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Change in Mechanical Properties with Stress Relief

Annealing in Pressure Vessel Steels

Masaaki KATSUMATA, Kenji KOIDE and Haruo Kail

Synopsis :

Prolonging annealing treatment below the critical temperature is carried in order to relieve residual
stress due to welding and to improve toughness of weld heat affected zone in the fabrication of pressure

vessels.
toughness of base metals.

It has been known that this treatment named stress relief (SR) annealing decreases strength and
Thus, the effects of microstructure and alloying elements on this decrease in

mechanical properties were investigated in carbon-manganese, manganese-molybdenum and chromium-

molybdenum steels for pressure vessels.

The decreasing amount of strength and toughness due to SR annealing was the largest in martensite

structure and next in bainite structure.
lite structure.

These was little change in strength and toughness in ferrite-pear-
Good toughness was obtained by SR treatment at high temperature and for short time in

comparison with that of low temperature and long time at a certain strength. The start of decreasing
toughness was delayed by an increase in {4 (Mn(%)+ Cr(%))+Mo(%)} content.

Applied stress equivalent to residual stress level in SR treatment did not affect mechanical properties.
The amount of temper embrittlement due to slow cooling in SR treatment decreased with prolonging SR

treatment.
Key words : carbon steel ; low alloy steel ;
lief embrittlement ; temper embrittlement.
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Table 1. Chemical compositions of steels used (wt%).

Steel C Si Mn P S Ni Cr Mo Al
A 0.15 0.34 1.50 0.011 0.008 — — — 0.027
B 0.34 0.37 1.49 0.010 0.007 — — — 0.040
C 0.16 0.27 1.40 0.017 0.016 — — 0.50 0.026
D 0.19 0.21 1.41 0.011 0.011 0.65 0.12 0.50 0.015
E 0.23 0.37 1.00 0.007 0.015 — 1.03 — 0.031
F 0.14 0.26 0.50 0.018 0.015 — 0.98 0.50 0.032
G 0.14 0.38 0.57 0.011 0.009 0.21 2.26 1.05 0.003
H 0.12 0.28 0.49 0.018 0.017 — 2.15 0.98 0.036
I 0.10 0.32 0.50 0.011 0.015 — 4.92 0.49 0.030

N
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2z,

<

A : Specimen B : Pipe made of SUS 347
C : Nut made of SUS 304

Fig. 1. Jig for stress addition.
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Photo. 1. Microstructure before stress relief

annealing of Steels C and F.
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Tempering parameter (X107%)
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Effect of microstructure on the relationship between tensile property and
temparing parameter.
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tionship between impact property and tempering pa-

Photo. 2. Coarse ferrite grain observed in Steel
C stress relieved at tempering parameter of 22.
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Photo. 3. Elongated carbides observed in Steel F
stress relieved at tempering parameter of 22.
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Table 2. Effect of stress relieving temperature on mechanical property at a certain tempering parameter.
Steel Tempering parameter Stress relieving YsS TS El RA oTrs oEs
(X1079) ("CXh) (kgf/mm?) (kgf/mm?) (%) (%) . ¢C (kgf-m)
580190 65.9 73.7 27.4 70.7 —78 12.5
19.0 630X 11 67.1 75.4 28.1 71.4 —89 11.2
D 680X0.9 66.3 75.0 29.6 73.2 —-97 12.4
21.0 6301 700 42.6 53.6 39.6 74.4 —42 14.1
. 680X 115 45.2 54.6 41.8 75.7 —66 15.7
G 2.2 640135 53.6 66.1 28.5 74.1 —19 20.0
. 730X1.4 51.8 63.9 30.8 78.1 —55 23.4
620%X195 — 201* — — —80 24.5
F 20.0 650X 37 — 198* — — —104 20.7
680 8.1 — 196* — — —118 20.7
* Vickers hardness
sk ¥ GS No. 100
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Fig. 4. Effect of austenite grain size on the rela-
tionship between strength and toughness, and
tempering parameter in Steel A.
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Fig. 5. Effect of carbon content on the rela-
tionship between strength and toughness, and
tempering parameter.
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Fig. 6. Effect of manganese, chromium and molyb-
denum contents on the relationship between tensile
property and tempering parameter.
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Fig. 7. Effect of manganese, chromium and molyb-
denum contents on the relationship between impact
property and tempering parameter.
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Table 3. Fffect of applied stress on hardness and
impact property after stess relief annealing.
Se Sz Temernw o oseesow gy o,
650°Cx1h  18.5x103  No 289 —i06 2.7
D
6s0°cx2sh  19.8x108  No o 2106 3.2
eso'cx1h  19.0x108  Noo 20 70 4.2
G 680°Cx17h  z0.2xi0r  Noo 206~ 4.9
es0'Cx3son  21.5x108  Noo 167 73 4.2
EERALBON % & L BB LRSS H 55, i

WTIERCElET 5.
3-6 WWHIMORE

1.4 Mn-0.5Mo-0.65Ni 8/ (D #) & L 2.25 Cr-1
Mo 58 (G #d) %M\, I/ % SR LHEZD»
7o S ROEBEMHOZL HRAAE L 724K % Table 3 2
AT, WO SR AEEG BV THIR DMK &
EAMOBICr-SOMEBIR O 2V, £/, ,T,,
L LT, B & BRI OMIZIZE AL
ENRON LV, Thbb, %ﬁmﬁﬁ%@%WWﬁﬁ
Mic kv SR MEBEOBMIMEOEE L vwE v
Z. RosensteIN & Asche !? Gi#ﬁlﬁt()’«i‘&ﬂ)ﬁbﬂ 2&n
SR I b BB+ & 3 LT v 5A%, SR mEAT 500 °C
LS whwAEED & LI~ OEELRAEL T L
EFNF (W

