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Polymeric materials are employed in a wide 

variety of applications, and whether the desired 

performance is a mechanical response, specific 

permeability, chemical reactivity, or general re-

sponse to any given stimuli, the target properties 

are strongly affected by the molecular dynamics of 

all blended materials and reactants. The molecular 

dynamics of amorphous materials are controlled 

by the resulting glass transition temperature (T
g
). 

This two-part article reviews the importance of T
g
 

in polymeric coatings, and emphasizes the shifting 

nature of a material’s T
g 
throughout the service life-

time. In attempting to simplify a complex combina-

tion of material dynamics, a polymer’s T
g
 has often 

been utilized as a single value parameter through-

out history. While correlations exist between the T
g
 

and many important material properties, a single T
g
 

value does not communicate the multifaceted ma-

terial dynamics involved in formulation, application, 

film formation, cure, or in-service use. 

IntroductIon

Each coating’s glass transition temperature 

(T
g
) is a net result of the effects of its constituents 

and the compositions and ratios of its polymeric 

building blocks. In many cases, T
g
s correlate with 

performance parameters. In this article, we limit 

our discussion to amorphous polymers and matrix 

materials used to form surface coatings (intention-

ally excluding semicrystalline and crystalline  

polymers, as these relationships become even 

more complex). The T
g
 is a very intricate concept 

and is not adequately represented by a single 

value, even though it is an excellent starting point 

for understanding surface coating dynamics. A 

number of methods are available to measure T
g
 

that typically provide a range of values with subtle 

to significant differences. Furthermore, the T
g
 

range, e.g., the difference between dry and wet T
g
 

for the same coating, clouds our understanding of 

the T
g
 values’ correlation with material properties. 

It is imperative to understand when, how, and why 

coatings perform as they do from varying applica-

tion methods, differing cure profiles, and a wide 

array of environmental conditions. Surprisingly, 

the general literature considers T
g
 to be a single 

number without considering the importance of the 

T
g
 range and differences that vary with changes in 

formulation, application, cure and crosslinking, and 

environmental parameters. In this article, the term 

in-service T
g
 is defined as the T

g
 measured under 

the specific conditions at that moment in time.

Figure 1 simplistically presents the range of 

T
g
s from one prepolymer, a single crosslinker, and 

a blend of two solvents in combination with three 

levels of water during the service life. The graphs 

show the dramatic differences between the low and 

high T
g
 values. The bottom right graph reveals that 

the combined effect of residual solvent and ambi-

ent moisture results in an in-service T
g
 ranging from 

55 to 107°C with identical raw material mass bal-

ances. The T
g
 differences are even more dramatic 

when faster-evaporating solvents and ambient cure 

profiles are used in combination, whereby the cure 

and solvent evaporation result in vitrification limit-

ing chemical conversion and potentially trapping 

higher concentrations of solvents.

  

  
 

    But Which One?

 

 

  

Part I

28 COATINGSTECH

August 2014



What MaterIals exhIbIt a tg  ?

A variety of materials and T
g
 ranges are shown 

in Table 1. In general, glassy materials are gener-

ated by cooling a wide variety of materials at suf-

ficiently high rates to solidify or freeze them into 

an amorphous glassy state, often cooled from the 

melt state. Either the cooling rate or the materials’ 

organizational structure (often both rate and struc-

ture) limit the combined materials’ ability to crystal-

lize, yet solidification occurs.1 When focused on 

coatings, we also need to consider the polymer’s 

interactions with pigments, additives, plasticizers, 

residual solvents, the substrate, and the influence 

of environmental conditions.

The scientific literature is replete with examples 

where scientists have combined evaporation rates, 

solvent retention, hydroplasticization, and other en-

vironmental factors to estimate, quantify, and under-

stand the momentary and/or practical in-service T
g
 

between selection and use. The practical in-service 

T
g
 prediction and rate of T

g
 change and viscosity is  

invaluable for prediction of material state, rate of 

state change, and ultimate physical states for mor-

phology, film formation, and polymer/surface coating 

performance. For example, 10% trapped residual 

solvent results in less hardness, higher impact resis-

tance, and better flexibility, but only on a temporary 

basis. Early laboratory results are often misleading 

and performance under extended service consider-

ations are required to understand material proper-

ties as a function of time.

What Is a tg  ?

