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1.1 XWHE

SO F TR AR 4l B 99.70% 1 Tl AR 48, 4l
99.61% 1) Tk BE e DL & Al-26%Si & 4. 1% & Lk
Al:Mg:Si=85:9.47:5.53 FLkL, FIH R AL A AE T 20 %
Al-15%Mg,Si EA M kL. 15 2 M X 98T X
(XRD-7000) 73 #fr, Mk Z % v(Cu #E): HLJE 40 kV,
H 30 mA, B 0.02° HHREE AL 19min, 470
10290 ¥4 X 2R AT 5 B kAT HHE Ab BE (B0 R

T Kap 70 ). T fabrfb . WRERD A3 RS R
T 78 W14 W R 25 F R Rietveld K518 % — R 510 R #i &

Al-Mg,Si & &M kLR AL
1.2 HEFE

R MEREA i B i CASTEP (Cambridge
serial total energy package) fikI™®I52 % . CASTEP fii
o —NETHEEZRITENMRE R T HHET.
FIFH R B P IR TR, BE T HEABR,
F, 7 9 B B0 I T R LR T . A OB RN BE Ew
W 380.0 eV, XM FFT W& A 48>48>48, HL T2
(1) R B A P PR 5 46 AF0AH S 345 11 o it 16 ) SO FE 30 AU
GGA i) PBEUSIHEATIZIE, 9% b ik A 18] 5 4% 1] v
2238 1 BRE # Ultrasoftt . A B X B 4y R H
Monkhors-Pack™ 8 2 (1 w6 5 ko 753k, {81 5 & 1A
K F 0.05 nm™ ) k-point 75 8], k £ % 4% 5 B N 65656
TR /MU PUE Fourier MRS EiEAT, H5ERH
BFGS LM &4 i AR A HEAT JLAT Ak, DAFRAS
AR E A K . 14T AR IEAR SCF THE RS, R A Pulay
EERAFEAE BTG, BRWESGRTEN: BRE
RE B I UE A 5.0 x10° eV/atom, HEANET LI
ik F 0.01 eV, M JifwmZEALT 0.02 GPa, AZE W/ NT
0.0005 nm.

XS 2R AT 5 4 T B2 B Reflex BEHUE R A
SO ATH TN X B2 N T 5 X ST SR G
HYEHEMFE, 79 M 0 JEE e N 10290 £l
Al-Mg,Si & &M B AL R, BT A RHE X
S AT B
1.3 mIriRE

Mg,Si SR 45 E 1 fiR. Mg,Si J& C1 B %2
Fi(CaFy) 2Ky, HAMBEN Fm3m(ZHT#E 4% 5: No.
225), 1E M@,Si i LA 12 MET, 4 4 Si HE
BT T SO AL B, TR O L T 258, 8 A Mg
R e S NVA SR N L SR i A AT N YA A/
H R M R T AL BRI R : Mg (0.25, 0.25, 0.25);
Si (0, 0, 0).

Mg Aly, SRR 2 Fis. MggrAly, & Al2
B a-Mn 454, FLAEBEN 143m (FRIFES5: No.

1 MgoSif dh i 4 i
Fig.1 Crystal cell of Mg,Si (eMg atom, oSi atom)
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Fig.2 Crystal cell of Mgi7Al12 (Mg atom, oAl atom)

217), 1E Mgy Al S RA 58 METF, 34 4~ Mg
JRF, 24 A Al R BRI AR BRI
Mg( 1)(0, 0, 0); Mg(1I)(0.328, 0.328, 0.328);
Mg(II1)(0356, 0.356, 0.040); Al (0.090, 0.090, 0.274).
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Fig.3 XRD pattern of Al-15%Mg,Si composite
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(AT 5 U, S 5 S 40U H 107 5 FR RDATT S U ik 2 A
ZEARAN, BT R — AT 5% . AT LR Al-Mg,Si B A R
() Reflex BLIF R XRD [ 5 sl ) &l L A
G BEDME = FE TS, HET BB S R g T Al-Mg,Si
HAEMBHYIAH AL a-Al HHFT Mg,Si #H . {HAE
PLGE BRI BRI E T, B AR R, T
AT BRI LA — e AR 75 3 — P AT
2.2 XRD WIEEHNH

