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Mechanical Properties and Stress Corrosion Cracking
of Al-Zn-Mg Alloy Plates

by Yoshio Baba and Akira Takashima

Studies were made on the effects of alloy compositions, heat-treatments and grain mor-

phology on the directionality of mechanical properties and resistance to stress corrosion
cracking of Al-Zn-Mg alloy plates.
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The results obtained were as follows:

In the alloy plates containing Zr, Cr and Mn, the directionality of Charpy impact energy
and resistance to stress corrosion cracking was distinctly observed, where the short
transverse direction had the smallest values. It was not very much observed in tensile
properties.

Slow quenching accompanied by the wide precipitate-free zone also improved the resistance
to stress corrosion cracking as well as over aging treatment (T7), whose effect was

extremely dominant. Consequently, the slow quenching followed by the over aging treatment
was the most effective in improving the resistance in the short transverse direction.
Charpy impact energy in the short transverse direction was little increased by the slow
quenching or the over aging treatment. However, in only quench-sensitive alloys containing
Cr and Cu, the energy increased exceptionally by the slow quenching.

The role of grain morphology was found to be of very importance in controlling the
directionality of resistance to stress corrosion cracking. A high degree of rolling reduction
i.e., preferred orientation was found to increase the resistance of specimens with the same
grain morphology, although it was of secondary importance when compared with the effect
of grain morphology.
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Table 1 Chemical compositions of materials
used in this investigation.

Chemical compositions (wt %)
N Mg| Mn |zr| Cu ] Fe | Si | Ti | or | Ag Al
1145 1.6 0.40] —| <0.1] 0.2 <p.1/<0.03/<0.01] —Jbal.
2 | 4.0l 1.7 0.300.20 <0.1] <0.2 <0.1/<0.03<0.01 — bal.
3 4.0 2.3 0.300.20] <0.1] <0.2) <0.1<0.03]<0.01] —lpal.
4 | 5.1 2.1 <0.1/0.15 <0.1 <0.2 <0.1<0.03/<0.010.15/bal.
5 4.4 2.3 0.250.10 <0.1 <0.2 <0.1<0.08| 0.10 — bal.
6 13.8 2.7 0.25 —| <0.1 <0.2 <0.1<0.03 0.20 —|bal.
7 3.4 2.6 0.25 — 0.7 <0.2 <0.1<0.03 0.20 —|al.
8 | 3.8 2.8 <0.1D.15 0.5 <0.2 <0.1<0.08) 0.20 Zibal.
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Photo. 1 Testing machine of stress corrosion cracking test. (Alternate immersion)
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A4 No. 1 #BnT, IEHEEENO K Table 2 Heat treatments of specimens.
#lff’f’%?ﬁ“\f\:o %}Q*fiﬁéﬁjﬁﬁ(i, Fig. 1-A B . N Solution heat Precipitation tseatments Cf0ndition
I N Xperiments ‘ after
mTE A6 FmEL, TTT 6Bl % treatments NS | s cineial aging | Aok
RS EERE, OO FEDE XS 029 | Section31 | 465°Cx3h W.Q day TR e
477 D 90% i Fl244- A 5 1IRIE ST (#930kg /mm?) Section 3.2 | 465°Cx3h W.Q*l} S0day — T,
Section 3.3 A.C*2 "
Section 3.4 F.C*s 3day 120°C><48hA.C T 6
oy B T
TN A

S0mm¥

Specimen A1, A2

R=51{23) 1) 1 A2 Test specimen
=To Tensile strength
RelF S
201 A-1 |Yield strength
h14) Elongation
50 (50) mm A-2 | Stress corrosion cracking
Tensile strength
B-1 Yield strength
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o© - -
B.2 Stress corrosion cracking
1 B.3 [Charpy (V notch)

Specimen B-3

<
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JR=5 (230 (382

8] R =025 :9
20
143 50mm——-o
50 (50) mm
Fig. 1 Location of test specimens in thick plate.
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transverse) OMC, [i#7, BIERRE, MOz L A E¥E
MBD BRI NELrb BT, 3.5% BHKORERE
Toik, FAMISRFHEN, BEASFAEEFHROMN /2
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L.T/S.T, L/S.Tix@EHmOicx LT 45° O 4 &
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I TRETH DA, TOMSHEEENEL, L AE
AR E B DAL Lo 5 T W H Z I,
BERE R A BT A58, BERISORAF ML TS
#Zz e blan s &R L T\w5, Photo.2 IR L

*1 Water quenching rat 20°C)
*2  Air ceoling (cooling rate 55°C/min)
*3 Furnace cooling (cooling rate 15°C/min)

Table 3 Resistance to stress corrosion
cracking of alloy No.l plate as
influenced by direction of stressing.

B

1l Oz [ 5 *2
Condition | Direction {(kg/ |(kg/ %) Time to failure
mm?2)| mm?2) 9/ (h)
L 33.2 39.9 29 540, 440
L.T 33.4 39.6 19 207, 195
L/LT — 38.3 22 238, 138
T 6
ST — 38.7 18 12, 30
LT/ST — 38 8 19 24, 30
L/ST — 1388 21 24, 67
*1 Fig.l cf.
*2 stress 30kg/mm?
Environment  35% NaC}
- Stres 30K 2
so0l— s- ‘ g/mm
Condition T6
(465°C X3hW.Q—R.T X 3day
] —120°C X24hA.C)
400 —
=
4
=2 300 (—
2
° ]
g 200 1
=
100 — F—f
8} ""I l I l I I l |
L LT LT ST LT/S.T  L/sT
B —— e

Direction (Fig. 1¢f)

Fig. 2 Resistance to stress corrosion cracking of
Alloy No.l plate as influenced by direction
of stressing.
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Section of longtransverse

B)

Photo. 2 Photomicrographs (Keller's etch) of long-
itudinal and long transverse section taken at
the middle of 50 mm thick plate of alloy
No. 1 (after S.C.C).
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550 b, IHRCLEE O BHEEY T 572
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Fig. 3 Resistance to stress corrosion cracking of
alloy No.2 thick plate in short transverse
direction.
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Quenching rate T4 (W60)

W.Q
(at20C)

A.C

(557 /min)

F.C

-
(15°C/min) 4

Photo. 3 Examples of typical failures showing the stressed surface of the test specimens.

(T7-2)

F.C
(T7-2)

- i i s A

Photo. 4 Influence of over aging on the electron mi- Photo. 5 Influence of quenching rate on the electro
microstructures of alloy No. 2.

crostructures of alloy No. 2.
W.Q : PFZ about 0.1p >
(F .C : PFZ about 0.2
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etk Ut < Je AIEANRTZD Bivic, Lichso THEWLILE WHZELD, v -EnsFEELRWERLE LT, PFZ
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——= quenching temperatures
in Fig. 5 and Ffig. 6.
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Fig. 4 Quenching rate for shear cutting samples
of alloy No. 6 and No. 7.
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Fig. 5 Effect of quenching temperature on tensile
properties and stress corrosion cracking by
shear cutting for Alloy No. 6
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Effect of quenching temperature on tensile
properties and stress corrosion cracking by
shear cuttng for alloy No. 7.
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Fig. 7 Effect of quenching rate on tensile property and Charpy impact energy of Al-Zn-Mg alloy thick plates in

short transverse direction.
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Fig. 8 Directionality of tensile property and Charpy
impact energy of Al-Zn-Mg alloy thick plates.
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AL O LEKFOREEEERT HLERSH LD L%
Zhbhb,

34 BENMLEOCE

S OIS ABINVC R T B EPUHE R O B R A
LSRR INED, HHPICEE LUTKETSAD
B L > TETAY Yk~ VOREABENIFIETS &
2, BIEMIEYRSBLUTCINOAMEESE S L5 28
Y o THWAWE A SR T HEROL D Z EnbhT

W5 D Z Dz, 340mmE X DA B HIFE U CEE
TR & H 4 2 2 THES B ER OISR AENGRE &4
No.2 % BTk~ o7z, EFEHA (Longitudinal)
IEHEEZNRRE, 4 mm Bl D 22U RERR A &
e e kb, WEFmE, B4 mmicyEln
LD ¥ ¥ — G A, FENn RERARSET
90°CX 30 A HEE L BN O FEE T~V = Ol 53,
90mm, 50mmo&EHIC-OWTiE, Fig 1-Biox+ 5%
CTHE AR D BB OB AR R 2510
721 3.5% AHUKF TR HEFRR AT o 72

Photo. 6 t%, 340mm B o &Y % #HEEMT K LY
140mm & CHEEL 7o 2 7 7 OAEHR D 4 mm EAR A 4
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NIREBROMEEE ORIV, LA, 0Lk HE
M DI BT 2 7 7 o0 cirBEmnT
BEAVNZ WD L, HEETCIBENTENAEL S
g, FEMMSA—FRCHEIN, ZODEFHED
HISHBEAEENER L ot T ER LD EE BN
Bo

Fig. 9 13 340mm [FZH# 7o B O 2 ST L
72 90mm, S0mm O [E 47 O P 5 i O IS A %
SEMEEI LD 35% Atk O BARET (XEEE) T
FAARIMERTH B, T 6 PREETITD 0T A EEBEAME N

140sat

Photo. 6 Longitudinal stress corrosion cracking vs
depth in alloy No. 2 plate (T6).
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Vi, FEREROBEARC & b7 5 WEFROMBOE L b O
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N
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Sustained tension stress (kg /mm?)

6 mmECIEINIIG & A EFE L TR, KRB
H O By HE, Thbh BERTE O bokd K X
4 mmER TSN A &1 5, RENEFRRCRT S
BHD ¥ v ~ FIEE O BABNIRN A LA~ -7 12 X
STHRH L F0E4% Photo. 7 o L7ce CRIC LD &
FEURTIL, MMSERTH D, MOBEINTAE 57 A
ENTWenWZ L L o THAMRELEL R\edi, &
A2 = 7L > TP ENAENY, TOMEICRANTH
FIEER S o Cnins, L LESUN T E2 N4 5 icoh
THINF—Frcmf S, R, 3hbbiah
TERFECEATAOENA—EMITAD L H Db, B

Table 4 Longitudinal mechanical properties
vs reduction in the plate. No. 2

\
20 '03\!\)0 AN 6 T7—2
. 465°C x3hW.Q
Y \ b ahse 53 {050 nW.Q R
\ Ingot \ T 2|8 120°C X 48R A.C 120°C x 12h
15 0-\.—0&*%——_&» PR T R - 180°C8hA.C
T6 172 \, & 3 © =
\ \ g | = YS TS Ys TS
o ePlolo g e, © D o\ © Nea A ol E L E A o8, ’El (% (ke/ ‘(kg/ oy BL 90
50mmPlal e—gme e Té N SOmr‘(\ N mim mm?) mm?2)] mm?)
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Fig. 10 Effect of reduction on the resistance to stress corrosion cracking for alloy No. 2.
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On Quench Sensitivity of Cu-Cr Alloys
by Shiro Sato and Koji Nagata

A study was made on the quench sensitivity of Cu-0.3~1.5%; Cr alloys. The time-temperature-
precipitation curve (T-T-P curve) was drawn by plotting the electrical conductivity of specimens
which were solution treated and then directly quenched over the temperature range of isothermal
heat treatment.

The quench sensitivity was estimated by measuring the electrical conductivity, hardness
and tensile strength. The following results were obtained:

(1) The time-temperature-precipitation curve had two noses at 800~850°C and 500°C.

(2) As the chromium content increased, the nose of the upper C-curve shifted to the left,
but that of the lower C-curve shifted slightly to the right.

(3) The precipitates at the upper nose had no contribution to strengthening. On the contrary,
those at the lower nose had much contribution.

(4) Tt is considered that the appearance of two noses on the T-T-P curve is due to the
difference of nucleating sites. That is, at the upper nose temperature chromium would
precipitate at such crystal defects as boundaries and insoluble chromium, while at the
lower nose temperature chromium would precipitate at such lattice defects as vacancy
clusters formed by quenching.
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Fig. 1 The illustrating diagram of direct quench and
normal quench.
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Fig. 2 Cooling curve of Cu-1.29%Cr alloys quenched
from 1000°C to various coolants.
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Fig. 3 Influence of cooling rate on the electrical and
mechanical prorerties of Cu-1.2%Cr alloys.
(1000°C x 30min—quenched—475°C x 2h)
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Fig. 5 Time, temperature and precipitation curve based
on electrical conductivity contours for isothermal
treated specimens.
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Fig. 6 Changes in hardness during isothermal treatment.
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Fig. 7 Time, temperature and precipitation curve based
on hardness contours for aged specimens.
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Fig. 9 Time, temperature and precipitaion curve based
on increment contours in electrical conductivity
during subsequent aging.
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Fig. 11 Influence of chromium content on the time,
temperature and precipitation curve based on
electrical conductivity contours for isothermal
treated specimens.
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Aging Behaviors of Weldable Al-Zn-Mg Alloys
due to Short Time Annealing

by Yoshihiko Sugiyama and Toshiyasu Fukui

A study was made of the aging behaviors of weldable Al-Zn-Mg alloys due to short time
annealing.

Experiments were carried out on the tensile properties, Vickers hardness and electric
conductivity of Al-4.094Zn-2.19;Mg and Al-4.397Zn-1.49%Mg (T4, T6 and T7) alloys annealed at
various temperatures (150~350°C) and times (0.5~50 min).

The results obtained were summarized as follows:

1) Mechanical properties and electric conductivity of Al-Zn-Mg alloys were remarkably
influenced by the temperature and time of annealing and the temper of base metals, in aging
for 30 days at R.T. after annealing treatment.

2) Tensile strength of Al-Zn-Mg alloys showed the lowest values in annealing at 275°C,
and appeared to be overaged.

3) In annealing at 200~300°C, tensile strength of Al-Zn-Mg alloys decreased with the
increase of annealing time.

4) In annealing at 200~300°C, T4-treated alloys showed the maximum recovery in aging
after annealing, but there was not necessarily seen the recovery in T7-treated alloys.

5) 1In annealing at 275°C for up to 2 min, T4-treated alloys were considered to show
dominantly the reversion of G. P. zones, and T 6-treated alloys to show both of the partial
reversion and growth of G.P. zones and 7' (MgZns), while T7-treated alloys were considered
to show dominantly the growth of ' (MgZns).
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Table 1 Chemical compositions of specimens.

. ; Chemical compositions (%)
Specimens ! ; . - -
i Zn ] Mg | Mn ] Zr | Cr | Ti ; Cu ‘ Fe Si
Al-4.09 Zn-2.1% Mg ﬁ 4.01 { 2.08 | 0.29 0.19 <0.00 | 0.01 ‘ 0.01 0.17 0.07
Al-4.3% Zn-1.4% Mg | 43 | 1.48 1 0.34 <0.01 <0.01 | 0,02 | <0.01 0.16 |  0.05

* R RN RER AR () THE
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Fig. 1 Effect of annealing temperature on the tensile
properties of Al-4.0% Zn-2.1% Mg (T4) alloy
quenched from annealing temperatures and
then aged at R.T. for 30 days.
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Fig. 2 Effect of annealing time on the tensile pro-
perties of Al-4.0% Zn-2.19% Mg (T4) alloy que-
nched from annealing temperatures and then
aged at R.T. for 30 days.
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Fig. 3 Effects of annealing temperature and time on
the tensile strength of Al-4.0% Zn-2.19% Mg(T4)
alloy quenched from annealing temperatures
and then aged at R.T. for 30 days.
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Fig. 5 Aging curves of Al-4.3% Zn-14%Mg (T4) alloy
quenched from annealing temperatures.
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Fig. 6 Aging curves of Al-4.3% Zn-1.4% Mg (T6) alloy
quenched from annealing temperatures.
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Fig. 11 Isothermal annealing curves of Al-4.3% Zn-14
%Mg (T4) alloy quenched from annealing tem-
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Effect of the Ferrous Ion on Corrosion
of Condenser Tube Alloys

by Zen-ichi Tanabe

A reason for the widespread use of condenser tube alloys may be attributed to their
high corrosion resistance. However, they often suffer from unreasonable current of water.
The ferrous ion have been added for the protection of condenser tube alloys, but we had a
difficulty to explain this effect. In this study, the potentiodynamic polarization measurements,
rotating immersion tests and spectrophotometric analysis for condenser tube alloys were
carried out in 3% NaCl aqueous solution containing the ferrous ion.

The results obtained were as follows:

1) An addition of the ferrous ion becomes a useful method for the protection of condenser

tube alloys in sea water.

2) When the cathodic current is added to the alloys, the protection effect of the ferrous ion

becomes even stronger.
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Photo. 1 Electron diffraction ring obtained from surface
of Albrac in 3% NaCl-+Fe*" sol..
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Photo. 1 Electron diffraction ring obtained from
surface of Albrac in 3%NaCl+Fe*+ sol..
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e 3.21 40 320 | 9| 32 | 100
- 2.97 p) 2.79 10
2.44 | 100 2.74 2 2.56 80
2.47 50 2.47 80
2.34 30 2.35 20 2.34 30
3 1.91 30 2.09 20
- 1.94 90 1.94 70 1.53 | 65
1.83 30 1.85 20 1.85 10
4 170 5 178 | 25 173 | 40, 173 | 30
1.57 20
5 1.51 80 1.53 20
1.52 | 100 1.52 400 1.52 | 0
1.43 g 1.496 %8
1.4 1.45
6 1.36 1 30 1.40 301 143 | 20| 1.38 | 15
1.38 30 1.43 10 1.35 15
1.39 10
- , 172 | 30 5
7 ;;;;;; 1‘18 20 o
8 1,69 10 T

Pheto. 2 Electron diffraction ring obtained from
cathodic surface of Albrac in 3% NaCl+
Fe** sol..
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Dissociation Constants of p-Phenol Sulfonic Acid, and
Determinations of p-Phenol Sulfonic Acid, Sulfuric Acid,
and Aluminium in Integral Color Anodizing Bath Solution
Consisting of p-Phenol Sulfonic-and Sulfuric Acids

by Toshio Sawada and Sakae Kato

As a part of the research project for developing the integral color anodizing process of
aluminium and its alloys, with respect of p-phenol sulfonic- and sulfuric acids system, namely
SUMITONE-S bath solution, the dissociation constants of p-phenol sulfonic acid have been
measured and methods for the determination of p-phenol sulfonic acid, sulfuric acid, and
aluminium in the bath solution have also been developed to fulfil need.

