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  he gloss retention of a coating depends in part on the grade of TiO
2
 used. Traditionally, 

the TiO
2
 contribution to gloss retention has been attributed to the fact that TiO

2
 is a pho-

tocatalyst, and that gloss retention differences between different grades of pigment are due 

to different levels of TiO
2
 photocatalytic activity. However, there is poor correlation between 

photoactivity and gloss retention performance. In addition, there is commonly very poor 

correlation between exterior exposure rankings of TiO
2
 pigments and accelerated exposure 

rankings in the same coating. In this article, we describe a second property of TiO
2
—beyond 

photoactivity—that explains these observations and allows us to better predict both exterior 

and accelerated gloss retention results.

INTRODUCTION

Consumers place many demands on the coatings they use, whether they 
apply the coatings themselves directly (e.g., DIY) or purchase them already 
applied (e.g., automotive finishes). Of initial concern are the appearance 
characteristics of the paint film: color, gloss, distinctness of image, etc. In the 
longer term, consumers expect exterior coatings to maintain their protective 
properties and remain visually appealing, even after extended exposure to 
the elements. This expectation is often manifest as a warrantee that consum-
ers demand from the coatings producer. These demands are, in turn, often 
passed on to the raw materials suppliers.  

Degradation and failure of a paint film can take on many guises. These 
two terms can refer to changes over time of appearance properties, as referred 
to above, of mechanical properties, such as adhesion, peeling, and cracking, 
or of chemical properties such as corrosion protection of the substrate. A 
wide variety of formulating parameters affect these different aspects of coat-
ing durability, including choice of raw material (resin, pigments, and addi-
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tives), method of application, and in-service conditions 
such as high temperature or UV light intensity. In this ar-
ticle, we focus on the effect of a single ingredient—TiO

2
 

grade—on a single failure mode: loss of gloss.

TiO
2
 pigments are used to give opacity to paints, but 

are also important because of their effect on appearance 
changes over time during exposure. These appearance 
changes are color change (fade, yellowing, or other dis-
coloration) and gloss loss over time. TiO

2
 pigments affect 

both of these appearance changes in complex and con-
tradictory ways.1-4  First, because TiO

2
 is a strong UV light 

absorber, it protects underlying resin molecules from the 
harmful effects of UV radiation.* Direct absorption of 
UV light by resin molecules can lead to the disruption 
of carbon-carbon, carbon-hydrogen, or carbon-oxygen 
bonds, depending on the UV wavelength and resin chem-
istry. This process is termed “direct degradation” because 
the UV light photons directly interact with the resin. By 
removing the harmful UV rays from sunlight, TiO

2
 pig-

ments enhance the longevity of paint films.

However, in addition to this beneficial role, TiO
2
 

pigments can also be harmful to binder durability. This 
is because TiO

2
 is a photocatalyst and, when exposed to 

UV light, generates hydroxyl and superoxide radicals that 
can attack the organic resin molecules.5,6  This process, 
referred to as “photocatalytic degradation,” leads to deg-
radation pathways that in many ways mimic those seen 
for direct degradation.

The choice of TiO
2
 pigment grade can directly affect 

the total rate of resin degradation in three ways.  First, 
some grades are intentionally modified so as to decrease 
the rate of photocatalytic degradation. This is most often 
done by applying a thin shell of silica or alumina onto 
the pigment surface.5,6 This interrupts one of the many 
reactions that must occur in series for radicals to form. 
More specifically, it physically separates the oxygen and 
water molecules from the activated TiO

2
 surfaces, pre-

venting these molecules from reacting with the TiO
2
 to 

form hydroxyl or superoxide radicals. General purpose 
TiO

2
 grades have relatively slow rates of radical forma-

tion while superdurable TiO
2
 grades have a greatly  

reduced activity.

Secondly, TiO
2
 pigments are not pure TiO

2
. Instead, 

they are surface treated by the TiO
2
 manufacturer not 

only to decrease photocatalytic activity, as noted above, 
but also to enhance other pigmentary properties such as 
dispersibility, gloss potential, compatibility with other 
paint components, etc.7 These treatments, which typi-
cally constitute 5–10% of the pigment mass, dilute the 
TiO

2
 content of the pigment. For grades that are heav-

ily treated, there is less TiO
2
 per pound of pigment and 

therefore less UV light screening and lower rates of pho-
tocatalytic degradation rates of the resin.

