Comprehensive VOC
Analysis Method for
Architectural Coatings

by Lukas Brickweg, Audrey Guillermo, Dane Jones,
and Max Wills
Califurmia Polylechnic State University*

i regalatory wolatile orgamic compowred (VO linits nave heen set for archi-
fepitond contings fa ensure thal emdssions from these materials will decrease and (i gual-
ity will fmprove. As segelarios have dowered ity of allowneed VIOOS, o signiffcasin prob-
Lo willy eroforcsiilitg of these readations hae developed sivice relialds neethods for the
goniripsis of #heme VOGS are ol il

Earrretaly the Uniteed States Ereinnental Protection Agenos [TLS EPA) Method
24 e ysed fo Lot the VOO congent of coartrgs, T i weldely arcepaad dutt Methad 24 s
roar. reffiphle for the analysiy of fow VIO welterbiorme coatings. Method 34 i also nel sull-
ahiz for determining the YOO coatet of soliertbrme coarlngs containgmg figh levels of
cxerpl compottids. T both cases, the reasor [or e unrellability of Method 24 results
frum s being ate indirect methad of mezsaeing YOS in these types of coatings.

Keveral other mefwds fuie been deeloped o il with e problemns of Mefod 24
Rowever, pone of these methods iy apphicable o all spas of arcliteeinral coenings and
are riw deal with the specifie profesms wenidonad. tn additian, Method 24 canrot di-
iarsinee the level of hazdedows afr polfutants (HAP¥) in coatin.,

Wi hune devaloprad divect methods for dewrinindrg due VO conterr inanclitectural
contis hiased an divece feceion, headipace awalpsis, and solid phase microsxivacion
fSERAE) ustng gas chiesatography witl Doth flame towizition s miss spevital detec-
tlorr, These weefinds are suitable for direcd deseentination of VOUs for all wargrborne ar-
chitecioral coatiegs, ever Those with very T VO Tevels. The methody are also sudfable
for ditect determinariot 0f HAPS and exenipl compounds o solventhonme watings These
methods van he usad with confiderci i defernring whetiter ar g0k a giuen coatieg meets
she gppriine revtdatory VOU Tl

INTRODUCTION

In the Uinited States the volatile organic compound (VOC] coment of
coatings is most commenty measured using EPA Method 24, The VOO
coment is determined inditectly Iy subiraction of the water and cxempt
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compound comtent Trorm the fival volatile conlent of
the ceating. The equation used o delerniine regulatocy
Vi3 [or the indirect method {bethod 24) is shown in
equation [1):

1
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where,

f. _.f'ﬂ.-' .fﬁ - fm::

fume = weight Tradlion ol VO

Jir = welght fraction of total volatile content
fu. = wright fraction of water comtent

f, = weight fraclion exempt salvents

Ly, = density of paint

Iy = density of water

Total velatile content is determined by heating a
coating sample for one hiour at TI0°Coand measuring
weiaghtl loss (ASTM sdethod 13 2369]. This technique
works well for coatings that do not contain water {or
exemmpt solvents) b gives poor precision Tor Tow VO
content coatings, particularly walerborne coalings.

Mewer melhods [or coaling VOO analysis involve di-
rect gas chromatographic determination, ASTH
bdethiod T3 6886 ix such a direct roethiod andd was pulb-
lished in 2003, The equadon used o determine regula-
tory W3 C for the direct method based on divect analy-
sig of the fractiom of VOO content (ASTM 1Y GE36G) Iz
shown in equation [2]:
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wheTs,
fr = weight [racticn of wolal volatile content
Fy: = weight fraction of VOO content

i weighl laction exernpl solvenis
£y, — density of paint
D, = density of watcr
ASTM I 6886 s cumently being vsed
Iy tainey conmpranies W verily The com
position of the volatile components of

Technology Today

used. Lo Uwe 15O CC method. 2 bolling point marlker is
wsed to define what comstinates & VOO For warerhome
coatings thal boiling point magker s diethyl adipate
{12p = 23072y and compounds cluting after this marker
nn a specitied capillary columm ave not considerced to
be WOCs (TS0 17895:2005).

We have applied the propagation ol error approach
o a Ml analysis of uncerainties in YOO determina-
tions by the indirect method {based on CPA Method
21) and the direct method descriled in ASTM Methiod
1 aRA6, including delermination ol exempl com-
pounds. Alihough we have included the ability 1o cal-
culate contributions from specific exempt solvents in
berth cur mcliveet aned diret methods, no indirecl
method exists o determining amounts of exempt sol-
vents i coatings.

