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Study on New Al-Mg-Zn Alloy Having
Excellent Fracture Toughness

by Toshiyasu Fukui, Yoshio Takeshima,
Sazuku Nakamura and Yoshio Baba

Notch toughness and fracture characteristics of Al-Mg-Zn alloys and their welds were
studied by measuring the notched and unnotched tensile properties, Charpy impact value, crack
propagation energy in a modified Navy tear test and fracture stress in a deep-notch test.

With increasing Mg content or with decreasing Zn content in the alloys with Mg+Zn= 6%
(constant), ductility and toughness tended to increase, whereas strength tended to decrease.
Al-4.5%Mg-1.5%Zn alloy was superior to 5083 alloy in ductility as well as strength.

Al4Mg-297Zn’ alloy with comparable ductility to 5083 alloy was superior in strength to
Al-4.59%Mg-15%7Zn alloy, while both alloys were inferior to 5083 alloy in toughness evaluated
by Charpy impact value and crack propagation energy in the tear test.

However, Al'Mg-Zn (Mg>>Zn) alloy welds showed comparatively stable fracture with little
reduction of fracture stress in the deep-notch test at cryogenic temperature, while the dimple
pattern disappeared and intergranular cracking was observed in fractography with lowering the

testing temperature.
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Table 1 Chemical compositions of test materials.

Chemical compositions (%)

Materials T 7 Note
Zn | Mg t Mn ; Cr Zr Ti l Cu i Fe | Si

460 | 1.61 | 0.31 | <0.01| 0.18 | <0.01| 0.20 | 0.07 | 0.03 | Al45Znl.5Mg

411 | 2.00 | 0.33 | <0.01| 0.19 | <0.01| 0.20 | 0.00 | 0.02 | Al4Zn2Mg

reqp | BAseandfiller | 3.01 | 314 | 0.83 <0.0L | 0.19 | <0.01| 0.16 | 0.09 | 0.02 | Al3Zn3Mg

et 2 | metals 1.97 | 4.13 | 0.34 | <0.01| 0.16 | <0.01| 0.17 | 0.09 | 0.02 | Al2Zn4Mg
154 | 4.65 | 0.33 | <0.01| 0.15 |<0.00| 0.19 | 0.09 | 0.03 | AlL5Zn45Mg

<0.00 | 4.61 | 0.68 | 0.15, — 0.02| 0.00 | 0.15 | 0.08 | Ald5Mg

901 | 3.07 | 0.3 | <0.01] 0.14 | 0.05 | 0.13 | 0.12 | 0.05 | Al3Zn3Mg

Base metals 1.90 3.98 0.31 | <0.01, 0.15 0.05 0.13 0.12 0.05 | Al2ZndMg
Test 2 1.40 | 458 | 0.31 | <0.01| 0.15 | 0.05 | 0.12 | 0.12 | 0.05 | AlL5Zn45Mg

Filler metal | 2.42 | 4.29 | 0.30 <0.011 0.14 | 0.09 |<0.01 | 0.05 | 0.05 j —

T4: 465C x1hr A.C.—~R.T.x60days T6: 465C x lhr A.C.—130C x24 hr T7: 465C x1 hr A.C.»>170C x8hr

(A) Notched and unnotched tensile tests (C) Tear test
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Fig. 1 Shape and size of test specimens. (Unit; mm)
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Fig. 2 Effects of Zn and Mg contents on natural aging
characteristics of base metals.
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Fig. 3 Effects of Zn and Mg contents on tensile proper-
ties of T4 (60 days) and T6-treated sheets.
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Fig. 4 Effects of Zn and Mg contents on notch tensile
and yield strength ratios of T6-treated sheets.
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Fig. 5 Effects of Zn and Mg contents on Charpy impact
value of T4 (60 days) and T6-treated plates.
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Fig. 6 Effects of Zn and Mg contents on tear properties
of T6-treated plate. (Modified Navy tear test)
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Fig. 7 Effects of Zn and Mg contents on tear properties
of T6-treated plate. (Modified Navy tear test)
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Table 2 Mechanical properties of MIG-welds made with 7N11 filler metal in Al-3Zn-3Mg,

and Al-1.5Zn-4.5Mg alloys.
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Fig. 9 Effect of testing temperature on the f{fracture
stress of deep-notched specimens in Al3Zn3Mg,
Al2Znd4Mg and All.5Znd.5Mg alloy welds made
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Al-2Zn-4Mg

Tensile properties Charpy impact value
: : ; (kg-m/cm?)
Base metals Tensile strength | Yield strength Elongation
(kg/mm?) (kg/mm?) (%) R.T. —196°C
Al3Zn3Mg 34.1 18.3 19 2.6 0.9
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Evaluation of Various Heat Exchanger
Tubes for MSF Plants”

by Shiro Sato** and Koji Nagata**+*

Statistical survey on the service data has suggested that 90/10 cupronickel tubes are the
most popular and favorable ones for heat exchanger of a MSF desalting plant. However, as the
cupronickel tubes are relatively expensive, the other alloy tubes of lower cost, for example
aluminum brass or aluminum alloys, are attractive enough.

This paper tries to discuss the performance of heat exchanger tubes of copper alloys,
aluminum alloys and titanium for a MSF desalting plant based on the available hard data
published and the experimental data by ourselves.

Firstly, aluminum brass was compared with 90/10 cupronickel with respect to corrosion
resistance to various environments, such as brine at elevated temperature, clean and polluted
raw sea water, and condensing steam. Namely, following items were discussed: General Corrosion
Rate in brine at elevated temperature, Impingement Attack by raw sea water, Corrosion by
polluted sea water, and Stress Corrosion Cracking by condensing steam. It is concluded that
aluminum brass can be used in all sections, even in brine heater, instead of 90/10 cupronickel, if
deaeration, effectual screen device, suitable venting system and so on are normally made.

Secondary, corrosion resistance of 3,000 series of aluminum alloys was compared with that
of 5,000 series. Both alloys which are expected to be the most promising among aluminum
alloys are regarded to be vulnerable due to susceptive nature to pitting corrosion. Occurrence
of pitting is considered to be closely related with stability of bomite film. Therefore, it is
necessary to elucidate the environmental factors affecting the occurrence of pitting and the
growth rate of pitting in order to develop an aluminum MSF plant.

Lastly, electrochemical characteristics of titanium was investigated. It is considered that
oxide film on titanium tube is not necessarily stable in deaerated brine at high temperature.
Titanium has revealed a sign of existance of hazard of absorbing hydrogen, if corrosion potential
falls down below —0.75 V vs SCE. Application of titanium is expected to be preferably used
under the limited condition of badly polluted sea water containing sulfide and/or a great

amount of sand.

1. Introduction

The large scale conversion of sea water to fresh
water has been carried out almost exclusively by
the multi-stage flash (MSF) distillation process. It
is reported by the Office of Water Research and
Technology (USA) that about 70% of total plant
capacity (1,991,000 m®/day) is achieved by a MSF
process, in particular, increasing in plants by this
process is clear over a three-year span from 1972 to
1975.

Since one of the major factors which affect the

*A - part of this work was presented in the form of
proceeding at the Fifth International Symposium of
Fresh Water from the Sea, held in Alghero, May 16
to 20, 1976.
#Technical Research Laboratories, Dr. of Eng.
*#+Technical Research Labortories.

costs of a MSF plant is the cost of heat exchanger
tubes — particulary, that of the heat recovery sta-
ges—, it is obvious that the selection of the tube
materials as low cost as possible is a matter of
great importance.

Among the tube materials for heat exchangers of
a MSF plant in service, 90/10 cupronickel has been
regarded as the standard material for all sections of
a MSF plant due to its stable resistance to corrosion.
Aluminum brass has also been used in many MSF
plants but it is not necessarily regard as suitable
material to all sections presumably due to its lower
margin of safety against corrosion resistance, as
compared with 90/10 cupronickel. However, as alumi-
num brass has appreciable cost advantage over 90/10
cupronickel, it seems worthwhile to discuss in detail
on the possibility of the application of aluminum
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brass to the sections where 90/10 cupronickel is
normally used.

From the practical point of view, application of
aluminum alloy tubes to a MSF plant has been a
matter of great concern for their remarkable cost
advantage over copper alloy tubes. The US Aluminum
Association has reported the successful results on
the application of aluminum to a desalting plant,
based on their long term tests under various condi-
tions. Among aluminum alloys, both 3,000 and 5,000
series have been generally regarded as the promising
materials for heat exchange tubes of a MSF plant.
From cost advantage of 3,000 series over 5,000 series,
the use of 3,000 series is considered to be more
economical selection. However, the evaluation on both
alloy series has not yet established, because of their
diversified data on corrosion resistance to pitting.
Therefore, it seems necessary to put the corrosion
data in order and make clear the corrosion resis-
tance of alloys of both series, taking into account
the environmental factors affecting the occurrence
of pitting.

This paper tries to discuss on the performance of
various heat exchanger tubes of copper alloys, alum-
inum alloys and titanium for a MSF plant based on
the hard data published and by ourselves.

