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Effect of Chromium on Creep Rupture Strength and
Microstructure of 10Cr-2Mo-V-Nb Heat Resisting Steel

Kentaro ASARURA, Toshio FUJITA, and Kosuke YAMASHITA

Synopsis:

The effect of chromium content on high temperature properties of ferritic heat resisting steel containing
Mo, V and Nb was studied. The amount of chromium content was varied from 3% to 159, in order to
obtain the optimum value. The tempering hardness and tensile strength were measured and the creep
rupture tests were carried out in the temperature range from 550°C to 700°C. The microstructure was
observed by transmission electron microscope.

The results indicated that the low chromium steels had a good tempering resistance in shorter term tem—
pering, but had a tendency to soften remarkably after longer term tempering. As increasing the chro—
mium content up to 8%, the tensile strength increased but the ductility decreased. It was observed in
transmission electron microscopy that the coalescence of precipitates was accelerated, but the recovery of
matrix was markedly retarded with increase in chromium content.

It was concluded that the optimum chromium content obtained from creep rupture tests and so on, was

109 at the temperature of 600°C.
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Table 1. Chemical composition of steels used (wt%).

] Si Mn P S Cr Mo A% Nb Ni N
CR3 0.047 | 0.59 0.52 0.002 | 0.007 | 3.09 1.92 0.099 | 0.048 — 0.0091
CR5 0.054 | 0.52 0.48 0.003 | 0.008 | 5.12 1.92 0.121 | 0.050 — 0.0096
CR7 0.054 | 0.54 0.52 0.002 | 0.008 { 7.12 1.92 0.114 | 0.046 -— 0.0112
CR9 0.073 | 0.51 0.52 0.002 | 0.009 | 9.22 1.93 0.110 | 0.050 — 0.0240
CR11 0.052 | 0.51 0.51 0.002 | 0.010 | 11.20 1.94 0.108 | 0.050 — 0.0250
CR6 0.056 | 0.50 0.52 0.002 | 0.007 | 6.00 2.02 0.115 | 0.047 0.0260
CR8 0.051 | 0.54 0.54 0.002 | 0.010 | 7.93 2.04 0.116 | 0.049 — 0.0180
CR15 0.055 | 0.54 0.55 0.002 | 0.007 | 14.66 2.02 0.105 | 0.046 0.0321
CRI5N | 0.049 | 0.59 0.56 0.002 | 0.007 | 14.47 2.03 0.110 | 0.048 | 3.16 0.0276
892 0.049 | 0.52 0.55 0.010 | 0.012 | 10.03 2.07 0.100 | 0.049 — 0.0250
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Fig. 1. Effect of chromium on creep rupture
properties of 0.05C-Cr-2Mo-V-Nb steel
at 550°C and 650°C.
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Fig. 2. Effect of chromium on creep rupture
properties of 0.05C-Cr-2Mo-V-Nb steel
at 600°C and 700°C.
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Fig. 3. Effect of chromium on rupture ductility
of 0.05C-Cr-2Mo-V-Nb steel at 550°C
and 650°C.
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Fig. 4. Effect of chromium on the tempering
resistance of 0.05C-Cr-2Mo-V-Nb steel.
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Fig. 5. Effect of chromium and tempering temperature on tensile properties at room
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Table 2. Results of X-ray diffraction analysis of residues extracted from specimen

tempered at 650°C.

Tempering CR3 CR5 CR7 CRY 892 CGRI11
time (h)
1 NbC  M,C,  M;Cs  MpuCs MG M,;Cq
Mzsc 6
10 M, C M, C M, C MyCs MG M, Cg
M,Cy(w) M;Cy FeuMo (w)
M C
102 M,C M,;C M,C M,C M,;Ce M,3G
M;Cs(w) MyCs  FesMo  Fe,Mo(w)
Fe,Mo
108 M, C M, C M, C M, C Mo, Co M,,Ce
M703 (W) Mz;;c 6 MGC FCZMO (w) : weak

THNBFE L&z, filh, 7291 bv&&
s CR9 % X 0¢ CR 11 OF[RHE I FFY Tz bl
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1% 1h © NbC, 10h L& Ci3 MG (FesMosC~
Fe,Mo,C) 2\WiHi+5%. CR5, CR7 iz M;Cy, 8
BEcHE L, CR 7 TRERFECRW-TCHPERLD
BoT\w5%., BEMTIE MC B3R ETS.

