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Abstract: The effects of Y addition (0.02,0.05,and 0.10% ) on microstructure, mechanical properties, electrical
properties of Al-0.16Zr alloy were investigated. The results indicate that 0.05% and 0.10% Y addition can remark-
ably refine the grain size, and within range of the Y addition,the refinement becomes more effective with Y addi-
tion increase. During the aging treatment of as-cast alloys at 350 C, the Y addition leads to obvious age harden-
ing, and the higher Y addition is, the shorter the peakaging time is. However, the electrical conductivity is re-
duced due to existence of lattice mismatch distortion field, which is attributed to the accelerated precipitation of
coherent Al;Zr particles. Moreover, in the aging treatment of rolled alloys, hardness is still enhanced with Y ad-
dition, in spite of annealing softening caused by reduction of dislocation density. In comprehensive consideration,
the rolled Al-0.16Zr-0.10Y alloy obtains the optimal hardness and electrical conductivity combination after aged at

350 C for 30 h.
Key Words: Al-Zr Alloy, Y Addition, Microstructure, Hardness, Electrical Conducitivity

Yr#s B #3:2020-09-09; & B F5 W 2 H #7: 2020-10-20

EETH FH K MARA R SRR E % 05 H (SGGRO000DW]S1800175)

E—EEBN MR 5, 1981 A, S TR, b 52 (102209) , E-mail ; dzcba@163.com

SIARES W IR % L TR 55 Y X ALZe B R MO S S TERE R 2 (0], R 65 1 S (A 42 . 2021,41(1) 1 68-72.
CHEN B A, ZHAO L L, ZHANG J Y, et al. Effects of Y addition on the microstructure and properties of Al-Zr alloy[ J]. Special Casting &
Nonferrous Alloys, 2021, 41(1):68-72.

[12] RAPPAZ M, VOLLER V. Modeling of micro-macrosegregation in [T]. Fpfh s A O A 4, 2015, 35(6) : 585-589.
solidification processes[J]. Metallurgical Transactions, 1990, A21 C15]  XUWIvE. H68 B4l iy i b 20 16 B 20 4URMPE B i S i [ D] 37 K
(2): 749-753. ¥ RGERE T K2, 2016,

[13] #Aed, o, PR, 4. Cu/Al &5 -85 5L -0 R4 % C16]  E3¢, iy, Z2E T, 4. 35 L0 5 H AR FE X H68 ¥4 41 21 5 1
R R R A A AL LT, S EA 648 F . 2016, 26(3): REMIZ IR [T, AL AR 534, 2015, 36(6): 7-11.
623-629. (B X RIE)

[T skABE. DKW LI 4. OUAR T W 5L 3 181 41 08 (AL
68



Y Xt ALZr G MORAHLS SN BRiRE F

Bt A T ] 22 O LAY B R e L HL ) o R B AR
T 0T BT S SRR A B TR SR B R e v HL T A
A& ARATE T O - 8 i v 2R B U & 40 H
BERM L BRI R R T A 4 R B R
BRI LA K s 385 T £ % 114 Bk ¢ (] o Al o 5 R AR
LA 5% ~8% Y . TR G £ FLIL
[l LR 11425 308 005 0 X ik B 22 O L RE L TR LA
EIHL MY A0S Ko & Loz kM. HA
MR & & R MR R T R KW
70 % » A5 IV 3L X FE ST 20 A4 A fol Pt 3 Rt gt RS
S5 ] A i R e B L P P TR SRR A A A Y
MRcRE . FRIET A & & LM ER g .
P BLBETR FA AR G B P AR i T R A AR R ) K
JEA E A B A P E R R Y R S T
g£[5~5]o

HEL 3 ORI R S EROP R B S B R A RE A A L B
RO T W & 2R B B e, (FR i F R0
VAR AR LA 24 5% R L B R R R 2 A P R
2 RER A BT 24 P R i i O [
AT % AL-Zr §5 45 4 5 200 B, T B0 P8 ik BE Bl Ze
R AN B e Ot TR T AL Zr SR ECH BURL
FTHL AR F 4R v P4 R 5 {EUR L S RN Ze AR
R € RV o ARG P T2 2 S B 8 00 0.19% 1Y Zr o #3258
TRE 4% . R 58 3 X 68 A B OW 2 R AT B A
PR L LARAT 9 B I H S R Z (8] A AR D B 2 B4R
BEREMB LB L,

