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Abstract

Ultrasonic treatment was adopted in 5356 aluminum alloy in melt. The effects of ultrasonic treat-
ment about temperature, power, time on the microstructures and properties of 5356 aluminum
alloy were studied. The microstructures of 5356 aluminum alloy were researched by optical mi-
croscope, scanning electron microscope and energy disperse spectroscopy. The mechanical prop-
erties of 5356 aluminum alloy were tested by tension test and impact test. The results showed that
the grain of 5356 aluminum alloy was refined significantly and the mechanical properties of 5356
aluminum alloy were enhanced with ultrasonic treatment. The effects of ultrasonic treatment and
the properties of 5356 aluminum alloy were the best when ultrasonic treatment temperature is
660°C, the processing time is 2 - 3 min and the output power is 1300 W.
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1. 5|

5356 fH A EE T Sxxx REMEE S, A ERCEBRA RS S [1], BAE R, Bl
BT ERERI S M, TESh R0 FEmE shass . fh T4 . T34 s HuE Al 2 R H[2] [3]
[4] [5] [6]. J&H5s2 5356 FG &A= HIMIME T2, RKFEEE kg 5356 fRA &M E. WHSRES
550 5356 A S G SN T FE 25 5 MR RE A, A LA AT R 1 75 2 [7]. IR H T 5356 45
B OISR IR E AR T B R, R SOR A, B AT, AR A SRR
BEAIGC[L] [8] [9]. MR I ki A i Ab AL BB AR — PR B AR A R A3 1225, 2R B S e &
PR T B SRS . PR . WL (25 B A F R OB & SR bR A< B R, A & Jm M
BHOIE AR S FIBERE 470, i & @R RIF 0 K A AL UR R 1k BB [10] o AR SR 78 I 1 A v b A B4
RN HTE 5356 86 S5 fEd, BFAEARIIER . BHA. ThR &M N AR A 5356 4aA 44
ZIMPEREIIRZIE , 3 #5356 F0G < AR E AT AL BRSO BE, B4k S R A G 5356 4R 6 42 (1 R i
i, MBEEAAENREELZESH, ARG SR 2 4 77 dr it B R ke «

2. 5 HE
2.1. SEERMR

AR EE(99.99%) . AIMgy, 1R A 4 AlMny HiEI G 4. AICH FEI &4 AlTiyn T A 4. FET
C,Clg. 78 2% 7(KCI, MgCly, CaCl,, CaF,). i k4 EHZnO, Na,SiOs).

22. SEWAEE

KPS Y, A SR L. — /NP IRE R BN 700°C, HHIREEYIRE: H—A
BRE W B ER T, MR AR S TS S A ER R, B S T R W 1 R

T 5356 R S [11] (W& 2)BCRE, JEHIRE N 700°C~750°C o FERE KRR s F # AR 3
BRV, Bt Py RE DR 2 R B I S A ER PR, N S — AN, GRS min, AT
FEALEE, PR, BEARLE (D18 mm x 130 mm), FYIEIE 18 mm x 10 mm.

KH Zeiss 2.5 Ml Phenom ProX 4734 L LS AL 24, Jl I MIAPS-M B4R 43T b 52 R 22 AH
THRR A 22

I8 FH X B R AT SRS 5 AR O ZEL . M 2 B0 Cu i, A SR B 8%, 20 4 20°~80°, F13#3E & 4 10°/min,
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e

PR HEE 40 KV, HLJEA 50 mA.

PR R AR FRHE(GBIT 228.1-2010), INLHARIRFEAIE 1 PR 7277 R RHRIRHLBEAT 5258, +r
A A 2 mm/min.

