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Effect of the Microalloying Elements on the Aluminum alloys for Conductor

In Su Wang

Department of Materials Processing Engineering, The Graduate

School, Pukyoung National University

Abstract

The need of electrical power was increased just 10% annually because of
high density of population and elevation of life level and development of
industry. So capacity enlargement of overhead conductor was needed.
“ STACIR(Super Thermal-Resistant Aluminum-.alloy Conductors, Invar
Reinforced)” is the best method for capacity enlargement of overhead
conductor. Electric transmission of STACIR includes “Heat treatment”
account for 30% of total cests. The purpose of this study is to develop
“NHTSTAI(Non Heat Treatment Super Thermal resistant Aluminum alloy)”.
The influence of hydrofluoric acid etchants on the microstructural
characteristics were observed by using OM, TEM and EPMA. The
influence of Se¢, Zr. and MM additions were observed by tensile strength,
conductivity “and heat resistant rate. When Zr or Sc add to EC Al
Conductivity was decreased. Best ' “ NHTSTAL> ‘alloy was “EC Al-
0.01wt%Zr-0.01wt%Sc-0.0Iwt%MM=0.001wt%Y" . Properties of this alloy
were tensile strength 16.9kgf/mm2, conduectivity 60.1%, heat resistant rate
92.2%.
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Fig. 1.1.1 Section of Overhead Transmission Conductor.

A7 &% TS s Add HdE Al v =A==
150 TCollA <d&FAFEe] 7bss =-E 58%w TAl (Thermal-
resistant Aluminum-alloy)™} 210 CollA AZLAlg-o] 71538 =0
60%°]7%1 STAI(Super Thermal-resistant Aluminum-alloy)®] 1t}
STAl & WE4 FFPdrh2ZA 0.25~0.3 wteno] " Zr & H7bshd,
azol A ARy dAgste] FA~FH am A7]e] HAIRE AlZr
TGS AL 71A Wl ddstA ASAIA AR AA YA
olFg AAFoEZHA FL HWEEAAS Bt Unh Zr o AP
16 nm = Al ¢ 14.3 nm <l B&] s I3, g4 &3 1§ o},

& S HEANZ Y E 450C el 48 Azt
olide] A EA &7t gt webA STAL 2 oy =] thae Y
AFelgt & F vk STAl =& A& STACIR Ade] A
table 1.1.1 o4 AAgE A3 o] FAqfAe ACSR(ACSR
Aluminum Stranded Conductors Steel Reinforced) 3} vlw g uf,
Aol F oW ke A8 Frtolvh. STAL Az A, H7FdA
AME Haistetal, AMEd I8 A% dAgTHol A=fd
HldA ey STAl & /sl S 5402 vy, dAgeAol
Ao Qlete] Alxa &9 F7He tlEo] A7 oF 30%%8 =
stetd Aolgk diddn. & dAFoAE IdAHE THS AL
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table 1.1.1 Allowable current of capacity comparison of ACSR and

STAIR .
| Continuous category | allowable current of
type standards(mm) . )
temperature (C) capacity (A)
ACSR 410 90 800
STAIR 410 210 1,675
e
Melting

—~F‘"“"“°9 e

Agitater
Segregation Holding
of alloying
elements Furnace
| Wie Fod
AlsZr
‘ i Dﬁipitgrgi,nn
Heat Treatment Coller

u Maold Wheel
(Water Cooled)

8-

450°C x 48hr

Production cost 30%

Rolling Mill

Fig. 1.1.2 Schematic illustration of non—heat treatment STAI alloy

production process.
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2o bE day R 14 & EAS =%

Ag + AR™S HARAIIH, dAZldEEc] F2 g&o|th
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lMir%%ﬂHSPAXUP'ﬂﬂﬂE
wt%he H7Iwow AAHALEE 285

TS fﬂﬂr Fig. 1.2.5 & Al-Y 2974 LEHE-g— el

e o oyn

Fe & Al &5 WdA ZA=E T7H7I& 92 3tod I %5
0.1~0.5 wtez ‘AT, 2 oF=EE= HI @%%ﬂ(n,w%
Holl 0.5 wt%s Z3shd

1&% = T ATt doAA Ee W
F3} Aol FAdr] witelth Al-
Fe Al FANESolH AlFe 9 &§2%7F 1147 Cola &AASF7)
130 MPa = Al o H]a} 2 uj ool Hr} Al 7]1A Wl Fe ¢ Huj
AE3EE 0.04 wtwelth Fig. 1.2.6 & Al-Fe 2 974 AH==
LR
MM (Misch MetaD< 50%¢] Ce, 25%¢] La, 15%¢] Nd, 10%2]
Z1eh BERF H&53 HZ o gAEH e Al A FxRzHd

