Gas Chromatography in Coatings Analysis
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ity witd semireliotile conpaunds such as stationary phase, which is adsorhed Other imponant physical parame-
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Liues o play a vital rale in the Detector
analysis of coatings and related ma-
terials. This anticle focuses primarily
on those arras where new insighis
have emerged in the lileratre and Carrier Gas
in wur laboratories in the last sew-
eral years. The reader 4 encouraged
to Teview references 1-4. Cas chro- Tahle 1—Commanly Used Coluring
maicgrapliy involves a sample being .
vaporized and injected anio the

head of the chromatographic col- . . : "
E g H 100% Mathyl polysilosane ..., -40°C to 35070 tieneral purposes, @0, hydrocarkons,
ummnn. A schematic diagram of the: e S S

Fiqure 1—%chematic diagram of the basic companents in 2 GC system.

Column Cyen

Staticnary Phase Temperature Range — Applications

basic compoments in s {i0 syslem s
showwn iy Figure 1 Lhe sample is Polyathylene glocol e ne BETD 0 P2E5L Binines, acids. aleahois
trangported thvough the colunm by
the flow of inert, gasenus mobile
phase (Ar, Le, CO, and N,). The

S0% Pheryl-bse methd . —A07C to 350°C Alcahols, acetaes, phannls, drugs,
salysilomene [eq., 0BS) sbgars, veslicides, and heebicides
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exprnples of solid packing materials
include Chromieronh B whach is
sourced from Grebrick, and
Chromosoth W which is sowcced
from Celite Tilter Aid. Bach of these
packing materials may be weated
with a silylating reagent lile
dichlorodimethyl silane [DBABCS)
tor rover the active silanal function-
alities on the surelace, or mmay be
ueated with ackd or base to remove
active metal comaminalion. Some
examples of commoily used
columps are described n Talle 1.

Detectors Used in GC

thermal conductivit detectars
(1CL) and flame-ionization detec-
tors [FIDY are excellent detectars [or
rouline types of analysis, lor exam-
e in Quality Conwrol (QC), be-
cause they provide retention limes
which are very reproclucible and are
compound specific {retention
times), when the analyses are dune
under the same GC condilions. The
omly drawbaclk of these detectors is
Lhat thev are noL very speafic. (10
has very Tow detection limits, which
is advantageous for guantitative
analvsis of menomers. bass spec-
trometers {85} are the dewsclors of
choice when one i interested in de-
lailed information for unknown an-
alytes which cannot be identilied
AL lately by retemtion Lumes alone,

‘Lhe compounds can be identi-
tied by their retention times andfor
the refative abundances of various
charged tragments, as shown in
gy 3.

PYROLYSIS-GC/MS

Pyrobysis- LU MS remnains the
major area of GC applicalon in
coatings, Its stremgih i s ability 10
amalye nonvolatile opganic sam-
ples, such as resing and polymers,
Here, the G005 [led with a pyroly-
i wiit, which is interfaced 0 a
CAZIMED system (Hignre 4], Such an
ammangement provides valuable in-
formarion on a4 coating, ranging

Wi, OO ingstech, org

- Analytical Series

Figure 2—Chromatogram of a mixture of various monomers and solvents abtained by using 2
capillary caluma (DB5, 33 m © 0.25 mm * 025 em) in & 5C/MS system. The chromatagram
shiows clearly well-resolved peaks inoa mixture of moneners and sabvents,
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Figure 3—Mass spectral fragments of the peak eluting at 3,77 min in Figure 2 with the
correspanding library match identifying it as &, m-styrene.
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Fiqure 5—Pyrogram of an aorylic copolymer based paint, The main
manamers ave methyl methacrglate (MMA] and bulyl acrylate [BAY,
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Figure 6—Mass spectral fragmenLs of the peak ebuting 2k 3.75 min in
Figure 5 with the corresponding library match identifying 1t as melhyl
methacrylate {MMA}.
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Figure ¥—Mass speciral fragments of the peak eluting at 9.76 min in
Figure & with the corresponding lhrary match dentifying it as
styrene. [t ds possible that styrene could be @ seed polymer or 4 low
l#val contaminant.
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Figure B—Masz spectral [ragments of the peak eluting at 9.84 min n
Figure 5 with the rorresponding tbrary match identifying it as buyl
aciylate,
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Figure 9—&as chromatogram of residual monamers W an emulsion. The
peaks are identified by bolh retention time and mass number,
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Figure 10—Gas chiomalogram of solvents, coalescent, and residual
movamers in an emulsian.
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from selven:, plasidzers, and other additives to the de-
termination of the polymer composition. For this
method to work, the polymer musi he un<ipped by fast
heating to temperatures greater Gian A007C in an inerl
annosphere. Lhis procedure reduces the high molecular
weight polymer to fragments amenable wo GG analysis.
Nesrmally, the low molecular weight fragments are char
acteristic of the starting poelymer Vot example, acrylics
generale large amounts of the original monomers.
TypHcally, wet or dry samples can he analvzed either by
ribbon ot ool probes, The matecial is pytolyzed in-
stamtly al 7O0-800°C for ID-20 sec. Nonmal pyrolysis
rumns are between 30-40 min, However, with high-speed
LG systems, analysis time can be ax shor as 60-1240
seC, Bhorl analysis titnes are achieved with short narrow
coumns of high flow rates, high temperature oven
ramps, and high speed deteciors for high-speed separa-
ticns,

