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Abstract

This study produces and characterizes immiscible blend systems made with high-density polyethylene (HDPE) and
post-industrial polyamide 11 (PA11) obtained from offshore. Blends were prepared at an 80/20 (wt.%) HDPE/PA11
ratio. To enhance phase compatibility, high-density polyethylene grafted with maleic anhydride (HDPE-g-MA)
was employed as a conventional compatibilizer at 1.5 wt.% content. In addition, the effect of silicon dioxide
nanoparticles (nSiO,) incorporated at 2 and 4 wt.% contents was evaluated. The compositions were analyzed in the
presence and absence of the compatibilizer. Mechanical, thermal, rheological, and morphological analyses showed
that HDPE-g-MA led to a slight improvement in the interfacial interaction between the immiscible polymer phases.
Moreover, the addition of nSiO,, in the presence of the traditional compatibilizer, led to the most favorable balance
of thermal and mechanical performance, suggesting that nSiO, nanoparticles may act as effective co-compatibilizers
in HDPE/HDPE-g-MA/PA11 systems.
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1. Introduction

Since the emergence of polymeric materials, one of
their main advantages over inorganic materials has been
their low density. However, due to their relatively weak
mechanical and thermal performance compared to metals,
for instance, various polymeric systems have been developed
to meet increasingly demanding applications!*!. To enhance
their performance, polymers were progressively reinforced
with higher filler loadings, which in turn compromised
other properties. From the 1980s onwards, a new class of
materials emerged, the polymer nanocomposites, opening
new possibilities with the advent of nanotechnology!).

The performance of polymer blends is significantly
influenced by the morphology of the dispersed phase,
which can take forms such as spherical particles, fibers, or
lamellae!. Adding nanofillers to polymeric systems has
improved their properties and added new functionalities? ..
Lower production costs and better mechanical and barrier
properties have led to a lot of research and technological
development of these materials!®.
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Nanocomposites are defined as multiphase materials in
which at least one constituent possesses dimensions within the
nanometric scale (0.1-100 nm)&. Polymeric nanocomposites
are hybrid systems in which a polymer, copolymer, or blend
acts as the matrix, and nanofillers are homogeneously dispersed
within it. In general, nanocomposites exhibit superior overall
performance than neat polymers or regular microcomposites'* ',

In immiscible polymer blends, the physicochemical and
mechanical properties of each polymer remain distinct, and the
final material results from the physical combination of two or
more incompatible components. However, upon achieving partial
miscibility and effective interfacial interactions, synergistic
effects may arise, resulting in enhanced or even novel properties
that are not observed in the individual polymers!'..

Among the wide variety of nanofillers, silicon dioxide
(Si0,) nanoparticles have been extensively reported as effective
additives for polymeric matrices, producing nanocomposites
with improved and differentiated properties!*-'¢l.
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The present study focuses on the development and evaluation
of immiscible polymer systems based on commercial high-
density polyethylene (HDPE) and post-industrial polyamide
11 (PA11) from the pressure barrier of flexible pipes. HDPE-
g-MA was used as a compatibilizer, and, additionally, the
potential compatibilizing or co-compatibilizing role of SiO,
nanoparticles was investigated. The innovative aspect of
this work lies in its dual approach: it explores the reuse
of high-performance post-consumer PA11 derived from
offshore infrastructure, which is an underexplored source,
while simultaneously assessing the synergistic effect of
HDPE-g-MA and SiO, nanoparticles in tailoring interfacial
interactions in HDPE/PA11 blends, aiming at sustainable
and high-performance nanocomposite systems.

To contextualize, flexible pipes are key components
in offshore oil extraction, as they provide operational
adaptability under extreme conditions such as great depths,
temperature variations, and intense marine currentst!”"..
These structures consist of multiple polymeric and metallic
tubular layers arranged helically (Figure 1). Each layer
performs a specific function: while the polymeric layers
ensure sealing, the metallic layers provide the mechanical
strength required for operation*' !,

During the service life of these structures, failures
may occur, or decommissioning operations may require
the removal of flexible pipes from service™ >, In both
scenarios, although the pressure barriers are typically
composed of engineering polymers such as polyamide 11
(PA11), polyamide 12 (PA12), or poly(vinylidene fluoride)
(PVDF)P, these materials are usually discarded without
reuse. Therefore, research dedicated to the recycling and
valorization of these polymeric barriers aligns with the
principles of the Brazilian National Solid Waste Policy
(PNRS, 2010), which is defined as an instrument for economic
and social development and described as “a set of actions,
procedures, and means designed to enable the collection and
return of solid waste to the productive sector for reuse in
its own production cycle, in other production cycles, or for
another environmentally appropriate final destination’).

