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Study on the Corrosion of Copper Alloys in

High Temperature Water and Steam (Rep. 2)
Corrosion of Cu-Zn alloys

by Shiro Sato

The corrosion tests have been made on Cu-5~40%Zn alloys in saturated water and
steam at 300°C under the pressure of 86kg/cm?2 for 250 hours with an autoclave. Specimens
were prepared as cold-rolled or annealed strips. All specimens, except those of low-zinc
alloys exposed to saturated water, increased in weight with zinc content forming the dark
red corrosion product. The effect of the corrosion on the tensile strengths and the
elongations of the specimens was remarkable with increasing of zinc content of the alloys.
From microscopical examination, the alloys of low zinc content(Zn=5~209) suffered the
preferred whiskerlike corrosion penetrating along and into the grains under the layer of
the corrosion product. On the other hand, the alloys of high zinc content (Zn=25~40%)
suffered the layer type corrosion. The depth of the penetration and the thickness of the
layer of corrosion increased with zinc content. From X-ray powder diffraction and
chemical analysis, the corrosion products formed on the surface of the specimens were
identified as a mixture of metallic copper and zinc oxide (hexagonal). Annealing
treatments of the specimens have no perceptible effects on the corrosion. As the results
of these tests, it is considered that the zinc atoms near the surface of Cu-Zn alloy are
selectively oxidized by high temperature water and steam forming the metallic copper
and the zinc oxide as the corrosion product.
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Chemical composition, %
Mark Cu Zn
D—0 99.86 —
D—1 94.58 5.41
D-—2 89.42 10.57
D-3 84.43 15.56
D—4 79.93 20.04
D5 74.46 25.25
D—6 69.94 30.05
B | D7 59.80 40.19

Table 1 Chemical compositions of the specimens.
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Table 2 Results of the corrosion tests on Cu-Zn binary alloys exposed to water and

steam at 300°C under the saturated pressure for 250 hours.

. Weight change, s 2 . Thickness of
Zn conte Treatment mg/em? Tensile strength, kg/mm Elongation, % corrosion layer,
nt, % Water Steam Qfepared Water Steam érsepared Water Steam Water Steam
Cold rolled —0.83 —-0.14 40.3 26.8 30.3 6 40 40 0 0
0.00 500°C x 1hr —0.78 0.18 26.2 25.7 25.2 38 42 40 0 0
700°C < 1hr —0.71 0.16 23.3 22.8 23.0 26 30 26 0 0
Cold rolled —0.55 0.18 39.0 25.2 25.0 6 40 42 6 6
5.41 500°Cx thr —0.45 0.21 25.4 25.0 24.5 46 44 42 13 10
700°C % 1hr —0.43 0.26 23.5 23.3 22.6 42 40 44 10 13
Cold rolled —0.08 0.55 42.5 27.1 26.8 6 38 38 23 26
10.57 500°Cx1hr —0.08 0.55 27.8 25.7 25.3 42 40 40 30 30
700°C < 1hr —0.12 0.57 25.4 23.5 23.0 42 38 36 30 28
Cold rolled 0.30 0.88 48.5 29.5 28.3 8 40 38 26 26
15.56 500°C x 1hr 0.27 0.91 29.7 28.0 26.9 46 42 42 24 30
700°C x 1hr 0.38 0.99 26.4 23.4 23.9 48 44 46 28 32
Cold rolled 0.67 1.23 50.9 32.0 31.4 10 44 42 24 23
20.04 500°Cx 1hr 0.64 1.11 31.5 29.5 28.7 52 48 50 26 31
700°C x 1hr 0.54 1.04 31.3 25.1 24.6 50 50 42 28 28
Cold rolled 1.22 1.68 55.0 34.0 32.4 8 42 42 30 30
25.25 500°C x 1hr 1.11 1.62 33.2 30.8 29.9 60 52 54 30 28
700°C x Ihr 0.90 1.43 28.4 25.5 24.6 54 50 44 36 32
Cold rolled 1.63 1.99 53.3 32.8 32.1 8 42 44 32 37
30.05 500°Cx 1hr 1.68 1.99 33.3 29.1 27.5 58 54 52 37 37
700°C x 1hr 1.44 1.62 28.5 25.1 24.8 56 46 48 40 32
Cold rolled 4.30 3.32 55.2 38.0 40.5 12 26 30 66 63
40.19 500°Cx 1hr 4.07 3.07 39.9 32.3 33.7 50 36 42 66 59
700°C x 1hr 3.00 2.43 40.4 35.4 35.7 42 36 40 63 59
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Fig. 1 Weight change v.s. zinc content of Cu-Zn alloy
exposed to saturated water and steam at 300°C
for 250 hours.
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Fig. 2 Effects of the Corrosion by saturated water
and steam at 300°C for 250 hours on the tensile

properties of Cu-Zn alloys.
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Photo. 1 Longitudinal cross sections of Cu and Cu-5~409% Zn alloys exposed to saturated water and steam

at 300°C for 250 hours, low zinc alloys showing the prefered whisker like corrosion and high zinc

alloys showing the layer type corrosion.
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Fig. 3 Thickness of the corrosion layer v.s. zinc content
of Cu-Zn alloy exposed to saturated water and
steam at 300°C for 250 hours.
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Fig. 4 X-ray* analyses of the corrosion products formed
on the surface of Cu-Zn alloy exposed to saturated
water and steam at 300°C for 250 hours.
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Table 3 Chemical analyses of corrosion products formed
on the surface of Cu-Zn alloys exposed to

saturated water and steam at 300°C for 250 hours.

Alloy Chemical composition of corrosion
Condition product, %
g
2o, % Cu Zn (Zn0) Cu+Zn0O
10 Water 86.83 10.07 (12.59) 99.42
Steam 81.76 10.44 (13.05) 94.81
5 Water 80.40 14.59 (18.24) 98.64
Steam 80.31 14.56 (18.20) 98.51
2 Water 74.90 18.93 (23.66) 98.56
Steam 76.18 16.70 (20.88) 97.06
2 Water 69.05 28.02 (85.03) 104.08
Steam 71.98 20.73 (25.91) 97.89
" Water 62.00 25.72 (32.15) 94.15
Steam 63.68 25.06 (31.33) 95.01
0 Water 64.30 30.71 (38.39) 102.69
Steam 68.19 27.76 (34.70) 102.89
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Table 4 Comparison of weight increases measured and
calculated from the corrosion depth of Cu-30%
Zn and Cu-40%Zn alloys after exposure to

saturated water and steam at 300°C for 250

hours.
. Weight Weight
Corrosion A A
. increase increase
Alloy Condition depth*, calculated, measured,
" mg/cm? mg/cm?
Water 29 1.8 1.7
Cu-30%2Zn
Steam 29 1.8 2.0
Water 53 4.2 4.1
Cu-40%Zn
Steam 48 4.0 3.1

* Measured from decreasing of thickness of specimen
by the microscopical examination,
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Pollution and Corrosion Test of Condenser
Tube in Model Condenser at Mie Power Station

by Reiji Tanaka and Zen-ichi Tanabe

Pollution and corrosion tests were carried out in model condenser at Mie Power
Station. The alloys used in the tests were Albrac, Alumibrass, 90-10 cupronickel and 70-30
cupronickel, and at the same time the short tube of Albrac and non metallic tubes were
used for the study of the effect of cathodic protection and roughness of surface.

The results obtained were as follows.

(1) The scale was precipitated very much at low current velocity, and the effects of the
cathodic current and material difference were not observed.

(2) The scale contained much iron oxide, and little SiO;, Al,Os, CaO, MgO, etc.

(3) Iron oxidizing bacteria were not observed in the sea water, and not worked effectively

on the precipitation of scale.

(4)
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Material difference had not so much influence on the corrosion rate.
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FleINBD T v — 7 ORBRG ML Table. 2 R4 2
L, BAERAY 0 F/201k 20mA/m2 gL, EAE
WA 1~4dm/[sec /L LD,

Ernv—7@ns 2%, #or7 2%, WEE{Y=—-
NER EIEBBE R L DO T Ay — ORI A TN
feb. 777y 70MEE (100mm) % & )2 Thi&
BHROEERT/I2D Ulco ZOEEOEREL Fig. 4 ©
R, 0~100pA/cm?2 OBHEE CHEE Lico ZDE 7 v
— 7O AEYE Table. 3 TRt =& <& Ui,
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Table 1 Chemical compositions of test tubes

Chemical composition, %
Test tube
Cu Fe | Pb Al Si As Ni Zn Mn Co
Albrac 77.93 0.01 ‘ Tr 1.96 0.24 0.06 - R — —
Alumibrass 77.83 0.01 Tr 1.89 0.01 0.05 0.40 R - —
90-10 cupronickel 88.77 1.43 \ 0.01 - — - 9.79 0.08 0.02 0.09
70-30 cupronickel 67.70 0.50 ‘ Tr — — — 31.32 0.04 0.21 0.20
Table 2 Schedule of tests
Current Flow rate, m/sec
Group density,
mA/m?2 Ist 2nd 3rd 4th
Woater gate
A 20 2 3 1 4 |
B 0 2 3 1 4 R
c 0 3 1 4 2 A\ N
D 20 3 1 4 2
Table 3 Cathodic protection of E group Railway

Showa oil Co

T Noob oy bg g | 5| 6] 7] 8
Electric current, mA| 7.2 | 2.8 1.4 0 0 1.4 2.8 7.2 L
Currnt density, 100 | 40 20 0 0 20 40 100 ) ~ .
mA/m?2 00 0 = coo/ T T
Test tube ; 25 x1tx10£ A
Qil tanks
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Anode ; Platinium

Suzuka river
e

Daikyo oil Co.

Fig. 2 Position of Medel condenser.

Yokkaichi harbor

Shikaka river

Mitsubishi
kasei Co.
ishihara In. Co,

Showa oil Co.

Mie power
station

Suzuka river

Fig. 1 Situation of Mie Power Station. Photo. 1 Model condenser.
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4 ™
\— _J
Fig. 3 Setting of test tubes.

@ Albrac
® Alumibrass
® 90-10 cupronickel
@ 70-30 cupronickel
Anaode Vrnlel tube Test tuoe Anode
| / i
Cooling fr—mm—r—r = 3 = L=y

water | (? 75%?%;

lOk”’SOk(’ 50;((; ok()5k0

L.

Fig. 4 Circuit diagram for cathodic protection test.

Table 4 Operation records of model condenser

Ist ad | 3rd | dth
Test start, date Mar. 12 | May. 17 | Jul. 21| Sep. 29
Test end, date May. 8| Jul. 15| Sep. 25| Dec. 1
Operation time, hr 1592.5 1454.0 1554.5 1493.0
o
'% Atm. temp. °C 9.5~230 | 140~310 | 220~340 | 11.0~270
=
2 A,m/sec 1.94 3.03 1.00 4.01
© B, 1.91 3.04 0.99 3.94
Flow ratef C, » 2.92 0.97 3.96 1.97
D, » 2.94 0.96 3.83 1.97
E, » — - 1.92 —_
Temperature, °C 10.0~15.5{16.0~25.0/26.0~31.0{13.0~28.0
s
3 pH, (max) 8.2 8.3 8.1 8.0
g 4 (min) 3.2 6.8 6.5 5.8
- 7 (av) 7.21 7.9 7.8 7.9
= Total ion, (max),
. S p.p.mm. 18.1 2.5 2.3 14.4
© 2 (min), # 0.1 0.1 0.17 0.5
7 (av), » 2.56 0.60 0.44 2.74

4, E & K R
Table. 4 i d 2k <, 27 AL Cilhat., E&L
TENRRAZE 2, COMERAr —~vEERELTERL
770
K E BN BELRMRS AR, FNTEN2 7 AH
A 5 A LI O TEEA K > THE LT %,
AR OKIE, pH, @fkd ik S RENREEZR
Ui, BRI 2 K pHAUE LKL Db 2 & & &
BDEHNE LR DOEEIKDERTH B Ik 2 [H~H
3 [ENT F N TEEA HIELIERY L T o 7o DITBEE T O
R LB SO E WD T Wh,

5. &Ry —ILORE

HEOBKRABRRTHBAE LAy —vaREREL, €0
BEEAHEL, MRy T,

51 RT—IOEER

2= W DRFERFENEC L > ThE VENBD BT
FNDT, hFEEDO—4l% Table. 5 wid, ZhR LD
EREIC L AELEE T AL BENAENEEEHLL
WEENMEL DI L, BRI L - TREREDSD
B ERDND
BFEEHROEEIE 7 v~ 712k 0 XBREEL L #N
MR, BROKZWLOEOTNRIREBEENES WL 5L
BT EAEERL G WTNMEWZILERDOE LS
WARGAIDERAMEL . HOALLEMEBTES %o
SERIFEBEDOUTEEL PR %Y Table. 6 iR
Fo EDODOMETIIE Y 7 ADILEENFEKTH - T,
DNWTHHE €=~ VER-> TR Y, WlBor 7 A EILHE
DA T AEDOWREDILERELE R Lice TinbbREMNTF
Wbl R bo Ay - iE LB, Eefn
LDk Db DICIEiE LEWERIIC S Ho 7niE v =
~ VETIX AR NSRRI NTTAr —vRE L, H T A
TR RN BHOEATTR Yy — VRS WA, ZDFEN
&< b, I LED » 7 2O ik B
DI B, BEWEIL Z D7) b A,

Table 5 Weights of scale deposits

A~D group
Weight, g/2m
Group
ist 2nd 3rd 4th
A 9.3 1.91 1.59 4.59
B 8.28 2.11 1.42 4.80
C 6.00 2.08 0.87 11.37
D 5.88 2.83 * 1.17 10.17
E group
T N2 s e 5] 6] 7] s
Weight, g/10cm 0.0864/0.0865 0.0868&0.0793!0.0877 0.1016] 0.0938/0.1012
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Table 6 Scales of non metallic tubes

Weight, g/40cm
Test tube
Inlet Center Qutlet
Soft viniel 0.2518 0.2352 0.1665
Grass 0.1486 0.2415 0.2325
Frosted grass 0.2780 0.4783 0.5278*

* Involved shell deposit

5.2 R —JLOMERK
A~D 7w 7T OERNEITE Lic X r — 1~ D 5 BT Bk
Table. 7 ik 3 o ZNHD R — VidER{LE A RS &3

Do FEEBENCATE Lic 27 — VOSWHEIL, 77 2D
LS DIy U h 5% SR ENTEDDTE o I
T\no

B DU EDE XRREHERIC X 2 & B EFHRAE
D BN, 700°C I B LT BN S & Fig. 5 iR
Tk Hic FeaOs, v-Fex03 45 L UFesOy 4540
RO BNDo

Table 8 Chemical compositions of scale deposits

of E group
Albrac tube

S gt . o - Chemical ition, ¢
%Yb@f\ &_ﬁ;ﬂ)ﬁ’ﬁ@)ﬁ@ﬁé{ﬁk%%”/ ‘) 7]\ _7}1/ S ﬁ‘\ . emical composition. %
. e o1 2 3 4 5 6 7 8
ANVY G b, YT YT RIREREGENT D HNVYY 2 | | | |
LY TRV M AERAE U b DI < BA s CuC 31.55 | 31.55 | 30.77 | 28.29| 30.54 | 32.05| 33.30 | 31.80
. . . A . Fe,Os | 30.60 | 34.92 | 30.60 | 29.46 | 20.02 | 24.02| 24.45| 21.16
HEAH D, ZNBHOLDIKEIEE L TR D 27— P
N R MgO 0.22] 0.36 | 0.14] 9.43| 0.58| 0.58] 1.01| 1.01
BRI LD o Tco F7290-10 ¥ o P m = v r VTR
LIe A7 = MERRMADE S LT LS EAD DT Non-metaliic tube
HE e ical ition, 9
<. Ao — v OFITIC S BB H o7 L 5 Th Bo Test tub Chemical composition %
. s } s tube Si0; | CaO | MgO | AL:O, | FecO, ['EME00
Table. 8 |3 E 7'V — 71k Uiz A 7 — VO SHHE T - foss
Do WNTNT T g VED A7 — s BB X NA5T Viniel 7.60 | 0.2 0.70| 4.24| 40.67| 30.95
e . - . . o 18. 0.50 | 1.27 | 4.40| 24.52 —
PR D EGAL AU 2 [ E OB B2 b DTH Y | Crass o "
NN N - Frosted grass 17.56 0.32 0.73 3.92 | 41.07 9.04
B EDWERDOD L DERNTHRELIL L TH
Table 7 Chemical composition of scale deposits of A~D groups
Chemical composition, %
Sample Igniti
Si0: CuC Ca0 s MgO ] Al:04 Fes04 S0s B s
Albrac 2.96 4.22 1.55 0.54 6.80 54.91 0.84 22.55
A Alumibrass 2.98 4.36 1.50 0.87 6.75 54.05 0.87 22.77
group
90—10 cupronickel 2.54 6.80 1.85 1.12 6.00 54.48 1.17 21.83
70--30 cupronickel 2.94 5.32 1.20 0.62 5.90 53.20 0.90 23.31
B group mixed 3.22 6.06 0.95 0.27 6.50 50.48 1.35 24.37
C group mixed 2.92 9.72 0.40 Tr 6.05 44.62 1.28 27.07
D group mixed 2.82 5.64 2.25 0.58 2.65 55.48 1.17 22.78

' o ysany

BELB IR §
SAMPLE it

ks

9ot bt R gl A

Fig. 5 X ray analysis

— 4

of the brown scale
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5-3 X —ILkEO¥E

