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Effects of Carbon and Boron Contents on High Temperature Tensile Prop-

erties of P/M Ni-base Superalloys

Yutaka Koizumi, Isao TOMIZUKA, Hiroshi HARADA
Tatsuyuki MAETA, Shizuo NAKAZAWA and Michio YAMAZAKI

Synopsis :

Effects of boron and carbon contents on tensile properties at 760°C were investigated for Ni-base

PM-alloys with compositions fixed for main components (content of gamma prime phase:

65%). The

obtained results were compared with those of cast alloys with the same composition of main component.

When specimens were prepared by powder-metallurgical procedures—HIP-consolidation of alloy powder,
superplastic forging of it, or additional heat treatment on either of the former two—, Yield Strength ( YS ),
Ultimate Tensile Strength (UTS) and Elongation to fracture ( EL) were improved by addition of a small
amount of boron (say 0.02%) except for the case of as-forged products. However, EL deteriorated by
further increase in boron content, although UTS and YS remained almost unchanged. YS, UTS and elonga-
tion deteriorated, when carbon content increased from 0.02% to 0.20%. The properties of the HIPed or
forged products were improved by an appropriate heat treatment.

When specimens were prepared by casting, trend seen for as-cast products was not much different from
what was seen for as-HIPed ones. After the same heat treatment, however, the properties abruptly
deteriorated. [EL vanished and UTS decreased by more than 30%.

Key words : powder metallurgy ; nickel-base superalloy ; tensile property ; boron-containing alloy ; carbon-

containing alloy.
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Table 1. Analyzed compositions of employed melting stocks (wt%).
Alloys Co Cr W Al Ti Ta Hf C B Zr
P/M alloys ‘
a 8.40 8.08 12.14 5.11 0.80 4.36 0.82 0.017 0.000 0.04
b 8.46 8.12 11.98 5.11 0.84 4.17 0.90 0.020 0.017 0.04
c 8.31 8.10 12.41 4,87 0.78 4.26 0.94 0.020 0.030 0.04
d 8.31 8.03 12.27 4.92 0.81 4.41 0.95 0.017 0.050 0.06
e 8.26 8.07 12.24 5.00 0.78 4.55 0.95 0.080 0.013 0.05
f 8.44 8.02 12.23 5.06 0.79 4.33 0.90 0.200 0.000 0.05
Cast alloys
g 8.31 8.00 12.60 4.97 0.78 4,81 0.91 0.12 0.010 0.06
h 8.21 8.00 12.58 5.05 0.78 4.81 0.93 0.08 0.010 0.06
i 8.19 8.06 12.66 5.00 0.78 4.85 0.93 0.16 0.012 0.05
j 8.15 8.05 12.63 5.01 0.78 4.77 0.92 0.12 0.000 0.06
k 8.07 8.10 12.61 4.97 0.79 4.81 0.94 0.12 0.018 0.05
Ni : Bal.
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A 0.04 . P/M Alloys
2-1 XBE= A\ Cast Alioys

Z o rVESEO PM M IRBOBEICEEICELHE
DER*LELTH. 2020, EBREEOMBOEE
KRBANODBRATTELZITLVHBIOIE ) FEB XV
KFBOLRBYOFEHIBRETEDL X LN 20
RRRE & N B E 2O MM L Table-l 1R,
INLOEEIIBIT AT R EREROHSH 2B B
#BERLZ Fig 1l 2562 X2, SRR T
BREZEIHZVLD, BXUOEIEBLREENL D
WKEWHDIRBESNR TV AWV, RIS OFEED
HEDEEIHESEN LW EPRBRAICHES LS
CEitkA.

