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1. Introduction

Palyrrystale mc kel lused supsrralioys ane an important s ol
structural matenals with widespread apphcations doe to ther ex-
ceflent mechanical preperties || The matertals are wsually fabin-
cated by cast and wiought peocess of powder metallusgy [PM)
process. Compared with the cad and wroughi proces, [ process o
more srractive since ® allows for mane alioyng elemenes and betrer
microstreriral coatrol o that the materials warh berrer mechanical
prapetics and cormasan resintasoe o be achieved | -4 The maR
promismg estensg techmgue for % suparalloys m kot ot
presang (HIFL However, ss-HiPed sapevalloys cannat be dimectly
used since they usually have coarse graln structures and detrimental
prior paniche boundaies [FPEs) defiects, which decreaie the me-
chamcal propernies and lmet the applicatmns of the matenass
[9-12]. As-HiPed superalioys reguire addrmional et wor king (such as
isochenmal lorging. esxrusion and rolling) to refee thelr mTD-
structures and remsave PPES dedects | 1007, While the HIP phas hat-

wedking route <an  foem  the  msaterials  with i paoed
- Corsewperaliag anfam
Bl adlibrin boven aviun e (L Al

" e de dafies castiladr ramadly

Bt | wag/ ) SEPRR Y ol o SO T DALE Wy
P05 A U Fhesier BV A s cearveed

FEHADSS Nickel bassd saperalloy was prepared by hoe ascilaning pressing (HOP) and hor pressing [H9°)
Commipared weith vl saregle. the sampie prepeced by HOF exlebeiy bghtly bigher ypoded siveagth asd ul-
timate seasde sreagth et greaty improsed congatem The darganon of the HOPed carple is a3 hgh =
ITE whach oot endy mach hagher than that of the e serple. bat abe Bigher thn that of the wsple
prepaned by bl sestate pressing (HP| The impeowement in the clingos of te HOPed sample 5 bhely
dupe 1o the agplicanon al the o ilatory gressee. which enbanced mier-panicle bosndary shdng saido
plastis defos sualans duiiig demialicalion pris e,

0 20771 Psevwr BV Al nghts resened

micrastriscrires andd mechanical properties, it greatly increases cost,
complicales process, and proloegs prodessing <ycle. Therelore, there
in an urgent seed to develop sew semberimg lchniqee that can pro-
disce PM superalioys with desired propertees in 2 smple and cost-
eBCient manner.

Recenily, 4 mow sasbermg Sechnague - hol ssdillating pressing has
bewn developed | (1), The techmgee s very sesdar b commtnnal
hot pressmg. exvepe that gacillatory pressore is used maread of stanc
presaure. HOP bas been Jppled o Gbncae various matevials -
clisling ceramecs, cemented carbide and refactony alleys [0 241
The proveous studies shomed that the oscillatory presssee of HOP
could etfectrvely smprove densficanon, suppress gram growth asd
improwe the mechanical pregenties. 5o lar. HOP has not been em-
pleyed 1o mamlaciune Ni-based spetalloys

In this wiudy. Ni-based superalioy was prepaned by both B® el
HOF. We demonstrated rhat HOP can effectieely mbibit the foma-
man of Ff8s. The ductility of sample preparsd by HOP is much higher
e that of samiples prepared by HP aad HIP

2 Eaperimienlal procediures

The startiing matena used here b commercially available argon.
atsinized meckel-based superalioy powdes (FLHADP) with & particle
siew oo 53 g The powder 13 provided by Beijirg CISRI-GADNA
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Fepwanii:
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SipO-doped- Al ceramic discs were fabrcated by fAash sintering (P55 and pressarele= mnienng (P2 The
mizailig shawend that Py O-doped AlGy exkibined typical charscteristic of Mg gindering under an decric Geld in
excess 2500 Vo, Compared with the PS. fabricaved specimen, the fash sintersd specimens exiibited sub:
ewcron graing (< TR0 e} and homogeneoes gricrostructures, The melmive dengity of the fash gintered Mgl
diopei] Alo0y ceramies imcreased with current demsity, reaching %291 % when the current density iscreased 1o

F mAvmm®, The Pé-dabnicated mample exhibdied higher bard ness (3,02 GPad and frocture boughmess (3.6 MEa
2% thoe PS-fabricaved sample.