AgsHEnt oiyey, HE Ao AodE i AHE HoXx
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STACIR®\ &8t B T2 E4= &z stk £ /A7
A7 ek AAEE ddstA FAA 7P %’46‘}04, LS S/ dd
= oFAth H7RSE & 3ol wel ZF dAEol Al 71A el #XEst
= AH 2 AEEY A4S Sofrar 7hFd wE u| Az e st
£ %olH 12 EPMA (Electron Probe X=Ray Micro Analyzer), OM
(Optical Microscope), TEM (Transmission electron microscope) i
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Fig. 1.2.1 Mechanism of high heat resistant.
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Fig. 1.2.2"Phase diagram of Al-Zr alloy. system.
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Fig. 1.2.3 Phase diagram of Al-Ag alloy system.
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Fig. 1.2.4-Phase diagram of Al-Sc alloy. system.
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Fig. 1.2.5 Phase diagram of Al-Y alloy system.
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2. AHy

u] A 224 -& & 74 (Optical Microscope, Leica, Germany, DM
IRM DC360)e.= #&siglon, spetxda HE7do] vASA =
Az v E41 7] (Electron Probe X-Ray Micro Analyze, SHIMADZU,
Japan, S-2400)2 EAsgown  FHAHxEv] A (Transmission
Electron Microscope, JEOL, Japan, JEM-2010)°l| 4] &2 5} t}.
nAz2 BEs s AEHES ASEAAETE ol &ste] At A
AR 77 ANEEE Bxst EYdaHE AR dinegs §
SiICHAPA (#200~#2000) %  ¢Aw}slar  tho|olE =3 o] ~E (sturers,
Denmark, DP-Paste 1/4/m)E A}&3Fo] Anlsioih, Avfsk A|gH S
B2 H(100me H:0, 0.5m40%HF) .2 FH-S 20%3t H*Alﬁ st
Gl ]ﬁ(OM)Oi wzhslaL, ﬂﬁLZHJ’} AEae) mlA R
3

Y3}
=

2 4
ox 1
Ll
X,
N

Asael s ARSI

A7) 5 o] g3t Hehstal
AHE 2o AFHES Cu platedl] hot plates A&t A& =9
2 2 ISiICARA] (#200~#2000)=  1ufs}al tho]olE Ego] ~EE
AHE-ste] Ankellth. Hot plates AR8ske A& =4 AgHE Cu

55! <
platec] ] ¥el ¥, A dutyl FHe] X9 BHIEFH ¥ 3o}l
FHS SiCArHA = AgdAe) FAE 70m~100m= o) 7t An}
kol thojolE EF o] AEE AF8-3le] Anlst - hot plates AF-&-3H¢]
Cu plateoll A Zefsko] AEZ vk F2]4(80n¢ ethnol, 20m¢ HF) o=
Jet polishing(Twin-Jet electro=polisher; USA, Fischione Instruments
INC, Model 110)3}] TJMXWUW(TEM)OE =483
Sc, Zr, MM9] 7t g =183 A%, Hdds 543

.
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Fig. 3.1.1 Microstructures on manufacturing process.
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3.2 MAzY B2

3.2.1 A= wE vAlz2 ¥s}

Wikt 2 Gzktde] wE wAxz WiE ##Zsr] 9§ EC
grade & Z7Ao| w} Aste] A x2S B2} table 3.2.1 &

[e)
BAZAS YeyH, table 3.2.2 = EC Al grade ¢ 33txAS
ekt Fig. 3.2.1 & EC grade ¢ FxAH % G7ita A e o
v Z2S e, Fig. 3.2.2 EC Grade 9 FxA4H 9
WA G o] wA =4S YERATE
table 3.2.1 Etchants and etching conditions.
Etchants Etching time Remarks
ol.ﬁﬂn;fr 20sec. Observation of micro stucture
table 3.2.2"'Chemical compositions of EC Al grade.
Al Si Fe Ni zn Ti v Ga B Na
99.84 | 0.04 | 0.11 | 0.006 | 0.001 | <0.001 | 0.001 | 0.015 | 0.006 | 0.002
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{a) EC grade (As—cast) (b) EC arade (Hot rolling1)
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(a) EC grade {As-cast) (b} EC grade (cold rolling)

Fig. 3.2.2 Microstructures of EC grade.(As—cast and cold rolling)

Fig. 3.2.2 oA BiE A o] FxA9 A9 AW3 A4HAS
#Z Tpseh, %ﬂ“%ﬂ§P 35 AAHAL 1A UERR
ggom FE4e] =
A717F v A}

Fig. 3.2.1 ¥ Fig. 3. of| A1
s ARRA AEEA Y
z4etm, | 42l 4717 wAsy
Upehd | d7bgtelsl wzkgkel o
278 5 \glone JeEdol
y7hekel & D
Aass 7
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3.2.2 FFda B vA =232 W)
UL E N RANSE B8] 95, table 3.2.3 ol A
Z Z

2ol BC grade o 717te] @§3€28 A7kete} daelad)
ZAS A table 3.2.3 & FERAe w

table 3.2.3 Chemical compositions of specimens.

