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Corrosion Test on Condenser Tubes by Model
Condenser at Meiko Power Station (Rep. 4)

by Shiro Sato

A corrosion test on condenser tubes of various copper alloys was conducted using the
model condenser at Meiko Power Station of Chubu Electric Company from January 1955
to April 1966.

In previous paper, Rep. 1, 2 and 3, the results of inspections on some tubes taken out
in September 1956, June 1962, October 1963 and December 1964 were reported and it was
found that since 1961 the pollution of sea water was so promoted that the corrosion
phenomenon of the condenser tubes was changed from that of clean sea water to that of
polluted sea water.

This report deals with the results of the final inspection of the 420 test tubes con-
taining some new copper alloy tubes taken out in April 1966. In this inspection it was
observed that the corrosion of all test tubes was caused by typical polluted sea water.

The results of the inspection on various tubes, compared with aluminium brass tubes,
were characterized as follows:

1) Cu-Zn-Sn alloys: Admiralty brass tubes suffered severe pitting corrosion. The alloy
tubes containing 2.5% or more tin showed good corrosion resistance. For example,
Cu-14~2097Zn-49%Sn alloy tubes exhibited good anti-corrosion properties, secondary
to some Cu-Sn-Al alloy tubes.

2) Cu-Zn-Al alloys: Each tube suffered severe pitting corrosion and no promising alloy
was found in this alloy system.

3) Cu-Al alloy: Same as Cu-Zn-Al alloys.

4) Cu-Ni-Fe alloys: This alloy tubes were prevailed by local corrosion and considered to
have no superiority to aluminium brass tubes.

5) Cu-Sn alloys: Contrary to the Cu-Zn-Al or Cu-Al alloy tubes, the most prevalent
type of corrosion of these alloy tubes was general corrosion. The rate of corrosion
decreases by increasing the tin content of the alloys. For example, Cu-109%Sn alloy
showed fairy good corrosion resistance.

6) Cu-Sn-Al alloys: General corrosion was observed mainly on these alloy tubes. Cu-6~
1094Sn-1~29%A1 alloy with or without small amount of silicon showed the most
superior corrosion resistance in this corrosion test.
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Table1l Chemical compositions and mechanical properties of the test tubes used in the model condenser.

Mark| Alloys, JIS marks, Temper Chemical composition (%) Pg:z:ﬁgical p;?zrf;?tei?m (%ggg?tg?
' ' Cu | zn | sn | AL | Ni | si | as | e | Strength %) eoection”

1 ‘ Arsenical Admiralty Brass, | 999 | g 1.0 — - — | o.04 — 35.7 72 1.0
2 | fgg%ﬁgj?igigggiﬁggs- 770 | R -] 2.0 - — | 0.04 - 42.6 58 1.0
3 BT e pizalty Brass, 700 | R 1.0 _ — - — - 38.2 63 1.0
4 f;g;ggffﬁgiKggg?ggv 700 | R 1.0 — - — - — 34.8 69 1.0
5 } gﬁ%g%?ggﬁggﬁﬂ R — — — | 300 - — ] o5 43.3 23 2.5
6 ‘ %%Qﬁfgggﬁﬁi{i R — - — | 10.0 — — | 125 30.1 30 1.4
T | oner ] B gl R | - | | w0 —| —|im | e z L
8 9C0I;11T01,01?ngg i;aﬁg(li R — — — | 10.0 — — | 1.5 33.8 44 1.4
9 BSTF?, GbTac, ened 78.0 | R — | 20 — | 025 | 0.04 - 64.5 10 1.0
10 BSTF 2, flbrac. eved 8.0 | R -] 20 — | 025 | 0.04 - 52.0 47 1.0
1 ] BsT}%}bj\ﬁ;eale 4 780 | R — | 2.0 — | 0.25 | 0.04 - 47.1 53 1.0
L | Berry, albrac, o led 8.0 | R — 1 2.0 — 1 o2 | 0.4 - 38.9 70 1.0
13 | Aluminium Bronze, R — | 6.0 — — | o1 — 52.0 56 1.0

A | é‘ﬁ?%)Fgulggggglfee‘i R — - — | 30.0 - — | o5 3.3 43 2.5
B | BSTFL s led 8.0 | R — | 20 — | 0.25 | 0.04 - 46.0 55 1.0
C SK-4, Annealed R — 10.0 - — - - — 48.1 70 1.2
D | SK-6, Annealed R | 10.0 - | 2.0 — - - — 38.2 61 1.0
E | AP-1, (SK-8). Annealed R — | 8.0 | 1.0 — | 02 - — 42.9 72 1.1
F | X-106, Annealed R — | 5.0 - - - - — 34.3 58 1.0
G X-123, Annealed R 10.0 — 0.5 — — - — 31.7 56 1.0
H | X-105 Annealed R — | 30 - - - - - 31.8 57 0.9
K | X-129, Annealed R — | 80 - — - — - 49.8 68 1.0
L SK-10, Annealed R e 10.0 1.0 — — — — 52.5 66 1.4
M | SK-13, Annealed R | 15.0 | 3.2 — - — 1 o04 | or 42.0 57 1.0
N | SK-14, Annealed R ~ | 80| 13 — 1 01 - - 45.5 71 1.2
0 | SK-15, Annealed R — 6o | 7| =1 01| — 7= 7.3 64 1.1
P 6-X, Annealed R 22.0 2.5 — — — — — 39.5 74 1.0
Q 7-X, Annealed R 14.0 4.0 — — - —_ — 41.0 72 1.0
R | 8-X, Annealed R | 100 | 6.0 - — - — - 45.0 72 1.0
S 9-X, Annealed R 5.0 6.0 — — — — — 41.5 4 1.0
T | 4Z Annealed R | 200 | 4.0 - — — | 0.05 - 42.3 79 1.0
U | 7-Z Annealed R | 3.0 | —~ | 1.0 - — | 0.5 - 40.3 58 1.2
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Table 2 Number of all the test tubes used in model condenser.

~. Water chamber A-U, 2nd flow A-L, Ist flow B-U, 2nd flow B-L, Ist flow
Date of installation Total
Mark| Alloys, 175 maviE D25k (2sk o sp 25t M 26 s PO P 0t P PepOgt P Ot
Temper
1 Arsenicai\fl&rc‘lér;}gzlty Bracs, JED [ N N R —_ -] = 2 21 4] - = =] 1| -1 — 9
2 BoTBh Amnonioy Ml el il il M I Mt T Wt Ml O Ml AL Wt Ml O
s | e AR | = o o = o o o e o == =
G - O Nt T et T I I I Y Y I I B S S R
R e et T e Y R B
TR e e ) B e e A R R R
" lente d Proctpitetion breatea | ~| | =/ =] ~l =l [ =] = | a] <[ =T -[ =T A i ]—[] s
A e e e e D R R
o BSTF2, Work hardened S T W Wt Mt B e N M N Mt Mot O M A et Mt M
10 BSTF2, Steees relieved il il Mt Pl I Sl I A N M 2 et Mt I B R e et B
1 BSTPh, Ansealed Wt Ml et Ml b Wt A M Wt Wt A M Ml Ml el B
12 BsTF2, C}I\zgzrlcénnealed I R T R T I i et Mt Mt et A T Wt el 5”
13 Alum}\’;‘igglggonza e e e s — = = = = = = = 1 = =] = 1
A CNTFS PAnneaiod 1 -l-l-1-1- e e et et e T e e ) el e
B BSTF?, Aestaled o Bl el el A T i LR e e e e e uj~| ®
¢ | SK-4, Annealed NS RN U R v —| =2 —| =] 4] 7] | ] = 2| 7| =] @
D | SK-6, Annealed — = =] 1 v} = | =1 = | =] —| 4] 6| - —| =] 1] 8 ~| s
E | AP-1(SK-8), Annealed —| == =] -] =] = =] =] t]es| -] -] =] 1] 2] ] ws
F X-106, Annealed ] = ’ —1 e = - ‘ — - ’ bl el 2 , R e 1] — I - 3
G | X-123, Annealed —| === === = =] == =] 1| === —=] 1] =]-] =2
H | X-105, Annealed - = = - =] - == == === =] =[=T= 1
K | X-129, Annealed - = =] = = — == = =] 1| === =[=T=]= 1
L SK-10, Annealed - -1 =1 - 5| — - | B e B Pl Bt Bl Bt Al Bt e B 9
M | SK-13, Annealed —| === 1] - e L e e e e I e I ) R
N | SK-14, Annealed —| == =Ll === =] s =] =] =] =]~ =] =1 =] =] =] s
O | SK-15, Annealed - = = = 2| - = = 2| = =] | = =] =~ = = - 4
P | 6-X, Annealed = = - -] 3 — el R el it Bl e *[ et el el e 6
Q 7-X, Annealed — = - -] 3| — - = 3 = = = == =] =~ = 6
R | 8-X, Annealed - = = = 3 - - =] 3 ~] il e e e Mt M Mt M Mt
S | 9-Z, Annealed Rl B B B B B B ] = = 3 - I S A P Bl Ml Ml Bl Bl B 6
T | 4-Z, Annealed - = = = 2| - == 2 = 4
U | 7-Z. Apnealed - - -] =1 2] — el Bl R el Bl Il Ml Bl Il Bl Bl Ml 4
Total of of of ofuo| o 0 0|115 3] 4| 3| 0| of s8] 2] 16 54 of 4w
Total 120 115 120 | 115 | 470

Table 3 Running hours of model condenser in

various period.

1954 1956 1962 1963 1965

Date of
installation

Dec. Oct. Jun. Oct. Jan. ‘

Running hours
until April 1966

’ 40,481 ‘ 34,224 71,224 { 12,224 ' 4,140 {
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Symbols Date of installation
O Dec. 1954
O Oct. 1956
O Jun. 1962
o) Oct. 1963
O Jon. 1965

TIig, 1 Front view of installation of test tubes in model condenser.
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Table4 Results of eddy current inspection by Eddio Graph.
N e Magnitude of pen deflection in mm. ( ): number of tubes
Date of installation
. Dec. 1954 Oct. 1956 Jun. 1962 Oct. 1963 Jan. 1965
Water chamber
R B-L
= B-U B-L B-U B-L B-U B- B-U B-I. | A-U A-L BU
Mark Alloys, JIS ma{}éﬁﬂh 2nd flow| 1st flow 2nd flow| Ist flow |2nd flow|Ist flow 2nd flow| Ist flow2nd flow|lst flow|2nd flow égsv
1 Arsenical Admiralty Brass, (2) _ (2) _ 4) (L — — — — — —
Annealed 7.5 7.5 7.3 9.0
9 Aluminium Brass, (3 [€)) . . (2 (D — _ — . _ _
BsTF4, Annealed 5.3 6.5 4.3 4.0
3 Admiralty Brass, 2) _ _ B (D — — — — - — _
BsTF1, Stress relieved 5.8 6.0
4 Admiralty Brass, (2) - . . (1) i _ - - . — -
BsTF1, Annealed 5.0 8.0
5 | 70-30 Cupronickel, - . (2) 2) . [¢9) _ — — _ —
| CNTF3, Annealed 2.5 1.3 1.3 -
6 90-10 Cupronickel, (3) 1) . [)) - . - — . — — —
CNTFI1, Quenched 4.9 6.3 4.9
7 90-10 Cupronickel, 3 (1) . (1) . _ - — — — — —
CNTF 1, Precipitation treated 4.3 2.1 2.1
g 90-10 Cupronickel (3) (1) . [ . . _ . — . . _
CNTF1, Annealed 4.6 1.4 2.8
9 Albrac (8) (D — [¢))] (1) ‘ [¢)) . — — — — —
BsTF2, Work hardened 5.3 4.9 5.6 8.4 3.5
10 Albrac, (6) (26) - [€)) (2) I [¢)) _ - (4) 3 . -
BsTF2, Stress relieved 5.6 3.8 4.5 5.8 2.0 4.5 3.0
11 Albrac, (3) [€)) . (1) — - — — — — —
BsTF2, Annealed 5.5 3.5 3.0
12 Albrac, (3) [€}) - (1) . . - _ _ . . .
BsTF2, Over annealed 4.0 4.5 3.0
13 Aluminium Bronze, . . . [$3) _ - - . — — — —
Annealed 1.5
A 70-30 Cupronickel, — . . _ 4 . _ - — - — —
CNTF3, Annealed 3.5
B Albrac, — _ _ _ ) @ an an @n 1€5) ] ” ﬁ
BsTF2, Annealed 5.5 3.3 4.6 3.7 3.8 3.8
. . — 4 [®)) [O)] 7 ] - (20) @20 - —
C | SK-4, Annealed - 1.8 1.8 1.3 1.6 0.6 68 |
- . — . . 4) (1) (6) (8) an an — —
D | SK-6, Annealed 3.8 2.5 2.9 2.2 2.0 2.0
- ~ _ . . — D) D (25) 24) (28) (25) — —
E AP-1 (SK-8), Annealed 11 1.7 0.8 0.8 0.6 0.6
. ~ _ — . . (2) (D — — - — - _
F X-106, Annealed 3.0 3.0
R _ - . _ [¢V)] (D . - — —_ . —
G X-123, Annealed 5.0 45
H X-105, Annealed — - - — él% — et — - - - -
K | X-129, Annealed - — — — &0 _ — — — — _ _
L | SK-10, Annealed - - - - ~ - — - 8 H - -
M | SK-13, Annealed - - - - - - — - R - -
N SK-14, Annealed - - - - - - - - (()3% (()3()3 - -
(6] SK-15, Annealed — - - - - - - - (()2()5 (()25)5 - -
P 6-X, Annealed — — - - - - - - %3()) (()32; - -
Q 7-X, Annealed - - - - - - - - (()35); %3% - -
R | 8X, Annealed - - - — - - — -1 &1 & - -
S 9 X, Annealed — - - - - - - - (()3:)5 %3()) - -
T 4-7, Annealed — — _ - — - . - (()2% 528 R .
U 7-Z, Annealed - - - - - ‘ - - - '(/2% 222); - -
(©) kL, B @HE)
4-3-4 10%F27A=ZyHNVE (v~76 BEAHM, ~ HEREHO BB BOMERRL B, FOTRET

— 7 7 HTHULEER, <~ 7 8 @ dEH)

£ & 4 Photo. 1 THD L 51cd30% % o 7"r=y i
AR B o oo BARIE0% ¥ 2 e =y r v X
D HHLFEN DRI I T RS2 D o o NEIE A D RS
BNz BN, BAEREEO RS 3BOE (AN, T
W, R OGRS FRCTEAEN OB ARE D
B9 o 7o (L9BAGE R MHiC > & 2 Xmax 0.65, 0.46,
0.53mm),
435 PWTF9 o0& (v—79 :HEHM, ~-710:
BEH, <~ 2711 @AM, <~ 712 BEEM, ~—7
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Table5 Results

of the inspection of test tubes installed in Dec. 1954.

Average depth(1 |[Maximum depth <2 oy s .
Number of corrosion pits of corrosion pits Deposit in tubes | Degree of loss in %
Mark| Alloys, JIS marks, Temper " = Anti® | == Ant] ® : ]
of tubes D‘Efrfgbx coirnrges}i{on )%n?ln?;c coirrfg;x(on (mg/cm?) | S (%) s’lgf::élti Elongation
1 | Admiralty Brass, BSTFI, 2 0.40 | 0.8 0.56 0.75 46.6 — | 383 58.3
Cu-Zn- Admiralty Brass, —
u-Zo-Sn | 3 BsTFL Siress rolioved 2 0.41 0.85 0.41 1.02 46.5 20.7 47.6
4 Sdmiralty Brass, 2 0.38 | 0.9 0.51 0.82 34.4 — | 12 2.3
2 Aluminjum Brass, 4 0.30 1.17 0.40 1.05 78.8 - 16.2 48.3
BsTF4, Annealed N . . . . :
Albrac, _
9 BSTF2, Wabeae: rdened 4 0.31 1.13 0.39 1.08 58.9 23.5 60.0
7.3
Cu-Zn-Al Albrac, _
10 BTF2, Shere®, e lieved 32 0.30 1.17 0.43 0.98 oy 21.0 9.4
1 Albrac, 4 0.35 1.00 0.42 1.00 52.5 2.88 12.7 50.9
BsTF2, Annealed . : . ’ ' . . .
Albrac, .
12 BSTFZ, Owart® ealed 4 0.34 1.03 0.46 0.91 60.7 21.3 51.4
6 Sty ugronickel, 4 0.46 | 0.7 0.65 0.65 30.0 — | 179 2.3
. 90-10 Cupronickel, —
Cu-NiFe | 7 | CNTEL Prommiomokel cated 4 0.30 1.17 0.46 0.91 15.1 31.1 428
8 W Supronickel, 4 0.36 | 0.7 0.53 0.79 23.3 — | 254 45.4

(1) Each tube was divided into 20 equal sections with upper and lower sectoin of 200mm length. Then, the maximum depth of
corrosion of each section was measured and the average depth for entire length was calculated.

(2) Depth of the most severely corroded part of each tube.
(8) Corrosion rate of Albrac tube /Corrosion rate of the test

tube.

Table 6 Results of the inspection of test tubes installed in Oct. 1956.

Average depth Maximum depth sy f
Al s ks, T Number| of corrosion pits of corrosion pits Deposit in tubes | Degree of loss in %
Mark oys, marks, l'emper 3 | Anti ® | = Anti(® .
of tubes| Depth, X ; X max : 2 . Tensile .
(tnm) cti)rlzcrlgimn (mm) coirrxl*g(se;?n (mg/cm?) | S (%) strengh Elongation
e Arsenical Admiralty Brass _
Cu-Zn-Sn 1 ‘Annealed 2 ' 0.37 [ 0.76 l 0.48 1 0.71 1 35.2 { 24.6 58.3
Albrac
9 BsTF2, Work hardened 1 0.28 1.00 0.36 0.94 38.3 — — -
Albrac
10 BsTF?2, Stress relieved 1 0.31 0.90 0.38 0.89 58.7 - - -
Cu-Zn-Al |— "
Ibrac
11 BsTF2, Over annealed 1 0.28 1.00 0.34 1.00 57.6 3.61 — —
Albrac
12 BsTF2, Annealed 1 0.39 0.97 0.36 0.94 59.8 l — - —
13 Aluminium Bronze 1 0.34 0.82 0
Cu-Al ‘Annealed . . 0.4 0.85 45.1 — 9.8 32.1
90-10 Cupronickel
@) 6 CNTF1, Quenched 1 0.32 0.88 0.47 0.72 3.9 — - —
. 90-10 Cupronickel
Cu-Ni-Fe | 7 | CNTFI, Precipitation treated 1 0.22 L2 0.28 1.21 18.6 - - -
90-10 Cupronickel
8 CNTFL. Annealed 1 0.32 0.88 0.49 0.69 5.7 — — e
70-30 Cupronickel 17.6
Gu-Ni-Fe 5 CNTF3, Annealed 6 0.23 ‘ 1.22 l 0.40 0.85 ’ 322 0 — 13.8 37.2
(1)~(3): See the foot note of Table 5.
4:3-6 aTIIZTLERE (~~— 713 BEH) Bivin b o tz,

% DAEICIE Photo. 2 HREED L AT, TANT T v 7
WEHELOMEYNEEL, TVT Ty 7EL D SERA
ELHWILARSHRZT Dhvic, BAEXIZT VT T v
7B EREEIT TN YRR TH 57
4-3-7 SK-4% (~~—2C, Cu-10%Sn)

EPmEL: Photo. 3 E#D L 5 Th-T, HELEHFLT
EFEONEMENS DN, BERERIE L TED,
EREEAE DB LUWILENRREZ L Tnress, Laidsh

4-3-8 SK-6% (~~ 7D, Cu-109%Zn-29%Al)
SK- 6 %% Photo. 3 rhsk #D X 5ic BsTF2% &
BLUOREEC S D, 2BEDA T A MRATEWE ENRLD

iz

WaEFoExik Table 7, 8 wh 5k 51T,

Bs

TF2H L 0ZbTNHEBNL 5 Th ot
4-3-9 AP-1 (SK-8) % (~—72E, Cu-6%Sn-1%

Al-0

.29451)

BNTEIORIUE Photo. 3 dhakifd k 5 i SK-4 %10
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Table 7 Results of the inspection of test tubes installed in Jun. 1962

Average depth (O Maximum depth s .
Markl AL s o T Number| of corrosion pits of corrosion pits | DePositin tubes | Degree of loss in %
ar oys, marks, Temper =7 Antic® = Antic® -
of tubes De(gfr}rl;)x coixgg:;on }((233 coixr-lré)es)icon (mg/em®) | S (%) Sg;:?lsggg Elongation
Arsenical Admiralty Brass,
1 Annealed 5 0.38 1.03 0.65 0.89 59.5 — 28.0 59.7
Cu-Zn-Sn| 3 BS*%dFT‘rSE;erSSngﬁive 4 1 0.39 1.00 0.57 1.02 26.1 - - -
Admiralty Brass
4 BSTF1, Annealed 1 0.41 0.95 0.64 0.91 30.7 e — —
Aluminium Brass
2 BsTF4, Annealed 3 0.30 1.08 0.49 1.18 54.2 — 15.7 26.2
Albrac
9 BsTF2, Work hardened 2 0.35 1.1 0.41 1.41 36.1 — 25.1 60.0
Albrac
10 BsTF2, Stress relieved 3 0.38 1.03 0.51 1.14 35.7 o 25.1 68.0
Cu-Zn-Al |—
B flbrac 8 0.39 1.00 0.58 1.00 % £.20 18.3
BsTF2, Annealed . ) >0. . 81.5 . . 41.9
D SK-6, Anuealed 5 0.37 1.05 0.52 1.12 40.1 — 0 45.9
G X-123, Annealed 2 0.33 1.18 0.51 1.14 46.8 — 23.6 37.5
5 1030 Cupronickel 1 0.14 2.79 0.44 1.32 9.1 - - -
Cu-Ni-Fe N 23.3
70-30 Cupronickel .
A ONTrs Phomckel 6 0.40 0.8 | >0.69 0.8¢ . —~ | 116 39.5
27.4
C SK-4, Annealed 6 0.13 3.00 0.17 3.41 401 1 — 11.9 0.7
F X-106, Annealed 3 0.24 1.63 0.82 1.81 21.8 — 14.3 0
Cu-Sn
H X-105, Annealed 1 0.24 1.63 0.38 1.53 25.5 - 9.1 29.8
K X-129, Annealed 1 0.12 3.25 0.18 3.22 11.0 — — —
Cu-Sn—Al‘ E } AP-1 (SK-8), Annealed [ 2 l 0.09 4.33 ’ 0.14 l 4.14 ‘ 40.0 | 1.98 ’ 0 12.4

(1)~(8): See the foot note of Table 5.

