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Some Experimental Studies on the Fatigue Strength of
7075-T6 Aluminium Alloy having Artificial Defects

by Seikiti Hukai and Katsuzi Takeuchi

We have already reported the effect of intermetallic compound CrAl, on the fatigue
strength of extruded 7075-T6 aluminium alloy when the compound (about less than 2 mm
wide) is situated at the central part of the surface of unnotched specimen. This study
was performed on the fatigue strength of the alloy specimens having square-or hole-type
artificial defects at their central surface, and compared with the above mentioned results.

The Schenck’s plane-vibrating fatigue tester has been used for fatigue experiments
and the measurements of fatigue strengths have been made at 107 cycles. The shape, size
and depth of artificial defects are shown in Fig. 2, Table 2 and 3. The square-type defects
are made by electric-discharge method and hole-type defects are made by drilling process.
The bottom of each defect is flattened.

The fatigue strengths and fatigue strength reduction factors are shown in Figs. 6, 7,
12 and 13, respectively, and the fatigue strength of the specimen having an intermetallic
compound is also indicated in Table 5.

The fatigue strengths of the specimen having intermetallic compounds approximately
correspond to the values of square-type 0.1 mm depth. The fatigue strengths of hole-
type defect specimens are higher than those of square-type defect specimens and the
depth of defect affects the fatigue strength more than the width of defect. Accordingly,

the intermetallic compound may be acceptable as a square-type artificial defect.
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Fig. 1 Sizes and dimensions of extruded

7075-T6 aluminium alloy shapes.
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Table 1 Chemical composition and mechanical properties of extruded 7075-T6 specimen.
Chemical composition, % t Mechanical prorerties
Yield : Elongation, Brinell
Tensile
. . strength hard
Zn Mg Cu Cr Si Fe Mn Ti Al 029 o%fset), s%{re/r;g;ﬁxz, nﬁfnggﬁ’s
kg/mm? £ % 10/500/30
1 5.55 | 2.5 | 1.65 | 030 | 0a2 | oz | 0.3 | o.01 | Bal | se3 | el | 10 j 149
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(a) Square-type notch (b) Hole-type notch

Fig. 2 Form and dimensions of plane-bending

fatigue test specimens.
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Table 2 Sizes of square-type notch made by
electric-discharge method.

dLength Off Size of notch
Mark iagonal o Length of
ar electrode, diagonal of Depth of notch ¢,

mm notch w, mm

mm

S 1 0.99 0.98 0.05
S 2 1.41 1.37 0.05 | Mean
S 3 1.08 1.92 0.05{ 0.05
S 2.83 2.73 0.05
S5 0.42 0.46 0.07
S 6 0.99 0.99 0.07 y Mean
57 1.41 1.32 o7 O
TR g | il

199 . :
S10 1.4 1.29 0.09 [ Mean
S11 198 197 0.10J .
S12 2.83 2.75 0.10
Wi T

1 . :

S15 0.99 1.14 0.2 yMean
516 1.41 1.46 0.03( 0
S17 2.83 2.79 0.20
S18 1.41 1.41 0.49) Mean
519 2.83 2.82 0.50f 0.50

(b) Hole-type

(a) Square-type

Photo. 1 Typical sample of artificial
notched specimens.
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(b) w =0.63mm, {=0.lmm

Photo. 2 Square-type notch by electric-
discharge method. (x20)
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Table 3 Sizes of hole-type notch.

Manufacturing Dg?‘g‘;}’»ﬁr Size of notch
Mark or Diameter Depth of
Method eleggr?de, of ng;:gjh d, norslcr}:l £,
D1 1.0 1.17 0.05 ]
D2 1.5 1.89 0.04 Mean
D3 2.0 2.16 0.05 f 0.05
D4 3.0 3.0 0.05 |
D5 1.0 1.08 0.95
. D6 1.5 1.60 1.04 Mean
Drilling D7 2.0 2.10 0.96 0.99
D38 3.0 3.08 1.01
AR RS
D . . .00
Dil 1.0 1.05 3.00¢) | Mean
D12 2.0 2.02 3.00¢
D13 3.0 3.04 3,000
. ED1 0.5 0.68 0.98
B | | | A1 e
. . 14 .
discharge | gpy 3.0 313 ro |
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Fig. 3 Scatter-band of plane-bending fatigue test
of extruded 7075-T6 aluminium alloy.
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Fig. 4 S-N curves of extruded 7075-T6 aluminium A .
alloy having square-type notch of 0.05mm Table 5 Fatigue strengths of 7075-T6 aluminium alloy
depth made by electric-discharge method at specimen having the intermetallic compound
the central part of the surface of specimen. at the central part of surface.
Width of intermetallic Fatigue strength
oy compound, at 107 cycles,
24 \\ mm kg/mm?
0.41~0.60 13.1
~ 20 Si3 0.61~0.80 12.2
€ 0.81~1.20 8.3
£ 4 >1.21(1.60) 9.1
> 16 Si4
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Fig. 5 S-N curves of extruded 7075-T'6 aluminium
alloy having square-type notch of 0.2mm
depth made by electric-discharge method at
the central part of the surface of specimen.
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Ratio of depth of notch to specimen thickness ¢t /T
Fig. 8 Relation between {/ 7T and w/W on the fatigue

strength at 107 cycles of extruded 7075-T6

aluminium alloy with square-type notch.
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Fig. 9 S-N curves of extruded 7075-T6 aluminium
alloy having intermetallic compound at the
central part of the surface of specimen.
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Fig. 10 S-N curves of extruded 7075-T6 aluminium
alloy having hole-type notch of Imm depth
made by drilling method at the central
part of the surface of specimen.
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Fig. 11 S-N curves of extruded 7075-T6 aluminium
alloy having hole-type notch of Imm depth
made by electric-discharge method at the
central part of the surface of specimen.
Table 6 Fatigue strengths and fatigue strength
reduction factors of hole-type notched
specimens.
Fatigue strength, Fatigue strength
kg/mm?2 reduction factor 8
Mark
108 100 107 108 108 107
cycles | cycles cycles | cycles cycles cycles
U hey] @D | (69 [y [ o | o | @
D1 26.6 18.4 15.7 0.89 0.90 0.92
D2 — 19.4 15.2 - 0.85 0.95
D3 26.3 18.8 15.7 0.90 0.88 0.92
D4 23.5 17.2 15.0 1.01 0.96 0.97
D5 24.0 15.9 14.2 0.99 1.04 1.02
D6 22.1 17.2 14.5 1.07 0.96 1.00
D7 22.0 15.5 14.0 1.08 1.06 1.04
D38 — 15.0 12.5 — 1.10 1.16
D9 19.9 14.1 12.4 1.19 1.17 1.17
D10 — 13.7 11.8 - 1.20 1.23
D11 19.7 11.7 10.3 1.20 1.41 1.41
D12 19.9 12.6 10.0 1.19 1.31 1.45
D13 — 13.6 10.7 — 1.21 1.35
ED1 -— 11.6 8.8 - 1.42 1.65
ED2 — 10.8 8.2 - 1.53 1.77
ED3 — 10.5 8.6 — 1.57 1.69
ED4 - 9.6 7.7 — 1.72 1.88
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Fig. 12 Effect of hole-type notch made by drilling Fig. 13 Variation of fatigue strength reduction

or electric-discharge method on the fatigue
strength at 107 cycles of extruded 7075-T6
aluminium alloy.
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(b) Electric-discharge method (ED2)
Photo 3 Hole-type notch. (x20)
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Effect of Some Additional Elements on the
Diffusion of Core Materials into Clad Part of
Aluminium Alloy Cladding Sheets

by Shiro Terai and Michiki Hagiwara

We studied the effect of third element on the diffusion of some Alclad-aluminium
alloy sheets by the microscopic observation and micro hardness testing on the cladding

parts of test specimens.
The results were as follows.

1. 0.35~0.5% zirconium addition to the cladding part seems to have a markedly inhibitting
effect for the diffusion of core materials to the cladding part, and manganese and
chromium have the same effects as zirconium.

2. The effect of manganese or chromium is not so stable as that of zirconium in this

experimental conditions.

3. It was observed that the addition of manganese, chromium or zirconium to the cladding
part inhibits the boundary peak diffusion of core materials in the cladding parts.
4. Some different hardness values were obtained at the diffusion zone of the same distance

from the boundary of the cladding-sheets.
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Table 1 Chemical composition of specimens in experiment No. 1.
(l\lllad Quoted, wt % l Analyzed, wt %
o. - ; Added
Zn Fe 1 St l ef%g?:r?t 1 Zn ! Fe 1 S elemeent
1 1.0 - | — j - [ 1 | o | oo —
2 1.0 — — B 0.03 1.05 0.05 0.05 B 0.023
3 1.0 — 0.05 1.04 \ 0.06 l 0.05 0.050
4 1.0 — — Ti 0.05 1.04 0.05 0.05 Ti 0.06
5 1.0 — — 0.3 1.05 \ 0.05 \ 0.05 0.32
6 1.0 — - Zr 0.05 0.97 0.04 0.05 Zr 0.05
7 1.0 — — 0.5 \ 0.98 0.06 0.05 0.46
8 1.0 — — Mg0.2 1.06 0.05 0.06 Mg0.23
9 1.0 — — 1.1 1.07 0.07 0.08 1.07
10 1.0 — — Mn 0.05 1.03 0.07 0.06 Mn 0.05
11 1.0 — — 0.3 1.03 0.08 0.06 0.32
12 1.0 — — Cr 0.05 1.03 0.07 0.06 Cr 0.05
13 1.0 — — 0.3 1.03 0.07 0.07 0.35
Core Cu Fe Si Mg Mn Cr Zn Ti
7075 remelting 1.78 0.24 0.16 2.50 0.02 0.26 5.69 0.01
Table 2 Chemical composition of Specimens in =Ey1 R 7 %clad 400°CEAMEEAE  RREgERE R L
experiment No. 2. R - 0 ARE 1 mm
Cﬁe Quoted, wi% | Analyzed, Wi% iR 2 T 8 %clad  450°CEARAMEAE  chfHIBESLZR L
> Fe | st | Fe | si JRH L D48 1 mm (Al-Zni¥10%clad1.2mm)
1 Cu 4.5 — Cu  4.56 | 0.14 | 0.10 o o
2 Mg 4.5 | — —_ Mg 474 | 007 | 0.06 HEp 3 FI10%clad  450°CEAFEAE ARl 7 L
3 Zn 45 — Zn 455 | 0.09 | 0.07
AR D RELZmm
CL Added .
ad | paded [ pe | st | pded | re | s 22 ® B
% ’}?‘ 8(3)2 — — ’113‘ gg‘% 88673 882 FEEo I &L ER bfc—%ﬁm'@ﬁ‘m@?ﬁ@ﬁﬁﬁfﬁmﬂﬁk%ﬁ
3 %drl 82? — = %/Irl 822 882 ggg P2, BREEESURHEIAR O R i U CIE e & 5
g . _ — g . . .
5 M 0.35 — — M 0.35 | 0.07 | 0.06 : 5 - Y )
6 03 — - Crn 0.38 | 0.07 | 0.07 BEL. 77 - Kl (Z'SCCH‘ITIO?” 1.5¢ccHCl, 1.0ccHF,
95ccH,0) ¥ 7213 29%HF ¥ Wiie T 2 A ZI% Ok
Table 3 Chemical composition of specimens in experiment No. 3.
Quoted, wt% \ Analyzed, wt%
Core No.
zZn | Mg Mn Zr Mg Mn | Zr Fe si
1 5.88 1.12 — — 5.90 1.14 — — 0.12 0.10
2 5.88 1.12 0.6 5.88 1.11 0.58 — 0.16 0.13
3 5.88 1.12 0.6 0.35 5.92 1.12 0.59 0.35 0.18 0.15
Quoted, wt% ‘ Analyzed, wt% i ﬁ% U7zo
Clad No. N .
e Mn | zr | | 2z | Pe | si \ BULE G AE, EER 1 oW Tk 450°CK L.2.4hr — 7K
! n — o — D00 | 008 B, H2ER2, S OWTIET 6 U (465°CX1hr—ikkE
3 bt 0.35 = 0.35 | 0.06 | 0.05 20° =¥ . 2.5 [l g
4 0.6 0.35 0.58 0.34 0.11 0.08 A, 120°Cx24hr—224) @ 1.2.5 HIRE L TH Do

BEHEL, SHbLWIEMIE, vy FryRLUYIVa
= LA EHS D WIEEAEM LT 6 BIEO &Y A v
oo

R Ht s & OUSH D (L2 m sy % Table 3 1Cim,

ok, ETEL 2. 3uFihd, 99.9% Alidgh EMi
L, #EMTEIZFNEN, Al-0.5%B hii4as, Al-82
9% Tithpl a4, Al-5.6%Zr a4, AlT%Mn hiiéa
4, Al-6.8%Cr hi & &R JUMBEMED < 7 & v v A,
HHER A FWCTERI Lz,

B EostEhins b £ 2.5kg o RS (30t X 180w
X 1800) #FHE 2 mmgEl L CTRIEE L b DT, &R
DEE, FREFERTREOZELS TED,

5 & B & R
31 KER1OfFER
3-1-1 SATSEAERE

ARBOBEMEIMSE, Photo 1~7 wiRT Z &L, &
AR OB S ER A B EICEBEED A Tz L 5 in
SRS B, T OEBENERRRANES TR, A
FOR B\ THEEFROEAEA LTS, ZOHEBH
BN OB L ERASED FN L VL, Z OSIBICEH L
SPH L TE TS Z ENELBND,

~ﬁ0H%D%ﬁﬁﬁmﬁWD%mibuéﬁrkf%

D ¥ - FAL 1Y vacancy & /» dislocation,slipline 7z
Eh %<, COERSOIRBIRE FEEBOLES B O

._2__



Vol. 6 No. 4 TR =T AEGEGIROEM &SRS OBMAOIE e84 5 2, STORMITEDOLR (229)

Table 4 Thickness of the diffusion layer in clad parts of specimens in experiment No. 1 after solution heat
treatment with different soaking time. (p)

Added 450°C x1hr W.Q. [ 450°C = 2hr W.Q. | 450°C x 4hr W.Q.
element, wt% £B #e | mepe | ws |  me | peEc | B re EB-1G
None 50 3 | 15 l no 50 20 { 75 55 2
B 0.023 30 2 10 15 30 15 45 35 10
0.050 30 20 10 a0 30 10 45 10 5
Ti 0.08 30 20 10 35 30 5 45 10 5
0.32 30 20 10 10 30 10 50 40 10
Z 0.05 25 20 5 30 30 0 50 45 5
¥ 0.46 20 15 5 25 20 5 35 35 0
M 0.93 30 20 10 45 30 15 65 50 15
g1 107 40 25 15 55 15 10 70 55 15
M 0.05 2 25 0 25 25 0 15 45 0
n 0.32 25 20 5 25 25 0 45 45 0,
c 0.05 30 30 0 35 35 0 30 30 0
r 0.35 25 25 0 30 30 0 15 15 0

KB : intergranular diffusion
K G @ transgranular diffusion

100 foo
B added O intergranular diffusion Zr added o intergrcnullor .jﬁff{fus.ion
® transgranular diffusion ® transgranular ditiusion
450° CXdhr W.Q 450° CX4hr W.Q.
- r Q.
N — - 450° CX2hr W.Q.- ———— 450" C‘><2hr W.Q.
N | e 450°CXThr W.Q. N 450°C’X1hr W.Q.
50 —or\ ‘ 50
< ! T 3
; e—g
2 5
2 2
£ —
2 0 ) -
z 00.01 005 01 05 10 5 00.01 005 01 05 10
S 100 2 .
5 Ti. added 5 00
2 o Mg odded
g 3
E & 2
£ | E
R Dl
\\ N,
50 =y ~J /C N
\\\\\ \.‘-“‘—__—/——-«) N o J.
— %%~\Oﬁ’” N //_/___o
~~~~~~~~~~ A o N v Nt
~~~~~~ B 4 e | B—
SO
00.01 0.05 0.1 0.5 1.0
0.5 1.0 50 10

Content of added element, wt %
Content of added element, wt%
Fig. 1 Effect of B and Ti addition to the clad part

on the diffusion zone of Alcad-7075 alloys Fig. 2 Effect of Zr and Mg addition to the clad part
after solution heat treatment with different on the diffusion zone of Alclad-7075 alloys
soaking time. after solution heat treatment with different
thickness core: 0.85mm soaking time.
clad: 0.07mm thickness core: 0.85mm
clad: 0.07mm
ﬁ l 7 1 ‘/_‘ % m v— =4 o = e . —
WS £ D FoETEN & Bbh b, ISR Lo =B BRI+ 5 2 LT = & < T

ARBHCONT, WS, HNBHOEEEROBENE 55,
U7cf, Tabled 4B, Zh b OKEEHEICTR 1) BLBERRR ORI & & b I BRI OIE I3,
MAHERY, FEMCHEEROEY &b, Fig 1~3 ) BMICTRERM UL OW, HITHRE Lo

__.3_
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IO HEMEL I 5T %o

3 KA, EAES OEBOEOECDOWTHD B &,
XAy, ruiARBIUY A=Y AEERMLIEED
TG EA EENR L, 73y v 2k MxizbDid
MR D ENRKE R M ITC B Lo SIIFTLHCT

100

Mn odded O intergranular diffusion

@ transgranular diffusion

c‘p\ 450" C X4hr  W.Q.

\\ e 450° C X2hr  W.Q.
\\ .............. 450°C X1hr W.Q.

50 &N

s N__m_.o
SN

L NN
L T o3
5
2
2
§
S 0
2 0 0.01 0.05 0.1 0.5 1.0
5
+ 100
2 Cr added
f=4
=va
L
-
-

90

....... =90

Trsssa gy

00.01 0.05 0. 05 10

Content of added element, wt%

Fig. 3 Effect of Mn and Cr addition to the clad part
on the diffusion zone of Alclad-7075 alloys
ajter solution heat treatment with different
soaking time.
thickness core: 0.85mm

clad: 0.07mm

e hs,

bo

RYERBLIOF 2=y AEHRMUI SO 2 &

DPFAREDE AR T,

3-1-2

BIRO I /0@y

FIRANOD 3 7 ey &8 25 U7, O & D3R
TCFEWEEEL 7t - Tk D, HBHOETIRESHER I

—7, SEHIERTE SISITEEONEC R bf,

23 LG FRRE OE %T’éiﬁb\iﬁ%}%@f%%bﬂféﬂmbﬁo
(PhOtOS Z

LD 3 7 v @ HEE % Table 5 iiRkd,

M

Thickness of diffusion layer,

120 130 }
120
100 /
2110 y
i 5 // /
80 £ 100
L
o
S 90
60 ;..::’
/ /‘ 2 80
/ S
o 2
40 =%/ 8 70
/ 7 <
s 1S o
g = 60
20 \@F;
] 50 i
0 |
2 5 10 O o
Number of repetition Number of repetition
(a) ()
X———x None o———e 0.35% Mg
O0———0 0.05%8B At 0.35% Mn
o————4 0.35%Ti L — » 0.35%Cr
Gemrerw 0.35%Zr
Fig. 4 Effect of added elements on the diffusion zone

of the binary aluminium alloy cladding-sheets

after repeated solution heat tretment. 465°Cx

1hr—>W.Q. 120°C x 24hr—A.C.

(a) Al1-4.5%Cu alloy cladding-sheets thickness
core : 0.83mm clad : 0.085mm

(b) Al-45%Zn allny cladding-sheets thickness
core : 0.96mm clad : 0.12mm

Table 5 Micro Vickers Hardness Number in clad parts of specimens in experiment
No. 1 after solution heat treatment (450°Cx4hr—>W.Q.).

[Load 1bgr. 3 points measured]

Added element, wt% A B Cc

None 25.2 24.9 24.9 30.1 31.4 31.1 57.5 59.6 63.1
B 0.05 24.9 24.9 24.9 38.4 39.9 39.6 62.5 63.7 61.3
Ti 0.32 28.2 28.6 27.5 33.8 33.3 33.3 66.2 66.2 65.5
Zr 0.46 20.3 19.9 19.7 26.9 27.2 25.9 50.4 50.8 50.8
Mg 1.07 32.0 32.6 32.4 44.5 42.4 38.2 70.2 72.4 68.2
Mn  0.32 30.5 30.1 29.3 33.6 33.1 34.0 46.7 48.7 51.7
Cr 0.35 311 28.9 30.9 41.2 40.9 40.9 57.0 60.7 63.7

AR TR T K
e/w\v clad
C

} core
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Pheto. 8 Micro structure of clad part of Alclad-
7075 alloys measured micro vickers
hardness after solution heat treatment.
450°Cx4hr W.Q. (x400)

450°C x 4hr W.Q.

VN a=g 2EHEM LIS DT, fhoFEBh ki L
EIRCHEIMEL, = 7R3y 2Nz ied O T EY
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TL7\~owh, Table b i BAEBEATEDFE LD
DI CHEZ D EWEMRE B & Bbilh,

3-2 REB2O#HE

Al-Cu, Al-Zn 2 TE&&AERT B TIHL, SHFEER
i B IR O BN D IR EE D 5 72 23,
Al-Mg &448icik, OIS D IEECEER
Tehholes Eio, EEBR1OKRE ALY, FEEEEI E <
HCHRL HF DUARTR S, BT CHETEE OE R
HETRELBD bNIRs ot

Al-Cu, Al-Zn &&AVHICDOWTIRBEEL OE % 1]
& UicfEFa Table 6 k4, #ithic T6 IR %E4, #
NI A L VB2 & Figd o Z & i b,
INBOMRAF DD ERDITEL TH b,

1) Al-Cudgick\ e, TOMIIEE 2E & DL
1B & AERLS, SEEE ISR W T DIEREAL
Tinbo

IR L, FVvH, 732y v a8l vn
AEMUA SO T3, T6 4B 5 EEE Lok, ik
IEME CEFELTWDN, vy ¥y, 7200k
IOV VA=Y nEIZ IS O TN RNED &
Nobe

2) MZHA%@wm,%M@ﬁﬁ@AHhéﬁk%
MLT%L<,T6Mﬁ2@mkwf¢fm%ﬁi@
HELTW2bDbH D, 5HEEREL T4~ TR
G LT B,

MR Al-Cu £&0B/E EFER TR W &
Bbhsh, 2EHELOLDTHREE, Yva=y
ABIOZ7 v Mot L VBERLD EE L BN
%)O

WhTtER LD D & 0.35% Zr HFm LicsE 0B
Sy % Photo. 9, 10 ©iR3,

___7.__

450°C x 2hr W.Q.

