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Correction Method for the Matrix Effect on the
Continuous Determination of Multicomponents by
Fluorescent X-Ray

Investigation of Quantitative Analytical Method
with X-Ray Fluorescence (Rep. 9

by Akinari Ichiryu, Sakae Kato and Masayasu Toyoshima

The correction method for the effect of co-existing elements has been developed
and applied to the analysis of copper alloys.

For the determination of the main component, equations for the correction on
the matrix effect were derived from the development of the X-ray intensity theory
assuming an effective exciting wavelength for the continuous radiation X-ray. These
equations were divided into the following two types. The one was applicable to the
case in which the absorption edges of the other elements were present between
the wavelength of the measuring fluorescent X-ray and the exciting effective
wavelength, e.g., in the case of the determination for Cu-Zn alloys with ZnKae,
CuKua, or CuK;lines. The correction factor d; was decided and the value was deter-
mined using two physical coefficients and the empirically determined constant value
M. The other was applicable to the case, in which the absorption edges of the
other elements were absent between the measuring X-ray wavelength and its
effective one, e.g., in the case of the determination for Cu-Zn alloys with ZnKg line
or for Cu-Ni alloys with CuKp. The correction factor d; was decided easily using
the same two physical coefficients as in above, and the value was determined em-
pirically by succesfull results along with further the addition of the correction term
involving the errors offered from approximated theory and the presence of segre-
gation in the sample to be analysed.

For the determination of the minor components, it was not necessary to be
corrected on the matrix effect, because this effect was cancelled by using intensity
standards of the similar type to the sample to be analysed.

The results obtained have shown that this correction method meets the
analysis for copper alloys.
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Table 1 Chemical compositions of standard samples used for determining correction factors.

Chemical composition (%)

Sample No. —
Cu Zn Fe Si Pb Sn Al - Cr P
Cu-7 99.90 0.09 0.0028 0.031
CZ-1 88.64 11.34 0.008
CZ-2 79.79 20.20 0.001
CZ-3 69.64 30.36 0.001
1 98.54 0.009 0.002 1.39
2 99.20 0.004 0.028 0.73
3 99.52 0.025 0.007 0.36
4 77.32 20.56 0.002 0.18 0.070 0.065 1.75
5 78.59 18.66 0.041 0.08 0.020 0.018 2.54
6 78.13 19.57 0.003 0.23 ~0.01 <0.01 1.96
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Table 2 M values calculated from experimental results.
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Table 3 Correction factors for some elements.
. Elements
Bxcited gf:rg N 5 Mn Fe Co 7n Sn Pb
correction factor dj,x10?
Cu Kp (2) Cu-Zn -0.315 -0.149 3.490 2.716 2.377
Cu Kg (2) Cu-Ni -0.836 -0.204 -0.137 -0.065 -0.837 -0.349
Zn Kg Cu-Zn -0.754 -0.802 -0.195 -0.341 -0.398
Ni Kea Cu-Ni -0.131 2.981 3.204 -0.431 -0.134 2.226
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Table 4 Operation conditions for fluorescent X-ray

analysis.
Line Crystal A(rég%e Intensity control
Mg K« AD.P 136.77
Al Kq EDD.T 142.78
Si Ko ED.D.T 108.19
Cr Ka LiF 69.38
Mn K. LiF 63.02
Fe K. LiF 57.53
Co Ka LiF 52.84
Ni K. LiF 48.70 with aluminum as absorber.
Cu Kg,(2) LiF 87.54
Zn Ka, LiF 41.85
Zn Kg, LiF 37.54 with aluminum as absorber,
Sn K. LiF 14.06
Pb Le, LiF 33.95
Pb Lg, LiF 28.27
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Table 5 Precision from ten times repeating measurements,

Elements
Cu Zn Fe Sn Al Si Pb Total
Maximum found value (%) 78.07 19.84 0.047 0.0041 2.13 0.238 0.0041 100.18
Minimum found value (%) 77.75 19.63 0.045 0.0016 2.08 0.219 0.0012 99.78
Average value (%) 77.90 19.71 0.046 0.0029 2.11 0.228 0.0029 99.99
Range 0.32 0.21 0.002 0.0025 0.05 0.019 0 0029 0.40
Standard deviation 0.115 0.0608 0.0008  0.0008 0.0126 0.0047  0.0008 0.137

Table 6 Comparision of analytical results between chemical (C.A.) and fluorescent X-ray (F.X,) analysis.

Salf]%?le Method Elements

Cu 7n 5 Fo Sn Al i) Total

Found Found Found Found Found Found Found Found

(%) Range (%) Range (%) Range (%) Range (%) Range %) Range (%) Range %)
C.A. 81.40 0.36 0.071 0.029 2.39 <0.001

10 F.X, sl 002 545 - 0.36 0 0.071 0 0.029 0 2.41 0.02 plgor O 100.04
C.A. 75.80 0.27 0.016 0.001 2.15 0.042

1 X s 00 ges 0.25 000 glpg O 0.002 0001 3y -0.03 0.043 0-001 99.91
C.A. 78.59 0.10 0.041 0.018 2.54 0.020

1z F.X. 78do 910 435  —  glgg 002 plggp 0004 glgyz -0.001  5isy  -0.02 glgg 0001 9975
C.A. T79.16 0.25 0.003 <0.001 1.65 0.088

13 F.X. 7930 M 1 - 0.27 0.02  glpgr 0002 Zglgo 0 1.60 0.0 0.085 0-002 100,08
C.A. 78.55 0.08 0.065 0.089 2.48 0.010

14 F.X. 7e2r 002 903 - 0.10 0.02  glgsy  -0-004  glogs 0007 545 -0.03 0.009 ~0-001 190,02
C.F. 77.09 0.20 0.011 <0.01 2.00 <0.01

15 F.x. o1z %0 g 0 glrp 001 glogr 0004 gl 0 2.2 002 Zplgp 0 99.89
C.A. T77.19 0.20 0.009 <0.01 2.00 <0.01

16 F.X. 715 0% ag.s0 0.20 0 0.007 ~0-002 Zglgg 0 2.01 0.0 Zglor O 99.79
C.A. T1.15 0.18 0.009 <0.01 2.00 <0.01

17 Fx. o %0 058 — 0 018 0 qglgoy  0-002 Zglg 0 T.gg 002 Zglgp O 99.90
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Table 7 Standard deviations for differences of analytical results between fluorescent X-ray and
chemical or spectrochemical analysis of copper and copper alloys.

Numbers of Elements
Type of materials specimen Cu Zn Pb Fe Mn Ni Mg Si Co Sn
used standard deviation

Coppers :

gfcygenlfree b A

ectrolytic tough pitc

Phosphorus deoxidized, 0.002 0.001

High residual phosphorus.
Copper-Zinc Alloys (Brasses) :

Commercial bronze, 70%

Gommerclal be 53 17 0.138 0.004  0.002 0.001

Cartridze brass, 90%

Yellow brass, 65% 9 } 10 0.142 0.001 0.001 0.001

Muntz metal, 60% 15 0.126 0.001 0.001 0.001
Copper-Zinc-Tin Alloys (Tin brasses) :

Admiralty, arsenical 10 0.138 0.001 0.002 -0.023

Naval brass, uninhibited. 10 0.121 0.001 0.002 0.021
Copper-Nickel Alloys :

Copper nickel, 10% 10 0.118 0.017 0.001 0.017 0.014 0.061 0.004 0.003

Copper nickel, 20% 10 0.148 0.017 0.001 0.017 0.014 0.134 0.004  0.003

Copper nickel, 30% 10 0.161 0.008 0.004 0.019 0.014 0.117 0.003 0.004
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Weld-Solidified Structure of Commercial 5083
Aluminum Alloy and its Mechanical Properties

by Toshiyasu Fukui, Keizo Namba and Yoshihiko Sugiyama

Experiments were conducted to study the structural features of weld-solidified
metal in commercial 5083 aluminum alloy and its influence on the fracture behaviors.

The shape of weld bead was considerably influenced by welding variables and
heat input. In these behaviors, height of reinforcement was influenced by the heat
input but depth of penetration was done mainly by the welding current, while width
of bead depended on the both of them.

Structures of common 5083 alloy welds containing no refining elements consisted
of fine columnar, coarse columnar, granular and feather grains. In these structures,
the volume fractions of fine columnar and feather grains were increased with heat
input but those of coarse columnar and granular grains were decreased reversely.
The width of columnar grain had a tendency to increase with heat input. On the
other hand, 5083 alloy welds containing small amounts of Ti-B showed the fine
granular structure all over the fusion zone.

When weld metals having fine columnar, coarse columnar and granular grains
were stretched, crack occurred preferentially at the grain boundary of coarse
columnar structure. In weld metals having feather grains, however, it was
important to consider the relationship between the growth direction of feather
grain and the stretching direction. Crack occurred preferentially at feather grain
when stretched transversely to growth direction of feather grain but it did not
occur in this way when stretched parallelly.
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Table 1 Chemical compositions of test materials

Chemical compositions(%)
Materials Size
Mg Mn Cr Ti Zn l Cu Fe si

20mmt 4.54 0.65 018 | <0.01 | <0.01 | <o0.01 0.17 0.08

Base metal 5083
25mmt 4.47 0.67 0.17 | <0.01 | <0.01 | <0.01 ‘ 0.15 0.07
1.6mme 4.63 0.67 0.09 | <0.01 | <0.01 | <0.01 0.10 0.04

5183
2.4mme 4.55 0.69 0.10 | <0.01 | <0.01 | <o.01 0.11 0.06

Filler metal |

1.6mmée 4.91 0.71 0.11 0.08 | <0.01 | <0.01 0.08 0.04

X 5188*
2.4mme 4.88 0.70 0.10 0.10 | <0.01 | <0.01 0.09 0.05

¥ Ti-B modified 5183 alloy
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Fig. 1 Effect of heat input on the bead shape in 5083
alloy welds made with 5183-1.6mm¢ electrode wire.
Three dimensional heat flow is possible below 13,000
joule / cm (indicated by arrow).
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Three dimensional heat flow is possible below
18,000 joule / cm (indicated by arrow).
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Fig. 3 Macro-structure of side longitudinal section of 5083
alloy welds made with 5183-1.6mm¢ dia. electrode
wire under various heat inputs.
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Fig. 6 Effect of heat input on the width of columnar grain
in 5083 alloy welds made with 5183-1.6 and 2.4mm¢
electrode wire. Three dimensional heat flow is
possible below 13,000 joule/cm (indicated by arrow).
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Table 2 Metallurgical factors affecting the mechanical properties of solidified metals in

aluminum alloys.

Metallurgical factors

Mechanical properties

Investigators

Strength Ductility

Toughness Weld metal Castings

Grain size

O

Rogerson 1
Authors -2

Flemings 1®

Dendrite cell size

O

Spear et all®
Frederick et a]

Rogerson 1¥
Authors 34

Second phase

O

Cahoon et al®
singh et al

Rogerson 1
Authors #»%

Matrix concentration

Singh et al®

4),5)
Authors Kaneko et al

Impurity

0 oo 0@

D

Antes et al2®

7.8
Authors Mulherin et al 20
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D' Annessa @
Authors ®
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D

Komatsu et al
Watanabe et al
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The Effects of Atmospheric Humidity and Duration
of Prior-Corrosion in Atmosphere on the Fatigue
Strength of Some Aluminum Alloys.

by Masao Ito and Katsuzi Takeuchi

A study has been made on the effects of atmospheric relative humidity and
duration of prior-corrosion in atmosphere on the fatigue strength of 2024-T4, 5052-
0, 5083-0, 7075-T6 and 7N01(ZG43)-F alloys.

The results obtained were as follows:

(1) The fatigue strengths decreased with the increase of atmospheric relative
humidity. The specimens tested in atmosphere exceeding the relative humidity of
90% have lower fatigue strength by 1.3~4.0 kg/mm?* than that of specimens tested

in relative humidity under 20%.

(2) The effect of atmospheric humidity on the fatigue life depended considerably
on the kind of alloys and stress cycle ranges.

(3) Reduction of fatigue strengths due to prior-corrosion appeared mainly
during initial 5 to 10 days, and the reduction rate of them approximately 20 to 25%
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Fig. 1 Apparatus for humidity control.
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Fig. 2 Details of specimen chamber (Bennet.)

Table 1 Specimens for humidity control test.

Material Chemical composition(%) Yield strength* |Tensile strength| Elongation
Cu Si Fe Mn | Mg | Zn Cr (kg/mm*) (kg/mm?*) (%)
5062- ¥k <0.01 | 0.06 0.17 | <0.01| 2.45 0.02 0.26 9.1 20.6 35
5083~ ¥k 0.04 | 0.09 0.23 0.67 | 4.52 0.01 0.20 14.2 31.9 28
7075-"T gtk 1.36 | 0.12 0.22 0.03} 2.24 5.28 0.24 58.9 64.8 12
7 G43-Tek 0,05 | 0.07 0.26 0.30 | 1.47 4.43 1§ <0.01 35.5 47.7 10

* (.2% offset #k16.7mme §IHkHE ek 20mme HfiliEE
Table 2 Specimens for prior-corrosion test.

