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Effect of the Addition of a Little Boron on the Mechanical
Properties and Electrical Conductivity of Al-Mg-Si Ternary Alloy

by Shiro Terai* and Yoshio Baba**

This is to report on the study of the effect of the boron-treatment on the mechanical
properties and electrical conductivity of Al-Mg-Si ternary alloy.

The findings are as follows:

(1) The addition of boron restored the electrical conductivity by titanium impurity

contained in Al-Mg-Si alloy.

In this case, the same amount of added boron as titanium

restored the electrical conductivity and exceeded the amount of boron required at the

reaction of Ti+2B2TiB..

It might be due to the formation of the compound having more boron than TiB; or

of AlBs compound

(2) Boron itself did not improve the electrical conductivity of aluminium and its

alloy without titanium.

(8) Regarding the effect of boron on the aging characteristics of Al-Mg-Si alloy, it

was found that the retrogressive temperature (Riickbildungs-temperatur) was raised about
10°C by the addition of boron. Therefore it could be concluded that aging at the temperature
of 180° to 190°C decreased the electrical conductivity of Al-Mg-Si alloy treated with boron
more than that of boron free alloy.

(4) Sprit aging treatment had more undesirable effect on the mechanical properties
and electrical conductivity of Al-Mg-Si alloy with or without boron than that of the

material aged immediately after solution-heat-treatment.
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Tadle 1 Chemical composition of the Al-Mg-Si alloy

specimens.
‘ | Chemical composition, %
Mark
| B Ti 1 Mz | si | Fe k Ref.

1n Nil 0.009 0.65 0.43 0.09
12 0.0009 0.009 0.65 0.44 0.09 N>
13 0.011 0.008 0.65 0.43 0.08 Ti
14 0.085 0.009 0.72 0.48 0.08 added.
15 0.140 0.009 0.65 0.48 0.08
21 Nit 0.013 0.64 0.45 0.09
22 0.0011 0.010 0.63 0.42 0.09 0.019
23 0.013 0.013 0.67 0.42 0.09 Ti
24 0.052 0.010 0.67 0.49 0.08 added.
25 0.11 0.10 0.71 0.49 0.09
31 Nil 0.023 0.66 0.43 0.09
32 0.0017 0.022 0.66 0.43 0.09 0.027%
33 0.010 0.019 0.66 0.43 0.09 Ti
34 0.053 0.020 0.65 0.45 0.08 added.
35 0.11 0.019 0.66 0.51 0.06
41 Nil 0.093 0.63 0.43 0.09
42 0.0008 0.088 0.66 0.44 0.09 0.08%
43 0.008 0.093 0.60 0.42 0.08 Ti
44 0.11 0.100 0.62 0.49 0.07 added.
45 0.14 0.095 0.68 0.48 0.06
51 Nit 0.159 0.67 0.42 0.09
52 0.0013 0.135 0.64 0.43 0.08 0.15%
53 0.012 0.160 0.69 0.46 0.09 Ti
54 0.074 0.141 0.65 0.47 0.08 added.
55 0.15 0.153 0.70 0.49 0.07

: 99.85% Aluminium Base :

Table 2 Melting and casting condition of the test ingots.
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Table 3 Chemical composition of 99.999; and 99.7% pure aluminium-base Al-Ti-B alloy specimens.
Purity of Purity of

based Chemical composition. % based Chemical composition, %

\Qluminium - * aluminjum Ref.
99.99% ‘ . ; . 99.85% - .

Mark\ B ] Ti § Fe Si Mark B H Ti k Fe Si
()1 Nil 0.0009 0.001 0.001 051 Nil 0.002 0.176 0.09
032 0.0013 0.0009 0.001 0.001 €52 0.0019 0.002 0.176 0.09 No Ti
€3 0.012 0.0009 0.001 0.001 053 0.012 0.002 0.176 0.09
034 0.052 0.0009 0.001 0.001 054 0.073 0.002 0.176 0.09 added.
035 0.109 0.0009 0.001 0.001 055 0.287 0.002 0.176 0.09
011 Nil 0.009 0.004 0.01 061 Nil 0.009 0.182 0.05
012 0.002 0.009 0.004 0.01 062 0.0015 0.009 0.182 0.05 0.019% Ti
013 0.010 0.009 0.004 0.01 063 0.017 0.010 0.182 0.05
Ci4 0.049 0.009 0.004 0.01 054 0.065 0.013 0.182 0.05 added.
015 0.051 0.009 0.004 0.01 065 0.109 0.019 0.182 0.05
021 Nil 0.026 0.001 0.01 071 Nil 0.028 0.174 0.09
022 0.0010 0.028 0.001 0.01 072 0.0013 0.030 0.174 0.09 0.08% Ti
023 0.012 0.025 0.001 0.01 073 0.013 0.028 0.174 0.9
024 0.146 0.029 0.001 0.01 074 0.069 0.029 0.174 0.09 added.
025 0.119 0.028 0.001 0.01 075 0.118 0.028 0.174 0.09
031 Nil 0.084 0.001 0.01 081 Nil 0.088 0.174 0.07
032 0.0007 0.077 0.001 0.01 082 0.0311 0.093 0.174 0.07 0.08% Ti
033 0.010 0.077 0.001 0.01 083 0.011 0.074 0.174 0.07
034 0.052 0.073 0.001 0.01 084 0.052 0.084 0.174 0.07 added.
035 0.112 0.107 0.001 0.0L 085 0.249 0.031 0.174 0.07
041 Nil 0.154 0.001 0.01 091 Nil 0.169 0.174 0.05
042 0.0011 0.166 0.001 0.01 092 0.0013 0.160 0.174 0.05 0.15% Ti
043 0.012 0.152 0.001 0.01 093 0.011 0.161 0.174 0.05
044 0.062 0.161 0.001 0.01 094 0.063 0.160 0.174 0.05 added.
045 0.200 0.173 0.001 0.01 095 0.137 0.149 0.174 0.05
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Fig. 5 Effect of titanium and boron content on the
tensile strengths of Al-0.69% Mg-0.49; Si
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Effect of precipitation-heat-treatment on the electrical
conductivity of the extruded Al-0.69%Mg-0.49%Si alloy
with or without boron. Solution-heat-treated at 520°C

for lhr.
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Fig. 9 Effect of titanium and boron content on the
tensile strengths of the Al-0.6%Mg-0.49,Si alloy.
Solution-heat-treated at 520°C for lhr and

precipitation-heat-treated at 175°C for 8hr.
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Fig. 10 Effect of titanium and boron content on the
tensile strengths of the A1-0.695,Mg-0.49;Si alloy.
Solution-heat-treated at 520°C for lhr and
precipitation-heat-treated at 175°C for 20hr.
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Fig. 11 Effect of titanium and boron content on the
electrical conductivity of the Al1-0.6%Mg-0.42
Si alloy. Solution-heat-treated at 520°C for lhr
and precipitation-heat-treated at 175°C for 8hr.
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Photo. 1 Effect of titanium and boron content on thz micro-structure of solution- and precipitation-heat-treated
A1-0.6%Mg-0.4%Si alloy. (x100x4.5/5.5)
Solution-heat-treatzd at 520°C for lhr.

Pre:ipitation-heat-trzated at 175°C for 8hr.
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As water quenched after 520°C x4hrs solution treatment.

Ti 0.002%

Ti 0.154%

AT

Ti 0.010%

350°C x4hrs aged after solution treatment as above,

Photo 2-1 Effect of the heat-treatment on the micro-structure of Al-Ti alloy.
(x100x4.5/5.5)
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As water quenched after 520°C x4hr solution-treatment.
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350°C x4hr aged after solution-treatment as above.

Photo. 2-2 Effect of the heat-treatment on the micro-structure of Al-Ti-B alloy.
(x100x4.5/5.5)
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On the “Work Softening” Phenomenon of Aluminium

by Shiro Terai and Yoshio Baba

As a result of studying the effects of the purity of aluminium and the heat-treatment
on the “Work Softening” phenomenon of aluminium, it was found that this phenomenon
was observed in the special case of the commercially pure aluminium.

For example, 99.294 aluminium sheet annealed at 240°C after cold rolling increased
the elongation from 16 to 259 and decreased the proof stress from 12.0 to 10.6kg/mm2
and the tensile strength from 125 to 11.8kg/mm?2 with reduction of 19 by cold rolling

after the annealing.

This “Work Softening” phenomenon was observed in the half hard sheet of 99.2%
and 99.8%; aluminium annealed at the final temperature of about 240°C when cold rolled
with reduction of 1 to 5%, if the ingot had been preheated at 500°C for 24 hr. It was
also observed that this phenomenon had no connection with the interm=diate annealing

and the anisotropy of the sheets.

“Work Softening” phenomenon was not observed in 99.99% aluminjum and the comm-
ercially pure aluminium obtained from the ingot not preheated.

1. #®
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M 99.2% % £ 099.99% 0 Al iz D\ T/ F v I
T 2 kg OHRFEA BN L DO F ¥ LOT N
T8 o7 b OI2T Table 1 DEFHT 1 mmifiz AL L,
Tefcieslite 1,3,5,7 B I 0 10% DM T2 M LizDb
BIHR V BRBR AT/ o oo HIEE99.2% % X U09.8% D AlicD
ST TSR s 68 L, Table 1> E4T 1 mm
A VR Uy BERHIRBE 72 B ONC B D 5 Ak & InTCARAL B 5
DEAFRICOWTHE Lico Jods, SR Y HHLRM OIBE
IENT & FMATTH Do A Lok D 34T H 4 Table
2 R LT,

Table 1 Preparation of test specimens.

Aluminium Ingot Preheating Hot rolling ig;%gﬁﬁglate Cold rolling Final annealing Light rolling
Szmi-continuous 500°C x 24hr 500°C 250->6mm No 6—~1mm R.T.-400°C % 30min 1~10%
99.29 No 500°C 25--6mm No 4 7 7
Chill
500°Cx24hr | 500°C 25-6mm | o NCOT p P ’
99.8% Szmi-continuous 500°C x 24hr 500°C 250->6mm No 7 7 ”
99.999% Chill 500°C x 24hr 500°C 25-6mm No 7 » ”
* PIgEHs TR
e kUTJLn
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Table 2 Chemical composition of tesi specimens.
Chemical composition, %
|
Al Cu Fe Si Mg Mn Cr Zn Ti
99.2 0.031 0.56 0.16 0.004 0.017 Tr. 0.019 0.006
99.8 0.002 0.082 0.061 0.002 Tr. Tr. 0.007 0.005
99.99 0.002 0.002 Tr, Tr. Tr. Tr. Tr. Tr.
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Fig. 1 Effect of reduction by rolling on the mechanical
properties of 99.29 aluminium sheet annealed at
240°C x 30min.
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o B0 . tensile strength of as-annealed steets

o p,r . tensile strength of the shests rolled

lightly by 7% after annealling

o0.2,0 . proof stress of as-annealed sheets

oo.2,r . proof stress of the sheets rolled
lightly by % after annealing

S0 : elongation of as-annealed sheets

S, : elongation of the sheets rolled lightly
by 7% after annealing
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A Study on the Elevated-Temperature Strengths of
AC8A and AC8B Aluminium Cast Alloys for Piston

by Seikiti Hukai, Katsuzi Takeuchi and Eiji Tanaka

This investigation was carried out in relation to the effects of heat-treatment and
nickel contents on the tensile properties, hardness numbers, impact values, creep and
fatigue properties in the temperature range from room-temperature to 400°C on ACSA
(Low-Ex.) and AC8B(Alcoa D132) cast aluminium alloys for piston.

The chemical compositions and mechanical properties at room-temperature including
the heat-treatments are given in Table 1 and 2, respectively. The specimens were casted
into a permanent mould which is in accordance with Japanese Industrial Standard (JIS)
H0321.

The alloys were compared on the basis of their tensile properties, Vickers hardness
numbers and Charpy impact values at elevated-temperature after 1,000 hour soaking. The
creep tests were carried out with the lever-type creep-rupture tester and the creep
strengths were calibrated at 0.19 per 1,000 hours. The room- and elevated-temperature
fatigue tests were conducted on an Ono’s high-temperature fatigue tester (3,000 rpm) and
fatigue strengths were determined at 107 cycles.

The test results are summarized in Table 20, 21 and 22. Comparing strengths, such
as yield-, tensile-, creep- and fatigue strengths, the fatigue strengths show lower values
between room-temperature to 150°C than those of other strengths, and at higher temperature
the creep strength shows the lowest value compared with other strengths. As for the
effect of heat-treatment conditions on their strengths, the higher values were given by T6
treatment up to 200°C and T5 treatment shows higher strengths than other treatments
at further elevated-temperature. The authors would recommend T35 treatment as the heat-
treatment of those alloys for piston.

In the case of nickel-free alloys, those strengths are lower than nickel containing
alloys above 200°C. It would appear from the above results that elimination of nickel from
AC8A and ACS8B alloys is undesirable. Alcoa F132 alloy, however, which has a reduced
nickel content of less than 0.5094, is currently in use in U.S., and in consideration of the
amount of difference in strenths of nickel-free and nickel-containing alloys, it may be
acceptable for nickel contzant of thass alloys to approach thes lower limit of the current
specification or possibly be less.
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BIE Uize Thbb. D EEREEREIN TS TTa 350°Cidble »Cfi7a\s, i
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T5, T6 Bt % 7= 9
2-2 BEBEERR. SEMFYEES IUEBEEER
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Table 1 Chemical compositions of specimens.
Chemical composition, %
Alloy Temper Mark
si Cu | Mg Ni Fe Mn Zn Ti Al
ABR 11.05 1.16 1.15 2.50 0.47 0.26 0.05 0.03 Bal.
T5 A58 11.87 1.05 1.07 1.41 0.62 0.25 0.14 0.03 Bal.
ASL 11.44 1.02 1.01 Tr. 0.38 0.28 0.08 Tr. Bal.
JIS 15202, ABR 11.21 1,15 1.10 2.59 0.47 0.26 0.05 0.02 Bal.
ACB8AD
T6 A6S 11.38 1.1 0.99 1.49 0.64 0.24 0.15 0.03 Bal.
ABL 11.36 1.04 0.92 Tr. .41 0.27 0.11 Tr Bal.
7 ! | |
- AT7S 11,12 L | 1es 146 L 0.64 0.24 0.16 0.03 Bal.
7
ATL 11.45 1.08 1.01 ! Tr. 0.28 0.27 0.11 0.01 Bal.
B5R 9.39 2,96 1.04 \ 1.52 0,51 0.12 0.03 0.04 Bal.
T5 B5S 9.54 2.96 0.99 .78 4.67 0.26 0.17 0.05 Bal.
i
BS5L 9.66 3.02 0.89 Tr. 0.42 0.32 0.11 Tr | Bal.
BOHR 9.46 2.98 1.08 1.5¢ 0.51 0.11 0.04 | 0,02 Bal.
JI5 H5202,
B6S1 9.40 2.93 0.89 6.80 0.68 0.26 0.17 0.04 Bal.
AC8B® T6
BES2 9,80 2.92 (.89 0.72 0.72 0.27 0.15 0.02 Bal.
B61L 9.58 3.08 0.88 Tr. | 0.37 0.31 0.10 0.01 Bal.
T B7S 9.69 3.03 0,72 0.60 0.61 0.2¢ 0.12 .02 Bal.
7
B7L 9.59 3.30 0.82 Tr. 0.32 0.27 0.14 ¢.01 Bal.
1) Low-Ex.

