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1.00~1.30
1.30~1.60
1.60~1.90
2.00~2.30
2.30~3.00
3.00~4.00
9.00~10.00
13.00~14.00
14.80~15.00
16.00~16.50
21.00~21.50
23.50~24.00
27.00~27.70
30.00~30.60
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i= K AL i 2% O e S an b £ R Mg

(2) \ET7T—2A
k2 I
Ne é%‘m 7&‘;% )52 7KK B (mg/L)
BOD 500
@ | "R H f COD 300
T-N 300
BOD 300
Q@ | TBREE f COD 100
T-N 50
TR f B%aD 1205000
9 w;%%ﬁ camss  COD 100
EI] / ayr T-N 100
Ca 1000
EN g BOD 250
@ + + COD 100
WA CalRE=d T-N 100
CL 10000
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B 5ET B
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BOD 20
COD 50

T-N 50
BOD 20
COD 40
T-N 30
Ca 500
BOD 20
COD 50
T-N 50
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BOD 20
COD 50
T-N 50
CL 3000
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Complexities in mechanical properties

Physical aging ,crystallization
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Loss in mechanical properties by structure change

Poly (carbonate) ’
Quenched Annealed

o}

Physical Aging

1 (kJm=2)
S (o) o)
74

w
O

NOTCP:O)ED IMPACT STRENGTH

3

-150 -100 -50 O SO 100 150
TEMPERATURE (°C)

Figure 5.17 The impact strength of quenched and annealed polycarbonate. Both
materials show a sudden transition from brittle to tough fracture as the temperature
is raised. The annealed material is always more brittle and the transition takes place
at a much higher temperature. A untreated, B annealed. (After Allen, Morley and

Williams, 1973.)
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Anneal effect blow Tg < Physical Aging
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Appearance of annealed PLLA during tensile test

Anneal condition 70°C  2min. ; Meta-stable condition)
After 148hr Mode ;Ductile

\ Craze Necking
' ~ i T
{ 1 | 4
Al )
Shear band

IV AREIRPIAFT 5.
JVAREIRDG G = BRIV ARFEARE AWK

Hmm

HEIZEREZ N TV LY ITMSERBRZ TR

>IERPLARB A ZRADOEES TEEDEMD LMY .
>OLA REBREFNFNOERR T —ILNELD =2N\SYFXDREA

T.Kuriyama ICFS, October 04, 2010 in Sendai 8 /44

JE& TS 7 FPhysical Aging  (WEEAL)

A

Exi

IANE—,

Fig.1 P28 RE-IREE

HSREERS AU T COBEEMRR T 2LE— AHDTHD ($EF0)

9 /44

-99-




Chemi-crystallization b4 anl
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Long term performance

Environmental Stress Cracking Environmental crazing
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Environmental crazing

Surface crazes on a PS film after immersion in ethanol.
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i/ LA X (Environmental crazing)
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Craze growth behavior

(b)

Fig. ! The TEM image of the crack tip for the ECT test performed in surfactant 2 for ¢ = 8.2 X 10° Pa at 50°C (region B). The arrows
in the figures show the direction of crack propagation. The direction of flow in injection molding was almost same as crack propaga-
tion direction.

From; T. Kawaguchi & T.Kuriyama . Polymer engineering and science,, vol. 43, no. 2(2003)p.421 16 /44

Crack growth behavior of ABS to exposure in
surfactant
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Time after iniation of crack propagation(min)
Fig.  The result of an ECT test performed in surfactant 1 for o = 8.2 % 10° Pa at 50°C.
From; T. Kawaguchi & T.Kuriyama . Polymer engineering and science,, vol. 43, no. 2(2003)p.421 17 /44
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IRIEIG AEIN

» Many instances failure of plastic parts in actual use

One—third of the failures were caused by ESC

* W. A. Woshinis and D. C. Wright, Advan. Mat. Proc., 12, 39 (1994).