2-2 HHEOMFERME51RHAR

2:2:1 PMMOMEE

& a~f I PMMRORBELERLLEE£THS.
IRHIZBVTE, FRFROAL Ty b HLET TV
TYHAT b4 ZFEOLDEEHEKRE2ERL, kv
TZDHIHLD 150 A v ¥ a (=0.1mm) LDHVIHE
ABEV2b 0z 2w C HIP LE 247w, THIP #f, %
ER L 7z, HIP M OB O 5H 13 Th % D> 5 7225, 150
Ay Y2 LOBEKROERFBRIVETH - DT, R
KL TEROMBISETOMENH-72L LT,
HIP M oMK iE A4~ Ty bR L EEHICEFE—T
HHEEZBTENTES, HIP RBEEH R WED
AR, 1100°C (7L, 4 e id 1150°C) T
1000 kg/em® DIEHT 2h 75 7-.

i, chs LE—-0OBEE 1050°C, 1800
kg/cm? T 2h, HIP #LE L T15 7 HIP # % 1100°C
(B4 b &4 e id 1050°C) T % o #hJmic,
0.02%/s DEET, FDEIHFYHD 23% 1274 5 F T,
Pk H TR EERSE 21TV, TEESEM
RS /2.

Boron (wt%)

0.0 0.1 0.2
Carbon (wt%)

Fig. 1. Map of boron and carbon contents.
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Fig. 6. Map of UTS in terms of boron and carbon
content.
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Photo. 1. Part of fracture surface from as-HIPed
specimen a, depicting poorly bonded powder grains.

Photo. 2. Example of voids abundantly seen in
as-forged specimen a.
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Fig. 7. Map of elongation in terms of boron and
carbon content.
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Table 2. Grain sizes ( um).
HIP S. forgin
Alloys Ene
1250°C 1275°C 1250°C 1275°C
a 34 40 * 35
b 19 38 * 48
c * —_ * —
d 43 49 * 60
e 25 20 23 20
f 10 14 8 *

S. forging : Superplastic forging
No measurement

* : Not measurable —:

Photo. 3. Trace of partially-molten parts of alloy
d after solution treatment at 1275°C. They are
believed to cause deterioration of tensile properties
of high boron alloys.

Photo. 4. Boron- and tungsten-containing deposi-
tion {(arrowed) seen in a coarse fragment of gam-
ma-prime phase in superplastically-forged speci-
men of alloy d after solution treatment at 1 250°C.
It can be another cause of deterioration of tensile
properties of high boron alloys.
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COBICRIREEDORIMI L

— 152 —



BREEETHERL =y F VEWRBFEORBBEIIRITTREBLIURT Y E0EY 459

Photo. 5. Fragments of carbides (White frag-
ments) seen in the as-HIPed (Top) and superplas-
tically forged (Bottom) specimen of alloy f.
Coarser carbides in the as-HIPed specimen may
have caused the very poor elongation of the
specimen.

b %o TR O HEAHEM L 7245 (Photo. 5), [A]
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PM M OB E N & EBR R FEM 2 B & 3 hiE HIP
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HEIRBTAHZ L THAH. Fig 2~5 0oHL %k
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%GB MDA b,
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WA
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Wifi 05 HIP # T Z0BIRE 1250°C Twv o - A
mL, £tk 1275°C TKT LAy, BYEHSEHN
TITBRMBERERE 1250°C TR T L, ZHUERE

Photo. 6. Structures of the HIPed (Top) and the
superplastically-forged (Bottom) specimens of
alloy b after solution treatment at 1250°C. Note
incomplete recrystallization of the superplastical-
ly-forged specimen. This may be the cause of the
smaller elongation the latter specimen.
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a : Cracks seen in the as-forged specimen, which may have caused
more extensive development of pores of the specimen

b: Voids in the specimen after solution treatment at 1250°C,
which may have caused less elongation of the specimen as com-
pared with that of the as-HIPed one

Photo. 7. Structures from superplastically-forged
specimens of alloy f.
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Table 3. Tensile properties of cast alloys.
Before heat treatment After heat treatment
Boron
mzn/te)nt Carbon content (% ) Carbon content (%)
0 0.08 | 0.2 | 0.16 | 0.08 | 0.12 | 0.16
(93.0) (—)
0.018 1i14.1 85.5
<6.0> »
0.011 (92.3) | (92.4) | (90.6) (—) (—) (—)
+ 116.8 114.9 113.0 77 .4 70.4 83.8
0.001 7.2> 6.3 6.7> O <0 <O
(90.6) (—)
0.000 106.7 70.1
2.3 0>

( ):0.2% Yield strength (kg/mm?) Open : UTS (kg/mm?)
< > : Elongation (%)
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