Finally, the choice of TiO
2
 grade can affect the total 

rate of degradation because some grades of TiO
2
 dis-

perse more completely than others. This affects the rate 
of resin degradation because it changes the balance be-
tween the numbers of photons capable of causing direct 
binder degradation versus the number capable of caus-
ing photocatalytic degradation.8,9

This effect is shown pictorially in Figure 1, where we 
compare the balance of rates for the two degradation 
pathways in a well dispersed paint film (Figure 1A) and 
a poorly dispersed paint film (Figure 1B).  Focusing at-
tention on the shaded TiO

2
 particles in Figure 1, we see 

that in a well dispersed system the TiO
2
 particles primar-

ily shield the underlying resin from UV light, whereas in 
the poorly dispersed system the TiO

2
 particles primarily 

shield other TiO
2
 particles. In the situation where a pho-

ton of UV light is more likely to initiate an undesirable 
reaction when it is absorbed by the resin (rather than a 
TiO

2
 particle), good dispersion leads to improved dura-

bility. In the opposite situation, where absorption of a 
UV photon by a pigment particle is more likely to lead 
to degradation, poor dispersion actually improves dura-
bility.10,11 As a practical observation, with today’s high 
durability pigments, this latter situation will apply only 
rarely, if at all.9

Pigment photocatalytic activity can be measured in a 
number of ways; perhaps the most meaningful of which 
is a chalk/fade technique.12 In this measurement, the 
TiO

2
 pigments of interest are incorporated into paint 

and the paint applied to a panel. The panels are then 
exposed under artificial or natural conditions. As the 
paint degrades, pigment particles begin to emerge from 
the film surface, eventually leading to a surface that is 

Figure 1—Effect of TiO
2
 dispersion on the balance of direct and  

photocatalytic degradation pathways. Arrows denote the paths of 
UV light photons; squares denote TiO

2
 pigment particles. (A) Good 

TiO
2
 dispersion; (B) poor TiO

2
 dispersion. 
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2
 is such a strong absorber of UV light that a single 0.25 micron pigment  

particle removes essentially all of the UV component in impinging sunlight.
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entirely covered in a white TiO
2
 powder. This occurs 

when the binder above the TiO
2
 in the unexposed paint 

degrades to the point where the near-surface pigment 
particles become uncovered. Because of the superficial 
similarity of the released TiO

2
 to gypsum, the exposed 

powder is referred to as “chalk.”

 TiO
2
 pigment manufacturers prefer using chalking 

as a means of characterizing the durabilities of differ-
ent grades of TiO

2
. The reason for this is consistency:  as 

described above, total resin loss is the sum of the loss 
due to direct degradation and the loss due to photo-
catalytic degradation. When comparing different TiO

2
 

grades to one another in a particular paint system, the 
rate of direct degradation will be essentially independent 
of TiO

2
 grade, since the same resin is used in all paints. 

Therefore, any differences in chalk rates can be unam-
biguously attributed to differences in photocatalytic 
activity.  For this reason we always get the same relative 
order of pigment performance in all paint systems under 
all exposure conditions.  

That said, coatings manufacturers tend not to use 
chalking values to characterize the durability of their 
coatings because chalking is usually not as important to 
the paint consumer as gloss retention. This is not meant 
to imply that paint consumers would be indifferent to 
the appearance of chalk—indeed, chalking is quite unac-
ceptable. However, chalking occurs relatively late in the 
degradation process, long after the gloss drops to unac-
ceptable levels.13 So, for the paint consumer, the paint 
has already failed before chalking is seen.

As a first approximation, one would expect chalk 
performance and gloss retention to closely relate to one 
another. After all, both should worsen as resin degrades. 
However, in practice such a relationship can be slight 
or even nonexistent.13 This is demonstrated in Figure 2, 
where we compare gloss retention (measured as percent 

gloss retained after exposure in a weather-ometer) to 
pigment chalking performance for 25 different pigment 
samples in a medium oil alkyd paint system. As is appar-
ent from both a cursory inspection of the plot and the 
low R2 value, there is no relationship between these two 
measures of durability in this case (indeed, the best-fit 
line has the opposite slope from what is expected).

