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M OE: BRI TN 5% URESED WEIE AR A & & B,C MAEBR (3%, 5%. 10%, Ji&E
D (Ti+B4C)AATOTS EEM A, KHABOLEILITRE AR (laser melting deposition, LMD) il 4% 1" £ 4384 ik,
WHA TR0 3R LA R & 43 31 BaC P& A ST E A MR B 43R J7 R s A . S5 SR W I ek
Al ERoR L 2% BoC W 0K ] LA A R T AATOT5 484 G (E LMD B FE R B S FL 5 24 IR . 24 B4C R E Sy
#y 3%If, EAEMEHKF Y BME R (HVo2) ALK HTHISRE 737y 1388.17 MPa Fll 336.93 MPa, LT AAT075 45
4411 980.69 I 200.05 MPa 433 & T 41.6%F1 68.4%. /5, B BsC Fitm s £ 3% N E] 10%, A MbiH i
FERAER AR, R BE P R 1 0, P I BEAR R4 0.83 B E 0.78, BEHE R B B 5 BB A N RZ BE B

kHEIE: AATOT5 HEE S ORISR, BOBIBMITR: MW Ftkae

PEEHHES: TB333 XEkFRIRAG: A
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PO AL DT R (laser melting deposition,
LMD) & — P BE T 01 SN 428 il WO R 42 B8 2 10T 1)
AR R B, KIS K R R K AT R e AL, FRiE i
2 2 HE R AG) J7 XR T S A A ) 8 A s T kT
ML F g% E . 4Ll BEE%irik, KA LMD
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AA7075 fa & e fEN —F bl BACR R B B &
mEREESME, HERAEENREE. S,
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7075 A SAEBOCHE M RE K R, BT AAE
Mg. Zn FEARIE 550 5 #0628k DL RIS R A &
H—& HUUREER, 558 ILERE. 14 H
IS ALE L 20, BRASSHAEENH T ER
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G E 1 SRR 75T SR A 1) B AL DA B AL
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AAT075 FMERIRE ). WAL R R: fE AATOT5 £
B S M) 3 1) Ik AR R S8 I IS IR SR A R TiAL
DA B 75 0 P B 0K TT LA R Al AL 2ok, AT IS 2
THBRZLLL . H) AL DL R B8 A R B Ry 5 R 46
Hit . SubRm, B oo fe it — 5 5 w4 Rk i
JEAPERE .

R, A 50 R FH v e BR BB V1) 4% 7 3 FlOAS /)
7> I (Ti+B,C)/AATO75 &k oK, FFiEE LMD # AR il
S HUARREE, BET T BINERTE 4R DA KR [A] 45 B i)
B,C M &Mk Xt AAT075 & &ML, B RE
P A RTINS B 5 M R O R M R . AR AR MBI AL T
S WHEE N RER A S NBOLE IR GIE S
BRI SRME— e EMEIE N T2 5%,

1 % B

#* 1 N(Ti+B,C)/AATOT5 & &K K K4 5 A 2H i
Y. 15432 1 FRAE AATOT5 & 4& AR NN TAL Bk
T A BN A B4C FRL, 2 J5 Bk AR TN 323 2R BB pL
BHRE G, BRBIHCAN 11 (FiEH) , BREEEN
200 r/min, EREEWFIAIN 12 he Z )5, HIREGHIEIHIK
KETHEHSETHP T Sh, TR E N 180 C.
Hrf AAT075 #5 A &8 KRt 53~150 pm, 2R K
1 B4C By Rk 424 50~100 um. K 14 AA7075
WA DL G BRBE VR & 2 )5 1 (Ti+B4C)/AAT075 H&
AR SEM 5. WE 1 fiR, E5M RS ANE,
ARG .

ASEIG R ) LMD % 4% 8 B KUKA 2 & 42 7= 1)
7N AL # AN KR60-HA UL K& IPG A &) 4 7= I
YSL-10000-KC #otds (mARHHIIZEA 10 kW)
JBEE ARy 4 mmo 7RG IR, RO A R R RS
AHEL, ERSEANT 100 pL/L. T E 20 T 8255
BokTha )y 2500 W, BB N SR f 8 59, s
FH T3 B O 10 mm/s, 2SR 4.7 Limin, #5354 50%,
JZ R4 EDITE] A 300 s, YIARZIE LA 0.4~0.5 mm, X4
ZA 1 r/min, BIEAE RS A 100 mm X 20 mm>10 mm.
PR s = B DL R BB R TE S 2 Fow, iz
MFEEE N 2 mm. B 3 NEOCBL TR RGN
=H.

