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Effects of Molybdenum and Tungsten on the Long Period Creep
Rupture Strength of 12% Chromium Heat Resisting Steel Con-
taining Vandadium, Niobium and Boron

Toshio Fujrra, Takemi YAMADA, and Norio TARKAHASHI

Synopsis: ‘

It is known that 129, Cr heat resisting steel is one of the most economical heat resisting steels. It is, how—
ever, inferior to austenitic heat resisting steels in the creep rupture strength above 600°C. So, the effects
of Mo.and W were investigated in order to improve the creep rupture strength of 129, Cr heat resisting
steel containing V, Nb, and B. '

(1) The creep rupture strength of 129, Cr heat resisting steel is increased by the additions of Mo and
W. Additions of Mo and W result in solid solution strengthening as well as precipitation hardening.

(2) In the case of a single addition, optimum amount of Mo is about 1:5% and that of W is about 3-0
9. Whereas in the case of a combined addition, optimum amounts of M and W are both about 1-0%.

(3) Ttis observed in an electron microscope that coalescence of precipitated carbide perticles are retarded
by the additions of Mo and W to the steel.

(Received May 22, 1974)
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Table 1. Chemical compsition of specimens (wt%).

Steel) ¢ Tsi [ Mn| P s o Mol w | v N, B | N |cu]|ni

S-1 10-20{0-50;0-85: 0012, 0-012, 10°79 : — — [ 0-18|0-2110°032 0017|005 0°13
S-2 | 0°1910-45/0-87{ 0°009| 0010} 11'19{0:76| — |0-16|0-24!0-027 | 0-017|0-11 | 0-08
S-3 1021 041089 0005| 0018 1053 |1'59| — |0°19{0:200-037 | 0-020 | 0-03 | Nil

S-4 102105708 0018 0022 1059|198 — |0-18|0-22|0-041 | 0-022 | 0-03 | Wil

S-11 10191 0-50 | 0-85| 0012 0011 | 10°37| — | 084|018 0-15]|0-038 | 0-014 | 0-03 | 0-23
S-1210°2110-29  0-90| 0006 | 0-012| 1080 | — |1-71|0-14{0-22{0-040 | 0-014 | 0-03 | 0-03
S-21 10201 0-49 | 0-89 | 0°007 | 0-023 | 10-81 | 0-38 {0-41 | 0-21 | 0-23 | 0-043 | 0-013 | 0-08 | 0-01
S$-2210°19:0-43 1 0-81 | 0°007 ' 0-012 | 1050 | 051 | 0-87 | 0-21 | 0:20 | 0-026 | 0-015 | 0-03 | 0-07
S-23 10201 0-43 1084} 0°008 | 0013 | 1078 | 0-52{ 1-21 | 0-17 | 0:20 | 0-027 | 0-014 | 0-05 | 0-08
S-24 1020 0-46 1 08 0°008 | 0-008 | 1076 |0-78 | 0-63 | 0-21 | 0-18 | 0-027 | 0-018 | 0-07 | 0-07
$-2510:22 | 0-44 (084 | 0°0I1 | 0-011 | 1069 | 1-03|0-48|0-20|0-18]|0-029 | 0:016 | 0-05 | 0-07
$-26 1 0:23 | 0-61 1 093 | 0°013 | 0-014 | 1079 | 1-03 | 0-90 | 0-16 { 0:20 | 0-040 | 0:014 | 0-04 | 0-09
$-27 10°23 | 0°46 [ 084 | 0°009 | 0-012] 1064|127 |0-85|0°19|0-18 | 0-028 | 0-014 | 0-07 | 0-05
S-28 |1 0-21 | 042 [ 0-8¢| 0011 | 0-008 | 1054 | 152|042 |0°20|0-18)0-028 | 0-015 | 0-03 | 0-05
S$-2910-19 1029|088 | 0°013 | 0-015| 1072 {1-53|0-74 { 0°19 | 0-24 | 0-038 | 0-010 | 0-06 | 0-04
S$-30 1 0-1910°28 | 0°90| 0013 0014 1077 | 1°62 | 1-33 | 0:19 | 0-23 { 0-037 | 0-010 | 0-05 | 0-04
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Fig. 1. Effect of molybdenum on long period creep rupture strength of modified 129, Cr heat

