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Study on the Stretcher Strain Markings Appeared
in Aluminium alloy (Rep. 1)

On the Stretcher Strain Markings in
Aluminium-Magnesium Binary Alloy

by Eiichi Hata, Shiro Terai, and Yoshio Baba

Experiments were carried out about the stretcher strain markings appeared in the
aluminium alloy. On this first report, these markings appeared in aluminium-magnesium
binary alloys were examined. The results obtained were as follows.

In the aluminium-magnesium binary alloy, random marking appeared in the alloy

containing over 1.3-1.59; magnesium, on the other hand, parallel band appeared over
0.49 magnesium.

The close relationships were found, between random marking and yield point of
stress-strain curve, and also between parallel band and the serration appeared in plastic
region of stress-strain curve.

The response to the formation of random marking was not affected by the direction
of stretching and prevented completely by about 294 cold rolling before stretching.

The effect of the third elements on the stretcher strain markings of aluminium-
magnesium binary alloy was also studied. The addition of silicon decreased the tendency
of the formation of random marking and parallel band during stretching. The addition of
copper increased the tendency of the formation of both markings, iron and titanium had
the same effects as copper. The addition of chromium had no effects on the strecher

strdin marking of aluminium-magnesium alloy.
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Table 1. Chemical composition of Al-Mg alloys

No System | Mg | Mn | Cr Fe | Si | Cu Ti Al

1 Mg-—0 Tr |Tr | Tr [0.010.08| Tr | Tr R

2 Mg—0.3{0.37 | Tr | Tr | Tr |0.07 | Tr | Tr R

3 Mg—0.6(081 ! Tr {Tr [Tr [0.09!Tr | Tr R

4 Mg—0.9]1.09 | Tr | Tr | Tr |0.12 | Tr | Tr R

5 Mg—1.2(1.33 | Tr |Tr | Tr [0.12| Tr | Tr R

6 Mg—1.41153 | Tr { Tr | Tr |0.10| Tr | Tr R

7 Mg—1.61 165! Tr |Tr [Tr [0.10! Tr | Tr R

8 Mg—1.8| 1,77 [ Tr | Tr | Tr [0.09|Tr | Tr R

9 Mg—2.0{2.00] Tr | Tr | Tr |0.11{Tr | Tr R

10 Mg—2.2{2.12{Tr |Tr |Tr [0.10| Tr |Tr R
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Table 2. Chemical composition of Al-Mg-X alloys

Al-19Mg-X
No Systems| Mg |Mn { Cr | Fe | Si | Cu | Ti | Al
1 Si—0 1.08|{Tr Tr [0.01|Tr | Tr | Tr R
2 0.1 {1.01{Tr |Tr |0.00}10.,12|Tr |Tr R
3 0.3 [1.07|Tr | Tr ]0.03|0.35| Tr | Tr R
4 0.5 {1.07|Tr | Tr [0.03|0.56 | Tr | Tr R
5 0.7 |1.06 | Tr {Tr |0.04|0.77 |Tr {Tr | R
6 0.9 [1.07|Tr |Tr |0.061.02|Tr | Tr R
7 1.1 1109 Tr | Tr {0.05|1.01| Tr | Tr R
10 Mn—0.1] 1.06 | 0.11 | Tr |{0.01]0.02 | Tr | Tr R
11 0.3} 1.020.29 | Tr [0.01|0.02] Tr | Tr R
12 0.7/ 1.05 | 0.65 | Tr |0.0110.01 | Tr | Tr R
20 Cu—0.1{1.05 | Tr | Tr [0.01|0.01]0.09 | Tr R
21 0.3/1.09 | Tr | Tr |0.01}0.02|0.30 | Tr R
30 Fe—0.111.05] Tr | Tr |0.09|0.00|Tr |Tr R
31 0.3/1.06 | Tr | Tr |0.240.02| Tr | Tr R
40 Cr—0.1]1.08 | Tr |0.08]0.01|0.01 | Tr | Tr R
41 0.3j1.12| Tr [0.29!0.02}0.02|Tr |Tr R
42 0.7[1.06 | Tr }0.510.05|0.02{ Tr | Tr R
50 Ti—0.1|1.05 | Tr | Tr [0.02]0.01 | Tr |0.11| R
51 0.3/1.06 | Tr {Tr }0.04]0.02|Tr [0.42] R
Al-29,Mg-X
No Systems| Mg | Mn | Cr | Fe Si Cul Ti| Al
1 Si—0 12.05{Tr |Tr {001 | Tr | Tr | Tr R
2 0.1{1.99 | Tr | Tr |0.01}0.14| Tr | Tr R
3 0.3/2.04 | Tr |Tr [0.02]032]Tr |Tr R
4 0.5[2.15 | Tr | Tr |0.04]0.53 | Tr | Tr R
5 0.7/2.11 | Tr | Tr [0.04 [0.71| Tr | Tr R
6 0.9|/2.12|Tr |Tr [0.05|0.99|Tr | Tr R
7 1.112.08| Tr | Tr |0.03]1.16 | Tr | Tr R
10 Mn—0.1|1.95 011 Tr |0.01]0.02| Tr | Tr R
11 0.3/2.1310.31 | Tr ]0.01]0.02| Tr | Tr R
12 0.7|2.15|0.65 | Tr {0.0110.01 | Tr | Tr R
20 Cu—0.1{2.22 | Tr | Tr {0.01{0.020.10| Tr R
21 0.3{2.15{Tr | Tr |0.01]0.020.26| Tr R
30 Fe—0.112.12 Tr | Tr |0.07]|0.04§ Tr | Tr R
31 0.3/2.11|Tr |Tr {0.27{0.01| Tr | Tr R
40 Cr—0.1{2.13 | Tr {0.08| Tr [0.02| Tr | Tr R
41 0.3{2.06 | Tr {0.27]0.02|0.01 | Tr | Tr R
42 0.7/1.95| Tr |0.470.0410.07| Tr | Tr R
50 Ti—0.1}2.19{Tr | Tr |0.04]0.01 | Tr |0.11| R
51 0.3/2.13{Tr | Tr |0.04}0.02|Tr [0.28] R
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Cu [ Fe si \ Mg
sos2 | 0.01 | 0.29 | 0.1 | 2.32
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Table 4 Effect of magnesium contents on the three

markings appeared in aluminium-magnesium

alloys.
Mg Wt . Stress-Strain Grain lr,‘f_i‘;}éar’t‘iiggl
Contents/Marking curve Size N

(reference 4-2) mm |OUBkg/mm?| §%
Tr (o] smooth 0.14 5.8 39
0.37 (o] smooth 0.13 8.6 35
0.81 P—-0O serrate 0.11 9.0 31
1.09 P-0O serrate 0.080 11.0 26
1.33 PO yield-serrate 0.075 12.0 26
1.53 |[R—P yield-serrate 0.055 13.2 25
1.65 |R—P yield-serrate 0.055 13.4 24
1.77 [R—-P yield-serrate 0.055 14.2 21
2.00 [R->P yield-serrate 0.055 15.0 19
2.12 R—P yield-serrate 0.055 16.0 17

R: Random Marking
P: Parallel Band
0: Orange Peel
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Fig 2 Stress-Strain curve for Al-1.099 Mg alloy

Photo. 1 Typical Parallel Bands in sheet of
Al-1.09%Mg alloy
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Photo. 6 Same as Photo. 4, but strecher formed 2% cold
rolled sheet after annealing.
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as the initial rolling.
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Table 5 Effect of the third elements on the three
markings appeared in aluminium-magne
sium alloys.

7w—5n, FRYEEHETERAML
FIE B BRE Tl o 1B e D,
&7 - B OB O R ESCDWT,

EEHRD

Al-19%Mg-X alloys
_ Grain |Mechanical Properties
Systems | Marking Ssg'grigsgurv e | size -
mm |0'Bkg/mm? 5%
N very small
Si—0 P-0 yield-serrate 0.065 10.7 27
0.1 P-0 serrate | 0.045 11.6 26
0.3 P-0 serrate | 0.045 11.1 28
0.5 | not appeared smooth 0.030 9.7 29
0.7 | not appeared smooth 0.030 10.1 a7
0.9 | not appeared smooth 0.026 10.5 35
1.1 | not appeared smooth 0.026 10.6 35
Mn—0.1 P-0O | yield-serrate | 0.055 11.1 23
0.3 P-0 serrate | 0.045 12.3 23
0.7 (o] serrate | 0.11 13.6 23
Cu—0.1{ R-P=0 Yieifll'serfate 0.065 | 11.8 2
sma
0.3 R->P-0 vield-serrate 0.065 12.7 22
Fe—0.1| R-oP  |Yieldserrate| o035 136 2
0.3 P yield-serrate 0.030 13.3 28
small
Cr—0.1 P yiellld—serrate 0.045 11.7 24
sma
0.3 P yiellld_serrate 0.035 12.7 22
sma.
0.7 P vield-serrate 0.035 1.1 26
. small
Ti—0.1|{ R-P yield-serrate 0.045| 12.6 21
sma.
0.3 P vield-serrate| 0-035| 12.3 21
A1-29%Mg-X alloys
Grain {Mechanical Properties
systems Marking Stress-Strain| size
mm |08Kg/mm? 8%
Si—0 R->P->0 | yield-serrate | 0.060 15.7 23
0.1 R-P yield serrate | 0.030 16.3 23
0.2 R—P yie}ii‘serrate 0.030 16.0 22
sma
0.5 P yield-serrate | 0.030 | 15+ 2
0.7 P serrate | 0.030 14.3 23
0.9 P serrate 0.026 13.0 25
1.1 | not appeared smooth 0.030 10.7 35
Mn—0.1 R-P yield-serrate , 0.030 15.9 24
0.3 R—-P—-0 | yield-serrate 0.045 17.3 23
0.7 p-o [small ) 18.6 2
‘ yield-serrate | 0.055 .
Cu—0.1 R->P->0 | yield-serrate; 0.055 16.6 24
0.3 R—->P-»>0 | yield-serrate | 0.450 17.0 25
Fe—0.1 R—P yield-serrate | 0.030 17.5 22
0.3 R->P yield-serrate | 0.026 18.2 23
Cr—0.1 R—->P yield-serrate | 0.035 16.6 24
0.3 R—P yield-serrate | 0.030 17.8 23
0.7 R-P yield-serrate | 0.026 19.2 25
Ti—0.1 R-P yield-serrate | 0.035 16.8 23
0.3 R-=P yield-serrate | 0.030 17.5 22
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Study on the Aluminium-Copper-Lithium Base Alloys
by Shiro Terai and Yoshio Baba

The mechanical properties of aluminium-copper-lithium base alloys containing
zirconium, silicon, manganese, magnesium-silicide and beryllium were studied at room
and elevated temperature. The results obtained were as follows: .

The response to artificial aging of aluminium-copper-lithium alloys increased
markedly, if the alloy contained lithium from 0.5% to 1.5%, this result agreed with the
study by H.K. Hardy.

The addition of beryllium to the lithium containing aluminium alloys, reduced the
oxidation loss of lithium during melting, the less the lithium content in the alloy was,
the more prevention of oxidation loss of lithium by beryllium was.

The response to artificial aging of the alloy containing magnesium was very poor,
if the magnesium was added as the form of magnesium-silicide or not, but the response
to room temperature aging was markedly. Contrary to these phenomena, the response
to artificial aging of the alloys containing zirconium, silcon and manganese was markedly
and we obtained high tensile strength alloys corresponded to 7075 or 7178 alloys by the
addition of these elements to the aluminium-4.5% copper-19% lithium-0.195 cadmium base
alloy. In addition; the mechanical properties of these alloys (especially the alloy containing
0.19 zirconium) were higher than that of 7075 or 7178 alloys at elevated temperatures.

Al-Cu alloy Al-Cu-Li alloy Al-Cu-Li alloy
[
~
™ ~~ ™~ o~
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\\
” Al+T, /
500 4 p— =t 500
/ g & /
/ W
b= I -
g A 2
400 / 53 !5 F., A 400 /
o / Sowoa e\ o /
: | / Elnoy o . X
*g 300 g 9 ![A1+Tsh AL4 T, fil 5300 /
g ! 5 13 i Iy Al+Ts g
= i g |= 1y |2 £
) (o] , 3
200 1 = § i 2004
- = ‘ i
\\ IAI+T&+A1L,' i
| '
100 = looU
1 2 3 4 5 6 1 2 3 1 2 3 4 5
Copper weight percent Lithjum weight percent \ Lithium weight percent
Phase relationships at 500°C Detected by D. Jones
--------- Phase relationships at 350°C % Detected by H. K. Hardy
H. K. Hardy, J. M. Silcock; J. Inst-Metals W.R.D. Jones J. Inst. Metals
Metals Handbook 1956 1955 56 84 (11) 423 1958-59 87 (10) 338 340

Fig. 1 Phase diagram of Aluminium-Copper, Aluminium-Copper-Lithium, and Aluminium-Lithium alloys
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X 2020 &4 & LC 1958 4R10 F O O BIE 23 A W X
TWBR, BOOEMITHTL S, ZOBEREEEET
HESHEOEB TR ARECEEINGD D TEHAR N
M, RAZZDOREEEHTHUEROHIZE X FE LECT
SR % B T 5 AL OTEEMECHEI) LD T2 D
MAEETHZ LT D,

XTT7NVNE=Y h—Y F VY L REEDOUERDOHFIIT DN
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770 IREERICOWTIE,  ALLL 2 A& D WCIEE %
DFEO~O M B RELOD. JonesDOWME LD LY
FTADT VI =Y MCHT D BEEER 600°C kT
429411, 400°Cie s\ ~T1.659%L4, 300°Ciz s\~ T0.8%Li
LinoTnh, X Al-Cu-Li 8 A &ic B\ Tid, Hardy
DBE®ONLD, HEOCVF YV EDOTNVI=Y KCHT D
wfEEY, 500°C wR\WT, 4%Cu, 4 %Cu-+1.3%Li,
2.75%Li LinoT\whe AR WL, Hardy o
Al-Cu-Li 3 AL RERLY L LTHA L, Figl ©
Al-Cu, Al-Cu-Li, Al-Li £&40RIER% R L.