2. Materials and Methods

2.1 Materials

High-density polyethylene (HDPE), grade GM9450F was
supplied by Braskem S.A. According to the manufacturer,
it is a high-density polyethylene produced with bimodal
technology and developed for the high molar mass film
extrusion segment and has a melt flow index (MFI) of
9.3 g.10 min"! (based on ASTM D1238 standard) and a
density 0f 0.952 g.cm™ (ASTM D792).

Post-industrial polyamide 11 (PA11) (442 °C - temperature
at the maximum degradation rate and Tm = 186 °C —
melt temperature) from offshore platforms was donated
by Primaplast. The post-industrial pressure barrier was
previously cleaned, cut, ground, and subsequently quartered
to minimize the expected heterogeneity effect, given that it
is a post-consumer material.

Maleic anhydride-grafted HDPE (HDPE-g-MA, 0.4
wt.% maleic anhydride, Mw = 15,000 g/mol) was bought
from Sigma Aldrich. Nanosilica (n-SiO,) type Aerosil R972
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(hydrophobic, surface area of 110 + 20 m?/g, and particle
diameter around 16 nm) was bought from Evonik.

2.2 Blend and composite preparation

Post-industrial PA11 was manually cut and subsequently
cryogenically ground in liquid nitrogen (Figure 2). Table 1
lists the experimental formulations utilized in this study.
The ratio of HDPE to PA11 was maintained at 80:20. The
amount of HDPE-g-MA was set at 1.5 wt.%, while n-SiO,
was included at either 2 or 4 wt.%. All blends were melt-
processed using a co-rotational twin-screw extruder, with
a temperature profile ranging from 90 to 200 °C at a speed
of 400 rpm.

Test specimens (Type I, ASTM D638) were produced
by injection molding (Arburg 2708).

The injection parameters were the temperature range
for the barrel zone of 210-250 °C, nozzle temperature of
260 °C, injection pressure of 1600 bar, back pressure of
800 bar, injection speed of 10 cm?.s!, cooling time of 30 s,
and mold temperature of 30 °C.

It is important to highlight that the processing conditions
were established based on the thermal behavior of the
materials, as determined by thermal analyses, ensuring that
the selected temperature range was within the processing
window and below degradation temperature.

2.3 Characterizations

Thermogravimetric analysis (TGA) was performed on
a Q500 (TA Instruments) equipment under N, atmosphere
from 30 to 700 °C at 10 °C min™'. The maximum degradation
temperature (T, ) values were determined to assess the
thermal stability of the materials.

X-ray diffraction (XRD) was conducted on a Rigaku
Ultima IV diffractometer (CuKa, A=1.54 A, 40 kV, 30 mA)
over 20 = 2-80° at 1° min™'. The crystallinity degree (yc)
was calculated using Fytik software.

Interlocked
carcasses

\ Pressure

Figure 1. Photo of a typical unbonded flexible riser used in offshore
applications, highlighting its main structural layers: interlocked
carcasses, pressure armor, tensile armor, pressure barrier, and
outer sheath.
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Figure 2. Photo of post-industrial PA11 and ground sample.

Table 1. Compositions based on HDPE/PA11—Amounts in wt. %.

CLAPTEC

Sample Code HDPE PA11 HDPE-g-MA nSio,
HDPE/PAI1 80 20 - -
HDPE/HDPE-g-AM/PA11 80 20 1.5 -
HDPE/PA11 + 2% nSiO, 80 20 - 2
HDPE/HDPE-g-AM/PA11+ 2% nSiO, 80 20 1.5 2
HDPE/PA11 + 4% nSiO, 80 20 - 4
HDPE/HDPE-g-AM/PA11+ 4% nSiO, 80 20 1.5 4

The surface morphology of the compositions was
analyzed using a TESCAN FEG microscope at 10 kV of
voltage. Samples were fractured using liquid nitrogen and
then coated with gold.