We performed an analysis assuming up to four dif-
ferent exetnpi solvenls wene used in a coaling (al
Ibiengh this iz highly wnlikely, we wanted to presere
the flexihility of the equation 1o deal with any coating).
The four exempts incloded i this analysis are acelone,
meltwl acelae, ien-bulyl acelate, and parachloroben-
eniifluoride, We choose these four exempt solvents be-
cause published uncemainty values (for both inlerlalwe-
ratory and inlralaboralory analyses] are available LTeiy
(raclions are given by £, 1, fo. and 1. respectively.
This method could be modified tr include any comlsi-
nation ol exempl solvents lor which uncerlainty values
ale known.

Wi have caloulated the expected uncentaintics associ-
ated] with the VOU levels of the walerborne coalings re:
ported o the 2001 Calilornia Air Hesources Board
Architectural Ceoatings Survey. These VOO caloulations
are omly ter Te useed as estiomates for the dilferent clisses
andd do not represent real YO numbers for any parnic-
wlar coating, We calculated both repeatability (intralak)
anil reprenducilility (in lt‘.rhiu‘] uncerlainties liased on

Table 1——Repeatability and Reproducibility Yalues

many different types of coatings and Repraducibility Rapeatability ASTM Reference
was recently wsed collalioratively by fuankity (Interab) {Intralab) Hethod
Calilornia Polytechnic State University O Py i S Q047 0015 ASIM O 3350-04
and Califomia’s South Coast Air MW o s e £.055 0.035 ASIM T 4917-02
Quality Management Dislrict V0L o Lot s 0.075 ASTM D 6286-03
SCﬂthD:I ta determine the VOO con- Dp ..o R 0,018 0,006 ASTM D 1-1_7-‘.5-93
[ . . _ Acetome .o 0,245 0,05 B5TM O 513302
tent of various archileciural coatings. Parachlorobensoliiflueride .. .. ... 0,124 0.027 ASTM D 6133-02
The 180 community uses a YOO meas- Mathyl dLetate o0 evr v - 0.293 QL0405 AETHM 0 613302
urement similar to Method 24 but only LBulyl acetate - ..o oiolian 0.156 1.038 ASTH [ 6133-07
for coalings conlaining more than 15 Acetone ... .. R 0.0134 0.011% G a5
% VOC. [or coati with 1 VOO Parachlorbenzotrifoonde oL L 2 0,047 00007 B5TM [F At3B-0d
wihe VOL. dALAES - Methyl acetale . _.....oa.... 0,007 0.0046 ASTH [ 543809
content between 0.1 and 15%, a direct Dichlorome hane . ... wessnsen. 0.149 0.3 ASTM D 4457 02
i method similar to ASTHM [ 6856 is 1,11 Trichloraethans . .......... (081 043 HETM [ 445702
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Table 2—vaC vaiues for Waterborne {Loatings Derived from the 2001 ARB Coatings Survey

with Expected Uncertainties

__Un:mﬂinﬂesf{gfl_}_
YOO Resulte Derlwed figin 2001 ARB Ciatings Survey Method 24 B Diract Method
WL Reg Inter- Intra- Inter- Intra-

Ceating Class fiy fw func bp (g) Laboratery  Labaratory Laboratery  Laboratory
Antenna 0.48 037 0.11 1221 50 245 &1 2r 31 14
Bibarnirnus Rasf 0.4% 040 0.6a00 1054, 24 il 7 41 0 o
Bituminous Roof Primer (.45 0.41 1,944 10183 M 52 26 11 3
Boend Broakets 1.85 0,84 {1,084 48236 275 237 111 40 17
Conecrele Curng Compounds 073 .05 0040 18,3 165 7y 1oz 25 11
Ory kng .45 36 070 1380,68 105 7 24 6 12
Fawx Finishing .84 156 0B 11331 251 120 55 33 15
Fire ReisLive L] 0,38 0020 1345.07 44 G5 a3 T 3
lire Retardant-Clear 0.55 0.54 0.1 1186.02 33 127 &6 5 F
Hre Retardant-0pagus .43 0.40 0030 1386, 72 o bt 43 14 i
Aat LAy 0,44 O30 1265.72 103 106 53 16 7
Flevor 036 .24 [EXi ] 1771.00 132 47 20 19 o
Flepw .55 0.26 (150 124452 420 A an 42 19
Ferm Release Compounds bz .81 oL 48236 48 276 143 a 4
araphic Arls .48 Qb 040 130587 12% 35 4 17 8
High | emprrature ;55 046 0.100 1233594 ETY a8 34 3 15
Industiial Maintesanoe 0.45 n.av 0.080 132478 204G 7o 32 B 13
Lacquers 0.6& 0.56 0.120 1030248 2oz a5 42 36 10
Lo Solids 0.o1 (.85 O_DAD 1004.32 417 ALY 134 05 2h
Mastir Teuxture 0,30 0.35 11,0440 1281.86 EE) 58 27 14 b
Metallic PgmenLed .61 nar .04 111414 172 121 &l 15
Multi- Color 066 058 008D 104,74 £/ 109 31 29 13
Manflat-High floss .54 [ER ] {LORD 1209,98 218 L] 41 29 14
Monflat-Low Gloss 0.51 F.47 .00 128108 124 146 5z 1d 2
Moentat-Medivn Gluss .56 0,50 0. 060 1209.593 184 1015 51 2 12
Other 055 0.ba [EREIN] 113,00 Q 140 4 0 0
Pietreatment Wash Priror 0.63 0.54 [ER L 1126.12 254 107 LY a5 L5
Primer, Sealer, and Undercnater .51 0.473 0040 126080 176 10 51 19 2
ik Dry Enamel 0.hE .48 3,200 1126.12 24k 3 38 31 14
Guick Dry Frimar, Sealer, and