WELAEDRDE X OBBOEE C OWTEET 5,
ST OREEDAREINI-LDODFTIE, Le Baron®dg
B RENTWS LbOREWT Le Baron &, Al-
Cu-Li %441 Cd,Zn, Hg, Ag, In, Sn EOHMTHREL
BT SRR 0.019%~1.5% &N UicAda B L
72 b ok, FEEHK56kg/mm2, i 50ke /mm?2, {808 6%
BB L3 L T\W5hH, FEiC Hardy(03 1956 4E1C 5T
Le Baron OEF4&&OMWHEEROZEM. T, Al-Cu-Li &
A& A MBRMITHENL, Mn, Zn, Ag, Cd, In,
Sn, Ga HOTHMOBEHRIERICE JIETRIREBE L,
#rie Cd, In, Sn 2AEIRFRIELEEOBERCHER DY,
ZoERE LT, Al-Cu 2F45&08MMCk JIET Cd,
In, Sn OFBLEAULERLCIALOTHE) LT
Wk, ¥ Le Baron ZZDReEKE~7 3v vV rER
I AEE, BEARZEREAETIEL L LTS, X
Hardy 13~ 7 % ¥ v L OB DOWTHERE LT\l
Hardy % Al-Cu-Cd %440 SRR HEH LcEA,
BT IV R X HEEEEESRNR <7 X v Y AORM
X oTHEIND LD EEURRE BEADBNALDT,
<7 FY U REMTRL, B Ay v 2O THEMT
BLERE T #5¥ v 2k BIRTHRMT AEACHD
NBEAEREDMEEET 2 IEESE R W ? 72, BiR
CERTAHMWEDHEBECHMBEDOS A I V=T LOERIC X
S TECHRERETAEEARELRWA Y i, VT Y

N ERDRALE IR~ ) U ¥ 5 DT & o THIEHks
W E O EEY R E LT TIN5 mERAETT
ANESY fal

2. EBROKGE

2-1 20X

1ERENRERE L - TEEE RO 4 FO R0
TEM Uiz

a. Al-Cu-Li-Cd-Si %44

Cu 459, Cd 019, Si0.8% %—u=& LT, Li% 0.5
1.0%&H M Lic& 4,

b. Al-Cu-Li-Cd-Zr %o

Cu 459, Cd 0.195, Zr0.29 #—m & LC, Li% 0.5,
1.5, 1.5% @ Li=& 40

c. Al-Cu-Li-Cd-Mg-Si %44

Cud.59, Cd0.19%, Si0.8%, Mg0.6% %—5 & LT,
Li % 0.5, 1.0, 1.5%%Mm Lizade

<732V Y LDETHEE L RRE{LEMORE &L,
Mg,Si ¢ 0.95% BEDLEE LD,

d.  Al-Cu-Li-Cd-Si-Mn-Be 0% &4

Cud.59, Cd0.19, Si0.89, Mno0.8%, Be0.05% %
—m & LT, Lix0.5%, 1.0%, 1.5% HRmL&&

e. Al-Mg-Zn B&é&

EARIES S & VERELLIRSRIAR & LT, 78S KX 78S
EHEAIL, HEERCBEERSEED SDOEEM Ui

EBEREEDEAHTWETL O O & & % Table 1 iR L
776

Table 1. Chemical compositions

(Ingot analysis)

Alloying elements
System | No. |
Li | Cu|cCd|zr | Si|Fe|Mn|Be |Mg
si 002 | 0.17 | 4.46 { 0.09 | nil [ 0.8510.06| Tr | nil } Tr
1
004 | 1.06 | 4.26 | 0.09 | nil | 0.73 ] 0.06 | Tr nil | Tr
101 § nil |4.81(0.0910.19}0.03|0.06| Tr nil } Tr
102 | 0.16 | 4.56 [ 0.10 [ 0.19 1 0.03 | 0.06 | Tr | nil | Tr
Zr
1031 0.69 | 4.49 1 0.10 | 0.16 | 0.03 ;0.06 | Tr | nil | Tr
104 | 1.09 | 4.7910.11 1 0.11 | 0.03{ 0.06 | Tr | nil | Tr
201 | nil | 4.67 [ 0.10 | nil {0.70 | 0.05 | Tr | nil | 0.57
202 10.19 | 4.53 | 0.10 | nil }0.95| 0.05 | Tr nil | 0.57
Si-Mg
208 10.44 | 4.7010.12 [ nil | 0.78 | 0.05 | Tr nil | 0.57
204 [ 1.07 | 4.62 [ 0.10 | nil | 0.78 | 0.05 | Tr | nil | 0.57
301 | nil | 4.70 | 0.12 | nil [ 0.74 ] 0.05| 0.83 | 0.05 | Tr
3021 0.25 | 4.59 | 0.09 | nil | 0.7310.05]0.8210.05 | Tr
Si-Mn-Be
303 | 0.52 | 4.55 | 0.11 | nil | 0.95| 0.05| 0.84 | 0.04 | Tr
304 | 1.15 | 4.69 | 0.12 ] nil ] 0.88 | 0.05]0.83 1 0.05 | Tr
Alloying elements
Alloy
Zn [ Mg | Cu | Cr | si | Fe|Mn| Ti]al
7075 5.96 | 2.49 | 1.69 1 0.31 [ 0.12 | 0.21 1 0.02 | 0.01 | R
7178 7.1312.94{1.96|0.29]0.14 { 0.46 | 0.02 [ 0.01 | R




Vol. 1 No. 1

Al—Cu—Li% &4 & 0 5 %

(13)

2-2 APREEHE

a. B f#

Table 2 WR Uiz Bae% AL, WAL LT,
27t X155 X150mm, MHEEF & LTk 68X 180mm 128

Bt 30mm, EE 9mme BTy, SRk 55|
EBEBROEE, Wk, EAEEHE 25mm, Mm7mm,
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Table 2. The Chemical analysis of mother
alloys used in this experience
Compositions wt. %
;\;Iﬁgl';’er ° Melting method
Fe| si | Cu |Mn1c:r\2r Li|Be

3. RERBER
31 RNY Y7 LERMIC L 2HEEOHEDR

69 Mn-Al| Tr{ 0.025 0.004 § | Tr| nil| nil| nit] electrolytic Manganese -H.F.*

+99.99 Z Al melting in

NY VY RERMLUTHSEBC RS, V59 A

6% Zr-Al | Tr| 0.023] 0.004 Tr| Tr| 6 | nil| nit SPORgE Zirconium

-+99.99%5 Al, melting inG. F.X

DHEE, 0.5% U F v 2IEMOLER 36%, 1.0% Y

895 Li-Al | Tr| 0.023) 0.005| Tr| Tr| nil| 8 | nj1] Metallic Lithium

-+ 99.99 % Al, meltingin G. F.

TV RRMOBER 50%, 1.5% V7 v nEMOSE

109 Si-Al | Tr| 10 | 0.008) Tr| Te| nil| nil] nj1| Metallic Silicon

+ 99.99 % Al, melting in G.F.

1% THBH, NV Y v ReifmUicEacid, £h
FN60%, 52%, T7%& V) F v AOBE LT IEH

5% Be-Al | Tr| 0.024) 0.005| Tr| Tr| nill nil 5 | Rroduet of Beryllium

ET%, HOBROBOBLEEFEEDBENRD <,

509 Cu-Al| Tr| 0.023 50 | Tr| Tr| nil| nil| nil Slectrolytic Copper

4+ 99.99% Al melting in H. F.

FHEOBRO LTI M b SR SN EIREEIEIC ST 5~

* H. F.; High frequency melting furnace
X G. F.; Gas fired melting furnace

FERGE LT, £ARE& LD, HERET0°C, &7
IR 150°C 248 Lico

b. F fif o #

Al-Mg-Zn RBE&EXEWTIE, 2T 520°CK7 B
BEIRS TR oo Al-Mg-Zn FZ& 4% 450°CX12 #
MM EFRS L2 T ol THNMBE 4B OERH %
Imm~2mm 78] L7z,

c #HOM m T

Al-Mg-Zn RE&&%EBNTIE, WOBEE, 420°CX3
FINEL S — % < ok /A>3 EIE L~ Smm B EIEK T,
MO EE, 420°CX2 HMEAYE —10mmeé X3 FLic
M Lz, Al-Mg-Zn RAEOHAIE, LIS &2
LR ES 400°C @ U7aBAMNE & TRBETH 5,

d % M m T

Al-Mg-Zn %&4&% 4D T, WDE4, 5Smm—>350°Cx
2 SRR >R 3mm-—>850°C X 2 Bk b —>59% NaOH
KBS CHRE—~TRIE Imm DO# & Uiz, FHEDE A1
W, MHEHMT S 2 S MBOF s ORBET AL
Lo

e. # a4 M

Al-Mg-ZnR& &% T, B EAEE . 500°~515°C
MO T 30 4B EKS, FHAEX 160°C & LT
175°C ¢ 12 Wi, BA(CAEEE bICEL 2 LS
S Uize

f.o# W R R

ARAEE L BERICRT B ERROES, Wk
%, BLARERE S0mm, M 18mm, Ek\WwTih, EalE

U Uy RERIIOF R AR Uiz
3.2 BBlC BB EEWMEE
a. BEHCAEEEIRESC X 5 B g

500°C =ik 515°C T LRIE L-E, HiET
BRI X TIB A DRI OWTHRE T B, Fig, 213,

g
g 40} ol
& p
=)
~
<=
3
b g5h j’A
§ 1 T
g 30 / yeee”
?‘3 .// O Zr 02
& e, ] ©sis I
2 % | SO Qi{l 03 Mo 03 Be 00
MgaSi 1.0
£
5, L
25} /
& /
g
EE" 0
= p S—N /—-_J*\
H 15 // L0
53 = ]
b _./ e O]
®» Lo "
o | "]
2 .y
o— IG
=
et 25-<ko_
] —
5 ———e
= T ———0
20 \\
N £
f e — Y
el [ ——
5 i T ———a
&
=4
2
= 10
0.2 0.4 06 08 10 12
Li weight percent
Fig. 2 Effects of lithium and some additional

elements on the mechanical properties
of Al-4.5%Cu-0.19%Cd alloy
weeks after solution heat treated at
500°C (Imm sheet)
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elements on the mechanical properties
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as soon as solution heat treated (Imm
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elements on the mechanical properties
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after solution heat treated at 500°C.
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Study of Corrosion of Copper Alloys in High Temperature
‘Water and Steam Rep. 1

Corrosion of Binary Copper Alloys in
High Temperature Water and Steam.

by Takemichi Otsu and Shird Sato

An investigation has been made of corrosion of some binary copper alloys by high
temperature water and steam under saturated pressure, 86 kg/cm?, at 300°C for 250
hours, using autoclave. Binary copper alloys containing aluminium @, 6, 109), silicon
1, 3, 49), manganese (1, 5, 9%), nickel (5, 8, 15%) and tin (2, 6, 12%) were used as as-
rollod and annealed strip. After the corrosion test had been made, tensile tests and
microscopical examination were performed and the following results were obtained. (1)
Decreasing of tensile strength and elongation was remarkable on Cu-Al and Cu-Si alloys
with increasing alloying element by severe intergranular corrosion. (2) Dealuminization
corrosion of B’ and 5 phase was observed on Cu-Al alloys of binary phase (a+p8', a+9).
(3) On the other hand, Cu-Mn, Cu-Ni and Cu-Sn alloys suffered no significant loss in
tensile strength and elongation as the result of corrosion, but a little susceptibility to
intergranular corrosion of Cu-Mnand Cu-Ni alloys was recognized from the microscopical
examination of rolled surface of the specimens after tensile tests, due to
intergranular parting. (4) Comparing the corrosive action of saturated water with that
of saturated steam, it was considered that the former was more corrosive than the latter.
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WT, KOBBRIBED A 7 1%, T4E, %4, Bl Photo. 1 {335k 7 6 0 B FEAR 7K INEABRE 1 (T4 B
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Photo. 1 Example of severe corrosion of ’Brasé tube installed in feed water heater of electric power
plant, (a) failed special brass tube, (b) cross section of above tube.
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Table 1. Chemical composition of the specimens/
[2)
(2

Cu-Al alloy Cu-Ni alloy
Cu Al Cu Ni
98.90 1.07 95.07 4.92
93.67 6.23 91.97 8.02
90.18 9.81 84.63 15.38
Cu-S§i alloy Cu-Sn alloy
Cu Si Cu Sn
98.87 0.97 97.66 2.24
96.80 2.82 93.52 6.46
96.18 3.78 87.48 12.41
Cu-Mn alloy
Cu Mn
98.93 0.88
94.58 5.13
90.84 8.70
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Photo. 2 Cu-Al alloys exposed to saturated water
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Table. 2. Results of corrosion tests of various binary copper alloys, exposed to saturated water or steam at 300°C for 250h.

