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The study of microstructure and mechanical properties on the
dissimilar welding and post-weld heat treatment with A7075 /
AT7050 high strength aluminum alloys

Student : I-Shin Lin Advisor : Chang-Pin Chou

Degree program of Automation and Precision Engineering
College of Engineering
National Chiao Tung University

ABSTRACT

The article was investigatedion the A7050 and A7075 dissimilar
welding and it’s meechanical-properties for post-weld heat treatment
process. In this experiment, tungsten inert gas (TIG) welding
process was utilized.to make weldments with filler metals of
ER5183 and ER5356-and ER5556. The effect of heat treatment of
natural aging (T1), solution treatment(T4), and solution treatment
plus artificial aging(T6) on the weldment were investigated. The
tensile test, microhardness test, and optical microscope were used to
study the mechanical properties and microstructures the effect of
different trace elements on the material mechanical properties and
microstructure is also determined.

After T4 or T6 heat treatment, multiple precipitates were found
in heat affected zone(HAZ) grain and grain boundaries. The
microhardness, ultimate tensile strength, and yield strength of the
heat treated weldment were greatly enhanced by the heat treatment.
The fractured surface of T1 treatment shows dimple appearance
indicating some ductility. In T6 treatment, some region maintain
dimple surface, some region tend to brittleness cracking.
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d F3itend S RFIRE R DA s g a2V s
—%‘k—-‘f-’ﬁv‘t\ﬂ WOOdS:}i,:’-aL—r%”Q m:’gfé_x'fgmlﬁ.“?\’
ﬁ#3*%%@?&%@%%&’%%%?ﬁ%%*ﬁﬁ%
PETRECFIRATERA P L APER LSS K E
Ao o~ B2 842 50 o @ Cheever st i R T R R
B2 BRI FERE CBEAHEERY L F RS G E TR
e F At A 4 oo

Temperature, [
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2.5.3 Cracking

AP L & T BEEMRY IR PH RSB EAS LR ES
A2 REEFRTHHA A0 BN MG BE L ES BT
BRI TN RARHFLES T T A B RARE
Al o A RPEFERERY AFEFER O RLA P 2K
RN U R AN St Rl R I
Ll B F) o

bz d@E ¥ OBodp g2k U g
N w 7N WL W

%

Pl E 2P %R

—

2.6 FEEBREHAN

ﬁ@ﬁ&ﬁﬁﬁﬁi%ugéﬁﬁﬁﬁiﬂﬁﬂﬁﬂ{ﬁ%
RGN S 2B ko R AT 9 56.0% 0 Tk
RFAERY 75Tt s By Wwh2-508] &£ &~ F
PEFIRBEErE E A o AR EY A A B
d 32 d s FA X S Ft L 23045 iEn EREKEFH
BEFE®ES  HERMEF A FLRE - B2-6[9,10]54 ¢ &
PCu 2 Mg A e 5 d Bl 2 P v o5 !
& o H BB SR 4R K 402219 %
H 2% HT7075~2091 80902024 R

A

FE & WA B Mgz & 04
5083 m zCu & %2 z Mg& -
FARE B 2 A AR

%7 Cu % Mg 2 % > Si s e 4
> B2-6[9,10]2 2k & &~ %2 3 5 $H4r 7
m%fgwq‘h’ 351 28 50.5-1.2wt%~Cu 2 & 52.0-4.0 wt% ~
Mg 2z 8 52.0-5.0 wt%o~Mn 7z & 51.5-2.5 wth~7Zn 7z & 3
L0 wthpEFE o H BB SR k3 [27,28] 0 A & Fod v E B
EV O A RTFE A A 2 Ry : :
ZE B R AR NRAADF L v ITY oG
&t M2

IS
o
|

*ﬂ

1

scandium tanium-boron #-i FE 1 A
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Precipitates
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Relative Crack Sensitivity

=3

=]

i T I I T LI L)
Al-Li
(From Cross)

