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ABSTRACT: The work aims to analyze the cause of internal corrosion thinning of corner elbow used in a shale gas
transformation platform, so as to determine the corrosion type and corrosion mechanism, put forward the anti-corrosion methods

and improve the service safety of corner elbow. The corner elbow for shale gas transportation was taken as the research object to
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carry out basic research on corrosion thinning behavior in corner elbow, analyze corrosion morphology and distribution through
macro observation and size measurement, explore the corrosion products through physical and chemical detection, micro
observation and phase analysis, and comprehensively analyze the cause of corrosion thinning in corner elbow. Macroscopic
analysis showed that there was a corrosion steps due to the sudden change in inner wall thickness between the outer arc side and
the neutral zone, and the maximum thinning rate of wall thickness was 63.4%. The results of electron microscopy and
metallographic analysis showed that the corrosion pits on the inner wall of the elbow developed in depth and peeled off layer by
layer, and the corrosion products were loose with various morphologies. The results of energy spectrum and XRD analysis of the
corrosion products showed that the corrosion products of the inner wall of the tube were mainly FeS, Fe,0;, FeCOs, etc. The
internal corrosion might be related to CO,, H,S, SRB and so on. The synergistic action of sulfate reducing bacteria (SRB)-CO,
corrosion is the main reason for corrosion thinning of inner wall, while the existence of SRB catalyzes the CO, corrosion.
Meanwhile, the damage to corrosion product film and the erosion of elbow outside arc by Cl™ accelerates the corrosion. It is
suggested that the source of SRB be determined so as to effectively put fungicides in the pipeline. At the same time, the inner

wall of the pipeline should be cleaned regularly to avoid long-term bacterial colonies attaching to the inner wall. In addition, a
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multi-stage gas-liquid separation device should be added to strictly control the moisture content in the gas phase.

KEY WORDS: corner elbow; corrosion thinning; sulfate-reducing bacteria; internal corrosion; synergistic action
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Tab.1 Measurement results of elbow geometric dimension

mm
. 0° 90° 180° 270°
Location (Inner arc side) 45° (Neutral zone of 135° (Outer arc side) 225° (Neutral zone of  315°
inner arc side) outer arc side)
Location 1 6.84 6.48 6.38 5.49 4.29 5.74 6.38 7.18
Location 2 7.06 6.24 6.41 3.20 4.35 3.46 6.49 7.31
Location 3 6.73 6.01 6.36 2.83 3.65 2.60 6.08 6.89
Average 6.88 6.24 6.38 3.84 4.10 3.93 6.32 7.13
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Fig.3 Layering characteristics of corrosion products
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Fig.4 Dense distribution of corrosion pits and corrosion steps Fig.5 Depth development morphology of corrosion pits
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corrosion products microorganisms in corrosion pits
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Tab.2 Energy spectrum analysis of various corrosion products

. . . i f i i
Corrosion products I~ Corrosion products II Corrosion products 111 Corrosion products of - Corrosion products in

Element inner surface the Bottom of pit
Mass/%  Atom/% Mass/%  Atom/% Mass/%  Atom/% Mass/%  Atom/% Mass/%  Atom/%

C 1.82 4.41 12.13 28.92 7.34 22.62 4.65 13.44 3.07 6.34
(0] 33.24 60.50 29.07 52.01 12.18 28.20 24.70 53.63 45.36 70.29
S 0.76 0.79 9.35 8.35 1.10 1.27 8.31 9.00 1.07 0.83
Fe 61.17 31.89 1.39 0.71 65.63 43.53 22.10 13.75 49.80 22.11
Ca 0.75 0.54 — — 0.41 0.38 — — 0.70 0.43
Cl 2.27 1.87 — — 0.52 0.54 — — — —

Ba — — 48.05 10.01 12.82 3.46 40.24 10.18 — —
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Fig.10 Corrosion products of inner wall

3 =FeS ¢ Fe(CO;)
4 Si0O, ¢CaCoO;
% Fe,0; #BaS0,

Intensity (a. w.)

0 10 20 30 40 50 60 70 80
20/(°)

P11 ) XRD J3Hré 2R
Fig.11 XRD analysis results of corrosion products
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