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A study on the Leakage mechanism of thermal effects in LLDPE
Tank
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Abstract Polyethylene resin is a general-purpose plastic and a representative synthetic resin used widely
in many fields owing to its excellent physical properties and processability. In particular, linear
low-density polyethylene (LLDPE) has a branched molecular structure that is characterized by relatively
high strength, density, heat resistance, and chemical resistance by reducing space between molecular
chains and is mainly used as a tank for handling (storage, storage, and use) chemicals. In general, the
materials of tanks used in industrial sites include polyethylene (PE), fiber-reinforced plastic (FRP),
stainless steel (STS), polytetrafluoroethylene (STS+PTFE) lining, and steel structure (SS+PTFE) lining.
Among them, the STS+PTFE lining, which has excellent strength and chemical resistance, is most
recommended. In the case of metal lining tanks, however, small businesses prefer low-priced LLDPE
materials because of the high manufacturing costs. In this study, the LLDPE Tank cracking mechanism
was found and used safely. As a research method, changes in mechanical properties of materials, stress
analysis according to water and chickenpox, thermal expansion according to temperature environment,
resin behavior characteristics, and short-term changes due to long-term use were carried out. Large

differences were noted depending on tank capacity, period of use, and environment of use.
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Table 1. Chemical Leak Accident in Korea

Dis'ting Fire Leak E{(plo Others Sub
uish sion total
2018 3 60 3 66
2019 48 2 8 58
2020 6 63 4 2 75
2021 3 78 9 3 93
2022 7 50 6 3 66
Total 19 299 21 19 358

Table 2. Chemical Leak Accident in D** Company
(1994~2022)
Disting . Leak Ratio
uish Quantity Bottom Nozzle )
crack Fusion
5o} 61 - 1 1.6
10m’ 10 1 4 50
150 9 2 3 55.5
20n’ 20 4 3 35
30m 3 1 1 66.6
Total 103 8 12 -

444

9] TH7F ARH o o] wet 71golA Btk
B39 FF= oA, 8=k 2 dEFskE o] A
o tiet YAEE F7etal Qleh. LU, ARolAd=
wskeh @t Watdol 7 £2 “S4+PTFE Lining’
AL =2 W7 ARSSHA] &otal, #gsh olst
AA7} $1& PE B§AE F& A&t qioh shAL, g
BAxA, 29724, A& 71t 5= AdE X5 &
e Ed FEARE olojR 1 ik £ dAtoAE H
A9 AFgAa] SHARA 84, OFF FY Al & A
dg, 5-o17] AFEAY] 2=l wE A
434 94 % 3&ska, LLDPE ®39]
(Computational Fluid Dynamics) S2a4&
sto], F20] gt AU FHstA kA E
ZolA BetekEZ s AR £ AeE
HEPIREE Aljkett

AT

= O
o=

jail
=

4

s A
=]

H=E

[ S——

2.1 PE &M9| 7|AX &4

LLDPE |3 &419] 7|44 E4& Fa= gRlsp|
ete] 73 Wol ARgsta, APAT7t chgstAl £
Sl= PE Hj#Y] 712 EA4E AESHAL, °lE ot
LLDPE &49] A= A5=st3ict. PE =A< =ty
E/42 Fig. 1014 Yehd 8ol Zo] Stage 39A 9 o
2} Hglotal HFeHE Aozt It

-Stagel. 9453 (Ductile failure)

-Stage2. FAJ T3] (Brittle failure)

-Stage3. 7|4 3741} (Environmental cracking)
a4, AL =7t oE, s, W 22 7144 sk
Aol A ol2d At 2] Stage 32 71A-SBHE s
2hg-0 5 HAYITH3).

&2 ol 742

W I oA UehtE R 315k A3t A59] o]} |
% F8sitH4]. 18, Ad@FolA AMgEl= PE i
Az WA 2o AKSIA HESH HER A4S
(Oxidation)?} €43} (Chlorination) 72 &3} 374
< $HIRIHS]. J. Won2 PE vij#9] & w37} 71414
9 F Aso vA= IFE 6], Guohua T2 &
o1 YT WY W= PE vi@e] g 4k} 4



AZALEEoEd P29 E AP wE F&

L

= ol Ao

2 S Ao oH, Stage 39 B9 AEA #
7HEA o] ofE] et uiEA] iRe] FAISAl wet g7
RS A B FFeE o] FHEE Ze 2
SIECH7]. & =2olME =9 833 AN 717 A
e Ed= 44 P8 Ao

Log (Hoop stress)

Ductile failure

Brittle failure

Environmental cracking
Log (Time)

Fig. 1. Destructive Properties of PE Materials.
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Table 3. Tank of cracked LLDPE material

Cremia | 0 | e | oo | ok
NaOCl 20 Alkali 2005 Bottom
Polymer 15 Neurtal 2005 Bottom

Heavy metaly Alkali 2005 [Shell, Bottom
remover

Defoamer 10 Neutral 2004 Bottom
H202 30 Alkali 2007 Bottom
Defoamer 20 Neutral 2007 Bottom
ST-100 20 Alkali 2010 Bottom
PAC 19 Acid 2014 Bottom
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Fig. 2. Cracks in LLDPE Chemical Tank
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Fig. 3. LLDPE Chemical Tank
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Fig. 4. Tensile test Specimen (ISO 527-4)

Table 4. NaOCI tank test specimen thickness

Shell
(High)

Shell
(Center)

Shell

(Below) Bottom

Distinguish

Thickness 14.6mm 14.9mm 15.4mm 7.2mm
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Fig. 6. S-N Curve by the tensile test
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Table 5. The result of tensile test in Bottom

Shell Shell Shell Bottom New
(High) (Center) | (Below) article
1 16.9 17.0 16.8 16.3 16.9
2 17.2 17.0 17.1 16.9 16.5
3 17.2 17.0 17.0 16.7 16.9
4 17.2 16.8 17.1 16.6 17.0
5 17.2 17.0 16.9 16.4 16.8
Avg. 17.1 17.0 17.0 16.6 16.8
232 FSIEMA
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Fig. 8. Schematic for LLDPE material
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Table 6. Measurement data of hardness testing

Table 8. Hydraulic stress by tank capacity

Measurement position Hardness Tank Capacity Size (€*H) Stress (Mpa)
High 57.0 S5m’ 1,900%2,400 1.7
Middle 57.1 15w’ 2,560*3,760 2.1
Inside
Low 57.5 30m’ 2,830%5,650 2.9
Bottom 58.3

Table 9. Thermal expansion by tank capacity

Table 7. Finite element analysis condition
Temperature .
([Ref. 230) Expansion (mm) Season
Supply Pressure Piping Size Tank Capacity .
300 5C(4t 18C) 3 Winter
2.8kgf/ar 65mm (€2.830*H 5,650) 34T (4t 18C) 57 Summer
Yield Stress Fracture Stress Density
16.5MPa 25MPa 933kg/m’
2 ]
Poisson ratio Specific heat Thermal conductivity 8% a2t
ol a
0.4 2300)/kg"K 0.39W/m*K i i
Coefficient of Young's ; A
. Temperature { \ | J
thermal expansion Modulus 30 \ / -
1.8E-4/K 475MPa 5~34C(4223) o
ZIH 29Mpa
217 s
. , /
15m’ Y

22488
Y178 mfs

Veloy: Mageitude (i)
booEr 115 231
- .

Fig. 11. Stress and velocity due to chemical supply
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