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Abstract

In this research, the effect of equal channel ‘angular extrusion (ECAE) on
microstructures and mechanical = properties of “as-cast magnesium alloy ZA85
(Mg-8wt%Zn-5wt%Al) with the initial grain'size of about 150um was investigated.
Energy dispersive system (EDS) was used for chemical composition analysis. The
second phase of as-cast ZA8S5 alloy confirmed by x-ray diffraction pattern (XRD) was
mainly t-phase (Mg3;»2(Al,Zn)49), instead of B-phase (Mg;7Alj). The microstructures
were examined by optical microscopy (OM) and scanning electron microscopy (SEM).
Rockwell Indenter and Instron 8501 were used for mechanical tests.

During ECAE process, the mechanism of grain refinement was dynamic
recrystallization. At higher ECAE temperature such as 250°C, the average grain size
was reduced to 13.5um by two-passes. However, with the further passes up to four,
the average grain size was increased to 19.7um due to the grain growth of high
temperature effect. On the other hand, at lower ECAE temperature such as 180°C, the
grains were refined significantly from 150pm to 4.2pum by six-passes.

Both the strength and ductility of ZA85 alloy could be remarkably improved by
ECAE process. The best parameter of this research was ECAE at 180°C through
six-passes. The hardness of as cast alloy was promoted from HRB 19 up to HRB 46.
The UTS and YS at room temperature were increased from 175MPa and 131MPa to

v



402MPa and 281MPa, respectively. The elongation was also increased from 2.3% to
6.4%. At high temperature tensile tests, the UTS, YS and elongation at 100°C were
increased from 139MPa, 94MPa and 3.9% to 318MPa, 197MPa and 14.6%,
respectively. The UTS, YS and elongation at 200°C were increased from 105MPa,
74MPa and 5.1% to 249MPa, 162MPa and 28.5%, respectively.
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1960 +# 4, & 7 Volkswagen ;= & = @ 2 Dow Chemical ~ Norsk Hydro
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ERNE AL LR RA DB REEL EpERIED > - AR
BAZEEEDAE (2] ¥ - B ZA (AR e S £ al*—"ﬁKDOW
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F#eAliE it Tie s ECAE - & MRy HAld F 44 BB g5t A2
% > 4o 2-15 22 B] 2-16 #1757 ° Segal[35]#-4F 4 B 12 0.25mm/s 2 2 25mm/s
R A S 0 AR AR R T BT By {7 ECAE Z = 0 R
A XA PP BT L F 4 253 %3 4oB 2-17 #77 - Kang[36]% «
W FANE R T ¢ B B oo @l &) 2 150°C ~ 200°C 4 2 250°7C i
7 ECAE > # AR A 48 p LT M gp-a@ 5 = » = 3Hila 2 ¢ 24
BE > bR 2-18 “a o

Ao de e s o) € IR E_Foar A7 38 {7 ECAE ##+7] » Matsubara ¥ 4
[37]1& * 4% 28 Mg-0.6%Zr £53 +1 > 4~ 4 i s 7] 4~ W 5 1.4mm = 70pm >
MDA G 90T & G 20° i E RIS BeiE (TR B R B 4E N A 350C
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B o B fedn S U L 380um T AZ3L i D& S 90° Y
5 0° eHCE MR T Be BRI AR R & 200C 0 #RAIE SR
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pp A FRF A R AR DI P SR 2-22 077 o FE- HIFEA I e XK 0 B
Zﬁt,ﬁéfﬁﬂ £ 1~-3um s < F kg K 500~800nm g fm kAT e A > B PR
LR i S FA I AF = S g S SRR R R

) 4o @] 2-23 #7F o F]E > Janecek F 4 3L BB Ancn®AiEALY o €

14



% 2-1 45g EF Ak n R

AM Magnesium-Aluminum-Manganese without Zinc | 4£4F4%
AZ,7ZA | Magnesium-Aluminum-Manganese with Zinc SE 4Pk
K Magnesium-Zirconium 4542

