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1.0 INTRODUCTION

A food processing facility alleged that sovbean o1l used in frying uts products should
not be classified as a volatile organic compound (VOC) because its very low vapor pressure
would preclude it becoming airborne. hence it could not contribute to photochemically
produced ozone in the troposphere. ‘

In addition to widespread use in the tood industry, soybean and other vegetable oils
are constituents in some inks, paints. and perhaps, other coatings. Thus the ramifications of
any decision to declare it non-photochemically reactive on the longstanding regulatory
program for coatings were important. This project was initiated to resolve the following
questions:

‘.

Does sovbean o1l contribute VOC's to the atmosphere? In other words. is sovbean oil
an ozone precursor?

[s sovbean oil unique among the vegetable oils? Are its physical characteristcs

significantly different from other vegetable seed oils in terms that would affect its
potential to be a precursor to ozone formation?

What impact would declaring soybean oil exempt from VOC regulations have on
current testing procedures and regulatorv compliance programs tor coatings?

This report presents the results of an investigation which addressed these questions.
The informauon was obtained from a literature search. contacts in industry and academia, and
limited experimental analvses. The literature search included the tollowing computerized
databases: Chemical Abstracts, Predicast Terminal System Predicasts Overview of Marketing
and Technology (PTS PROMPT), Food Science and Technology Abstracts (FSTA), Agricola,
CAB Abstracts, and Biosis Previews. Tables were prepared to compare various
characteristics of ten vegetable seed oils (some of which are trequently found 1n coatings):
canola. castor, coconut. cottonseed. linseed. safflower. soybean. suntlower, tung, and vernonia
oils. The common uses and availability of each oil were identified. and the oil bean refining

and drving/curing processes were examined. Studies of the VOC associated with vegetable
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oil oxidation were reviewed, and test results applying EPA’s reference methods 24 (RM-24)

and 24A (RM-24A) for measuring VOC’s in coatings to various vegetable oils were analyzed.

Section 2.0 contains the summary and conclusions. Section 3.0 discusses chemical
and physical properties and general characteristics of the oils. Refining processes are
described in Section 4.0 and drving/curing processes in Section 5.0. Section 6.0 discusses
VOC test procedures and findings. Regulatory impacts are included in Section 7.0. Section

8.0 contains the references and Section 9.0 the Appendices.

(9]



2.0 CONCLUSIONS

1) A decision to exempt soyvbean oils from VOC regulation will have no effect on the
longstanding VOC reduction program associated with coatings.

2)  Soybean oil and other vegetable seed oils have no measurable vapor pressure at room
temperature and atmospheric pressure.

3)  None of the vegetable seed oils analyzed with EPA Method 24 (RM-24) or EPA Method
24A (RM-24A) contained a measurable amount of VOC.

1) Some samples analyzed bv RM-24 or RM-24A actually gained weight (presence of VOC
would normally cause a weight loss.)

3)  Entorcement of air pollution regulations using RM-24 and RM-24A would not falsely
Jeopardize a source using coatings with a vegetabie o1l constituent.

6)  Soybean oil, like the other vegetable seed oils listed in Table 3-1. is a complex fatty
acid triglyceride.

7y The literature provides no obvious evidence that soybean o1l can be distinguished from
other vegetable seed oils in anyv significant way trom the standpoint of volatility or
photochemical reactivity.

8)  Vegetable oils vary somewhat in physical properties and from batch to batch because of
weather, soil and species.

9)  All vegetable seed oils autoxidize when exposed to air. The resulting oxidation reaction

cleaves the molecule with formation of some amount of many VOC’s, chiefly hydrocarbons
and aldehyvdes.

1) Oxidation 1s the mechanism by which coatings containing vegetable seed oils dry or
cure.

I1) Soybean oil will not boil at atmospheric pressure. Progressively increasing application
of heat ultimately chars the oil. thermally cracking the fatty acid triglycerides to release
hvdrocarbons and aldehvdes. precursors of ozone.

I



12)  Soybean oil can contribute to ozone formation’, as a precursor of VOC. although the
contribution has not been quantified.

13) Since autoxidation of oils is a surface phenomenon, any process which maximizes the
surtace area of the oil will accelerate the autoxidation process. Thus, processes which employ
oil as a mist or spray accelerate the oxidation of the oil and increase the release of ozone
precursors.

14) This program, with a primary focus on the use of oils in the coatings arena; has posed
new questions regarding volatile organic compounds which may be released in the food
industry from processes involving cooking of foods in heated oils and spraying of oils.

Appendix iv provides a list of references on this topic obtained from a computerized literature
search.

Note that any attempt to sample a hot stack above a soybean oil cooking process poses
challenges. A typical VOC sampling arrangement distinguishes between particulate and
gaseous phases. One would normally conclude that the ozone precursors are present in the
gaseous phase. Clearly, that would not be the case here. Inasmuch as the oxidauon of
soybean oils 1s not a rapid process. little of the ozone precursors would be formed in the
stack. As a result, the total ozone tormation poténtial of the exhaust gas includes the VOC in

the gas phase and some unknown portion of the aerosol in the particulate phase.

“Although not a product of this study, clearly the addition of moisture-laden foodstuffs such
as potatoes, apples, and other materials to hot cooking oils causes splattering of the oil. The
airborne particles have dramatically increased surface to mass ratios which would accelerate the
oxidation reaction. Further, many of the toodstuffs are complex carbohydrates which, during
cooking, can and do thermally crack to form lower molecular weight more volatile organic
compounds which become airborne and available to participate in photochemical chemistry.
Odorous compounds during the cooking operation are evidence of these volatile organic
materials.



3.0 CHEMICAL & PHYSICAL PROPERTIES

3.1 FATTY ACID COMPOSITION

Vegetable seed oils are water-insoluble substances of vegetable origin. Chernically

they are triglycerides, i.e., compounds made up of glycerol-esters of long chain fatty acids."’

H H
H—Q—OH HOOCR H—(l:—OOCR
H-C—-OH =+ HOOCR' —#» H-— Cf - OOCR'
H—-C— OH HOOCR” H—-C— OOCR"” + 3H,0
: H
Giycerol Fatty Acids Triglyceride

Since more than one kind of fatty acid is usually present, most vegetable oils are mixed
triglycerides. The type of fatty acid found in the oil is the most important factor influencing
the properties of the vegetable oils.* Most vegetable oils are composed of fatty acids with 18
carbon chains with varying degrees of unsaturation (containing double bonds). Examples of
common saturated fatty acids are caprylic (C8), capric (C10), lauric (C12), myristic (C14),
palmitic (C16), and stearic (C18).> Common unsaturated fatty acids include oleic (C18),
linoleic (C18), linolenic (C18), alpha-eleostearic (C18), beta-eleostearic (C18), and ricinoleic
(C18).* Tables 3-1 and 3-2 s‘how the predominant fatty acids found in the ten selected oils.
Table 3-3 shows the compoéition of these fatty acids. The type and percentage of fatty acids

vary from oii to oil. For example,

(9]
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tung oil consists of 80 percent eleosteanic acid, whereas soybean oil is made up of 31 percent

hinoleic acid.

The acid value in Table 3-1 indicates the amount of free tatty acids in an oil,

expressed as the number of milligrams ot potassium hydroxide required to neutralize the acids

in 1 gram of oil?
3.2 DRYING CLASSIFICATION

The double bonds in unsaturated ftatty acids are chemucally reactve sites and are the
poOInts a4t which oxygen reacts with an o1l to produce erylng.h Theretore. the degree or
unsaturation ot the farty acid determines the drying properues of the oil. Vegetable oils are
otten ciassitied as nondrving, semi-drving, or drving otls, with the first group contaning a
higher content of saturated fatty acids and the last group a higher content of unsaturated fatty
acids. The choice of oils for use in coaungs is influenced by the drving properties, and this

classirication can be helptul in that decision.

Nondrving oils have low unsawration or contain less than 20 percent of linoleic acid.
Coconut. cottonseed, and castor o1l are members of this group. Large quantities of these oils

are consumed in edible products. and others are used in soaps or surface-active products.

Drving oils have greater unsaturation or greater quantities of fatty acids with higher
unsaturation, such as linoleic acid or linolenic acid.® Oils in this group include linseed, tung,

and dehvdrated castor o1l which are found 1n paints, varnishes. and other coatings.

Semi-drying oils are intermediate between the non-drying and drving oils in properties
and contain about 40 to 60 percent linoleic acid.” Safflower. sovbean, and sunflower oils are
classified 1n this group, because they can be used in products of both classes after

modifications.  For example. sovbean o1l can be deodorized and inhibited with antioxidants to

make an edible salad o1l or it mayv be moditied to make a long oil alkvd perrorming much

9



like linseed oil.!?

Semi-drying and drying oils were long used as binders in the protective-coating
industry but have been largely replaced by synthetic binders in many of the coatings used
now. The binder is the non-volatile resinous or resin-forming constituent of coating,

responsible for forming the film.!! The binder plus a solvent is referred to as the vehicle.

The term iodine value in Table 3-1 indicates the degree of unsaturation of an oil, and
is expressed as the centigrams of iodine absorbed by one gram of oil under controlled
12

conditions.’© Usually oils with high iodine values have better drying properties, although this

statement is not applicable when comparing conjugated with non-conjugated oils.!?
Conjugated double bonds are two or more double bonds which alternate with single bonds in
an unsaturated compound (e.g., -CH=CH-CH=CH-). Non-conjugated double bonds occur
when the unsaturated sites are separated by one or more additional methylene groups

(e.g., -CH=CH-CH,-CH=CH-).

3.3 VOLATILITY/PHOTOCHEMICAL REACTIVITY

Volatility is defined as the tendency of a solid or liquid material to pass into the vapor
state at a given temperature. Experimentally, the volatility is determined by dividing the
vapor pressure of a component by its mole fraction in the liquid or solid.!* The vapor
pressure of a substance (often expressed in millimeters of mercury, mm Hg) is the pressure
characteristic at any given temperature of a vapor in equilibrium with its liquid or solid
form.' Very little information relating to the determination of volatility- (direct determination
of vapor pressure for oils) was retrieved during the literature search and data gathering phase
of this program. Vapor pressure information was obtained only for sovbean oil. Ata
temperature of 254°C, soybean oil has a vapor pressure of 0.001 mm Hg. At a temperature
of 308°C, soybean oil has a vapor pressure of 0.05 mm Hg.16 The extrapolation of these
vapor pressures to standard conditions (27°C) would vield no measurable vapor pressure at

room temperature. Boiling points for the oils cannot be measured at atmospheric pressure,

10



since decomposition of the oil (as indicated by discoloration of the oil. charring, and
ultimatelv evolution of smoke)” occurs before the oil can actually boil. Theretore, the

most direct indicators of volatility, vapor pressure and normal boiling point, although not
directly available for the vegetable seed oils, obviously are such that one would not expect
the oils to vaporize to any significant extent. Boiling points could be obtained tor many of
the farty acids which constitute the major portion of the o1l molecule. These fatty acid
boiling points were determined under reduced pressure (typically 1 - 20 mm Hg rather than at
760 mm Hg which is atmospheric pressure) because decomposition is observed when the fatty

acids are heated at atmospheric pressure.

The Glossarv for Air Pollution Control of Industrial Coating Operations defines VOC

AN

anv organic compound which participates in atmospheric photochemical
reacuons: that is. any organic compound other than those which the
Administrator designates as having negligible photochemical reactivity. VOC
may be measured by a reference method, an equivalent method, an alternative
method or by procedures specified under any subpart. A reference method, or
an alternative method, however, mayv also measure nonreactive organic
compounds. In such cases, an owner or operator may exclude the nonreactive
organic compounds when determining compliance with a standard."’

This definition gives precedence to the zmalytic:ﬂ method specified for any specific standards
under the New Source Performance Standards (NSPS) program. The definition presented in
40 CFR, parts 31 and 52, specifically idenuties those organic compounds (all of which,
except for methane and ethane, are halogenated) which the Agency has deemed of negligible
reactivity. The Agency permits any emissions of these materials to be excluded from a
measurement such as RM-24/24A of total volatiles. New materials are being added to the list

of exempt compounds.

