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Abstract: Aluminum matrix composites are a type of excellent structural material, however, their poor weldabili-
ty necessitates significant improvements in joint properties. Ti was introduced into a CoCrNi-reinforced AISil2
filler during laser powder-filled welding of SiC,/6061Al composites to investigate its influence on the welded
joints. The results show that the Ti is evenly distributed in the weld, and TiNi; phase is formed around the
CoCrNi phase, Additionally, the CoCrNi phase changes from the coarse dendritic shape to the fine triangular
shape, contributing to solid solution strengthening, dispersion strengthening, and fine grain strengthening. The in-

terface of the fusion zone of the welded joint was clear, with no reaction products generated at the interface,
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forming a good physical metallurgical interface. After adding Ti to the welding filler, the weld hardness in-

creased by 30%, and the tensile strength and extension of the welded joint increased at the same time. When per-

forming SiC,/6061Al laser filler welding, adding Ti to CoCrNi reinforced AlSil2 mixed filler can effectively im-

prove the quality of welded joints and improve mechanical properties.
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Fig. 4 Weld surface scanning with Ti added to the weld filler
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Fig. 5 Line scanning at the interface of welded joint with Ti added to the weld filler

B, 1T KSR U R B AR HOGRE
LY A e 0 ELAT B0 R T 4 su0 -
S T WA 1 A5 LR T e 25
,ﬁﬁgo 400
22 IEEAHEE

P16 Ayt R WAl LI 1 47
S SEURY 1T T LA L 0 A0 K N
FEREI, I 370 HV B4 %] 485 HV , 14 i o 30%; I HAZ g
LB D M5 OB WA A, 2R Nacgml™ v

FEE S Y O BV X , TR PRI T, 1 wer | o |

= RSN
—v— fINTi

300

Hardness/HV,,

U Ti B L T T SR B A AR T B 2 0 1 2
T Eﬁ} E"J IEI{%}??}E ,pc ; IEJ HTJ' EE FTi 'Ej Ni /;]_,3 %Djj Hﬁﬁ Distance from the weld zone center/mm
o, —#B A Ti 5 NI T TiNi A, 404 76 CoCrNi AH 6 (2 BT

BFFIT , T2 RS T R A RO SR AL , DR AR 4% 0 Y 1 Fig. 6 Microhardness of welded joints



N

118 RS P LT

2025 4

RN AR Sk B A ] DX AR
FEHAL T 25, FR4% 10 X% X el 1 23 R ZH 45
M1 AsE /70N DR I P i) X 2H 2 8 A AR A, Rl R AR
FEARAE

TR R ERE N T U
JREEUNIN Ti S | KRR Sk (R r o B R fif1 32 1)
. SRR AR R T TRk
AZUEH, RS G AR e kv 4k
B B AR A XA TG I DX AR 48 /0N, #RG ) [X
ML LU AR AN | DR A8 ORI A A8 LT
TR ) XX e 4 Sk A M g (1 VR AT L) ZZ AN
o J9A0, FERR R L AN TR B KR Sk I 0
A DX R AT e O e S R, R AR
sk R R KA T R AL, G X AL
R PI G 456 ARE Tt R IO Bt IfT 5%
AR, BHIL, 85 A ARk T e Re &
B S N U N AP CE i EI AP CE S B S R
TnTifG A 2 A A Ti R T 19 B 5% A L TN
4 (B A6 & 19 BRI Ak T CoCrNi AH 11 41 & 5t
b, Forp A SR AL RN R B AL AR 2 AR Sk i
T EHRTR RE, UE 20 S AL AT D[R] s 4R e
JEE FIAE A % DR (A e 422 S b At i A o B4
FH P42k A 5 B RN SiE v 26 ] s

180

—
(=]

Stress |
160 147 MPa HH Strain

140
120
100
80
60
40

Stress/MPa

1 1 1 1 1 1 1 1
(=) — [\) w I W ()} 3 [oe] e
Strain/%

71¢JJnTi

WINTi

BE7 IRERESRIRRIERE

Fig.7 Tensile performance of welded joints
3 #Hig
15 SIC,/6061 AL & HHRHIGHOECHUR f30 76
FEE HURE CoCrNi10%/A1Si 12 H1 78 il Ti, 3R A5 K 47
ARk, EEAHBINT .
1) Ti ¥2) oy A AEAR4E | FFAE CoCrNi A Ji] [l

JE 1, TiNis A , CoCrNi A H I 1A A2 R A A% B 240
INEY ZARIEAR TR T [ SR AR | TR R A A AT
i

2) SRR IA A X BT M, AT A S )
AR TR T R AP R IEIG S 455 At

3) MU RN T A R T
30% , K HE 4 Sk A S A o J3E R0 A v R ] i 1 T 5
TR T2 M 20 AL

SE 3k

[1] SENTHIL S, RAGURAMAN M, THAMARAI MANA-
LAN D. Manufacturing processes & recent applications
of aluminum metal matrix composite materials: A review
[J]. Materials Today: Proceedings. 2021, 45: 5934-5938.