2) Alcoa D132
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Table 2 Mechanical properties of specimens.

. Yield . . . Charpy
Elastic Tensile | Elongation, Brinell f
Alloy Mark Heat treatment limit, (Oszt(;eg%tsléw strength, hardness, 1(%?;’13%0%22’)6
kg/mm? .kg'/mmZ . kg/mm? % 10/500/30 Kg-m/cm? ’
ASR 8.5 22.4 24.0 1 104 0.11
A5S 175°C x 16h tempered 10.3 22.2 26.3 1 100 0.12
ASL 9.3 22.8 27.9 1 101 0.16
AC8A ABR 500°C x water quenched 19.9 31.8 34.1 1 128 0.19
A6S and 20.9 31.6 34.1 1 121 0.12
A6L 170°Cx 16h tempered 19.6 33.1 37.5 2 120 0.18
AT7S 500°C water quenched - 28.1 30.0 1 107 -
an
ATL 220°C x6h tempered — 26.3 30.1 1 99 —
B5R 10.9 24.4 27.0 1 112 0.12
B5S 170°C = 16h tempered 12.0 24.0 26.4 1 107 0.13
B5L 12.3 23.7 28.7 1 102 0.13
B6R 19.6 31.5 35.4 1 122 0.18
ACS8B 500°C water quenched
B6S1 d 20.5 32.0 34.3 1 124 0.12
an
B6S2 — 31.2 3.4 1 120 0.16
170°C x 16h tempered
B6L 23.6 36.1 39.9 1 128 0.15
B7S 500°C water quenched — 26.0 28.7 1 107 —
an
B7L 220°C = 6h tempered — 26.3 30.7 2 101 —

3

x100(x7/10) *x800(x7/10)

x800( = 7/10)
b) T6 treatment

Photo. 1 Micro-structure of ACSA.

_3._.




(264) R B & B B W October 1963

23 ZY—7HER - p | ‘
7 - 7 BRGS0~ o BR R (AL 3 ton) —— | O ASS | @ ASL
AV, SEBRLE 100 Zous L 300°C i dsts - T 7 o 72t a ABS| a Aol
300°C D 2 U~ TR A R S Lz, 7 Y~ T V}’;;(f;m:k;”
BRi21,000h4 FUBE & UCAT 7R o oy £ ORS AT a0l T
SHIZ U~ T AT EHD m@isjﬁ LO00RSERTL o
SR A ik Uico ods. BRI IR B I D M N <
200 Utzo &z, 70~ 7 m,w ﬂm\u) we 7
1C6,5,4 F71k3kg/mm2 & L7z, % ol ]
SLER A ok Fig. la it SR O B LT
o 3 i oWwWTiliE Ly R R B AL TR e %

1.5°C o 5 & 5 VIR A SR Utco P E ORI

B/ANERE 0.00Imm D& A Y 7 — T ot

”
140 - . | \
b 35— Qb 5y e O 35 § 1 \

|
H 5;(} 1
~ - A f
- ) 100 200 300 400
a) Creep test Temperature, ~C
specimen Pig. 2 Relations between soaking temperature and
tensile strengths at high-temperature of
ACBA.
- 25 4 {30 125
. I'=z Sy
b) Fatigue test specimen
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40 T
o BSS o BSL
50 : 2 BOSI  a B6L
O A5S e ASL / \ v B7S v B87L
40— & AbS a AbL N 1,000 h socked
A7S A7L / _D\é\
< v M / " 30
S 30 | 1,000h socked €
=3 / ) AN
O o
= —va
5 % / 3
2 / /f//» 2 .
v /
; ' xR 20
™~
e
Py
300 400 ‘g’)
Temperoture, °C %
Fig. 4 Relations batween soaking temperature and 2
elongations at high-temperature of ACS8A. = 10
40 :
o BSS @ BSL
A BéS| & BOL e ——_
v B7S v B7L
1,000h soaked 100 200 300 400
30 Temperature, °C
o Fig. 6 Relations between soaking temperature and
\e vield strengths at high-temperature of
E: ACS8B.
<
220 50 T
5 o B5S e B5L
%’ 40 A B6SI A BbL —
<
2 v B7S v B7L
30— 1,000 h socked //V
10 5 /
IS}
g2 /
o /E/
3
\ 0 o
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0 100 200 300 400 o] 100 200 300 400
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Fig. 5 Relations between soaking temperature and Fig. 7 Relations between soaking temperature and
tensile stengths at high-temperature of elongations at high-temperature of ACSB.
AC8B.
Table 3 High-temperature tensile properties of 1,000h soaked of AC8A and AC8BE.
T5L T62 T73
Temperature, Yield Tensile Yield Tensile Yield Tensile
Alloy R strength strength, Elonga- strength strength, Elonga- strength strength, Elonga-
C (0.2% oftset), tion, [(0.2% offset), tion, {(0.2% offset), tion,
kg/mm? kg/mm? % kg/mm? kg/mm? 2% kg/mm? kg/mm? %
100 20.7 27.2 2 31.0 34.3 2 23.4 27.3 2
150 19.1 22.7 2 26.2 29.2 2 22.4 26.2 2
8CB8A
200 9.5 16.3 4 10.2 15.3 5 10.8 15.2 8
250 7.1 11.4 6 5.8 9.5 12 6.6 10.1 16
100 23.3 26,6 2 31.2 34.0 2 25.1 28.4 2
150 18.2 22.1 2 27.3 32.3 2 21.9 25.5 2
AC8B
200 11.4 16.0 6 9.2 13.5 8 9.4 14.2 6
250 7.4 12.7 9 6.3 9.5 14 6.3 9.4 15
1) ASS, B5S 2) ABS, B6S1 3) AT7S, B7S
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Fig. 11 High-temperature tensile properties versus soaking
timz before the tensile test of specimen B6SI.
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Table 4 High-temperature Vickers hardness numbers of
1,000h socaked AC8 A and ACS8B.

Temperature, ACSBA ACEB

c A5S|A6S|A7S|B5S|B6S1|BTS

Room-temperature 116 149 120 128 151 127
100 92 111 95 97 118 99
150 58 71 72 67 68 72
200 34 30 41 10 30 38
250 28 32 23 23 22 2t
300 -~ - 14 — - 14
350 - - 9 - - g

R Ly 200°C ¢k T7>T5>T6 4. 250°C i T6>
T7=T6 WHDIETH %o 8 FiBIL 200°C kD4 T6
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Fig. 12 Relations betwesn soaking temperature and
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Table 5 High-temperature impact values of 1,000h soaked

AC8A and AC 8 B.

“"Charpy impact_ Value,

Alloy Tcmpeo?ture, ‘* kg- m/cm~
; | oTsw | Te®
- ; . : -
100 ! 0.16 0.14
150 ! 0.14 0.13
ACBA |
200 1 0.20 0.28
|
250 ! 0.27 0.37
100 \ 0.11 0.15
150 0.13 0.14
AC8B
200 0.18 0.37
250 0.25 0.46

"71) A5S and B5S

2) A6S and B6S51

1.0 I
o A55 @ ASL /
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Fig. 17 Relations between soaking temperature and Charpy
impact values at high-temperature of ACBA.

"g 1.0 : i

N 0 B5S  ® BSL |

5 08|~ 2 B6SI & B

1,000h soaked

I
o

y &

|

o
N

Charpy impact value,
<O
EnN

o | i
0 100 200 300 400
Temperature, °C
Fig. 18 Relations between soaking temperature and Charpy
impact values at high-temperature of AC8B.
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Table 6 Results of creep tests of AC8A and ACS8B.

. Inijtial Total Creep Initial time
Alloy Mark Temperature, Stress, Totzzltt)xme, extension, creep, of 3rd stage
°C kg/mm? h ") ( £) Interscspt, R(a;g, creep.>
Y ’ % 9/1000h
10 22.5 950 0.562 0.793 0.740 0.057 —
20.0 1000 0.453 0.598 0.573 0.025 —
17.5 097 0.294 0.762 -~ 0.523 0.240 —
150 12.5 810 0.193 0.406 0.342 0.079 —
10.0 982 0.122 0.192 0.168 0.025 -
A5S 12.5 426.62 0.126 7.09) - 3.96 186
200 10.0 1030 0.140 0.993 0.310 0.662 —
7.5 892 0.097 0.422 0.258 0.167 —
5.0 968 0.055 0.164 0.095 0.077 —
7.5 2152 0.123 8.0%) - 8.53 76
250 5.0 1015 0.056 0.740 0.404 0.331 —
3.0 824 0.024 0.046 — 0.032 —
100 27.0 998 0.371 0.549 0.512 0.037 —
25.0 979 0.270 0.495 0.482 0.014 —
ACSA 20.0 973 0.238 0.495 0.295 0.206 —
150 17.5 583 0.214 0.359 0.272 0.149 -
15.0 1000 0.168 0.251 0.196 0.055 —
10.0 1006 0.103 0.126 0.108 0.018 —
15.0 227.0% 0.211 6.28 — 4.06 71
ABS 12.5 836.6% 0.158 6.08) — 0.917 189
10.0 765 0.129 0.737 0.188 0.544 350
200 10.0 1030 0.121 0.919 0.179 0.517 280
7.5 573 0.002 0.281 0.201 0.139 —
7.5 1007 0.106 0.301 0.162 0.125 720
5.0 1006 0.060 0.161 0.101 0.060 -
7.5 185.9% 0.105 8.59 — 8.42 56
250 5.0 973 0.063 1.473 0.227 0.903 320
3.0 1007 0.030 0.247 0.096 0.150 —
10.0 886 0.110 3.913 0.151 0.577 200
ATS 200 7.5 820 0.088 0.270 0.116 0.184 —
5.0 700 0.058 0.135 0.100 0.048 —
10.0 1006 0.130 1.006 0.489 0.514 —
B5S 200 7.5 991 0.070 0.191 0.120 0.072 —
5.0 1006 0.051 0.133 0.109 0.024 -—
10.0 598 0.110 1.032 0.135 0.309 120
AC8B B6S1 200 7.5 612 0.083 0.298 0.111 0.181 180
5.0 1006 0.054 0.148 0.847 0.063 —
10.0 734.3 0.114 9.0 0.132 0.441 215
B7S 200 7.5 1006 0.085 0.334 0.100 0.144 455
5.0 1006 0.058 0.122 0.081 0.044 —
1) Approximately 2) Rupture time 3) Rupture elongation *&=Eo+ovt, (McVetty’s formulai®)

__9__
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Table 7 Creep strengths and reduction percentages of creep strength of AC8A and AC8B.

Temperaars, | SRRV | Retueront for s
Alloy Mark oc kg/mm? creep rate per LU
0.01% 0.1% 1% 0-019 0.1% 1%
100 (17.2) (24.4) - - - -
150 (6.7 14.1 - - - -
AS5S
200 (1.9 6.2 10.4 ) 9 0
250 (1.8) 3.9 6.0 - - 1
{ {
ACBA 100 (24.3) 29.0) - - - -
150 1.6 16.7 - - - -
ABS
200 (1.4) 6.7 12.0 (26.3) -8.1 -15.4
250 (<D 2.5 5.1 — - -
ATS 200 ! (1.8) l 6.5 \ 1.0y ‘ (5.3) 1 -4.8 1 (-5.8)
1
B5S 200 4.0 5 7.6 L. 0 0 0
ACS8B B6S1 200 <v 6.3 (13.2) (>75) 71| ¢17.9)
B7S 200 (1.7 i 6.8 (11.8) (57.5) 10.5 (-5.4)

1) Reduction percentages refer to the creep of A5S and B5S at 200°C.

Table 8 Results of creep-rupture tests of AC8 A and AC8B at 300°C.

s Initial Time for specified percentage of creep strain, ! 1 Rupture
tress, 5 tine .
Alloy Mark extension, h | Rupture time, i elongation,
kg/mm? \ h !
% | ;o . %
0.2% 0.5% 1% | 3% | 5% |
6.0 0.358 - <1 <1 e2 | - 9.6 8.4
5.0 0.133 <1 <i 7.5 39 54 64.0 11.0
A5S
5.0 0.138 <1 1.5 9 31.5 42 52.0 10.0
4.0 0.044 <2 23.5 70 187 235 296.0 14.0
6.0 0.260 - - 1 - _— 2.1 13.0
ACBA A6S 5.0 0.135 <1 <1 2.7 8.2 15.8 12.0
4.0 0.081 2 7 17.5 41.5 52.7 70.1 22.0
6.0 0.888 — — - — — 0.4 31.0
5.0 0.167 <1 <1 <1 — — 3.2 28.4
ATS
4.0 0.067 <1 2.5 6.5 18.5 26 37.1 2.1
3.5 0.052 <1 4 12.5 36.5 47.5 71.6 19.6
6.0 0.308 — <1 - — — 11.5 10.0
B5S 5.0 0.083 <1 8.3 28 69 — 94.1 14.0
4.0 0.062 2.5 35 92.5 228 283 337.5 12.0
6.0 0.816 — - — - - 1.1 23.2
5.0 0.256 — <1 <1 2.5 — 4.1 14.0
B6S1
ACS8B 4.0 0.093 <1 4.2 16.8 43.5 57.5 77.7 18.6
4.0 0.067 <1 3 10.2 27.5 36.3 52.3 15.6
6.0 0.342 — - — - - 0.9 25.8
5.0 0.120 <1 <1 <1 2.9 - 5.9 14.8
B7S
4.0 0.077 <1 2.1 7 19 23 27.5 12.6
3.5 0.050 <1 4.8 11.5 34 44.5 59.4 17.0
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Table § Rupture strengths and reduction percentages of rupture stength of AC8A and ACS8B at 300°C.

