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Table 1 Chemical compositions of 6061 Al alloy (mass

fraction, %)

Si Fe Cu Mn Mg Zn Cr Ti Al

0.92 0.031 0.345 0.110 1.3 0.007 0.0003 0.133 97.1
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Fig. 1 DSC curves for SiC,/6061 composites and 6061

aluminum alloys
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Fig. 2 Part original peaks and separated peaks of DSC curves:

(a) SiC,/6061composites; (b) 6061 alloys
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Table 2 Kinetic parameters for SiC,/6061 composites and 6061 alloy

toear! C O/(kI-mol ") ko/min
Peak
6061 SiC,/6061 6061 SiC,/6061 6061 SiC,/6061
a 122.367 140.435 48.4 54.2 6.15X10° 2.30X10°
c 262.067 255.635 122.0 110.3 4.67x10" 3.27X10'°
d 295.567 293.435 130.9 103.3 543X 10" 1.31X10°
e 329.167 335.235 184.2 149.7 8.60X 10" 3.70 X 10"
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Table 3 Kinetics expression of GP zone, 4", ' and Q’, ff and Q phases
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Table 4 TTT curve expression of GP zone, ", f' and Q', f and Q phase
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Fig. 4 TTT curves of SiC,/6061 composites and 6061 alloys: (a) GP zone; (b) A" phase; (c) #’ phase and Q' phase; (d) A phase and

O phase
TEAERT 6061 &4, M SiC, AR IR G 4 g
AHAT H &5 R — 3

K 6 BTz A SiC,/6061 11 6061 #5417 185 “CH 4k
fitb . i 6 nran, B IR ) ZE K,
SiC,/6061 F1 6061 é%@ﬁﬁkﬁﬁm,kﬁ%ﬁ
SR PR SiC, 5 AST AR ﬁ%ﬁ%ﬁ%
YER, SEEAPRLIR) I 2R 4R 28 mfﬁ%Aé
@Imfwﬁﬁﬁ%ﬁMAém%HM?ﬁ%%&
Ko AEBEEEJGIRE A, 7= A i B RIS, LR )
gl AT TIFIIGTEAGAS G APRE AR SZ A0 s I B AR (1)

BIPUNIER, FEA LRI MR, LREHM
B RGN0 32 5N s 55— i, SRR A B 1

Tt FEE AL R A < TR PS8y, A AR 1 S U 2
FEARA S N3G DML 2R B A R IR 45

tHIE 5 Brilizsh )t 50 TTT thZenl s, 1E
185 C4&AF R, SiCy/6061 Fl 6061 £ %Ik FIWEAH I 2
(Y=98%) (1 i 1] 43 5] 4 288 min A1 432 min; & 6 47
PRAGE S S B0 2 T, A 7 3 381 WA P 2880 BSF 1) ]
4 300 min A1 420 min. ) /)% H 55 92 BRad )

&R, RTINS R A,
DSC 1 AIM 57

2Lt

LAREi
SUHSLIJEEAT H EA A RN 2

1.0

0.8F

0.6

04r

1— 6061

0.2 2— 6061-5%SiC,

200 300
t/min

0 100 400 500
5 SiC,/6061 ZA kLK 6061 4415 185 C A LINAL
RERE A FINT AR AR 20 2505 I T G AR

Fig. 5 Relationship between Y and ¢ of " phase for SiCy/
6061 composites and 6061 aluminum alloys aging at 185 C



2002

PR R AR

20174E10 A

160

140

Hardness, HB
N}
(=]

100

= — 6061
* — 6061-5%SiC,

80 1 1 1 1 1 1
0 120 240 360 480 600 720

t/min
6 SiC,/6061 MK 6061 Fi45 47 185 C I AL 1 hd
JEE B I T PR 2214 T 2k
Fig. 6 Curves of hardness versus aging time for SiC,/6061

composites and 6061 aluminum alloys aging at 185 ‘C

3 #ig

1) FIH DSC XL T SiC,/6061 A A ELAI
6061 H< RN Z4HT HHAT A, &5 KW, SiC, MnAK
HA 6061 & ST HAHMRISEAHT HF51; SIiC,
FIHIEARS G GP X ITE R, AR AEHE prAH . BAHS
O'Hfl, AL O M.

2) A Avrami-Johnson-Mehl J5iEX} SiC,/6061
HEMEFL 6061 &4 a3 J) 27 TV, W
GP [X M7 H I RES 31 Ky 54.2 F1 48.4 kI/mol. AT
HHSE AE 3 5 110.3 A1 122.0 kl/mol. SAHFT O'FH)
BT H G fiE 23990 103.3 10 130.9 kJ/mol. S AHAT O
(AIATT H T 43 7 A 149.7 1 184.2 kJ/mol

3) WARATH ) 1=, 15 A EASAH I 24T
(9 TTT Mgk 7 fes T T 387 1 2] U R o 2351 b 1]
A P A P 36 25 AT X LB E, B 5k
SR ARG R A 45K W], 454 DSC A AIM if
HITEN T A M RN T Z e FeL .