Table 8 Results of the inspection of test tubes installed in Oct. 1963.

K Number i;eggngogﬁ)%ﬂ;igs) ! l\%afxc‘:g}l;r:sg)ipgilt:) Deposit in tubes | Degree of loss in %
Mar = i 8 = i .
Alloys, JIS marks, Temper | eq D??{fg-)x Cé’?fézi}i’)" (I;nnal;‘ c%%?g}i{on (mg/cm?) | S (%) S;I;.Z?E%g Elongation
Albrac 32.6
B BsTFS, Annealed 25 0.30 1.00 0.45 1.00 3913 4.48 17.5 42.3
Cu-Zn-Al[— %.3
D SK-6, Annealed 14 0.17 1.76 0.25 1.80 302 1 — 14.2 18.5
31.3
Cu-Sn ’ C } SK-4, Annealed ' 14 0,11 2.73 0.16 2.81 351‘3 — 10.5 8.5
21.4
Cu-Sn-All E AP-1 (SK-8), Annealed ‘ 50 1 0.06 5.00 0.09 5.00 292.7 2.58 7.3 6.4

(1)~(3): See the foot note of Table 5.

PR DB L Tnie, LL, FENRORMIE SK-4 %
T b, Bmatkitit Photo. 5 (d) 0 X5 IR TH
oice LERA BN 70,

4-3-10 X-106 (=~ 7F, Cu-5%Sn)

SK-4 % L LD MBS SHiicA Photo. 3 T
BB LA CERNEIEMMABM L ELTWT, BEES
LR DK TH o712,

4-3-11 X-105 (=~ 7H, Cu-3%5Sn)

X-106 213 & A E B —OWRECS - T B LMk
DGR H BTz,

4-3-12 X129 (=— 7K, Cu-6%5Sn-195i)

EHEONEDORES L0 BAORIE SK-48 1

ILEHLTRY, BEeREsbhimg SK-4E 0| s T
LT\/z (Photo. 3 T#0),
4-3-13 SK-10 (=~ 7L, Cu-109Sn-195A1-0.19;Si)
LA OREOIREEL Photo, 4 ks X 5 cFE
EEHE (19654F 1 B) w7z SK-4% & X Tz,
LasL, ekt SK-48 L0 /e bR, RA—#
AARER L7 &8O Cit SK-14% & & Lz £ LS nix
»otc (Photo. 5 (e)),
4-3-14 SK-14% (~~7 N, Cu-8%Sn-1.39%5A1-0.19
Si)
& L OB AR & iz Photo. 4 fhk R0
AR SK-0FLIZEALEA—THD, BEEIIZED
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Table 9 Results of the inspection of test tubes installed in Jan. 1965.

Average depth(> Maximum depth P .
Mark Number| of corrosion pits of corrosion pits Deposit In tubes | Degree of loss in %
ar Alloys, JIS marks, Temper De % | Anti ® Ed Anti ® .
pth X N X max P 2 Tensile |y :
of tubes (mm) cc;;gcésxm (mm) l coirrfg:;on (mg/cm?) | S (%) strength Elongation
M SK-13, Annealed 2 0.08 3.00 0.14 3.07 31.3 — 0 12.2
22.4
P 6-X, Annealed 6 0.06 4.00 0.11 3.91 271 0 — 7.0 4.0
0.4
Q 7-X, Annealed 6 0.06 4.00 0.09 4.78 2 1.19 7.1 0.7
Cu-Zn-Sp | gé
R 8-X, Annealed 6 0.05 4.80 0.07 6.14 21{(} — 3.8 1.8
193
S 9-X, Annealed 6 0.04 6.00 0.07 6.14 271 3 — 6.7 2.0
T 4-Z, Annealed 4 0.05 4.80 0.07 6.14 37.4 — 5.9 0
26.6
Albrac
10 BsTF?2, Stress relieved 7 0.25 0.96 0.34 1.26 282.9 — 10.3 34.0
- 21.3
Albrac
B BsTF?2, Annealed 47 024 1.00 0.43 1.00 38z1 4.23 4.4 22.1
Cu-Zn-Al 26-2
D SK-6, Annealed 34 0.20 1.20 0.35 1.28 342.6 —_ 9.3 12.4
18) 7-Z, Annealed 4 0.26 0.92 0.43 1.00 27.8 — 26.5 56.8
13.8
Cu-Sn C SK-4, Annealed 40 0.06 4.00 0.10 4.30 s — 7.3 6.5
9:7
E AP-1 (S8K-8), Annealed 54 0.03 8.00 0.05 8.60 1627 3.05 2.8 3.4
17:7
L SK-10, Annealed 9 0.03 8.00 0.04 10.75 l — 2.8 4.5
Cu-Sn-Al g?g
N SK-14, Annealed 6 0.03 8.00 0.04 10.75 312'7 — 1.4 2.8
[¢] SK-15, Annealed 4 0.04 6.00 0.05 8.60 9.8 — 4.0 0
(1)~(8) : See the foot note of Table 5.
INE I o1 any IEAE XL X=0.06mm, X max=0.09mm G/h
4-3-15 SK-15% (=~7 0, Cu-6%5Sn-1.7%A1-0.1% EM ot

Si)

H3E e LUV Aokt Photo. 4 rhm"mot 5T
AP-1# 13 E A EA—TH D, HagEs ik X=0.04mm,
Xmax=0.05mm G » T, SK-10, SK-14 uom*ﬂ%ﬁ
BEXIVNTH o T,

4-3-16 X-123% (=~ 7G, Cu-10%Zn-0.5%Al)

TR SK- 6 %8 &L LT ey, SK-0iiH L
CTHANRY L, Fhefls TREED R WEHE &HE
Lo BAEXILSK-6% L IHITE—TH -7,
4-3-17 SK-13% (=~ 7M, Cu-15%Zn-3.2%Sn-0.7%
Fe)

NERICIL T VT Ty 2R BN LD TR g
B, Photo. 4 EEBics B & 5 AURAVIR OB & 234k
AT L TWWze L0, BEBATABIEL TWTHEA
ZEx 13 X=0.08mm, X max=0.l4mm TH -7,
4-3-18 6-X% (~~ 7P, Cu-22%Zn-2.5%Sn)

SK-13%% & 1313 HLloRE&C H b, Photo. 4 i RED
I B lFE kOB e R e e b bk, BEAEXIESK
-1I3E L D ANE ol
4-3-19 7-X% (v~ 7Q, Cu-149%Zn-49%5Sn)

SK-13, 6-X % X 3iFELloRics by (Photo.4

8

4-3-20 8-X%& (=~ 7R, Cu-10%Zn-6%Sn)

7-X L BELDORIMIC S o 7ok, BRI IIFEI
RN L Y THh o7,

4-3-21 9-X%& (=~—78S, Cu-5%Zn-6%S5Sn)

8 -X % L FE—DOWRIRIH - 720
4-3-22 4-7% (~~ 4T, Cu-209%Zn-4%Sn)

9 -X & K iR EER B » 728, Photo. 4 T L5
CIENEEIED TRE#ETH Y, Cu-Zn-Sn RELED
A CIHB AR LEETH - 72,

4-3-23 T7-Z%& (~~— 72U, Cu-33%Zn-1.09Al)
FNTT y 7 ECELORNERLEEZEL, TVT Ty
ERBREOCHAR SONHE 2/ (BAH) DBIL IR

AABE I NI,
4-4 ANERNEHE

AT xiE Table 5~9 AR T LA LB & b
1963410 A I BT 1372 & ik 20mg/em? L) k%
BEORBEWIEE Uiz, #iste LT CNTF1 BX0@E 3
BB CTATNS BRIV B ENIZED b5 o 7203,
ik, BKEREENEE COMREKIBEL /2D THA
5, 196548 1 B EUNE DT HIE, AP- 18 DM %Y
B2 0.7~16.2 mg/ecm? THig P, BsTF2%=

¢_L‘-
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s

(a) Albrac,B (B-U 2nd flow,Jun. 1962) (b) Albrac,B (A-L lst flow,Jan. 1965)

(d) AP Bronze,E (B-U 2nd flow, Jun. 1962)

(e) SK-10,L (A-L Ist flow Jan. 1965) (£) 4-Z, U (A-L 1st flow, Jan. 1965)
Photo.5 Cross sections of test tubes. (ilgg)
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Table 10 Chemical analyses of scale formed on the inner surface of the tubes
of Albrac (BsTF 2), AP-1 (SK-8) and 7X.

Mark | Alloy t Date of installation l Cu ] Fe i Zn ‘ Sn Total sulfur S04 S*

No: 11 [ Dec. 1954 42.60 2.80 3.45 — 3.97 3.27 2.88

No: 11 E Oct. 1956 44.38 2.50 4,65 ) — 4.62 3.01 3.61
B é Jun. 1962 44.58 2.75 2.85 — 5.09 2.67 4.20
B g Oct. 1963 41.46 4.90 3.06 — 5.47 2.96 4.48
B < Jan. 1965 43.30 2.75 3.25 — 5.49 3.79 4.23
E 5 Jun. 1962 36.26 2.96 — 9.32 2.58 1.79 1.98
E E% Oct. 1963 39.54 2.82 — 7.56 3.20 1.84 2.58
E < Jan. 1965 36.88 3.75 — 7.92 3.92 2.62 3.05
7X & Jan. 1965 31.82 3.40 6.20 9.61 1.63 ] 1.31 | 1.19

* Sulfur not belonging to sulfate.

SK-10% Gl hot. 20L 5 AiERADAEDEEE
B OMIC BRI LW L 5 IEhin S 7z,
4-5 BIERHEBRESR

BIEESRDRE R AV & LT Table 5~9 Hutlic
35 No. 1~13 B L0 A, BOERMEESEITIIREDY
Eir LT, 3R B LOMPOIE e DR E RE T AR
THDONE Moz, ZHEH LT, SK-4 % L USK-8,
K-10, SK-14, SK-15, #¢ Cu-Sn % J¢¢ Cu-Sn-Al
LsE20~9-XkLd-Z %0 Cu-Zn-Sn 4&KE
WTHS BER X 7n B URAT IR T A b otce &
DL B IekER AT ERB OB IIEARTRILE X
CHIELTWBE D ELBNS,
4-6 EREMNEFEHOIHESR

o3& U TARIICEAHT - BsTF2 %, AP-17%7m5
Vi 7-X B onWCEDOWN M AEwo 2T e,
Table 10 #4184, BsTF2#&icis\ T SO "BIAAD S &
NETAEHOEL & 29~45%TH D, ZOHEMND
B e UK B ERER L Oz b D Th D - LT
5 AR

5. & =

BRSNS BOED 6 RFECSHEHL, AL2RH%
AT RAERE R IR~IEDED L 5 Th o7z,

1) Cu-Zn-Sn &4

2) Cu-Zn-Al %44

3) Cu-Al %44

4) Cu-Ni-Fe %44

5 Cu-Sn %&4

6) Cu-Sn-Al %44

1) Cu-Zn-Sn %44

TEFIINT 4 ~HERE LTHBNT B Cu-30% Zn-
1%Sn &&7 v i =y 2 PR O FLE UL
TBEAZTCED, RABAELL DR, BEEZIZ7 Y
Iy AEREIERSTH-C, WAERL 0.71~1.03
Tholce BIEIDRBELR A NTCEEADT VITpTF 4 —

FORAEINLELRTFR T FITvT 4 ~FIDK
Th 71203, SEIOFHEC IS NTEOEMILH HIVIRD -
720

Zn XU Sn % Fig. 3 wird L 5 e HiRaEEAD
BRAEY gk bl h e wmmLiz Cu-5~22%
Zn-2.5~69%5n 441k LAEOFEN VR, HBAEEXX
TI =Y REIRE DY~ Th o700

V7

30

20 N

Sn content {%)
<

9X
[} #8X 7%
® 474

b o N

0 10 20 30 40
Zn content (%)

Fig. 3 Phase diagram of copper rich corner of
slowly cooled Cu-Zn-Sn system by XK.
Yamaguchi and I. Nakamura®. Dots shows
Cu-Zn-Sn alloy tubes used in this test.

D& D kRSB, Cu-Zn-Sn & 0O0HEME Sn &
HENRLZWNGE, P 25%b itk nwT7 v =
VAL DENTWBELDERR LY DL THD, TR
BEXEBOREMR L VAEAREEDT L, Sn &F
BRI HANL VI THAEED a4 LT, Cu-l4~
20%Zn-4%5Sn &&NEETH D L 5B BB,

7-X#% (Cu-1497Zn-4%Sn) OO Sn B 9.6
%EFELULBEINT WA Z LR Z0AEE&0 iT&M Sn
DEBEOMBEEE L CWB LD THAHAREENATH D
ZEHETRTLDELIING,

(2) Cu-Zn-Al %24

Cu-10~33%7Zn-0.5~2%Al OHENO44E BsTF4,
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BsTF2, SK-6, X-123, 7-Z 3TN HEaLXELTE
h, EEES OMICHEE RENSL BT, HaEkERERT
WAHEESEIF R LB 57z, BsTF2 ik L€ Zn &D
M~ SK-6 (Zn:109%) OEja#eair BsTF2 & HHH
DL DOTHh-7ehs, Zn #é e Al B P X-123

(Zn :109%, Al:05%) 1kil&o FENBLALD, &=
ER A OEITIC X 5070 DI L WH kDR A B I
726

DX B kR BAREEB BB L AN
SEEETHLRETTRTORMEELIFHELI HHDT
e E N D

(3) Cu-Al %44

Cu-69% Al & & 137 v 3 =V LHFHE &@U%%®%
AR LABEEZITEY, BAREIICR TS REE
Bolce ZOMEND, KREEETT VS ~WAi%*
CHELTENTWD &AWL 5B BN 5,

(4) Cu-Ni-Fe %44

CNTF1 ¥J. ¢ CNTF3 DO&&EIiie iehmb
BUGETAAILEN & BEBREARL B, BEES
7= RERERRRETH /e 2D & 5 IEEEREM
DAREGET VI =y AERLDVEN TS L ZAMEF
LWL D EEwREIND,

(5) Cu-Sn %44

SK-4 (Cu-10%Sn) #&ialsic iz » TEHWH ko
BaEEE T TS ILEBRL b oz, X-105 (Cu-3
%Sn) ¥ & 8 X-106 (Cu-6%Sn) © -4 4% (19624
6 AEA) MR HAS B UL ZU O, X-129
(Cu-6%Sn-1%S1) &4k X-106 %8 & H o ey
MWL, BARCEAHMMAPBLNTH o7,

ZOROEEFITERED 2 7 A4 2RO EHO T B

HEOBRFRROMESE GnO: KLbELbN5) &6
LT,

196248 6 FHEIC DWTEE&D St S FR EHALEX
OB AERTIE Fig. 4 L5 TCho-T, Sn o
KON TIHAMED AR A B,

(6) Cu-Sn-Al %44
KEEFROE 4 BT TN TCEES—BAROR A4
THRWHMAELTWBEDETH T, FLEDFE ém&b

Nz o7,

EREEBERWTHHNTNGEENR D& H - T,

Sn EEELEAEIOMRIXI- D E Lihot,. &
EHE LI AEE O TRE SR OE DM A L E L EN
FehDTHDHZ EIHETLD,

AP—1 (Cu-6%Sn-19A1-0.29S1) & D& N 5E 8D
SHHER A LIUE Sn 23 7.6~9.3% B XNTEY, 44
D Sn SAATEWHRCEEINT D E83bbh b,

6. #& (03
1954412 8 1I3k19664E 4 B i/t TR A R -/ - T &

0.25

O Xmox : Corrosion rate from maximum corrosion depth

-¢- Xmax :
e X . Corrosion rate from mean corrosion depth
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X
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Fig. 4 Effect of tin content on the corrosion rate
of Cu-Sn binary alloy by polluted sea water.
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K DA RITDOWT

Copper Content

B H L R

in Sea and River Water

by Reizi Tanaka

The copper content in sea and river water in Kansai and Nagoya area was investigated,
and the actual conditions were given:in this paper.

The first investigation was carried out in August 1966 and the second in February
1967. The copper content was severely affected by the industrial drainage flowed into the
river, and was seen to a large amount in the river, estuary and gulf close to large cities.

The relation between the pollution index and copper content was studied through
some experimental data, and it was found that the higher the pollution index, the larger

the copper content.

Its relation showed to correspond to the increase of pitting corrosion

on aluminium in the sea and river water of the higher pollution index.
Furthermore, the copper content was experienced with water less than 7.5pH according
to the relation between pH and the copper content.

1. &

KERT A BB A EINEE T TR HKIC & - T
LA BRINAERCS D, BERENRRENAS XD
WTEERME L - Tnb, 2IFAKEOKEREICES
THERIEE UCERERE, KERFERER X O
BEIEINT WD, BRAKAKC L 2E&BHEORA
LEEAMBETS S,

T ERE Ok, WKL ATy TF Y ~F o~ T
®@ﬁo%?ém%®—%abf W, KE, REEM
Z&&@N@K@Kﬁ%ﬁﬁb,ﬁmm%,@ﬁ@% 7
YEZY LAY, E@a‘%{%ﬁg&lgﬁ EGe ORI AR
W AEEL b o L AR L,

NEBKOBERD—DE UTHRA A v 3D, Zhi—
HOMAFCHETHDHZ LIFELADIHEMEINT 523,
Tz l\@%ﬁk’xﬂ/f LRXIMFEAYE 2D LN
il %nn\z) Ho - EHFREFESAF KR ORESR
g®%%&%5mrb,ﬁ%ﬂ“ﬁ¢mﬁaﬁg®%mL
a%Tbto%%Mﬁ%@m¢®7w = v LB OB &
ZHEWT, HEEFENEELRRERERL DD TRV
L#z, BAFEHK R L OB EEMEFINKE L O¥EKRBD
AEHRYTFHE L

2. & K B H

FAIIBAAEE B L UFRFI424F 210 5RE L Tz FRFR4L
4213 8 A26A s 2T B CHREBMXOL 7B, 8 ALY
A2 BIS BT TAR - JRIRHIXAS 7 Bi DB K ETT o 7o
FoEF424EIR 2 A 6 B T BT TEEBHIK61 -

il

* PrgEs

Fr, 2 A14F3 KR - RIEHIXA2 7 FRDFRKETT - 720

B OKAE R L ORKkEZIE Table 2 ~ 5 iR
T8, HK - WOk ETROEE Y 20T KBNS ERE
FN 50T, Table 1 ©2% & L CHK A O THIR A %
w~L7

Table 1 Tide table

. High tide Low tide
Date Sampling
rarea HM| cm |[HM | cm |HM| cm | HM | cm
Aug. 17, 1966 _ 6.55 | 183 1 20.18] 184} 1.20| 104 | 13.39 6
Osaka
Aug. 18, 1966) 7.43 ] 187 | 20.51) 182 | 1.59] 94 14.19 15
Aug. 26, 1966 0.55 | 197 | 16.26| 205 | 9.04] 81| 21.41] 157
Nagoya
Aug. 27, 1966 2.43 | 203 | 17.08; 219 | 10.03} 69| 22.26| 139
Feb. 6, 1967 5.06 | 195 | 15.44] 191 | 10.28] 121 | 22.49 26
Nagoya
Feb. 7, 1967 5.45 | 209 | 16.40] 202 | 11.11] 105 | 23.32| 14
Feb. 24, 1967| Osaka 7.33 ] 141 |18.39] 141 0.38 —24 | 13.08] 69

3.8 W HF &

31 EKEZE
Bk ER) & UTED B10mb - LS e BTG

EBET L, INEINNC I\ T 8562 HEFER Ui,
FAKEXIZEAE LT 05m & L, —ILE. S 0.5m
OEBKEAFEILTFDE 2OKELZERLI
WKIETEECER Y, HHOBEEIT o7

3.2 & W&
FLFVFFFHNNI VEEF Y Y A - IR RER
& BB - BB TRuKFRORS & ST Lz
BoKid MRy B 100ml io% 1ml i TRE LT
ZNEHEEEAMK No. 5C ¢z L, BUF JISK0101-1966
M EFRCHE L TER Lz,
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CDOFEC L % & BRCTEOBEY & E N DR FREDHMETELTWB LD EHLND,
WERI N UL LERIBROBEA % 5 5 KIS ITR R

FRELOTHY, FMEEOI AT S -1k LT 4 B E & R
b7 V=Y ADOBEECEETHEXEZ BNADT, EilEERAEEMK OF AR R4 Table 2, K -
Table 2
B Water
Sample Position gg)tt?f Saé?rlrjlléng tem;;era pH cu
No m) HM e (ppb)
1 Outside of Nakagawa gate 0.5 8.53 28.7 6.79 33
2 Inside of Nakagawa gate 0.5 9.17 30.8 7.05 35
3 Confluence of Kohoku canal 0.5 9.20 30.2 7.01 33
4 Nakagawa canal  pgyainashi 0.5 9.23 29.2 6.76 2
5 Confluence of Ousu canal 0.5 9.26 30.2 6.87 33
6 Showabashi 0.5 9.29 31.0 6.93 46
7 Estuary 0.5 11.08 30.8 6.65 6
8 South side of Shiodomechd 0.5 11.09 31.3 6.70 17
9 East side of Shénaishinkawabashi 0.5 11.20 32.0 6.61 26
10 . South side of Ishin high school 0.5 11.25 30.0 6.54 20
1 Shonaigawa Meitokubashi 0.5 11.32 30.5 6.59 56
12 IshikiGhashi 0.5 11.37 3.7 6.51 13
13 Maedabashi 0.5 11.45 30.8 6.51 30
14 Manbadhashi 0.5 11.56 29.2 6.52 41
15 West side of Shonaishinkawabashi 0.5 13.25 32.2 6.72 32
16 Between Shonaishinkawabashi H%ggdebashi 0.5 13.99 39.2 6.65 22
17 Hinodebashi 0.5 13.35 30.8 6.41 36
18 X Mikazukibashi 0.5 13.42 30.8 6.46 43
19 Shinkawa Fuseyabashi 0.5 13.49 29.3 6.31 28
20 Manbakobashi 0.5 13.56 28.9 6.41 32
21 Oharubashi 0.5 14.04 28.7 6.41 14
22 Kaizubashi 0.5 14.12 29.1 6.40 26
23 Qutside of water gate 0.5 16.16 30.2 7.43 26
24 Nikkogawa Confluence of Takaragawa 0.5 15.40 30.6 6.59 51
25 Kawaiohashi 0.5 15.49 30.3 6.51 43
26 Estuary 0.5 14.30 30.3 8.16 13
27 Tenpaku -gawa Chidoribashi 0.5 13.40 30.3 7.95 20
28 Between Chidoribashi and National railways 0.5 14.10 30.5 7.06 14
29 Estuary 0.5 15.12 30.8 7.03 26
30 Hirakibashi ’ 0.5 14,46 30.5 6.90 110
31 Oegawa Center railway bridge 0.5 15.06 32.1 6.93 17
32 Kotdbashi 0.5 14.52 32.2 6.61 32
33 Meinanbashi 0.5 14.58 33.3 7.42 61
34 Estuary 0.5 11.37 28.7 6.84 25
35 v 3.0 7 17.7 7.09 25
36 . Azumabashi 0.5 15.18 29.8 6.82 20
37 Yamazakigawa Between Azumabashi and Détokubashi 0.5 15.48 30.6 6.68 26
38 Dotokubashi 0.5 15.25 30.5 6.75 18
39 Tyiijibashi 0.5 15.32 28.3 6.79 61
40 East side of Sumitomo Light Metal 0.5 11.53 27.9 6.76 17
41 . 7 2.5 7 18.4 7.05 64
42 Horikawa South side of new railway bridge 0.5 12.02 27.8 6.81 53
43 West side of Uchidabashi 0.5 12.06 27.2 6.57 66
44 Estuary of Arakogawa ’ 0.5 10.18 30.2 6.95 33
45 South shore of center wharf 0.5 9.04 29.3 6.82 30
46 East South shore of Meiks P. S. 0.5 9.10 29.5 6.90 56
47 7 5.5 7 16.6 7.05 43
48 Between Kytgochi and Jyiichigdchi 0.5 9.28 29.7 6.78 25
49 South offing of Kyfigdchi 0.5 9.43 28.8 7.37 20
50 7 10.0 7 16.5 7.73 20
51 Inside of Break water 0.5 10.10 28.6 7.70 ' 18
52 Water gate of Chita P. S. 0.5 10.20 28.9 6.62 13
53 7 7.0 // 16.5 7.78 14
54 Draining of Chita P. S, 0.5 10.40 31.0 7.96 18
55 Between break water and Tokaiseitetsu 0.5 11.00 28.3 7.06 11
56 East side of Shinnagoya P. S. 0.5 11.18 29.7 7.77 13
57 7 4.5 7 16.6 7.60 9
58 North side of Shinnagoya P. S. 0.5 11.25 35.5 7.13 13
59 Center of Nagoya harbor 0.5 16.59 30.0 7.03 20
60 South offing of Jyuichigdchi 0.5 10.45 30.5 7.07 13
61 West side of break water 0.5 16.35 29.8 8.12 18
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FRIEHX DA A Table 3, B4 AFEF[HEMX
OFEERE Y Tabled, XFE-BHHBXORER R %
Table 5 i+, 7 Fig. 1 ~4 il s & HED
SR A R T .