Micro structure of clad part 0.35% Cr added of Alclad 7075 alloys after solution heat treatment. (x280)

450°C x lhr W.Q.
Photo. 7
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iEoRIEE AR T, Fig 5ikah
AR LS 0T, HHiEhE T6 4
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KL TWbo

4, BRIIATHIEE
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: Al-4.5% Mg alloy
Al-4.5% Mg alloy

Clad : pure Aluminium
5 times heat treatment repeated

5 times heat treatment repeated

Clad : Al-0.35%Zr alloy

(c) Core
(¢) Core :

Al-4.5%Zn alloy

: Al-4.5%Zn alloy
Clad : Al-0.35%Zr alloy

2 times heat treatment repeated
2 times heat treatment repeated

Clad : pure Alumirium

(b) Core

(b) Core:
(465°C x 1hr W.Q. 120°Cx24hr A.C)

(465°C x 1Thr W.Q. 120°Cx24hr A.C.)

Photo. 9 Micro structure of specimens in experiment No. 2 after repeated solution heat treatment. (x280)
Photo. 10 Micro structure of specimens in experiment No. 2 after repesated solution heat treatment. (x280)

2 Al-4.5%Cu alloy

5 times heat treatment repeated
Clad : Al-0.35%Zr alloy

5 times heat treatment repeated

Al-4.5%Cu alloy
Clad : pure Alumimium

(a) Core :
(a) Core
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Table 6 Thickness of the diffusion layer in clad parts of specimens in experiment
No. 2 after repeated solution heat treatment. (p)
(465°Cx 1Thr W.Q. 120°C x24hr A.C.)
Specimens | Repeated solution heat treatment
Core l Clad l Thickness of clad, g ‘ Once \ Twice Five times
Al-4.5%Cu Al 85 38.5 45 85
Vs Al+0.05%B 85 42.5 40 85
7 0.35 Ti 85 30 25 42.5
7 0.35 Zr 85 30 25.3 42.5
7 0.35 Mg 85 41.3 32.5 85
7 0.35 Mn 85 40 37.5 55
v 0.35 Cr 85 45 45 85
Al-4.59% Zn Al 120 77.5 120 120
P Al40.05% B 120 70 120 120
7 0.35 Ti 120 70 80 120
2 0.35 Zr 120 46.3 70 120
7 0.35 Mg 120 70 82.5 120
7 0.35 Mn 120 70 77.5 120
” 0.835 Cr 120 55 82.5 120
Table 7 Thickness of the diffusion layer in clad parts of specimens in experiment
No. 3 after repeated solution heat treatment. (p)
(465°C x 1hr W.Q. 120°C x24hr A.C)
Specimens ‘ Repeated solution heat treatment
Core l Clad l g‘fhi(l:l;&esf Once Twice Five times
7% MgZny Al 120 37.5 47.5 75
K4 +0.6%Mn v 120 27.5 50 75
” 0.6%Mn+0.35%Zr 7 120 30 40 55
7 7 +0.6%Mn 120 12.5 20 25
7 7z 0.35%Zr 120 10 15 15
7 2 0.6%Mn+0.35%Zr 120 10 12.5 15

@~ Core+0.6%Mn* 80
¥ Core +0.6% Mn +0.35% Zr
X None

O—Clad+0.6% Mn

86— Clad +0.35% Zr o
- Clad+0.6% Mn +0.35% Zr

100

u

40

20

Thickness of diffusion layer,

T 2 5

Number of repetition

Fig. 5 Effect of Mn and Zr addition to core

or clad on the diffusion zone of Al-

Zn-Mg alloy cladding-sheets after

repeated solution heat treatment.

(465°Cx Thr—>W.Q. 120°Cx24hr—A.C.)
thickness of core : 0.96mm
thickness of clad:0.12mm
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Corrosion Test on Condenser Tubes by Model Condenser at

Meiko Power Station (Rep. 3)

by Takemichi Otsu, Shiro Sato, Yasuo Fukuda and Toshihiko Watanabe

A corrosion test on condenser tube of various copper alloys has been running in model
condenser at Meiko Power Station of Chubu Electric Co. since Jan. 1955.

The study on corrosion in this condenser was begun to obtain the data of corrosion of
condenser tubes of various alloys by sea water.

In previous papers (Rep. 1and2) the results of inspection on some tubes taken out in
Sep. 1956 and Jun. 1962 were reported, and it was found that the each alloy tube except
Admiralty brass tube was resistant to corrosion by clean sea water.

Since 1961, the pollution of sea water in Nagoya Harbor has been advanced and the
troubles of corrosion of condenser tubes by polluted sea water arose in other power stations
along Nagoya Harbor. These facts caused the demand for new alloy tubes resistant to
polluted sea water.

In Jun. 1962 and Oct. 1963, new alloy tubes of seven kinds which had been developed
from our reserch in laboratory were installed in model condenser to obtain the service
data.

This report deals with the results of inspection on the test tubes containing new alloy
tubes, taken out in Oct. 1963 and Dec. 1964.

Following results were obtained by detailed inspection.

1. The features of corrosion on the test tubes were characterized as follows:

(1) Corrosion depth increased repidly during Jun. 1962 and Oct. 1963.

(2) In brass tubes (Admiralty brass, Aluminium brass and Albrac) and Aluminium

bronze tube, main type of corrosion was pitting.

(3) In 109 and 309 Cupronickel tubes, main type of corrosion was deep local corrosion.

(4) The tubes were covered with slimy deposit in which sulfide was contained.

From the results of inspection mentioned above it was concluded that the corrosive
condition to which the tubes were exposed had changed in the course of pollution of clean
sea water.

9. By comparing the results of previous inspection (Rep. 1 and 2) with those of this
inspection (Rep. 3), it was clarified that the condenser tubes of such various copper alloys
as Aluminium brass, Albrac and Cupronickel, which can be supplied in commercial base,
were resistant or less resistant to corrosion according to the degree of pollution.

3. The results of inspection of new alloy tubes were as follws:

(1) Some Cu-Zn-Al alloy tubes were suffeered from pitting.

(2) Tin bronze tubes were suffered from general corrosion, but free from pitting, and

were excellently resistant to polluted sea water.

(3) Corrosion resistance of tin bronze tube is much improved by the increasé of tin

content or by the addition of both Al and Si.
4. From the results of inspection of the test tubes, it is concluded that among the
condenser tubes of various copper alloys tin bronze tube, especially AP bronze tube modified
by addition of Al 19 and Si 0.2%, was the most resistant to corrosion by polluted sea
water.
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Table 1 Details of the tubes used in model condenser.

Chemical composition, % I;/Irchl'g?ig:l
Mark Alloy Temper Tens\ile
Cu | zn | sa | Al | Ni | Si | As | Fe strength, | “longation,
kg/mm? o
Arsenical
1 Admiralty Brass 70.0 R 1.0 — — — 0.04 — Annealed 35.7 72
2 Aluminium Brass 77.0 R — 2.0 — — 0.04 - Annealed 42.6 58
3 Admiralty Brass Stress relieved 38.2 63
70.0 R 10 — — —_— - —
4 Annealed 34.8 69
5 70-30 Cupronickel R — - - 30.0 — — 0.5 Annealed 43.3 43
6 Quenched 30.1 30
7 90-10 Cupronickel R — —_ - 10.0 — — 1.25 |Precipitation treated 45.2 14
8 Annealed 33.8 44
9 Work hradened 64.5 10
10 Stress relieved 52.0 47
Albrac 78.0 R — 2.0 - 0.3 0.04 —
n Annealed 47.1 53
12 Over annealed 38.9 70
13 Aluminium Bronze R — — 6.0 — — 0.15 — Annealed 52.0 56
A 70-30 Cupronickel R — — — 30.0 — — 0.5 Annealed 43.3 43
B Albrac 78.0 R - 2.0 — 0.3 0.04 — Annealed 46.0 55
C SK-4 R — 10.0 — — — — — Annealed 48.1 70
D SK-6 R 10.0 — 2.0 — — 0.04 - Annealed 38.2 61
E AP bronze R — 6.0 1.0 — 0.2 — — Annealed 42.9 72
¥ X106 R 5.0 - —— - — — — Annealed 34.3 58
G X123 R 10.0 — 0.5 — — 0.05 — Annealed 31.7 56
H X105 R — 3.0 —_ - - — — Annealed 31.8 57
Mercury Inhibited H, _
] Brass : 70.0 R - - - - - 0.0g25 Annealed —
X X129 R — 6.0 — —_ 1.0 — - Annealed 49.8 68
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D 22l ¢ SK-4 E W &ML BT %o
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Table 2 Running hours of Model Condenser in various
period. 5. % 3 lﬁlﬁﬁx%ﬁﬁ
Dec. 1954 | Oct. 1956 | Jun. 1962 | Oct. 1963 | Cumulative
Period ~ ~ ~ ~ running 51 BEH
Oct. 1956 | Jun. 1962 | Oct. 1963 | Dec. 1964 hours . . ~ .
ow—" 1963387548 6 A5 L U108, SEBECONTT 7 4
unning 6,257 17,000 5,000 8,084 36,341 . . -
hours 77 7B o Thb #3ED HEREL FiiL
Table 3 Results of eddy current inspection by Eddio Graph.
Date of Date of inspedtion and magnitude of pen deflection (mm)
Mark Alloys instl- Jun. 1963 Oct. 1963 Dec. 1964
lation |~ | 2B | o ® I R® | n® ’ 20 ] o @® ’ R#® | nw | g | ¢ | R0
Dec. 1954 16 1.2 0.4 | 1~2,5 16 1.8 0.2 1~3 8 3.3 0.8 | 2~4.5
3, 4 Admiralty Brass
Jun. 19621 4 1 0.0 1 3 1.7 0.2 | 1.5~2 4 3.6 0.8 [25~4.5
Dec. 1954 8 3.8 1.7 | 2~7.5 8 4.8 1.7 | 2~7.5 4 6.4 1.6 | 4~8.5
1 Arsenical Admiralty Brass
Jun. 1962 11 1.6 1.6 | 1~2.5 9 1.6 0.6 | 1.5~4 9 4.1 1.2 [38.5~4.5
Dec. 1954 16 0.7 0.3 |0.5~1.5! 16 1.5 0.1 1~2 8 3.0 0.5 3~4
2 Aluminium Brass
Jun. 1962 5 1.0 0 1 5 1.5 0.1 1~2 5 2.7 0.7 2~4
9, 10 Dec. 1954 181 0.5 0.2 | 0~1.5 180 1.5 0.6 [0.5~3.5 81 3.0 0.7 | 1~4.5
Albrac
1, 12 Jun. 1962 10 1.2 0.7 [0.5~2.5 10 1.8 0.5 | 1~2.5 10 3.3 0.8 | 2~4.5
Jun. 1962 15 2.9 2.5 | 1~8.5 1.5 2.9 1.9 1~8 1.5 4.0 1.4 2~9
B Albrac
Oct. 1963 | — — — — — — — — 50 1.7 1.0 | 1~6.5
Jun. 1962 12 0.9 0.3 0~1 12 1.2 0.3 1~2 11 1.4 1.0 1~3
C SK-4
Oct. 1963 — — — — — — — e 2 1.0 0.0 1.0
Jun. 1962 S 1 0.1 0~1 - — — - 5 1.0 0.0 1.0
E AP Bronze
Oct. 1963 — — — — — —_ - o 100 0.1 0.3 |0~1.0

W]
@
@)
&)

Number of tubes for inspection

Mean value of magnitude of pen deflection

Standard deviation

Range
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Table 4 Sampling schedule of the test tubes for inspection in Oct. 1963. Sample tubes/Installed tubes

\\ A B
\Section
Mark Alloys e N A-U (upper) A-L (lower) B-U (upper) B-L (lower)
~. Flow 2nd 1st 2nd Ist
remper\ Snsatuvonl " | % | 5 | %5 1O W | v R e e e
1 |4rsenical Admiralty Annealed 24 | 2wl s | — | — | o | e | e | oo | — | — | o4
2 Aluminium Brass Annealed 3/6 1/1 0/1 172 5/9 0/1 3/6 1/1 0/2 1/2 /1 0/1
3 Admiralty Brass Stress relieved 2/4 1/1 0/1 s — - 2/4 1/1 0/1 — — —
4 Admira}ty Brass Annealed 2/4 1/1 0/1 — — — 2/4 1 0/1 - - -
5 70-30 Cupronickel Annealed — 1/1 — - 5/9 - - 2/4 - - 4/8 0/1
6 90-10 Cupronickel Quenched 3/6 1/1 — 1/2 2/3 — 3/6 1/1 — 2/3 1/2 —
7 90-10 Cupronickel |Precipitation treated| 3/6 1/1 - 2/3 172 — 3/6 1 = 2/3 1/2 -
8 90-10 Cupronickel Annealed 3/6 1/2 — 2/3 1/2 — 3/6 /1 — 2/3 1/2 —
9 Albrac Work hardened 5/6 — 0/2 2/3 1/2 0/1 3/6 1/1 0/1 2/3 172 0/1
10 Albrac Stress relieved 7/13 3/5 0/1 13/26 11 0/1 7/13 1/1 0/2 27/53 1/2 0/1
10-1 Albrac Stress relieved - - - 4/7 - — - - — — — —
10-2 Albrac Stress relieved - — — 4/7 — — - — — — e —
10-3 Albrac Stress relieved - o - 4/7 - - - — - — — -
11 Albrac Annealed 3/5 1/1 — 2/3 1/2 - 3/6 1/1 — 2/38 1/2 —
12 Albrac Over annealed 3/6 1/1- — 2/3 1/2 — 3/6 1/1 — 2/3 1/2 —
13 Aluminium Bronze Annealed - — - — 2/3 — - — - — 2/8 -
j | Mercury Inhibited Annealed - =l - = = = =l = -] =
Total 36/66 | 14/19 | 2/35 37/66 | 20/3 50/14 | 34/67 | 14/18 | 1/35 40/73 | 14/26 | 0/16
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Table 5 Determination of corrosion depth of the test tubes.

Section‘ A-U(2nd flow) A-L (Ist flow) B-U (2nd flow) B-L (lst flow) i Total
i Depth of Depth of Depth of Depth of Depth of
Mark Alloy Temper Item | No. of corrosion No. of corrosion No. of corrosion No. of corrosion No. of corrosion
test pits pits test pits test pits test pits
tubes |7 T . tubes | T” L tubes |7 e ! tubes {7 _ Ie
installation g X maz ¥ X max R X maxz X (X maz| X |X maz
Arsenical Dec. 54 2 0.35 | 0.48 — — 2 0.33 | 0.57 - — - 4 0.34 | 0.53
1 Admiralty Annealed Oct. 58 2 0.42 | 0.63 — - 2 0.4310.71 - — — 4 0.43 | 0.67
Brass Jun. 62 1 0.32 | 1.00 —_ — — - — — — - 1 0.32 | 1.00
Aluminium Dec. 54 3 0.26 | 0.35 0.20 | 0.42 3 0.29 10.37 1 0.22 1 0.26 8 0.24 | 0.35
2 Annealed
Brass Oct. '56 1 0.18 | 0.28 0.20 | 0.30 1 0.28  0.37 1 0.22 1 0.29 8 0.22 | 0.31
Stress Dec. 54 2 0.28 | 0.36 — — 2 0.32 | 0.61 - — — 4 0.30 | 0.48
3
Admiralty relieved Oct. ’56 1 0.30 | 0.42 — - 1 0.38 | 0.48 — =~ 2 0.34 | 0.45
Brass Dec. '54 2 |0.29} 0.6 b= 2 lomloss| — | =] = | 4 om0
4 Annealed
Oct. ’56 1 0.27 | 0.36 — — 1 0.36 | 0.78 — e — 2 ‘ 0.32 | 0.57
70-30 , )
5 Cupronickel Annealed Oct. 56 1 0.13 | 0.29 0.13 | 0.19 2 0.13 | 0.22 4 0.14 | 0.21 12 0.13 | 0.23
Dec. '54 3 0.40 | 0.54 0.26 | 0.35 3 0.47 | 0.60: 2 0.38 | 0.51 9 0.38 1 0.50
6 Quenched
Oct. '56 1 0.33 | 0.50 0.33 | 0.40 1 0.44 | 0.53 1 0.26 | 0.33 5 0.34 | 0.44
90-10 Pre- Dec. '54 3 0.210.35 0.18 1 0.27 3 0.23 | 0.38 2 0.16 | 0.31 10 0.20 | 0.33
7 cipitation
Cupronickel| treated Oct. ’56 1 0.22 | 0.40 0.19 | 0.30 1 0.27 1 0.35 1 0.22 | 0.27 4 0.23 | 0.33
Dec. 54 3 0.33 ] 0.41 0.27 1 0.45 3 0.35 | 0.45 2 0.28 | 0.42 10 0.310.43
8 Annealed
Oct. '56 1 0.34 {0.43 0.25 ! 0.31 1 0.35 1 0.50 1 0.19 | 0.32 4 0.28 | 0.39
0 Work Dec. '54 5 0.34 | 0.41 0.210.32 3 0.34 | 0.40 2 0.29 | 0.36 12 0.30 { 0.37
hardened Oct, ’56 - - - 0.210.31 1 0.28 | 0.42 1 0.26 | 0.36 3 0.28 | 0.38
1 Stress Dec. 54 7 0.34 | 0.43 0.28 | 0.39 7 0.33 | 0.41 27 0.25 | 0.36 66 0.30 | 0.40
relieved Oct. '56 3 0.41 | 0.55 0.33 | 0.44 1 0.37 1 0.50 1 0.32 ] 0.45 6 0.36 | 0.49
| Albrac
Dec. '54 3 0.34 | 0.43 0.24 ] 0.35 3 0.27 | 0.36 2 0.27 | 0.39 10 0.28 | 0.38
1 Annealed
Oct. ’56 1 0.33 | 0.48 0.25 | 0.35 1 0.27 | 0.36 1 0.210.32 4 0.27 | 0.38
" Over Dec. '54 3 0.30 | 0.40 0.2110.29 3 0.34 | 0.42 2 0.28 | 0.39 10 0.28 | 0.38
annealed Oct. 56 1 0.35 | 0.44 0.29 | 0.39 1 0.35 | 0.42 1 0.26 | 0.49 4 0.31 1 0.44
13 %L‘g‘r?z‘g‘“m Annealed Oct. '56 — — | = 0.29 1 0.42| — — - 2 |0.33|0.40 4 10.310.41
Mercury B 7
J IBnhlblted Annealed Jun. ’62 1 0.22 | 0.54 — — 1 0.18 | 0.44 — — —_ 2 0.21]0.49
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Photo. 1 (a) Corrosion of the test tubes.
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Photo. 1 (b) Corrosion of the test tubes.
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Fig. 1 Installation of the test tubes in Jun. 1962~Oct. 1963. (Front view of the tube sheet)

)

%

Table 6 Chemical analyses of scale formed on the inner surfacs of the test tubes. (wt

@ =) © =
- % % .nN jrel N % =3 ‘N
Q =3 @ e I e o = i
i) @ =5 N @ o« N o -
o [ © — ™~ o~
* B > ] =5} S © o~ ]
n ~ 0 0 ~ © ~ < =
o)
=
sl
et =)
= =] [{=3 0 ™~ [N o - (=)
7] < © @ &~ © — S =
= o © © © © « = —
43
=]
3]
; o [ oy © ) < o o
s SRS S @8
o — — - ~ - — <4 -
@ .
- [} o — o — o =3
s = ~ ~ < w2 - % <
N ~t ~ o - «~N «~ — =
=y = 10 1 n e [Pl =3
o | & | F s 1B | w88 8
je? o ~ i) = =3 ™ =3 =
© o « w 0 N © o
T T I I O O O B B
> B~ w I-e]
&) [ ~ < 2 ~* < ~¥ N
o
]
5 2
A [
B @
»
g% <1 < 3|3
= Rat 2 2 () (] = =)
= X X R+ o h=
g « « = £
< - ks = 2 2 o) B
< | S 12188 %
—_ B i) & 4 g =
o = = =] =3 2 >
31 ] © = ] =] o
g | 51 B Q|0 S| = 3
2 g gl e | e & g 5
n 1) - g 3
1ol o o < & — —_ 23
< < < 54 =3 < < =

* Sulfur not belonging to sulfate.



Vol. 6 No. 4

A AERBIICBI 2 EF Vv v F o — L B EKBEORARE (B3H)

(247)

x 20
(a) Inlet attack on Arcenical Admiralty brass tube. (AU-11D

%100

(b) Dezincification corrosion on noninhibited Admiralty brass
tube. (AU-1D

Photo. 2 Corrosion of Admiralty brass tubes.

%100

Photo. 3 Intergranular corrosion on Albrac tube.
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Table 7 Effect of corrosion on the tensile strength and the elongation of the test tubes.

Tensile strength, kg/mm? Elongation, %
Mark Alloys Temper As After corrosion test As After corrosion test
prepared | ey Range prepared | arean ‘ Range
1 Arsenical Admiralty Brass| Annealed 35.7 28.9 27.0~32.0 . T2, 45 22~64
2 Aluminium Brass Annealed 42.6 39.5 38.3~41.2 58 i SQ; 44~56
3 Admiralty Brass Stress relieved 48.2 34.2 32.7~35.7 63 Sag 40~60
i :'
4 Admiralty Brass Annealed 34.8 30.9 28.5~37.3 69 ’ 55 46~62
5 70-30 Cupronickel Annealed 43.3 42.4 40.7~44 .4 43 34 29~41
6 90-10 Cupronickel Quenched 30.1 30.9 29.4~31.6 30 15 9~30
7 90-10 Cupronickel Precipitation treated 45.2 43.9 38.5~51L‘é LA " 7 3~17
8 90-10 Cupronickel Annealed 33.8 32.2 28.3~35.8 44 28 ¥ 20~39
9 Albrac Work hardened 64.5 54.4. 52.5~57.7 10 6 4~11
10 Albrac Stress relieved 52.0 4.1 37.8~48.5 A7 36 : 14~49
1 Albrac Annealed 47.1 4.1 87.5~57.9 53 - 37 7~48
12 Albrac Over annealed 38.9 36.7 33.6~48.0 70 46 31~62
13 Aluminium Bronze Annealed 52.0 47.2 46.4~50.1 56 39 32~45
J Mercury Inhibited Brass Annealed 36.6 32.2 33.0~33.3 64 57 57
2nd flow Ist flow
m (upper part of condenser) :j (lower part of condenser)
- Mark
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1. Arsenical Admiralty brass (annealed) 6.

2. Aluminium brass (annealed), 7.
3. Admiralty brass (stress relieved)

4. Admiralty brass (annealed), 8.
5. 70-30 Cupronickel (annealed), 9.

Fig. 2 Mean

value of quantity of scale formed on each tube.

