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Corrosion Behavior of P110SS Anti-sulfer Pipeline Steel in Low H,S and
High CO, Partial Pressure Environment of Ultradeep Well

LI Dong-mei, LONG Wu, ZOU Ning

(Sinopec Northwest Oilfield Company, Research Institute of Petroleum Engineering, Urumqi 830011, China)

ABSTRACT: Objective To study the corrosion behavior of anti-sulfer lean alloy steel P110SS in high temperature environ-
ment containing low H,S and high CO,. Methods The corrosion rates acquired by weight loss test of P110SS were studied using
high temperature and pressure autoclave in the simulated corrosion environment based on acid oilfield in West China. Combined
with SEM, EDS and XRD, the features of corrosion products were analyzed. Results The corrosion rate of P110SS diminished
with the raise of temperature in single CO, environment. The corrosion rate was 0.35 mm/a at 210 °C. The same regular pattern
appeared when 6 kPa H,S was joined. The corrosion rate was 0.74 mm/a at 150 °C. And the scales on the steel had a two-layer
structure. The inner layer consisted of fine-grained FeCOj; and the outer layer was mainly composed of FeS. When H,S partial

pressure increased to 165 kPa, the corrosion aggravated and it presented the opposite law of corrosion rate. The corrosion rate
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was 2.78 mm/a at 210 °C. The main product was iron sulfide. Meanwhile, the corrosion rate decreased when the corrosion time

was prolonged to 2160 h. Conclusion The mechanism of the above-mentioned variations was discussed according to the analy-

sis on characteristics of corrosion products in different conditions. In single CO, environment, the inner corrosion scale gener-

ated at high temperature, which was flawless carbonate, could protect the substrate preferably. It showed the same regular pat-

tern owing to the domination of CO, when 6 kPa H,S was injected. The inner FeCO; scale was fine. With the H,S partial pres-

sure increased to 165 kPa, the corrosion process was controled by H,S and CO,. The corrision rate rose notablely due to the poor

protection effect of loose and worn iron sulfide.
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Tab.1 Experimental conditions
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Fig.1 Corrosion rate of P110SS anti-sulfer pipeline steel:a)
effect of temperature in environment with different H,S par-
tial pressures, b) effect of corrosion time

J e 2 BHL AR L R e e R4V FE %) Sy P 2 088 o =
Y, 150 CEFF PL10SS F4JE b =4 it PR
IR LG, L BIUZ 450, WK 2d iR .
m iy SEM T OULER B 95 2 7= 9 (1 JE SR AR BIC I 2e ),
23k EDS AT W SN2 B bl CaCO;, W2
i Ca Fl Fe MikMEEE (% 2), 100 CHRMAT
P110SS iFERTE &4 T )R i, A ek gl
RS AEAE, WKl 2f Fr7R . @i fi SEM T WL 2] Ji
FEM AT e (B 2g ), it EDS 4307 & BUE e
Wb E A RKER Cat® (£2), AR 59Ema%
A J Tk = T B T R M B AR A R o T ke
YIAFTE R 248, SR BRI R, ik
N 2B A It — 20 il S
%2 4 CO,REREHMETMRETE

Tab.2 Element compositions of scale after corrosion in
single CO, environment

W/ C WETTE INEILE
210 Ca, Fe, C. O Ca. C. O
150 Ca, Fe, C. O Ca. C. O

100 Ca, Fe, C. O
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Fig.2 Micro morphologies of P110SS after corrosion in single CO, environment: a) SEM (100x) at 210 C, b) SEM (1000x) of
inner scale at 210 ‘C, ¢) SEM (1000x) of outer scale at 210 ‘C, d) SEM (100x) at 150 ‘C, e) SEM (1000x) at 150 ‘C, f) SEM
(100x) at 100 C, g) SEM (1000x) at 210 C
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Tab.3 Element compositions of scale in 6 kPa H,S partial
pressure environment

R/ C WETE VNI
150 Fe. C. O Fe. S
80 Fe. Ca. C. O, S Ca, C. O
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a 150 °C, SEM (100x)
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c 80°C, SEM (100x)
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Fig.3 Micro morphologies and XRD of P110SS after corrosion in 6 kPa H,S partial pressure environment: a) 150 ‘C, SEM
(100x), b) double-layer structure of scale at 150 ‘C, ¢) 80 ‘C, SEM (100x), d) SEM (1000x) of inner scale at 80 ‘C, e) XRD of
scale after corrosion at 150 ‘C, f) XRD of scale after corrosion at 80 ‘C
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Tab.4 Element compositions of scale in 165 kPa H,S par-
tial pressure environment

&1 WZTTHR VIVEIIVES
168h, 210 C Fe, S
720 h, 210 C Fe, S Ca, Fe, C. O
720 h, 100 C Fe, S
2160 h, 210 C Fe, S
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Fig.4 Micro morphologies and XRD of P110SS after corrosion in 165 kPa H,S partial pressure environment: a) corrosion 168 h at

210 ‘C, b) outer scale after corrosion 168 h at 210 °C, c) inner scale after corrosion 168 h at 210 °C, d) corrosion 2160 h at
210 C, e) corrosion 720 h at 100 C, f) XRD of inner scale after corrosion 720 h at 210 C
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