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Study of Structural Alloys belonging to the Al-Zn-Mg System

by Yoshihiko Sugiyama and Yoshio Baba

Experiments were carried out to study the weld crack sensitivity, strength and
resistance to stress corrosion cracking of Al-Zn-Mg system containing 4~89 Zn, 0.6~3.09%;
Mg and a small amount of Cr or Zr when welded with three kinds of filler metals (Al-
59%7Zn-29%Mg-29,5i~-0.19,T1i, 5056 and parent metal filler).

The findings are as follows:

(1) Among the three, the welds made with 5056 filler alloy show the minimum crack
sensitivity. Regardless of the filler metals, the weld cracks increase in inverse proportion
to the decrease of Mg content in the parent metals, but are not influenced by Zn content
in the above mentioned range. Welds of Al-Zn-Mg alloy in the range of higher content of
Zn and Mg are apt to crack by a bending test.

(2) All of the weldments can make almost the maximum recovery of strength in 90 days
of the natural aging after welding. The recovery of strength of the weldments made with
the filler metal of Al-Zn-Mg-Si-Ti alloy is, it is true, generally inferior but that of those
made with the parent metal filler is most excellent of the three filler metals, except the
parent metals containing 0.69sMg. The maximum recovery of the tensile strength of welds
to the parent metals is 85% for Al-4.5~6%Zn~1.29% Mg base alloy and 809 for Al-4.5~6%
Zn-1.89,Mg base alloy, and then the tensile strength of the welds is 35~40 kg/mm?2.

(3) The resistance to stress corrosion cracking of the welds in the alloy containing both
0.1794 Cr and 0.109 Zr is rather superior to that of 0.29; Cr alone. There is no fear to
see any stress corrosion cracking occur in the alloy containing 4~4.5% Zn and 0.6~1.29;Mg,
but otherwise in Al-5~69%7Zn-1.2~1.89;Mg alloy even thouth containing both Cr and Zr,
if under a severe condition. It seems that the resistance to the stress corrosion cracking
of the welds is inferior to that of the parent metals. Therefore, more thorough investi-
gation is greatly required.
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Table 1 Chemical composition of test specimens.

Number of Chemical composition, %

samples Zn Mg cr Zr Fe si Cu Mn Ti
1 4.15 0.55 0.19 — 0.29 0.13 0.02 0.01 0.01
2 4,52 0.55 0.2 — 0.3) 0.14 0.02 0.01 0.01
3 5.16 0.59 0.21 — 0.27 0.13 0.02 0.02 0.01
4 6.21 0.57 0.19 — 0.30 0.15 0.03 0.02 0.01
5 8.22 0.55 0.20 — 0.29 0.15 0.03 0.02 0.01
6 4.03 1.19 0.19 - 0.28 0.13 0.01 0.01 0.01
7 4.51 1.21 0.20 — 0.29 0.12 0.0t 0.01 0.01
8 5.29 1.20 0.20 — 0.30 0.14 0.02 0.01 0.01
9 6.10 1.19 0.20 - 0.29 0.14 0.02 6.01 0.01
10 8.12 1.19 0.19 — 0.29 0.14 0.02 0.01 0.01
11 4.14 1.78 0.21 - 0.28 0.12 0.02 0.01 0.01
12 4.52 1.81 0.2) — 0.29 0.12 0.02 6.01 0.01
13 5.28 1.79 0.2) — 0.29 0.13 0.02 0.02 0.01
14 6.21 1.81 0.20 — 0.29 0.15 0.03 0.02 0.01
15 8.45 1.82 0.12 — 0.29 0.15 0.02 0.02 0.01
16 4.25 3.08 0.2) — 0.28 0.14 0.01 0.01 0.01
17 4.60 3.08 0.20 — 0.28 0.14 0.02 0.02 0.01
18 5.25 3.04 0.19 — 0.30 0.14 0.02 0.01 0.01
19 5.93 2.94 0.20 — 0.29 0.16 0.02 0.02 0.01
20 8.44 3.09 0.21 — 0.29 0.15 0.02 0.01 0.01
21 4.02 0.55 0.15 0.11 0.27 0.13 0.02 0.01 0.01
22 4.48 0.59 0.16 0.11 0.28 0.14 0.02 0.01 0.01
23 5.00 0.55 0.16 0.09 0.29 0.13 0.03 0.01 0.01
24 6.09 0.55 0.15 0.11 0.29 0.15 0.03 0.01 0.01
25 7.88 0.62 0.17 0.10 0.3 0.15 0.03 0.01 0.01
26 4.15 1.29 0.15 0.11 0.30 0.13 0.02 0.01 0.01
27 4.45 1.27 0.16 0.11 0.30 0.13 0.02 0.01 0.01
28 4.94 1.19 0.17 0.11 0.29 013 0.02 0.01 0.01
29 6.24 1.27 0.16 0.10 0.29 0.14 0.02 0.01 0.01
30 8.14 1.26 0.17 0.10 0.29 0.14 0.02 0.01 0.01
31 4.15 1.86 0.17 0.11 0.28 0.12 0.01 0.01 0.01
32 4.57 1.9 0.16 0.11 0.29 0.12 0.02 0.01 0.01
33 5.03 1.83 0.15 0.11 0.29 0.13 0.02 0.02 0.01
34 6.00 1.99 0.17 0.11 0.28 0.15 0.02 0.02 0.01
35 7.94 1.9 0.17 0.10 0.3 0.15 0.02 0.02 0.01
36 4.18 3.08 0.18 0.10 0.28 0.13 0.02 0.01 0.01
37 4.53 2.94 0.16 0.11 0.28 0.15 0.02 0.01 0.01
38 5.09 3.12 0.16 0.11 0.29 0.14 0.03 0.01 0.01
39 5.92 3.14 0.17 0.10 0.30 0.16 0.02 0.02 0.01
40 8.30 3.12 0.18 0.11 0.29 0.15 0.03 0.02 0.01

Table 2 Melting and casting conditions of ingots.
Melting temperature, Chlorination temperature, Casting temperature, Dimension of mold, Temperature of mold,
°C °C °C mm °C
760 730 720 30180180 100
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Table 3 Chemical composition of filler metals.
Chemical composition, %
Alloys
zn | Mg e |z | Fe si { Cu } Man | T
Al-Zn-Mg-Si-Ti 5.23 2.06 0.01 — 0.29 2.09 0.03 0.02 0.12
5056 0.03 5.00 0.10 — 0.22 0.13 0.04 0.11 0.01
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Fig. 1 Dimension of test piece for fish-bone
crack tests in Al-Zn-Mg alloy sheet
(2mm thickness).
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Fig. 2 Aging curves for Al-4.5%Zn-1.29%Mg alloys,
solution-treated at 465°C, water quenched and
then immediately (O,A) or after exposure for
7 days at room temperature (@,A).
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Fig. 3 Aging curves for Al-6.0%Zn-1.89%Mg alloys,
solution-treated at 465°C, water quenched and
then immediately (O,A) or after exposure for
7 days at room temperature (@,4).
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Fig. 4 Hardness aging curves for Al-45%Zn-1.2%Mg
and Al-6.0%Zn-1.89Mg alloys, solution-treated
at 465°C,water quenched and then immediately
(O,) or after exposure for 7 days at room
temperature (@,A).
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Fig. 5 Effects of zinc and magnesium contents on the
tensile properties of the Al-Zn-Mg alloys con-
taining 0.2% Cr or 0.17% Cr, 0.10%Zr, precipita-
ted at 120°C for 4% hours after solution heat .
treatmsant at 465°C.
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Fig. 6 Weld crack and its average length (mm) of welds in Al-Zn-Mg alloy welded with

various filler metals.
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Fig. 7 Porosities in Al-Zn-Mg alloy welds made with various filler metals by X-ray
inspection. The figures are shown in a grade of JIS (Japanese Industrial Standard).

Grade of JIS | 1 2| 3 4 5| 6
Number of defects | ¢ <2 | <4 <8 <z | >12
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Fig. 8 Bending test of welds in Al-Zn-Mg alloy welded with various filler metals.
O (no crack) ® (crack): Bending radius r=12.5t, 180°
/\ (no crack) A (crack): Bending radius r=6.25t, 180°
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Fig. 9 Results of the fish-bone crack tests.

LoEmY i Eb Tl D, #F, B vEZED
A B Mg 1% LUTF Tl % L 7alve —75 Mg 3% b
oo thy s L OMHS I EE VD [ B
FLLAWEBEbN S, RIS BAS VXSRS
o5 Cr &k AExE<$+5 (Cr, Mg
7o ¥k adg Uie Al-Zn-Mg FAE&IXE AL DBEA
HWEAERCE S, BB LEE RS S) b Tk
D8, Mo TINMEBEROBEREICEETLZ L%
2 BB, Fo&2id Al-4.5%7Zn-1.29%Mg 4411 465°C
KA 120°C ¢ 48hr B + 3 iy 30.0kg/mm?2,

FlaRmmy 35.3kg/mm?2 TH % A3, 30 T 150°C %
TH&G L, TOHKE, T UTEDRBRY AE Lzd o
VI 26.6kg/mm?2, FEEGhy 33.5kg/mm? DL A
Tho Tidn 465°C JBEARNIC I LTI, IRy
1 EFENEN 899, 95% Ak LT\h, —J5 2k Cr0.2%
BEIN U b ot LR 3044 BTy 22.8kg/ mm?