Vegetable seed oils are a VOC by this definition since the definition contains no

-

Decomposition. of course, causes some portion of the oils to become airborne and available
for photochemical reactions.

11



specific criteria pertaining directly to volatility, vapor pressure, number of carbon atoms, or

boiling point.
3.4 THERMAL STABILITY

No o1l decomposition temperatures (the point at which oils start to decompose upon
heating) were found from the literature search. However, the smoke points of four of the
vegetable oils have been determined and are found in Table 3-1. Bailey’s provides the

following definitions regarding thermal stability.

The smoke. fire. and flash points ot a fatty material are measures of its thermal
stability when heated in contiact with air. The smoke point 1s the temperature
at which smoking is first detected in a laboratory apparatus protected from
drafts and provided with speciai illumination. The temperature at which the
material smokes freely is usually somewhat higher. The flash point is the
remperature at which the volatile products are evolved at such a rate that they
are capable of being ignited but not of supporting combustion. The fire point

1s the temperature at which the volaule products will support continued
combustion.'®

[mpurities such as free tatty acids lower the smoke point of the oil drastically.” Canadian
covernment specifications require that a good frving oil have a smoke point above 200°C. %
Clearly. any event (e.g. heating) which causes the oil to smoke results in airborne

decomposition products that are available tor photochemical reactions.

3.5 INDIVIDUAL OILS
3.5.1 Canola Oil

Canola seed is bred from rapeseed. a member of the mustard family. Most of the
world’s supply of canola oil comes from Canada and Europe. Research is being performed to

solve production problems in order to increase yield since demand surpasses supply.~1 The



oil 1s composed of 58 percent oleic acid which makes it lower in saturated fat than coconut,
sovbean or any of the other oils.> Therefore, there is a large demand for canola oil from
health-conscious consumers. Canola consumption has risen from 100,000 lbs in 1986 to 500
million lbs in 1989, and it is expected to grow 7 percent each year to 700 million lbs by
1994, Even with the higher price in the grocery store, $3.99 for 16 oz. canola oil versus
S0.89 tor 16 oz. of vegetable (unspecified) oil, sales are increasing.“ Canola oil is, however,

used more in food products than in coatings.
3.3.2 Castor Oil

Castor oil is extracted from the seed of the castor plant which 1s grown commerciaily
in Brazil. India, and in some of the warmer sections of the United States. The seeds
generally contain about 45 percent 0il.> Not only is the oil itself useful in a variety of
compositions, but it is capable of undergoing several kinds of chemical transformauons (such
as dehydration) by which it is converted into uséful derivatives. Castor oil differs from other
vegetable oils by having higher viscosity, greater solubility in alcohol, and lesser solubility in
petroleum solvents.”® These properties are important for its uses in paint. vamish.

plasucizers, hydraulic fluids, and cosmetics.

Dehydrated castor oil is among the most valuable drying oils for coatings. It dries
faster. heat-bodies (thickens when heated) faster, has equal color retention and imparts
. - e D - . .
superior film toughness to alkyds than sovbean oil.*” However, usage of castor oil 1s

restricted by its somewhat higher cost ($0.405/1b as compared to $0.25/1b for soybean oil).?®

3.5.3 Coconut Oil

Coconut oil is obtained from copra. the dried, broken kernels of coconuts: copra

- - .y 2 . . . ~
contains about 63 percent oil.** With an average iodine value of 10 or less and only 9
percent unsaturated acids. coconut oil is more stable to oxygen-and heat than any other

natural 0il.>° Because of this stability, alkyd coating resins that contain coconut oil are



permanently flexible and are highly color retentive, even when baked at high temperatures.31

Coconut oil is relatively resistant to the type of rancidity caused by oxidation at
ordinary temperatures, but it is susceptible to a type of rancidity caused by microorganisms,
32

especially various molds.”” Therefore, food products and other materials containing coconut

oil and moisture are subject to this type of spoilage. Even so, this oil is used for food

products, soaps, and coatings. However, due to its high saturated fat levels, its use in food

products is declining.”

3.5.4 Couonseed Oil

Cottonseed oil is extracted from the seed of the cotton plant, which is grown primarily
in the United States. India. U.S.S.R. Brazil, China. and Egypt.>* Practically all of the crude
cottonseed o1l produced in this country is refined for use in edible products such as
shortening, margarine, and cooking otls.”® Cottonseed oil demand is stimulated by its
amenability to many frving applications.*® How;ver. due to its low unsaturation it could also
be used as a lower cost substitute for coconut oil in color retentive baking alkyds. Alkyds
made with cottonseed oil have better color retention than those made with soybean and

satflower oils but are inferior in gloss and toughnf:ss.37

3.5.5 Linseed Oil

Linseed oil is a low-melting oil, is slightly less viscous than most vegetable oils, and
has a high iodine value which reflects the high degree of unsaturation of its fatty acids.
Linseed oil is obtained from flaxseed, which averages about 35 percent oil content.>® Linseed
oil is not well suited for use as an edible fat, but it is used in the manufacture of paints
(particularly artists’ paints), varnishes, and printing inks. It is the sole binder in oil house
paint in which the binder is usually a blend of thin linseed oil, raw or refined, with
heat-bodied linseed 0il.>> A thin. alkali refined linseed oil is also used for alkyd paints where

fast dryving is important and good color retention is not required.

14



One property of linseed o1l that must be considered when choosing a linseed oil paint
is “after-vellowing.” Linolenic acid vellows more than other fatty acids and largely governs
the vellowing of oils. Since linseed o1l contains the highest proportion (52 percent) of this
acid. it yellows more than other oils. thereby causing a yellow tint to linseed oil-based

paints.m

A disadvantage of the use of linseed oil-based paints is its high suceptibility to mildew.
Mildew. a fungus which flourishes in damp environments, is a common cause of the
discoloration and degeneration of house paint and unfinished wood. Many paints contain

mildewcides which serve to prevent and cure mildew problems.“

The demand for fats and oils for all uses will grow 1.8 percent per vear to about 21
billion pounds in 1994, and growth in the use of linseed oil in coatngs and nks will

42
conunue.

3.5.6 Safflower Oil

The satflower plant, from which safflower oil is obtained. 1s grown in Africa, and the
Middle East, as well as in the western portion of the United States. The seeds contain about
30 percent oil. Saftlower oil is used in some food products but 1s used more frequently as a
drving oil in coatings. The o1l falls oetween sovbean oil and linseed oil in total unsaturation
and in price. As for its drving properues, safflower oil is closer to linseed than to soybean.
Unless modified, safflower oil does not dry fast enough for use in house paints.J'3
Approximately 75 percent of the fauty acids of safflower oil are linoleic and only one percent
are linolenic, which compares with 9 percent linolenic in sovbean oil. Because of this uhique

composition, safflower o1l dries faster and vellows less than soybean ol coatings.J'4

3.5.7 Sovbean Oil

Soybean oil. also called sova oil. is extracted from the seeds of sovbean plants which



are grown in many areas of the United States and South America. In fact. the United States
is the world’s leading producer of soybeans. which is the American farmer’s second-largest
cash crop.45 Crude soybean oil usually contains no more than 1.5 percent free fatty acids,
often less than 0.5 percent, and from 1.5 to 4 percent other impurities.*® These constituents
are removed from the o1l during refining and degumming processes. Refined soybean oil
consists primarily of the triglycerides of oleic, linoleic, linolenic, saturated acids, and about

0.8 percent impurities (referred to as unsaponifiable material).*’ Most varieties of oil seeds

contain from 18 to 22 percent oil.*®

The sovbean is an annual crop that is well suited to mechanized planting, cultivation,
and harvesung. Varietes have been developed to suit various climates and soils. and new
varieties continue to be developed. The price of sovbeans remains one of the lowest of
vegetable ouls (about $0.25 per pound of crude).* Because of the large numbér of varieties
of sovbeans grown and the diversity of soils and climate in which they can be successfully
cultivated. the physical and chemical properties of soybean oils will vary. For example, the
lodine value of sovbean oil varies with the plant variety and also varies within the same
variety grown in different locations and in different years.jo In one study in which samples
of cultivated sovbeans were extracted under uniform conditions in the laboratory, oils having
todine values ranging trom 99.6 to 143.2 were obtained. These samples represented ten
varieties grown in several locations in different crop _veurs.51 Qils produced commercially
tend to vary less because of the blending of different lots of seeds that takes place in ordinary
commercial handling and milling. One comparison of 87 soybean oil samples produced
commercially showed a range in iodine values from 129.3 to 136.7.52 These variations may
be partially due to the variability in weather conditions such as temperature and humidity
which affects the metabolic processes involved in the biosynthesis of lipids (fats) in the
growing seed.”>>* The moisture content of soybeans at the time of harvesting depends a
great deal upon the weather and the maturity of the beans. and it is an important factor in

determination of the grade of 50ybt:ans.35

The principal uses of soybean oil are in food products and as an ingredient in paints,
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inks. and other drying oil products. Sovbean oil’s low saturated fat content and lack of
cholesterol have made it a popular choice for food manufacturers and fast food chains.>®>7
Soybean oil is the most widely consumed of the vegetable oils with a projected growth rate of

1.9 percent per year through 1994.°%

Because of the semi-drying nature of soybean oil, no paints are made from straight
sovbean oil. However. alkyds (oil based paints) made from soybean oil have good drying
properties, and it is used more than any other oil for making alkyd resins found in
architectural and industrial coatings.59 Sova alkvds are also widely emploved as binders for

intertor and exterior air-drying enamels, marine paints. and alkvd tvpe house pumts.(’()

Sova alkyds are classified as color retentive, and satisfy the color requirements of the
majority of white and light colored top coats, both air dried and baked.®! There is also
evidence that colored inks made with sovbean oil have greater color rendition (brightness)
than inks made without it.** News inks made frc;m soybean oil also resist rub-off better than
conventional inks.®> For these reasons. there has been an increase in the use of sovbean oil in

the printing industry.

In general, paints and inks contain solvents and/or petroleum distillates which emit
VOC S to the atmosphere. Based on Method 24 (see Section 6.0), Flint Ink Corporation
found that the substitution of a mixture of sovbean oil and corn o1l for the middle petroleum
disullates in a sheetfed offset ink greatly reduced the VOC content.®! We expect the use of
sovbean and perhaps other vegetable oils in place of the more volatile petroleum distllates
to reduce ozone formauon since their slower evaporation rate greatly otfsets the oxidation
reaction that releases some unquantified amount of light hydrocarbons (Section 5.0). The
Hazardous Waste Research and Information Center in Illinois is carrying out a research
project entitled "Toxic Substance Reduction for Sheetted Offset Printers” to determine the
waste reduction advantages of substituting sovbean oil for petroleum based inks and organic

solvent based cleaners. -
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A benefit of using sovbean oil in coatings is that it is a renewable. domestically
produced and processed product. The fact that soybeans can be planted and harvested vear
after year is an advantage. Since soybeans are commonly used in food products, toxicity does
not appear to be a problem. Disposal of soybean-based products could also be considered

less problematic than petroleum-based products since the oils appear to be more readily
biodegradable.65

3.5.8 Sunflower Oil

Sunflower oil. a light vellow oil well suited for use as a salad and cooking oil, is
obtained trom the suntlower seed plant that is grown primariiy in Europe and the USSR
The o1l content of the seed may average about 29 pcrcent.‘07 Total unsaturation of the oil is
comparable with that of sovbean oil. but the linolenic acid found in soyvbean oil is lacking in
sunflower oil. Sunflower oil is classified as a semi-drying oil and is used in the
manufacturing of oil-modified alkvd resins and similar products.68 Like sovbean otl, the
iodine value and composition of suntlower oil are influenced by the plant vanety,
temperature, soil fertility and moisture supply. Oils differing widely from each other in
1odine value usually differ in the ratio of linoleic to oleic acid rather than in any large

difference in total content of unsaturated acids.®’
3.5.9 Tung Ol

Tung oil. also known as China wood oil, was originally obtained from China but is
now grown in the southern United States. Tung oil is a highly unsaturated oil with a
viscosity considerably higher than that of linseed oil. Since tung oil has laxative if not
polsonous properties, it is not considered edible.”® However, since tung oil is classified as a
drying oil it is utilized in varnishes. enamels, and other products in which the drying quality
of the oil is important. Tung oil works well in combination with relatively inexpensive resins
and. compared with nonconjugated oils, tends to confer superior water resistance, alkali

resistance, hardness, and durability on the products in which it is used.’!
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Eleostearic acid is the principal fatty acid in tung oil, and it is the chemical nature of
this acid that differentiates tung oil from other drying oils. Eleosteanic acid is an isomer of
linolenic acid. and it has its three double bonds in the conjugated relationship with each
other.”> This conjugated unsaturation is responsible for the fact that tung o1l thickens and
gels more readily than other oils when heated. The very rapid bodying of tung oil precludes

its use as a large part of the oil in alkyd resins.”

