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BAHLITEI. B 2(a) ik W 2R AR B S,
ATCAE W0 N T S SN, AR T
AL P 20) B A SR HD X (b X)) LIS,
AICAE H, BURDIR P s IS, (R e i
FERRF T o X 2(b) 1) 3 AN I EORE EAT BE 1S 04T
AR EL 1 s, S5 RRWIBRDRY) St Si Fl C
IR, SRRt SiflC &=L SiC 1 Si 5 C e
WS 70%; C 30%, Mt/ H0IEHHaL. B3 B
N B RN P2 ) XRD %, G543 KTl A,
Fri ) SICOILIE 2(b) i Sk i E CURIRL) o S Y
TENRAA 28 IR AR i Ay BT A Ak A S Bk 5 el
PRAE SN PR B Ao U, Sck[16-17] v 6
Au-Si/SiC 4 5 8 2R A AR IE TR 0°~59°, A FTIH)
SR GG . TR, AN E NN RIS A
S FAD B B i B A T 1 ) o 3o e Ml T T Ak
SiC A& ™, IE BT A A A K Sic (15
Au-30%Si/47 514 FR 1 1] S i BEAS T BRAER, AT A
P FRIS B B i

. = — Graphite
4—Au
e — SiC

_JL A P W

20 30 40 50 60 70 80
20/(%)
3 ASRIEHCR I RV Z 1 XRD %

Fig.3 XRD pattern for reaction layer of graphite surface

- 2>

#1 2(b)H & s BE T AT A IR
Table 1 EDS analysis of different points shown in Fig. 2(b)

Mass fraction/%

Point No.
C Si
1 32.73 67.27
2 31.54 68.46
3 33.63 66.37

22 E/RFEERTTE

UIRTSCHTIR s Au-30%Si(5E /K 7 50/ A1 sk R 1T
FRAT A LG A S BRI A Ak i S 16 Ak R B
FEHF= Y R R, I i 3 Aof 73 [ A S TH AR 7
SEINES LR A%, AR I R SR AR A T R T A
T BEDESE AL . Ao — 2200 B S T
I ] /5 T R I 0 50715, Dk RN 5y
AT r 10 ] A T T R an AR AR A

gazag(w+gﬁ9—um@,¢§9<mm 3)

Kt og Mopy MERREM L BT RE: 00
FEfb A o

FR A 20(3) P SR A 5 4k 28 s WV aok 5 o 1] /9 5 i e
B A ARl . B 4 BTosh Au-30%Si(BE7R 53450/
S A R L /9 T e B ) PR AR A, I e v )
MR TR e 2 frall. tiE 4w %0, RS
oy AT ZE WD, B HEEEI BOLT A —4
B4 R TR NI B, St 1AW 5 4
() C JE 7R A RO AR SIC, B RGH I AL,
I, [ AR T e B IS TR AR AR . Bl S (R 2R T
RN PEE T 2, BRAG T IR T IRoE S, i A
AT AL FFD S YRR, ] 0 T R PR AL A Tl 2 30 A1



1178 hEA SRR

2016 £ 6

BHEBM I AR, [/ SRR A AR
Au-30%Si(BE 7R 73 50/ A7 54 F P LA 8]/ 5 1 e
N 873~894 ml/m?, Z35 [ AR T BE N 33~707 mJ/m?;
B A S0 3 P R T s, R S ] T R TR R A A
K M 1373 K TS 1393 KN, 2R3 [ i
T BEH PR, 2 i B A I T AR AR o

T2 Au-30%Si(FER BB L AR HERY
Table 2 Surface energy of Au-30%Si (mole fraction) liquid

metall?!)

T/K O'LV/(mJ'miz)

1373 896

1393 894

1423 892

1473 888

1000
800
-.-.....-II..
g 6001 = 373K
- *1393K
S, 400 F 4 1423K
2 v 1473 K
N
L O,
200 A“AAA oooo....““..
e Y YYVVVOVIIN
0 [ 1 1 1 1 1 1
0 2 4 6 8 10 12
Time/ks

4 Au-30%Si(JBE /R 73 B0/ 58 AR AEAN R [ AT
] ERE N 1) (K122 4k

Fig. 4 Change of solid/liquid surface energy for Au-30%Si
(mole fraction)/graphite system at different temperatures with

time

23 REsAhE
DEZELLUS %P5 ik 43 b 42 £ 5 16 1A (1) 22 4k 5%
R, BT RN BE) 2 R

cos @, —cos b, = (cos O, —cosb,) exp(—k,t) 4)

