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1 INTRODUCTION 
 
Geotextiles are polymeric materials used in the con-
struction of many civil engineering structures, such as 
waste landfills, roads, railways or coastal protection 
structures. In their applications, the geotextiles can be 
in contact with many agents capable of adversely af-
fecting their short and long-term behaviour. The most 
common degradation agents of the geotextiles include 
liquids (such as acids, alkalis, seawater or leachates), 
oxygen, high temperatures, ultraviolet (UV) radiation 
and other weathering agents, abrasion and creep. The 
installation on site may also provoke some damage to 
the geotextiles. 

Oxidation is one of the main causes for chemical 
degradation of polymers. The oxidation process can 
be induced by heat (thermo-oxidation) or by UV ra-
diation (photo-oxidation). In the absence of UV radi-
ation, the oxidation process is usually slow at room 
temperature. However, it cannot be neglected since in 
most cases the geotextiles have to perform their func-
tions for a long period of time (over 50 years in some 
applications). 

The guarantee of durability is an imperative requi-
site for the application of geotextiles in civil engineer-
ing. For performing correctly their functions, the ma-
terials must maintain minimum values of certain key 
properties over time. Being impossible to determine 
the long-term behaviour of the geotextiles before con-

struction, predictions have to be made. These predic-
tions are often based on laboratory tests, in which the 
materials are exposed (usually under accelerated con-
ditions) to many different degradation agents. In or-
der to account for the degradation that geotextiles suf-
fer over time, reduction factors are often introduced 
in the design phase. The reduction factors represent 
changes (known or estimated) in the properties of the 
geotextiles due to one, or more, degradation agents. 

The available studies about the durability of geo-
textiles consider mostly the isolated action of the deg-
radation agents, not accounting for possible interac-
tions between them. However, the combined action of 
the degradation agents can be different from the sum 
of their individual effects (Carneiro et al. 2014, 2018). 
Therefore, a better estimative of the long-term behav-
iour of the geotextiles can be obtained by considering 
the interactions that may occur between the degrada-
tion agents. This work evaluates the effect of metal 
ion iron on the thermo-oxidation process of polypro-
pylene (PP) geotextiles. 
 

 
2 EXPERIMENTAL DESCRIPTION 

2.1 Geotextiles 

This work studied three nonwoven needle-punched 
PP geotextiles with different stabilisation packages: 
different amounts of the chemical additives Chimas-
sorb 944 (C944) and carbon black (CB). C944 is a UV 
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stabiliser belonging to the HALS (hindered amine 
light stabilisers) family. Besides being a UV stabi-
liser, C944 can also be highly effective in retarding 
the effects of oxidation induced by heat (Carneiro 
2009). Carbon black is a pigment (black colour) that 
can also act as UV stabiliser. The main characteristics 
of the geotextiles can be found in Table 1 (tensile 
properties obtained in the machine direction of pro-
duction). 
 
Table 1. Main characteristics of the geotextiles 

Geotextile W2 W4 B2 

C944 (%, w/w) 0.2 0.4 0.2 
CB (%, w/w) 0 0 1.1 
PP (%, w/w) 99.8 99.6 98.7 
μA (g.m-2)* 272 (21) 263 (20) 284 (34) 
t (mm)** 3.16 (1.4) 3.17 (0.14) 3.03 (0.14) 
T (kN.m-1)*** 13.1 (1.4) 14.0 (0.9) 14.3 (1.2) 
EML (%)**** 112 (9) 113 (9) 80 (6) 

(standard deviations in brackets) 
* mass per unit area (EN ISO 9864, 2005) 
** thickness (EN ISO 9863-1, 2016) 
*** tensile strength (EN ISO 10319, 2015) 
**** elongation at maximum load (EN ISO 10319, 2015) 

 
It is worthy to refer that geotextile B2 had a lower 
elongation at maximum load (80 %) than geotextiles 
W2 and W4 (112 % and 113 %, respectively). This 
lower elongation (and higher rigidity) can be ascribed 
to the presence of carbon black in geotextile B2. 

2.2 Degradation tests 

First, the geotextiles were exposed in isolation (single 
exposures) to liquids (iron nitrate and nitric acid so-
lutions) and to thermo-oxidation (TO) (description of 
the tests in the following points). Then, the materials 
were exposed consecutively to both degradation tests 
(multiple exposures). Table 2 summarizes the degra-
dation tests carried out with the geotextiles. 

