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Fiber Textures of Extruded Aluminium Alloy Rod

by Eiichi Hirosawa

The fiber textures developed in an extruded aluminium alloy rod have been studied

as a function of the radial position in the rod. The result shows that there are three

different zones in the rod; central, intermediate and surface zones.
The central zone has ordinary double fiber texture, (11134-(100], while the intermediate

zone has a double fiber texture, spiral (111)+pure (100], and the sureface zone has a

cylindrical texture, which is a combination of rolling texture (110) [112) and cube texture

(001) (100). The transition of the texture from the central zone through the intermediate

one is continuous and gradual. Spiral (111] texture has a constant relation between the

rotation and inclination of the crystal lattice.
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Photo. 1 Variation of X-ray diffraction patterns due to change of the radial positions in an extruded Al alloy rod.

Extrusion direction is vertical in photographs. Cu Ka-Ni-Filtered.
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Photo. 2 Back reflection photographs for pole figures of intermediate zone.
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Fig. 5 Pole figures for the spiral (111] texture of the intermediate zone.
For simplicity, the inside of the (224) pole figure was omitted.
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Fig. 6 -(a) Orientation of crystal lattice determined
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Fig. 6 -(b) Relation between locations of (1113}
pole and (002 poles.
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Fig.6-(¢) Relation between lattice rotation and
inclination for the spiral (111] texture.
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Study on Aluminium-magnesium-silicon Alloy (Rep. 2)

Effect of the Homogenization Treatment of Ingots and the
Extrusion Condition on the Mechanical Properties and Electric
Conductivity of Al-Mg-Si Ternary Alloy

by Shiro Terai and Yoshio Baba

This is to report on the study of the effects of homogenization of ingots and extrusion
conditions to the properties of extruded products of Al-Mg-Si ternary alloy.
The findings are as follows:

1. The effect of the homogenization treatment to the properties of the extrusion products
is dependent on the weight ratio of Mg: Si, in the region of balanced Mg,Si and excess-Si,
the influence by the homogenization treatment to the various properties of products
extruded under higher temperature is more than those extruded under lower temperature,
while in the excess-Mg region such relation is completely reversed.

2. The influence by homogenization treatment of long time heating at the lower
temperature, for example 20 hrs. at 350°C, to the properties of the extrusion products is
less remarkable than that of slow cooling after short time heating at the higher temper-
ature, for example 8 hrs. at 520°C. It is considered that, when homogenized at higher
temperature, the precipitates segregated in grain boundary and in grains are solved into
matrix and dispersed finely and homogeneously during cooling. On the contrary, when
the ingot is homogenized for long time at lower temperature, the precipitates segregated
in the grain boundary do not solve into matrix, and those in the grains is coagulated. It
is difficult, for such precipitates to solve again into matrix even when the ingot is heated
up to the extrusion temperature or to the higher temperature caused by extrusion operation.

3. In the case of using this kind of alloy for electric conductor, it is experimentally
confirmed that the mechanical properties and electric conductivity of the 7T5 heat-treated
products can compare with those of the standard (T6) of 6101 alloy. The further study
is necessary, however, for its actual use in the industrial activity.
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Table 1 Chemical composition of test specimens.

Chemical composition, %
Samples Mg 1 si 1 Fe } Cu 1 Mn ’ cr Zn Ti } Al | Bglanced ; v Breess
g Si
No. 1 0.42 0.81 0.18 0.008 0.003 Tr 0.012 0.008 R 0.66 — 0.07
No. 2 0.38 0.72 0.19 0.008 0.003 Tr 0.009 0.007 R 0.60 — 0.50
No. 3 0.82 0.31 0.18 0.008 0.004 Tr 0.025 0.006 R 0.85 0.28 —
No. 4 0.80 0.73 0.20 0.008 0.003 Tr 0.012 0.008 R 1.26 — 0.27

Table 2 Casting conditions of test ingots.

Melting temperature, °C 1 Casting temperature, °C

|

Chlorination I Mold temperature, °C

750 , 700~720

|

30 sec/4 kg melt } = 100

Table 3 Homogenization conditions of test ingots.

Not homogenized (As cast).

Heated at 350°C for 1 hr and then air cooled.
Heated at 350°C for 20 hrs and then aircooled.
Heated at 520°C for 8 hrs and then water quenched.
Heated at 520°C for 8 hrs and then air cooled.

o W

Table 4 Extrusion condition of test specimens.

Extrusion temperature °C
Size of extrusion

Extrusion speed m/min 10

350, 400, 450, 500, and 520

10mm¢ %3 holes

_._2._
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Photo. 1 The micro structure of the as cast ingots. x400x7%
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d) Mg 0.8% Si 0.7%

Homogenized for 1 hr Homogenized for 20 hrs

Photo. 2 The micro structure of the Al-Mg-Si alloy ingots homogenized at 350°C. x400x5.5/7.5
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b) Mg 0.4% Si 0.7%

d) Mg 0.8% Si 0.7%

Water quenched Air cooled

Photo. 3 The micro structure of the Al-Mg-Si alloy ingots homogenized at 520°C for 8 hrs. x400x5.5/75
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Table 5 Electrical conductivity of Al-Mg-Si alloys homogenized under various conditions. (Conductirity in IACS %)

As cast 350°Cx1 hr. 350°C %20 hrs. 520°C <8 hrs. 520°C x 8 hrs.
(A.CDH (A.CD (W.Q.) (A.C)
Mg 0.4
53.27 56.55 60.34 55.17 54.65
Si 0.3
Mg 0.4
49.31 56.89 58,62 50.86 50.17
Si 0.7
Mg 0.8
50.34 53.44 57.06 50.34 50.17
Si 0.3
Mg 0.8
48,96 52.75 56.89 46.37 46.03
Si 0.7
Table 6 Brinell hardness of Al-Mg-Si alloy ingot homogenized under various conditions. 10/500/30

As cast 350°Cx1 hr. 350°C <20 hrs. 520°Cx 8 hrs. 520°C x8 hrs.
(A.C) (A.C) (W.Q) (A.C)
Mg 0.4
34.1 26.8 27.0 33.1 34.4
Si 0.3
Mg 0.4
45.4 31.5 29.3 46.7 47.5
Si 0.7
Mg 0.8
44.4 32.4 28.8 52 51
Si 0.3
Mg 0.8
50 37.9 29.8 66 66
Si 0.7
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Photo. 4 The effects of homogenizing treatment and extrusion temperature on the micro structure of extruded

Al-Mg 0.4%—Si 0.3% alloy. x100x5%
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Corrosion Test on Condenser Tubes by Model Condenser

at Meiko Power Station (Rep. 2)

by Takemichi Otsu, Shiro Sato and Toshihiko Watanabe

A corrosion test on condenser tubes of various alloys has been running using an
model condenser at Meiko Power Station of Chubu Electric Company since Jan. 1955. In
previous paper, the results of inspection on some tubes taken out on Sept. 1956 were
reported. This paper reports the results of inspection on 100 tubes which were installed
in Jan. 1955 or Sep. 1956 and taken out on July 1962 after service of 23,000 or 17,000 hours.

The model condenser, in which 470 tubes of 19mm O. D., 1.0mm thickness and 2,086mm
length were set, was operated in flow rate of 2.0 m/sec using sea water pumped up from
Nagoya harbour.

The tubes used in this test includes the following alloy ones; (1) arsenical Admiralty
brass (annealed) (2) aluminium brass (annealed) (8) noninhibited Admiralty brass (stress
relieved) (4) noninhibited Admiralty brass (annealed) (5) 70-30 cupronickel (annealed)
(6) 90-10 cupronickel (quenched) (7) 90-10 cupronickel (heat treated for precipitation)
(8) 90-10 cupronickel (annealed) (9) Albrac: aluminium brass modified with silicon and
antimony (work hardened) (10) Albrac (stress relieved) (11) Albrac (annealed) (12)
Albrac (over annealed) (13) arsenical aluminium bronze (annealed).

Following results were obtained by detailed inspection.

1. On Admiralty brass tubes, severe corrosions with uneven and linear corrosion
marks were seen at the central portions and both ends of tubes respectively. But, no
impingement attack was observed on each Admiralty brass tube which was installed only
at the upper section of condenser (2nd pass) as has ever been observed in the previous
inspection on same alloy tubes installed at the lower section of condenser (Ist pass). This
fact shows that the action to cause impingement attack is dependent of degree of turblent
flow.

2. No dezincification corrosion were seen on every Admiralty brass tubes. The depths
of corrosion of Admiralty brass tubes were almost in range from 0.15 to 0.5mm.

3. Aluminium brass and Albrac tubes suffered from slight linear corrosion Wthh
was composed of small pits. The depth of pits was less than 0.20 mm except abnormal
corrosion pits due to obstruction of solid materials.

4. No difference on corrosion resistance were seen between work hardened, stress
relieved, annealed and over annealed Albrac tubes. :

5. 90-10 and 70-30 cupronickel alloy tubes were resistant to corrosion. The depth of
corrosion of every tubes was less than 0.07mm and it was impossible to discriminate the
difference of corrosion resistance of some 90-10 cupronickel tubes of different heat
treatment.

6. Arsenical aluminium bronze tubes showed fairly good resistance to corrosion.

7. The chemical analysis and determination of scale formed on each alloy tube showed
that the corrosive condition to which the tubes have been exposed was not that of clean
sea water but that of slightly polluted sea water.
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Table 1 Details of the tubes used in model condenser.

Mechanical
Chemical composition, % Final properties Hardness
Mark Alloys Temper annealigxcx:g Tensile | Elonga- Rockwell
Cu | zn ‘ Sn ‘ Al| Nil si | As | Fe temp., sig?ggrgﬂl tl(;/;x, g
Arsenical
1 Admiralty brass 70.0| R 1.0 — — — | 0.04| — | Annealed 500 35.7 72 62
2 Aluminium brass 770 R 20| — — | 0.04; — | Annealed 500 42.6 58 82
3 Admiralty brass Stress relieved 350 38.2 63 77
700 R | 10| — | — | — | —|—
4 Admiralty brass Annealed 500 34.8 69 61
5 70-30 Cupronickel R R — — | 80.0 — — 0.5 | Annealed 800 43.3 43 76
- i Quenched (solution _
6 90-10 Cupronickel treated) 30.1 30 85
s Work hardened and
7 90-10 Cupronickel R | —~ | —~ 1~ 10.0] — | — |1.25| precipitation — 45.2 14 94
treated
8 90-10 Cupronickel Annealed 600 33.8 44 70
9 Albrac Work hardened — 64.5 10 103
10 Albrac Stress relieved 400 52.0 47 93
78.0] R — 2.0 — 0.3]0.04] —
n Albrac Annealed 500 47.1 53 90
12 Albrac Over annealed 700 38.9 70 53
13 Aluminium bronze R — 6.0 — — [0.16| — | Annealed 600 52.0 56 97
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Fig. 1 Installation of test tubes shown in Table 1 in the model condenser. (Front view of the tube sheet.)

Section B 2nd FIOw

Section B Ist Flow.

Section A.2nd Flow.

Section A. Ist Flow.

Fig. 2 Installad position of the sample tubes. (Front view of the tube sheet)
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Table 2 Sampling schedule of the test tubes for inspection.
Sample tubes/installed tubes
$ection A B
F\l.o\w A-U (upper) A-L (lower) B-U(upper) B-L (lower) The
Mark Alloys Date of
instal- 2nd 1st 2nd 1st total
lation
TempéN Dec. ’54 Oct. ’56 | Dec. ’54 | Oct. *56 | Dec. ’54 Oct. ’56 | Dec. '54 Oct. ’56
Arsenical . — . — —
1 | Admiralty brass Annealed /g /s /s /s 1/20
2 | Aluminium brass Annealed 2/s /s 9/ 3/12 2/s /s /s /s 11/59
3 | Admiralty brass Stress relieved 1/g 1/ — — 1/ 1/y — - 4/14
4 | Admiralty brass Annealed /g 1/ — — 1/ 1/ — - /14
5 | 70-30 Cupronickel Annealed — — — 3/12 — 2/s — 1/12 %/30
6 | 90-10 Cupronickel Quenched 2/ /e 0/ %/ %/s /g /s /s 8/s0
7 | 90-10 Cupronickel Pregli‘g;gaet(;on 2/s 1/ o/ 0/ 2/s 1/ 9/3 e /30
8 | 90-10 Cupronickel Annealed 1/q /s /s /s 2/s /s 9/s /2 5/30
9 | Albrac Work hardened 3/ 1/ /s 9/2 2/ 1/ 1/ e 8/51
10 | Albrac Stress relieved 5/18 3/s 5/a1 2] 5/18 /s /59 /s 27/141
11 | Albrac Annealed 2/ /s 9/y 0/s 2/g 9/y /s 9/s 5/20
12 | Albrac Over annealed 2/s /s /s 9/s /s 2/s /s 9/a /81
13 | Aluminium bronze | Annealed - - — 2/s - — — 2/5 */10
Total 22/g9 18/41 5/70 /45 22 /59 13/51 8/s1 8/84 100/ 170
= A ical
3. BIRERERR reenica
. Admiralty brass
= et N . . - ndn (Annealed)
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FUMRED B, IH VIR TL7 FI Iy o ~HIRE,
TRy AR, BLUO TN T Ty s EERARESS
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Aluminium brass
(Annealed)

Admiralty brass
(Stress selieved)

Admiralty brass
(Annealed)
70—30

. Cupronickel
(Annealed)
9010
Cupronickel
(Quenched)
90—10
Cupronickel

(Precipitation
tr%ated)

. Cupronickel
(Annealed)

Albrac
(Work hardened)

© Albrac
(Stress relieved)

! Albrac
(Annealed)

Albrac
(Over annealed)

Aluminium bronze
(Annealed)

s O
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Photo. 1 Corrosion of outer surface of each tube.
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Photo. 2 Scale formd on annealed arsenical Admiralty

brass tube.
1—~AU~29
1—AU--86

1--BU—32
Photo. 3 Corrosion of annealed arsenical Admiralty

brass tube.

