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Table 1 Sintering temperatures and holding time of Ni/SiCs¢

systems
Sample Sintering temperature/‘C Holding time/min
S-950 950 5
S-1000 1000 5
S-1050A 1050 5
S-1050B 1050 10
S-1050C 1050 15
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Fig.2

Reaction morphologies and element distribution of Ni/SiC¢ at different sintering temperatures: (a) overall reaction zone,

(b) reaction zone boundary, (c) element distribution along the red line in Fig.2a for S-950; (d) overall reaction zone, (e) reaction

zone boundary, (f) element distribution along the red line in Fig.2d for S-1000; (g) overall reaction zone, (h) reaction zone

boundary, (i) element distribution along the red line in Fig.2g for S-1050A
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Table 2 Element contents and main phases of reaction zone
boundary of Ni/SiCt in Fig.2 (at%o)

el
sample Positon Ni  Si  C  NisSi an
phases
A 0.41 4347 5612 0 Sic
S$-950 B 1281 271 8186 473 C
C 6194 1920 18.86 3.22 Ni3Si
$-1000 D  61.30 19.65 19.05 3.12 Ni3Si
E 5359 17.92 2849 2.99 Ni3Si
Ni silicide +
S-1050A  F 64.97 1239 22.64 5.24
Ni(Si,C)
G 6821 948 2231 7.20 Ni(Si,C)

2.2 {RimATE) 3 R E R R A S0
TE LRI BT R] 35 2 1050 C HIAE B 5 AN [F) SR B 1)
)k & S-1050A, S-1050B, S-1050C K4 T JI Z1 11 5+

=3  Ni/SICi R R REIREE T E Y & B X 1 & B A i X i R ~F
Table 3 Sizes of reaction zone and solid solution zone of

Ni/SiCs systems under different sintering processes

Area of reaction  Reaction zone Ni(Si,C)

Sample
zone/x2500m pm®  thickness/um  thickness/pum
S-950 2.01 66 5
S-1000 1.64 57 11
S-1050A 1.54 60 24
S-1050B 111 50 38
S-1050C 1.07 44 47

s, il 3a, 3d #13g Fias. =% A1 5iE
ol ALBEEGRENK o En, OB X R A T R
AR . N FH SRS — W%, Wil 3b, 3e 1 3h
FioR, AR IR 5 R X 382 8] R R A A RO B
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Fig.3 Reaction morphologies and element distribution of Ni/SiC¢ at 1050 ‘C for different holding time: (a) overall reaction zone,

(b) reaction zone boundary, (c) element distribution along the red line in Fig.3a for S-1050A; (d) overall reaction zone, (e) reaction

zone boundary, (f) element distribution along the red line in Fig.3d for S-1050B; (g) overall reaction zone, (h) reaction zone

boundary, (i) element distribution along the red line in Fig.3g for S-1050C
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A, R NI d BUBEAS S C I s PuEZih, S5
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(AG,) FEA AL IR N I HE{E, {H1E 800 ‘CH
R R DLW H NI SIC 2 [0 %5 B sk i 34 1 2
R R,

x4 E3HARENISICHEXETESERTEYH
Table 4 Element contents and main phases of reaction zone
boundary of Ni/SiCs in Fig.3 (at%)

Sample Position  Ni Si C Ni:Si  Main phases

A 59.37 20.56 20.07 2.89 Ni3Si

S-1050B

B 70.20 10.22 19.58 6.87 Ni (Si,C)

S-1050C C 61.30 20.33 18.44 3.02 NisSi
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Table 5 Thermodynamic parameters of different phases and

. . 1,13,20,21]
corresponding reactions

Phase A¢Hp/kI'mol™ Reaction formula AG,/kJ'mol™ (800 C)

Ni3Si -37.2 3Ni+SiC=Ni3zSi+C -91.7
NiSi —42.4 Ni+SiC=NiSi+C -21.5
NiSi; -29.3 Ni+2SiC=NiSi,+C 42.8
NisC 38.5

BT C £ Ni-Si-C [ ¥ A o 1y ] %5 B A AT H G
fihTC R AR/, DR Ni(Si,C) = e [ ¥ 74 7T LA fij
Al Ni(Si) — 7 B AR - Ni 5 NigSi 4 Bl Ni(Si) il 7% 44
(5 80 AT 4% R AT

(1- 2x) Ni + xNi3Si = Ni(Siy) (1)
Hor, x NEEAE NiH S S E. 2T Si N
M FERR B, x AU Y A 0.00~0.1504 . it
Thermo-calc #7228/ E], WM T & x 1)
K, o S U)K R T AR E B BEREAR . FE
950, 1000, 1050 CHIMENL T, KSL(1) ) S M 5 A i H
HRE I IME 7> 71 h-44.2, -48.6, -50.4 kJ/mol. XE W
Ni 5 5 B F=4) NigSi 2 18] [ FE A BRI 4 ) a3

FHIH S SR AR, RO IX AR LG T4 SiCr AL
BREWK, RHRNGERERRE T B £ 6
T AN [E)AH B JBE ZR AR AR (V ) S SO RE A 1 NS iz 6 R
SiCe W Uh 17 B 1 BE R AT (AV ) HRHEZR 6 i 7T
324 T S AE R NigSi, BRI 7E 33 47 4 N 1) 1 4% )
145 S8 SIC £ 4 ) B X I T 7] 45 328 15 SiC 24F 4E 4]
U FLTH T #2 5 - NigSi 5 Ni #£ 950~1050 “C ' ()3 & 4
filt, AR4E LRI ESNEER, FTAHE L T RN
22 o NigSi HH Si Jnz T Bk N Ni 44, T2
J Ni(SI)E AP, C 78 NigSi [ 2N T 0.1at%,
HER T HAE Ni iR P, [k Ni 5 Sic kb
TR R C G 58 VA e NigSi, R ag LIk B>
i 1) 77 RAFAE T NigSi . 10 NigSi 20 i), B ok M
NigSi HHOBE T 7E i T 92 328 [ V85 B2 9 K N A,
TG T & Ni(Si, C) [ v 44 o DRI it 25 1) 46 T6L B R 3 v
DA R A3 I T8) A 19 0, NigSi 5 Ni 78 5 K (R i ) 3k
A7 il e fil, NS FIBR ORI EE — 2DV E NI 24k,
MM FBCT SR X I 1 46 /N

