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Service performances of flexible composite pipe for gas field alcohol injection
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Abstract : Flexible composite pipes with polyester fiber-reinforced nylon inner linings are widely used in high-pressure
alcohol-injection environments in gas fields. With an increase of service time, pipeline body aging and joint failures occur more
frequently. In order to clarify the performance change and working condition adaptability of this kind of flexible composite pipe
after application in a gas field alcohol injection environment, morphology analysis, physical and chemical performances analysis,
and pressure bearing performance tests were carried out for each functional layer of the flexible composite pipe before and after
service. The results show that the appearance of the nylon inner lining materials and polyester fiber reinforced layer materials of the
composite pipe change after service in a high-pressure alcohol-injection environment, and the outer protective layer is cracked.
Under the action of methanol, the initial thermal decomposition temperature and melting enthalpy of the nylon inner lining materials
are reduced after service of the composite pipe. The methanol medium penetrates into the interlayer of the flexible composite pipe
through the inner lining layer, and the polyester fiber undergoes a depolymerization reaction with the alcohol group, resulting in a
significant decrease in the tensile properties of the fiber and burst strength of the in-service pipeline. The decrease in the burst
strength of the pipe body is in good agreement with the tensile strength of the fiber, and the joint is the weak part. The original
PA1212 and PA66 inner lining materials cannot be applied to the field high-pressure alcohol injection conditions for a long time. In
the later period, it is recommended to carry out the material selection evaluation for the resistance of the inner lining materials to
swelling and permeability of methanol medium before use.
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Fig. 1 Body structure of alcohol injection pipe
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Tab.1 Sampling of alcohol injection pipeline

Samples Service time Sampling year
Non-use 0 year 2022
G4-2 9 year 2023
G4-01 9 year 2022
W21-14 11 year 2022
GO11-17 14 year 2022
G4-12 14 year 2022
S156 17 year 2023
S179 20 year 2023
Manufacturer 1 0 year 2023
Manufacturer 2 0 year 2023
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Fig. 4 Macroscopic morphology of outer protective layer of alcohol
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Fig. 5 Micro-morphology of outer protective layer of alcohol injection

pipe after in-situ service
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Fig. 9 FTIR spectra of inner lining layer materials of different alcohol
injection pipelines
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Tab.2 DSC test analysis results

Samples Melting point/°C M‘;}EZ‘%_?E};M- Service time
Non-use 180.12 37.43 0 year
G4-2 190.66 30.86 9 year
W21-14 195.30 27.96 11 year
GO11-17 190.61 26.69 14 year
G4-12 191.32 29.24 14 year
S156 98.25/220.23 12.69/12.17 17 year
S179 99.85/221.14 10.33/12.41 20 year
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Fig. 13 Tensile load-deformation curves of reinforced layer fibers of
different alcohol injection pipelines
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Tab.3 Tensile load of reinforced layer fibers

Samples Load/N Service time
Manufacturer 1 166.63
Manufacturer 2 170.80 0 year
Non-use 177.62
G4-2 15.25 9 year
G4-01 17.96 9 year
W21-14 7.96 11 year
GO11-17 11.96 14 year
G4-12 17.92 14 year
S156 53.45 17 year
S179 46.85 20 year
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Tab. 4 Test results of pressure bearing performances of different

alcohol injection pipelines

Samples BursthItI:ngth/ Failure mode Si;\;::e
Manufacturer 1 107.7 Joint leakage ar.ld pipe
body blasting
Manufacturer 2 89.5/89.8 Pipe body blasting 0 year
Non-use 44.4 Joint leakage
G4-2 349 Pipe body blasting 9 year
G4-01 27.4 Pipe body blasting 9 year
W21-14 37 Joint leakage 11 year
GO11-17 32.1 Joint leakage 14 year
G4-12 38.5 Pipe body blasting 14 year
S156 31.5/33.9 Joint leakage 17 year
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