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Table 1 Chemical composition of pure industrial aluminum for experimental
JLE Si Fe Cu Mn Mg Zn Ti \Y% Al
i w/ % 0.08 0.1 0.01 0.03 0.02 0.02 0.03 0.01 99.7
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Table 2 Chemical composition of Al-Zr alloy

Alloy Zr i w/ %
Al-0. 05Zr 0.06
Al-0. 1Zr 0.12
Al-0. 15Zr 0.16
Al-0. 2Zr 0.22
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(a) Ml (ay) 4% ; (b)F1(b,) Al-0.05Zr; (¢)Fl(c,) Al-0. 1Zr; (d)F(d,) Al-0. 15Zr;(e) Fl(e,) Al-0. 2Zr,
(a),(a,) pure Al;(b), (b)) Al-0.05Zr;(¢),(c;) Al-0.1Zr;(d),(d;) Al-0.15Zr;(e), (e;) Al-0. 2Zr.

1
Fig. 1

Al-aZr(2=0.0.05.0. 1,0. 15.0. 2) & 4 B QL #i OM &%
OM images of Al-xZr(x=0, 0.05, 0.1, 0.15, 0.2)alloy in transverse (a-e) and longitudinal (a-e;) sections



£ 16% F2W

TR Zr i 0 Tl 2R A B M RE 1 R T 255

TR 0.05% B, Zr TG E 3 A AN B 5 i — 25 B
Zr &, Ze TR HBLAE ALK A B H 80 78RR A
WM Ze O 0. 15% B RCIR A L2 AL Ze I
Fe; X Zr &g Ry 0. 2% B, B S WL 5% 2 9] A4 Al Zr Jfe
PEH .

@

[SOpm J
| — =5 X

(b)

50um
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(a) pure Al; (b) Al-0.05Zr; (¢) Al-0. 1Zr; (d) Al-0. 15Zr;
(e) Al-0. 2Zr,
(a) pure Al; (b) Al-0.05Zr; (¢) Al-0.1Zr; (d) Al-0. 15Zr;
(e) Al-0. 2Zr.

B2 Al-xZr (x=0,0.05,0.1,0.15.0.2) & & &Y
SEM EME AT 43 4 25 5

Fig. 2 SEM images and surface scanning results of
Al-2Zr (=0, 0.05, 0.1, 0.15, 0.2) alloys
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(a)Al-0. 05Zr; (b)Al-0. 1Zr; (¢) Al-0. 15Zr; (d) Al-0. 2Zr

B3 Al-xZr(2x=0.05,0.1,0.15.0.2) & 4 iy SEM &
AN A 53 A

Fig. 3 SEM image and point scan distribution map of
Al-xZr (z=0.05, 0.1, 0.15, 0.2) alloy
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Table 3 EDS analysis results of different positions in Fig. 3
LR (at. )/ %
Al Fe 7r

G (DAL

Spotl  95.17 4.83 —

Al-0. 05Zr

Spot2  97.11 2.89 -

Spotl  83.19  16.81 -
AL0.1Zr

Spot2  86.38  13.62 -
AL0.15Zr  Spotl  75.21 0.71 24.08

Spotl  50.14 — 49.86
A1-0. 27r

Spot2  57.09 — 42.01
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Fig. 4 Electrical conductivity of Al-zZr (2=0,
0.05, 0.1, 0.15, 0.2) alloys
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(a)F(al) 4li Al; (b)F1(b1) Al-0.05Zr; (c)Fl(cl) Al-0. 1Zr; (d)F1(d1) Al-0. 15Zr;(e) Fil(el) Al-0. 2Zr,
(a),(al) pure Al;(b),(b1) Al-0.05Zr;(c),(c1) Al-0.1Zr;(d),(d1) Al-0.15Zr;(e), (el) Al-0. 2Zr.

B 6 Al-aZr(2z=0.0.05.0.1.0.15.0.2) &4 (a Ee) M (al E el) H A &b B

Fig. 6 Transverse (a-e) and longitudinal (al-el) grain orientation of Al-xZr(x=0, 0. 05,

0.1, 0.15, 0. 2)alloy
*4 HYBERARAELL

Table 4 Grain boundary angle ratio of transverse and
longitudinal sections

AINTE I/ Y% 5155 /% KRT15°51/ %

[ERS

R O R R R Ui

afi 5 37 20 28 32 35 48
Al-0.05Zr 31 21 36 21 33 43
Al-0. 1Zr 35 23 34 37 34 44
Al-0.15Zr 39 20 48 30 45 50
Al-0. 2Zr 21 27 30 29 49 54

2.4.2 KAMFA

7 R AR s A A b PR E 19 KAM (Kernel av-
erage misorientation, KAM) &l . & 7 7] UL . 75 6 4
W, Ze i /T 0. 100 B A 4 9 3 A 65 %5 B K
LA A AR <7111 > R I 1) A0 R 5 /1N B XIS
M Zr & HRT 0. 100 i AR AL S % B2 T 4R /) s 78
DNA I A0 A 2 R A R 1 DX I L R L A A /N, B
745 359 45 v S BLAE SRR/ Y X

M Zr f i /ANT 0106 I, & 4 LA

(a)F1(al) 4% ; (b)F1(b1) Al-0. 05Zr; (c)F(cl) Al-0. 1Zr; (d)F1(d1) Al-0. 15Zr; (e)F(el) Al-0. 2Zr.
(a),(al) pure Al;(b),(b1) Al-0. 05Zr;(c),(c1) Al-0. 1Zr;(d),(d1) Al-0. 15Zr;(e),(el) Al-0. 2Zr.

