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1 INTRODUCTION 

Geosynthetic drains in landfill covers save natural gravel sources 
in areas without natural raw material, the construction volume is 
dramatically lower, costs may be saved. The question is their 
long-term performance und durability. 

The lifetime of geosynthetics made of polyolefins like PE-
HD or PP is generally limited by their resistance to oxidation. 
Thus these materials have to be protected by antioxidants during 
their full life-time i.e. production, storage, installation and in 
their final in situ function. This is achieved by adding stabilizers 
during compounding of the granules (basic stabilization) and if 
necessary additionally later on before extrusion of the final 
polymeric material (stabilizer batch for end use). 

The basic antioxidants for stabilizing processing of the basic 
polymer (granules) are usually consisting of systems of stabiliz-
ers as e.g. mixtures of sterically hindered phenols (SHPh) and 
organic phosphites further often sulphur compounds (Zweifel 
1998). The additional long-term stabilizers may be again SHPhs 
and/or hindered amine stabilizers (HAS). Further a special pro-
tection against UV-radiation based on HAS compounds or spe-
cial UV-absorbers or Carbon Black might be added (Zweifel 
1998). 

It is also possible to use multifunctional stabilizers containing 
combinations of different functional stabilizer groups like phenol 
or amine or sulfide functionalities in the same molecule (Zweifel 
1998). These antioxidants have the task to stop the chain reac-
tions of oxidation by deactivation of reactive radicals formed by 
e.g. heat, mechanical impacts such as shear forces during extru-
sion or creep conditions and energy-rich radiation. These chemi-
cal processes consume stabilizers. Further relevant physical pos-
sibilities of loss of stabilizers are given by extraction or 
evaporation by contacting fluid or gaseous media or migration 
into other contacting solid materials. If carbon black is used, sta-
bilizers might be partly deactivated by adsorption. If the stabiliz-
ers are not compatible with the polymer and thus form blooms or 
exudations further additional loss mechanisms are possible. 

These chemical consumption and/or physical loss mecha-
nisms of antioxidants will be site specific but might change with 
time and will finally determine the lifetime of geosynthetics un-
der aerobic conditions. Thus choice of stabilizers is especially 
important for draining functions. Looking at the long time be-
haviour of geosynthetic drains made from polyolefins it will be 
especially interesting to look at the remaining content of antioxi-
dants. 

Deterioration of mechanical properties by oxidative degrada-
tion only takes place if the long-time stabilizing SHPh-additives 
are nearly completely consumed. Then the uninhibited oxidative 
chain reaction might lead under unfavourable conditions within a 
rather short time interval to quick loss of strength possibly re-

sulting in “catastrophic failures” or even crumbling of the mate-
rial.

Thus the state of drain materials as concerns life expectancy 
is better characterized by the state of their long time stabilizer 
system. Mechanical properties found after excavation mostly re-
sult from installation damages and creep stresses. To this end the 
SHPh content of the exhumed drain materials is additionally ana-
lyzed by a recently introduced method of analysis. This method 
evaluates the kinetics of oxygen consumption of a model reac-
tion of initiated oxidation of cumene in the presence of the geo-
synthetic material. In this reaction simultaneously an extraction 
of stabilizers by the solvent cumene takes place. The impact of 
these dissolved stabilizers on the model reaction for polyolefin 
oxidation will then be evaluated.  

Phenolic stabilizers are determined from the induction period 
of the oxygen consumption of the model reaction, while some 
HAS stabilizers can be evaluated from the reduction of the 
steady state rate of oxygen absorption, taking place after con-
sumption of the phenolic stabilizers. 

In many cases thus both kinds of antioxidants can be evalu-
ated by the same reaction (Schroeder et al. 2001b). The method 
will not allow to disclose the detailed receipt of the master batch 
used. It will just give an estimation, for the amount and activity 
of SHPh and at least the amount of some HAS stabilizers pre-
sent. The working principle is the impact of extracted stabilizers 
on the oxidative reaction modelling oxidative degradation of 
polyolefin materials. Thus the principle of this analysis is based 
on stabilizer function on oxygen consumption, not on chemical 
molecular constitution like some other chemical analytical meth-
ods. 

2 MEASUREMENTS ON EXCAVATED GEODRAIN 

2.1 Short-term tests 

The short-term results on the materials were reported at EURO-
GEO 2000 (Müller-Rochholz & Bronstein 2000). The results 
showed good long-term performance of the filter material, al-
though fine material was embedded. The water flow through the 
filter decreased to 30 – 50%.  

Fig. 1-4 shows typical pictures of soil embedment in a non-
woven filter. 
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Figure 1 Soil embedded in nonwoven filter,
flow decreased to 30% of initial value 
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2.2 Soil embedment in nonwoven 

As at the time of the excavations no reliable tester was available 
to check the stabilizer status of polymer fibres and wires, we test 
the mechanical behaviour of the old materials to obtain indirectly 
the answer to the question of chemical degradation. 

Creep tests started on the excavated and reference materials 
showed the following curves: 

Figure 5 Results of creep tests 

2.3 In Situ Thickness 

The impression given during the excavation was that the 
geodrain found under 1 – 2m fill had a thickness larger than cal-
culated and measured in laboratory creep tests. Measurements in 
the field of a geodrain lying on a liner without destroying the 
liner are difficult.  