Component Type
A0 Twt, % Fe 005wt % 270,05t %S c0.07wt, %Y 0.0 1wt % MM
ALDATwa Y Fe D.05wA. %ol r 0. 1wl %S c 0.0 1wt % Y.0 D Twt. BAM
AL Twet, % Fe D0 Twt, W2 r-0.05wt, 5% 5 0.0 Twt. %6 Y-0.0Twt, M
ALD 11wt % Fed). Tevt. S Z v twt, BSo0.00wat. %Y 0.0 1wt MM Casting
ALDTIwt SFe 001wt % Zr.0.00Twt. % Sc0.0 Twit, % Y- 0005wt % MM
Al wt. % Fe 007wt % Zr-0.00 1wt % Sc-0.0 Twt, % Y-0.0 Twt 500
AlD A v S Fe 001wt % Zr.0.00 Twit. 5 Se0.00 1wt %Y .-0.02w1 % MM

ALDA Twit % Fe-0.05wt. % 7 r-0.05wt. 7S c-0.07wt, %Y 0.0 Twt. % M

A0 1wt % Fe 005w, SZr 0. 1wt Se 00wt % Y00 Twt. %M I

ALD At % Fe b Iwt. % 2 r-0.05wt. 5 S e 0.0 Twt. % Y000 1wt MM

ALD A wet, % Fe A0 Tt 52 r-0. 1w, %S c L0 wet. B0 0.0 Twet, %M

ALD A wt. % Fe 005wt %Sc
A0 11wt %W Fe 02wt %Sc
ALD A 1wt % Fe 005wt BZr 001wt %5c
ALD 1wt % Fed.05wt. B lrd0.03wt. %5c Rolling
P A10.1 1wt % Fe 0005wt % 2 r 0 00wt. %S c0.02wt. % Ag
ALDA WS Fed 05wt % Z r 0.0 1wt %S c.0.01we. % Y00 1w, % M
A0 ATt % Fe -0, 0wt % 2 r-0.07wt. % 5c 0.0 'EM.%Y-U.IHM.'.&M-II'I

AlD A v, B Fe Du05wt. BZ r0.00 vt %8 c 007wt %Y D0 twt. e MIR.0.0 vt % fig
ALDATw T Fe-0.05w 1, %2 r 00w %S o 0.0 Twit. %Y 0.0 Twt, % MM.0.05wi % Ag
ALD A wat. % Fe vt B2 r-0.07wt. %S 0.0 1wt % Y0 09wt BR800 1wt i Ag
Al S Fe 0wt S Zr.0.07wit. %S 0.0 1wt %Y. 0.0 Twi. M M.0.0 5wt Ag

T |IO|Tmm|e|(a|o|=

o Z|IE|F|FE|=

Z|l=s|=-|wn|=3a|lDo

_17_



{a) Micro-structure of A

(b) Micro-structure of H

Fig. 3.2.3 Microstructures of aluminum alloy.(As—cast and rolled)

Fig. 3.2.3 & AlH A ¢ H 9 wAz#A Aot F2A(A)e] 45
Avge A YA} + 5 Py AEAo]  dEEH
dAATe A | =—h K weks uhel

A2 g0] W
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(a) Micro-structure of A (b) Micro-structure of B

Fig. 3.2.4 Microstructures with scandium additions.

Fig. 3.2.4 = Sc A7l w2 nxz2z WMssS Jebdt, Sc et
0.05%°14 0.1%% S}o :
Yol B¥x3tel A=

Fig. 3.2.5 Microstructures with zirconium additions.

Fig. 3.25 ¥ Zr 7l W& vANxz=x"S yepdoh Zr $hekol
0.05%NA 0.1%= S7Fge wet d-dde] a717F S7ksta 24 €A
Yol EX3le HE=Ao] AAHA N Exs= o] daw
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{a) Micro-structure of O (b) Micro-structure of P

Fig. 3.2.6 Microstructures with silver additions.
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(@) Micro-structure of E {b) Micro-structure of F
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3.3 EPMA #4](Electron Probe X-Ray Micro Analyzer)

7p7he] e vAl 2 EE obiy] fl8] EPMA w4
2 9t} Fig. 3.3.1 & AJH D ¢ EPMA ZAo]H, Fig. 3.3.2 + A|HA
H ] EPMA Zi}o|t},

Fig. 3.3.1 EPMA results of sample D.
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Fig. 3.3.2 EPMA results sample H.
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3.4 TEM 4] (Transmission electron microscope)

Al FaollA Fadie] bE
dAviatel TEM #2& a3t
UehE, Fig. 3.4.1 & 7tz

UER M, Fig. 3.4.2 Al:Sc A&

A13Fe

3
o ejo 1A

1 & AE Z84
=39 dHe &4
2. Fig 3.

AlzM (Sc, Y. Fe) A&742] dH o #AANE HoFu

Table 3.4.1 Etchants and etching type.