. Al-Si
- (From Singer and Jennings)

Al-Cu
(From Pumphrey
and Lyons)

Al-Mg
(From Dowd)

Al-Mg,Si
(From Jennings, Singer,
and Pumphrey)

1 ] | 1 l ] ]

1 2 3 4 S5 6 7
Percent alloying addition of weld %

Bl 2-6 4 & g8 Hmp e st sixamb 209,10]
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Gt ASREL EPLIINTAFEFY IRk EEsR
A ANy > LR BEERFTHMEA LIPRT B E
Beamrr e misHicn KRR &g eR > B T8 T
ZARFRINFEXFAEAL p 2R E2 PTG ® o bl
Sk £ o~ RA L ‘Bi‘%‘iaﬁb VB e A X BEREE 8 X3 8

B 4

2-7[11]#7 7 -

‘Y
Q)
c,: -

>

S0
s
2
.
-

J
o5

oY
S
Bhede
XN
5N
L 23 )
S\jd's
T
P
‘\‘\.\v
RN
’§v€ 'y
LR

i

GREMAEAREASATATFRSEFIERAR R H TR EHRE TE
7l 2. % % 8 B (Peak Temperature)4% ™ » 4o B 2- 8[11]*r 7+ & ¥
HEERSE BT ERAG > T REI2-8[11]7 B 1-082 &K
o RE o 4-B2-9[11]577 > B @ & &AW 2 AGRT 2 (LY
i RERERROFFHE(TB@mad FRR) 2440
#oF R (F A FRE) -
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t 41 400

4} 1100°F

1335°F,

1 _}iss0%
L

=

2550°F

1850°F(
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Y

HH
T LBLAR Bt @ Ar 2w }

Bl 2-8 didndsdade i L g R AL G [11]

Temperature

Time (sec.)

a
8
B~

Bl 2-9 B8 2 #Eky AR[11]
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2.8 4FL £BEL £ 2P
(1) Znf=Mg

VP E A AT T

ﬂﬁﬁ“ﬁ*%%H\Mggﬁﬁ
B4 o R G H A R ARG P T .

(2) Cu

% 5% & Al-Zn-Mg-Cugs £ & d 3 Cushik % 7 4t & GP Zone:
% g o &G 24 GP Zonedk L o (MgZn,) 4p 2 e 2 g
2 AETM . FLRBL A EaaE G o B MR R R Z
Wehide b o w FCUg B MR B M Ko A2 4 # 5 o BB
g FICu § £ B 4@ § 97 K o

(3) Cr~Zr~ Mn~ Ti~ Si

ﬁnmxﬂggfa;,&ﬂ BArab B2 % 5 e Mn s T
Gtk 4 F BEA R E S A MIALGHT IS i 4 CrT 4
%*@%ﬁ’&ﬂ*wf@&i*'a?%@ﬁw%@ﬁ’%%
Frdl S d R & o RAERE P E A A K LA A AT AlZr Fr gl

-E “"':,I: HBH °
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229 TIG &&#& RZLZ2 X §{

EE

1.

TIGR 2

"% T®2 & 5 TR REFH RALETBREFHT AL T

’

AP R RAGE oAl Tl BEFALS S

F o =H i3 F T né (heliarc welding) & § F 4

y v 4 S

(heliwelding) » # % § x5 & # * f£ 5 & # ¥ 94 (argon arc
welding) > " B £ 2 ¥ » & 2L £ T &
(non-consuming) 2 ¥ % 44 #& % 5% 4% (tungsten inert gas
welding, TIG) = &_§ %844 #%& 7 5% 4% (gas tungsten arc welding,
GTAW) » — & i3 4 5 & & [ 12} 4o ®2-10. [13] #r7x o

B & ™ ™

fungsten electrode

Shielding

gas Contact tube

Filler Cable 1

Shielding

Metal
droplet

Base metal Weld pool

B 2-10 TIG =+ R ®B[13]

