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Protective Method for the Corrosion on the Steam Side

of Condenser Tubes by Nickel Plating

by Reizi Tanaka

In the air removal sections of condensers the corrosion of their steam side is a serious
problem for high concentrations of incondensible gases. These gases involve ammonia, sulfur
dioxide and oxygen, in which ammonia is the governing component and oxygen accelerates
the corrosion. For these corrosion cupro-nickel alloy has been adopted at the severe section.

In recent years the cooling water in large cities has been polluted and cupro-nickel
tubes failed by severe corrosion on the inside wall.

Therefore as the protective method for the steam side corrosion nickel and tin plating
have been investigated and obtained following results.

(1) Nickel plating obtained by electroplating is more anti-corrosive for ammonia than by
non-electroplating.

(2) Nickel is less noble than copper in potential-pH diagram and both form ammine
complex readily, although nickel is more anti-corrosive at relatively low ammonia
concentration, especially in the environment supplied enough oxygen.

(3) Tin plating is also anti-corrosive for ammonia, however inferior to nickel plating
particularly at high temperature.

(4) Nickel plating has little acceleration on galvanic corrosion of aluminumbrass, but tin
plating itself accelerates the corrosion as anode.

(5) Cupronickel is corrosive in ammonia solution, although anti-corrosive in the environment
supplied enough oxygen and the higher nickel content the better.

(6) Copper and nickel are both corrosive in the environment involving sulfur dioxide and
steam, but tin is anti-corrosive.

(7) Nickel plating on the sea water side accelerates the erosion of injured section, therefore
it is not advisable to plate on the inside of tube ends.

(8) On the trial practice in air cooling zone of condenser nickel plating is very excellent

and tin plating is corroded considerably.
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Table 1 Some examples of ammonia attack
Extraction Corrosion
Power station Unit No. Tube material .
Date Location Position Type Max. igg?;g;} rate,
Osaka 1 Albrac Mar. 1961 A, Cx Baffle Groovy 0.6
Mar. 1961
7 2 7 Y 7 ” 0.24~0.35
Oct. 1961
Oct. 1961
7 3 2 7 ” v 0.23~0.34
Mar. 1962
B Baffle Groovy
Tanagawa 1 Alug?érslgm~ Mar. 1959 Y 0.10%2
Cutlet Pitting
” 2 Vi 2 ” 7 7 0.10~0.44*3
» 2 Albrac Mar. 1963 7 Whole length Pitting 0.025
Amagasaki 3rd 1 Albrac Apr. 1964 7 Baffle Groovy 0.46~0.93
Jul. 1960
Shinminato 1 7 7 z 7 0.24~0.30
Jul. 1961
. Aluminum- Pitting,
Karita 1 brass Mar. 1959 7 Whole length 0.10*2
Cracking
Shinnagoya 1 Albrac Oct. 1963 ” 7 Pitting 0.033
Nakoso 2 K Mar. 1962 - Baffle 7 0.025
i . Jul. 1961
Sumitomonishi 1 7 Vi 7 0.025
Sep. 1962

*1. Extracted from air removal section.

*2. Maximum cracking depth was 0.3mm for 3 years.

*3. Experienced pitting depth of 0.38mm and cracking depth of 1.Imm for 2 and half years.
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Photo. 1 Ammonia attack on the steam side of Albrac
at Ist unit of Osaka power station
Tube size : 25.4mm¢ x 1.245mmi¢ x 9.144mm!

Pitting of
out side

Cross section

« for cracking

(x100x1/2
etched)

Photo. 2 Pitting and stress corrosion cracking on the
steam side of Aluminum brass tube (made in
U.S.A.) at lIst unit of Karita power station
Tube size: 7/8” ¢ x 1.245 mm¢ x 8,000 mm!

Phote. 3 Aventurine pitting on the steam steam side
of Albrac tube at Shinnagoya power station
Tube size ; 25.4mme¢ x 1.245mmix 9.144mml
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Fig. 2 Potential-pNH, - pH diagram of Ni-NH;~H,0 and Cu-NH,-H,O system.
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Table 2 Reaction on Cu-H,0-NH; system on pH4~14

No Reaction E, pH and log k
1 CureCutt+e- E=0.124
2 2Cu** +Hs0+2e 2Cu O+ 2H* E=0.222+0.0091 pH
3 2Cu+H,02Cu.0+2H*+2e~ E=0.468—0.0591pH
4 CuzCut+e- E=0.522
5 Cu+H:02CuO+2H" +2e E=0.569—0.0591pH
6 Cu+2H,02Cu(OH) +2H* +2¢~ E=0.612—0.0591pH
7 CuzO+H0222Cu0 -+ 2H" - 2e E=0.671—0.0591pH
8 Cuz0+3H02Cu(OH) . +2H* -+ 2e~ E=0.756—0.0591pH
9 Cu*+2H,02CuO-H-+3H* + e~ E=1.739—0.1773pH
10 Cu**-+2H022Cu(OH) 2 -+ 2H* 2pH=0.03
11 CuOH-+3H*2Cu**+2H,0 3pH=26.59
12 CuQ, " +H*2Cu0.H- pH=13.10
13 Cu**+NH;2Cu(NHz)*+ pNH;=3.99
14 Cu(NH3)*++NHae2Cu(NHg) " pNH;=3.34
15 Cu(NH3z)***+NHga2Cu(NHs) st pNH;=2.73
16 Cu(NHj)s**+ NHa2Cu(NHjz) 4+ pNH;=1.97
17 Cu+NH3;2Cu(NHs)*++2e~ E=0.227+0.0295pNH;
18 | Cu+2NHs2Cu(NHjz)z ™+ +2e E=0.13+0.0591pNHs
19 Cu+3NHsz2Cu(NHg) s *+2e E=0.05-0.0886pNT3
20 Cu+4NHz22Cu(NHz) -+ 2e" E=0.01+0.1182pNH;
21 Cu(OH),+2H*+NHs2Cu(NHg)*++2H,0 | 2pH+pNH;3=13.02
22 Cu(OH), +2H* +2NHa2Cu(NHa) o+ +2H,0 | 2pH +2pNH;=:16.36
23 Cu(OH),+2H*+3NH2Cu(NHg)g** 2110 | 2pH-+3pNH3=19.09
24 Cu(OH)+2H*+4ANHs2Cu(NHz) 4+ +2H20 | 2pH+4pNH;=21.06
25 | NHg-+H'e2NH pH +pNHs =

9.3—log(NH,*]

Table 3 Reaction on Ni-H.O-NH; syst

em on pH 4~14

No. Reaction E, pH and log k

1 Niz2Ni+t+2e” E=—0.25

2 Ni(OH):+2H*@Ni*+ 1 2H0 2pH=12.2

3 Ni+2H.02Ni(OH) -+ 2H*+2e~ E=0.11

4 Ni**+ NHge2Ni(NH;z)** pNH;3=2.67

5 Ni(NHg) o+ NHye2Ni(NHg) 2" pNHz=2.12

6 Ni(NHg)o*++ NHg@Ni(NHg) s pNH;=1.61

7 Ni(NHa) s+ NHa@Ni(NHg) pNH;3=1.07

8 Ni(NH)+* +NHs2Ni(NHs)s** pNH;=0.63

9 Ni(NH3z) st -+ NH;2Ni(NHg) 6" pNHz=—0.09
10 Ni-+NHs2Ni(NHg)**+2e” E=—0.329-0.0295pNH;
11 Ni+2NHs@Ni(NH;g)* +2e” E=--0.392+0.0591pNH,
12 Ni+3NHs&Ni(NHg) gt +2e” E=—0.439+0.0886pNH,
13 Ni-+4NH2Ni(NH,) .+ +2e E=—0471-0.1182pNH3
14 Ni-+5NHge2Ni(NHsz)s - 2e” E=—0.489+0.1477pNHj
15 Ni+6NHaeNi(NHg)e* +2e B —0.487+0.1773pNH;
16 Ni(OH)e+2H*+ NHae2Ni(NHp)** +2H:0 2pH + pNH;=14.67

17 Ni(OH)2-+2H* +2NH@Ni(NHjy) o +2H20 | 2pH -+ 2pNH;3=16.79

18 Ni(OH)+2H*+3NH @ Ni(NHg)g+* +2H20 | 2pH+3pNH;=18.40
19 Ni(OH) +2H* +4NHze@Ni(NH;3) 4 +2H: 0 | 2pH +4pNH;=19.47
20 Ni(OH).+2H* +5NHy@2Ni(NHg) 5" +2H20 | 2pH+5pNH;=20.10
21 Ni(OH),+2H*+6NHy2Ni(NHg) et +2H20 | 2pH +6pNH;z=:20.01

Fig. 3 Immersion test in NH, solution at pH 10.
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Fig. 5 Corrosion of Cu-Ni alloy in 1M NH,.
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Fig. 6 Ammonia spray testing of Ni plating, NH,

concentration 1M, testing for 168 hr.
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Fig. 7 Cathodic support for electrolysis.

Table 4 Plating thickness of long size tube

Plating depth,
Plating
One side Centre Another side
20 20 15 15 20
Nickel
15 20 25 40 15
A 30 30 40 40 40
Tin
B 30 30 50 30 50

A : Nickel plating
(@) )] ©

B : Tin plating

(@) () ()

C : Tin plating in acid bath

one side centre another side

Photo. 4 Cross sections of platings, (x100x1/2)
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Fig. 8 Number of spots in Ferroxyle test.
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Table 5 Ammonia spray testings for some materials

Weight loss, mg/dm?

Material ‘
24hr 5 72hr 120hr ‘ 168hr
Albrac 151.0 432.4 713.6 992.1
90-10 cupronickel 13.2 38.6 63.7 87.2
70-30 7 1.3 2.9 4.4 5.7
Sn plating 0.23 0.46 0.64 0.78
Ni plating 0.10 0.24 0.38 0.53
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Talbe 6 Vapour condensation testing with ammonia

Weight loss, mg/dm?
Material

24hr 72hr 120hr 168hr
Albrac 152.6 275.3 398.6 511.2
90-10 cupronickel 13.7 22.4 30.8 36.5
70-30 7 3.8 6.2 8.5 10.6
Sn plating 13.2 18.6 23.8 28.6
Ni plating 0.12 0.20 0.25 0.30

PRTBOT. I BB b7 ot ST
334402 1 IHIEREET, 7 ¥ 2 = kic o T IR %
% #910ml/min OFH CEHEMBEEA Ui,

ZiEE Table 7 WR$TZ &L AX A v X & LoD
DAY RIETH D, =y 70w A 5 % 0HE A b ENEI L
CBEAD

Table 7 Vapour condensation testing with SO,

Weight loss, mg/dm?
Material
24hr 48hr 72hr
Albrac 1,063 2,176 —
Sn plating 8.0 55.5% 103.2*
Ni plating 704 1,540 2,483

* Plating was partially destroyed.

3:4-4 Ay FLEVHOERESR

Ay R RGOS Uhct e THIE 7nd B & OO
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TEMBR /B DT 2~3 OFEBRE 1178 5700

Fig. 10 {17 v = =vikhicki) 5 SO BRER
BRAHE LT, =9 r VA vy XWETNVT Ty
oo Favamy o uin EIEKERERE LT D L
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N3
8
6
€ A ,,O
i | !a"’ |
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Z -
3 o~ [ J
2 [ ot ) L ]
0
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Plating thickness, ¢
Fig. 9 Maximum curvature when crack occured during

bending test.
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200 |
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Fig. 10 Natural electrode potential of some material in NH; solution.
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Fig. 11 Effect of temperature on galvanic current.
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Table 8 Galvanic corrosion in NH, spray testing

Weight loss, mg/dm?
Combination

24hr 48hr 72hr

Albrac- Albrac side 148.7 286.1 414.3
Ni plating

Plating side 0.10 0.16 0.24

Albrac~ Albrac side 146.9 228.8 297.2
Sn plating

Plating side 12.7 20.3 26.5

X T B inlet attack #F5IETXAHLDT
HIVEESAEC A » FENTWAZ EEEATE L
ZOLX 5L Jet MARRER T L Y E AL R
Nz

SR & LT 3 AR F 7Bk D & s,
A 5 m/sec - KR AERNS5% L L, 250hr o
& T olco SR Table 9 w4 &< =v v
Ay XBLOAX A v XEMRAERRIFTH o72h3,
BN A v ¥ DR (scratch) & {F > TR D L=y 7
N Ay DA scratch WRiTHHLAD FdrE L R
W LDDBIZ EMbholie FloA v FLRMEORNES
MRS BIT 213 2 070 D OIS AERB2SH D, Hn
A v ¥ XY ERMIZ Iz »TC inlet attack % F51k4 5%
ZETE R F =T Y P T T W51
IRERC IS\ TR S OO ESHAE D # v F OF IR
AMUTEBEFHERLL IS EbNRAN, =y vt v x08
B INSOERGRA DA CENTMCEIESEH Z &1
BEFBRETH Do

Table 9 Jet test of plating
Test in 3% NaCl

Ni Sn (Albrac)
Plating Weight Corrosion Weight Corrosion Corrosion
loss, depth, loss depth, depth,
mg mm mg mm mm
a 21.2 0.00 73.3 0.00 0.06
b* 37.7 0.57 74.1 0.06 —
Test in polluted sea water
Ni Sn (Albrac)
Plating Weight Corrosion Weight Corrosion Corrosion
loss, depth, loss, depth, depth,
mg mm mg mm mm
a 27.4 0.01 244.5 0.03 0.18
b* 72.5 1.02 2039 0.10 —

* Plating sample was scratched.

(cf D) rBLUmKIEA S BHITIGER 20 BRI Lic b DT,
HS- 0.1~2 ppm - DO 0~0.5 ppm - COD 8~15ppm -
NHj 7~15ppm#% 47, pH 6.8~7.2 T 27,

4, KEREERTICHIT 2EHEERER
BEPEHE ER A FE AR N TS 0, Bl L
[y ﬁ?)ﬁbk@?’é%bc L BERCME SN TELREFRTh -
T, Moo & 5 air cooling zone iz ¥s17 %A ammonia

attack L\ 2 ZIBWTIE BHIKEI B O D
P DEKEEEE L TCHF 2T vy rVEFEHRHTAZ EMNT
Xl\ne SO ESNEL B OB AL IET D ENTA »
FEXRRTHE LY, FREFHOWIEETLES
B (6MW) =9 r v 2 9 ¥ EB IO AX A » ¥E 10
D ONREERE ST
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Fig. 12 Effect of NH; concentration on galvanic current.
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2nd baffle 5th baffle
Photo. 5 Out sides of nickel plating tubes

fE TR TH - 70
iR LAX Ay %% Photo. 6 iR+ 2 & &E

i > CIKBEE L TWB DN <, M OEEORE
CHEROBEL AR £ L, —EOE I ikiERO GBS

b Ak U\, Table 10 132 2 2 v 2Ok
DOEERT DEEEr I LR TH- T, 1BEA
EIAA L U T bEg b A& Bbivis, HEeik 0.34mm
FTOBEBE L4 LT,

2nd baffle
Photo. 6 Out sides of tin plating tubes indicated
groovy corrosicn

5th baffle

Table 10 Corrosion depth of Sn plating tube

Corrosion depth in baffle, mm
Tube No.

1st 2nd | 3rd 4th | 5th 6th | 7th 8th
2 0 0.27 0.06 | 0.07 0.21| 0.09 0 0.09
3 0 0 0.07} 0.13 0.18 1 0.07 0.15] 0.16
4 0 0.13 0.06 1 0.10 0.14 ] 0.12 0.22 | 0.34
6 0 0.02 0.11] 0 0.24 | 0.19 0.29 | 0.13
7 0 0 0 0 0.241 0 0.23] 0
10 0.15] 0 0.13] 0 0.16 | 0.12 0.16 | 0.13
12 0.32 | 0.19 0.13 ) 0.10 0.15 1 0.04 0 0.05
13 0.09] 0.15 0.13 ] 0.04 0.07| 0 0.06| 0
19 0.18 0.23 0.05 | 0.03 0.07] 0 0 0
20 0.03 | 0.06 0.05 | 0.04 0.07 | 0.04 0 0.04

No. 8 No. 14

No. 9

Photo. 7 1324 v O WHO—FITH Bo =y 2
y FIXWONGFETH D E e A v X OBEIL10~41pC
BoT, BEAEBELRT TRV DELBND, &
H L TAX Ay X B2 L H 50, m@%m@
2 Bbb B o b HAERER Y& U bong

Nickel plating tubes

No. 3

No. 12 ANo. 7 on baffle

Tin plating tubes
Photo. 7 Cross sections of typical plating tubes,(x100x1/2)
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Fig. 13 Setting position of test tubes on A side
Nickel plating : No. 1, 5, 8, 9, 11, 14, 15, 17, 18,
21
Tin plating : No. 2, 3, 4, 6, 7, 10, 12, 13, 19, 20
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Experimental Investigations on Prediction
of Pressformability of Aluminium Sheet Materials

by Koichi Yoshii

It is convenient in practice to find the pressformability of sheet materials projected
on some conventional material test value for the prediction of pressformability or the
investigation about the way of forming the materials.

The experiments were carried out especially about aluminium sheet materials (1100).

In the case of annealed material (1100-0), the deep drawability is positively projected
only on the tensile strength, the balgiability is negatively projected on the tensile strength,
the proof stress and the Vickers hardness, and stretch-flangiability is positively projected
on the proof stress and the Vickers hardness. For the case of half hardened material
(1100-34H), although, most kinds of formability are projected simply on the tensile strength,
the proof stress and the Vickers hardness negatively and on the elongation positively.

