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Development of Al-Mg-Li Alloys for Fusion Reactor

by Yoshifusa shoji, Hideo Yoshida,
Teruo Uno, Yoshio Baha
and Kohji Kamada

Aluminium-magnesium-lithium alloys featuring low residual induced radio-activity and high
electrical resistivity have been developed for fusion reactor structural materials. The addition of
lithium in aluminium and Al-Mg alloys markedly increases electrical resistivity and tensile strength of
them. However, the elongation of Al-Li-Mg alloys containing more than 2 % lithium is less
than 10 %. The Al-4~5% Mg-1% Li alloys are optimum for fusion reactor materials, and
exhibit high resistivity (86nQm : 20%5IACS), medium strength (30kgf/mm?) and good formability
(22% elongation). The variation of electrical resistivity of Al-Li and Al-Mg-Li alloys in solid
solution can be approximated by the Matthiessen’s rule.

The trial manufacture of the new Al-4%Mg-1%Li alloy, with a size of 25mm thick X 1000mm
wide X2 000 mm long, has been carried out. The plate exhibits excellent mechanical and electrical

properties for fusion reactor materials.
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Table 1 Chemical compositions of the alloys developed in

this work.

Alloy Alloy Chemical composition (wt %)
No. system Mg Li Bi
1 4.46 — 0.19
2 4.95 —— 0.16
3 Al -Mg -Bi 5.48 — 0.23
4 5.98 — 0.19
5 6.99 — 0.16
6 4.20 0.40 —
7 4.12 0.79 —
8 . 3.9 .34 —

Al -Mg -Li 3 !
9 4.75 0.34 —
10 4.56 0.80 —
11 4.67 1.34 —
12 — 0.70 —
13 — 1.77 —
14 1.97 1.67 -
15 2.92 2.00 -—
16 . 3.8 R —
Al -Li -Mg o 1.85

17 — 3.20 —
18 0.84 2.87 —
19 1.88 2.92 —
20 2.82 3.02 —
21 — 3.45 —
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Fig.1 Effect of magnesium content on tensile
properties and electrical conductivity of Al-
Mg-Bi alloys annealed at 360°C for 1 hr.
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Fig. 2 Effect of lithium content on tensile properties
and electrical conductivity of Al-Mg-Li alloys
annealed at 370 °C for 2 hr.
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Fig.3 Effect of lithium content on tensile properties
and electrical conductivity of Al-Li alloys.
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Fig. 4 Effect of magnesium content on tensile properties
of Al-Li-Mg alloys.
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Fig. 5 Effect of magnesium content on electrical
conductivity of Al-Li-Mg alloys.
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Fig. 6 Transmission electron micrographs of test alloys.
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Fig.7 Relation between electrical conductivity and
tensile strength of commercial aluminium alloys.
Numerals indicate the alloy numbers developed
in this work.
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Fig. 8 Effect of lithium content on electrical conductivity
of Al-Li and Al- 4.1 % Mg-Li alloys.
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Fig. 12 Microstructures of the new alloy plate.

the new alloy plate. (X5) (x100)
Table 2 Chemical composition of the new alloy. (wt %)
Si Fe Cu Mn Mg Cr Zn Ti Zr Li Al
0.06 0.08 <0.01 -} <0.01 4.2 0.08 <0.01 0.01 0.12 1.0 Bal.
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Table 3 Tensile properties and electrical conductivity of the new alloy

compared with conventional alloys.

Yield Strength Tensile Strength Elongation Electrical Conductivity
Alloy (0.2% offset)
(kgf/mm?) (kgf/mm?) (%) (%, IACS)
Al-4%Mg-1%Li alloy 18.5 32.6 22 20
2219-T851 36.0 46.5 10 30
5083-0 15.0 29.5 22 29
6061-T6 28.0 31.5 17 43
72o VLD ARG H 15kgf/mm? LT Cid 1,000hr #% x Bk
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Fatigue Strength of Longitudinal Welded Joints
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Fatigue Strength of Longitudinal Welded Joints
in Aluminum Alloy 6N01-T5

by Yoshio Takeshima

In aluminum-body electric railway cars of new integral construction system, extruded shapes
are welded mainly in its longitudinal direction. The purpose of this study is to investigate the
fatigue strength of longitudinal welded joint in aluminum alloy 6N01-T5 for their construction,

and fatigue test was conducted on large-sized, longitudinal butt-welded joint specimens.

