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L ast year we published an article in this 
magazine on using polymeric hiding tech-
nologies as a means of reducing dependence 
on  TiO2 in paint formulations.1 ROPAQUE™ 
opaque polymer and EVOQUE™ pre-com-

posite polymer were shown as effective means to partially 
replace  TiO2, reduce formulation cost, and maintain or 
improve performance properties in architectural coat-
ings. ROPAQUE, a light-scattering pigment, has been a 
raw material in paints for the last 30 years and its use has 
steadily grown as the technology has advanced through 
several generations of development.  The recent price 
surge in TiO2 and high forecast price through 2015 (Fig-
ure 1) have sparked a renewed interest, and formulators 
are revisiting its use in a wider range of formulations as 
well as increasing its use in current opaque polymer-con-
taining formulations. Last year, EVOQUE pre-composite 
polymer was a newly introduced technology for TiO2 
reduction, which increased both the wet and dry light-
scattering efficiency of TiO2. In this article we focus on 
the advances made in the past year with this exciting new 
technology from its initial launch in early 2011 to its full 
commercialization in 2012 .

TiO2 Crowding and Loss of Scattering 
Efficiency
Before we talk about pre-composite polymer, let’s discuss 
one of the fundamental problems in using  TiO2 in white and 
pastel formulations − crowding.2 Crowding occurs when 
the spacing of TiO2 particles decreases to the point where 
the light scattering becomes dependent on the concentra-
tion of TiO2.  Crowding reduces the scattering efficiency of   
TiO2, causing formulators to use more of this expensive 
raw material. In practice, this effect begins well below 
10 PVC of TiO2, leading to inefficient use of TiO2 in most 
architectural coatings. To date, there was little that could 
be done to overcome the crowding effect. Using sufficiently 
low levels of TiO2 is not an option in white and pastel paints. 
Small-particle-size extenders and binders can reduce, but 
not eliminate, crowding. So formulators are forced to use 
higher levels of TiO2 and incur the associated higher raw 
material cost. With the rising cost of TiO2 over the past 18 
months, the inefficient use of TiO2 is no longer sustainable 
in the coatings industry. EVOQUE pre-composite polymer 
provides a new and practical solution to this old problem 
by offering a more uniform distribution of TiO2 in the paint 
film, resulting in improved scattering efficiency.

How EVOQUE Works
One way of describing the crowding effect is by dependant 
scattering.3 This theory describes the effective scattering 
diameter, or scattering zones, of TiO2 particles as being 
greater than their actual diameter. These scattering zones 
overlap as the concentration of TiO2 increases, reducing 
scattering efficiency, and resulting in the crowding effect. 
The EVOQUE polymer strongly interacts with the TiO2 sur-
face to form a pigment-polymer composite. This composite 
maintains a greater separation between the TiO2 particles, 
resulting in a more uniform distribution of TiO2, which in 
turn reduces the overlap of the scattering zones. thus result-
ing in greater scattering efficiency, as shown in Figure 2.

Factors Affecting TiO2 Crowding
Let’s look more closely at TiO2 crowding and the factors 
that can affect it. As the use level of conventional TiO2
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increases in a paint formulation, the amount of incremen-
tal scattering decreases, and thus scattering efficiency 
decreases, as indicated by the dashed blue line in Figure 
3. As the concentration of TiO2 increases, the separation 
between the particles decreases dramatically, as  schemat-
ically shown in Figures 4a and 4b. Many formulators use 
small-particle-size extenders in an attempt to decrease 
crowding. In fact, small-particle-size extenders still crowd 
TiO2 but to a lesser degree than large-particle-size extend-
ers, as  schematically shown in Figures 4c and 4d. The 
effect this has on scattering is shown in Figure 5. The 
horizontal reference line indicates the scattering of the 
control formulation with 190 pounds of  TiO2. 

