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A number of properties were enhanced in acrylic elastomeric
roof coatings upon addition of silane modified colloidal silica
in the formulation. A dosage in the range of 2.2-2.8% SiO: (equal
to 8-10% product) on formulation appeared to be optimal
level.The results showed dramatic enhancement of dirt pick-up
resistance in fresh stage, both for hydrophobic and hydrophilic
dirt. In addition, the effect was long lasting even after 1,000
hours of accelerated weathering in UV chamber. Surprisingly,
the in-can stability of the formulation was improved, especially
at storage at 50°C, that is a temperature that can be reached
in warehouses in warm countries. Strong improvement in
mechanical properties and adherence of the coatings without
sacrificing coating flexibility for both fresh and aged coatings
were also found. Furthermore, the addition of silane modified
colloidal silica did not affect the Total Solar Reflectance (TSR)
value or causes any degradation of coating film, which is
important when used in so called cool roof coatings.

Introduction

Increasing the solar reflectance (albedo) of roofs can cool
buildings, reduce air conditioning use"™ and lower city-wide
outdoor air temperatures® . From a global perspective,
increasing the average albedo of existing urban areas can
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partially counteract climate change by reducing the radiation
absorbed by the Earth./'™'"

Cool roof coatings help reduce the heat up of buildings
mainly thanks to their high solar reflecting properties. By
reducing the cooling energy use in buildings, we have the
potential to reduce power plant emissions, significantly
ease the power distribution problem and save money on
electricity. Energy consumption by AC is concentrated to a
few hours of the day and the peak energy demand puts high
stress on power distribution systems. Not only is it a power
distribution problem, but the high energy consumption also
causes unwanted cost and contributes to increase of CO:
levels in the atmosphere when fossil fuels are used for energy
production™. Cool roof coatings are designed to reflect
significant parts of the energy from the sun, often aided by the
addition of a reflecting pigment like titanium dioxide (TiO2) "®.

There are many demands on a roof coating, it should
be not only highly reflective, but also very flexible, i.e.
elastomeric, due to big temperature differences. Further, this
kind of coating must have very good UV resistance due to
harsh conditions of sun exposure, good adhesion as well as
good water resistance (due to water ponding on roof). The
requirements are detailed in e.g. the ASTM D-6083 standard.
Due to its elastomeric nature, this kind of coatings are very
prone to dirt pick-up, especially in their fresh state. Dirt pick-
up is extremely detrimental for the reflectivity and hence
for the efficiency of white cool roof coatings; a dark coating
becomes much warmer than a white one. One well-known
way of enhancing dirt pick-up resistance is to modify the resin
by making it harder, i.e.increasing the T, of the resin. However,
this approach has the draw-back that coating flexibility
normally is sacrificed. There is therefore a big need for
enhancing dirt pick-up resistance without reducing flexibility
or coating performance otherwise.

Silane modified colloidal silica is used to enhance dirt
pick-up resistance in paints,"”"” but little is known about the
effect of silica in elastomeric roof coatings. One could expect
a good effect on dirt pick-up resistance but the influence
on parameters such as in-can formulation stability, coating
flexibility and strength, UV resistance of the coating, adhesion
and reflective properties have up till now not been studied.
In this study, the influence of colloidal silica addition on the
above-mentioned parameters has been tested. As the basis
from formulation point-of-view, a coating formulation, ARM-91
(developed by DOW), based on an acrylic resin has been used.

Experimental
Reference formulation

Table 1 shows the reference formulation based on ARM-91-D1
Elastomeric Roof Coating Formulation with Rhoplex/Primal
EC-1791 acrylic binder.

Formulation approach

The examples were formulated to use the same mass of
pigment (TiO2 and Zn0), and to maintain a constant PVC
(pigment volume concentration) of 43.1% as well as solid
content of 63.84% by weight of the formulation. Upon
colloidal silica addition, a corresponding reduction in the
calcium carbonate filler and additional water was made.
The formulations with silane modified colloidal silica were
prepared with 6 wt-%, 8 wt-%, 10 wt-% and 12 wt-% product
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Table 1: Reference formulation based on ARM-91-D1 Elastomeric Roof Coating Formulation with

Rhoplex/Primal EC-1791 acrylic binder

$% Component B A4 Commercial name E & Weight (g)
WHE# Mill-Base

7K Water PCl #7 152.50
28457 Dispersant Orotan™ 851 1.60
285 Dispersant KTPP (1) 1.40
SHEFI De-foamer DAPRO™ 7580 1.90
kB4 4T Calcium carbonate Snowhite™ 12 422.20
—gaEk IO, Kronos ™ 2160 90.00
F4E Zinc oxide Zoco™ 101 20.00
58 Let-Down