“Chemical

Heat treatment | Weight loss mg/cm? | Tensile strength kg/mm? Elongation %
composition of specimens Water Steam |As prepared | Water | Steam |As prepared| Water | Steam
AA-2 Cold rolled 0.895 +0.037 * 37.8 23.1 22.9 5 25 23
2 Cu =98.909% 500°CX1h 0.711 +0.021 25.7 21.8 24.1 45 35 45
o Al = 1.07% 700°CX1h 0.738 -+0.053- 23.9 21.5 22.5 47 35 40
2 AA-5 Cold rolled 0.337 +0.263 72.8 32.8 44.0 8 8 8
—_ Cu =93.67% 500°Cx1h 0.205 +0.121 46.5 23.8 41.6 50 35 43
< Al = 6.23% 700°CXx1h 0.637 +0.011 40.6 27.3 21.8 65 3 18 .
! AA-T Cold rolled -+1.369 +1.121 91.3 83.3 87.4 3 3 3
S Cu =90.03% 500°CX1h +7.160 +0.674 63.4 ** 49.6 23 *¥ 3
Al = 9.81% 700°CX1h +3.147 +0.775 62.7 29.8 59.5 30 3 28
CC-2 Cold rolled 0.237 -+0.063 47.6 30.9 32.4 25 28 25
o Cu=99.46% 500°CX1h 0.495 +0.032 -27.5 26.7 27.3 43 43 40
° Si= 0.47% 700°CX1h 0.647 +0.053 25.1 24.6 23.0 33 33 30
Z CC—4 Cold rolled 0.321 0.063 67.1 41,5 43.5 8 38 35
et Cu=96.80% 500°CX1h 0.474 0.047 41.1 37.9 38.8 58 47 55
”I’ Si = 2.82% 700°CX1h 1.279 1.190 34.6 34.8 34.3 65 63 58
o CC-5 Cold rolled 0.434 0.321 76.1 52.6 53.7 5 25 25
€] Cu=96.18% 500°C X 1h 0.247 0.011 51.2 29.1 44.7 45 15 38
Si == 3.78% 700°CX1h 1,236 1.095 40.7 32.7 33.0 60 28 50
M -2 Cold rolled 0.389 0.021 39.2 34.5 34.9 5 13 13
2 Cu =98.93%5 500°CX1h 0.599 +0.011 27.7 27.9 25.2 47 47 45
2 Mn= 0.88% 700°CXTh 0.679 0.147 24.4 23.6 23.8 43 45 45
z M =5 Cold rolled 0.132 0.084 46.3 43.5 41.9 3 i3 10
ot Cu =94,58% 500°CX1h 0.779 0.058 32.4 32.1 31.6 43 43 40
= Mn= 5.13% 700°CX1h 0,837 0.016 25.4 30.2 30.2 23 40 40
1 M -7 Cold rolled 0.853 0.011 55.0 47.8 48.0 . 5 15 15
8 Cu =90.84% 500°CX1h 0.769 0.053 37.1 36.7 36.8 40 38 40
Mn= 8.70% 700°C x1h 0.705 0.032 33.6 33.9 34.3 43 38 38
B -6 Cold rolled 0.689 0.389 39.7 35.5 36.2 5 i 13 13
2 Cu=95.07% 500°CX1h 0.685 0.437 25.9 25.7 25.7 45 43 45
,._‘9( Ni= 4.92% 700°Cx1h 0.832 0.527 24.6 24.4 24.2 45 47 45
< B -7 Cold rolled 0.753 0.599 41.6 36.8 37.5 5 13 13
-Z-‘ Cu=91.97% 500°CX1h 0.668 0.447 26.9 26.6 27.2 43 43 43
, Ni= 8.02% 700°Cx1h 0.574 0.569 25.3 25.1 25.0 45 43 43
o B -9 Cold rolled 0.679 0.700 46.9 43.0 42.7 5 10 10
Q Cu=84.63% 500°CX1h 0.463 0.316 31.0 30.8 30.4 40 43 38
Ni=15.33% 700°CX1h 0.400 0.279 29.6 29.1 29.1 45 40 40
F -3 Cold rolléd 0.679 0.042 50.6 42.5 42.5 8 20 20
2 Cu=97.66% 500°CX1h 0.653 -+0.037 33.7 32.5 31.7 47 47 47
] Sn= 2.24% 700°CX1h 0.658 0.084 28.9 28.9 20.0 47 45 47
< F =5 Cold rolled 1,132 0.037 63.2 4.9 45.3 13 38 38
I Cu=93.52% 500°CX1h 1.222 0.305 37.1 37.3 36.7 53 58 58
2 Sn= 6.46% 700°CX1h 1.137 0.058 34.0 33.7 34.0 63 63 60
; F -8 Cold rolled 0,890 0.279 76.1 56.7 60.5 10 25 35
[6) Cu=87.48% 500°CX1h 1.515 0.421 51.7 50.4 51.1 58 _ 55 58
Sn=12.41% 700°CX1h 1.311 0.700 4.1 43.7 44.3 63 68 . 63

*) -+ ; specimen weight increased
%) broken by corrosion.



Vol. 1 No. 1 FE@OBIRBEKT X AEA T 5% (25)

ERPICAHT, BEREOFI2E U THBRBRA NS,
BIFIRE PICBI Lis Cu-Al 4412888 RES DR
zEUThy, fhicd, BEEOWNEE L TANLREBA
BRI DEFEL TS, X, FOMRERBLCOWTAHTD,
—ZE LIEERRD BN NSDONEEE LTS, &
DE, BBk CBaEERDERET HHRCER
BALERIE Lickic, TOEREE(CRIEEINEE R4 E/RE
CRLTWaEWSDRE DA EEL BND,

SIMEAR

R OO &L D MOWH & OV - 7o, FIERR
2T, BURDD, WA RDI, FOfEE, Table 2 4
ﬁ@ﬁﬂ< VC"%OfCo

908 COlld_ ! (A

" rolleld 4 '
!
70 /+ - ;
60 / MU A P )

1
500°Cx1h 700°C % 1h ——

N
1

I\
[an’

30 -
=&3
20 R o

Tensile strength, kg/mm?*.

70

50 4
40
30
20 & > \
10 -

0.8

i
Plta

ok

Elongation, %.

| leold | (B
rolled I

Tensile strength, kg/mm?.
z 2
¥ Mo

7Q

60}

40 o A

30F—1-oF- 2 . oA \
X1 s

20 \

“ive

X 22

\\
X

Elongation, %.
o

34 01234 012234
Si % Si % Si %

e —e— ¢ 3as prepared
o-—-o---o immersed in saturated water

x—-—x-—-x exposed to saturated steam

cold rolled 500°Cx1h 700°Cx1h

70
60
504
40

A
oX

xe
\
%

20)

Tensile strength, kg/mm?.

70
60
50
40 - R
30

xg
i 4
&
%
i
i
dd
G

20 Y FOT 0
10 L

L =y =
2 4 6 8 10 2 4 6 8 10 2 4 6 810

Mn % Mn % Mn %

Elongation, 2.

90
80
70
60
50
40 - :Ti
30
20

cold rolled 500°Cx1h- 700°Cx 1h

Tensile strength, kg/mm?.

70
60
50
40 Frme Lo T
30
20
10 =0

ey

Elongation, %.

6 8101214 6 8 101214 6 8 1012 14
Ni % Ni 2% Ni %

oof || L&) | | ||
sol_|_coid rolied 500°C % 1h 700°Cx 1h
70
60 >
S et ~8
40 7l =
30 -
20

Ay
)
Q

Tensile strength, kg/mm?.

70
60 o

= a7 M._____—’U
“71=

40

< - —x
' ~o

20
10 o | o

Elongation, %.

2 46 81012 4 6 81012 4 6 8 10 12
Sn % Sn 4% Sn %
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Photo. 3 Longitudinal cross sections of Cu-Al alloys, variously heat treated and exposed to saturated
water or steam at 300°C, 86kg/cm?, for 250 h. (x100)
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Cu-8.7094Mn alloy

Photo. 5 Photomicrographs of rolled surface of Cu-Mn

and Cu-Ni alloys after tensile test, showing

the intergranular parting due to corrosion in
saturated water at 300°C for 250 h. (x100)

Cu-15.33%Ni alloy
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A Metallographic Study on Ti-AlMn Alloy Rep. 1)
On Equilibrium Diagram of the System Ti-Al.

by Tomo-o Sato, Yen-Chien Huang and Yutaka Kondo
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A Met2llbgraphic Study on Ti-Al-Mn Alloy (rep. 1)
On Equilibrium Diagram of the System Ti-Al

by Tomo-o Sato, Yen-Chien Huang and Yutaka Kondo

The titanium-rich side phase diagram of the Ti-Al system has been re-examined.
Electrical resistance measurement, microscopical and X-ray analysis were carried out to
determine the equilibrium relations between inter-solid phases.

The partial phase diagram up to 50 wt% Al was constructed as shown in Fig. 16.
The saturated a-Ti solid solution exists conjugated with a. in the temperature range
under 1020°, at which temperature a peritectoid reaction, “B-Ti+as=a-Ti” takes place.

The as phase extends from 19 to 25 wt% Al and it corresponds to TigAl

One new phase named & has been assumed to exist in the composition range from 26
to 34 wt9 Al at high temperature.

The non-variant reactions in solid alloy of this system were determined as follows:

. Composition Temperature

Reaction Ti(%% AL(%) p °C)
Peritectoid reaction B-Ti+d0=as 78 22 1,400~1,300
Peritectoid reaction B-Ti+as=a-Ti 92 8 1,020
Eutectoid reaction d=as+7y 73.5 26.5 1,050

1. #& E
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. - . 1 1 i TiAls+ Al
* F 7 42 1 28 2 WE A B3 4ERA IR & 1 TE 3 (SRR T R O U U I RS W T
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AR KB TR Al (wt 22)
ot o Fig. 1 Ti-Al phase diagram. (After M.Hansen et al)
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Table 1. Chemical analysis for several Ti-Al alloys.

Spec. No. Nominal composition Chemical analysis

Al(%) AlU%)
A 6 ¢ 6.05
A 10 10 10.25
A 12 12 12.56
A 18 18 18.08
A2t 24 24.49
A 26 26 26.21
A 29 29 28.86
A 36 36 35.81
A 38 38 38.97
A 40 40 40.39
A 46 46 45.86
A 50 59 48.65
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BEEEHE AL, FNENOFREEE T ErHmEA L,
K IR A U TR AR UBEA AT - 720 MBI il
BTk 2096 HEF, 209%HNOg, 60% 77V + U » D&%
FnToe Fie X- SO0V BESESREROBEN O
HEEE L, Cu, Ti MEELYHCCREREEL R,

3. ERERBLUBE

3-1 BE—EREdhig

Fig. 3 1% Al1~6%#EDO&&DBEERTH B, Ti
AlxGHmT s & Tio eSBEREATEAL, o TiFEE
HIEREEZELTH EREDEINTRHA, ORI
FNEERMUCETLT Do Fig. 415 T~109%A1 & &1T-D
TORETH B, TiD e 5B ERELAN Al BoOSShn & st
iR B, 400~800° DKM T & dhiiic /A
BAEnEND, Zhk a-Ti EEES» SESESO
RERBOZE L EWESTE T 28T 5 LBIRT A2
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Fig. 3. Temp.-electropotential curves for typical
alloys containing 1 to 6% Al. (Alloy number
shows also percentage of Al content.)
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Fig. 4. Temp.-electropotential curves for typical

alloys containing 7 to 10% Al
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Fig. 5. Temp.-electropotential curves for typical
alloys containing 12to 18% Al
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R~ U7z Photo. 1 IR A IFS Lizizdic a-Ti oifisgss
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15~189% Al D#iFE D4 443 Photo. 2 1wiRd X 5 7@kt
FISE @ Ui a 29 2, F72 19~25% Al &40
Photo. 3 iciR-4n < BUF & 7o D BAN X upif- s, Photo. 4
FER—HEROE&E&OERD £ » OMkTH b, Photo.5
~6 1% 27T% Al OFEETHH25, 1,250° 735 e A KR
13 Photo. 5 oin< BIHTHBIEH L, BA L LDIE

“%@w SRS v

Photo. 1. Microstructure of Ti-49 Al alloy.
Normal structure, e-Ti in basket weave.

><250
Photo. 2. Microstructure of Ti-179; Al alloy.
Normal structure, a, formed by B-+3a,.

x 300
Photo. 3. Microstructure of Ti-25% Al alloy.
Normal structure, a.phase.

%300
Photo. 4. Microstructure of Ti-
259 Al alloys, arc cast structure,
B-Ti and & phases

Photo. 5. Mitrostructure of Ti-
279 Al alloy, water, quenched after
annealing at 1,250° for 3h. & phase.

x 165
Photo. 6. Microstructure of Ti~

279 Al alloy. Normal structure, a.

and vy phases in pearlitic structure,

decomposed from & phase.

