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Estimation of Long Time Isothermal Temper Embrittlement in
2Y4Cr-1Mo and 3Cr-1Mo Steels
Masayoshi KOHNO and Masaaki KATSUMATA
Synopsis :

Isothermal temper embrittling tests at 425, 450 and 475°C, for 54 000, 20 000 and 5000 h, respectively,
were performed using 2 Y4 Cr-1Mo and 3Cr-1Mo steels with various amounts of Si, Mn, Cu, Ni and
impurities. Relationship between long time isothermal embrittlement and step cooling embrittlement is
discussed. The results are summarized as follows.

1) The equations, which can accurately estimate the shift in 50% fracture appearance transition tem-
perature and the 40 ft-1b transition temperature by isothermal embrittling at T°C for th (AFATT;r,
A40TT;7), are derived from those of step cooling embrittling (A FATTsc, A40TTgc) and amounts of im-
purities defined as P,, =(10P+5Sb+4Sn+As) X107~

2)From the equations, the following facts are found. Embrittlement at 425, 450 and 475°C reach 90%
saturation by aging for 380~652X10% 64~97X10® and 10~12X 10% h, respectively. Saturated isothermal
embrittlement at 425, 450 and 475°C are 2.44, 1.98 and 1.51 times the step cooling embrittlement,
respectively. Embrittling rate is slower and saturated embrittlement is greater at lower aging tempera-
tures. ‘

3)Isothermal temper embrittlement at 425°C for 20 years (A40TT,425 x 20,) » which is maximum at this
temperature in this study, is calculated to be 2.1440TTgc. So, 40TTp+2.54 TTgc<10 or 38°C, where
40TTp is 40TT after PWHT, is reasonable evaluation standard to avoid severe temper embrittlement in
long time service.

Key words : 2Y4 Cr-1Mo steel; 3Cr-1Mo steel; isothermal temper embrittlement; step cooling embrittlement;

impurity element.
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Table 1. Chemical composition of tested steels (wt% ).