ZK Magnesium-Zinc- Zirconium without Rare Earths | 4% & 42
ZE,EZ | Magnesium-Zinc- Zirconium with Rare Earths SRR
HK Magnesium-Thorium- Zirconium without Zinc 44
HZ,7ZH | Magnesium-Thorium- Zirconium with Zinc e B
QE Magnesium-Silver- Zirconium with Rare Earths 4% #US i 2
QH Magnesium-Silver- Zirconium without Rare Earths | 4% 414¢
WE Magnesium-Yttrium-Rare Earth- Zirconium reLfid &
ZC Magnesium-Zinc-Copper- Manganese SE Gra &R

22 s HEL LIS HELEBPRET R

=~ 32 Press Forging Thixomolding & Die
Casting

O AZ91 AZ91

iy &k (MPa) 350 240

' PR35 & (MPa) 270 160

EF (%) 15 4
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%23 EBEEDBREVRREZ VKA

HHf % B (g/ cm’) FIREAE/BAE | FRPRAE/BAE
$ L4 1.8 7.1~11 17

2 2.8 11 11~18

ixt & 4.5 13~27 17~29

Fr TR b 7.8 6.4~15 8.9~20

B & 7.8 3.5~7.6 6.1~10

& & 8.6 2.3~ 4.7~

FoRAF & & 8.6 2.9~5.8 4.7~8.1

224 S5 5 &3 AR BRI TR R T2 0t R S)

EAy AZ91D PET PBT Nylon Poly
30%Glass | 30%Glass 30% Carbonate

R 1.81 1.61 1.72 1.38 1.23

(g/ cm’)

5 IR 5p B 160 152 117 172

(MPa)

ELIELIE Y S 204 193 172 193 104

(MPa)

£ (%) 3.0 4.5 3.0 6.0

S BBk 45.0 8.3 10.3 8.9 6.7

(GPa)

W R 100 107 77 141 102

ok (%) nil 0.05 0.07 0.70

N 51.00 0.28 0.29 0.33 0.20

(W/mK)

% 2L(C) 598 260 260 260

O R 4 26.0 76.5 25.0 34.5

He(um/m)

A A 100 7.8 24 26
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Bl 2-1 AS21 4% & & B s o B o Momébph e 3 Mg,Si % £

B-MgAly, tds 7 0 cnfE AR @ & (7 14 chard B vk [T7] o

B12-2 AE424% ¢ £8ifcie s> i 2B &4 ALNRE); b )+ 58

FEAp > v AS kP4 E £ & AHBRRILE[10] -
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H ¥ ] ] i 1
¢ 10 2 30 40 S0 &0 70 &0 S0 100
Time (hrs)

B 2-3 AE42 -~ AS41 ~ AE41 ~ AZ91 4£ & £ %4 Bl » AB4A24E & & &
150°C ~ 50MPa chpuesg e # % 3% AS41 — & > ¥ i B3 AZ91 T

2

B2 F[11]
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a + Mgyl Al Znl,

e [ 8 [s] F 4
AL, weight %

Bl 2-4 Mg-Zn-Al = ~4p W > F 4454 £ 1 & a7 149 5 Mgsa(AlLZn)y

i T A €5 B-MgsAl, Ap e A1[16] -
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Bl 2-5 AJA3 4% ¢ & Rpicesys %ﬁ% B AR T4 ALSr By B A7 A nee o

AL 18] -

3.0
&= T0MPa —v— AE4Z
T=175°C —e— Aldl
254 *— AJa2
? —a— AJ43
T 204 —n— AJC411
= —»— AJC4ZI
=
B 1.5
Z
o ]
2 1.0
{-.. -
0.5
3,00 <

0 l 20 I A0 ‘ 60 l a0 I lt:.llﬁl
Time (h)
B 2-6 AE42 ~ Mg-Al-Sr #2 Mg-Al-Sr-Ca £ 4 % & 5UH - AJ42 ~ AJ43

AJC411 ~ AJC421 chg B FuEs e * % ik B30 AE42[18] »
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B 2-7 Mg-Zn-Al-Ca-Re & & B e sk » 2580 Al Lay $c i ol B 22 &k