resisting steel.
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Fig. -2. Effect of molybdenum on long period creep Rupture strength of modified 129 Cr heat

resisting steel.
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Iig. 3. Effect of tungsten on long period creep rupture strength of modified 1295 Cr heat

resisting steel.
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Fig. 4. Effect of tungsten on long period creep_rupture strength of modified 129 Cr heat '

resisting steel.
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Fig. 6. Effect of molybdenum and tungsten on long period creep rupture strength of modified 129
Cr heat resisting steel.
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Fig. 7. Relationship between Mo or W content and hardness at 700°C.
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Photo. 2. Microgropphs of modified 122, Cr heat resisting steels oil-quenched from 1 150°C
and tempered at 700°C for 1000 hr.
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Photo. 3. Electron microgfaphs of modified 129; Cr heat resisting steels oil-quenched ‘
from 1150°C and tempered at 700°C for 1000 hr (extraction replica).
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Table 2. Results of X-ray analysis of residues
extracted from steels oil-quenched from
1 150°C and tempered.

Te::I:)LI)Jf(:iriitIilcgm 700°C | 700°C 700°C
Steel No X Lhr % 100hr % 360hr

12Cr M, Cg MG M,3Ce
$-1(0Mo) ME | ME | M

S-2(0'76Mo) | pquCs | MzCe | MaCs

S-4(1-98Mo) | MaCle | MaCe | MuCe
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FLEX2HERBMETHR LTV R DD LEE X DN
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3.4 TR
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Table 2 TRT. ZhicXs&, 700°C ofEd K LIZ
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(NbC) BSHERIhichs, V ot (ViCy &) =%
1Z51t4 (Fe.B, Cr,B 7x &) WS hiss>/. Mo
% 0°76% HEZiiinl/iz S-2 X0 1°98% RhnL
7o S-4 T3 MGy X MC PFEERI N, V
ok, Mo BoRbH MoC i), MG,
Laves # (Fe;Mo), E5{bidtgtiShissroic. 7t
¥, REOHRETHhO W BMEMAL Mo XU W
DESTRMMC OV T EBR S B TT bl oi. L
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Fig. 8. Relationship between tempering time and hardness, percentage of residue and partition
coefficient of carbide forming elements at 700°C.
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Fig. 9. Relationship between Mo and W contents and creep rupture strength (at 650°C),
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Table 3. Results of calculation from creep rupture strength equation.
Steel 650°C, 1000hr 650°C, 10000hr
No gA 3 (O'A_O'H)2 oA OB (opo—o0B)?
kg/ mm? kg/ mm?2 kg/ mm?2 kg/ mm? kg/ mm? kg/ mm?2
S-1 1360 14-30 0-48 9-00 8-40 0-36
S-2 16-30 17-14 071 10-50 11-81 1-72
S-3 19-10 17-64 2:12 13-10 11-80 1-69
S-4 15-50 16-94 209 9-50 10-45 0-91
S-11 16-80 16°13 0-45 10-00 10-00 0-00
S-12 18-20 18-18 0-00 12:30 12-34 0-00
S-21 18-00 16-63 1-88 10-30 10-96 0-43
S-22 1710 17-64 0-29 12-30 11-98 0-10
S-23 17-60 1815 0-30 12-50 12-54 0-00
S-24 17-60 17-75 0-02 12-10 12-17 0-01
S-25 17-10 17-84 055 12-20 12-25 0-00
S-26 18:00 18-06 0-00 12-70 12-43 0-08
S -27 17-60 17-88 0-08 12:40 12-09 0-10
S -28 17-60 17-57 0-00 12:10 11-60 0-25
S-29 1750 1747 0-00 10-80 11-42 0-38
S-30 17:60 17-09 0-26 10-90 10-97 0-01
g4 : obtained value from experiment. op : calculated value.
) — PEWTIRE LR % AR NS LT 3 . _
5. #& =

L — 2 —CHER T2 CA~FOEZ kDI —
X LT, 650°C, 1000hr 33 X 0% 10000hr D& V) —F
WHAE 2 ERTHLO2FD L5, Tihbb,
or 650°C, 1000hr=14'30—1-98(%Mo)?