Because of the long times required to measure out-
door durability, coatings manufacturers and their suppli-
ers routinely turn to accelerated testing as a predictor of 
end-use weatherability. In this regard, accelerated tests can 
be used in two ways: first, as a developmental tool to test 
new coatings formulations; and secondly, as a screening 
tool to characterize the effect of different raw materials on 
paint durability. In this article, we are concerned with this 
second application, specifically with the characterization 
of the effect of TiO

2
 grade on paint film weatherability.

While accelerated testing has the benefit of speed, it 
is often a poor predictor of actual end-use gloss reten-
tion.14 Even when used in a relative way to rank the 
order of durabilities in a series of paints, the accelerated 
results quite often poorly correlate with exterior expo-
sure results. This can occur for a number of reasons, the 
most common of which include the uncontrolled nature 
of outdoor exposure conditions, and the fact that differ-
ent reactions may be occurring under the temperature 
and UV intensity and wavelength extremes present in the 
accelerated weathering chambers.  For example, some ac-
celerated tests use UV-B radiation to speed up the paint 
degradation and gloss reduction.  However, UV light of 
these wavelengths is completely absent from terrestrial 
sunlight, meaning that the degradation reactions occur-
ring in the weather chamber are not the same as those 
occurring in natural exposures.

We report here our efforts to improve the ability to 
predict gloss retention, whether measured by natural or 
artificial exposure, based on properties of the paint and 
TiO

2
 pigment that can be measured easily and quickly.

EXPERIMENTAL

A series of seven grades of commercial TiO
2
, differ-

ing in durability from moderately durable to superdu-
rable, were incorporated into five different coatings. 
The coatings chosen are all employed in high durability 
applications. Four different testing protocols, includ-
ing both natural and accelerated exposure conditions, 
were used to characterize the gloss retention durability 
of the paint films, although not all methods were used 
for each coating type. Table 1 gives a summary of the 
10 combinations of paint type and exposure conditions 
employed in our work.

Gloss retention was characterized either by time 
required to lose 50% of the initial gloss or % gloss re-

Figure 2—Gloss retention as a function of TiO
2
 photocatalytic activ-

ity, as measured by the chalk/fade test.12 Higher chalking values 
denote improved durability.
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tained after a set period of time. In addition, chalk/fade 
values for the seven pigments, measured as described 
by Madson and Daiger,12 were separately determined 
for the seven pigments in the medium oil alkyd paint.

Discussion: The Nature of Gloss and Gloss Retention

Gloss is a measure of surface smoothness at the opti-
cal scale.15,16 For visible light, this scale is about 0.25 mi-
crons—that is, surface features that are significantly smaller 
than 0.25 microns will not scatter light and thus will not 
negatively impact gloss.3,17 Features larger than this do 
interact with the light, causing it to scatter in all directions. 
This decreases the amount of light reflecting from the sur-
face at the mirror angle, thereby decreasing gloss.

It is noteworthy that TiO
2
 pigments are intention-

ally made as 0.25 micron particles, as this is exactly the 
right size to most efficiently scatter visible light. Surface 
features created by TiO

2
 particles therefore will be of 

the right magnitude to scatter visible light (and thereby 
create poor gloss).18 Since the surface tension of the dry-
ing paint pulls the surface flat, this effect is somewhat 
moderated in practice, and features caused by individual 
particles near the film surface are normally too small to 
scatter light.  However, for undispersed flocculates or 
agglomerates, the surface tension is not strong enough 
to pull the pigment grouping down, and this results in 
features that are large enough to scatter light.13 Grade-to-
grade differences in the gloss potential of different TiO

2
 

pigments are attributable to differences in the degree of 
flocculation or agglomeration of the pigment particles. 
In fact, the relationship between agglomerate size and 
gloss is so strong that particle size distribution (PSD) 
is routinely used to predict gloss for different grades or 
batches of TiO

2
.