. 10. Albrac (stress relieved),
90-10 Cupronickel (precipitation treat- 11. Albrac (annealed)
‘ 12. Albrac (over annealed)

13. Aluminium bronze (annealed),
J . Mercury inhibited brass (annealed)

90-10 Cupronickel (quenched) .
ed)

90-10 Cupronickel (annealed)
Albrac (work hardend)
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Fig. 3 Installation of test tubes in Oct. 1963~Dec. 1964. (Front view of the tube sheet)
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Table 8 Sampling schedule of the test tubes for inspection. Sample tubes/Installed tubes

\\\\\\%ﬁﬁ_ A
Section
Mark Alloys A-U (upper) A-L (lower)
Flow 2 nd 1st
Temper : am Dec. ’54 | Oct. '56 | Jun. '62 | Oct. ’63 | Dec. 54 | Oct. *56 | Jun. 62 | Oct. '63
A 70-30 Cupronickel Annealed — — 4 — — e 2 —
B Albrac Annealed - — 5 11 — — 2 14
C SK-4 Annealed — — 4 10 — — 2 9
D SK-6 Annealed — — 4 6 — — 1 9
E AP Bronze Annealed - — 2 25 — e 1 25
F X106 Annealed — — 1 — — — 1 -
G X123 Annealed — — 2 — — — 1 —
H X105 Annealed —~ — 1 - —_ — — —
K X129 Annealed — — 1 — — — — -
1 ﬁgig?;gi‘tly Brass Annealed 2 2 8 - - - 1 -
2 Aluminum Brass Annealed 3 — 1 — 1 4 1 —
3 Admiralty Brass Stress relieved 2 — 1 — o e o —
4 Admiralty Brass Annealed 2 — 1 — — — — —
5 70-30 Cupronickel Annealed - — - — — 4 — —
6 90-10 Cupronickel Quenched 3 — -~ — 1 1 — —
7 90-10 Cupronickel Precipitation treated 3 — — - 1 1 — —
8 90-10 Cupronickel Annealed 3 1 — o 1 1 e e
9 Albrac Work hardened 1 — 2 — 1 1 1 —
10 Albrac Stress relieved 6 2 1 — 13 — 1 —
10-1 Albrac Stress relieved — — - — 3 - - —
10-2 Albrac Stress relieved - - - — 3 - — —
10 3 Albrac Stress relieved — - — — 3 — — —_
1 Albrac Annealed 2 — - — 1 1 — —
12 Albrac Over Annealed 3 — - — 1 1 e —
13 Aluminium Bronze Annealed — — - — — 1 — —
Total 30 5 3 52 29 15 14 57

6:1-3 FITS v H% (v~ 79 &k, <~ 710 g
THEH, v~ 2711kt~ 27B 1 8EH, <~ 2712
SRR )
EAERKGEEONEMCSB b, ZOTBIIEE
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TRLRE M otc, 195448128 7 5002 19564810 A B {48
B WTIEX0.19~0.36mm CRIEFIER: - h DA ORERT
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614 WY%Fa70= 9 (v~ 26: AN, <~
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Table 9 Determination of corrosion depth of the test tubes.

Section A-U (2nd fiow) A-L (Ist flow)
Mark Alloy Temper Item Depth of corrosion pits Depth of corrosion pits
Date of |[No. of No. of
instal- test -4 Range | &mez | Range test 2 Range | Xnax | Range
lation tubes tubes
Arsenical Dec. '54 2 0.35 [0.33~0.35] 0.27 [0.53~0.41] — — — — —
1 ) Annealed Oct. 56 2 0.38 [0.37~0.39) 0.60 [).60~0.6(] — — — — —
Admiralty Brass Jun. "62 3 ] 0.27 [2.25~0.31 0.42 [0.39~0.4¢| 1 | 0.20 | 0.20 | 0.29 | 0.29
Dec. '54 3 0.27 [0.25~0.28| 0.39 [0.36~0.42] 1 0.19 0.19 0.24 | 0.24
2 Aluminium Brass Annealed Oct. ’56 - - — — — 4 0.27 [0.21~0.30; 0.39 [0.32~0.46)
Jun. 62 1 0.30 0.30 0.47 0.47 0.27 0.27 0.37 0.37
3 Admiralty Brass Stress relieved Dec. *54 2 0.50 10.27~0.35 0.41 0.41 - - - - -
Jun. '62 1 0.29 0.29 0.43 0.43 — — - — —
4 Admiralty Brass Annealed Dec. ’54 2 0.33 10.32~0.34] 0.45 [0.43~0.46] — — — - —
Jun. '62 1 0.28 0.28 0.51 0.51 — — - - —
5 70-30 Cupronickel Annealed Oct. ’56 — — — — - 4 0.15 10.09~0.23 0.38 [0.15~0.92
6 90-10 Cuproniclkel Quenched Dec. 54 3 0.26 [0.18~0.32] 0.48 0.39~0.54] 1 0.27 0.27 0.56 0.56
Oct. ’56 — — — — — 1 0.33 0.33 0.52 0.52
7 90-10 Cupronickel frectipciltation Dec. '54 3 0.22 [0.18~0.25] 9.36 [0.33~0.30] 1 0.10 0.10 0.15 0.15
reate Oct. '56 — — — — — 1 0.19 0.19 0.27 0.27
8 90-10 Cupronickel Annealed Dec. 54 3 0.25 [0.23~0.26| 0.42 [0.33~0.57 1 0.18 0.18 0.25 | 0.25
Oct. '56 1 0.29 0.29 0.48 0.48 1 0.24 0.24 0.37 0.37
Dec. "54 1 0.30 0.30 0.39 0.39 1 0.21 0.21 0.26 0.29
9 Albrac Work hardened | Oct. '56 — — — — — 1 0.21 0.21 0.26 0.26
Jun. 62 2 0.35 [0.33~0.36] 0.41 [0.39~0.43] 1 0.23 0.23 0.31 0.31
Dec. '54 6 0.33 [0.30~0.36] 0.41 [0.39~0.46] 13 0.28 [0.22~0.35 0.37 [0.27~0.53
10 Albrac Stress relieved Oct. ’56 2 0.34 10.31~0.36{ 0.42 [0.40~0.43] — —_ — — —
Jun. 62 1 0.43 0.42 0.49 0.49 1 0.27 0.27 0.35 | 0.35
10-1 Albrac ’ Stress relieved Dec. 54 —_ - ’ — | — — 3 l 0.28 0.22~0.3SI 0.37 {0.26~0.51
10-2 | Albrac | Stress relieved | Dec. *54 — - | — ' — l — 3 0.33 0.30~0.36{ 0.42 10.34~0.48
10-3 l Albrac | Stress relieved| | Dec. *54 — — | — 1 — ) — ‘ 3 0.34 ]0.27~0.42[ 0.40 [0.34~0.48
1 Albrac Annealed Dec. 54 2 0.33 [0.28~0.38 0.39 0.36~0.42 1 0.22 0.22 0.25 0.25
Oct. *56 — — — — — 1 0.36 0.36 0.25 0.50
12 Albrac Over annealed Dec. *54 3 0.39 10.33~0.45 0.49 10.39~0.60 1 0.23 0.23 0.30 0.30
Oct. '56 — — — — — 1 0.19 0.19 0.28 0.28
13 | Aluminium Bronze | Annealed Oct. '56 — — \ — ’ -] - 1 ‘ 0.28 | 0.28 | 0.33 ] 0.33
A 70-30 Cupronickel Annealed Jun. '62 4 0.2 [0.23~0.52 0.58 [0.86~0.72 2 1 0.23 10.16~0.30 0.47 ;0.32~o.62
B Albrac Annealed Jun. '62 5 0.38 [0.86~0.49, 0.66 [0.48~0.84 2 0.31 10.29~0.32| 0.46 ]0.44~0.48
Oct. '63 11 0.08 [0.04~0.12 0.15 [0.09~0.24] 14 0.11 0.07~0.19| 0.20 }0.10~0.30
c SK-4 Annealed Jun. '62 4 0.08 10.08~0.00| 0.14 [0.11~0.19] 2 0.07 10.06~0.08| 0.13 [0.10~0.16!
Oct. '63 10 0.04 [0.03~0.05 0.07 [0.05~0.09] 9 0.04 10.04~0.05] 0.06 {0.05~0.07
b SK-6 Annealed Tun. 62 4 0.34 [0.28~0.37] 0.49 [0.46~0.53] 1 0.31 0.31 0.37 | 0.37
Oct. 63 6 0.06 [0.04~0.10, 0.12 |0.08~0.17, 9 0.11 0.07~0.22) 0.19 ]0.11~0.32
E AP Bronze Annealed Jun. 62 2 0.04 0.04 0.07 [0.06~0.08 1 0.06 0.06 0.09 | 0.00
Oct. 63 25 0.02 [0.02~0.03 0.04 [0.03~0.05 25 0.02 11.02~0.03 0.04 [0.03~0.06
F | X106 | Annealed | Jun.v62 | 1 o1z | 01z [ o028 | 028 | 1 | 033 ] 013 | 09| 0.9
G X123 Annealed Jun. ’62 [ 2 0.21 0.2o~0.21] 0.42 o.41~o.42| 1 | 0.17 0.17 | 0.24 | 0.24
H ; X105 Annealed Jun. '62 | 1 0.16 0.16 j 0.18 ] 0.18 — - ! - — ‘ -
K } X129 ] Annealed | Jun. 62 | 1 | 0w ‘ 0.0 | 0.17 } 0017 — - | - — | —

77 L, ~ -~ 78 EKEH)
FAERREROOABEDC bR Tk D, FIEESIE
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Arsenical | Aluminium| Abmiralty | Abmiralty | 90-10 9040 90-10
Altoys Admirelty | Bross Bross Brass Cupro- | Cupro- | Cupro- | Albrac | Albrac | Albrac | Albroc | Albrac | Atbrac | Albrac

Bross nickel nickel nickel
Stress Precipita- Work Stress | Stress Stress Stress Over
Temper | Annedled | Annedled | relieved | Anneoled |Quenched] fion Annedled | hardened | relieved | relieved |relieved | relieved | Annecled | annedled
treated
No: of
vest tobes] 2 4 2 2 4 4 4 2 19 3 3 3 3 4
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Mark 1 2 3 4 9 10 A B C D £ F G H K
Arsenical |Aluminium| Admirclty | Admiralty 70-30
Alloys Admiralty | Brass Brass Brass Albrac | Albrac | Cupro- | Albrac | SK-4 -6 |APBronze] XI06 W23 05 X100
Bross nickel
Stress Work | Stress

Temper | Annedled | Annedled | relieved | Annecled |hardened | relieved | Annecled | Annedled | Annedled | Annealed | Annedled | Annedled | Annedled | Annealed | Anneled

NG hes] 4 2 1 1 3 2 6 7 6 5 3 2 3 1 1

Fig. 4 Results of determination of ¥, Xmass and the standard deviation on each test tube.
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Photo. 4 (a) Corrosion of the test tubes.
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Table 10 Determination of quantity of scale formed on the inner surface of the test tubes.
\ . | Quantity of scale -
Mark | Alloys Temper _ Date of ! mg/om?
z - installation i Mean Range
Arsenical Dec. '54 22.05 13.03~30.27
1 . Annealed Oct. ’56 13.30 13.29~13.30
Admiralty Brass Jun. 62 16.89 11.58~22.41
Dec. '54 30.03 19.Q7~41.03
2 Aluminium Brass Annealed Oct. '56 20.83 16.70~26.00
Jun. '62 31.72 31.35~32.10
3 Admiralty Brass Stress relieved Dec. "54 16.98 15.63~18.33
Jun. '62 15.08 15.08
4 .. Admiralty Brass Annealed Dec. '54 13.57 12.00~15.14
Jun. '62 24.42 24,42
5 70-30 Cupronickel | Annealed Oct. '56 1.65 0.99~2.16
6 90-10 Cupronickel Quenched Dec. "54 L.o4 1.19~2.94
Oct. ’56 2.18 2.18
7 90-10 Cupronickel Precitation treated Dec. "54 0.89 0.25~2.42
Oct. '56 0.30 0.30
8 90-10 Cupronickel Annealed Dec. "54 1.08 0.35~1.79
Oct. 56 3.34 1.756~4.93
Dec. '54 37.23 36.92~37.54
9 Albrac Work hardened Oct. 56 34.98 34.98
Jun. '62 31.79 13.15~47.74
10-1 Albrac Stress relieved Dec. '54 28.97 25.65~33.26
10-2 Albrac i Stress relieved Dec. '54 29.35 20.58~35.66
10-3 Albrac l Stress relieved Dec. '54 32.00 13.03~45.75
Dec. '54 40.00 17.44~49.66
10 Albrac Stress relieved Oct. '56 25.69 18.81~32,57
Jun. '62 25.06 20.79~29.32
1 Albrac Annealed Dec. '54 48.86 32.32~68.61
Oct. ’56 14.55 14.55
12 Albrac Over annealed Dec. "54 33.59 20.83~42.57
Oct. '56 19.84 19.84
13 Aluminium Bronze i Annealed l Oct. '56 25.32 25.32
A 70-30 Cupronickel i Annealed 1 Jun. ’62 1.05 0.47~2.83
B Albrac Annealed Jun. '62 21.27 13.20~31.87
Oct. ’63 5.12 3.25~7.81
c SK-4 Annealed Jun. '62 3.35 1.10~4.78
Oct. '63 5.34 1.58~9.09
D SK-6 Annealed Jun. '62 15.94 8.39~23.Q}
Oct. '63 4.54 3.08~5.86
E AP Bronze Annealed Jun. '62 8.94 4.73~11.65
Oct. '63 4.26 0.97~11.65
F X106 l Annealed Jun. '62 | 6.01 ‘ 4.85~7.16
G X123 i Annealed Jun. ’62 14.64 7°02~26.82
H 1 X105 I Annealed Jun. '62 2.08 2.08
K | X129 | Annealed Jun. 62 | 1.45 | 1.45
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Table 11 Overall heat transfer coefficient of the test tubes.
b ¢ O;/ﬁerall h%gt {:}'ax;sfﬁr c b ¢
. te o coefficient, Kcal/m?, h.° egree o
Mark Alloys Temper Section No. , ba . ? N
installation After loss in %
As prepared | o, rhgion test ’
5 70-30 Cupronickel Annealed A-L 63 Oct. '56 4,386 4,253 3.0
A-U 65 Dec. 54 3,070 40.4
A-L 5 7 3,747 27.3
10 Albrac Stress relieved A-L 93 K4 5,155 2,387 53.6
A-U 84 Oct. ’56 3,987 22.6
A-U 92 Jun. '62 3,007 40.3
A-L 79 7 2,971 42.3
A-U 51 Dec. '54 ' 2,642 48.7
11 Albrac Annealed A-L 39 7 5,155 2,692 47.8
A-L 34 Oct. '56 3,994 22.5
A 70-30 Cupronickel Annealed AU 2% Jun. *62 4,386 4,127 5.9
A-L 57 4,205 4.1
A-U 37 Jun. ’62 2,961 42.5
A-U 112 7 3,369 34.6
B Albrac Annealed A-L 8 K 5,155 3,420 33.6
A-U 38 Oct. '63 5,030 2.41
A-U 101 ” 4,126 9.9
A-L 55 ” 4,699 8.8
A-U 28 Jun. '62 - 3,899 18.9
A-U 60 ” 4,646 3.41
C SK-4 Annealed A-U 67 Oct. ’63 4,808 4,252 1.51
A-U 90 ” 4,271 1.2
A-L 49 ” 4,658 3.1
A-U 57 Jun. ’62 3,963 11.9
A-L 16 ” 4,244 14.2
A-U 14 Oct. '63 4,539 8.3
E AP Bronze Annealed A-U 66 ” 4,950 4,029 18.6
A-U 81 ” 4,766 3.7
A-L 22 ” 4,630 6.5
A-L 81 ” 4,556 7.9

LWL WITEN & BB A& DF 4,

2) BHNEBTHSEDR T A nRATEYORLE, +
fedbb, #2EFE (196248 6 A) BRIt 5 A %Y
L7 F 907 0 —EFEHHI6mg/cme, fho&E
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D304~ LIAD S i3 T HOEFAR AL B ONT b,
0.1~02% Tdh o723, - 5 3EFEE (19634£108) M ts
WTIESOL " BIA D S 535~9% & B8hm L 7o
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T ZOEBRERS D S BREKHEMCENTW 544
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Table 12 Effect of corrosion on the tensile strength and the elongation of the test tubes.

Tensile strength, kg/mm? Elongation, %
Date of
Mark All T i i
ar! oys emper installation As After corrosion test As After corrosion test
’ ‘prepared | pean Range prepared | pfean Range
Arsenical Dec. 54 35.7 19.9 19.9 72 20.0 20
1 ) Annealed Oct. '56 35.7 27.0 25.5~28.5 72 39.5 31~48
Admiralty Brass Jun. 62 35.7 29.0 | 26.7~31.6 72 4.0 3763
Dec. ’5¢ 42.6 38.9 38.2~30.4 58 47.8 46~50
2 Aluminium Brass Annealed Oct. 56 42.6 39.4 38.5~40.9 58 43.8 43~47
Jun. ’62 42.6 39.6 39.4~39.8 58 46.5 44~49
3 Admiralty Brass Stress relieved Dec. 54 38.2 33.4 33.2~33.6 63 42.0 41~43
Jun. '62 38.2 33.5 33.5 63 42.5 41~44
4 Admiralty Brass Annealed Dec. *54 34.8 20.6 | 20.5~29.6 69 48.5 46~51
Jun. 62 34.8 40.0 40.0 69 32.0 32
5 70-30 Cupronickel Annealed Oct. '56 43.3 l 36.6 30.6~38.9 43 30.3 21~35
6 90-10 Cupronickel Quenched Dec. 54 30.1 28.0 26.7~29.4 30 20.3 13~36
Oct. '56 30.1 2.5 25.5 30 9 9
7 90-10 Cupronickel Precipitation Dec. 54 45.2 44.8 | 40.6~47.6 14 4.3 3~6
treated Oct.’ 56 45.2 43.0 43.0 14 3.0 3
8 90-10 Cupronickel Annealed Dec. 54 33.8 31.1 29.3~33.2 44 19.5 6~32
Oct. 56 33.8 29.1 29.0~29.1 4 29.5 28~31
Dec. '54 64.5 54.1 52.8~55.4 10 4 4
9 Albrac Work hardened Oct. '56 64.5 54.0 54.0 10 4 4
Jun. 62 64.5 55.9 54.0~57.7 10 6 4~8
101 | Albrac | Stress relieved | Dec.st | 0 | a3 [42.3~6.3] 47 | 313 24~85
10-2 [ Albrac \ Stress relieved | Dec.’st | 52.0 | 43.4 \42.7~44.0 47 \ 31.0 26~37
10-3 i Albrac 1 Stress relieved l Dec. 54 52.0 41.5 ] 40.9~42.3 47 33.0 31~35
Dec. 54 52.0 4.1 40.4~47.0 a7 33.6 30~42
10 Albrac Stress relieved Oct. '56 52.0 4.3 44.0~44.5 47 27.0 26~29
Jun. 62 52.0 43.7 43.0~44.4 4 26.0 2
1 Albrac Annealed Dec. 54 47.1 41.9 40.5~42.8 53 35.7 28~43
Oct. 56 47.1 43.2 42.2 53 34.0 34
12 Albrac Over annealed Dec. '54 38.9 32.9 22.4~41.0 70 33.8 18~48
Oct. '56 38.9 33.6 33.6 70 47.0 47
13 Aluminium Bronze Annealed Oct. '56 I 38.9 46.9 46.9 \ 56 43.0 ‘ 43
A 70-30 Cupronickel Annealed Jun. 62 ‘ 43.3 40.6 35.8~43.2 l 43 20.8 ‘ 15~29
B Albrac Annealed Jun. 62 46.0 42.1 40.4~44.2 55 32.8 27~37
Oct. 63 46.0 42.9 41.2~44.9 55 54.3 39~61
c SK-4 Annealed Jun. 62 48.1 42.3 41.7~43.4 70 71.8 69~73
Oct. 63 48.1 46.4 43.9~48.4 70 68.3 64~72
o SK-6 Annealed Jun. '62 38.2 39.0 37.3~41.2 61 35.4 25~49
Oct. "63 38.2 35.4 33.7~37.4 61 60.9 55~66
E AP Bronze Annealed Jun. 62 42.9 42.8 42.8 72 62.0 62
Oct. 63 42.9 42.2 40.8~44.0 72 71.0 62~75
F X106 ] Annealed Jun. '62 34.3 31.7 31.5~31.8 58 57.0 55~59
¢ | xus |  Annealed | Jun. 62 st | 265 |26.1~27.4 56 37.0 27~42
| x5 Annealed | Jun. 62 3.8 | 819 a9 | W 62.0 62
K | X9 Annealed | June2 | 498 | ws 46 | 68 | 610 61
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Fig. 5 Results of the periodical inspections on the depth of corrosion pits (Z.%ma;) of the test tubes.
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Table 13 Chemical analyses of scale formed on the inner surface of the test tubes.
Date of Chemical composition, %
Mark Alloys Temper instal- Total
lation Cu Fe | 2zan | sa | Al | Gifar | SO s
Arsenical Dec. "54 — — — — — 1.79 — -
1 ) Annealed Oct. 56 48.64 1.75 3.55 — — 2.24 0.82 1.97
Admiralty Brass Jun. '62 | 48.18 1.45 9.0 | — - 2.25 1.12 1.8
Aluminium Dec. '54 53.00 1.55 ‘ 2.55 — - 5.7 1.28 4.84
2 Annealed Oct. '56 50.44 1.80 |  4.25 — — 5.42 1.86 | 4.80
Brass Jun. 62 51.48 | 160 | 4.40 - - 5.43 1.74 4.85
3 | Admiralty Brass| Stress relieved | Dec- ' 45.98 2.65 6.30 — — 2.90 1.06 2.55
Jun. '62 40.80 1.56 13.90 — — 2.08 1.47 1.59
e | —
4 | Admiralty Brass| Annealed Dec. '54 44.62 2.65 7.40 — 2.81 0.87 2.52
Jun. '62 1 40.34 1.45 12.25 — - 2.25 1.79 1.65
5 | 70-30 Cupronickel| Annealed | Oct. '56 | - — - | - - ] 1o 165 | 0.52
6 90-10 Cupronickel} Quenched Dec. '54 - - - - - 1.33 - -
Oct. '56 — — — — — 1.35 - -
7 90-10 Cupronickel Precipitation Dec. '54 -— — — —— - 1.56 — —
treated Oct. '56 — — — — — 0.88 — —
8 |90-10Cupronickel| Annealed Dec. "54 - - - - - 1.8 - -
Oct. ’56 — — — — — 1.08 — —
Dec. '54 52.08 1.65 2.80 — — 5.45 1.46 4.96
9 | Albrac Work hardened | Oct. ,56 53.74 1.60 2.60 — — 6.16 1.23 5.75
Jun. ’62 53.48 1.60 2.60 — — 5.26 1.25 4.84
Dec. '54 48.00 1.35 4.25 — — 485 2.05 417
10 Albrac Stress relieved | Oct. '56 46.62 2.40 3.65 - — 4.24 1.87 3.62
Tun. *62 49.42 1.85 4.75 — — 4.79 2.10 4.09
11 | Atbrac Annealed Dec. *54 50.86 1.40 3.35 — — 5.67 1.55 5.15
Oct. 56 45.28 2.00 3.95 - — 3.69 2.16 2.97
12 | Albrac Over annealed | Dec: 54 50.88 1.30 3.60 - — 4.98 1.51 4.48
Oct. '56 50.55 2.50 — — — 4.80 1.83 4.19
Aluminium , i
13 | plumir | Annealed | Oct.'s6 | 4271 s | - | = ] =805 6.43 4.46 4.9
A | 70-30Cupronickel | Annealed | Jun. 62 | — - | - |1 - - 1.35 1.09 0.99
- 50.02 1.45 3.85 — - 5.06 1.51 4.55
un.
B | Albrac Annealed 50.56 1.15 1.84 - — 4.13 1.24 3.72
Oct. 63 44.48 2.30 3.95 — — 1.12 1.07 0.76
46.16 1.68 2.20 - — 0.87 0.96 0.54
; 6 — — - — — 1.07 0.78 0.81
an. ’
¢ sk Annealed 28.98 1.89 — — - 1.60 0.73 1.36
Oct. 63 39.52 1.46 — 12.73 — 1.03 0.62 0.82
39.25 1.78 — — 1.5 0.78 1.08
b | SKé Annealed Jun. 62 47.32 1.50 3.95 - — 5.04 2.46 4.22
Oct. 63 43.36 2.60 2.25 — — 1.13 1.61 0.59
- 39.68 1.88 — 7.73 — 1.26 1.13 0.88
un.
E | AP Bronze Annealed 35.14 2.38 — — — 2.27 0.89 1.97
Oct. 63 26.71 1.77 — — — 0.86 2.42 0.05
42.47 1.63 — — - 1.32 0.79 1.07
F | X106 Annealed Jun. '62 41.70 1.76 - 12.95 — 0.81 0.80 0.54
G | x123 Annealed Jun. '62 47.82 1.45 4.45 — — 3.28 1.68 2.72
H | X105 Annealed Jun. '62 - | - - - — 1.05 1.00 0.72
K | Xz Annealed Jun. 62 - | - | - - - 0.91 0.71 0.67
* Sulfur not belonging to sulfate
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Table 14 Determination of intergranular corrosion

depth of each alloy tube.