3.5.10 Vernoma Oil

Vernona o1l is extracted from the vernonia plant. a new potental oil seed crop grown
in Africa. Asia. Central America, and in the southwest United States. Vernonia seeds contain
about 42 percent oil in contrast to soybean seeds. which contain 17 to 18 percent oit.
Vernonia o1l contains predominately (about 80 percent) trivernolin, a triglyceride of vernolic
acid. A unique property of this oil is its homogeneous molecular structure consisting
primarily.of identical triglyceride molecules with' three equal vernolic acid residues. In
contrast, all other vegetable oils consist of a heterogeneous muxture of triglycerides with

. ~ . . 3
different fauy acid residues.”

Vernonia oil is a transparent homogeneous liquid at room temperature with low
viscosity and excellent solubility in numerous organic solvents, diluents, and paints. Due to
these properties, vernonia oil is being considered as a reactive diluent (reduces viscosity like a
conventional ~olvent but also reacts with the coating resin in the drving process) for
high-solids alkvd. epoxy, and epoxyv-ester coating formulations by replacing conventional

. . . - 6.7
solvents which ultimately are released as VOC emissions. 7
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+.0 PROCESSING AND REFINING VEGETABLE SEED OILS

The tollowing description of the processing and reﬁniné procedures may vary for
different vegetable seeds, but in general, the steps are similar. "In order to exmact oil from
vegetable seeds, the seeds are first cleaned, dried, cooled, and transferred to tempering bins to
allow the moisture within the seeds to redistribute itself.”® The seeds are cracked, dehulled,
and rolled into flakes until the oil cells are exposed. These flakes are then extracted with the
solvent hexane to remove fats. The solvent is removed, and the flakes are toasted with steam,
dried. cooled. and ground into meal.” The remaining solvent-oil mixture is distilled to

separate the two into solvent and crude vegetable oil.

In 1nts crude state. vegetable seed o1l contains, besides the wiglvcerides, a number of
impurities such as gums. phosphatides. free fatty acids, pigments, and traces of oxidation
products from oil degradation.’® The purpose of refining oils is to remove these unwanted
materials to attain quality standards for end-use groducts, whether they be food or non-food
products. Degumming is an optional first step in purification in which water is added to the
oil to dissolve the hvdratable phosphatides, and the mixture is then separated by
centrifugation.!%2 The next step 1s 1o neutralize the free fatty acids with alkali and to
separate the resultant soap. This process is referred to as saponification: the term
saponitication number found in Table 3-1 is defined as the number of milligrams of
potassium hydroxide required to saponify 1 gram of fat.3> The next step is to react the oil
with an activated bleaching clay to remove pigments and oxidation products: the last is to
deodorize by steam distillation at reduced pressure. This treatment removes most of the

34

remaining free fatty acids, some color bodies. and some unwanted tlavor.”™ Vegetable oils

used in coatings generally do not require the deodorization step, only refining and
blenching.35 After deodorization. the oil can be made more viscous by injecting air into the

oil at elevated temperatures to partially oxidize the oil to create bodied or blown 0il %
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5.0 DRYING/CURING PROCESSES

5.1 OXIDATION

Oxidation is the reaction ot oxygen with another substance in which electrons are
transferred. Autoxidation, the oxidation of vegetable oils with the oxvgen as present in the
atmosphere, atfects the oils in various ways. Fats and oils intended for tood can become
rancid due to oxidation if not handled and stored properly. However, the drying of paint
films is dependent on the oxidation process. Most coatings, in spite of their apparent
diversity, dry bv much the same oxidizing mechanism, whether they are alkyds. epoxy esters,
37

urethane alkvds. or oil-based coaungs.””  All are based on drying ouls, the naturally occurring

tniglyceride esters of certain unsaturated fatty acids bearing multiple double bonds.

There are a number of factors that atfect the oxidation process:bg

. The reaction is accelerated by light.

. Film thickness influences oxidation rate, because oil oxidizes more rapidly in
shallow layers than in deep lavers.

. Temperature influences reaction rate. For example, heat usually accelerates
oxidation.

. The rate of oxidation 1s greatly dependent upon unsaturation and the structure

ot the fatty acids present in the oil. Unsaturated fats are more susceptible to
oxidation than saturated fats.

. The presence or absence of antioxidants or prooxidants will affect oxidation.
Antioxidants, which sometimes occur naturally in vegetable oils, delay or
reduce the oxidation process. Prooxidants accelerate the reaction, and are often
added in the form ot driers. Driers are oil-soluble metallic compounds such as
cobalt or manganese deliberately added to oils for the purpose of accelerating
the oxidation and drving of oils used in coatings.

. .. . . - . . . 0
. The fewer impurities in the oil, the faster the oxidation and drving processes.9



5.2 CHEMICAL REACTIONS OF THE DRYING/CURING PROCESS

Since the drving/curing processes of oils are generally described in terms of coatings,

the following process description reflects oils in coatings, not oils alone.

Autoxidation of oils is the basis for the drving/curing of coatings. Drying is defined

as the polymerization of the glycerides of unsaturated vegetable oils induced by exposure to

91

air or oxygen.”" Curing is the conversion of a raw product to a finished and useful condition,

usually by application of heat and/or chemicals which induce physicochemical changes.92

The mechanism. while not fullv understood, involves the reaction of oxvgen with the double
bounds or active methvlene groups in the oil or resin medium. The reaction usually entails a
tree-radical mechanism and is initiated by heat, light. metallic catalysts, or tree-radical

3 . . . . . ..
generators.”?  Autoxidation may be thought of as being analogous to addition

. (
polvmerization.”*

In autoxidation, oxygen attacks the fatty acid chains at or near the double bonds.
Non-conjugated fatty acids are thought to first undergo a rearrangement of their bonding to
give conjugated forms. This oxygen attack involves the formation of hydroperoxides (ROOH,
where R is a fatty acid chain) that subsequently break down to form free radicals (RO-).
These free radicals readily attack other fatty acid chains at the methylene group between the

two double bonds, producing other free radicals (Re), and allowing bond re:trrangemem.()5

With the conjugated double bonds available. drying proceeds as it does with
conjugated acids. Oxygen attacks the double bonds to form peroxy radicals (R-O-Oe), which
interact to form polvperoxides (long chains of fatty acid molecules linked together by -O-O- -
groups), or which may react with other tatty acids to torm large, complex, crosslinked

materials. ”® The radicals can also decompose, leading to the evolution of volatile organics

such as aldehvdes. ketones and alcohols.”’
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5.3 PRODUCTS OF COATING OXIDATION
Emissions from the formation of a coating film result from:

(1) evaporation of the solvent portion of the coating,98 and

(2) reaction by-products emitted during the chemical reaction that takes place in
9

. . C
coating films at cure temperatures.

The latter are denoted cure volatiles. and include a variety of compounds such as aldehvdes,
Ketones. acids, water, carbon dioxide, hvdrogen, polymerized fats, epoxides. and pe:romdes.mO

[f heat is not applied, as with many inks, some of these compounds such as aldehydes remain

1

in the tilm instead of volatizing.w A more detailed discussion of the oxidation products of

vegetable oils 1s found in Section 6.0).






6.0 VOC TEST PROCEDURES AND FINDINGS

The methodology chosen to evaluate the impact of a policy decision declaring soybean
oil exempt from regulation on the Agency’s program for coatings was to determine the VOC
content of the oil with the Agency’s analytical methods for measuring the VOC content of

coatings and inks.

EPA’s Reference Method 24 is applicable to the determination of volatile matter
content, water content, density, volume solids, and weight solids of paint, varnish, lacquer, or
related surtace coaungs (solvent-borne and waterborne). The quantity of VOC in surface
coatings is defined by the results of Method 24. Using the test protocol for Method 24,
samples are weighed and then heated at 110 + 5°C for one hour. The samples are weighed
again after heating. Loss in weight represents evolution of volatile material which would
include water. VOC and non-reactive (exempt) volatile compounds. Procedures are included
within Method 24 to determine water content either by direct injection into a gas
chromatograpn or by Karl Fischer titration either to a colorimetric end point or to a
potentiometric end point. Coating density and solids content may also be determined by
procedures included in Method 24. In commercial and regulatory applications, the pounds of
VOC per gallon of coating less water and exempt compounds is calculated from the measured

loss of weight and the exempt compound and water content of the coating.

EPA’s Reterence Method 24A is applicable to the determination of VOC content and
density of solvent-borne (solvent-reducible) printing inks and related coatings. The VOC in
printing inks and related coatings is detined by the results of Method 24A. For Method 24A,
a sample 1s heated at 120 £ 2°C for 24 hours in a forced draft oven, or the sample may be
heated for a shorter period of time in a vacuum oven. Method 24A also incorporates
procedures tor the determination of coating density and solvent density, but procedures for the
determination of water content are not required in Method 24A~since the method applies to

solvent-borne printing inks and related coatings.
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The EPA reference methods provide a single number which is characteristic of the
weight percent VOC. Other methods tound in the literature have been applied to characterize,
qualitatively, the VOC’s which are emitted from vegetable oils under certain conditions. The

next sections will discuss the results of this work, and results from the EPA test methods.
6.1 ‘TESTS CONDUCTED BY THE PAINT RESEARCH ASSOCIATION

Long ago, the Research Association of British Paint, Colour, and Varnish
Manutacturers measured water. carbon dioxide, volatile acids, and aldehydes evolved from the
dryving process (autoxidation) of oil films at ambient temperatures.m2 To determine the nature
of the volatule compounds which were emitted in the course of the drving process, the British
chemists coated the interiors of bottles with a thin tilm of oil. A stream of air was then
passed through six bottles in series for seven days so that acidic volatile products which were
formed could be collected in a solution of sodium bicarbonate and characterized. The British
chemusts found that the main acidic compound which was formed from linseed oil was formic
acid. The.amount of volatile products evolved from o1l films after seven dayvs of aging in the
laboratory could account for a significant degradation of the acid portion of the triglyceride
molecule. Reaction 1n the molecule appeared to begin by cleavage at or adjacent to a double
bond. followed by progressive degradation along the chain with release of volatile acids and
carbon dioxide. The total amount of volatile materials released varied with the type of oil
tested. These experiments were performed approximately forty vears ago, prior to the
avatlability of now common chromatographic techniques. Not all hydrocarbons were
characternized. Aldehydes and acids tormed solid derivatives which could be characterized by

melting point and other physical propertes.

Since the oxidation is a surtace phenomenon, the oxidation process is accelerated
when more surface area is created for the oils. The British studies, using oils in a thin film at
room temperature, accelerated the autoxidation process. Industrial applications which require
spraving of oil create an aerosol of the oil which dramatically increases the surface area over

that of bulk oil. Autoxidation processes are accelerated in these spraying applications,
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thereby enhancing the production of volatile oxidation products.

