Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

A BIE T 0 A S/ AR SRR RV T
mT REBEH FEE BRI LF REL

Effects of graphene size and arrangement on crack propagation of graphene/aluminum composites

Wei Ning  Zhao Si-Han  Li Zhi-Hui  Ou Bing-Xian  Hua An-Ping  Zhao Jun-Hua

55 &, Citation: Acta Physica Sinica, 71, 134702 (2022) DOI: 10.7498/aps.71.20212203
TEZE 71 View online: https:/doi.org/10.7498/aps.71.20212203
I N2 View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

BT T o AR A SR R SRR 24T

Mechanical behavior of graphene magnesium matrix composites based on molecular dynamics simulation

WIBEAEA. 2022, 71(8): 086201  hitps://doi.org/10.7498/aps.71.20211753

A1 SRS S MBSO TR A P AR5 40 S8 A LA OB OB U 5

Simulation of interaction behavior between dislocation and graphene during nanoindentation of graphene/aluminum matrix

nanocomposites

YrE2E 4. 2021, 70(6): 066201  https:/doi.org/10.7498/aps.70.20201591

JEE A KRB 35 A1 S bR AL B S S AR
Graphene enforced copper matrix composites fabricated by in—situ deposition technique

PIFRZEAR. 2021, 70(8): 086201  https://doi.org/10.7498/aps.70.20201943

A7 SRR AT AR RAIE K 3 HEAT BRI 8 W R ) 2330 T 24 AL

Molecular dynamics simulation of characteristic water molecular arrangement on graphene surface and wetting transparency of

graphene
YrEE2EdE. 2019, 68(8): 086801  https:/doi.org/10.7498/aps.68.20182307

ZNRABRAS AL T 55 7 S W ) SR T R R TS
Interface adhesion property between graphene film and surface of nanometric microstructure

YIBR2F4f. 2018, 67(3): 030201 hitps:/doi.org/10.7498/aps.67.20172153

WA B A SR IR SIE AR
Wettability and morphology of liquid gallium on graphene surface
PPz 2018, 67(14): 149601  https://doi.org/10.7498/aps.67.20172717



) 32 2 3R Acta Phys. Sin. Vol. 71, No. 13 (2022)

134702

AE/BRTHS MmN AERE/RE
SRR BRI

B REED & B

KRS HEF)  MEL

1) (TERSRZFVLIE B e hlE e & SHAR T s, Tl 214122)
2) ("PEZERIHAMR G KRS, 4 621000)
3) (I FER LGS, Jb3 100191)
4) (ML R 2 A M BGIRATT T B , 1 500 SR 7™ it B A B K I o (705 ) 214174)

(2021 4F 11 F 30 Hk#F; 2022 4F 3 A 7 HE &)

FRAL S Bl T B e SR AR L, R LB T R 25 A K AR e BB AR — T A SR TR
U5 3 2 P RE N 7 LU 2 T RS IR A, A < i i 52 5 B 0 AL SR AT SR, I A SR AR TR AR AR R A b
X B S MR B AL AN TS AT, 129 T AR BRI S AR A BT AT AR SR 233l 1 SR AN T
TEWESE T A S0 00 RS R0 307 X 0 B 2 5 B RL Fp RS0 JR A2 M. B SE 45 SRR, 2 820 RF 1 < 3.35 nm
B, A R v 7 A A SRS T ALY R o (LA T R BN, R A P B A AR 2 R
R . 247 885 R 1> 3.35 nm F, A7 S50 BELAG T 2480194 8 L R SUAL R B 1 FS . e Ab, A7 880 i 2y
A 07 AT AT S50 AR SR R BR AR . ASBIT ST B 45 SR AT B T B AR A S0 18 FLAR R B AR B BER R B
MPEH, S BEt Pk RE A 8806 /R B S P RHE (It — 2 S K.

