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AFIT/GEE/ENV/02M-11
Abstract

The United States Air Force relies on the corrosion inhibiting properties of
chromate-containing primer paints to protect the aluminum skin of its aircraft.
Hexavalent chromium (Cr®"—the ingredient responsible for the corrosion inhibiting
characteristics of these primers—is a known human carcinogen. The concentration of
Cr®" in different particle sizes of paint overspray is important to understand health
implications to painters as well as filtration efficiency. Previous research indicates
disproportionately less Cr*" content in smaller particles collected in the overspray of
solvent-based epoxy-polyamide paint primers (MIL-P-2377G).

This research explores the possibility of a particle size bias in the C1°" content of
three commonly used aircraft primers: solvent-based epoxy-polyamide, water-based
epoxy-polyamide (MIL-PRF-85582C), and solvent-based polyurethane (TT-P-2760A).
The mass ratio of air flow to paint flow (A/P ratio) was varied during initial atomization.
Seven-stage cascade impactors collected overspray particles into distinct bins with
particle size cutoff diameters ranging from 0.7 m to 34.1 um. The mass of the dry paint
collected in each bin was determined and analyzed for Cr°" with an Atomic Absorption
Spectrometer.

In all three primers, smaller particles contained disproportionately less Ct>” per
mass of dry paint than larger particles. Particles with an aerodynamic diameter under 7

im contained less Ct*” per mass of dry paint as the particles became smaller. Particles

less than 2.6 wm have a mean Cr®” content of approximately one-third of the expected

Xi



value. The range of A/P ratios tested in this study had no effect on the C1*” content in the

overspray.
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CHROMATE CONTENT BIAS VERSUS OVERSPRAY PARTICLE SIZE IN

THREE AIRCRAFT PRIMER PAINTS

1. Introduction
Air Force Primer Paint Overview

The United States Air Force (USAF) relies on the corrosion inhibiting properties
of paint coating systems to protect its aircraft, which must endure extreme environmental
conditions. These coating systems are typically comprised of a surface preparation, a
primer coat, and topcoat paint. The primer coat, which is between the surface and the
topcoat, provides an adhesive surface for the topcoat. Additionally, the primer contains
additives that inhibit oxidation of the aircraft’s aluminum skin. These additives are
typically chromate (CrO4*)-containing compounds.

The most commonly used corrosion control additive in primers, strontium
chromate (SrCrQy), presents the greatest risk of cancer for aircraft painters (California
Department of Health Services, 1992). The most commonly used military specifications
(MIL-P-23377G, MIL-P-85582B, and MIL-P-87112) and federal specification (TT-P-
2760A) that regulate primer paint designate SrCrO4 or barium chromate as the default
corrosion inhibitors (T.O. 1-1-8). Strontium chromate contains chromium in its
hexavalent state (Cr®"). Cr®" is considered a carcinogen by most national and
international health and medical agencies (International Agency for Research on Cancer
(IARC), 1990).

The primary cancer risk associated with exposure to Cr°" is through inhalation of
Cr®"-containing dusts, mists, and fumes. Most epidemiology studies that have focused on

exposure of workers involved in the production of chromates and Cr®-containing



pigments show an excess risk of respiratory cancer. Similar studies that examine the risk
of cancer for workers that use C1*"-containing compounds, such as spray painters, are
relatively fewer in number and demonstrate a less definitive risk (Dalager ef al.,
1980:25). 1It has been suggested that the type of aerosol generated in a process (e.g.,
liquid aerosols, mists, or dusts) is an important factor in determining the health risk of
Cr®" (Finley ef al., 1992:170).

A number of factors are important when characterizing the harmful effects of
Cr®" inhalation. As with any inhalation hazard, particle size distribution determines the
how much material will deposit in various regions of the respiratory system. In general,
smaller particles will deposit more deeply in the respiratory system and larger particles
will deposit in the upper respiratory region primarily due to impaction, sedimentation,
and interception (Schlesinger, 19XX:192). Furthermore, the determination of the
percentage of Cr®" in the particles that are of a size that is readily inhalable is important.
Also, investigating any dependence of Cr®" content on particle size is important since
smaller particles tend to deposit more deeply into the respiratory system. The deeper a
particle penetrates into the respiratory system, the longer the particle will remain in the
system.

In the aircraft painting industry, workers are exposed to C1°” in the paint
overspray created from the application of primer on the aircraft surface. The suspension
of these Cr”"-containing particles presents an inhalation exposure risk to the painters.
Therefore, in order to determine the risk to the worker, the distribution of the Cr®" over

the range of particle sizes in the overspray must be characterized.



Thesis Objective

This study follows previous work, which found that the larger particles contain
disproportionately more Cr®" than smaller particles in the overspray of military
specification MIL-P-23377G primer, which is a solvent-based epoxy-polyamide primer
paint hereinafter referred to as solvent EP primer. (Fox, 2000; Novy, 2001). The focus of
this study is to quantify the Ct*” distribution as a function of particle size for three
commonly used Cr°"-containing aircraft primer paints.

The objectives of this study are to:

1) Quantify the C1*" content in the oversprays of solvent EP, military specification
MIL-PRF-85582C (a water-based epoxy-polyamide primer paint hereinafter
referred to as water EP primer), and federal specification TT-P-2760A primer
paint (a solvent-based elastomeric, polyurethane primer paint hereinafter
referred to as polyurethane primer), and

2) Observe whether the air-to-paint (A/P) ratio—a measure describing certain
operating conditions of the spray gun—will influence the C1®” distribution in
various particle sizes for the solvent EP, water EP, and polyurethane primer

paint overspray.



II. Literature Review
Chromium

Chromium is a naturally occurring element commonly found in the earth’s crust.
It typically exists in the trivalent (Cr’ "), hexavalent (C1°"), or elemental (Cr) states,
however, short-term intermediate states can be found including Cr*", Cr*", and Cr'".
Chromium has been recognized as an important metal in a variety of industrial
applications as well as an active component in a number of biological processes.

Due to its strong oxidative characteristics, C1*" is used in a wide range of
industries, including chemical and metallurgical. Hexavalent chromium—a key
component in stainless steel—can be found in the alloy to inhibit oxidation of the iron as
well as the protective casing of “chrome-plated” steel compounds. Similarly, Cr®*
compounds are popular in the painting industry because of their corrosion inhibiting
behavior. Additionally, Cr°" is universally used as a pigment in paint, ink, and plastic
production industries.

Besides its industrial uses, chromium plays an important role in a few key
metabolic pathways in the human body. Cr'" is an essential micronutrient for humans.
Although only very small quantities are needed, Cr’ " is necessary for the metabolism of
glucose through the potentiation of insulin (Felter, 1997: 43). The National Research
Center recommends a minimum Established Safe and Adequate Daily Dietary Intake of
50-200 pg (National Center for Complementary and Alternative Medicines, 2000).
Although the beneficial aspects of Cr’ " are well documented, more attention is given to

the deleterious health effects of C1®", which are discussed in the following section.



Health Effects of Chromate Exposure

The primary pathways of C1®" exposure are inhalation, ingestion, and dermal
contact of chromate-containing compounds. Ingestion is a more prevalent pathway of
exposure for children, although workers have been found to ingest C1*" due to poor
hygiene at meal and smoking breaks. Dermal contact is generally associated with
localized, non-cancerous health effects. The majority of epidemiology studies performed
on workplace exposure to Cr°" focuses on the excess cancer risks from inhalation, which
is also the pathway of greatest concern.

The source of inhalable Cr°”, predominately found in the form of mists, dusts, and
fumes, varies depending on the industrial use of the chromate-containing substance. In
spraying operations, fine mists are created during the atomization of the coating liquid.
Although respiratory protection and ventilation controls are frequently required in these
operations, workers still risk inhalation exposure, as these controls sometimes fail or are
overwhelmed. Similarly, in plating operations, chromic acid mist presents an inhalation
hazard created by vapor that diffuses to the surface of drip tanks and carries liquid
chromic acid particles into the air. Welding is another commonly cited activity that is
associated with Cr°" inhalation. In this case, the Ct*” exposure results from the intense
heat applied to the stainless steel or chromium-coated material, thus changing the solid
metal into a Cr*" fume (CDHS, 1992).

As previously noted, Cr*” is widely recognized for its carcinogenic potential.
TARC sites numerous studies that show evidence for carcinogenicity of chromate-
containing compounds, including strontium chromate, in experimental animals. In a

study of the carcinogenicity potential of chromium-containing materials, Levy ef al.



found that strontium chromate and, to a lesser extent, zinc chromate caused bronchial
carcinomas in rat lungs (Levy et al., 1986: 243). In this study, an intrabronchial
implantation system was used to dose the rats with the test material in pellet form.

The IARC and other agencies also conclude that Ci*" compounds are
carcinogenic to humans based, in part, on several epidemiology studies of workers in the
chromate production, chromate pigment production, and chromium plating industries
(IARC, 1997) which show an elevated risk of lung cancer.. In an early study, Mancuso
(1975) reported an elevated risk of lung cancer in chromate production workers.
However, this study did not record the smoking habits of the study group. Therefore,
smoking—a leading cause of bronchial carcinomas—could not be discounted as a
possible confounding factor. Gibb et al. (2000) repeated this effort in a cohort study of
2357 workers in the chromate production industry. With improved background history of
the study subjects, Gibb et al. were able to determine that the excess risk of lung cancer
was not confounded by the prevalence of smoking among workers.

As compared to the findings in the aforementioned industries, the relatively few
studies that focused on the carcinogenicity of chromium in the painting industry have
reported conflicting data. In a study of 4760 deceased spray painters from ten automobile
assembly plants that used paints with chromate pigments, no statistically significant
proportionate mortality ratio (PMR) (as compared to expected deaths in the general
population) was found at any of the locations (Chiazze et al., 1980:526). Additionally, a
cohort study of 2429 aerospace workers, found no link to increased risk of respiratory
cancer among painters with chromate containing paint exposure (Alexander ef al.,

1996:1257). However, in a study of 202 deaths among over 40,000 workers employed at



two government-owned aircraft maintenance bases where zinc chromate was used in
painting operations, a statistically significant elevation of the proportionate cancer
mortality ratio (PCMR) was noted at one base (Dalager et al., 1980:28). No information
was available on the smoking status of the workers. Consequently, the authors of the
study suggested that smoking could not be discounted as a possible confounding factor
given the higher prevalence of smoking among painters as compared to the general
population. There is not a clear link between lung cancer and spray painters exposed to
Cr®" due to the inconsistency of the studies.
Particle Deposition in the Lung

Given that pulmonary carcinoma is the primary adverse health effect from Cr®*
exposure, the distribution of Cr*"—containing particles in the respiratory system is of
interest. The size of the inhaled particle affects the location that particle will deposit in
the lungs. Specifically, it is the aerodynamic diameter (d,.) of a particle or the mass
median aerodynamic diameter (MMAD) of an aerosol (i.e., the d,e at which half of the
mass of an aerosol distribution is less than) that is important in determining the
characteristics of the deposition of particles with geometric diameters greater than 0.5 um
(Schlesinger, 1995). Schlesinger lists five main mechanisms responsible for particle
deposition in the respiratory system: impaction, sedimentation, Brownian diffusion,
electrostatic precipitation, and interception (Schlesinger, 19xx:192). Each of these
mechanisms will dominate in different regions of the respiratory system for different
sized particles, though impaction is responsible for the majority of deposition in the

conductive zone—from the nasal passage or mouth to the terminal bronchioles—for



particles having MMAD greater than 0.5 um. A typical deposition pattern for an adult

male is shown in Figure 1 (Godish, 1991:156).