Date of Grain Mean
Mark Alloys instal- size, Depth,
. lation mm mm
Arsenical Dec. '54 0.045 0.10
1 Admiralty Annealed Oct. ’56 0.043 0.16
Brass Jun. 62 0.045 0.09
Aluminium Dec. '54 0.020 0.02
2 Annealed Oct. '56 0.025 0.04
Brass Jun. '62 0.025 0.0t
3 Admiralty Stress Dec. *54 0.025 0.01
Brass relieved Jun. ’62 0.025 0.01
4 Admiralty | apoeaeq Dec. '54 0.043 0.03
Brass Jun. '62 0.040 0.05
Stress Dec. '54 0.010 0
10 Albrac . Oct. ’56 0.010 0
relieved |y, g 0.012 0.02
Dec. *54 0.015 0.30
B Albrac Annealed Oct. '56 0.012 0.01
11 Jun. ’62 0.020 0.03
Oct. 63 0.023 0.03
12 Albrac Over Dec. '54 0.010 0.10
annealed Oct. '56 0.095 0.10
D SK-6 Annealed Jun. '62 0.010 0.01
Oct. '63 0.030 0.03
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Table 15 Corrosion rate of each alloy tube by polluted sea water.

Installed in Jun. '62

No. of Corrosion Anti
Base of alloys Mark Alloys Temper test £, mm Range, mm rate, corrosion
tubes mm/yr index
1 |Arsenical Admiralty | Appesled 4 0.25 0.20~0.81 0.17 1.5
2 Aluminium Brass Annealed 2 0.29 0.27~0.30 0.19 1.3
3 Admiralty Brass Stress relieved 1 0.29 0.29 0.19 1.3
4 Admiralty Brass Annealed 1 0.28 0.28 0.19 1.3
Cu-Zn
9 Albrac Work hardened 3 0.31 0.23~0.36 0.21 1.2
base
10 Albrac Stress relieved 2 0.35 0.27~0.42 0.23 1.1
B Albrac Annealed 7 0.37 0.29~0.49 0.25 1
D SK-6 Annealed 5 0.33 0.28~0.37 0.22 1.1
G X 123 Annealed 3 0.19 0.17~0.21 0.13 1.9
[} SK-4 Annealed 6 0.08 0.06~0.09 0.05 5.0
E AP Bronze Annealed 3 0.05 0.04~0.06 0.03 8.3
Cu-Sn
¥ X106 Annealed 2 0.13 0.07~0.23 0.0. 3.6
base
H X105 Annealed 1 0.18 0.16 0.07 3.6
K X129 Annealed 1 0.10 0.10 0.07 3.6
Cu-Ni base A 70-30 Cupronickel Annealed 6 0.29 0.16~0.52 0.19 1.3
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Fig. 6 Effect of tin content on corrosion rate by
polluted sea water.
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Spectrophotometric Determination of Molybdenum and
Tungsten in Titanium, Zirconium and their Alloys
Using Dithiol

by Toshio Sawada and Sakae Kato

No doubt the fact that tungsten introduced into titanium, zirconium and their alloys
by contamination from the tungsten electrodes that are frequently used in the arc melting
of evaluation buttons is a particularly undesirable element has prompted the need for
satisfactory method for the determination of the element. As a matter of fact, many
analysts will meet it and also meet with trace amounts of molybdenum as impurity in the
course of the analytical work.

Fortunately, toluene-3,4-dithiol forms the complexes with molybdenum as well as
tungsten under the similar conditions and is confirmed to be superior to others because
of its sensitivities and its general freedoms from interference. To fulfil the need, the
spectrophotometric procedure using toluene-3,4-dithiol has been developed for the
succesive determinations of trace amounts of molybdenum and tungsten in titanium,
zirconium and their alloys:

Transfer 1.000g of the sample containing upto 100pug of molybdenum and upto 170pg of
tungsten to a polyethylen-beaker, add 8 m/ of 18N sulfuric acid and 6 ml of 11.5N hydrofluoric
acid, and heat to dissolve completely. When the reaction subsides, add 1.5g of boric acid
and dissolve. Oxidize the most trivalent titanium, but not all, by dropwise additions of
39 hydrogen peroxide, then completely with 3% potassium permanganate solution to just
color the permanganate.

Transfer the solution to a separatory funnel. Add 5 ml of 1M citric acid and 1 m/ of
109 hydroxylamine hydrochloride solution, mix and cool to below 20°C. Add 20 ml of
0.0129 dithizone-carbon tetrachloride, and shake for 10min. Allow the layers to separate,
draw off the carbon tetrachloride layer, and discard it. Repeat the extraction as in the
above until copper is completely extracted. Remove the dispersing dithizone by extracting
with 10 ml portions of carbon tetrachloride until carbon tetrachloride layer is water white.

Add 5 m!l of 1xX10-2 M toluene-3,4-dithiol-0.25N sodium hydroxide solution, mix and
cool to below 15°C. Shake for 3 min with exactly 20 m/ of benzene. Allow the phases to
separate, and draw off the agueous layer to another separatory funnel. Reserve the extract
for the determination of molybenum.

Add 15 ml of 11.5N hydrochloric acid, 0.2g of titanium chips and 0.3g of zinc chips
to the agueous solution. Take off the stopper in the neck of the funnel, place the funnel
holding with its neck and stem part on a boiling water bath, and heat gently until all of
titanium and zinc chips have dissolved. When the reductants have dissolved completely,
add 10 ml of 1x10-2M toluene-3,4-dithiol-0.25N sodium hydroxide solution and heat gently
for 30 min, swirling the funnel occasionally. Remove from the boiling water bath, and allow
to cool below 15°C. Add exactly 20 m! of benzene, and shake for 3 min. Allow the phases
to separate, draw off the aqueous layer, and discard it. Reserve the extract for the
determination of tungsten.-

Measure the absorbance for the extract of molybdenum-dithiol complex at 680 mu, and
for that of tungsten-dithiol complex at 640 mp, using benzene as the reference solution,
respectively.

R
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Under the conditions the systems conform to Beer’s law, as given by 24800 for the
molecular extinction coefficient of molybdenum and by 25640 for that of tungsten. All
elements would be normally found in titanium, zirconium and their alloys cause no
interference except copper and tin. Interference of copper is eliminated previously, as in
the above, by extracting as the dithizonate in the normal course of the procedure. To
overcome the interference of tin, the toluene-3,4-dithiol solution is added in 5 m! increments
for 1~3mg of tin and 15 m!/ for 3~7mg of tin presence respectively, and tin-dithiol complex
dispersed in benzene layer in which the molybdenum complex being extracted has to
remove by filtering through dry filter paper before the measurement of the extract.

The coefficients of variation for the synthetic standard samples with molybdenum levels
of 9.6~86.4 ppm and tungsten levels of 18.4~165.6 ppm are 10.0~0.8(n=3~4) and 3.2~0.0

percent(n=3~4) respectively.
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Curve A,B, andC are the complex from 28.8, 57.6, and 86.4
+g of molybdenum, per 20m £ of benzene, respectively. Curve
Dis the blank against water os reference.

Curve E, F, and G are. the complex from 55.2, 110.4, and
165.6 £g ot tungsten, per 20m¢ of benzene, respectively. Curve
H is the blank ogainst water os reference.

Fig. 1 Absorption spectra of the dithiol complexes

of molybdenum and tungsten in benzene.
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Table 1 Effects of concentrations of sulfuric, hydrochloric,
and sulfuricChydrochloric)-fluoboric acid on the
formation and the extraction of molybdenum-
dithiol complex.

DEEEBFIET B EOMBEEEDT, 7z v BER (1
M) Smil B I OHEBY Faxyvy 3 5% (10%) 1ml
DETRIME AR RE Ui,

Concentration of acid i\ggget:idenum Blank Table 2 Effects of citric acid, EDTA, and hydroxylamine
e H.B0 57.6ug hydrochloride on the formation and the extraction
Acid N ml/50ml | g/50m! | Found, absorbance of molybdenum-dithiol complex.
H:50c | ] 1 0.738, 0.738 | 0.000 Reagent and its concentration Sybdenum |
2 0.745 57.6 ug
3 0.748 Reagent mZ/50m! Found, absorbance
5 0.745 0.002 M citrie e 7
7 0.750 citric aci 0 0.757 0.000
10 0.757 0.002 5 0,762
10 0.757
HCL | { 1 0.690 0.000 15 0.757 0.000
2 0.714 0.25M EDT /
3 0.752 . A 5 0.750
5 0.757 0.002 10 0.752
7 0.754 15 0.752 0.000
9 0.762 0.004 Hydroxylamine 0* 0.684, 0.695
HS0, ) 1 1.0 0.5 0.724, 0.730 hydrochloride (10%) 0%* 0.733, 0.738
(HCD) 1 3.0 1.5 0.740 0.5 0.751
1 5.0 2.5 0.745 1 0.757 0.000
3 1.0 0.5 0.750 0.000 2 0.752
3 3.0 1.5 0.764 8 0.754 0.000
3 5.0 2.5 0.755 0.000 5 0.760
5 1.0 0.5 0.754 0.000 * The solution contained no reducing agent at all.
5 3.0 1.5 0.761 ** The solution contained smaller amount of thioglycollic acid from
5 5.0 2.5 0.764 0.002 toluene-3,4-dithiol solution.
7 1.0 0.5 0.757 0.000
7 3.0 1.5 0.754 3:2:4 EYTFV - SFF—IE#EOHMBEE
7 5.0 2.5 0.764 0.004
_ et g " ; " .
BT DB R A THE ORI % 03 U554 Tab-
BN 5o le 3 A& Uiz,
> ==JSEN > .1- — kW N NS s .
PLEO#ERA D, 18-1-1] OFRR—+ Y 7 5 BRURE T Table 3 Solvents for the extraction of molybdenum-
L WZ ENFERTE I, dithiol complex.
. . . . . (Extraction of 57.6 pg of molybdenum)
3-2-3 JxVBBIVEDTARELE® L POt
[ - First extraction |Second extraction| .
T IVBROBME Absorption
. Solvent Absorba- Absorba-| maximum,
7 =Bt KO EDTA # LR FrEs 7 Sy i fngeat C U jnceat T) T
n
AT MBI DWTIRE U8, B L0 ETH
(ﬁ@@ﬂ‘j}ua 2y chﬁ;j L7 %31’ ¥ J:U\‘fé’” E LA iso-Amylacetate 20 0.575 10 0.000 60
MAT NTRHRE UV F 4 ~ VIR A W TEITERIOBE Chloroform 20 0.569 10 0.004 675~690
T o . — Benzene 20 0.599 10 0.000 680
bfib\{%‘(&ff%ﬁz beﬁ%%% Table 2 R Lies Carbon tetrachlo- 2 0.585 10 0.012 680
ride . .

7 = v X IM #8%E 15ml % 7= EDTA 1% 0.25M %7 15
ml ¥ CHEER Db ole ¥, HEBE Fuxyuy
oW (10%) 12 05~6ml O EOREMETL I vwo &
Dohrote LnL, &Y 77y « 94— V1, i
DIRTCANE 42 < IR WEETE T b BB L =22 E Aty
INDZ Ehbhotes TNPRIE, YF4 — 1 &R
BVHiDE Y 77 v EORIGK L 55D L0, (U0
&Y FF ORI Y F 4 — VBB OTING X - Tl
R AETT LRIRHC BB T i b s 2 it B, L
TeMoT, ZOBE, e Fax v I vy ORI &
ST ZDBITLNEHET LTHB b, Y54 —nvEn
SEEAERFICHAESCHET L CERAC RS D EE L5
s,

2H,0+MoOs*=HyMoO,+2H*+e Eg=-0.4(app-
rox.)" (1)

LLEDIERND, [8:3) TOXB2y 727y OER
KBIE LT ZDWBREREBHIE L, ¥l 5 —4TE

* The extracts from first extraction were made to 25 mi diluting
with each fresh solvent and then the absorbances were measured.

EY TT - FF A~ M, ik OB &
HHDEEC S L<HPTE /e FNBED 5By V8L v
TR, ZmuiRy s, Ny ¥R L OEEACRER R
DL, WIS 680mpu (R B DTG % 72 4%,
FEROMAIIA Y ¥ PR GE L, KICHIE(LRE,
VAV T I, ZuakrADEFChH ot F1r, %
NEN 2 [EDOHH L S 45 B DHEv & 5T hBb
[Mo - dithiolate] ist. estracted portion/ [Mo - dithiolate]
2nd. extracted portionz2107 . L 721, F U TCZ DBED WICRE
HizEiazE% 0.005/25mi X 9% L &8 2 MBI - o
WIHEECARA T 5 DT, ¥ DA S & & & %l 20m]
ERCD IEDHMETIWEDEEZ BND, ZIDDKE
R EBEBEDOESTEE UK~ BB L AMEBREED
NS L KO LB B, A o
BEEE L,
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3:2:5 FHZULBLUIAIAZTL RO BHEEE
77 O

Fr=vun lghRYTF vy -3 —CHEEENLD &
DigEe ) 77 v BB A BEEROCN L 20b, Fik 1+1D
8mil & 7 v LK 3ml &z TEASE L, ~ vRLSg
BNz CEAMULBREYRWT, F4=v » (MUl &K
DAL T EA BE Utzo B4 DBLF BRI DWTHE Lic
fEE, [REWRCEBKFEKR (3%) &L 7~ KER>
o Tidr %E(t LicDb, W~y 7By Y v 2E#E (3
%) MU TEET S T3 #BLL, HITHLTME
AT &7 B E CIENT %o RIC 7 = vBEm (IM) 5ml
L Faxy vy 3 vl (10%) Iml Zinz 259
FEOB, [3-1-1] DI F+ -~ VBRI BEED
BER T - TEY 77y A EETSH] OBRFEEIIE L
Far=vn lg &I OFETHERES L TELLUTEE
Wk, Fr=v L 1g BHBRLE 7 v LKERICSFE LIERR
ML CEL, OO0 ML CHBAES LzDb
IR U= FiVS, SO0 R 10ml &z kK
T100mi 5§D b, FIENDZERBRE A MR
TR s A ) LC Fig. 2 Wi L TR Lz U
LicHBim XD, BF 2 v BEERIEDLZ L, #7
=v n (i) BELESCBLTEDZ R L.
ok, Yra=v AOEERE, BEB(KEKEBWLE
LEFRECSHY, By F 8By v DERYHAWLER
LD TINE EHFER Lo
COWBAFETC L ST, FA=v A 1lg, BRIV
=vn g EMx7-ERBERFOEY 77 v R ER LR

1 1 T ]

Oxidation of trivalent titanium solution:

then permangonate,

°
1.2 \\ | ] |
' —0—b— With hydrogen peroxide and
-e—#- With nitric acid, and then

10 \ follows by fuming of sulfer Bl
1 @ dioxide..
§ 0.8 \
8 %
0.6 -\
0.4

0.2 \K‘
0 Xﬁn\"\

340 360 380 400 4200 440 460 480

Wave length, mu

Each solution contained 1g of titanium per 100 m .

The absorption curves are obtained using a each blank
solution as reference, and the one ploted with circlet

indicates the developed method for the oxidation of frivalent
titonium “solution did not produced any pertitonic acid complex.

Fig. 2 Absorption spectra of titanium solutions
obtained by developed way and by common
way.

RoO—pl% Table 4 ITiR Uiz,
T REFIRIER IS b,

Eb BOEREEICOW

Table 4 Dissolution of titanium, and zirconium.

Metal Molybdenum Treatment after Molybdenum
taken, added, decomposition of the metal found,
g 714 by acids absorbance
Added hydrogen peroxide
dropwise till the trivalent
Titanium 0. titanium solution became 0.002
28.8 deep to slight color, then 0.382
1.0 57.6 added permanganate solution 0.768
to just color the perman-
ganate.
Titanium 57.6 Added 1 ml of nitric acid. 0.692,0.616*
1.0 57.6 Added 1.5 m! of nitric acid. | 0.452,0.360*
Added permanganate
Zirconium 0- solution dropwise to 0.000
1.0 28.8 just color the 0.384
\ 57.6 permanganate. 0.762

* After standing for 60 min®

WA TR Lic & X icid, PEO (e i, 05
ml) EERBIE L Ch V4 —VEEEBLTE Y 7
7y OMWMHATRES LD, FiotH LR oREES
B TRFREREEDLZ ENTERI o

3-2:6 UFF—IBROFME

) FFYOLOBERE, FAr=V L 1g KIUPIva
=y lg wEiEx Y 77 v BEO—ERE RN L THRE
Li-Smsipta [3-2.5] Tik~7Iz ik CREERE L
BHEA VT, RBEEDEY 77 v Ok JIET Y
F A — VBB OTEMEDO BB WET Ui

HEMERT, AEHERCOWTELEEOREF LT~
w2 U7 BB o sl =R 10095 & LT, B shiti=R
&V F A4~ VRIRWEE OBIRT Fig. 3 WiRL i Mol
1009 Zis R BT AR E Y 77 v BOBEEGRE
OFRBEEL, 57.6ug MoMBKETEI BT THo
726

) 7F v OLOEE T 1L.0X1073M ¥+ F — VIER
sSml BlEHFEMTHEE, ¥, YVva=vrlg k&l
BT Sml B ER LU 2=y & 1g B &G0
ml DR A &R, M LicsY) 77y - VFA -
HEEINIEIE—E LB ORNELE L oDT, ThbD
FFF - VIEBRORMED & 2 EENTERL,
FLTC, Ny ¥rvBHesiInsb0EELLNS, L
ML, FE=v L 1g ZELHBWTIE, ) 77 DHD
BRI 5 Y F 4 — VERROBRMET R LT 3FL E
DEMBENLETh ofre ZHUE, YFA -~ NVEFE=Y
nA Ay (VAR M8 ShORIEHS b0k,
BES F oA - VIBEWEL e o T E Y TF Y - VF A~ VR
BEOERBRAREC B LB D EE L BN D,

Bl Eo#EENE, 1X102M ¥ # 4 — VBB OHRME %
Sml & L

.....5_._
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S
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L
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Concentration of toluene-3,4-dithiol, m¢ of 1X10-2 M solution /50m¢

—0-0— : Standard tungsten solution contained 110.4 ug of tungsten.

—c— ¢ Synthetic standard titanium solution contained 1.0g  of
titanium and 110.4 g of tungsten.

—g— ¢ Synthetic stondard zirconium solution contained 1.0g of

zirconium and 110.4 pg of tungsten.

Fig. 3 Effect of the concentration of toluene-3, 4-
dithiol for the extraction of molybdenum
with benzene.

3:2:7 ®YTFY - OFH4—ILiE 0iblF s
M U IciEEoRER

) TF DRDEE, FHA=VLREFLTI VA=Y A
lg i) 77 v B0 —EBX MU THE LS
B A ANTE Y 75« FF 4 — VA R X T
i Leob, MHBORBRRICE~ » T B2 Y v A5
W o(39%) HimLTHTEeL, RICEESY 77 &
WA ERUEY 77 v BALAFHRM L TH LEORERICE
FELTEY 757 - 94 — VilEh 4l &8 T LIk
KEAREL T, FHEREDCENDE) 77y « V54
— VS ORI ORES L Lo E 0w Eh O E %
otz 727250, $HEOHPINY €y 20ml H#Hv5 1
B oM OB T, < 0DEUMBET bl ol RERE
A Table 5 ik Lo

EFOBEHBLBIOE Y 77 v RINRRIC DWW TS 74535
OWEHE &, MHBOBRCEOHE-BED £ Y 77 »
(57.6pg) AHEHMUCHBCERIEL THARXEL, Th
FRHIEEZDR T —FH LIz LL, B2y 7
v BRI s DI U7 gE M OB, HHBROBIR
CHEUE—EO® ) 77 » BN UTHE U TEBE
CHB L TR E WA F L lco ZNHDOFEENSEY
T e VF A VRO Y ¥ T X HIKBIT A D
SEHTERENE, BE100ml dh 2ugMo LIF & 2 T I vz
L ole, COVEBER AVTEY 77y « 5
F = VEEHE D BT S Dy %R B & Dmo=[Mo-
dithiolate ],/ = Mo J.z264, 7771, [Mo-dithiolate], :
RO EY 7F L IRINERE S DL AN 7Ty - ¥
F A~ iR, S[Moly: (Y F7F v - VF a4~ il

Table 5 Distribution of molybdenum-dithiol complex
into a benzene, and the stability of the
dithiolate in benzene.