FRGEERTDABREPF VUG ARG 2R R R B E
AN EE LG 0 3 AABRY 2 I HEFAEF YT
REFWMEL FREFH - Y (L )T H > LH A T RE

PR LG R R L T o BRI o R R

BARFAATA S FEREFHERFI ELEEC TR o F
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—

RN R TS S
A E e hd NETIEE T EE PGB
FERARPR® S BT AP FE TREIBES
PR R A BB AN RO BREEBORT[14] -

2. TIGe3K &

BT 4R DRSS R G HEB I R
épé‘t%.:‘ﬁ%'gé\ o 4 Bl 2- 11 [131,4,1_7? .

)
-4
bt
e
e

Flow Regulator
meter
\\151](:j‘( IF%'
Welding / \
4direction &
Torch 3
iy o
Cable 1 B
Filler rod =
Power fno
S : Cable_2\ sgurcel
\—~ Workpiece

Bl 2-11 # B4 T W 88K [13]

3. TIGE &k % 2 R /n#FMET A 3 Ent 21 ( direct

% & (direct
current electrode negative > DCEN) %2 2/t % #& (alternate
current » AC) A 3% » 4c B 2- 12 [15]%7 7% o 11T B4 W] dcif 2 ¢

current electrode positive » DCEP)~ & /& § &
£ @
w
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SMALL LARGE
TUNGSTEN TUNGSTEN
ELECTRODE ELECTRODE

WELDING — | | cATHODE + WELDING
POWER POWER
SOURCE SOURCE
DC elzctrode DC electrode AC
nagative posuve
[ Fy ®e
(R / \ = 6
ELECTRONS IONS ELECTRONS | | 1ons \//
(- FLOW | |(+) FLOW ) FLOW | | (+) FLow | W + | | l | |
]
l | T . |

| || | | rf I s'?ellowlweld . intermadiate
7 . no su ace c ean\nq surface cleaning
% @) (b) (©

— |+ ANODE - CATHODE [ —

CURRENT FLOW CURRENT FLOW
(CONVENTIONAL) (CONVENTIONAL)
DEEP PENETRATION SHALLOW PENETRATION
NARROW MELTED AREA WIDE MELTED AREA
(MAXIMUM HEAT IN BASE METAL) (BASE METAL CLEANING)
(a) DCEN (STRAIGHT (b) DCEP (REVERSE
POLARITY) POLARITY)

B 2-12 TIG T 3%4mq 2 v & [15H]
1. 2+ %4 (Direct Current Electrode Positive » DCEP)

BEBEREETRAIE A HETREIE J2F F00d 2 H
W w4 e #;?%sﬁ Ll B e & RS BV ,fsfjja 0% s & & ¢
A2 WwHEE R EY v A e Fi REEY A2 NEEBE
BB ESC e P DA F KL CWLERRTFIERY 2
LA o d A AL 2 BFRS F AL 2 BB IFR
DRI R AR TRE LR R o 2t F TR
T A F I s HR o R FATREEAGE S £ A 2§
A gL FIRBEAME (HIBBPEHELI G DF L5
v wB2EF TR AEERZ G P o

2. 2o p 4 (Direct Current Electrode Negative » DCEN)

MEBBERETIRLEB *HEBETRIE T 30D
Foowe A H g T0%EE B AR %a‘i » 0% HFE B PO
B8  FlihEBELHRES  RBRARM ZEBTVRY o
Moed WHREE? AL N AR TN BERFURRFEEF
O R E DR g o M REEHA BTG T
ke éfzwwz—wé—aﬂ MHsgFH wrHELEELR FF
R Y48k » 3% 4R L AR
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3. 2%t (Alternate Current > AC)