FLRE R} Binder-Latex (REEAZLA acrylic emulsion) Primal™ EC-1791 470.60
SE De-foamer DAPRO™ DF 7005 1.90
BIAR Solvent (A =E2 % E propanediol monoester) DAPRO™ FX 511 7.00
REF Mildewcide (BB X Fungicide) Acticide™ MBS 2.10
SREF Mildewcide (BB K Fungicide) Acticide™ MKW?2 1.20
Bhi&F Solvent (—EZ propylene glycol) 24.40
4R — B — % T B Diisononyl phthalate (DINP) Jayflex™ DINP 3.00
1,2- R 2R =R B = H T Cyclohexane dicarboxylic acid diisononyl ester Hexamoll™ DINCH 35.00
Bk MR #2 2 BT 4E % Hydrophobically modified ethylhydroxycellulose Bermocoll™ EBM 8000 4.20
&% Total 1,239
HE RS £ Total Solid content (wt%) 63.84%

BURHMARFK B Pigment Volume Concentration 43.1%

(1) £B4EL4R Potassium tefrapyrophosphate

SHESERN 28wt% FERERBEF _SHENSES BN
1.68wt-%2.24wt-%~2.80wt-% 1 3.36wt-% HIF[E KT o 1
EERIE A NIEMANN Kreis Dissolver B2 88 10 244 - 4
3R 2,500 ¥ / D REBRELN 25 K / 7 o HEBHE 850
B/ OWHTRRERE

)
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HE (PERIF/REE) HEITe

REIBLARREM
RN MEZRET#F 1 MARNERBEASTN
HAME B RN REFESCCT I MARENER
HME - EAREBRE S HERRUAIRER N
[Discovery HR2] (1.59 °» 42 : 40mm [A] BR : 56pm) » LA
Is-1 BIEIRENERE (Pas) ©

ImERE AN,
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BHERRERBER EH £ 23°C M 50% HIEE TAFT
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TAMIE < ZRFFTE Q-SUN XE 3 HS RN Bh L ISER
AT BR#AT 1,000 /NETILREN, - AR IEEFHIT O ©
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additions by weight on total formulation. The silane modified
colloidal silica used, Levasil CC301, has a particle size of 7 nm
and SiO: content of 28 wt%, giving an addition of SiO: to the
coating film of 1.68, 2.24, and 2.80 and 3.36 wt% respectively
for the different addition levels of product. Millbase was
dispersed with NIEMANN Kreis Dissolver for 10 min at 2,500
rpm, radial velocity around 25 m/s. Let down was made with
gentle agitation at 850 rpm.

Viscosity

Dynamic viscosities of the compositions were measured,
according to ASTM D2196, using a rotational (Brookfield
type) viscometer.

Stability of coating formulation

The dynamic viscosity of the coating composition was
measured initially, and after 1-month storage at room
temperature. A separate sample was also kept at 50°C for
1 month, before its dynamic viscosity was also measured.
Viscosities (Pa s) were measured at a shear rate of 1 s
using rheometer ‘Discovery HR2' equipped with cone-plate
geometry in aluminium (1.59°, diameter=40 mm, gap=56 um).

Accelerated ageing test

Samples were subjected to accelerated ageing conditions
over 1,000 hours, according to ISO 16474-2. Samples were
initially applied to an aluminium substrate and allowed to
dry for 14 days at 23°C and 50% relative humidity, at which
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point initial measurements were made using a Minolta CR-200
tristimulus colourimeter. They were then subjected to 1,000 h
accelerated ageing under a filtered xenon arc lamp in a Q-Sun
Xe 3 HS weathering tester apparatus before being re-analysed.

Tensile and strength properties

Measurements were made on fresh and aged coatings.
Coatings were formed by applying two coats at a 4-hour
interval, to provide a dried film of 500 £ 50 um. The films
were peeled off their substrates after 7 days, and allowed
to rest on the substrate for the remainder of the drying and
ageing process.

Elongation at break and tensile strength (maximum
stress) were measured using ASTM D2370 method.
Measurements were made on films detached from the
substrate, either directly or after 1,000 h ageing. The dry film
thickness was approximately 500 pm and was cut into pieces
measuring 7.5 x 1.3 cm before being tested. The piece of cut
film was clamped at each end, with a 25 mm distance between
the clamps. The clamps were moved apart at a rate of 25+0.5
mm/min until the film split. The point of maximum resistance
to moving the clamps was also measured. The device used
was an Instron™ 3355 universal test machine.