41 BIFEEFORE

HZEBHX TRAILINOHFEN % {, B, 110ppb,
Z TG 61ppb T b, Z DI 50ppb 22 255D &
LC, L)l EyaFE 61ppb, IR 4R 53ppb, M
&Y 66ppb, {ERIE&BHR (KREK) 64ppb, #AEHEHE
O % ¥ K HFE R H R 56ppb, FEPY/I 0 BAFERE 56ppb, H
YT - FAHRS S1ppb 7 3% %o

KPRHOK CrEAE 1R & 0 RRNRCFHEAZ . 100
ppb &= x B DL LT, AIFEI/ID 163ppb, Zia/IIF
a0 104ppb 3% 1, 50ppb #& 2 5 LM LT, MG

CRENZEBN2IEE) 94ppb, Za)lE 62ppb, & H
HFETEFR B K O 56~86ppb, AE/ITIEEE EOEL 67
ppb 23% %,

FRIBREE CLEE T )N A & RIS /s TR M % <,
BEFEEHERA D 170ppb, EX 481 5lppb, BRFERE
FEg 61ppb, FAFISMAI 69ppb 7 E23% 5, FIRSI DS
Vb7 <, W) 3R AS66ppb % R U ek 2\ D 50ppb
BT Th%,

4.2 BHL2EXFORE

B G AT @ S FNGER - L) b 8RS 53
%\~ 100ppb - 2B bDE LT, #HINTHIIIED
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Table 3
: Water
Sample Position dentn | SR tempera pH cu
No (m) HM °C) (ppb)
62 Yomogawa Estuary 0.5 13.27 29.3 6.82 43
63 v 3.0 13.37 28.3 6.82 33
64 Watergate of Amahigashi P. S. 0.5 12.38 28.2 6.50 170
65 7 4.0 12.49 25.5 6.95 88
66 Shogegawa Sumitomo Metal Ind. 0.5 12.53 28.0 6.90 51
67 7 4.0 13.03 25.5 6.90 50
68 West estuary 0.5 18.57 27.0 6.09 1
69 West side 0.5 14.02 26.5 6.83 14
70 7 10.0 14.12 23.0 7.25 22
71 Kanzakigawa East estuary 0.5 14.54 27.0 6.12 13
72 East side 0.5 14.39 26.2 6.80 66
73 v 3.5 14.47 23.8 7.38 43
74 Turning point 0.5 14.28 27.2 6.22 2
75 Rokkenyagawa 0.5 15.14 33.8 6.20 163
76 Estuary 0.5 14.30 26.5 6.39 104
77 Hitachi Shipbuilding 0.5 14.37 28.0 6.23 32
78 . Confluence of Ajigawa and Rokkenyagawa 0.5 14.47 29.0 7.05 46
79 v 6.0 15.00 25.2 7.15 26
80 Ajigawa Water gate of Kasugade P. S. 0.5 15.24 27.8 7.10 56
81 7 3.0 15.33 27.0 6.80 86
82 Ajigawa tunnel 0.5 15.37 28.0 7.15 62
83 7 3.0 15.46 28.0 7.13 54
84 Showabashi 0.5 12.13 27.6 6.16 94
85 Draining of Osaka P. S. 0.5 13.47 28.8 7.05 13
86 7 10.0 14.02 23.2 7.52 5
87 Fujinagata Shipbuilding 0.5 13,16 27.5 7.00 18
88 7 7.0 13.26 23.3 7.32 5
89 Kizu -gawa Namura Shipbuilding 0.5 12:55 28.0 6.95 32
90 7 7.0 13.11 23.2 7.22 13
91 Ferry of Senbonmatsu 0.5 12.39 27.6 6.75 40
92 7 5.0 12.51 23.5 7.20 6
93 Ferry of Ochiaikami 0.5 12.30 26.9 6.43 67
94 Onamibashi 0.5 12.20 27.0 6.27 44
95 Draining of Amagasaki 3rd P. S. 0.5 11.58 30.5 6.46 9
96 Watergate of Amagasaki 3rd P. S. 0.5 12.01 26.7 7.00 9
97 : ” 4.5 12.10 24.0 6.45 14
98 Outside of Amagasaki gate 0.5 12.18 26.2 6.90 69
99 ” 4.0 12.29 23.8 7.35 17
100 South side of Amahigashi P. S. 0.5 13.10 28.0 6.50 61
101 7 4.5 13.23 25.0 7.00 44
102 ‘Downstream of Yodogawa 0.5 11.35 27.0 5.83 13
103 South offing of Yodogawa 0.5 15.10 26.6 5.56 9
104 Yodogawa break water 0.5 15.15 25.2 6.85 6
105 ;Osaka harbor 0.5 14.22 27.0 6.53 13
106 'Downstreani of Shirinashigawa 0.5 14.11 28.0 6.32 9
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Talbe 4
. Water

Sample Position Z&tﬁf Satrix;gémg tempera pH Cu

No (m) HM tugs (ppb)
1 Outside of Nakagawa gate 0.5 9.18 9.5 7.22 44
2 Inside of Nakagawa gate 0.5 9.36 9.5 7.13 29
3 Confluence of Kohoku canal 0.5 9.39 15.0 6.85 34
4 Nakagawa Canal  pgpaihashi 0.5 9.41 9.2 7.2 45
5 Confluence of Ousu canal 0.5 9.43 9.5 7.25 45
6 Showabashi 0.5 9.46 10.5 7.29 46
7 Estuary 0.5 10.56 8.0 7.30 17
8 South side of Shiodomechd 0.5 11.02 7.7 7.17 5
9 East side of Shonaishinkawabashi 0.5 11.14 7.5 6.99 13
10 o South side of Ishin high school 0.5 11.20 7.7 6.94 11
11 Shonaigawa Meitokubashi 0.5 11.25 7.7 6.99 18
12 Ishikighashi 0.5 11.30 7.7 6.90 25
13 Maedabashi 0.5 11.42 7.8 6.97 34
14 Manbadhashi 0.5 11.58 7.7 6.87 31
15 West side of Shénaishinkawabashi 0.5 13.16 9.7 7.29 126
16 Between ShonalshmkawabasmI?I?r?odebashi 0.5 13.20 9.8 7.40 29
17 Hinodebashi 0.5 13.25 9.2 7.08 25
18 . Mikazukibashi 0.5 13.32 10.0 7.14 34
19 Shinkawa Fuseyabashi 0.5 13.40 10.0 7.16 4
20 Manbakobashi 0.5 13.48 10.5 7.18 55
21 Oharubashi 0.5 13.54 10.6 7.06 52
22 Kaizubashi 0.5 14.00 10.5 7.02 53
23 Outside of water gate 0.5 15.07 9.2 7.68 5
24 Nikkogawa Confluence of Takaragawa 0.5 15.40 9.3 7.05 52
25 Kawaichashi 0.5 15.49 10.3 7.02 32
26 Estuary 0.5 13.55 10.4 7.58 8
27 Tenpakugawa Chidoribashi 0.5 14.10 11.4 7.49 13
28 Between chidoribashi and National railways 0.5 14.40 11.6 7.52 33
29 Estuary 0.5 15.24 10.3 7.64 46
30 Hirakibashi 0.5 15.28 12.5 7.47 36
31 Oegawa Center railway bridge 0.5 15.32 13.4 7.46 83
32 Ko6td bashi 0.5 15.36 16.8 7.85 52
33 Meinanbashi 0.5 15.42 17.1 6.78 53
34 Estuary 0.5 11.55 10.6 7.32 69
35 2 3.0 12.04 10.6 7.70 36
36 . Azumabashi 0.5 16.02 11.3 7.42 29
37 Yamazakigawa Between Azumabashi and Détokubashi 0.5 16.07 12.7 7.53 85
38 Datokubashi 0.5 16.16 11.5 7.30 87
39 Chijibashi 0.5 16.22 11.3 7.26 138
40 East side of Sumitomo Light Metal 0.5 12.13 10.8 7.15 74
41 . 7 1.5 12.17 10.5 7.26 177
42 Horikawa South side of new railway bridge 0.5 12.20 10.8 7.17 118
43 West side of Uchidabashi 0.5 12.24 11.2 7.11 159
44 Estuary of Arakogawa 0.5 10.15 8.3 7.38 87
45 South shore of center wharf 0.5 8.50 9.7 7.74 25
46 East-South shore of Meikd P. S. 0.5 9.04 9.3 7.57 11
47 7 5.0 9.20 9.5 7.75 13
48 Between Kyiigochi and Jyiichigochi 0.5 9.32 9.5 7.65 11
49 South offing of Kytgdchi 0.5 9.46 9.2 7.64 13
50 7 10.0 9.55 9.5 8.00 8
51 Inside of break water 0.5 10.20 9.4 7.88 7
52 Water gate of Chita P. S. 0.5 10.27 9.0 8.13 2
53 7 7.5 10.36 9.5 8.21 4
54 Draining of Chita P. S. 0.5 10,53 20.7 8.17 5
55 Between break water and Tokaiseitetsu 0.5 11.09 9.8 7.70 8
56 East side of Shinnagoya P. S. 0.5 11.32 10.0 7.71 9
57 7 5.5 11.41 9.8 7.98 7
58 North side of Shinnagoya P. S. 0.5 11.45 15.2 7.58 13
59 Center of Nagoya harbor 0.5 17.00 - 10.7 7.52 9
60 South offing of Jyuichigdchi 0.5 10.44 8.5 7.59 7
61 West side of break water 0.5 16.34 9.2 7.51 8
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Table 5
Sample Water Sampling tWater Cu
Position depth time tﬁr‘xl;;%ra pH
No (m) HM C) (ppb)
62 Estuary 0.5 13.53 13.2 6.70 135
63 Yomogawa p 3.0 14.02 12.2 6.77 83
64 Water gate of Amahigashi P. S. 0.5 13.09 12.2 6.90 130
65 Shogegawa 7 4.0 13.20 10.3 6.75 91
66 Sumitomo Metal Ind. 0.5 13.23 12.5 6.72 78
67 7 4.0 13.34 10.5 6.97 76
68 West estuary 0.5 14.45 9.7 7.10 70
69 West side 0.5 14.52 9.6 7.20 12
70 2 10.0 15.02 8.7 7.60 5
71 Kanzakigawa East estuary 0.5 15.37 9.4 6.96 31
72 East side 0.5 15.24 8.8 7.42 12
73 7 3.5 15.34 8.4 7.60 5
74 Turning point 0.5 15.14 11.0 6.81 37
75 Rokkenyagawa 0.5 10.47 14.7 6.57 100
76 Estuary 0.5 11.16 9.0 7.05 42
77 Hitachi Shipbuilding 0.5 11.10 9.1 6.68 55
78 Confluence of Ajigawa and Rokkenyagawa 0.5 10.53 10.8 6.65 85
79 7 6.0 11.03 9.0 6.70 57
89 Ajigawa Water gate of Kasugade P. S. 0.5 10.29 8.5 6.70 69
81 7 3.0 10.40 8.4 6.78 66
82 Ajigawa tunnel 0.5 10.01 8.5 6.65 72
83 7 3.0 10.18 8.5 6.65 74
84 Showabashi 0.5 17.11 8.5 6.65 61
85 Draining of Osaka P. S. 0.5 16.20 11.1 6.88 51
83 Fujinagata Shipbuilding 0.5 16.26 10.0 7.28 26
87 7 7.0 16.35 9.0 7.60 23
88 Kizugawa Namura Shipbuilding 0.5 16.40 10.3 6.84 61
89 Ferry of Senbonmatsu 0.5 16.43 10.7 6.83 74
90 Ferry of Ochiaikami 0.5 16.52 9.4 6.77 91
91 Onamibashi 0.5 17.00 8.7 6.75 62
92 Draining of Amagasaki 3rd P. S. 0.5 11.47 17.2 7.91 11
93 Water gate of Amagasaki 31d P. S, 0.5 11.54 9.0 7.75 17
94 7 5.0 12.03 8.6 7.90 11
95 Outside of Amagasaki gate 0.5 12.09 9.0 7.22 9
95 7 4.0 12.18 8.7 7.35 8
97 South side of Amahigashi P. S. 0.5 13.40 12.0 6.70 83
98 7 5.0 13.49 10.2 6.72 55
9 Downstream of Yodogawa 0.5 15.42 8.9 7.21 13
100 South offing of Yodogawa 0.5 11.33 8.3 7.53 21
101 Yodogawa break water 0.5 15.22 9.2 7.27 22
102 Osaka harbor 0.5 16.03 10.2 7.17 21
103 Downstream of Shirinashigawa 0.5 16.09 11.0 7.07 29
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Fig. 1 Distribution chart of Copper in Nagoya area

in summer 1966. (Figures show sampling numbers)
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Fig. 2 Distibution chart of copper in Kansai area

in summer 1966.(Figures show sampling numbers.)
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Fig. 3 Distibution chart of Coppor in Nagoya area

in winter 1967. (Figures show sampl ing numbers)

Fig. 4 Distribution chart of Copper in Kansai area

in winter 1967.(Figures show sampling numbers.)
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Fig. 5 Solubility of Copper in fresh water and sea water.
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Fig. 6 Solubility of Copper on the assumption that metallic

Copper is immersed.
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Fig. 7 Relation of pollution index and Copper content.

(Figures show sample numbers.)
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Exciting Effective Wavelength and Matrix ofX-Ray Fluorescence

Investigation of Quantitative Analytical Method
with X-Ray Fluorescence (Rep.7)

by Akinari Ichiryu

As the incident beam for X-ray fluorescent analysis iscontinuous X-ray in general, it is
troublesome to solve the theoretical intensity equation because it is necessary to use a
numerical integration. If the exciting effective wavelength for fluorescent X-ray is pro-
vided, consideration on the intensity of fluorescent X-ray becomes very simple and easy,
though the idea of effective wavelength does not apply to the case in which an enhance-
ment effect exists. To investigate the relationship between effective wavelength and the
matrix, the ratio neat/temporary mass absorption coefficient of sample at the measuring
wavelength, i.e. £ was introduced. (Refer to Fig.1 and equation (6).) It was found with
the equation (3) of mass absorption coefficient and wavelength that the same {-value
samples had the same effective wavelengths. This fact was verified by the estimation of
the exciting effective wavelength for ZnKa.

Matrix effect at the determination of zinc in the Al-Zn alloys was corrected by using
the effective wavelength. X-ray values did not always coincide with chemical ones. It
was due to inhomogeneity of composition in the specimen for the metallic sample. By
the solution method, good results were obtained with this correction. In the determination
of 0.1g zinc in the aqueous solution 100m/, coexisting with copper, nickel or iron under
0.4g respectively, the relative error was not more than 195, but without correction the

error was 9%.

1. #
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Table 1 Exciting effective wavelength for ZnK, excited by 40 kV X-rays.
fer Effective P Effective
Composition 1/ ¢ wavelength(A) Composition 1/ ¢ wavelength(A)
Cu -~ 1% Zn 0.120 0.810 Al — 309% Zn 0.298 0.900
Ni — 7 0.990 0.940 Cu — 50% Zn 0.124 0.847
Al — 7 0.923 0.940 Ni — 7 0.527 0.920
Cu — 10% Zn 0.121 0.842 Al — 7 0.210 0.880
Ni — 7 0.899 0.940 Cu — 70% Zn 0.126 0.857
Al — ” 0.549 0.916 Ni — 7 0.360 0.908
Cu — 30% Zn 0.123 0.845 Al — 7 0.165 0.870
Nij — 7 0.706 0.935 100% Zn 0.128 0.855

Table 2 Mass absorption coefficients at 0.93A.

Element | u7(0.93A) | Element | »/(0.93A) | Element | »7(0.934)
Mg 9.95 Mn 70.8 Cu 105.0
Al 11.2 Fe 82.9 Zn 115.8
Si 14.2 Co 87.9 In 67.2
Cr 64.2 Ni 100.1 Sh 74.6
B LU THRDdI,
HEWILREL VictoreenP D AFA L, LRI T

WA W B DWTIE 7 7 71 L W RREE TR 72,

MRS 40 InK. iz, 40KV omEEchi4 5%
DB 3 E A QR A B S TEE LTk, Table 1
ik L. TSRO EREEHEEOMBAL Fig. 2 &7t
D, A& L o TRR - IR E b, 1/E B85
WEOMEIL Fig. 3 T—kKOiifi sS4 2 ENTE,
HRENECH~ TE BRATTHIUE, BHEERSL
W EHREMTTN D,

4 BRERROGH

ZoKa CDOWCHEMEREE E OMBRAEENTRE -7/
DT, BHEEAFA L CHRELZEHT A EMNTE S,
BN EL DM CLERTE 20, B X
DEFFCIN 2 HLENS D DT, SV BRI B R
2 L% 2 BN AR TSN L Tahl,

41 Al-Zn 20 Zn OBER

Al-Zn DHRAAEITEROEEENT BT TH D, &
OFHEAE L, 40kV oERECcliET b0 & LT Fig. 3
EVEMIHE N KDDL, 093~0.94A HEHN D,
ZOBA N 13 0.01A Bin 5 CTh, HEECHREEEYT
DA% O RELRTIETE R\ T A
W 0.98A & LCEET S 2 Lim Lz,

0.93A i3 2 ATEOEERIAREIADO L HE LT
WL, 3 093A i % Fe OBERIREIL,
@FAFHL, wrFe (MoK, : 0.7107A)=383 & p're
(ZnK.: 1486A) =270 OEAKA LT

logpu're(A) =2.780logA +1.994
A, ZNEDpFe(0.93A)=80.9 %187, KiIcBRAF
ALT, kbbb

1/1(0.93A) = 11'Fe (0.93A) /s MoK, ) | 1'Fe(MoKo )
& o TATED 0.93A w3 2 B BRI RL A Rdizo
Z DFER: Table 2 @WiR L7z, SHBHOEMEIL logy' ~
logh ©7' 7 7 XV ELNBEEIHE~E LIz, /2L,

-
[N

Be LITOEEFHRSICETHE, LEFHRCHAWTWDER
ERBNEL D IL R, BRENKE L,

Hire it ZnKe © 2 JiE% A\, Ny 7 77 v Pk
ZnK. ®2xs%s =4 2~ 2~ 91.00° £ & bH T
89.00° X 93.00° EANEL, FOYHEEL Ny 7T
5y VOMEL Uiz, HIEHRE Integral » L, DBase
Line %5V, Gain 32 TO0MOERIEIC X >tz THO
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Fig. 2 Relation between the effective wavelength for Znka
and weight fraction of zinc.
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Table 3 Chemical compositions of the used samples 1.4
in Fig. 4.
- — 1.2 e |
Chemical composition (%) .
Sample No.
Zn Cu Fe Mn Cr Si Mg 1.0
Standard | 5.00 | — - - - - — *
A—1 479 | 192 | 015 | 0.12 | 0.15 | 0.15 | 1.80 0.8 *
A—2 5.52 1.56 0.16 0.03 0.25 0.11 2.45 ;E_-) '
A—3 6.02 | 1.60 | 0.25 | 0.10 0.25 0.15 | 2.60 2
B—1 1.06 | 0.10 | 0.65 | — — 0.8 | — z 0.6 g
B—2 147 | 0.06 | 0.43 | — — o | — 5
C—1 6.98 1.93 0.18 0.01 0.27 0.11 2.77 = 0.4
D—1 0.26 2.95 0.82 0.31 [Ni0.93 8.81 0.82
E—1 4.51 0.02 0.20 0.60 0.23 0.15 1.10 0.2
F-—1 2.95 0.44 0.31 — 0.23 0.14 1.76
Al : Remainder OL/
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