2 I GBT229-2007 <@ A4 8L & L £ b i il B0 7 VA BER, Bevt i iR RO an ] 2 s

3. HRENH
3.1, REXHB A B A TER AR N

5356 454 4 7 AR [7) 5 B P i A S 1 AL 2N ] 3 BT o EL T Sxxx ZRRE A A IS bk R 17,
Keller it 713 S BE AR I 1) S 404K, I 1 5, T DA R A0 et B2 AT B A AL B, 349 T 5
BN AT, IR SR N 3 TR

Table 1. Ultrasonic treatment processing

1 BERLEAR

RS AbFRIE I AEER I []/min B RS AE R /mm IhEIW
0# JE R RE (BRI E 710°C)
1# 640
21 650
1 10 1300

3t 660
4t 670
S5# 1
6 2

660 10 1300
T# 3
8# 4
ot 1100
10# 660 3 10 1300
11# 1500

Table 2. Composition of 5356 aluminum alloy

5% 2. 5356 RAENWERSY

ES Si Fe Cu Mn Mg Cr Zn Ti Be Al

ol

B (Wt%) 0.25 0.40 0.10 0.05~0.20 45~55 0.05~0.20 0.10 0.06~0.20 0.0003 R

12

28

| 40 |
60

120

Figure 1. Schematic diagram of tensile specimen

B 1 hfdid R
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Figure 2. Schematic diagram of impact specimens

2. pEAHEREE

Figure 3. Microstructure of 5356 aluminum alloy after ultrasonic treatment at different temperatures(after binarization
treatment); (a) 640°C; (b) 650°C; (c) 660°C; (d) 670°C
[l 3.5356 $5 4 & FEIR A T 8RR AR 1 B ML (S T ELALHE); (2) 640°C; (b) 650°C; () 660°C; (d) 670°C

Table 3. Grain size of 5356 aluminum alloy after ultrasonic treatment at different temperatures
7% 3.5356 In A &N EIRE BRI EHRRLE

LY T L TP
1# 6.42
2# 7.03
34 8.75
A# 8.13
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A 3 NG 3 LA TR AN, S AL FRIR FETE 640°C~660°CYEREIN, BEERERITE, Ak
IR, SR SRR SRR T, 2 2 pR B S8 S AN R S R AR TR A A . 7R 660°C AR
Yifk, SARLEEN 8.75. {HM 660°CTHILE] 670°CHY, AL HIIL T T REMIESS, MBS SCE B BLE B
P, ERIAI R 2,

5356 {5 <p EAN [ i P R AL 3R 1R ) 2 R IS R a1 4L % 4 B

SEAE 4 NG 4 RTINS AL ERR TR 640°C~660°CYEFEIN, BEERENT A, bihis
JEARWIR, NASEAAEANZ . 75 660 °C iy fihy 5 5 A £ iy K{E 153.82 Mpa, i KW AR &1 i kK
fH 7.755%. {HTE 660°C~670°CyuFEl N, By am Al KRR ST iR . XA RIS 3. & 3
I A — B

S350, i D) NILE 640°C~670°C v PN #BE A& iR B2 (i 38 K, 670°CRIIA R 26.4). X2 T
AP R AR R 7 RFE ML, RIEE R [12] A, sk RSRONG, SBALTHA A S £,
BN T ALAEZZN IRERS, T 7 BRI, T ARRL Y 2 3R T TR R R A A R 1 A e,
M4 e T A4 B R

43 IR R P 3 AL 3 640°C H1 660 °C (A EAT BB 40 BT, P i s R an 5] 5.7 5 o o B 5 i AL 2 640°C
1 660°C [ARRE Sz e It 1 AN 7 1 a0 P 6 B

160 [
10 |
120 |
100 |

80 -

a(MPa)

60 -
40 |

20 |

20 | 1 | L | N 1 ! 1
0 2 4 6 8

&(%)
Figure 4. Stress-strain curves of 5356 aluminum alloy under ultrasonic treatment
at different temperatures

Bl 4. AEAREEE THEARKLIE TH) 5356 SaAERIN T - ML

Table 4. Mechanical properties of 5356 aluminum alloy under ultrasonic treatment at different temperatures

F 4. ETRIREBERLIET 5356 5A S NF M

WS R AR (%) P (Mpa) ()
1# 0.9915 90.681 6.2
24 1.8350 112.586 132
34 7.7550 153.828 26.2
44 2.8550 98.858 26.4
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Table 5. The contents of Mg in the grains after ultrasonic treatment at different temperatures
F=5 TEIEE TEERLEESANAIN Mg IS E

gy Mg (Wt.%

RRE g( b)

