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1 INTRODUCTION 

Despite the many advantage offered by geomembranes 
over traditional sealing materials they can degrade when 
exposed to UV radiation or when in contact to aggressive 
stored materials, leachates and industrial refuses. Geo-
membranes generally have good resistance to many diffe-
rent environments; however, since the chemical environ-
ments in storage and disposal facilities are site specific, it 
is difficult to predict accurately the ability of a geomembra-
ne to maintain its initial properties for the lifetime of the in-
stallation solely on the basis of the manufacture’s product 
literature. According to Koerner (1998) the chemical re-
sistance of a geomembrane is always important and it is 
often the foremost aspect of the design process. 

The experience with chemical compatibility in Brazil is 
not yet consolidated. There are no still specific procedures 
to perform compatibility tests. Procedures like EPA test 
method 9090 and ASTM D5322 are being employed in 
some researches. The National method L1.030 (CETESB) 
is frequently used to evaluate the compatibility of geo-
membranes with residues. However, the method L1.030 
has many deficiencies and is very similar to EPA test me-
thod 9090. 

This paper presents results of mechanical, physical and 
MFI tests performanced in HDPE and PVC geomembra-
nes that were exposed to leachate and niobium (chemical 
residue). 

2 CHEMICAL COMPATIBILITY 

Geomembranes are increasingly being specified in con-
tainment facilities for both hazardous and municipal 
wastes. The selection of the incubation liquid is surely site-
specific (Koerner, 1998). 

The USEPA test method 9090 is commonly used to de-
termine the chemical resistance of a geomembrane and is 
required testing for hazardous waste and landfill synthetic 
liners. EPA method was developed in the early 1980s to 
provide a mean to determine the compatibility of geo-
membranes with waste liquids (White and Verschoor, 
1990). The method 9090 requires that samples of the geo-
synthetics be evaluated by immersion in the stirred leacha-

te for a period up to 120 days. Leachate temperatures 
should be 23°C and 50°C. The immersed specimens 
should be tested for periods of 0, 30, 60, 90 and 120 days. 
Actually, the ASTM committee D-35 on geosynthetics and 
related products uses the test procedures ASTM D5322 
and D5496. The procedures are essentially the same as 
EPA test method 9090. Despite its limitations, many re-
searchers still use the test method 9090. Examples are 
Haxo et al. (1985) and Haxo (1991) who performed studies 
to evaluate the compatibility of various geomembranes, in-
cluding PE and PVC, to municipal solid waste leachate. 
Haxo (1991) also noted that under present protocol of U-
SEPA test method 9090, it is questionable whether a rea-
listic and meaningful compatibility test of geomembranes 
with municipal solid waste leachate can be performed, due 
to the highly oxidizable, unstable, and variable nature of 
MSW leachate. 

Tisinger et al. (1991) reported to a series of research 
realized by the EPA to assess the compatibility and durabi-
lity of various materials, including geomembranes, on ex-
posure to a range of waste liquids. Durations were up to 
several years and waste liquids (MSW leachate and a ran-
ge of hazardous wastes) were verified. The authors conc-
luded that these results show the need for specific compa-
tibility tests for geomembranes to be used in contact with 
different waste liquids. Besides that, as the duration of 
programs of tests of chemical compatibility it is relatively 
short, compared with the lifetime service, more sensitive 
techniques (TGA, DSC, IR, etc) that can detect microsco-
pic variations in the geomembrane should be incorporate 
to the test of exposure. Besides, the exposure conditions 
need to be revalued for possible modifications in the dura-
tion tests and in the methods for which the geomembranes 
samples are exposed to the leachates. 

3 MATERIAL AND METHODS 

The analyses were performanced after 30 months (leacha-
te) and 7 months (niobium). The tests were conduced as 
specified in EPA 9090 and ASTM D5322. Geomembranes 
of two thicknesses were tested: 1.0, 2.0 mm (PVC) and 
0.8, 2.5 mm (HDPE). 
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Mechanical tests in HDPE and PVC were evaluated and 
compared to intact material. Tests were performed in ac-
cordance to ASTM standards. MFI tests were also carried 
out in accordance to ASTM D1238. 

The samples of HDPE and PVC geomembranes were 
put inside boxes with capacity of 1000 liters (Figure 1). 
Analyses were conduced with the leachate as specified in 
EPA method 9090. 

The characteristics of the leachate are: Biochemical 
Demand of Oxygen (310 mg/l), Chemical Demand of Oxy-
gen (531 mg/l), Total Solids (648 mg/l), Ammonia (33 
mg/l), Total Kjeldahl Nitrogen (50 mg/l), pH (6,9) and Tem-
perature (30°C). 