 
Table 2. Single and multiple exposure degradation tests 

Degradation test W2 W4 B2 

HNO3 + + + 
Fe(NO3)3.9H2O (5 g.L-1) + + + 
Fe(NO3)3.9H2O (10 g.L-1) + - - 
Thermo-oxidation + + + 
HNO3 + TO + + + 
Fe(NO3)3.9H2O (5 g.L-1) + TO + + + 
Fe(NO3)3.9H2O (10 g.L-1) + TO + - - 

(+ performed; - not performed) 

2.2.1 Immersion tests 

The geotextiles were immersed at room temperature 
(about 20 ºC) in two aqueous solutions of iron nitrate 
(Fe(NO3)3.9H2O) with different concentrations (5 and 
10 g.L-1) (the oxidation state of iron will be omitted 
throughout the text). The iron nitrate solutions were 
acidulated to pH 2 by the addition of nitric acid. Thus, 
it was also necessary to evaluate the effect of the acid 
on the resistance of the geotextiles. The experimental 
conditions of the immersion tests can be found in Ta-
ble 3. 

Table 3. Experimental conditions of the immersion tests 
Agent Concentration pH Test conditions 

HNO3 0.01 mol.L-1 2 ≈ 20 ºC, 100 days 
Fe(NO3)3.9H2O 5 g.L-1 2* ≈ 20 ºC, 100 days 
Fe(NO3)3.9H2O 10 g.L-1 2* ≈ 20 ºC, 100 days 

* pH adjusted to pH 2 by adding nitric acid 

 
The samples immersed in liquids that were subse-
quently exposed to thermo-oxidation (multiple expo-
sures) were not washed (in order to be contaminated 
with remains of the immersion solutions) and were 
dried, in the dark, at room temperature. The thermo-
oxidation tests were carried out immediately after the 
drying process. 

2.2.2 Thermo-oxidation tests 

The thermo-oxidation tests consisted in exposing the 
geotextiles at 110 ºC in a Heraeus Instruments oven 
(model T6120) with a normal oxygen atmosphere and 
without forced air circulation. The geotextiles were 
exposed during 28 days (method A2 of EN ISO 13438 
(2004)) and during 56 days. The longer exposure time 
was intended to harshen the degradation conditions 
and thereby enhance the effects of thermo-oxidation. 

2.3 Damage evaluation 

The damage suffered by the geotextiles (in the degra-
dation tests) was evaluated by tensile tests according 
to EN ISO 10319 (2015). These tests were carried out 
in a Lloyd Instruments equipment (model LR 50K) 
fitted with a load cell of 5 kN (also from Lloyd Instru-
ments). The specimens had a length of 100 mm (be-
tween grips) and a width of 200 mm and were tested 
in the machine direction of production. The test speed 
was 20 mm.min-1. 

The parameters obtained in the tensile tests (mean 
values of 5 specimens) included tensile strength (T, in 
kN.m-1) and elongation at maximum load (EML, in %). 
Retained tensile strength (TRes, in %) was determined 
by dividing the tensile strength of the exposed sam-
ples by the tensile strength of reference samples (un-
damaged). 
 

 
3 RESULTS AND DISCUSSION 

3.1 Single exposure 

The immersion tests in iron nitrate and nitric acid so-
lutions (in the conditions described in Table 3) did not 
provoke relevant changes in the tensile strength of the 
PP geotextiles (retained tensile strengths near 100%) 
(Table 4). As for tensile strength, elongation at maxi-
mum load also had no significant alterations.  
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Table 4.  Tensile properties of geotextiles W2, W4 and B2 after 
the immersion tests (single exposure) ___________________________________________________ 
Geot  Agent     T (kN.m-1)  EML (%)  TRes (%) ___________________________________________________ 
W2  HNO3     13.4 (0.7)  123 (11) 102.3 
   Fe(NO3)3 5 g.L-1

