1.1

(polymer)
1970
( 1999)
Geomembrane
(ASTM D4833) (PE)
(PVC) (Neoprene) (Hypaon)
(EPDM)
(High Density Polyethylene HDPE)
10™ cm/sec (
1999 1999) 0.5~5.0 mm
(physical) (mechanica)
(endurance) (degradation)

10° cm/sec



(permeation)

(volatile organic compounds VOCs)

(Sangam and Rowe 2001; Park et a. 1996)



1.2

ASTM F739 (Standard Test
Method for Resistance of Protective Clothing Materials to Permeation by

Liquids or Gases under Conditions of Continuous Contact)

Fick's Law
1. ASTM F739 HDPE
2. Fick’ sLaw HDPE
3.
4.

(empirical moddl)



2.1

(ASTM)
HDPE
HDPE

ASTM F739

(

1999)
CNS-12494 ( 1989)

2.1

(collection medium)

(steady-state permesation rate)



Replaceable Stirring
Rod to Allow Continuous
Monitoring With Air

or Nitrogen

Stop Cock Adaptor
Chamber Retaining
Wedge

Sample Material

Fill Level

Challenge Chamber for
Hazardous Material

e 22
I'ﬂml
it
Sampling £
Chamber for Collecting Medium H
{Total Collecting Volume ~ 100 mi) ne ! -
TFE=-
Aluminum Flanges fluorocarbon Seals (Material
{Test Cell Holder) Specimen Holder)

2.1ASTM F739



2.2

(Ortego et al. 1995)
(mechanism) 2.2 (sorption) (diffusion)
(desorption) (Sangam and Rowe 2001; Park et al. 1996;
Park and Nibras 1993; Vergnaud 1991)

(Zeller 1993)

Fick's Law

HDPE (immersion)

Fick's Law

(Sangam and Rowe 2001; Aminabhavi and Nak 1998; Park and Nibras
1993) ASTM D5886 (Standard guide for selection of test methods to
determine rate of fluid permeation through geomembranes for specific
applications)

ASTM F/739



ASTM F739

HDPE

Sorption

2.2

Diffusion

desorption



2.3

J (ML?TY  Fick' s first law
(Chao et a. 2003; Sangam and Rowe 2001; Vahdat and Sullivan 2001;
Britton et a. 1989; Crank 1975)

J=-D— Eq2.3.1
dz .
D LThH G
ML®) Z (L)
D C, D

(Chao et d. 2003; Aminabhavi et a. 1996; Vahdat 1991; Crank 1975)

(Sangam and
Rowe 2001; Park and Nibras 1993)
L X Eqg. 2.3.1
J, = pSzz0” Co Eq.2.3.2
(C=70) Eq.
2.3.2 (Chao et a. 2003; Sangam and Rowe 2001; Park and Nibras
1993; Crank 1975)
3.=D CZL=0 Eq2.3.3

Crank (1975) 2.3 (digphragm cell)



vVOC (vapor) D VOC

VOC Z

J Eqg. 2.3.1 Eqg. 2.34 VOC

C, Z
2
1, _pTe, Eq.2.34
it )74
Crank
1) L
(t=0 dlz C,=0)

(2) Cz=0

C, VOC S (solubility)
(€) (t>0 Cz-.=0)

VOC
M
M- a0 Eq.2.35
dt A
A
VOC Eq. 234 235
VOC
z 2 ¥y N
M =2C0 Gt + 25 & CP (1 ey pnzp /L)) Eq2.36
L é P na N u
Eq. 236

Eq. 2.3.6



M =

Eq. 2.3.7
VOC

and Sullivan 2001; Zeller 1993; Vahdat 1991)

2 .
Ao B - £ 2 Eq2.3.7
L g 6 g
VOC
t vVOC
2.3
t) Eg. 23.7 M=0
Eg. 237 M=0 VOC
D
L2
=— Eq.2.3.8
6t, d
(lag time) Crank (1975)
S Eqg. 2.3.8
(Vahdat
Eq. 2.3.3
D=3t Eg2.3.9