L RTIGE#Z L 23 EnTtel 2 2 i TIGH = 2 &
B FUGTZRBREGEFRT I RE P HEEEBEAD
2 A EE50% HBEREERAMNANINTEDEZ ST E
fari22 B PR ZEAE3 7 EEHEA e F 208" o S 4R
Aﬁﬁﬁiﬁﬁﬁﬁﬁﬁvﬁﬁ%éo

SaEpd R 1/1204 7 ﬁfi?— XTI A F
60=c %mé R D R B IR R
¥RE T & (3000~8000V) s%yﬁ(&&i%OHz)iag?%%Paﬁ
R %4Miﬁ%z¢%vn¢¥r Uaa & f 4ro % 2-2[16]
RAFEET NI BN A RE A g SRS R

2 2-24 L 43 e EOnEARE INE S E B R[16]
9 2 T TN 2 i T e (AC)
(DCEN) (DCEP)
T3 P e e pLa 24 o a1 EEE R
1. =+ e v 45 & 3O
T0% & ¢ *t 2 T0% & © v 4 50% & ¢ 1
2. TANBE L | P 30% &7 (R 30%& ¢ e | B 50%% ¢
N # & 1@ & 1=
T XA R #DCEP #
3. & AR % » #®DCEN &
moE
o fm fe PR
4. s # <
P 4 f& ** DCEN VR
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5. & & ¥ (2-50. 8mm/sec (2-12. Tmm/sec
) )
a?‘f??,ﬁ;AC i3t £ 4R r‘asﬁz%?

6. FdfH | L ENBE

VAR 3 4% & (Machine
Welding)

T T LR R K

7. R RTR BRI T
(5 3 TR (H

8. =+ R L R 2.4-3.2m/m) (5 3.2m/m)

4; 8+6. 4m/m)
It &= iE i

9. FF T
0.4m/m r2 %k ~1.3m/m I.Om/m m *

10. i & ¥ &
¢ Jf & 3R &R R R ER ALih i B F L

11, 4= SN S IEECE S SCr e S T
6 ® R p B ¢ ® E R p B
% %

% # % # 3 &

12, 2 & 5 48

&
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R IEF o oA TARSEER L RS A BB TSR
Btk HFA2 VN ITREFAEBIEZF A2 HERIT R
Brgo B2 ARREMBTIVELBTF AN H L BF A

LT P ERER N DRSS

BEMFENHES CERTF P ED
-
L9

3
B s RFERFA4 T La BRT e ¥ 44 25 (arc)e - &
Mmoo fEEYETEEZHETIE P T ERMNENSERZE2 I E
PREGEZZAEIED TR ESE B FRT ED2000~5000
Cr2d 3 FAE2E 4 RKEFRILANUPG L FERF 2
IT* o

B2-13 [17]5 T e84 42 g RE > F2- 13 (a)[17]
BOEERIER P o W BT (& E)

%;»
i
i
(il

(a)ks 18 2, (b) 5 4% X,
Bl 2-13 R " & A~ R[1T]
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- FHEBETABE LA S TR

ﬁJ@ﬁ%%z%ﬁi&?A;@ﬁa
(cathodezone) 74 % (arc column zone) % I #%& % (anode zone)
33*€“>’¥%ﬁ€$#ﬂiﬁﬁ%1

_—

o
!
)
r\)
[EEN
N
=
oo
| B—

e R o d BT

TUNGSTEN
ELECTRODE
CATHODE
(=POLE) CATHODE
DROP

l

ARC
COLUMN
. B
ANODE | }‘_ f
(+ POLE) | CATHODE DROP it
~ELToRGET | o
: _-— PLASMA
| DROP
! P
: VOLTS
Bl 2-14 H § 4185 558 2 T8 B4 § R % i 12 (18]

1. K& %
P RBOFRL10-10en 2 o d NKEERZF TR

Bk A 0 Tl g A - W e BRE S A SE R
& 't (cathode drop) -
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2. LN

L EBEAVERFEBRRBRF LR o - LA ST R E R (arc
length) # # ﬁ*ufx“—\#g A E R ood WA K2 F TS
AR 0 FI A - BRI ST R ML TR
(plasma drop) -

