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Abstract: Aluminum matrix composites prepared by laser powder bed fusion technology show profound research prospects
in aerospace, military, transportation and other fields. The effects of the nano-reinforcement types, the methods of adding
nano-reinforcements into aluminum alloys and the nano-reinforcement content on the printability, structure and mechanical
properties of aluminum alloys are the main focus of researchers. This paper mainly summarized and analysed the effects of
TiB,, graphene and TiC nano-reinforcements on the grain morphology, grain size, relative density, printability, and
mechanical properties of aluminum alloys prepared by laser powder bed fusion technology while providing a comparison of
the effects of different nano-reinforcements on the mechanical properties of the as-built aluminum alloys. Analysis shows
that the nano-reinforcements represented by TiB, can improve the strength and plasticity of the as-built aluminum alloys,
resulting in a good comprehensive mechanical performance effect. Finally, this paper proposes further development trends
for this research field in the future.
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Fig.1 EBSD results of the as-built Al-Fe-Ni alloy and TiBy/Al-Fe-Ni composite samples: (a) band contrast map of the Al-Fe-Ni alloy,
(b) inverse pole figure (IPF) map of the Al-Fe-Ni alloy, (c) IPF map of the TiB,/Al-Fe-Ni composite, (d) local magnified phase map of
the TiBy/Al-Fe-Ni composite!®!
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Fig.2 Grain size and aspect ratio distribution of the as-built Al-Fe-Ni alloy and TiB,/Al-Fe-Ni composite samples: (a~b) Al-Fe-Ni alloy,
(c~d) TiBy/Al-Fe-Ni composite!®!

5 Al-Fe-Ni TERZSAE MM HE  TiBy/Al-Fe-Ni T Ep 5 4
TR ARG (DN R N E LA N R
L RUSE R AR AR LG43 08/ 91% 1 49%, 11838
i K2 Sun FEHR I EAL A& AR FEALE S & T
2%TiB,/Al4Cul.6Mg0.6Mn(Jfi 7 B0 i &= & Hr A,
I FH O M A IR J Ak 4 R 43 53 4T BB TiB,/Al4Cu-
1.6Mg0.6Mn(A2T)FIA14Cul .6Mg0.6Mn(AOT) KL i .
ft B EBSD EAFFB WAL 2R EFTE 5, 5 AOT
FTED A S AH LG, A2T FTERASHE 2 30 1 DL 40 46
Bl A 3 AR S ALY, S 38 R R
/N 87%., TiB, 44K UKL 5 | A48 & 42 14 S kLB
A AR A 1) A A AR AR T SRR

TEAR A 4 FT B SR AR T 280 8 R ] 47 B 1 1 el
%75 1, Ding SF¥E bF 57 2 B, 41 BN B TiB,/Al-Fe-Ni
BA AR /NYFEDEALER, FTENZS TiBy/Al-Fe-Ni
FY S e A XE %5 BE 2 T 4T B AS Al-Fe-Ni, BT LA,
TiBy/Al-Fe-Ni (4T ED T. 208 1 {5 [l [t Al-Fe-Ni & 42
e AT FTED P B T Sun S BF ST K AOT 4T
ERASHE i N B AE R UT B FTER 7 m 19 244, Gnf&l
3R, 7E 250 WIYBOGHIET , F 3 133 mm/s
83 mmy/s B, RBCEARTH R, XS T A2T ATEIZS
FES RS BEE BN, A AR 2 e IER T
TiBy/Al4Cul.6Mg0.6Mn E A7 B 58 (4T EP T 284 1,
5] A TiB, 3% T Al4Cul.6Mg0.6Mn & 4 78§71 B i

3 AT Al AOT T BN b 75 AN [ 41 i e B2 AN B 25T 45 35 4T D J5 17 9 OM [&]11
Fig.3 OM images of the as-built A2T and AOT samples with different scanning speeds and powers along the building direction!*!
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Fig.4 Engineering stress-strain curves of the as-built Al-alloys and TiB, reinforced aluminum matrix composites: (a) Al-Fe-Ni alloy
and TiB,y/Al-Fe-Ni composite, (b) 2024Al and TiB,/2024 Al composite, (c¢) TiB,/AISi10Mg composite samples prepared from milled
powder at different milling doses, (d) Al-Mg-Sc-Zr and TiBy/Al-Mg-Sc-Zr!!454-4
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Tab.1 Data sheet of TiB, reinforced aluminum matrix composites (“*” is maximum)
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Fig.5 HRTEM images of the Al,C;-Al interface in as-built graphene reinforced aluminum matrix composite: (a) GO/AISi10Mg,
(b) GO/AI1
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5 6 £ 500~1 500 nm %+ 70 [ P 09 38001 W 503 B i < 19 28 4 - (a) GO/ALSi10Mg, (b) GO/AL!
Fig.6 Laser absorptivity as a function of wavelength in the range of 500~1 500 nm: (a) GO/AISi10Mg, (b) GO/A1!