Oscillatory rheology was carried out on an Anton Paar
MCR 301 rheometer with 25 mm parallel plates and 1 mm
gap at 200 °C. Stress sweep determined the linear viscoelastic
region, followed by frequency sweeps (100 Pa, 0.1-600 rad/s)
to obtain complex viscosity (n*) and storage modulus (G”).

Tensile tests were performed using a universal testing
machine (EMIC DL3000) according to ASTM D638
(Type I) at a crosshead speed of 50 mm min-1. This test
was replicated 5 times.

Data were analyzed using STATISTICA 6. ANOVA
verified significant differences, with residual normality
and variance homogeneity tested. Fisher’s LSD test was
applied at o= 0.05.

3. Results and Discussion

3.1 Thermal analysis

The thermal stability of the HDPE/PA11 systems, with
and without n-SiO, nanoparticles, was evaluated based on
their T, . values, as presented in Table 2.
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Table 2. TGA results of the HDPE/PA11 compositions.

Sample Code Ty CO £2°C
HDPE/PA11 467
HDPE/HDPE-g-AM/PA11 461
HDPE/PA11 + 2% nSiO, 479
HDPE/HDPE-g-AM/PA11+ 2% nSiO, 482
HDPE/PAL1L + 4% nSiO, 466
HDPE/HDPE-g-AM/PA11+ 4% nSiO, 479

Although HDPE-g-MA is recognized to be an efficient
compatibilizer for HDPE and PA11 blends!'*'*!, a reduction
inT,,,, for the HDPE/PAI11 blend was observed (Table 2)
and showed in the TGA/DTG thermograms (Figure 3).
This decrease in thermal behavior can be attributed to the
fact that the PA11 used in this study is a post-industrial
material; therefore, it was exposed to oil during service,
which could have impaired the compatibilization efficiency
of HDPE-g-MA.

The addition of 2% wt. of nSiO, to the HDPE/PA11 blend
ledtoarisein T, , value (approximately 12 °C), indicating
enhanced thermal stability. This behavior can be attributed to
the barrier effect promoted by well-dispersed nanoparticles,
which restrict the diffusion of volatile degradation products
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and delay thermal decomposition!'-"*°!. In the compatibilized
system (presence of the compatibilizer agent), the addition
of 2 wt.% nSiO, resulted in a slightly higher increase in T,
(15 °C), suggesting a synergistic effect between HDPE-g-
MA and the nanoparticles, improving interfacial adhesion
and dispersion!! -+,

Athigher nanoparticle loading (4 wt.%), no significant
increase in T,,, . was observed for the non-compatibilized
blend, likely due to nanoparticle agglomeration, which
reduces the effective surface area and limits the barrier
effect!®*]. In contrast, in the presence of the compatibilizer,
the addition of 4 wt.% nSiO, still promoted an increase in
T, ;11 although comparable to that observed at the composition
without the compatibilizing agent. This result suggests that
HDPE-g-MA contributes to a more effective dispersion of
nanoparticles, even at higher loadings, maintaining their
stabilizing effect!'>*.

It is important to note that PA11 used in this study
is a post-industrial material, which may introduce some
variability in the results due to differences in prior
processing and service history!'*!°). However, to minimize
heterogeneity, the PA11 was previously ground to improve
its dispersion within the HDPE matrix. Therefore, the
observed thermal behavior is primarily associated with
morphological factors, such as nanoparticle dispersion
and interfacial interactions, rather than solely the previous
exposure conditions of the PA11.

Itis also important to highlight that the mass loss observed
in the temperature range between 30-250 °C refers to the
loss of plasticizer, normally present in commercial grades
of PA11 used in the manufacture of pressure barriers.

3.2 Morphology — SEM analysis

Figure 4 shows the SEM micrographs of neat HDPE,
HDPE/PA11 blends with and without compatibilizer, and
HDPE/PA11/nSi0, composites with and without compatibilizer.

According to Figure 4a, the HDPE/PA11 binary blend has
typical island-sea-type morphology, where irregular droplets
(island phase) are dispersed in the HDPE matrix (sea phase).