The primary dissociation constant %; and secondary thermodynamic dissociation constant
K, of p-phenol sulfonic acid are found by spectrophotometric measurement to be 2.7 10 (20°C)
and 1.11x10-9 (24°C), respectively.

Potentiometric titration is applied to determine the concentrations of p-phenol sulfonic
acid, sulfuric acid, and aluminium, as control factors for anodizing process, in the bath solution.
In this procedure, both p-phenol sulfonic acid and sulfuric acid are titrated to pH 6.0, and
from the peak value of AE/AV, at pH3.5, of differential titration curve the presence of alu-
minium ion (fortunately, another cations in the bath solution are usually very small and
have no effects) is confirmed, thus the content is resulted in the titration from pH3.5 to 6.0.

Anionic interferences may be eliminated previously by Batch technique with cation exchange
resin. Sulfuric acid in the bath solution freed from interferences is determined from the
absorbance at 530 mpu of chloranilate ion formed by the reaction with barium chloranilate by
using 509 ethyl alcohol-109%; acetic acid solution of pH3.0.

By the developed two methods, the concentrations of p-phenol sulfonic acid and sulfuric

acid, and also aluminium as
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impurity in the bath solution are accurately, rapidly determined.
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Table 1 Absorption data of p-phenol sulfonic acid
in strong acid solution.

Acidity ‘Wave length (mp)
o | 28 | 2 |20 | e | 2 | 2

N> Absorbance, x10-3
18 541 556 564 564 558 | 541 | 519
20 545 561 565 564 55 | 541 | 517
22 541 544 550 550 542 | 5% | 506
24 530 542 545 544 535 | 519 | 499
2 514 520 523 538 511 | 504 | 492
28 509 519 527 535 516 | 506 | 492
30 502 514 520 524 521 | 518 | 507
32 486 511 519 520 514 | 504 | 490
34 456 480 490 498 502 | 503 | 480

Concentration of p-phenol sulfonic acid : 5x10-5M
Each acidity was adjusted with sulfuric acid.
Temperature of solution : 20°C.

2

Wave length (mu)

Fig. 1 Absorption curves of p-phenol sulfonic acid
(6x107°*M) as a function of pH.

Curve pH
Al —1.53
A . —1.30~7.09
B : 8.0
C: 8.25
D: 8.45

p=0.005, 29°C

= oo oE

1 8.65
: 8.86
912
1932
1 9.49

J 974
K : 9.80
L :1020

M :11.94~13.34

Table 2 Absorption data of p-phenol sulfonic acid
at the wave length of 263mpu as a function
of pH at 24°C.

Ionic strength (p)

0.1 0.5 1.0
Absorba- Absorba- Absorba-
pH ncg,m_s pH m:’lo-3 pH ncg,m_3

5.9, 31 5.84 38 5.7¢ 22
7.07 38 7.0s 33 6.75 33
7.9s 140 7.8 151 7.7 144
8.15 185 8.0 186 7.9 175
8.4¢ 260 8.2g 256 8.1s 246
8.53 326 8.45 312 8.35 304
8.8 438 8.7, 434 8.55 385
9.0, 510 8.9, 507 8.75 474
9.1 582 9.03 572 8.8 556
9.35 633 9.25 636 9.1, 631
9.5¢ 690 9.4, 690 9.34 678
9.7 726 9.62 726 9.52 724
9.94 764 9.83 757 9.77 760
10.9, 818 10.8, 801 10.62 801
11.9¢ 827 11.84 812 11.8. 812
12.84 812 12.74 804 12.85 810
13.7, 815 13.50 799 13.66 818

Concentration of p-phenol sulfonic acid : §x10-3M
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Fig. 2 Absorption curves of phenol (1x107*M) as a
function of pH.

Curve pH
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1=0.005, 29°C
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Fig. 3 Plots of log (HAJ/(H,A) against pH on p-
phenol sulfonic acid.

pH : Calculated value from acidity
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Fig. 4 Plots of log (A*")/(HA™) against pH on p-
phenol sulfonic acid.

—O— : p=0.005, at 29°C
—@— =01, at 24°C
—A— :p=05, at 24°C
—A— p=10, at 24°C

—M—  : p=0.005, at 29°C, on phenol
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Fig. 5 Extrapolation of the plots of pk. vs. pl2 to
p=0.

k. : Secondary apparent dissociation constant
of p-phenol sulfonic acid
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Fig. 6 Absorption curves of dilute sulfuric acid solu-

tions of p-phenol sulfonic acid with or without
presence of aluminium ion.

~—QO— 15x107°M p-phenol sulfonic acid in 0.02, and
0.20N sulfuric acid solutions

—@— :5%x107°M p-phenol sulfonic acid and 1.7x10°%
aluminium sulfate in 0.02, and 0.20N sulfuric
acid solutions

—/— 17x107*M aluminium sulfate in 0.02, and
0.20N sulfuric acid solutions

—A— : Bath solution (from 3A) diluted to 10* times

— A~ . Bath solution (from 5A) diluted to 10* times
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Table 3 Potentiometric titration of aluminium
sulfate with sodium hydroxide solution.

Aluminium 0.5N So'dium Equivalent*
added hydroxide

(£=0.978) required (mg Al/ml N- )

(mg/100m!?) (ml) NaOH(f=1.000)
10.0 2.15 9.5
20.0 1.25 9.6
30.0 6.35 9.6
40.0 8.35 9.8
50.0 10.4¢ 9.8
Average 9.6
Theoretical value 8.99

* The equivalent was calculated as follows : added aluminium/
milliliters of sodium hydroxide solution required for the
titration from pH3.5 to 6.0.

BRI 5 2 L0 ko T DH3.5~6.0 © IO EELD 7
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ml TR LT, EEREIL Table 3 759.6mg/ml X750
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Fig. 10 Effects of solvent and buffer on the color inte-
nsity of chloranilate ion and the solubility of
barium chloranilate.

Curve Reagent Solvent, Buffer
Vi.0/(Vate. + Viz:0)
A H,Ch. 0.5 CH,;COONa-CH,COOH
B 1x1073M/! 0.5
* / } CH,COONa-HCl
C 1.0
D BaCh. 0.5 CH,;COONa-CH;COOH
E 1x10-3M /I 0.5
. ~ / 10} CH,COONa-HCl

9
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Fig. 11 Dissociation degrees of chloranilic acid as a
function of pH.
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Table 4 Effect of presence of p-phenol sulfonic acid

on the spectrophotometric determination
of sulfuric acid with barium chloranilate.

7

p-Phenol sulfonic| Sulfuric acid \ Absorbance ‘\ Sulfuric acid
acid added | added at 530 mu | found
(mg/100mi) L (mg/100m1) U (mg/100ml)
0 ' 0 | 0.062
0 0 0.(53
53 l 2.2 0.187% 2.1
106 4.4 0.374% 4.2
159 6.6 0.606* 6.8
212 8.8 0.791% 8.9
265 11.0 0.962* 10.8

*  Absorbance that subtracted the blank value.

Table 5 Effects of diverse ions on the spectrophoto-
metric determination of sulfuric acid with
~ barium chloranilate.

Tons Added as Concentra- | Absorbance Remarks
tion at 530 my
(mg/100mI)
None 0.068,0.(68 | blank
Al AlCls 0.5 0.259 \ 3
1 0.208 interfer
2 0.364
3 0.384 /
Ca?* CaCl. 1 0.050 interfer
Cu?* CuCl, 1 0.¢89
Crs* CrCls 1 0.080
Fed+ FeCls 0.1 0.218 \
0.3 0.296 ( interfer
0.5 0.476 |
1 0.712 J
Mg?* MgCl, 1 0.080
Mn?* MnCl. 1 0.C89
$i032- Na:0-nSi0: 1 0.065
Tid+ TiCl, 1 0.088
Zn?* ZnCl. 1 0.086
Cl- 6NHC1 0.05 ml 0.094 L.
0.10 0.1C6 s\' interfer
0.20 0.119 ;
0.30 0.115 1
0.50 0.119
1.00 0176 |

Al+iconwTix, Tableb iR Lzl 7 n7 =
- VR FIN T HERERAE R D, TOBFR Lo T/ "
5 =~ VA A v D BEMRENRISS%IH L B DT, &
OEEERA LOLDTH A Z ENHEDBMN LR 5T,

Table 6 Effect of aluminium ion on the absorbance
of chloranilic acid solution.

Chloranilic Aluminium added* (mg/100ml)
acid added 0 | 1 | 3 5
l (mg/100mL) Absorbance at 530 mp o
: 5 \ 0.922 ] 0.146 l 048 | 0.149
10 | o4 | 0289 | 0277 0.296
\ 15 0.676 0.455 | 0.422 0.422
| 20 0.889 0.618 & 0.565 0.565

* added as chloride solution.

FOMOBA AV IFENFN Img EFTHARETEDLZ L
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7 v I =y A EOBRERE L. FBriER% Table
TR L. 7%, BT VI =Y 2B A XYY —7
v v oV s R E R X o TEE LTz,
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Table 7 Effect of shake time on cation exchange
separation of aluminium.

Composition of Shake time*

Aluminium Separation

test solution ;gﬂ;gilg:d in percent of
(mg/50ml) | (min) (mg/50mpy | @luminium

. 10.5 mg of <1/10 >10.1 < 3.81
aluminium 1/6 3.3 68.48
and 1/2 24 77.20
260 mg of 1 1.2 88.58
p-phenol 3 0.16 98.48
sulfonic acid 5 0.05 99.52
7 0.03 99.72

10 0.01 99.90

* with 1 g of cation exchange resin Dowex 50-X4

Ffe, A3+ Fed*is LU Cu®* R B L 724 Mo RD 5
HEZOWT, &5 D FEEMEY 5 oM E UTHRE LRy
Table 81T /& L7zo 7a¥, BWAPEELgETL,
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Table 8 Cation exchange separations of aluminium,
iron, and copper in p-phenol sulfonic acid
solution at pH 1.5,

Composition of test solution __Elemeji o sgc‘ﬁ;sgitng
= on resin | in solution | capacity
(Blements/50ml) (mg/g) | (mg/30mi) | (meq./®)
H:A*2%60mg+Al%* 40mg | 18.3 21.7 2.03
H:A 260mg-Fe3* 80mg 27.5 52.5 1.47
H.A 260mg-+Cu2* 140mg 60.1 79.9 1.89
H,A 650mg-+Al3* 7.5mg 0.10
Al3+ 7.5mg 0.45
H:A 650mg+{
Fe3* 5.0mg 0.45
Al3+ 7.5mg 0.18
H:A 650mg -+ {
Cu?* 5.0mg 0.93
Al3* 7.5mg 0.55
H2A 650mg - ¢ Fe3* 5.0mg 0.65
Cu?+ 5.0mg 2.15

* HaA denotes p-phenol sulfonic acid.
Cation exchange resin : Dowex 50-X4, 1 g
Shake time : 5§ min

TNMI =Y, BB L OEIC DN TERWD fo s 2
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Table 9 Analytical results of integral color
anodizing bath solution.

Sample Element
Sulfuric acidl ?;E&egg};ul-* Aluminium iIron [Copper
Method
c | a e | £ g | £ | n |
Found (%(W/W))
A® | 223 | 2.22 | 52.86| 52.82| 0.00 — | 0.002| 0.000
2.15
2.10
Average 2.16

Be 0.26¢ | 0.27 12.72 | 12.80| 0.155 | 0.16 0.004 | 0.001
0.27
0.27

Average 0.27

Cv 0.37¢ | 0.37 14.75 | 14.70 | 0.14, | 0.14 0.004 | 0.001
0.37
0.37

Average 0.37

D¥ 0.55; | 0.54 13.20 | 13.26 | 0.19. 0.20 0.001 | 0.000
0.54
0.55

Average 0.54

Mother solution

Bath solution

By barium sulfate method

By developed spectrophotometric method

By volumetric method

By developed potentiometric titration method

By oxin-chloroform extraction spectrophotometric method
By 1, 10-phenanthroline spectrophotometric methodt®

By diethyldithiocarbamate-benzene extraction spectropho-
tometric method!>
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Effect of Heat Treatment on the Behavior of

Mn, Fe, Si in 3S Ingot

by Eiichi Hirosawa and Masahisa Naoe

The effect of heat treatment on the behavior of manganese, iron and silicon in 3S ingot
containing 1.18 wt9% Mn, 0.58 wt9%Fe and 0.09 wt9;Si has been studied by the electron micro-
prove X-ray analyser, electromicroscope and others.

Almost of iron contained in 3S ingot has formed eutectic compounds with manganese as
cast state and iron has not been effected by heat treatment. Manganese soluted in matrix of
ingot as cast state has precipitated by heat-treatment at the temperature in a range of 300 to
540°C and diffused to the eutectic compounds at 630°C. Silicon which has soluted in matrix and
eutectic compounds as cast state and by heat treatment at 630°C has diffused from -eutectic
compounds to matrix by heat-treatment at 400°C to 500°C.
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FeKe X-ray image SiKa X-ray image

Heat-treatment temperature

501

Photo. 1 Electron beam scanning image of 3S ingot heat-treated at each temperature for 14h.
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Fig. 1 Point analysis of Mn, Fe, Si at matrix of 3S
ingot heat-treated at each temperature for 14
hours
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Fig. 2 Point analysis of Mn, Fe, Si at matrix of 3S
ingot heat-treated at 400°C.
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Photo. 2 Electron beam scanning image of 3S ingot heat-treated at 400°C.
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Photo. 3 Electron beam scanning image of 3S ingot heat-treated 630°C.
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Figc. 4 Influence of heat-treatment on the electrical
conductivity of 3S ingot.
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Fig. 5 Infuluence of heat-treatment on the electrical
conductivity of 3S ingot.
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Photo. 4 Electro-micro-structures of 3S ingot heat-treated.
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¢) Heat-treated at 630°C for 5min,

b) Heat-treated at 400C for 14h.

Phete. 5 Micro-structures (dark image) of 35 ingot heat-treated (> 600).
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Anodizing of Aluminum in Aqueous Solutions of Oxalic-

and Sulfuric Acid

by Shiro Terai and Toshio Suzuki

Using an aluminum alloy (Al-Mn-Cr-Ag alloy) the anodic reactions of oxalic acid with

small additions of sulfuric acid are examined.

Uniform integral colored film formations are related to the strength of the acid electrolytes
(e. g. conductivity), both singly and in combination with temperature, current density and anodizing
time. Especially, dissolved aluminum in the bath and small additions of sulfuric acid are
related to the conductivity which has significant effects on the color value and anodizing
voltages. It is necessary to maintain the conductivity within a limited range.
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1) BREFOEMEED)
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Table 1 Experimental conditions - 1.

T Level
Factor —— 1 2 3 4
—
. Concentration of
Al oxalic acid (w/v %) 5.0 8.0

three phase single phase

B; Rectifier all wave all wave

. Addition of sulfuric
€3 acid (ml/102) 0 8 LR

Remarks
1) Electrolytic conditions: bath temperature (20°C), current
density (3A/dm?), anodizing time (50 min)
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Table 2 Experimental conditions - 2.

T Level | |
Factor ‘ 1 2 3 4 |
R P | three phase single phase ;
A ; Rectifier | all wave all wave i
¥ .
. Addition of sulfunc i
B acid (ml/101 | 0 8 16 24

Remarks
1) Electrolyte : oxalic acid (5.44 w/v %), dissolved aluminum
0.30 w/v %)
2) Electrolytic conditions : bath temperature (20°C), current
density (3A/dm?), anodizing time (50 min)

Table 3a Experimental conditions - 3.

F;xctor Level 1 z
A Dissolved aluminum in t(};?/\l?;%}ﬂ}; i 035 . -
B: Addition of sulfuric aCid(ml/l()l) 3 12
C; Bath temperature (°C) ‘ 17 23
D ; Current density (A/dm?®) l 2.5 3.0
i
E; Anodizing time (min) & 40 50

Remarks

1) Rectifier : three phase all wave
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Table 3b Arrangements of experimental conditions.

Exp. No. E&;i?ilgeéih;lgﬁx}; s‘/?x(lig;ggnagifd \‘ Bath te(rglg;arature Cur(ril})(tlnclig)nsity AnOd(igil;g) time
w/v %) (m!/101) |
1 0.35 8 | 17 2.5 40
2 P ' v ; P 3.0 50
o 3 7 v 23 2.5 7
4 ’ p p 3.0 40
5 z 12 17 2.5 50
6 ” ) 7 7 3.0 40
7 7 z 23 2.5 7
8 7 7 7 3.0 50
9 0.23 8 17 2.5 7z
o 10 7 7 7 3.0 40
11 7 2 23 2.5 7
12 2 Y 7 3.0 50
13 v 12 17 2.5 40
14 7 v ” 3.0 50
15 K ke 23 2.5 s
16 Y 7 7 3.0 40
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Table 4 Results of anodizing in electrolytes composed of oxalic- and sulfuric acids.
: - T

Exp. Experimental conditions \ Coating i Color-studio !