7 =54 &L CRY OEEHAITIE MyuCe 233
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DA\~ KR BT B L DF L BEN fe
ThHND, SHREEICIIEYTHD EELD.
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PAEL 0™, FHELE OHEDES+OHETE
5.
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2 VAT » T VR FAITH LT\ 5.
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a) CR3 (1032h-12kg/mm?)
c¢) CR9 (I108h-28kg/mm?)

Photo. 1. Transmission micrographs of creep-ruptured specimens at 600°C.
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HLIIPEETHD. 7 =54 +F (Photo. 1 (c) DT

b) GR7 (1056 h-12 kg/mm?)
d) CRII (1273 h-18 kg/mm?)

43) 1% 0.1~0.3 pm¢ @ MC 23R, SRR HTH L C
KD, =AF VUYL bET =54 ORENCIREN T HE
(LIF PFZ 2mg3) dBIEINSD.

CR 11 @3 Photo. 1(d) R+ X 51 CR9 X v}
bHIENC T AFNIEL 12 TR DY, BUBELEL, &
% T LT D TW AR A bhb. JTicdh
%, CR 11 3 CRY X v b TricEEIEA THS.
7 =54 FEPCHH Lz Fe;Mo, MG 7g EihiEss
0.2~0.5 pm¢ CEET D DR REE L K E R %.

WA %+ 5 2 e T CR3, CR7 %K< CRI,
CR 11 (3613 Bic %, ZoliZy BBkl
&S BHEOEIEE, FrHOREE OE WL CR 9>
CR 11>CR 7>CR 3 ¢»%. 600°C, 1000h o7 Y
— 7 B X1z CR 9>CR 11>CR 15>CR 7>CR
5>CR 3, CR 15N oJET, EEER & o s X
V. Lizasog, Cr mhholbBEodboizd, Fic 1l
%Cr % 2% EBHEOBEENE L HWC E23FED
bihs.

Photo. 2 i 650°C, 1000h i CHily LiciEfE<H
%. CR 3% Photo. 2(a) i3 X 5l k & 7elifs &
PeR LTk b, BAKEREHD TR, 650°C 0
AR CAR DR R IETE LA ERLT2h, B
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a) CR3 (1332h-6kg/mm?)
d) CR8 (1440 h-12 kg/mm?)
g) CRIl (770 h-12kg/mm?)

Photo. 2. Transmission micrographs of creep-ruptured specimens at 650°C.

OB & v BxhioREHEAELT5. CR
5 % CR 3 & i3xH UK T, Photo. 2(b) KKiRT X
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c) GCR7 (1130h-8kg/mm?2)
£) CR9 (13008 h-8kg/mm?)

CR 9 it Photo. 2(e), 2(f)TRT L 5HHYw
DOEEE, HAb LT BHEOEE 13 & D TEL-.
2160h -12 kg/mm? DL Photo. 2(e) WKRT X5
Z=5 vy A4 FFEAOEMEMIRY 2 AT UD
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Bh=AF v b 5 RAOBRIISFRhThizw. 7
=54 FehD R IT L vk 0.7x4pm) IEE
L, 17354 ARl ~2@E0ES CEER KT
5. 600°C it ok LA L Lo ~rT vy g b &
7= 54 P ORETIE MgC, MpGe HBEE LT
13008 h -8 kg/mm? DK/ 5 & CR 3, CR 5 1%k
BBk O 10~15 545 b 7enih, Photo. 2
(f) WRT XS RN ERY) 2 VEEELTED,
hiEd CR 3, CR 5 X /P&,

CR 1l i1 CR 9 L 3iEM U X 5 emEEBEY 2T
%. Photo. 2(g) 117 = 51 MK T, BHOEMEE
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BEL, vyXROBEINIIEA L, HRE JOBRRD
Laves # Fe,Mo 23%& b %. Koursky 520202 4,55
WBLTCHB L5, =5 v AL b+7=54 DO
R TIL Bare b LIFIC Mo DEESEIA A U,
1 b I Mo 235 5 BED Fic Blhdh, ML %
Laves #D Fe,Mo A & L3 7eh. L,
10000h M) Fommtwizs &, 7251 vk v
R, WK, BERWHEIEET5. o i REHEDN2
CXD2T7 =54 o Mo ikih# L, Mo EE LA
T 57, Fe,Mo 3 REPIEEE LT D EEL