3—BU-—44
Photo. 4 Corrorion of stress relieved Admiralty brass
tube.

4-—AU—57

Photo. 5 Corrosion of annealed Admiralty brass tube.
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Photo. 6 Corroded parts of arsenical Admiralty brass

tubes and their cross sections.
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Photo. 7 Corroded parts of Admiralty brass tube and

their cross sections.

AR D EEL b

Table 3 mB&7 FI o7 0 —EOBNEEEY &I
Wl oAb~ =7 VEOBAENESE0.57mm Y
HEAMLEE Lico ZOMENDLIVELHEAD 7 F 3
LT 4 —EOMAMEG e EEEETRNT FITNT 14—
BEN$Y5H LD ThHMN, TNHRFENREDTHDH
EAMIEL S bn b\ Fioy WTENOE b ERIEA
4 D BT e BOWBERINC X SRS IER
Blbrbihhole

.__5__.



(114) TR E 2 B B & April 1963
Table 3 Determination of corrosion depth of each test tube.
( ): corrosion by deposit attack.
(mm)
Maximum depth of corrosion pits f inner surface
at each area.
Mark Alloys Section | No: inlz:;fl:tfion 0~1043 mm l 1044~2088mm
upper half lower half i upper half lower half
Arsenical Admiralty AU 29 Dec. ’54 0.15 0.09 0.44 0.15
1 brass ke 86 Oct. ’56 0.20 0.47 0.24 0.10
) B--U 32 Dec. 54 0.14 0.19 0.29 0.10
K 92 QOct. 56 0.56 0.39 0.57 0.33
9 Aluminium brass A—U 28 Dec. '54 0.02 0.02 0.02 0.03
© ” 61 ” 0.01 0.01 0.02 0.02
7 110 Oct. ’56 0.02 0.02 0.02 0.03
A—L 83 K 0.01 0.01 0.01 0.01
K 91 K 0.02 0.02 0.02 0.02
S 105 7 0.01¢0.10) 0.20(0.10) 0.08 0.02
B—U 33 Dec. ’54 0.02 0.02 0.12 0.13
K4 68 ke 0.02 0.10 0.10 0.08
7 119 Oct. 56 0.02 0.02 0.05 0.04
B—L 29 K4 0.02 0.02 0.02 0.02
k4 44 Dec. 54 0.01 0.02 0.05 0.01
Admiralty brass A—U 37 Dec. '54 0.10 0.12 0.45 0.20
3 7 60 Oct. *56 0.16 0.15 0.15 0.15
/e B B—U 44 Dec. '54 0.17 0.10 0.15 0.15
K4 69 Oct. 56 0.35 0.23 0.15
Admiralty brass A—U 26 Dec. ’54 0.07 0.15 0.16 0.16
4 K4 57 Oct. ’56 0.15 0.10 0.11 0.14
0 B—U 35 Dec. '54 0.09 0.26 0.15 0.10
4 5 | Oct. s 0.14 0.11 0.15 0.13
70—30 Cupronickel A—L 53 Oct. ’56 0.05 0.02 0.02 0.01
5 o K4 57 ke 0.03 0.03 0.03 0.04
@ ” 64 % 0.02 0.02 0.01 0.01
B—U 82 7 0.03 0.02 0.04 0.03
K 107 K 0.04 0.04 0.04 0.06
B-L 83 e 0.1 0.03 0.03 0.06
kS 50 K4 0.06 0.06 0.04 0.07
K4 52 ke 0.02 0.07 0.05 0.06
4 65 7 0.04 0.03 0.04 0.04
6 90—10 Cupronickel A—U 82 Dec. '54 0.01 0.01 0.01 0.01
(@ 7 120 7 0.03 0.04 0.01 0.01
K 118 Oct. '56 0.02 0.01 0.02 0.01
B—U 31 Dec. 54 0.01 0.01 0.01 0.01
” 78 z 0.02 0.03 0.01 0.01
K4 117 Oct. 56 0.01 0.04 0.01 0.01
7 90—10 Cupronickel A—U 55 Dec. ’54 0.03 0.02 0.06 0.07
H z 62 7 0.02 0.01 0.01 . 0.01
(H) ” 17 Oct. 56 0.02 0.01 0.01 0.02
B—U 30 Dec. ’54 0.01 0.01 0.03 0.02
K4 65 7 0.01 0.01 0.03 0.02
7 103 Oct. *56 0.01 0.01 0.0 0.01
8 90—10 Cupronickel A—U 34 Dec. ’54 0.01 0.01 0.01 0.01
ke 116 Oct. ’56 0.01 0.01 0.01 0.06
B—U 29 Dec. ’54 0.01 0.01 0.01 0.03
K4 64 ” 0.01 0.01 0.01 0.01
v 102 Oct. ’56 0.01 0.01 0.01 0.01
9 Albrac. AU 24 Dec. ’54 0.02 0.10 0.09 0.02
(H) kS 25 K 0.02 0.03 0.01 0.09
K4 78 ” 0.02 0.02 0.08 0.02
k4 115 Oct. 56 0.01 0.02 0.05 0.01
B—U 28 Dec. '54 0.02 0.16 0.19 0.03
7 63 K4 0.12 0.12 0.12 (0.48)
4 101 Oct. ’56 0.13 0.15 0.13 0.10
B—L 98 Dec. '54 0.0 0.02 0.02 0.03
10 Albrac. — 1 Dec. '54 0.06 0.02 0.01 0.01
(/2 H) k4 6 K 0.01 0.02 0.01 0.02
K4 52 k4 0.18 0.03 0.02 0.02
ke 79 K 0.01 0.01 0.01 0.01
K 89 K 0.08 0.02 0.06 0.02
K 71 Oct. '56 (0.30) 0.01 0.01 0.07
ke 97 7 0.13 0.11 0.12 0.21
K 114 kS 0.01 0.02 0.02 0.05
AT, 4 Dec. 54 0.09 0.02 0.02 0.02
4 8 7 0.06 0.02 0.11 0.10
K 11 K 0.01 0.02 0.04 0.01
ke 12 K 0.01 0.01 0.01 0.01
z 16 K4 0.01 0.01 0.05 0.02
K 21 Oct. *56 0.13 0.12 0.16 0.10
B-~U 3 Dec. 54 0.17 0.11 0.04 0.10
K4 6 K4 0.02 0.03 0.02 0.05
ke 9 K 0.14 0.15 0.13 0.15
K4 27 K4 0.11 0.17 0.08 0.08
K4 74 K 0.22 0.08 0.11 0.25
7 100 Oct. '56 0.04 0.02 0.05 0.10
(7)
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Maximum depth of corrosion pits of inner surface
at each area.
Mark Alloys Section | No: Date of 0~1043 m 1044~2088mm
installation
upper half lower half upper half lower half
10 Albrac B—L 2 Dec. ’54 0.04 0.02 0.51 0.08
(5H) v 19 ” 0.02 0.02 0.05 0.10
K4 23 ke 0.13 0.13 0.10 0.07
K4 86 K 0.06 0.09 0.02 0.12
K 94 K 0.02 0.01 0.01 0.02
K4 111 K 0.01 0.20 0.02 0.15
K4 21 Oct. ’56 (0.59) (0.40) 0.02 0.02
1 Albrac A~U 31 Dec. 54 0.17 0.01 0.05 0.11
[€9)) ” 76 ke 0.01 0.04 0.02 0.01
ke 113 Oct. ’56 0.01 0.01 0.02 0.05
B—U 60 Dec. ’54 0.08 0.08 0.07 0.02
K4 86 0,22 0.13 0.10 0.06
12 Albrac A—U 30 Dec. *54 0.02 0.01 0.01 0.01
(0.0) K4 75 k4 0.01 0.01 0.01 0.01
ks 112 Oct. 56 0.01 0.01 0.03 0.04
B—U 71 Dec. 54 0.03 0.01 0.02 0.03
ke 97 K 0.01 0.02 0.05 0.02
4 98 Oct. '56 0.02 0.07 0.04 0.01
4 99 0.01 0.03 0.07 0.08
13 Aluminium bronze A—L 71 Oct. ’56 0.01 0.01 0.01 0.02
[(®)] K 79 7 0.08 0.04 0.04 0.01
B—L 30 7 0.01 0.01 0.01 (0.16)
K 33 ” 0.07 0.01 0.01 0.01

4—AU—-57

2-BU—119
4—BU—58

2—BU--29

2—-BU—119
4—AU—57

2—-BU—29
4—BU—58

x20x1/2
x20x1/2 o
Photo. 10 Corroded parts of Aluminium brass tubes
Photo. 8 Corroded parts of Admiralty brass tubes and and their cross sections.
their cross sections. 3.1.9 7= NG
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Photo. 12 Corroded parts of 70-—30 cupronickel tube

and their cross sections.

Photo. 13 Corrosion of 90-—10 cupronickel tube
quenched for solution treatment.

|
|

7—BU—30
Photo. 14 Corrosion of 90—10 cupronickel tube heat
treated for precipitation.

8—BU 102
Photo. 15 Corrosion of annealed 90—10 cupronickel tube.

6--AU-82

6--AU-120

6—AU-—-82

6-—AU—120

%205 1/2
Photo. 16 Corroded parts of 90—10 cupronickel tubes
and their cross sections.
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7—AU—55

7—BU--30

7—AU~55

7—BU—30

%20%1/2
Photo. 17 Corroded parts of 90--10 cupronickel tubes

and their cross sections.

8—BU--29
8—BU--102
8—BU—29
8—BU--102
x20x1/2

Photo. 18 Corroded parts of 90-—10 cupronickel tubes

and their cross sections.
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10—BL—94
Photo. 20 Corrosion of stress relieved Albrac tube.

11—AU—31
Photo. 21 Corrosion of annealed Albrac tube.

12—-BU~71
Photo. 22 Corrosion of over annealed Albrac tube.
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9-BU-2
11-BU-—86
9—BU—63
9-BU-—28
11—-BU—86
9—BU—63
x20%1/2 20172

Severe corrosion of the tube (9—BU—63) shows the abnormal
corrosion caused by obstruction of solid materials.

Photo. 23 Corroded parts of Albrac tubes and their

cross sections.

10—AU—97

10—-BU—3

10--AU—97

10—BU-3

% 20%1/2
Photo. 24 Corroded parts of Albrac tubes and their

cross sections.
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Photo. 25 Corroded parts of Albrac tube and their

cross sections.

12-BU~T1
12—BU~99
12-BU~71
‘ : L . 12-BU-%
L
x20%1/2

Photo. 26 Corroded part of Albrac tubes and their

cross sections.
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13—BL--30
Photo. 27 Corrosion of aluminium bronze tube.

solid materials.

13—BL—30

13—BL—33

13—BIL~-30

13—BL-33

x20x1/2

Upper photograph shows the corrosion caused by obstruction of

Photo. 28 Corroded parts of aluminium bronze tube

and their cross sections.
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Table 4 Result of determination of maximum depth of corrosion pits.
(mm)
S Section ; A=U AST B-U BT
I L (ond flow) (18t flow) (ond flow) (Ist flow)
Item No: No: No: No:
Mark Alloys of test Mean | Range [of test] Mean | Range |of test| Mean | Range of test| Mean | Range
Temper | tubes tubes tubes tubes
Arsenical 0.44~ 0.29~
1 Admiralty brass Annealed z 0.46 0.47 - - - 2 0.40 0.57 - - -
2 | Aluminium brass Annealed s Lo | 90~ s oos | Sl s oo | 0BT 2| oo | (G
3 | Admiralty brass Stress relieved 2 0.40 822 - — — 2 0.16 8%3~ — — —
4 | Admiralty brass Annealed 2 | 016 | 018 — — — 2 | 021 | 015~ - -
0.16 0.26
5 | 70—30 Cupronickel Annealed — - — s loos | 3%~ 2| 005 | 0] 4| 06 0.0~
6 | 90—10 Cupronickel Quenched 3| 002 30~ — — - 3| 00 | 08~ _ _
7 | 90—10 Cupronickel Precipitation 3 | pos | 002~ -~ _ s | o | 001~
a . 0.07 : 0.03 — — —
8 | 90—10 Cupronickel Annealed 2 | 004 | DU~ — — — s | ooz | 0~ _ - _
9 | Albrac Work hardened a oo | 3B - | —| - 3015 | 0327 | s | 0.0
10 | Albrac Stress relieved s oo | 00~ 6| oo | $U e | oas | §RT 7 om | §RT
11 | Albrac Annealed s |00 | 3W -] -1 - 2015 | 0¥ - - -
12 | Albrac Over annealed s oo | JU — ) -] - e oo | 3B | —| -
13 | Aluminium bronze Annealed — — - 2 0.05 88§~ — — — 2 0.04 8g%~
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BOKIC L DIBER LD 2ia b Vinh ot B O B O EIWRHIC K Lic 2 7 ~ v b B O TIE
3-5 HFAEMERT—ILEOHE RE7LIGE & 03 2 BV WAL, KIE OIS BN, FER
ZEE ORI PRI L DR (196 X608) &8I b | 13 Table 10 & L ' Fig. 4 ©n< . ~~ 71, 8, 4% (7 F
T DORETE A 7 — VA TEETIHROE {t &V sRD Ao TTNT 4 ) TR b R16mg/em2TRb £ < .
S%I i 2 3 4 5 6 7 8 9 10 1 12 13
'7//0 7030 | 90-30 | 9010 | 2010
%[ Arsent - - o
/o; 5 A;;egr::ocf?}/ Aiumlmum/\dgmrohy Admiralty Cupro- | Cupro- Cupro- | Cupro- | Albroc Albrac Albrac | albrac Aigrmou:;upm
& brass brass ross brass nickel nickel nickel nickel 2
Precipito- Work Stress Over
St , or
NO Annealed] Annealed reirizsvsed Annedled| Annealed|Quenched ‘rgsgd Annealed hordensd | relieved Annealed annealed Annealed
of
tubes 4 H 4 4 9 6 6 5 8 27 5 7 4
o £
B o 52 —
z L = g Z 3
— 10 — —_ - . N ;/ S
L [== o =2 =2 g S L1 Cj_
- = S BB BE E
I - e 1
L A s %
=5 B .
- wEE - = - 1 K %
- == |E : oo a8 U
- | Ti 7~ A Z
DEZELDEEOD@EO DRI DOEE DB DIT@ED|DOE@| T2 TRED| VLI DB
Range on maximum depth of corrosion pits. 15 <0.09mm. @ 0.10~0.19mm
® 020~0.39mm. @>0.40mm.
Fig. 3 Histogram on maximum depth of corrosion pits.
m 2nd flow (Upper part of condenser) ::] ist flow (Lower port of condenser)
Mark
o 1 2 3 4 5 6 7 8 9 10 1 12 .13
Alloys |Arsenical . . ) 70—30 |90~10 {9010 | 90—10 .
AdmiroltyAlUmmmmAdmmlWAdm'm“y Cupro- | Cupro- | Cupro- | Cupro- | Albroc | Albrac | Albrac | Albroc ALurmmum
o %c; brass bross brass | brass | Lol | onickel | nickel | nicke! || Pronze
g\ e precipita- Work
= Stress : or Stress Over
3 Annealed| Anneadled relioved AnnealediAnnealed|Qnenched z::szr;ed Annealed) oo il relieved [Annealed annedled]Annedled
20
= |8
mg, - -
A S em® H -
10 1 -
St . — H E E
20 E ([
-
15} —
mg, = B
Sem # - ]
B 10 : -
| : : g] E
= E E | 7