6.2 APPLICATION OF GAS CHROMATOGRAPHY/MASS SPECTROMETRY
TECHNIQUES

Autoxidation of vegetable seed oils with the resulting formation of odors and flavors
has been studied extensively for many years. Qil manufacturers, oil chemists, and chemists in
the areas of flavors and fragrances have extensively studied the evolution of volatile material
from oils under various conditions. Autoxidation of oils proceeds slowly under room
temperature conditions, but the reactions stiil occur: oil becomes yellow and darkens under
prolonged storage. If the period of storage is long enough or if conditions are favorable for
accelerated oxidation, the oil becomes rancid. In the last ten to twenty years, the powertul
combined techniques ot gas chromatography and mass spectrometry have been available to
characterize the products obtained from the oxidation of oils under various conditions. For
the most part, investigators have been concerned with the oxidation of oils used in cooking
applicatiéns, since heat accelerates the oxidation process and volatile decomposition products
formed in oils used in cooking can affect the taste and smell of foods cooked in the oil. No
formal reference test methodology has been available for these applications: investigators
have developed their own methodology to meet their needs in characterizing the volatile
materials emitted from the oils. Quanttative data have not been obtained because the
decomposition process in heated oils is an ongoing process. Oxidation reactions proceed as
long as the oil is heated and sites of reaction (double bonds) remain in the triglyceride
molecule. Thus, volatile decomposition products will continue to form until no more reaction

sites are available and the oil is decomposed to a tar.

While the primary concern has been with the cooking process, studies have been
performed at room temperature. In order to identify the volatiles formed during the storage
of sovbean oil, a time versus volatile decomposition study was performed on oil aged under
normal laboratory conditions.'*® The experiment involved vacuum stripping of volatile

materials trom the oils over a period of five to six hours. The volatile materials stripped
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from the oils were collected cryogenically, the crvotrap was heated, and the ultimate analysis
was pertformed by gas chromatography/mass spectrometry. The investigators found that
hydrocarbons and aldehydes were the principal volatile compounds which resulted from
soybean autoxidation by comparing fresh oil with oils which had been allowed to sit under
laboratory conditions for a period of six weeks. The oil which had been allowed to sit
exhibited larger quantities of the hydrocarbons and aldehydes, but new compounds were not

formed as the oil aged over the longer time period.

Most other studies available in the published literature have been performed on the
headspace generated above heated oils. with qualitative analysis of the organic compounds
emitted from the oil under these conditions.' %1% The compounds which are observed are
characteristic of the oxidation/decomposition of a fatty acid wiglyceride and include
hvdrocarbons of various lengths and conditions of saturation. as well as aldehydes and
ketones. In most cases, volatiles were generated in the headspace above oils heated to 180°C,
since 180°C is the temperature used in cooking applications. In general, fresh oil samples
produce few chromatographic peaks of low inten’;:ity, whereas the oils which had been aged
for varving periods of time produced relatively more volatile materials.'% In addition, the
volatile compounds identified were those expected from the autoxidation of the unsaturated

fatty acid components of each of the vegetable seed oils.

6.3 VOC TEST RESULTS

The Emissions Measurement Branch (EMB) conducted RM-24 and RM-24A testing
(Appendix i) on various vegetable seed oils for the purpose of this study at the Research
Triangle Park laboratories. For the Method 24 testing, the sample was weighed, heated in a
forced draft oven at 110°C for | hour. then re-weighed. For Method 24A, the heating time
was 24 hours at 1-2()°C in a forced draft oven. Alternatively, for Method 24A, the heating
may take place for (.5 hour in a vacuum oven. but the atmospheric pressure technique was
used for these samples. Test procedures shown in Appendix i were followed, with the

exceptions that no solvent was added to the sample and no moisture determinations were
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performed.

Method 24 testing was performed on two samples of soybean oil purchased from the
grocery store (Food Club vegetable oil, Pittsburgh, PA; and Wesson oil, Durham, NC). The
results of the Method 24 determinations, shown in Appendix ii, showed that these oils did not

exhibit weight loss, indicating that these samples contained no VOC.

Method 24A testing was performed for eleven vegetable oil samples representing
seven different oils, shown in Table 6-1. The vernonia oil was supplied by Stoil Dirlikov of
the Coatings Research Institute at Eastern Michigan University. Other oil samples were
supplied by David Ailor. Director ot Regulatory Affairs, of the National Oilseed Processors
Association (NOPA). The results of the RM-24A testing are shown in Appendix iii, and all
of the test results are summarized 1n Table 6-1. Table 6-1 shows that all of the samples
except for vernonia oil exhibited a gain in weight ranging from 0.01 percent to 3.56 percent.
In addition, under the testing conditions, several 8f the oils solidified or crystallized,
indicative of a change in physical condition and/or chemical composition. A solid structure is
indicative of cross-linking between molecules or components of molecules, or oxidation with
a concomitant gain in weight. However, there are multiple oxidation reactions which could
occur, ranging from the formation of peroxides to formation of alcohols, aldehydes, ketones,
and acids. Where the oils have changed structure, it is also possible that volatile materals are
entrained in the solid oils, trapped beneath the surface film. These volatile materials will
eventually permeate the surface film and be emitted from the oil, but the timetable for this
permeation process may be hours or days. The oils were not homogeneous in composition
prior to the heating process, so the number of potential reactions is so large that it is not
possible to assess accurately how much oxidation has occurred in order to account
quantitatively for the gain in weight observed under the test conditions of Method 24A.
Further, this inability to determine the weight gain attributable to oxidation precludes our
ability to judge the amount of VOC evolved by the oil during the fractionation - oxidation
reaction. What did seem clear is that enforcement of air pollution regulations using RM-24

and 24A would not falsely jeopardize a source using coatings with a vegetable oil constituent.
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Table 6-1 Test Results

EPA RM-24A RESULTS
(% VOC or Average

weight loss)

EPA RM-24 RESULTS
(% VOC or Average
weight loss)

Canola

Castor

Coconut

it Couonseed
Linseed®
I Sarflower
Sovbean

' Sunriower

Tung’

| Vernonia*

-0.87

| -0.01. -0.63

-0.31, -0.66. -1.25

0, +0.1, -0.1, -0.3

“solidified : crvstallized ; “dried -

X%

The results include the organics and moisture.

were used for each test.

()
(9]

Different samples of each vegetable oil
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7.0 IMPACT OF TEST RESULTS ON TEST METHODS AND REGULATIONS

The results obtained by the application of Method 24 to soybean o1l demonstrate that
this oil and, by extrapolation. other vegetable seed ouls do not contain VOC. Since the
literature provides no obvious evidence that soybean oil can be distinguished from other
vegetable seed oils in any significant way from the standpoint of volatility or photoreactivity,
the observations have been extended to the other vegetable seed oils. Thus, the presence of
vegetable seed oils in coatings should neither mask nor interfere significanty with Method 24
testing of coatings. Measurement of VOC content of a coating by RM-24A may vield an
erroneous value due to possible weight gain by the oil in the coating under the conditions of
the test. However, the degree of the error is both small and will provide 4 margin ot safety
20 thé source since it would indicate less VOC than what is actually emitted. Theretore, there
should be no significant impact on anv of the coating regulatory compliance programs.

[t should be noted. however. that this conclusion is not the same as concluding that

veverable otls do not contribute to ozone formation in the troposphere. RM-24 and RM-24A

test conditions do not subject the oils to the temperature used in frying appiicauons: a
temperature ot 180°C and atmospheric pressure is used in most frving applications. although
\ome commercial frving is performed under pressure. Analytical results reported in the
iterature show that under the temperature conditions used for frving with soybean oil, VOC’s

107 Since -

such as hydrocarbons and oxygenated compounds are emitted to the atmosphere.
those VOC's are formed as a result of the temperature-catalyzed oxidation/decomposition of
the fatty acid iglycerides which make-up the oils. the decomposition process occurs at an
accelerated rate as long as the oils are subjected to the elevated temperature. and sites of
unsaturation remain in the fawy acid carbon chains. Also, when food (mostly complex
carbohydrates) is cooked at temperatures of 180°C in heated oil, the composition ot the food
1s changed and volatile compounds are emitted from the food. This evolution of volatile

compounds 1s evidenced by the odors when foods are cooked. Thus, cooking food also

contributes 1o VOC emissions. although the magnitude of the contribution is unknown.

(99
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Theretore, although the vegetable seed oils themselves contain no VOC’s when analyzed
by Method 24 or Method 24A. the oils are precursors of VOC which are formed very slowly
under conditions of standard temperature and at an accelerated rate under elevated
temperature. The oxidation/decomposition reactions are also accelerated when the oil is

present as an aerosol or mist, since a far greater surface area is created.

The only way to determine the volatile organic compound emissions from a deep fat
frying operation would be to perform a stack test in which the emissions are speciated and
quantified. The results, however. would be controversial. Acrosol oils, for example, would
be measured as particulate matter. In as much as the oxidation. would the entire mass be
considered VOC? Obviously it should not be, but what portion should be appropriately
tagged for future cleavage? Clearly, such tesung would yield a conservauve esumate of VOC
since the contribution of airborne oxidanon of sovbean oil to the formation of ozone

precursors is not instantaneous.
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METEOD 24—DEIERMINATION OF VOLATILE
MaTTER CONTENT, WaTER CONTRNT, DEN-
SITY. VorLvmz SoLips. AND WEKIGHT
SoLIDs G STRFACE COATINGS

1. Appiicodlisty and Principle

“1.1 Appiicadility. This method applies to
the determination of volatile matter con-
tent. water content, density, volume solids.
and weight solids of paint, varnish, lacquer,
or related surface coatings.

1.2 Principle. Standard methods are used
10 determine the voiatile matter content.
water content, density, volume solids. and
weight solids of the paint, varnish, lacquer,
or related surface coatings.

2. Applicable Standard Methods

Use the spparstus, reagents, and proce-
dures specified in the standard methods
below:

2.1 ASTM DI1475-60 (Reapproved 1980),
Standard Test Method for Denaity of Paint,
Varnish, Lacquer, and Related Products (in-
corporated by reference—see § 80.17).

2.2 ASTM D2369-31. Standard Test
Method for Volatile Content of Coatings
{incorporated by reference—see § 60.17).

2.3 ASTM D3702-79. Standard Test
Method for Water Content of Water-Reduc-
ible Paints by Direct Injection into a Gas
Chromatograph (incorporated by refer.
ence—see § 80.17).

3.4 ASTM D4017-81, Standard Test
Method for Water in Painta and Paint Ma-
terials by the Karl Pacher Titration
Method (incorporated by reference—see
§ 60.17).

3. Procedure

3.1 Volatlle Matter Content. Use the pro-
cedure (n ASTM D2369-81 (incorporated by
reference—see {680.17) to determine the
volatile matter content (may include water)
of the cosating. Record the following infor-
mation:

W.=Weight of dish and sampie before heat-

ing. g.
W.=Weight of dish and sample after hest-
ing, .
W,=8ample weight. g.
Run anaiyses in pairs (duplicats sets) for
each coating until the criterion in Section
4.3 is met. Calculste the weight fraction of
the volatile matter (W,) for each analyxis as
follows:

@ w,-W,
. - Eq. 24-1
W,

Record the arithmetic average (W, ).
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3.2 Water Content. For waterborne
(water reducible) coatings only, determine
the weight {raction of water (W,) using
either Standard Content Method Test for
Water of Water-Reducidble Paints by Direct

-Injection {nto a Gas Chromatograph” or

“Standard Test Method for Water in Paint
and Paint Materials by Karl Pscher
Method.” (These two methods are incorpo-
rated by reference—see §60.17.) A water-
borne coating is any coating which contains
more than $ percent water by weight (n its
volatile fraction. Run duplicate sets of de-
terminaticns until the criterton in Section
4% is met. Record the arithmetic average
(W)

3.3 Coating Density. Determine the den.
uty (D, kgsliter) of the surface coeting
using the procedure in ASTM D1475-80
(Reapproved 1980) (incorporated by refer-
ence—see § 80.17).

Run duplicate sets of determinations for
esch costing until the criterion in Section
43 is met. Record the arithmetic average
DL

3.4 Solids Content. Determine the
volume fraction (V,) solids of the coating by
calculation using the manufacturer’'s {ormu-
lation.