K H Zeiss Vert. Al T4y 22 B HBE A Zeiss-EVO 10
R T BB I S U L B AN h S 4% 4R
FERIHR SIS, A Re i 20 A OO e &=
(RS DA B o A RS HEAT A I . R FM-310 AL &4
T FEE ASCARSE aRE AS [F Ao B 0 S AR B, B BN
100 gf, {RER A& E N 15s, B _EF TR 8 44,

#R 1 (Ti+B4C)IAAT075 E &AM A RIS FNLEM R 2

Table 1 Numbers and composition of (Ti+B4C)/AA7075
composite powders (w/%)
Sample No. Ti B.,C AAT7075
1 5 3 92
2 5 5 90
3 5 10 85

1 AA7075 ¥ K 5 (Ti+B4C)/AAT075 B A K1 K SEM 35
Fig.1 SEM morphologies of AA7075 powders (a—b) and (Ti+B4C)/AA7075 composite powders (c—d)
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2 (Ti+B4C)/AATO75 4K K LMD B R FE
Fig.2 LMD-formed specimen of (Ti+B4C)/AA7075 composite

powder

53 BT AS TR M4 R R TE B B R R B A R . A
CMT5305 AL 42 il W 7~ 73 g il 4 L ik A4 R ) 5 i
PO RE, BLHE RN 1 mm/min. 2 J5 SR R T
BB AT R T DS . SR CFT-T8A4 R}
2 1014 e 25 A WA 0 AT BE B B 4 0R  BE R U7 U
RGBT R, FEERZBRIY GCr15 X, FE#
Al 1 min f£5 300 ¥k, HEHEATAH 5 N, B3)iE N
30 min, A EE A 5 mm/ik, HiFH 10 Hz, BEET
PR SRR R, 2 ) R T O %
HALTES, AR B,C & & X & & M ki
P BB PR 52 M R o
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Fig.3 Schematic diagram of laser melting deposition system
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Kl 4 FIE 5 43 A A & B,C 1) LMD muUE
(Ti+B4C)/AATO75 5 &M KB #L 1T 1 OM F1 SEM 414K,
HH AT AL, TESE M G I AR, B4C B BRI Rk 4
AL, FBURLES 514 4 A T FERE AT b S5 kR
BEE RN B,C B Hmisin, EA MR L
(S LR BN, B 02 T kb, B Ja B AR T K
X UL B B,C BURLHH A 0 7 ] LMD &% 7075 54
SRS ALER .

&l 6 AN 3% B4C I (Ti+B,C)/AAT075 454 41k
FEM) EDS R A . tHE 6 Al %1, EBOLIEH TR
AR, A A B,C BURL D B A, Ak T
Ti &L K 7075 S& & H 8 Al Zn, Mg 1 Cu 55 7T
REYS AT RPN ES, R B 8 70 3K f A I
B0 RIS AR ST SR B, SO Rl R A7 S B AR R 1)
BT TiAly 75K 1A Bk [ A H aT BL 7S 24 57 5 %
2 3 S AR 15 R i R R bR 4 2 EHL K A AR IR
i A8 AR /N R S A, AN R AR T 4 ) R UK
PRI T & e N R SUS ALITE .
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4 RTH B4C I INERI(Ti+B4C)/AATOTS B4 b KL AT £ AH 41 41
Fig.4 OM images of (Ti+B4C)/AA7075 composites with different B,C additions: (a) 3%, (b) 5%, and (c) 10%

K5 AN BsC WRINE [(Ti+B,C)/AATO75 E &R R I SEM JE 31
Fig.5 SEM morphologies of (Ti+B4C)/AA7075 composites with different B,C additions: (a) 3%, (b) 5%, and (c) 10%

50 pm

Bl 6 #shn 3% B4C HI(Ti+B4C)/AAT075 & & 41K EDS T K I 4 4
Fig.6 EDS element mappings of (Ti+B4C)/AA7075 composites with addition of 3% B4C

2.2 BINRERE

B 7 NAF BC W m&EM LMD R JE
(Ti+B,C)/AATO75 B &R A& ITIRZS AAT075 64
R . AT, 3 FAREIFIEEE (HV) 2350
1371.31. 1388.17 1 1360.04 MPa, ¥J7E 1372 MPa [ffift
W, BAWRMES. JIHIN5% B.C K, E&EME
(P38 A (HV) # K0y 1388.17 MPa, AHEL TR
IRINSRAL FURL IS (TR ZS 7075 4944211 980.69 MPa 2

1 41.6%, P RS S) TECRIRT. KR HT
B AR JEA A B K BN RAE ) TiAly kL Rets
A R B IE R AR ST A%, T AEARL 8 1) &
KIAF B4 ARG 2, DIGAESZ 77 e T A 2ot
RIS S), TR R R e,
2.3 FufhiEge

Kl 8 NANIR] B4C i I A A KP4y 5 B AR
Bl an il 8 At , R U 0 5 A6 UKL ) LMD %% AAT075
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Fig.7  Microhardness of (Ti+B4C)/AA7075 composites with
different B4C additions

S 33
350 5‘.6.93 12324

S 2507 i ! | 22627
[ 20005 | ! [

Tensile St
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Fig.8 Tensile strength of (Ti+B,C)/AA7075 composites with
different B4C additions