EMEHTIG, T Al-15%Mg,Si & &4 KR i
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Fig.4 Indices of crystal plane (hkl) of phase a-Al and Mg,Si

=1 Al-Mg.Si # a-Al 1889 XRD #rEE
Table 1 Calibration value of phase a-Al in Al-Mg.Si
fcc a-Al phase: (a=4.0495 nm)

Simulated [201 | Ad]
20/(9  d/inm 261(9 d/nm 1(9 /nm
111 38.391 2.343 38.473 2338 0.082 0.005
200 44.658 2.027 44721  2.025 0.063 0.002
220 65.053 1.433 65.097 1432 0.044 0.001
222 82355 1.170 82.436 1169 0.081 0.001

Measured

hki

2 Al-Mg.Si B Mg,Si i XRD #5EE
Table 2 Calibration value of phase Mg.Si in Al-Mg,Si
Simple cubic Mg.Si phase: (a=6.385 nm)

Measured Simulated [261 | Ad ]|

20/(9  dinm 20/(9  dinm (9 Inm

111 24261 3.666 24226 3.670 0.035 0.004
200 28.090 3174  28.045 3179  0.035 0.005
220 40141 2245  40.079 2.248  0.062 0.003
311 47.453 1914  47.383 1917  0.070 0.003
222 49696 1833  49.629 1.835  0.067 0.002
400 58048 1588  57.973 1590 0.075 0.002
331 63853 1457  63.753 1459 0100 0.002
422 72921 1296 72814 1298  0.107 0.002
511 78137 1222 78030 1.224  0.107 0.002
440 86653 1123 86524 1124 0129 0.001

hkl
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55 AN DR AR R MR e 2R B e R X 2 B A
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1 wFw i, 13
LB ©
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K B #5085 ARIER(9), 7T LA T SR A I i
SYBUERIG 7k 25 AR | AR R R B SRR
A% wimo; FTECBIRIE—AS j+i KRS, DR AH 5
fgtameE, EIRSRAE K] . .

L ki@ (10)

I; I 2
LB A SIS 45 R 5 s %8 ME A
Bl MgoSi #H B &E 2 B 14.9%, 5 & 1
Al-15%Mg,Si &Mk LEa &0, JEA R Mg, Si
TR ILT AL MgSi #H, HAMRDERICRER
TEHZAR . T RESE B T R B i 2 i L 451 2%
1 Mg 7RSI R R 5 P2 AR R AR R s TG R AT RE S LA
JR . B BB AR AR TR Rk, o AL AT ST R AR D
2P [ VA T G P S A s L RT RE R T A T A L
ZIGAH Mgy Al I8 E YDA BT & 53 EUN T 0.1%0), XRD
HMe LRSI, By DAJC VAR E B 1Y Mg BX Si ot 3R AR
WL o X ] DA 2 — 1 SR B AT i — 25 T
2.3 MIEEH

XFMQ,Si Mgz Al J LA 4K 5 15 21 1 P 467 & b
B AR5 T %3, K3 AT LAE Y, A
AR B S AN AR B AR I v &, R ZER
1%, ZEE /R, Bk B TH S 7V I IR LA
J UL RS2 R T 5
2.4 FERAMGEEEE

[ Mg,Si-Magnesium Silicon(wt.%=14.9)
I Al-Aluminum,syn(wt.%=85.1)

85.1%

K5 Al-15%Mg,Si & & FRHI K (EkE BT
Fig.5 Quantitative analysis from profile-fitted peaks of Al-15%

Mg.Si composite

3 JLAEME Mg:Siv MgrAl, B E &R EH
Table 3 Equilibrium lattice constants of Mg,Si, Mgi7Al1,

after geometry optimization

Lattice constants, a/nm

Phase

This work Experimental Calculated
1231

. 0.6351 QGaSiM]

Mg,Si 0.6385 063382112 0.633
0.63871%%!

