Evaluation of the

VYOG Gontent of
Coalescing Aids

by Kevin W. McCreight and he current standard for determination of volatile organic compounds (VOCs) in

Weimin C. Liang paint and coating systems in the United States is EPA Method 24 (ASTM D 3960-
Eastman Chemical Company™* 02). It has been reported that VOC measurements carried out using this method have
errors which increase nearly exponentially at VOC levels less than 250 g/L.? Due to
the uncertainties inherent in this test method, certain classes of coatings additives
have traditionally been evaluated as neat products rather than in fully formulated
paints. This article outlines experimentation that was carried out to quantify the ac-
teal VOC levels of two representative coalescing aids in formulated paints using both
EPA Method 24 and a proposed alternative test method that utilizes an automated
thermal desorber (ATD) with flame ionization detection (FID). Results indicate that
in formulated paints, the measured VOC:s of coatings additives are in some cases less
than the VOCs observed when these additives are tested as neat materials.

INTRODUCTION

EPA Federal Reference Method 242 is the current standard utilized for de-
termination of volatile organic compound (VOC) content in coatings. This
method is nearly analogous to the procedure outlined in ASTM D 3960-02.3
It has been noted that these methods tend to be prone to exponentially in-
creasing amounts of error at VOC levels below 250 g/L.! Coatings additives
such as coalescing aids are generally minor components of paint formula-
tions, and, as such, their VOCs are difficult to assess due to the large uncer
tainties inherent in this test method at low VOC. As a result, these additives
have traditionally been evaluated as neat products rather than in formulated
paints.

Both the EPA and ASTM test methods require determination of (a) total
volatile content at a specified time and temperature, (b) water content,

Presented at the 82nd Annual Meeting of the Federation of Societies for Coatings Technology, October 27-29,
2004, in Chicago, IL.
*P.0. Box 1972, Kingsport, TN 37662-5150.

26 May 2005 JCT CoatingsTech



{o) coadng density, and [d) exempt solvent conlent.
linlal volatile content is calculaled by delermining the
percent of weight lost al 110 + 5°C for one hour in a
forced air aven {according to ASTM I 23697, Waler
conlent may be deteomined by a Karl Fischer method
{ASTx D 4017 o by gas chromatograply {ASTM D
3797). The density ol the coating is obtained using »
meenomeler o & weight per gallom cup fccording (o
ASIH LY 147 3], Exemipt solvent content may be deter-
mined by a direct injection 2as chromatograply tech-
nicue oullined in ASIR I 14137, Based on worls carried
oul at the Paint Besearch Association, the waler and
nonvolatile measuremenls were shown Lo be the largest
comtrilnntoos te ecvor I the current VOO test methede]
oyt One ot the difficulties o utilizing this les
method stems from the Facl thal organic voladles are
determinet] indirect]y by measuring rotal volatles and
suliriacling waler and sxempt solvent contents. Al low
VG, water becomes the primary volalile, and the Jif-
ference between the okl volatiles and the water content
(the organic solvent content] becomes small, and any
errot in the water measarement leads o Targe variallon
in the caloulated WO level.

Within the last five vears, an allemative test methodd
using an aucmated thermal desorber (AT with Quaine
innization detection (TN was developed by Bauelle as
a potential alternative o EPA Federal Relerence Method
247 10 condrast (o FPA dethod 24, in which VOCOs are
determined indivectly. the ATINTIT methodd provides a
means to divectly analyee ithe volatile compounds, 4
number of literature references outline information re-
lated 1o e use of this ATTHTID method > o this
method, a paint sample is introduced © an A1TY and
beld for 30 minuales al 11072 while it is purged with
helinmn. Yolatiles are collected om a trap held al -30°0,
and are then desorhed at 325°0 and detecled using an
FITY. This process is then repeated on the initial sample
such that Uie total time at 138° C is one hour, which
matches the conditions oullined in LA Method 24,
Cantilication of volaules comtent is achieved by using
calculaled response factogs relative to eth-
vlene glycol monobulyl ether {EG)7