Rupture strength for specified
rupture time, Reduction®? for specified rupture time,
Alloy Mark kg/mm?® %

10h l 100k 1000h 10h 100h 1000h

A5 S 5.9 4.7 (3.6) 0 0 0
ACBA ABS 5.2 (3.8) (2.4 11.9 19.1) (33.3)
ATS 4.5 3.4 (2.3) 23.7 27.7) (36.1)

B3 S 6.2 4.8 (3.4) 0 0 0
ACS8B B6S 4.8 3.8 (2.8) 22.6 20.8 17.6)
B7S 4.5 (3.2) (1.7 27.4 (33.3 (50.0)

1) Reduction percentages refer to the repture strengths of ASS or BSS.
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Table 10 Fatigue strengths and reduction percentages of fatigue strengths of AC8A and ACS8B.

Fatigue strength, Reduction,®?
Temperature,
Alloy Mark kg/mm?2 %
°C
108 i 10° 107 1o 10% 108
cycles cycles cycles cycles cycles cycles
Room-temperature 17.6 14.1 12.2 0 0 0
100 15.6 13.1 11.7 11.4 7.1 4.1
150 14.7 12.5 11.2 16.5 11.3 8.2
ASS
200 4.4 11.4 8.3 18.2 19.1 32.0
250 11.9 8.9 6.6 32.4 36.9 45.9
300 8.9 6.9 5.3 49.4 51.1 56.6
Room-temperature 17.3 14.5 13.2 0 i} 0
100 15.1 13.0 11.7 12.7 10.3 11.4
. 2 . . . 9.8
ACSA AGS 150 17.1 14 11.9 1.2 2.1
200 16.8 12.5 9.5 2.9 13.8 28.0
250 15.1 9.1 6.3 13.3 37.2 52.3
300 9.4 6.4 4.1 45.7 55.9 68.9
Room-temperature 16.2 12.8 12.2 0 0 0
100 16.7 4.1 12.3 -3.1 -10.2 -0.8
200 15.4 11.9 9.7 4.9 7.0 20.5
AT7S
300 8.5 6.3 4.8 47.5 50.8 60.7
350 — 4.8 3.0 — 62.5 75.4
400 5.9 4.5 2.7 63.6 64.8 77.9
Room-temperature 15.8 12.9 11.6 0 0 i}
100 15.9 11.1 11.0 -0.6 13.9 5.2
150 15.3 11.3 10.6 3.2 12.4 8.6
B5S
200 15.1 10.7 9.1 4.4 17.1 21.5
250 12.5 8.4 5.9 20.9 34.9 49.1
300 9.3 6.3 4.2 41.1 51.2 63.8
Room-temperature 18.1 11.8 10.2 0 0 0
100 17.1 12.0 11.1 5.5 -1.7 -8.8
150 17.3 13.0 1.7 4.4 -10.2 -14.7
B6&1
200 18.5 12.1 10.3 -2.2 -2.5 -1.0
250 14.1 9.1 5.1 22.1 22.9 50.0
ACSB 300 8.6 5.1 3.4 52.5 56.8 66.7
Room-temperature 17.7 15.2 14.2 0 0 0
100 — 12.7 12.1 - 16.4 14.8
150 — 12.2 12.1 — 19.7 14.8
B6S2
200 i7.1 13.0 2.6 3.4 14.5 39.4
250 13.8 10.5 5.4 22.0 30.9 62.0
300 — 7.0 4.3 — 53.9 69.7
Room-temperature 18.0 13.9 12.1 1} 0 0
100 19.0 12.7 11.7 -5.6 8.6 3.3
200 16.2 11.8 2.8 10.0 15.1 19.0
B7S 250 - 10.7 6.6 _— 23.0 45.5
300 9.6 6.3 4.1 46.7 54.7 66.1
350 6.5 4.7 3.4 63.9 66.2 71.9
400 6.5 4.7 3.4 63.9 66.2 71.9

1) Reduction percentages refer to the fatigue strengths at room-temperature.
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180 ; ; Table 11 Comparison of fatigue strengths.
ol Ryoom ,‘empe'm,‘,'_r?,,, l Testing speed, Fatigue Stre[lliggt/}llnlertﬁ]m cycles,®
oy
rpm -
0mme dia. t 8mmge¢ dia.
140 ‘
92 17000 10.4 i1.2
&) & ACB8A-TS
™~ < 30002> - 11.3
E}) 120
E 6’0, ® ACSA-TG 17001 11.6 13.1
T -
it v" 4 30002 -~ 13.0
)
% 100
5 1) Ono’s rotating-beam fatigue tester.
- 2) Ono’s high-temperature fatigue tester.
Z:; 80 3) Room-temperature.
g /
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Fig. 35 Room- and high-temperature hardness after
high-temperature fatigue test up to 107 cycles
of ACEB.
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Table 12 IHigh-temperature tensile properties of 1,000h soaked nickel-free AC8 A and AC8B.

T5D TH T78)
Temperature, N
Alloy oC st}velr?glg%h Tensile | Elongation, st};r?lg%h i Tensile Elongation, stgelgglz%h \ Tensile ‘\ Elongation,
(0.2% offseh), | Strepeth, ” 0,29 offset), | SiTengthy (0.2% offsety, | Strensthy )
- kg/mm?* g/mm o kg/mm?® | *8 | o kg/mm? | & | 7
100 22.2 27.7 2 33.9 36.6 2 24.0 28.3 2
150 20.9 26.4 2 27.7 31.7 11 21.5 24.7 2
200 10.1 14.4 6 8.4 12.4 20 8.6 12.0 13
AC8A
250 6.0 10.4 10 5.7 9.2 26 5.5 8.2 15
300 5.1 8.0 14 - — 4.2 5.5 35
350 3.4 4.7 18 - - - 3.0 4.0 58
100 23.4 26.8 2 33.8 36.5 2 24.5 31.1 2
150 19.8 25.2 2 31.7 35.2 2 22.4 25.6 3
200 9.8 16.6 3 6.7 10,7 14 9.2 12.4 18
AC8B
250 6.7 9.3 7 6.4 9.4 18 5.7 8.5 13
300 - - — - - — 4.0 5.4 26
350 —_— o — - — - 3.1 4.3 32
1) A5L, B5L
2) A6L, B6L
3) A7L, B7L

Table 13 High-temperature Vickers

hardness numbers of 1,000h soaked nickel-rich or nickel-free

ACB8A and AC8B.

Temperature, ACBA ACSB
°C A5R A5L ABR A6L ATL B5R B5SL | B6R B6L B7L
Room-temperature 127 116 147 147 111 131 122 138 152 118
100 97 86 112 121 90 91 96 115 121 88
150 65 74 85 82 76 56 55 84 108 77
200 38 38 34 25 44 31 34 35 24 42
250 26 24 20 17 24 - 25 — 19 21
300 — 10 - 9 12 - 10 - 9 13
350 — — e 5 8 — 7 - 6 8
160 160 ; ; :
o AbR @ AS5R o BOR ® BSR
a s ASS \N\ o BOSI 4 B35S
140 AbS ; | o 140 I v Bo6lL ¥ 35l
I?)) v AbL vooAst v s 1,000h soaked
N \ 1,000 h socked N EN ;
© 120 © 120
[e] @) i
N N
100 - 100 : 5
3 “ k] \x
£ €
=3 % o
© 80 < 80 y
2 2
5 s0 & 60
!e v
& 8
T 40— T 40
= =
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Temperature, °C Temperature, °C

Fig. 36 Relations between soaking temperature and

Vickers hardness numbers at high-temperature

of ACBA,

Fig. 37 Relations between soaking temperature and

Vickers hardness numbers at high-temperature
of ACSB.
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3-2-3 fpEeE Nizad LauwEMo 1,000h st
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TNIZEH Linb DL D 2RE g b0

Table 14 High-temperature impact values of 1000h
soaked nickel-free AC8 A and AC8B.

Temperature, Charp];jg}f}r;;/;gg}tg value,
Alloy o ! -

T5L T6®
100 0.16 0.22
150 0.14 0.19
ACBA 200 0.19 0.65
250 0.33 0.85

300 0.59 -

100 0.14 0.15

150 0.14 0.14

ACS8R

200 0.22 .42

250 0.30 0.64

1y ASL and B5L
2) A8L and B6L

3-2:4 sY—7mE NizagalaoRA#o 20000
iy A 2 )~ R R Table 16 wirlL, 7V ~7
kR Fig. 38 1wiido 7 ¥ — 7afEd Table16 ©
Tt 300°Cizkstr 5 7 v — 7k iReE 2k Table 17
R L, S — i A I Fig, 39 wiRds 7 0 — 7
Wi 1 Table 18 1wk,

8FEAD s Y~ 7y Table 7 Wi Lz NI #58F
Utz o & Hei LT TS U8kt 28 3.2%, T6 JLBE4S 72 6 %,
T7 3 2320913 & F R EHUEW, 300°C ikt 7 ¥
~ 7RG B L R F R FER 12.8%, 21.1%,8.8% L&
WA b0, 8EB?M200°CIckiFH 2 Y — 7R B IE NI
e Lizh o & ik LT TS I 23 145%13 KB W E
#hohs, T6 4 X O° T7 JUBHH e 14.3% F72i% 12,
3LE EE NEE T, L, 300°C kit L s Y~ 7
BEWORE LT G NI 2 5F LawIFMEWEL b2

frds. 2,3 OEIsMLE B, A—IEhoBa. N 2#&
HUANLOE3H 2 ) - 7T RABEENEETAHLO
LDFNL D REAAD So

Table 15 Results of creep tests of nickel-free AC8A and AC8B at 200°C.
e | | Creep
Stress, Total time . %ﬁgxtxgl Total creep Initial time of 3rd
Alloy Mark ‘ t), ex (C(R)S,l)on' &5, 1“’3(‘35”}39'5 R?})‘;- stage creep?,
kg/mm?* h o % of; . 44/1000h h
10.0 717 ‘ 0.168 1.181 0.228 1.188 270
A5 L 7.5 1005 0.083 0.318 0.139 0.178 —
5.0 1005 0.041 0.176 0.098 0.077 -
j 1
10.0 704 ! 0.122 1.334 0.192 0.669 310
ACBA A6L 7.5 1029 0.085 0.447 0.169 0.220 540
5.0 1029 0.054 0.167 0.114 0.052 -
10.0 455 0.130 0.616 0.206 0.717 225
AT7L 7.5 105¢ 0.095 0.446 0.193 0.223 680
5.0 1006 0.060 0.253 0.159 0.093 —
10.0 992 0.159 2.598 0.464 1.803 585
B5L 7.5 1013 0.078 0.308 0.173 0.133 —
5.0 1007 0.042 0.135 0.093 0.043 —
10.0 382 0.131 0.762 0.182 0.763 95
AC38B B6L 7.5 1006 0.100 0.345 0.147 0.186 840
5.0 1006 0.059 0.070 0.058 0.012 —
10.0 368 0.131 0.482 0.183 0.517 200
B7L 7.5 838 0.093 €.250 0.135 0.087 380
5.0 1006 0.048 0.130 0.102 0.035 820

1) Approximately
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Table 16 Creep strengths and reduction percentages of nickel-free AC8 A and AC8B at 200°C.

Creep strength for spe«/:iﬁed creep rate per 1000h,
mm?

Reduction® for specified creep rate per 1000h,
%

Alloy Mark i °
0.01% 0.19 1% 0.01% 0.19% 1%
AS5L 1.7 6.0 10.2 (10.5) 3.2 1.9
ACS8A A6L .7 6.3 (10.8) (-21.4) 6.0 (10.0)
A7TL (<1 5.2 (10.2) (>44.4) 20.0 (7.3)
B5L (3.5) 6.5 9.4 (12.5) 14.5 16.1
ACS8B B6L “.4) 7.2 10.0 (>-340) -14.3 24.2
B7L 2.9 7.3 (11.6) (-61.1) -12.3 (-5.5)

1) Reduction percentages refer to the creep strengths of the nickel contained specimen at 200°C as shown in Table 7,

Table 17 Results of creep-rupture tests of nickel-free AC8A and AC8B at 300°C.
Stress, Initial Time for specified perientege of creep strain, Rupture time, Rupture elongation,
Alloy Mark K . extension, %
g/mm? % 0.2% 0.5% 1% 39 5% b ’

6.0 0.549 e e — — — 0.7 16.0

AS5L 5.0 0.112 <1 <1 2.7 - — 16.3 18.4

4.0 0.102 <1 2.5 11.5 37.9 50 4.2 23.0

5.0 0.100 <1 — — — — 3.0 22.0

ACEA AGL 4.0 0.099 <1 <1 1.1 — — 15.4 28.0
3.0 0.043 2.1 8.8 19.5 42 54 78.7 36.6

2.5 0.030 8 32 65 138 173 " 283.9 41.4

5.0 0.173 — — — — — 2.1 14.0

A7L 4.0 0.078 <1 <1 2.2 7 9.7 21.9 24.8

3.0 0.031 2.5 10.5 21.5 55 74 102.8 29.8

6.0 0.339 — <1 <1 — — 4.7 18.0

B5SL 5.0 0.205 — <1 2.5 — — 12.7 13.0

4.0 0.100 <1 3.1 13.8 57.5 80 101.0 12.0

5.0 0.138 <1 <1 <1 1.0 — 1.9 21.8

AC8B B6L 4.0 0.083 <1 1.5 4.1 - — 19.1 35.2
3.0 0.046 8 32.9 64.5 116 133 158.2 26.8

5.0 0.218 — — — — — 0.5 24.0

B7L 4.0 0.098 <1 <1 2.2 5.5 7 11.3 25.2

3.0 0.048 5 18 35.5 738.5 89.5 117.8 32.0
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Table 18 Rupture strengths and reduction percentages of rupture strength of
nickel-free AC8 A and AC8B at 300°C.

% Rupture strength for spemﬁed rupture time, Reduction®> for specified rupture time,
Alloy | Mark kg/mm? % B
[ 10h 1090 1000h 108 § 100k 1000k
i
ASL 5.0 4.1 3.3) 15.3 12.8 (8.3)
ACB8A ABL 4.3 3.0 1.8 17.3 21.1 (25.0)
A7L 4.2 3.1 2.0 6.7 8.8 8.7
i
B5L 5.4 4.0 2.5) 12.9 16.7 (26.5)
AC8B B6L 4.3 3.0 (1.8) 10.4 21.1 (35.7)
B7L 4.0 2.9 (1.8) 11.1 9.4 (-5.9)

1) Reduction percentages refer to the rupture strength of the nickel contained specimen at 300°C as shown in Table 9,
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Table 19 Fatigue strengths and reduction percentages of fatigue strengths of nickel-rich or
nickel-free AC8A and ACS8B.

