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Effects of Chemical Compositions and Heat Treatments on Creep Rupture
Strength of 12 wt%Cr Heat Resistant Steels for Boiler

Atsuro ISEDA, Hiroshi TERANISHI and Fujimitsu MASUYAMA

Synopsis :

Creep rupture strength of 12 wt%Cr steel for boiler drastically changes due to chemical compositions and
heat treatments. The relationship between microstructure, affected by alloying elements V, Nb and N and
tempering conditions, and creep rupture strength was investigated by means of transmission electron
microscopy. The results are summarized as follows.

(1) Finely dispersed precipitate of vanadium nitride {(VN) increased linearly according with nitrogen
addition for 0.25wt%V steels. The VN which did not change in size during creep, strongly improved long-
term creep rupture strength. :

(2) The low niobium steels with 0.05 and 0.1 wt%Nb had high and stable creep rupture strength due to
precipitation strengthening of VN and Nb (C, N) effectively. However, in case of higher niobium content,
the amount of insoluble Nb (C, N) significantly increased and coarse Nb (C, N) coexisted with VN, which
resulted in the deterioration of creep rupture strength.

(3) Long-term creep rupture strength at 600 and 650°C significantly dropped for the steel tempered at
750°C because of softening and recovery due to high dislocation density in tempered martensite. In case of
800°C tempering, the long-term creep rupture strength was improved.

Key words : heat resistant steel; 12 wt%Cr steel; creep rupture test; creep rupture strength; microscopy;

nitride; carbide; tempering.
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Fig. 1 CBARMOESREOKEE L RT?. K41 78
BB - FaRSOMAIRE T, kO ICr S ~Eit
AMEETSH 12wt%Cr #EERRD & LA 72, HF
e LT Y4 A4 PEHEEORMTH D EENE
EINTHAESRETAENT, 0.1 wt%C MMt EEL,
0-7254 %2 30% S 2HME L. ZOFKR,
BHEROBREHE S IR T L.

—F, BRHBELHOALEHT Mo & W D%
X pEERILE, V, Nb BXUEERMIC & 5 HM
REF YO HBILZER L. ChbORMEIIH
M ERRE2 Y — THEEICESWGEE{LL 22D
2:-2 RBHE

ettt oM % Table 1 127RF. AWV, Nb B
FUOBEOTMEBLZEL SR AMBORTEHETH 5.
wFR b 50 kg EHEM, REHEICXDEE 18mm
FLbE L L, 1050°CX1h Z2&BER & L%, 800°CX1h
7 REL B LAY B2k o7z, B~E SRS 782
samec 50 t BASAMR, SRS LR, W,
BB X Bk L 2o SESTEE, AME 38~50
mm, WE 7~10mm T, B0LEE LT 1050°CX1h %
B +800°CX1h o820 L b LAEEZ B

A

INSOFEMSSERS 6 mm, ZAEESE 30mm 2
) — THERTRERE L ERL, REICHLA. 2 Y - T
Wi I oW CERE T HEMEE IS XA MBS L L b1,
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{1y

HHOREEE: BT %o 7. FEKRBHEEBMLZ, 10%
TEFNTE I V-2F ) — VREHET T 10 mA/cm® O
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MgGBIENY, FL LT 6-7 254 FhORMNT MY
CEBRLA., coBHE, H30% 05-72714 %
SUBRAMOBE, BEOVEY 6-7 274 MBDWMAL

S —THREETTERTHEEZ PO THS.
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M) — 7TaERmes, HRRFEAITE LVEED
BETFTA24THI EAHB LAY RFETE, ZhHo
HRMNS, 7V — THEHEICRITTEE Nb, V &2
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Fig. 2 Z 0.1C-12Cr-1Mo-1W~0.25V- (0.05Nb) %