Etchants Etching type
80ml ethinol
20ml A0%HE Electrolvtic polishing
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3.4.1 A7k 2ol 93 54 W3}

A. Alumium base

bEdAdE EAY] dAREA ARSEE ingot & &3] 99.8%Al
o]2¢]  virgin ingot ¥} virgin ingot ° A% B
EC(Electrical Conduct) ingot &% uy¥t. B & H7lstd
Wt A7IAE=E A AdA7I= Ti, V, Mn s ®ES
Boride & @743ste] olg ol o3 dAALS 537389
Agon wie] AdHon WNAEEY A% WASL Az
F2 Al Al €93} Boride o] HlF Aol o8] A, Eeld)

B. Iron
e Al FFWIN B FAE G e Ao FaPol
54

0.1wt% o)8lollAE =83 Fx7 do

a2 TS 0.1~0.5wt%R A dTh Al-
Al;Fe 9 S§L2x7} 1147Cola A A7F 130MPa 2 Al © n]s)
2w olieltt. Al W Fe ¢ o &=t
E45 TEM o= Elg Ad (ASHe] F42 a4y #4e=
el w38 Ay 3oz 9 0.8~1 meldew, FAS a1xt
< 0.2~04 molArt. olgldt A& TEM #E¥ EPMA 4]
A

o
(@)
=
=

0
S
e
=
>
w

S
@
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] i e T
ull Scale 3856 cks Cursor: 7618 ke (16 cls)

Element Peak Area k Abs Weight% |- Weight® | Atomic%
Area Sigma factor Corrn, Sigma
ALK 57530 384 1.044 1.000 78.79 0.27 B8.59
CrE 206 4z 1.100 1.000 0.30 0.06 0.17
Fe K 12182 181 1,170 1.000 18.70 0.25 10.16
MiK 233 41 1.245 1.000 0.38 0.07 0.20
CuK 1024 65 1,366 1,000 1.84 011 D.88
Totals 100,00
Fig. 3.4.1(a) AlgFe precipitate.
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ull Scale 3656 cis Cursof TE16 ke (1 cls)

ke

Element Peal Area k Abs Weight? | Weight% | Atomic%
Area Sigma factor Corrn. Sigma

ALK 19292 221 1.044 1.000 | 89.93 047 95.04

ScK 197 29 1.013 1.000 0,89 0.13 0.66

FeK 1201 60 1.170 1.000 G.28 0.30 3.20

Ni K a7 19 1.245 1.000 0.48 0.10 0.24

CuK 229 28 1.366 1.000 1.40 0.17 0.63

YE 93 29 2.467 1.000 1.03 0.32 0.33

Totals 100.00

Fig. 3.4.1 (b) Al;Fe precipitate.
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Element Peak fArea k fib= WeighT WeightT Atomic 4
Ares Sigma | factor Zarmn, Sigma i
ALK 45438 | 333 1044 1.000 92,15 DeEe 36,43 |
Fe K 2419 a9 1170 1.000 B.41 0.19 323 I
CukK E43 45 L 366 1.000 144 0AZ 0G4
| Tatals 100,00

Fig. 3.4.1 (¢) AlsFe precipitate.
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' ' Energy
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Fig. 3.4.1(d) AlsFe precipitate.
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WOO1kAM —

2000m 1 Onim
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Fig. 3.4.1 (f) AlsFe precipitate.
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Fig. 3.4.1 (g) AlsFe precipitate.

_32_



Fig. 3.4.1 (a)¢} Fig. 3.4.1 (0)ollA R+ A o] AlsFe A&730]
TFAo R Jeu 1 H7]= 0.2 m~0.4 m=z B4 Al,Fe Al &4k
Hls] zkom Fig. 3.4.1 (b), (D)} (O, (g)olA HE= Ay o] AlsFe

Fig. 3.4.1 (e)& Al A oA #Zd Fe WAo=, &4
ofFol A X ol AlFe 7} 9d& olFH AHEH IHE AT
ojelel = W2 Fe WHES #FT 5 UUE
ofe] eje] v Aol wF 2
AMEo] FFHAT AH M AR

Fe 4o dddty,

_33_



5o 3k A s}

o

A 7o)

o)
H

_"

3

Fe o] A 1L

o

A
3

R

o]

(AlgSC)‘O/]

}

==
=%

4

S
&

(1) A+ wA st

C. Scandium
2) A

o 714

al
ko

e

A

o, AlsSc

Al-Sc JElEolA Sc FZ7F °F 0.52wta¥

B

o
o
o

el
B
il d

el

)

—_
fite)

7o
o
el

il

T

o] TEM image ¢}
TdoR YEson

)

=
=7

AlgSC }-‘j;

st A= Al

S

30 mm A7]9 FAoE &)

AlgSC

i)

w0 A1

_34_

FH o+

E

R

1320C) o=

EEERIERE R EEE

7k



AOTTFOO5Z20015

10000

5000

. ; Energy
0 5 10 15
(KeV)

Fig. 3:4.2 AlsSciprecipitate.

Fig. 3.4.2 oA H&= A3
0.04 mmA == o} W] AslH
zsk 4= AR}

_35_



A TFOIZO01E001 Y001
200,08V Blcm

10000

5000

o)

A ~ T : Energy
0 5 10 15
(KeV)

Fig. 3.4.3 AlsM (Sc, Y. Fe) precipitate.

