5827 4 W
2007 F 8 A

H I JE B BT R

Journal of Chinese Society for Corrosion and Protection

Vol.27 No .4
Aug. 2007

SPV50Q $NTES H,S BRTEINGE T B &t 4514

&R

At

(B T K% mm 210009)

HE . S AR RSB HTEAR , DF5E T SPVS0Q SNIER H,S BRMEFAEE T M it . 45 REH, H,S XK
JE T R mAR A, Tl AR HS & BRI K, B pH RERAIAIRIEEE (R , SR R R g s R
EREEAR I, APUIERRRE A, ERRIBEEA R, HE—ERRUSEA, SRR P SR B

LR RS, REEH SR RIS
X, st fkibk ZTRBHST SPVSOQ N H.S
FESEE . TGI72 HRARIARG. A

i

1 &I

H,S & — Mg BRI i, JLEXHITE &
JEA R 23 A — E R BE R BBR - B [E % K
RO Bl b 2R 3 O & S s B 1S & LA
Bl KA, (154 77 ok A~ b &R
HOIPRES B HS Fl H0, XESTERBHER
BRI U T PEAR 38 A998 HS 5, 8 ALk A
MRk, EHEX, WALGIHA (liquefied petroleum
gas, fRIFR LPG)BREE T & A (0 FE 1k 7 2450 208 H,S
XL T A B B A SR B 1 00, b TR
1 80 AR H AT | B9 SPVS0Q BT 1 1K
A LPG BRIERY HS A 2L H 35 Z BT, LA
TRE &S REE RN 208 T HE BTV k(o]
KALER Tt A S MU R A BAE & IR HLS M8
rt, B R & R AL N TR Tl T 3 (sulfide
stress corrosion cracking, fAJFR SSCC)BUBME: , F5 71
JETE R REFF AR R AR AR AR I 1 B A W) X (heat—
affected zone, {6 FF HAZ), M/ B H TN HEIER
MnS F 45| ERHEETH R (hydrogen—induced
cracking, fAIFR HIC) ({71 Sfr b, Tig kA SSCC
s HIC, #SMBHER HS A R RIS
Pyt B AR SN AT R G, T RO 4 R R
KA E RS W KA TR G TR,

R, A SCEE XA f R 0 v R 45 AR A AR AR it
T R A HLS FE T S G , Rl sl e 7 1 H AR

EFRBHA: 2006-10-22

E&WA: n LY RFEE-ERIF R4 %I (BSCX200512)

feE@fr: FEEE, . 197344, 44, WERSHRIG
AL T &R B

XERS. 1005-4537(2007)04-0219-05

R FIAS IR B A, X SPVS0Q 4 i L b 8 ik
PHEATHRSR, T8 T AT REAFAE R R B XN
THARFERI R,

2 LA E

SR H SPVS0Q XA B At O i R, (b2
LAY (mass% )k C 0.12%, Mn 1.25%, Si 0.30%,
S 0.003%, P 0.015%, Cu 0.02%, Ni 0.035%, Cr
0.036%, Mo 0.19%, Nb 0.013%, V 0.06%, Fe &
w, HeMAP B hE DA, o7 HE
PIE| i TRREAER, TAEmA N 1 em?, JETAE
T A ARG, TR FKE D 4RARK K TS
£ 8007, SR J5 FAE /K BRI NG , 28K vh ik, Wk T
A TR h&EH,

I VIBRE R 5 (mass)% NaCl-0.5 (mass)%
CH,COOH Ak, BLhl AR HS W,
H,S Sl NaS-9H,0 5% H,S0, R AR, #xt
SEERITIEAGEEE KT LR EEIRE BS
VAR, Howe B LR b Y SR 5 AR A B L
B mR I HS Wik A BRI A H & 50 g NaCl
5 g KBEBRIAR | L A (FRIES B
RIEBA/NT B B R E HS WA AR,
B ERIMBREARBKE 1 LZIEL, %R pH
Hi H,S0, 5 NaOH 70O , BREFIRULIH ST I EHR
¥R 25 Cxl C,

