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Abstract

High-performance polymeric fibers have been used in the recent decades for offshore mooring, such as polyester (PET),
which is used due to its low cost, high strength, ease of processing, and recyclability. The application in the offshore
branch promove a series of studies with the PET fibers, whether analytical, experimental, or numerical studies, and with
different load, exposure and environmental conditions. This work experimentally studies the breaking behavior of
different polyester fibers that go through a hydrolysis process at different temperatures. Methodology applied is hydrolysis
with sea water in an appropriate tank, followed by rupture tests for varied withdrawal. As a result, it is evident that the
hydrolysis process decreases the strength performance of all PETs. For some temperature groups, it shows a gradual
decrease in strength with increasing hydrolysis time. As future study, more data should be collected to capture behavior
and represent it by mathematical models.

Keywords: Mechanical characterization, Synthetic yarns, Hydrolysis reaction, Sea water, Tensile test.

Introduction

In recent decades, the offshore sector has advanced into deeper waters, even replacing
traditional systems in steel ropes and catenaries, and adopting an approach with ropes made of high
tenacity polymeric materials [1].

The challenges in the offshore area led to the development of the use of polymeric synthetic
fibers in anchoring systems. From the point of view of materials, there is a wide variety of options
for synthetic polymeric fibers to be used: polyester, polyethylene, high modulus polyethylene
(HMPE), aramid, polyamide, polyethylene, liquid crystal polymer (LCP), among others. In the
present work, attention was given to polyester, polyethylene terephthalate (PET) [2].

Considering mooring ropes, the structures operate in severe environments: sea water,
bioencrustation, wind action, wave and tidal movements, which can lead to significant changes in
their mechanical properties. This context is an incentive for several research activities related to
offshore branch, whether in samples of ropes, sub-ropes or multifilaments, or even in numerical or
experimental analytical approaches [3-6].

One of the main aging phenomena that occurs in some polymers in service in the oil field is
hydrolysis [7], in which the polymer chains are broken when in contact with water, resulting in a
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rapid decrease in molecular weight and subsequent deterioration of some properties, such as
mechanical properties, especially tensile strength [8-11].

The objective of this work is to evaluate samples of polyester multifilament supplied by three
different manufacturers, in terms of performance at break by hydrolysis process in different
temperatures, 60°C, 65°C and 70°C, during around 100 days of exposure.

Experimental
Materials

Three polyester fibers from different manufacturers were used, and all these fibers are used
specifically for making cores for offshore mooring ropes. The names of the manufactures cannot be
disclosed, so they are called polyester A, B and C. Polyester A and Polyester B has a linear density
indication of 2200 dtex, and Polyester C has a linear density of 3300 dtex.

Hydrolysis test

The hydrolysis process is carried out on the polyester samples in a temperature- and level-
controlled tank. It is noteworthy, through the specific application of the fibers for the offshore sector,
that the hydrolysis was carried out with water collected from the sea, this is not saline water
reproduced in the laboratory, but authentically seawater.

The hydrolysis test was performed with different temperatures: 60°C, 65°C and 70°C. For the
three polyesters, the withdrawal times were slightly different, but the total time of hydrolysis test is
close to 100 days. The hydrolysis tank is shown in Fig 1, and withdrawal times for each polyester are
given in Table 1.

Table 1 — Hydrolysis withdrawal times for each
temperature condition.

For 60°C | For 65°C | For 70°C
0 0 0
14 19 19
28 33 26
42 47 33
56 61 40
70 82 47
84 96 54
98 61

68
82
89
103

Figure 1 — Hydrolysis tank.
& oy Note: Withdrawal times are not exactly the same

because of technical difficulties, related to the operation
of the tank and also to sample quantities.

Yarn Breaking Load

After the immersion time (hydrolysis), 20 samples for each group were broken in a rupture
test, to acquire the Yarn Breaking Load (YBL), following the ISO 2062 [12] procedure. The
specimens were twisted at a rate of 60 turns per meter for homogenization before the rupture, and
then the test followed with recording of force and elongation in the Instron 3365 test equipment where
the extension rate was set at 250 + 5 mm/min. The length of the samples is 1000 + 2 mm for clamping
the samples in the grips of the equipment, the useful test length being 500 mm.

Rupture test procedure is performed in standard atmosphere described in ISO139 [13].

Results and Discussion

As a first result to be considered, the YBL test was performed on samples without exposure
hydrolysis condition. The results are presented in Table 2.
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Table 2 — Reference data for fibers (without hydrolysis).