As mentiooed previously, DL ls diftiealt
o guantily the VOO content of additives
such as coalescing aids in formolated
paints by EPA Refetence Methiod 24, The
puepose of this work was to determine an-
alytically the VOO condent of seledl addi-
tives i formuolaled paines [rather than as

Slamibaes el
Sampk Tuha

PTTC -ise-l
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Testing was pertormned on a total of six painws with very
Few WO levels to which solvents were added in known
quantitbes, The VOO Tevels of each solvent were then
analyzed by one or more of the atorementioned analy.
tical methods tor comparison with the resulls obgerved
when each solvent was esied as 3 neal material accord-
ing to LPA Methaod 24,

EXPERIMENTAL

EFPA Federat Reference Method 24

Esalnation ol the VO content of fommulated pairis
acvarding te LA Method 24 was camied oul on a con-
Lract basis with the Painl Research Association
Laboratories [PRA Labs) in Ypsilant, Michigan, Testing
on neal additives by LPA Method 24 was completed in-
Tionlse.

ATO/FID (Battelle Method)

Determinalion ol volatiles using the ATTHTITH
method was carried out in accondance with the experi-
tental procedures outlined in previous work com-
pleted ar Fasiman Chernical Company® A general de-
srriplion of the equipment and the conditions i
provided below,

This method utilized a Perkin-Llmer dModel ATD-400
fitted with a 3 mm LD sorbent tap comaining a 10 wim
long section of lenax GR and a 1 mmn long section ol
Cartbopads B, The ATM-400 was connecled o te TIT of
ann HP-5590 GO {withoul any column) vsing a deacti-
vated Nused silica tanster line. Figure 1 prowvides a sim-
prle Hlustration of the experimental seap which is uti-
lized by this lest method.

Sample analysis chambers consisted of 3.9 om long
slainless steel tubes with 6.4 mem (30 and 5 mmn 1LY
that were fitted with end caps. Polyletatluoroethylene
{PTTE]) liners that were 5.1 an in length with a single

Fiqure 1—Ilustration of the ATOAGE test prozocel.

A il bamisie e glaee sl
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neal materials) vsing the standard RPA
Methaod 24, the XIDYFID technigue devel-
iqreal Al Battelle, and a related ATV TID Ha

Crrbiopack-0
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technique in which an analyfical column
is placed between the A1 and the FILY in
vrder 1o enable speciativn and quantifica
tion of the vaiatiles in each tormutation.
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from an IM Formulation

Qrgamic Compound BP () [}

Ethylene glyenl moncbutd ather.,.... ... 171 1.4k
Propylens gl e 157 {.583
Dipropylene glyeol monobuly] ether_.. ... 225 1.058
Diethylene glycol monobulyl ether .. 231 0.522
Texanol ester-alcohof v 255 1.204
Cpliilm Erbancet 300 e 281 1.213

beveled end were inserted into the stainless steel tules.
A plug of silantzed glass wool approximately 2 cm in
length was packed into the beveled end of the IPIFE in-
sert. Paint samples were diluted 1:1 with warer, and 25
pL of the resulling mixture was introduced 1w the PTTE
liner ‘The liner was then placed in the sample tabe,
which was loaded imto the A 1T-4010,

The ATD-400 was set to a whe desorplion tempera-
ture of 110°C with a desorption time of 30 min. Two
desorptions and injections were used per tube (for a Lo-
tal ol one hr at 110°C). The swilching valve lempera-
ture and the transter line temperature were both
VP5°C, while the tube desorption tlow rate was 3
am?/min. The wap low temperaiure was -30°¢, the
Tap high temperature was 325°C, the tap hold dme
was 5 min, the trap heating rate was 5°(sec, the ap
inlel split flow rate was 100 an®/min, and the frap out-
let split flow rate was 50 cm/min. The flow rate of the
helinm to the FID was 2 em®min with a helium pres-
sure of 20 psig. The HP 5830 was configured 1o an
oven temperature of 150°C with an FID temperature of
250°C. Vanous mixtures of EB and waler were used to
calibrate the FID) respoinse, HP Chemserver was used as
the chromatographic data system,

Modified ATD/FID Method (Incorporating a
Column Between the ATD and FID)

