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GALVANIC CORROSION OF NICKEL ALLOY INCONEL 718
COUPLED WITH VM 80 SS STEEL IN A SIMULATED FORMATION WATER

WEI Bin"?, YAN Mi-lin"* ,BAI Zhen-quan' ,FEGN Yao-rong'
1. Tubular Goods Research Center ,CNPC ,Xiani 710065 ;
2. School of Materials Science and Engineering ,Xian Jiaotong University ,Xian 710049

Abstract ; Galvanic corrosion characteristic and galvanic effect of VM80 SS coupled with nickel alloy In-
conel 718 in the simulated formation water of Luojiazhai gas field have been investigated using potentiody-
namic and zero resistance ampere measurement. These results indicate that the free corrosion potential of
VMS80 SS and Inconel 718 in simulated formation water are —770 mV and -260 mV,respectively. The
galvanic potentials E, are located in a range of —760 mV ~ —-700 mV when Inconel 718/VM80 SS area
ratio S=0.25,1,4,8. As S increases, the initial, stable and average values of anodic galvanic current
density /,/A, increase ; but initial values of cathodic galvanic current density /,/A, decreases,stable values
of I,/A, show almost unchanged. The mixed potential theory is used to obtain that the galvanic effect vy in-
creases with the increase of S,and vy =1. 14 ~4. 82.
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RIS BT A B PLELE #F VMB0 SS Fl4i % & 4 Inconel
718 HMEEHN. VMB0 SS 4k 4N (mass% ) :0.22 C,0.22
Si,0.53 Mn,0.008 P,0.006 S,1.05 Cr,0.037 Ni,0.007 Mo,
0. 048 Ti; Inconel 718 fk % iX 435 ( mass% ) : 0. 041 C,0.11
Si,0. 10 Mn,0. 006 P,0.005 S,18. 41 Cr,51.20 Ni,2.90 Mo,
1.02 Ti.

SEERT AR TE KD 4058 4T BE 2 1000 /5, Y5 Uk KX
W B RIRTERRE. FAFFEMEE ARG 4. Aaire
A2 SRR ZE IR K BE 1 0O )1 B R BE S R Z K (B 8
) VR, A B R 43 FR B R (mg/L) - HCO5 (4200) ,CL™
(17500) ,S0;™ (8500),Ca’* (400),Mg’* (80),K* + Na*
(16600) .
L2 BEEMBLFESENE

H Ak 2 3 3% B EG&G /A B] #Y) Potentialsta/Galvanosta
M273A {8 B AL AFA 1 25 R A 35 308 v i b , % B P AR
KREFRA RGBT, S B R AT R K (SCE) . #
FSrELMEKPBARERASIKRA2 b UL, AFHEA
0.1 MPa &4l CO, , iy i ¥ CO, X B 4 F4H BRI 5K
(AR RIAR“ ) - IRERE A 90C.

B VM8O0 SS 45 4 4 Inconel 718 TAEE AR M 1
em’ [ FrRARAE S BB TR P, W 8 A ol (7 B
[EZR L. PR B AL I AR A &R, AR B R K 0.5 mV/
min. 24 T ## Inconel 718 ZEVE TR H IS4 14 BE , Inconel 718 F)
A ol R N BH AR B AR AR A 5 T VMBO S8 BF 45 1 BH % AR
ARl 28 5335 ATt 58 TF B v (o FF A il A

¥ Inconel 718 H T 4 Fp R~ HiREE, 25 VMS80 SS
TAETE R Fe i) 43 5] 0.25.1.4 0 8. 4% Inconel 718 5
VMBS0 SS iAHE TAEE AT E TR P, 5 € 15 min J57, M &
FAA FE AL (R R T AT (E) AR LR R, BRSO R] B AR TE AR
Lo B A T 52 e LA

2 BREHR

2.1 RAK Bh LR 4 1E

B 1 B FPREHE 90°C AN CO, MBLIHLZE K H i
B & B o A [R] A9 A8 L 3R A 1 A AL, Inconel 718 &
BEAER ARG , BB AR 5 R , 123 300 min f5,
P AR E 7E —260 mV. VM80 SS ZEVAR i) B J ik el (o 5%
1841 % ,300min J5FRETE -770 mV £4.