SHEEIBLTE 3% D250 7 v — 743 CHlE
L, Bigi: 40kV—8mA, %3 40kV—5mA OmE
FE—EBRET. EBBOEE&d 13F cpm LITO v
Y FHTH ol A LI WEX RS HT BRI AR &
FELTH 5,

A7z sUBE R O —Fik Table 31z, JisEitii: Fig 4
iR Lice W LiciBEOREIIL Al-5% Zn @ 206
&, RIREL L, HHREBAT Y v 2
% Al-Zn @2 TTEETHIE U, X DIcEHE TR
DIMERE R U SDTH B,

Fig. d bbb &, =1V v 7 2ABEEHIE LIEER
B SR E TROTCIRERCE TN TN 505, FBER
—B L H B, ZOMEE LT, AniegEsEas
B TH oI VMIMTH o2 LT, HEOFRE—E
BRTLDEELBNL, ARE&BRET, #4HE, N
TOBREE & D WX T 56008, Al-55%
Cu &40 CuK. L DWTHRE LicBER S 5,

4-2 Al-6Zn-X 3T&L2ICHOVWT

Al-6 % Zn R %BLIT D8 3 THEIEG ENI-&EEU
N L Chtco Al-69% Zn @ 1/€ 130.669CH MR
0.93A Th s, HEITHEOLEEENV L WDOT, Zhiek
S THEMFEENEG 52 L,

HIE LA OEMITET 528, AunicRiifmoea=
Hin CuKg ik B /%y 7 77 ¥ FAD ZEBR/HNZ N
DT, InK, O 1 RIgHTEMET D ENTE D, 272
L, BERARETETCH2ELOMERELDZDTT VI
WABREBEOFICRE, 1607cpm LUFBE 2 T CH
E LTz

Fig. 5 12 WEX SOV L LR EDEL 5 3 THE
OEERIEH LTRLELDT, 0.93A OBEMEELHE -
Tw Yy 7 AFRAEELELHE L. E3THED
SHBRPIEL, =PV v 7 AOFEIEDHRENRSE DI
D Ui, ek zid=y rvO X S TBIGIRO KX
ITHETIE, <tV v 7 2ABRAERTZZ ETERN
ZEERRLTWS, LL, 42 rREEEBRETHHD
THIFLOH—EREEH L L, ek - THIEEIE S
b ERLND,

Zn (%)

@ : Measured values

QO : Corrected values by using effective wavelnegth

Calibration curve is the theoretical intensity ratio.
Fig. 4 Calibration curve for Zinc in Al-Zn alloys.
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DEFENLDNATNWD EE LTI W, ZOBAES vy
LHBNRT v F ' CDEFRRY AN &, T L TZnK
DWW L D e 0 HiE BRI b0 WE X i E
DD LI VEIEGHEINE N, &b, KR
D Nmin DU WS B 70D ST X S84 2 BINEh RO
EEEREE L WD TH D,

4-3 BRE~OIEH

LEEO 2 oA &ERE T, Bk ME B
FEBORTEC LT EBD T, BEETRE L THS
Z &I LTz,

BN ZnKe D ECDOWTHR~NB, BB xg &0,
KEBHI LT 100ml OEBF Lics 15, BEE% (100
+x)g &L, KEOHBEWINREIIMR L CEEAXTTH,
BIE0.94~0.93A 1272 % 1/E 111~07 TH D, Zhic
M3 2 2 i EEEC LC O~1ldg 275, FE L DI~
TLHET, ZOEHEITHETHILRINR, EHRTHHH, |
FRD B K E N, 5T Ldg LT OB % 100m/
DKBBE LC L EHEEOEINE00IALFTtH 5, L
NALEB TS LB LBEEOCERGLHBOT, BREEIIR
%058 & Ui, CDBEA 1/E12087 270, BRHEEX
0.937A <% %, EEEH 0~0.52/100m! COBEHEED
ZENE 0.003A 1/ h, BRI B LMNTE S,

BWECRETH <) v 7 2BROWIED DK, RO
LI mIEEEFE T .

O HHERBOBHEE~A 7 -BEAER LR, 20
<A 7 BT L AR XBOMES RTINS D
ET5, (o< 9 —BEOELL 6 ThHA)

® (A+1DHCL 10m/ & (1+1)HNO320m! %#4¢r 100
ml OB U THEL, BRRBORMC X % EE0%
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Fig. 5 Determination of zinc in Al-Zn-X tertiary alloys.
EEALTER S 5, DOEB T, BHRRBOEER X - TRETESMLU LTS
® KETHEOHERPRBIIEHRES 5, NBIDTh D, MEILIcE AV EDEEETHRY%D

Rie<t Yy 7 2ABROWERTH b, Fig. 6 wird X
Sz, EHE W, OBOTWEXE®RELL L, L O
WEARTEERNOGERESY Was &5, ZOBRA,
@XEFIA+T D&

Wa _ ap,(Ae) +Bp (Ap)
Was all«/s(}\e) +BIJ«IS(7\f>
:_:;1 ’]L‘E g,u,! (Ae> +BI‘LI! (A'f) (n)

7 oaps(he) +Bu's(Ag)
7oA, EUERE Y U CHMAED A X AR OB CIAME L
THRELAzbDE L, ¢ 1IIHRETELERT S,
WFHZnK. o 0.UA OB sEECEHETS
Wan= Wzas (1+0.076 Wy +0.257 Wi
+0.230Wco+0.212Wre
+0.184 Whin+0.031 War-+---) (19
Lk, Wans VIEEMESVE CERL Lo B DEAT D
SHERE (B THhH, ORIVt 0 v 2 2%R%
HELICEEEARDDZENTE B,
BHRBREOAECIIBEER e VI ANSEBEI L - TR
BT D, S S SR LA ERED — 35

ERBRELLNDDT, —EEAND LI CEE LI,

Hgh 0lg WHEFTLRE LT, #H, =yrn, #ahnz
THOEB R L i, 40kV OINEET ZnKa O 2 RigH
W, Ny 777y FEELFIWTCED ZnK. OMEAKR
Oz, BHESE & UTikEh 50mg & 150mg 2 4ir2 2

Intensity

0

o} Was
Weight fraction

Wa

Wg : Weight fraction of element a in unknown sample, having
intensity lg
Wes: Weight fraction of element a in standard composition,
having the same intensity
Fig. 6 Reference diagram of equation (11).
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DEW A A, BESHMORERIERE LT LTEE
HEEHH LT,

Table 4 e EMREYTRST, =V v 72 AEEELRN
BAVERE 9 BFIARENR S 512, Bl OMESE A EA
THUE, 1%L Teotee SHUE< Y v 7 2HROH
EFENRELTHDZ LERTHDTH S,

Table 4 Matrix effects on the zinc determination
with solution method.

Taken Found
Other ele- | Without correction With correction
Zn(mg) ment
(mg) Zn (mg) |Error(mg)| Zn (mg) |Error(mg)
100 — 100.4 0.4 100.4 0.4
100 Cu, 100 98.6 -1.4 99.3 —0.7
100 Cu, 400 96.0 —4.0 98.9 —-1.1
100 Ni, 100 98.1 -1.9 100.6 0.6
100 Ni, 400 90.8 —9.2 100.1 0.1
100 Fe, 100 97.9 -2.1 100.0 0
100 Fe, 400 91.9 —-8.1 99.7 -0.3
5. & B

BHEEDE 2%, cOBEMBHECHEREZT50,
WX SRBREE I A B 2 ST T o CHIE LA < 7n
Bo FTT, BRMHEEE~ LY v 7 REDOBFRELD D
CHIE P WX SRR 1 55U O B BRI RE & KD
HRERPAEOW, Jibb & #&, § LEHRREOM
T Intcs & BELWEABMTOEDREITETSHD Z
& AIELIRARE FIWCE &, ZnK. OBMEEXFIHT
RKDOTCINEREDI BHRELRBLTE Y v 7 2%
ROMIEL Al-Zn £&OHMROERCISA LR, &8
SO CH SRS — T fo by, SITEIIE B D& &R LT,
wiE, MRHE—E B LT L WEBIRERICIEA Lz 2 5,
METREERME DN, —BICBEREC ST, <
Py 7 AR D, BDWINEL D L5 G
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On the MIG-Spot Welding of Al-Zn-Mg Alloys

by Yoshihiko Sugiyama and Toshiyasu Fukui

A study has been made of the weldability of Al-Zn-Mg alloys. The experiments were
carried out on the aging characteristics, tensile properties and weld-crack susceptibility

of MIG-spot welds.

Tensile properties were evaluated by the tensile-shear and the cross-tension tests, and
weld-crack susceptibility was evaluated by the slit-type weld-cracking and the restrained

weld-cracking tests.

The tensile-shear strengths of MIG-spot welds made with 5356 filler and AlZnMgZr
filler were 500 kg/spot and 600 kg/spot respectively in 60 days after welding. Cross-tension
strength decreased with aging after welding, while tensile-shear strength increased.

According to the restrained weld-cracking test, crack susceptibility of MIG-spot welds
in Al-Zn-Mg alloys was almost equal to that of 5052 alloy. However, crack susceptibility
of Al-Zn-Mg alloys containing small amount of zirconium was almost equal to that of

5083 alloy.

Weld-crack susceptibility of AlMg alloys (upper sheet)-AlZnMg alloys (lower sheet)
combination showed the tendency of smaller susceptibility than AlZnMg-AlZnMg com-

bination.
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T D 72 Al-Mg %0 5052 35 L 17 5083 &4 & s
72o INBIRWTN S TEREE X/ 2mm, 4 mm
BLO6mmTH D Al-Zn-Mg REEL T4 (A
BERFD), Al-Mg R&413 Off (B <Th 5,

W ol E A Bk Al-Zn-Mg %o AlZnMg filler ¥
J Ot AlZnMgZr filler'®, Al-Mg %@ 5183 filler & 1
U* 5356 filler Th B, TN L TERCILEI NI LD
TEOFL 1.bmme Thb, Table 1 ¥ k¢ Table 2
MR L OB OEE ST FREFRRT .



Vol. 9 No. 2 W& Al-Zn-Mg Zewa0 MIG-Spot AT DT (106 )
Table 1 Chemical compositions of parent metals. %)
T~] cu Fe | s 1 Mn Mg Zn or | T Zr Ag Designation
0.03 0.15 0.04 0.31 1.78 4.08 <0.01 0.01 — — Al4.17Zn 1.8 Mg
Al-Zn-Mg 0.02 0.16 0.05 0.28 2.32 3.96 <0.01 <0.01 0.22 — Al4.0Zn 2.3 Mg
0.02 0.24 0.05 <0.01 1.91 4.80 <0.01 0.04 0.17 0.13 Al14.8Zn 1.9 Mg
0.01 0.25 0.09 0.02 2.49 <0.01 0.21 <0.01 — — 5052
Al-Mg
0.02 0.22 0.08 0.67 4.34 <0.01 0.20 <0.01 —_ — 5083
Table 2 Chemical compositions of filler metals. %)
T~ | cu Fe Si Mn Mg Zn Cr Ti Zr Ag Designation
0.01 0.15 0.08 0.32 2.38 3.85 0.01 0.01 0.19 — AlZnMgZr
Al-Zn-Mg
0.01 0.30 0.13 0.53 1.79 3.78 0.02 0.01 0.05 — AlZnMg
0.04 0.08 0.12 0.12 5.08 0.01 0.12 0.09 ~ - 5356
Al-Mg
0.01 0.09 0.08 0.76 4.99 0.03 0.12 0.01 — 5183
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Fig. 1 Size and form of tensile-shear, cross-tension and

hardness diétribution test specimens.
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Restroined weld-cracking test Slit-type weld-cracking test

Fig. 2 Size and form of restrained weld-cracking and

slit-type weld-cracking test specimens.
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Fig. 3 Effect of aging on the hardness distributions of MIG-spot welds in Al-Zn-Mg alloys.
(Filler metal : AlZnMgZr filler)
100 (—— T T i i py
80 . - -
O
60 —~ - .
Al Zn Mg**-Al Zn Mg**
40 Al Zn Mg Zr filler 1 T—
100 . T . o ---0 5356 filler - —— i
T i T
80F geme=T -0 e - - O -0 B
i o g HF * M
orf,o—-o’ 3 .}/‘/‘7
60 4L ]
5052-Al Zn Mg* 5083-Al Zn Mg®
1 1 I 1 {L L ! I H I o
0 30 6Q 90 T 0 30 60 90

Aging time ofter welding (day)

Aging time dfter welding (day)

Yig, 4 Effect of aging on the hardness of weld metal (MIG-spot welds) in combination of AlZnMg-
AlZnMg and AlMg-AlZnMg alloys.(*Al-4.19Zn-1.8% Mg, **Al-4.8% Zn-1.9% Mg, T: 120°Cx24 h)
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Fig. 5 Effect of aging on the tensile-shear and cross-

tension strengths of MIG-spot welds in Al-4.1%
Zn-1. 8% Mg alloys. (T: Aged at 120°C for 24 h
after welding)
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43, Fig. 5 ® Al4.1Zn18Mg FIiFIFE UHia =1L
Tbo Finbbt w5 RRE LSRR CE L
CERL, B¥E2 7 BOW R E%T 600~650kg/spot
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CET Do WolT ) TEES R EROMR & L bic
HTET I 2% RS,
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Fig. 6 Effect of aging on the tensile-shear and cross-
tension strengths of MIG-spot welds in Al-4.0%
Zn-2.3% Mg alloys.(T; Aged at 120°C for 24 h after
welding)
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Fig. 7 Distribution of tensile-shear strengths of MIG-
spot welds in Al-Zn-Mg alloys. (Filler metal:
AlZnMgZr filler)
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tensile-shear strengths in Al-Zn-Mg alloys welds.
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Fig. 9 Distribution of tensile-shear strengths of MIG-
spot welds in Al-Mg alloys.
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Fig. 10 Effect of filler metals and welding conditions
on the weld-crack susceptibility of Al-Zn-Mg
alloys. (Slit-type weld-cracking test specimen of

6 mm thickness)
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HEH Al-Zn-Mg R4e&0 MIG-Spot #2010 T
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(&) AlZnMgZr filler
(B) 5356 filler
Photo. 1 Macro-photograph of cracks in MIG-spot
welds of Al-Zn-Mg alloys. (Slit-type weld

cracking test)
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Fig. 11 Comparison of weld-crack susceptibility in Al-
Zn-Mg and Al-Mg alloys. (upper sheet: 2 mm,

lower sheet: 2 mm)
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Fig. 12 Comparison of weld-crack susceptibility in
combination of AlZnMg-AlZnMg and AlMg-
AlZnMg alloys. (upper sheet: 2 mm, lower

sheet : 4 mm)
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Photo. 2 Macro-photograph of cracks in MIG-spot
welds made with Al-Zn-Mg filler in Al-
Zn- Mg alloys. (Restrained weld cracking
test)
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FHREDHND, 77 v FPOBRIEANTNERIFTH S,
Photo. 4 1% Al41Zn1.8Mg—Al141Zn1.8Mg d 2mm

(b#)-4mm (FHR) o # &4 ¢ 5356 filler ¥ k¢
AlZnMgZr filler CTREE L7~ b D TR B4 BIALTTSH
%o WESBIEIRSGI JORRGE L 0725 0D
WA, FRBEALDOHBIRLRIF TS D,

&) AlZnMg(2mm)—AlZnMg(2mm)
B 5052(2mm)-—AlZnMg (2mm)
() 5083(2mm)—AlZnMg (2mm)

Photo. 3 Macro-photograph of MIG-spot welds in
combinations of AlZnMg-AlZnMg and Al
Mg-AlZnMg alloys. (Filler metal : 5356)

(&) AlZnMgZr filler
(B) 5356 filler
Photo. 4 Macro-photograph of MIG-spot welds in
combinations of AlZnMg (Zmm)-AlZnMg

(4mm).

W lE 5, BEEBO I 7 wfili%s Photo. 5 kX O*
Photo. 6 1z5%3, Photo. 5 [3ikkE4m, IEEES &
VoNBOBERTH D, BESBEXEMNA dendrite % 7%
LT\wb, FRESR L BPEROERSOMAREL
FEHWICRIFTh 52, HomiciitdmE L Bd5h 5,
Photo. 6 (3N A 4E U BB OB E LB GEFRCENE
4y) OEINFEIREHD 3 7 v 8 ART, Bk RENR T

Y, FlrhYAHLTELTWELHTHD, BZ
o Photo. 6 C{ @A & &7 5 Hi#l7r dendrite #Hfk%
%LTL/\ZQO

HAZ  Weld metal
Micro-photograph of H.A.Z. and weld me-
tal made with AlZnMgZr filler in Al-Zn
-Mg alloys. (x100)

Photo. 5

welds made with AlZnMg filler in Al-Zn-
Mg alloys. (x100)

6. & &

6-1 BESOBENNE

Al-Zn-Mg RE&TBAMNRL L, HEESDHHECENR
TWBOTY, BEEERCHETH Tk OBt
#RT MY, MIG-spot BETHRELRER BB D BN
7ro Tib bR AlZnMg—AlZnMg DA T,
BESBIIGERS r ABENYT S L Hy (WESKk)
¢ 30~40 (AlZnMgZr filler) *s Jor 10~20 (5356 filler)
A LTuw5b, 5052—AlZnMg ¥ 1 ¢ 5083— AlZnMg
DM 4TI AlZnMgZr filler s 1 5356 filler s
TNCHEELTH Hv (HESkE) € 10~20 0 LHTH
Bo Tinbh b AlZnMg—AlZnMg OMEET Al
ZnMgZr filler CEEE: Uckid, B4 B (LD L was,
AlMg—AlZnMg O &8 Tkl b g 7n L, ¥,
AlZnMg—AlZnMg O &8 T 5356 filler Tk L7
BB LRI D e ZIUE HEBEOMM T Zn
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B in D Mg B 7o, BEAMETR K OMRRYIEAS
BETT200ThH D,

& ZAT MIG-spot FFEEHOD v v HBIERETHE, 13&A
EF7y ST Y WA TR LT B, o T il
B OB L 5 LR, BESBOREICETS SHn
KEWe Tiobb Fig. 5 L Fig. 6 Rl e,
Al-Zn-Mg %44 % AlZnMgZr filler G54 LBz
2 7 A O¥%) T 150~200kg/spot |- & 4 % A3, 5356
filler Ci% 50kg/spot @ L& L& d, —E % 00D+
TREE Al-Mg Zadx Al-Mg FRo filler CiE#E
L2 b0 & kKR, MIG-spot BERHO + > Wik B,
7y PO E—RERICH B Fig 7), ik LckER
e Y ETRE O AT hEREOEmERL TS (Fig. 8
Lo Fig. 9,

WolF 5 MIG-spot #1525 IR XD & &
HIZET T HEAER LT D, OB CIIREWT L AR
&8 & MO SEFESEADRBTMIEM-TE LTk
D, o THIESR P L OB B ORI & B S 08
né & SRR b LA4 5 2 & MRS NS A3,
Fig. 5 sk or Fig. 6 w4 J& <, MBghe & b{ETT
HEMICH Do ZOFEEEIIAT D/ Photo. 7 -5
3 IR ER A O MW ER D WTEI A 7k 9. Photo. 7 X D EAS 2
D E L, BESREDPOE LABOBEERRD /o bd

(&) as welded, B 10’ days aged,
) 30 days aged, (D) 60 days aged,

(1) 120°C x 24h tempered

Photo. 7 Cross-section of fractures in the spe-

cimens of cross-tension test.

8

MBI E & B s TWBZ ENRWEBENTH D, T
o b BESERR OB L IE L » T35 IRFABR OB 4
UBEDEADERNVIEL It sTD, SO & L b3
IERREE, BB AR XN DIEHEERR > TnD S
EMEBICHE I NG, F72 Al-Zn-Mg R4 4 L
fb& & LIt OIR & EEABY 2, 55 BRER T, —
DEIREFER D L/ find D, Fig. 5 LU Fig. 6 @
RHNDZNBOREE LR L1z 2 82 BRI
MEEZBND, ZORBIERREGEORI A~ v B
EBEDNT HEFRD BTN B,

ik, INHOTFIEERERERA OB THRDF
DERNEED LB bIb,

AT, 7NI=vnEe0 MIG-spot BEWOM®
BRI DT S Nic b idnngs, B
oy PEERCOWTIE, eizifv s WHRERBE LT
Table 3 R+ & 5 mENrD Do

Table 3 Minimum required strength per weld for spot-weld
shear specimens and minimum average strength.