When the compatibilizer (HDPE-g-MA) was added to the
HDPE/PA11 binary blend (Figure 4b), the droplets of PA11
seem to have become more uniform, although there is no
evidence of having an effective interaction between the HDPE
and PA11 phases. Further, adding 2% and 4% wt. nSiO, to
the HDPE/HDPE-g-MA/PA11 blends (Figures 4d and 4f)
changed the PA11 dispersed phase morphology compared
to the HDPE/PA11 blends containing the same amount
of nSiO, but without HDPE-g-MA (Figures 4c and 4e).
The dispersed phase of PA11 becomes more uniform
and well dispersed in the HDPE matrix, indicating an
improvement in interaction between the HDPE and PA11
phases. Similar behavior was reported in the literature for
an HDPE/PLA blend with HDPE-g-MA compatibilizer
and CaCO, nanoparticles (nCaCO,)™. In that study, the
authors reported that a reduction in the interfacial tension
caused a synergistic effect of HDPE-g-MA and nCaCO,.
The morphologies observed in Figure 4 also suggest the
synergistic effect of the SiO, nanoparticles and HDPE-g-MA
on the interaction between the immiscible phases, HDPE
and PA11. These evaluations corroborate the previously
discussed results (Table 2), indicating that, in the presence
of the HDPE-g-MA, nSiO, can act as a co-compatibilizer
for the HDPE/PA11 blend.

3.3 X-ray diffraction (XRD) analysis

Figure 5 presents the X-ray diffraction patterns of the
raw materials: HDPE (a), PA11 (b), and nSiO, (c). The
diffractograms of the processed materials, including neat
HDPE, PAT1l, nSiO,, and the HDPE/PA11 blends and
composites, are shown in Figure 5d.

The crystalline peaks of PA1l are observed at
diffraction angles (20) of 20.2°, corresponding to the (100)
crystal plane, and at 23.5°, corresponding to the (010)
and (110) planes, which are characteristic of the triclinic
a-form arrangement®’. HDPE has a strong reflection
peak at 21.6° and a weaker one at 24.0°. These peaks
correspond to the orthorhombic unit cell structure of the
(110) and (200) reflection planes, respectively. These 20
values are consistent with those reported in the literaturel**.

—— HDPE_PAT1
100 —— HDPE_HDPE-g-MA_PA11
—— HDPE_PA11_2Si02
—— HDPE_PA11_4Si02
- - HDPE_HDPE-g-MA_PA11_2Si02
~ - HDPE_HDPE-g-MA_PA11_4Si02

80 - \

20

T T T T T T T
100 200 300 400 500 600 700
Temperature (°C)

(a)

30 {[—— HDPE_PA11
—— HDPE_HDPE-g-MA_PA11

—— HDPE_PA11_28i02

—— HDPE_PA11_4Si02

- - HDPE_HDPE-g-MA_PA11_2Si02
- - HDPE_HDPE-g-MA_PA11_4Si02
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Figure 3. (a) TGA curves and (b) DTG curves of HDPE/PA11 compositions.
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There are two more weak peaks at about 30.0° and 36.2°,
which are caused by the (210) and (020) planes, respectively.
There are also a few other small reflections in the 38°-60°
range”®). The commercial nanosilica, Aerosil® R972, exhibits

Polimeros, 36(3), 20260030, 2026

abroad amorphous profile, lacking distinct reflections from
crystalline planes, which indicates its amorphous morphology.
Literature suggests that more crystalline forms would show
peaks at 13° (020), 17° (110), and 30.7° (002)™.

®

Figure 4. SEM micrographs of (a) HDPE/PA11, (b) HDPE/HDPE-g-MA/PAL11, (c) HDPE/PA11 + 2% nSiO,, (d) HDPE/HDPE-g-AM/
PA11+ 2% nSiO,, (e) HDPE/PA11 + 4% nSiO,, and (f) HDPE/HDPE-g-AM/PA11+ 4% nSiO,.
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Figure 5. X-ray diffraction patterns (a) HDPE, (b) nSiO,, (c) PA11 and (d) neat HDPE, PA11, nSiO,, and HDPE/PA11 blend.

The diffractograms show that the HDPE/PA11 blend
exhibits peak positions similar to those of the individual
neat polymers. The HDPE/PA11 blend shows the typical
HDPE reflection peaks, with a strong signal at 21.6° and a
weaker one at 24.0°, assigned to the (110) and (200) planes
of the orthorhombic unit cell®. The weaker reflections at
20 ~ 30.0° and 36.2° correspond to the (210) and (020)
planes, respectively, and minor reflections are also visible
in the 38-60° rangel*"!. The characteristic HDPE peaks in
HDPE/PA11 exhibit an amorphous halo, attributed to the
overlapping PA11 phase peaks.

