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Numerical Analysis for Molten Metal Shape Taking into
Account Electromagnetic Force and Surface Tension

Yoshihiro Kawase, Yoshihiro Murai and Norifumi Hayashi

A new method of determining the shape of molten metal in electromagnetic continuous

casting and levitation melting system by using the finite element method has been developed.

This method has the advantage that the shape of molten metal which is produced by electro-

magnetic force and surface tension can be directly obtained.

In this paper, the outline of the

new technique is explained, and then the usefulness of the technique is shown by applying it to

molten metal shape in electromagnetic continuous casting system. The validity of this new

method is confirmed by experiments.
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Fig.1 Analyzed model of high frequency induction heater.
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Fig. 4 Modification of subdivision.
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Quench Sensitivity in Al-Li- (Zr, Cr) Alloys

Seiichi Hirano, Hideo Yoshida and Teruo Uno

Quench sensitivity of Al-Li-(Zr, Cr) alloys was investigated. An Al-2.5%Li binary alloy was
insensitive to cooling rates from the solution heat treatment, that is, the decrease in yield strength

was very small even in slow cooling rates, because a few stable §(Al-Li) phases precipitated and
many metastable §'(AlsLi) phases remained. Addition of a transition element, 0.12%Zr or 0.21%Cr,

increased the quench sensitivity in an Al-2.5%Li binary alloy, in this order. This is due to the

preferred precipitation of & phases along subgrain boundaries in an Al-Li-Zr alloy or at the

interfaces between incoherent intermetallic compounds and matrix in an Al-Li-Cr alloy.

However, the decrease in yield strength was small in every alloy due to the existence of many

metastable & phases. Thus, the reason why an Al-Li alloy is insensitive to cooling rates is that

stable § phases precipitate after a long incubation period due to the stability of ordered metasta-

ble & phases.
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AL, BEABEMH oML EE 2 RE L2, & 5, # Table 1 Chemical composition of the alloys
BRI L 72 DI I % Zr R Cr o e AFURE LS investigated. (mass%)
oA FIbE
B3R & B, Al-Zn-Mg-Cu o Zre Cr Ol & No. | Li 7w | o Si Fe Al
s L 72,
1 2.62 - - 0.02 0.07 bal.
2 2.62 0.12 — 0.03 0.07 i
2 % Eﬁ 71— 5% 3 2.60 - 0.21 0.03 0.11 I

Al-2.5mass%Li % B4 L T 546 %, ArFES
DEEDOITFCHEML, Pl 2, HHAMREOWAIL
1213 Al-5%Ti-1%B il &4 % v 72, Table 112853

ARG DR 2R T, No. 1o Agid Al-Li T & 900} Solution

%, No. 2R UNo. 30&&I3 ZNFN Zr, Cr ik &% Homogenization heat treatment
b B b LT 13 Fig. 2004 TS £ 0 713K © < 800F H.R.
86.3ks ¥R LALER 4%, 733K 1o I #ki% MPRFEAELC L 1) B £ 700

SAmmotE L, & b HREEE TSl mmof s L 5

72 KRICArEFSA TIC BT, 813K T3.6kso i s § 600

D%, 2 ORI FEIC L) #RM A2 ZRE THEAIL 2, 500

813K % 5 473K & TOPHRGHEE L F L Fh, KEEA
NW.Q.): ~103K/s, sl 2e4(F.A.C) . 7.6K /s, Z2:45(A.C.)

(L7K/s, 5EHD (F.CQA): 4.6 X1072K /s, 4@ (F.CQ) 300

T1AXI02K /s Th o2, WTRo&4E L ALEME

473K T 86.4ks 1T - 72, BEAFUES L JIS 5 B55ER

B OBIEREIC & - TEL AR OE TR L 72,

400
C.R.

Fig. 2 Processing schedule and heat treatment.

£, B ATURSEE S B EIS LA OB H & BT 3. RERERRUESR
BT, KT EIRTOREMON BRI EE LT, 3.1 Al-25%Li —TASDBEANES
sm ik Ey s PN B L 2, BBV L 2T, Fig. 3 12 Al-25%Li ZRE&EGDHEA NIRRT [?E%?T
813K X 18ks OWEKILAIE S\ T, 473~673K OFF  fiElhiz WQ. Mo ATHMEOE N %58 L, £H5
EOEIED T A S AL IS b SR EEEAN, MO ATESEOR N % 5T & L EAR TR J@t
10~10°s DFFE DI RIS, AEARL 72, AUBSETH ), R SIS Th 3 813K

R LICEEROBEIE, SRR E T Bk o AT3K F TOFERSEEE 2R, 22T W.Q #
(transmission electron microscope : TEM) i< & % #H#% N NLE% i 11, i Al-25%Li Zoe%
PR, XMEETIC L 2o RESE 217\, FEL L, 26.5kgf/mm?, 0.12%Zr N4 4:30.4kgf/mm?, 0.21%Cr

100 TF 165 F 7’;—— LA
| AR
[
3 © / } FALC.
~ FAN
- o | A.C.
S 60 |
z b FC.Q,
s alfce |
o o AL
~
g A ALLI-0.1292Zr
© 99 O AI-Li-0.212Cr
0 {
102 10~ 100 10! W.0.

Average cooling rate (K/s)

Fig. 3 Effect of cooling rates on yield strength (g,,) of Al-2.5%Li based alloys,
solutionized at 813K for 3.6ks, cooled and aged at 473K for 86.4ks.
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a4 27.4kgf/mm? Th - 72, Al-Li A4 Tl
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Holding time (s)

Fig. 4 Change of electric conductivity of an Al-

2.5%Li binary alloy, solutionized at
813K for 1.8ks, immersed into an
adjacent salt or oil bath for the
appropriate isothermal holding temper-
ature and time, then quenched into
water.
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<
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RERBTLE, ¥ 7—KRETZ v 5> 2783 NRT I
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Fig. 5 Microstructures of an Al-2.5%Li binary alloy after holding at

various temperature and time.
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Fig. 6 Diffractometer X-ray scans of an Al-2.5%Li binary alloy, solutionized
at 813K for 1.8ks, quenched to 573K and held for 10s followed by
water-quenching.
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Fig. 8 Change of electrical conductivity in an Al-Li binary alloy in both as-cooled

and aged conditions.
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As cooled

Aged

Water-quenched
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Fig. 9 TEM micrographs of & precipitates in an Al-2.5%Li binary alloy
solutionized at 813K for 3.6ks, cooled and aged at 473K for

86.4ks.

200 nm
L

Fig. 10 Dark field TEM micrograph of § precipitates
in an Al-25%Li binary alloy, solutionized
and held at 573K for 10%s followed by water-
quenched.
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Fig. 11 Change of electrical conductivity at 573K of
Al-2.5%Li based alloys, solutionized and
quenched in a salt bath at 573K.
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Fig. 12 TEM micrographs of Al-2.5%Li based alloys solutionized at
813K for 3.6ks, air-cooled and aged at 473K for 86.4ks.
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Quality Evaluation on the Al-Cu-Li Ternary Master
Alloy Produced by Molten Salt Electrolysis

Yoshiaki Watanabe®, Atsushi Hibino*
and Masayasu Toyoshima**

Under the optimum electrolysis conditions, it has become possible to produce Al-Cu-Li ternary
master alloy by the same molten salt electrolysis that has been previously established for the

production of Al-Li binary master alloy.

We have clarified that the Al-Cu-Li master alloy produced by this method is essentially free
from other alkali metals and that the major parts of it sink in the aluminium melt.

Therefore, the Al-Cu-Li ternary master alloy will be effectively served for the production of
commercial Al-Li alloys because of less complication in its adding operation into the melting

furnace.

1. Introduction

Al-Li alloys have low density, high modulus
and high strength. Therefore, they are very
fascinating materials for advanced airframe
structures.

Lithium metal used for the alloys must be
free from any detrimental element, especially
metallic sodium, and also preferably be less
expensive. When lithium metal is used, careful
handling and storage are needed because of
its high activity. Al-Li master alloy is, how-
ever, less active than lithium metal.

From these points of view, we have devel-
oped new process of producing high purity
Al-Li binary master alloy by molten salt elec-
trolysisV. Successively, we have established
Al-Cu-Li ternary master alloy production me-
thod.

This paper describes the chemical and phys-
ical properties on the Al-8wt%Cu-10wt%Li
ternary master alloy produced in the 2,000 A
pilot cell installed at our Nagoya Plant.

» Technical Research Laboratories, Chemical Technology
Department

++ Technical Research Laboratories, New Metal Products
Development Department

16

2. Production method

Al-Cu-Li master alloy could be electrolyzed
in the molten 50wt%LiCl- 50wt%;KCl mixed
salt by using Al-Cu alloy cathodes. Some op-
erational conditions, however, had to be changed
from those of Al-Li master alloy production
where aluminium had used as the cathodes.
For examples, the optimum cathode current
density was little lower? because of lower dif-
fusion coefficient of lithium into Al-Cu alloy
than in aluminium, and hollow bar cathodes
were preferable to solid ones® to suppress the
crack of the cathodes.

Under such optimization, Al-8wt%Cu-10wt
% Li ternary master alloys could be electroly-
zed by using the Al-9wt% Cu hollow tube cath-
odes whose outer and inner diameter was 80
and 60 mm, respectively. Temperature of the
electrolyte was 440-460°C. The content of
sodium in the technical grade lithium chloride
used was about 0.I1wt%. From such lithium
chloride, lithium metal produced by the con-
ventional electrolysis would contain about 0.6
wt% of metallic sodium. Because the atomic
ratio of lithium to aluminium was less than
unit, the duration of electrolysis was controlled
for the Al-9wt% Cu cathodes not to be fully
charged by Ilithium. Therefore, two layers
existed in one cathode as shown in Fig. 1.
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Original

(a)

Partially charged

Fully charged

)

Al-Cu

(a) Al solid bar cathode

(b) Al-Cu hollow bar cathode

Fig. 1 Schematic illustrations of the cross section

of the cathodes.