2. Recent trends in tube selection for a MSF
plant

Recent trends in heat exchanger tube selection for
a MSF plant were estimated based on the commerc-
ial inquiries to our company over about a one-year
span from 1975 to 1976. During this period, our
company had the inquiries on 45 MSF units of 12
projects, having a total plant capacity of about 750,000
m?/day, located in Persian Gulf and Middle East.
Since in some cases more inquiries than one for
one unit were made, duplication was inevitable and
data were obtained for 75 units in total

Table 1 shows the percent distribution of various
tube alloys used in the brine heater, heat recovery

Table 1 Percent distribution of tube alloys based on
tube weight. according to our commercial

inquiries.
Brine |Heat Heat
Alloys heater recoverylrejectionL Total
Aluminum brass 0 46.7 7.7 39.0

90/10 cupronickel | 39.7 34.3 49.7 36.7

90/10 cupronickel
modified by high

28.0 16.6 15.2 17.0

Fe, Mn ]
70/30 cupronickel| 14.7 2.4 19.4 5.4
70/30 cupronickel : :
modified by high; 17.7 0 8.0 2.0
Fe, Mn

Total 5.2 81.2 13.6 100

and heat rejection. Fig. 1 shows the comparison of
our data with those by the Arthur D. Little survey
in 1972V,

100 Brine heater |Heat recoveryjHeat rejection Total |
cT ] cel Bl I M | FElsiesy
90 + 9 s c \_},_/‘E 7 c(21)
__80r o) ¢ B A ¢l & 74 (03
» 70 7 IR 4 Ei7
~ 60+ A B Z/A B B 7 7
el é 7 7 7 U A g
g 50 77 // “ 7 e
© 40 F B / 7 o
30} 7 200 1A 118 (A
20t V) 17 ACLE L B A
10t // NI (5.5)
0 AL L 3
1971 1975 1971 1975 1971 1975 1971 1975

Fiscal year

Fig. 1 Trends in tube selection for heat exchanger in a

MSF plant.

1971 : A.D. Little survey on 119 units (based on
surface area of tubes)

1975 : commercial inquiries to us on 45 units (based
on weight of tubes)

A: Aluminum brass, B: 90/10 cupronickel, B’:

Modified B (high Fe, Mn) C: 70/30 cupronickel,

C’: Modified C (highFe, Mn)

These results show the remarkable changes of
alloy selection from aluminum brass to 90/10 "cupro-
nickel for each section. Aluminum brass (A) decrea-
ses not only in the brine heater and heat rejection
but also in the heat recovery where it was prevailing
before 1971. Namely, it reduces from 53% in 1971 to
35.5% in 1975, in total. While, 90/10 cuprnoickel (B
and B’) increases in all sections, and reaches 53.1%
in total. Modified 70/30 cupronickel with high Fe, Mn
(C’) which was widely used in the brine heater and
heat rejection before 1971 reduces from 11.4% to
2.1% in 1975.

From this survey, it is obvious that 90/10 cupro-
nickel is considered to be a standard tube material
for all sections. While, aluminum brass is inclined
to be limitedly used in the heat recovery, pariculaly
in the relativley low temperature zone.

Table 2 shows the percent distribution of outside
diameter and gage of condenser tube for the heat
recovery section, as compared with the 1972 survey
by the Arthur D. Little.

There is a tendency toward the use of larger dia-
meter and lighter gage tube. Namely, 65% of ubits
chooses more than 1”7 in diameter and 85% of units
chooses less than 1.016mm in thickness (SWG 193,
as compared with 379 and 25%, respectively, in the
1972 survey. In regard to tube length, 90% of units
chooses less than 20meter. Judging from tube length
and tube diameter, almost all of flash evaporation
process are considered to be a cross tube type.

3. Feasibility of aluminum brass in comparison
with 90/10 cupronickel
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3.1. Corrosion rate in deaerated brine at elevated aluminum brass with that of 90/10 cupronickel in
temperature deaerated brine based on the hard data published.?-*V
This section tries to compare the corrosion rate of Test conditions on 11 sources and corrosion data
of 83 points obtained from those tests are summari-

Table 2 Percent distribution of tube size for heat zed in Table 3 and Fig. 2, respectively. Althqugh

recovery section.

Outside diameter

05 Huarks| SOce
Range (mm) This survey | OSW Survey? - . 1 LRI
-
less than 34” (19.05) 0 26 '% 2 Z s
bt [~ s 4
347 incl. to 74”(22.23) 30.7 29 3, |ES ; A
) a 5 g
74" incl. to 17 (254) 2.7 8 8 s ] %
=} S [T Rt “Q &
1”7 incl. to 1-34” (31.75) 33.3 32 i’_‘ 0.05 — 2
Q \k\i\” ‘// - fe)
134" incl. to 136" (38.10) 16 4.5 2 W F :
more than 1-%” incl. 17 0.5 5 o ngJ —
3 s (3 ‘i\// oA
5 001 =\
Gage o N
Range (mm) This survey | OSW Survey? > 00054 . ; T 1
: RN L] B
SWG 16 (1.626) 0 3 0005 001 005 01 05 1
17 (1.422) 0 1 X:Corrosion rate of aluminum brass (mm/y)
18 (1.219) 14.9 70
Fig. 2 Comparison of corrosion rate of aluminum brass
19 (1016 52.7 7 with that of 90/10 cupronickel in deaerated brine,
20  (0.914) 32.4 18 based on the data obtained from 11 sources shown

in Table 3.

Table 3 Conditions of corroison tests on aluminum brass and 90/10 cupronickel,
tested simultaneously in daerated brine.

No. Source (Reference No.) ESpecimen Temp. ('C)| DO (ppb) {Vel.(m/s)] pH Du(r':tlt)ion dN;t‘aOf Remarks
1 | OSW-Freeport-1965 (2) ; spool 48~121.1| deaerated 1.8 7.0 156 5
2 | same as the above spool 256.7~121.1 (seﬁogg(g(e)r) moderate|6.2~7.8 156
3 | OSW-San Diego-1965 (2) spool ¥29.5~107 5 moderate(7.0~7.5 90 6
4 | CDA-Dow Chemical-1971 (3) tube k 121 <5 1.2~4.8} 7.4 90~697 9
5 | CDADow Chemicall94 () | ype | 43.3~08.9| 40~75 15 | 7.4 |150~g70| 1z |EtiectofFeSO.
(Heat Rec. Section) injection
Brine Heater 121 0 2.1~2.4 7.4 1620 1
g | Sameas the gy tube 104 0 | 74 870 3
above (4)
Recycle Brine -
Exch. 104 0 1.5 7.4 150~870 5
7 | Same as the above, Side tube | 77,104.4| 20~200 | -—— | 7.4 | 30~90 | 6
Unit (4)
8 | INCO-1971, 1975 (5, 6) coupon 63,107 27~40 0.6~5.1 7.5~7.6 60 17
MITI of Japanese Govern- .
9 ment.1976 (7) coupon 100,120 <10,50 2 7 41.7 4
Tokyo E.P. - "~
MHI 1970 (8) tube 95~122 — — 7.0~7.5 432 1
Others in | Chubu E.P.
10 Japan 1970 (9) tube 100~110 <5~50 1 7.0~7.5 233~317 2
THI-1973 (10) tube 80 <10~95 2 5.0~6.7| (1~4h) 1
Effect of chromate-
11 | Dow Chemical-1976 (11) coupon 110,121 <(25,200 1.8 7 30,101 5 phosphate
injection
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Fig. 3 Effect of dissolved oxygen and brine temperature
on the ratio of corrosion rate of 90/10 cupronickel
(Y) to that of aluminum brass (X), based on the
data obtained from 11 sources shown in Table 3.

wide distribution of corrosion rate in a range of
0.005 to 0.5 mm/y is noticed on both alloys, ratio of
corrosion rate between both alloys, corrosion rate of
90/10 cupronickel (Y) / corrosion rate of aluminum
brass (X), is found in a narrow range from 0.5 to
2.0 for 77 points out of 83 points. 6 points showing
less than 0.5 in Y/X are found in the tests under the
condition of high level of dissolved oxygen, as shown
in Fig. 3. Moreover, 5 points among these 6 points
are distributed in the test conditions of more than
100°C of brine temperature and of more than 20 ppb
of dissolved oxygen (zone A in Fig. 3). However,
aluminum brass is not necessarily considered to be
less resistant to 90/10 cupronickel even in such a

Fig. 4 Comparison of corrosion rate of aluminum brass
(X) with that of 90/10 cupronickel under the condi-
tion of brine temperature above 95°C and dissolve
oxygen below 10 ppb.

condition, because 11 points obtained from tests under
the condition of zone A show more than 1 in Y/X.
According to the data of 26 points obtained under
the condition of highly deaerated brine above 95°C
(zone B in Fig. 3), aluminum brass has almost sim-
ilar corrosion resistance to 90/10 cupronickel as show
in Fig. 4. This result shows that aluminum brass can
be used even in the brine heater section instead of
90/10 cupronickel, if deaeration is normally made.

3.2. Corrosion In raw sea water

3.2.1. General corrosion

Test conditions on 7 sources and corrosion data of
49 points are summarized in Table 4 and Fig. 5,
respectively. It is considered that corrosion resistance

of aluminum brass is similar or slightly superior to
that of 90/10 cupronickel.

Table 4 Conditions of corrosion tests on aluminum brass and 90/10 cupronickel,
tested simultaneously in raw sea water.

No. Source (Reference No.) Specimen | Temp. ('C)| Vel.(m/s) Du(rgt)ion Remarks

1 OSW-Freeport-1965 (2) spool 15.6~56.7 | moderate 156

2 OSW-San Diego-1965 (2) spool 11.5~32.2 — 90

8 | INCO1957 (12) coupon —— | 0.6~2.4 | 341~605 | Polluted brackish
4 _Ifgélzs:ﬂ:gf. -Sumitomo L.M. tube - 2 150 Effeccﬁlgfination
5 Sgggiel{%g.(iiggl)itomo L.M. tube o - 1,253~1,686 ggigted sea

6 _Ilig%sa(il 61;.?. -Sumitomo L.M. tube 829 9 | 90~362

7 1HI-1972 (17) tube 1.8 82~333
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Fig. 5 Comparison of corrosion rate of aluminum brass
(X) with that of 90/10 cuproickel in raw sea water,
based on the data obtained from 7 sources shown
in Table 4.