_36_



Fig. 3.4.3 oA X& A3} o] dark focus ¢ bright focus & 2}2}
S #A#ZEH, focus o wEl i A W HEo] AlM
otk AlM(Sc, Y, Fe) A&doz A dart HoldizH
o] H]ste] &3 YEEY] FHE #FFET Sc, Y o w53
o Yl FTF TAHVE o 2 FEet A77F trdsid

A M EEo vle 3771 A

o oox e
o g e of

A}

_37_



D. MM(Mish Metal)

(1) MM €] A 9]

MM & dxp7go] Al Bt} 48% & Ce, La, Nd, Pr, Fe 53 &
I EHF F£E59 FgFoltt. dwrzrow MM & Ce, La, Nd g
Pr ¥} 7% light rare earths & TFA AT MM & zHg A=
o] HastA 7] Wl 7HAe] A st

(2) MM Al-&-o]

Al gl diZ REGIER a4 ) A9 71 2 AdAHE
5% T 50| ¥y A £ Aot wEbA HTd e B
Ao Ce v} La 9 & RE 942 /JEE AFEstE thilo] 7140
AHE3 MM S AF&3t),

KeX
T

Kol
T

_—

(3) Aluminum &=l A
a. U4 A oA
Al &gl W& MM S #H71shH, MM d4 =9 ax48Q] rlA+x
2442 Aeach G7e weh gEis A8e A4 Zas)
Ag o] Z7toltt. oledt Ao dddes AvEHA
T At
A WA Aol MM o] FARAR] Holag& IERF

W

o] o3&k
=

FEAAE AL TAA e e T FAAFD,107~107 mYs)E
7FAt ol AL AR A& 2 Al Fdsln FUAl AHE
ZorA v A A A o] QI AZ-AE o HHYH = S oAetE 8-S
g}

oA, dae] Arielth Al (A A7)0l HlE dEdasel 4ETt

7] ApelE B ofAle] 4AF 4 SEE B e A%E Aok
Al RA, A e Srelth MM & Al @l A7bE A

A Bl FAE oF SHFBe UMY Fx Fw
tol Aol mAsHA Ak,

3
24

Ol

_38_



7FA 2t

dAke] A7) 9t

-
T

A7t

ujgke] MM

&

A7he

o} gt

‘04
WH3IA) 7] A Fh. 1 23 pitting WA o] FFAEE AEo] el

MM

)

b

S

7HAIZ0 e

=k

ksl
R

1.

oF7]

= [e)
NEES

-
L.

53

el

}1\_]:

i

™
0

X
0

—_—

file}

)

<

B
i

mm.o

7b= Al g9

=]
=

nZe] MM

A3+= MM A7}

oh

o]

=

o

E. Yttrium
Y ¢
0.01%

ol 58]

Sk—L
RIns

A SA-Zr

Foleth

285TC ol A.305 C7}HA]

=
2L E

4
2

7habe 2.0 2 A

=]
-

=
—

&) e} o

T d

2]

A4

= =
L |

upekA Y

HH

_39_



F. Titanium

A7Vl 0.3%°]
stEIth AL-Ti
AlTi;

k. Ti 9

s

A st E IS oF7]

-
T

73 =]

ol A
|

3k
h=|

KeX
T

]

3l
AITi
£§e% 1350C=E w4t

S

(¢}
’

0 T
s}
—

S

S

AlLTi AS

Eis

1] Al

71 A el

il

=
;ﬁ

G. Zirconium

kAl

Sk—L
i

gt Al-Zr

& A
Angr

Uebdith, Al-Zr @59 U

2hE

o Z 3]

A

7Zr 9

A2 T Zr o] 0.2%

el

.
"o

ZFol 0.2%°]

13
k=

o] A9} o}

Al

K

= |
7] EREolE: 0.2%¢]

)

o]

N

)\01-

H

JE Zr o] AlyZr 9] H]

78

SR

)

3

o] ol&9 clva ¥

£y
Ny

X

el

0

A

2

0,

%1—

29

g

NEEEE:

b=
A6

sHA &

s

Zr. 9]

=
=

Substructure

_40_



oA mAET7FL Ao E =Age] W3S dolr ] 95t
EAES =459} Fig. 3.5.1 ¥ Fig. 3.5.2 ¥ Fig. 3.5.3 % 7Z}7} Sc,
r, MM 9] H7}ee] & =@E9 WsE e,

N

&0 ] EPCO Standard : B0.0%IACS
W = S T e e e e e e R e e »
* R
g ™
F ]
> 56 4
¥
k]
=
‘E 54
£ —=— 40 11Fe-5o
52 ] —— #-0.11Fe-0 067 5c
] —&— 2.0 11Fe-0.06Zr-0 01 Y-0.01MM-Se
] —y— D1 | Fasl A Zr00d -0 D15 e
ﬂ T L] T LI T
0.m 0.0% 0.i0 .15 020

Se, %

Fig. 3.5.1 Conductivity with scandium additions.