é =

%y 1 2 3 4
1# 34 5.8 6.4 4.0
3% 31 3.6 3.6 4.0

Figure 5. Energy spectrum analysis of ultrasonic treatment at different temperatures: (a) 640°C; (b) 660°C
5. FEIRE TRARAESAEIESH: (3) 640C; (b) 660°C

200 um




Figure 6. Tensile and impact fracture morphology after ultrasonic treatment: (a) Tensile fracture at 640°C; (b) Tensile frac-
ture at 660°C; () Impact fracture at 640°C; (d) Impact fracture at 660°C

6. BAKALEFERM, HEETOMH: (a) 640°CHRETO; (b) 660°CHHMTO; (c) 640°CHEMTO; (d) 660°C
LT O

Eb 85 640°C Fl 660 °C (1 F e o i I 30 (] 6)RT LA, 640°C T M7 itk Ab 15 T 1 22 3
bm BT 2L (A), T 660°C M A i AN 5 T 1 208 “H5 7 IR 7F W (B). X2 i T8 A5 A
H 2 M3E Mg 75 A & O R AT 15 DL [13], an4e 5 FroR, R 7E R AR HE JE 7R AR I RS U AN . LA K
SLANR T 0 2 AE R AT B R Re T, AR T e R BYTEG 2B T Mg g6 & 2 AR BT (WL ] 5),
BE T 3% 5356 454 41 1 M RE, Xtk i 660°C A BT 1A 4 /1 R BE HE 640°C kb F 5 EE T 1 R
Wz —.

5356 54 &AM 2RI B 638°C [1], T 640°CAEH IR & &AL, ST &4 M4 Bk
FE o ARK, IR 7 I AR FR I A A RO BT AR R AN 2 A S 52 B B P OB P A F 2 KKPR R, 2SS
BRI, ARG RS, rMER R RS, PRSI BUR . 640°CREFE AL 5
AR BRI b (] 3a), IX 2 B TR BESE R A 788 A Uk (75 R R, ERAR P ) A B AR 2
B 5356 465G G A I /A FE[14], (HZ 7S RSB PR, JREE T BEEL i i IR TR B, A6 43 )= 3 X 3
YRR o MR B IR o X AR A R 56 7 Eskin [15] Fir i 31 ) 3 A A A AT ) 76 8 75 i b 3k
TR AR R TR, S AR AL SRR A R T REE B TS, IS RBERAS TRREE,
PR, AR P U S O RT FE RON AR A, BT AL ROR S AR AR 2 T R AR . T
It 660°CIX —IEEIR S, 670°C AN IZHTT 4 N M, 12 o T 7E 5 ey I B 147 76 75 B AR B
TP U0 (R AN S ORI 2, IS T 1 e D2 A () SR K K I Re L, B DATE RS X 3 B 7 A
b, LR LT VSR A g

5 JFUAFELL AL (E 4), AR (B VA 22 1L RE) 75 A3 IS 1) Sy 24 Mk e S AN R s B, HR B T Pk e 13
BEIER, X0 H TR EBARES, Froess it AL s AE R IR . ORS00 i 556 iR 5
710°C [2], TAE 640°CAEHUT AR 2 IR L HEATEE P AL R IF 5845, DA ARG FEaE R, tH I M 4 DR A
IS, PTLAr=A: TR 2 20k, KOGEm T &40 1% ke .
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3.2. REX AR R R

5356 45 & G AEAN AR [ALHEE 75 Y AL EE R i B LN 1 7 BoR, 1R an il 8 F1EE 6 B

7 P Y5 A FRL T (] 2 e AL B AR ) B R A R 3R 2 — o IR0, ARG 7S A P B IR b, BE AR
RAFDAAEF . A PS5 RN [16] . 20t DU 4L A1 AR 1k, & B A T ) A5F A1 2 52 300 2 88 5 ok e 34
(W 7), (EI AR fR R 22 E R R (% 6), H 6.4—7.5—-7.2 7484k, BUREAMARE. Pl
S E R B HIAE 3 min B, >4 188.70 Mpa, I 5 K R ARE A B B K 7.46%. B[] (1) 38 i [A) 1 2 4
INFGERL, A SR KRB . T DUE RSN ) IR TR LR E S5 3, BTl
P I A)7E 2~3 min H BE REAS B R AF LR & 14 M RE .