Undercioater 0,51 oAb 00,00 1281.5a8 1g:z 45 45 2h 11
Racyclad hEL .43 0,00 1269 28 P45 o1 a7 a1 14
Raat .43 0.41 0,020 1269 87 k] ] 4} 2 4
Rusil Preventative .57 Y IR 17030 195 140 &7 h 12
Sanding Sealers 0.73 0.65 {1,824 103026 250 132 £3 33 1%
Specialty Primer, Sealer, and

Indercoaler 0.42 0,33 1.040 1304 82 104 hal 35 16 7
Staine-Clear/Semitvansparenl 073 .06 0.070 1078, 2 2B 164 B 35 1n
Stains-(paque 1,57 .63 L0040 129,88 1324 124 Al 20 a
Swimming Pool 0.49 h.é3 0.080 1383.74 194 oz ofi 27 12
Traffic Marking 025 020 [WRIY] 162928 121 27 17 18 2
Vamishes—Claar a.fa IRLT 0110 1042, 26 24 105 47 36 16
Varnishes-Semitiansparent 071 061 0140 1030,28 277 115 52 kL 16
Waterprooting Cencistes

Mazanry Sealers .48 0,44 [ERIET] 130682 123 25 47 18 5
Walerpronfing Sealers 074 0,40 0040 112612 213 24F 119 33 14
Wend Precetyatives n.26 0.E2 0.N&0 19148.3 24T 127 156 43 17
both indirect analvsis {EPA Method 247 and direct [ uwes published in relevant A5 TS methods (e assemed
analysis (AN M I G886). Noone of these coatings con- | water was determined by Barl-Lisher Gimation, results
lained statistically significant amounls of exempt sol- wonld he similar for delermining water by gas chro-
vents. All uncertainty values are based on precision val- matography [ASTM T 3792]} 1The uncentainty values
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used are shown in Table 1. ALY compounds listed in
diable 1 are vlassified as exempt compounds [or VOO
calolations. Several of these exempt compounds Liave
alternate names: for example, dichloromethane is also
called methylene chloride and parachlarobentri-
tlucride is alse relerred 1w ag 4-chlorobenzouiflunride
ur the trade name Oxol 100. We have only inchuded
thuse exernpt solvents in Teblz 1 lor which published
wncerLainties are availalle.

‘Lhe WO results for waterbomne coatings Jderived
fromm the 2001 swivey with thelr respective expected un-
verlainlies arg given 1n Takle 2.

‘These resulls comfirm our limited resulis from our
previous sludies: wocertainties associated with YOU
analysis using the indirect method (A Method 24)
are sulwstantially larger than those associated with YO
analysis using the direct method (ASTM D 6886 [or all
types of waterbome architectural coatings, Tor many
classes, the uncertainties assoclated with Method 24 are
larger than the actual VOO, This is tue both for high-
ane] low-3W0C coating wpes. The major source of emor
in Merhod 24 involves the determination of the frac-
ton water in the coniing. These resulis strongly supporl
the use of a direct metlwed of YOO analvsis for water-
Licrrne architectural coatings.

We hive: alsa examined the effect of includimg uneer-
taincies in exempl compound Tevels on YOO calenladons
for solventhomne coatings. In examining the 2001 survey,
Alve exermpl sulvents were found 1o make up nearly 99%
of the total mass ol exenpis, a5 shown i Table 3.