T
ooy ALCa Bf b v Rk S A R A [21] -

0.20 SAZHID
|Ii"
Ii"
0.15- ;/ Test Temperature: 175 °C
) K Applied Stress: 50 MPa
[ !
e S,
'E 010+ [/ AS41
F g — -
i l‘ = =
Fl' —— -
I}ﬂﬁ-‘* T AE42
e ZAXENS613
= T A W _a0 5613
- : . . A.Dl.‘.'1.1|;.n.lurlinlnum ?Ilny} |
u'l} 100 200 300 400

Time, t/ ks

B 2-8 AS41 ~ AE42 &2 Mg-Zn-Al-Ca-Re & & B% ¢ %) > Mg-Al-Ca-Re
£ & R T BT ASAL ~ AB42[21] -
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Pressing

v

Plunger

Die

Bl2:9 Sdifsmalitl 7 AW P s s O psRe s W

ERRA gAY o I FrEp Rt R R Y 0 - B [22] -
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ic)

210 =% a6 PRS2 ERE @ V0 R =20 -

(b) W=180°-® » y=0 >
() 0° <W<180°-D » 5= 2cot(9 +3) i ‘Pcsc(— +3j [24] -
272 272
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D (deg)

B2-11 2 R 2 b Ozt s Wi S i R b GF > B 5% %

BREELR ML O L Kb O &R E R IF

T 1% [25] -
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Route Bc £@§

Bl2-12 S8 43497 RIS BIS A F AR R 5
fo BT Byt F SEAIR > BRI FE 2 e Egg 90° BT Bt &
IFARET B HBDPF- 2 oeEdd 90° BECF S HARF 0 R
¥ g 180° [26] -
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B 2-14  AZ314% & £ 11 150ConiRaliR R 1€ 1= ~ % ECAE {5 3l i e

T RE o TEAE S ) 85 1um[33] -
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V= 25. mm/s

| 25 mm ]
B 2-15 'r;‘ﬁ F T 325 CadAE R T » U gl Rk

ECAE » 3% i #lid 5 g1 696 3 2 A 2 sLH[34] -
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v = 0.25 mm/s

v = 2.50 mm/s

v = 25.0 mm/s

25 mm )
B 2-16 4340 Steel 325 CedHAlE R ™ » 7% b odfid] i 87

ECAE > %8 r @ X g8 R g% % 22 B H4B4] -

a b
B 2-17 4F aAp R FANE R T o & B12(2)0.25mm/s » (b)25mm/s ##7)] & &

€7 ECAE » 7 3 g #2085 5 fopb o HPEG 292 7193 %

(35 -
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V= 25mm/min g

V= 10mm/min V= 40hmim/min =
Bastsiiisg AR

V= 60mm/min =
V= 23mm/min
V= 300mm/min

W 100mim/imin
(a) (b) )

B 2-18 AZ314% & & 27 R#AIE R 2 3733 F 727 ECAE » ##7)
R (@)150°C > (b)200°C > ()250C » FHAUEARGH > L7
fpoenig s A e 2 ¢ A 4 BA[36] -
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N~

% 2-5 4422 Mg-0.6%Zr 453 H 2 5818 o3l 0 Adp e ECAE

N
N

FETE A BRI SR AR T L b

™

gy

Rd
W

TiFHR S AP ECAE s £ 7 X 47 2 A ¢ R4

4

oL A AR T EEBEA DR AYL ) BRI AT ERAH

g

gy

P2[37] -

Summary of the Effect of Applying ECAP to Pure Mg and the Mg-0.6 pet Zr Alloy in the Cast
and the Cast + Extruded Conditions

Cast Cast + Extruded
ECAP at T (K) ECAP at T (K)
Number

Material of Passes 573 623 673 473 523 573 623
Pure Mg 1 B X X X X
2 B X X X
3 B B B

Mg-0.6 pet Zr 1 X B A X

2 B B X

3 X

4 X

X = successful pressing without any visible cracking: A = evidence for macroscopic surface cracking after ECAP: and B = specimen broken during ECAFP.
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B 2-19 42H 5 R w /E‘ﬁ'"’t’ Lk o /F‘ﬁ,% T&E}’iﬁ},@;’; » BFRTT O AR EZ