Tear resistance

Using the same apparatus as in previous section of "Tensile
and strength properties"”, the tear resistance of an initially
dried coating (500 um thickness) was measured following test
method ASTM D624.The clamps were moved apart at a rate of
500 mm/min.

Low temperature flexibility

The flexibility of coatings on an aluminium substrate was
measured using a conical mandrel bend test, according to
ASTM D522.The film thickness was approximately 360um.
After application, they were allowed to dry for 72h at 23°C
and 50% relative humidity, followed by ageing under the
conditions described in the "Accelerated ageing test" section.

After ageing, and before measurements were made, the
samples were conditioned for 120 h at 50°C and 50% relative
humidity, followed by one day at -26°C. In the test, the coated
substrate is bent over a series of mandrels of decreasing
diameter. The result is based on the lowest mandrel diameter
at which no crack is visible.

Dirt pick-up resistance

Coated aluminium substrates were soiled by means of iron
oxide and carbon black water based pastes. Those pastes
contained only water and the iron oxide/ carbon black
pigment without any other additives. The concentrated
soiling pastes were placed on the surface to be characterised
and were allowed to dry for 24h. The dried cakes were
firstly removed under running water using a soft towel.In a
second step, the surface was also washed by means of a soft
towel with water and soap, to simulate rain and cleaning.
Trichromatic coordinates (L, a, b) were measured initially and
after soiling and washing of the paint surfaces, using the
tristimulus colourimeter set out in the "Accelerated ageing
test" section. The total colour change value, AE between the
"cleaned" and the "pre-soiled" coating was then calculated.
Low AE values correspond to high dirt pick-up resistance.
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The dirt pick-up resistance was measured for fresh coatings
after 1 month of drying at room temperature as well as for
samples aged for a further 1,000 h in the way set out in the
"Accelerated ageing test" section.

Adhesion

Wet and dry adherence tests were made according to test
methods ASTM D903 and ASTM C794. A coating was applied
by brush to a galvanised steel substrate. A 2.5cm wide strip
of cloth was then placed on top, and another coating layer
subsequently applied. Drying time was 14 days at 23°C / 50%
relative humidity.Total coating thickness was ca.500 pm.

For the dry adherence test, the strip was pulled
backwards at a 180° angle at a traction rate of 50 mm/min, and
the force required to do so was measured. The wet adherence
test was carried out similarly, but after the sample had been
immersed in tap water for 168 hours at ambient temperature.

Water uptake

Uptake of water, as increase of film weight in wt%, into free
films of the freshly dried coatings (14 days at 23°C/50%
relative humidity) was measured according to test method
ASTM D471 with immersion 168 hours in water.

Water vapour permeability

Water vapour permeability tests according to ASTM D1653
were conducted on free films (i.e. after removal from
substrate) of freshly dried coatings, i.e. after 14 days drying
at 23°C/50% relative humidity. Perms values were measured
in metric units and the US values were calculated using a
conversion factor of 1.51735.

Solar reflectance

Reflectance of wavelengths over the 280-2,500 nm range
were measured on aluminium-coated substrates, one month
after drying at room temperature and 50% humidity, and on
coated substrates aged for a further 1,000 h as described in
the "Accelerated ageing test" section. Dry film thicknesses
were in the range of 236-340 pm.The ASTM E903 test method
was used, with ASTM G173 reference. The apparatus used was
an Agilent Cary 5000 UV-visible spectrometer.

SEM/EDS

Scanning electron microcopy (SEM) was used to observe
the surface and the cross sections of the samples using a
JEOL 780°F Prime instrument. Samples were pre-coated
with palladium by sputtering at an accelerating voltage
of 20kV before observing under SEM. Energy-Dispersive
X-ray Spectroscopy, EDS, was also carried out in the same
instrument with similar sample preparation technique to
measure the elemental composition (C, O, Si, Ti, Zn, Ca) of the
surfaces and cross-sections.