(75%), BisEsk+ 30.5kg/mm2(869%) &ikisE A B i Ik
LC—EEETMRE L b, T Fig. 24 13 16¢X
100mm B 0y 2 3=—72 ek n Al-4.5%7Zn-1.2
9;Mg, Al-6.09%Zn-1.29%Mg ¥ L ¢F Al-6.0%Zn-1.8%Mg
BEoB AT YD Cr XU Zr BoEETh %,

Cr0.2% X0 Cr017% & Zr 0.109% o@inms Zn kB
F0' Mg 268 ELT Al-Zn-Mg 2A44&0 BEAMIT
BEEE 2, ZIAVE BB OME R L O OEE
ETRCH L THHEERNBEREE LT, BHh2
CEEGREIRT O —[/a 2 LT WA 2N EXLNLD
T, IBTHEAMEA LT VIAET S & & LIS EE
VIR S R INTTROMAENE TN D, BRICEE
OISR EE vk B LT, SRzl e, Cr
0.179% & Zr 0.10% o F it b Al-6.0%Zn-1.8%Mg
BHEBEBIL, WINOBEMI A A LB e LIS B
AR UL, Bk & UTT - kil 075% 08 iR

— 8 —



Vol. 6 No. 2 W& Al-Zn-Mg RAa4&0pige (105)
Cr0.2% Cr 0.17%,2r 0.1%
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Fig. 10 Effect of aging on the tensile properties of 120} = :
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alloy welded with Al-Zn-Mg-Si-Ti filler alloy. |
P.M.: Parent metal. A.A.: Artificial aging at 80
120°C for 24 hr after natural aging. 601
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None Cr 0.2% Cr 0.17% None Cr 0.2% Cr 0.17%
Zr 0.10% Zr 0.10%

(a) After 6 months exposure (b) After 12 months exposure

Photo. 1 General appearance of Al-4.5%7Zn-1.29;Mg alloy after exposure at an industrial region.

None Cr 0.2% Cr 0.17% None Cr 0.2% Cr 0.17%
Zr 0.10% Zr 0.10%

(a) After 6 months exposure (b) After 12 months exposure

Photo. 2 General appsarance' of Al-6.0%Zn-1.8%;Mg alloy after exposure at an industrial region.
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Cr 0.2% Cr 0.17% Cr 0.2% Cr 0.17%
Zr 0.10% Zr 0.10%

(a) Dressed (b) Undressed
Photo. 3 General corrosion of welds in Al-6.0%Zn-1.8% Mg alloy welded with parent metal filler.
Dipped into 50°C tap water for 3 days.

Cr 0.2% Cr 0.17%+Zr 0.10%

Photo. 5 Microstructures of weld in Al-6.09%Zn-1.8%Mg alloy welded with parent metal filler. (x100)
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Fig. 15 Maximum recovery of the tensile strength of
welds in Al-Zn-Mg alloy containing 0.6%

magnesium.
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Fig. 16 Maximum recovery of the tensile strength of

welds in Al-Zn-Mg alloy containing 1.29.
magnesium.
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Fig. 17 Maximum recovery of the tensile strength of

welds

magnesium.

in Al-Zn-Mg alloy containing 1.8%

April 1965
Cr 0.2% Cr0.17%, Zr 0.1%
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Fig. 18 Maximum recovery of the tensile strength of
welds in Al-Zn-Mg alloy containing 3.0%
magnesium.
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Fig. 19 Tensile strength of welds in Al-Zn-Mg alloy

containing 1.2%;

magnesium. Welded

parent metal filler.
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Fig. 20 Tensile strength of welds in Al-Zn- Mg alloy

containing 1.8%

parent metal filler.
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Cr 0.2% Cr0.17%,2r 0.1%

Mg content,

o
o~

40 4.5 50 60 8.0 40 4.5 50 60 8.0.
Zn content, %
Fig. 21 Stress corrosion cracking test of the welds in Al-Zn-Mg alloy welded with Al-Zn-Mg-Si-Ti
filler alloy. Test specimens (2 mmt) were dipped in 3% brine water for 100 days with the

bending radius of 12.5t.
Cr 0.2% Cr 017% ,Zr 0.1%

%

Mg content,

L

4.0 4.5 50 6.0 8.0 4.0 45 50 6.0 8.0
Zn content, %
Fig. 22 Stress corrosion cracking test of the welds in Al-Zn-Mg alloy welded with parent metal
filler. Test specimens (2 mmt) were dipped in 3% brine water for 100 days with the bending
radius of 12.5t.

Cr 0.2% Cr0.17% , Zr 0.1%

%

Mg content,

4,0 4.5 5.0 6.0 8.0 4.0 45 50 6.0 8.0
Zn content, %

Fig. 23 Stress corrosion cracking test of the welds in Al-Zn-Mg alloy welded with 5056 filler alloy.
Test specimens (2 mmt) were dipped in 3% brine water for 100 days with the bending
radius of 12.5t.
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Photo. 6 Stress-corrosion cracking of welds in
Al1-6.09% Zn-1.8%; Mg-0.29; Cr alloy. (x100)

160
2
£ 150
O
e
2 140
5
5 Al-Zn-Mg-0.2% Cr
% 130 - e o= Al-Zn-Mg-0.17% Cr-0.10% Zr
5 120
O
P =y
® Al-4.5% Zn-1.2% Mg
2 1o e
O
2
100 :
15 30 45 60 75

Distance from quenched end of bar, mm

Fig. 24 Hardenability for Al-Zn-Mg alloy by
Jominy end-quench test of 16¢x100
mm bar.

Table 4 Chemical compositions of parent and weld metals made with various filler metals.
Weld metal
Parent metal
Number of samples AlZnMgSiTi filler Parent metal filler 5056 filler

Zn, % Mg, % Zn, % Mg, % Zn, % Mg, % Zn, % Mg, %
2 4.52 0.56 4.45 1.16 - e 2.65 2.19
4 6.21 0.57 5.47 1.18 — — 3.43 2.16
7 4.51 1.21 4.40 1.12 4.38 1.11 2.83 2.28
9 6.10 1.19 5.34 1.16 — — 3.53 2.27
12 4.52 1.81 4.57 1.72 — — 2.96 2.73
14 6.21 1.81 5.07 1.72 5.95 1.77 3.63 2.99
17 4.6) 3.08 4.48 2.54 — — 2.80 3.98
19 5.93 2.94 5.04 2.50 — — 3.45 3.94
27 4.45 1.27 4.58 1.45 4.43 1.18 2.77 2.63
34 6.00 1.90 5.27 2.63 5.72 1.81 3.88 2.73

5. & El PROF By 13 35~40kg/mm2 T B,
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B 4% Al-Zn-Mg X%&& % STEED it (Al-5Zn-
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©2) BEEMIIATE S &I ERERI0 A MR R ClE
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U Mg 1.8%, Zn 45~6%FRE&&T80% MR THD &

(8) EEHO MEHEEE viEe WL, B Cr
017% & Zr 0.10% % [Ersc 29 Lz Cr 0.29% o
LD LD HEFFTNT D, Mg 0.6~1.2%, Zn 4~4.5
% OHF TSR EE v o LRI ER A, Mgl2~
1.8%, Zn 5~6%0#im Tk Cr & Zr 2R &H Uiz
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1) P.Brenner: Aluminium, 37 (1961), 633
2) H.Hug: Aluminium Suisse, No.2 (1963), 49
3) W. Patterson, S. Engler: Aluminium, 35 (1959), 124
4) P. T. Houldcroft: British Welding Journal, (1955), 471
5) P. T. Houldcroft : British Welding Journal, (1961), 360
6) P. T. Houldcroft, F.Fidgeon: British Welding Journal,

(1958), 319 '
7 B, S HAR&ES AR, 28 (1964), 102
8) My HkBLE, 2 (1950), 81
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On the Results of the Field Corrosion Test on Some Metals

and Alloys in Unifiner Plant of Petroleum Refinery
by Shiro Sato

A field corrosion test has been conducted on some metals and alloys in Unifiner of
Kawasaki Refining Plant of Mitsubishi Petroleum Refining Co. Metals and alloys used in
this test as the specimens were deoxidized copper, aluminium brass (Albrac), 70-30
cupronickel, @ aluminium bronze (Al:7%), aluminium alloy (5052), titanium (ST-40),
low carbon steel, type 430 stainless steel and type 304 stainless steel.

The specimens were fixed in the three different heat exchanger A, B and C (A :heat
exchanger for charging oil at 190~230°C, B: heat exchanger for product oil of 170°C con-
taining excess of hydrogen gas and hydrogen sulfide, C:heat exchanger for over head
products).

After the exposure for 6,480 hours in heat exchanger A and B and for 19,000 hours
in heat exchanger C, the specimens were taken out and examined. From the results of
the examination, the typical corrosion reactions in Unifiner Plant were considered as

Bg**

follows :

(1) Corrosion by sulfide, which was prominent on copper and copper alloys. Among the
copper alloys the copper zinc alloy was most resistant.

(2) Corrosion by hydrogen gas, which was obsereved on titanium as hydride precipitation.

(3) Corrosion by unknown corrodent, presumably by chloride, which caused the pitting

on aluminium alloy and stainless steel.
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FERKRTHD T &7 EDECE WSO AREZ TEK
LTNDREEMED D D, Uikl TR BB 5 7 —~
A BITESICEHETE R WENS L) AR N5,

A=A B NSREFROEFE LY, 8
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B (=7 749 ~) OBZWBERNICKWTEESEBEME
DEHIE A BB A TR T Wi R T 5 b DT
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Table 1 Chemical composition of specimens. (wt%)

No. | Metals and LY farks) 1 ‘ & Al l i ; Fe 1 Pb l Mn l Ni } Zn
1 Deoxidized Copper \ 99.94 h h , l , — 1 - ’ — 5 - : —
g | Aluminitm Bras TF-2) 1 78.34 l { 2.02 t 0.22 1 0.06 1 0.02 , Tr 1 — 1 — i R
3 7030 Cupronickel(CNTF-B)! 67.65 \ l - 1 - 1 — l 0.71 \ Tr % 0.52 l 30.09 1 0.71
4 Aluminium Bronze \1 91.90 5 l 6.82 \ - l - \ — \ - \ - ] - l -