In simple terms, the T
g
 is the temperature at 

which amorphous, noncrystalline, polymer morpho-

logical domains shift between glassy and rubbery 

 

 

Figure 1—Overview of the life of a surface coating relative to the material’s T
g
 during each period: raw materials, formulation and storage, 

application, cure, and utilization.

Material   Tg Range (°C)  Specific Example 

Polymers
2  ‐173 – ~ 500  Poly(2‐hydroxyethyl acrylate)  

(syndiotactic) (377 °C) 

Plasticizers (Coalescing aids)3  ‐127 – ‐67  Propylene glycol methyl ether (‐125 °C) 

Water
4  ‐136   

Solvents
5‐9  ‐196 – ‐84   

Ionic solvents10  159 – 409  1‐alkyl imidazolium (174 – 211 °C) 

Proteins
11‐17  146 – 256  Lysozyme (179 °C) 

Amino acids12  232 – 931  Methionine (362 °C) 

Sugars
18‐21  65 – 286  Sucrose (76 °C) 

Silicate glasses22‐26  423 – 1100  Pyrex (565 °C) 

Phosphate glasses26‐32  542 – 763  Li3Fe2P3O12 (724 °C) 

Fluoride glasses33‐36  262 – 332  53% ZrF4, 20% BaF2, 4% LaF3, 3% AlF3, 
20% NaF (262 °C) 

Amorphous metals
37,38  151 – 403  Mg80Ni10Nd10  (181 °C) 

 

table 1—T
g
 Ranges for a Variety of Classes
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physical states. Polymers are classified into physical 

states based upon the relative difference between 

the T
g
 and the application/use temperature (T); 

these states are glassy (T < T
g
), leathery (T ≈ T

g
), 

or rubbery (T > T
g
).39 Macroscopically, the physical 

changes that occur at the T
g
 are similar for all mate-

rials. Upon heating beyond the T
g
, initiation of flow 

occurs, along with increased tack and loss of modu-

lus or softening.39,40 It is observed in crosslinked 

materials that the sharp loss in modulus is followed 

by a gradual increase as the temperature contin-

ues to rise beyond T
g
.41  Atomic and bond nature, 

number, size, and density each result in differences 

in material responses to thermal and mechanical 

forces based upon the summation of intra- and 

inter-molecular forces.

Amorphous polymers most often respond to 

the addition of thermal energy by enabling in-

creased amounts of rotational and translational 

motions. With sufficient thermal energy, the poly-

meric material begins to experience chain slipping, 

uncoiling, and varying degrees of conformational 

changes resulting in shifted entanglement part-

ners.42 Thermally, crossing of the T
g
 often implies 

overcoming the energy barrier of the combined 

secondary, tertiary, or quaternary affinities and 

bonds. Such chain-to-chain morphological changes 

occur without affecting the covalent bonds of 

polymer backbones.43 A common T
g
 definition for 

polymers can thus be constructed as the onset of 

segmental motion.44 Below the temperature where 

segmental motion is possible, smaller motions, 

e.g., side chain rotations, are observed that trans-

late into differences for resistance to deformation, 

and yet, absence of bulk flow.

The chemical building blocks of a polymer, i.e., 

backbone, side chains, and chain-to-chain interac-

tions, and how all the chemistry is connected plays 

a distinctively important role in determining which 

chain motions are possible at what temperature. 

Increased interchain interactions result in higher 

T
g
s. There are several approaches to describing 

and understanding the T
g
, and the directly relevant 

are described in brief below.