4. Data Valtdation Procedure

4.1 Summary. The variety of coatings
that may be gsubject t0 aDalysis msakes it
necessary to verify the ability of the analyst
and the analytical procedures 10 obtain re-
producible resuits for the coatings tested
This {s done by running duplicate analyses
on each sample tested and comparing re-
suits with the within-laboratory precision
statements for each parameter. Because of
the inherent incressed imprecigion in the
determination of the VOC content of water-
borne coatings as the weight percent water
increases. messured parameters for wster-
borne coatings are modified by the appro-
priate confidence limita based ot between-
laboratory precision statements.

4.2 Anaiytical Precision
within-laboratory and between-laboratory
precision statements are given below:

| Warn- Betwnen-

\4 \4

4.7 ot W,
7.5 pot W,
0.008 hg/tar.

4.3 Sampie Analysis Criteria. For W, and
W. run duplicate analyses until the differ-
ence between the two values (n & set is iess
than or equal to the within.ijaboratory pre-
cision statement for that parameter. For D,
run duplicate analyses until each valye in a
set deviates from the mean of the set by no
more than the within-laboratory precision
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statement. If after several attempts it is
concluded that the ASTM procedures
cannot be used for the specific coating with
the established wnthin-laboratory precision.
the Administrator wil assume responsibility
for providing the necessary procedures for
revising the method or precision statements
upon written request to: Director. Emiasion
Standards and Engineering Division, (MD-
13) Office of Air Quality Planning and
Standards, U.S. Environmental Protection
Agency, Resesrch Triangle Park. NC 27711.

4.4 Confidence Limit Calculations for
Waterborne Cosatings. Based on the be-
tween-laboratory precision statements. cal-
culate the confidence limits for waterborne
coatings as follows:

To calculate-the lower confidence limit,
subtract the appropriate between-laborato-
ry precision vaiue from the messured mean
value for that parameter. To caiculate the
upper confidence limit. add the appropriate
between-laboratory precision value to the
measured mean vaiue for that parameter.
For W, and D, use the lower confidence
limits. and for W, use the upper confidence
limit. Because V, is calculated. there is no
adjustment for the parameter.

5. Calculations

5.1 Nonaqueous Volatile Matter.
5.1.1 Solvent-borne Coatings.

W,.=W, Eq. 24-2
Where:
W.=Weight fraction nonsqueous volatile
matter, g/8.
5.1.2 Waterborne Coatings.
WyuW,-W, EQ. 24-3
5.2 Weight Fraction Solids.
W.=i1-W, EqQ. 244
Where:

W, = Weight solids, g/5.

METHOD 24A—DEIRMINATION OF VOLATILE
MATTER CONTENT AND DENSITY OF PRINT-
G [Nxs AND RxxaTED COATINGS

1. Appitcabdility and Principle

1.1 Applicabllity. This method applies to
the determinsation of the volatile organic
compound (VOC) content and density of
solvent-borne (soivent reducible) printing
{nks or related coatings.

1.3 Principie. Separate procedures are
used to determine the VOC weight fraction
and density of the coating and the density
of the solvent (n the coating. The VOC
weight fraction is determined by measuring
the weight loss of a known sample quantity
which has been heated for a specified
length of time at a specified temperature.
The density of both the coating and soivent
are measured by a standard procedure.
From this information. the VOC volume
{raction is calculated.
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2. Procedure

2.1 Weight Fraction V2C.

2.1.1 Apparsatus.

2.1.1.1 Weighing Dishes. Aluminum tq
58 mm tn diameter by 18 mm high. with N
flat bottom. There must be &L least thyy,
weighing dishes per sample.

2.1.1.2 Disposable Syringe. 3 ml.

2.1.1.3 Analytical Balance. To measure ¢,
within 0.1 mg.

2.1.1.4 Oven. Vacuum oven capable o
maintaining a temperature of 120=2°C anq
an absolute preasure of 510 =51 mm Hg ¢,
4 hours. Alternatively, a forced draft ove,
capabie of maintaining s temperature of 12
=2°C for 24 hours.

2.1.2 Analysis. Shake or mix the sampj,e
thoroughly to assure that all the solids are
compietely suspended. Label and weigh 1
the nearest 0.1 mg s weighing dish ang
record this weight (M,,).

Using & 5-ml syringe without & needle
remove a sample of the coating. Weigh the
syTinge and sampie to the nearest 0.1 mg
and record this weight (M.n). Transfer | v
3 g of the sample (o the tared weighing
dish. Reweigh the syringe and sample to the
nearest 0.1 mg and record this weight (M)
Heat the weighing dish and sample in 3
vacuum oven at an absolute pressure of 510
=51 mm Hg and a temperature of 120 £2'C
for 4 hours. Alternatively, heat the weigh.
ing dish and sample in a forced draft oven
at & temperature of 120 +2°C for 24 hourx
After the weighing dish has cooled, reweigh
it to the nearest 0.1 mg and record the
weight (My). Repeat this procedure for a
total of three determinations for esch
sample.

2.3 Coating Density. Determine the den-
sity of the ink or reiated coating according
to the procedure outlined in ASTM D 1475
80 (Reapproved 1980), (incorporated by ref-
erence—see § 80.17).

2.3 Soivent Density. Determine the den.
sity of the solvent according to the proce-
dure outlined in ASTM D 1475-80 (resp
proved 1980). Make a total of three determi-
nations for each costing. Report the denaity

D, as the arithmetic average of the three
determinations.

3. Calculations

3.1 Weight Fraction VOC. Calculste the
weight fraction volatile organic content W,
using the {ollowing equation:

Report the weight

m‘nmeuc average
ns.

uos.z Volume Fra

yolume fraction vt

using the followiny

v, :
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M-u - uqn'uqﬂ‘uﬂ
Mn-Mn

W, =

EqQ. 24A-1

Report the weight fraction VOC W, as the
arithmetic average of the three determina.
tions. .

3.2 Volume Fraction VOC. Calculate the
volume fraction volatile orgunic content V,
using the following equation:

vc - (WOD(/DO
Eq. 24A-2

4. Bidliography

4.1 Standard Test Method for Density of
Paint, Varnish, Lacquer, and Related Prod-
ucts. ASTM Designation D 1475-60 (Reap-
proved 1980).

4.2 Teleconversation. Wright. Chuck,
Inmont Corporation with Reich., R. A..
Radian Corporation. September 25, 1979.
Gravure [nk Analysia

4.3 Teleconversation. Oppenheimer,

Robert, (Gravure Research Inatitute with
Burt. Rick. Radian Corporation. November
5, 1979. Gravure [nk Analyus.

METHOD 18—DETERMINATION oF TOoTAL CasR-
0US NONMETHANE ORGANIC EMISSIONS AS
CanrsoN

1. Applicadility and Principle

1.1 Applicabdility. This method applies to
the measurement of volatile organic com.
pounds (VOC) as total gaseous nonmethane
organics (TGNMO) as carbon (n asource
emissions. Organic particulate matter will
interfere with the analysis and. therefore, a
particulate fllter i3 required The minimum
detectable for the method is 50 ppm as
carbon.

When carbon dioxide (CO.) and water
TADOZ are present together in the stack,
they can produce a positive bias in the
sample. The magnitude of the bias depends
on the concentrations of CO: and water
vapor. As s guideline. multiply the CO, con-
centration. expressed as voiume percent,
umes the water vapor concentration. If this
product does not exceed 100, the bias can be
conxidered insignificant. Por example, the
bias is not significant for s source having 10
percent CO, and 10 percent water vapor, but
it would be significant for a source near the
detection limit having 10 percent CO, and
20 percent water vapor.

This method is not the oniy method that
sbplies to the messurement of TGNMO.
Costa, logistics, and other practicalities of
source testing may make other test methods

Pt. 60, App. A, Meth. 25

more desirable for measuring VOC contents
of certaln effluent strenms. Proper judg-
ment ls required in determining the most
applicable VOC test method. For example,
depending upon the molecular weight of the
organics in the ef{fluent stream. a totally
automsted semicontinuous nonmethane or-
ganics (NMO) analyzer interfaced directly
to the source may yileld accurate results.
This approach has the advantage of provid-
lng emisston data semicontinuously over an
extended time pertod.

Direct measurement of an effluent with &
flame jonization detector (FID) analyzer
may be appropriate with prior characteriza-
tion of the gas stream and knowiedge that
the detector responds predictably to the or-
ganic compounds in the stream. If present,
methane (CH.) will, of course. also be meas-
ured. The FID can be applied to the deter-
munation of the mass concentration of the
total molecular structure of the organic
emissions under any of the following limited
conditions: (1) Where only one compound is
known to exist: (1) when the organic com-
pounds consist of only hydrogen and
carbon: (3) where the reiative percentages
of the compounds are known or can be de-
termined. and the FID responses to the
compounds are known: (4) where a consist-
ent mixture of the compounds exists before
and after emisgion controi and only the reia.
tive concentrations are to be assessed: or (3)
where the FID can de calibrated aguinst

- mass standards of the compounds emitted

(solvent emissions. for example).

Another example of the use of a direct
FID is as a screening method If there is
enough information savailable to provide a
rough estimate of the analyser sccuracy,
the PID analyser can be used to determine
the VOC content of an uncharacterised gas
stream. With a sufficient buffer to account
{or possible lnaccuracies. the direct FID can
be a useful tool to obtaln the desired results
without costly exact determination

In situations where a qualitative/quanti-
tative analysis of an effluent stream (s de-
sired or required. a gas chromatographic
FID system may apply. However, for
sources emitting numerocus organics. the
time and expense of this approach will be
formidable.

1.2 Principle. An emiagion sample is with-
drawn from the stack at a constant rate
through a heated filter and a chilled con-
densate trap by means of an evacuated
sample tank. After sampling is completed,
the TGNMO are determined by independ.
ently analyzing the condensate trap and
sample tank fractions and combining the
anaiytical resuits. The organic content of
the condensate trap f{raction is determined
by oxidizing the NMO to CO, and quantita-
tively collecting the effluent in an evacuat-
ed vessel, then a portion of the COy is re-
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Standard Test Method for
Volatile Content of Coatings’
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Tts standard 1s 1ssued under the fived designauon D 2369 the numoner immediateiv foilowing the designation indicates the vear of
SNENRal agoption or, 10 the case of revision e vear ot 1ast revision A number 10 parentheses indicates tne year of last reapproval A
SUDETSCTIDL CPSION (¢) INAICALES AN €QILONAl CRANGE SINCE (NE tast revision or reapproval

Tisrest metnod hds revn approved for use my agencies of tne Depuriment of Deretse 1o reptace Metnoa 4G4 | | or Federar Test Vetnog
S.anacra So 1414 and tor usting ininc DoD [ngev or dpeciticdlions und Standaras

" NOTe=Paragraph 7 3 was editonallv correctea and the Jesignation date was changed June 10, 1987

-

2 \oTe—The references 1o notes and secuions 10 ! 4

© 2 and T 3 were eaitonally corrected in December 1988

. Scope

1.1 This test method descnbes a procedure for the deter-
nination of the weight percent volaule content of soivent-
educible and water-reducible coaungs. Test specimens are
reated at ;10 = 3°C for 60 mun.

© 2 Sixtv munutes at 10 = 5°C 15 a general purpose test
method based on the precision obtained with both soivent-
reducible and water-reducible coatings (see Secuion 9) These
coaungs (singie package. heat cured) are commonly apphed
1n factones 1o automobiies. metal containers. flat (cotl) metal
and large apphances. and many other meral parts.

NoTE —Tesung at 110 = $°C for 20 mun was uulized for the
estabushment of the onginal test method 1n 965 Precision data are not

ajjable ana mas not have been properiv generated at the ume The

3¢ paints tested tnen were all solvent-reducible These condiuons. 20
ainat 110 = 3°C. are no longer sausfactory for the determination of the
volaufe content of many coaungs being tested at the present ume
Water-requcibie ang soiveni-requcible coaungs were lested n tne
development of Test Methoa D 2369 using {10 = $°C for 60 mun and 20
min tor which orecision data have been generated. See Appendix for
precision statements on the 20-min oven residence tume.

i 3 This test method does not cover multi-package coat-
iNgS wherein one or more parts may. at ambient conditions.
contain iiquid coreactants that are volatile unul a chemical
reacuion has occurred with another component of the
Tultipackage coaung.