X AFZr R FUORUL AEIR Zr S B i
(4 Al Zr 9K SR A RIURL B 40 /) L8 L JU) AT DL JR] b
e o AN . EUR BT Ze 7R AL YT B AR
18 L PG R T A AL Ze AHBORE B R MRAIRS .
{ELIX — [ AU AT AT 5t o8 s 00 3R #EAT BGE L 0 Se
Yb.Er S5 2 # Al Zr H7 i BA BB e R 0 K
Y A RO R R B R A O ALZe SR A&
THEIMICR . ARBAGAE AL Zr 5 & FLPH
I Y SRR T AL-Ze A 4 1 BT A7 Ry
SR Sy R 22 PR RE B S LAY s & 1
I Al-Ze SR BTN L S AR —
ERIE RS,

1 RKEeF#H5rE

1.1 R H R

R FHEEEE g 99.7 % 5t & 43 %0, K 8D 9 Tl 46 48
BEVALSZe A ALLLY wp a5 4 o fF J5URHZ I L B T4
fRaR s b 78 750 C I LML B 71 J5 08 1 2 A

B4 AL Ze FALZeY B4 . B A mAb s sy
o5 K 1. %8 ALZr 840 600 C X4 h [H#HF
Ja s —#orAE 350 C N HEM % 5.15,20,30,40 1 70
hy 7y — o 225 6 EUCAAELELHI AR ¢ 9.5 mm FF. Bl
FE 350 C T IR [a] 9 B[]
®1 FRYRMEM ALZr SEWULERS
Tab.1 Chemical compositions of the Al-Zr alloys with

different Y content %
wep
& Zr Y Fe Si Al
AZ 0.16 0 0.09 0.04 iy
AZY-0 0.17 0.02 0.11 0.05 K
AZY-1 0.17 0.05 0.12 0.05 P
AZY-11 0.16 0.10 0.11 0.05 K
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Fig.1 OM images and the average grain size of the as-cast alloys
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Fig.2 OM images and the average grain size of the rolled alloys
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Fig.3 Hardness testing distribution results of the four
kinds of as-cast alloys and the corresponding

hardness variance comparison
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conductivity with aging time for the four kinds of as-cast alloys



Y X AZe 5RO SIS TERER R PRIRE %

Rl 5 T e A /0N A Y S P U (L IR 2, BN A% 30 h 5 A EE
JUTP AR s AZY- 1 1 AZY- 11 & 4 ¥ 8 7 W) 18y g
R 2% o A8 B AE I ORI TS A 22 AZY- DL A 4 V()
OIS (] B 4o L2 PR A5 < WA (L P 280 1) F58 B A 2 . DA i
WA EER AZY- 11 A 4 0 B0 A BOR S i .
HRWEE AZY- 1 & 4 e 840 H] <730 h /Y78
WL R EAL, WK 4b, 1T AZ B8 G4 7E 1<<30 h
LRI SRR, 2 >30 h L. AZY-11 &4
PSR T S B S A 3 A S A Y ROk ZRA R
JRE R R, 5 R A P R R L TE T B ST S A M I R T
TLAZY- 1 4300 G i S E kel & & ik
Y &8 0.05% F1 0.10% i) Al-Zr 4 45 I 3% fifi 4k
RO A R R Y (R T A AL Zre 55 ZAH

(a) BF 2k 15 h,f&k4& TEM B K

(o) B 40 h, 4 4k TEM B A
B 5 AZY-T A& 15 h/Eas AL Zr WA A Z AT 3 40 h B ey 3/ F 48 Al Zr Stz 48
Fig.5 Coherent Al;Zr precipitates in the AZY-]l alloy aged for 15 h and incoherent/semicoherent Al;Zr

(b) Btz 15 h, %4 HRTEM % 4

RL A SR HONT L BY o 2 A OR B L PR
AZY- 115 4 W WEARLIN S50 ] b AZY- | Y. 7RI
I ORI+ 40 /N AL Ze 575 R SUREL 52 B S B S 0 g e
ERETE A 5k 52 AR RS (UL IE] 5a FIIE] 5b) , kL
] L W A 3 A 0 L A2 i B IO R R G L
AR XL Ab o AZY- 1 f AZY- 11 454 R4
T AZ G R LT W 2O ] LS S AL Ze 5
RHBURLE it Ostwald #1122 d7HLAE 0 B0RL %5 B
B A RT3 K R 45 R 2 ] g g O R e 2 (L
Sc A 5d) % H 1~ 1 i BT 1 080555 o TR Ot A 32 5% 20
BN LSRR T . A A S R R A A R
{19 75 5 0 U AR IURE 1 ¥ A8 LA K Y A R DDA G
G