S OWEWEIKILE 1 84 A v LIEFEBRE S ERE
g L D pH DIEWZ ERSWDT, SR T YYD
WL D DRUMNFS 5T hy ZDDTFEKFEARL
BTG ARIE L C8k 82 7 ) Y DFRE LT, EE
BN RE A B LT 184 4 v ORB(LO#ITIRILE
FNFro CORERBEEKRK, Ay —vpE by 7Y
TIRBHRNT, FE 184 4 v ORIZZ ZTHELR
TR B OB IC B R < RARE OME THITT 51T
XD E b otio Mo TIZZREBH DR — VDN
B N7 7 U HRBEE LT WD RIEEMEIRIZ Z A Ealo
DOERIEKBEMEC L DEDIFLALERNZ &, &
BHROEBBLIZE A LW LR XL OBEIC X 2RERK
XWWT 2 i, BEUKB OO kB i o
A PR CHEBEAE T HEROMNI AR LT WD
ERBE R B W TIIFRO DB A b o> TWhieIih
DORFRECEL LD, B > TEBRELELS & &
LR R L Uy BT OFGEDIT & A ETR WK
WETHEDEH BN, MEORBTIHIDOMES LK
R L D GEEANEECETAETCHETH TH A D
M. TERBKE DI & o T3 DRt 2T A 7
—VBOEYREINT AL L b El AT~ VDX
R ER IR NT FegOy A EN/ OO S S 2
ETC B 14 4 v LIBEREORIGI & D #icFes0q

covered Wlth brown scale

BHHNE DR E L CTHTET 20, HDHWE
751 FesO4 OREMESBIS 3 2 AHEME R L T\ %0
BLEDBEAND Ay — vOILEREE LTk 7Y Y
X AEIREMILZ UL @lkdoghko 2 w1 FRER{LY
B BT LD BRI E T 5 Z & ANT L A KX
HERA T D EEZ HNDo

6. EMEOHE

1A~ 4 EOBKERAKT Lich &, @EXHN
D, FNFNREMNREN OB AR A~

6-1 AWERA

Photo. 2~5 ICBBEENE L B A 7 — VERFHIR O AENK
MATRTe TVT T v 2 BEOT7TNVIT 7 2L SN
KBEOR Yy — VTR Ebit, KB Lo Lo,
HIBEE LB EEYE LTS, 7V 377 2L
BIn A i =V OSIEE LIS RS A, SIS BIGIT
HEE L7 DTH Do 90-10% 2 7w =y r I L 070-30
¥aTu=yrvOAy — v FRBCREEEELTHWDS
A, B O Lo K E R E R ERD Ay — VR
B, BEOLEE LA EBH LTRY, &F
iz o THIEE L7038

2 = VEBREBONE RS D L. WILh Z KEBWILR
WOBAAELUTHWBR 775 2E70-830% 7' m =
v 7 MERIRENZ W < BILFESE L X D IRH X Do

after removal of scale

Photo. 2 Inner surface of Albrac tube.

Alunibrass

Albunibrass

covered with brown scale
Photo. 3 Inner surface

after removal of scale
of Alumibrass tube.
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’107" Cl;p}‘ﬂnicKel. A

covered with brown scale after removal of scale
Photo. 5 Inner surface of 70-30 cupronickel tube.

x10x%

Alumibrass

90-10 cupronickel x50 x % 70-30 cupronickel
Photo 6 Cross sections of test tubes showing scale deposits and corrosion.

— 6 —
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6-2 HIENRA

Photo. Siz & ORFEWAMHIA T A7 — VEE—
FER LIS D THY, WEMBICLDELIARD B
BOBEILNONGEMTH B, 70830 X o 7=y
VOFEEE, T3 T T 20 REANTED b, KRE
KB DN Z & B AIUE, BAREIER KA LD
MR D RENT LR D,

6:3 XF—ILOEYEEERY

Table. 9 T HN/ECILTE LT e X 7 — v DIEY
ERABEEF Rt Ay — ViEEKEE 3 EE TAH
ELREELTCHNBHOT, & LTHEABORRC WL
LIl L b ZNIREBET V=Y WHEFROM
¥1% 0.04~0.14mm, ¥ o7 m=y 7 id 0.03~0.20mm
Th D AFER» S b EMOMEEITEDE
FRBEESILT7 VT 7 9 7 58 0.02~0.05mm, 90-10
¥ oV ve=yr v 001~0.06mm THH, TNVNITTFRA
BLOT0-30 % 2 7' m= g 7 MIT R BITEAE Y NKTH
ST TAEERE L KOO BN A ESIE O E, F
P oD AEE LTI DRE B, Ar—v
DIFEC & - THEINDE DT, RER TR FEA T
BRIBEEEREL AR, BEAFMEBELETLRNLD L
FBID,

1. #& o8

ZEAKNFEEFHREINN DY Ty - K BWTEKERED
B8, AW T HDERETIR o lco & ORMIEEIEK DK
BT L D —B U E R A S 2 LIXTE R o7
DN RO EMRABMCIR D, BB T DEKEEE
DIER. BEOREANHIET D Z LMW TX

(1) A7~ NMITHHKREOENEES S E L, g
BHROBELIESSEH EN R X 2RO
7o

@2 27y —MXIESEBE W LIRS U, R/ CHEGLL
DRELLELET %o

(3 g Lic A7 — VO E &5 & SkoBRLYE 2
He U, TOMPEDEMOBEARLERY, v H, T3
FLANYT L, TRV RRENREGEND, IO
O A7 — MITSEEK OSSR E WL XIS BICIRTE
T %6

@) BHIBEKR LAy —vrhicgh g 7 ) Y 133D 5
NI, Ay~ vORBRIOBONZ 7Y YR LT
FoEIREMEIIIZ & A E v

(5) YA I W TH I IR B 1D #E - 28, ARSEER
TH70-30 % o 7= o VBT, s LAT IV
7Ty I IMENT WD, LI UAT — VDS X - T
BITIMH I NS ERIC S DD T, Wi FAGT S EE
IBEAEELURNLDEL SIS,

TR RFEEMBIC R\ CE 2 RERDE, AR R
HH L LTA 7 ~ v OBE BRI T 5 ERAED BT

Table 9 Corrosion depth and scale thickness of test tube

Tube material Group CO(I'II!‘IC;'S;())’IIISEDFII Thi((:};r:;s)s: ?Iflrsr:;ale
Albrac A 0.05 0.07
Alumibrass B 0.07 0.04
Albrac C 0.03 0.11
Albrac D 0.02 0.14
90--10 cupronickel A 0.01 0.03
70—30 cupronickel B 0.11 0.06
90—10 cupronickel C 0.06 0.16
90—-10 cuproncikel D 0.04 0.20

Who

A E R IR RSN EE KRR OERC LD
BELA T UTRR L7 RO—ETH D ZH K FEE
BAMRE — IR < DB AR Lo\ o

X ik
1) P.W. Sherwood : Corrosion Technology, Aug. (1962), 211.
2) J.O.Harris : Corrosion, 16 (1960), 131
3) ME It SR ARMLEITRDTES (1962)
4) ZEKRDREP : EAREOHR - BAECBIT 58 1 REE
#Hi, Aug. (1962).

5) Mk, 2 xEHmE, Mar. (1963).
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Effect of Zinc and Aluminium on Corrosion
of Aluminium Brass by Polluted Water

by Zen-ichi Tanabe

The widespread use of aluminium brass in heat exchanger tubes may by attributed
to its high corrosion and erosion resistance. Aluminium brass, however, suffers from the
corrosion by the polluted sea water at power station. Its corrosion occurs with sulpher
compounds which are released by the action of bacteria. Therefore, the potentiostatic
measurements of polarization curves for aluminium brass with various contents of zinc
and aluminium were carried out in slowly stirred 39; NaCl aqueous solution containing 1
p.p.m. cystine. The results obtained were as follows:

(1) Mainly, cystine accelerates cathodic reaction rate, and its effect is remarkable
especially in absence of oxygen. (2) Although the effects of zinc and aluminum contents
on the electrochemical properties are linearly related to total zinc equivalent, there is a
discontinuous point at about 329% Zn equivalent, below which cathodic critical current
decreases with total zinc equivalent and anodic current increases with either of decrease
of aluminium content or increase of zinc content, but above which these currents
increase with total zinc equivalent. (3) Probably these discontinuous points are not due
to precipitation of B phase, but some defects which have such electrochemical properties

as B phase.

1. #

TN IR =Y AEIRRAESIIF OB AN X o TE
THREFAFEELED I bL o b {FERAINTHBR, I
SERAFTEEME TG HK E UTER INTWBIEKDTE
B L 5T, WEETERLNGE oL D BERL S
b T E o ZOBEIKE X ABARFECAY X 51E
Fﬁﬁiﬁ%b\lc‘):z%\)bﬂ\ Je 2y AF VI EMBFETHD
EINTWDS, W THEERIKPEY 27 v REF 3N
LETNVI=Y AEMOBKFIEE W ACEEE S
oA B, ElZDEE&EDOEATEHES ZIn KLU Al o&
MEAL LIcBE, Winin B8 NRE 5 v B S L ER T
g%bf:o

il

2. A¥B&LURRE
ok Tablel iR & 5 oD L OEEERIE TR
KPR, @TIFE USRI 620°CX30min. k& L
2407 = A Y —MF THELTCHW. BEXlppm
v 27 v & 2,000p.pm. D KoSOu % 4% 3 %NaCl Kkigw
& W 30°C IR B UTro MBI IR — R OB TTHAREE
* HARSRYLESAMSEAS G THRE
I

%%%@%&K%%?K%@é%\:@%&K%Hé%#
%%%ﬁbéﬁ&%%ibmﬂ\;ﬁiam%@%&bm
27 S UIHIZEOERL L { I DVEREHCH H0: 5, K
Wge I oEllEOREY L 57w, CR. HRE XD
SEHIR D /v 2 % Fetk UCEMBILHEE R BB L, X-Y
Ve~ Z =T U, B7F vy g x &y FikGerischer
T 10-4sec. DISEME 2 F T HEHER 120mA 0L
DxEFER Uiz HIEEMD 7wy 7 4 % 75 2% Figl
Wik o RIROBEHIE R c i 50cm /sec (/e B X
AT Lico 7B ED /T 2 — 2 — & LTk Rl
ﬁ#%@%%ﬁ%%%%ﬂﬁwaﬁif%ﬂbt@%&
D %@%@mﬁm%if@mizﬁ(ﬁ%EWEu%m
KERYRTES S HF D E(LARND T IS REED
BRT I LI Do) wa@%%%okoﬁ? s ODFF
Bk Guillet R MR REA W7o

3. RRRBREIVUER

1. YRAFVEMOE

3 9%NaCl kW LU0 1 ppm. O 25 v & 433
% NaCl kg rh OB B EY 7T & Fig2 o2& <
Thho ZDXICERERERARINELDBETLERH
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KR ZIAL TR B DS TR ENRD bbb, ¥ 25
YERINE S o TS HEARK L TnD &b ke £
LCID¥ 27 X DREMENVIR XA Y 2 DRESIC
b0 ELIBEAERLUTHD, FRIORK LS LB
MEISHEAZRLREL KB L TWDSDIEMETH - T
v 2 F ¥ OBRITCPUSITBEDO S & b3 — i THElT
THENWDZENTED, PLCBESY THT &1 3%
NaCl JKEHEIC BN TIE Y A F v OEFFIEE Z LI
MNEWD T ENTXDNRBEND I BRTIEY 27 v
DRETCTIENRE L EWTL DT & bnde RBROBE
DIBGIKEE &S KRR TR I 5D TID L 5 7
BB BT 7 VI =2y AEIROBEEC Y 27 Y IVE
B 2 &b De BRI W TR KRR I
Y RAF YR IVRZXAATE T ADFEEIITEAELH bbb
s OV (vs. S.CE) B Lo FEHRe b & v 2 7
v OMBITERNSAEZ (o TL B ZHUIFEMNTER L
T BNy 25 v S F IR T & 2 RBIC TR
FERBLE LTOMWERD NI L ERLTWS (Figd),

Table. 1 Chemical compositions of specimens.

N Chemical composition, %
0.
Cu Zn Al As
a-1 89.50 R 2.16 0.04
a-2 82.96 R 1.86 0.05
a-3 84.87 R 2.10 0.05
a-4 77.36 R 1.84 0.05
a-b 75.95 R 2.14 0.04
a-6 73.91 R 2.22 0.04
a-7 70.27 R 2.11 0.04
b-0 78.33 R Tr 0.08
b-1 74.75 R 0.94 0.07
b-2 77.51 R 1.83 0.07
b-3 77.82 R 2.96 0.08
b-4 77.65 R 3.86 0.07
b-5 78.21 R 4.82 0.07
S
i}
N
t
90
N
% In 3% NaCl+lp.p.m. cystine sol
S -
o
= 60
£ In 3% NaCl sol.
3 ;N:z
=4
8 30
<
<
0
—0.2 0 +0.2 +0.4 +0.6

Potential, V (v.s.5.C.E.)

Fig. 3 Anodic polarization curves of Cu-20%Zn-29Al.
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Fig. 1 Circuit for the measurement of polarization
curve by potentiostatic method.
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Fig. 2 Cathodic polarization curves of Cu-20%Zn-29%Al.
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% L mmEmoOER I E LL 5 Figh), Ihk Guillet
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Fig. 6 5L O FRIg 70 e b, T LB E 32%Zn
eq. M4 RS L LTHIRE RO Z ERh W2 o Fi
Zn w—izr LT Al 2L E-Baik Fig 8 kXU
Fig. 9 ©R¥ & 5 ic Al OB » TEERIZED T 5
2 2~39% Al HE/ANE LTHEMLTWS, JHUdZn 08
40D X 5 CEN TR L 1~3% Al OEECS T EDE
HEbLDTHTNThb, INAFIE L FFCRRSET
I ABBEOFE(LOBRIc S 5 & Fig. 10 3 L U Fig. 11
OZE L ESBERE 2D ENTE D, Thbb [Zn ©
AL L » CTHRAMELTAIETH, Al DKL
T ME A T LX BT 329 Zneq. fhEx ML e L
THEROBIDEENEN LTS, T LTIDHRET
V. B BR UL R R L TR X B D BN o T Ly
PSR BRiE Zn OBt o TEM L. Al OB -

T T DA, TOEEREE LTINS A iEng 5.

Lk OB YR ERNTH D] &WH I
MTE B,

FNTHE 32% Zneq. LD & ZATHRER#EE T
12DTHS 5 Do ETELBLNDLOEBFHOHTE TS %o
&mgﬁﬁﬁﬁﬁlﬂ%(%8%H1Lﬁ@é&%bdﬂ¢(b
Lps, SRy BHOVIHIC L 270D TH D & T 5T
B LN T WD, FNTHE Guillet o ERM BRI L
PFNTWDBDTHA D D 37.0% Zneq. Th % No.b-5 %
36.5% Znedq. Tk 5 No.a 7 OEH L Photo.l lIZiRr4 L 5
. BFIDOFTH A2 B, 38.5%7Zn eq. o No.a-6 % 35.0%
Zn eq. ® No. b-4 OEBEHT DN T B FHIEED Bivioe
BE 5 T3L~32% kst B R AR BB X % & D Tldin
Vo ULU7Z2sh, & U BFENT MBI nE 5 & 5
M®Mﬁ¢§ggﬂnaLHﬁm%5~owﬁﬁﬁﬁtw
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Investigation of Quantitative Analytical Method

with X-Ray Fluorescence (Rep. 2)
Determination of Main Components in the Copper-Nickel Alloys

by Toshio Sawada and Akinari Ichiryu

On the fluorescent X-ray analysis, it is necessary to evaluate the matrix effect for
the accurate determination. Iron, manganese and the other elements in the cupronickel
and nickel-copper alloys have the absorption effect on the intensity of CuKa and NiKea.
With the plain binary copper-nickel alloy as a standard sample, a method was developed
in which the intensity of copper or nickel in the sample was theoretically corrected in
the presence of small other components, by using their mass absorption coefficients.
Postulating linearity between the intensity and concentration of the standard sample in
the small range of content, equation (7) was obtained.

As the results of determining nickel in the cupronickel and copper in the nickel-copper
alloy (monel metal), the standard deviation of the difference from chemical value was
less than 0.294. For the much concentration (about 10%;) of the third element, the
deviation was great, but the accuracy will be more improved by the selection of k-sample
for evaluating correction coefficient.

The effective wavelength of a polychromatic X-ray beam for CuKa and NiKa was
estimated with k-value. This wavelength was not appreciably affected by applied voltage
and amperage, although an intensity distribution of the primary X-ray was varied with
voltage, and amperage was related to the intensity. This phenomenon was certified by
comparison between measured and estimated calibration curves for the plain binary
copper-nickel alloy (refer to Fig. 4 and 5). On NiKe, there was great difference between
both curves. Calculation for NiKa was not valid, because there were the excitations by
CuK;, WLa and continuous X-ray from the absorption edge of CuK to that of NiK in
addition to shorter primary continuous X-ray than CuK edge, and so these all effects were
not put in the estimation for its difficulty. CuKe by estimation was not so much affected
by applied voltage, but CuKz was appreciably affected, on account of the absorption effect
by nickel. Measured calibration curves at 15 and 30 KV nearily coincided with estimated
one, which was estimated by the effective wavelength. From these facts it was interpreted
that excitation for the fluorescent X-ray was greatly depended on the absorption coefficient
of element, but not on the intensity distribution of primary X-ray.
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Table 1 k-Value
Composition, %
Sample k-Value
Cu | Ni | Fe | Mn | Co | Zn
109 Cupronickel| R | 10.02| 1.34] 0.21] — 0.61/(4.52+0.58) x10-8
30% Cupronickel! R | 30.64] 0.56] 0.64] — 0.481(3.26 £0.55) x 10-5
709 Nickel- 5
o copper 32,220 R 0.92, 0.86] 0.11 — [(5.580.79) %10

Table 2 Effect of applied voltage and amperage
on the k-value.
At constant voltage : 25 KV

k%108

Sample
SmA 7.5mA | 10mA 15mA 20mA

1094 Cupronickel 3.9+0.9 | 4.7x0.9 | 4.6+0.5 | 4.5+:0.6 | 4.4x0.6
4.6+0.9 | 3.6+2.5 | 4.0x1.4| 3.3:0.6 | 3.6x0.7

5.5+0.5|5.8+40.9 | 5.940.6 | 5.6:0.8 | 5.0+0.4

3095 Cupronickel

709% Nickel-copper

At constant amperage : 10mA

k%108
Sample

15 KV | 17.5KV | 20KV 25KV 30KV

10 95 Cupronickel 5.8x0.915.8%1.4;6.0+0.7 | 5.2:0,7 | 4.8+0.3
5.0+£0.7 | 4.7+0.7 | 5.3+1.0 | 4.01.0 | 8.4+0.9

70 % Nickel-copper | 3.9x1.5| 4,5x0.7 | 4.3£1.3 | 5.6=0.6 | 5.7+0.6

30 % Cupronickel
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Table 3 Reproducibility of X-ray values.