I 4 Thus test method mav not be applicable to all tvpes of
coanngs such as pnnting 1nks. and other procedures may be
supstituted with mutual agreement ot the proqucer and user.
See Note 3.

1.5 Twms stanaard mav involve hazardous materials. oper-

atons. and equipment. This standard does not purport (0
aadress ail of the saretv problems associated with its use It 1s
(he responsibiiuy of the user of this standard 10 esiadlish
appropriate satety and heaith practices and determine the
appircacuity of reguatory limutations prior 1o use A specific
hazard statement s gaven 1n 7 3.1.

1. Referenced Documents
20 ASTM S:andurds

——

This test methoc s under the yunsdiction ot ASTM Commuttee D-1 on Paint
and Re:atez Coatings and Matenais and 1s the direct responsibiinis of Subcom-
minee DF 1 on Cremical Ananvss of Paints ana Paint Matenas

Current 22iucn :oDroved June WO 9AT Pubhished Aygust T
FUbhisned ov O DT -y T gst previous edition D 23R - 16

Coranady

D 343 Specificauon for 2I-Ethoxyethyi
Grader

D 362 Spectiicauon for Industnal Grade Toluene®

D 1193 Specification for Reagent Water®

E 145 Specification for Gravity Convecuion and Forced-
Venulauon Ovens®

E 180 Practice for Determuning the Precision Data of
ASTM Methods for Anaivsis and Tesung of Indusinal
Chemucals®

Acetate (95 %

3. Summary of Test Method

3.1 A designated quantity of coating specimen 1s weighed
into an aluminum foil dish containing 3 mL of an appro-
pniate solvent. dispersed. and heated in an oven at 110 = 3°C
for 60 min. The percent volatile 1s caiculated from the loss in
weight.

4. Significance and Use

41 This test method 1s the procedure of choice for
determining volatiles 1n coatings for the purpose of calcu-
lating the volatile organic content in coatings under specified
test conditions. The inverse value. nonvolaule, 1s used to
determine the weight percent soiids content. This informa-
uon s useful to the paint producer and user and to
environmentai interests tor determining tne volaules emitted
by coaungs.

S. Apparatus

5.1 Alumunum Foul Dish. S8 mm n diameter by 18 mm
high with a smooth (planar) bottom surtace. Precondition
the dishes for 30 mun in an oven at 110 = 3°C and store tn a
desiccator prior to use.

$.2 Forcea Drart Oven. Type lIA or Tipe 1B as specified
in Specification E 145

3.3 Svringe. 3-mL. capable of properis dispensing the
coating under test at sutficient rate that tne specimen can be
dissolved in the solvent isee 7 1)

3.4 Test Tube. with new cork stopper

3.5 Weigming or Dropping Bottle

- Discontinued. see (982 4nnuai Boox o 48TV S'andaras Part 1
Y Ynnuat Book i STV Sianaardy Yol L6 UL
* gnnuai Book o 4STA Seunuards vor -1 04

frma dowm of ST NrLngardy M 407

Domra, gon INTM S Lndardy Yo S
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b. Reagents

~ | Purnyoof Reagents—Reagent grade chemicals shall be
in air tests. U nless otherwise indicated. 1t 1s intended
atl r2zgents shall contorm to the specifications of the
¢ _mmittee on Analvucal Reagents of the Amencan Chem-
o2 Socteth. where such specifications are available. Other

re

AR &Y

3
-

z~2es 0 water shall be understood to mean Type Il of
Soecification D 1193,

~ 3 Ti.uene. techmcal grade. Specification D 362.
+ J-Ernovvetnvi Acetate, technical grade. Specification

~. Procedure

-

| Mix the sample. preferably on a mechanical shaker or
roiier, untl homogeneous. If air bubbies become entrapped.
::r by hand untui the air has been removed.

~ 2 Using an appropnate weighing container (5 2, 54 or
I ¥ with the synnge preferred for highest precision). weigh to
" mg. by difference. a specimen of 0.30 = 0.10 g for
coatings believed to have a volatle content less than 40
reight ¢ or a specimen of 0.530 % 0.10 g for coatings behieved
13 nave a volatile content greater than 40 wewight “z. 1nto a
tared aluminum tou dish (3.5V into which has been added 3
= | mL ot suitable solvent (6.2. 6.3, or 64) Add the
oecimen dropwise. shaking {swirling) the dish to disperse
ne specimen compietelv in the solvent. If the matenal forms
lump that cannot be dispersed. discard the specimen and
crepare a new one. Similarly prepare a dupicate

—

IS

NOTE 2—If the specimen cannot be dispersed tn the soivents Listed
£ 2.6 3. 0r 6 4) a compauble soivent may be substituted provided it 1s
=G 1ess voiatile than 2-ethoxvethyvi acetate (6 4)
~ 3 Heat the aluminum foil dishes containing the dis-
cersed specimens in the torced draft oven (S 2) for 60 min at

D =3C

" 31 Warning—Provide adequate ‘enuiation. consistent
~ith accepted laboratorny practice. to prevent solvent vapors

" “Rcagent Chemicals. Amencan Chermical Sociers Specifications.” Aam Chem-
ca Soc Washington DC  For suggestions on the testing of reagents not hsted bv
me Amencan Chermicai Societv. see “Reagent Chemucats and Swndards.” by

.sseph Rosin D Van Nostrang Co . Inc.. New York, NY ana the LU nited States
Pharmacope:a

N

rom accumulating to a dangerous level.

7.4 Remove the dishes from the oven. ptace immediatels
1 a desiccator. cool to ambient temperature and weigh t0 0. §
me.

NOTE 3—If unusual decomposition or degradauon of the specimen
occurs dunng heating. the actual time and temperature used to cure the
coating tn practice mav be substituted for the ttme and temperaturc

specified in this test method. subject to mutual agreement of the
producer and user.

8. Caiculations

8.1 Calculate the percent volatile matter. I’ 1n the hquid
coating as follows:

" % =

100 = {({(Wy — B 175} x 100)
where:
W', = weight of dish.
weight of dish plus specimen after heating, and
S = specimen weight.
8.2 The percent of nonvolatile matter. .V, 1n the coating
may be calculated by difference as follows:

.-
L o]
e
]

V., % = 100 - volaule matter

9. Precision and Bias

9.1 The precision esumated for tests at 60 min at 110 =
3°C are based on an interiaboratorv study® in which |
operator 1n each of |5 laboratones anaiyzed in duphicate on 2
different davs 7 samples ot water-based paints and 8 samples
of solvent-based paints containing between 35 and 72 %
volatile matenal. The paints were commerciaily supplied.
The tesults were analvzed stausticaily in accordance with
Practice E 180. The wathin-laboratory coefficient of vanation
was found to be 0.5 % relative at 213 degrees of freedom and
the between-iaboratones coefficient of vanatuon was .7 %
relauve at 198 degrees of freedom. Based on these coeffi-
cients. the following critena should be used for judging the
acceptability of results at the 95 % confidence level.

9.1.1 Repeatabiiity—Two resuits. each the mean of duph-
cate determinations, obtained by the same operator on
different davs should be considered suspect if they differ by
more than 1.5 % relauve.

9 1.2 Reproducibility—Two results. each the mean of
duplicate determinations. obtained by operators 1n different
laboratontes should be considered suspect if they differ by
more than 4.7 % relative.

9 2 Bias—Bias has not been determined.

* Supporung data are avalable from ASTM Headquarters Regquest RR
DO1-1026
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APPENDIX

(Nonmandatory (nformation;

'

Oven residence ume of 20 min for the paint test
mmen at |10 = 3°C was the onginal procedure for this
method. For intormation purposes. the precision state-
ts tor 20-min residence time are:

. 1 1 The precision estimates are based on an interiabo-

n siudy 1in which | operator in each of | S laboratories
vzed 1n duphicate on 2 different davs 7 samples of
r-based paints and 8 samples of solvent-based paints
amnmng from 33 10 72 % voiaule matenal. The paints

commercially suppiled. The resuits were analvzed
sticaily 1n accordance with Practice E 180. The wathin-

ratony coerficient of vanauon was found to be | | %

relative at 193 degrees of freedom and the between-labora-
tones coetficient of vanauon was 2.5 % reiauve at 178
degrees of freedom. Based on these coetficients the foilowing
cnitena should be used for judging the acceptability of results
at the 95 % contidence level.

1a) Repeatapuliiv—Two results each the mean of dupiicate
deterrmnations. obtained by the same operator on different
davs. should be considered suspect if they differ by more
than 2.9 % relative.

(5} Reproducibilinn—Two resuits. each the mean of dupli-
cate determinations. obtained bv operators in different
laboratonies should be considered suspect it theyv differ by
more than 7 | % relative.

“a American Society ‘or Testing and Matarials 1akes no SOSILON respECtng the vaidity of any DateNnt nGNTS asserted in ConNeCnon
~TN ANy 16M MANNONGE 'n IS SIANCBrd USers of 'Mis SIancasd are express'y advised that ceterrmination of the vaidy of any such
sarent rigNts ana the *'sx of iNINNQeMeNt Of SUCNH rights are entirely (heIr own resSpoNSINIty

TS SIANCArd 1S SUDISCT 10 rAVISION &l &Ny [IMe Dy The rasponsidie 18CNNICI COMMITIse 8nd MUSt DO raviewsd every frve yoars ang
‘"0l rQvISOa ATNEr r88O0IOVead OF wNArBwr YOUr COMMEnts are invited anther for ravision of S StanNqara of for 8adnional siancercs
3ng snouid DB 20aressed 10 ASTM HeSOGQUArErs Your COmmMents wiil r8Ceve careful CONSIOSraION &t 8 Mestng of the respons:oie
‘8ChNMCal COMMIMee wriCh yOu may artena I you /eel that your comments have Not received & fair Nearing you shouiqd maxe your
/. 8wS KPOWN 10 the ASTM Commmaee on Stangargs. 1916 Race St Phiiaceipma. PA 19103
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Standard Test Method for
. . . . . 1
- Water in Paints and Paint Materials by Karl Fischer Method
} This standard s ssyed gnder the fivwed designatuon D 1T the numnber immediatels following the Jdesignation ndidtes tne car
, e ML JLuDUON OF TR IR CAse O TEVISION the veldr vt [ast revision A numner in parcmhescs naicates ihe vear of Jsl r2approvar |\
) SUPKTSB TP CPSION 1 iAdICALeS AN ediloral gh.mgc SINCE e 1d5t revsin or reapproval
1. Scope: 4.2 Paint matenals are often insoluble 1n common Karl

1.1 This test method 1s applicable to all paints and paint
matenals. including resins. monomers. and solvents. with the
excepion of aldehvdes and certain acuve metals. metal
oxudes. and metal hvdroxides. While the evaluation was
limited to pigmented products containing amounts of water
i the 30 to 70 % range. there 1s reason to believe that higher
and lower concentrauons can be determined by this test
method.

1.2 Thus standard may invoive hazardous maieriais oper-
auons. ana equipment This standard does not purport 10
aadress ail or the sarety proplems associated with s wse 1t 1s
the responsibiliiy ot the user of this standard to establish
appropriate sateryv and heaith practices und determune the
appticabiiit ot regulatory (imuattons prior [0 use Specific
hazard statements are given in Secuon 7

2. Referenced Documents

2.1 ASTNM Siandards

D 1193 Specification for Reagent Water

E 180 Pracuce for Determining the Precision of ASTM
Methods tfor Anaiysis and Tesung of Industnal
Chemucals®

E 203 Test Method for Water Using Karl Fischer Reagent-

3. Summary of Test Method

3t The matenal 15 dissolved 1n pvyndine. or another
appropnate solvent. and titrated directly with standardized
Karl Fischer Reagent. to an electrometric end point The
sluggish reaction with water 1n pvndine 1s accelerated with a
chemtcai catalvst. |-ethvipipenidine.

3.2 Pyndine is used as a solvent (0 minimize interference
problems caused by ketones. It 1s aiso used because the more
commen solvent. methanol. will not dissolve many common
resins and because methanol reacts with some resins to
produce water

4. Significance and U'se

4 1 Control of water content 1s often important in control-
ling the performance of paint and paint ingredients. and tt 1s
cniucal in controlling volaule organic compound (VOC)
content.

