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Abstract In the display manufacturing process, high-density polyethylene (HDPE) piping is used for
deionized water waste where ozone gas is dissolved. In the past two years, 35 cracks were found in HDPE
piping at display manufacturing sites. Leaked ozone gas from cracks is highly toxic to the human body.
In this study, the properties of HDPE pipes were compared before and after use for five years. For this
purpose, specimens were obtained from new pipes that had never been used and old pipes that had
been used for five years to handle wastewater with ozone gas. Old pipes had a decrease in tensile
strength, percent elongation, burst strength under internal pressure, impact strength, hardness, etc.,
compared to new ones. Oxidation and micro-cracks also occurred on the surface of pipes after use for
five years, which significantly reduced their safety. This study shows the importance of periodic

inspection of HDPE pipes before cracks occur.
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Fig. 1. Dimensions of tensile test specimens
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Table 1. Specifications of tensile test machine

Maximum load 250kN
Test speed 0.0005~508mm/min
Load tolerance + 0.4%
Location resolution 0.004 f4m
Size 1130mm(W),777mm(D),2773mm(H)
Weight 1141kg
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Fig. 2. Burst pressure tester and specimen
(a) Tester (b) Specimen

Table 2. Specifications of burst pressure tester

Maximum pressure 300bar
Fluid Water
Heater temperature 80°C

Specimen Size

within 1,000mm

Size

1800mm(W),700mm(D), 1500mm(H)

Weight

500kg
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Table 3. Specifications of Charpy impact tester

Lift motor DC 2kW
Brake Auto stopping brake
Indicator LCD display (RS232C Type)
Net weight 480kg
Pendulum angle 135°
Striking center 898.2mm
Capacity Max 450]
Power 220V, 50/60Hz
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Fig. 3. Shore D hardness tester

Table 4. Specifications of Shore D hardness tester

Measurement range 0~100°
Minimum scale 0.5HD
Material Plastic, Rubber, Sponge
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Fig. 5. Portable FT-IP device (manufacturer Agilent
and model 4300)
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Fig. 6. SEM-EDS device (manufacturer FEI and model
name Quanta 3D FEG)

Table 5. Specifications of SEM-EDS device (manufacturer
FEI and model name Quanta 3D FEG)

Electron High-resolution field emission SEM column
optics optimized for high brightness/high current
Ion Magnum ion column with Ga liquid metal
optics ion source with a lifetime of 1500 hours
Electron - 1.2nm@30kV@high vacuum mode
beam - 1.5nm@30kV@ESEM mode
resolution - 1.5nm@3kV@low vacuum mode
lon beam | 15, @30kv@1pA
resolution

Accelerating | 200V to 30kV for electron beam imaging

voltage 5 to 30kV for ion beam imaging
Ever hardt - Thornley SED,
Detectors Low-vacuum SED, Gaseous SED, IR-CCD,
EDS detector and Gaseous BSED
4-axis motorized eucentric goniometer stage
Specimen | X=50mm, Y=50mm, T=-15+75°(manual), Z =
stage 50mm (25mm motorized), rotation = 360°
continuous
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Fig. 7. Stress-strain curves from tension tests
(a) Specimen A (HDPE which had never been used)
(b) Specimen B (HDPE which had been exposed to
ozone for five years)

Table 6. Tension test results of specimens A
(HDPE which had never been used)

Specimen Tensile strength Percent elongation
(MPa) (%)
Al 19.09 371
A2 21.15 375
A3 19.68 383
A4 20.16 384
Average 20.02 378

Table 7. Tension test results of specimens B (HDPE
which had been exposed to ozone for five

years)
Specimen Tensile strength Percent elongation
(MPa) %)
Bl 19.70 194
B2 17.93 102
B3 18.24 211
B4 18.07 125
Average 18.48 158
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Fig. 8. Burst pressure test results
(a) Specimen A (HDPE which had never been used)
(b) Specimen B (HDPE which had been exposed to
ozone for five years)

37 A9g AAEA. 54 499 A7E Table 87
Table 9] “ge|stFct. vl &4 A9 B Al W &
AREL 72} 441.29K]/m*3} 279.03K]/m* = E2lx]
9t "AME- HDPE Al#H9] S273E0] Hlsto, 54 &
¢ 9&o] =& HDPE A" FAF=7} °F 36.8%

Fastiae SAsAH.