Fig. 7 and 8 show the cut edges of a geodrain on a clay liner. 
The pictures show the problem, that there is no chance of ob-
serving the meter and the drain without parallaxes. First attempts 
were made during the excavation to fill the geodrain and the sur-
rounding soil with epoxy resin. To solve this problem, undis-
turbed specimens (geodrain + ca. 20 cm soil) were taken at the 
excavations sites, transported to the laboratory, placed under 
compressive stress equal to the field conditions and then pene-
trated by a low viscosity resin. 

Figure 3 Roots in nonwoven filter. View from top. 

Root

Figure 2  Nonwoven filter after excavation  

Drain core 6.5-7 mm

Figure 8 In situ thickness. Point 2  

Drain core 5-6 mm

Figure 7 In situ thickness. Point 1  

Figure 4 Roots in nonwoven filter. Cross section. 
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After hardening of the resin the thickness could be measured 
easily and with a reliable number of places. 

The comparison with laboratory values shows certain higher 
values in the field than in the laboratory, which may have re-
sulted by different stiffness in the fill, some bridging effects in 
the granular fill, followed by less stress in some areas. 

3 ANALYTICAL APPROACH TO THE STABILIZERS  

DSC-tests show no difference in old and new materials. DSC is 
not satisfying on questions of the state of additives in the amor-
phous regions of partially crystalline polymers. Recently at 
BAM an already known rather simple analytical method was 
adapted and upgraded for the determination of antioxidants in 
geosynthetic materials (Schroeder et al. 2001b, Kharitonova et 
al. 1980, Tsepalov et al. 1981). This method had to be applied to 
the drain random core wire component of the three specimens 
from the excavated polymeric drain materials received from 
tBU. They were declared as Burgau-89/99, Winkl-89/99 and 
Saar-79/99. The numbers are giving the last digits of the years of 
installation and excavation. 

To this end the three specimens of the PP- wire layers were 
carefully cleaned and then ground under cooled conditions to a 
medium particle dimension of about 250 µm (Schroeder et al. 
2001b). Under these conditions the kinetics of the oxidation 
model reaction are not limited by stabilizer diffusion from the 
PP-particles into the cumene solvent. 

The model reaction is performed at (60 ± 0.02) °C, with an 
initiating concentration of the common initiator AIBN (Azo-
bisisobutyronitrile) giving a rate of starting radical formation of 
Wi (0) = 6.8 108 mol/l s (Tsepalov et al. 1981). This concentra-
tion is achieved by addition of an amount of (10 ± 0,1) mg to the 
reaction volume of 10 ml (at 25°C) cumene. 

The oxygen consumption was measured at constant pressure 
by means of a simple volume meter (Schroeder et al. 2001a). 
The oxygen concentration in the solvent under the atmospheric 
conditions used is over 10-3 mol/l. The calculation of the molar 
concentration of phenolic stabilizer group (-OH) equivalents was 
done using the simple basic equation (1). It states that for a given 
reaction system with an initial initiation rate Wi (0) of radical 
formation this concentration is equal to that rate times the induc-
tion time τ measured, divided by a factor f n giving the number of 
deactivated radicals by one functional phenolic group (references 
given in: Tsepalov et al. 1981). 

[InH] = Wi (0) τ (f n )-1 (1) 

If a stabilizer has several equivalent phenol groups within the 
same molecule then the molar concentration of the stabilizer can 
be evaluated by dividing [InH] by this number. A more detailed 
discussion of the method is given in (Tsepalov et al. 1981). 

The % (weight) of the stabilizer can only be calculated if its 
molecular weight is known. Thus it is only possible to calculate 
the equivalent molar or weight concentration of a known anti-
oxidant. The factor f n can be estimated on the basis of chemistry 
or experimental evidence (calibration) with known stabilizers. 
For the general case of unknown SHPhs we are working with f n
= 1.5. To be more vivid we additionally calculated the equivalent 
concentration of a well-known phenolic antioxidant, Irganox 
1010 (Zweifel 1998) to get the same induction period. It has four 
equivalent phenol groups and a molecular weight of 1178 
g/mole. For this stabilizer f n = 2.5 has to be used (Schroeder et 
al. 2001b). 

3.1 Results of status of antioxidants 

The oxygen consumption measured for the three core wires 
are given in Figure 9. 

The induction times are evaluated due to the rules given in (Tse-
palov et al. 1981). The evaluated results are given in Table 1. 

Table 1: Results of stabilizer analysis 

Drain 
core wire colour 

[SHPh-
group] 
µMol/g 

Equiv. 
Irg. 1010** 
%(weight) 

HAS 

Burgau 
89/99 black 47 0.083 n.f.* 

Winkl 
89/99 black 47 0,082 n.f. 

Saar 
79/99 transparent 38 0.068 n.f. 

*n.f. = not found   
**Irg. 1010 = Irganox 1010 (Zweifel 1998) 

4 DISCUSSION 

Tests on excavated geodrains after at least 12 years of service in 
landfill areas showed good performance of the materials and no 
evident degradation. Compressive creep tests showed unchanged 
mechanical properties. 

