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The Effects of B and Zr on High-temperature Tensile and Creep Properties of
Ni-Co base Superalloy
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The effects of boron and zirconium on tensile and creep properties in Ni-Co base superalloy (TMW#*-4M3) were
investigated. Tensile tests at 650 C and creep tests at 725 C /630MPa of TMW-4M3 containing various boron and

zirconium concentrations were performed. The results showed that boron was found to have a larger effect than

zirconium on the high-temperature properties of TMW-4M3. Tensile strength, ductility, creep resistance, and creep

rupture ductility were improved effectively by increase of boron content. On the other hand, increase of zirconium

content reduced creep rupture ductility although it improved tensile strength and creep resistance slightly. (*TMW is

a trademark of National Institute for Materials Science registered in Japan.)

X—TJ—K:¥%-¥ 74 X7, Ni-Codk, 5l 7V =7, Kuar, IYva=wxi
Key words : Turbine disc, Ni-Co base, Tensile, Creep, Boron, Zirconium

1. [FCHIC

MERT Y VBT AY — ¥ OENRLD 2
DI, SN LM O HREZ RO 5 2 LER)
Thb, ZDD, ¥—VYVEANKBEEOAL DS
F, FNEHXRDLI—E VT4 AZIZBWT I HRE
D EFLEFN TS, WH - HEIFZERME (NIMS)
T, $aE (C&W: Cast & Wrought) 7a+t 212T
BEWRE 22 HRIE T 4 A 7 HERES S L LT, N
HBELCoHAER A SENLCotBAEE : TMW* &
SR BAFE L2 (*TMWIINIMS® @2 4%) . TMW
HaomTid, TMW-2, 24, 4AM3D 3 DD G 4N E
MEEL LTHLETH BP0, Zh s ENIRBA S
Alloy720Li& V) d Wi HiREZ A3 5 L & b IZ, ton
WA Ty DS FEBRBET 4 A7 HEE SN FERE®
BHY, SHOFEREIHGFI NG, FTHTMW-AM3
X, BKH4 (P/M: Powder Metallurgy) #t12DEistd

ERZAr 20184 8 H31H
st T 20194 7 A30H
* 1 HIMEE® BEWei
T692-0011 Z23kTi%e R Nr2107- 2
* 2 ENITZERRSS RN W - AR ZEREAE
T305-0047 2 IEHTHI-2-1

LENIZT ) —THREEXAT LY, F 72 TMW-AM3iE
EACLEREE O F A 2HE v, GIRIEE R 7 ) — Tk
PEOATHE (2 L§ 5 L S hTnwb,

LA L, SMRMLEEZHESETw» L &R oOM
JERMKRAL D U T T 248 < fE-> T, TMW-
AIMBDHE 2 % 7 ) — FTHEE E o 720120, BRSO
RIMENTWAC, BB UOZriOfGELAHLTH 5,
FICBB X UZrid, WL »oNiBAEED 7 ) — 7H
I LS LEL L TE#KINTEYON £ DN
HBEEXYTZOMEPERIN TS, TMW-AM3
WCBWTH, B LR ZraZz¥msEsrL sy -7
B ET 2 2 EAVRIEENTWAEY, 7272 L 2o
HODALFMBIL, T TICRE S T D MK
LT, BBX O Zrmdastic\m <, FTimdbEr %k
WHEWD, 7)) —TRHICRIZTBLZroEhEh
DWBPARWTH b, o T, AWETIZTMW-4M3
DAFRHR & el L, ZoOMBKICH LTBB L
Zrig % TN 2N S8 720650 iy RS &
O725C 7 ) — THEIC DO W T L 720

Download service for the GTSJ member of ID , via 153.121.55.14, 2025/08/11.