L E U 288 Solartron1280B — R {L AL 2= 047
A4, LHRRAGHEN = EMIRR, B Ll
FH SRR (SCE) , 4 B AR SRR F . S iRk (ki
S 5 T e BAR 1) BEAR 7 1y 434, s A T A
ImV/s; ZEHBHBTIN BRI EN 2x10° Hz~5x
102 Hz, MBI ERER 5 mV,



220 FH B SR

%21 %

3 ZR5itie

3.1 H,S iRERZME

Z 18] SPV50Q WA LIRARAIR TS, nlHEmH
F H,S ™ F AR JE AR B Jo 3 5 8 h M 2R B
M TERF R 1S & BT A RHE 4 BE A
i, pH W& A 1.0, AEHEREL HS B 5 (mass)%
NaCl-0.5 (mass)%CH;COOH ¥ & H (s By iz 3 4
WAL RGN E 1, 555 AR AR el ZME Hh s
HS E’an)\fiiﬁﬂ HOARIE T B AR B I AR AR AT &
BN 3 45 78 FRUOL R R LI 35 B R VA VR R HLS R4y
UK AWIE I, 7EHE pH #4F , 7RE L HS
xof JE ok B AR A

PG PR BB B L, MARAL R R,
(1), BWEMMERT HS MFFAE LR HAAR
SHEUEAEXT SPVS0Q MRy oA, D8 HS(Anik
B ECR 2.5x107°) BIIMALE I, Was s iy 1
KA 45, PR WS IETEREIN, L, B8 HS /&
FUF B KIS IN, A0 R, AWrgi/b, B SPV50Q
WA S HS B BABOR S s
3.2 pH B30

& 2 AAE pH B SPVS0Q SHIERFE HS
RN T L, BIXTH AT EE SR, T, T
IR A 1 HS RSO 2.5x10° 5% 1.0x10%,
pH FEAIL, L, #RREZ 36K SR B 5 T (1 pH1.0) Y
L. lLESER (40 pHS.5) K 1 MR AL , X TR
DR EWAL SN A FEEAME AR S, BHR

-0.3

1 free 1
2
0.4f 2
= 5
™~ 6
g -0.5
]
_0.6_
-0.7
-7

log !/ A<cm?

Fig.1 Polarization curves of SPV50Q steel in 5 (mass)%
NaCl-0.5 (mass)% CH;COOH solution containing
various HS (v/v)
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Fig.2 The effect of pH on I, in 5 (mass)% NaCl-0.5
(mass)% CH,COOH solution containing various

H,S (v/v)

Table 1 Fitting results from the polarization curves shown in Fig.]

HS content (v/v)  free 2.5x10° 5.0x10% 1.0x10 2.0x10 4.0x10
hw / BAcm 60.25 267.40 362.60 48531 1636.10 2551.90
R,/ (}-em’® 432.90 97.56 71.95 53.75 15.94 10.22
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Fig.3 The effect of pH and H,S content on E_, in 5
(mass)% NaCl-0.5 (mass)% CH,COOH solution
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Fig.4 The effect of temperature on the I, and R, in 5
(mass)% NaCl -5 (mass)% CH,COOH solution
containing 1.0x10* H,S(v/v) at pH 2.4
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Fig.5 Nyquist diagrams measured at corrosion potential
in 5 (mass)% NaCl-0.5 (mass)% CH;COOH solution

containing various content H,S at pH 1.0
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Fig.6 Equivalent circuit for SPV50Q steel in 5 (mass)%
NaCl-0.5 (mass)% CH;COOH solution containing
H,S
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Fig.7 Nyquist diagrams at different immersion time in 3
(mass)% NaCl-0.5 (mass)% CH;COOH solution con-
taining 4.0x10* H,S(v/v)at pH 1.0
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Table 2 Fitting results of equivalent circuit for EIS experimental data in 5 (mass)%NaCl-0.5 (mass)%
CH,COOH solution containing various content H,S at pH 1.0