Results
Viscosity

Table 2 shows the dynamic viscosity measurements ASTM
D2196 of different formulations. The requirement for acrylic
coatings for use in roofing (according to ASTM D6083) is for a
dynamic viscosity of 12-85 Pa s.
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Table 2: Dynamic Viscosity Measurements ASTM D2196

¥ Viscosity (Pas)
HEK/4S%ETF / 6%/ 8
Brookfield / spindle 4 / 6rpm

E27% Formulation

S B Reference 3297
S BB Reference + 1.68 % SiO, 22.23
S HB#E Reference + 2.24 % SiO, 22.37
SR H¥ Reference + 2.80 % SiO, 22.37
S8R ## Reference + 3.36 % SiO, 16.27

3 : HEFIESE)  BIYERE: 1/s ROMELE

Table 3: Measurements of viscosity over time, shear rate: 1/s

Coating formulation stability

Table 3 shows the measurements of viscosity over time,
shear rate, 1/s. The results show that the modified samples
show improved long-term stability (less increase in viscosity)
compared to the composition comprising no silane modified
colloidal silica.

Accelerated ageing test (1,000 hours)

Table 4 shows L, a, b and AE values. The total 4 colour change;
AE represents the differences in the L, a and b values before
and after ageing according to the following equation:
AE=VALZ + Aq? + Ab? . All formulations have good UV resistance;
no yellowing /coating degradation (b-values are not
increased). It can be seen, from Table 4, that the total colour
change is very small for all samples.

Tensile and strength properties

Silane modified colloidal silica improves both the initial and
long-term tensile strength and Youngs Modulus, without any
significant reduction in the elongation at break performance.
For ASTM D6083, a value for elongation at break of 100% or
higher is required after 1,000 h of accelerated ageing (Table 5).

Tear resistance

Table 6 shows the tear resistance test method ASTM D624.
Clearly, the addition of colloidal silica improved tear resistance
making the coating tougher.

Low temperature flexibility

Table 7 shows the conical mandrel flexibility. To obtain
good flexibility at low temperatures, ASTM D6083 stipulates
a maximum diameter value of 13mm. This parameter is
important in areas where there are big and/or fast changes

R 23°CR IR BAEE (Pas) 23°CHEBINAREIHE (Pas) 50°CHEBINAREIHEE (Pas)
R“I'1eometer data Initial Viscosity, Viscosity (Pa s) after Viscosity (Pa s) after
(Pas), at 23°C 1 month, at 23°C 1 month, at 50°C
HED HEDL
Viscosity change Viscosity change
SR Reference (Ref) 34.39 39.58 519 4597 11.58
SERFE Ref + 1.68 % SiO, 22.72 23.00 0.28 23.85 113
SERFE Ref +2.24 % SiO, 21.19 23.56 2.37 23.38 2.19
SR Ref +2.80 % SiO, 22.84 23.84 1.00 26.73 3.89
S BB Ref +3.36 % SiO, 17.07 18.46 1.39 19.91 2.84

F]4: L ofb{EI RAE {E

Table 4: L, a and b values as well as delta E

B 75 Formulation FHE{E Initial hniEE 4t FAY{E Post ageing

S8 #¥ Reference (Ref) 96.49 -0.80 1.32 96.81 -0.79 1.34 0.32
SR Ref + 1.68 % SiO, 96.97 -0.79 1.32 96.52 -0.77 1.35 0.45
S HRHE Ref + 2.24 % SiO, 96.81 -0.82 115 96.59 -0.75 1.30 0.28
SHRF¥ Ref + 2.80 % SiO, 96.67 -0.83 1.24 96.40 -0.79 1.31 0.28
SR Ref +3.36 % SiO, 96.82 -0.84 1.20 96.87 -0.78 1.59 0.40

(RESRBTL) —O=—FHAT
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Table 5: Young Modulus, elongation at break and max tensile strength

597 MiE 1,000/ M B ERE
Formulation Initial After 1,000h
& Hardness #1 Flexibility 58 Strength W& Hardness #HE Flexibility 38 Strength
HREE eSS HIH5EE HREE ESER .S RI{H58E
Young Modulus Elongation at break | Tensile strength Young Modulus Elongation at break | Tensile strength
(MPa) (%) (MPa) (MPa) (%) (MPa)
S BB Reference (Ref) 3.6 230.56 0.89 2.80 190.59 1.10
S RRH¥ Ref + 1.68 % SiO, 5.1 232.18 1.26 7.67 175.31 1.50
SHBHE Ref +2.24 % SiO, 59 216.52 1.31 10.22 173.62 1.66
SHRHE Ref + 2.80 % SiO, 7.0 221.27 1.37 424 211.64 1.38
S BB Ref + 3.36 % SiO, 22.0 161.14 1.63 26.59 115.73 2.04
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Table 6: Tear resistance test method ASTM D624

5 Formulation R
S a1 Reference 12.85
SHBFE Reference + 1.68 % SiO, 17.13
S8 #¥ Reference + 2.24 % SiO, 17.46
S BB FE Reference + 2.80 % SiO, 19.01
SBBHE Reference + 3.36 % SiO, 18.46

