acetate
detected at test point T2B resulting in measured concentrations inside the apparatus of 216
mg/m3 and 236 mg/m3 of n-Butyl Acetate and n-Propyl Acetate, respectively. Outlet
concentrations at test point T2A were calculated at 0.14 PPM for n-Butyl Acetate and 0.12 PPM
for n-Propyl Acetate.
Based on the measured difference in concentration across the filter stack, the indicated filter
efficiency for the materials analyzed were 99.73% (n-Butyl Acetate) and 99.76% (n-Propyl
Acetate). This corresponds with the change in atmospheric concentration of these analytes over
the course of the test which was 0.14 to 0.24 PPM for n-Butyl Acetate and 0.13 to 0.17 PPM for
n-Propyl Acetate.
A qualitative indicator of filter performance is the change in mass of the carbon filter over the
course of the test. Without knowing the exact composition of Konform® AR it would be difficult
to estimate filter efficiency from this data, but it is apparent that a significant amount of the
material sprayed during testing was captured by the carbon filter; approximately 0.23 kg which is
about 75% of the total mass sprayed.
Some reduction in airflow rate was indicated by the test data, however it is likely that this is a
result of test equipment accuracy as little change was detected in the mass of the SS-300-HF over
the duration of the test.
With regards to operator exposure, analysis of the sample taken at T2C indicated a concentration
of approximately 0.23 PPM n-Butyl Acetate and 0.16 PPM n-Propyl acetate.
Conclusions and Considerations
Given the results presented here, it is likely that the use of a SS-330-DSH unit for conformal
coating applications using Konform® AR would prove beneficial for reducing operator exposure
below what would be expected if no precautions were taken. As mentioned earlier, it is likely
that the carbon filter efficiency results are lower than its “real” value as the contaminant
concentrations at the filter outlet were too low to measure given current test setup limitations, the
sources of which are beyond the scope of this document.
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Furthermore, test results indicate that mixtures of various volatile organic compounds (VOCs) do
not seem to have a deleterious effect on filter performance. Previous SAS studies tested
individual chemicals using very pure feedstock to generate fumes within the unit. Given the
rather complex mixture of compounds in Konform® AR and the excellent filter performance
results, it seems likely that the adsorption-filtration mechanics of activated carbon filter media
are not adversely affected when subjected to a VOC mixture as opposed to a pure reagent. This is
an encouraging result that provides a sound basis for extrapolating filter efficiency data obtained
while testing individual components of products containing VOC mixtures and other chemicals.

Benjamin L. Davis
Sr. Chemical Applications Specialist
Sentry Air Systems, Inc.
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Appendix A
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Appendix B
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Appendix C
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