In order to obtain speciated VOO resulis, the
KLDSFINY experimental setup de-
scribed in the previous section was
midified by the addition of a coi-
urnn between the desorber and the
detector. Sample size and sample
preparation were unatfected lw this
change. Separation was achieved us-
ing an EIX-200 column 30 meters in
tength with a .32 mm 1Dy and a 1.0
um film thiclaess with a column
flow rate of 1.1 cm*min. The oven
emperaidre profile consisted of 5
min at 42*C tollowed by a 10°C/min
ramyr upr to 25054,

Solvent
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Table 1—vot Recovery by ATD-FID of Various Solvents

and ATD/

Texanol ester-alcahnl

Optifilm Enhancer 3048

FPaints Analyzed

Six different painis were analyzed as
a prart of this work—four of which were

% ¥OC formulated internally, and two which
1186 wiere purchased cominercially, The com-
146 mercial coatings were a zern-Voo inte-
76 rar Mat ang a 2ero-YOO interior semi-
67 gloss. Paints that were [ommulated
70 in-house were initially prepared with-
43 ot any glycol of coalescent These

painis were then “spiked” with one or

mote scdvents in Anown amount such

that the VOO contribution of individual
solvents could be determined, An inlerior tlat based on
a vinyl-acrylic resin was formulated to aninital VOO
level of about 10 g/L. An all-acrvlic resin was incompo-
rated into an interiorexterior semigloss fomuladon
wilh an initial VO level of approximately 10 /L A
styrene-acrylic larex was formulated into a high gloss
formulaton with an initial VOC level of about 15 g/1..
Finally, an indusirial maintenance: {Ib4] [ornmglation
based om an all-acrvlic resin was prepared with an ini-
tlal VO level of about 13 g/T. Selvents were slowly in-
trecuced into these paints udlizing a low shéar mixer
Following solvent additiom, the paints were placed on
roflers for ac least 24 Lo prior to testing in order to al
low sufficient dme for equilibralion. The main salvents
that were gxamined as 4 pan of this work were 2,2,4-
timethyl-1,3-pentanedic] monoisobutyrate (Tastman
Texanal ester-aleohol] and 2,2, 4-rimethyi- |, 3-pentane-
diol diisobutyrate (Lastman Optifilm Fnhancer 300,
propylene glyeol, and ethyvlene glvcol. 'Ihe levels of 5ol
vent incorporaton will be discussed in detail in the
Hesulls and Tiscussion section.

RESULTS AND DISCUSSION

Background

Previous work carried out at Tastman Chemicat
Company using the ATDVELD methad illustrated the
tendency for an inverse relationship between the boil-

Table Z2—~Composition of Paints for EPA Method 24

ID ¥OC Testing

Base Paint (g) Sobvent (g) Yater (g) % of Solvent
156,00 12,00 .90 10,18
15000 11.33 sA7 8.78
15300 572 11.33 342
150,00 1706 0.0% .18
130,00 11.23 5,69 o.78
15000 567 11.37 3.39
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ing point of a given
solvent and its
measured VOC
content when

with a Single Solvent

. . . Wt %
tested in a simpli- Solvent Solvent
fied IM formula- —
tion.> This ATD/FID '

. o Texanol ester-alcohol 6.78
technique initially 3.42
provides a quantifi-
cation of volatiles 10.18
as EB, so a relative Optifilm Enhancer 300 6.78
sensitivity (RS) cor- 3.39

rection must be ap-

plied to compen-

sate for differences in FID response between a target
compound and the EB standard.” Table 1 provides a
summary of the boiling point, relative sensitivity cor-
rection, and the % VOC recovery determined when six
solvents were utilized as the sole volatiles in an IM for-
mulation.® From this data, it appears that the amount
of propylene glycol is significantly overestimated. The
course of the overestimation is still under investigation.
These results indicate that the measured VOCs of high
boiling solvents are in some cases less than the VOCs
observed when these additives are tested as neat
materials.