(1) Distribution of molybdenum-dithiol complex into a benzene.

s For regenerated
For fresh solution: fam .
Metal solution : Apparent
taken, Molybdenum Molybdenum distributi-
g Added, Found, Added, Found, lon ratio
rg absorbance ng absorbance
0 0.000 0 0.000
57.6 0.762 57.6 0.772 77
57.6 0.760 57.6 0.774 64
L 0 0.002 0 0.002
Titanium 57.6 0.762 57.6 0.768 128
57.6 0.764 57.6 0.774 77
0 0.002 0 0.002
Zirconium 57.6 0.764 57.6 0.772 96
1.0 57.6 0.760 57.6 0.772 64

The results shown in above table, indicate that negative errors
of the first extracts from fresh solution compared to the second
were associated with fresh solution that was in use for the first
time for the estimation of the distribution of molybdenum-dithiol
complex.

(2) Stability of the molybdenum-dithiolate in benzene.

Stand time, min
Molybdenum
0 60
added, pg 5 l 1 ' 3 i I %0 l 120
Absorbance
28.8 0.380 { 0.380 ; 0.382| 0.382| 0.384 | 0.384
57.6 0.760 | 0.762 | 0.760 | 0.762 | 0.768 | 0.768

The extracts were kept in a ordinary room at the temperature
of 20°C.

EHH B OB OR—~&D € Y 77 » &M L THl
LCiBee) 77y « V94— VEEE) — (BEyIDEY
T RN DI I N Y TF Y - T - v
WE), BESNLDT, Ny €y i ACAHHIEERL
FHThnwbotEZLBND,

Fie, Ny BEEROSEE, BEOENT 20°C L
TORECRNTHHEER LD 2EEE—F LEBXEY
,—31‘%_71:0

3-2-8 ERROXE

(1) #EEEOPE

HETHROFEL S UickiF% Table 6 WiRUic, 3
TCHED 5 H, Fed* (WFESEE AN L TR L TiiET
BHH, BB Fexy w7 3 v BRI UCHE: F & & Tk
Fe? i Bt XN B DT, 4mgF THFA T Iz, Fe2+%100
mg LTS HELRD AR olce Sn2*, Sni* iy,
TREDHEEAERT DT F4 —VEEABHRLTEY
TFy e FFE - VEEOERAEE L, IS
ST HOTHERET 50, 0.7mg ¥ ClERT
Eic, LrL, YA~ VvERORMEY 10ml & LT
fEL, U TR YEEASEREAWTZ Lbidizob
HE+T5Z iy »T3mg T, ¥ /-3 RmE% 20m/
ELUTHEBICEREET S & 21 Tmg FTHAE T X g
W (32 BWHET D L &—F M Eh 20 CRILL
THHET 525 2mg ¥ THEECAEEIN O TEOE
BEWETHZ LMWTEI, ThWP2T, 2Ry 72T

__6__
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Table 6 Amounts of many elements not interfering
with the spectrophotometric determination of

molybdenum.
Element Added as Amounts thri;/%%)dt;l?t interfere,
Aluminium | Al,(S804); 50
Cadmium CdSOy 10
Calcium CaCls 5
Chromium | Crz(S04)s 20
H:CrOy4 20
Cobalt CoCl, 10
Copper CuS0Oy 0.015 (Maximum amount permissible)
Iron FeCla 100
Fe2(S04)s 4 (Maximum amount permissble)
Lead PbCl, 10
Magnesium | MgSO, 10
Manganese | MnSQO,4 20
Nickel NiCl. 10
Phosphorous|(NH;).:HPO, 5
Silicon Ti-Si alloy 10
Tin SnCl: 0.7, 3%, T7**
SnCly 0.7, 3%, 7%
Titanium Metal 1000 .
Tungsten Nas WO, 2.0(5:;;?3?311;: amount for clean-cut
Vanadium | NasV20q 5
Zinc ZnS0y4 10
Zirconium | Metal 1000
Salt : NaCl 78
Na 504 30g
NH,Cl 6g

(NH4)2504 25g

Some modifications for the procedure are required when much
amounts of tin is present; increase the concentration of 1x10-2M
toluene-3, 4-dithiol-0.25N sodium hydroxide solution 5 m! to 10 m/
for tin amount of * and to 20 m/ for **, respectively, and remove
by filtering tin-dithiol complex dispersed in benzene layer in which
molybdenum-dithiol complex being extracted before spectrophoto-
metric measurement of the extract.

yEET, BV 77 BB OR USRS D ERRIT S
AWML TERETE A LD EE L BND, Cu ik 1dug &
THRETEN, ZOREYBADELE) 7Ty - V54
—VEBE DR A L PE Uit TNHOTERDFEE
BWFihd, Y 7F Y OLOBERNA BB L TERND
WHEE & i LC, 0.000 OWMHEELLE UABETRL
770

FOMOTHER LOCHEBOHEREL, F4=7h, Jv
2=y AR ICENSEEFOBEDCE) 77 vk EET
LD EHE 2 BB,

@ DSEET

SEERKE R B IR B e & 5 I Cu?t OFERITIER ITE
W Efe, —RARTR T HECMENRD B, S0z,
SHTHERE LS B LB R L OMERT 258 E80meH
HerERE LU CHFORCS S Z L2 HENDDLERET,
S EHREOBRAMEREEINDZ LT b, F5T, 20
Cu* K L HIEYBRET Bz, Cu?t OHERKRL
B L THRE ZERS Iz ZORMTE L BB B
ik, YonFudF g 83 V@‘)’lg‘ VY LB WD
BRIV F VYV EHWBFERD D, HTORE R
JofblR, YTFNTFF NI vBERGDSE XL,
1~SNHRERE S BE ) 777 v b F o8 & Hf IS EE
MR LT, Ny ¥y Eaid s muskv A0 X0 X

NI=DT, ZOBEREYFANTHOL AP SHCENC
ENbhots GRERY VAT v EIXBENCSBTE S
T EERKEE LI ELT, VFV rEAWAFERLOWT
UL LR, —I6oREs2 B80T, BTrE
DG A D %o

a. ¥V (L IRSEER A W ORI EN ks
FBERISEE VY v PR ks L OV RS o0

1ml fA 10pg % & TofEESRE A A LTI 70 pg %
SLEEAYREL, R (1+ 1) ofEREY LD
¥, [3-1-1] oEfEcE LT 7 v {kFER 3ml, &YV
1.5g, 7 =@ (IM) bml fs LUHBRE Fax vy
2w (109%) 1ml %z TKT 50mle H 3 TR
B A TR U Tmo i 0.006% o9 v v pEs(b R EEE W20
ml & 0.012% v 7 v > EE(CRFEHE K 20m] OAFEHET
R A 5~1543 128k LU THliH L7e Db, JKEEHFRIC
SEE BT 7V R EELRTE 10ml 350% AT 2 Bl
HUChRE Uizo 33D O H I BUIm B L TRFES Y,
WICIREE (BhEE : R : M : k=1:1:3:5) 10ml %
TNz THEBRD BT R 5 & ChRgh U TR & 5eaic
BIRL, BEBIBROKEML CTRELMERRE L0,
%@¢qﬁ&yl%wi%ﬁﬁWAiy@~&yﬁymm
WHIEE I & » TrEdt Lico B SR A Table 7 1IZ/R L
770

0.006% v # v > P AL IR FEVA T 20ml Tl 5 & 2T
vk, 1IN BREAYATE T D HH90% ORI E it/ ns, Bl
Epua R A 2N L) /e B E[EREREE U B LT ON &
IR 60% Lotz UL, 0.0129% v v B4k
m%@@mmu%mMé&%mm,7%?y@4ﬁym%
BB BT E L, SO XD RERERR T, Y
7Y v DEEALRBBER —KBRBROSEIC L > TET S
TFV A Ay DBEENBERINDIFZENELS DTS
M B, I~ANFRBREE D DIRISE &R T % T95
%L EOEINEAE B, e & OBER Tk, M
B EIT EENERILE I aEA% &2 7203,  0.012
% Y IV v MEALREBRE % i\ & &1k 5~154) BT
VRERCERITRD B o
INBOEEREMND, BWBED Y F Y v IR B
A AGIUE 1~4AN OIERR LM DRI HER A IZIE
ERWCHEAHTE 52 b otne ¥, ZO&KME
i BEROMPIEEL, Y+ VoA 4 v BERBLTIE
EIRTHDLEXDILNTE %o

BlEDERNS, [3-1-1) OBMBEYF 252 &7<
PV AR X A OREE RS U CEET R
B EMbhate ik, ZOBETKERCHET DY
FY L, MEREXMATSDVEFLI L L - THE
BCBRETEI2DT, BCEWBED Y F Y M RE
B A BT S MEERRERD vt oo

b. SADDMELE) 7F oy BIVE Y I A7 v DER
P 77y BIOBHES v 7 27 BB O—ERY
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Table 7 Effects of acidity, concentration of dithizone,
and shaking time for the extraction-separation
of copper with dithizone-carbontetrachloride.

(Each solution contained 70ug of copper, determined
amount of sulfuric acid, 3 m! of hydrofluoric acid, 1.5g

of boric acid, 5 ml of 1M citric acid and 1 ml of 10%

hydroxylamine hydrochloride in 50 m/ of total volume.)

Acidity onjCopper Dithizone Extraction Copper*
S:égé‘yrlc added, carbontetra- time, Found Recovery
N g chloride used min ng ’ %
1 70 5 63 90.0
2 70 5 56 80.0
3 70 5 50 71.4
5 70 5 41 58.6
1 70 20ml of 10 65 92.9
9 70 0.006% 10 59 84.3
3 70 dithizone 10 53 75.7
5 70 solution 10 44 62.9
1 70 15 64 91.4
2 70 15 62 88.6
3 70 15 55 78.6
5 70 15 47 67.1
1 70 5 66 94.3
2 70 5 67 95.7
3 70 5 72 102.9
4 70 5 68 971
5 70 5 64 91.4
1 70 10 72 102.9
2 70 Zg;‘l‘; ‘Z/: 10 72 102.9
3 70 dithizone 10 67 95.7
4 70 solution 10 67 95.7
5 70 10 63 90.0
1 70 15 69 98.6
2 70 15 69 98.6
3 70 15 67 95.7
4 70 15 68 97.1
5 70 15 64 91.4

* Separéted copper was finaly determined spectrophotometricaly
by the diethyldithiocarbamate-benzene extraction method®.

S L, IR 100pg ZHM U TR Uil s Huv
T, Fife (1+1D ofERELA ML [3-1-1] OfEEe ¥
wX YT I IRBEORNE T OBE R TR/,
0.0129; v 7 V' o BB/ R FEEW 20ml % i 2 T 10 Sk
HUTEIE 28 L, RICHEECRE 10ml 0% FvwT 2
EH Uico SAZ O L7 S F 4 — VBRI X Y
BB oOBEXTTR - Ty 77 rikEga L, R 8-1-3]
OBERTR STR Y VAT v EEE Lo 1, BT
1mg ;ML T, 0.0259% v v o miE {bREEEK 20ml
FTOT 2 EHE LT, BERCRRISOERH Y 7V v 23
FELTWAZEEHERLI-Db, MEERCEELTEY
TFrHER Ul DDA S LM TERL
TR e L L WEREEA Table 8 ©¥ &,
EERFERND, ) 77 BBOBRESG Y O F FF
ALTHEAEBMCHHAECET, Y 7Fr B XU
VI AT v EBEILSONERETE D Z LR TE I
ok, ZOYF Yy EEREBRIC X B RO
, SAOERFEZRETEHZ Lk Table 7 22585
ﬁ\l“lC;a'b BN, VZFUTFFHNNI vBE—_R v
BB U TEBEREECH Y, TN HEOROEE

Table 8 Effect of the extraction-separation of copper
that does strongly interfere the determina-
tions of molybdenum and tungrten with
dithiol method.

Acidity on Copper Mo;;:i%de%num T:g%:gen
sulfuric - : 57.6 g | 110.4 pg
s resent, N
N ug Removed with Found, pg
1 100 57.6 110.4
2 100 20 m!/ of 0.012% 55.7 108.6
3 100 dithizone-carbon- 56.2 110.4
4 100 tetrachloride 56.2 113.2
5 100 56.2 113.2
3 100 Twice, eacfho282§nl 57.6 —
portions of 0.025% —
8 100 dihizone-carbonte(f 57.6
3 100 trachloride 56.2 —
3 20 \ Not removed 98.7 -
3 30 38.4 —_
3 50 25.0 —
3 100 13.4 —

OBEHEERTBINL Y HFEELTHE L MWDT, &
TSR EEHE S B Z LR L

c. DS HERE

—RICF A= A, I a=y ARBLICENLAEFRD
T & LCOSREARIIB WETH D08, FHEDOHERE
X EBEAMA IR B 72D Bl EORBRIEFIC S &5\,
[3-1-1] ofEfe Faxy vy I vEEHRNEe 10012
% I3V v A R EEE 20ml % m 2 CTI04 R L <
S0 ETEHAMME T 5, BE LU THMUBBMEE L D¢
Tho IHEARECHPDHETE D ETIOBREL DL
o RICHEHALRTE 10ml 0% FW-C 2 [[H] & R
EL T 3 Ao J0iiER N2, DUT &7 4 — VRN
LIBOEIER T - TEY 77y (BIUEY T AT V)
HEETHI L Lo

3-2-9 & B #

e ) 77 o B BRI 4B U TR U 7o,
BLUOF2=v slg, BLOYVva=yrlgRENEN
e Y 77 o A BEER AN LTS Ui & et
R, [4-28FE] K Lo TRIELTCEY 7757
I L, BXE L) 77 o BOBBCER LT Fig. 4
K—% beo

EREOBRBEEACTERIEL T EEOREL Y
77 v RINEOBRIL, +0.005 OBIEEZEDLI N TLL—
Bllco WRIERND, YF 4 — =~y ¥y iR X
BHEY TF v DS TRARE En oKD 24800 %2157/ (B
Ytz EXS, 1 0.2585 Absorbance-ppm-=1), 0.01 9%
KEABETRE Lice, HFEEAILEE 680my, 10-
mm- vk AWT~ Y ¥ v B 20mldpl~100pg = v 77
v T B, ZOEETIE Beer 0ERIIC X Uistiots,

3-3 SUIRTVOEREM

3-3-1 FUIRFY - OFF—ILEEE ORI RS

BEES v 7 A7 VIR OBERER ST L THRE LB
W v, [3-1-2] OBEC Lo THH Lic® v 7
ATV s VFF — g D380~800mpu st AW ESR
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Fig. 4 Calibration curve for molybdenum.

HimE UCHERL Lo Bhii % Fig. 1 @ Bred Lz,
$E451% 390mp 5 X O% 640mp FHECRIRD ¥ — 7 & 5
Z1ze £ LT, ZOWMBMOBIL, IXEieY 77
v oo VI A e VR OBNLEIRR & B 7o 2 bR 40mp B E
AEEFTBEH LU TELNA LS MM LD TH oo
HEEEEE LT, BENE 83 X 2 RINY
WTE, FLTERE LRy 7 27 vEOBERMTIEER
L% 640mp ANEEITH B, P 2T, DgkofER
640mp & FFEIC AW,

3-3-2 BruHHEBEORBE

BH®A v 7 A7 v BEO—EEEA ST U CHE U5
RV, = 77 B OBRBEOBBE YRR L LT,
£y 7 ATy ORETTHP B JIETBRBEOZE L BE L
J-fEHEA Table 9 K7 Lo

ik L OB OBEI DWW Thb L, 1~5N phiEg —1
~2N @8, 1~T7N Fig —3~5N st k. 01 ~5 N —
6N BBABCTRIT UM Lizx vy 727y « Y92~ v
LT B LIRS OBWAEL B2 /2D T, Zhbo
FETCR v 7 A7 VIXEENCEILE LTHH SN L0
EEZDBND, THIEH LT, HEEEHM LAV 1~10N
ERATE, WiEEM 7T~10N CHEEA: 2N DI T OB s L O
BRI 10N CHEERAS 3~5N DI TId, Hill L-ssE o
BIEINMEL o7V 2R E L CEEWRBRMNES
s ot
BLEDRERNE, Ttk JUSBEBEY ZhEh 3N &
LTET A2 20 Lize ZW 2K, &Y 77 v EER
DEWR NS & ZFY, BBy SNKR5 L5 HEMmL
TEETIE L V.

Table 9 Effects of concentrations of sulfuric-fluoboric-
hydrochloric acids on the reduction of tungsten
and the extraction of the dithiol complex.

Tungsten
Concentrations of acid added, } Blank
110.4pg |

H,S0;,, HF, H3BO,, HCL, Found, absorbance

N m!/50ml £/50m! N ¥ 0 ¥
1 3 1.5 — 0.732, 0.760 0.030
3 3 1.5 — 0.766 0.030
5 3 1.5 — 0.583, 0.691 0.012
7 3 1.5 - 0.650 0.014
10 3 1.5 - 0.362 0.008
1 3 1.5 1 0.780 0.035
3 3 1.5 1 0.780 0.035
5 3 1.5 1 0.775 0.034
7 3 1.5 1 0.761, 0.745 0.032
10 3 1.5 1 0.722, 0.532 0.029
1 3 1.5 2 0.780 0.035
3 3 1.5 2 0.775 0.034
5 3 1.5 2 0.780 0.035
7 3 1.5 2 0.753, 0.725 0.032
1 3 1.5 3 0.775 0.034
3 3 1.5 3 0.775 0.034
5 3 1.5 3 0.770 0.035
7 3 1.5 3 0.773 0.035
10 3 1.5 3 0.729, 0.742 0.029
1 3 1.5 4 0.772 0.035
3 3 1.5 4 0.769 0.035
5 3 1.5 4 0.772 0.035
7 3 1.5 4 0.766 0.034
1 3 1.5 5 0.775 0.035
3 3 1.5 5 0.780 0.035
5 3 1.5 5 0.775 0.034
7 3 1.5 5 0.780 0.036
10 3 1.5 5 0.691, 0.716 0.026
1 3 1.5 6 0.768 0.036
3 3 1.5 6 0.780 0.036
5 3 1.5 6 0.779 0.036

* Absorbance that subtracted respective blank.

** These blank absorbances except lower four are well agreed
with the tungsten content of titanium chips of 0.20g used as
the one of the reductants.

3-3-3 EREVEHOEEFES LUHHBRIZOVLT

7y, EDTA RIUMEe Fexvry 3 voit
FIC L HEEERE Uic, FROME, =Y 77 v Ol
CRALTC [3-2-3] TONLEBERMEE T, £ 7
AT v DB, MR L ThEL-eg8LE L2
EMRb ot
ﬂxﬁzr/-/%ﬁ~wﬁm@m&zﬁrmﬁ%@ﬁ
ﬂ7@47/\wﬁ%&%Vi<%manfm5m 7K—
@%WﬁV&%Hi@Wﬁﬁk%b@f BB EE
E 2 HEAERSE D, FBEEREE»rD L B
5L TEN SRR DI o 7D T, S~
Yo EERE L

Bz v 7 27 v EWE SR U CGRR U B A,
[3:1:2] DBIEC LMo TRy V27w « FF 4 — Uk
HEAHB L2Db, BUOXrwy 20ml 22T e
Ui UCREE IR Ui FNFNDOBKE % A
THIESERBEOLZRD B &, £ 727~ 1104pg OF
nEsk#eT, [W - dithiolate] 1st. extracted portion LW +
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dithiolate] 2ud. extracted portion 2102 2B DTz, P
2, ZOBESOEINEREEEA 0.005/20m] 45 &,
B2 [EHh 2 v 7 27 v BIIRIEZ ORNERAES T 50
T, fEBREEA Y € v 20ml A TGS 1 EIOHH T L
LD EEZ D

3-3-4 ¥V RTFVOBETE

e R v S AT v EHDO—EREE ST TR Lo s~
SAF VB E, Far=v A 1lg KLU Y=Y A g
FNFNEIE R v 7 2T v RO —FEE I L CHE
Ul G aial o vy, BIEANCIEF OBERLEN s LU
BELOFEUREOENLDEB7 VI =Y &, &EHER
%iﬁﬁ%%ﬂZWA@3ﬁ§%EAT,ﬁyfx%yo
i%ﬁr%im#wiw?%{312J@aﬁrbtﬂ
STHEH L Yok, BTBAECEERRAK CITR o7,
ZaEs ik B oy — |4 Table 10 iR Lz,

&E7VI=va, @BERRIVEHT A=V 2T
NENBMC s LOHEE U TRHWTERIE LR
Ry JRAF v DRDEWK 3 &FF 2 =v » 0.15~0.50g
TR U2 & Sl U5 RS 7 L& Lo
A2t @B T i=v a0 5~1 5g, BLUE B ﬁﬁﬁ’\
1~2g “CEIT LI EBE A BIL, b UrEE oMt % &
DD o720
=v x lg ZEUERK,; BN 1.5~3.0g X LU

RRONRT T ENRRKENHERF £ = & 0.20~0.30g CE
TELtc & &, i L7 BiiEE o+ LT—% LBt
hH it Ik, BT A=V L LEBEHRETESLTH
Wiz kil  (&BFx=v x 0.2~0.3g) + (&EmH
0.1~0.5) OEFBHETE Y 7 27 v « FF4 — VElED
ERAHHERAE DN, ZOFER LD & &1,
EBF £ = LEMTRILLIEBESD L) /7 v X
DML, T, @BERBROSS TSR/ NMER
&0 1/15 oHPE TEEMNREITLCE DD T, TDEIT
HRIIESBY BMCRAWERTRCEHZE L TRbE WL
BE#Ex B, BTNV I=v n 05~15g TRIL LB
T, #EOMENATRTEETH o700

Jppa=wn lg BEUCHBK; &B7 VI =9 ATDOW
TR A Tlnbinh o, &BHEH 22 *AWTEEL
T MEBENEREE BN ol LL, &BF 2=
v 0.2~0.5g TEIT Uiz & i, Fhl Ucssidiss
DFLT—RELUIBHELXE 270

Bl EoRfERCHBLTNL8L, €8F 2 =V A
0.20~0.30g CEIL L CHEMES S & 5B O mapyait
FEEPRBOLNTWDI L Thh, A/ 27 Y IEELTD
BRI D TEWD, ZOR%TEL LNABET

I DNWT B &t
7
Wo05+Ho0=2WO3-+2H"+2¢  Eg= —0.%5 (9)
2WO,+HoO=W 05+ 2H*+2¢e E,=0.0 (3)
Ti3+=Ti¢*t+e Eq=~0.04 (4)

Table 10 Reducing agents and those effects for the
formation of tungsten-dithiol complex.