Fig. 3.5.1 & Se {7}l M2 =7
Sc ¢ FHItEo] FAFA-mE EXE

olelgt A A AV wmAskel GEolth. o]
A3k Al FolA w9 W& Sc o] kAR, Al 9AF A7)
Sc o] 4} A7), M AAA 12A FAE= vAXE
o] 37kA @9ld] &3 Jego g Sc o FH7lo] F7hstel whah
A7l 9 mAgEY =d&e A dnh STAL o =d&
60.0%IACS & WFate AvE ¢ =
0.02wt% o]&t= Aojsfof gt AES IS = Arh

X o

o

e

u}iﬂ

P

L) =

AN

_\.Lr;‘

of o}n;

tlo
2P
N MR oox X 2
o o u 3 |o
=

M Y

Ll o 0o N

o

)

_41_



[

KEPCO Standard @ BO.0%IACS
el
¢
&
= 56 -
=
L]
=
=
cC
O
LSz -& Al011Fe-Zr
~# Al0.11Fe-0035e-0.001Y-Zr
& AL0L1Fe-0055c-0.01%.0.010MM-Zr
w  Al0.11Fe-0.15c0.01Y.0.01MW-Zr
's T Ll L3 T L] T L}
000 nos 0.10 018 020 026 0.

Zr, %

Fig. 3.5.2 Conductivity with zirconium additions.

Fig. 3.5.2 A= Zr o X7t wE =89 wsts veld zojt

AAAQ AFS Sc ol digk A3 rHZMAE Zr o 37t Ee] Skl

gt TAEe #ase ATS Br AT Sc & 9k 0.05wt%

HA7MA 58BIACS 7HA] A A of H7HA]

56%IACS 7HA] =A-g0] 743 L wEA Zr o] EAE
t}

Aol o & s 1A

_42_



62

KEPCO Standard : B0.0%1ACS

Condudivity, ACS
£

o

—m— A0 11Fe-0.012r-0.015¢-0.001 Y-hh4 |

1
o.oo ons Do
LT LT B 8

Fig. 3.5.3 Conductivity with misch metal additions.

Fig. 3.5.3 & MM ] 7} mE =& Wsts veRd Zlolt.
AAAQ AFL Sc Y Zr 3 w72 MM o] #H7Fge] 7ol
gt =Age #AsE AFS BIY a8y MM & oF 0.05wt%
HA7MA ExEo] 58%IACS ol#elBmE  Sc U Zr o H|F
dFArH7M WE BEHE #Aae g uAsts 428 48 $
At AIRE STAL 9 =8:& 7152 60.0%ICAS & RESels 2102
Al-0.11wt%Fe-0.01wt%Zr-0.01wt%Sc-0.001wt%Y AR

MM & 0.01wt%olsk= A ojsof st} A28 @38 5 it}

_43_



Fig.

ml
=

7 Fig. 3.6.2

k.

toit. Fig. 3.6.1

°©

055 c-0.01Y-0.010Mm-Zr
15c-0.01%-0.01hibd-Zr
001 %5c-0.001%-0.01hM-Zr

035c-0.001Y%-2r

16. 2kgf/mme

C0O Standard ¢

Yepdt.

16 _1
Fig. 3.6.1 Tensile strength with scandium additions.

oj

=i}
=

EIECEPE]

°©

7ol o)

J

o

7helo ATt webA S

=

[e)

)AO
Ny
<

16.2kgf/mm? °]t}. o]

o[

vEbATE STAL o o

RS = TR B

_44_

1 A sl

T o

o
pul

7b Aol A A

J

S
=



21

1] =m—= 011 Fe-0.012r-0.0150:0,001 ¥-hihd |

Strength, kgfimm®
= e
L L

-
=
1

¢ 1o KEPCO Standard ! 16.2kgt/mmz
0.00 nos .1
fuhd, %

Fig. 3.6.2 Tensile strength with zirconium additions.

Fig. 3.6.2 = Zr ¢ F7F=go| S713he] e 4= Wsts ved
olt}, MAHo=z RIAZEE Zr o [l F7Hsel  wE
Vet ASS BHAth AL QIZAET YAV ASte) AEAde]
doz Qste] SrtHIT whgpA Zr 2 S dAe b
g}oq XX]U]/H]@( ad} H =) 651}\30] %10}1/}51 e}
WA 71E AIRE AR eZr H9 A S A =
ZAo] tslA STAL o712 116.2kgf/mm* ] 2] AnE .
webA Zr wgldA gheel daldE Se wlA ded v R
A7vEel gk Al Abake] Ao gl

oN 1o oft ofN W
2,
NY
C
‘0,
_‘>:l‘
N
)
ol
i

_45_



Hest-Residant rate, %

®  Al0.11Fe-5¢

1 1 T
oon 0.5 010 015 020

ac,

&2

Fig. 3.6.3 Tensile strength with misch metal additions.
Fig. 3.6.3 & MM 9 #H7}%o] S71gtdd & A E WHE
o]

w}
Aol WARoR AAAEE MM 8 Hse] Z A
Z7tee A%e nad.

