Environmental Testing on Composites Overwrap Repairs :
Effects of Curing on Durability

S H Mohd Ramli*, F Ahmad*, Z Man*, K H Leong* — *PETRONAS Group Research, *Universiti Teknologi PETRONAS

Introduction Results 2.0 Environmental Tests

Composite materials have been successfully used in the repair of ageing and 1.0 Materials Characterisation The specimens were taken out of the chamber and the weight difference were 3.0 Microstructural Examination
damaged steel pipes in the offshore sectors and application of composites repair Fingerprinting of the material revealed the presence of C=0 peaks indicating recorded after 48 hours (as shown in Table 1) up to 312 hours. Visual Microscopical examination of the cross-section of the samples were taken before
is on an upward trend due to its reliability and cost-effectiveness, which stem that the matrix is a Polyester, with a T, of 115°C (midpoint). These observation also showed no apparent change in colour of the material in both and after immersion, for both the RT-cured and UV-cured samples. The
from the advantageous properties of composites. Nevertheless, whilst short-term properties were used as reference data for comparison with the samples sets of samples. However, some slight material loss had been observed in the examination revealed that no significant change was observed in the
reliability of composite repairs are relatively well documented, their long-term subjected to weathering test as mentioned before. RT cured specimens as early as after 144 hour exposure as seen in Fig 4b. microstructure of the samples, either in the RT-cured or the UV-cured samples,
durability is less well understood. It should also be highlighted that application for both 2 layer and 4 layer configuration., as shown in Figures 8 and 9.
of the repair on-site relies heavily on the surrounding environment as well as the FTIR analysis on the unexposed samples showed that there is a difference in The weight change of the samples were observed to be very little even after 312 ——— - i | o £
operator skills. In an ideal situation, it would be assumed that the application intensity of the spectrums of the UV-cured and RT-cured specimens. hours immersion, and similar observations were recorded for both the UV-cured '::;' LT s s AR T A f SRR i R
adheres completely to the guidelines. However, in reality, this iz sedom However, upon initial immersion tests, the spectrums were observed tobe and the RT-cured samples as seen in the graph shown in Fig. 6. 4 f;:. | ."fﬁ- ‘“-;--”.f--' %% *~'f$-fg:;'"'f.F’T E 2 e e T o ek, S 2 B g
achieved. The study is therefore aimed to investigate the progressive changes in simnilar for both sets of samples. This indicates that the UV-cured sample e e A T . s s T A Sy 3
behaviour and properties of the system when subjected to two differing curing did not undergo any change upon immersion, but the RT-cured sample had a B ST ™ G e el e Ry Wkl L8 3
conditions and consequently submerged in seawater for extended periods. change in the intensity and the spectrum was now similar to that of the UV- g7 T T A B , L e Tl e b
Reports include materials characterization results, weight changes as well as cured specimens as shown in Fig 3b. However, upon prolonged immersion iy A o e Yl ; PR Y
findings from microstructural analyses using optical microscopy. Apat from (312 hours), a change was again observed in the RT-cured sample as the Az Aea 2 ‘; ¥ = = -*‘;“f Y S td
general obgervation, the results will also be presented in the context of the intensity of the spectrum had decreased as seen in Fig 3¢. The UV-cured : S A | F : S : S
numb er of overwrap layers. spectrum remained the same after 312 hours immersion. BT ; T :, 1 : :
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. Ig. 1. lypical composites overwrap repair Fig 4a: 2-layer UV cured sample Fig4b: 2-layer RT cured sample _ _
= on an offshore riser after 144 hours seawater exposure after 144 hours seawater exposure Fig8a Micrograph of RT-cured sample Fig 8b Micrograph of LiV-cured sample
‘ - before immersion (layer) at 10x before immersion (Zlayer) at 10x
2 - magnification magnification
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Preforms of selected wrap material were bonded onto samples for environmental 5 \ el | R | { 1% [ ) _ = -
tests af differing curing Ilnnditinns. The wrap material I:s of glass reinforced X : I',f" | e iik] Fig da: 2-layer UV cured sample  Fig ob: 2-layer UV cured sample o T .r":: R G S S
polyester commonly used for overwrap repair in the oil and gas industry. The - |/ Rrvigin bkn e | after 312 hours seawater exposure after 312 hours seawater exposure : PR ATy ‘
materials will be subjected to environmental tests via immersion test in natural - 1., AL ol o m_' : ienidne
seawater, to study the moisture uptake behaviour of the repair materials. The - =3 i e | ﬁ L : A e
variable of interest will be the curing conditions and the different thickness of g, " W . O oeo o weight change VS time -
the repair materials, namely 2-lay er and 4-layer of the wrap material. _ o Fig 9a Micrograph of RT-cured sample after Fig9b Micrograph of UV-cured sample after
Fig3a FTIR spectrums of virgin (unexposed) UV- and RT-cured samples ’ | immersion (2layer) at 10x magnification immersion (2layer) at 10x magnification
2.0 Specimen Preparations/Curing Regime 5 !
The material of interest is a chopp ed-strand mat isophthalic polyester based
(proprietary) prepreg, and iz activated by UV cure for 24 hours. Two zefz of o0 p AN ovash 5 % e -
samples were prepared; cured in direct ultraviolet (UV cured) and cured in lab W ) N E.., ) s CO nCI usions
Cﬂﬂdl.t‘lﬂﬂ (RT cu.;red). Hreparaions were pgifnnnec.l e » W 1) E == U In this study, initial observations showed a difference in hardness values between the
suppliers” guidelines, which mcluded gpplying a primer on the prepreg and “ AT AT ’ ed and RT cured samplez. However, upon exposure to seawater, a similar trend
hardened for an hour before applying the following layer. Final cure is 1\ | [ leal 's ARe Chireth A SUERES: IR 2 ? :