Metal | Hydrochlo- | Reducing agent nggsezen Blank
ric acid i 1

taken, added and its amount 1104 ug

e additionally,| ©seds Found, absorbance
| ml/52~70mi g T
8 / 0.171 0.000
Aluminium 0.156 0.000
chips \ 0.190 0.000
3 J 1.0 0.161 0.000
8 Zinc chips )20 0.161 0.000
0.10 ] 0.164 0.000
o 0.15|  0.775 0.020
itanium
e 0.20 |  0.770 0.026
0.30 0.775 0.041
0.50 | 0.768 0.066
6 Al 0.688 0.108
ummlum
12 i 0.718 0.121
18 0.638 0.112
1.5 0.405 0.051
3.0 0.674 0.108
4.5 Zinc chips 0.771 0.138
6.0 0.765 0.138
9.0 0.774 0.138
0.030 0.008
0 05| 0.149 0.031
0.10 | 0.465 0.164
0.15|  0.642 0.188
o Zﬁfgg‘“m 0.20 (0.745, 0.770,  0.202
Tltzinaum 0.25 10.765, 0.773|  0.204
: 0.30 |0.768, 0.759]  0.196
0.40 [0.745, 0.701]  0.208
0.50 10.721, 0.666|  0.185
T1tam .z 0.524, 0.573  0.142
inc
chlps +ne 0.647, 0.679  0.148
0.731, 0.728  0.151
Titani- \ Zine j 0.775, 0.770]  0.148
chxps +chips 0.772, 0.775] 0.152
.20 / \ 0.770, 0.774)  0.152
Titani: k Zine 0.769, 0.769|  0.145
ChlpS +-chips 0 3 0.769, 0.775] 0.150
0.772, 0.760  0.147
} 0.172 0.026
6 Zine chips 0.175 0.024
Zirconi-

um o 0.10]  0.182 0.000
‘ ;ﬁ;}g;““m 0.20 | 0.775 0.084
0.5 | 0.772 0.082

* Absorbance that subtracted respective blank.

** These indicate the absorbance of the dithiol complex of tungsten
that the metal taken and titanium chips used as the reducing
agent were contained, but there are much difference owing to
the reduction effects.

Tiz*+=Ti3* e Eo=+40.36 ()
Ti=Ti2*+2e Ey=+1.63 (6)
Zn=27Zn2++2e Ey=—0.76 (1)
(2RI LOQROEERLB N D Z v 727 v DET

IS WBEBEIZE L WD L kb, LKL, Z0BED

LB AR A BT A, BE LRy V25

DEKC X 2EBLEHIETA2ERE LT, Tidr o

BEEE BT Bin,

B ED#ERM D, BIRNELYED CABRR LB

BHRETECEBNEBENCE B 2=v » 028 &

&Bh 03g 2 WS RITEELRE Ui
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e R v 727 R RS UTRE L2 &
Fr=vnlgklOvva=yn lgicitEz v 7 27
YR DB EETRIN U AR Hv, 2y 727y
o VoA~ U ORI ke JIFE T Y F A4 — VEEE DT
BoOBEAY [3-1-2] OBEL Uiz THE Lice iR
WE % Fig. 5 iRl 7z,
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Concentration of toluene-3,4-dithiol, m¢ of 1X10°2 M solution /50m¢

Standard molybdenum solution contained

—O-0—
57.6 g of molybdenum.

_A— ¢+ Synthetic standard titonium solution contained 1.0g
of titanium(IV)and 57.6ug of molybdenum.

sz :  Synthetic standard ziréonium solution contained

1.0g of zirconium(IW)and 57.6 g of molybdenum.

Fig. 5 Effect of the concentration of toluene-3, 4~
dithiol for the extraction of tungsten with

benzene.

Fig. 5 DLmid oL, HEBERICDOWTHE
WoREEF L T—E L BLEA D HER 100% & L
TERDI=LDTHY, 1009% OZpF IR I 5 Mt
g ATy BEOERREOMHMEZED 1104ug 52 >~ 7 2
7 IRINEIKEETE S BLETTH oo

Ay T AF Y DLEDBEBRR LI Va2=y 6 1g &
BTG, 1X1072M ¥ # — VIR Smi Ll FmT 5 &
%, FleF =y s lg #E&TER W 8ml M RN+ %
L, By aFvy - VF4—- BB EFLT—%EL
RHEELRE 2 70 FRPRE, TNBOYFF ~ VT
gD & &, SEEITEENTER LE LTy ¥ it
HENRB LD EE L BNb,

INBOYFA - VEERINEE, [3-2-6] T~z
&) 7F BT A ENE BB UTIERCE . F1L
T, BWERM & OBARTIL [3-2-6] ToONLo LR UE
BRED B, F 2 B G OBEICEBE L Ts v 7
A7 v DEEWHE AT RS Iodbic V74 —NVEEA LD
BT BBENRD o7

BLED#ER S, 1X1072M ¥ 54 — VB OHRINE%

10ml & Uiz

3-36 Mm&E; B E

VI A VEIRINR DD 2 v AT v - S F A
MEEE D& s JIT TN R Y, 2 S AT DHOD
G 7 A= B AREEE LUV L 3 = A AR
FNTHRE Uiz, HEERO—Fl% Fig. 6 IR U7

1.2

1.0

0.8 ; e

0.6 ’

"/

0.2

Absorbance

0 5 0 15 20 25 30 35
Heating time in a boiling water-bath, min

Standard solution :
—0— ; 0.4 ;g of tungsten
Synthetic’ standard solution :
—e— ; 10gof zirconium ond 110.4 g of tungsten
—A— ; 0:5g of titanium and 11074 g of tungsten
—A— -, 10g of titanium ond 110.4 rg of tungsten
Fig. 6 Heating effect for the formation of tungsten-

dithiol complex.
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BlEFNENIE Uc & i, $EoBiaiil 2580
Biic, & DBERICOWT b nEEiE L b 354 Moin
B CLY, — BB U7 8RR OB RN B F e < 3R
DOHNEMr ol 22T A 1g FEDLBERER Y T AT
v DHDOEEH WG 5 EMBHCR T D2 v V27 -
FF A VEEED BT EMEE KR RENRD b b,
ZhieonwTik, Table 10 R Lz 2 = 2 &5 EE
B CRITADEBF 2=y 2 EREN 04g Ll Lok &
B NBEHENESNTWEZ E, LU Figb @
TRUICR Y T AT Y DHDEREF 7 =y LERER O
BRI T BT F 4 ~ VBB OTIMEOBER E 238 THE
XBEER, AT AT - VF I — VEEROERRTIS S
SICEBERE, B T3 BEC L > TR FELF
TS Z ERABNTH D,
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BlED®END, SEHE O A (R X5 70D O JuEEs
MaERy T AT v OHOERE, BEEBRERLOYva=y
DR U TCER200 [, EhcF 2= v ABIRICH LT
139304 & Uies

337 ZUVTRTY - UFA-NEHEOHMT H B
EHH UicEEoREM

BT AT v« IFF& — VEEH DL NG S A, B
AT AT RO FRERMUTRE Uicr v 7 27

VW E T £ =Y R EEERE LUV v a =y A GmERE

THAWT [3-1-2] OBIEIZ LR T LB, 727210,
DECFEOFER & UCEBEPCRET A2 v V27 v &
i, —BEARL U8B F OB OETT, IMEMBERHC
ThHELHELEEDEFRELT, FY I AF v ORD
BRICDOWT R v 7 27 w HiB B O Z DEEIC, HORE—
WEDOR Y 7 A7 B @MU CERCEE L TR
DEEUTRD I BRERND, Fv 727y« V57
— VEBE D B 4yl Dw=[ W -dithiolate’] o/ [ W ]
7e72 L, [W-dithiolateJo 1 & o 7" 2 7 » B MR Hs B
Halicx v 7 2as v « 94 — sk, Wl (
By P RF Y DHDERECDNT, FOIF 4 — V%
B BEOERCHOR—BED 2 » /' 27 v 2 RN LTH
BICHEL B v 727y « PF4 - VERER) — (B
DR 7 AT Y IRINEBA DM ENfcr v 727 -
T A — UHHER), &k T Table 11 @ik L, T,
TR U7egBE o~y 2 v Bk 1 22w G Uiz
{4 Table 11 B8 Uico
Table 11 Distliibution of tungsten-dithiol complex ojut

a benzene, and the stability of the dithiolate

in benzene.

(1) Distribution of tungsten-dithiol complex into a benzene.

P For regenerated
Metal For fresh solution: solution - Apparent
taken, Tungsten Tungsten distribution
Added, Found, Added, Found, i
g 34 absorbance; g absorbance ratio
0 0.028 0 0.028
110.4 0.776* 110.4 0.784% 97
110.4 0.770% 110.4 0.786* 48
110.4 0.775% 110.4 0.788* 60
o 0 0.168 \
Titanium 110.4 0.778% - - 48+
110.4 0.770* /
. . 0 0.108
Zircoplum/| 3194 | 0774 - - >64r
110.4 0.774*

* Absorbance that subtracted respective blank.
** These are estimated using the average absorbance 0.786 obtained
from regenerated standard tungsten solution.

(2) Stability of the tungsten-dithiolate in benzene.

Stand time, min

5’15[30160]90]120

Tungsten added, pg

Absorbance
55.2 0.380 | 0.384| 0.384| 0.385| 0.385| 0.385
110.4 0.772 | 0.775| 0.775| 0.774 | 0.778 | 0.778

The extracts were kept in a ordinary room at the temperature
of 20°C.

E DR B U g S s T3 LRk
WEHRE 2120, Ry VA7 vBRIEOWT, Ry S AT
vo- VI A - VR TREBROBTE, BOR—80D 2 ¥
7 AT v AU T REECERE U U7 si o Bk &
g3 5 & &, bPFNTEWERLTD biviz, & I
DEHNIEMRE v AT v » TF 4 — VI O IREE
L & DWebDTHDHEERT, $HEOLNTHELE
BMET 5L Dpwd8 BEBND, TP LT, BRIERE
DFEHIE > € > 20ml WS 1 EOHEEET L,
F R E O RBER R O ERE R 110.4pg 2 v 7 AT K
WT3ug 2 v 7 AF BT EELZTIWT Ehbh ol

Ay i U gEEE, @EOENT 20°C T OR
BB NCHEEEZ L DD 7a < &b 2EMIRE—Z Lici
KExE %1z,

Bl Eo#EEREN S, N €y 20ml & 5 1 EOfhH
E& e Uiz

3-3-8 BALEOFE

Table 6 /R LT ER LU ENLOHBEN D,
2y 72T v ORTEERIC S WTRTFME LA L9 500
HAEEECBNT, Ry A7y« 54 — VRO
F UCHEIC I JIF T 3RO EE T Uiz, SRR
% Table 12 /R Ui

Cré+, Cu2*, Fed*, Snt*, Tit* kIO Vo ik, Wi
Wb 2> 7 27 v OFRTURFERHCRIT S NS O THEDH
FIFE LMy 2D b, Curikry sy ary ¥
F A~ VEREOERAE LU YiET S0, 0.07mg FCik
R T E /o, Cro*320mg, Fe®* 11 30mg, T+t iklgk
LOVVET 1 bmg ¥ TEEB LU\ I EHERE L, Sntt,
Sn2* 3, FREREBAEERLTYF 4~ VEERABEE LT
By T AF Y VFF - VEEOERAZGET D, i,
WAy & A8 2 O THIE A iS5 2%
0.7mg ¥ ClEELER TE /e i, Z UL THIET
BHIER KT dmg FTCHAETE,

ENBDOTEDH b, VYF4 - VEBEROTMEA 20ml
ETAHZ LI L 5T CuBt i 0.2mg ¥/ Sntt kLU
Sn2* 34 4 1lmg ¥ CHEEX IR TEHZ E03bho
72o .

MoS* i3, I RIFERACILE LT SN D O TR L
THEST 505 10ug ¥ TR TX I,

Table 12 kT HAERR Y 7R U TCHE O AR,
WIS 2 S RAT v DBOEEN S L TE BN S
WOWNE & Him LT 0.005 DWRIEEEA £ AL R
L7z

FOMOITEFHEE, Pinl &4 Table 6 »FE UAHLE =
TRy I ATy OEBCH LT ELEEE LN L
HHEFE UTo

ks, BV ST BRIy 7 RT v BB B
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Table 12 Amounts of many elements not interfering
with the spectrophotometric determination
of tungsten.

(Elements that being
valence state.)

reduced to lower

Element Added as Amounts th?r‘:g%sl Ix:l(}t interfere,
Chromium H.CrOs 20
Copper CuS0, 0.07, 0.2* (Maximum amount
permissible)
Iron FeCla 100
Fez(SO4)s 30 (Permissible amount)
Molybdenum| Na:MoO; 0.0010 (Maximum amount permissible)
Tin SnCl. 0.7, 5¥%, 11%**
SnCl, 0.7, 5, 1%
Titanium H:;TiF, 1000
Vanadium NayV.0r 5
Zinc ZnS0, 1000
Zirconium Metal 1000
As for the other elements, almost the same amounts being
listed in Table 6 have been also confirmed to be permissible
for the determination of tungsten.

* If the addition of 1x10~2M toluene-3, 4-dithiol-0.25N sodium
hydroxide solution increases from 10 to 20 m/, the concentrations
of these can also be permissible.

** Tin-dithiol complex dispersed into benzene layer in which
tungsten-dithiol complex being extracted has to remove by
filtering through dry filter paper before the spectrophotometric
measurement of the extract.

THBIMB L TEET D & &I, =Y 77 v 2EBBRIEC
BNTCrs*, Fed* IOV 13fiffe Fuex vy 3 v
DI & » TEILIN, i Cu?¥, Sn?* ¥ LU Sntt
135 5 LOEIN TN LFFEBEAPNciEan 2
DT, Xy /A7y BEECITHETEDOFEITEE L/
Z B,

339 & B &

R o 7" 27 o PAUE A DEER O B U CE sl U7~ AW,
BLOF2=v 2 lg, FLIUOYVaz=vn lg TENF
PEHE 2 o 77 2 7 o PR A BRI U C RS U7z A B
BERBW, T4 SWHE] WUl TELTx »
TAFyERMB L, WHE LRy 727 BOBERETCER
L7 Fig. 7 RRLEBER TS 5,

EREOBH A ACCEREL UE#EORE L # ~
AT v ERMEOBRIE, £0.005 OBKERELNTE L
—B Uteo HPERERND, F9 4 —v— Ny ¥ v ki
L BF Y T AT v DHTFENERE Ex &R 25640 %157
(W3R8 EY o 1% 0.1394 Absorbance-ppm-1),

0.01 ORSEAMETIR E UicEa, HiEgE i E
640mp, 10-mm & v % BT 20ml dh 1.5~170pg #
YT AT ThBe IO TIE Beer oAl BT
bo Tk, WEEEWREY 7FrOFNEEELTIYL/2
&R DRV,

33410 BUVTFUVHLVIVIRATFORBBEER

B ) 77 vy BB L OBER v 7 27 Y Bl % Th
TNABERERN L CRE L+ Ay, [3-2-8

1.2

/

0.8 74

I
o

Absorbance

0.4 ////
680my, 10-mm cells

. ]

0 20 40 60 ‘80 100

Concentration of molybdenum, g /20m¢of benzene

Fig. 7 Calibration curve for tungsten.

(2)CJ TIE UIcsHO SEHEIEA AN Lo filtd [3-1-3]
DEMER TR T, =)V TFyRIVEY 727 OB
TP EEXTTR o720 EEREENLDF 2 = v 2GR
DNT B RDO—|% Table 13 & L7,

Table 13 Recoveries of molybdenum and tungsten.

Molybdenum; Tungsten | Molybdenum Tungsten
. added added recovered recovered
Matrix
»g g 34 % ng %
9.6 165.6 10.4 108.3 | 163.8 98.9
28.8 128.8 28.1 97.6 | 126.7 98.4
Titanium
0 48.0 92.0 48.3 100.6 89.9 97.7
1.0g
67.2 55.2 67.1 99.9 56.4 | 102.2
86.4 18.4 85.1 98.5 18.5 | 100.5

SELULFERID, HEoe) 77T vy BLIUE T A
FyABE IO L TERTES 2 L AR L,
34 CFA-NBRIZOWVT

VF 4 - EEAACAERFEORAE, VFA—
HIEF 0L OPECERIRE CHBEINS 2 L TH B,
FETC, BERVFA - NVEBEEOBEE Y F A — v ORENE
RS LT HgiEd & il roo

[2:1] CONCHREFEL LizdioT 1xX1072M ¢+
A~ 025N kB b >+ U v 2w S, BICEESR Y 5 A
— % SN B 1ml &9 7 @A v 7 I v 50ml &z
J 50 FECHEFE LU COKBRIME S LTcDb, 7B
A Y7 ipT10mi 53T IX1072M &5 4 — -
IBRA Y 7 I VB R Ui, AEW E b —E1E 5°C,
TOBRES, ftho—iksil (10~35°C) TRETIC,
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- Vo - U & LTI LCHIE L, IRBIER DR
WHERCONT BTN EARE L LT, ARERECK
v BERIRD T & EE & o B CER LT Fig. 8
m%;wwlibhotﬁbn@wwwhv7@4%7s
VSR A FR U DHIRIE, X TR o e FTREURIC S
EONT, BRENR M AT EL Y IEBA YT IV
RN LEDD, #160°C DBBABNTLEEESLDE
WA B 104 R UCfT7n 5 7o

KL F T U v BB T, YORGTRELTLHRHE
H24RERAT 100% DREE RS 2 feo ¥ F 4 — VEERDOM
ER XURIEEY 1009 LIRE LicEe, 04 Tl
AN E Y 77y Y4~ v OB B A,
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OB AT T 50~1008, SR CHEATTI1X40~80H,
FIUBEORNTIEI0~T0A TH o720 Tods, T OHIH
HELERE DR 5 eV F A4 ~ VEERA TR ER T
%5,

fa5v 784 ¥V 7 I VBT, ZBRLTORE TiLy
F A~ VOREBC B IIETERER LOXOEEIIIT LA
ETD BN, D ULAEERSORS - -E I L oM
MR K 2 R ENRD B, ZhEDWTHL, v 78
A V7 INVBRBEEERELTER LcobAWDT, &
BEFO LD X AHEMABERTOREIER TE LD L
£ Do Bl o HERES O SEOREDH B, 4 EILHR
% X SRR, 3B 6 B, L OIS BMIEIE
1009 DEEE Y 52 =7, BBEHIC YR Ui

*f2, BUIFa4 ~ VEELAWTHE L/-REERD
FF g~V IKEBRLF P Y RBEEAEMATN Y ¥ iR &
DRI L CBRE Y 77 v R, YFA T I
7INERE LTHAWTHE LTEON -2y 77 v B
Table 14 g UTCR Lico

T IBRA Y 7 INVBREYRAWTHLINEY T v E
V., KL B v AR E LA TR LCE BN
=) 7FrEERBLTH 1/41;)635O7LC0 ik, VF A
— DA & LA Gilbert i© X AUE ki~4X10-6 ¢
EH RN NZ LM, HESISHAMbEZE, LT
FIEA VT INVEBERTOTF A~ OREEIVNE N
ZERERMMENT, TNLFBRERETYF A4~
SEINTLES Z LI LB EEX Do

L EDERME, Y4 - v [2-1] ToNes
7Y 2~ VAR UIKBL Y v RABKE L, B
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Stability{average of two),

20 4 A

0.1 1 10 100

Elapsed time ofter preparation, day

For the test,the toluene-3, 4- dithiol from the same source W was used.
Store conditions of the reagent solution:

—O— : In refrigerator at 5°C.
—&— : In a dark box at room temperafures of 10 to 35°C.
—xz— . At near window, sunnyday (notin direct rays of sun),

in @ ordinary room.
Fig. 8-(1) Stability of toluene-3, 4- dithiol in 0.256N
sodium hydroxide solution contained thioglycollic
acid.
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Elopsed time ofter preparation, he
For thetest, the toluene-3, 4- dithiol from the same source W was used.
-—‘ )—- H

——
- Toluene-3, 4- dithiol from the remains, four different lots.

Toluene-3, 4- dithiol from the one in eight different lots.

Tolyene- 3, 4- dithiol from the other three different lots.

No evidence confirmed the effects for the stability of ftoluene-3, 4- dithiol
of such store conditions as in refrigerator ot 5°C, in a dark box o
room temperatures of 10 to 35°C, ond af neor window, sunny day
(not in direct rays of sun), in a ordinary room.

Fig. 8-(2) Stability of toluene-3, 4~ dithiol in iso-

amyl acetate.
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Table 14 Amounts of molybdenum extracted using
toluene-3,4-dithiol-sodium hydroxide solution
with benzene, and with toluene-3, 4-dithiol-
iso-amylacetate.

(Solution contained 1.0 mg of molybdenum.)

Solvent for C()tgxcent%*a- Dithiol |Molybdenum tl;:lethod for
on o B €
dithiol dithiol,* sghudtégn extracted, determina-
thio M ml g tion
%23N sqgium 1.0 52.8
ydroxide
added 2.5%10°8 1.0 s2.6 | Developed
thioglycollic
acid 1.0 53.0
i 1.0 58.2 Previously
Iso-Amyl- 1.0x10-2 1.0 58.8 | developed
1.0 58.4 method!?

* Toluene-3, 4-dithiol from the same source was used for the
preparation of the respective reagent solution.

35-%ﬁwiﬁﬁﬁtﬁié—,:®§§
Y FIF - VI - v Gilbert i Xk o TROM
BAHLTWAEZ ERRHINTWES

O= St

* #-, Bickford et allf?)_ijuzﬁ, JF 4 — it Mo (V
iy &S LTFig 1R LMo (VI ofkeEgs
WAERTHZ ENFEEINT NS, Y TF v
» VI — VEEE O R R E BRI B T b T
WA E LT, YF A — v DA RIEAE TCE L
L7z Mo (Vi) A 4> DRI EBLDTH D ET
TUE, B4 v EAERN T D AR O MR EREE T
FEEDERIIARE L BT TH B,

FE b1k, [3-2-3] ORBHERENSER LY FA ~ v
& Mo (VI oROKISKE X » T HzIFERMIC AR
FTHZEEMR Ulce T2, ZO#RERKISIL,
VFF — RERCBEINPT W L R0y 7F
v DERACTERLD B FUEA A > O M E N R R L E T
FOSPHEIT LT BT Ch b, £2°C, T OFHEEERK
TG DNTEBICHR TS A IodIT, FRHCEWRIRE D
WA [3-1-1] ORECELCTHRHE 8 &k o R
Table 15 iRk L7ckERTH B,

$E¥E pH 1~4 OB CLlIRE Y2 L, pH5~73 Tix
BEEYE LS, v ¥yl UicERizvw3hd Fig. 1
R U7c RN AR & — B Lie R higE & 5 2 7= LT,
PH 3~7.3 DB S THIRTEBNCHE TE B2 Lt
bhsotce PHI~Z OEEEH B Uic g 1L 0 2 E Wl
KEAE 2 =M, SHIEr A ') 7F v BRSO 4RI
i PHEH & =B LCWB = b, KEBIECIISTER
RGO 7r A BEFTREOWTER LA I O T, o
PH OBEE BT HYF 4~ NE2) TF v A4 EDFK
S L B ERISOEEERIK, by 81+
YBBHWIT A BT L OBRAMb D, =) 7F
Vo VFF - VR OISO RN FNILTNE

= = 7%
[ 5

Table 15 The formation of molybdenum-dithiol complex
in the solutions of pH 1to 7, and the extraction
of the complex with benzene.