Chemical ‘ X-ray analysis, % ]

Sampl .
mpie analysis, % n mean - ‘ %
1094 Cupronickel 9.91 Ni 30 9.90 0.039 0.39
309 Cupronickel 30.56 Ni 30 30.55 0.133 0.43
7094 Nickel-copper| 32.12 Cu 30 32.09 0.116 0.36

n : Number measured
s : Standard deviation
5% : Relative standard deviation

ot XA & BEEabtouide (6 28

Table 4-1 Determination of nickel in 109 cupronickel.

Sample Chemical analysis, % Xray analysis, |\ rence,

No. 9

Fe | Mn | Zn | Ni Ni | Not edr %
11 120 | 0.70 | 0.61 | 9.96| 9.9 9.30 0.00
12 1.26 | 0.50 | 0.53 | 9.93| 9.04 9.32 +0.01
13 2.23 | 0.01 | 0.67 | 9.92 9.89 9.04 ~0.03
14 0.54 | 2.80 | 0.52 | 10.33| 10.38 9.32 £0.05
15 0.70 | 0.00 | 0.00 | 13.93| 13.81 13.50 -0.12
16 0.60 | 0.13 | 0.00 | 11.15 | 11.28 11.04 +0.13
17 0.62 | 0.08 | 0.00 | 9.36| 9.44 9.21 +0.08
18 0.65 | 0.11 | 0.00 | 7.77| 7.8 7.62 +0.10

Table 4-2 Determination of nickel in 30 95 cupronickel.

Sample Chemical analysis, % X-ray a(}/glalysis, Difference,

Y e a2 | | o Not ol %

31 0.56 0.52 0.61 28.77 | 28.78 27.88 +0.01
32 0.80 0.72 0.58 30.46 | 30.44 29.29 —0.02
33 0.19 0.00 0.45 30.28 | 30.34 30.11 +0.06
34 0.70 1.02 0.55 30.01 | 29.86 28.46 —0.15
35 0.59 0.87 0.47 30.15 | 30.14 28.97 -0.01
36 0.78 1.05 0.47 34.77 | 34.87 33.24 +0.10
37 0.58 0.64 0.37 29.87 | 29.96 28.95 +0.09
38 0.59 0.58 0.60 30.42 | 30.22 29.21 -0.20

Table 4-3 Determination of copper in 709 nickel-copper.

Sample Chemical anaysis, % X-ray E;/Zlalysis, Difference,

- Fe i Mn Co Cu Cu cI:I)(r);E‘ected* %

71 1.33 1.20 0.14 31.87 | 31.91 30.84 +0.04

72 1.19 1.10 0.12 31.94 ] 31.99 31.03 +0.05

73 1.21 0.96 0.13 31,98 31.97 31.04 —0.01

74 1.42 1.02 0.72 33.25 | 33.04 31.67 -0.21

75 0.57 0.00 0.12 32.88 | 32.77 32.45 ~0.11

76 3.42 0.94 0.45 30.54 | 30.31 29.06 —0.28

77 1.32 0.70 0.45 26.54 | 26.26 25.40 —0.28

[ 78 1.85 1.05 0.48 34.31 | 34.26 32.78 —0.05

* Without correcton for the absorption effect.

Table 5 Accuracy of X-ray values.
Range of composition, %
Material ot %
Fe Mn Co Zn Ni (Cuw)
1095 Cupronickel 0.5—2.2 0—2.8 — 0—1.2 1.8—13.9 0.10
309 Cupronickel 0.2--0.8 0-—1.0 — 0.4—0.6 28.8—34.8 0.19
709 Nickel-copper 0.5-—3.4 0--1.2 3.1—0.7 — (26.5—34.3) 0.20

_* Standard deviation for the difference of chemical and X-ray results.
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Fig. 2 Calibration curve for nickel in 109 cupronickel.
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Table 6 Effective wavelengths of
polychromatic X-ray beams.

\\‘A‘pplied voltage
WavelengthA‘\
A0, 0.826 0.108 0.620 0.478 0.413
A max, 1.239 1,062 0.929 0.718 0.620

15KV | 17.6KV | 20KV 25KV 5 30KV l

re, 0.92 ~ 1.18

A0 : Short-wavelength limit.

rmax : Wavelength of maximum intensity in the continuous
spectrum

re : Effective wavelength for exciting of CuKe or NiKa,
which is calculated from the k-value.
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Fig. 4 Measured and estimated calibration curves for

copper in the plain binary Cu-Ni alloy.
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Table 7 Determination of nickel in high iron

content samples.

Sample No. Chemical composition, % X-ray, % Difference,
Fe Ni Ni %
101 0.00 9.95 10.04 +0.09
102 0.70 10.17 10.25 +0.08
103 2.25 10.22 10.17 —0.05
10-—4 4.78 10.43 10.45 +0.02
10--5 6.42 10.50 10.42 -0.08
301 2.75 29.50 30.16 —0.66
302 6.25 30.81 30.56 -0.25
303 8.20 30.66 29.85 ~0.81
30—4 11.05 29.38 29.18 —0.20
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On the Fatigue Strength of Shallow-Notched
Specimens of Commercially Pure Titanium

by Katsuzi Takeuchi

The notched fatigue strengths of titanium and its alloy have been published!~®, and
it is well known that the fatigue strength decreases remarkably in sharpness of notch
above 1.8 theoretical stress concentration. In the case of commercially pure titanium,
however, the fatigue strength of comparatively shallow-nothed specimen often shows
higher value than that of unnotched specimen.

The chemical compositions and mechanical properties of two grades of commercially
pure titaniums are given in Table 1 and 2, respectively. The fatigue tests are conducted
on an Ono’s rotating-beam fatigue tester (1,700 rpm) and the fatigue strengths are measured
at 107 cycles. A notched-fatigue specimen is made to have a circular groove (up to 1.89
theoretical stress concentration according to the calculation system of Neuber) or a 60°-V
shaped annular notch.

When an unnotched specimen is loaded on the rotating-beam fatigue tester, a phenomenon
of internal heating can be recognized. Therefore, the tests are made with or without
coolant, and a temperature of the bottom of notch due to generated heat in absence of
coolant is measured by “Thermo-chrom”.

The notched fatigue strength increases beyond that of unnotched specimen as it increases
remarkably in sharpness of notch until the theoretical stress concentration for the notch
reaches 1.2 and decreases gradually with further notching. The notched fatigue strength
for theoretical stress concentration of about 2.0 or less is higher than that of the unnotched
specimen, as shown in Fig. 3.

In the case of shallow-notched specimens with theoretical stress concentration less
than 1.2, an internal heating phenomenon same as in the case of unnotched specimen is
observed. The temperatures due to generated heat are shown in Table 5 and 6. When
those specimens are tested in water, the increase in fatigue strength is not exhibited on
account of the cooling effect.

It is considered that the increase in fatigue strength of shallow-notched specimen is
related to the internal heating phenomenon, and the same result is obtained with 18-8
stainless-steel.
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Table 1 Chemical compositions of specimens.

Chemical composition, %
Mark Material
N (¢} (o} H | Fe | Si |Mn | Ti
A ST-40 0.006) 0.098 0.011 0.004| 0.06 | 0.02 | — (99.801
B ST-60 0.006| 0.100, 0.017, 0,005 0.13 | 0.01 | 0.02 99.712
C ST-40 0.007| 0.090] 0.010; 0.004| 0.05 | 0.01 | ~— [99.829
D ST-40 0.005, 0.100; 0.012 0.004; 0.09 | 0.01 | — 99,779

WREITE & LT 200~400cc/min & Uiz,
O?K‘?@ﬁ%imﬁ%ﬁ%%kﬁ*fﬁ&ﬁ&mﬁ
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FABER #:# Thermo-chrom) # F\~NTF7/r o 7ro IBEE
BREE L AHEEEI D HED VLD THBM, HEED
REEZFE DT DI L L > TR I FORETAETE
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Table 3 Calibrated results of thermo-pencil. ®

Temperature or Change of colour(® Time for

ten?;esxl'ggﬁg of change of

thermo-pencil, °C | Beginning, °C | Terminated, °C| colour(®, sec.
100 80~ 85 99~100 2~ 3
200 180~185 199~202 3~ 7
300 270~280 300~307 4~ 8
410 345~360 390~400 20~25
450 390~400 435~450 9~14
500 450~470 500~520 9~25
600 490~-500 520~530 —
670 570~570 580~590 —

(1) Thermo-pencil used the Therm-chrom (in German).
(2) The temperature raised from room-temperature.
(3) Thermo-pencil painted at the testing temperatures.
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Table 2 Mechanical properties of specimens.

Mechanical properties
Size and . . .
Mark Heat treatment st}{égltith Tensile brg;rlg%g Elongation, Redg?tlon hlzlfé?;lsls
manufacture (0.35% g strength,
.2% offset), kg/mm? stress, 9% area, number,
kg/mm? g kg/mm? ° % (10/3000/30)
A 20mmge, forged 700°C % 0.5hr, air cooled 18.9 33.9 — 45 — 109
B 18mms¢, forged 700°C x 0.5hr, air cooled 35.4 49.8 77.6 23 49 (Hv 167)
C 18mmé¢, forged 700°C x 0.5hr, air cooled 26.6 38.9 75.3 34 64 120
D 18mme¢, forged 700°C % 0.5hr, air cooled 25.0 38.1 - 33 — 120

(1) Tensile test specimen size: JIS Z 2201 (Diameter of parallel section is 14mmé¢ and gauge length is 50mm)

Testing speed : Approximately 0.5%/min.
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Table 4 Fatigue strengths and fatigue strength reduction factors of specimen A and B.

Notch root Theoretical Fatigue strength, Ow’ kg/mm? Fatigue strength reduction factor, B«
Mark radius, stress
P, concentration 104 108 108 107 104 108 108 107
mm factor, O« cycles cycles cycles cycles cycles cycles cycles cycles
oo 1 21.1 20.0 20.0 20.0 1 1 1 1
20 1.07 24.2 22.5 22.5 22.5 0.87 0.89 0.89 0.89
10 1.15 26.0 24.0 23.0 23.0 0.81 0.83 0.87 0.87
7.5 1.18 29.7 26.5 24.5 23.7 0.71 0.76 0.82 0.84
A 5 1.25 28.3 24.8 236 23.5 0.75 0.81 0.85 0.8
3 1.39 — 24.5 22.6 22.5 — 0.82 0.89 0.89
2 1.54 - 25.1 23.4 22.6 - 0.80 0.86 0.89
1 1.89 — 231 21.7 21.2 —-— 0.87 0.92 0.94
oo 1 34.1 30.1 27.4 27.0 1 1 1 1
20 1.07 42.3 36.8 36.0 36.0 0.81 0.82 0.76 0.75
10 1.15 45.7 39.3 35.9 34.2 0.75 0.77 0.76 0.79
5 1.25 45.2 35.8 33.2 32.3 0.75 0.84 0.83 0.84
B 2 1.54 41.8 34.7 32.4 31.3 0.82 0.87 0.85 0.86
1 1.89 35.9 27.8 26.3 26.0 0.95 1.08 1.04 1.04
0.5 2.4 31.3 25.1 22.9 21.9 1.09 1.20 1.20 1.23
0.25 3.1 29.2 21.5 18.2 16.3 1.17 1.40 1,51 1.66

— 3
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Fig. 5 S-N curves of specimen C.

Table 5 Fatigue test results of specimen B.

Hardness
NO;:(%lngt Tléggggglcal numl%er Stress, nyqlles to ":x[‘regnoperatA
s lconcentration o g, arure, | generated
mm factor, @p speglrengn, kg/mm® heat, °C
50.6 40.0 0.12%104 > 670
50.5 36.0 0.26 > 670
51.5 32.0 3.2 > 670
50.6 30.0 21.4 > 670
oo 1 50.7 30.0 12.6 N >(§570
ot deter-
50.5 | 28.0 | 0.9 |[2O% ©
50.4 28.0 43.7 > 670
49.0 27.0 >1300.0 N t>d615:
ot deter-
52.0 26.0 |>1510.0 mined
50.5 42.0 1.1x10* N '=.C’1500
ot deter-
20 1.07 51.8 40.0 2.3 mined
51.2 38.0 4.4 = 300
52.7 36.0 |>1025.0 < 65
50.2 48.0 0.46x<104 = 200
51.4 48.0 0.50 = 200
502 44.0 1.9 = 120
10 115 50.0 40.0 5.3 = 6
50.2 36.0 188.8 < 65
50.8 34.0 907.5 < 65
49.9 48.0 0.65x104 = 65
50.2 44.0 1.3 < 65
49.9 40.0 2.0 < 65
5 1.25 50.6 36.0 14.9 < 65
50.7 34.0 125.9 < 65
50.9 33.0 54.7 < 65
50.0 32.0 [>1250.0 < 65

Table 6 Fatigue test results of specimen C.

B Temper-

Nl Theen ! |umier o | Stzess,| Cyclesto | ature of |
I concentration| specimen, Kkg/mm? N heat
mm factor, @k HrA o
41.7 26.0 0.40%104 > 670

4.6 26.0 0.60 > 670

43.3 24.0 0.87 > 670

* 1 3.1 24.0 1.4 = 670
4.7 23.0 4.3 > 670

2.2 22.0 |>1136.0 < 65

4.2 34.0 0.92%104 > 100

4.5 34.0 0.52 > 150

42.0 34.0 0.96 = 200

42.2 32.0 2.8 = 90

4.7 32.0 4.5 < 150

7.5 1.18 4.2 30.0 4.3 < 100
40.6 30.0 5.3 > 75

1.3 28.0 14.7 = 65

42.6 27.0 | 1960.4 < 65

4.0 26,0 [>1822.0 < 65

43.1 34.0 0.6x10¢| < 65

4.7 34.0 0.5 < 65

4.4 30.0 0.7 < 65

5.7 30.0 1.2 < 65

4.5 26.0 41 < 65

1.0 1.89 4.5 26.0 3.6 < 65
4.9 24.0 8.0 < 65

3.7 23.0 14.4 < 65

41.9 22.0 | 428.7 < 59

42.2 21.5 32.5 < 65
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Fig. 7 S-N curves of specimen D in water.

Table 7 Fatigue strengths and fatigue strength reduction factors of specimen D.

Notch root Theoretical Fatigue strength, 0w/, kg/mm? Fatigue strength reduction factor, Gg
Coolant radius, p stress
concentration 104 108 106 107 104 108 108 107
mm factor, ax cycles cycles cycles cycles cycles cycles cycles cycles
oo 1 24.2 21.1 21.0 21.0 1 1 1 1
10 1.15 32.5 28.2 28.0 28.0 0.75 0.75 0.75 0.75
Without 5 1.25 33.8 29.4 28.0 27.4 0.72 0.72 0.75 0.77
1 1.89 31.5 24.7 22.6 21.8 0.77 0.85 0.93 0.96
0.5 2.4 26.7 19.9 17.7 16.8 0.91 1.06 1.19 1.25
oo 1 37.7 28.4 26.1 26.0 1 1 1 1
X 10 1.15 37.8 30.1 29.0 29.0 1.00 0.94 0.90 0.90
v, 5 1.25 37.7 29.7 28.0 27.6 1.00 0.96 0.93 0.94
1 1.89 32.7 25.4 23.4 22.9 1.15 1.12 1.12 1.14
0.5 2.4 25.1 20.0 18.5 18.0 1.50 1.42 1.41 1.44

(1) 200~400 cc/min.
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Table 8 (3528 Fi\ 7o 18-8 REEHH D (L3NS & BHR
IR A T o RSB TERAMF 2=y 0BG LE

o

4) UilahoT, DEOBBIIFRIES LBERNRE S, CEILTH Y., JE3RReE R Table 9 ., S-N fhisid
Table 8 Chemical composition and mechanical properties of 18-8 stainless steel. ()
Chemical composition, % st}(eiglgdth Tensile Elongation, Reduction hgﬁﬁglsls
s . (0.2% offset), strengthé of area, number,
c | wm | cr Mn | Si s P | Cu kg/mm? | K&/mm % % | 10/3000/30
0.06 | 9.98 | 18.90 | 133 | 0.5 0.01 0.028 | 0.2 a7 | s6a . 68 | ™ . 142

(1) 24mm¢ hot forged and 1100°Cx0.5hr water quenched.

Table 9 Fatigue strengths and fatigue strength reduction factors of 18-8 stainless steel.