Material Chemical composition(%) Yield strength* Tensile strength| Elongation
: Cu Si | Fe | Mn | Mg | zn | or (kg/mm?*) (kg/mm?*) @)
2024~ T 4% 4.50 0.20 0.23 0.62 1.44 0.05 0.01 41.9 59.8 16
5052- O *¥x 0.03 0.12 0.22 0.01 2.47 0.02 0.23 11.2 21.0 29
5083~ Ok 0.03 0.10 0.22 0.63 4.28 0.02 0.20 21.1 34.8 18
7075-T6¥* 1.66 0.26 0.28 0.07 2.45 5.62 0.26 61.0 67.6 9

* (0.2% offset ok 20mme HiHHE

2

w16 7mme 3
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Fig. 4 S-N curves of 5083-0 alloy.
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. ODRY <20% Fig. 5 S-N curves of 7075-T6 alloy.
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Fig. 3 S-N curves of 5052-O alloy. Fig. 6 S-N curves of ZG43-F alloy.
Table 3 Fatigue strengths at 107 cycles in RH* control test.
Fatigue strength (kg/mm?) Ratio of strength to strength at 20% RH
Material
RH<20% RH=60% RH>90% RH=60% RH>90%
5052-0 11.4 10.8" 10.1 0.947 0.886
5083-0 14.2 13.1 11.0 0.923 0.775
7075-T6 22.1 — 20.3 — 0.919
ZG43-F 16.6 15.6 12.6 0.940 0.759

* RH : Relative Humidity.
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Fig. 7 Relation between relative humidity and fatigue
strength at 107 cycles.
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Fig. 8 Schematic S-N curves.
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Table 4 Tensile properties of prior-corroded specimens.

Material Ef”’;ﬁ;i‘f strzrileg]tdh* ;I;nggl’ig Elongation
ansion | (kg/mm?) | (kg/mm?) | P
0 11.2 21.0 29
5 12.3 21.2 26
10 12.1 21.2 29
5052-0O 30 11.2 21.0 29
60 11.1 21.3 28
120 13.3 22.5 28
360 11.7 21.1 30
0 21.1 34.8 18
5 21.1 34.8 19
5083-0 10 21.6 35.8 18
30 21.0 36.1 18
120 21.0 34.7 21
360 21.4 34.5 18
0 61.0 67.6 9
10 61.5 68.0 9
0756 30 61.4 67.7 9
60 60.8 66.8 9
120 60.4 67.3 8
360 61.3 67.2 8

4

* 0.2% offset
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Fig. 13 Relation between duration of prior-corrosion

and fatigue strengths at 107 cycles.

Table 5 Fatigue strengths of prior-corroded specimens.

Duration of prior- Fatigue strength, 107 (kg/mm?) Reduction in fatigue strength (%)
corrosion (days) 2024-T4 5052-0 5083-0 7075-T6 2024-T4 5052~0 5083-0O 7075-T6
0 20.6 11.1 14.9 21.3 0 0 0 0
5 20.6 9.1 11.3 19.1 0 18.1 24.2 10.3
10 17.0 9.9 10.6 16.2 17.5 11.9 28.9 24.0
30 17.0 9.1 11.2 17.1 17.5 18.1 24.9 19.8
60 17.0 9.1 — 16.5 17.5 18.1 - 22.6
120 16.0 8.8 11.5 16.9 22.4 20.8 22.9 20.7
360 15.5 9.1 11.4 15.2 24.8 18.1 23.5 28.7
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Fig. 14 Change of specimen surface of 7075 T6
alloy (x180).
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Factors Affecting the Sand Erosion of Aluminum
Brass Condenser Tubes

by Shiro Sato, Tadashi Nosetani, Yoshimi Yamaguchi and Katsuhiro Onda

Contrary to our traditional sites of power plants locating along the inland-sea
or bay near large cities, the sites for new power plants are favourably selected along
the coast of open-sea where the shallow sandy beach is prevalent. At the new sites,
it seems probable that the condenser tubes are attacked by sand erosion. From the
practical point of view, however, the useful data are not available. The present
work was made to explore the effects of controlling factors on sand erosion.
Factors investigated are sand content (0 to 320ppm), grain diameter (50p and 250),
ferrous ion injection (Fe*: 0 and 0.03ppm-continuous), pretreatment of tube inside
(No and 0.03ppm (Fe®') for one month), cathodic protection (No and —0.7 to —1.0V
(SCE)) and alloy (Aluminum brass, 7-3 cupronickel and titanium). The experiment
was done with the model condenser of once through type installed at Taketoyo
Power Station, Cyubu Electric Co..

1) Three modes of the effect of sand contents on sand erosion were observed.
Type 1 : The corrosion is not affected by the presence of the sand. This type
occurs when the film formation is never allowed even if without the sand or when
the tube is electrochemically protected from corrosion, for instance at the inlet
without the ferrous ion injection or at the inlet cathodically protected.

Type 2: The corrosion is promoted in the presence of the sand, but the corrosion
loss does not show any appreciable relation to the sand content. This type occurs
when the film is formed without the sand but not done with the sand. The typical
case is shown at the portion of tube far from the inlet without the ferrous ion
injection.

Type 3: The corrosion increases linearly with the increase of the sand content,
This type occurs when the massive film is formed and is removed proportionally
to the sand content, for instance under the condition of 50 sand with the ferrous
ion injection.

2) The increase of the grain diameter of the sand makes the sand more
aggressive against the protective film formation, resulting in the increase of
corrosion,

3) The ferrous ion injection softens the aggressive action of 504 sand, and
its beneficial effect is applicable to the attack by 504 sand.

4) The iron-rich film previously formed by the ferrous ion injection resists to
the attack by the sand for a certain period (two months for 50 sand and one
week for 250p sand, respectively).

5) A large current density is necessary for the cathodic protection of the inlet
of tube under the condition of sand erosion.

6) Pollution of sea water softens the sand erosion due to the formation of
adhesive sulphide film.

7) The corrosion rate of 7-3 cupronickel was about twice larger than that of
aluminum brass. Titanium was immune to the attack.

*RCRT TR, 25(1974), T60IFEE
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It seems natural that the sand content of the cooling sea water has strong
fluctuating characteristic depending upon the turbulent condition around the water
intake. Therefore, the sand content should be variable day by day. From the above
results, under the consideration of marine condition, the estimation of the rate of

attack (together with the effect of the suitable countermeasure such as ferrous
ion injection) become possible.
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Fig. 1 Distributions of grain diameters of the sand

used in the test.

1st Run

2nd Run

Average grain diameter : 504

Average grain diameter : 2504

Fig. 2 Sands used in the test.
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F OB NTITIE » 72, Fig. 3 WEFEBE > Fig. 4
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Fig. 3 Taketoyo Model Condenser,
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T I B S S T
. Agitator f: Flow meter J
: Ball-tap valve
:Tank tfor dilution of Fe?* solution

:Tank tor Fe® solution
. Hopper for sand

o . Mixing tank

<

3 1 Sea water pump

s :Pump for sand containing sea water

1%} »Pump for Fe?* solution
:Tank for sand containing sea water
I Test tubes

Water X
Fig. 4 Flow-sheet of sand and ferrous ion.
s BsTF2 B,TF2P B:TF2 B, TF2®
(Inlet) (Center)  (Center) (Pretreated)®(Divided) Titanium CNTF3 2m/s

Water box

Bz A E— 1 1] [ ]

Fig. 5 Tube arrangement for one series
1) Tested for one month
2) Fe®* injection (0.03 ppm for one month) was
done before the sand erosion test.
3) For the observation of the inside
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2500 O A HEE 2 484 6 H27H 25 9 H19H
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WG o g F ONIREEO 7 v § =9 A EEE R 8 2 1
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DO UIHICEF L, ZOBEZMPWH ST LWESTE
U,
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PRTHECHRL fzo CNE OREEMIZE HITA-T
PR Z VAL IR U W7z, iSRRI 11
FEECZ OO0 0 X h ReEWEa DL, K
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2.3.3 ZEWiRE

b A DTN A O SE i % Table 2 /R U 7z, Table
2 DR A LI ORLE 5, WRAREGHL TWeT I
O N EDIRBEYMOS B8 DY HT T 4B IHE
MLt DREATWS, ILIZVHERL STz THEL E
DR ERBINIBRI U foo TR BRIV 3 1T BRI %

waterfiNaval brass
Pb-Ag electrode 7

WL Ty, Table 3 iR AR OESE 2 RL 72,
o~ PVC sheet
Glass tube—s Water speed 2m/s
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]
N B
_B.TF2(240%)

-

Sea
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L
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1
bomrmmmenen S + Vmeterp-
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Fig. 6 Cathodic protection of the inlet tube (B,TF2)

it
(/JC

W3 AR o0 G2 /k I N A s 1T s L ovip 2
W HI70~80% THh - 7o TAUT ALK ST IG5
R ANDFEE DL DBTEA NI L2 &Rk B
bDTH -7z,

Table 1 Test conditions
Sand ‘ Fe?+ | Cathodic Tube | Ist Run | 2nd Run
(ppm) | (ppm) | protection | mark (50u) (250u)
No No No E A-1 1 O O
Done A2 - O O
0.03 | No A-3 o | o
7 Done A4 |0 i o
40 No | No B-1 | © | x
Done B-2 O O
_01)3 No 3-8 O X
Done I3 ~4 O O
80 No No C-1 O X
Done C-2 @] O
0.03 No C-3 O X
Done C4 O O
160 No No D-1 @) X
Done p2 | © o
0.03 | No s | o x
Done D-4 O @]
320 No No Ii-1 @) e
Done | T-2 o o
0.03 No -3 @) X
Done E-4 O O

Note 1) 1st Run: Nov. 14, 1972 to Feb. 14, 1973
2) 2nd Run: June 27, 1973 to Sep. 19, 1973
3) Cathodic protection: The inlet end of the tube
was kept at —0.7 to —1.0V (SCE).
4) O : Tested, X :Non tested

Table 2 Sand contents

Design sand ’k Measured sand content |
con(t;;;) Tube mark 1?,;3;11;1 Z%gp%?)n
No A-1, A4 15 13

40 B-1, B4 | 54 39

80 c1 C-4 | 83 84

160 DL D4 | 149 168
320 Bl B4 | 878 401

Measured values of sand content were the average ones
of the residues filtered by Millipore paper (8u).
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I FIER AT WINPT S DT B - oo BN
3. % B # R DA A 5 T 15 L OO & [IBETEH - T,
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3.2 PLIZULEREOEWICLDIESR

3.2.1 BARARAKOEE

KA TR U 1 7= it % Fig, 8 10Uz,
AT A ATBR O B 6 B L /2

(130 50p MR 2 W2 EEIZ I W TIROD & &G
A BT,

a. BRI U-FA T EARLOES

NI B OFECEEL L, Wwihd o F oLk
YA nGROZELTEY, hoVHTh -1z, BARMEKY
o EERE A~ 5T 0.05~0.07mm/y THb,
NE BT LD - T

b. R EL L-84 X VAL Y OEE
TR s U D% O NS (D 2K BB AL B R 23 ¥ -1 T
WEINTWiz, Hibdh b OEFONEIRIE FMl & Ml & T
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W UoEOERBEIEELANE T, Wb b oS
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d. R fd b -84 F U IEAD D OBE
R 1R b, LB TH - 7o Btk ko ¢ &
AT H - 72,
Table 3 Mixing of sand

! 1st Run |2nd Run
Total weight of mixed sand (kg) | 11130 | 7230
Design weight of sand (kg/d) t 210 110
Period (h); A | 1870 2016
Period with sand being mixed(h);B | 1280 1577
B/A (%) 68 78
=
% - NS oy 3\\./'\ e SN
= LN Ao 00 Yo, > %0 - h V-
\>/ -0.3}- LN \ <j}o / o~ ‘\);om){)/ 00}\040/ \
-0.2 ° 7 ST
= \ o /- o1st Run
= .01 /,\_/ -\.I e 2nd Run
& o Y
0 10 20 30 40 50 60 70 80
Time {day)

Fig. 7 Electrode potential of aluminum brass tubes
under the condition of no-sand and no-ferrous

ijon (A-1)
20 Cathodic Sand Fe?t
protection (z) (ppm) 10.10
O No 50 0
® No 50  0.03
& Done 50 0 +10.09
A Done 50 0.03
3 Done 250 O
15- ®Done 250 0.03 10.08
< No 250 0 o
N 250 0.
o +No 03 10.07
=3 O [e) —
5 — 2
& o0 £
E O 10.06 E
b ®
2 ok /l o =
s o ° o | 0.05 ¢
2 4 g
S & ® 10.04 8
(@] ] . &)
10.03
5_
d 40.02
A
g B — ~_
8 N R N 10.01
S 40 80 60 320 O
Sand (ppm)

Fig. 8 Sand erosion of aluminum brass tubes at the inlet
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Fig. 10 Potential distribution of aluminum brass tubes
tested at the inlet for 50 days
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Table 4 Corrosion loss of aluminum brass tubes without cathodic protection (mm/y)

Sand . . Sand: Mixed Sand: No
) Location Duration (h) i i
Fe?t:( ppm Fe?#:0.03 ppm Fe?t:() ppm | Fe?*:0.03 ppm
50 Inlet '72, Nov, 14 to | 0.058 to 0.044 to 0.072 0.019
78, Feb. 14 0.072 0.051
(1870)
Center '72. Nov, 14 to | 0.106 to 0.078 to 0.054 0.022
Dec. 18 0.117 0.115
(840) |
Center ’72, Nov.14 to | 0.088 to 0.045 to 0.034 0.014
78, Feb, 14 0.160 0.082
(1870)
250 Center ‘ 78, Aug. 31to | 0.170 to ; 0.168 to 0.220 0.050
Sep. 19 0.225 0.218
| (456)
Center Aug, 2 to | 0.228 to 0.218 to 0.119 0.066
Sep. 19 0.253 0.251
(1152)
Center June 27 to | 0.105 to 0.085 to 0.151 0.062
Aug. 2 0.309 0.838
(840)
Center June 27 to | 0.119 to 0.119 to 0.068 0.079
Sep. 19 0.248 0.259
(2016)
50 Center Pretreated [ Nil Nil Nil Nil
(1220)
250 Center Pretreated 1 0.100 to 0.087 to Nil Nil
(2016) 0.219 0.228
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Fig. 16 Three modes of the effect of sand content to

sand erosion.