3.2.2. Impingement attack

Impingement attack is well known as one of the
most common types of corrosion for copper alloy
tubes using aerated sea water. The main factors
causing impingement attack on aluminum brass tubes
and 90/10 cupronickel tubes are discussed from our
experimental data and our investigations on the con-
denser tubes of generating equipment in some coastal
power stations. Fig. 6 shows the sensitivity to imp-
ingement attack of aluminum brass in comparison
with that of 90/10 cupronickel, based on model con-
denser tests'®carried out under various experimental
conditions, such as chlorination (0.2 ppm residual),
sponge ball cleaning (10 balls/week),
bodies (fixed and floating types).

and foreign

—
e 06
£ Marks Conditions Duration
j [0] Cl2:No,  SB:iNo
Lol - N
=2 o] Clz:No, SB:Yes
g 05 [) Cly:Yes, SB:No 362d
S [ Cl2:Yes, SB:Yes
s N Fix_bodies (Mussel)
3 4 A [Floating bodies (Mussel)] 88d

04 - A Floating bodies ( Vinyl)
=4 X Inlet end 274d
Z ~
)
@ 03
“—
© A
S A
5 02
¢
S
s

X

= X xX X X
él 0 1 1 i i L 1 i1
N 01 0.2 0.3 04 05 06 07 08

X: Depth of corrosion of aluminum brass (mm)

Fig. 6 Comparison of depth of impingement attack of
aluminum brass with that of 90/10 cupronickel
under various experimental conditions

sea water.

in clean

Chlorination :

Data in Fig. 6 show that aluminum brass is more
sensitive to impingement attack than 90/10 cuproni-
ckel under chlorinated flowing sea water. Moreover,
statistical examination on the failure rate of aluminum
brass condenser tubes in Japan'® reveals that this
alloy tubes have suffered catastrophic damage caused
by special malignant impingement attack under the
condition of chlorination treatment and existence of
manganese ion in sea water. While, cupronickel tubes
have been satisfactorily used even in such a condition.

It has been clarified from service experiences that
the injection of ferrous ion in sea water has a rem-
arkable effect on the prevention of this type of attack
of aluminum brass.'?*»

Spong ball cleaning :

Data in Fig.6 show that 90/10 cupronickel is more
sensitive to impingement attack than aluminum brass
under the sponge ball cleaning. It has been proved
that excessive use of sponge ball cleaning is detri-
mental to corrosion resistance of copper alloy tubes
because of removal of protective film once formed.?V

Therefore, sponge ball cleaning system must be
restrictedly used only under the condition of decrea-
sed heat trasfer rate.

Partial blockage:

Data in Fig. 6 show that aluminum brass is likely
to suffer impingement attack due to partial blockage
two to three times as many as 90/10 cupronickel.
It was clarified by another model condenser test®®
that the injection of ferrous ion has a considerable
effect to prevent this type of attack, particulaly to
aluminum brass, as shown in Fig. 7. To prevent
this type of attack, it is necessary to install an effec-

”g Types of Fe jon injection
= 05 1} foreign bodies Yes No
= Fixed o] ®
k<] Floating 0AYO, WA, Ve,
S 04
o
aA
=
~
K 03 o
5
foy
L
0
e 02t ©
3
&
P al n
§ 01l F o
v A .
A
v
1 I 1 1 |
0 01 02 03 04 05

Depth of corrosion of aluminum brass (mm)

Fig. 7 Comparison of depth of impingement attack by
foreign bodies for aluminum brass with that of
90/10 cupronickel.
Fe ion injection : 1 ppmx1 h/d
Test duration : 92 days
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tual screen device and/or further system such as a
mussel filter.

Inlet attack:

Data in Fig. 6 show that the depth of corrosion
at the inlet portion of aluminum brass tube is several
times as many as that of 90/10 cupronickel. Cathodic
profection systems together with the injection of
ferrous ion are effective to prevent inlet attack.

3.2.3. Corrosion by polluted sea water

Both aluminum brass and cupronickel have, in most
cases, been severely corroded by pitting or local
corrosion in polluted sea water containing hydrogen
sulfide. Comparative data shown in Fig. 8 indicate
that corrosion resistance of aluminum brass is slightly
superior to that of 70/30 cupronickel. While, OSW
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g o, wall before examination
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Maximum corrosion rate of aluminum brass tube (mm/y)

Fig. 8 Comparison of corrosion rate of aluminum brass

tubes with that of 70/30 cupronickel tubes, used
in polluted sea water containing hydrogen sulfide,
in service.

survey*” reports that the failure rate of aluminum
brass by polluted sea water was ten and three times
as many as those of 90/10 cupronickel and 70/30
cupronickel, respectively. Refering to our experiences
in Japan, it is assumed that this survey includes the
failures not only by sea water containing hydrogen
sulfide but also by sea water containing manganese
or suspended abrasive particles.

Our service experiences'® have made clear that AP
Bronze (Cu-6~10%Sn-1%A1-0.1%Si) developed by
Sumitomo Light Metal Ind. has good performance
in polluted sea water containing sulfide.

3.3. Sensitivity to stress corrosion cracking

Service experiences demonstrate that failure by

stress corrosion cracking (SCC) has never occurred

(%)

Ammonia content

by brine and by raw sea water. While, it is reported
that SCC by high temperature water and/or steam
has been experienced to occur intergranularly on
aluminum brass tubes used in the condenser of de-
salination plant”'?*®and on cupronickel tubes used in
the feed water heater.?® Fig. 9 shows the effect of
the steam temperature and the applied tensile stress
on SCC.»2» These data show that both 90/10 cupro-
nickel and aluminum brass have sensitivity to SCC

\ Marks Tube 5CC
SN © | 90/10 ickel No
. ry cupronicxel Yes
a No
N Aluminum brass
\ [
30 . Yeo J.
\ !
AN oo
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& o5 © i
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Fig. 9 Effect of applied tensile stress and steam temper-
ature on stress corrosion cracking of aluminum
brass, as compared with 90/10 cupronickel.

pH value

01 11.62

0.01 11,00

0.001 10.35

0 O o o N - — = =D — 620
RT. 80 110 150 200

Water temperature (°C)

Fig. 10 Effect of an ammonia content on stress corrosion
cracking of aluminum brass tube in water at ele-
vated temperature.

Hoop stress : 25.0 kg/mm?, Test duration : 300 h.
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in steam at high temperature and their threshold
stresses decrease with increasing in temperature.
Fig. 10 shows the effect of a small amount of
ammonia on SCC of aluminum brass in water at
elevated temperature. These data show that inter-
granular SCC on aluminum brass is likely to be acce-
lerated by an ammonia. While, SCC on 90/10 cupro-
nickel tested in same condition was not accelerated
by an ammonia. It is considered from these data
that SCC will rarely occur in service on aluminum
brass, much less on 90/10 cupronickel, because of
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Fig. 11 Comparison of corrosion rate of 3,000 series with
that of 5,000 series in desalting environments, based
on the data obtained from 4 sources shown in
Table 5.

its high level of threshold stress to cracking, if
proper venting system will be applied, even in case
using polluted sea water containing a trace of am-
monia.

4. Comparison of 3,000 series with 5,000 series

4.1. General corrosion and pitting corresion

Test conditions and corrosion data are summarized
in Table 5 and Figs. 11, 12, respectively. Not only
ratio of maximum depth of pit but also ratio of
corrosion rate are widely scattered. Moreover, com-
parative evaluation of these two series is very differ-
ent according to investigators, as follows.
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Fig. 12 Comparison of max. pit depth of 3,000 series with
that of 5000 series in desalting environments,
based on the data obtained from 5 sources shown
in Table 5.

Table 5 Conditions of corrosion tests on 3,000 series and 5,000 series of aluminum alloys,
tested simultaneously in deaerated brine and raw sea water.

]
i No. of
No. Source (Reference No.) Specimen Temp. DO Vel. pH Duration data
0] (ppb) (m/s) (a)
1 Dow-OSW-1970 (29) coupon | 82~107 | <5~150 1.65 7.3 20~30 4
2 Ug)OA) Aluminum Associaitiond973| (| 4a 115 | 96 1.5 6.8 |180~1140| 17
3 Reynolds-OSW-1970 (31) tube 34~121 | 10~100 | 1.5~1.8 | 6.5~4.4 | 120~630 15
4 Inland Steel-1971 (32) — deaerated, —— 7.5 14 1
t 41~114 | 12~20 1.5 -6.6~7.1 | 40~208 13
5 MITI of Japanese Government ube .
“Japan Light Metal Ass.-1975 (33) | (\pe | 9045 | Sat. 1.0 8.2 | 40~208 6
70~120 ~ .Bb~3. 7.9 42 11
6 MITI of Japanese Government coupon 0 <10~120 | 1.5~3.0
1976 (34) tube |60~106.5! <50 1.8 7 84 5
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. 5,000 series (5050, 5052, 5454, etc) are superior:
ALCOA (1967)*®
Reynolds-OSW (1970)°
USSR (1970)°%
Inland Steel (1971)%*%
National Bureaur of Standard USA (1971)°*"
Israel Engineering (1973)*®

. 3,000 series (3003, 3004, 3105, etc) are superior:
Dow-OSW (1970, 1973)%+3
Atomic Energy Research UK (1970)*”
MITI of Japanese Government (1976)*"

. Both series are excellent
USA Aluminum Association (1973, 1975)°*)»®
Aluminum Pechiney (1973)*®
MITI of Japanese Government-Japan Light Metal
Association (1975)*%

Many causes or factors related to the occurrence
of pitting in desalting environments have been also
pointed out and discussed by several investigators
as follows.