3. B&w®

-

L RBESEROL10°~10'n =+ o d BB ERLF T
P+ E 2By s kR FpL A8 - e RE
5 BB % (anode drop) . H B R A & 4o B 2- 15 [18]#F 7 o

THREAEREI EFOTREEHFE IR AT R (arcvoltage) o

HeH THRTRITIERERS ST % R Z %ﬁ@“iﬁaﬁ@
*@%oﬁﬁ—ﬁm{ %mﬁ GiE R s TRMAKE ~ T O
2 §ow s
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() TUNGSTEN
_ELECTRODE

|~

e
~—7
%
4
- ; TEMPERATURE ABOUT
e 4 4400°F (2500°C)
-) %
TEMPERATURE ABOUT

l«x—" 4900°F (2700°C)

TEMPERATURE ABOUT

l

‘ c;xgxgpos 5000°F (2750°C)
) TUNGSTEN MELTING
ARC 6200°F (3400°C)
COLUMN
! CENTRAL PLASMA
ARC ' TEMPERATURE
LENGTH Y ABOUT 11,000°F (6100°C)
P P eny P
K ANODE SPOT
ANODE
I DROP \

1 _—

Bl.2- 15 % 5% 8 & ~ B [18]

4. WEF 1

FEF WP R ARG ZH[19] ()R ERERE B
RE T F R 2R h e a RS T (2 )8R
MBI anEEIAL LR BEd FRHBEINFEE LG 0 R
v B o R R H T o

GFZ AR E BT hiRE G M A& 5 g (AD)F >~ 4 (He)
FEECFREFEAFEEFTAe42-3 [16]957 -

7\

-

% 2-3 A F M2 R E[16]

R & (AT # 3 (He) #
R+ 2 39. 944 4.002
8 (C) -185. 8 -268.9
THT RN 15.69 24.46
% & (g/1) 1.633 0.166
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TR # (Cal/g/C) |0.125 1.25
£ @ % % % (Cal/cn/ | 0.406x10" 3.32x10"
C/sec)
3§ ¢ s R (vol%) |0.9325 0.0005

FUADF A5 ¥ i Fae 4 (He)f % bR hdF &
”ﬁ%%ké%?ﬂHﬁ¥&&J?@%%ﬁﬁﬁwuﬁQ%£a%
B0 FF 4 G REALBPERT AR RE S F T

5. TIGE: 4% 7 & #ic i 12

TIG# s 5 dci & 5 Ry R ROV~ & 422 & (S) ~ #
*EF(QE > T A B B

1.?ﬁ(D:?ﬁ@%%ﬁ?%@%@4u£%ﬁ%§@$,
ﬂt“ﬁ«"/‘i\‘gﬁ"ﬁﬁf )lf ’

P
PRERG S RY B3 E B4z

2. TR 2 RBLHELEFH TR LE 2T EYS WA
E I N SNSRI S
B TR E D LR o

3. fgti%ﬂff'}i(S) {[&#&1?}%4:}#,%&3 F] R P A 4R i

CEBREAR AR BRERF HR o G Eag

,gn\aﬁﬁi#@ﬁ}iﬁéfﬁ’ g E Xy shr T B R
T I i 3 0 Fa(undercut) 2 A ¥ (crack) ©

4, B r 2 (Q R SEREAT  HH AR LRGBS E

ﬁa

@%snkﬁ?ﬁ\?@ BlRd Rz S s > FE
EAp kL B~ B cEd G RITRE G S SRS R

BT g o

%Hi%]%;ii(KJ/cm) = g£EFT (D) x anaT B /&3 R
(em/min)x 60 x 1/ 1000
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6. TIGA: 4% chif4 216, 19, 20]