1. Introduction

Adumming [Aky0y) ceramics are amoog most comimonly s sdvanced
structural cemmics in mdustres due fo high hardoess and strengths,
poad thermal stalslity and chemical acabiliny [7-4]. However, &8 ather
advanced ceramics, ane of the biggest problems in manufacharing Al;0,
cernmics by pressurcless sintering (P5) is high temperatare and long
time required for sintering and densification [5], which ineviably re-
sults in abmarmal grain grosth, and deteriorating performances of the
ceramics [6].

In the past decades, atming to shont sindening time, reduce sintering
temperature and improve properties of the densified ceramics, several
new  sncering  approaches have been developed (7], such as
presaune-nssisted sintering including bor pressing (HP), hot oscillavory
pressing (HOP) and hot isostatic pressing (HIP) [& 111, spark plasma
sinterifng |12], microwave gintering [6], field msisted sintering tech-
nigues [1%] and so on Despite significantly positive results obtained
[raven Ahsese mew approachss, some issoes, such & raquiring speclati.w-d
amd expensive apparaius, signifacanily limiting the geometry of the
samples procisced, stll exist in fabrication of these densified materials
by above methods, Thus, it is aitractive to explored simple and high
enetgy cfficiency methods for fabmcaring densilicd ceramics.

Sinoe it was firstly reported by Baj ancd his co-workers in 30140, flash
sinterimg (F5), as a nowvel sintering technology, has actracted increasing
attentions due i a combination of Smple process, low-cost and high
energy efficlent [14]. Generally, the consolidation time for Nash sin-
tering can be reduced 1 few seconds (ess 1 min) [rom some hours for

carventjonal ['E'{‘f'lllﬁlhl‘lghéi-. the corsclidation emperature s akso
decreased by hundreds of Celsins [15,224]. Untll now, many ceramic
materials, Eﬂﬂ'\.ﬂiﬂg iomic conductars, semmiconducton amd insubanors,
have beem suocessfully fabricnted by this novel sintering method
[17-21]. Albough FS hos been applied in fabrications of A1:04 ceramics
[215,21], to the best of our knowledge, the mechanical properties of the
flash gintered Al ceramics so far have not been repored.

In thiys work, a= different from whal have been desoribed in previous
literarmires. [20,21], we subjected disc-shaped MgOedoped-Ala0s oo
ramics to flash sindermyg, amnd investigated the influence of cuarrend
density on densification, hardness and fracture toughness of the
F&-fabricated ceramics. As a comparison, soch coramics were also
fabricated by pressureless sintering.

2, Experimental

Commercial high purty e-Alsy powder with a mean particle siae of
170 nm (9589 %, TM-DAR, Taimei Chemical Co. Lid., Takyo, Japan]
was wsed as raw material in this study, The AlpOy pewder doped with
025 with My was prepared by adding the powder into the magnesium
nitrabe aqueous solutien, After heing sankcated for (.5 h, the suspension
wean mimed by ball milling for 12 b, and dhen dried at 50 °C for 24 b o
remove residual water. The ohizdned powder was sieved through a 1400
sl mylon screen, subsequemly, pressed into disc-shaped [p = 10 £ 001
mm, h = 2 + {1 mm} green compacts with a undaxial pressure of 20680
PR, Todloawed by eold jadtatic pressune of 200 MPa lar 2 i,

Prior to the flash sintening (FS), the disc-shaped green compacis were

* Coaresponding mathor ac School of Materials Science and Engineering, Zhengzhon University of Aeronaatics, Zhengzhou, 450046, China,

E-migil oddres: wangslEaun el on (5 Yang),
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WC-Pe-2i cemenied carbide was prepared by cecilloiory pressure sintening (OPS) technique for the firsi time.
Compared to P, OFS can shgnificamly improve demsification and suppeess galn growth of the material. The
=mmples prepaned by GPS exhibited higher Bardness, The highest hardness chtaised i = 1% GPa, much kagher
than thase ever neporiad Sor the similar rials. The: imp im simtering sed meechanlcal properiies e
likely due {0 that the ascillstory pressare esbanced panticle rearrangement and plastic flow of the liquid birder
phase, as well as generated deloers, The needs segges chat OPS & g very poostsing rechadges for peeparing high
performanee cemenied carbides