Fatigue strength, Reduction®’,
Temperature, kg/mm? %
Alloy | Mark .
© 105 100 10° 105 100 107
cycles cycles cycles cycles cycles cycles
R erature 16.5 11.1 10.2 0 0 0
100 14.5 11.8 1.1 12.1 ~6.3 ~8.8
ASR 150 14.0 11.4 10.6 15.2 —2.7 ~3.9
200 - 11.2 9.0 - ~0.9 11.8
250 — 7.7 5.4 — 30.4 47.1
300 - 6.6 4.4 — 40.5 56.9
Rgg;g;,erame 17.5 13.9 13.1 0 0 0
ASL 100 15.8 12.7 11.2 9.7 8.6 14.5
150 — 13.1 11.2 - 5.8 14.5
200 - 10.7 8.9 - 23.0 32.1
250 - 7.9 5.2 - 43.2 60.3
ACSA R%‘éﬁ}eramre 18.0 14.1 13.1 0 0 0
ABR 200 16.8 13.7 10.1 7.2 2.8 22.9
250 9.5 5.9 - 32.6 55.0
300 9.0 6.8 3.9 50.3 51.8 70.2
R%@?ﬁ;erature 21.4 14.9 13.2 0 0 0
100 - 14.1 12.9 — 5.4 2.3
ABL 150 — 14.7 12.7 — 1.3 3.8
200 - 13.9 9.4 — 6.7 28.8
250 - 9.5 5.7 - 36.2 56.8
R?cg,ig;)erature - 12.7 12.1 0 0 0
250 - 9.7 6.8 — 23.6 43.8
8ATL 300 — 7.0 4.0 - 4.9 66.9
350 7.1 5.1 3.7 - 59.8 69.4
400 5.4 4.0 3.2 -~ 68.5 73.6
R SN 17.4 13.0 12.1 0 0 0
100 15.8 12.1 11.8 9.2 6.9 2.5
B5R 150 15.4 1.2 10.0 11.5 13.8 17.4
200 14.0 10.1 8.8 19.5 22.3 27.3
250 11.5 7.9 5.4 33.9 39.2 5.4
Rggg‘lpemmre 16.9 11.9 10.1 0 0 0
100 16.0 10.8 10.2 5.3 9.2 ~1.0
BSL 150 15.4 11.0 9.7 8.9 7.6 4.0
200 - 10.3 7.7 13.4 23.8
250 - 7.0 3.3 - 1.2 67.3
R?Z%}aerature 17.7 13.8 13.1 0 0 0
AC8B | B6R 200 - 12.6 9.1 - 8.7 30.5
250 - 10.0 6.2 — 27.5 59.7
300 — 5.3 1.4 — 61.6 89.3
RO erature 17.3 12.5 10.2 0 0 0
- 100 18.5 11.3 1.1 - 9.6 8.8
B6L 150 — 12.1 10.9 6.9 3.2 —6.9
200 — 1.8 8.2 - 5.6 19.6
250 - 8.9 4.4 - 28.8 56.9
R erature 18.0 13.2 10.6 0 0 0
250 13.0 9.3 6.4 27.8 29.5 39.6
B7L 300 9.0 5.9 3.6 50.0 55.3 66.0
350 6.8 4.2 3.1 62.2 68.2 70.8
400 5.4 3.2 1.7 70.0 75.8 84.0

1) Reduction percentages refer to the fatigue strengths at room-temperature.
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Table 20 High-temperature strengths of specimens.

Tensile properties®> Vickers Charpy impact Creep strength Fatigue
Heat Temperature, i strength,
Alloy Yield strength, Tensile |  hardness value,® (0.125/1000h), (107 cycles),
treatment ce (0.2% offset), strength, | .
kg/mm? kg/mm® number®? kg-m/cm? kg/mm? kg/mm?
Room-temperature 22.2 26.3 118 0.12 — 12.2
100 20.7 27.2 92 0.16 24.4 11.7
T5 150 19.1 22.7 58 0.14 14.1 11.2
200 9.5 16.3 34 0.20 6.2 8.3
250 7.1 11.4 28 0.27 3.9 6.6
300 - - o - — 5.3
Room-temperature 31.6 34.1 149 0,12 e i3.2
100 31.0 34.3 i 0.14 29.0 11.7
T6 150 26.2 28.2 71 0.15 16.7 11.9
ACS8A 200. 10.2 15.3 30 0.28 6.7 9.5
250 5.8 9.5 22 0.37 2.5 6.3
300 — — — - —_ 4.1
Room-temperature 28.1 30.0 120 — — 12.2
100 23.4 27.3 95 — - 12.3
150 22.2 26.2 72 e — -
T7 200 10.8 15.2 41 — 6.5 9.7
250 6.6 10.1 23 — — —
300 — 14 - — 4.8
350 — - 9 — 3.0
400 — - — — 2.7
Room-temperature 24.0 26.4 128 0.13 — 11.6
100 23.3 26.6 97 0.11 — 11.0
150 18.2 22.1 67 6.13 — 10.6
Ts 200 1.4 16.0 4 0.18 7.6 9.1
250 7.4 12.7 23 0.25 - 5.9
300 — - — - 4.2
Room-temperature 32.0 34.3 151 0.12 — 14.2
100 31.2 34.0 118 0.15 — 12.1
150 27.3 32.3 68 0.14 — 121
ACSE To 200 9.2 13.5 30 0.37 6.3 8.6
250 6.3 9.5 22 0.46 — 5.4
300 — — — — —_ 4.3
Room-temperature 26.0 28.7 | 127 — — 12.1
100 25.1 28.4 99 — - 11.7
150 21.9 25.5 72 - - o
T7 200 9.4 14.2 38 — 6.8 9.8
250 6.3 9.4 31 - e 6.6
300 —_ - 14 — — 4.1
350 — — 9 —_ — 3.4
400 — — — — o 3.4

1) Values show the strengths after 1,000 hours soaking.
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Table 21 Comparison®) of heat-treatment effect.
. . Testing temperature, °C

Alloy Mechanical properties - @?ﬁ;ﬁmm 0 . o 250 g
Yield strength 1000h T6 T6 T8 T7 T5 -
Tensile strength 1000h T6 T6 T6 T5 TS -
Vickers hardness number 1000h T6 T6 T6=T7 T7 TS5 -

ACS8A Charpy impact value 1000h (T5=T6) | (T5=T6) | (T5=T6) (T6) (T6) (—)
Creep strength 0.19/1000h - T6 16 | T 1, Ts -
Rupture strength 100h e — — . e T5
Fatigue strength 107cycles 'fﬁ T7 T7 T7 T7:?6'=.T5 T5
Yield strength 1000h Té6 T6 T6 T5 TS5 -
Tensile strength 1000k T6 T6 T6 TS TS5 -
Vickers hardness number 1000h T6 T6 T6=T7 T5=T7 T5 -

ACSH Charpy impact value 1000k (T5=T6) | (T5=T6) | (T5=T6) (T6) (T86) (=)
Creep strength 0.194/1000h — - T5 - -
Rupture strength 100h e — — — o TS5
Fatigue strength 107 cycles T6 T6 T6 TQI":—*.TS T7 T7+=T5

1) The comparison shows the heat-treatment which gives the highest value or strength between T5, T6 and T7 treatments.

Table 22 Effects of nickel containing on the mechanical properties.

) Heat | i . Testing temperature, °C
Alloy treatment | Mechanical properties B -
| tomporature | 100 | 150 | 20 | 20 | 300 350
Yield strength 1000k Jay oy Jay A O - -
Tensile strength 1000h A AN AN @] O - -
5 Vickers hardness number 1000h [ @] AN @ L] - -
' Charpy impact value 1000h @ @ @ [} A - -
Creep strength 0.19/1000h - — — @ - - -
Rupture strength 100h - — — — — @] —
Fatigue strength 107cycles A ® @ @ @ - -
Yield strength 1000h Py e s O O - -
Tensile strength 1000h A A A O O — -
6 Vickers hardness number 1000h @ @ @ @ @ - -
Charpy impact value 1000h A Ay Ay A A - -
Creep strength 0.125/1000h — - @] — - -
ACSA Rupture strength 100h —_ - e - - O —
Fatigue strength 107cycles @ Jay JAN ® ] - -
Yield strength 1000h O O O O O - -
Tensile strength 1000h [] PN AN O O — -
7 Vickers hardness number 1000h O o] [} @ @ @ @
Charpy impact value 1000h — — —_ — — — —
Creep strength 0.124/1000h — — — O - - -
Rupture strength 100h — e — — - @] -
Fatigue strength 107 cycles @ — - — O O A
Yield strength 1600h S PN Pay O O - -
Tensile strength 1000h S A Jay ® O - -
5 Vickers hardness value 1000h O ® ® @ ] - -
Charpy impact value 1000h [ ® @ AN A - —
Creep strength 0.125/1000h — — — O - - —
Rupture strength 100h — — — — - O -
Fatigue strength 107 cycles O O O O O - -
Yield strength 1000h Py A A O ® — —
Tensile strength 1000h O Pay P\ O O - —
6 Vickers hardness number 1000k Py [} Jay O O - —
ACSB Charpy impact value 1000h ® [ ] ay Pay — —_
Creep strength 0.125/1000h - — - O - - -
Rupture strength 100h - - - - - 0] -
Fatigue strength 107 cycles O O O @] O — —
Yield strength 1000h (2] ] AN (] O — -
Tensile strength 1000h A Ay AN O O — —
- Vickers hardness number 1000h O O @ @ @ @ (]
Charpy impact value 1000k - — - - - - -
Creep strength 0.19,/1000n — — - FaN — — -
Rupture strength 100h — — — — — O —
Fatigue strength 107 cycles O - — ® O o

Comparison of strength; Symbol (O + Nickel contained > Nickel-free
® : Approx. equal strength
4 1 Nickel-free > Nickel contained
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Studies on Controlled Potential Electroanalysis

of Various Metals

Controlled Potential Electrolytic Separation and Determination
of Copper, Bismuth, Lead, Cadmium, Zinc, and

Antimony by Using Tartrate Electrolyte

By Toshio Sawada and Sakae Kato

Succesive separation and determination of copper, bismuth, lead, cadmium, zinc, and
antimony from tartrate solution by utilizing the techniques of controlled potential
electrolysis have been investigated.

From 0.2M tartrate solutions as a function of pH at 22°C, copper, bismuth, lead, cadmium,
and zinc have been deposited on platinum at the cathode potentials:

pH Condition of Metals
anodic Cu Bi Pb Cd Zn
depolarizer Deposition potential, volt vs. S.C.E.
P PC P P C P C
w —0.06 —0.15 —0.53 —0.78 -0.74 —1.08 —1.10
2 H —0.15 —0.12 —0.52 —0.76 —0.73 —1.08 —1.10
Hx —0.15 —0.12 —0.52 —0.75 —0.74 —1.08 —1.10
w —0.10 —0.22 —0.63 —0.76 —0.73 —1.11 —1.12
3 H —0.17 —0.22 —0.52 —0.76 —0.73 —1.11 —1.12
Hx —0.17 —0.21 —0.55 —0.76 —0.74 —1.11 —1.12
w —0.19 —0.28 —0.57 —0.756 —0.73 —1.13 —1.13
4 H —0.20 —0.28 —0.57 -0.77 —0.76 —1.13 —1.13
Hx —0.17 —0.27 —0.57 —0.77 —0.756 —1.13 —1.13
w —0.24 —0.49 —0.57 —0.76 —0.74 —1.13 —1.13
5 H —0.20 —0.52 —0.57 —0.78 —0.75 —1.13 —1.13
Hx —0.16 —0.51 —0.57 —0.76 —0.76 —1.13 —1.13
{ w —0.32 —0.78 —0.57 —0.76 —0.76 —1.16 —1.14
6 H —0.20 —0.73 —0.57 —0.79 —{.76 —1.16 —1.14
L Hx —0.17 —0.63 —0.57 —0.76 —0.75 —1.16 —1.14
w —0.42 —0.82 —0.67 —0.79 —0.82 —1.22 —1.17
7 H —0.20 --0.77 —0.57 —0.82 —0.78 —1.22 —1.17
Hx —0.19 —0.77 —0.57 —0.75 —0.75 —1.22 -1.17
Accuracy +0.03 +0.03 -4-0.03 +0.03 +0.03 +0.05 +0.05

Where, W denotes the absence of anodic depolarizer. H and Hx denote the presence
of hydrazine dihydrochloride and hydroxylamine hydrochloride respectively. P denotes
deposition onto platinum and C denotes deposition onto copper plated platinum.

Under the same conditions described above, antimony, tin, arsenic, nickel, cobalt, and
magnanese have not shown any deposition on platinum within the cathode potential of
-1.30 volt vs. S.C.E.

As for the influences of other important variables, the followings have been obtained:
Hyroxylamine and hydrazine greatly accelerate the copper deposition and prevent completely
the lead deposition onto the platinum anode, together with their beneficial effect as anodic
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depolarizer. Even if increasing the concentrations of total tartrate and sodium chloride
at a pH of 5.5 decrease the initial maximum current, the concentrations of 0.1 to 0.5M of
total tartrate and 0.05 to 0.9M of total sodium chloride with 0.05M hydroxylamine appear
to be about the best compromise to prevent the precipitation of metals and still obtain
sasisfactorily rapid deposition of copper. Rising the temperature as well as sufficient
stirring increase greatly the initial maximum current.

Applying these results, the controlled potential electrolytic doposition of copper,
bismuth, lead, cadmium, and zinc have been made to establish the optimum conditions
for the determination. Influences of other elements have also been tested. Aluminum
interferes the doposition of copper, bismuth, lead, cadmium, and zinc. However, amounts
of aluminum up to 100mg can be permitted, provided the cathode potentials for each
deposition are increased to more negative.

From these data an automatic controlled potential electrolytic procedure that permits
the succesive separation and determination of copper, bismuth, lead, cadmium, and zinc
has been developed.