   13.0 (1.0)  111 (5)  99.2 
   Fe(NO3)3 10 g.L-1

  13.2 (0.9)  113 (7)  100.8 ___________________________________________________ 
W4  HNO3     13.9 (0.8)  112 (6)  99.3 
   Fe(NO3)3 5 g.L-1  13.8 (0.9)  112 (7)  98.6 ___________________________________________________ 
B2  HNO3     14.1 (0.7)  81 (6)  98.6 
   Fe(NO3)3 5 g.L-1  14.4 (1.0)  80 (6)  100.7 ___________________________________________________ 
(standard deviations in brackets) 

 
The thermo-oxidation tests according to EN ISO 
13438 (2004) (exposure at 110 ºC over a period of 28 
days) did not induce pronounced changes in the ten-
sile strength of the geotextiles (retained tensile 
strengths between 92.3 % and 96.2 %) (Table 5). By 
contrast, reductions occurred in elongation at maxi-
mum load (highest reduction for geotextile W4: from 
113% to 86 %). These reductions in elongation at 
maximum load may be related with the occurrence of 
shrinkage (about 2.5 %) in the geotextiles during the 
exposure to thermo-oxidation, which caused a de-
crease of the deformability of the nonwoven struc-
tures. The increase of the exposure time to 56 days 
did not cause additional changes in the tensile behav-
iour of the geotextiles. 
 
Table 5. Tensile properties of geotextiles W2, W4 and B2 after 
thermo-oxidation (single exposure) ___________________________________________________ 
Geot  Exposure time  T (kN.m-1)  EML (%)  TRes (%) ___________________________________________________ 
W2  28 days     12.6 (1.0)  89 (4)  96.2 
   56 days      12.8 (1.5)  83 (3)  97.7 ___________________________________________________ 
W4  28 days     13.2 (1.6)  86 (7)  94.3 
   56 days     13.2 (1.0)  82 (4)  94.3 ___________________________________________________ 
B2  28 days     13.2 (0.6)  69 (4)  92.3 
   56 days     13.5 (0.8)  70 (2)  94.4 ___________________________________________________ 
(standard deviations in brackets) 

 
Finally, it is important to refer that the presence of 
C944 was essential for the good resistance of the PP 
geotextiles against thermo-oxidation. Indeed, without 
the additive, geotextiles W2 and W4 would have been 
completely destroyed during the exposure to thermo-
oxidation (Carneiro 2009). 

3.2 Successive exposure 

3.2.1 Geotextile W2 

The exposure to thermo-oxidation after immersion in 
nitric acid did not cause significant changes in the ten-
sile properties of geotextile W2 (comparing with the 
single exposures to each degradation agent) (Table 6). 
Indeed, after 56 days of thermo-oxidation, the speci-
mens immersed in nitric acid had a retained tensile 
strength of 94.7 % (retained tensile strength of 97.7 % 
after 56 days of single exposure to thermo-oxidation). 
No relevant differences were found either in elonga-
tion at maximum load. So, the previous immersion in 

nitric acid had no effect on the resistance of geotextile 
W2 against thermo-oxidation. 
 
Table 6. Tensile properties of geotextile W2 after the multiple 
exposure degradation tests ___________________________________________________ 
Multiple exposure    T (kN.m-1)  EML (%)  TRes (%) ___________________________________________________ 
HNO3 + 28TO     12.2 (1.0)  90 (7)  93.1 
HNO3 + 56TO     12.4 (1.2)  92 (6)  94.7 ___________________________________________________ 
Fe(NO3)3 5 g.L-1 + 28TO  7.3 (0.8)  52 (5)  55.7 
Fe(NO3)3 5 g.L-1 + 56TO  4.2 (0.7)  34 (2)  32.1 ___________________________________________________ 
Fe(NO3)3 10 g.L-1 + 28TO 4.7 (0.4)  44 (4)  35.9 
Fe(NO3)3 10 g.L-1 + 56TO 2.8 (0.3)  32 (2)  21.4 ___________________________________________________ 
(standard deviations in brackets) 

 
Contrarily to the immersion in nitric acid, the immer-
sion in iron nitrate 5 g.L-1 had a considerable impact 
on the thermo-oxidative resistance of geotextile W2 
(Table 6). Indeed, after 28 days of thermo-oxidation, 
geotextile W2 (previously immersed in iron nitrate 
5 g.L-1) had a retained tensile strength of 55.7 %. 