 
Figure 1 Geomembranes immersed in the leachate 

The niobium (Nb) is a transition metal (group Vb – peri-
odic table). The principal properties are: atomic number 
(41), melting point (2.468 ºC) and density (8,57 at 20ºC). It 
is used in arc-welding rods for stabilized grades of stain-
less steel. The element has superconductive properties; 
superconductive magnets have been made with Nb-Zr wi-
re, which retains its superconductivity in strong magnetic 
fields. The element is found in niobite (or columbite), niobi-
te-tantalite, parochlore, and euxenite. Large deposits of ni-
obium have been found associated with carbonatites (car-
bon-silicate rocks), as a constituent of parochlore. 
Extensive ore reserves are found in Canada, Brazil, Nige-
ria, Zaire, and in Russia. In Araxá (Brazil) the principal uti-
lizations are concerning to mineration. The niobium resi-
due is deposited in dams. The niobium residue was utilized 
to evaluate the chemical compatibility with HDPE and PVC 
geomembranes. The concentration of niobium has a con-
tent of 60% of Nb2O5. The Figure 2 shows the geo-
membranes immersed in niobium. 

 
Figure 2 HDPE and PVC geomembranes immersed in niobium 

3.1 Melt Flow Index (MFI) Test 

The MFI test (ASTM D1238) is a qualitative method to as-
sess the molecular weight of the polymer. The MFI test 
may be used like an indicator of oxidation. The oxidative 
degradation of the polymer will induce either a cross-
linking reaction or a chain scission reaction in the polymer 
resulting in changes in molecular weight. Cross-linking re-
actions results an increase in molecular weight, whereas 
chain scission reactions produce a decrease in molecular 
weight. The MFI test measures the amount of molten po-
lymer at 190ºC extruded through an orifice with a defined 
diameter under a load of 2,16 kg in 10 minutes. A high MFI 
value indicates a low molecular weight, and vice-versa. 
Hence, the MFI value will decrease to cross-linking reacti-
ons and will increase to chain scission reactions (Hsuan & 
Koerner, 1998). 
The apparatus utilized in MFI test is illustrated in the Fig-
ure 3. 

 
Figure 3 MFI apparatus 

4 TEST RESULTS AND DISCUSSION 

Tables 1 to 5 shows the results of mechanical properties 
obtained for both exposure conditions. Results of MFI tests 
are presented in Table 6. The values of the variation coef-
ficient (CV) that is defined as the ratio between the stan-
dard deviation and the average of the obtained values are 
also presented. The elasticity modulus for the PVC geo-
membranes has been used in many investigations as a 
good indication of changes in rigidity due to aging and de-
gradation (Tisinger et al., 1991; Lauwers, 1993; Diebel, 
2000; Newman et al., 2001 and Maia, 2001). 
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Table 1 Tensile resistance 

Geomembrane Intact Leachate Niobium 
 σ CV σ CV σ CV 

 (MPa) (%) (MPa) (%) (MPa) (%) 
PVC 1L 18 2,5 18 1,5 18 2,3 
PVC 1T 16 0,9 15 1,9 17 2,5 
PVC 2L 17 0,7 16 1,5 17 2,3 
PVC 2T 15 2,4 15 1,7 15 1,9 
HDPE* 0,8L 19 2,1 18 2,1 19 1,0 
HDPE 0,8T 20 2,9 18 0,9 20 0,7 
HDPE 2,5L 19 5,7 19 1,0 18 0,4 
HDPE 2,5T 20 3,8 19 2,3 19 0,1 

Table 2 Deformability 

Geomembrane Intact Leachate Niobium 
 ε CV ε CV ε CV 

 (%) (%) (%) (%) (%) (%) 
PVC 1L 479 3,3 457 2,2 454 3,0 
PVC 1T 520 2,1 460 5,7 467 3,7 
PVC 2L 508 1,9 478 1,6 478 4,2 
PVC 2T 496 2,1 479 2,8 475 3,0 
HDPE* 0,8L 17 2,1 18 2,1 17 1,0 
HDPE 0,8T 16 2,9 15 0,9 16 0,7 
HDPE 2,5L 14 5,7 17,5 1,0 17 0,4 
HDPE 2,5T 15 3,8 17,5 2,3 17 0,1 

Table 3 Elasticity modulus 

Geomembrane Intact Leachate Niobium 
 E CV E CV E CV 

 (MPa) (%) (MPa) (%) (MPa) (%) 
PVC 1L 7,2 1,6 8,3 1,2 7,6 3,6 
PVC 1T 6,6 2,3 8,4 0,1 7,6 4,7 
PVC 2L 5,9 3,1 7,5 3,2 6,5 1,2 
PVC 2T 6,3 2,1 7,5 1,4 6,2 0,9 
HDPE* 0,8L 332 18,9 330 10,0 404 7,2 
HDPE 0,8T 330 17,7 372 20,0 461 15,0 
HDPE 2,5L 406 10,2 375 3,7 284 4,4 
HDPE 2,5T 381 10,7 385 14,3 324 3,4 