Using developed procedure, copper, bismuth, lead, zinc in 2011 alloy and copper, lead
in copper-arsenic mother alloy may be satisfactorily determined without any intermediate
treatment of the solution, except that the preliminary sodium hydroxide-sulfide separation

for the metals in 2011 alloy is required.
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Table 1 Characteristies of copper, bismuth and lead depositions onto platinum cathode, and cadmium and zinc onto copper
plated cathode from 200 ml of solutions containing 0.4M total tartrate and 0.05M hydroxylamine hydrochloride.

pH Cathode Maximum Tempera- Elapsed Metals, mg
Metals potential, current, ture, time,
Initial Final V »s. S.C.E. mA °C min Taken Found Difference*

2.0 2.0 —0.30 250 21 80 50.0 49.7 —0.3

3.0 2.9 —0.30 230 22 80 50.0 49.9 ~0.1

Cu 4.0 4.0 —0.30 230 24 80 50.0 49.9 —0.1

5.0 4.9 —0.30 350 26 80 50.0 49.9 —0.1

6.0 5.9 —0.30 320 20 80 50.0 49.8 —0.2

2.0 2.0 —0.20 160 23 80 50.0 41.8 —-8.2

3.0 2.9 —0.25 160 24 80 50.0 49.6 —0.4

Bi 4.0 3.9 —0.85 155 26 80 50.0 50.2 -+0.2

5.0 4.9 —{.60 310 27 80 50.0 50.3 +0.3

6.0 5.9 —0.85 600 24 80 50.0 49.8 —0.2

2.0 2.0 —0.65 300 23 80 50.0 48.9 —1.1

3.0 2.9 —0.65 260 24 80 50.0 50.4 +0.4

Ph 4.0 4.0 —0.65 175 21 80 50.0 50.3 +0.3

5.0 5.0 —0.65 175 23 8% 50.0 50.6 +0.6

6.0 5.8 —0.65 130 23 80 59.0 49.7 -0.3

2.0 1.9 —0.85 310 20 80 50.0 49.3 0.7

3.0 2.9 —0.85 350 21 80 50.0 49.7 —0.3

Cd 4.0 3.8 —0.85 400 22 80 50.0 49.8 —0.2

5.0 5.0 -0.85 350 23 80 50.0 49.6 —0.4

6.0 5.9 —0.85 300 24 80 50.0 50.2 +0.2

4.0 3.9 —1.30 1250 24 60 10.0 10.1 +0.1

7n 5.0 4.8 —1.30 2150 23 60 10.0 9.8 —0.2

6.0 5.9 —1.30 3300 23 60 10.0 9.9 —0.1

7.0 6.8 —1.30 1200 23 60 10.0 10.1 +0.1

* Difference=Metal found—Metal taken
58— : e ‘ , 10mg, & LOUm#RE pH 4~7 © 10mg * CRIFAHTH
% 1 ! ! ; e g L o T —— .
| Lol T REETREMCEBITH Lo 04M AT + Y v 178
2.4 R N A BT, SIEERED pH 2% 3~6 o & % 250mg, v
X ﬁ % AR, . B F v akk 4 S0mg. de k OESNE pH
- B A~7 T e d 10mg F TR T HREECRERMICTE
o RETH Uzo ZOBA, YA R ), # FIvakkU
00 NS,

. MEROFMBI I, BEEEL D LRESHeEE4 F
. Lead W L EETHIREENS X D RIFTCH B & & A3 Bito &
2 | A PERGBIRERBEIC OWTO LEOWE YL 5 &

b2 - THURBEAE < 72 D | BB EC AT L7z B2 7 ik

P-0-0-0-0 LR TEENAERAB DL Z ENTE Lo tre ks,

08 wa T et TRITAERED pH 28 2~35 0 & *EEHES | & LM

ismy . W g 477 e .

00-0-¢ | BTt U7-TRER 23T 0 WIS IR U SRIREE IR o pH 28

0.4 j 6~7 DL X ITIXERAIC LY —H&BHT BT IhE
C S N

e ST L 2= $RI3aT R BE IR I T oD G, 2 b pH

| DEMHA D & E LB TRNE Eptb 7 o Too ¥

0 J
0 20 40 60 80 0 20 40 60 0 20 40 60

Elopsed time, min

Copper at pH 5.5 and cathode potential —0.30 volt vs. S.C.E.,
bismuth at pH 4.0 and cathode potentia! —0.40 volt vs. S.C.E.
and lead at pH 4.0 and cathode potential —0.45 volt vs. S.C.E.
from 200ml. of solutions containing. 0.2M total tartrate and 0.05M
hydrazine dihydrochloride. Temperature 30°C.

Metals Cl Bi Pb
Metal deposited, mg  50.0 10.1 10.1
Difference, mg —0.1 +0.1 +0.1

Fig. 7 Log i-time curves for the deposition of 60 mg of
copper, 10mg of bismuth, and 10mg of lead onto
platinum cathode.
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T BICEMET L HET D S LR E B Ak S o
LW DD TEET HLENRD o/,

LLEDERS S, FHERBEBOA 4% BRIFLATHKIET
EEMITEBITH IS B0, WEREBE FOW
IS UCEREET P Y v 2 BE, pH 20" K 257
RESEHRDZENDETHD T EMbhotee K B
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LT, BREOEE Y 30°C DIT M U F Ao fbed e
B EUNCHELG UC, EREHERS D E D RELSADEW
KEXCFEODDNRBY Th o1c, Fio. EREEDOEE I,
WEREBOBBECE LA F 2 wicdich 30°C LITF
CHET 52 EBLETH Do

ok, FEBRTIEH O MR BB E OB T, RO
HETTIZ & 7 5 B D PH Z{LIEy Th » TRIC O BE
BEC K & BB D X5 LIRS B\ DT, B
Flamzin ThTARETEHZ &5 MR Lo

F O, Aoz B FITEERE & R L TR W EE
BB bho LichoT, BWHEL DWW E S &8
A TERRICIAIR Lic Db, Wik & 5 g L@ i
ELUTEBTHESETERTH T LB AL DN D,
BIEENL Fig. 7 2BELAR LD, BEERIEY
BEBIRORE & - T Lo sl Uiz & XE
JREGHORW L HILPRD BN Do 2D LD /nikEE
P20 B X - & X, Tablel IR L7sfER I D,
pH 3~6,7 OEBIFEHIC 51T A BB O T Lic
LOLHETED I EAERER Lz

46 TIIZTLBEOE

20114 & th D, €A~ Ak JUHROEEMEMRSHEE
BIISHT A7V =y MBEOEEANE Uiz
SN, BRI OTEEE | 1 Lol TR Le7 v
1=y L OKHER L 50mg &%ty pH 5.5 © 0.2M 75
F b)Y REEE R V. BEELE —0.30V & S
CE. c@#zE LT Lic, B#HPHER:7VI=Y &
werE ORIRA R LC Fig. 8 iR Lo

340

Hydroxylamine, ot 25°C
260

220

Maximum current, mA

180

l
0 100 200 300 400 500 600

Concentration of aluminium, mg.”200ml

60mg of copper from 200m! of solution at pH 5.5 containing
0.2M total tartrate and 0.05M depolarizer and cathode
potential —0.30 volt vs. S.C.E.

Fig. 8 Influence of the concentration of aluminum on
rate of deposition.

7=y MEEROEER A Y S8 2R
EFXEALD T, 7r~3i=v a 100mg & &L BBED
BOFADHTHIERSEE TH U & 7o BIRFRERMA 2l s
FA—RED7 V=Y KNS ERWERKD b O HPE
R & R L TE LS EL mofes L L, BB &
O IR Uik EEw o pH55 © —0.35V 3 S.C.E.
v 2w 2t pH3~4 © —045V 2 S.C.E., #i% pH3~6
< —0.70V # S.C.E.. # F3I v »i% pH3~6 T —0.90V
#t S.C.E. ¥ kO EESE pH4~T7 © —-1.60V x S.CE. ©
ZELUCEMT A LIz Ly, B 200ml 7 v 3=
v n 100mg F CHRTE 20

BLEDIERD B, SO 7V 3=y L OEFIRFE LL
TN Ehibhofoe

5. & W H &

Bl Eo#ER b & DT, 20114843 SO -
LD HFEENEL Lo

5-1 2011&4&sh0tH. EXAYABLUHRO EEMER
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St 1g 2 MR —» — &R 250mD) cidnbh &
D, KER(LT U v ¥R (209%) 15ml A nx CTnEsy
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by v aE (109%) 20ml Az CL < EED, MHHIC
BB Licd b, MDA T2 Ubi, ik
VLR OKERAL T Y U v A (2%) EEUET b Y
v (19%) % 1:1 OHETEALGRETS) &
BT BT 5o

L O R X DK UERR (1+1D) 30ml & ¥
(1+1) 20ml #iEF LCTHMET 5] 256ml AENTH D
IR C ~ 5 — T Do DRRIRIRAKE B\ THa it
M Do EEIRMEBEIELCY 7y 7R E LcDb, U
s 15ml Az THE LT 7 v 7R ET %o

TR 6g &7k #9150ml A imz TR EERE L7c
Db, 30°C LITFIREHT Do HMe Frxyv7 2V 2g
% CTHEM LieDb, KT + U v A (20%) &
e (1+1) % AT pH % 505 CHfiL, Kamz
T 200ml 1= H THCTEREE T B0

BIRLE 30°C LIFED, v/ R F v/ Af -7 %
T L ictitpl Lisnsh, e iiih i, BIREE

CHf A

S BEIRAT IR O, ER A+ LKL T
v L (209) A BIWTC DH % 402 FHEI L, SR
ﬁE&@ﬁitmE&@ﬁ%mb\@@%&?—ﬂwVﬂ
SCE. & LTy a~v Ak liEid o

DX, VA ALEBNE LB OB D, i
ﬁé@@@ikmaﬁ@@&mm\%%%M@~&%Vﬁ
S.C.E. s LTIy BFERT %o
() @ WEESIE, EVPRER OB LRI b
ST OREELF20 kR E N & LIt K o THET D, 12
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(295) FEENEIREC X 5 A SR O S INEC BT 5 UF%E
KU, ZOBEEEEOEE R L OCEAERISIC LD /s X 5 i Wg A+ #HWT pH % 45405 @@L, Kam

Bl binu,

® BHIIERYBELALEFIE L, ADFC 7V -~ TR
B LleDb, 110°C C20 AR L, S Ay 5,
® L., BBHCHENEEN TS & 2L, B EREBOE
R D pH % 65105 i Lic Db, $HEEHEEEEEY v, B
WS e —1.30V %f SCE. ik L Cillisne BeRd 52 &8
TE D,

5:2 8- LEBEALSTORBLUHROC EEMEHEIBE

ERB*

s 0.25g #EMAY — 7 — (& 250ml) ida b
LD, fEE +2)10ml i ThEEMRE Licob, 5
EREEMBAL T 7 v 7R ET Do DEHE 15ml 5>
KNz T 2EE DEfELY < DT,

A 12g & 7KK 150ml A hn oz CHif A i L
Db, 30°C LITHH T 5, He Fr¥xy vy 3 2g
L TEBE Lcob, KRk P U Y nEE]R 20%) &

2T 200ml @ 5 3D CEMIE L T 5o

EEAIL 30°C LITIERb, v/ 2 F v/ AL —T %
mbfbmeﬁWb&%6\Eﬁ%ﬁ%mb\ﬁgﬁﬁ
% —0.30V % S.CE. wi= UTHEEREET o
O?K\%%ﬁ%@%%ﬁ%%?%ﬁﬁﬁﬁ@@ikm
M &ty AV, FOBREEAME —0.65V xf S.CE. &
ELT%%%%%@?&?®

i) O, ® [5-1] 0ol R X0 @ IUET %,

® ZorxoBEMEOpHIX, 4205TH %,

6 5 B ® B

U aEFOM, €22, #, HIOM - cRBLE
O, B R R Lo S
o NEO DT o o AMBEIE X B ERAR & Hb
1 Table 2 1275 Lz,

Table 2 Controlled potential electrolytic separation and determination of copper, bismuth and lead in 2011 alloy, and

copper and lead in coppsr-arsenic mother alloy.

Metal, % Other metals present, mg
Sample
Cu Bi Pb Al As
Added 5.50 0.50 0.59 10
Synthetic 2011 alloy + Found 5.48 0.49 0.48
5.49 0.48 0.52
5.48 0.51 0.47
Added 85.00 0.20 150
Synthetic copper-arsenic mother alloy Found 84.97 0.18
84.98 0.21
85.02 0.19
Found 5.52 0.50 0.48
2011 alloy 5.55 0.48 0.47
5.54 0.48 0.49
Found 84.62 <0.02
Copper-arsenic mother alloy 84.66 <0.02
84.66 <0.02
Fio, 2011a S B SRER R OH, v 2 < 2| ENENE EENEFSWETE D Z EHTERE L,

. B IUCHROEEMCERES TR KT DEREED
— % EIFEG & BRI ORACERI LT Fig. 9 iR
L7zo
7. #® &

EBMEREE Y B\ 5 SR OBRE S~ DR
ISR B & LTI o /SRR 0—8 & LT, BMEH
AR YU v NEMEARNAE, v a2 B, PR
v a, BiRRS L OV v F e v D RBEMEBESMEER IO
TE &z,

PH 2~7 @ 02M EREEF -V v A EEBEC LY Ed
Bl L USE &R SEE Y FHWCAlE LiASB o H
AL Dy . YA AR 7 Py a, HHROIEFT

Fio, X (14D © K OkE 3k JIF T Euug & B
THWEABT TV v a LT P )y NBEE, B
Al EFREORER L OEBRER L S e DWW THRE LT,
INE DB I T TEEL AL Ui

INDOEBNREORBICL &DWT, 2 08ER
EBOEBMERER TR, IV BUALRELEEL
TH, EA~2A0 8, Z V39 2B LOHRORENER
SrifEiE B AR A T Lz

¥, T vy OEMTHICIE pH 2~7 OAEE -
YUY LEREYRWAZ LILET TR, F o f, =
AORHE =y v, 2 r R LY iy g BT
LinnWZ EaHESR Uizo '

BESL U7edrikic k), 201144 hofA, v a< 2,
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Elapsed time, min

60mg of copper at pH 4.5 and cathode potential —0.30 volt
vs. S.C.E., 10mg of bismuth at pH 4.0 and cathode potential
—0.40 volt vs. S.C.E., 10mg of lead at pH 4.0 and cathode
potential —0.65 volt vs. S.C.E. and 5mg of zinc at pH 4.0 and
cathode potential —1.30 volt »s. S.C.E. from 200 ml solution
containing 0.2M total tartrate and 0.05M hydroxylamine hydrochlo-
ride. Temperature 24°C.