Notch root Theoretical Fatigue strength Ow, kg/mm? Fatigue strength reduction factor, S
Coolant of radius, p stress. -
mm concentration 104 108 108 107 104 108 108 107
factor, ap cycles cycles cycles cycles cycles cycles cycles cycles
oo 1 26.8 22.4 22.0 22.0 1 1 1 1
Without 10 1.15 34.1 29.2 26.5 26.0 0.79 0.77 0.83 0.85
0.25 3.1 (30.9) 26.2 22.6 20.7 0.87 0.86 0.97 1.06
With oo 1 — 28.9 26.5 26.0 — 1 1 1
(Water (1 10 1.15 — 30.6 28.2 28.0 — 0.94 0.94 0.93

(1) 200~450 cc/min.
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Fig. 10 S-N curves of 18-8 stainless steel.
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Study on the Aluminium-Magnesium-Silicon Alloy (Rep. 4)

Effect of the Small Addition of Zirconium, Iron,
Copper and Cadmium on the Mechanical Properties
and Electrical Conductivity of Al-Mg-Si Ternary Alloy

by Shiro Terai and Yoshio Baba

This is the report on the study of the effect of the small addition of zirconium, iron,
copper and cadmium on the mechanical properties and electrical conductivity of Al-Mg-Si
ternary alloys with different Mg/Si weight ratio.

The findings are summed up as follows:

(1) The addition of zirconium gives the largest effect of all the additional elements
on the increase in strength of Al-Mg-Si alloy as extruded. When the specimens containing
zirconium are extruded and treated by the precipitation-heat-treatment at 230°C for 2
hours, the following mechanical properties and electrical conductivity can be easily obtained :

Conductivity ; (IACS at 20°C)
Ultimate tensile strength;
Tensile yield strength;

579
22 kg/mm2
17 kg/mm?2

(9) By the addition of iron, the strength of as-extruded Al-Mg-Si alloy is slightly
increased. But, iron does not give any effect on the enhancement of mechanical properties
of the alloy after the precipitation-heat-treatment.

(3) Addition of copper increases the strength of Al-Mg-Si alloy after precipitation-
heat-treatment and the decrease in electrical conductivity is comparatively small.

Only after the precipitation-treatment, “excess silicon alloy” containing 0.2~0.4%
copper shows the following mechanical properties and electrical conductivity :

Conductivity ; (JACS at 20°C)
Ultimate tensile strength;
Tensile yield strength;

58-56%
22-25 kg/mm?2
17-20 kg/mm?

From this experiment, it is found that the Al-Mg-Si alloy containing small amount
of copper is quite suitable for electric conductor, if the environment is not so corrosive.

(4) Addition of cadmium increases the mechanical properties of Al-Mg-S5i alloy after
solution-and precipitation-heat-treatment. But in case the T-5 treatment is given to the
metal, such effect is not so remarkable as in the case of the addition of copper.

1. #

Al-Mg-Si #&4&% BEMEEH & LT HERATEE.
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Table 1 Chemical compositions of test specimens.

Chemical composition, %
Specimen No.
Mg Si Zr Fe Cu Cd
1 0.75 0.37 Nil 0.20 0.01 Nil Excess Mg
Basal 2 0.70 0.48 Nil 0.19 0.03 Nil Balanced Mg,Si
Al-Mg-Si 3 0.62 0.51 Nil 0.19 0.02 Nil Excess Si
Alloy 4 0.75 0.36 Nil 0.11 0.01 Nil Excess Mg
5 0.69 0.45 Nil 0.11 0.01 Nil Balanced Mg»Si
6 0.55 0.56 Nil 0.11 0.01 Nil Excess Si
7 0.78 0.35 0.14 — — —
8 0.75 0.36 0.34 — - — Excess Mg
9 0.75 0.39 0.49 — — —
Al-Mg-Si 10 0.70 0.48 0.12 — — —
+ 11 0.70 0.48 0.33 — — — Balanced Mg,Si
Zirconium 12 0.68 0.46 0.48 — — —
13 0.58 0.58 0.12 - — —
14 0.62 0.55 0.36 - — — Excess Si
15 0.62 0.58 0.51 — —n —
16 0.78 0.39 - 0.27 — —
17 0.79 0.35 — 0.54 - - Excess Mg
18 0.78 0.39 — 0.65 — —
Al-Mg-Si 19 0.67 0.47 —_ 0.29 — —
+ 20 0.70 0.48 — 0.48 — —_ Balanced Mg,Si
Iron 21 0.71 0.47 —_ 0.68 — —
22 0.59 0.57 — 0.28 — —
23 0.59 0.56 — 0.47 — — Excess Si
24 0.57 0.59 — 0.70 — —
25 0.79 0.36 — — 0.14 e
26 0.79 0.34 — — 0.26 — Excess Mg
27 0.78 0.34 — — 0.56 —
Al-Mg-Si 28 0.65 0.47 — — 0.12 -
+ 29 0.66 0.48 —_ — 0.27 — Balanced Mg,Si
Copper 30 0.67 0.45 e - 0.57 e
31 0.58 0.59 — — 0.12 -
32 0.57 0.56 - —_ 0.27 - Excess Si
33 0.56 0.56 — — 0.57 —
34 0.78 0.35 — — — 0.06
35 0.78 0.34 — — — 0.25 Excess Mg
36 0.75 0.36 — — — 0.45
Al-Mg-Si 37 0.66 0.46 — — — 0.08
+ 38 0.67 0.43 - — — 0.30 Balanced Mg.Si
Cadmium 39 0.67 0.45 — — — 0.45
40 0.55 0.54 — — - 0.09
41 0.57 0.55 — — — 023 Excess Si
42 0.55 0.52 — — — 0.48
—; Not added
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Fig. 1 Effects of some additional element on the
electrical conductivity and tensile properties
of Al-Mg-Si ternary alloys as extruded
condition.

Table 2 Melting and casting conditions of the test ingots.

billet, °C container, °C dies, °C

Melting Chlorination Casting Dimension of Temperature of
temperature, °C temperature, °C temperature, °C mold, mm mold, °C
100
760 730 720 68¢ x 170 £
Table 3 Extruding conditions of the test specimens.
Temperature of Temperature of Temperature of Dimension of Extruding

dies hole, mm speed, m/min

480 350

350 10¢ %3 holes 10




(405

kK # &

4-2 HHBOBMNIECLSHEOEL

4-2-1 #glis P OWE

4-1 Wik~ Fo D & BEED MR A BET ~ B oW,
PFig. 2 wix L7 Mg/Si fitbo 2 L7 5 £640 it
A=y ADEIC LD b o &b FAMRNRNE L Y
2= L PUAOTRMIEROREME AR E A EE
DR B, Fio, BERVEEY I DOWT S, Yva=
o ORI X BB K Z A5, B TTER I L S8

I e BB LT, Y v =y s OIS
{B e DR H RN, fOTEEARN LIEE w\%@
SO BUEHED BN TV, IHIERKE

THWTNOIER S E 7L - T, W&@MW&TdO
B DR OFE Lnd D, B~ 7 3y v A A8
BIRFHRM LS T, Z0BE, yva=v nORMN
PAROTLHEOGRME D b 3B, BRESEEDEKTNEL
WZ & ARRD Bz

4:2-2  HRE R HUATR U 2o A OVEE

WA, BT 2 2 & S THAB AT - 723
BOWHCDONCTIH~ iR %, Fig. 3 WiRLize ¢
M7k, BEmtHEL. B A FEESWHEM Lich on
Wt B & < AT OREE T, m@%m
& BT OMEIAKE <. SROFMKI 7 ORI
&A&@%@&b_aﬂ%@bntoﬂ&V@iiTmﬁ
DEININ T D OFROB sfcd v a=v sk, #F3I v
LR &

Excess Mg Balanced Mg:Si Excess Si
20
B
—é © 61
s 60
° §> R\
- 99 A
2
£ 58F )
8
w57

‘;z:é?g* >
ol e

L8 Zirconium & Jront

N
T

Doy
H%

) Copper 4 Cadmium

Elongation, %

— Ultimate tensile strength
--- Tensile yield strength

[
~d
\

)

yield strength, kg mm?
S &
H N\\‘\Q\
5P ES
Il H C
; L
\Q\ ;ém
i

Ultimate tensile and tensile

........

0 0.2 04 06

0 0.2 0.4 06 O 0.2 0.4 0.6

Percentage of additional element, %
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electrical conductivity and tensile properties
of Al-Mg-Si ternary alloys solution-heat-
treated at 520°C for lhr and precipitated at
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T4—T6: Solution-heat-treated and precipitated
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T4: Solution~heat-treated and aged for 2
weeks.
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Fig. 10 Effect of copper addition on the electrical
conductivity and tensile properties of Al-Mg-
Si ternary alloys aged by three methods and
annealed
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Fig. 11 Effect of cadmium adition on the electrical
conductivity and tensile properties of Al-Mg-
Si ternary alloys aged by three methods and
those of annealed one.

W->T6: Solution heat treated and immediately
precipitated.

T4—T6: Solution heat treated and precipitated
after aging for 2 weeks.

T4: Solution heat treated and aged for 2

weeks.
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Photo. 1 Micro structures of as-extruded Al-Mg-Si alloys containing 0.3% each of zirconium, iron, copper and
cadmium. (x100)

Table 4 Variation of mechanical properties of Al-Mg-Si alloy by different annealing conditions.

Composition, % Mechanical Properties
410°Cx 2hr annealed 540°C x 2hr annealed
Mg Si Zr
OBkg/mm? Go.2, kg/mm? 3, % *0Bkg/mm? Jo.2, kg/mm? 5, %
0.75 0.37 — 9.0 3.8 33
0.78 0.35 0.14 11.1 6.5 23 10.7 4.4 33
0.81 0.36 0.34 15.1 10.9 21 12.0 5.6 30
0.75 0.39 0.49 14.0 9.1 21 11.8 5.3 28
0.70 0.48 - 9.2 3.7 36
0.70 0.48 0.12 13.2 7.8 26 10.7 3.9 32
0.70 0.48 0.33 14.9 10.0 25 11.3 4.7 34
0.67 0.46 0.48 14.8 10.5 4 11.0 4.6 37
0.62 0.51 — 9.3 3.7 35
0.58 0.58 0.12 12.8 7.5 25 10.8 3.9 32
0.62 0.55 0.36 15.2 10.1 24 11.3 4.9 31
0.62 0.58 0.51 14.9 10.1 25 11.6 5.7 31

All specimens containing zirconium were not recrystallized after 410°Cx2 hr annealing.
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zirconium. Furnace cooled after heating at

Photo. 2 X-ray diffraction patterns of Al-Mg-Si alloys containing
410°C for 2 hr.

. . o
Mg 0.58 Mg 0.62 Mg 0.62
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after heating at

Photo. 3 X-ray diffraction patterns of Al-Mg-Si alloys containing zirconium. Water quenched
520°C for 1 hr.

Mg 0.58 Mg 0.62 Mg 0.62
Si 0.58 Si 0.8 Si 0.58
Zr 012 Zr 0.31 Zr 0.36

Photo. 4 X-ray diffraction patterns of Al-Mg-Si alloy containing zirconium. Furnace cooled after heating at

540°C for 2 hr.
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Effect of the Second Phase on the “Work Softening”

Phenomenon of Aluminium Alloys

By Shiro Terai* and Yoshio Baba™*

Experiments were carried out to study the effect of the second phase of metallic
compounds on the “Work Softening” phenomenon in Al-Fe, Al-Si, Al-Mn and Al-Li alloys.

When particles of metallic compounds were dissolved by quenching after solution-
treatment so that the ingot was in the state of super-saturated solid solution or eutectics,
the “Work Softening” phenomenon was not observed in the sheet obtained from this ingot.

On the other hand “Work Softening” phenomenon was observed in the sheet produced
by a process of preheating the ingot followed by an intermediate heat-treatment to
precipitate a large amount of metallic compounds, when lightly rolled after final annealing
at the softening stage temperature. The finer the precipitated particles were, the more
distinctively the “Work Softening” phenomenon was observed and had no connection with

natural or artificial aging after light rolling.

Regarding the process of “Work Softening” phenomenon, it cannot be explained by
the Cottrell mechanism. Therefore a more thorough investigation in the light of the sub-
grain formation by dislocation rearrangement may be required.

1. Introdution

In the previous investigati&l of the “Work Soften-
ing” phenomenon of aluminium, the authors pointed
out that a light rolling (pre-strain) at room tem-
perature decreased the strength and increased the
elongation of commercially pure aluminium sheet
annealed at a temperature of softening stage
(approximately 240°C), and it was found that this
phenomenon was not observed in high purity
aluminium but only in commercially pure alumi-
nium when the ingot had been preheated to preci-
pitate the second phase of metallic compounds
minutely.

The present experiments were carried out to
study the effect of the second phase on the “Work
Softening” phenomenon in Al-Fe, Al-Si, Al-Mn and
Al-Li alloys.

2. Experimental Procedure

The specimens used for the experiments were
all prepared with high purity materials by melting
them in a graphite crucible and casting in a metal
mould (30X 180x180mm). The chemical compositions
of the five ingots are shown in Table 1.

After cutting the surface of the ingots and
reducing the thickness to 25 mm, each ingot was
heat-treated and rolled in one direction to 1.0mm
thickness as shown in Table 2.

All specimens were finally annealed at 180 to
400°C for 30 minutes and then lightly rolled by a
reduction of 1 to 109 before tensile testing.

Tensile testings for the as-annealed sheets and
the lightly rolled sheets were performed by the
Amsler testing machine, and the relations between
the effects of light rolling on the tensile properties
and the temperature of final annealing were
investigated.

Table 1 Chemical compositions of test specimens.

Chemical composition, %
Alloy

Cu Fe Si Mg Mn Cr Zn Ti Li
Al-1.0% Fe 0.002 0.985 0.034 Tr 0.002 Tr 0.02 0.01 e
Al1-0.02% Fe 0.002 0.021 0.004 Tr Tr Tr 0.01 Tr —
Al-2.3% Si 0.002 0.008 2.34 Tr Tr 0.02 Tr Tr —
Al-1.3% Mn 0.001 0.002 0.008 Tr 1.28 Tr Tr Tr —
Al-3.0% Li 0.001 0.002 0.025 Tr Tr Tr Tr Tr 3.0

* Research Department. Dr., Eng.

#* Research Department.
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3. Experimental Results

Annealing curves for Al-1.095 Fe alloy are shown

T 171
in Fig. 1. The difference between tensile strength Ingot was preheated at 500°C  for
24 h d at 350°C for 48 hr.
and proof stress of the sheet finally annealed at renae
. R B et Ingot was not preheated.
the temperature of 220 to 260°C is very small in
the case of the ingot preheated fully at low pol g T T T
temperature.
Relations between the “Work Softening” phenom- oI
enon for Al-1.09 Fe alloy sheets and the temper- g I T~
ature of final annealing are shown Fig. 2. The ) sl 1 ~~7===---
vy
differences of mechanical properties between the g O Tensile strength ®
as-annealed and the lightly rolled sheets are plotted = ® Proof stress S
: . o X Elongation B
against the temperature of final annealing. The 8 ? g
- . . Q. ™
“Work Softening” phenomenon is observed in the - 0 -
N (o)
sheet produced by the B process when lightly rolled
[o3]
about 3 to 59 after annealing at 240°C; namely, é
a decrease of proof stress of about 1 to 1.5kg/ =
mm?2 and an increase of elongation of about 5% 5 5
are observed. This phenomenon is observed most :\\
remarkably in the sheet annealed at 240°C, but not TSN . .
in the as-cold rolled sheet and in the sheet annealed
at 340°C.
. . R.T. 220 240260280 340
In Fig. 3, The “Work Softening” phenomenon o
. . Annealing temperature, “C
for Al-0.029 Fe alloy is plotted against the final
annealing temperature. This phenomenon is also Fig. 1 Annealing curves of an Al-1.09 Fe alloy.
observed in the sheet annealed at about 240°C,
even though the iron content is less than its
solubility limit in aluminium.
Table 2 Preparation of test specimens.
Alloy Process Preheating Hot Intermediate Cold Final Light
rolling annealing rolling annealing rolling
A No No No
Al-1.0% Fe 500°C for 24hr A.C. 25—>1mm 220°~340°C for 30min 1~5%
B No No
->350°C for 48hr A.C.
500°C for 24hr A.C.
Al-0.02%Fe B No No 25—>1mm 220°~340°C for 30min 1~5%
~»350°C for 48hr A.C.
o 550°C o
A 550°C for 24hr W.Q. 95->5mm 550°C for 10hr W.Q.
Al-2.3% Si 550°C for 24hr W.Q. 200°C 5->1mm 180°~340°C for 30min 1~5%
B 200°C for 10hr A.C.
—200° for 48hr A.C. 25—>5mm
o 420°C .
A 650°C for 30hr W.Q. g5 e | 650°C for 1hr W.Q.
Al-1.39% Mn 650°C for 30hr W.Q. 420°C Solmm ) 200°~340°C for 30min 1~10%
B 450°C for lhr A.C.
—450*C for 38hr A.C. 25—>5mm
A No s 20°C | 520°C for 1nr W.Q.
. 420°C . o 4000 :
Al-3.0% Li B No 9B>5mm 520°C for 1hr F.C. 5—1mm 200°~400°C for 30min 1~5%
c No 420°C 520°C for lhr W.Q.
25->5mm — 340°C for 3hr A.C.

W.Q. : Water quenched F.C.: Furnace cooled A.C, : Air cooled
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“Work Softening” of Al-1.09% Fe alloy.

A: Not preheated (As cast)
B: Preheated at 500°C for 24 hr and then 350°C for 48 hr.

Preheated at 500°C for 24 hr and then at

350°C for 48 hr.