Comparison of EPA Method 24 and
ATD/FID Results

In order to utilize EPA Method 24 to analyze the
VOC content of a specific additive in a paint formula-
tion, another IM paint was prepared without glycol, co-
alescent, thickener, or preservatives. Two different sol-
vents were then post-added to the simplified paint
formulation at three different levels (which yielded a
total of six paints for analysis). Table 2 provides a sum-
mary of the solvents added, the levels of incorporation,
and the weight percent of each volatile as a percentage
of the overall formulation.

The six paints described in Table 2 were tested ac-
cording to EPA Method 24 at PRA Labs in Ypsilanti, MI,
and according to the ATD/FID method (without specia-
tion) that was outlined in the Experimental section.
Since the VOC level of the base paint (prior to the ad-
dition of either of the two solvents) was relatively close
to zero, a percent VOC recovery for each individual sol-
vent was calculated according to the ratio of the meas-
ured VOC level to the theoretical VOC level. The theo-
retical VOC level was calculated assuming that each
individual solvent would have been 100% volatilized
under the specified test conditions of 110°C for one
hour. In a typical paint formulation with multiple
volatile organic components, the VOC contribution of
an individual solvent cannot be identified according to
EPA Method 24. The ATD/FID determination of VOC

www.coatingstech.org
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Table 3—V0C Levels by EPA Method 24 of a Basic Paint Spiked

voc voc
% % p g/L g/L % VOC
Nonvolatile Water (#/gal)  Theory  Method 24 Recovered

50.22 41.15 9.93 255 202 79
49.46 42.61 9.95 190 193 102
48.81 47.96 9.97 112 91 81
51.43 40.63 9.89 255 182 71
51.46 44.36 9.96 190 106 56
49.84 46.74 9.97 112 93 83

was repeated four times for each of the six samples in
order to evaluate the reproducibility of this method
(with particular emphasis on the paints with VOC lev-
els close to 100 g/L). Table 3 provides a summary of the
EPA Method 24 results on these six paints, including
the total volatiles, nonvolatiles, water content, density,
and VOC level as compared to the theoretical VOC. The
percent VOC recovered was calculated by the ratio of
the EPA method 24 VOC as compared to the theoretical
VOC. The average percent Texanol ester-alcohol recov-
ered by this method was 87%, while the average recov-
ery of Optifilm Enhancer 300 was 70%. A large degree
of fluctuation was noted in the percent recovery results,
in accordance with expectations due to the large errors
anticipated when using EPA Method 24 at reduced
VOC levels. This data is supportive of the premise that
high boiling solvents may not be completely volatilized
from a typical paint formulation under the conditions
of EPA Method 24.

Each of the six paint samples was tested four times
by the ATD/FID method (two times initially, and two
more times about one month later). The paints were
desorbed twice for 30 min at 110°C, and the sum of
the areas under the FID curves was quantified in terms
of EB (this is referred to as ATD/FID uncorrected). As
outlined in the Background section, a relative sensitiv-
ity (RS) correction must be applied to compensate for
differences in FID response between a target compound
and the EB standard. The corrected ATD/FID weight
percent is calculated by dividing the ATD/FID uncor-
rected value by the RS number that was presented pre-
viously for several common solvents in Table 1. Table 4
provides a summary of the actual volatile content, un-
corrected volatile content, and corrected volatile con-
tent, as well as the corresponding VOC levels and the
percent VOC recovery (calculated as illustrated for Table
3) as measured using ATD/FID. For each solvent at each
weight percent, the top two rows are from the initial
testing, and the lower two rows are from the subse-
quent testing. Although there is a slight downward
trend in the VOC recovered as a function of weight per-
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Table 4—VoC Levels by ATD/FID of a Basic Paint Spiked with a Single Solvent

ADT/FID
Wit%
Wt % Volatile

Solvent Solvent Uncorrected

10.65
10.37
10.41
10.74

Texanol ester-alcohol 10.18

Average 10.54
6.21
6.98
6.74
6.72

Texanol ester-alcohol 6.78

Average 6.66

3.12
3.51
3.35
3.16

Texanol ester-alcohol 3.42

Average 3.28

7.46
6.95
10.18 6.18
5.88

Optifilm Enhancer 300

Average 6.62

4.35
3.79
4.05
4.13

Optifilm Enhancer 300 6.78

Average 4.08

1.77
1.49
217
1.73
1.80

Optifilm Enhancer 300 3.39

Average 1.79

cent of solvents in the paint, at a given weight percent
of solvent the ATD/FID method provides excellent re-
producibility relative to EPA Method 24. The average
percent Texanol ester-alcohol recovered by ATD/FID
testing on this simplified paint was 83%, while the av-
erage recovery of the less volatile Optifilm Enhancer
300 was 49%.

