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INTRODUCTION

Recent findings of high levels of hydrocarbons in the nation's air have spurred
renewed activity by the U.S. Environmental Protection Agency (EPA) toward their
control. One result will be more emphasis on reducing hydrocarbon emissions from
industrial activity. EPA's Office of Air Quality Planning and Standards will shortly
publish guidelines to the states for control of these emissions in several industries,
including metal coating. In the next 2 years, federal standards for new plant construc-
tion in these industries are also expected.

In the metal painting and coating industry, most hydrocarbon emissions are trace-
able to the solvent in the coating material, all of which eventually evaporates. Our
purpose is to acquaint supervisory and management personnel in the industry with
methods of reducing the emission of organic solvents to the atmosphere and to help
them assess the costs. We will be as practical as possible and will present a number
of realistic options.

The logical sequence of steps toward achieving compliance suggests a division of
this publication into two parts.

Part A is concerned with reducing and controlling hydrocarbon emissions at their
in-plant sources. It includes background material on the nature of hydrocarbon emis-
sions and step-by-step information on plant surveys and emission control procedures.

Part B details the techniques available for end-of-line treatment of these emis-
sions. Because these techniques often involve the use of heat energy, methods for re-
covery of this heat will also be described.

This handbook is part of the U.S. Environmental Protection Agency Technology
Transfer Seminar Series for the Machinery and Mechanical Products Industry. A
companion publication discusses control of air pollution from metal cleaning processes,
and a third volume delineates water pollution control in the metal industry. .

This publication, like the others in the series, provides practical, realistic op~-

tions, based on the current literature and on the experience and know~how of people
throughout the industry.
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Part A

REDUCING HYDROCARBON EMISSIONS
THROUGH IN-PLANT PROCESS CHANGE



CHAPTER 1

PHYSIOCHEMICAL FACTORS AFFECTING
HYDROCARBON EMISSIONS IN COATING OPERATIONS

The following topics are basic to the understanding and discussicn of hydrocarbon
emissions and their control. They include;

e Definition of Organic Solvents

¢ Evaporaticn Rates

® Atmospheric Concentrations

e TLV and LEL

¢ Reactive Hydrocarbons

s Calculations for Determining Reactivity of a Coating Formula

DEFINITION OF ORGANIC SOLVENTS

Volatile organic substances have been defined in the F;deral Register (CFR
52.1596, subsections (a) (i) and (k)) as follows:

"Organic materials mean chemical compounds of carbon excluding
carbon monoxide, carbon dioxide, carbonic acid, metallic carbides,
metallic carbonates and ammonium carbonates and having a vapor
pressure of 0.02 pounds per square ineh absolute or greater at
standard conditions, including but not limited to petroleum fractions,
petrochemicals and solvents.

For the purposes of this section, organic solvents include diluents
and thinners which are liquids at standard conditions and which are
used as dissolvers, viscosity reducers, or cleaning agents.'*

Although this definition was evolved for a specific region,** it is EPA's most re-
cent designation of the hydrocarbons to be controlled in maintaining acceptable atmo-
spheric burdens.

*Federal Register, Volume 38 - No. 21&. Novermber 13,1973, pp. 31398-31399.
**For “New Jersey portions of the New Jersey. New York, Connecticut Interstate and Metropolitan Philadelphia

Interstate Air Quality Control Regions.™



EVAPORATION RATES

The vapor pressure of a chemical compound, central to its evaporation rate, re-
lates only to its temperature. It has been measured for most of the pure compounds;
tables of value are readily available for most normal plant circumstances. *

There are several empirical relationships between volatility (or relative evapora-
tion rate) and vapor pressure. According to Gaynes, '"The simplest form for calcula-
ting relative evaporation rates is multiplying the molecular weights in question by the
Vapor pressures. ' **

For example, ethyl acetate has about the same vapor pressure as ethyl alcohol,
yet it evaporates twice as fast because its molecular weight is twice that of the alcohol.
This comparison is also true for butyl alcohol and butyl acetate or ethyl alcohol and
toluol.

Tysall and Wheeler state that "the rate at which a solvent evaporates from a film
is a technological measurement—combining the effect of a number of basic physical
properties such as vapor pressure, latent heat of evaporation and density of solvent
vapor.t

Doolittle presents typical evaporation rates for a series of solvent compounds by
comparing them to n-butyl acetate, which is arbitrarily given a rate value of 1.+
Figure 1 shows that the rates range from 1 to 3, 000.

Finally, evaporation rate is influenced by air circulation over the surface of the
solvent coating; the highér the volume of air, the faster the evaporation.

ATMOSPHERIC CONCENTRATIONS

In discussing air pollution, we are naturally concerned with concentration levels
of pollutants. There are three main methods for calculating concentrations of solvent
vapors: partial pressure, volume, and milligrams per cubic meter.

PARTIAL PRESSURE

There is a general relationship between the amount of a solvent in the air and the
vapor pressure of this solvent. At any temperature a solvent will continue to evaporate
until the air becomes saturated, much as water €vaporates to cause humidity. At a
normal atmospheric pressure of 760 mm of mercury, the mixture of air and solvent
vapor will behave as if each exerted a pressure the total of which would be 760 mm.
The solvent will exert its own vapor pressure, called partial pressure.

*For instance, see Chemical Engineers’ Handbook. Perry et al., New York: McGraw-Hill.
**Gaynes, N. 1., Metal Finishing, Volume 74, No. 1, Jan., 1976, p. 29.

T Tysall and Wheeler, The Science of Surface Coating. New York: Van Nostrand, 1962.
14 Doolittle, The Technology of Solvent and Plasticizers, 1954,



Relative Eveporation Rate
with n-Buty| Acetate ot 1.0
’ Methy! chloride | 27.5

| Isopropy | olcohc! / 3.0
/ n=Buty| acetate f 1.0
Xylene 0.63
Dipentene ! C.08
l
f

di-Ethylene giyco! monethy| ether 0.01
ot Somamt g ——— %
Source: The Techno/ogy of Saivent ang Plasticizers. Doolittle, 1¢54.

Figure 1. Typical Evaporation Rates

?6-0 of the tota] volume. This also means that in a mole of the mixture there will be

%) mole of the solvent ang ?\23 mole of air. If the solvent has a molecular weight of
92 and the air a molecular weight of 29, there will be 24.21bs, (%) X 92> of solvent

and 21.4 lbs. ( %’ X 29) of air, for a tota] weight of 45.6 or 3 Wweight concentration of

53 percent solvent and 47 percent air. This jg useful for calculating emissions meas-
ured in pounds of solvent per hour,

VOLUME

either in percent by volume or in parts per million (bpm). In the case mentioned above,
the concentration of the solvent vapors in percent by volume would be %) X 100/,

which is 26.3 percent. Expressed in ppm, the concentration would be 263, 009 Ppm.
MILLIGRAMS PER CUBIC METER

Finally, there ig a way, increasingly used, to exprass concentrations in mijj-
grams per cubic meter (mg per m?3), Using the above example, the concentration
would be 24.2gm (26.3% x 92) of solvent in 22 4 sters, which converts to 24,200 mg

1000 6 3
X 252 =1.08x10°mg/m3,



The solvent used in all these calculations is highly volatile. In the case of a less
volatile solvent, xylene, the figures at 20°C would be approximately:

e Concentration by weight = 2.3%.
e Concentration by volume = 0.66% or 6,600 ppm.

e Concentration by mg/m? = 693 x %g—o—g = 31,000 mg/m3.

These calculations assume conditions under which solvents can evaporate into fixed
volumes of static air and give the maximum concentrations under circumstances of
ideal equilibrium. In most industrial operations, air is moving so that equilibrium is
not achieved and actual concentrations are lower.

TLV AND LEL

There are two values of the air concentrations of a given solvent vapor that are of
considerable importance to industry: the threshold limit value (TLV) and lower explo-
sive limit (LEL).

e TLV relates to toxicity expressed in ppm and is an arbitrary value based on
physiological considerations. It represents the conditions under which it is be-
lieved that nearly all workers may be repeatedly exposed, day after day, with-
out adverse effects.*

e LEL, the lower e;cplosive limit, represents a property of the vapor. 1t is the
lowest solvent concentration at which the mixture does not sustain combustion.
For insurance and for other obvious reasons, it is industry practice to provide
enough ventilation to maintain a solvent concentration well below this limit.
The usual value is set at 25 percent of the LEL. Explosive limits are usually
given in percent by volume; one percent is equal to 10,000 ppm.

TLV, LEL, and 25-percent LEL values for some typical classes of solvents are
given in Figure 2. You will note that TLV's are much lower than even the 25-percent
LEL. The practical importance of this fact will be discussed later. '

In the above discussion of concentrations, the equilibrium concentration of xylene
by volume was shown to be 6,600 ppm at 20°C. As shown in Figure 2, the TLV is
100 ppm and the LEL is 10,000ppm. This means that about 60 times more air than is
necessary for evaporation has to be supplied to comply with the TLV and about 2.5
times more to comply with the 25-percent LEL.