1.0 Nasopharyngeal

Pulmonary

Fraction Deposited
=
o
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Figure 1. Fractional Deposition of Particles (Task Group on Lung Dynamics, 1966)
USAF Primer Paint

Solvent EP, water EP, and polyurethane primers are the most commonly used
primer paints on USAF aircraft surfaces. While the specifications corresponding to all
three of primers list StCrO4 as the default corrosioninhibiting additive, the chemical and
physical properties of these primers differ. This section gives a general description and
chromium content of each type of primer used in this study.

Solvent-Based Epoxvy-Polvamide.

Solvent EP primer is a two-component (base and catalyst) epoxy-polyamide
primer. This solvent-borne primer is a low volatile organic compound (VOC). Low

VOC, as defined by the Environmental Protection Agency, is a paint that has a VOC



content less than 340 grams per liter at application. The solvent EP primer is the most
frequently used primer paint in the Air Force and is known for its solvent and chemical
resistance. The mix ratio of solvent EP primer is 3 parts base to 1 part catalyst. The base
component contains 25% SrCrO4 by weight (w/w) according to the Material Safety Data
Sheet (MSDS). Accounting for the mix ratio, densities of components, and mass fraction
of Cr°" in SrCrOy, the expected C1°" content (as Cr*") in the mixed paint is 5.2% (w/w).
Since the mixed primer is 72.72% non-volatiles (w/w), the expected Cr°* content in the
non-volatile fraction of this primer is 7.13% (w/w). Sample calculations of the expected
chromium content in mixed paints are given in Appendix A.

Water EP.

The water-reducible epoxy-polyamide primer is sometimes substituted as a lower
VOC content alternative to the solvent EP primer. The base-to-catalyst ratio is specified
as 2:1, with a 4.1-part water reduction (i.e., the mixed paint is—by volume—about 58%
water, 28% base component, and 14% catalyst component). Although the base
component is 30% SrCrO4 (w/w) according to the MSDS, the actual chromium content in
the mixed primer paint is only 2.54% (w/w). Due to the large water content, the non
volatile fraction of the paint comprises only 34.08% (w/w) of the primer, yielding an
expected Cr°" content in the non volatile fraction of the paint at 7.46% (w/w).

Polyurethane.

Federal specification TT-P-2760A is a two-component, solvent-borne
polyurethane primer. This elastomeric, low VOC primer has excellent flexibility
characteristics. This primer paint is composed of equal parts (by volume) of base and

catalyst components. Accounting for the different densities of the components, the



chromium content in the mixed primer is 3.03% (w/w). Since the mixed primer is

70.84% solids (w/w), the expected Cr°" content in the solids fraction ofthis primer is

4.28% (w/w).

Deft, Inc manufactured all three primer paints investigated in this study. A

summary of the primer specifications and chromium content is listed in Table 1. (A more

detailed listing of primer component specifications is givenin excerpts from the product

data sheets and MSDS, which can be found in Appendices B, C, and D.)

Table 1. Summary of Primer Product Codes and Chromium Content

Solvent EP Water EP Polyurethane
Mrfléaiﬁl‘" MIL-P-23377G | MIL-PRF-85582C |  TT-P-2760A
Specification Type I, Class C Type I, Class C2 Type I, Class C
Manufacture
(Deftg) Product 02-Y-40 44-GN-72 09-Y-2
Code
Basic Solvent-based, Water-reducible, Solvent-bas:ed,
Description epoxy polyamide epoxy polyamide clastomeric
polyurethane
Batch Numbe rs Base: 46517 Base: 45699 Base: 45526
Tested Catalyst: 46518 Catalyst: 45700 Catalyst: 45527
Mfg Dates July 2001 April 2001 March 2001
SrCrO4 Content
(w/w) in Base 25% 30% 20%
Component
Cr"" Content
(W) in Mixed 5.19% 2.54% 3.03%
rimer
(as specified)
Percent Non-
Volatiles in 73.10% 34.08% 70.84%
Mixed Primer
Cr®* Content
(w/w) in Dry 7.13% 7.46% 4.28%
Primer
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Regulatory Exposure Limits

In the United States, the Occupational Safety and Health Administration (OSHA)
is the government agency charged with establishing regulations to protect workers from
hazardous exposure to chemicals. OSHA accomplishes this primarily through the
establishment of permissible exposure limits (PELs). These limits are determined after a
thorough review of all relevant scientific data from industry, government, and the
research communities. The PEL, a ceiling that can never be exceeded at any time, for
chromate is 0.1 mg/nt (as CrO3) (29 CFR 1910.1000, Table Z-2). In 1993, however,
OSHA was petitioned by the Oil, Chemical, and Atomic Workers International Union
(OCAW) and Public Citizen’s Health Research Group (HRG) for an emergency
temporary standard (ETS) to reduce limits to occupational exposures to C*". Although
the request for an ETS was denied, it prompted OSHA to offer a proposed rule which
would replace the current PEL with an eight-hour, time-weighted average (TWA) of
0.0005 mg Cr*“/n?® (OSHA, 1996).

This proposed limit is identical to the current eight-hour Threshold Limit Value
(TLV-TWA) set by the American Congress of Governmental Industrial Hygienists
(ACGIH). ACGIH is a private organization of professionals that establishes exposure
limits intended to protect workers from adverse health effects. Although limits set by
ACGIH are not legally enforceable, OSHA and industry often reference ACGIH
guidelines. Like OSHA, ACGIH relies on the most relevant scientific data on the health
effects of exposure levels to establish a limit for a chemical. Much of the information

regarding the exposure to Cr®"-containing compounds is based on the chromium
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production, chromium-pigment production, and chromium plating industries (Finley et
al., 1992:170).
Particle Kinetics

In order to understand the distribution of chromate in the overspray of aircraft
paint, it is necessary to characterize the nature of the overspray. A brief review of the
atomization process that the liquid paint must undergo reveals a number of parameters
that may affect the mean particle size, the size distribution of the paint particles, and the
bias in the Ct*” content over the range of particle sizes. This section describes the
atomization process as well as some of the key parameters relevant to spray painting.

Atomization Overview.

In general, the atomization process of spray painting, like all types of atomization,
involves the disintegration of a liquid into drops (i.e., the dispersed phase) suspended in a
gaseous media (i.e., the continuous phase) due to an acting force (Bayvel and
Orzechowski, 1993:37). As the liquid stream of paint emerges from the nozzle of the
gun, external forces, mostly from an air stream applied at the nozzle exit, and turbulent
properties of the fluid begin to break the jet into thin ligaments, which eventually further
disintegrate into drops. Because of this progression of droplet formation, many
characteristics of the spray, such as drop size distribution and drop velocity, are functions
of both space and time (Lefebvre, 1989:2). Lefebvre notes that these characteristics are
influenced by many parameters including the geometry of the spray gun and nozzle, the
properties of the air into which the paint is discharged, and the physical properties of the

liquid paint (1989:2).
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Paint Atomization Device.

As sprays can be produced by a number of different atomization processes, the
atomization devices will differ in geometry, operational design, and operational settings
to produce sprays with various characteristics. In the case of spray painting, the nozzle
and air cap of the spray gun can be classified as an airblast atomizer. In this type of
atomizer, the paint is discharged through the nozzle into a thin stream. The air cap,

which is mounted at the end of the paint nozzle, has two protrusions on the outer edge

Fan Air Holes—control
Air HotiHom width of spray pattern

Paint Nozzle

Containment Holes—
impart forward energy to
atomized paint

Primary Atomization Holes—initiate
break-up of paint stream

Air Cap

Figure 2. Illustration of Typical Air Cap (Kwok, 1991)

called air horns. Closer to the center of the cap, two sets of holes can be found from
which compressed air jets are formed. The closest sets of jets, the primary atomization

holes, are on opposing sides of the nozzle as shown in Figure 2. The primary atomization
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holes release high volume jets of air, which shear the liquid stream to begin atomization.
The paint stream is broken into thinner streams that move in an outward direction as the
energy from the air has changed the original vector of the paint stream. The outer pairs
of holes at the base of each air horn are the containment holes. The air from the
containment holes will send the particles in an elongated elliptical pattern towards the
target (Kwok, 1991:5). The adjustable volume of air released from the fan holes serves
as an additional control on the pattern width of the paint. The number, layout, and size of
atomization and containment holes will vary in different air caps.

Liguid Properties.

The properties of the paint—primarily, density, surface tension, and viscosity—
will also determine particle size distribution. Theoretically, mass flow rate will increase
proportionally with the square root of the liquid density. However, the change in density
of a liquid will almost always result in a change in the other properties of a liquid which
also influence particle size distribution (Lefebvre, 1989:11).

Surface tension is related to the force with which the liquid will resist the change
in surface area (i.e., the formation of new surface due to atomization). Thus, the
minimum energy required to atomize a given volume of liquid is equal to the surface
tension multiplied by the ratio of atomized surface area to original surface area (Lefebvre,
1989:11). Given the difficulty in quantifying the increase in surface area, the effects of
viscosity on flow and spray characteristics may be more beneficial to monitor.

The influence of paint viscosity on particle distribution can be seen prior to the
atomization process. A more viscous liquid will prevent the development of instabilities

in the jet considering an increase in viscosity will lower the Reynolds number.
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Therefore, with a more viscous liquid, the disintegration of the liquid jet will occur at
lower energy farther from the nozzle, resulting in larger droplet diameters (Lefebvre,
1989:11). Furthermore, the liquid flow rate through the nozzle will usually decrease as
viscosity increases. However, the diameter of the droplets produced by airblast atomizers
does not vary much due to a change in viscosity (Lefebvre, 1989:14). Lefebvre claims
that the influence of viscosity on drop sizes is more pronounced in pressure atomizers
that have a higher liquid velocity relative to airblast atomizers. However, experimental
evidence contradicts this logic. By increasing viscosity of the paint from 57 centistokes
(measure of a materials kinematic viscosity equal to mm?/s) to 106 centistokes, the
MMAD increased slightly from 38 um to 46 um (Kwok, 1991:192). Although an
increase in pressure caused an increase in average particle size, Kwok found that the
shape of the distribution of the collected overspray was not influenced by a change in
viscosity.