Table 5 Relations between sand content and corrosion loss

Type Case Location S(’ir)’d (PI;(;;n) g?g‘?eocdtiign Sea water 1 Dl&a)tion
1 1-1 | Inlet 50 0 No | Clean | s )
1-2 Inlet 50 0 Done Clean 1870
1-3 Inlet l 50 0.03 Done Clean 1870
1-4 | Center 20 0 No | Clean 456
2 2-1 Inlet 50 0.03 No Clean 1870
2-2 Center 50 0 No Clean 840
2-3 Center 50 0 No Clean 1870
2-4 Center 250 0.03 No Clean 456
2-5 Center 250 0 No Clean 1152
2-6 | Center 250 0.03 No | Clean 1152
3 3-1 Inlet 250 0 Done Polluted 2016
3-2 Inlet 250 0.08 Done Polluted 2016
3-8 Center 50 0.03 No Clean 840
3-4 Center 50 0.08 No Clean 1870
3-5 Center 250 0 No Polluted 840
3-6 Center 250 0.03 No Polluted 840
3-7 Center 250 0 No Polluted 2016
3-8 Center 250 0.08 No Polluted 2016

__1‘_
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Recent Development in Aluminum Alloys

by Eiichi Hata, Shiro Terai, Yoshio Baba and Teruo Uno
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BT 6063000 L 2B {5 1 BT X ) iR 2 ST 50, wWbwh “Flash
Annealing” HRMER SN T E 708, BETHES » &K
BET D BEML S WABVLIREEE T s h, T TIRE
35 izt T %o
w7 B8ROl Z Ol Th H ™, AEMGEALEIE
%0 ] B IR, C ORI T 4V BRUERE, v—
~ (/A5 5k = ~ ) ,
2 1R 7€y b, DEERE, BEANIS X ONEREE, FBIEM, thL
E” z SR, BRI, I E AT B, IR
&Em 27_—“ | & ?; N & UTHERIS KPR 5 2R 2R, INEGFRR
ﬁw f §$Z7 B M7V E = AR HEIEHNDOBET— 7 vy
%ﬁw__ __2 - — VIE DT E & S ICHERNCBEISE S S DT B,
B x i 20om | |, COX DB L TR R D, Ny FHT
10— #& — & — - ] kA% 772 5 5 i U T ol e B s fng s s
A 450°C/h Eash cisd, BMBEEDWM L, BLHZh OB, 34
5[—600°C/min—] 450°C/h = R W 1ARE EOREDOWTEITREE & DRSNS B, T O
I 0 AL IS L D A T 6 B L > 8 B DATIR
0 TH B,
®8 60630 DIELABEE O AUE & MUY % X ot 2.3.3 TMT [C&BBEHTNI=T LEEOHEBIL
AR e DU DR BSEEH 7V R = U A4 0N E L < Thermome-
X a—bL—F PX L —bl—F
QA 0P
LY
T F Ok /* (24 L Bg >/*—
D g% 3 R =8 LJLJUGUSéQ 8_‘¢=ﬁ —
BRL o ! BAL LU (l | i, b g
N—Er 7y b
#110m
#5180m

B9 ZodlifEainit



(44)

# A B2 2 B BB

January 1975

chanical Treatment (BIF TMT Z#EFRT2) LR
IhTwb, TMT OHEZEY ZEE COML LR 213
FrTeiirky, WESEATMES L ITHY ML
EH—{bRizn b, BmEOHEMEHCHEEEED LD &
THHETE D, TMT i 4 OBANEA S, BE

Al-Zn-Mg-Cu HRE&% & TZ OBBAIRILRE S
TWB®~  F&3°1it Waldman 52 X5 7075 &6

ORMEERR LU, COEGOWERIZRICRT LS
CHE2 HEHYE FOFENREETHD L En s, Bk
REMBTIIEME S 2 EAT 5 & AR SERORE
WERAXLTHCEE X EMB2HEMATH T &M
BETH D, Wi (AdmmER) B I oER @SmmERD
wEIERLIL 5% Intermediate TMT B XY
BN S R R 28, § 51 Final TMT itk
I b WSS EAAE & BT U b B s A A 0 s
Boi, TMT W27 - 7270750 & &L fER O G
W THE—OBEKE TR BEINT 5 & EB8RE S
NTW5bB, TMT B 21T > B EOMBORHE LT
1, HAET0758 40 T651 Ik E TMT WMEBH %2k
BT 5H L™, BiE CIEOE U 2B & Bl 2 i HAE2 A 5
AP, BETEFEETHR 0 » 7 SHIcBD TH—L
BEAODTENRA LN, BUD 2 VIEEIALONT, < Y
v 7 A LA L EHOMM i HganBgEIng, Uk
DX 5 TMT MBI X b REZ AT HMER & B
HHYOE—SEIC X b 2k b OmEEEIRERE OIS &

#3 Al-Zn-Mg-Cu ZRALOBHME

(1) #2#F CRatl) OMEk—REEmOMEERE (6
IHRSR, DESREIME, FESTRRE O B)
(1) THPOET Fe<0.01%, Si<0.01%
(I) BEEEOHEA, FrFIA4A M 7—oRBE2NX
T3k, 00T
(M) WFES— (0, BE & rEOHH, 48hr/460°C,
48hr /480°C
(2)  SEBEDHE— (BN 7 B RE SRR — BIEEH: O | Inter-
mediate thermomechanical treatment (ITMT)
(1) ISML-ITMT ¥ (4 mm B
A R Cr BRI S LT
I 2T Lo
7 ok R AR 2 B | A1z Cr %
s LY (o

{
i’é’yﬂﬁ%ﬂﬂ
T OB I HRR - SRR

(I) FA-ITMT # (25mm JEH)
(a) ERFEOBEFLMIET Cr 2N SE5, b
FOMIOFNIT Zn, Mg, Cu 2B 0 T &
o R B, NI UHS S 3 LR 5,
(3) Final thermomechanial treatment (FTMT):

BHAE  BIINTANC G.P. =~ &
! (AmES2, WITTE )
g A R RRHEICEET 3

£~ Eﬂﬁ%;d) 3~7H

KR D A TR ZD---105°C
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3. BROTILI=ILEREZOENE

ERMEIOFER 2D L L X, TORIUFREBIE
HIMIHMORBIZOENR-TED, FHE=T L5808
& h BT L, SR ORTO%RBEHRINTH TH B,
Ulcii- T, IRELRT L, Bl TliEod Shileamo
B3, ZLTZOEMEZENURARBREI T VE=T A
BEDEBEWKIT DN > Tnbh, BEDT VI =Y 2E
& OBERER 2HID -0, 19724 RO JIS It 51 AA
CEkE7 v =y 2R CERINCEERDDONRERN
Z3DEFACR U, INEAT, TTHEIL7VI=
T ARERORSE L OZEOHBEN, Mok TETH
BT EMRBIEDL, EARAATBYBMO L, Thid
EF AU TERLZTNEZ OBERENR LD
hy, Fiz, BERUEENSOFLEOEEE2ZO T T ER
Ltcte s, TOREDNTOEMITDID LW, 7
T oY ABBEARRE KD o TWASH, EAEZEND
B EREEYHE S S0, WP RS ED
FWRERIN, ZOFR, BELAEERDEESL W,
MO RS OB LB EEDOM L, BBWLEROHE TH
EBEAZINERTHS 5, COL D D Ry THE
WA Y, MEIXEE T -7 EWI DL, ZOE
BHEOL SR AT v b x— 218 8T X HUEE RS OB
AT ARTRETH b, EREOIECETY, BERCIEE
LoD -T2 s ThH Do

WOV HI DL T &R, V EnZr &b, HEILERT
VI AEEBRO—-EEL L TERIN, IHUHITHE
EUHLUWREBNRENL 2L ThD, INLOEREIT
Mk O BN, HEF IR L - TRELORBLDOD
Wb OME L, SHTHEBZGTAFL %, LichisT,
INLHEREDOT VI =T 2 G5HEDREINGIRTEETS
Ry ELETTHOEN, TNLTEOBEBRMN, &
AdRaEoR L SREORE, AEREEO LR, B
BOBROEING L ECHRNTHL L enbhbin s,
WAWALERTINGFELRORERBR T VI =Y
AE BT DN 5 TNA T EMB,
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B3I, fERTTREEDDD » THBEENRFT L
WIERE L - TRESNLIEHATE S, & ild, Al-
In-Mg ROEEEERAEE T, LORESIIT Tl
FHDAEELTHIBNT WA, Z0OYE7 VI =Y s
BEGHREEDD TSN R OTHY, BETF 1L
RETHiZ V=Y A ROBENTENTAETLS L

SEUTH » 1o, Wik, REMN R 7 — 7 ISBIE OB
b, BEARENEL, FRBARSEOD L WATR
AENRBEaN, ERZIEUD ET5EEEERCER S
T, REFNOH A & L EEBEEOMT bz - TOME,
ZHUTHE S BRI, B REOBBRHENTebh, #
ETOEDEMUWEERBHEEINBLSCE>TET

#d JIS LI AA KEHINIRENLE TV 29 L &EOFERD

it =4 i 53 (wt%)

JIS ALAL i “

ca | Ma | si | Mg l Zu = o f Al
1080 1080 — - — — - - 99.80L)
(NI R - |BE

- = - - 9.6051 F O
1050 | 1050 R - - 99.5020 £ e e
1100 1100 0.12 — — - ~ 99.00L F
1200 1200 = — — = - 99,0051 F
2011 2011 5.5 - - — Pb 0.40 Bi 0.40 %% -
2014 2014 44 | 08 0.8 | 0.50 - = = _
2017 2017 4.0 | 0.7 10050 - - % —
2117 2117 206 | - ] 035 — — = Y~
2018 2018 40 | — 0.7 -l NI 2.0 7 & & K
2918 2218 40 | - 1.5 Ni 2.0 7 ® ® M

- 2219 6.3 | 0.30 = ~ | Ti0.06 V 0.10 Zr 0.17 i -

— 2020 45 | 06 - - Cd 0.22 Li 1.3 i —
2024 2024 44 | 06 — 1 15 - . % —
2025 2025 | 4.5 | 0.8 0.9 = - — % ® B M
2NO1|  2618Mf 2.0 | — 0.9 | 1.5 - | Fe 1.0 Nil.0 7 o &

— 3002 0.12 | 0.17 — | 0.13 Fe 0.105F Si 0.085LF % B & %
3003 3003 21 — - - - i —
3203 3203 1.2 — -~ - i —

= 3004 1.2 —~ 1 1.0 7 ~

- 3105 ~ 08 — | 05 7 —

— x 4005 — — 10.5 0.6 — - ¥ T - TRk
4032 4032 0.9 - 21 Ni 0.9 % B ¥

- 4043 = — | 53 Be 0.00085 K % EhEE, RELe

- 4145 4.0 10.0 — | Be 0.00085TF % A
5005 5005 — - — | o8 - — 7% —

= 5039 - | 0.40 38 | 2.8 | Cr0.15 Be 0.00085F % R

— 5050 — — | 14 = = i -
5052 5052 - - — | 25 ~ | cro.ss 5 —

- 5252 — - — | 255 — | Fe 0.10BLF Si0.08LLF % PR
5154 5154 - — — | 35 ~ | Cr0.25 7% —

= 5454 — | 075 — | 27 — | cro13 7 -
5056 5056 — 013 — | 51 — | cros i -

- 5556 — | 0 — | 51 | Cr 0.137Ti 0.13 Be 0.0008 % WO

- 5082 — = — | 45 - . LR & —

— 5182 — | 0.3 — | 45 - % —
5083 5083 — | 065 — | 45 — | cro.s 7 —

= 5086 — | 045 — | 40 | Cro.15 % —

— | %5090 — = — | 70 Cr 0.17 Be 0.01 B 0.02 %% —
5NOT |  5e57EER|  — — — | 040 — = 7 M & &
5NO2 - — | 0.65 — | 355 — — i )Xy b
6101 6101 — — ] 0.50 | 0.6 - — 7% HOE M