The increase of the exposure time to 56 days in-
duced an additional decrease in tensile strength (re-
tained tensile strength of 32.1 %). Elongation at max-
imum load also suffered relevant reductions after the 
multiple exposure to iron nitrate 5 g.L-1 and thermo-
oxidation. This way, two agents that individually did 
not provoke relevant damage on geotextile W2, to-
gether led to extensive degradation. 

The increase of the concentration of iron nitrate to 
10 g.L-1 caused a more pronounced reduction on the 
resistance of geotextile W2 against thermo-oxidation. 
Indeed, the specimens of geotextile W2 immersed in 
iron nitrate 10 g.L-1 had, after exposure to thermo-ox-
idation, lower retained tensile strengths than the spec-
imens immersed in iron nitrate 5 g.L-1 (comparing the 
same exposure periods) (Table 6). Elongation at max-
imum load also tended to be lower. Therefore, the ve-
locity of the thermo-oxidation process depended on 
the available amount of iron nitrate (assuming that the 
immersion in the most concentrated solution of iron 
nitrate induced a higher contamination of the geotex-
tile). Figure 1 illustrates some mean curves “tensile 
force-elongation” obtained before and after thermo-
oxidation (single and multiple exposures).  

The decrease of the thermo-oxidative resistance of 
geotextile W2 after immersion in iron nitrate may be 
explained by the catalytic action of iron on the oxida-
tive process. There are references in literature (for ex-
ample, Wright, 2001) referring that the oxidation pro-
cess of polyolefins (such as PP) can be accelerated by 
some metals or metal ions.  

Other possible explanations for the reduction ob-
served in the thermo-oxidative resistance of geotex-
tile W2 (after immersion in iron nitrate) would be (1) 
the occurrence of significant losses of C944 in the im-
mersion tests and/or (2) iron nitrate prevented C944 
from efficiently perform its protective functions. The 
occurrence of losses of C944 is unlikely since there 
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was no evidence of losses of the additive in the im-
mersion in nitric acid (the immersion in nitric acid did 
not provoke a reduction of the resistance of geotextile 
W2 against thermo-oxidation) and there is no reason 
to presume that the additional presence of iron could 
have promoted such losses (the solutions of nitric acid 
and iron nitrate were identical, with exception for the 
presence of iron). Regarding the 2nd hypothesis, no 
information was found in literature about the possible 
interaction between iron and C944. 
 

 
Figure 1. Mean curves “tensile force-elongation” obtained for 
geotextile W2 before and after the single and multiple exposure 
degradation tests. 

3.2.2 Geotextiles W4 and B2 

Similarly to what happened for geotextile W2, the ex-
posure to thermo-oxidation after immersion in nitric 
acid also did not cause relevant changes in the tensile 
strength and elongation at maximum load of geotex-
tiles W4 and B2 (data not shown). This confirms that 
the immersion in nitric acid (in the conditions referred 
in Table 3) does not affect the resistance of PP geo-
textiles against thermo-oxidation. By contrast, the im-
mersions in iron nitrate 5 g.L-1 provoked significant 
changes in the thermo-oxidative resistance of geotex-
tiles W4 and B2 (Tables 7 and 8, respectively). 
 
Table 7. Tensile properties of geotextile W4 after the multiple 
exposure degradation tests ___________________________________________________ 
Multiple exposure    T (kN.m-1)  EML (%)  TRes (%) ___________________________________________________ 
Fe(NO3)3 5 g.L-1 + 28TO  11.8 (0.6)  56 (5)  84.3 
Fe(NO3)3 5 g.L-1 + 56TO  10.0 (1.1)  43 (5)  71.4 ___________________________________________________ 
(standard deviations in brackets) 
 
Table 8. Tensile properties of geotextile B2 after the multiple 
exposure degradation tests ___________________________________________________ 
Multiple exposure    T (kN.m-1)  EML (%)  TRes (%) ___________________________________________________ 
Fe(NO3)3 5 g.L-1 + 28TO  7.4 (0.8)  43 (6)  51.7 
Fe(NO3)3 5 g.L-1 + 56TO  6.0 (0.6)  36 (3)  42.0 ___________________________________________________ 
(standard deviations in brackets) 
 

