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4215 233% 1 100%; NiTip/5052 Al &4 AR fith REAS 12 34) bt 2 Uk B2 0 7 7228 38 i o/, HLY85 T 5052 Al
44> F FSP-5052 Al 454 .
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Preparation and damping behavior of NiTip/5052 Al composites

WU Xiao, JIANG Hongjie* , CHENG Zhongxu , LIU Chongyu , LIU Shuhui
(Education Ministry Key Laboratory of New Processing Technology for Nonferrous Metal Materials, School of Materials
Science and Engineering, Guilin University of Technology, Guilin 541004, China)

Abstract: With the development of industrial technology, the field of mechanical engineering has put forward
higher requirements for the vibration and noise reduction of aluminum alloy materials. In order to solve the
problem of low intrinsic damping of aluminum alloy, NiTip/5052 Al composites with phase transformation damp-
ing characteristics were prepared by friction stir processing (FSP). The microstructure and phase composition of Ni-
Tip/5052 Al composites were analyzed by SEM, EDS and XRD. The phase transformation processes, mechanical
properties and damping behaviors of the composites were analyzed by differential scanning calorimetry (DSC), uni-
versal testing machine and dynamic mechanical analysis (DMA), respectively. The results show that the interfaces
between NiTi particles and 5052 Al matrix are well bonded after FSP, and no interfacial reaction occurs. The
NiTip/5052 Al composites have martensitic transformation characteristics of NiTi alloy. The strength of NiTip/5052
Al composites are higher than 5052 Al and FSP-5052 Al alloy. The tensile strength of as-NiTip/5052 Al composite is
240 MPa, which is 23.7% and 10.1% higher than 5052 Al and FSP-5052 Al alloy, respectively. The damping properties
of NiTip/5052 Al composites are significantly better than 5052 Al alloy and FSP-5052 Al alloy, and the composites
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exhibit significant phase transformation internal friction peaks. When the temperature rises to 23°C, the internal
friction peak of 550°C -NiTip/5052 Al composite is 300% and 140% higher than 5052 Al and FSP-5052 Al alloys, re-
spectively. When the temperature rises to 33°C, the internal friction peak of as-NiTip/5052 Al composite is 233% and
100% higher than 5052 Al and FSP-5052 Al alloys, respectively. The storage modulus of NiTip/5052 Al composites
decrease with increasing temperature and strain, and their storage modulus are higher than 5052 Al alloy and FSP-

5052 Al alloy.

Keywords: NiTi particles; aluminum matrix composites; friction stir processing (FSP); phase transformation;

damping behavior
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1 AN R ) PRAR B S NITi A & AR AT 0 &4 T B i
Ak, HILFHJEHERERA B E &, JF7E-80~20°C i
FER RN RS TR e PERE . ik, 7RI
P i A2 A A AR BHJE PR B NITi A 4 OB A R
HuRAH A B R G A A T A TR DX St R
O AR AR N FEE, HFMERE G SN ER
SRR BE e PR RE

AR SCHE 3 6 NiTi A 4 BORLHEAT T 280, iR
FHAE I E 82 T4 AR il & th HAG AH A2 RS FRAE Y
NiTip/5052 Al & & # &, I XF NiTip/5052 Al & &
MR O 8L . Py AR AL . AH AR 2 i % BE e %
RESEATA ST, 4B NiTi WOk X &2 & 41 R B 47>
1) 52 M AL

1 KPR AE

ARS8 R R 5T 8 200 mmx60 mmx6 mm [
1R KA 5052 FR AR B S BEAR, HOAR BR AL 2= A an
F 1 /R, NigggTlgg, 42 UKL (KL42E 4 45~100 pm)
R . Sext 5052 FAAR R AT HT S, AR)EHE
BAA BT — R EHAAN 3mm, KEN
5mm ) FlEfL, fLEIFESN 0.5~1 mm; X546 &
NiTi i %7 (as-NiTip) #F 17 B %A #6800 5 R
550°C, PR BE S 3h, KA BF & A NiTi kL
(550°C-NiTip). i 5 73 7l K it iy 25 01 ) 28025 NiTi
ORI A SR AR Y I AL, PR e 1) g R
2R ML X HE 17 438 Wk FSP, i FE A N

F1 5052 Al FIFRFRILZF K 5 (wi%)
Table 1 Nominal chemical composition of 5052 Al (wt%)