In general, TLV and LEL requirements demand much larger volumes of exhaust
air than are necessary from a strictly operational point of view.

*N. Irving Sax. Dangerous Properties of Industrial Materials. Fourth Ed., New York: Van Nostrand Reinhold
Company, 1975.



! TLV LEL 25% LEL
L
i
Toluene ﬁ 200 13,000 3,300
|
! |
Xylene 2 [00 l| 10,000 2,500
! !
Isopropy! olcohol | 400 | 25,000 6,300
!
Methyl-ethyl-ketore j 200 l 18,100 4,500
n=Butyl acerate ! 150 J 17,000 4,300
Methylene chloride | 500 i None None

Source: N. Irving Sax, Dangerous Properties of Industria/ Materiats. Fourth Ed., New York: Von Nastrand
Reinhold Company, 1975,

Figure 2. Comparison of TLV and LEL for Some Scivents (ppm/volume)

REACTIVE HYDROCARBONS

Because of the national scope of coating operations, it is expected that a federal
policy will be proposed through the Environmenta] Protection Agency. Major consum-
ers of hydrocarbon-based coatings, such as the automotive, coil, and can coating seg-~
ments of the metal coating industry, will be a prime initial target for emission
guidelines. This could lead to guidelines for other high-volume repetitive coating op-
erations such as those for paper, textiles, wood, and adhesivé laminations. To date,
there are no federal guidelines for hydrocarbon emissions from coating operations.

Meanwhile, many states and other political subdivisions have either proposed or
actually enacted legislation to limit atmospheric contamination by hydrocarbon emis-
sions. For instance, California, particularly the Los Angeles basin area, has pro-
mulgated Rules 66, 102, and 442, to be discussed shortly.

Industry personnel should become familiar with the terminology in existing regula-
tions so they can determine whether the solvents they use are likely to be affected by
later guidelines.

Solvents used in coating processes are classified according to their photochemical
reactivity. Briefly, photochemical reactivity, sometimes shortened to "reactivity, "
is "the tendency of an atmospheric system containing the organic compound in question
and nitrogen oxides to undergo, under the influence of ultraviolet radiation (sunlight)

*Conztrol Techniques for Hvdrocarbon and Organic Solvent Emissions from Stationary Sources, AP.68, EPA.



As a result of these definitions and because of severe local smog conditions, a
special regulation was issued to cover use in the Los Angeles area of materials con-
taining reactive hydrocarbons. This is "Rule 66,' which has become a byword for
legislation on hydrocarbon emissions. In part, it reads:

"For the purposes of this rule, a photochemically reactive solvent is any solvent
with an aggregate of more than 20 percent of its total volume composed of the
chemical compounds classified below or which exceeds any of the following indi-
vidual percentage composition limitations, referred to the total volume of solvent:

(1) A combination of hydrocarbons, alcohols, aldehydes, esters, ethers, or
ketones having an olefinic or cyclo-olefinic type of unsaturation: 5 percent;

(2) A combination of aromatic compounds with eight or more carbon atoms to the
molecule except ethyl-benzene: 8 percent;

(3) A combination of ethyl-benzene, ketones having branched hydrocarbon struc-
tures, trichloroethylene, or toluene: 20 percent."

There has been considerable controversy, however, about the facts on which Rule
66 was based and especially about its applicability to areas other than the Los Angeles
basin.

The rule was eventually amended by two other rules of the Southern California Air
Pollution Control District:

1. Rule 102 changed the listing of solvents in Rule 66 by the following additions or
subtractions: , '

Type (1) Solvents — perchloroethylene is excluded.
Type (2) Solvents — methyl benzoate and phenyl acetate are excluded. -
Type (3) Solvents — no change.

To aid industry in determining if specific coating formulas were in compliance, an
expanded tabulation was issued by the Air Resources Board (ARB) in Resolution 76-12
of February 19, 1976. It states:

""Now, Therefore, Be It Resolved, the Air Resources Board hereby adopts for
the purposes of inventory and planning, the classification of organic compounds
according to photochemical reactivity as set forth in Appendix V attached
hereto."

The Appendix V referred to in the resolution is presented here as Figure 3.
2. Rule 442, the second rule amending Rule 66, imposed specific limitations on

emissions. Note that these are not clear as to definition of a coating line or entire
coating plant, although subsection (b) uses the word "'collectively. "



Class | Class II
(Low Reactivity) {Moderate Reactivity)

Cq-C, Paraffins

2
Acetylene Cvclic Ketones
Benzene Alkyl acetates
Benzaldehyde 2-Nitropropane
Acetone Cg+ Paraffins
Methanol Cycloparaffins

Tert-alkyl alcohols n-alkyl Ketones

Phenyl acetate N-methyl pyrrolidone
Methyl benzoate
Ethyl Amines Alkyl Phencls (1)

Dimethy] formamide Methyl phthalates (2)

Perhalogenated
Hydrocarbons

Partially halogenated
paraffins

Phthalic Anhydride (2]

Phthalic Acids (2)

Acetonitrile( 1)

Acetic Acid
Aromatic Amines
Hydroxyl Amines
Naphthalene (1

Chlorobenzenes (1)

1)

Nitrobenzenes (

Phenol (1)

Class III
(High Reactivity)

Mono-tert-alkyl-benzenes

N,N-dimethyl acetamide

All other aromatic hydro-
carbons

(including partially halo-
genated)

Aliphatic aldehydes
Branched alkyl Ketones
Cellosolve acetate
Unsaturated Ketones

Primary § secondary Cy+
alcohols

Diacetone alcohol

Ethers

Cellosolves

Glycols(1)

C,+ Alkyl phthalates (%)

Other Esters (2)

Alcohol Amines(2)

Cs+ Organic acids + di acid (2)
Cs3+ di acid anhydrides(?)

Formin (2)
(Hexa methylene-tetramine)

Terpenic hydrocarbons

Olefin oxides (2)

(1) Reactivity data are either non-existent or inconclusive, but concluszive date from similar compounds are available;

therefore, rating is uncertain but reasonable.
(2) Reactivity data are uncertain.

Source: Communication from the State of California Air Resources Board, Appendix V, Resolution 76-12.

Figure 3. ARB Reactivity Classification of Organic Compounds



equipment in which organic solvents or materials containing organic solvents
are used, unless such emissions have been reduced by at least 85% or to the
following:

(1) Organic materials that come into contact with flame or are baked, heat
cured or heat polymerized, are limited to 1.4 kilograms (3.1 pounds)
per hour not to exceed 6.5 kilograms (14.3 pounds) per day.

(2) Organic materials emitted into the atmosphere from the use of photo-
chemically reactive solvents are limited to 3.6 kilograms (7.9 pounds)
per hour, not to exceed 18 kilograms (39.6 pounds) per day, except as
provided in subsection (a) (1). All organic materials emitted for a dry-
ing period of 12 hours following their application shall be included in this
limit.

(3) Organic materials emitted into the atmosphere from the use of non-
photochemically reactive solvents are limited to 180 kilograms (396
pounds) per hour not to exceed 1350 kilograms (2970 pounds) per day,
except as provided in subsection (a) (1). All organic materials emitted
for a drying period of 12 hours following their application shall be in-
cluded in this limit.

(b) Equipment designed for processing a continuous web, strip or wire which
emit organic materials shall be collectively subject to the limitations stated
in subsection (a). ’

(c) Emissions of organic materials into the atmosphere required to be controlled
by subsection (a) shall be reduced by:

(1) Incineration, provided that 90 percent or more of the carbon in the or-
ganic material being incinerated is oxidized to non-organic materials,
or

(2) Incineration, provided that the concentration of organic material follow-
ing incineration is less than 50ppm, calculated as carbon and with no
dilution, or

(3) Adsorption, or

(4) Processing in a manner determined by the Air Pollution Control Officer
to be not less effective than (1) or (3) above, " *

*Communications from State of California Air Resources Board, July 26. 1976



CALCULATIONS FOR DETERMINING REACTIVITY OF A COATING FORMULA

Each coating formula containing solvents may have to be revised according to Rule
66 or Rule 102. For determining if revision is necessary to achieve conformity, use
the calculations that follow.

For evaluating solvents in connection with Rule 66:

Given: A coating solvent with the following composition:

Toluene 15.0%

Xylene 2.0%
Methyl isobutyl ketone 7.0%
Isophorone 10.0%
Saturated aliphatic solvents 66.0%
Total 100. 0% by volume

Problem: To determine if this solvent system is photochemically reactive as
defined by Rule 66.