(d) B2 40 h, B3 HRTEM B K

precipitates in the AZY-]| alloy aged for 40 h

2.4 ELHIEA ST EMRSE MR E0RE

4 FELHI S Al-Ze B4 AE 350 C I R0 B RE A
S ARBEITRE] A AR UL 6. 58 AN L L S S
< R T B L B P A [ AR A . X BRI N
B S A 4 v 0% 5 B2 e A B i 1Y) I 2504 B A
37 5 52 ) TR e 8 T K S R el e A
JEE e ARG+ T EL 30K 7l 3% AR 1) e JBE R AL Ze JU0RE 1) A ) 5
RN . Y BT IR T AL Zr J50RL I TE Z 81 L 67
A E BT LA NI AZY- T FIAZY- 1T &

501 35.96
L 5
o0 7 3480
ot 2
30+ 7 3364
R
20— . . . 3.48— : :
0 10 20 30 40 0 10 20 30 40
th th

(a) A& (b) & § &
B 6 4#F AlZr 234 & T M E fo b 3 5 JE af 20T 1] 69 78 &
Fig.6 Variation and comparison of hardness and electrical

conductivity with aging time for the four kinds of rolled alloys

SRR ST AZ G4, BT R AZY- 1 & &R S
) TEM B R . AT L& B 0 850CAT 5 P07 45 2% B B
(P 7a 7 Sk Ak o BR800 07 5 5 B W) S B A1, L7 5 22
DUVEAHRURLETHL (& 7b 7Sk k) o iR T H 3 200 5
AZY-T 0 AZY-11 A 4 b A7 8 %5 B A X AZ FiL AZY-0
B A T 0 L AR R EURE R BT L AZ & 4
F LS R B . (B HE  E  AL RS TN L4 % B L
BRSO A7t mT DLREE Ze B 8T T R £ 11
Al Ze ok, R AL S A & WSO R S R 8 T

1

(a) BFZCHT (b) BFz 15 h
B7 AZY-I A&z 15 h e TEM B4
Fig.7 TEM image of AZY- 1l before and after

aged for 15 h

71



R Wit oA (54 2021 AR5 41 55 1 1Y)

ﬁé}‘\ Ej‘g‘j[ja By, X [:t%,i‘:‘h S FEL fﬁJ L0 AZY-11 %é;:\?'{ mechanical property of Al-Zr and Al-Zr-Y alloys[J]. Materials Sci-
?L%ﬂ?&ﬁﬂ?ﬁ 30 h E—ﬁfiﬁﬁgqﬁiﬁiﬁ EE,%%ZEA i ence and Engineering, 2014, A616(1) . 132-140.
[6] LIUL, JIANG ] T, ZHANG B, et al. Enhancement of strength
3 é:é__ i/a and electrical conductivity for a dilute Al-Sc-Zr alloy via heat treat-
ments and cold drawing[J]. Journal of Materials Science & Tech-
(DN 0.05% A1 0.10% By Y X Al-Zr & & BA []mm%mmwm%””
e N o o 7] HOUJ P, WANG Q, ZHANG Z ], et al. Nano-scale precipitates:
ED%E E(J Eﬁl*iéﬂ] pﬁ/ﬁzﬁﬁ B Y mbn%i&k ’ EEEI*J A /f)té‘ﬁ% The key to high strength and high conductivity in Al alloy wire[ ]].
B BRI 2N B 50 TR A 0.02% Y T X ik 24 Materials & Design. 2017, 132(1): 148-157.,
1£7F Eﬁﬁ o [8] HATCH J E. Aluminum: Properties and Physical Metallurgy[ M.
(D)BEABRERT,Y MR #5E Al-Zr &4 USA: American Society for Metals, 1984.
P B B Ak i Ak }m% XA T Y AR T AR [9] ROBSON J D, PRANGNELL P B. Modelling Al;Zr dispersoid pre-
AL Ze R 7 Hi 512 6 e 575500y -3 2 e ™
%%ﬁﬁﬁﬁﬁk{& [10] WENSP, GAO K Y, HUANG H, et al. Role of Yb and Si on
(B)i—ELﬁ;‘U/ EH‘ XﬁL%ﬁE EP Fﬁ%{l r# (Jjﬁffﬁ Al-Zr the precipitation hardening and recrystallization of dilute Al-Zr al-
M Al-Zr-Y %{i\ Ak i R 1A e B HH OB ok ik f)b% s ’fﬁfg‘{?ﬁ loys[J]. Journal of Alloys and Compound, 2014, 599(1): 65-70.
1 0.05% F1 0.10% ) Y W& 4 EWH B85 F Al-Zr & CLLT  Josiee  FELFEl 6 28, AL-Ze- Y 4 4 A I A00HT AL 360 4 RE LD ).
G ARV BRI A0 16Zr-0.1Y £ 42 I 30 h PR BRI 2010 2002 21351,

