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Effects of Alloying Elements, Microstructure and Applied Stress
on Amount of Saturated Temper Embrittlement and Embrittling Rate in Low Alloy Steels

Masaaki KatsumaTAa

Synopsis

: Effects of alloying elements, microstructure and applied stress on temper embrittlement were studied at standpoints of the
saturated amount and the rate of embrittlement in low pressure turbine rotor steels. The saturated amount of temper
embrittlement was increased by Si or Mn content. It was affected by microstructure, but was not affected by hardness
after tempering and applied stress. The saturated amount of temper embrittlement was the largest in a sample with
martensite. The next was in a sample with bainite and the smallest in a sample with pearlite. The rate of temper
embrittlement was enhanced by an increase in Mn content or hardness or by tensile stress. It was prevented by hydrostatic
compression. Si and microstructure did not influence the rate of temper embrittlement. The amount of temper
embrittlement increased with the amount of phosphorus segregated to grain boundary in samples with a certain
microstructure. The amount of embrittlement was larger in samples with high hardness than in samples with low hardness

at a certain amount of phosphorus segregated.
low alloy steel ; low pressure turbine rotor ;

temper embrittlement ; alloying element ;

Key words :

1. #&

1]

154480 % 400 ~600°CO IR R - (455 T 2 », Z DR
EREZHAT A L, BRI T 2 MRS L E L
%m&wwh,ﬁ(#%ﬂ%hﬂu%wob%ﬁﬁwﬁtﬁ
vf,ﬁ%EL%ﬂ%@ﬁ@k&%r%mtf,mﬁ‘
bk E B DMEICELA L, EHESECIEE LR A
5 GEERETOMLEIRK S ©) v, ffiLEI NS
(BB LDEONT VA8 F LKL RIETRELZD
SBEHMETF LT b, HE ORI 9D TbR TR S
DL F LU L L TRAT v r— ) o 27 LEO0s
R OSSR M ALALTL I & 2 MED 2, SO SRFIE
FH WAL BT 5 DD, b B ILELRI LR
TAEOPIZOCTORBIEIHTEL Lo TR,

22T, ABFETIE L ¥ LML RET A4 ER, 3
oufiik, b LIBOE S RIS 0B8R itk
HAIE LR OBE Y GHELL, ASTRRCEL TR
HABRS DR E - T B MEOHA, Heb E LI B
Tw%ﬁk?( 2 DEDILHA AT S LT 5 SE, Mt

MEBIIOCTHEEL .

temper embrittlement ;

saturated amount of temper embrittlement ; rate of
microstructure ; hardness ; applied stress.
2. EBGE
2-1 #HESMRURLIE
HEEREI DI F 5 # Table 1 o RT, 881, 2, 3, 51
By E LKLy L ks ffEx—Vvrn—X—lHC G

NEMMDOMTH 5, 84, 6128 F LIfLEZEELE
(T afzdil, FRFUVEEX— ¥ —&— DMK
2 6Mo,VEIoidMoZ Bl L7z, 72, 85 iy, Btb
FULBiAERR Z LT T 31201, Mt HP, As, Sn,
ShbOBE#ZL LTV5, #l1 ~31XA4ILE (Si, Mn) D
P, M1,
WaSOBE, 3, 5, 6 RNHOBEBPFAET 2D
12, R IZ 100k VAD B IR ZEFEIFTIER 3 1,
OkgDH & LIz b, FMBELC L b 15mmMA L L1,

AETEEOBE Y T LA EHE830°C- 2hDA —A T F
A4 MegiFwm L, Iz eiifgeslrxr—vore—x—0—
HYHIRER T D 5 XA F 4 b b LIcHR, 640°C- 6 oK DML b
FLE PTG, Yy A — RS (VHN) #280~290& L
A

I 7 v E LT TS b,

~NAFA b, DY

Pk 44F 5 A2IBRAT Pt 4 £128 8 HZH

(Received on May 21, 1992 ; Accepted on Dec. 8, 1992)

% (M) %S BT RESREL FAFSEAT (Iron & Steel Research Laboratories, Kobe Steel, Ltd., 2222-1 Ikeda Onoe-cho Kakogawa 675)

87

41337 oD, #1iat L LERD

517 M



Il 518

$kE&EMVol.79 No 4

Table 1. Chemical compositions of tested steels/mass%.

Steel C Si Mn P S Ni Cr Mo \' As Sn Sh Remarks
1 0.20 0.13 0.29 0.015 0.014 3.51 1.84 0.38 0.10 0.012 0.017 0.012 base
2 0.23 0.26 0.31 0.013 0.018 3.48 1.87 0.40 0.10 0.012 0.011 0.013 1+Si
3 0.21 0.08 0.58 0.012 0.021 3.42 1.74 0.39 0.10 0.011 0.011 0.012 1+Mn
4 0.25 0.25 0.30 0.031 0.005 3.49 1.75 — — <0.002 <0.005 <0.001 1—-Mo—V
5 0.22 0.09 0.34 0.004 0.012 3.52 1.79 0.41 0.10 0.001 0.002 <0.001 1— (P+As+Sn+Sb)
6 0.20 0.11 0.27 0.015 0.012 3.53 1.79 0.01 0.10 0.012 0.017 0.012 1—Mo
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Fig. 1. Optical micrographs of Steel 4
a) martensite, b) bainite, c¢) pearlite.
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Fig. 2. Effects of Si and Mn contents on 520°C iso-
thermal temper embrittlement.
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Fig. 3. Effects of Si and Mn contents on 520°C iso-
thermal temper embrittling rate (AFATTs :
saturated amount of temper embrittlement).
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Table 2. Amount of elements segregated to grain

boundary measured by Auger electron
spectroscopy in Steels 1, 2 and 3 /at%.

Steel P Ni Cr Mo Mn I“I‘:F:,’/ AFATT/C
1 (base) 22 7.4 38 1.6 nd 4.0 114
2(14+0.13%Si) | 2.1 6.6 4.0 1.5 nd 5.4 162
3(140.31%Mn) | 2.3 6.7 3.7 1.1 nd 4.0 145

nd : not detected
*)peak-to-peak ratio between Fe, Si combined peak at 86 to
926V and Fe peak at 703eV
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Fig. 4. Effect of microstructure on isothermal tem-
per embrittlement.
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Table 3. Effect of tensile stress on temper
embrittlement by step cooling.

FATT/°C AFATT/C VHN
Steel | H.T. Embrittling Embrittling
Deemb. 0MPa|245MPa|Deemb.
0MPa|245MPa 0MPa|245MPa
5 D | —134 |—116] —118| 18 16 257 | 256 | 256
3 D |—124 24 66 | 148 | 190 254 | 252 | 247

Deemb. : Deembrittling
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Fig. 8. Effect of applied stress on 520°C isothermal
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phosphorus segregated to grain boundary in
Steel 6 in which the effect of applied stress
was investigated.
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Fig. 10. Relationship between AFATT and amount of
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