10



Cumulative Permeation

Pressure gauge

Polymer
film
S Initial pressure
ZETO
|~
Initial pressure
one atmosphere
7 Lag Time
J/
Time
2.3 (Crank, J. 1975)

1



2.4

ASTM F739
Js
(MLTH
_av
Jo = A Eq2.4.1
a (ML3ThH Vv
L) A
(L%
Britton 1989 ASTM F739
0.75 mm HDPE
22
50 (10° g/ent/h) 1.8 56
1.5 55 075 15 25mm
(10° g/em’/h) 56 57 25 (10°
g/c’/h) 55 53 23



2.5

HDPE
HDPE
MW DM
Log Kow
2.1 Park  Nibras (1993)

Log Ko Log S=-1.81+0.456 Log K,,-0.063 (Log Kgy)*
(r*=0.94) DM Log D=-5.02-4.16 DM
(r*=0.81)

Prasad (1994) 1,2-

S Log
Kow (r*=0.95) Log S=-0.869+1.190 Log K,
Sangan  Rowe (2001)
HDPE (LogS) MW
2.1 Log S MW
(r*=0.95) LogS LogKg (r*=0.97) Sangam
Rowe (2001) (LogD) LogKgy

(r*=0.72)

13



2.1

Parameter Correlation re Reference
LogKow LogS=-1.1523 1.2355L0g Kow 0.97 D
Log S=-1.81+0.456L0g K on-0.063(L0og K ow)? 0.94 2)
Log S=-0.869+1.190L0g K ow 0.95 ©)
Log D=-12.3624+0.9205L0g K ou-0.3424(L 0g K ow)? 0.72 1)
MW  Chlorinated: Log S=-2.0467+0.0305MW 0.94 (1)
Aromatic: Log S=-0.0776+0.0322MW 0.95 (@)
Aliphatic: Log S=-0.1107+0.0442MW 0.91 1)
DM Log D=-5.02-4.16DM 0.81 )

*immersion test

(1)Sangam, H.P., and Rowe, K.R. (2001).
(2)Park, JK., and Nibras, M. (1993).
(3)Prasad et al. (1994).

15



3.1

ASTM F739 (Pesce Laboratories Kennett
Square PA USA) 51 mm ( 2.1)
75 mL
730 mL
31 ASTM F/739
(closed-1oop)
(MS-10 No. FIW-121714-F )
(MasterHex® L/S® Cole-Parmer USA) 100 mL/min (ASTM
50~150 mL/min)
T
25+1°C
T (gas-tight syringe Hamilton
Cat. No. 21000-U Supelco USA) 45 mL
(Kimble Mexico) (SPME fiber 57300-U PDMS
Supelco USA)

(GC AutoSysem XL Pekin Elmer USA)
(flame ionization detector)
( 3.2) (DB-5 J&W USA)  053mm
30 m 170 °C GC

16



GC

200 °C

r

250 °C
0.995
( 3.1)

17

ASTM

30 mL/min



sampli hgowmeT ef | on

per meat

ocC

dDPE e

| ncubat ol

3.1

18

@25

cel



R %) P
(N 5 2

e ) B
Expose Retract Pierce Expose Retract
fiber/extract fiber GC inlet fiber/desorb fiber/remove
septum

3.2



3.1

Chemicals Grade Mw  Density VIS MV DM WS Log Kow H LDL

Chlorinated Hydrocarbon
LC Grade

Dichloromethane 8493 1327 402 6398 150 20000 125 0085 0.8
(99.9%, Merck)

1,2-Dichloroethane GRGrade 9597 1253 835 7001 190 8690 145 0063 059
(99.5%, Merck)

Chloroform GRGrade 11995 1484 617 8086 115 8000 197 0147 063
(99.4%, Merck)

Trichloroethylene GRGrade 13179 1464 872 8975 077 1100 253 0397 033

(99.5%, Merck)
Aromatic hydrocarbon

Berzene ACSGrade — 2g41  0g77 801 8905 0 1780 213 0232 059
(99%, Merck)

Toluene ACSGrade o514 0867 1106 10623 038 515 279 0273 059
(99%, Merck)

Syrene GCGrade 10115 0906 1362 11501 043 300 295 0105 064
(99.5%, Fluka)