1.054% 1.055%71

MooAlz 10560 1056 1057

T A 5 B I R TR BRI T RE R, S )
FH AR SR T O A S RERE TR AV N, R
AR bR, R BT . & JE AL S YT A
Hrorm 2> WA T
E _NAEéAolid_NBESBoIid

H o = —= (11)
o N, + Ng

AHF, Hiome &R ExMg,Si 4 & L&
YIRS R, ES,, 1 ES . 4 5 %R [ & F Mg IS
For B RA R TR . N, 1 Ng & & i Mg Fisi
JEF B % Al MgAIST [ 75 T B & v BB 2 0N -
—-56.4431. —973.947841-107.2623 eV/atom. & &k
W)t LA R T R4

Zditae HHIE TS iR R e, B
i 8 23 iR G ERA JE 1 I A0 SR T A D o A TR R
SRR ENE S 2GR E VMG, 455 Re i 4a 0 E 80K,
TE R R R E . B &S G REEntl H AKX
mr:

_ Etot - NAEAAtom " NBE/-B\tom (12)
on N, + N,

K, Econ NEIEMIL &8 EN, A ES 4 &R
Mg, SiJ5 i s BE Mg ST H 5 I Re B . T R R
H, Mg. SIHHJE FRReE 70 . -972.2258,
-101.9021 eV/atom; Mg Al 5 S FEd, Mg, AIE
R T REE ) . —972.1662. —52.7383 eV/atom.
SERat EA RS TR, vJUEH, ACHHE
EHE5 2B AE M AR EEAY &, IR ESE RS
FE RS o Mg, S FIMgy Al M O TE il R &5 & RE 3
fH, REBS T RAR E ML &Y. LRI, Mg,SitHE
R B I N T Mg AL, Ho& S RE gt 5 T
Mg Al , BT MO, SiHH B2 2 T . AR 1R £2 7E 1
WFFUH A BT 456 A8, MO SiAH 45 & RE 1) 4600 (B 4L
K, Hm kg AR e B . 7] WMg,SitH & 4
A RE 77 AN i A 5 K A E PR L T Mg Al Al .
2.5 EMEMEEE

S W BB ARAE b AR AP R B ) LS
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Table 4 Heats of formation and cohesive energy of Mg,Si and Mgi7Al1,
Hrorm/kJ mol™ Econ/kJ mol™
Phase
This work Experimental Calculated This work Experimental Calculated
Mg.Si -16.22 —21.2080 ~17.704 —299.27 — —
Mg17AlL, -5.71 — —4.6452 -263.41 — —287.61F2
Ae e fi S A RL SRR E I, RE B AR I AL RHAR AT v=(E-2G)/2G (18)

Sh IR TEHIRE 1o X T B AR, 3L Ab T e AR R
V0 [ IS, R AR N B2 A, AT DU - A B S
X RISy, BT R CLAR R T SO e e N O
A2 F) 5% % (Stress-Strain) Ul & K 45 30V W #. xf T
SLOT AR AT, FMRSL A B B 34, HICy,.
Cip M Cyqo FHE T #ME W B3 V15 2 5 A9V 2 30
PEAH S B PR o 38 I B — 1k DR PR o R O H ik SO
3 W 5 B 52 )R TR 46 7 YIM QoS #0E  H, r d a6 R
F T3R5, WRSATLLEH, THE ISR s 05 5
BRI AR T, WLV BT R R e
ATEEVE . ARE BT AR s BT DA R i 2 2 AR
YRR 5L . SLJ7 §h AR B9 Born /) 5 B € R 2% A
FL133],

C44>0, C13+2C1,>0, C13-C12>0 (13)
Xt g ME AR PEBRAIE AT 1, Mg,Si AR MgarAly, #3558
RFSEVERFAT, BAST &R R E k.

BT BT A SR T RO T LA RT3 2 SR
MM, RMBIUIEE G, itk BRI R
LEE S 7 o /N

G=(C,-C,+3C,)/5 (14)
B=(C,+2C,)/3 (15)
A= (C12 + 2(-\’44)/(-\’11 (16)

T AR AN BT DIRB R0 U 45 SR OCT S HH
B E AfAs L o), A F
E=9BG/(3B+G) (17)