YT E 4T S, Ni 2485 Sic xRN E
Ty EEHE, £ETRFET HEE RNYE S
SiC i, MM M40 17 . R4 )8 o &R
SN FE ) R A O 2R AT SR A ST SRR AT I
7£ 990 CHIIRE T, Ni 7E NisSi 5 Ni FRIAT B AR
Koy Wk 3.7X107"° 15 3.9x10™ m¥s?Y, i LG E

xo TEMBEHERERARRNERFREN

Table 6 Molar volumes of different phases and molar volume

change of reaction[24]

Phase Vm/cm*mol™? Reaction AVm/em®mol™
Ni3Si 25.920
C 5.311 SiC—Ni3Si+C 18.765
SiC 12.466

HE 1 AN BCE S I NI 5 SIC 2 [A] 1 b HL 46 78 2
H15h J1 5548 . 18 3T Dictra i+ H 5 F4E 950 °C iR
T, Si JuEAE Ni PEEREGHRINY B, A
4.16x10™"° m?/s. Kl Ni 5 NigSi S5 [7 B 2 4% 78 2 1
B 1 HA . T 5 B 5 A A R R D SR TR AR
JEIZA () ST S SR AL TR A

T SiCe 350 Ni JE 2 A M RE ST SiC 3% Ti
BT A MR AT BT, R 6 X NI/SIC Al
Ti/SIC & F I FLTH R B E FEHEAT X EE . X 2 ME R
ST R 3 K R B T BN AR S R, & 4a
B A FEBE R NI R Ti A4 2 1 5 T 7= A S
EHFIAN 9% 28 o Ni £E 950 “C R F 47 Hit s N3 JiF 378 32 7o
F Ti 7€ 1050 'C N M4 HUR PLE E . EXTR RAHEAT
BHEN T, MBI MRS, H 55 5 R N
() 7 A T PR AT o) 5 B ) B P AR ) £ R P o PRI
2 I 1) e LUARAIE Ni B be s 808 o R B AR ] 45 5 2
600 C A LL5 Ti 7£ 1050 °C (¥ [ M AERE 23, & 4b
iR, {H 600 CH Ni J & & IR FE, IR T
AT %, EAR BT SPS HIRE 4 Rt 5 80 AR SR
BT TR bR BT, (HAE 600 C N84 Al B M LAKE 45
Ha P8, R X 2 PR AR LE R FL ) Ni-SIC AL i [ [
LT, WMEEIREAF NG R RO I 2%
SR B R Bl) 77 5 = 85k A AE 45 e 45 DL i HL Y5 I
AWt AT, I BT g2 B e )a, KM FEYIH
Sk KRR .

T gmibeds 77 UM, SPS W2 H iK
HL RO K% it 0 3 T 5 50 T T 380 R AR g T N
(AT 3%, (BXET & 4a 19 Ni 55 SiC Z [al i 5h J1 2
FRAE, AP %0 Ni 5 SIC 2z (8] (1) F 1 J 3§ 24, £ 950 °C,
300 s {26 F T, Ni-SiC 4 &) s B B 294 60 pm,
M 42210429 50 pm, R ML A 4822 A &
R 5E4, R RS 6T Ni-SiC FE T s S 1 BT ik I A
&, BYMERES 40 MPa, LL 144 C/min FHEZE
500 C HAREMTE T, Ni bRz i ag Bl 7R
R b4t Y T 2 R 2 T BB S A K 2 )
TR RIS 2%, I 5 4% G el AR — 52, 78 S-950
(fedhii & 950 °C, Jifn/%E /) 50 MPa, friz 5 min)
e ah il £, Ni-NigSi 2 8] 19 A e B 55, M
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Fig.5 Interfacial reaction evolution law of Ni/SiC system: (a) initial interface, (b) NisSi and dispersed C particles are formed, (c) Ni(Si,C)

solid solution is formed, (d) SiCs composes completely, and (e) NizSi and C particles further dissolve and Ni(Si,C) enlarges
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Influence of Spark Plasma Sintering Preparation on Interface Reaction of
Ni/SiCs System

Wang Fa, Jiang He, Dong Jianxin
(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: As a new high-temperature material with higher strength and lighter weight, researchers have paid attention to the SiC¢
reinforced nickel matrix composite. However, the severe interface reaction hinders the further development of this material. Due to the
severe reaction of long-time preparation, in present work the Ni/SiCs composite system was prepared by spark plasma sintering which is
characterized by shorter preparation time. SEM and EDS were used to analyze the interface morphology and element distribution. The
results show that Ni reacts with SiCs, and NisSi and carbon particles are formed. The reaction zone further reacts with Ni to generate
Ni(Si,C) solid solution. There exist strong thermodynamic and kinetic conditions between Ni/SiCt system and Ni/NisSi system, which
induce violent interface reaction. Raising sintering temperature and prolonging holding time could prompt NisSi and carbon particles to
further dissolve. The dissolution process will shrink the reaction zone and expand the solid solution zone.

Key words: superalloy; composite; SiC fiber; interfacial reaction; spark plasma sintering
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