Solution: Tabulate the materials in the solvent that may be photochemically
reactive. Columns (1), (2), and (3) refer to the photochemically reactive

groupings listed on page 8.* i
Classification
Chemi N
emical Name Name (1) (2) (3)
Toluene Aromatic 0 % 0 % 15.0%
hydrocarbon
Xylene Aromatic 0 2.0 0
hydrocarbon
‘ Methyl isobutyl Branched alkyl 0 0 7.0
’ ketone ketone
: Isophorone Cvclic ketone 10.0 0 0
% Aliphatic C, " paraffins 0 0 0
i solvents
Total 10.0% 2.0% 22.0%
Limit 5.0% 8.0% 20.0%

*Readers may need a chemica! handbook to refate these compounds—and those used in their planis—to the
classifications in Columns (1. (2). and (3) of Rules 66 and 102.

10



This system is photochemically reactive on three counts:

® The group (1) total exceeds the 5 percent allowance.
e The group (3) total exceeds the 20 percent allowance.
® The total of all groups (34 percent) exceeds the 20 percent total allowance.

Utilizing the expanded ARB tables and definition of Rule 102, the positioning of
various solvents changes as follows:

Chemical Name (1) (2) (3)
Toluene ] 15.0%
Xylene 2.0%
Methyl isobutyl ketone 7.0%
Isophorone - 10.0%

Aliphatic solvents 66.0%
Total 0.0% 76.0% 24.0%

The s‘ignificant differences between Rule 66 and Rule 102 (plus the ARB tables) are
the movement of some solvents into higher reactivity categories and the inclusion of
aliphatic solvents as part of the reactivity calculation. '

»

11



CHAPTER 11

PLANT OPERATING FACTORS AFFECTING
HYDROCARBON EMISSIONS

The first part of this chapter will be a discussion of emissions from various
coating formulas and thicknesses.

In the second part, we will examine the steps of the coating process to see what
each contributes to the total emission picture.

NON-PROCESSING FACTORS AFFECTING EMISSIONS
The amount of organic emission is related to:

e Composition of the coating;
e Amount of coating applied;
& Post-application chemical changes; and .

® Non-solvent contaminants.

COMPOSITION OF THE COATING

As we have seen, the amount of solvent emitted depends on the composition of the
coating material.

Figure 4 shows in very general terms the amounts of solvent emitted under the
same conditions from various coating compounds. In general, low-solids lacquers
will produce more emissions than high-solids urethanes, and significantly more than
waterborne systems.

Some typical values of solvent emissions in grams per square meter for different
coating systems are given in Figure 5. The five enamels shown in the figure, which
contain from 29 to 57 percent solvent, will emit 52 to 79 grams per square meter.
Note that there will also be some emissions from unreacted resin components and de-
composition products that volatilize during baking.*

*Resin emissions generally come from thermosetting coatings that require polymerization or crosslinking of low
molecular weight fractions. These components gradually build in molecular weight (with decreased volatility) as
the exposure time and temperature increase. Hence. the emissions contain both solvent and polymer fractions.
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Figure 4. Solvent Emissions from Various Coating Formulas
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Emissions from thermoplastic coatings are almost totally solvent. These poly-
mers are applied at high molecular weight, so that little change occurs between appli-
cation and baking.

Emissions can also be linked to the nature of the part to be finished. Expected
levels of emissions per-unit-produced are given in Figure 6 for some segments of the
metal coating industry. Although total emissions vary significantly from a beverage
can to 2 washer, due to the area covered, the net emissions per square meter are
about the same.

Obviously, two factors must be considered in selecting coating formulas: the type
of material to be coated and the characteristics of the desired finish. In a later sec-
tion, we will discuss how recent developments in formulation have increased the choice
of formulas, with particular significance for overall emission reduction.

In addition, an economic choice sometimes has to be made in meeting emission
standards: whether to invest in emission control equipment or switch to a more expen-
sive coating. This will be discussed later.

AMOUNT OF COATING APPLIED
The total emissions during a coating process are affected by:

e The area to be coated;
e The thickness of the coat;
e The efficiency with which it is applied; and

e The percent of solvent in the coating.

Area and thickness can be controlled to some extent by design of the part and the
application technique. '

Application efficiency—for instance, avoiding overspray, overcoating, and excess
widths and using a minimum of passes to achieve the thickness desired—can profoundly
influence total emissions and is directly controllable by operating personnel.

Figure 7 gives a simple equation for predicting the total amount of solvent emis-
sion from any operation involving non-waterborne coating.

POST-APPLICATION CHEMICAL CHANGES

Evaporation rates of individual solvents in the coating can vary to such an extent
that if significant air drying occurs before baking—generally the case—the solvent mix-
ture remaining in the coating at the beginning of the baking operation is much richer in
the high-boiling solvents. For example, a solvent mixture initially consisting of equal
parts of isopropyl alcohol and xylene will tend to lose isopropyl alcohol faster than
xylene. Thus, after air drying, which would remove most of the isopropyl alcohol, the
solvent to be removed in baking could be mostly, if not entirely, xylene.

15
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W = 0.0623PA n (IF—O.O.]P)

where :

=  weight of solvent vapors in |b,

A = area coated (sq. ft.)

n = dry mils.

P = percent solids by volume

f = efficiency factor (dimensionless)

empirically determined (f < 1)

P =  solvent density (Ib./gal.)

Source: Foster D. Snell, Inc.

Figura 7. Potential Solvent Vapor Emissions from Coating Operations

Normally, however, the temperatures used in baking ovens are not high enough to
cause chemical changes in the remaining volatile solvents, except for the polymeriza-
tion of certain liquid monomers or oligomers (styrene, for instance).

In direct-heated, gas-fired recirculating ovens, widely used in the industry, cer-
tain changes may occur in the solvent through contact of the vapor-laden air with the
heating flame. Some of: the solvent may be directly burned to carbon dioxide and water;
some may remain in its original chemical state; and some may be modified or chemi-

cally changed.

These modified chemical structures will result in emissions drastically different
from those expected from the initial composition of the solvent mixture; however, they
are still considered hydrocarbons, subject to emission controls and guidelines. They
can also contribute to the formation of tarry aerosols or condensables that constitute a
new component of the exhaust. Although these latter compounds are potential pollutants,
they have not been covered in any hydrocarbon emission guidelines published so far.
They also present potential surface-fouling problems for incinerators, adsorbers, or
heat-exchange equipment.

On the other hand, since a good proportion of the solvent vapors are probably -
burned to CO, and water in the combustion area, actual amounts of organic materials
emitted to the atmosphere may be less than that calculated by the standard mass bal-
ance methods.

Because of the changes that can occur during air drying and baking, stack sampling
must be done to obtain the actual emissions for design and compliance purposes.

17



CTHER CONTAMINANTS

Coating operations produce other contaminants besides the solvent vapors. A ma-
jor source of these is the spraying operation. We will discuss overspray and ways of
reducing it later. For now, the relevant poirt is that part of the aerosol from the
spray gun may dry before it reaches either the target article and/or whatever device
(baffle or water curtain) has been set up to catch the wet overspray.

This dry material, in the form of particulates, will be part of the vapor exhaust.
In general, the amounts thus generated are not significant. However, if adsorption
devices are used for controlling the vapor emissions, the particulates will have to be
filtered out because they tend tc foul the activated carbon beds.

PROCESSING FACTORS AFFECTING EMISSIONS

There are a number of commeonly used coating processes. A brief survey of these
will be followed by discussion of emissions asscciated with the various processing steps.

COMMONLY USED COATING PROCESSES

The basic processes used for coating include spraying, dip coating, flow coating,
coil coating, and masking.

Spraying

Typical spraying operations are performed in a booth, with a draft fan to prevent
explosive or toxic concentrations of solvent vapors. Essentially, there are three
spraying techniques: air atomization, airless atomization, and electrostatic.

Air atomization uses its own air source, which may be heated, filtered and/or
humidified, or treated in some other fashion. Airless spraying, on the other hand,
atomizes without air by forcing the liquid material through specially designed nozzles
under a pressure of 1,000-2,000psi. On release to atmospheric pressure, some
of the solvents in the surface coating vaporize and join with the straight hydraulic
forces at the nozzle as atomizing agents. In general, with airless spraying less sol-
vent will be volatilized in the spray booth than with air spraying, meaning that more
solids may have to be removed later during air drying or baking.

During airiess atomization, total volatilization of a portion of the solvent will
probably occur, and emissions from this type of booth will be similar to the sclvent
formula. Air atomization, which is based on partial volatilization of the solvent blend,
is likely to produce emissions high in low-boilers.

Electrostatic spraying projects charged coating particles into an electrostatic field
created by a potential difference of «bout 100,000 volts between the articles sprayed
and spray grids 12 inches away. The particles of wet paint from the spray gun enter
this field with the same potential as the grids and are thus repelled by them and at-
tracted to the article being sprayed.
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Dip Coating

In dip coating operations, the object is immersed for the required time in a tank
of the coating. When the object is removed, excess coating drains back into the tank,
either directly or via a drain ramp.

