32K %64 MR FFROARFAFIR Vol. 32 No. 6
2020 & 11 A Journal of Changzhou University(Natural Science Edition) Nov. 2020

doi: 10. 3969/j. issn. 2095-0411. 2020. 06. 010

W E S W AR R i R S SR AT O B i B R B 3

fio RUBR RN N B ERSL G R E &

CLAE N Al DA Be VLI WM 2131645 2 AR BOR 7 BE VL5 %I 2130325 3.8 MR 7Y
SFBETLTR HN 213164 54 rp [E 47 9 P g il AU 28 = B AU AL L 91T R 610000)

FEE BTN U BT TE 18 22 AH Ui ol R JE ok ) 80 SR D G 2 1680 A W A o ol B ok 2 6 2B O 45 5 AL R AR
i 38 o F AL 2T R F i, Y T NSO HITEAN IR pH A4 1 & b L & NaCl i [ 99 AH it Ui 44¢ o iy e
il FE oA kg it L CL Jo 53 Mk 8 o I ) 850 7 Py e A o 4 SRR T BB pHL Y 4G K, N8O 4 i1 A £ Ha BHL A8
TR AEPUIR ARG O B8 Do vl VL 8 8 52 TR AR A L B ol AR /N 5 NSO N TE S [R) p L % R 131 7 AR i Wl 1k o 4 2
T PV it R o A B oo R 2 IS 4 25 A0 b B2 I 42 ok 5 9 3 L CL 5T 5 ¥k 32 43 3 78 Ak i o B3 TR) 2880 17 g 44
2 11 32 2 T IR I ) 280 O B 454 52 )R] 3% 72 s AR o Rl S o o R AL R A — B,

SRR - NSO 4 5 iRl S okt 5 2 TV 5 WAL 2 5 B [RD T

FESES TG 172.8 XHARERG A X E RS :2095-0411(2020)06-0060-09

Research on Erosion-Corrosion Behavior and Synergistic
Effect of Oil Casing Steel in Two-Phase Flow

ZHOU Hao', CHEN Hu', LIU Wen', MA Hongyan®’, WANG Shuli', YANG Zuying’, WANG Lei’

(1. School of Petroleum Engineering, Changzhou University, Changzhou 213164, China; 2. Jiandong
College of Vocation & Technology, Changzhou 213032, China; 3. School of Business, Changzhou U-
niversity, Changzhou 213164, China; 4. Department of Gas Transportation Management, PetroChina
Southwest Oil and Gas Field Company,Chengdu 610000, China)

Abstract: Aiming at erosion-corrosion of oil casing material in multi-phase flow, the erosion-corrosion
behavior of N80 steel in liquid-solid two phase flow fluid which containing silica sand and sodium chlo-
ride at different pH values and the influence of flow velocity and concentration of chloride ion on the
synergistic effect were investigated by using a rotating cylindrical electrode device and an electrochemi-

cal workstation combined with electrochemical testing method and weight loss method. The results
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show that with the increase of pH value, the polarization resistance of N80 steel increases, and the ra-
dius of capacitive reactance arc on EIS increases, the corrosion current density and the corrosion rate
decreases simultaneously. N80 steel exhibits activation dissolution characteristics in liquid-solid two-
phase flow fluids with different pH values. The whole corrosion process is controlled by cathodic re-
duction reaction. Synergism is the main cause of material mass loss when the flow rate and concentra-
tion of chloride ion change respectively. The variation trend of synergism with each influencing factor
is consistent with that of total erosion-corrosion rate.

Key words: N8O steel; erosion-corrosion; weight loss method; electrochemical tests; synergism
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Table 1 Chemical composition of N80

JLE C Si Mn P S Cr Mo Ni Ti Cu Fe
RSB/ Y% 0.26 0.21 1.36  0.019  0.007  0.049  0.005  0.027  0.032  0.01 S
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Fig.1 PINE rotating cylinder electrode rig Fig.2 Specimen morphology

5T pH X XA il 138 ok A DAy 16y 52 o R N S 38 A% 1 B0 A < A R FH 2 8 K T TR VR
25 g+ L "9 NaCl {0 AP RDRLAE 9 0.125~0.210 mm., BB B R EE 10 g - L' i fi] g ot bk 1] 2
10 h, P oN2.0 mo« s 'L SER IR N H i SR IR FFCL B R R AF B iR SRR K Z R AN
NaOH ¥ 0K O BC & 47 19 NaCl gl pH 4331 28 3,5,7,9, 10, H1 pH 3F3E47 B 055 I 2 . Bl 5 30647 4

TR CL 5 Y JBE 0T B [ 500 F) 52 o 70 3] o A 7 3 A0 C L J5i ik o 88 08 A7 4 wfo ) 400 )6 e
DAL o ) B8 et S 55 e 4l o ) % 00 8 e DAy ofo Rl JE5 ok 3 o Al o S s SR UL B B AN DR Y
NaCl ¥ 8 28 vh il 52 56 - 5% FAS 35 8 il 5 A9 28 18 /K - B R AR O 52 36 30 2l A o G B R S 56 4% 1 L
R 2.5R 30 WHIT I X U ) A58 R R ML N L R TE 1~3 m o s 2 (ARG IR L AR A S RO A L
FIHALSE 5 . WFFECL i e B X B [ A0 0 s g LA I, CL BRI AE 5~45 g » L' Z [ A8 AL U »
PRAFFHAB S RO AL BEAT RS2 50



% 6 FA R i B R AR R R R ARAT g B R ROR B R * 63 -

R2 MRBEXNMEHEZMAEZRFZH

Table 2 Experimental conditions for the effect of flow rate on synergism
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Table 3 Experimental conditions for the effect of chloride ion concentration on synergism
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Table 4 Polarization curve fitting parameters of N80 steelunder different pH values
pH 3 5 7 9 11
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Table 5 Fitting data of electrochemical impedance spectroscopy Table 6 Mass loss rate of N80 steel under flow rate
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pH , , n , n/%
(Q+cm?®) em ™% . s") Q-+ cm?®) (m-s b U Ve U Vs
3 5.241 7.545X10°° 0.642 8 127.3 1.0 0.96  0.018 0.41  0.532 55.4
5 6.299 3.876 X10"" 0.793 3 213.5 1.5 1.21  0.023  0.49  0.697 57.6
7 7.132 2.676X10°° 0.872 2 249.5 2.0 1.49 0.026  0.65 0.814 54.6
9 6.593 5.347X10°° 0.893 1 288.6 2.5 2.47 0.037 0.69 1.743 70.5
11 6.047 3.438X10°° 0.913 9 320.2 3.0 3.41  0.052  0.71  2.648 77.6
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Table 7 Mass loss rate of N80 steel under chloride ion concentration variation

Cl” it/ v/ (mg+ (h+-cm®> ™D
7/ %
(g- LD v, v, v, v,

5 0.41 0.026 0.25 0.134 32.7
15 1.00 0.026 0.47 0.504 50.4
25 1.49 0.026 0.65 0.814 54.6
35 2.43 0.026 0.72 1.684 69.3
45 2.08 0.026 0.75 1.404 62.7
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