Tensile strenghs of parent metals
Thickness of
heet ¢ ) >39kg /mm® 20~39kg /mm?
sheet (mm
. Min. f Min.
Min, Average Min. Average
2.03 | o7 563 388 485
2.84 806 1009 608 760
3.18 962 1202 737 923
4.06 | s 1769 — -

(JIS Z 3612, MIL—W—6858A)

MIG-spot B S B A v T BB R—H 352
LiLHsI A3, BED I MIG-spot RO 2 v
WTEREE 24 A 1 v PR O & WTREC B4 2 e
HTEHTE2DE, 2mm (FH)-2mm () O
4 Fig. 7 L0 Fig. 8 wikd & < 74y FEA 5.8
mm (AlZnMgZr filler) ¥ Jor 6.2mm (5356 filler) [
EBINET D THD, HEoTH7 vy FOBEIZBLTHN
1, —I& JISZ 3612 (b Bidid MIL-W-6858 A) # 7t
T5L9Thh,

6-2 BEMOTNEZM

Al-Zn-Mg Re&&ESEHAESOWMIE C1, Al-Cu #,
Al-Zn-Mg-Cu 7%, Al-Mg-Si % & RREEE Hugeit
DIENEETHH NS, FTrfih Lo & <D, Zr
OWETINTEIUEIE L BP 345, &2 AT MIG-spot
BT, BEVBIS OB A 2 vk & b7 D B R SRS
DHEENRRE DG TAED TIG Fsk 0 MIG L ETHR
o TeENER AR LE L FORERLETHANL S ThH
5o '

Fig. 11 @R L= &L, Zr #4547 Ui Al-Zn-Mg
REEITS002 L 1TIFE URREOEINEER AR L T 52,
Zr #WEEHE Lz Al-Zn-Mg RE&TIRENAELL
B L, 5083L &L D NI FNLTOENEZMTHS.
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5T Zr %#&ET5 Al-Zn-Mg ZA44ETCIHHZROE
ks (AlZn MgZr filler) # {8/ LT HEuL IER /b /n
W O Ak Fig. 10 X ¢ Fig. 12 b AN Tin
BHo WITERBORMAMELIBETDNTIRRD I EL
Thbo 7 bbb, AlZnMg—AlZnMg O & LD
5052—AlZnMg, 5083—AlZnMg @ (-4 D55 23 EHLLR
PLT B, ZOEME Al41Zn1.8Mg k08 Al4.0
Zn23Mg0.2Zr D WFNLEKETH S, COEKEE LT
1, BEEHO Mg 881 ELTH00THIEELD
ns,

L AT, BESETOEINL Photo. 6 it hRLAD
EL, RIREINTH BN, 20 L5 mEhiex L, — %
T EFANTTERE & 415 LR AL D (AT (Liquid film 7

B & RLEARE B R TR T L8 X BT 5191719,

LA UZe s, EINBHE OB U CidfhDd % < OFRF
CONWCEHEZBLENRLD LD ThbH, 0

Flefih Lok S, MIG-spot H#EEO ElN B LT
ik, BEDOTIG e MIG B L B THRERE Yy 1 7
W% E 7R 5 OT REHERE & @R RO BRI o
ThHEETHLENRSLS ),

1. # &

Al-Zn-Mg %440 MIG-spot Bk S\ TR
B OB & BB OENE I OWTHA L
FERROENREB M E IR o7,

1) Al-Zn-Mg %&&® MIG-spot ##HOD « > i |
BEEREROFRMETE L LA T5, 3rADE
WD TIRIT R e g4 % 23, AlZnMgZr filler Cif9
600kg/spot, 5356 filler cit# 500kg/spot T 5, MK
B & B e B REED LFL, BESBEORMEELT
5EHAENS,

2) MIG-spot BAHHBD & » WIS IRIREIL 7" v T OFF
E—RBERR DD, F7 v FDOEACKE AL i
BHMES EAT 5, Al-Zn-Mg Ré4% AlZnMgZr fill-
er THELLEE, A—E0+7 v Tk, 100~150kg/
Spot M/NT Y X ThD,

3) Al-Zn-Mg %44:% 5356 filler ' MIG-spot ¥4
BLE &, AlZnMgZr filler o HRTw v W5l E
MEODST 50~100kg/spot (K<, Al-Mg R&e%n
Al-Mg FROBEMH CTHEE LCEE L IZIER U TH 5,

4) Al-Zn-Mg %440 MIG-spot BEO B BB
BEIIMRIE & AT 5, Z OREITBMNEEOEZ)
B OBETH & <IN 5,

5) Al-Mg %&4 ¥ Al-Zn-Mg %440 MIG-spot
BEZOENBRE® A i+ 5 &, Zr #4647 Licw Al-
Zn-Mg FR&443 5052 L IHISARETH B A, Zr 2 HES
3% Al-Zn-Mg FRE4135083 L b /R & s,

6) AlMg (EiR)—AlZnMg (THR) DA L7k
AlZnMg (E#D—AlZnMg (TH) OHEE LB A &

DEINE D e MR LU Zr 2#MEESE T3
BRI IEREEY LT b,

7) Al-Zn-Mg %440 MIG-spot BIELOEIIC 3
JIETEMB O e L LTk 5356 filler 3 Xxy¢ AlZn-
MgZr filler Gi3gEihvi b7 < AlZnMg filler Tl3EN
ERZE .

8) LI EDf#ER, Al-Zn-Mg %440 MIG-spot %
VREHR s L ORI DARAL B B W B ER GBS TH N
W, 27 DERERS D,

X [

1) B, BHR%E - akysik 35(1966), 26

2) BildeE, BRI | EEEE R, 35(1966), 70

3) BERAHANS  REEHBRER TV I 20 4 A
DOPAZENI A& H”, (1966), 134—152

4) PIHEE | BamEiA s, No. 48 (1966-12), 8

5) MIPIBsR, HIFPSER] @ ARE 6(1965), 58

6) <EIELES, IR, IR © AR5 6(1965) , 82

7)) VIR, UE, R Be R

8) FHLES, YVIAIRSE, HirpueE], FEERHE, bR §F ARS8
(1967), 52

9) SFEILES, PSS, Rl RRSEME, EHTRIL AR
8(1967), 42

100 FFH RS, YA, MrbZEE], S ESHE | 40z, 7(1966), 45

10 Sp-RES, f2IleE, BIBIRRE, BHwR% - A&dk, 7(1966), 1

12) E—5, IEE, BHFR% ERES, No. 95 (1966),

13) 1.J. Polmear : J. Inst. Metals, 89 (1960~1961), 51

14) BIhEE, ®IR%E AR, 9 (1968), 14

15) J.H. Dudas, F.R. Collins : Weld. J., 46 (1966), 241s

16) K. P. Mudrack : Schw. u. Schn., 12 (1960), 45

17) J. C. Borland : British Weld. J., 7 (1960), 508

18) R. L. Wells : Transactions of the ASME, (1967), 40

19) &ZiliE, ®HRZ CARRE 8 (1967), 19

20) WHFIL RS RERR

etk
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1. & L & I

BTN X 5 SBEBOEREOTMEC BT,
AN TS SO FOBOBUER L AFEIE - B
R DBEIEER LD LT Tk Y, KHEHBRTLTT
THELTERZ ETHBY, MM THRE oW T
W, —DEEEEER O M & B 2k ke i
SEML 7 7 2 BEEABIRIFE LN RiE s 8 b
BT, EFRBBI L DEEBEAI BN D nn4D
ZTRARNAEMMT L UCHERNTEYR Y 1, &
VIR AR AR o [ AR A & gt BE U C AR A AR i o0 e
BHELMNCTDH I LT B,

2. A #FF® K

Skt & LT A Al (Fe 0.339%, Si 0.16%) #H
Wy, 650X2000 e vy FERBEL, ik 400°C kX
UB00°C DIRET 26¢ O M Uiz, ML 8:1
T, WLE LT875% Kb, 7 »3ifE ik 1.25mm/sec
ThdHo WP L XM B OB L 2 EESE
fE e DHEFT A HLIE T % 2, Die O CEEKFCHNE L
foo FMHAERE A T2 BN ERITER, 7/ 54 %
TV, LD BIEEEMEICC I 7 n MO BE 4T -
foo 7/ A NITERWE LT HaO 499, CHZO0H 499,
HF 2% %R\ iz, WEEBZEAFEEE LTk, #ilEL D
BEACES lmm OMiRax gt L, Fh% 0.3mm F ¢ 3
~ ) ¥ IOt BV, DIRERFEIC CHEEE Uiz, BT
13109 B FE#R +909% A - v 7 v a — v, EIRZEE 10V
X0.3A fem?2, W@EAr BT IFHED SO & AL D 2 -
P2\ THT 5720

3. TEREERR

Photo. 1 (3 BAAFEME CHE LU/ 400°C MHEDO TG
ERO 2 7 v TH D, Photo. 2 12 ETEDEETH 5
FOERIIEERD v 7 v « T u A Yy ASERC F O E
FIEMIEINIRET R - TRY, EAWE TR &,
FIAN LT A Ut Btk Ok Sl & F ok T < kSR & A
Bl T Bo Bk ofE f A OHIZE ) B e SABHEO T, o R YA
M <100> FR A FORBRTH D, THAFETRED Photo. 1 Al ik 2 7 v £l X140
Mg <111> HEAHE LT & & 2o Tl B, a  FOHOFIIHELS ()

<UI> B O PRSI BET 5 & H R Bl ORI I E

= b O A T
— > LD = lel\ i
=R b D TR, HEOD LR - Bk L D ¢ brEME Rk CRE

*rALE RSB EHNR T 3

R
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L
Photo. 3  400° C M #erhul BB 0> HE A KA KL i

% 570
Photo. 2 Al fIHIWEM KD 7 o fllg (R
a N
s e fpe e L
SEATI Photo. 4 400° C Jf H1 8 JE 2 56 oD # B A R 1p
A ERbhb, BlifERORE XL ZOERRL- & Photo. 4 13400°C HIED IO Tl 5o 0>

D LTWRWeb RO s & LI LGAL - 5 ~100 ey @1 BB AU EIRE SR & 7 D PIEBOERRL I B
OHIFICH 5D & Bbitd. MABEOSEHBEHE A b, BRI OK X X1 2~3u, BAOD - AVTBRE HISIE
BAnwadz ik, <100> EfhiigE® R 2 508 BUTH B, SR TOENEECPPAI L H T
<HI> @i e ble o THEBTHE RCROTOR . 3z, wrokx iz lp BE&T, dOBEEE DEDE
B LFROBHNEH LCRL B, CNOERSREOBEIE
Zo XD ELcbOTRAEL BAREDENELL TS,

— RO OMBR b OE LR UL, 84 EHIET HiRE
Bo<100>fEfkr L - FO<A12>ERERA B S Z &
Do k& HOWSHIE <112> F A HHRH T FIC R
fiﬂna&ﬁof\ﬂ% EHEZBND, TR L, BB A 13E 90°

B 5 & &1 L 0 AR, F AR

T 5, <V2>HEE R OE O <I1I>Hk D DT

BB ENEAMBOTZE, BHE LTS, FREFD
BifEf ORI IFNCET g W Y, RIVAE
TUHASRELE A XN B3 EBERITE- X ) LT W5, &
D&MD R E X IR0 TH S,

Photo. 3 1% 400°C M EEE AETE O S DEBO Fis HEHE

I%E%gkvcgb}:)o 3N4# ODT ]) o //{tl/‘/’u fﬂ”{\ﬂﬂﬂm &%ODW ’ [
WORBRE (2 VAR LODH5) BEESNB, £V Photo. 5 500° C it Do B L

B COBAEEL 5X107/cm?, O KX XL 1~2p Photo. 5 13500°C o THIH Uiz BEO b G OAHRE T,
ThHDo 2 Y BliE L & FOWE D 2 v E TR LT BR8]
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L
Photo. 6 500° C #1148 J& -0 350 0D HE BEREL 5 Tu

B ND, BEGBRORE XL 4~8u £400°C iHiHtic
HERTRRokELRoTnDM, PHIHOELr K& X
I~2p T LA VR LT H 5D, AIEEL 7X107/cm?
Thbd,

Photo. 6 (%500°C i B0 B AT & TH
Bo FOERIC TR SIEROIEH X A E L - Tnvd,
Bl A& Xt 4~Tp O E LB F O EST, &
MOKE XL 1~2p, 2 VEROEAEE L 6X107/cm?
LRI EITTR U TH 5,

4 % Z

RSB L 5 3 7 m Ak & T ERMEIT L HBIED
%%,%mMIm%Mﬂu®w%%m& #D P ERD 4 v
B L D05 HIRAIEE L DELAD Z L ANHIBE Uiz Bk dh
DR X ZEL DWW BEORKR L EHARZOKRILA
WE STk, 7ok 213400°C D LECIRETED
B 3~4p THHORHL, KTk 5~10p Lo
BOREBRETCHAEHL - Tw%, BlifERBOKE X
TS SO ENTERETH D, WEEEcrl 10ubl
ToEkREa Y 7 X PG bO L Bbd, *
7B OO F R BELATL AN, 200
&b F R CHEIE S ORI D05, KESDHE
AL LTWAEEBEZBILS, LALIDI LImE
BEHEMECT 2 DT,

WIS & 5 & ehD#D & BRI 3 Ui S AR Y
BRI o MO hOE & B~ 7 it

D HERE S 5> Tk Y, FEOENEH i shearing zone &
FRENBEBRAMASE LTk D, BT o288
BChb, T7bb, fOHLYERKLREMEL, il
Pk B AL ERER LB WD Th 5248, IRAISE 28k fkr
DOAREIZETZRYD, MHEOBHEMCHTLEHOEY
BBA B Z & R BT, TG & IOz R
& Ao, RO CEIRSERSPOEH LD
WFoZEH LTWAZLETHEAH, DT &itie LAMNMA
BOFRE 20 ELTED, POETHERMEOR S
THAITH BA, shearing zone Tidfd dhiEi bk o &

Photo. 7 Al #iH#E O X$REITE I

a

e

b

A
I

A5 1)

ﬂ’ T 1)

R

WO EHY) T4 v Rl T 5

Photo. 8

Al OB

FEFE{RIR sEdic

L
1p

% (Bl s
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DL, b AAMRRICE > TET\WBo 2D &I shear-
ing zone MAMMIIIMHFIC—EIXFHES LD TR
MEFELBND, XEEITCHRAT LEAMAMDELE]
Z LC, Photo. 7 w5 Z& < dDLER S ELE L LT
H PN v IEL TR Y Tk, T b bR
BIAHR LTSI L E2RLT WD

P DT L BB TARRE 2B A TR LT % G0
AT, SR LB S s HEEMR S L <
T\b2s, Photo. 8 R % & & < BIEMMIIAIKEROA
IR D VRS A ST T & 1d7a e 2 LTCEIERD
PEWCIEAL D & VS H & A TW5 2 & I TR
B b2 BB, T O & BRI A B s RN
7T ABLHD I & X A B2 A8 TR <
B L EEABCE 2 bt na EERLTWS,
IMHIRE D L F & IR O R & JIEARE R oT
DA, ZIULEEDEEISR WD EE L BIvh, —HR
R ER - VR EIZITHBE TEST, ZnHOREE,
SEEMTE X 3B 104 TIckSd 5252 b5
M, ZOZ EFMBIMTROBEERAE D RENT EER
LT\5,

5 #& U

Al QBRI A OESERMRIE S p O K X DR A
MEELY, U bEESEONERIEIBAL DN B ARG oot v
B (k& X 1~2p) #HBELTWD, BlfflioRsX
IR E O LA L Hie K& B8, IRMEBER eV
L Z T EEE BT, Bl RAERE TR LT 5 sk
BRI T REREC X > TELNHEEMRRE L BT
WHA, BlESEONBICEEO e VEEYEATWD I L
REEAMTHEBOA S RBREELDND, 20T L13E
T S BN & BEs A B N 2 & 72 S D Tz <,
B FEAENCE L HBNEZLERLT WS,

X iy
)RR AEE 7 (1966), 109
2) [RRZE— K, 8 (1967), 56
3) [ERH— AEE 8 (1967), 245
4) R. A. Vandermeer, C. J. McHargue : Trans. AIME, 230
(1964), 667

5) W. A. Wong, H. J. McQueen, J. J. Jonas : J. Inst. Metals,
95 (1967), 129
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BERER Al-Zn-Mg &5& 0 MEICDNT
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ErEEE TR



BRG] Al-Zn-Mg & &0 BEIL DWW T

1. #

BERER L LTRSS Al-Zn-Mg 4 &i3HEskh
LEHINTANH50834848 (HE7VI =y 244 TH)
EL BRTHESOBNME, & RHIRBNOIEE
Th Y, Hifi, HEHE BREEOMLOBEImCEE LY
FRINA LS Clhhotce LichioC, FOEEE, EN
WA LI LIEEE L 50T, K&L Al-Zn-Mg &
SBH L FOBREBERTFORNABICRIZTHRTOEE
EHRISIIEDNTIRR D,

if|

S koK
=

N B H & & R

2. BEOEREHBIEE

Al-Zn-Mg FOEHE &8 1 RCBE T 5 L 520k
LD, BIFERT LD Zn3~6.5%, Mg0.5~3
%, Zn+Mg B3 4.5~ 9% OHET, Wb NED
Mn,Cr #0Ofhx&ET5, AT TIHEEFHOEEIER
INTED, HF13k0 L0 K704 0WTHED 2 SHEFHHE
+5 & FnFEN ALCOA X 7005 3108 X 7106 &44icf
M, ZG43 £49 13 7004484 (ALCAN 74S) :FILT
b 5o

1% Al-Zn-Mg %2 & & O b % R D

it & P % %)
B # & &
Zn \ Mg | Mn Cr Zr T | Ca Fe Si Al
mrqy | AlZnMgl 4.0~5.0 | 1.0~1.4 | 0.1~0.5 | 0.1~0.25 - 0.1~0.2 | <0.1 <0.5 <0.5 "
AlZnMg3 4.2~5.3 2.0~3.5 0.1~0.6 0.1~0.8 — <0.2 <0.10 <0.7 <0.7 %
REYNORD 7002 3.5 2.5 — 0.20 — — 0.75 o — 7%
7004 4.0~4.6 | 1.0 ~2.0 | 0.2 ~0.4 | 0.1 ~0.3 - <0.15 <0.2 <0.4 <0.5 %
c iy | ALCOA X705 | 4.2~5.0 | 1.0 ~1.8 | 0.20~0.70 | 0.06~0.20 - 0.01~0.06 | <0.10 <0.35 <0.35 ®
X7007%> 6.0~7.0 1.4 ~2.2 <0.4 0.05~0.25 | 0.05~0.25 <0.25 <0 430__’ H
ALCOA X7106% 3.7~4.8 11.7 ~2.8 {0.1 ~0.4 0.06~0.2 | 0.08~0.25 | 0.01~0.06 <0.10 <0.35 7%
7039 3.5~4.5 | 2.3 ~3.3 | 0.10~0.40 | 0.15~0.25 - <0.10 <0.10 <0.40 <0.30 ”
ALCAN  B74S® | 4.1~4.9 | 0.70~1.4 — - — -~ 0.10~0.40 | <0.15 <0.15 %
A > K ALCAN C748® 3.7~4.8 0.50~1.0 <0.10 <0.25 — <0.15 <0.10 <0.40 <0.25 x
ALCAN  D4S® | 4.1~4.9 |0.70~1.4 | 0.1 ~0.3 | 0.05~0.20 - - — <0.40 <0.%5 7
Impalco 710 3.0 2.25 0.5 <0.2 — — — — — %
AXY R Hidumin 48 4.5 2.5 0.2 0.15 — — — — — 7%
GBD 74S 4.5 1.2 0.3 0.2 — — <0.1 e — 7%
Z5A® 3.8~5.0 | 1.0 ~2.0 | 0.2 ~0.9 | <0.3 — — <0.2 <0.4 <0.3 -
Z5D0 4.2~5.0 | 1.0 ~L.4 | 0.20~0.70 | 0.1 ~0.3 | <0.25 <0.20 <0.10 <0.3 <0.25 ®
ZG435 4.0~5.0 | 1.0 ~2.0 | 0.2 ~0.5 | <0.10 - <0.10 <0.10 <0.35 <0.20 7
R & | zK4a® 3.5~4.5 | 1.5 ~2.5 10.2~0.5 | <0.10 |0.1~0.2 | <0.10 <0.10 <0.% <0.20 "
ZQ50m 5.0 2.0 -~ - 0.2 Ag0.15 - - - %
L70 — — — —_ — — — — — —
K70 — - — — - - — - — —
Hegal 3.2~3.7 | 2.2 ~2.7 | <0.5 - - 0.15~0.25 | <0.1 <0.5 <0.3 %
Unidur 4.0~5.0 1.2 ~1.6 <0.3 <0.15 — <0.1 <0.1 0.3 <0.3 b
o | AZGH 2.7~3.2 | 1.0 ~1.5 | <0.3 <0.2 - - <0.05 <0.3 <0.4 7
AZ5GUD 6.0 2.7 <0.2 <0.2 - <0.15 | 0.05~0.5 — <0.5 "
6950 4.6 1.2 <0.3 0.1 - - <0.1 — - »
voaT 2.7 3.9 0.8 - - - — - - "
* RF434E 3 H21H  RARHEE, HAMEIZESHRET M 3 %
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L o THIRIL L Ch F DBOFEIREENG X - CEEH DM
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To ok, Mix Y273 vt Al-Zn-Mg 44 L 0 En
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B2k REMLBELEH