‘Concentration| Addition of | . . Appearance

No. Rectifier  of oxalic acid | sulfuric acid | ratio | L T a b

' (W/v %) (mi/10) i | i ‘
1 | three phase | 5.0 0 146 | 849 | -18 | +9.3 | Fine bronze
2 | 2 | P | 8 147 | 3.2 | -23 | 471 | Little brownish bronze
3 | ” 3 s 16 | 152 23 | -25 | +47.0 | A little brownish bronze
4| s ‘ v 2 Cons | w8 | -1z +5.3 | Brownish bronze
5 P | 8.0 | 0 . 143 | 358 ~0.6 | +10.8 | Yellowish bronze
6 | ’ o 8 lo1ar 3.9 | -20 | +8.4 | Fine bronze
7 P | o 16 VT 3.8 | -20 | 47.1 | Faintly brownish bronze
8 | » ; s 24 .18 | 307 | 1.5 | +7.0 | Little brownish bronze
9 | Single phase | 5.0 | 0 | 147 | 8.0 | -22 | +9.8 | Fine bronze
10 | ’ | v | 8 .15t | 26 | -11 | +6.0 | brownish bronze
1 1 P s | 16 | 1.5 2%.0 | -1.4 | +4.2 ) Brown
12 P | v ‘ 21 1.61 a4 | =16 | a9 Brown
13 - | 8.0 ] 0 1.47 .4 | -1 [ +8.3 Fine bronzz
1 P | s 8 | 150 | 818 | -11 | +7.6 | Fine bronze
15 4 | s 16 . 1% | 814 | -3.0 | +7.1 | Faintly brownish brenz:
16 P | v 24 Lo | w8 | -3 | 0.8 | Little brownish bronze
Remarks
1) L (light index); a (-+red, —green); b (+yellow, —blue)
5 T T T 100 5 T T T
100 Omé/10¢ ‘ Omé/10¢
R . 8m e /10 ¢ L 8mé¢/10¢
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A0 (A, A ye A 40
] L ] \ I I ! ).
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Time ({min) Time (min)

Fig. 1a Variation of volage with anodizing time at Fig. 1b Variation of voltage with anodizing time at
various additions of sulfuric acid.; oxalic acid, various additions of sulfuric acid.; oxalic acid,
5.0w/v%:; current density, 3A/dm?; three phase 5.0 w/v %; current density, 3A/dm?: single
all wave rectifier. phase all wave rectifier.

100 T T T T 100 B T T T
O omf/10¢ —O— 0mé/10¢
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Fig. 1c

Variation of voltage with anodizing time at
various additions of sulfuric acid.; oxalic acid.
8.0 w/v 9; current density, 3A/dm?; three
phare all wave rectifier.

Fig. 1d Variation of voltage with anodizing time at

various additions of sulfuric acid.; oxalic acid.
8.0 w/v %; current density, 3A/dm?; single
phare all wave rectifier.
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Table 5 Results of anodizing in electrolytes composed

Con;en.r0']°n gfl(fi::c — Type of rechiler - of oxalic- and sulfuric acids with dissolved
oxolic acid, %l acid, m /101 | Three phase all wave | Single phase all wave aluminum (0.30 w/v %).
Ex [ Experimental conditions i Color \
Pl : v ICoating studio |
Oml | . | Addition iratio ) | Appearance
No. | Rectifier i of sulfuric
ot t |acid(mi/100)
three phase — |+ |Little dull
) 1 s all wave ! 0 J 1.42 ‘37'81 2.9110.Cbronze
2 ! o 1 8 1.56 1‘26.0’3_252.7\Dark bronﬂzﬁe )
e | — |+ {Little fitful
8m| 5 . 16 160 2727 g’ brown
10l . s 1.62 81273 5|y 7Fitful brown
. single phase | | S i
5% K | Sipgle phase | 0 | 149 ]35.5| 2.2i10_01Mudd3 bronze
6 | s | 8 1.60 t25.7t’é_31z.6‘Dark brown
16mi - . H itfu
%t 7| , 16 T
g = % A Tittle fitful
8 \ 7 u 1.62 ‘37'4§ 4.3/ 5.9brown
Table 6 Results of anodizing at various experimental
QArV conditions based on Table 3b.
1ot
: Color studio
EI\)I? Cf:ffilgg . ! " i . Appearance
ol 1 L7 | 318 | ~12| +5.2 | A 1ittie brownish bronze
10t 2 15t | 278 ‘ ~11| 453 | Dark brown
3 ‘ 1.50 ‘ 31.7 l -1.1 \ +5.3 ] Brownish bronze
4 L5l | 317 ] —0.65 +5.5 | Brown
8ml 5 1.5 | 2.3 | —0.6| +3.7| Dark brown
L - !
10 6 | 1.5 | 25 | 10| 3.8 | Dark brown
8% 7 \ 1.54 32.8 -0.81 +5.5 i Little brownish bronze
8 ] 1.55 27.8 | -0.7| +4.7| Brown
16mi
A)l 9| 15 | 823 ~0.7| +6.0 | Little brownish bronze
10 | 1.53 | 32.7 —0.7 | -+5.3| A little brownish bronze
— ! -
| 146 ‘ 35.7 | —1.4| +5.9| Fine bronze
24ml 12 ‘ 1.49 § 31.4 —-1.0 | +6.0 | Little brownish bronze
0l 13 1.55 } 33.7 } —0.7 ‘ +5.2 ] Little brownish bronze
14 1.56 87.6 | ~0.7| +4.5| Dark bronze
. Photo. 1 Appearance of anodic coating produced by 415 E 1.55 3.1 0| +5.4 k Fine bronze
experimental conditions, Table 1. 16 1 1.52 ] 32.6 1 1.2 { +5.7 k Fine bronze
110
110 . . ; - T -
—o— Omi/10¢ -o— g"‘%}g;
—— / ’ | —®— Om!
e 8m ¢ /10 i DR
16m e /10 ¢ A Ddm ¢ ;
% A 04m /10 ¢ i o0 L 4m £ /10 ¢ i

v)

Voltage

Time (min) Time (min)
Fig. 2a Variation of voltage with anodizing time at Fig. 2b Variation of voltage with anodizing time at
various additions of sulfuric acid; oxalic acid, various additions of sulfuric acid; oxalic acid,
544 w/v %; dissolved aluminum. 0.30 w/v%; 544 w|v %; dissolved aluminum. 0.30 w/v %;
three phase all wave rectifier. single phase all wave rectifier.
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= ol ™ 2030 | S ok 4 230 30 4
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Time (min) Time (min)
Fig. 3a Variation of voltage with anodizing time at Fig. 83b Variation of voltage with anodizing time at
various experimental conditions; oxalic acid. various experimental conditions; oxalic acid.
4.97 w/[v%; addition of sulfuric acid. 8m!/10; 4.97 w|v%; addition of sulfuric acid. 12 ml[107;
dissolved aluminum. 0.35 w/v%. dissolved aluminum. 0.35 w/v4;.
90 T T T T 90 T T T T
~O0—= 17C 25A/dm? =0~ 17C 25A/dme
| -* 170 30 | ~®— 174 30 ]
- B 25 - - ggl g.s "
Z 5 237 30 » < v 30 n
2 2
1 1 i £ 1 I 13 |
30 10 20 30 40 50 %0 10 20 30 40 50
Time (min) Time {(min)
Fig. 3¢ Variation of voltage with anodizing time at Fig. 2d Variation of voltage with anodizing time at
varjious experimental conditions: oxalic acid. various experimental conditions; oxalic acid
4.74 w/v%5; addition of sulfuric acid 8 m!/10/; 4.74 w/v%; addition of sulfuric acid 12 mi/10/;
dissolved aluminum. 0.23 w/v%. dissolved aluminum 0.23 w/v¥;.
‘ D A= I P T 4 R 5 V3 A
Type of Added sulfuric acid amount in the 5% oxalic acid per 101 étﬁ\z‘ijb &l%f&fj;}}ﬂ\ < LTHEBEAL
Tvpe o | _ FEREHO BB b, WL
ol | gwl ] 14 24m! BT X BIE MO B A AR < /5T
Whe EMENLHEED 7 7 — 2 29 )
M, L, a, b oficciLCidko -
) EDNz Z
Three phase A Do
ol e LR U CTa i, o - v i
ICHEENZD B, TBROEMEAS
HELRETLEABIMMETL), ¥4y
VIRIRE SR EWIE E LIkE - (AR
Wo a A BREIRE D BT S
N7V DR LTy o v RS & 5Ron
Sifgle phase PREIC OWTHEBRESBD BN, ¥ o v
dll wave e, . RN o L
BBEEOEMEEDIRLY 7 AN BT
U GEEBRAGR < 72 D), IRIBEER &I DU
T B Hm & UT, Bnanss

Photo. 2 Appearance of anodic coating produced by experimental

conditions, Table 2.
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Fig. 4a Results of test of signifi- Fig. 4b Results of test of signifi- Fig. 4c Results of test of signifi-
cance; influence of factors cance; influence of factors cance; influence of factors
on voltage by experime- on coating ratio by exper- on “L” by experimental
ntal design, Table 1. imental design, Table 1. design, Table 1.
+12
X 1577 % 37.8%
remark.
L * gignificant
E : ##* highly significant
3 +ar 7 numeral; contribution rate
T et ]
0
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: O e e 17C 8¢
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Fig. 4d Results of test of significance; influence
of factors on “b” by experimental design, o
Table 1. 03%
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BOE E, ARRERAHRDFEOAERE S 10
BT — AR P RIE TR RORBTER
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Photo. 3 Appearance of anodic coating produced by
experimental conditions, Table 3b.
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Fig. 5a Results of test of significance: influence of
factors on voltage by experimental design,

Table 3a.
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Fig. 5¢ Results
significance; influence ance;
of factors on “L” by
experimental design,
Table 3a.

of test of Fig. 5d Results of signific-
influence of

[Pzl

factors on “a” by
experimental design,
Table 3a.
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Fig.5 b Results of test of significance; influence of
factors on coating ratio by experimental
design, Table 3a.
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Fig. 5e Results of significance; influence of factors on
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Table 7 A comparison of some physical properties of

electrolytes by adding various amounts of

sulfuric acid and dissolved aluminum to
aqueous solutions of 5% oxalic acid.

Electrolyte composition Conductivity
Concentration | Addition of | Dissolved : e pH
of oxalic acid | sulfuric acid | aluminum | (nT/cm, 25°C}

(w/v 26) | mi/100) | (w/v%)

5.0 0 0 5.81x 164 0.9
Y 8 7 6.356 » 1.1
7 16 2 8.18 ~ 0.9
7 24 7 7.68 ~# 1.1
4.74 8 0.23 6.50 ~# 0.64
7 12 K 6.61 ~ 0.66
4.97 8 0.35 6.08 » | 0.66

P | 12 ’ 6.26 # ' 0.70
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Effect of Surface Treatments on the Fatigue Strength

of Aluminium Alloys
by Katsuzi Takeuchi, Eiji Tanaka and Toshio Suzuki

It is well known that the surface treatment has an important effect on resistance to cyclic
stress. In this paper, the effects of surface treatments —i. e. anodic and chemical conversion
treatments—on the fatigue strength of aluminium alloys were determined.

The results of the investigation may be summarized as follows:

(1) The thinner film obtained by anodizing in chromic-, sulfuric- and oxalic-acid electrolytes
had a slightly beneficial effect on the fatigue strength of aluminium alloys, while the thicker
film had a slightly harmful effect.

(2) The fatigue strength of integral color anodizing and hard anodizing specimens decreased
with the increase of film thickness, and the reduction in fatigue strength was considerable.
(3) In case of chemical conversion treatments, the specimen protected by Alodine treatment
had about equal fatigue strength to that shown in unprotected specimen. On the other hand,
the fatigue strength of M. B.V. treated specimen was lower than that of non-treated specimen,
but no difference was detected in the fatigue strength of ZG43-T6 alloy with M. B. V. coating.

96* E

1. %

TNI =Y L EGEOREUCIHRRE (L4 L T ab
ERETHHER LSBT S, LALSAS, i
B CAAER b A B B B A IE MR 2 LD, BB & 20
5 EFMEOETILHIHWLD E—RIZEZLNTED,
HEORBEDRL L » 5 BB F SRR LI X
RN BAEOEFEBRERIZDO LI o TS, &
IR L, 7vrBRCX 58813 AK 6 4406350
EXNBREAL L EWHERYSS Y, Fiz 7076-T6
AP DWW T SRR — B BBEINT WD, WolF
SEFNT, FEFHEILBEBILEENEL 513 5L
T BHEED H—BIEERD BN TWAE A, ¥R E L%
W

I BB OBER LU NFE RS LT85Sy
TN, BBEOES L ESRECBRARIT ALY,
Bl U7 A T 28R A ST 5 B CER A 177 -
7ebDTHY, ILINAEL /2 FIEOFRICONT |
ETFREL DO ThbHTHET S,

2. BEMBIUORBRE &

2-1 #EH
HREMET v 2 =y a4 2024-T4, 5052-0, 5083-0
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&

1 e
7

%
e

6061-T6, 7076-T6 3 L' ZG43-T6 © 6 /¢, FDIL
FERO R L OBMAMER & Table 1 k10 2 it 2 Fh
e BUBET0T6 8 &0 RN 22 mme EEET, FO{b
13T 20mme HHETH B,

2-2 EHFEBREH

NEX BRI E SRS (1700 rpm) % AV, =R
VRAREEISE 10 2oL 2X 107 O 7r o T - 77
BUF s\ TRIR SR E S 107 OfE% A5,

AB A EEL EEBRA (d=10 mmé, D=15 mme,
L=150 mm, BE#tH —E 7 v & & FHEEHE 400 4+ 19

Table 1 Chemical compositions of specimens.

Chemical composition (%)
Material

SilFeiCu‘Mn[Mg‘CrlanTilAl

2024-T'4 0.24 | 0.28 | 4.53 | 0.65 | 1.45 | 0.01] 0.09 | 0.01 | Bal.
6061-T6 0.58 | 0.23 | 0.36 | 0.04 | 0.98 | 0.27, 0.02 | 0.04 | Bal.

L\ 7076-Té6 0.07 | 0.18 | 0.64 | 0.55 | 1.75 |<0.01] 7.63 | 0.02 | Bal.
ZG43-T6 | 0.0510.16 | 0.02 | 0.81 | 1.65 |<0.01) 4.24 | 0.05 | Bal.
2024-T4 0.24 | 0.28 1 4.53 | 0.65 | 1.45 | 0.01} 0.09 | 0.01 | Bal.
6061-T6 0.62 1 0.24 | 0.26 | 0.04 | 0.94 | 0.24) 0.02 | 0.04 | Bal.

I\ 7076-T6 0.04 | 0.17 | 0.70 | 0.60 | 1.61 {<0.01} 7.50 | 0.01 | Bal.
ZG43-T6 | 0.07 1 0.16 | 0.04 | 0.33 | 1.42 |<<0.01] 4.52 | 0.01 | Bal.
2024-T4 0.24 1 0.28 1 4.5, 0.65 | 1.45 | 0.01} 0.09 | 0.01 | Bal.
5052-0 0.11 0.22 | 0.01 | 0.02 | 2.43 | 0.25/ 0.03 | 0.01 | Bal.

I 5083-0 0.9 1 0.23 1 0.04 | 0.67 | 4.52 | 0.20] 0.01 | 0.01 | Bal.
ZG43-T6 {0.06 | 0.18 | 0.01 | 0.35 | 1.44 |<<0.01) 4.22 |<0.01| Bal.
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Table 2 Mechanical properties of specimens. Table 4 Effect of anodizing in chromic-acid on fatigue
‘l Tensile properties Brinell strength of aluminium alloys.
: i - . hardness ; : | Fati t th Reduction in fatigue
Material | st}ve}rellg%h ’trenm};% Elongation| number Material | thl;;lll(rx?ess&‘ a 1&‘;‘};&?;‘3 ! st?—eﬁgtﬁ)r};/;'l) atigue
| Q0270 | BRI (g | (10/500/30) N I (I S O (A I (N N
| (kg/mm?) | | i 3 cycles | cycles | cycles| cycles | cycles | cycles
2024-T4 | 401 | 5.6 | U 120 ‘ 0 323 | 227 | 212 | 0 0 0
6061-T6 ‘l 36.7 39.9 15 105 2294-T4 0.8 33.6 | 23.4 | 21.4 | —4.0 | —=3.1 | —0.9
1 7076-T6 9.7 53.8 15 151 W 341 | 24.8 | 21.6 | —5.6 | —9.3 | —1.9
ZG43-T6 1 44.4 | 485 12 ' 117 3.9 30.9 | 23.0 | 21.8 4.4 | —1.3 | =29
2024-T4 i 40.6 58.2 | 14 ; 114 0 %.1 | 19.8 @ 16.2 | 0 0 0
6061-T6 85.4 38.7 16 101 1.1 27.1 | 206 | 16.9 | —3.8 | —4.1 | —4.3
L1 7076-T6 \ 8.3 | 528 14 148 1.5 2.3 | 20.5 | 16.8 | ~0.8 | —3.6 | —3.7
ZG43-T6 | 43.0 | 6.2 14 119 6(61-T6 | 2.5 2.4 | 19.9 | 17.8 | —1.1 | —0.5 | -9.9
s | 406 | sz | 1 wm 3.3 | 2.3 \ 18.8 | 17.9 | 3.1 | —5.1 |—10.9
052-0 ‘ 76 903 3 i 1 5.1 | 2.1 | 20.3 | 16.6 0.0 | ~2.5 | ~2.5
Ll 5083-0 | 14.0 31.9 28 72 . 0 95.2 | 18.3 | 17.2 | 0 0 0
ZG43-T6 1 44.8 48.0 14 116 0.7 25.7 | 19.7 | 18.0 | —3.0 | 7.6 | —4.6
— 7076-T6 2.9 2.3 | 20.2 | 19.1 | —4.4 |—10.4 |—11.1
or o SETEALTRA HE LT SR L F 3.9 23.4 | 18.6 | 17.8 7.1 | 1.6 | =3.5
& L/y (/‘\O)J: 5 &k@ﬂﬂ:ﬁ@f%b kujlwﬂﬁk é\bfuo 6.0 2.9 16.2 15.3 6.7 11.5 1.0
2-3 EREMIE 0 214 | 173 | 161 | 0 0 0
- I . e g 4 0.6 225 | 17.6 | 15.2 | =5.1 | ~1.7 5.6
IR OFRMABITRD 8 B & U, MHFEOFME 91 20.9 | 18.4 | 15.9 | 3.3 | —6.4 1.3
FOUEELER - g oM 4% Table 3 Wik, ZG43-T6 | 3, 201 | 18.3 | 17.6 | 6.1 | ~5.8 | ~9.4
4.7 22.3 | 17.1 | 15.3 | —4.2 1.2 | 4.9
(R A L
WAL (et RO ) 5.7 205 | 17.6 | 159 | 4.2 | ~1.7 | 1.3

(1)
(2) 7w xR
3)
4

Wil %
4 Lw 58k BRI
(5) B p Rk
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Table 3 Surface treatment of specimens.