Fig. 4 Mean value of quantity of scale formed on each tube.
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Table 5 Result of tensile test on test tubes.
1 2 3 4
Test [07:38% Go.2¢ 5, ) Test UB,( ) [o23 2,( ) ,( ) (15 )
Alloys H.R.F Alloys H.R.F.
tubes kg/mm?* | kg/mm® | % tubes kg/mm? | kg/mm2 %
(o) [¢] AU-—-29 30.5 11.4 34 65.2 @ H AU—24 63.4 60.1 11
Arsenical 86 31.9 11.1 64 64.4 25 59.4 56.8 10 108.6
Admiralty BU—32 31.3 11.1 51 63.2 78 59.3 55.9 11 108.0
brass 92 31.7 11.0 53 67.3 Albrac 115 63.0 50.6 10 110.0
® O | AU-—28 40.2 18.3 56 81.5 BU-28 o1 or.8 108.0
A .. 63 58.3 54.9 12 109.0
luminium 61 40.8 18.7 56 81.6 101 60.7 57.4 9 110.0
brass 110 40.0 17.7 42 80.3 BL—98 60'3 58.0 10 90'1
AL-—83 40.7 18.6 54 83.8 . ’ .
g1 40.6 . 18.5 57 81.8 1/.H AU~ 1 49.0 29.1 45 90.8
105 40.1 18.3 58 81.7 6 47.1 24.4 50 75.1
Bu—33 41.0 19.2 56 82.7 52 48.3 27.8 47 93.1
68 40.6 18.9 56 81.8 Albrac 79 45.5 24.0 50 90.8
219 40.1 18.5 56 82.6 89 48.4 28.3 45 94.7
BL—29 40.1 18.0 57 81.3 71 48.8 28.6 45 94.5
44 41.4 18.9 57 82.1 97 49.3 29.% 45 96.6
114 48.1 28.0 47 94.
® 1/eH AU-—-37 34.4 16.4 48 77.2 AL— 4 46.6 93.3 51 89 3
Admiralty 60 33.6 13.9 54 73.7 Py 46.7 25'4 46 92'0
brass BU—44 36.2 16.6 33 76.8 1 45.4 231 s 91.0
69 33.4 14.7 43 75.4 12 45:7 25:3 50 91:5
@ o | au-26 | 301 10.9 | 50 | 640 16 47 24.0 51 91.2
Admiralty 57 30.8 106 | 82 | 640 2 48.6 29.0 45 9.8
brass BU-35 | 312 1.3 | 54 | 65.4 BU—3 48.1 2.9 46 92.3
8 | 30.0 10.8 | 47 | 60.3 6] 4.8 2.0 4 9.2
9 44.5 22.5 51 89.2
o] AL~53 42.7 17.0 36 79.3 27 47.8 28.0 47 94.6
70—30 57 40.8 16.8 36 81.9 74 49.3 30.5 45 96.8
Cupronickel 64 39.4 15.7 36 7.4 100 44.9 23.1 50 91.6
BU—82 39.3 15.4 42 77.5 BL— 2 43.7 22.5 50 89.5
107 39.8 15.9 36 81.8 19 45.8 25.5 45 92.8
BL~50 39.1 15.5 33 78.5 23 47.8 27.9 46 93.2
52 39.3 15.7 36 80.4 86 46.8 26.7 46 93.2
65 41.7 17.2 37 82.5 94 44.6 23.4 49 91.5
83 39.0 15.2 38 84.9 111 46.1 24.8 47 92.6
21 48.0 28.1 46 96.1
® AU-—-82 31.4 30.6 26 88.6
90—10 118 28.0 22.4 29 77.0 @ (6] AU-31 48.7 28.6 46 94.5
Cupronickel 120 31.7 30.5 25 90.0 76 45.6 23.0 50 88.3
BU—31 29.5 26.9 32 85.1 Albrac 113 46.3 25.0 48 92,1
78 31.7 30.7 23 87.6 BU—60 45.0 25.0 49 91.8
17 31.6 28.4 30 86.6 86 45.6 24.9 49 91.0
H AU—55 48.4 42.7 8 99.1 @ 0.0 AU—-30 36.3 9.3 65 58.2
90—10 92 47.2 46.3 5 102.0 75 37.1 10.1 67 59.8
Cupronickel 117 48.2 46.7 7 100.6 Albrac 112 36.1 9.2 65 57.8
BU—30 40.9 39.2 15 99.2 BU—-T71 38.3 10.7 63 62.4
65 46.7 45.4 4 101.7 97 38.5 10.8 62 62.1
103 45.1 44.0 7 101.6 98 37.7 9.6 67 58.8
99 37.2 10.3 62 88.2
6] AU—34 34.3 15.9 41 73.6
90—10 116 31.2 12.9 39 67.7 ® O AL—71 48.6 25.7 57 97.7
Cupronickel BU—29 32.2 13.7 42 71.2 Aluminium 79 51.0 28.6 55 49.6
64 33.3 14.5 42 73.3 bronze AL-—30 49.5 24.8 56 95.6
102 31.6 12.7 45 67.1 33 50.4 27.7 54 98.8
(1) 0B: Tensile strength. (2) Oo.2: Yield strength.  (3) &: Elongation.  (4) H.R.F: Rockwell hardness “F” scale.
Table 6 Effect of corrosion on the tensile strength of test tubes.
Tensile strength, Section A Section B
(kg/mm?, mean) AU AT B—U ( B—1, (lower)
All T Aft — upper) — ower) — upper) —L. (lower
Mark ovs emper As o %nd Flow Tst Flow %nd Flow ist Flow
prepared cor{:ssgon Range Mean Range Mean Range Mean Range Mean
Arsenidal
1 Admiralty brass Annealed 35.7 31.4 30.5~31.9; 31.2 — - 31.3~31.7, 31.5 — -
2 Aluminium brass Annealed 42.6 41.2 40.0~40.8 43.0 40.1~40.7] 40.5 40.1~41.0] 40.6 40.1~41.4 40.8
3 Admiralty brass |Stress relieved 38.2 34.4 33.6~34.4 34.0 — — 33.4~36.2 384.8 — —
4 Admiralty brass Annealed 34.8 30.4 30.1~30.3, 30.2 — — 30.0~31.2) 30.6 — —
5 70—30 Cupronickel | Annealed 41.2 40.1 — — 39.4~42.7) 40.9 39.3~39.8 39.6 39.0~41.7 39.8
6 90—10 Cupronickel | Quenched 30.1 30.7 28.0~31.70 30.4 — — 29.5~31.7) 30.9 — —
7 | 90—10 Cupronickel | Lrecipitation £5.2 46.1 | 47.2~48.4 47.9 - — | 40.9~46.7) 1.2 - -
8 90—10 Cupronickel | Anneald 33.8 32.6 31.2~34.3, 32.8 — - 31.6~33.3, 32.4 - —
9 Albrac Work hardened 64.5 60.6 59.3~63.4| 61.3 — — 58.3~60.7{ 59.7 60.3 60.3
10 Albrac Stress relieved 52.0 46.8 45.5~49.3] 48.1 45.4~48.6 46.4 44.5~49.3; 46.7 43.7~48.0| 46.1
11 Albrac Annealed 47.1 46.1 45.6~48.0, 46.9 - — 45.0~45.6| 45.3 — —
12 Albrac Over annealed 39.2 36.5 36.1~37.1] 36.7 — — 37.2~38.5] 37.9 - —
13 | Aluminium bronze | Annealed 52.0 49.8 -— — 48.6~51.0| 49.8 — — 49.2~50.4 49.8

— 13 —
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Table 7 Effect of corrosion on the elongation of test tubes.

Elongation, % Section A Section B
Marts | Allos Temper | AT A UGpeen | AL (owen |5 Unen [ B Goven
prepared coré'é)sséon Range | Mean | Range | Mean| Range | Mean| Range | Mean
1| Arsenical  rass Annealed 72 53 | 34~64 | 49 — | =] s~ | & - =
2 | Aluminium brass Annealed 58 56 42~56 53 54~58 56 56 56 57 57
3 | Admiralty brass Stress relieved 63 45 48~54 51 — —_ 33~43 38 —_ —
4 | Admiralty brass Annealed 69 46 32~50 41 — —_ 47~54 51 — —
5 | 70—30 Cupronickel Annealed 43 37 — - 36 36 36~42 39 33~38 36
6 | 90—10 Cupronickel Quenched 30 28 25~29 27 — - 23~32 28 - -
7 | 9010 Cupronickel | Precipitation 1 8 5~ 8 7 - - 4~15 9 — -
8 | 90—10 Cupronickel Annealed 44 42 39~41 40 -— - 42~45 43 — -
9 | Albrac Work hardened 10 10 10~11 1 - - 9~12 9 10 10
10 | Albrac Stress relieved 47 48 45~50 47 45~51 49 45~51 48 45~50 48
11 | Albrac Annealed 43 49 46~50 48 - — 49 49 — —
12 | Albrac Over annealed 70 63 65~67 66 — - 62~67 64 — —
13 | Aluminium bronze | Annealed 56 56 — — 55~57 56 — — 54~56 55
Table 8 Chemical analysis of the tubes.
Chemical composition, %

Mark Alloys Temper (Typical analysis)
Cu | sn | Al | Ni | si | As | Fe|Mn | Po| zn
1| Apenical rass Annealed sl oo~ — = 008 003 — 003 R
2 Aluminium brass Annealed 76.67 —_ 1.76 — - 0.06 0.02 —_ 0.01 R
3 Admiralty brass Stress relieved 69.54] 1.08) — — - - 0.02 — 0.04 R
4 Admiralty brass Annealed 69.83 1.05 -] - - -~ 0.02 - 0.04 R
5 70—30 Cupronickel Annealed 68.78 — —  29.04 — — 0.40 — Tr —_
6 90—10 Cupronickel Quenched 87.40) — —  11.19 — - 1.27 - Tr —
7 90—10 Cupronickel Precipitation 87.10) - — 1132 - — 134 o028 Tr| ~
8 90—10 Cupronickel Annealed 87.48 — —  11.20 o - 1.25 0.03 T -
9 Albrac Work hardened 78.05] - 1.86 - 0.25 0.05 0.01 0.13 0.01 R
10 Albrac Stress relieved 77.90 —] 1.94 -] 0.24 0.06 0.01 0.03 0.01 R
11 Albrac Annealed 77.87 - 1.86) - 0.24 0.06 0.02 -] 0.01 R
12 Albrac Over annealed 77.86 -] 1.84) -] 0.24 0.05 0.01 -~ 0.01 R
13 Aluminium bronze Annealed 93.58 —_ 6.03 —_ — 0.38 0.03 — 0.01 -

Table 9 Chemical composition of scales formed or the inner surface of the tubes.
Mark Alloys Chemical composition, %
Cu | Fe | zn | Ni | ALO, |Si0. | MgO |SO,~ | Total sulfur | S (1 | Water | LOT (2)

1 ﬁgﬁg‘i‘;gﬁy brass 9.72) 16.80|  0.90 — 8.40/ 10.36  0.80)  0.89 0.4 0.14 8.99 28.88
2 | Aluminium brass 10.56] 16.08 0.50 ~] 6.75] 10.54] 0.71 1.22 0.57 0.16 7.63 31.57
3 | Admiralty brass 10.72)  16.06 0.46 - 8.40) 12.88 0.72 0.67 0.42 0.19 8.14 28.53
4 | Admiralty brass 8.26] 16.83 0.70 - 9.00] 13.32 0.74 0.81, 0.48 0.07 8.10 28.20
5 | 70—30 Cupronickel 22.50, 10.13 = 6.16 — 6.82 -] 1.27 0.63 0.20 7.75 31.27
6 | 90—10 Cupronickel 14,54 13.78 — 3.65 -~ 11.58, — 1.29) 0.55 0.13 8.21 28.34
7 | 90--10 Cupronickel 14,600 13.38 — 3.37 — 9.56) - 1.16] 0.55 0.16 8.15 31.02
8 | 90—10 Cupronickel 10,700 17.10, - 2.68 - 9.52 — 1.23 0.54 0.13 8.87 28.54
9 | Albrac 13.10)  15.08 0.80 -] 7.90 7.52 0.92 1.41 0.58 0.12 7.75 34.87
10 | Albrac 11.54) 16.93 0.65 -] 8.55 7.32 0.63 1.33 0.57 0.13 8.31 26.34
11 | Albrac 15,420 13.48 0.95 — 6.55 7.42 0.87 1.26 0.60 0.18 9.08 34.76
12 | Albrac 15.00] 12.30 1.25 — 7.80) 8.02 0.96 0.95 0.57 0.26 7.58 30.23
13 | Aluminium bronze 21,220 17.08 — — 8.80 9.66] 0.92 1.33 0.44 0.03 8.02 29.45

(1) Sulfur not belonging to sulfate.

