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e RE—FEHEH Rose TREPHSEE, HAHAKRKKRERETURY Ai-Ga i Cu-Ga
Xt ATATHER Al #t Cu RERTMEMBEESEA Ga T WRREFUEEA.
LREY, Al BH Ga FHARLHEME Y RER TN Ke = 0.5MPam'/? X
Kie(L) = 0.4 MPam®'%; % Cu R{iA Kie = 0.55 MParn'/? [&51 Kie(L) = 0.45 MPam'/?, B)
Ga BHERE#L BIOSS. B, BR Ga ZERRUWHEH > ESHH R Frank {7 8.
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Wik&SR (I Hg, Ga) B 7E & )& 2 M 68 2 B I, ﬁ‘ﬁ?&{*ﬁﬂﬁ (~8], — g 34330 2% W
GEBREEAS RRBYEEER, NTTR Grifith FERRK K = 2vE/(1 - »?) MR N
Hoo.. HTHEHE v B4 v(L), 8 Kic A Kic(L). BEXRERFIFEDE. RAMXRE
B, 7075 454 &WM Ga I§ Kic B 43.2MPam'/? &% Kic(L) = 1.7MPam'/2(5). B iyt
R Griffith HFBEHEHE (L) = 18.5]/m? WHBHMHIKREE v = 1.15]/m*> BA—
AHERC. T, DEBEEEREEFERBYEMHERE, MY Orowan AKX+, B
K3 (L) = [2v(L) + 1| E/(1 — v?). 7075 S8 &BH Ga J§, WHEED v,(L) = 30715 MRE
BAAS BB, TRE vp(L) = (10 — 1000)y~3). HHEEEHEZRBYUUELRAREPLT B
BEERS, SRERELE.

B Lynch @idx ¥ OBRAMNUTR, AAYRBUURELRBELSBKE N ER%
% W RAESHBRETEARNERY, Al Al RE&UR Ti BH Hg Fa8ERAM#E K4,
WRAEE, YBRMREINFIVUETEEBEIBALERSBRSERYEENT RO HE
Az THENE Hg BE G EMB L O ADROMBIHEL, SRER, Ti ARERH
Hg FREME MBS AR BHER R P EEEmA.
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FAXREEABXRE R, LA EEMEHLERY. RIMRABEE=ERERE)
& 14 k%% Al-Cu, Ga-Ga & Cu-Ga [A] 40 H 1E A #.
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Hpd|n BREF/E 1Mo ERHHFEETF, p(n) B4 Mobius B, ZHRBTEAEHNBET
-1,0,1, B

1, n =1
pin) = ﬁ[ (-1)7, n & r MRFREHFEH (3)
Lo, KE
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Fz) =Y f(z/n) & f(x) = > u(n)F(z/n) (4)
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RAME, LBAASNEAR E@) TH Rose HEKEZ 1,
E(z) = -FEo(1 + a")exp(—a‘)}
a* = (9BR/Eo)?(z/ag — 1)
HP o ABHEROAERE. o0 APEEHTHRERE, 2 A PEETFER, B AH

HHEE. TEFNSE B Eya THE-EREHABM PR S E 19 Sl WHHEOZH &
(fcc) B9 Al, Cu 1 Ga (Bl4&) AR Al Cu #1 Ga & FULLY, BIAIWHEESRME 1.

1 HE—FANLEY Al-Ga #1 Cu-Ga §kEB B,E; H ao
Table 1 B, Ep and ao in Al-Ga and Cu-Ga calculated from the first principle

(6)

B (101'N/m?) Ep (1.60 x 10~19]) ap (10~10m)
Al 0.990 3.340 4.030
Ga 0.805 3.220 4.169
Al3Ga 0.782 3.364 3.997
AlGaj 0.660 2.968 4.072
AlGa 0.686 3.149 3.235
Cu 2.008 3.540 3.566
Cu3Ga 1.656 2.809 3.606
CuGajs 0.929 2.792 3.903

CuGa 1.373 2.750 2.950
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Hep pla,) ARREH. K Ega M Ea GHALRXRATKRY Al f1 Ga taxt$h 34 (z) F0
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Eaga = B 4 B§, + Bar-ga 9)
&R Al & fcc 58, Go RENSZH, T AlGati SR Al M Ga BABRSIFEMY B,
. ! HNRRBEI=ZMREHEBRTHEEN. €58 (9) & By, M1 B, REHEAIEET
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(a) Effective pair potentials of AlGa, (b) Effective pair potentials of CuGa,
Al3Ga and AlGaj CugGa and CuGag
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Fig.1
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TR 1P AIGa WBBRALE 6) AT KBLAFLE I Eaga, HH TR (8) KB Ia1(2)
M Pga(z) AR ERABEZ. =W, NTHATLIKRH Eal-ca. BRERA (8) R N aT LK 5 H
Al 71 Ga B FRIEERME $ar-calz), ME 1(a). BLBBE K E AlGaz #) AlsGa K9X%, @
1(b).

