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1 SKRERRAGE

SIS AN Ni R < 50 um, 4 > 99.9
Wt.%). Cr(RifE <50 um, ZifE > 99.9 wt.%). Fe(HifE
<50 um, 4l >99.9 wt.%). Ti H(RiE <50 um, 4
FE > 99.9 wt.%). Al #(FHifE < 50 um, 4L > 99.9
wt.%). Nb Fy(KifE < 50 pm, 4ifF > 99.5 wt.%). B
MCRLE <50 um, 4EE >99.9 wt.%). Zr #r(kifE <50
pum, 4iFF > 99.5 wt.%) Al Y,0; ¥ACKE < 83 nm,
aifE >99.9 wt.%) (i MEHEARAFD.

1 AEMHRWL%)
Table 1 Chemical composition of alloy(wt.%)

Element Cr Fe Ti Al C Nb B Zr Y,0;3 Ni

MA754 20 1.0 05 0.3 0.05 - = - 06 Bal
LMP 20 10 05 03 - = 2 6 06 Bal
HMP 20 10 10 03 - 10 - - 06 Bal

R 1 AR s KM RK#ITIRSG, KA QM-
2SP20-CL 4T B aREREENL (R B K22ANER T ) 43 Hilxt
(a) ® 50 (b)

NN

d4

LMP #1 HMP 7EGSORY BRI AT BREE , 1R 5 0 A 5
BRI R B AN . BRI EE N 10:1, RA @ 3. @ 6.
© 10 BERAHAG, AFBEARBRIEICN 1:3:1; BKER
N 400 rpm, BREERT AN 72 h, BREEFLAERE 30 min
ML 10 min Jf & AE4T ARG b, k8 h 5 T &
TFEMPHEREREE ARG SN KM T, EHR
NE ARG SEREE, A6 16 h BUER R KM . BBk
BEJE ) RIS G SR 200 HfifiLs, 756
BB S HREEAE/mA, BRELHA 1.2, RA © 3 &
Bk, N 40 rpm , JEEEE] 12 h, LMP &85
N 1wt%. 3wt.%. 5wt.%. 7 wt.%. 10 wt.%.

KH SPS-825 Zdkeskik 4, Jtifn 40 MPa 77,
M AAMRACGEAT IR, 76372 %4 T LA 100 °C/min
FREREEEHRKMNERAEE 600 °C, FLL
80 °C/min JHEEXM 600 °CHHITHEZE 1025 °C F1
1050 °C, frid 10 min JSREIPAE R ER . BEIRGESS
FriE 156 g HEMAK, MR SHHE NEE K E KA A28
AT, B 1 (ac) AN SPS kegb B A R~
BN = B RS .

KA T B (SEM)AT X SR ATHHX (XRD)
PGk RIAT . PR BT 28 (SEM). B
WX (EDS) A% B HL 7 2 B2 (STM) X & & 1) Sa AR 24 41
TCR AT 0T K B K TETI R & RfdhRe, FHR
SPE 1 (d) BoR, A UTM-5105 HL-F 77 BER L
BATRARIER, nEGEEN 0.3 mm/min, Z5HE 3 X
SIS 31E

1 eSS R KRR RS MR B @BESBRRS: (b RERERE; ()SIE; (d) bR

Fig 1 Dimensions and schematic diagram of sintering molds and stretching samples:

(a) Sintering mold size; (b) Assembly sketch map; (c) Physical picture; (d) The size of stretch sample
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X WEEEMES TR B oxx 3
IR 1T 7 X AN [R] P R 44 R 3451 DSC 2kt 4T 10 °C/min 1001 1041
A, AMEVEIRTRE 0 °C/min T 22 1) FH AR IR FE A4 fg 20 °C/min 1010 1061
5 Thermal-Calc K 2F 5 i ~F- 17 25 AH AR i BE [15] 3E 4T 40 °C/min 1011 1079
Wb, AMERE 4 fios, SMESRINE 2 fios. 0 °C/min 999 1030

HE 2 nJUUEH, HEWHENEBRESE Ts =
1386 °C, T, = 1401 °C, 5 MAT754 &4 Ts =1407 °C
AT, = 1413 °CHHiE: BB RALHT B M Zr iR
o, Ts AT, FEERAK, WIEBR 2 SHEEIRSGH

0 °C/min FHEIEZARME st R v BARAMHIE T 4RI B
Ts=999 °C, Bt 13 T, = 1030 °C, 4K 3 (c)
A AR IA 5 &4 Ts = 1007 °C #1 T, = 1071 °C, #
AEPRBRAE IR EVOEN 1000 ~ 1050 °C. AV 7Ti% %
1025 °C Al 1050 °C PRI