Hh b8,

CR 15 ¢3 Photo. 2(h)io/R3 X 5 iR ok X /s
G RR L ERRC I 5 e V2 BR LTC\W5. RIS
1.0~1.5 pm ¢ ©HHKIE LR DO L D, EdTH
M b ORFTH L TR VEEME 2 v 27 LTRET 5.
EDXOSET =T MHFOVIHIE~LT vy A
DL LT, HLTHMELS WS & &R
OB AEE L NEE LT, CR 9 KXot CR 11 oiffE
ZricOoTHEMN LI DEEZ BRAS.

650°C, 1000h v 7 v — 7EI{EEE CR 9>CR 11>
CR 8>CR 7>CR 15>CR 3>CR 5 DOJETEL, 7
=74 FEMHD CR 15 2BITE, 7V — 7HEHRI &
DI D LT WHRIEETRT. X2oT27 ) — FHIH I 7 Y
— 7T coEEMRE @ERHER) wERKET 5

P

b,

501 (a)550°C A
E3T vy
o> 201 |
x ©10h
~ P11 A 102k 4]
V)] ° 0 10°h
" 40| (b)600 C° o 106
= 30- o—/o’:/:—‘:\* e
n kﬁ\\"\g
wi 20" D\/\‘-«‘—
o oe -
2 [ = -
% 101 o T

7+ i

1 1 1 1 1 ] 1 L 1 I l 1 1 1
3 5 7 9 11 13 15BN
Cr - CONTENT (wt%)
Fig. 6. Effect of chromium on 10-10¢h creep

rupture strength at 550°C and 600°C
corrected for the amount of carbon and
nitrogen (open symbol : first melting, solid
symbol : second melting).

4. %= ®

4.1 0.05C-2Mo-0.1V-0.05Nb Z8i(-35(F 3 Cr DE
15

ek, CGr-Mo SRS NT Cr D27 Y — FHRE
~DFEE 1~3%Cr DFREM TR KE W ETHHED
S psots. ABFFRIL 0.05C-2Mo-0.1V-0.05Nb 4%
A& L, Cr &% 3~15% ofifi cE LIt o
% Fig. 1,2 TRLEL 51, 600~650°C D& Cik
CR 9, 892 @ LICIRE OREEND D Z LhbonD
7.
Fig. 6~7 1343 BREE TD 7 Y — FHEHE S RIE
4 Cr o&®4 574, 10, 100hix Fig. 1, 2 » bER
L, 1000, 10000h 3 Larson-Miller #: (C=35) ic. X
BHNEEN BRD Tz, fBERkHT Table 1 1IR3 L5
i, CRIVONREZELDIELDEEDH B, 10Cr-
2Mo-V-Nb % HAMHERK & L, CHEmE%R 0.05
0.10, 0.22C A b x B L &Bbhic 7 ) — 7k
x5t (C+N) s boBERToR. KX LNC
AT RE ST ST 5 0 L HE L. RbFoEkE
HEE—EE OBE, Bn)FSRE @B T
Bohicz ) —THEEERETHBH. TDLSE—RHE
LEEE H o E0E XA UcE B R, $ERE,

30 :
(a) 650°C

o

o
T
.
o

(S
T

*® o 10 h B 4
A 10%h ]
o 10°h
T Y TN Y [ | JRNON TS SO SN

© 10*h

(%: |

RUPTURE STRESS ( kg/mm2 )
o
i

10
2l A—/(A/A/‘A—A\\ A
5t )y
3} "
2 I VRS TN N TR T N TR SHUN TN NN DU BO |
3 5 7 9 11 13 151N

Cr - CONTENT (wt®b)

Fig. 7. Effect of chromium on 10-10*h creep
rupture strength at 650°C and 700°C
corrected for the amount of carbon and
nitrogen (open symbol : first melting,
solid symbol : second melting).
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10Cr-2Mo-V-Nb [ 2 0 7 V — 7B & & M BIc s X129 Cr B2{bo s 1383

B, BIORIBVUERRE R S 0ENPE L, BRY
T2y — 7RI OMEZE LD TERSLZLLDD
DTEE L.