AA SRR P 9 Y 200.05 MPa. R, H A
8 W LLE i, FEUS N T 5% 4 £k (ot & 43 50O 1 3% B,C
J& . BRI BURL 9E EEk B T i K{H 336.93 MPa, LR
IRINIG SR A K T 68.4%. (H22 JEHE%E B,C & &M
B, ZEMEHOPUR R R FRE&ES . 2 B.C 1
i BOE F) 10%0E), AR BTh R E N 226.27 MPa,

FEAK 1 110.65 MPa. 3X & H T B & ¥R i) B,C ks &
I, SR A ALE R N B,C BRI £, fE
R G S AR A A BOR B A - 5 sk E
BT B,C S8R SR Eg n, it DLLE 2 2 4h )1
FH BT 240HE B,C AR IR 1) ST AW AR 597 R 1 L%
W, mAFEOAREM PRI R T .

9 RE I P by o FE A I S R o B 10 SR
(R hr AT I SEM TS, 456 W1 T LUK I & A R
W2 T O W 2 . & 10a~10c Fis, B B4C
ISR, f w0 B B S FLECR AR
Ao IR R H T R UL BO R R R Ry, DR I
H B,CUSINERIIGIN, 588 AR O IO 5245 3]
P, MRS TSR, ARSI NEE SRR
KA S e 5y, BB AAR A B 7 2 1) I A&
T RPN AR, XE—ERE LR
THREH RN, A, T B,C KAt K FLME LA
BOLIE, BEESGMEIN B,C WINE RIS, HAE
BURE N AR A O HE DL 1, BRALAR AR N A7 AE KB K
Kif%t B,C MURL. DA, AR 7Ef iz 2l 72 38 N 4
Gy LR BB, HME LAHRAE Ab A% 36 oK (19 A
B3, RS BOREEPUR 5 R R
2.4 PEEYEEEMR

Kl 11 AT InAS [F] B4C & & I 11 (Ti+B,C)/AAT075
HEPPRHR EE B R ECH BRI . & 11 s, BEAE
B,C Wi M 3%3 in 10%, & & A kLT B ol FE AR 15

9 A INJE B A R

Fig.9 Tensile sample after testing

K10 IR BoC & iR i At T 1 551
Fig.10 Tensile fracture morphologies of samples with different B,C additions: (a) 3%, (b) 5%, and (c) 10%
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Fig.11 COF (a-c) and wear volume (d) of specimens with different B4C contents: (a) 3%, (b) 5%, and (c) 10%

Kl 12 AR B.C & &R FEINE S A ZUE 5
Fig.12 Wear morphologies of specimens with different B,C contents: (a) 3%, (b) 5%, and (c) 10%
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i WO I A TR BRI 4% 1) AATO75 HR A &
BRI 25 G 71 2 M B 5 M RE A 38R 1 1 kL K /)
VR TI0 1 AR R A . AR S YA O,
(Ti+B4C)/AATO75 K& #4RL &b KL I B T8 AL i) 4 13
I

TEV& A WS IR AR INFAIRE, LMD il 4 (1) AAT075
A& SR 5 LR AL S HaE ™), xR T3
TE S5 It 4 20 5 [ 3 2 v 25 ) Y A R B o P8 A K &k
KRG FE, BHFEESMNERRTELR, W
P PE O J AN AR ) e R A vl 2 PR T A A 15 P9
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Fig.13 Forming mechanisms of (Ti+B4C)/AA7075 composite grain
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Microstructure and Properties of (Ti+B4C)/AA7075 Composite Powder by Laser
Melting Deposition

Wang Junhao®, Zhao Jibin?, He Chen?, Zhao Yuhui?, Li Bobo®
(1. School of Mechanical and Electrical Engineering, Shenyang Aerospace University, Shenyang 110135, China)
(2. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110169, China)

Abstract: The (Ti+B4C)/AA7075 composite powder with 5wt% spherical pure titanium powder and B,C ceramic particles (3wt%, 5wt%,
10wt%) was prepared by high-energy ball grinding, and several groups of additive samples were prepared by laser melting deposition
(LMD) technology. The influence of titanium element and ceramic powder with different B 4C contents on the mechanical properties of the
composites was studied. The results show that the addition of spherical pure titanium powder and B4C ceramic particles can effectively
overcomes the pores and cracking of AA7075 aluminum alloy during LMD molding process. When the mass fraction of B4C is 3wt%, the
average microhardness (HV,2) and tensile strength of the composites are 1388.17 MPa and 336.93 MPa, respectively, which are 41.6% and
68.4% higher than 980.69 MPa and 200.05 MPa of the deposited AA7075 aluminum alloy. Later, with the increase in B,C mass fraction
from 3wt% to 10wt%, the tensile strength of the sample gradually decreases, but the wear resistance gradually increases, the average
friction coefficient decreases from 0.83 to 0.78, and the wear form changes from adhesive wear to peeling wear.
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