oot Tz, HBELTT50°C HED & LAMLE % B (HLEE wt% ) @, 600 B LU 650°C 7 U — THM Bk
L7, HEATRT. WIFhbBBRFMEAEMST % L@EI L
l- Service steam temperature : 540 ~625°C J
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—_——- - "
—_—— X A
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L L. zwt %0 |
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0.1€-12Cr-1Mo-14-0. st_ tuf)' for b illc.er Oli ation e
0.05/0. INp-0. 03N ing for boller applicalion.
Table 1. Chemical compositions (wt%).
Steel C Si Mn P S Cr Mo w v Nb N
A 0.1 0.3 0.6 <0.02 <0.01 12 1.0 1.0 0/0.25 0/0.1 0/0.05
B 0.10 0.19 0.52 0.003 0.005 12.04 1.03 0.95 0.26 0.05 0.03
C 0.09 0.32 0.51 0.014 0.005 11.95 1.01 { 0.99 0.25 0.05 0.05
D 0.09 0.31 0.55 0.011 0.005 12.07 0.99 ' 101 0.29 0.10 0.03
E 0.11 0.3 0.54 0.011 0.008 12.12 1.01 1.06 0.27 0.09 0.02
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Fig. 3. Effect of vanadium, niobium and nitrogen
on creep rupture time of 0.1C-12Cr-1Mo-1W-
(V)- (Nb) steels (A) tempered at 800°C for 1h
(600°CX 15 kgf/mm?).

L7, %72, Nb 3 E®D 0.05wt% T IREHREIC
FHELZ Ly, BEEN0.00wt% O¥E, 650°C,
3000 h LLRE D R TR T L. 2 hig,
0.05wt%Nb 2 AMLAMTHFBETHo 2. —F
0.02wt%N DLETIE Nb OFEIZELST, WL E
FEHE F CHBEETIEAEL 2 d o 7.

K2V, Nb BLUEEY LIS /28D, 600°CX
15 kgf/mm? (2 B} 5 7 Y — THERIEER % h#E L € Fig.
3IRT. 0.05wt% Nb % MR L 7288 Tik, 2HER
M X BEEO FAEB/IRSVDIZHL, 0.25wt%V %
BN L 728, EFERMEL &L LICHEN LR L 7.
E5H120.25wt%V & 0.05wt%Nb 2 #E&RML7-8T
1, 0.25wt%V ZHMBRML 728X 0 S 5128258
FEL7, ThooRYEHTDE, ROXIH k5B,

Nk Fig. 2. Effect of nitrogen and niobium
L on creep rupture strength of 0.1C-
10% 105 12Cr-1Mo-1W-0.25V-(Nb) steels (A)

tempered at 800°C for 1 h.
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Fig. 4. Amount of niobium in extracted residues
of 0.1C-12Cr-1Mo-1W-0.25V-Nb-0.02N after nor-
malizing treatment.

(1)BEZRMCL2MED LRI, VIRNAIZBNT
BHETHS., (2)BREHIEVEE (0.0 wt%N) i
R 2 ) — THENMET 5. (3)HE® 0.05wt%
Nb, 0.25wt%V BRXUEBROBEERIMC X D, FEE
7 - THEEERSSICHET .
3-2 Nb LUV EHATML MO LEHE
U — 7HMAE & OBSEM

Fig. 4 i Nb # b s 22804 & LiRE & i
FRIEF DO Nb BEOBRTHA. Bb LBEOLERLE &
HIFREF DO Nb 23445, LA L, & Nb SO
&, BED 1050°C #% 5 LTit, ZE0kKEE Nb (C,
N) PEHFETHEHWTESL, Nbiz C, N EEHH
P BRTOZELEBLICCWw. 72, & Nb STt
L& LIiSHAT i o B2 £ 25528 & L7z, Photo. 1 12
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0.25wt%V BL U 0.24 wt%Nb ZHEARML 728D,
650°C X 10* h MELE D 6~-7 = T 41 +h o FE BB
ThHH. Frliid 0.2 um F2EE O BRI 2 450K Tl
DICE RO A EE L, PRI L T, b
g — v oRAMD Nb(C, N) & V(C, N) &
FEN: TOX)REENTEE, BEbELeVT Y
A bER I bBE S . Thid, ek, KEMTIORER
ENTVEHONMNO & CrficlfiEshTtwidros
7z,

BE#HoO X2 0.2wt% LLEOE Nb #Ti, KREE
Nb (C, N) #5% <, =56IZ&IRT Nb (C, N) 24k
AT B &2, %k 2MEICARD LMY
L2 b VN AT 52 EFBENKRTER L E
Abhn, —f, & Nb ST, BRSO LEFEDOKRRES
Nb (C, N) 254 % <, ##7 Nb (C, N) £%&E®D VN
DAy ) — Th b BEBEEICHFAET A L
A, 2 —THRERMESELELEREELONS.