If gloss is a measure of surface smoothness, then 
gloss retention is a measure of the resistance of a film 
surface to topographical changes during exposure. In 
general, the surface roughens on exposure for two rea-
sons. First, using a purely statistical argument, degrada-
tion should occur randomly—not evenly—on the coat-
ings surface. Through chance, some areas of the surface 
will suffer numerous degradation events while others 
will remain untouched.19,20 This causes the formation 
of valleys (where many degradation events occurred) 

and hills (where none occurred). The roughness of 
the surface, quantified as the root-mean-squared 
of deviations from the average surface height, is 
expected to follow a normal (Gaussian) distribu-
tion since the tenets of the Central Limit Theorem 
are satisfied in this situation.4,21,22 This effect, 
which occurs at the topmost section of the paint 
film, should be seen in any paint system, indepen-
dent of the presence of pigment or other particles 
within the paint film.

Croll has further shown that, for unpigmented 
clearcoats, the rate of gloss loss over time should follow 
an exponential decay.23,24 This means that the initial rate 
of gloss loss is greater for very high gloss systems com-
pared to lower gloss systems. While we agree that this 
is true for clearcoats, our experience has shown that for 
TiO

2
 pigmented paint films, the opposite trend is seen. 

That is, higher initial gloss gives a lower rate of gloss loss 
(better gloss retention), whether measured on an abso-
lute or relative basis. This indicates that an additional 
mechanism for gloss loss occurs in pigmented systems.25

To best understand this alternative mechanism for 
gloss loss, we refer to the early literature on the subject. 
Initially, an erosion mechanism was used to interpret 
paint film degradation.26,27 According to this mecha-
nism, all resin loss would occur at the paint surface—
that is, at the air/film interface. Gloss loss would initially 
occur because of the random nature of the degradation 
events (c.f., Croll’s mechanism for unpigmented coat-
ings) and would initially occur at a relatively low rate. 
However, once the resin overlying the topmost layer of 
TiO

2
 particles was degraded, pigment particles would 

become exposed and gloss loss would occur at a higher 
rate. This change in gloss loss rate would be coincident 
with the beginning of chalking, and such a relationship 
is seen in many gloss retention measurements.

An explicit assumption in this model is the existence 
of a clear layer of resin at the surface of the paint film.4 
We would expect that all TiO

2
 particles are covered by at 

least a monolayer of resin, the thickness of which would 
exclude particles from the very topmost section of the 
paint film (in latex paints, this monolayer would be the 
diameter of a latex particle). However, the clear layer 
theory went beyond this, instead postulating that TiO

2
 

pigment particles were excluded from a significantly 
thicker section at the film surface. This relatively thick 
clear layer was crucial to the erosion theory because 
experiments measuring weight loss as a function of ex-
posure showed that a significant amount of resin loss 
before chalking was first seen. For example, while a rea-
sonable estimate as to the thickness of the monolayer of 
resin encapsulating a TiO

2
 particle would be 0.1 micron, 

the amount of resin lost prior to the initiation of chalk-
ing was the equivalent of several microns.3,18

Table 1—Coating Types and Exposure Conditions
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Although a clear layer would explain the experi-
mental observations of gloss loss and chalking, the 
magnitude of the clear layer seemed inconsistent with 
microscopic analyses28-30 and with common experience. 
This inconsistency led Colling to postulate an alterna-
tive theory: the contraction model.3,18 According to this 
model, degradation occurs not only at the surface of 
the paint film, but also at significant depths within the 
film. UV light penetration would be expected, based on 
the Beer-Lambert law, to decrease logarithmically with 
depth. Since the UV light absorption coefficient is small 
for many durable resins, this would lead to deep UV 
penetration into the film, with degradation events occur-
ring throughout the coating.31

The initial result for those degradation events that 
occur in the bulk of the paint film would be a concentra-
tion of degraded resin at the point of degradation. These 
degradation products are chemically different from the 
original resin molecules in two important ways.  First, 
they have lower molecular weights because some degra-
dation occurs via the rupture of carbon-carbon bonds in 
the polymer. Second, they have an increased concentra-
tion of oxygen functional groups (alcohols, ketones, and 
carboxylic acids) because the oxygen atoms in the pho-
togenerated hydroxyl and superoxide radicals attach to 
the degradation products. Both of these differences make 
the degradation products more volatile and more water 
soluble than the original resin molecules. Thus, the resin 
degradation products are removed from the paint film 
either through volatilization32,33 or washing.14