[12] k3R, whik, )5 D8R, 5. B0 Er A& SR M2 88 mRm

3 iy RIH A
E,\ﬁﬂifjﬁlﬁﬁfﬁ};%ﬂﬁgfz,ﬂ ° WL, BERh s A O A 4, 2017, 37(4): 367-369.

T [13] KNIPLING K E, DUNAND D C, SEIDMAN D N. Criteria for
[17 X5t JORK. 4% 0. 26, 404 4 40 2025 5 2 AT 1 107 F &% & R[] . developing castable, creep-resistant aluminum-based alloys-A re-
M2 4. 2012.4(1); 10-15. view[ ] ]. Zeitschrift fur Metallkund, 2006, 97(3): 246-265.
(2] @M. B, RULAK, % B SREAEALH Ay mEg 1 PRI BUERE. SR . So i AFCu & SRR 5 ) 4
(1], Bl isss R 644, 2019, 39(8): 922-924. fer M) ], fRh S A A 4, 2016, 36(5): 540-543.
(3] Fhelsl, TRER0E. 25 f . 6. 5 % it 24 4 41 A/\EJ‘—Q)*’Z W5 5 % [15] JIANG SY, WANG R H. Manipulating nanostructure to simulta-
[J]. 244 THA, 2006, 34(8); 5-8. neously improve the electrical conductivity and strength in micro-
[4] TEREME. XVF. XUBITE. . # %R FIHR T A6 2 & SRR alloyed AlZr conductors[ . Scientific Reports, 2018, 8 (1):
RO S RELD ). BERHAL BB R . 2012, 41(20) ., 24-27. 6 2026 214.
[5] ZHANG Y Z, GUJ, TIAN Y, et al. Microstructural evolution and (B -ERM)

I

4 +
i AEEMAAREEBRIERIEHI SV ETMBEE~RRERS i
é SEF T 68 O 1) 7 8 1T 0 002 48 2 MR IURY S 3o T 135 A R 5 ) 36l 360 5 2 7 07 2 4 Uk j
+ R ol U 7 RS }
ﬁ Al TS R 5K 51 e il % T BB B T L 7 3 160 o S *lﬁﬁtﬁﬁﬁmﬁ@%j
b M TSR BT . VY 48R0l S 7 0 e M BTSSR 2 A |
L AU MR R TS LR 5 R R T8 L 2 3 ALK 93 B e
px%&m#mqu% Y P é
b TERIET 20 M4 70 4R (R TF AR T4 4 4 R B BFR 20 140 80 AR ARSI BF B A 3.5 m 6 A G R BN F KA |
i%ﬁ@“ﬁk% 2007 45 . P RSB ICHE T Ao b Mo s M TT 6 VBRI L0 7 T S8 AR M L BF AL P48 5 m 48 &%\¢
bR R AE T 1B UK . 2015 48 DU R RRBF & FLAE O m MK AR £ 4 B KSR, }
ﬁ 2016 45 57§78 S HL LR LT 2 G ECD H R Dt 8 10 m KB A 6 B R A |
32 BT SR e T R K A 1
3 LT 7 6 ) 0 BB 7 5 m T 10 m 48 4 4 PR MR SR 0 0l 2 — . i
i <ma¢@ﬁﬁﬁﬁm)i

D B S o S e S e S e e T ST e S S et ot S e

72