Alloy composition of the electrolyzed and non-
electrolyzed layer was Al-7wt9% Cu-17wt%Li and
Al-9wt% Cu, respectively. By controlling the
time of cathodic charge, the average composi-
tion of the whole cathode material consisted

of two layers above mentioned was kept to
Al-8wt9% Cu-10wt9% Li.

3. Analytical procedure

We have two procedures for chemical a-
nalysis ; the one is routine method for the de-
terminations of the contents of lithium, copper
and calcium and the other is for confirmation
analysis for sodium, potassium and chlorine,
temporarily, along with above-mentioned ele-
ments.

Al-Cut

Al-Cu-Li

Al-Cu-Li*®

(b) Confirmation temporarily

(a) Routine (Sample size = 20g, Crushed)
w Li, Cu, Na, K, Ca
— Master alloy electrode — A A S
™)+ Electrolyzed portion Aqua regia
** - Non-electrolyzed portion cl
Nephelo-
metry
Nitric acid
(a) Whole sample is crushed
(Sample size = Whole or 20g, Crushed) and pulverized, of which
20g sample is analyzed.
7777777777770 e N
————————————— K )
—~  Master alloy electrode —— K, Cl ALA.S.
Ci
Nephelo-
— Metry
Nitric acid

Fig. 2 Sampling and analytical procedure.

17



68 F A 8 & B B ®

April 1989

Fig. 2 shows our standard procedures sche-
matically, where hatched portions on the master
alloy electrodes are submitted to the analysis.

Density, as an important physical property,
of the material of electrolyzed portion is meas-
ured by the n-Hexane displacement and that
of non-electrolyzed portion is done by the water
displacement method.

4. Results and discussion

4.1 Lithium, copper and calcium concent-
ration

In the routine check of the chemical compo-

sitions, total inspection for lithium and copper

and sampling inspection for calcium content

were carried out. In the latter, the lot size was

ten cathodes and one of them was the sample.

Table 1 Li, Cu and Ca concentrations in Al-Cu-Li
master alloy.

The content of lithium was estimated from
the weight gain after removing the electrolyte
attached on the surface of the master alloy
electrodes. That of copper was calculated by
original content divided by increasing ratio of
the weight of master alloy electrodes.

Table 1 shows the analytical results of 50
samples. As shown therein, lithium and copper
are controlled very well, and calcium content
is found under the level 0.001wt%.

4.2 Sodium and potassium concentration

Distributions of some elements in the typical
cathode samples were investigated to both the
longitudinal and transversal directions. For this
analysis, whole electrolyzed part of the each
sample (see Fig. 3 and Fig. 4) were taken by
scrap and followed by crush. Typical analysis
is shown in Table 2 and Table 3.

Top Bottorn b AlCuLi

(%) - -_:—_A: - L:-é"___'ii'_'c_‘:lﬂ_"__ b’.“_ﬂ"_:_'é:j: B B
Element Average Standard deviation |  f--ccccqrcctooptTToomToooocpTToTo
Li 9.87 0.34 | Electrolyzed portion !
Cu 8.06 0.05
Ca <0001 00005 Fig. 3 Location of analyzed samples.
Table 2 Typical analysis of the electrolyzed portion. (Longitudinal direction)
(%)
Electrode | Location® Li Cu Na | Na/Li*® K K /Lit**)

1 A 17.2 7.22 <0.0003 | <0.0017 0.0034 0.0198
B | 174 | 722 | 200003 | <00017 | 00021 | 00121
¢ | a4 | 7as | <ooos | <oo017 | 00034 0.0195
b | a4 | 7a0 | <0003 | <o0017 | 00048 0.0276
B | wa | rae ] <oo00s  <oooi7 | 00032 0.0184

2 A 17.4 7.25 <0.0003 <0.0017 0.0034 0.0195
B | 174 | 728 | 200003 | <00017 | 00049 | 00282
¢ | 6 | 7as | <oo00s | <00017 | 00028 | 0.0159
B 4| 7as | <0003 | <0017 | 00054 0.0310
B | 76 | 725 | <0003 | <00017 | 00074 | 00420

Avg 17.4 7.23 <0.0003 <0.0017 0.0041 0.0234
""""" S Y S A B YV Y

&) . See Fig. 3

% - Sodium concentration calculated in lithium content base.
(+*%) + Potassium concentration calculated in lithium content base.
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Table 3 Typical analysis of the electrolyzed portion. (Transverse direction)
(%)
Electrode Location Na Na/Li K K/Li Cl
2 1660 <0.0003 <0.0017 0.0019 0.0105 0.0150
B|C 20 %) <0.0003 <0.0016 0.0025 0.0136 0.0170
(0 306 <0.0003 <0.0017 0.0034 0.0189 0.0190
4 <0.0003 <0.0017 0.0042 0.0233 0.0200
Avg. <0.0003 <0.0017 0.0030 0.0166 0.0178
On—1 - - 0.0010 0.0057 0.0022
)1 See Fig. 3
&**) : See Fig. 4
50 T
! ALCu-Li Data from Table 3
(Etectrolyzed portion)
®
40
- ° {
a
a
~ 30
o
2
i g .
(Non-electrolyzed portion) g
e 20
. . S 14
Fig. 4 Location of analyzed samples. o
x
These results show sodium concentration in 10 R
o ; K=—49+0.447XCl (r=0.98)
lithium content base is less than 0.0017wt%. (K/CDmearraie=0.40 —0.45
The average value of potassium in lithium 0
content base is 0.0234wt%, which is not negli- 100 150 200 250

gible. However, owing to the strong correlation
between potassium and chlorine as shown in
Figs. 5 and 6, and Table 4, chemical state of
potassium is considered to be the chloride which
is accounted for the adhesion of the electrolyte
onto the surface layer of electrolyzed master
alloy.

High sodium concentration is obtained when
sampling is made near the surface or the crev-
ice. The samples in which sodium concentra-
tion in the electrolyzed portion is more than
0.0003wt% are listed with the potassium con-
centration in Table 5. Because of the strong
correlation between sodium and potassium as
shown in Fig. 7, chemical state of sodium as
well as potassium is also considered to be the
chloride on account of the same reason.

For the accurate evaluation of our master
alloy, we compared the composition of the melt
after high purity lithium metal addition which

Cl concentration (ppm)

Fig. 5 Correlation between Cl and K concentrations.

3000

2000

I I
Data from Table 4

1000

//

K concentration (ppm)

e

0 2000

K=—22+0.452XCl (r =0.996)
(K/Cl)eiectrolwa0.40—0.45

|

4000

Cl concentration (ppm)

6000

Fig. 6 Correlation between Cl and K concentrations.
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Table 4 Confirmation analysis of Cl and K in the
small portion of the electrolyzed sample.

(ppm)

Cl K

52 22

56 17
100 27
100 28
120 29
120 33
140 45
200 37
200 94
200 102
220 59
230 59
3520 1560
5280 2150
6120 2940

contains 0.0013wt% of sodium and 0.0006wt%
of potassium with that of the melt after the
master alloy addition. Typical analysis of them
is shown in Table 6 (a) and (b). Master alloy
and high purity lithium metal give the same
impurity levels.

The estimated sodium and potassium con-
centrations in the melt after high purity lithium
metal addition are 0.00003wt% and 0.00001wt

Na concentration (ppm)

Table 5 Na and K concentration in the small portion
of the electrolyzed sample of the master
alloy electrode in which Na concentration
is more than 0.0003%.

{ppm)
K Na
370 3
380 3
1380 11
3050 29
5950 38
50 , :
Data from Table 5
40 /
30
»
20
10 o
Na=1-+6.296X 10"3xK (r=0.997)
(Na/K)gieatrome=6.1 X 1072
0 | | |
0 2000 4000 6000

K concentration (ppm)
Fig. 7 Correlation between Na and K concentrations.
9, respectively. These values are one-tenth of

the concentrations in the melt as shown in
Table 6. This means that the main source of

Table 6 Typical analysis of the melt after lithium metal addition and that of the melt after master

alloy addition.

(a) (%)
) Estimated content in Backcalculated content
Sgurce of Li Na K the melt in the source
Li ® @ ®
Na@)*2 K@®» Na@*® K@®*>
Li metal®*V 2.42 0.0003 0.0001 0.00003 0.00001 0.0124 0.0041
(b)
a 2.49 0.0002 0.0001 2 - B=D*x®/100
I O R A 63 D=2 x@)/100
Master |b| 289 | 0.0002 | 0.0001 0} ©=@x100/3
alloy c 2.44 0.0003 0.0001 &5 =F)X 100/
d 2.33 0.0002 0.0001

1. Na content =0.0013%----- @
; K content =0.0006%::---- ®
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sodium and potassium is not derived from those
in lithium but the others. Therefore, backcal-
culated sodium and potassium concentrations
in the lithium metal from those in the melt are
differed ten times from those in the lithium metal
as shown in Table 6 (a). In considering the
concentrations of sodium and potassium in the
level of ppm in the melts, the potential sources
of sodium and potassium are not only the lithi-
um metal or the master alloy but also the bulk
aluminium and the refractories. In this respect,
it seems to be misleading to backcalculate the
sodium and potassium content both in the lithi-
um metal and master alloy directly from sodium
and potassium contents in the melt.

Table 7 shows the analysis by X-ray diffrac-
tion method of the dross on the melt surface
after master alloy addition. It is clear that the
electrolyte adhered onto the master alloy sur-
face moves into the dross. (Sodium chloride
content was too small to be detected, and lithi-
um chloride was only detected as a complex salt.)

