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Abstract

Effect of Thermomechanical Treatment on Microstructure
and Mechanical Property in Mg—X%Li1 Based Alloys

By Park Youn-Jae
Advisor: Prof. Jang Woo-Yang Ph. D.
Dept. of Advanced Parts & Materials Engineering

Graduate School of Chosun University

The effects of mechanical properties, texture and annealing temperature on the
recrystallization behavior have been investigated in cold-rolled Mg-7%11-1%Zn,
Mg-9%L1, Mg-9%Li-1%7Zn and Mg-119%11-1%Zn alloys. In addition, the effects of
alloying element Zn on the tensile properties.

The results obtained are as follows;

(1) Mg-7%Li-1%7Zn, Mg-9%Li and Mg-9%Li-1%Zn alloys consist of a(HCP) +
B(BCC) dual phase and, Mg-11%Li-1%Z7n alloy has only B phase. The reduction
rate in thickness of those alloys are 75, 80, 80 and 90%, respectively.

(2) The a phase shows a basal texture with the basal pole tilted = 25 °
from the normal direction to TD in Mg-7%Li-1%Z7Zn alloy. The a phase
presents a basal texture with the basal pole tilted £ 50 T 65 ° from the
normal direction to RD in Mg-9%Li1 and Mg-9%Li-1%Zn alloys.

(3) The B phase shows texture of (100)+5°[010] in Mg-7%Li-1%Zn,
Mg-9%L1-1%7n and Mg-11261L1-1%Zn alloys. In Mg-9%ILi which does not contain
7n, the B phase presents texture of (111)[011].

(4) By cold-rolling, the change in hardness value is proportioned to the volume
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fraction of a phase. However, the influence of Zn addition on the hardness value
1s more effective than volume fraction of a phase after annealing.

(5) The yield strength decreases but elongation does not show great difference
with annealing temperature. The yield strength and elongation increase as Zn is
added. This might be caused by the formation of (Mg, Li and Zn) intermetallic
compounds and/or solid solution strengthening due to Zn addition.

(6) The increasing volume fraction of a phase or alloying the 3rd elements are
key factor which increases mechanical properties ie., yield strength and elongation
in of Mg-Li based alloys. However, considering cold workability as press forming
materials, the addition of alloying elements is advantageous rather than do that the

volume fraction of brittle a phase becomes small.
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Fig. 2. 8. Ca-Li-Mg phase diagram at 150C: calculated isothermal section'?.
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(a) (b)
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Recrystallized grains

e formation
along grain boundary = within shear
bands
Recrystallized grains Coarser grains Recrystallized grains along
along original grain recovered from original  orginal grain boundaries and

boundaries deformed grains within shear bands

j (d) J/

]

Fig. 2. 9. Schematic diagram of recrystallization process (a) along HAGB at low

strain, (b) along HAGB and within shear bands at higher strain, (c) resultant grain
size for case (a) and (d) resultant grain size for case (b)*Y.
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(00-1) (10:0)

(c)

Fig. 2. 10. The three typical types appeared in transformation texture of HCP
metal; (a) (00 - 1) pole is normal to ND, (b) (00 - 1) pole is inclined to RD and (c)
(00 - 1) is inclined to TD.
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Fig. 2. 11. The (1012)<1011> tensile twinning system for the HCP-Mg meta
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A3 AZ F Picric acid(2g) + Acetic acid(25ml) + Nitric acid(0.75ml) +
Ethanol(48ml)®] &&-& Aol o3 & mAx=4-& A=t

A6 A QAAAF
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Fig. 3. 1. Shape and dimension of tensile test specimen.
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Table. 4. 1. Nominal composition of Mg-X%Li based alloys

Li(wt.%) Zn(wt.%) Mg(wt.%)
LZ71 7 1 Bal.
L9 9 0 Bal.
LZ91 9 1 Bal.
LZ111 11 1 Bal.

Fig. 412 LZ71, L9, LZ91 % LZ111 &=9 Fx2x4% dekdn Fig. 419 (a),
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Fig. 42 ¥ 432 Age 7 Fao AAEES S48 flske] olvujx] 24 =Z=g
e o]gste] a ¥ B AMHARES T Aotk aBe AHREEL LZT T
o] 7% 5248, L9 @<L 21:79 ela LZ91 @& 15852 uEbstth L7111 &9
7% 100% Bo @ vERyT

Li d7F#o] 9 wt%® 22 19 &5 % L7291 §52 1 wt.%2 Zn H7I2 <5l
Aoz e Mg 3% 9 Mg, Li € Zng 33E] HHo8 aie AHEEL
ZolEA

(b)

(c) (d)

Fig. 4. 1. Cast structure of Mg-X%Li based alloys; (a) LZ71, (b) L9, (¢) LZ91 and
(d) LZ111.
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Fig. 4. 2. Volume fraction images of as—cast Mg-X%Li based alloys; (a) LZ71, (b)
L9 and (c) LZ111.
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Fig. 4. 3. Volume fraction of as—cast Mg-X%Li based alloys; (a) LZ71, (b) L9, (¢)
LZ91 and (d) LZI11.
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Fig. 4. 4. X-ray diffraction of as—cast Mg-X%Li based alloys; (a) LZ71, (b) L9,
(c) LZ91 and (d) LZ111.
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Fig. 4. 5. Change in Volume fraction and Vickers hardness of as-cast Mg-X%Li
based alloys.
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Fig. 4. 6. Change in Vickers hardness of a and B phase in as—cast Mg-X%Li
based alloys.
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Table. 4. 2. Reduction rate of cold-rolled Mg-X%Li based alloys