. deposit or presence of heavy metals

(copper and/or iron)®®s .
. settling out of silts due to low velocity of brine
29,30 (for example, less than 5 fps)

. deposit of steel corrosion product on outside tube

surface®”

. unfavorable conditioning of tube surfaces as ma-

nufactured®”

. formation of anhydride due to high brine tempe-

rature®®*®

. low pH value (for example, less than 5.5)%#»-®

. brine temperature (for example, 40 to 60°C)*®

. segregation or precipitation of alloy elements to

grain boundaries due to welding®>:*®

. crevice beneath the packing at the flange

Therefore, it is considered to be difficult to con-
struct a reliable aluminum MSF plant, until environ-
mental factors affecting the occurrence of pitting
will be made clear and preventing method for pitting
corrosion will be established.

4.2. Galvanic corrosion

Fig. 13 shows a corrosion potential of some alumi-
num alloys in deaerated flowing sea water at 103°C
measured in a stainless steel autoclave with rotating
equipment. Corrosion potential shifts rapidly from
positive to negative direction with increasing tempe-
rature and then again shifts to positive with immer-
sion time at elevated temperature. Potential difference
among alloys is found to be extremely large during
several hours after start up and become relatively
small after about 80 hours. The stabilized potential
of —0.9 V (vs SCE) for each alloy seems to be due
to the formation of bdmite film. These results mean
that galvanic corrosion between aluminum alloys will
limetedly occur after intial period of immersion and
that pitting corrosion is likely to occur at the places
where bomite film will be removed for some causes.
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Fig. 13 Changes of corrosion potential in deaerated sea
water at 103°C with immerison time.

Fig. 14 shows a change of galvanic current with
time between 6061 (anode) and 3003 (cathode) in
deaerated sea water at 103°C.
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Fig. 14 Changes of galvanic current and potential differe-
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deaerated sea water at 103°C.
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Fig. 15 shows a relation between galvanic current
and potential difference for some combinations of
alloys, measured after 20 hour immersion.

Anode Cathode.
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Fig. 15 Galvanic current vs potential difference.

Galvanic current is found to be very small any
combination of alloys, in spit of relatively large po-
temtial difference.

Therefore, it is considered that galvanic corrosion
between aluminum alloys will not become a matter
of great concern in service.

5. Application of titanium tube

Application of welded titanium tube of extremely
light gauge recently developed is expected to be
promising due to its excellent corrosion resistance.

Test results by MITI of Japanese Government'®
show that hydrogen absorption was observed on the
titanium tubes installed in evaporator and brine heater
of its test facilities. It also shows that hydrogen
content was max. 870ppm after 8,800 hours and hyd-
ride was observed as the shape of needle along the
grain boundaries and twin boundaries over the total
tube thickness. While, those titanium tubes did not
accompany the galvanic corrosion of naval brass
tube plate nor crevice corrosion.

Potential change in deaerated sea water at 120°C
was measured in an autoclave. Corrosion potential
remarkably shifts from —0.2 to —0.72V (vs. SCE) with

time, as shown in Fig. 16. This result suggests that
the oxide film formed on titanium tube is not neces-
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Fig. 16 Changes of corrosion potential of titanium in
deaerated sea water at 120°C.

sarily stable in deaerated sea water at elevated
temperature.

Table 6 shows the effect of potential cathodically
polarized on hydrogen absorption. This data shows
that hydride formation occurs below—0.75V (vs SCE).

It is considered that hydrogen absorption experi-
enced in MITI test facilities is related to falling
down of potential due to the instability of oxide film.
Therefore, it is necessary to elucidate the factors
affecting the corrosion potentail of titanium in deae-
rated brine at high temperature, such as tube surface
conditions, iron content in titanium, galvanic couple
to steel, pH and dissolved oxgen of brine and so on.

6. Conclusions

Following conclusions can be drawn from this
research.

1. It is considered that aluminum brass tubes can be
used instead of 90/10 cupronickel even in brine
heater section, if deaeration is normally made.

2. Stress corrosion cracking on aluminum bass in
steam containing a trace of ammonia can be pre-
vented by proper venting system.

3. Impingement attack is not apt to occur under the

Table 6 Hydrogen absorption of titanium under the condition of deaerated

flowing sea water at 120C.

Current Content of

Specimens Duration Potentiial density hydrogen Hydrld.e
(h) (V vs SCE) (#A/cm?) (ppm) formation
As received —— e ' 15~25 None
As immersion 624 —0.2~-—0.72 — 21~25 None
—750mV impressed 1,500 —0.75 10~150 43 Yes
—1000mV impressed 720 ~1.0 250~650 50 Yes
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condition of deaerated brine. Aluminum brass tube
is more sensitive to impingement attack by raw
sea water than 90/10 cupronickel. However, it can
be avoided by dosage of ferrous ion, cathodic
protection, effective screen device and so on.

4. Both aluminum brass and 90/10 cupronickel tubes
have been suffered premature failure in polluted
sea water containing hydrogen sulfide. Special
copper alloys—for example, AP bronze (Cu-8%Sn-
195A1:0.195S1) —and titanium tubes are recomme-
nded.

5. Both aluminum alloys of 3,000 series and 5,000
series have not sufficient reliability due to suscep-
tive nature to pitting corrosion. However, higher
reliability will be obtained by preventing the
deposits of heavy metals, silt and anhydride scale
on the tubes.

6. The potential data of aluminum alloys obtained
in deaerated sea water at high temperature indicate
that galvanic corrosion between aluminum alloys
is rarely liable to occur.

7. The potential of titanium in deaerated high tem-
perature sea water is about —0.7V  (vs. SCE).
Titanium has a sign of existance of hazard of
absorbing hydrogen in desalting environments.
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Fatigue Behavior around Slot Opening in
Girder of Aluminum Alloy Structure

by Yoshio Takeshima and Masao Ito

In hull structure subjected to fluctuating pressure, fatigue crack is sometimes detected
around slot opening, where longitudinal crosses girder and they are connected with each other.

This paper deals with the fatigue test conducted to investigate the fatigue behavior around
slot opening in girder of aluminum alloy structure. The test was carried out with models having
different types of slot opening. Each model was a full scale part of the independent prismatic
tank for LNG carrier and was made of aluminum alloy plate 5083-O and extrusion 5083~F, the

latter was used as longitudinal.

As the results of the test, the actual behavior of crack initiation and propagation around
each type of slot opening was observed and the relationship between the type of slot opening

and fatigue life was clarified.
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Fig. 1 Form and dimensions of test model.
Hikt o = 7 EHISBTEM & D5 AHA, HiMY = 7 &Rk
— WT 5w EDTHRR I IR ERLEM EDOTAHART
R25 Collar, t12.7
12 1248 —= 4§12 H5,
ST - e e . e
ff== - = s BT & 25T 2 Table 3 1WWR¥, MMM 1
& = P % 1.6mmdA5183WY & %~ i 7% 3.2mm o A5183BY
170 RS e -
| s I Thbh, b OLERSEHEO Table 1 1hfw TR
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~ o
§ = ‘ mm OIS D, OEBIFEU L 5~8mmoOfEHich
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Fig. 2 Details of slot opening. BRGBFERTLE, REXEEBEDT v 4~y 2O
B SN IR 3R 21T - 70,
Table 1 Chemical compositions of used materials.
Thickness Chemical compositions (%)
Material or diameter
(mm) Cu Si Fe Mn Mg Zn Cr Ti Al
t12.7 0.02 0.08 0.20 0.64 4.7 0.01 0.13 0.01 Bal.
Plate t19 0.02 0.08 0.20 0.64 4.7 0.01 0.13 0.01 Bal.
t30 0.02 0.14 0.22 0.67 4.7 0.01 0.10 0.02 Bal.
Extrusion (L330x76x11/22) 0.03 0.14 0.20 0.60 4.5 0.02 0.17 <0.01 Bal.
Filler metal $1.6 Tr. 0.06 0.09  0.72 4.9 Tr. 0.10  0.09 Bal.
$3.2 0.01 0.06 0.07 0.76 5.1 Tr. 0.10 0.02 Bal.
Table 2 Mechanical properties of base metal. Table 3 Welding conditions.
Yield strength, Tensile Filler metal Welding Arc Welding

Thickness

h Elongation

Material 0.2% offset  strengt Welding procedure diameter current voltage speed
(mm) (kg/mm?)  (kg/mm?) (%) (mm) (A) (V) (emymin)
12.7 16 32 26 Full-automatic MIG 1.6 280 29 40
Plate 19 18 32 a7 Semi-automatic MIG 1.6 240 27 -
| 30 17 32 20 TIG 3.9 - B o
Extrusion (L330X76x1%%2) 19 34 16
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Aluminum Alloys for Electrode Material
in Electrolytic Clarification

by Masahiro Nishio anb Zen-ichi Tanabe

This work was undertaken to determine effective aluminum alloys for electrode of electrolysis
for drainage. Also, there is a brief description about flocculation performance of electrolytic
aluminum. Seven commercial alloys (1080, 1070, 1050, 5052, 5082, ZK41, ZK60) and Al-5%Zn, Al-
1%7Zn-0.1%Sn (the latter prepared from 99.5% and 99.99% aluminum,) and Al-2.3%Zn-0.02%In
alloys were investigated. Electrolysis with aluminum electrodes was carried out in industrial
water in Nagoya.

The electrolytic aluminum is a good flocculant as polyaluminum chloride. It is suggested
that ZK41 and pure aluminum are effective for electrodes from the point of view of controlling
the electrolytic voltage between anode and cathode, furthermore of increasing the amount of
electrolytic aluminum dissolution. Electrode performance depends upon its purity in pure aluminum.
The largest weight loss of electrodes is found in ZK41 anode and 1070 cathode. The beneficial
effect does'nt apper in magnesium-bearing alloys or Al-Zn alloys containing tin and indium.

It is considered that not only anodic dissolution but alkaline etching on cathode is very

importance factor in selecting aluminum alloys for electrodes.
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Table 1. Inorganic flocculant?