Table 7 Analysis of the dross by X-ray diffraction
method.

KCl, Al{e) > 7-LiAlO2 > Li;COs, LiCl-
2A1{OH);-nH:0

Condition : © Cu Kga with nickel-filter.
© 45kV x40mA.

4.3 Density

Table 8 shows the apparent densities of the
Al-Cu-Li master alloy at room temperature.
Although the density of the elctrolyzed portion
was 1.86 g/cm?® and lower than that of alumi-
nium melt, the whole of the master alloy elec-
trode ie., Al-8wtZ%Cu-10wt%Li ternary master
alloy including non-electrolyzed portion was
2.1-2.2 g/cm®. Therefore, the greater parts of
the master alloy sinks in the aluminium melt.

Table 8 Density of the Al-8.0Cu-10.0Li master alloy
at room temperature.

Composition | Density

(%) (g/cm?)
Electrolyzed | Al-72Cu-174Li| 1.86 | n-Hexane displacement

Portion Method

Non-electrolyzed | Al-9.0Cu 2.82 | Water displacement
Wholet® AL8.OCw10.0Li | 2.1-2.2 | n-Hexane displacement

). Master alloy electrode.

21

5. Conclusion

By considering the diffusion of lithium in Al-
9wt% Cu alloy which is used as cathode and by
controlling the electrolysis time, Al-8wt% Cu-
10wt Li ternary master alloy essentially free
from other alkali metals can be produced by
the electrolysis in the technical grade molten
lithium chloride-potassium chloride mixed salt.

The conventional lithium electrolysis gives
sodium content of 6,000-7,000 ppm when pro-
duced from such technical grade lithium chlo-
ride which contains about 0.1wt% of sodium,
whereas the new process gives metallic sodium
content below 20 ppm in lithium metal content
base of the master alloy. Occasionally some
samples do have a small quantity of sodium
and potassium but they are clarified to be the
electrolyte components as sodium chloride and
potassium chloride adhered onto the surface,
which move into the dross in adding to the
aluminium melt and cannot be into the melt.

The density of Al-8wt% Cu-10wt%Li ternary
master alloy is about 2.2 g/cm?, so the major
parts of which sink in the melt. Therefore,
Al-Cu-Li ternary master alloys are suitable
material for the production of Al-Li alloys con-
taining copper as an essential component, along
with the easiness with respect to handling and
storage in comparison with high purity lithium
metal.
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Estimation of Number of Active Hydroxy Groups on
Phosphoric Acid Anodized Surface

Masaya Imai and Masahiro Nishio

The surface properties of aluminium alloy pretreated by various techniques have been
investigated for the surface concentration of chelated zinc ion, determined by atomic absorption
spectrometry, and for the heat loss of coated epoxy polymer measured by FT—IR. The plots of
the surface concentration of zinc ion found on various pretreated surfaces have been an almost
linear relation against the residual amount of epoxy polymer. The number of hydroxy groups
on the various pretreated surfaces has also been evaluated from these analytical results.

The phosphoric acid anodized aluminium alloy surface has estimated to be the most
attractive for both zinc ion and epoxy polymer. The number of hydroxy groups, as the
active sites for epoxy polymer, per apparent unit area was found to be the greatest of the

various pretreated surfaces. These surface properties may be concerning with a better adhesion
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with epoxy polymer.
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Fig. 1 Changes of zinc ion adsorption with
immersion time.
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Table 1 Surface concentration of zinc ion.

Surface
Pretreatment Found concentration
(zg/40cm?)
(ng/dm?)
Degreasing 22~ 28 55~ 70
Alkaline cleaning 10~ 28 25~ 170
CC treatment 14~ 40 36~100
SAA treatment 76 190
PAA treatment
—1(10A/dm? X 9s) 72~ 88 180~220
—2(20A/dm? X 15s) 128~140 320~340
—3(10A/dm? X 6s) 104 260
—4(10A/dm? x 10s) 102 280
—5(10A/dm? X 5s) 70~ 78 176~195
—6(10A/dm? X 10s) 89~ 98 223~246
—7(10A/dm? X 15s) 120 300
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200C X 10 min

Wavenumber (cm~!)

Fig. 2 Reflection-absorption spectrum of epoxy

polymer on degreasing pretreated
aluminium alloy :
(a); after drying at 100 °C for 2 min and

(b); after heating at 200 °C for 10 min.
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Fig. 3 Reflection-absorption spectrum of epoxy
polymer on phosphoric acid anodizing
pretreated aluminium alloy :

(a); after drying at 100 °C for 2 min and
(b); after heating at 200 °C for 10 min.
(PAA treatment; 20A/dm? for 10s)
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Fig. 4 Reflection-adsorption spectrum of epoxy
polymer on sulfuric acid anodizing

pretreated aluminium alloy :

(a); after drying at 100 °C for 2 min and

(b); after heating at 200 °C for 10 min.

(SAA treatment : 10A/dm? for 5s)
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Fig. 5 Reflection-absorption spectrum of epoxy
polymer on chromate phosphate con-
version (CC) pretreated aluminium alloy :
(a); after drying at 100 °C for 2 min and
(b); after heating at 200 °C for 10 min.
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Fig. 6 Reflection-absorption spectrum of epoxy
polymer on alkaline cleaning pretreated
aluminium alloy :

(a); after drying at 100 °C for 2 min and
(b); after heating at 200 °C for 10 min.
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Fig. 7 Reflection-absorption spectrum of epoxy
polymer on phosphoric acid anodizing
pretreated  aluminium alloy  after
heating :

(a); 10A/dm? for 15s
(b); 10A/dm? for 10s and
(c); 10A/dm? for 5s.
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.. . 0 . i : +
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2 L, ff ¢ Table 21053, Surface concentration of zinc ion (ug/dm?)
PAA I EIRBRET 5 =KX o)) = — &I i Fig. 9 Relation between surface concentration of
BEE FoFN L) %<, 1L7~24mg/dm?Th - 7z, zinc ion and residual epoxide ratio.
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Table 2 RER® and residual amount of epoxy polymer.
1510cm™! Absorbance RER Residual amount
Pretreatment
After drying After heating (%) (mg/dm?)
Degreasing 0.039~0.043 0.004~0.007 9~18 0.40~0.70
Alkaline cleaning 0.048 0.008 17 0.65
CC treatment 0.042~0.048 0.004~0.005 10~11 0.41~0.49
SAA treatment 0.049~0.052 0.014~0.015 29~40 1.19~1.26
PAA treatment
—1(10A/dm? X 9s) 0.040 0.022 55 1.78
—2(20A/dm? X 15s) 0.045 0.030 75 2.43
—3(10A/dm? X 6s) 0.050 0.029 58 2.36
—4(10A/dm? X 10s) 0.049 0.028 57 2.28
—5(10A/dm? X 5s) 0.043 0.021 48 1,69
—6(10A/dm? X 10s) 0.045 0.023 51 1.88
—T7(10A/dm? x 15s) 0.047 0.027 57 2.19

(OURER : Residual Epoxide Ratio
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Table 3 Number of active hydroxy groups on apparent
unit surface area of various pretreatments.

Number of active hydroxy groups
(—OH/nm?) estimated.
Pretreatment
by residual by adsorbed
epoxy polymer Zntt
Degreasing 110~190 100~130
Alkaline cleaning 180 46~130
CC treatment 110~140 70~180
SAA treatment 330~350 330
PAA treatment
—1(10A/dm? X 9s) 500 330~400
—2(20A/dm? X 5s) 680 590~ 620
—3(10A/dm? x 6s) 660 480
—4(10A/dm? X 10s) 640 510
—5(10A/dm? X 5s) 470 350~390
—6(10A/dm? X 10s) 520 450~ 490
—T7(10A/dm? X 15s) 610 610
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An Ironing Formability of Hard Thin Aluminium
Sheets

Tatsuya Hikida and Yoshio Takeshima

This paper deals with effects of surface roughness and manganese content of thin aluminium
sheets for heat exchanger fins on frictional coefficients and axial stress in ironed cup wall.
The coefficients and the stress were determined by the calculation based on the punch load
and the frictional force during the ironed test.

The results obtained were as follows;
(1
with increasing surface roughness.

2)

@)

on the ironed cup wall.
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The frictional coefficients depended mainly on the surface roughness, and these decreased

The axial stress of a material containing 0.25 %6 manganese was lower than that
of the one containing 0.12 % manganese.