(2) Loss of ignition.
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Table 10 Determination of guantity of scale formed on the inner surafce of each tube.
Test Date of Quantity Test Date of Quantity
Alloys of scale, Alloys of scale,
tube installation mg/cm? tube installation mg/cm?
1] [¢] AU~29 Dec. '54 17.0 ® H AU-24 Dec. '54 7.2
Arsenical 7 86 Oct. 56 17.2 Albrac 725 v 6.3
Admiralty BU—32 Dec. 54 13.9 7 78 kS 6.5
brass 792 Oct. ’56 17.7 Z 115 e 4.3
— . 7
® o | AU-28 Dec. '54 6.4 BU—28 Oet. 50 o
Aluminium 61 4 6.6 7 101 P 7.5
brass 7 110 Oct. 56 5.2 o »
AL—83 ' 6.8 BL—98 Oct. '56 7.4
7 91 7 5.9 /s H AU—1 Dec. '54 7.9
# 105 S 6.5 Albrac 78 K4 5.4
BU—33 Dec. '54 6.9 7 52 ke 4.8
7 68 K 6.6 77 Oct. ’56 5.3
7 119 Oct. '56 7.2 7979 Dec. '54 6.8
BL—29 ke 6.6 789 4 6.0
7 44 Dec. '54 5.0 797 Oct. 56 5.2
7 114 z 9.7
® iy B | AU-7 Dec. ’54 15.9 AL— 4 Dec. "54 i
Admiralty brass 760 Oct. 56 16.9 7 g 7 7.7
BU—44 Dec. ’54 14.9 P " 5.4
769 Oct. 56 17.9 v 19 " 6.1
o AU—26 Dec. '54 17.4 7 16 ’ 4.9
Admiralty brass 757 Oct. *56 16.6 72 Qct. "56 6.2
BU—35 Dec. ’54 13.6 BU—3 Dec. 754 e
7 58 Oct. ’56 16.5 P ” 6.9
O AL~53 Dec. '56 10.8 7 27 K4 7.3
70—30 7 57 4 7.0 774 ” 7.4
Cupronickel 7 64 S 8.1 2 100 Oct. 56 7.2
BU—82 K4 9.8 BL— 2 Dec. '54 7.8
7107 z 9.5 7 19 K 7.2
B L-—50 ke 9.4 7 21 Oct. '56 6.5
7 52 K4 9.0 723 Dec. 54 7.7
7 65 ke 9.2 7 86 K 6.8
7 83 ” 9.7 7 94 e 6.9
7 1 7 7.9
Q AU-~82 Dec. 54 5.0
90—10 # 118 Oct. ’56 5.6 @ [¢] AU—31 Dec. '54 5.8
Cupronickel 7120 Dec. '54 8.4 Albrac 76 ke 5.3
BU—-31 7 6.0 #1115 Oct. 56 5.2
7 78 K4 5.6 BU—~60 Dec. '54 8.3
7 117 Oct. 56 4.8 7 86 4 8.1
@ H AU--55 Dec. '54 5.9 00 AU—30 Dec. '54 7.4
90—10 7 92 K 6.5 Albrac 7 75 K 4.8
Cupronickel 7 117 Oct. '56 6.7 7111 Oct. 56 4.8
BU—30 Dec. 54 4.8 BU-71 Dec. '54 6.5
7 65 K4 5.1 7 97 K4 5.8
4 103 Oct. 56 5.4 7 98 Oct. 56 5.7
7 99 K4 6.9
(o] AU—-34 Dec. '54 5.1
90—10 7 116 Oct. 56 4.6 @ 0] AL— 71 Oct. '56 4.7
Cupro-nickel BU—29 Dec. '54 4.8 Aluminium bronze 7 79 ke 5.5
7 64 7 5.5 BL—30 7 5.2
7 102 Oct. '56 5.0 7 33 K 5.8
RNT~—7 5% B0%% o7 v=y 7 r)f9mg/cm? 3=y RERE GERD . FHISERETATOARI T B
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Effect of Isothermal Transformation on
Dealuminization of Eutectoid Aluminium Bronze

by Zen-ichi Tanabe

As a reason for the widespread use of aluminium bronze in industrial engineering

may be listed high mechanical and excellent corrosion resisting properties.

In certain

corrosion environments, however, aluminium bronze can suffer a selective corrosion known

as dealuminization.

Dealuminization in aluminium bronzes is similar in mechanism to the dezincification

that occurs in brasses.

It is generally known that all phases in aluminium bronze except « phase are

susceptible to dealuminization.

Effect of isothermal transformation on dealuminization of a eutectoid aluminium

bronzes was studied by means of rapid dipping corrosion tests and potentiostatic anodic

polarization measurements in several kinds of solutions.

The result obtained were as follows:

(1) Dealuminization increased with advance of isothermal transformation, and remarka

ble increase of dealuminization was observed in the alloy in which precipitation of pearlite

can be detectable.

(2) Effect of the isothermal transformation on dealuminization was most evident in

acidic aqueous solution.

1. £ Z M &
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72 I\ TEo THEFOBATIIHL 7 v 2 = v AEAENM
BEWC T Do AW CIIEREEBC L o T 7V I=Y 21
AP EE Y 5 T B 0w BRSO RIE R L O]
w7 v 3= AEEBEESRIC L > TL B~

2. £ B &
stptiziy Table 1 @R L5 A WEY & T 5 3547
Cu-Al 24%F\~, Table 2 0 X 5 CEME Lize Zh

Table 1 Chemical composition of specimen.

Chemical composition, %

Cu Al Fe Si
88.38 11.50 0.01 0.07
Table 2 Heat treatment of specimens.

Specimen Heat treatment
No. 1 650°Cx1 hr. W. Q. — 425°Cx10* sec. W. Q
No. 2 650°Cx1 hr. W. Q. — 425°Cx102 sec. W. Q
No. 3 650°C %1 hr. W. Q. — 425°C <108 sec. W. Q
No. 4 650°Cx1 hr. W. Q. —~ 425°Cx10* sec. W. Q.
No. 5 650°Cx1 hr. W. Q. — 425°Cx10% sec. W. Q
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Fig. 1 T-T-T diagram for a eutectoid Cu-Al alloy.
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Photo. 1 Electron diffraction rings obtained from corrosion
products formed on the surface of the eutectoid
Cu-Al alloy at 0V (vs. S. C. E.) in 1/2N H2SO04
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Fig. 2 Polarization curve of Cu-1295Al alloys in 1/2N
H,S0, at 15°C.
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Photo. 2 Electron diffraction rings obtained from corrosion
products formed on the surface of Cu at 0V (vs.
S. C. E) in 1/2N NaOH.
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Fig. 3 Polarization curve of Cu-12%A1 alloys in1/2 N
NaOH at 15°C.
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Fig. 4 Polarization curve of Cu-129A1 alloys in 1/2 N
Na,S0, at 15°C.
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Fig. 5 Polarization curve of Cu-129Al alloys in1/2 N
NaCl at 15°C.
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Fig. 6 Polarization curve of Cu-129%Al alloys in rapid
test solution at 15°C.
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Fig. 7 Effect of heat treatment time on dealuminization
current of eutectoid Cu-Al alloy.

LEHEEEE Fig. 7 WRT XS fhoBEEFb 0 Dt
5L TRILOE R & F 70 2 ORER &E RIS AR & Rk
K\Eﬁ%%@@ﬁmgOTM7ws:vA%ﬁﬁﬁﬁﬁ
T5HI EHRU. BIERE BSOS RIT X WS
LT3,

4 # ES

el

, : HHT Cu-Al GROAFAERPCETBH 7V =y
No. § (425°Cx 105 sec. W. Q.) A A = VEL R A o S 4 " . .
Photo. 3. Dealuminization layer of eutectoid Cu-Al alloys.(x100) S RAPE R IR ZEMOAET O AT HE > THA L, BYLE

__4_



Vol. 4 No. 2 S 7 v 3 =y RO T V2

v A A JE TR E O S

(129)

BHOEWLOIEEE L, ohky T-T-T £4777
LD EnbRBE, B No. 1 (425°Cx10tsec.) (LZRE
AT H . 3 No. 2 (425°Cx102sec.) & No. 3
(425°Cx103sec.) 1% a FNHIEDIBOMBTH 5o €
Lestll No. 4 (425°Cx104sec.) /<~ 7 4 FAsHilhD
1% TH Y, Bt No. 5 (425°Cx105sec.) 1 TEREN T
L7 Thh o Ty Bi7m 3 =y niEaikid Nol~No3 i
FNTHE L WBEIMEE Shvswnat, Noo 4 kL0 No. 5
CRWTRIEREHM LT b fEo THAT Cu-Al &4
OEL7 V3 = v LEEMEEE RO AT & En L.,
R T4 PRERTHIICARD ETOEMNBELLIRD
EWWH D EMTED, NG S~ T A o S FHAME 7 v
oy AEEENRAERL, COMBMENTAIERL ST
LS&OBT VI =Y AEAEABEASLDDEDTH D,
BEDOEBIBEKBBRCE N Th o L L B bbb
KPR 3\ TR/ N S o S AVIESRTE B RO AR
HIERATBEDBARL D THAS Do EiohMlKEBERKT
b KA S W T No. 4 okt Nol~No3 &
BEDENREGR, COBEEEEMICIWT Cull JIR
PREERL L. CHRREEEBE UCRAT 5720 8 Ml WE
KIS % L BRI 7 v 3 = v nEAECE LWE
{bx B2 b D EHE 2 BIND, AHEKEWEADOF N4
D —0.2V ki HEREERMOETEH L Photo. 4
iR < ¢ CuCl oEHFE,IBEICS Hbh T2,

5. & & &

$u4f Cu-Al 441 425°C THEFELZ RIS, &
NAEABBEOKEE T THEEER L OBREAFER
ERIEWVIET V=Y AEANEY LENTROERE 2
770

(1) ##7 Cu-Al 44Dl 7 v 2 = v AEAMIXERZE
BEDHEITFIC L 7 o THM L, /8= 74 FDERIC LT
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products formed on the surface of No4 of
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Determination of Mercury in a Large Amount of Copper
by the Dithizone-extraction Method

by Toshio Sawada and Akinari Ichiryu

The sensitive dithizone method for the determination of mercury is usually accompan-
ied with a difficulty in practical applications, because of the interfering copper commonly
present in the sample. Fortunately, the extraction constants of mercuric dithizonate into
organic solvents are much greater than those of cupric dithizonate. From the difference
of these extraction constants, equation (9) is derived. This equation indicates that the
extraction behavior of mercuric dithizonate is scarcely influenced by the presence of
cupric ion.

At the constant concentration of dithizone and the excess of copper present in the
sample solution, the absorption relation for the amount of mercuric ion can be obtained
as equation (12) in the case of keto-form cupric dithizonate present or equation (13),
enol-form cupric dithizonate present, in which B signifies the molecular absorption
coefficient of keto-form cupric dithizonate and (Hg"2) taken iS the estimated molarity of
mercuric ion taken, using the volume of organic layer. (refer to Table 5 for the other
signs) These equations being independent of the amount of cupric ion, we found the
possibility to determine mercury without separation procedure for copper.

Based on this character the following direct procedure has been established. The
sample solution may contain up to 20 pug of mercuric ion and should be about 1 N in
sulfuric acid after dilution to 100 ml. Add 100 mg of cupric ion and exact 10 ml of
dithizone-chloroform, of which concentration is 5 p.p.m. Extract mercuric dithizonate with
shaking for 2 minutes and determine mercury photometrically at 495mp.

In this procedure, the recommended amount of copper present is from 35 mg to 500
mg for keeping the linearity of calibration curve. In the various investigated ions, there
are nitrate, chloride, iodide and palladous ions as interfering. The proposed rapid method
is applied to copper-mercury alloy samples (Hg: 0.029), after dissolution with sulfuric acid
and hydrogen peroxide. The variation coefficient of the result was below 5%.

The measured values of absorption coefficient, @-28’ and blank absorbance, B'C fairly
agreed with calculated ones, by @, 8 and C, and it was found on the calibration curve
that mercuric dithizonate took keto-form in this procedure.
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CV,=2{Hg(HD,) 31oV,-+2(Cu(HD,)3J, Vo +
[Hz Dzjo V0+ 2 EHg (H Dz)z jwvw +
2(Cu(HD 2)wVu+[HaDJuw Vit (6)
PR 3D BBV TV HOIKE &Fkﬁ%mﬁf«@
SR, $7nd b PM@pa, A E L, ( 3D (MHD,) 2w
R TE D, FBERR B ET2IE, ¥ 9 v v
R LAt te <. (HeD2dw ELT & MR T 52 &R TE
Do EBEAWABYFVyEE—ws L, M4 kshE
CHEIENE, HBRBEROY 7Y v T OWER/NE
Bz ERTE, HoDdo #WHTEDHLEEND Do
Uiehto T EORETFCrEEe)EMRN & s,
C=2{Hg(HD.)2Jo-++2(Cu(HD:) 23, @)
ZDEOIKERE & V7V Y BEDOBRILG). (0B RN
BESNDo

FFN T DENYE

2(Hg (HD,)2)=C / 1+K-C“[%‘;§%—: ®)
ik Kou, Kugd s b@ROHEHE 1 L# 2T Xy
Liehi»T

2{Hg(HD,)»J,=C (©)

Einhe CORIE, T2 LBOHA & ¥ BFEFELTNT
LERA A VF Y F VY EBENCIISTHZ L RRT D
DTH %o

KEEA A& v Y F YV BEORICHENTOEA. K
DE D B IK A B IC AR AR B A B b o 7R &
CHLUTERTE %, £2C, AT HRKBEY ERE
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BEOBERE TR L7t B (Hg?t) taken XK DOBEIRIZS 5,

(Hg2* Jtaken={Hg(HD.) 230 (10)

—7. EEANEORNEAYELZD L

A=al(Hg(HD,))o+B(Cu(HD:) 2Jo+y(HeD:Jo (11)
a, B. VIZHEREZRT BTN ENDOHF AR R
4, RO Y F Vv EE—EI L, KR L ORSHED
OEBBT F Vv BA A ¥ THELT 244 TR DE 3
TEER T X, (1) 10 1) XrHRIBELN D,

A=(a—fB) (Hg2* Jtaken+B-C/2 (12)
ZORITEIEEN, KEOLOEHR TS Y, EHERICSH
BIEHRT,

XL VEERMEE LTRD Z ERKETH Do
@ le—B| RKLHFEELEETD I L,
® B-Cl2 WhXL B L CEBLEI &,

Bl ikkiRsE, Sk e Sy P EICOREET B LE
s BB UTo/R, ST/ —ABICHEELTLE B
5% % C.