7 AlISi10Mg Fl Gr/AISi10Mg ] EQ A HE i FEAN [F] T BN S 80F W 45 4T BN J7 1) 1) IPF [
Fig.7 IPF maps of the as-built AlISil0Mg and Gr/AlISi10Mg samples along the building direction at different print parameters®
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Tab. 2 Average grain size of bare and composite samples
along the building direction!®

- SR kLR SE /um
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0.2%Gr/AlSi10Mg(Fi it /3 %0)  8.12+2.17  9.15+2.59  8.73+2.64
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Fig.8 Micrographs of the as-built samples: (a) Al-coated Gr/AlISil0Mg composite (cross section), (b) AISil0Mg alloy (cross section)!®”!
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Fig.9 Volumetric distribution of pores in alloy and composite samples prepared at various laser powers™
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MR, () FLERF I H, (d) B fgte
Fig.10 Pore analysis and tensile performance of the as-built samples: (a) micrographs of pores in AlISi10Mg, (b) micrographs of pores
in GNPs/AlISi10Mg, (c) porosity comparison, (d) tensile performance!®!
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PR
Fig.11 Experimental results of mechanical properties related to the as-built samples: (a~c) yield strength, tensile strength and
elongation of AlSil0Mg and Gr/AlSi10Mg, (d) engineering stress-strain curves of AlSil0Mg and Al-coated Gr/AlSi10Mg,

(e) microhardness of Al and Al,C;y/Al composite in the transversal and longitudinal cross sections, respectively, (f) microhardness of
AlSi10Mg and Gr/AlISilOMg!*)
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Fig.12 The curves of the friction coefficient and time!
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Tab.3 Data sheet of graphene reinforced aluminum matrix composites (“*” is maximum)

FIAF LPBF 47 E1 2 % i B N . N A
. - - —— - A WA R RGRIE bubaRE MRE &%
BN BN BOLDIE BREE BiNE RE SR ) . . . L
: 1% (HV) /MPa /MPa /%" 3CHk
VI PIW v/(mm-s’)  s/um t/um  w/%
AlSilOMg(5] A% 1k 5 IR A1 0 95
95 150~350  45~105 30 [60]
BRI BT 0.3% 100.6
0 99.2
AlSilOMg(5] AJESA S
(L) Bk 200300400 2250 90 30 0.1% 99.2 WE 11(a).(b) (c) (DI 1 [62]
o 02% 983
AlSi10Mg(5] AR N 0 234 337 3.0
BRI 370 1300 190 30 [64]
T A BTG ) 0.5% 246 346 32
AlSi10Mg(B3 A Al 0 120 357 5.5
BREEL: 200~400 1200 130 30 [63]
(2R -REE--7 ) 1% 98 169 396 6.2
AlSi1OMg(5 AR & 300 130 0 119
w gf’ RS 30 [65]
AT BB AR A 330 140 0.5% 174
Al(5I A S L SFE A 0 97.12 27.4
20.6 10 100 25 [61]
BRI BT 1.0 97.36 45.6
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13 #-4TER D7 1 IPF 2] . (a) AISil10Mg 4 4 , (b) AlSil0Mg-2024 (TiC)™
Fig.13 IPF maps along the building direction: (a) AlSil0Mg alloy, (b) AlSi10Mg-2024 (TiC)"
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Fig.14 OM images of the as-built alloy and composite samples at various laser powers
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115 FTERZHE b AR X 25 B 2480007 < (a) AA2024 57 A 4 T A2 6 B il 0 R X6 92 32 RN 038 3 182 719 5% 3R, (b) AA2024

BA e mE

B B il 2L ST B BRI i U YOG R )
Fig.15 Relative density and crack analysis of the as-built samples: (a) the relative density of AA2024 Al alloy and composite at
different laser scanning speeds, (b) the area fraction of cracks in AA2024 Al alloy and composite at different laser scanning speeds!™