In Fig. 4, the “Work Softening” phenomenon for
Al-2.394Si alloy is plotted against the final annealing
temperature. This phenomenon is observed disti-
nctively in the sheet produced by the B process
when lightly rolled after annealing at 280°C, but
not in the annealed sheet produced by the A process.

The “Work Softening” phenomenon for Al-1.3%
Mn alloy is shown in Fig. 5. This phenomenon is
also observed in the sheet produced by the B
process when lightly rolled about 1 to 3% after
annealing at 290°C. However, this phenomenon is
not observed in the sheet annealed below 280°C or
at 340°C nor in the sheet produced by the A
process.

Relations between the “Work Softening” phenom-
enon for Al-3.09 Li alloy and the final annealing
temperature of the sheet are shown in Fig. 6.
This phenomenon is observed prominently in the
sheet produced by the C process when lightly rolled

1 to 5% after annealing at 220 to 260°C. In the
sheet produced by the B process, this phenomenon
is also faintly observed, but it is not observed in
the A processed sheet.
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Fig. 4 “Work Softening” of Al-2.39; Si alloy.
A : Solution heat-treated at 550°C.
B: Precipitated at 200°C for 48 hr after
solution-heat-treatment.

A B
£ ! |
5) !
s E 2t i
=N
2 20 | i 1
2
& | 1
6 ! : 6
S 1 i
£ i
‘\\E\ 4 | | \ 4
goot 2 b
L P
s 0 ﬁ'/’:—w f i e : ¢} ¢
e i tl | [
o | | | Reduction o |
rolling .
o—0 % b
st st '
B *—o 5% e
o ! S —
= 0 ,{r”ts 0 |- =Zs *:; :
8 4
5 !
> |
g -5 st
)
=10 —10F
|
R.T. 200220 240 260280 300 340 R.T. 200220 240 260280300 340

Annealing temperature, °C

Fig. 5 “Work Softening” of Al-1.3% Mn alloy.
A: Solution heat-treated at 650°C.
B: Precipitated at 450°C after solution-
heat-treatment.
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Fig. 6 “Work Softening” of Al-3.09 Li alloy.
A : Solution-heat-treated at 520°C.
B: Furnace cooled from 520°C.
C: Precipitated at 340°C after solution-
heat-treatment.

4. Discussion

It has been found that the “Work Softening”
phenomenon for aluminium alloys was observed only
in the sheet produced by preheating the ingot
followed by an intermediate heat-treatment to
precipitate a large amount of the second phase of
metallic compounds, when lightly rolled after final
annealing at the softening stage temperature.

Microstructures of the Al-1.09%Fe and Al-2.3%
Si alloy ingot are shown in Photo 1 and Photo 2.
They suggest that the fine particles precipitated
from a supersaturated solid solution at low tempe-
rature have more influence upon the “Work Softe-

e \Wﬁ

SRy,

A : Not preheated (as cast)

ning” phenomenon than the eutectics from the
melt.

Microstructures of the Al-1.3%Mn alloy ingot
are shown in Photo. 3. Very fine precipitates exist
in the grains of the ingot preheated at 450°C.

Photo. 4 shows the microstructures of sheet Al-
1.39% Mn alloy.
at 290°C, small precipitates exist in the grains of

As the sheet was finally annealed

the sheet obtained from the ingot solution-treated
at 650°C, but these precipitates are much less than
those in the grains of an ingot preheated at 450°C.

Therefore it is concluded that the “Work Soften-
ing” phenomenon in the Al-1.3%Mn alloy is also

B : Preheated at 500°C for 24 hr and
then at 350°C for 48 hr.

Photo. 1 Microstructures of an ingot of Al-1.09 Fe alloy. (x100x3/4)

— 5
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»

B : Precipitated at 200°C for 48 hr
after solution-heat-treatment.

Photo. 2 Microstructures of an ingot of Al-2.3% Si alloy. (x100x3/4)

e

A :Intermediate annealing at 650°C.

B : Intermediate annealing at 450°C.

Photo. 4 Microstructures of sheet Al-1.395 Mn alloy annealed at 290°C. (x100)

due to the amount and the distribution of fine
particles precipitated from a supersaturated solid
solution.

Photo. 5 shows the microstructures of sheet Al-
3.09 Li alloy.
are, the more distinctively the “Work Softening”

The finer the precipitated particles

phenomenon is observed.

If a primary factor for the “Work Softening”
phenomenon is the existence of fine precipitates,
an additional factor for this phenomenon is the

A - "

A proces

B process

final annealing. Regarding the relations between
the “Work Softening” phenomenon and the temper-
ature of final annealing, the stress-strain curves
for sheets of Al-3.09; Li alloy, as-cold rolled, anne-
aled at 240°C and 400°C and also the sheets followed
by light rolling are shown in Fig. 7. Stress-strain
curves for the sheet as-cold rolled and annealed at
400°C show the state of work-hardening where the
stress increases with deformation. On the other
hand, the curves for the sheet annealed at 240°C,

C process

Photo. 5 Microstructures of 1 mm sheet Al-3.09; Li alloy produced by A, B and C processes (x400)
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Fig. 7 Stress-strain curves of Al-3.03; Li alloy annealed
intermediately at 340°C.

which show the “Work Softening” phenomenon,
seem to be associated with the yield point phenom-
enon. However, it is clear that this “Work Soft-
ening” phenomenon is not the same as the yield
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Fig. 8 Effect of natural aging after light rolling on
“Work Softening” of Al-3.09 Li alloy.
(@) Not aged.
() Aged at room temperature for 2 weeks.

point phenomenon in steel® and Al-Mg alloys®,
because, as can be seen from Table 3, proof stress
and tensile strength of the sheet not having been
recrystallized are nearly equal, so the work-hardening
is hardly observed after the lower yield point, and
also the “Work Softening” phenomenon observed
in the sheet annealed at 240°C has no connection
with natural or artifical aging after light rolling.
(Fig. 8 and Fig. 9.)

Regarding the process of the “Work Softening”
phenomonon, the followings may be considered
from the above experiment. The density and the
arrangement of dislocations or point-defects are
influenced by the fine particles of the second phase,
the cold rolling and the final annealing, and also
“Work Softning” by light rolling cannot be explained
by the escape of dislocation from their Cottrell
atmosphere. Therefore a more thorough investiga-
tion in the light of sub-grain formation by disloca-
tion rearrangement may be required.

(o) {b)

kg mm?
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!
o O N
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g —af ~af
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240 260 280 300 240 260 280300

Annedling temperature, °C

Fig. 9 Effect of artificial aging after light rolling on
“Work Softening of Al-3.0%5 Li alloy.
(@) Aged at 130°C for 1 hr.
(b) Aged at 130°C for 48 hr.
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Table 3 Mechanical properties of as-annealed and lightly rolled sheets of Al-3.09%Li alloy.

Annealed at 240°C Annealed at 400°C
As rolled for 30 min for 30 min
Treatment
Go.2, 0n, Go.2, Og, Go.2, On.
kg/mm?  kg/mm? 8.% kg/mm?  kg/mm? 8.% kg/mm? ke/mm? 8%
As annealed 25.6 29.7 3 ; 22.2 22.3 6 10.3 20.0 20
Light rolling 3%
after annealinga 24.6 30.0 3 x 17.9 20.6 14 16.0 21.1 15
5. Conclusion (3) In ALLi alloy, the finer the precipitated

article , th distinctively the “Work
The present work has shown that the “Work p cles are e more distinctively the or

Softening” phenomenon in sheets of Al-Fe, Al-Si,
Al-Mn and Al-Li alloys annealed at the softening

Softening” phenomenon is observed and this phen-
omenon has no connection with natural or artificial
aging after light rolling.

stage temperature was strongly influenced by the . .
& P Y Regarding the process of the “Work Softening”

ond phase of metallic compounds. It can be ) .
sec P P phenomenon, it cannot be explained by the Cottrell
summed up as follows:

(1) The “Work Softening” phenomenon in Al-Fe

and Al-Si alloys is observed only in the state of

mechanism. Therefore a more thorough investi-
gation in the light of sub-grain formation by

. o dislocation rearrangement may be required.
the existence of fine precipitates from the super

saturated solid solution, but not in the state of Reference

supersaturated solid solution or eutectics. 1) S. Terai and Y. Baba : J. Japan Inst. Metals, 27 (1963), 79
(2) This phenomenon of “Work Softening” in Al-  2) B. Migaud : Mem. Sci. Rev., 57 (1960), 125

Mn alloy is also observed in the state of precipi- 3) V.A. Phillips : Shest Met. Ind., 30 (1953) 977

tation-heat-treatment but not in the state of solid

solution.
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On the Strengths of Aluminium Lighting Columns

by Katsuzi Takeuchi and Sazuku Nakamura

Recently, lighting columns of steel and aluminium alloy have been used for throwing
light on high-ways, streets and others. With the aesthetic appearance of roads coming
ever more into our consideration, aluminium tapering columns are required, and they resist

strongly to surface corrosions.
selves without making up.

It means that they keep always the fine views of them-

In this report, the authors have studied on the static bending strength of “Al-pole
SA8” and the characteristics in the dynamic motion, that is, free vibration and forced
vibration, of “Al-pole SAR7B”, and the obtained results are, for example, as follows :

(1) When the both Al-poles have been subjected to static load on equal terms of stand-
ing against 60m/sec wind, any kinds of failure are not detected.
(2) The characteristic frequencies in bending or tortional motions of Al-pole SAR7B

having 17kg weight illuminator are:

Fundamental frequency in bending motion:

Secondary frequency in bending motion:
Natural frequency in tortional motion:

1.7 c/sec
4.5 c/sec
1.6 c/sec

(38) The excited vibration of Al-pole SAR7B would not occur unless it subjected to the
alternating forces with limited range close to its own characteristic frequency. In practice,
the frequency of these alternating forces is determined by the natural frequency of
which lighting columns are built on. The stress on every portion and the displacement
at top of the column are out of the question on account of negligible small except

that it excute a excited vibration.
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¢ =6(P1hy+Poho+ Wil +Wals) /CqK
m= (D,+D;) /2K
n=(D,—D;) /2K

5. RBREIVBE

5-1 FERVERSHER
7~ SA8 TDWTHIE Lice X 2 ¥kt L
DEH LS 2E 4RI, 27 3xESEENEN
PRI & ORI \WTIRT, AR TR LIz X
;&gwmﬂvsmmﬁ6wﬂwc@%é@m&8a#
%) BRITHEEMTLY, B)Fk LTBRITHNTT VHE
~ v SA8 T
W, =10kg,
P,=15kg [;=2000mm,
h;=730mm, hy=365mm
D7 — LB LVTEA DT b0 LTRDAHDTH %o
Dl EDEREN BB R L Hic, 7 vai~n SA8 (L
H 60m/sec DTS /exBDe Tibb, EH60m
Jsec R AIEE L 02 v s Eddeuihic 100kg o
Wik G2 - BAIRFE L, TOBOIEIIEELZ 6
kg/mm?2 LT CHEH DI 013 ol 02 /3 B
LT TS Do B vy 350kgd TR LTL EZH B
ot
DX, FRE LFEEE 4 R LUESEICA BN
B XD IRE—F Lichs, Efiihs 200kghl Bitin D & thH

Wo=Tkg/mm?2, P;=25kg/mm?2,
lg:lOOOmm,



Vol. 5 No. 1 FI =y MEEEF - 2RIRTEE 7 VR ~ v OFREI DWT (67

AT OWMEEE R D, FolkdicflilzZiEe®. ® B LR AE BN DA, 2RFIEFEICER L. 1K
n‘oi(}@vﬂ‘oﬁ Z> PN /Jkn‘f )141 :L D)\ai’\«\ ifc\ JEHD FEEIRIEOBER ORI Do HTRILIPIE UTEES
: m (BEE 20kg) WWEEER LA OISIEE & TR
ﬁsﬂ’o%é@T 57y Z)\ I TE & 9)\%\:\ EEER L, H8RILEDHELRT
Bllo X 9 Iz //V"i’~/v SA8 /j\ﬂﬁ; 60m [sec @%%FHC

AR g~Q/p/ AT DLEND S D ﬂﬂ 60m/ B2 S04ERIC 191 B 10MIED B G ©)
secid i AMRAAZE B TS o eue JIL1001(1962) ik 7 5 A M, m/sec
Db DTH BN, SO L 57£JT1&E7§§1’F)TJ’§“Z> CikE — —
DO TENTH Do Tirbb, # 2 RIX1026%/ L1954 Wof 1| o "'W” lf: o
BHIOAFC It 5 10400 SEH R o Bl i R4 R
L. /T} 6 B304 L) - R0k BRCE T HNCAEL U TRk 7z Wt 2 KV D L 4 b b 5.3
B A & 3.8
T SR AR 1 (Return Period) 304F & 7 3504 o B 5 AR R
SEOD 516 A e BRI T/ED AR AR Xm/sec & W o6 s e B o F 4.3
Vi TR 1 O EAA CaER A RS2 Xm/sec % i# s R 5.6
2AHZENRMHBINLLDOTEH Y., Z0EE0 1 [AE T I i 42.8
g i 4 58 VG 0D AR B
DLy A 7 vhk BRI HLOTEHARLS, 1H, Tb e PR OTH) 5 s 38.2
., 24hr piC sV DR RE 1 D& b LT WD, % " 0.8
LRk BT, BBV 5 #4075 0~ 1LS0m LI A ¥ 38 O B A . i 36.7
[sec TR L THIFIEEM LIZEZ 2 b o s Bbih
%o
5-2 IRENRER
5:2-1 HfESER EREEEE IRURT, 20
X5 ST, BT Lk e 2 ROEE RO RP =30 N H 5
4
O P=100kg, MPOLEHT {95
= P'-zookg, R
= 3@ “300kg, WIEHI 120
G} €) (4) (5 g 4 60m . sec Fol
5 300&9))([(“% RIS A I I
: o
e | g
“ s N
" - 2
SO0 - 1° =
100kg, srat \r\' PI-5 .y
- //ﬂ\ =
=200kg. “‘ 'i:i-‘\\“' 10
S | pe 300\’\(3 R 15
’ ‘ RP=50 -0 & .
20
AR SeumEiER RS
L2000 71 2000 2000 2000 —
O p— T -
ittrg |
e 200 =
E\ g
v 400 = W M 60m sec iz BT S
5\ '/‘/ziw':' (il 24t
600}—O P=100kg, i
AP =200kg. [
gool B P=300kg, M . . = s
HE6R FHRMIS04E R X UB04RIZ 3 5 BRI e A ek
=5 seymen T O R 7 3 B (GHHE®) ek Em /sec& ) d)



(68) T X

82 & B X B

January 1964

Pl EDEREN I B E, TvE~ v SARTB 0 1 wEH
PRENBIIRBY 5 & » CHETOME 28508k L £ 1.7
clsecTdh V. FOBCHEIKALIC 325 Shik 1kg/
mm? LI T T&bhd TRV,

JTEO 2 v 2 ot fl ERIGEAE 10kg CHEEH A
BB X EEENB L7 4X1073 U< 20kg a0
5.6X1078 Th o720 IEHORBERERIZENTH 34X
10-3 (#E10ke) #7713 5.9X 1073 (&fimE20ke) Fpr
Thotco Tibb, BEIO X v IRIEI/ NI NF AR E
ﬁ&émbgf%b\Cﬂ@%ﬁ%ﬁ%@@%momfm
5 Lo R SMEA KL LT B,

5:2-2 TREHREIFRR  SRREREE4ARTRT, H9
Bk 1 ke & 2 RAEIROBA I 5 BIAE A OGS
RIE A . 10N HRE) S EE & IS HRIE DBE R A T E IR
Ufzo &7, SEIIRNIIRENEE LT ED 2 v SIRIBOBIR
RSO TH D, BEITENRBERTL LD L bk
LCllsE Lk T Ao i B s BRI Uico

Pl EDERNBH S &, SRETEARE OB R BIC X
D CEWRENEE TR L= Bacobk oy, 1k#k
Hid 1.7c/sec, 2 LRIt 4.5¢c/sec Th B, FOBEDHE
ISR 9 Bk Lis & ) ic Lakg/mm2 % 7213 1.7kg/
mm? BETH 7o JTEO2 7 SHRWIFEIL 1 RIROF N
2 RIARIC K BT hIn D K Z WA TR L2 RS
L HIHIRE — FRER B TH B k. HIROEE

N 1sec
£ __n___,-\___,-\___,—\__}:\__-,—\___n____r\.__r\__ e - ~ I
£ T B BB & 2 v S MBE & 7 B E/NE 0
\(\m T ® T
g Ny .
. A ] KA WA TN AL
EO '!’\!\/J\f‘\l\f\l\r’\j \\[\JV\]W\
N; -1 \
\E 1 - (@)
> 2X10%
~ {] [ A NN J ﬁ\rsz' . .
R (WIAVIAVANVA\VALVALVA\VALYA\VA\VAAVALVALVALVALN c o N a3 FHFE 5.6 X10
B € ANV =T
£ r=> ® = NV eT 7
e A : = S
~ 5 VLA % ] NN / ! ] T
= [T TNAVANERATENE VAR \j = 1.72¢/ sects L U -L
I vy Vv A 4.47 ¢/ sec® q
=l M A 1.72¢/ secH & e
o e G
E ] T O ]OO
\ A.
2 AA 'AA n Al ﬂ [al\v nnn ’ 0 ey K
S LR LLYMTA{VMLY ARV MRV . N
B _— \E \ 7-v® ¥uard 5.9X107
i T 7% 7 %)% > -
212 y T S D S ‘ N r—y @
A A iap ift A ln Ay n A_la A A - N P @
. A I L A N T = (. gt
o o F—fH tn"nl"vnv"'m\vl A Vi WA W WA @ g \\~ [
ERY: L L1 b . \‘\
o IR i
X ],2 T T ;’ ’;
il i AWV AT A\ i .
% o MM AR Y Y Vi Y 2X107%
E Y - = - 0 30 50 90 120 150 180
—1.2 I 1 I i, sec
TR W T 20ke, T T I IR EY O TR 8Bt E 20kg ERIETN B AR INC 1 B IREE
® 3% SRS R R O
e | BEE | @Ay, i 7, kg/mm? R @ R xg —_
kg mm ® e | o | @ ® | © LT | wm | =oa | & om | O
10 21 0.34 | 027 | 040 | 035 | — - 9.4 9.5 - 0.5 | Lraw
EEH 1A : ‘ -
20 a1 0.65 0.54 0.76 0.68 — — 9.7 9.5 — 9.o1 4.47C25)
0.30 0.31 0.43
10 53 0.40 0.43 0.42 0.26 — - —
s 45° 0.23 0.25 0.34 s
5 " :
20 100 0.76 0.81 0.80 0.52 — — 9.2 9.0 — 9.7
0.04 0.58 0.58
10 56 - — 0.04 0.02 0.20 0.46 30 - 9.8 9.8
P S
0.10 0.99 1.00
o 20 98 - - 0.07 0.05 0.88 0.94 . - 9.9 5 1.61
(FB L B) — — 0.06 0.03 0.47 1.10 0.03 — 0.80 0.81




