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ABSTRACT Study on sulfide stress corrosion cracking {SSCC) of pipeline steels with different
microstructures was carried out. The results show that the microsiructure dominated by fine acicular
ferrite has the best resistant ability to SSCC, the microstructure of ultrafine ferrite is in the second
position, and the microstructure mixed by ferrite and pearlite is relatively worse. It is analyzed that
hydrogen embrittlement is the main failure mechanism for high strength pipeline steels in $SSCC, and
both the high density tangled dislocation and the fine carbonitride in acicular ferrite play a strong role

of hydrogen traps, which result in a better resistance to 5SCC.
KEY WORDS pipeline steel. microstructure, hydrogen trap, sulfide, stress corrosion cracking
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Table 1 Chemical compositian of tested steels
{mass fraction, %)
Steel No. C Si Mn Cu Ni Nb AY T Al Mo S54+P+0O+N
1 0.025 024 1.56 - - 0.039 0.019 - - 0.32 0.0131
2 0.070 0.25 0.90 G.2 G.2 0.040 0.030 a.015 0.023 - 0.0165
B2 Tlh BRSO o
Table 2 Mechanical properties of the steels with different microstructures
Sample oy Ty a.fay, s ] iy 1)
Na. MPa MPa i T J/em?
529 585 0.59 2577 B5.3 3068
177 625 0.Td 27.0 72.6 -
¢ 529 590 090 32.6 5.7 256

1) impact sample sige 5 mm> 10 mm +55 mur, tested temperatire —60 €
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Fig.1 Optical micrographs of pipeline steel with different

microstructures

(a) No.1A, microstructure dominated by acicular
ferrite

{b) No.1B, microstructure of ultrafine fernte

{¢) No.2C, microstructure mixed by palygonal
ferrite and pearlite
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Table 3 Result of SSCC experiment and Sc value for dif-
ferent microstructures (room temperature, 150 h}
{5—pseudo—stress, niot—number of specimen.

N rack—number of cracking specimen}

[number}
5 No.lA No.1B No.2C
MPa TMiat  Terack "tot  Terack THot  Ticrack
W s 2 0 2 1} 2 a]
B30 2 0 3 0
700 2 0
77 2 0 3 1]
544 2 8]
a1 2 0 35 1]
1000 2 0
1a3n 2 D 2 o] 3
1120 3 1} 3 8]
1260 3 0 2 2
5., 70 MPa 19 17 14.4
5
3300
F
2000 °
"
5
2
o
1000
|
F
5 L e
. I
[ 5 10 15
Energy. keV

B2 No2C fRn =4 ag s
Fig.2 Energy spectrum of corrosion product for No.2C
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Fig.3 Macroscopical corrosion appearances of samnples

(a) No.2C. 90%e,
(c) No.2C, 1050 MPa

Ibl Xa 1A, 90%a.
{d) Mo 2C. 1120 MPa
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B4 NolC FRutHeaIm 0K
Fig.4 Fracture surfaces of sample No 2C cracked under
stress of 1260 MPa

ta) link of two main crack

(b} crystal granule with FeS corrnsion groove
[c] microcracks on fracture surface
1d] crack propagation fashin


http://www.cqvip.com

10 3 BARAE T AR S L AT ) T AT R 1091
R, Bl HpS—HY4+HS™, HS™ —HV+S*. ffeify  Rsnifsfck: H#EAaarh C(0.025%) 1 5{0.0006%)

FEA R, #rR R me R, Fe Aol Py £y RE
% FemsFe?t42e, AN Fel +5° —FeS.
B tHe T8 HY M. BR: 2HY42e—2H. WM
&) FeS M- RBEH, cHEILEabam
HEME LB MENNE (F b)), XFEEH T HeS
HENE A, (FRNSEEHRT FE. FH FeS Mgy
HahE FRE HafbEE (Aol NEE
IR —iG Bkt i, TEEH HoS a0 Kb Tl o
—IEA R R T (R FE . R A A Bl —E
SRESHNH; P—MaEA R EMEN. B He
MABEMEEREOEE. SHEH kR ER. 38K
MR R, SHBPEL EHOERUEF]EF
EMBer (RE 4c), F#EF—H0 7 Lk Z0E T E2r)
& rste R AR, EFLE A e R
K. HHRTHANTEBRSR Liders 4  Fi, f£fr
MAEMTHERESREE MR, Fiifagf
REEELGETE, RETATR (LE 4d).
2.4 RMcRRMEN