Fig. 9 Current-time curves for the deposition of copper,
bismuth and lead onto the platinum cathodes and
zinc onto the copper plated cathode by the
controlled potential electrolytic separation and
determination.
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(4) 1A DEDF B HRIOEY
(5) BABELRS Do
Dl FaTu=y rVEDA - RKIEELROT LD T2 IR D RT 9 BRREV. 1FEBIU2EE DR

T oiz, SK-4 BDOLBD A7 — VidEE LT Wb o
THole/MEDTBICFFABDHPHRD 2 7 — VIR L
Thnfzg

2) TNMNT 7y VEOBBIEBICHHETH Hir 5K
ETBLDTEDHEEHBETINIRABAEN L S,
RADHFTHE L 1 Fla k% 0.21~0.48mm/year T -

B DT A HAUE 3 Fldn e DT b ks
D BHEIC L D B AEBEAME T 3 B AR BN,

3) W% %27 m=y r VEIXR2ERAEL L LT 2B
P DB UCTEEH MR AL T TR D BRAEARE 7
0.22~051mm/year i LT\ oo BAKMEOKEE &
LIZHRCBERE Y 2R L TR D, Cofadiil<k

_3____
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We R EN b,

4) 30% % o 7 m =y r ME KR, 2R L
BT OB A L A MAB % E LTz, &
Foa Ty -k L AEROFE R TIIEES S EEN
£ L TWDBTH B2, REMBFRZ W UIREREE
PR Lz OB AE Y 3R AR X ABAEDOEITH
B (0.lmm/yearf2f) L 0&ECAKENLD (RABRER
+ & LT, 0.14~041lmm/year) &7 D, 7NMNT T o
BEDBELTIT XD LWL I Tholoe

5) SK-4%513 6 S D 2 KOPEI I N TNDDHRT
55 HWERIUCRHBEEORKEN 27 ra v 7
YA~k A T At QR L FER SRR EDR
ERBSNI2DLTHY, TVT 7y 7ERx T r=y
FELD L ENCTHANERS D LD LRI NS,

6) fo=y FOHTHEED #EITEENIRYD £inoT
B, 2EEDBANE L, FBHAREELREN
X HTCIEGA LY 384E1 AETOEEITRWT 4,132%
MBRKENI7 VT 7 v 7Y 0.36mm,  (HAHRE
L LT 076mm/year) W ELTWTHES AKX ELRL
Tfos ZOZ LIREKEHELROB LB, - T
EaEoRE WM, ©hicbid i Bbild,

@ 7wv77v7 (3610~384)

3. HHENRASHBHENNFEERN
1 SBEKRCHITIRBEERR

3-1 & &
BEHBANIREREAEBTALER U OS5 ER
BIOUBN A EEERCESALHECHEE L TR D,
Z DOF O DBEGEFFEK A BHKCER LTnB, 2D
WIEKERE (TA7 7 v 7) WMBRELDEAEELZITE
fzo 364108 X V3854 Aith i CUFEERR 1 SHE kS
R CIERESE OFEHBARRIEE SN,
ERUBBROMNR L INLEIX TNV T v 7%, 30%%
a7 m=yr v, SK-4F, SK-6 #Fk L f SK-8 B¢
HO3SELAT AV EFETTSHECOMMIC 4 EiTihi
DR D REA T b, COEE, #HE. TOAR
MfTindbiie, 384 4 B BEEE OWE Y BB T b
Nrc, PHBEIISTHEI A, A7H, B9 Ak LU884E1
BRI, L9 ADPEBREL I B Taw30%x
a7 u=y i VEOHREORICREENHEE Lt d T
Bo STEI ALEIY X - 7 u= v r VE IS HERMN
BITTNico

3-2 88 &

b) 7775y (31.7~381)

© 30%% o7 m=y 4 (3610~37.9)

() SK-4 (36.10~38.4)

(f) SK-4 (37.7~384)

(&) SK-6 (36.10~38.4)

(i) SK-8 (36.10~38.4)

BB 2

(hy SK-6 (37.7~38.1)

(j) SK-8 (37.7~38.4)

(X 46) (X%

HRTE bR & kS BT REST 1 BB AR 3o\ CHEIWE AR 1T/ o e HAEBEORE (W

FTRO BB DML WE D, TVT Ty 748 SK-6 i 37.7 BMNEOE AT L\,

._.._4__.
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SIERBAYBEH L TUE 3 RICR T, RBRMEIZEK
BRI BB RO THETH b AEOBARNO—
FlEEBHE 2 KiRTo

ARHFFR ORGSR
{THhbo

1) REHFARDOBELHED BEY 7TV T 7 v 7 EDRE
BRI E D AU, FOBRMEBEICSE U TE LLEEH LT

MR U7 & & RFIZBTNIEDEDT &

TR 7 15 R KB B % R 1o KB E ORI & 13 L <&
o TWTIBASEIREN L S KA DI, L LET4S
Ak o374 T B, BeST4E 7 ARIERT BB LA
W 7T B K IR B % T o K B DI ARI & kR E W
274 MRONEWC EbN BT LW AL =TT
Fro SO LIF L WbNT WG & FBYREIRE W
HE9s B (8 B X NIAD T IRB R E O/N S WA B FER

FD. HoT, BRBKEHOLLLEEEYL5HZ LK
’Gé‘*tcb\o T B36FEI0R L VBTN T W7
EILS8E L A ¥ TEKSNIE
élil;fci)@f“%b\ B2 74 MR G LT, it

T BRI AL B

v

NiAD I

Bbhds oT7NVT 7
Miatdbs & &, 374

XY, f@&@%ﬁﬁl
@ﬁﬁﬁ%b<ﬁ5&b5;k%w%Kbebé%@&

—Th-Th., BE

7 IEHRFEL LTHELED
3}1&71 37 AR b4

*%

1 BO—FDRE W EWER T,

._..5_._..

3k HETIMRRNEERKIRET | 888 LUK EBANREIE 3 BHEHARC 317 5 2 B0k
g : i o [¢5] T 4 By W
ok 468 - e RO & B v L B N < S
WK, ke T : W S > {3
‘ % B " o I T T I T D . W,
T | #EY, S — : ’ e
wo | BV | WEE, s o w o | BER mm
A F-A hr mm [ ] mm /yearl
FMTG 1 <0.05 | <0.23 1.0 <0.05 | <0.26 1.0
30% % = 7 m=y s 1 0.17 0.89 | <0.20 | 0.03~0.45 0.45 2.4 <0.11
37.3 1,666 SK-4 1 | <0.05 | <0.23 1.0 <0.05 | <0.26 1.0
SK-6 1 | <0.05 | <0.23 1.0 <0.05 | <0.26 1.0
SK-8 1] <0.05 | <0.23 1.0 <0.05 | <0.26 1.0
FATT s 1 0.09 0.27 1.0 0.13 0.39 1.0
# 30% % 2 7 m=y o 1 0.25 0.75 0.35 0.45 1.4 0.29
37.7 2,910 SK-4 2 0.08 0.21 1.1 0.07~0.09 0.12 0.36 1.1 0.12
& SK-6 1 0.08 0.21 1.1 0.10 0.36 | . 1.3
- 5 1 0.30 1.3
36.10 SK-8 1 0.06 0.18 1.5 0.10
B
37,10 | 4,000 30%% 27 m=ya ik 18 0.27 0.59 0.46 | 0.15~0.48 0.61 1.0 0.30 0.31~1.2
* .
NIy 1| <0.05 | <0.08 1.0 0.18 0.30 1.0
SK-4 1 0.11 0.18 | <0.44 0.25 0.41 0.72
- 38.1 5,290
SK-6 2 0.06 0.10 | <0.80 | 0.04~0.07 0.23 0.38 0.78 | 0.20~0.25
SK-8 1 | <0.05 | <0.08 1.0 0.15 l 0.24 1.3
5
TNTTF s 17 0.11 0.16 1.0 0.05~0.16 0.31 0.44 1.0 0.08~0.65
B SK-4 21 0.11 0.16 1.0 0.09~0.14 0.20 0.28 1.6 0.13~0.28
38.4 6,207
SK-6 % 0.12 0.17 0.99 | 0.10~0.14 0.26 0.37 1.2 0.18~0.42
B SK-8 2 0.08 0.11 1.5 0.06~0.10 0.15 0.21 2.1 0.11~0.18
U] ars 38.4 4,541 FATT Y 1 0.24 0.46 1.0 0.37 0.71 1.0
' 38.1 3,621 SK-4 1 0.13 0.31 1.48 0.32 0.77 0.92
& 38.1 2,380 TNTG s 1 0.26 0.96 1.0 0.51 2.0 1.0
7 38.4 3,207 SK-4 * 3 0.13 0.35 2.7 0.11~0.14 0.18 0.47 4.2 0.17~0.19
B ’ 38.1 2,380 SK-6 1 0.38 1.40 0.69 0.85 3.1 0.64
38.4 3,297 SK-8 * 1 0.10 0.27 3.5 0.12 0.32 6.3
37.10 | 38.4 2,200 | TAMTT s 1 0.06 0.24 1.0 0.09 0.36 1.0
FNTT Y 2 | <0.05 | <0.48 1.0 0.02~0.03 0.06 0.57 1.0 0.05~0.07
SK-4 2 0.05 0.48 | <1.0 0.04~0.07 0.15 1.4 0.40 | 0.09~0.21
38.1 | 38.4 917
SK-6 2 0.07 0.67 | <0.72 | 0.03~0.11 0.17 1.6 0.35 | 0.09~0.27
SK-8 2 0.08 0.76 | <0.63 | 0.05~0.10 0.11 1.1 0.52 | 0.08~0.14
Bk e
% | 36.3 | 38.6 18,600 TNTT 1 0.11 0.05 1.0 0.18 0.08 1.0
gg 37.4 | 38.6 9,840 SK-4 ** 2 0.06 0.05 1.0 0.05~0.06 0.08 0.07 1.1 0.06~0.09
) '1>~(5) B2ROLERAL,
Bk S hic 7 v 7' 7 5 7 Bhievicw, HABBRAE — T o RSB DECT VT T v 7 BOME b L IR R,
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T DT HLFIRY 70 B BB K AT 79 B 1Y At D LA
BoNBL LD L BN S, 36410 A B AE - DWNTHE
T5HEXFROREBNRER ST B, Thbb7 VT 7y
7EDHEAITRAREORL, BrBEENSORTEK
EEBIN, BREOBAKCONTHIELIHEAESN
HLOREDERNREDZ LM o7,

2) 80%% 27 w=y r MERLEARED J36510
BB BN EDOLINHEE SN/ 9 ACREE 1K
i U8 & &b e ) FRAARRAR O 7 DEL W
BEAE A Ul 0 HEMIL X < 7ads o e JSBRFIEKE &
lﬂﬂw:@‘%(;l/k%a“‘“ ELUTARBEA DD L HICABIT,

3) SK4 &k J\U‘ SK-8 DR ARITIZ Z AR <,
Wz SK-8 B 38 aniih o7z, TAE X MEeED
WECHZBEET VT 7y 7EDIHIKE <
o TEDMAYEA LT A (TrbbBREIED TA
XD AT I oW T BT IR A E&EIL T
VT Ty 7LD SEEICELT N et 36510 (PR
R LIER WD) WA S EE DT HIUEEL
DN E InoTze SO X 5 IRiIAA B SK-4 D
BRI R T BT AR+ S TR W TNV T 7y VB
LT®ELTCEY, hoENRLTWAHLDE BEbitd,
SI-3 EomYerR K¢ A AR B L TL <, D
YT LT Af%@@%%ﬁ@ VAR D I i
Bl 77 9y 0BEDIRLHHASKAELD b
O ENLTND S D E b,

4y SK-6 EDHEEIL 7T Ty 7EE FEEEFN
DLECE AT & > CTEEELZTRPTWESTHY, £
DI AMEIRSTE T AR EE DWW TRIUET VT 7 v 78

L b oTr D, 36FEI0ARMNET DN THIUECLE
NTWBEHThote, DI EMBEAREN LTIUE
FAMT Ty 7 E LD L ENT AR I N D ISR
B RS B ST h 2 L b B B, SK-6 &
LTNT Ty VL DBLIIREMEESEROERN LI

4, FHENFNSUFELTERNIRE
B 3 BHEEKIERIC ST 2 RMEREER

4-1 & &

HAEBEANEERILEEEAN I S ME LAHE
W DK A E KRB HKIC R LT\ 5o i Z DEEIK
OB R AR AN E 1L AT B ORI OREE
kD kBRI CRECEB LERY M- T
W5 LA DT LAS, BRI DIBRAGET L
TWhEHIsHBND,

PEoT, SFEFROEKEE B RCERT S L Ebh
BIERASFT TR, Bl LU 258OBANSE T
TR BT X s £ ORI ST 7 FE 4R R HEKIC X
BEAR LI ) B, BBMCKERBEERNRD
NAHD L DT, EHREAEDODCEENDA 4 7 b
LTl otze L LBERBEEIIN e D REWEBENK

Bi’w‘:o

REFIS74 4 BRERO BT SK-4 % 10 &% 3 SH#EK
sE ks X, 38E L A~T A ehit T SK-6 Bk LUV
SK-3 BRENFNAURTOEMBER OO ERE INE
AR SN T WA, 384 6 A 3 B8 SK-4 iz
TI1EY L RBLIOTESTF 4477 7 THERT
otz, TORERIVEKR 3EKDE N7 vk bbb
DECNL T viERB It ofodD T, 7Vvi&ELIIRDI L
2ADERFERD., HEHO 7TV T Ty 7B 1A (3643
AEME) & &b CHABERTTholee ok, HEBHD 7V
77y VEIRIEBECHE R 725D TH b,

4-2 B/ &

MEEONTBINMABE 3 IWRT, BAEylEHEREY

HIRTILRT, AEEFOABORIIEODEDLI T -
770

TNT Ty P

(36.3~38.6)

% (37.4~38.6) (X %) (x4%)

ll‘f“ﬁi%/m:i A TR A RERT 3 SRR
C A5\ TR R 3B 1T o 1A OARIL

1)7W7777%@WEM%<®%ﬁK£MT&%%
K INTEBHILREN SN TR Y, BEAESET TS
58 (0.18mmbl ) DEANE LT, UL,
RTIBRIE LD EH DN BERIILDBNII oz 7ol
WERAE L TR EEE UT Wk otz

