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Effect of Boron on Long Period Creep Rupture Strength of 12%Cr

Heat Resisting Steel

Noric TAKAHASHI,

Synopsis:

Toshio ¥Fujira, and Takemi YAMADA

The effect of boron on creep rupture properties of steels has been investigated in order to develop
new 129% Cr heat resisting steel with improved strength at elevated temperatures.

1) The creep rupture strength of a 129, Cr-Mo—V-Nb steel is improved by boron addition.

Especially,

the creep rupture life of the steel containing 0-037% boron is five to six times as long as that of the steel

free from boron in long term creep rupture tests at 650°C and above.

2) Boron forms boro—carbide M,;(C,B);, substituting some amounts of carbon in carbide, type My,Cq.

It is observed under electron microscope that My;(C,B); is finer than M,,C; at elevated temperature.
This is one of the reason for that the 12% Cr-Mo-V-Nb-B steel has superior creep rupture strength to

the 129, Cr—-Mo-V-Nb steel.
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Table 1. Chemical composition of specimens (wt%).
Steel No. c | si Mn Ni Cr F Mo v | Nb N B
S-1 020 | 055 | 0°96 | Ni1 1054 | 1-52 | 0-16 | 019 | 0029 | _
S -2 0-21 | 053 | 096 ” 1047 | 1-51 | 017 . 017 | 0035 ! 0-012
S -3 0-19 | 0-53 | 092 z 9:93 | 145 | 0-18 | 0°21 | 002 0-028
S -4 0-21 | 04 | 089 Y 1053 | 159 | 0-19 | 0°20 | 0020 0037
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Fig. 1. Effect of boron on creep rupture properties of 129,Cr heat resisting steel at 550°C.

a) Applied stress vs. time to rupture

b) Rupture elongation vs. time to rupture
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Fig. 2. Effect of boron on creep rupture properties of 129, Cr heat resisting steel at 600°C.

a) Applied stress vs. time to rupture

b) Rupture elongation vs. time to rupture
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Fig. 3. Effect of boron on creep rupture properties of 129, Cr heat resisting steel at 650°C.

a ) Applied stress vs. time to rupture

b) Rupture elongation vs. time to rupture
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Fig. 4. Effect of boron on creep rupture properties of 129 Cr heat resisting steel at 700°C.

a) Applied stress vs. time to rupture

b) Rupture elongation vs. time to rupture
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Fig. 5. Relationship between boron contents and
hardness of 129, Cr heat resisting steels
quenched at 1150°C and tempered.
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Table 2. Results of X-ray analysis of extracts
from specimens quenched at 1150°C
for 1/2 hr and tempered at 650°C.
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Photo. 1.
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Electron micrographs of specimens quenched at 1150°C for 1/2hr and tempere
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Photo. 4. Electron micrographs of specimens quenced at 1 150°C for 1/2 hr and -‘tempered at
at 650°C for 3000 hr (extraction replica).

,‘ ;,,, . ;,W,A, >,<.>;.'.L, N\ A_ ___ﬂ!;, . J ST . . )
Photo. 5. Electron micrographs of specimens quenched at 1150°C for 1/2hr and tempered
at 700°C for 1 hr (extraction replica).
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Photo. 6. Flectron micrographs of specimens quenched at 1150°C for 1/2hr and tempered

at 700°C for 1000 hr (extraction replica).
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— FREMRE T 14°23 kg/mm? 7> 5 22°09 kg/mm? iZ,
% 7- 600°C, 1000 hr @4 ) — FREWEEE 1055 kg/
mm? 7>5 19-13 kg/mm?® (2w 3% L& LTV 5.
0:0029% &5 ZLKAETY Y — PRI A 2 5T <
ME LT3, THIZEERHD 7 ) — 7 RHTHIE»
FH L DOFEEEHIC < STIR IV O T m o BT
LEHMTH DD EFZEZILNLS.

