




Figure 3-Schematic representation of anion separation 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.9 

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 
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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, C8, 

C18 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-

Figure 4-HPLC analysis of two batches of surfactants for residual al­
cohol impurities. Surfactant B is clearly purer than surfactant A 
(printed with permission from Dan Dohnmier, unpublished).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 µl 
to over 500 µI. 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.10 

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 µm filters prior to 
injection on the HPLC system. 

CHROMATOGRAPHIC CONDITIONS: Column: PLRP-S 4000A 8µ analytical 
column (Polymer Labs), 4.6 mm x 15 
cm, 8 µm dp. Mobile Phase: 25:75 THF/methanol 
initially. Linear gradient to 75:25 
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Figure 5-H PLC of two batches of a sulfated surfactant that are sup­
posed to be chemically identical. Surfactant A appears to have signif­
icantly higher levels of Cio-C14 and <Cs hydrocarbons when compared 
to Surfactant B (printed with permission from Dan Dohnmier, unpub­
lished). 
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THF/methanol over 35 min. Back to initial conditions in 5 
min. Equilibrate for 10 min. Flow Rate: 1.0 ml/min Injection Volume: 10 µl Column Temperature: Ambient Detector 1: UV @270 nml Detector 2: Evaporative Light Scatter-ing Detector (ELSD) 

AP PUCA TIO NS 
Raw materials that go into the manufacture of paints are 

sometimes more complex than the supplier or formulators re­
alize. Components such as surfactants may be sold as "pure" 
or within certain specifications but may often contain several 
by-products that may play an important role in the chemistry 
of the formulated paint. The following examples illustrate 
how HPLC can be used for raw materials and fully formu­
lated paint analyses. 

ANALYSIS OF RESIDUAL ALcOH0LS AND ALKANES IN 
SURFACTANTS: Figure 4 shows HPLC analysis of two batches of 
surfactants for residual alcohol impurities. In Figure 5, the 
HPLC of two batches of a sulfated surfactant that are sup­
posed to be chemically identical are presented. 

ANALYSIS OF BINDER TYPE IN FULLY FORMULATED PAINT 
SYSTEMS: Compositional analysis of paints can be a daunting 
task for analysts. The paint components can be dissolved in 
appropriate solvent (THF) and separated by either normal 
phase HPLC (polar column and nonpolar solvents) or re­
verse phase HPLC (nonpolar column and polar solvents). 
For example, a failed coating can be extracted by THF; how­
ever, depending on the composition of the formulated 
paint, analysts may encounter very challenging situations 
where answers to specific questions may depend very much 
on many variables. For example, the use of organic opaci­
fiers has many benefits including increased opacity, low 
binder demand, and partial TiO2 replacement, which signifi-
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Figure 6-HPLC chromatogram of polybutylacrylate binder (top) and 
opaque polymer (paint additives to complement Ti02 pigment) (bot­
tom). Polybutylacrylate (pBA) has one main peak labeled B, at a re­
tention time of about 9-15 minutes, while the opaque polymer has a 
main peak labeled D, at a retention time of about 22-31 minutes. 
Peaks labeled A and Care probably due to impurities or some low MWT 
components in the system (printed with permission from Haojie Yuan, 
unpublished). 
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Figure 7-HPLC chromatogram of two paints: A styrenic primer (top) 
and an all-acrylic copolymer/opaque polymer (bottom). The primer 
(top) shows four peaks labeled: A-an impurity or low mwt compo­
nent; B-polymer component #1; (-polymer component #2; and D­
opaque polymer. The all-acrylic paint (bottom), on the other hand, 
shows three peaks labeled: E-an impurity or low MWT component; 
F-the main polymer component (all acrylic copolymer); and G­
opaque polymer. Thus, H PLC can be used to determine the composi­
tion of fully formulated paint (printed with permission, Haojie Yuan,
unpublished).
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