the Free VoluMe tg  
theory

At the atomic level, a material’s volume is the 

average sum of three components: (1) the space 

atoms physically take up, (2) interstitial volume 

between atoms associated with bonds or atomic 

packing, and finally, (3) voids or free volume 

(Figure 2). The atomic volume (van der Waals 

volume) is independent of temperature. The other 

occupied volume (the interstitial volume) compo-

nent increases slightly with temperature due to 

larger oscillations between atoms. The free volume 

is nonlinearly affected by temperature. The void/

free volume tends to be constant below the T
g 
, but 

increases with temperature above T
g
.45

The free volume amount is nearly identical in 

each polymer at its respective T
g
.47 Most polymeric 

materials, regardless of composition, have similar 

thermal and mechanical characteristics at the T
g
, 

e.g., almost all polymers have a viscosity of approx-

imately 1021 Poise at T
g
.2 The free volume theory 

states that a consistent value of 2.5% free volume 

is required to achieve segmental motion. The T
g
 of 

a given polymer is determined to be the amount 

of energy required to expand the free volume 

beyond 2.5%. Differing environmental influences, 

e.g., metal or ceramic complex or affinity, result 

in higher levels of polymer organization, as is the 

case with substrates or pigment surfaces and the 

most closely associated polymeric materials. The T
g
 

is not adequately explained purely on the basis of 

thermodynamic transitions. Differences in the heat-

ing/cooling rate shift the resulting values of T
g
. The 

T
g
 is dependent on the rate of temperature change 

which is indicative of a kinetic component to the 

glass transition.48

Figure 2—Specific volume 
representation of volume 

components.46

Figure 3—Cycle of aging: (1) cool below T
g
, (2) densification,  

(3) reheat, and (4) enthalpic recovery. Illustration based on  
conclusions made by Scherer.55
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the KInetIc theory oF tg   

At a given temperature, each polymer pos-

sesses a specific equilibrium conformation and 

characteristic relaxation times for the side chains 

and backbone molecular motions.49 These relax-

ations can be described conceptually using kinetic 

theory, where a given conformational change has 

a kinetic energy barrier to overcome. As a result, 

lower temperatures increase the time required for 

each constituent to move and relax. At higher tem-

peratures, the relaxation times follow an Arrhenius 

behavior, but upon approaching the glassy state, 

this behavior often deviates and is better described 

using the Voge–Flucher–Tammann (VFT) equa-

tion.50-52 In literature, a rearranged version derived 

by Williams, Landel, and Ferry in 1955, i.e., the 

WLF equation, is more commonly used.53 Each poly-

mer passes through a temperature upon cooling 

where these relaxation times become long enough 

that it acts as a solid material. By convention, this 

T
g
 is generally defined as the temperature where 

the primary relaxation time reaches 100 sec. The 

consequence of having such long relaxation times 

means that the polymer freezes into a nonequilib-

rium state, i.e., the glassy state.54 When a polymer 

is cooled below its T
g
 at any cooling rate and then 

held isothermally for an extended period of time, 

sub-T
g
 relaxation occurs, resulting in a conforma-

tion closer to the equilibrium liquid (Figure 3).48 

This phenomenon is called aging, and can be un-

derstood using the kinetic theory of T
g
. Aging is the 

result of allowing a polymer enough time to relax 

towards equilibrium. 

hoW Is tg  Measured?

Numerous methods are used to measure T
g
, 

a few of which are summarized in Table 2. The 

dominant methods employed in surface coatings 

are differential scanning calorimetry (DSC) and 

dynamic mechanical analysis (DMA), and are ex-

panded upon for our discussion. It must be noted 

that the heating/cooling rates and frequency have 

noticeable influence on the measured glass transi-

tion temperature which can be attributed to the 

kinetic aspect of the glass transition phenomenon 

and the non-instantaneous heat transfer within the 

material. In general, faster heating rates will result 

in a higher apparent glass transition temperature 

than slower heating rates; increased frequencies 

have yielded similar results.56 Additionally, there is 

a noticeable difference of the apparent T
g
 employ-

ing varying techniques [i.e., thermomechanical 

analysis (TMA) vs. DSC: Figure 4]. Such distinctions 

are important to note in order to accurately com-

pare different systems.

differential scanning calorimetry

DSC is the most common analytical technique 

for measuring polymer thermal transitions and is 

based on the differential in thermal transitions 

between a sample and a reference material. In 

particular, DSC measures any thermal transition 

and is primarily used to quantify the primary and 

secondary thermal transitions of polymers, liquid 

coatings, and/or the cure process, and/or finished 

Technique  Vertical Abscissa  How Tg is Determined 

Differential scanning calorimetry  Heat flow/Cp 
Step in Cp/ heat flow 
Peak differential heat flow 

Modulated DSC  Heat Flow 
Mid‐point reversible flow 
Peak differential reversible flow 

Dynamic mechanical analysis 
Tan δ  Peak tan δ 

Storage modulus  Peak differential storage modulus 
Thermomechanical analysis  Deformation  Change in CTE 
Dielectric spectroscopy  Dissipation factor  Peak dissipation factor 
Fluid confinement dilatometry  Specific volume  Change in Vsp slope 

 

 
 

y = 0.7573x + 58.921
R² = 0.9649

250
260
270
280
290
300
310
320
330
340
350

270 290 310 330 350 370

T
M
A
 T
g
 (o
C
)