Vol. 5 No. 1

TAE =Y ST - SBIRIEE 7 v R~ v DRRERIC DT

(69)

\ Y S SN )
<y ®
YN 1
AN i
\VANIAN J‘U
N RO 2,
® 3 A ) X | e
- / \ > = :
\ | .
\ \ 0 2 4 6 8
\ \ W B, o sec
\ \ . |
\ \ \ FI0R IR & AL OIS OB
@ \ \\ \\
) 7 \ \
VoV
\ \
P = o™
o).~ — =) _
? \w 3\ ‘i\ x’”\\ /// /,O P /’__—;\
0 [S3 L e - -~
S 2 3\ l\;\ i 7
: 9 & vl MY
X - 3, m [/ /
< ot \ ~\ v i,
A e 5\ i \
=) o @) % W
k4 Esd u‘)\ ,:,\\ i
9] o ) % ! /
=2 /”ﬁ\ &\ ' "
@ \ i
\ \ l
0 1 3 4 5
WS, kg mm?® PISI 2 Wit
FIR ERBIG DIGT) E19E i ~
100
701
L
//w’ ) . &é\ 79
0 & G
° i <\"’\ 80 ﬂ(\
€ =y "
i = m\%ﬁ l‘ ‘;‘\\\p
w S50F [t N 70 |l
ot ()O ‘
o B | |
» 40 - | ll
% 9 T - /?“/ ! :
=~ gl 1
e 30+ {// i ,' ‘\ ‘l ‘ X
= f/*l - ' ! |
4 ! 7 . c
% | i X 6 sl o/ 5°
20 ‘ e /
20 ! s
| ]
’} I A -
10 w4 3 YL T AU
10 = —
S
: |
0 10 20 30 40 50 60

Wit e 27 2RI, mm

SR R ETRD % 7 < OBIF



(70 E R B & B ¥ B January 1964
#® 4% TRR AR Jo 13 B IS T B U ET RO I & 2 v 2
s om oy 7, kg/mm? OE In M, xeg R Z v SiRm,* mm
o/sec © | © ® ® B L F o W £ F &
1.64 0.084 0.056 0.084 0.063 0.042 0.073 0.085 3.87 6.73 7.84
1.75 1.435 1.400 1.243 0.910 0.760 0.873 1.157 61.4 70.5 93.6
1.76 0.224 0.210 0.186 0.112 0.114 0.134 0.176 9.11 10.7 14.1
1.765 0.074 0.035 0.049 0.035 0.042 0.043 0.060 3.34 3.42 477
3.52 0.018 0 0.021 0.021 0.022 0.010 0.024 0.44 0.20 0.48
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DKM L LTI OEFERRE U, £ 07tk

FaRI LTWARBIEWRENER LicSeadEx b &
DEDLHTH Do Tihbb, MBEEARKER TITR o7
BEOIELY 2 LT D, & 6 X2 5504EMiz60m /sec
DR 2 1F 12hr - & U, RO JEIEAE < T
BARE DB DB WD e N E B, FOBA RS 60m/
sec FTCHEUDIEHEIBIR L > THIDIGHNRERD Z
Lt bo SARTB @ DWCHE Lzl 60m/sec D
BOIETIETADE IR HbE TR Lo TN EIHKIED
ISHOFNEDED L S/ D, KIS R O EHI
Fetd Do

1RIER  01.mer=0.2+1.4=06.6kg/mm?

2WIEE  0o.mar=5.2+1.0=6.2kg/mm?2
Flo, Oromex 0L 0oomax OFEEEE Ny 3 J 0V Ng 12
DEDL S Bo

N;=1.75¢c/sec X 3600sec X 12hr=7.6x 104

N =4.52¢c/secx 3600sec X 12hr=2.0 <105
DF D, S0FEMIc 6.6kg/mm?2 DIETIA 7.6 X104E, % 7=
13 6.2kg/mm?2 OEdyH 2X105 [J & EINDHbITH
Do FIT, MO RBRETRIONEE LT &
A Bk, INFER TN T o0 S — N i a4 5
EDEDL ST Do

ISR A7 v 3=y 244 LEOHE, 4 mmigo
TIG i (BEs JIS1H, AESEE) 2o
A DWT v = v 7 BUREHE S SR (3,500cpm) 4
WD 72 S — Nl a7 4o B MIG #8750 T
RN LMD R D00 MEMNCIIEN RN D &
Ided Z b &Y By BN ORISR 7.6X10% ¥ 1120
X105 {31 B IEosamEsty 13.6 ¥ 7213 12.2kg/mm?2 ¢ %
D, Oimaex T2V 0gmax WH LTHES R HEAE S D0 F
7o BORIEE 107 O FESsaa s 7.9kg/mm?2 7 53R 227 A
IR EREIC B TR X BI85 5.2kg/mm?2 4 SE#55 7
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LB LTS RARBREACSD Do Liznio Ty BEDS 2
AR LTS IR DML 2 am D Do FofEy B r-%i'rﬁn'\'
TOTSHRIENE X Db TRIFN L BA DRETH 5T MY | G ik 1
IR B LRI ASE TR A% (MEBpEEE £ | RN,
107 7.6kg/mm?2, [ U < #i#fss 8.2kg/mm2) = & &% S \ﬁﬁfg\
M B0EAS D, i, BESWSE RS LENRE 502 SN
DETH Eh S LThdnbREFREERZLZ &0 210 \\?gﬁb,_% B
WHETH D, Tods. BHEM ORYHRECDOW TR DR S 8 ey ;‘:JI&W
CEEIA D & 2 Ende Ll . e

10* 10° 10¢ 107 0%
6. & B Ol B
37 v 3 = 0 gy LRRAMMIEIE L D B0 iV C R ISR e 7 v 3 = vk Ad LR KPR SN g

mw@7wﬁ~w&%%4USMWBmo
At L OIREEBR A 1578 » TOE ORI R %

Lie7 — 34l
W TR 7
B

1) FEHIEEELE & & B 60m/sec JREW A LTS M
BRI B A b Do

2) 7oA~ SARTB o 1 KEEIREEIIRE) S M
I o THEFO FHBRABNLME L% 17c[sec TH D,
2 REBEREISIL & F 45c/sec (TEFA) Th Do
3) TR IR E OB IRENBICE REE TN
FBEANBACI D, IHRET 2IREEHE ORHIL & o
THF

4) HEUEESAE 5 BEIcE 14 (1R
B IO L7kg/mm?2 (2R THH, HEikaI LT
W& EOEITEMEE Un < Th LW EELV,

5) JEGH 60m/sec FTHIEA K I LTWTHIHMERIT
WEX LMWL D TH Do

Tods . IRENEBRE O & 4 T BEER cb R BT 72 F T
PR THN LT oo & ST RS R /N
HIIAT g2 2 SR (T PE RS R M Js L ONE AR — EC 3
1@\%2%“4“ F o, B F OB OWTHERIE W - AR
M & G IREL RS R AL U %

b4 ik

1) #izE Light Metals, 26 (1963), 303, 32.

2) AR R4 o JIL 1001, MR8 7 ~ /9~
5y, (1962).

3 HE, Rk SERFURERRER, 9 (1957), 3

4 ZEPE HWE, Sk @k 9 (1957), 1

5) M.S. Ozker, J.O. Smith : Trans. ASME, 78 (1956), 6,
1381.

6) ALCAN : The Strength of Aluminum, 61.
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T3 = ADOREIMHITONT @6
Bt b R i o By hE (G & HFL)

H =
7 [
&
A

FRAESsRE LEHKKXSH



AN

THHTHTE T

TS =T ADORMMBITONT oW

B kiR (L B st i Tk Gt & 3551

1. £ A » =

585 3 $HE 4 RT3\ C TR L OB, % £ O
ML H R NTIES Uzo

TNV I =y ADER :Fsb\f%gffﬁ%%éﬁiﬁ“&ﬂb'@;k
R BT D & & QI EREER IR LT hHKEWEE)
B0, BEEREO LT N ,w)s THHIE% ,Ll_’\
Too TRIRAERL U7c BIEORGEITE 1 TR~ XL 5 sk
OELEHTH Cell AWM L, INREEDE S
b7 D REES T be BB ORI E LTk ok
IEOREAFIH U CoRmai, kL0 o BE#END
< BIHEYEDR S At Rd HEFLAE (Sealing) @ 2 DL

i =1 Y 8 K L RM

D HREE D E1E5~10p, W T 10~15u, &
©10~20p 232,

(i) FEEAHELYRERATHD &,
— RN Bl 7 & DOUB IR A 55 HaS04,
D.CEMETH D, BMFIEE LTI Z 2L DKk
¥ A 4 724 Gold, Bronze 7 ¥ O &BEIC L 5T
B EMTE D,

(i) HWEF 2, €Yk, BEMIZAZDRNT &,
EifE L s S BE B BENLE T H
0. A LR D BB OISR 2 iR
HYTH B,

KENBe Lo TZDEBEMA T HEIEREOSERE, 4}
i, AN U CIEREHFRBEEELRT TH %0 H2E TaImv . 7NI =Y L AESD LIRS
2 = & B B BREEmESG | ROERNESL | e
0 - o g T . ) L 1090 E E E
G TR LI O M (RS 2F B LTIT5 % 1050 N s N
3 - ;'—_3.1 =z 3 IS
DTHEDVFDOFEE LTHELIEDHERD S, 1050 5 ve Ve
o o 1030 VG G G
BIR Y @ 5 ik
3003 ve G M
weadm | W OB BB i % 5052 Ve ve G
5056 G G M
| B | 0.1~0.5% O 40~90°C 3~20 iR 5050 E Ve G
FrOGSREES | o pHIES 5, 6051 ve G M
A | RETBLO0 LA BIEENT, 2T V-N 6063 ve G M
AT . ) . 2017 M M U
¥ Fofl THHRFERE DI 5, HBHVIEETYE D,
2014 M M U
- \ Nwz Lt A TR, FRI Y =2 - 7 » . y M .
BENE I 75 ¥ DB IR L, SR E Ak )
» W\H&éﬁﬁo SRR I 37578 B 4043 G M U
FITE Bt 3 i HC W ERDIBON TR, BT AHREORON E:® VG:# G:g M:® U:Fd NBREONCHG
D) T BB 5o BREBLBOBCRS,

TS A A v Bk v — VEDRE:

BT B R Bl U o i OB beR %
175,

FyE® | B Ot B K

Betoft B A T 5 Chic o TE T~ — 2 BEBILEDO
FOWLETCZORTERE LT AR ES 5,

Rt XN DX GRS L B O LML

(1) BENREYLEYTHH L,

* PRI Y — R
Kl i

(iv) BZB?'%%%%‘L’{&“GW%‘EE* FI5HC
BRIRD % FLME. WaEEN B R T HaSOA. HEEYTH
D, HeCoOy ik, CTOS BRI LB ERIsE D L <
e B L, CrOs 3k BIEAEET 52 ik b ED
AREEX AR LU C AR F VRICEGBTAZ ENRTE
ba
(V) R rEY, Mhis, B S RmicmEs b on
I LT &g
EREBOTHOIKEE, B L OEBLICLETEH
Bo & IHEEEE, A, Spot BEEHIS Ik
TRk B T %,
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(735

21 BEEPIUHRBEEE

SRR LEORF O L & LTI 0R S, BHn
BE IS CTHBYENC X A EORIAMAS

BRI N D8R, SHEMEAEO Jupln 8 sh
Bo EDMT VY guE BEBYEL. A > F a el
P VR E S B,

BYEENC X T B D i Y D IR R B & (L
DRI L o T Do AT 2 HENIEREME L <, B
MHBEPED Jnd DEBIRT 208 RS D, & BN T
73 =0 s PEGHRIR IR T O Hukb A RS LT 5,
FEOD =B LA 4B OB R L O 0 A4 — 7 —iTik
FEIRDLDNH Do

FE3x BN YRLE S
ES #h # B b A W |
[ N (A (A &) Ko Y B B
= ¥ o W « 7 ) 7
b B e «C 7 ) z
= H e «C 7 ) K
ERVE (e ¢ 7 D] WM oB oM
i mofe % « 7 ) 7
Ciba Limited (% 4 =) AKOE M W R
Durand & Huguenin (7 ) 7
Francalor (7 7 ¥ =) 7
TRy «c 7 o
I. C. I 4 %9 2) 4
Alimax [ ) ke
Bayer (r 4 ) TRE THEYERR
B. A. S. F. «C 7 7
Riede} [ ) K

Yupl OMMEE G ORI & & LI RIEERE MR L O
Sealing LfiC X o T &L, BebloWsgiaT e LT
EoOMHE & &bt o pH it &k - CikET %, Fuio
MR TR S TR b DIXHERERET, 7 3I=y s %
B0 AEREEOREDL BITEHETZE T Hubhit »wh

F4E Blue Scale %uk}
grade W, % B # # Ao H e
1% 0.8 Acilan Brilliant Blue FFR (Bayer)
2% 1.0 Acilan Brilliant Blue FFB (Bayer)
34 1.2 Supranolcyanine 6B (Bayer)
Fret 1.2 Brilliantcyanine 6B (Ciba)
4 i 1.2 Supramine Blue EG (Bayer)
1.1 Polar Blue G-Conc (Geigy)
5 4% 1.0 Acilan Fast Blue RX (Bayer)
1.6 Alizarine Light Blue R (Sandoz)
6 4% 3.0 Alizarine Light Blue 4GL (Sandoz)
7% 3.0 Anthrasol 0.6B (Hoechst)
3.0 Indigosol 0.6B (Durand)
8 3.0 Anthrasol Blue AGG (Hoechst)
3.0 Indigosol Blue AGG (Durand)

— 2

“Blue Scale” i+ FHA XN, 1~8 o 8grade
CadbinTing (Blue Scale guplsg 432,

PR B D— g & LTk 6 L Lo b D, B
B DB R T ~ 8% D BR AR [ Yol D E I LB Tl Do
(3520 Zetipo AXEREEHR E UTHARERRE
L U¢ Fedeo meter REAN TN 5,

EEE S

1A DR i P &% &
10% LT il 8
20% BT & 7.6
30% BT Bk 5
40% LT B 4
509% B F aJ 3
509% bl E E) 2.1

AT & 2 FBRI IS C R M DM % e
BDEFWMTH DB L S DR v —h Bg
%o Carbon arc lamp & X3 DOBIRILEE 6 i 7kd
B TH B,

B63%  Carbon lamp & HIto ki
WO BT B AN ER CEEBE)
4 41 L e 4 L)
(310~400mp) | (380~500mp) 480~700mp)
Weather lamp 17 20 % # 15 % 5 1.34%
4 27 7 40 7 7307 v 2.57
Fede-O-meter v 48 7 v 36 7 7 3.07

B BETHE SN TN B REBRE OB EA R &
OVERIRER 7~ 8 /R TN TH %o

BEBOERIT LSRRI L D AR Do fE ki
BRI L D DX DWRENHEE LT WD (IR,

eI B I E B O T PuSilior 4~ x
TELCHESBEBHEOGFIIEOMENTEL . - REmmcit
WA ET DI LMD Do IBRERITEEOBEC LY E
M pH 23% b | BER. RIRY ~ 2T pH 2 FEed % 2
EALEERTC, pH W7 2B CHIET %o F i BuBs
1% Lovibond, Nessler o phfhik CHEMEE & ClllEE
THIELRTE D,

Zufs R R Ui iE L 20~80°CCdh B A—1Ei 13 60°C
DM T Do FMHTIE 20~30°C DK O F gt
BAsIn I E Lo 80°C DLk Tikgetarhic Sealing %)
Db B0 BERIE LT ZDREL T Tl 15 2 & 18
F Ll

getapsil @ — I 10~155CHud LI 5 2 & 4 o
ERgeE (1 AL CREEERET 3 5,

el s ez > I AT v VAR, kY v v #kEE,
MELERVZF vYRIED 2 v 7 R K<L BT S,
BENE I AR I NS,
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Bamt: 2HE L3 BORERES L CHERT 8
LSITBARE A 2D BCEE 0 BRERFALTSSL S
L k-t pH AL Ch B Z ERRBETH %o

g oOiE  REFEFTSWTEROPH, Fizid
LT hE U813 & A ¥ 3ukhix Sealing Blic it (s L4
BT 5 EMTE D, Fiae LTk 1+1HNO;, iR T
3~30 TN %o

Oxanal 7w 3 =vw n4eRlOHE
(Ciba 7t data)

