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Galvanic Corrosion Behavior of Nickel-based Alloy 925 for Downhole
Tools Coupled With 110SS Steel
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ABSTRACT: To investigate the galvanic corrosion behavior and galvanic effect between nickel-based alloy 925 for downhole
tools and sulfur resistant pipeline 110SS steel in different area ratios, a High temperature and high sour environment was simu-
lated in oil and gas field in China. Electrochemical tests and immersion corrosion tests were conducted in a high temperature and
high pressure autoclave, and the corrosion products formed on the metal surface were analyzed by scanning electron microscopy
(SEM) and energy disperse spectroscopy (EDS), The results indicate that the free corrosion potential of 110SS steel is much
lower than that of nickel alloy 925, even after coupling, galvanic corrosion occurs. The galvanic corrosion rate is positively cor-
related with the ratio of anode and cathode. While the coupling of heterogeneous metals has no obvious effect on the corrosion
products and corrosion mechanism.
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Tab.1 The chemical composition of the test material %
v C Cr Ni Mn Si Cu Al
925 0.016 21.84 45.35 3.24 0.56 0.30 1.72 0.42
110SS 0.20 0.504 0.021 0.737 0.50 0.22 0.026 —

JH 3204, 600#. 800#. 1200#7K D ACH I FT BE
Je FZEIE AR e . ik, B RRT, B &, 8
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o T L ok g T R SIZ G o B URA B 1) ok 3k B
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Corrosion rates of 925 and 110SS in different area
ratio Surface area ratio of cathode to anode

Fig.1

H P 2 AT 2T, B B AR AR L X B AR T o i 3 5
AR, TR LA, R A4 I ik A, (HAR R T
110S'S FA 7 5 ot F JE e 4 o % 925 SRt , B B Th
B XH B JE ok ke R A 2 AT B B AR 2R, X
JERH 925 AT Cr. Ni JGE, FEJE A i b Ay 7=

a T UERT

& 3
Fig.3

YIRE 27 A S R & 4, Ak Cr(OH);, AN & &
RSB, 50208 . BEBA FHAR AR LG A osis)s
FEN BB 925 (B s e . IR/, 7E 1:5
118753/ N (5162 1 N o= 1 ) 0 O S R £
FEL (PR JE ol R M R, A F BHA 4 Ja 1 J ok T3 R
T ok 22 585 i 25 ) LA T L L 1 /NS T R R

19

18 - 174803

L7 1.625 09

1.6 L
ﬁ 15} 1.453 38
EE
®

0.1}

0
1:1 1:30

mmmmﬁw
B 2 925 F 110SS AS[a] i A b A8 422 S5 116 B 4 8 1ok 22 5

Fig.2 Galvanic corrosion coefficients of 925 and 110SS in
different Surface area ratio of cathode to anode
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Surface micromorphologies of 925 with a Surface area ratio of 1:5: a) before cleaning; b) after cleaning
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Fig.4 Surface micromorphologies of 110SS in different Surface area ratio of cathode to anode
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Tab.3 EDS analysis of surface corrosion products of 925 and 110SS %
C (0] S Fe Cr Ni Cl Na
110SS {EE3il) 8.21 5.17 28.96 56.33 — — 0.54 0.79
W%E 11.05 7.30 21.71 56.29 — — 0.73 2.92
925 T 6.70 2.33 — 32.98 20.6 37.39 — —

A 19.01 7.60 36.58 21.92 10.51 438 — —
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Fig.8 Polarization curves of 925 and 110SS
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Tab.4 Electrochemical parameters of 925 and
110SS under corrosion condition

Jeonr! ba/ b/

)H‘ jﬁ E corr/ mV

(x10°A-cm™?) (mV-dec™') (mV-dec™)
925  —531.26 2.0833 — 174.24
110SS  —746.72 5.4087 62.872 449.8

925 5 110SS #l4%Hi )5 /9 Evans J& ik £k E an
9 Ff/n . Evans J& bl A B 25 S B i) A Ak il 28 77 1k
A ELZE, M Sz WA Ak E A B 37 5 i 3 55 B 22 ] R A
b 2,

FEphE, 110SS AT AEMORES A . Y

REANGE: 925 BRALG 4 F1 110SS $R7E (= il i R Pk PR v 0 i A g 1l A7 <37 -
0
—— 925 BRI
-~ 110SSHI BHR S if
—200 - ——— 110SSHIBAMR 5
—400 -
% Eaxl(925) ™\ 5
Ry A
_600 0 Ecouple PR
-800 Een11088). == 1A oo
T Jen(11088)
_1000 1 1 1 N 1
- -3 -2 -1 0 1 2

1g[J/(A-cm™)]
El 9 9255 110SS #HEHTJE A9 Evans J& Al th 7= 2 &

Fig.9 Evans corrosion polarzation schematic diagrams of
alloy 925 before and after coupling with 110SS
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