TR test mernod 18 under the sunsdiction ol ASTM Commttee D-. on Paint
12 Reared U utings ond Materiais and s e diredt responsibilits of Subcom-

Ve D Chemicdl Anansis o Pamis and Paint Mateniain
CLTTOT LS T upProaed (R o Pybnisned Devemper T9xx (igran.
Putisnel i s e T ov Lo ere cies cdilian 1) b T - LA
TN ook
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Fischer solvents such as methanol. Pvndine has been found
to be a nearty universal solvent for these matenals: however.
the Kari Fischer reaction 1s too siow 1n that solvent at room
temperature. To speed 1t up. [-ethvi-pipendine is added at
3 % as a buffer, or “catalyst”

5. Apparatus

5.1 Karl Fischer Apparatus. manual or automatic. encom-
passed by the descripuon in Test Method E 203. Apparatus
should be equipped with a 2S-mL buret. Class A. or
equivalent. .

5.2 Svringe. 100-uL capacity. with needle.

S 3 Svringes. I-mL and 10-mL capacity. without needle.
but equipped with caps.

6. Reagents

6.1 Purity of Reagents—Reagent grade chemucais shall be
used 1n all tests. Unless otherwise indicated. 1t 1s intended
that all reagents shall conform to the speciticauons of the
Committee on Analytical Reagents of the Amencan Chem-
1cal Soctety, where such specifications are available.” Other
grades may be ‘used. provided 1t is ascertained that the
reagent 1s of sutficiently high punty to permit 1ts use without
lessening the accuracy of the determination.

6.2 Puruy oy Water—Unless otherwise indicated. reter-
ences 10 water shall be understood to mean reagent grade
water conforming to Tvpe Il of Specification D 1193

6.3 Karl Fischer Reagent.”

6.4 Pyridine

6.5 I-Ethylpiperidine.

6.6 Hydrochloric 4ad (HCl) Concentrated

7. Hazards

7 1 Karl Fischer reagent contains four toxic compounds.
namely odine. sulfur dioxide. pyvridine. and methanol or
glvcol ether. The reagent should be prepared and aispensed
in 2 hood. Care must be exercised to avoid inhaiation or skin
contact. Following accidental contact or spillage. wash with
large quanuties of water.

7.2 Pvndine and methano! solvents should be treated with
the same care as Karl Fischer reagent.

~

* =Reagent Chemucals Amencan ¢ nemical Sociers Spectiications  Am Jaem
1l Yoo Washington DX Fur suggeshons on tne resting ul r2agents not asied =y
ne Amencan Chemicd Suuiety Reagent nemildls and Standards =
Paarr Rosin D van Sestrund € ) New Yark NY anu
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TABLE 1 Specimen Guidehnes
e Approximate Azsroximate
LT Soecimen T rrant Votume
‘Negnt 3¢ S marme
3 re ML
3 iC
-5 $2-20
- 1.2 *2-20
3 J4-10 T-25
T BB 5-25

there-
above

3 -ethvipipendine 1s of unknown toxicity and.
“ore snould be handled with the same care as the
matenals

8. Procedure

s Sranagrdization of Karl Fischer Reagent:

s . 1 Audenough fresh pyndine to cover the electrode up.
nius | mL of l-ethvipipendine cataivst per 20 mL of
ownidine Catalvst pertorms best at a concentrauon of apout
$ 7 01 the volume present.

~ . 2 Ful the 100-uL svnnge to about half full with
Zistilled water and weigh to the nearest 0.1 mg.

< | 3 Preutrate the pynidine to the end point indicated by
‘ne squipment manufacturer. by adding just enough Karl
rrscher Reagent [ IKFR) 1o cause the end point o hold for at
‘2ast 30 s

& 131 The use of the catalyst greatly ncreases the reac-
11on rate petween water and Karl Fischer reagent. To obtan
reliaple results. increase the electrode sensitivity and reduce
uitration rate to @ mmmimum. Most instruments have controls
for these functions. Consult the tnstructional manual for
~nformation on these controls.

% 1 4 Empty the contents of the svnnge 1nto the titrator
~esset Immediatelv replace the stopper of the sample port
ana ttrate with KFR 1o the end point as descnibed 1n 8.1.3.

= |  Repeat standardization until replicate values of F
agree within | “. Determine the mean of at least two such
Jeterminauons Carny out calculations retaining at least one
2xtra decimal figure bevond that of the acquired data. Round

+Y figures atter final calculations.

e Cacctadtion:

~ o6 4 Calculate the KFR utre £ as foilows:

F=Jp
where.
. = water added. g. and
7 = KFR used. mL.

The value for F should be recorded to the four significant -

J:zts and should be the mean of at least two determinations.
Trpical values are 1n the range of 0.004000 to 0.006000
2 mL

* 2 iranisis of Sumples Wih More Than 1) 5 % Water:

v 2 The utranon essel should already contain
rreutrated pyvndine and catalvst, as descnbed 1n steps 8.1 |
<na x | 3 1n the standardization procedure. Best results are
- rtarned with tresh soivent. that is. contain no presiously
uirated specimen 1n the vessel.

~ 22 Witha l-mL or 10-mL svringe. draw the amount of
~atertal ingicated in Table |

N~
~

Remove the svange trom the specimen. pull the
ita btte turther wape the oheess matenat ot tne

ttanaer

syvrange. and place a cap on the synnge up Weign the filled
syringe to the nearest U | mg.

3.2.3 Remove the cap. and empty the sinnge contents
into the pretitratea pyndine vessel. Pull the piunger out anc
replace the cap. Titrate the specimen with KFR 10 the enu
point descnbed in 3 1.3,

8.2.4 Reweigh the empued synnge. and calculate tr
specimen weight by difference.

8.2.3 Calcuarnon:

L=(Px Fx 10015

8.3 Analvsis of Materials With Less Than v F 52 W arer

8.5.1 For 0.1 to 0.5 %. foilow procedure 1n 82 (|-g
specimen). except substitute a l-mL microburet for the
2S-mL buret in the Karl Fischer apparatus.

8.3.2 For less than 0.1 %. use a 1-mL muicroburet anc¢
increase specimen size as much as needed. up to 10 g. !
should be possibie to measure morsture levels down to { ppm
10.0001 %) by this approach.

NoTE—Specimens with less than Q | ¢ water masv require special
randling tecnmques 10 prevent pickup of atmosphenc moisture The
precision of this test method was determined with specimens containing
nigher aater levets.

9. Maintenance

9| Cleanup—Clean the titrauion vessel by nnsing with
fresh pyvndine. Do not use methanol or other scivents.

9 2 Drvness—Check frequently to be sure that all dmving
tubes, are 1n good condition and tightly connected. Replace
dessicant wnen indicator color changes througn naif or the
tupe

9.3 Electrode Performance—If electrode response 1s slug-
gish or otherwise off standard. take the following steps. 1n
turn. to correct the problem. Test the eiectrode wath a
utrauon after each step. to determine if the next step 1s
required.

9 3| Wipe the electrode tip with a clean paper towel.

9 32 Wash the electrode by dipping 1n concentrated
hyvdrochloric acid for at least | min. Rinse tirst with disullec
water. then with methanol.

9 33 Follow manufacturer’s instructions on resetting end
point meter.

9 3.1 Replace power source. See manual for replacement
procedure.

9 3 5 Replace the electrode.

10. Precision and Bias

10.1 The precision esumates are based on an nter-
laboratory study 1n which one operator in each of sever
different laboratones analvzed in duplicate. on two ditferen:
davs. seven samples of water-based paints of ‘arious types
containing between 25 to 75 % water. The results were
anaivzed statistically in accordance with Pracuce E 140, The
within-laboratory coetficient of vanation was found to be
| 7% relative at 98 df. and the between-laboratorn coetfi-
cient of vanation was 3 3 % relauve, at 42 df. Based on these
coefficients. the following critena should be used for judging
the acceptabihity of results at the 95 < confidence leve

11 Repeatumiiin —Two resuits. each tne mean of du-
nlicate Jdetermrinauons. obtained by the same operator or

s AN AL}
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dgifersnt aass shouid be considered suspect 1 thes aitfer oy 10.2 Rius—Bias has not been determuned for s test
nore tnan < - 7~ relative. metnod.

W2 Rerrogiihtitv—Two resuits. each the mean of
cuplicate deterrminations. obtained by operators in aiferent (1. Index Terms
japoratenes snoulg be considered suspect if they ditfer by 1.1 This test method 1s indexed under the following
more than 30 7~ reiative. ' terms: Kari Fischer reagent method: moisture content. water

content (paints, related coatings).

Tne American Scciety tor Tes: ~¢ 3z Marenais axes ng DCSOM 7eSDRCHNG the vandity 1* any 0atent rignts assered 1 Connecnon
~iIR 3Ny item Mentonea i~ IS §1377arg _Sers 31 " € §1anadats 37e exoressly advised (1a: Jetermination of (Ne vangity Of any such
zarent ngnts ang tne risk ot intrirgement ot st gnris are enfraiy (her Own respANsSiO ty

TR's S13NQard 'S SUBIEC! 10 reviSION at any “iMe Cv "Me r@spors.0ie 6CAMCA! COMM.nee And MUS D reviewed every live vears anc
$ Tl reviSed enner reaborovea Of withIraw ™ Y Iur SIMMeNnts are tvited enner ‘or tevisior of MS sianaara or 'or adainonar stangaras
3ra Shou!C oe aguresseq ' ASTM meacquaniers tour Comme=!s wul raceive carefyur ZOrs.0eration at a meeting ¢t the responsipie
‘ecanIcal Commitee. wiiCn yOu T3y artenrc ‘' uCou ‘eer tNal 4Ou’ SSMMents nave not recewvad a 'air Neanng you Should maKe your
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b Designation: D 3792 - 86

Standard Test Method for

- < < e
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Water Content of Water-Reducible Paints by Direct Injection

Into a Gas Chromatograph’

Thes standard s issued under the fined designaiion D 379 the numper immediatelv foldowing the designauon mascares (he sear of
COE N AA0PUON OF. 10 e 2aSe Ot TrAISION INE \edr Of rast revision A qumber in parentneses (ndicales the vear of last reapprovar A
SUPeTSCNDL ePSHON (41 IRQICAIES 3N SLIONS! JNange since the last rev's;on or reapproval

. Scope

I} Thus test method 15 for the determinauion of the total
vater content of water-reducible paints. It has been evaiu-
ted for latex systems (styrene-butadiene, polvtvinylacetate -
crvlice aenvlicr [t has not et been evaluated for sother
vater-recucible paints but s beyeved 10 be applicable The
stablished working range of this method 15 from 40 1o 33 <
vater There 15 70 reason 10 befieve that 1t wii not work
Jutside Of this range.

L2 Ts standard may invoie Aazaraols maieridis orer-
2000n5 . eawimment TRIS SianddrG does miot ouroore 1o
2aaress ..ot e salely propiems associdied witn Hs e s
N resPONSION N A1 the user ot [Ais lanaara o ovabiish
OProprigie saret. Jnd neaitn practices Jdnd determine (ne
AoptiLdOniy ot reguuqtory imuations prior o use  For
Spectiic nazara statements, see Section 3

Referenced Documents

20 ASTY Sizndaras

D 1193 Spec:iication for Reagent W ater

D 1364 Test Method for Water :n Volaule Solvents
-Fisener Raagent Titration Method)-

E 130 Pracuce ror Determining Precision Data of ASTM
Metheds for Analyvsis and Tesuing of industnal Chems-
1cals’

3. Summary of Test Method

.