Photo. 7. Microstructure of Ti-
369 Al alloy. Arc cast structure, y
and & phases.
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Photo 8. Microstructure of Ti-40%
Al alloy. Normal structure, y phase.
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Fig. 8. Equilibrium diagram of Ti side of the
system Ti-Al,
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Fig. 9. Constitutional diagram of the system
Ti-Al
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A Metallographic Study on Ti-Al-Mn Alloy (rep. 2)

On Equilibrium Diagram of Ti Corner in the System Ti-Al-Mn.

by Tomo-o Sato, Yen-Chien Huang and Yutaka Kondo

The titanium-rich side phase diagram of the Ti-Al-Mn system has been studied. Elec-
trical resistance measurement and microscopical observation were carried out to determine
~ the equilibrium relations among inter-solid phases.

The partial phase diagram up to 35 wt9%Al, 55 wt%Mn was constructed as shown in
Fig. 19. The saturated a-Ti solid solution exists conjugately with @e and TiMn in the
temperature range under 860%10°, at which temperature peritectoeutectoid reaction
“B-Ti+as=a-Ti+TiMn” takes place.

The phase equilibria of inter-solid phases and liquid-solid phases above this non-
variant reaction temperature were also estimated and a partial diagram has proposed,

which as shown in Fig. 20.

The non-variant reaction in this alloy was determined as follows:

Reaction Composition Temperature (°C)
Ti(%)Al(%)Mn (%)
Peritectoeutectoid — B-Ti+as=a-Ti+TiMn 76 4 20 86010
reaction
_ Rz BT A EWE LEBDF R =Y &
1. ¥ El BEDFHE a+BHATIAETh Do —IHIT a FiDEEL

&8 TR EE & S o a5 B3 5035, B
S EETERARINTH I LIC L » TS R L,
BEHIKTHZ ENTELODEEZ BB, LLT
Tiek T4 TROMEEN, Tio al2B AR
JIETEEOMMI LY, affiRz8e 8 MEEIc Bl
ENBHG, BiECETLTHEL, L HET a-Tiws
EEGK L, al2B ElESx LA IYTHRER L OERE
Eom B LLBE5THL0T, AlZSnAmZNNTH 5D
WG, o FHEeeOBM M T4l 35 R 815
%o —FHBECET HILHEIIE Mn, Cr, Fe, Mo, V&hidh
50, At aZB FEAEET XY, BETIXe-Tic
Fai BB Lin\vwy, o HZREE & FERE R 8%
Th b, B al2B FRELFN UIBVAEGE AT 5
CEMRTEDL, LML aZB FEEENKTTHOTEHIE
FREN a B E D $955,

Eiakoin< e FiZeETk L O B AT Ei—
E—E#RSH 50T, ZOMETEXESHRMNLT, MO
* ARSI IBRISMAEE R S TR
BTN B T T TR
Rl el N e
****E}F%éﬂi

T E LTk Al %, BAoZEATHEE LTk Mn, Cr,
Fe, Mo, V &% 1T FE3UE 2 FELL EFRN L7z 3 Tk L OV 4 5T
Fe&EThH b,

Ti-~Al-Mn 3 TTRELIN L D /s a+B HAT &L DM
Tl ad e E2 b, BN ERNEEE2E LEL 1D
ERLEINTEIEETHBL®,

BHGEEAR 3 TR A S ORIz & U CERHIBER,
L Ti OB A RET 52 X HgE 5,

FREEDTIFRENCET2TRIZL L, Enrk
W. RostockerD B0 ERHHDHTHSH, L L Ros
tocker MM & Uiz Ti-Al®), Ti-Mn®@ o4 2 558 FH4
PEERNCIH AN SRR 8RS 5 2 A EIN TR B D
CA0), Z DRI VT TEREA B U7,

2. Ti-ALTi-Mn & 2 TREEHRER

2-1 Ti-Al2 TREHRER

5 1AV I\~ T Ti-AL2 TEHRD50%AILTF o Tifl
IREEBZ D\ T2 DFEE D720 T, REC RN TEE
DFHEZ BT 503, K 2TFTRD 50%Al LI TOREICE
T HEME LOFERIEZRT & Table 1 on& <
Hbo
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Table 1-a. Solid phases in the System Ti-Al up to L2B-Ti+TiMn---1,175° o defh IS TERT 5 &35

509, Al
. . Composition

Sﬁlafe Cffgigflzl Crystal Structure
P Ti%) | AL%)
a-Ti — 100~93 0~73% Close-packed Hexagonal

s TizAl 82~7518~25% Close-packed Hexagonal

b TisAl: — — —

Y TiAl 66~56i34~44>:/< Face-centred tetragonal

3% Solubility at 400°

Table 1-b. Non-Variant reactions in the System Ti-
Al up to 509 Al

i Composition
Reaction | ‘T'emperature (C°)
Ti(%) | AL(%)
Peritectic L+ B-Tisd 72.5 27.5 1,620
Peritectic L+8=7 61.5 38.5 1,460
Eutectoid d=ast7Y 73.5 26.5 1,050
Peritectoid B-Ti+d=w2 78 22 1,400~1,300
Peritectoid B8-Titas=a-Ti 92 8 1,020

2-2 Ti-Mn'2 TRE HIKRER

Mn ik Ti s Usih i B #lZese bt e LCERT %
HETED LETH D, MbMn o LY TiD a2
BRI LCIETL, 5500t B-Tidae-Tit+
TiMn 7 A HMEEREX T 5 D720 TiAE&OBMINT
PEMZE UL R XN D, F ol DILNTEREREILS ¥ Cle
SN T 440 TR LEWRETH 5o

Ti-Mn 2 553 EHRRBERNC Jo 1 A RS 1L, Ti-TiMng
AL T A ERBIRICE R OB D L Thb, b
R.I Jaffeed 5k TiMn#Hi: L+TiMne2TiMn---1,200°
DERERIE X - TaR L, B-Ti & TiMn fikE

1700 .
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i
|
§
1
|
‘.
40 45 50 55 60 65
Mn_(wtez)

1015 20 25 30 3

Fig. 1. Partial phase diagram of the Ti-Mn system.
(R.I. Jaffee et al)

Zx L, M. Hansen® 5% TiMn ffix B-Ti+TiMns 2
TiMn---950° DA IS T4 L, B-Ti fi& TiMng
Fit: L2B-Ti+TiMng---1,175° 75 5 5 RIS TAR T
5 EFERTDHETH Do

Lo LA B, F3EO2 oBasiic e 2, TiMn M
% L+TiMno2TiMn---1,200° @ RIGTCERT 5 2
EMBB S Y, RI Jaffee®D) o3 U Ti-Mn2
TEAEHPRBERI AN IE LA & & RHER X iz, Fig. 1ik2 0
PRER T b BRI W T, & 2 ORBER A B &
LTHDBOTREED Iz, Al 5@ Ti #
A& A TESERAELTY, (a+8) /B A% E
B UTro FOMRREEFiglhOM TR LD, Ziuk R L
Jaffce BOREFEAE—BLTE D, FIA2THRD
709Mn LIFo Ti flicH7ES HEHR L OAERFISE
Table 2 L7k Lo

Table 2-a. Solid phases in the System Ti-Mn up to

709% Mn
s . Composition
Sghd ?hemllcal Crystal Structure
phase ormula |y eay IMn (2)
a-Ti — 99.5 0.5:% Close-Packed Hexagonal
Y TiMn 47 53 ‘Tetragonal
o TiMny | 35~29 [65~713% Hexagonal

3¢ Solubility at 400°

Table 2-b. Non-variant reactions in the System
Ti-Mn up to 70% Mn

3 Composition
Reaction e Temperature
Ti(%) Mn (%)
Eutectic Leg-Ti4TiMn 57.5 42.5 1,175
Peritectic L+ TiMny=TiMn 55 45 1,200
Entectoid B-Tisr@-Ti+TiMn 80 20 550

3. ERABEBIUERGE
Fobt Ti 300 Al ATRAY 2 U S0, %7:Mnix
00.99 DT Mn % Fi\~foo BUEHDFEELES X OYEIIER b M
LEIUHBER L oo, kBRI L Ti-Al-Mn &4
OWMAMEAEFT 5 & Fig. 20 250 IR

i 5 16 15 20 25 30 35 40 45
Mn (23) -
Fig. 2. Composition of alloys prepared in the system
Ti-Al-Mn.
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FHEEROBE UTHAES Y b > C—HES 4 D 1o
24E Ti-109%A1-10%Mn &4 (1010], Ti-2 %Al-
2%Mn &4:0% (0202) EWERR U7z, IASLA SO (LR
ETREHR E AT B DI 28BH DO A &I DN T
DHTERST STy, FofER: Table 3 KiRd X 54
% & DEFHENTH 572,

Table 3. Chemical analysis for several Ti-Al-Mn alloys

Composition
Speo, Nom——__ Mn N Fe Si
005005 0.56 0.50 0.008 0.07 0.01
0101 1.18 1.04 — — o
0202 2.14 2.13 0.008 — e
0302 3.40 1.90 — — —
0502 4.89 1.93 — 0.10 0.004
0702 6.58 1.99 — — —
1002 10.61 2.09 - - —_
1202 12.09 2.03 - — —_
0203 2.32 2.99 0.009 0.07 0.01
0303 2.91 3.02 — — —_
0404 4.26 4.23 - 0.05 0.01
0804 8.46 4.26 0.009 — —
1004 9.82 3.82 — — -
0505 5.15 4.61 0.007 0.08 0.01
0205 2.35 4.57 0.006 — -
1505 15.52 4.99 — — —
2005 18.85 4.66 —_ — —
2505 23.61 5.08 0.007 0.07 —
0606 5.89 6.04 — 0.04 —
0207 2.32 6.80 0.007 0.04 0.01
0408 3.76 7.84 0.006 0.04 0.01
0210 2.06 9.59 0.006 - —
0410 4.36 9.93 0.006 — e
3010 29.33 10.04 0.005 0.03 0.01
0515 4.63 15.12 - — —
1515 14.96 14.98 0.007 0.08 0.01
0525 4.40 24.78 — — 0.01
0535 4.21 35.98 — 0.19 ~

— not analysed.
RERTT RIS & FEE SR E & fE A = &
Uizo AR g8 Urc Bl 0B fF1% Table 4 @
I Th B,

Table 4. Schedule of annealing treatments for Ti-Al

Mn alloys
Temperature Time
(&) (h)
1200 3
1000 24
800 300
600 400
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Fig. 3. Temperature-electropontential curves.
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ZoH%E Al EOWEMEIT (a+8) [BERELAR LU (az
+B) B EREAPHRMCE D, —FF Al BA—EIC LT
Mn §%% % f=&& Tk, Fig 5 Rt L5 Mo £
FEme T (a+8) /8 EREAIMERMCE S, Fig. 6 1%
RS RS B AR D A& D WEERTH 503
(15057 7% Fix & fih oD &S RIS B\ Tlliiis 28 bk /s
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Fig. 5. Temperature-electropotential curves.
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Photo. 3. Photo. 6.
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On the Fatigue Strength of Notched Specimens of
Aluminium Alloys

by Seikiti Hukai and Katsuzi Takeuchi

The authors have investigated on the effect of notches on the fatigue strength of
19 kinds of aluminium alloys. The fatigue tests were conducted on an Ono’s rotary-
bending fatigue tester.

The notched fatigue strengths at 107 cycles of those alloys decrease remarkably with
sharpness of notch up to about 3.0 theoretical stress concentration from the value of
unnotched specimen. In the case of sharper notches, the notched fatigue strengths of
145-T4 (Extruded), 17S, A17S, 3S, 52S, 61S, 63S, and 18S approach to constant values,
and that of 243, 755, 56S and 32S decrease, on the contrary that of 14S-T, (Forged) and
145-Ts (Extruded) increase with sharpness of notches.

As compared with the difference of form of products on the notched fatigue strength
of high-strength aluminium alloys, the little difference between extruded and forged
specimens of 245 and 75S is obtained, but rolled specimens show lower values than that
above mentioned. The extruded specimen of 14S shows higher values than that of forged
specimen.