The results obtained are as follows:

(1) Fatigue strength of longitudinal welded joint is influenced by bead contour in weld line
direction. In the case of one pass welding, it is important that the back bead is flat along the

weld line.

(2) Groove configuration to form a backing strip by a rib of extruded shape itself is helpful to
improve fatigue strength of longitudinal welded joint, because it eliminates the problem of

back bead contour.
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ARIFIPFHEEFROEEIC BV THEBRRTFOEEL &%
LHMFORNESEWMELZ LN TH B, 6NOI-T5
KEHAMEES 2By, BEBBIGNEHEESETV
FOBE LD L REORACHBTFREF 2ERL, %
DENER R L BEERES RIS NRBRE THE LN
TR FORNARZ L OBERIC O VW THRE 2T 72, &
Lic, MEEHICFORRINL) 7TE2EHTELT S,
EIEAPTFREE IO RIS OV T ENES 2 HE
L7z,

2. #EMRUREREE
2.1 #H M
HERAIZ IZEM A 0 6NOL—T5 KB i I &8
F L7z, ZOBHEERIZES00mm, WE3mm THY,
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Table 1 Chemical compositions of test materials.
Chemical compositions (wt.% )
Material
Si Fe Cu Mn Mg Cr Zn Ti Al
A 0.50 0.13 0.09 0.04 0.69 0.04 0.02 0.01 Bal.
B 0.52 0.19 0.11 0.04 0.72 0.04 0.03 0.02 Bal.
Table 2 Mechanical properties of test materials.
Longitudinal direction Transverse direction
Yield Tensile Elongation Yield Tensile Elongati
. ion
Material strength strength & strength strength &
(0.2% offset) (%) (0.2% offset) (%)
k 2 kgf/mm?
(kgf /mm?) (kgf/mm?) (kef /mm?) (kgf/mm?)
A 24.0 26.4 11 22.8 25.6 16
B 28.6 30.5 11 26.8 28.9 12

LThdy, WigEoy tnR%230THD, BETS
REHNEN I b, MR IIERM 5 53R 225
BHFRBERICEEMAL, HHFRBEFICIIEAMB%
Bz, 4B, ERGHESBEEERIEMEM &L EER
METH -2,

2.2 BEHT

BREIZ IRV 7HVIEE L, BNHic535646-41. 2
mm¢ VA vEBE», BB S—-BEEORAEMT L
L7z, LM% Table3 ICAET, BESHOFIIZ T
THHMOWHEFRTH B,

FrigE HROEM Tk, BHEL2EPRHEICHESY
52 LI - THEBEOVIERE»ERI NS LI, 1B
FHEDM S~~~ ARKE XL, 2, FmicEls e
ICHET 2 72 AT AHAEBROEH S ZRIN T
5, HEML ENFHNLHTH ), Table 3 IZR_RL 72 Y
TV IEREN ZATMFIZERDBRIC 51T 5 kT
BIOEWLDEL - T B,

IR nEAEEHTF (UTIEMFEHTE) L
U 7V IR AT (LT ) 7HMF 8§ %)
OWTE AR Fig. 112, I gty 2
Table 4 I27R 7,

(a) I-groove joint

(b) V-groove joint with backing rib

Fig. 1 Macrostructures of transverse section
of welded joints. (X 4)

Table 3 Welding procedure. ¥

Welding conditions
Joint Edge Welding Arc Welding Flow rate of
preparation current voltage speed shielding gas
(A) (V) (cm/min) (¢/min)
Transverse I-groove'® 200 20 85 Ar:25
I-groove? 200 23 85 Ar:30
Longitudinal V-groove with ;- )
backing rib® 200 23 85 Ar: 30
(1) Welding process: MIG (3) 60°
&P <

Filler metal : 5356-1.2 mm dia.
Number of passes: 1

+

Backing : Grooved copper plate

— =

€l
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Table 4 Mechanical properties of transverse
I-groove joint. (Material A)

Yield Tensile Elongation
Condition 0 ag;e%gfget] strength (5 )
(kgf/mm?)” | (kgf/mm?) ’
As welded 11.6 17.2 7
Beads
ground off 9.3 15.5 9
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M
]
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(a) Base metal