Figure 6 compares the diffractograms of HDPE/PA11
blends, with and without the HDPE-g-MA compatibilizer,
and composites based on HDPE/PA11/nSiO, with and
without the commercial compatibilizer.

Figure 6 illustrates that the two primary crystalline peaks
located at 21.6° (110) and 24.0° (200) of HDPE exhibited
no significant changes in intensity following the addition of
the compatibilizing agent. In contrast, the intensity of these
peaks decreased in systems containing nSiO, nanofiller,
regardless of the presence of the compatibilizing agent.
This reduction was particularly pronounced in the systems
with both the compatibilizing agent and nanoparticles,
highlighting the synergistic effect of HDPE-g-MA and
nSiO, in enhancing the interaction between the HDPE and
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PA11 phases. Table 3 shows the crystallinity degree of the
samples calculated from XRD data.

Table 3 shows that the addition of PA11 to HDPE causes
a decrease in its crystallinity degree, indicating that the
presence of the dispersed PA11 phase hinders the growth
of HDPE crystals. With the addition of the compatibilizing
agent, there was a more pronounced decrease in crystallinity
degree, indicating a greater impediment to crystal growth,
probably due to interaction between the HDPE and PA11
phases. The lowest crystallinity values are observed in the
HDPE/HDPE-g-MA/PA11 composites containing 2 wt.%
and 4 wt.% nSiO,, suggesting a strengthened interphase
interaction. This behavior is consistent with literature
findings in which hydrophobic nanosilica combined with
compatibilizers reduces crystallinity by localizing at the
polymer’s interface, restricting chain mobility, and thus
reducing the ability of HDPE chains to organize into
crystals[%.,‘»l.,‘»l]'

3.4 Oscillatory rheology

Oscillatory rheology was utilized to assess the viscoelastic
properties of the polymeric systems. Low-frequency
measurements yield important insights into the phase structure
and the effectiveness of dispersion within the blends®.

Polimeros, 36(3), 20260030, 2026
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Figures 7 and 8 illustrate, respectively, the complex viscosity
(n*) and storage modulus (G’) as a function of frequency
for HDPE/PA11, both with and without a compatibilizer,
as well as for HDPE/PA11/nSiO, compositions, which also
vary in the presence of the HDPE-g-MA compatibilizer and
different amounts of SiO, nanoparticles.

The addition of HDPE-g-MA increased the elastic
response of the blends, indicating higher flow restriction and
improved interfacial adhesion between the polymer phasest’.

Table 3. Crystallinity degree (y, ) of neat HDPE and HDPE/PA11
compositions.

Sample Code % (%)
Neat HDPE 66
HDPE/PA11 60
HDPE/HDPE-g-AM/PA 11 56
HDPE/PA11 + 2% nSiO, 53
HDPE/HDPE-g-AM/PA11+ 2% nSiO2 45
HDPE/PAI11 + 4% nSiO, 54
HDPE/HDPE-g-AM/PA11+ 4% nSiO, 48

The incorporation of SiO, nanoparticles also affected the
viscoelastic behavior, as shown by the increased values of
both complex viscosity (Figure 7) and storage modulus
(Figure 8) at low frequencies. This behavior suggests that
the nanofiller promotes higher phase interaction, even in
the absence of the compatibilizer, due to possible physical
interactions between the polar groups of PA11 and the
surface hydroxyl groups of the silica nanoparticles?**%31],

Oscillatory rheology is a key technique for assessing
the viscoelastic nature of polymer blends, enabling the
correlation of theological responses with the morphological
structure and phase dispersion. The results indicate that the
compatibilized systems exhibit more elastic characteristics,
especially at low frequencies, confirming the enhanced
interfacial adhesion provided by HDPE-g-MA and nSiO,
nanoparticles in the HDPE/PA11 matrix[**.

3.5 Tensile properties

Tensile testing results are presented in Table 4. The
mechanical properties of the HDPE/PA 11 blends were evaluated
by tensile testing, showing that the addition of nSiO, generally
increased tensile strength, stress at break, and elastic modulus.

Table 4. Mechanical properties of neat HDPE, HDPE/PA11 and HDPE/HDPE-g-MA/PA11 compositions, with different contents of nSiO,.