DSC Tg (oC)

Figure 4—Comparison of the apparent glass transition temperature 
measured by TMA and DSC.56

table 2—Techniques and Methodologies for Determining the T
g
 of Polymeric Materials
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between degrees of conversion or multimodal 

morphological domains — or it can even simultane-

ously detect cure and solvent evaporation.56 Since 

the T
g
 measured with DMA is both frequency- and 

ramp rate-dependent, it is very important to note the 

experimental conditions to objectively discuss and 

compare the measured T
g
 .56

a reVIeW oF PolyMers, coatIngs, 
and theIr related tg s

Modulus relative to tg  

Polymeric materials are often simplistically de-

scribed as glassy, leathery, or rubbery. There does 

not seem to be formal limits for these material 

types; thus, for general purposes, materials exhibit-

ing room temperature moduli of ≈ 0.5–2 GPa are 
considered leathery. Rubbery materials range from 

< 0.001–0.5 GPa, and glassy materials typically 
possess modulus values between 1.5 – > 100 

GPa. Figure 6 represents a wide range of material 

types to illustrate high to low Young’s modulus val-

ues measured at standard temperature and pres-

sure (STP) conditions.2,59,60

As crystallinity influences both the T
g
 and mod-

ulus, it is important to differentiate between amor-

phous and semicrystalline polymers. The degree 

of crystallinity may vary substantially between the 

same composition samples, depending upon for-

mulation variables and thermal history.2,58 Figure 

7 lists the T
g
 of purely amorphous samples of both 

thermosetting and thermoplastic polymers.

Within a narrow set of building blocks, the 

typical thermoset polymer will concurrently ex-

hibit high modulus and T
g
. Each characteristic is 

driven by a complex set of parameters; however, 

in combination, these parameters shift together, 

e.g., restricted molecular mobility driven by higher 

density/quantity of crosslinks results in higher T
g
. 

Thermoplastic polymer chains are capable of a 

wider range of movement in terms of flow or trans-

lational motion. Thermoplastic polymers comprised 

of highly rigid monomers (polyetherimide, for ex-

ample) exhibit very high T
g
 and moduli values but 

are still melt-processable. Rigid backbone struc-

tures, bulky side groups that restrict/hinder rota-

tion around the primary chain, and intermolecular 

interactions all combine to increase T
g
 and modu-

lus through molecular resistance to motion and 

flow.2 Kunal and co-workers found that as the size 

of a phenyl ring substitution group of polystyrene 

increased, T
g
 increased as well, as shown in Figure 

8, due to congestion of segmental mobility.63 As 

these molecular features or barriers to chain rota-

tion and translation are reduced or eliminated, 

the T
g
 and modulus decrease. For example, linear 

Figure 5—Methods 
of determining the 

T
g
 via DSC: peak 

derivative (left) and 
midpoint methods 

(right). Endotherm up 
on Y axis.

and cured films.56,57 Two common methods are 

used to determine the T
g
 from a DSC curve: (a) dif-

ferential curve peak (e.g., evaporation or cure), or 

(b) the midpoint between extrapolated heat flow 

rubber and glass baselines, as shown in Figure 5 

(shifting specific heat values, endotherm is up for 

Figure 5).56,57 The first time a sample is analyzed, 

the results are representative of a material’s prior 

historical state and yet, material changes often 

occur during that evaluation. The first and later 

thermal analyses often differ for the same sample, 

whereby most of the thermal history is erased by 

heating above T
g
. Prior environmental exposure 

can result in thermal behavior shifts as well, e.g., 

humidity, trapped solvents, physical aging, and 

annealing.56,57 The measured T
g
 is sensitive to 

differing heating and cooling rates and dramatic 

differences in T
g
 values can be observed: the most 

common heating rate is 10°C/min, while 5 and 

20°C /min are also used (but less frequently) in 

DSC analysis.56 Slower heating rates provide nar-

rower T
g
 regions and lower T

g
 values, but lower 

signal intensities.