Of these tive, acetone is present in the largest quean-
Lty by ar. I oreder 1o comrect tor wncertainlies in exempt
compound measureent, published values for uncer-
tainties in these compounds must be available, We have
beert unilde 1o fingd published uncectainty values for
tetrachloetlylene and oclamethylopclotetrasiloxane.

The 2001 survey Llisled nine categones of solvent-
berrne coatings containing exempt compnes. Cf
these, four are primarily used on conoete o ace classed
as concrete cements. Flal and non-{lar high gloss each
had anly 1% exempts, We have calculated the effect of
including exemypl solvent uncertainties tor the lag high
ternperature (ligh T), tratlic marking (traffic), and lac-
quet calegories. These catcgogies range it exerm frac-
tions from 0.01 w 0.0%. We have used average volatile
fractions and paint densities {rom the survey. Tn otder
to caleulate an uncerlainty for an exempl, we need 1o
know which exempt was wsed. Since this data is mot
avirtlalsle, we have based all our caleulations on the as-
sumption thal acelone was the only exempt solvent
nsed]. This should at least give us an idea of how signifi-
cani uncertainlies in exempt solvents are for these
classes of coatings. The resulls are given in Tahle 4,

Sewera] comments are In order in relerence toy Talrle
4, Firsl, these resulis are bused on average data and do

www coglingsiech.arg
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noL represent any particular coating: Second, as noted
earlier, it was assumed acelone was the exempt solvrent
in vach case [more will be said in reference o this
Later}. Vhe st column under sVOC, labeled “no ex,”
gives the expected uncertainly based solely on the un-
certainties in the quantities other than the amount of
exetnp solvent. The other two columns wnder WO
inclode uncerlainties rom exempts along with all
other uncertainties based on the two ASTM exemnpt
methods, Tn this way, the etfect of uncerlainty i ex-
emnpl solvent can be seen more clearly, In all cases, the
overall uncertainies are relalively small compared to
the total VOO, Also, the YOO uncertaindies ate greater
for inwerlaboratory results than for intralabocatory re-
sults, as expected. In most cases, the uncertainties
based on the direct method of analysis are greater than
thewse baged on the indiveat (Method 24] analysis. This
Bs also as expecled. ASIM D 6886, a direct method, is
not the preferred method [or analysis of traditonal
solventhome coatings. These coatings can e hest ana-
lyzed wsing a comlyination of indirect analysis, based
on Method 24, to delermine Wil volatiles and an ap-
propriate divect method for analysis ol aoy exempt sol-
venls present. OF the twe ASTW methods for acelone
analvsis, hethod [ 6438 has much smaller uncertain-
tiey and provides more precise resulis than Method T
0133, However, for the roatings in Table 4, ellther
method gives acceplable resulis. In general, the
chamgzes m VOO uncentainty due to wincerbisintiss in ex-
empt solvents are smiall. For those coatings types lisled
in Table 4. calculations of YO uncerfainties do not
penerally need to include uncertaindes in exemps sol-
venls. These resulis womild have bern the same vepard-
less of which exempt solvenl or solvents were used in
ealewlating the uncertaimties. Based on these results, the
uncertainties in the VO values reported tnthe 2001
survey for solventborne coatings should generally be
simall and mnch less of 2 problem than those for wa-
terborne coatings.

With the incorporation of ASTM MaERE, low- W0
walerhome coatings can now be analyezed acourarely,
Elowever, using ASTM 1 6836, all of the volatile com-
pounds in a sampde are analyzed, whether they come
ol a sample when Taked inoan oven at 11070 {ASTM

Tahle 3—r rimary Exempt Compounds in

Solventharne Coatings fram 2001 Architec-
tural Coatings Survey

Exmpt Compound s Fracthon
feetone 1,423,625 0.83c
4-chlorebenzolriluoride 142,645 0.0&4
Mathyleme chlonde 9778 D0.057
Tetrachloroethylens 13,144 11.008
Octamaethylryclotetasiloxan s 11,636 0,00
Total 0025
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Table 4—Effect of Uncertainties of Exempt Campounds on YOC Determination

for Sclveniharne Coatings

Class
Flat

Method v feac

fx01

Op (9/1)

infinte 1431
infintra
dsinter
d/fintra
High T infinter 0.04 1111
infintra
dfinter
d/inira

- Traffe ingntet 0,14
infintrg
dAntor

dfintra

004 1568

infintay 065
infintra
i finter
dfintra

Lacguer T.0¢ jlab

wazhods: irS uler — indirect analys™s, interlakavatary L lainly
irfirtra = indireel ¢ralysis, iTtra.abaraory wnoetainky
o/ nter = direcl arpysis. intedzbaala -y unoetaingy
gfirtra — dlegl cnobysis, intralakaalary L rcetainky

WL
Ho Exe
[ B139:
[ B AR

fr: Fraction wnlaiiles
[ETH Fractinn acelone
1z Fairt densily in gsLl
warc; Fadulalory wOC

M 2369) or not. We have investigated the possibility of
some high boiling solvents remaining in the paint film
of samples when analyzed using ASIM 3 2369 and we
will disouss our findings Jater in this aticle.