REFERENCES

[1] SEURADO J, LORCA J L. A computational micromechanics
study of the effect of interface decohesion on the mechanical
behavior of composites[J]. Acta Materialia, 2005, 53(18):
4931-4942.

[2] DAVID R S J, ROBINSON S D S, DINAHARAN 1L

Microstructure and some mechanical properties of fly ash

[3]

(4]

[3]

(6]

(7]

(8]

[9]

[10]

[11]

particulate reinforced AA6061 aluminum alloy composites
prepared by compocasting[J]. Materials and Design, 2013, 49:
28-34.

SUKUMARAN K, RAVIKUMAR K K, PILLAI S G K, RAJAN
T P D. Studies on squeeze casting of Al2124 alloy and 2124-10%
SiC, metal Materials Science and
Engineering A, 2008, 490: 235-241.

MANDAL D, VISWANATHAN S. Effect of heat treatment on

matrix composite[J].

microstructure ad interface of SiC particle einforced 2121 Al
matrix composite[J]. Materials Characterization, 2013, 85:
73-81.
DONG

ZHAO  Hai-dong, CHEN Fei-fan.

of A356-10%SiC particle

Pu-yun,
Microstructures and properties

composite castings at different solidification pressure[J].
Transactions of Nonferrous Metals Society of China, 2013, 23(8):
2222-2228.

MASSARDIER V, MERLE P. Mechanisms of interaction
controlling the kinetics of zone formation in metal matrix
composites: comparison of the effect of the reinforcement in
Al-Cu and Al-Mg-Si matrix composites[J]. Materials Science
and Engineering A, 1998, 249(1/2): 109—120.

&, RSP, B L. & Si X Mullite £74E/AL-Cu-Si 2
BRI SN BT A KT T A R A A,
2002, 12(1): 120—125.

LI Wei, LONG Jian-ping, JING Shan. Effect of silicon content
on ageing behaviours of Mullite/Al-Cu-Si composites and its
base alloy[J]. The Chinese Journal of Nonferrous Metals, 2002,
12(1): 120—-125.

SONG Y, BAKER T N. A calorimetric and metallographic study
of precipitation process in AA661 and its composites[J].
Materials Science and Engineering A, 1995, 201: 251-260.
2, LW, EEK. AMg-Si-(Cu)ii &S EELTHR
HIBT AT A7), AT (48 243, 2011, 21(9): 2028-2034.
LI Hai, WANG Xiu-li, SHI Zhi-xin. Precipitation behaviors of
Al-Mg-Si-(Cu) aluminum alloys during continuous heating[J].
The Chinese Journal of Nonferrous Metals, 2011, 21(9):
2028-2034.

A fh, WY, 5t b, Cu H RS Mullite/Al-Cu R A K
I RCREALAT A K2 []. F B AT (w2 4%, 2001, 11(2):
253-257.

LI Wei, SHEN Bao-luo, JING Shan. Effect of copper content on
age-hardening behavior of short mullite fibre reinforced
Al-Cucmpostes[J]. The Chinese Journal of Nonferrous Metals,
2001, 11(2): 253-257.

MASSARDIER V, PELLETIER L, MERLE P. Influence of the
introduction of ceramic particles n Al-Cu alloys on GP zone
formation[J]. Materials Science and Engineering A, 1998, 249:
121-133.



27 45 10

0 WL 4 6061 F1 SiC/6061 £ 4xit b 5 H1 2%

2003

[12]

[13]

[16]

[17]

[18]

UMASANKAR V, ANTHONY XAVIOR M, KARTHIKEYAN
S. Experimental evaluation of the influence of processing
parameters on the mechanical properties of SiC particle
reinforced AA6061 aluminum alloy matrix composite by powder
processing[J]. Journal of Alloy and Compounds, 2014, 582:
380-386.

JAGADEESH S K, RAMESH C S, MALLIKARJUNA J M.
Prediction of cooling curves during solidification of Al
6061-SiC, based metal matrix composites using finite element
analysis[J]. Journal of Materials Processing Technology, 2010,
210: 618—-623.

EZ2F, A, B Cu FE X Al-Mg-Si-Cu 73 8 it 41
SURMPE e 952 W (7] b A @8 2 4R, 2012, 22(12):
3348-3355.

WANG Zhi-xiu, LI Hai, GU Jian-hua. Effect of Cu content on
microstructures and properties of Al-Mg-Si-Cu alloys[J]. The
Chinese Journal of Nonferrous Metals, 2012, 22(12):
3348-3355.

FaSc, FEWIAN, BERREE. FUESSEERM 6005A A Bt
Iy 2% BT H R BE AR AT S BIF 9T D). 4 R AE Ak, 2010, 46(12):
1481-1487.