dynamic Mechanical analysis

The term DMA covers many forms of mechanical 

analysis during thermal or frequency-specific char-

acterization. Although distinctly different from calori-

metric measurements, the “mechanical” T
g
 methods 

of characterization are similar in concept.56-58 The 

experimental parameters can be modified to obtain 

bending, compression, or torsional behavior; envi-

ronmental chamber attachments are also available, 

e.g., humidity, immersion. The complex modulus is 

comprised of the storage modulus (real component) 

and the loss modulus (imaginary component); the 

ratio of the loss modulus to the storage modulus is 

also a well-defined parameter, termed tan δ.56-58 The 

T
g
 in this type of analysis is known as the α transi-

tion (mechanical T
g
) and can be defined as the tan 

δ maximum or the storage modulus peak derivative. 
Subtle or very minute material transitions are often 

detected and quantified by DMA, e.g., small differ-

ences in T
g
 or modality and ratios of T

g
 to distinguish 
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aliphatic amorphous polymers are more likely to 

possess low T
g
s (such as high density polyethylene, 

T
g
 = 150 K), in contrast to polymers with more rigid 

backbone structures, e.g., poly(benzimidazole), 

with a T
g
 of 773 K.60-62,64 Lightly crosslinked elasto-

mer rubbers comprised of extremely low T
g
 building 

block polymers exhibit low moduli values as chain 

flexibility increases and allows for less resistance 

to elastic deformation, as seen in butyl rubber. A 

correlation exists between Young’s modulus and 

T
g
 for many amorphous polymeric materials as re-

plotted in Figures 9 and 10. 

Cure-related tg  changes

In thermosetting systems, the cure and 

degree of conversion exert substantial influ-

ence over T
g 
development. Multiple models il-

lustrate this concept, e.g., the Hale, Oleinik, and 

Pascault–Williams models describe the progres-

sion of T
g
 with cure of epoxy-amine systems and 

have been shown to fit a wide range of thermo-

setting polymers employed as coatings, compos-

ite matrices, and adhesives, among others.68-72 

These models, based primarily upon the empirical 

DiBenedetto equation as described by Nielsen 

 
 

 

 
 

 

Figure 6—Young’s 
modulus of various 
polymers and refer-
ence materials.59-62

Figure 7—T
g
 of various 

polymers and reference 
materials described in 
Figure 6.59-62
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have, through experimental support from varying 

thermoset chemistries, revealed that T
g 
progres-

sion during thermoset cure is dependent upon 

functionality, conversion, and the extent of cross-

linking.2 Gillham and co-workers investigated the 

interplay between cure temperature and extent of 

cure to develop time-temperature-transformation 

(TTT) diagrams for isothermally cured epoxy-

amine systems that can describe many types and 

classes or conditions for thermosetting polymers 

(Figure 11).73 As cure temperature increases, T
g
 

also increases due to higher monomer/oligomer 

molecular weight and ultimately crosslink density 

Figure 10—Relationship between Young’s modulus and T
g
 for noncrystalline thermoplastic and thermosetting 

polymers seen in Figure 8. 2,61,62,65-67

 
 

 
 
 

 
 

 

Figure 8—Polystyrene, poly(4-methylstyrene),  
and poly(t-butylstyrene) were found to exhibit T

g
s 

of ~273, 299, and 318 K, respectively, at n = 8.63

Figure 9—Young’s 
modulus of  

noncrystalline 
thermosetting 

and thermoplastic 
polymers.2,61,62,65-67
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through conversion as well as mobility restric-

tions driven through additional macromolecular 

connectivity, while the time to gelation and vitrifi-

cation decreases. At the same time, the separa-

tion between the gelation and vitrification points 

increases due to decreased mobility concomitant 

with increased conversion.

Under isothermal cure at various tempera-

tures, the time required to reach the practical 

infinite glassy T
g
 diminished, and typically was 

reached at a higher temperature end point. This 

was attributed to the mobility available during 

the early cure process and allowed for the per-

cent reaction of chemical species to reach higher 

levels.74,75 The effect of cure-induced changes 

in these systems was also observed through 

changes in water diffusion during the course of 

thermoset cure. As conversion and T
g
 increased, 

both the rate of diffusion and equilibrium water 

uptake increased.73 These results are often attrib-

uted to the development of porosity/free volume 

as cure proceeds: early in the process, unreacted 

groups and free oligomers have higher degrees 

of freedom within the partially developed network 

volume due to less restricted mobility. As these 

components are incorporated into the rigid cross-

linked network, trapped free volume develops 

which allows for the ingress and permeation of 

water molecules without the necessity for solva-

tion.73 Some cure chemistries and mechanisms 

have been shown to diverge from this trend due 

to production of condensate, side-reaction, or loss 

of solvent/plasticizer during cure. Wurster and 

co-workers investigated the uptake of moisture 

as a function of cure in the development of poly-

acrylate-free films and determined that the rate 

of diffusion decreased while T
g
 increased during 

isothermal cure.76 At extended curing times and 

higher cure temperatures, an increase in diffusiv-

ity was observed that was attributed to thermal 

oxidative degradation and/or loss of plasticizer, 

leading to increased porosity.

