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Pulverous interlayer transient liquid phase bonding craft of
Ak based composite SiG./ 606Al

LIU Lirming"?, GAO Zhemkun’
(1. National Key Laboratory for Precision Hot Processing of Metals,
H arbin Institute of Technology, Harbin 150001, China;

2. Department of Materials Engineering,

Dalian University of Technology, Dalian 116024, China)

Abstract: Using aluminum powder and copper powder as pulverous interlayer, AFbased composite SiCy/6061 was
welded by transient liquid phase bonding. Mass ratio of aluminum powder and copper powder is 2 1, vacuum de-
gree is 1. 33 MPa, and retightening load is 20 MPa. The result of experiment shows that the optimum process pa-
rameters are: welding temperature 620 C, holding time 60 min. Observing with scanning electronic microscope,
many holes are found at weld lines if works pieces are welded at lower temperature. Distribution of elements around
weld line is analyzed with electronic probe. The results indicate that O and M g is enriched at weld line. Magnesium
within aluminum alloy reacts with CuO and AL O3 to produce MgO particles and Al.MgO4 particles respectively,

which is favorable for restraining the effect of oxide film and enhancing mechanics properties of welded joints.
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Fig.1 Microstructure of aluminum matrix

composite SiC./6061A1
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Table 1 Chemical compositions of
6061A1 alloy( mass fraction, %)

Cu Mg Mn Fe Si Zn Ti Ni Al

0.34 0.75 0.22 0.36 1.26 < 0.15 <0.05 < 0.05 Bal

F2 AR AR
Table 2 Content of impurities in copper

powder (mass fraction, %)

Nitric acid ~ Water soluble ¥ Sulfur
e

matter

Chloride

insoluble matter compound

< 0.030 <0.030 <0.010 <0.010 < 0.002
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Fig. 3 Tensile strength of welded joint under

different welding tempertures and holding time
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Fig. 4 Microstructures of welded joints at different melding temperatures
(8) =580 C, 60 min; (b) —600 T, 60 min; (¢) —620 T, 60min; (d) —640 T, 60 min
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Fig. 5 Distributions of elements in

welded joint

EERN, RMAH

CuO+ Mg ™M gO+ Cu (1)

I A1) R B, HREELLR) Mg F1 CuO
AN A G/ M gO Fk: 4 J8 4, A 43 ik 4k
FFEERIIR FEANWTBRAR . RS BEPERT T, B
MEEAR T RV TCRA WY BB SR AL, FYEFr N
(1) BT . eAh, MgO /NEUR Y MR 2, &
WA ARG, IR ET RERZM M0, X
R PR IR 45 R P IR A KRE AR
FEER R . BT MgO FURLIER 40/, — Mt il
TEURHAE RS E T, Pl MgO X Hd f rp
JRFH BRI FLASAE FH IR, X JGE BESk MR IK
Wt AN, R, %R BT B T AL A B R
W, SRR LA R TR R T R T Y, i
R Rk

seAbh, A2 U R R B, AR A
SHRERIE S5 RE TR EMAEE(ALO) K
AEE W, AN N ALM g0y SRLFT AL fF
EACSERRE IR, XAER KFERE LR T 154
R AR R BB MR A, b T Rk
G, AR THERRER S

3 4iie

1) RA AFCu RAE B ARIE T IE, 8
o TLP ¥R T2 REEEE A MR SiC/
6061A1, W LAFS 245 ik B i 45k

2) R, LY KA RS RS
JEWBAHIT AFCu EEEISE L, MM A R T4 3k oo
AP HORE, FEH AT DUIR AR S AR AE B LI

3) SEK AR I ], PTCA &R ST E RSP
HRIBEM 3R S R, (151 R T 46 T L)
BEHRIL G i AR S AR A R AL B B A 4
RIS IR EEH R .

4) FAREA SR BT R 7l 5 AR BORL R [T
PR AR A 0 AR A T A 2 T PR A A I R 2R e R Y
A AR /N M gO JBURL AT AL M gO. $kE, FEoREAE
REgb R, BT Y BB RT
PRI HASVER, W IR BerE, Nmtm T
Pk

REFERENCES

[1] WEKR, B, HAR, % FELEERRERES
PR AR BT STBRLT]. e ZRK 3 Dol K5 2 4R,



315 %% 6

XIZELH, %% SiCw/6061A1 F53EE A MR R Z Wk AR AR #UE B T2 + 853 -«

2004, 36(5): 593~ 598.
XIU Zhirwu, LU Shixiong, YAN Jiwchun, et al
Solid phase bonding of discontinuously reinforced alu-

minum based metal matrix composites[J]. Journal of

Harbin Institute of Technology, 2004, 36(5): 593 ~
598.

fsSci, skEME, B . SiC BRI Al BEE A
BHRET B[] FHME T2, 2002(4): 46 -
50.