Air-to-Paint Ratio.

Given the liquid properties of a paint and design parameters of a spray gun, only
the operational settings are likely to affect the atomization quality of the paint. Of the
operational settings, the ratio of air mass flow to paint mass flow through the gun has the
greatest influence on the degree of atomization (Kwok, 1991; Carlton and Flynn, 1997).
Kwok observed that increasing the A/P ratio resulted in smaller particles as well as more
overspray (i.e., lower transter efficiency). Since increasing the A/P ratio changes the
magnitude of forces responsible for atomization, it may influence the C1*" content of
paint particles as well. It is worth noting that while increasing the A/P ratio will always

provide for more atomization (i.e., smaller particles), the effect that this parameter has on
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transfer efficiency—defined as the percentage of mass of paint sprayed that remains on
target—depends on other factors. Since transfer efficiency is a function of the Stokes
number, which is proportional to the square of the particle diameter times the particle’s
velocity, the change in the velocity of the particle is important to determine if the particle
will impact the target (Kwok, 1991).

Secondary Atomization.

With the basic theory of atomization described above, it is important to mention
the concept of secondary atomization. An understanding of the process by which larger
particles, created from the initial atomization, are subsequently atomized into smaller
particles is helpful in order to gain insight about possible explanations of a bias in the
Cr®" content toward larger overspray particles. The likelihood of a suspended liquid drop
breaking up in air largely depends on the Weber number of that drop exceeding its

critical Weber number (We>We*) (Bayvel and Orzechowski, 1993:70; Lefebvre, 1989).

We* = 3 (H
Cp
where
Cp = drag coefficient of the drop,
2
and We = M (2)
c
where

p = liquid density

VL = liquid velocity in outlet orifice
D = drop diameter

¢ = surface tension of liquid
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Criteria other than the critical Weber number may also determine the degree of secondary
atomization, such as the type of load acting on the initial drop, liquid viscosity, time of
disintegration, and drop diameter (Bayvel and Orzechowski, 1993: 74).

In general, a few different mechanisms have been observed that describes the
disintegration of a drop. The three most common mechanisms that describe the
formation of smaller drops from a larger drop are the “parachute’type disintegration
mechanism, the chaotic mechanism, and the shear mechanism. The major difference in
the various processes is the orientation of the deformation of the spherical drop. A drop
that is flattened, forming an oblate ellipsoid, may stretch to the point to which it forms a
ring-like shape that disintegrates into several smaller drops (a.k.a. “parachute™type
disintegration or bag mechanism). Bayvel and Orzechowski describe a particular
scenario involving several parachutes developing simultaneously on a single drop—the
chaotic mechanism. A drop, which becomes elongated into a cigar-shape, may develop
into ligaments from which smaller drops are sheared—the shear mechanism.
Additionally, local deformations may develop on a drop that result in the occurrence of
the shear mechanism or the burst mechanism—a situation where “shear-type”
disintegration proceeds very rapidly (Bayvel and Orzechowski, 1993:72; Lefebvre, 1989;
30).

Understanding possible mechanisms responsible for the atomization of particles
may help explain the disproportionate decrease in the Cr°” content in smaller particles in
the overspray. Varying the A/P ratio in this study should vary the forces involved in

secondary atomization. The effect of these forces on the Cr°" content in a given particle
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size range may help explain possible mechanisms responsible for the bias in Cr*" as a
function of particle size.
Particle Collection

Since part of the motivation behind this research is to characterize the relative
quantity of Cr*" in various sizes of paint particles, it was desirable to select a method of
particle collection that would separate a particle stream according to size in a manner
similar to the mechanism of particle deposition in the human respiratory system. While
many different collection techniques that rely on mechanisms such as gravitational
settling and thermal precipitation have been used to collect and analyze particle
distributions, most collection devices are based on the mechanism of inertial impaction
(Marple et al., 1993:206). Inertial impaction—not simply particle size—is the most
important factor determining particle deposition. Not only is impaction responsible for a
particle depositing on the target surface of painting operations, impaction is responsible
for most particle deposition is the lungs. Impactors (single- or multi-stage) have become
the standard collection instrument used in the determination of particle distributions of
paint overspray (Kwok, 1991; Chan ef al., 1986; Ackley, 1980).

The principle of inertial classification is based on categorizing particles based on
their inertia. Basically, a particular flow condition is set so that a particle entering a
collection device will either possess enough inertia so that it escapes the trajectory of the
gas streamline or possess too little inertia so that it remains in the gas streamline.
Particles that break free of the gas flow will continue in a new trajectory until they impact

on a collection plate.
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Cascade impactors, which are used as the particle collection device in this study,
contain multiple numbers of collection plates called stages. Each subsequent stage in
these impactors has smaller inlet jets that create progressively greater velocities of the
particle-laden gas stream, which allow for impaction of smaller particles that possessed
less inertia in the previous stage. (A schematic drawing of a typical cascade impactor is
shown in Figure 3. As Figure 3 illustrates, a stage is consists of the area from the inlet

nozzle to the impaction plate on which the nozzle flow impinges (Hinds, 1982:120)).
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Figure 3. Schematic Design of a Cascade Impactor (Hinds, 1982:120)
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Each stage of the cascade impactor collects particles in a specific size range based
on aerodynamic diameter. The nominal measurement of that stage is usually referred to

as the effective cutoft diameter (ECDs) or, simply, cutoff size. In operation, the
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Figure 4. Actual and Ideal Impactor Cutoff Curves (Hinds, 1982:117)

aerodynamic diameter of the particles collected on a particular stage is assumed to be
larger than the ECDsg of that stage and smaller than the ECDsq of the previous stage
(Lehtimaki and Willeke, 1993:117). The ECDs of a stage is defined by the aerodynamic
diameter of a particle that is captured with 50% efticiency by that stage—in other words,
the lower cutoff size. As displayed by Figure 4, it can be assumed that, for this particle

size, the “mass of particles larger than the cutoff size that get through (upper shaded area)
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equals the mass of particles below the cutoff size that are collected (lower shaded area).”
(Hinds, 1982:117).
As shown in Figure 4, the cutoft size is often recorded in terms of the square root

of a dimensionless parameter, the Stokes number (Stk) defined as:

C.d:U
JSik =\/p” 4 3)

Suw
where

pp = particle density

Cc = slip correction

U = average air velocity at the nozzle exit (=Q/n(W/2)?) for a round nozzle
d, = particle diameter

| = air dynamic viscosity

W =nozzle diameter

Q = volumetric flow rate through the nozzle

To calculate the cutoft sizes for each stage rearrange the equation as shown:

/ w
dgy = pgpnCCU \/Stkso 4)

where dsg = ECDs for any given stage (Marple et al., 1993:207-11).

In this study, the ECDso was calculated for each stage based on the following

version of equation (4):

3
pep, = [ )n) “
(p,)
where 0.495 = Stokes number for round jets (Hinds, 1982:118)
Dj3 = jet diameter in cm
n = number of jets on the stage
T =3.1416
Q = volumetric flow in cn? /sec
Pp = partial density for aerodynamic equivalent = 1 g/ent
i = viscosity of air at 22° C = 1.83 x 10™ g/cm-sec
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This equation is equivalent to equation (4), but re-arranged in terms of volumetric air
flow, Q. Also, the nozzle width, ¥, from equation (4) is replaced by the term (Dj3 )(n) in
equation (5).
Paint Overspray Distribution

Several studies have sought to characterize the particle size distribution of various
types of paint. Although the overspray of different paints produce different particle size
distributions, significant reductions in the MMADs of the overspray were reported with
increasing atomization pressures. Chan ef al. (1986) used an air spray gun to generate
overspray of high-solids acrylic base coat and clear coat. Spraying with atomization
pressures of 30 to 65 psig, they measured the MMAD of the overspray at 6.5 to 4.5 um,
respectively. Another study by Ackley (1980) found that lacquer and enamel paint
overspray generated from air-blasting had an average MMAD of 6 pm. Kwok (1991)
found that acrylic enamel paint produces an overspray with MMADs of 30 and 52 pm
when sprayed with atomization pressures of 68 and 20 psig, respectively (Kwok, 1991).
Previous Overspray Exposure Research

While research has been done to characterize the distribution of the particles
generated from spray painting, little research has explored the chemical composition of
the particles within that distribution of particles. Furthermore, many studies have sought
to estimate the exposure of workers to paint overspray (Brosseau et al., 1992; Carlton and
Flynn, 1997). In these studies, however, the effort was focused on the concentration of
particles, not the concentration of a specific chemical, in the worker’s breathing zone. It
is generally assumed that the exposure hazard is directly proportional to the overall

distribution of particles collected without regard to any variation in the chemical
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composition of the various particle sizes. Without information available on the chemical
composition of different sized particles, it is often assumed that the particles in the
overspray are identical in composition to the bulk analysis of the liquid paint.

Few studies have investigated the possible nonruniformity of chemical
composition throughout a particle distribution of paint overspray. D’Arcy and Chan
investigated the differences between the distribution of overspray aerosol and the
distributions of various inorganic species used as pigments or luster enhancers in six
different high-solids automotive primer paint (D’ Arcy and Chan, 1990). After collecting
overspray aerosol using seven-stage cascade impactors, MMADs of the overspray were
reported between 2.9 to 9.7 um. Atomic absorption spectrometry (AAS) was used to
determine the mass distribution of aluminum and iron in the overspray collected on the
impactor stages. In all samples, the overall MMAD of iron was less than or equal to the
MMAD of the total overspray aerosol. However, most aluminum distributions were
found to have a higher MMAD than that of the overspray aerosol. They concluded,
“using the size distribution of the total overspray aerosol to estimate the respiratory tract
penetration of an inorganic species can produce estimates which differ from those based
on the chemical distribution of the species,” (D’ Arcy and Chan, 1990:3877). These
results demonstrate the importance of knowing the chemical composition of the
overspray particles throughout the entire size distribution to evaluate the true exposure of

C1®" to the painter.
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Cr*" Content Bias

A previous study explored the Ct®" content (ug Cr/mg dry paint) in overspray
particles as a function of aerodynamic diameter using solvent-based epoxy-polyamide
primer paint (Fox, 2000). His data revealed a statistically significant difference in the

Cr®" content in particles with an aerodynamic diameter (d,e) less than 2.5 pm

(18 pgofCr

maof dropaint ) as compared to particles with a dge larger than 2.5 um

(70 pgofCr
mgof drypaint

). Based on the likely location of deposition of particles with a d,e
greater than 2.5 um, this finding suggests that a greater mass fraction of Cr*" is deposited
in the upper respiratory tract than reaches the respiratory zone.