R
I 8RR 25032 &5 3R -

2. RFBEZERE FOBLEFERER

3.%ﬁ;bfﬂﬁ%’%im%?h$%£?@éﬁﬁﬁﬁ
B2 4mErdE F il ndhgRisaRyEE &
IR = =M NI

4. 2z B & > magsR i o Vp E g TG e o
il

5., Vi W R FGER Bk o
6. @ SR LI EEIF L AodE s £ 3 7 Ao
T. "&EEANLOERHMN e 2 AL BERE -

8.%ﬁ»ﬁ&ﬂﬁ%,?zfﬂﬁ%’%ﬁﬁﬁiﬁﬁﬁw

. 2 25 FR & &3 -
2. BRERALSHFEIR O H LG ZBRFFEY BT oo
3. F*FEEFE A2 5nmY T R oo

&3

4. ;ﬁﬁ%ihfﬁ%’ijﬁﬁﬁo
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u
‘ ’g-%:ymwlﬁwéﬁﬁwﬁ’fF@ R S ]

[

SRR TE&REETHR S REE SR
& -

mmqwm

4 #%5 (Arc Blow: f“ﬁiﬁ5ﬁl) oFe oo
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3.2 R E

% TIG § 44 » 4 & u & * ER5183 & ER5356 &
ER5556 > # £ 150mm~ & 75mm~ & & 3mm T 47 48 & £ ATOT5 %
AT050 i 7 B 4248 - BH 2 & £ d 23404 3-1 %7 o

2 3-1AHERE LSS~ F L (Wth)

R RE Si Fe Cu Mn Mg Cr Zn Ti Zi Al
47050 .12 0~0,15 | 2026 0,1 1.9-256 <004 5.7~6.7 <006 [008~0.15 Bal
AT075 0.4 0.5 1.2-20 0,1 2.1-59 |0.18~0.28] 5.1-6.1 _ Bal
ERS183 <025 <040 <010 [0.05~0.20]4.50~5.50|0.05~0.20] <010 |0.06~0.20 _ Bal
ERS356 <0.40 <040 <010 | 0.5~1.00 [4.30-5.20[005-0.20]  <0.25 <015 _ Bal
ERS556 <25 <040 <010 | 0.6~1.00 |4.70~5.50(0.05~-0.20] <020 |0.05+0.20 _ Bal

FMRFRAEEESRPFPFAF LA LR MEd EEFVET
" 3 S0 ks 5 0 dEen
DR e 2 F 4R 97
UM F B Rk & T
‘i%ﬁﬁoﬁﬁﬁﬁﬁ%
N LI R

(s 4% 12 r“}v’? °
3.4 &EBRGB

7o gt KUKA 8 % £ B pe & DATHAN-AVP-500 = ~2 /& &
“Mwﬁﬁ%’ﬁﬁﬁf”iﬁ A RETHLEFRIT

BREmRLEAE TR FRFL BRI TRy
BEA S ABREEP B RBEPd S FE PR L LD
A HERE S Ao B 3-2 F o FH MRS T R RAcR 3-3 ot
c B R B Ao B 3-4 AT
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Bl 3-3 ¥4 7 & F
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3.5 £ @PF=%

Bk L2 F oty B P-4k 0 ik ASTM E8 2 £+ W e 4= 4l
Ty o PR RRIR 3-6 977 o W E PR
Ao B 3-5 o o A %k @ * MTS 810 Material Test System #
PR B Ip 412 B oW B Bl 3-7 T o W K
0.05mm/min e @37 % F XX HmE B 2 #he ¥ & 3 INSTRON
2620-525 - H AR E R 5 204bmm 2 £ R K E > P AR K IF
P de B 3-8 om0 ¥ 02T F B A AR - BRY R
HE KR o

U EHEFEET Y B AT (PO M TR 2D ko d
M RERT EFLERESEE 2 mAAP 5 AR (UTS) ~ " &3 (YS) »
¥ £ & (elongation) % J& # — R ¥ v R o