Polyester A Polyester B Polyester C
Linear Breaking . Linear Breaking . Linear Breaking .
. Strain . Strain . Strain
density strenght %] density strenght %] density strenght %]
[dtex] [N] ’ [dtex] [N] ’ [dtex] [N] ’
2200 173.77 15.58 2200 174.44 16.40 3300 261.15 13.58

Tables 3, 4 and 5 show the rupture results for the polyester samples analyzed in the hydrolysis

process.

Table 3 — YBL results for hydrolysis at 60°C.

PET A PETB PET C
days | Force [N] Dimensionless [%] | Force [N] Dimensionless [%] | Force [N] Dimensionless [%]
0 173,77 100,00 174,44 100,00 261,15 100,00
14 165,53 95,26 172,70 99,00 256,73 98,31
28 159,83 91,98 169,32 97,07 248,30 95,08
42 156,72 90,19 167,19 95,85 241,93 92,64
56 160,63 92,44 165,54 94,90 248,45 95,14
70 158,50 91,21 165,63 94,95 24432 93,56
84 157,39 90,58 169,53 97,18 242,27 92,77
98 159,11 91,56 164,43 94,26 242,48 92,85
Table 4 — YBL results for hydrolysis at 65°C.
PET A PET B PET C
days | Force [N] Dimensionless [%] | Force [N] Dimensionless [%] | Force [N] Dimensionless [%]
0 173,77 100,00 174,44 100,00 261,15 100,00
19 166,58 95,86 173,60 99,52 257,41 98,57
33 162,27 93,38 163,98 94,01 254,88 97,60
47 154,80 89,08 158,84 91,06 250,86 96,06
61 152,03 87,49 155,86 89,35 251,03 96,13
82 147,44 84,85 151,24 86,70 246,57 94,42
96 146,45 84,28 147,00 84,27 239,17 91,58
Table 5 — YBL results for hydrolysis at 70°C.
PET A PETB PET C
days | Force [N] Dimensionless [%] | Force [N] Dimensionless [%] | Force [N] Dimensionless [%]
0 173,77 100,00 174,44 100,00 261,15 100,00
19 162,66 93,61 170,78 97,90 245,05 93,83
26 165,85 95,44 173,55 99,49 248,73 95,24
33 164,02 94,39 171,08 98,07 247,06 94,60
40 161,98 93,22 167,32 95,92 248,64 95,21
47 165,59 95,29 171,28 98,19 246,60 94,43
54 162,58 93,56 166,41 95,40 247,94 94,94
61 161,18 92,76 171,71 98,44 246,63 94,44
68 160,69 92,48 166,85 95,65 244,56 93,65
82 163,28 93,96 167,94 96,28 244,01 93,43
89 160,65 92,45 170,28 97,62 249,62 95,58
103 164,90 94,90 166,36 95,37 244,02 93,44
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Figures 2, 3 and 4 show the data presented in Tables 3, 4 and 5, graphically, for better
evaluation.

—0—Polyester A —A—Polyester B ——Polyester C
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92%
90%

88%
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Days

Dimensionless YBL

Figure 2 — Dimensionless rupture versus hydrolysis time, 60°C.
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Figure 3 — Dimensionless rupture versus hydrolysis time, 65°C.
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Figure 4 — Dimensionless rupture versus hydrolysis time, 70°C.
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As can be seen from the curves, the hydrolysis process reduces the tensile strength property
for all polyesters and groups tested. It is also noted that for 70°C there is a more abrupt drop in the
resistance values for the first withdrawal when compared to the other temperature groups, however
in the continuation of the withdrawals, 70°C presents more stabilized values, while in 60°C and 65 °C
there is a decreasing tendency as time in hydrolysis evolves. Thus, in the 60°C and 65°C groups, the
drop by hydrolysis occurs gradually with longer hydrolysis times, giving a characteristic to the
gradual decay curve within the range tested.

It is observed for PET A and PET B samples, at 60°C and 70°C temperatures, the curves
showed a more stable behavior; while at 65°C, the property values drop, showing the lowest values
of breaking strength. For PET C, a more homogeneous behavior can be observed in the whole
hydrolysis conditions analyzed.

Conclusions

The mechanical degradation caused by hydrolysis in polyester multifilaments is notorious.
The performance related to materials from different manufactures was not a determining factor, no
manufacturer stood out for its resistance to the hydrolysis process.

In addition, data grouping presents different behaviors for temperature groups and also
hydrolysis times. The continuation of the study should be done considering longer hydrolysis times
with regular withdrawals and other temperature groups, both higher and lower. Perhaps a more
complete database will enable the use of mathematical modeling to describe phenomena such as
Krigeage surfaces, Arrhenius equation, among other techniques.
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