R7 : HEROMEFHE
Table 7: Conical mandrel flexibility
B2% Formulation
SRR Reference
S BB H¥ Reference + 1.68 % SiO,
S HEH¥ Reference +2.24 % SiO,
S HEH¥ Reference + 2.80 % SiO,
S8 #¥ Reference +3.36 % SiO,

ASTM D522
&)L pass 13 mm

@IS pass 13 mm

@I pass 13 mm
J@Id pass 13 mm
3BT pass 13 mm

in ambient temperatures. All tested formulations meet the
requirements on low temperature flexibility.

Dirt pick-up resistance for fresh coatings

Table 8 shows the dirt pick-up resistance measurements in
L, a, b and AE values. It can be seen, from Table 8, that the
addition of silane modified colloidal silica reduces dirt pick-
up dramatically and it is efficient towards both hydrophobic
(carbon black) and hydrophilic dirt (iron oxide). (Figure 1).

Dirt pick-up resistance-aged coatings
(1,000 hours)

Table 9 shows the dirt pick-up resistance measurements
in L, a, b and AE values. Clearly, the enhancement of the dirt
pick-up resistance upon silica addition as noted in Table 9 is
long lasting.

Adhesion

Table 10 shows the adhesion measurements. It can be seen,
from Table 10, that improvements in wet and dry adherence,
particularly wet adherence, were achieved when using
compositions comprising silane modified colloidal silica.
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& TR SivTivZn» Ca> C- O M1 o KR K E4R
ML RELD 500 KB TIREEE - R Si (BN SAAERHR)
ERHEAENSE M TivZn Ca RETRMEMDE  BREL
B — Bk ZESARER SRR S EBN O RIE L R
FRAEY Si (RALL) WOHIMTR 14 - SBE (TE=8k
i) I Si &8 / EARRITEB - SRR fln—SiE
REALEH =SB - ATLUE B E A 2.24% 1 2.80%
BRAEZSMENRBEERAHABEES MM 3.36% iR
RoSMENRREEME LER  B5SRFEL REL
HRELRBIERS - AN —EHEFNNDE FFESHN
TR SRATRILLE) B1E Keddie ZAMARER ?o

HUHMERE R B
ERBH=EAERRT BE / HREE HREEN

8 : W& HEEMN L+ o bFIAEE

Table 8: Dirt pick-up resistance measurements, L, a, b and AE values

Water uptake

Table 11 shows the weight increase in % (average of three
samples. These tests show that the water uptake properties
of the coatings meet the requirements, as set out in ASTM
D6083, a maximum of 20 wt-% water uptake.

Water vapour permeability

Table 12 shows the permeability in Perms. The results show
that the water vapour permeation properties of the coatings
with silica addition up to 2.8% meet the ASTM D6083
requirements of no more than 50 US perms.

Solar reflectance

Table 13 shows the reflectance properties of initially applied
and aged coatings. It can be seen that at a dry film thickness
of about 250 um, addition of colloidal silica does not affect the
total solar reflectance of the coatings.

!Eﬁ Formulation EE_ ﬁﬁa‘éiﬁﬁ . F&% ﬁﬂ:ﬁﬁ
Colour - unsoiled coating Carbon black Red Iron oxide
L a b AE - AE- AE - AE -
K water B2 soap K water B2 soap

S HR#¥ Reference (Ref) 96.03 -0.69 1.93 46.83 36.87 1414 8.10
S HRH¥ Ref + 1.68 % SiO, 96.52 -0.72 1.74 9.89 3.54 1.65 0.80
SR Ref +2.24 % SiO, 96.32 -0.70 1.86 10.22 1.38 0.27 0.33
S HBH¥ Ref + 2.80 % SiO, 96.26 =-0.71 1.86 9.38 1.42 0.78 0.17
S HBH¥ Ref +3.36 % SiO, 96.62 0.70 2.00 1.05 2.73 0.63 0.37

S H# Reference

gt
Reference + 2.24 % SiO,

SHRE
Reference + 2.80 % SiO,

S Soiled

FAKE % Cleaned with water

FAALE Cleaned with soap

FHE Soiled

FAKE Y Cleaned with water

FARE2E Cleaned with soap

FfE Soiled

FAKE ¥ Cleaned with water

FAAE 2 Cleaned with soap

B : iRt A — SRR T H K AR OK 075 S MR - EIh R A% S & iR H L e R AL ek -

Figure 1: Silane modified colloidal silica improves dirt pick-up resistance to hydrophobic and hydrophilic materials,

exemplified by carbon black and iron oxide on fresh coatings.
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Table 9: Dirt pick-up resistance measurements, L, a, b and AE values