] ! 1 Fe 1 Si 1 Mg \ Mn 5 Zn 1 Cr ” 1
5 Aluminium Alloy (5052) 1 t 0.23 k 0.06 ] 2.49 i Tr l 0.03 l 0.25 t 1
, Ti 5 (¢] l C 1 H il Fe ! Si ; 1 ;
6 1 Titanium (ST-40) \ R ] 1 0.04 { 0.01 5 0.01 ‘ 0.04 ’ 0.02 \ 1 1
l AN RN
7 ! Low Carbon Steel R \ ’ 0.04 \ 0.29 1 0.014 k 0.012 l H - 1 !
6 1 18 Cr Stainless Steel | R ] i 1 \ 5 i 18.09 } - 1 l
9 1 18-8 Stainless S(%e;ée 200 h ] 1 l ! 1 s 18.00 h 7.96 l 1
Table 2 Conditions of field test in heat exchanger of Unifiner Plant.
Heat exchanger 1 Fluid Temp., °C 1 PrKegS;‘élrgeg ‘ tDelg;atlon of
A Combined feed heat exchanger \ &?to;ii?ggofzor;gg?;?; Sehslfc‘.?rarging oil 190~230 ! 45 ] 6,480
B Product condenser 1 Ir)ee:;;lfrgu;ﬁ%groélﬁisf xcess hydrogen -+ 170 j 45 t 6,480
C Overhead condenser H Gasoline + Hz + HsS 100~145 ‘ 12 1 19,000

i Microscopical  test
Microscopical  test 2R icroscopical tes
—

l¢——— Tensile test i:‘—’ ’
<102

IE-lo*p 34 o] g
1|3

l—30—}-104——30 —a‘«mo}(—— 30—

110

—

T
=
— |

mm

Thickness: 0.50mm

Fig. 1
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. Heat .
No. Specimens Exce}?anger Specimens 1020 mm
A,B Corroded away
1 Deoxidized Copper C
A
9 Aluminium Brass B
(Albrac; BsTF-2)
C
A
70~30 Cupronickel
3| (CNTF-3)
C
4 Aluminium Bronze A’CB
A
Aluminium Alloy
> (5052) B
C
A
6 Titanium (ST-40) B
C
A
7 Low Carbon Steel B
C
A
8 18Cr Stainless B
Steel (Type 430)
C
A
18-8 Stainless
9 Steel (Type 304) B
C

Photo.1 Corrosion of the specimens exposed to heat exchanger A, B and C.
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Table 3 Results of the corrosion test.
: Degree of loss in tensile
Heat Corrosion rate tests, % Depth of Type of
No. Specimens
Exchanger mg/cm? mm/yr gg?:;}gth elongation pits (x10p) corrosion
A* - — - - -
1 Deoxidized Copper B* - — — - —
C* — J— —_— — —
A 25.1 0.04 39 42 —_ 112,000
Aluminium Brass
2 B 61.7 0.11 53 50 - 137,000
(Albrac BsTF-2)
(e} 74.0 0.04 54 45 - 136,000
A 52.0 0.08 23 42 — 134,000
3 70-30 Cupronickel (CNTF-3) B* — — — — - —
Cc* - — - b -
A* — - — - - —
4 Aluminium Bronze B* — — — - — —
C#* — — — — —_ —
A 0.3 0.00 10 85 30 495,559
5 Aluminium Alloy (5352} B 38.1 0.19 R R 30 495,559
(& 9.3 0.02 43 83 34 445,567
A 0 0 0 0 - 111,000
6 Titanium (ST-40) B 4.2 0.01 0 34 — 765,244
C 0 0 0 0 111,000
A 101.3 0.17 ke R - 138,000
7 Low Carbon Steel B 61.7 0.10 6 46 — 136,000
C 43.3 0.03 46 19 — 134,000
A 4.4 0.01 7 30 35 465,452
18 Cr Stainless Steel
8 B 2.5 0.01 6 0 16 465,252
(Type 430)
C 5.6 0.00 5 54 39 451,424
A 1.4 0.0 17 0 18 465,252
18-8 Stainless Steel
9 B 51.2 0.09 18 9 23 455,252
(Type 304)
C 1.8 0.0 7 21 37 451,252

* Specimen was corroded away.

** Type of the corrosion classified by the model of corrosion by JPID,

**%  Specimen unable to do the tensile test due to severe corrosion.
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s

(d) 70-30 cupronickel (A)

(1) 304 stainless steel [C)
0 0.1 0.2 mm
| A W

(j) Carbon steel (C] (k) 430 stainless steel (A)

Photo. 2 Micro structures of the corroded parts. [ J: Heat exchanger A, B or C.
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Fig. 3 Mechanical properties of commercial
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Effect of Zinc and Tin on Corrosion of
Tin Brass by Polluted Water

by Zen-ichi Tanabe

A reason for the widespread use of tin brass in condenser tubes may be attributed
to its higher corrosion resistance than brass. Tin brass, however, suffers from pulluted
water corrosion at the power station using polluted water. Its corrosion occurs with
sulphur compounds which are released by the action of bacteria. Therefore, the poten-
tiostatic measurements of polarization curve for tin brass including various contents of
zinc and tin were carried out in stirring 3% NaCl aqueous solution containing 1 ppm

ok

cystine.
The results obtained were as follows:

(1) Cystine accelerates cathodic and anodic reaction rates.

(2) Effect of zinc content on electrochemical properties relates linearly to zinc equivalent.
There is discontinuity at precipitation of B phase, below which cathodic critical
current decreases and anodic current increases with zinc equivalent, but above which
these currents increase with zinc equivalent respectively.

3

Effect of tin content on electrochemical properties relates at precipitation of 6 phase,

below which cathodic critical current decreases and anodic current increases with tin
content, but above which cathodic current does not decrease and anodic current

increases with tin content respectively.
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Fig. 1 Cathodic polarization curve of specimen
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Fig. 2 Anodic polarization curve of specimen
No. 5.
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Fig. 3 Relation between cathodic critical
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Fig. 7 Relation between electric resistance and
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Fig. 9 X-ray diffraction chart of specimens No. 8 and No. 13.
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Fig. 10 Relation between cathodic critical current
density and Zn eq. on Cu-Zn-2%;Sn-0.5%

Fe alloys.
Table 1 Chemical composition of alloys.

No. Cu Zn Sn Fe
1 77.63 R 1.07 0.003
2 75.44 R 1.07 0.001
3 72.07 R 1.01 0.003
4 70.01 R 1.02 0.002
5 66.42 R 1.04 0.003
6 63.59 R 1.00 0.002
7 61.08 R 1.06 0.001
57.45 R 1.056 0.001

9 70.20 R Tr 0.001
10 68.31 R 0.57 0.003
11 68.76 R 1.63 0.001
12 68.31 R 2.09 0.001
13 67.99 R 2.67 0.002
14 82.52 R 2.13 0.51
15 78.07 R 2.23 0.49
16 73.09 R 2.3 0.49
17 67.37 R 2.13 0.51
18 62.32 R 2.18 0.50
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On the Polarization Measurement of

Aluminum Alloys in Acid Media

by Zen-ichi Tanabe

This investigation arose from the need for sensitive method of determining the in-
stantaneous corrosion rate of aluminum alloys in acid media.

The use of polarization measurement by rapid method in determining the corrosion
rate of iron and steel has been demonstrated by Prof. Okamoto et al. The purpose of this
investigation is to determine the applicability of such method on the study of corrosion
of aluminum alloys.

The use of polarization data to predict corrosion rate is particularly valuable in acid
system. In addition, the use of polarization method has been extended to systems such
as foods which are far from simple reaction, and represents a realistic approach based on
electrochemical theory. While slow polarization rates are not suitable for measurements
of rapidly corroding systems, rapid polarization rates will not be satisfactory for very
slowly corroding systems because of the under charge to the double layer.

There is no reason to believe that these experiments would be carried out ideally,
but the results have been found satisfactory.
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Fig. 1 Circuit for the measurement of polarization curve.
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Fig. 5 Polarization curves of Al alloys in orange juice. (pH=2.8, 22°C)
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Fig. 6 Effect of CI™ ion on polarization of 1100 aluminum in N/10-citrate acid. (22°C)
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Structural Changes in Coppers and Copper Alloys
During Cold Rolling

by Eiichi Hirosawa

A X-ray study has been made of the structural changes that occur in tough pitch
copper, deoxidized copper, cartridge brass, yellow brass and Muntz metal on cold rolling
with reductions ranging from 20 to 90% and on subsequent annealing.

During cold rolling an apparent increase of lattice parameter was observed for alpha
brasses but there was very little change in lattice parameter for deoxidized copper, while
no change was detected for tough pitch copper.

Formation of stacking faults increases with Zn content as well as cold reduction,
reaching the probability of one stacking fault in every 14 (111) planes for cartridge brass
at 909 cold reduction.

A small diffraction peak with d==1.7A which corresponds to (111) diffraction line of
ordered B’ phase was detected for 909 cold rolled brasses with more than 30%Zn content,
and lattice parameter of 8’ phase formed during cold rolling increases with Zn content.
The fact that the phase was related with (111) plane of matrix and vanished when

recrystallized suggest the formation of 8’ phase on deformation fault with solute atom

segregation thereon.
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Fig. 1 Variation of lattice parametrs for several
cold rolled and annealed Cu alloys.
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Fig. 2 Variations of intensities of diffraction lines
during cold rolling and annealing of tough
pitch copper.

1200

Cu-0.02pP
1000

800 o) -
C
400 2) /\ \

R

\r//
s
200 < § < %“

Intensity, cps

0 20 50 90 100 200 300 400 500

Reduction, % Annedling temperature, C

Fig. 3 Variaticns of intensities cf diffracticn lines
during cold rolling and annealing of deoxi-
dized copper.

1200 T
Cu-30Zn 022)
1000 - /L
800 l\y
600

|
/

400

1,/
| w7

0 20 50 90 100 200 300 400 500

Intensity, cps

Reduction, %

Fig. 4 Variations of diffraction lines during cold
rolling and annealing of cartridge brass.

Annedling temperature, C



(1325

R E &

April 1965

1200
Cu-35Zn

1000

800 _A ©32)

B / 02\%// % ‘\%R //‘
400 [N / \
ZOZ (OONL_./ \r

0 20 50 90 100 200 300 400 500

Intensity, cp$

Reduction, % Annedling temperatare, C

Fig. 5 Variations of diffraction lines during cold
rolling and annealing of yellow brass.
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Fig. 6 Variations of diffraction lines during cold
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Table 1. Probability of deformation stacking

faults in severely cold rolled Cu and

Cu alloys.