QU Wenqing,
Study of welding process of SiC particle reinforced AF

ZHANG Yamhua, YAO Jumshan.

based composite[ J]. Aerospace Materials & Technol-
ogy, 2002(4): 46~ 50.

FHATR H Q. MBI HUR [ M]. Jbxt: EBFLT
b R AL, 1984, 4 12.

Kazagof H Q. Diffusion Welding of Materials[ M].
Beijing: National Defense Industry Press, 1984. 4 ~
12.

Lee C S, Li H, Chandel R S. Vacuum-free diffusion
bonding of aluminum metal matrix composite [ J].
Journal of Materials Processing T echnology, 1999, 89
~90: 326~ 330.

LIU Lrming, DONG Chang-fu, GAO Zhenkun. Dif-
fusion welding process and joint s microstructure be-
havior of SiC./6061A1 composite[ J].
2004, 23(4): 347~ 351.

LIU Lrming, NIU Jrtai, TIAN Yamrhong, et al. Dif-

Rare Metals,

fusion bonding mechanism and microstructure of wel-

ded joint of aluminum matrix composite Al2Os,/
6061A1[ J]. Trans Nonferrous Met Soc China, 1999, 9
(4): 826~ 830.

LIU Lrming, ZHU Merli, NIU Jrtai, et al. Predic
ting effects of diffusion welding parameters on welded
joint properties by artificial neural network[ J]. Trans
Nonferrous Met Soc China, 2001, 11(4): 475~ 478.
Aur e, xRy, A, F KRR ALOs/
6061A1 E MBI BUFE[]]. PEAGEREFIK,
1999, 9(3): 477~ 481.

NIU Jrtai, LIU Lrming, WU Gao-hui, et al. Diffu-

sion bonding mechanism of submicron composite

Al O3,/ 6061AI1[]].
rous Metals, 1999, 9(3): 477 ~48]1.
YAN Jiu-chun, XU Zhrwu, WU Gao-hui, et al. In-

The Chinese Journal of Nonfer-

terface structure and mechanical performance of TLP

bonded joints of Al203,/ 6061 Al composites using Cu/

[11]

[12]

[13]

[16]

Ni composite interlayers[ J]. Scripta M aterialia, 2004,
51(2): 147~ 150.
Shirzadi A A, Assadi H, Wallachl E R. Interface e
volution and bond strength when diffusion bonding
materials with stable oxide films[ J]. Surface and In-
terface Analysis, 2001, 31(7): 609 ~ 618.
PR, WABES R ARG SB[ M]. b5 T T
Ak RS AL, 2003, 2~ 219.
GUO Gengchen. Liquid Sintering of Powder M etal-
lurgy Materials[ M ].
Chemical Industry, 2003. 2 ~219.
HIEGK, FHR. R Ee TRy BURE T E0
LI, METFFRERNA, 2001, 16(2): 10~ 12.
YAN Guo-yong, LI Shao-cheng. Research on diffu-

Beijing: Publishing House of

sion welding technology of AFLi alloys without inter-
layer[ J].
2001, 16(2): 10~ 12.

FB, B, KM, F. KEE S ABMK A
KPP HURE T2 R[], BERAR, 2004, 33(1):
15-17.

ZHOU Bo, SHENG Guangmin, HUANG Jiawei,

Development and Application of M aterials,

et al. Diffusion bonding of titanium alloy and stainless
steel by interlayer of nano Ni particles[ J]. Welding
Technology, 2004, 33(1): 15~ 17.

ik, R, ER, F. MGH956 &< TLP
EENEEELAL D[], BEFWR, 2004, 25
(3): 43~48.

ZHANG Sheng, HOU Jirbao, GUO Delun, et al.
Transient liquid phase bonding mechanism and micro-
structure of MGHO956[ J].
Welding Institution, 2004, 25(3): 43 ~48.

FUFR, EHD, MR, % FBELEMET
AL Osy/ 6061A1 K& 41 KL AL AIAT 9 [ T]. #K)
WFFT 4R, 2000, 14(3): 244~ 248.

NIU Jrtai, WANG Muzhen, LIU Lrming. Behavior

Transactions of the China

of oxide film in diffusion welding of aluminum matrix
composites AlbO3/6061A1[J].
M aterials Research, 2000, 14(3): 244 —248.
XEEH. R G AR AR IR WA BUR AL BT
D). ME/RIE: MERIE T K2, 2000.

LIU Lrming. A Study of Mechanism of Noninterlay-

Chinese Journal of

er Liquid Phase Diffusion Welding for Aluminum M a-

trix Composites [ D]. Harbin: Harbin Institute of

Technology, 2000.

(i BRE)