1. Introdluction

Censenites] corbides with high hardeess, high srength, goed ough-
ness and wear resistance, have been widely used in cutting, drilling,
mining, and wear sesistant apphications [1-3]. Among cemented car-
Biches, WIC-Cor baged materials show the widest applications, However,
due to the envircomental pollution and high cost of cobalt, it is of a
Ereat nterest to replace Co by more cost-effective and bess podluted
metals [4,5]. It has been reported that the combinatiors of Pe and Mi
are ideal binders albernative to Co for their bow price, low pollution and
o] wertabilicy with WG [6,7], However, the applicarions of WC-Fe-Ni
cemented carbides bave not been broadly promeded yet [7], mamly due
ta the lack of suitable techniques that can prepared WC-Fe-Ni alloys i
high densiry amd good mechanical propenties in 4 com-elficiency way, A
variety of sinterimg techniques have been explored, aiming at achieving
high dessity and reducing grain growth, Nowsdays, the pressure-as-
sigted sinvering, sach a8 bot presding (HFY [5], hoy iasiatic pressng
[E.5]. and spark plasma sintering [2,4], has been shown to be a pro:
mising technique for preparing WiC-hased materals with high density
and unmiform nuicrostructures. All these technigues, which use a static
pressure for enhancing plastic deformation and increasing driving force
T iffusion [10], bave resched thie liminof reducing pores and rofning
grain size. Further improvensents call for new processing techmigues.

Recently, a novel oedllatory pressure sintenng (OFS) was developed
[11]. The technigue iz similar 10 omventional HP, exoepting that the
static pressure in HP was replaced by an sscillatory pressure. So far, the
wechnlgue has heen successfully wsed for fabricaton of stracturml

" Cormespoidisg auchor.

“* Comresponding author,
E-mial addreicei 2 hongany b s an (B Zhang), lin reladin §L. An).
hitps fdoa g R LEL B Lo rammimk 2000 CE OO0

oeramics (Er0y, ETA, Algly, amd SigNa, etc) [11-14], as well as re-
fractory metals [15], The results revealed that OPS can signifieantly
erthance the dersification and suppress grain growth of the materials
The materials prepared by OFS generlly exhibited betier mechanical
praperties as compared to thase prepared by convenianal HP,

I this sy, woe pepart for the Gt time the prepacation of Wo-Fe-
M allpy using OFE We show that OFS in improve the densification
arel reduce grain size of the material compared to HP. We also show
that the OPE prepared sample exhibits very high hardness, higher than
those ever reported for the similar materials.

2, Experiments

Commercial W, Fe and Ni poviders listed in Tolsle | wene used a5
the starting materials. The received powders, in the proportion required
b form 90 wit WO, 7.5 wi%e Fe and 2.5 wi%h NI, were mechanically
iized together by ball mifling in o planetary mill 30 120 rpi for 24 bio
achieve uniform mixing [16]. The milling was camried out in argon
armessphere using a cemented carbide wial s the container, cemented
carbide balls of 1 mm as the milling medium and 3 wt# alcobol as the
process control agent. The resultant powder mixture were put into a
graphive die of 30 @it in diametes and ginteced nan OPS farnace [OPS-
2020, Efield Materials Techmology Co., Chengdu, Chinal under vacuum
of 10" Pa using the following siotering schedule. First, the sample was
hested 1o preser temperabares (1120 "C, 1160 °C, §200 °C, 1240 "C,
1280 "C and 1330 "C, respectively) at a heating rate of & "C/min under a
constant pressure of 20 MPa, The sample was then beld at the

Regedved & December 2009, Reccived in revized foem 2% Janoary 2020 Acecpied 5 Febauary 2020

Asnilable cobine (6 Folmary 2020
OZ7 288427 0 2020 Elsevier Lad and Techna Growp 5.0l All rights reserved.
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GOW-THI-3F refrtery alloys were peepased by hot aselllatiag pressire [HOP) and hol pressaisg (HPY under
waowumn condition at different sintering time. Density, zrain size 2nd bardnes of pore samples were messmed o
pet e infiy of sistesieg vime on seterieg protes Because of the incrensing sistesieg time, the in-
fluemce of sintering tempensiure and oscillating pressure wis eviended. In a shorter Sedening Bme (about 1R, the
densification rute was higher, the density increased T, B grass growth s so obvions, sed higher hardnss
was obimined. When the sintering time was longer imore than 1hj, the dessification rase was significanily
michicied, fred likte improvement om dessigy. A this prooes, the grain see was signifcetly incresasd, reslling
in a decrease on hardness. However, though vacoum comditions avold imp the t
shows That aline o HOP gamphe was always Beiter than that of HP a9 g sel walie of sinlering tense, Whatever,
thise resalis demonstrated chat BOP ls & berter technology to sintering refracrory allovs compared wish HP.