Although ASTM T3 6886 is highly suitable for analy-
sis of low-YOC waterhome coatings, several classes of
coatings exist fur which ASTM T2 6886 s prohlematic,
These include 2K coatings, WY oore coatings, and pow-
der coatings, These coatings all require either a reaction
hetween tvo components or the applicalion of light or
heal to propetly cure the coating. Becent investigalion:
sponsored by the Fmuolsion Polymers Cioineil and the
Adhesive and Sealant Councdl (EPC/ASC) invulve the
development of an improved siatic headspace/gas
chirotmnatographic method for VOO measurement,
These investigations are largely the result of recent ad-
vancernents and avatlability of precigsion headspace in-
strumentition, We have investigated (he applicability
of static headspace methodology to awide variely of
coatings tvpes incduding architeciural, OEM, 2K, UY-
cure, and (erwder coalngs. The method works espe-
cially well for the determination of nearly all volatile
compounds mcuding HAPs and exernpr solvents. wWe
will discuss details of our headspace experitnents later
in this article. We anticipate Lhal a single uniwersal
methnd can be created lor measuring VOOs, HATs, and
exempt solvenis and will be wpplicable to wirtually any
coaling now being manufacured.
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woc Ho Ex 0 6133 [ 5538
354 14 11 19
340 17 18 17
- 38 14 345
155 17 17 17
375 21 21 21
vk T 7 T
e L) el 34
kRS 18 18 18
53 12 12 12
B3 Ll & 4
43 1z 12 12
E3 i & o
570 X EE 33
) 11 11 11
570 Al LES 41
X 19 14 15

Uncerlzinty in telal WO

bt e lainly ir coenaz included
Fecmpl upcertaingy Som A57H D RiA
Lke-na® Lncedaingy fmom ASTH & R433

METHOD DEVELOPMENT AT (AL POLY,
SAN LUIS NBISPG

ASTM D 6886 Modification

When this method was frst concelved. 1t was postu-
lated that the majority of high-sales volume waterborme
architectural coatings (flat, eggshell, semi-gloss) would
conlain less than 5% by weight of YOO and that the
number of specific solvenls would be bolh small and
constst of reladvely common materials, Le., ethelene
glvcol, propylene glyeol, butovyethanod, butoxyethoxy-
ethanol, and Texanol® In a round robin involving eight
lihworateries and (ive commerdal coatings {a flag an
egashell, a wemi-gloss, a gloss, and a prirmer) this was
indeed the case. I canying oul the method, a sample
of coanng is dispersed in rerrahydrofuran {TIC) con-
taining an intemnal standard [p-oymene, ovelohexanel,
and p-fluorotoluene have been used). An aliquoet of
this dispersion is then chromatographed and the
amenl of each volatile companent is dewermined from
peal areas. 'Lhe sum of the components represents the
toal VO content of the coating,

bore recently, we have changed the solvent system
from TEIT tor waler containing diethoxvetliane as Inter-
nal standard, Water is less hazardous than THE and
does not give a GC peak in the FITY deteciion made,
The improvemeaiil in precision using 2 68486 inswead of

JCT Conrlings Tech
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A5G and have found that the resulis are os-

gy b . . o oy sentially the same using either method. The
Coatings, EPA Method 24, and ASTM Mathod D 6636 static headspace method is particndarly useful

Comparison {g/L-water) foor coatings systems thal nire by chemical re-
action. These incdhude powder coatings,

Table 5——Ctoating ¥0¢ of Various Architectural

Sample Fyulatian SCAGMD SCAnMb {al Paoly

Pescriptian yalue Method 24 0 6395 0 £336 melamine-qure aUlmmedive coalfngs, various