A=(a—28")(Hg?*Jtaken+B'C (13)
OB NEDBND, i L, BXREDO = / —vEin s
TS AE TR, AEREIIRBRT S XS YEITHER
THDTC, M FHITQRCLD, HEIFAA A v HRFETT
DKERD V5V HHERR FRET H B T LN BmTE
Bo

ok, EROMEERIIE AR Y MELREE U
ThHMN, FuuryvaDBaEbRBROBRICHS &L Bb
Nobo

3. 2 B E B
3-1 EhAEBLRE

SRS+ Barfd EPU-2A 2, 10mm-+ Vv {#

Yt A9 TSy » — 7 —, HEIE 4.5 cm,300
r.p.m.

KGRI - PR OB L KR 0.1354g % IN
pilR 100ml R U, Img Hg/ml 238 Lo & OB
ZHWLTINGBCHSCFR L, 10ugHg/ml & LT
ﬁ&kﬂ Lf:o

SRADOVER « MSRA BRI R Uy BRI % In 2 Ol is
L. BRAEAFE I THBAKTHER L, 1N msmg
ﬁ%ﬁmbfﬁ%bkom

FFV VB BERC Liei s BRI Liey 5V
7 mwoR)Vv A E I LR B R LT 0.01 % B
HHFEL, FREE A L0 HR L 0.001 9% A
75:)3{] lz\YLCo

FOMh FmaRra, EEARBIZRE LT L
b D% HW,

3-2 HEEROEE

BOHLUDMYERY 7Y Y BEARE L, ROKFHEI X
o TR A VERL Uizo

KEBFEIIIAOBERE X LD, INFRT100ml & L, ¥

FY D7 aakivs BR (0.001%) 5ml & 7 wwukpy
AS5ml &ML T Y x5 —T 2550 FEHHET 5,
BNl ihin % Fig. 1 iikds,

0.9

0.8

//\ /\
oA

AN
LN
AN
RN\

Absorbance

. Extracting solvent; 5 ppm of dithizone in chloroform.

. 30 pg of Hg (1.

. 10 pg of Hg (1.

. 100 mg of Cu (I).

.10 pg of Hg (1) and 100 mg of Cu ().
Fig. 1 Absorption curves.

vV s (0.001%) 5ml oykER & D TR ELTL 4
&%ﬁﬁvk@k?ﬂd%ﬂ%gmﬁﬁmm%b\1/5
NEAD IR ERGEIE ORI BIE 526 mp & ENTK Y.
EREMHTIREL UCKSBET - / — AV BICikr TRITC
HBHZ LHFigl XOHBHT 5,

Q) F/: R0 a—B, a—28 1xFig.ln4i 50
HEXEHER L. CORKEI 45 mp OFECH B, 20
& B-Cl2E 23 BC, FiebbiA 100 mg OWHE
495 mp THA D EWEE R T B RO BIfR ik
HEREWETTH D,

3:3 &% B &

IKERBIRDE & L RILFOEAICDNT, KEER & Tt
EOMRENLD & Fig. 2 inbo HE 495 mpy OWRIEEIL
IKERBEIRD B EIIAKERERIE & ¥ 7V Y ORI EDOFITH
D\ FREOLEIIKEBEE L REEOTREDOTITH
Bo —F5 600 mp TIX Fig. 11t43 L 5 KiiE Clkyy # v
Y DHBD, BETHIREEDOLDPHETH Do

Fig. 2 iR A2 HKER 20 pug & TO MEBERASEIE % R
FC &, 20pg bl kD & 600mp OWSEER, SO
BRE PO TERRRDZ &b, KBTI F V&
BRI L TND Z &b b izl 21, X
82 20pg Ll LGRS OLNEETHZ L THY . #

oA WN -
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‘\
O 8 L
y 495my *
0.6

0.4 /

Absorbance

oa/ﬂ\\

600mu

0 10 20 30 40 50

Hg, umg
O : With 100mg of Cu(Il)
® : Without Cu(ll)

Fig. 2 Calibration curves with and without cupric ion.

DEFTC hhvb B3, 495mp OENEET ITE—ED
A RTIETCH Do

Bl L 5T LI ~IosfiA A v REALThRE LY
F Vv D SR B ﬁ%#zKVﬁ\kiU%4ﬁ/
PIEZE LT S R EER & 7 0 18D SR DWW THERR
ZEMRTE
3-4 %ﬁ?k#x%%&#hour
Sw@ﬂ%Mwaﬁmm®/%7/%®%mﬁm£F
EIRUSEENE N L BN E SN T 5o SBRDEE & IKER
BRI UIBAI 0%, HEEIT 7 v v kv ae v
B, 30Fb~ 2 SO 5 D FEERIT WAEE —ET o
to/nu+»Aib%mmmﬁ%®ﬁ#Mﬁﬁmﬁﬁv
aﬁﬂfbé@T\LhOObf%ﬁﬁbk#\ 2 ~104
B C— O EL R L. 2 2MHO5D FERMINAET
LCHRSTHD I ENRbholo

YV v EITEEMNIC KRG B L b T A 03, EITA]
DR A N IR A OLRET, < L5304
BT ol ERBRERERE LTHWDFELD
B, D OBE T FOERIFD BN, MEREK
OB TSR TED LD EH M Lo

A A v BEORErOWT, 20mg~5g FTERXE
CHAT-wEEH Table 1 Th b, KiEEEEILSH 100 mg
HAFORER L D RD oo

HAET DA A ¥ DEB S EKBETEL T o7y
VY ERECELTH L ERTET, BREOET 2
<o (Fig. 1 oINS —J5, AEROEFETKER
LD TSV Y FIEDEET A DRIEEMMET Ly »
FTHOBELKBEOEEEXEL T 5,

Table 1 Effect of copper on the determination

of mercury.

Hg®* added, pg | Cu** added, mg | Absorbance Hg found, pg
10 20 0.468 6.5
10 50 0.506 8.9
10 100 0.520 9.8
10 500 0.536 10.7
10 1000 0.536 10.7
10 3000 0.515 9.5
10 5000 0.468 6.5

SRMNAT 495mp & 600mp DOWIEEEEHIET 5 & Fig.3
L. #35mg BT OA 4 ¥ Ty F V¥ A 5EEICH
L ENRNZ b Ao

0.7

0.6 q

os \
\\\fOOmM
0.4 ’

0.3

Absorbance

024

0.1k
-0 20 40 60 80 100

Cu, mg./1 00ml

Fig. 3 Effect of cupric concentrations on the extraction
with dithizone-chloroform.

0.7

0.6

Absorbance
o
(6,1

0.4

0.3

0 5 10 15 20 25 30
Hg, 19
O :100mg of Cu @ :500mg of Cu

<7 g of Cu A1 3g of Cu
Fig. 4 Calibration curves with different amount of

copper.
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§f 100mg, 500mg, 1g, 3gHEFEIVESOKRER
W Fig. 4 T %o A0S 7B Lichiv, 7KER 20 pg
WSCEWRT Uy Mo Eais s S5 BR ek
Bo LIMoTHREFEXEDHA 4~ DilE 100mg 23508
Th oo ”

BRPRUL E D E B DN ROBED & 5 ik 0.1~6N
L IR BIEON, FAEHEOHHENEL 2D, Lo TH
HMOBEDRHEIET 45, KR Z ORI ED
W TREALA otz (Fig. 5) f#E O BR-HIEE
A A B EEFE - CHY B ERFEN S 5, Table
2 BRI DRODND BN ERBEE TR TR,
R 100mg L7 T 2N BT o 3. 1N o
MR R & CCIRAT A 2 it Lo

0.8
0.7 5 o
30 g of Hg and 100mg of Cu
8 06
5
£
5
4
<
0.5
04 100mg of C
D—.s~< mg o u
\-\_T
0.3
0 1 2 3 4 5 6
H,SO, , normality

Fig. 5 Effect of acidity with sulfuric acid.

Table 2 Effect of acid concentration.

Normal of acids He found
; ound,
Sulfuric acid, N | Hydrochlorie  Iniric acig, N ¢ e

0.2 10.1
0.5 9.8
1.0 10.1
2.0 10.1
6.0 2.2
1.0 0.06 9.9
1.0 0.11 9.9
1.0 0.17 9.9
1.0 0.23 7.6
1.0 0.20 6.5
1.0 0.01 9.9
1.0 0.04 9.4
1.0 0.07 5.6
1.0 0.11 1.4

¥R L UROEEL Table2 wRk L=k 5ic, g
USRI T 15 ml, HE I AT 0.1 ml BT Thih
7 Bl HIFRKIRA 4 ¥ D2 v w RO T,
BHES T Y DREDID T Bo CHLOBEITT T
VYT mN I THREMET B & AL D SR
B Lo SHUSERA # v KT CRET 5120 Th 5 5,

WBoODECH L, I8 F FY v 2 CHETLHELD
%ﬁ\@%Eﬁ%mt@KH¥+@%ﬁﬁm%%C5ﬁ@
YRS D, TEBOMIFITBET BNETH D,

A GRS Uc B8 OB AR 4 % 2 CRER{LK
RO B oo 30%KEW 1 ml & CUIZEEAR A,
BRI A 2 EREEITET 45, WRERAESFY D
FIRDIDTH B BREOBBEKEEIHT DD
FTNA~EFER LS 2 A, Bk EK 30%)
Sml gL, =F 7o —vml iz iud S8k
{ifbo ¥Bflicosrv7ra— kg T 30mb),
ZNOEEIRD BNk otco

HEMER KR 10 pg 2T, AR flE L B4,
9.92 4 0.08 ug, B%Z % T HiE Lizks4a 10.03 £ 0.21 pg
DIERAE oo UicR o TBE OBRETILEERER2%
BN CEENTHETH Do
3-5 XFRTROF

T4 D TLRICONT BE UIsfE Rt Table 3% %,
mg BT CIHETATHR I g vE, 2 X (24D, 88, <7
T ARS D,

KECRNTHETIHHEE LT
@Y F Vv B ET HBALA
@kERAE 20D 1l ¥ 72 i3& BB T 5K
OKERE $HEA TR L CHKERD Y 7V v D a4 A i §

B
ORMEETY 7V Y OB A BB~ Ot iRk &

WA F
OB DIERED/NX A 4 v
MEZBNDo OIDWTIHBIROMER, BEIKEDIZ
MNEZ v nRAF >, B~ TR+ B DA, 4R
EREEWET DM T o7 @TH Sn (1)
DB, BIER{KE TR T I mg ORFILHEL
o QRIZARTZ YA Ty, YTV A4, FAY T
A& VERB DN, MEEFRENBC LB, oD
DEEIEHTED L, FBERic AB AR S 0
TR LB X B EEA 4 Y oW TRE L oD
BWELTHIET PV Y 2 EH AW 41501 g EETE
{E237 < 18 THRMASR 10 pg @sf U 13 6.4 ug &
BT Uico ZOBEDEHEA v BEWL 017NN 35
A3, Table 2 & Lk UCTHDOFE R BERA X, ZHIT
A&V BELAC L DHINER~NDOEERL L bDEE S
bhb,

OEDNTHEHMHE I ORD S R/l A & B B
ﬁ‘7nm$»A%§mﬁ‘mm%ﬁHW@Aﬂmhlw
D Bi (HD2s 233 %0 L LBE LicksEci13 Table 3
KHD LI, SULPHETDHR, CA= 2L EER -
7o BRIDERY HEDHIDICE A< 25, 10mg izo
WTCZDHE R TN B b o120 SBOTER D
WTIER A+D Iml25@mdT5 2 &ick 5T, 500 ug
ETORMPHFECTE oo MHERIITETH B0 EEBA
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Table 3 Effect of diverse ions.

Ions Added, mg Form ‘ Hg found, pg 1 r. e¥ Tons ’ Added, mg Form Hg found. pg ‘ r, e*
Al (ID 1.0 Al2(SO4)s 10.0 O Br (ID 1.0 KBr 10.2 O
As (1D 1.0 H3AsOg 10.0 O I (D 0.1 KI 2.8 X
Bi (1D 1.0 Bi2(SO4)s 9.8 O Sn (D 1.0 SnSOy4 0.2 X
Ca (D 1.0 CaCl: 10.7 1 Sn (W) 8.0 Sn(S04)2 9.7 A
Cd (D 1.0 CdsS0, 10.0 O TL (1) 1.0 T12S04 10.2%% O
Co (ID 1.0 CoS04 9.4 O In (1D 1.0 Inz(SOWs 10.3 A
C . Cry .

Mrngﬂz i g NE;S)O“S 13 z 8 Ag (D 0.5 | AgaSOs 14.7 x
) : ' Ag (D 1.0 | Ag.SO. 14.7 %

Mo (D) 1.0 Na:MoOy4 10.7 a
Pd (1) 0.5 PdacCl. 7.0 X

Pb (1> 1.0 Pb(NOg): 9.8 O
Sb (1D 10 ShCl, 0.3 o Pd (1) 1.0 PdCl. 1.7 X

. ’ 3 ! Pt (W 0.5 PtCl, 10.7 O
Si (M) 1.0 Na.SiOg 10.6 [

. . Pt (IO 1.0 PtCly 10.7 O
Ti (V) 1.0 TiCly 10.6 )

Au (I 0.5 AuCly 9.4 O
v 1.0 NaVOg 10.5 O Au (D 1.0 AuCl 0.4 o
WD 1.0 Nas WO, 9.6 A : 3 :
Fe (I 1000 Fe:(S04)3 10.7 [ Ag (1D 0.1 o 10.0 O
Mg (1D 1000 MgSO, 10.1 @) Ag (1) 0.5 . 9.4 0
Ni (I 1000 NiSO4 10.0 O -
Zn (1D 1000 ZnS0, 10.6 0 Ag (DD 1.0 7.7 %

Each solution contained 10.0 pg of Hg.