Alternadvely, the reduction ot higher molecular
weighl condensation polymers to low molecular weight
ltactions amenable to GC analysis can be achieved via
chemical degradation reactions. Lhe low molecular
weight species generaied in this fashion are normally
related to the stardng polymer,

Nommally, the pyrograms are complex but can serve a
varety of purposes, ranging [bom additives identifica-
tion W providing vompesitional fimgerpriots, which can
be matched (o controls. Good understanding of the
thermal degradation/pyrolysis mechanism is very im-
portant for proper interpretation of the results, There
are three degradation paths depending on the polyner
wwpe: (1) unzipping (23 random chain fragimentation;
and (3) nen-chain scission,’

The pealks labeled “fingerprinl fragments” in Figure >
ave also very important in pelymer analysis. They can
bre used in product quality control analyses. Numerous
practical exampiles of typical pyoolysis-GO and deriva-
tive pyrilysis-CC of polymers have been pubilished by
Levy and Wampler,® and Washall and Wampler.”

HEADSPACE-GC

Iypically, a sample of interest is heaed o a sealed
container al 4 given temperanire and dime {for exarnple,
150°(; for 30 min). Then a sample of the volatiles in
the sealed container [gas) is imroduced into a GO sys-
temn wilh 1he carrier gas. Commercially assembled sys-
tems of this kind are called Headspace analyzers,

Repraseritative 6C Application Areas

REsinuaL MoNouERs: Lhe residual monomer level in
commercial latexes typically doexs ool exceed 1000 ppin
and in many cases 13 belosy 100 ppm, Headspace GC or
stragght GO s an excellent method for determining the

W, coatingstech. org
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Figure 11—Pyro-G0MS chromategram of a control EA/MMA paint sys-

tem.
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Fiqure 12—Pyro-GC/MS chromalagram of a EA/MMA paint system that
had failad.
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Fiqure 13— Pyrolysis-G0 of THF extract of a paint that bad an oil/wax
aglditive. The selected ion mass [mfe = 57) spectral data indicate hy-
dracathons with carbon lengths ranging from £ -0, {Figures 12 and
13y,
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types and levels of residual monomers. In a typical 0GC
analysis, belween 5-10% of an emulsion 14 prepared and
centriluged 1o extract the residual monomers and the su-
pefiratant is injected into the CC, The detection Limit of
momoners in emulsions Is avound 10 .

SOWENTS, COALRSCENT, anw PLASTICIZRRS: Neaddy all la-
{ex polymers paint formulations with 4 minimom film
formation temperature {MFL) of 5°C must contain a
lowe volatility solvent wo act as a temporary plasticizer to
enhance polymer interdiffusion, which aids in film [oc-
matio. These solvents may or may not he water solu-
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Figure 14—Mass spectral dala in Fgure 13 3= consistent with n-docosang,
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Figure 15—Mass spectral data in Fgire 13 15 consistent wilh Lelralelracon-

tane.