1WiLa- e ailngzs, radintion-curs
Nanfiat, mediun gloss 0 - "y , .-.U compon ‘n.‘[ coatings Ell'lijlladll |t1g11 curs
Hunflat, low glass 151 a1 115 1L um!m‘gs. ﬁn_ example ol a me AMINE core au-
Horflat, low gloss 4 237 1hé 141 tomolive primet that was analysed tor 11AD
Prinar 142 160 128 130 comtent by static headspace and also in 2 re
Prime- i3 o el 48 cent MPCA sponsored dethod 311 round
Bterior stain ! i1 o 2 robvin is given in Table 6. o headspace analysis,
Clear wend coating 57 183 141 173 T ; ated at the s i g
Clzar waod cnating ) 122 167 166 the sample 15 heaied .'ﬂ g salne thpk_lal.u.rr.*
Rust provenLstive =50 151 150 145 as the acual applicaden cave temperatore for
Rust prevenLatie o ER £ i this partioelar voating, making it possible to
Masonry sealer & 157 127 129 determing both the cure TLAP methanol as
Masnony sealor =65 203 13E, 153

well as e HAT solvents which are actually

achled duing manufaciure of the coating, A

particular advantige to the headspace method
is that the coating does not need 10 be dissolved in a
salvent such as TEHLE prior to analysiy, as is the case in a
Sdethod 311 determination. We have also analveed
melarnine-cure aulomotive wproats, a LV-aie primer,

tdethaod 24 s approximnately len-fold and improves fur-
ther as the VOO conten| approaches wero. Mhegalive
VO values are nevt obtained as 1s somefimes the case
for low VO coalings nsing Method 24,

As a lest of this new modification of ASTM T 688G, amd a nitrocellulese lacquer, with simdlar resolts, Stalle
we have analved 13 widely differen) paint samples. headspace analysis may represent a replacement
The Svath Coast Al Qualite Management Thistricl also method o1 the comreni BRA Method 311,

caried oul both Method 24 and 0 6856 analyses on
these samples. A comparison of the results is presened
in Titdde 3. Tt is clear the resulis from divect analysis
{ASTM L 6856 fiom the two liboratories are in good

we have invesligated the use of the stalic headspave
method [or analysis of 2K architecinral coadings. A 2K
polyurethane coating was analyzed using the nonmal
LA Method 24 procedure, an EPA Method 24 proce

ARECIENL. dure using an internal standard, and a static headspace
Static Headspace Analysis !‘medure using an imternal siandard. Prudent changes
in the methodology were incorporated and are ex-

In static headspace analysis, a relatively small sam plained below, This coating consisis of a Pare A comtain-
ple of coating, generally 240 mg or less. is placed in a 20 ing a waterborne polyester and a Fart B containing am
il vial and sealed with an aluminum cimp cap. Any - iggovanate and no water. The resnlts of these analyses
volatile materials present in the sample are contined are stunarnied in dable T

within thix sealed wial. To analyvee the sample, the vial e reparted YOC content of this coating is: Coacing
i transfarred Lo o precision oven where it 1s heatsd 1o a l VOO, Pact A = 23 g.-"L; Part B = 139 gl Matarial VOG,
predewermined temperature [or a specilied length of l"a-rt A= 112/1; PartB = 139 g1,

time, generally 11070 1o 1307 C for 10 ta 20 min,

Ober temperatares and Lme intervals may alse be
used. Dauring the hearing period vivtually all of the Tabl_e H—HAP Content in a Melamine-
werlatile counponerits evapotate intg the headspace be- {ured Automotive Primer Using Static
cause the sample amount is relatively small cormpared ,
to the available headspace volume, At the end of the
heating pericd a portion of the headspace is ansfored
via a heated transfer line 1 a gas chronmtograph where

Headspace Anatysis and Direct Injection
Analysis

) Head Space Method 311 Method 311
the components are separated on a suitable capillary Lompoynd 150°¢, % Cal Poly, % Al Labg, %
wulomn and nw.;wurlcd by r:-nfher flame ionizatien or Methanol 4.07 = L
mass spectral deleclion, After sample prepararion, the MTHK 3.47 34z .51
entire methaod s computer contolled using swatic head- Tl ene 0.49 du4t .48
spacef G instrumentation available trom various con- i'ﬁ'l':'"-': .30 Lih i

. ' Himnane u.03 0,05 0.06
al wen .
merd dors Naphthauwie 0.45 0.56 0.53

We have used this methodology successtolly on van- -
- . - s {43 Mutkaral -ar 1l os voorrmined Ly = Kxtaad 3770 dele-ination,
ous coatings we previously analysed using ASTM D ’

