B 52 % 31
2023 4 1H

WEERMBEIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.52, No.1
January 2023

FLE AN R R FAE N SiC/Al EE MR R E /I

TEM, R R, FEE, ZARY, HmEF Y Eagt F A5 S
(1. MEERA R A = (BB AR Z R RAE), LI M 211106)
(2. E W H AR 7 b SO R A PR STAE A ], b B 430074)
3. FHEB AR AR AR, db5T 100192)
(4. HARHRERG R AR A G4 B MR & TE R &S5, b 100088)

# FE: SiC/IAl E&MEME A —MEZmmA R, B R B R RER SN A ki . A AR 218 2
Jrid, MR T AR SiC RARE) SIC/AI LA M RMERY, MRS S AR A TS5 SR A5 SN SICORLAR A A T M R34 B8
RIPTRLBRE . G BT ACH) B Wi N, SiC BURLAE IR 77 7 ORI S5 AL ZE 440 A 70 B AT 7= AR FLIR - 713 AL Bt ik
Fahb P B TEAZ I IR 2 Al BARNTE BT AS . IR SIC/Al ftiin b C. Si S AriE il )G, e Si Mz T
gha T, FLRR AL B BEH R AT SiCIAL &3 k= A 584 AF H

KR SICIAIEZEMEL: Tl % hifdAR: J1¥tag;
XEHE: 1002-185X(2023)01-0139-06

hE%ESES: TB333 Xk FRIRAD: A

Sl

AR HEEM, wER, 5T nTAmSEeR
PEIR T4 32 VESEAR G B ™, o H g 47 TR 18 5 2 3¢
Btk E S MR EZE TR, HALL SiC Fikiiy
s HARE MR, Sic/IAl &R A I S 1 B4k
EVeRe, (EA—MRRmEM R, B SR R
FE. R, RIFRSHRE, KK, RFE, R
SEVEIF A S REO, [, SICIAl B AR HiE
TZEAR&AWER, BAMK, arfcEE. BT
ERINT I RGBS, %k, FE. fLksg. e
JE )l 38 4% IR A2 4% A0 25 0 A0 B F0 o s T, ATt
ez T RS iR R E S0 GROG RIS . AKX
FHAE SO BE, DARGR 3ARMURM R MRS |« IR %
T RSO (EATEMESR., RETEZE. flk. KR
) | REE AR THBEIE (SEFELERSR
WNLTAMEI B RO ) 12,

SiIC/Al &M BHEAS LA = T RE, Bt Az
SV, I S E AR R I, 1085 4F 3 [E R
GE GRS S WEEZ RIS 3R
WL AR 1987-1988 4F, 3 [E ACMC A & 5 F|
FARZFIEH A LEE, ¥ SICIAl EEMEH T
WOt R TR KPHBE R B 25 (A1 A4 1 4
EEEE S HEMRESBETAMEAF (AMO)

ks HEA: 2022-01-04

EE&WmE: BEXHMARAFHEREIIEH (SGZI0000KXJIS2100125)

(1) SIC/IAl E4E MK, SRl N T#EE Eurocopter 24
"AEFA ) EC-120 HrAU R BTN, £E DWA A+
ff] SIC/606IAI A A MR SCAE M T Keheed KL L
(734 T M 20 4D 80 SEACH WITFUA & B
AT, Wb stE e B AR MRIE Tk
K, AERHUEMRT R BB RS PR 4
JEBWEIC TS . SICIAl B A MEMER— RN Z a5
SEMEL, AE TR K R R B — P R mE b K
JE& A RIS S5 T e — R D, (BRI
EPERR 1) T H o 5 — 04