Removal of the degradation products initially pro-
duces a void within the paint film.  However, because 
the resin in most paints is somewhat pliable, this void is 
filled via contraction of the paint film, with the forma-
tion of a depression on the film surface.  The mecha-
nism for this surface roughening is shown in Figure 3. In 
Figure 3A, UV light penetrates the film and is absorbed 
with a disruption of resin chemical bonds. The degrada-
tion products leave the paint film, either as volatiles, or 

during washing or rainfall. This leaves a void within the 
film (Figure 3B). The resin polymer is pliable enough to 
contract around this void, ultimately filling it by pulling 
the surface of the film down. This leaves a surface fea-
ture that is large enough to scatter visible light and that, 
therefore, leads to a loss in gloss (Figure 3C). Note that 
this surface roughening can happen in either the pres-
ence or absence of TiO

2
 pigment particles.

In Figure 4, we consider what happens when TiO
2
 

pigment is present in the paint film.  In this figure the 
intensity of UV light as a function of penetration depth is 
plotted for two regions in the paint film.  As light enters 
the film from the left, it is adsorbed by the resin fol-
lowing the Beer-Lambert law (i.e., the intensity declines 
logarithmically).20 A fraction of the absorbed UV light 
energy disrupts chemical bonds in the resin, leading to 
the loss of organic at the point of UV light absorption 
(that is, leading to direct degradation). As noted above, 
this temporarily causes a void to appear in the paint film.  
However, the resin is pliable enough to contract into the 
void, filling it from above and leading to a decrease in 
film surface height above the point of absorption.18

In Figure 4A, there are no near-surface pigment 
particles and UV light penetration is deep. Direct deg-
radation, while somewhat concentrated at the film sur-
face,3,19,21 occurs throughout a large section of the paint 
film. Resin that degrades anywhere along this path will 
cause a void in the film, which will be filled by collapse 
of the overlying resin, resulting in the film surface con-
tracting at this point.  

By contrast, in Figure 4B, a near-surface TiO
2
 particle 

absorbs the UV light, terminating the penetration of 
the UV light into the paint film. Less direct degradation 
occurs in this case since the pathlength of the light is 
shorter. If there is no photocatalytic degradation (or very 
low levels of photocatalytic degradation), this will result 
in a bump in the resin above the TiO

2
 particle, since less 

resin is degrading and contracting. If the amount of pho-
tocatalytic degradation from the TiO

2
 particle matches 

UV Intensity

I II

Paint Film

Film / Air Interface
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B

Figure 4—Side-on view of UV light penetration into 
a pigmented paint film.

Figure 3—Film contraction and surface roughening in an unpigmented resin follow-
ing an internal degradation event. (A) Destructive absorption of UV photon; (B) void 
left after degradation products are released from the film; (C) subsequent relaxation 
of resin into the void, leading to a depression feature on the film surface.
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the amount of direct degradation that is “missing” due 
to termination of the UV light, then the surface will re-
main smooth since the film contracts the same amount 
at points A and B.  If the amount of photocatalytic deg-
radation is quite high compared to the direct degrada-
tion rate, then a low point will form in the film surface 
directly above the TiO

2
 particle.22 This is because more 

total degradation will occur.  

One consequence of this mechanism is the impor-
tance of matching the durability of the TiO

2
 particles 

(photocatalytic degradation rate) with the durability of 
the resin (direct degradation rate).1,4,9,18,34 For a paint 
system with an even balance of direct and photocatalytic 
degradation rates, decreasing the rate of one reaction 
pathway, without a concomitant decrease of rate for the 
other reaction pathway, will, paradoxically, decrease 
gloss retention even though the total rate of resin degra-
dation has been reduced. This explains the counterintui-
tive findings that, for some paint systems and exposure 
conditions, increasing the durability of the TiO

2
 actually 

increases the rate of gloss loss.35  

This also explains why the order of accelerated gloss 
retention performance of a series of TiO

2
 pigments is of-

ten quite different from the order of the same pigments 
in the same paint when exposed to natural conditions. 
Eagerton and King36 showed that increasing UV photon 
intensity, as is done in accelerated weathering experi-
ments, increases the rates of both direct and photocata-
lytic degradation reactions. However, the relationship 
between light intensity and degradation rates is different 
for the two kinds of degradations.  For direct degrada-
tion, there is a linear relationship between degradation 
rate and UV light intensity. However, TiO

2
 photocatalytic 

degradation rates increase as the square root of light in-
tensity. Thus, increasing the UV light intensity to acceler-
ate degradation, as is done in accelerated gloss retention 
tests, changes the balance between direct and photocata-
lytic degradation rates. This, in turn, changes the relation-
ship between the amounts of resin lost and gloss loss.