* Relative errors (r.e) illustrated as O: within %o A ko~*20 [I: 4:2¢~430¢ X : greater than *3¢
s signifies the standard deviation in the determination of 10 pg of Hg in the absence of diverse ions.
*# This result was obtained by boiling with hydrogen peroxide before extraction. When this treatment was omitted, the extracted solution

was discolored.

##% These sample solutions contained 1 ml of hydrochloric acid a+1).

4 v & LTHE. &iiEsmd, #7799y 23REEE
BT XETHHE Lo kI b OBERIT &R E ERICHE
L. Ry M2 CBRmEE A E 2 LTob, 59HER
B E UTH W,

®TIHR. I VYT AT DWTHE Lico Wihtd 1m
g THEE LS, i (500mg) winbd LKERA IR
L. BOBREYE 2 5o

B ECRICBEET B 2 ) v s EIR(LKTE R I
3 THEBTIUEETE Lin i, ZO0E s Ui\ & HHE
RS X NIz BRI OWTIEARETHIMN A ¥ 9 &
TR XD EHBR T o7

4, WMELER~OLH

LB ORO BRI AR IS T 5 H, SAOIREFT
RTINS B O TR b f{F I E R T & 5 FRHER—
KERA G E WD S B 0.02 %FEEDFRITDOWTR
DL HHFETER L

2 0.1 g AKSER &7 723 EE500mD AN,
mile (1+1) 11ml, @ER{kEK B0%) 4mlzinz.,
A LT A S#ET Bo LIED < MBVERHT 7D bS]
L 100 ml 52250 LT 50 ml 5T %o ZALIC BRFRSRA K
Nz A 100 mg i b & 5 BT 5. KTEER
#100ml & L. 3.2 DFEIC Lizhio>THiH LT 495 mp
DO IEARET Do REEERELCER LB LD
GHEARD Do

SO ETIERLKBOEENRS Db DB ENNE
BHOT, BEERE LEDS AL CBRRILKEZ R L
I PUE Do o & 2, BUBHAEE R Cn#h a1k
fore B fEiE 0.018%, 304 TMEA LD T& 0.022% Th -
Fro HBEOMEIL AR LSz F TN~ MEM

2THELT, BRLKEOFBIEL AW T LR L
7o

A AR ORERIC L B IBKEOWTE, EA7 724
(R 500 ml) &FAWiaEAaTh 0.20%DEEHBID T,
KEETE 7 7 2 3% BWIUERMER N EFE X Do
Sl DiFETEROE L, RE A~ s —THMLT
TSR U PR A FE X B, ZOXH I UTKIR
AR E U BURNC T 7o i AR K BRIR R 2y IR
B VER L CHEDIUE MO o ZOHECHFCA W
2 DR A AR, HETREOTELRD bIvas
D 'ﬁ’_‘o

2 FOIA—IKERE & R DK ERE B i Lok SRs Table 4
ThbHo BHEMIEUERERICLTIBHFTHIRIF LN
ZBo

Table 4 Determination of mercury in the copper alloys.

Sample A* Sample B **
0.0220%  0.0218% 0.0138%  0.0138%  0.0132%
0.0236%  0.0218% 0.0144%  0.0138%
Average 0.0223% 0.0138%
Standard deviation 2:0.0009% +0.0004%
* Cu: 78%, Al: 2%, Zn: 20%
** Cu: 70%, Zn: 30%

3 DEBRIEIIE 2RI REDE L FNRIEL N &%
SERH L7t 2 OHERRIC JAUEID) E 2o iDL L
ER B\ KD a, B F 7k B %KD 57D i
OENCEE ST HLERD Do FETIHY 7V v O EIREE
TOMETHAEND, EBA 4 Y EOREHREL DD
IV Y EEY B, Y Y ENDEEOS TR RE Y
kDB LR LI, ZOWMEIHETRY 7V v EBEAIERE

._._6_._
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THBWEND D, 7 r R rk/vu%‘{&nh@y;?;y’y@ﬁ%
Wt RN 606mp T 4.06X104 L XENTWBHEDT, oD
A FRME UTRD Iz, Z OfEHRI0.0019% v 5 v v Bk
1% 3.69X10-5M/1 & 7o b RN BEE L7z 3.90X10-5M/1
ZHUTH T %D 70

IREE DS FRIEFRIUIAR D X S LTRDIe LN
B2 100ml rhizskgR 30 pg A EEKERA 4 >~ & LTnx,
0.001% vovy—ymmiVviZERTl ~Tml & 7 v ak
waT 10ml & LT 2450 £8 Tt Lice & DR
1k Figbiwm L, 0.0019% v+ v EHE 1 ~5ml O
BRANTIEIC X o T AEERD, KEED 5T MR
a=7.55X10% 731857,

/
/

/!

Wave length : 495mu
Cell 1 1 0mm

0.6

Absorbance

0.4

0.2
I

o] 1 2 3 4 5 [} 7
Dithizone, ml of dithizone-chloroform(3.69 X]OVSM/I)

Fig. 6 Estimation of molecular extinction coefficient for
mercuric dithizonate.

0.6

ool —

0.4 /
03 : - /

/

Wave length: 495mu
/ Cell : 1 Omm

v

0 1 2 3 4 5 6 7
Dithizone, ml of dithizonechloroform(3.69 X160 °M )

Absorbance

Fig. 7 Estimation of molecular extinction coefficient for
cupric dithizonate.

SR OHA1IEN100meg—E e UTKEBDOHE & R L
TRz ZOFERIL Fig. 7 TH Y, KEORH TN
R, —VBIEEZ BNBEMD B BRDB L 2.00 X
10¢ & 7n 5,

ST OKBOMERL Fig. 2 TH B0, ¥ 7 Vv PR
% IERE R I3 A v, kg0, 5, 10, 15 ug D 4 %
I BIKEIE DL DF RN RS (@—2B) &HRDD &
3.60X10% 2318 B i,

DLEDORERA & L DOBROMREETLERICRLAELD
=T %, TN L -T2 DHERDZSMEN I
FO*LE)O

Table 5 Estimation of apparent molecular extinction

coefficient of mercuric dithizonate and blank
absorbance at 495 muy.

@ B’ a—28"% B/ C**

7.55x104 | 2.00x104

Calculated value — —

3.60x 104 0.367
3.55x 104 0.368

Measured value

a: Molecular extinction coefficient of mercuric dithizonate (keto
—form) at 495 mp.

B’: Molecular extinction coefficient of cupric dithizonate (enol—
form) at 495 my.

C: Molarity of dithizone.

*: Apparent molecular extinction coefficient.

**: Blank absorbance.

¥, EROBERICKWTKIRE 20 pg DIFO EiEE
30 pg DL DIk AR & D7 IEIkER 1847 g DAL H Y |
ZHIEAKERE 7V DEEAEN L 20V TEH B S
EHEE T Do Liedio TREDORHTE B D kRS
B/ —VEICHRL, 7 IEICH D EWIET X I,

6. # B

ZEmDA A ¥ N L CN BRI R O T S8 5
ZEiml, FY VIR LTCEET HHELRE Lics 7K
SREADY 7V Y IEOMBPERITRZELR D D, KB LR
O EE Y HE Uiz s 2 A, KEOMHITRO I
WINPT, BROCRIET D L0 otze Lo THIH
CHWAYFV v EE—EBC LT, KEEEFGLEEYD
BETF Y Y EHRERIGIELHRM0T, SHE KEA DS
BB BETEDLI LD, COBADKGEL W
FEDBRAHEE Uic D N E 71119 Th B,

SRR X DERER G ASRD B &, 1 NIRRT IRA 4
»100mg#nx. Y7V v—7 wukyv o (5ppm)
10 ml cHii-9HuE, KEEDK 20 pg F ToO BELEEE
Lheho HEIRDLMA A (241 1235~500mghimhy
ThDo B WROLTFHEEIIL M TE DA, 208
FOTHEDOSH, 1mg OIFETIHEL FDIANAL WL D
BavELATIY LTh ol

2 DHBRNIEX TH DNENE D DI, (IZORIL SR
BLO77 v 7 @EHELERTRDTHIE Ulrs FED
BRI =8 L, EXMEENT 2, Tz, KEKTS
KERO T 7V @y VHITH B 2 & B Ui,
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BEBBEGHRHEO TV I = v 2FHITOWT

1. & L M &

73 =y NEFA, AL TR OBLHERDOEW
A ECAWBND LD R0l DI BHSE TS 50 &
FUE. * — 7SVERSAIC HE LT, i B O HSMREVIER S T &
WA ETHID, B LERIRENRST BND. L L,
SRR, BT X o T, T I=Y AERL BT
A=y EEALIELIE, Hbbkd, BHRTI.
Fie. Hnb SO AEOENHEPZEREIN TN Do

X B # — BH B &5

VBRI BRAET, AN A, Z0&4ik. Cu—Al
TItA4 B U BHRICE U CHRITSBA TV, EEOR
BEERTAN S 2T & ICBMEER X SO
& BRI OWTENR D, BMTEE LTD Y Y 7
VTR OEER, DB EL IEBHN PETHE
MR, JBERERBAEE2RWOT, M Cook.
Z X vmansg Cu—Al—Ni—Fe ZoOWREENG, 1SIT4
BB 2 4RO Mg Il sk 5, ZiE g 1R

mE, °C
oS, BB EIV= v yVEBROBEWT VI =Y LR 1000 900 800 700 600 500
PN T BHAH 5o DTy 2 3OTASIIMEER I X O R -
AV ONT, 1A Ly BECHELE. [ s IR IR I N B
;%7
2. 4 BB B HE 9 |- — apx ax ax ak
——aalg,'g a//9/ ’ ax *
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I ® 75 < LI
v L A 1035°C~1055°C PRI
R
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8.61 27.0 37.1 68.3 18 . 210
950°C b BHER 9.22 30.9 42.7 78.3 20 222
9.61 28.4 40.8 75.0 13 230
35t—~14t 10.09 31.9 45.7 76.4 12 240
10.71 36.9 47.8 82.9 10 254
8.61 28.6 44.3 71.2 20 231
9.22 28.8 47.1 79.3 18 256
Lig%E 650°Cx 2hr HEgt 9.61 26.0 43.7 77.2 17 257
10.09 28.3 48.2 80.4 17 250
10.71 26.3 46.0 79.3 18 263
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4.0
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® . . .
=~ 30
Z
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1.0
R . ~ ,“
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2.0 s
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Strip DO EAILIC-D\TCl1E Pullen, Simon DR
ik . Strip Wk Tk Wire ikl UCEREEIVN
X< 1~ 2Amp/dm2% 5/ LCRE D Strip ~DEHR
i3 roller Contact kA % {EJH L THb,

J vy T — TERAEM 700t o Al strip RSB & LTD
EORMCHIMEDM R 0.06mil (L5p) A3 T &N T

Who
T HeS04 10% (W/[V)
B 21°~27°C

WIE, BEwE, D.C 16~20V
14A/ft2 (1.56Amp/dm2)

4-6-2 BHROBEER

WS DN T O A BB —EE R, ERES, B
B, EHMEOLEEERCHE L. TN LIcER
WiE, EABRERRAEN D,

BTN TWAHR & LTk Eiail, Usd o EE
T, B — R — S TR —E s LT\Whe &
DEE 3BT OB L2 Racking S, Fx v,
Fe Y —2y7 system, 7oL, ZEFE system #§
B ohic & D AN, AFEME BEIT 5 X DI R sh
Do

AR B R, LIREEINC & D Pd B A A,
CHREFNCHEE TSI AEOB VEVRHTLY . K
EDKREN, Ts ) B, (LEERTES D BIKEE~ DR D 22
DIENI SRS ST RSB LSS LD REETH 2 &R
VETH Y, B EVRMbORISK LS " B
IR DA D RER A ER. F ol EE K TR
TEIEAT SR E BN Do

F - FEE AR CHCEE A AERRE T, o
LGOI E BB A T5, SHEEEE —BRT
Bus-Bar {z Carbon brush (Carbon # 7-1% Cub0~70%
4% Carbon) %iE#HE LY TfTbh b Brush 0EK
Sk JOUE#EO spring OFYRICHEE LTS LE—7

._5__.
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EENTCED LI THIENEETH S,
BEGHOEBERERD 14 BE 3 IUVERAL

3, ¥/ America OBEBIELSETCIIERED Trlm\

grille o NTic & O HABEMEE LA L, BT

FHE. ¥ f:%ﬂﬁﬂkiﬁ?gg%’%i T2 —BR L7 BB T

BRI R 2T > T %o

EE3 xu-z - R E IR

AL

g ALY B DR TR (Floovertt)

FOREHRIRIOEDOBDTHE TR, HFIRD LD

T I N TN,
(1
(2) Spray ki

)
)
(8) 7Kk
)
)
)

=

(4) Bk ek

{
(
(

7 v h Y Bk

5 KD (airic X 3)
8) {bFHiEE (HsPO, 5D (12 H i
T) FEA, ROKEE%

2mil (25~50p) @ Al 2@, £LT 15% (Wb

(8) F@(tﬂ%%\?f (HNOg _;_E@ HH250421°C\ 12Amp/ft2 (1 3Amp/dm2) G 0.1~0.2mil

EAHIFD

9) JkBE

(2.5~5.1p) DIFEIRALEEPPE I N TN,
ZI B0 EBIHEO MESITAR OB CILFTE, iR

(9)
(10 pmmE (HeSO4 35) SLIRE T T 2 15 5 MR OB SHEECh v . AT &

1) ke

PRI CTERERM E TR BTV I =Y nR R o T £ =
v LFRS SR EN Do F B RO I AN
B R END 2, WM E U QB LD A REE

B & Uik HaPOy-HNOy DAL <, 1~ HEHRHREESAEDBN 5.