Novy also studied solvent EP primer, using the same military specification paint
from two different manufacturers (Deft Inc., Irvine, CA and PRC-DeSoto International,
Mojave, CA) (Novy, 2001). Novy was able to demonstrate a more detailed bias in Cr®"
content as a function of aerodynamic particle size. Figure 5 shows the Cr®" content in dry
solvent EP plotted as a function of the impaction stage ECDsq. This study will focus on

the C1®" content in the particles of solvent EP as well as two other primers not previously

investigated for C1°* bias.
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II1. Methodology

Overview

This chapter describes the equipment and methods used to generate, collect, and
analyze the Ct*" content by particle size for three different types of primer paints. Since
this study also investigates the possible influence of A/P ratio on Cr®" content of paint
particles, the spray painting operation parameters are discussed.
Painting Operation

All painting operations were conducted in a paint booth at the Coatings
Technology Integration Office (CTIO) at Wright-Patterson Air Force Base, Ohio. The
dimensions of this environmentally controlled booth are 10° wide by 14’ long by 9° high.
Temperature and humidity were maintained at 24 degrees Celsius (= 4 degrees) and 8%
(+ 6%), respectively, for each sampling event. The ventilation inside the booth was set at
100 linear feet per minute—the minimum ventilation rate required by OSHA in paint
spraying operations.

Recorded Data.

Thirty- four painting runs were performed: eight with solvent EP, sixteen with
water EP, and ten with polyurethane. Each of the paints was prepared in accordance with
the respective product data sheets. A summary of the mixing ratios and selected

specifications of these paints is given in Table 2.
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Table 2. Primer Preparation Specifications (Deft, 2000)

Mix Ratio Viscosity
) b7 Collection Test
Primer Type 5 ::’ &2 Runs (Ford #4
2 |8 |2 cup)
Solvent-based, | 5o, | 550, | (04 8 20-40 sec
epoxy polyamide
Water-redu(:lb.le, 28% | 14% | 58% 16 18-22 sec
epoxy polyamide
Solvent-based,
elastomeric 50% | 50% | 0% 10 14-24 sec
polyurethane

To generate the paint overspray, a DeVilbiss model JGHV-531 HVLP spray gun,
fitted with a DeVilbiss model 46MP air cap, was used. A two-quart, pressure fed paint
supply cup was attached to the spray gun. After the paint was prepared, the viscosity of
the primer was tested using a Ford #4 cup. Once the viscosity test yielded results within
the specifications given in Table 2, the primer was loaded into the paint supply cup.
After the spray pattern was checked and the desired nozzle pressure was set, the spray
conditions were held constant throughout the paint run.

A/P Ratios.

This study examines the effects on the C1°" content among different overspray
particle sizes by varying one of the operational parameters of spray painting—the A/P
ratio. The nozzle pressure was adjusted on different paint runs so that each of the three
types of primers would be tested at two different A/P ratios. A higher A/P ratio was
achieved by increasing pressure at the nozzle of the air cap (thus, increasing the air mass
flow rate), while maintaining the same pressure to the supply cup (thus, minimizing

changes to the paint flow rate). Using calibration data from the gun manufacturer, the
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nozzle pressure can be used to estimate an air mass flow rate. Paint mass flow rates were
calculated from the measured mass of paint used and the elapsed spray time of each run.
Pressure Settings.

For each of the paints, multiple sampling events were conducted at both a high
A/P ratio and a low A/P ratio. Adjusting the wall pressure, which controlled the nozzle
pressure, altered this ratio. However, the nozzle pressures were held constant for all runs
within each category (i.e., high A/P ratio or low A/P ratio). The pressure in the supply
cup (i.e., pot pressure) remained at 14 psig for all sampling events. The pressure settings
for all sampling events are documented in Table 3.

Table 3. Pressure Settings and A/P Ratios

' Pressure (psig) Avg,
Hé%h Nurglfber Air Mass 15? nt Avg.
Paint Type Flow Rate ass A/P
Low | Sample Pot Nozzle Flow Rati
A/P Runs (&/s) Rate ato
(g/s)
Low 4 14 2.5 559 | 0.76 7.4
Solvent EP =7 i 14 3.0 1.0 | 088 | 12
Low | 10 14 7.0 9.92 | L16 8.8
Water EP - e T 6 14 9.0 11.9 139 9.9
Polvurottane. |LEOW 6 14 4.0 726 | 072 | 10
yur High | 4 14 8.0 11.0 0.69 | 16

The nozzle and pot pressures were established based on recommendations from
painting technicians and guidelines from the primer product data sheets. As suggested by
the conventional definition of HVLP, the nozzle pressure should be held under 10 psig.
Product data sheets recommend a minimum of seven psig to establish enough atomization
for an acceptable spray, although lower settings are commonly used in the field. The
determination of an acceptable spray was based on qualitative assessment of experienced

technicians.
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Paint Mass Flow Rate.

After calculating the air mass flow rate, the A/P ratio can be determined by
estimating the paint mass flow rate. The rate of paint flow was determined by two
separate methods. In one measurement, the air jets that atomize the paint after exiting the
nozzle were shut off. Closing these jets eliminated the source of atomization air without
affecting the source of air used to pressurize the paint pot. A small mixing cup was used
to collect and weigh approximately 30 mL of paint. The time needed to fill the test cup
was used to calculate a mass flow rate.

The other method of testing the paint mass flow rate was conducted by measuring
the net mass of the paint sprayed during the sampling event. The mass of paint sprayed
was determined by recording the pre-weights and post-weights of the gun, pot, and
connected hoses. Dividing the mass of the paint used by the recorded elapsed spray time
provides the paint mass flow rate.

The latter method of estimating the paint mass flow rate was used to determine
the A/P ratio since it accounts for possible variations in the paint flow rate during sample
collection. A difference in the apparent density of particles in the overspray was visually
observed towards the end of most sampling events. The former method was used as a
quality control check. The average paint mass flow rate for each nozzle pressure is
displayed in Table 3.

Backeround Runs.

In addition to the thirty- four painting runs, three sampling runs were conducted
without any painting operations. These runs were performed to assess the background

concentration of Cr®” in the paint booth. The collection procedures for these events were
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identical to all other sampling events with the exception of paint spraying. The average
mass of Ct*” collected on each stage during the background runs was subtracted from the
appropriate stage of each paint run to ensure that the C*" found on a stage of a paint run
was from overspray particles.
Overspray Collection

To generate the paint overspray, the HVLP gun was aimed at a cardboard target
and the overspray was allowed to draft toward the cascade impactors. This 157x15”
target was placed perpendicular to the direction of paint flow, eight inches from the tip of

the gun’s nozzle as depicted in Figure 6. Furthermore, the centerline of the paint stream

i

Figure 6. HVLP Spray Paint Gun with Sampl Collection Set-up
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from the gun to the target was 12” from the front edge of the cardboard enclosure that
contained the sample collection equipment. The enclosure was used to slow the velocity
of the overspray particles, thus increasing the number of particles collected. Booth
ventilation directed the overspray toward the cardboard enclosure located downdraft of
the HVLP gun. The face of the enclosure was 27 wide by 25” high. The face of the
block was recessed 13.5” from the edge of the enclosure—25.5” from the centerline of
the paint stream leaving the HVLP gun. Four cascade impactors (manufactured by In-
Tox Products) were used for overspray collection—two large-particle size range
impactors and two small-particle size range impactors. The placement of the impactors is

shown in Figure 7.

Cardboard Enclosure

A
(space above Styrofoam block)
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(Styrofoam block)
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............................ Size Range
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Figure 7. Impactor Layout (Not to Scale)
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The flow rate through the impactors was calibrated prior to the start of the
sampling run. After each sampling event, the calibrations were checked. All post-
calibration air flow readings were within 1% of the pre-calibrations. All calibrations
were performed using a Gilibrator Airflow Calibration System #800286 with a high- flow
bubble chamber.

After the impactors were calibrated, the trigger on the HVLP gun was held to a
fully open position with a plastic zip tie for the duration of the sampling period. The
durations of the sampling events varied from approximately 6 to 30 min. These times
varied mostly due to the varying volumes (640 to 1000 mL) used during different
painting runs. The volume of paint was varied to optimize sample collection without
overloading the impactors.

Particle Size Ranges.

Four sevenstage cascade impactors were used to collect primer overspray
particles and separate them into discrete size ranges (see Tables 4 and 5) based on their
aerodynamic diameter. The ECDs( was calculated for each stage based on equation (5).
In equation (5), the volumetric air flow rate through the impactors is the only variable
able to affect the ECDs of a stage. For this reason, the air flow rate was calibrated for
each impactor to establish the ECDsg values. The large-particle size range impactors
were calibrated at 8.000 (+/- 0.050) L/min; while, the small-particle size range impactors
were set with a flow rate of 18.00 (+/- 0.10) L/min. The calculated ECDs( values at the

designed flow rates for the impactors used in this study are given in Tables 4 and 5.
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Table 4. Small Particle Size Range Impactor (18 L/min)

Stage # 1 2 3 4 5 6 7
Number of Jets per Stage 1 2 3 4 6 9 12
Average Jet Diameter (cm) | 1.1125] 0.0635] 0.4003(0.2636| 0.1679] 0.1082( 0.07315
ECD5, (wm) (18 L/min) 11.4 7.0 4.3 2.6 1.6 1.0 0.7
Particle Size Range of Stage | >11.4 | 7.0to | 43to|2.6te| 1.6to | 1.0te | 0.7 to
114 | 7.0 4.3 2.6 1.6 1.0

Table 5. Large Particle Size Range Impactor (8 L/min)

Stage # 1 2 3 4 5 6 7
Number of Jets per Stage 1 1 2 2 3 4 6
Average Jet Diameter (cm) | 1.7582| 1.3208]0.7884 0.5636] 0.3914]| 0.2692( 0.1788
ECDs, (um) (8 L/min) 341 222 | 145 | 95 6.2 4.1 2.7
Particle Size Range of Stage | >34.1 | 22.2to [14.5t0| 9.5t0o [6.2to | 4.1to | 2.7 to
341 [ 222 | 145 | 95 6.2 4.1

Figure 8 illustrates the particle size ranges collected by stage for both types of
impactors. This demonstrates the wide range of particle diameters collected with two
different impactor designs, with an overlap of several stages for comparison between the
two impactors. Note that there is no upper bound on the size of particles collected on the
first stage of both impactors. On each impactor, the seventh stage is followed by a back
filter (0.8-um pore size, not shown in figure 8), which collects most particles less than the

ECDs of the seventh stage.
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Sampling System.