When tested under the conditions of EPA Method 24
as a neat solvent, Texanol ester-alcohol was completely
volatilized. Optifilm Enhancer 300 was tested under
analogous conditions, and was shown to be 97 to 98%
volatile. With the test paint illustrated previously,
Texanol ester-alcohol was only 87% volatile by EPA
Method 24 and 83% volatile by the ATD/FID method.
Similarly, Optifilm Enhancer 300 was 70% volatile by

30 May 2005

ATD/FID
Wt%
Volatile VOC (g/L) VOC (g/L) % VOC
Corrected Theor¥ ATD/FID Recovered

8.85 255 222 87
8.62 255 216 85
8.64 255 217 85
8.93 255 224 88
8.76 255 219 86
5.16 190 145 76
5.80 190 163 86
5.60 190 157 83
5.59 190 157 82
5.54 190 155 82
2.59 112 85 76
2.92 112 96 85
2.78 112 91 81
2.63 112 86 77
2.73 112 89 80
6.15 255 154 60
5.73 255 144 56
5.09 255 128 50
4.85 255 121 48
5.46 255 137 54
3.59 190 101 53
3.13 190 88 46
3.34 190 94 49
3.41 190 86 50
3.37 190 94 50
1.46 112 48 43
1.23 112 41 36
1.79 112 59 53
1.43 112 47 42
1.49 112 49 44
1.48 112 49 44

EPA Method 24 and 49% volatile by the ATD/FID
method. This information suggests that neither Texanol
ester-alcohol nor Optifilm Enhancer 300 is completely
volatilized out of a formulated paint after one hour at
110°C. Two questions that still remained as a result of
this work were: (1) would the results change if these
solvents were tested in a fully formulated (not simpli-
fied) paint and (2) would the concurrent incorporation
of multiple solvents influence the VOC measurement
relative to a paint formulated with one primary volatile
solvent. It was concluded that EPA Method 24 did not
possess the requisite sensitivity to judge the relative
VOC of paints containing multiple solvents. As a result,
the remainder of this work was carried out with either
the basic ATD/FID technique or the modified ATD/FID

JCT CoatingsTech



Table 5—Percent VOC of Solvents Post-Added to Two Commercial Zero-VOC Paints

ATD/FID ATD/FID ATD/FID

Wt % Wt % Wt % Volatile Wt %

Solvent Volatile Uncorrected- Volatile % VOC
Sample Description Added Uncorrected Background Corrected Recovered
Interior flat (IF) control.........ccccceeveeenneee. 0 0.04 e o —
IF+1% Texanol ester-alcohol ................... 0.90 0.86 0.72 71.6
IF+2% Texanol ester-alcohol ...... 1.81 1.77 1.47 75.2
IF+1% Optifilm Enhancer 300 0.67 0.62 0.52 51.6
IF+2% Optifilm Enhancer 300 c 1.36 1.31 1.08 54.7
Semigloss (SG) Control.........cccceeevveennnee. 0 0.05 = = s
SG+1% Texanol ester-alcohol ................. 0.92 0.87 0.72 73.3
SG+2% Texanol ester-alcohol ................. 1.92 1.87 1.56 78.4
SG+1% Optifilm Enhancer 300 0.70 0.65 0.54 54.5
$G+2% Optifilm Enhancer 300 1.36 1.31 1.08 55.4

method (with a column) that was outlined in the
Experimental section.