= 5 Mg SiFIMgrAlL HY3E 14 28
Table 5 Elastic constants of Mg,Si and Mgi7Al12

Elastic constants/GPa

Phase Source

Cll C:12 C:44
This work 11521 2214 4311
. Calculated™® 114.5 21.5 45.6

Mgg& 21
Calculated'®! 113.7 22.8 435
Experimental?®! 126 26 485
This work 88.67 25.18  31.19
Mgi7Ali2  Calculated® 88.38 23.54 26.95
Calculated®” 89.86 27.21 33.32

L (14)~(18) it A3 s Ve &, BT Y)BCE, K
BB, VRS LEAD & ) e 1 R T 3%6. TRPERIEER
RAEM BRI L EZE 24, HAEBROC, AR IR R
Ko AR EBRALM BHE SN 1E T HCHT A TR 1)
B 1, MUK, IR EE HERET. B EG
RAEM R BTN 4 F S HRHT VIR AR [ e /g, B3
RO, PUEyUIAE Ak, XHEL AT A1, Mg,SiAH
M EE, REEBL LAWY EGY KT
Mg Al LRI, HRT AR TR 1 BE ) LA i B
VIRE J1 3900 T Mo Al Al . TTRERFRE A 4 RE i 8 vk %
[ 5 1 R BAR WA RRL LB SO AT RO, ARG {E
TR MR 0] S R AR BE Ly 2% 1a) [R) VR
A=1. K6FTRMAMBMLILE BT, 45 K% Mg,Sifk
B % 1) A MR AR EE R OK .

BB, A Eho i R VPl A RE A 25 K (R 4 B35 1)
FasetE, JLMBOK, X RIRORL SRR B, b T
51, Mg,SiAH FTMg Al A7 IR A Lo bl 58 P 50 22 (1 5
#:(0.23~0.27)ib /MR £, Mg,Siffl i thof¥ 40.173,
EEMQu Al AR B/, ] W BRI 72 . A 2B 1
I, MOBIERA BRI R T R B U )
PEIEA BRI SR ST R 77, B AR A B VAR A N, )
oA A B, MORE I R AR . DAIRAN A
N, 0<0.1, T4 @A IR B R Z17E0.3311 it
B MQ,Si 4 i (8140 & 70 B A J7 1) 14 1) S 0 B g a1 2
B e Cuy—Coptl RRALMBHEREM EZE 24, HIME K
AN AERHO BB AT, TR L, Mg, SiAH 98
BZE. 5k o b — 2.

C. H. Lifg I, sy y)i G5 i BB il
G/BR] LA FH R & A4 RE A S PR 4 RS 2 JE PR A4 R, I
6 °80.57, 24 G/B>0.57Hf, MBI A M, 5 0
WRBLNIE T . AFR6TT A, PR A 1 1 GIBIE 2 & T
0.57, AMEMEM, HMg,Sif R K. — i,
ORI MG CZEJED Pt AT BL 1 Cyp-Cyy MR i &,
C1—C4s>0, BRI NIEM:; Mk, M. WNE
67 LLA i, Mg SifliMgy7Al I Cp-Cu A E, 2
Mt , H Mg, SiAH e B . X 5 R 4R G/BAE 3 FI
45 R — 5.
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Table 6 Modulus of Mg,Si and Mgi7Al;; derived by this work from elastic constants
Phase Source B/GPa G/GPa E/GPa v A G/B C11-C12/GPa C1,—C44/GPa
This work 53.163 44.480 104.340  0.173 0941 0.82 93.07 -19.97
MasSi Calculated®? 52.5 46.2 107.1 0.16 — 0.88 — -24.1
92 Calculated® 53.1 44.3 104.1 0.174  0.957 — — —
Experimental 591%0 — 120 — — — — —
This work 46.343 31.412 76.868 0.224 0987  0.68 63.49 -6.01
Mgi7AlL, Calculated®®”! 45.15 29.14 71.94 0.23 — 0.65 — —
Calculated®® 48.10 32.49 79.62 0.226 — 0.676 62.65 —
1990, 81: 809
+ D, ’
3 gn l’%

1) Reflextifll & 5 i B2 7] (5, H 5 XRDJE 1 731 45
FHBR B AI-M,SiE & M BP0 AE 4 A L a-AlLFE
HIMQ,SitH . Mg,SiAH 15 & 73 #0°h14.9%, KA RS E
FIMAISI AT TE UM, SiAH , 7] RETE H f2 Fe /b B — ot
FAMg7AlL, A G XRDEL I E

2) & JE AL G W LA AR AL 5 45 20 00 1 47 &A%
HHLRBEME MR ERIFY S, REABL
1%,

3) Mg,SitH FIMg;, Al A8 [ TE B # R 45 4 Re 351
FE, R T AR S Ak &9 . Mg, SIHR 1 &1k BE
AR S K AR E PRI T Mg 17 AlAH - Mg, SiAH Y L 1%
BLEE, BIUIR G, AR B K T Mg Al , Mg,Si
I S MR T, (HAE MR, HEMEE.