 Eleven extenders of different composition and particle 
size were used to formulate at 15 PVC while maintain-
ing TiO2 level and volume solids. The control formulation 
and one extender formulation are given in Table 1. It is 
clear that the largest extenders had the most negative 
effect on scattering. As much as 20% of the scattering 
efficiency was lost with the 12 μm calcium carbonate 
extender. More surprisingly, even the smallest sub-micron 
extenders do not increase the scattering above that of the 
control formulation, indicating some degree of crowding. 
While small-particle-size extenders crowd less than large-
particle-size extenders, they do not space TiO2 and they 
do not increase its scattering efficiency. By comparison, 
ROPAQUE should minimally crowd  TiO2 as a similar sized 
extender, but we observe an increase in the overall scat-
tering of the paint. The increase in scattering is the result 
of the encapsulated air void, which acts as a light-scatter-
ing pigment. The combination of scattering and minimal 
crowding has led to the common use of this raw material 
in paint formulations and, with today’s rising TiO2 price, 
it is producing new value in a wider range of formulations 
at increased use levels.

Like extenders, latex binders are also particles. As such, 
they can crowd TiO2 and reduce its scattering efficiency, 
as shown in Figure 6. Several commercial latex binders 
were substituted into an extender-containing formulation 
similar to that shown in Table 1; the extender PVC was 
adjusted to 6 PVC. Scattering decreases with increasing 
particle size with two exceptions. In the case of the styrene 
acrylic latex binder, scattering is less than anticipated 
based on its particle size because the refractive index of 
the styrene acrylic latex is greater than that of the other 
latex binders. Scattering is proportional to the difference 
in refractive index squared between the pigment and the 
surrounding medium. So increases in the latex refractive 
index decrease that difference relative to the high refrac-
tive index of TiO2 (~2.8). The uniquely high refractive 
index of TiO2 is what makes it such a good hiding pigment. 
The second exception is  EVOQUE pre-composite polymer. 
It has much higher scattering than anticipated for both 
its particle size and refractive index. The improvement in 
scattering is due to a more uniform distribution of TiO2 in 
the paint film. The effect on scattering over a broad range 
of TiO2 levels is shown by the solid red line in Figure 3. 

Scanning electron micrographs of paints made with 
conventional latex binders and EVOQUE are shown in 
Figures 7a and 7b, respectively. The more uniform dis-
tribution of TiO2 is seen in Figure 7b. Another feature of 

TiO2 particle with its
scattering zone

EVOQUE pre-
composite polymer

FIGURE 2 | Scattering zone depictions for TiO2 and EVOQUE. Scatter-
ing efficiency of TiO2 decreases at high use levels because of crowding.  
EVOQUE limits how close TiO2 particles can approach each other.
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FIGURE 3 | Scattering efficiency of conventional TiO2 compared to com-
posite TiO2.

a. b.

c. d.

FIGURE 4 | Schematic depiction of TiO2 particle distribution and separa-
tion at a) low use level, b) high use level, c) high use level with large parti-
cle size extender, and d) high use level with small-particle-size extender.
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the micrographs is the brightness of the TiO2 particles in 
Figure 7a, indicating that the TiO2 particles are at the very 
surface of the film, while in Figure 7b the TiO2 particles 
are less defined, indicating that they are covered with 
polymer, the pre-composite polymer that is forming the 
pigment-polymer composite. The more uniform distribu-
tion of TiO2 particles and the fact they are below the film 
surface infers that a tighter film structure is possible.