330 Ni-CoEBELNER5 RS IV I —THMEICRITTBEZIDE

BARHR &2 —E 25

2. EBH&E
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TMW-4M3®D A ALK, BalNi, 25Co, 135Cr,
28Mo, 12W, 23Al, 6.2Ti, 0.015C, 0.015B, 0.03Zr
(Wt%) TH 2o ZORHMBIIH L, AWfFETIIBS
W Zrm % Z 10008 ~0.030%35 & U°0.017 ~ 0.047%
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KB IR EE650C IS CTHEME L 720 DIHEAER A 13 @ 4mm x
16mmGL Oy s BRF % H W7o BB, 02%
OIS £ T#05%/min & L, ZO®HRITMHUE%
WO LTl E e 7 a2~y F#EET5%/min & L
7oo 77U —7BRIZ, ASTM E139% 0L, HBREE
725C, RIS H630MPall TEM L 720 7V — 7R
A id @4mm X 16mmGL®D Y 3 & 3BERF 2 H 7z,

2.3 SEMEBEZE

RPN LB % fiti U 72 % M 2 VT 3 7 iR S % 5
i L7ze H BRI THEMMNE % it L 727212, Kalling
(g 0 100ml, # % 2 —)v 1 100ml , HEALEE 8 :
5g) WKXAWAEEITV, HMFHMMEICL S I 7 0
fBlEE L ASTM E11212 360 < & dbkl BENo 2 % 17 -
7oo FDIRBEMTE OREBA IO VT, FERBR
BB L OERRE T HHMSE (SEM: Scanning Electron
Microscope) % W THERIBIZ #1475 720
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Fig. WIRE L LCSTDHM D I 7 0B H %2R,

Fig. 1X YSTD#M @ I 7 v fllfkix, 1Ry #HIZX->T
FEEALRESE VRO SN R AR TH B 2
LEREA L TMOBBIOZrENR 25464,
STD# & FEk, 1%y I & > TSR FEIE V1D
N7z 7 vflfkTH -7z, Table HIRTHY, £&
EOFE MR EN0.1£105 ~ 11.0TH - 72,
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Fig. 1 Typical microstructure of TMW-4M3 STD
(B:0.015%, Zr:0.029%) after heat-treatment

3.2 650 CHRFE

Fig. 2 ()IZBE D% 7% 5 Low Bff, STD# 5 X U'High
Bt on )y — Al %, Fig 2 (bIZZrim D% 5 Low
Zrtt, STD#M B X OHigh Zr#t oIt )y — Er iz, =
NZENRT, Fig. 2 ()L ), BEVPEVWESITL, ¥—
M ELTBY, X DFERmEbmELTY
b EDVGH ol THITH L TCFig 2(b)& D, Zrah

Table 1 Chemical composition (wt%) and average grain size number (GSNo.) of TMW-4M3

Alloy C Ni Cr Co Mo w Al Ti B Zr GS No.
High B+Zr 0.017 Bal. 13.5 24.7 2.8 1.2 2.35 6.17 0.029 0.047 10.5
High Zr 0.015 Bal. 13.4 24.8 2.8 1.2 2.32 6.06 0.014 0.047 10.5
High B 0.016 Bal. 13.4 24.7 29 1.2 2.32 6.20 0.030 0.029 11.0
STD 0.015 Bal. 13.5 24.8 2.8 1.2 2.37 6.18 0.015 0.029 11.0
LowB 0.015 Bal. 13.5 24.8 2.8 1.2 2.36 6.12 0.008 0.028 11.0
LowZr 0.017 Bal. 13.5 24.4 2.9 1.2 2.35 6.17 0.017 0.017 10.5
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Fig. 2 Stress - stroke curves of TMW-4M3 with
(a) B:0.008-0.030% (Low B, STD, High B) and
(b) Zr:0.017-0.047% (Low Zr, STD, High Zr)
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Fig. 3 Tensile properties of TMW-4M3 with various B and Zr
contents at 650C : (2)0.2%YS, UTS and (bJelongation
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Fig. 4 Fracture surfaces of TMW-4M3 of (a) B:0.008% (Low B) ,
(b) B:0.015% (STD) and (c) B:0.030% (High B)
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Fig. 5 Creep curves of TMW-4M3 with various B and Zr
contents at 725°C /630MPa: (a)full curves, (bJuntil 0.4%
creep strain
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Fig. 6 Creep properties of TMW-4M3 with various B and Zr
contents at 725C /630MPa: (a)creep rupture life, (b)time
to 0.2% creep strain, (¢)rupture elongation
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Fig. 7 Relationship between tensile strength and creep rupture
life of TMW-4M3 (B:0.008-0.03%, Zr:0.017-0.05%) and a
TMW-4M3 disc"”
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