(Ionic strength:0.1)

Molybdenum

pH

Added, pg i Found, pg
1.15 57.6 52.4, 54.8
2.00 57.6 55.1, 54.6
3.10 57.6 58.1
4.25 57.6 58.1
5.20 57.6 §7.3
6.40 57.6 56.8
7.30 57.6 57.2

{TebZ & EFE Linvg

By TAT v« IFd— b gz 27y (V
m)ai?ﬁ~wa@ﬁmmioféméné%@a§n
TWBD, FUSHEBCE L TRBELLTRWENRSE L, £
TN T AHE LRI NTNENL D Th A,

[3-3-4] ¢ Table 10 {7k L S2BFE R D, F2=v
MR TCIEA v VA7 v DHOEW & g LT, BITHlIE

LToOE&BF #=v »{FHEN0.40g M Lo & {EWFER
PELNTWDZ ENbNhb, 2T, ZORRIISED
Tid* OERIC I BPWETHDHEHZE2T, 2T AFvD

1.4

L
L/ y

o / /
0.8 7
. v /A/
+ 0.6 - 7
0.4 / /P'
0.2 y
0 : -
0 0.2 0.4 0.6 0.8 1.0 1.2
Amount of reducing agent, g of titanium or. zinc
All the reduction had been-made in ordinary atmosphere.
—O-0— : Solution that dissolved various amounts of titanium metal.
~SA~ *  Reduction of the solution contained Ig of titanium ion (V)
with various amounts of titanium metal.
—/xA— ¢ Reduction of the solution contained 1g of titanium ion ()

with 0.2g of titanium and vorious amounts of zinc
metal.

Fig. 9

the solution that dissolved titanium metal as

Concentration of trivalent titanium ion in

reductant.
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DDOERE LB NTF 2=y & 1g ST BRIt
LETHEGET 2 = v 2 OFERE & &5 T3 E0BERY
LB~z

&l TidY &x @~ v 7By ) v NERE AR
BRI X > TR TETH O AR & OBIFRCIERNY 5 &,
EBDLOEETE Fig. 9 R L 5 CEBMHRE L -
Too B 27 DLDBERK IR T3 BIIsIgHR
BHEE8T 50, 1g0 Tt &L BEE CHETHOS
R« Ti>Tid*+3e DR & UTC [ Tilreducing agent =
3LTi**] proauct DIRTENRA G 2 120 FERFER D LB 7
g=yn 04g ML CGET Licige Tid lg 2 415%
Tk, Tid* OEfENR L1g WCET 5 - MR T X1,

BV Ty - I AR IR S ATy - VT

A — N SEYE DR A R SIS L OBREICBE LTIk X Sic
REBD DB 2B D700, RATEHERYED -
LRTCER Mol ZOBEAD— L LT, KELECE
T 5954~ VESEOEEROMENR D D, ZNHITON
T, LB R 530, Bar B T v s
Bt Lz T

4. & W FH &

ﬂﬂlg%+91%V/E~ﬁ~(*”%Mﬂ)Vim
D&y, wiEg A+1D 8ml &7 v {kk#ERE (1+1) 6ml %
M2 TR & AT RS 5. RiICHvEE 1.5 Ain
2 CHIHET 5, "

LS D R A BB KEK (3%) #FHEmLT
KiooF 2=y n (I B LIDH, By i
Br Vv REW (3%) MU TREETLIF A=Y A

(L) AL, EHLBENSLTNIABEARDET
B4 %,

BRASHB CEE1ImD L, 7z BEK
(M)5ml &3y FeXxynr7 3 @K (10%) 1ml %
Mz TEHEYFELOE, 20°C LITCHHId %,

SR 00129 ¥ 7 v o e (L REBE 20ml A
2 TCIOAENET L S $ ¥ THAHE T 5, BELTH
MUY & D 97Ch, ME/LREHRNLIZPHREIE
U iBE T OBREL D2 LTHE it
SEET B RICIHE(LRE 10ml #0% AT 2E, *h
FN1HEOL D EEET R o70b, *?*H, W LTIK
BWFC DB L TWAEYF Y v & DK<,

»;}‘{gzzﬁgspff 1x10-2M % # — v -0.25N 7Kgt + v
v AR SmI A NiE TEL 5D FE D, HiR%E 15°CLLTF
R, Nv ¥y EELL 20ml i T 8 SRl L<
5D FEETHHT 5, S8 LTHOML, KEEMRE IO
WRE (B8E 150mD) IELL 4T 5o

SO TENRyEUFERIEE Y TF s I - glkiE
PRI INTHBDT, b EoOHE: CHIEBERY
L7 % #R/ET Do

KW AT U R hm 15ml 2z 720b &
B s=vn02¢ L&BHM 038 2z, BrLohE
F IR R R U IR S B, BRI L
727 5L, ekt hic 1X1072M & 9 4 —~ v -0.25N 7kt
FEVY AFEI0mL s CHBETEEERLD FE
THIBO R mER & B2 1) B AW A 15°C LIFRBHI L, ~
VEV%EL<2%ﬂm2fﬁ3%%mﬁb<&0iﬁf
3 % BB LT L, KEEFE & D 3T 5,

CETCE Ry C oI E vy 25y« FF 5 — bk
WA E N T 5,

U7f/'/?ﬁ*Wﬂ FAAm Uie > ¥ v floo—
%%%&#@twr &, JEE 680mpu CHIEEE AR
Bo iz, By T ATy« VFF — AEE AR UL- N>
H IR E 640mu CREELNES B RBCEREL
f%k%ﬁ%@%éb%mﬁ@%,@%ﬁubwmbk@
5;%?73\ HBEOE) 7T BLUL Yy SR T v EBEEK
D 5ho
ox1 =Y FFUREZI00pg DR LNE o257 3170

pg DRI 32 X hiciddbh &5,

*2 DU a Y AENGS K ERBATRTH LT, OB
{ekEAKIT & 2EIRE A <,

3 BB O 15ug FTH B &
ERBLLENTE D,

*4 HERKAFEO 2 X8 1mg Pk 3mg OO & xic
FF — VISKOREME % 10ml & LT, iz 3~7mg D&
X4121220ml & UCHEET 5,

*5 f, B ITFUBILE SR oEERMBMBOSEF
29 LBHNS,

*6  FREEBIPHHL T B
DI THET 3,

* 7 [2.1] O#EC Uz - THBUIEES ) 757 Dk
SO L TR F LR, Y TF A2 0~100pg 124 o
25 3 0~170pg O TE N FNBEEMICHIL THBL 72
WERG, KB US> TEY) TF ol ras ok
AREME L TR Z2EEL, Y TF R EREE BRI v
25 v EEBHEOMETERNT 3, COLIREELTELINS
WE#E, Fig. 4 & Fig. 7 K—#H$ 35,

XTit, T O

&, BEAENTZL

5. & B &

e ) 7F o B I OMEE R v V2 F B Y TRER
BRERAOIC RN U CHE Licr 2 = v 2 8pEH, vra=
v A AERRIVEAINTWAEF X =y 2B LU F £
=Y rEE, IYNva=my AUV va=y LESEE S
DEVTFyBIOZy A7 y% (4 S¥FHE] L
7ol TER Lize O#TiERO—F% Table 16 &R Uiz,

FE=Y LR LUV =Y AEEEBICOWT DS
fWRALD L, 9.6~804ppm &V 77 vKEEL FEERE
2 10.0~0.8%, 7z 18.4~165.6ppm & v 7 2 57 v KR
AR 3.2~0.0% CTHBIE LTEETE 1,

HEBEE LicF 2=y a8 LU FEDEEFTDOE Y 757 >
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Table 16 Spectrophotometric determinations of molybdenum and tungsten in titanium, zirconium, and their alloys.

sample Molybdenum Tungsten Mol%’cl)audsgum Coeﬂfi)?.ent Tuf%%?:ifn Coe%ﬁ;lent Nug}be.r
average, variation, average, variation, determi-
Added, ppm ppm % ppm % nation
9.6 18.4 10.2 10.0 18.3 3.2 3
28.8 55.2 29.3 1.0 54.6 1.3 3
Titanium 48.0 92.0 48.8 2.0 90.5 0.5 3
67.2 128.8 66.2 1.1 126.1 2.4 3
86.4 165.6 84.8 0.8 162.6 0.6 3
9.6 18.4 11.0 4.0 18.1 0.3 4
f 28.8 55.2 28.2 3.2 55.0 1.4 4
Zirconium 48.0 92.0 46.9 3.2 91.2 0.4 4
67.2 128.8 66.4 0.7 125.9 1.5 3
86.4 165.6 85.3 0.8 161.9 0.0 3
Titanium (8T-40) 0.3 42.3 16.8 11.1 5
Titanium  (ST-60) 1.9 12.9 27.0 0.7 5
Titanium alloy (5T-A90) 0.4 31.0 17.0 0.0 5
Titanium alloy (ST-A130) 0.7 5.6 3.6 4.6 5
Zirconium (8Z-C) 0.4 52.6 11.3 0.9 5
Zirconium  (SZ-R) 1.0 20.3 6.7 3.6 5
Zircaloy-2  (SZ-A2) 2.0 3.8 8.3 1.3 5
Zircaloy-2 0.8 21.2 5.1 8.1 5
SHFL19ppm BT, ¥/-xy /A7 SEER 270 1, HE 640mp R EEOBN AR L, 25640 DT

ppm BFCHhotre YNV ARBIVTYVIZY LA
EhoE) 7Ty RBLIVR Yy VAT vy DEFERIL, FNE
#2.0ppm ¥ XU 11.3ppm BDIFCdh o720

6. #& &

FR=Y L, Vya=y akIOFNHEETOWMED
BV TF o BIOLEy T 2Tk, FNEFNTF A4 — il
Bel, "vEryZLYHH LA EERTHH
BIEDONWT, #EGEELSDLUIRE Lico FORHR

(1) FRr=Uvr2BIVF 2=y 15858 1g %M &
7 v bKEBCSEL, cvBEInL, @BER{tkIEKEK
vy BA Y Y AR AN U TEL Lz, 7
TyRIAIR BB Fex v vT I vIBRE ML, KTH
TOTINRBBB LT D, V7V v B RBER Y
WA A Uiz Dh, 1X1072M o5 4 — v -0.25N
KEREF PV v R Sml A NECE ) 77y - FF A
— VAN X, Ny iR DT B, =Y 7
B OBERCHEBE AN TR s L e, RIEER
Fx=v r02g L &BHWG 03g A ML THEMBLTE v 7
27 YEBITT o 121501, 1X1072M ¥ # 4 — 1-0.25
Nokggft + v v 28] 10ml #hnz, #9305 mEs LT
By T AT » TF 4 = VEEERER IS, BH LD
By Ny EyERANTHE T B, MBOFNFRDOR Y
Y BEORKEAMELT, €Y 77 BI0rr 72
7Y DEHERERD D —— DN HELRETL Uico B L
e FEEE, YvazmvaRBlOyva=y rasghozey
TFYBIV R 27 v DEBRLEBHETE 5,

i, ZORGTHIH Lice Y 7F > « Y3 — gL,
HE 680mp fHECEB ORI AL 2, OS5 TFEAHER
1324800 Thotco Fiz, RV VAT Y« VT — il

WGREE 5 % 7o

. BREO) BFAEL B LD I F Y v ELRER
WA FANTHESEEST A2 S L > THEOIHERRETE
Tro BHBOAXOWER, YF4+— VIEROGMELEM
LT, L THEELY - UbdTillET 5 HEC L 5T
Bk TC&i, #Of, #4=vh, Ira=yv rBLU0F
NEAEEPEBHEENTWEEETER LOFRHSIC X
BHEIED B 5Tz,

@ EVIFFrBIVLY I AFyOIF4— VEEED
il L OERAHCE L THETORE &1V, b
DY F F — VEEE O LRI IR ERHT FUSA A > R AL
BIIEAEELNTND Z EHEE L

(B BT Ll hHEiR LY, 2=y akIU0Ira=y
LA ERFD 9.6~864ppm ®Y TF B LU 184~
165.6ppm % v 7 27 v %, FhFEH 10.0~08% n=3~
4) BIV 32~0.0% (n=3~4) OFEHEMEIRTH L
LT %EVC g\’fCo

RREH LI F =T 2 BIOF =Y 2 &&ThDEY
77 v EER L L9ppm BT, (/0 v /A7 v &ERR
27.0ppmBL FCh otro YNV T ARBIOI V= A
LehDE) TFyBIOR Y S 27 v EFHRL, FRF
1 2.0ppm B LU 11.3ppm LT CH 5700

X %

1) E. B. Sandell: Colorimetric Determination of Traces of
Metals, Interscience Publishers Inc., New York(1959)

2) R. E. D. Clark : Analyst, 61(1936), 242; 62(1937), 661

3) R. E. D. Clark : Analyst, 82(1957), 177

4) R. E. D. Clark : Analyst, 82(1957), 182; 82(1957),760 ;
83(1958), 103

5) J. H. Hamence : Analyst, 65(1940), 152
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C. C. Miller : Analyst, 69(1944), 109

H. G. Short : Analyst, 76(1951), 710

P. Greenberg : Anal. Chem., 29(1957), 896

D. F. Wood, R. T. Clark : Analyst, 83(1958), 326
EALEis « LS isE, Ui, (1958)

R, g« Aqs, 4(1963), 2

g % EREEREEAUNEHEE, No. 4543(1962)

T. W. Gilbert: See Ref. 1) P. 196

C. F. Bickford, W. S. Jones, J. S. Keene : See Ref. 1)
P. 651
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km%,Eﬁ%%@%%%ﬁ?é@wwwkﬁ%%@ﬁ&
Bo WO TIEZ OEI2.78g/cm3 DEA KD TV 5
%%%%ﬁ,Mm%®%@@%%%%213&%&7wz
= WO EY L LS, F1REENHOE
BB OWEE O—BERE R T RIEOZI MR LT
PERIECER Lz,

KRB L AR OB BB R IRA RIEE L 2 vk
B RBEEE CHE T A B A DWW TN S, T
EBROHSEHEL LTI RE— 2/ ~VERRY H W5
Werner D5, E/3ERE— 227 ~VEBER % B Wb
Pryor & Keir OFEN—HHTEL o CNBDOFE
BEBT v =y AREELED, RBESEHTE LY
HHET, KEBES TS LRSS, MEEEEE
ECHMRMCEMSIORS L ETH AbED, THC

BIR 73z oLOMYE ZOLE
# B

Hydrargillite (gibbsite)
alumina y-trihydrate

£ b &

Al(OH)s or Al;04-3H20 2.42

Bayerite(bayerite a and b)

alumina e-trihydrate AlOH)5 or Al:Oy-3H.C | 2.5

Boshmite, shumina, A10OH or ALOyE:0 | 32
?}ﬁgggﬁ;gﬁggi"a- A100H or Al,05H,0 3.41
é&lzlﬁ%xiggous hydrate of Al:O3-H,0 .
Deficient boehmite Al1204-0.25~0.27-H,O —
Amorphous alumina Al:O3 —
8,7,8,x,x~aluminas Al:Os(about 2% water) 2.40~3.60

y-Alumina Al:Os igé, 3.96,
e-Anmina Al;O4 3.97
B-Alumina Al:Og 3.30

VSR OB A IEN TS K, RICHEBEEOM
PR A R 3 CEBOEmIICH < Bt &bd,
B L OEAMFEEBOARNDFS & Do AELHIE
EOHWCARET AR LD TR THBH, BE £l
OFFPNCHERE & Wb b, ke B UllEEE AT
Bl s I R O W TBEE A RS 5 2 &b H
%f&%ocwkgmm&%¢%@%%<,it&%@ﬁ
%Eﬁ&é:&ﬁ%ﬁf&%o

2-3 THEERER

PRI L ALER B B A af i Ui &t o Bk 1, &
B E DD TEBMILZ L, ZAUIE R & ek
& DOFABEMIC RS AMEDO R R L B LD TH D, DD
UTn2 52 BRI~ ZEEMOMEOELNED D
NAEBETCH Do BUT AT ORAER B O & i,
FTOMBEELY Z< o THh b,

) SKBEGEHR

PEAERRAL AR L7 v 3 = v AT SR XN 55 b Wil
DI ESRE CH B, JISZ23TUT F O MM S Be 5
otk Y, 0.7~1.8kg/cm2 OFEMELESHA % -
THEHFE L L, EHERIISSL2°CILBEDI LT L Do SEH
Tt ASTM B117-61 i /e BIRIE 2 S Do
AEOMBEAIHEEECS P, AHBREI LKL, ¥,
F—oEERETLEMI LCF—~DOFREEHZ LiXE b
TEED Lo & BIREE A THEHRR TN ENTH Do
BEZRLERZEAHCIFERAEN S S CH R 28T
RETCHH 5. BEEMMRDOEE 250~500hr AR
NTCHBH73% %,

iD v 7 BB REH R

BTE OB I PHE.S~T 20 HiFH & 2 B 5 2 EH T
ETHEBBEREREND & 038 TN TEBRC Y 7 B

_._2_
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zimxz PH3 Wil Ui b R s 5 (ASTM Stun-
darxd Method B287-61), %% b AT & AITE & FEE M
AL T Do

iii) CASS #=E: (Copper Accelerated Acetie Acid
Salt Spray Test) Apkityv 7% Nz CEM: & Ui-fis
KR E BIHALRERN L TEE S5 LR H &
LTn%e A7 v 22y ¥ERCHTHEHRETH -
Fo b D BRI LAME R ICIBH L b0 Th 5 (ASTM
Tentative Method B368-61T), NaCl5+ 1% ##iz CuCl,
-2Ho0 # 0.26g/] 0E&THRML, Ky 7 B % miAT
PH % 3.1~8.3 & L, 49+2°C Cfi/ 5, -+ LT 6 Bpsmg
BEITI WEBENRTIUEREF &5 2 5,

ZOFETEHEHAEOBRBRCE L T A BhDER %
RT LD THHN, EEOEY & ORI L TELd L
bR R RIIR S WL 5 TH B

iv) Corrode-Kote ¥t

KL 7 v s Ay PRI DR & UCHETL X
Nicb D THDH (ASTM Designation B386-61T), =i
Caw~Fa~ g (Cu(HOz).-3H30 0.035g, FeCls-
6H,00.165g, NH,Cl 1.00g, # # Y > 30g, 7k 50gC~~
A PRE Ut b 0) Z b RECEER L, Thr il LT
RS TH, 38°C, BE90~100% o bhE w 24hr i
BT 5, €U THEXRBEEE» BT 5,

COHFEZEI v~ 2 2y XEFICIERR T & RE R
T &5 Th DO LR B B U TS Lo AR,
JRIEDKANT o D T K MR 45 X 5 Tl b
DTHEEL DL 5 Th B,

v) FACT#: (The Ford Anodized Aluminium Cor-
rosion Test) Z&#:i1k CASS e BIRWG & L, IBIR
R LB A e & L C Smin MM A 770\, 0.8uA /cm?
DFE R A R LcBa 0 (B X (Fidisec) DR &
wRDEDE T 20T, 6,000 Eod
OV AR, 600 Tt OutifaErRR LHET 5,

CDHERRENECET 50, oM MARELE OB
HEPEZ— A LB b I WER S B,

vi) Kape it

BEOMHBRELZH L LTRET 5720040 T, BE
R Y — FKEREEE & b Wbl b AREEkE NagSOs
10g | REROT Ky 7 B N2 CpH375 (F72123.0) &L,
BB, FitEa N TpH2S I L b O&F BER
4%, 7 1L85°CT Wminflf, 7z, 90°C ¢ 20min
R L, BEBoEREED s JURERETH®Z T %,

2-4 HILICEETHRER

S ABOBRE D DI — R B TU DR
B & Uik, BABER AL oD F2 IR oD 2 FLPE IR N AE
BROZ EBEGHRM T b, THIXEE R A
HEE T LA e KEE UC 2 O T DR A%
HBNELTHRET D, FHEINDEE & UTIEERME <A
4 vy~ 34 (Color Index No. 61710/61800, ASTM

B136-63T), otk A F /v A F vy PDT )V — )V

5w, Blau LLW, Orange RLN, Griin GLW, JF4s

FAA ¥ % %5 o
HIL0RTE & w4 2~ RICKRT,

TR & LG ORI A 1T\, Rz 50volss
HNOs, 18~22°C ooy iciZil, &7k O\ £

T L, BB LUEVCEBLEBEOSE 10min i, #&L
7oL IR OB -A30mInREE L, Rkl #IRLTE
oFEEk Grin GLW (10g/!/, Durand & Huguenin) %
BT L Smin BiR-D, T BH7 ¥ K THRWEE LK T
m%?éoC@ﬁ%ﬂ@%T@W@ﬁﬂ®ﬁ§Kiﬁfk

DESCHET D, (F2HR)
B2k AeRBONEM

TR OH Y B0 oo
s L 0 EbWTAK # o
LA IR 1 g ”
B 2 +HTHS * B
DA 3 % i o
E RS 4% 5 ”
FEH I 5 sp»THB ”

FDOMOFEE L THABORARBRPCEREL, B
BB, BERROBIREELDLI Eb bbb, 12& 21,
1/10N HNO; #wiic 120hrZE 45, BELLWLD &
DIV EDZED SEEG A A, BEREENSERENRE
Wix 1T\, 20mg/em2 Y T OB E RV I3EFLRE, 50m
g/dm? DI LOBEERY CIIHEHAAR LT5, FOMoiR
BINTWHEW E LTk, 5volw HoSO. M 6hr o
BiE, 0.2NHCI wwesh 20hr o@H, kv 78 1, 35Kk
106, v 787t Vv LEgDEEOEMSM T 15min
BREENR DD, Fiz, BIAROME &R I H LA R
DIz GBS — BB TH b,

AL DM L o CREMRENRE LS B b,
FREIKoA A 3k & B\ R, s s
L DEENEER—BETH B0, CNBICERINDK
DWMENLE LD TRERERTH D, H5HEAITHED
WHTHEOERIPE VI E UL IR EE T4,
I HEELORTORFITR, KETEARERETEOSEEN
MEEIND 2 EAS N,

BIRHAEN SN D EBEOL M L TH LT — 2%
B E TRE 3BT, ZIUTERE, BEFENE
BET BIC X AWEHRETROIMETH B, MEXZINHD
ERCE U ZMErHILAUE CREL EXINDENE H
NTHD, DA EETEME CHEL W 58N
TR LTEBELEZFORE F cE X3RN TR EWE S
ThbHo ¥, XEAWTOMKR LB REOE M LICEE