Pump housing

Fuel tank
18 /44
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Figure K4 curves for 006—60 in two different environments
at +75 w: (x) distilled water; () Comprox 2%. Numbers alongside
curves indicate slopes of respective lines
*M.K.V. Chan and J.G.Williams ;Polymer,Vol.24(1983)p234 19 /44
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IRRIG NE N HDPE/FEEEH
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HDPE
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Log (da/dt)

From “K.Tonyali and H.R. Brown:J.mat.sciVol.21(1986)p3116” and “M.K.V. Chan and
J.G.Williams ;Polymer,Vol.24(1983)p234”

Stage I: da/dt controlled by A — Small scale yield
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Appearance of surface of the inside wall for
polyethylene after the acceleration test

Plastic Pipe 2012 ESTIMATION OF SURFACE VOID INITIATION OF POLYETHYLENE PIPES IMMERSED IN CHLORINATED WATER

Hiroyuki Kurio, Yuuji Yamamoto, Kenji Mizukawa, Takayoshi Yarimizu, Kentarou Nakata, Satoshi Saitou, Hisao Hirota and *Takashi
Kuriyama

Formulation of the initiation rate of the
surface defect

10 T T
. A-sample
Initiation rate of surface void A (=1/ t,1/s) as a ~o=S00ppm
function of the concentration of chlorine Mppm) —D—égggggﬁ
and test temperature K, as basis of an empirical - 3000ppm
model Arrhenius model. 107
AH =)
k=A*exp| ——— < 10°
RT g
where, A*%nis constant, A H (kd/mol) is the 107 \
activate energy of A H of 84.1 kd/mol, &
R=8.31447(J/K mol) is gas constant.
10®

2.8 2.9 3 3.1 32 33
1000/T ( 1/K)
Plastic Pipe 2012 ESTIMATION OF SURFACE VOID INITIATION OF POLYETHYLENE PIPES IMMERSED IN CHLORINATED WATER
Hiroyuki Kurio, Yuuji Yamamoto, Kenji Mizukawa, Takayoshi Yarimizu, Kentarou Nakata, Satoshi Saitou, Hisao Hirota and *Takashi Kuriyama 23 /44
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Formulation of the initiation rate
of the surface defect

150
= 100 g
=] ~
= — ~ 5
< , AH =
E k=A'exp| ——
50 RT
—0—-40C
—e-60C
-0
AH = 84.14(kJ/mol) 108 7oe
0 100 1000 10000
0 500 1000 1500 2000 2500 3000 3500 N (ppm)
PP
N (ppm)
k=A N"exp ———
Thermal oxidation AH: 99kJ/mol (40-140C)! RT

[1THorngPL,KlemchukPP.In:KlemchukPP,editor.Polymerstabilizationanddegradation. WashingtonDC: AmericanChemicalSociety;1985.p.235.

Plastic Pipe 2012 ESTIMATION OF SURFACE VOID INITIATION OF POLYETHYLENE PIPES IMMERSED IN CHLORINATED WATER
Hiroyuki Kurio, Yuuji Yamamoto, Kenji Mizukawa, Takayoshi Yarimizu, Kentarou Nakata, Satoshi Saitou, Hisao Hirota and *Takashi Kuriyama

24 /44

Relationship between a chlorine concentration
and the time of void initiation.

97.5% lowest

10" b limitation \\\\\‘\\ N
100 PEI00 ‘ \ \ \329 ;:ear

102 103 10* 105 108 107
Time of void initiation [hours]

104 | s 70C
- A L ]
. g \_ & H = 60C
s 103 L N Under going — & 40C
a, \ ® 20C
5 b3 \<
= 21— 7
g 10 60C 20C
o
e
)
)

log(?)=C,+C, -%+C3log(N)

where, C, ==7.898, C, =4396, and C, =—0.8500.

Plastic Pipe 2012 ESTIMATION OF SURFACE VOID INITIATION OF POLYETHYLENE PIPES IMMERSED IN CHLORINATED WATER
Hiroyuki Kurio, Yuuji Yamamoto, Kenji Mizukawa, Takayoshi Yarimizu, Kentarou Nakata, Satoshi Saitou, Hisao Hirota and *Takashi Kuriyama 25 /44
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Long term performance

Weathering (IMif{zE)

26 /44

Environmental Stressors

Pollutants — solid, liquid, gaseous

27 /44
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Chemistry — Photo-oxidation

This chemistry
drives changes in
physical properties.
Environmental
stresses placed

upon the surface of
plastic products
then cause the
systems to
eventually fail.