I8 55 768 T SEATL IR T R T AN ) A A (1 L el
s MRS BCZE MRS TSI A3 2k 2 1
JSFRTO2N e i i B 3 M R T A L R
A SR R R R R iR § . AR AL
SiC/IAl EEME AT G, FIH 5130 /10 57
B, SICIAI &M EH RIS R, IREC SiC Rk 1)
Fifg. 5 AL FAR S A R 7 HEAR X &AM R 2 PR
sz, MR P RERR SIC kiR, FtmiE st
PRI, O SICIAL B & FHRH SR AL 1S
R

1 HEAERRERAE

fEERIMT: 7 T, 5, 1986 F4, W4, R TR, B R Ao b i RITE AR, it 20X 430074, E-mail:

hewei7@sgepri.sgcc.com.cn



« 140 « MBS EMES T

¥ 52 %

KRR FEER 78l 11505, B
B3 E Sandia [E 2K 5256 = K ) Large-scale Atomic
Molecular Massively Parallel Simulator (LAMMPS)Z3!
T30 1154548, (molecular dynamics, MD) w1, #5g
H F SRR S5 [0 AH BLAE R DR R IR, 57 1A] 1 AH
HARFAT BT R F IR AR AR % XM A A
TAERTE XA RPN 13—, ek RmPRF 2
TG, R IR L S B 4G AR M DA .
T SICIAl EEMEMARECAE I, ARUFFE XS
K. AR E DL e S Y B R AT U S XL, B
B0V PTG 5 o 250 ) T Af 2

X AAL Z AR AR, SRITZ ) EAM %
BEATHIA, EAM #2 th Daw F1 Baskes®o 273 Tk J5 7
PR AN O B G AR IR v, AR AR
R RGP AR T B RN IRNATE e 5 4
FREIHEA G P RRE 7. /£ EAM 28, R4
AAegEH (1) 4.

Etot=2i|:|(,0i)+% i ¢ (1) W)

X, Fil) 287 0 FHRANRE, gy 2l i Al j Z I m
TIREWRAREL, p RIEIRT 1 Abd e i 7 oTmkig i
TREEZR, 2R 0§ Z e, REL
BT, SRR ot TR
i = 2w Fi (1) (2

A, 2 ] ETFRBAEE. T Al-Al [EAH AR
H, #5838 2 MAREL B FAIR)A gAIAI(D. &8
Al A% PR B AU LS LA

R 1,

tb4h, JEHC Tersoff 1EFH#AXT SIC 1k RIFATIRAL,
ERLPER R M S Rt RS R R 2. i
Tersoff 1 H A= E 45 R 5 LI AHE, XUIE T Frik
AR BRI HERTE . Tersoff J& 1 8] AH ELAF FI 945 s 3 —
FSRAE UL B AT B 2 M MR B I 35 iR R 2, B

ZHTHETC Siv C. Ge RHALEGWMIR. JEGRFEAL,
B TR B R R, AT RoR oA
E=2 Ei:%2i¢jvij (3
Vi = e () [ fr (1) + by fa ()] 4

X, HEEME A RNAIBE B R iy IR T RREAE Vi, 1
RJET M j 2RI, fa A fr 20 R 5] ANHE 0
e, fARTIEIEREL by WS R B,

P AI-SIC Z A BEAER, R Morse 4T
Wb, BARSHLE 3. Morse HEMRE WE 7211
PRAPGHEH ), RRRIEIR T ERHEIN, H—™
T AR 3 R 502, Morse B4 — OB A :

V — DO |:e* Za(r*m)ize*a(r*ro):| (5)

X, Morse 24 Dov a M ro PIARYE fA% H . 25
AR R (BUAZRBED REE, r NIETFREE
. &5 N1k, Morse AEMAREESEMFEE. &8
HEETEFEMEERAULEBILRS C HT 2
(U AH VR PS5 7 T U T BRSO .