Alloy Probability Alloy Probability
Cu-0.040 0.005 Cu-35Zn 0.075
Cu-0.02P 0.007 Cu-40Zn 0.078
Cu-30Zn 0.070

Table 2. Crystal structure of 8/ Cu-Zn (1 : 1)

intermetallic compound.

hki /L a, A | 20, deg.
001* 6 2.94 30.4
011 100 2.0 45.3
111> 1 1.70 53.9
002 15 1.47 63.2
012+ 2 1.32 7.4
112 29 1.20 79.9
022 5 1.04 95.6
122% 1 0.98 103.6
013 8 0.93 111.8
113* 1 0.89 119.9
222 5 0.85° 130.0

* indicate ordered diffraction line.
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DEFEFETTE O Beck and Smlth DR E~FTDHED
T, B LBE B © Inyg CLAHETFERTIDED

DEALT Do

at%Zn ain A, at 29.8°C
45.06 2.9490
45.95 2.9502
46.77 2.9523
47.66 2.9535

bbb B OWTERY Zn BEOENE &SIt K&k
Bo - T Cu-80Zn # [FFEHT L THNS B 14 Cu-35Zn
BBk Cu-40Zn OBERE~TERETF O Zn 234 <
BTEHELNIWE LIS,

20==54° ¢ peak 1 Cu-0.040 7z 5 Ol Cu-0.02P Cik
BT, ¥7- Cu-30Zn = Cu-40Zn TLMIEDOEWN
20%, 50%cixENT, HNBMI LicdDDHEN TN
Do T U THARLXES & 2o peak (& Photo. 1
iR ZELEERT D,

T SO BT L 5 peak oE X (it Fig. 8
TR MY ThBH, Fig. 8 ik peak Dl & EMFIC
matrix @ (111) line OBEE/LL AECER L &
Nic kB & 20==54° o peak I matrix ¢ (111) line
OEEFENEFALL D REBEHERL TS, $bb
matrix OFREN K& D & 20==54° D peak k&
Kb, FrEkfcky texture 2% - C matrix o
A1) »Eb3 % & peak LT %, WoT peak @

4
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Cu-30Zn
= a(n)
£
0 20 50 90 100 200 300 400 500

Reduction, % Annedling temperature C

Cu-35Zn -
2
5
£
d . L . N
0 20 50 90 100 200 300 400 500
Reduction, % Anneadling temperature, C
Cu-40Zn
Py
2
2
=

. N

100 200 300 400 500

90

Reduction, % Annedling temperature, C

Fig. 8 Intensities of (111) diffraction line of 8/
phase. Intensity scale is not equal for
a and B/, but scale ratio a (111)/8/(111)
is 20.

FFEE matrix @ (A11) @& #HODOWTWA L 5 I Eb
Nbo

4. =& =

TG CHENCIE & /e B DATHEOHE L £ 2 b
20==54° o> peak @ R THA 5o MIK LOHEHL
S AEAMGOBLHEBRABOHEA LHEL I (Mbh
7o Z &G MIBICII B it LI L B TFEBOE
mm@a@,mzmibﬁ%ﬁﬁ®mwﬁé§@,%ﬁ?
ALDNREH 5L, Cu-Zn &4 Tik Otte 23 BFEIK
DEMAEBHE L TB, BFEHEOBMORERNEL UTIERE
BIEHC LD RET EOLD0, HHNIMIE L&D
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z B

¥ ] April 1965

As rolled.

As annealed.

Photo. 1 X-ray diffraction patterns of cold rolled and annealed coppers and copper alloys.

T PRI E O M T R IFCEER S A BEN 7 L osiik
S &) Uit 2O DWTIHBECHROKH S D,
Cu-30Zn = Cu-35Zn %L L7~ B B b 20==54°
DY~ 2K B o (D) @ #2442 mifEx b - T
WA, Table2 7B bhlbmbd e, o (111) @ik
i order i THEDCHIRT A THAHMD, REN
FEECFNMNETTH D EROENIEE TIEZOFH LT
DOEFTERAM T, thOBSEHES RIS S ok
AR RT A, diffractometer 1o k2 BRI AET
ZEE & LTCWA7sd, matrix b sEEEMAE L,
OIS matrix & %5 FABARY B0 BS, MK
Mo H 2 FEfmodkn B HTekh, Thicks
peak DLPBPEND EWF ZELFEL BN D, Fig. 8
ABFFHARE matrix o A11) B EFONTWS & #
ZBNAHM, BORKEETIUE B I ToA X XCER
4 50T, matrix o (111) OZ(LIERERAR S D L L
E2bND, 0T ONTIEMTEN%D Cu-30Zn 1=
DWTEHE A AT Tl BaZ LT B OmEY
HELicd Zh, FHEOMEBER LY B OMEMNRED,
matrix @ (111) @& &EEDDNTNWD T &V HE Ui,
—7 matrix @ (111) ©TX=FEBAMC Zn [RF 5
T35 &9 5 & TDOBAETIHTHYOR D Bk i

WEE % matrix o (111) & 3E 45 6 FHR B0,

TS AEHHRE & 1E—B Ui\ o THT R 4=
BB AEEIIR MO S 2 WA, ML b
ordered b.c.c. 7% B fEps matrix o (111) HoORE
Kipr b LI LTERENI LD EELDND,

5. & U

Cu-0.040, Cu-0.02P, Cu-30Zn, Cu-35Zn, Cu-40Zn
COXMLE LOBEMMEA T, 150 XBRERRZ
CRIETEABERL, DEDOEMNRBEDNI

(1) MIEAET L &L CFEESMMNRIESN SN,
Cu~0.040 & Cu-0.02P 2N ZNnM o - EmESHEM &
tho Cu-Zn &1k i &R » /o EIEES Y
BRI 555, BEOMTHESR N,

2 Cu-Zn A&IAMMIE M2sZ rie k) BTE
BRK&E L Do Cu-0.02P 1% Cu-Zn &4 l~THn
DORBREITZ D TRE N, Cu-0.0040 1315+ A ¥ 2B
D BT,

(8) WM L 5B XMOEFORIIL Zn EHH
2 BIFEART D, Cu-30Zn Tik 78% MIEDLDT
(U1D) EOKE Z & CHFEAT HHERIE SN

(4) Cu-30Zn, Cu-35Zn Cix 0% FTMILTH &
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d==17A D/ HEHFMEET o 20 peak LT
THEHKRT B, FoZo peak (X EHELST DL
ordered b.c.c. B » (111) wiIM43 5723, B Ok
WEL RS /s, = peak |t matrix o (111) FE e
THODWTR D, Fie Zn BIC L > TRENZEYD, Zn 2
BT % EMBEHOBTFEEIEAE b,
X ik
1) C.S. Barrett : Trans AIME, 188 (1950), 123
2) M.S. Patterson : J. Appl. Phys., 23 (1952), 805
3) B.E. Warren and E.P. Warekois : Acta Met., 3 (1955),
473
4) B.T.M. Willis : Acta Cryst., 12 (1959), 683
5) K. Nakajima : Trans. JIM, 2 (1961), 21
6) J.B. Nelson and D.P. Riley : Proc. Phys. Soc. (I.ondon),
57 (19456), 16
7) L.H. Beck and C.S. Smith : J. Metals, 4 (1952), 1079
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1) 2014-T6 8 H &

£ 1 % ik i 1274 &
| it B a s %
7] # :
‘ Cu Mg | Mn E si | Fe | oCr | | 2n Al
‘ [ ;
JIS H4164 } 3.9~5.0 | 0.20~0.8 ! 0.40~1.2 t 0.50~1.2 ’ <1.0 } <0.10 1 <0.15 I <0.25 %
2014-T6
#* B j 4.36 0.35 l 0.85 i 0.80 t 0.22 ] <0.01 1 0.01 t <0.01 7%
]
g 2 £ B M O T 1}
gl 153 i Y il P LA E)V/K EE
I 3% y oo
oA mm¢ moomm B, | BUERY, UMy, | e, oy, | Zyam, Juysoxa, | JIS8E),
kg/mm? | kg/mm? | kg/mm? % % 10/500/30 Bay—w kg-m/cm
505°Cx1hr 7k # # | (>88) (>45) ) >8) (- ) (= (=)
2014-T6 20
170°Cx12hr 22 # 48.2 54.6 66.4 13 28 115 82 2.2
1 RKEFa JIS 22201, 45 REBH, 2) () raid JIS H4164 OM#siiERT,
g 3 = =TI (O - O
% B ihr & £ 10hr @& 100hr & #& 1000hr &
& ocgg' W@, | BEEEe, | M e, | W b, | BBy, | M v, LB Jh, | BEEMRY, | M v, W, | BlEERy, | M v,
kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? %
100 43.1 47.0 16 43.6 47.2 15 43.6 46.9 17 4.7 48.3 16
150 39.7 41.8 19 40.0 42.5 17 38.3 41.1 17 31.2 34.9 20
200 31.2 32.3 19 28.7 31.2 21 18.8 20.5 27 12.0 14.1 38
250 16.3 17.4 28 11.6 12.6 32 8.4 9.5 41 7.6 8.6 46
300 8.1 8.7 35 7.4 8.0 42 6.5 7.1 51 5.7 6.5 48
350 5.2 5.4 42 4.7 5.1 47 4.5 4.8 55 4.1 4.7 58
1 AERRA (PATREE 64mme, BAHHE 25.4mm),
2) NHRBRFIC L AMEAOB IR, W) 49.5kg/mm?, FIEMY 54.6kg/mm?, v 11%CH B,
60 60
50} 50 \
\ 1hr 1hr
o E 40
« 40 \’f
\E 100 hr > 100 hr
2 30 ’ ~ 30
. £
: WK bon WX
- 20 20
= ) B
s
10 % 10 \%j_
09 100 200 300 400 ) 100 200 300 400
wOE C BT
g1 2014-T6 FTHIEOWRE & it 1D BIHR g 2 2014-T6 FPHAMEORE & 515 v D BE%R
: w N OB
FI404F 4 7 s . pew OIS
(REF404E 4 A) 6 £ A 85X 4 E T 2 =t S g g ¢




(6-2.2)