10, - (=]
o [Is]

a1l =5

T
1921881

55 131 28

(b} Transverse welded joint

Q Beads ground off
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€
1
1|
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1
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O~ |
T
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AV ANy
o
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~
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(c) Longitudinal welded joint

Fig.2 Dimensions of fatigue test specimens.
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Fig.3 S-N diagram for base metal. (Material A)
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Fig.4 S-N diagram for base metal polished with
emery paper. (Material A)
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Fig.5 S-N diagram for transverse I-groove joint.
(Material A)
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Fig. 6 S-N diagram for longitudinal I-groove joint.
(Material B)
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(a) Face bead

(b) Back bead

Fig.7 Appearances of I-groove beads. (X1)

Face bead
surface

Back bead
-
surface

Fig. 8 Longitudinal section of I-groove joint
at the weld line. (X4)
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Fig.9 Effect of bead removal on fatigue life of

longitudinal I-groove joint. (Material B)
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Fig. 11 S-N diagram for longitudinal V-groove joint
with backing rib. (Material B)
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Fig. 10 Residual stress distributions of longitudinal I-groove joint specimens. (Material B)
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(b) V-groove joint with backing rib

Fig. 12 Fracture surfaces of longitudinal welded
joint specimens. (X3)
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Table 5 Summary of fatigue strength of welded joints
at 107 cycles. (kgf/mm?)

Beads
As welded
ground off
Joint
Om — 10
R=0 R=0
kgf/mm?
Transverse
I-groove joint® 3.0 2.3 45
Longitudi
ongitudinal - 2.6 2.2 4.2
I-groove joint
Longitudinal
V-groove joint 5.3 — —
with backing rib®

(n
(2)

Material A
Material B
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&0 BEYLVGATE & D LI RESTE L R, TEE R
HLEV, E-C, B RIBOBEMMHIR L, BAE
FRAEN TV IR RAEFOD TERELE VR 2B
RY, SNIF BB~ 2 HE LA E%%f%%(ﬁiﬁ
BE) L dHBEYETE B0, WEo b
AR 5) N/ 4 WY —E A EEYARICQTHE, T
4NF =Ty 7 SHEF -7 R T
5, Wﬁ% BT, TAHIFR—LT7 4 LT —%HEY
7o 3E I Alcoa-469-11 44 52D

Bz & B¢ ICEGiRe ey 2, /8
E DEERMNE L D - EEICE 3 () MINT (Melt In-
Line Treatment System)?¥4% %, = #Ui3 2 ALERFE o
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= S W gy
vl | \jl*’cb / l l
) d) @&/ Xv
D Y
o jg" & S -~
E3| oE:l e (a) BE/ X)L b B—F A/ X)L
(b WATZ T+ T 45— (e) @@z’;/l;f)l/+74ul/$’— QQ) LZ]Z)
A 9 |

W+ 7 (LT —

(f) BB RB+ T A LT —
B3 ToI=wLRRELEESNER
R L, bHARKEEZSE LTS

B 3(d), ©)THHERNEEE ANNERIIEL DL
DHBHY, BESEIN TS/ VR L LB &
B4 1RY, 2 ZVEESIF 200~500rpm, / AVIME
12 200~500mm A — T, / VAL 2 KDEED
S\, RIBAEER LUVWAYZEBIIASH, HEET
DA ARICE > TR B, JZNV1AEY 5 ~15t/
hr, 2~10m¥/hr BETH 5, BEHEANRARE X
WEHLVIZRESERICEL CToRERRA LTV,

3.2 BN XIBER

A AR WGAAI L B A, B Geller®
DOERGEREIRNT % 4TV, FREDRA A E13 5 DICLE
HUATZBRKHTWE, LL, EREO7TE LA
BB EY 2 HEE 2 eSO E L TURTZ LT
X9, Fok, SMOEKEREES 2, RHBIAZ
Fute & U TR EESRBIEAT202D, ARSI 00RO 008
e Tz, TR L, TAI =T 2087 AK
el B 2 B SRR ZE I R 2 {, Pehlke & %0
@ﬁmﬁ%%MT%O Ar WGAZEBNC L0 B ARG