H,S content R, CPE, Ca R, CPE, C, R,
(V/V) / Qrem? 7Y0/ Q' cm?s"  n / wFem? / Qem? Y/ Q' em?s” /uFem? /Qem?
free 0.18 5.39x10°° 098 46.8 19.62 3.21x10% 0.71 132.8 375.20

2.5x107 0.50 3.22x10 0.97 2870 6643 424x10% 078 1932 145.10

5.0x10° 0.52 9.58x10* 0.96 9487 5774 490x10% 079 2266 122.40

1.0x10* 0.76 9.66x10™ 0.99 957.4 4831 L17x10° 067 3437 69.49

2.0x10% 0.30 1.20x10° 0.99 1188.2 8.42 3.82x10° 087 29249 44.74

4.0x107 0.67 2.82x107 0.96 2398.1 7.16 154x10° 075 4765 19.48

WEREIF A K, X 5 TE MR EIE BB 4
MEAE MR E MDA R, &5t 24 h LG, g
SN A BHATAS PRS2 0 /D, X156 H] SPV50Q 4K
FEZINEAR R I U o R R R e L TR
= 5 RAR M EE G AR REBAR R BUR B, R
ASBEA WA IR JE 1

4 L

(1) H,S BYFFEFESXT SPV50Q I7E BRI 45 v
A J i A R AR, B W P HLS & B 3
T, B T AR TS R

(2) MBEEAEE T H,S Xt SPVS0Q #(1/& ih A B
EL 55 AR A% 14 T i i, ; Bl i 56 VR T oy, S o s R
AWK, FH ELPRREAE N, - EBEFE
pH FITIE BE X8 Sk 2

(3) SPV50Q HFERETE HS MABEIA R H T IE i
(BT AL 420 168 o 7= 4 X A B A A S P 22, g
A AN A ok,

&3 3Lk

[1] Brown A, Jones C L.Hydrogen induced cracking in pipeline steels
[1]. Corrosion, 1984,40 (7): 330-336

[2] Hara T, Asahi H.Conditions under which cracks occur in modified
13% chromium steel in wet hydrogen sulfide environments [J].
Corrosion, 2000, 56(5): 533-542

[3] Cheng X L, Ma H'Y, Chen S H, et al. Electrochemical behaviour
of chromium in acid solutions with H,S [J]. Corros. Sci., 1999,41:
773-788

[4] Cheng X L, Ma H Y, Chen S H, et al. Corrosion of nickel in acid
solutions with hydrogen sulphide [J]. Corros. Sci.,2000,42: 299-
311

[5] Tsay L. W, Lin W L.Hydrogen sulphide stress corrosion cracking of
weld overlays for desulfurization reactors [J]. Corros. Sci., 1998,
40: 577-591

[6] Zhou X, Yang HY, Cai D C, et al. The corrosion and inhibition
of mild steel in monoethanolamine solution abounded with H,S
[J]. I. Chin. Soc. Corros. Prot.,2005,25(2):79-83
(AR WL BB S MRS & HS ZERIERhAE

iR RN R [T]. P EIE S BB . 2005,25(2):79-83)

[7] Cantwell J E. LPG storage vessel cracking experience [J]. Mater.
Perf., 1988, 27(10): 79-82

[8] Trivedi D K, Gupta S C. Cracking in liquid petroleum gas Horton
spheres []]. Mater. Perf., 1997,36(7): 59-61

[9] Yao Q. From the crack of spherical tank for LPG to see the hidden
danger [J]. China Safety Science Journal, 1988 8(2): 49-53
(BEER. WAL G M SRR AE KR A (1 PER R %
¥4 ,1988,8(2): 49-53)