Flow Coating

Articles that cannot be dipped due to their buoyancy, such as pressure bottles, are
subjected to flow coating. Material is fed through overhead nozzles in a steady stream
over the article. Excess coating drains by gravity from the coated object and is re-
circulated. Removal of excess coating material and solvents is aided by jets of heated
air.

Coil Coating

Coil coating is a technique for applying finishes to long flat strips or coils of metal,
on one side or both, by means of rollers similar to those in a printing press. Three
power-driven rollers are normally used. One of the rollers is partially immersed in
the coating material. The coating is then transferred by direct contact to a second
parallel roller. The object to be coated is run between the second and third rollers
and is coated by the second roller.

Masking

Masking is a technique for applying coatings where sharp, clean edges are needed;
for instance, for lettering, stripping, and two-color finishes. The areas to be left un-
coated are masked with cloth, plastic sheeting, tape, or a special mask derived by
photography from an artwork pattern (silk screening).

The coating may then be applied by stencil or rubber squeegee. Masking is usually
removed while the coating is still wet to prevent frayed edges and to ensure sharpness.

EMISSIONS FROM THE VARIOUS PROCESSING STEPS

Emissions of solvent vapor vary not only with the coating formula but also with
each individual processing step.

Spraying

Paint-spray booths generally have one side open to the rest of the plant; ventilation
of the booth is necessary to ensure both operator and plant safety. Normally, spray-
booth ventilation velocities of from 100 to 150 feet per minute per square foot of booth
opening are adequate for manual operations. * Insurance standards require that the

*Air Pollution Engineering Manual, AP-40. 2nd Ed., US. EPA, May 1973,
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average velocity over the open face of the booth be not less than about 1.5 feet per sec-
ond. All fumes should be vented through a fume hood instead of into the plant.

Discharge from a paint-spray booth consists of particulate matter and organic sol-
vent vapors. The particulate matter consists of entrained coating material that did not
adhere to the object being painted or to the inside surfaces of the booth. The organic
vapors are generated from the evaporation of solvents, resins, diluent, or thinner.

Generally, emission levels are increased by overspray; that is, material that
misses the surface to be coated. The table below gives overspray percentages for the
various spray technigues.

Overspray Percentages as a Function of
Spraying Methods and Surfaces Sprayed*

Flat Table Leg Bird Cage
Method of Spraying Surfaces Surface Surface
(%) %) (%)
Air atomization 50 85 90
Airless 20 to 25 90 90
Electrostatic
Disc 5 5to 10 5 to 10
Airless 20 30 30
Air atomized 25 35 35

*Air Pollurion Engineering Manual, AP-40, 2nd Ed., EPA, May 1973,

Solvent concentrations in spray booth effluents vary from 100 to 200 ppm for man-
ual operations. Solvent emissions from spray booth stacks vary with the extent of the
operation, from less than 1 pound to more than 3,000 pounds per day. No definitive
data is available for automatic spray booths. -

Virtually all solvents evaporate in the course of the coating sequence, each at its
own rate. For measuring purposes, this evaporation is viewed in terms of '"flash-off, "
defined as the quantity of solvent evaporated under either ambient or forced conditions
from the surface of a coated object during a specific time. The graph in Figure 8
shows flash-off times for various coating types applied b~ spraying and is useful for
determining potential emissions from different coating systems. The total emission
load, however, is significantly affected by the size, shape, and number of pieces being
coated and other factors.
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Figure 8. Evaporation Rates of Various Formulas

Solvent emissions, then, vary with types of spray operations. However, particu-
late matter, the other type of emission, can be effectively removed (50 - 98 percent)
by techniques to control the particulate emissions. These include:

Dry Baffle. In this method, the wet overspray collects on large panels called
baffle plates, which catch 50 - 90 percent of the particulates produced by spray-
ing a high-solids enamel. With low-solids lacquers containing highly volatile
solvents, efficiencies may be much lower due to the rapid drying of the lacquer
and poor adhesion of dry particles to the baffle.

Paint Arrestor. Filter pads used in this method can remove up to 98 percent
of paint particulates. Filtering velocities should be less than 1.3 m/sec.

Water Wash. Water curtains and sprays are 95 percent effective in removing
paint particulates. A water circulation rate of 1 - 5 liters per cubic meter of
exhaust air is usually recommended. Surfactants may be added to the water {j
aid in removing paint from the circulating tank.

In order of effectiveness, the paint arrestor would be considered the best technique
for removing particulates when downstream solvent vapor processes such as catalytic
or other afterburners, heat exchangers, or carbon absorption beds are used. Water
washing to remove particulates would be a second choice, assuming that the solvent
vapor processes can tolerate some water in the vapor stream. Baffle plates would be
considered the third and least effective method, although by far the cheapest.
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Concentrations of water-soluble solvent vapors are sometimes reduced, particu-
larly in non-recirculating sprays. However, this creates a water contarnination prob-
lem necessitating treatment. Solvents tend to increase the BOD (biochemical oxygen
demand) level of wastewater to a considerable degree (several hundred ppm).

The following table shows the effectiveness of a water curtain in reducing solvent
vapors in a sample spraying operation:

Emissions from Automatic Airless Spraying Operations
(Alkyd Coating with Xylol Solvent)

Emissions in lb./hr.*
Operaticn
Particulaie Organic
Spray (ne water curtain) 0.5 4.0
Spray (water curtain on) 0 3.5

*These emissions total about 60 percent of the organic emissions from this particular operation. Typically. spraying
accounts for 40 - 60 percent of the total emissions from a coating operation.

Source: Foster D. Snell, Inc.

Note that in the case above the water spray reduced organic vapors discharged to
the atmosphere by about 10 percent. The contaminated water was collected and the
xylene recovered by separation, with the balance discarded. “With highly soluble sol-
vents, for instance methyl-ethyl-ketone, distillation may be necessary to recover the
solvent and minimize sewer disposal.

Although air pollution was significantly reduced in this case, the disposal of sol-
vent or particulate-laden water to the sewer had to be carefully monitored to keep it
within water pollution guidelines. It is important, of course, to avoid substituting one
set of pollution problems for another.

Flash-off occurring after the spray operation but before baking is treated later in
this book as a separate category of emissions; Rule 66, however, includes pre-baking
emissions as part of spraying.

Other Application Techniques

Emissions from other application techniques such as flow coating, dip coating, or
coil coating differ from spray coating emissions to the extent that these methods re-
quire less coating material. However, the expected sclvent emission load from these
techniques can vary widely.

In fact, flow coating may not be much better from an emission standpoint than

spray coating. For flow coating, the proper percentage of solids and correct viscosity
must be maintained. Further, so much solvent is lost during recirculation and air
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In general, electrical heating costs more than direct-fired gis, hut total emission
loads are reduced.

Baking or curing ovens can produce a variety of poliutants in addition to pure
"emissions" from the coating including (a) smoke and other products of incomplete
combustion resulting from improper operation of a gas- or oil-fired combustion
heating system, which can interfere with stack sampling procedures by fouling test
elements; and (b) aerosols arising from the partial oxidation uf ovgunic solvents ex-
posed to flame and/or high temperatures and from chemical reactions that occur in the
resins (these can be deposited on heat exchangers, adscrption beds, and related hard-
ware, reducing their effectiveness).

Emissions from ovens, therefore, vary significantly with the oven type (batch or
continuous), method of heating, condition of the part before it cnters the oven (pre-
dried), and oven-operating parameters such as the allowable LEL.

Emissions from the Overall Coating Process

In most coating operations, 40 - 80 percent of the solvent evaporates at the time

of application and/or during subsequent air drying. The remzining 20 - 60 percent

evaporates in the oven.

The table below provides an overview of this chapter and gives general emission
ranges as a percentage of the total emission load from typical coating operations.

Percent 0f Total Emissions from Various Coating Steps

Coating Step
Coating Method
Application Pre/Air Dry Bake
Spray Coat 30-5¢0 10-30 20-40
Flow Coat 30-50 20-40 10-30
Dip Coat 5-10 10-30 50-70
Roller Coat 0-5 10-20 60-80

Source: Foster D. Snell, Inc.

In a specific example, 30 percent of the emissions occurred during the spray
process itself and another 8 percent occurred in the conveyor between the spray booth
and the continuous curing oven.
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CHAPTER 111

PLANT SURVEYS OF HYDROCARBON EMISSIONS

An important early step in controlling emissions is to determine the volumes gen-
erated and their sources. Plant operators need to know which operations are most
responsible for solvent pollution. Identifying emissions from each process is essentia]
to developing a central plan for complying in a cost-effective and practical manner,

The plant survey gives this information and provides a basis for determining if the
plant is in violation of regulations and to what degree. To carry out an effective plant
survey the following steps are necessary:

e Obtain the latest regulatory requirements;

® Determine which coating operations are affected by the regulations;

® Determine which coating operations are major emitters;

® Estimate the emissions from the sources identified;

® Measure the level of emissions; and

¢ Develop a plan to minimize emissions and improve the plant's compliance
position.