= 6205 — 1 010 | 075 | 0.50 — | Cr 0.10 Zr 0.10 7 —
6151 6151 — — 1 09 | 06 - | Cro.s % —

- 6951 0.27 — | 035 | 0.6 — = % —
6061 6061 0.97 — 106 | 10 — | cro.2 % —

- 6262 0.27 — 106 | 10 — | Cr0.10 Pb 0.55 Bi 0.55 7% o Hl & %
9063 6063 = — | 040 | 0.65 — = % -

— 7001 2.1 — — | 3.0 7.4 | Cro0.30 % —

— 7039 — | 0.25 — | 238 4.0 | Cro.20 7 TSBEHESR A S

— 7072 — = — — 1 1.0 = % 25 5 KRR
7075 7075 1.6 — — | 25 5.6 | Cr0.30 B —

= | x7475 1.6 — — 1 93 5.7 |Cr0.22 Fe 0.125FSi0.100LF] % —

— 7178 2.0 — — | 27 6.8 | Cr 0.30 7 —

— | 7079 06 | 0.20 — | 33 4.3 | Cro.20 % B E M
7NO1 [7004,7005 — | 055 — | 18 4.4 = % EEHERS S

Bl .
8001 - — — — — | Feo0.6Nil.1 % HEKR S

— 8280 1.0 — | 15 — — | Sn 6.3 Ni0.45 % RPN T

8081 1.0 — = — | Sn20.0 7" X7V TH




(46 ) # A B & B B ® January 1975
oo ®5 RIENTH7 Y =9 A& OB
2O, TOENSIEINMNRD CENRTEZVNE, TN
; BlERE | 0.2%0) ¢
L L eEELYT L AE, ALO, DB BD, I 5 & G & W oo | s L2 | 1Y
RFEAE, IR & L OMARIT LD, ERARLD P 5 P
4, MENCZEOMEAFE2EINDREANED LN T WD, 1100 %ﬁ% 3 % 1§
COBOMENT, ¥ ITREZERE ORI, R —
A EQMBETS 5ICHRET~XEANIIRL TO 2, g Eest o3 A s 1 ®
> EOBROH L WRBEAME & LTz ORI 2 #% R L 18 i
MEFENT W5, w H 11 4 | 30
3008 e 16 15 10
3.1 EEnTIRes i B 21 19 4
BEXEUTRENTAGE L LTHEINTVWS 8D % ® 18 . 95
TOWT, ZOHE L BRIEE 2R TR Uk, 3004 gﬁg % 2 1
1000F RO 7V & =9 six—REKERERY, 4/ b —
BB EF 2~ THELT, $HEEHDHNEF ¢ v 5050 o » g%
P LTHEDNRT B, HLW P.P. %+ » 7 (Pilfer W 23 20 7
P ik, BEE § Bk T T L W H 20 9 27
rmeﬂDkw¢%¥ibiﬁ&bm fit & ST < 5052 - 2 0 2
NTWBDARE BT, FLALERYBEOFRAEL ZWIKT, gL 30 2 7
Uze b Bt (BIXBEH) 3 ChpBEE S5 —— p o | =
LTAn5, 110046 kb b Fe, SiIGHERDOF\Al-Fe- 5082 Eﬁ%% 2 2 1
Si &d (ERBESBEZTREER, FS08) 2B% & NATH - " 1 -
INTWB, 0BED 7V =Y 2a5&XMER & 5182 ﬁﬁﬁ 35 23 1
DiE, BEEDE, DL ), *+v7, ro—vs—fAb T 34 7
BUNE—IREARA L U THEHIND, 3003% & 0030044 * B A ALBRA
ENFORENLZ IOT, ZOBMNT 0 (EAEEE
¥, GF08) $BFEINTWS™, DI Hicfwvwshd £6 ATBAF—v— MUTLI =Y AH5E0D
3004/ 4 &1L 7 DL & THD L C X T M 2z sy & BIBEEAE
WREIZADT, +OEBLTES LTINS B\, & ) feReR sy A sbERE
FMBZ L b E2HE2BEHCOEIES L, WhYBIN FRERT o T e Mo | 0.22587 | Bl | o )
% % wt% # N (%
TRIAEE b DRSS, 37 Fe AEREZOTHU Crote) w0 | (ot \Ce/mmDihe /DL )
FEIVER &
-1 Z INApd 4 b4 Ny Fr ™
ngi?%C&tibmlﬁﬁﬁpifié%”;fﬁ 5182-0 4.5 | 0.85 | 14.1 | 28.8 | 27
0 &k, Qi DL RIS TR ERE TN E A TR 5056-0 5.2 | 0.1 | 155 | 20.5 | 28
WAhEELLND, S000BBEERXBTIMLED 5 WX X5085-0 6.2 - 15.5 30.9 | 28
BRI D IEDEMNA —V—F — T DEME LTS —H BV 4
CEAENTI Y, REMLZ S DIX5052, 5082, 51824 2036-T6 | 2.6 |0.45) 0.25 | 19.0 | 33.7 | 25
A-U2G-T6 | 2.4 |0.45| -— | 18.3 | 28.1 | 27
T o - RE z ] ! > -
b5 AlMng%WEﬁ@%ﬁf&és?%mﬂ X5020-T4 (1.6 [2.8 | 0.30 | 21.1 | 85.2 | 25
WD, CORBEOMIALFOTENLSEF I RAE WIS 15~20 | 28~82 |40~48
NHELBThHD, ILEHRENLIAGEOREOFEL
LT, BEEOBRRMC L ZERRR P 2V F — D ®T ADEKF—v - HOT VI =Y AAEK
BWeoILT, HEBEARF —v— TNV =T 2488 DRI O Hl
PHEATHENIEIEZND D, HIEMKEFAUEEORKE oo vy VDRGSR BBREEL |2 ) 72 VRNV
\ Frse LB (nif) | Crfd) |i (mm) (& (cm)
LR BT HEROMFAER D T U TEL DEENRAF 1890 0.9 0,63 *955' 6.7
BH SN TOD, REVBIORTVREARNEEEO o 0,96 S DA B
R4y, BlIEEHERE, REHCOWTORRZRL I, KL < X5085-0 0.30 0.66 9.40 6.65
T Mg &8FROEW Al-Mg &€& & Al-Cu Rig &R 2086-T4 0.23 0.70 8.90 5.88
ST FTTOENBED, WTNOEEINRL LT N A-U2G-T4 0.25 0.71 9.15 6.27
. X5020-T4 0.24 0.66 9.05 6.13
T THY, ThbOARERDC
BE L RPEERL TS Y ﬁg)“m@*mkgﬁi 6151-T4 0.20 0.60 8.65 5.88
BH~O7V =Y 2 G@OERETERCHEMT2 60 & VI 0.22~0.25 | 1.5~2.0 [10.5~11.5

Bbh, SBROBANER IS,
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F B TIBI MRS S L IR O BLR O BIE T
CHRALL D ETA8IERB Y, Al-78%Zn £&LAT
Al-Mg-Si &, Al-Cu RZ OB BORMBEEGENRE
ENTWABMR, EEHTIEAI-6HBCuSETilizr I =T
%227 v FU7 Supral-150 & DEHE AN DA T
WhHLHThBH, SBREFETHARCHL TREEESSD
ERLBL Y EL S D EELOND,

BEDX 5 elRENLEEEORAOHAELL T, WT
NOESWIWEM LD S EBFEHL L NIHEERET, ©
EHMOMER2EL U TRENT 2235848852
TWh, FHBERA T~ v - ATV I 2T 288HWD
$ORIEFHEE2REMLTAREE > TWa,

FRINGDOBERCETTETHERI LD IDLELD
Nns,

1.2 BERRBESE

BARFEHBIIEERIOREHRE 2GR T2 ke ®E
RSOOSR ER b CRAT A HHRANIND,
MiFE 2 BRROESE, BE»EBRBOQHEKIFA TS
BLEb DD, BRFBEEECOWTEEFLENLO &
LA THNIzOT, T TIHERKBES L ZOREK D
WTB B,

BAFKESENTENBRECHEAINME L TR
AT WADIL, 1953FEB TN KEF VI T
VDb —F o UF— VT, Al-5%Si &4 @043) DR
B X 2 K DM & HIR 2 TR0 RS R DG % i
Ftzo Al-Si BRI I BB WL RKGEDHRFEBREE
B 3 H L, DRERBWT S e vEMIS L oA
NRHHEND, TR ENVAEICIGH shic BRFEERR
LLUT Al-Mn-Cr RE&0 7 v X, Al-Mn-Cu %
BEHEOR—U B ERD B, Tu X, X—U
B EREGILENRT MY v 7 ACEBLUREBTHREL,
H2HEUTHHUALRIBTIX AL-SIAS0BE L RIER
K12 5,

[RNEHETIIHERFKESG L IFEB 3D 7 a0 2 FHh
E& Q% HHEES) KD, ChEME »BEMED
BWTEHEL 8, S~I0LERBEOHBT v 4 b
HEMBEZET 02X o FOCLEOTHZETH D
T, FEEFx o7, LMHE e b0, Nk
EEEUTEMHNZ OB INR TV, BHED 7V
Y ARRT ALY ARRIMUICEET, BEOHRDD
WA UREMENDGE DD, 3002, 52524 L or
SOOTREE L ENFDREN L EDTH B,

1.3 WEKes

TNIZVAGEDOHEAEDS L, + A (Pitting
Corrosion) &GJIE&#N (Stress Corrosion Crac-
king) RN E 2B EMBL, 71 =T AE58DMHA
P B BT B BRR D KA L OTTEICER S T\ B D
PERRTH B, 7NV =0 AR FETLHEHEET A REOR
ORI EREOER 2L, BRB CH B KORICEE

AF U ENRBEY —F R ENRNFEIND LAAMBC D 2T
WZ ERPHLMZINTWSEY, TOARPEEHIET
BEERE LA DI - TWEWA, TEMTEIEED 5 A
BNTWBEDELZ T v FH, bbb BAMTEZT0
Q22 FMEL TEMIZ1100B L 08300364 E 2B

CEEMAh Y, BT, HMLEROE, L ED
PSR & FIEOBEEBRRE 2 D133 L Lo TE SN
BB ARE ST W50,

—7, BEEBEMEL TNV =Y 2880RETETH
HERAESND LS > TELGHEBWTI, IEERH
NEER 7 VI TERCE > THOBWE LA ThH D, 70
TBROBI 7N =Y A& TRFORENROMIGE
RHIERZRET LD, KB va7HORELLE
RABEER) 2 B (T 73ED ™ AWEH I N TWS, B
MxERo Al-Zn-Mg %3 &4 T, BMERNTE Cr,
Mn, Zr & 5\ ik Cull X BHUEZIROE 2, BANEE D
R & B R LA DR BB X b G A
N B2 > TWBR, WFnOE& 3 BEEOBE
IR COFE AL LN TWBEDORERTH B, Al-
Mg REETE Mg 8535 U L CrlBesids LIAHE ST
HAEHNORBRALH L UT, EBCEEM LU THEAR
NAHDIE5083, 5154, 5052&8& Mk ETH B, BT, WED
Bi @2 Al-Mg ReE&OMBIIEAHAERRCR
MEBIERRBHINT, SHBLULED T2 T2 %8
ATV =T LGE&EDOTEALIBHEE IN TS,

3.4 HHEE

PEREE B TIIEERE &G ERINCESDEA TN
KBH7VI=Uass S, RETIEREEE, BENE,
(KM EoMECETAITERAEDRIND LI
HoTEf, REVCBEEO TNV =T 2 882K E
U7e B O SINEBER 2 R U . SINEBIEFEMEO
BB X O b ORER 5B, SlZEEMRe L
T—REZALNT WS Ker USHIEKRER)/ R G
F>15 & 5 &fhh b Il 7075-T6 Micii e
M D B2, T73 GBRZD) WE %kl s (R fE
v, AULSBRNIEEEY v =9 A58 0OFIET
BEZHNRELCEEO 2BRBEST, ENEBHEE LS
BERB I OHNBEOBGEZ 2mmEIORBH 2 AT
FANIFERTHD D, I 7 v P OEBERIINOEE L

®E BRET VI =Y AREORNREHES

o T IARIARE V-3
B & H Kig | Kic/R
R(hbar) |[(hbary/mm)| (/mm)
2014-T6 (FERESA) 50 125 2.5
A-U2GN-T6(FFIEH) 43 110 2.6
2024-T351 (FEHERT) 45 140 3.1
2024-T651 (JEZEH) 48 85 1.8
7075-T6 (FESEM ) 60 86 1.4
7075-T73  (FEIEH) 50 105 2.1
2014-T6 ;ﬁﬁﬁ%ﬁﬁ) 56 170 3.0
EQI A&
(i) 188 400 2.1
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# &£ 82 & B & 8

January 1975

5 3% B (mm/1000 cycles)

jF/:

0.3 036 0.4 0.5 0.6
o max /UTS
B11 &F7VI =Y ARE OB

(% ¥ 5 ~20mmfs O )

b 320245 S0 HANE L, BERIBWTIE T WEHM X
b T4 MBHOERNE N, THLGZBEHRREO T vV
TV AEEEOWTELNIERERLUCLDTH DA,
B Rosenthal 5*°iz X - T7075, 7178, 7001% & 70
00REBEDIEMNE 2 HHPOBERC IV ELI(HRIN
BLEMRBELACINTLSE, o2 RBEYROHERIZ
BT EREVEERHETIRANRNE NS ZIRT K
Bo LOHE2BEHY (CuFeAl,) it Fe REThTw
ZOTHEOEMLES, MLELBNBEZHAALELC L
kb2 REMOBELREN > TWAN, ZOEEIX
FURTA T2 RAR— IR BHEIIERIIKE
Q, P7—aAR— v FI0L U TFTOBEIE 460C 1T 3
BHREARC CRECBERLNRTEDND LS ThH D,
B0k c o 2 RO Eo—f & U T7075-T6# D
WM Kic L2 RHUROBMERR L, B2 H
HR DI U 7o 2s » TR Kic 23D
TETULTWS,
CNETCRERUTEBYBEANTVE =Y a850H
T DWT IRz, HELNG % vy —EoERESEM
Crrvi=vrfdRERINDLIRLD, TAIER
DIEBE BT AMECETAIMEIRLNDLOC T 57
RERIREHEREE L L TIRAI-ME & 0MRELLT
FERAINTWAER, Al-Mg &&3EEiEs X ol g
CNTWHERBERBENEWIRERD D —F, Al-Zn-
Mg RESRBEIREVAR, L RBEEROKEBETRITS
WHEORTETHEZEL TWA L REDNE,

3.5 WaEes

T =9 AESEE L THRERBWO TEHEOMEM
BT SN TWAR, BR Y 7 B0 A R Bk
BEDIOITHENELLWVEERICS T WA, ™7 Y
— FHRMEL LB L ENRE N, BTNV =V L8R
BUIABEOSEEL LT, BEEEIIVEAD A-
U2GN &4 (Cu2.4:Fel.l:Nil.2:Mgl.5:8i0.2%)
DERTHS 5, Bl12icit A-U2GN &4 Lo a®
D130°Cs & M150°C TR L 2B DM I 2R U 72,
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Application of the Thin Wall Welded Titanium
Tube on the Condenser of Domestic Power Station

by Shujiro Suzuki and Mikio Shimono
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Stress-Corrosion Cracking of Al-Zn-Mg Alloys

by Yoshio Baba and Akira Takashima
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Chn b RIEEA N 120°Cc48hrig sl L, 0.2%0 11l 75%
AR B BRI % AT L T 3.5% &K T 500hr o
R RITIL o0 TN LD E, 6 EREN CHET
% E COREME, Zr, Mo, Cr, V, Mn, Ag, Cu sk
FZOMOITLEDORMC L Y Z L& S WINT 5, &4,
0.3~0.5%Zr, 0.4~0.6%Mo # X *0.4%Criinsii
DF A P CRISIVEAHIN 2R S8 -7z, BT WM
i kB E, Zr, Mo, Cr 8L BVE2ELE&LITIE, T
NSEIMICHED D L BRI 0.01~0.1p ORE:EYH
BLEIELTWD, EMZ S0 A4S $ R 0.1~1n
DRBEMEYNRELLGETHL LS, LRSS BERSR
TLEDIGIIE M LR 2T ik, 400~500°C ¢
UL O TS B EEBINLL 275, TES T
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®1 Al-Zn-Mg GaO5 R LIS AN Ch-Hi 5)®

Zn | Mg | 0.2%ii)) | Bl o I AR
(%) (%) | (kg/mm?®) [(kg/mm*I(%)| Zaichr)
4.07 | 0.27 5.8 12.4 |16 4000
g
4.12 | 0.52 8.6 16.3 |15 ”
4.27 | 0.79 14.2 22.8 |11 "
4.00 | 0.99 18.5 27.0 |12 ”
4.11 | 1530 22.5 31.9 |11 ”
4.04 | 1.53 23.8 33.0 |11 ”
3.97 | 1.80 26.5 36.9 |13 %
4.07 | 2.02 28.8 39.3 | 11 624
3.98 | 3.12 36.2 43.5 |13 246
4.20 | 4.06 39.3 475 |15 281
3.92 | 5.12 38.8 48.8 |15 201
6.17 | 0.33 12.6 20.7 |13 4000
IEehn

6.02 | 0.50 19.9 29.3 | 14 960
6.13 | 0.83 28.0 37.3 | 14 38
6.09 | 1.02 33.2 41.7 |15 86
6.05 | 1.33 36.3 4.6 |15 } 110
5.90 | 1.55 39.7 46.9 | 14 | 69
5.88 | 1.75 40.3 47.9 |13 49
5.88 | 2.03 42.2 49.0 |14 15
6.20 | .08 45.3 53.8 |11

6.85 | 4.03 47.7 55.0 @ 7

5.92 | 5.23 51.1 57.2 | 3 1
7.96 | 0.30 18.3 26.8 | 14 2400
8.00 | 0.51 26.9 35.5 |16 16
8.05 | 0.83 33.1 42.7 |15 1
8.05 | 1.02 37.4 43.9 |16 1
8.20 | 1.36 43.1 49.0 |15 2
8.28 | 1.59 43.5 49.6 |11 3
8.30 | 1.89 46.3 52.9 | 8 5
8.04 | 2.06 49.2 54.9 | 3 4
8.40 | 3.07 54.5 58.2 | 4

8.50 | 4.18 55.3 59.4 | 4 2
8.05 | 5.88 54.0 58.7 | 5 2
10.14 | 0.30 20.0 29.3 | 16 1000
10.40 | 0.52 27.9 36.2 | 16 1
9.96 | 0.82 35.0 42.1 |14 1
10.10 | 1.04 40.4 45.8 | 6 0.1
20.20 | 1.38 42.4 49.6 | 2 0.1
9.84 | 1.58 45.5 52.4 | 2 0.05
10.00 | 1.86 46.4 52.6 | 1 0.1
10.25 | 2.05 53.6 577 11 0.1
10.90 | 3.08 55.1 60.8 | 2 -
10.00 | 4.08 57.4 60.9 | 2 2
10.10 | 5.14 56.1 59.8 | 1 1

Z L DWW REEAEY 2N S DT ERBETH D,
Wol¥d, BEBELRELTHERETD Agk L0 Cu 3 13
LA ERUBECIEEERNAES 2 AL T2 - h
DEFHB WMo &L, AgIRINMR0. 2% JI A3
BIEDETLULTWADTLOELUBENS D, RO
B UFHITC L 5B T HAISHEEHINER 2T -7
HR2PR2CRT, 0.4%Ag OFIC X H405°Co AL

&2 Al-Zn-Mg AG0EIIEAKINCE L4 Mo B0
B (Wassermann)®

GaMk(%) SRl gy (hr)
500°C T 400°C 300°C T 200°C
Zn|MgMn | &~ ¢ | w.qQ. ‘ w.qQ. ! W.Q.
glog - 15 5| 15 29
6 1.4 — 10 10 10 1200
4130 — 210 1400 2200 2200
slog 1.0 27 | 103
6|1.41.00 136 72 900
41301.0 80 | 790 2200
44.5(Zr)
45(Zr) 44" (Mo)
44(Mo) 33.5(Cr)
I
— SISR ARG
| =i n75% 4
100}
N
&L
¥
2
=
pes
2 10p
=
B ~ "Fe, Si, Ca, Ti, Co, Ni
Ge, Sn, Be, Cd, In, Pb_|
% = N
36 Bi,
i i i 1
None 00T 0.0310.05 0.1 0203 05
#® n ot F% (at %)
B1  Al-6%Zn-1.8%MgaaMR OIS VSR s X &+

HITEH (at%) O GBE)® RMOMFEH A G
DO.2% DI Il 27330

B 2R &, SRR OHIAL U 72 RS Clami il As @i it
195X 5 Thbd, Cu ORINLIEAGAER S BRI
{, EMERIEEANEBROEEERUDEE S - T
Bo Zr, Cr, MnOZIRITHEHFGMIERE D LR & & i,
REVEACE Y O PR & 4R oM kb e £ ORIk ZE b %
Perz > TISHERHANZRI LR TWENE 5,

B HEE D — NDOEBRER CRRRINEM0.05% K cd
NIy, FOWBENRPE T o7 Li 3, Engell
BNT X B E0.5% 5 WEMED Cr, Mn & &L
THEMTHENE Y DRERED LMD ENHD S
NTWw5b, FRO—H2RICARLLN, L BnoRR
E Mg BOBSTELHETh D, Z OO
#, f-& A Ca, Ti, Co, Ni, Ge, Sn, Be, In, Pb,
Bi E$ L0 RESOMIENEAMIEZETIRS LT
WA, —RINAMYITH D Fe 50X Si oRE
EREMRITNC ERH SN T WS,
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%38 Li & Cr ifimcd 3 Al-Zn-Mg
165770.802) (Engell 5)°

RALHE DT REMERE &I PRI R OB (3% NaCl+0.1% HeO., i,

Zn | Mg = o b Cr | Li |y ke | agraine | 0% | i
0.15 37.4 22.7 | 28.2 | 2325 25 26 min
5/ 1.5| 0.3Mn, 0.008 Fe 0.15|0.54 | 33.4 18.0 | 26.5 | 190 230 >162 hr
10.44 3.6 21.7 | 19.6 | >>210>>210>210 hr
5| 12| 0.25 Mn, 0.26 Fe, 0.06 Cu, 0.17 Si, 013 39.0 23.5 | 25.2 | 52 65 75 min
i 0.17 Zr, 0.05 Ti 0.130.53| 32.5 21.3 | 1 92 230 290 hr
0.15| — 4.8 28.9 | 27.4 | 13 24 min
4.5| 2.9| 0.38 Mn, 0.23 Fe, 0.09 Cu, 0.14 Si 0.15 | 0.53 | 39.4 21.6 | 22.9 | 220 >220 >220 hr
0.44 41.3 25.6 | 16.7 | 7.6 56 118 hr
555°C X 3h PAXPTT 4 I Al-4.3%Zn-1.2Mg RAEROIGTTIRAIN
—465Cx3h[T] Mn 0.3at % AN NEor 024t % | B RTINS O (Bassi )™
555Cx3h ] HINNIE i, RO LRI SAIM O
505C%3n F W ”HJ&M ! (°Cx24 br) ek TR day)
495°Cx3n [ N [ 300 3
a65Cx3n [ N Cu 0.1at % ELl 350 12
435Cx3n ] N i 400 22
405°C x3h % L 450 2
BRI E 'None Ag O.lat % 550
1 10 100 590 5

5T AR NS (day)

B2 Al-6%Zn-1.8%Mg& G o Ui s g fiiinces
SFTHRIRIIcEE (at%) ¥ (58D kL
#120°C x 48hr AR T A2, 5t

3. BHBEIILICS LIFTHRSMIEED

E/
v

BN TSR TIRE GO ARSI T
bESGHRERMUMCKESBRTELRNE D TH S, C
Gk, 3.5~6.5%Zn & 0.5~3.5%Mg % FEWIoH
LUTEA, EbHWHMEDOMn, Cr, Zrb B Wik Ti &
MBI E X ABEN I N AERERIEOWT, ol
EAGESLER A & TR CALERRT & C D BEIN T & G Rkl
NOBRIC DWTHRND T EIT b,

3.1 StioMEEsNES L UCRENTORE

$ERE U OSEBR CIRIRINTLEE, NHIYTTE OB AR
¥, SRR L E DD, MU 2 EoRBHMTIE
ERWTEHL OEMERAED D, BEEFOTEZIET X
B EMbBD, LIt T, TREDAEEZST S
Y, —RvEEE TR 8550 2 E R IR R T B,
COBEEMEIT L - T, RFRWFEIT L TWDIEED 3
b Zn, Mg % ARG EBHEELT BH, LN 7 v
g =0 APOEERADE WA M E A LT Mn,
Cr, Zr 2 ERLUAIHEL TL B, ZHUTIGU TIHIE
AR S B BB 2 R T,

#E 41, Bassi 57 Al-4.3%Zn-1.2%Mg-0.11% Zr

~ 3

-0.17%Cr-0.40%Mn &&DHE S Imm OEMTOWT,
oSN B X3 TS EEEE OB B
U SNk R Th Do MHGTIE AR L 400~450°Co
BRI X DB U L WFEENDM, 550°CL L &
BIIRENE LB ELITWIRE T T %,

P52 JISTNOUH M A G 025mmEHFIZ >WT, £ D
SIS RMNE S SO BB OMEZ L 5 TH
3L EFERRETHS, T4DE, RE(Short-tran-
sverse) Ji A i SIS R HI R E LSBT X - T
LU A, # (Long-transverse) J3 o £ 1ud560°C
CUFesEns <, 590°C OEREEHENICE T
B WLV, Al-6%Zn-1.8%Mg-0.1%Cr iz 5 N

None

400 L..T.(25kg /mm?)

460 oef{e S.T.(10kg/mm?)

