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and high pressure environment containing CO,/H,S and provide a basis for evaluating the adaptability of 825 alloy in high tem-

Wi B EA: 2020-08-04; fEITHHA: 2020-08-21

Received: 2020-08-04; Revised: 2020-08-21

EERN: &4 (1984—), B, #Mt, TR T OAMMBIRE G,

Biography: LI Ke (1984—), Male, Master, Research focus: materials corrosion and protection.

BIHEE: A2 & (1984—), F, B+, 34, TEMAFT A WABFIREH P,

Corresponding author : ZHONG Xian-kang (1984—), Male, Doctor, Professor, Research focus: corrosion and protection in oil and gas.



F¥178% £l

PR JURBIXT 825 A & 7Emil R RS COo/H,S FRETH I A7 4 1) 72 1)

perature and high pressure environment containing CO,/H,S and elemental sulfur. The 825 alloy was respectively placed in the
simulated gas field environment with and without elemental sulfur for high temperature and high pressure sulfur-containing ex-
periments. The uniform corrosion, local corrosion, electrochemical corrosion behavior, micro-morphology and chemical compo-
sition of 825 alloy were characterized by weight loss method, high temperature and high pressure electrochemical method, scan-
ning electron microscope and energy spectrum test, and the influence of elemental sulfur on the corrosion behavior of 825 alloy
in high temperature and high pressure environment containing H,S and CO, was revealed. In the environment without elemental
sulfur, the uniform corrosion rate of 825 alloy was only 0.0217 mm/a, and there was no local corrosion phenomenon and no
obvious pitting noise signal was detected. In the environment containing elemental sulfur, the uniform corrosion rate of 825
alloy was as high as 0.469 mm/a, and there were obvious local corrosion characteristics and significant pitting noise signal,
which was consistent with the observation results of optical photos. 825 alloy is prone to local corrosion in high temperature and
high pressure environment containing elemental sulfur and chloride ions, which is mainly due to the hydrolysis reaction of
elemental sulfur in aqueous solution. During hydrolysis reaction, elemental sulfur produces H,S and H,SOj, in local areas, which
significantly aggravates the corrosion of 825 alloy under the coupling action of high temperature and chloride ions, and the
corrosion products are mainly oxides and sulfides.
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Tab.1 Elemental composition of nickel-based alloy 825
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JoT 2 53 B %% 41.94 21.75 3.25 0.02 0.18 0.32 0.51 0.10 2.07 1.75 Bal.
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Tab.2 Experimental conditions

Environment Sulfur Solution Time/h  Temperature/'C  H,S pressure/MPa CO, pressure/MPa
Condition A Yes
180 000 mg/L NaCl 100 1.6 0.5
Condition B No
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Tab.3 Corrosion rate of 825 alloy

Condition mo/g my/g Veore/(mm-a ')

7.2547 7.2540
7.3273 7.3247

A 0.0217
7.2456 7.2454
7.7520 7.7369
7.3578 7.3395

B 0.469
7.2609 7.2287

a®Bi. KB bEBL. BB cAEH. KR RS, EB
JEIRT AR RTIET e
K1 825 54&7Ed (a. b) MIAEILERM (¢, d)

JE T 72 0 R EERIE IR S5 (by d) BRI
Fig.1 Optical photos of 825 alloy before (a, c) and after (b,
d) removal of corrosion products after 72 hours corrosion in

environment containing elemental sulfur (a, b) and without

elemental sulfur (c, d)

2.2 RALMK

825 AETE AR ICEM MG E M AE S WA T
WAl Zean &l 2 piR . B 2 T, TEAREICEBLA
PFF, AR A H-0.299 V (vs. Ag/AgCl), FE1E
BTEMEEAIX ], L R BRI, AT,



F¥178% £l

ZERLE . JLREBXT 825 A A TE MR S COo/H,S FREE Hp JE AT A 1Y 52 <13 -

HIXRMAEGAE T, ABEMAEAIAH-0.523 V (vs.
Ag/AgCl), FALIXIARZE, JE il H Y0 285 BE A K o axX i
B 825 A& uEmMAEEAF FTHAEGTRER A&
R 1 st 3 i

1.5 —— Without elemental sulfur
—e— With elemental sulfur

> 1.0+
)
<
o 0.5+
<
£
R oL

—0.5+

107 10 107 10% 10° 10+ 107 107 107
1g[J/(A-cm™?)]
Kl 2 825 A&TERmAILR S EN 1.6 MPa, — R ALk
SN 0.5 MPa., RN 100 C. SRS
TCERLAMT B AL il &

Fig.2 Polarization curves of 825 alloys in the environment
with and without elemental sulfur at H,S partial pressure: 1.6
MPa, CO, partial pressure: 0.5 MPa and temperature: 100 C
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Fig.3 Nyquist plots of 825 alloys in the environment with
and without elemental sulfur at H,S partial pressure: 1.6 MPa,
CO, partial pressure: 0.5 MPa and temperature: 100 ‘C
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Fig.4 Bode plots of 825 alloys in the environment with and
without elemental sulfur at H,S partial pressure: 1.6 MPa,
CO, partial pressure: 0.5 MPa and temperature: 100 C
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Tab.4 EIS fitting results

Condition ~ RJ/(Q-em’) CPEy/(F-cm™-HZ'™) n R/(Q-cm’)  CPE/(F-em™2-Hz'™) 7, Re/(Q-cm?)
A 1.445 4.26x107 0.68 237.7 3.075x1072 0.56 134
B 3.31 1.54x107* 0.81 2447 9.07x107° 0.61 381.2
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Fig.6 Time-domain spectrum of the potential and current
noise curve of 825 alloy in the absence of elemental sulfur
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conversion by wavelet transform in the absence
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825 B A TE R LR B A1 T 45 A W s 4 1 H
IINIE A B ) A A DL AN 8 AN 9 Firs . R LUE
FESLFPIRE T, 825 A & AAAE i A AR S s i 1,
TR it 7 B S5 )RR 2 L 0 B TR R B R B, H
AN U P T I R T PR 5 R o A ) AR A2 B
ALV U 22230

-0.306 0.0

—0.308 | Current 1-2.0x107
z ~0310F 1-4.0x107
B 0312y 1-6.0x107

~ i <
20314 {-8.0x107 =
%—0.316— 11 ox10

0318} 1 Loxios

0320

Potential 41-1.4x107¢
—0322 L | . . . . .
0 100 200 300 400 500 600
tls
B8 SICEB AT WAAAS A B s
Mg i 2 sl 3% 1]

Fig.8 Time-domain spectrum of the potential and
current noise curve in the metastable pitting in the
presence of elemental sulfur
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Fig.10 Variation trend of noise resistance of 825 alloy with
time in the absence of elemental sulfur
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Fig.13 Elemental composition of 825 alloy without
elemental sulfur (a) and with elemental sulfur (b)
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