These appeared to be poor correlation between the frictional coefficient and the seizure
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Fig. 1 Procedure of ironing.

o Punch D MEEEHITEEET 5,
Q 2) BEREFEEANMOTAZRANLTHIC LS,
() I TREC R el & BV B
@) SFHO T ARETH Y, W75 OmEERGT) 3

E Die SHME—TH B,

F
1 ! (6) ERILMIE LB HEOEEIEH 2T 5,
P (// \§> < Start point (6) HMIEIZ DV Tldgp=qa=gh LI B,
i of ironing (N A2 A0 50 E oM, up pdldz—3E &
15,
=T @) Food~Tiz, LIZEBBEMICHEBTS,
PBEREHIZEABUO T A F X L 030 (D) TR
P ha,
P=F,+P,
o:+q=2kh=-refG=—rFE" (1)
P 1 Punch load . . o F F ) 3
F, : Frictional force Fig. 3 1R L 2BV NERIC BT 2F o210 &
P, : Tensile force WED, RS D,
Fig. 2 Scheme of testing apparatus. do.
dos | A(Z)o1=B2) 2)
AZ)=2{—ppor+ualr+t,— Ztana)}/

Z\K (t,—Ztana) 27+ t,— Ztana)
o
iﬂdqd

_ 2 gl _Z b
f, T - t B(Z)= RF{H In(1 r tana) |}
z .,-if z+ z )
- j_,zpqu : / 2{— v+ (pa+tana)(r +t,— Ztana)}/
7 |az 7 (t,— Ztana) @7 + t,— Ztana)
L 72, PrF3s(3)e@)cHRI N,
i
Fig. 3 Stresses acting on an element under ironing deformation. P={(yq+tana) fo q4dZ (3)
1
Fp:/lp%; @dZ {4)
2.2 EEBEFBOEH ST, qe=qa=qhr b, padiRN L )il b
Fig. 312 L 2 2 ERBOMNERIC BT 537 £ 75 P
FoMEL 72 PR F, o b, > FEEEBRIL 1y U pI=Tpp tanae (5)
o4 AR g0 # WM 5. ZOBA, KO LS Fig. 4 ZEEBIRHE HHT 22507 0 —F v b T
IREL 72, BB, pllEE G 2, FEWMLLP, FoxHwTR(5)

29



80 A B & B A H April 1989
Table 1 Mechanical properties and surface roughness
of test materials.
Temporary value of frictional
coefficient on punch surface u,
| . . surface
| Mechanical properties hnes
Frictional coefficient TOughness
on die surface Material | yielq Tensile ,
Elongation Ra
Axial stress in ironed strength strength %) ()
cup wall 5w (kgf/mm?) | (kgf/mm?)
2 | 6 i o
— B 14.4 14.8 14 0.3
[ Frictional force F,;(calculated value)) [Fp(measu‘fed value) | c 141 14.8 5 0.3
Modification of 4,

Fig. 4 TFlow chart for calculating frictional coefficients.

I pa BRET B, gy, pa 22N
L To. 2R, o, RUBER &)L 5 HEg 2%
S, ek gk AN AL, For WM E»H 5 0%
PRI 52 CRQOZACTEREHEL, wphdvEl

720 pald, ZTOuyRGICRAL TRD2,

AL A(2) & #efill

3. BTH|MBTUBMETILSL
L = &5 BR

3.1 #EEMRBRUHEBRSEMS

Hatichils, 1050—H26 #aiifuds 7 4 > HM7T L 3 =
WAM( BE 0.1 mm oL oF M, KA

(2Bix, Mn 025 %, Cix0.12 % T, Z DA Hidp o

ﬁﬁﬁi ABCELTNCRILTHD, ZHH DM
2 T R FR ML 2 % Table 110719, iR JoHA & Bix
FHEMM S ALY, BrCIEHMEIIPFRLTH S,

L&y 7B B 2B Oz e 5
fesh, Aoy Z%&E(Fig. 1(b)) & LT, REEL &5 %
b WlBENH v E L TEBGERL B R A
Er 702wy L L7z, LT TR, §iEERMA, BRUC,
#HEERMA, BRUCE LT L, HIEEE O FREHL S
# Table 227" 9, [ L &1 kYA B, CoEmHM
202X L (h»Twd, LZEREk%& % Table 3 i
R, LIamIolBEi#Eiin=3THs 5,

3.2 HEHR

3.2.1 RFHRUEESH

Fig. 5123 MA BRUCIZ oW, L ZEHEEI-NT 5
PEUF,OLERT, PRUFIIL D& MR %
DIz T LR REIZEL 72, b, WTORM
CLL TEEMEREL L -2,

3.2.2 EEFERUEBEREA

Table 4 1oL Z& 7 » 7 TR nfl, FE%ER

Z 7 LERD

30

Table 2 Surface roughness of test cup wall shown in Fig. 1 (b).

Non-ironing With ironing

Test cup
A B C A B C

Surface roughness of test

0.45
cup wall, Ra (xzm)

0.25]0.2510.20 | 0.20 } 0.20

Table 3 Ironing test conditions.

Material : SKD-11 (HRC60,Ra=0.08,m)
Punch .

Diameter : 20 mm

Material : SKD-11 (HRC60,Ra =0.06,m)
Die Semi-angle : 5°

Bearing length : 0.2 mm
Ironing reduction | 35 %
Ironing speed 1 mm/s

Lubricant Paraffinic base oil (321 ¢St, 20°C)

200¢ - -

150

 Po(kgf)

Frictional force, F, (kgf)

100

50

Punch load

ok
ME
e 3
ok

6 80 2 4 6 80
Ironing travel, /(mm)

Fig. 5 Ironing punch load and frictional force
vs. ironing travel.
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Table 4 n-value and F-value of sheet and cup.

sheet cup
Material | n-value | F-value | Material | n-value | F-value
A 0.089 18.5 AA 0.052 18.8
B 0.079 17.4 B, B’ 0.045 17.6
C 0.090 19.4 C,C 0.054 19.7
0.4 ~ [=5 mm
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Fig. 6 Frictional coefficients on punch and die
surfaces and axial stress in ironed cup
wall at ironing travel of 2mm and
5 mm.
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0.1 mm
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0.1 mm
| N

(a) Antiseizure surface (b) Seizure surface

Fig. 7 Ironing surface.
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Fig. 8 Rate of antiseizure surface vs. frictional

coefficient on die surface at ironing
travel of 5 mm.
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Table 5 Effect of n-value and F-value error on frictional
cofficients up, w¢d.

F “tho‘nal o (upper figure), uq (lower figure)
coefficient
n-value
0.04 0.05 0.06
Fvalue
(kgf/mm?)
185 0.320(+1.3%) | 0.326(+3.2%) | 0.331(+4.7%)
: 0.303(+1.7%) | 0.310(4.0%) 0.317(+6.4%)
loo | OS1L=19%) | 0316(x:0%) | 0322(+1.9%)
: 0.291(~2.3%) | 0.298(+0%) | 0.305(+2.3%)
195 0.300(~5.1%) | 0.304(~3.8%) | 0.312(—1.3%)
' 0.279(—6.4%) | 0.284(—4.9%) | 0.293(—1.7%)

Standard : n-value 0.05, F-value 19.0 kgf/mm?
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Monitoring and Control (MAC) System
for Copper-Alloy Condenser Tube Performance*

Tetsuro Atsumi**, Koji Nagata***, Shiro Sato****,
Hirohiko Kominami***** and Katsumi Yasui*****

Copper-alloy condenser tubes in saline water-cooled condensers are required to provide heat
transfer and corrosion resistance. The monitoring and control (MAC) system discussed in this
paper monitors the performance of condenser tubes through the heat-transfer rate (cleanliness
factor) and the corrosion resistance (cathodic polarization resistance). It then indicates ON or
OFF for the operation of sponge ball cleaning and/or ferrous ion injection to control the amount
of inside deposit in the tubes to allow both cleanliness factor and cathodic polarization resist-
ance in the acceptable range (i.e., the “window”). The window, which is the enclosed area on
the coordinates with x-axis of cleanliness factor and y-axis of cathodic polarization resistance,

is set from our expertise for condenser tube performance in various salt water quality. This

system can be operated automatically and continuously by means of microcomputer.

This

paper discusses the effectiveness of this system and its application to an actual condenser.

1. Introduction

Copper-alloy condenser tubes are required to
provide both heat transfer and corrosion resist-
ance in saline water-cooled condensers. The
results of a survey of these tubes (mainly alu-
minium brass tubes) in Japanese power plants
show that their failure rate has been less than
one tube per 10,000 tubes for 1 year of opera-
tion over 15 yearsV. This satisfactory perform-
ance of copper-alloy tubes is considered to be
due to the application of several counter-
measures and/or development of materials.

It is well known that the performance of

*
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tember 22-24, 1987 sponsored by Electric Power Research
Institute.

** Technical Research Laboratries, Metallurgical Technolo-
gy Department
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copper-alloy tubes is highly dependent on the
deposit on the inner surface of tubes. Corrosion
resistance against saline water is improved by
the formation of certain surface films, while
the excessive formation of film leads to the
deterioration of heat transfer. Periodic inspec-
tions of copper-alloy tubes removed from actual
condensers have proved that in many cases the
sample tubes were covered with a lot of deposits
and resulted in the deterioration of heat transfer.
From the view point of condenser tube perform-
ance, it is desirable to monitor both corrosion
resistance and heat transfer and to control the
mner surface film in optimum condition by means
of sponge ball cleaning and or ferrous ion injec-
tion®. A few kinds of techniques of monitoring
tube performance have been proposed, but they
usually treat either the heat transfer or the
corrosion resistance separately® 9.

The Monitoring and Control (MAC) System
developed is to monitor the condenser tube per-
formance on load and then to indicate ON or
OFF of sponge ball cleaning and/or ferrous ion
injection on real time in order to control the
surface film based on our expertise for the
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condenser tube performance. This system can
be operated automatically and continuously by
means of microcomputer.

This paper outlines the MAC system and dem-
onstrates the effectiveness of the system in
the laboratories and field tests. In addition, the
application of this system to actual condenser
is discussed.

2. Conception of MAC system

Fig. 1 shows the flow chart of the MAC system
for condenser tube performance. Three factors
are selected to monitor the condenser tube
performance. They are corrosion resistance,
heat transfer and saline water quality. The
corrosion resistance of the tube is characterized
by the cathodic polarization resistance (PR)
which is measured by the existing sensors of
impressed cathodic protection system and/or
PR meter. Heat transfer is characterized by
the cleanliness factor based on the thermal
performance of condenser and/or that measured

Corrosion resistance

Existing sensors of

Collection of impressed cathodic

data protection system
and/or
(Sensors) polarization resistance
l/ meter (PRM)
Calculation Cathodic polarization

of characteristics resistance (PR)

by a fouling meter(FM). The saline water quality
is mainly characterized by sulfide ion in cooling
saline water, as sulfide ion is known to cause
pitting corrosion of copper alloy tubes. The
content of sulfide ion is measured by continuous
analyzer. Each sensor developed is outlined in
the next paragraph.