B £ kAL G basalslip ) 'EFRVEADLF 0 F 8 fad L
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Element Weight% Atomic%
Mg 88.52 93 06

Al 4.41 4.18
Zn 7.07 276
Totals 100.00
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(a)

Spectrum 3

] 2 4 G g 10 12 14 16 18
Uil Scale 15458 cts Curzor: 0.000 ke ket

(b)
Bl 4-3(a) ZA85 45 & £ eh- T F B (% =4 %)~ (b)EDS ¥ = # % peak

5 R A R o

%43 EDS S =#Rnd A EF A HRI F AW

Element Weight% Atomic%
Mg 86.20 91.69

Al 5.07 4.86

Zn 8.74 3.46
Totals 100.00
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100pm ; Electron Image 1

(a)

Spectrum &

] 2 4 G g 10 12 14 16 18
Uil Scale 15458 cts Curzor: 0.000 ke ket

(b)
Bl 4-4(a) ZASS 42 & 4 eh= = T 5 B (3t A # 1 #EE) « (b) EDX 3t 8 1

H# B peak 5z & 4 1% [ °

%45 EDS* AN I BBAOILSERF AN E R F AW

Element Weight% Atomic%
Mg 96.67 96.99

Al 3.33 3.01
Totals 100.00
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k 100pm ; Electron Image 1

(a)

Spectrum 7

Uil Scale 15458 cts Curzor: 0.000 ke ket
(b)
B 4-5(a) ZASS 4% & 4 eh= = T 5 B~ (b) EDX +t45 914+ 1 4% 2k peak 55
B A B o

4 4-6 EDS*{7dift Euind A £ F AV ERF | AW

Element Weight% Atomic%
Mg 37.27 54.57

Al 14.55 19.19

Zn 48.18 26.24
Totals 100.00
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%49 FEBEET

tensile test at RT UTS (MPa) YS (MPa) elongation (%)

ZA85,N=0 175 131 2.3
N=1 187 149 2.5

ECAE-180C N=2 261 197 3.6
N=4 373 263 3.8

N=6 402 281 6.4

N=1 198 142 2.8

ECAE-220C N=2 236 175 3.9
N=4 348 252 5.7

N=1 220 164 33

ECAE-250C N=2 273 194 3.8
N=4 242 172 53

% 4-10 A B%DZA8S & AZ (74 & £ DR B #2[44,50-52]

Mg Alloy ™ B A2 ECAE if 5 K (MPa)
AZ31[44] R N=4 210
AZ31[50] FURR N=4 350
AZ31[51] #4) N=8 310
AZ91[52] g3 N=8 375
ZA85 €4k N=6 402
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% 4-11

100C % & #4427

tensile test at 100°C UTS (MPa) YS (MPa) elongation (%)
ZA85,N=0 139 94 3.9
N=1 156 107 5.7
ECAE-180C | N=2 232 156 8.0
N=4 294 188 9.1
N=6 318 197 14.6
N=1 186 136 53
ECAE-220C | N=2 230 161 9.7
N=4 277 183 8.8
N=1 199 140 3.8
ECAE-250C | N=2 250 168 9.8
N=4 223 143 11.1
% 4-12 200°C % R REH
tensile test at 200°C UTS (MPa) YS (MPa) elongation (%)
ZA85,N=0 105 74 5.1
N=1 134 91 7.0
ECAE-180C | N=2 195 134 10.3
N=4 221 153 13.2
N=6 249 162 28.5
N=1 139 98 7.3
ECAE-220C | N=2 185 124 16.3
N=4 216 143 15.7
N=1 153 109 5.1
ECAE-250C | N=2 192 125 12.8
N=4 187 122 13.5
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30413 RPN ZA8S & ¥ L a4 £ &2 R 53]

Mg Alloy B RE(C) i 55 B (MPa) | "% PR5s B (MPa)
AE42 121 177 118
177 135 106
AX53 175 196 151
AXJ 175 196 146
AJ52X 150 164 108
175 148 103
ZA85 100 318 197
(this work) 200 249 162
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