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Table 1 Composition analysis of experimental alloys

fon/0
Sa;?zfle Alloy ) Mass frl';llc;lon/ % —
1 Al-0.05B 0.05 0 Bal.
2 Al-0.05B-0.10RE 0.05 0.10 Bal.
3 Al-0.05B-0.20RE 0.05 0.20 Bal.
4 Al-0.05B-0.30RE 0.05 0.30 Bal.

BN, BE EDAX Genesis 2000 % X &}
LA, PR <I31eV, EEN0.1%. FiRSH
2K D60K B4 Ja i S R M E O, M
A fE 20 CRMNA 10 ¥k, BCFAMEE RN EE. SR

FEBE 2R H BB BRI R el ik,  FLiial R
a1 fras, WS RSTA 1 mmXS mmX

15 mm.

2 FER5STHE

2.1 RE MAEXERLELLAIFZNT

Bl 2 PR ASASEENEMEN, WE 2 /TeLE
t, BEESAEHZIR S RWIT. G4 1 dkoiX
HRAAY), FHFERRTZ09 602.27 pm, HIAA
Al e R RE ATLUA[EIFE 400 AR, S
0.10%(Fi &/ HOT, A& b/, FEER R4
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P device
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- 4 measuring
insulation and device | ] -
cooling —] Signal Data
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/‘ amplification processing
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Bl1 zh&sMEI ARG R E A

Fig.1 Schematic diagram of in-situ electrical resistivity system

El2 SLREEMHFSEHEMAR

Fig. 2 OM images of as-cast alloys with different RE additions: (a) 0%RE; (b) 0.10%RE; (c) 0.20%RE; (d) 0.30%RE
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b E HE S S AR ER e R R T N
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K 3 B NS A4 SEM 1%, £ 2 AtFI NI 3
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HR4E EDS 23 Al AN & 2R B 4 2 ISR —AH
ZONERIR. FEERR, RN BER A, WTHEE 3(b).
(©)« (%1, BdE RE IOAEMIGIN, & 4&HERm
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W, 25 5 W AE & AR 2 IR 1t M MR Btk N\ 5 kA
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AR AH RIS B o3 AT 5 L 6

SINTER 2 VIR, B g 1 IR M A R T
H4 2 K MPAE La, Ce, 184 4 RN EIH;
FEEM Lay Ceo 1XA2HT RE IMARRCH, 2[H
TR, MRS R AR, fi% RE
IONESE N, AR La. Ce SEFEZ M. XF
EbRdh i1, A2 S Fe &, RILGE 2 58 HHH
Fe TE SRS TARAIN RE ME4 1. XEHTIIA
RE TV R L 3% PE R sl Ak & V) Re 8 R PR AS 2%
JRAHH Fe J5 980 > 2% 53 R F-30F N BB A4 1 7]
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F2 HBEAGEPYEME R i Es R
Table 2 EDS results of primary particles in as-cast alloy

shown in Fig. 3

Point Mass fraction/%

No. Al Fe La Ce
1 96.4 3.6 0 0
2 73.5 26.5 0 0
3 60.9 1.8 11.1 26.2
4 76.1 12.2 3.1 8.6

3 REHEEIIES SEM &

Fig. 3 SEM images of as-cast alloys with different RE additions: (a) 0%RE; (b) 0.10%RE; (c) 0.20%RE; (d) 0.30%RE
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Table 3 EDS results of primary particles in homogenized
alloy shown in Fig. 4

Poi Mass fraction/%

oint

No. Al Fe La Ce
1 96.8 32 0 0
2 72.7 20.6 1.6 5.1
3 54.7 19.6 6.4 19.3
4 58.5 11.3 7.7 22.5

2.2 RE MAZEXERSHMENZIT

Bl 5 B ASREe & S8 50T 10 = iR 5 R i
2o B4 | RN RE, HAEE FHER 61.87%IACS,
H4 2 AT 0.10%f) RE, SHEFRMTE, N
61.80%IACS, ZJ5fi# RE IDAEMIEI, FHEZR
eI, &4 4 353 62.10%IACS. Gt sibab
JG, GENSHERKES, 448 4 NEHBRERRTH
62.30%IACS. RE Ju& FEMN =TT XTG4 S ok
BEP=AE RO ), — R & S A T R AR IR AR, Xt
e EEUMER, MKEESHEE, R4k
HGEMY, WmAEE, A AEE RE T AR
S, BIRE SRR, —RIE S PRI S
TEMEEECS Al Fe T4 &8 LWED, A
/> Fe JRFIEAREAH IS, M FHE, X
RE MIAEBAKN, 25K 200). E 30, 64
e R SRR Z, Y R i P R B 11k
BB, SIREH T AR TN T S AR AR 2 5 R
SR FHERREL, MAEE2NEHERTASE
P, BEE RE IMAERIM, 446K 2(c). (d)-
Bl 3(c)s ()FTHT, A& S b gl TR BE BB/ . S
B, TR i P R B A S B
B, 51T A I PR IR T 5 T A AR R