It must be noticed that, in the different materials and classification of formings, the
relation between formabilities and some conventional material test values seems to have

no lineality.
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VRS NEER O BB C O IEREIR BB D F RN EE DT
Bho fob 2, WHE TN =y A B ORTEMEDER
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2. HEBAFEEERAR

BERFSE & LT, MR MR E o D b i
A BIEA U TS A — 7 5™ oS a Fluvi, 2
FRiRE 1.0mm o7 v I = v L {5 3 (AIP3) T, %
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IREIRIE & L CHIRMYy (05, kg/mm?2), i#F7 (4., kg/
mm?2), M %) %, »#vEREEe LCHlmESSke
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AR Lio Lo T EHITE SIRIBITEO o
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Table 1 Dimensions of the toolings used

Diameter, mm | Profile radius, mm
Flat nose 338.0 4.0
Punch : -
Hemispherical
H0S6 33.0 16.5
Die 35.4 3.0

B LT 0.5mm [MfF TAERY Sy >HEL, 1M
ST TI ) Aok BAO BERERY, Ko FER
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Table 2 Test results for annealed aluminium sheets (1100-0)

Fundamental test value n. R. value Simulative test value

e kgiome | kgfme | 8% | Hy kg | GOrain 1 “cr “R"  L.D.R(FL.D.R. ()| Prichsen | s p g
A-1 9.9 3.9 39.7 27.0 0.026 0.293 19.3 0.587 2.02 2.12 10.6 1.696
A-2 9.7 3.9 42.0 25.4 0.024 0.310 20.0 0.540 2.03 2,11 10.9 1.707
A-3 9.5 3.6 43.3 26.1 0.019 0.282 19.0 0.646 2.03 2.11 10.8 1.683
A4 9.7 3.6 40.7 26.4 0.028 0.275 19.2 0.619 2.03 2.12 10.8 1.691
B-1 7.5 2.9 40.0 21.3 0.120 0.280 15.4 0.608 2.03 2.11 11.3 1.695
B-2 9.0 3.3 39.3 23.7 0.055 0.268 18.0 0.562 2.02 2.11 11.0 1.643
C-1 9.1 4.0 42.0 24.8 0.040 0.202 15.2 0.700 2.02 2.06 10.9 1.662
C-2 8.8 3.4 41.0 23.9 0.055 0.257 15.3 0.431 2.00 2.06 11.1 1.658
C-3 9.2 3.9 39.0 24.4 0.055 0.g00 17.7 0.396 2.05 2.08 11.0 1.645
C-4 9.0 3.3 41.7 23.5 0.035 0.237 16.0 0.680 2.02 2.08 1.1 1.655
C-5 8.7 3.6 43.3 24.2 0.050 0.258 15.7 0.491 1.98 2.03 11.4 1.699
C-6 8.1 3.7 41.0 24.3 0.050 0.214 13.5 0.680 2.02 2.06 11.0 1.620
D-1 8.8 3.3 40.3 23.1 0.033 0.250 17.0 0.562 2.03 2.11 11.3 1.639
D-2 9.1 3.0 42.0 23.9 0.050 0.255 17.0 0.531 2.03 2.09 11.2 1.611
E-1 9.0 3.3 4.7 23.9 0.085 - — — 2.00 2.06 11.2 1.603
D-2 9.0 3.4 39.7 2.7 0.035 0.240 16.8 0.630 2.02 2.08 11.1 1.617
D-4 9.0 3.8 42.3 24.9 0.040 0.205 16.0 0.660 2.02 2.09 10.9 1.706
Mean 9.0 3.5 41.3 24.4 0.044 0.258 16.9 0.583 2.02 2.09 1.0 1.660

* (F) means to be drawn by flat nose punch.

** (H) means to be drawn by hemispherical nose punch.

Table 3 Test results for half hardened aluminium sheets. (1100—15H)
Fundamental test value Simulative test value
Marks
0B, kg/mm? | 0o, kg/mm? 8,% Hv (5kg) L.D.R.(F) ‘ L.D.R.(H) Erichsen value| B.E.R.

B-3 14.8 14.4 11.3 46.6 2.05 1.86 8.3 1.185

B-4 14.6 14.3 9.3 46.9 2.06 1.85 8.5 1.175

c-7 12.5 12.3 8.3 38.9 2.09 1.92 7.8 1.120

C-8 12.6 12.6 9.7 39.8 2.09 1.82 8.0 1.115

C-9 14.8 14.6 9.0 46.4 2.06 1.86 8.2 1.170

C-10 13.1 13.1 5.7 40.8 2.09 1.91 8.3 1.152

D-3 13.2 13.2 11.7 39.6 2.09 1.94 8.6 1.175

D-4 13.4 13.3 5.0 41.1 2.08 1.89 8.1 1.166

D-5 12.2 11.8 15.7 37.0 2.17 2.03 9.0 1.312

D-6 11.6 11.5 18.0 35.4 2.17 2.03 9.0 1.274

D-7 12.2 12.0 14.3 37.1 2.17 2.02 9.0 1.233

E-4 11.9 11.5 17.7 39.9 2.17 1.98 8.8 1.253

E-5 13.0 12.6 15.0 41.0 2.11 1.95 8.6 1.211

Mean 13.1 12.9 11.8 40.8 2.11 1.93 8.5 1.193

Table 4 Test results for half hardened

aluminium sheets (1100-H, ;)

Table. 5 Coefficients of rank correlation between
fundamental test values and simulative
test values for annealed aluminium sheets.

Fundmental test value Simulative test value
T L.D.R.(F) | L.D.R.(H) | Erichsen value B.E.R.

Mark gB. Go.2, Eri

kg/ ke/ 8.% égg) BRI MR | chsen BER

mm? mm? v OB 0.471* 0.499* ~0.667+* 0.246
A-5 11.9 11.3 5.3 39.2 1.98 1.76 8.2 1.154 Goz 0.141 —0.006 —0.628%* 0.510%
A-6 11.7 11.0 5.7 39.0 2.00 1.80 8.6 1.142 5 —0.258 —0.347 0.154 0.192
A-7 12.2 11.6 5.3 30.8 1.98 1.74 8.4 1.136 Hv(5kg) 0.174 0.258 —(),800%* 0.585%
A-8 12.4 11.8 5.0 40.4 1.97 1.77 8.3 1.139 G.S. -0.084 —0.387 0.507 ~0.267
Mean | 12.1 1.4 5.3 39.6 1.98 1.77 8.4 1.143 * correlation with 95% level of significance.

— 3

** correlation with 99% level of significance.
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Table 6 Coefficients of rank correlation between

the fundamental test values and simul-

ative test values for half hardened

aluminium sheets.

LD.R (F) L.D.R (H) |Erichsen value B.E.R. }

OB -0.837%* -0.762%* -0.530* -0.525%
Go.z -0.892%* ~0.794%* ~0.473 -0.550* \

3 -0.729%* 0.709%* 0.835%* 0.806**

| Hv (5kg) -0.768%* -0.750%* ~0.459 -0.405
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bre R, EH YL FER Y & OFEBIREBOR S
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{17 5 o SPEEEER Y ML LRI v e b B o 7o d
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Table 7 Coefficients of rank correlation between
ultimate tensile strength at some angle
of testpiece to rolling direction and
L.D.R.

Ultimate | Annealed aluminium 1 Half hardened aluminium
strengt™h | LpR ® | LDR @) | LDR® | LDRAD
[4):7% 0.540% 0.722% -0.859** ~0.759%*
OB4s° 0.205 0.408 -0.891%* -0.786%*
OBoo® 0.457* 0.426 -(.831%* -0.654*
3-2 nff - R{EE B E ORBBGR
VHB Iz DWW T nflidks L O REOMES, LD

CTCARTAREDBEAMNE o 1o DT, O DONTIZT G
4%, Table 8 2in{éits LU RIE L M & O FERAREFR
Rt OB @=0.26) <k, EwyEiknEs
REDFNFN LIFEHEBEERS B RETHDH, nfHEHE

4

fox ) VRV IEFEBARE MR SR Bz —7, RELEHEY
M 2V AEARBE T3 B & E SRS e SRR KH TR
REDHEE, Fhd, RBRFORIECHDH LELLHI
Fro TV I = nMMO, HEAT, FEEHEICHK LTES
BmoOREDOENE, FOREELAALEIREL LD L
xMHY, Fio, RBRAELMGECLD REOELDZ
1, FOEEROBEROMICHAILT, FLbEE
LB b ThbHo nifik, REEE LT, BRI
BT X BRI A X <o LIAio T, ZORERIT D
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FENT R T & BHHEMED D B T &b 0T

Table 8 Coefficients of rank correlation between
“n” values and “R” values and simulative

test values for annealed aluminium.

| " LDR (F) | L.D.R(H) Erichsenvalue B.E.R.
- A i 3 —_
[t os24r | o8t | 0225 | 0.3%0

H S — i,. N R ——— 1
\ “R” ~0.081 ‘} 0.0 | -0.340 0.055 |

3-3 HEHMEEOEREREMR

Table 9 1iRT X 5z, O BTk ApUIEHERO FRIM
BRIE D T\ BREE Y P L BB Y OISR S NI BRI Y & D
IEAIRERE R, MR MEE Y 7 7 v & OWFEBIREFREL
I EATARRE T dp o Too AU, BUBMERBRA BT RO
DB o LT T, FUMERBRE DR
O HEE L Tk bR I E &R LT WA &
7o, ORI, 7o& 2R ) it L, BRI
R TR D 2 L &Y, ARG~ OREE
RICEEILETH D & LA LT Wb, —J, Tablell
Cid & A, YeH B TR AR MR O FABIRE 1T <
+~CIEFBCd Do VeH# Tig, OB &R, BBl
SN IR TE, Fiz, BUBIOHEEIR A S
Th DI EIbhole

Table 9 Coefficients of rank correlation between
each simulative test value and the

others for annealed aluminium.

L.D.R (F) L.D.R (H) Erichsen value
B. E. R. 0.074 0.349 -0.447%
Erichsen value -0.140 -0.338
LD.R (D 0.651%*

Table 10 Coefficients of rank correlation between
each simulative test value and the

others for half hardened aluminium.

LD.R. (F) L.D.R. (H) Erichsen value
B. E. R. 0.681* 0.798%* 0.829**
Erichsen value 0.718** 0.801%*
L.D.R. () 0.874%*
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EAEF Uico P3% 5 DFIRIEAIBICD 00781 3 DD
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Table 11 Results of the drawing tests with a

hemispherical nosed punch.

Blank dia., “M’" sheets “N" sheets
mm Successes 5 Failures Successes Failures
66.0 21 0 21 0
66.5 21 0 21 0
67.0 21 0 7 14
67.5 21 0 1 20
68.0 19 2 0 21
68.5 16 5 0 21
69.0 5 16 0 21
69.5 4 17 0 21
70.0 2 19 0 21
70.5 0 21 0 21
71.0 0 21 0 21

L.D.R*(ED)| 2.08 1 2.03

* Estimated values for deep drawing capacity to be 50%.

FlEERB & U & & R AICSATIE & e, &
B0RDIJISSERBR T L DT/ o700 fEH I Tablel2~14
iRk o SR IXmHOER LI - & DR LT D, T
HOEEITITE A LRD BN YT, NEHOE
HAMB L DR E W (BER Y PR & FERERESR) 2 &8
B, ST ORI TRk 4 B4 5 2 &3

Table 12 Frequency distribution of ultimate

tensile strength.

U. T. S., kg/mm? “M” “N”
9.1 0 0

9.2 0 14

9.3 0 35

9.4 0 11

9.5 0 0

9.6 0 0

9.7 17 0

9.8 30 0

9.9 10 0

100 3 0

10.1 0 0
Mean value { 9.8 9.3

Table 13 Frequency distribution of proof stress.

Proof stress, kg/mm? “M “Nr
2.8 0 0

2.9 0 2

3.0 1 19

3.1 15 9

3.2 34 9

3.3 8 2

3.4 1 2

Mean value 3.2 i 3.1

Table 14 Frequency distribution of percent elongation.

Percent elong., % M ‘ N
35 0 0

36 5 0

37 21 0

38 25 3

39 6 21

40 0 2%

41 0 9

42 0 1

43 0 0
Mean value l 37.6 39.7
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“Giant” Chromium Intermetallic Compounds and Stress
Corrosion Cracking in Al-Zn-Mg-Cu Alloys

Shiro Terai and Yoshio Baba

It is well known that very coarse crystals, up to 2mm in length, found in large ex-
trusions of 7075 alloy, have been identified as primary crystals of CrAl; which grew under
semicontinuous casting, and have caused the decrease in fatigue strength.

Experiments were carried out to study the prevention of the occurrence of “giant”
chromium compounds without decreasing the resistance to stress

corrosion cracking in Al-Zn-Mg-Cu alloys.
The results obtained are as follows:

(1) When the Cr content is less than 0.23% in Al-5.597Zn-2.59%Mg-1.6%Cu alloy, the
occurrence of “giant” chromium compounds is suppressed in commercial practice. However,
the addition of >0.3%Mn, >0.3%Fe or >0.05% Ti promotes their occurrence.

(2) The addition of 0.195Zr has no influence on the occurrence of “giant” chromium
compounds, and the addition of 0.2 to 0.3%Zr prevents their occurrence. It might be due
to the increase in solubility of Cr in the Al-matrix caused by the formation of primary
crystals of ZrAls before CrAl; at a higher temperature.

(3) It is concluded that Al-Zn-Mg-Cu alloy containing both 0.2%Cr and 0.1%Zr is a
material having an excellent resistance to stress corrosion cracking, without fear of the
occurrence of “giant” intermetallic compounds in industrial production.
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Table 1 Chemical composition of 7075 alloy
used for extraction of “giant” Cr
compounds., wt%

Zn Mg Cu Cr 1 Mn ‘ Ti ‘ Fe Si

5.50 2.50 1.64 0.28 |
THRL, HEELAME, & 150g oEGE By v BRI
700°C G5 A L, T700°C~620°C > 224 FHPC 1/2~16hr
[REE, A DI LTS Ulco A Uiz#5uBix109%4
kg T Al-Cr RAYOREBHL AT, fli
o, KE3EWE Lo

> ¥ ic L3 Al-Cr LA FEICEK LiEd Mn, Fe,
Ti ¥ L O Zr D 8% 25 1o 99.99% MEED 7 v
2= LS A U Al-5.5%Zn-2.59Mg-1.6%Cuf
L1z Cra 01, 025k 10003% &L, E5HMnll~

0.02 t 0.01 ‘ 0.26 | 0.10
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0.5%, Fe 0.3~1.09%, Ti0.06~0.25% 3 L0 Zr 0.1~0.3
%D 1Ei% I3 Lie & 4% 640°C © 4 BRI RFF S
1 700°~600°C & ClFEm k4 Lz, Table 2 0:%@@??
JJE@{L EROY R Uco BB HUS U7c853E 2 5 L,
FME TV v 7 ARG L AETHO &F ERET
Table 2 Chemical compositions of Al-Zn-Mg-
Cu-Cr-X alloys.