550°C kI AR AM X% Fig. 6 (a) WRT X5
i, Cr JHmozhRix 5~15%Cr OJREFHCO 5030 TC
By, ZLLEdAW. 3%Cr i\WWTFTholEl cL i
EfE% R34, 7 Ni Fhno CR 15N 1 3ERRH <X
8%Cr Li3IFF UBE AR Lichs, BRI Nifn
DEFBITFAD I . 600°C 1B 5 Bk X1t Fig.
6 (b) Wit X5 AREHE T 8%Cr, ERMH T
10%Cr EEE LT, & Cr BB LT\ 5.
102h LI CToRR®E S OE TR 5%Cr, Ni @Hino 15
%Cr #CE L\, Ni¥Eins 3 B C o TR
70— TR S BIR Lic D, Ay & (600°C f51) o
BT XbcdbiEZbRAS.

650°C Iz it iR Xt Fig. 7(a) WRTI5
R T 8~11%Cr, REpfITIE 8~10%Cr o
e %, 102h DIRED FEfEX 600°C R U L 51
5%Cr TH2olz. Ni Ik 5%Cr L H~_Tinie b D
HWE FREYRUICORBEEREA —2AF F 1 F DA X
bEE2BRS, T00°CIZFT 5RAR XL Fig. 2(b)
SR X 5 Rl 9~11%Cr, 100h Tix 7~
11%Cr MR REEL A Bhvic. Ll 15%Cr %
I, &k E b 1~ 2kg/mm? BE O Lavic. &
A 700°C ik Cr R F7e E OILBGEE N A XL e,
ENMRALOCEENNIL B ENEETADLE
z.bhb.

U EDFER 7 v — 7Bl X1k, 550°C Tt 3%Cr
R TE LVWEIR L, 600°C Cix 10%Cr, 650°C
TlE 8~10%Cr, 700°C T3 7~11%Cr (3 CRET
b, LIhoT, K7 =54 rAMfESH%Y 600~650
°C oFHARECcHVWBI, Cr inEir 8~10% »n
BEHTHD., COXOEE Cr il cEBRENE bR
B EIEE 59 238 Lk b LEE RS d
L EELZ A, iz Nb, V 0k 5 by
BRICRZIRM LT ARSIV T, B S LIRE
DEENRI Y REVW D EBbhA. fE3L Cr 288
ELTHBERD LEER ek, KBV OR
b3 {ich, 79— THREXZTT LRk ORL
DTHA5. ZIIEART B 9Cr-1Mo DRz
BHONTHD, EARDD RS LEEY 52 &
b, 21/,Cr-1Mo #X b 7Cr-1Mo @ 7 v — FHikR
BMIPELRD EHRE LT 5.

4-2 JY—JHHEE S &MMMESOBRE
=T VYA b+ A Y FTBE Cr o

CR 3, CR 5, CR 6, CR 7 3Hfl & & bty
HAACRE T, BAHOEIERE$ 57 b TH0n T L
THy, BELOMNIES 5> FLHHATES.

Ll Crifind CR 8, CR9, CRIlpk351c
7 =74 VAEAIhD ENTHY OREENIEM T, Bl
CHREE & DRIGILTE . $dh, CR 3, CR 5,
CR 7 ojriti L K32 & SRR ik A TH 2
n, BREEACS =15 vy b, 7254 P
O OREICENETL S, e 650°C v .5
4 FHIEWTIE MC, FeMo, MyCe 72 & DR HI#at
R, vvRR, BRResxbhs, —F, BHEOBEE
7Y - TR I R T 0 BERKM L TwS. <
T VA VHEZERBBATL=AF v A b - 5 A0
D, B AEBNIL, BEEEDL EHLDTEY. 7
=54 PEMEAL L S CEEBMNEEYHE LTS, DOF
D, REERDI S 7Y — THME I RIL O HTE, T
®, BECTHHETAFERI~ALTF VL ++ 7254 +
BEEGcEroF sEA xR, L LARIY BT
BEAL) 7o & OFEY 5 7B E A OEEE OB S
BEIZEDTDEEZICHIEYTHS.

