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BASF's latest innovation for Premium Interior water based
paint, Acronal® ECO 7653, is an advanced polymer dispersion
for near-zero VOC paints that demonstrates excellent film
properties. Its carefully balanced polymer composition and
multiphase morphology provide strong films better able
to resist stain penetration. When properly formulated with
other efficient and low VOC additives from BASF, excellent GB
stain resistance is observed even at a PVC higher than typical
market benchmarks. With TVOC levels and odour significantly
reduced, consumers will experience the improved health and
fresh air benefits when painting with coatings formulated
with Acronal ECO 7653.

Interior paints, Acronal ECO 7653
dispersion design

The China decorative water borne interior paint market is
diverse and evolving. Ease of application and value for money
have been the primary factors considered by virtually all
customers since the beginning. In the past, consumers were
willing to tolerate smelly paints during the application and
drying phases in their homes, workplaces and public spaces
as the burden to bear for new and invigorating finishes.
However, approximately 15 years ago, attitudes began to
change as awareness grew of the health benefits in limiting
individual's exposure to harmful substances. Growth in the
repainting segment further underlined the expectation that
new paints would contain fewer harmful and odour causing
chemicals. Meanwhile, formulators naturally were continuing
their search for additional paint performance benefits to
entice the market. As a key supplier to the coatings industry,
BASF recognised both situations and focused on creating a
new product class whereby the polymer dispersion contained
significantly reduced odour and the resultant paints improved
stain resistance. The first generation of Acronal ECO was
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£ 1: Acronal ECO 7653 Kyt B4 &E
Table 1: Physical properties of Acronal ECO 7653
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Solids content

pH{&E
pH

H5E  (Brookfield RVT 20 rpm #1,23°C)
Viscosity (Brookfield RVT20 rpm #1,23°C)

RRARRE

Minimum film formation temperature

1000 - 3000

mPa.s
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launched. We are pleased to introduce in this article the 3rd
generation ECO product, Acronal ECO 7653.

Acronal ECO 7653 is an acrylic low odour polymer
dispersion for Premium Interior near-zero VOC paints. It is
APEO and ammonia free. It can be formulated across a broad
PVC range with excellent stain and scrub resistances. A
summary of its properties is given in Table 1.

As shown by the AFM images in Figure 1, Acronal ECO
7653 has a multiphase particle morphology - (hard and soft
domains within each polymer particle) compared to a single-
phase standard acrylic polymer dispersion. Clear boundaries
around the latex particles were observed in the standard
acrylic polymer (Figure 1a), showing the insufficient film
formation. The light part is the hydrophilic stabilisers with
higher T, on the surface of the latex particles. On the contrary,
the boundaries in the film made by Acronal ECO 7653 are more
invisible compared to the standard acrylic (Figure 1b). A better
film formation is observed contributed by the soft phase (the
dark phase in Figure 1b), which promotes coalescence of the
polymer chains from different particles, and can decrease the
coalescent demand. Lower VOC and odour can be achieved
in the resultant paint. Hard phase (the light phase in Figure
1b) provides the hardness of film, and improves the wet scrub
resistance. The more homogeneous film also increases the
stain resistance by preventing stain penetration.

To achieve better film formation, the particle size of
Acronal ECO 7653 is well controlled by the process, with
around 30 nm smaller than the standard acrylic polymer
dispersion tested by dynamic light scattering (DLS).

The polymer composition influences the hydrophobicity
and water uptake of the resultant paint film, which in turn
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Figure 1: Film morphology of (a) standard acrylic polymer and (b) Acronal ECO 7653 by AFM on cross section
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£ 2: RES #AE - RIERERER VOC HiRE

Table 2: VOC limitation of China dispersion, interior paint and paint emission

GB18582-2008 2 884K Dispersion

GB18582-2008 SRAREL Wet paint
JG/T 481-2015 SEAREL Wet paint
A F1&32% %} Dried paint

A+ F I35} Dried paint

<120

JKERSM Water excluded

g/L JKERSM Water excluded
g/L 1 Z VOC Near zero VOC
mg/m’ 72 /MBS After 72 hours
mg/m’ 72 /B fE After 72 hours
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Table 3: Interior paint application standards in China

553/ Stain
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>45 . 2 4%
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AGloss < 40 @ 85°, if gloss @ 60° < 10
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can affect the stain and scrub resistances. The surfactants
used to stabilise the dispersion can also influence the
performance. In Acronal ECO 7653, the stabilising system was
precisely designed to have a balance between stability and
hydrophobicity. As shown in Figure 1, much more light phase
was observed in the standard acrylic compared to Acronal
ECO 7653, which was composed of hydrophilic components.
Thus, Acronal ECO 7653 is more hydrophobic. The more
the hydrophobic and dense film, the better the wet scrub
resistance and stain resistance.