Treatment

Seal

Type of treatment Coating solution ’ ?nggﬁt) \Temngé%ture ‘ ’(I‘I;S;S ’(l“nllr‘r;s | Material Mga;'tfggal
Chromic-acid process | 109 CrOs; 3(A/ft?) 34 20 to 120 30 vagitlérrlg I
Sulfuric-acid process | 15% HsSO4 1 2 5 4 | Beiling I
Anodizing Oxalic-acid process gf/fisg/)H%?SC&%Hzo 1 15 lg 1% ?vzitg?g I
Hard anodizing process| 15% HS04, 2% H2C204 3 —2.5 25 to 85 None I
SUMITONE® process| Organic sulfonic-acid 13% ls 18 12 t50 30 | Boiling X
< 9
Chemical k M.B.V. process Na:COs, K2CrOs ‘ - 90 to 100 10 10 1% NasO- 1
conversion 1 Alodine process Alodine 1200 H — 2 None k I

(1) Integral color anodizing process.
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Fig. 1 Relations between film thickness obtained by
anodizing in chromic-acid electrolyte and fa-
tigue strength at 107 cycles of aluminium
alloys.

Table 5 Effect of anodizing in sulfuric-acid on fatigue

strength of aluminium alloys.

‘ Film | Fatigu(} strzength Reducti}?n(}n fatigue
: s (kg/mm?) strength (%)
M
aterial ‘thlc(kx_less 05 | 100 07 6 l 6o l 0
) cycles | cycles |cycles |cycles |cycles |cycles
boo 30.6 | 2.0 | 18.9 0 0 0
2024-T4 1.3 29.8 22.1 19.2 26| —5.2] —1.6
2.5 33.3 23.7 21.1 —-8.81 —12.9 | —11.6
0 25.0 19.0 16.4 0 0 0
6061-T6 0.5 25.0 20.5 16.7 -4.0} —-7.9! -1.8
2.7 26.0 20.7 17.4 —~4.0| —8.9] —6.1
I 0 23.6 17.9 17.1 0 0 0
7076-'T6 1.0 24.5 19.1 18.9 -3.8 —6.7| —10.5
3.0 25.9 19.8 19.6 —9.7 | —10.6 | —14.6
0 2.4 | 174 | 150 | 0 0 0
ZG43-T6 1.5 23.4 18.3 16.1 —4.5| -5.2| ~7.3
3.5 23.9 19.0 16.5 -6.71 —9.2| —10.0

Table 6 Effect of anodizing in oxalic-acid on fatigue

strength of aluminium alloys.

Film | Fatigie/strength Reducti};)n/ ;n) fatigue
. : ; (kg/mm?) strength (%
M. i
aterial | thickness |5 —""j50 107 | 10 o T
i cycles ! cycles cycles Icycles | cycles | cycles
0 3.6 21.0 18.9 0 0 0
2024-T4 1.3 32.0 22.5 18.6 —4.6 1 —7.1 1.6
1.8 | 811 24.3 21.6 -1.6 | —15.7 | —14.3
0 25.0 19.0 16.4 0 0 0
6361-T6 0.7 25.7 20.8 16.8 —2.8] —9.5] —2.4
1.5 26.2 20.6 15.9 —4.8| —8.4 3.0
It
0 23.6 17.9 17.1 0 0 0
7076-T6 0.7 23.0 17.0 16.6 2.5 5.0 2.9
1.5 25.5 20.3 20.0 -8.1 | —13.4 | —17.0
0 22.4 17.4 15.0 0 0 0
ZG43-T6 0.7 23.5 18.3 16.1 -4.9] —-5.21 —7.3
2.7 23.6 18.2 16.4 —-54| —4.6] -9.3 1

3-1-3 WHEREREZX

2024-T4 B OBERIFELIEY O S-N s Fig. 3
BrF, sy Table 7 i,

BE BRI REA MR D EL CET S8, HRES
DM DN TEITREAMET T B HEM AR T .

Fig. 2 Relations between film thickness obtained by
anodizing in sulfuric-and oxalic-acid electrolyte
and fatigue strength at 107 cycles of aluminium
alloys.
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— R\
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\\
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18 . 7\ o
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10
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Cycles to failure

Fig. 3 Endurance data for hard anodized 2024-T4
aluminium alloy.

Table 7 Effect of hard anodizing on fatigue strength
of 2024-T4 aluminium alloy.

Film Fatigue strength i Reduction in fatigue
thickness (kg/mm?) strength (%)
105 108 107 108 108 107
(w) 1 5 | |
cycles cycles | cycles cycles cycles cycles

0 33.3 22.3 20.2 0 0 0

3 28.2 19.6 17.2 15.3 12.1 14.8

13 27.5 18.3 16.8 17.4 17.9 16.8

24 26.6 17.3 15.0 20.1 22.4 25.7 ]
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Takle 8 Effect of SUMITONE on fatigue strength of

aluminium alloys.

Table 9 Effect of chemical conversion treatments on

fatigue strength of aluminium alloys.

Film Fatigue strength \ Reducti}(l)n( }n fatigue | Suct { Fatig(;ﬁe/stren)gth Iieducttign(ai/n) fatigue
B s (kg/mm?) strength (%) M . i Surface | g/mm?2 streng 4
Material | thickness |- |10 T e 30 aterfal | treatment g | T | 107105 | 100 | T07
i cycles !cycles i cycles jcycles | cycles [ cycles ] icycles [cycles | cycles | cycles | cycles | cycles
0 15.6 12.5 11.4 0 0 0 il\ggatment 33.7 22.4 20.1 0 0 0
5052-0 4 14.2 11.4 10.3 9.0 8.8 9.7 2024-T4 E:MAB.V. 29.5 19.7 18.6 12.5 12.1 7.5
14 12.2 9.6 8.7 21.8 23.2 23.7 ‘Alodine 30.9 21.6 20.6 8.3 3.6 | —2.5
22 12.1 9.3 8.2 22.4 25.6 28.1 Non :
. | treatment 15.6 12.5 i1.4 0 1} 0
0 19.3 16.3 14.0 0 0 0 5052-0  [M.B.V. 15.5 12.0 10.1 0.7 4.0 11.4
! 5083-0 j 17~0 1;? g? 11?) iiz 12; . ;Alodlne 16.6 12.7 1.6 | —6.4 | ~1.6 | -1.7
. . . . . . ‘Non
19.3 16.3 14.0 0 0 0
5 { treatment
2? ;;;;;;;; .4 1.6 ,»10'4 %4 %8 ! BT 5083-O0 M.B.V. 17.8 14.2 12.1 7.8 12.9 13.6
0 24.1 18.8 15.9 Y 0 0 ‘Alodine | — 14.8 13.9 — 9.2 0.7
~ 7 22.2 18.4 16.5 7.9 2.1 | —3.8 Non
ZG43-T6 | 2.1 | 18.8 | 15.9 0 0 0
; i treatment;
1] 205 ) 158 | 148 | 149 4 16.0 ) 10.1 ZG43-T6M.B.Y. | 21.6 | 17.3 | 16.1 | 11.2 | 8.0 | —13
i 8 | W5 ] M0 [27 | 191 | 255 | 2.1 Alodine | 201 | 185 | 15.8 | 0.0 | 1.6 | 06 |
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Fig. 4 Relations between film thickness of SUMITONZ
and fatigue strength at 107 cycles of aluminium
alloys.
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Forming Limit of Aluminum Sheets

by Yoshihiko Nishimura

The formability of sheet metals is recently estimated by the forming limit curves

measured with scribed circle test.

The forming limit of aluminum sheets has been studied by simulative tests such as Erichsen
cupping test and the forming limit curve, and also the effect of strain path on the safety

forming zone has been studied.
The results obtained were as follows:

1) The effects of the tool form, dimension and lubricants on the estimation of formability
were quantitatively obtained with simulative tests such as Erichsen cupping test of

aluminum sheets.

2) The forming limit curves of aluminum sheets were obtained by hydraulic circular and
ellipse bulging, plain strain forming and uni-axial stretching by means of S. C. T. These
forming limit curves clearly showed the difference of materials and thickness of the

specimens.

3) The safety forming zone of secondary forming sheets increases in uni-axial pre-stretching
and decreases in equi-biaxial pre-stretching compared with the original specimen.
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Fig. 1 Deformation of circle.
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Fig. 2 Electro-etching method.
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Table 1 Chemical composition and mechanical properties of the test specimens.

Material Tensile properties Hardness, | Erichsen r n
Temper Typical composition 7 = value

No. (?{Z/mmg) (lf(g/me) 5(%) Hvokg (mm) value value
1 @] 99.8% A1 2.7 7.9 47 18.3 11.5 0.814 0.260
2 (o] 99.5% Al 2.8 8.2 45 21.0 11.0 — —
5 o 99.3%A1 3.2 8.9 47 22.9 10.7 0.846 0.236
1/,H 99.3% Al 13.5 14.5 10 48.3 7.8 — 0.060

4 (¢] Al1-0.4%Mg-0.1%Cu 3.1 9.9 34 24.2 10.1 0.763 0.232
5 (o] Al-2.59%Mg-0.29Cr 10.5 21.1 24 53.2 9.4 — 0.360
6 (¢} Al-1.29Mn-0.15cu 4.2 11.8 37 23.9 10.2 — —
7 [¢] Al-4.5%Mg-0.6%Mn-0.2%Cr 14.4 32.1 22 77.9 8.7 0.561 0.277
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Fig. 2 Effect of punch-R.

4:1:2 54 XABEFEE »0 OXE

Table 2 ic/R L& A A 5f& rp=4, 165 @ 2 WD
HyFaFH U, A oho&Mtiz4-1-1 EFU
ThbHo #MFAFigd iRkt HRLIDTNTOBEICE
WTEA ABEEENRRE ez g b Edm L LT
Do I D WREL D EFDOEHTOMITER
LD LT bbb &2 bbb, KHErp 73
K& T h L RREMNE, B0 U DIHIOSE CRA & 72
Do

Table 2 Tool dimension.

Diameter(mm) 33.0
Punch
Punch-R(mm) 1.5 } 4.0 ( 8.0 j 12.0 } 16.5
Diameter(mm) 35.4
Die .
Die-R(mm) m] wt 5.0 | m1 8.0
4-1-3 RVF, Y1 ABE (FJUTS5VR) OBE

RHrF, FARAEE (7977 v R) bigh oy
52 B5RFChHBH, Table3wRTILTELXFEHRALTIZ V7
T v ADYEAEFN . #RE Fig S iR, BE L VEK
HRE 7977 v 20RKREL BIEERYMITHELEL, %
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—RC 7 VT T ARKEWNEER D EICIXERITH B
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Fig. 4 Effect of Die-R.

Table 3 Tool dimension.

\‘ Diameter(mm) g‘:gCh:ggggi Clearance
Punch 33.0 0
16.5
34.6 3.0 0.8
35.0 3.0 1.0
35.4 3.0 1.2
Die %.0 | 3.0 1.5
36.5 5.0 1.75
37.0 5.0 2.0
38.2 7.0 2.6
41.0 7.0 4.0
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Fig. 6 Effect of punch diameter.
Fig. 5 Effect of clearance.
Table 4 Tool dimension. 2.20
Punch Die |
Diameter(mm) E Punch-R(mm) Diamg&ﬁg) Die-R(mm) ﬁ
F-Punch.
33.0 4.0 16.5 35.4 3.0
50.0 4.0 25.0 52.4 3.0
80.0 5.0 40.0 82.4 10.0
100.0 5.0 50.0 102.4 10.0
120.0 10.0 60.0 1224 10.0
240.0 10.0 - 242.4 10.0
Table 5 Lubricant. o
Lubricant ! Vizs{;:\‘,)g&% \ Property i“Lubricant Vﬁg‘?gdotg Property -
Water
A 34 e ble G 1235 v
B 58 Oil soluble H 1616 Vi
C 123 Ve I 2100 7
D 201 P J - ’
E 473 7 K 1009 7
¥ 685 ” L — Vaseline
2.00
e e o I S N N R S N S B
ERlR RT, B ) illEfReFig 7, =9 7e> A B8 C. D E G H I
ERERER % Fig. 8 )WRd, Fig T L D#EEAc L T lubricant
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Fig. 8 Lubrication effect in bulging.
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Fig. 9 L.D.R. and Erichsen value of several materials.
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Fig. 13 Forming limit curves of pre-stretching materials.
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TNVNIZYARBIOCFOEEDBRANELLT, bok

b — xR ok, LA (Pitting Corrosion) ¢k b, kK
&, KEEOBETEDBNDZ LK%, LrLESE
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cking) % 5\~ %, #IgEBi4 (Exfoliation Corrosion)7s &
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Al-Mnz, Al-SiRiXzo@EmIER<, Al-Mg-Si%iiE
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TNE=Y A EEOBENEEENL, EaaREn (-
tergranular Cracking)¢d v, #EdhEii(Transgra-
nular Cracking)iXig & A EBD BN TWRWA, FOH
MELT, DEBRE= 2 VE ~(Y) BB &, L
> TIRFLE & DNz v (Cellular Structure)ic/n b
YL, PORETR)EBLLTWIED, 2)fEsREA
7 7~ FEEBEHET S EELHBNT DT YO ESE
AL 2T W EED REOREREHZ L BTN 5,

EHBEENOERE LT, &BMERERE, B
K XBHBEREOZDORALTS Z 23T, HEROZINE
HMEDWHEEREELBNDDTZOZOOEALBIEH
BEABIN ORI Y BRI, BT s 2 & L

2. BHEEENCEIEZIERFOE

21 2BMHONER

211 EERPORE

TNVEI=Y A EEDOEHBEENERZELEERS,
TR, BMLBEC L > TELTREEDTHDM, HHKOE
Bk JOMEASENL B 1 B aSilc Bz, ShHRASE
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WD, —RICEDRCE ST B 7 VI =y L8380 &
HISTEEENRZER LY, L CAFZn-MgRo4&4

B1E ASMcai s Basn szt
£e0mE | B | 5 pmls (mm) RS R
Friz=va 0 7.0~ 9.0 FEO AR LB TRE W &
1000y —x | H18 13.0~17.0 Yo
o 17.0~20.0 1 opromamstaie.
Alca | T4l 30450 Imygyna wmesbamatas
20005y —5 | T8 88.0~49.0 |yt o
Té 40.0~48.0
T8 41.0~50.0
Al-Mn (o} 11.8~18.3 TARD A L B3R 2 7
30005 ) ~ % | HI8 20.0~28.0 |
Al-Si T § 35.0~38.0 MEOHARELTEZE R 3
4000y — x o
o 12.0~28.0 | OHOWADRIIE I & & 0
Hi4 16.0~32.0 Mgt CULIESEMRL 1R 2 A TR D
i His BO~44.0 R
AlMg BIUNTEORMINY £ bic, BEH
S0005y =5 s 16.0~30.0 | HHINT Bo 100~150°C DI
IO e st T B
H38 22.0~40.0 Mg i 3 951 F - BEHIE o
H113 27.0~32.0 | OBDBE, HEHEIA,
. o] 12.0~13.0 TS OEE b EILEE AT
Al-Mg-81 | 7 5 18.0~24.0  |us,
60005y —= | 1 g 2.0~32.0 | Cuk Bl L@ &R Cld, BATA
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P ME L ry| -0 | THHOWA, BECABEE &
(Al P 3200400  |HBEEI XD ERUEAELT B,
Y I TeHoBa, mRMmAIE
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RIRTRMIEHE DTN RHIK &\

*3 ) — XEEOTBOMB T min ¥ LU max &l

BREEBANEL B T B,

2R iy AEBRRESREESY & QWA
(Binger, Hollingsworth, Sprowls i€ k 3)

W TR

A8 B (V)
Mg —1.73
Zn —~1.10
Mg.Als —1.24
Al+4MgZn. -1.07
Al+-4Zn —1.05
MgZns —1.05
CuMgAl; -1.00
Al+1Zn —0.96
Al+7Mg —0.89
Al+5Mg —0.88
Al+3Mg —0.87
MnAls —0.85
99 95A1 —0.85
Al+1Mg.Si —0.83
Al+1Si —0.81
Al+2Cu —0.75
CuAl; —0.73
Al-+4Cu —0.69
FeAls —0.56
NiAls —0.52
Si —0.26
Cu —0.20

*0.IN w2 v, 2w 53g/l NaCl+3g/IHo0z ke 25°C CilliE,
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TR Al-Mg-Mn &< (5.16%Mg, 0.11%Mn, 0.11%Cr, 0.09%Cu) OIS RN LTI s L ETHRIINTO RS
(Dix 5k 3)



Vol. 11 No. 1

TV = LAEBOIGTEEEN

(93)

R MR MO ER & LT Sprowls 59 1%, ML X5
RO 2 v Z VRSB EENDOFRER & 70 5D T T,
BN X 5 &R AANO W O it LA EE
HNABEMXELOTHD ELT5b,

2-1-3 #NBOE

AR B, &BMAM & SRR s B
HDZENC RO B 5 & 113 Tl 2-1-1 THIZ i~z
DThbHo Lichio TEUHEE A FENIIENEAENIT
KREMFEE B LITTTHAS 5, AT, Al-Mg,
Al-Zn-MgH ¥k LU AL-CURD A A ONT, TREND
IEH B EEINIERED BTN X 0 AN EAE T B DV
THRB & T 5,