e e YER ke S N ‘ Bl B
& RBEF OB ERBL 1 7 AEIRESNEIT R 5 O 238 S e e R & TR
<5 (mm) (kg/mm?) | (kg/mm?2)| (%)
° 6.35~ 9.50 |  26.5 34.5 1
- T4A | 9.55~19.00 |  26.5 38.0 14
- : B2 488
3. E{$H®ﬁng§é {\- &{i g—% '?0)5'\/%‘ 19.1 ~76.2 24.0 34.5 17
i
1 Zn M 2 , 6.85~ 9.50 | 20.5 35.0 14
3-1 ¢ Mg Bo® 7004 T6A | 9.55~10.00 | 36.5 42.0 13
B3I Fhc Zn &, i Mg &4 &), Zndk 19.1 ~76.2 36.5 a5 12
O 5 %I kit 5 Mg goimlis thi s (107, LUF ey | TAA| & 4 22.0 34.5 19
N . " T6A o 36.0 39.5 14
LRITZ &b B WE D EEIR 1 10TE OfE AW S) T =
. s o T6 — 32.4 38.0 12
Plﬁ%i@‘%%m” &, Bada oy <ESDT’ Cu 2 % X 70059 " T63 — 32.4 38.0 12
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3| i # H
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5056 SSEW SR E (12ER 19.7 34.5 15
5056 2 7 B W OB B (AR 21.1 35.1 16
7004- TAA D 7004 S UFEWMSEAEE (12AR 2.2 35.8 13
7004 3 7 B W W OB (IPAR 23.9 35.1 14
7004 T/ ® B BB (ATH 33.7 38.7 1
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* Al-3.9%Mg-3.0%Zn-0.45%Mn
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#AE Fi L T4H0EENTENRBERERED
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" EIE TV AEIEE] 5y
& & | No f - e & O i} #o B i} Jjjg‘-,'[:}j;‘égjié W o ot &| 107 f‘?ﬂ;
Zn Mg [Mn | Cr | zr | Cu | Fe | si | Ti () (*Cxh) tke/ ke sy | AVE00 [ T e
1 |4.201.5¢]0.20 |<0.01] — [0.05]0.25]0.07{0.01| 204 i, 465%x ke, 0B | 31.3 | 45.4 | 11 80 | 13.9 | 0.31
2 1497 ]1.63]0.31 |<0.01] — |0.02|0.30|0.32| — | 20 imiie, 460x Lk, 30Em% | 32.0 | 46.1 | 13 92 | 4.4 | 0.3
sz | 3 |44 164 0.1 |<0.00 — | 0.01(0.15|0.00| — | 20 huie, 465x ke, 0AFE | 280 | 415 | 16 10 | 15.6 | 0.38
4 | 4.33)1.56]0.20 |<0.01 — |0.05]0.25[0.07]0.01] B L 408 30.9 | 4.5 | 1 107 | 15.7 | 0.35
5 | 4.33 | 1.56 | 0.20 |<0.01] — |0.05|0.25]0.07|0.01| ® L& 30RFH 29.2 | 43.0 | 12 — | 15.4 | 0.36
6 |4.43|1.47|0.28 |<0.01] — 10.05]0.26|0.07 | 0.02| 204 e, 30EmH (Fs) 35.5 | 47,7 | 10 104 | 14.6 | 0.31
srar |7 [3:90] 236 0.30 [<0.00 0.18 | 0.01| 0.15 | 0.05 | 0.01 | 204 ik, 460x ke, G0BB | 315 | 4.2 | 12 98 | 17.6 | 0.37
8 |3.902.36 | 0.30 |<0.01| 0.18 | 0.01 | 0.15 0.05 | 0.01 | W k. S0BEEE (FHD 33.6 | 4.3 | 1 102 | 13.5 | 0.20
zQs0 | 9 |5.15]1.99 ] 0.0 [<0.01] 0.26 | 0.02 [ 0.29 | 0.12 | — | 204 muiie, 465x Ly, 30RREH | 87.9 | 516 | 10 101 | 16.3 | 0.32
7039 | 10 |4.14]2.82 025017 — [0.02]0.27]0.13 |'0.02| 20 bk, 465 Lk, 30BKEH | 34.0 | 498 | 10 94 | 15.9 | 0.32
(1) /NEFSREIE G o B (1700r pm),  SEFHIEE10mme, < — /St LT,
% 5 ¥ T 6HomEMENABCERIEED
- . o } I R T,
& 4| No it - i & ) 5 % ??EO&LL i i EERERE] b bxotogf 107 ;l,“
o (vt [vin o [z [ o [e [ 70| o comm [l JETT] 0T (o gy e,
1405|172 | 031 [<0.01] — | 0.03|0.19]0.05 | 0.01 | Z¢ Milts 465 LKEGMAIA, | y3.0 | 467 | 10 | 121 | 174 | 0.7
2 | 4.27]1.630.31 [<0.01 — |0.02]0.3]0.12] — El = 6.2 | 493 | 1 16 | 15.2 | 0.31
3 4.5 1.57 [ 0.29 |<2.01] — |0.0510.25|0.07 | 0.01 @l i 479 | 512 | 12 124 | 15.2 | 0.30
zGa3 | 4 |4.33]1.550.20 |<o.01f — |0.05 | 0.250.07 | 0.01 Rl E 7.9 | 50.8 | 13 181 | 171 | 03¢
5 |4.241.65]0.31 |<0.01| — |0.02]0.16] 0.05 | 0.01 A E 2.2 | 462 | 15 12 | 15.2 | 0.33
6 |4.52 | 1.42 0.3 |<0.00| — |0.040.16|0.07 | 0.01 Al + 43.0 | 46.2 | 14 — | 14.8 | 0.32
7 | 4.05 | 1.62 | 0.32 |<0.01| — |0.02]0.22 | 0.10 | 0.01 | THpHY465xTAmte7 Hpszy, | 33.5 | 40.6 | 14 — | 182 | 033
8 [4.10 | 1.55 | 0.30 | st | — | atwr | 0.23]0.10 | — | ImmptS120x48285 319 | 30.8 | 17 — | 133 | 0.33
9 |3.90 | 2.36 | 0.30 [<0.01] 0.18 | 0.01 | 0.15 | 0.05 [ 0.01 | L), AO0UKSEIRMD, |75 | 516 | 1 183 | 16.7 | 0.32
gray | 10| 3:94 ] 1.04]0.80 |<0.01/ 0.18 | 0.02 | 0.16 | 0.06 |<0.01 A i3 46.0 | 50.4 | 12 127 | 19.2 | 0.38
11 {3.90 | 2.44 | 0.31 [<0.01 0.20 | 0.02 | 0.17 | 0.05 | 0.02 I?} E .2 | 5.1 | 13 181 | 17.5(9 0.34
12 [8.93]1.98|0.30 |<0.01} 0.19 | 0.04 | 0.19 | 0.07 | 0.01 | Tmw#t, m E 5.4 | 9.3 | u 124 | 17.9 | 0.36
13 |5.15]1.99 | 0.01 |<0.01 0.25 | 0.02 | 0.20 | 0.12| — %gg’j‘ji‘i” 4"5“”““&148"“7“”' 547 | 52.4 | 12 180 | 17.3 | 0.30
ZQ50 | 14 |5.11 | 2.02 |<0.01/<0.01| 0.19 | 0.01 | 0.2¢ | 0.10 | 0.01 | TEBHS N 53.2 | 85.5 | 13 — | 157 | 0.28
15 | 5.16 | 1.07 | gegs | gegr | 0.19 | sewr | 0.28 | 0.30 | — | Tz S 53.1 | 547 | 14 — 1192 | 0.35
7002 | 16 |3.60|2.70] 0.2 | 0.18 | — [0.84]0.17 | 0.08 | 0.02 | 2 FulE 465X KT HIEh, | g3 6 | s2.4 | 1 126 | 18.9 | 0.36
X705 | 17 | 4.65] 1.52 | 047 | 0.1 — |0.01 0.7 0.07[0.04 Bl = 6.9 | 511 | 14 127 | 17.0 | 0.33
X7006 | 18 |4.23]2.09]0.20] 0.10 | — ]o.oz 0.16 | 0.07 | 0.0 f{g”*‘“g"‘fv A5 LRSS MBS, | 509 | 53.3 | 13 120 | 16.6 | 0.31
19 |3.85|2.75]0.28|0.19| — |mps|o2s] 01| — llzﬂx’ﬁ’“v,1‘}"5“/’%&145"*4)1 29.8 | 5.4 | 15 — | 188 | 0.41
7039 | 20 |3.77 | 2.820.29 | 0.20 | — |0.02|0.28 | 0.11 | 0.01 Tﬁam/ﬁ R E 411 | 485 | 1 — | 161 | 0.33
21 (414 (282|025 0.7 — |0.02|0.27)0.13]0.02 | 200 ke, A = 5.3 | 5.4 | 11 182 | 17.7 | 0.3
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BIRFEND B B 201 T4 M3 d » & HIFE Livvbir
T, Lrnb3A&EkBTHE, OURFEIVEXDOEIC L S
THEE MR ORT & WSRO0 20, ReEks
WD ZE LT M OFLE, KIFRTHI O E s L 0 denuded
zone DOfER & LBART H EE 2 BN DA, AERITK N
TRERIIRAA X & L &5 Ok denuded zone @
BTHD. T7bb, FHIXHHLESEROE RO
ThDHrbibE  BATEAZIND vacancy 234 7ne
Wl Ful i GP zone O/ 7, Wi %A denuded zone
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WED RN ) BEA T T 5, FHRE vE-E
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Vo
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D70—T6 12.8 8.2 12.4 10.8 1.2
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FiliHHE 1 7 010, #2802~ 24 E13.5,,
#4002~ /31 10.65p, BEBIH 4.5, (L2
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HEFCE U NmIE 2 BEAEC L > ChET 5 &,
ZGA3-T4 B3 FEIIE X 7313%, & ToRL 2 %IET 3 %,
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N 114, 147 B LU 41%Ch » 7222,
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Tk 14~38% CEHEIL 28.7% THH. ZIHOERI
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B8R H/HEBYsReE
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fit 77w AL Blaga & izt L
RogyoF - 1.70 2.30
Foo4 v 1.71 —
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* E 1.85 2.20
H #* 2/30¢.2 ¥723 (Oous+ 08)/5
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#1031 Hegal &£4—T44 (i#20kg/mm2p E, 7l
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W E D BESERY TR DL, Neumann 53035534
R USRS SROBEREEY 2, EFEBE T 1.3 4
BLTWhD, WK L THARBERRAIC L 25BDOER
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/
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4 .
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B 7 M, Ouin/Omas
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£hH
AR

6. &

Al-Zn-Mg A&BMHF L OBBERFOR WEXHAE
IS DNTHA Tz, BRI OEM DR L, Ftaik
BLHNDOT, FTNHE D EWRT HOERSD L ZRIR
‘?fcl(\o

B10X FELEHEMITENHRIOLE (80~160c/sec, Martényi 539)

BHORR @S FEREORIRE
& N B # o5l 8 K i 107 Cg/mm?) 107 (kgg/mm?)
Bemndy | QSBR[ ™, O | P=14 | P04 | P=sty | P=14 | P=l0x | P=50%
AlMgSil F20 18.2 2.7 15.6 6.3 7.8 9.3 3.2 4.2 5.2
AlMgt F25 13.2 2.8 17.2 6.9 8.0 9.7 5.5 7.5 9.5
Hegal-T4(2mmis)** 24.6 3.7 17.6 7 8.2 9.7 3.5 5.8 9
Hegal-T4(mmig)* - - - 7.6 8.8 10.4 5.4 7 8.9
Py aR®E  CREEER YRAEIRNA Ree VAN,
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TvEiz=y AOBEOMBICONTIE, BAEBEEE
BRI D\ T3 T AR CF DB ORI AT 5 720
AWAE T, PHEAITC, LR EBAE X 575,
LB REOH S i EEB I LA RE Lo ER
EEOWTERATTR Y C & &Th. ks, IhblSNcE
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BH, KEFCIRED EFF oS OBEEIC-DWTI,
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BAARELD DR, HEECERTWS D, BESE
KRBT RE Ulce FOE o0& 572D, 19
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CHW BN Al-512% Si 4& 4 TMBEER L TE B,
HARKEGEEREC L 5EEBTHY, WE—D21E, 1959
EHAF =TI FrEel > THEINL, AvEky
VF VBB X D BARREHBEE BRI L AERT, 0
HEC L - TENE TOEBRREEBREEE TG L
hotz, BOBENMbLY, ArH T~ T - b EETHD
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[RE@BFEEICLS, AvhF - @%@kbé, ol Tk 3
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WD, 12 RBNEro7cdb DD TH 570,
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¥k, PBHEEBEOHFL (micro pore) O AE LT
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EZEHT~RY -2~ BREBTF B EF) v
LDl ENREHbN, Bz 2+ CTEEENRS YV RE LE
ZBLTWBE WS HENDOHELRENT NS,

FIEF TR, ZNBOBBEIEOWT, F08EH, Bk
Pl DT ORBE L E &35,

il

17

L D &)

i

F o3 L+ BB 8% K # XY

2. REQEBOIGEHLSHIZFTIVI =T LOSMHE
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WRE DD TN Inofe ), BRRETHZOEHL, &
NBEOEAIC N HETRE IHTIHEREYH LT
D, FOkd7vi=y MCBICRBERERIELD, £
NEPETLE, ZOBREBHIVELL, BINARLDOR
mBe MATT N2 =y MIFBES AR, WO
FThY, EFRCWEERERO LT WG, ITHEE D
BT EEE O DI LI, FHEHLAELEELYT, hol
SlaME L BT TH D L L7 v 3= A0
(LAt D L 5 FeREME A 5 )5 & &, EHOM
BEBEREOmHC & BIERAMOMEELFERCE L WE
oY, mE ARSMEAR U TH - Th, BERE
DEC L VETITRHEOREE - FTHOWRERE RS L, RE
WBBOBERIIRL S, Thbbasise&BHMtEeY
DOEBHREETC, & 2EBRAEIER T, T b0
Bk oX L AEIND X ) RIS R - Tind,

(i) BT EE LA UEICHBEERELEIND S
D
B e OEEE,

EibD

SEIL X N H D
) Si, Al-Mn, Al;Cr, Al-Cr-Fe, Al-Cu-Fe-Mn

I Eofbet

Fl2b BT Cik B-Al-Mg, FeAls, MgeSi 7 &k
SEEIBTRN, HANEBE I TEREFREES,

(i) EEIES LD bRCHEEBILINDNERETHEOD

) Al-Cu, Al-Cr, B-Al-Mg, MgZn,, a-Al-Cu-
Fe, B-Al-Cu-Fe, Al-Cu-Ni 7 &

INBDSBLEMEDLDEEBEBCE ST 5 &0
T, ORI, Kat, Bty z, BRAKEEES
LR LDD, EhbuhiBBEL &S ¥ BEE £ 721X
FHE LB 25MET, ZIWEENERECEELN
BHo ZOEBHRAL LT, FTHECRNT, RN

i Mg, Zn I E¥DRLSH

(i)

* PHRE TERL
DTSR

(D) 7T 1938fF Korpiun 25 & Vs L 84 % U EEW 2 B UHER AN & » B2 T U128 T HRER LR 2 {75 WIRBE R 2185 C

ERAMELIIBEBT DO TEIEC UL 5T, VIS — R OMREERALE

1

VDN TN A,
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T AL, $EREE LTORE, BE, SRR LB
FhdBIE, RaaoAen, YT, BEEOBRENMET, &<
EE LW 5o Fe, Mn, Cr, Ti, 7 & O2EH)HE
BEThs, HBREED I WORRER L EILE0HBOBL

RN OWRE, chRBE, SRR, R OMRE
i LD BAn RS, TH, MO I N
HTZEI D,

10k, BRRE % /IR L D B R A 0 &
FWarT b0 T, 19674 o Birmigham TBIfxhz

HTHEH LN WEBEREFCRELTCEEY R Z 8¢ e . -
B DTN IR E O O, L Anodizing Symposuim < J. M. Kape OFE L /-HE
[3 Z7 2% ELT) 2L 78 N T 7 24 = N
DL BT S U < T BA - — FLOBALELOT, EH7 VI =y MBI LU
g e 2T B, 7 AV J - _ ' e e
%1 AHAGOBLENOET (Kape €1 5) Wikt A, T5%V|v GRS B\ 9 % FETR C e R B AL T
ifi E ape , -
- b LI BB CIEIE 250 Thh, ZRLOALDHE
& 4 & & 8 By kB " g . .
&0 & B L BT & o TR E M B REER L 27 2T 5B b OHES
il " MO (%) v 2 UER % B on ; e 2 e
= - KRZIFBNDL, FMBL Y QEBROFAEROE(
T E=Y A ¢ trace B 65 A ) N
— CEATWAELED BN L 5, Kape 1%, 4&THRD7
e U. T - )
St Si4 | Kermokas | @RS VR =y BB BT BB N e, Fhbh, 7=y
NS3 Mn1.25 ® . W AMTEET 55, BEE LW, FTH UEESERCEY
NS4 MEGE | BT e o BHBA BN E S, COREEROEOELNTSD
Mg 0.7 ZEEREBRLTWSS, bitbhd 3T O EIDOWT
HS30 Si 1.0 Tu v X K - . o .
Mn 0.7 W, AFEROSHLE 330 - IRFERLALBYTHY,
HE9 Megd.7 Hokpmotedts | B 3 CREW) REEBO—HEHEA-TWBHEELBND,
Mgl.0 3. BRREGREBELIEE
HE20 oo o o s .
& 0 ABIC O THARER T TREAT2 2 &2 BT
Cu 4.0 B S CTEAMRFEREINTWS b O EBE A DL,
HEI4 Mg 0.6 CER W . .
Mn 0.5 RFWIRUHEA R 21T FE DT,
LM5 Mg?.0 WEs ot | RS D B IRF R AR A A vk B TERE
: T AERMNER AR L TWDA, SHEEMED VR v BRIE
LM8 ﬁgg;g K ® @ B i . ) N
LRFHIXNTED, 5B ELH LEHER OIS S
Cu 3.0 - . g
LM %p 5.0 HKe i NHTHA5, TOBACEE L HEHEDEMT X
nu.
Zeft: & LT Kapel 25 L5008 5,
£2 TI¥EINTH3EERNL ARREE
HWWE | M EH A WM WM WHOME L LHEN | BREE | Ay | o | pmmes | BRERR ) g #
V) °C)|  (min) )
Bengough-Stuart 7 o L@ 2.5~3.0% d.c. 1~5A/ft? 0—+40--50 40 total 40 | 2.5~5 |[Opaque
VA-8N 3 grey
ik 7 v LR 7anrfs  5~10% d.c. 1.5~3.0A/ft2 40 35 30 2.0~3.0 |Opaque
gre;
W M. H.C# woOo®m  15% d.c. 2.2~2.8A/dm? | 40~60 0 120 | ~75 K~RE A“llc)?xa:'anodic 100"
Eloxal GXh va vl 3~5% d.c. 10~20A/ftz 40~60 | 18~20 | 40~60 - oo
Eloxal WX vavEE 3~5% a.c. 20~30A/ft? 40~60 | 25~35 | 40~60 — WA
oo | ElOR WEX vavit 3~5% jdo. H-Saiy 060 20~30 | 15~30 | ~ | wuEs
Hardas ¥ 2 Vi 6% fainie D.C.60V 4 - - K8 & Al}%?ﬁanodlc 100"
Alcanodox o o o BRI dec. 15A/ft? 5580 | 20 55~60 | 25 # & @ |Alean. BE
Sumitone-A va2viEg 5~8% ANE A D.C.60V 20 50 25 Tarx fEUE, FFFeRash
10% B ¥ Foid o = VBT e
WELLE | Nikeolor R Rer ey | de 2.5-5.0a/dme | — | 105 | 30-100| 51| ;g B, BARHL
= 2~ kb Do H
10~15% = vk Y v K
Kalcolor RS B RRRE | dc 1.5~3A/dm? 45~65 20 20~60 | 20~30 | 7 o<~ |Kalser, BAg
B ELR ¢ " ’ FA % 36-22259
59 2 vk ) F VEEIC0.5 g
Veroxal S a0 | 4. 1.5~3A/dm? 30~70 20 20~40 | 20~30 | e |VAW BASE
HEREA vA VB A
ook VS i 10% & pesk 7 &2 VERE Foik .
- Duranodic 300 AFA Y 72 VBRI 19 d.c. 12~36A/ft2 — — — — Tuyx
Bt d U QIRHi
. 15%7 2 7 — =3 d.c. 2.5A/dm? ven |EEHE REEEA
Sumitone S LA etda 4 iy 40~60 20 30~60 | 20~30 | 7 sce G A
Permanodic ANKRT R VER — — — — Kawneertt
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BROBE (REEE) (IR ENT, 0tk B%
EUTHERBE CORERD pH 485 4 5 & &
Wo $7ndot pHEA 2.0 L D ik A B b O F 2ok
1 st (—logK) A 3.0 L g bl k& b D
B AR TH L0 LA AR TS, D %K
B AHEEE S 3200pumhos L b 3B BN DL I
EEETD, IBMEOFHRMEIEETNETT
VI =Y AR LR SR A TR T B b OB RIS
BT CRIAME DA LT LE WEBA DL B,
R BEBEA VR Y B TH T U b R i LI A
TCERNSDNTTL BZ LIS, —IRIFEER VK
yEEci: ~-COOH & -SOzH &AM ELET 5 2
EDRBETHED L AN, FOLA TORLERER 4- =
WRREBER TRV REOFEBARMENT S 5 &P
Vo RBEFICCEBER N ol bDI Y 2 VIR
HVBHRMUTCEBEOSEED 7 VR BB EMAEbE
T RIERARRL A A 2R LT b,

ERFECEPIFOEREI IS U Ca@ nE L T5
7, —RCEECEBECE SN A EHANE CFIFAS T
Bo M, BEEMEMRSE TR, KEBEROBIL, (FREE
OEE LY, EMCHALEDS 2 EEAERT D, L
1o o TANE YBBRIEP Y o VIRIE R E M TE LD B
A, TOEX, BX, HEHEE, Haed, WEERED
HETHRICA Y, $RELGEMOETIIERCERTS
ThbH5, METOOHHE, FOREMOLDOEMEE
ORE E 2 2 MEREY BE UICBREERH ORI &
Briz > Tnd,

4 BGERERBOFEEMICEIFEBE

PEARERAL RO F TR L A e, IEBRRCHEE
RS, %L OFBIGELRTHHENT D, TDHBI
PSS WTHEE A A O b DM S8, Bk E LTS
Fg oML A YT 5 H T b bbb, il
s L AKESET, BRASTHDERE, KXBEHE,
B, M & o BRI U TR &0 7 — 2 2808
RBLTWD EWIRBRICESSFAERKRELZEZBNS L,
FUELITFY =27 — 4 £ — 2~ D L5 GRS RERT
L BHIREERD, TN SOEBICKIT A EROZEOME
N UERLT TR, bbaARERN ORI D
AL DT DN NDFHRES 2 5 Th, BT L%
HABHSRAME LW E W I BEORRICE 3O TH
Do

Higuphe L ABLEBRORBIE L T E 724 < O
BB EINTWES, CORMIIGEBERCRITS A7 =
RAPMBHENTANENZ I L Do AT (L RO &
FHVEE, RIROZILE, REBR ((BAD) 1WEMLE
LRFBEORIMC L 5, EQ L DT BIDIELR
TRAS N TR D ThHH, BHECHBL, B DM

b OB, T L OEEME BB w3 A getaltt i
C- AL ORIEL BT LT B 2 LR BIBREE -, BN
B A S D THNA WA MIERIECHAE T 52 &,
RIESRMETEE AL pH 196 Th D, Kb Tk +—WE
WEBFLTEY, s LT-EHFABOTNDH I &,
BB L > CHBEMNELTH L L, SBROLGH
BRFEHNDE DRI LB LD E L BN D,

BUBNT DWTUE, B4l 2 & O (i & T ERE
ERRKRANCBERELTED, v 2 3FEWBLERICEEaD
REET D ERED LD LTI L A ¥ RIFRIHEE
wiRY L, FlesAMEO T, B0 T v - Bk
EMRNCRERCBES L TRY, 207 v 2 ~BETT
DERAEEE X BND LD b E 0,

AHLENIIER BN S W%, RSB & - RN
TXEChDH, Durand & Huguenin #1235, H5o 8 #i
£T 5 AR B AR BRI BRI A AT o T BT X 5 2,
EIIR D BRSO L b B34 7nliEE 248 L
TWBERNREHELTETOSDERL TS,

Aluminium Yellow G3LW 25g/l 65~70°C pH5.5
204y,

Aluminium Turquoise PLW 5.0g/! 65~70°C pH
5.5 204y,

Aluminium Blue LLW 1g// 65/70°C pH 5.5 204%,

Aluminium Fast Red BSLW 5g/! 66~70°C pH 5.5
2043,

Aluminium Blue GLW

Aluminium Turquoise PLW + Aluminium Yellow
G3LW

Aluminium Deep Black MLW 8g/! 80°C pH 4.0

s, 7=y AREAARD L KCROE L EO5E
BEEC LT, EARCEGT L CASITBAT AER
BHY, FRNEENGETED & WD 2 Enb DM
WY RSN TREE s 7cZ EWE o720, Z OB
LCHRIREFEFMBHENE 7 v =y aREDHREE
HNERALMESN, EEBBC L ormksmiL, #
e SAEET, MRELEOLICEHEHTH S bONRSL
Sfc k&L (BR404E12 ), DI, &RE R H S CREMEHE
ENBHLOE, AHBETEBINTWD, ABRERS
OHEE [7vizy hRERMGOEMNERCL 275
FHEOFTFE ] CEFH L,

KBERETARE, BEAFEOBETLLN TS b
DHFTIWRL T,

5. BHEEBLEEOLBERRBICLD
XAEREEER
BRI O S L, o e BB AR L e

BHAR AR TRREBE TR\, BERE T &R KRt
¥R BB R THILE S ¥, FEoGRE5E2 %5
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%3 ZRMECET 0L, FOHENCET 0N TELT

W, HIRES 8~5 Hi Gz & 5 AR EO 0 DB

R S < i # n . e e 96
_ BIEOARE L, EETRICHT 5 EREROME, RE,

oo | memen | GIERSERTHERSRTC O PH f&, w6, BN, % OHIEOKHLE L DMHE
wor o | rame | O R R B R S BT AR bBDA, THE2 Y~ O

Fix ol gg*@{%fﬂﬂ%%%oﬁ%ﬁ» HHVCIRET

P gk Lo EFr R IaliE, FIRIBY ==,
Ty 7~ I EOBYH TR L, R
RGBT 5o

& LD RO TIE, &% 2 L EHIRE Ofh

Hadonp | ke

FE gk

(et X §: AT AV g?%f%%?5,ﬁﬁmmmm®@ﬁ%%
ED R A A MY AGE e VERER
T oo | ROtR Eggg%z&%ﬁ&%ﬁLf;@éiﬁﬁ'ﬁmm{%‘r‘.