ARFFAET SICIAl ARREMRBUCHA, @it 7E
Al SETFREE RO B CE SiC BRIEBRLSEEL, H

R1 @SAIKRENFUHENELSTE (EAMERE)

Table 1 Theoretical calculation of mechanical properties of pure Al system (EAM potential)

Lattice constant/ Elastic constant/GPa Volume Poisson’s ratio
=10 nm Cn Cus modulus/GPa
MD 4.05 116.22 33.71 84.18 0.31
Experiment 4.05 114 31.6 79 0.33

T2 SICHEHRRHDZMAEMNIEILITE (Tersoff (EAE)

Table 2 Theoretical calculation of mechanical properties of SiC system (Tersoff potential)

Lattice constant/ Elastic constant/GPa Volume . , .
=10 nm Cu Cuas modulus/GPa | oisson’s ratio
MD 4.35 415.71 112.79 243.75 176 0.21
Experiment 4.36 352 233 164 0.17
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Table 3 Selection of Morse potential parameters of Al-SiC system

DoleV al>10 nm* ro/>10™ nm
Al-Si 0.4691 1.738 2.246
Al-C 0.4824 0.1322 2.920
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Fig.1  Schematic diagram of SiC/Al computational simulation
supercell construction: SiC particle size is 4 nm (the color is
determined by the atom type, yellow is Al atom, red is C

atom, and blue is Si atom)
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Fig.2 Stress-strain curves of SiC/Al composites with different SiC

particle sizes
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Table 4 Tensile strength and fracture strain of SiC/Al composites

with different SiC particle sizes

Particle size/nm str;eg;]tﬂ/l(e_;Pa Fracture strain/%
4 54 8.75
4.7 7.67
4.3 6.82
10 3.7 6.39
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K3 PBEIEARTEHT G SICIAL E &40k (SICRifE=4 nm) KT 7R =K

Fig.3 Atomic schematic diagram of SiC/Al composites (SiC particle size=4 nm) before and after plastic deformation: (a) elastic stage and

(b) plastic stage (the color of the atoms in Fig.3b is determined by the Common neighbor analysis index. green is the fcc structure, blue is

the bcce structure, red is the hep structure (here is the dislocation position), and gray is other structures)
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Fig.4 Schematic diagram of atoms of C-rich (a) and Si-rich (b)

models of SiC surface layer (SiC particle size=6 nm)
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Fig.5 Stress-strain curves of SiC/Al composite before and after

replacing Si and C atoms: (a) SiC particle size of 6 nm and

(b) SiC particle size of 10 nm
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Influence of Particle Size and Interface Atom Adjustment on the
Strength of SiC/Al Composite

He Wei'?, Wu Hao'?, Li Dege®, Wang Limin'? Chen Shengnan®?, Yan Jiasi*, Xiao Wei*, Yang Hui*
(1. Nanrui Group Co., Ltd (State Grid Electric Power Research Institute Co., Ltd), Nanjing 211106, China)
(2. Wuhan NARI Limited Liability Company, State Grid Electric Power Research Institute, Wuhan 430074, China)
(3. China Electric Power Research Institute Co., Ltd, Beijing 100192, China)
(4. State Key Laboratory of Nonferrous Metals and Processes, GRINM Group Co., Ltd, Beijing 100088, China)

Abstract: As a kind of light and high strength material, SiC/Al composite has been widely concerned because of its excellent physical and
chemical properties. In this study, molecular dynamics methods were used to construct SiC/Al composite material models with different SiC
particle sizes. The results of tensile deformation simulation show that smaller SiC particle size is beneficial to higher tensile strength. As the tensile
deformation gradually increases, the SiC particles are separated from the Al matrix on both sides along the tensile direction to generate voids, and
then dislocations are generated from the void defects to nucleate and expand into the matrix to form plastic deformation. After adjusting the
occupancy of C and Si on the SiC/Al interface, it is found that the bonding is stronger when the interface is rich in Si, and the generation of voids
is more difficult, which strengthens the SiC/Al composite material.

Key words: SiC/Al composite; molecular dynamics; tensile deformation; mechanical properties; influence mechanism
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