SR ATRKG, SIEALAPOR, ALY TR, 50T

PACS: 47.11.Mn, 62.25.—g, 81.70.Bt

1 3

FREEE A MORE R T L B AR T e R AT
Sy F RN T A0S, FEARZS MR IR ZE L AN &5
Tl ARk AS 2 Tz R 13 AR SR, B AN
REEAR A K &, 9K} i T AL S 1 B T A
h £ 2 PR AY I T . A AR — R A R
J1 2 MERE B 2R A RE B 8 BN Y
130 GPa, 1Mty KA AL R T 1 TPal-8. 4k,
LR R AR SRR A, R T S SRR Ak

i

DOI: 10.7498/aps.71.20212203

TR, B9 T FHRALN, S8 TR A AR T AR Y
YORILFE N 10120, S T HETHA 8806 iR 2 A Rt
Ji2tERe, KA A R RO 254 12
Th. Horp, IR IR Z S50 0 )5 JE Fni v 2z 51
o NP S e O PN B BUR s f g )
PR Z AR RRE, S8 T S 850 /40 S50
KIZRE A RR, HA R & F 2l 19 Kim 519
W TE A B SR I A B, R SRR T
BEAF IR 1 2A PR RE, A B T LA 255 BE RS A
AR, DAy B0 /4 RN B0 B8 G AL 43 1
3715 1.5 GPa fl 4.0 GPa B8 & 9 B . HH W ST

*E R A RB R (S 11502217) FEAGIR TREBOR T« KRBT RAR W7 5 AR BER RS0 (Gt s: 2020-

ZKZX-5011) % Bh4 L.
T W(EVEE . E-mail: zhli0097@x263.net
1 BIE1E#E. E-mail: junhua.zhao@163.com
©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

134702-1


http://doi.org/10.7498/aps.71.20212203
mailto:zhli0097@x263.net
mailto:zhli0097@x263.net
mailto:junhua.zhao@163.com
mailto:junhua.zhao@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 13 (2022)

134702

R, A 8500 SR A G AR AR5 4 1 2 TR AN
pn L RO X R 88 T A A S s e 17
JEIEE/NT TN SRR I, (LR 3255 0 SR S
FHEAEH, [FlBA SR MR A AR B T 3 T
BB R 76 AEPERE. PRI, 850 i BELAS R i
RLETIRE T, AT A8 /SR 5L A G AR ) 4
Frft Ry N R

A1 S0 R S AR | N T s
PR AT sl S b A R AL, X 2O I e
VBRI T B R 2L 10 K SIS A B 5
R T A0 20 /58 BB MR BB A o R e ik
B R AN )2 A 7 R 12022 WF SR N 5L B0, A BRI e
S SR B R] LU Sy A g, O HAE SRR
BEBH IR e ML0L PR, 5 A S R R4y
A X 1 B4 /SRR A MR RS SR AT A 5
XHZAT R 25 B B2 . AR SCR T
8712 (molecular dynamics, MD) B 7 k5%
T A1 88 /5B FE (graphene/aluminum, Gr/Al) &
GARHERL R R T M E Y SR AT O . X A
I . BLBO 58 Z [ AR AR AL o3, 7R 1 41
Sy AN | TP i Sl N WA AR SR 3 g R So B )
R 33 CI ) 2 I NN aa W E S e ORER- -2
[ G RHRHE T i ELSARYE.

2 WWEFEEEA
2.1 AEH/REEEMRHRE

¥ H LAMMPSE #4753 F 2 J1 #8840
Pl 1R, JE TR Rl A SRS A o R AR
P B2 0 AR 0 A . B RSE Oy 20.25 nme x
20.25 nm x 2.43 nm (Lx Wx H), 4 J83AEIT 2, v,
2 7 18] 4351 4 [100], [010] A1 [001]124 fh ). B A5 A5
BB ORI KE o =283 nm, T b =
0.81 nm. {184 A IR HY 3 (armchair) Ik