After collecting data on-load by means of
the above sensors, each characteristic is calcu-
lated and then the performance of tube is judged
based on the “performance coordinates” regard-
ing typical saline water quality. The perform-
ance coordinates, where the acceptable range
is enclosed, is with x-axis of cleanliness factor
and y-axis of cathodic polarization resistance.
ON or OFF of sponge ball cleaning and/or
ferrous ion injection is indicated according to
the performance of condenser tube. A series
of processes of the collection of data, the cal-
culation of characteristics, the consultation and
the indication is automatically operated on
real time by a microcomputer.

The acceptable range of tube performance

Heat transfer Saline water quality

Existing sensors for

monitoring themal Analyzer of
performance ; ;
of condenser cooling saI‘lne
and/or water quality
fouling meter (FM)
_______________ —_—
Cleanliness factor Con~tent_ of
sulfide ion

]

¢

Consultation

controlled by microcomputer

Consultation condenser
tube performance

Indication

Indication of ON or OFF of sponge ball
cleaning and/or ferrous ion injection

Execution

Ferrous ion injection

Sponge ball cleaning

Fig. 1 Shematic flow chart of MAC system.
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Cleanliness factor (%) showing the ON-OFF indication.

Fig. 2 Typical examples of “window” on the

performance coordinates. Lower cleanliness factor than the threshold
value of window
which we call “window” is set from our expe- — sponge ball cleaning : ON
rience and expertise. The examples of the Both characteristics are in the window
window are shown in Fig.2. In order to keep — ferrous ion injection: OFF
the performance of tube in the window, the sponge ball cleaning : OFF
performance coordinates are partitioned into
severgl gpergting zones by thg thljeshold value. 3. Equipment of MAC system
The indication of ON-OFF is given for each
zone as shown in Fig. 3. Basic conception of 3.1 Sensors developed
operating ways are as follows: 3.1.1 Fouling meter
Lower polarization resistance than the Fig. 4 shows the schematic diagram of fouling
threshold value of window meter (FM) which is attached on tube outside.
— ferrous ion injection : ON The FM is composed of electric heater and
130
Heating zone 60 30 Unheating zone
SUS ring — N;,,l A x * o BL/* 0.5 mm¢ CA thermocouple
E) - 10~ !-;i\ik—lo - (3 <<= Saline water
N ST % ” Heater
* N % 0.5 mm¢ CA thermocouple

Condenser tube Insulating materia\
SUS cover

Fig. 4 Schematic diagram of fouling meter (FM).
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thermocouples. Firstly, about 20 mm long is
locally heated under flowing cooling water,
and then temperature difference (47°) between
the heating zone (A) and the unheating zone
(B) in Fig. 4 is measured. The fouling factor
is provided according to the calibration lines
based on the velocity and temperature difference
(47T) as shown in Fig. 5.

The sequential measuring process is controlled
by microcomputer as follows.

measurement of velocity
heating
measurement of tubel surface temperature
calculation of fouling factor

conversion to cleanliness factor based on HEI

1.0m/s

1.5
2.0
2.3

Difference of temperature between the
heating zone and un-heating one, AT (C)

Fouling factor (X10-5m2hC /kcal)

1 ! | H 1

90 85 80 75 70

L I
100 95
Cleanliness factor (%)

Fig. 5 Relation between the 4 T and fouling factor.

A/D .
Potentiostat
’7 converter
CPU T
L Relay out Potential
scanner regulator

3.1.2 Polarization resistance meter

Fig. 6 shows the schematic diagram of polari-
zation resistance meter (PRM). Polarization
potential and current are measured in electro-
chemical cell as shown in Fig. 6, and then
cathodic polarization resistance (PR) is calculated
by the following equation®.

o ()

where, E,: degree of polarizing (mV)
Iy :polarization current
(mA/one tube)

o :resistivity of cooling saline

water (Qcm)
- inside radius of tube (cm)
[ :tube length (cm)
R :cathodic polarization
resistance (Q cm?)

The sequential measuring process is also con-
trolled by microcomputer as follows.

measurement of natural potential
polarizing
measurement of polarization
calculation of PR

3.1.3 Continuous analyzer of cooling
saline water quality

Fig. 7 shows the schematic diagram of contin-
uous analyzer of saline water. Temperature,
pH and sulfide ion are analyzed in the condition
of continuous flow of cooling saline water.
Sulfide ion in cooling saline water is analyzed
in ppb order using ion electrode method.

Condenser tube
(Working electrode)

Saline water
G £ p)
Water box

Reference electrode

Counter electrode

Fig. 6 Schematic diagram of polarization resistance meter (PRM).

36



88

E X E 2R B H

April 1989

Counter of passed SB

Equipment of

Cathodic protection system

Fe** injection

Regulating

Electromagnetic flow meter

N

tank

Equipment of SB cleaning

Condenser tube

\ Analyzer of saline water quality

Fig. 10 Schematic illstration of model condenser with MAC system.

(a) Clean sea water

(b) Intermittently polluted

(c) Chlorinated sea water

sea water (Initial film)

1068 T T T

|
(SB collecting)
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S I I
8
S 10%; 105}
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e L
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8 104} 104 104k
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= I L
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Cleanliness factor (%)

Cleanliness factor (%)

Cleanliness factor (23)

Fig. 11 The changes of aluminium brass tubes’ performance monitored and controlled in three different types

of sea water in laboratries test.

Fig. 11 shows the monitoring results of alu-
minium brass tubes tested under several operating
conditions, so-called “window”, in three different
types of sea water. The results show that the
performance of test tubes can be successfully
monitored and controlled in the prescribed windows.

Metallurgical investigation of test tubes showed
that sample tubes did not suffer from corrosion.
This result supports that MAC system is avail-
able in usual sea water.
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5. Application of MAC system to actual
condenser

5.1 Field test

Fig. 12 shows the schematic illustration of
by-pass line which is installed beside an actual
condenser in a power plant. Aluminium brass
tubes removed from an actual condenser are
used as an monitor tube in this by-pass line.
Cooling sea water is branched from an actual
condenser pipe line and flowing rate of by-pass

80
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PRM are controlled by output signals of CPU

Reference Pt resistance thermometer ‘ . .
electrode through the interface. Indicator shows ON or

S?- electrode

pH electrode

Holder

Saline water—=

[

B

Tranducer

JE———

il
I

§* pH
converter || converter

Temp.
converter

li_J

oscillator
l 3 pen
recorder
pH,S% temp. Level '
- " potential
Indoor

Fig. T Schematic diagram of continuos analyzer of
cooling saline water.

3.2 Instruments of computer system

3.2.1 Components of computer system
Fig. 8 shows the components of computer
sensors converted

system. Each signal

of

OFF of a sponge ball cleaning and or ferrous
1on injection.
3.2.2 Programming of computer system

Fig. 9 shows the flow chart of MAC system
program designed according to Fig. 1. Selection
of the control range of condenser tube perform-
ance “window” i1s made based on the basic and

the local conditions of the condensers.

The

condenser tube performance can be graphically
visualized on CRT and/or X-Y plotter on real

time.

4. Evaluation of MAC system

Fig. 10 shows the schematic illustration of
the test facilities having MAC system. In the
system, sponge ball cleaning and ferrous ion
injection are operated automatically. In addition,
the number of passing of sponge balls can be

by isolater is inputted to CPU through the counted by photoelectric sensors. The tests
interface. Heating of FM and polarizing of were carried out for two years.
- W ar o
Existing sensors
CRT
Y [ouTPuT| 8 PRM and/or
1 cpu £ Isolater Existing sensors
Plotter 3 of cathodic protection
[iNnpuT | € system
Printer
— Recorder Analyzer of saline
water quality
Fig. 8 Components of MAC system.
Data input Caluculation Consultation of Direction Execution
P performance (Fet+, SB)

|: Data indication

& compilation

Fig. 9 Flow chart of MAC system program.
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Inlet
water box

Outlet

Q water box

By-pass line

Fet+ |- | Condenser tube

ﬁ Cooling water

Fot+ Equipment of Fe** injection
e

Controller of flowing rate

©

v
Regulating
H tank

Equipment of SB cleaning

A Analyzer of saline water quality

L
J

Counter of passed SB

Cathodic protection system

Condenser tube

L._J\’LE

SB collector

W

{\]

M PRM o

Electromagnetic flow meter

Fig. 12 Schematic illustration of by-pass line in field test.

line can be automatically adjusted similar to
that of the actual condenser. In addition to the
by-pass line, monitoring of actual condenser
performance can be made on real time using
the existing sensors of impressed cathodic pro-
tection system and thermometer, pressure gauge
of condenser unit. Fig. 13 shows the component
of the MAC system in an actual condenser.
The field test was made using the above two
types of equipment/system for about 6 months
from 23 September 1986 to 4 February 1987 at
the thermal power station of Kansai Electric
Power Company. Two tubes (A and B) were
removed from the actual condenser and
installed to the each by-pass line in Fig. 12.
Tube A was cleaned by carborundum ball and
then was operated according to the MAC
system of window “B” (R value more than

3 X 104 cm?, Cleanliness factor more than
85%). Tube B without any pre-cleaning was

operated in the same condition of the actual
condenser described below.
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Fe** injection :
0.25 ppm for 3 hours per day, 6 chances
per week
Chlorination :
continuously, less than 0.1 ppm as residual
chlorine
Sponge ball cleaning :
2 balls per each tube per one chance, 1
to 2 chances per week
Fig. 14 shows the monitoring data of Tube
A tested in the by-pass line. Fig. 15 shows the
monitoring data of Tube B and tubes in the
actual condenser. Fig. 16 shows the performance
diagram of R value and C value. In the case of
Tube A, the performance of tube had been kept
in the prescribed window under the operating
conditions of passed a few sponge balls and
low frequency of the Fe' injection. In the
case of Tube B and actual condenser tubes,
the operating and performance data of tubes
were successfully collected. The cleanliness
factor of the tubes in actual condenser, however,
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Saturated steam temperature in
condenser
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Fig. 13 Components of MAC system.
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Fig. 16 C -R diagram of monitoring tubes in by-pass line.