OBTAINING THE REGULATORY REQUIREMENTS

Most cities and states have Air Pollution or Air Control Offices. Contact the one
in your area for the latest regulations that may affect the operation of your plant. Dis-
trict offices of the U.S. Environmental Protection Agency should also be asked for any
relevant information.

DETERMINING COATING OPERATIONS TO BE REGULATED

Since emission standards vary from one area to another, a coating line may be in
compliance in one state and in violation in another. Opportunity may thus exist, over
the short term, for a tompany to increase production in a plant bound by less stringent
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blow-off of excess coating that flow coating is cften done in a "tunnel' to keep the
solvent-laden air in a fixed area. The result is that a well-run flow coating operation
using 60, 000 gallons of coating per year may use as much as 54,000 gallons of makeup
solvent to compensate for '"tunnel solvent'' losses. This is much more wasteful than
an air-atomized spray cperation with 50 percent overspray.

Dip coating solvent losses are generally under 10 percent, depending on time of
year and temperature in the plant. This usually represents much less solvent loss
than that occurring with spraying or flow coating and does not normally require much
makeup solvent.

From the standpoint of overall emissions, the single most efficient coating method

is roller or coil coating, a process in which extraneous evaporation is practically neg-
ligible, since all coating supplied to the coating head is placed onto the web to be coated.

Pre-Drying Procasses

Enough solvent must evaporate before the coated part enters the finishing or curing

oven to avoid bubbling, uneven coating thickness, and other adverse effects. —
with solvent evaporation, the-pre i allows time for the coating to level

itself if it has been unevenly applied. The skilled coating formulator can often vary
solvent balances to minimize these problems, as well as to reduce emissions from the
pre~drying operation.

Pre-drying is usually carried out on conveyors, which are often open to the atmo-
sphere. As will be discussed later, it may be advantageous to enclose these conveyors
to maintain the highest pérmissible vapor concentration in the air surrounding the dry-
ing parts. This allows a gentler drying of the coating to help prevent blisters or bub-
bles in the curing oven. Care must be taken, however, to ensure that the atmosphere
in the oven is in keeping with LEL determinations.

Emissions from pre-dryers will, in general, contain higher concentrations of the
low-boiling components of the solvent blend.

Ovens

The last step in coating operations is the final conditioning of the coating. While
certain coatings can be totally air dried, this is usually too slow for industrial proc-
esses. In general, heat must be applied to speed the curing rate.

A distinction can be made between drying and baking. Drying generally refers to
removal of volatiles such as solvents. Baking is the process by which a coating cures
or otherwise changes to develop its film integrity. However, this distinction has less
effect on emissions than the methods used and the type of oven.

There are two basic types of ovens: continuous and batch.

From an emission standpoint, the difference is important only insofar as the at-
mosphere of a batch oven is easier to control than that of a continuous oven. However,
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solvent evolution in 2 batch oven is a function of time and temperature, meaning the
coated part generally reaches the temperature required for baking the finish, making
subsequent handling difficult.

In a continuous oven, the evolution of selvent vapors varies in different zones of
the oven. This may enable more control, depending on the configuration of the oven's
exhaust system. In general, emissions in continuous ovens are more diluted than
those in batch ovens, reducing problems with LELs. However, this dilution can make
emission control in exhaust gases from continuous ovens more difficult and expensive.

Ovens also differ in the way they provide heat. Oven design should allow for:

» Sufficient time before contact with heat for the coated surface to level and for
highly volatile solvents to evaporate slowly, inhibiting bubble formation;

e An initial low-temperature zone for continued slow evaporation of solvents, to
further inhibit bubbles;

e Sufficient time and temperature for a full cure of the coating;
¢ Termination of the heating process before the coating is damaged;
e A cool-down zone to set the coating and enable handling;

e Removal of emissions to prevent their interference with the curing process;
and

e Enough air flow to keep the atmosphere at approximately 25 percent of LEL,
well below the explosive limit, to be maintained by control of coating formula-
tion, air flow rate, and other variables.

Along with the basic design of a curing oven, a choice of heat source must be
made. This may be dictated by both the fuel or energy available and the emissions
expected. Types of oven heating include:

e Direct-fired gas heat, in which the products of combustion combine directly
with the process air. Oven burners may use either fresh makeup air or re-
circulated oven gases containing evaporated solvents and other volatiles.
Flame contact with recirculated gases may cause molecular cracking or con-
version, which may render the effluent gases photochemically active.

e Indirect-fired gas heat, in which combustion products pass through one side of
a heat exchanger and discharge directly into the atmosphere. Process air,
heated before being circulated to the oven, passes through the other side.

e Electrical heat, in which fresh makeur air or oven gases are passed over elec-
trical resistance or infrared heaters. This is similar to direct gas-fired heat,
but it eliminates combustion jroducts. However, some solvent modification
can result from contact with the heating elements when resistance heaters are
used.
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emission standards, allowing time for bringing all coating lines into compliance
without a loss in production.

IDENTIFYING MAJOR EMITTERS

Coating operations should be assessed in terms of their overall contribution to total
plant emissions. Large volumes of solvents used to clean applicator rolls contribute to
solvent emissions, yet are not generally included in coating-line solvent calculations.
Spray booths used intensively but for short periods of time must be considered. ''Tun-
nel losses' from flow coating lines contribute significantly to emissions. A noncoating
operation, such as panel degreasing, may be an important emitter. Finally, if a plant
makes its own coating, this operation can also be a major emitter.

ESTIMATING AMOUNT AND TYPE OF EMISSIONS

Once the plant has determined the major sources of emissions, an overall tabula-
tion should be made of the amounts and types. This tabulation must include solvents
used for makeup, dilution, and cleaning.

Coating suppliers should be contacted to find out the percentage of solids and types
of solvents in their products. This also serves notice to the supplier that the plant is
interested in compliance-type solvents.

Ideally, each articleewould be coated and then weighed immediately after both air
drying and baking to determine how much weight loss (emission) takes place at each step.
Based on these weights, and on the temperatures of drying and baking and the formula-
tion supplied by the coating manufacturer, an estimate could be made of the type of
emissions from each stage of the process. Obviously, this would not be practical for
auto bodies, refrigerator paneling, and other large items. Sample coupons or small
panels might be interjected into the coating line to obtain the information for large
pieces, however.

As a first approximation, the daily consumpticn of coating multiplied by the per-
cent of solvent would produce a total solvent emission load. This total load would then
be factored according to the breakdown in the table on page 26, presented to show per-
centage of emissions from individual process steps. AS stack testing is expensive,
some states accept the results of such material-balance calculations.

MEASURING EMISSION LEVELS
The only reliable method for determining actual emissions is to measure them in
the effluent streams. The major effluent stream for gaseous emissions is the stack,

which transports the final emissions after the stream has passed through paint arres-
tors, water wash towers, adsorption devices, catalytic afterburners, etc.

27



However, the validity of this method, relied on more and more by regulatory
agencies, is impaired because of the following factors:

& Measurements are based on volumetric quantities, which are significantly af-
fected by temperature;

# DMany of the analytical techniques commonly used do not give a real value for
the amount of material in a given volume of gas, and empirical factors have to
be applied;

e Variations in air flow and/or concentrations are difficult to compensate for
with current equipment; and

® Some of the emissions may be compounds for which no standard analyses are
available.

Stack sampling results are also affected by the point at which the sample is taken.
Although continuous operations would tend to produce a uniform level of emissions,
batch operations can produce constantly changing emission loads. This means that for
a total picture of a given plant's operation, continuous monitoring is probably required.

A further problem with stack sampling is that, in general, emissions from a plant
or coating line are discharged through more than one stack. Therefore, each has to
be monitored, uniess the exhaust can be combined before sampling.

PLANNING FOR COMPLIANCE

Once it has been determined that a certain coating operation is the major emitter,
steps should be taken to reduce its emission load by formula changes, process modifi-
cations, or other means.

This shculd be followed by effective policing to ensure that the changes are, in
fact, producing the desired emission reduction. The second major emitter should then
be approached in the same manner.

In any comprehensive survey and action program, the services of outside experts
may be worthwhile. Experienced consultants have an up-to-date awareness of current
regulatory thinking, without preconceived biases as to how the regulations should be
approached or applied. They have access to the latest technology in stack sampling
procedures, which can shorten the training period for plant personnel. Finally, con-
sultants, using the plant's stack analyses and their familiaritv with the regulations,
can advise plant managers how compliance may best be achieved.
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CHAPTER 1V

EMISSION REDUCTION BY IN-PLANT PROCESS
CHANGE: OPPORTUNITIES AND PROBLEMS

Earlier in this publication, the various approaches to emission reduction were
broadly presented. In this chapter, we will discuss technical and economic aspects of
formula changes and the potential impact of process changes.