26

BJ5 Formulation Coloﬁ%;ﬁglﬁﬁcﬂting Carbfrﬁlack Recﬁ!ﬁ?ﬁide
n a b AE- AE- AE- AE-
K water B2 soap K water B2 soap
S 8R#¥ Reference (Ref) 96.01 -0.63 1.87 40.25 12.19 13.29 5.54
S HBH¥ Ref + 1.68 % SiO, 96.29 -0.64 1.66 27.89 18.35 6.50 3.78
S BB Ref +2.24 % SiO, 96.46 0.62 1.56 24.26 11.98 6.82 1.21
S8R Ref +2.80 % SiO, 95.78 -0.66 1.65 211 8.76 10.98 3.65
S Ref + 3.36 % SIO, 96.42 -0.66 1.83 23.71 10.64 6.13 218
10 : fiE it
Table 10: Adherence measurements
&7 Formulation MiEh Adhelai::e (F& dry) HiEH Adhell;ehr:e (GBS wet)
S BB Reference 753 256
S8 #¥ Reference + 1.68 % SiO, 780 500
SR Reference +2.24 % SiO, 890 879
S HBR#¥ Reference + 2.80 % SiO, 904 842
S8 Reference + 3.36 % SiO, 968 948

TSR ERVIR INE R RS AR ER AT FEX AR T -
TEWENREANBREABRS TR ATLUERN - B—
MERRTRER - SAETNNRENEN T EERESBERE
B RE HERRERE T (=88] 44 hRBIRETR
Pt MREAM T EFEEM IR TEIMYGRE - HiFERER
1ZSR R 47 4B T B 5RIR S VIR NRIAY Hall-Petch IR1E
BB RS - SN RS AN E T R AT At ™
A RFZEAENE - R E TR K 5 FR-ME
7 PRRFEHIEA AT LU Z ASTM D-6083 HER -
E2AME R RE - aUEEE TR TERIRE
KRR EMEMIED 7 HEBIZMNIRER KR T B
W ABFEEMILIRAIEESD < BIN PSS HREREA =5
HEERERER USEMEEERE R REER -
R 4 PN RN EER LR ERE T SIS
SR 3 HUESHIAIRAKIRS H B BEN TS MR o

MoK ZEMAKZES SEM

EARE - SR AR B E A RERNIEEAM
B HEFERE RSB S LA SR RNEE
XEE ENG I EEESHR M ERRETEARR 31T
FIREH  BRFRMNZE Pl T HE KM A LTREIMR KR
HAEDRE M LB AUBIN - SR AR K TEIEE
HABRT A E B TFAIRY AV IR XIS HF 2
MR 0 S B SR RS AR B BT A RR BB R -
kS AR AR AL o

555 ERE

T M RS = BB AR AR SR R K M MRk M55 3R
REHEEmER " BHRNTH &SR S ERE R

(RESRBTL) —O=—FHAT

11 : WX =ReHFIHEEEMELEH

Table 11: Weight increase in %, average of three samples

B2 Formulation

SHBFE Reference

EKREA
168/M R YR I -
(G FRHEINLLE) A (%)

Water uptake
(weight increase) after

immersion for 168 hours,

in A (%)

Average: 11.20

S8 1¥ Reference + 1.68 % SiO,

Average: 12.84

S HBH¥ Reference + 2.24 % SiO,

Average: 14.07

S & H¥ Reference + 2.80 % SiO,

Average: 15.74

S HEH¥ Reference + 3.36 % SiO,

Average: 15.33

Discussion

Coating formulation stability and
reduction in viscosity

Silane modified colloidal silica is known for its dispersing
effects for inorganic pigment and fillers®”. It is therefore quite
expected that the viscosity is reduced upon silica addition
when the other dispersants are kept at constant level. The
increase in formulation stability, indicated as lower increase
in viscosity, is most likely a result of the additional dispersing/
stabilising effect on the system. Additionally, the amount of
calcium carbonate in the formulations is reduced upon silica
addition (to maintain constant PVC) and hence the amount of
destabilising calcium ions is reduced in the systems, that could
also provide for better stability.