Group | Steel C Si Mn P S Cu Ni Cr Mo Al Sn Sb As X Ingot
A 0.15 0.04 0.52 0.010 0.011 0.03 0.16 2.39 1.04 0.001 0.004 0.0039 0.005 4.1 100 t
B 0.11 0.22 0.45 0.013  0.012 0.05 0.10 2.35 1.04 0.003 0.005 0.011 0.005 21.0 25t
C 0.14 0.31 0.59 0.009  0.009 0.02 0.17 2.45 1.02  0.023 0.004 0.012 0.005 17.1 90 kg
D 0.12 0.08 0.68 0.009 0.014 0.02 0.18 2,37 1.01 0.004 0.005 0.0080 0.006 15.6 90 kg
1 E 0.16 0.01 0.53 0.019 0.013 0.01 0.18 2.01 1.06 0.001 0.002 0.0085 0.005 21.1 90 kg
F 0.12 0.30 0.57 0.019  0.007 0.02 0.17 2.46 0.98 0.004 0.004 0.012 0.006 27.2 90 kg
G 0.14 0.57 0.49 0.009 0.012 0.02 0.16 2.43 1.06 0.006 0.007 0.012 0.010 18.8 90 kg
H 0.15 0.08 0.39 0.009 0.011 0.02 0.03 3.06 0.99 0.032 0.003 0.0012 0.003 11.1 7t
1 0.15 0.35 0.51 0.013  0.006 0.03 0.29 3.12 1.03 0.008 0.003 0.0070 0.003 18.0 90 kg
J 0.09 0.10 0.49 0.009  0.009 0.02 0.04 2.99 0.96 0.004 0.004 0.011 0.005 16.0 90 kg
P 0.14 0.22 0.53 0.008  0.007 0.03 0.17 2.35 1.04 0.014 0.003 0.0020 0.002 10.4 180t
2 Q 0.12 0.17 0.55 0.002  0.010 0.01 0.16 2.45 1.03 0.026 0.003 0.0031 0.003 5.0 90 kg
R 0.13 0.06 0.91 0.007  0.008 0.01 0.16 2.52 1.06 0.009 0.002 0.0012 0.003 8.7 90 kg
P1 0.13 0.27 0.49 0.003 0.015 0.01 0.01 2.22 0.97 0.019 0.001 0.0002 0.001 3.6 90 kg
P2 0.13 0.26 0.48 0.010 0.015 0.01 0.01 2.24 0.98 0.020 0.001 0.0002 0.001 10.6 90 kg
P3 0.14 0.26 0.49 0.016 0.016 0.01 0.01 2.26 1.00  0.020 0.001 0.0002 0.001 16.6 90 kg
P4 0.13 0.26 0.48 0.004 0.016 0.01 0.01 2.23 0.99 0.019 0.016 0.0002 0.001 10.6 90 kg
P5 0.12 0.25 0.47 0.002  0.008 0.01 0.01 2.30 0.96 0.010 0.001 0.0002 0.017 4.2 90 kg
3 P6 0.12 0.25 0.46 0.002  0.009 0.01 0.01 2.30 0.97 0.014 0.001 0.0160 0.001 10.5 90 kg
P7 0.13 0.24 0.46 0.003 0.008 0.11 0.01 2.26 0.97 0.015 0.001 0.0003 0.001 3.7 90 kg
P8 0.13 0.24 0.47 0.003  0.009 0.20 0.01 2.42 0.99 0.019 0.001 0.0002 0.001 3.6 90 kg
P9 0.14 0.25 0.49 0.008 0.016 0.01 0.01 2.20 0.99 0.022 0.008 0.0070 0.007 15.4 90 kg
P10 0.15 0.25 0.48 0.008 0.007 0.08 0.01 2.27 0.98 0.020 0.008 0.0080 0.004 15.6 90 kg
P11 0.11 0.26 0.50 0.013 0.014 0.20 0.01 2.19 1.00 0.016 0.008 0.0082 0.012 21.5 90 kg
P12 0.10 0.06 0.48 0.012  0.012 0.20 0.01 2.38 0.98 0.016 0.010 0.0109 0.010 22.5 90 kg
a 0.12 0.23 0.44 0.10 0.012 0.06 0.08 2.27 0.98 0.002 0.006 0.0070 0.006 16.5 25t
b 0.15 0.05 0.53 0.009 0.012 0.03 0.17 2.41 1.06 0.002 0.004 0.0041 0.005 13.2 ) 100t
4 c 0.14 0.18 0.44 0.006 0.006 0.02 0.06 2.41 1.06 0.002 0.002 0.0017 0.004 8.1 190 t
d 0.15 0.08 0.39 0.009 0.011 0.02 0.03 3.06 0.99 0.032 0.003 0.0012 0.003 11.1 7t
e 0.15 0.09 0.39 0.009  0.006 0.02 0.03 3.05 1.00 0.030 0.003 0.0014 0.004 11.3 7t

X=(10P+5Sb+4Sn+As) X 102

Table 2. Heat treatment and isothermal embrittling conditions of tested steels.

Group | Steel Austenitizing temperature (°C) | CR(°C/min) | [TP] Embrittling conditions temperature (C°) X Maximum time(h)
A 54 000
B 35000
¢ 54 000
D 940 58 20.7 425X54 000, 475X5 000
1 E 35000
F 35000
G 54 000
H~J 930 20 20.9 425X54 000, 475X5 000
2 P~R 940 20 20.7 425X20 000
3 P1 P12 940 42 20.7 450X 20 000
a 930 320 tWQ 20.7
b 930 296 tWQ 20.7
4 475X5 000
c 940 265 tWQ 20.7
d e 940 400 t0OQ 21.4

[TP]=(T+273)(20+log ) X103  T:

°C t:
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Fig. 1. Variation of AFATT, 455 with embrittling time at 425°C.
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Fig. 2. Variation of AFATT;,s5, with embrittling
time at 450°C.
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Fig. 3. Variation of AFATT, 75 with embrittling
time at 475°C.
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Fig. 5. Relation between AFATT, 450,
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Fig. 12. Relation between AFATT;r and embrit-
tling time until 90% of AFATT;_, .