YANG Wen-chao, WANG Ming-pu, SHENG Xiao-fei. Study of
the aging precipitation and hardening behavior of 6005A alloy
sheet for roll traffic vehicle[J]. Acta Metall Sin, 2010, 46(12):
1481-1487.

MURAYAMA M, HONO K. Pre-precipitate clusters and
precipitation process in Al-Mg-Si alloys[J]. Acta Mater, 1999,
47(5): 1537-1548.

FKIGEE, FEHIA, WILERE. VORI Al-0.6Mg-0.9Si-0.2Cu £
S WA B ). &R AR, 2013, 49(12):
1604-1610.

ZHANG Qiao-xia, GUO Ming-xing, HU Xiao-qian. Study on
kinetics of precipitation in Al-0.6Mg-0.9Si-0.2Cu alloy for
automotive application[J]. Acta Metall Sin, 2013, 49(12):
1604-1610.

ESMAEILI S, LLOYD D J. Modeling of precipitation hardening
in presaged AIMgSi(Cu) alloys[J]. Acta Materialia, 2005, 53:

[19]

[20]

[21]

[22]

[23]

[24]

[25]

5257-5271.

ESMAEILI S, LLOYD D J. Characterization of the evolution of
the volume fraction of precipitates in aged AIMgSiCu alloys
using DSC technique[J]. Materials Letters, 2005, 59: 307-319.
AN Y G, ZHANG L, VEGTER H. Fast aging kinetics of the
AA6016 Al-Mg-Si alloy and the application in forming
process[J]. Metallurgical and Materials Transactions A-physical
Metallurgy Metallurgy and Materials Science, 2002, 33:
3121-3126.

SRR, WHE, B L USRI EERT 6156 FHar 4R
FPERERI ], A (BB 43R, 2012, 22(4): 1025-1032.
ZHANG Hai-feng, ZHENG Zi-qiao, ZHOG Shen. Effect of
two-step aging treatment on microstructure and properties of
6156 aluminum alloy[J]. The Chinese Journal of Nonferrous
Metals, 2012, 22(4): 1025-1032.

U5, e, BREEL HZERET Al-Zn-Mg-Cu-Li &
AL AR T K TTT ML) WA &)@ MRS TR,
2008, 37(8): 1348—1351.

WEI Fang, LI Jin-shan, CHEN Chang-qi. Analysis of kinetics
and TTT curves for microstructure transformation in
Al-Zn-Mg-Cu-Li alloy by DSC[J]. Rare Metal Materials and
Engineering, 2008, 37(8): 1348—1351.

CHEN S P, MUSSERT K M, ZWAAG S V D. Precipitation
kinetics in Al 6061 and Al 6061-aluminum particle composite[J].
Journal of Materials Science, 1998, 33: 4477-4483.

R, WRIER, ARRTEE. Al-Mg-Si A4 1R 1 ik S5 vk Re
KAR[T]. HEAOCERE], 2013, 23(5): 1226-1233.

GAO Ying-jun, CHEN Hao-tian, ZHU Tian-xia. Relationship
between atomic bonding and property of Al-Mg-Si alloy[J]. The
Chinese Journal of Nonferrous Metals, 2013, 23(5): 1226—1233.
HERAE, BOCH, EEOR. T6 W AR Tol6 2kt 6005A #i4
EHOWHLEREREW[]. T EAT GEE2A), 2012, 22(5):
1276—1282.

SHENG Xiao-fei, YANG Wen-chao, XIA Cheng-dong. Effect of
T6 and T616 ageing treatments on microstructure and properties

of 6005A aluminum alloy[J]. The Chinese Journal of Nonferrous
Metals, 2012, 22(5): 1276—1282.



2004 R 4 A AR 20174E10 A

Kinetics of precipitation during aging of 6061 and SiC,/6061 alloys

ZHU Gang, ZHAO Hai-dong, CHEN Zhen-ming CHEN Fei-fan, HU Qi-yao

(National Engineering Research Center of Near-net-shape Forming for Metallic Materials,

South China University of Technology, Guangzhou 510640)

Abstract: The kinetics of precipitation during aging of SiC /6061 composites and 6061 alloys were investigated by
differential scanning calorimetric analyses (DSC). The influence of SiC, on the precipitation kinetics of 6061 matrix was
analyzed. The kinetic parameters of metastable phases in the composites and alloys were obtained by using
Avrami-Johnson-Mehl (AJM) equation. The results show that GP zone formation is significantly suppressed with the
addition of SiC,, while the precipitation of ", " and Q', # and Q phases are enhanced. In addition, TTT curves and
kinetic expresses of metastable phases for the composites and alloys were calculated. The calculation results are
compared and validated with hardness measurement, showing good agreement between the calculation and experiment
results.

Key words: SiC,/6061 composite; precipitation kinetics; differentia scanning calorimetry; TTT curve
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