Scattering and Color/Tint Strengt h
When reformulating for reduced TiO2 levels, matching the 
scattering properties is important to ensure that the opacity 
remains the same. Just as important is matching the tint 
strength properties. Most reformulations need to be accom-
plished while maintaining the same color palette as the 
original paint. With both polymeric hiding technologies, 
if the scattering of reformulated paint matches that of the 
original paint and there are no color acceptance issues, the 
color palette can be well matched. Examples of reformula-
tions using ROPAQUE and EVOQUE tinted with 2 ounces of 
the COLORTREND 888 line without any adjustments to the 
formulations are shown in Figure 8. The formulations are 
given in Tables 2 and 3. EVOQUE pre-composite polymer 
reformulations have a E (CIELab color space) less than 
1. The E for all of the ROPAQUE opaque polymer com-
parisons are less than or equal to 2, the greater E coming 
mainly from the yellowness (+ b) of the flatting extender 
used in this reformulation. Excellent color matching and 
tint strength are possible with both polymeric hiding tech-
nologies, even with significant TiO2 reductions.
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FIGURE 5  | Effect of various particle sizes on light scattering compared 
to the control (no extender). ROPAQUE opaque polymer offers a further 
advantage as a light-scattering pigment.

TABLE 1 | Formulations with and without exte  nder. 

Material Name Pounds/100 Gal

    No Extender Control 15 PVC Extender

Grind
Water 125.0 88.7
TAMOL™  731A dispersant 6.8 11.1
Surfactant 1.0 1.0
Defoamer 1.0 1.0
Dry universal TiO2 190.0 190.0
Clay 0.0 117.1
Grind subtotal 323.8 408.8
Letdown
Water 50.0 50.0
RHOPLEX™ acrylic 
   binder (50%)

531.3 436.7

Coalescent 5.3 4.4
Propylene glycol 10.0 10.0
Surfactant 1.0 1.0
Defoamer 1.0 1.0
Water 2.5 0.0
Ammonia (28%) 0.0 1.0
ACRYSOL™  RM-2020 NPR 
   rheology modifier 25.0 25.0

ACRYSOL RM-8W rheology 
   modifier 5.5 5.2

Water 48.4 128.7
Totals  1003.8 1071.8

TABLE 2 | Control and ROPAQUE formulations used in the 
color examples in Fig ure 8.

Material Name Pounds/100 Gal

No OP With OP

Grind

Cellulosic thickener (2.5%) 100.0 100.0

Water 105.0 105.0

TAMOL 165A dispersant 16.2 11.6

KTPP 1.6 1.1

TRITON™ CF-10 surfactant 2.0 2.0

Defoamer 1.0 1.0

Dry universal TiO2 224.2 155.4

Nepheline syenite 224.2 129.7

Attapulgite 5.0 5.0

Diatomacous silica -- 29.7

Mildewcide 5.0 5.8

Grind subtotal 684.2 546.3

Letdown
RHOPLEX acrylic binder (45.5%) 368.4 368.6

ROPAQUE Ultra (30%) -- 78.2

Defoamer 3.6 3.6

Coalescent 8.4 9.6

ACRYSOL  RM-2020 NPR 
   rheology modifier

15.4 15.4

Water 86.6 53.9

Totals 1166.6 1075.7
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FIGURE 6 | Scattering efficiency compared to particle size for various 
latex binders. 



PA I N T  &  C O A T I N G S  I N D U S T R Y  � � �  31

Full Commercial Status
When we first launched the EVOQUE pre-composite poly-
mer technology platform in early 2011, we were complet-
ing the final stages of product development and manu-
facturing scale-up. Commercial production began in the 
latter part of 2011. We now have three commercial prod-
ucts designed for the needs of the North American market 
(Table 4). Commercial paints containing EVOQUE are 
being sold in North America. In other parts of the world, 
paints made with EVOQUE designed for their specific 
needs are enjoying similar commercial success .

