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Life Prediction Methodology on Weatherability for Color Polyethylene Heavy Duty Coating
Takayuki Kavmimura and Hirofumi KisHikawa

Synopsis : The method for service life prediction of color polyethylene heavy duty coating has been studied from the behavior of

antioxidants in polyethylene. Color polyethylene samples of 2.5mm in thickness were exposed to the environment in

Japan and Saudi Arabia for 2 years. Antioxidant concentration profiles after the exposure test were obtained by the

measurement of oxidative induction time. An antioxidant consumption and diffusion model constructed in an artificial

accelerated exposure test was applied to the natural environments, and the adequacy of this model was proved in the

natural environment as well. The change in elongation of color polyethylene coating as a function of time in natural

environmental conditions was calculated by using the model function computation and the correlation between the
degradation depth and elongation of the polyethylene coating.

This method quantitatively predicts the service life on weatherability in natural environments for color polyethylene

heavy duty coating.

Key words : color polyethylene heavy duty coating ; service life prediction ; weatherability ; diffusion ; field exposure test.
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Fig. 1. Comparison of atmospheric temperature in
Saudi Arabia and Japan.

Table 1. Additives content. (mass%)

Sample name UVA AO Pigment Color
Ivory(H) 020 0.65 251 Ivory
Ivory(M) 0.15 050 251 Ivory
Ivory(L) 0.10 035 251 Ivory
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Fig. 2. Change in AQO concentration 0profiles in
Japan (Ivory(H): AO=0.65mass%).
x is the position from PE surface; L is the
thickness of color PE without adhesive PE;
c(x, t) is the concentration at position x and
time t; ¢, is the initial AO concentration.



X, AORHINL T3 6 ¥, EmEIRMH, =8 ¥ Rl
BAINTVBIEDL, AOVIEERE~IET 5 2 L X
b, EEMCEENEFPELRLOEFLLNE, 2D
LH oo, BEHICIBEEORYAELC T 52 LIiX, PEXWA
IO TEMRICE VERT 57 AP AOREEL, R
BEICNEBDAOW KM IHBRL T 3bDEFEL6NB F
1Fig. 2 W RT & 5 &, BERBRBEHEEIOAORKE  n 7 7
AT, BEOBEPER~DAOLR EF 2 L1L5 A0
BEETIR NS, ZORTRIMNTH S,
3.3 (BEMERRICHITHA0HEE -LEFEHOET VL
PEH O AOHECER) % 3P T 5 72 (AR M5 a8 (>
XA VA =R T =2V 2 F— X — &R (A REBAEL,
WEL-SUN-BEY) : 75 v 284 Vil E63°C : /KA v —
121253/6053) AT - 1245, RO L VAL ICY, T2b
iR (R RDB0% LU R T) TAOTRINED
AUHEBINDL DT, BEE - FIMRBIAN: X 55
AHGSERTE DR S (B L Tv 5, $ RPERH AL 21
Ml 2 9 v 2 DRSS EEESLERE L CIEOMHBEYD 5,
23 b, FIMNEYRIEC $TERBT 2PER, 27 v 20
(HEBL, 2 ORBEMUPETFTT 2, 86102025y
PESHERHIE E bW L, ZoinyiaRitEmZ R,
T b bLPEEWIZEMRC L > TAOPIHE S L, XHE» L
FIL(AOERE © 0)ER LR LR, 75 v 793R 4
BB LEAY %27, SEAMNESHIE X PEF O BEL - SE/MEM I
L DEEL, FOFERZ S v ZIES OINHIEFER ¥

@

\
Decrease in UV transmission intensity NN
described by Lambert-Beer's law R

UV intensity

AO concentration

AO diffusion
=D

i to adhesive

Depth from PE surface

Fig. 3. AO consumption and diffusion model.
(a) The decreasing UV intensity described by
Lambert-Beer’s law.
(b) AO consumption in proportion to UV
intensity at PE surface and diffusion.
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Fig. 4. Comparison of theoretically calculated

(lines) and experimentally obtained (points)
AO concentration profiles in artificial ac-
celerated exposure test.
{Ivory(H)>

X is the position from PE surface; L is the
thickness of color PE without adhesive PE ;
c(x, t) is the concentration at position x and
time t; ¢, is the initial AO concentration.

Table 2. Slope of absorbance.

UVA Pigment Slope

Sample name (mass%) (mass%) (10°m™)
Ivory(H) 0.20 2.51 0.0477
Ivory(M) 0.15 2.51 0.0447
Ivory(L) 0.10 2.51 0.0425
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Fig. 5. Comparison of theoretically calculated
(lines) and experimentally obtained (points)
AO concentration profiles in field exposure
test in Japan.
{(@): Ivory(H), (b): Ivory(M), (c): Ivory(L)>
x is the position from PE surface; L is the
thickness of color PE without adhesive PE ;
c(x, t) is the concentration at position x and
time t; ¢, is the initial AO concentration.
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Fig. 6. Comparison of theoretically calculated
(lines) and experimentally obtained (points)
AO concentration profiles in field exposure
test in Saudi Arabia.
(@) : Ivory(M), (b): Ivory(L), (c): Magnifica-
tion at the surface of (a)>
x is the position from PE surface; L is the
thickness of color PE without adhesive PE;
c(x, t) is the concentration at position x and
time t ; c, is the initial AO concentration.

Table 3. Diffusion coefficient and AO consumption
rate in artificial accelerated exposure test,
field exposure test in Japan, and field
exposure test in Saudi Arabia.

Diffusion coefficient: D AO consumption rate: k

(cm 2 /S) (g/cm : 'S)
Attificial ted
icial accelera 17 X 10 6.5X10-*
exposure test

Field t

ield exposure test 23X 10! 27X 10"

in Japan

Field test

1€ld exposure 1.1 X 10-+° 32X10-

in Saudi Arabia
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Fig. 7. Relationship between retention of elongation
and degradation depth.
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Fig. 8. Prediction of retention of elongation in field
exposure test in Saudi Arabia.
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Step-1 Step-2
Measurement of AO concentration profiles Measurement of Absorbance(S)*
after 1 or 2 years of field exposure test. of 300nm ultraviolet ray.
Step-3 {

Determination of parameters D, Da
and k by computing diffusion model*.

!

Step-4
Computation of surface degradation depth X
in field exposure test.

‘ X : depth where AO concentration is 0.

—————————— Step-5
Substitution of X for the correlative relation
between degradation depth and retention of elongation.

{

Prediction of change in elongation.
1

1 i

Determination of
optimum AO content

Prediction of service life

*AO consumption and diffusion model ---------+---

de(xt) _ 8e(xt) CLan=
Bt =D(x) Bx k-10
For 0sx=x;: D(x) = D. , For xsxSxc+x, : D(x) = D,

Initial condition, For 0sxsx. :c(x0)=C,
For x<x Sxc+x,  : c(x,0)=0

xc: Thickness of color PE. x,: Thickness of adhesive.
Go : Initial AO concentration in color PE.
¢(x,t) : AO concentration at position x and time t.
k : Constant correlated with AO consumption
in proportion to UV intensity.
Dec: AO diffusion coefficient in color PE.
Dy : AO diffusion coefficient in adhesive.
S : Slope of absorbance calculated by Lambert~Beer's law.

Fig. 9. Flow chart of service life prediction for
weatherability.
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