Those results of experiments are shown in Table 3,4, 5, and Fig. 27, respectively.
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Table 1. Chemical composition of specimens (%3

Material Mark || o | Mg | Ma | Pe | i | cr Ti Ni Zn Al

35 -H — 0.02 — 1.21 0.56 0.21 — — — - Bal.
S - T, El 4.39 0.76 0.76 0.34 0°85 Tr 0.01 — 0.04 ”
F1 4.12 0.46 ” 0.37 0.75 ” 7 — 0.02 ”
14S - T — 4.38 0.43 0.77 0.29 0.77 0.03 Y — 0.03 ”
178 - T4 — 3.95 0.48 0.52 0.24 0.16 Tr ” — 0.02 ”
A17S - T4 — 2.61 0.21 0.01 0.27 0.23 0.04 0.02 — 0.05 ”
188 - Tg — 3.94 0.68 Tr 0.22 0.47 — 0.01L 2.12 0.04 ”
E2 4.60 1.58 0.58 0.35 0.16 Tr 7 — 0.10 ”
248 - Ty F2 4.36 1.49 0.64 0.27 0.23 ” 7 — 0.09 ”
R2 4.53 1.45 0.57 0.24 0.14 ” P — 0.06 ”
328 - T — 0.81 1.16 0.01 0.28 12.00 ” 0.02 0.89 0.04 ”
525 - O — 0.03 2.54 ” 0.12 0.10 0.21 0.01 - 0.02 ”
565 - O — 0.05 4.91 0.08 0.20 0.14 0.08 ” — 0.05 ”
61S - Ty — 0.30 1.04 0.03 0.25 0.54 0.24 ” — 0.01 ”
61S - T — ” 1.03 ” 0.20 0.56 0.22 7 — ” "
63S - T — 0.06 0.66 7 0.24 0.39 0.06 7 - 0.05 ”
E3 1.58 2.48 ” 0.30 0.18 0.26 0.08 — 5.75 ”
758 - T F3 1.66 2.33 0.04 7 0.23 0.31 0.01 — 5.3¢ ”
R3 1.68 2.63 ” 0.27 0.15 0.34 7 - 5.64 ”

Table 2. Mechanical properties of specimens.

R Size e 09.2 0B oT HB
Material Mark | Manufacture Cmm) Treatment Ckg/mm?)|(kg/mm?] |Ckg/mm?] | Ckg/mm?23 ZZ’J 1,0/2] £10/500/303

3 - H — [30% Cold drawn | 16.5¢ — 8.2 16.6 17.2 24.6 13 46 16
us -1, | EL |Extruded 16.06 | 5050 1h W.Q. 27.8 34.9 52.2 - 17 % 112
F1 _| 70% Forged 20.06 17.0 2.2 44.9 - 24 %9 106

4S-Te | — |Extruded 16.0¢ | S0 CxXIL W 1 86 49.0 54.6 65.1 12 2 142
7S -Ty | — " 2.0 | 505°Cx1h W.Q. 29.6 8.8 51.6 62.2 17 2 13
ATS - T4 | — ” " ” 10.7 15.3 %.3 54.2 33 57 7
385 -Ts | — |80% Forged 18.0¢ | O SHIBILW-S ) 202 3.2 42.0 53.1 13 2 114
E? | Extruded 2.06 31.4 4.5 58.7 72.8 15 17 125

24S - Ts | F2 |70% Forged » | 495°Cx1h W.Q. 19.4 3.3 49.3 - 22 % 115
R2 | 75% Rolled 23.0 20.2 2.9 48.3 - 21 23 122

$2S-Te | — |80% Forged 18.0¢ | SOGXIBEQ) 2000 P 2.6 47.2 10 18 119
525 - O — | .Cold drawn 17.0¢ | 380°Cx1h A.C. 5.6 7.4 19.7 18.4 3 74 44
565 - O - " 18.00 " 9.2 12.0 2.9 55.3 % 60 59
61S - T, | — | Extruded 20.0¢ | 520°Cx1h W.Q. 6.4 1.4 2.7 — 31 — 60

520°C X1 W.Q,

61S-To | — ” y | PO W | 2 2.0 2.8 15.9 22 50 89
63S-To | — ” ” ” 15.3 19.7 24.9 46.5 24 63 72
E3 " # | 480°Cx1h W.Q. | 50.6 60.9 66.7 - 9 19 162

758 -Te | F3 |70% Forged " and 2.9 50.3 57.7 - 14 27 160
R3 | 752 Rolled 23.0 | 120°Cx2h T. — 54.9 60.9 — 10 — 151

e Elastic limit, goz: yield strength (0.2% offset), op: Tensile strength, g1 : True breaking stress,
@ : Elongation, v : Reduction of area, HB:Brinell hardness (500kg load)

x50 x50

Extruded (E 3) Forged (F 3) Rolled (R 3)

Photo. 1 Micro structure of 755-T,. (photograph shows parallel section to longitudinal direction)
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» g Table 3. Test results of high-strength
aluminium alloys.
- Material | Mark | _ P ax 7w Ckeg/mm?) B
\%— (mm3] 105 | 100 | 107 | 108 ! 108 | 107
S w |1 319 23.9) 1990 1 1 1 |1
i 1 1.9 19.0, 15.1] 12.2 1.68| 1,58/ 1.63
gL | 05 | 24 16.6| 12.1| 10.6] 1.92 1.98 1.8g
L 0.25 | 3.2 | 17.9 13.2 12.2 1.78 1,81 1.58
" 1 0.125 | 4.1 19.5 12.8 12.1} 1.64] 1.87| 1.64
it 1o falre 1S - Ty 0.06 | 5.8 18.8 13.1 11.2] 1.70] 1.82 1.78
Fig. 16 S-N curves of extruded 61S-T, - 1 %8 20.7 188 1 1 1
1 ‘1.9 19.1 “18:5| 11:8] 1.40] 153 1.59
Fp | 05 | 24 19:7] 11.3] 9.1 1.36) 1.83 2.07
g — 0.25 | 3.2 17.7) 10.8) .8.7, 1.51 .1.92 2.16
5 o2 | °\\ et 0.125 | 4.1 15,5, 10.2) *9.1 1.78 '2.08 2.07
8t %"‘% Y 0.06 | 5.8 19.8] 11.9/ 10.0] 1.35 1.74/ 1.88
P e =
i \'\§( el ~—Ro— o |1 30.8) 24.8 2100 1 |1 |1
T %;\ o2 X 1 1.9 | 19.6] 14.0] 13.0] 1.57 1.77| 1.61
i o :g-!@fg— 45T 05 | 24 18.8 12.9| 12.0| .1.64] .1.92) 1.75
am 0.25 | 3.2 16.8| 11.8) 11:0| 1.83 2.10| 1.91
, 0.125 | 4.1 16.5 #i| | 187 i 7
o e ] e e 0.06 | 5.8 15.9] 13.3) 13.0] 1.94] 1:87] 1.62
Coeen o e o 1 1 ] 26.0 18.2 152 1 |-1 | 1
Fig. 17 S-N curves of extruded 63S-T, 1 19 | 196 15.2 9.0 1.33 1.20 1.60
. - 0.5 2.4 21.3| "18.5] 4| 1.29 1.85| ~
175 T 0.5 | 3.2 || 227 11.§] 7.3 1.15 1.57 2.08
0.1% | 4.1 23.1 104 7.0, 1.13) 1.75 2.17
0.06 | 5.8 20.8 9.9 6.6 1.95] 1.84 2.30
g . S~ sl o |1 107 148 ws 1] 1 |1
® < S 1 1.9 18.0) 12.8 8.9 1.09 1.16 1.29
s Y M~ ALTS-T -~ 0.5 | 2.4 17.6; 10.8) 8.2 1.12| 1.37| 1.40
£ N — < * 0.25 | 8.2 || 17.3 10.5 8.0 1.14] 1.41) 1.44
3 \& I 4 0:125 | . 4.1 ol| 17.1 .10.00 4| 1.151.48
. o N T 0.06 | 5.8 || 16.4 9.4 4| 1.20 157
\\@V\v\b}:ﬂr& - |1 3.8 25.3 208 1 |1 | 1
e k- 1 1.9 25.5 17.5| 14.1] 1.25) 1.45) 1.44
:‘!\T\ E2 | 05 2.4 22.0] 14.4| 11.8 1.45 1.76) 1.72
oL 1 £ 5 0.25 | 3.2 273 15.7| 13:0 1.16| 1:61 1.56
Crctes 10 fatue 0.06 | 5.8 23.8 13.0 9.5 1.34] 1.95 2.14
Fig. 18 S-N curves of extruded 755-T, (E3) < |1 29.8 23.7) 18.60 1 '} 1 7} 1
1 1.9 19.1 14.4] 12.6) 1.56| 1.64 1.48
3 24S-T4 gy | 05 | 24 17.3 13.00 12.1) 1.72| 1,83 1.54
b\ 0.25 | 3.2 18.7] 18.5| 11,5 1.59 1.76) 1.62
0.125 | 4.1 18.1 12.7] 10.4) 1.64 1,87 1.79
0.06 | 5.8 15.7) 11.6] 10.0] 1.900 2.04| 1.88
g oo 1 27.5| 18.7] 16.1 1 1 1
] R2 .| 1 1.9 20.7) 13.9) 10.4] 1.33 1.34 1.55
[ e 0.25 | 8.2 152 9.4 8.1 1.81 1.99 1.99
i @ 0.06 | 5.8 13.71 7.8 6.5 2.00 2.40] 2.48
% o 1 31.00 24.0] 19.7 1 1 1
i, — 1 1.9 25.9 17.2) 13.2] 1.20| .1:39) 1.49
gy | 05 | 24 17.8| 13.5| 12.1] 1.74| 1.78 1.63
- 0.25 | 3.2 20.7, 13.4) 11.2 1.50 1.79] 1.76
L 0.125 | 4.1 16.1) 11.6| 111 1.93 2.07 1.78
oL 1. L ] g 0.06 | 5.8 17.41 1071 7.6l 1.78] 2.25 2.59
) Cyeles 1w toture o |1 32.9 243 209 1 [ 1 |1
: 1 1.9 21.6) 16.7] 14.6| 1.52] 1.45 1.43
Fig. 19 S-N curves of forged 758-T, (F3) 755-Ts pe | 05 | 24 | 164 127 109 2.01 197 1.92
2 0.25 | 3.2 16.1 12.3] 11.0] 2.05 1.98 1.90
0.125 | 4.1 15.9] 10.8| 10.1} 2.07| 2.95 2.07
0.06 | 5.8 14.3 105~ | 2.30 2.31 ~
o 1 28.8 21.5] 19.0] 1 11
) ) 0.5 | 2.4 15.3] 10.8) 9.1 1.88 1.99]  2.09
3 e R3 | 025 | 3.2 3.1 9.8 9.0/ 2.20 .2.20] 2.12
& o 0.06 | 5.8 1.6 7.8] 6.7 2.49 2.76 2.8¢
; \\V-\\. e p : Notch root radius.
& Il gt ay * Theoretical stress concentration factor.
<.
AT N L e S - o, : Fatigue strength.
i - x : Fatigue strength reduction factor.
AIO‘ 10% 105 107 3107

Cycles to failure

Fig. 20 S-N.curves of rolled 755-T, (R3)



{(#50) dE R E &2 B HOWH iJan. 1960
T T : -
gExtruded < Forged. # Rolled §
22 ‘
E 148 178 A17S g\ 245
%4 18 ‘
e #\ i
8 § @
g 4
7 9 T6 | @ b ; -
o Jeo/0 |~ \é‘@\ ,
3 VALSS G [ H < 5
B o® 7‘0\ e : e
& 10 = i ; il
= v V_’VZ__ O\K b\o\ i b >
& /T4 . O Wil g W W e W e, ; : \
5 j O~o_| 1 N>
g6 ; ‘ ‘
€ 4 i !
33 : , z -
Bas 0o, g A0
g . : 1~ P B
Sl el e el v &
E EO e G w4 P :
: T 4 A [ 5%
& o 9 ® ' o : ; ;
/14 h ; . { |
. :
.1 =3 5 1 3 5 3 55
Theoretical stress concentration factor ax
Fig. 21 'Relations'between theoretical stress concentration factor, fatigue-strength and‘fatigue
strength reduction factor at 107 cycles of high-strength aluminium. alloys
20
o
R0
ga 35S 528 . 568 618 63S
g
5 K
& 12
5 e
i ' | AR i
g A
@ 8 T
b i : OO
£ b\K O\K \ Bos = T No—l0.
& Qo —0_ P
w4 -
}g : ) 1O VNI e S
g .
E f
g 0 !
S
. i
= | —O— :
i) O 5
5 25 / ;
= () .
o 4 L
s ﬂ | o ;
B2 : D=5 ! ‘ ;
g K N n
215 : T T
1 ‘ . ;
3 5 1 3 5 1 3 5 1 3 5 3 55

Fig..22 Relations between theoretical stress concentration factor, fatigue strength and fatigue

Theoretical stress concentration factor ax  ~

:strength reduction factor at 107 cycles of corrosion-resistant aluminium alloys

6



"Vol. 1 No., 1

TV I =Y A EE&EDOTRESHRER-DNT

(51)

