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IHigl peeanere Ygeaed chronutiography (HPLCY 5 am estabiished standard rabrica! ol
Jor The wuihesis of roatings @l felated materiale, An eutensive bocy of Hieraiure Tus haen
rebtisteed in verious analyticad and refated felids” sournals on [IPLC methoids, These math-
oifs have been developed and wed e ihe deteeninion of swall fo very lave modicides
rerging from seeall organtc Brpurities o polpmet vesies e addidon, fundameniels of HPLC
s relaled methods have abio feen extensively covered Tn the ferature and e reader 45 en-
couraged (o repete tent as needed. The obfecrive of this article focuses sraianly on the dppdi-
citions of HFLE arad wel permeation chromatograpdry (6907 meods 2 the analysis of

CORA BT,

INTRODUCTION

Liquid chronnatograply (107 i proh-
ably the st conumonly wsed methud
of separation and analysis of chemical
compounds and oo in selution.
Tuepeased understamding of Tiguid cheo-
malegraply since its invetion in 1306
hias led v fascinating and deamatic de-
velopment el usage of the terhnigue
in a wariely of applications,’ Far cxam
e, metrnenial advances, awamation,
and mulannzaion of the echnigoe
Tas browsght about vhe develipment of
signilicant melhods utilivieg complex
separationg mechanisms, such us eler-
trophoresis, supercritical Qudd chuo-
mategiaphy, microscale separaions, aud
rumerous powerful hyphenated tech-
niques such as enline and olf-line lig-
vid chromalographviuucear ruagneric
reannance {1LO-NMiY, and very eflicieny
ronaltt-delectar analysis systens for ex-
trermely compler analyses.

Higl pressute liquid chromatagra
phey {HPLC) 1s an analyvtical wechoiqoe
used for sepatalion of low-to-mader-
ate walery lur weight compounds of
resins. The insfrumenlation far (IPLC

anl size exclusion [(S1C] ar gel-per-
mealian chromawsgraphy {(GPCY s
sitpilar bl the colomes ditfer. A
scheratic diagram of HPLC compo-
nents s shown in Fygare 1.

TIPLE components consist of the (ol-
loswing: {a) sodveny awdfor solvent mix-
e, (b solvent delivery system (puwps
and comaller), (o) sample delivery svs-
wrm [ranwal or aulopstic injection),

Figure 1—5chamatic diagiam of HPLD carponenis.

“Spring Hinsg Technicel Career, F27 herriszoeer d,, 5aring Howe, PA 19477,

35 June 2005

[d) & colurme suitalle [or the separation
of interest, (2] a detector system, and ]
a data srsler.

TYPES OF SEPARATION
MECHANISMS IN LIQUID
CHROMATOGRAPHY

There are numerous tves of semra-
ticy inechanisins it liguid chiomatog-
raphy. Tlie mast hopottanl ones in-
clude: affinily chrnmatography, ion
chraraategrady, capillany electrophore-
s, narmal phase Jiromaography, e
verse phase choomatography, superoti-
cal chrarnategraply, and microsoales
chrmatography.

Affinity Chromatography

Affinily chromalograply s a tech-
nicue that vses like-like Interaciions tor
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ellective seprarativn and analvits of sam-
Pl connponents in selution, The ool-
umn is desipned to Telaly specific or
sirnilar analytes while allnwing every-
thing elae through the columin, The ne-
lained species cun then be selectively
efhuted from the column by appropriale
sulvent. A schiematic cxumple of attiminy
chrcnpatography is shown o Fiawee 2,

Ion Chromatography

lom dluamatopraply s a Tiguid chi-
matography nethod that can b wsed
for the separatian and quasiificatian of
anions and cations, For exam ple, anians
and cations lat be separared and guan-
tified e gven i Teble 1. A schematic
anjon sepacation and demification is
shomy In Higure 3.