wivlv, coatingstech.arg lanuary 2007 33



Table 7-—Resuits for Two-Component Polyurethane by EPA Method 24,

EpA Method 24 with Internal srandard, and Direct Static Headspace 1y 2369 solids determi-
Analysis nation. No solvent of
- water was added o the
2i W8 Polyurehans—Method 24 Aralysis symple. The sample was
) e -
P nenslty allowed Lo stand at
Fermadatian firams Th/gal g/l Yalume, L rooTmn temperature fur
Part A fafgueaus palyester) 12,1 1142 1362 00673 24 }:r Ipw.rmr Lix 11&:;1[!11?, =
Rart B {isncyanate) #6.0 4,30 1114 s 110°C foe ane hour, 2K
Water o 5.38 1600 00090 gystems cure by chemi-
TOTAL 126.1 1277 0.0oEE cal Teaction of the com-
Trial 1 Tdal & panents rather (han by
Water Tractinn by WF, Part A 03771 035811 simple solvent evapora-
Selids fraction, TUTA 5,679 06740 imple ¢ gty pore
Vit Traciien, TOTAL, caleulated 0.3448H 0,34%7 tiom, Use of a dilution
WOC fraction, TOTAL, calrulated 0,0347 0.0313 sulvenl {or watet]
o WO in Tolal, indizect 4,31 3.04 woutld slow or iy cole
Material ¥OC g/t Gy A6 M : P
Coating YOO y/l 74 72 the required chemical

rue seaction. The 24-hr

SR PD.'L‘J,I'JJI“‘."TIFFEI"I'E wrdkre 5% EGDE in part a—'-.l".lﬂ‘fﬁ-ﬂd 4 MEM}'IE induCL'lDEl pEl'j.Qd Pﬂﬂ‘l—

Dansity, Density 1o heating allowed the
Formulation rams lnygal alL Wolurne, L comnyraments tu react 7
Par A [aqueous polyester) a2l 1142 1508 DNET3 the sample were heated
Part B [isoryanats) £5.0 @3 1114 ferd o to cule, reactive
EGDE 1,546 B4z 0.0013 r e
Yigker 8.0 B.53 1000 0.00%0 COTNPONETTS Cil
1AL 127.7 P, 01007 f:x-'apnnue priol to the

Tl 1 16l 2 intended chemical cure

water frartion my K, Harm A 0.3771 03811 reactivn. The maleriil
Solids fraction, TOTAL 06116 06115 and coating YOU were
Water frartian, 10ALL calrulated 03425 10,2453 L
VOC Fraction, TOTAL, calculated 004D 0.0431 then calculated for this
FHRF frarctinn 00125 00123 conting,
Corrected, ¥OC fracdan 1.0355% (1.030& . o . .
g VO in TOTAK, Sndireck 427 141 N e '”“-””fl seciion of
Fatedal ¥OL 9L % E) fable 7 pertains ta anal-
[;Ua'l’lll'lg W g_.-'IL TE 1 Brsib Uf Samphf "r'n"“h "|_'|-|_

el standard. Lhe

21 WE Fokmrethane--3tatic Hepdspace Direci: Anatysis ai 120°C
IYart BB compoIlent wWas

g WL in TOTAL &.05 . . .
Marerial ¥OC g/l 40 g!ﬂmad with 6046 of the
Coating VL gL 74 internal standard edyyl-
. ene glycol diethyl ether
AL DEL - i
aly WO TOTAL Faterial Coating (FGTIE). The: paimt was
Methed frams yar g/t ol g/l then prepared, as de-
[FA 24 4,31, 3.4 44, 40 8, 12 saribed above, by mix-
EPA P4 with 1nteimal Standard 4,27, 3.01 LE, BT T8, T Mg the commponenis
lleadspase GO with Inzernal a cne-prinl can. 'l e wa-
ril 4.005 &0 74 -

Standa ' ter content of the TO-
Tl mixture was Lhen
delermined by caloula-

The wp seclion of Take 7 perlains 1o analysis by (ot The golids content was again determined for this
pethind 24 with ne internal standard. Only Tarl A wasd new paing as described above and the materal and
analyzed for watet content by Karl Fischer (i Lradion coating VOO conlent was determined using the EFA

[ASITM sethod 1 4017). Alter water determdnanon omn sethod 24 criteria. In carrving out this caloulation, the

Part A, the individual componernts were weighed inlo a added FGDE was treated ws un exerugl solvent.

ome-pint can and mized aceording o the rnanutac-
wrer's directions. 'Lhe watel content of the mivture witk
then determined by caloulation and appears in the
table as “HOTAL” Towaediately afler mixing, a portioen
of the TOTAL was transferred to tared ahyminum dishes
and spread with the aid of a paper clip sticter [ar ASTM

Tmnmediately alter mixing die o mponents of this
painl, a small quantty of the TOTAL was transferred 1o
a headspace vial, capped witlt an alumminuom crirmy cap.
amel allowed Lo cure al [0 tenperaire for 24 hr. The
results of the headspace analysis are showm in the thicd
yegiun of Tuble 7. Aller curing in the headspace vial, the
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VO comtent was de-
termined Ty static
headspace gis chro-
matography using

an equilibratian MT;;EE,,
temperatire of [ GEBG
110°¢ for 2¢ min, Samgle Cedlestent % by wt
This headspace prro- : Texznal 1.29
cedule represents a 2 i Loy
direct method of 3 B D.76

analysis while bath

EFA 24 methods

represent indivect methods of analysis, As shown in the
sumnnaty at the beatom of Table 7, the direct analysis
headapave resulls for this 2K voating are in excellent
agreement with the inditect results ohained using EPA
Merthod 24.