480 obe

520 oo

560 oo

590 Y™

o s 10

v MR A (min)

B3  7NOHAY AZn-Mg&GEE (B §25mm) ORI
QLT L@ETE ST QiLERihcils s

g LA DB (IS )®
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Al-6 %Zn-1.8%Mg-1.5%Cu-0.1%Cr &@IC2\T,

oD B AEE IR BTG TS R ki b X2 T
Z, 1mmEIDOWTHENLER, HACRT LKL, B
B ALALEE RIS #3400°C B i iz B &S A R i ok
X RBIIETLENDM T, TRhDE, BHM
B 2450°C IR T - { b &MEL T-Haizisfs 25
cEick b, oo sRABREAEROSEE A TRE
ER b oEMDOKRE EN 0.03~0.20m Wis -7/ &
WU TG IE RN 2 T AR L w5, BEL
I % B8 T DI WEBAIIL LD X 5 k&Yoo st

1000 1 H T H T
[ 4
o —————— L il TR T STRE I Sy
1 mm t K ,i;
// \\‘
’ AR
4 .
I' \(
£ 100 P

> (
//

~~~~~ -
£
¥ -~ A \.
=
o
it
&'
R 10—
e Al-Z 0 ~-Mg-Cr T4
==Q=w AleZn-Mg-Cu-Cr T4
—— Al.Zn-Mg-Cr TG
—t— Al-Zn-Mg-Cu-Cr T6
| |
| 1 )/\
&

=

As cast 350 400 450 500 550
HHACMELEE (°C)X24hr

4 Al-6%7Zn-1.8%Mg-0.1%Cr & X Al-6%Zn-1.8%
Mg-1.5%Cu-0.1%Cr &4 O EALILEIR ¥ 25 1 mmif
OIS RN L (555

T4 : 450°C X 2hr W - Q> IR 2130 H
T6 : 450°C x 2hr W - Q-5 K %530 H ->150°C X 20hr.

HBIRETE T, $/:500°C Pl EoEE OB MBI C
NS LAMOREES 2 W EER I & bR &
MO WERIR 2 & v, BB IR Dk Al-
6 %Zn-1.8%Mg 5T Al-6 %Zn-1.8%Mg-1.5%
Cu AR 7w ARINE 2% A2 THIRIEBC T WIS
HAMNERZ B HECH BN, YHOME 2B 8D
IANgEBRIE, 450°C < 24hr B LULTE % 45 T I8 o 7o 8 BRI
BTG IEAMN IR CET L TWS T 23D

1000
E ) .
e ot
/”’
AR £ C(7 Y 17
Y °
s
100 ‘/
= s
=
& 3 °
P o
= Al-Zn-Mg-Cr ] By Pk
& =-0=Al-Zn-Mg-Cu-Cr IR |
% 10 —o—Al-Zn-Mg-Cr ] 450°C x 24hr
B - Al-Zn-MgCu-Cr v
i ° -
-
/”
/I’/f. % N
-0 BB L Lo
> ? )
1
\ o
\
©
0 0.2 0.4 0.6 0.8

7 o s (%)

5 Al-6%Zn-1.8%Mg ¥ &8 Al-6%Zn-1.8%Mg-1.5%
Cu A&0 7 o LEINEL & HE LA O M6 SO

i s fen s e (B o)H»
450°C % 2hr 7KE#:30 B ISR 2 2 T 4 M itk

X S:%& @ C i b

i Tk % * B i
T (%) 0 59 74 85 95 96.5 9751 98 ] 99
=
a‘;{egzi% 340 140 90 50 16 12 8 6 4
K 15} 4 —] S =] C S C S c S C S c|l=—]—]—
. * @0|@@ 000001000000
s ' 90000000 —e— 0000

B6 7NOl #&EROETS X CREA OIS VER NS T8N LB BE 6

4 —
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Mhe v AEMEOIL0. 2% THECH 5D, £
ML EOWINEE & A EYERRIE . CHURTEERIEL
B KIS CIEEET 7 v 2 ROBEKRLEWRTE R
T, prbahit, ZoBOMEMBMETEEALE
LI THS 5, '

BB EARGHMFIE T WA WA LR S DAL S
NBH, TOLEOIFIE D b aRR oy
HREBIITLERAONTWS, REIZHEHEL 2
Al-4 %Zn-1.7%Mg-0.3%Mn-0.2%Zr #&0RE S 340
mmOEWEFEEL T, £ONILE LIGIIEEHN O
PEErolBEZEP L bR TH S, EF (Longitudinal)
JTH TR EESED & D INTTENRTA% L 78 B &G T S il
NERC S, FRERTREMBEOTHHILE &
H SIS EHNESRT SN T WD, wWalE ),
N X5 S.T Frob s § IR o
XA RWEINHMEAND D0, ZNNBEFC TS0
LAHEOBEL DAL Y EWNIRICK - Thbd T, HE
8 ~6mmMDLFBEL b » & 3G IIEAERNEST NT
Wh, ULaUBEZZN L b & Sl { 225 & IEHkbins
BZFRER LT bz h, HOGTERENZIEC
L ih, el T, SERH™ 1%, H3310mm
o> TNOL H 244 £ O8I 2 165~100mmJE & O #2411
LT, ZOMIREGHEERNOBEGZL 5 RET O
EIARERPATNS, CRIZEDE, LHAOIEIEA
e & BB R OMALE X O TROBRIXHEE b O

o —H

RLBEIUHEBZRLTWDR, S.THHOZ LY » —H
NEBIC X AFREE Y, ITFRoRME & 3 THTL

TEH, EI25mmilE ClEZoBNd 5 &2 od
BTN D T D, FLT, CORMETAMMELT, &
v =R Y —BIITIC X 5 THEL Iz X 2 7 —Df- ol
WieB S TR ERWAT, LAWOERNA -G
WAMNEBAOND LD THS H LR T W5,

Mz o TlE, Sendorek &' Al-4 %7Zn-2 %
Mg-0.33%Mn~0.18%Cr-0.15%Zr & & D>\\WT, ZDiG

#£5 A Al-4d%Zn-29%Mg RAESME OIS E RN
3 XTS5 OB B b EGRE & I UL DR
(Sendorek )**

S LEE R ;
o | W
1 480 31T 584 20 JE PR AL R
460OO
2 550 ~° PGB s ImmE THE |
i, D & 7 DI RS 5
BB 0. 5mm & T
3 480 FAEES, AP AE L 121
520 &k
~560 No. 2 & 33 [H Uk
4 550 DD O & D 25
HETT
(1) HPEHGHER : 4.5~6m/min.  (3) ARSI : 0o..%x90%

(2) #H - T6

)

=}
L.T. ey
102 o =25kg/mm’ =
R A |
< E
=3
~ LT ST | #r % &
4 B | e
I C|le | = il g
= E
& a w i g
te S g
R o)
té? —10% ¢
= 4 E
Er 4 K
— - ]
S.T.
o =10kg/mm?
| A
L { L | | |
o ' 40 50 60 70 10
moTE (%)
b III’ 1 H J
310 165 100
W (mm)

B 7 7NOLMEMAL-Zn-Mg &&EROIGIEARHND
T &I OB GRS D

TS EHINNT I 3103 T 8550 T (L EVILEE 0 JE 3 R M 4%
B S THAEL, HHEM OGS
L - TRIERED, MRBo ok LY, JEE
T D bR SR BB o TR T 5
ERNRT B, FHRO—H 2R WRTH, HE LB
bZDRERDEIOVETED LMHEMOPONEE TIELA
ETSERMEL E 2 Y, 2o oifiG S AN LS T
T Do HHEL LHEROEAZILASGIHMT oWT,
Z DM JVE R & 85 B ML 1 (460°C < 8hr)
OHWORGER U B, SEISEME, &R ORI 24
BT HEERR, Zr REOBRTEOHMMTHIT LD
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Al-Zn-Mg HHG OGN

I o EER OB AOER) 2HIETSC LK X
S TREBEHAE2WET5D0TES LT HIBETD
AHEELLND,

3.2 FEEMB L USEMTOR

Al-Zn-Mg R & S VR BT ME A SR 2 7o 2R I L8
OB T-HOBEZENAD, ZOBORBERL) CRAm LT
Do L7- THEHBEMILE S 5 BB L2 58E,
BT EBEAE Uz b DR —FB a2 T C &b
Do FHAS™ X TNOL HEEEOE S 20mmoO B FEIE
W25 N25 OIE TINEL T, %OInEg: &IsER
HINOB BREHE Lic, ZOHBIRE RT LK,
S. TH DTG Rl P e X b 82 20
s, LT Bl % E 520°C Pl o rhiget s T
Th, —HHICIE PR BESE 400°C B B TIT R DN B,
P T E WAL S,

Wk, INVRAGILERRT O W INIIER &S Rl o BY
BRI DWTIEREHRSD T D RFT I N THR 5 T Uiehi-> T
BRRA EWA, CHUIEERSSeNTEE UTENRD A\
Ml IhB T E2nE L, Z2o8a, BENTZD
L DIEERARIL WS THS 5, FHLWIKT075 44 (Al
~Zn-Mg-Cu RE4E) oW, Loy
EAUS VB AN T8, AR 0mm, REG6
mmOHBEEC 2T, METROIEIIERHNEKR 2 B
TIENs, #EINLEE35% DG K & 4 T g - 7o BRHE,
Lok 3 BRI 23 L bW~ TG I &
BRI LRT W EREL TWB, Al-Zn-Mg=ith
BB ANTH COMWHMEDLE 8D EEBALLND,

R U, BERCAREEE ORI &S akho
BEOFNEELME TR WA EZL NS, ERHK
(AR T B IR0 B TIRE OB LS 5 »Wdk Y — 5
BEEUVELVERWONSFRTE SN, CoOMIEZRBT
THLETBHGINTER TE L WERE W, REWARLA
Ok Al-4.3%7Zn-1.5% Mg-0.35%Mn &4 (4HE58m
m” AWE2.2mm) % 450°C 5 BA LI D EZFN2H
209 ¥ s U C A S mm, WEL.8mm it Licd 0%
THEHHEORSA 100 HEEEL - & E0BTIE R AN
SERAE IS Th B2 EHH L 72 § D1XF930 H E THElbuss
EUTWBH, H20%RE DM T, SRz b

(65 )
40
] I T =
P ')
=1 [ .
£ 30 WLl NG
3 2% S I
= ¢ g
’\ k-

R R LS
- g 1F ||\
?’ﬁ o None 8\ Y 4 :
#2 10[{*] 480°C X 24hr N
= |fgea ol | ||STp

1 T T T - RN |

01 10 100

EhEEEInFEA (nin)

8 TNOLfY Al-Zn-Mg &E&EMOISTIE AN OS5 N &
I RO N s OBFE GRS

DOEILIEA E 5O T, JUH & 2T B &SRR IR
DOFSERESRHT A C L L b AEU G NE RN Ll
{, UACOBEE, BEEHRNIE X - TAEL -K&Y
IS IIAVE R H R & UTYEML, MBS
AHNEE -T2 D EBASND,

4. BEHENICH LETRNIEOZE

Al-Zn-MgR a0 TIEEHINC S JI3 T8, #
DHTEE DB LT RFICEHL T LW k& L,
% L OWIGE 3 & F» T X WREILEE & o BRRE D10
HEdEbBIToNT WS,

4.1 BHMLLEORE

Al-Zn-Mg& & OIS ITE A BRI, IS
Rk > TRELIHBE2ZT D, K9 L FRINE, Hr
5 h Al-4.5%Zn- 3 Mg S OIGTE AV ks &
AR & BE AR OB 2 U 6~ Th
bo TN LD E, HERMUMILREIE L 253 e
7L, Fe, ARCALIRIR D & DREAGREEH G E EHlR
RGN HEA B OB ST, & QBRI T ol
IRAE & B 3 ¥ T Kent™ ko2 R TCRT, &
DR S L BEAHEANE { 5 B & JEHT T (Precipitate
Free Zone) DML L b, MGG A B2 &
NDEEBLLNIZN, BT, COENTIHEOIRD KN
MA-Zn-MgREGDOISITEETAVE2 R T 5 ERT T
BIHWETHELTNRUIZWERL - TWh,

£6 Al-4.3%Zn-1.5%Mg-0.35%Mn &4 (58ming %2:2t) OIS ITE A EI L T8 )

4 e n Mm% K E} fﬂJ 5’5 B3 B

VN H& i b T A MR o) A

lg/mmny | dgimmn | (%) (g /mm*) Nl

TRHE N T W 7.3 30.6 28 1.2 >100
IRHE AR 2080 (Weby 20.5 87.6 20 2.1 ~100
T 4 %20% ¢ AR T3 39 45 10 14.1 30
T'3% 170°C X ShriE Rz aLs T7 32 35 E 11 7 6.2 >100

(1) ZEERICT - Wk & B (2) MERBRNE « TEEHHAK,

6

(8) ARG - FREIS )
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=8

HHBEEHINE

(66 )
O 400°C WQ
® 460°C WQ
< @ 500°C WQ
1=
E
2
e
e
&
10 T——
10 100 1,000
S s L FF s (hr)