Kb 0, NPl 0, BN Bl 6,8
VRIS ke By A A IR 45 R
B8, AHE M AR R BRI B ) (K3 ) 2
A5

XHF SRR AR 2R, P BE A A Al
(T AR A Ji AT 2 [ /98 T PO AN BT A1 o 32 S o] /9

BRI A dogy (1) / de I, DA A 00 i Je 14 S B
WEh Sk dog, (1), HFRIEA N

Aog (t) =05 (1) — 05 ¢ (5)

%R AR cos 6, —cos Oy L, U gy (1)
o 23 M BRI & 225 S g . W),
Aog (1) BK, N EE Mg ok, 4
Aoy (1) — O IR, W0 AE [ AR i 5 1Rl e, 93 o 1)
B Aogy oy AR WA S e 5 25 T REZ
22, A DAl [ N ) 2 ik N G) R AE . LBt
FURIL, FHHBEM AR A0 5 i B S Ik AR
v AR, S SRR, T T e R AR A
Do PRI, ARE R/ S T RE ) AR A AR A IR Ay
dog (1)

dt

AWTTCA RN, SN AR FR i ST 27 O
P, 0[]/ S e N

=[osL () =05 eIV (6)

—v=kcy cp? (7)
S PR SONARZR N — N, A
—v=kc (8)

A ¢ AT ZE RNIETIRE; kO NVIER
W, G Arrhenius /7 FE:

k=k, exp(— IfaTj ©))

X ko AR B, WRMLEALRE; R WE/RT
WG THRIFE . F5 06 MA@) 1

dog (¢
9050 _ o (1) -0 Tk (10)
dr
B (10 mr 15
o (1) 1 t
d H=| —kcdt 11
LSLO o5 (1) —Og1.e s ) '[0 ‘ (n

e og o WG AR T TR, A 5152
In[og; (1) — o ] =In[og o — O ] — ket (12)

BE— 2B A AT 2 [ /0 5 G B I 7] A2 46 R 3
FITRE:

051 (1) = Og1e =(Og10 — Og¢e) Xp(—kct) (13)
i
o (1) =(0g1 9 — Ts1¢) exp(—kct) + o) (14



i, %

26 455 6 ¥

Au-30%Si G SRS A SR RE K e B 2

1179

WAER(12), 7T oy (1) — oy o BN HC 1 [1)
WEMERR, RIFEN ke . HRA)FAL4) I, &/
S I BEBE S NN [A] S PR B OC R (W B 4 R,
ZHANG “5PEFGT ALAT 8. AL-Si/AT 5844 2 (18]
FHTH RE R AT AL A o

SR 3 B) V5 s T Wi Ak 2R [l /90 7 T i Bl
I () AR Ak () D0 R i 2, AR JE it 50 (12) 75 2044 & 1)l
s Iy g o i RO AR I Bl A 0 1 L4 A 2
—ke , HARENSEEE ko NVFEITE, wDERE TR
FIRSE ¢ UTANICA G HPd Ph R T M BER 0 5, AR
HEL 0.3 3R 544811 7 275 OO B0 1l 5 (0 30 5 ek
BRARM Ink 5 1/T), N Arthenius K&, BIx(9),
AT SV A AR Y R TR AL R -

Bl 5(a)~(c)FT N Au-30%Si(BE /R 73 50)/ 41 54k &
TE& SR N I3l e g . Il 5(a)~(c)nl LA
o, AFEREE ) )2 23 KRBT LLoy B, X
b SR B S AR IR BOr g sz b B, Hox
A7 IR B 38 ] AT 08 7. (1) ) ) AR IR, 5

7
6
*é, 5
© 4
3
L
g 2 [¢)
(©)
1F %
O
0 L L L L L 'l
0 2 4 6 8 10 12
Time/ks
S
|
>
)
=
O
1 On=18°, 5=5281's o
ot ‘oo

0 1 2 3 4 5 6 7 8
Time/ks

It e gan T EZ, LA ME e REE AT
0.98(R*>0.98). LN 45 FEAIWT, I i 1 S B UK 5
1 M TR Aog, (F) « AR, 4
o (t) =03 W, In[og (1) —og JEET LI, K
TR MR, XA S og MEDN T
fi. B S(@FrRHNInk 5 UT FIRRZIL, hitiks
Au-Si/A7T 5 R FR RV R TG RE R 241 kI/mol, AR
Lt il 4 e R (0 B B (29 L k/mol)™ i —
ANKCRLE, X5 %P BRI B A H S R g 2 )
¥ —%. DEZELLUS 25"VR L, BRAE Kk 1 ik o
VoS R S5 1) 22 TG A BB LT AN 52 B 4 S Ak 11 28 R0
Gah SR FIGE M. ANRWEES &L S
T SN 0 WAL RE A 250~300 kJ/mol 22 ]t 24,y
T DEZELLUS 25U UR A% 45 e 1000 A T 50 56
FESE NG R P R A R A — e R AL, i1
SCATI 2 TG A RE R, T ASHIF T I It 5 e i
AR AT NP R P A, AT, AR
S Au-Si/AT SRR ZR RN 1) 2 TG 4K BE FEAS HEAR -

Y e

W

In[og (1) — o]

Time/ks

-5.8(d)
-6.0
-6.2
-6.4
-6.6

-6.8
=7.0
=71.2

Ink

E,=241kJ/mol

1 1 1 1 1

6.8 6.9 7.0 7.1 7.2 7.3
T71/104K™!