In the conrexl of this article, i
chromatography is vsed i the Jetermi-
naticn ol acdd speces in the acid/1her-
ral decorpositgon of polymeric inare-
rials aud jonic contamination in
polymers ad painls,

Capillary Electrophoresis

The capillary electrophosesis tech-
rigue b5 Prased oo the wigration of
charped maolecules in an electrical feld.
The unils are comprosed of 8 power
seaarce with a voltmeter and wollage reg-
ulatow, an electrophoresis taak tha
holds the electirophoeesis boffe, an an-
ade and a cathadde connecied to the
peawser soviprees A Blass plate that holds
the pel which s submermsd into the
electrohorests bullen and & comb sam-
e These vais are Based on the sim-
ple relationship berween the applisd
electric field (W), applied cumen (1),
and dezistanee (R the Olun's G

V=lk

T applied electric field is measured
irwalts (V) and is propoertional (o the

Abbreviations and #
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Figure 2—-5chematic separation scheme i aflinity lguid chromatooraphy.
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current (1) measured in milllamps. B a
given yiolluge, 4 conglant amog al ot oir-
wit flows through the droit and e
vallage decreases aanss any element ay
its resistance increases. Molecules which
have elecirical charge doe w0 gronps ca
pable of dissociating electrobylically (Tar
example proteins], will sigrate inun
elertrical Held with a cermain velocity
Al directian, which will depend un
their electieal mobility, It has been
shown that glecrical mobilive of 5 moel-
ectly is dependent on a vadety of fac-
tors, siicly as elecrical charge, coelticient
of [rictien, shape, and molecular
weizhi,

While capillavy elecirophoresis ks a
iy opoitant ol in he separation
and ideniiBcation of bio-mirdecules, it
alyo tinds Dposant Application ia
podyrwer anabysis,*

Mormal Phase Liguid
Chromatsgraphy

Surmal phase lguid chromatogra-
phy (NPT a powerld separalion tech-
nigque, relies ou the usage of polar sia-
tiomary phase and nonpelan ligued
nuabile phiases tor the separation ol po-
Tar apuedes. See lwe Type of Colwmn
Phazes section helow,

FONYINS

Table 1— Anions and Cations that can he
Separated and Quantified
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Reverse Phase Liguid
Chromatography

Reverse phase liguid dhrosnatogra-
phy (RINA by the msL popula
methed of Hipitid chromatogmaphy. Tl
name is derived fram the revere €u-
tion order af wost sodutes when com-
parad 1o NT'LE 10 relies an the usage of
nopelar sialionary pluases with polar
mabrile phases. Typical mobile phases
meay inchude water with added polar ar-
ganic selvent, such as acelonitile See
the Tvpe of Columi Phases section.

Supercritical Fluid
Chromatography

Suprercotical Muid chrorpatography
[SEC) is a techmdque Lat uses mobile
phases as eithe gases or Tguids taken
above their critical point 'The advan-
tages ol this approach induade the sol
vating Prower of liquid mohbile phases
andd diffusion coefficicae doso w
gases. The lovwer viseosity of SFC allowes
i higher Mo rotes companed o L0,
and the solvating power cun be adjusted
I champing the pressure. 4 supercitical
flui] chramawraph cobsists of 3 pas
supply (T, ), A pooap, a column in a
tengperanre countrolled oven, a resuictor
o wiaie lain high pressare in the ool-
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Figure 3—Schematic representation of anion se

paration and identification by ion chromatogra-

phy. The identification of the species is made against known references. Detection limits can be

as low as parts per billion (ppb) levels.
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umn, and a detector. The flame ioniza-
tion detector (FID) is most common,
but other GC or LC detectors can also
be used. SFC finds many applications in
polymer additives analysis.’

Microscale Liquid
Chromatography

Microscale liquid chromatography is
simply the miniaturization of liquid
chromatography technique. The main
advantages are the significant reduction
of solvents, shorter analysis times, and
overall improved sensitivities.

TYPE OF COLUMN PHASES

There are two main types of phase sep-
aration: (1) the normal phase HPLC

which consists of a polar column material
and relatively nonpolar solvents, and (2)
reversed phase HPLC which consists of a
nonpolar column material and relatively
polar solvents.