The hydraulic properties of the geodrains are uninfluenced by 
small soil embedment in the drain area.  

The analysis of three drain core PP-wire materials showed a 
stabilizer content which is still rather high compared to actually 
used stabilizer concentrations in new geotextile materials used 
for separation purposes for a lifetime of 30 years. 

Clearly draining materials are highly stressed materials con-
cerning requirements to antioxidants. Thus the results show, that 
the producer of the drain material was aware of this special 
stress. The precise evaluation of the contents found with respect 
to residual life time of the drains is impossible due to the fact 
that the original initial content of stabilizer of these drain materi-
als is not known. Thus as well specification of the losses as ex-
trapolation of the SHPh content cannot be done with sufficient 
confidence. 

The content of the two black materials is nearly equal. Since 
according to information of the manufacturer both drain core 
wires are identical, it follows that both materials had comparable 
consumption of the antioxidant by oxidation and/or loss by other 
mechanisms. The gravel layer above both was similar in thick-
ness and particle size. Also the transparent material can be as-
sumed to have had similar conditions of liquid and air (oxygen) 
contact. 
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Figure 9 : Oxygen consumption for initiated cumene
oxidation in the presence of the ground
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Using the data of the oxygen consumption experiment it was 
further also possible to evaluate an inhibition rate constant 
(Schroeder et al. 2001b, Tsepalov et al. 1981), characterising the 
SHPh present in the drain wires. This constant was identical for 
all materials within the precision of the method. Thus we as-
sumed for further interpretation, that no HAS was present and 
that the SHPhs used are identical or of sufficiently similar activ-
ity.  

We are now offering a provisional limiting interpretation of 
the residual stabilizer contents in order to clarify the importance 
and effects of the data of initial stabilizer content and the neces-
sity of a sufficient number of excavations to get more relevant 
data for making possible really significant evaluations. 

By trial and error we found that an initial content of phenol 
stabilizer of all materials of about 0.10 % fits well the data 
found, if we assume an overall simple exponential loss of stabi-
lizer. In this case (see Fig. 10), a residual lifetime of 110 years 
for the black materials and about 100 years for the transparent 
one were evaluated. 

This evaluation was performed by using the assumption, 
based on experimental results (Schroeder et al. 2001a), that end 
of lifetime of PP-materials is reached, if a limiting lowest func-
tionally effective antioxidant stabilizer content is reached. This 
limiting stabilizer content has been conservatively fixed here at 
0.01 %. 

The total lifetime (defined as above by the limiting lowest 
SHPh content) in this case is at least 120 years, if a comparable 
loss mechanism on the stabilizer system can be expected in the 
application as for the past.  

Table 2: Life expectancy assessment for an estimated initial sta-
bilizer concentration 

Residual lifetime [years] for initial 
SHPh amount [%] Drain 

core wire 
0,10 % SHPh 

Burgau-89/99 110 a 

Winkl-89/99 110 a 

Saar-79/99 100 a 

The method used can only determine the mobile part of the 
stabilizer diffusing into the solvent of our reaction system but 
not the part grafted onto polymer. Also it was assumed that no 

significant partial irreversible deactivation of stabilizer takes 
place in the black materials by the carbon black used. This part is 
not detected by the method used. 

5 CONCLUSIONS  

PP- draining materials were exhumed after at least 12 years 
from landfill covers and mechanical and hydraulic properties 
were found in good conditions. 

A method for the assessment of the actual stabilizer content 
and activity in the exhumed materials and a coarse, tentative es-
timation of residual lifetime, resulting in a total lifetime of more 
than 100 years, was presented. This estimation is based on the 
assumption that lifetime of PP-materials in aerobic environment 
can be estimated by the exposure time for reaching a lowest 
functionally effective antioxidant content. 

A more reliable assessment of the functional lifetime of 
geosynthetics irrefutable needs the initial stabilizer data (e.g. at 
least: amounts and activities) of the granule and drain producer, 
which actually is difficult to achieve.  

Further more exhumation data are needed to get a better fit-
ting and extrapolation of the loss mechanism.  

The requirements on the level and kind of stabilization are 
clearly differing with on site oxygen content and temperature, 
the amount of drained liquid and its ingredients. 

This method of stabilizer determination used will supplement 
usual analytical chemical methods, which will give an abun-
dance of data on different species of stabilizer molecules actually 
present, but not any or much less information on their activity, 
which is the relevant parameter for geotechnical applications.  

Thus the study of the state of antioxidants in typical applica-
tions, giving their concentration and activity, is especially inter-
esting if the relevant data and parameters of the loss mechanism, 
are known too.  

Such studies including the study of loss mechanisms could be 
very useful for the challenging task of tailoring additive batches 
for draining applications and for enlarging the confidence in 
long-time applications of geosynthetic materials.
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Figure 10: Extrapolation of the remaining SHPh stabilizer con-
tents, assuming an initial 0,10% content and a simple exponen-
tial loss mechanism valid and representative for all the exhu-
mated specimens for the whole lifetime 
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