The tensile strength of geotextile W4 suffered a re-
duction after the multiple exposure to iron nitrate 5 

g.L-1 and thermo-oxidation (contrarily to what hap-
pened in the single exposures to these agents). Indeed, 
after 28 days at 110 ºC, geotextile W4 (previously im-
mersed in iron nitrate 5 g.L-1) had a retained tensile 
strength of 84.3 %. The increase of the exposure time 
to 56 days led to a more pronounced reduction of ten-
sile strength (retained tensile strength of 71.4 %). The 
elongation at maximum load of geotextile W4 also 
decreased after the multiple exposure to iron nitrate 5 
g.L-1 and thermo-oxidation. 

The resistance of geotextile B2 against thermo-ox-
idation was also affected by the previous immersion 
in iron nitrate 5 g.L-1. The losses on the tensile prop-
erties of geotextile B2 were more pronounced for the 
highest thermo-oxidation exposure period (56 days). 
The reduction occurred in the thermo-oxidative re-
sistance of geotextiles W4 and B2 can be explained, 
as for geotextile W2, by the catalytic action of iron on 
the thermo-oxidation process. Still, the reductions in 
resistance were not the same for the three geotextiles, 
depending on their chemical compositions. Figure 2 
compares the retained tensile strengths of geotextiles 
W2, W4 and B2 after the successive exposure to iron 
nitrate 5 g.L-1 and thermo-oxidation. 

 

 
Figure 2. Comparison of the retained tensile strength of geotex-
tiles W2, W4 and B2 after the multiple exposures to iron nitrate 
5 g.L-1 and thermo-oxidation. 

 
The reduction occurred on the thermo-oxidative re-
sistance (after immersion in iron nitrate 5 g.L-1) was 
significantly less pronounced in geotextile W4 (with 
0.4 % of C944) than in geotextile W2 (with 0.2 % of 
C944). Indeed, after 56 days of thermo-oxidation, the 
geotextiles W2 and W4 had retained tensile strengths 
of, respectively, 32.1 % and 71.4 %. This showed that 
the thermo-oxidation process of PP geotextiles cata-
lysed by iron was retarded by the presence of a higher 
amount of C944. 

By contrast, the reductions occurred on the 
thermo-oxidative resistances of geotextiles W2 and 
B2 were relatively similar (with exception for the 
presence of carbon black, materials with the same 
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chemical composition). This way, the presence of car-
bon black did not promote an increase on the re-
sistance of geotextile B2 against thermo-oxidation 
(catalysed by iron). 
 
 
4 CONCLUSIONS 
 
The isolated actions of liquids (iron nitrate and nitric 
acid solutions) and thermo-oxidation did not lead to 
pronounced changes in the tensile strength of nonwo-
ven PP geotextiles. By contrast, elongation at maxi-
mum load suffered a reduction after thermo-oxidation 
(no relevant changes occurred after immersion in liq-
uids).  

Contrary to the single exposures, the multiple ex-
posures to iron nitrate (5 g.L-1 and/or 10 g.L-1) and to 
thermo-oxidation provoked relevant damage (deteri-
oration of tensile properties) in the geotextiles. The 
damage suffered by the geotextiles in the multiple ex-
posures was different (much higher) from the sum of 
the damage caused by each agent in isolation. Indeed, 
two agents that individually did not induce relevant 
damage were able in combination to provoke very ex-
tensive degradation. 

The thermo-oxidative resistance of the PP geotex-
tiles suffered a reduction after immersion in iron ni-
trate. This may be explained by the catalytic action of 
iron on the thermo-oxidation process. The decrease of 
the thermo-oxidative resistance was dependent on the 
concentration of iron and on the stabilisation package 
of the geotextiles. Indeed, the increase of the concen-
tration of iron accelerated the thermo-oxidation pro-
cess. In turn, a higher amount of C944 retarded sig-
nificantly the thermo-oxidation process catalysed by 
iron. By contrast, the presence of carbon black did not 
lead to an increase of the thermo-oxidative resistance. 

The results showed that the combined action of the 
degradation agents (which happens in reality) may be 
different (much more severe) from the sum of their 
individual effects. Thus, it is important to evaluate the 
existence of interactions between the different degra-
dation agents of geotextiles. 
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