Reversed phase HPLC is the preferred
type of HPLC as it has proven to be the
best for analysis of many types of resins.
The most common column packing ma-
terials are nonpolar hydrocarbons, C
C,, and phenyl bonded phases
columns. The most common polar sol-
vents for resins include acetonitrile
(ACN)/water, methanol/water, and
tetrahydrofuran (THF)/water. They are
normally used in the gradient elution
mode because they allow one to start
with low content of organic component
in the eluent (ACN or THF) then the
strongly retained components will move
faster for improved resolution. Perfor-

87

Figure 4—HPLC analysis of two batches of surfactants for residual al-

cohol impurities. Surfactant B is
(printed with permission from Dan

clearly purer than surfactant A
Dohnmier, unpublished).
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mance of gradient elution is strongly
dependent on the instrumentation.
Solubility of the material to be sepa-
rated is a very important consideration
in HPLC. For example, ACN/water is
good for low molecular weight resins
and is limited by solubility in higher
molecular weight resins. THF/water is
better and sometimes a mixture of
ACN/THF/water may be the best for an-
alyzing low to high molecular weight
resins.

INJECTORS FOR HPLC

Samples are injected into the HPLC
via an injection port. The injection port
of an HPLC commonly consists of an
injection valve and the sample loop.
The sample is typically dissolved in the
mobile phase before injection into the
sample loop. The sample is then drawn
into a syringe and injected into the loop
via the injection valve. A rotation of the
valve rotor closes the valve and opens
the loop in order to inject the sample
into the stream of the mobile phase.
Loop volumes can range between 10 pl
to over 500 pl. In modern HPLC sys-
tems, the sample injection is typically
automated.

DETECTORS

Detection methods are critical to the
successful application of HPLC methods
in separation. Some of the conventional
and newer detection methods are:
UV/Vis, fluorescence, conductivity, and
luminescence, Fourier transform in-
frared spectroscopy (FTIR), mass spec-
trometry (MS), and nuclear magnetic
resonance (NMR). Exhaustive discus-
sion of these newer detection methods
has been reviewed in the literature.”

An example of HPLC Run conditions

for polymer emulsion and/or paints can
be as follows:

SAMPLE PREPARATION: The sample can
be dissolved in THF at roughly 1%
(wt/wt) and centrifuged at 40,000 rpm
for 15 minutes. The supernatant is then
filtered through 0.2 pm filters prior to
injection on the HPLC system.

CHROMATOGRAPHIC CONDITIONS:

Column: PLRP-S 4000A 8p1 analytical
column (Polymer Labs), 4.6 mm x 15
cm, 8 pm dj.

Mobile Phase: 25:75 THF/methanol
initially. Linear gradient to 75:25

JCT CoatingsTech



Fiqure 5—HPLC of two batches of a sulfated surfactant that are sup-
posed ta be chemically Scentical. Surfactant & appears to have signil-
“cantly higher levels of Cy-Cyq and <G hydrocarbans when compared
to Surfactant B (printed with pevmission from Ban Dohardar, unpob-
Lished).
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1HF{imethanol over 35 min. Back to initial conditions in 5
b, Tepuililicage Tor 10 min,

Flowe Rt 1.0 mlfmin

Frjection Vithome: 10 pl

Corbutin Tewtpanrirs: Ambient

Petectar 10 LIV & 270 il

Detactar 2: vaporative Light Seatter-ing Deearor (TS0

APPLICATIONS

Raw materials that go inte the manutacture of paints are
sometioes more complex than (he sippliee o Gmulalons re-
alize. Components such as surfactants may be sold as “pure”
of wilhin certain specifcations Bl may ollen conlain several
by-products that may play an imporeant rele in the chemistry
ol e formulated paint, The following examples illustrate
home HIPLES can be wsed for raw materials amd fully formu-
lated paint analyses.

ANATYSIS OF RESIDWAL ALCOHOLS ANTr ALEAKES 1N
Somracranes: igure 4 shows HPLC anafysis of twi hawthes of
surfactants for residual aleohol impurities. In Figure 5, the
FTRLC: oof twen hatehes of a sulfated sorfactand dhal are sop-
posed o be chemically identical are presented.