EMISSION CONTROL THROUGH FORMULA CHANGES

The problem associated with formula changes can be both technical and economic.
Before discussing these problems, we assume that experimentation has been or will be
performed to ensure that the new coating meets predetermined specifications, that ad-
equate supplies of the coating are available, and that plant personnel are fully trained
in its application. Finally, the revised coating must be checked at the outset against
internal cost standards, a point illustrated by the sharply varying costs of the polymer
systems in Figure 9. The data, although 8 years old, also illustrates the wide variety
of coating systems available. Note that silicone and fluorochemical polymers are still
the most expensive.

The main ways of va'rying formulas are discussed below, in terms of both advan-
tages and problems.

SOLVENT CHANGES

As a result of regulations affecting the use of photochemically reactive solvents,
practically all the conventional formulas are now available with "conforming'" solvents.
This means that the new formulations meet the requirements and limitations of old
Rule 66, discussed earlier.

Figure 10 shows some of the types of systems that meet the requirements and the
compositions of their solvents.

The solvent-changing approach, however, has two main limitations: (a) emissions
of non-photochemically reactive solvents are still limited by Rule 442, discussed
earlier, to 396 pounds per hour and a maximum of 2,970 pounds per day; and (b) re-
formulations generally result in higher costs. For example, a 100-percent xylene
thinner costs about 60 cents per gallon. The cost of the complying substitute formula
in Figure 10 would be 90 cents per gallon.



Dominant resin=type in coating

Rel cost/ft2of
a 2-mil thickness

of coating
Oxidizing aikyd 1.00
Oxidizing olkyd and melamine and/or urea 1.30
non-Oxidizing alkyd and melamine 1.50
non-QOxidizing alkyd and urea "I .35
Viny!l chloride-acetate copolymer 1.50
Acrylic-type copolymers 4.00
Styrenated alkyds (oxidizing) 1.10
Phenolic 1.70
Epoxy 2.00
Epoxy and melamine 1.50
Melamine and ethylcellulose 1.50
Polyurethane and alkyd 1.60
Silicone 10.00
Silicone and alkyd 7.00
" Allyl ester copolymers 6.00
Polyamide (nylon) 10 mils. flame spray 5.00
Polytetrafluoroethylene (Teflon) flame spray 13.00
Poly (chlorofluoroethylene) (Kel-F) | 11.00

I

Source: Kirk Othmer, Encyclopedia of Chemical Technology, 2nd Eu., Volume 5.

Figure 9. Relative Costs of Coatings
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I Composition of surface coatings, % vol
Hydrocarbon
Type of surface Weight, | Nonvolatile Aliphatic Alcohols Esters Ethers
coating 1b/gal portion Saturated | Aromatic | saturated | Ketones saturated | saturated

Enamel, air dry 7.6 4 319.6 . — 93.5 6.5
Enamel, baking 9.1 42.8 82.1 11,7 6.2
Enamel, dipping 9.9 59.0 58.2 7.2 30.9 3.7
Acrylic enamel 8.9 30.3 6.9 80. 6 12.5
Alkyd enamel 8.0 47.2 92.5 7.5
Primer surfacer 9.4 49,0 18.0 8.9 2.8 | 16.5 16. 8 18.0
Primer, epoxy 10.5 57.2 44. 8 15.9 3.0 28. 8 7.5
Primer, zinc 10.3 37.8 80.0 7.2 12.8

chromate
Primer, vinyl zinc 8.4 34.0 17.5 7.9 60.0 14. 6

chromate
Epoxy-polyamide 10.5 34,7 19.9 26. 4 34,5 19.2
Varnish, baking 6.6 35.3 . 97.0 3.0
Lacquer, spraying 7.9 26.1 7.0 1.7 21.3 23,2 45,1 1.7
Lacquer, hot spray | 8.4 .,/ 16.5 | 16,4 6.8 24. 3 17.2 la.8 | 20.5
Lacquer, acrylic 8.4 38.2 10.0 18.5 3.5 42.0 26.0
Vinyl, roller coat 7.7 12 43.5 56.5
Vinyl ’ 8.9 22.00 a 18.9 81,1
Vinyl acrylic : 7.5 15,2 84.9 15,1
Polyurethane 9.2 3.7 19.7 13,9 66.4
Stain 7.3 21. 6 80. 6 14,0 0.1 : 5.3
Glaze 7.8 40.9 91.6 8.4
Wash coat 7.1 12. 4 40. 6 14,7 10.8 13.7 15.7 - 4.5
Sealer 7.0 1.7 41.2 7.0 14.7 19.1 18.0
Toluene replace- 6.7 55.5 17.5 9.0 18.0

ment thinner (Toluene)
Xylene replacement 6.5 56.5 7.5 24,0 12.0

thinner ’

—
Source: Air Pollution Control Manual. 2nd Ed., AP-40. EPA. May 1973.

Figure 10. Examples of Surface Coating and Added Thinner Formulas on an As-Purchased Basis
: Having Conforming Solvent Systems
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INCREASING SOLIDS N EXISTING COATING FORMULATIONS

An obvious sterr in reducing solvent emissions is to increase the solids content of
existing coating svstems,

Advantages

In addition to reduced solvent emissions, particulariy during application and air
drying, the benefiis include:

¢ Reduced inventory space for drums. Drums of solvent-based coating typically
weigh 40C pounds. The foliowing chart shows the effect of reducing solids in a
coating formula in g plant that consumes 1.200 dry pounds of coating per day.

I .

' : . Dry Weight

% Solids y g

Per Drum

Drums Per Day

i N
! Wet VUeicht :
’ Per Drum ;

—_— :
} 460 , 30 4 120 10
|
‘ |
I
| 400 ! 60 { 240 5
i

Thus, a 100-percent increase in solids made possible a o0-percent reduction in
drum storage ares.

® Reduced drum handling by operators. Increased solids per drum would also

reduce the number of drum changes at the coater, freeing operators for other
tasks.

¢ Reduced energy for removing solvents. Changing from a 30- to 60-percent
solids system reduces by almost half the total solvent load that must be re-

- moved. Normally, however, to achieve such a high percent of solids more
polar or higher—potency solvents must be used. These would typically have
slight!y higher heats of vaporization than hydrocarbon solvents. Using typical
values, we see the effect of a change in solids on heat required to remove the

solvent;
7 f Avg. Heat of Heat Required to
‘% Solids by | ¢ Solvent by Vaporization Volatilize Solvent
Weight Weight of Solvent irom 1,2001bs.
[ [’ Btu/1b. ‘ of Dry Coating
30 ; 448,000
(14] 160,000

-

The chang - b~ osultec in a potential tnergy savings of almost 300,000 Btu.
Additiona; dain g “hergy savings are given in Figure 11.
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Solvent Base High Solids 80% Solids
. Thermoset Acrylic Polyester Urethane
Operation (Baking temper- (Baking temper= (Baking temper-
ature - 350°F) ature - 350°F) ature - 180°F)
Spray booth 233,280 233,280 233,280
Heat metal 466,100 466,100 183,110
Other heat losses 231,840 231,840 91,080
Oven exhaust 879,984 94,651 37,184
Total Btu required 1,811,204 1,025,871 544,654
for processing

NOTE: For these calculations it was assumed that the average yearly temperature was 52°F and that .018 Btu will
raise one cubic foot of air 1°F at 100% efficiency.

Source: Modern Paint and Coatings, March 1975,

Figure 11. Energy Requirements for Comparable Operations (Btu per hour)

e Increased potential for compliance with emission guidelines. The lower the
emissions from any part of the coating operation, the more likely that the plant
will be in compliance with emission restrictions. Care must be used in making
formula changes, however, to use solvents with emissions that are less photo-
chemically active.

o Reduced freight costs. Freight costs can easily be 2 cents per pound of gross
weight, with empty drums themselves weighing about 50 pounds. ' In the exam-
ple below, the freight cost for 1,200 pounds of dry coating would be reduced as
follows by a 100~percent increase in solids.

Coating Pounds of Total .
Solids Coating Purchased Drum Wt. Total Wt. Freight Costs
30% 4,000 400 4,400 $88
60% 2,000 250 2,250 $45

Problems
There are, however, certain drawbacks to high-solids systems, including:

e Higher viscosity of the coating system. As solids are increased, so is the vis-
cosity of the formula. Typical increases in viscosities as a function of the
solid content for prepolymer coatings are given in Figure 12. Higher applica-
tion viscosity may be handled by either equipment or operational changes. An
increased coating temperature, for example, may reduce viscosities enough so
that the higher-solids system can be run on the same equipment.
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1000

Acrylic and Polyester Polyols

PCP-0600X
800

PCP-0601X

600 — PCP-0300

406 -

Brookfield Viscosity, cps

200~

40 50 60 70 80 80

Polyol Solids, Weight Per Cent

Source: Modern Paint and Coatings, March 1975

Figure 12. Solids vs. Viscosity for Caprolactone, Acrylic, and Polyester Polyols

e Reduced storage stability. The higher the percentage of solids, the harder it
becomes to maintain a stable system. Skinning-over becomes more of a prob-
lem with higher solids, with redispersal more difficult. The tendency to thicken
or gel with time can often be counteracted by additives, but these may have del-
eterious effects on other coating properties.

e Less latitude with in-plant formula modifications. Because of the instability of
high-solids systems described above, it is usually difficult to modify them
in-plant.

