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Effect of Short-Time Tempering Treatment on the Resistivity to Sulfide
Stress Corrosion Cracking of Steels with 70 kgf/ mm? Yield Strength

Hirokichi HIGASHIYAMA, Koichi YAMAMOTO, Hirohumi MORIKAWA,
Eiji SATO and Misao HasHIMOTO

Synopsis :

Fundamental analyses with regard to the effect of chemical composition, heat treatment conditions,
microstructure and fracture mode on SSC were conducted in order to develop quenched and tempered
70 kgf/mm® yield strength steel with superior SSC resistance for induction heat treatment. Results

obtained were as follows’.

1)In the case of short time tempering, the optimum tempering temperature to give resistivity to SSCis a

high temperature range below Ac;.

2)At the optimum tempering conditions, spheroidized carbides are uniformly dispersed both in grains and

at grain boundary.

3) The steels tempered in the above-mentioned range exhibit the transgranular cracking, where as the
steels tempered at lower temperature cracked by intergranular cracking.

4)Grain boundary segregation of phosphorus which promotes grain boundary embrittlement is suppressed
by the addition of molybdenum. It is reduced more by tempering at high temperature for short time than at

low temperature for long time.

From the above results, it was found that in the case of short time tempering the addition of small amount
of molybdenum in steel and tempering at high temperature below Ac; led to the high resistivity to SSC.
Key words : high strength low alloy steel; sulfide stress corrosion cracking; short-time tempering treatment;
micro structure ; grain boundary segregation ; alloying element ; prior austenite grain boundary embrittlement.
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Table 1. Chemical composition of steels (wt% ).
Steel C Si Mn P S Cr Mo Ti B
T-1 0.13 0.25 0.52 0.016 0.002 1.10 0.12 0.020 0.0016
T-2 0.12 0.22 0.53 0.011 0.003 1.03 0.16 0.020 0.0012
T-3 0.20 0.10 1.30 0.033 0.001 0.30 - 0.012 0.0010
T-4 0.20 0.10 1.30 0.033 0.001 0.30 0.13 0.012 0.0010

3§ 5 Mo DIRE, BMBOLERMEIZO>WTiz+4
WIS TV,

—0, EOBIBE S & L T OFENB BT,
HrAnF—, HEML, EHESOREHHE L BE—
B, 27— VEECIDIFNAER, HBonMbEs
BLoFflasigsns., LaL, HEmsi, EEY
SRR OB S5 — T ), SR By
HHE B L UM SSC M5 054t L, fERDIFhs
RIZULIR L 3R % o 2B BT RS 5.

Z ZTHAMREICBVTIE, it SSC Wi Riz+ A%
REEIMEBDOBED & LG ORE LR, SSC Hit2H
DSRFE, MK, BEBREE LI ICEEL TV 2%

ERFEEREHESL 2L 7.

2. ¥ B F &

2-1 $EH

Cr-Mo #l % X— 212, 600°C~700°C o H#E st ¢
ELIZXD, 70kgf/mm® BOWHIESND L) o
BLAMBAMOE S % Table 1 IC7RT. SoE% 150
kg BZZEMPIC X DERL, 1250°C (2h0#k%, 12 mm
EORIZEEL 7.
2-2 #nig
BERIPMBLIZ X D 900°C 12 30 min JELEE, KEA N
¥iTo 7. BB L L, 500°C 55 750°C DR B
W, RIS 10s 55 3600s D4 OMAEE TIT-
7o, (RFFEFM 1000s LT D b 0 ix 8 3 72 131858
FEv, 1800s L EDbDRBERFEME* T 7.
2:3 SSC &8

SSC D EFMIZ EE A HEEFIRA SSC RKERE (LU
T SSRT & ME¥) 2L 0, pH=3.0 ® H,S % &
L 7z 5% NaCl+0.5% CH;COOH Kk i&i (UL F NACE
BREMT) hC, BE 25°C, BELEE: =2.08X
107%/s DEMTIT - 7.
2-4 WEEE

SSRT ABRKORBRF OBHE* 1 v e ¥ ¥ — % &M
L7 5% BEBRIC X 0 B C Bk iR, EXMETFIEMESIC
LNBBELL 20Ol HESSERBRS IERCLD
WHE DG L TE DB T 57012, 5565 Lo

Teble. 2. Effect of Tempering Temperature (TT)
and Holding Time (HT) on the morphology of

cementite at various Precipitation Site (PS) in
steel T-2.
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*1:Precipitation site of cementite
GBprior austenite grain boundary
LB martensite lath boundary
L martensite lath
*2:Morphology of cementite
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Fig. 1. Stress-strain curvesin SSRT test of
steels tempered at 650, 700 and 730°C for 10s.
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Fig. 2. Effect of tempering temperature and
tempering time on the fracture strength of steel
T-1 in SSRT test. The digits in the figure mean
as follows.

®, @, GD, @D : Tempering time (s)
650, 680, 700, 730, 750 : Tempering temperature (°Cc)
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Photo. 1. Effect of tempering conditions on the fracture mode of SSC of steel T-1 tempered at

650, 700 and 750°C for 10s.
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Photo. 2. Transmission electron micrographs of steel T-2 tempered at 650, 720 and

750°C for 10s. :
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Fig. 3. Effect of Mo contents and tempering con-

ditions on the grain boundary segregation of P mea-
sured by AES.
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Optimum tempering
temperature range

Resistivity to SSC (0%)

/(low) Tempering Temperature (high)

Prior austenite grain
boundary cracks

Pseudo cleavage
cracks

| ,| Crack initiation from
ununiform structure

© Grain boundary
segregation of impurities

OFine carbides precipitation
at grain boundary

© Fresh martensite

© Coarsen carbides

Fig. 4. Schematic illustration of behavior of SSC resistivity influenced by tempering

temperature.

«  Susceptibility to SSC (€4/€ail)

650 700 750
Temp (°C)
Fig. 5. Schematic diagram on the relationship be-

tween the susceptibility to SSC and morphology of
cementite in short time tempered steels.
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Fig. 6. Schematic illustration of the crack initia-
tion at the prior austenite grain boundary due to
the carbide precipitation at the grain boundary.
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Photo. 3. Coarse carbides in steel T-2 tempered
at 700°C for 30 min.

Photo. 4. Voids grown at the grain boundary in
the fracture surface after SSC test.
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