1 Chemical composition, wt%
System
‘ 1 Mg 1 Cu | Cr {Mn | Fe Ti l Zr
Cr 0.1% 5 248 (1601011 —| —] —] —
Cr 0.2% ] 558 | 2.52 |1.640.21) - —\ B -
Cr 0.3% 5.66 7 2.54 [1.62 0.29 ] — —1 —] -
0.1%| 557 | 2.48 |1.61|0.19] 0.12
Cr0.2+Mn 0.3 | 5.52 | 2,49 |1.60|0.19]032] —| —] =
0.5 | 5061 | 253 | 1581020 051] —| —] —
0.3%| 568 | 2.52 |1.6¢]019] —loss| —] —
Cr 0.2+Fe 0.5 | 5.62 | 2.55 | 1.63]0.20| — |0.54 —] —
1.0 | 5.65 | 252 | 1.60|0.20| — |1.01| —
0.06%| 5.58 | 2.56 |1.63]0.19] —1| —1o0.05
Cr 0.2%+Ti0.15 | 559 | 2.49 |1.62]0.20| — | —|015| —
0.25 | 5.54 | 251 |1.61]020] — 1 — |02
0.1%| 561 | 250 11.60f0210 —] —| —lo10
Cr0.2%-+Zr 0.2 | 5.62 | 2,56 |1.5710.20] —| —| —1¢.19
0.3 | 5.60 | 2.53 |1.61/020] —| —| — 030
0.1%] 5.60 | 247 |161]029lon| —|] — —
Cr0.3%+Mn 0.3 | 5.62 | 2,51 |1.611029 /030 | —| —| -
0.5 | 5.48 | 2,55 |1.60|0.28/0.55| — | —
0.3%] 5.62 | 2.52 | 1.62 0.2 0.32] —
Cr0.3%-+Fe 0.5 | 5.71 | 2,50 |1.611028| — 05| —| _
1.0 | 5.82 | 2.48 | 1.65|0.20 o7 —| —
0.05%| 5.58 | 2.54 |1.60 0.9 —10.05] —
Cr0.3%+Ti0.15 | 5.61 | 2.57 | 1.60|0.28| —| —|l014| —
0.25 | 5.67 | 2,60 |1.62 030 —| —10.2
0.1%] 558 | 256 [1.62]098] —1 —| —o0.10
Cr0.3%+Zr 0.2 | 5.61 | 2.51 |1.60|028| — | — 0.20
0.3 | 5.65 | 253 |1.62/029| —] —| — 031
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Fig. 1 Relation between the giant compound and

the holding temperature of 7075 alloy
containing 0.28% Cr.
L: Length of compound
W: Width of compound
%o 640°C CLREF LB A DAL 33644 % B
M Do MEFFRMNEBVCIT ELEPE R SREL, 48

~ 2% v, CuKefit & - CE B B LU B MT08~Imm im #4 5, X hi (Laogd, K
30KV, 15mA Gz L7zo I LFEE G40°C CREFLIZBARERE T bo IR
MBI EFIEED S, Cris LU Cr & Zr 4 [ ERELiebd L b~ Cr oOFAENB L, BEAts
15 L7z Table 3 0 7075 524 4o\, Ecdﬂ%ﬁaJ ﬁrt %@3}’%53@@01/)7’1 <7 b, T00°C CIELAMiEFs U
Table 3 Chemical composition of Al-Zn-Mg- o 640°C LIFCHEF Lot iiBaE XN L 51T
Cu alloys used for stress corrosion L],ﬂr(;i‘g NFRETHILEMDE LV b
test. Table 5% Cr0.29% L0 0.3% 44 L7~ Al-5.59Zn-
N Chemical composition, wt% 2. 5%Mg 1. 60/(:11 A@(%ﬁé Iz %i'@‘hé ”%er_afj[ LA%V
0.
Zn | Mg | Cu| o | zr | Mn|Pe| si| T LiE9 Mn, Fe, Tids kO Zr 0B A FA Ui iEET
1 5.60 | 2.58 | 1.71 | 0.10 — | 0.03 0.29) 0.11 0.01 5o Cr0.2% L0 03% &F Licaearhit e zgpcif%?g}
2 5.71 2.64 1.74 0.18 — 0.02. 0.27) 0.09) 0.01 o
3 | 547 | 260 | 178 | 0.2 | — | 0.02 0.31 0.10 0.01 % 700°~600°C & TIfn £ DBz Lk, Zr 0.2~0.3%
4 5.49 | 273 | 1.78 | 0.%5 — 0.02] 0.30, 0.09, 0.01 EH Ui b DR OR b AmrdmH X e Bk = & ¢ =
5 5.54 2.71 1.78 0.28 — 0.02{ 0.30] 0.11 0.01
6 | 5.61 | 265 | 1.72 | 0.19 | 0.09 | 0.02] 0.29 0.08 0.01 DEBER e b&d Al-Cr Rb-as Tk <, Al-
7 5.52 2.61 1.69 0.20 0.19 0.02) 0.30] 0.11 0.01 7r %{t%%}fjﬁéo 1,%:{,;%% 640°C G 4 B%ﬁ-ﬁﬁ%}gf 1/7'312%%
Table 4 Preparation of test specimens.
’ Hot rolling, Cold rolling
Ingot size Preheating Heat treatment
‘ Extrusion, Machining
Rolled product 30t < 180w x 180/ mm 420°C x 8hr l 420°C25t—>5tmm, 5t—1tmm 465°C x3hr W.Q->120°Cx24hr A.C
Extrusion product 68¢ > 200mm/ 420°C % 8hr I 420°C2t x 24dwmm 4 holes, 1t x 2dwmm 465°C =< 8hr W.Q—>120°Cx24hr A.C
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Table 5 Effect of added elements on the formation of intermetallic compounds in
Al-Zn-Mg-Cu-Cr alloy.
\\COH{P"S““’“ Al-5.5Zn-2.5Mg-1.6Cu-0.2Cr Al-5.5Zn-2.5Mg-1.6Cu-0.3Cr
Heat treatment |
~. 700°C F.C. 700°C F.C.
—— 200 640°C x 4hr Anta 640°C x 4hr
Added element ~=——____ —500°C A.C. ~500°C A.C.
Nothing O ®Very poor O @Large, Voluminous
0.1 % O @Very poor O ®Large, Voluminous
Mn 0.3 O o) ® 7 7
0.5 O @Voluminous @] o 7 ”
0.3 % Q 0] @] @®Large, Voluminous
Fe 0.5 O @Poor O ® 7 K4
1.0 O ®Voluminous O e 7 ke
0.05% O O O @®Large, Voluminous
Ti 0.15 @] ®Poor Q ® 7 z
0.25 O ®Voluminous O @ 7 K4
0.1 % Q O O @Small, Poor
Zr 0.2 o ®Small ] @Small
0.3 ® ©Small [ @Small

F. C. : Furnace cooling

O Compounds could not be extracted

Cr 0.1% 30 0.2% &8& Lic#lh bk = < #aEo Cr
RIEEMOBMBENDDLTH B, 7k Cr 029 551
640°C T 4 BERIREF U7 8550 T & &L &% ashl X uin
WA b 3 ot Mn 0.3%, Fe 0.3%, Ti0.059% s 0¢
Zr 0.1% LUFOBmINTIE, Cr RMEAMOFEE N LT
BEAEEEY 52 Tom\nL 5 Thb, Cr03% 46 L
TSI DI Uiz (LA Zr RDBE& %R\,

Cr 0.3%-+Fe 1.0%
5 -
tﬁ ;}\ % ”%,‘»%}“N % ‘
’ & % v

g

Photo. 1

at 640°C for 4hr.

A. C. : Air cooling

®@Compounds were extracted

BEaaoRENHER L DI Lt 8ol KEE4 R L
720 Mn, Fe 35 X0 Ti%HMN Uiz b DLk
Crodndn LY, EAMTETAEICEMLLRD
DDHTH DM, 2t % G Uic b Ok LAt IEE 1/~
SR eRER > TR D, ¥y 0.lmm fREDIEHE
ZRLT N5,

BLEDIMB L& DAL T 7 & 0N X iER D4
Table 6 + 10" Fig. 2 Wik Lo e kB & Cr %

Cr 0.3%-+Mn 0.5%

5%
<A

Cr 0.3%+Ti 0.25%

7 ,
ot st

Extracted compounds from Al-Zn-Mg-Cu~-Cr-X alloy holded

(x10)

— 3 —
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Cr 0.3%+Zr 0.3%

Photo. 2 Extracted compounds from Al-Zn-Mg-Cu-Cr and Al-Zn-Mg-Cu-Cr-Zr
alloy holded at 640°C for 4 hr. (x50)

Table 6 Chemical analysis of extracted compounds from Al-Zn-Mg-Cu-Cr-X alloy.

wt % at %
Added element
cr | Mn | Fe | T | zr | a1 Cr l Mn k Fe | Ti | oz } Al
Cr 0.3% 21.04 — - — — R 12.09 — — — R
Cr 0.3%+Mn 0.5% 18.16 | 10.03 - — - R 11.02 5.72 — - - R
Cr 0.3%+Fe 1.0% 22.30 — 5.07 — — R 13.35 — | 263 — — R
Cr 0.3%+Ti 0.25% 20.78 - - 4.40 — R 12.36 - — 2.90 - R
Cr 0.8%+2Zr 0.3% 0.54 — — — | 3130 R 0.36 - - — | 1.3 R
Sjst_en\ (AI-ZnAMQ-CU)
Cr 0.3% ‘
) l ol ll Il |l . | l !I ul
Cro3%+Mn05% | 1l . i . ] II Y IH 111
Cr 0.3% +Fe: ]O% ] l [ I l L | l ! N | l |
Cr 0.3% +Ti 0.25%___, ' o L. l - | l L. l
Cr 0.3% +Zr 0.3%) 1[1! b A ..'l i I 1Il.| \ |,
MaAl Ll Lt e L
FeAl s NI Ll I
TiAl s 0K Lol N
Zr Al o33 IR T s
10 20 30 40 50 60 70 80 90
28 Cu Ka radiation
Fig. 2 Results of X-ray analysis of extracted compounds from Al-
5.5%7Zn-2.5%Mg-1.695Cu-X alloys holded at 640°C for 4 hr.
* From J. Inst. Metals, 73 (1947), 87 #* From ASTM cards.
HAHWIX B Mn, Fer LU Ti &ML b Dk Al- Table 7 Relation between heat treatment of
< 0 vy AT P N melt and content of Cr and Zr in
Crik (CrAl:Y) ds LU Al-Cr (Mn, Fe, T_l) md)ﬂ% ‘:'j% Al-Zn-Mg-Cu-Cr-Zr alloy matrix.
ThY, &< MnAlg, FeAls s X 08 TiAly 7w E3R = Compesttion
W B — 5 Zr BRI LIz &0k Al-Cr Zoftd \m\ 55555 o Cr, wt % Zr, wt %
- [N - . t t t -
Wi <, 1BEAEN AlFZr ROCAWTH Y, XA gEimen None | 40°CX | None | 640°Cx
I Added element " ____ dhr 4hr
FiofEHk ZrAls TH 2o Cr 0.3% 0.20 | 0.23 - -
SEE Cr oF, B Cr & Zr % BRI 555 Cr 0.3%+Zr 0.1% 0.28 0.24 0.10 0.10
. e e Cr 0.3%+Zr 0.2% 0.28 0.26 0.20 0.10
AeERO~< T ) v 7 ACEE T HWITEDO DT R E Cr 0.3%-+Zr 0.3% 0.29 0.26 0.31 0.09
Table 7 QC/:‘I\' L'fCo Cr 0)%‘%—\‘\7]1] Lfii}@bi, 640°C G4 Cr 0.2%+Zr 0.1% 0.21 0.21 0.10 0.10
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MR OB L < Y v 7 2 Cr 28 0.23% & %
NTWLDIH L, B Zr % 02~0.3% R Lizd D
Tk, Cr & &R 0.25~0.269% & HTHMLTWB, 75
BLZrE AL 640°C © 4 BRGRE ORI %12 0.09~0.10%
L=ty 2 ARICEBE LA ol Licho T, Cr
0.219 & Zr 0.1% % R E&EH T 5 485 Tk 640°C
DEIIRB I & A LB (et ELNT, o= Y
v 7 AHRDEFRERLEL LT,

Bl ks, Cr 0.2~0.3% 4% Ul Al-5.5%Zn-2.5%
Mg-1.6%Cu RELK Zr TR MUIEE, <tV vy 7 A
o Cr BB E 2 L, ALCr B4 o F4 3k X
BILERDND I TINSHDEEDIETBEE VIES
FRBIdiE, Cr o Fn0.1~0.28% G Uiz 3B b
Cr & Zr % AT 46 L 7075 B4 &Flhtk L U8 i
e v — 7B C 3 % ARk ITiEE Lo

Fig. 3 1% 100 DS HHERBRERTH 2, IR &
5 & Cr LM LTz b OB VICE]D £ T EFHFa d
BREEM OB&, Cr &R & &b IIFERIET LT
BH%, MEcik Cr0.229% L Lo & Dk ISR AE vE
X ¥ Cr & Zr R 3EFE Ldc b ok Cr 0.28%
S OIS ITE AE viERER B L C\5, Photo. 3
& Cr &t LUCr & Zr % HEE Libiz [EEH O 15
I A v oy O BRI A R Lo B IRTFICE LT
BB AEDOHEHAI I DB NS,

Rolled product

Cr 0.28%

Extruded product

1.6%Cu Fé&&% 750°C 2 BEE Libick, Cr0.3%o
& T D G T 645~650°C ¢ CrAly o dhilic X %

1 Cr 0.10% 23 2] 2 i : :
2 Cr 0.18% pZzzzzzzzrzz77 ‘ : 7 Photo 3 Stress corrosion crackmg of AI 55%7n-
2.5%Mg-1.69%Cu alloy sheet containing
3 Cr 0.22% [ormzzz777720 Z . . .
chromium and zirconium. (x100)
4 Cr 0.25%
5 Cr 028% L e 250
Cr 020 %z T
7 7 019% = 1/// . ; B 03—
0 50 0 50 100 e ¢ - 03
Average life to cracking, day. ‘ b 0.3 0.3
Fig. 3 Stress corrosion test for Al-5.5%Zn- 700 \ D
2.59%Mg-1.69;Cu alloy sheet (1 mm) &
containing Cr and Zr in 3% brine water. g
Bending radius 12.5 t. g;_ \
£
@
Cr 0.3% BE4E45 Al-Zn-Mg-Cu-Cr R&&% 5 B.— ﬁ\
B3 5K, Al-Cr RERLEWD F4EA Zr DTRIC LY N \\\\\
Biibg B AEEICDWTH, MRS~ Cr \\\
DEFEAETEM LA b T b L2 BA, <O . ~.
00
7B LB EE, Fig 4 OBG 0 B8O H 5 LW 57 o
&<, CrAly (24637 - C ZrAly o Sific ki % i 10 20 50 40 50
P DEHIEATE Do Tt Al-55%Zn-2.59Mg- - Time, min
Fig. 4 Cooling curve of Al-55%Zn-2.59;Mg-

1.694Cu alloy containing chromium and
zirconium,
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FRENTD BN B, —F Cr03%, Zr0.3% 46T 588
Tl 685°~690°C ¢ ZrAly o FHi X 5 & BB RHE
DR BIBM, CrAly Oodhlic L 5% TS E VB,
Tl TbBH X XD ZrAly o5 HIT X » TEACrAl,
{EAHORED P B, BRI Cr 28 Al 58855
0 CEBINRBE B LDEELBND, Tk
(LT Tk Al-Zr /1t @ik ZrAls LR Al &H &
WD oTeh, SIS NI WM e, 2
FLEAIMDRECHIMCTERD oD THAHo
SEIDFEREERTIE, Table? B LB SN T & <Cr
S 0.2~0.23% Tl Al-Cr REKR{LEHO &R DR
FRNANT LA ER WD EMHEIN, —FMIEEAE v
PR Uik, RN — i 7 7 v TR E LCERE
P, T LRI EA vt T R & LR X
NHOT, THERIEEA EMERWEBbNDN, &
BERSER - LT Wb D Al-Zn-Mg Raek K1l &
BRERSDOZTHEAIN, OBAEEITAT
U7 DSBS A v ik 70~809% W KT 35 & &% 3
FIIhOER TR Tnbhoe DX 5 IR E LTSI A
UE R B & T B AL, Cr0.29 pigic X biz Zr 0.1
BRRESH LB OFBEREEEE 2 BNbo

5. &

Al-5.5%Zn-25%Mg-1.6%Cu Ba&& BT 15
Al-Cr R&EBRL-&Y & #all, Cr &6 &% LU Mn, Fe,
Ti, Zr 75 E OB OB R A Ui iE R,

(1) Cr0.3% &HT H%EE% 640°C T REF LicBa, #
495 Al-Cr %t (CrAly) ok X, fidhckEs
Chbo (LEMFEBD TNV I=Y = M v 7 AL
0.23% BED Cr BEB L T\5bo LIz T, BEOH
®ETH Cr &8558 21 0.23% LIF © 814 Al-Cr REA(LA
WOFRER DI D LB bbb

(2) Mn<0.39, Fe<0.3%, Ti<0.05% o> BRI
BYOFELENT & A EFE RS 2 s, S BLEodm
ik Al-Cr SRk Ao Fet * BiEd 5,

(8) Zr<<0.1% @ HRIMTALEMD FECIT LA EFEY
£z, Zr0.2~0.3% o & Al-Cr RE XL S D FE
EHEBIET D0 UL, BIRTIHERC Mg ZrAls 35
a5 2 sic kb CrAly © EXREEN i b, #
REYC= Ty 7 AP C@EE T2 Cr &HFERER LS
LREBLDEEZBND,

(4) Cr0.29 & Zr 019 % REsic&E 1L 7- Al-Zn-Mg-
CuBadit, TR LEXL £BMLESWRED B
e, LobMEEaE viEoE L 4+ <k T
»Bo
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Study on the Corrosion of Copper Alloys in

High-Temperature Water and Steam (Rep. 5

Corrosion of Copper Nickel Base Alloys

by Shiro Sato

This paper gives the examples of corrosion and corrosion failures of cupronickel tubes
used in feed water heater and the results of the experiments on the corrosion of Cu-Ni
base alloys by high-temperature water and steam.

The examples of corrosion and corrosion failures of tubes include the normal corrosion
of 70-30 cupronickel, exfoliation corrosion of 70-30 cupronickel, stress corrosion crackings
of 70-30 and 90-10 cupronickel and impingement attack on 90-10 cupronickel.

The experiments were conducted by exposing the specimens to degassed or oxygen
bearing water and steam at 200° to 350°C under saturated pressure for 250 hours.

The results obtained were as follows:

(1) In perfectly degassed condition, corrosion by water and steam increased with

increasing of nickel content of alloys, but no severe corrosion was observed.

(2) In oxygen bearing condition, severe corrosion of exfoliating, pitting, or intergranular
type was observed on Cu-10~90%Ni alloys except Monel metal by exposure to
water and steam at 300° or 350°C. The exfoliating corrosion which was observed
in above test was similar to that we had ever experienced in 70-30 cupronickel
tubes used in feed water heater of power plant.

(3) It is considered that severe corrosion by oxygen bearing water or steam at elevated
temperature is due to the action of hydrogen gas which is evolved at the metal
surface by selective oxidizing reaction of water and steam to exfoliate the oxide
film.