4 LREEMISIME SEM &

Fig. 4 SEM images of homogenized alloys with different RE additions: (a) 0%RE; (b) 0.10%RE; (c) 0.20%RE; (d) 0.30%RE
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Fig. 5 Electrical conductivity curves of experimental alloys at

room temperature
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Fig. 6 Electrical resistivity curves of alloys with different RE additions at high temperature: (a) 0%RE; (b) 0.10%RE; (c) 0.20%RE;

(d) 0.30%RE
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Table 4 Electrical resistivity of experimental alloys at 200 'C MR AL S, DT Fe JRFEERIEIARTRY
Alloy No. pI(107 Q-m) B, HIXFE R SIS E, ERGEIREE T
As-cast Homogenization Oy RAEY B RE IMANEIGIN, A4 i# i 1 i

1 452954 4.38903 Mt EYIECEI 2, (iR T YRR AR
2 4.61644 4.51840 aafrtE 1 CRBIRE LT e, Bk, &
3 474314 4.61996 S I HPHE R R o (B RE IO & I3 INAS W3
4 4.80558 471165 Ko BISIabdfE, Gt tamitee, &

MATTHIESSENZ K &S i6 w50 KB, 4@
HL R AT LA AP AN R 43, (D) A s :

p=p"+p(T)

(1)
Xt p REBIHEHERE; p' & 5RPKE . mHEE.
PETA R HIEE, FRAFIRHEIEZE; p (T) 25
FER R, FONAIERAZE, % T—0 K i,
pL(T) —0,

HAMD A H: “&BATERE, o (T) 50
EEFEH, &BMaRIRIIPTER A FHSRE T
FSCIE BE, T H 8 75 1R R 2R IR B TP 3 5 14
WpocT .o #Lh py M pp 73 WK REJEIEO CHI T C
(R HLRE 2, 4 1Y) P FH 2 50 B I 08 R i x0(2) i
N
pr=py(1+aT) ()

L o NHFRERE R, RoRiRETE 1 CRHE
BH 2218 10 B 2080, SR T 4 e m BEXT I R P s

HNQ)MTLLEH, @R & HEEEZEE R
H R . XL 6 BT 14 iy il Ao BH 28 At gk A7 2k
WG, SRWE 7 &3R5 Fw, 1330650 i HERE
FHa. HRSHLUEH, GE&MHELEE RS o E
b RE AOAEMIINAEIE K, 5405640 Rl
TPE R A o (R0

x5 FLREEEREEROLIEMES

6.5

fg (a)

= 60l = 0%RE
S — Linear fit of 0% RE %
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S
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Fig. 7 Electrical resistivity fitting curves of alloys with
different RE additions at high temperature: (a) As-cast; (b)

Homogenization

Table 5 Linear fitting results of electrical resistivity of experimental alloys at high temperature

Alloy As-cast Homogenization
No. Fitting curve al107°C Fitting curve al/107°C
1 p=2.30384(1+4.792T) 4.792 p=2.29361(1+4.569T') 4.569
2 p=2.34611(1+4.863T) 4.863 p=2.33748(1+4.627T) 4.627
3 p=2.36047(1+5.033T) 5.033 p=2.35205(1+4.8217) 4.821
4 p=2.38371(1+5.0597) 5.059 p=2.37528(1+4.922T) 4.922
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Effect of Ce-rich rare earth addition on microstructure and
electrical conductivity of aluminum alloy

LI Hong-ying" >3, ZHAO Fei"*?, YANG Shen-lan">*

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;

2. State Key Laboratory on Lightweight High-strength Structural Material, Central South University,
Changsha 410083, China;

3. Key Laboratory of Nonferrous Metal Materials Science and Engineering, Ministry of Education,
Central South University, Changsha 410083, China)

Abstract: The microstructure and electrical conductivity of as-cast and homogenized aluminum alloys with Ce-rich rare

carth addition were investigated by OM, SEM, room temperature conductivity and high temperature resistivity test. The

results show that RE can refine, modify and purify the microstructure of the aluminum alloy. The grain refinement is the

best with 0.10% RE. With the increase of RE addition, the grain refinement is gradually weakened, while the

metamorphism of the impurity phase with Fe is strengthened, and the conductivity is gradually increased. When the

addition is 0.30%, the electrical conductivity increases to 62.10% IACS. The electrical conductivity increases after

homogenization at 570 ‘C for 24 h, and the conductivity can reach 62.30% IACS with 0.30% RE. RE has an adverse

effect on the high temperature conductivity of the aluminum alloy, and the more the addition, the greater the resistivity of

the alloy at high temperature. The homogenization treatment can reduce the high temperature resistivity and the

temperature sensitivity of the alloy.
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