7 Al-xZr(2=0.0.05.0.1.0.15.0. 2) A& fi(aEe) Y (al Eel)#H KAM E

Fig. 7 KAM images of Al-xZr(x=0, 0.05, 0.1, 0.15, 0. 2)alloy in transverse
(a-e) and longitudinal (al-el) sections
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8 Al-aZr (x=0,0.05.0.1.0.15.0. 2)& & ## i ODF [
Fig. 8 ODF diagram of transverse sections for Al-zZr (x=0, 0.05, 0.1,

0.15, 0.2) alloys
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B9 AlaZr (2=0.0.05.0.1.0.15.0.2) & & M#m ODF &
Fig. 9 ODF diagram of longitudinal sections for Al-zZr (x=0, 0.05,

0.1, 0.15, 0.2) alloys
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Transverse section Longitudinal section

™
Pure Al ED) . !
— -
Masx:19.26 Maxe18.54

{100} iy
A1-0.057r | | :;E
ax:2¢
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i p
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A1-0.15Zr n E
=] L

B 10 AlaZr (2=0.0.05.0.1.0.15.0.2) & 4 % |
YA TE AR 14
Fig. 10 PF diagram of transverse and longitudinal sec-
tions for Al-zZr (x=0, 0.05, 0.1, 0.15,
0.2) alloys
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2.5 Zr& B3 Tl 455 B 1 BE BY 2 00

F 50 AlaZr T SR RFESATAT, Tk
4R AR R 83. 720, 7 Tl 4B Hm A 0. 05%
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Bl Zr & BB N, A 4 B P 2 T R

#5 Al-xZr (x=0.0.05.0.1,0.15.0.2) & & ¥ # 14 &8 ik
H#R
Table 5 Heat resistance test of Al-xZr (x= 0, 0.05, 0.1,
0.15, 0.2) alloy

Alloy oxr/MPa  6(230°C)/MPa  #AREER/%
Pure Al 141 118 83.7
Al-0. 05Zr 165 155 93.9
Al-0.1Zr 172 158 91.9
Al-0.15Zr 155 136 87.7
Al-0. 27Zr 147 123 83.7

BB A Y TR A T BE R EE 4 A AT O U AR
7 11 AlwZr (2=0,0.05.,0.1,0.15.0.2)

Zrme®
Tix
e ) M

(a)F(al)gli%s ;s (b) F1(b1)AI-0. 05Zr; (¢) Al (c1)Al-0. 1Zr; (d) F1(d1)Al-0. 15Zr; (e) Fi(el)Al-0. 2Zr,
(a,al) pure Al;(b,b1l) Al-0.05Zr;(c,cl) Al-0. 1Zr;(d,d1) Al-0.15Zr;(e,el) Al-0. 2Zr.

B 11 Al-xZr (x=0.0.05.0.1.0.15.0. 2) & 4 (a~e) I\ (al~el) FH M A9 30 25 FE45 T &

Fig. 11

Dynamic recrystallization diagram of Al-xZr (=0, 0.05, 0.1, 0.15, 0.2) alloys in

transverse (a-e) and longitudinal (al-el) sections
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New insights into solidification and phase equilibria in

Effect of Zr Content on Microstructure and Properties of
Commercial Pure Aluminum

WANG Zhen"*, GAN Chunlei', LI Feng®,ZHOU Nan'
(1. Institute of New Materials, Guangdong Academy of Sciences, Guangzhou 510650, China; 2. School of Materials
Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: In order to develop high-performance heat resistant aluminum zirconium alloy, four kinds of
aluminum alloys with different Zr contents were prepared by gravity casting and hot extrusion. The effect of
Zr (0.05~0. 2wt. %) on the microstructure and properties of pure industrial aluminum was studied by optical
microscope, scanning electron microscope, tensile machine, and conductometer. The results show that
when the Zr content is low, the microstructure refinement effect is remarkable. With the increase of Zr
content, the refinement effect declines, and the coarse AlZr phase appears. When the Zr content is
0.1wt. %, the alloy has the best tensile properties, and the texture of the {100} plane is the weakest, which
has the strongest effect on the inhibition of cubic texture. When Zr is not added, the alloy has the highest
conductivity. When Zr content is 0. 05wt. % , the electrical conductivity of the alloy ranks second, and the
heat resistance is best.

Key words: Zr content; pure industrial aluminum; microstructure; mechanical properties; texture; heat resistance
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