(4) Corrosion resistance of Monel metal containing 1.24% iron to oxygen bearing water
and steam is superior to that of binary alloys. This fact shows that iron is effective
to form the protective films.
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e xvad, HUT Cu-Ni &4 DERZHETHDIC

&0, KEFEA 7 OBEERKNSEE L Cu-Ni &5
ETHAEENEFEAINTWS, Dz &k Cu-Ni
HE LT HAENEERKINESEE L L TLERBRSE
DK, B EUERERTAMAE L, SERCKT HHME
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RL&IE LT 10% % o 7 e =y 7 M8 (JISH-3632
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BHAEIIEEBO Ay ~HRELAELTR Y, BT
HEER L B BN ERERECEEBD 27 ~ vaiE L
TEY, FOHERCITHADO LS b DR SNz, D
PAME ORI A Photo. 1 (@) iR, HXZ LA EHAY
FITWiRWE S ICR 2 %o BEOWEIRILA Photo. 1(b)
BIO (O @ikt AmAl, AEAE b icaBIkorE
WMOBMRALNBM, TOBEEL 40p U 20p BE
Tholco FIMAEEMNREZT BV, BT 1
FEABICE LA WEEOLDTH Y, BEAABEEITETT
Wi otz

AT £ U T W 2 75— vk XIS U fE8IX
Figl.oX5THoiR (&BLLTOD) BNELLTRES
Nizo

BlEDX 5730% o 7 w=y r vEOFERENIR UTE
Binb DT, ER-FEAGECEBEINDG ZE&hh
W77 Y PERBWTREBERAOND LD THEDH, £LT
ZO L5 IeRit—F bbb E & LTERIA
%x 7 u=y r VEIITEAEHBEEZTTEBHE
R ET DAY ~ W ET BT BIIR N D RROF R
BLYRELZ BNARIETE B,

(¢) Longitudinal cross sections of inner surface(x400)

Photo. 1

70-30 cupronickel tubes used in a feed water heater for three years, showing no

severe corrosion but the deposit of the thin layer of copper.

— 3

s

Flg 1 X ~ray analy%xs of scale formed on the outside of 70-30 cupronickel tube shown in Photo. 1.
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= O3RN A Photo. 2 (@)iz7xd Z DRt Gilbert ¥k X

% Wilkes 73 “exfoliation corrosion” (HIBEE) &
BLTWBHLDE L~ LT W5, HERAROHER
%% Photo. 2 (b) © & 5 TH b, K& M & Ik ig
ANRRBZT BN, ZOFOHEICAE LT A7y — v
DXk LML ST RIL Fig. 2 3 LUt Table 1o X
5Thotre Tibb 27 —vik CakNi ORR{LHDIRE
&4 Cug0, Cul X0t NiO, X bhidLDT, 0O/
SHIRFEEORSHICE LSO THDL L EHRLT N
Z)O

Table 1 Chemical analysis of scale formed on 70-30
cupronickel tubes shown in Photo. 2,

Cu (Cu:0 Ni (NiO) Fe (Fez0s) Total (Total)

66.80 (74.82) 17.99 (22.89) 0.40 (0.57) 85.19 (98.28)

(b) Longitudinal cross section of outer surface. (x800)

Photo. 2 70-30 cupronickel tubes used intermittently in a feed water heater for five years, showing the
severe exfoliation corrosion and intergranular corrosion.
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2:3 WuF 70y SLEOIEHEET L OF B, WA Thbivie. ERERE, 4By
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a. {FRAAE : 8 5 fhiomEhes BIIHATE L S BBEOEW Ay — VTELN T A
b. #7k CEMmEMA) HORE : 205°C EAEBEE BT Win holse L L, BSERIE
c. FEFEA : 100kg/cm? Photo. 3@z bnbd L5 EFFED vV EY VI L
d. nEhEREARE « 355°C S>TELRERRENDZEHRINEEL T, 2OV vV
e. [_LES ¢ 18kg/cm? WOWHEALTHAE L& 25 Photo 3 (b)) &L HTHY, 4

£ R - K94 7 FRE . T o, A b SRS WA DA Ule & A7n SN 5 BB ELR 7 VAR Biize

A e
i

ey

(b) Circumferential

Photo. 3 90-10 cupronickl tubes used in feed water heater for four years, showing the intergranular
crack by stress corrosion.
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W, Photo. 4 (@) whBL5mvvidkl, OV vd
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Photo. 4 ( )@;51&0

7 vz Ui e EE LeB-IS %ISR E L, Thie

BELSLMBRAESHER LT, BABEHRE LS

L EDEBEDIENRET vILLBbDTHAH EELD

Nao

25 10%F .70y FIVEOEREROH)
(SHEFOHD

%= B & #

. ERRLE B 4 B

LRk CEREAD o 205°C

F_EFS ¢t 1837kg/cm?

. B A CIRE ¢ 323°C

B_ES : 20kg/cm?

f. #ERRIR 14 » AR, MBEMCER SN
C DA IR 10% X o Ve = v VB O
220%k X 0B0% > o 7=y r VASELEMTHNT
Wizo

@ % o K R

BROBABCEAT BN TN I0% % 2 T r=y 7
B H bMEESK O AORIES OF G/ E A Photo. 5
THhB XD RBIROBAENE Ul TOBREDORAIZ DU
f%%&:ambmofw&v%,%mm%%mmﬁoﬁ
BEECER R E DT B OBIBIE
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(a) Crack of 70-30 cupronickel tube. )

(b) Long1tudma1 Cross sect1on (x100)

Photo. 4 70- 30 cupronickel tubes used in a feed water heater for three years showing the intergranular
crack by stress corrosion at the U-bent part

6 —



Vol. 5 No. 4

SHE S oEmEBEAC L& T 509 (B5#H)

(296)

e g

L DEELZTESOEBBIERHCL > TERZINE LEZ L BN
HBACALI0% a7 =y r VEEEID L 20% ¥
73 30% X2 7w r EEED EMDOHR BN T
WhHLDEE L BN,

3. Cu-Ni ZE5E€DERICEHT 5K

341 RHPLUERFEE

3-1-1 EHOLEHRS ,

Ni &H&% 10wty (UTFwt 13ERET5) EXATE
x fofio Cu-Ni 2 &%, SHEESE CRGEHEY
AEBEKPCHBRBLEICEAAL Tz, ERe&E L
T JIS I TnD 10, 20, 30% & X% . 7u—y
rrEseR LR vEELEEI L o BEE&DL
2Rt sy Table 2 R+

Table 2 Chemical composition of specimens. (wt%)

Binary alloys

Mark Cu Ni Mark Cu Ni
0 99.98 None 60 39.63 60.27
10 89.85 10.14 70 30.71 69.27
20 80.68 19.26 80 19.63 R
30 69.77 30.16 90 9.67 R
40 59.58 40.38 100 Tr R
50 50.98 49.00

Commercial alloys

Alloys Mark* Cu Ni Fe Mn
90-10 cupronickel CNTF-1 87.47 10.69 1.20 0.38
80+20 cupronickel CNTF-2 78.82 19.39 0.98 0.05
70-30 cupronickel CNTF-3 67.73 30.38 0.60 0.52
Meonel metal NCuT 31.72 R 1.24 0.84
* JIS
3-1-2 EBRFOER

Table 2 |7k L7z &40 @M% BT B LU SHE

e

Photo. 5 Corrosion of 90-10 cupronickel tubes by impinging action of steam.

! |R‘ 4 8

HEL, TR 37.5% ¢ 0.50mm DR e L, Ev
110mm, E 10mm, SE{TZHIE 5.0mm o/~NEIE |2RERER B
ROBBRTHY L, BESBRERA & Lico BB ORE
BWwiib 2y —# AA-240 Tt R,

313 = B & B

BEEBRHORERE LT, BESL, 18-8 27 VA
oA~ T 7 v T RER Ui BBRAIIREETH /<~
Lic A7 v vASEORD FER LU TRIEEA 2Kk
D Ditize

314 R B £ #

BRIk L OBRER P OEARRA TR 2L L L,
A= b7 v TRIEEREKE 2¢6AN, o FEBORBRA
RIS R, B TROBBRA IEFUKFIEL IR
5L 51z Uiz, SRERIBE L 2000, 250°, 300° ¥ k0t 350
°C e, FNTNRALBELSEAVES REL
o8E) LBMEAHET 10kg/cm? HiIFHA LLBAKC
DWT 250 B DB EHR A T/ o 7co BRI LTI,
FTNVITYHATHE~ 7 v—7THOERYBBRLTHE,
BERY 7 TREACRITHI LI LD bR
STl D L 58,

32 2 B & B

3:241 RAVIAPLUERRRICHITIER

200°C F5 LT 250°C CHER L AR IRV h b #
SEBLTWES, FRLUEOE&IZTCRLT, Ba
CLHEEEMEZVWTNLH 0.1lmg/cm?, 4k £
LIFT &b TRE otz 300°C $ L O° 350°C CEBR
L7cBBRAIIWIN G S 5BEOEER F THAERK
M Xd 2yr—npEEUTEY, 20 Ar—viisden
Ni &FEoBEA O NT, HFBE,HD EEBELIIEBE
CEAL LT, eRRECEBLTHSDLTEBEL
RAEBELTED, EEEMNLITEAELLNT, Cu 12E
BEEFLEVERSEOKE LUVEKC L > THEEYF
s Z & &R LT, 300°C & LUt 350°C ¢&EBR L
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PR L UBEERENEX NI EBEEDOHE LW 2TEEDF
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s otco BRERF OFEICE UleB &t onTX
AN R Tl otz & &5, 300°C ks L0 350°C TR L7e
RERED 5B NI a8 30% Ll Eodosssb NiIO o
EHEAE BALTAS, (OB BiL, iy
oD b B o THERARBIFEILE bl o7
D¥E, RBRAOTSEARER, 28RITiICoWTH]
EERBY T o7, BRI D BB RO LN h o
tro Fio, AEBRAOWER BT HEENRIIZOWT, &
MBI L=, BRI AERTEAERZTBNR
hotoe totd, NI 309% Ll Eaa a3 RAIeonTE
O THNFURARRBIDbDOLH o 1ony, FORA
Bk 1R AL T Th o0

3:2:2 BRESUCABIVERRCSITIIEE
BEAHA LSBT HEARIIE FEOBRK L
BEADOBARR I IE L BTk, 2f0TBEaen
WU o Tnvizo BB ICILE®RD 2 7 — v 3
REETE LTt S DI HIEREIEE L o3\ b D
Ghholceo EXEBRETRERLUZE=y v &8 (NI
GHEENOBET) OB O A7 ~ TR, o,
LT <, BB TRl WTTcienih hoar - v
HEBRAT L DKIEE L Cuviee AREIE LT 350°C @
&K TR &% B &3 © B&kI% Photo.
6 kikT o Photo. 6 iR\ T, WEEEAD 27— 1hig &

List of symbols in Fig.3~6

Ternp.,“C chtKenrOr cs“iZZm Cﬁ:f:rerrioiteﬂrl:y
200 |—+— [ [ — [T
250 |—8&— |- & | -
300 | —@— [0 [—&— B
350 | A A [ | B

o o
~ e
T T

N

Weight gain, mg / cm®-250 hr
o
o~

0.2

0.1

0.0

0 10 20 30 40 50 60 70
Nickel content, %

Fig. 3 Effect of nickel content on the corrosion of various

Cu-Ni alloys by exposure to degassed water and

steam at 300°C or 350°C under saturated pressure
for 250 hours.

80 90 100

0 10 20 30 40 50 60

80 90 . 100 90— 80— 70--

Binary alloy (Ni%)

1620 30

Monel
metal

Cupronickel

Photo. 6 Corrosion of various Cu-Ni alloys exposed to oxygen bearing water at 350°C under saturated

pressure for 250 hours.
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WCBANMHBIE LTA €y + 1% 05v0l% Zimlizd
DEBNTITRolco TDMEEONBEEL 8D
Ni 468D Bty Fig. 4 t—HB L TRT, & BB D
200°C okl LUK S, mhUE 250°C o EK i
BOABERX L b EhbD TN, EHEMECRS
KX XTI Aotz 250°C Dikepin 5% 300°C ik
ik L USRI R AEARI NI &0 WES
(40%LLF) wHWwWT 0.lmm/year [ZFH243 HREEED B
BEEFTLOMNRLBNICH, N §EERSE&DOHE
BBITNE D o700 350°C Dikrhks LUK BRI A5

201
10.7
-40.6
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2 40.5
o™~
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= Jo3
=
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S . T . \
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Nickel content, %

Fig. 4 Effect of nickel content on the corrosion of various
Cu-Ni base alloys by exposure to oxygen bearing
water and steam at 200°~350°C under saturated
pressure for 250 hours.

Corrosion rate, mm / year

EEILE Hiw300°C E i F N T OEER BT HEAR
L TELIEA LT WM, &< Ni &F5040%
BTFoa&c K&, HEWDEEENEDN, LiL,
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BRICONTHDY LTWi, 20688 LEREAEOEAER
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V30% 4% o 7=y ¥ VEEDBARIIERRFHED D
DO 2TEEDEAERLEBETSLD, KEXRD%
Irotos, xR AAED 350°C Dk LU ERFEE
T ABARINIER— NI 28E0 2 TAE&OMHAKLD
L DENILDTHD I ERELME ot
ZRB A DRBAEEEICOWTXBOT ATl E &
A, BE ERI WTNRL B L0 =y v O B
(Cuz0, CuO, NiO) o\Fivm, FhZRBEHMEID 25
LOTHDBI LMol
HBBRFCOWTEERBRA TR, Ry & LU
YR, BARK LAENEELRD Tl TOREE 200
°C ##21% 250°C THEA L=AB B e >WUEa 0P E
BB R IO ERHD D LT T & h ol 300°C
F LU0 350°C THRER LARBO FIIRMAY, FLUYEY
DAY —$E LT Fig. 5 wRt, 300°C ¢ #HEx Lo
Cu-20~80%Ni &40 BRRFIX BRI LD LB IND

100

80+

60 |

40+

Degree of loss in tensile strength, %

Degree of loss in elongation, %

0 1o 20 30 .40 50 60 70
Nickel content, %

80 90 100
Fig. 5 Effect of nickel content on the degree of loss in
tensile strength and elongation of various Cu-Ni
base alloys by exposure to oxygen bearing water

and steam at 300° or 350°C under saturated pressure
for 250 hours.
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Fig. 6 Effect of nickel content on the maximum penetration
depth of intergranular corrosion of various Cu-Ni
base alloys by exposure to oxygen bearing water
and steam at 300° or 350°C under saturated pressure
for 250 hours.
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Photo. 7 Cross sections of various Cu-Ni base alloys exposed to the oxygen bearing water at 350°C for 250
hours under saturated pressure, showing the susceptivility to intergranular corrosion. (x400)
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Methods for Analysis of Zirconium and Its Alloys (Rep. 3

On the Dissolution of Zirconium in Hydrofluoric Acid
and Fluoboric Acid Solution, and on the Solvent Ex-
traction-Spectrophotometric Determination of Trace
of Cobalt by the Use of a-Nitroso-g-Naphthol

by Toshio Sawada and Sakae Kato

1. The mechanism and rate of dissolution of zirconium in hydrofluoric acid and fluoboric
acid solutions have been studied at two temperature of 9° and 100°C for the purpose of
effective dissolution of the samples in the many analytical procedures, and following
observations have been made:

In the two systems, the rate of dissolution of zirconium is first-order with respect to
hydrofluoric acid, and respective activation energy for the dissolution is 5.8kcal (9°~100°C).
Evidence confirms the same mechanism for the dissolution of zirconium in the two systems,
and the steady-state in the dissolution is probably the rate the hydrofluoric acid diffuses
to the surface according to the rate equation with Fick’s law. A difference between
hydrofluoric acid and fluoboric acid on the rate of dissolution of zirconium is understood
from the each magnitude of (HF) concentration compared with the acid ionization constant
of hydrofluoric acid and the hydrolysis constant of fluoboric acid. Further, very small
effect of sulfuric acid on the rate of dissolution of zirconium in the two systems can also
be deduced from that the acid ionization of hydrofiuoric acid itself is very small and that
the magnitude of the formation constant of fluoride complexes of zirconium is much larger
than that of sulfate.

For the purpose of the dissolution of zirconium samples in many analytical procedure,
generally speaking, it is advisable that the reaction surface of the sample increases possibly,
concentrations of reagents is kept to high without excess dilution, and that heating be
gentle preferably just below the boiling point. The mixture of hydrofluoric- and sulfuric
acid or of fluoboric- and sulfuric acid is probably useful as the reagent for the complete
dissolution of zirconium and zirconium-base alloys in the many analytical procedures.

II. A solvent extraction-spectrophotometric method for the determination of trace of
cobalt in zirconium and zirconium-base alloys by the use of a-nitroso-B-naphthol has been
developed :

Transfer 1g of the sample into a polyethylen beaker, add 20ml of water, 7ml of 2M
citric acid and 4ml of hydrofiuoric acid. When the initial reaction subsides, add 2g of
boric acid and 5ml of nitric acid (1+1), and heat until the dissolution sare completed. Cool,
dilute to 60ml, and then adjust the pH to 4 to 6 with ammonium hydroxide solution. Allow
the solution to cool below 20°C, and transfer it to a separatory funnel. Add 5ml of 0.01Ma-
nitroso-B-naphthol-0.05N sodium hydroxide solution, stir, and allow the equilibrium of the
reaction with cobalt ion to complete. Extract the complex with exact 20ml of benzene by

— 1 —
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shaking for 1 min. Allow the layers to separate, and draw off the aqueous solution. Add
20ml of concentrated hydrochloric acid to the separatory funnel, and shake for 30sec to
decompose any other complexes brought in the extract. Separate and draw off the acid
solution. Repeat the extraction to remove excess of the reagent from the extract twice
with 20- and 15-ml portion of 1N sodium hydroxide. Take the absorbance reading of the
complex at 410my, convert the reading subtracted blank test one to pug of cobalt by means
of calibration curve, and calculate the percentage.

As given by 3.39X10¢ for the molecular extinction coefficient of cobalt complex, Beer’s
law holds for the concentration up to 40 ug of cobalt per 20ml benzene. Many elements
normally found in zirconium and zirconium-base alloys have no interference under the
above conditions.