BTER

st D *EERIOERE
B 23 ol R —— T e 2 4% O
A X el
Oxanal Yellow T 4.5~5.5 5 5 6~7 | XX
” k4 (6] 4.5~5.5 5 5 7 X
4 K8 GR 5.5~6.5 4 3 5 X
4 Gold L 5.0~5.5 5 5 8 X o1 xX
k4 7 RL 5.0~6.0 5 5 8 x| xx
” Orange AR 4,5~5.5 4 4 5 e
ke 4 G 5.5~7.0 5 5 6 %
” K4 R 5.0~6.5 4 4 5 | xx
7 Bronze L 5.0~5.5 5 5 7 X 1xx
” k4 GL 5.0~5.5 5 5 6 b x
K 7 AF 3.5~4.5 4 4 4 X
kS Brown 2B 5.0~6.0 4 3 3
7 Red BRE 6.0~7.0 4 4 6 | xx
4 7 SW 3.5~4.5 4 5 3 ] XX | xx
ke Scarlet A 4.5~5.5 5 5 |4~5
7 Red 3B 6.0~7.5 5 5 4 X
” Violet 3RB 7.0~8.5 4 3 5~6 | x
” Violet BrownB | 5.0~6.5 5 5 7 | xx
” Blue R 5.0~6.5 5 4 5~6
ke 7 G 5.5~7.5 4 4 8 | xx | xx
K4 7 CB 5.5~6.5 4 4 6~7 | X x
4 Turquoise
” Blue FGLL 5.5~6.0 5 5 8 | xx
ke 7 2G 5.0~6.5 4 4 6
ke Violet 4BS 4.5~5.5 4 4 6
z Green EBN 4.5~5.5 4 4 8
kS 7  BL 5.5~6.5 5 5 4
ke Black 2G 4.5~5.5 5 5 8 b
4 7 4.5~5.5 5 5 6~7
” 2 D 5.0~6.0 5 5 8 | xx

1 Ciba # A.G rkT#ibih/e Clayton Dyestuffs Co. i TH#Zhis
*:lg/lodetai (72721, Black DO x ¥k 20g/]) % ¥¥#E, >#r70°C
I L b i
SR ERCREE TH o/ b O
4L o e IERMT & o THBRTER S Yot
3434 LTk Uie s e X o TA BT d & o/
2 ER RO T BNEBTERHO
X : 3~6HAMBE D E VEDLLR
x % 12{HA B L 2R ELRE TP AR E LI E DL
. (S. Wernick and R. Pinner: Finishing of Aluminiun p359)

2-2 ERUICLDEE
SERMIC L AR BRI XD L E S OBRE
85 ENERTERCBRLSD V. FEEERE WS
b o A B g Bl U TR, TRERE AR <&
L TWbo
COFECOWTIREREE, Bk e L OFE, KT
23 B NHAETECHERZINTND S DY 2 VEREKT
vevinrheE, BEaoov LBy A By Y DR
EEBCL D7 Ry BT, SNBAHEEORWAT
B OBEEER IS,
(i) Gold
gt v o vk v
(NH,) sFe(C204)3-3H0 10g/!
PWagta s 7 25g /1
pH 55~6.5 B 40~60°C
(ii) Bronze &
mEme o o< b Co(CHRCOO) 5-4H0 L~ >
7@ #Y KMnOy ©2WicxERE (10~
30sec ~So% HEFHE 2 77)
F O EED R TORERISEFIR L TERT KL
LTOEDLDMND o
Yellow : EEERER+ 7 v 5FR A V
Pb(CH3COO) 2 +KoCrOy4
=PbCr0O,+2K (CH;COO)
Red Brown: BB+ 7 c vy 7 v{bp )
2CuS04+ K. (Fe(CN)g)
=Cuy(Fe(CN) 1 +2K2504
Brown Red : WERE-+ 7 v @b Y
2AgNO;+KoCrOy=AgsCrO,4+2KNO;
WEa v b HEBKkELT v E=T
2Co(NO3) 2 +He05 +NH.OH
=2Co(0OH)3+4NH4NOg
Red : WY 7 =9 Kb DHWIHERY 7=9 L+ 7
w7 LAY
U045 (CH3;CO0) g, U0y (NOy) o+ Ky(Fe

Brown :

(CN) 6]
Orange: 7> # ¥ {lAM» V +Ht{bKkE
K(SbO)C4H406+HoS
Blue:  $E(LEE28+7 xmus 7 {ts )
4FeCl3+3K4(Fe(CN)g)
=Fe, [Fe(CN)gls+12KCl
Green : [ilRsH+ BEtER Y — & —
CuSO4-+NagHAsO;
mOR % B W B
& # | it w, g/l
1w S & 0.1 ~ 0.3
# =) 1
i & 5
% 5 = 10
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7R = AOEMMAEIC T (56 )

(75)

B8 =

Durand 7 & 3 =& a4l (Durandthdata)

B ¥t HEHlO pH ¥~y vIik [ S . < fit#dsE, 200°C < 6hr fisddE, 250°Cx1hr

Aluminium yellow G3LW 5—6.5 7K 78 W B ® B

* yellow LLW 57 e 78 B B’

4 Golden yollow GLW 6—8 pie 6 7 ke

” Golden Orange 2RL 6—8 XK 7 ” bl s

K4 Orange RL 5—10 7X 6—7 7 B i

4 Orange GL 5—8 VIS 6—7 v ®kD

K4 Brass yellow MGW 6—8 7K 6 Wlin ke

4 gold MO 5.5—6.5 7K 4 bl s Wwlies

ke Old gold MRW 6—9 7K 5—6 Plled $®AkB

4 Copper 2RLW 5.0—6 KOS 7—8 BAPLRD AR D

ke Red RLW 5—8.5 i 7 J:3 #F J=3 i

ke Red GLW 5—8.5 7K 7 K K

4 Fast Red B3LW 5.5—6 7 8 4 wlled

K4 Fiery Red ML 4.5—6 7K 67 HEMCHRS KAPHL D

4 Deep Red LW 5.5—6 7K 7 PalinB bl s

4 Bordeaux RL 4—6 fodiseed 6—7 $lB RGP s

7 Rubine BLLW 3—3.5 K, #i, Ni/Coi 78 =3 33 A\ R

K Violet CLW 3.3—4 piie 6—7 k4 B

ke Violet BLLW 6—9 K, $a#, Ni/Coifi 78 x B EN B

4 Blue RL 4—5 ok, 67 5 v k4

K4 Blue LLW 3—4.5 7K 8 R 3 [ E

K4 Turquoise PLW 5.5—6 K 8 N B bk les

z Bluish green MLW 3.5—4.5 7K 7 B T HEMRIEL LS

ke Bluish green L2W 4 K, $E 7—8 BB B

7 green GLW 4.5—5.5 7K 7 ML B bHPEneE s

v green LWN 4—5 K, #%i#l, Ni/Cok 6—8 #Hw -

ke Olive Brown 2RW 5.5—6 Sm 6 P a3 RGPl 7%

4 Brown RL 4—5 SR 6—7 fo¥ ol iat) R ] bTEniciis

ks yellow Brown 2G 3.5—4.5 & 56 wled RGP

’ Red Brown RW 6—9 7K 5—6 B & WooB

7 Red Brown RLLW 3.5—4.5 7K 7—8 B B

4 Bronze G 2.8—4 3 6—7 RGP LD KPR 0D

7 Bronze LT.W 5.5—6 7K 7—8 s (R r B

4 Steel grey BM 4.5—5.5 7K 5 v R KGPHL B

v Fast grey 3LW 6—8 K, #i#fi, Ni/Co 8 r B TR

7 Black LLW 3.5—4.5 & 8 PlvF T~ W FE v ¥

4 Black CL 2.7-8.5 Edie 7 ’ o

K4 Black LCR 3—3.5 &JEH 8 B

z Deep Black MLW 3.5—4.5 7K 8 SV - HARE VI A

K4 Fast Black A2W 5—5.5 7k, Ni/Co #i 8 =3 i KRiT/n 5

2-3 HREE (i) A4 7wy FEIRER

B RRER L — B & 7o 1E S BT OB, R

B4 7 e Masking UCHets, & cik itk Mask-
ing UCHNBD 2 503 %o

Masking OFke LT 22X DOFENRFIHIN S,

(1) BAEFIET 548 (Ol Gubhc ED

(ii) Silk screen 5

(EDRilA > 7 GRUERET

Masking)

(v) BtEOFIM

(BE 1,2

(Glue &k, T.R.R., S.P.
R etc. o BB B 03I X
NCTnWa, TREIZE 1D
INBOFEIBEOL B TRAINCGERAXN, o
5a A3 LV name plate, {LIHAWES N T 5,
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3. HFMNIE (Sealing)
3.1 HHLMEROBE
[ T =y AD

ALk 3,4 LU 2RI

PN

1 )l%i B R PNBEOACEHHETH D, TNHEH ’CM W45
| &Kib:%%@c%mﬂ%ﬁnw A 2k B 2 kA8 R

[ i l il P, EEBIE L 5 TR SN, 720N E R

FEAC TV K TR LT s
T (flié"r’C(:t/f}% IR TTTHN T %,

T~
~_

FEEX T
|
EENE

]
it

1 Ty 9F v 7Oy L 518
(ANVE =, TIT~1)

i3

s
3

PP 2 il 2B
| M /ﬁéy/ 14 v g
b y§§ MU ¢
sis 295 17 g
“B o 2R %!
L 9 A
1 il %S 1l
M Y Y ore Y
Uv ¢ {441
¢ g1 W M
Mo dUr 1 ¢
% 1 ; v v
17 o5
ok "MTUe 2
1 1Y o
g7 / 2 ¢
7 g2 H“;s ';
/ / T L =t L
7. 70 10777007,
) . (3)
B OB S MRSy o BREAWE IR Y

2 —‘_zi:‘ frit 1]

EE 2 ¥k Db eali— a2 7v e~ b B2 iHLﬂLLU‘ Y
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C77)

;.-;E:_Fk Lt ”‘0)[’ ks J\U\%’M‘L["L (%74) D LR LR

X D E
KRS L AIQOg'HvO (Boem1te) F ok A12O3-3H20
(Bayerite) @Hw*a\ fZNE UHLE kb,

Z O XD R AR O ks X OB g E X b
DMEEE, AR DB S Do

BT FikE Lk ofi s » 2R, TR
[ =N S e E AR L, BT /J(/}ff)’(
Ho e Ul bdy. /KM a A U SV CHITL3 2 Fik,
BLUOEEY, 7y, 7=2, SRR ECHEILT S
FFERD B,

32 BREBLIUHRBKICLEZFE
COHERBIEIR X <. FEBATEE U WRLE2
B O A ORI L & U CIERICS < A
AT B,

K L AEIABIT & it EMEARIT 7R 72 b IR E T
Win D& A ESNTWA, Loy LIRL R 7 o il Az

Ay

BROBFLAEE, 5 X OSSR AL IR OB FLALER 235 < Vi
O h S ILBE 2358 El G S, 2adn D FIR
’)fCo

(1)

JE&NAH LS

CBLEE
AL B b — B s R i

R

16 L CEL A RS BT

Thsb B3I,
Il 2
500
4
4
2
N
400 i
V4
I S [
52
$ 300 ) 5
i 2 :&3\“‘
# )
& 4 P
& 4
= = 200 J Va
Z
4
T
s
100 ,/ -
1974
v
L4
Q
2 4 6 8 10 12 14 16 18
[
L — BLLAL (o 2 v B
oS Ak 100°C  30min
% & 2.5kg/em*20min
83 RSV, PRITSALE oD BFFLAR bl
el D AR, ﬁum;f b DI & AULTE-F B SR L O
SRR OIS BB TLEE v DN A & O 2SI 23 R

ZEERFET L. B THEILA Yy -AlO3—y'-Al,03-HyO

6

DML L 5T S TWD Z LB BT Ui

ARSI X %)ff}t%f)/? WEKT R SO k- T
AL U, EAAA, EEsE &&Hﬂ;d)*ﬁ KELM -
T AR & taZa (J‘J 4 (5 [?()o

300 o
0]
/

200 % /)/ P
8’ / /\ /
T / 'bg(o /3
= o
= | L
=100 % /C(

4 e
1
] 2 3 4 5 6
4 TE, atm
HRTE—T At (2 )
B4R FEAHET & ML OB

800

700

600 p
o v
3
- 500
;;f 400
I 3001l
\E‘( © '(5\
E 200

100 /,/

2 4 6 8 10 12 14 16 18
FRABITS, kg em®

20

FESALIIE ) & b, WIREEE (JIS) OBk
i 8.0p  #EHFLERHE 20min

BO5K

RHE LA & LT 3~5kg/cm?,20~40min A3 ERH &
}*LVC\/\ ZDO

(i) ‘]f)ﬁﬂ(@kﬂﬂﬂ

PN & B BTSRRI B U O 45 % 2380
T JOUHREEME D A CRUE AR DM SN A L H -
7o

BBl LB & 5 B L ZUZLH{ T Fs S ORI & » TR
D FEE( L, BEE 90°C, Wi 20min Bl 223 CH
D, & ICHELREIEBEE LIS@U LTRE (T BBENRD
Héu T 20min, 10/L’C 40min BENEUTH S (56 XD

(FE 7o

ot C DI BRI B KA D BHELIC 8 25
0. GEROLKEHSHDRAAET S ¢, Frcilh &
BT TER S ND EAA B B (105,



(78) £ R # B ¥ ® January 1964
120 3-3 {bBESRIC & HHILMNIE
(LRSI X DB = v 7 v, BER 2 v FER
100 = b 67 + — R EHBOHIICRIAH SN T BLU S E ) bpET
— | ik 6,00 / R XTSI LISR O H R0 7 ) -
Lo 7 AEh T2
3 /

gk b X B EILALE

i“ 60 e
= S 1 2 3 4
& Vi
40 7 > A= v v - 2 | wy . R
-7 MR, 8/l 5.8 T‘/EL'@}JH})O &7 J*Mﬁl)s ﬁ{;ﬁiw—%so
=S o g 4| Wiy ¢ 18 | ey~ 4
20 - o ]
,
- pH 5~6 6~7 6.5~7.5
050 20 2o 20 00 100 By, C 70~90 90~95 90~95 90~100
W C i, min 15~20 2~10 2~10 20~30
% 6 79*3}]ﬂ§7k%1fﬂ01 & B EFLAIR (ﬁ’EﬂﬁgO/f}Mﬂﬂ> " . e fra 0,5 B FL TG R B s kg Nazg)::SE}ioz
L P Fntn
TNBOLEIRGHIC X D HILEEASAE R IR LT
60 22N LE & R L L E B LRSS D, &
g % ST AN E LTEY v MR Y VEEEN R DR
" 40 BLTW5h, TRHDOESFEEERAOE AL {1t pH
30 - BT, BHMAEN L+ BH A ED S
% 90 /jv/ EATEI N, COMIBERIC L BHILE LTHRY, 7 v
m// JA, VZAL Ty —lnEERBWUT I FERLD
FED Y Y 2 v i X AETLEMH L SR ERT
0 10 20 30 40 50 60 H%o

B FLBE B, min

N DA (Rl & %) IR & AR (JIS) OBERR
Bk 6.0p  BIFLIREE (95~100°C)

#10% BOFL R & B L % R
(729 %7 v LA vy FRIZXDHYGEHR
T— B R
— 1050 1100 5052 6063
EEEiR s —
PhAAER (B B KD e} O O e}
7 (B LK) A A A A
” (ST E7K) e} e} A A
3 O e} O O
P ek ] O e} @) o}
M o W % x x X

Ol L (Bggil)
RPFEH LY (B L)

ARHH D AR5

Z O DOMIKOFER D S, pH6~T 2RETH 5o
COMBI RS WTEBEGT LY CHEIRIRA & W 8
A) BIBEICEBRENET DI LN 5, Zhidih
BT F A TR DB 5 A5, HILAEB M
BhElANZ B 2 LW XD CNEBHIET D2 ERNTE S, H
TEFFE > Durand # Albacline WL Conc 4~5g/l D%k
IiEaie D Z OBHREIE RS Do

3-4 HILHFE

HILLB SRR TN E 5 oAk L LT,
it atiliEe X 288, B LU3E @%%@ﬁiﬂih& BHE
%®2ﬁbﬁ&%ow%mﬂsmﬁi&(ﬂ&7 Pt
I AR RRIE) ¥ otk ASTM QQ?E%W)’?#HW) )
Nbo

e stEy B 7o EIE v Anthraquinon Violet R
skeamg (1g/500cc) AT L. &5 48K
Bel. B KT, HILAHEREE TS
FUZBEEHIER P IEE D Tn

4, BEREREORBEE

BIRIEE R L O EF R RS W TARR A4 Ul &
DXDHETHBEAER LFETHI ENTE S,
&L NN D 7 B RTE DD TE L

CEND BN B

(i) HzPO4(d=1.75) 35ml/!

CrQy 20g/1 A
(i) HyS04(Conc) 100ml/!

KF 4g [l W 1
(iii) H,S04(Conc) 100mi/!

HF (50~6094) 10ml/! i
(iv) NaOH 50~100g/l 60~80°C



Vol. 5 No. 1 73 =y A OEFELEIICDWT G 6 )

€79

5. £ £ Bt B

Seffi R, At BRI BT BT D i &
DEATEITD ZEMRTE Do
COWEERFEEANER Y ¥ 7T Y R WRT (3T
7)) BEIGTA L, < v AT E OTEER & L CHS
MNBe DA HEPIERIFIIREE Ui 80°C winghd 5%
Z LT X DEH LRSS Do

X ik
1) PEE, 8K RS 4 (1963), No. 2, 53.
2)  PEE, FK  AERESEEHR 4 (1963), No. 3, 50.
3) JLE, e kiR 3 (1962), No. 1, 82
4) B R No. 83043 (1 4).
5)  FRUE, B L S A ah  4, 1963, 11,
6) il LM 4R (1952), Ne. 2, 125,
7y FRIR RO TR 7 v 3 = v A REALEIIZE S, Vol

41, (1958).