+5°25% (%Mo) +0-11x (%W)?

+2:09% (%W) —1-63 % [ (%Mo)

% (%W)] ( kg/mm?)

or 650°C, 10000hr=8-40—2-83x (%Mo)?

+6:65% 19,Mo) +0°47 X (%W)?

+1:50% (%W) —1-67[ (%Mo)

X (%W)] ( kg/mm?)
LB (8) BB IO (4) REAVWRS ) — ST
BEDOFIEME L EREORRE Table 3 iRg. (3)
BIV (4) RE Mok X WEL AOTTERIT—ET
HDEVIPEDDL L THOLENARTH D0, EEC
v Table | wahshsdXxsic G, V, Nby BRI XS
VEBBD, TRALDNTYFICILDOTYHRD L &ignt
52~ FHEBEEI L IV FELELTVWBIETTH
5. LicsoT Table 3 RzpXd7nN7YX5aEE
T5HEEEEEEMBEL IS DXL —FHLTWBEH
zbhd. 7k, W oZikos ) — FREEHBEERELT
D BELUT & HRTHED/ISIVDT, EFhbo
XEAVEESCRBELTILIVEE LS. (3)BX
W (4) FH 5 650°C, 1000hr ¥ V) — FRERFAERE VT
1-289,Mo+0-729%W f1iECREIC D, 650°C, 10000
hr ik 0°90%Mo+0-93%%W (hHiETCEBICAE 5.

0-294C, 10-59%Cr, 0°29,V, 0°29,Nb, 0'04%B %
&Y 1295Cr RHEMRAD £ ) — THEGREZHET 572
HMokXU W OBk SO ESTRMETL>TE
BT LI. TORREZILDDLEDOEDT L L TH
5.

(1) Mo kXU W iz X v, 129Cr FitZAR
DoY) — THEEPAEIE L{EEIND. Mo OBMIK
IMOBECITRMER 1°6% TZ Y — THETHEE» RS
i Bh, FNELERMT3 L, 0-7 2754 AHEBAL
THEXMET LT £ 5. W OoBEMEMOBEITIEN
B 1'7% TRELX 2 Y — FREGAEENOEER © &
5. BETMOBEICH Mo BITHE LT 1°6% Fhi
THREGILLD.

(2) HEHELESS 2 - FTHETEEOHE LITE
RO %E =3

(3) KFPEAMIEIC X oMRIEIZICE D, Mok 1-98
% BN L3R & Mo % 1°62%, W % 1339
WERM USRI 6-7 » 74 P& h, -7 =5
A FOHBIT Y ) — THETAE QKT & BiE L BRES D
5 Ehbirotk.

(4) » — F L7 Y OB FHEMEHEC X
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(5) ERHEC X 5MEERAY XBERLZER,
700°C DEED & LTI 129%Cr $Hic i3 MyCe, 12%Cr-

— 71 —



370 & & &£

B 6l £ (1975) $E3 =

V-Nb-B ggiz X MpCs, MC(NDLC), 129,Cr-V-Nb-B-

Mo iz td MyGs, MC(NDLC) DA HMFERR S iz s,
V RIS T V B R, Mo #ingET Mo Bk
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BRI R 0.
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or 650°C, 1 000hr=14-30—1-98% (%Mo)2
+5°25% (%Mo) +0-11 x (%W)2+2-09
x (%W) — 163 x [ (%Mo)
X (%W)] (kg/mm?) .

or 650°C, 10 000hr —8-40—2"83 x (9,Mo)?
+6°65% (9%Mo) +0°47 x (%W)2+1'50
X (%W) — 167 % [ (%Mo)
X (%W)1 ( kg/mm?)
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