Soan 3247 10T ming: FASERED -

2000
BOOD

BAOD
E

400

5200

oy 114
<600 S

Abundange

Ll

141 180 195 apgq

=] a0 150 200
mfz

T
YRS AT am oaps

A0 A 3BT 450 450

A26BE25: Telmalelamwr ane (CAG) JE r-Tolralel wuo k2

bt

Abungance
[4)]
]
(=]

100 E 173

n= MR BT saS w mR1omem AT R
o En 1 1t 2D

ble, e.g.. diethiylene glycol buyl
ether is waler-soluble while Texanol
[ 3-lypdrosy-2, 2 A-tritnethy] penty
isobutyTate) ester alcolwl is noc in
a lypical analysiy, abour 2%

111k paint mix s cenirifluged 1o in-
soluble polvmer and pigments. The
supernatand is then injected into the
(5 for analysis,

Alternatively, a known amount of
the paint or emulsion 4 put in a
headspace vial, sealed and heated 1o

&2 kdzrch 2005
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E30°0 Tor 3-10 min and the gas in-
jected imto the GOCMS for analysis,

ASTM methods for the analysis
ol paints wsing gas chromatography
include: 1 1983 and Ir 2500 for
farty acids, [} 2245 for the identif-
catlien of oils and oil acids, 1 3960
for WWO9Cs in paings, I 3004 for spir-
itg, and T 3271 for solvenis ®

CoamiNG FATIImRES: C20, pwyrolyyis-
GG, and headspace GC can be
used effectively to solve coating fail-

ure probilems. For example, if coart-
ing lailure is due o the gse of 2
wrong (ditferent) bawh of paiul,
ume can lools at the solvenl compo-
silinn Ty 130 o7, by headspace GC
one can look at the solvent compo-
siion by G ox in cases where anly
the dry paing is available, by head-
space GLL By comparing fingerprint
data of the residual solven of the
failed paint to the control, cne can
easily wlentily whether a sample has
been adulterated

It can be concluded Mmoo Figures
M and 12 that the coating [ailue i3
must likely due ter the presence of
contamination, which has been
identified as long-chain hydrocar-
homs and dodecanaol,

Low-Lewil ADIDITIVES AKD WAXES:
Pyrolysis-C:0 iy also suitable for an-
alyzing low-level addilives, which
are less volatile due o their rela-
tively high boiling poimts, for exam-
ple, wakes and oils. Fignre 13 showves
a pvrogram of a sample containing
lon Tevels of a high boiling point
hydiocarbon rngivg from about
G o Oy wax/oil A sefeclive mije =
57 extraction reveals an ion trag-
mentation patiern which iy consis-
tent with wax/oil compaonents, such
as docosane and tetradocosane
{Figeres 14 and 15),

(Mher Areas of Application

Adilitiomal applications incdudse
analysis of comdensation polymer
svstemns,” allgpd and polyesier resing,
silicome polyesters, polyurethanes,
epoxy tesing, polysiloxanes,
polramides, vinyl polyesters, pheto
formaldehyile resing, Tosin deriva-
Lwes, and cellulosics denivalives.

CONCLUSION

This article has shown Ul gas
chromatography {GC)-based tech-
nigues continue o provide vital in-
formation to coaring scienlisls and
are standard analvtical tools for the
analysis of coatings and related ma-
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terials, Many volatiles and semi-
volatile compounds such as residuai
monomeers, solvents, plasticizers,
and low modecular weight additives
such as mildewcides and antifoam-
ing agents can easily be analyzed by
G40 For Bigher molemlar weight
componens, pyrolysis-Ca/hs and
related methods are applied. New
technological advances in the areas
ol high-gpeed GRS and mmlhidi-
mensional GO systems and ometh-
ods will probably beceme standacd
terals i coiting analysis in the nex
lew vears. This is because such sys-
terms are now becoming more user
friendly, [requiring less sottware)
and more ailordable than i the
Veals past.

GLOSSARY

Cold Injeciion: Al geclou that ueours
at teriperatieey Tesver fhan the final oven
Lemperatuie, bswally al oo below the solvent
hoiling point.

Colunn efficiency: The abilie ol a wol-
i L prrceloee shane wellaefinesd peaks,

Height equivalent fo ane theorerical
pliave, 1T Thee distane along the wlamm o
mpied by one theoretical plate: H - Lik

Fumalees of Teaoretival Flates. e snmber
nf theoretical plares; = 1 [t |2

Besolotion (B) - The qualite ol sepuais-
Litnn ol L preskis, For two clowedr #loed
pealss Bo- [ - o MW 2—wheve the sl
seriprls Toand 2 refer to the fimst and second
peals, From I, K, and ., we pel:

B - (3N u- T (i [, + 1], where by
is the retention facar of}th-e second peak. B
Lcoporates beode elliciency and soparation.

Sensitiviny: Sipnal outmat et nnit com,
celntration or pel wnil mass ol analyue

Split Ratio: Splic Mo rateoelurom ey
rate.

ddindowim deteciability, Tk TF - 285
wliere ™ = nodae Tewrl and b = sensinvin.
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