SE 3k

[1] Nasiri N, Emamy M, Malekan A et al. Mater Sci Eng A[J],
2012, 556: 446

[2] Ren Yuyan({E %#), Liu Tongyu(XI#i5), Li Yingmin(ZE3:
[R). Acta Mater Composite Sin(& &+l 2£4)[J], 2015, 32:
1367

[3] Zhang J, Fan Z, Wang Y Q et al. Mater Sci Tech[J], 2001,
17(5): 494

[4] Zhang J, Fan Z, Wang Y Q et al. Mater Sci Eng A[J], 2000,
281(1-2): 104

[5] Wu X F, Zhang G G, Wu F F. Rare Metals[J], 2013, 32(3): 284

[6] Qin Qingdong( % Fk % ). Study on Microstructures and
Properties of Mg,Si/Al Composites(Mg,Si/Al & & 11k 202
58w 5T)[D]. Changchun: Jilin University, 2008

[7] Cui Zhongxin(f£ & 37), Liu Beixing(X/dk ). Principle of
Metal and Heat Treatment(4: J& % 5 #4b 21 7 3 ) [M]. Harbin:
Harbin Institute of Technology Press, 2004

[8] Jiang Q C, Wang H Y, Wang Y et al. Mater Sci Eng A[J], 2005,
392(1-2): 130

[9] Schmid E E, Oldenburg K V, Frommeyer G Z. Metallkid[J],

References

[10] Qin Q D, Li W X, Zhao K W et al. Mater Sci Eng A[J], 2010,
527(9): 2253

[11] Yang Xiaomin(# %% ), Hou Hua(f %), Zhao
Yuhong(i# 5 %%) et al. Rare Metal Mater Eng(%# 4 J& #4
Bl 5 T#), 2014, 43(4): 875

[12] Dargusch M S, Dunlop G L, Bowles A L et al. Metallurgical
and Materials, Transactions A[J], 2004, 35(6): 1905

[13] Zhang P. Scripta Materialia[J]. 2005, 52(4): 277

[14] Lu Wenhua(fi 52 ), Li Longsheng(Z=[ %), Huang Liang-
yu(# R 4). Casting Alloy and Melting(§i% & 4 ) Ho )
#%)[M]. Beijing: China Machinery Press, 2002

[15] Huang Zhiwei(#% &%), Zhao Yuhong(i#* 5= %), Hou Hua(f&
#£) et al. Rare Metal Mater Eng(#4 4 )8 # ¥ 5 TH)[J],
2011, 40(12): 2136

[16] Perdew J P, Wang Y. Phys Rev B[J], 1992, 45(23): 13 244

[17] Vanderbil T D. Phys Rev B[J], 1990, 41(11): 7892

[18] Monkhorst H J, Pack J D. Phys Rev B[J], 1976, 13(12): 5188

[19] Fischer T H, Almlof J. Phys Chem[J], 1992, 96(24): 9768

[20] Aa N H, Clark J B. Phase Diagrams of Binary Magnesium
Alloys[M]. Metals Park, Ohio: ASM International, 1988

[21] Tani J I, Kido H. Comput Mater Sci[J], 2008, 42(3): 53

[22] Madelung O, Landbolt B. Numerical Data and Functional
Relationships in Science and Technology[M]. Berlin:
Springer-Verlag, 1983

[23] Boulet P, Verstraete M J, Crocombette J P et al. Comput
Mater Sci[J], 2011, 50(3): 847

[24] Murtaza G, Sajid A, Rizwan M et al. Mater Sci Semicond
Process[J], 2015, 40: 429