_46_



Al F2olA mAA7 20 mhe Ao AsE Qo] 9std

YIdAS =A489 0. Fig. 3.7.1 ¥ Fig. 3.7.2 ¥ Fig. 3.7.3 ¥ Fig.
3.7.4 % Sc, Zr, MM 9] H7}o| W& YAl o] W3S eI

Heat-Resdant rate, %

®  Al0.11Fe-5¢

1 T T
oo 0.0 010 0.15 oz0
S, &

Fig. 3.7.3 Heat resistant rate with scandium additions.

_47_



KEFPCO Standard @ 90%

W iz Title

® Al0.11Fe-Zr

¥ T L T L] T T
ooo oos 0.1 018 020 028 030
Zr, %

Fig. 3.7.2 Heat resistant rate with zirconium additions.

Fig. 3.7.1 & Sc ¢ #7}eFel] w2 WdAel ¥sls Lepd Aola
Fig. 3.7.2 & Zr 9 A7l & W4 #sts vl gz elrt.o
F oz EA 712 90%E H7] fldlA Scoi= 0.1wt%ol/do
A7tElojok Btal Zr 2 0.24wt%olde]l A7lEojok ' 1A
=4S V=S 7] feidE Se AL 0.02wt%olstE Fo]of
oy, 28 Zr 94 0.24wt% o)de] HW =AEL VS HEY
o] x| A @}

_4_4

- R

_48_



#2

-

T

g

§ e

.

T —m— ALD11Fe-Sc

] —s— Al-0.11Fe-0 05Zr-5¢
] —&— A0 11Fe-0.05Zr-0.01Y-0.01Mb-Sc
] —— ALD 1 1 FeuD 120001 V-0.01hM: S¢
1 —a— A0 1 Fe-001Zr-0.001Y-5¢

s0d— . ; B .

oo 005 010 0.5 LE:]

So, %

Fig. 3.7.3 Heat resistant rate with scandium additions.

Fig. 3.7.3 & Al-0.11wt%Fe ol Zr, Sc, Y, MM & #7}3 &3 2
WEdS Se Aol wepubebd RAelrt. ko] Al-0.11wt%Fe oA
Sc+ 0.1wt%oldd W HEA 71+=90%) s T3 AT 19 Zr, Sc,
Y, MM & 3Ald #A7tst A= g% 42 HUEFdA 7IEA
ol WdAel HHFHE ZAS g8ld 5 Udth aFa =AE
715S TEeE Sc o FUFEE 0.02wt%°) toll M= Al-0,11wt%Fe-
0.01wt%Zr-0.001wt%Y <F~Al-0.11wt%Fe-0.05wt%Zr /© F 7}

wAe] NaA 7 B gEa o,

_49_



[ —®—A0.11Fe-0.002r-0,0150-0001Y.MM |
o5 |
&®
=
&
™
L L]
o=
=
B
T 7]
% a2 KEPCO Standard : 90%

1
o.oo ons Do
LT LT B 8

Fig. 3.7.4 Heat resistant rate with misech metal additions.

Fig. 3.74 ¥ 99 WIEA 7|+ W= F 7R =4 5 Al-
0.11wt%Fe=0.01wt%Zr-0.001wt%Y ©} MM < H7lste] ygA

JdaAad 7S

H3le gels Aol MM 9 H7bel dls)] A4S
el [(A9E " F e BEXS 7S WSS MM
A7 0.01wt%o)stell Al ¢k 92%9] YA S =ed 4 9t

weld EX ST AR HEH S BF S HHY e 24
“Al-0.11wt%Fe-0.001wt%Zr-0.01wt%Sc-0.0 1 wt%MM-
0.001wt%Y” & gropdh. 4~ S At}

_50_



4. A&

1) EPMA 44 F2/deedM = 249
BE/dol EAsE Aol dEEM, HALH
]

H
AR a2 ANES wel dE A

&
1
@)
£
o nJ-lNI
o
flo
o
o
=~
E
1o,
)
flo
H
N
Ll
N
)
)
H
A
=
2
M
K
e
%

3) EC Al-0.01wt%Zr-0.01wt%Sc-0.01wt%»MM=-0.001wt%Y
AExAHow QAR E 16.9kgf/mm?, E=HE& 60.1%IACS, WL
92.2%=2 FPE™ Al I =A1(C BEh, hH0e TFEt IS B

Ol

S
=
3
=
&

_51_



1) ALz, ANE, #AAH, Aow) (1994), “Mg-Li-Zr =9
J 3’ LR AT A vol.23 No.3 144-149

&
2
o
ofo
)
o|
M\
ol

f

X

o,

2,
v}
-

3 AN, g A, olHE, AAE, ol8H, olFd (2007),
tugE FEFEe TEM @AM AR e e

ZayelE XA tg A, d@d=HA 73S A, vol. 45 No. 02

4) Bok-Ki Min, Hyung-Wook Kim and Suk-Bong “Kang (2003),
"Precipitation Behavior of and Severe Plastic Deformed Al", J. Kor.
Inst. Met. & Mater. Vol. 41 No. 11 729-736