shows a very low value of 65% compared with
that of Tube B of 85%. To make clear the
reason for such difference, six tubes were
removed again from the actual condenser used
for the same period of the by-pass line test.
Fig. 17 shows the comparative performance of
the sample tubes used in both the actual con-
denser and the by-pass line. Cleanliness factor
was measured using a model condenser, where
the steam at a saturated temperature of 100 °C

was supplied in the shell side and cooling water
passed through the test tubes at a velocity of
2m/s. The data of the sample tubes removed
from the actual condenser are in fairly good
conformity with those from the by-pass line.
This fact indicates that the fouling on inside
of both sample tubes are almost same and
that the cleanliness factor of actual condenser
tubes as shown in Fig. 15 is remarkably influ-
enced not only by the conditions of tube inside

100 .20 R 7y ////
- 3 15F §‘§\ 7
;\§ 2 : — %[j——/_\—:b
S | < i -
= 90 Z 10l —
g 8L n
: L § - 7 777NN\
v (2] —
O n \ \
o @ - N\
£ 80F c Nw
8 S 51 -8
O S
L N L
I e
O
70 o3 v\\\*\\&\\\N
A B C D E F Bypass A B C D E F Bywpass
line tube line tube Position of removed
(Tube B) (Tube B) sample tubes in actual

Tubes used at actual condenser

Tubes used at actual condenser

condenser

Fig. 17 Comparison of cleanliness factor and polarization resistance of the removed tubes from
actual condenser with those of the by-pass line tube operated under the same conditions
of sea water tretment, sponge ball cleaning, flowing rate.
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Table 1 Application method of the MAC system to an actual condenser.

" Item

Case A Case B

Tubes monitored performance

Total tubes Individual tube

Cleanliness factor

Sensors for monitoring

Existing sensors for
monitoring thermal
performance of
condenser

Fouling meter (FM)

each characteristic . L
Cathodic polarization

resistance

Existing sensors of
impressed cathodic
protection system

Polarization resistance
meter (PRM)

Content of sulfide ion

Analyzer for cooling saline water quality

Equipment

By-pass line & computer

Computer system
P Y system

but also those of tube outside, e.g. quantity,
velocity, temperature of steam, content of
non-condensable gases in steam, and surface
of tubes. So we can get the cleanliness
factor of tube based on both the inside fouling
only and total inside/outside fouling using two
types of equipment/system.

5.2 Application to actual condenser

Application method of the MAC system to
an actual condenser is proposed in Table 1. In
case A, the performance of actual condenser
is able to be monitored and controlled directly
using the existing sensors of the condenser unit
and of the impressed cathodic protection system.
Therefore, the application of case A has an
economical advantage. While in case B, the
performance of condenser tube can be indi-
vidually monitored by means of the by-pass
line with sensors such as FM and PRM. Actual
condensers can be controlled based on the
performance of by-pass line condenser tubes.
Since the thermal performance of an actual
condenser monitored in case A is often dis-
turbed by other factors than the condenser tube
performance, it is necessary to check the sig-
nificance of data and the conditions of tubes.
As the above consideration, it is desirable to
apply case A and B together at present stage.

Case B has an economical disadvantage com-
pared with case A, because of the additional
equipment. To save the cost of case B, we
are going to prepare the prefabricated by-
pass unit of MAC system, as shown in Fig. 18.
It will be expected to reduce the cost by 20 to

30 percent.

Fig. 18 Prefabricated unit of MAC system.

6. Conclusion

We have developed monitoring and control
(MAC) system for condenser tube performance
based on our expertise.

Merits of the MAC system are as follows :

(1) Condenser tube performance can be moni-

tored on load at real time. This would give
the quick assistance and response to oper-
ation of actual condenser in order to keep
the condenser tube performance in optimum
condition where “optimum” means enough
corrosion resistance and excellent heat
transfer.

(2) The performance of condenser tube, which

is characterized by the cathodic polarization
resistance as a parameter of corrosion resist-
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ance and the cleanliness factor as a param-
eter of heat transfer performance, can
be monitored and controlled in the accept-
able area which we call “window”.

It is expected that the MAC system could
extend the life of condenser tubes, increase the
efficiency of heat transfer, promote the reli-
ability of condenser, and finally reduce the total
operation cost of power plants.
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Concerning the Application of Aluminium for Passenger
Cars and Development of Lightweight Concept Vehicles

Katsunori Watanabe, Yoshihiko Nishimura,
Kanji Saito and Hideo Ito

Recently, the adoption of aluminium parts has been more and more increasing to recover the
weight increase due to the high functional parts embarked. Furthermore, the various lightweight
concept vehicles came to be developed to promote much weight saving.

This paper describes the application of aluminium for passenger cars and development of

various lightweight concept vehicles.
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Alcan %t & BL Technology #0104 & 12 British
Layland #:C8fEE N7z, TH I =7 aAGH S~ 7
— DR 7~ 27 L — 202, FRP AMRaiAAZ T
VWa, RIEEONR 2 B UEAERIT 138 kg THRFSM

(10 Volvo LCP 2000 7L 3 =7 L && ikl 3

Tor i TR MM % B9 5 SR B ARSE A 263 kg T
HHoWHL, 125 kg(475%)BRILEN T B, 12,
TN =T LAAEHAR—A 7L =L OERIT80kg
T, WTHET IO EH~THE0 % oiER{lb: - T
Wb,

3.2.3 Pontiac Fiero'? (12,13)

Alcan # & 9, General Motors & #E%! Pontiac Fiero
I2 ASVT v AT 228 L 2BIEEIERINTN D
A5, WATAFHRTHY, FOERSMERIC DV TILH
Lh T, 2iFL, FRERELTHWHEERTE
Bz DEE T LIZT VI =7 2SR FEIE 2 8 4
&, BEHICHNZFOERIT 2% 2%, ML 96%
Kb ERTRENT R, ZOEA, RIFEOMILIE
FACAK Y NEBTIT) 2 L FRIRICHE S A THY,
v RRY FEERRUE, BEE:EFORMET
50 % OBRILIZTRETH S & LT 5,

3.2.4 Trser Sportwagen'®'?” ([14)

W. Treser Automobilbau 4t & Hydue Aluminium #t
(WAL I3 %A L ¢, Hydro Aluminum Automotive

11 British Layland ECV-3 7L 3 =7 2 &4 W EIK S
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ML, T =7 244 6063 HIH M THIL T
A—F—BIZAN—2 7 v — L% Treser Sportwagen
rREL 7, RLZMEEM ORI 12 EH T, A
ML wF T —ATHREENTYS, 42 FRP T,
FEMZ AL, KEZ 2B L 2oz E) 7L ¥
CPERBEETET A LIl o TRIERSH T 5, Bl
B 1,028 kg DN, 63.4kg(6.2%) TV =7 a&dr
WM TH D, oMo E &H T 129 kg(12.5%)
DT ZTLEEVHCLNTWE, 7V —LEN 75
%o lZFABRIL U~ P AL THEAEN, BD25%
B3 7BEENTYS, 19884EH LY, HE6 BD~2—
ATHHEEESNDL EHU LN Twh, T 727RFERS
B12 Pontiac Fiero 7/ 3 = 4 &4 8kl 2> RWlZoTnhni ) ThHb,

3.2.5 Prove V18200 ([F15)

Ford 3R L 72 Prove V I3, T3 =7 4484
WMD) X —& —H2—2 7L — L% TH Y,
TV —2LZ8HDEY 2 —NICHE RN, SREOLE
OIS TEL LHICEEIN TS, 7V —20HKA
BTN =T L8E88WE N U2: Z7HEBETH), WK
TV —LDBFEITINT 30 % oBR{beh->Twb,
TN I=TaBeMzN—2 71— A%, BEILLAC

13 Pontiac Fiero 7412

14 Treser Roadsters ? 7 /L 3 = 244K S L O BN OB IZR D
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LLUTDE %A v b2 EHENTND, 3.2.6 wWH AR —FTNEDD ([18§)

O WHEMBSZA 2, MIFNITHEELENERIZ, =y FHAEHTlE, BET, »0, BikodgnwTiu
7L — 22 7L AT DI HV B ETIRIC N AL NS A LA EEREICHERL, TALI=
AL, Y AAEIHIEH YA FoAe 7L — it Buvza s

@ 772F v IIMIRTEAESEEMZ T, S N=FTNEEREL L, B, HRO I N—F T
BEEEICH N 7V 2 HOBRBON+50—TH 5, HogA, HAERIT 200~250 kg, HIFEIMMHEIL 0.8~

® HETA PEILVDIC, FEEREIDL L 0.9 X 10° kNm?, #a U O BIEEIZ 0.4~0.5 X 10 kNm?/
iz, ArTH A2 MLEL B, rad THEDIH~N, BIE2 2 "—F 7TNHOEE, H

EEEXYN v DTz, T =T LAAERA—2 REEIT 117 kg, HIFMIMEHEIE 1.09X10% kNm?, #al
T Le— BT, EANCERFTT AU, B EAREE LD O MEfENE 0.67X10° kNm?/rad & # N FiLkIEIC ShsE
LEVWIA THEETEDIWEREXHLELTED, ENTW3E,