*  values observed at yielding 

Table 4 Results of tear tests 

Geomembrane Intact Leachate Niobium 
 F CV F CV F CV 

 (N) (%) (N) (%) (N) (%) 
PVC 1L 53 4,6 55 3,8 53 11 
PVC 1T 50 1,4 65 10,5 56 5,4 
PVC 2L 92 2,6 106 3,3 97 1,3 
PVC 2T 95 1,9 109 2,3 101 3,3 
HDPE 0,8L 126 1,7 31 0,4 128 1,4 
HDPE 0,8T 129 2,4 134 1,1 131 0,8 
HDPE 2,5L 338 2,9 397 0,5 381 0,4 
HDPE 2,5T 344 2,2 407 0,8 389 2,2 

Table 5 Results of punction tests 

Geomembrane Intact Leachate Niobium 
 F CV F CV F CV 

 (N) (%) (N) (%) (N) (%) 
PVC 1 mm 266 2,4 311 0,5 259 2,2 
PVC 2 mm 504 1,7 546 1,5 408 0,1 

HDPE 0,8 mm 389 1,8 358 1,1 390 2,8 
HDPE 2,5 mm 911 1,3 863 0,3 866 0,2 

Table 6 Results of MFI tests 

Exposure HDPE 
(mm)

MFI 
(g/10 min) 

Percentual 
Variation 

Probably 
Effect

Intact 0,8 0,1778 - - 
 2,5 0,1460 - - 

Leachate 0,8 0,2046 (+) 15,07 CS 
 2,5 0,2558 (+) 75,20 CS 

Niobium 0,8 0,1717 (-) 3,43 CL 
 2,5 0,2229 (+) 52,67 CS 

(+)  increase; (-)  decrease; CS = Chain Scission; CL = Crosslink  
 
Physical Properties (thickness, density and mass per unit 
area) didn't show significant modifications for both leacha-
te niobium exposures. 

4.1 Leachate Exposure 

PVC and HDPE geomembranes presented a little decrea-
se in tensile resistance (≈5%) for both thicknesses. The 
deformation for PVC geomembranes showed some dec-
reases after the analysis period. The variations were of 
approximately 5 to 10%. Conversely, HDPE geomembra-
nes presented some increases in deformability (0,8 and 
2,5 mm). Some values reached 20%. Increases in stiffness 
were verified for PVC geomembranes. After 30 months of 
exposure the stiffness showed increases of 15 to 30%. 
HDPE geomembranes presented some oscillations in the 
stiffness: increases to 0,8 mm and decreases to 2,5 mm.  

In general was observed that the HDPE geomembranes 
presented some increases in the deformation after the ex-
posure to leachate. HDPE became more soften. Converse-
ly, the deformation decreases for PVC geomembranes. 
The geomembranes were more rigid and stiffer than fresh 
samples. 

4.2 Exposure to Niobium Residue 

The effects of niobium on the PVC geomembranes were 
characterized by some decreases in the tensile resistance 
and deformability. The stiffness presented some increase 
to the both thicknesses. Overall, the variations occurred 
showed a little decrease in the deformability with increase 
in the stiffness, i.e., the material became slightly more ri-
gid. Concerning to the HDPE was verified that the oscillati-
ons occurred in the tensile resistance were inexpressives. 
The deformability presented some increases in both thick-
nesses. The HDPE geomembranes were more soften than 
the intact samples. 

4.3 Melt Flow Index (MFI) Test 

The results obtained shows that only HDPE (0,8 mm) ex-
posed to niobium presented decrease in MFI value. Howe-
ver, this value is not so expressive (3,43%). The most ex-
pressive increases in MFI values occurred in HDPE 
samples (2,5 mm) when exposed to leachate (75,20%) 
and niobium (52,67%). The variations presented in MFI va-
lues indicate that the oxidation occurred in HDPE geo-
membranes after the exposure resulting in chain scission. 
According to Rowe & Sangam (2002) as the degradation 
progresses further, the geomembrane will become increa-
singly brittle and the tensile properties change to the point 
that cracking occurs in stressed areas. Once sufficient 
cracks have developed to significantly increase flow 
through the geomembrane, the geomembrane may be 
considered to have reached the end of the service life. 
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5 CONCLUSIONS 

The mechanical properties presented some oscillations for 
both PVC and HDPE geomembranes. After exposure to 
leachate the PVC geomembranes became more rigid and 
stiffer than the intact samples. Conversely, the deformation 
increased for HDPE geomembranes. The geomembranes 
were more soften than fresh samples. 

The results obtained after the exposure to niobium 
shows the PVC geomembrane became slightly stiffer and 
the HDPE showed some increases in the deformability. 

The variations occurred in mechanical properties are in 
accordance with suggested limits in geomembrane proper-
ties after exposures (see Koerner, 1998). However, MFI 
values indicate that degradation occurred in material. Evi-
dently that MFI is a qualitative test but may be a indicative 
that the degradation already started. We must take in ac-
count that others properties more important should be also 
considered like permeability and diffusion. 
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