The pattern of step-wise complex formation of cobalt with a-nitroso-B-naphthol is
likely to that:

2R(I)-

1 ko kg k) ]
Co2+ 4+ 2R (II) ~—=CoR(ID) s T=CoR D) s* +R I "——CoR (ID) 3
where, HR(I) and HR{ID denote a-nitroso-B-naphthol in acid and its isomer in slightly

acid-basic medium respectively. Approximate value for %(;) is much smaller than that
of stability constant of cobalt(II) complex formed by EDTA, its formation constant being

October 1964

7.1}1011,

The coefficient of variation is 17.4, 4.7, 1.8, and less than 1.1 percent respectively for
the synthetic samples with each cobalt level of 0.5, 3, 6, and 12~28ppm.
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Table 1 Reagents on zirconium and zirconium-

base alloys.

Reagent : : Volume used for
number Reagent and its concentration dissolution, ml
1 1 N HF 100
2 2 N HF 50
3 4 N HF 25
4 0.25 N HBF4 100
5 0.5 N HBF; 50
6 1 N HBF;: 25
7 1 N HBF, 100
8 1 N HF—1 N H:S0, 100
9 2 N HF—2 N H.S504 50
10 4 N HF—4 N HSO04 25
1n 0.25 N HBF;—1 N H2S04 102
12 0.5 N HBF;—2 N H.SO4 50
13 1 N HBF;—4 N H:S04 25
14 1 N HBF;—1 N H:504 100
15 2 N HBF,—2 N H,50, 50
16 4 N HBF4—4 N H.50, 25
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Fig. 1 Effects of reagents and temperatures on

the rate of dissolution of zirconium.
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Fig. 2 Effects of surface areas of zirconium
specimens on the rate of dissolution

of zirconium.
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Fig. 3 Effects of acidities of reagents on the

rate of dissolution of zirconium.
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Fig. 4 Effects of reagents and those concentrations
on the rate of dissolution of zirconium

sample at the temperature of 100°C.
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Fig. 5 Effects of reagents and temperatures on

the rate of dissolution of zirconium.
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Table 2 Effects of acidities of reagents on the

rate of dissolution of zirconium.

Acidity of reagent, N
Dissolving time. Reagent 1 2 4
Rate of dissolution,
sec mg - cm™? - min~!
10 54 132 198
20 53 113 158
30 50 100 134
xN HF-
40 %N H.S0, 47 91 120
5 44 &4 108
60 43 78 97
75 / 40 72 86
Average 47 96 129
10 36 72 63
30 32 65 63
59 29 59 59
xN HBF,—
75 <N IfIQSO,l 26 52 58
90 25 50 56
105 23 47 54
120 22 45 52
Average 27.¢ 56 58
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Curve AB, and C : Complexes from 31.7,19.0, and 6.3ug
cobalt, per 20 ml of benzen, respectively.

Curve D : Blank for water as reference.
Fig. 7 Absorption spectra of cobalt-a-nitroso-

B-naphthol complex in benzene.
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Fig. 8 Effect of pH on the extraction of
cobalt-@-nitroso-B-naphthol complex
with benzene.
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Table 3 Influences of fluoboric acid, citric acid
and EDTA concentrations on the ex-
traction of cobalt:a-nitroso-B-naph-

thol complex with benzene.
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#g/100ml \ml/100ml} g/100ml |(H,B0,J|m1/100m1im1/100ml g
25.35 5 5 14 25.3
25.3s 5 4 1.8 25.5
25.35 5 3 2.4 25.5
25.3; 5 2 3.5 25.5
25.35 5 1.8 4.0 25.6
25.35 5 1.5 5.0 25.5
25.35 5 1 7.0 24.3
25.35 10 5 2.9 25.4
25.3¢ 4 2 2.9 3 25.2
25.35 4 2 2.9 5 25.5
25.36 4 2 2.9 8 25.5
25.34 4 2 2.9 9 25.0
25.3¢ 4 2 2.9 10 24.5, 22.0
25.36 4 2 2.9 13 21.0, 15.5
25.3¢ 4 2 2.9 1 0.3
25.3¢ 4 2 2.9 3 0
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Fig. 9 Effects of a-nitroso-g8-naphthol con-
centrations on the extraction of cobalt

with benzene.
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Cemplexes from various amounts of cobalt were extracted
with each 5ml of benzene by shaking for 1 min and an
absorbance of each exiract was read on diluting with
benzene exactly to 100ml after the removal of excess

reagent.
Fig. 10 Extractability of cobalt-a-nitroso-
B-naphthol complex with benzene.
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Table 4 Stability of cobalt-e-nitroso-B-naphthol
complex in benzene for the strong acid
and alkali solutions.
(On the decomposition of complexes
with the reagents of a few elements and

the removal of excess of the reagent).

Volume used -
. . Hydroxylamine | for shaking, |apsorbance
Acid and alkali hé’gmcm/"f)iode ml of benzene
solution added, g/100ml ;| extract at
of alkali Acid Alkall 410mp
Ist | 2nd -
IN NaOH 20 0.737
1IN NaOH twice 20 15 0.734
3N NaOH twice 20 15 0.734
SN NaOH twice 20 15 0.740
1IN NaOH twice 1 20 15 0.734
3 20 15 0.731
5 20 15 0.737
3N NaOH twice 1 20 15 0.729
5N NaOH twice 1 20 15 0.740
1IN HCI, then
IN NaOH 20 20 0.734
3N HCIl, then
1N NaOH twice 20 20 15 0.734
6N HCI, then
IN NaOH 20 20 0.731
6N HCI, then
IN NaOH twice 20 20 15 0.737
11.5N HCI1, then
1N NaOH 20 20 0.734
11.5N HCI, then
IN NaOH twice W01 0.731

Table 5 Amounts of many elements not interfering
with solvent extraction-spectrophotometric

determination of cobalt.

Amounts that did not
Blement, Addedss | Jpicrfere under the
mg
Als+ Chloride 10
Ag*, Bis+ Nitrate Each 3
Ca2* Chloride 3
Cdz+, Crs+ Sulfate Each 10
Cuz+ Nitrate 1,3*
Fes+ Nitrate 10
Mg?*, Mn?*, Niz* Chloride Each 10
Mos+ Sodium salt 10
Ph2+ Nitrate 5
Si Ti-Si alloy 10
Sn?+, 1t Chloride 50
Tis* Metal 1000
Vi, Wer Sodium salt Each 5
Zn2+ Nitrate 10
Zr+ Metal 1000

Cobalt taken, 25.3; pg
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&%Z Bitbe

Time for shaking, each Imin

a N b

* The interference of copper can be counteracted by using the large
quantities of reagent: 5ml of 1x10~2M a-nitroso-&-naphthol sodium
hydroxide solution for the presence up to lmg of copper, 10ml for
2mg, and 15ml for 3mg, respectively.
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Fig. 11 Calibration curve for cobalt.
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Fig. 13 Effect of pH on the extraction of
cobalt with e-nitroso-g-naphthol-

benzene solution.
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2R(D)-
i

ka) (2)
Co2* 4 2R (I1) "= CoR (IT) » =2 CoR (IT) 5 * + R (I1) -

k(s)
<=>CoR(II)4

£ 2T, kay=[CoRAD J/[Co2* TRAD %%, [3-3]
Zdsi B R D Co2t—EDTA #4 4 > shliwE
# Keovy? =[CoY2~]/[Co2* Y+ % k) OFITAA
LTRDOLDPEERTES ¢

_ CCoR D) o] [Y4]
ko =Ko e ve TRAD T2

o, Kceov?™ —20><1016) a-=trwuay— B-37
F -;v105>)@f%1ﬁzzmi Ky=[H*R-J/[HR]=2X10-8 ©
HBHMD, ZORHK ; loglR"I=log 2X10-8 +log  HR]
+pH % v, SRR v/ 33kEE [THR]=5X10-5M
& pH 5 HWT loglR™] %k 2 Ly [R =
[(RAD 2 =107 %5, %/, [Y)=axg[Y*], fczg
L, [YY iké@ex v~ LTl EDTA ofagss,
b, [3:3]) isWhTa v M EOML AR i o7
EDTA ofFng X v [EDTA]addea~ [Y]~1X1073M
LT pH 5 ki 5h an=2.82X108 % T, [Y¢ ]
~3.55%10-10 #18%, %o¢, [CoRAD]/[CoY2] %
Wz v bR EKEB ROV T EOEIZED, 2O
A ~10"2 REEILT ko T 5E, ko =71X
1011 p3sRE Bo Keov?2™ RHE LT D/AE W™D T,
EDTA o4fEClda v b R 3 - 7z B
HHETEA LD E b, ¥izZDas v FERODN)
HotpfEEoREdd 33 TONLEXE LWL D

EHEER I N Do

4 & W FH &

e 1<gl)>f>_rrif VT Ly Y- —iiEn D & D, 7k 20ml
Lo yBREE CM) Tml k6 XUV 7 o {LkEERE 4ml %
Mz CHEE WIS T 5o DRV 28 LA
B (1+1) 5ml %z O&D0% MEA LT SEEERS
o

RECHH LD bkEineg TR 60ml 540, 47
WA v YV RRIRER 17;32 Marmz, 2EEREELRHET
7ra=7KEMZ Do

20°C LIT A LcamiBte®® L, 1X102M a- =
Fry e~ B-F7 F—n « 005N 7KL+ + Y v n BIE
5ml %Nz Thkbh EEh,s

DI/ € HIELL 20ml iz T, #1200k
FLLSDEETHET 5, #ELUTHML, KEWMHEL
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EDTTH,

Ny VI ER 20ml 2k, #30RLES D W S,
HELTHOML, HEBERY LD Th,

S, IN KB+ v A 20ml & 15ml %
WC 2, e FBRCERE LTS T %o

Ny YAENERO e vicE ), FE 410mp TEK
EERREL, FEHCHRE L CR R 2 L3170
B, &b LOIER Lol HEo 2 /ov F aa%
AR Bo

CEl @
& %o

2 ZoLxormo pH ik 4~6 L35,

(3) MvEluE, EmiE o b BEEA 0, 5, 10, 15
A5pug a0 PEWCA A L S RAHT LT FHE U B A F
U, ASCHEREIC Ulc o T LCREE A HZE L assv

M 2 OBIR TR L TR o

5. %4 H K R

Vya=mwviakIUVva=my aedhoMEDa v
FE T4 HRFE] L LR T ER Uiz BEFHRO
— Pl ARBHE DNWTE SR & i LT Table6 i@
7_]:\‘[/7130

asv FEN 0ug BT s X 5 idEny

Table 6 Solvent extraction—spectrophotometric
determination of trace of cobalt in zirco-

nium and zirconium-base alloys.
(I) Cobalt in synthetic samples

Cobalt added, ppm 0.5 3.1 6.34 12.6s | 25.3 | 38.04

0.3 2.8 6.2 12.3 25.2 38.1
0.4 2.9 6.1 12.6 25.2 38.3
Cobalt found, ppm 0.4 2.9 6.4 12.5 25.3 38.3
0.5 2.8 6.2 12.5 25.8 38.3
0.4 2.6 6.3 12.5 25.7 38.3

Cobalt found,

avorage. ppm 0do | 28| 620 12.45| 2540 | 382

Coefficient of
variation, % 17.4 4.3 1.8 0.9 1.1 0.2

(II) Cobalt in zirconium and zirconium-base alloys

Zirconium-base

Zirconium alloys

Sample

A B C D E F

1.0 2.3 2.2 1.8 2.4 3.0
Cobalt found, ppm 0.8 2.2 2.3 1.7 2.2 3.1
1.0 2.2 2.2 1.7 2.3 2.9

Cobalt found,

average Do 0.9 | 2.2 2.2 1.7a| 23| 3.0

Coefficient of 124 | 26| 26| 33| 43| 3.3

variation, %

SR EXARRRICDWTC 2 9v + 0.5ppm 7K¥E CIR
3= 17.4%, 3ppm 7k#ET4.7%, 6ppmik#ET 1.8%, k
JUN2~38ppmkHET LIYBITTH o720 Tads, FEBRIT
HLEEBYva=y oo a1 5 v P 2R 0.9ppm

(e BRED 2 79w P M EE 0.2ppm) TH o7,
6. #&

a-=twuy—B-+7 = VEBEEHANDIVI=TE
LUV =y aEE&ROWED T v T OFE BRI
T BWIFEEER AR Lo

a0 PR, a-= bw Y~ B-F 7 P~ vk
F P Y REREE RWTHEE] : [HRJ/[CoI>50 & LT
KERPCRIEXESZ 212k, pH22~T75 (£ 4 Vil
BE0.01) THSLHCER LAY i & D BRI T
X, BREORIER LOHTRD 5 bETOLEDOHIX
L Ui~y ¥ v BRI D X k(L - P ) U AR
N5 SR - BEERIEC L o CHBETE 0T, 410mp i
BiHa v MBEOWRKEEARZE LT v PR ERT
HTENRTET,

a0 FEEE OSSR LT,
B-F 7 D BEERIEN 2 v 5 o BB D
7 B E % & DN DN TCHETF ORI &R WB LR
BT, a3 RO ER ST 2 v T (T & a- =
tery e~ B-F7 Fenro BEEMNG JIED ofo
IS EFT D EDTH D I L OFEEEAHEEE L 2 ig b
DT EOHEMETE A F LD,

FEr Ui e by, Ira=vakldrva=
v LAAETRD MEOT SV T BEL S AT BETE
720

¥, BONMHEE, F2vBLU0F 2 EehDME
ARV FOERELHEATEUEEILSOMTCELZ &%
MR Uteo

vV # &

Ira=ynD7 v kEEE XU v LRy SRR
BT BEBEER D, CNOOBRERTHAIva=y
OB L CEES R T L i

Fir, a-=tuY—B-F7 b~ VEBEAHNDHI o
= akLOV VI AEETOHEI AV PO Y
YHHREN B & 2 /0w P RO AR RS BE 45
MG R A RELUBELTE Ll

X ik

1) JIS: H 1650, H 1651, H 1652, H 1653, H 1654, H 1655,
H 1656, H 1657, H 1658, H 1659(1964)

2) ASTM Designation: E146-60T Tentative Methods For
Chemical Analysis Of Zirconium And Zirconium-Base
Alloys (1960)

3) W.T.Elwell, D.F.Wood: The Analysis Of Titanium,
Zirconium And Their Alloys, Imperial Chemical Indus-
tries Limited (1961)

4) B.Lustman, E.Kerze: Metallurgy Of Zirconium, National
Nuclear Energy Series VII-4 McGraw-Hill Book Co.,
Inc., New York(1955), 687; E.B.Read: Analytical Chemistry
Or Zirconium

|

- =ty -~
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5)
6
D
8
9
10
11
12)

13)

14)
15)

16)
17)

18)

19)
20)

21

22)
23)

24)
25)
26)

27)
28)

NS . BT ESE T(1958), 742; 7(1958), 808; 8(1959),
272; 8(1959), 404

RIS, I % kS EBE 3(1962), 150

WU e (RSB PIOFFE S, No. 4166 (1962)

TE 3% (BB ERELADIZERE, No. 3280 (1960)
T.Smith, G.R. Hill: J.Electrochem. Soc., 105(1958), 117
E.M.Vanderwall, E. M. Whitener: Ind. Eng. Chem., 51
(1959), 51

A.E.Martell, M.Calvin : Chemistry Of The Metal Chelate
Compounds, New York Prentice-Hall, Inc., (1952), 467.
F.P.Treadwell, W.T.Hall : Analytical Chemistry Vol.1 9th
ed. (1959)

LG.Ryss: Compt. rend. acad. sci., 52 (1946), 417: C. A.,
41 (1947), 1534
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R

HHERVHIHBHIHEHH]

G YHE KT BT & TR AR

AP v »n o =

®OH W OF

. £ 2 M &

BH T ORUEHEE & LT, AP 7 e v R{EkSRE
HEM L, BETDLZ Lol

AP 7w v 2 Lk SK-8 LR LT\ io b D&, 4[d]
i AP 7= > = (Anti Corrosion Bronze Against
Polluted Sea Water) #3724 D ThbH, AP 7'nm
¥ XIS E B U1K i i U T LT &
WrETHZLARBHETHLOTH B,

AP 7w o REREEE I MR E OB EORK R, £
bOT, TTCEMANRERCRT ET Vv a7
A - %;Ui%ﬁ?ﬂ%Vﬁmfﬁhk%ﬁﬁﬁiﬁﬁﬂ
T%D,%ﬂ%@ﬂﬁ%aﬁﬁﬁ4%%6v(ﬁ#%%,

B & UCEFIEERI &N,

BIF, AP7 v v 2 BKEECDOWTHAT %0

2. Mt o &8

WK A B HEIK &3 5 KRB RO EKEEE Ik E
KB TNT T 9 PEREDTNI=Y LIEAZROEEE
REWBN, FHEREKRESEKCERLTH2ED, 4
A TR TRE TN EEREEAEONT X /.