Al-Mg RE5&DE4, Bl HONLHOMRAHEE T
MR E TR OFR L LT, BEAN, BEb & LAEIK X
HBREERE Y 35 2 ki L LSBT0 BRI
BEL T, o nt, BEOINF LT LBROME:
Al FENTHIOIER (L THTHAH L, T/ EAFDORE
FSIREDFE L BT e o TiaMge Als FHO S
I 2R T 5 bW B Th B,

9, BB ECONWTERELTH L H, Al-Mg
REEOEEOEFRAIIRETEWNE E, ISHEAEN
AT AEPIME N &%, Brenner ¥ 1 7f Roth™®g,
Al-T9Mg £E&ETDOWTHRE L T %, 2N BIIEZOREN
E UTHRWER LR EA BB LcE4a, MgAl; 0
BT, R CRERTH D, Lichio TEll
#9757 — 7 ¥FiEd (Anodic Path) #HlL7AWDT, &
HEEHNREFELELSTELDOTHA ELTWD, B
EIOBEDE~ 7 Av vy 2&HDO AL-Mg 483 BIWH
ELTRERENTWRWD, — I EIRE LB
FECf A O BER A o b L, HRRE S BRSO Bk
LT, WEEASNEAETEE5%E 2 b o T
WEHEDT, WHRAWCEEAER(LLES, Al-MgRéed
OMEHEEEN AR EX 50 £ 0EMTh 5, &
7z, Perryman'® \JBRr M ES T { T HIEIE
HERUIEVED & LT\ 5,

Al-Zn-MgH & &I DTk, BELAIREEO X
EEOMe T LB T <, B LR ENE < &
IUTBI1EE, EHBAENEZEIEML T %, i,
Bassi % F 0 Theler'™x, Al-Zn-Mg&4:(0.159Si, 0.26
94 Fe, 0.409Mn, 1.1995Mg, 4.3294 Zn, 0.17%, 0.119Zr)
TONT, FHHIC I B (CLENR E & IEEEEIN S
T OBk & % (Schicht Korrosion, Exfoliation Cor-
rosion) DRI DN TH 22 LT\ 5%, FERO—H A 4
EICR Lo BRI >THBMLR I L, [EHEAEINE
ERE A Fs JE TERLAAENR E O ZE IR OREFRIT
bbb, ZOFERRCONTEBREAITALFe-MnRO &4
DARHT, (RIREOBEAECAIECIlI+ai#E3, T
TR DR TR D, ZOFSNERNCEEY
FFAHLDEELLN, Lk - TEREEDE ARSI

44X Al-Zo-Mg, 540OIGHIEAHIN CHERAITS L
T EE B LI O SR

300 7t L 3
350 box 12
400 B 22
450 7 21
550 o 8
590 7t L 5

* 1MHOBEBR S PG EIN RS, (Bassi Btk 5)

R R BEN &3 ¥ B\, Bassi ¥ X ¢t Theler ik
B B BB IR A, ISHIBREN EEET S
B DWW THEEES N TR, HEEORFETE, Wik
LT AiEMOHAEORS, SRCKH 2 EERMmIT
B0, /& 2iEMn B L0 Cr 2 ERHE LicE&BM
{L&WrEmRCEE L, BANDOE, hbaEMIED
O EICF43 5 PRZ 2505720 CTHA 5,

DER, BRCOEREDDOBHEED SIS TER
Zh. ZOBEOWHEELESHE/ A EOBEMET
BEL, BEEEOMHNIRBENGEES R L T <hi
BEAEDLN, AR Y - THEBREDEMRD, MER
2 5HBEDORENGDESRINLDENRDDH, ZOFEA
VR LR B0 B OmHIre, BRI EAESS, i
LE B fERERC RIS PFZ o <ic Al-Zn-
Mg &&0iE4, —0 PFZ MEEECEN, M oniE
ERTHEREENEG L D X 57 PFZ OmidE RIS
BAENOHIEBCZET 5 2 ERHMbNT N5,

Al-Mg %4 &1\ Brenner 5911, Al-79%Mg 4
DN TEBA LB OB D BHIEE & 8B A s
LOMRYAEL TR Y, FOERF - 2L LIILT,
#EY A ERN Lice BRIC X » TN ZEL, Al-Mg

30

oo MEAN M E E (460TC)
2ok S XX 1000°C X1 H M2k
x

an 100°C X3E Nk
N
o
X

A\% 8

Ji 77 10kg /mm? x X

72y

wn £ ToBE (H)
>
I

I 1 |
10 100 1000

I (°C/min (300CH)
Al-T%Mg &&DIGIBARINC XiET
VI D % (Brenner X %)

A&EDEE, BB LD LR O FISHBEEEIIC K
U ORISR = &b, ZORRELT, Ahvbik
AWM OBATE, FOBONHBE Gl S R s
7t MgoAls DITHIZZERD BB N, BB OB, &
e MgoAls 3%, fdhki e REFICHiE 20T,
ISHTOBAZRHES T, & KRR F o fcdfin
DI MSR WD TH D & LTW5H,

#E8X
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#m5% Al-Zn-Mg RE&ORTEE

o M Ak - b ZUBAR - e vy PO
GPv-v> b= R &M ae ~vy b
7/ (MgZna) i3 * (0001) 97 //(111) Al
oA W AN H & (1120377 //(110)Al
a=4.96A 2a7’=9.92A
b=8.68A 7a220A1=9.91A
7 WEEEE n e~V Y b,
cMARIT %ORESELD, L
Foht o THEE L ORI TE B,
7{(MgZns) i *® Az a e~ vy TRV,
ST GAR WH AN &
a=5.15A
c=8.48A
T{(Al, Zn)4p B N Az e — LY TRV,
Mgszo) TSy
SEHEAR B 162
i ats

Al-Zn-MgRE & DNTIE, ZORAEORNIGEL
B5RLFE LIS, GPY ~v—>n(MgZng) hiEtE—
n(MgZne) SEHHIDO M B A & 503, BHEEEIEN &
EBEIC RO TS, FESkR, TEtaEE tbi&
BRSO AOCRD bbb, 3T, Al-Zn-Mg&&0
PRV ILTRIR B2 B O B HIEE O BEIC DT Kent!® )3
BEEBEOE( S PFZ 0% & S BAENERMO
BFREAHE6RCELDTRD, EHREENC ST HEY
WBEIEEORBE L & LEHEML T, bbb, K&
FHT il U2 sm b 00508, IS A BRI A B IEPUER
XN, EAALAIRIR D B OB E AN &, B0
X ABBISTINAERL, LTI HEAaEINEZL
RN SRBEBII L e, E DE, BEAROUT
IIEREC RN THE, EREEREIE L LTERL, ERE
BT TCHEHBEEIEL WA DTE S, EiEEE

To Al-Zn-Mg %44 7075 44T, FINERT IS
BHIEEEAVENE S, LA LD LISHEAEN R DT
BBRAE A EmASR S, SHEEEh RIS L5
i b0, Al-Cu, % %Wk Al-Cu-Mg%4&4 % Al-Zn-
Mg-Cu % 2 FEAEMSH L, BERAIRREND O
HIHEE R RE C IS EEN RIS Y, L&
HOBAMEEL b, H10RcAED Al-Cu,Al-Cu-Mg
FALEDOIEHEEENEZME & B LI D B O HH
THE L OBFEA TR LA, S0 X 5 KWL EN D
O GHEE S BARATIL,
E6R Al-4%Zn-29Meg a4 OURMEBMMRL s X OIGT1E
AHEINIT I X VAR (LR I (450°C) > 5 O WA
B kg (Kent ic & )

B ] il 23
BAKKEA B 5 AkEA % &
350°C & 9
200°C % 1% 8tb 16045
DEEIREE
SEEMAIT | 750~1200A 750~1200A 3000A
BIFBHH | BT B Hv, m;ﬁﬁuhﬂD
rAECA 00A
OFEHCIHTH ht fbe) b
e\
PRZORAM 700A. 1000A 3000A
BT %@miﬁm %K%Até W2 5 ok AR L
REAE S SRIRAL  ROF O S,
300~500A SR BTN
LED SN B,
0.2%mh 33.9kg/mm?2 34.7kg/mm? 34.2kg/mm?2
] %ﬁ% 31.5kg/mm? 31.5kg/mm? 31.5kg/mm?
R A 24 62 3654 dHIN A\ o
NE COH
#(R)
] 3.5%,NaCl
‘ 104/h32 3%

*PERCEES, 3 BRISIRRL)—~90°+£5°C x 8h—1504:2°Cx 16h

60 -

50

40

BIRED W a AE (%)

30+

b —— P 1

Wy L
whd
il fr

bl AL £

S|EAY I M

S (°F/sec (150 ~550°F) )

FOR 7075-£4-T6 MEM OIGHE A RN I X IE g REA SRR O B
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T I DY AEEOBIEREN (9)
S. C.C. =35% NoCl & Ti.## (10/50 % 4 7 )
U L L LA T LA T 1T T T L R LA
Al-45% Cu (44) C-RingF % |
S.C.C.
] Pittng
S.CC Al-43% Cu-125% Mg (44) CRing7 2 |
e
X Pittng
. o
5.C.C. Al-45% Cu-1.5% Mg-06% Mn (45) Preformed 7 %
Pitting
l L1t 1] 1 1 i1 1 aat ] L1 i i 1111 1 I S T N I S |
10 100 1000 10000

(750° £ 600" F 1) SFH-RAHGEIE (*F/sec)
21080 Al-Cu, Al-Cu-Mg &&OEEANDBROBHIEN & G R AR BT

D RS R B8 2 MO HT IR EI R EE DS B
B EL IR Bo

2) Precipitation Free Zone (PFZ) O HEE
PBGI B LIeht o TR 1250 Al-Zn-Mgé:
I DEEEIE L,

3) Al-Zn-Mg R4&DBHE, BHECAEERE (450~

460°C 2i—fey) THEME LY, =¥y Ty B LT
7w L EOE&BMALSMO RIS, fEdhi s
R IO HTH, PFZ OER Y HEGHENEE O
BATRDBNS,

ZO X 5 o R R IR & R SRIN & DL
RF ¥ VEBBCANTEIBEEEN & BHEEDORM
REHTHANETHA D,
wmTE Al-Mg&eMgilshic Cul.01~0.05%, Fe0.13~0.19

%, Si0.06~0.08% % &1e) OIGITEAMNCHT S
B, 0EREREIEOHE Dix sk 3)

* & F/N® | o comss
Al-4.049Mg

HleE LOEE 0/2 180

5 9 nnT 0/2 180

109% 7 0/2 180

0% 0/2 180

40% z 3/3 13,105,135

602 7 3/3 42,42,56

759% 7 1/3 62 180
Al-6.019%Mg

Wtk LOE % 0/2 180

10958 T 2/2 17,17

09 7 2/2 2,48

30% 2/2 2, 2
Al-6.15% Mg

5% &ML 3/8 12,13,13
Al-5.999% Mg

T5% &M 3/3 10,10,20

) HIhEBRT /2R
b) 3.5%NaClZERH, DUBWIOIEREI.EE % 50

DX CE R OB R A SIS HEAEIC 27
HEEL LI BT MO TSENTE L 5,

Al-Mg REEEOWTH,  MTHOBE I ITERER
{CALBZ TR Wi & LA O ST E, %M
T HROEERSE s ¥ Uin & AMgeAls OFTHIBEIE L T
bo HTHEWEIDIX BT ILBLDT, =7/ 3y v n&HE
HA~BUCTE 2 TCIE, RIRK 351 5 204EM D BB A3 E T
BAREIC G2 DEEERELTNDEN, v/ 32y v ng
BEOEME & HITEHBEEIN a4 RoAGRmTEs
WO LT BaNEBRET S, Al-Mg RAa&0DIE4E,
RSENIREE 3 X ORISR A BN BB Wi B By
b2 BT AE DN TDRRERIBELS W REE0EH, It
HBERRFELR—RE TN, &7~ 20HE%
1775 & 2 1XREETH %, Rutemillers 519 23 AlI-Mg 3%
AE&EDOIEHBEZIN S, BRE, B OBREFEEL
TefEREFIRCR Lz, CORAGETIHEE RE, W

FIER 2S5 2 2R % 35% NaCl KGR 5 .8
5454 5083 5456
(277Mg, 084Mn) (402Mg, 087Mn) (502Mg, 079Mn).
3 3 3 2 3

— 320 Z %
- ? Y
= 240 % Bz BIEL L
by 7 | ORBRERT
8 ?
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.

I
A Y
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3 612 0 T arg
200° F oMM A
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— T (AlZn) Mg 3

7 (MgZn,)
— — ————————————— W —— 77'

GP—v'—

16 J) =20kg /mm?®

10° ‘ 50

102 -4 40
d=
<&
T 10 30
1 20
0 100 200

WERbEE ()

#1280 Al-Zn-Mg3 Ha&0OERNERNE L IEHBEAEHNGEGD &
MAIDB%E (Gruhl itk 3)

D BERN B & BB AENBRZ M A X & 5[
MEBLDTHERAE DI o TR ELREEIRETHS 5,
wiZ Al-Zn-Mg RAERDW T OEEHLTEE M & IS
AN O TESENTEZ ),

Z D RAEEOEHSM LSRRI BT 5 Wik
LEH D, ENHLORTRIBEN L L oeWigEs L
T, Gruhl & Cordier?® OF#EL R HI2KCRL
Fro DI Al-Zn-Mgg (4.949 Zn, 3.0295 Mg, 0.349
Mn, 0.1494Cr, 0.329% Fe, 0.339% Si, 0.069; Cu, AL &%

DOEACAAIR D RIHR B2 iR & 0 200°C 28 b3 & ¢,

BURS20kg [ mm2 D LT AEL TS, Hick »T@
EEERAE G, B/ 1 L e o Th ISR E %
T ECOBMITEL Y, EHEABINREL D ¢
HAEBEE D Lo LiBEsIREECHERY 2 BAeE, T
HOFMEETELNE DT, TELHEFHHIORS %
i, LR AENREL B X5 FROBR

it J10op (kg /mm?)

e o

HREENLDITT, ZOERND S 2 BEHNIEFERT
LBEHBEENEEORY R ZARbN, bbiE
BEOBMMTAFRE L) 2, BIREFIAHEZTR 7L
OFENERINLBETH S, 2 BRFHRLEFERC L5
IEHEEEIN BED B oWk, Alcoa OFENS

DD, 1B E BRI 11 104~113°C X 5~30h, 2 B&H
FEENALEIZ LY, 166~194°CX4~20h L7 o T\ 5, B
B Al-49%7Zn-1.5%Mg && D\, 465°C T 3 i
MOBECAEEE, 37 AWEFR), 120°CX12h HiEess
% (T6), 120°Cx12h fLBf% 180°C X 8h suE (T73) D+
AR A B U &, 3.59 NaCl /KisHe i TR BB
& BISHEARBROER A H IR L, LT
T73 BE&GEDO SO, SHEAEZN BREN B LT
Z)ZZ)o

35 .
T6W.Q 7AC N 7EC
‘ l AN \
T7TW.Q N\
30 \ Y
Treac | N
| N
25 \ | \‘_”
° \ \ T4F.C \
S \
\cn \ 0 \_.
= 2 \ \
R \ Y TaR.C
™ \\ T4A.C \\\\
=] 15 TAW.Q \ \“‘
\ N A\
W.Q (/}u 1)
10 \\ —_——— A.C 1 (n )
= F.C ()}'( 4)
N
* 35%NaCIR I CRILEFIC & 0w
5 N X
5 10 50 100 500 1000

WilkiT 5 & ToOREM (h)
18K Al-4%Zn-15%Mg MmO TERRML I
AHEOIBEMNT A 7 H~T

Al-Cu-Mg R DE&I DT h, SRS
EENEECEEY S 25, #1400k Brown J L 0* Dix
5DOEREED—ETY, O LY Al-Cu-Mg RD4&
& Tk, BEESOWEH, EHRAENE LI UC—REEL
BIX 5 SRS BBEHOETCE binoT, B
BENEEMET T 5EAND 5, B EOEE XY BERL
MR ORI B SIS HASIN B EC R X iy
Hx B0, EE&MCRS AT LLRE—ERAERT DL
BRI\, — RIS AR, 7/ — FPEROEK
BRI D B & hUE, BHEHC L - TT7 /7~ FERD
BRI B 52560 & Bbi, 1ok 2 3EMIRET
TEHBAENEENMET 500, R LHTHZAED S
N, BARA—ERC R 2R T vy v VOEIMEL
D, BERACITRRTREEND 7/ - FERDT / ~
FRBBEREDT LD LELBND,

213 BRNEORE

— I IEHEREIC T 2B E RS 5 ERO—DK
B EOXIRD D, Al-Mg REA&&DMIEIEEEIN
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WAL (V, N/ A a2 VA=) BIEENEE (1b/in?)

