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Effect of Individual Addition of Alloying Element on the Creep-
Rupture Strength and Microstructure of 12%% Cr Steel

Synopsis:

Norio TAKAHASHI and Toshio FuJiTa

High pressure and temperature steam condition of recent steam turbine demands development of 129,
Cr steel having superior elevated temperature strength. So, the effects of individual addition of alloying
element such as Mo, W, Ti, V and Nb have been investigated in order to improve the elevated temperature

strength of 129, Cr steel.

The elevated temperature strength of 129,Cr steel is increased by individual addition of alloying ele—
ment such as Mo, W, Ti, V and Nb. Additions of Mo or W results in solid solution strengthening as well
as precipitation hardening, whereas those of Ti, V or Nb results in precipitation hardening. The strengthen—
ing effect can be explained by the difference in atomic volume between Fe and the alloying elements. Tt is
observed under transmission electron microscope that the dislocation density becomes higher, as the dif-
ference in atomic volume is larger. As a result, the creep rupture strength of the steel is increased.

(Received Nov. 28, 1973)
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Table 1. Chemical composition of specimens (wt%).

C si Mn P s Cr Ni Other
S—1 0-19 0-50 0-77 0-011 0-009 11-57 0-12 —
S—2 0-20 l 0-36 0-53 0-017 0-0i6 11-58 0-09 Mo 1-07
S—3 0-19 0-40 0-53 0-014 0-014 11-88 0-09 w076
S —4 0-20 0-44 0-54 0-017 0-016 11-79 0'08— ‘Ti 0'3'5
S—5 0-22 0-44 0-55 0-G05 0-018 11-85 0-08 v 038
S—6 0-18 0-47 052 0-012 0-016 11-55 0-09 Nb 0-42
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Fig. 1. Effect of the single alloying element on the creep-rupture strength
of 129, Cr steel at 550°C.
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Fig. 2. Effect of the single alloying element on the creep-rupture strength
of 1294 Cr steel at 600°C.
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Fig. 3. Effect of the single alloying element on the creep-rupture strength of

1294, Cr steel at 650°C.
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Fig. 4. Effect of the single alloying element on the creep-rupture strength of

1294 Cr steel at 700°C.
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Fig. 5. Effect of the single alloying element
on the hardness of 1294,Cr steel tem-
pered at 550°C and 650°C.
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M,C, M;Cy, M,3Ce o 3 B3E T, M,C 1% 550°C, lhr L
#i4% L, M,C, 13 550°C, 1hr~650°C, 1000hr & C
TS, F72, MpuCe k3 550°C, 100hr B48CH R
TH5ZLvbrb. RREEOED & LTREERRILD
ThH%H MyuCs BERILMERS.

Mo @D S-2 @ F{bH: MG, M,Cy M,C,,

Table 2. Results of X-ray analysis of residues

extracted from steel S-1 (12cr) oil-
quenched from 1 150°C and tempered.

Tempering Identified carbides
450°C, lhr M,C — —
500°C, lhr M, C —
550°C, lhr M,C M, C, -
600°C, lhr — M,C, —
650°C. Lhr — M, Co —
700°C. 1hr — M,Cs | MyC,
550°C. 10hr — M,C, =
650°C, 10hr — M,Cy | MyuCs
550°C., 100hr — M,Cs | ManC.
65000, 100hr —_ Mq C 3 230
550°C, 1000br — M;Cy | MaCe
650°C, 1000hr — Cy(w)| MyC,

W : weak

Table 3. Results of X-ray analysis cf residues
extracted from steel S-2 (1-07 Mo)
oil-quenched from 1150°C and

tempered.

