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Abstract: The electrical conductivity measurement is a much sensitive tool for studying the precipitation in Al-Mg-Si
alloys, but the single effects of solute atoms and fine scale precipitates on electrical conductivity are not clear. In this
work, the systematic experiments and modeling were performed to study the effect of multiple precipitates on the
electrical conductivity of aged Al-Mg-Si alloys that contain three kinds of precipitates with different compositions and
morphologies. The results show that the electrical conductivity of the alloy exhibits the most sensitive to a dominant kind
of precipitates, i.e., rod-shaped B" precipitates at 473 K and needle-shaped S’ precipitates at 523 K, respectively. This is

because the two kinds of precipitates can form an effective barrier net to hinder the mass migration at 473 and 523 K,

respectively. The good agreement between model and experiments indicates the validity of prediction.

Key words: Al-Mg-Si alloys; multiple precipitates; electrical conductivity

P < LA R I B AN L R A5 S 1 g 2
BE, JUZ U TR R SR AR AR, Bl
FIMEIZ DR LB A K, nd e A
HAAMSR M 024 ERE, i HZEH A& A3 oA TR fE
VRN AR S PERE TR AR — I F 3 Rt 5 [l Tt

ks BHE: 2009-10-22; #&3THEH: 2010-02-23

K& Z T )2 R — 5T, SR
FRAT R R < (VN S T 284000, TR )8 T
AP RAEE I HAB TR E AL BT, S —Tri,
BH A (g 3 2 (BB T BT T & < AT R B
ok, JLHOE Al-Mg-Si RAVERGEE . By, BN

BIEESE: I 4, #%, Wit #ifi: 029-82667143; E-mail: junsun@mail xjtu.edu.cn



2045 11

AT, A ZENAT I AN AI-Mg-Si & AR 2071

HAIF 57 3 B AR PR AE B AN RS PR T T 206 A4
BRI, B W RN Z WA [ 5
g AT 286 FE A o B 4 1 L BH 6 2 R T
BRI I S 1 R BT HiAH . PANSERI F
FEDERLGHT!"[{ifF v 45 SR ey, T
JRF RN oK FEUR & S R IS, R EH
RATH ISR NEIG TR A T RERS fARE X H B
RGO 0] I VRN S A 0 s - 0 R T e sk
i AH R 520 . Matthiessen 25 WUJAR 2 H iR T [ v )R
FIEZIA, T AT A6 R R 6 5 e R A G B 2,
e DA Ay R4 1 P L 2% (1) 48 oA e 4 B AT
FAA S A 0. RAEBISINIA 250 i 5 AN ]
WKL AA6111 FaA S HBHRMF TR Hr
AR F BHL 2R () D ik Bt A TRD PR R~ T AR s b, 9F
HEANL T RAR O MM BERUR 7. SR, IWEFAN
IR T B — 1 th AR B2 s, DG T 2 EAT
AERT HHL B 26 (1) 53 ) &2 A S kE

ASAEEWI T — M aL Al-Mg-Si A4 2 &
BT 50 AR HE L R 26 2« 1% AL-Mg-Si &4t
TR RS, A 2 EAT A A, BIERET B
s B g7 HIRERIR p7 . @S T HTHA R G st
R, BRI S S se 45 R R AW, S T R
HRNE

1 325§

SEHS FH Al-Mg-Si &40 EAT 18 mm (455 41,
HAZ R T 20w R : Mg 1.12%,  Si 0.57%,
Cu 0.25%, Cr 0.22%, HRN Al. ¥E&E4 773 K
[ AR EE 30 min, KER=R)G, 7E 373 K THRL
20min, £ 50 = WGBS, 75473 ) 523K N4y
REAT ORISR, BRI 2 h & 40 h ANEE,

37 S WL BT A IR 1 46 7 v S I SR FE DR
—H R, FHRDACKAZAE A DU 2 10 pm, A)5 T
AFALE R 3:1 1 Y R RV v b 0 — 20 vl ' sl
Y R AL, IR R T AR
N #RE 25 C(48 K), TAEHLIE 15 V.o Ko
B 5 PR R PR e P I, T s S R AR 2
5y JEOL JEM—2100F [¥)37 & 51 3% 5 o7 B pese 1 ik
TS, Ind R 200 kV.