Distribution of silica in the coating films

Distributions of Si, Ti, Zn, Ca, C, O in the coating films were
evaluated. Free films were prepared onto aluminium panels
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Table 12: Permeability in Perms

E27% Formulation 22l Metric Perms

251 US Perms

FIEEE Dry Film thickness

(it ${H calculated) (rm)

SR Reference 5.97 9.06 530.2
S BB FE Reference + 1.68 % SiO, 21.67 32.88 457.6
S8 Reference +2.24 % SiO, 30.08 45.64 432.2
S8 #¥ Reference + 2.80 % SiO, 30.86 46.83 450.6
SH8#¥ Reference +3.36 % SiO, 46.85 71.09 505.0

F13: MHFHREMELRRENRFIERE - TIREELI250pm
Table 13: Reflectance properties of initially applied and aged coatings (Dry film thickness about 250 um)

B2 Formulation

A BHAE B 2 545 Total Solar Reflectance (%)

280-2,500nm

&R E Initial ZLERE Aged
S BR#¥ Reference 82.67 84.0
S BB Reference + 1.68 % SiO, 83.72 83.7
SHBH¥ Reference + 2.24 % SiO, 83.08 83.4
S ERFE Reference +2.80 % SiO, 82.85 82.8
S BB Reference + 3.36 % SiO, 83.12 84.2

BB E 17 e EULAT AN S IR R0 > (BIX PRk R
9 F EERRARNERE  FEFA MENTEUV T
Z4£ 1,000 PETAVERR - EURIER M SBFFRE - RSHIR
R (W0 E—TIFR) AIRE R AR M SR AV K HIER Y
— NSNS - R 14 R AR Z ST RERL 5%
M-SR NRERETNE | 3.6-1.40SIET2288%
09 SiP NRIT 4.7 E& % =) o

SRR SRS

B B R — AR R U R BN O R R SRR T
R} 1.470 CRETER) @ BIERBEZHAFER 1.453
TSR o R TFHEA/ AN 7om (BETHRER) - =
FAHEHERR - TAHEXNRE R ST RNEIRR/ - X
EEMENER—2 (F13) -
it

EENBENHRS BICLBIEEERE=S
WRERILUR R BIER  DUR S AR M BT ORER M
B8 ANXMIREFTERIBEAERF AR - BRATRI - XY
TERAMEMFRMEF R HfiE5 R RIF A BIEL UV
JFEILEREM 1,000 NEEHRBRRE - 55 HEEER A
VN DNEE e R A R A8 — LA B I R AT S BT 75 = 8208 TSR

(BAPIRER) B ABT2SBURBERE AR < MiRHY

EIRE S RFE ASTM D-6083 Fas IR EMEK o

Lo BB AOREEBFSHERR FMUAIZSER
g MEwIEERY RS HEBRFNIED  LUER
BRAKEEZRMAXRBAVESFM - RINBIMEEIT
RENHRIEER BENMENBIRARS LARFHE
ERE 7RI ERIREN A5 RIRTE 50°C SR -
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at about 500 microns dry film thickness. Only Si (and hence
SiO2 particles) showed significant stratification while Ti, Zn,
Ca did not indicate any stratification hence no change in
distribution of ZnO-pigment, TiO2 pigment or CaCOs filler.
The distribution of Si (as wt%) in the coating films is shown in
Table 14.The Si-content/base-line in the reference (without
silica addition) could be derived from silica sources such as
e.g. silica surface treatment of TiO.-pigment. A clear surface
enrichment could be noted for the coating films with 2.24%
and 2.80% addition of colloidal silica while the coating
film with 3.36% showed a substrate enrichment but still
a significantly higher surface concentration compared to
reference. The stratification of the small silica particles (very
high small particle number ratio in relation to the larger

particles) follows the findings of Keddie et al *".

Mechanical properties and adhesion

Increase in hardness/Youngs Modulus, tear and tensile
strength is, at higher silica loads, often a function of filler
effect. ”** However, in this case, the silica dosage has been
relatively low and flexibility has been maintained. One can
speculate but an explanation might be that surface and
substrate interface enrichment of silica particles has led
to a stronger surface and a kind of "sandwich" could have
been obtained with a mid-section providing flexibility
while the surface and the interface towards the substrate
would give additional strength. The enhancement of tear
strength follows the Hall-Petch theory of small particles
strengthening a polymer film well. The highest addition level
of silane modified colloidal silica may have started to affect
the brittleness somewhat and hence reduced flexibility as
indicated in Table 5 while the demands for low temperature
flexibility are still met under ASTM D-6083 (Table 7).