Green and performance standards.
Framing the challenge

Much of the unpleasant odour from paints consists of Volatile
Organic Compounds (VOCs) - present as either necessary
components that fulfill a specific function (e.g. propylene
glycol that imparts freeze thaw resistance), or as impurities in
raw materials (e.g. as residual monomers from the polymer
dispersion). In the former case, with smart formulation
work using the right additive selections, substitutions can
be found to reduce or eliminate the VOC contribution. For
the latter case, much effort is made to reduce the VOC by-
product contributions from the raw materials. BASF pioneered
advanced manufacturing methods to this aim, and continues
to refine and improve this capability for the Acronal ECO
family. Consumer awareness of VOCs is strong — they may not
be able to expand the acronym but the associations to odour,
potentially harmful chemicals and avoidance via product
Green labelling is high. Green labelling is a global marketing
tool signaling improved environmental sustainability, and
independent verification per known and agreed standards.
The Global ECO Labelling Network', is an association
of organisations worldwide that develop and promote
sustainable ECO labelling practices. Governance regarding
Interior Paints VOCs is built around maximum allowable
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Table 4: Acronal ECO 7653 PVC 50% starting point formulation

7k Water 187.00
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Dispex CX 4320 43 837 Dispersant 2.40
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Foamaster® MO NXZ SEBF Defoamer 2.00

B A
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Acronal ECO 7653 HE3EH Binder
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7K Water
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concentrations in the polymer dispersions, maximum
allowable concentrations in the paints (by segmentation) and
maximum allowable limits regarding the emitted VOCs under
given conditions. Examples for China are given in Table 2.

GB standards also provide the framework for objective
assessment of the paint's application performance using
established methods, including stain resistance, scrub
resistance, freeze-thaw resistance, and low temperature
film formation. Performance criteria for GB Stain and scrub
resistances, freeze-thaw stability and burnish resistance is
given in Table 3.

The VOC and emission limits combined with the GB
paint film performance requirements frame the challenge.
Consumers repaint more often than they used to in China and
so expectations are high for a well performing finish without
the paint smell. Two commercially available interior paints
from China (Benchmark A and Benchmark B) were purchased
and benchmarked against paint made using Acronal ECO
7653 during this work. The PVC of the Acronal ECO 7653 paint
was 50%, whereas based on solids and ash contents the PVCs
for the commercials are lower at 44 (Benchmark A) and 42
(Benchmark B). The inherent stain resistance performance of
Acronal ECO 7653 allows the formulator flexibility in terms
of higher PVCs, lower TVOCs and potentially formulated cost
benefits.

GB stain resistance is calculated from the reflective
index differences between areas of the 150-micron thick paint
without stain, to that with stain following 200 soap wash
removal cycles. Detailed results are shown in Figure 3.

Burnish resistance is tested from HGT4756-2014 - for
paints with 60° gloss less than 10 units, the gloss difference
after burnish at 85° must be less than 40 units.
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Figure 2: TVOC levels of Acronal ECO 7653 PVC 50%, Benchmark A and Benchmark B paints

#9JG /T 481-2015 45 (<20 g/ L) iR TVOC WZR-  Acronal ECO 7653 paint performance
(4t Acronal ECO 7653 iyl —MEABRATRER  compared to market benchmarks

=AY o,i\cronal ECO 7653 Zin = TVPC E’g%%ﬁﬁtﬂ The Acronal ECO 7653 PVC 50% formulation used in this work
A X AR AR ~ IR ENE R N R H B G BRE is given in Table 4.