B B KFEOWEBBRE 2 KH T B, 72 Botor®
uTﬁ%#X*mChm@émX&m ZDOWH BN R I
DR AN, 10565 CRAELZRYT Z L 2WH L0

LTwad, 2ok, =32 77 7D LOREETA L
FAIBEC L BB A 2 %47 L 72 Dantzig 5% O#ED
2o, ko), Sigworth 5°% (3 Pehlke &, Bofor
DEBERY L LICRIBEE WEBBREOBREE S

”?Tii”itbfwé EBREIIRT > 2 LR
Bt 5 EESEOWERBI 2 ERT 74~ ciiEicoqm
L,TN:wWA@%ﬁXﬁV®$W%%E%@%ﬁ%

EzpRELTDOREHIT TS
J=0.0122¢759VET(4,/1.37)71/4

ZIT, kRKEZROWERBRE REITAER T

24

~+] 4._1L. o
G R
N/
c) HAMFRIA (@) F|LHFIA
a4 TAI=rnlFAERCETHEE X
NER
(a) N=200, G=6~9, M=5~18(1/ X/)\)
(b) N =250~300, G =10~12, M=5~30(1~
2./ R)
() N=400~500,G:2~16.M=12~36(1~
2./ X))
(d) N=200~300, G =3~10, M=10~30(1~
2/ X))
N : BE#H(rpom), G @ WA F A& (m?/hr),
M : ALEEg (ton/hr)
LA /IVEE, Re
i 102 1 102 10 108
w0 B B S | T |
- 1 1o | il
r I I
B L
2
3
< -3 ]
%; 10 :— /‘\
& F ‘&
& C
gL
E » o Botor 3V d e
= @ Pehlke » ¥
104 | | | | |
10°6 1075 10~ 10-3 1072 107! 100
FIEMEST AGRE, d(m)
5 7= A%E(1000K) HAEE A AR & B

D ERARIE,
TR EEED,
TV ARNOEERRE, 4 KT vL

KT R R B RESY
I #EEEE, Xy 788
b @ ELRERS S BEAE,

RNOGHE, e [ HBXr v 7RG
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IHIBE, de 3SR BERETH S,

W77 2 M A%  IK FR BT B 7 2 RS AL i S B A 3
WD, B B WVIZESME S ERAE S I L 5 TR
Y, Sigworth 5333 K 2 DBEAOHERLEIN L
I F EDHT D, WECEED PSR, 2 WM 24
e LT, JRITKRIBE o/ C. (RIBAEE L2 K
FEETFEmICESCRBAKERNI) #EAL, 2
DFEDS0.1 LUF THBCERE, 1L ECPERER & L
T, TV =7 LEERN2,000kg BG4 2
DWTa/Ce #5HET 5 £ 0.011 THRH, LR 3,000
kg/hr 7 fElEz 2 X% B2 SNIF Bion 4 > 5 4 >R
AT @/Ce 1379 DEE LY, FHHIFEEHTH S
ZEERRLTVE,

B 6ix200kg DT N3 =7 ABBOEGRE A 2128
W, DEEA AR T B % B 2 2B KER ORI
BIERLIZLDTH B, ERIIFVIFRTRICLES
HEMETH D, g ZLDge, LE%%S%%CTK
FEVBEICHEALTEY, By asErgL#n
EEOHEAT 7 A E PN N aélmmm
HiE % 10ton/hr &1L, T E NI 360sec &

0.2 = T T r
® TR T

e R—~FRTSY

o @R/ XU (SNIF AY)

0.1 — _

X % & (ppm)

! 1 1
0 300 600 900 1200 1500
TIEM A ARIARE (sec)

Be JrARNAT, K—Z277 78k,
ZIAS & B 7 ZWKGA & A 230
(% 200 kg, EIFRBLA A, WoAr2H 1
X10™*m3/sec, FEMIIFHEAE)

eV, B/ ZVRTh IS+ BT 28R B o n
5T bbb
ZDE Y HR, T T L0y AICET 5 HE
HEIRCALN, EEORY ZARNEML TR THE
ik hooh5, LaL, MBEMEORERME, SIE5HEK
RHEZ EAB S0 £ <, ERY, BROICELT—5
FRHRICEDOR AR B L IWGAT A&, / X)VE
EREOBRTFE*ED T LO0BRTH D, ikl
MM 2Ol L) —BOWERILEND,
3.3 IT¥ABAHRXEBROE
B, ARINTVEL4 T4 RETAEBDY
AR E Z EHTRSITRY, LEEH, 20, KE
SIEFRL -T2, L Thnin, Hb0id
BUEAITHLZ DL H ), F—BE2 L350 5k
Wi, EEICIZRDT LA LT,
(1) HWAZT2AE Q(4/kg) 130.3~0.70fE% & 2 b
DHTEN