5 Au-30%Si(BE/R 73 E0)/ A SRR AR N In[og (1) — o ] FIT] £ FICHR
Fig. 5 Relationship between Napierian logarithm of In[og; (f) - og ] and time for Au-30%Si (mole fraction) alloy on graphite at

different temperatures: (a) 1393 K; (b) 1423 K; (c) 1473 K; (d) Arrhenius plot of Ink vs T for calculation of activation energy



1180

hEA SRR

2016 £ 6

3 #ig

1) Au-30%Si(BE /R 7380/ 55K R ALE 1373~1473 K
T T TP P 0 G 2 kA R 28 2 B kA A T
158°~143°F1 100°~16°-2 [A]; P4 #RBEAE AL 1) T+ i 1T
/N A T=1373 K I, AR RESHAb A =ik 1000,
EANHIARES: 2 T=1393 K i, &l AR (LR
WS TP, A R ANV I A A A e

2) Au-30%Si(BE /R 73 B0/ SR i AR v, WS IT
2 Si AR R C A RN AR 4B A B T
T Ah A= 258 AR 4 1) SIC 2, T OB ¥ 4 /B 85 S 1Hi
MNIIRN T A ST RE B IERRE

3) [/ ST R AR A N e N R AR AL IR Bl ), H
AE A T IR S N B T AR, AR B A B R T
TESR AR AL, S Pounnl [ /5 5t fie B s I 1) (19 42 K
RIRHOCR IR RIS AT 103 ) 2 R
S Au-Si/fr SR R OV RO AL RE A 241 KI/mol.

REFERENCES

[1] BENHASSINE M, SAIZ E, TOMSIA A P, DE CONINCK J.
Nonreactive wetting kinetics of binary alloys: A molecular
dynamics study[J]. Acta Materialia, 2011, 59(3): 1087—1094.

[2] BLAKE T D, HAYNES J M. Kinetics of liquid/liquid
displacement[J]. Journal of Colloid and Interface Science, 1969,
30(3): 421-423.

[3] de GENNES P G. Wetting: statics and dynamics[J]. Reviews of
Modern Physics, 1985, 57(3): 827.

[4] MORTENSEN A, DREVET B, EUSTATHOPOULOS N.
Kinetics of diffusion-limited spreading of sessile drops in
reactive wetting[J]. Scripta Materialia, 1997, 36(6): 645—651.

[5S] DEZELLUS O, HODAJ F, EUSTATHOPOULOS N. Chemical
reaction-limited spreading: the triple line velocity versus contact
angle relation [J]. Acta Materialia, 2002, 50 (19): 4741-4753.

[6] BLAKE T D. Forced wetting of a reactive surface[J]. Advances
in Colloid and Interface Science, 2012, 179/182: 22-28.

(71 ZF50, MU, B2Ef, s, ARG Ti-Al Rk
5 TN JERAT A D] P EA SR R, 2014, 24(12):
3022-3030.
LI Chun-xin, LIU Xu-yang, LU Xue-wei, QIU Gui-bao, BAI
Chen-guang. Wetting behavior of melting Ti-Al alloys with
TiN[J]. The Chinese Journal of Nonferrous Metals, 2014, 24(12):
3022-3030.

[8] MOLINA J M, RODRIGUEZ-GUERRERO A, BAHRAINI M,

]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

WEBER L, NARCISO J, RODRIGUEZ-REINOSO F, LOUIS E,
MORTENSEN A. Infiltration of graphite preforms with Al-Si
eutectic alloy and mercury[J]. Scripta Materialia, 2007, 56(11):
991-994.

EUSTATHOPOULOS N, NICHOLAS M G, DREVET B.
Wettability at high temperatures[M]. Oxford, Britain: Pergamon,
1999: 263-266, 323—342, 397-398.

PRIERE, JZNH, REIE, 4 %, AhReiE. HE W —FEia
L AR R S ST S N AR T]. )R AR, 2014,
50(8): 1019—-1024.

CHEN Xiao-yan, ZHOU Yi-zhou, ZHANG Chao-wei, JIN Tao,
SUN Xiao-feng. Effect of Hf on the interfacial reaction between
a nickel base superalloy and a ceramic material[J]. Acta
Metallurgica Sinica, 2014, 50(8): 1019-1024.