PALEORERIE, BREICTIAFLT S EROBE#EEY
® SR MEIZ X B W E ORI BEBED H % &
Falb-FTAHBILICLNHEETESLZLEEZRLTY
%.
3-7 BHELRMEDBER

SR AL¥ 3 SR R ICRBEHBRFRRE SNHDT,
SR MEftid (1 )SR M I REERFHICE Z i1 E
(2)&HFBIZ 500 CHEREHENL I LICEBED
FLBEHEY cRRKHT AL SELIONRA, B, B
F T3 SR MLEB DRI 30 °C/h ThH 7295,
W OBEM IC BV CH G T OMRILIERD bk »
o7, Thbb, SREILIEZT T SR IR CHRIEFIC
HELELDTHDr. FICHDL ELRMRSHEEFT
% 2.25Cr-1Mo#l (H%) 3 X0 1 Mn-1Cr # (Ei)
% BT, SR M L% SR RE ICRFHOMAL & fREH
DIEAIc S EE L, WEAH SRAUAEOEITTE L HIZED
LBk A2 %K L. Fig. 9 13 SR @i TR
FfgKE L7234 & 600 ~ 300°C O iRE % 10°C/ h
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Fig. 9. Effect of cooling rate in stress relief
annealing on the relationship between hardness,
toughness, and fraction of intergranular fracture
(IGF), and tempering parameter.
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FHIEKD D AOKTFRITEEBIE L 724EH, Fe &0
ADE— 7 ESIE 0.11(P=19.0), 0.11(P=20.3),
0.10 (P=121.8) T, HWADREHE X PHEICEEL
BIE—EDHEE/RLA. IO & SR UE D H#ITIC
ELHHBEL L LIBILEDREA I, A DK RFEHED
BT ob bl FRIOBRICLZbDOTEIRVWEEX
HNhbh. H#OEK PREOBEMICoWTIE 6,T,, 52
ORI WVIZS b O TRFRBE LA 2 900 7298,
COBERICOWTEBENDE ZARHTH L.

E XU H#MOKEGH LREMO SR A IPE 5 HK
iz 2 BV 77U NETEELZE 22, PEOBEM
W& D, RIMOEE, MXtBLU 7254 MLOE
KA ICERD SN, KM EBAEMOREIZIZ
SRAEDOBREZ b b THBEMNZZERITIZLEA LR
2% (/3 NV al

— A KB O BEAEBE IR X o, 13 Griffith-Orowan @
AL (1)K TcEEn B,

= J2E Yo e
oy C (1)

ZITC, ERYVIIUE CR¥ryy s, v, 3B
) MU ERICERS SN - BNERKDI DO AL
F—Thb. Hb & LB X 2R B AR
WTCE DR FRATIC K BRFIEE O 7, DIET 5B
ThHAHLEZOLNDY. RNABIERS % o,, HHRHKE
BS % o, MPIBE KRB 7, ¥ 2R Th 7,
T ETBE, 05> 0, TRDE V> %, D& X IZFIF
BEFBEEL, 0 0p ThbDD 7, <7, DL & ITHF
WEPELET B EEZOND. 7, IR TR OB
RITE IR % LARE™ 5 &, SR B OHEFTIC
LD PESHEMLTY, BEHON AOKRFENEIZ
BALL 272D T v, bbb o 3—FEELLN
B, T, PEBMCEY 0,T, »5Ad L7 EHK ik
o BMET, T4bb 7, WAL, 0 ITES L f2dk
Eriohb.

B, SRRBOETIZLS o DETOREREIZO W
TIRRBOTHMICERT 5

4. #

FENHAGHAH O SR WBAEOME, WM kiET4
BILHE, AL CORBLYREL ERROZ ESHES
AN SoV AN

(1) Mn-Mo XU Cr-Mo S8 SR WLE 2L 3k
FEDETIE MMM HRDKE L, RC B#i#THhD,
F-PMRBTIHIZLALRShz v, P* EidMic &
NDIFEAEEILL WA, AT, /AP M &2 E D
K&, BHk F-PHBONETSH 2.

(2) C-Mn 8o SR HIZHES S8R, SEOEIbE
YRBEZLSTE—-D%B 2 2L 72,

(3) Mn-Mo BXU Cr-Mo #iZBWVT, [Fl— P&
Thhil SREEIEHITE T, 2E 2 5.

(4) C-Mn$icBWT, CEHIE\ITE SR MLHE
RS REDETIRRE VA, P* fE, A,T,,/AP~®
B LR,

(5) P* fliix % (Mn(%)+ Cr(%)) + Mo (%)
DENEMT % & ERICIEMT 5.

(6) EEERZICHEEOMNIMESE, Ma-Mo 8 &
O° Cr-Mo #li> SR LB DRE &, BIMEICEE L 2o\,

(7) SRAEBOFHEIHEIBESL & LIKILEIR P
fEoMmE & b ISR T 5.
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