Bl 3 W (%)
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1 i
GISED HE

70,000

60,000

50,000

40,000

—082 1 ! I ! | 1 T

—078 |-
—074 it - NaCl-H, O,

—070

—066 1 I | i 1 I} 1

—50

—40 75%iif 73 THIY
-30

—20

GlHEs ¥

375 Flz 3517 % Wil
FE 2024-T3 /&3 R M, WA, WEENIGS]
Badhics e, ESEoRe, BB A
12NaCl-H,0, KEWHT (15/15) 54 o VT
48R s (Mears, Brown, Dix it X %)

HEOR LCHE 7 v 2 DR T b bR, ZO8HBa0
JEHBEENEEDETIX, 7 v i LAMTHOE
HESR O BAMERTE A 5, Al-Zn-MgR&8it-o\\C
b, MEHEEENED M LIRSS & 2R
TH %, Chadwick 5DRERT L 2 O GITHS M CED
BNTwB L, BfOEEOMEIE L - THLEDBNT
Wh,

GRS, EHRARNRECEE LY, Jiva
=V LDk S ICHEERESR AR £ X8 B THRORME, i
ENBEEN OSBRI TL S, /v ndbbn
Y v =Y A OTINE, FESRRIE & NI AR
CF B0, Z0X)Es, WEHRESNRERERMTS
BN SAT & 7o WE A S AMER LI B8 OISR
BEBLE T X85 FAE < A, BHFBCEECERL
TeBEE, T EEEADEED X 5 BRI
W TERwv,

2-1-4 JEHBEEhOFFEFESE

IEHBAEZNDOEE, BHENT 0B I8H O FRAE15E
CiRd & 5 R B o M AT N LT Al (Longitu-
dinal direction) & A7 5m(Long transverse direction)
[ 7 5@ (Short transverse direction)® 3 F@Ais# x
B, S DO EF RGO T OET 7 BRI R T ks
DORDBHNAEWESGE R NTS, IS EAEINEE RS
BEAMLYD, LRI L > TELNSREREDE
£, BEAEOBHCATHIETEBAENBRENE N, &
OB E T, BUETRELAEERBWTHETHDO
C, KIS TIFAL-Zn-MgREEITDONTEN TR I 5,

XT, ISHBEENOF B & F M reowaE, Lid-
dard 52 23, Al-Cu-Mg R-E4&DISHEEZNITOWT,

158 Al-Zn-Mg %éd, EEHMESH 27Tmm OHMEE EAMLd D)
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Brenner 529 p3 Al-Zn-Mg %4 &DIETREEITH L =
THELTWBY, F0H Alcoa Th! Knins b iz 500
MDD B, BLAl-Zn-MgReE O SR AEINORE N 9095 F 7M1 %
HELTEEL o T b, 12 2 ITAEHOBRS, § o
BOREANHEAACH DD RN DD C 2, ey 2
Vv FERF T T OB, WERFEICT ERA MO &
HEHAEAL, &Od LREIMCEAIRETE % 5 -
Y7 Y, WROB AR AT E I & DT o T b i
EEDITD D, S O HEINT I51 B I IR BV 4 100 -
S 4B M U7\ & 5 L FINCT 2 7\ BB & 7 i
CORBEUES D LDOFRELTINETELLT ¢ O =1 il
MIHACTET, ¥ REAFACEIBEINGEOF 5 O] ——
BA SN SITRBUT $ 1, SHIARFAORABE 11 [
EHENEIET BOHEELTARETH S, B8R 77 B -
R
S _
- ) 20 M 7__4——‘_&_.\
2 > e HIHIH

|

H16B  Al-43%7Zn-15%Mg Fa-@IEiRD bISNBRMN
BB BRI L 1251

Al-4.39% Zn-1.5% Mg %440 RE0mmO FEIERRIC D
T, 3%AHRKZTAEREC L HISHEAEEN & HrEMEOR
REAND 1D LB A O FRE RS, HITR
T6 MO BRME k L OIS HRERRER R, —R
LC, AEFROMIEIID0%5ERIESHT T, EFIHFH
23 400~500h, [E AL 200k CREET T SO L,
R BRMEE Cldd £ D 20RO b s IAE A
HAAET N COhLI T I 5, bbb AABYRFET
BT B Z 2 kY, AEFAOTISHIEEENEL
MOBEINDD, Tob 2R BRI RTIEL 160~
180°C cEREZIAEE Lo TT0E N vk, T6umeEo RS
FHED 0.2% i D80% BIERIEH T CTHARRKRL 54,

400~500h cHET A DI L, TOABEBIIMEEL ST
50h LIFCHWWT5, L CTATEIIN65%DE4E, T7
B OEF A, KWEFMAE I 600h 7o o C 4kl

L

L7 /LT ST L¥/ST  1/ST

TR Al-43%Zn-15%Mg o &ERD S 3R &
B REINIC B 11T B RIS 1 0 B
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Ligbe Wol@ 5 BRI TTAMK X o CTh TOWIY  AENMCHT HREDHRLTREL TN 525, 30~100°C

L BRTISBIFERTTADLTH B, D EOKE, =
DREEDIEHEEENOFEMELY BRI 5 8B 4k,
TTERHRE L TOND Z 230D,

IETEEENER &, v v Vv Z7B0%ENh & ORI
DWTIE Gruhl 52 Rz DREED Y v ¥ ¥ FHOER
& B X FE OIS EAEEER & OB RIC DLW TR AT
VBRI RTREREBTONB2, ¥ )y ZHBOEN

1000 T
O Al—Zn—Mg o PY
O Al—Zn—Mg—Cu () .
X Al—Cu-—-Mg a PY
100 X
®
=
= X
= oo °
g 10
1Y
4
2
= [ ]
| ®o o
v
O ) ¢
()
01
0l ] 10 100 1000

IEJIE AR NRERY ()

EHEARIN (5=502) OBREE v » —%h
R ORI (Grubl Sk %)

19X

FCORM & IS BAZIN ORI IIERN L BIRATED
Bha, $hbb, ¥+ U v/ BOENEE L7k
IS BTN, EXFREEIT HISHEEEIERE A
DEEBHMHE, fobzaE TTREATR 2o & 2in
bo

2-2 BEREOX

IS AEITERER L O—BTh » T, HBEUENRL,
BREEBN A, KER(SA L7 T 2Fy 7 iTRITHE
FEISHEN & LN D hOBERLEB UL, IhoFE
& ELICBRBEOMR LY RO - TRk - AERETH S
EWnbTnd, IEHBAEIINE LA ETXTOEAS
SR DHLNDN, BhiziEdEael s as s Dfabye
HEREINDBENRE N, T2 2 E7NVI=y 266D
AL Cl & ALRENEHEALEN A BEXE D,
=T, BERMERE, BE, Cl#E, pHirrs
ZBNDN, —RICIEZINSOMBERHR L LT, ISHES
HNAEHN S,

2-2-1 BERE
IEHBEEEICHT 2EEDE X E L, & 2id,
Helfrich?9137039-T64>Short transverse J5 D IEFIE

R AIEEEINEELEIINR ) KE W, 2D L 57k
DG EENEE QR ERFCDOWT, Grohl) ik Al-
Zn-Mg3 44&% 480°C G304 AL, 90°C ¢ 120
HHERNDI LT EOLD L, BHUHEIDIZ 5%
WM T 2T o7, 3% NaCl s CIshBaEin
BREFTRV, FH0RICRTHEEYE, 0k 5hiEh—
EBEEINRAMH L D RD7Z(DRD z DEOE EEIEMET
EHL, ohBBRTHELEDLZEERH LA,
z2=K#*.0Co.c..i .. (1)
z=(GFEMDHHE) Co={] B &E L\ Rk
K=~ BT KET 5
ZITCKRE, EBREBRDLHICEDLTZ ENTED,
K#=Ke@/RT......... )
LieBRo TR ED X 3 AFERT, Al-Zn-Mgs 440K
HBEENEE GFOOME) 21k
2= KeCo@RD G A N5,
Gruhl & Al-Zn-Mgs OISHBEEEINEER 3 5 E
b= vE —~Q%, FEho ¥ & OREER LUV 5 %EMnT
HieonT, FhFh @=12.6kcal=0.55eV/mol, Q=
9.2kcal=0.40eV/mol %KD T\ %,
2:2-2 BEAFVEE
TVMI=Y L AEDBEOIIBARMNEATICHEEA 4

a)

RN
% \\ \
i L AN KT
= 700 595512 39.9 32.1 \250
S VAVANANAN
AN
10
10-* 2 5 100 2 5 10t 2 5 102
b)
40 AN \ \ \
I\ \\ \\
E 30 A AN
2 NCONINT NNN
. 700 603 500 3&638,2\ 250
S EENNANENINN
. ANNEN
11004 2 5 100 2 5 10t 2 5 102

4 v (R

2050 Al-Zn-Mg3 &&0ET BN EREG & 88 o B%
a) FEEELL b)) 5% FMEBIRE (Gruhl wwd %)



(W)

i

&

OoR #

(100) £ K &8 ¢ B ¥ & January 1970
Y RNELRETE A LIEELABEBNTED, KEE 20 r r r , , 1400
AOBEOLHBEE Y, KEURICHET 5 O OB ¢ gl;;nM:/f’g H;j;jcfﬂﬁ‘fﬁ 1093136 257°F ’fl
Th b EWbRTW5h, LabiE, YoRED Cl-& T ool < QAW I 24 1.
HEEEN A FELEZEDBPCONTE, BRFED S WL Vosskuhler
GBS T\ oD, Db LS, M e Al9% Mg £z
Tl 5> TEETAHZ LITTE AW, Sprowls ks LU Bro- 1200 —L%

w73 Al-Mg 35 JOF Al-Mg-Mn £ &0, &0 ﬂ
TekE R A HARCRT ORI i NaCl gggee ~ 1 1,
0.005% LI FCi&, Al-Mg-Mn Z04 & TEIEHEAEN w:
DOREREFIEE VI hoT 5B Z ENbinD, Romans EZ
35 Y ¢F Craig 13, Al-Zn-Mg 44 (497Zn, 2.8% Mg, 0.3 400 F q11
9% Mn, 0.29 Cr, 0.195 Ti, 0.4% Fe, 0.39% Si) oW,
AT D C v > 7S¢ NaCl g g 0.01, 0.1, 1.0 ol_® | 1 ] ] [ 0
35 O 2.0M G 100°C 3 L8 80°C CREA ATl T 0 2 4 : 8 10 12
P

TOPEET 100°C 204, 80°C ¢ 40 HTREEL, 3.5%
NaCl 04+ ABOKETHY, &< CEEMREIR
Dol B|ELTWD, Craig b OERIKIEEIRAN
KEWDOT, HEOEHEEEHNARNEOEESHTILE
LEMTHS 5,

2:2:3 pHOXE

PH OBECE L CLEE L OERMXLHH, WIho
SERER L pHBS B ED & 2 AT, 2&FEEsH LML,
EHBEENERERRST5H, ALMg RESZITONT,
sEoolSic Gilbert ¥ 1 0% Vosskuhler O DA R LI,
I DR LBFEREEGRRER 5T D, BA—KlwT5
SRR AR UL, WIhoO&RE TS pHS BET
i ISHBESNEERRED LT 5, Al-Zn-Mg RD4&
&IoWTIE, Gruhl ORISR % F23RIC RT3, Al-
Zn-Mg ZDAEITONT L AI-MgRDEE LIZIFR U

gaoK Al-Mg A&OGNERLANCE T3 3%NaCl KiE
WD pH D,
0.062"” &
wE R EBRA L %,

5235

L& QBB BT LRI TSI B L D

100

40 < x o8
o D x x ®
£ 35 \\( g
~ 13456 x X
2 30 ) 3
> N\
~ 25
= N
1 R pH7
2 920 N o pH8 1
wy N 0=pHI0)
215

10 10

# (MR

Al-Zn-Mg3 &¢ T6 # (00.,=40.0kg/mm?,

o =49.0kg/mm?,

8% =

20 oIEhBEREA

127 NaCl ZKIEHA) Wis 213§ pH {HO#

HBL T T IIII!I T 1 !]Illl] T I lllllll 1 1 llIH
”
» -
12 Cook i
@ X5456-H14(CR.40%) 1A 212" F Tl
10 75%il 1 2 WF I X 0 BT 10/50 ¥ 4 2 v LR
A Perryman, Haodden
Al-7% Mg &, THMALLTE, 109015 1% 257° F N
—~ 8 . &=
= S T 2aB, 1S & 0 TR 5 5 ) S ¥
‘ 2Tk ~
4 e atye
% bk 4= €
ot ® e -
=1 =
4 -1 20
2F 'y <0
4
4 4
0 ] Ll Lill i 1 Ll ] i llllll ﬁlll 0
.001 .005 .0t .05 1 .5 1. 5. 10

FEAR ISHEAMNERT N 2INU . Al-Mg &% Al-Mg-Mn

% " NaCl
BEROEIBAMAEM Tk X1ET NaCl O

-—100 —



Vol. 11 No. 1

7R =Y LAggOIETIEARIN

(101)

BARLTWD,

2:2-4 BREDR

Al-Zn-MgHa &l EOBE, BATREN LRSI
LTLEH &, fo& 2 EEZERTEHEN AW S &13F
IOEERND B M, Bk Romans ¥ L Uf Craig 4,5 &
KM E A CEA IS OIENHEESNER 2 RE
U8 RILART X D IR T\ 5%,

B8E Al-4%Zn-28%Mg &4:0IGIEREIN IR JIE T
o (Romans5 itk 3)

\mg%&; FHRE | 5 | BRI & T ORI
0 30 iz 5 ARDORERAIO0H IRE S b Rli¢3

0 I A ) 3 kBB 12 A AR

50 28 SR | S ARORBRA B ECH

85 30 2 | 3AROBRERFNL 3 B M ChkR

95 38 PR ARE 4 AROBEBAL 1 A M el

2:2:5 KKBETICBITBERN
IEHBEARNERRII—RE, ATHARBRERC X 51E
HEROSERNE N, 20k 5 AHEBER AR TCRT 3
BARET CTOMBEELAMEE LD, ZORILDOWTIH,
SHOBH NEROERIT X o THETT 5 X 0 7T,
Romans ¥ L 0t Craigs® 73 Al-Mg, Al-Cu, Al-Mg-Si,
Al-Zn-Mg O£45&DOWT, Aruba, Kure Beach,
Richmond @ &#IT, EWMERLVCY v I/ F AL -
T, ARKBATERET BIENEAENE, RRECKT 5
LOEERMEITNDA, Al-Mg 4&TIHEMEFR
DO HBEFE L AIEHEAENL, KAKBATID &k
FLU < B, Al-Mg-SiCit, AKP T CORMEIRT
A EEENZEX T, Al-Zn-Mg &4 (7039) T,
REEEBGOBERIENEEENOEITCEE T 5 2,
REQHRBRIIEFORE LD 4 FHDOEW T & D7,
RBPEOHFG T bR, BRENLISIEAZNER L
DL ol EEBDT WD, Al-Cu Ra&e (2024) 13,
T4 B Db ORGHEEENBENSKEFTRE L, #
DLOIKIT EA EMENEIB T EHEL TN,

2:3 EhwhR
IEHBEEEE, 0 & EABRBEOMREIDR L L TEDb
E, TVI=Y AAEOBATRENR—-EThHD DI
Keating OHBmMNRZOF LTI EHHTH B, Bk
Helfrich®» 1, Al-Zn-Mg &4 (703)ico\nT, BaK
JSEEY v & UIcE4s

r=roxXpi—(Q@—c¢V|RT)} - 1)
70eXD(—Q[RT) \ZEEEFIETI DHE D FICHE
o BAMIEHDARE S
VIRrEEALHE V= [30) =0

QI EBEARICH T ORERSDIEE{LT 2 V¥ — T
»5
R 0k, BRAOEXER L LT
SECEIE t=br=(b]r0)exp{(Q@—c V) |RT} - 2)
@ty c=—alogtdtbe--- (3)
a, b iIEHE

OREEMEH NS, /risHelfrichi M ERATICH DBEDIE
BEfb ™ F v — & LT 204 0.8kcal/mol, JEMALIFE28~
34cm3[mol #1BT\ 5,

3. IHBEIENAIEE

BlLERASRA IS, BHEEENEERPOIET L, B
B, MEOMRE L > THRETHLDOTHEND, O
EEL NS 3EROEIBEI X - TEDLND, T THED
7o D BIS B EEINSA LB R & Bbhvs EHEZ R
NBZEETH,

341 Pk Y 2Bk

BEBAMEL LT TR, 228N L5

(1) Fo#ifoHsE, BHEEEN L RATHS
L E 2 B TTEOWERM

(2) s SESH L CEHEAEINCEET S
RF & LT, BHoOBEERE, B AR
(& < CHBAALAENE B, BRBEED, MHh LB 4
(L ERED, BELKRESORELSOEED
A, L UEERHD

BT RG. Al-Mg RE&&0EE, BRIMIITISIE
BENEREEEMNT 5, Al-Zn-MgR& & 086 & i
REmERT S, BERCLBE-FNI—SENTOME
b, EHBAMNEEELETIES 2 0bTwa,

B LTRSS, FRAEBROOTAE LCEERT 5105
BERb B, OTHEOHEE—LT5H L, BILUERICT
B FHOBEOTEEE 2D X MOTHRELIEETS
NS Do

3-2 FEHbOEHORE

ST AEILE, RO S B W SR E RO
BEREH (PR GBIRD ST OKRFIL L - TEAE
NHMNDS, TEBHEYBEED SHEFRE I HEEAMLE
Ll oTL B, TOHEE

1. BEEBEIS % b o TW5B L 5 i crksims g
NS MEINH LB DT, HEY
ik, MR O X 5 RIS O I DD
MEE U, BN Gk~ X 5 i B ik
BIEHOERE BRI Y, &BHREBNLRF
DHEBE D TH B,

2. BWECH RIS - T 5D &5 AdhEic o
T, FERGOIEEERAMCS X 5 ng&ets
WL\, BRI FERAFOERISIIT LD
ERMINDENSTHSD, & DOFERT, FEBHEE
BTy 2y P =y FIIENRFETH D, T
b, Yay b ¥—=v 7LD EECERSH

Lz, MEHBEEENELSETHZLNTED, H24
Mk Hawkes®® s Al-695 Zn-2.4% Mg-0.749; Cu-0.10%
Cr-0.28% Mn & &0Misr (TOWMEE) DiSHEAEIN
HERIIFTY a2y P oy ZOMET, ISHEEEN
MY 2y P =y ZEEDBEEINTWE T 2

— 101 —



B ¥ ® January 1970

(102) Tt 'K g 2
47 —
:E\ 39 -
£
2
2 31k -
23
2400
WeWE T 5 £ TR ()
B Al-6%7Zn-2.4%Mg-74%Cu-0.1095Cr-0.2895Mn
H T6 WMDY 5 » b E—2 0 FORR
Do
3-3 F=mEmmE