5) Byung geol Kim, Shang shu Kim, Sung kyu Kim, Ji sang Kim, and
Jin han Kim (2007), "The Effect of Zr Element on the Properties of
Continuous Casting-and Rolling Materials for Al-0.11 wt% Fe Alloy",
Journal of the Korean. Institute of Electronic and Material Engineers,
Vol. 20 No. 12 1099-1104

6) B. Zhang, D.Q. Zhao, M.X. Pan, R.J. Wang, W.H. Wang (2006),
“Metallic plastics based on misch metals”, Journal of Non-
Crystalline Solids 352 5687-5690

7) Hee Sang Shin, Tae Ho Jeong and Tae Woon Nam (1999), "A
Study on the of Ag Addition on the Mechanical Properties and

_52_



Microstructure in Atomized Al-Zn-Mg Alloys", Journal of the
Korean Foundrymen's Socirty. Vol. 19, No. 6 456-465

8) Heon Young Ha, Chan Jin Park and Hyuk Sang Kwon (2006),
“Effects of misch metal on the formation of non—metallic inclusions
and the associated resistance to pitting corrosion in 25% Cr duplex
stainless steels”, Scripta Meaterialis 55 991-994

9) Hiroshi Senoh, Yasutake Hara, Hiroshi Inoue, Chiaki Iwakura
(2001), “Charge efficiency of misch metal-based hydrogen storage
alloy electrodes at relatively low temperatures”, Electrochimica
Acta 46 235-251

10) H.R.Madaah Hosseini, N.Naghibolashrephy-(2008), “The effects
of Misch—Metal-oxide addition on magnetic properties and crystal
structure of Sr1=-xMMxFel12019 ferrite”, Journal of Alloys and
Compounds 448 284-286

11) Jeoung Han Kim, Jin Ho Kim, Jong Taek Yeom, Dong Geun Lee,
Su Gun Lim, Nho Kwang Park (2007), “ Effect of scandium content
on the hot extrusion of Al-Zn-Mg—(Sc) alloy”, Journal of Materials
Processing Technology 187-188

12) J.Q. Wang, M:K. Tseng, Y.Y: HaoyZ.Q. Hu, Z.G. Wang (1998),
“An investigation of the microstructure-and mechanical behavior of
novel nanocrystalline Al-Fe-V-Si-Mm alloy ribbons”, Materials
Science and Engineering A247 51-57

13) J.Y. Chang, N.K. Park, H. S. Ko, I.G Moon and C.S Choi (1998),
"Addition of Rare Earth Metal in Hypoeutectic Al-7.5wt%.S1 Alloy",
J. of the Korean Inst. of Met. & Mater. Vol. 36, No. 4 523-530

_53_



14) J. Zhang, 7. Fan 2z, Y.Q. Wang, B.L. Zhou (2000),
“Microstructural development of Al-15wt%Mg2Si in situ composite
with mischmetal addition”, Materials Science and Engineering A281
104-112

15) K.D. Woo, Y.S. Rhy, S.W. Kim, D.G. Kim and C.H. Yang (2004),
"High temperature deformation behavior of Sc and Misch added Al-

Mg alloys", J. of the Korean Society for Heat Treatment, Vol. 17 No.
1 23-28

16) Kee Do Woo, Sug Won Kim, Tai Ping Lou (2002), “Mechanical
properties and deformation behavior of Al-4Mg-0.4Sc-1.5Mm alloy

at room temperature”, MaterialsSecience and Engineering A334
257-261

17) Ran Li, Qing Yang, Shujie Pang, Chaoli Ma, Tao Zhang (2008),
“Misch metal based mietallic glasses’, Journal of Alloys and
Compounds 450 181-184

18) Ryan C. Wolfe, Barbara A. Shaw (2007), "The effect of thermal
treatment | on the corrosion properties of vapor ' deposited
magnesium ‘alloyed- with yttrium, aluminum, titanium; and misch
metal”, Journal-of Alloys and Compounds 437-157-164

19) S.C. Wang, C.P. Chou (2008), “Effect of adding Sc and Zr on
grain refinement and ductility of AZ31 magnesium alloy”, Journal of
Materials Processing Technology 197 116-121

20) Su Dong Park, Suk Bong Kang and Hyun Kee Cho (1999),
"Effects of La, Mm(misch metal) Additions on Thermal Stability in
Mg Content Al-Mg Alloys.", J. Kor. Inst. Met. & Mater. Vol. 37, No.
2 163-169

_54_



	1. 서론
	1.1 연구목적
	1.2 기술개발의 필요성

	2. 실험방법
	3. 실험결과 및 고찰
	3.1 제조공정에 따른 특성 변화
	3.2 미세조직 관찰
	3.2.1 압연조건에 따른 미세조직 변화
	3.2.2 합금원소에 따른 미세조직 변화

	3.3 EPMA 분석
	3.4 TEM 분석
	3.4.1 첨가원소에 의한 특성 변화.

	3.5 도전율
	3.6 인장강도
	3.7 내열성

	4. 결론
	5. 참고문헌