Ethyl berzene GCCGrade 40617 0867 1362 12249 059 152 313 0344 065

(98%, Fluka)

*Propertiesare @ 25 and abbreviations are as follows.
Mw, molecular weight (g/mole) (Lide 1994); Density (g/cm); VIS, viscosity in centipoises (Lide 1994); MV, molar volume (cm®)=(Mw/density); DM, dipole
moment (debye) (Lide 1994); WS, water solubility (mg/L) @20°C (LaGrega 1994); Ko, octanol-water partition coefficient (LaGrega 1994); H, Henry’ s constant
(LaGrega 1994); LDL, Limit Detection Level (mg/L).

20



3.2

ASTM F739

1 4 cm
25+1 °C 50+20 %
24
2. (AG245 Mettler Toledo Switzerland)
3 ( 0.0001 g) (No.SM-112 Teclock Japan)
5 ( 0.01 mm)

125 (Onpin USA)

( VvV 730mL)
7. 74mL

8. 25+1 °C
9. 100 mL/min
10. 30 4.5
mL
11. SPME 45 mL
20 SPME GC-FID 7

21



13.

14.

HDPE



3.3

3cm 2cm
W,
(25+1 °C) 24

S; (ML)

S=—2 Eq.3.3.1

Wi (M) Wo
M) V (B
(Chao et . 2003)
W, (M)

Eqg. 3.3.1 S, (ML)

23



3.4

(Benzene)
(Toluene) (Ethyl benzene) (Styrene)
(Dichloromethane) 1,2- (1,2-Dichloroethane)
(Chloroform) (Trichloroethylene)
(Sangam and Rowe 2001)
3.1 98 % 99 %
31
7811 106.18
84.93
131.79
1-2
0.344 3 (Log Kow)
313
(Huitex® HDO50) 0.50+ 0.05 mm

3.2

24



3.2 HDPE

Minimum Nominal

Property Test Method
Values Values
Thickness, mm
Minimum Average Vaues ASTM D5199 0.50
Lowest Individual Reading 0.45
Density, glam’ ASTM 1505/D792  0.94
Tendle Properties (each direction) ASTM D638
1.Strength at Yield, kN/m width TypelV specimen 9 10
2.Strength at Bresk, kN/m width @ 50 mm/min 14 18
3.Elongation a Yidd, % G.L.33mm 13 17
4.Elongation at Break, % G.L.51 mm 700 800
Tear Resistance, N ASTM D1004 73 87
Puncture Resistance, N ASTM D4833 176 245
Carbon Black Content, % ASTM D1603 2 2.5
Carbon Black Dispersion ASTM D5596 Cat.2 Cat.1
Oxidative Induction Time, min ASTM D 389 100
(200°C; O,, 1 am)
_ ASTM D1238
Met How Index, ¢/10 min 1.0
(190°C, 2.16kg)
. : . ASTM D1204
Dimensond Sability, % 1
(100°C; 1 hour)
Low Temperature Brittleness, ASTM D746 =77
Stress Crack Resistance, hrs ASTM 5397 400

*Datafrom Hui-Kwang Chemical Inc. (Taiwan)

25



4.1
050 mm

(Huitex®HDO50)

2% 10% (swelling)
HDPE HDPE
r=0.795
(p=0.206) r=0.571(p=0.568)  HDPE

=-0.846 (p=0.154)  r=-0.921

(p=0.08)
4.1 4.2
(breskthrough)
4.1 1

1,2-

26



> >

(r=0.668 p<0.001)

S S ( 4.1)

HDPE

4.2

Haxo and Lahey, 1988 ; Britton et a, 1989)

>1,2-

(r=0.622

HDPE

27

p=0.001)

S1

HDPE

HDPE
S
(r=0.790 p<0.001)
(Park and Nibras, 1993 ;

St



Conc. (mg/L)

Conc. (mg/L)

70

60

50

5
o

w
o

20

10

4.1

350

300

250

200

150

100

50

4.2

Aromatic Hydrocarbon
* Benzene

A Toluene

e styrene

o Ethyl benzene

Time (minute)