To analyze a powder coating, a sample of the poswder
is placed in a headspace vial along with an interrel
standard, sealed with a crimp vap, then heated to 1
recommended cure temperature, Amalysis ol a glycidyl
methacrvlate powder showed that it emits melliyl
methacrylate, butyl methacrlate, glycidyl methaorylale,
benzoin, and several other cnnponents,

Two-component caatings are analyzed by liesd mix-
ing the components and then placing a armall samyple of
the mixture along with an internal standard i a
headspace vial. The vial is sealed wilh a cimp cyr and
is then allowed to cure in the vial at the recommended
cure temperature for 24 hr. After cure, the vola riles ve-
tained in the vial are analyzed using static headspace/
GO at an appropriate temperalure, [ one eRprTiment
with a waterborne polyurethane 2K coating, the
Method 24 result was identical to the headspace resalt.
An advantage of the headspace result is that the actual
amounts of the individual components emitied may be
determined,

VOC ANALYSIS OF SEMIVOLATILE
COMPONENTS

li the course of analyzing the samples provided by
SCAQMLY'Ss Rule 1113 VO assessmient, QL was found
{hatt some coalings contin semnivolailes with boiling
points higher than that of Jeximol, which is itselt con
sidered 2 semivolatile compound. These included
dibuty] plithalate and beneyl buryl phthalate. lo carny-
ing oul an ASTH Method 1y 6886 direcl delermination
of the VOU content of a coating coutaining semivolatle
compunents, he semivolatile component 1s measuredl
in its entirery. The current 118 definition of VOO con-
went is defined as the amoennt of YOO that evaporates
from a sample dwing a specified heat/ime cycle
fMethod L 2369). There often exisis a disconnect be-

wiww, coatingstech.org
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Table 8—Comparison of Semi-volatile Evaporation Uss
&

Static Headspace at 110 and 150°C, and ASTM 0 2369

Statls Static Laft in Film

Hendzpace Headspace fftar 0 2360 4 of Total
1000 150°L Determinatiot, Coglescent

e by wt B by wE Y by Wit Remaining in Film
1.4a 1.13 .07 L3
(.28 114 0.0 1]
015 084 .62 1

tween the amounl of semivolatile component which
evaporates during a 1) 2369 detenmination and the
amount measured by a 1 6586 determination, with the
forrer giving lower mumbers by an amount rel atedl 1@
the nature of the semividlatile connpenent and the -
(rix in which it is present. We have addressed this prob-
lein Dy analyzing the paint film atter a T 2362 Jetermi-
nation for residual semivolales and subtracting this
amount from the amount of the sime component
found during a 12 6886 delermination. This procedure
adds an additional xiep to the Y G586 procedure and
malkes it more fime consuming. Ax mentioned carlier,
the 150 define YOO based an boiling point and a GG
retention time marker and have thus avoided this com-
plication. Additionally, a boiling point marker would
allow 15 1o inlegrate the stalic headspace miethaod inte
the arsenl of new YOO methads with sase, in that the
gquilibration temperature used In the static headspace
methiod could Le increased tov insure nearly complete
evaporation of all the volatile and semivolatile cotupo-
nents in a coating, This voncept is ilustrated in Table 8
in which resulis on three paints contatning Texanol ad
two higher boiling voalescenis are desciibed.

The results n Table § show that the use of headspace
analvsis with suitably high equilibration temperature
allows determination of all of the semivilatile coiles-
cent contained in the paint, Headspace anabysts at
1107 ¢ results in only pardal analysis of semivolatiles.

CONL)USIONS

Methods are currently under development 1o provide
accurale YOO analysis of all types of architecrural coai-
itnzs. Direct anulysis of coatings using gas chrumatogra-
pliy and static headspace/gas chromalography peovides
accurate results on @ wille variety of samples including
low-to-zero VOO waterborne coatings, 2T coaungs,
HAR and exernpt compound-containing selventbome
or waterborne coatings, powder coatings, ard reactive
coatings. These methods can also be wsed to delermine
the ameunts of semivelatile compounds cemaining in
coating films afier heating for one hour at 1107 C, 6
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