30 A sunabie ahauot of wnole paint 1s internally stan-
dardizec with annvdrous 2-propanoi. dijuted witn dimethvi-
formamige. and ‘hen iniected (nto a gas chromatographic
column santaiming a porous polvmer packing that separates
water !rom otner volaute components [he water content is
determined from area calculanons of the matenals pro-
ducing peaks on :ne chromatogram

4. Significance and Use

<1 With tne need to calculate volanule organic content
tVCCy of water-recuctble paints. it 1s necessars to know the
water content TAus gas cnromatographic test method pro-
vides a relativers simpie and dirzct was 10 determine water
content

Thoccen menad s gnder the unsdictior o ASTM Committee D- or Pant
3¢ Renatec £ hatmes 10 Malenais ang os 'ne Jirect responsItity of Syt om-

ez Dy 20 on Cmericar Andivsis v Paints and Paint Mateny
Tamrmrza e Lmmroved Nov D0 axe Posmpaped Januan <xT Cimgnanis
FuTmed o s Tl s T LSt orevious i m ) 2 Tel - T
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TABLE 1 instrument Conditions
Cetector thermai conauctivity
Temoperatures. °C
Sampie et 200
Oetector 240
Cotumn*
innal a0
Fonal 170
Program rate 3Q0:min
Camer Gas neium or Aitrogen
S.qw rate mi/min 50
Detector current 160 mA
Specimen size (TS

* €or isothermal Operation set the column temperature at "4C°C  After the

2-propano nas cisared the column adiust the temperature 10 170°C unti OMF
- ears e coiumn Reset the temperature (0 140°C for sussequent runs

ta

. Apparatus

S Gas Chromatograph—Any  gas-iguid  chromato-
graphic instrument having a detector mav be used. Temper-
ature programmung capabihity 1s preferable. but isothermal
operations may be adequate. See Table |

32 Cuiumn—The column should be 4 ft (1 22 m) of »s-in.
13 2-mmy outside diameter tubing of stainiess sieel. or other
suitapie matenai. packed with 60/80 mesn (120 10 230 um)
sorous polymer packing matenal.* A repiaceable giass sieeve.
2lass woo! plug. or other suitable matenai may be placed on
'ne entrance end of the column to retain any nonvolatile
natenais. This will minimize sludge buiidup in the column.

23 Recoraer—A recording potentiometer with a full-scaie
zetlection of | to 10 mV. fuli-scaie response t:me ot 2 s or
less and sufficient sensiivity and stapuity 10 meet the
requirements of 5 1,

33 Ligiud Charging Devices—Micro svnnges of [0 or
23yl capacity.

6. Column Conditioning

6t Procedure—The packed column 1s instailed in the gas
-hromatographic unit feaving the exit end disconnected from
the detector. This will prevent anyv contamination of the
Jetector with the column bleed. Set the helium or nitrogen
Tow rate at 20 to 30 mL/min if a 'san 13 2-mm) outside
diameter column 1s used Purge the column I or [0 min
~etore heaung. Heat the column from room temperature 10
200°C at 3°C/mun and hold this temperature tor at least iZ h
covermignt) At the end of this ume. heat the column at

° Parapax Q% atrademarx of Waters Assoc . Inc Mutora Ma Sas oeen tound

W30 R AN Other POTouUS POy MEr PACKing OF Otner L 2'u™ ™ 4 -iNR eQui dients

- 1pes “f DerIOMMANCe Mas "o used THose Droduets 402 1vd,.a™2 70 m T s gas
oL WP SUpPhers and distnnutors
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SC min 1o 250°C (the mavmum wemperature for this
~aching) and hold for several hours. Cool the column to
~vom temperature and connect the column detector. Repeat
sqe column o 250°C at 5°C mun to obsernve if there s
~oiumn oleed. Optimum conditioning of this column may
ake several ovcles of the heauing program before a good
recorder baseline 1s achieved.

».2 Before each calibration und senies of determinauons
-or dailyv) condition the column ot 200°C for | h with carmer
gas tlow

~. Reagents and Materials

=

| Puriv ot Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated. 1t 1s intended
that ail reagents shall conform to the specitications of the
Commuttee on Analvtical Reagents ot the Amencan Chem-
ical Society. where such specitications are available.* Other
grades mav be used. provided it 1s first ascertained that the
reagent s of sufficiently high punty to permut its use without
:2sseming the accuracy of the determination.

T2 Puriv o of Warer—Unless otherwase indicated. refer-
2nce to water shall be understood 10 mean reagent water
conformung to Type I of Specitication D 1133
=3 Carrier Gas—Helum of 99.995 % or mgher punty
High-puntv nitrogen may also be used.

=3 Dimernviormarude (D MF)Y (Annvdrous) gas chroma-
rography. spectroohotometne quaiity 1 Note 1)

T3 2.Prormanol tAnemarous) thsopronanoh—See Note |

"6 Sepriom Sumpre Vo 1U-mL zapacity wath fluorocar-
hon-faced septa are preterred.

NOTE | —Determine the water content of the DMF and 2-propanoi
=y karl Fischer utration :n accerdance witn Test Method D 1364, Dry
:ne l-prepanodif water s (ouna in it or reprace wath anhvdrous grade.

8. Hazards

8.1 Dimetnvitormamude 1s harmful if inhaled or absorbed
through skin. [t 1s suspected to be embryotoxic. Use oniy
with adequate ventiation. Avoud contact with skin. eves. and
ciothing. Reter to supphier's Matenal Safety Data Sheet.

9. Preparation of Apparatus

< | [nstall the column n the chromatograph and establish
the operating conditions required to give the desired separa-
uon (see Table 1) Allow sutficient ume for the instrument to
reach equilibrium as indicated by a stabie base hne. Control
the detector temperature so that it 1s constant to within 1°C
without thermostat ¢yching which causes an uneven baseline.
Adyust the cammer-gas tlow to a constant value.

10. Calibration

10 1 Using the informaton in Table | (as a guide). select
the conditions of temperature and camer gas flow that give
tne necessary resolution of the components.

10 2 Determuination ot Reiarine Response Facrors—Anhy-
2rous 2-propanol is used as an internal standard. The

‘ “Reagent ( hemcais Amencan Caemucd Society Specificaions.” Am Chem-
Jaido¢ Wasmington DC For suggestions on the testing of reagents not listed by
ne Amencan Chemual Sociery <er Reagent Chemicals and Standards.” ™
Cosepr Rosin D Van Nostrand €2~ New York NY and the “United States

MM T @

response actor 1o water relauve to the standard is deter-
mined b+ means of the following procedure. See Fig. | fora
typical chromatogram. It is good practice to determine the
relative ra:enuon ume daily or with each senes of determ:-
natons.

10.2.1 Weigh about 0.2 g of water and 0.2 g of 2-propano!
to 0. mg nto a septum sample vial. If 1t has beer
deterrmined that a correction for the water content i<
necessary. weigh 2 mL of dimethviformamide (DMF) into
the vial. If the DMF 1s anhvdrous. simply add 2 mL of it as
werghing 1S not necessary.

10.2.2 Inject a t-ul aliquot of the above solution into the
column and record the chromatogram. The retention order
and approximate retenuon times after the air peak are (/)
water. about 0.7 min: () 2-propanol. about 2.8 min; and (J)
DMF, about 7 min.

10.2.3 The preferred procedure to obtain the water con-
tent of the DMF 1s the Karl Fischer utrauon (Note 1}, If this
has been determined, calcuiate the response factor for water
by means of the foliowing equanon:

= u”4H10
Fo - PW,A,

where:
R = response factor.
"W = weight of 2-propanol.
By o = weight of water added.
W, = weight of dimethviformamude,
Ay.o = area of water peak.
47 = area of 2-propanol peak. and
P = weight % water in DMF
100
10.2.4 If Karl Fischer utrauon 1s not available. the fol-

lowing procedure may be used to obtain a reasonable
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FIG. 1 Typical Chromatogram
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tmate of the response factor:
-10.2 4 | Inject the same size aliquot of DMF and 2-
opanol mixture, but without added water. as a biank “Mote
e area ot the water peak in the blank.

10 2 < 2 The response factor for water 1s calculated by
eans of the following equation:

_ ”"{H»O_WB‘ -

. i Hod
where.
R = response factor.
W, = weight of 2-propanol.
W0 = weght of the water.
A, = zirea of 2-propanol peak.
Ay o = area of the water peak. and
B = area of the water peak i1n the biank.
11. Procedure

11 Weigh to 01 mg. 06 g of water-reducible paint (see
Note 20 ang O 2 g of IZ-propanol into a septum vial. Add

Z-mL of DMF into the viai. Seal the vial. Prepare a blank
containing the 2-propanoi and DMF but no paint.

Note I—Check each paint svstem to be analvzed for interfenng
peaxs (Ccalescing agents do not intertere with this determinauon

11 2 Shake the vials on a wnst acuon shaker or other
surtable cevice for |5 mun. To facilhitate setthng of sohds
~Jlow the vials to stand for 3 min just prior to mecuon 10O
1e cnromatograph. Low-speed centnifugation mayv aiso be
used.

113 Irtect a |-ul sample of the supernatant trom the
prepared solutions into the chromatograpnic column.
Record tne chromatograms using the conaitions descnbed 1n
Table !

12. Calculations

1N

120 Measure the area of the water peak and the 2-
propanoi internal standard peak and mulupiyv each area by

the apprcrnate attenuation factor 1o express the peak areas.

on a common basis. L'se of an electronic integrator is
recommenced to obtain the best accuracy and precision.
However tnangulation. plamimeter. paper cut out. or ball
and disk :ntegrator mav be used.

122 Caiculate the water concentration in the paint by
means of tne tollowing equation:

1.0 X W x 100

H.O & =
’ 1 x W <R
where
Ay o = area of water peak.
4 = area of 2-propano! peak.

W = weignt of 2-propanol added.
4, = weight of paint. and
R = response factor determined 1n {02

12.3 Correction tor W ater Content o1 Sofvenr

12.3 1 If the blank indicates the presence of a detectable
peak for water in the dimethviformamide used as soivent,
make a correctron 1n the calculaton.

12.3.2 The water content of the dimethylformarmde de-
termined by erther chromatography (10 2 4) or, preferably.
Karl Fischer titranon (10.2.3) 1s used to make the correction
Calculate the water content due to the solvent by using the
following equation:

(1 X100
HiOS), % = —aie
where:
W, = weight of dimethvlformamide.

W

weight of paint. and
= weight % water in DMF
100

12.3 3 The water content of the paint in this case 1s the
difference between the total percent determined 1n [2.2 and

the correction for the soivent water content as determined in

-

12.3.2.

A5

"o
|

13. Precision and Bias®

13.1 The precision estimates are hased on an inter-
laboratory study in which nine ditferent laboratones ana-
Ivzed 1n duplicate on two days four sampies of water-
reductble paints contatning from 40 to H-O
(theoreticai). The results obtained were analvzed statisuically
in accordance with Practuice E 180, The within-laborator
coefficient of vanauon was round to be .0 T relauve at 34
degrees of freedom and the between-iaboratones coefficient
of vanauon 2.6 o relauive at 30 degrees of freedom. Based on
these coefficients. the following critena shouid be used for
judging the acceptabiiity of results at the 95 % confidence
level.

13 1.1 Repeatabrinv—Two results. each the mean of du-
plicate deteminauons. obtained by the same operator on
different davs should be considered suspect if they differ by
more than 2.9 % relauve.

13 1.2 Reproducibilitn —Two results. each the mean of
duphicate determinations. obtained by operators in different
laboratones should be considered suspect if-they differ by
more than 7 5 % relative.

3.2 Bias—Bias has not been determined.

5
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Soybean 0il Volatility Test Resuilts

Test Date: December 5, 1990

Analysis: Gravimetric portion of Method 24

Equipment: Mettler PM 100 Balance, Fisher Forced Draft Oven
Temperature: 234 °F, 112.2 °C

Analyst: Rima Dishakjian

Prepared for: Madeleine Strum, CPB, MD-13

Food Club Soybean Qil

Sample Percent
Number Volatile
1 0%

2 0.1%

3 0.1%

Wesson Soybean (il

Sample Percent
. Number Volatile
1 0%
2 -0.1% i
3 -0.3% '

It would be safe to assume that the soybean ails tested are not volatile
according to the Method 24 definition. Any positive or negative percent
volatile value is probably due to variability in the balance used to weigh the
samples and is not real.
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