Formulating Protocol 
When formulating architectural house paints with 
EVOQUE, we have developed a protocol that is highlighted 
in Table 5. In the high-quality flat formulation in Table 
6, we started with an existing conventional control paint 
that already contained ROPAQUE. Focusing on the main 
ingredients that contribute to the overall PVC of the 
paint, we removed 15% of the TiO2 and replaced it with 
ROPAQUE to keep the PVC constant. You could choose 
to use more economical extenders or a combination of 
ROPAQUE and extenders to maintain PVC in the com-

posite paint, but we find that using ROPAQUE is the best 
method when re-formulating, especially since these two 
hiding technologies work complementary to each other. 
For the addition of EVOQUE, we would recommend adding 
the pre-composite polymer at a level of  1.4 wet pounds 
(46.5% solids) for every dry pound of TiO2 remaining to 
fully saturate the surface of TiO2 and facilitate good stabi-
lization of the pigment-polymer composite. 

 As for dispersant level, it is best to keep the level constant 
based on the total amount of mineral-based pigments and 
extenders in the formulation. As for coalescent demand, 
again it is important to keep the level constant based on 
total polymer solids in the formulation to facilitate good 
film formation. Additionally, most composite paints require 
less thickener since the hydrodynamic volume of the pig-
ment-polymer composite increases the inherent viscosity 
of the paint due to the bound water at the surface.

 Depending upon what test you use to determine paint 
opacity or tint strength, further adjustment of TiO2 level 
may be required. Also, flatting materials may be added 
or adjusted based upon your sheen requirements. As for 
other performance features, the composite paint was 

a. b.

FIGURES 7a AND 7b | Scanning electron micrographs show a more uniform 
distribution of TiO2 in paints made with EVOQUE pre-composite polymer 
(b) compared to conventional binder (a). The brightness of the TiO2 in 
conventional binder indicates that much of the TiO2 is at or above the 
polymer surfa ce.

Control A (left) and ROPAQUE
Opaque Polymer (right)

Control B (left) and EVOQUE
Pre-Composite Polymer (right)

Titanium White

Red Oxide

Fast Red

Magenta

Medium Yellow

Yellow Oxide

Phthalo Green

Phthalo Blue

Carbazole Violet

Raw Umber

Lamp Black

FIGURE 8 | Tint strength and color matches over the entire color palette.

TABLE 3 | Control and EVOQUE formulations used in the 
color examples in Figure 8.

Material Name Pounds/100 Gal

Control 
Paint

Composite 
Paint

Grind
EVOQUE pre-composite 
   polymer -- 215.2

Defoamer -- 0.4
Water -- 41.9
Slurry TiO2 -- 215.2
Grind subtotal 472.7
Grind
Water 121.2 121.2
Cellulosic thickener (100%) 2.5 2.5
TAMOL 1124 dispersant 5.3 5.3
Surfactant 2.5 2.5
Defoamer 1.0 1.0
Clay 37.5 37.5
Nepheline syenite 137.5 137.5
Attapulgite 1.5 1.5
Grind subtotal 309.0 309.0
Letdown
Slurry TiO2 259.0 --
RHOPLEX acrylic binder (53.5%) 306.2 129.4
ROPAQUE opaque polymer 55.8 77.5
Coalescent 3.6 3.8
Defoamer 3.0 3.0
Propylene glycol 11.0 11.0
AMP-95 additive 1.9 2.0
ACRYSOL  RM-3000 
   rheology modifier 8.6 1.5

ACRYSOL  RM-895 rheology 
   modifier 20.2 21.7

Water 136.3 57.1
Totals 1114.6 1087.6
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approximately equal to, or slightly better than, the con-
ventional paint for abrasive scrub, stain removal and 
alkyd adhesion.

The Paint Making Process
Paint manufacturing with EVOQUE pre-composite tech-
nology is nearly identical to the conventional paint-mak-
ing process. Several paint manufacturing options have 
been identified for EVOQUE, using dry and slurry grades 
of titanium dioxides.

 We worked with a paint manufacturer to run several 
250-gallon paint batch trials. Commercial quantities of 
both a high-quality flat and semigloss formulation were 
made using  EVOQUE and universal-grade dry TiO2 fol-
lowing the process outlined in Figure 9. The formation 
of the composite – which is the combination of EVOQUE 
pre-composite polymer and TiO2 – is critical in the paint 
making process.