Classification Flocculant

Al2(S04)s, Fez(S04)s, FeSO4, NaAlO:,
FeCls, ZnCls, TiCls,

Inorganic salt

Acid HzSO4, HCI, COz(gas),

Alkaline Na:C0s, NaOH, Ca(OH),

Metalic electrolytic Electrolytic AI(OH)s,
product Electrolytic Fe(OH)s,

Solid powder Kaolinite, Bentonite, Fly-ash,
Carbon-black, Japanease acid clay,

Others Active silicate
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Table 3. Weight loss of aluminum anode.
(mg/cm2. 100hr)

~..Anode
Cathodeé™

1080 1050 5052 5082 ZKA1ZK&§0 A B C D E

Same alloys
as anode 5.0 51.9 49.6 31.7 88.1 54.9 56.0 49.2 66.5 56.7 49.0

Copper - BL5 - B WA WL — — —

Iron — 54— 5061 M3 — — — — —

Electrolyte ; Industrial water in Nagoya.

Current density: 150mA/dma?.

Electrode aera: 50cm?.

Amount of Faradic dissolution: 50.6mg/cm2 100hr.
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Table 4. Weight loss of anode and cathode using
ZK41 and 1070.

(mg/cm?)
. Anode 1070 ZKA41
Cathode ™
84.1% 241
1070 135. 1% 141.3
221
ZK41
53.7

Current density: 35.6mA/dm?,
Amout of Faradic dissolution: 55mg/cm?,
*Weight loss of anode, **Weight loss of cathode.
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DBk
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o RILE bk DEHIH 3,

i) ARRICEFIEBAKRLD Y, % OMEE 200 DRI
LT 1.8mg/dm® T 3.  Off 0.9volZ iy L,
ik U 7 SOOI TSN & WETH 5o (I
1 ¥ b Ok &E i 0.09mg/dm? & 75 3,)

i) W RKEIATCR T, Rk i I BN I 0D AR e
UCHEBICHEmML, 2o M(D/ Mew=0.7 &M
TWh, X ty,id 544y E 35,

i) AR Fick WOBKTH S LIWET 5 &, TREE
BOLATH O 5 D=6.07x10"" cm?®/sec & 78B, T
Ofifi, WO DD EHIT 3 LEROHTH 3 &
WHOBEMSHES,

FLTCND OEEPHRET A, LT EETT R
~OKOIEH O AT 2EZA T OHO>» 2H T TAH 5,
WP DK OILEE, B A OB AL b I s Tk
1o G- TKOBEBIZ, HWies 4 (FLULTNa,CH) &
DOEBCRTHRIN TR, LrLEM¥SE, AR
v = i B IN Hifh 7 b)Y L KEIRARTRY
Na’, CI" O E &, DNe=9.9x10"cm*/sec, Der-
=5.4x10"cm?®/sec, X, [AREMENErh Ok OILHGE R,
10 cm?/sec OF — 4~ THHBWEEAS L, 44 VLK
1, HICH OB CHRIEH AT A EEL »TH BT

18)
o

Mayne'®it, « @#EF >0 T “Fast Change”, “Slow
Change” D& 2 UTHE QIR O® WV 2 HB L
o HiL, Toud v FEUE, 7w =il 2 oo i
IR QKB AMCEE LIS OBERIEECHED S,
~— BT OB & R B VB M T — B
WCET AEDH A8 2R H L, Fast change &IEA TS,
e, MO EE I, Fast changeic & b 12 A—5E{l
EEMUIBES R R L2 CELL TITLHE2RY, e
Slow change & #4137z, # L T Fast changeiz & 3 ##i
HOEE, BET HHEROBEE OB AR TAR
DEBEIRL > TEE S (i1 4 HEWEICK 2 BBIEE
fLd&»T) BhD, HEROKDOIERD S VIR 28
K& sDT, BEBSKZRINT 5k b BBRPOBK
FEDSIREE L THMEBET 5B & L THBL K, Fast
change O % ®12 1T/R$, K121k, 0.00IN kA v v

n g_-Kcu KCl | KCl 1117g AeEl koo |
S 000IN 35N 000IN 100g 7k O.O0CIN
@
12 108+
C AN

4N

=

3._

RN
B f
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LB — 35N b Y v AWEE T 0.00IN kb )
v L — (117g kS -+100g 7K) OREMEKBK — 6 5 —
B 0.00IN Hfkm ) ¥ 2 B DIRCHEIE % % 4% DIEIRIC 5
SESOBEUILEAFOREOR{ZEL 12 § © T,
Fast change 2SE[IIC 5 SR THL 2R L TV %,
X, 3.5N $i{h Vv AR & EBEROBBENE U T
HBHOT, WHHEOEMIFEL TH 5 L5, Fast
change EWORBLEDAICE BB 2RL T3,

—7 Slow change i, AHEHROA4 &~ OBIER~DE
ACEBAF URBRIETH B EHPINTNE, F13

—~~

0.001IN KCI
I I ]

5 40 73

®13 H{LH Y v 2k 5 Slow Change®

Slow change 2k 2 HOE{ZRL T %, SR,
IEHMEOZ L B0 i A Cds b, Fast change & i
R ICREE QBT Y 7 A CEBETAEICLD
EHEIE T 9%, X OS5 5 7 & 5 ICH]
W TH B, T DHIX, Slow change i2°F ¥ Fast change
Wk b fREE L TR DKL KB IR RO F A v &4
F UG R C U, HT & b REERE O K 25 i
KBAUVEFEZ2 T2 L0 3ZBA T THEEINS,

z @ Fast change A 3 I OREEHT WV T I,
FR R~ T FEE S DM WER R EED S b X b gD
HH s 5,

ECBT, 44 U BEER T 50, BT
A s DEGEINC Y > THED 3EMZ2ED > TP DT
B AL, BRI 2D e U Tokd 5 K~ EBBI L
TAL EFADBHEHYEZLIDELUTRDLN T DD, K3
E ORI L TBIEAR 2 EEIT 2 210> TIIRITHIL L 2
BULME L BRA WEWmBTTDON TV %,

Brasher 5 ¥ OB @EARINIC L 2 WKEOEERHESLD
ORI, BERNOKOBENIEBEOEE W, KEGHE
W LT, WEERERIES TINEIT 5 E F % L DRI
WUTEERICE AWKRELED—EBELNEHELS
HETHDE LT,

—75, (OMEZEEEAMEIC X AEED 5, KD BB T
TRABELTHHLTOWEWI LS H 3, ALk
BB ST, &K LIRS IR TEES T 28
B 100~10000 f5 6 X < BT &0 H B, KPBHEDST

WEERAWEAL TWARIEUTHEEEALDEE S TVHRAT
&9 (Wfick 2 5B REHOHMIER 2 ~ 3 58
BETh3) CcOFE, MENCHKESD TP TR
U TKERBEBDIZHO [KOME] 2> T 3HERL
T3, (SAROKHB THERERZEL L kEW,)

W, KL, BEOBRBIBLCE T 5 ERD S
Maitland & ™t~ 5 Fast change & Slow change & O]
THFETEBOBEe, BOTHOBMRRSZICL5LE
A6 N AP U 5 8 2 BB OIS M Re) @
Bk b FEL T35,

3.3 BEEBILEEOWKE
KB DB, BRI OFR K OB TEmL,
MASBRTENCOBRR IR SR BPE5 L 285 H
ATH, TROBBBREEES XK LBERTH 25830
B ThHb, % THRIC, BB TORKED
HIERMEBEZRL 7Y v — BE L OB DWTIER ~ 5,
WK BB OFE R 2 RILICR T, 4, AERORM, dilH
BRI KRB ORISR OBKABROBE LML TH
%, BRERAITIIZ10% OWEE TV, B HRILRE
20C, BE 20V, BWREE 1.5A/dm® T 5, HBRER
EUTH, BRI B AL (B % 2K,
#Zih, 304yRE) BIBNEN 1 &R UA olngl (BURTERE
i, 200C, 304Y) & ORI THERE, WKkilkht, B
ok (12000) ek 2 EERIC OV T THRIE Lz, M,
FIEEE 200 —ETH b, H1ld 5,

1) BRI AGRE BEE T O A RIS BR 2 WET T %,
WK B i WK AR BB IR 2 120~140 W[ CHIFn BT
BESN2, M, Bk#EI20CKEMNEL TS 58mg/dm?
(20p) OKRSIPINSNIEETH 3, MOEAKEERDS
Fick & 5 iC 20 T i, MEBOBEZ2ET 5,
200°C x 30 4y DB X 2 fT- 72 & DI 2~3mg/dm” /K E
ME L, COBEMISEMNEEZEDS T,

i) BFMERMEL S O, e CEEEIC 4.5mg/
dm? OBIK b - LB IEF—EETEHE 5. & DEIEKE
WCHRELT B & 0. 450 WM T 5, C DEIRIEDS, HEEHR
HhF oy — 2 WTHAKT 2 & 0d, BEOT 7 oyl
Tk 3 3 O RE»TEY, Bingick b ERE —8
mgr/dm? ED T 5, HILBEHEE 277025 OEWH
OEBTHLTLUE > TV 3D, HAREDOALD S DT
e T#y 10mgr/dm?® % { BKd 5,

i) BB EOE KRR, 7Y v — BEOKINE
(20 DEIC 1.8mgr/dm?) T H~ TLIOEE Ul T F 3,
WG RR G B I D W ARG 13 2 MBI T § IRV 7 — < T
& BDT, FMLRFRBIOBEITOIIN,