Metallographic and
micro hardness

Base metal Tensile test

Il

10
~ N\ | |

B 3-6 £ ¥ F 5 = 4 %% (HE > mm)
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B 3-7  WezE % MTS810 Material Test System

B 3-8 3 ¢ g 2
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3.6 A R F%

AT R EE&EH REPE o Y Matsuzawa MHT-1 A B #
BBl 3-9 rom o ¥ ik ASTM E384 RF L2 F &k #F&RF L
220 nE RELNERERFLZI0 #7482 2RI 8 5 IEHEE 2 L
BT olmm e FF BER R 0.5mm B - AR BRI Y S
el b 12.5mm FRIPMEEEE CRPEREZAH

AR A B XD D0k R B0 2 FEES lomo & B H
T2 E > 4B 3-10 *r7 2 up M % botton = WEH B E A o P D
2 A B B #H ﬁg@iq\iﬁzﬂ)ﬁ@' R fRT LR B E R T
B AZHRBEELR o FEBHEANAR 3-10 rF o

B 3-9 Matsuzawa MHT-1 #cA B F =k #%

— — v
lmm +
—_————— a0 — 11
\ ¥ t 1m
—a— Cﬁ) —i—c—-—-T—thtDH

i
-+ |+ 0.5m

Bl 3-10 # R £ R =% 7 X B
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3.7 MMERRREE A i

BRUPLIHBYE S R e % BB TR %R B
WAo B 3-5 #r7 o BHBREN o 1% FHg s 4 B 3-11 4
& o % % g s MATASERV2000 » 4 B 3- 12 57 > pe & 3M & &
)R kB d BLEc#120 ~ 240 ~ #400 ~ #600 ~ #800 ~ #1200 -
#1500 # B % #2000 5. > & d #&k 4 JEAN WIRIZ PHOENIX » 4- B
3-13 #7oF > e F it 4Ed AL203 ek o d FEk lum $ek 3 0.3
ume ¥ 2 Keller's & 4% (2ml HF +3ml HC1 +5m1 HNO3 +190m1
H20) » &4 4 50 fidh o 4 2 % 15 1L F ok ~ i F kR i 0 h
{8 10k B kg pcdt ZEISS Axioskop 40 p B #E R > 4o B 3- 14 #r7
FORED R A EHREEERL FE by 2 AR R
B 4c T B 3- 15 #ro o

5»’";:4’\
J5% B
=)
RESIN
| €3
ol T J) 2‘;’ s ,’é
1 o )
SR ILA B
(a) (d)
B 3- 11
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B 3-13 ¥k # Jean Wiriz PHOENIX
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3.8 #H AT+ HALCEMRR

R S R W R R BRI B T U R R YA B
ﬂ%%’i%éﬁ?°%ﬁ11$¥UW%%%*£@i’ié
Y Y A4 H EF % Hitachi S-4800 % A ¢ F &
#c4% (Scanning Electron Microscope, SEM) - 4-® 3- 16 > @&

BH BT P AP H BLET2 X F] o

Bl 3- 16 #F 4 3* © + B ik &
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Frd FHRLEEFZEH

4.1 £ ® R & 47

d & 4-1 v @ %Eﬂﬁ Mt E R TERRFTZ UL R
B (UTS) ~ ' %35 & (YS)fe ® £ F (EL) « v s T1 p R pFrcle
(507551T1 ~ 507553T1 ~ 5075556T1) 2 T4 H % /3@ 2 (507551T4 ~
507553T4 ~ 507555T4) » w B B & T4 @ » UTS & 2 4 40~140
MPa - YS # = % 40~100 MPa > & T6 3@ {s - 22 T1 4r T4 4p +* $&
T o TS * £ &2 5 50~100MPa > ¥YS*x £ #% = ¥ 50~100 MPa » %
G RCR- R A A S ) Tl AR S R R L
ER5356 4% i+ 2. UTS»YS % EL 5 i T6 H /3 k?@+4 1 Py H_ 4
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