B9 ik OB CIAKRLEIKES120°C € 1008 ik R U 72
Al-4.5%.Zn-3%Mg &0 B RN FEG (g 5)1 7
®
30 \ A\
. K
o e °
B o o
= ® \
= 20 ~
o 0
£
" ® KiEAN -
10— Srh be .
O RBEAN
I
10 100 1,000

10 FHAGEIE D BFRE~ OREANEE THA L 120°C T100
RN U 72 Al-4. 5% Zn-39% Mg & & O IE HE BN

fis (M5

g1 Al-49%Zn-29%Mg

hmg s Fa (hr)

4.2 EHOF

Al-Zn-MgRAHBDIGTVERHNIE, R SR
Uc d OMRERBEDI L3 0 X hENE ToHmBEL,
R 0B NRIEIT U7 & ETGIVE AN L
CYEms B, B, 2, 3oMEiHEz2EDL Al-5%

s T (( AlZn)asMga2)

—— e SE—————————— U(Mgznz)

- SNSRI = s 7]’
-= Gp v—>
A 7720k g /mm?
107 ,’ 50
102 40
E
£
~
feli)
X
=
&
10 30
1 20
0 100 200

B % iR E (°C)

B Al-5%Zn-395 Mg i OIKFAIRIE, BTHIA & /)81
FNFA DG (Gruhls)*®

BEOBIERHNED I SIS THRME, FHREOR S (Kent)'®

]

WA Bk 1 Bk B A | WS K B A 2 %
350~250° C M9 | 1% 8% 1607
I 7501500 R TETS0~ 15004 Eii}?ﬁgﬁjﬁ: ;ﬁj&’ PBRIET
PFZ it K W@ 7004 1 10004 ;0005
ik G AT A 00 P o | EEEL, R b e | JEKOBEED S b B
i oo 33.7kg/mm? 34.5kg /mm? 34.2kg/mm?

EER ARG | 3.4~ 3.4 # 3.4 7
 EEERn GG | 24 1 62H 3650 THNT
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Al-4.5%Zn-3%Mg
120°C x 100hr K3

Al-4.5%Zn-19%Mg
180°C x 15hr iR %)

12 Al-Zn-Mg &0 5 REEBR DT~ g (Hh )20

Zn-3 Mg REGORERIEE, Wi &G AR
mDOBE R KD Gruhl 5 OERFEERZRT, < Y
9 7 AEBEBEDOLILWTTHYRZ 725 TG I AR
NERWEFEIND, TOL S L% S OHR T8
—ERT D BAVER IR T, BRI 5 23AL-
In-Mg HE&OMIRHFE 2 /ER L, BRINERIEITER
HNFRBRE NS NDBE DTS D WEHIEE 2 B
ZTHRIERCREDND TR BPEELUERTH D,
180°C TIBHGRAERN U 7 § DIE—E s T b IR &
AP, 120°C < 100 ) Uz § O3~ S H M
MERIEL, TN ENRBEIhDIRORNATE L (LR

29.7hr 36.2hr 25
tt
50}
gluesE & 120
401 /_g
& s €
£ 15 &
£ | o2 =
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201 | 67107540 2 0 F
- 15
%
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180°C-3he  180°C-1hr  180°C:3hr

®13 Al-6%Zn-3%Mgaa 0O & ISIEAeRNCs 3T
T OEEE (R 5)2 Y

UL TW5h, CIVEBEERICEIEOURIE L 2o\ & & 2RI
U, WA TOIETIEPRRENEBLLNS,

T, Al-Zn-Mg RAGOTERIEAL, BEUWIRERE
FHTEsns & s b, BISEENNEOWERCHE L

INTWB, B3, HEkS™ 2 Al-6 %Zn-3 Mg &
GIEDNWTICTFHIGD L, HWTIS0CTRKMLIL
7o & EOBRAOEE &S ERNEROBR 2 L b
HERETh D, WHIDTSHDOBRIES) 2 AR L BB & —F

WAHMR, e LT, Znaf0mE & st
PERUIEBHNE L LT, —BRENRGP V-, B
B3RO 4 B RE CER) T 5 ZBREDNEE U
EVWAEL D,

35
T4
30 Te~==————~ S
Trm e Nwal N\aclFe
—~ N N
e 25 T i AN
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14 Al-4%7Zn-1.7%Mg-0.3%Mn-0.2%Zr & DR HO
SR RN I T B OB (BB 5 )
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TR U= EEE 5 M, Al-4 %Zn-1.7%Mg-
0.3% Mn-0.2% Zr &6 %2 BEAWMEE S0mm ZEEL
rEROREFHK WD LR owT, S.TH
[ DT RS ES Al b & BB O BIE 2 R TR B,
T T ORI 465°C X Shr Bk {biE &, Zo#%20°C
OKPIEAB LW, Q#, 55°C/min TZEHB L A.CH,
15°C/min THREB L LF.CHizoWT, T4 (EiRE60
Ay, T6 (120°Cx48hr A.C), T7 (120°Cx12hr—180
°Cx8hr) OIRMET 3.5% AMU/KIFHP CRAHREIT LY
ST AN 28 L8 e THUT X B L RFRIILERSE
fhoR X THEIIERCRE , BHRYUHMz -
FoTTRLEI MV, T4 75 5 i TOMIE M { 5 TH L L
FGEEHMNEZWR U, T4bb, T4, T6 WEK
LB IS O IR 2 B 97 Skeg/mm® LR D)) TRERT
Uteoiz, TTIEM Gk, 20kg/mm?o ]I T T700m:
Plte->ThHENZRBIL TV, WHEED XIZTH
ik PFZ O MW & SNTW5A F.CHR, fEiFHEo
MoEIVWW.QHMED T NHRERL, WO
(fz& 2 Kent 5) DIELWT & 2FEW LA, L
LA D 2 W S IR S LT 6 Z 0% DR 5l Al 28 A3
T6 RO CIRREMN U RN TN &b, B
W X B IS IVE AN EOWRRT LU THEWED
PR PR R i TAQAN

5. IEHEREH IEBEE

JEIVE RN % 3 T3 MR ORI 2 BB TR L, AL
2 BRI OB & A BRAET < 55 DT
Efeo WETHE, BTWHESICERRHAOREC LD, B 2, MERREHCT <) #0335 <, WILLITCHAHE
R TOMMBENRTIEC LD, XL LOMANREL N MBI BRTEDVELLTWEDRDNS, Al-Zn-
55T MERARIH ST, 7 v 3 = ¥ 4 AholEERH

15 Al-5.5%Zn-2.5%Mg & 4 -TOM D T8 £ ) e #2
oFEMRME (Pugh )2

= edtadie HeEbae : ks
BI16 EHAIASZn-22%Mg GRIEM OIS IE RN RGO
WA EIHE: (Day 5)*®

R15i%, Pugh 5 ZEMIED Al-5.5%Zn-2.5% Mg #5kis & O 2B THAMN TH B, ORI RO
&-T6 BULHAHC DWT, 0.1% WIOTBHICMTED  SHNOTE, EEIALSE S0 LRI OiH5HC &
R ERL T 3 B NEARRL 2B OKERI TS ARINT WA, BIBE, Day 5% AU/ & natm

El

JETTE & S — Bl b

B17 Al-4.5%Zn-2.9%Mg @0 I REINBIE & &« oV &~ F78 & X V53R b Wi ok

— 9 —

EEiEEE (X500) GEES)H*®
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(&) WWFRBORBIHMN (X100

(b) (@)D AHLH T L (< 2500)

4o

(c) (a)o> BifpliiiA s Bt (< 2500)

S (b) S RN T & 2N
(c) ¢ ISV NS HEFT U THNEREAS N & {2 b BRI
RIS U TR U 2okl © dimple 25388 5N %,

H18 Al-4.8%Zn-1.5%Mg-0.35%Mn {5 fi IS
FOER T DTN D BB & OV
HUILEE : 465°C X TRr'W - Q>4 IR IRF60 F

2B 72 Al-4 %Zn-2 Mg RFEHASEM OWE
BB TH D, HMNXFEHR LRI HEOR A
PRI ERERRER D OBER 2 £ - TWTHEMR L
TWIEWEBA I A 5 s\,

FE D™ MEER LIz Al-4.5%7Zn-2.9%Mg &4 D\
T, ZORIVEAMNHE LFIED B LT v 0 — g
W 2 FE AR TS U R 2 BRIITWR o IRV R
HNHBBEE S Smmil 2 U F Rl T Cibhiss,
UL TR TRAENTE Y, BEEDY B LY v W~
BRI CERY b N X 5 WIEHER I 2 R4 dimple 3
D OIS, FISIIE RN ORI b i
FRDENT . LT LRV T Y BB L AEHRKROE
KBTI THLD CENERINT WD, Wi,
K S, BRI EICE S $ TR UCAL-6 %Zn-2 %
Mg &&W %2 T, Gy Al BWEDRT
EARMNRB 2T - T, FOMEZ2EBREHECEEL R
B, ¥ xToRBrL P E S dimple 288 5 B
5, Al-Zn-Mg =& IEERNESER RN
DHLLT, MAHNOBELEBEITHIRERSDLLLT
Whe UM U2, EMEDSIEATE, NAOHE
X - TR B 5 & BT Y D s IS
MHEKLT, BRICTBEEOSEEIMMC D &b Y
REHOWHCIE dimple BRDH HENDH L S5 D, D
MBI L Tk #5 & Al-4.3%Zn-1.5%Mg-0.35Mn
BERMANTERL, B8 X 3 2R 2B TS, i
XD ERBMOBNIESZ L NCHARKICH D Uik
T dimple EFEEL WAL, WS & 0 ki U7z
Btk dimple 2589 5N TW5, WHEIBECHEL T
i, FOH e RSV A HINREE 2 d B W TERERE T & & R
ERNTAEBERSBEDEELLND,

6. BHEEEIWERICETIHREONMR

Al-Zn-Mg &80 MG E A BIIVES B o TS
Mbb, BAETIWLL TWHDIT TR, ZOHED
WTIRIEDTIYE 2 FE U TH LT A 5,

6.1 MABELTSHEERA

Al-Zn-MgR &4 OIS IVE BN O I R R OR BT
SR BEERESA LU TRERIITWE S T
BAHN, NABELISIERINZEERI DI THEES
Nifliixbd TH v, Graf 5*FA-Zn-Mg, #k
N AL-Zn-Mg3a o 75°C s T B 5 2 K B & 50088
AHENOFmE L ORI L DHMEIRR L OBER 2L,
0. INSER KB P 36 13 2 IR &l dnd, 75°C ©
10~30hr WAL 7eBEicd » & 8@, ChEH
WRFR T 1hr HE S ¥ 8e ORI IR RIT i 5 #
MG & T B ELTWD, FE™ & Al-4.5%Zn-
1.8%Mg# ¢ & CNEMEETTE & LT Cr, Zr, Mn, Cu
BLT Ag 2L 6 EHOEGIN % pH3D3. 5% A1k
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KBERCEEL TWA WA ERZIT L 7205, I&H
BAHN RO K WHENEIBEL TR B A 5 &
FHERAZENLSTHBMN, Cu P A 280860 LS
ZHIAN S BB LT\ 5,

RS LS TTE AN OB R 2 AR S L 2B &
LT 6 & Ne B8, FRICE 5 LAMGTOH
b b SRR D 3 BACHENIEEL, FAT
F o THRELRET B, ARG TIC DN TEAR
DOIFAIEL, BFEAREL ETT5, CORRLD,
@) BlrsamnosiE 3EANAR ELHART, &
ST DB U TR AR E AR 2 22 3R AT i - TH
NREETH, () SEALARE AT /7 T WV X
STRESND, (i) 3TEHEMTGEPRET Y R
TWEL, 3HEADERLIEIEARHNEOKFDEIK
X, BROMAEAB IOAAXGHERHNZE LA
FHBEIRTH B LBRNT WD,

6.2 HEFHEKSHTOWSH

R B VEREE X 0 SEVE REN R O R E A
LB 0TI, b UARKHIEEMAAT THEIOEIRE
PENRRESOEMC X WV ETL, BEXEEIND LD
ThHBH D ETFHL, Al-Zn-MgRESGIET 5 HBER b
—WFFR SN TWB™, RIEOWI & I, HaEm
HELTHEYRA ves—ThhH V7V vF Ly (C
H.=CH-CH.),N % & b B1¥, Th2ih Wik F ERIC X
DEFAAIER R $726 LTWAH L LEFIRLT, MY 7T I
73R KEH R T Al-5.8%7Zn-1.8%Mg S&l D
WWERE R E D L HRBLT B2 L 55 i, FHA
LUT, HMERREICED, ZOEM2.2DRMKIER L
oz iz 0.2mol/l LY 7Y IVT I RIMAI D,
2. 8BWHERK R L N hic0.2mol/ID MY 7 YL 7 3
YERWMAT YD, BIOREEER 0. lcc/l DKIBEKTH %,
B9 72 DR ERL 7283, MR OBEHEEE, K&