800

Chlorinated Hydrocarbon
¢ Dichloromethane
A 1,2-Dichloroethane
© Chloroform
TCE

100 200 300 400 500 600 700

Time (minute)

28

800



4.1

Organic Solvent * > D = Do b S
(ug/enfimin)  (10%glen?®) (107 cenfls)  (10%glen?) (107 cenfls) (107 enfls) (1072 glent)

Chlorinated Hydrocarbon

Dichloromethane 8.96+1.21 7.63+0.32 1.02+0.14 10.0+0.89 0.7810.11 0.45+0.01 15.1+0.83

1,2-Dichloroethane 1.64+0.05 6.51+3.36 0.2610.11 5.91+0.51 0.25+0.03 0.24+0.01 5.9310.28

Chloroform 12.0+1.75 13.3+1.00 0.79£0.15 16.4+1.63 0.64+0.13 0.34+0.02 31.1+4.46

Trichloroethylene 27.3£0.25 16.8+1.26 1.60+0.50 22.8+2.17 0.67+0.06 0.79+0.01 31.740.18
Aromatic Hydrocarbon

Benzene 6.03+0.57 7.41+0.30 0.71+0.09 10.2+0.30 0.51+0.06 0.32+0.01 16.6+1.09

Toluene 7.76x0.60 7.41+0.26 0.96+0.03 12.1+0.39 0.59+0.03 0.42+0.01 16.9+1.28

Styrene 2.17+0.02 8.04+2.11 0.25+0.06 9.04+1.70 0.22+0.05 0.27+0.01 7.17+0.18

Ethyl benzene 5.69+0.55 7.32+0.31 0.68+0.07 11.241.43 0.45+0.03 0.21+0.01 23.4+2.61

*Mean £SD

Js was determined using Eq. 2.4.1

Dg= kL/S); Do=JL/S;; D= L?/6t;; S= JL/D

29



4.2

Literature Data

Organic Solvent Solubility S
a b C
1,2-Dichloroethane 6.51+3.36 5.70
Trichloroethylene 16.8+1.26 13.610.15 15.8
Benzene 7.41+0.30 6.33 8.44
Toluene 7.41+0.26 7.80+0.08 6.33 9.07
Styrene 8.04+2.11 8.12
Ethyl benzene 7.32+0.31 8.67+0.17
*10° g/cm®

&Park, JK., and Nibras, M. (1993).
® Haxo, Henry E., and Lahey, Thomas P. (1988).
¢ Britton et al. (1989) determined @ 22 °C.



4.2

(t) Eq. 2.3.8
HDPE
D (107cm?/s) 0.3240.00 0.42+0.00 0.27+0.01 0.21+0.01
1,2-
(10'cm?ls) 0.45+0.00 0.24+0.00 0.34+0.00 0.79+0.01
D Eq. 2.3.9 HDPE S( 4.1)

S Eq. 2.3.9
HDPE Dg: (10 cm/s)
0.71+0.09 0.96+0.03 0.25+0.06  0.68+0.07
1,2- Dg: (10 cm/s)
1.0240.14 0.26+011 0.79+0.15 1.60+0.50

S, 1 Eq. 2.3.9
HDPE Do
(107cr?/s) 051+0.06 059+0.03 0224005 0.45:0.03
1,2- D (10 cm?/s)
0.7810.11 0.25+0.03 0.64+0.13 0.67+0.06
Dg Ds X S S
Eq. 239 S S,

Dy Do

31



4.3

L
HDPE HDPE
HDPE S Eqg. 234
BC. }CZ(O,t):S t>0
iC,(L1)=0 t>0
I.C. C,(Z,0)=0
Eg. 2.34
2 ..
C,(Zt)=S 59-528 pg 8&‘&9 gsng%ng Eg4.3.1
e Lo nunp Lo 5 e Lo
V (730
mL)
BCo_ T .
ve o AD 0z |,..=- ADf (t) Eq.4.3.2
A HDPE (20.40 cm?)
®
f(t) =1:T_ZZ|Z:L Eq. 4.3.2
C(0)=0
e Q. e AD ) 0 0
C(t)= Stae- — Ot —~t —dt C'z Eq4.3.3
(t) P tE Ot eng i +C'= q