resultIng FIlM ForMatIon  
oF latexes

The common and simplistic mechanism for 

latex film formation is dominated by three main 

phases: (1) evaporation of primary solvent,  

resulting in a close-packing formation of the 

particles, (2) particle deformation and filling in 

the voids, and (3) polymer self-diffusion across 

boundaries to yield a continuous film where the 

original particle shape and locations are no longer 

distinguishable.77,78 

There are different mechanisms for the par-

ticle deformation phase (phase II) that depend 

upon several processing variables such as: (1) 

wet sintering, when particle deformation times 

are shorter than solvent evaporation times with 

respect to vertical water level, (2) dry sinter-

ing, when deformation primarily occurs in the 

absence of water, (3) capillary deformation, 

when capillary forces during water evapora-

tion exceed the stress requirement for particle 

deformation, and (4) the receding water front 

mechanism, a combination of capillary defor-

mation and dry sintering. Routh and Russel de-

veloped a model to predict which mechanism 

will operate under a given set of conditions. 

Gonzalez and co-workers employed this model 

Figure 11—TTT diagram describing the isothermal cure of epoxy-amine 
thermosetting systems.68

Figure 12—DMA 
results showing 
storage modulus 
on the Y axis and 
temperature on X 
axis for a TiO

2
 pig-

mented polyacrylic 
coating as a func-
tion of PVC.86
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in the form of a Routh–Russel deformation map 

to achieve low defect films from latexes with T
g
 of 

45, 55, and 64°C without any coalescence aids 

that constitute VOCs.77,79-81 

eFFect oF hydroPlastIcIzatIon 
on latex FIlM ForMatIon

The effect of water and humidity on latex film 

formation depends greatly on the polymer particle. 

An important property to consider for latex film 

formation is the self-diffusion coefficient. Feng and 

Winnik showed that for the relatively hydrophobic 

polymer PBMA, water had little effect on diffusion, 

but for the copolymer, P(MAA-co-BMA), water aided 

diffusion.82 The more hydrophilic polymer also con-

tained higher residual water content. Interestingly, 

PBMA films exposed to 100% RH or immersed in 

water for sufficient time resulted in reversible film 

turbidity, while the more hydrophilic copolymer 

P(MAA-co-BMA) remained transparent.82 Sperry and 

co-workers observed that minimum film formation 

temperatures (MFFT) were time-dependent, differ-

ent humidity levels and processing parameters al-

tered the MFFT, and humidity has a greater effect 

on more hydrophobic polymer particles.83 Using 

fluorescence resonance energy transfer (FRET) 

spectroscopy to study film formation under differ-

ent conditions, Haley and co-workers concluded 

that high humidity retards coalescence of P(BA-co-

MMA) as the residual water between particles acts 

as a barrier.84 Although this slows the beginning 

of polymer diffusion, the higher humidity eventu-

ally increases hydroplasticization effects, result-

ing in increased diffusion rates once diffusion is 

allowed.84 It is suggested that the greater affinity 

of more hydrophilic polymers for water allows the 

formation of “water films” that retard polymer self-

diffusion.84 An interesting study of the effects of 

humidity on polymer self-diffusion using polymers 

designed to have equivalent T
g
 with different hydro-

philicities, by Soleimani and co-workers, showed 

that water uptake and effective shift factors, paral-

leling WLF temperature shift factors, do not follow 

a linear relationship with water uptake.85 They 

proposed that only water that was molecularly dis-

persed had sufficient hydroplasticizing effects on 

polymer self-diffusion, and that pockets of water 

eventually develop during film formation and phase 

separation giving the observed turbid films.85

PIgMentatIon eFFects on  
tg  and Modulus

Figures 12 and 13 describe the influence of 

pigmentation on the T
g 
as measured using DMA 

(Figure 12) and both DSC and DMA over a range 

of pigment volume concentration (PVC) (Figure 13, 

plotted as volume fraction of pigment).

**********

Part II of this article will be published in the Septem-

ber 2014 issue of CoatingsTech.
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