&l 2 HFIRIAEHE 90°C B MR CO, RS2 /K o iy
WAt LR, B & 2a B UL, VM80 SS ¥ FHAR A% 1L Bl L& 7E - 770
mV ~ -630 mV 2 &) 2 PR IE LR Ak i, 3 FER AL b, =
54.8 mV ,fE - 630 mV ~ —150 mV Z[E]4b FE545 IR AS, lifh
B REETE 14 mA ~21 mA/em” 28], X2 B F VMS80 SS 3=
TEAEMLF CO, VAR T BRI Ak PR BRI 77 Jo ot 2.
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Fig. 1 Free corrosion potentials of VM80 SS and Inconel 718 in

simulated formation water saturated with CO, at 90°C
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Fig. 2 Polarization curves of VM80 SS (a)and Inconel 718, (b)

in simulated formation water saturated with CO, at 90°C

& 2b 51 T Inconel 718 F£ 90°C #f1 1 CO, HIHELILI 12
IKHRRALHIZR , BB AL - 510 mV, XA 1 4511
Inconel 718 A M (L (E,,, =260 mV ) RRZ. XRF N E
1 25 ) B JE e v oz 2 SR P O B H (S 6 2E 9 45 2R, Inconel
18 BTHREGSE, REAAMRFNEALE, RSB
JE& o L2 1) 1E 7 T RS BAR 2 , 3 f2 4 TR e B A AL AR i 1 B
g — A BLAS. E 2b 4 AR AL il 2R A B B B AR
WAk, B ALTE 600 mV ~ — 1000 mV 2 [H]J& T3k J5 2 r i 1
R AL ] GEIERBIER b, =163 mV) , BEALIETR LIERR, A
JE& i B3 T . Inconel 718 f) FEAR AR AL HIZR7E — 500 mV ~ +
400 mV Z [B] 2EEACIRZS, Fifb i % EAE 0.2 pA ~ 1 pA/
cm’ ZIa].
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Fig. 3 Galvanic potential £, vs. time curves as VM80 SS coupled
with Inconel 718 of different area ratios in simulated for-

mation water at 90°C
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Fig. 4 Galvanic current density I,/A,(a) and I,/A (b) vs. time
curves as VM80 SS coupled with Inconel 718 of different
area ratios in simulated formation water at 90°C

4 VM80 SS #il Inconel 718 FH AL 24T 7, AT AT
P (B2 A e {8 JE5 ol %6 5. VMBO SS f) 1 J ke K —
770 mV , R F Inconel 718 £ifb R 7S (B A #ifLIK) BT Y
BERE AL AL — 260 mV, 51 F Inconel 718 £ 3 FAMR 1 1k
J& (BEALEAR LUERR) B9 B AL - 510 mV. BT L VM8O0SS
7 Inconel 718 {HHE/5 , VMB0 SS E Ay ri B %o i) 75 W FH AR J§ fat
SEERIEAN, T Inconel 718 4E 7 22 Wi B 2% VMS80 SS 2 4L fy
PR PR 37 oL 00 e 0 R PRI
2.2 —SmamARPOBREE

P13 2 P A obE 6k LAAS [] T R LL B & S5 £E 90 °C 1 1 CO,

Table 1 Galvanic current density and galvanic effect as
VM80 SS coupled with Inconel 718 of different area ratios

area ratio S
current density 0.25 1 4 8
and galvanic effect
galvanic potential E,,mV -759 -740 -716 -705
initial anodic galvanic 15.01 34.21 66.47 86.60

current density I,/A, ,pA/ cm?

initial cathodic galvanic 60.04 34.21 16.62 10.82
current density 1,/A,, nA/ cm?

stable anodic galvanic 0.19 0.64 2.35 4.48
current density I,/A, ,pA/ cm?

stable cathodic galvanic 0.77 0. 64 0.59 0.56
current density 1,/A,, nA/ cm?
average anodic galvanic 0.65 1.36 4.31  9.24
current density I,/A, ,pA/ cm?
anodic dissolution current 2.34 2.60 5.13 9.94
density I,/A, , A/ cm?
free corrosion current density 2.06 2.06 2.06 2.06
of VM80SS 1./, , pA/cm?