For example, if the two rates are approximately 
equal under natural exposure conditions, then the direct 
degradation rate would dominate under high UV light 
intensity in accelerated gloss retention test.  Thus, under 
natural conditions the gloss retention will be good while 

under accelerated conditions the gloss retention of the 
same paint will be poor. 

As a first order approximation, one would expect 
the rate of gloss loss to be directly proportional to the 
rate of resin degradation. After all, each degradation 
event should, on average, increase surface roughness and 
therefore lower gloss.  However, this expectation has 
been shown to be incorrect—as evidenced in Figure 2. 
There is clearly more to gloss retention rates than can be 
explained by simple degradation. We suggest that one 
missing factor (although not the only one) is what we 
term the sensitivity of the paint film to resin loss.  For 
the same amount of resin loss, different coatings can 
show different degrees of gloss loss.3,9,37 One coating 
may be relatively insensitive to resin loss and retain a 
high gloss while another coating may be very sensitive 
and show a large decrease in gloss.

What would make the gloss of one coating more 
sensitive to resin loss than another? One explanation 
lies in the different degrees of TiO

2
 pigment dispersion 

that can be found in paint systems. As noted earlier, 
pigment agglomerates can decrease the initial gloss of a 
paint film. This occurs when the agglomerates are near 
the surface; the surface tension of the drying paint is not 
great enough to pull the agglomerates away from the 
surface.13  When the resin degrades and the surface con-
tracts, what was initially a small surface feature becomes 
a very large surface feature (Figure 5).20  This implies that 
the gloss of a film with poor TiO

2
 dispersion is much 

more sensitive to resin loss than a film with well dis-
persed particles. This has, in fact, been reported by many 
researchers.1,3,4,9,17,18,35,38

If this explanation is correct, then we would expect 
to see a positive correlation between the initial gloss of 
a paint film and its gloss retention value. This is exactly 
what is seen in some instances.14 An example of this is 
the relationship between gloss retention and initial gloss 
for the paints shown in Figure 2. In Figure 6, we plot the 
same accelerated gloss retention values, but in this case 
we plot them against initial gloss rather than chalking 
performance. As can be seen, the correlation between the 
two is quite high. The gloss retention of this paint, under 
these exposure conditions, is clearly very sensitive to the 
loss of resin. When the paint is better dispersed, or the 

exposure conditions are different, 
we would expect the paint gloss to 
be less sensitive to resin loss.

Thus, we see that there are two 
important film properties with 
regard to gloss retention—the 
overall resin degradation rate and 
the sensitivity of the film to resin 
loss. The grade of TiO

2
 used in the 

coating will affect both of these 
properties, since the resin degrada-

Figure 5—Evolution of a small surface imperfection into a large surface imperfection.
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tion rate depends on TiO
2
 photocatalytic activity and 

its screening ability, and the TiO
2
 grade also determines 

the degree of flocculation present in the wet and dry 
film (and, therefore, the paint gloss). Our approach 
to this understanding is to quantify the importance of 
both mechanisms on the gloss retention values for dif-
ferent grades of TiO

2
, different paint chemistries, and 

different exposure conditions.

We begin with the overall resin degradation rate. 
The direct degradation rate will be determined by the 
resin chemistry. The photocatalytic degradation rate will 
depend on the grade of TiO

2
 used, and the ordering of 

the relative rates of a number of different TiO
2
 grades 

should be the same from one resin system to another. 
Therefore, we can use chalk/fade values as a measure for 
photocatalytic degradation rates.39,40 Note that once we 
determine the relative rates in one paint system, this in-
formation will apply to other paint systems.