Sample Code Stress at break (MPa)* Elastic Modulus (MPa)* Strain at Break (%)*
HDPE/PAI1 9.0 667 58
HDPE/HDPE-g-AM/PA11 9.3 649 72
HDPE/PAI11 + 2% nSiO, 12.0 713 41
HDPE/HDPE-g-AM/PA11+ 2% nSiO, 11.7 746 75
HDPE/PA11 + 4% nSiO, 11.5 695 42
HDPE/HDPE-g-AM/PA11+ 4% nSiO, 11.2 751 79

*The values had been verified by performing ANOVA, and a confidence interval of 0.95 was applied.

' .

HDPE/ HDPE-g-MA/ PA11+ 2% nSiO,

HDPE/ HDPE-g-MA/ PA11+ 4% nSiO,
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HDPE/ HDPE-g-MA/ PA11

—

HDPE/ PA11

C SLTL%
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10
26
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h

30 35 40

Figure 6. Diffractograms of neat HDPE and HDPE/PA11 compositions.
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Figure 8. Rheology curves of storage modulus (G’) versus frequency for HDPE/PA11 and HDPE/HDPE-g-MA/PA11 blends containing

2 wt% and 4 wt% nSiO,.

Based on the Fisher LSD statistical test, the mean
values of stress at break of samples with nSiO, were
statistically similar to each other but significantly higher
than the HDPE/PA 11 matrix, indicating that the nanofiller,
with or without HDPE-g-MA, enhances mechanical
performancel*’2%. Regarding the elastic modulus and
strain at break properties, statistical analysis revealed that
the HDPE/PA11 compositions with nSiO, nanofiller tend
to present the lower values compared to the composites
with the presence of the compatibilizing agent, signaling
a co-compatibilizing effect of the nanoparticles with the
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commercial compatibilizer in the tensile properties. It is
important to highlight that HDPE/HDPE-g-MA/PA11
systems with the addition of nSiO, exhibit greater toughness
compared to other compositions.

Overall, the mechanical, rheological, and thermal
performance of the HDPE/PA11/n-SiO, blends suggests that
the addition of SiO, nanofiller with HDPE-g-MA provides
an optimal combination of tensile strength, flow properties,
and thermal stability, making these materials promising for
injection-molded applications in construction and other
industrial uses.
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4. Conclusions

This study developed and characterized immiscible blend
systems based on high-density polyethylene (HDPE) and
post-industrial polyamide 11 (PA11) sourced from offshore
pressure barriers. The addition of HDPE-grafted with maleic
anhydride (HDPE-g-MA) as a compatibilizer improved
interfacial adhesion between the polymer phases, although
only modest enhancements were observed. Incorporation of
silicon dioxide nanoparticles (nSiO,) at 2 and 4 wt.% further
influenced blend properties, with 2 wt.% nSiO, yielding a
significant increase in thermal stability due to improved
nanoparticle dispersion and barrier effects. The synergistic
combination of HDPE-g-MA and nSiO, was particularly
effective, resulting in the best balance of mechanical strength,
toughness, and thermal performance.

Morphological analysis revealed that compatibilized
blends containing nSiO, exhibited a more uniform and well-
dispersed PA11 phase within the HDPE matrix, confirming
enhanced phase interaction. X-ray diffraction demonstrated
a reduction in crystallinity degree associated with the
presence of PA11 and further decreased by the addition of
compatibilizer and nanoparticles, indicating strengthened
interphase interactions and restricted chain mobility.

Rheological results showed that compatibilized blends
and nanocomposites displayed increased elastic modulus
and complex viscosity values, especially at low frequencies,
verifying improved interfacial adhesion and phase dispersion.
Tensile tests confirmed that blends incorporating nSiO,,
with or without HDPE-g-MA, achieved higher mechanical
performance, with the best toughness and modulus observed
in systems containing both additives.

Overall, the findings demonstrate that nSiO, nanoparticles
act as effective co-compatibilizers in HDPE/HDPE-g-MA/
PA11 blends, enabling the production of sustainable, high-
performance nanocomposites suitable for injection-molded
applications. The reuse of post-industrial PA11 aligns with
circular economy principles, offering promising routes for
the valorization of engineering polymers from offshore
infrastructure.
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