Table 4. Test results of corrosion-resistant
aluminium alloys.
0w Ckg/mm2]) Bi
Material 4 @ w e
(mm3 s | 100 | ot | a0s | o100 | 100
o 1 12.1 9.2 8.3 1 1 1
3S-H 1 1.9 8.2 5.7 4.7 1.48 1.64 1.77
0.25 3.2 7.6 4.3 3.1 1.59 2.14 2.68
0.06 5.8 7.4 4.1 3.0 1.64 2.25 2.77
o 1 16.4 12.5 10.9 1 1 1
1 1.9 10.2 8.2 7.1 1.61 1.52 1.54
595-0 0.5 | 2.4 9.6) 7.3 6.5 171 1.7 1.68
0.25 3.2 8.9 6.5 5.5 1.84 1.92 1.98
0.125 | 4.1 8.6 6.3 ” 1.91 1.98 Y
0.06 5.8 8.4 6.1] 5.1 1.95 2.05 2.14
o 1 18.8 15.2 13.0 1 1 1
1 1.9 12.8 10.2 9.5 1.47 1.49 1.87
565-0 0.5 | 2.4 114 9.2 8.0 1.65 1.65 1.63
0.25 3.2 9.7 7.0 5.6 1.94 2:17 2.32
0.125 | 4.1 9.4 7.2 6.0 2.00 2.11 2,17
0.06 5.8 9.3 6.3 5.1 2.02] 2.42 2.55
e | 1 16.00 B4 118 1 1 1
1 1.9 12,8 9.3 7.0 1.25 14 1.69
61S-T'4 0.5 2.4 12.7: 8.1 6.5 1.27] 1. 1.82
0.25 3.2 12.4 7.8 6.4 1.29 1.7 1.84
0.125 | 4.1 ” 75 65 4| (g7 1.82
0.06 | 5.8 1280 7.4 6.0 130 3] L7
oo 1 20.2 15.0 13.2 1 1 1
1 1.9 16.2 10.0 7.4] 1.25 1.50 1.78
gisr, | 05 | 24( 154 o8 7.8 1.3 1.53 169
0.25 3.2 14.0 9.0 7.2 1.44 1.67 1.83
0.125 | 4.1 13.9 8.4 6.8 1.45 1.79 1.94
0.06 5.8 14.5 8.1 6.5 1.39] 1.85 2.08
o 1 17.2 13.9 10.9 1 1 1
1 1.9 14.4 9.2 7.4 1.19 1.51 1.47)
635-T 0.5 2.4 13.9 8.5 7.9 1.24 1.64] 1.45]
0.25 3.2 13.6 7z 7 1.26 7 »
0.125 | 4.1 13.4] 7.9 6.1 1.28] 1.76 1.78
0.06 5.8 18.5 8.0 6.2 1.27] 1.73 178
Table 5. Test results of heat-resistant
aluminium alloys
0w Ckg/mm?] Bie
Material P @ it
{mm] s | 100 | 107 | oaes | a0 | oo
] 1 26.2 18.2 14.9 1 1 1
1 1.9 16.7] 11.9] 8.5 1.57 1.53] 1.75
188w, | 05 | 24| 144 1000 7.8 1.8 1.82 1.4
0.25 3.2 12.6| 8.3 5.9 2.08 2,10 2.53,
0,125 | 4.1 11.9] 7.5 5.4 2.20, 2.43 2.76)
0.06 5.8 13.6] 6.7 6.0 1.93 2.72, 2.49
co 1 26.5 21.8] 16.8] 1 1 1
1 1.9 16.9) 12.9] 10.4 1.57] 1.65 1.62
35T, | 05 | 24| 150 108 85 177 197 1.98
0.25 3.2 13.4] 9.2 7.1 1.98 2.32 2.37
0.125 | 4.1 12.5 8.0 6.2l 2.12 2.67] 2.71
0.06 5.8 14.3) 7.3 6.0 1.85 2.93 2.80]

1/Bx

Fatigue strength reduction factor HK,. Fatigue strength (kg/mm?)
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Fig. 23 Relations between theoretical stress
concentration factor, fatigue strength
and fatigue strength reduction factor at
10" cycles of heat-resistant aluminium

alloys
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Fig. 24 Comparative notch sensitivity data
for high-strength aluminium alloys
subjected to rotary-bending stresses

at 107 cycles
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Fig. 27 Summary of test results
Table 6. Summary of test results
r
Reffer-| 0B Tw Fatigue| ow®
ence | Material | Mark Etgﬁggg Ratio | (Not B
!
No. Ek%mzj‘l’.kg/mmzj (0, 0B) Ekgc/frlnegg
12 35-H — | 172 1 8.3 0.48 | 3.0 } 2.77
1 uS-T, | El | 522 | 10.9 0.38 10.6 | 1.88
2 ” F1 44.9 "18.8 0.42 8.7 2.16
3 14S-T¢ — 54.6 21.0 0.38 11.0 1.91
4 ws-Ty | — | 516 | 15.2 | 020 | 66 | 2.30
5 |AwS-T, | — | s0.3 | 115 0.38 8.0 | 1.44
18 18S-Ts — 42.0 14.9 0.35 5.4 } 2.76
6 245-T4 E2 58.7 20.3 0.35 9.5 2.14
7 " F2 | 40.3 | 18.6 0.38 10.0 | 1.86
8 ” RrR2 48.3 16.1 0.33 6.5 2.48
19 | 325-T, ~ | 296 | 1.8 0.42 6.0 | 2.80
13 525-0 —_ } 19.7 10.9 0.55 5.1 2.14.
1 | s6s-0 — |z | 150 | 0w 5.1 | 2.55
15 615-T4 — 20.7 11.8 0.57 6.0 1.97
16 615-Tg — 28.8 13.2 0.46 6.5 2.03
17 | 635-Te — 1 a9 | 109 0.44 6.1 | 178
9 755-T¢ E3 66.7 19.7 0.30 7.6 2.59
10 ” F3 57.7 | 20.9 0.3 10.1 | 2.07
11 ” R3 60.9 19.0 0.31 6.7 2.84

o, ¢ Fatigue strength at 107 cycles.
(1), Notched fatigue strength shows minimum value of
the notched fatigue test range from 1.9 to 5.8 stress

concentrations.
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On the Spectro-analysis of Copper Alloys and

Aluminium Alloys Using Quantometer.

by Toshio Sawada

For the purpose of practical using quantometric analysis of Cu-alloys and Al-alloys
using A.R.L. quantometer, the various conditions of analysis operation were studied. The
practical method was established. The results were: ‘

(1) On the Cu-alloys, satisfactory excitation was oscillating discharge (L=360pH, C=
10uF, R=3Q) by the low voltage. Analysis could be made by coeflicient variation of 3%
low with pre-sparking time-15 sec., exposure time-25 sec.

(2) On the Al-alloys, analysis could be made by coefficient variation of 49; low with
high voltage spark, pre-sparking time-5 sec., exposure time-20 sec.

(3) Sample condition were decided using flat cost sample; surface-common finishing by
leath, size-40mm X 40mm X 15mm for Cu-alloys, 75mm X35mmX10mm for Al-alloys.
Thinckness must be 10mm up for Cu-alloys, 2 mm up for Al-alloys.

(4) To over come the matrix effects as much as possible, several sets of standard
sample must be prepared which contain the extraneous elements additionally at resemble

sample composition.

1. ¥
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G. Anal. Gap
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v,
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A- “High Voltage
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230V

B Low Voltage
{multisource)

Fig. 1 Circuit diagram of high precission source unit
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L lset Ko7 bDTh Y, BIHcSES LY, = Table 2. Excitation Condition
WEIE 20,000V, HO#HEsE 360ut, ZEER 0.007uF, | cu alloy Al alloy
@é% %1&55%& & @U:, ff?z%%'gﬁ 1,000V, {%{ a%ﬁffﬁqfﬁ Section Low Valtage | Low Voltage | High Voltage | Low Voltage
S r . R Discharge Oscillating | Overdamped — Overdamped
860pH, 50uH, FHEE 2pF~62uF, HH2Q0~200Q 2H | citance | 10pF B0LF 00074 F 60U F
P EIRT B 2 E MRSk Do EomER, BESOWEK % |Inductance 360pH 360p H 36014 H 3601 H
i)ﬁf Vﬁ'zﬁfﬁitﬁ%é Resistance 30 200 - SOQ.
73 (- TR [ o Peak Volt 1000V 1000V (20,000V) 960V
22 LSMERET BXBEVICBREE eampe | T - .
Wad TVI=YAASERRE LTSN TR Smm Smm Smm $mm
THY, WWIHETFOSEEN 6.95A/mm, w2AY vt train/cycle 1 1 4 1
DRTBMETH Bo | TR ORI & o TA~y I o ’ REES ’
VIR B IcD, SITAIRERTTROHIIBTH S, & WEL LD, Zn OL 5 B USWITERE & F iR

sgaey AL B. C. D E. @ 5 group 2359, A. B. C
group TiH44&, %, D.E.group T7/VI=Vré
&, WMEHITT %o

33RO B

EERCEE ORKVAD=—~F ~¥3v—X-2bb,
AFEE 190V ~ 250V, @i 555 — 66, HJIEME
230V40.5%, B 60eect1 %DLDTh D,

fic R Y 24°C11°C, BE% 50% L1090 HE$ 5
fosb, GEEO I, 2 AARIE LCER, EEFEEE

3. S EH

31 HBILELARS PILEG

SWTETRETCEDIBTLHE L F DA~y P VR, T v~ 7,
oitiastx Table 1 Wik Ui, &7V — 77, MIFHT
(grating) = X - T Li=@aXiis ¥4 5 RBRefle-
cted Beam) O F & ¥ F VB ALTWT, L. 73
=Y LEE&BADOEBLHTHED L H o T,

Table 1. Spectro line

Element 12;2‘;% Group | Element &V;gv& Group

Cu 3108.6 [A.(Intstd) Cr 4254.3 |A.D.E.
R.B. A.B.C.D.E. Cr 2677.2X 2{A.D.

Zn 3072.1 AL Ni 3414.8 |A.B.D.

Zn 3345.0 [A.D.E. Ni 3003.6X2/A.D.

Zn 4810.5 |D. Mn 2949.2%X2/A.D.E.

Al 2660.4 |A. : Ag 3382.9X2/A.

Al 3961.5 |A.B.C. Bi 3067.7X2/A.B.C.D.

Al 2568.02 D-E-(Insttd) Mg 2852.0X 2A.D.

Al 2378.4  |monitor Mg 5172.7 {D.

Al 4663.1 |monitor Cu 2766.4 |B.C.(Int std)

Al 3050.1X 2monitor Cu 5105.5 |D.

Pb 2663.2X 21A. Cu 3274.0 D,

Pb 2833.1X2/A.B.C.D. As 2349.8 |[B.

Fe 2739.5X21A.B.D. P 2553.3 [B.C.

Si 2881.6 |A.B.C.D.E. Cd 2288.0 iB. ‘

Si . 2881.6X2/A.D. Sb 2175.9 iB.C.

Sn 2840.0 |A.B. Ti 3372.8 [D.

Sn 3330.6X 2A.

3-2 Bh B & &

RAa&OFEN L, multisource DHENRBIFT, &4
R O KRR S B OB WITLHEITE, Oscillating type @
spark-like O#E, WENSOTHERKIE, Overdamped
type ® arc-like OHEIELTHLNLTWHWD, EiL

BARO S HTICIE, Arc-like MR THRBRENSEL, EHE
AAEIIEE A BB DA K,

TNV A EEDHERE, BEERAEE ES R
FTHD, 7=y rBEOMERSTE, WedlF
BICEES OB BREOBWHENRHELE TH - o
@ 4 Mgt 75 C, Table 2 ok Uizl 4 4 IR Uiz,

EBEERAIETIE, Rortary Gap o & v 7 27 Y EE
BEADER L X4, MENEL 5 h b LBl b
Vo EICHBOWME, ZRAUOEEIEERNEE > TL %
BAMNB DD, FHEERMPC T 7 v A CTHRE LT,
e EWE B A 8.5A 1T A L 5 It Lo

3-3 ERICOWT

SEERICIE, 6mme OERE SEERO ZEE A
BINT\bo *EMIC 6mme ORPRFEENT 4V &
g, —ICHERLTWAMR, Trvi=yrsgsic k- TH
Jti 6mme OEEH AT WL HELH DB, — ik
EEARNREERCT 52 L0 LT mglOPE,
HEROERMEBLOY # AZTLNBEOT, AEHSIE
6mme OEPRBERE VDT LI Uiz BUHHERD
B L - THEOSEORE, #E LA 55
A LESNMES S D, Emskta BN ERLT5 2
2 Ulzo

HEROREBEROMIKRTH A5, Fig. 2 @R LIk
DA DHEEEY, FFCDOWTHIERE Lizhs, BEZELR
Motzo ARL THEHELCON5ED, fiéds, 7rIiz=y
I DR FEE O HUE DB ST AT O i 53120° 0 M #E%

A B
« 2¢
120° Hemisphere
20°
— 6 ] | 6 j«
L <

Fig. 2 Counter Electrode
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DLDEA, 7N I=y nBEOEEROKEOEET
BH#D20° Tl 5 iz D ERED b DEF WS Z &I Lz,
MEIEMB AN LW S, #ERS LN, M
X0 L—YENMETH b, Nation Calarbon Co. oz
RO L DOEFANDZ LI Ui,

3-4 FREEELCOWT

—Z, HEOBOMETHESRANINE b, TEET
By, B LKIKE AV RE LI E LD, BREAIET
7o THBAWT BN, FOBEEIOHERM A FHkE
BRI, SEDRREE L & TR RS 00 B R i A T T 1
MEB Do HESDFHABIMBEO—F L LT, Fig.3 i©
Albraco Oscillating Discharge type DE&% R Lo

6
=~ |
. |

\ 3 Zn
gsc L %ﬁ=?* i [___Fe
%] d -
= V—-&—dk_‘.ﬁ,___Hsi

45|: *

I
40} ——I> —

l T\\o\("ﬁ]""—él
35 ‘ ‘ -

5 10 15 20 25
Pre-sparking time

30 (sec)

Fig. 3 Pre-sparking curve for Cu alloy (Albrac)