1. Introduaction

W-Hi-Fe allows are tvpical mungsten heavy refractory alboys used in
the situaticns requiring high density, such as mdiation shields and ki-
metic energy penetrators [1-5), Recent research results show that dy-
namic pressure can cleardy promote powder densification and improve
material strengtl [6], then & new sintering weehnique [7] was proposed
b Xie and An et al., hot ocscillating pressure sintering technology (HOP),
which is similar o craditonnl hog pressing (HP) sintering, the sample
can be sindered within vacoum or protective stmosphere, while the
statle pressure impased In HP 5 replaced with o dynamic escillaging
pressure. This technology has been widely used in a wide range of ma-
teriaks From ceramides to metals [H-13], such as £rds ceramics, Alay
ceramics, ATE ceramdcs, W-Ni-Fe refractory alloys, WC carbides, =tc.
These studies had shown that HOP can significantly reduce sintering
temperature, promate densification, and iehibit grain growth by Cecili-
tating particle re-arrangement, crystal boundary slip, and pore
lErAT

* Correspondhing aothor,
** Corresponding author.

5o far, in previous repont, sintering temperature and sintering pres-
sure was the main considered in the sintering process, including HOP. In
this respect, very few scholars reparted sintering time. For instance, Gao
et al. [1:2] amd Wang et al. [13] fabricated WC cemented carbides by
HOP and HP ar different sintering temperansnes, Li e al, [4,5] used 30
prinding to manufaciure high:performance refractory alloys at different
temperatures. However, how leng the sintering emperatune ad siin-
tering pressure applied 1o the sample was determined by sintering time,
then has the influence en densification, grain grawth samd propemics. In
these works, though the HOP ssmples were shown to be improved over
thase HP samples a1 different sintering ternperature, they did nat reveal
the influence of sintering time during sintering, especially the effect of
sintering time on densification and performance has not been discussed.
Resarch on sinterimnyg time showld be carried ouwt.

Hence, in this paper, S0W-TNi-1Fe refractory alloy was prepared by
Lsath HOFP ard HP &t dilferent range of time from 0.5 b to 2 b, Density,
grain size and hardoess of samples sintered were measured at different
tme, densilication and kinetics of grain growth was obiained 1o

E-miadl addvgds: gk 3232000540 oy [K, Gand, Hnan T4t gmuil coti {1 As),

hitpa: Adoi o 1, L] B, vaconm 2021, LL0GS7
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METHOD FOR PREPARING
PRECIPITATION.

The invention discloses a method for preparing a fine-
grained p

v part
indary comprising.
placing pre-alloy powder into a high-purity graphite
pressing mold coated with a boron nitride coating,
‘wherein the pre-alloy powder is comprised of the
following raw materials in percentage by weight: 12.0-
17.0% of chromium, 7.0-14.0% of cobalt, 3.30-4.20% of
tungsten, 0.05-3.50% of niobium, 2.00-3.70% of
aluminum, 2.30-3.90% of titanium, 0.02-0.07% of carbon,
10.025-0.070% of zirconium, 0.006-0.020% of boron, less
than or equal to 0.50% of iron, less than or equal to
10.150% of manganese, less than or equal to 0.150% of
silicon, less than or equal to 0.015% of sulfur,less than or
the allowance
nickel; (2) forming the graphite pressing mold in Step (1)
’ by cold pressing; (3) placing the formed graphite pressing
into

(&)

3 an y ing fu
! sintering to obtain a finished product. By oscillatory
pr ing, the invention y el prior
particle boundaries of powder superalloy and uniformly
St Hil

grains while ensuring basic elimination of prior particle
boundaries, and obviously improves the performance of
the powder superalloy.
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