[10] Sun H G. Cause analysis of formation of surface cracking on lig-
uefied petroleum spherical vessels [J]. J. Chemical Industry &
Engineering, 1999,20(2):27-29
(Pt ML SERBREHSULHE S (1] A2 TS5 TH
iR ,1999,20(2):27-29)

[11] Tsai S'Y, Shih H C. A statistical failure distribution and life as—
sessment of the HSLA steel plates in H,S containing environments
[I]. Corros. Sci., 1996,38:705-719

[12] GB/T 11060.1-1998. Natural gas — determination of hydrogen
sulfide content — iodometric titration method [S].

(GB/T 11060.1-1998. KR o fb A& & 2 a2 7%
[sh

[13] Yang HY, Chen ] J, Cao C N, et al. Study on corrosion and
inhibition mechanism in H,S aqueous solutions I .Corrosion behav—
ior of carbon steel and growth of sulfide film on it in acidic solu—
tion containing H,S [J]. J. Chin. Soc. Corros. Prot., 2000,20(1):
1-7
(HRE, BFRRE, HEME. HSKBRTHIGH S EER
PLBRBESY 1 BRI HS VS P B M 8 i 72 R AL A
[T]. P EE M E P24, 2000,20(1):1-7)

[14] Morris D R, Sampaleanu L P, Veysey D N. The corrosion of steel
by aqueous solution of hydrogen sulfide [J]. J. Electrochem. Soc.,
1988,127(6):1228-1235

[15] Ma H Y, Cheng X L, Li G Q et al. The influence of hydrogen
sulfide on the corrosion of iron under different conditions [J].
Corros. Sci.,2000,42:1669-1683

[16] Huang H H, Tsai W T, Lee J T. Electrochemical behavior of the
simulated heat—affected zone of A516 carbon steel in H,S solution
[I]. Electrochim. Acta,1996,41:1191-1199

[17] Veloz M A, Gonzdalez 1. Electrochemical study of carbon steel
corrosion in buffered acetic acid solution with chlorides and H,S
[J]. Electrochim. Acta,2002,48:135-144

[18] Yang HY, Chen J ], Cao C N, et al. Study on the corrosion and



44 JEIERFSF :SPVS0Q AER H,S BEMEFRE T KIS hA e . 223

inhibition mechanism in H,S aqueous solutions IIl.Electrochemical [1].% B @5 B34, 2000,20 (2): 97-104)

behavior of carbon steel in the different pH solutions containing [19] Cao C N,Zhang J Q.An Introduction to Electrochemical Impedance
H.S [J]. I. Chin. Soc. Corros. Prot.,2000,20(2):97-104 Spectroscopy { M ]. Beijing: Science Press, 2002

(BPE, RRE, B HSKBERPHERSERER (CERER, k. RALFIEHTIE SR [M]. Jbat Bl )

PLEETFE I1. AR[A] pH {8 HS Bl H RS s 15 0

CORROSION PROPERTIES OF SPV50Q STEEL IN H,S-CONTAINING
SOUR ENVIRONMENT

TANG Jianqun, GONG Jianming, TU Shantung
(Nanjing University of Technology, Nanjing 210009)

Abstract; The corrosion properties of SPV50Q steel were performed in H,S —containing sour environment by
polentiodynamic polarization measurement and electrochemical impedance spectroscopy (EIS). The resulis show
that the presence of H,3 considerably influences the corrosion process of SPV50Q steel and its corrosion rate
increases with increasing H,S cotent. With decreasing pH and increasing in temperature of the testing solution,
the corrosion of this steel is also enhanced. Although the semicircular diameter of capacitive loop increases with
immersion time, its variation amplitude is not obviously great and begins to diminish after certain periodic time,
suggesting that the sulfide film formed on the surface can not effectively prevent SPV50Q steel for avoiding the
further corrosion.

Key words: potentiodynamic polarization, EIS, SPV50Q steel, H,S