Mg Fe Si Cr

Cu Mn Zn Al

2.2-2.8 0.4 0.25 0.15-0.35

0.1 0.1 0.1

Balance
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800 r/min, 17#F# F Jy 100 mm/min, %K T E&E
1 0.2mm, FIUTE—JEPFETMT, 453k as-
NiTip/5052 Al #ll 550°C-NiTip/5052 Al & & #1 ¥l ,
IF ¥ 33X W Fh &2 G MORFSEFR A NiTip/5052 Al & 5 41
B, Bl hEASHEN T /RER . A, xR
K 5052 F AR A AT AR R FSP T 20 4 SO T,
A% FSP-5052 AL K ity HI T &4l XF LE 4347 o

K F B 7 BB 335 20 7 A (EDS) 19 3% & 5 43 4 v
% (SEM, %X 7] GeminiSEM 300) X k£ fi 4 T30 W0 4%

1 $EFEAESEINT. (FSP) NiTip/5052 Al & & #1 kLR 2l
Fig.1 Schematic diagram of friction stir processing (FSP) preparation

NiTip/5052 Al composites
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[8 2 NiTip/5052 Al & £k KHK SEM &1 : (a) NiTi f0kiFl NiTip/5052 Al 441K (b) & 2(a) HIRFORE; () I 2(b) MITITHIA
(d) NiTi UL AR B A TR b Y A 6 TR

Fig.2 SEM images of NiTip/5052 Al composites: (a) NiTi particles and NiTip/5052 Al composites; (b) High magnification image of Fig.2(a);

(c) Face scanning images of Fig.2(b); (d) Line scanning image at the interface between NiTi particle and Al matrix
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NiTi 3 55 Uk 35 R BRI, 40d 438 KW FSP )5,
NiTi kL 15 4] #5316 5052 Al FeiArf | ok % A4 B
A RBG s 4> NiTi Uk BE Pk Sk B N AR R
i 2 /N UKL, NETURL 5 AL S5 A 2 (1] S5 1 37 b
HIEHL"A, 4546 RAF; B EDS HHEHT (K 2(c)
AT LLE HY NITi ok 5 AL SRR 2 8] () St i d, %
AR AE I % 5 B 2(d) S NiTi B0R: 5 45
FEARF A R, BT, NITi ok S
ALFERZ AR L AN BT R B, XEHT
FSP i Tk 72 i 7= A g A ik, HL#E A FSP i
PRI ) T R R T ORI B R AR A 1 AR R
]

34 5052 Al 4 . NiTi i % A1 NiTip/
5052 Al Z 5 KHA XRD Bl . HHIEATAL, 7E 5052 Al
1 FSP-5052 Al & 4 " AU AE o-Al A, FSP F+%&
A MAE 5052 Al A5 4 TP AHZE B 5 0 25 RN I R
{9 NiTi 0k 3 R 26 )% 24 9 NiTi(B2) #H, 4,
7 B RS NiTi Uk H 8 A7 7 NiTig 09T ST RRAE 4 5
Ifii as-NiTip/5052 Al 1 550°C-NiTip/5052 Al & & ¥
BT o-ALKE A1 NiTi(B2) AH 41 5%, 3% i BH 5 Fb
NiTip/5052 Al & & b kb 310843 8 A8 2B o

. ¢ a-Al & NiTi(B2) ¥ Ni,Ti,

¢
L3 ¢
Lﬂ A _A*

550°C-NiTip/5052 Al

as-NiTip/5052 Al

2
é L L L
k= 550°C-NiTip
J A L
as-NiTip
L ] A
l FSP-5052 Al
| ]

5052 Al
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26/(°)
3 5052 Al 44 . NiTi kil NiTip/5052 Al & &1 XRD [Fli
Fig.3 XRD patterns of 5052 Al alloy, NiTi particles and
NiTip/5052 Al composites

2.2 NiTip/5052 Al € &# B EIHZEITH

[ 4 g NiTi iR Fl NiTip/5052 Al & & b K} )
DSC #th £ &l . &l 4(a) Frsn, 7E-80~150°C i &
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HAEME DSC I, mEAW, XHAE A
A REAE T R R R T B R A — B A A, R
B19'>B2 Fll B2>B19'AH4E , {H A5 B4} ) AH AR 16 45
K2 FSP B NiTi Bk g5k, X &l TE &M
NiTi 0RL ) & s BN B0 SRR ARAR G A LA
AHAZ T NITi 0k & 2B B [CIA A 42, fff NiTip/

(a) N as-NiTip
] o, Pre—.
0 - - - 550°C-NiTip
N N
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= Vo
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Fig.4 DSC graphs of NiTi particles (a) and NiTip/5052 Al composites (b)