Some typical formulas for high solid coatings are presented in Figure 13.

SWITCHING TO WATERBORNE SYSTEMS

Use of water-based coating systems is still a further choice of formula variations
for emission control.

Advantages
Differences between emissioas from waterborne systems and solvent-based sys-
tems are shown in Figure 14. For instance, at 30-percent coating solids, a waterborne

system containing 20 percent solvent and 80 percent water would have one-quarter of
the solvent emissions of a 100-percent solvent system.
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~ High-Solids Coaring (Whire) (B0 Solids)

Uiethane ]
) Méteri('!l;v o ! Total Weight ’
" Component | ;
Multron R-221 | 94.5 |
2-Ethyl-1,3 hexanedial? ‘; 94 .5 I
R-968, TiO,3 | 280.0 :
Modaflow, 10% in ethylglycal acetated | 10.4 "
FC 430, 10% in ethylglycal acetateb f’ 15.6 ‘
EAB 381-1/10, 10% in ethylglycal acetares f 10.4 ;
Dibutyltin dilaurate, 10% in ethylglycal acetate? ! 0.5 !
Ethylglycal acetate 163.1 l;
Component || 1 f
Desmodur N-100! | 331.0 |
| 1,000.0 |

1

High:gcﬂid; Acrylic Hard Fromel

Materials

Dis;e:;e on roller vmill

Solids Weigh'

94.5
94.5
280.0

331.0
801.0

Ponts By Weight

Titanium dioxide ,!' 50.0
Experimental Resin QR-542 (80% in Ektasolve EE acetate) } 40.0
Letdown !
Mill paste {above) , l 100.0
Experimental Resin QR-542 (80% in Ektosolve EE acetate) | 24.2
Cymel 301 22.0
P-TSA (30% in sopropano!) ! 0.5
n-Butyl acetate | 14.4
n-Butano! ) 1.9
l 173.0
_Formulation Comtants " T e e Formula B
Solids content I T T ""T‘ oo Ty T
Titonium dioxide (45%)
Binder (55%)
Experimental Resin QR-542 (70%) !
Cymel 301 (30%) ]l
Volatiles content ’ 23
Cotalyst, p-TSA (on binder) 0.2
Spray viscosity, #4 Ford cup (sec) 35 J'
1. Mobay Chemical Corp. . ﬁ__f;—EMEo T T e
2. Union Carbide Corp. 6. Eastman Chemical Products, inc.
3. E. I duPont de Nemours & Co. 7. M&T Chemicals, Inc.
4. Monsanto Co.

e _
Source: Modern Paint ang Coatings, March 1975,

Figure 13, Examples of Modern Formujas for High-Solids Systems

35



I
I

8 =
High Solids Coating (100% solvent)
100 --- %Solids
7 RSE = Y5 x 100 -

Water-Borne Coating {20% solvent)
RSE — _1_0_(] ~ %Solids
- % Solids

s

Retative Soivent Emission (RSE)
wn
|

1 | S
10 20 30 40 50 60 70 80

Application Solids, Per Cent by Weight

Source: Modern Paint and Coatings, March 1975,

Figure 14. Relative Emissions of a Hypothetical Waterborne System Containing 20% Solvent
and of a Conventional Solvent Base System

Figurc 15 further illustrates the reduction iy emissions from the substitution of
waterborne coatings for conventional or high-solids systems.

Additional advantages of switching to a waterborne system include:

e Reduction of flammability fevels. While many waterborne formulations include
"co-solvents, " these often evaporate before heat treatment, considerably re-
ducing problems in the ovens. Much lower dilutions are required due to the
lower percentage of solvent and also to the "quenching" effects of the water
vapor.

e Increase in usable polymers. In solvent-based systems, relatively few mono-
mers or prepolymers can be used becausc of solubility, viscosity, and related
factors. In particular, the molecular weights are severely restricted. This
affects the ultimate propertics of the coating. In waterborne coatings, the
cheice of monomers and/or prepolymers is much wider.

e Higher-solids content at _quivalent viscosity. In solvent polymerizations, as
the molecular weight increases so does the viscosity. Waterborne systems are
not as sensitive to viscosity from increased molecular weight. Thus, to obtain

~
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MI of Organic

Volume Ratio: 1
Paint System % N.V.V.*Total Non-Volatile/ :/::csf‘;leFfL;k:r,c\:;ield

Organic Volatile of Dry Film Coating

1. High=solids polyester 80 80/20 0.59
2. Coil=coating polyester 51 51/49 2.30
3. High-solids alkyd 80 80/20 0.59
4. Short-oil alkyd 34 34/66 4.75
S. Water-reducible polyester 48 ) 82/18 0.51
6. Water-reducible alkyd 29 67/33 1.16
7. High=-solids water- 80 90/10 0.24

reducible conversion varnish

8. High-solids woter-
reducible conversion varnish 73.5 90/10 0.24

9. High-solids water- ,
reducible conversion varnish 67 20/10 0.24

*Non-volatile by volume.
Source: Modern Paint and Coatings, March 1975, . N

Figure 15. Comparison of the Amount of Organic Volatile Material Contained in
High-Solids, Water-Soluble, and Conventional Paints

similar molecular weights, a solvent System must be used with a much higher
viscosity than that of a waterborne system. In addition, waterborne system

tems. Thus, waterborne Systems permit the use of higher solids with higher
molecular weight for the Same required viscosity.

® Lower raw material cost. The cost of solvent coatings includes the price of
the solvent, whereas in aqueous-based coatings very little solvent is used and
the water is free. A typical example follows of raw material costs for equiva-
lent solids systems, in which the solids cost 50 cents per pound and the solvent
an average of 75 cents per gallon, or 10 cents per pound.

Cost of Solids Cost of Total Raw j
per 1001b. Solvent Material Cost
40% Solids, -
solvent-based $20.00 $6.00 $26.00
40% Solids,
water-based $20.00 $1.50 $21.50
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The cost of the solvent will be reflected in the selling price of the coating. This
was a prime factor in the significant cost increases of solvent-based coatings
during the recent petrochemical shortage.

& Ease of clean-up. Water-based systems can be readily cleaned up with water,
whereas solvent systems require solvents.

Problems
Drawbacks associated with switching to waterborne coatings include:

e Use cf a comparatively untried technology. The traditional reliance on solvent-
based sysiems for metal coating has resulted in a lower level of interest in
waterborne systems. However, many authors claim that dry-film properties
have been develcped that are equal or superior in every respect to those
achieved by conventional solvent systems.

e Higher total-system energy requirements to remove water. Water has a higher
latent heat of vaporization (1,000 Btu/lb.)than most solvents (100-200 Btu/Ib.).
Thus, it takes more heat energy to evaporate or remove a pound of water than
a pound of solvent. A comparison follows of two systems, one a 70-percent
solids solvent coating and the other a 70-percent solids aqueous coating.

Coatin Latent Heat of Heat Required to
Tvpe & Volatiles Vaporization Volatilize 1,0001bs.
P Btu/Ib. ‘ Volatiles
Solvent Solvents 200 200,000 Btu
Aqueous Water 1,000 1, 000,000 Btu

As a rule of thumb, at $1.25 per 1,000 cubic feet of gas and 1,000 Btu per
cubic foot, the cost of natural gas is $1.25 per 1,000,000 Btu. Thus, evapo-
rating the solvent costs 25 cents and the water $1.25.

There may be compensating factors for the high cost of water removal, however,
in that some of the solvent that evaporates from waterborne coatings may be used for
heating requirements through burning of the oven exhaust gases. This depends on in-
dividual plant operations and will be discussed again later.

The higher energy requirement for evaporating the water is usually mitigated by
the fact that this constitutes only part of the heat loss of the oven; the exhaust gases
also carry away a pertion of the heat requirement. Figure 16 compares the energy
balance in an oven curing a conventional solvent system and an equivalent waterborne
coating that has a solvent componeint representing 20 percent of the volatile load. In
this instance the heat requirements are quite similar, with a 10-percent edge in favor
of the waterborne svstem.
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EXHAUST RATES

Solvent Coating
17.5 gallons of solvent) (10 ,000 cubic feet at 70°F, ( 1 hour
hour gallon 60 minutes

= 2925 cubic feet of air at 70°F. per minute.