OO TNTOFMKATEDu D L IETL TS,
LB A\ WIHBAKBEPLI DS MY T IV T T
PIRMU B OER, WAEBERXDLEWE 0D 5
9, WHRENETUTWABRIITERAINETHD, &
HEHOEBRBEBEICIAE, NI TINT LB
LKA TR REIN TS » TS THE AN OWE & %
DOTHEPULT WD, ULEDOFERENS, Al-Zn-Mgi&D
W7 2 OB BEIEAIC X h L KT 9 B HEEM:
MbBHENRBEHINTNWS,

6.3 BRESIUSHRIOEHERESE L

EEL™RTY y o= UERTCIERL 7 Al-5 %Zn-1%
Mg&aOBERTE WEM 2@ 2 OBBEIT 5 iR 8L
TRWOT & EHER 2B TN5B, ChiTL B L, TR,
KPR X 5. 3B RIEKAP IO M 21~23% CTh %
A, COREKE 0.3% BWERALKE 2 BN U 7K ER AT
VRO T % LD U TWh, 351, BIEEERO
WA CREREAD L EORRPITL - T, BELKE2

30 Air
H2S04+Amin —=
Soap A
H2S04 "
‘& 20 .
£ HC! 4-Amin
2 — Air
R HCI H2S04
HC!+ Amin
10+ .
12 Amin
0
L_15% [ Y

F19 HERB& AR TDAL-5.8%Zn-1.8%Mg &4 DO RHHIY
Gt

15 T T T

71 (kg/mm?*)

£§=4.2X10*sec! 1.

- 111
2 5 (111) A g -
B : ZE®K
C : 5.3%NaCl ]
[ (100) (110) D [ 5.3%NaCl +0.3%H:0:
0 1 1 1 ] 1
0 10 20 30
voF A (%)

H20 Al-5%Zn-12Mehifhif OISIIE M L3 TR0
R G s)Y

SLHEAWR T, FN, BRAEMCRLET 5 KER
FOWBIL L HEHE T A NVF —~DOETRBEE L HOETI
HEPEATWADTHHHEEE LT, 2T0WT
Al-4.2%7Zn-1.4%Mg-0.3%Mn && 0 3 A BB T
AR U 7 BARE B TS VR RHIN BB 2 1T o 1R T, K
RT LI, ZHEHTEONDHR IR ANS
NGB EINEGORERE LT, CoL&D
Wik Primary slip plane Th %, &R AEAVNMEMA
MR OTEROBE bRNABK b b, TR & 45° it
\~ Primary slip plane T4 5 b6 TW5B,
¥, Al-4 %Zn-1%Mg B8 X FAl-4 %Zn-2 Mg &
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BOEZFHERECOWT, IBIEENNGEG RO
FrlL o~ s, HE, MHRNEONSWE EIGHE
FTHNAR DL WEINTWAI b 59, &
BEEA T mmAi# & IR & i Cikie U A #RR e
DR E T EIN TR AEINNE C H T LW 2ETH
%o

6.4 BHBEHEACHLEITHRBEOY
Al-Zn-Mg& & oIS IERsh AR A TR D T &
b, RIAEE LIS VEEENED B2 b o Bk
b EBbNDN, GEROPIYE TR SRS EAE D
THEWU Iz b DI &, 2R ROFAZEH 10° LIT DN
T AR AR B Ak Pl LUl U Ciit G s Al oz g <
NTWA CERBE INTWABIRT Elov, L5,
Al-6 %Zn-2 BMg&E 2T, BARmNZE(100)1H
<1001l % > b o [AIHE £ 732° ~32° DI B o Bk 7 VB!
2UERL, 0.2%0BRRKEZFRML 723, 5% &EKART
ISITB AN 2 B L\, WA O R R U i,
BT HE U 7o BT & 0% oM O BIR <X, 0°C A
#%70C, 2 BEFEI SRR N IR G. PV — o, RS it
WM IS M A B S D, 180°C I AIN T 3 o R AR EF
% 70°C2 BEEI TR NAHEBIEG. P~ v, KAk
ALk 1, 000A RE O IHREE S D, %7, 0°C
BEAH: 90°C 11 [ & 51z 160° 3 IR CII i PIHT i rh
MATH b, KFATHENET, 000ATRES b, 1, 300A4EkT
HUBE AR SR IC B U TR a b, T b RS 2HEL
Fo WG L O BTG 15kg/mm® 1 BB RHIN S
R AR T, 0°CHEARTO°C2 HIFZRIL 28 &wik, |

20 i 1 1 l 1 lll‘ 1 H 1 l LER | l!'
- -y
-~ 15} (o) —
e
= - =
~
L="1]
= - A
R " o 4
= N
o 10k 465°C, 1hr ]
B ~— RT, 3days O~ 7
B - 120°C, 24hrs B
5 1 11 1y ||1l I g ]y ul
1 10 100

TSI B ng by (he)

B2 Al-4.2%Zn-1.4%Mg-0.32%Mn B OIS H
nEBHRR (6D

B ®F s f1 15kg/mm?
x wnmenem ("C 4 A #1, 70°C2day
104 S = w —a= — 180°C3min, 70°C2day
B ~ XN e emyeemm OCHEAN90°CIr, 160°C3hr
-
R
-~ \ 3 3
£
&
&
2
& 102
=4
R
_;;‘_‘3
10t
o
[o]
= } 1 I Q
24T 14° 21° 32°

10041 % H D HHERA

B22 AL-6%Zn-27Me f GHUEHH OIIE IS ST
g & PDALTR DR GRS [ 5)*

EAOENRBEHITEH DN TW5,, [HIEMNR21°, 32° Tk
ZNE EFGOEET DA, EHEAN 10° LI 2 & [
ERANRPELBAEONTHEMIZBL LEL LD, 0°Ch
A90°C 1 85R & 512 160°C 3 BRI 8 U 72384 cid 0°C
BEAEE 70°C2 HEZIO & DI 5 NTHEMINITH DN

CTWBR, R D EEAIN S WE EBEHTE 5 T

Bo E72180°CTRF » o2 F HKRT0°C2 HIEFE L 728
&b EEOBEMZRL TWh, CRHDEND, MiEA
DR FWEIFIE EEABI X - TIBIERENEI A X
FHANDHR, EEAONSIZRR, 70k AEEEA2°D
FIRCIEMIBIC L D12 LA ERBEZ TR LS
M AN, FLUTHIZ VE =9 & TS EASRI AN
LAERCEINCE, i, KEMTOBIRAR T
PN 2R T § OGTTE RN TR U Z - TR
THL D, BRI VE — LB RN E G
MBDHOTIHIEL, FRCHEL AR, 7ok L8R
HipoitEEs E0ER, RIS ABEEE BEERD
55 LWMEL TWh,

7. BHBEELCETIMER ()

BB AI-Zn-MgREE& DGR HIN B3 5 B A
OBIEL L TEEDDBL LT B,

EEDEIERENBHO BN EELT L LT, B
CESEER P L2 A0k DX Thh, IS
NORHRRM & U TR, £ 948N RN L B



(725

E X B £ B RSB

January 1975

LTWbEEZLD, TROBERBAZD O, FRERNA
RIEIEL TWBRANT Y, RPN OFIE KRG, 3<%
BENCHIICHEYT B, CNHERENZEENEL - T
BN 25w OMPET B, CDLITT S5 v I DIEER
B L CIRERIE WL S Th b, MEILCOWNE Y 5 »
IRREL, EELUTHBECWCEENEETH D,
Dix BN OREEB G LT, B2 BRI &
XM 20T b0 LMBTEATW A28, JEIVERT
NEMT A8 ROEAIT OB & X EEHORETOWT
DHFERTH D, DIXOEALFT TR T v 7 OFMTDIE))
B L -T2 9 » 7 EMNCEREL TW DT, 1§
TR TRNDOT, HMKE 5 v (Mechanical Model)
b Tnwbe I U TBIIBIRC X - THliAsE
45 & T B R E 7 v (Dissolution Model) 73% %,
i ok, W R R AR T Rl s W MR 2 A T
BOMRRIATES BV, BE T, LRERREN
St o BERL, UL ZOEBETEBEINS NS ER
WL D 39 - THNY 5 v 7 OEBHE (cm/hr) D&

AR E IR B RHML T IILE 5,

Pugh 5k, Al-5.5%Zn-2.5%Mg#<x%465°Ch 5
JREE AL, 120° CIEZD & & TR IR 2 IR & 7050k
BV, BOMUHEEZERVIEL TR, ll-72%ER
HRC R A I ERER B 1T 0\, VRIS 2 i T O I AR
LT OR C B RER B L7z, OB E & 3T
RSN T s Z AW TG 8% & - Foddii S 5 e v
VTR AT, M & & 3 REREOBENAL, Bk
AR RN T 572, U UBRIN 2 BUEE
T AL E » 72 CHINARTBD SN0 - 7o T EATER
ENTHY, WHEEHETHERNTEL LU TS, Th
DOMmEKERZ 3 LIL LT L OREROIGIEAMNOE
M o>XD X 5HBIL T\, RIFEHEOMEYT ALK
B U CEEFNGRN T H 5 0 TE R RITEH
TR ZERZZUMNE 75 v 2 2FEL, L
S5 )7 4R R SR L B EHTHUIEES W O THA U i i
k> TABRBEER 2L, BERIEEAMND, Z
OB U INEBRIND, CORBFEUIC X - THE
Frm-> ¥o EemiE B2 20 INLEAEL TH <. W
HAE 5 & CH NN T O DI & U Taml
HEHEIEC S THRBENWEWSIEALTTHB, TOH
T, 77 v 7 OFATESASR T 2 eI
BRI E WA D, F0%, Pugh i Sedriks 5°% & LA
TR T\, AT NI IR S e AR O
WA RIS 2 SRR REL TWb, T2bb, Al-
5.4%In-2.5%MeE &% T, Bigh sk 2 25 3
& By A~ AU —EE L, EIHEOREEA,
3 BAEMIKPCEMER X 2I6E AN OBKEE GF)
tAavAbn  HBBIC LAY S o~ o VBRI
W, EINBRMAE oM D & HNRIERERE (GP) %k
», BHEO pH »Z3ETHHABMIE LA S

i

Ui, s Ao tF, t1, tPwdti i
WOWOWD & & S IEEMIZ D & %2R, Tl
WIERRER (2 & A0.2mA/cm?) kMR 2 5REEE
MLTHA, BEERILS S AN 2L 5N
BHTEMND FOBH 2L, BERmOL 7Y nik
& BBV R WD WO B R R T AT
% McEvily 57 M# 7z Striated ZBHNAED 5 b
Mofel &Rk, o U AR € 7 vic—89, AR
EFURILNELU T WA,

LD L S WAFZn-MgREG OISR B L
T, BRI L > TH R EIZ S 2gin e TN
HORERTH Y, WEITERIE N BORT - @iz
HiFhiE, Thomas 5°° T X AHEN HIH T ORI M
Bifie 7 v (Mechanochemical Anodic Model) X
Z* Gruhl’® X o8 Gruhl® OKENEADZ ENRD B,
Fiz, WS 1k, Al-4.3%Zn-1.7%Mg &GO IE
AHlhes L TRirkpoEEzL 5T, @ KD
AU, AR ORHERT X b ZEs i, A
TR R T — s BbNic L &, ZORUZIENRS
&b E LD, (D WA L oV o o RNk,
LOEEDIGIVEARHNOFERTF TV, GDBIEEE
BB S N DIENES & RS TS BV M O B\ T
EEERZL V. (y) IEJVE A BINERE R B ST
Y& O R X ORI A TH B, BERPHS ML,
Wi e & & Ykl A v E — LTI X BEEORDH
PEEAT WD,

BRI 317 % R ORISR ER B 3 28, THIND
IEIVERENAMIT OWTTHS 5, LD, Al-Zn-Mg
REROMSIIEAMIMRZFC O & 5 BN T Mn,
Cr 3 & o8 Zr 3EWRD S.T HAE U TEEMNE <,
DUADUIMISIVEAMNEZ ETFIRAHCER TR DL
PRI OHEINTWE, TNEHLTEEL 1L, E
oo S.T FHOBITIEREIC K X123 Cr & Zr O
BITHIIZ X > THRIZ - TH D, T4 Bk T6 &l
BCIE B RS OGO X 5 RIS <l
SIS EHNEEE L B8, T7 OmEE)EIRE Gk

kb S.T HRomLIEaRhERE LR ET S
L 2BWYHT W5, Helfrich 125703944 (Al-4.3%
Zn-2.6% Mg-0.16%Cr-0.24% Mn-0.30%Fe) -T64 &
WoS. T AT BENERMNARZ, Fkrer 7
Y J R FAWCCRBRBEIR T2 5 @RI 28 U THlh o
REER 2B T B A TR, B Y u r ONEDRT &
< bV y 7 2AORMH S HNSBBT B &, TlNEY
B O R C b, C OBRBESITEE Ok e D
Tebb, WRICZ > TEBRRCA L 2BEL, HHE
AHENAVEC 5 FTOBRIBETEE R T M) v 2
2 REOBGRNERCEERSD E LT, TRHE
AOND T XX, WMARK KLY RNy % 4k
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