Figure 9 illustrates the layout of the sampling system. Two Gast pumps provided
the vacuum source for airflow through the impactors. Each pump supplied two
impactors, on which individual valves equipped with rotameters regulated the airflow
rates separately. A five-gallon receiving tank was attached in series to each pump
(between the rotometer and the vacuum pump) as a means of balancing air flow
fluctuations. Figure 10 shows the air flow control system for the impactors, which was
located outside of the paint booth since the pumps are an ignition source and the paint
poses a fire hazard. The hoses from the rotometer inlets continue under the booth door

with the plastic tubing connecting to the impactors.

W

L

Figure 10. Sample Collection Vacuum Pumps with Rotometers
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Sample Preparation

After particles were collected, samples containing the captured paint particles
were dried, weighed, and digested in preparation for analysis. Since each separate
collection plate (seven stages plus one back plate per impactor) represents an individual
sample, each painting run resulted in 16 individual samples (8 high range and § low
range) that required preparation. This section documents the procedures followed for
each sample.

Sample Substrates.

Overspray particles were collected on 0.22-pum (pore-size) cellulose ester filters
(CEFs), manufactured by Millipore. These CEFs covered the entire surface area of the
impaction plates, ensuring efficient capture of particles entering the impactors. The ease
of removal of these filters from the impactors further improved the efficient transfer of
collected particles into a sample solution for analysis. Additionally, CEFs are digestible,
thus, eliminating the need for additional processing to remove collected sample from the
filter before digesting.

Analvtical Mass Determination.

Each CEF was weighed before and after the sampling event so that the dry mass
of collected paint particulates could be determined for each stage. All weighing
operations were conducted inside an air-tight glove box (which contained Drierite
anhydrous calcium sulfate). To minimize fluctuation due to non-evaporated water and
solvent content, each CEF was stored in the sealed glove box for 24 hours before taking
the pre-paint mass and post-paint mass of the CEF. After weighing, the glove box was

opened only for the brief time required to exchange a tray (one tray per painting run) of
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filters—less than ten seconds per tray. The glove box was never opened during the 24-
hour drying periods leading up to the weighing or during the weighing operations.

All weighing operations were performed using a Mettler- Toledo microbalance
model MTS5 (precision 0.001 mg). Each sample was weighed and recorded in triplicate.
Furthermore, each sample was passed through a Haug U-electrode ionizer model PRX-U
prior to placing in the weighing chamber to reduce the effects of static charge carried by
the filter.

Sample Digestion.

Before a sample could be analyzed, the solid particles and filter must be digested
into a liquid sample. Each paint sample (i.e., CEF and collected paint) was placed in a
Tetlon digestion vessel along with trace-metals grade, 70% (w/w) nitric acid and digested
in an OI analytical microwave. 5.0 mL of the nitric acid were added to most samples, but
due to the large mass of paint collected on some first-stage samples, as much as 20 mL of
nitric acid was added for complete digestion. Sealed pressure vessels were loaded into
carousels and digested according to a pressure-controlled program based on NIOSH
method 7082—used for digestion of paint chips. Pressure was held at a minimum of 70
psig so that a minimum temperature of 140 degrees C was maintained for at least 20 min.
Table 6 details the digestion program used.

Table 6. Sample Digestion Program

Power | Set Point | Dwell Time | Max Time

Stage (%) (psig) (mm:ss) (mm:ss)
1 75 20 02:00 03:00
2 100 70 20:00 30:00
3 0 0 02:00 02:00
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Sample Dilution.

Following digestion, vessels were allowed to cool before opening. Once opened,
the contents of the Teflon vessels were transferred into a 30-mL high-density
polyethylene (HDPE) sample bottle. The Teflon vessels were triple rinsed with a total of
20 mL of deionized water. This rinsate was transferred to the HDPE bottle, yielding
approximately 25-mL of sample for analysis.

More precise sample volumes were calculated based on the mass of each liquid
sample. The mass of the liquid in each HDPE bottle was measured with a Mettler- Toledo
balance model AB204-S (precision 0.1 mg). Based on the loaded filter weight and the
densities of the 70% nitric acid and deionized water, the volume of sample contained in

each HPDE bottle was calculated:

sample - mﬁller+paint - (V7(Y% ’ p70%)

m
Sample Volume (mL)= +V o (6)
Pai

where
Mample = Net weight of liquid in HDPE sample bottle (g)
Myileerpaint = Mass of CEF and paint sample (g)
pr0% = Density 70% nitric acid (g/mL)
pa = Density of deionized water (g/mL)
V700 = Volume of 70% nitric acid used for digestion (mL)
Based on these calculated sample volumes and the net mass of the paint collected on each
filter, the mass of dry paint per unit volume of the liquid sample is known.
Sample Analysis

Analytical determination of the Cr®” content in each sample was performed on a

GBC Avanta atomic absorption spectrometer (AAS). This AAS is capable of sample
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analysis using either a graphite furnace or flame method. The graphite furnace was used
for analysis of liquids expected to contain less than one part per million (ppm) chromium;
the flame method was used to analyze liquid samples expected to contain between 1 and
15 ppm. When necessary a sample was diluted, either manually or automatically (by the
AAS), so that the chromium concentration was within the calibration range of the
method.

For the graphite furnace method, a five-point (7.5, 20, 40, 60, 75-parts per billion
(ppb)) calibration (R? > 0.98) was performed using the auto-dilution feature on the AAS
with a certified 75-ppb Cr standard. Three replicate measurements per sample were
performed. A 75-ppb check sample was performed for at least every ten samples
analyzed for quality assurance. Each check sample was followed by a sample blank to
detect for instrument drift. The auto-dilution feature was able to dilute samples
containing more than 75 ppb Cr. For these samples above the calibration range, up to
two consecutive 1:4 dilutions were performed using deionized water. Table 7

summarizes the method for the graphite furnace.

Table 7. AAS Graphite Furnace Parameters

Step
Step 1: Inject Sample , , , ,
Step 2: Drying 80° 5 10 Argon
Step 3: Charing 130° 30 10 Argon
Step 4: Pyrolysis 1400° 15 15 Argon
Step 5: Atomize/Read 2500° 1.4 1.6 None
Step 6: Tube Clean 2700° 0.5 1.5 Argon

For samples containing chromium concentrations greater than one ppm, an air-

acetylene flame method was used. A four-point (1, 5, 10, and 15-ppm) calibration (R >
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0.98) was performed using standards prepared from a certified 250-ppm standard. To
ensure consistent atomization, a fuel/oxidant ratio of approximately 1.8/10 was
maintained for all samples analyzed by this method. Quality assurance measures
identical to those described for the graphite furnace method were implemented for flame
atomization using a 10-ppm standard. Since auto-dilution was not available for the flame
atomizer, all samples containing over 15 ppm Cr were manually diluted if the sample was
above the calibration range for the instrument.
Calculation of Chromium Content in Dry Paint

Chromium concentrations reported by the AAS (ug Cr/L sample) were divided by

the mass of dry paint collected in each sample to calculate the Cr** content

pg Cr

— x100% ) in different size ranges of particles collected. Equation 7 was used
pg dry paint

to calculate the chromium content in dry paint on the CEF for each stage:

ug Cl‘% _ CAAS ' Vsample (7)
Hg dIy palnt mpaint

where

Caas = AAS reported concentration [corrected for dilution, if necessary]

(ng/L)

Viample = sample volume [calculated from Equation (6)] (L)
Mpaine = Mass of dry paint sample (1Lg)
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IV. Results
Cr®" Content per Mass of Dry Paint

Table 8 presents the results of the C1*" analysis as a function of particle size range
collected (by impactor stage) for the three primer paints. The number of samples in each
particle size range (n) and the standard deviation of the sample mean (SD) are listed for
each primer type.

Table 8. Average Cr’" Content per Mass of Dry Primer Paint

Solvent-Based

Stage? Particle Size | Solvent-Based Water-Based Elastomeric
Range Epoxy-Polyamide | Epoxy-Polyamide Polyurethane

Mean Mean Mean
# (um) %Cr™ | 8D | n | %c®™ | sD [ n | %c® | D | n

S2 | 7.0 <dae< 114 7.09%| 1.65%
L4 | 9.5 =<dae< 14.5 7.20%| 0.98%
L3 [14.5 <dae< 22.2 5.17%| 0.57%

6.56%| 1.36%| 16| 3.72%| 0.70%| 10
6.67%| 1.36%| 14| 3.86%| 0.71% 9
6.27%| 1.21%| 13| 3.76%| 0.74% 9
L2 [22.2 <dge< 34.1 4.45%| 1.37% 557%| 1.22%| 14 3.60%| 1.06%| 10
L1 [34.1 <ds 6.94%| 1.99% 6.03%| 1.29%| 15| 4.34%| 0.51% 9

*S denotes small-particle size range impactor; L denotes large particle-size
range impactor

S7 0.7 <dae< 1.0 0.99%| 0.27% 71 0.67%| 027% 14 0.36%| 0.13%| 10
S6 | 1.0 <du<1.6 1.18%| 0.42%| 8 0.72%| 027% 15| 0.51%| 0.08%| 10
S5 | 1.6 <d,.<2.6 1.74%| 0.67%| 8 1.15%| 0.29% 16/ 0.90%| 0.13%| 10
S4 | 2.6 <dee< 4.3 248%|0.73%| 8 2.89%| 0.68%| 16| 1.65%| 0.17%| 10
L7 | 2.7 <dae< 4.1 290%|0.73%| 6 1.89%| 0.65% 16| 1.70%| 0.95% 9
L6 | 4.1 <dw<6.2 477%(1.42%| 71 4.95%| 1.04%| 14 2.51%| 0.72% 9
S3 | 4.3<d,<7.0 441%[(1.53% § 4.97%| 0.67% 14 2.79%| 0.39%| 10
L5 | 6.2 <dge< 9.5 6.17%| 0.47% § 6.50%| 1.15%| 15| 3.77%| 0.94%| 10

8

6

6

6

6

The results of the analysis of the samples collected on the first stage of the small
particle size range impactor (S1) were not reported. The mass of paint particles collected
on the filters from S1 was so large that complete digestion could not be reliably
accomplished.