Reduction rate (%)
LZ71 75
L9 80
LZ91 80
LzZ111 90

Fig. 47 % 488 74 @59 Skl 59 uAlz4s vetdth Fddol M addl
FAGA el Fig. 473 o] hawt&Foz A dalde] = 4
A S LZ111 &we] A-Fels 90% Witrbael o3 WE 2AvES UEt
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7F Hv = 483, 522 2 42622 33.4%, 41.8% % 16.7%9] ZA %50 Aoy}
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N

Fig. 4. 7. Microstructure of cold-rolled Mg-X%Li based alloys; (a) LZ71, (b) L9,
(c) LZ91 and (d) LZ111(x200).
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(a)

(c)

Fig. 4. 8. Microstructure of cold-rolled Mg-X%Li based alloys; (a) LZ71, (b) L9,
(c) LZ91 and (d) LZ111(x1000).
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Fig. 4. 9. Change in Vickers hardness of cold-rolled Mg-X%1Li based alloys.
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Fig. 4. 10. Change in Vickers hardness of a and B phase in cold-rolled Mg-X%Li
based alloys.
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Fig. 4. 11. X-ray diffraction of cold-rolled Mg-X%Li based alloys; (a) LZ71, (b)
19, (c) LZ91 and (d) LZ111.
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Fig. 4. 12. (000D[0110] stereographic projection.
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LZ71

As—cast

As-rolled

Fig. 4. 13. (100)a and (002)a pole figures of as—cast and as-rolled LZ71 alloys,

respectively.
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Fig. 4. 14. (2115)[1100] stereographic projection of as-rolled LZ71 alloy.
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L9 (100)a | (002)a

As—cast

As-rolled

Fig. 4. 15. (100)a and (002)a pole figures of as—cast and as-rolled L9 alloy,

respectively.
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Fig. 4. 16. (0334)[0223] stereographic projection of L9 alloy.
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LZ91 (100)a | (002)a

As—cast
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Fig. 4. 17. (100)a and (002)a pole figures of as-cast and as-rtolled LZ91 alloy,

respectively.
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Fig. 4. 18. (0111[0112] stereographic projection of LZ91 alloy.
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LZ71 (110)B | (200)B

As—cast

As-rolled

Fig. 4. 19. (110)B and (200)B pole figures of as-cast and as-rolled LZ71 alloy,

respectively.
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Fig. 4. 20. (100)[010] Stereographic projection of LZ71 alloy.
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L9 (110)B | (200)B

As-cast

As-rolled

Fig. 4. 21. (110)B and (200)B pole figures of as—cast and as-rolled L9 alloy,

respectively.
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Fig. 4. 22. (112)[110] stereographic projection of L9 alloy.
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LZ91 (110)B | (200)B

As—cast

As-rolled

Fig. 4. 23. (110)B and (200)B pole figures of as-cast and as-rolled LZ91 alloy,

respectively.
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Fig. 4. 24. (100)[010] stereographic projection LZ91 alloy.
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LZ111 (110)B | (200)B

As-cast

As-rolled

Fig. 4. 25. (110)B and (200)B pole figures of as—cast and as-rolled LZ111 alloy,

respectively.
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Fig. 4. 26. (100)[010] stereographic projection of LZ111.
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(a) (b)

(c) (d)

(0

Fig. 4. 27. Microstructure of cold-rolled LZ71 alloy with annealing temperature; (a)
120°C, (b) 150C, (¢) 200TC, (d) 250C, (e) 300T and (f) 350C.
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Fig. 4. 28. Microstructure of cold-rolled L9 alloy with annealing temperature; (a)
200°C, (b) 2507, (¢) 300C and (d) 350°C.
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Fig. 4. 29. Microstructure of cold-rolled 1LZ91 alloy with annealing temperature; (a)
200°C, (b) 2507, (¢) 300C and (d) 350°C.
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(b)

(c)

(e) ()

Fig. 4. 30. Microstructure(Dark field image) of cold-rolled 1L.Z71 alloy with
annealing temperature; (a) 100C, (b) 150C, (c) 200TC, (d) 250C, (e) 300C and (f)
350C.
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Fig. 4. 31. Change in Vickers hardness of Mg—-X%Li based alloy with anneailng
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_55_



70

—a— 771
[ ] —— Lg
65 —A—LZ9N
60 A
=
L .
$ 55 -
[0)]
.S [ ]
© _A
T 50+ ] []
"
A
45 H
»*
40 I T I T I T I T I T I
as-cast as-rolled 200 250 300 350

Annealing temperature (C)

Fig. 4. 32. Change in Vickers hardness of a phase in cold-rolled Mg-X%Li based

alloy with anneailng temperature.
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Fig. 4. 33. Change in Vickers hardness of B phase in cold-rolled Mg-X%Li based
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Fig. 4. 34. DSC thermograms of cold-rolled Mg-X%Li alloy; (a) LZ71, (b) L9, (c)
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Fig. 4. 35. Stress-strain curves of as-rolled 1.9 sheet with annealing temperature;
(a) as-rolled, (b) 250°C and (c) 350C.
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Fig. 4. 36. FE-SEM fractographs of L9 sheet with annealing temperature; (a)
as-rolled, (b) 250C, (c) 350TC.
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Fig. 4. 37. Stress-strain curves of as-rolled .Z91 sheet with annealing
temperature; (a) as-rolled, (b) 250C and (c) 350°C.
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Fig. 4. 38. FE-SEM fractographs of LZ91 sheet with annealing temperature; (a)
as-rolled, (b) 250C, (c) 350TC.
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