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Effect of Grain Refining Elements on Formability of Magnesium Alloys
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Synopsis

The purpose of the present work is to make clear the effects of Zr and Zn on as-cast microstructure and the formability of
magnesium alloys. For the investigation, ingots of 0.1-1.5 mass% zirconium containing magnesium alloys were prepared. In
addition, 0.8 mass% zirconium containing magnesium alloys with 0.5-6.0 mass% zinc were also manufactured. The grain sizes
in the as-cast samples were measured from microstructure observation using an optical microscope. To evaluate the formability,
the compression and rolling test were performed. The results are as follows.

1. As the amount of zirconium increase, as-cast microstructures were refined. When the content of Zr exceeds more than 0.8
mass%, the refining effect was remarkable.

2. The formability was improved by the addition of zinc to the 0.8 mass% Zr containing magnesium alloy. The improvement was
most efficient around 0.5 mass% zinc, consequently, the maximum reduction ratio without surface cracks in compressive test
achieves 70 % at 423 K. The same enhancement of the formability by the addition of zinc was also confirmed on rolling test.
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Table 1. Chemical compositions of the test material.

(mass %)
Alloys | Zn Zr | Mg

Z1 <0.01| 0.1 | Bal.

z2 <0.01 | 0.3 | Bal.

Z3 <0.01| 0.8 | Bal.

Z4 <0.01| 1.5 | Bal.

775 0.5 | 0.8 | Bal

776 1.0 | 0.8 | Bal

777 2.0 | 0.8 | Bal

778 6.0 | 0.8 | Bal

Table 2. Melting condition of each furnace.

Furnace

For small scale test

For bench scale test

Crucible size (mm)

¢ 90 X 300 H

¢ 600 X 980 H

Ingot size (mm)

150 X 30 X 300 L

100 X 750 X 1800 L

Melt temperature (K) 1003 1003

Cast temperature (K) 1003 1023

Melting capacity (kg) 2.3 300
Cover gas Ar + SF; CO, + SF;
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Fig.1. Schematic illustration of compression test

apparatus.

IR L |, FEAw kB O RER 30 Ol o A5 fiE
LA, BRI EMICBYTn=3 TEBL, £
DN, 2L EENDEC Do 256 % EHETRE & A
L7, TR AEROEHRYREEGRE L, =
DA% VTN OB 2 Ik L 7-.

2. 2. 3 BREEEICE ZINTI4EEM

73 B4, 775 B EICOonT ,ERHEASL v Ty 25
SHEIWTIC & D Top, Bot #iZ B2 L, 30t X 250 W X 150
LOMEZDYH L COMBE79 4 2AMIICX
D 20tX 180 W X 130 L IZHI LT, Z2Z5 5&I2B W T
13673 K T3 h DM T 2 )6 L7z, Bk
DFESRHLARAIZ DWW T A L 725 1c BTk
CARWZ EFMELETH 5. BILHE, S5 A —
MR LHAHEL, ZhEZEERBF & L2 E
MEGRBRAR I Id 2 Brm — VIERERS AT L, i v
)3 YRR E R RS L Table 3 B LY
Fig2 lZRd B THY, EEMTICEERSEMF O8
A%, HETE, RESM) EEBSECELET 2B
AESNDEEZONDENTER L. 72721, /IR
A v Ty MIBEREA Ty ML, REBA AV
S, EIEMTAIC B 5 B OIRER T AR E W
9, FEBHREBR TIE&E/SAKTH, 673 K TS5 min D
Je— FTEZZRITZ.

2. 2. 4 BESACTOMIHMEIERER
Table 4 |Z3kBR% M Fig.83 I2/SA AT ¥ 2 — V&R,
M 23 &%, 275 e v, KB, #iE

WCEWEBESNIA Ty FOEKHE 7 T4 AT, 9
YIWIZ X ) Top B L O Bot ZhErETHI LT, 80t

Table 3. Rolling condition. (for small scale test)

Condition

Work Temperature (K) 673

Roll Temperature (K) 373

Roll Size (mm) ¢ 240
Rolling Speed (m/min) 6.7
Reheat Condition 673 K X 5 min

Start Thickness (mm) 20

Final Thickness (mm) 2
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Fig.2. Pass schedule of rolling examination at small scale test.
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Fig.3. Pass schedule of rolling examination at bench scale test.

Table 4. Rolling condition. (for bench scale test)

Condition

Alloy Z3, 7275

Work Temperature (K) 723

Roll Temperature RT
Roll Size (mm) ¢ 460
Rolling Speed (m/min) 60
Start Thickness (mm) 80
Final Thickness (mm) 3
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Fig.4. Microstructures of Mg-X mass%Zr alloys in as-cast condition.
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Fig.5. Phase Diagram of Mg-Zr Binary System.
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Fig.6. Relation between grain size and amount of Zr
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Fig.7. Effect of annealing time on grain size of Z3

alloy. Annealing treatment was carried out at 723 K.
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Fig.8. Outer views of specimens compressed at 423 K after homogenization heat treatment at 673 K for 3 h.
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Fig.9. Comparison of maximum reduction ratio without

surface cracks on Zr containing alloys with Zn alloy.
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Fig.11. Comparison of maximum edge cracking size

on rolled plates.
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Fig.10. Outer views of rolled plates at 673 K after each pass at small scale test. Roll temperature of 373 K and

rolling speed of 6.7 m/min.
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Fig.13. Microstructure and (0001) pole figure on Mg-Zn-Zr alloy specimens at reduction of 50 % at 423 K.
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