Silane modified colloidal silica has been found to enhance
adhesion on concrete substrates for solsilicate paints'” and
the assumed function is that a particle of nanomateric size has
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14 BIUEDSWEFBERRPHSI-EE, wt-%

Table 14: Si-concentration, wt-% in coating film by EDS measurement

X% Area S 8# Reference Ref + 2.24 % SiO, Ref + 2.80 % SiO, Ref + 3.36 % SiO,
wt% Si wt% Si wt% Si wt% Si

1]')ﬁc\>xpnj[5vliX:v_EvSZ (;]j:ﬁ\ei[‘cﬂ)?fh?:op side) 1.4 4.8 5.9 3.6

%ff: Eﬁ;sﬁjiﬁ;)urface) 1.0 27 4.1 3.1

%ff;érfi?dji)layer) 10 27 37 43

%ff ; giige%jg bstrate) 1.0 4.0 3.0 47

BEERNCEFREZIRLEE - REZAMEm
ANINFHIE N 8 = 10% HSEE TR T — SRR INEN 2.24
£ 2.80%  REIREKF o

WEBEMENRARRERET - SAELHIRAER
HESE S0 REMEMNENEEARIERBEMNRE
EEN—NMRE BB TREREN ZSAERERNTR
15 FERRIELH -
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Top-view EDS measurement (1,000 X 750 um with 15 nm thickness)
\ _TH Top side
1 ~ 100 pm
EDSill& /
KR
Cross-section —> 2 ~300 um
areas for EDS
measurement \
3 ~100 um
JE# Substrate

B2 : EDSTERIIREA - KR EEEL)H500pm

Figure 2: Description of EDS measurements. Film is ~500 pm in thickness in total.
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Dirt pick-up resistance

Silane modified colloidal silica is well-known for its ability
to boost dirt pick-up resistance for both hydrophobic and
hydrophilic dirt "® especially for tacky coatings where the
block resistance is significantly improved "”. The effect on dirt
pick-up resistance could therefore be expected but the effect is
surprisingly strong, Table 8, and long lasting as shown in Table
9, even for films aged in UV for 1,000 hours where the coating
tackiness should have diminished. The somewhat higher
coating hydrophilicity (as mentioned in previous section) could
be one additional parameter explaining the long-lasting effect
on dirt-pick up resistance. A minimum surface concentration
("top view") of approximately 5 wt-% SiO2 as colloidal silica
appears to be needed as indicated by Table 14 (Si of 3.6-1.4 =
2.2 wt-% Si corresponding to 4.7 wt-% SiOy).

Reflectivity of the coating

Silane modified colloidal silica is in principle small hard glass
particles with a refractive index of 1.470 (unpublished results),
close to that of non-modified silica of 1.453. Due to its small
particle size of 7 nm (based on specific surface area), and
refractive index, light scattering is very low. One could expect
that the impact on coating reflectivity would be small, which
is line with the findings (Table 13).

Conclusion

In our recent study we have seen that silane modified colloidal
silica can play a key role to enhance the over-all performance
of acrylic elastomeric roof coatings as such coatings need to
stay clean to maintain their performance.We found a dramatic
enhancement of dirt pickup resistance of the fresh coating,
both for hydrophobic and hydrophilic dirt and the effect was
long lasting, even after 1,000 hours of accelerated weathering
of fully formulated acrylic coatings in a UV chamber. The
addition of silane modified colloidal silica did not affect the
TSR (total solar reflectance) value in any negative way and
did not cause any degradation of the coating film. The tested
starting-point formulations met the requirements as laid out
in ASTM D-6083 for elastomeric coatings.

Furthermore, there are many other demands on a roof
coating, not only should it be highly reflective, but also
be very flexible, i.e. elastomeric, and have good adhesion
to withstand big temperature differences and harsh
conditions of sun exposure. We unexpectedly found a
strong improvement in mechanical properties like Young's
modulus, strength and adherence of the coatings without
sacrificing coating flexibility for neither fresh nor aged
coatings. Especially wet adhesion was significantly enhanced.
Surprisingly the in-can stability of the coating formulations
was also improved, especially at high temperature storage of
50°C, a temperature that easily can be reached in warehouses
in warm countries. A dosage in the range of 8-10 % colloidal
silica product, corresponding to 2.24 -2.80 % SiO», appeared
to be an optimal level.

An explanation for the self-cleaning properties is the
significant surface enrichment of silica in the coating surface.
Additionally, the enrichment at the surface and the substrate
interface could be one reason for enhanced strength and
surface hardness, while maintaining flexibility thanks to
relatively lower silica concentration in the middle of the
coating film, giving a sandwich structure.
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