ATD/FID Results with Solvents Spiked into
Commercial Zero-VOC Paints

In order to address the question of the VOC content
of solvents in fully formulated paints, a zero-VOC inte-
rior flat (IF) and a zero-VOC interior semigloss (SG)
paint were purchased such that Texanol ester-alcohol
and Optifilm Enhancer 300 could be post-added at two
levels (1% and 2% by weight) and tested for VOC by
ATD/FID. The paints were also tested as purchased in
order to use these results as a baseline to which the
modified paints could be compared. Table 5 summa-
rizes the percent VOC determined when Texanol ester-
alcohol and Optifilm Enhancer 300 were post-added to
two zero-VOC paints at two levels. From the
data, it was evident that these two control
paints were very low in VOC as purchased, and
there was minimal variation in the percentage
of VOC recovered either as a function of paint
type or level of incorporation. In this testing,

the average percent Texanol ester-alcohol recov- 1751

174
173

ered was 75%, while the average recovery of
Optifilm Enhancer 300 was 54%. These values
are similar to the results outlined in the previ-
ous testing by EPA Method 24 and ATD/FID.

1.75
174
173
172

RESULTS OF MODIFIED ATD/FID TESTING
ON FOUR FORMULATED PAINTS

The experimentation outlined in the previ-
ous section demonstrated once again that some
portion of high boiling solvent is not volati-
lized under the conditions of EPA Method 24.
The final section of work was designed to deter-

1.75
1.74
173
172
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mine if the incorporation of multiple solvents into a
formulated paint influences the experimentally meas-
ured VOC relative to a paint formulated with one pri-
mary volatile solvent. Four paints were analyzed, in-
cluding one commercial zero-VOC interior flat and
three paints formulated in-house. The three paints in-
cluded an interior flat based on a vinyl-acrylic latex, an
interior/exterior semigloss based on an all-acrylic latex,
and an interior high gloss based on a styrene-acrylic la-
tex. These paints were prepared in order to examine the
impact of latex composition on the volatiles released
under the conditions of EPA Method 24. Paints were
tested as prepared (with no glycol or coalescent), as
well as with single solvents (propylene glycol (PG)),
Texanol ester-alcohol, and Optifilm Enhancer 300),
and with multiple solvents (PG + Texanol ester-alcohol
and PG + Optifilm Enhancer 300). All solvents were in-

Figure 2—GC traces used in the quantification of volatiles in an interior high gloss
paint.

PG

20 25 30

EG !

20 25

Texanol
ester-alcohol

25
Optifilm
Enhancer 300

25
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corporated at 2.5% by weight. The formulation for the
interior high gloss paint utilized a dispersant that con-
tained PG. As a result, this paint was spiked with the
solvents outlined previously, but was also tested with
the addition of ethylene glycol (EG), EG + Texanol es-
ter-alcohol, and EG + Optifilm Enhancer 300. Post-
adding EG instead of PG eliminated potential uncer-
tainty that could have resulted from having two sources
of PG in the paint.

In order to quantify the amount of each solvent re-
leased from the paints under investigation, a modified
ATD/FID setup was utilized in which a column was
added between the ATD and the FID to speciate the
volatiles. Each of the peaks observed by the FID was
quantified in terms of EB and then corrected with the
appropriate RS factor, as illustrated previously for the
original ATD/FID method. Figure 2 provides an illustra-
tion of some typical results. Trace A was from the con-
trol interior high gloss formulation. The single peak

was from the PG in the dispersant, while the other
peaks in the 19 to 20 min range (observed in all traces)
were due to slight levels of volatiles from other addi-
tives. Trace B was from the same paint with the addi-
tion of 2.5% EG. Trace C was from the base paint plus
2.5% each of EG and Texanol ester-alcohol (note the
shoulder in the peak stemming from the two isomers
of Texanol ester-alcohol), while Trace D was from the
base paint plus 2.5% each of EG and Optifilm
Enhancer 300. This technique allows for relatively sim-
ple separation and quantification of a series of volatiles
in formulated paints.