(2) B ZEE 71350~60% D —REEILV ~ L TH Y, N2
It Ar ST ZBEDE DD A LI, 72
C #BAT3:mMET 3,

(3) MEBOKFEEIT 0.08~0.15cm?/100g DFIFHIC
WAL TB LD E N,

A2 BRI H 2 » TlE, BIEMEIC)» LA
Cle FHOTE, EEHOKE SRVBHLERZ LU
Frz=r7axt, BEREEELSHLREW RS
LEEEIN, LT LI AERDEN-FEEHIEIE & (T
BRoZwv, BEHOBBRICEILAHELZEL THEAZ NS,

4. F 1B
41 T4NF—OEE
TN =T LADEBIFBAR7 4 Vg —I%, FHEBEY
WEBER WD & 5 HEM & L TORRDEDI L, BLTE,
HHEINTB 74 V=D ElL S0z, Al2Os, 2MgO-
2A1:03:5S8i02 (23— 7 4 +), 3A10:-2Si02 (A?/f

B, BEESHY, BRI 7 v A(E), KRR,
L4 OTIEES ZAVGAR & A 2R
] G B & TR
" (jj(cc izn ¥ "é:S“:exp(‘%é) g‘lz%
S - 11 ¢t ooyt PiarG
(a¢/Cez1.0) cC G 8 © 2

a=koAPK?/4f3100mG,

B=MPK?/22100mG,

y=MPK?/23100mG

K KFEDTPHERK m:IRESFR Co I WIBIRERE(HREY)

fiu D KED~ ) —iE B G : i A 2 & (kmol/sec) C,Ce © MEHD B I3 THE LB
P, it 7 20 (atm) k : KEOWEBEEH (m/sec) kR (L E%)

M: # 7 ni(kg) A X Z oS (m?) b ALERERE (sec)

M: A 7 nifia (kg/sec) O 1 A ZINVEE(kg/m3)
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w5 42 T4 vRESRAEEOB T AFHRBG

. R . WA AR | EBKE W AE WMEkER | MEBKER | BAFE
7Rt WA A A G(yhr) | Mkg/hr) | Q(/kg) | Co(cm®/100g) | Ccm®/100g) (%)
s puvessn TR I B I I
BACO™ Net+ 75w 72 3965 4082 0.97 832 8&3 oo
BASF Ar — | o) | g 05 52 e
- v 2830 9000 0.31 0.40~0.45 0.22 48.8

Alcoa 622 Ar+2~3%Clz 8550 9000 0.95 0.40~0.45 0.15 65.1
Alpur?® arv2~3%Ch | 10000 | 5000 | o8 - - Bt
MINT? Ar 15000 — 0.7~0.9 | 0.35~0.40 | 0.14~0.16 60
Ar+2%Cly 12300 — 0.7~0.9 | 0.30~0.35 | 0.15~0.16 ~50

(Ar) (8000) (12000) (0.67) 0.28 0.09 68

SNIF3435 0.23 0.08 65
N: — — — 0.22 0.11 50

(c)

@) 2R 0A

500um

rmramarremssnaned

vS5IYvIFa—TTAINE—

B, I8 F2—7ddnwid7v—r o bbb, fR
EHT AN —ONBERTIZRL, ZDT7 4 NVF—D
R 6 ITRT,

752 a2 3RLEEL 74N —E L TFEOHE
o, MR Fo2BERICE 2 LEHAI TS,

26

(b) B 10mm 7 FR~ILEKER

d) ©5S3IvIT74—LT4ILE—
1 THAI=ARBFBHET7 v —0E

A>FA4RT74NF—EL TR, ERD7v212LD
THEETERINS, BILINE—LH* 350~800,m #
*KE2ETHY, KL 7 4 NVIRNEHDOBREICEHDT
b, BUNMIERIIER) OBNS D BH, REIIRL
72X I REEH CIRFAMEIRLEVYRT I v 7S
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R T4 NI DR

G| EEE | m o E | HEER| E AL X
1 (g/cm®) | (g/em®) | (m%/g) | (cm®/cm?)