%%?fﬂi%kéhfwéoxﬁw%é,@%fé@%
HWOBE L TMERSG LD, 2 b IRHEOGREHAA
BETH D, EEEHRIEBENEETE D,

L LEES Z ey —rin 2B 5 i, &TE
BB UM R AL L T 5, ¥ 9, HEBR(LAE
OEMICE LT, EMEUEAZT 5D, IRMBC X S
LHE, MT&trL D, BRBHREASTL 8800,
LB A YOE, Hfh, KLY, EBETERTHE
B, BARRIBAEET D END B, AETIEERLEE
OYEREANT & A EEBEBEOREAHELTLEI DT,
(RS, FEEE HIE & XD BIEM R T
X N B S B X N U B e FEEEE
L UTI, &BHEWOME, e, mil, EREE, pH
&, ERAEPICORER,, AFRRTEEE, AEOME, AR
DKEEEE & KB RE N D

AECHEBINCEBELERECXBETTHET S L,
fo & ZVEFBIRAR TR 3 5 &, Cu0 2RI
EOILEC % » THHEEI N TR D, ZOSMIELE
M % < FEA (ERECETLHAD KL AERBN
T, ShigEkER Ll (Cu(OH) ) —&ERR (L (Cu
0) »EE&Bm Y (Cu0) DIBEL LIHERTHS
L35 L, FHEACE ELRRE LSRRI R L
TWABD TR EBDND, BARZOBEEFM % H
HOKE>E IR, BRBATRY L, —BRER
D7 5 CILEOEEARREICH 5, ZIUWE W TH
BT WE I NS A, BT AERERL TN L
MPLEHBZ7 VY ~BELEbDORB I ol &
D EHDAER L AEEERE, FRAREOEE, R
REEEZERB LR TR B,

6. BERLEREOCEBERRCLIRABRE

RO SHEARIA LT, LRRE&BE I
SBBR EABEET A LUEE LT, EBTIHE
LEL BB B, ZORRKIINERECH LT o ER
ChlzcoTMit25b0bH 50, BFEREEMMEECAL
TIBADEBEBAUNERLIN T, ZOBEINA
WABITBNDN, HRLDEDERLDNS,

¥, CCTLAEOBBRETAET £, L{EBOD

DTS L HH, MILEEOFHRECHMBERED, B
MHEERLLINTWDLY o VEREE 87 v = Y IBBIK L 5
FEEDOEE, PH EMEL 5 LIBOEEBENRLIDND
2, BLEBEARAEINDIEMESL VIFE LAy, T4k
bbAE T pHE, R, M & ORBEmE R,
FOMETORMERTEERZLNDLEDTH Do
CEHOBBCRACEE L CESME A FIRA L CE
BTLEE, BUKEETHHRIEE 74 v 280D
DTCTHHEEHVELTLHIENER DA -T WA, &
b BT CA R LB O BIC 3515 (AT
BRLTWAIETTH S, TibbE®ad 5 LIS,
BEBHE 7 DI~ DI, BFEIC L > T DA, T DIRE
FEBEC AT A EBOEEEN (B KLoTk
b, BYCEEINIA A4 v OBHRT, BEREERON
EREbsTULE S &, DXOBITEE LT HILERA
& v HEFIFANEL T LE S AN sWT
b, AT D OMERWLREBEYRITE0MR
50, EERTABEDSBROEILETOL HOLEHINRT
ﬂ%@ﬂ%ﬁ&éo
Kape 53390 &BHEEGKE LS b B LB
AVE, MEMEr &AM LT W52, e
HEEERETHHLDE LT, D¥DLOET%E & 1 T
Be INHIFWTNGHABEERAELINTHHEDTH
U SR NNTED, T BRFES S TND &S B
TER D Ho
(1) EETBELEEE,
i) BeERShE 7w 2P VI L %7 v MO E G,
i) FEa s EE7 e aBy VIC kb s L
WDE~BE,
iii) WEBM L7 = v iC k BFLEADFE,
V) v vBEET v i L ABOBLYOESE
LA vy Y,
2) RAHDH DHEBILEE,
1) 7o fift7 v2 VL DFMELE 2~
ADBE
i) 7zme7fbd ) EFIBESRC LD VY 5 v
TN—TCEIv 2B L DHEL LD,
ok, SBOFEROE T, T TCEHRNLSHMN, &
&I L HHAFRBLER, SBEBEEYTR-T, LK
HEEEED L WIFHE LB THTHAI L, &
TFOMMEMEDSLE T ek & R TSET 51T
XHNEEEL R BIEH D,
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7. £t %2 & & &

PRERR (L Ik T OB X BiEtke AL, (LF
EERIEEEARCOIFAINTHHLITH S, L

U milRam /s <, Mo 2 F 2RI &<, KEL
HOAREMEDOH H 2 E b, FIFFRC X > TEINT
b, EBRNTh=, ZOMFEBAHEATEEGIIC S5
S A > TnwbB L, Sweden ¢ SVENSKA METALLVER
KEN Tk MBV B X 2K B0 BREM T L
FEEIN TN, MBY OFEARICHEE X E L6
FThD, 2-ry STHEFENTWDH LD L THoT
UL UFIBEORIRCE L TRBaERERTEDL L WD X
D, e ULAMEFEREEEOMHAMNRENTSHLA LD T,

R OFE, BT KiidnTn b DR L B, T D1L
FrEBEIE A BIFECS < OUBEELNS B2, KEN

COETHEDEDL D LD,

(1) ECEBLEEA(LENICERIEb O, ikl

NHELFEB LD,

@ 7=y aAEREHECEO LIELAmETEREL

oY sl NS

(3) @ﬁﬁitm%®@m%1#%§ﬁé%®o
INBAERESTDE %T%F%mﬁ®ﬁ@%%i4o
D

#F4d, MBV Bid X <ABNAFET, ERINCE
B 7 v 2 = sl (A75%) &7 v »E{tdn (W25
%) BRY, FEEHIKEHYERCESC LD ZD
RSB E Do KF 7 2 X HEIL T At MSR X

N, ERBFAMNMBECRAINS, 7sEHE 7 gupc
Bug b AfRETH Ho L UEFREX & Z OB EEDE
W EMD, BEACBLULTIRES LTS 2 Vv — BRI X
HEFRAWLET, ZONAMEBBORRTH L, £
No. 10~17 Gk, 7r3I=v nERISLUEEEDSLE
WEEREEDELDOTOEDHEDLDONEL NS, €
)y OBLESHIDFENT VY DD L D EEEM L N
X5 ThD

Al/ 3 HO\= :

Koo
000 Y'Y
WNN QMP

O Al/3

7YY v E DA £Y v EDO#LEY

(LR AMELE, 9, FEEFROES, ™
BESEMEDIE D LI BH, TeAERe L ThHEREE
W—ietr B h BEEET, BEIEARE TOTH, HEE
EDEMALBT LA D S b hdadle B, LiehioT
LSBOMIE LT, {LHEEERO e — VBEE W o fol
WINFTRE/R & DR S TP L & b\ kDo fhDILFFERE
ORFERRBDOERICE LD TE <L

x4 b % K B K
No R R EEY: \ & i #
(1) | 159 wibyimmm 20°C, 154 (L2t BEOOMERE & LT, JIS H8601
2 MBV; Ry — & 5%, 7w nigy — & 1.5%, 90~100°C, 3~54 K CHE U R R B LT B 2%,
3 MBV MH#, B4 vighy 4g/l, 90~95°C, 158 R ot B H BEO SO A L FERICE
4 v 7 7 ” 2.54 HMp AT~ —f | &, Y TFVEEOERRIN oL
5 7 7 7 K 104 7y Ea~KET v & LTCwHe LinLERIT VvA HiTk
6 7 B~ Ery 10g/l, W= v 25g/l, g 4ml, 80°C, 104 2 @ BLCRMETL, 7Y Y@L ED
7 ” » »  TSE4A 25g/l, REE 4ml, 80°C 1~10% P v ARASE L LT\ 5,
8 ” 7=w v 7 ¥Atn Y 5g/l, Hftsk Sg/l, 70~80°C, 5% # @ mHEtE x LT, 50°C 1009 0¥ aes
9 7 sk, 80~90°C, 5~104 % @& thic O MRS, Sha BT 1Mk
10 | wifery 15g/L, 79y >~ lg/l, 80~90°C # @ BED L 7 VTN, 10%5iR
11 ” 7 Ho v amgyy 0.5g/1, 80~90°C #& B KRR THC W SHERREE 2
12 P ” Wils<F v v A 0.5g/l, |y v afgay 0.5g/1, 80~90°C -k~ -Ayfa | <Y, 30°C RU50°C i 1 RS0
304 BT E I ®DYA 7 VTN L
13 7 ” 7 7 Wy wmnEgAY Sg/l 7 Yre MR vt | forr, IBEAELS O L MBVL
” W, B kb bR OEREAT R T
4 | wifeny 15g/1, =V » lg/l, 80~90°C, 304 W& biiodc b O LA IR CIMIEE
15 ” v 2g/l, BWEESFY T L W ot b Uit o kBl nTTh b Bk % /e
16 | wifkwy 15g/L, 7V ¥y > g/l =y ¥ g/l i S WEAYEL TV,
17 ” ” =y v 0.5g/l, Ty wufgny 0.5g/I, 80~90°C, 304 O e FIHSFER CHMEALEL LA b D3 133
18 Mm@y 20g/l, W<y 5g/l Ay~ BB ot | A7 VTR IBINIAT~T6y A 7 v, F
19 | @~vrvmry 5~10g/l, RigsH 5~25g/1, Wil2~ 3ml B ot~ Fa v | febbi~68MTEE Ui, BADER
20 B~ HvBa Y, Ty waiey ) 22g/1, #sE=gk 10.5g/!, BBk 2~3m/ A ) IBEAR Lz b o x MBVAEO ¥ ¥

& 20g/l, 2V CRIEER

@D ey TF YT vEy Wg/l, 7rE=Yk 10~20g/l, WH7/ ~ VT 1A/dm?CER 2

(22) 7 v 2V, 0.2~0.7A/dm? THEH 28R fhirvFh b &fr B L, 20T
23 =) TF BT vy 10~20g/l, L7 v& ¥ 5~15g/1, 100°C, 1~104 ®ERA b, {LEEAOKB T EEI
24 Y TF BT vy 10~20g/l, FAFRRY - X ¥ B Y — 25~ 20g/] Bryf BEEKERGLELT A0 L4bR
25 =y JF vH7 e 3.3g/l, BilmEs 8g/l, v vty ~ & 2g/l, 50~70°C 2 @ N

2% | Bfeny, BEorvy s lg/l, 80~90°C, 305 @

27 | Biftn v 25g/l, BT YV n 2g/1 7oy

(28) | wim= v 80g/l, BiEy ~& 20g/l, FA¥T T vy 16g/l, GimEmsn 20g/l, 7= <4

B XU R L b OMNTLAR, 0
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o #oMm i womle m #
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E.W. |MBVarramgy-—£&stimm| s & | 8~10 ’;ggv xD
LW, gggm%u VEAKEF VIV | | 10| B E
i Ry — & 5%
Pylumin VAEN Y v 1.7% | ¥ & | 3~5 PR e}
WL 2 @ o 0.5%
i Ry ~ & 7.09%
Pylumin | 5% gy — 23| 0 | 3~5 | ®
HiItE R AR 7 v A 0.5%
INES R | S 05428% 1w | 2 |MBVEM
B @y 5% &Y
Jirotka | 72T WREAGER Do) g0 | | sk
ALR 0.5%

AT oY~ &, V2 VY ~F

Frvvaz gy —#0.15%, " o HWEEO
Pacz Wi Y — £ ki vy 0.3 | 1071000 20~60 | e

%Ni% 4t Co #0.25%

7 v E=NK 214mi/1 TV R g
VAW, | FEesTR Toars | 80 35 | B

- — F=/Cr0;
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vy ~ #lee, 7kdl i
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(9-2. 1)

TSI =y AGEREBMD 2 ) — TIRE

1) 2014-T6 ##HE (BH7 LIV LgE1E)

B 1 %= e o % o
] it =2 o4 2 %)
# 2l
Cu Mg | Ma | si | Fe | o T Za Al
JIS H 4164 3.9~5.0 | 0.20~0.8 | 0.40~1.2 | 0.50~1.2 | <1.0 <0.10 <0.15 <0.%5 "
T6
= 5 4.70 0.43 0.88 0.79 0.38 0.01 0.07 0.01 "
g 2 % B ik iy #E "
. gl ] i % ” #e =
" i I = P
(mme) : it 5 Bl B & it 70 & o By
(kg/mm?) (kg/mm?) (%) (10/500/30) (B =)
o6 " 505°C x Thik & (>38) (>45) =8 (- (=)
170°C x 12hdeds 50.7 55.5 9 141 85
() JIS H 4164 OEMER R T
5 3 = ) =T ILT Y — TR
Pt = 7V~ 73 (kg/mm?) 79— 7 HE#EE (kg/mm?)
e 0.0195/1000h 0.194/1000h { 1.02/1000h 1.0h 10h 100h 1000k
100 29.0 32.5 36.5 — — _ _
150 13.2 19.1 23.2 — - — —
200 - 5.5 11.3 - 21.4 16.0 8.5
250 - 3.4 4.9 - - - 5.0
300 - - 3.2 5.6 4.6 38 3.1
50 l l 50
4 40
0 100°C | o—
30 — i 30
. — \2000
.20 150 e = 20 ~ N
Eis o] 38 s
=10 K1 2 510 N
R g B < g
6 — 250°C
9 50°C 300+
4 - > 00°C Ry T
; | 309 = tor ]|
|
2 | 2
0.001 0.01 0.1 1.0 10 0.1 1.0 10 100 1000
7 Y — 7 # I (%/1000h) B OB MK

FEIE 2014-T6 MHEOKN - D ) — T HEMR

%2 2014-T6 MHEEORII-2 Y — 7B KRR fhis

(FRF43%E 4 BD

S ETEESE T xEHENRXH

B
A 2 E]

Brges




/7

aplZ

B o4 X {t £ R 5y
1t =2 b3 & (%)
B B
Cu | Mg | N | si | Fe ] Mn cr Ti Zn Al
" JIS H 4131 3.5~4.5 } 0.45~0.9 | 1.7~2.3 <0.9 <1.0 <0.2 <0.10 <0.05 <0.95 %
T6 :
#® o 4.35 1 0.78 2.11 0.55 0.32 0.02 0.01 0.01 0.06 1%
B 5 X B L34 1y 62 =
G| i t iy # fe
B P ' #omo@m :
(mme) i 71 Bl g # & 7Y x v YA EY 4
(kg/mm?) (kg/mm?) (%) (10/500/30) (Bay —v)
o6 " 515°C % Thik & (>28) (>>38) (>10) (>100) (—)
180°C x 10h25 4 36.9 45.2 11 124 76
¢ ) P JIS H 4131 OREIERT.
s 6 pY —~FRL Oy ) — THRTRE
" = 7V~ 7HE (kg/mm?) 7Y~ 7EETRE (kg/mm?)
¢ 0.0194/1000h | 0.194/1000h . 1.094/1000h 1.0n [ 10h } 100h 1000k
100 25.0 (36.0) - - — — _
150 11.3 21.0 — - - - _
200 5.1 9.3 17.2 — — - -
250 — 3.3 (7.2) -~ - — —
300 — — 2.2) 6.2 5.3 3.8 a.m
() PEBER,
40 20
.C L
30 100 15
20 l 10
=15 0,57 . ~ 8
£ /a\/r QQO - E ]
£ p o2 E 6 P 3
910 S 00"¢
= puvy
8 03 7 ~ 4
R A R
6 ™.
7
2 P :C @
2 i 1
0.001 0.01 0.1 1.0 10 0.1 1.0 10 100 1000
7y — 7 # fE (%/1000h) oW e moh)
BIE 2018-T6 BEHEOILI-R/Ny ) — T HE R EAK 2018-T6 #EBEOLTI~2 ) — TS H R

(FRF43E 4 )

GEXEZERE T HKHERX=E

SRR
H A 2% 8

Broe




(9-2. 3)

TS =y AEERMEMO 7 ) — THRE

3) 2218 #EE M7 NIV LEE2T

BT % it 5 5% Vi ‘
1t e 4 # %)
7 Al
Cu Mg Ni si Fe | Mn Cr Ti Zn Al
T6 JIS H 4131 3.5~4.5 | 1.2~1.8 | 1.7~2.3 | <0.9 <1.0 <0.2 <0.10 - <0.%5 ?ﬁ
T7 = #4* 4.01 1.42 2.10 0.80 0.31 0.01 BB 0.01 0.03 7
= 8 % B M oH g
. . Ell " % iy B te 5
" A ! . @ om0 B
(mme) it Bl s mEm o | G| 70 an | €on—x | myrvan
(kg/mm?) (kg/mm?) (%) (10/500/30) (10kg) (BRYr—pn)
e » 510°C x dhilhis (>28) (>38) >10) (>100) () (=)
170°C x 12h 28 29.5 4.5 7 107 187 72
510°C % 4hi %
T7 20 30.6 36.6 10 95 125 63
240°C % Thess
¢ ) P JIS H 4181 ofmfEERT,
E 9 = 20 —F IRy ) — TR
. ” B 3 79y — 75 (kg/mm?) 7V — 7R (kg/mm?)
C) 0.01%/1000 | 0.1%/1000h | 1.094/1000n 1.0h 10h 100 1000h
200 3.4 6.8 12.0 - - — -
T6
300 - - - 5.1 4.5 3.5 a.m
200 6.3 13.5 — — — - -
T7
300 - - - 5.9 5.1 3.7 (1.8)
() PIEBS,
40 - 20
30 15
200°C
20 - 10
15 L - 8
t 7 L~ s £6 —
£10 9 — 300°C
A s < 4 T6
P R N
@ 4 &8 2
pd
2 1
0.001 0.01 0.1 1.0 1.0 0.1 1.0 10 100 1000
7 ) — 7 & 1% (%/1000h) oW B MG
6 2218 BOEEDIGII-R/AN Y ) — TR £E6 2218 EHEBEDGI-2 U — 7 BN R R dhiR
P BR

miwsre) @ EXRFTF LB L EBRRXNSHF ms L




TS = ASEREMBMD 7 ) — TIRE

5L
4) 2024-T4 IHHE (FHh7LrizvsgeiiEd)
g 10 % 1t ¥ R Vi)
1t = s 2 %)
H 3
Cu Mg Mn si Fe Cr Ti Zn Al
1 JIS H 4164 3.8~4.9 | 1.2~1.8 | 0.30~0.9 | <0.50 <0.50 <0.10 — <0.25 P
T4
} = u 4.57 1.40 0.67 0.14 0.24 0.01 0.01 0.04 o
B o1l ox woOowWm m % H
. Bl EiA e H # = 5
7 B ¥ * ®om o m - — N -
(mme) it Vil Bl R W & 1 T U F v ¥y =R T AE Y.
(kg/mm?) (kg/mm?) (%) (10/500/30) (10kg) (BAr—n)
- (>27) (>44) (>12) (- (- (-)
T4 20 495°C x 1h K&
0.8 57.6 iy 106 145 77
¢ ) P JIS H 4164 ot iie =y,
g 12 % I =TI Y — THERRY
" e 7V — 7% (kg/mm?) 20— 7R (kg/mm?)
) 0.0195/1000h 0.19/1000k 1.094/1000h 1.0h 10h 100h 1000h
100 39.0 4.5 — — - _ _
150 13.5 24.0 - - — - _
200 a.m 10.7 14.0 26.0 21.8 18.5 13.0
250 - 3.3 5.0 - _ _
300 - - - 7.4 6.7 4.6 2.0)
) PREB B,
50 I 50
e, cangl
40 T 40
N 100°C
30 .C 30
\&o/ \.\'\4 2OO.C
.20 ~ 20 e
|5 = Es E—
15
£ . £ N
S 200 o] S :
=10 =10
R 8 ~ 8 300°C
6 6
® 259 300°C 2
4 e 4
//
2 2
0.001 0.01 0.1 1.0 10 0.1 1.0 10 100 1000
7 ) — 7 i# 1% (%/1000h) e Wi w5 b