L, 4RI o T, KESHT RO DOF | RPHEIZ DK D

BRBBL o TELDIRDONT, ZOFHERLIREEK
PR A GHIKIC R LT 5 K HREEFOEKRELE
P RAT A UWEERET D L Dol

T, B33, HEENEE Hﬁ@%ﬁ%ﬁﬁﬁA
HE s KHIFEEFRO 7V 77 v 7 RS, (R
%ﬁﬂfb&mohﬂbb@ﬁ@%iﬁ%b,@%¢K@
K AR BN OB E IR RS KEREFRO 7V 75
g 7 KBRS A DRtk & B fo '

B HHBENOFRENRISTREBAIEEHR
vﬂﬁ%ﬁ?kﬁﬁEm,%wﬂﬁ,:@ EHE R O K EE

FIZ S FHUDOBBEDOREND -1,

FLT, INBOBAGFOBRLHET L OO BIRE
Tbo

* WEE TS
N 1t ey e by s B W o
Wik BT

X & K

Iz 2 W ¢

B OB

HEELIE, O LD ARARKOBRC L BEAMBEDR
LR, NS DOBR LK E AT L AEET
MAHEKRBEXGDZENLETHD & B2 RH I HE
HEIA L, WS ONnDEERELE LB,

INBOEEEIRERACOMZBOL L, £HF
%%Fﬁbf%@%@#%%fﬁ-nyfy#~miéf
x%ﬁ%:&bﬂ,%ﬁ%%mﬁ%&%agsi&bf%
F3TEE L D EKBRITER &N, HMEERBRNL I NI

RSB ZNDDOFERMNS, AP 7 e v 2E DA
HDBNTAD I EANTITHER LAY, BREBDEDE
HERA TS & it oto

T UTHE, HE - AHEBER L OKRROEXDFEEFRIC
BWTEHOBEOERLT 2 P BB INTW D, -

3. APJn v XEOREM

AP 7'a o X3 DED L A InlEaH L-Chb,e

(1) AP 7w v X IIBGEK E o E BRI K & % R
IKICER LB E i ETHBADE 2, BaasdE Ly
BELMIWT EEHFERETHLDOTH b,

ZDZEFAP 7 e REREREICTAER LS 2
K7W77/ﬁm%% Tm =y SR AR
BAYZTRNWIEIREIBLDTH B, N

ek, TITE D BB E IR BRI IEK & v ER T
IR THYEKIZ L o THBREINTNT, Hi ke g
LT, PHAMEL (75LIF), BHEBEN/DVi< dppmb) -
TOIT =T AL A ES (ppmbl ), HET L -
TRt Eaird DD Z & T, FOBIRBEEILE % 7/
DEATWD I LM%\,

@) AP 7w vy RERBERBKCHL TVT Ty 7%
RXLTe=y rVELFRILL S CEBNTHEEYHE LT
Waho UL, AP 7w v X0 FidEKICH 3 A&tk
B7NMT 79 VERPR 7 0=y r VERHE LT, i
BENTWD 2L b0 T, AP 7 a v 280 Fl&Eith <
FCHIBREKERGEETHEACEBIND LD LS
NETHAH,

@) AP 7w v XEIIHEKEBRE L LT HELINDMHA
YEDfhic, SELEE, BREMR SO LUV
HHEE%ZHE LT\ 5b,
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) . B2k OB B oAy MO (R
4. AP7T 0O v XOYEMME B F | T wmr-re | aprmon
2 ~—. =y v
AP 7 m v X DU EREE Y TV T 7y 78 X 080% . =
%o TEmy v Ad s ik LTH 1 RCRT PR, Ke/mm © 4 @
m1E M B o ¥ E GUEER) P02, kermm? » 1 2
o= B Tarzey | WEELT | APTEyx ® % o0 8 70
A (107), kg/mm? 21 18 %
AR EL, cal/cm-sec-°C 0.24 0.07 0.15
MR, * keal/m2-hr-°C 5,200 4,400 5,000 AR X N BB T 5 L D Th B A,
wom 8.4 8.9 8.8 BES X LI MREED BRI DWT  FEED ER B 5R T
i .
L, yoem ’ ¥ N ik, AP 7wy XX T VT 7y 758 & AR
SRS, x1070/°C 18 16 18 B (0.7D%FT) ¥ XUHMA-RBR (1.25DF C) 1@ &4

* o meplE 100°C MRS, HAESHIK 2m/sec), HiRSHE 25.4mm,
WEL2mm,

1R riuE, AP 7oy XoBEREELT VT Ty
7 OEMEEE XD 37.5% 72 /NS WEER LTV,
UL, EABEL LTERAINDEORMNE, T74bb,
TG KA 2m[sec THNWE SMEICKERNKE LT
WHRM, TR HIEEMEREER B o DR IREMEE R
EGR) L LR e, AP 7 vy XEOERE
BEZ TV T T v 7EDENID 4 BENETTHY, D
EESTHD LR Bo

ok, HARMERINA L X, ERNECEAEDRE
U, ZOREPHIEREREY 207 D RIBITET S 5720,
BB DR X A RIWEREOEI /NS {7 %o
BT AP 7 a vy X T VT T v 7B LTRER O
B BNV I, ERBOEDREMEREL AP 7 a
VIEDFERTNT T v VELDENTHLEENRD L
VAN

5. AP 70 v XEDOEMKEME

AP 7w v XEOBRKIME L LT —REFAE 7V TS
7B IV30Y% X7 r=y vk LT HE 2RICR
I

Do Lo TEBRAOIBERMNEERZ 7V 7T v 7 L
BOFETERD TEBICTRD T E2AHkED,

6. APT O Y ZDO{LZRIME

AP 7w v X OCFIEFC AT H HEEA 7V T T v 7
FIOBYx o7 m=y v EHELUTE 3RITRT,

APy m v 27 v 2= 7 RTAHHART T V7T o
JEEBRETHHDT, TYE-THEEL F vl v b
% & oA, BElzIEEKEO Wb S air cooling zone
i, 777y 2B L AREDHA (ammonia attack)
NREFBHEDEEZ BNAD,

ZOREE LT, EAECHE A v ¥ AT EED
THSD0

1. AP Jov ZOREM

7-1 FHEKCHTAWAEM

BT IEKEBHKCER LT3 TREFROEKE A
Wby v PERROMBEEX 7V T T v 7 BIT
30%% o7 m=y v E LTS 1 RIKRT,
FEREIM P IC B W Z DRI I 2 DR E DRI
MBERIZ T b 0T, Clp B & OB B WTEIR
Lzo

% 3 F  eEESeT aiaED
= B ES # ® b H#
TN T Ty 7 %% a7a=yirn AP 7 »vx
E I " B, N R M, hr -
mg/cm? l mm/year mg/cm? mm/year mg/cm? mm,/year

HC1 1.0 72 212 30.7 148 20.3 238 32.9
H,S0, 1.0 72 12.1 1.75 6.12 0.97 11.0 1.52
HNO; 1.0 24 5.69 2.47 5.54 2.27 3.44 1.43
NaOH 1.0 72 2.70 0.39 0.02 0.008 3.05 0.42
NHOH® 1.0 24 24.4 10.6 0.10 0.04 24.4 10.1

1 RREE 85°CTh 5o

2) BE@HERTiolo
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0.15¢

T C2:0 ppm
E77773 Clz:01 ppm

PRI
R Cl2:0.5 ppm

Cl2:1.0 ppm

w
(o]
RN

©

S

T
NN

T fray g
NN ONT>

BAILoEy , mm. /200 hr
g

<
)
&

T

)
o34

%

o

328

R
(K

2K

393

>
XK

L

OSSN
%

e

FIE EEREKCL B Y = v FEBRRB
(P © Bm/sec. Z245E: ¢ 5vol. %)

FIMNSZRT, AP 7w v X8R B lgkies LT
STNT Ty 7ELEBCENCHEEAFE LTS Z &
iR oY NVAYS

oty 777 e VEOEESLEL L S CIBEOEEN
HitaE L Ebh b,

7-2 FBEEBERCHET HHEH

ST 72 B RRIMIK T 2 A s BRI ER Ok 0x A
T, BaDBasiRekImoThin,

BAR EHEEND R 5B L Ak
AREMOWERMBRORFR (REH)

0% % =
M EA v ) R o Fs TRT 2 AP
BB & el HOE MM 357 7=

R R ARy, mm/3,000hr | 0.40 | 0.35 | 0.10

3?{;60 37-4

3,0008508 W & 51 LR, 0.24 | 0.25 | 0.20

mm/year

ERANRR®R(ED 1) FLAEy, mm/870hr 0.20 0.99 itL

36-11~36-12, i
= BRI X 5 A,
870/ mm/year 0.33 0.29 0.30
2)
G E (2o 2)| AA&BEYy, mm/1,000hr 0.7 |>1.20 sl
37-3~37-4,
1, 0005 FHIRIT & B 5 AosE,
00MFRY mm/year 0.21 0.31 0.19

& Lt (20 3) FLAEY, mm/720hr 0.40 0.42 0.10
39-7~38-8,

o TAGRIC X % i fodise,

7208555 bl Eoe 0.45 | 0.46 | 0.45
V= ot BRER L&y, mm/200hr 0.23 | 0.16 | 0.03
AT

2008510 BRI & 5 8 R, 0.33 | 0.21 | 0.32

mm/year

1) SEMOARRFESH UL, BRMEUED TAE V.
3648 2 A O FIRO—ABMH I Lo, pHIT.1, @ARAR @ 70%,
WHEEFE ¢ 0.5ppm, BISEWTME12ppm, 7 re=v A F vippm T
b %o

2) FLEAMBRAERUNOEE LI,

=, ZOoRENEFERERZE IRORL, REHLR
B ORI A B LICRT,

AP 7w v X707 79 IR EVNYx o T w=yyr
W ERBEORABI I AERBVEARLTNSL, @Kk
BAERR, FiENEERRE LUY 2 v MNEARRROWT
NEBWTHHEE TN LBEEORENTEL LD

N%x 7=y

fIS S —————————

AP wmrx

EE] ODEBA2aABERO — 6
(& BT Sk £ %)

— 8



Vol. 5 No. 4 A AP 71 v 2 DT (320)

LEDTEMTH Y, ZOZLRKEEDORENLERT m oy X BIFER AR L DT, BRI DA TS
HBHLEEBND. ERATERSICIEA L, SEHEER AL ETe
7-3 :MBERBROESE FOEROREMHAERA T, £5FERIVELIED
WHBRNEEREB Lize 7V s 2 7 vy~ X HHRKE YA AP Ty RTINS Ty //%J: n ok Ave DIER
B, BIUHEFE - - KK - AEBOERBEFBHLREIN T AEMEAY o2 L b,
fzETNV s 2 Ty -~ B RBAERRIKCSWT, AP T REM L PIEBHE 2 TR,

BER APy w v XEOEMIC B HBARBOMBROEN (FM3945E9 A 1 HEE)

B ok oM o om & B D CRA W AR YD
FR RREE ﬂi7§%fﬁ: A W E ¥ % W 23 R O
Wi4A | s r T R
o, mm | B U masme | gy, mm| KBS 1 sam
ey 1 ] 0.02 0.04 1.0
36-10 37-4 4,460 .
AP 7m vz 1 1 0.03 ¢ 0.06 0.7
AN TNy 1 | 0.19 0.40 1.0
FEmH WFerral 374 37-10 4,180
AP7myx 1 0.08 0.17 2.3
YT Y~
TNTI s 1 0.41 0.66 1.0
38-3 38-10 5,470 -
AP 7wy x 1 | 0.08 0.13 5.0
TGy 1] =005 <0.08 1.0 0.18 0.30 1.0
38:1 5,290 -
4610 AP TRy 1] <0.05 <0.08 1.0 0.15 0.2 1.3
HEBRIF TNTI 7 0.1 0.16 1.0 0.3 0.44 1.0
384 6,207
1S N 2 0.08 .11 {15 0.15 0.21 2.1
so 38-1 2,80 | rATTes 1 0.26 0.96 1.0 0.54 2.00 1.0
38-4 3,207 | AP nvx 1 0.10 0.27 3.5 0.12 0.32 5.3
TNTT 1 0.07 0.17 1.0 0.14 0.3 | 1.0
RS 381 3,528 :
N 1 0.03 0.07, 24 0.0. 0.15 2.3
FEEEXS TNTT e 1 0.08 0.09 1.0 0.27 .1 o3 1.9
38-7 7,483 *
REA 9.7 AP7avx 1 0.04 0.04 2.2 0.06 .| 0.07 4.5
TN YT TNTT 9 1 0.06 0.04 1.0 0.23 0.17 1.0
e 39-1 11,750
N 1 0.06 0.04 1.0 0.0 -1 0.07 2.4
TNT Iy 1 0.12 0.06 1.0 0.2¢ 0.13 1.0
39.7 16,110 §
AP7myx 1 0.03 0.01 6.0 | 0.06 0.03 4.0
AIRFTR TNTT 1 0.11 0.82 1.0 0.18 0.53 1.0
w73y | g7 381 3,000
Y- N 1 0.01 0.03 10.6 0.02 0.06 8.8
e FATT P 1] 02 0.28 1.0 0.33 0.40 1.0
TR | ws 894 LA 2| oo | 0.0 4.6 0.06 0.07 5.5
=2 . . . . . .
BT z
- TATI v 1 0.26 | 0.28 1.0 0.38 0.41 | 1.0
B I 386 8,000
N 2 0.10 0.11 2.6 0.14 0.15 2.7
TNT Ty 10 | 0.17 0.41 1.0 0.26 0.63 1.0
T%%W 37.7 38-6 3,604 :
AP7myx 10| <6.0 <0.12 >3.4 <0.05 <0.12 >5.3
FNTT 3 0.28 0.67 1.0 0.40 1.17 1.0
374 3,000 ;
AP 7oy 1 0.05 0.14 4.7 0.10 0.2 4.0
e i = v 4 0.22 0.19 1.0 0.39 0.34 1.0
TNVITTFy . . . . . 1.0
%ﬁgﬁ EFMI Y 38.6 10,000
Yy N 1 0.05 0.04 4.7 0.06 0.05 6.8
FAT Gy 4 0.19 0.24 1.0 0.28 0.95 .0
37-5 386 7,000 ;
AP7avx. 1 0.05 0.06 | 4.0 | 0.06 0.07 5.0

D 1H0FEE10~4054 (FAlZ LC S00mm ETHD L, tORHOBARARY &R0, 1 X0FOEHHREY & Lice
2) fix DEDFHFRLRY DT Hfilo

3) E-MEKESNAT VT Ty 7 EOTHEREL HEOTHEAR CHl» ML THE AR OTSEORAIRKE Lt
4) 1ROEQRDBPNHSOEY,

5) BAEREY OFH{HE,
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FREINFETHD

EEEE, Sl

- THA Y ¥z

BRI E LT ANVRY Y FBnl0~
1596 T BE D K TR B & 7o 1 X B e R el i 4
7o b Ok FAWT WD, EIRRHFIFEERCABND L HIT
FEA B & U RE R I PV TR A
Bo BHNDEEOGITHIAI I N LN EEEOTBIT &

BRIC L o Th ZOBmHROURE
B LR FEE R EERE & B DT\

s

HTHnu

R DS H SR
Kalcolor &

ViRV

Mg &

_7_

v) Veroxal® %
Vereinigte Aluminium Werke o B
MR R B IRER T Do 7
@h&%ﬁ@ﬁ@?
Ba7 5% A,

Vg AV

7& Ui FEESH
BRI 8 IR TH D, 2
R R TR & LT
Bhsko> Kalcolor & J <{UT
Who w@)ﬁff“*kﬁi L7z B iHEMER 4 <y Al-39%

T 20 45 L O 30u o B fEE sk, —4EMH T ZRERIN



(337)

£t KR & &

B ¥ B October 1964

K HBELTS FORIXRD ol & %&“‘:éim'm\éo

F o BEDOE % 25p & —ic U4, Eloxal GS %
F 08 GSX =& Veroxal gﬂ* ;Ofw_gz;}a@v/r VA=
Yyl x@ﬁmfmikrbtiir\kmmlﬁr
Lo TERLERL, BybmEThan, REORETD
BFEOETOENZ LR ENBD BN T b, TibbiE
BLTDNEREEEONR W RBOTEE R i LY
Cmfv%:aﬁ%mé%ﬁﬁ\kmml&Kiof%k

>
BIEOFEDEE A F14E R Lize Bizk® Duranodic

300 % B\ ik Kalcolor ik Tl AEBH LD AKZEITZEDD
N\
213K  Veroxal® IHiIC X o T LA K &
PESIIRNT & B JEIROTERE A7
&Mﬁm@n&ﬁ\a‘r <A pu
» # ZLpko 1 oo
&WFELG| & 9%“’& fillﬁi%ﬁﬁiﬂ:f?‘?l
Eloxal GS (W¥iRifit: 370 310 250
oxa (HEHEREEED %IMZ%S #&
1.20p Dt
Eloxal GSX A,
e 400 400 s TR
18°C
Veroxal
Tl @ v 550 550 550
B 14 X Veroxal® iic k% R MaIBEEBE LD
{38 & B & DR
o A K
MR omhE it e o B
DIN Y4 ALA.
g | s | om | Asug | Sl %
wvigsins o | e | AL | Bl 3
Al—19S1—
AlMgSil.0 6351 FEHTE A %Mg -—{. 6% Tiefschwarz 20p
Mn—0.15%Cr|

Bl EBA T MR X T B F RO 4 i~ 723
IHBEHEBLTNSC &I,

1) BRGATIESERBE, SBETH S,

2) BgEE LT, BARBREOLONERINDLER
P&\ —RICITERBREOBEFRIIIEEBRED
HOREEK LEMTS b,

3) Biﬂﬁﬁi‘f?-b\o

R DOBHRMAELEL T 5,
BlED Z & < ek OB i LR M dsEn
LB s BRI W,
BISFLLL Lo~ HEEEBR R R X HRE
DEIFEMB L DBERE T L DD TH B,

6. UHORBGEBHEMNEZI -V
FICDINVT

BT NT h, FEEGREBEMLIEFIC DU TR EER

X DB AT Sk AR T BRI B UL TR EEE
BBOESERIH LA I — YR B RBRD S & ICEREYE
HBLTWhe 23 P~ YICIERE & LTHERRAY (FH L
TWAHBREFIUCE 2EBERD D, INDIFABLIUSEE

DB ENRHEES, BI6EITA 2 b~ Y EOARKOUE
Tl Do MBS L UTOREIT IO FEE S IEE
DR EPAEER i L CEBESBEREET k-
Tnbo % - BIEEER TS MRk g UC % Ofif
IR E N D B s S OB I IR D I B b D B
AERE R B v,

EESIFIAI T~ YABRI ST, 7ur A#EHBILEL
HETHLN, BEEOENE - T, 7Ty XI5
S EMNFEND, T OB OWTHY 2,500 BRI BB B v
o A~ 2 - OEBR S B E TR BT AERBR D
R, BEHDWLER, ZEIIRDLIR . b T
HELIZEBETCHA EWZ L5,

BEHOWETVI=Y L— /32 Y T e A -V
SETME LALDTH B, fiE & bIBEEOE I &
STEREPELMoTL DI EN@EN D, ZNHDERI
DWT HETR EREED Y = ¥4 2 — 2 ~RBk X OTHER
BRAAT e o fo s, Ak - Tt S TRBEIEGED BT
N g

ks, SURBEOBLEBC DOWT, —%0 B Rk
LLoTHRbDE, A~ YERLSTEBNIZLD
EERT 4y B ARELY BIE L BREE ITECGRLE
7%, ik Veroxal B & 3ISFAEOEAEARLTED,
HENTDOBIND & LB ICEEREOEE LT <NTn5

4) WX 20°C BiENRS WA,  SIEEE RGO TE ZEDRIN Do
B R = EORCEBERLEEO OH LMY L OBIF
i 5 B g
S BT e - B o & % & H "
DRI Al Al-Mg ‘ Al-Mg-Si | Al-Mg-5i-Mn ] Al-Mg-Mn-Cr Al-Mn AlSi
*E *B Silver grey Slate grey
ALCANODOX Straw gold Burnt gold E Gold Champagne gold | Brown-grey *E Stormgrey Charcoal grey
Gold
Light amber *E Gold
Tan Dove grey
KALCOLOR Amber *E Light amber | *E Black Black
Olive Charcoal grey
Amber grey *E Amber
Charcoal brown
Gelblsilver *E Hellbronze
VELOXAL ® *E Tiefschwarz
Dunkelbraun *E Dunkel bronze

*E: s ERT. v~ 7 Ol b ORRMERT,

_8_.