Fz2 RAAABERXRBEMARBUTFHRIEE Ts FILIERBE T,
Table 2 The melting start temperature Ts and end temperature T,

of low melting point powder under different heating rates
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Fig 2 DSC experimental cufves of low mettmg point alloy powder
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3 FRIRHSEEHEE: (a) MAT54 HE; (b) HMP #BE; (c) LMP #HE
Fig.3 Phase diagramof alloys with different compositions: (a) MA754; (b) HMP; (c) LMP
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Fig 4 Extrapolation diagram of the relationship between phase transition temperature and heating rate:

(@) Initial temperature of phase transition; (b) Phase transition termination temperature
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Fig.5 SEM images of high melting point alloy powders with different ball milling times
(@ 12h; (b)24h; (c)36h; (d)48h; (e)60h; (f)72h

low — —aN-e€rs T are +Al
] | * Ni2.9Cr0.7Fe0.36
I I “
’:-i\ Ohgy | ; omeé 10 oeme A o ’:-; A
© ©
= I\ i . . = JA\f A
= L] T - —
2 24h 1 o R o 2 A AN
2 [36h ) 1! R 2 N_
= ] ] =
48> NN . /L
B0 ) . R |~
R2 L X x L.
307 40 50 60 70 8 9 100 42 54

Degree(20)

Degree(20)

6 FTREIEKENESEREEMR XRD
Fig.6 XRD patterns of high melting point alloy powders with different ball milling times
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2.2 BREEBEM LMP S 2X S £ HEAMAFEEE
AL

7 RRESRZH 1025 °C AF LMP HEASE
) SEM &, KW 8 NI 7 (9)5HIRH EDS MK .
HE 7 ATUUES, 4 LMP S8R owt%if, 544
LA R IREAM, DEA/NREHEM Ni ZEAR4H
Hik; BEE LMP SEIEINE 1 ~3 wt%, MRS
MEEHEA T @ S Gk R I R B R EA, 4
INREA S EZREIEZ, HomBEmmssis: ME
LMP & &Eit—bnE 5~ 7 wt%, 454K 8 f1E 3

50 um

K, FEMECRMEMPCRAH EZITTERN Cr, L
KOER B, KIEREETH B TRSEEITLRIEMK
T MB. MB, %tk dn, &&HLF16 HILRERNE
RAHCGE LR LR 7, W 7(9)), BAKAERIRFAHORAH
PR EAH(ZL BB, WE 7(h): 24 LMP &N
10 wWt9%I, EFIRAHIE R, &4 LU R MPOIRI A
F&HROELE S, LWE 7 ). LMP 52T S
SHHLIEIA BRI, GERN LMP & &2Re88ik
HLTE Cr A RIS REL (Hid & m) LMP &
B SFBUALPIE Cr AHTEBER R SRR 1
WHL, Wi & & HPERE.

Acicular phase

T

L (@)
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Kl 7 BESIRE 1025 °CAF LMP & &% SEM
Fig7SEM images of sintered samples with different LMP contents at a sintering temperature of 1025 °C
(a) 0 wt.%; (b) 1 wt.%; (c) 3 wt.%; (d) 5 wt.%,; (e)7 wt.%; (f)10 wt.%; (g)enlargement of (d); (h)enlargement of ()

K 8 B 7(g)%tkHH EDS TmHHEE
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Fig8 EDS surface scan image of acicular phase in Fig 7 (g)
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RSP RS S, RRA TR AE SPS A2
25 5E R BE A B AR L T 2P dh . SRIRIE[LTIEE
RAE BRI P R BLAR RE AR 22 iy 5 T 7T BAAE s A A
PLAEHTH B, HAT R LR A Ak e
FROW . AR AR A, R AR A AR S
REANVEL i B R GUH 2B 9 R 0, R — RO FE LR &
e IIAEZ 2R LR RIS S IR .
Bl 9 (d) T LSS BIAOR F AL RRE, T e
ReA7AE RFRIRAS, A BOs M A RE, AR BT TS
TEALIIS T, KER S BACPDRRL 7 AR AE S AL, D353

(2) ; (b)

SIAAE RIS . IR 9 (e) EDS THIH 4 FE AT X st
FACMBR FEEGETRAN Y M T, PR ER
Al, HEWPIRL N A BN 5 ke, REGE&RA
SRECER A FIHLE o

P10 E AR RORLE B R BB AT i, B
10 (b)(c) M 10 (a)Hh 3% th il k358 3 1) i o0 T S L e
E(HRTEM), XtE 10 (c)idh 7 PRk {d Bk Ar 15 21 &
10 (d)f FFT EHE, RIVZENDFR LS Y,0,
fi&, H EDS HAMEBRTER Y M Ti WomR
ARENESE. SR 7 AER T BRI, &
WK AL SR A, ReB8 TR R B e Ak, Ti R
FALLN 145 pm, Y JRTHARZ0Y 181 pm, 1E Y,04
hET, PEEAZE 199 %, 7B BRAS W i 4t
TR T, BT (Y, Ti),0; & HFEE .