A useful measure of the sensitivity of paint is some-
what less obvious. Many researchers have reported that 
poor pigment dispersion is the cause of high sensitivity 
of gloss loss to resin loss (vide supra), but measuring 
the degree of dispersion in a dried paint film is difficult 
and costly since an electron microscope is required to 
image the particles.41 We propose that a simpler al-
ternative is to use initial gloss as a proxy for pigment 
dispersion. As seen in Figure 6, this approach can be 
successful, at least in the case where the TiO

2
 photo-

catalytic activity is of relatively minor importance.

With the means of measuring these two components 
of pigment grade effect on gloss retention identified, 
the next task is to determine the relative importance of 
them. This can be done by exposing a series of paints, 
made with different TiO

2
 grades, under the exposure 

conditions of interest. A two-component regression can 
be made, correlating gloss retention to initial gloss and 
chalk value. The resulting equation can be used in the 

future to predict gloss retention for new pigment grades 
for which relative chalking values are known. Each com-
bination of resin chemistry and exposure type will have 
its own set of equations, but once the equations are 
determined one time, this information can be used to 
predict the gloss retention of other grades.

To test this approach, we analyzed the gloss reten-
tion data of seven TiO

2
 grades in five different paint 

systems. In each case we correlated gloss retention to 
pigment chalk/fade value, initial gloss, and the two-
component regression analysis. Results show this new 
technique is, in some cases, a powerful predictor of 
actual gloss retention values (Table 2). With that said, 
there are still effects that we have not yet identified, as 
evidenced by, for example, Florida exposure of the au-
tomotive topcoat formula.

This process of improving our ability to predict the 
gloss retention has the potential to be more widely 
useful than just for characterizing TiO

2
 pigment per-

formance in gloss retention experiments. For example, 
Gebhard et al. recently published the results of their 
study to predict the exterior gloss retention of seven 
paints based on different emulsion polymers.14 They 
found that accelerated gloss retention results were very 
poor predictors of exterior exposure results (R2 = 0.22). 
This experiment was different from ours since Gebhard 
kept the TiO

2
 pigment grade the same and varied the 

resin. However, the two-component analysis can still 
apply. In this analysis, we use the initial gloss to esti-
mate sensitivity of the paints to resin loss and the accel-
erated gloss retention results to estimate the total deg-
radation rate.* A two-component regression analysis 
using this data results in an improvement in R2, giving 
a value of 0.66 (see Figure 7). 
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Figure 6—Relationship between initial gloss and gloss retention 
for the paints shown in Figure 2.
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Figure 7—Comparison of one- and two-component analyses of 
the results from reference 14.

 * Note that this approximation assumes that the response between gloss loss 
and resin loss is constant for the seven different resins.
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CONCLUSIONS
Accurate predictions of TiO

2
 grade performance in 

terms of gloss retention can be made based on a simple 
model that takes into consideration the effect of TiO

2
 

grade on the overall resin degradation rate and on the 
gloss sensitivity of a particular paint film to loss of 
resin. Chalk/fade data is used to quantify the effect of 
TiO

2
 grade on total resin degradation rate, and initial 

gloss of the paint is used as a proxy for gloss sensitiv-
ity. Using this simple model as the basis for regression 
analysis, we see an improvement in predictability (mea-
sured as R2) over using either chalk/fade value or initial 
gloss alone. This technique shows promise for certain 
combinations of paint chemistry and exposure condi-
tions. However, not all combinations can successfully 
be modeled with this two-component approach.
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 Deg. Rate Sensitivity Two
 (Chalking) (Gloss) Component

Medium oil alkyd – Xenon 0.02 0.79 0.80

Colored coil – Florida 0.05 0.02 0.06

Colored coil – Xenon 0.05 0.51 0.52

White coil – Xenon 0.40 0.04 0.58

Aliphatic coil – Florida  0.11 0.17 0.62

Aliphatic coil – Xenon  0.01 0.49 0.59

Aliphatic coil – QUV 0.44 0.70 0.77

Aliphatic coil – EMMAQUA 0.00 0.57 0.79

Automotive topcoat – Florida 0.00 0.00 0.00

Automotive topcoat – EMMAQUA 0.49 0.00 0.74

Table 2—Correlation Coefficients (R2) between Three 

Predictors and the Measured Gloss Retention. The pre-

dictors evaluated are: chalking rate, initial gloss, and 

two-component regression
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