T = v Ag e R O &R [HRPEE
2) 2007T4 48 W 4

B/ 4 % it 5 % 7
ft 2 P Py %
# 7 ]
cu | Mg ] Mn ] si ] Fe ‘ cr f Ti zm | Al
l JIS H4164 3.5~4.5 [ o.:zo~o.sl o.4o~1.o‘ <0.8 l <1.0 \ <0.10 \ - <0.25 1 P
I om7-T4 [
] ® M 4.10 i 0.65 5 0.56 1 0.34 ' 0.3 i <ot | oo 0.02 ! "
w5 % - ik €0 ek H"
i 5l B’ i Y # # R Y M —
v om ? @R g
R mmé #Boon = W g, | By, [gwEe, | W0 v, | & v, | Tuam, | mezvme,| (IS 38),
kg/mm? | kg/mm? | kg/mm? % % 10/500/30 By —nm kg-m/cm®
22 (>38) = 12 = ) =) )
2017-T4 20 505°C x 1hr ki
37.1 5.7 66.6 17 21 101 7 4.8
D BB JIS 22201, 45ERERA. D¢ ) At JIS HAL6A OBIIE RS,
g 6 * =2 bl gl i 2 H|eY
“ l1hr & # 10hr & 100hr & & 1000hr &
BB T | sy, | @ e @ s | smme, | m e | @ o sy, | v | @ o | s | @ e
kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? %
100 33.8 48.9 16 33.8 8.7 14 36.9 50.0 16 38.2 5.3 18
150 30.5 4.6 16 32.6 4.2 17 35.2 39.6 19 31.1 34.8 20
200 31.7 39.2 16 20.1 31.0 2 23.0 26.0 2 18.2 20.9 30
250 19.0 20.7 24 16.0 17.8 30 13.2 15.0 37 10.5 12.6 40
300 11.9 12.9 32 9.8 1.0 4 7.0 8.2 m 5.6 6.6 63
350 5.8 6.7 @ 41 5.5 60 4.4 5.2 6 3.9 5.0 81
1 MRS CPRHSES 6.4mme, BLEANE 25.4mm),
) NERBA k5RO, T 344 kg/mm?, BiliEy 517 kg/mm?, 8¢ 15% Th b,
60 60
50 50,
40 L E 40 1
« N
E W 100 hr 2 100hr
o 30 2 3+ 30
~ &
. 1000 hr = 1000 hr
EN — o5 2 —
10 10
| m O & |
0 100 200 300 400 0 100 200 300 200
WmonE, T o c
g 3 2017-T4 FHWRORE L 10 BEf%R B4 2017-T4 WHBEOERE &5 15ER v 0BG

(PF404E 4 )

S kS E TERES SR

2ol
s 0D

2_..




TR = v A5 REMM O SR EMEE

3) 2018-T6 3§ H &
g 7T x5 B K &
1t £ 4 43 %
%) b
Cu Mg Ni | si | Fe Mn Cr Ti | Zn Al
JIS H4131 3.5~4.5 0.45~0.9 | 1.7~2.3 ] <0.9 . <1.0 <0.2 <0.10 <0.05 1 <0.25 J3 4
2018-T6 I
oy k2 t 4.34 [ 0.67 I 2.19 I 0.58 } 0.23 t 0.02 ‘ 0.01 l 0.01 l 0.01 } 7
¥ 8 & B M W M H
; " Ell % e D b Ed R
noR mmd: M M & W 72, | BERERY, |ZTMATERY, | R ¥, | # v, Y Fov, Yy -2, P ey vV,
kg/mm? | kg/mm? | kg/mm?2 % % 10/500/30 10kg Bay—w
510°Cx1hr # & #% | (528 (>>38) (> 10 (= (>100) (- (=)
2018-T6 18
170°Cx12hr 2z & 31.4 40.7 48.5 12 e 117 142 76
1) RKEA JIS 22201, 4588E, 2) () P JIS HAI31 oM (BE&ER) &RT,
B 9 =% =t plict 51 w®ooM '
2B Ihr # # 10hr & 100hr & # 1000br & #
& DC}E W, | BEREY, | A v, | W 4, | SRy, | v, | @i, | BEREY, | A v, | i, | BIERRRY, | M v,
kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? %
100 29.9 36.8 16 31.7 37.9 15 32.6 38.5 13 33.3 38.9 12
150 29.0 34.5 16 29.7 34.8 16 33.7 36.5 12 33.8 35.1 -
200 27.1 29.8 13 29.8 31.2 11 26.8 27.4 12 17.7 20.6 15
250 21.7 22.4 10 17.2 19.3 15 10.0 13.6 24 7.9 11.0 26
300 12.2 12.8 — 8.2 9.9 16 6.5 8.2 24 3.6 5.2 38
350 5.6 6.8 37 3.1 4.6 39 3.3 4.6 51 2.3 3.3 68
1) AR (FITEESE 64mme, BRI 25.4mm),
2) AMRBRAC L SZHROFERME, W 30.6kg/mm?, 5RY 40.8kg/mm?2, v 12%ThH 5,
50 50
40 40
i 1hr 1hr
o S o e
£ o=\, €
N30 X 30
ks W ]09 hr - o 100 hr
R 20 t ¥ 90
= \‘\ 1000 hr . \q 1000 hr
10 # 10
0 - 0
0 100 200 300 400 0 160 200 300 400
WO T wOE T
®g 5 2018-T6 D IREE & i 0 BIER £ 6 2018-T6 MHIFEDREE & 5 3RIR v D BIfR
DEIA0AE 4 F 7 O e N R
i) fp EXEESE TRt s DY




(6-2.4)

) _b:
Tt =y A5ERMM O SRS REE
4) 2018-T6 &8 & &
g W0 x M e i 5
1t ¥ '8 s %
o B
Cu | Mg Ni | si | Fe Mn oo | T | zn | al
i JIS H4131 1 3.5~4.5 J 0.456~0.91 1.7~2.3 5 <0.9 H <1.0 <0.2 <0.10 ] <0.05 \ <0.25 ‘ #*
2018-T'6
\ A ¥ ‘ 4.35 { 0.78 2.11 1 0.55 ] 0.32 1 0.02 0.01 1 0.01 ' 0.06 1 23
g 1nox B # 9w o
i " 51 i i3 nv P Z R ?« ;; !:'{-—{-
e | T 3, i wmp A
A T B D | s, s, | v, | g v, | Zug [eaea, [my s ym (JISIE),
kg/mm? | kg/mm? | kg/mm? % % 10,/500,/30 10kg Bz~ v, kg-m/cm
515°Cx1hr %% (>28) (>88) (- (>10) (= (>100) (= (- (-
2018-T6 20
180°Cx10hr  Z=ay 36.9 45.2 55.1 11 20 124 155 80 1.2
1) #HE R JIS 722201, 4588kA, 2) () paik JIS H4131 o#l#ftizrT,
# 12 X =] it 71 iy s B\
= B 1hr 5 o 100 hr 123 biid 500 hr 3 b 1000 hr 2 B
& oG &, [ 71, BliRE v, | ¥, i 7, 1 Flagasy, | ¥, iii 7, BlagaRY, | 44 e, H, | BUEREY, | A ¥,
kg/mm? | kg/mm? % kg/mm? | kg/mm?2 % kg/mm? | kg/mm? % kg/mm? | kg/mm? %
100 36.1 41.9 14 35.2 41.3 15 37.5 42.1 14 36.7 41.7 16
150 34.1 38.0 16 35.2 37.9 17 36.6 38.2 12 36.6 38.4 16
200 30.5 33.1 19 31.1 32.0 16 28.2 29.3 14 26.2 28.0 16
250 24.4 25.7 19 11.4 14.7 35 7.6 101 40 7.4 10.3 45
300 10.8 12.1 29 5.9 7.7 52 3.8 5.6 — 3.4 4.9 72
350 4.8 5.7 45 2.9 3.9 85 2.1 2.9 88 1.8 3.2 88
1) /IBERE CETEEE 6.4mme, BIGEHSE 25.4mm),
2) IBBBRFC LB EIEBOTIREEE, W 364kg/mm?, 1My 44.8kg/mm?, My 13%Th D,
N . Q\fL\
40 & 40
The € 1hr
" - $ -
E 30 2 30
2 \7\\\\/199_@;.. . Wo .
= 20 # 20
: \K\/]Q@ " - \-‘& -
10 \O\ = 0
O % | . M
0 100 200 300 400 0 100 200 300 400
O o T
E 2018-T6 @& RE & 10BE% B 8 2018-T6 @it RE & 5 I5RR v OBk
o (US| ]}?5 &l
e p EXEESE TS ow §EEY




(6-2.5)

V=0 LGSR O BIRE R
TN = LABER D=l
5) 2218.T6 # & #&
B 1B 4 % ® o
1t o b2 &, %
# =
cu | Mg | N | si | Fe | Mn | cr Ti | Zn Al
JIS H4131 ] 3.5~4.5 [ 1.2~1.8 } 1.7~2.8 ] <0.9 \ <1.0 ’ <0.2 1 <0.10 — ‘ <0.25 #*
2218-T6
B o ] 4.01 ] 1.42 ] 2.10 1 0.80 t 0.31 1 0.01 U 1 0.01 1 0.03 } 7%
B4R O OEK M Om M K
- 3l G2 e Y # # v A
S X o qE
N momoR Bgn | BUEEY, O, | M ¥, | v, | Fyas, [y aex, (myy va] (IS 85,
kg/mm?2 | kg/mm? | kg/mm? % % 10/500/30 10g By —n kg-m/cm
510°C x 4h oY 28 38 - 10 - 100 - - -
18T 0 r B%® | () (>88) (- >10) (=) (>100) ) =) =)
170°Cx12hr 22 & 29.5 41.5 53.9 17 27 107 137 72 1.4
1) RHEF JIS Z2201, 4558, 2) () P JIS HA131 ot nT,
g 15 X B M®\ 5l oM om»
% B 1hr # & 100hr & & 1000 hr % #
& ocm, W, 5198 Wy, o, [ I B4 v, oo, [ B3 W, oo,
kg/mm? kg/mm? % kg/mm? kg/mm? % kg/mm? kg/mm? %
100 27.9 38.3 18 28.7 38.2 18 29.8 39.2 18
150 28.0 35.9 17 30.0 34.8 18 32.7 36.6 16
200 27.4 32.4 16 21.7 22.9 20 14.7 18.0 20
250 21.4 23.2 19 8.3 1.1 39 6.8 9.7 36
300 8.5 11.0 37 5.5 7.0 60 3.8 5.4 50
350 4.5 5.1 57 2.9 3.8 106 1.5 3.0 125
1) ANBBRER CFfTHEE 6.4mme, HLATESE 25.4mm),
2) NEREBHAIT X B RIBOFERWME, W 28.9kg/mm2, FE®RY, 41.0 mm? i 18% Th 3,
50 -50
40 40 o=
1hr e ! hf-
€ S
\E 30 230
> 100 hr 100 hr
Y4 [ -~
e .
B 20 1000 hr—] s 20 ~1000 hr=
° N <o i
0 0 3
0 100 200 300 400 0 100 200 300 400
woLoc WK
£ 9 2218-T6 $EMOIRE & i 0 B% 10 2218-T6 @O RE & §I5RM -y OBk
(A0 4 J3) & 1 A5z = moes [0 B
' : BEEeBE LEHXN=%t T m o