4r ZoEd wEd 7AF 40 vAe 2E9 IF

Table 8. Impact test results of specimens A (HDPE
which had never been used)

Table 10. Hardness test results of specimens A
(HDPE which had never been used)

. Fracture energy | Impact strength Hammer climb . Hardness (HSD)
Specimen ) (K]/md) angle after Specimen
fracture(®) Test 1 | Test 2 | Test 3 | Test 4 | Test 5 |Average
Al 37.06 470.65 129.1 Al | 650 | 665 | 655 | 675 | 630 | 655
A2 36.42 462.54 129.4 o p o p o .
A3 33.68 427.81 130.7 A2 0 55 0 70 > >8
A 31.82 404.15 131.6 A3 65.0 63.5 62.5 63.0 61.0 63.0
Average 35.36 441.29 129.9 Average 64.8

Table 9. Impact test results of specimens B (HDPE
which had been exposed to ozone for five

Table 11. Hardness test results of specimens B
(HDPE which had been exposed to ozone

years) for five years)
Hammer climb
Speci Fracture energy | Impact strength Hardness (HSD)
pecimen 0 )/md) angle after Specimen
fracture(’) Test 1 | Test 2 | Test 3 | Test 4 | Test 5 |Average
B1 21.20 269.31 134.8
B1 49.0 50.5 53.0 52.5 54.0 51.8
B2 16.81 213.48 135.1
B3 26.19 332.69 134.4 B2 54.0 51.0 50.5 50.5 49.5 51.1
B4 23.67 300.63 135.7 B3 48.0 50.0 47.5 49.0 47.5 48.4
Average 22.74 279.03 134.9 Average 50.4
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Fig. 9. Hardness test results
(a) Specimen A (HDPE which had never been used)
(b) Specimen B (HDPE which had been exposed to
ozone for five years)

tt.

i A4 A} BO] H ol AHEHS Z+zF ey}
M HAOZ Fig. 11004 Ueriilct. o] Z1-ojlA, wij
27 B Aol £ A AHEHL o] 1680~1780cm
B9 w4 (wavenumber)oll A A 18 5= QL
t}. o] Qo9 Wht stErYy] (C=0)9 B4 é*i‘E

& Yehdt} ol= 4 ARET ASlEo] B &

Fo] EogA EA9] 48 Wt o] Eﬂlcﬂl‘?‘ef—i
AH9] AR&o] #ojAW AJHO| FHO| ARt A
s il=y

filo H

iy
LI3TY
"—.a,.

%\;‘.ﬁ%.{c_c} - E][

N =100 = N =50

I—n—O
I—n—I

Fig. 10. Reaction mechanism between polyethylene
and ozone gas
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Fig. 12. SEM results
(2) Specimen A (HDPE which had never been used)
(b) Specimen B (HDPE which had been exposed to
ozone for five years)
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Table 12. EDS test results - Specimen A (HDPE which
had never been used), Specimen B (HDPE
which had been exposed to ozone for five

years)

Chemical Spec}meghl-e\mical Speumegh}zmical
element Weight % atom % Weight % atom %
C 95.46 96.61 73.67 83.51
(¢} 4.41 3.35 16.47 14.01
F 0.01 0.00 0.01 0.01
Si 0.02 0.01 0.15 0.07
Al 0.00 0.00 0.09 0.05
P 0.00 0.00 0.00 0.00
S 0.02 0.01 0.00 0.00
Cl 0.01 0.00 0.00 0.00
Ca 0.02 0.01 0.03 0.01
Fe 0.06 0.01 0.07 0.02
Ga 0.00 0.00 9.52 2.32
4. 32
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