Something

lLight
POOH V 2P

Light/heat l Polymer O 9

PO + OH p0C°

'

Oxidation products

28 /44

C.I. index depth profiles of injection
molded BPP after outdoor exposure
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C.I. index depth profiles of injection
molded BPP after outdoor exposure
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Degradation profile of polymers

Electron micrograph of the surface of a high densil
crate after nine years of use and exposure to weath

Surface of a p specimen

LLDP!
| -4 HDPE
0.91 40
500 1000 1500 2 500 1000 1500 2000
Aging Time (h) Aging Time (h)
0.
3
ity polyethylene beer A auv
cring.
.
- LDPE T
45¢ --#- LLDPE H i J
-a HDPE
400 600 200 400 600 800 1000,

Aging Time (h) Aging Time (h)

shoulders

light for 100 h in a laboratory environment.

(b)

@

Figure 12.16. Degradation of PP plaques exposed outdoors in tropics. (a) origi-

Inbreasing of density and hardness

Fig. 5. SEM micrograph of a non-degraded LDPE sample surface (a), for a LDPE sample
surface aged under WOM conditions for 1600 h (b), and for a LDPE sample surface aged

nal structure (the thickness of 200-300 nm have been degraded during manu- under QUV conditions for 800 h (c).

facture and become vulnerable to degradation), (b) surface erosion as a first
stage of weathering, (¢) small eracks, (total removal of original surface and fur-
ther cracking). [Adapted, by permission, from Bedia, EL; Paglicawan, MA;

Degradation profile of polyethylene after artificial accelerated weathering

Bernas, CV, Bemardo, ST, Tosaka, M; Kohiiya, S, J. Appl. Polym. Sci, 87,6, J.V. Gulmine , P.R. Janissek , H.M. Heise , L. Akcelrud ,: Polymer Degradation

931-938, 2003].
4

and Stability 79 (2003) 385-397
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Crack patterns in clayey soils: Experiments
and modeling* #z/#E3: desiccation cracks

Landslide

Cracked area

Figure 1. Drying clay soil of Beja (Tunisia). Figure 2. Damage of structures induced by

desiccation cracks.
Shrinkage cracking in clayey soils can be caused by the following:

* Desiccation, which corresponds to water loss from the soil surface to
the atmosphere because of severe exposure to dry conditions during
relatively long periods (Figure 1),

+ underground water exploitation,

+ presence of trees with high hydraulic demand.

*) H. Trabelsil, M. Jameil, H. Zenzril and S. Olivella ; Int. J. Numer. Anal. Meth. Geomech. 2012; 36:1410-1433
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Accelerated weathering test condition
Sunshine Weather Test Metal Weather Test

(Fukuoka Industrial Technology Center provided) .
Daipla Metal Weather

JIS K7350-1,4 (KU-R4CI-A; Daipla Wintes Ltd.)
Light :Sunshine carbon arc lamp Light :Metal halide lamp
Wavelength : 255~700nm Wavelength : 295~780nm
Irradiation . 255W/m’? Irradiation . 180W/m?
Black panel temperature : 83°C Black panel temperature : 80°C
Humidity : 50% Humidity : 50%
Exposure time : 200,400hr Exposure time : 48,96hr
Splay every 2hr Only light mode

5th European Weathering Symposium 22t Sept.2011 37 /44
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Depth profiles of Carbonyl Index after different

exposure test for injection molded BPP
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Long term performance

Design
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T3 AF v MO A FHE 5 & DML

- BFEME A FaiFAl Life estimation ?
- FHEF AR ?
- INEAERDEFEYE (BRI

v ISOTC138 (plastic pipe and fittings)
v ISOTC 61 (plastic)

v Fiber,Tc38 RubberTc45, Coating (painting) Tc35
v Appearance , performance ,***
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