§7X7” (~400g/m?) | (2.5) | (2.5) —

TR

—v (B 2.010 3.67 3.67 0.45

10mm)

7w

3225 2.416 3.45 3.45 0.30

73wy

S22 0.384 3.37 3.37 0.89

2—7 & D KREREETRL, 77 AMHMEREDOMNEIE
THREENIHELIBEEZLNS, 7770 RUT
SiOz WEMG D28, WHGIZ L D IEbL, —&RXE
HA»EATh 5,
NEMREREZE 22 ICIIHRBFAR 7 4 LS
—OBRANBHTHY, E{OFBREEVHEIN T
%, BRIGBIC BT 2 NENFBEOEA Z D3 D13 HEE
HL, T BVT =R~y FEE B2 EREEIED S
b, TLI=ZT2IBNWTLH—Kk, BikizH
W BRI H BN TSR H B WIET
NIFT7V—0pHELEREINTWEEO R— &
5~20mm T7 7w 7 Aa—7F 4 > 7 (KCl, NaCl, CaF
%) 2HL-FBEELHBY, TLIFE—-NLT 40
F—it, TR 72 R—NER—NLDT = v PERE T ()
RN LD hFERO I 7 oBIlyiFBic BicER
LTCWwbEHEL LD, TV FR—IIITFHRET I,
SBERS * ERBEERTSEMLHE» TR TH 5,
TR T 2T Iy 2F 22— 7HBERDFEME
BENT LN —T, EmBEMEE L THEREIN TV S,
FEHE T ER (I /ME100mm, HfE60mm, £ & 500~ 900mm
TIOA% 1y PELTHEATSE, 2074 05—
Mo d B BRIl D Y, Z2ILEE, BMEE O
AN A TE R R TE B (FTHBR 2(0), 74 VT —BM
FKEIZ AT ARKD A F—TELILTEY, REITR
L7z k)i leEREBEIIR L /AE v, FRKTZRLBET
TERAMRFTIVWEERRE CHEHTE, FH3EERAR
12 LT 300~600ton TH 5,

BLHL VT 4 LF—HF T (@ISR L2 3 RITBIEHE

BT I I 75 —LThHb, BIOKEEE, BER
Y7 TRF v I Tk —LDNDRESTHEED,
500~ 4,000,mDLHHEH DL DH B B, ~HEIZE A50mm,
— B %200~ 600mm DFEFEITH D, 0.8~0.9N0F %
LEEEL, Bk E S TH S, RIS IE—BRE
HTHoBH, 73 v 7F2—7 & RBRICRIEEIR 2
FETITEREEI» TR TH S, T4—207 405 —IT,
THI=g Ll BO TS LSS TLHERIN
THY, FhAVv s aDBL 27 4 NVF—,Ehit
RREREIT7 4 N — LRI N LY, FAMEEY
->Twab,

4.2 Fia#E, FRIER
FlIC T REFSE & REFE2 S ), BIEOBEIC &
BLOETIATRRAT 4N —, BERITNLIFKR—
NT4NE—DRENTHDE, 73977 3—4b, &
Iy Fa—TRTWEECL - TFERTLEELZLN
5%, NAEWIBEIR 2 & L NEFED ER E#HE
Ena,
ERFBIDKERRICBT 2 —7 (FiE) FEEH
LT Ruth®® o L W8I iFZEE v b, T =
7 23T LTI, Eckert &390 #gEiEis s 5,

MERFE@IZEETE, LARTEHEC BT, HREEK
DFEGLFEE L TCH 2 LHBEE N, BIHY, Ivest?
DEBRIFEL D D, NEDEANIC DV TIL Herzig 542
BEYOBHELSD B,