L7:HoT, MED Nb & VORERMOEEZ,
Nb (C, N) & VN o e L THRELHFS LT
HEEZOND,

3-3 VHLIUEERMICELS VN OREIERHE 7
U — 7R & O

V BX U Nb B 2 &b s ¢ - MoBRTME & JE
KEEMBBREDO VEORMIRE Fig. 5 1R, 0.25
wt% V SR RMEICHA LTl VESHImL T
Wah. Zhit, 8 Nb OFEIZLS 225, 0.25wt%
V 2 HBEML 28012 > 5, il VENETS .

/
/800 V(CN)

(a) TEM (b) Dark field image
(¢) Diffraction pattern

Photo. 1. Transmission electron
micrographs in d-ferrite of 0.1C-

Nb (€,N) 12Cr - 1Mo - 1W-0.25V-0.24Nb-
o Matrix 0.02N steel heated at 650°C for
10*h (800°C temper).
N>V 0.15 | 0.25 6
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* Predicted that all of added nitrogen precipitates as
vanadium nitride (VN)

Fig. 5. Relationship between amount of vanadium
in extracted residues and nitrogen content of
0.1C-12Cr-1Mo-1W-V-Nb steels (A) (1050°C X
1 hAC+800°CX1hAC).

FTRTOFRMEFENS VN & LTHET S L{KEL T
v VN TS (BIPRR) L ¢, M VENES
th—HLTWAI s, ERBME L HIHMT S
V(C, N) i, VNIEWHEEEZbNA.

—%, 0.15wt%V #Tix, VN HTHME L - hhl
VESBBLZEGEELLRL, 85612 0.04wt%
PLEOZERRMTIZ VN oA 8 EmCH 5.
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Fig. 6 13, EXFEMEBL 70 L AT VERICLS
MR EPOERE (BILYWH0BFR) LoEETH
L. MBEFEBRERAMEBICHALTBY, FEALY
DIWRMBEVELHE L THHLTWB I EXbr s,
COREIT 0.25wt%V i, 0.15wt%V #ICEAL T,
WE N RNMOFEIIISFTIZIIFELELTH A, Fig. 5
DR EDH b, 0.25wt%V MOBEIRIMN X AHH
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Fig. 6. Relationship between amount of nitrogen
in extracted residues and nitrogen content of
0.1C-12Cr-1Mo-1W-V-Nb steel (A) (1050°C X
1hAC+800°CX1hAC).

MoEmMmE, VNTHBEEZDL, —F, 0.15wt%V
BTIE, N BN, i VESL RV L ps,
VN DSt 2t ort»3Z 2605,

Photo. 2 i3 V ¢ EF 4L 8OBEL S L -4
bELED 6-7254 bhodhiibL 7y » BIEHET
HbH. 0.25wt%V $i2ix, BMLRBARD VN 25558047
HMLTwa I edbhok., —F, 0.15wt%V Hii2 i,
B 2 AR VN 5540 7% <, b D IR L 4IKD CryN
MEBHH LTS Z EAHBE L. s o lizs
BEEDELILVFT A PETHREL THo 725,
Mz3Ce ERT VN, CroN DA dLeh o7, %
2, WTFhOBRESMTDH, VN iZ 1050°C B o LALH
KEDZELEEHELTBY, Nb DX ICKREBN LY L
LTRELTWARWT & 2R L.

LEokR e Fig 2, Fig. 3 ® 27 V) — FHlr B
Bird, 70— THEEEEICRIZT VB IUVEXROR
KOWTHUTOZENHEEINS, T4bb, 0.25wt%
VETRERRMIEDBMZ VN 38D & L
WWABHITHL, 2V - TRREEEES, LHb RN
M CTRELRBELHERFT 5. 0.00wt%N Tix, VN
OHTHIEAS D %2 C RREEA TR oRIEKRILE & b,
7Y — THNRESRT A, $4, KVHE VERND
MICEFEETRMLUIEE, KL CroN 2547+ % 4,
70— THEREICRES Lew

il

(a) 0.25V-0.05Nb-0.01N (b) 0.25V-0.05Nb-0.05N
(¢) 0.15V-0.05Nb-0.0IN (d) 0.15V-0.05Nb-0.05N

Photo. 2. Transmission electron micrographs of extracted replicas.
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—7F, BED 0.05wt%Nb, V BXUEZEOHEESHRM
Tit, VN ofriid+4cdhhid, Nb (C, N) ol
LOMEHRESHSbNS. LI LE Nb T, Bk
DX AT IR OB KL E &b, ERHTND
(C, N) & LTHHT B (KPR 2 KB EHHY)
72, VN OFFHENBYTHLEZOLNS.