5 —




6) 2218-T7 % & &
B 16 £ 1 = m 47
ft B 2, %
# " s - ” ’
| Cu | Mg | N | si j Fe } Mn ‘ o | T | zn | Al
JIS H4131 } 8.5~4.5 ‘ 1.2~1.8 ] 1.7~2.3 ] <0.9 I <1.0 | <0.2 } <0.10 l — i <0.25 ’ 3%
2218-T7 )
= ¥ ] 4.01 t 1.42 H 2.10 ] 0.80 l 0.31 ] 0.01 l BB . 0.01 } 0.03 l %
S VA B Tk 1y : H
; 5 5l 33 i B Fal 7 ¥ f x ; 2.471
4 2 ~ y 0 flif 1R
o= mme mon R W, | By, [spsEmy, | 6 v, 8 0, | Fuay, [Eya-x, mypvmy,) JIS3F),
kg/mm? | kg/mm? | kg/mm? % % 10/500/30 10kg B2y~ kg-m/cm?
510°Cx4hr W#H%: | (>20.4) | (>26.7) ) 8 (=) (>85) (=) (- )
2218-T7 20
‘ 240°Cx Thr % # 30.6 36.6 43.9 10 23 95 125 63 0.8
1 s JIS 22201, 455RMA. 2) () Pk SAE J457b OEMtART o
g 18 % = it g1 Gi e =
2 B 1hr & & 100hr & 1000hr & #
= i
i““oc H w7, 5l Y, oo, [ 5l Y, i, Wi, 5y, oo,
kg/mm? kg/mm? % kg/mm? kg/mm?2 % kg/mm?2 kg/mm? %
100 32.0 36.0 12 31.3 35.0 12 31.7 35.5 12
150 29.8 33.1 14 29.0 3.7 15 29.8 32.8 14
200 26.7 28.5 18 26.5 28.4 16 24,7 27.1 16
250 20.3 22.0 18 9.9 12.4 33 7.2 9.8 43
300 1.1 12.3 23 5.8 7.4 51 3.3 4.9 62
350 5.6 6.6 39 1.8 3.3 102 1.8 3.0 104
1V ABRBA CHTHEE 64mme, SHERE 254mm),
2) NESRERIZ & AHIBOBEEMENG, B 31.9kg/mm?2, BEE®Y, 37.5kg/mm?, ¥ 10% Thio
50 50
40 ~ 40
. Thr L g O thry
£ N g\ﬁ\
2 100 hr £ ﬂ%o\ 100 he
= 20 @ 20
- \ 1000 hr " 1000 hr
= RS
o 0
o] 100 200 300 400 ¢} 100 200 300 400
o C wmo. T
g1 2218-T7 SsfEoiRE ki o Bk 512 2218-T7 SEMEORE & 53Ry O BER
A( 4 -~ - o (N
Rl A AR A B TR =RE omm FRES

6




(142)
A N,
Tl =y AEERMM O SRS IR
7 2024-T4 38 W &
B 19 % 1k = % 7
1t ¥ % 45, %
* 3
Cu | Mg | Mn | si | Fe | o T | zn Al
} JIS H4164 1 3.8~4.9 ] 1.2~1.8 [ 0.30~0.9 t <0.50 l <0.50 E <0.10 - ’ <0.25 %
2024-T4
* R # 4.60 I 1.43 ] 0.62 ( 0.33 ’ 0.26 I <0.01 ] 0.01 ' 0.01 ’ 7%
B 20 ® % bk Yy [ B
Bl =3 jic BY H Z + Yy~
# m | Y Bl owm on om W
) mmé ) @ Jn, | BlEEEy, Ry, | M0 €, | & v, Zuao, €y a-x, vy vz JIS 38),
kg/mm? | kg/mm? | kg/mm? % % 10/500/30 10kg B 27— kg-m/cm?
>27) (>44) (=) (>12) (= (=) (- (= ()
2024-T4 20 495°Cx1hr %k &
40.7 58.5 70.0 15 17 119 152 80 3.0
1) ®EEE JIS 22201, 4 SREBF, 2) () pud JIS HA164 DEHEERT.
® 2 % = it gl i H: =0
= thr # # Whr # #& 100hr & # 1000hr 4 #
123 I
i‘moc T J1, | BEE Ry, | ¥, | fif 91, | FlaERRY, | v, | W 7y, | BliRsRy, | R v, | 1, | BlEERY, | 40 Iy
kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? %
100 38.6 53.5 15 38.4 53.3 15 37.6 52.8 14 38.4 52.8 16
150 34.9 48.3 16 35.7 48.7 15 33.9 38.6 20 28.9 33.8 20
200 34.4 40.5 18 26.4 29.7 23 20.8 24.2 22 17.9 22.0 24
250 18.6 20.3 28 15.7 17.8 31 12.6 15.9 34 8.8 12.1 38
300 11.9 13.1 31 9.3 10.8 44 6.8 8.6 45 5.6 7.5 64
350 5.7 6.8 53 5.0 6.3 54 4.2 5.4 66 3.8 4.8 94
D AMEBK CETHEE 6.4mme, BLAMEE 25.4mm),
2) NEFERAIC X BHEOSEEEHEL, WY 39.7kg/mm?, BEMY 57.5kg/mm?, #¢ 16% TH D,
°0 *° N
50 | 50
Thr \O\ /]_h[*_
40 | Q= £ 40
NE ﬂ \E X
E > o 100 hr
230 \ .30 \
100 hr E
= - . 1000 hr
= 20 %) RLEZO
1000 hr ne
10 10 N
O» % o
0 100 200 300 400 0 100 200 300 400
womoT B O, T
813 2024-T4 PHAEDIREE & iy o0 BEIG %= 14 2024~ T4 FRHEDIRE & 5 15ERv- 0 BIR
(FEA404E 4 B) &

SErxmxeE TS

*_—t il

e
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FH

] — s v PE M-
T =T AEE D 151 {im
8) 4032-T6 & ¥ &
¥ 22 % it 2 574 5
it =2 o4 2, %
# H
si Mg Ni Cu [ Fe Ma | Cr ‘ Ti m | A
JIS H4181 ’11.o~13.5 0.8~1.3 | 0.5~1.3 | 0.5~1.3 ’ <1.0 <0.2 <0.10 t <0.05 <0.25 7
4032-T6 T
#® H } 12.53 1.21 1.03 l 0.87 } 0.61 0.05 - I 0.02 0.07 ’ 7
B o2 0k OB oMoow W o
¢ Bl =3 i "L H L Yo R —
- i W B
# S mmé moon = B, | sy, lmawame, | w0 e | s v, | 7van, [mes vz JIS 88,
kg/mm? | kg/mm? | kg/mm? % % 10/500/30 | B 24~ | kg-m/cm?
510°Cx1hr %4 | (29 (>36) (- (>5) ) (>115) =) &)
4032-T6 20
170°Cx10hr 2= % 30.9 36.6 39.6 6 11 117 73 0.4
1) R®KEH JIS 722201, 4588, 2y () Pk JIS H4131 OE#siier R+,
B oM Ok = i) gl ok i “me
2 B hr f# $ 100br & # 500hr @& #% 1000hr &%
BB m o | mmmy, | w0 e | @ w, | sEmy, | M v, | @ d | by, | 0 € | @ o | sepme, | 0 ¢
kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? %
100 2.1 32.8 7 29.6 33.9 8 28.7 35.6 8 30.1 33.2 8
150 26.2 30.3 7 27.1 29.9 8 2.6 30.5 7 26.9 28.8 7
200 23.8 25.9 9 18.6 20.8 8 14.2 16.4 10 11.3 14.3 16
250 17.6 19.0 10 9.4 11.6 25 6.8 8.8 30 6.0 8.3 28
300 9.6 10.9 21 4.9 6.9 35 4.1 5.7 42 3.8 5.3 46
350 4.7 5.6 36 2.6 4.0 54 2.5 3.4 68 2.5 3.3 78
1) AHEBRA CE{TEmEZE 64mme, HILMER 25.4mm),
2 NERBRHIC L 2O EMETS, 5 30.6kg/mm?, 51EHky 36.5kg/mm?, Y 7% Th b,
50 50
40 o 40
“ g Thr
: the_ ST
N 30 O 2 30
o R 100 hr
100 hr | # AL
R 20 # 20 : :
. ! 1000 hr \%}\ 1000 hr
' N . s
0 ' 0 :
0 100 200 300 400 0 100 200 300 400
WO oT mOoC
B 15 4032-T6 SEHBEOMES & i 10 Bk B 16 4032-T6 SRR & 5 3RV OBER
(REFId0%E 4 B) 0 1I i $X ﬁ E _IT % ** -—ﬁ O *:t WrFe o B
3 , X\ ZIX

Ho3E ]




(6-2.9)