S00nm 500 nm

K 9 FAkH TEM K. EDS MHIHEMATHBEA: (a)(c)(d) ZAH TEM B%; (b)E@)AATEH LA (e)FE(d) EDS THid

Fig9 TEM images, EDS surface scans, and diffraction spots of the matrix phase:

(a)(c)(d) TEM images of the matrix phase; (b) Diffraction spots at (a); (e) EDS surface scan at (d)
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B 10 Eikmiki TEM B, HTEM B, FFT # B KA EDS A
(% Bk TEM B1&; (b)(c) Ei¥iiki HRTEM; (d)E ()X FFT K; (e)(a) EDS MK
Figl0 TEM, HTEM, FFT transposition, and EDS surface scan images of oxide particles:
(a) TEM images of oxide particles; (b)(c) HRTEM of oxide particles; (d) FFT diagram at zone (c);(e) EDS surface scan of (a)
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Bl 11 JRoR T AR RERN LMP SE& &1
PomfE, K ELER MATS4 &4 =R mE.
HE 11 aTRUEH, B4R 1025 °C & &Mt
ok Al TR A5 IRE N 1050 °C &4 . ALY
SEISTRLEE RN B 1 R ODS il & & MR &
BN F[18], Y05 % BEH/DN, R TT ek 4 e 45 i T+
A B I 2 AR B AR R P A i R, TR T
LA SR B G, SRR R A T R [19].

Bl 12 Jg/R T 1025 °C MR E T AR LMP &
Eeefdfiithg. 44 KB 11 ME 12 aJUEH,
W& LMP SEMIEE, A& MPih s &R R 2 0
HEH RGN B . 2 LMP S &N 0 ~ 3 wt.%HT,
G Mrhiss A S TR, BARECT AU LMP (1)
H4, 4 LMP &8N 1 wt%l, S4rmEE prit
RS, 2 LMP S&EA 3 wt% i, &
S PR B AT BB MR B RIS . X R e gt it FE
FIBARF ALY & BB, AEdHFE Cr MEN
/5] B LMP SEE—PHINE 5 ~ 10 wt.%,
SAE 7 WTLUE A ST IR HDUE IR R AR AR
KEPORAE, H LMP & &3k S 8ok /2 m
WARFI ) & B I 2, T2 Y,0; E ALY Bk IE R
WS, R T HIRBO R, EAREME ) &
B2 WK B & EERE. SRGRER
1025 °C, 4 LMP & &N 3 wt% i, A& HBEH&m
56 B R AP R 3, sy 951.87 MPa, A
b MA754 & &40 T4 40 %, HIELEMRA
11.18 %, KT MA754 A& MIGEMHR 52 %,
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—1025°C
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o ~N 00 ©
o O O O
o O O O
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200+ . . .

N X 3 5 7
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11 REBEEEEN LMP & & & &HiH g
Figl1l Tensile strength of sintered samples with different sintering

Tensile Strength(MPa)

10

temperatures and LMP content
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&
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200} //
0 J {
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12 1025 °CIRE5LE T AR LMP & &6 i h 4
Figl2Tensile curves of alloys with different LMP contents at a

sintering temperature of 1025 °C
3 4t

1) BREERSIEIN 48 h A SMARBE T R0 g,
H Cr. Al Ti 6&0x=BVET Ni R T Ni
VAR, 33— WK BR R [0 & 4 I MERE TC 2 5

2) TESEIG YA e THEIEZ, 40 MPa K 4T, H
TR E T = R S 2 2 5 BUE IR 5 TR
B, WEIR T HOUREU A RHAE, BRERAERER
1025 °C;

3) EEWRI LMP B AL& &M S ae, H
LMP &&Eid &, BT RS =2 3 BE Y
K5 TimE, AR S ErNE, A48mM i
PERE M R, besbiifE N 1025 °C, 4 LMP & &
3 wth B, e RARENEE 951.87 MPa filfk
FFAE AR 11.18 %.
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Preparation of Y,0; particle reinforced Ni-based alloy by spark plasma sintering
Zhencen Zhu*, Xiaogiang Li**, Cunliang Pan?, Shengguan Qu?
(1.National Engineering Research Center ofNear-Net-Shape Forming for MetallicMaterials,SouthChina UniversityofTechnology, Guang
Zhou, 510641, China)

Abstract: This article refers to the composition of MA754 alloy and prepared 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 by high-energy ball milling, respectively. A
Ni-based ODS alloy with excellent performance was prepared by the way of 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 showed that dispersed oxides could be observed in the alloy structure prepared by this
method, and the room-temperature strength was improved compared to MA754 alloy, but the plasticity decreased.As the content of low melting
point alloy in the composite powder increases, the alloy structure first becomes small and uniform, then acicularaggregate phases and coarse block
phases appear. The tensile strength of the alloy shows a trend of first 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 3 wt.%, the alloy has the highest tensile strength of 951.87 MPa, which
is significantly improved compared to commercial MA754 alloy. Additionally,the maximum elongation is 11.18%.
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