Tempering Identified carbides

condition
450°C, lhr M3C ‘ — — —_
500°C, 1hr M;C — — —
550°C, 1hr M;C M;C3(w) —
GOOOC, lhr M;,C (W) [AVEY —_ MGC
650°C, 1hr M;C;3 |MpCe(w)| MC
700°G, lhr - M;GCs(w)l My G | MC
550°C, 10hr — M,C, — —
650°C, 10hr — M,C3(w) MyuCy [ MC
550°C, 100hr — M,C, M,3Cs | MC
650°C, 100hr — M,Ci(w)| MgpCgq |MC
550°C, 1 G00hr — — M,;Cs | MC
650°C, 1 000hr — — M, Cs 1 MC

W : weak

— 88 —

4



r'd:")

L 2

N
o

129%Cr f#HD 7 V — SREMITREE S X OB IC 3 LIS+ MMRmTE o B 1511

Table 4, Results of X-ray analysis of residues
extracted from steel S-6 (0-42 Nb)
oil-quenched from 1150°C and

tempered.
g;)c'?éﬁ?;glg Identified carbides
450°C, lhr M,C — — MC
500°C, lhr M, C — — MC
550°C, 1hr M;C M,;Cq(w) — MC
600°C, 1hr M, G (w) M, C, — MC
650°C, 1hr — M,C, — MC
700°C, 1hr — M, C, My Cg | MC
550°C, 10hr — M, C, — MC
650°C, 10hr — M,C, M,;Cs | MC
550°C, 100hr e M, C, — MC
650°C, 100hr — — M, C, | MC
550°C, 1 000hr — — M,, G, | MC
650°C, 1 000hr — — M,;Ce | MC
W : weak
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ZREVE Mo DIRIMIC X 2T & A EEEZZ 137\,
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B, X$HERE LTh MpCe ' — 213 S-1 0%
NELBRTEFRH IO T LRV, ZOHEKE->
EQTEL EEZXLNS. Tibb,12%Cr iz Mo %
T 5 &, MuCe 4R HAICH7-2 T Cr 28 MG 2
KITRCLH5ORE LT, Mo 13 MC kit Eick %
DT MgCo B2 TN ECD S BLbin D OERSG A MC
CHETT5. 20, MuCs DITHEES S-1 2 b
RTAPEL B2 EEFEXLNRS. MGy, DOEEMNEL
B0 MC DI HICE D, = bY v 2 XD RER
EAET L, RFHETRFREDOEK Y MyuCe DZERES
REINDIOLEEZILNS. i, EROBEL I L
Th MyuCs & MC pitff L 75 (Table 3).
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D4 EFETWED KL (WC L) BRliShisr
D7z, MyC 3 X0 M;C; 1% 600°C, 1hr $CilskT 5.
MG 13 600°C, 1 hr DIfg4:pR L, MeC X 650°C,
Lhr DB TR 55, 550°C TR ERMOmDL & LT
LI Lisv. W ol X >T M,C->M,Cy %

O
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Photo. 1. Electron micrographs of the modified 129 Cr steels oil-quenched from 1 150°C

AN 1S S 5. SR A BN XL R0

and tempered at 650°C for lhr (carbon extraction replica).
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;:nicfc;éraphswc;t; the I_Q%Cr steel's‘oril—quenched from 1150°C and

tempered at 650°C for 1000hr (carbon extraction replica).
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FRITIF LA EEXZ T v, MC—-My;C 0%
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fITrEREEDO MC DEIEBREV. %1, RFEHO
Hedy & LT MyuGCs & MC 03tfF L7 % (Table 4).
3.4 AREE

SeFTEMSSIT X HHBEE TR Y ) — THEPAERS X
UEd E LIEX L oBER R v ilieicsor.

Photo. | X 650°C, lhr, Photo. 2 X 650°C, | 000hr
DEED & LR v — Kot v 7Y ERERLCET
FRMEBTHELLDDTHDH. 650°C, 1hr DS EL
TV Nb #RinD S-6 0 Rk b2 & /& <,650°C,
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Photo. 3. Transmission electron micrographs of

1295 Cr steel S1 oil-quenched from 1 150°C

and tempered at 700°C for various times (x25000).
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Hit k&%, 1000hr iwit 5 &, BEEEERITERE
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Photo. 4, 5, 6, 7% S-2 (Mo ¥, S-5 (Viin)
S-6 (Nb ¥hn) @ 700°C DfEd & L& R % V5%

LTETHMECHELAZbDT, 4 5, 6, 7 3%5h
ZFh 1, 10, 100, 1000hr DEED & LEBICHET 5.