% 2, StoneElD I 1295 Cr-Mo-V-Nb §fijiz B% 0~
0-0084% AN L CHris27-Wf%E <, 5.0°C oy —F
WHBEE R KO 7 Y — PRl fhoss, Dol X bk
EXNLEWMELTWVWS. X5z 004 C-18 Cr-10 Ni
$Mic B 0~0'096% L TlalkkofERa#E T 5.
Boismmic &0 27 ) — T E S E S HHE M & L
T, Bagickiy D Fe ORREAE< TSI L, £
oA —~2FFA4 FPEOBEETIZIC DT Y v ¥ AAD
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BEIEEZ TIFHZ B XU MyCe BEHEsF O C %
My (CB)s BERICEITHZ &, X561z 049 C-18%
Cr-10% Ni o X 5 CoOFVF—257 + 4 MIDE
BTRREDOWMBERET E 2 E2DFT 5.
0:4% C-18% Cr-10% Ni iz B&iFm+s e, < b
Dy JAX DL FIFOEEIC B EER2T <y, B
TR —fRTHE LS ITH#O Vv 8l (denuded
zone) NUOANRHDOZIET 5. BRIEHTF L OESH
A9EL, BRRIRZBHLTL 5 & BEERTFE2O0E
ZBHDT, FrfEFHCERTFHRER L TIEO w0
HBEL LD XHITBONF~OMHFIC X 2T CoEIE
BE2ED LR L OITIAE HICRE I 5. ZoR{bho
FHERARZEE L, HhoR4EZESES. [T,
BREHF2O0FEZBI LI DOTEF (cavity) @
FEXBLEL, ECRELZELESD. ZhHiTXDT,
Bo@mhmc X b 2 ) — P EsskEashs L LTw
%. Photo. 1 Xt Photo. 2 w3\, B3 0-0028
% WML 7z S-3 13 BMERMO S-1 o< SR THFIE
FEOFHEMHBRE T L b, FRIIKIC SToNe DHEFRH
ZTDEEHTIREDIDIDEEZEZLNS.

X 5, StoNe 2 Murray!?2 |3 0°29, C-19, Mo-
1o, Cr-0-759% V §Ric, B, B+Zr, B4+Ti 75 &%
LTCo Y —7THEOREEZHKA TS, ZDPTBD
T X b EitENSEI NS, B g (0:005%) X
D1 0°03% Zr+0-005% B %7-13 0089 Ti+0°'005
% B DEERIMDEB X D EETH S LHE LTVWB.
HEOHMA & LTIX, #iko denuded zone H3/hX T
EEHTFTWhH.

M)l B 130p% 18 Cr-12 Ni §fiz 0:05~0-29, B % ik
L, EeRhMiE, ML - T, 2V — 7 BB
EOFEHHIC R X I ToER, K C
(0-04%) DFEITIIIE & A RN L v, 7 C
(0°14~0-26%) OFFHIW{LAFE L. /4, Bige
ELITTHI DS < 7e B, BRI IR O XHETIC X
D, FeB, CryB, B,C %2 L, Midhic X 0 MyGCy o
FribtdefEL Uiz, 2 Y — PigRisaEx 0-19% B ¢ Tk
BT B3, 0°1% DAL TINS5 hic i
9, EREEHPTIES LD REL LD LWME LTV S.
RS L XUV ) — 7HIEHEEONESNDBHR & L
THI SRR D Stone D & X< L db D& ST
Tw5.

—2, Brown & BurLmal® (¥ Discaloy (26 Ni-13
Cr-3 Mo-1-8 Ti-Bal.Fe) 04 Y — FRE{pC & %+
52 ExHMELTBR 0:005~02% i L<HE 4%
HLTwsb. x0T, 649°C, 42-18kg/ mm? @ & Y

— BRI BT, BRImmL Tuwin ST
BEEF O 7°0%, B% 0°005% isind % > 11'6%,
0:007% ixhng 5 & 15°8%, 5120 12% {FmdT 5 &
16-1% r7c%. %7-, 649°C, 49-21 kg/mm2 D& Y —
THEARIC BT, AUEENIREBIRGRG 38 hr, REEG{EH
O3'5% THHDIZL, Ba 0029% 5T 5 & e
Ryl 25 hr, #EF(HCR 1000% & 759, B% 0°12% ifs
g % L BERTRERT 25 hr, FEEF(BOY 18-19% 2705 L
HELTwd. ZOEHMBELT BrRown SWEIOEDZ &%
PIFTW5B. Tdbb, BEFIT Fe, Cr, Co, Ni, Mn,
Vg ED—igDERBTEDHI /A DREXTHY, L
»HH, C, NG FORARTELD LRRREW. L
7o DT, BRERBTEOMBEICADLD, BART
FEOPBEILADIDT HZENTELDT, Wbtk
LTHERTHS. Fh BRI ECHT LT vwiedE
D3&H 5. BIXR R CIITTEDOIEECE 5T 5 O TH
B LICK K, LD TENDER & /s 58 a 7 7
HoH 5 RAPTER L L0 THMERMEET 5.
Brown 5 3EFIEMBETE T BIRMEAORL RATH A
TERCELDTHD I ERER LTS, s, B
WX T REN BLLDT X bhroih, &
DEHIISHEMRET LAV E LTWS. Photo. 1 kX8
Photo. 2 @ v 7Y # 0 BFEAMSBEHEMKTL B %
0-028% #iim L7z S-3 13 BImifshno S-1 & < 6_THr
RIIFEGOI M2 S < B 5NBDT, BrowN 5D
Hmr Tt o ERATES LEE X LN S,

BisngRo T HHEIIZ DWW TR E L DR H 5. 7o &
A, &FOLO3EHMEETEEXETHMBEIFMLA
SEER SN E 5L EBMSEE L, oMK - £
sl SN EREIC D W T TN T W 5.