3.4 BEREOEKE
wNTEEB Ly ) Y~ BRI L S ORKE
BT AEERLRND,

dd, BRmLs Vv —EEREEHARE (2014200
ZEACHEBL Tk &, SOEEM%IcE 7~ Img/dm* &
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EOBEREMMRE 61, WKL TEESINL &g 2
I L TRV IZEE I s KB oER T b~ T
7~9mg/dm?® B OB R OFE (B RS 2 i L o2)
BLUTES, chdbOffizchZg Tdaiios Y v —
BFEHEMOTHEAKEL bF L, —H7F o7 — 2HITHE
UrcEBH380R st ic  ERELVE S Nig, N6 D
Beh»s, COESHEEZ, BFOMEARBIRT, AK
OB U TRS RN, 7 v —&EZHECT
GRS bR 51 <, WAKBIK 28 DR
LTV 8DEEDLDNS, X, 7 ¥ —BEOHFREZLD
Bé, FHEKERBEOKRIGEANEEIL > TEDT
H3 3, LU TKEBRSEOHEIE, KEPE»IKI Y
—~ BRI N O THICEKRIETDOEEDN
5. E14icE x DIEE OE AR ORKE 2R,

20 " le—e 20u+20u
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& 15 e 00 Su-+20p
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el 5 S | ——
] | o - 4
? B R
0 4
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BRI OBETH 5,

i) 120 BFHEERE CAMREIREC g 5, HANRKOLH
W%ﬁ#%%“@%ﬁ@ﬁ%&%%ﬂ#%Wm%&ﬁm5

ZER OB R OFRER S VS R 2HEL T
@Mwwm@%@&&%@wm&%Cﬁﬁ?ét&S@m
{55,

i) 53, BRREEARNE O WK E 23 17~20p 1
Tip¥h 0. 75mg/dm T O, BEORD I
WLTHEERL VS, X, 20 @ﬁ": B 3 Bk
1t 15.0mg/dm? & 75 b 11 OB B B 57 I O I 7k Bt

;5 HARITR 5 BHERRAL R o ol 7K B

o WET vk PATEHD DRI
) (mg/dm*)  (mg/dm?) 1% b (mg/dm?)
1 20+20 16.8 1.80 0.75
2 17420 14.5 1.80 0.75
3 8-+10 6.2 0.90 0.66
4 5420 3.4 1.80 0.32

O REZORE, BREBEE-2 ) v
*2) 1240 0.09mg/dm? & U TEHE

— BRI

—HT B, THIEBBKIRSICRT, Bk a
mmfkwt§%®wmmt%M@M&ﬁwwm&t®m
TRINZENFHOFHELUVLEVERZRL TV

'iv) Mlzm%mﬁz%& 20# Kb“ %120 )‘Jl]éél%"?" ith

&a kcmwé%M@m&ui,Aﬁﬂw&%C@ao
DEHEEIN S,
w W%@*mKL¢6H%b%1%@%T% iy

M@Hi@“%&é@f%éaubﬂé

3.5 BEOHE

TR Z U LEM ORI, ES 4 iR TREX
DE D 5 BETROFNICHESITON 2 2k,

UTRBHOBRIC OV TR A ODER 2B Ukndd 21
AB. BIDIREBETR2INA TS OB RO K
MBERLUICEDTH %, ISR T, BRRERAL R B SEHT 0y
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3G RE - THAKBEZM AW 5, BT TR
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G LITINTRTH B, 3070&M 27418, (h
BTEMTR A FRBEICHEY T 3) BKEIE RT3, |
G, BEBEONERMET T30 2 MUK & B3k
B YDEME LS 5,

i) EEGRKE 2380C OB TR AWM 2R 4812
TeE WO BRIEN 2 D DMK 2 EM AR S 5K b > T
DEBREL TS, B1b 1ok, B &R 24k
KOEHRTOMAMNRTH H80CL LTHEFTT S 4 DTH
%o fB75 BRI AKFIROS (sl &btk L, kP
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Pre-Isolated Tubes for Air Conditioning

by

1. & L & I[C

TS = vF 4 — 7 3 Pre-Isolated Tube OWEFR ThH
Boe B bMNINE—F 4T e =) b, NR N ~F
4 v TRRIER L EOEHARKOLAMHELT, &
KRR 25 I ER MR AEO T ) S~ v F a — T R
B L T &z, ANODEMIR, GADT ) S —VF o —7
OHMEE 2B L THNMTRLETH A

2. TUYY—nFai—7

21 FYY—=NF2—-TP (FFX M)
2118 &
TY T = F 2a—~T P, NANE—~2 0T O
vz bV EADIERHABSL REREREHNE U TH
FANLEDOTHB, 7V —VF2—7P (1818

LNV
90C (i)
% 0.1 kcal/mh'C

a\/ub'” PRS- A %

W 1 g/cm?®
i = P KEERTE B AR Bk L
o &

Bl BELE (90C)
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Katsuo Miyata, Kunio Nakamori and Tadashi Nosetani
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DEFBRT 5 EHHBES

;B R*

JilE:

O L

Zﬁ@b\

%%

— 7 PORGBHEE (R1) &, #HERE
2HH (LBIOM 24 7)), @1 25FH (o1ZL

@ o [Z}}J B ct O\/\m

L

R

25m £

WIE L THRGE 4

£1 TV J-NF 2~ TP OB

(a) 79 J=w5a~7 P-L

o R HOE R EIR S ko wow
(in) | (mm) | (mm) | (mm) | (mm) | (m) (kg/m)
o 952 076 | 25 | 145 | ,% 5 03
% 127 |08 30 19 (% 04
w | 1588 102 35 | o (% 06
% | 1005 o7 | 40 2 (B 07

Cow 2|t a5 s (B 09
(b) 79 J=NF 2=F P-M

sore B 08 08 C AR 5w
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%o o188 071 | 35 23 (L% 04
9 222 081 45 | 31 [ ,%, 07
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BB OB A 1 i310~20mm JE 3 O 1A 8 — O
fH U, kT3 7) Y —VF 2~ TR R
TYJ—F 2 —F) OFERABET L, ¥, BEEEE
WEHRTHEDOT, RHEEEMHEALTS v, 72, %
BWT—HULEHRBT 58, KEXT200EETH
%,

TYS =T o~ TP RBHABKIREE]TS L
HBET RO RE LS TV, HEEE2ZEEAZHLTNEG
Wi TH b, HEOEDITE, 35 Kk2mmEIEED
BB H S —BUBETH B,

2.1.4 g@iFmT

FYJS = VF 2~ T POMIFNTRAESDTH 5. Flily
WRAJBETH 305, BEAN UL — OFEFIZE/NRREETH

VA A : . R
Vol. 18 No. 1, No. 2 e FERBEROEMMEERE (59)
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LS / / / /
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100 , = - /4’/
—10C //’/ - -
90 < ] " i
1 T —0c=
80 .
1R
70 / Og 10 15 20 25
- SRESME (mm)
60 — § T T a— T P ORHGE
£ 50 (%0F) S UK 80°C, HZRNH
% “ 1 — TS = LFa-TP
% 1 otk L BRI T B0 LRI T WO
20% DTFHEE LYV, FLE2EZBUCENER 2
20 = 2R U, BN ER BN EDOR 4 ~55TH
10 B, & b/ g R FEEE 2Rk s (B5),
LOIHEBOLNP T, X5 IC/KEEE N
0
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#£2  hBOBTEIER & ihoREE (A 90%)
i o A % (mm)

W T L R TN T =
S IR PN L
L1 8% | Y. | 3% | 3% | 15 | 34
10% - 60 | 90 | 130 | 150 | 200 | 250 | 500
20% 50 | 75 | 100 | 130 | 80 | 120 | 300
|

2.2 FYY—jbF a—7 PA (RF7—)

221 % =&

TS~ VF o~ T PAREERS B VBN £ —HD
REAEAKEE LTHEsNL, 7Y/ —vF 2 —TFPA
(K 6B &, PHZ2AOHMEMHE2FERL ) TF L
VBLORELE YL F L U THELIZ L OT, BAKOE
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giFEE (mm)

Y/

B5 UV —nF a—7 P-MOUFIMT (90° i)

\
(

|

1
WE wE (Riur
(FEAR)TFLY)  (BELRITFLY)

FEHUA ) =T L

s I3 0.5 g/cm?

Feit % 2 4%

& i LY

AR 90C (i)

B #0.1kcal/mh C
LK Y 251

i 153 1 g/cms?

i B e KEEHE bR, FHZ UL

E 4
BV R 1.1%L0F (90C)

B6 TV V—F o~ TP ADOHEL X EEMOm:

2228
Y =T a7 PAOURTH (R3) 136 MET
gbb, ﬂé‘él’ﬁ‘i(i 251’11%%30_):{4)]/-’@%%0

£3 TYVU—-nF - TP AOBME

o B % 08 SHYg s ¢ [v n
(in) | (mm) | (mm) | (mm) | (mm) | (m) |(kg/m)
— |63 06 | 35 | 14 | % 03
— | 794 07 | 35 | 15 | % ) 045
~ g8 |05 | 35 | 1 %, 036
v | 953 | 076 | 35 14 ([P 049
% | 12.7 | 064 | 3 18 |(,%,, 0.60
% | 12.7 | 0.8 | 3 18 | %, 0.76

2.2.3 RiRMk

REZAINTOAHENESMm DT Y V' — b F 2 —
7 PA OREE 133 35kcal/mh (5 PIR /K BEFR, 7k 80°C,
M5 20C, 4~10/min) ThHbH, CHIEAF 3%kin 0F
JS = VF a2~ T PERERLTH 5, KEREE LT
HYEHE0CTh b, FUJ—vF o —7 P LEBOMERE
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2.2.4 #lFmT
Y= F 2~ TP AOHMITII TR O T Y S~V P
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2318 =&
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(R7288) QEUES 30 RBEEASICTLEE=Z— VD
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¥, BE 13606344 % 25m/min THIL L IZBIEM O
SeUR A CEINDSFEE L, FROEh & HI s I TR
HOEAFICHNBFEUIZREZRLIZEDTH B, T
DX 5 gHINO A THE U 2 &E& & Ol 2606356 6