700°C, lhr @f#ic2>\vwT (Photo. 4)
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265, S-6:300 X7cbh, Nb MO S$-6 25 oL 15
<, Mo @i 8-2, V o S-5 lEic/ 5. Mo i
o S-2 DML BRSO BRI E T THED
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DEME . Vo S-5 ofEkix S-1 (12Cr 58) o
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S-6 ORI E KBRS EMHIE S B ABHOT VWS, L
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700°C, 10hr #EEIC oW T (Photo. 5).
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Photo. 4. Transmission electron micrographs of the modified 12% Cr steels oil-quenched
from 1150°C and tempered at 700°C for lhr (x25000).
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Photo. 5. Transmission electron micrographs of the modified 1295 Cr steels oil-quenched

from 1150°C and tempered at 700°C for 1Ohr (25 000).

BININT 5 2 EHEE LS, AR TIREALXDEET
ROBCEHE AL XS5 & LCEBRmLE. UT
WCEBRER A ERT 5.
41 OVU—FIHERE

Mo, Nb Dinss 550°C @ 2 Y — PRl % 15 5
LDk, Mo FEhnTik Laves #8, Mo,C, M,,Cs, MC 75
EDRICH DT HEEELVER 3 X S %bVER, Nb iR
ik MC I X5 LERic X 530 2 50
5999, L L, Mo IRINDBE, RIS ik sesE
TdHH7cd 550°C DRFFM Y ) — THBIREIEREE L
TW5HH, Nb FEInDIBAITEANRICEE RO MC
BEALTWDD, TORICHHTS MC 237
TERKT MC offfic XoTCTE R HRHOBE R
BAE 550°C hETHAT B0, &) — THENih
EMMETTHDDLEZLNEY 10, WiRIoEL,
600~700°C @ 7 ) — THEHfEE L WD 5 D1E, W D
iz &0 129%Cr fRERD ERIEITH 5 MysCs 5%
T BT LRI MC BB T 2 ) — THEIRE
ZEDBZIDEZEZLNS. Ti, V2iFEmTse, MC
OHHNIC XD &7 ) ~ TREMTRELE < 7 538, Nb Fihn

DEFEEFE CEHIC X ) &R - BRI CIRE KT
T5.

129Cr  THEMAD 2 ) — TIRETEE % thE T % 720D
BEITEOIINE DL ) LIATS 575 bh, £ 07—
ABEOLNTVWS. =& xiF, Koursky®® 51k 1294,Cr
M#gEic Mo, V, Ti, Nb o &&ETELTML,
IR C X D RIED I EDWHMIZ L 2T 2 ) — T
WrssEs»F L HEEXNS &L LCWS. 7, HEDE 5
RBROTIE & T2 T, 129%Cris, 129Cr-0-59,Mo
M X CEETTEXEATI Lz 129%Cr-0-5%Mo-0-4
%V-0"29%Nb §fio> 550°C, 10 kg/ mm? @ & Y — F=tE
HRWT, RANZ Y —THEDHH 500:80:1 Ly
BEILEOIWIMOIREIKE L, &, WERIT 5 &
FELL ) - TRENEEIND LHE LTV, A
T CRIRITEO B LEEEZHA ST 2 -0ETES
B Uzzad, 129%Cr [3RD 2 ) — FilisaeE
ZED DKL, Mo, W 2L T~= bY » & 2%k
LT 61V, Nb 2L Tifii b8 50058
F LV FEEARIERS X ONEE T b SRRV,
Nb 7% E O HBEBEETH 0, BHig - BRI < Mo,

— 02 —

-



1516 g & &N

# 60 £ (1974) #1055

5-2]

Photo. 6. Transmission electron micrographs of the modified 129, Cr steels oil-quenched
from 1150°C and tempered at 700°C for 100hr (x25000).
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Photo. 7. Transmission electron micrographs of the modified 1294 Cr steels oil-quenched
from 1150°C and tempered at 700°C for 1 000hr (25 000).
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