Big s FE R R SSCO fEiesy— B ERF
# iy B, RemREERE, B SSCC it
B M TAEIMN 3 FEMEAER NolA §
No2C g1 BHRIEFEE. No 1B &Y /3 IR E 4 334 ¢
{EHHT SSCC #EfE, No.lA B, NolB ik, No.2C
RE SERTEREFEESN 6T H R8P EnE
FrEH I SSCC 186

FERME) SSCC FEEH 7 H Ry i 4 Fer B
TEr B %3 &REH TRMNEMENSHY BHTH
BB SSCC . F M. EXLFEM E{ZRE 4 SSCC
N Ly BB AU R T AR SR
SSCC 17H. #HH#F—FHHITT §ideH L SSCC §)
1z::

£ No.2C p, BN M SHF ek E R 2400k
PHERNBRICRER (RE 1ol BF#(bnf MoS %
FUE R DRTY. EEHERT. £8F
e AMTIET SR R U, W4 i Sy, 1
Bk i LB e, R BIE, G ThHEEEE
BN BRI R HE, W MBS R TERSK
B AGERRN, AT T TR RBIL L E o
(9] 38, HOREMT SSCC ek, #EPH TR TR
$L SSCC #£fE. LR No.2C FHEESREA K. TR
T EAEEN SSCC MMy Basid, Eihs
MH B EZ 3T SSCC EE.

7 No.lA(E la) 1 No.1B(E 1b) i, ExT
FFET SSCC RER S M Birs| sy #w e ik,
Ban¥r K88 -bh. SBAGTENEE. Jih® a4

AR eRmE RS Hit, TRIIRIEMHE
Try PI(EH FEMEr A T RS, EREY RBEE. AT
s HRRE S, MBELOEERREZRIER, AW
TR RS KL FR BRI R R R S T B
0 NOTA, RIERT R R W R AT TR SR B
=~ R R S B0, phobhik B kA B RS
il B RH, B RO SR SR g s
iy ILH A SRR AT AR AR, SHERAT (b AT RORLhT
SSCC rheny m 2 FHIE M, MEAER No2C, BT
ek ER RNl NolA #1NolB B
B SSCC 548

o NolA f No 1B g3 SSCC *EEERT SMH7, T M
FEF s LERBE W HAERMERAHAF.  NolB
MEAEREEHATNEREETEFSHEFNEE
(Ko S MR L LR E AR, R TREBERE™
BRSRTFERENETEEN, HEAEREETTE
AYEE R b P Ry 3 AL, SELIS LI 20 © /s EiE AT
Fif. #ESCRMBE LT SR AREE (5
Bl V{C.N), B S5HEEHH R ESTE 500600 T2
i}, 2z F. NolA BRI EREEENE
AR, PR R AT T B e T & % R {ir
# ¢ TEM Ta[WBEA ¢ A8 T 5 BB Wa) I 55+
M F T EM AR AEN (E 5a), BREFMUSEN
TR MR (/) 5b), SELSIL 20 © Js B HIF
400 c. BELA 300 CHBERPGRE 1 h SRPE
e (FiX NSRS T RS, REUESIREET R
e (FREIE V(C.N)), HE (s L (E sb).
4% Darken # Smith!"? myitid, X3n MR8 L
B AEFHBRANSEM. AEMESTWIRE T B
B A FESFE S RS E 4 R RRE
A MR EFN S SENPHEM T 53 R
4 SRE B R LA Bt BB SSCC HhaE, 3Tt
HEHRE Y. D, MR AR SSCC HEE
WHE NEEE, SREERERASH SSHER
REfrs—&iEs. FHRE MR WTFROIHE
&, 4 H A MRS SR TR R B R
K. 2R ERAeEREAEL. SIRER. SliREEaE
Ry No 1B, [ SSCC M 1EA VBT B e
ER, ¢ EE SRR Al {2 No.lA, H{8n[s5
“ET T No 1B, FFHEH BIRE G AR (L
Ee DAL FIILIER. B, (TS EZ T3 R aE
TR AREE TR F-EEX L, SBVEHELTER
Mi. FEb FIEEF R SSCC k. M. $HikeE &k
REST No.TA, BT A A B B B REUT & a0 R
FibEN TR IRFBER. SEESTH SSCC


http://www.cqvip.com

1092 & ®

a4 37%

B 5 NolA ¥ TEM T# e EIRRHL

Fig.5 TEM micrographies showing the features of acic-
ular ferrite for No.1A

(a) fine plates with ultra~fine suhstructure and

high density dislocation
(b) fine carbonitrides dispersrd in the dislocatian
weba
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