3.3. ThEEE AR AL TRHUR AR

5356 414 4 1E AN [F) D #e 8 P U AL B T I AR N 5] 7 B, iR nlsl 8 Ak 6 Fis

TR 7 I D AR R O SR A K P BOR A R S VIR, ThRAK, PR, mta et
FEAL[16]. FEHEBIIRSHNLRE T, DIR MG RS SR AL BCR S 2] 1 58, Wk 9, RIERMT
PR g e it T LR L, B GRIZAK . DR R IR, TR R T A R AR

Figure 7. Microstructures of 5356 aluminum alloy under ultrasonic treatment at different times (after binarization treatment):
(@) 1 min; (b) 2 min; (c) 3 min; (d) 4 min
7. EAEIRTEBAE AR T 5356 55 &M B MBEL(E T ZERAE): (@) 1 min; (b) 2min; (c) 3 min; (d) 4 min
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Figure 8. Stress-strain curves of 5356 aluminum alloy under ul-
trasonic treatment at different times

8. A ERTEBA K AL IR 5356 SR A EHIN ) - NAThZk

Figure 9. Microstructures of 5356 aluminum alloy under ultrasonic treatment at different power (after binarization treat-
ment): (a) 1100 W; (b) 1300 W; (c) 1500 W; (d) dendrite

9. ERENE T ETBAHAIBL) 5356 454 M EMAL(E T EHALIE): (3) 1100 W; (b) 1300 W; (c) 1500
W; (d) HHEeR
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ANIEAR XS TR ARSI, ThR B IR A F . 7E 1500 W R AREE 3 min J5, KRELH B TR R
(] 9d), I [FIRE A HROR I ST SE MR ) o TR RSG, HEARIBGT0R3E, SJ8E A rA HE
FESZEN T H, M AE AR ) SR AR DL ER KR, TR T KR . IR XA R, S A 48
17122 e Re R B I SR a5 (4] 10). e 7, JLUE{E HILAE 1300 W, iy safEiA E] 188.70 Mpa,
BRI IE R 7.46%. M DRSS N S b s AR, A H — B KA H. X8 H
T W B 2R 5 52 B AT FH 2% SR RS, T ) e ) — ELME DA S m AT A9 2 T S A s, R IR
WL R .

Table 6. Mechanical properties of 5356 aluminum alloy under ultrasonic treatment at different times

52 6. EAERTEBERIEG 5356 (RSN s

WG 5 P45 LI PF A BCRRIAAE (%) Pifr iz (Mpa)
54 6.42 1.8350 112,586
64 7.50 6.9400 185.779
74 7.25 7.4675 188.704
84 7.23 4.5650 164.909

Table 7. Mechanical properties of 5356 aluminum alloy under ultrasonic treatment at different power

F 7. ETRNFBERLIET 5356 5A S NFMAEE

RS 13 R VT 2R R KN AZAE (%) B E (Mpa) M Zh()
o# 7.22 3.6575 151.122 9.2
104 725 74675 188.704 102
11# 5.80 6.1975 158.065 12.2

200 | 104
150 |- #
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9
S 100 | o#
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1 1 1 1 1 | | | |
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Figure 10. Stress-strain curves of 5356 aluminum alloy under ultrasonic
treatment at different power

B 10. EFRIRIHE TBAKALIER 5356 SR A €I 11 - RETRIZk
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1) %t 5356 A& VAR A EE, BT A RN AN R RN, TR T R S A AT SRR,
R T SR AL ER , ISR S 4 Mg R AT ;

2) HTHUSN FIAFTE , 5356 £ 4 [AHE 75 I A A5 R B UL 2 T 6 A [) 488 im0 2 300 4 18 I ek o e 34
AT S HAC TR R . 660°C. ALFEEFE]: 2~3 min. #HiTh®E: 1300 W.
HE&mHE

JTPERAE 2015 “OREITHRI” BIRIXKEIETIZRIIH (201510593192), T VEA (e B AR AR In T
BN SEIG ARINE (13-A-02-03), T BVRIX EHE TR BIIT H (2013YB012); 2013 FET s
SEHE HU NG TR E S W B0 H (2013)GZ104), TV 4B MR A RN T A 926w B Bh I H
(15-140-03).
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