Tov S =y agE R OIS REE

9) 7075-T6 # H #E

B 25 %k 1k £ % &
it o i P %
& H
Zn Mg Cu Cr si Fe | Mn | Al
JIS H4164 5.1~6.1 | 2.1~2.9 | 1.2~2.0 | 0.18~0.40 <0.50 <0.7 l <0.30 t <0.20 %
7075-T6
) B 5.49 2.47 1 1.58 ' 0.%5 l 0.16 1 0.21 { 0.03 1 <0.0t 7%
B o2 X OB M O Om M H
5l i3 e Y H # 4 f e ’/'; 1:'4—{
R 2 [LURE R i
BB ame BB U o | ey, gy, | e v | w0, | Z0a [€onoa, [masvaa) (IS 38),
kg/mm* | kg/mm? | kg/mm? % % 10/500/30 10kg By — v kg-m/cm?
480°Cx1hr k& | (>47) (>54) (). (>6) (= (= (- () (=)
7075-T6 20
120°Cx 24hr 22 % 61.0 66.5 75.8 9 13 156 199 93 1.5
1) KRB JIS Z2201, 4858 H 2) () P JIS H4164 OmEERT
g2 X & w® 5 ¥ o#  HEHY
2 m 1hr & % 100hr & & 50hr % 1000 hr £ ¥
it chz, w1, 1 BIERMY, | F ¥, | W F, | BlERERY, | M v, | W H, | GEEWY, | @ ¥, | i 5, | BUBRMY, | f# ¥,
kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm?2 % kg/mm? | kg/mm? %
100 55.2 56.3 14 55.3 59.3 16 56.4 59.5 16 55.9 57.8 16
159 46.8 47.6 21 43.6 44.0 22 33.9 35.3 23 28.0 29.3 24
200 26.8 27.2 23 16.8 17.5 33 13.0 14.1 47 11.2 12.2 45
250 14.2 14.6 33 9.4 9.8 54 8.4 9.2 57 7.7 8.6 62
300 7.9 8.5 46 6.6 7.3 70 4.5 7.5 85 5.8 6.6 64
350 5.0 5.8 7% 4.8 5.4 75 3.3 5.3 86 4.8 5.7 7%
1) /NERBH CEITHIE 6.4mme, FLEHEE 25.4mm),
2) /NERBRIC X A MIROBEMEE, i 60.8kg/mm?, BlRHEY 66.4kg/mm?2, M 8% ThB,
70 70
60 ﬂ\\‘ 60 \
50 \ . 50 .
o €
E 1 hr s Thr )
Y 40 2 40
4 ~
) \\ 100 hr # \\ 100 hr
R 30 i & 30 i
= -
\\(’< 1000 b _ # V\\}< 1000 e
i ) i M\
) % ° %
0 0 e
0 100 200 300 400 o} 100 200 300 400.
oK T mOE T
% 17 7075-T6 #MHFEDORE & i 7 0B 18 7075-T6 #HEORE & 5IHER v DOBYR
TInANLE 4 3. b3 o~ et B B
(WAL0% 4 73) SEXTEESETHEREKX=E ms gl 8T

O




T = v AE5ERMM O SRS IEME

10) Hiduminium RR55 §# & &
B 28 % ik 2 3% 5
i 1t S 2 55 %
k71 "
| Cu Mg | N | si | Fe | Ma | Ti Zn Al
]B.S. 1472, HF12 I 1.8~2.8 | 0.6~1.2 ] 0.6~1.4 i 0.5~1.3 i 0.6~1.2 ' <0.5 F <0.3 <0.2 i
Hiduminium RRS55
5 ES ¥ 1 2.66 \ 0.99 ) 0.70 E 1.23 1 1.03 ] 0.29 ] 0.01 0.03 7k
£ 29 % % ik 4y L e
; 51 P # 10 # Z R \‘fwl;a“;
~F i, . oM g
# " mme B = W A, | BpEme, gy, | 6w, | s v, | Tvaw, [masvma] JIS 35,
kg/mm? | kg/mm? | kg/mm?2 % % 10/500/30 | BRy — kg-m/cm?
Hiduminium 0 530°Cxdhr  HiSH - (>>39.4) ) >8 (= = ) =
RR 55 180°Cx10hr % # 34.0 4.7 52.8 15 21 127 79 1.4
1 BRERA JIS Z2201, 4BRERA . 2) () Pyt B. S. 1472, HF12-WP 0 #liiiRT o
3) 0.19% O 29.9kg/mm? MHEBMTH Y, BEOME 32.2kg/mm? Th D,
® 30 % = it 71 9k i Ve
% B 1hr # # 100hr & 500hr  f FF 1000 hr &
iﬁoclﬁ i F1, | BIEEEY, | M ¥, | H, | BUERSRY, | 4 v, 41, | BlagEy, | v, 73, | BlEEMY, | M ¥,
kg/mm?* | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? %
100 33.1 40.8 17 33.6 40.9 17 34.8 41.2 1 35.1 41.4 16
150 31.8 37.4 19 34.4 37.6 19 35.5 37.0 16 35.4 36.5 17
200 29.4 31.6 18 25.3 26.5 19 19.7 21.9 22 16.0 19.0 20
250 22.3 22.9 18 9.4 11.6 28 7.6 9.9 36 7.2 9.5 34
300 1.5 12.6 22 5.7 7.1 36 4.4 6.0 44 4.2 5.8 48
350 5.2 5.9 42 3.4 4.6 40 3.3 4.4 48 3.0 4.7 53
1 ABERK CETHEE 6.4mme, BAHEH 25.4mm),
2) AEBREBAIC L 5 HIBOTEREEE, B 33.7kg/mm?, FERMY 44.0kg/mm?, i 14% ThH oD,
50 50 |
40 40
« oﬂ\ hr . \ Thr
E o £
X °30 & 30
2 @
100 hr - 100 he
£ 20 £ 20
' W\ 1000 hr it v\<\ 1000 hr
10 # 0
\% = \?Q&_
0 0
0 10¢ 200 300 400 0 100 200 300 400
moE T B oEoTC
19 Hiduminium RR55 #0 EE & i) oo Bk 520 Hiduminium RR55 EHOIRE & 5 19RO
2 o N B
i p EXEBREEE T 2N wmm DLRRE




TS = v A8E B O B RIE

11) Hiduminium RR56 # & &
£ 3 x ik % K 5
- " 1t 2 B P %
Cu Mg } Ni 1 si ] Fe | Ti | Mn Zn [ Al
D. T. D. 130A 1 1.8~2.5 0.65~1.2 l 0.6~1.4 1 0.55~1.25 1 0.6~1.2 [ 0.05~0.15 I <0.2 <0.2 1 7%
Hiduminium RR56
E 7 t 2.07 ‘ 0.81 1 1.00 1 0.64 1 0.90 H 0.12 i 0.02 l 0.04 ‘ 7%
32 XK OB O OMOo® ¥ B
31 23 i Y 7 # B2 j/a ‘/(\; \:‘{*
. SF ik, # O
H # mme | M o | s, e, | 0w | 8 9, | 70 [apsoxm OIS 89
kg/mm? | kg/mm? | kg/mm? % % 10/500730 | B x4~ | Kg-m/cm
Hiduminium % 530°Cx 5hr H&B#% (=) (>42.%5) (=) (<10 (=) (=) (=) ()
RR56 175°Cx 15hr z¢ # 36.1 44.9 56.3 14 23 119 7 1.8
1) #HBKFw JIS 72201, 45RERH, 2) ( ) | D. T, D. 130A-WP o##dizid,
3) 0.1% o nd 33.1kg/mm? HH#MCH D, HEOMIL 34.1kg/mm? T 3,
B 38 % =t 1t g1 ik P "\
® B 1hr 17 ¥ 100hr # ki 500 hr 73 i 1000hr 1 =
o :
& °C &, ifi 71, SRRy, | v, [ iRy, | v, [ 7, SlaggRy, ¥, i 71, Blagagv, | ¥,
kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? %
100 34.2 41.2 15 35.0 41.8 13 34.6 41.4 16 35.3 42.1 16
150 33.1 38.1 18 33.9 38.7 17 33.0 36.6 18 33.6 37.2 15
200 29.2 32.5 19 29.4 31.4 18 23.4 25.3 18 21.4 23.4 19
250 24.8 26.3 20 12.8 15.3 25 6.8 10.0 40 6.9 9.9 41
300 13.2 14.4 21 6.0 7.9 59 4.6 6.1 56 4.2 5.7 58
350 5.4 6.6 45 2.6 3.3 — 2.0 3.1 8) 2.4 3.0 87
1) ANEREF CEFTIRER 6.4mme, EL&Hit 25.4mm),
2) NEBBRAI L B HBROTERMEEY, W 36.4kg/mm?2, FEEHY 44.8kg/mm2, Y 12% Ch B,
50, 50
40, . 40
1hr L E the |
£
: -ONM\ &
\ 30 o 30
E o 00k \ \JKWQKL
EN
N 20
R 20 e
R \\< N\ | 1000 hr & 1000 hr
= i
e % o
0 0
0 100 200 300 400 o] 100 200 300 400
B OB T " O T

8215 Hiduminium RR66 $EHEOIRE & it 710 8% 822K Hiduminium RR56 GBI & 5158y OBI%

NA04E 4 F e VPR
(FEAn404E 4 ) DI 15 o o

@O 1A s E T R s S Rt
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T3 = A G5ERMY O SRS RMEE

12) Hiduminium RR57 § & &
B, 34 kX 1t % o &
| ] ft e s 2, %
) A
Ca | Ma | T | Mg Si [ Fe 1 Ni | zn Al
l Hiduminium RR 57 ' 6.30 ! 0.27 1 0.14 5 0.01 0.17 \ 0.57 1 <0.01 k 0.05 i
B 3% £ B M O M H
1 . = gl |3 i e H 7 Ba }/’”'1*"[,
" TR e 4 1 W
H " mmé¢ woomoR W, | slmmy, \mwme, | 6w, 8y, | Zua lnyy o, JIS 85,
; kg/mm? | kg/mm? | kg/mm? % % 10/500/30 | B4 —n | kg-m/cm?®
} Hiduminium RR57 2 B shr i l 2.4 ‘ 3.1 ‘ 46.5 l 1 } 20 { 104 h 61 2.1
1) HEE JIS 22201, 458BFA.
® 036 kX ™ w5 & w EY
2 B 1hr & 100hr £ & 500hr & % 1000hr & &
BB U w g | smmme, | @ e | @ oo, | sy, | 0w, | ® | Blmme, | W e, | B | BEEmY, | @ v,
kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? %
100 24.5 32.6 12 2.1 35.9 12 24.4 36.6 10 24.1 36.3 13
150 22.2 30.6 18 22.5 2.2 13 21.7 31.2 15 22.0 31.7 14
200 19.3 26.6 18 18.6 26.0 20 17.7 25.0 18 17.6 24.6 19
250 16.0 21.9 21 14.6 21.0 22 14.2 20.0 22 14.4 21.2 21
300 11.5 14.0 23 11.5 14.9 2 10.6 14.8 24 9.9 13.7 26
350 8.2 9.8 28 4.4 4.9 49 3.5 3.9 54 3.2 3.7 63
1) NEREK CRIFHEE 6.4mme, B
2) NHBRERIC & AWIROBIERIERE, 5 26.0kg/mm?2, F5EHY 38.6kg/mm?2, fhe 10% TH B,
50 50‘
1hr
40 - 40
€
€ the | N o
E 30 o3
o
T D e 100hr £ 100 be
3 20 ¢ .