C*

C(0)=0

32



4.3 4.4 D S Eg. 4.3.3 Maple
(Waterloo MapleInc  Waterloo Ontaio  Canada)

4.3 4.4
HDPE HDPE
HDPE
4.3
4.4
HDPE
45 Eq. 4.3.3
D S
Da Dg S S
HDPE
45
HDPE ASTM F739
Eq. 2.38 Eq. 2.3.9 D S
HDPE



Coneentration (mgfL)

il

Aromatic Hydrocarbon

=g ? Benzene
+ Toluene
o Styrene
a0 O Ethyl benzene

401

301

Concentration (mgfL)

201

10-

0000 200 300 400 A0 GO0 700

- 800
Time {min)
4.3
3501
1 Chlorinated Hydrocarbon
1 ?Dichloromethane
00y, 1,2-Dichloroethane
1 © Chloroform
EED' O TCE
00" 00 2000 300 400 500 BOD 700 BOD

Time {min)




Concentration (mao/L)

2007

180
160
Mn—f
1201
100
an-f
a0
404

20

] ()D& =8.96x10° cnrsec, $,=0.122 glen?

(2)Dgr=7.43x10°® cni/sec, S,=0.147 glent
(3)D=3.37x10°® cni/sec, S=0.324 glen?®

1 (4)D=3.37x10° cn/sec, S,=0.147 g/ent®
(5)D=3.37x10°® cnf/sec, $,=0.122 g/ent®

Tirne (rmin)

4.5

" 800



4.4

SPSS 8.1 D S
4.3
(r=0576 p<0.05)
(r=-0.592 p<0.05) HDPE
(r=0.925 p<0.05) (r=-0.809 p<0.05)
Log Kqy (r=0.731  p<0.05) HDPE

Sangam and Rowe (2001) HDPE

Log Kow Log

Kow

Log Kow (r=0.731 p<0.05)

Log Kow Log Kow
(r=-0.432 p>0.05)

4.4 S
S DM H
HDPE

(Sangam and Rowe 2001; Park and Nibras 1993)

S (r=-0.942 p<0.05) Log K., (r=0.819
p<0.05) S
(r=0.659 p<0.05) Log Kow r=0.08 (p 0.05)

36



Sangam and Rowe (2001) HDPE

4.4
S (r=0.801 p <0.05)
D S
95% Eq. 44.1
H
MW Log Koy (r=1.000 p <0.05)
D::Loll.SSQH0.204|V|W-10.007LOg KOW6.591 Eq441
D Eq.442
WS Log Ko
MV (r=0.996 p<0.05)
D=10"** WS*®Log Ko, *MV 21 Eq.4.4.2
S DM
WS VIS (r=0.995 p<0.05)
S
H (r=0.983 p<0.05)
S=10°""H % Eq.4.4.4

Eq. 4.3.3 HDPE
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4.3

Variable Correation and Relationship

Chlorinated Hydrocarbon
Mw D=-2.665x108+6.651x10"°Mw (r=0.576, p<0.05) D=10""**Mw!1%* (r=0.454, p>0.05)
MV D=-3.38x108+1.014x10"°MV (r=0.450, p>0.05) D=10"2%MV %99 (y=0.280, p>0.05)
DM D=9.89x108-3.934x10DM (r=-0.809, p<0.05) D=10"-?"DM 193 (r=-0.834, p<0.05)
WS D=5.874x10-1.381x102WS (r=-0.449, p>0.05) D=10"332\\g0-277 gr:-0.679, p<0.05)
Log Kow D=-9.604x10°+3.072x10"8LogK o (r=0.731, p<0.05) D=10""51L ogKou*°° (0.601, p<0.05)
VIS D=2.603x108+2.884x101°VIS (r=0.261, p>0.05) D=10"->18yS%%74 (y=0,053, p>0.05)
H D=2.057x10"%+1.452x10 "H (r=0.925, p<0.05) D=10"91H 9532 (r=0.860, p<0.05)
H, Mw* D=10 1620102\ 2397 (r=0,996, p<0.05)

H, Mw, Log Kow* D=10"1-339H0- 204\ 10-907) og K o> (r=1.000, p<0.05)
Aromatic Hydrocarbon