Vaol. 5 Mo, 4 Taol o Ao ho R RN REEERE oL

{338 )

H B ; Al-Mn-Cr R&&
EMEN
WA DO 254 /dme
TENERE : 20°C
ERCEE Bk
3p Wy 12p

RS =1 F=x AR L5 ROAMMRIEERD | B

o tAl-Mg Ras
i W & fF
W #w DG 254 [dm?
MRS 1 17°C
ERoEE : Ehb
p Ep 12p

EXE =i b-xSHicksRamaEmos | o



(339) x kK &

& B B #®

October 1964

BI6ER = 3 b~ Y RIC X B I B RERR L R 0D e

G | L
WL, P B s

woowr | mmn | B TR

dm?® | 7, £
Wkt
A% b A fTHEEA L 20~25 40~60 | 1.5~3.5 | 20~60 ?
N
A A T
R PSS 15~20 40~50 | 1.5~3.5 | 20~60 l
B &

* ORI b AR KOS OB ORI k5,
WA S e,

BITR 23 b~ v Ak LSk BRI
B2 O PR £ 5945

Je I35 T D REHE S,
ATy 4y i~ 215g

g y 1t %
# & H Sk ch g Bk i
T {3 PP T
Al-Mg-Si Hfrdr 549 540 532
5 BEEEE, Sk 17°C
Al-Mn %44 482 480 475 Akt 20°C

B, 85p
A Al-Mn-Cr %44 | 598 590 585

. REBEBEELEEODSHEOEES

BLEFE G B AR 2 0> -4 e R B AN ik T
/b, SBROMBESEOWTHTIRONE 5o 4+ Tloid

DBz LiE~7e X 51, RFEE SN EEREE - 5
BEDEMETH D, FOIDEERBE - BEFEED—
i DISHERR (L B BULIEEE I 0 B 04 R B R OB 50
LY, Licho CHIBIRIBRIEH N & Th Do —i%
I R—RE T L EEREE - SEEORME L -T8E
72 BIEDFF RFEEOEBAFIN T &, 7o b ORI O
B EOBIRNDERKE - EMELOE TR TS D
3, WIS S B D s FEAME L /2% & 5 et
%?&%f&%ﬁ F Aot OUE 3 R R SIS )

T 72D L7t o Tl BT O I T SR 001 e s
x@<¢5_a&&éo_®m,Mfﬁr@h@ﬂﬂﬁ
bR E D BB TR EBC BRI 5 T
&b%ibboébb RSP 8 — WV {6 ) X L B BRI 7

CEIZ U Ciailicd A 0TSk BB b AR 7 0
@i%f@ﬁm i I T B EMNEE L, ERE
RICHEIET B 70 3 =7 oA & v MEIE Ui D
& Ve 2 % 0O CHAE O BHECIIAMRTER & 7 D OB
DEERET— R OBRB BRI L TRE WL AT
B Do TDFDICIXTEIRE ORERA T R0 E LA
DL ENHEEND. EBHIEPFD e HELIT D TH B
TUEEELME, S&RSOBEOHE L HONTIRT, D
R EBADHFRE L EHT HUERD B, CNEHOHE
HTFDEBEC DTN SNBSS L DI TRk 5 T
Th Do

8. #

TNE=Y ADOSGRBILEBEEEL G LS Lk
D&M S CHE O3 <6 BRIk o T8
WL, BB AR ARy B Ul- R as w2

[l

ﬁEM7ws:vA@§@%@HW&LTi%@%ﬁ%b
WHETH Do TN DHIEEHHEMRAL B0 FE#ls X O
HEAETRBEINTHDFECONTER Y O T
fER Uleo ERBIGMIZEAL DD Th, BRI H
HaONi & CAETREEANRDTTAT L. L
UHERREY R BT & S D OWIgRIc & > CBE S D = &
THAH5,

7o, BHEOBRMTIT AR ) Er Lot )
W, EREASE <, —BERER L B LR R O B fE D AL
BB DD Do LichioT—RAE 1L 27 A, 24
OSBRI & b o TREBICR S /D2 & T
XD 90

Bl FALIECBIO DS B 20N X THEBE
R AUEsE IR E 5,

X Bk
1) G. D. Bengough and J. M. Stuart : B.S.P. 223994 (1923)
B.S.P. 223995 (1923)
2) fgE, MK FEOREEE B (1926) 591
i, wm: o 5 (1926) 486
3) A. L. Fitch : Phys Rev., (2] (1917) 915
4 IR, B, WA ARgERse
5) Rl l FASEHIRAE W 34-6106
6) wpdh, S RS 4 (1963) 163
7) A. Jenny : Die elektrolytische oxydation des Alwminiums
und seiner Legierungen (1938) 140
8) W
9) J. M. Kape : Electroplating and Met. Finishing 14
(1961) 407
Metallurgia 60 (1959) 181
Deutsches Reichspatentamt
Patentschrift No. 657902 (1938)
12) U.S. A. : Patent No. 3031387
HAE R W 36-22259
13) M. Schenk : Werkstoff Aluminium u. seine anodische
Oxdation A. Franke A. G. Beria (1948)
G HEGIRUIES, A24AE R
(1963) 14
18) My, (eRE FEY, @E D Bsukie 27 (1959) 647
16) J. M. Kape : Light Metal 28 (1963) 26
17) N. D. Tomashow : Vestnik Inzhenerow i Tekh,
No. 2 (1946) 59-65
18) P. Smith: Light Metal 8 (1946) 515
19) S. Wernick & R. Pinner : Finishing of Aluminium, p. 320
20) Aluminium 38 (1962) 751
21) J. M. Kape : Light Metal 27 (1962) 27
22) F. G. Abbott : Metallurgia 65 (1964) 167
23) H. Neunzig u. V. Réhrig : Metall 18 (1964) 590

10) J. M. Kape :
11) J. Korpiun :

14) wbidy, BN, s



R-438

Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS vot. 5, No. 4, Oct. 1964,

ALMg & GBI O BT B B X DB PN D\ T

H I
il
B
3 i -H

EABEEBE LEHRKX&SH



N T

HHIDETHIHIB TR

Al-Mg &4 RBMH OB Lo
Bk P E Il oWT

vz IS IS I o

1. &

Mg % ERMTE L T 5 7=y s S&ERMH I
Hydronalium, Peraluman, 3 %\~ 5052, 5056 44
REELTHLNTH DL DEREARESND Z &
EMEMRREFT, D, HEREESEN TS HE <2
BEMAICHEIN TS, Lk, BEd LRI S
BREMERL s Mg B 2 3t 13 % O TRIE O BN O
2 B UTHEERM & LTOMMEAE I 4B D TWDHA,
—FC BN, Mg %S EICER Lich &R WEIE BRI
fetmsh, 1o & 21505048 &I BEREBEOSEERICERIND
r CER A AR LS Bo LIchioTC, WA, Miaik,
EEWTOMA BB U Hia &0 EEIT S W TRERAE S
NT b,

K%ﬂmALMgéﬁEWHwéﬁ@ﬁ%,%ﬁg%ﬁ
W EEBICHEAN T B &, fEkE TR LR BE
LT Mg & & #HgtEE o BEfR e 5T B rEEAE
MoOMEGEE —ERRL, 2BLETDLIEWTD b,

2. FEORBE LTS0S

21 JISEES LUVEER
JIS ks i X T\ 5 Al-Mg SR MHIT 28 1%

il

oA i

L ckok

R

a7 vi=viadsdl@ 5052) » 2/ (5056) |1
Bl s B SUE XN T MZe e —IR A L SAS & L UF SAT
fd & FNENECORAHEE L b, W27 JIS #
HenslE X i, 7THE (5083) |XFEFN334E, 8 R (5005) %
LU 9 (5154) XMEANSSEI F N FhEMGIE Xz b
DTHbo

B, Bit, 7VI=Y AEEOBEENIAEML, £
N &SR THMBOBMENEFE L DV EZIND X
By, ARERR - TE4RICORT AVEOBERRLD
N FERRREA VI X7z, »

B 5 RITAC I B EE 3 FMOEER Y RTo Zh
BEOBEOEMITA S TRV, 1B —KHEg (.
FAAA - EREE - AR - REEMARER E) &, 28
WEEE FOWMRR IO T 2+~ Rk, T3 - B
- BEOFmCEE L TEBIN TS,

2-2 ASTM # & U SAE H#&

T A HCBWTHEELRIN TN Z)Al Mg EERMR
WMitds L F3TEETH D, TOW, Aﬁmiﬁ%r%@%
NTW5 S OXI5EES, SAE BTk 18 E-éiﬁf& h, %
2FEDERS B E 6 RILR T, ASTM ki 25
Xy LU BEES LS T RICTF T,

CARTSHEETH D, FO HEIRAER D BT 8 2RI
W, ESEICE - )Ny MM - R L OSSR 2:3 BSHE o
o 4 ¥ ) A TIRH ERICRT SEHDOGEE BSHKTE
®1E a7V =y 2 8eEMH (AI-MgR) OfLERso JIS Hik
1t S il % 5 o 4 £
e H M. C C Si Z Ti Al TAVAT NI FaTE
Mg n r u i n VS W,Aiﬁﬂ&?vf (I
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Vol. 5 No. 4 Al-Mg & &R Mk O EEIE T & CEMEE cDWT (354)
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2
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PN
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J
S 40
rl< o) ﬁk%‘fﬁi
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30 A FERER
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vwh—RAAFY, Skg
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Al-Mg 44 B OAEOEKE, A& Fitl E%fE
BTk, 35MEIC DWT O EEMERN D Mg & & B
B O BRI L OBV RA EM OB R E TR Lice &
Em%k?ﬁﬁitmaﬁﬁgﬁ%ﬂf&md%;%@ﬁ
%%ﬂ%%,%ﬁﬂtﬁm%%@gﬂééﬁgtﬁﬁtbo
¥z, BROBMOEECE L QIR E LLDT, &

3

BB LA LIEWTh Do
X Bt ) BOREETHS | BOREMLTRGE R (1H38)
1) #re, HEd oo AREE, 3) FxE
2 (WE36), No. 4, 77, TE7rvi=v rE&&TH Alcoa %k : Alcoa Aluminum Handbook (1962)
3 (1E37), No. 3, 117, fifE7 v 3i=v 1 &4 1B LU 2HE Reynolds #-: Aluminum Data Book (1961)
3 (#E37), No. 4, 67, 5083 3 LUt 5086 & 4) ASTM Standards 1961 #ERR L D BIMH
4 (FE38), No. 1, 72, 5152, 5652, 5356, 5456 ¥5 X U° 5556 &4 5) SAE Handbook (1964), J455b
4 (FE38), No. 2, 62, 5154,5254, 5454 3 X U* 5554 & & 6) Metal Industry Handbook and Directory (1964) X D 5|
4 (BE38), No. 3, 90, 5357 && 7) E. Elliott: Metallurgia, 68 (1963), 409, 197
4 (WE38), No, 4. 74, 5005,5205 3 ko8 X5405 &4 8) 19634% CHREDEELs
5 (1E39), No. 1, 80, 5457, X5557, 5657, 5757, 5857 ¥ L v¢ 9) Modern Metals, 15 (1959), 1, 40
5957 &4& 10) R.T. Myer. D.R. Cheyney : Materials in Desig. Eng.. 5¢
5 (7E39), No. 2, 76, X5002, 5007, 5008, 5009 % L ¢* 505044 (1959), 7, 91
5 (fE39), No. 3, 74, X5084, 5155, 5183, X5184, 5252 F L f 11) N, HEd o AEE 2 (FE36), No. 3, 78
5257 &4 12) @b : AREE, 5 (1E39), No. 2, 56
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(355)

T3 = a5 4 6061, 6062, X6064
LU X6161 oEMPIHE

g1 XK 1t s 14 a
1 5 B 2, %
B il -
Mg l Si ] Cu Cr 1 Fe i Mn Zn s Ti Al
HAD | 0.8 ~ 1.2 | 0.40 ~0.8 | 0.15 ~0.40 | 0.15 ~ 0.35 <0.7 [ <0.15 <0.25 l — 7
6061
B 1.01 | 0.56 0.32 0.27 0.5 1 0.03 0.0 | 0.0 %
WA | 0.8 ~12 | 0.40 ~0.8 | 0.15~ 0.40 | 0.04 ~0.14 | <07 | <015 <0.35 | <0.15 R
6062
®OHY 1.02 0.55 | oa | o2 0.52 0.01 0.03 } 0.01 7%
o | A 0.8 ~1.2 | 0.40 ~ 0.8 1 0.15 ~ 0.40 ‘ <0.03 <0.50 <0.03 <0.10 — 7%
X 6064
EOETL 1.01 0.53 0.28 <0.01 0.28 <0.01 0.01 0.01 "
s | 0.8 ~1.2 | 040 ~ 0.8 | 0.15 ~ 0.40 | 0.15 ~ 0.35 <0.10 <0.15 <0.25 <0.15 %
X6161
B 1.01 0.5 | 0.29 { 0.29 0.08 <0.01 0.01 <0.01 7%
1 s JIS H4163 kX %, 2 AL SAE J455b i E RO\ AR R T,
3) maM Reynolds td Al Data Book (1951) #7d & h T\ B ERT 0 Al Hi&iTHiE 09.3% O b OREEA LI,
5) Al HigZHiEE 00.5% o b O Lic, 6) Al Huddsis 99.9% o %O EHE Uiz,
£ 2 % 6061, 6062, X6064 s X U8 X6161 o Eshkagas
ik, Gl (i 53 B2 bl z 438 ?i?;/w]:jﬂ; yﬁ? {l; %‘r
* ® M o m IV I e . AR VI N mme e
- Wy, | BURSRy, | ZURSEEY,) ¥, 1 # v, ; 2 | (JIS3%),
mme Ki/mm? | kg/mm? kg/n,img % % 10/5()930 -—sﬁé v s | kg/mm kg—m/Jcm2
o 4 it (=) (<16) (=) 16y (=) () (—) (- (=) (=)
0 | 16.7 | 400°C i 5.3 11.3 27.3 32 63 30 37 - 8.8 5.4
o s 1D (>>18) (—) (>16) (=) N I N I U R e (=)
6061 T4 | 20 | 520°Cok& 1109 24.3 2.5 33 51 65 9 | P | 171 5.4
o6 | 20 | S20°CHKmE (>24) (>26) (=) >10) (=) o S I T I S B G (=)
175°C % 8hres 26.6 30.7 7.4 19 46 05 | 11 B59 | 10.1 3.0
ocs (<11.3) | (<15.5) ) >16) (= (= 1= | = = (=)
0 | 16.7 | 400°Cek# 43 12.2 25.5 34 65 27 33 — 8.4 8.0
e 11.3) | (>18.3) ) 16 (=) [ES N I B G S B ) (=)
6062 T4 | 20 | 520°CHKG 116 335 43.9 33 57 6 | 78 | Wed | 16.4 6.4
6 | s | S20°ChKaE (>24.6) | (<26.7) () 10 (=) =) 1 (=) | = (=)
175°C X 8hr s 27.2 30.9 d5.8 18 44 92 | 113 | B6O | 19.6 3.0
0 | 16.7 | 400°Ciw 4.2 12.3 25.6 34 64 2 33 — 8.7 9.6
X 6064 T4 | 20 | 520°C K 12.4 25.1 42.5 32 4 64 83 | F73 | 171 5.2
520°Coki
T | 20 | PREIRE.. 27.1 31.6 48.0 20 4 o1 | 117 | B6L | 19.6 4.7
0 | 167 | a00°Ccam 4.1 12.1 31.6 39 75 7 33 — 9.6 10.29
X6161 T4 20 520°C k& 12.5 23.6 48.8 38 59 66 84 F70 17.6 9.5
520°Cok
T6 | 20 | EROKEE. 28.5 31.3 49.1 20 45 9% | 122 | B6L | 20.3 7.0
1) REBHEI~SAOTM, 20kg %8 (200mme) % 20mme L, 16.7mme S EAEILML e,
2 TIS Z2201, 4 BRBM. () PILEMKA (6061 12 JISHAI68, 6062 11 SAE J457b) ko - MEBKOS 1O 1~3 B,
3) WEOH 2V ERT.
& wvEEY e JIS HAGT, 2% B v 7 ICHE L S S O R A Lic
5) BBRAN T,
. . — T
wreorion) P EXE B T HHERKXSFE o