2) SK-4 BoNEITEEIC Iz ) #RIBEO P —
a4 UCk D LRSI IR o fce 1 ROEDO IR
D0.20mm DMBRH BN, INEHERIELDbDE
HEd b2 LAY L ICEHABNDT, ZOHS%
BaT o sl 0.09mm LT LB R% %
HCWinhh o7,

3) TATTy IEOBERRADBLT, SEO RBEE
A3 Lo ARSI AN BRI X B D TR,
BULATNVT Ty 7RBICE S TIHBAERSEYERETHE
BOL D Thotos 8o TAREMBERIL SK-4 B DOIHHE
KT H T BT AR BB 72w 0RB E LTUELT L biEY
b DTHoTn EIENZ R NNRID XD ARRHETEBNT
b SK-4 s o a2 H L D Ot &2 BIR L D
HLDThDHIEMNEEINI,

. BEEHKISHTAREER 1 SHE
KU 2 BHEKBICHIT 2RUBERAR

5-1 & B

SK-44%
BE 3

__.6..
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KIRFEEFT L ~4E U334 7 A X b 34E12F )
TEBICEIRIC A o Tzo BERBIIAE TNV T 7 v 7 EREDT
Wiz RESROBENEREINTETWBA, HEKK
RENR OB A ER U5 7o b EE B s 5
BTECHAYERETIELCEARYETH L L LITE
HEI A7 A4 WBONEDEE L. & ORTEHIEDEE
HIHE LEKBROVE L TAEEEOMBCER X EY
375 LT &, HEEFTCORE2y MBI DEADE
FE LT 0.2~0.4mm/year DHEETHETLTVA LS
T ho FlMFEERCE NTCTEKBOEEOME (F
SDTE, Wb air cooling zone) & BT B iz
BWT7 v E=T St Fv L X o TR W TE
A Xh5EEE (Wh 5 ammonia attack) b4 Ule,
MEEFREKERC R 52 REERARI O L 5 MHER
WA B Id, FTHEASEEITKWNT, EF v YTV

F - LBTA T CRIFABENEDNI0% %27 e=

ek BIEBEAKRKKELARREENRL, 258 AAIREF 1 SH

5 SHA /RIS B FE I ARE B D R

v 7 VIERRENK) 100 RS DWW CRIBRA e Tt 2D
BEIMSET BN TIR30% ¥ o 7' e = v 7 VEDB KT
N HHEaMEL DL & & & STEINE DDA
HMasEH52 b ENE &N, ZORBROERI0%
¥Falus g rVEREFT NIV T Y LB TATD
BREALY 1ENANTRHBNLEE, B Ay
THEAYERETHEERDNIBAYEUTHELTLH LD
MFEEE LI UolB I E N ofcs Lo LESNED
5D A (ammonia attack) W UTIHED TRV &
WAETHZ & BRI NIz & FoS6EEIC I THIKER
ERM U7 VT 7y 7 EOEMBERER LS.
ZDESEIKEC I\ T HIRICK SBA R M LE i 5
2B LI DMEORETAREXEIEL S 22 L3
B ENED T, 77T v 7 BB AR Ui B
CHBERIT S 7Y TERT I L L DTNAEEDOR
HofehbDThH D, L LFAEDOHRIOZ LIXFHTIR

WMIEEET 2 Bk L 0TS RRIEEDN

. & sk ¥ R o 5 R ) £ ' v M 2N 5 & b2 + (D
= KIEE, # . 7 .
: & i 7w * b2 ¥ fH e @, R ¥ i "
oo fF,) B, y ﬂrsﬁ"ﬁ” ¥ W,
o hr w | ®y, | 5 e I ol w0 o
A | &8 I Fyear /year
TATT Y 2 0.41 0.62 1.0 | 0.38~0,44
36.8 | 37.4 5,890
30%% 2Ty | 87 0.66 0.99 0.63 | 0.48~90.98
1
NI 4 | 0.40 | 0.37 1.0 ] 0.37~0.44 0.53 0.52 1.0 | 0.49~0.67
% 37.4 | 385 9,400
SK-4 ** 3 1 0.10 | 0.09 4.0 | 0.09~0.12 0.12 0.11 47 | 0.11~0.13
3.6 | 37.7 17,000 | 7A759 s 2 0.62 0.32 l 0.53~0.70
R
36.10 | 87.7 5,500 TNTT T 4 0.22 0.3 |1 0.0 ~0.33
30%% 2 Te=urar | 1 0.59 0.39 0.85
o | 861 | 877 | 13,000
Hg AD7r75v0% | 1 0.90 0.60 0.55
TRTT Y 1] 0.2 | 0.28 1.0 0.38 0.41 1.0
37.7 | 38.6 8,000 | SK-4 ** 2 | 015 | 0.15 1.8 | 0.14~0.15 0.18 0.19 2.1 | 0.16~0.20
s SK 8 2 | 010 | 0.11 2.6 | 0.09~0.11 0.14 0.15 2.7 | 0.13~015
3.2 | 37.5 | 20,000 TNTI Y 6 0.43 0.19 1.0 | 0.37~0.46
3
36.1 | 8511 7,200 | 30%%ava=yrat | 2 0.8 0.98 0.19 | 0.30~1.2)
& TG 10 | 0.17 | 0.41 1.0 | 0.15~0.20 0.26 0.63 1.0 | 0.20~0.30
@ | 1 | 377 | 38.6 3,604 | SK-4 10 [<0.05 |<0.12 | >3.4 <0.05 <0.05 | <0.12 | >5.3 <0.05
pil! SK-8 10 1<0.05 |<0.12 >3.4 <0.05 <0.05 <0.12 >5.3 <0.05
3 3,750 TNTI 9y 2 | 045 | 1.0 1.0 | 0.20~0.68 0.61 1.42 1.0 | 0.53~0.68
B 37.7 | 38.4
2 4,000 | SK-4 10 | 0.19 | 0.42 2.5 | 0.12~0.30 0.2 0.57 2.5 | 0.21~0.30
- TNTT Y 5 | 0.13 | 0.29 1.0 | 0.09~0.15 0.21 0.47 1.0 | 0.14~0.%
W%%=7a=yrr | 5 | 0.13 | 0.29 1.0 | 0.11~0.14 0.17 0.38 1.2 | 0.13~0.21
# | 5 | 37.8 | 38.4 3,900
}E 0%%=7a=yrr | 5 | 0.08 | 0.18 1.6 | 0.06~0.11 0.15 0.36 1.3 | 0.11~0.23
SK-4 5 0.07 0.16 1.7 0.04~0.09 0.08 0.18 2.6 0.05~0.11
B (1)~(5) #2HB0FELAL,
O OE—HMEEK ST AT T P ESCREDE =y IR TIRIEE a’ﬂ}ﬁﬁﬁﬂkéﬂf\z FeTNT TGy PEDT — FRE DR RS,

RO RWEALERN L, HREREY, 0.3mm,

=7
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Fednotre —F36ER JUSTEECRITAEF VI YT v
Y= EBF AL DFERND SK-4, SK-8 in X DE&LE
PERFEK A LB TR &MEA RS & LA S e
OTIEE TR ~TIE SK-4 k8 LU SK-8 FOEMEE
KEBHBIA I N, ZOMEE SK-4 BT MET N&
R A TR U SR B & LR B 5 2 & vl
otzs LinL SK-8 X e (BN Atz H
LTWBZ &M b, BE SK-8 FD 7 2 AT
XN T B k% /LD DOPEA (ammonia attack)
OIS LT 777 v 7 EDOSECER A v X%
LCiH A A Fie b 2 b a#% 2, STEE LD —FHOR
B ERB T b, £ OEEED TREFREENE

@) 38 Fr7 Ty 28 (35.2~375)(X46) (X3

© 188 7r77y 7% (374~385)(x46)(X%)

HE A Mot EHRBE 2R o 2EMRER
DEFTHEE /N X D 5 12 2R R ITEE N S DA% <
iz ADE L b 150mm ORI LW EH2E LT
Wieo # LT, 3EHD bKBILEEIN TV 1 ADE
A TSR A Uk (BEA-ODZD L) il w»
A, B AOMORTEAE, BNRELLILEET
MY F Y~ DRBIEBWTIRELbNEAoZET
BHOARKOEKRBELEF V2 YT ¥y~ DEEZRFOMIC
M D RERENRSD LD EEZXDEBER V. REHEE
MADRCEC B LN S b ORBERENR A 7r ~ D
HNTONES I LIE LIERZT BiLle 2 & bR T,
DFEFEETERETHIEAD LI CRZT BN D,

fy

(Y

30% % o 7 m =y i ME(36.1~36.11) (X 45) (X 34)

SK-4%% (37.4~38.5) (->< 46)(X3%4)

FT Gy 2 (3T.7~38.6) (X 4%6)(X34)

SK-8% (37.7~386) (X %6) (X %)

) 258
BEE 4

SK-4% Mo (37.7~38.6) (x31)(xX%)

SR AR D A DIFEREL TRy,

SNRET T —EOEKBCRWTEREIN TN 5o
5.2 HRERER

Pt H U EARRORERREY —FELTHELIRLLC
e REMNREEELEDEERIE LUEOWERIE
BHARLIVEBES TR, AREEREKBCRITHE
HEERBROEROES 2 DANEDEDIT L ThaT
1) 30%% 2 7" r =y 7 VEZ BEOREC 3WTHEH

et tmosamanny

(f) 28k SK-44 (37.7~3886) {X46)(X3%4)

Sl

(i) 22 SK-8% o (37.7~386) (x¥(x%)

BT 1M & AR RERT 1 35 £ 0F 2 BRI B\ CEE MR T o EORM, ®) kX0 (0)0E

DI L RBICAT I o I ERTEEKC L5 Ty T ABROK
B b EEINI. BLED LS BEHEADORECLD
30%% o 7 r= y r VEGAREEROBEKRBEL LT
NTT e sEIDLLEDBEDTHDZ ENbIoTo

2) SK-4 #ix7 77y /L Binh 2Bicbie Vi
oI T L TE A RONE 0.15mm fig O EH—
EaE S T BB ERh otz (BEAD), fEMEY

._.8.__
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(% 20)(x46)

(@) 775y s

(x20)(x95)

(b) SK-44

(X20)(x%%)

(c) SK-8%

(5 100) (x 4)

(%100 (x %6)

(x100) (> %5)

BE 5 WEENER AT 2 BRI I\ CHRIRS a4 1770 o /A8 oW (IHFIB74F 7 A ~384 6

) (B H 4 DENOENCR L 7= # 53 DI

kg 0.3mm BEORIBEANE LW (BEA4
0o Z DIEEDFEEIL & oAb nEaEER LTS
LDTHADH & BbN b, EIRRBEIEE LT\
7o (BESL).

3) SK-8 HIXMAARLLS Vi (24) 28 F otk
FRFL LD THDEREA, LAk LUADMERIT S
Ba&L X3 < Wi BED £EEAN 5N/ DOKRT,
(BRABG)D . BABAEDL 2N o7z (BESE),
ZD XD I RS SK-8 L ARFEFREKEEEL L
THHED LD & B b, SK-8 BXHRE LI BRIV 25
2=y PBWTELREMBR e INTEY INBD
7 2 T ORI TIEZ O A DT E LRI -
DL EMbhbLiicibd,

4) H\ERA (ammonia attack) wx L 80% =7 w
Ty VERIUNHE A v TNVT Ty 7ENRE SRS
LAWK TH B Z EDRENTZ,.

6. BEENGIASHAREINREN15
BEKBCEITIREERERER

6-1 ¥ B

REENFER D UK G HKICHOREN R OB L7
KD BN T ) Z DK S AR EF O _LH
Ikmicdh b, o TEHKBE (77 9y 78RE) &
FHE LSR5 T & oy FEBASTET As4imkRE &
&ESK-4 J L0 SK-8 E4A 10K,z D BT
WMHO7 V7 7y 7R E & LICEE &N, 3846 H
AR e oh B D P4 U tes

6-2 HERER

AEEE DT AR &l Uickgt a4 4 R
R HAEEOWNTIRIRDNENA B 6 1T7d, FAE
BERITOXDT L Th T,

D 777w 780K E b4 2 5 0 24k OFFg
Wi e UHLA R 2 Tl U AR v 13 0.20~0.35mm 33
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SK-4 62 <0.05~0.19 <0.12~0.42 0.44~4.0 <0.05~0.32 <0.11~1.4 0.40~4.7

SK-6 33 <0.05~0.38 0.10~1.4 0.69~1.1 <0.05~0.85 <0.26~3.1 0.35~1.3

SK-8 10 <0.056~0.10 0.08~0.76 <0.63~3.5 <0.05~0.15 <0.12~1.1 0.52~6.3

]

1) LRORARS L UHERORBIEM L LT, B0.05mmEkEo 7 — & ORIEO LRE X DA WEXMEC HIULT DEETA L7
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Gl Wi Hkreh 4,182 2,380 9,400 8,000 4,000
& BAM N\ HE T~ 8,207
L ¥ 0.26 0.26 0.40 0.26 0.45
N TR REY
N W oA % 0.55 0.96 0.7 0.28 1.1 0.64
™ # & 1.0 1.0 1.0 1.0 1.0 1.0
N axmams | 7 0.36 0.54 0.56 0.38 0.61
N - B oA ¥ 0.76 2.0 0.52 \ 0.41 1.4 1.0
8 5 1.0 1.0 1.0 | 1.0 1.0 1.0
T 0.12 0.13 0.10 0.15 0.19
) )
i B & = 0.26 0.35 0.09 0.16 0.42 0.26
N B % 2.1 2.7 4.0 1.8 2.5 2.6
2 rmame | E T 0.16 0.18 0.12(0.30)** 0.18(0.30)* 0.26
HZ.
NS oA % 0.3 0.47 0.11(0.28)** 0.19(0.33)* 0.57 0.34
ER 2.3 4.2 4.7 (L% 2.1 (1.3)** 2.5 3.2
. ® v 0.3
TR
| owem w o 1.40 1.4
N/ R 0.60 0.69
ux
e B ka 0.85
BRI AR
- W o X 3.1 0.55
O 0.64 0.64
_ w v 0.10 0.10
TG AR
R W OA R 0.27 0.11 0.19
g " M 3.5 2.6 3.1
n o 3 + 0.12 0.14
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N o ® 0.32 0.15 0.24
P 6.3 2.7 4.5
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(4.4.1)