13A.

LK

138+C

[

! 7
quls )@

19 HHJ'LQ] [22-171')}1 ] M 3 M %

|,\//

iz 1 MAZE /b

’M{JU

OV} T ]

Tou A ) s

s
4'»{'\“\ S

eI

7v KR

i /J\Jﬁ./]\ A7 v — kg

i /J <

TL UY 7%

TR %

K,
AT

K

WKL T

RS RS

13B. C. ke

14, @A 7 v —kik
15. ik A7V =0k
13.{\(;?7?17’;:’7“ i - TR LIS — BB MALYE B T
A
17B. ifa (U.S. T 44

18. Wk pkiliE -+ A7y —
19, @k LA

21, ik
22. VORvkdE A+ A
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TR =Y W OEBFRHIZ-OWT (B8 3 #)

(147)

M ——
) 1 25 24123 22 21 20 19 18
sl 8:{&6 IR EEIRE 14 islisliy
=1
1. 7o) kg pHIO 80°C 14, Pbt 15% H2SO4 21°C 15V 1.3A dm?
2. Kk 65°C 15. kit
3. TA ) pHIO 80°C 16. NHsHCOs 1.8 g,71
4. K 65°C 170 9kik Bt o vok S A R L
5 s e5moc n ek B8 AL — b HUALEL E ks
6. ik 19, > (U.S.BH@ELE)
7. il 50% HNOs 20. 4
8. ukik kWY 21, 7
9, {LErlE  88°C 22, i
10. Jkik 60°C 23. ik
1L Ak 24, UKk BiA A vk
12. FRALBRR S 50% HNOs 25, HFFLAELEEA A > A (98°CRLE)
13. JKik
4T NHEEHSE ;
BRI\ TR ORI BT BIIRD | ==
BES A v 2 A EN T2 Barrel R TNy % ] - =
2 LMK | /@\ ® —— i
ko TRBMmMEFOMy (€2, i Fv HE o ol e ®
WAL SR, 2R Basket o i+ L 1 ==
filia REET 5 L 5 WL A A L DRI D, o

* - X v Basket pyaig# L “Coating ratio” 3%
T3 BBER B HE UL R4 Basket PYIzIRE U Ci
ELAXPIEL, BECHRIEAE Lcgas ik kid
BIENRTEA EN 5,

TGS T 5 Basket 118 IEICRT L DT
ZOREMIFEE 2L DALy, MR Basket
[ — o DDIAB IR B FENR D 5o

e -
~¢d o “/!t':mfjt-rm ’

WD DRI S Ay IR SRR < A b ol

D 527w b ®z v 7

@ i M H 3% 3
® Ok e > LU

@ B il o~ — > W1

o ©x » 7

Ny bk A B C D d E | F | G
pygsmsczsr s | 460 | 310 | 432 | 160 | 85 | 80 | 4.5 10
PigEmi <Ay b | 350 | 200 | 322 | 110 | — 4.5/ 10
[T <Ay b | 500 | 350 | 472 1 210} — | — | 4.5] 10
MRy b | 730 | 500 | 622 | 310 — | — |10 | 25

BOE <7 MABRLTEEIO <% 7 5 } OB LK%

25101

Basket (X 4~5mm¢ D% H 7 Al HCHH
AREIERES TN RIS, ISk
v = — 8o Basket % (#4554 Basket
WSl mER Al Wire &3 A 20805 5o

EIRITEEI0D L 5 c$EiE L, Basket pyiciic
BHRSNBEESRE TS5 L5 L TUThbL b,
WX 12~149 (Vol) HpSO. 18 p£23°C L
Toe s Uik 10Amp/ft2 (1L1Amp/dm?)
F iR E WIS #F LT 15~20Amp/ft2 (1.6~
21Amp/dm?) OEHEE T 30~4bmin EE XN
bo TRIETEMED Bk 4~5 1/Amp % LE L
Bo FiBEAIIER Bar i o THIA L SO
BREH A HERFET D HFERFEAIN D,

Fofh Bashet Ot [EVRZERATEA L, e
KOWEC YL 2GH, 1IN IDZHHILL T
Basket fOEMEK A EHTHHES D 5,

5. EEBEE — &
5.1 Racking

/Mg HEALE Basket TEFHE

._7_.
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R A& AT 5 BaomL& o Racking ihEIED AL
@ & o TG & BME U, Racking 258\ & RO
B, BEIT X o TEM&ERTNDS LERESABING, L
- T Racking $1#l o> spring ¥ L O 2 2 &% W CHIo 7
WS HESR Y Racking 2B & 475,

Racking o> H: 8 s B il 23 S i 78 5 o b A G
) BHBEOHI A WIBR EHZ ENRBETH D,
— DO UTH L &b 3 ih B E L, Fle—rdb
7o D OBEIT 20ABE A HY L35,

i o Racking (oW CIEE B OFE4: gas 7l
TR A k “gas pocket” itk U BRIBERIE & i B Tm b, gas
IRELRICIE S iRk Racking 2 TX&Th S,

Racking fliREARFO RIS U T &b HERX,
BOMM BB EY R L CHEAIND, T LTIOR
ENBIRORE, TERRERITEBEE ENRS Do

Racking i oA B E BRRICHEM T2 & 2 AIKAL
Al &, Frcik TifEA R S, fhod BT
HoO S CHERTE R\ B4 Racking Akl LT Al
D% R I, BRERECEMSOBESL 7 v
B VBT, FoBRAEhRELFEFER LTS, Ti
© Racking #f#t e UCOMEL, BREFEWERERECT
BN AR $BEEN TN L EL b
mz%&a@ﬁ@@;%@%ﬁ%&@%@%@ﬁwm%%
P T HFED Do

* 7~ TifEH K*/)b\'migﬁf?
Amp/cm?) TEHHEIN 5,

Racking (A EOBERHE SN DO AITAK = &, HHibe
=~ v, EOMOAMBIEETE 2 &N 5, B UL
%a%%@Ihwmgﬁﬂmmﬁ@iémﬁﬁmﬁﬁ%®
HEHRALETSH Do Ti tip ®D\z Racking 4 HED—
(kA A e W

%5 &% 1000 Amp/in2 (155

TIAF Y %}‘4‘?‘;{/
] Ti}LfiA|/

Cul iz Al =
\

IR Tir v 7 ABHLETHEEC D

5:2 BRMSHPLUBEBEE

F AT $5 1) 5 TERA TS A TR o BARIRE 23 &
S\ FlERT 2 EROBEHNK T B A v 2k
LT 4 OBEBMEREL I X 2B D 1 R 5
CROHND LD CERFTH D,

i L DEESTHET ACER Y ) DCEMDOFHRIF

T%%&W%gﬂfbéo

U2 LI R DB REALEE G/ X\ > hollow Sl Py
T B DWW T, PO B & O M ORFEENIC LY
WX NPIE O KRN SAE il UC < e B A d
%o J T hollow $FONEHE A 1T 5 BB IED
H203EC, pipe . Beer i, ffE, Sk LEFOPMH
B LT b DT HBIREOBANLETH Do 22
& FEEgic hollow M DR LA & 1L Bl i Efif#
Wik BBI2MD X 5 KBS H o i & b BREORERED
Noo

© o AR Y = — A
<k

kK b

Pb W1k Stainless Steel
i b
YT ERAY

AR
5-3 BREOCERE
PRI LI I\~ ORISR — 4o oI, F 7R
[ M A B4 B o bW E T B O FEN L TH
D, BEHOERE LT OEOHAREETNETH S,
(1) EfEEOKRIE, B, NILRCL3HH Ledd5
ke
Q) BWRE L V4ETH 7V =y &k X URSS OB
(3) M kY EBRE, B COEMEISI X B EBED
Fito U7 v nBEE IS B Cro—Cr3 J@ICEIE)
@) =TI, WIRFEOFHALIT L 5 BIFHDOEAL
INSOERC LY EMROLEGENREIAL, 42
N L o THRIEWE., T LO2RELT D, Lo THitiree
Acid, Al ZofbD4 i, EREEEOWEATTH & &8
ETH Do (HEMWBE T B

Ero /&y Hollow 85PNl iAL 51k

S

6. ¥ & &

b FRIR LALEE A AT 5 ik E 96 By o147k i
Ufed o TRl 5 H R A PR ETH B, BHLMH &
U EMEIRE., RE, BHEE, WS { OFEFH
BHY, TNENREBEERCEEEET S0 Inb0%
B+ oEHUCERETNETH D, CNBOAREKEFDE
. B IURAE, BABOBFC OWTIRRBIEYD TS
ZE Uiz
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6)
0

8)
9
10)

11)
12)
13)
14)
15)

X H
HhE, fE  AREEEESH 3 (1962) No.d, 82.
R, THE: FERIREREER 4 (1963) No.l 66.
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T3 = LA 4 5154,5254,5454 1 L (X
0004 DEEMITERE (1)

T REE&E& B L X KX #



BT & #

(4.2.1)

7 U 3
3 L (x bbb4

AEEHL 7 v =Y n 44 5154,5254, 5454 ¥ J 1F 5554
D 4'+7I’EOCOV'C%%§HEB’\J'&E‘ Tichb, FIERMEH. » #
. AFRE, e Wb, $ESIRRE. 180°Hh S HBRPIRIEE
BIOTY) 7wyl EERELERYELDIbDT
H5Bo

=RV

5154, 5254, 5454
O BRI PR

(1)

WEE LTIISH LB TH Y. EF
REMER 7 BB A B CHlE Lo AR DI
S e ) A DRI RIS T A 4 ROTFHETH D
BIF— 1 CHEEIL L AR Lice 7ok BT OWTH
2y EWET S L, RROBIIK X - QXEYRTo Tl

WEE N

BEAHI AT L VEE L L 0 Th D /NS W R OEFICFEEOFENRD BN Db B Do
B (2kg) HIFEL THWE Uiz AN E ORIEF L FNBIBHEMEE LTR LU
g 1% B 5
{t B |54 ox , %
# H
Mg Mn [ cr ] Cu Si 1 Fe Zn Ti Al
A 3.1~3.9 <0.10 0.15~0.35 ] <0.10 Si+Fe<0.45 <0.20 <0.20 5%
5154
®# 3.62 0.06 0.92 0.09 0.08 | 0.14 0.02 0.05 7
A 3.1~3.9 <0.01 0.15~0.35 <0.05 Si+Fe<0.45 <0.20 <0.05 )
5254
®oOH 3.68 5B 0.23 0.01 0.07 1 0.11 0.01 0.01 7
A 2.4~3.0 0.50~1.0 0.05~0.20 <0.10 Si-+Fe<0.40 <0.25 <0.20 "
5454
s 2.79 0.81 0.11 5 0.06 1 0.05 0.03 0.01 ]
BeA 2.4~3.0 0.50~1.0 0.05~0.20 <0.10 Si+Fe<0.40 <0.%5 0.05~0.20 %
5554
"o 2.74 0.79 0.09 B 0.08 ] 0.18 BB 0.07 7%
1) s Reynolds #o Al Data Book (1961 kiiE i Cv5l& R,
2%k 7l M H
S . " e Gl
# " mmé n o woo @, | m g, | Bl m oy, | Emwme, | M v, # v,
kg/mm? kg/mm? kg/mm? kg/mm? % %
WO EE 20 P D% % — 1.3 25.8 49.2 29 63
5154 =) (— — 7.7 1~28.8 — — —
" " 28 ”/ & )1'9 ” (= ( ) 21 ) (=) () =
17 i — 12.1 25.6 47.2 32 66
WO F 20 Mo F - 9.1 23.4 52.4 34 7
5254 = —) — 7.7 21.1~28. — — -
" ” zszyh w4 &) 7.1 ¢ 3.8) ) &) =)
17 o - 10.8 24.2 52.1 34 7
WO ¥ E 20 Mo — 14.2 28.5 — 21 -
5454 = (—) =) >8.4 >21.8 — —
% H® 2% 4111 14* % ¢ 4 “ 19 N
7 % - 9.4 26.1 — 32 -
e BEO 20 MO 1.4 14.0 28.7 39.5 21 a
i " 17 AR 6.4 1.1 95.7 4.3 28 60
1) JIS Z2201, 4SHRN
(U

(WaFn384: 4 73)