[2] MOKTAR M S, GHANDVAR H, BAKAR T A. Develop-
ment and Characterization of Aluminum Hybrid Metal
Matrix Composites Used in Automotive Applications[M].
Encyclopedia of Renewable and Sustainable Materials.
2020, 54-63.

[3] ZF¥%4%, BEAHE, M, 55, SiCHURLY SR B 55 5 M Rt

FEEF BLIR[T]. J4°2 4. 2019, 40(3): 155-160.
NIU J T, CHENG D F, GAO Z, et al. Reviews on weld-
ing method of SiC particle reinforced aluminum matrix
composites[J]. Transactions of the China Welding Institu-
tion. 2019, 40(3): 155-160.

[4] KA, hHk, JAKOH:, 45 SiC PUkiE R s 2L B & A RHE
FERFFEIUIRI]. B T T2, 2021, 50(7): 1-6.

ZHU C, MA L, ZHOU C Z, et al. Research status of weld-
ing of SiC particle-reinforced aluminum matrix compos-
ites[J]. Hot Working Technology. 2021, 50(7): 1-6.

(5] XUZsik, &A1, BLAE, . BRI SRR L B AR

) & 5 ORI IT N D] WA 4 8. 2019, 43(12):
1251-1259.
LIUY Q,MA Z L, WEI S H, et al. Fabrication and laser-
beam welding behavior of silicon particle reinforced al
matrix composites[J]. Chinese Journal of Rare Metals.
2019, 43(12): 1251-1259.

[6] FKMER. Si/6063 FiHEA A A RRIO IR LT BUE HEE 1
SHLWEREIHE[D]. MR IR Tl K%, 2016.
ZHANG H Q. Research on joining characteristics and
property control of Si,/6063 amc with laser melting de-
posited method[D]. Harbin: Harbin Institute of Technolo-
gy, 2016.

[71 KHODABAKHSHI F, GERLICH A P. On the stability,



5511

TG, 45 BHEETRE P Ti X SiC,/606 1 ALIHOGIEDR K Sk Y520

119

(8]

[10]

microstructure, and mechanical property of powder metal-
lurgy Al-SiC nanocomposites during similar and dissimi-
lar laser welding[J]. Materials Science and Engineering:
A. 2019, 759: 688-702.

TAO W, LIL Q, WANG Y S, et al. Study on welding pro-
cess and microstructure of laser welding high volume
fraction SiCy/2024Al matrix composite with Ti- 6Al-4V
filler{J]. Materials Science, Engineering, 2012, 39(1): 104-
108.

e, TR RS, S5 58 G b a2 % R O AR
A T VERE RS R (0], LS BRI, 2020,
40(2): 70-78.

CAO X L, WANG G, XING C, et al. Effect of Cu/Ni foil
interlayer on microstructure and mechanical properties of
laser welded aluminum/steel joints[J]. Journal of Aero-
nautical Materials, 2020, 40(2): 70-78.

SR, BRI, DESR, A5, RO NG 9 P IELZ 1 Mg-ALY
PR S ZS A 22 PR BE D], AR T AR, 2015, 43
(1): 13-17.

ZHANG J, LUO G Q, SHEN Q, et al. Interfacial struc-
ture and mechanical properties of Mg-Al diffusion bond-
ed joint with Ni foil interlayer[J]. Journal of Materials
Engineering, 2015, 43(1): 13-17.

WANG F, WANG S T, CHEN B H, et al. Effect of Ti ad-
dition on the microstructure and mechanical properties of
Al-SiC composite joints welded by friction stir welding
[J]. Journal of Materials Processing Technology, 2011,
211(7): 1175-1181.

[12]

[13

—_

1 A5, RETIE, Jr AT, midi & 4 b i T R A LA S
YEFRLIN. 408 24, 2021, 57(4): 393-402.

YU Q, CHEN Y J, FANG Y. Heterogeneity in chemical
distribution and its impact in high-entropy alloys[J]. Acta
Metallurgica Sinica, 2021, 57(4): 393-402.

JATE, T, INE, 55 BE5R 5 Fh 4 B SRR A 7Y
PERE[T]. $542, 2024(12): 33-46.

ZHOU Z, DING Y L, SUN Y, et al. Research progress on
welding technology of Mg/Al dissimilar metal[J]. Weld-
ing & Joining, 2024(12): 33-46.

BRI, BRRE R, B AR, 45, TiSSi3 F Xt SiC,/2009A1
BOGIER AR L H U BRI 2 MR [T]. AR AR 2800 K 22
2, 2023, 40(6): 79-85.

ZHAO M J, CHENG Z W, ZHAO L Z, et al. Effect of Ti
5Si 3 content in filler powder on the microstructure and

properties of SiC,/2009Al laser filler welding joint[J].

Journal of East China Jiaotong University, 2023, 40(6):
79-85.

BIEES GBI (1976—) L& 802 BT n o &R 32
A%}, E-mail : zhaomingjuan100@163.com.,

(DULZH: AR