3-4 12Cr RO VN IFHET)

Photo. 3 I B#® 6-7 94 hoEEEAREHR
Mk 2oRd. BMEMISBATH LAWK VN &, BX %
300A MK x 2T, BAICKH L TESHHBLTVWEZ
Bhbho . KR, MHA (011), & (020)yn
HETERICH A, REMO (011), DHER d &
2.03A T, (020)yn O d i& 2.05A &M T, —i
IZ NaCl BIAT Y MX & B4 o ORI, KO HFAE
Hhsd Y,

(100),//(100)mx [011],//[010]ux

[011],//1001 Imx

Z 2T (100){001], & (100)[011]mx D I A7 4 »
k% ASTM #— K O#% 722 (VN:4.09A, V,Cs:
4.19A, NbC:4.47A, a-Fe:2.87A) »HatE+ % &,
VN, V,C; B3 XU NbC DNEIC 1%, 2% B LU 10%

LA, VN dfio MX #ri#micib~, B&MrE
EEZAH. T, VNIRIAT 49 bA/NEVWT END
ViCs, NbC it~ EMKILLIC wEEZ LN,
BalLingeR & 12 a-Fe o VN O E#EE A V,C3 @
1/50 EHMEL TR, ChonBEENL, BEREY
V- THERTEE OZEM IR, 0 VN OREMIZES
bOEHEES NS,

RICHAMEEG (800°C HED & L) DHFRE IS F
(Fig. 5, Fig. 6) #H\w, V L EF0EEBE L RO BEH
AR [wts VI[wt%N] #Et8H L2, BRIV BV
B Nb(0.05wt% DLT) BICL5F 2~5X107* TH o
7-. T ik, Fountam & D3RS 7 a-Fe HOBBERE
DD hHEHE L 72 800°C R /MU S D RFEFOH
EEW I 10 fEREV., H Cr#iTid Crifime
rHICEEOEBRSEMT 5. KESE, 1150°C 12
BIFBH y-Fe v VN BEHEICKIZT Cr 0EBEH
N 12Cr TR BIF OB RBIEERELCY
B Lo T, REBRKERIE, Bt il VN B

Bt TchrrELONS., T2, £8D
Nb 2 @RbNL 7235 4& 1, KREHE Nb (C, N) #"5R4F L
VN O BEBITHLEZOLNS.

(a) TEM (b) Diffraction pattern
Photo. 3. Transmission electron micrographs in 6-ferrite of steel B (0.25V-0.05Nb-0.03N)

tempered at 800°C for 1 h.

30
~ 202~z a2
§ 15y
q_é '
: 10
a | Test
2 8[lrempe
& gl 750°C
800°C Fig. 7. Effect of tempering temperature
“10 L 1102 ' 107 ' 164 ”’105 on long-term creep rupture strength of

Rupture time (h)

steel D and steel E (0.25V-0.1Nb)
tempered at 750°C and 800°C for 1 h.
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EHLE, SCr 7291 FATIE 0.07 wt% N 045 650°C 7 V) — THERM OREER & VER & PATEROTE &
EBRC, #hL EoERiTM, BF-HARIC KGR ZAb% 7 ) — 7THWER CEME L T Fig. 8 IZ/R7.
NEPEEL LB THD. LT, BERINCE