P16 FT ERAHE Al (Y AH DG ) 5 P R SE 3 45 5L < (a~b) T ENZS A T6 #4b H1S AISi10Mg #l AISi10Mg-2024(TiC) 1 i {3 B i K 1. 7%
i 7 —1 28 28 (c~d) AlSi10Mg #l TiC/AISi10Mg 1Y T2 1 77— 1 A% il 28 K Bl s B2 Hohi s B2 AR 800 Lh 3, (e~f) Al-15Si Fll
TiC/Al-15Si i { ST J8 B TR o7 g — 22 ity 42 067
Fig.16 Experimental results of mechanical properties related to the as-built samples: (a~b) microhardness and engineering stress-strain
curves of AlSil0Mg and AlSi10Mg-2024(TiC) both in as-built condition and after T6 heat treatment, (c~d) engineering stress-strain
curves and comparison of yield strength, tensile strength, elongation of AlSi10Mg and TiC/AlSi10Mg, (e~f) microhardness and
engineering stress-strain curves of Al-15Si and TiC/Al-15Si"™
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Tab. 4 Data sheet of TiC reinforced aluminum matrix composites (“*” is maximum)
51 A TiC LPBE 1760 24 TiC &t AHXT 2R WALEERE JEIRERE BURRRE KR S%
i . iC o MUY WM R BRRE ik 2%
&% ORI EREE R 2R o . n o !
#4755 w/% 1% (HV) /MPa /MPa /%" SCHk
/W v/mm-s’  s/pm  t/pm
0 122 285+10  435x5 Mk
AISi10Mg-2024(TiC) - 275 - 80 40 - [76]
1.5% 130 300421 451%12  5~6
B A1 0 216.8 464.2 4.4
AlSil0Mg N 250 400 45 25 - - [77]
B 3% 302.0 489.7
100,143
AlSi10Mg BRI 100 50 50 5% >98 177.6 - - - [79]
200,400
0 154 398 2.6
1% 146 578 7.86
Al-15Si BRI 360 600,650 60 20 - - (78]
2.5% 150
10% 177 313 224
ALSIC, B AIN B TiN P9 TiCN P9 Si;N, ¥ BN fg; 5 A TiC Al Si;N, X HA 7o B A — 2 $2 o 1

Fe;0,2 MgALOPIA 33k S gf K 3 5 A X 4T Ep 240
B 12 TERE R GE AT IF S5 N LU RHLEL, OF]
ARG SRR BE S AE g 2 BB AL AL, fEFEBOE
W ARG AT ED e [ 2 v i) RRE A%, TR E £
AN A AR SRR ST R AR A AR R AR @5 A
(18 20 DK 38 5 A 23 T8 TR B0 A B 5 AR, A
ST ARRRAL A T EDUE S B H IRAT FE IR N OK 1 s AR
XFTEN A & =R BUE M A A0, 456
kb R s MR TR 17

M 17(2) A LU X TATERZS AlSiloMg, 51
A TiB, Re % i HA0 i o B2 A R AR5 3 92 5 5 51
A LaBg X HAH 3R 2 5 K H TR 2 A2 LA 1]

AR SR T R BRI B4R 5 1 H At 40 K 398 5 1
RORARHIAR, EEBBTHhRERRN IS, B
I, TiB, 44K UKL 19 51 A X T 4T ER AR AlSil0Mg >k
VUG AR RAF, xR a 82T e . B
17(b) AT LAt X T H A S AT ER S R A 42, 5l
N AH I 1) 40 DK 18 i PR30 S B 1 U B A 3R 11
— PR WA 1T7()FR B T AIN, FA YK 1 5
PAHR RE 05 $2 E FTENAS AISi10Mg (1) St R & &
17(d) iR, % F A -5 T BN AR & 4, 9 AHH
N7 ) 498 K 15 5 A ket i A B R AR T AR v

Zi LTk | DL TiB, AR 2% 1 40 K 1 5 R ) 47 B
SHAE I RIBOR R4 REMS R B0 i WMIEIA

17 AR YR B SR AR T ENZS 48 A 4 J1 2 ML BE U F 3 L (a~b) AISi1OMg K HiAh 87 & 4 P i 5t J3 ML K 3R | (c~d) AISi10Mg
& ;H\: ,fm ,ﬁl}l % % E 'il%ﬁ ﬁE E [45-46,48,51,60-61,63-65,76-81,84,86-87,89-94]
Fig.17 Comparison of different nano-reinforcements on the change in the mechanical properties of the as-built aluminum alloys:
(a~b) tensile strength and elongation of AISi10Mg and other Al-alloys, (c~d) microhardness of AlSi10Mg and other

Al_ all oys [45-46,48,51,60-61,63-65,76-81,84,86-87,89-94]
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