DREVET B, EUSTATHOPOULOS N. Wetting of ceramics by
molten silicon and silicon alloys: A review[J]. Journal of
Materials Science, 2012, 47(24): 8247-8260.

BARIN I. Thermochemical data of pure substances[M]. 3rd ed.
Weinheim, Germany: Wiley-VCH Verlag Gmbh, 1995:
1488-1490.

WBERE. Al KHAEES 2 a-SiC MR X S 4544
[D]. K& FHHKE, 2014: 16-18.

CONG Xiao-shuang. Wettability of silicon carbide by molten
aluminum or aluminum alloys and their interfacial
microstructures[D]. Changchun: Jilin University, 2014: 16—18.
DEZELLUS O, HODAJ F, EUSTATHOPOULOS N. Progress in
modelling of chemical-reaction limited wetting[J]. Journal of the
European Ceramic Society, 2003, 23(15): 2797-2803.
EUSTATHOPOULOS N. Dynamics of wetting in reactive
metal/ceramic 1998, 46(7):
2319-2327.

DREVET B, KALOGEROPOULOU S, EUSTATHOPOULOS N.
Wettability
Acta Metallurgica et Materialia, 1993, 41(11): 3119-3126.

NAIDICH Y V, ZHURAVLEV V, KRASOVSKAYA N. The

systems[J]. Acta Materialia,

and interfacial bonding in Au-Si/SiC system[J].

wettability of silicon carbide by Au-Si alloys[J]. Materials
Science and Engineering A, 1998, 245(2): 293—299.
EUSTATHOPOULOS N. Wetting by liquid metals-application in
materials processing: The contribution of the Grenoble Group[J].
Metals, 2015, 5(1): 350-370.

RE—, Wi, PBEOR, TR, NI R AL A R SR S
Mk v SRR 72 ). BRAREARE LR, 2007, 7(13):
3057-3062.
ZHU Ding-yi, DAI Pin-giang, LUO Xiao-bin, ZHANG
Yuan-chao. Novel characterization of wetting properties and the
calculation of liquid-solid interface tension( I )[J]. Science

Technology and Engineering, 2007, 7(13): 3057-3062.
A, BIER, RO, SN AL SRR KBS RAE S



5526 55 6 ¥

I, % Au-30%Si G &5 A Sa i E et K sl R B )2

1181

(21]

[22]

THRI]. BREIEAR, 2013, 58(2): 181-187.

ZHU Ding-yi, LIAO Xuan-mao, DAI Pin-qiang. Theoretical
analysis of reactive solid-liquid interfacial energies[J]. Chinese
Science Bulletin, 2013, 58(2): 181-187.

NAIDICH Y, PEREVERTAILO V, OBUSCHAK L, Density and
surface tension of alloys of the systems Au-Si and Au-Ge[J].
Poroshkovaya Metall, 1975, 149(5): 73-75.

ZHANG D, ZHU D Y, ZHANG T, WANG Q F. Kinetics of

reactive of graphite by liquid Al and Cu-Si alloys[J].

Transactions of Nonferrous Metals Society of China, 2015, 25(7):

(23]

[24]

2473-2480.

CALDERON N R, VOYTOVYCH R, NARCISO 1,
EUSTATHOPOULOS N. Pressureless infiltration versus wetting
in AlSi/graphite system[J]. Journal of Materials Science, 2010,
45(16): 4345-4350.

BOUGIOURI V, VOYTOVYCH R, DEZELLUS O,
EUSTATHOPOULOS N. Wetting and reactivity in Ni-Si/C
system: experiments versus model predictions[J]. Journal of

Materials Science, 2007, 42(6): 2016—2023.

Wettability and spreading dynamics of
melting Au-30%Si alloys with graphite

YANG Yuan, WANG Ting-ting, ZHU Ding-yi, REN Yong-bin

(College of Materials Science and Engineering, Fuzhou University, Fuzhou 350116, China)

Abstract: The wettability and spreading dynamics of Au-30%Si (mole fraction) alloys on graphite were studied using a

modified sessile drop method under vacuum at 1373—1473 K. The results show that the wettability improves with the

temperature increasing. The alloy is non-wetting with graphite and final contact angle as large as 100° at 1373 K. When

T=1393 K, the contact angle accelerates apparently with the temperature increasing, and finally presents an excellent

wettability with contact angle decreasing to 16°. The formation of interfacial reaction products SiC resulting in the

continuous decrease of solid-liquid interfacial energy, which provides the driving force for wetting and spreading. A

spreading kinetic model is established, which explains the wetting mechanism from the angle of energy and predicts the

solid-liquid interfacial energy decreasing with time in exponential relationship. The experimental results are in

accord with the theoretical calculation in reaction-limited spreading.

Key words: Au-Si alloy; graphite; wettability; dynamics
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