SRAAS 0 7501 it A AN SR F R,
AMRFEA AL B 3 WHCTIHE

2 HER5SH

21 ZEMHMAEMEN
B 1) 2l O AT ) TEM (R AL
L@l i, AR S —FhERIEAT A, 226

T
S Ng ‘s

*
¢

\‘ N\ "‘ - 5:
&
- &
/ ﬂu ‘ P
N A
/ .
‘.‘,‘ ? .kﬁ”
- 5 il 2100 nm

Bl 1 RIS e AT AR K 4L TEM &

Fig.1 Typical TEM images of multiple precipitates before and
after second aging at 473 K: (a) =0 h, spherical pre-f"; (b) =2
h, spherical pre-f" and rod-shaped f"; (c) =15 h, rod-shaped 5"
and needle-shaped 5’
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Table 1 Variation of electrical conductivity with aging time at

different aging temperatures

o £ /(10°Q "' m™)
473 K 523K
0 18.240.6 18.240.5
2 19.5+0.6 19.0+1.2
5 20.5+0.6 20.2+1.2
10 22.0+0.6 19.940.5
20 22.9+1.1 19.6+0.6
40 23.6+1.2 20.0+1.1
3 itie
AR, HRAN FUNEEMAV) 72 v H 13

TR A K U2, L AT ORI K 4
JEREE. ANRIZRTY S ARG HL T R A il A
B FHEEMA) PSR BT S L. AR AT 2
BT, HribAisE, ARG, SR, HETS;
RERW]: S B e U R F 5 A HAR R
b, HZ AL SRR T SN RO T R i
UEw L, 22 BT AR AR EMA P A AN TE
TAZE A SR REAE .

RAEISINIA IR 5T 45 FeR W ATt Ha B
SR DRk AT HAH IRDBE (97 7 MR R bl o AR SCN T AH
[l AL B UL L R ARk . A R L, 1 S
HIBH R (p) 7281k, HEMTHE AN TR & (=1/p). R4
RAEISINIA %A 545 4L, 16 1E 5 1) Matthiessen 2
W/

P=Pm +Zpi ¢+

(1)
1/2
Ay

Kot pu A AL, S p; ¢, IV T

BB DTk 2 F(p, Ron ey @ BRI HBEE, ¢
RIANLJET I EIR I3 B AR A0 Mg, Si Fl Cu),
Py Mnﬁﬁﬁﬁﬁ%@ﬁ%ﬁ%ﬁ*Dﬁﬁ*%

p
PUEE L, WK 2). HT % Al-Mg-Si A& &2 B
HEE A, Pk, FIE— RN RRAELEN 2 BT A
TAHRT B AR R G R, AN (DS BN B
1) AXAL —FloAT AR 5w (s ARKBRIE - 8"
s r ARERERIR g7 s n ARRERIR B M)
P=Pyt P C,~+%, =S, 1, 1 @)

1

2) 3 b HS AR [l s, (HL S5 A X 8 TG %

3D .
P=PM+ZPici+_Z/11/2’ =5, )

3) 3 Pl AR A SR, S R S A G

pP= pM+sz A VN izSa r,on (4)

z( 11/2

F2 HHLRUER RS

Table 2 Parameters for calculation of resistivity

Parameter Value
Pmg /(n€2 - m) 400
Ps; /(0 - m) 600
Py /(0L - m) 1 000

D/(nQ - m'nm'?) 320
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Fig.2 Changes of experimental and calculated electrical
conductivities with aging time: (a) At 473 K; (b) At 473 and
523K
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Fig.3 Typical morphologies of precipitates at different aging
temperatures for prolonged time: (a) At 473 K; (b) At 523 K
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