_ _ ® o o I A | 1 was observed whereby an increase in hardness was noted in both sets of samples. This
CRUEL RIS COMRI sl %4 hm.lrs o 3 I || e el W (] il was interesting, as it was anticipated that the hardness would decrease after immersion in
arefaken aner:2: nourgunns g Barcol Harness teat " ‘|'| : . | A ol | | d o\ y d*]k : A8H 144H 192H 240H 312H seawater due to softening of the resin. With respect to weight change, there was no
R — i | i‘ | Y | 7 J,ula:""-.J ?'J: ? significant weight increase noted, and similar behavior was observed for all samples.

The materials were subjected to a series of materials characterisation analysis T: Tfﬂ T i, l.I o s [ ) Fig 6 . Weight change trend after 312 hours exposure ge{l;gf:rnpﬁE;;:;;iLifﬁ?;iﬂﬂ?:ﬂjiﬁ;&;mﬁgi:ﬂS fritlllf:;:p];]ll:ntzrtsllg;;m
with the aim of fingerprinting the material before and after immersion to 5 | !%»;-ﬁ 1 1, e results. There was a difference in the spectrum intensity between the unexposed RT-
seawdler; The ty.pe nft?ﬂtg IIICIUEIIEFHI_II‘IEI‘. Trangtorm II]ﬁ'HRE(.l (FTIR). y t’% e A 4.0 Hardness Test cured and the UV-cured sample, but upon initial exposure, the RT-cured spectrum

s scioscyyg B b al Deaniiy ASateriichy e land e wseomcal s o - Ve o 88 The hardness values of the exposed samples revealed a similar frend whereby all samples app eared to be simnilar to that of the UV-cured. However, upon prolonged exposure, the

examination. Microstructure of the samples are also recorded before and after

—— experienced an increase in hardness values after 312 hours exposure, and this was observed both in  RT-cured spectrum experienced another change. The UV-cured spectrum remained

the 2 layer samples and 4-layer samples. Figure 7 shows the trending of the hardness, whereby a unchanged with exposure.

increase in value is seen after 48 hours exposure onwards.

4.0 Environmental Test _ o o _ N
The observations gathered in this study therefore, indicates that the curing condition does

The samples are subjected to immersion in natural seawater up to 312 hours (44 - hardiness Ve ime : e
days) and is periodically evaluated at intervals of 2-3 days. The test temperature " e ; have some effect on the material to some extent, although in this case, the effect may not
is maintained at ambient temperature. o i b [ — 26 be too evident as the exposure time may be too short to affect the material. Further
«t A 110 A 84 studies is being recommended to look at effects after prolonged exposure and harsher
—— —— L | |wmn W) 4 : environmental conditions.
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indicated some changes between the two differently cured samples
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