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Table 1 Chemical composition of alloy (wt%)

Element Cr Fe Ti Al Nb B Zr Y,0, Ni
MA754 20 1.0 0.5 0.3 - 0.6 Bal.
LMP 20 1.0 0.5 0.3 2 6 0.6 Bal.
HMP 20 1.0 1.0 0.3 1.0 - - 0.6 Bal.
P50 Graphite
@15 punch

25

(d) size of stretch sample

Graphite
mould

Composite|  m—

powder

Thermometer|
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Fig.l Schematic diagrams of sintering mold and stretching sample: (a) sintering mold size, (b) assembly sketch map, (c) physical picture, and
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Fig.2 DSC curves of low melting point alloy powder under different

heating rates
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Fig.3 Phase diagram of alloys with different compositions:
(a) MA754, (b) HMP, and (c) LMP
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Fig.4 Extrapolation diagrams of the relationship between phase
transition temperature and heating rate: (a) initial temperature
of phase transition and (b) phase transition termination

temperature
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Table 2 Melting start temperature 7 and end temperature 7, of

low melting point powder under different heating rates

Heating rate/°C/min Ty/°C T,/°C
5 998 1027
10 1001 1041
20 1010 1061
40 1011 1079
0 999 1030
LMP-phase diagram 1007 1071
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.
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Fig.5 SEM images of high melting point alloy powders with different ball milling time: (a) 12 h, (b) 24 h, (c) 36 h, (d) 48 h, (e) 60 h, and (f) 72 h
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Fig.6 XRD patterns of high melting point alloy powders with different ball milling time
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Fig.7 SEM images of samples with different LMP contents sintered at 1025 °C: (a) Owt%, (b) 1wt%, (c) 3wt%, (d) Swt%, (e) 7wt%, (f) 10wt%,
(g) enlargement of Fig.7d, and (h) enlargement of Fig.7¢
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Fig.8 SEM image and EDS element mappings of acicular phase in Fig.7g
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10c v &l 10a 71 55 € fig 22358 43 (1) /& 73 9% - (HRTEMD
XF ] 10 FEAT P (i B A8 445 31 (] 10d 1) FFT B8, &
iz A BRI 450 5 Y, 0,754 » H.EDS 16 B s
Y AT 0 A BB R E S . 780 R T R 7 R
T EARMIL , & A S5 AR T SR (R I 6 65 T2 ol B 450 ]
A, Ti JE 2B 4229 145 pm, Y JE 1242204 181 pm, 1
Y,0, 1k R, B AR A0 25 19.9 % , 75 BE BRAS B Al 4 2
BET R R RER I DL, T T (Y, Ti),0, B e[l 1k o

9 J:4A4H TEM [/ \SAED 1E4f % EDS i 41
Fig.9 TEM images, SAED pattern, EDS element mappings and diffraction spots of the matrix phase: (a, ¢, d) TEM images of the matrix phase,

(b) SAED pattern of Fig.9a, and (e—j) EDS element mapping of Fig.9d
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Fig.10 TEM image, HRTEM images, FFT transposition image and EDS element mappings of oxide particles: (a) TEM image of oxide particles,

(b—c) HRTEM images of oxide particles, (d) FFT diagram of Fig.10c, and (e—j) EDS element mapping of Fig.10a
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Fig.11 Tensile strength of samples with different sintering

temperatures and LMP contents
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Fig.12 Stress-strain curves of alloys with different LMP contents
sintered at 1025 °C
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BIE R B A, S EPURL R E R E,
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LMP & & @i, BT 00 & &= 13 2 5 8CE kL
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Preparation of Y,0, Particle Reinforced Ni-based Alloy by Spark Plasma Sintering

Zhu Zhencen, Li Xiaogiang, Pan Cunliang, Qu Shengguan
(National Engineering Research Center of Near-Net-Shape Forming for Metallic Materials, South China University of Technology, Guangzhou
510641, China)

Abstract: Referring to the composition of MA754 alloy, Ni-based alloy powders with high melting point containing Ti and Nb as framework, as
well as low melting point Ni-based alloy powders with B and Zr as wetting agents, were prepared by high-energy ball milling. A Ni-based ODS
alloy with excellent performance was prepared by spark plasma sintering after mixing two kinds of powder in the optimal ratio. The influence of
sintering temperature and the content of low melting point powder in composite powder on the microstructure and mechanical properties of the
alloy was studied. The results show that dispersed oxides can be observed in the alloy structure prepared by this method, and the room-
temperature strength is improved compared to MA754 alloy, but the plasticity decreases. As the content of low melting point alloy in the
composite powder increases, the alloy structure firstly becomes small and uniform, and then acicular aggregate phases and coarse block phases
appear. The tensile strength of the alloy shows a trend of firstly increasing and then decreasing. When the sintering temperature is 1025 °C and the
content of low melting point alloy powder in the composite powder is 3wt%, the alloy has the highest tensile strength of 951.87 MPa, which is
significantly improved compared with commercial MA754 alloy. Additionally, the maximum elongation is 11.18%.
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