2 SFPNEHILE

%t F fec dak, PreFdE {111} @, ¥ (110) HmE3. PYAEMERL = 5 HEH 70 A
#, BNEAEKH T0V2/ 400, BYEEL N y H R, % 20 NAH, BIRETEHR 20/V3a0, B
WA (111) WHEB LML 70°, 2 JFRHE 112], #E 1 4AFH, RFLBELH 6300, B H [
Wy B, ¥O TRRL

* Al 35, mMEER dKi/dt = 0.01 MPa/m/ps, B & 5K At = 0.005ps. %) Cu B,
MR dKi/dt = 0.02MPay/m/ps, BRI A = 0.01ps. B T WA @R BT RBRE =
FEMy FEAREEFOLB. Wz FRWEESHELRFE (REN 0). REABEE
FREHEEFBFE_ %, B F; = -68/0r; = mia;, X & AHEKH, %+ Al # Cu, KA
Finnis-Sinclair 3 13], 53 Al-Ga, Cu-Ga #1 Ga-Ga MK 1 gyxid. Badke: 02 e EEF
M.

REMBEKERA 100K, P18 HE K Maxwell-Boltzmann 4%, Ga BRFAHHERIA
B, EMBZAERR, € Ga RFABSHPHALT. REA I BME, LRAREZ0HE
TFABMBEHBEERT, 2 Ga XU KHMPLT BT W,

3 NSRRI

WA Ga BFH, L5hmBiH@BEETF Ki = 0.5MPam?/? i, Al BHABREHE—
AMRALeE, BIEMMENRANBEERT K. = 0.5MPam'/?, & 2(a). YHLREHEK
—EHEN Ga RFE, M/ HEERETFAE 0.4MPam'/? B, A E MR, B
Kie = 0.4MPam'/2, N 2(b). LT, Ga WHZE Al RBE S H R K 56 19 W5 A2
HBEETF Kie M 0.5MPam!/? &% 0.4MPam!/2, Bl itk & & Ga M HHEH T Al BORL 8 % 5.

WHEERY, 4 Cu RERHMNEHEANHBEETF K. = 0.55MPam!/?, % K, =
0.6MPam'/Z b, fIefiZshEFRR, ME 3(a). ERYUEAERHM Ca BFE, KHEENER
Bz R T84 Kie(Ga) = 0.45MPam!/2, K1 = 0.5MPam'/? B {44 DiEsh B AL, WA
3(b).Ga B thE Cu RHMHEMIERN ABERF TR, NTRETHELS.

XaE AL REHIGEEHEMB, RMESINBLABRE RS, SHER, ERNSHEER
abedef 5§, MA 4(a). MEH Ga, WEMRE K; TRRW ST HERFHASHBARR, wE 4(b).
BORIBAFESH, MK 8N, GaBRFARIMEETE, MBSMIREELETFRK
B (B 4b); 55F, Bl Ga BFZE, 4 K BREHSAERLMHF=ESHH (Wl 40b) F A
Fias), L& Frank fRAL45 (W0 4(b) L B BioR).

A RBRHEER N ENERD IEERETF FTRATRETRERENERNBR SR
PEEEEFEAEAX. [RNLRFUENERE NBERF K. 3 17

_ 2 ub 1/2 4ve3/? sin ¢
K = 515 6 c03(0.59) { = V)(87T7‘c)1/2 + (27r,) [Uj + —_ﬂ‘rc(4 np) } (11)
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X4l Al b = ag/v6 = 1.65 x 107'%m K {R{L & Burgers K&, p=263GPa HYIEHE,
v =1.15J/m? % FEHEEE (Ohr XA v = 0.841/m? B BMK), v = 0.34 2 Poisson ti, oy Hfrés
BRI N, MR BN TR, of RE P-N J1, 5 fec B, o =105, AT M.
Ohr }\ % o7 = 20MPal!"} Y B REAIRESE, BRARME. rc=d/e AUEBEERB, =70
ABYWEMERBERA. HLTHH K = 0.38MPam!/2 (Ohr & i{ Kje = 0.29MPam'/?,