- When formulating, considerations are necessary
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Figure 3: Odour ranking 1 "like extremely" to 5 "dislike extremely" of the paints - the lower the score the better
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Figure 4: Odour sniffing test in progress
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from both near zero VOC and application performance
perspectives. Formulation additives with high performance,
low VOC levels and low odour were chosen - for example the
BASF coalescent Loxanol CA 5290 is virtually VOC free and
provides crack free films at low temperature. Substitution of
propylene glycol with Strodex FT68 maintains good freeze
thaw resistance at near-zero TVOC. Such additive changes
reduce the total VOC by over 90% compared to a similar
formulation using more standard additives.

TVOC, odour ranking and GB Stain resistance are shown
in Figures 2~3 and Figure 5.

TVOC

The Acronal ECO 7653 paint TVOC is 1/10th of Benchmark B,
and 1/100th of Benchmark A, a clear and stark improvement
in the reduction of potentially harmful compounds present
in the coatings. Benchmark B does meet the near zero TVOC
requirement from the JG/T 481-2015 standard (< 20 g/L) as
stated in Table 2, thus Acronal ECO 7653's performance at an
order of magnitude lower is quite remarkable. Acronal ECO
7653's near zero TVOC result is compliant with other Green
Labelling requirements for Interior paints in Asia Pacific, for
example Australia, Singapore and India.

Odour

The odour of the paints was also assessed according to the
ranking of 10 individuals from 1 (like extremely) to 5 (dislike
extremely), as shown in Figure 3. Figure 4 shows how our
panelists evaluate and test the odour of our selected products.

Acronal ECO 7653 paint is lower odour compared to
the commercial paints, naturally a property highly valued by
the consumer due to the reduced VOC exposure and fresh air
experience while (re)painting.

Stain resistance

GB stain resistance was calculated from the reflective index
differences between areas of the 150-micron thick paint
without stain, to that with stain following 200 soap wash
removal cycles. The GB stains are blue black ink, water soluble
nigrosine, alcohol soluble nigrosine, Vaseline black, vinegar

ElFfRiH5:%% GB stain
90
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41.67
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20
10
0
Acronal ECO 7653 Benchmark A Benchmark B
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Figure 5: Stain resistances of Acronal ECO 7653 PVC 50%, Benchmark A and Benchmark B
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Figure 6: GB Stain resistances of Acronal ECO 7653,
Benchmark A and Benchmark B. Stains in descending
order are blue black ink, water soluble nigrosine, alcohol
soluble nigrosine, Vaseline black, vinegar, Lipton black
tea and Blue crayon at bottom
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Acronal ECO 7653 Benchmark A
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Figure 7: Burnish resistance (85° gloss change) of Acronal
ECO 7653 PVC 50%, Benchmark A and B

and black tea. Please note that while not included in the GB
stain numerical value, the resistance to blue crayon was also
assessed visually as shown in Figure 6. The GB stain resistance
of the Acronal ECO 7653 is the highest of the 3 paints
tested, and comfortably meets the Class 1 GB/T 9780-2013
requirement (>60) from as mentioned in Table 3. This high
Stain resistance at high PVC is achieved through the careful
design of the Acronal ECO 7653 polymer dispersion.

Burnish resistance

The formulation shows good viscosity stability and meets the
GB scrub requirements. Burnish resistance is an important
paint property that indicates how the dry film will resist
dry polishing. As shown in Figure 7, the PVC 50% Acronal
ECO 7653 paint has a gloss change result between the two
Commercial benchmarks and is well below the 40 gloss units
change requirement in Table 3.

Conclusions

BASF responded to growing consumer awareness of reduced
TVOC exposure coupled with improved paint performance
with the launch of the Acronal ECO range. Acronal ECO 7653
is the latest generation polymer dispersion for near zero VOC
stain resistant paints, consisting of fine particle size multiphase
polymer particles for improved film coherence and strength.
Paints made from Acronal ECO 7653 can be formulated using
low VOC additives such as the coalescent Loxanol CA 5290 with
a TVOC up to two orders of magnitude lower than Commercial
benchmarks, meeting with confidence green labelling standards
for China and countries across Asia Pacific. Paints made from
Acronal ECO 7653 show excellent GB stain resistance, even at
a higher PVC, compared to the market benchmarks. Given the
growth in the repainting segment driving high expectations
of improved performance at lower applied odour, Acronal ECO
7653 is an excellent binder choice for premium Interior near
zero VOC stain resistance Interior paints.
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