Figures 11a-c display the mean percent Cr®" plotted against the particle size range
collected. Since some stages from the small and large particle size range impactors

overlap, the stages for both impactor types are plotted in two different shades. Dark areas
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represent stages of the small particle size range impactors; light areas are for the large

particle size range impactor stages. The vertical range of percent C1®” plotted covers the

95% confidence interval about the mean. A solid line is included on each figure to show

the expected C1®" content per mass of dry paint for the corresponding type of primer (as

reported in Table 1). The particle size range collected by the largest stage displayed on

these figures has no theoretical upper limit, although the figures are arbitrarily truncated

at 40 um. Nevertheless, it is unlikely that an appreciable number of larger particles

entered the impactor as these particles would have impacted on the cardboard target.
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Figure 11a. Mass of Cr®" per Mass of Dry Paint: Solvent-Based Epoxy-Polyamide
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A/P Ratio Influence on Cr’* Content

Figures 12a-c show the mean percent Cr>" plotted against the ECDsy for each
impactor stage for the subsets of both the high and low A/P ratios. The percent C1°" is
plotted as a function of the ECDs, value of each impactor stage to clearly compare the
trends. The error bars on these figures enclose the 95% confidence interval about the
mean percent Cr®". The data points for the high A/P ratio data series are slightly offset to

the right so that the error bars for the two series of data are easier to distinguish.
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Figure 12a. Comparison of Mean Percent Cr** for Different A/P Ratios:
Solvent-Based Epoxy-Polyamide
(Bars represent 95% confidence interval about mean)
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The means of the high and low A/P ratio categories were compared for each stage
using a paired Student’s t analysis. For both epoxy-polyamide primers, the mean percent
Cr®" for at least two stages were found to be statistically different (at the o = 0.05 level).
However, due to the small sample sizes and the lack of any repeatable trend, these data
suggest that practical variations in the A/P ratios do not impact the Cr°” bias to any
appreciable degree.

Comparison of C¥* Content Bias to Previous Study

Figure 13 compares the Cr°" content bias found in the solvent-based epoxy-
polyamide primer paint during this study to the Cr®" content bias reported by Novy
(2001) on the same military specification primer from the same manufacturer. The
agreement of the data indicates a high degree of repeatability between these studies. The

error bars shown in Figure 13 contain the 95% confidence interval about the mean.
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Figure 13. Comparison of Mass of Cr®* per Mass of Dry Paint by Study
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V. Discussion

Cr®* Content Bias in Different Primers

The mean percent C1°" of the largest particle sizes collected closely match the
expected Cr®" content in the dry paint. For all three primers, the C1®" content per mass of
dry paint in the last five stages (dae < 7.0 ium) of the small particle size range impactor
and the last two stages (d,e < 6.2 Wm) of the large particle size range impactor was
significantly less than the expected C1®" (at the =0.05 level of confidence). With the
exception of the water EP primer, the mean Cr®" content of the largest stage (dge >34.1
1m) was within 2% of the expected value. This observation suggests that the Cr®"
content in the larger particles is similar to that of the solids fraction of the homogeneous,
mixed primer paint.

The largest particles collected of the water-based epoxy-polyamide primer
contained less than the expected amount of C1®” per mass of dry paint (at the «=0.05
level of confidence). This may be due to water content in the collected paint particles
that did not evaporate during the drying phase. Water-based primers have been noted for
the slow removal of water during the curing process (Mitchell, 2002). The high reactivity
of water with the epoxy resins may have caused some of the water to remain in the dry
paint, which would add mass to the dry paint, thus lowering the measured percent C*" in
the dry paint. Nevertheless, the overall trend of the Ct** content in the water EP primer
followed that of the other two primers. This bias is expected to be less prevalent with
smaller particles since water may be able to escape more easily with the larger surface

area to volume ratio.
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Influence of A/P Ratio on Cr®* Content

The variation of the A/P ratio during paint atomization did not have a discernable
effect on the Cr®" content of the particles. Testing over a greater range of A/P ratios may
have produced different results. However, the range of A/P ratios tested in this study
reflects the normal operating conditions in the field. Higher or lower A/P ratios would
have produced unacceptable spray patterns or would not have been possible with an
HVLP gun.

Implications of Cr’" Content Bias

The repeatable, disproportionate decrease in Cr®” in the smaller particles of the
primer overspray has implications on the health hazards to aircraft spray painters.
Considering the dependence of particle size on the penetration depth of an airborne
particle in the respiratory system, the bias in Ct*" content may lead to a lower estimate of
Cr®" exposure than previously thought. Since smaller particles tend to deposit deeper in
the lungs, less C1*" per mass of material inhaled is delivered than expected if one assumes
a uniform distribution of C1°" throughout the particle size distribution of the overspray.
The results presented here indicate that particles capable of reaching the alveolar sacs in
the pulmonary region of the lungs—generally d,.<2.5pum—have only about one-third of
the Cr°" that is present in the larger particles.

Figures 14a-16b show an estimate of the C1°" deposition in the three main regions
of the lung—nasopharyngeal, tracheobronchial, and pulmonary—based on the mass of
Cr®" collected for each type of primer. A pair of stacked bars are plotted for each region
of the lung—one representing the experimentally determined mass of C1°" collected (the

left bar of each pair) and one representing the mass of Ct*" in the collected mass of dry
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paint based on the assumption that Cr°" is uniformly distributed throughout all particle
sizes in the primer overspray (the right bar of each pair). The relative contribution of
particles from each impactor stage is shown in the bars. The stages are stacked with
those representing largest particles on the bottom and smallest particles on the top. These
figures are based assumed probabilities of the median size particle of a stage depositing
in each region of the lung. The assumed probabilities were taken from Figure 1.

Figures 14a-16b demonstrate the impact that the disproportionate decrease of Cr®*
in smaller particles has on the overall mass of Cr°" delivered to each region of the lung.
The impact is more pronounced in Figures 14a, 15a, and 16a since these represent data
from the small particle-size range impactors. In general, the areas corresponding to
stages representing larger particle sizes do not change from the left bar to the right bar

since the C1*” content closely matched the expected Cr°" content in dry paint.
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Figure 14a. Cr®* Deposition in Lung: Solvent-Based Epoxy-Polyamide
(Small Particle-Size Impactor)

o 1400

= @ (2.7um<=dae<4.1um)

€ 1200 (4.17um<=dae<6.2um)

& qo00 == O (6.2um<=dae<9.5um) |
9 O (9.5um<=dae<14.5um)

g 800 (14.5um<=dae<22.2um)| |
S 600 1 B (22.2um<=dae<34.1um)
= (dae>=34.1um)

[} ]

3 400

+
S 200 A

a 0 - , == = , = ,
g Nasoph Nasoph Trach Trach Pulm (actual Pulm
(actual (assumed) (actual (assumed) corrected) (assumed)
corrected) corrected)

Region of Lung

Figure 14b. Cr¥** Deposition in Lung: Solvent-Based Epoxy-Polyamide
(Large Particle-Size Impactor)
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Figure 16a. Cr®* Deposition in Lung: Solvent-Based Elastomeric-Polyurethane
(Small Particle-Size Impactor)
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Figure 16b. Cr¥** Deposition in Lung: Solvent-Based Elastomeric-Polyurethane
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Note: -Nasoph=Nasopharyngeal, Trach=Tracheobronchial, Pulm=Pulmonary
-Order of areas in bars matches order listed in legend (top to bottom)
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As noted by LaPuma e al., the Ct*" bias may also merit the examination of
practices used to estimate the fugitive emissions of C1°” from industrial paint booths
(LaPuma ef al., 2001:348). Since filter efficiency increases with increasing particle size,
the smaller, lower Cr°"-containing particles in overspray are more likely to escape
filtration than larger particles that contain more Cr°". With the similarity in the bias of
the three primers studied, it is likely that the emission of Cr**, and possibly other
inorganic solids, is overestimated.

Possible Sources of Cr’* Bias

Although the exact mechanism explaining the Cr°” bias is not known, it is likely
that the atomization process itself is responsible for the heterogeneous distribution of Cr®"
in the overspray. One of the methods of secondary atomization described earlier may
have caused the shearing of small, non-Cr®"-containing droplets off of larger droplets that
contained solid SrCrOy particles in the core of the droplet. Also, it is possible that some
of the smaller particles were formed during initial atomization were too small to contain
the larger, solid particles of SrCrO4. The relatively smaller Ct** concentration detected in
these small particles would most likely come from dissolved C1°" in the paint mixture,
which is relatively small compared to the Cr®* present in solid form (i.e., SrCrOy4

powder).
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APPENDIX A-1: Calculation for C**" Content in Solvent EP

This appendix documents the calculations used to determine the percent (by mass)
of Cr*" in the dry paint being tested.

First, relevant data from the Product Data Sheets and MSDS are given.
Paint Type: Solvent-Based Epoxy-Polyamide Primer

Parameters from Product Data Sheets and MSDS:

Base Component Primer Component | Percent (by mass) Percent (by mass)
Density Density Cr®" in Base Solids in Mixed
(Ibs/gal) (Ibs/gal) Component Primer Paint

11.21 7.76 25% (w/w) 72.72% (w/w)
Mix Ratio: 3 parts base component to 1 part catalyst component

Additional Information:

Atomic Weight of Ct*": 52.0 g/g-mole
Molecular Weight of SrCrO4:203.6 g/g-mole

Next, the density of the mixed primer is calculated based on the volumetric mix
ratios of the primer components and the densities of these components.

Density of Mixed Primer Paint:

11.211 1 talyst 761
3pmtsba§e b+ paITcaa?/s 776b=10.35p‘/1paint
4 parts mix gal 4 parts mix gal gd

Given the calculated primer density, the percent (by mass) of SrCrO4 was
determined. The numerator represents the mass of SrCrQy in one gallon of mixed primer
(note: All SrCrQy is from the base component; the catalyst contains no chromium.). The

denominator represents the mass of mixed primer (i.e., the density of the mixed primer).
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Percent (by mass) SrCrO4 in Mixed Primer Paint:

25% SrCrOs | 2PAS bése 11.211b
4 parts mix gal

= 20.3% (w/W)StCrO 4
10.35b ol PRI

Next, the percent (by mass) of SrCrQy in the mixed primer was converted to the
percent (by mass) of Cr*" in the mixed primer. This conversion was based on the ratio of

the atomic weight of chromium over the molecular weight of SrCrQy.

Percent (by mass) Cr°” in Mixed Primer Paint:

52.0 % ol O
20.3% StCrOs x & =5.19%
203.6 y SICrO,
g-mol

(w/w) Cr® in Mixed Primer

Lastly, the percent (by mass) of Cr°" in the dry primer was determined based on
the fraction of non-volatiles in the mixed paint. Multiplying the percent C¥" in the

“wet” primer by this fraction yields the percent C¥°" in the “dry” paint.