BH 1 EEOMETRo— s v s VML L
T AVE RS & P E R FLE O #EIN

#®1 AlZn-Mg REGORD & RO BR
(3% & EHR 12

BERS EWMERNTERE (Wtdh) HERE (m/min)
Zn | Mg | Cr | Zr | Mn | Cu | 15 | 20 | 25
4 03] - | —| -] =1l o] 0Ol O
4 06 — | — | — | — ] O O |&n
4 09l — | — | — | — | #Wn W mn
4 12| — | — | = | — | #@h | wh fn
4 103025 — | — | — 1 O | O |#h
4 103 — o —  — ] O OO
4 0.3 — — 10.25| — O O O
4 | 03 —  — | — |0 O | O |#n

Il 60635 4x O O 4

ol 606126 i | Emh | Eh

Ol ICHINIs A m U

BUVI60615E &L TR KR UL, 4%Zn D&,
0.3%Mg T 25m/min L1 O HEET T 2R3
H960638 e L b dIMHEELT TS, 0.6%MgT
1260634 % & RS OMEEZHFEL TV 525 0.9%Mg
Pllbicm s Sl » b EL gD, 1.2%Mg T 15m
/min OFEHE CLHNVEES N, 606l 5 LAEH
A0RZEFRLUT EEDNE, MERMNTHETE 0.25%Cr
B X 05 0.259Cu H50.25%7r % X 080.25%Mn X b & #iH
PR R EAL 5L 5 Th %,
HHBEET1 7y AL TE S N A51REE &l
SO A o ABOBRERI4 IR LI, Chicd b &,
6063A MM I 2V REFNL EOHBERZET S LEbN
%0.3~0.6%Mg B T353Rk X 2% 30kg/mm”® A fif THE
MEULTRPDULDED 5, BlRHMSI BT HELLT
W7 Aoy ABPHMTCEIIBC LS, DI DA
W CENEE 25 0 EEbN MR EHTC EHR
WEERABAAOTRIVHEZALND, 7 L THBEN

15 . o
48 77 125 16.8 2021
148 200 260 306 347
37 3 2 28 28
S 12 44 68 120 158 191
o 131 187 25.1 292 R6
= 36 34 3 30 28
i 09 21 53 105 148 182
3 12 148 27 277 315
N 37 37 30 30 28
K06 36 15 84 132] 165
N 99 105 185 253 291
33 36 3 30 28
03 36 36 43 94 131
84 91 94 185 242
38 39 37 30 30
O 1 2 4 5

3
& s & (wt %)
B4 MBgER1YESYCEINIFERHEmNs LN~
vy ABROBK, HEPORFE LB (kg/mm?),
FREE : BRI S (kg/mm?), TR : M (%)
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WHRDARERE LT, B, vy 285881
WTHE 2T &L,

2.2 BEBNMET I 2V T LETRELDEER
TlEEBRERUE <, HEED.7%07 18 =9 AHiG 2l
ALT, #1KORMLMTRYT 6~10%2Zn ¥ & 0 0.3~0.9
SMglita B CMERnITE & L10.25%Cr, 0.2%Zr, 0.25
%Mn, 0.25%Cu % 7 1 Z B 7 U -4 51 100 Fas
DORIEGGIRS>VT, E& U THYBROBE &S AaH
Nk R Tz, 67mme X 150mmy O 7 /N % 450C
T 24hr OHEULIRE, 460°C CHTEIAZIR 3 X 25mm (44L)
EM 2L TES L, 2mm B3 REL TIERER &
SIS ARHNRARCHE VW, BEEHINRE, B %
460°C CHEAMMIEEKBEANL, TR T1 7 HEa0m
U723 ORMEE 26mm O v— 7iihily, 3.5% &tk
100 HMBE L Tk -1,

R 5 MM BRE T3y AR U &R OTRR S 2

|
——-09% Mg
| —-07% Mg

——05% Mg
*wwm;/f”
/v
}/‘

I3
o

NN
AN
NN

/
o

m(, | 0256% Cr| 025% Zr | 025% Mn 025% Cu

PRI SN T A SO TR TR S TR T T

67891067891067891067891067 8910
#E £ & (wt%)

(o8]
<O

2l K & (kg/mm?)
=
NN

20

B5 $HIBREERT 3 HESUL Iz AlZo-Mg REE&DE|IER
SRBLETHIE v A0y A8 L CRINTTEORE

—fEUTCRULIZBDTH B, BRI 2v T L8O
Hn& & b wBERS bWl T3, 0.3%Mg R THIE
HBOBI AL THIESIERS 230kg/mm*Pl Lwwd 3 ¢
LRAIRETH B, EIMBEBNTHELLTE, &£<10.25
DLy DIIREHINICEE ZZRERL TV B, WoiE s,
SRR G HAOHEME L R L VIET T %,
H 6 wRENAB OB NEEANRRERZR LI, &
WnTeE e Lo ¢k, 6~7%Zn & 0.3~0.5%Mg O
W TSR NRR I Ko 12h, 8~10%Zn 0.7
~09%Mg OHBTIRERD» S 2 RUPIGHEAR LD
FrE U, 0.25%Zr ZERMU I2E& 1, 9~10%2Zn £ 0.7
~0.9%Mg OB D C { —EOFE T IV AR N FAE
UItD&AT, Ca=d L3Ik 308 ailihiki
E|HRDE L C EHBFER SN, 0.25%Cu 2L
BEL, FOPRE AT I AFETREVD, HiD
ORGSR NG LS RE¥R D b hiz, 0.25%Cr & 0.25
BMn OFE 1213 0.25%Cu OB R LR TH - 17,
UEOHRE»S, MBITRLIL TS v T L 2HMT
&L, R DEREPRELELSNTOIE
iigh, K~ 4> v s O AlZoMg REGOCERLOR
BULBELNIZDT, BIEW T 2 O TEAMTIL2HEL
A

3. I %1t & ®m»?

3.1 RBREHS LUHE

3.1.1 =BREFH

S2patt kel 126%2Zn, 0.2~0.8%Mg, 0.17%Zrd>X1~X4
&4, 8%7Zn, 0.7%Mg, 0.2%7Zr, 0.25%Cu @ Y1 &%,
9%7Zn, 0.3%Mg, 0.2%ZrDY2 &5 %06 FICERAA&L
LT ZK60 &4, ZK61 44, ZKI0AGTH B, CD
35 XI~XA4BERELRTT AV LAROEER2ID

BREFNTREL EHOEOT, Y1, Y2 AHREARSS 5E Lo
BEOEEIEARNICH T 2B 2T <2200}
OTh b, WEFEIMTRELEL CIZ, BE LMEITEAEN
Wons FHEENECIYREDS L oy aRkEL
L, BAkrbhohicvwoiy &30 EeREBERNL
: 0.25%12r 7ho g o .
09 o Cid ORBHMEIOLERS 2 R2IRT, ZOED
< o7 Fosshie & U CHiR 05083, 6061, 6063 35 & X TNOL &%
oY
05 RV,
03 %9 LB 1 B RS
" oscuimmm P T % %5 _(Wi%)
09 CEENG Zn | Mg | Zr | Mn | Cu
07 X1 6.08 0.23 0.17 — —
05 X2 6.10 0.39 0.17 — —
N X3 6.17 0.56 0.17 — —
03 X4 6.05 0.70 0.16 — —
6 7 8 9 10 Y1 7.65 0.68 0.19 — 0.25
B 4 & (wWB) Y2 9.10 0.32 0.21 — —_
6 AlZn-Mgiér T4 OIS ANNITS X T ZK 6L | 6.10 | 0.35 | 0.16 ) = -
o e o ZK 60 | 5.95 0.76 0.16 0.18
Fed vy MRS OMBRNTEORE, 3.5% & 7K160 6.01 0.91 0.10 - 0.39
Hiokrhic 100 IS, B E : : : :
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3.1.2 RERF =%

SEBIE, MHEE, R & SR R,
e E DB DWW TIT S » 72,
TR MR 35 & OV OSSN & OREE R R 1, R 87 (203
mm), f& &350mm O P ER eSS 2 450°C T 24hr
FE AL BRI U 720 150mm, P 3mmo 2% L K L
WIBRD 6 DTEE U THA~T, ISHERENE AT
AP 2HOCT, 3.5% AKPTENEOCEEEKEL «

—~ i L RS U UE Y o 2B BT

afjfl{& K-> T, Y1IBLTY 28OV
Tk, EE43mm, AE L3mmoOEEHFEIC LTS &L
RG] & OBR T, IR IC L TR AEIN
RO PE & VATERETE DS RR T D W T E T, RTINS
P13 1608 x 1009 X 3'mm (& ) » b 9 &) DK Fish-bone
HNEBR T 2RV TIG B T#~vz, HihRugaiihg

X/ EEERES (%) TiRUID, BHHMT ORBMAYIEE X
TIG % & o MIG i8¢, #aommey (JIS 5 53 E]
ERBD SRR (> = o 2 BRI ENED
WTR ST, BIAE O TN E5356/G T, fEH D &,1\
TS HIER O A T, Z O EDIEEREYORT
’c U USRI e 5 037 A I Ins#ve & A KT o
WTHE, INEGE R 150~400C, Jin#iERY 0.5~10min o4
AT ANARE LT,

3.2 REHER

321 EKICVRIRVILEFREORE

K7EX1~X465¢%2450C THESMmM O /¥ K
VoLIBIRICHIH U e E s it 2 b u— 2 EFETTOBE T

iR s g il i,

»D, TOIMHIT LS DATNIE, 6063 Aoty 140
~120kg/cm~ h 3V X 184 (0.23%Mg) Bk oX

&4 (0.39%Mg) o Eb e b TNz E0WA

150

m‘\\§§
N
\

FEHIES (kg/cm?)