Table 6 provides a summary of the VOC results ob-
tained from the four paints outlined previously. The
paints were analyzed both unmodified (as a control)
and also with solvents added as described, at 2.5% by
weight. Several of these samples were tested six times,
and the average relative standard deviation was approx-
imately 2%, which is indicative of the outstanding re-

Table 6—V0C Levels of Four Paints with 2.5% Post-Added Solvents by Modified ATD/FID

Propylene Glycol Ethylene Glycol Texanol EA Optifilm Enhancer
Wt % % VOC Wt%  %VOC Wt% % VOC Wt % % VOC

Sample Description Corrected Recovered Corrected Recovered Corrected Recovered Corrected Recovered
0 VOC Flat (ZVF) Ctrl
ZVF + PG 3.70 147
ZVF + Texanol EA 1.84 73.9
ZVF + Optifilm Enhancer 1.32 52.6
ZVF + PG + Texanol EA 3.01 120 1.67 66.9
ZVF + PG + Optifilm Enhancer 3.17 127 1.30 52.0
Interior Flat (IF) Ctrl
IF + PG 3.56 143
IF + Texanol EA 1.86 74.5
IF + Optifilm Enhancer 1.32 52.9
IF + PG + Texanol EA 3.66 142 1.79 71.6
IF + PG + Optifilm Enhancer 3.56 142 1.31 52.4
Semigloss (SG) Ctrl
SG + PG 3.62 145
SG + Texanol EA 1.82 72.9
SG + Optifilm Enhancer 1.37 54.7
SG + PG + Texanol EA 3.44 137 1.71 68.4
SG + PG + Optifilm Enhancer 3.20 128 1.25 49.6
Interior High Gloss (HG) Ctrl 0.33 additive
HG + PG 4.15 1532
HG + Texanol EA 0.24 additive 1.82 72.6
HG + Optifilm Enhancer 0.24 additive 1.30 51.7
HG + PG + Texanol EA 3.93 1442 1.82 73.0
HG + PG + Optifilm Enhancer 3.89 1432 1.24 48.6
HG + EG 0.34 additive 3.79 151
HG + EG + Texanol EA 0.31 additive 3.67 146 1.68 66.9
HG + EG + Optifilm Enhancer 0.30 additive 4.29 171 1.30 52.0

(a) For these samples, the weight % PG from the dispersant (0. 33%)was subtracted prior to calculation of % VOC.

32 May 2005
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Table 7-—Summary of Measured ¥OC Contents

Technology Today

Texanol Ester- Liplifilrm
Alcohaol Enhancer 300

Measurement Techigue Form of Solvent (Meat ws. in Faint) {50 WO (4 WOy
A} EPA Method 24 Meal solsent 100 98
(B1 EPA Maihed 24 Fost-added to basic M paint (no addithves) 87 0
(Ky  ATCYFID Post-added o basic [M paiit (o additives) 81 49
(C) ATDWFID Posl-added to commercial zera-YOC interior Nal 73 53
] ATOHFID Post-added to commercial zero-VOC semigloss 7G 55
Post-added to commercial zera-YOC inkerior flat 0 52
(B0 Medified ATDYFID Povil-acdded ta winyl-acrvlic interior fiat 73 53
{weith columng Post-zaded to all-acrylic intfext. semigloss 71 52
Fost-added ta styrene-acndic int, high gloss 71 &1

producibibity inherent to this techinigue. Compartson of
the resulis obLyined from testing of the {our paints in-
dicated that neither the varfation in tatex tvpe nor the
differences in pigment volume conceniration (PYC) sig-
nificantly impacted the percentage of each VOO thatl
was recovered. Mo dilferences were ubserved in the
VOO recovery i samples formulaled with a single sal-
wvent versus those lormulated with mudtiple solvents.
Using the moditied ATDVOC miethod with the paings,
the: averayge percent Texanol ester-alcohol recovered was
71%, while the average recovery of Optifilm Enhancer
300 was 52%, As seen previously {in Vakle 1), the per-
eentages of VOO recovered trom small glycel molecules
such as MG and EG were significantly overestimated.
This observation will be the subject ol further svalua-
tion as ontlingd in the Tuture Work sectinn of this
article,

Summary of Measured VOCs of Solvents
By EPA Method 24 and ATD/FID

This wark provided an overview of the results of var-
ious WO test methods with a foony on determination
of the VO levels of two coalescing aids in formulated
paints. Tible 7 sommmarizes the measured YOO of
Texanol ester-aleoliol and Opelililm Enhancer 300 as
characterized by the experimentation owt]ined
previously.