QPEEXESE T XK/

*t wes

% Al

1 —




TN =Y LEE

5154, 5254, 5454

3 X [ 5554 o BEWIPEEE (2

B 3 B R, HRER X O YT
il P D 3 x v e - FRA v v W H,
# e i " e I (J1s 38, (13mme)
10/500/30 10 kg F 27 — v kg-m/cm? kg/mm?
MO E WD E % 56 65 60 (16.3)» 15.2
5145
i« 5 28 %C gx o éﬁ 58 67 62 15.7® 15.3
D% E Moo ¥ ¥ 51 61 53 16.2)® 14.4
5254 P
e 28 9 W 2
5 7 RLmwe 55 63 55 (16.8)» 15.1
Ok ¥ R 57 66 61 (14.6)® 14.6
554 | -
% 5 B me 54 65 56 13.0® 15.5
Che 8
WO E Wl o E % 57 67 63 12.6)» 15.4
5554
N 28 95 i %
% 5 Bhmme 57 68 63 9.7 15.6
1) WEOH 2 S EFET, 2)  EERFLRTE, 3) oW JISHASY, 2w v/ UE b Ok Bl
54K BIRIESTRE, TIRIEEES L O 3 % Bk o g fhg vy TR EE
wro | % R posEE, D kg/mm? W xR H Bk 3 6 AR DB, 1.5)
B Bl A s | & K g/mm?
p,mm ay wE | 00m | 107 wm | 100 107m 10°E 1008 107
, oo 1 17.5 14.3 12.7 1 1 1 - — —
mporE | 1.2 1779 12,7 10.2 9.3 1.38 1.40 1.37 - - -
st 0.30 3.000 10.3 7.3 6.2 1.70 1.96 2.05 —~ -
" 5.0 58 1
o = 18.3 14.9 12.5 1 ! 1 a0 0.9 (6.4
% M| 1.2 1779 13.0 11.0 9.8 14 1.35 1.28 = = s
0.30 3000 9.9 7.3 5.9 1.85 2.04 2.12 - - —
o 1 16.8 13.5 1.3 1 1 1 - — -
pko%E | 1.2 1779 1.8 9.6 9.1 1.42 1.41 1.24 — - —
st 0.30 3.000 10.0 7.7 7.1 1.68 1.75 1.59 - -
" 4.2 7 33
o 12 16.2 13.2 11.0 1 1 1 azs (46.2) (70.0)
W E| 1.9 1779 12.0 9.7 9.1 1.35 1.36 121 it ot
0.30 3.000 10.2 8.0 7.0 1.59 1.65 1.57 - - -
o 1 19.9 15.4 13.3 1 1 1 - - -
mmoEE | L2 1.779 14.0 10.0 9.6 142 1.54 1.39 - - -
0.30 3.009 10.3 7.7 6.3 1.93 2.00 2.11 - -
5454 T 7 58
oo 1 18.1 13.6 12.8 1 1 1 Al e e
W ®| 1.2 1779 12.5 9.8 9.2 1.45 1.39 1.39 e e =
0.30 3.000 9.5 6.9 5.8 1.91 1.97 2.91 - -~ -
oo 1% 19.3 15.8 14.3 1 1 1 - — -
wHoEE | 1.2 1770 13.5 10.4 9.8 1.43 1.52 1.46 - - -
N 0.30 3.000 10.8 7.6 5.4 1.79 2.08 2.65 ~ -
55
; 4.0 78 3
oo 1 19.4 15.6 13.8 1 1 1 a0 b el
& M| 1.5 1779 12.6 9.7 8.6 1.54 1.61 1.61 = it phe
0.30 3.000 9.4 7.0 5.5 2.06 2.23 2.51 - - —
1) NEREEL S ESRBRE (1,700 rpm) 1L %o
2)  10mme HUERBF
3) EEMRREARERA (D=12.5mmg¢, d=10mm¢, t=1.25mm)
1) B0O-VETHREIKERERK (FLE)
5) 3 o4 Ak (TR 1.02~1.03), Heftvt 150~250 CC/min, HB20+3°C, () WORMASH ORI & I LI ORPRERT o
ol BB
wmssws o 1E A EE ﬁ: BE LTLHFEHRKX=E ms oo o
35 &]

—_—2 —




T3 =2 a44 5164, 5254, 5454
T L OF 0554 DEMRIITEE (3

16
16
14 -QQ\\))\,
]2‘ / / / / /
el [ / ﬁ / - / /
Pl |E v s
- $ - s [
~ 6l 5_‘:,‘ & >:J ot
= ¥ & S <
© ¥ 3 -
4
// // // / L 020‘/) ]
T
O 0
v, % e, %
1R 5154, 5254 MEDIESI— v I B2 5454, 5556 ERTI— v R
2 BN “ I 24 | T
. 20 ak=1 20 | ak=l
£ \\NC,\ T —— i ‘Lg‘\\\\ — - -
N ot HH g k =177 L ol [ ax=177
jod e S T W R !
~ 13 L\‘\\ _ \‘LLLU"‘F-;— ! O)\ \A\_\‘“\\ ‘\‘/?7\\_64\
I i e i g = i
38 AL i e T L T
i | ’V‘-—--—— = - J /7\ VVVV l N‘j}“ﬁ\\
4 Q =3.00 = k=300 || 4 L[
Y Al | 41 i a k=1, &k
0 LT i 1 ! i /——‘—————«1 H
: ; A . 0 Ll Lot 1 1
10* 10° 10 10 108 108 io® 106 107 108
WOM O %% MR W
3B 5154 #E (Mo %) o S—Nihi B4R 5154 ¥ (KD o S—Nillifg
N L. u
| | 1]
e 2 e 2 f@lk’:" H
. TH S
\Z 16 §16 - S ‘4 a5,
Y '\\\ . N\.___
12 ] \/(‘7,/1 "‘i 12 3 \:‘: N K et |
a8 B o & S 8 N‘.?\\E:;\--N'*‘ %
- a ’I! =3.00 RN = 2 il TN
y : 4l qk=3.00m_/l ) I~
f ” LS BHKH T e
N 1 0 RS
10* 10° 10°, 107 10° 10% 10° 10° 107 10
J S O T - 4 #OOR M #
#5 ,5254 (MO ¥ ) o S—Nihig E6E 524 B (KH) © S—Npl
S . o I
i) PIEXBESE T H AR =t =%t s .
C B3

- g



TN =T ASE
+ L (x 55564

5154, 5254, 5454
D AR M

(4)

24
! [ 1 ; 24
. 20 \\ a k= 20 ¥ L
€ e ) LL 1 ~ r QL =
\E 1 ~ T4 o ag=177 €16 \\m Sl S b
" 0 T Ot ol = /
9 ™~ "o 7&-_ N L ~ o]
»“2 A k‘ﬂ\ _87']2 ‘\\ | ol — L
T BT e M~ | L] 7
8 Rt - o ¥ L1/
o] A T R 8 ! E \\VJ/\\ 4 I - |
a k=3 e . i T
4 2@ k00 B Qx=3.00 |, XKQ T
4 4u N
l ak =1, BLHk e
Oo“ 10° s s ; 0 i ) HHH | L aw
1 10 10 10 0+ 105 10° 107 108
ST I~ 4 #®OR |
BT 5454k (BB F) o S— N E8E 54548 (D) o S—Nillig
24 T *
S il
| k= %20 el Q=]
20 ] ‘ AT £ \\\\ ‘ .H\ak=1.77'
e ] / ‘a k=177 6 TR i
& AR 2 TH—
4 T 112 :
3 12 L] [~ i patty Q::-n__\a_\‘ k -
"‘\ \‘)\""‘\L 2 8 . A ol LA TN B
- _y ES | an sy N
R 8 - o’ k=3.00 ) Rt
2, 4 T e 4 — di k=, Sk S
/Jz_k_?’_o_o ol | { NI
0 NE 10* 10° “10° 107 10°
10* 10® ](:)G 107 0%
® B B B @ K

FIR 5554 i (Mo E %) o S-Nillig

5510 5554 ¢ (R o S—NHiig

11

k WOk & H on L
DNV N S 10 —
1.0 . ]
Oe® Wihwi 0.9
0.9 oA B % \ oe BtNER
NS
0.8}~
) : W&
Z’j 0y iw
£ SN
- ST 06 hy
0.6 E)
N,
0.5 . \
0.5 £
. AN \ |5454 '
} 5154 i
o4 0.4 \\,.\ } 5554
03 ' :
0.3 \ |
0.2 L 07— 3 3 4
1 2 i3 4
w4k R & ok R K
EE RO (RHEERI0T) IR SRS O (BHEERKI0T)
(A I |
enssEes) G fE A EESE T ERR =R s

%
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(4.2.5)

TvI = v LG4 5154, 5254, 5454
T L O 904 DIEMIMEE 5

2. R (REW, SEEEHR, RELQER, EvE 1 mm)

ES5® ko % ® 5

1t # 54 ox , %
# H ;
Mg Ma | Cr Cw | st | Fe | zn T | Al
Bam | 3.1~3.9 <0.10 ] 0.15~0.35 <0.10 Si+Fe<0.45 [ <0.20 <0.20 7
5154
®OH 3.45 0.01 0.25 ww 0.05 i 0.05 i 0.01 0.01 7
A 3.1~8.9 <0.01 0.15~0.35 <0.05 Si+Fe<0.45 ] <0.20 <0.05 } R
5254 | s, A 3.51 0.008 0.26 0.01 0.07 0.08 0.02 0.02 7%
®i, B 3.30 0.008 0.25 BB 0.05 0.08 0.01 0.02 "
o | 2.4~3.0 0.50~1.0 0.05~0.20 <0.10 Si+Fe<0.40 <0.25 <0.20 n
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® B 2.74 0.79 0.09 o 0.08 | 0.18 | 0.01 0.12 7
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i 7| e
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5154 15 23.2 27.5 9 88 — 83 77 7 % Eyo 145 7.6
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7.7 | (21.1~28.8) | (>14) ) () (G (= (= () = ()
I3 B| (D
12.0 23.9 25 64 - 60 54 63 — | myo 1 8.6
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¢/ = (k2D 11.2) (23.5) (23) (60) (55) (62) \ (18) (Bmyo 0.58) | 9.7
15 — - 26.6 12 78 71 73 37 BEyo 144 8.5
- 30 H32 — 28.6 11 84 76 76 43 Eyo 144 7.9
50 H34 — 30.8 10 94 81 79 49 o 2.30% 7.2
70 H36 - 33.1 10 100 84 81 54 Eyo 2.5( | 6.0
15 - 17.5 26.2 14 76 69 72 34 Eyo 14 8.2
5154 150 30 H32 21.0 28.9 12 84 76 76 44 Eyo 145 | 7.7
50 H34 24.2 30.9 9 94 80 79 48 Eyo 2.3 | 6.9
70 H36 27.3 33.4 8 102 85 80 54 o 2.3 | 6.4
15 — 16.0 25.8 17 73 67 71 33 Eyo 145 | 8.7
- 30 H32 20.5 28.1 12 83 75 76 43 Eyo 14 | 7.5
50 H34 23.1 30.3 11 92 80 78 47 myo .85 | 7.3
70 H36 26.3 32.5 9 100 84 80 53 Eyo 2.3%% | 6.4
(6] (- G D) (12.0) (23.9) (25) (64) (54) (63) (€D (FEyo 144 8.6
20 H32 20.4 26.5 12 85 73 76 — Eyo 1.5 | 6.9
40 H34 24.2 29.0 8 94 78 78 - Eyo 2.5% | 6.0
125 60 H36 26.8 31.8 8 98 81 80 - Eyo 2,585 | 5.6
70 H36 28.1 31.9 8 103 8 81 - Eyo 345 | 5.5
80 H38 29.1 33.2 7 107 87 82 — Eyo 44% 3.7
5954 20 H32 19.1 26.0 13 83 71 7% — Eyo 156 | 7.2
40 H34 22.9 29.2 10 90 76 77 - Eyo 2.54 | 6.2
(®#. B) 150 60 H36 26.0 31.2 9 08 80 79 - o 2.5 | 5.7
70 H36 26.8 31.6 8 99 84 80 - Eyo 3f5 | 5.5
80 H38 28.6 32.9 8 104 86 82 e Hyo 445 | 5.0
20 - 18.1 26.2 15 81 69 74 — Byo 1.5 | 7.2
40 H34 22.4 28.8 11 87 76 77 - BEyo 2ff | 6.4
175 60 H36 24.5 30.5 10 97 82 80 - By 2.5 | 5.9
70 H36 26.1 31.4 9 98 83 80 - Eya 345 | 5.5
80 H38 27.8 32.5 8 100 84 81 - FEyo 4fF | 4.8
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Cx 3h % kg/mm? | kg/mm? % 5kg  [Far-anI5Tar 30Tz ~n|  SHED
G | o | @ om | azb | @6 e ) 0 (66 > | @mro 1] 6D
20 H32 22.1 28.4 11 89 76 77 — By o 1.50% 6.9
125 40 H34 26.4 30.9 8 98 82 79 — Byo 2% 6.1
65 — 29.5 33.8 6 108 87 82 — B0 3.50% 5.4
80 — 32.2 36.0 6 111 90 84 — By 3.5 4.0
20 H32 21.0 28.2 12 87 75 76 — By o 156 7.0
5454 150 40 H34 24.0 30.1 9 96 81 79 -— BEyo 245 6.3
65 — 27.2 32.7 8 103 85 81 - Eyo 34% 5.5
80 - 29.6 34.4 8 107 88 82 - By 3.5(% 4.5
20 H32 20.5 28.1 13 85 74 75 - BEyo 1.54% 7.2
s 40 H34 24.3 30.1 9 95 80 78 — Byo 2% 6.4
65 — 27.4 32.3 8 102 85 81 — B0 2.56% 5.7
80 — 29.6 34.4 7 110 88 82 — By 34 4.7
wow | o | wm | azo | @ ) ©® ) 7 ey |myo 140 @.8)
15 — 22.6 28.3 10 90 79 79 48 By 1.54% 6.1
30 — 26.1 30.8 7 99 83 81 53 EEyo 2% 5.9
1% 40 — 28.5 32.7 7 102 85 81 55 o 2.5(% 5.3
60 — 30.4 34.3 6 109 88 82 58 B0 2.58% 4.5
70 — 31.8 35.5 6 110 89 83 59 By 0 3.54% 3.3
80 e 32.7 36.4 6 116 91 84 61 Eyo 44 3.0
15 — 20.9 28.0 12 88 78 78 47 B 1.5 6.3
30 — 24.4 30.0 9 95 81 80 51 Eyo 245 6.2
5554 150 40 — 26.7 32.0 8 99 83 81 53 B0 2.50% 5.6
60 — 29.3 33.6 7 105 87 82 57 Byo 2.54% 4.9
70 —_ 30.5 35.2 7 108 88 83 58 HEyo 34 3.6
80 — 31.5 35.6 7 113 90 84 60 Zy 0 3.54% 3.6
15 — 20.4 27.8 13 86 77 77 45 By 1.54% 6.7
30 — 23.4 29.6 9 94 81 79 50 BEyo 24 6.6
175 40 — 25.2 31.2 9 96 82 80 51 Byro 24 6.2
60 — 28.6 33.6 8 105 86 81 56 BEy0> 2.54% 5.5
70 — 29.3 33.8 8 107 88 82 57 B0 2.5f% 5.2
80 — 30,4 34.5 7 110 89 83 59 B0 2.50% 3.8
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