R 1000 hr # 1000 hr
iz —— g ‘ i
] S = 10 X
0 0 -

0 100 200 300 400 o 100 200 300 400
T ®E T
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525K Hiduminium RR58 $3SMEDERE & it 71D BIR

> — /\ == ’3 = M S
TR =Y ASERBAM O ER :
13) Hiduminium RR58 & & &
B 3 x i % 4
4 A % o %
ket "
Cu | Mg | N Fe } si Mn ‘ Ti zn | Al
D. T. D. T31A 1.8~2.7 l 1.2~1.8 | 0.8~1.4 | 0.9~1.4 ] <0.25 <0.2 l <0.2 <0.1 { 7%
Hiduminium RR58
2 B t 2.27 t 1.67 1.15 H 0.99 l 0.11 ] 0.01 i 0.14 I 0.05 I %
B 38 x OB OB O Owmw o # H
Bl 53 e B 7 # L 1/ B ;;; \:‘;{
: S 3R
# A mm R B T o | s, s, | 0w | s 0, | Zuaw lagsvma| IS 35,
kg/mm? | kg/mm? | kg/mm? % % 10/500/30 | B x4 — | kKg-m/cm
530°Cx 24hr &8 (- (>44.1) () >6) () (=) (= (=)
Hiduminium RR58 20
200°Cx 20hr % % 37.4 44.4 52.3 9 22 — — 1.2
1 REMw JIS 22201, 4538K. 2) () A D.T.D. 731A-WP o#iiis 5T,
3) 0.1% O 33.1kg/mm? pEBHTH Y, RO 35.8kg/mm? ThH 5,
B 3Y X & 1 51 1
Hom thr & % 100 hr & 1000 hr &
zmoc B, T 71, By, it ¥, i 71, SlgER -y, i v, 34 71, 5laRiR v, i Y,
kg/mm? kg/mm? % kg/mm? kg/mm? % kg/mm? kg/mm? %
100 33.3 39.1 12 33.5 39.4 12 32.8 38.9 13
150 31.9 36.1 14 32.0 35.8 16 30.3 34,1 19
200 27.5 29.3 18 23.5 2.6 22 20.8 24.0 2
250 19.1 20.7 29 19.1 21.5 2% 11.8 14.8 38
300 15.1 16.6 27 9.0 10.7 43 5.1 7.3 76
350 7.0 8.1 — 3.8 4.9 124 3.7 4.6 105
D /NHUBSERF (FITHEE 6.4mme, BLAREE 25.4mm),
2) NEIRBAIC X BWEOTERMERN, W 36.8kg/mm?2, FRMY 44.5kg/mm?2, e 109 CH b,
50 50
40 40
\ Thr e Thr
" AL E -
£ e <
£ 30 o 3C
S 100 b 2 100 hr
o] S,
- S : 7
.20 + 20
= = 1000 h
= 1000 hr oy ) r
10 — 10
0 0 ,
0 100 200 300 400 0 100 200 300 A0Q
m % T wOE T

26 Hiduminium RR58 $:&MEOIRE & 8 HERY OBIR

(FEFnd04E 4 7)

O 1EXEESE T S8 S5 o

o B
JEE = ]

=
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TN =y A5ERMM OERE EEE

14) Hiduminium RR59 $#f H &
5B 40 X% it % 54 o
1t =4 1% £ %
7 iy
Cu Mg Ni si | Fe | Ma | o | T zn | Al
Hiduminicm JIS H4131 1.5~2.5 | 1.2~1.8 | 0.6~1.4 | 0.5~1.3 } 0.6~1.5 1 <0.2 [ — } <0.2 <0.2 1 %
RR39 #®OH 2.03 1.41 5 0.96 0.84 ] 1.20 l 0.05 ) 0.04 ! — 0.05 1 %
g 41 % 7% Kk K] g gy
; 3l 3 1t O A Z A+ */»v%g{—-
~F %, #h ] i MM
H A mmé¢ moon® B A, | iy, [mawmsee, | W v, | & v, | Fuaow, [myrv=a] (JIS35),
kg/mm? | kg/mm? | kg/mm! % % 10/500/30 | B =4 — v, | kg-m/cm*
525°Cx5hr  #H#tk | (>80 (>38) ) >6) =) >110) (- =)
Hiduminium RR59 20
165°Cx 15hr 78 # 33.7 43.0 — 11 — 119 — 0.8
1 BE JIS 72201, 4BREH 2) () pvk JIS H4131 OB GRER) 2RT,
g 42 K 5 it G i i B\
2% B 1hr # & } 100 hr & 1000 hr & £
2 !
. e w7, B, oo Mo, Bl L W, Bl o,
kg/mm? kg/mm? % kg/mm?2 kg/mm?* % kg/mm? kg/mm?* %
100 30.6 37.3 14 32.1 38.0 1 34.3 39.8 12
150 32.4 36.2 14 32.2 36.4 14 33.5 36.4 10
200 27.1 30.3 14 30.9 32.6 15 10.7 16.7 20
250 27.3 29.0 10 9.1 12.7 22 6.8 10.1 32
300 12.6 13.9 19 6.6 9.0 42 4.5 6.1 64
350 6.2 7.3 41 3.2 4.3 58 2.8 3.6 62
1) ANHURBRFE (ETFHst 6.4mme, SLAHNE 25.4mm),
2) BB L 5HIEOS R, WY 340 kg/mm2, BBy 42.4kg/mm?2, {he 10% ThHD,
50 50
40
N Thr .
£ £
N 30 N
2 o 2
100 hr ~
R % ¥
1000 hr 5 1000 hr
10 N o
\% e
0 0
0 100 200 400 0 100 200 300 400
o T m E T

%275 Hiduminium RR59 $PHEOIREE & i 710 B

#5285 Hiduminium RRE9 #PHIFEDOIREE & 5 3R v D BHR

(FEFnd04F 4 7D

SEXBEESE T XK=t

oA

B 2

V72N
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14 —




Tl =v AEEBMM OSSR EME
15) aex Uy niglE

% 43 x 4 oz gk &

] 1t Es ® 2, %
¥ 5
Cu Mg | Mn [ si Fe Cr Ti Zn i Al
I ]
JIS H413L ’ 3.0~4.0 | 12~2.0 | 0.2~0.5 t 0.6~1.0 <0.8 <0.25 <0.2 <0.10 ‘ s
2ERY TN
® # 1 3.53 1.52 H 0.39 l 0.90 0.30 B - 0.03 1 7"

B4 x OB M O M H

Bl iz i3 Y A S ?w%E&
, + % o ¥ M
" " mmé Aono= W, | sl wmae, | e, | v, 7yao, [myr v JIS 389,
kg/mm? | kg/mm? | kg/mm? % % 10/500/30 | B x4 — | kKg-m/cm
500°Cx1hr B4% (>>28) (>38) (G (>10) (=) (>100) =) =)
2EHXYY L 20
170°Cx 12hr 2 # 32.0 43.6 56.1 15 22 110 74 2.5
1 RERAIIS 22201, 4588, 2) () Pk JIS H4131 oM (&) #RT.
®, 45 X [/ gl w®ooM EY
2 B 1 hr #® i 100 hr 5 =3 1000 hr # #F
= iind
& °C H oo, BlERIR v, At v, W, BlRERY, At Y, A BRI, At v,
kg/mm? kg/mm? % kg/mm?2 kg/mm?2 % kg/mm?2 kg/mm?2 %
100 32.4 43.5 8 33.8 44.2 9 32.2 38.2 13
150 32.4 42.2 13 35.1 39.8 15 27.6 31.9 17
200 30.6 35.4 15 12.7 16.2 19 10.7 14.4 31
250 16.6 18.3 21 10.3 12.8 33 7.3 9.5 46
300 9.4 10.3 35 6.4 7.8 35 4.6 5.5 50
350 6.0 6.9 36 4.4 5.1 69 4.3 4.8 70

fit 7.

1 AEEBRA CETHEE 6.4mme, BLENME 25.4mm),
2) ABRBRA X ABEEMEE, @i 88.1kg/mm?2, B3Ry 45.2kg/mm?, fHY 14% Th %,

50 - 50
"%N\ "
40
40
W | . \Y\\‘ {
_O_A ~
30

kg /mm?

© —
WS | TN

) A<§\/ 1000 he \i&\ 1000 hr

N
[}

5| 5& 5R

0 100 200. 300 400 0 100 200 300 400
o T WOk T
% 29 ¥ F Y Y LPPHEEOEE & 10 BIR & 30 ¥R Y v LIPHEEORE &5 IR Y o BIfR

i3

(BI04 4 ) 1’ EEXETE THERN S mes HRLE

H o o3¢ A

i




&%ﬁm from SUMITOMO LIGHT METAL TECHNICAL REPORTS vol 6 No2 April 1965
B e e

Al-425Cu &40 6 Hr Hily

FRBEEE LXK



Microstructure through Electron Microscope «-21¢) .,

Al4%Cu & & o ¢ T i W

B R O® =

Al-49Cu & &% 500°C Lo SR CTo i b
Uiz D& IKEBEA VI 5 &b BIBEREEE I E SN
Bo ZDWBEDELEE 200°CEEORECARFT 5 &5
LI ORI B RE L TEENBIL LTS %, &
NRWbDEEEES & Wb AHRBTH HA, T DOREE
5 EFIEMS CIANTES & Al matrix o (100) & X O
(010) HICiB - T 0-Cully A A WA IS HTH LT
WHEDMRRL B, ZIRRLEEBEIR Al-4%Cu &%
510°Cx 24hr B AMBREKIEA L L, X Bz 200°CX
7Tdays B X B0 b 0% EBIEFTEHREE LRV Y a %

* e

x 25,000

VERL LTI Lc b D Th Do M7z - T
WHRR D 6 ST L TWBDMA BN AA,  EERhER)s
Biombd X 5 Z ORBETBEESIIC /> Tk b, 0 A
FAECHE LHELINIUETWE, &2 TRDBNSHTH
WA 05~1p, 2 3138 400A BED LD TH S,
BEOTREDICHERMERNRE-THD, INEECLT
FHmOA X ME S TWBEDMNRIE-E D EEDOBND. T
RT3 b o2 [ O SRIRATH ¥ SEETFR 6-
Cully Th-T, BACEEITHE LD T, BHol
DOEBE TR E LR LTS v,