Tabie 7 illuswates that in neat fonn, both Texanol es-
ter-alcohol and Optifiln Enhancer 300 are nearly 10024
wolatile by EPA Method 24 (A in table}. Analysis of a
simplified paint formulaled with minimal additives
demonstrated that both EPA sMethod 24 and the
ATDVELL test praposed (o FPA by Battelle as a potendal
altermative to Method 24 quantify lexanol ester-aloohol
and Oplifilm Enhancer 300 a4 substantially less than
10084 volatile (B in table). Although the actual meas-
ured VO levels between the technigues were not in
complete agreement, Lhis rmay be due in pact Lo the [acl
that EFA Method 24 may have significant emor when
used e avalyee painis Tormulated al redueed VO,

www: cootingstech.org

AIDVEIE testing of two commercial wero-VOO paints w
wlich Texanol ester-alcohod and Optililm Eohancer
A0 were added revealed minimal variation in the per-
centage of VO reoovered either as a function of paint
type o level of incorporation [Cin ble). Finally, four
different types of fully formulated paints were speciared
and quantified by a modified ATDYFITY method in
which a coluinn was placed between the desorber und
the deteclor. This Lest method exhibited excellent reprao-
ducibility, with an average relative standard deviation
af 294, Results indicated that the four different latexes
thal were used in the paint forrmulations did not lead
to differences in the percent recavery of any of the sol-
vents under investigation {12 in table). Since the rode-
fied ALDELILY allowes [or speciation, it was also shown
that the VO recovery in samples formubaled with a
single solvent matched the recovery when thal saime
solvenl was incorporled in a paint containing multiple
volatiles, Using the modified ALID/YOC method with
the paints, the average percent Texanol ester-aleohaol re-
covered was 71%, while the avetage recovery of
Opaifilm Enhancer 300 was 52%. Both Texanal exler-
aleohol and Optifitm Fnhancer 300 appeat o be sub-
stantially lower In WO when tested i formulated
paints rather than as neat mateitals.

CONCLUSIONS

Coalescing alds are often evaluated in neal form ac
corcling 1o EPA Federal Beference Method 24, This is
due in part to uncerfainty in the measurement which
hecomes more proncunced at low VOO, bul is also dus
to the difficulty in quantifying the behavior of a single
solvent in a lormulated paint conlaining several sol-
vents, In neat fonn, bewh Texanol ester-alcohod and
Optifitm Enhancer 300 are nearly 1009 volatile by EPA
Method 24. Analysis of a simplified painl formulated
with minimal additives demonstrated that both FPA
Method 24 and the ALD/FID test method quantify
Texanol ester-aleehol and Optifilm Enhancer 3040 as
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substantially less than 100% volalile A (uantitative,
specialing ATTHTID method was used Lo lest four diller
ent types ol (ommilated painls. Results illusisaed that
the average percent Texanol ester-alcohol recoversd was
71%0, while the average recovery ol (plifilm Enhancer
S0 was 33%. Neither the vanation in faex bype nor
the differences in pigment volume concentration signif-
teantly impacted the percent tecovery of any of Lhe sol-
veits under investigation. The results of this investiga-
tlon swongly suggest that both Texanol ester alcohnl
and Optifilm Enhancer 300 are subsiantdally lower in
VO when tested i a fommulated paint vather than as
neat malerials

FUTURE WORK

Uxlensive testing utiilcing the A1TDVFI test method
for VOO delermination has illusmated thal this tech-
nicue provides a direct measure of volatiles with very
good reproducibilily. Due to the complexity of this
methodalogy, other test methods (including a head-
spacefTID methenl) are still being evaluated and refined
in order to achieve 4 halance between precise and avon-
rate YOU results with ease of testing. Fulure work will
include examingion of the issues thar may Tend o
overestimadon of small molecule glveols by this test

method. (nher efforts will entail extracton of paint
residue after LPA Method 24 Lesting in an atlempt w
achieve 3 mass balance on the whersihouts of solvents
following VOO testing, and in order W confinm the
virlatility of various solvent additives. [hese topics will
Tres the subject of 4 Tuture publication. @
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