7z, &F'OIREGT, TAREEEIE, BHtow, X
FREEATIC X 0, WM, ALERKIGH, FHEHEOHERK S
X OFERR A Kk T, Fe-B-C 3 JLHEEHIKAEN 2 T~
7=

X512, £T7T0MNt Fe-Cr-B ZFRXUTIDRICCE
wimLicb o b a3 51k, Rk o
Wiz {Ticv, C:0°29% :—%EiT L, B : 0~0-89,
Cr: 0~12% o 36 g > CHAF5EE, XEEric
X OoOTEMOKBHBZIEC L, 2 MEH, 3 B%EE
LU 4B O FigiEtkE Lic- 700°C itk v
0:'05%BLATF2% 9 B : C oEFEES 1/4 LFD
R BHEEIOIE D (a3, Bl M,C, MG,
MG e ED b C LB L TEIB L, (35 31t
MO T BT &b Dl. DL A BT 5
5 AR My (CB)g TH2T, ZDfPD B : C
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129, Cr WA OERM 7 v — 7HE@RECRS X E T BogE 2273

DOEFRERE 0~2'5 ThHh, ZOERPEOERTS
C, B Cr gicfkfi ¥+ 5. 7-&xiE, K Crfi|T
X My (C.B)y FRDB & COFEFREIL 25 THD
A3, B Cr fEMicix 003 &7 5. 0-29% C-129 Cr—
0'19% BH<CiX, 700°C itH T CrB & My (C.B),
P a-Fe LM ERDEME LTS FHELOERL
7-BEIX 0°059% LIFTHy, BEOXBORIFHERIC
E5 bt nic o T B I P EE LY
SHFT B AR N2 £ B, Bix My (CB), 0iF
SRILME 2L 2TV EEELLN, £FTLOERLE—
HLTW5.

5. %

129, Cr TREMAD 2 V) — FHERE L2 RET 5109,
BAEMLUTEARET 21>k, ThbRTEEdd L
DEDTELTH B,

1) 129 Cr [HZRIc BARmT 5 &, 7Y — il
MEWEE LLAEXINS. 550°C TiX, B ommingElx
0:0129% FREX L 2L EIRSKEV. LA L, &,
ERRAAITIE BORNE & &by U — FHEsaE L8
L, 650°C Ll EoiREoERHAICE 000379% o B
DTN X b, XEHEIRD 5~6 FOWHFEMGE L D.

2) 00289 FTOBRMIZ Y — THEEIHOTEKT
TRV, L ERNT 5 EEEH RO T 5.

3) BELELEXG S Y — PHERAE DEE L IFIIEF
RO R 2 Y.

4) TERSEEC X 2 HHEEO X BETZ XD, 650
°C OFED & LIC X BT HRE B &2l L Cwin v
b BIIMIML M,;C;, MyCy,, NDC o 3 #EIET, fi
DAL (MG, V,C;, Mo,C, MC 7 ), 1351k
Wil [Fe,B, Cr,B 7¢& (B )], £ERLEW
(Fe,Mo o Laves f7s &) Wi his»2/2. B D
Fhmc X o ot RO EEIE REERZ I v, MG
M,Co DZEREMSEAE XN D & LA D7z, Bilshngio
fmEEAE I Bt s (BEESH) 2 Ln b, B
DiEibh o Co—ER & EREE UTH < FHEFE M-
(CB)s i/ nd LT b rifllahd

5) JeEBRMSEIC X DMEREIE T, BNt X %o
) — FPHFEE S IO S LB OTWE I T HMmE

T

R SRrDkeh, VY B OBTHRMEREC XD
T2EDZ b2l Tiibb, BEEML TV
U FREEGR TUI B FLAEE R T 7 v fEi (denuded
zone) HIAL, FWFXERE LA ITHDIS L BlFEIh
5. —%, BIlhn#ATlE denuded zone »EF <L, &
PRI AEGE O WA S . LI LT Y ho
EFHMBHASICX D, BRMETIRER, RRHCH
7o TCHRALAS N E W LD 7. Zhubas, &Y
~ THMEE RS L OEED S LB XORBITEHFS LTWD
T b5,

Bbbichich, RFRCKIED I VWEIE, B
WILHEBE 2 Bb o B AR () Fi/hFHES, F
7R DN 2T &2 R V7o 7S W e R TG A
SN RO NERIFIRICIEHRT 5 & & i, EFHME
BISIC I 1% V7oAV ok, LT R IC M OF
EERLET.
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