PERF@IZ F DIRIEEEREY 5, BT ICRT L ) 0B
BIMEREIC L 2 L 0 X B LSRRI L 2 L olc KAl T
X 212 KGRI B W TIIHIBRL T A 30um Ll EDEA,
BEORAUBEEE D KEAITH Y, 3um T Tl B LR
B ENTFAE N ELTwE, ZoRliokFE
DFA IS EB T 5, T3 =7 ADBEEFBIC
HLTL, SN EDFFHTTE D & IEE 2T,
FRBENICIIERLES EE 2 515, BIENERF
WIZEE, METOENLRE, SZ2ENCL-TES,
—7F, WE{CEHNERFBIE 7 4 LY —FEHMERmOREY,
W, 77>TT7—NANCLNHRTE, wFho
BRETH - THIFBRENES), HEDH 5\ ITHRIC &
DIWIAEYYESICHEET 2 TS D, WA
W (BHRIER) L7 407 —Fh & OB EBHRERC
LTBLUE»HDL, LrL, TILI=7LA0EEFH

£1 KRBT B NEFBOHEEY

s 4 7 | WERETE | PHTOWESR | WO B M | RTERES | MErRTAE
AU, DI kR oo %
w8 >30um 22 i S2ED Ok K i
F .y ~ 1 um o (. TP T T T —IVA e
e O L % W 2% T ek
x50 TP T T IV A
e <0dum % W o TR TR
L
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NDHHEBEBLEREICET2L00°%<, EBn L)
ZFRBEIC OWTOREEHZT N L E3N T En, &
NIZERER AR LT 5oERNEMS 245 2 &,
BUNEWREFFETHY), ToOREFE, FHEHE
HEELWZ HIRERL T3,

2% - T, Apelian 5394449 37 =7 AES
FlR2NHHREL—EDFFRE2T-TEBY, ERIYES
HLENLEIELTWE, Thbb, RIKTATLIIC
HIFO IvestV kR BT 2 RNBFEN 2 20 F Fi#

®oFBICBT 5 R

A=Ao+ ac; B
x bS v
po |90, 9C _ A=do(1 =27 (1422
.| tuoz =0 O &
DB 6 z, 41)
~ (1—=)7;Ives
FoO19C _ e &
3z K 5
8 A==2(1 —): Apelian &4
v Om
(7g)
% _ | 1av_ 4P _aCV
WE|Ad aRtry | o™ 4 Rl
P Apelian 5%
i# (Prs)
H., o HHEANEYE [ =i
Om | BCRRAEE A IR
C I EWREE Ko R RS
V L iFERE A PSR
Z . B v R E
o 1 PEEE AR & - ZEBHEE, b =g/(1—&)
Re . 77— 7 OGS AP F@EHZE
R . FH OIFBIEHR axy 2. Tl
po LR
8
@ ‘ '
.—.
61 / \ .
_ — @ AR P
c L
g | —o—um \
© 4l ° .
1
2K 3 ®
s / ]
7 \
| g-©-©-0-9.¢._ -0
®
0 I 1 I ! | }\ L
1 22 2 26 28

BILwmE d(em)

AL, REFEEFEOT 5 IFBREEZ RO TS, L
L, BERICRATNEEHN S CILEBICHEL BLE
DY, FOENEEMA HERE, FEEHEHNCHELD
FTIEE- T\, 7, ReICREENERTE
HFEOERERIP LR 12,

4.3 FRAEBOHE

TEEMFREEONEWIFBEIL, KEHR TONE
WEOFHME L 726, BAAED L S ICHEE LT
FHT 5L v, BBFEREOEHENFMMIC LY
FlEshRE2HEET B0 %,

FEshBIC OV THEEWFHE 2 T-72dn & LT,
Simensent® (Z & 5P 83 & §] % O N TEWREES A % 3
NHEH DL, B8 Alcoadsd Fukx (T3 F
K—=L7 4 V¥ —) & SNIF 71 & 2 D AAEW =R
ZRLEZLDOTHDE, MB@DEKE—NLT 4 VT — AN
BRI BRI 20 um THRRE — 7 2R i xf L,
HEl T3 10 mBE LY, BEDKBICESL TS,
WA Ze 72 RWI & BT L BE R TE 3 SNIF
7Tu A TYH, BALREICOWTIIERE L RS BT
Wh, L2»L, A8OIRT LI, K74 FRAMED
(% SR LRI P TiBe, VBaZ &)DHAE, #'R
ST L 298 HL <, LA, EBHREOHIEIC
RESREWERDSRLNS, 2, K74 FRMNE
Mo, MK ELTwE I 2RBLTED, &
5 B B LIRS T I3RS R b B O TR AL &
ZTOBI TS FEEVFLETH D,