XL b AL Si, Fe oEHIIISHLBIT—8IC b, L
U Zn PR & S UCISR Gk, R Ch B, L
M UEDE, BNREL RAEDONT, <7V F00k& <
BERRHBND, FOMOIAEETRITE, Oscil
lating, Overdamped DOWE TOFERMIL Albrac
& RIS AE Y & B /eD T, FE LD T ER
VX1 & BE A 75,

—7, TNMI=YAEETIE BEHNEETHCLS
BLEDORWEMANMY, BEkEd %2 THEHE TRy,
FRBCEMBOR D rRROBMITIEL, SHAREBENE
INERND IO, FHREERRE, 5™, 108, 308,
60 EEEY, A THETEOS S standardization %77
Wy B—FEEREBEIST LT, AT RS 1 AR
BEHD/ 77 &g Lic, £D#5% Table 3 wRL
Too RED REHELLITIIZED 1<, T Y X 3w,
5%, WBOEWRKMOAFRRIFCTH D, T ERMIX
Table 3. Effect of pre-sparking time for Al-alloys (24S)

Pre-Spar- .
king time Cu 1 Fe Si ’ Mg 1 Mn
(sec) X o X o X o X o X T

5 52.7+40.79 | 33.7:£0.80 | 23.1+£0.93 | 66.7£0.77 | 48.8.£0.12
10 51.741.76 | 33.5::0.94 | 22.2::0.83 | 65.7+0.71 | 48.3+0.71
30 51.24:2.66 | 33.6-:0.80 | 22.5::0.85 | 65.2:£:1.92 | 48.6:0.68
60 51.741.26 | 33.5+1.10 | 23.9£1.26 | 67.6::3.76 | 48.940.74

BB Ay #0/AD, ERCEEINSDT, Tk

HBAZEC I B Th, AT I EFDLINSHARE
THERNE BN, 7V 3 = v G OWTREE: & Rk
Thh, 7NMI=YLEERUHEOTHMEERBIIL,
STWHRBEAN,

3-5 FERAPCOWT

PESRD 3 HTEE & FEE A7 T VRO HERTREE 1R D
LIS DTH D00, BEEOE W, TRTEEY
IR & Lo BER B A e 5 2 ENR L EERET
BHBo EloWEB LM, EAPELUL WD ELE
HThY, WETREOREL XD DR, 1% Lo
T HDTLHRNPIEFET DHETH, WRTHREOLEE
CHED TR A K — i Ui A5 B O e A M L
770
BESUHOBUERL & LT, RE4 T, £YEITSAE
< RARIBRCERE AR, —e 3wl B0 asi
WIS TH o7z AL ECE# LT 65mme
X100mm D &AFHMAIED, GO OHs 30mmk i
X, YA R =B LTH—ERE T, BATOME
WZ & EHED, BRALBRSVTERIC L Y SR RE L
TNI=YLEETIE, RESTL BNURHIAKEL,
L R ESE A s Binv, e 8 BT,
Alcoad2-36"d X1 DBESRKI DT, HEEHEE TS
L7z 8¢ o4 >y b, HEPETHEE LA 65mme X
200mm O/NEHAEVED,  RES &G DA B Trhig
WL, SesolERiRE, 2 ¥ A ~Z S Cam
CHE D H—ERA T, w7 aflifie@BE1TT B
—E A BREEE & Lz,
FEBIIMMBEENFE L, FOMBMECERITAR B
8'¢p DA ¥ Ty MIPLES L EREE 10mm & X CHE
L, 65mmeo gk REmE Smmz GEl L OEii ot
Wi Wi Uz FlopirEicid, BREES T
Wi UCTED BN, BEFEERO LD, BlziE, 245+
D Cu, 75S D Zn, 109%Mg 13— Th o ThEHY
FHCAIR LN LT D Dh, BEBIEAND SONRL D
2 BRI O BER A TV IEHEEIR Uiz,
FEMENISEYIREEL D b —TH B 29T, BB O
BENEZ DN, KERBEXEIARDLILND D, HEs,
TNV =Y AESANOEE b EIREED A EHESUE &
Lo

3-6 ARESPHZ DV T
SHERNIER O S RETH LD TH D, EHESE
EREBRCHE—TH DT ENREE L, SR L&, &
DOTRYinZ &, SBHORE, SHBIOREURE, &
BESEDEE M EB I b X b, Lo L
BT, EER B BRIEEA IR, SR
E&TA AV, BERSBSERSE, 7 v-BEkab, A
L%, HI1IEBOHEWIREWORAORTNNEY, Fio
BHOFECANT, 2 EELBOHEY % Sialkhic gt
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Ex 82 £ B KRB

Ulzo STUDTR, B AEBOIIR, K& XM
DWTHNBIE, F-3, 65/35 BEDORE—&EBIMD, 30X
30mm?2,25X100mm2, 60X85mm?2 OB D B/ - 7=
X 20mmo 3EOERALZGH L, EFMCED, # >
b A= R =GR o TC, SEOBEBMICIEEEEN L,
W—ThDI LuMD, FEETUEILRND, Zn 2O
LT BI30REYER Ui, Ry Fig 4 wRL
oo B D Zn oA HHECEE O KR E XOBENRL BN,

REEONIWE, EIXOFENE Zn OS5 PHENE L 25,
10mm B FOEX A5 & 3 e b—En A ENE S
5o AR LT, Albrac Zn-209%, Al-294,5i-0.259% o
40} 40mm?2 DEBHT-DOWCER UicfEf s Fig. SR L
foh3, Zn ik 10mmp -, ALSI 1% Smm B o E X G—
ERERTRT, ¥z Fig.6itid, 7= as8e035X
70X10mm3 @ 755 DWW TIRE UickSBAR LAy, 2
mmp) EOE X CT—E B RT, MgZnii 2mm BT D
WA TEEY R L, fho Cu, Fe, Cr, Si (3 1lmm o
FEWCHAFE T h, HEADRD CAFINEF D, BB
KEILCLHPER, HERChESN, BRORED L
F LY, Zn, Mg OMEHEE LA WTHROMEI/MEEZ
T, BEEAZETLOEBL BN,

1
N

5 o )
= 35.5 \
S e N
o N
b RN
35 —AkM<(___
345 5 10 i5 20 2
Thickness (mm)
030%30mm?* %x25x100mm? 60x85mm?
Fig. 4 Effect of thickness for Zn in Brass
60
50 Q\ e
‘%040 Ot~ Zn———o
]
& Al
& so|—o==2— < !
-20
0%(,.—————0-————-—0-—-—-———0'—Si
l
10 5 10 15 20 (mm)
Thickness

Surface area : 40 x40mm?
Fig 5 Effect of thickness for Zn. Al, Si in Albrac

Jan. 1960
60 l
gt * Oy
50 g
Yo,
%040 NoT
5 y ~m— O e - Mg
] \ N ‘L_
/& 30 X I‘Cr_.
\1~-._....— - | e s e Y LD
20 o Fe
10 O Gl O ?-Sl
0 2 4 6 8 10 (mm)
Thickness

Surface area ; 75X 95mm?
Fig. 6 Effect of thickness for Al-alloys

AREHRE DR BORERC, HEHkHiRo 24°C, K
ANT, W0°C I L= OBARDOWT, Zn 25 L
Pl U723, 12[E 05, 24°C 04 —48.554+1.42,
10°C o i4—45.97+1.98 O &/ b, FEHEOED
t-HET, t=8.68 LinoT, WERIVEEERLSZ
LEHRDTc, BUBTERIIKEGRIT It o TWBAKHE, B
B B EREEIUEL L B RV,

B OBIRT DN T, S RITFENAED HnDT,
RIBE S <, 40X40 X 15mm3 o A4 Bl O HL
H A CEE Yl o THAMREB & Lico L LERAND, 7N
=Y AL T, BIAKE L, Ik AHARCEHAA
REHRECHPRHETHD, AS T .M i 238" ¢XVa~
816" @ Disk type 23l a3 Tnb, Z o Disk & JIS
DALEESEE L UT, AN TS 75X35X10mm?3
DAL OWT, THO R EER Uice bR
B B E OSBRI SE-S5-00 o Bl A B LT, 10mm
TREE D WEURC L EE A B e OB o TIH &4 IAEL
BRI HNBE A BESDOVOEIDEY, BHOH,
s X, Disk TR 2 8, AL 3 MO HTERITY,
R E KD T Ulce £ O#EHEA Table 4 Th %,

Table 4. Comparison of disk (A.S.T.M.) and flat sample

Cul® | Fe® |Si® | Mg | za @

Disk Sample| 4.46-:0.081
Flat Sample| 4.40::0.086

0.22::0.005
0.20+0.010

0.5940.011] 0.96::0.011
0.58+0.03 | 1.0040.011

5.594:0.089
5.55:1:0.083

Number of samples in same molten metal; 5
Number of determinations in sample: disk; 2 flat; 3

# 1 v Disk & ABHHEE LRABEOSITHRATHD,
MM, BEZENTD B, Disk OB E#mn
TEAFERITH B, (LESWTET IS OBmEAEE LT
LDT, TNVI=vVLEEDOHWEBRIEL 75X 35X
10mm? DB FRE 5 2.5mm Hll 57z D%
AHZ LT beo

3.7 f£E@EICOWT

B O EFERBENOFIETE L ENEETH 5,
SO SRS, 794 v E —FBOEER B LT
WA YL, ESEBETIL, BYWOEAN, 774 ¥ F~
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DA% L T BT X D ERALSE <, FeiSE 0K

HIAEE Lot EBOFEA D0, MHFEO

Bj—75 248 oW, R LB BELE, Wi E, SEt:

b, mEBOWH U E A SRS TR Uk, LMo

FHITLCHI - 7= f % S UCRE RO L R~ Tz £ D

ftB% Table 5 WiRT . EL D ANOML EAETHEYE
Table 5. Effect of surface finishing

Cutter | cu | Fe si | Mg | Mn | Time
Leath fine [39.1:61.6622.440.58) 4.1.£0.1313.6.£0,6237.0:£0.45  20.0
Leath fair [30.0:1.57/22.5:£0.60| 4.140.15/13.5:£0,64/37.0+0.44]  19.9
Leath poor |34.241.6622.34:0.77| 4.24.0.24/12.6::0.70/36.0£0.32  21.0
Hand plane [40.141.5722.34:0.41| 4.3:£0.38/13.6:£0.67(37.0:£0.43  19.5

Wire brush 38.7:2:1.27|23.0.4;0.31 4.1;\&0.34'13.3i0.30’37.2:t0.38 19.2

IR2ECIZEN L, MEL T, EEOFRAID OBa Tk
WE & 7n Y, Aot B BHICIEENERD B, it
BEOH L CHONM ERED /RN & xHMode Lo L7
BEMOBLIC X BHENS D BHEE Uil HEI X
D AEOBEINBFREET 50, UEIUE T A, S0
E, FHIHCTENTHHTH LS5 L, oHRE, EBER
Bt By, SVEEERICEBTIEI A T 5 X 5K Ui,

4. E B F &

41 REBBOER

MEBROVER B IR D Heo¥Te: & &< BT,
B OERIRBER 75 » T BEIEGIC R~ ol I o &l
DTT, GHEEDRL - I EOBESRE 4 HEX¥T,
FRERES L DE D F D L FHESUR O (LEAITE & OREHR AR
R Do BB O bk ~fagn<, #E kbR
-TX %o

BT A B DR, AEETHNECY, T3
=y L& THIUE, Al OXBLHT B HOFRTED
KEDtk, BILEBERITRENDLDT, EEEOFRDL
Fh Cu, Al OETHEE AT HERTEDCH TRI LTI
e bz, AEDETLAEOTRITED ST B,
AW EIB ORI T 2 EE R LAl ¢
bl, ZTRD Cu-Zn&4&D Zn OBEMICIE, (L55
FrE-€ DO ESECTED Lic, 7V 3 =Y A44 T,
Al EKEOG L LTk x DB D Al EOZ(L b
PTHDMD Al BEOFC X HEERTEMTEOHE
BZENIC AL DT, WRITEO EH BRI LEAHEE D
WOBEARTRDLTZ 21T Lz,
WERO—FE LT, Fig.7i, $A&4o Albrac thod
Zn OMERREZR Ui, Kb, A4 Albrac o Cu i
HEfEMRT8% TH B Zn O&E ik Cu-7T8 L{EE LT
WELAEFRCTROIBRERTH D, B ZngaE
T DBEORETRDIMEBTH Do BEi LT h D s
DEEHESENL Al-240.495,51-0.2~0.85% OO & 0T
By, W0 agiyk Al-8%, b &% Si-0.5%, ciinx Al-

1.49CH HEESE T, Zn w45 Al Si OIFETHE
DEBRL BN, AL ST OSFROBEWE, Zn OMEN
B, A-BiliEE bR UERTS D, Kk~
<, WBEORM LR, METEOPEY F 2 OHEIDW
TEBR LT, BERABEREGQE R D ih ol
BEHOMIL, EHRBR, ERCDWRERT O0HE
Thh, BEEEEL LR TS L MEERYTET LOME
Do BEBUIAHEINC KD TN DA, BRI LTNB—K
B &OBREROIAR, SV AED 5 &, Table 6 O
XTH Do
Table 6. Working Curve
Cu alloy (Oscillating Discharge As* : Overdamped)

Element  |Wave length(A®)| Rrange(%) Shape
Zn 3072.1 5. ~ 20 nonlinear
Al 2660.4 0.8~3.0 linear