Ford # CIIEFEBICIIAFTR 2 FHuv TR E £ 2E (L 3.2.7 Daimler Benz City Car® ([X17,18)
THTFETH B, AREL, T =7ré4 (8H Al-Mg-Si &) %

i =V IDTINI=ILE68M7TT Y 75 —220 18 Daimler Benz City Car > & —% © & 23

$17 Daimler Benz City Car ;#fi& 23
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HAulgpilver X vz, TLI=7 488K
BTV —LEHAERLAR—2T7V—2BETHE, ©
=X x b iE, KEEMET s —E8ime, KHE
BT MBS N8 E )% s, KEEERT 28
Wi PEERZ 2.5 mm CTREET S N, EBRICIE 2.4mm
+0.4 mm O TEES N, RERITEHE 7L AKX
]f DA, 0 FR»r LEREINELNE, TLI=y
ﬁ%%@%mtioﬂwmtfwéoéﬁ%ﬁwt
W%m7v LiE, R TREENTWS

3.2.8 Ferrari F408* ([H19,20)

Ferrari Engineering #L Clid, ASVT L A7 4% Hw
T, W= PP —U R 2 -2 T — 2% @ Ferrari F 408
BEMEL 72, TOBE, I —bARTL—LE, F
NENT NI =T L88W0 7V ZHIFIC L > THIEL
THEBEIC LN EAL KIS, RAMEAEL TS, B
REERE L TOERSCHMIEIIE L Th Wy, k2 F—
LT DT HALDREBAERIL, UToHE) TH5, [
—WE T, HWE 0.8 mm DL I LA, &

w399 kg T, Fa L LEMEEDS 6,780 Nm?/deg TH 5 D
XL, Thi=7sae&ler s —wLnaizid,

Bl 68 kg T3lkg (31.3%) B&Bmibd3n, L HHEIM
1% 7,800 Nm?/deg & 15.0 % M EL Tv 3, & 5I12%
1213, EEIZ 59 kg T 40 kg (40.4%)

AR % BV 72 A

19 Ferrari F408 v ¥ —2 2t

% #HE&7 O ER

By Ao 30T —4
25—
Yy 7L -4

20 Ferrari F408 o fss &k o fz

52

B3, Ll D ElEfEL 6,300 Nm?/deg & 7.1 %
ETICELE- T35,

4. 8 b Y

FRENT LI =7 2 H LRI RINOBENIZ 5 5,
Bhiz, ThifbziEo sy, Zo#sic, HIHHEES
ROEN - HolEHz £ Lo, &7V =7 LE5EHE
WEHELT LI =7 LEERA— 27 v — LHEDHIFE
FRFERILE AL 72,

FARTNI A== LTE, ZOREKDT LR
MBICIEZ 728, BERAGEOMIEIRL L L), &1
2 KT OBIF & & T, FBHE LI RIREIC
TILTw&ERn,
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Erosion in Aluminium Brazing

Yasunaga Itoh and Keizo Namba

The increasing need to lightweight aluminium-heat-exchangers for automobiles leads to
application of thinner aluminium materials. Particularly, for thinner materials the reduction or
prevention of erosion in base metals which occurs during brazing of these heat-exchangers, has
been considered as an essential subject. This report reviews the erosion problems in aluminium
brazing from aspects of erosion mechanism, effects of brazing conditions, brazing filler metal
compositions and base metal characteristics.

The experimental mechanism of erosion has been studied in terms of such reactions between
solid and liquid metals as solution of base metals into molten metals and as diffusion in
solid and liquid states. Effects of factors concerning brazing conditions and materials were
understood to a certain extent. On the other hand, the theoretical analysis has yet left behind
because erosion kinetics are affected by too many factors to be represented in avaiable formula.

However, the complex phenomena in erosion will be solved in a near future by applying the

sophisticated instruments combined with computers.

1. & LU ®» (Z

I, HBEASCEBOBERILOERE L, T3
=TV LEEMELERILENAMEAICH S, U
T, AR A I LN EEEN LA (Ero-
sion) WLITLITHE E L » T3, £z, A1
ol WIREEEGULEL L L —F T, BREPIKET
HEINMBBERENERLEFT > T3

2 & DR OB &L, ERA D PO O B

(Dissolution), #HM~DEMA § DEE (Penetration)
K2 5 A4 705 O (Diffusion) % T 0ETS
LT, ZoMATEBICIE, A% W&UHH@%@
THBEHECHERL TWwD, TLI=TL885 01
T REZHCE, BOSEMEHCEKBET 583 S0,
5 ) DERISE & B O BARBIEEDSE V2 & ROVEE
FKRICHIME I T FLE7TV—2 > 7 — | 5 H#
CHHINZ L EOBE»H Y, TALI=T4668E5)
{TEFOMBEL A% v

AHTIE, FTRABEBOMEL LT, BRLDS ) b

«  FABEIERT S FZEE

o FURHFIERATIC AT SRR, T

53

DEERE O B IS BERE B~ 5 5 0 E, BERR OB
BB RSB BN D, BT, T2 AR
455 HORRIZHLO b BRRARERAL, BRI
BT B2 OBTF ORI D0 TR Ly

2. REEBEOBE

2.1 #ERZIIOVT

T =Yy — bR, BREOEBERT L
1L )ThHd, 22T, FHCEBELNE, HRAH
A DB OV & B SR RO RS ) O ENE T
Hb, HIMBHMBRICBYT, TOBBLEBENEEL S
SRR Lﬁtf&ﬁﬁéiﬁé A9 ¥ BRI
ELTIcBWTE, 59 A8BKROBH h~fifio i
195 (EIRB TR R, SR TR NI Z
NENTEMHETT 5), 2 b0z, » ) HiEak
FBICBIT A2 M OBR E RREEIRELRITT,

ALV EBHMrREINMFONER 2 IR,

B & A ) DRI B TR OEHIEITL, B20b)
DERNHNZ BN TR TRLZETPRES N TS,

nB, B THERZ LIS, B L o TR
BBEVERBNCETT 556055,
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CO(N)

[ias]

o AMEEE
dg(tAn:KAV(CS(A”_C‘A“)
® RE DB IR
d=2r/D.t
(V7 rexpr?{l+erf(r)} _QM_C&A_D

I(AI) - CL(A!)

(*ﬁ‘ﬁ‘/xL]
O EERMBITII L TR TULAL,

X)) BBMOHFREN, WIhAEET IR
B8 (TH) OEEICE S,

%) MisE :

Co

Cft - -

LTSI

Einbin. |
o REFEIIR

C(x,t)=Ceerfco—7rr
o Si BB DIE
C / erfc————dx

zJDt

I

L TR

(o Famar]
o REHR

C(X,y,t):Co<l~erf-2—-JZ——t>+‘?:[D;/DVU_%eXp

{1-erth B (5 oo

Si *ﬂ%l ETASEIN -
v
‘ !
’ (6= D B =)
L
A5 % 8 ¥ (5%) BEO T Ot R E OB
1 7v—2r 7 y— B b RADKERE (FFEBRTHOFREL )

[

(a) MEFHIEHEM

1mm (b) BEHNEXE

K T kA H 4047454 +Bi, B4 300354, EEM 300364 J
IESES N, 72 30°C/min §i8, FERE 617°C, RS8R 5 min

2

REFELHBTFOH
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BRICHEBLRIZTEEZOLNIEFIEIRINL I T
HbH, 5 LBEEDETEEE, EE»LMEZIN
TELHEEEREP~DBERERD BRI ICEREFT D
MRS e ERERIC L TRE SN T 5%, 3ETIH
~NE L9, BIIMAEERUHEFERET & oBEMD &
TRCHLMPICE ) DOOB BB TH D,

2.2 BMA I P~OBMDOEMRE (Dissolution)

WAREE~DERGBOEEREL, BHRER»L £
WICET 2 R ~BERE B EET 5 Fif o KOG HE
&, ZOWKRED S HAENB~EE» BT 2 ECHE
O REZIC L CHESI NS, ZTNHTOD
R ERE L 72 ROtEE %, Nernst-Brunner 12 & 1)
FHEENTBBRORERDERBY~DOGHY £ LT, —
IC (D2 EHENT W5,

_K{(D/s) A

V(%s-%)—ma—)'v(ns"n) (1)

DB OEEE (cm/s)

D R FERE (cm?)

D AR OB (cm?)

WS B P O R IEE B % (mol/cm?)
F BOEERE (mol/cm?)

7

n .