BT 2024-T4 BB OG- Y U — FHEE R

58 2024-T4 fHFEDIGII-2 ) — 7 I dh g

(FBFI434E 4 B)

D IEHEESE T MRS

5P
M3 A
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(9-2. 5)

T = AESE

B D 7 ) — ToRE

5) 4032-T6¢ #EE (WEFZILI T L8 5E)
B 13 % it ¥ AR Vi
1t g % 2 %)
7 El
si Mg Ni Cu Fe Mn Cr Ti Zn Al
JIS H 4131 11.0~13.5 | 0.8~1.3 | 0.5~1.3 | 0.5~1.3 <1.0 <0.20 <0.10 <0.05 <0.%5 ®
T6
2 o 12.53 1.21 1.03 0.87 0.61 0.05 TS 0.02 0.07 =
# 14 X B oW K "
¥ % £l ] t 7 ) t =
7 F] #om W - -
' i 7 HE RS Ty x Ty
(mm¢) '?kg/mmz 5 J(lkg/m%rﬁnﬁ) %) (10/500/30) (B sy
6 " 510°C x 1hifh (70°C) 8 (>29) (>36) (>5) (>115) =)
170°C x 10h 2% 31.6 36.1 7 17 73
() vk JIS H 4131 OB R o
s 15 % 5~ TR LYY — TR
0w 79 -7 (kg/mm?) 7y - 7HEEHE (kg/mm?)
¢ 0.0195/1000h 0.19/1000h 1 1.024/1000k 1.0h 10h 100h 1000
150 6.9 13.7 - -~ - - -
200 2.6 7.1 11.0 - —~ - -
300 - - - 4.9 3.9 2.7 €.n
() PEBE,
40 20
30 15
20 C 10
oC g < 8
— 15 50 P ad €
€ 2 ¢ L g 6
£ A .
<10 200 = .
2 2 300°C
< 8 — R 4
EN 5 S
/ 2 o~
0 o4 2
74
2 1
0.001 0.01 0.1 1.0 10 o1 1.0 10 100 1000
7} — 7 & B (%/1000h) O OB M®
FIR 4032-T6 SEEOEN-B/Dy ) — FHE S B10E 4032-T6 BEEOEH-7 1) — SN dhig

(HRFN434E 4 75

Y ETAELE T EHM|NX=H




(9-2. 6)

TN =Y AFGERBEMD 7 ) — SIRE
6) 5052-0 #HHE (WEZ7NI=YvLEE1E
) 5056-0 ?@tﬂ% HE7Z7LI=Y LEE 21

#1686 X% 1t E & i
it e o & %)
H #t
Mg Mn cr Cu Si 1 Fe Ti Zn Al
052 JIS H 4163 2.2~2.8 | <0.10 |0.15~0.35] <0.10 <0.45 - <0.10 %
#® B 2.48 0.01 0.2 0.01 0.0 0.25 0.02 0.02 7
5056 JIS H 4163 4.5~5.6 | 0.05~0.20 | 0.05~0.20 | <0.10 <0.30 <0.40 - <0.10 7%
= ¥ 4.88 0.10 0.11 0.03 0.09 0.19 — 0.01 7%
B 1T XK W ] i "
4 " El G # " s b =
§ 8 (mme) oo i} 7| BlE E o TY R Ky hex | myrvan
(kg/mm?) | (kg/mm?) %) (10/500/30) (5kg) (F 27— 1)
() (18~23) (>20) (- () (—)
5052-0 20 380°C % 2hze
9.6 20.3 30 46.8 58.3 46.1
(- (25~33) (>16) (=) (=) (=)
5056-0 20 380°C x 2hy#
12.1 28.7 35 65 74.2 68.5
¢ ) Pt JIS H 4163 oEEi% R,
= 18 = yoU - 7
o % " I 7 v — 7 B % (kg/mm?)
o 0.019/1000h 0.194/1000h 1.09/1000h 109 /1000h
100 (8.4) 10.2 11.9 13.1
5052-0 150 (6.0) 7.1 8.2 9.4
200 .5 3.1 3.9 4.8
5056-0 200 (1.6) (2.2) 3.4 5.0
() pE B,
40 40
30 30
20 20
15 Too'C T sk
T T ] t
g 10 = 150°C = £10
S 8 2 8 o
K, &
R 6
A 200°C | = S0 C
4 et .4 P
2 | o] 2
2 5 ]
0.01 0.1 1.0 10 100 0.01 0.1 1.0 10 100

2 W — 7 i ¥ (%/1000h)
SR 50652-0 MHUBEOR-B/A Y v — 7 kA

7 W — 7 # £ (%/1000h)
12K 5056-0 HHEBOIG-F/N Y ) — PR

(IRFI43E 4 )

EEZEmEEE TR

P9 B
M b2
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(9-2.7)

TS =y AERREMMD 2 ) — Tk

8) 5083 (MEFILI=YLrddTHE)

St

B 19 x i e i3 5y
i e 9
5 4 ¥ 5 7S %)
Mg | { [ cu | s | Fe [ i f Zn Al
W% 7 [ 405 j 0.66 | 0.2 | ooz 0.00 | 0.20 |' 0.00 | 0.01 "
| JIS H a0 | 38~48 [ 030~10 | <050 | <00 | <0.40 | <0a0 [ <oz | <010 %
EOE o g |
| = # | 455 | o6 0.21 009 | 007 | 019 | oo j 0.02 P
B 20 % ®Bom iy 1 [y
3l 3 e 7 ' 7e =
Vi A < w4 L I B .
B il I * mo B it Bl B m s | T ox v Ky gz R Y
(kg/mm?) (kg/mm?) (%) (10/500/30) (5kg) (Fzro—n)
i " mme L H360° C 2 19.4 4 35.9 17 72 83.8 75.3
(>17) I (>29) (>10) (= (- (=)
ERDE ¢ Z5mm BIEED & &
17.4 33.0 21 78 — 77.6
C ) P JIS H 4104 ofms =T,
5 2 % D B
a . " . = 7 ¥ — 7 @ B (kg/mm?)
e 0.0194/1000h 0.19/100Ch 1.094/1000k 1095/1000R
100 15.2 17.5 19.8 21.8
o 7 150 - 6.0 11.0 13.3
200 — 2.3 3.6 5.4
100 (8.0) 15.5 18.8 20.7
E B o ¥ % 150 - 3.2 12.0 14.2
200 — 1.8 3.4 5.4
C) PR,
40 40
30 30,
20 100°C I i 20 100°C
L ,—T ¢
15 == c ~15 150°C
n 150 | T
13
E10 10 j ]
2 8 d@ gl
X ~ y4
R 6 ™ 6 \
100"6 o] / '200.9
I —a 2 o / o
= L] [ x/
e
2 2
0.01 0.1 1.0 10 100 0.01 0.1 1.0 10 100

7 Y — 7 & JE (%/1000h)
BB13R 5083-0 HHEDSE -y Y — TR

7 0 — 7 # E (%/1000h)
BB 5083-R MR OIS I-BN 5 1) — TH R

(EF434F

4 )

SIEXEESE T2

Tt




P = A ESBMMD 2 ) — T

9) 6101-T6 #|HE (7 LI =V LrE&EHK2 B

B 22 K I 2 5% 5y
it = e v %)
" 1
Mg | Si Cu cr | Fe Mn Ti zm | Al
JIS H 4195 0.35~0.8 | 0.30~0.7 | <0.10 <0.03 i <0.50 <0.03 — <0.10 1 7
Té
® % 0.60 0.39 0.01 <0.01 l 0.36 <0.01 <0.01 0.01 1 7
B 28 % B Tk 1y fi H
4 = 3 % # % 2 12 &
" Al (me) mon B | s mm s | x| Ty A | Comema | myrvar
(kg/mm?) (kg/mm?) %) (10/500/30) (5kg) (Fayr—n)
6 - 495°C < 2hrk#e8hi| (1D >20) >12) (- ) (=)
200°C x 6h2s 21.8 24.0 19 76 85 75
¢ ) vz JIS H 4195 0f%HERT.
w24 = yooy - 7 R E
5 o ‘ 7 oy - 7w g (ke/mm®
¢ £.019/1000h } 0.194/1000h ] 1.09/1000h 1095/1000h
100 ! 12.4 17.0 17.5 (17.6)
159 6.0) 9.0 12.7 14.9
200 (1.8) 3.9 6.8 8.8
() FEB N,
40
30
20~ 100°C" —
N 1 Cl, ——— —
- 1507~ 2
€ 10 ] -
S5 8 200
I
™
4
2
0.01 0.1 1.0 10 100
7 Y — 7 & K (%/1000h)
BI5E  6101-T6 W EQIEH- R/ v — T HEEHHR
misEaR) & {E A BE = = g MRES
: FTAEAEFE£E T, == %t =En 5 2 B




&

7 v

/7

B 2% % 1 2 BR )
1k B 4 s (%)
#% 5
Zn Mg Cu Cr Si Fe Mn Ti Al
JIS H 4164 5.1~6.1 | 2.1~2.9 | 1.2~2.0 |0.18~0.40| <0.50 <0.7 <0.30 <0.20 7%
T6
= # 5.76 2.47 1.74 0.24 0.14 0.20 0.03 0.01 7
® 26 FE B om m "
+ = 31 i t 7 PR to 5
¥ I $h 1
" # (mme) moaR Hii 71 5] 8B M X i 7Ty oo A Wy
(kg/mm?) (kg/mm?) %) (10/500/30) (10kg) (Bur—-n)
- " 480°C x Thok &tk (>47) (>54) 6) =) (=) (=)
1200C % 24289 61.8 67.0 9 143 189 91
C ) Pus JIS H 4164 0% 7T,
B 2T % I =T BEIFT ) — TR
iy I 7 v~ 7 (kg/mm?) 7Y ~ 7Bk (kg/mm?)
e 0.01/100h |  0.1%/1000h |  1.09%/1000n 1.0h 10h 100h 1000k
100 25.0 33.9 — - — — —
150 (6.6) 13.1 21.2 — - - (18.0)
200 2.5 4.3 7.4 16.2 4.7 10.7 7.9
250 — - 3.3 — - 5.4 3.9
300 — — — 4.8 3.9 3.1 2.5
() FRBEHi,
50 T 50
40 — 40
,/ c > 2 150°C
20 50
15 15 =
—~ £
- |1 | £ \‘\‘\ 200+
£0 -C, 310 0
£ Q v
~ '2,0 e
28 » ' RS ~
R 6 C | 6 2,
24 50 Zoe . S50°¢ —
4 L~ A e 4 T 300'(:
~ e
2 2
0.001 0.01 0.1 1.0 10 0.1 1.0 10 100 1000
7 W — 7 # FE (%/1000h) -3 )

BB1I6R  7075-T6 fMHEBEDIGII~R/N U — 7 i dhis

BT 7075-T6 MHUEDIEII-2 ) — 7 I MR

by

(IBF0434E 4 7D

© E=Kex o E T 2R =S5t

TEFUER

=]

il
i

M B a
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(9-2.10)

BISE o Y4 v LEEHROEN-FNG ) — TR

7 ) = 7 i J£ (9%/1000h)

Tl =Y AEEE D7) —THE
11) aE4 U9 LSS (MBATFNLI=DLERLE
= 28 1t 2 e i)
it 5 o4 5 (%)
7 5
Cu Mg Mn si 1 Fe Cr Ti Zn Al
1 JIS H 4131 3.0~4.0 | 1.2~2.0 | 0.2~0.5 | 0.6~1.0 [ <0.8 <0.25 <0.2 <0.10 7%
T6
\ = B 3.70 1.54 0.34 0.74 ’ 0.53 0.01 0.01 0.05 %
B 29 % #® M N ¥ H
“ . o # o n w El i 1 7 s 7 =
g (mmé) o A it w | Bl s | 4 Sy x| KA e A | ByIUzN
(kg/mm?) | (kg/mm?) (%) (10/500/30) (10kg) (BAy— )
o6 » e 2 >3 10 >100) - )
170°C % 10224 30.3 43.7 22 113 138 73
() Ak JIS H 4131 ofildi %Rt
= 30 * ) —F B LYY — THETRE
- e 7y~ 7 (kg/mm?) 7 )~ 7R (kg/mm?)
e 0.0195/1000h 0.19/1000h t 1.095/1000h 1.0h 10h 1 100k 1000k
200 5.5 8.5 13.2 - - - —
300 - - (3.6) 5.7 4.8 4.1 3.4
() PBHL,
40 20
30 15
20 10]
15 — 8
—~ +C | o] © b
o ey E o
E10 e E 300°C
98 5 2 4
R — 1 R
4 300°C 5
2 1
0.001 0.01 0.1 1.0 10 0.1 1.0 10 100 1000
A )

BWI9R T Y2 ) v ABEREDIGIT- 2 ) — TR E AR

(FATN434E 4 1

oA B s

RS E T KRS




TV =y AGERMMD 7 ) — Sk

R

12) Hiduminium RR55 fiSE
A it ¥ 5% yay
1 e B & (%)
B el
Cu Mg Ni si | Fe | Mn Ti Zn Al
Hiduminium B.S. 1472, HF12 1.8~2.8 | 0.6~1.2 | 0.6~1.4 | 0.5~1.3 | 0.6~1.2 <0.5 <0.3 <0.2 P
RR55 # o 2.66 0.99 0.70 1.23 1.03 0.29 0.01 0.03 7
® 32 % B i # =
¥+ @ 5| 53 i< " N o x
7oA (mme) moao= Bt # B 8 B & o v TNz By sy
(kg/mm?) (kg/mm?) (%) (10/500/30) (BR7—p)
6 " 530°C x dhi (=) (>39.4) >8) (=) (=)
180°C x 10h 2= 34.0 4.7 15 127 79
D () pit BS. 472, HFI2-WP ootz md,
2) 0.1%0n0 29.9kg/mm? A E#HIETSH b, RO 32.2kg/mm? ¢4 5,
# 33 =% 7V =T E Ry ~ T
& P 7Y ~ 7 (kg/mm?) 7Y — 7L (kg/mm?)
) 0.012/1000k 0.19/1000R 1.095/1000n 1.0h 10h 100k 1000k
200 3.9 9.0 — - - — —
300 - (2.3) 3.1 5.8 5.4 3.8 @.0
C) PURB I,
40 20
30 15
20 10
15 8
7 ///.// T 6 300°C
£ o £ v —
~ 10 ~
o O _9
X 8 ) X 4
R v R ™~
© 4 300“C v 2
./
2 !
0.001 0.01 0.1 C - 1.0 10 01 1.0 10 100 1000
7 N — 7 @ E (9/1000h) AT Y
85208 Hiduminium RR55 %45 221K Hiduminium RR55 BOEB DR -2 ) — TR

7R R

OIS~y ) —

ot ] b

GsEen @ (E AT EE S BB T oS ik == %t




I =v AEERBEMD 7Y —

"HRE

-

13) Hiduminium RR56 sEE
® MR it ¥ % 5
1t s s s (%)
# st
Cu Mg Ni si Fe | Mn Ti Zn Al
Hiduminium D.T.D. 130A 18-2.5 | 0.65~1.2 | 0.6~1.4 |0.55~1.25| 0.6~1.2 ‘ <0.2  |0.05~0.15| <0.2 %
RR56 = # 2.07 0.84 1.00 0.64 0.90 ‘ 0.02 0.12 0.04 7
= 3 X B oOWm O m o H
o I . m m Bl B t B s te 5
(mme) - ; i b Bl W & 1 IR N ARy %
(kg/mm?) (kg/mm?) (%) (10/500/30) (B A7 m)
o6 » 530°C % Shilhi ) (>42.5) t (>10) (=) (=
175°C x 15h 22 36.1 44.9 I 14 119 77
1D () fd D.T.D. 130A-WP 0% RT o
2) 0.1%0On 33.1kg/mm? PHEBETH v, RO 34.1kg/mm? T 5o
g 36 x 7Y =TIy — THERIRE
-t & 7y~ 7'%% (kg/mm?) 7y~ 7R (kg/mm?)
) 0.0194/1000h } 0.19/1000n 1.094/1000h 1.0h 10h 100h 1000k
200 5.0 11.0 - — _ - _
300 - - 2.8 5.6 5.0 3.7 (2.5)
() PEEHE,
40 20
3 15
20 10
15 < 8
E /'/ ) 1 3057
Lo 5o ¢ =
= 8 A4 = 4
R 6 =
5 4 i =)
2 300°C ] 2
2 ]
0.001 0.0 0.1 1.0 10 0.1 1.0 10 100 1000
7 ) — 7 & B (9%/1000h) i )
#9295 Hiduminium RR66 $&EDGI-Ey ) — #923% Hiduminium RR56 $i&kaiti-2 v — 7
7 R b s i R
(7434 4 ) SEEXBETE — P B 7
H = I%**Itﬁ*i dEl 3 A
T




T =9 L HGREBEMO 7 ) — 7 RE

14) Hiduminium RR57 §:&5iE
B 3 % i = B’ pal
it e B 9
" . =3 Y %)
Cu Mg Ni Si Fe Mn T Zn Al
Hiduminium RR57 6.30 0.01 <0.01 0.17 0.57 0.27 0.14 0.05 %
® 38 & B Oo® m & =
¢ B 3l % # 2% PR 1 s
oA (mme) o & » 51 % @ = »15 = 7y x s en
(kg/mm?2) (kg/mm?2) (%) (10/500/30) (B> —p)
535°C x 15hifhs
T6 2 25.4 39.1 1 104 61
215°C x 15hzes;
% 39 % Y~ TBIET ) — TENRE
B 7y~ 7% (kg/mm?) 79~ 7HEHE (kg/mm?)
e 0.019/1000h 0.194/1000h 1.09/1000h 1.0h 10h 100h 1000k
200 6.7 12.2 - - - - —
300 - (4.5) 6.0 9.1 8.8 7.6 4.8)
() PIREBEE,
40 40
30 30
20 20
15 15
k3 & —
£ ) E 10
= 8 -C o 8 *
o 300 £
Roe p— ' R & e
B 4 @ 4
2 2
0.001 0.01 .0.1 1.0 10 0.1 1.0 10 100 1000
7 v — 7 # B (%/1000h) A )]
#24F Hiduminium RR57 §sB0EH-B/N2 1) — 25K Hiduminium RR57 BE&EEDKH-2 VU — 7B
R AR o ey P R
- fq; R A
@ReTR o fE A SRS TR R S s
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\d

W= AEBEERMMOD 7 ) — TRE

15) Hiduminium RR58 #isiE

B 4 % i =4 B Vi)
it E " % )
# <3
Cu Mg Ni si | Fe | Mn Ti Zn Al
Hiduminiam D.T.D. T31A 1.8~2.7 | 1.2~1.8 | 0.8~1.4 | <0.25 | 0.9~1.4 <0.2 <0.2 <0.1 oy
RR358 2 + 2.27 1.67 1.15 0.11 0.99 0.01 0.14 0.05 &
w41 = ®oOom ™ % A
+ e Bl % i " m t =
L ®o% A it 7 3l | & 1!? Ty a w7y
(mmé) (kg/mm?) (kg/mm?) (%) (10/500/30) (BR&— 1)
e 0 530°C x 24h =) (>44.1) 6 (- )
200°C % 20h 265 37.4 4.4 9 — 71
1 () Pui D.T.D. TBIA-WP OB#ERRT .
2) 0.1% o 33.1kg/mm? M CH D, RO 35.8kg/mm? T 3,
w42 E 5) = Fis LY ) — FREETEREE
B K 7y~ 7% (kg/mm?) 7Y — 7R (kg/mm?)
e 0.019/1000h ] 0.194/1000h i 1.094/1000h 1.0h 10k ] 100h 1000h
200 7.4 11.8 - — - — —
300 - — 3.0) .0 6.0 4.1 (2.5)
C ) PREHH,
40 20
30 15
20 10
15 T 8
T | N £ 6
£ 10 Ui ) .
£ - = 300+
S 8 4 520
e e N
R
. B -C, 2
@ R e 2
2 1
0.001 0.01 0.1 1.0 10 0.1 1.0 10 100 1000
7 ) — 7 # P (%/1000h) oW B Rk
265 Hiduminium RR58 & is-8/ho v — $#27T% Hiduminium RR58 SuEEDEI-2 v — T#
7 R M B R e A
> >4 A A B
@i PIERBESE THEEER SR S
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(9-2.15)

16) Hiduminium RR59 #&iE (HE7 I I =9 L5235
g 43 % it z 4 i)
it 5 9
o " = v (%)
cu | Mg Ni | si Fe Mn | cr Ti Zn Al
Hiduminium | J1S H 4131 1.5~2.5 | 1.2~1.8 | 0.6~1.4 | 0.5~1.3 | 0.6~1.5 <0.2 - <0.2 <0.2 ”
RR59 ® M 2.8 1.62 1.20 0.69 0.98 0.02 <0.01 0.10 0.04 7
g 4 % oW m % g
4 & 3l % t " PR b =
7oA (mme) o = i # Bl B W = o T U x Uy
(kg/mm?) (kg/mm?2) %) (10/500/30) (BA 7 1)
6 " 525°C x 4hil# % >30) (>38) (>6) (>110) —
165°C x 15h 284 30.8 43.8 19 119 71
() wik JIS H 4131 o#sEsiRT.
B/ 4 % g —=TBLEY Y~ TR
B 7% ~ 7 (kg/mm?) 79~ 7yiEE (kg/mm?)
e 0.019/1000n 0.19/1000h 1.094/1000h 1.0h 10h 100h 1000h
200 (4.8) 10.3 - - — - —
300 — — @.5) 5.5 5.1 3.6 @1
() PIEEB,
40 20
30 15
20 10
— 8
T ' Q'O// -
E r)S) E 6
o 10 > £
= 3 S 4 300°C
R A X N
6 R
12
4 — .
a00C @ 2
S
2 1
0.001 0.01 0.1 1.0 10 01 1.0 10 100| 1000
7 W — 7 & & (%/1000h) BOow o MG

28K Hiduminium RR59 $E#EOKEI-B/2 v —
7R AR

298 Hiduminium RR59 EEROGT-2 Y — T

Briee ] AR

(M43 4 B)

& 5 X B S B T Rk st = Rt