TR (zigzag) %533 55 [010] A1 [001]
il [ X 5. E BT AL K BRI O RRAE 40 O
K (100) T I+, Zhang 55 2 41 5% F X A & 1
FIFS. A SR IRTE y T KB LS I BT 0—
20.25 nm Z[H]. 24 [ = 0 nm B}, B Raiss. Mn
BRI R 20.25 nm B (5HIEAKE W),
XA B IAAE y 7 A JE P T A 2R, kA
RIfATIC R p-Gr/AL TEWFFEA 8505 I BE X 1A ) 24
SRS I, Ay S50 5 24 S AHXT IR S 6
1.72 nm. BHFFE A7 8800 53 A 0 B RS e i 52 )
I, 6 FUTE R EAE 1.724.96 nm ZJA]. % 1 AR
[ RL A Bl BE R A B 24 bR RS
)25 IR T D 2 A 0 T it 5 6% D ) ) S i
#7 (0.30135 x 2 nm) A2 FT LA A S50
R 3K~ B BB 838 19 A SR 5 =2 DL i LA A%
AR BE 1 A1 B8 0 A0 SR AT B A BB RL . T A-
Gr/Al 815 B-Gr/Al B 43 RARIEAE 3.2 h 4T
R

TF 58 A0 Bl 43 AT F BEXT 80y e i jE st A
B 5 G A T A 0 SR 0°, 45°1 90° Y L 7Y
WE 2 fis. RERSHSRAE RS S E 1 iR

(@)

L
1r H
% g Hib Ul =
gl e x
)
z)—»w &

® Aluminum ® Graphene

F 1 (a) Gr/ALZ S BRI AR EDR ZEIAL; (b) LTS5 A
T (2 Sk TE AR L, A ) S A )

Fig. 1. (a) Geometrical representation of the simulated
Gr/Al composite; (b) atomistic configurations for modeling
(front view on the left and section view on the right).

R 1 AFEBAEINSE, ARSI (1) Fif 865 RO (6)

Table 1.  Parameters of different models including graphene length (/) and the distance between graphene and crack ().

R R l/nm §/nm R I/nm §/nm

Pure Al 0 0 B-Gr/Al-2 5.43 1.72
A-Gr/Al-1 0.97 1.72 B-Gr/Al-3 7.53 1.72
A-Gr/Al-2 1.49 1.72—4.96 B-Gr/Al-4 9.92 1.72
A-Gr/Al-3 2.64 1.72 B-Gr/Al-5 15.22 1.72
A-Gr/Al4 3.35 1.72 p-Gr/Al 20.25 1.72
B-Gr/Al-1 4.18 1.72—4.96
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e Aluminum e Graphene

B2 R AEA (a) 0 = 0° (b) 6 = 45°F1 (¢) 6 = 90°H) Gr/Al & & kL
Fig. 2. Model of the Gr/Al composites with graphene orientations of (a) 8 = 0°, (b) # = 45° and (c) 6 = 90°.

— B, A AR B R GURIT di  RELRYRE X FE AT
4 1.72 nm. 43N A 251 B 26 Gr/AL E A Mk
e R A AR R ST 1.49 nm Fl 5.43 nm gAY
IS A S50 0 A F BT A8 e iR ).

2.2 BERHEMIMITESE

AT Al-AL R[] A B AE F R EAMEPO)
HREL, C-C (carbon, C) J5i[a] A0 E.AE FH>R
AIREBOPT # R %#i ik . F LT # R Bk C-Al
A EAER 28, Hirp ALLAL Z 8] #Y EAM # k%l

Eara = E €
i

S Viry) +c¢p7] SCY

J#i
\% i) = i>n) i = (i)ma 2
t=() o () e
o, e il a B B R E A AR n, m Al
cTERTRIEFIHE ri A i DRSS R
FZ AR B V(ry) HER o FIES AR TR 1
X8 p M PR R R R R X T
AIREBO #pR%m 7, #agh =4k

5=32 % [ERE cE Y Y E] ,
i ji ki 14,5,k

(3)
Ferp BP0 SR B JH R A I A 0% AN 40 K
BZ IR EAE N, B S IR RS AR E LY
SEHAE ISR EUIE A, B SO — AN Uik
SRR, ERA R TR B I AL AR AL-C
JEF TE] AR ELA T AR LY . B ek i T

r

Epy = 4eac [(%)12 — (UAI_C>6] ) (4)