ANATYEIS OF BINDER TYTE IV FULLY FORMuLaED Pars
FvsTRvy: Comnpositional analysis of paini: can be a daunuing
task for analysts. The paint components can be dissolved in
appropriate selvent (TITF] and sepacated by eilher narmal
phase HI'LC [poelar column and nonpelar solvents) or me-
verse phase PEC (nonpolar colemn and polar salvents).
For example, a failed coating can be extracted by THE; bow-
evel, depending on the compasition of the formulated
paint, malysts may encounter very challenging situation:
where answers Lo specifle guealians may depend very mnch
on many varables. Vot exmnple, the use of organic opaci-
fiers has many benelils incloding inceeased opacity, low
binder demand, and parmial '1it}. replacement, which signifi-

www. contingstech.org
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Figure 5—HPLC chromategram of polybutylacrdate binder (top) and
ppaque polymer [paint additives to complement Ti: plgment) {bot
tom). Palybutylacrylate (pBA) has one main peak labeled B, at a re-
tention time of about 9-15 minutes, whils the cpaque polymer has a
main peak labeled D, at a tetention Heme of about 22-31 minutes.
Peaks labeled & and C e probably due to impusities o some Low MWT
companents in the system {printed with pemmission from Haojie Yuan,
unpublizhed).
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Fiqure ¥—HPLC chicmatogram of two paints: & styrenic primar {tap)
and an all-acrylic copolymerfopague polymer {battom). The primer
{iop} shows four peaks labeled: &—an impurity or low mwt compo-
nent; B—polymer component #1; C—pelymer component #2; and D—
opaque pokymer, The alk-acrylic paint (bottem), on the other hand,
shaws three peaks labeted: E—an impurity or low MWT component;
F—the main polymer component (all acelic copolymer); and 4—
opagque polymer. Thus. HPLE can ke used to determing the compaosi-
tian of fully formulated paint (printed with permissien, Haojie Yuan,
unpublished).
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Figure &—Schematic representation of the
separation mechamsm ina GPC ealumn,

Dlirection of
salvent flow

cantly reduces cost. The chullenge of
determiniug binder types and carmpe-
sition in fully fonoulated paints which
fay Or Iay oo cantain fyanic npaci-
fiers [mainly slyrene. such as Ropaygues
[forn Rebon and [aas Company), can
bevery dillicolt. We have demon-
strated in our labs thal such syrtems
can by analvied by HPLC andfoc
HELOETIR andor off-line

TIPLC Pyrolysis-GUMME mcthods {see
fgures and 77,

AMALRIE 08 ANTEEOULING ADETIVES 18
Parvts: Antifouling biocides are impor-
tani in paing and coatings, Some of
these preservatives include chlorohanag-
lin, dichlorolluandd, dinron, Ingarol
1031, and Seakine 211, These are -
tvely small meolemles and the most
e e llwsd Dot analvsis of their
purity, efficacy, Tevel, and Gae in the en-
vironment when assocated with paine
particles is Tsy ETPLC" TIPLC allows for
the separation, identificarion, and
Cuarililative analysis.

ARATYSIE OF EPoy CoaTmvcs Kesirs:
Sheil and Renton have puovided an in
depth overviess of how FLIPLE methads
can b uped in the analysis of epoxy
coatings resing” Tpomy resins ame wsed
widely in coatings due to their superior
Falaner of prapertivs suclyas good ad-
lwsion, impact resistance, chemical re-
sistance, amd Mexibility,

GEL PERMEATION
CHROMATOGRAPHY

Gl pernslion chromatography
(0], or size exmclusion chramaiopo-
pliy {SEC). iz a branch of HI'LC whose
primary rede @5 fo povide mwslecular
welght data on polymers and resins.
CP0 allows Pty ower syl lusis chemists
and paint formulaticn and applicalion
seientisls we isolate und characterize low
molalar weight additives and
mediven-us-high melecalar weight poly-
mers o resing in polamenic syslewns,