B VN OFBHTHO 2201218, 0.25~0.3 wt% V &0 T ‘ o
A5 L HIWT T E B Ezm— ““““““ Wz*\ |
3-5 JU—THBMECRITHRGE LLBOKE = 750°C Temper ',
S EREE 7 U — TRRTRE I LTk, gk &b z Qe ﬁn
2, BEb L LEHAFEETH A, (EROF Cr T, 5 2207 \lo-o ST © ]
750~780°CX1h ZEGHHRERN TH B2, B & LAHR _§2m_ \, 800°C Temper o
+oaSE, FLOBERTABI5 &L L. S ]
D#fL EHo 750°C 3 X 08 800°C BEd & Lt D ERE @
M7 U~ 7RSSR & Fig 7 (RS, 750°C gy 2 180 [iderjHead bauge .
¥ LAIE, 600°C ® 10%h BLE, 650°C & 5000k BLE = 800°C] o | o N
2BV CEM L BEE TR0 5. —F, 800°C B 0N 107 10% 108
b E LM, GREBESRVD DOELET, wTFhd Creep ruture time at 650°C (h)
S RFHEES S L. CoX) 2 ERED EL Fig. 8. Change in hardness of long-term creep
MOBERT X, MCHBECEELTVwWLEELI LN ruptured specimens of steel E tempered at 750°C

and 800°C for 1 h.

5.

(a) 750°C temper (b) 800°C temper
Photo. 4. Transmission electron micrographs of steel E tempered at 750°C and 800°C for 1 h.

(a) 750°C temper, rupture for 6 183h (b) 800°C temper, rupture for 5946 h
Photo. 5. Transmission electron micrographs in tempered martensite region (polygonal
ferrite) of long-term creep ruptured specimens of steel E. Creep rupture tests con-
ducted at 650°C X 8 kgf/mm?.
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750°C Bi b & LitiE, RRE 2 VY — THROBES DT A
EZELv., COBBEIENEAKOR VEHICOWTHERD
Shb. 800°C HED & LMIZ, b b LMWK, 7
) — THORE S DETFA/NE .

Photo. 4 |ZZLE ¥ ¥ 3 X UF Photo. 5 IZHEKTES
BIFE LW ) —THEBOREL S L VT o b
OEEESEME Y R, 750°C BED & UM AR A
Ewolzxt L, 800°C £Eb & LM IEEMEE K. »
) — THERTROMBE, &b ICEMOREFRDLND.
LA L, 750°C b & LM Tid= 7 v 94 MRS
W7 .54 MEATEETH LD L, 800°C BED &L
T, BB THY, HBWEEI B
Bhdhol. T, <F ¥ A b ARITHMNT G
e LC, VNBXU Nb(C, N)BSELEL, EHLEE
BLTWAIENFBERINZ. TRHDERDOG,
750°C BEd F LM TR, BVWEMEEICER L Ao
AFsEE-BRLCLVBERTLADOEEZONS.
F 72, 800°C #id & LM T, kst oLE/LS ,
LB Rl S hz b DL EZOND.

B CroERM Y Y — THEOEB MY O, S
BT L e E b, EHE LT v A FPONE-
BILOWMBIHEECTHS. BiRTTHILELHMBL TS
fzb1Zid, 800°C LLEDEEBES & LAHRITH 5 V2.

4, & 8

K4 7 12Cr WOERR 7 ) — THREECRITT
V, Nb BLUSELHD & LAEROFE % MKk B
S THRELLER, UToRREONT.

1)0.25wt%V 25 L -8 Tix, BERRME L
LCoNF T 224k VN T L, 7 ) — 7HRETS
A LT A, BMMSBATH L VN ZBHE S
UPELRET, BREEZ ) — THE T 5HES5 5K
&,

2 )Nb % ERM (0.1 wt%Nb LLF) L7334, VN
ST IBRAL & OARRERDE T 2 ) — THERTREE ATA) By
5. LaL, Nb 2ZBICEMT 5 & Nb(C, N) &
VN BEEHFHET A L &b, Hin S LEEOKREE Nb

(C, N) 0L CHEICAR % VN O HERS &
Erbh5b.

3)0.01 wt%N Tix, VN O HEI D% B
ESETT A, 72, 0.15wt%V 2L 228 Tt
VN 2Nz, HKAZER CroN 259§ % 2SR 21X E
H L% 800°CH#b L& LD VN OBERBRERI,
(wt% VIX[wt%BN]=2~5X10"* CTH %.

4)750°C BED & Lk, BUEENE L, 600 BLV
650°C 7 ) — 7O ERBM TELWEDL L L VT v ¥
A P OEE-FILICEVIBENEKTT 5. 800°C OFER
B & LIS T EEICL, 72— THo2BEHARE
b Ifl s s R, ERBTELHMELRTEELD
nb.
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