8.0~15.0

Pb 2663.2X 2 0.5~3.0 nonlinear
Pb 2833.1x2 0.01~0.2 linear
Si 1881.6 0.01~1.5 linear
Si 2881.6x2 1.5~4.0 linear
Sn 2840.0 0.01~0.5 linear

Sn 3330.6x2 0.5~2.0 nonlinear
Cr 4254.3 00.1~1.0 linear

As* 2349.8 0.01~0.5 nonlinear
Fe 2739.5%2 g.01~01 linear

Al alloys (High Valtage Spark)
Element * Wave len A } Range (%) | Shape
gth

Cu 3274.0 0.001~0.8 nonlinear
Cu 5105.5 0.8~6.0 linear
Fe 2739.5% 2 0.01~1.5 linear
Si 2881.6 0.01~1.5 linear
Mg 5172.7 0.1~8.0 linear

Mg 2852.0%x 2 0.001~0.2 nonlinear
Mn 2949.2%2 0.01~1.5 linear
Zn 3345.0 0.01~2.0 linear
Zn 4810.5 1.0~9.0 linear
Cr 4254.3 0.01~0.4 linear

1.0up nonlinear

Ni 3003.6%2 - 0.1~3.0 nonlinear
Ti 3372.8 0.001~0.25 linear
Pb 2833.1x%2 0.01~0.5 linear
Bi 3067.7x2 0.02~0.6 linear

42 BEMFIZOWT

SFHEVEORTIC standardization OEEEERFT, ST
Kb mEROEKE Recorder LDOHE&ME - T
HERAND, b 2EOAIRITEDGHREIE -1,
KBS B4 HWE X ¥C, Zero, Sensitivity Control
OEAERZELC, DEELoftOTLEMEROEIZS
BB, KICHFTEE & BB A ETEE & S0 BEanE e,
BEBELTOMT 5, %, 2~380 LT, HmERH,
BRDIEOFHELREEEE L LT 505, BEEnEik
BEOD ¥ A= F —lILBRSTTE & —BT B0 ETED,
FHLUSoHENERIVE, TREERT, Bl
SHEPOELZHET HZ L L,

SR I EORBIC 1 ~24%E L, 3EOWETT
5EBDHRETH, EFDO Znoind, BEEED LD,
pb o< EE Lin Wit Al-Cu ofnd @ik <,
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RT Y EDRECEFHRTEE T, EROSESHO LI
SofE D S B R R AT UG, MER A RO T BE
Hid 2 FRic L Saidiud, KEEELETLHAMNE
ABBo ZOBSESVEBORSDAVIIERML DE
ik, S0FREEBEE bd B OVEBILI0 BT AT
LT\W5b,

H ok, BRANORELT, BV AKX -0
e A RE L, (LFEoEELD, 2 A -F DR
HELTERTE LD T, 1Y A -2 - DOEBRRR %
s, SR (LROFTCAR - C, EEMNICEEE L T
60 :

5 & ¥ & B

51 8 & =

Cu-789%, Al-29, Si-0.25%, As-0.05%, Zn-R, o
Albrac, 60/40 oFEsbD Zn w2\, R—Fk %110
WOEAHT L, WWE L CHEME KD, ERAWOHO2 A
Gy WHE D FEH S IR 2E % SR fo il Table 712Rd,
%3 0 FRMEE R TS TR & LTHRBIRD L0

Table 7. Example of reproducibility of Cu-alloys

(by reading)
Brass Albrac

No. Zn | za | SL | Fe | si | as
1 47.8 35.3 36.0| 4.3 41.3 40.2
2 48.0 3.1 4| 4.8 41.3 42.9
3 49.1 37.4 3.5 4.8] 41.3 40.2
4 48.2 3.6 36.7] 5.0 415 4.0
5 48.8 38.4 37.0| 6.6| 415 42.9
6 49.8 38.5 37.8| 6.7| 42.5 40.0
7 £9.0 31.8 3.7] 4.3 41.3 42.0
8 47.4 36.8 36.3| 45| 417 41.0
9 49.2 37.0 36.7| 5.3] 41.7 39.6
10 50.3 38.5 37.0 | 6.4] 417 37.4

1 49.6 38.7 7| 74| 4| —
Average  (X) | de.sd| 37.87| .71 5.46| 4158 41.02
Std. dev. (oR) | 40.86| +1.10| 0.65 | £1.11| £0.28 | 1.9
£ d | =0a1) 0.3 | 002 |0.002 [£0.005 | £0.0028
chem. anal. 40.01 19.8 2.02 0.01 0.25 0.05

Eoo 0P lw0a5 | w02 w002 — (0.005)  —

a : standard deviation (convert to % from reading)
b : standard deviation from duplicate quantometric values for 250
samples.

LHEX B W—BENC X ARz L BB ORE
FEmzeir, Al Zn, Si & biczEnm, Albrac D&
ST, SV EEIDZEIEDS TH S Z L0
Bo BRI LT, MhoMescOWTHREL, B
#elEzEy 2 - 30T EO—Hl% Table 8 Wikd, %ot
BEAHHE & DI AA2eREOKIHIZ A Y, Fe omd X
XWEERRT L0 b5 B, TEAFE LTHRSRATK

Table 8. Reproducibility of Cu-alloys
(by %)

Al l si | Ni| cr

[ Pb | Te $ sn | Mn
1.16| 0.85| 10.03] 3.01] 8.83 0.65
£0.03 | £0.02 | £0.08 | =0.08 |£0.07/2:0.01

2.58 2.55 0.80‘ 2.66 | 1.83] 1.54

X(%) 2.01 3.01
P +0.03 | £0.10

o/Zx100 | 1.49| 3.3

7&0

Fas T, Ca%rlimIie Culuinsd o &huh
EChbH, Cu #BEMET LT, HHTHDOTHDHND, Cu
O&EBEERL CublShoTEEFTELRD T, ERETHLE
ik b, Cu%rHHT 21k, kOS2I
®EFEETH DM, Albrac OFIE REVE,

Cu%=78%x100/ (78+7Zn% -+ Al%+S1% + &%)

Llnho 18% I EMBIEORICHEE L Lic Cu DET
BhHoH ¥ A —F —Tik sum corrector 7;:35 v, double
reading system & ULTH75 HET, LXOFHEORD I,
HOHRLIETRO DD THBRFETH D, LHLIE
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Fig. 7 Working Curve of Zn in Albrac
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Fig. 8 Historigram of Cu of difference between the
chemical value and quantometric value

BRI DY LD Zn9% O, BT X D
DOENRDD, Zn OFBMEL D 27n D REBEZENE L
7o LU Cu%id+0.5% %882 5 & D13 1,000/, 5004
DEBFTIRAR L, £05% OfE A, HESFEL
T, RHAHEKDLRERELE,

5:2 PV LhEE

BRI X B R CHIME Uic—7g, 24S, 17504
FEFRBALOEAHT L, R L 3 [EEER Uicihd o RS
RD, FoOiERETable 9 10ik3, #LOFHEMEILL L,
BERITRCTL~3 %D e, Table 10k, BH

Table 9. Reproducibility of Al-alloys (245, 17S)

Element !AContent(%) d es‘fg’%?gé‘(i%) vggfa?fgg?;;) difference
Cu 4.56 +0.071 1.56 0.27
Fe 0.32 +0.009 2.81 0.04
Si 0.31 -:0.007 2.26 0.02
Mg 1.77 +0.026 1.47 0.10
Mn 0.65 +0.010 1.54 0.05
Mg 0.54 +0.009 1.67 0.03
Cu 3.80 +0.043 1.13 0.14
Si 0.58 +0.014 2.41 0.04

No. of determinations : 30
DHTHERC BT DT0EDMEN D H T A ~ X —DfE L AL3
SHE & DA LIeMRER UL DOTH Do HEHERE
R L BT U ORD BB M R ) BIFREL R,
IINTRBHT X DL ITE & D2y, FEUERZERT 2 5
Table 10. Comparison of chemical and quantometric
values for Al-alloys

Standard [Coeflicient

Element Co?x%ent Diffg:e'nce deviation | variation ditt'fn:r)é}xce
(%) (%)
Cu 4.01 0.02 +0.131 3.27 0.29
Mn 1.11 0.005 40.028 2.52 0.08
Mg 1-56 0.002 +0.031 1.99 0.08
Fl1 0.52 0.010 +0.019 3.66 0.05
Si 0.25 0.005 £0.011 4.40 0.02

No. of samples : 70

BEDBZEND Do ZIULBEAN COMS T HEOMEE,
SHTEBDORITCL B2 ¥ A =2 ~ S4B OREE DR
=, HEIHE, SHEFRIC X HMBEOMEN D Hilzs
DMoDo LnUIMBTESTTE LT, FOHEMAHkRDHE
EEEZ DN, SITEBORE I ®, EERE & S
L ORAREELBETIUE, BeESm LT 540 r%
Z %o

Bt s, ROBDH Th b,

1) $Hadci, (EE#HoO multisouce o 360uH,
10pF,3Q o Oscillating OWERBHFTH Y, FHEE
R, 15RD, BRMES—208b o kT, BE(EEE—3
BLLT OBEIRMED B 5 4 WERETH B,

@2 7rMI=vLAEEKT, SEERAILOWET, F
TEHERH— 5, BMIBFM—FR20B0&42BIR LT,
EHEECHLT, W4 BUTORETHNNEEETD b,

(@) HMEEOH Bk, REEDEIOWHE LT Iv, Fi,
HAEOAE XITIE 4 —40X40X15mm3, 73 =wv i
A&—T5X35X10mm3CcH h, EXrid, fHd4e—10mm
Bk, 7vi=yadg&—2mmp FAKETH S,

) SRAEEENALRNINES, 7o Iizvrsy
SRIIWIRKRE o EIETROBERE 2 Hh, =
HRAB ORI SFENC AR T, EEEL aET20E
Do

BrBEdm LS5 1E, AHBEECHETEDOES,
RO, SO A EO#MELER L
TeBinnAy, TESHTE UT, B4, RSk AEERHE
726

X B

(1) Fredrich, V. Schatz: J. Inst. Metals 80 (1951) 77.
(2) R. W. Callon, L.P. Chartte: Apal. Chem. 23 (1951) 960,
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D& Licve BUTIb~ 2 A Al s i RE e 3
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LB INT WD, s TINBARICRG 5 BHIEE,
B SSIEIEE W S BB Y, BBl CGRAEMN
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= - = i # 5 9.869 1.2
U] - FAU S 5 14.642 . 1.8
A A = MW 4 18.351 2.3
A=y e (BA) 1 3.241 0.4
oo WO (EE) 2 11.600 1.4
K. M. C. & 4@ 1 5.000 0.6
FF LT T 43 72.7 395.481 48.6
For T T Y 52.4 355.462 43.7
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KIEFEMNL7 VI 707 4 AN AKEY EDTED,
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ED56%~, BIHBIVEM T2~ Lt L, Rk
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4 —EECARY, B2 EITBIF L, W7 ERESEE &
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BNRFESHTH Y, HMCOBISkMER D, o THLD
BEFHEORENDHET H LM - REFHIOF — /v
HWHED o+ B HEEOESEIT I LBEREEC LS
EHVHIBA, T FI T —EIAD e iR OE & B
B B, BOIEARL LB EELBND, X
TT Ty 7 TiEEE LTRSS IR LB
AN D, WO OTE K FEEFREREED
WA RT D &E 2 THEWIR W, o TECRIT S
BASHRIE DI AR A — AR Lic 0B LTk
Vo

3. MELRTHBBEORMIERUREAL

EREE R HRT AEBAORRIFIRONL TH Y, &
OB IR EORE &I bBAIILET BNRWOT
Hos A4 DEEHEGKOERAMD, AEATRE UTHE
WA AT AMESEIALNCT HENRLETH D,
> THROEC R TRBRE DI RHHA LY, T ORAMIEL
BE, HEEOSEERSLE 4 TR T W ODFILEE

B4 FHEOEE AEHAGRAE O 85 e B =5
(B LATHOUAE S D B 75D
1.0 — B & (1) General Thining

(2) BiRBREMKeE (Layer - type Dezincifi-
cation)

W fr (€} E’;ﬁkﬂ)ﬂﬁiﬁlﬁ&‘ﬁ (Plug - type Dezincifica-
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(@) #tfr (—7s o) (Corrosion - Erosion,
or Impingement Attack)

(8) Fie

(4) BEfr (RWEIBEICKS)

(5) #EEMmWC X A% (Steam Erosion)

(6) Wik s iEe (Cold Wall Effect)

() HEWwc A 5% (Deposit  Attack,
Scale Corrosion)

(8) IRl B dife

oW OB OW & (1) A BEES A
@) BRIEIH

4. Wit (1) mfesgdriin (Corrosion Fatigue Crack)
(2) JsJiEscsh (Stress Corrosion Crack)
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DEEZ Do KICINSHDOBEARBICHT, KRARHER
U, HEBAICEBRAINZ Bo MINDOFERASEHC X5
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COEREABESH L TCEEL G D Bengougﬁg)%o(%
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L A A

i I 5 L ab S
Tough-pitch 2.0 1.0
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Beiie (Cu 90, Sn 10, P 0°3%)
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