8) J.LS. H8601, (1952).
9) A.S.T.M. B136~45 (1952).
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%@deﬁmlsUhﬂTONﬂ)IJGHTZMETAL’TECHNKXU;REPORTSvmjﬂm1ﬁm4%4

T3 = 844 5457, X5557, 5657, 5757, 5857 1 L X
0957 DHEMIHE (7F—2—v — )

A Rl N WS



TS = LESE

KBTI =y Aa4 5457, X 5557, 5657, 5757,
5857 35 L U% 5957 o 6 B IO THBRAMER. kb
B, BIERME., #2v., BHEE, wr¥h. EHERE,

180°h 7 BRI R LU 2 U 7 & vl E & e Uiz
EREE LDILDTH D,
BERPARTUEE R L D EEE L7a b D TH D Bk i3/ NlgsE
Y (2kg) B L CHEINE Urze AHEBOHEE DM Bk

5457, X5557, 5657, 5757, 5857
B L8 9957 D BEAR I PEE

(1)

BEELTCISHBR LA LDOTH D, EHREIT/NTX
(B G 7 8 55 3B s W TR Ui ABITR B
BB LN OB IR A 4 AROEBETH D, &
S BRI 1 AR Uize 7rds. B iDL Ch 2
VERRET S L BIROBINC L o THEY 3B TR
7o DR T OEMICTE OB ERTED bNIDbL B B €

NHIREEEE UUR L,

£ 1 X e e 1% 5 0n
it 5 s 2, %
# 7
Mg ‘ Mn 5 Cu [ Cr 1 si ] Fe | Ti Zn ] Al
Mo R oD | 0.8~1.2 1 0.15~0.45 | <0.20 — <0.08 | <010 | — - 7
5457
# " o® 099 | 0.3 0.003 | <0.001 0.014 0.013 0.004 0.002 7%
W o4 M D | 0.40~0.8 | 0.10~0.40| <0.15 - <0.10 <0.12 — — 7%
X5557
® "o 0.53 0.29 0.01 <0.01 0.05 0.06 <0.01 0.01 7%
W& @ W D | 0.6~1.0 | <0.03 <0.10 — <0.08 <0.10 - <0.03 %
5657
= ) 0.81 0.002 <0.000 | <0.001 0.04 0.08 <0.001 0.008 #
w4 @ W o» | 0.6~1.0 - 0.05~0.15 | 0.05~0.15 | <0.08 | <0.10 <0.02 - 7
5757
= ) 0.79 0.002 0.11 0.11 0.07 | 0.09 0.008 0.009 7%
w4 @ oD 0.65 0.15 0.08 - 0.08 0.12 - — 7%
5857
#® o o® 0.69 0.17 0.07 <0.01 0.06 0.00 <0.01 0.01 7%
B4 W W D |0.40~08 ]0.10~0.50 <0.25 | <015 | <0.40 <0.7 - <0.25 5
5057
#® M 0.6¢ | 0.30 0.02 t <0.01 j 0.14 0.50 0.01 0.02 %
1) mAE Reynolds #o Al Data Book (1961)i28 &1 T\ BHE RS 3) Al HidrhHiE 09.9%0 b 0% B Lico
2) Al HiGALHUE 99.99% D b 0% # L1z, & R R,
10
. 5457 X 5557 5657 5757 5857 5957
N
€
S 3 ///T//T
N6 i )
g /T/ ////
2 & ‘ g = &
Y
0
i v, %
BIR 5 H — v g K
(B9 1 1) - - N B
3 =1 H S~ o
A Y ETxmeETEHRRNSHE o o




TN =T LAESE

5457, X5557, 5657, 5757, 5857

N AN
R )
T L O 9957 DREMHIHEE (2
B 2R B bk oo oM
I Blogm M B D PR Foapes | ey
4 o oM fE®
£t H o s n i o T AETORLEr T sty (13mm¢),
kg/mm? kg/mm? % 10/500/30 10kg kg-m/cm? kg/mm?
5457 B O % & 20 o oo ¥ % 5.5 12.7 35 ' 29 37 10.4 ] 8.3
e B 17 28% i HE360°C el 4.2 11.7 40 ! 28 l 37 10.3 { 8.4
]azﬂmm:f 20 o oo ¥ % 4.2 9.9 42 27 35 10.0 7.8
X 5557
{ % % 17 289 i {E360°C A 4.1 10.3 43 28 36 9.6 7.9
56 HHOEE 20 o o ¥ % 2.9 9.6 39 26 31 9.2 7.7
57
% iy 17 289 hli5360°C s 8 4.0 10.5 37 2 36 9.5 7.7
5 O % 20 oM oo o % 3.2 10.7 30 2 34 10.1 8.5
757
% o 17 289 M E360°Chiest 4.6 10.7 39 27 36 10.1 8.0
RO % 20 mom oo ¥ % 3.1 9.7 39 27 33 9.3 7.9
5857
oS it 17 289 i E:360° CHE 4 3.6 10.6 40 27 37 9.5 | 7.7
LD F ¥ 20 oW oo ¥ % 7.8 15.0 2 34 \ 40 11.0 [ 8.9
5957
% H 17 2895 Hi360° Cirgl 7.2 12.9 30 2 | 38 10.0 ‘ 8.5
D JIS Z 2201, 4 BEEF D WD AV ERT, 3) BB 2,
4) wYEFL /0 JIS H 4167, 2@ VS IBE U S 0% vz,
12 12 I
...E‘ 10 AW 10 HA T ] E
N ! q
€ It Qe € \ ML @
8 2 ks £ 8 Pt D
\O) \..Q\ Qk = .‘:L-—--E \ ~‘~\\§\‘ k [Tt
~ 6 = 4 2% 5wy 77 I
~ LDt e 111 Y \ By ”‘#RF““‘“‘“
Ry Yk =3.00 = Ry T
) N
& 1 e SN
2 =2 i »/U/, e
10" 10° 10° - 107 1o 10 10° 10° lo’ 10°
Mok 0] #% [ O /3
230 5457 (oo F F) o S-N gy 23X 5457 (WD) o S-N i
12 12 !
10 £ 10 .
L > Ux=1.77 s U "~
L ] k=1.77
€ 8 L UG - \E 8 Tl a
_\S; ) ~..-.‘\\&\\I N §Q~:\_:T\,4____a_ i
Snu i - .
= aaey E = 10tk =3.00 M =
- =3 0p i r R Y “
4 e i 4 X\‘F =
. ! 1 Qp N
= ) = \/,’Q ."‘m.___
2 ‘ *’Lml//\,/l =
0 . 0 ‘ | I“l
10" 10° 10° 107 108 10° 10° 10° 107 0%
IR I
4 X 5557 (o ¥ F) o S-N i #£5K X5557 (WKE) o S-N il
) = S
(394 1 73) G ETAxEEE TS mw

o E




(5-1.3)

T3 = ab4g 5467 X5B57, 5657, 5757, 5857
b X8 5957 o BEMRIMHEE (3

12
10
~q
® N~
E 8 i T s Qe=
N IntiimN U ke o
20 \: adx=177 hl
-~ e I gl
".‘-: 4 Q’K:SOO
:.;’:) o
O —
10° 10° 10° 107 10°
oo %
FE6R 5657 (Wi ¥ ¥, o S-N ik
12 T
Nall ’ !
10 s,
1S ”‘\, %
E 8 7] i Q[?; o
B, I~
. Qk;?5-~\~__
=, .00 T
2
0
10° 10° 10° 107 10®
B8R 5757 (Wi E ) o S-N gk
12
10 T
e Gk, Qx=177
£ 8 3 P~ e !
Baait ™~ I ]
5, i S I
. [N R i
BN 4 =900 -
D
2
O 5
10* 10° 10° 107 10®
#OOW %

BBI0E0 5857 (WD %) o S-N iy

12
10 ]
NE \
e 8 ] "{"\ mon Q’K:]
\O, N I t
< b .Q/\\ il ak:,77 R
= 4 k:‘}OO I
0 Qk §/, 4\.\\.
2 ’ M
) ] i
10° 10° 10° 10 10®
s #
#TR 5657 (WKE) o S-N
2 T T
4 L P
10 ~] -
SR fHe7 ) gﬁ L77
€8 e T ‘
£ - ™ W ARRE]
N el i o 0 P —
Q 6 a'k =3 00 e §\~—_‘>--—~!
N [N
=4 s , N
f M
= 2 { {57 ’/r/ .
0 | | i
4 5 6 7 £-2
10 10 10° 10 10
Bkl .
%9 5757 (#EE) o S-N ihis
12
10 .
“ AN Qx=177
E 8 = ™ \\Q'kh] 1
AN || I
2% oI W\LU‘-- 2
- k=300 “#H\I.c
R4 - Ny
k= v
5] 7, J:{\\»\ ]
2 gy
0 _ ‘ Ll
10° 10° 10° 107 10°

IR T 1 4

IR 5857 (MED) o S-N gt

(IBF394E 1 B)

Y ETXmeE TNt s

(RSB R
B 2 H]




L (51.9)

biie

VAR

T s = aE4 5457, Xbb57, 5657, 5757, 5857
Xt 5957 oM MHE (o

12
12 o 10 Mo
Y \\ o \Q
0 B SHIZRH E s N el Y=
o Ve o "\ M|
\_ED 8 s — . ?\\Na__'h :@ IS T T th1.77 M o
. T~ MR Se=g 5 oL N
R 6 SR w25 Ry .00 TN [
T [N
S 4 3.00 e =2 S
| 1] |1
2 5 0 I l||1
10° 10° 10 107 10* 10* 10° 10° 107 10®
W g
B12[% 5957 (O F F) o S-N fifs E13E 5957 G) o S-N il
11 11
1o 7 N I A Lo ) 1 I N 'Ai»__ [ i
Wiho g %
0.9 e 09 . \\ 1 i
N /B
0.8 0.8 \ \
S EIRR NN
s 0.7 0.7 \ \
Z = \n
\ Ly = &
. \ N 06 M .
0.6 - 5 <
) ) S
z =
05 B 0.5 % I~
= »
: 4z 95\
VAN T
0.4 {(7/ 0.4 E P
O ® 5457 e o ® X5557 4
% S
A A 5657 T e IS A A 5857
0.3 ° A TN 0.3}~ \\\
v v 5757 ™~ vV 5957 "~
] L
ol L | .
] 1.5 2 2.5 3 3.5 4 1 1.5 2 2.5 3 3.5 4
ooor 1R
ok % R
HEUE GIREEEE O Ml GanR[@ge10?) EI5E R Ol (MRHE[EIE107)

o g R
B e 3E E

9% 1 5) HEXESE T AN




A4 5457, Xbb57, 5657, 5757, 5857
B L O 5957 DEEMEIMEE 5

B3R WOGEVIRE, SRR LU0 3 YRtk o I Rl IT R EE

%ﬁw}:@ T W5 B gD,  keg/mm? b KR B 3% feti AR O EDS)  kg/mm?
# " <, ’
b, mm @ 105 1000 { 107m 105p 109 1 107 105 103 107
oo 1 10.3 7.8 6.8 1 1 1 — — —
PO ¥ 1.25 1,779 7.6 5.8 5.3 1.36 1.35 1.28 — — —
0.30 3.000 6.9 5.0 4.6 1.49 1.56 1.48 — — -
5457
2 9.1 4.8
oo 12> 10.4 8.1 6.6 1 1 1 a5 “o'n (63.9)
i 7 1.25 1.77% 8.0 6.2 5.1 1.30 1.31 1.29 — — —
0.30 3.000 6.8 5.3 4.4 1.53 1.53 1.50 - — —
o 12 9.7 7.6 6.1 1 1 1 — — —
WO E % 1.25 1.778 8.1 6.1 5.1 1.20 1.25 1.20 — — —
0.30 3.000 6.7 5.3 4.6 1.45 1.43 1.33 — — -
X5557
2 4.7
oo 12 9.2 7.3 6.4 1 1 1 78 (356 656
i % 1.25 1.77% 8.0 6.3 5.4 1.15 1.16 1,19 — — —
0.30 3.000 7.6 5.9 5.3 1.21 1.24 1.21 — — —
oo 12 - 7.4 6.7 — 1 1 — — -
WO % 1.25 1,779 7.5 5.6 5.1 — 1.32 1.31 - — -
0.30 3.004> 6.2 4.9 4.6 — 1.51 1.46 — — —
5657
2 7.5 4.9 2.3
oo 12 9.3 7.2 6.6 1 1 1 a03) ) (652
LS " 1.25 1.77% 7.2 5.4 4.9 1.29 1.33 1.35 — — —
0.30 3.000 5.9 4.8 4.6 1.58 1,50 1.43 — — —
o 12 10.6 7.7 6.6 1 1 1 — — —
WO E ¥ 1.25 1.77% 8.2 6.5 5.8 1.29 1.18 1.14 — — —
0.30 3.000 7.0 5.5 4.9 1.51 1.40 1.35 — — _
5757
. 8.1 5.4 2.3
oo 1 10.1 7.9 6.8 1 1 1 198 ) 663
i i 1.25 1.77% 8.1 6.3 5.8 1.25 1.25 1.17 — — —
0.30 3.000 6.7 5.6 4.9 1.51 1.41 1.39 — — —
oo 12 10.2 7.6 6.8 1 1 1 — — —
WD ¥ % 1.25 1,779 8.2 6.3 5.7 1.24 1.21 1.19 — — —
0.30 3,000 6.8 5.8 5.3 1.50 1.31 1.28 — — —
5857
. 7.9 4.7 2.3
=) 1 9.6 7.0 6.3 1 1 1 ann (32.8) (63.5)
% g 1.25 1.77% 7.2 5.9 4.9 1.33 1.19 1.29 — — —
0.30 3.00 6.4 5.2 4.1 1.50 1.35 1.54 — — —
) 1 12.4 9.6 8.2 1 1 1 — — —
MO FE 1.25 1.77% 8.8 6.9 5.9 1.41 1.39 1.39 — — —
0.30 3.00 7.4 5.5 4.3 1.68 1.75 1.91 — — —
5957
. 8.8 4.9 2.1
=) 2
1 10.6 7.8 6.8 1 1 1 Qar.o (37.2) 69.1)
% 7 1.25 1.779 7.5 5.8 5.0 1.41 1.35 1.36 — — —
0.30 3,001 6.4 4.5 3.9 1.66 1.73 1.74 — - —

1 AEFsREEG 7 3 3B (1,700rpm) KX B, 2) 10mme¢ FHERER o
3) EBZRGABEBRS (D=12.5mm¢, d=10mme¢, t=1.2mm), 4) 60°-VEERGRHARK (AL,
5) 3% Aifetik (HhiE1.02~1.03), Bikixl150~250ce/min, #EHE20+3°C, ( DYPIOFMIE ALK DML & ik L& O i iRT,

IS
ERCTE

(AI394E 1 3) SEESESE T KX S5t iz

—




(5-1.6)

T = v L4544 5467, X5Bb57, 5657, 5757, 5857
T L O 9907 DEMHIMEE (6
2. W (ERER. SEEER, RE/NER, EY& 1mm)
B4 0% 1t s % B
1L B o il %
H 7 - -
Mg Mn Cu ‘ Cr Si Fe Ti Zn Al
W4 @ oW D | 0.8~1.2 | 0.15~0.45 | <0.20 — <0.08 <0.10 — - "
5457
= PP 0.93 0.32 0.002 | <0.001 0.014 0.014 0.004 0.003 7
B4 B D | 0.40~0.8 | 0.10~0.40 | <0.15 - <0.10 <0.12 - — "
X5557
#® Bow 0.58 0.29 <0.01 <0.01 0.04 0.06 <0.01 <0.01 7
W4 OB D | 0.6~1.0 | <0.03 <0.10 - <0.08 <0.10 - <0.03 %
5657
= #o® 0.83 0.002 0.002 0.002 0.07 0.09 0.005 0.005 %
® o4 WD | 0.6~1.0 - 0.05~0.15 | 0.05~0.15 | <0.08 <0.10 <0.02 - m
5757
= Ho® 0.88 0.002 0.09 0.11 0.07 0.08 0.01 0.014 ”
WoA mow v 0.65 0.15 0.08 — 0.08 0.12 — — 7%
5857
# Ho» 0.62 0.14 0.09 <0.001 0.07 0.08 0.006 0.02 7%
B 4 B OB Y | 0.40~0.8 |0.10~0.50 | <0.25 <0.15 <0.40 <0.7 — <0.25 P
5957
= B 0.62 0.30 0.02 <0.01 0.15 0.55 <0.01 0.0 =

1 s Reynolds #:0> Al Data Book (1961) i & AT\ A% 51,

2) Al 99.99% O O%ER Ui,

fip
S516[X]  DASTIRE I X UN I EEAEAR oD B ) — (v X

v,

ar
7o

I

1, kg/ mm?®

3) Al Hhi3HiNE99.0% D b DE MM Lico
4 PR RT S

25

N
o]

w

(@]

it
BITE 5467 bl (150°Cx 3hr) D7) —{H

KRS

X

(EF394E 1 B)

QEXEZELSE T RKERXS

Tt

WFEH

Py 5 i
3 A

— 6




7L 3 = a4&4 5457, X5557, 5657, 5757, 5857
P L8 5957 DEEMRIMEERE (7

£ 5 % WREL s & OV I PEAEHE 0D B R I
5 | om o\ » # 7 180 G |92
o " B Vg o,