M Y




T3 =2 as4g 6061, 6062, X6064

b L r X6161 oM (2

|3 & JES R, BIRIBREGS £ O3 % ek vh o Je feE T iR AL
N . e | B, HHHED kg/mm® Wk R B | S%RUCRORNMED,S ke/mm?
) f, mm Qe 108 100 g 107 (7 108 108 107 [l 105 [ 100 [a] 107 @
T4 ™ 12 17.6 13.0 11.0 - — — — — -
6061 o 12 20.3 14.0 10.9 1 1 1 14.9 9.2 4
(26.6) (34.3) (60.5)
T6 1.25 1,77 15.6 10.5 8.4 1.30 1.33 1.30 — — -
0.30 3.00% 13.3 8.5 6.9 1.53 1.65 1.58 — — —
T4 oo 12 17.2 12.9 10.5 — — — - — -
6062 o 12 21.3 15.4 1.1 1 1 1 14.3 8 4
(2.9 8.1 60.4)
T6 1.25 1.77% 14.6 10.7 7.8 1.46 1.44 1.42 - - -
0.30 3.000 - 8.5 5.8 — 1.81 1.91 — — —
T4 o 12 17.5 13.7 11.0 — — - — - —
X 6064 o 12 19.5 14.6 11.0 1 1 1 — 6 3
(= (55.5) (69.1)
T6 1.25 1,779 14.2 10.1 8.2 1.37 1.45 1.34 — — —
0.30 3,000 12.0 8.1 9.1 1.63 1.80 1.55 — — —
T4 o 12 17.8 13.5 1.4 - — — - — —
o 12 20.6 15.7 12.5 1 1 1 - 6 3
X6161 =) (58.0) (75.2)
T6 1.25 1.77% 14.8 10.5 7.2 1.39 1.50 1.74 - — -
0.30 3.000 — 8.6 6.4 — 1.83 1.95 — — —
1) AEREHR S SR (1,700rpm) itk B, S—N dhikuds 4~7 [ 2) 10mme £ 1273
3) GEPMBBHLLARERE (D=125mme, d=10mmé¢, t=1.25mm), O 60°-V FBURGRRRA (F).
5) 3% Ak (ME1.02~1.08), HifE 150~250ce/min, () PO EMUEAKE ORI & L UG O EEIRT
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o () -
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3 [s 3 2 0.2%
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W e, %
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(5-4.3)

(357)
T = LE484 6061, 6062, X6064
P L8 X6161 oMY ()

15 304 I
a /‘“‘”] / |,

- peyard

ifit 71
2 & A A 25 / // / / /
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o / / ﬁ / / / / - / /

. NE E N
TR NN N e
28 - 2 /

!Q /
. 10
: / ]/
) > ~—
~ ) - ]
0 / : : 0 [
o, % how, %
B2 T 4 HEDIEJ7— 1 v {5 B3 T 6 OIS I—1h v §1
24 7 l||_1‘ 24 T m
b Tl o @ T
WEEISY SB[ wans
Nl i Sl R R =t o
. RN a [T | J12 NS :____:
R T6, Ak=1.77. \\:5;&\\::2:2‘5? R gt N LT
o) 4 T6,00'%=3.00 "\\_\Q © \\\,::::_,_%__
| HAe 4 T6, 0k=3.00 AT
] { H | 176, Qx=1, Bk [ [LTe. Q=1 AlEAH
0 L — s e s = T 0 H l ] H T ]
io* 10° 10° 107 10% 10%¢ 108 108 107 108
FARK 6061#0S— Nk E5K 6062kEnS— Ny
oo e EREERE TR A e

2 N L |




o) T T .
24 ol | T4,Qk=1 | [H'ii 1 M
20 By I | 11l
Ll SR A
. S [ Te. ak= WOk M OW & L
£ 16 SoY 2] ! 1.0
\c) Fes N:\
~ 12 \
R glite, Qk=177 0.9 ;
e
o Jui W\
4 76, @k=3.00 17111 \ \
0 L 148 ‘ 0.8 o\
10* 108 10
BoH b %
= * # 0.7 N
#6E 60644 o S—N kR - \ TN
¥ \. ~——
=)
N 0.6 \
24 1T =T %
" T4,0k=] i m 0.5
N 20 H 2 N
Ny T6,Ok= %
\g 16 I~ D
oy T 0.4 €
2 L T e O 606l e
L12 = T TN
B e L] 5062
8 T6,0x=1.77 T o 03 ~.
) T~ [T : X6064 g
4 16, 00k=3.007 T <e e xeis ~
| L LHlLTe, @k=t, sk 0.2 ‘
10* 10° 10° 107 10® ' 1 1.5 2 2.5 3 3.5
#OE B K AR IR 1
B/TEH X6161HEDS— Nihis E8E TOo G okt (R n%107)
B 4K 6061-T4 L 0—T6 HOEIFMEDHSHIXY
Bl g M B % &k wom 2 v W9 B Om,D  kg/mm?
m F - ~f #, . -
m oA, By, e, | Tyamasy, 5 :
me kg/mm? kg/mm? " 107300730 10 100 107
1 2 14.9 23.7 31 72 15.9 1.7 10.1
2 19 17.6 25.8 31 67 17.3 1.3 11.6
3 22 16.1 22.0 18 - 18.5 13.6 10.9
4 20 12.6 2.6 30 58 16.0 11.9 10.5
T4®
5 20 11.2 22.6 32 64 16.3 12.2 11.5
6 20 11.8 22.4 31 67 15.7 12.6 11.6
7 18 11.4 20.7 31 60 16.0 13.4 11.8
8 20 11.9 24.3 33 65 17.6 13.0 11.0
1 24 27.7 30.6 19 93 18.7 13.7 11.1
2 20 28.1 31.0 18 88 20.7 14.6 11.4
T60 3 20 25.0 28.8 22 89 20.2 15.0 13.2
4 18 2.5 31.8 22 92 19.6 4.7 12.2
52 20 26.6 30.7 19 94 20.3 14.0 10.9
1 NERERN S RBRE (L70rpm) 1Kk B, BB 10mme HHEER 2) HAELDIE LI
3 MY, WIWBH, HILR, HI2NBM,
R = " r s e
H10394:10 A 2
aroro) gy ERFERE TR

e

4 —



(1359)

T = A& 4 6061, 6062, X6064
Lt X6161 oMEME )

22
\\\\
' =9 D O\\D\
“ N
£ ~ J) Q| T~
N NNQ Q| d (O T
214 QK%EQ_Q T
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10 6061-T 4 o> S— Ny
24 \\\
\ (o] O\\\
N
a_ 20 g :»%'\
€ )\\\ \\
\0’ \\.% ™~
e P
16 3000
R ‘\\3 QO| O
o | O] OFT—o—1ll
) \\(\Qg]:)- Q ? 3 Q
’ [ s R Y 2 %%
8 .
10* 10® 10° 107 0%
[ S US4

113 6061-T 6 i S—N iR DRSO DI Y DE

N

o g Gl

(FaRa0sF107) S xmeE TR SKE e




T3 = v L84 6061, 6062, X6064
Lk X6161 oMM (6

24
N8
NN
. N
\ \\
\\ ™~
w20 =
E \\\%
N \
o))
]
16 ~] =
R \\:; N I
e —
i ~\§\::~__-\
12 — e - S
e e gy e S A —
8
i0* 10° 10° 107 108
MO [ #
#1251 6061-T 6 Feod S—N s
24 1 gl T
« ak=1
g 20 il
N - k=19
H53] 6061 ok UF 6062 MWK ML o6 ] AT Qk=2.4
: ) -uuuiu.,.%uEL Pl | é X
C ) o 1 S e ] . o
Bt AN el e TR, R ;
% 7 #3 P, (NZ107=D), ’[§ 2 CN =
mmp k Qx kg/mm? B o s ‘ %‘uﬂ:;\é'\ ¢ | ak=58
= R
005 1 11. Z =
5 ! . L Qk=32 | ak=4] i
16> 1.9 7.0 1.69 " or I = - »
N 8
061-T 42> 0.57 2.4 6.5 1.82 10 L 10 10
0.257 3.2 6.4 1.84 MOE O K
0.1257 4.1 6.5 1.82 13 6061-T4 ¥go> S—N il
0.067 5.8 6.0 1.97
08 1 13.2 1
1% 1.9 7.4 1.78 24
061-T 6% 0.57 2.4 7.8 1.69 e
0.257 3.2 7.2 1.83 €20
0.125™ 4.1 6.8 1.94 \U, "
0.067 5.8 6.5 2703 -
05) 1 1.7 1 R 12
(062-T 64 10 1.9 7.4 1.58 5 g
0.25 3.2 6.8 1.72
0.067 5.8 6.2 1.89 4
10* 10° 108
1 NERER R (1,700rpm) 1K X B, e Bl
2) 450 T4 4 No7 rF L. S—NIBUIHISNBR. FEAL, 14 6061-T6 K> S—N filris
1 (#835), 1, 4517% Lico
3 HaHED T6 # No.3 LFEU. S—N gl FMLAREE,
1 (1g35), 1, 45IiR Lo 24 ANy
4) 20mmei, BEE®EY 31.2kg/mm?2, @ 27.3 kg/mm?2. {19 Ng 20‘ o, hasd !
™~
%, S—N i3Sy N ‘\\:\ o o
- 2 16 =] otk
5) 10mm¢ PREREH i SR T~
e 1 ‘d " - \\\\ \\\O\
6) MBI XEEN (D=12mm¢, d=10mme¢, t=Imm), =12 T Qe o
. N Nl =)
7 60°-VERMRGXRBA (D=12mm¢, d=10mms, t=1mm), & g [0k=3.2 R
8) HI6BM, ‘ T
4 || llak=58]
10* 10° T o10® 107 10®

15 6062-T6 #io> S—N Hifg

(39410 A
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@ (= x4 B T 3k == %t

WFyEs
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(5-
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(361)
73 = a4A4 6061, 6062, X6064
N b a
P L ¢ X6161 oBEmIHE o
11 T
voR % B 4 L
1.0 -
0.9 \
0.8 \\
# 0.7 bt \
i \
< 0.6 \\ ‘Q\A\
= " e |
0.5 N —Z
0.4 @%q <
N
0.3 >
6061-T4 2&@»\ N
[o] é,é{%i\ M.
0.2 & 6061-T6 —
L. ~\
v 6062-T6
0.
] 2 3 2 %
ok R
BI16R  LIERE O (RERHA07)
B 6% 1t 2 5%
it e fi 2, %
H ¥
Mg si Cu Cr Fe Mn Zn Ti 1 Al
061 ATHD | 0.8 ~ 1.2 | 0.40 ~ 0.8 | 0.15 ~ 0.40 | 0.15 ~ 0.35 |  <0.7 <0.15 t <0.25 - | i
P 1.02 ( 0.55 0.30 0.2 0.54 0.01 0.02 0.01 1 %
. WAWHD | 0.8 ~ 1.2 j 0.40 ~ 0.8 | 0.15 ~ 0.40 | 0.04 ~ 0.14 |  <0.7 <0.15 <0.%5 <0.15 g %
U 1.06 0.56 0.33 | 0.12 0.58 0.0 | 0.03 0.01 3
. RAEIED | 0.8 ~1.2 | 0.40 ~ 0.8 | 0.15 ~ 0.40 |  <0.03 <0.50 <0.03 j <0.10 - %
®H Lot | 0.56 0.29 <0.01 0.29 <0.01 0.02 0.01 7%
— WAED | 0.8 ~1.2 | 0.40 ~ 0.8 | 0.15 ~ 0.40 1 0.15 ~ 035 <0.10 <015 | <03 <0.15 } 53
D) 1.03 0.58 02 | 0 0.08 <001 | 0.01 <0.01 | %
1 MAMIHE JIS H4104 ik B,
2y AL SAE J455b i a T A ERT
3) puAEMIE Reynolds #o Al Data Book (1961) i@& T\ 2% RTo
£ Al M EHEE 99.3% O b0 Lico
5 Al H&3 S 90.5% O b DR Ui
6) Al HiiIAE 90.9% O bR HE Uiz,
o T
s o = A BE AR T HERR R TR

NER

7 —




(5'48) (362)

T3 = af4 6061, 6062, X6064
L X6161 D BEMEEE  (s)
B 1T % 6061, 6062, X6064 % J0° X6161 kg (JE 9451 mm) ORI D
1 -2 O € & & + 1800 7
4:4» " #om om B | By, | M €, | Euaexlmvrvan] o goan BB I”tﬂ“ﬁ’{
kg/mm? | kg/mm? % Skg  |Fasr— BT 2 — 0T x| D
e o ow | <D (<16) >16) () - ) -) ro 1 -
0 400°C 1 5.3 12.9 20 37 — 42 < EF* F,f,), &7
: . o | 1D (>21) (>16) (=) (=) ) — 2 fis —~
60612 T4 520° Ok i 1202 23.2 18 70 63 68 P &{2’@”’1 51}) "
520°C ok & % | (520 (>29) >10) () (- (=) (=) 505 3 s -
T6 175°C x Shr 22 & 26.9 30.2 1 107 88 82 57 ffzga} 25" )
0 W00°C ®m B 4.7 12.8 22 35 — 30 — & = 91
6062 T4 520°C Kk 12.7 23.6 21 R 7 329 | myoise 8.1
T6 e Lae 2.8 30.5 1 s | w0 | 8 60 D2 g 7.1
0 400°C % & 3.9 11.1 29 28 ~ 27 - # iy 9.6
X 6064 T4 l 520°C K # 11.7 22.8 22 78 68 70 329 | Evols 8.3
590°C K B
To | PNCATRE | 24 30.7 1 111 8 | ® 58 B o 2 4 6.9
0 w0°c wm om0 44 1.7 24 31 — 33 _ ” 5 05
X6161 T4 520°C k& \ 12.9 23.9 22 83 ’ 74 73 380 | myolse 8.1
T6 i’gggxgﬁr@ 2 ’ 27.8 30.9 1 112 89 ] 83 50 o2 s 6.2
1 RS 4~5 RO E RS
2 BET ASTM E8-57T, Standard Sheet-Type Specimen CHATH#ifii 0.57, &gk 27), FEEHAICEAICEE Ulze 17— i e 4 o 1 Ea
% 17~19 B,
3) B GEHTCERD BEABR L),
O JIS Z2204, 4 BRBF
5) JIS BU777, 2 EREF,
8 ¢ ) Pk JIS HA104 OBEHA%TTo
15
14
g /f/ /]V
12 //1" ﬂy 4
10 /
N
€ g / / /
8 : / / I/
S ,
2 ] /
NE 6 i R b !
i T ; | /
3 /
_)i 4 ﬂl’ / 4
A g s [z
) 3 Y o S 0 2
o 3 9,
3 = 0.2% 0.2%
> 2 ' - =
0 0
i v, % mow, %
BT WO OIS — i & 5 BI8K T 4 B J1—1 ¢ 5567

(WEFI394E10 4)

QOEEEZESE TEHERS
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(5-4.9)

(363)
73 = v A4A4 6061, 6062, X6064
3 L r X6161 o EMRIEE (9o

2

S

20 /,
£
N
2
15
R
24f - —r=
10 ; . N |
20 . IR , 3
s 3 5 E TN ot
S < S 2 N\ 16 ) I~
© 3 < 2 2 ’ \:#::\o\ v
5 12 TSN L
R T4 IR i e
T -3
L02% @ 8 iT %ml
0 4 i ] I
10* 10° 10° 107 10°
v, % @R E B
19 T 6o HI—M e s (B FEA) 205 6061 H{> S—N s
# 8 %k 6061 K o ¥ W E
iz W, Ell 3 3 H W% W Y kg/mm?
H # % - y —— -
7 mm mkg/mrﬁé igl;:ilrgé b % ¥, 105 fi 100 @ 107 [
1 4 — 24.2 2% 17.4 12.9 9.3
6061-T4
2 4 - 24.3 2 17.8 13.9 10.4
3 4 28.8 31.9 14 — 13.8 10.2
6061-T6
4 4.9 29.3 33.5 16 20.8 14.4 1.5

D

v = vy BHRE T EERE (dkg-m, 3,500cpm) Xk

Bo BERF O 20mm, = U - PR E, S—N il B0 B R

(FFI394E10 9)

SEEXEEE TSRS
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B e e

WroeHs