T3 = v aE 4 5005, 5200

AEEE TV I =7 24645005 ({fa7ri=v réd
8 HE), 5205 s & U X 5405 0> 3 HHELIC DU THEM I HERE
Thbb, BERME., b &y, WM, v W, E5R
B 180°Hh 7 BRPI R s L OV U 7 & vl s A HIE
LA L dibDTh D,

BRI ATISEB X DS L b DT Y . Wb Nl
B (2kg) HFFIE UTHEWE Uico AHEMIMEE OREFE

J Of X 5405 o bk R (1)

HEE LTS B LD b0TH D, FEIREIT/NEX
Bl ph 7 P S5 R A F N CHllEE Uie, A FBIC K1 D55
TR DL ORISR T A S RO TEETH D, &
ISR e 1 BlAR Lice Tads. WHIZDWTH 2
FERBEET S L, BBROBIC X o TEY RTEH THRN
TR OEBMEEOFENRDL LN DL E S, £
NHEEE[E LR L

£ 1 % 1k =2 % D
1t e s 2, %
## 2 g
Mg j Mn ] cu | s 1 Fe ] cr Ti ] Zn { Al
w5 moow | 0.so~1a <0.20 <0.20 <0.40 | <0.70 <0.10 - | <0 | m
5005
® B 0.80 0.02 0.02 0.26 1 0.55 <0.001 0.01 0.03 [ 7%
® 4 moomw 0.50~1.1 <0.20 | <0.10 | <015 | <0.70 <0.10 - <0.25 3%
5205
#® B 1 0.72 ; 0.09 1 0.000 | 0.09 [ 0.42 [ <0.001 0.007 0.1 7
405 w4 m W j 0.50~1.1 ] =% p
# o | 0.72 | 0.0001 | 00010 | 0.0055 | 0.0055 | <0001 | <0.001 0.0002 7%
1 E4HEE Reynolds #ho> Al Data Book (1961) i & -C\ 2% iR T,
2) AL AT 99.99% 0 b DR iz
I % Tk B #: B
) - 5l & M m Y # 2 2 d/‘r * 3; k{; & o
o " ‘Jmm % s i W d, | BREEmY, | W v, | Tuan, | eya-x,| (JIS 35, (}fg‘}’nr?tﬁ)e'
¢ kg/mm? | kg/mm? % 10/500/30 | 10 kg kg-m/cm?®
s | HEOEE 20 o oo o % 3.6 12.7 36 29 39 10.0 8.6
W om 17 309 B 360°C Hegl 3.7 11.8 37 28 37 10.0 8.3
s | PHOEE 20 Wom oo F % 4.2 12.8 33 30 38 10.8 8.5
" i 17 3095 414 360°C Hdh 4.3 12.1 34 29 36 10.3 8.3
s | MOEE 20 o oo o % 2.7 8.5 40 23 30 B4 6.9
% 17 309 it 360°C Hipt 3.1 8.9 4 23 29 8.4® 7.3
1 JIS Z 2201, 4 BRE% A, 2) WEONE v ERT. 3 HBK R T,

4) e Y7 JIS HAL67, 2w vl & VI IRHEC S S O % il /e

E1H

AR (=

w3

(IFF1384F10.4)

G =Xz E

vy i
WS -
B o 3 A

T ZHERR XX =+t

1
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1 14
||
12 o =) 12
g 10 o . 10 i
N 6 \ \f}c~5\_7__7 E .
2 S @7 (i N
_\“ \\ e o A o & O
) Ay Rl ‘
[ ay=3. M = o I uun s
@ 4 ' - "4 i |
2 a4 . \L
2 2 - 1 \ H ay=1, frisok
i " f 7
o I . | SRR
10° 10° 108 07 10° 10° 10° 10° 10° 107
#2® 50056 (Ho % ¥) o S-N g B3I 5005 (HE) o S-N kg
3 X LRI, SIRIBEDS L ON 3 %Ak Ao B R R
g o 5)
| wrED | B W% W % M gD, kg/mm? 9 &K Ow W B T
21 /N TS - S /3 —
P, mm | ax o 105 @ 1 108 [ 107 @ 105 [@ 108 1@ ; 107 @ 105 @ 100 [ 107 @
co 12 12.2 9.5 8.1 1 1 1 — — —
W% ¥ 1.9 1,779 9.0 6.9 5.7 1.36 1.38 1.42 — — —
0.30 3.004) 7.3 5.6 4.8 1.67 1.70 1.60 — — -
5005 §70 138 7.0
- 1 8.7 7.3 6.6 1 1 1 (8.0 (34.2) (69.7)
% B 1.2 177 7.1 5.5 5.0 1.93 1.33 1.32 — — -
0.30 3.004> 6.0 4.8 4.6 1.45 1.52 1.43 — — —
o 12 11.4 8.8 7.9 1 1 1 — - -
WO F E 1.25 1.779 8.4 6.8 6.1 1.36 1.28 1.30 - - -
0.30 3.000 7.2 5.9 5.1 1.58 1.49 1.55 — — -
5205 32 5.1 9.2
o 1 9.6 7.7 6.8 1 1 1 (14.6) (33.8) (67.6)
w B 1.9 1.77% 7.6 6.1 5.2 1.6 1.26 1.31 — - —
0.30 3,004 6.0 5.0 4.0 1.60 1.54 1.70 - — -
o 12 (7.5) 5.7 5.1 1 1 1 — - -
WD E ¥ 1.25 1,779 6.5 5.1 4.6 1.15 1.12 1.11 — - —
0.30 3.000 5.5 4.1 3.6 1.36 1.39 1.42 - - —
X5405 6.9 3.9 1.5
o 12 7.5 6.0 5.2 1 1 1 (8.0; (35.0) (71,2}
wOH 1.5 1.779 6.6 5.2 4.7 1.14 1.15 1.1 — — -
0.30 3.000 5.5 4.3 4.1 1.36 1.40 1.97 — — —

1) /RESEES T R S R (1,700 rpm) X B,

2) 10mme R A

3)  A[EEL G/ RER A (D=12.5 mm¢, d=10 mm¢, t=1.20 mm),
4y 60°-VRFHR I REEB T (RE).

5y 395 AR (HFE1.02~1.08), HiftE150~250ce/min, MEER20+3°C, () MIOBANI AT ORI & Ll LI ORI BERT .

(HER384E10.3)

S EAxumacE T HEBEXSH

WFFEHES
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A o 3
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7 u 3 = a 44 5005, 5205 1 X (r X 5405 o BRI PR (4

. ok
2. iR (REAR, ABEDR, RECAER, FYE | mm)
B 4 =X 4 £ % o
1t g 5 4 %
s b
H H Mg | M cu | s Fe Cr Ti Zn Al
(JISH4104) 0.50~1.1 | <0.20 <020 | <040 <0.70 <0.10 - <0.25 7
208 & # 08t | 0.0 0.02 | 0. 0.57 0.002 0.003 0.03 7
WA WD 0.50~1.1 <020 | <010 | <05 <0.70 <0.10 - <035 | R
5205 % # 0.73 00 | o004 | 007 0.47 0.002 0.006 | 0.1 2
PR 0.50~1.1 e 003 b
5405 o P 0.75 <0.000 | 000 | 0.018 0.007 <0.001 | <0001 | <0.001 | 3
1) migrREe Reynolds #ho Al Data Book (1961) kid&h T Bl iRT,
) Al HbATHE 99.90% O bR MM L,
B 5% R OV AL o0 BB AR
B = M g L P
e R B2 ? g 7 180°0 73 | =07
" - IR N . o AR =R By Y
# L Clw om | swmmy, | om0 v | eon-x AR By v an R
% | kg/mm®| kg/mme| % 5KE | By | Far-n |Har-n| 15T | sore | PWFED el
S0
Hi104 - 9~14 >20 — - — - - - - -
R ! 3
() 5.1 13.0 % 36 16 - 66 1 - W 9.2
JIS
(H4104 - | >u >1 - - — — - - - -
VSRV
15 15.4 15.5 5 54 55 3 89 5 2| Byo 14| 7.6
5005 1S
H4104 - | >18 >1 - - - — - - - —
W )
30 18.8 18.8 3 60 63 45 93 68 2| o s | 7.1
Eoose | 50 19.8 2.3 3 64 67 51 95 70 7| EvossE | 6.7
70 2.8 21.0 3 68 69 55 o7 72 30 | mvo 45| 5.6
80 22.8 28.7 3 78 75 63 100 75 37| meo 6,08 | 4.9
B | ey | 4.0 , 12.1 28 32 - — 63 36 - | w103
20 14.8 14.9 6 53 50 30 86 62 - soo 156 | 8.0
5205 40 7.1 17.1 4 5 57 4 91 86 17| Eyo 25k | 7.3
B | 60 18.0 18.0 3 61 63 48 o4 68 28 | B0 45 | 6.6
70 20.2 20.7 3 86 68 55 9 7 30 | Eeo 454 | 6.4
80 21.2 21.4 3 68 7 59 97 7 82 | myo 56| 57
WO | G | 3.9 9.6 2% % - — 40 18 - | 10.3
20 12.7 12.7 3 45 31 13 79 54 — | mro L5 | 7.7
X5405 40 4.5 4.5 2 50 46 a1 86 61 — | mvo 2.5 | 6.9
EoE | 60 15.7 15.8 2 55 55 38 89 85 4| BEro 45E ]| 6.9
70 16.1 16.4 2 56 58 43 91 86 16 | Eyo 45| 6.9
80 17.3 17.6 2 58 63 48 % &7 2| mro 545 6.7
1) WEUfe FED. TEST METHOD STD. No. 151 & Method 211, F2 GE{F#i##0.5", MMM, HALAICTTCIIR LIz,
2 BH, 3) JIS Z2204, 4 HFBR I 4 JIS B 7T77, 25,
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B 6k  ZElbAULEROBRAHE

mo W | s 3R e mow » # v 180wy Bm® | = U 7
A R R : SATE T

BOMW R BB ey, v, | S Ry sV =M ey »

Cxsh| % kg/mm® ke/mm?®| % Skg  |[Eas-rMFar-wHzr-n| 15T | soro | ARERED | erdin

gan | o | wom | 6n | o | e | 6y (16) =) 69 “n = | ) ©.2)

15 (H32) 13.4 15.2 9 52 53 37 88 63 — Fro 14 8.0

30 (H30) 16.3 17.9 6 53 60 43 92 67 20 Eyo 2 7.1

125 | g H36 1.9 18.8 5 62 63 47 93 68 23 Eyo 2.5 6.9

70 H38 18.5 2.2 5 65 68 51 93 71 29 Bvo 3% 6.3

80 H38 21.2 23.4 5 73 75 64 99 74 38 Hyo 44 6.0

15 (H32) 12.7 15.0 10 53 54 37 g8 63 — Evo 14 8.1

5905 30 (H38) 15.5 17.6 7 53 60 43 91 67 20 Eyo 1.50% 7.2

150 | 5 H36 16.4 18.6 6 62 64 48 93 68 23 FEyo 24 6.8

70 H38 17.8 19.9 5 65 68 54 95 7n 28 EEy 0 2.5(% 6.6

80 H38 19.2 21.5 5 68 71 58 97 72 33 B> 3.54% 6.2

15 (H32) 11.9 14.8 10 53 52 35 87 62 — Eyo 1 8.1

30 (H38) 14.3 17.1 8 55 58 4 90 65 17 0> 1.54 7.4

w5 5 H36 15.9 18.1 7 60 61 4 92 67 21 Eyo 2% 7.1

70 H38 16.7 19.3 6 61 66 52 94 70 26 FEv 0> 2.54% 6.8

80 H38 18.2 20.4 5 64 68 51 95 71 29 Evo 3% 6.4

@ | o [ waom | wo|an| e | @ | o | o || e | o | @ oW (10.3)

20 ~ 12.8 14.5 1 52 48 30 85 60 - By o 1.5(% 8.3

40 - 14.7 16.0 6 55 51 30 88 64 14 Eyo 2% 7.7

1251 g - 15.6 17.1 5 59 59 44 91 67 19 0 3.5 7.1

70 - 17.9 19.4 5 63 64 52 94 70 % B> 3.5 6.8

80 - 18.7 20.1 5 65 68 57 05 7 29 Hyo 44 6.4

2 - 1.7 14.2 12 51 15 2 g3 59 - By 1.5 8.4

5905 40 — 13.9 15.7 7 51 52 37 88 63 12 Eyo 24 7.7

150 1 g — 15.1 16.7 6 57 58 43 91 66 17 B0 2.5 7.2

70 - 16.8 18.6 5 62 61 52 94 69 24 B> 2.50% 7.0

80 — 17.4 19.2 5 64 67 55 95 70 % Eyo 3% 6.5

20 - 11.5 1.2 14 5) 4 28 83 59 — Eyo 1% 8.5

40 - 13.1 15.3 8 53 52 35 87 62 12 o 2E 7.9

751 g —~ 14.5 16.5 7 53 53 s 90 65 17 D 2.5 7.4

70 — 16.7 17.8 6 60 61 48 92 67 20 Ey o 2.5 7.2

80 - 16.4 18.5 6 62 64 52 93 69 23 o 2.5 6.6

G | o | aomw | 6o | 0o | e | e | o | o | e | | o [ e w (10.3)

2 - 10.0 11.5 7 42 27 — 75 49 — B 0> 0.5% 7.7

40 — 12.5 13.6 5 48 40 2 82 57 - By 248 7.2

125 | gy — 13.4 1.7 5 52 £ 34 85 62 - Eyo 3% 7.2

70 - 13.8 15.1 5 53 52 37 87 62 - By 4.5 7.0

80 - 14.7 15.4 5 54 55 40 89 64 — By 454 6.7

20 — 9.3 11.6 9 40 2% - 72 47 - Ev o 0.5 7.9

5405 40 - 1.8 13.4 6 46 35 16 80 55 — o 14 7.4

150 60 — 12.2 14.2 6 50 45 26 84 59 — Ey o 2,54 7.2

70 - 12.7 4.7 6 50 49 32 85 60 - o 34 7.1

80 - 13.5 15.8 6 52 52 3 87 62 - Eyo 3% 6.9

20 - 8.6 1.1 10 40 21 — 72 4 — Evo 14 8.1

40 — 11.3 18.1 6 45 35 14 80 54 - Hyo 14 7.4

175 60 — 12.0 14.1 6 49 44 25 83 59 — Fro 2.5 7.3

70 — 12.5 14.7 6 50 48 31 85 59 - Byo 345 7.2

80 - 13.3 15.3 6 51 51 35 86 60 - HEyo 34 7.0
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