__~3__



Vol. 6 No. 4 TV 20 AORFMICOVT (BT H) (287)
#3% ERY BTHEMERSIORBHRCLBEEOEE
D. C. 1 30 9.1 20.62 1.30 1.706 597 69.8 2.788 18.28
D. C. 1.5 30 14.6 33.04 1.342 2.590 880 75.6 2.751 17.2
D. C. 1.5 60 29.2 52.66 1.246 7.572 2093 91.4 2.897 15.78
D. C. 2.5 30 24.25 55.94 1.395 4.133 1230 92.4 2.780 11.77
A C. 1.54 30 9.35 19.83 1.263 — 716 75.2 — —
A. C. 2.3 30 14.8 31.95 1.310 - 1006 81.8 - -
A. C. 3.8 30 26.3 - 87.59 1.355 — 1473 94.4 - -

7R AR LT B, MBI B8 L Crdk e ¢ A30m
InBBhs B FDkESALAEE N 2Thr CF DN — < A T TR
ST B ENWIMEL BB,

Pl L FWED I LIEBEBROFRE N E b THENE
(active) ThHHr DKL T, HILBZEEOL 2 ETH
LTH#sE (stable) /iRBBR /B Z & ThDH, 4%, WHE
LRI R NSRS D TH A o

2-5 BEOWY, »LUMEREH

FeREDIM R B U R (b 7 A R F O T2 e
ORAE, TREDE Y TETBLMOIT % & TORM TR
9 B HEIME—DORBIRBIREO L 5 Th b, EBED
BB L TCWWED Z LT B 8E, EEHOBR
B, n—K7 2O, FRKOHEE DGR
CHLTEETHE L ThHD, JISH 8601 KR LTH b ~
KT v FLOETFTHEFD L DR D TARER CEEARK
FHCBA L & BB BRI E B S,

PR A B i oD 1 v V2 B U bk B AT T v i/ R - BB C
EEAEITC &R LD ZOMEARD bhvd, BRER
MHEINERDDZLIIESRB7 VI =y A OB REIE
DFIEHF LT B INTIR D BERE 7 X751

CCCHMBE S e B S LBy 2 v RO BB D
WT T Do MILEIENRS0U Ll EDOE 0 & I FER L
5 HHEMNE0~100gTH B 235, FEEEOESHF Do H
B CIEBEE 210~30p OFF O & OKHTHY, ZDL
XCigls, 25, S0goERMENMER NG, BEOI 29
SR G E N L00g R DB E THMENNE B
CONTHRY M EFRTEEDNRE D, BEK L - T
HETTHLOLHD LD THD, - THRBORME
CLUTCHEL Y 2y EDOBRESL BN LD DRATEL Z
EREE UL, &, 22y ORBREBROFRTIIE AR
B, WE, NEESrfiLeFninwrgss, 2L
THIEE i - CRFTEAMEWE & ME O =B E VR T
LRt WO CTHEINDEHEM CHELAZ LD,

2-6 T ook
B FE R A B0 5k & UCRDOBEMB A
WA, BifgsH (CnSO0,.-5H.0) 20g, g (HCL, 22 -~
A FE)20ml, FEK U OO TR 16~20°C iz LT
HELFEEL, SminfE TS, KEAHIVIEEHIH
HUBBRED 2 4y F 258 bbb, EBEOBHEOEHE &
LT, ROWHELABW5, it (40~50%)100ml, 7 »
{tF t v v »10g, FEEER(Cn SO04-5H20)2g, Z D% [
BT 45 &, Bl LC7 v tipotERCRIENER X
, MTFEORABCETAORNTE 5, ZOBEMELN
B FE TORMABEATIE L, RBROBHE AT 5,
7o & 2,
OEBEO fo\ WSS 1E3secH PUCRE R D 2 K v T 2%
é{:—‘.—d~%0
OLREE CH: A U e FIEOEA I 10~15sec CHEFR
BOBAE AT Bo
@SR LR DB AL, FORERL X »THRO
FEd D E COBBNRER DL, @OFE & THR EXBIEN
HITERMIMARELET D,
BBEOLIMORBRA & LTRDO L D FERS Do
avibs ) v LEERICEE U 2 SRR L U
FoHE ST LT v 2 =T AR EDRMIICIEE &, 7w 3
= v R BEEEROBRE, HEELAE Lsx s
&35, BIRWEROLHLIBATN S0 LEHHR 2 ¥
FORHPREZ D, ZHBTETRAAL I D, 2L
Z2 VL,
B 1FEHA vrFof7r =y a8,
TS 60seclZE E&& COVIZARD,
FTRA 12 hEA v FOFEHEEI0%a vk Vv L,
avHEBH Y Y LOBRBRICEE LLOBR
BHEC DB,
BRI AL AL Uit o Al o —3f ke ptiE L, &
TV Y77 Yy TTHEHET D, M Tl bl bicE
BT 5D,
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wak  BEABERECLEET 35 EO BB

SWITZERLAND
BELGIUM FRANCE GERMANY ITALY veM 1961 |UNITED KINGROM| USR8 o
A.B.E. Draft Standard | D.LN. 17611 U.N.L 4522 Ol LRI D 3) Draft Architoctural |Aluminam
Draft Standard 1964 1863 1961 Draft Standard Sandard 1064 Association
V.S.M. 37271
PN . - Tp— s P U.Imil(2.50— "
15, — EBgHE 8, 4pmin r};}?ma% ?(l)“—wfﬂﬁﬁt]ﬂbji 3o o S S0Amil(0,y — PIE
20p —¥EREE 7R _|[7umin yﬂ;ﬁ}% 20Z A e 5T gu—ﬂré%wl(iggﬁms) 0.4mil(10p) — Hﬁ] Ens
45 IEE oD i BE B i — - B =4 RS 24 LS.
BUEORHE o ) ARMMICES (12— 3 = Y4 2 fmin —Sanon| 1gﬁp«]§gg B.5.1619 0.7mil (1) — ﬁi;#}mﬁc
250 —ifERL / #a S o] 250 —REFE by | 18
204 — B4t 20pmin~ i L\oH 908 00 25 — 4135 F AR (Alummum Associa
= /0 LA (B.S.1615% x 1:1964) tion standard)
B~ R &R i 0] ru;szﬁ&!i(U.N.Ls s B FEI S h A I D
BEE el R UYEEH | WL e UNT v Crmmty | e fgﬁ (B.244-A.S.T.M.)
W WEHRIC LB | ke BEEM W@ Sk (U 131213” M 3(‘,1 i?‘:’iﬁ%‘&jﬂl{g O R & o OEEER B
3 e - - PR (U.N.T. " B 1] 110-A.8.T.M.)
T s fe 2 e :TLEE ' 4512)|  WHTE S k7ot TR DL Lo " (B 110 .
- T & AR FRE(UNLL umJH‘%;fﬁﬁ‘s’x;fM EGEURF (e fv:
- - 3397) W (1964) (B.136-A.S.T.M.)
S TN HEEHEBU e s BE 1 UNFE I 5 A ot g S
RSN RER [ramRe Cetbm) ?'397§ O | RSN H BB LRI REN DL S N HERRO
B & it LR BB GELE) &@;l}a‘émtz—m HABROT R L ORI 4 (B.136-A.8.T.M.)
HILRER k- FASN ERLHE BTN LU
ii Kestermck BEREBO(B.S.1615)
TR Y —~ X
test(U.N.1.4522) Hose®
(HEHRE D)
Hees DML e Py A SERTOW] H0E S AL A B | BAEr 4 SRR QWA B 4 ST e 1
R FBimicitE S e RF-ORE T (B.S.1615) (D.658-A.S.T.M. 1944)
e e (U.N.L4717) (V.S.M. 37251) > )
s 7 EiGRER (HEHRL D)
e U el SRR S 2 PR
5 4 7 (Blue Scale)¥s , 5(B.S. 1615
— — GE=3 g .S, —
e ViR FovEER A Bt ( )
i (U.N.1. 4529) :
FFRIFHE Y LT 3 SROWB~2GHIIT Ly 5 oo K e 1 oC &9
001 £ T0~859% D4 T et
0 I b2 S 14 2260~80 | DAV
A - - - ] - H ARSI
SEHRAL LT & L 65 %ix LC 3 4# (B.S.
1615) BRI RERER. B.S.
%6 i 1615)
B L R & B L 7 KRR s & horo ko S R
6 B s e | B> 7 BRI K (B.S. 1615) (B.117-A.S.T.M.)
M} £ — el N iR gk SRR E Ay 7
YR B (U.N.L. 4530) Ak SR ER
@Enhd 5) (B.287-A.S.T.M.)
HapdpEen | =yrvromm HRmREEnL S RBRGE Y ¥ 7 ) » 7 BB L fe 7 v S =
Wi % | TETEETL | magnsha, - IS4 - e Y A % B R
TNI=T LD (D?ﬂM ;B%Eéﬂ% 2. (B.S. 1615
TR 35 < o (UN..1."4522) E&o

Fe— 4 BT HHER
@® DIN 50943; ME#E 0.5,
@ DIN 50944; 25cm? Ll LomEROR > &, Big CEBERD -k L, HsP04(d.1.75) 35m!,CrOs 20g, /k965mi (Al 2.5g/[1 b CEH) OHEH0
°Chlk, 10minkl kECRRAER LEREY 25,
® B.S.1615 Method B; HzPO4(d. 1.75) 3.5%V/V, CrO; 2.0% W/V %[, HEEdc JL“CIAH&@LEFR@“CW@&& 2.5, Wb T vk X B BB BT T
] 32,7, & 5,
@ ERTRAERTGS S OIERD S Dhd 5,
- Dermitron Thickness Tester, Unitd Process Assemblies, Inc., 37th Ave, Wovdside 77, N.Y.
- Filmeter, American Instrument Co., Silver Spring, Md.
- Isomiter-Type 2-080, Institute. Dr. Forster, Rentlingen/Wnrtt. Grathwohlstrasse 4, West Germany.
® Anthraquinone Violet RN 1g % 40m! OiKIC#R LT A ERSE LABRBECHT L, 5 min BB L CKEEY, Ky YR VE D BROBEYHET 2,
® Method D; marking test¢d b, 1lg0C.1Acid violet No.3d%50m! Ol L7z dye solution ¢ 1g @ sodium dioctylsulphosuccinate® #tizk
R L 12hr B LT 100ml i L7 detergent solution %/ L, 3¥1Eic dye solution #i#FLT 5 min HETS, ®ickEwWL
detergent solution % L ¥#7:#7¢ 15 sec =D, Kkt L, WHECHR LT mark OFECHET S,
@ Method C; Sulphur Dioxide Humidity %M+ 55T, 0.5~2%(vol%) D SO % 48 595~100% o 25+2°Co cabinet r*]L)B({uL FHRAER B
T 5.
Method N; 10g © sodium sulphite # 1 OEMkicmz, v 78<¢ pH % 3.6~3.8 x L, kT 5NHS0, #mz ¢ pH 2.5 L, 90~92°C ¢ 20
min i35, TOM 5 min ZXkH{ND, REOKRNKIIZTE X I 0 CHET 5,
® RALr A FDI502 v o 2 HHREEMBEKE AT 401/min CREMF S, & L CEBIE R LT 5 E LR O i DI EEEIg/ iR 2,




Vol. 6 No .4 TV ADERLITICOWT GBTH)

3. BEICHIT 2HMBHE

THECRT S 7NV I =9 A0 FEIIEEENO—%
Fte & o TNDHA, EOF G TER I RS
BRALAIBIC L > TREREIND Z &b &\, - THAE
L b FOMBFECE L TiE e D BRI A BB LT
LLH5ThDH, RICEEE CICEBRERBRERR AT
PET AHMAE 4 RTE LD B, INHMABEAEIKT S
BT DL OMKRIHERNR S DO TR SBEE BITUGRTE
NDHTHAH I L, I CURFIskic BB 7 — R
REINDTHHH ZEBHEEINS, 1 BbZDEMD
BrBAZEERI SO TH%,

4 =% & &

P EER (L AL B4 B #H I & - TR R IE O MEBEFRZAT I
XbOTREMMOETHD, SHETFHMSEE, XREWT
EBOHNLHERT L 5 LD FHMLERY KR R L
Wo E2EHE & OB X DB UL EDOMEREDFR A
WINCEEL R RET 502 B nabt, Hi—3hil
xR OFEREECESbE THLTNEZ SR LT
Who

B EABRECBICH D F A WEIhTLHEBE T
IESEWICE 5o

X [y

1) G. Paolini etal. : J. Electrochem. Soc. 112 No.132 (1965)
2) A. Domony etal. : J. Appl. Chem. USSR 33 1920 (1960)
3) Aluminium, (1964), 506
4y JCMA vF—FNo3 8L

T g ooniye, 16 No.3 (1964)
5) G. Darnault : Aluminium, 40 (1964), 290
6) P.W.R. Smith etal. : Trans. Inst. Met. Finishing, 41.

(1964), 90
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TR EEE I L A KBS OISR O FHAEITDOWT

1. #

ZOFAEN, KIS PRI R £ OIS SR
BREE OB AR O FIANT, JRRE A R I s 1T B IR
t&@b}\fﬁlzﬂﬁ‘i 3 LA REERHGBNE L I s TE I,

FORTL, & ICKPHFEEFROWEKREREL, 770
@K%ﬁk&&%K&W$ﬁ#ﬁ%%ﬂ%kbtﬁim
BEHMEKOERVIZUD & LT, BERO LA, GEEK
DERTEDE K EDORE L H - T, BRI LD HEN
EHINDLHIAD, FNEONT, @EREERTL -

TR A TES ABEENE LS R T & E/
IR AR IE I T B2, TR OREAER (L
OD*FIJ/"E/J\DI ETH LA LB - T, HKBEOHARRR

RSSO ET LK b T %,

&KV*&&@M&&ﬂmbm%ﬁ@%%ﬁ&bfb%
iz ik Sperry Gyroscope Co. 12 & A “Intrg?view”,
o J HPESh . Probolog, oo
W DOMD BRI ILT U B, 5

ORETH, B L b oy 4 75 v (Eddio
Gmmna%¢ékﬁmiﬁﬂﬁén,f@ﬁw,_@/
— 7 = XD FLOMEREDEESREEINS HITE - Ty
bo

WA PR E IR E B R =7 4 A 77 7 HIEA
L, HREEOWROHNE B EROFER L &7

SHIKERE OB AR OFRED 120, Mt % { DAY
ARG UTHELYB /o T &,

'@%Amh,HMHuAVAéWK‘”@%ﬁ&/
WMETZ S OBE, b THDMBHRAIEET LT
%%;&#b#ohﬁ,%ﬁ@ﬁ%%lﬁﬂ%&&é@ﬁ
OBEIE LT, T OBWMOMRE b OV FRE ORI FE7n &
I D Ofl AR, —BRAa Lo ThvZ E LB
Sl ST &z,

Z O D IR AR & A SEHIC A CHITKERE O AR
WaEME LW b, kX X”Lfb LD & LTS
(B E KW%%%(%?%Q@ F L OJUNE S
FBRDO T KDFEERI IS #5%@ﬁ®éo_ﬂ%@ﬂ
iz, & UTEKEE @ﬁ@%ﬂ%&@t@@%@ﬁ
WA2BEATFT 4 A7 7D7 VvEYLIIRDTED,

il

Shell Development Co.

BT EBLER Z L2, BEFNLIZONTORE
%%ﬁ‘%&%gﬂfb\éo
LL, INBOHERTRE AT, =74 479 704

2 BEH (7 vOEy LR L ENEHIET ZEEDOE
RE (B LHEE) DRI DT i) K&l "7 v x

* WS

B SBERT

aIRERBT  DARBEBXRT

L7z -TC

FOE

(BRI X S TL LV AT H 28,
HESRIN 7 L oo i 2 E DR BTV 04
7 B W TR S 23 AT el

$77, FE2EEC TN E XN THWDIEENE, €
DFTEFROVTHEHT L HLOTH DA, HHEKCLS
BaAELTHLDTH D, 4 HEHEAFAME L LTR
BTV BELEKC X ABAMEBI OWTHESILTY
AN

VL im o~y k5 A ks b, AR CIHE ST RIS U
TH I - RS (o7 4 4277 7) ORMEBRHER
P T2/ EOBROBREER, b0, =747
5 7 L AIEKEE DRI OFERD H HRELR LD
e B, BRI (LCEARy NEREIND) &
TF 4 AT L ATEER CEE LT vEYARLED
B BILS) & OMBERRIC T, HEREM RSN
w LCHE LR b G4 5.

2. BEHLEN

Wtz 4 4 7% 7% Photo, 1ieind L 57 L DT
ﬁ%,ﬂmﬁ%iw¢m~7in&ofméo

Photo. 1

2:1 & *#
D EifEsR « FEF MR &
2) ARSI T AT T
3 A AE
T + TD-200%1
I « AC 100V, 50~60c/s
R 2A
AR 1 05, 1, 5, 10 $ L 0¥ 20ke,
S B4

cIF 4 75 7 TD-200

[RlRES e
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4) Tw—7
B BB O A T e - T By o A S— Beyos— B
a4 {A) |2 4 UB) 2 4 UA) a4 uB)

o RPN/ A G N T VR i/ o B QL i
e aME 10~21mmé
5) FoBREl
M s HP-20 ~ v B AANERA 777
i ¢ 100V, 50~60c/s
260 RE L 128 EsK
ESEAL  h 66mm, B 40m#E A2tk 60m
2-2 B M
T4 AT 7 DRERERITS  ORTFOXEAZT Do
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s B M e | BT BR[| | e B % B 8| e | BB BEERY, ¢ i —
WOEIR W e | B S 2w DR S H e 2SR AT
A 20.5 36.3 19 9.0 | B # A 18.8 33.1 12 W
T4l B 21.2 36.1 20 93.5 ” T4 B 20.1 34.3 14 “
c 20.4 3.9 | 18 93.0 ‘ ” c 17.8 31.9 11 ”
1% I
A 20.1 35.7 N 88.5 // A 1 19.5 [ 32.8 1 ”
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5 — 2
MIG # # (EE13mm)
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B M| g | B T Bl v, s, | o W B M| B B, |FER, |
ooREH s ﬁfg/mmyg/mm,l % 7 T i B0 m s B Pomme keimme % g
A 20.8 5.6 | 1 7.8 | mEem A } 20.0 33.8 14 W R,
Ta| B | 29 | %3 | 15 | 92 |x = T4 | B | 27 | 69 18 BB
c | 20.8 35.6 ] 15 97.7 { WG c 20.0 33.6 13 PG R
Xm X
A ] 20.5 31.2 ] 10 80.8 | v A 20.4 33.6 1 2
T6 | B | 25 3.0 | 8 8.0 | moa Te | B | 217 | 352 n | 8% R
c 20.0 31.8 8 75.0 ’ e I c | 16 | 32.2 1| b a
A 213 | 3.9 15 86 | 7 A | 28 | 34.7 13 ! ”
T4 B 2.2 36.1 16 w2 | 7 T4 | B | 2.3 | 09 18| ”
c 19.6 33.1 1 09 | 7 c { 18.8 } 31.5 1| ”
Y Y
A 21.0 34.2 10 89 | v A | 204 | 336 12 ! ”
76| B 21.4 35.1 13 83.0 ” T6 | B 20.5 | 35.0 15| P
c 19.9 33.3 10 78.8 ” c 18.7 ] 31.4 ’ 1 ; 2
1 OBSEmR 1N, X3, YEREEREEEROC k,
2) BEEHEILEESEICE A,
3 JI5 593 MRB ORETENL 0mm,
B 6 & TIG, MIG MO (5% 3 5 ) 550)
6 — 1
TIG % # (F4mm)
JIS 5B ant ¥ JIS 545 — 4 el
i : 9 WA, Bl R o : i s, - ‘
N AR T RN i LR s A I e WEIR N e | 0 SR K BT
A 23.4 38.7 18 ] 0.1 | B o A 220 | 3.0 12 Ve
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c 22.5 | 38.0 16 98.6 ” c ‘ 20.1 31.8 10 2
] 1
A 23.1 38.0 16 94.3 ” A | a8 35.1 12 “
Te | B 22.9 37.7 14 93.5 2 Te6 | B 22.9 35.9 i ,/
c | 221 X ‘ 15 $3 | v c 22.3 32.6 7| P

-3




Vol. 6 No. 4 TEREEM 7V =y A 66 ZG43 OEEREIC ONT (309)
6 — 2
MIG #% # CHE 13mm)
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0 s | B OB | e | B 0, BN, (W ¥, |, o B | w o, iR, (v, [ |
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7 —1
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BB H | B PR BEDR | saram WO B s | B RN REIE L g
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T 577 5l BE

g1k (o e IR 4y
B | ft &3 B 2, %
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Cosi ] Mg | oNi | cu Fe | Mn e | o zn | Al
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6) Hiduminium RR55 &

gl16E (& g % i)
it S A% 4%, %
*# H
Cu Mg | i si | Fe Mn | T Zn Al
Hiduminium B.S. 1472, HF12 1.8~2.8 0.6~1.2 0.6~1.4 0.5~1.3 0.6~1.2 <0.5 <0.38 <0.2 24
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7) Hiduminium RR568 &
#19% 5 &
1t g 4 2, %
B it
Cu \ Mg Ni si Fe Ti Mn Zn
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8) Hiduminium RR57 ki

g2k 1t Ed % Vi)
1t L= B -5 %
=) "
Cu | Mn | Ti | Me | s | Fe Ni Zn Al
Hiduminium RR57 6.30 0.27 0.14 0.01 0.17 | 0.57 <0.01 0.05 31
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#17% Hiduminium RR58 Eu&#0 S-Nhig

9) Hiduminium RR58 #iEE
BE2BE (b o 7% i
it =2 % y:3
* "
Cu 1 Mg 5 Ni | Fe si | Mn ‘ T Zn Al
Hiduminium ,D.T,msm 1.8~2.7 | 1.2~1.8 | 0.8~1.4 | 0.9~1.4 | <0.25 <0.2 <0.2 <0.1 7
1
RR58 \ ®woOH 2.27 1.67 1.15 0.99 0.11 0.01 0.14 0.05 2
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10) Hiduminium RR59 |

#28% (b N i1 7
ft 5 P , % F
py B ‘ r
Cu Mg Ni si 1 Fe Mn | cr T | zn | oAl '
Hiduminium JIS H4131 1.5~2.5 | 1.2~1.8 | 0.6~1.4 | 0.5~1.3 | 0.6~1.5 | <0.2 - <0.2 0.2 7% i
RR5 # # 2.03 1.41 0.96 0.84 1.20 0.05 0.04 0.05 g - §
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H 7 ey -
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! TR Yo |- e - _
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| | i _
BBuR B 4 y i "
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