__occtoaLal _
OALC = —— 5 EALC = VECC X EALAL (5)

Horp R (8] O BB R P R B B S8 26 2 B
N, XFF ALC JRFEAHEAEH, eac, oac T
(5) AT, AL earc Floarc BIESMIH 0.0351 eV
F13.0135 Al9:30,

% 2 JEFI] Lennard-Jones (L-J) #eRESEUH

Table 2.  Lennard-Jones (L-J) potential parameter for

atomic interactions.
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(HCP), A i+ A Ab 45 1)

Fig. 3. Uniaxial tensile process of pure Al: (a) Crack length-strain curve; (b)—(d) CSP morphology at points A-C correspongding to

Fig. 3(a). (Atoms in the inset are colored by the CNA. Green atoms represent face-centered cubic structure (FCC), red atoms rep-

resent hexagonal closest packed structure (HCP) and white ones have OTHER structures.).
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Fig. 4. (a) Crack length-strain curve of p-Gr/Al under uniaxial tensile; (b)—(e) CSP morphology of p-Gr/Al corresponding to point
D-G in Fig. 4(b). (Atoms in the inset are colored by the CNA. Green atoms have an FCC structure, red atoms have an HCP struc-

ture, white ones have other structures and black atoms are C atoms.).
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Fig. 5. (a) Crack length-strain curves of Gr/Al composites with different Gr length; (b) relationship between the crack ratio of
Gr/Al composites with different length of graphene (In the inset, A-Gr/Al and B-Gr/Al are atomic structure diagrams of A-Gr/Al-

2 and B-Gr/Al-2 models at 20%, respectively).
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Fig. 6. Evolution of A-Gr/Al-2 crack growth: (a) Stress-strain curve; (b) dislocation density-strain curve; (c) instantaneous stress

distribution of o, for a;—ay; (d) distributions of dislocation lines.
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Fig. 7. Evolution of B-Gr/Al-2 crack growth behavior: (a) Stress-strain curve; (b) dislocation density-strain curve; (c) o, distribu-

tion of b; to by; (d) distributions of dislocation lines.
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Fig. 8. (a) Crack propagation in the § range of 1.72—4.96 nm for A-Gr/Al-2 composites; (b) dislocation density evolution in the § =

2.53 nm for A-Gr/Al-2 composite.
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Fig. 9. (a) Crack propagation in the § range of 1.72—4.96 nm for B-Gr/Al-1; (b) dislocation density evolution in the § = 3.34 nm
for B-Gr/Al-1 composite; (c), (d) corresponding to d, and d; atomic structure.
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Fig. 10. Crack propagation of Gr/Al composite with graphene length of 1.49 nm: (a) 6 = 0% (b) 6 = 45°% (c) 6 = 90°.
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Fig. 11. Crack propagation of Gr/Al composite with graphene length of 5.43 nm: (a) 6= 0% (b) 6= 45° (c) 6= 90°.
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Fig. 12. (a) Crack ratio-direction angle curves of Gr/Al composites with graphene lengths of 1.49 and 5.43 nm; (b) crack propaga-

tion paths for different direction angle of Gr/Al composite.
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Effects of graphene size and arrangement on crack
propagation of graphene/aluminum composites®
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Abstract

Aluminum-based composite material is one of the most important candidate materials in the mechanical
industry and aerospace engineering due to its light weight and high strength. Graphene is an ideal
reinforcement for composite materials for its excellent mechanical properties. Till-now, the contribution of
graphene sheets in the process of crack propagation in composites is not clear. In present work, the effects of
graphene size and distribution in graphene/aluminum composites are explored using molecular dynamics
simulation methods. It is found that when the length of graphene flake is less than 3.35 nm, the generated sub-
cracks in the composite is benefit to the crack propagation. This effect reduces the mechanical properties of
composite. When the length of graphene flake is greater than 3.35 nm, graphene sheet impedes the crack
propagation and dislocates slip at sub-cracks. In addition, the distribution of graphene flakes angle changes the
crack propagation path. Our findings also provide insights into ways to optimize mechanical properties of
graphene/aluminum composites.

Keywords: graphene, aluminum matrix composites, crack propagation, molecular dynamics simulation
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