[25] Yu Benhai(£ AF), Liu Molin(X|544k), Chen Dong(F5 %%).
Acta Phys Sin(# 2 2£3)[J], 2011, 60(8): 578

[26] Zhang M X, Kelly P M, Ma Q. Acta Mater[J], 2005, 53(11):
3261

[27] Wang N, Yu W Y, Tang B Y et al. J Phys D: Appl Phys[J],
2008, 41: 195 408

[28] Min Xuegang(ix2%N1), Du Wenwen(Ft i 32), Xue Feng(g#



- 2876 ¢

Wity @A RS TR

46 %

#) et al. Chinese Science Bulletin(F®} %8 %)[J], 2002,
47(2): 109

[29] Zhou Dianwu(JE %), Peng Ping(# -I*), Zhuang Houlong
(FEJEJ) et al. The Chinese Journal of Nonferrous Metals(+
4 4 J8 24 ))[J], 2005, 15(4): 546

[30] Wagman D D. Selected Values of Chemical Thermodynamic
Properties[M]. Washington: U S Government Printing Office,
1981: 51

[31] Zhang H, Shang S, James E S et al. Intermetallics[J], 2009,
17(11): 878

[32] Huang Z W, Zhao Y H, Hou H et al. Phys B[J], 2012: 407(7):
1075

[33] Sin’ko G V, Smirnov N A. J Phys Condens Matter[J], 2002,
14(29): 6989

[34] Yu WY, Wang N, Xiao X B et al. Solid States Sci[J], 2009,
11(8): 1400

[35] Li Y F, Gao Y M, Xiao B et al. J Alloy Compd[J], 2010,
502(1): 28

[36] Karki B B, Stixrude L, Clark S J et al. Am Mineral[J], 1997,
82(B6): 51

[37] Huang Z W, Zhao Y H, Hou H et al. J Cent South Univ[J],
2002, 19(6): 1475

[38] Zhou D W, Liu J S, Xu S H et al. Physica B[J], 2010,
405(13): 2863

[39] Pugh S F. Philos Mag[J], 1954, 45: 823

[40] Tvergaard V, Hutchinson J W. J Ceram Soc[J], 1988, 71(3):
157

[41] Haines J, Leger J, Bocquillon G. Annu Rev Mater Sin[J],
2001, 31: 1

[42] Mattesini M, Ahuja R, Johansson B. Phys Rev[J], 2003, 68B:
184 108

[43] Li C H, Hoe J L, Wu P. Phys Chem Solids[J], 2003, 64(2):
201

[44] FuC L, Wang X D, Ye Y Y et al. Intermetallics[J], 1999, 7(2):
179

Study on Binary Phase of Al-15%Mg,Si Composite

Liu Tongyu, Li Yingmin, Ren Yuyan

(Shenyang University of Technology, Shenyang 110870, China)

Abstract: Al-15wt%Mg,Si composite was prepared by an in-situ method. The phase components and content were analyzed

qualitatively and quantitatively by XRD. The XRD pattern of Al-Mg-Si alloy was simulated by Reflex and the simulated result was

compared with the XRD result. Lattice constants, thermodynamic parameter and elastic constant of Mg,Si phase and Mgi7Al1;2 phase in

Al-Mg,Si composite were investigated by first-principle calculations from CASTEP program based on density functional theory to

compare the stability and mechanical properties. There are only a-Al phase and Mg,Si phase in Al-15wt%Mg,Si composite as shown in

XRD result; and the mass fraction of Mg,Si phase is 14.9%. The differences of XRD indices with the same crystal plane (h k 1) between

simulation and test are fractional. Therefore, the simulated result by Reflex is reliable. Only a-Al phase and Mg,Si phase are formed in

theory shown by simulation. The calculated heats of formation and cohesive energies show that Mg,Si phase is easy to form and the

alloying ability is stronger. Mg,Si phase is more stable than Mgi7Al;, phase. Elastic modulus (E), shear modulus (G), and bulk modulus

(B) of Mg.Si phase is higher than that of Mgi7Al:, phase. However, the friability of MgSi phase is higher and the plasticity is lower.

Key words: Al-15wt%Mg,Si composite; CASTEP; firs-principle; Reflex; XRD quantitative analysis
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