Percent (by mass) Cr®" in Dry Primer Paint:

5.19% (wiw) Cr** in Mixed Primer x> 210 dry paint
11b mixed paint

=7.13% (w/w) Cr®" in Dry Paint

This procedure was repeated for the Water EP and Polyurethane primers in

Appendices A-2 and A-3.
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APPENDIX A-2: Calculations for C¥* Content in Water EP

Paint Type: Water-Based Epoxy-Polyamide Primer

Parameters from Product Data Sheets and MSDS:

Base Component Primer Component | Percent (by mass) Percent (by mass)
Density Density Cr®" in Base Solids in Mixed
(Ibs/gal) (Ibs/gal) Component Primer Paint

10.80 9.34 30% (w/w) 34.08% (w/w)
Mix Ratio: 2 parts base component to 1 part catalyst component

with a 4.1 parts water reduction

Additional Information:

Atomic Weight of Cr*": 52.0 g/g-mole
Molecular Weight of SrCrO4:203.6 g/g-mole
Water Density: 8.34 lbs/gal

Density of Mixed Primer Paint:

[ 2 parts base | 10.80 b +[l part catalyst

9.341b N 4.1parts water
7.1 parts mix gal

341
: 8.3 b=9.l741b/lpaint
7.1 parts mix gal gd

7.1parts mix gal

Percent (by mass) SrCrQO4 in Mixed Primer Paint:
10.80 b
7.1parts mix gal

9.174 %al paint

Percent (by mass) Cr®" in Mixed Primer Paint:

2 parts base

30% SrCrOs x[

=9.9% (Ww/w)SrCrO4

52.0 y ol O
9.9% StCrOs x & = 2.54% (w/w) Ct*" in Mixed Primer
203.6 y SICrO,
g -mol

Percent (by mass) Cr*" in Dry Primer Paint:

3408 Ib dry paint

2.54% (w/w) Cr®" in Mixed Primer x : :
Ib mixed paint

=7.46% (w/w) Cr®" in Dry Paint
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APPENDIX A-3: Calculations for C¥** Content in Polyurethane

Paint Type: Solvent-Based Elastomeric Polyurethane Primer

Parameters from Product Data Sheets and MSDS:

Base Component Primer Component | Percent (by mass) Percent (by mass)
Density Density Cr®" in Base Solids in Mixed
(Ibs/gal) (Ibs/gal) Component Primer Paint

11.63 7.96 20% (w/w) 70.84% (w/w)
Mix Ratio: 1 part base component to 1 part catalyst component

Additional Information:

Atomic Weight of Ct*": 52.0 g/g-mole
Molecular Weight of SrCrO4:203.6 g/g-mole

Density of Mixed Primer Paint:

[lpaﬂs base | 11.631b +[l part catalyst

7.961b
: =9.795 1"/ | paint
2 parts mix gal ga

2 parts mix gal

Percent (by mass) SrCrQ4 in Mixed Primer Paint:

20% SrCrOs x[lzpall“fts ba§e 1 1.631 b
parts mix ga =11.87% (w/W)SrCrO «
9.7951b o PR

Percent (by mass) Cr®" in Mixed Primer Paint:

52.0 y ol €
11.87%SrCrOs4 x & =3.03% (w/w) Cr"* in Mixed Primer
203.6 y SICr0,
g -mol

Percent (by mass) Cr® in Dry Primer Paint:

7084 Ib dry paint

3.03% (w/w) Ct°" in Mixed Primer x : :
11b mixed paint

=4.28% (w/w) Cr®” in Dry Paint
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APPENDIX B-1: Deft® Product Data Sheets for
Solvent-Based Epoxy-Polyamide Primer Paint
(MIL-P-23377G, Type 1, Class C)

Product Code Base Componenb---reeeeeee
Product Code Catalysl Component !
Batch Fuwmber of Base Compopspleo—ee] L]}
Bateh Nurmber of Catalyst composentes o Lol

Product to meet MIL @pmmﬁrﬁ;xmﬂn _w.___‘.____{

Product to meet L ler S —
Wiz or catalyel ratio
Baedactioen

i

# polids by welght-

% golide by wole by wolam
WO poands S gallie 4o ,gaﬂ s .
VOO grame pey m_z;:ws: 352 ) voc gm:ms; par Hleg—. mm( m

%3

128 AE APPLIED (MO BEDUCTION

e, Ml , [ 1825 Wi/ Gul.of Sollds——
{ TR TE By S PL. novws @

[ L BE The |

% solids by volume { BE.58% ) il drye  ~5’ BET o /¥
Vo pounds per gallon.| 2.8% ramns M‘i #3./FL @ 1
Wk grams per Hters{ 335 trfl drw . [ B.68 grams §

QUALIFIED TEST RESULTS

Y eoritent {3,
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02-Y-40
Fage &

ol e i

ariager (4.8, 1F o Bage Component | Wi stir o n srm ity
Bomogeneous conditlon,

{ Catalyet Component } Wil be o

'hm&fm ﬂﬂm“ 24 hoirs of vester e

m* rﬁa: a:'*%w@.

(100 Adbesion { 3.7 41 EMHH ol

(11} Trdwetdon Tl |
(12 Applieation of
{13 Waler Pesi

114

 Flenibility 13.7.5 ) Impact clongation = 10

(15 Lifting 3.7.5 ¢

Toponating | with o pao
wﬁw% Q;,mm
18 Filtform [2.8.2.9 ) After 1000 hours at 104'F ar
mmmw &
Foil-Lifz (3.6.4 ) Msﬁr 4 how

are bubiting
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APPENDIX B-2: Deft® MSDS for
Solvent-Based Epoxy-Polyamide Primer Paint
| Class (0)}

9

B Lo L urer s

evsTnRY Lot

[y

BO% UL
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APPENDIX C-1: Deft® Product Data Sheets for
Water-Based Epoxy-Polyamide Prime r Paint
(MIL-PRF-85582C, Type I, Class C)

Batch Fumber of cwm;m Wmmmt«nw( er%% i
Produed te mest By e . P PR? BIEARC Tjwsr, i i;mm o
Poodinek 1o et Color - LR s

Blis or ewtalyet ratio-.
Beduotbon
Beilwess

We /Gulaf Solide- | 12,08 b )
Bo JPL covernge § |
sl Aoy s s [ 98T B /P |
s e Grame per we. P 0
VOO grams per liberoea-n {337} il e n e s | 3,46 gragme |

LD TEAT RESULYSR

Classification : { Para. 1.2 ) Type [= Standard mgm#m e et e PBSES
mmm m Srootiom Chyomete .. o I s PG
= ;’(Sﬂlﬁfaim“

fgmi m«mﬁmﬁa&mmWlmnmtmumﬁmmmmmmwﬂmmmmm

Corresion inhibitng plzments used or darker.... B T
Fineneas EW G ([ Paen 34,3 % The fineress f:u!“ gmwﬂ m‘? m m:mi pnmm mumg

Al gl 1 v ssnity shall be vt less than 5 &
Comdition In Container | Pare3.4.5% CmnwmA g (’Swmwmmhmn mr it A

Somooth, homopeneous sonditien ... ; . -
Pot-Life ; { Pare 4.4 3 Viscositv ui the mm(zﬂ @ﬁmﬂ Qu@‘} vt s v vesasnss SE BB,
Adver 4 lours B rooon temperature of TV £ 5°F | whes stirred

coanstantly st 180 30 wpon = B peconds i Increas E S

Storage Stability : { Para 3.4.6 ) This primer will mest all requiremen
mmmwmmﬁmﬂx%wimwm an unopensd container 8’
CI5F 10 115°F ) v :
u&m«kmmdﬁmmﬁmmhw (Pm34ﬂ W“’?Mwm m@"?ﬂ'

Page 1 ol 4 ¥ ¥
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Deft Prodect Informstios Data Shect For 44-GN-072 { Propesed Color

9. Freeze Thaw Stability : { Para.3.4.8 ) This primer shall pass 5 cycles at 16 hours ar

14597 & 5°F followed by B Tiowrg & T7°F per cyvele e U
10, Dy Time : { Para3.5.2 ) Under an air flow of 88 fisst per nrinuts @wz pmm: ﬁw &w

a5 Follove:

fay Tack Free | 6 wdnunsy maelmuy Ili G0 e evanes

B Doy Blaed | 4 haours mammim 5 e my

13, Lifting : { Pors3.5.3 ) Thers shall be ao lifting of the MIL-C-85285B Folynrethane Topeoat
after the Tllowdng,
fay Topomy @ 1 e s,
() Tt &) 4 howrs..........
{5} Topoont B 18 BOwrs . coomnsnnssines
4, Adhesion = Wet Tape : { F’mi‘m .

”szw zﬂgxmugg

a0 distilled wuter ot oo henps t;“ﬂ%’)
15, Fledbily (13537 “ﬂm ;mmw dmmmimmm ﬁkm@atxmuﬁ 10%..
16, Strippability : { Para3.56 ) $0% of the primer will be stripped with in 15 minutes
elihy prrmars g s WOLAR-91294 Clags 1 as voom Mwmmﬁ?wf} creneimsns o PSEG
17, Infrared Reflection { Para.3.5 T Ty 11 Pty Oy —— - Fasges

V8, Wy Resborance - Parn 3,61 ) The primer conting with mﬁ mmmt o Inpeot
withatand immersion fn Sistilled water rudnained st A9%0°C Tor four days without
exhibiting any evidence of soficning, wrickling, blistering or oiher deficiency ... S T
18, Smh Spway : { Para 36,2, b With and with-out Topeoat of polyurethane mﬂﬁmmﬁ
b BELTHAE shall show po mmnvmng alley 2000 hoars 3%

v Bpais 2000 bours
P SO0 honiry

— fiimpm: way a .
3 bik ae ﬁMmm mmxmu mﬁﬁ % inch ﬁvzz«m i,

rity ﬁf ﬁlmam lese than L8 inch .. vennnacnen s PRSBEE
i e[ Pare 363 ) This p{mm &Mﬂ mmmm M Mws mmmm m"

i

. Pt

() MIL-L-23699 Lubricating Ol @ 250°F & 5%F ...
(b) MIL-H-83282 Fydraulic Flaid @ 150°F £ 5°F ........

EPOXY POLYAMIDE, WATER KRBUCIELE PRIMER DESCHIFTION AND APPLICATION
INEBOREMATION

DESSCRIPTION : Chesical cured twn component epoxy polyamide water reducible primer for application on
ferrous and non-ferrous metsls. Component A contains the pigment and polbyamide resie, Compoment B 3 the deas
non-pigmented epoxy portion which acts as the bardener or curing sgent for Component A,

. ' ‘ 8 This product s frmulated for use whete the sir poliution regulations call
: m%lm%@ ?CM'W ceemipad (WO ) of 390 grams por liter,

EPRECIAL VEATURES » This sposy polyamids primer ks s water reducible, cormosion inbibithng chemical sni
mﬁum veslenanr primer,
APPLICATION » This primer will spray st ;fmm&; i all respects and shall show 8o ronsing, sgging o

Mrmkm& The dry film &Mﬂmmﬂmﬂuﬁﬂ {ing or color separation and shall present & smoolh lHaish Droe
s, pamdard thickness shall be 0.6 1o 0.9 mils diy.