The exhaust rate for the solvent system is 2,925 cubic feet of air at
70°F per minute.

Waterborne Coating

A, Solvent Requirement
17.5 gallons 10,000 cubic feet of air at 70°F . 1 hour
(0.2) —_—
hour gallon 60 minutes
= 583 cubic feet of air at 709F . per minute.
B. Humidity Requirement
17.5 gallons\ ;o (5.000 cubic feet of air at 70°F | 1 hour
hour ) gallon 60 minutes

= 1167 cubic feet of air at 70°F . per minute.

The total exhaust requiremeﬁt is 1,750 cubic feet of air at 70°F. per minute.

Solvent System

Parts and Conveyor Load

Q - (11.000 pounds 0.12 Btu
m hour pound OF . (3500F .-70°F .)

370,000 Btu/hour.

Panel Loss Load

0.3 Btu
sq. ft. OF.

[}

Qp (10,000 square feet) ( ) (350°F .-70°F .)

840,000 Btu/hour.

Figure 16. Heat Requirements for the Baking of Equivalent Solvent-Borne and Waterborne Coatings
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Exhaust Load

Q - 2825 cubic feet at 70°F .\ /0.075 pounds 0.24 Btu \
a minute cubic foot pound F .

60 minutes
hour

) (3500F .-70°F .) = 855, 000 Btu/hour.

Total 2,095,000 Btu/hour.
The total heat lost, i.e., the total heat input, is approximately 2,100,000
Btu per hour, which can be supplied by burning 2,100 cubic feet of natural

gas per hour.

Waterborne System = 3500 Bake

Parts and Conveyor Load

Ay = (11~ 0%&?:“““) ( S&iif;‘; ) (350°F .-70°F .)
= 370,000 Btu/hour.
Panel Loss Load
Q = (10,000 square feet) (%) {(3500F .-70°F .)
= 840,000 Btu/hour. ’
Water Evaporation Load
Qu - (14 gallons of water) <B.33 Eounds) ( 1,178 Btu )
hour gallon pound °F.
= 138,000 Btu/hour.
Exhaust Load
o - (1,750 cubic feet at 7ooF.) <0.07§ pounds> (__0._2i§t_u_>
minute cubic foot pound ©OF .
<§—0—%1“—:§3> (3500F .-70CF .)
Total: 530,000 Btu/hour

1,878,000 Btu/hour

The total heat lost, i.e , the total heat input, is approximately 1,900,000
Btu per hour, which can be supplied by burning 1,900 cubic feet of natural
gas per hour.

Source: Metal Finishing, December 1975.
Figure 16 (continued)
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e Rust and corrosion potential. Coating applicators, tunnels, and ovens would
now be subject to water vapor, which could condense and drip down onto moving
parts. Ovens made of galvanized stee! may be subject to water corrosion.

e Increased treatment of metal parts before coating. Most metal parts have
films of grease and oil that must be removed to achieve proper coating films.
Solvent-based coatings have an ability to "self-clean" some of the surface if it
has not been completely treated. Water-based coatings, however, would re-
quire a completely oil-free surface, which might increase pretreatment costs.

e Slow drying at high humidity. Coating operations that depend primarily on re-
moval of volatiles during application and air drying will be slowed down on days
of high humidity and slow water evaporation.

SWITCHING TO ULTRAVIOLET OR ELECTRON BEAM CURE SYSTEMS

Ultraviolet (U.V.) or electron beam systems rely on the rapid uptake of high-
intensity energy from an external source to polymerize the low-molecular-weight com-
ponents of the coating. The materials are supplied at close to 100-percent solids so
that, except for extraneous matter, all that is applied in the first place remains in the
coating.

Advantages
Benefits of using these systems include:

e Substantial emissipn reduction. The systems are inherently 100-percent solids,
or 100-percent active. Emissions are only incidental and can be as little as 5
percent by weight. There is ozone from the U.V. process, but this can be min-
imized by proper controls.

e High-speed reactions. Relative typical cure times for total-solids coatings

would be:
Curing System Time
Electron beam 1 second or less
Ultraviolet seconds
Oven minutes

e Low operating costs. Figure 17 is a synopsis of operating-cost comparisons
for conventional, U.V. and electron beam curing. Figure 18 compares the
costs of U.V. curing vs. infrared curing. This is of particular interest, since
infrared ovens can be readily converted to U.V. units. ~

e Reduced floor space for coater. Ovens normally take up much of the floor
space in coating lines. A system with U.V. of electronbeam curing that re-
quires minimum oven capacity will use less floor space.
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Typical U.V, Typical IR

Oven length (ft) 10 90
Line speed (fpm) 60 60
Vehicle Polyester Urea-alkyd
Nonvolatile (%) . 90-100 35-65
Film thickness (mils) 2 2
Coverage (wet) (sq ft/gal) 700-800 500
Coats ] 2
ture time (sec) 10 90
Exit temp (°F) 100 130
Cool No Yes
Cost of system ($/gal) 5.00-6.00 : 2.,00-3.00
Cost per sq ft (¢)

Per coat 0.7-0.9 0.9-1.3

Total ' 0.7-0.9 1.8-2.6
Power (kW) ) : 100 ’ 250
Power per sq ft (¢) Less than 0.1 App. 0.2 (2 coqfs)

Source: Journal of Paint Technology, Vol. 44, No. 571, Aug. 1972.

Figure 18. Comparative Costs of U.V. Curing and Infrared Curing

Problems

The disadvantages of switching to U.V. or electron beam curable coatings systems
are:

e High formula costs. As can he seen in Figure 18, formulas based on the types
of polymers that can be cured by U.V. or electron heam cost several times as

much as conventional coatings. necessitating tight control on overcoating and
waste.

¢ Limited selection of polymers. Since this is a relatively new technology, the
raige of polymers available is still limited, although some can coatings, var-
nishes, and inks have been developed.
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& Special precautions for high intensity energy sources. U.V. and electron beam
energy sources can cause injuries to workers if not carefully shielded and

operated.

e High costs of coating and curing equipment. Initial capital expenditures for
coaters, curing chambers, and protective shielding tend to be higher than
equipment for conventional coatings.

SWITCHING TO 100-PERCENT SOLIDS COATINGS

Total-solids systems represent an entirely different technology and for most ap-
plications require new equipment that is generally not compatible with existing lines.
Because of the potential advantages, however, the automotive industry has begun using
some of these coatings for auto bodies. Further, chain-link fencing is processed with
a "'green' coating, and many houseware items have protective plastic coatings.

Advantages
Benefits of using 100-percent solids coating systems include:

e Freedom from emissions. There is no solvent vapor generated in the curing
process for total-solids coatings. Emissions are therefore negligible and are
limited to solid particles that can be trapped by relatively cheap systems like
dust collectors.

e Reduced energy consumption. Since the coating is 100-percent solids, no heat
is required to volatilize solvent or water. The only heat needed for thermo-
plastic coatings is that necessary to melt or flux the material so that it will
bond to the surfaces.

Heats of fusion or melting tend to be lower than heats of vaporization, so that the
net heat required per 100 pounds of dry coating would be less than that for either the
high-solids or aqueous systems. Additional heat will be needed to cure the coating if
it is a thermosetting type; however, since no solvent or water has to be removed, the
total heat will still be lower than for an equivalent waterborne or high-solids solvent
system.

Problems
Disadvantages of 100-percent solids coating systems are:

e Higher costs. Ona relatively equivalent basis, solvent-based paints were ap-
proximately 1 - 1.3 cents/ft? /m11 of thickness, whereas fluidized-bed powder
coatings were 1.6 - 4.1 cents/ft>/mil, dependmg on the system.

e Limited selection of systems. Only certain polymers are available in a form
that will flux and fuse (polvamides, polyesters, and some epoxies), limiting
total-solids coating formulations.
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e Variable adhesion. Adhesion, a direct function of the fusion process, may be
adversely affected by any irregularity in temperature in either a 100-percent
solids coating or the surface to be coated.

¢ Incompatibility with existing coating lines. As mentioned, special new equip~-
ment is required for application and curing of 100-percent solids systems.

e Difficulty in applying uniform thin coatings. The total-solids coating technique
lends itself to thicker coatings. Applications under 1 mil are difficult; 3 or
more mils is more typical.

e Color changes in~-process. In 100-percent solids coating lines, large amounts
of colored particles must be moved and cleaned up before each color change or
the next batch of articles may have off-specification colors or shades.

EMISSION CONTROL THROUGH PROCESS CHANGES

Operating changes that a plant can consider in setting up its emission control pro-
gram include: :

o Controlling emissions by incineration;

¢ Controlling emissions by adsorption;

e Improving spraying efficiency;

e Improving dip coating, flow coating, and coil coating efficiency;

® Purchasing prefinished roll stock;

® Increasing vapor conc