IEHDBEEN O IEED—2E LTELBND b DICE
HUBIRE D Ho BIIRDY 2 v F ¥~ = 7 & FEAE
DO—Fb Lna, ZOEAITt LARBICKIT 5
NRELEZ DD, KETE D HIFHEMATIZS < &
T, WARELVEFRTH L WoERTH B, HaDE
WAL 2 B, 73 =Y » OBAIIE—IRCIEER
{EEBESRBEND & L3N, IR L B B 4L 3 A
IETIEARFIEC E O ED %1 & b 72 BT T2,
Brungs ¥ & 0f Gruhl® (3 Al-Zn-Mgs 4 4o\, &
W7V Ty Fr Z7UHEDOLEDE, EHIEN ODEXIC
P B A % U7z b D%, 295 NaCl+0.59% NasCrOy4 7k
i, pH 5.1 @7k 150/1 DA% CuSOs O TH
Mlizdb®, B IOHEEE 21076Q tcm™* OFEEKF
TISHEERBR LT, FRICRTHREE TN S,

40 C
RTY =
i
) R
o \
E 30 \\ M-o <
2 0-3\\ o\ ANg®
\ \
2 \\ R N
% 20 \ 8 >
\ w4
\ A"
\
\
\
10
] 10 100

¥ & (h)
825 Al-Zn-Mg3 &&0iGI AR NIl XiEd
GRRREE (200) &SRO

o B B AL TR D IS T I A IS IEZh B — SRR BTk
WHH, BRREC X o THEEAET X - TS EEEN
T 2BEERECTTHIZE TR, IHEELD
5 DEREEEL OB T, §F9FET075-T6 $ DIt

B9 T075-TOH DI ERHINIC S JiE T RARIMOHTE
o1 =T8% X 4., <1 6x15x20in> A MESE R L D
I b Hi9, (Short transverse J5[a)

ML ¥

CrO, bt i It gZinc Chro

g Yk #H A (A
L33 | mmeeem, e |3.5%NaCliwi | Tl
MIEO% ¥ oL 1.5,5,17,28 20,37,120,161
2230 Steel Shot oL OK365,0K730  OK3111

425 Steel Shot oL OK570

5,9,11,108, 0K182

1549,1825, 2586
1493

Alum Paint[168,270,109§
AL
495 Steel Grit CrO; + 3 Alum Paint|1395,1825 OKs471,
s OK3471
495 Steel Grit [7072Metal Spray 25-75; |182,1460 1695  |268, 03471

DEEENC K 5 REABER R O—B % R L7228, 7
v b R AR EE U 7c A N VBRI Ch B Z &
M b,

L EC kA2 S AEINEG IR, B TOMELD
MEHLECLHEOF R LY ENTNDDT, FHLE
PREINI DIERANE, hDbHFEORBIR LY,
IDROUCHERTED X H IEMELRH L HDONRFHT
b5,

4 H & B ZF

T3 =Y L EEOISHBEEINICOWTE & e,
BTE, RS & UCALZn-MgR 024 &304 & T°
TWBEM, ZORAETTNVI=y 2848 hCIEELEH
BEINBEZEHEDOLWEE&TH B, LML EDEIEAE
NOZEFNCRALCIE, 2 VHEEAEELE5 25 2 &1 T
ELLHIhoTETWD, ZORDEEITEREIE
HREHR LD bAKHFTCOFEBOES, LHELWED
BRENEZET & SWbTWbH2, 0k 5 n5RER
T2 AR, FEERDRL, SBIDESh
KW 7 — 2 &, RREN 7~ 2 & OMEN T E%ET S
LT, IEHEAEENOBEE-Z D b DT A A L
BNBEXRETHH S,

X

IETI B A BT A RS E LT,

- Ulick, R. Evans : The Corrosion and Oxidation of Metals,
London Edward Arnold Ltd. (1960)

« R. N. Parkins : “Stress-Corrosion Cracking”, Metallurgical
Reviews. 9(1964)

+ V.V. Romanov : “Stress Corrosion Cracking of Metals”,

National Science Foundation, Washington D. C. Israel

Program for Scientific Translations, Jerusalem(1961)

« T.N. Rhodin : Physical Metallurgy of Stress Corrosion

— 102 —



Vol. 11 No. 1

7R o U LAEGDIGHE AN

(103)

Fracture, Interscience Publishers, New York(1959)
- W.0. Robertson : Stress Corrosion Cracking and Embritile-
ment, John Wiley & Sons Inc., New York (1956)
. Stress Corrosion Testing ; A symposium presented at the
Sixtyninth Anual Meeting, ASTM-1966
- H.J. Engell, M.O. Speidel : “Ursachen und Mechanismen
der SpannungsriBkorrosion”, Werkstoffe und Korrosion, 23
(1969), 281
1) D. R. Swan : Corrosion, 19(1951), 102t
2) E. Dix, Jr : Trans. AIME, 137 (1940), 11
3) D.O. Sprowls, R.H. Brown : Stress Corrosion Mechanisms
For Aluminium Alloys (1967), 30
4) W.W. Binger, E.-H. Hollingsworth and D.O. Sprowls :
ASM “Aluminum” (Kent R. Van Horn ed), Vol 1(1967),
209
5) E.H. Dix, Jr, W. A. Anderson, M.B. Shomaker : ALCOA
Research Labo. Technical Paper, No.14 (1958)
6) B BIHE, I | 4R, 14(1964),13
7) HFHAER, FRIBEEKE ¢ ARRE, 10(1969), 58
8) R.B. Mears, R.H. Brown and E.H. Dix, Jr:
“Symposium on Stress Corrosion Cracking of Metals,”
1944. ASTM and AIME 239
9) B, WHE, FH- BERFEE6E IR
10) E.H. Dix, Jr, W.A. Anderson, M.B. Shumaker : ALCOA
Research Labo. Technical Paper, No.14(1958)
11) J. G. Hines : Physical Metallurgy of Stress Corrosion
Fracture, ed by T.N. Rhodin (1959),116
12) D.O. Sprowls, R.H. Brown : Stress Corrosion Mechanisms
For Aluminum Alloys (1967), 12
13) P. Brenner, W. Roth : J. Inst. Metals, 74(1948), 157
14) E.C. W. Perryman, S.E. Hadden : J. Inst. Metals, 77
(1950), 207
15) G. Bassi, J.J. Theler : Z. Metallk., 60(1969), 179
16) K.G. Kent : J. Inst. Metals, 97(1969),127

17) E.H. Dix, Jr : Trans. ASM, 42(1950), 1057

18) D.O. Sprowls, R.H. Brown : Stress Corrosion Mechanisms
For Aluminum Alloys (1967), 25

19) H.C. Rutemiller, D.O. Sprowls :
(1963), 63

20) W. Gruhl, H. Cordier :

21) HARE A - 38-18206

22) IB¥aE, B | EBHRGEER THE (1969)

23) R. Chadwick, N.B. Muit, H.B. Grainger : J. Inst. Metals,
85(1956-567), 161

24) FEBEHE L BAGRERBE0MARERE

25) E.A.G. Liddiard, W.A. Bell: J. Inst. Metals, 82(1953-54),
426

26) P. Brenner : Z. Metallk., 44(1953), 85

27) D.O. Sprowls, R.H. Brown : ALCOA Research Labo.
Technical Paper, No.17(1962)

28) mBE, SRR, BHEREE L E3EIRGmE R TIE

29) W. Gruhl, M. Schippers : Z. Metallk., 58(1967), 679

30) J. Helfrich : Stress Corrosion Testing, ASTM STP 425,
ASTM (1967), 21

31) W. Gruhl : Z. Metallk., 53(1962), 670

32) D.O. Sprowls, R.H. Brown : Stress Corrosion Mechanisms
For Aluminum Alloys (1967),19

33) H.B. Romans, H.L. Craig, Jr : Stress Corrosion Testing,
ASTM STP425, ASTM(1967), 363

34) P.T. Gilbert, S.E. Hadden : J. Inst. Metals, 77(1950), 257

35) H. Vosskuhler : Arch Metallkde, 3(1949), 28

36) W. Gruhl : Metall, 17(1963), 197

37) #H-HED, JUREER  ERSEpERL, 3(1939)

38) H. B. Romans, H.L. Craig, Jr : Metal Corrosion in the
Atmosphere, ASTM STP435, ASTM(1967),61

39) G.A. Hawkes : Br. Corrosion J., 3(1968)258

40) D. Brungs, W. Gruhl : Werkstoffe und Korrosion, 20
(1969), 316

Material Protection, 2

Aluminium, 44(1968), 403

— 103 —



Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No. R=126)

WE s OB EE N

= B = B

ERESRE T EkX S E W7



wmaEsEohhEaE# N

1. #&

AT HICHBEEINOERIIBZLL D44
R HIENEAENOHR LY L HELALEH ST
RHEETHY, L REROGHBEEEINEARY O BRI
f (Seasoning) Wt TEZ AEN LETWB L HILH
bivfeZ &b, el (Season Cracking) & piX
ne, FMiLoMEE LTS, FALEALOMBELLTY
ELEERINTE 2,

JEHBAENC BT B RE ORI Au-Cu &4 (Au-
3394Cu-1295Ag) OMEALEG HRP I 5 Bk
FTHLOD EIXNTWBR, TEMEELTOERTEA
EAUT B % BAID R 301k 1906 481 Diegel® 7n B NiT
Sperry? I L 5 THEI NI LD EH BN TS, Diegel
IIIESAODE, B, Tv A EARMAREL CElhi 4
FTAHES A ENEE (Nachtrigliches Reissen) &\Zﬁb
T, FOBRBERITH7 =7 OEREONTSN, X
I IRIRBES A HERE L Q%o Sperry® 1Bk L UT Al
EIROEE O season cracking T OWTHEL TWBM,
FRBNREHEE ENTE D & 75 i XD/,
Brass World 51910817 v =7 L5 HFAED
season cracking WS4 2 ABEEINTEY, T
FEARRE DWW T OBILARENTWABD, Sven Rask®
I g, 1917T4EDEIC B W TREINFHEEDIENE
AU AR TS CR0E L B 2 L 2REN TN
%o LrL, FORFIEHEAENHEORECHT S
LD LY b, LEMRBENDNTE X A2BEEIOER
RFDOME L UTOBMICEET 5 L DAER LY DT 5,
19184E1z1k ASTM Iz & b season cracking (R4 %
yHREY Y RO PREBEINTE Y, FERHLED DR
NTWD, Lk, 4B FTHRAGDEHBEEE DN
Tl FORGRT BISHAREBIC e 5 C, SR 2
Whge & & B TS AP b ¥ 14RO TEH L fTnbh
CTXjr, FOMOBEEILY »HEY Y 1 DERED U< O
DEIN I IBFRR OO F IO —E RS D Al k5
THIRNBES MDD LN TE D,

FBIIAEEOENTBAENOEHBT OWTHEHRL LS
ETBLDTHBN, FOEFERChI - TEHT HZ &
FESNABRBETIITRRETH B, LichisT, RETH
MEEDIENTEEENORROR#E L RLTWE Z &
M EEBENHET S EEHRFEABILTE D BIFS 2
EIC LTz,

* EAGREFEEE 10 (1969), 729 ik
PR T

il

= B B B

2. &RFHNRF

21 2TRE2ORS LENERME
MELDIEHBEENCET S 7 -~ 2ORFET7 v 2=
TrBEE LT AEECK TS Cu-Zn 2R ETALD
Th b, CuZn 44D Zn HHELIEHEAZINETHE
ORI DNTIE S  OMEND B, REHRF 1% &
DHFCHE IR —REERT %, F1IHERTLIET ~ £
FENENFRA O, ISHE R SO BATRER
EMREIR 50T, BEEEE2E— Zn BEOE&& 0B N
THEAMERL > TWBZ ISR TH B2, Zn &HE
DIERCONTENNRE T T I AL CEER
I LTwB, LArL, Zn 4FEN—EHEHOLZA
TENBZMED &~ 7 B3EET 50T DTS T L
L—E L Tz,

10,000 \
5,000

¥, Edmund
2,000

1,000 \
TR
\| N

NN
A8, KHE, SHE 8
A\

(min)

N
<Q
f=)

|

¥

\
ik, B X
20 \

W I B
8

oy
o

Zn (%)

Cu-Zn2 a7 v e 7HE&KIB I 5 Zn &%
BEGHBEYNEZEOBE (Edmund™, I -
SR - B, i - B

Cu-Zn &&LHAD 2 AL DEHBEREINEK Z ek
T %7~ ZEESMT e\, Thompson' (EH s 5>
DOETE 2 TTREE0 7 v == 7 FRKK 1T A IS &%
NERZEBL, IEHEAENS Cu-Zn Réd, DFD
W, CREINDLOTIRARL, FRLEADHFREEI L

F1X

— 104 —



BEALALY

Vol. 11 No. 1 HESO N EA&HE N (105)
InZhaE (w%)
i i
3 , 0 10 2 30
i '/' 1 M i N
20,000 | / : 4
10,000 A '
) ~ - 1 ~
= E \‘Q ./ "O“(C:"%" 1.6 | .
£ N e Culhs : > 2
- - ; TaSude 14 1 118
z 20001 Y : B Cu-Al '
£ 1,000 \ hd ! Teem :
R R ! 12 ' g
L r », / | s P |
= o \\? ,é/ :.—.’*.‘LV‘]::J:\L
200] o Q 8 [ et B
'I i 3 }\ :
00 0.02 0.1 0.2 2 10 20 100 o 08f HIFHA
HETEREER (Ww%)
B2R AHO2EAGORSE 7 v € = 7 BRKICET B oer .
NEEHNEZ OB, 10000psi (Thompson'®) > 5
o4f &
ETHLEDTHDHZ L BRI, 7~ 2%E2REKRT,
. . 02}
MEANIIEHBAEENEE L RN EINTWBE L0 1bH —
9, B WMEOTE, 722 21E P, As, Shi x4t 0 , |, Cu-Alad .
PNTNSETTEEEINEZEAE L Cn5 2 E N ER X 2 4 6 8

N5, £z P, As, Al, Si #7213 Ni %480 454&DETN
BRENEZENEETROBEDEHEED & ZAHII N
T~ 7% RLTWDZ ENREERH DL, 7277, ZDF
— 230 Y BRI Y T B2 A O A& OISR A EILR
ZWEREBCEREINTWD L HREEDN, —REEE
BRENTWDLZALFETAHLITLHLDT, 4L
LEMTHNCERINDINELOTH D LI BEbNE W, b
Z, Cu-Zn 4&LADAERD7 v 2==7 BEKKR
BIETEEENERZEE XM L7~ £ &1L ¢, Thomp-
son HO#ERAEHUEED 505, Cu-Al &4
18,19 Cu-Si #4420, Cu-NiEs42), Cu-Sn 2o s
W ECBET 2 WL D OWgEa T D 2 ERTE B,
Thompson OFER L BRI EL S & ZAREHEBTN,
AN AGEDOMS L IEHHEAENEREECET5 -
DX IEBEOHERABEL L5 T 5RAIMROZ &
b4 HECHEADEANLLARbNTE N, HEEE
TiE& < DIREGEDIENERENERZHANBET L Z LT
BT LS LCOnin, Swann®® (3hiEin g &3
DIz DEE&ERAO RS BERERERE Z0KF RIGOIRERC
K, TNEXETAHEBRAB= ANV ~DARZELEE
5 OBER B IEHEAEINRBREMEC OWTHRIAY 5 2 70,
T, Cu-Zn, Cu-Al 12 T&E&xPic &I, B
BREGT 2 Vv¥ -3 JEIEOLITHY, EbEH
BRI FZ VX -~ RNEeTREEFEORERC - TETY
Bo FNONT, MRMEFIN tangle R ENLD LD
planar 7iREE~EBATL, WAOEBERAISET X
DISHERRES LoD, EBEBETORNRED
BRI L o CHEESANRELCENRT B ET5L0TH
BHo ZOWETEERS EBENBDISHEEENEEED
BIRIC DTS 2 b D & LTE XN TN B,

AlLEHER (M%)

£3 Cu-Zn, Cu-Al HE&DOKT, BERE= 2V E~(7)
RS s & TG B AEN R OB LR (Swann®)

BHCBNT, EHEEENIEAECHATHEEDE
BEFIC L > THLRENLREEYZT 52 LEHRDZ &
Thh, ZOBEHDEERSTHED HARKEOE(L LIS
HNBEENORBFRIEE I, ME2NL SN TADH
TULMBEREREBLIRBEEST W W, 72 & 2 1E
Graf?® pE&ERARKF TS Cu-Al 2TT&&R ED
BEZEE LIS BAENKRZEOBRERD, 2&MoL
IEBEAENREZEOBERE —BEL, (LN ELRITTE
HEETHRLELTELEETEWTEHERENNRET S
E Lt LT, 7va=7FHSKBTAEFADIETIE
AEE Can7 vy e=7 LHISLTHEA 4 v EHELT
RECBRTHZ &b, 2T, ZOHARLANS G
DTEHENEFRL T D, KEDHML Cu-Al £&0D15
HBEENEEMES Al & 5 wt £ T Al 8K
NWTHL, Bt AlEOBKRLE EHIEYT 52 LiDn
T, TOEREH#EO—L LT, Cu-Zn 64&DBALA
b, Cu-Al SREBWTIET / — Figkid 5 KISER,
WEOBHNFISHEEL THE Z Ehbased Al &4
BEIEHBEAENEZEOBRERAL NS,