Z ORIEOEIE % H8 5 R FIe o\ TRBAY 7o TEEE
ETHIWS, UTOLS RBRIMEAEIREERD
it ThHrEELDNS.

1) =T vH A b +7254 F O MHEEHBCE
WL, BRI D LRICBEDERSELS. ~T v g
FHETIRCOEMRC L ) =AF via b - 5 AL X
N, 7=54 FHETIEMonEfick b, Fe,Mo, MC
BEEE LTS L0 Mo DREEEBRILND 5.

i) & Cr #2% MeC ® Mo Rt DA EZ T2 0
3L, | Cr M« ot Hd £ T 5 fed R
FE¥T%5 Mo BNEL 5.

iii) 9~10%Cr 313 fHh o Cr BB ENHEER L5
T DR ETH 5.

iv) & Cr # & B LCE Cr #ix b TFThsrh
Ay BB ER LY, SREMI o keEF 5T 5.

5. #%

& C-10Cr-2Mo-V-Nb g Cr ¥Rl 0wk & i3ns
5L, Cr &% 3~15%Cr ofifl cE{L ¥, SiEH
LM AR EZ LB LUTO LS
5.

1) 7y — 7M1z, 550°C Tk 3%Cr &\
TELE X/, 600°C Tk 10%Cr, 650°C Tt
8~10%Cr, 700°C Tt 7~11%Cr {15 CHRE O Bt
Db bhie., 15%Cr @ Ni #in L8k 600~650°C

il
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ERCTHE R B2V TS bhvkesd, BEE T
NOoTe. B RONE S oMfE D 20% Dkd Y, HED
B\ DU EEREER R TEAC S 5.

2) BEd & UREE I AEREAczE Cr MasmiEE 4
ATH, REEMCERE CRABCELTS. 727
4 P RETE Cr xR Lici bR LA L, S
LOREMECKE BRI D B, Ni M 650°C Ll
ECovvy v - mAF VA P RAERTAIDERED £
LIEED R RHR bR A,

3) BEL L LEEA OB L= AT VA b+ XA
FA MEBE LT VYA b+ 7 = T4 P A X
mlLT#E2 5L, CR 15N 2T Fig. 1, 2 o2 Y
— TN AR OEE & X WHIEERRT.

4) #RA R X1 700~800°C oBE b & LR E
CRWTE 3~5%Cr TIERT2AE LL, 7%Cr OO
FTRCCEEER R L. 7254 FaE 9~11%Cr
BB I EL 2 bh, MO RIEFTHO. K
CHED & LRESR BT 5 2 LC Lo TR AT b B
Xht. SlREMCBET % Cr oR@EkEnEE 10%Cr
fHEEH 5.

5) X#gENC X v FE ek 7%Cc DIF
T M;Cy 2MER R TR BB hY, Db MG BER
b & irh. 9%Cr Tt MGy MC, 10%Cr Ll LT
1 MyCq, (MeC) 23HTHI L, ERpEflc Fe,Mo 237
=4 PRI 5.

6) HREIEC L O CHMERAYBE TS L, =47
virA b+ A P EBEETHE Cr kA - K
RIHRE T OKRE XL L0l k& &b
AL, H—oHdT 5. & Cr HoEEs Cr i
CHATE L EL.

7) 7 =54 buEE LcE Cr Moty oZEE)i
EHch o, WK, Bk SwBER R T 52, Tl
BoREZE=AT VA, 7254 METRRRS.
Lo T, <AF VAL b+ 7 =54 FZHBEBAEE
Tk 7V — 7R I B ONTE, IR, KEH»DL
T D LR TRV, 7 ) — FHWH o EIEE
NI S LR TE 5.

Pk, 7V —78kmas, Beb & LELIEYL, 5R%
P, JHERBIER I X O BRARE,» D, 600~650°C f#
FEE ST 5 0.05C-Cr-2Mo-0.1V-0.05Nb 40
Cr BEEMEL 10% ETH S Z LEAFBHRI .

#do ) B O BUCHIH I T 7\ T H AR BUSR

Kot B R AR IET © Z B H el RO X b R
e LET.
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