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Introduction

* White/Black HDPE geomembranes are now
widely used in exposed applications and have

the benefits of lower heat build up and less
wrinkling.

* However recent failures have shown the white
surface layer is difficult to properly UV
stabilize and that microcracks can form in the

brittle surface layer (BSL) which can then
propagate into the black HDPE layer.
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Titanium Dioxide Pigments

Titanium dioxide (rutile) pigments come in three
types of grades that have different durability in
well-stabilized HDPE depending on the

passivating coatings applied:

* Universal grade (10-15 years)

* Durable grade (15-25 years)

e Super Durable grade (25 years plus)



Photocatalytic Behaviour of Titanium
Dioxide
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Photooxidation Cycle in White HDPE
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Mechanism of Crack Initiation and
Propagation in White HDPE
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Role of TiO, in White HDPE Oxidation

* TiO, particles both protect the HDPE matrix (polymer
continuous phase) by blocking UV, AND initiate binder
degradation through photocatalytic sites on the
particle surface

* Grades designed for exterior applications have low
photocatalytic activity, but residual photoactivity can
still be a significant contributor to HDPE matrix
degradation over long periods of time in full sun

* For HDPE, adding TiO, therefore tends to accelerate

the rate of surface photooxidation leading to a brittle
surface layer
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TiO, Grades & Photocatalytic Activity
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 The more durable the
HDPE, the less important
is the TiO, protective
effect, but the more one
needs to worry about
residual photocatalytic
activity from the pigment.
 Water plays an
important role in
photoradical generation

* Photoradical generation

rate scales not linearly with
light intensity but rather
like 103



Pigment-Induced Pitting in White

HDPE
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DEFORMULATION OF WHITE GMB TO DETERMINE FITNESS FOR
PURPOSE FOR SPECIFIC SERVICE ENVIRONMENTS

Remove white surface
with mechanical plane

¥

Size Reduction by
cryogenic grinder as
per ASTM D8117 AX2

Y

Mix white powder with
Lead oxide and glycerol

¥

Exposure mixture to
QUV for 24 hours

¥

Compare results to
reference standards

Challenge testing of titanium dioxide white
pigment to determine level of photo-
passivation and photo-durability

Microgrinding of the white layer in Wiley mill to
liberate the titanium dioxide (coated rutile)

Prepare polymer surrogate for UV exposure using
ExcelPlas method EP76 based on Scheirs CFAP

book pp. 504-506

Measure degree of darkening of mixture. The
greater the retention of whiteness, the higher the
photo-durability and passivation of the rutile

Compare the degree of whiteness with
DuPont reference standards for durable grade

of coated rutile pigments
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