(a) # Al, K; = 0.5MPam!/2 gt (b) Al &M Ga BF5E, K;=0.4MPam!'/2 #
BNE—A O RME— LI
(a) The first dislocation emitted in Al (b) The first dislocation emitted in Al adsorbed Ga
for K; = 0.5 MPam!/2 for Ky = 0.4 MPam1/2
m2
Fig.2

(a) # Cu, Ky = 0.6 MPam/%, Rt #r 8§ (b) Cu B Ga, K1 = 0.5 MPam!/2, % tH 0 £r
CEARER EXMARNE, =X GaET
(a) The emitted dislocation has left (b) The emitted dislocation has left from
from the crack tip in Cu the crack tip in Cu absorbed Ga (with
for K| = 0.6 MPam!/2 cross symbol) for K| = 0.5 MPam!/2
M3

Fig.3
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BRABRAK o = 25.1GPa fRiK), ELA T N¥EH BN K = 0.5MPam?/? Bi%, HEET
(1) KPP EXBEEE, BARNECERE-FBES. BhuS5yHXE m
_ Ea® _ 2yu(1+v)a?
T ow2d T m2d
Hefha HRFEEE. HASR GaBME M Al ETEEH v = 1.15]/m? BKH v = 0.35]/m? 3.
i (12) X, B MEE v EERBEMN p BIEA u(L) = p, v(L)/y = 0.304, u = 8.0GPa, 1£
A (11) RATHH Kie(Hg) = 0.114MPam'/2. i FHFE4 Hg WS ¥, THKB AlLHg w3
%, MEEBEHSTFHHERR Ke(Hg). H—FHW, HTHREA Ga BRHEXHEHHE, wELE
MO FENENHHELER Ki(Ga) = 0.4MPam'/2 i L$L.

(12)

Solicicvdarviiofegrecce t J0 S0 3 et sviel

(a) Y4 Ky = 1.1 MPam!/2 u}, (b) & K = 1.1MPam!/? sf, Al BN
Al IRFHER Ga ZEMIRFHEE
(a) The atomic structure of Al (b) The atomic structure of Al absorbed
for K1 = 1.1 MPam!/? Ga for Ky = 1.1 MPam!/2
B4
Fig.4

R RERWBIERER (M A5, BEAMESH) S ABELBRASTE, BHEH
BAESRBEERNINS (K K1) THERFHEFNZS, YENEXRAGAZENRS
BRGSO, XREY, RHENQEENTREOERN D BERFL TR B—F
|, BRELIBESBEENRARLERERERBL, YNERFANNEETIHRE (B
HHER RN cp) B, MERSREEK. T BT, 155084 58 09 F 4 0 35
(L) U3ARA%, BD ef(L) <€y BMMRETERE v MR thEMBERI 1,(L) TR, NTiEE
Kic(L) < Kic Bl

4 B &

A RBTTETTRB SR Ga 1 Al (R Cu) WEAERMNE. SFHHEMBEN, Ga
B ff R RESE AL A Cu RATRLEEMEF DN BER T Kie TRA 20%; 54t Ga BEERRIH
& 5 HBL= AL F A Frank {745
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MOLECULAR DYNAMICS STUDY OF THE INFLUENCE
OF LIQUID METAL ABSORPTION ON
DISLOCATION EMISSION

Zhou Guohui  Zhou Fuxin* Wan Farong Chu Wuyang
(Department of Material Physics, University of Science and Technology Beijing, Beijing 100083, Chira)
* (Laboratory for Nonlinear Mechanics of Continuous Media, Institute of Mechanics,
Chinese Academy of Sciences, Beijing 100080, China)

Abstract The pair potential of Al-Ga and Cu-CGa have been calculated by Chien’s reverse method
with the parameters in Rose’s equation and the first principle theory. The effect on dislocation
emission from crack tip is studied when liquid meial Ga is adsorbed on the crack plane of metal
Al or Cu. The results show that for Al the critical stress intensity for dislocation emission would
decrease from Kj, = 0.5MPam'/? to Kj(L)=0.4 MPam'/2 due to the adsorption of Ga, and for
Cu from Kie=0.55MPam'/? to Ki(L)=0.45 MPam!/2. It means that the adsorption of liquid
metal would facilitate the dislocation emission. On the other hand, vacancy cluster and Frank
dislocation would form easily ahead of the crack tip due to the adsorption of liquid Ga.

Key words embrittlement of liquid metal, molecular dynamics simulation, Ga, Al
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