TNEI =T L0BEEFBTEIFESEINEWDR,
KESHPABEETH Y, BIRTIIEFLEL2 X5 215
v, Blikcabindri, BNLE, BEEE2?E
RKENDIEREMFCH L TIHFICEETHY, 4T
DA > T4 RNBHLEREE OB L E#E D

(b)
300 |+ -
'Y oo @ e A {8
' ——o—
£ °
T 200 H -
©
& |
@®
100 H -
® o]
\\>~.
0 | ] ] | N.T\ I
0 4 8 12 16

KT A FAIEWE, dlem)

8 TEAFBEENFANR
(a) Alcoa 469(R—IL7 4 V=) & 2 ER LIRS
(b) SNIF 7w+ 2IC L 5K 74 F (TiB2) 54
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EEAEIL, HDVIIFENRL > EBEOMEEL
L, B TR XL AT LARBITLY2DH 5,

5. BEHDMEE

TL 3 =7 A h kAT I3 E S BRI B,

7oAl R L & ST, EEERICEN S T
pH N, EEREOSH, SEEEORKT =y 7k
(RS TWS, EREOREMEETFEAICE, BN
RIS T H NS TEERE, 4= x /W7 NVEFHY,
FRAIE I L Cid Telegas &, TEEATAX )T
e B R B B TIEA = xS 7Lk, Telegas
Hicw4 a2 ke, Bl EEEEZR SR
HATHIE LD L 917 DD, JPRTCOKRFESIEL
7 0L 72, HHC Telegas IEIRBEF T T4 »#ll
ETEBW—DHETH), VRAEROVEENAL LT,
By ARBOKES ZABUEL - LTORALA
AHETIE 2w,

T I = AD BRSO R TRRHEEAENLT
VBN, NMEWBBREFNTH S, FBREEDEIE
HEMEAEEETH B NY, THZEREELTWS, &
BRONEWE F DBV, BN RE, RFE
BAZ H—cZ LIt bAkEARN LI ICH
BORBCHBLEETMT I 2Ly, L2L,
Bilt, BBPONEHRERET 5 HEIERHEEIN
Broick o7, BICEREBNENMBEERTRY,
g(a)jz UCC (Union Carbide Co.) #"BZEL ZLHRHET 4
Ny — (BEHE—F274NVF—, ¢10mmX 1 ~1.5m")
FHWREETHE®, 2T 4 NI —EBLTTIVI
= LEBEBRIIL, 74 NP —DHED EEELERS
BREOZLE LT, MEDEEBEOICFHET S
DTH DL, F 8 bitReynoldstt 2 Ba%E L 724M(Mansfield
Molten Metal Monitor) ¥ A F 4 & BN EEETH
D, HERICEEL - BEEERTOREREERT S
NEMN T 2 — 5L B LD TAY T4 Y HEITRET
5B R TEBZAEHNOKRE 23+ um EvbiL
h%, RUEXTE LT UZFREEN 7oA —L
LToERLITRREELLNSD,

6. © v U

T = LADBRBMED 2 KkT—2TH IR L
FROBIKFIEYES &, EiRE - FEEN CIIMAHERE
FLTCORELPESE - 2BYH DL, Thbh, A
FIC BV Cld SNIF Bt E S N d Eiz / ZVEIATE S
W L CERERD RS LN, FREEICBVYTEeT
Iy 7RI L B NEFRMEORHENT 4 VT -7
EREH - TE, BHIT, ZOWEPMAEERER
BB 2T LN LRI, Bl OB, SRR

(b) Reynolds 3t 4M ¥ X5 159

8 EHETONFEHNEREE

MIAERTATNLI =T 2B ERE I N TS,

SOk HEBRETMTHRBICKL, HREHDZH
DL FEFHIIT 6N LI ko725, 72, EB
CIBHETE 2% TICIEE- Ty, 2 RUCIZALERT%
DEEHEDER L FHHPLETH Y, KETA, ME
WEERIICHEEL L) ET2RAPLENTVE, K
Mo EM O & Icd > T4 v TEERE AT
B A HMOBRELIEEND,
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