corr’

galvanic effect of VMB0 SSy 1,14 1,26 2,49 4.8

ARSI b 2 7K v el B o R A TR (AR A £8. 20 3 BT,
VM80 SS 5 Inconel 718 {832 /5 , # & H AL E, fRES VMS80 SS
BEMBAE,, HEHETRE. FRRERLL S=4/4,
(4, 4 Inconel 718 TR, 4, 2 VM0 SS HHR) B K, E, 1 B5
VMBS0 SS A AL E,, 8K, BIE, - E,,, | K. 4 5=4,8
AT, fEEE BE (H] VMSO SS b iy s R IR B R K (4518
66.47 pA/cm” F1 86. 60 wA/cm’) , VMS8O SS 7 T 28 FA % #&
b, B ARHR A B SR F [ R 8 5 T Inconel 718 52 2| B AR
AR A GBS RSN ZEH ARG TRE.
% 8=0.25,1 Bf,E, IERB TR 7E VM80 SS i) B Ji§ 1 B fir
BRI . 332 R A {88 2 B () VMSO SS I fry v {88 B 0 2% BE 45/
(43314 15.01 pA/cm® F134. 21 pA/cm®) , VM80 SS Z 3|45
5 FRARARALVE L A8 S AL E, IERBIR/D.

&l 4 g wiAhb Rk LAA 5] T R L (B 2 5 78 90°C #aFn CO,
BORADL 2K e e (8 el I 2 B R B ) AR AL B 4R Gl 4 B
N,AFIERR G S B BT 7E (R 35 B BHA% (VMB0 SS) H {8
LI BE 1,/A, FIFAHR (Inconel 718 ) Mo (AR %5 & /A, B8
AT E S, B TRE. K3 AH T PR S MEHER
FEFESE. X TR (VM0 SS) i 5 , FETE AR Ltk S 1K,
LB ALER , BRI LIS 1, /A, BRI A TR A 41
K 3 F B (Inconel 718) i 5 , FEEI AR L S 3K, BB E AL
1B, BARARALIR S , /A, B 518 AR ) 4R 25 W B FE TR 2%
3% B AR R S ) S I A, TR e 2 e A R A 2 R
PR R . § =0.25,1,4,8 B, I/A, RRSEZAAR
K, AT 0.56 pA/em”® ~0.77 pA/cm’ 2 [8]. X2 F 2 0
E AR 41 TR A AL E, 3 Inconel 718 FAMRIELIE 9 B
JE kAL B BT 100 mV, Inconel 718 B4k 4L, (A HFH
PR SNz R AR/, B S L iy 32 3t iz 3 B B {18 F 3 K
/NFEZPE T Inconel 718 RETER A BLAL E, B HIBIMR 5L
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BRARAIN, BRSO B I 3 A 2 A K.
B RMEE S , B R AL E, &b F - 760 mV ~ - 700
mV 2], Ak AL il 42 7T DA 5, VM80 SS 5 Inconel 718 7E
1M El AN X (] 43 B Ak F BRAR 6 AL A0 B ARV AL B i 2 1R T, AR 3R
BARAEET BRI, RREEAE, AR Bk

B I, SEAMEM I, 22,80
-2.303(E,-E,,) ]

b

c

L=I,-1, =Iwnexp[ (1)

K1) H Eopy Lo b, 51510 B S JB VMSO SS SR
BT 0 1 st i 9 G AT B A, Tafel 442,

L1,/ S ED OB BT B M B, B /4,
= ([1,d)/TA, AV 2% (1) T 1495 o A B VMSO
SS B4 B o e 0 R 1, /A, , B T 4 50 s B
Y

-2, 303(Eg—Em)]
b

c

'y=1a/1coor=lg/1coor (2)

VMB80 SS ZEREIML)Z K 11 F 0. 1 MPa — 58 ALH% (90°C)
PRI 1 h B3k A 0. 0238 mm/a, e H
JyHL A BE Toorr/Aa 2 2. 06 wA/em” , LA v {88 1 3
By G5R A 1. FEFAREL S 38K, R (R IR0 ny v 3 K. &
S =8 if,y=4.82, [tk VM80 SS iM% 1,/4, IKE]
9.94 pA/em’ BB N EIME IR 0. 11 mm/a, 7] L, 2
E S=8 J5 , VMB0 SS s A EARK , ihZFUR HR Bl J 5 it

3 &R
FEBLIIBIE K A 0.1 MPa ZSUALT# (90°C) g,

+ exp[

Inconel 718/VM80 SS HEIFRLL S<8 Wf, BB AL E, 4T -
760 mV ~ —700 mV 2 J&] , 7= {7 [X [&] VM80 SS 5 Inconel
718 435 JE T FEAR & AL A AR & fL s . BEE AR L S 3
K, BEEAIER,L/A, BPHE RSEMTHESG A,
T 1,/A, BRI IEREAR, 1,/A, TR (EEMAR K. FEE R S
AR, VMBO SS J5 ok 28 4 K, Wi 18 8 e 5k oz 34 K. (R G,
EIWER L S<4 hHE.
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