 In our paint plant trial, a grind was made in a separate 
dispersion tank under normal conditions. All liquid mill 
base materials were added first while mixing at 1000 
rpm. Dry extender pigments were added next and mixing 
speed was increased to 1500 rpm. Dry TiO2 was added 
while adjusting the mixing speed to 1500-2000 rpm and 
mixing for at least 15 min. In a separate vessel or mixing 
tank, we charged the EVOQUE pre-composite polymer, 
water and defoamer under agitation. The grind was 
then added to the mixing tank with sufficient agitation 
for at least 10 min. It is during this stage whereby the 
TiO2 is being added to EVOQUE pre-composite polymer 
that the composite is being formed and that the 10 min 
mix time ensures the composite reaction is complete. 
The rest of the letdown materials were then added to the 
batch while mixing at 1000-1500 rpm and adjusted with 
water and thickeners to the desired high-and low-shear 
viscosities of the final paint .

Performance Features 
While the key advantage of EVOQUE is hiding efficiency, 
there are other possible performance benefits with this 
technology due to its improved pigment distribution. Inte-
rior paint properties such as household stain resistance 
and removal are examples. In Figure 10, we removed 
10% TiO2 in a high-quality semigloss and 15% TiO2 in a 
high-quality flat when reformulating with EVOQUE pre-
composite polymer. A side-by-side drawdown of the con-
ventional paint vs. the reformulated composite version of 
the same paint is shown. Tea, coffee and grape juice were 
applied to the dried paint film and allowed to penetrate 
the film for 60 min before they were rinsed with tap water. 
The test panel was then washed with a non-abrasive 
cleaner for 200 cycles using a Gardner Scrub Machine. 
As seen in the example, the composite paint looks cleaner 
compared to the conventional control paint.

Other notable improvements have been seen with 
EVOQUE in our exterior durability testing, such as tan-
nin stain blocking and rust staining resistance. The 
same high-quality flat paints used in the stain removal 
test were placed on exposure on various substrates and 
examined after 18 months on our test fences located 
in Spring House, PA. For tannin stain blocking testing, 

Raw
Material
Storage

Raw
Material
Storage

EVOQUE Pre-Composite Polymer
RHOPLEX Acrylic Binder

ROPAQUE Opaque Polymer
ACRYSOL Rheology Modifier

Tamol Dispersant, Wetting Agent, Water
TiO2 and/or Extender

Filter

Mixer

Dispersion

FIGURE 9 | Manufacturing process for composite paints with EVOQUE 
pre-composite polymer.

TABLE 4 | Commercial EVOQUE pre-composite polymers in North America.

Product  
Name 

EVOQUE

Tg, DSC, 
onset 

(ºC)

Ambient 
Crosslinking

VOC 
Capable 

(g/L)
Market Sheen

1140 ~ 4 No ≤ 5 Premium Int/Ext Flat-SG
1180 ~ 18 Yes ≤ 50 Premium Int/Ext Flat-Gloss
1133 ~ 9 No ≤ 5 Quality Int/Ext Flat-SG

TABLE 5 | Reformulating protocol for EVOQUE pre-composite polymer paints.

Control and Two Formulations
 � Bracket TiO2 level to determine a hiding match
  • Remove 12% and 20% (suggested); 

  if only 1 paint is desired, remove 15%
 � Keep total dry binder weight constant
  • Add 1.4 wet pounds of pre-composite polymer (46.5%) for 

  every dry pound of TiO2 remaining
  • Reduce the current binder to maintain total dry 

  binder weight
 � Keep Total PVC and VS constant
  • Add extender or, preferably, ROPAQUE
 � Adjust additives
  • Dispersant at constant % on mineral pigment and 

  extender solids
  • Coalescent at constant % on total polymer solids 

  (binder and ROPAQUE)
  • Thickener level is generally lower

TABLE 6 | Reformulation of a conventional paint with EVOQUE.