Figure 9—GPC profile of THF extract of an unknown paint. Using poly-
styrene ctandard, the malecular weight of the polyrmer was determined
to be abaut 437,000 with a polydispersity of §.25.
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The twix most comenen detectars arg ul-
travialet (TTV] and refraclive index { {10,
Omly samples thal absoth in 1he TV re-
plon [with UV chromaphore) can he
deteried Ly TV detection; for caanple,
aromatic rings, or conjugated donhle
bonds I a polymner has no UV chrg-
mophare ar is unkoown, the R Qelec-
tor 15 the hest chaoice, The B detectar
nctivns by moenitaring the change in
refractive index between the pure mo-
Lile phase and thal coulaining the sam-
ple The Jillerence is the sigoal of dw
peak(s) of inteaes,

In G, the colinu is packed with a
seni-rigid el or small srpanic panicles,
which fimciion as a physical harmier for
separating molecules ol dilferent molec
ular weights, The key fimetion ol the
statonary phase is 1o allow the polypmer
mclecyles o mteract with 1he solvenl
mirlacules inosuch a way that those mol-
erules that have mote physical interac
tion with the pores of the colurn pack-
g will take Tomger (3 elute than those
that lawe wo phsicat interaction wih
the poves. Uow example, high malecular
weiplil polymmers will elole [astern The
separatinn meclianism in a G onl-
unn is represented in Fyure &

Il can be simpliatically show aat
the smaller minlecules can fit it the
swall pores and therelore Lake longer to
elute thtaugh the colummn. The Targer
mealemles, on the olher hand, doe o
their big size, are unable ta ener (e
pores and simply Lravel around the gel
particles oo their way ool Thay, the
large prlymer molecules ave the first o
elule out, followed b the nwdiom size,
and finally Tw Lhe smaller rnolecules. Tt
13 important to poing oul tat CIC also
sefvdales mnolecules acconding e tieir
hyrdrodynaric val e '?

[ crder for the CPC data o be use-
ful, it musl e calibrated with podyrners
of known mnlernlar weight. olwstrene
standards are often used becanse ey
are readily availalile vver a wide range
el rulecular weights,

APPLICATIONS IN FAILURE
ANALYSIS

Croalings srlentists are always inter-
eated in determining Uw composition
o polymuers as they lavgely delennine
the chemical restslance properties of
coalings, GO s one of the bes) meth-
ods that can be used 1o measure the
rucecular weight of palymers o coal-
ings. In arder (o accomplish this, the

JCT ContingsTech



paalymer muat be isolawd lrom the
paint by using An appropriale sabyend,
In the cxample shown in Fignee 9, the
palbymer was ivolated [ a paiot by
gxleaction in THI folloseed bsr oearifo-
gation to remove the pigment and other
TIIE insol uhles.

in coatings tailure analysts, GIC can
provide data 10 showe wlwher the Fail
ing praints conform o specification by
compariy and [inger-prngng thiled
painl toa cantral praint, Somelinwes,
failures due to polmmer decomposition
can edEly be detected . Fur example,
G performed anoa Dailing and on
comtrol paints showed a dramatic differ-
ence in molecular welphl, with the Fail-
ing samples being lowwer than the con-
tral."* Tlwere ute numerous examples m
the literature of lene GIC can Tre used
o investizate coating taihwes. It is im-
partanl we poinl aul Ual SPC has two
maior Kmiraticns in coating analysia; i
cannol e nsed on nseluble coatng
samples and it eanmol proside clwoical
inturmation. However. the chemical in-
lormmatian Tinitalion can be overcome
b interfaring G210 1o a wariciy af chem-
ally sensiive oals, such as FLL,
MEAK, and bk, 17

SUMMARY

& genetal cwerview of the applicalion
of HPLC technigues for analysis of
painls and related maleriads has boen
presented. Yee have discussed how
TIFTL can be used [or raw matedals and
for fully formulated paint analvses. GRC
Liay Deenn demonstrated as one of the
hest methonds thar can be used 1o meas-
ure the moeleoilar weight of pobymers in
caatings and coatings falure analyses,
Hirwever, these methods require that
he polviner on isalaled components
must be aoluble in appropriare sol-

werLl{x].
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