2-2 SEMEETEFEITEOER

Cu-Zn 4&07 v 2=7 FHKLHT HIEHEEEN
BEHC RS I TRMTEE 3B 3 NROZECHET 5
WL ETAMPOEROBE 125 15D b vz, Bas
sett?”, Crampton?®, Jevons?® B3kl & LT—H%D
IR AL TW5 Pb, Sn, Fe 7 X OEENEH A
ENEFZEC K JIELCWAEREOWTREL, ohbd
DOFRENRNTNUIEEAEFE LN &R LIz, Wil-
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soni® Bk a 3 (Cu-309% Zn &4 OENBEEENRE
S R X1 36 DORMITEDERT DWW TR &M A,
FPIENEAENEEZWELY SV CTH > THREIE D 2H
BeMER & OTCEL LT, As, Ba, Ca, Ce, Mg, P, Si
B LU NaD 8BOTHELBAN ., XDICHMCHEL,
TSI OTFMANE S EAEINEZEDET BN TH
B L HHER Uz, SI OBBRCHET 2ARTRERIZED
4%, Steinle’d, Thompson®, kf E3 51T X » CHEEZ N
fro LISL, ZNBOF — 25 —FE LU TRRTIVER 4 &
DL HThoT, Si OMBITERCEDLNDEN, €D
WEA—ERED SI ORMABEMRM A LR S EET
BZINELT LS —B LT WL, Z0OC &k S1 #&TrE
& DI B A B M O FE R 7 REM SR D 4 T L
STEMR O BT HHEDOLDTHHZ LEFRTHDT
BB, ORI OWT Romanovdh (37 v &= 7 FHEK
IR\ THLT U 7o IS A B R & RINTTR DR O
BEAMED TR T L WEERE 5 2 L aifll
HLTWhH,

4,000 /J/\"‘—
3,000 / Steinle
2,000 4
/ //
/ //V\’ilson et al
T 1,000 /
eV //
= 700
i /
z 500 /
400 //
L O ¥ |~ A7)
300 B . .
(VP /"Thompson
200 //
100‘—/
0 02 04 06 08 10 12 14 16 18
Si (%)

4 o WD B AR EC S X3 S RIno#
# (Wilson et al®*®), Steinle®, Thompson®®, & -
- FH - FEE)

1951k Cu-Zn-Al 350 e BN ASHO AL D
HEEENEEECOWTHRE L (B5H@), —oeée
ZOHEEENEZMET Al 2B EORRBEEI DN
CTHEAYE (Al OME: 6) OFEZHEALTRDER
BIHERE®D K LT, B0 ERT I L {BER
SELNBIZEHER LI, Z0 BIO Al (22 HiEE64&0
EEBAMT A VY -~ 2ETIEERETHHZ LEE IR
CRLELDTHD, oz b Cu-Zn-Al &k
A EROBESIIEBE AT 2 VX — SHEAEIN OB

FBEFARTLHEOTR WA EES,

%6 MiiA 3 TREEOEHEABNBEZEC s JIEd
RINTEEDIER A BET LI CTh 5o Bl Sk ED
s BT B 7D I TR EED B D T R A & 5T
Wa (i), £3TREEKCEWTH @ FHD Cu-Zn 2
FALTRT D & R Si OIRMANEEABINERZNE
BETXEDLDTHD I ERHBMCR 5 TNBND,
a+ B L O BEADIEHEASINEZMEC B JITTHR
ITEEOMEIB LTI, MO HEERR O TR B
LT, SBEMTOWTIE LIBULPOD OmFERE 5, &
nicks&, Sn OHRMAIEHEAENRZEZET S
B &L ELTHMED BFANTH LT AIREES R L EIN
RFNEINT WD, AR Y Z 3D THIEFBEDIET
Basncr+ sMEBOMHO OEESEHEBL, at
B LU BEFDBEM O 7 v €= 7 EHEKICK T BIEH
EEENRET ) JIETHRMTEDO IR DWW THRE % In
Zire LT, #EE LT Sid LU Mn OERIMAETIIE
HENEEME AN D LEHIE S 52 ERHALMTL
72 (BTRD, Zhieo%, FEMDikak JIEBMMCSK
ARG X~ A /7 F7 AV ~THREL
FofE R L O ORECE T 2 BREER A DU ENLD
B ¥, Sion SIS HEEEN, BHHOMERE
KEEELD DI EBFRICES L THDD TR &
22 TW5h, EBHEAOEHEEENEZEC K JIFTHR
MFEEOERICE L itz Ti 108 Zrw, Nix Lot
Cot" 75 ¥ OERIMIT X % BN FE4 55 (E R A K A THED
HENT D,

a7 NviE=y AEROKER TR AIEEAEINE
HBIC BT DRMTECERICOWTIL 3-4 THIL D,

2-3 EfEMToR

RO S B EEIVE I TBESIC X - Thin b B
AR RS Z EREBNT WS, Edmund!®, {EEOIT e
O %, K BB EREH % FhFh 2000~
800°C DRAMIREECHESL L, BEMIC AL 5 IS A EINES
VEDZEL A T~ oo SRS 8 BICRT X 51 B 4 5 &
300°C #7211 350°C CH & IS B AV AT B P A0K
X<l oTnh, FLT 400°C FimltFnbl Lo ET
DM RORET L ThE O N TET B iR O RE,
A X - CREEEMOEKE L BN TS, ERZ O
BEEATRC L 3 ESERDER T HRBE AL TN
BHEEhD, ENOEBEEIBERL TS L0 EHEL
fro F_EBITEINOHEITIC X - CAETHESEIEOEL
B0 REiRCES, HEMEELT O B ko CE
NEEERENERLLL, 0 X8~ 7 H P T
HEDEWELT WD, 72121, Aebi™ X7 v AT
LD Uitk o BB A B WTREBR L&, 300°C
X4h BESH O FATH &L 0 SRS E D o7 &
HELTHED, ER3FALIEAE ST,

fEd O KR E X LIEHRABIN RO BRI o D
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IETTEEHNREZEE DB (LI - BFHe)
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/ C;
/ O
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2 eoo}
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2% 00
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g6 iz

U AHEHFHOIGTBERAHNBZ I T TR

Inysk O ek

La+BEHFD T
E—RAFEI TR TEINFELESCT D Z & %
Robertsont®
&% EHEFT & D BROMKRE ER L, LT,

/)Tb\%)o

DNTRDBNTE Y, RO
BSHEAEIN & iRA O HERS
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ERMT SR AEINRZYC 5 2 5 P8R T O
HEIC L > TEXETDH I LRESHCEREND AT
HO, MMIKRETESL 2 & L 3EBbN g, I X
B A TR U CR— ARSI &5 2 fo B i — Rt
WA E C 72 1D, LL, BEOMITIIAS—nEY
S E SIS DD MIR L Dz o THhEELC
G T BERREDH L BIBHEINTND,

2-4 BREhEHAE A

SALEDOIEHBELNOBBIINA TS 286, BAT
B BB EIITER EEANEL o ThBBE0E 5,
NOBBITEEDWANT L > TEEAXRT DEND TS,
PENEEAREOELLAE FET D, &I
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Edmund
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FHIE o HEOHMROKE & LIENBERBMWIHHE OBR

(Edmund'®, Robertson et al.®)

BHELEELYE2 5 BN T W5,

Nutting!™ 1S B &SN 1T 588 & LT ORER
R U IR AN ST D, 20 EbE
RENRET 5 B ExR LIz, LT, BWEINSAET
LB RM T A v — K TIRDLTTELEHEFL
TWD 2 EPURBERRETED L EHERELI, 2D
1%, Cu-P £4% Cu-As A& LD L 5 CEETLEDHR
DR TS - THBAMT 2 VX ~ BHIERCIZIEE LN
EBBNDEEDIEHBEEZNDT X CTRAEN TS 50
DEXNLT, Cu-ZndHE W2 Cu-Al 4400 L S E
DEETEROTBINC X - CTAMICEB AT v ¥ — MK
TLTWAEERE N TCIHRASIN AL & L
L —FT 5,

Mattson'® 3R 7 » & = 7 FEKIC KT 5 Cu-37.2%
In4&OEHEELNEOWTHZE L, Zho@mgkss pH
BT L o> TRIEN (pH : 3.9~5.7 s L1 7.8~11.2) «©
Roto DRISREN (pH : 6.3~7.7) b Z L&KL, &
Sl REin s efE (tarnish layer) %4509 %44
FTCETAZEER LI, ZOREIIMBOFIEE DK
Lo THHEREIN TN 5D,

IEHIBEENOBBEPNEEER A ML D s X - Th
REN SRNENCE (LT 5 Z Lk Robertson' iz
FoTHEBENTED, CuZn £&TRIT DAL
SERENAOBTHBEEREOR K ONT, Zn 4
BENELD PRWESACETT 52 LM INT
Whe ZOMBITWMHEIETLC AL D RPN I 1) B IRAL O HERY
X DA T WD,

25 s 2l

IO 7 v &= 7 BEK R BIEHEEEIN DWW,
5 BRISITE & EhiT X B R OB R A M Ui 7 — &
WEDDTHN, LML, BEFEIZISIED IR L »T
RED L OTI BB OWEELE 2 DREREHIC & -
THREBCEHHTHOT, LD F — 2OBNEHTLD &
15 E D EBRDNIR

OIS HBAZENRE RIS 55 BRI O /ERERT
DNTOFBEHIIAHGORECET HEH E L THES AT
TN TETWAN, T NNEOHELERTHE & T
CORIBIT—FL Tnb, F LSS Bilad o Bk
iR R TS EERR A TV, g
HEWIBEIOL HSCTROBFORERVETLD - 2%
BRL, FOIHERERYERL 0, Forty™ 1kafsH
DOEHBEEENOBBE I WT, EOBORE L THLBE
DI L » TET HEEE ORI DR LS A
NOETEERTH D Z E xR LT, BHE 2 ika HEICOWN
TE7 v =7 HEEPADOBE L ER AR L& i
SNHHEOEINERT DO TH D, BEDLLEROLE
Uik ARG HBRENDOESSTHLLZ BB DH L
LHiL, FOMEIRBEBEOWEIC L > CEELXZIT5
ZEERLUI,
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3. {LEMEF

FESTIEHEEENAEE LD DBEARE LT v =
=TRERLLMBIT WS, 7y =7 HADEARD
ERET IR RN TR T, BV E WS ANSE S
BENTWD X5 Bbb, HEEDISHEAEIN &%
BRBERICH B & A BINDB WL D DBEE D THEE
LTHaLEH,

%
3

FE1

®OE L H o os0
BE2 7 o= 7ERP ORI ST O#E Uik
b Ui dRYL, 70-80 B, EHER : 2h, I
JIRINE: © 320kg /cm?(Forty et al®)

31 77

MESOEHBRE L LTCO7 vy E==7 OERIIEAD
AP BH U BN TETND, FTFBOCEEI TR
BIRWE LIIEHBER & UTOERMNT v 2= 7 BIR©
D 55bD Tk, KEBHE (BR) E£lthieis
BALBIOTFEETE R WTIR LD TEST B Z & Tl B9850
ZOHAEMIMLC Thompson®™ (I$HE&DIETEEE
NWIRET DD OMEHR (Po) LART %% T R
P L OB RASESHIC AR TRL TV,

Pc=Pnu,  Pair + Pstress < Pattoy

7, A7 v e=7 A4 Cu (NHz)u2* Q&L A NI
FELLTHDHEDOEHBEM0, mDA+  ikHE 7~
BT LBBENTEE L E XTRBCETALDTH B,
B, BHEOEERNLOEEDbNS,

Mattsson'®.60 (3 pH DB/ B 7 ~ & = 7 IBIE R
KR WTSHIBEFENERYEBL, F0RERT L5
BETRRNEAR O PHIC L - CE LS EEIN S 2 L 2R
Lize &HiC, pH HENOBRICLEEL 5252 L%
BEIDLHIERLI, £LT, ZO#KE% pH-BEAXN
B LOBRBRA OFEIRL E HEEL, BLENRET 2
PH EN7.1~73CTh B Z &1k, BALEBEREE I3
W &, BRI R HEREICORE (HEORM) ~d
BRENRKTLD &, LU, BBREISERDITLRE
Ui \We DI FOSHEMEE LinwZ &, mER X 5T
BE#E I, TOWEILT v E=TIC L HEESDIEHIE
BHEEOAFNATEA 27 ) X RAL, RIR SR & s
DEEWEAR LD L LTE LI TWE, ZLT,
INEERE LT, REEBEE EEBCER Lo
MELIFTIbND L H - T &,

EHEEEL LTO7 vy ==7 OEREOE, WELD
BEFRIZ6D LKL R A RIS D U TIRES S0 23 6
NTWBD, EREEC OWTIEFNT S kT8 1ihn
STWinWg D ER BN,

32 & K

@ A I LD e {1 D 7 A RA ST CHEAXN
BT EMEDLDTHNC LB, dnk g U-e,
BRIDEERID o 1o BA TR G LA EWEIN T WA
Wo XoT, BREEDOEELEKFLR A~ Ca a4

#l
T
’di :
HiNER WitRIR Hgiin X100
2 3 ; 3 % 7 H ; % i
pH
BEEH3 MBSy €= 7ERD pH & o BROKIEA

HN DM (Mattssonsh)
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ISR BAREN S (MattssonsD)

10X

EEHEEEN A EUANEDEAR LTI WL SEHEZ
Bhb. @ FHSRA &I EK & BT ARETEHNE 4 Uit
DL U BR L CTWTH L Y & s8R L O
KB ERBEREIGEE EBRETH D BER EBLY
B, HEOHFEER4ERT, INHOHICEWT,
BIEBSHMEA LT Wi WE Z AR WT SRR &N
HBisd I EREBLTWD,

B D IEHBEENOFEFOFRIIE, a EROEHE &
FERY, BEREKYEERETORETELLLON
i L TN b e Al B G T I ESRO AR &
FIRIEHEAENOHERNS N, Bailey™ i LiuEz o
LI RENREETHD, PETHe LA
WA UL, Stiey MiEETASTIIEDLDTELRT W
LB, EINFEEMRIIB T KT ARANDREDIE
SR L ur Y Ay ORFEC L HRET FVF — D&
TR LBEZABRKENENDNTNSD,

3.3 % K

HOT, BEIFEEDKRKIIAEEDIENERE & Hin X
NTWEhotc, L, BEOPKEAHNKCERL T
WABKZHERD T v I =7 A EIECEINEET Db DN
Wi W EDibhnY, BESmA b, OB,
TEACIIBAREYHEC L 50 L HEINT W, Ln
LTSN b NEOBEDFINN D KA mERCER L

(o) Wi 030 Yy il Ak

TWABIMGHEIZED 7 v I = v L EEEREVEINC X 5 F A
BUBIERE L, BN A 4 v 2E& B HKIC X B
BAENTH S Z EFERIC L VIR LA, B, Wk
X BAREHEEENE S L T LERAE RO N ERR
I, BEO7YyE=THRIHLDTHS LTHHED
B B BMERMENT WD T TRV, ZOBOENOEE
OEBITBEE S ™ICRT X5, EhsflariiEsicl T
WhHZ &, ILAMCRREENRLDNDZ L ETH S,
i, ENARTVI =y AEIAEYRKPTEAVTNS
ZERE VO BREEBWNTEHLELTWAHDI, 7FI7
NF 4 WIS B WD & E NS WEOKEEEII B\ LT
LOABEINTWEWE S THE I &b, TVI=Y L
W B B ILA & F O EHOBSAB A X B IS 8RR
HNOREECERELFRELXRL D00 L H5KELD
NTL B, LiehoT, MK X AIEHEEENL, EE
BOREABEELTWE T v =7 BRSO & 1LEE
DENTH T, LENBEELTWDHENTED LHnT
RETHDH L HICBEDLND, UiehioT, WKDISTHEA
HNOBEAN & UL COKE LORBHPAEE&0OEN BRI
DT, HLEFHd oM TED GEREN DL
ERBHBHLODLHLELBND, i, TOBDIENIE
AENERIADORKEYIN L 5 DEEROA e 2% D
£ (& 40 ppm) KPS B 120 CREECHEIEL 5
BHDTHD T ENBTDN o7,
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Klement™ Bt a 73 =9 L FHHFRIGKESERIZE N
TESICHACTEREN A ET AHEEEN Uiz, FL
T, MIMTEDEHE LT, EEETE Al Ko THER
CARHTL D BR2FIRFERELBML D KT, F0 5 2 KES
R LUT-AL X Y ERERICHE, Tindbb Sn, Ag, SN
BEENOBIECERTH S & Uis, ks, ZOBKICH
T AHMMILEOER & LT, Fhbifiic Davis™ix Cd @
BIMDEINEIECE R TH B &L LTWBH, KERRICKT
% 4 & OIS A O B3 U ST O InEvE ¥ X OV
A7 DIRIINEGR I E D7 v 3 =9 AHERE™, Cu-109%
Ni-194 Fe 4&%& (BHE6), &bhUW Cu-309% Ni-
0.5% Fe &80T H B ENTE D, SHHOFIET
THRBABIRENTHL A2 ERHA LTS, Kb
B 5EEAEEOBAOTHBRIC LE, ZhBbHER
FICR U BISHTBEENSEFARL BN T VB EERITTN
TRSH % B U7 WIREBE I o W ORI IR AR IS A ke 2 0
BEEBHBITWASN~D, ZDo b KERPEE
5 G AR R B & 3B RIS O MR & B T3
U EINA D ELRM L5, FLT, LW
R ki, 7ve=7RRRKBT AT EARN RS
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KEEE IR\ Th$ 2 B FEIR R IS A % 21 5
EEAET B0, BREIEAEENEE LT L
ThhHo

35 X &

D EITBRBN KK TET B Z Lid% < OFpF)
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o, Q0 LitASOEERBEOWEOREL L5
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BHo TO—PIE FIBENCRT . EIAFHRT O 5 BB
BB U e BB D Bt U 5B 2 LR B A\ e
W, REDFBYIENEZINE D ol lcdTHA S &8
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05vol% D L ELDRETHZ EHELNT LTS &
BT B ROEERIIRAETH 5,
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IE TIRENT E 7 BEEOMIT L RE SIS A
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FDHL, BRERLEWT L HENNE TSN TS,
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i, 1075~10-1 N &3\~T B 3§, 1078~10"5 N |
W Ta+BEFANREMN Y £ 1525, aBtHOERIENE
EURNWEINTWS,

Bobylev') [JEHIRIAE I DONT HE 4 DEEHHT
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