[% 5 &84BT 5EF]

O MBEHEBRFRIRCET S D
o5k (BERE, HEEE)
O BER (INEBERY, RIFAEMD)
o MFHIR (MERE, EHNHMA)

tRUGHERE (s)

Ko RERISOEEESR (cm/s)

S EE»EE (cm)

D AR R OB EOVERE THE LS
%, (cm?/s)

Thbb, BIRERE de/dt 13, BATEERE ns &K
TRHER ¢ R OMARNEBD IS HIBE n & OZE R U BUG S
AICHHL, BEOKEYICRKILET 5,

2T, IR E B KR, AR A R UGS &
S TREENS L 5, RRDL I L BVD,

(2)

BRSBTS B R IR B &
5 DIREBIET

R4 BT I 51T 2 BATERES Y O
FH

—, RS, FLE D b RS TR~ R E
TRAWBEOMEL L > THESNB L H1E, RN L
W% b,

Ha -

_D
K=

(%5887 2EF]

O RRL - ARREE, RBECRETILD
eSi BE, e%9E eEH
o KEIS1LEd eSifFE exhE
o ThiE (RERS, FEEN)
OESLIE eMg & (EEASH{)

[B#ficBT 5 EF]
O VERRE, BERECEZETLILHN
o ER S (EEREE)
o Bt AMEME eRTRIE efERMFE
o TN (FMEEH, REEN)
o £ EMIL&Y (ERFA{Sd, %, &d4)
e E 5L

®7, (RFTxILY) eory (REIRIF)

BRSO A

B0 iEH
BE

Bi#~ANA 5D

B, B

3
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B, BHEOENBEIERESRICHHT 5 IREE
Flcswid, R0 0 n RUni2FnZFh G RUC
(BRI d wt¥%) TERZ LI LD TE D,
Lommel 5% 13, #AERE L BRkeBROYWERE %
KD kD SR TH L2,
@ WEEBHIC B AIEIC L > TERES N HE
(72721, WEEREVEIEL T35 L3N
TWAEALIZTTLNG)

@ RERIGIC L - TEREE N LA (FRk L BEER
Jic & D S s HA)

® LEOOEUV@YEET HHE

bR, QOBAICOWT, REOHENEMZ 1T
R R UPB)TELENEY,

[#ik L T3 HESERBOSAE]

Z=2yJDvpt (4)
72751, F(?’)Zﬁrexpyz{l+erf(7)}=~g—IL—:—@

Cu
iz, ot ERME
Dy @ AREE R T B E OSERRE
Co, C1 & Witk, BEREREFR TOBEDWHIRE
Cy . REIC B 2 HARERT TOBRIRE

(s v b ke EOEE)

Dy, C—=Co
Z—Aamm+ )ds (5)

a—-C
cZie, CICLERU, 2Rl ek C<C
Lk h,

ZL DB L ERERICEDWT, TAI =T LA
&5 ) HADT I =7 AR DOEIRICET 52 LAT
HILTWB, NESYIE, Al-Si BEES ) P Al D
BIRIZ B W, S RERUEEIRE T2 L EnR(d)
RUGASEAL, WIRLEEERTHE L LT3,
TN ED S OIEIREE De (R TOHERE C »
LR O BRERE C. $ COEE) B THEC
IR TEZLNTN S,

De=3.66 X 10~2exp{—10270/(RT)} (6)

2, R:RMBEER, T ariEE

HELMNE, 52, A9 F~ Mg ORI L DIE
REE KT 52 & BRLZ,

L) AT REEREY, TV -7y~
FHWERD L ) AP ICER L ORI 28541013,
HOPDEBTRELANEZ LND, I, FiRBE
THEBMLZ ) PEED LRI - THA LT oMFIcH
LT BE ROFDE T A~ %2 BT 3
Bl Thd, X7 A—FOHT, KEFEEANEL
PEBLEEROBERODHALNLTHD, LiL,
EERND JMERICBCTI, HESN55NEEZ

56

DDA HEE N & T T 2 —5 (U,
t, nbSovT x—%) ORIIEE GO 1A LR T
H5b,

2.3 B#h~ADA 5 DERERUVHE

2.3.1 B2%& (Penetration)

%9 DERT B IRE TIE, BIIEIC IR AR T A
T 5—HT, 579 HREREFRICERIICEEL TRF
AEMR R, FIH L35I, BENNANDBEELSD
P H DV R OERISET TSI 0B b, 20
15 ABHRIIHRES (Grain boundary penetration) &
IE 5, RFREEIRR 4 ICRT £ 918, KSR & I
LIl L TRRICE - THEATT 27, ki FiEE D foln
WobBwTid, BSioRT LI, B-RRRE= v
X oy ERRIANEK o DRESICLY) BMA 0
(Dihedral angle) %9t 2 X 3N Tw5b, £ OPHEE
BRERAMNTEZLNE,

(7

ZITC, rer22ys THIUT =0,

Thbb, R
BB IERICHEITY 52, :

B9

RIXRRRER1RD)
I B S

Yar

S KRS 3513 5 E— Wi o Fi
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T =T LBENDEIES ) BT 2R FEEICD [Wipple A7)

Tit, Al=Mg—Si—Cu R (]2 126951, 60614 ,
ﬁ) B WTHE L EOBRE DS D, T TR Ol t)=Ci1- erf2m> er o-fexn( L)
A 9 HIESRHIC (XI_L/C*_Lﬁ%(ﬁHmﬁ’% 7T b
HIAED T ST B L IS, SRR b - ef{l,/D]’)ljgv1 (Jg_ “Bl)}} (9)
FUCHIT T Mg & Cu D@ b5z, Mg & Cu
I & DA AMRT L72RIRTlE, A9 DREDIERICH i, o BEaER
B L, RLRUCH U7 B — i R SR N~ TR Wipple DEFFICHEDWT, 32 Ea—2I0 L 28R
TLZEREENTV B, W OFAERAT LT N T 21D 72720, R BT

2.3.2 #:# (Diffusion) % Col %mu%ﬁm(ﬁén‘%ﬁ DY —ThH b Z & BT &
B~ 5 5 AE&ETHEOIEIZ, BEICEEY BT L’Cio D, E72, Do TR B L 72 B4 S B o0
TRIEE L CEETH S, iz, 7v—v>r 27—+ % z ‘Wl:“@“»‘é:&ﬁ*‘%ubnfw%”)o%mf:&),%Fﬁ‘%@

V7255 B Wi, 59 BT 5 LLETD & 308K %fnnnﬂrﬂ‘, TN =7 0Ge 7TV =Y 7y —t o
PHELTHIMBUBMOMBELE L2 6T 00, # Eo0E, AIMEBNBEE (H121F Si) DT —T

NHIEDVWTLEEL T LEFD B, HHEEITIE, T b DBCERIFITIC HED TR RILER
BHOmMAE T (K) & L2s &2, 0.3T~05T: & R Z L BHTHETHZ L2 kT,
BB BV Td, RIAFERO X Lo R Ao 8 St 1o =7, 03 Tr ~ 05 Tp £ 1) & BV RE TIRRINILEL D
95, KFHHIC D T OBEFRIRATIS Fisher® & WEHEWRELS LD, ZORR, Tv—2r 7y — 0l
O Wipple! 512k - TAThNTEY), B6IRT LI B3 HIOMHR o St B GEH) Biciicl, ®7

THWMOBER (27, 160 DRFICIE- Ty HHEok BRUBB RS L), A9Miic Si miFanRsns
FUHHEL, FC, x FREICKR NGRS 2 ) 1cdeo {7 Hi81% (Depleted zone) & T 5, HBHOIE
W, ENEFNRDL D LHEIBLNTNS, yid, Terrill™iz L Y KA TKD LN T 5,

[Fisher of#fr]

1 9 e g b SRS
Clx,y,t)= Coexp<—n— z;—)(l erfzJDT) (8) DA SRR PP RS
ok %] .
rl g DO [ e
- 2D/Dyt * 7T Dt
2T, Clay w 1) C HEEE (x ), BEH £ 100 2468 bt
BBz
Co © FEREMIC B B BURTF Ok E
Dy | BFIERE (R NIEER R )
Dy ok SRR
8 I RIFDIR BT MEHREELLZTL—Ur I — | oW
—3 9 %4 B4
B EE c; .
X '/ X a; f
; B E
1 —1.1284/7 &
. leyom Y G
KR I EEH RO - |
Bl Cof~——= —'f‘e\
|
{
!
by c d
0 x
y RRLEERE, x
R6 K Uk A O B A B8 HEBHAELLTL —2 7o o B Si A

57
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y::1J284JZﬁ>%? (10) o3
i 2EA T
ZZie, D o (Terrill (2 SiGin A 076 ALTSSS 2 oW
W & ) 0|  ENEM Zmin
Co: B2 bR 51T 5 Si OBGE 2
C i 59 MEo S DWIRE ¥
YRR —E N BN L L T, HIHHD Si 0 ¥
AR AC 12, 8 ICH VT SilEmEE 5~ DK 011
BTHST B 2 sk Dk b, RADTEZ NS,
= X
“ '/; CoeerJ—D—tdx Y i 605 610 615 5;0
25 BT AR (0.9 Ty ~ 095 Tt) 2B T, 73 fHEE (C)
Wk ORI EESEEL L), 5 ARTRD -
B ROV F LD o THEITT 52 & & B,
KRR R ORI, KRR, KRR X b .
TR BRI b O % BEEOIEKTER Y
L T L IRIETH BBAY B, BENOBEEE FEE A ARS 5
2 CERE RS AT 01T, MM ET LD S RIS min
AL E RS, s
| 2 I/
3. RRLERETERIONE S e
Pl
3.0 5 I REAOVE ] /égéj > 129 wes
1) 25 R pr , :
iy~ 4

Al—7.65%Si &4 5 5 ¥ % 3003 & &R DM 7
Sy RLAETL—yr7e—1 (EE05mm, 9.4 %0

E2 5y F) %, ERT Ty 7 AHIC 2 min FEELT

AL ERFE I ICRTYY, M oBRRE S
(Solution factor) 123 (12) T5 2 b, SiEd )R
o> TRkELC S,

S=(t—t)/t (12)

e, A RIOBMES
L RE(REEINRES TO, RO
BEHE &

FIEE A AR TDT Ty 7 AV ADH I L D IRED
LM A PN AE S R R0 Y, BB I3 T SR A Al
FrRREIN, Tv—vr7y—FELTEE 108 mm
N30038-4 1z Si & 4.6~13.9% DA 9 M (E D Bi
Bet) R 75w FLIZL, HFH & L CEES 1L.5mm
D003 E VT3, MR eERE K 13, &
FEOFHiizkiE L L TR(13)THEZ 6N T 5,

%1 Y Ial—3i3>nEELL T, Bekitike zoftgicm
T oSS, RENC BT 2 HUERTE O oI L Y

WL EABRICEBET ISR v LT,

58

© 11.8 wt%Si

v A

- 9.2 wt%Si
A 68 wt%Si
A 46 wt%si
0.01 L g
583 601 617 632
A3 48K (°C)
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