Raw Material PVC (BVC)

Regular TiO2 Paint Composite TiO2 Paint

TiO2 17 14

ROPAQUE opaque polymer 10 13

Total PVC 50 50

EVOQUE pre-composite 
   polymer

- (31)

Performance

Scattering (S/mil) 5.7 5.9

Contrast ratio 0.929 0.936

Tint strength (Y, LB) 57.6 58.2

Gloss (60°/85°) 3/7 5/6

Abrasive scrub (cycles) 414 493

Household stain removal 47% 53%

Adhesion (gloss alkyd) 99 92
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we applied two coats of the test paints directly on a red-
wood panel. The panel was then placed horizontally face 
down on the exposure rack. As seen in the photo from 
Figure 11, the composite paint, while slightly yellow 
in color due to some tannin bleeding, looks much bet-
ter than its conventional control. The same two paints 
were also drawn down on a cold rolled steel panel, dried 
overnight and then exposed on a north vertical rack. 
After 18 months, the composite paint shows some slight 
rust spots, but is much better than its conventional 
control counterpart. These performance enhancements 
observed with EVOQUE can be attributed to the tighter 
films that are formed because of the better distribution of 
the TiO2 particles in the paint film. As for other exterior 
properties, we continue to monitor but expect equal to 
improved performance over time.

Life Cycle Assessment and 
Environmental Impact 
We performed a comparative Life Cycle Assessment (LCA) 
of waterborne paints for interior and exterior wall protec-
tion and decoration in the context of the European paint 
market  in order to better understand the environmental 
impact arising from the use of ROPAQUE and EVOQUE. The 
goal of the LCA was to obtain an objective assessment of 
the environmental performance of the waterborne paints 
produced with our opaque polymer and pre-composite 
technologies and many pre-existing conventional binder 
technologies and compare the results to help advance our 
industry’s understanding of the situation.

The LCA was performed in compliance with the require-
ments of International Standards (ISO 14040 and ISO 
14044). A third party review and peer reviews were per-
formed by LCA and industry experts to provide independent 
opinions on this study. Several waterborne paint formula-
tions reflecting typical PVCs were assessed in this LCA  .

Both  ROPAQUE and EVOQUE technologies offered a 
better Eco-Profile due to the reduction of TiO2 levels in 
the formulating paint systems tested. In general, paints 
based on both ROPAQUE opaque polymer and EVOQUE 
pre-composite polymer yielded the lowest impacts across 
the categories studied in the life cycle stages – Production, 
Application, Maintenance and End-of Life.

Conclusions
ROPAQUE opaque polymer and EVOQUE pre-composite 
polymer offer two distinct and complimentary approaches 
to reducing the use levels of TiO2 in interior and exterior 
formulations, while maintaining equal hiding. Alterna-
tively, they can also be used to significantly improve hid-
ing at equal TiO2 levels. Other benefits, such as reduced 
formulation cost, improvements in barrier film properties, 
and better Eco-Profile of both interior and exterior water-
borne paints, are also possible.   �

™Trademark of The Dow Chemical Company (“Dow”) or an affiliated com-
pany of Dow.
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FIGURE 10 |  Household stain removal of conventional vs. 
composite paints.

High-Quality Exterior Flat
(45% PVC/36% VS)

Tannin Stain Blocking
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Rust Staining Resistance
Over Cold Rolled Steel
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199 lb TiO2
Conventional Paint

12.5% TiO2 Reduction
Composite Paint

199 lb TiO2

Conventional Paint
12.5% TiO2 Reduction

Composite Paint

Left: High-quality flat made with conventional polymer
technology. Right: High-quality flat made with EVOQUE
pre-composite polymer technology.

FIGURE 11 |  Exterior durability of conventional vs. composite paints.