TdHb.

2YCr-1Mo & % \» i3 3Cr-1Mo SADBED & LIAL
DHEFKHEL LT,

40TTp+1.5 A40TTsc<10 ¥ 7213 38°C
40TTp+2.5 AMOTTsc<10 ¥ 7-13 38°C
40TTp+3.0 A40TTsc=10 F 7-i% 38°C
DWFIPPHCONLEEND LI, (4)R0kE
BErREBFERAZEONEMHEEEZ T, EB0O%21H
BERPORILETH Y, (14)XoLm8 2H L (13)5
BEZETHA. 22T, (4)RAOLDE 2 HOEKIZS
WCE L 7. P, 4% 0.004, 0.014, 0.027 wt% D3
BV OPDEFICOWT, (12)5D) A40TTsc DR
¥TdHsb. (10.3—0.0185 T){1—exp x2erfc(z)} %
B L Table 3IZ7R7. ZTOKEXD, 425, 450, 475°C
THRMEILED 90% (ET 2 THEHLLEHE, (14)
KD MOTTsc DRI KRET 2.2, 1.8, 1.4 7@
LTHhAH. T/, HEOFat 20 £/ (175X10%h)
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Table 3. Coefficient of A40 TTsc in equation (13)
at various embrittling time.

T Pe. Full 90% saturation After embrittling
(°C) (wt%) | saturation - for 20 years
Time(h) (175X103 h)
0.004 1127x103 1.80
425 0.014 2.44 2.20 | 627 1.93
0.027 375 2.05
0.004 132% 108 1.80
450 0.014 1.98 1.78 85 1.86
0.027 53 1.88
0.004 17x10° 1.51
475 0.014 1.51 1.36 12 1.51
0.027 8 1.51

RET hE, BRI TH 425°C TR0 &S
TdH DA, 450°C Tid$ T2 90% fafMEibic, 475°C
TREMBEILISGELTBY, RHMTEIFEEICL
P,,=0.027% OHBAICBWVT, AM0TTsc DHREIZ &R
BT 2.1, 1.9, 1.58EE DL, LEdFoT, TO
HEREBEICL - TRZ-TLBHY, bo & bffto
KEWVA425°C DFEEEZTH 2.5 THHEEMATH
n, BYTHAS.

5

BHALFERT*HT 5 2% Cr-1Mo B & UF 3Cr-1Mo
512 > v T, 425°C T 54000 h, 450°C T 20000 h,
475°C T 5000 h ¥ CoOEREMREAILH & SC Mftikbr %
iTv, EREED & LIILE % SCRILE»SHEET S
HiEEBRE LR, RoEwmERL.

1 ) EEBCLE I B TRIFIRE MRV 13 EIELE
BBV, BARILEEREVWZ RSN &
7z, AT HREIZVIERACEE IR L, FRETO
HiEMIL R SC (LB ICHEIT 5 2 L ARR0 SR,

2)425~475°C O K{inE, RFEREICBST 2 ER
Bedb & LEAIL® AFATT,r, A40TTp & SC it =

i

AFATTsc, A0TTse B X UMY ITER 2 K3 %M P
B P, £0(12), (I3)XE b bW THEL(HEETE
5.

3)(12), (1)Ko kB &, SHAEILED 90% I2E
5% CICET HMM X, 425°C T 380~652X10%h,
450°C T64~97 X 103 h, 475°C T 10~12X10%h & {Ki
flcHEICEERTH Y, MARILEREENEhOEE
T SC I & ™ 2.44, 1.98, 1.51 f5 L {KRmIZ &R E L
5.

4)EBOHGY 20 FHERET AL, bo bt bl
LD Rk L\ 425°C OFBAETH 20 SERMER I X B LE
i 2.1 A40TTsc TH D, SC HERIC X HHEHEHEL
40TTp+2.5 AOTT<10 % 7213 38°C 25 EYITH A 9.
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