Liemanes)
b nlume V ,
. i onent to the ghor Blled cap containing the Bass Componen
fﬁ{zﬂwmﬁ methods for mibuing,

Page 2 of 4
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APPENDIX C-2: Deft® MSDS for
Water-Based Epoxy-Polyamide Primer Paint
(MIL-PRF-85582C, Type I, Class C)

. Page: 1 s HWATERTAL ZRFETY DATH SHEET Peinned ¢ 07400
Puw Costings, Regine and Related Materisls
Bewised @ (ES16598

33461y mﬁémmm ?hmu~ tﬁi?h Ll T8 Y100
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CHEMTREL Phogs s B34 -9

M’mﬂ R
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Wesw ¢ WIL-DRE-RSSRIC, T I, 0L C3 B -—> 4 mtxvuy .1

Trade 3
Peadact ode @ S4GHDTY 1
5.5, Vumbey: HHE 1

EETIOE  TT - ENTARIOUS EHCIELTRETS

Weight
Imgredients Cﬂ& * : 3 STEL
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CAELD ARCHATIC HYRIABRCH 64742955 <1l H.E.
' H.E
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bu 00005 i,
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m:ﬂm M{I - mmnm. m
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3
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mmmw

i Mo i{nforsation found

| PEHEERAITIRE
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VWMW Wde Tigeid o heavy wisoeun materisl
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FOOM, MLODEOL POAN, OO, DRY CHBMICAL, WATER FOO

RS
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APPENDIX D-1: Deft® Product Data Sheets for
Solvent-Based Elastomeric, Polyurethane Primer Paint
(TT-P-2760A, Type 1, Class C)
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APPENDIX D-2: Deft® MSDS
Solvent-Based Elastomeric Polyurethane Primer Paint
(TT-P-2760A, Type 1, Class C)
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APPENDIX E-1: Raw Data Table for
Solvent-Based Epoxy-Polyamide Primer Paint
(MIL-P-23377G, Type 1, Class C)

Large Particle-Size Range Impactor
(Mass Cr®" per Mass Dry Paint) x 100%

Stage: 1 2 3 4 5 6 7
9.63%| 4.42% 5.32% 7.69% 6.44% 3.94% 2.45%
7.99%| 4.38% 4.94% 7.70% 6.34% 4.04% ND
5.61%| 4.01% 4.24% 7.08% ND 3.90% 2.42%
ND ND ND ND 6.70% 5.65% 3.20%
8.35%| ND ND 8.55% ND 7.65% 4.22%
ND 2.33% 5.96%| ND ND ND
5.48%| 5.00% 5.44% 5.94% 5.54% 3.77% 2.30%
4.58%)| 6.54% 5.14% 6.28% 5.83% 4.42% 2.84%

Mean %Cr: 6.94%| 4.45% 5.17% 7.20% 6.17% 4.77% 2.90%

n= 6 6 6 6 5 7 6

std dev = 1.99%| 1.37% 0.57% 0.98% 0.47% 1.42% 0.73%

Small Particle-Size Range Impactor
(Mass Cr®" per Mass Dry Paint) x 100%

Stage: 1 2 3 4 5 6 7
6.33%| ND 2.79% 1.50% 0.83% 0.68%
5.56% 4.13% 2.66% 1.82% 1.27% 0.89%
721%| ND 1.20% 1.19% 0.84% 0.75%
4.92% 2.61% 1.77% 0.81% 0.51% ND
8.71% 6.83% 3.66% 2.61% 1.44% 0.98%
8.71%| ND 2.46% 2.52% 1.69% 1.42%
9.30% 4.40% 2.67% 1.24% 1.25% 0.93%
5.97% 4.07% 2.67% 2.25% 1.64% 1.29%

Mean %Cr: 7.09% 4.41% 2.48% 1.74% 1.18% 0.99%

n= 8 5 8 8 g 7

std dev = 1.65% 1.53% 0.73% 0.67% 0.42% 0.27%

Note: ND denotes data was collected, but lost before analysis was complete
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APPENDIX E-2: Raw Data Table for

Water-Based Epoxy-Polyamide Primer Paint

(MIL-PRF-85582C, Type I, Class C)

Large Particle-Size Range Impactor
(Mass Cr®" per Mass Dry Paint) x 100%

Stage: 1 2 3 4 5 6 7
ND 5.35%| 5.96%| 8.78%| 8.36%| 5.10%| 1.79%
5.60%| 4.51%| 5.04%| 6.46%| 6.64% 4.07%| 1.29%
5.69%| 6.71%| 6.65%| 6.23%| ND 5.01%( 1.80%
6.05%| ND 6.39%| 6.34%| 6.31% 4.52%| 2.63%
6.44%| 5.43%| 5.99%| 518%| 5.42% ND 221%
4.43%| 4.83%| 4.93%| 595%| 6.65% 5.03%| 227%
7.27%| ND ND 6.78%| 7.00% 4.54%| 2.53%
570%| 4.73%| 5.30%| ND 6.22%| 5.15%| 0.55%
498%| 5.19%| ND ND 5.61% 3.85%| 1.27%
468%| 3.30%| 4.35%| 6.07%| 5.44% 3.54%| 1.74%
489%| 5.30%| ND 6.45%| 6.83% ND 1.50%
7.34%| 5.57%| 7.36%| 548%| 5.83% 4.21%| 1.33%
561%| 8.23%| 8.10%| 547%| 597% 7.17%| 2.74%
8.61%| 6.16%| 829%| 9.46%| 9.58%| 6.89%| 3.05%
501%| 7.20%| 7.04%| 5.89%| 5.42%| 4.69%| 1.72%
8.19%| 541%| 6.12%| 8.87%| 6.19%| 555%| 1.83%
mean %Cr: 6.03%| 5.57%| 6.27%| 6.67%| 6.50%| 4.95%| 1.89%
n= 15 14 13 14 15 14 16,
std dev = 1.29%| 1.22%| 1.21%[ 1.36%| 1.15% 1.04%| 0.65%
Small Particle-Size Range Impactor
(Mass Cr®" per Mass Dry Paint) x 100%
Stage: 1 2 3 4 5 6 7
9.07%| 5.82%| 2.62%| 1.08%| 0.70%| 0.50%
7.99%| 5.38%| 2.14%| 0.87% 0.64%| 0.62%
8.74%| 6.15%| 2.46%| 1.05%| 1.19%| 1.17%
8.56%| 5.16%| 3.54%| 1.60%| 1.14%| ND
5.68%| ND 2.49%| 0.81% 054%| 051%
7.35%| 4.43%| 241%| 0.95%| 0.25%| 1.17%
6.36%| 6.01%| 2.83%| 1.20%| 0.92%| 0.81%
6.96%| 5.36%| 2.86%| 1.12%| 1.07%| 1.00%
5.37%| ND 1.93%| 0.74%| 0.92%| 0.49%
559%| 4.24%| 1.87%| 1.00%| 0.59%| 0.48%
5.48%| 4.65%| 3.32%| 1.24%| 0.52%| 0.42%
5.80%| 4.64%| 3.19%| 1.23%| 057%| ND
5.46%| 4.28%| 4.00%| 1.59%| 0.66%| 0.56%
571%| 4.61%| 4.16%| 1.78%| ND 0.67%
4.97%| 4.22%| 3.40%| 1.06%| 0.54%| 0.39%
593%| 4.65%| 3.02%| 0.99% 0.53%| 057%
mean %Cr: 6.56%| 4.97%| 2.89%| 1.15%| 0.72%| 0.67%
n= 16 14 16 16 15 14
std dev = 1.36%| 0.67%| 068%| 0.29% 0.27% 027%
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APPENDIX E-3: Raw Data Table for
Solvent-Based Elastomeric, Polyurethane Primer Paint
(TT-P-2760A, Type 1, Class C)

Large Particle-Size Range Impactor
(Mass Cr®" per Mass Dry Paint) x 100%

Stage: 1 2 3 4 5 6 7
3.80%| 2.77%| 3.30%| 2.98%| 2.82%| ND ND
3.31%| 1.91%| 2.66%| 3.15%| 2.67%| 1.91%| 0.93%
466%| 431%| 4.62%| ND 4.66%| 2.99%| 1.57%
466%| 3.92%| ND 425%| 4.14%| 3.25%| 1.54%
447%| 3.94%| 4.06%| 3.86%| 3.97%| 2.60% 1.22%
420%| 1.80%| 3.90%| 4.18%| 3.66%| 2.63%| 1.25%
A477%| 459%| 4.17%| 4.83%| 4.85%| 3.03%| 1.57%
ND 452%| 4.09%| 4.54%| 4.29%| 3.16%| 1.49%
487%| 4.44%| 4.46%| 4.13%| 4.56%| 1.13%| 4.17%
4.31%| 3.83%| 261%| 2.87%| 2.08%| 1.89%| 1.58%
average %Cr: 4.34%| 360%| 3.76%| 3.86%| 3.77%| 251%| 1.70%
n= 9 10, 9 9 10 9 9
std dev = 0.51%| 1.06%| 0.74%| 0.71%| 0.94%| 0.72%| 0.95%
Small Particle-Size Range Impactor
(Mass Cr® per Mass Dry Paint) x 100%
Stage: 1 2 3 4 5 6 7
3.30%| 2.26%| 157%| 0.92%| 0.43%| 0.29%
3.14% 2.12%| 1.23%| 0.83%| 0.48%| 0.32%
3.70%| 2.74%| 159%| 1.01%| 0.56%| 0.28%
3.35%| 2.73%| 1.70%| 0.93%| 0.61%| 042%
3.89%| 3.42%| 1.80%| 0.83%| 0.43%| 0.27%
4.72%| 2.63%| 1.68%| 0.60%| 0.50%| 0.35%
2.33%| 2.98%| 1.66%| 1.00%| 0.45%| 0.27%
422%| 3.02%| 1.74%| 0.94%| 0.65%| 0.70%
424%| 2.99%| 1.70%| 1.02%| 0.51%| 0.29%
428%| 2.98%| 1.82%| 0.92%| 0.52%| 0.36%
average %Cr: 3.72%| 2.79%| 1.65%| 0.90%| 0.51%| 0.36%
n= 10, 10 10 10 10 10
std dev = 0.70%| 0.39%| 0.17%| 0.13%| 0.08%| 0.13%

Note: ND denotes data was collected, but lost before analysis was complete
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