Mw D=6.881x108-4.02x10°Mw (r=-0.592, p<0.05) D=10"Mw 1-%¥" (r=-0.610, p<0.05)
MV D=6.802x10-3.462x10'°MV (r=-0.568, p>0.05) D=10"9MV 123 (r=-0.595, p<0.05)
DM D=3.272x108-7.837x10°DM (r=-0.234, p>0.05)
WS D=2.788x10"°+3.912x10 **WS (r=0.332, p>0.05) D=10"°Ws°%1"* (r=0.632, p<0.05)
Log Kow D=5.446x10-8.687x10°LogK o (r=-0.432, p>0.05) D=10"1K o % ""® (r=-0.462, p>0.05)
VIS D=5.182x10"8-1.836x10°VIS (r=-0.558, p>0.05) D=10"°231y 50631 (r=_0.553, p>0.05)
H D=3.1x10%-1.832x10°H (r=-0.021, p>0.05) D=10"->1H %918 (r=0,033, p>0.05)
WS, Log Kow* D=10125 WS19%9 og K o> **® (r=0.949, p<0.05)
MV, Log Kow?* D=10'2%2_og K o2 >*MV 119 (r=0.996, p<0.05)
WS, Log Kow, MV *  D=10'358 WS29| og K, 5*MV 1219 (r=0.996, p<0.05)

*stepwise



4.4

Variable

Correation and Relationship

Chlorinated Hydrocarhbon

Mw

MV

DM

WS

Log Kow

VIS

H

DM, WS
DM, WS VIS

Aromatic Hydrocarbon

S =-0.325+4.909x10*Mw (r=0.801, p<0.05)
S=-0.298+6.475x10>MV (r=0.541, p>0.05)
S=0.538-0.243DM (r=-0.942, p<0.05)
S$=0.289-8.427x10 °WS (r=-0.515, p>0.05)

S =-0.12+0.183LogK o (r=0.819, p<0.05)
S=0.174+5.121x10*VIS (r=0.087, p>0.05)
S=0.104+0.609H (r=0.731, p<0.05)

S =10"2°°pM ~3223Ws0-5%¢ (1=0.990, p<0.05)

S =10*8°pM 3821\Wg0-872\/| 50-851 (y=0,995, p<0.05)

S=10"51%Mw?%*7 (r=0.656, p<0.05)

S =10"*°Mv*978 (r=0.354, p>0.05)
S=10°"°DM 1749 (r=-0.871, p<0.05)

S =10%4*Ws0313 (r=-0.486, p>0.05)

S =109 ogK ou 8% (r=0.720, p<0.05)
S =105 (r=-0.063, p>0.05)

S =100 2% (1=0,822, p<0.05)

Mw S=0.181-2.23x10*Mw (r=-0.042, p>0.05) S =101 Mw 7% (r=-0.196, p>0.05)
MV S$=0.104+5.14x10"*MV (r=0.109, p>0.05) S=10°3%Mv 2217 (r=-0.059, p>0.05)
DM S=0.113+0.171DM (r=0.659, p<0.05)

WS S=0.16-3.271x10 "WS(r=-0.004, p>0.05) S =10°8WwWs 0% (=_0,017, p>0.05)
Log Kow S=0.126+1.242x10?LogK o (r=0.080, p>0.05) S =107 8K 4,y %% (r=-0.073, p>0.05)
VIS $=0.19-2.611x10*VIS (r=-0.102, p>0.05) S=10"16"150487 (r=-0.240, p>0.05)
H* S =3.521x103+0.657H (r=0.967, p<0.05) S=10°193H %97 (r=0.983, p<0.05)

*Sepwise
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5.1

1,2-
ASTM F739
[ (r=0.668 p<0.001)
(r=0.622 p=0.001)

o

(r=-0.592 p<0.05)

(r=0.576 p<0.05) HDPE

[ S

HDPE

a1



Hd' s Law D

HDPE

Fick'sLaw

ASTM F739

HDPE

HDPE

42



5.2

HDPE



1999 71 13-28

1999 73
57-66

199 71 574

(1989) CNS 12494
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