I 3,45 . NiTip/5052 Al & A w4 kY il 46 & L FH B 47

- 4825 -

5052 Al 52 & #FRHA 2 3L NiTi & & PF R 10 5 [
AR FRAE ;. ERRR SRR, R AR A NiTi POk A7
TE WA A A i B, 1M as-NiTip/5052 Al & & #1 RHY
FEAE— B HAE s IR BRI ) B s NiTi & & 5
PG A4 HH 728 5 i 00200 i FSP 3 B2 43 77 Ak — 5 B A
RN F135, i NiTip/5052 Al & &+ k) AH AR
FEAF 42 H: FSP FITAY NiTi BUR A BT, B 13
M FETERRAR T S FOARAHAE BT T BB i 34 22, ml e
YET [CAR A AR Y[R I 7E as-NiTip/5052 Al & & #1
B R T — AR,

NiTi kz }2 NiTip/5052 Al & 4 ¥ BHE TR
Wi Mt Ao o AR AR (TR N6 2 s o Herh A
R,. M, 4y H A% 3& B19'>B2 # ZF | B2>RAH 25 Fil
B2->B19'HH A% [ e {F 7L B (R>B19FH AL 1) e {1 Vi &2
W M, £oR)e WERFATLIE Y, 23t 550°C I
UG, NITi UKL A AE 0k A T HERS, A
19.7C BEAR #] T 141C, M, M\ -23C Tt & 5] T
-14.2°C; as-NiTip/5052 Al & & #1 ¥}l 550°C -NiTip/
5052 Al 52 & 4R 3% B R AR A M, (HH A U
25 9.5C,

£ 2 NiTi BHIFI NiTip/5052 Al £ &+ A TIEEBE
Table 2 Phase transformation peak temperatures of NiTi
particles and NiTip/5052 Al composites

Sample A/ C R,/C M,/C
as-NiTip 19.7 5 -23.0
550°C-NiTip 14.1 —_ -14.2
as-NiTip/5052 Al 21.5 — -22.7
550°C-NiTip/5052 Al 12.0 — -24.7

Notes: A, R, and M, represent the peak temperatures of
B19'>B2, B2>R and B2->B19' phase transition respectively, the
peak temperature of R>B19' phase transition is also expressed by

M,

2.3 NiTip/5052 Al & §# #8118
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i ALV AV 10T FSP-5052 AL 45 4 1Y i J3 11 4 i 3
¥ % T 5052 Al 4 4 5 as-NiTip/5052 ALFI 550°C-
NiTip/5052 Al & & B4 B4 1 g - 107 722 il 26 JeA — 2
X e W] NiTi BORE Y I 25040 B T 25 %) NiTip/5052 Al
A MR L PE RE IR A R 5 as-NiTip/5052 Al
F1 550°C-NiTip/5052 Al & & 4 Bt B T $7 58 B Fl
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NiTip/5052 Al /) 4T $7 5% FE °h 240 MPa, 43 jl Lt
5052 Al 1 FSP-5052 Al & 4> 15 23.7% F1 10.1%, as-
NiTip/5052 Al 5 & 44 &L 9 Ji ik 3% £ 112 MPa,
73 W) H 5052 Al Fil FSP-5052 Al & 45 i 42.7% £l
17.5%. NiTi UKL ¥4 5] 53 4 7E NiTip/5052 Al &2 &
MR A, B5RENLEE R RLY, BT
P A b rh B B A AR 0, (S NATi 3 5 BORL7E 2 &
MR JE A rp R 82 8K B fr P20, 3 NiTip/5052
Al & AR R 5 B L FSP-5052 Al 5 4 1 o

250

as-NiTip/5052 Al — 550°C-NiTip/5052 Al

200
<
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“ 100
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/
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Fig.5 Stress-strain curves of 5052 Al alloy and NiTip/5052 Al composites
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SE PR AR, S FSP-5052 Al 4 4 W7 1198 550 52 R
itk 5052 AL G 4 40 . IS E . FERLPaT
R, S /N HL 35 40 A 1) 55 A4 R F R
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NiTip/5052 Al 5 £ 1 &L 1 B4 W7 11 v 77 76 ] NiTi
SR 3 75 T 7 AR T BT K R 9 R B Y NI B0k
Ivi) B 344 FP A7 AR KR A A /N B S, NETi BURETE 31
SRR, FEARH BTSSR 2 B M
245 FE NiTi Pobr 53R 25 A A0 3l T 2480, X
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Fig. 6 Tensile fracture morphology: (a) 5052 Al; (b) FSP-5052 Al; (c) as-NiTip/5052 Al composites; (d) High magnification image of Fig.6(c)
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