120 \

110

100 '\L
0 50 100 150 200 250 300 350
FEA O ~2 (mm)
B7 K~ 2L a0 Al-Zn-Mg 64 (X1~X4) 2 HH
LIz a2 o~ ok

5, X344 (0.56%Mg) L *X4H4 (0.70%Mg)

DHRHFE ST TNOL & & DT ) 200~150kg/mm® i3 3 6 A
ADC & 6061 54D 180~140kg/mm?® K b (KL,
RHREE 2 Z L o R A O S & Rk
FIOBRIEHH, LIEB->TX 1~X4D0HFE RTINS
60614k b A MHHEEZ KELLTHLENTE, v 72
vy LR TRIECNE60638 N T A & BT
BETH B

B8 <_c:%16 X 1~X 4 H&Mitl o 3R 2R
T, i %z*zza?lﬁrjul%&xjjwzf TV LV R2R L

1o BRI b 0% B 2 5870w
40
/JDX4
35 e
. / /,(IXS
E 3 X2 —
£ /‘
o o
= D//AJ/' |
v X1
uni? / — = o
w20 | e == -4
- =" _ ¥
& == 4>~—*“‘O"ﬂj
HE 15 Cf/ ,/”O" ‘___,..—-‘
L ,__,..-—dr""T
- "( e -
0 L 9!3@9@:5 .
o L R B wt
5 LI L]
8 2
%
& 1 o
10
0 5 10 15 20 25 30 3

EOARR (8)
8 K~ 2y oD AMZn-Mg G&ITHM O 3 2 S

1,250 b bbb § e e e e f e

A0 RA A 119
~ 00| H HH H {1
e 7ol HHH L =t
.ﬁtﬂ
= sool [ HH R FEH - F—

a0/l TH I ERH PR % .

ARILH (ke/mmt)| 12114112114115{18]15{18]17] 2117|211 9123119]23
%It 7(%) 175]190175190]75190175]90175]90}75| 90} 75190{ 75|90
FAFE | L LT L LT LjuT | b
B & X1 X2 X3 X4

B9 (K= 3w Ao AFZn-Mg & GHib O i) 8 &
sk, 1 FERE % 3.5% RIBUKAR G TRAS A
FEREEA
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3, X2H8&D8EHRS 30kg/mm?, [it)y 19kg/mm?® iZ
5083 Wi Tahh, X 45805 EM S 3Tkg/mm?, [i{h
23kg/mm* iZ INOL A& TH 5, B9 121 ARERY)
ULt X1I~X4500EF (L) BL0H (LT) HaokE
WEZEEBRICL AGIVEAMNERERE2RT, X1/
& TR DO0% OEFIG ST HHNEAET Thign, X
2B XUX 3EGOEE, VB OATTE TR NI
LT 585, 5% DIGTITEE BB v, 1217, X4
BEHOGEHE RIS DIEIITS LTHBTHNSTEAE LIz,
Uz T, ERNLEALS, X1~X 38835 EkE
2 (T 12 THEABLS 22, X4580AHD B0
B oW UEOMRITHEOR RN & »EIRMNE (T 5 #
M) ZHETBEBHA S, Lk, MHERZ LY 1
BIOY 25 RBIBEHEMIE S IBELTINT
WiH, L REH TG Y - SBIEMTL, Ligs <
FERIWWHB L T EHBoEET TN (—HoiIg
fElh) PAELLOT, ~BEALERAgbEICELL
2o

B0 AR 7 4 v v 2R — AR TX 1 ~X 4 &%

100

eI o

80

N

607 7 7

A J%ﬂ_

5356;5 ot

% (%)

20 v

n

1

60

40

20

2
X1

E10 (K< % v v 280 Al-Zn-Mg & & & TR Ao

TURRERHE (KT 7 4 2 o — o HINERED

A0 7w m;

X2 X3 X4 5083 6061 6063 7NOL

ETHIR DR & & OB NRE T 2 LR U IcRR ©
bd, ChicksE, RETHEBELIZE2EX 1~X4H
414 5083 ® TNOLEE & b ELEINEZRL, 606126063
B EFIRALTH S, L UK GO 2 H N
WEINE I e b IR L5083 0 TNOL @z T d i3 &
A EFEE I LI T B, F 70, MIGEHEM O W it ko
b b BIFEAARRIERS X OCREREXRD LN TV 5,
HEENRR & O N R E ORI A v T LABOE

Hd% TIG b & O MIG ##E THE M & U T5356% & %l

40 1
RNEH Y W REHM
35 TS.-
/

//

30 ;:7 — e
, A2
TS

25 / /

el
(e}

]
/ I a8 YS,

...;
23
BN
<N
~
N
m
!
o2
\
PR
Al
///
/,/
4

{8 (E-%), WH (YSke/mm?), 313R3#% S (T.Ske/mm?)

10 ¥t v/ X
% v R
v PP
e e '
TG

|
02 04 06 08 02 04 06 08

BHOVIR D LE (wt %)

E11 AlZn-Mg 560 TIG & & ¢ MIG BHEET 05 |hRMEE
RESHEE S USSR/ NN ()%

S TCINABFHELIIERORED b B X FREHKRD & &
DOFIREE 2/RT, MROC L5, BIER X B8 L o
HiE<r a2 aEEEBITHAL TV D, REHH Tk
BEAEORBBAFBTEE T 55, RELKRTIRX
1EHEZROTINTHEBERBEN TH 5, Lo T,
X 2 ~X 4 B TREMMORENR L, Mk 3518
maoEEHE Y 2, TIGHEEE MIGERE TERED
Y OWEE~ 74> 4K (X1 . X2&®) THhih
DEBH Y, MIGIEEDFBT N TV L, LU, iR
M= a9 bBOEZVER (X3, X46&E) TETIG
& MIG o ERD b,

3.2.2 £ 0REMEHE L T O

INE TOPRKEE»S WS » o s, MR %N
6% & —TERLTSE, w7327 LRI 1SRG TERT
B EHE S & W LB KBS NEDT,

FOHMEHBICEL T2, SEHEBA L HBHRTH %,
FCTET, b & $RIEM4SE R LRI NIcoN
ZK60EETH Y, ZOMBEEE - BROTNOLEEL IS
AT, oA, WA, EEEMESE TNOL Gak
BERETH B, >SOTLELINT ZKLA4HRE S
WHRHPE DS T b, 1RIF6063 5 4Tl L, » ol
(350838 E LRSS VR ENLETH S, 2L ClitE
Pz TNOL @It B TRHALFHBL L, B LHEb
NIZZKI0E SR EMED 7L 2 = U 2 ig % X— 2L
Tk b, 7O TNOL &4 L 3IZRASTDH 205, H
JEds & oottt TNOL &G b 20T SN TV B,
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e OFAESOEMMLICEL T, LLMEDY LI
ZOLET YA A BORAORNE & 5 KO
1wk B oa =y SRGEYOWHHT DS BEAN: 2 HE
FRIMIGERENE2WE T 2DICATHTHE LY
E, HERH RS VA VARE T E AN 5Tz, BT
wit, chS OMEAZMRL LMW s HRERLLILEE
OB L7 ORBICOVWTEEDTAL I,

%3 ZK60, ZK6l ¥ & ¢ ZK160 &G DR &
ING 2z AN

A S HE LA 50—450 mim :

b @ % &ﬁfﬁﬁ&' %%ﬁﬁg@%
ZK 60 21 3.5—4
ZK 61 28 2.5—3
ZK160 14 4.5—b
JIS - 7NO1 14 4,55

=3 S 4E ZK60, ZK61 3 & ¢ ZK160 & —fi o 7NO1
HEWCOWTHEED THAERE I 2k % RS U
NERTH D, ZK60 A& OMHEE I N0l H5®D 1.5
£, ZK6l &8I0 -»> T 2 EOME CHH UASagE T
by, THEEEDI ALLEZROX Yy P EHLTWL S,
F o, KGR OME LIZs 0T 7k b ALY
THETH HBRELOBHMZFHBEL P70, ZK1604 & 135
B &R 2T D ROE RARIML %L, T
Pk TNOL & & RIEEETH E, L6 OHESER VT
N BEOINOIERICHNTY I A vy 2 mBP, #
BUEELELTI/o— 228 E 0O TIHEEDA 5 3%
AEBFT N TVE, B12REMEL T, ZK60 &0

45 6\ l
Ky
7
\K‘}i%
40 'y
S| A b
5 NG
SN
30 \ \\
§ mm 8 A \
sl 1 L 450°C X 3hdv >
= 150°C % Ttk
E A
< 1 3B % REh % \,
Zogl | L 120cxaghEs W
XU
P
%
= 15—
s ® v
= I & Y]
10

wQ 03 1 3 10 30 100 300 1000 3,000
450°C A 5150°C & T O #pesRd (min)

12 ZK60 & &5 HRIEE R X9 B A FLE O 5 4

6

BIRME IS T THAREORBRZR T, b b b
L, ZK60 A&ty osn 30T/
min) T3/KEOEEG LBERAEOHREGBLNG, £77,
ZK60 & i3 s iR A ic i 4 2 (IR T o T kg o
WhikELoT, TEHMMIBOMS &L &L TEI0~100C
X 3~5hr—140~170°C x 4~24hr @ 2 BRI L T 5,
E1312ZK60 & ZK61 & 4 Dl 11 & OB 3R & & Reghgeft
OBEERT, ZK6l A¢rMlgsmEmgos (T 15

it 7, 313E®E (kg/mm?)
5 10 15 20 25 30 35 40

o
S

B h &

RI.X7days
RT. X5days
RT.X30days 1
R.T. X60d aya
RT. % 30days
RT.X60days
120°C X48hrs. +
140°C X 24hys. »
1501 X10hs, »
1707 X 4hrs. « T T
T0C X _bhis - oo o ros

#* 2R (RT.) ~100°C TP EeEmit s gt

B3 ZK60 %5k O ZK61 4:0iif 135 & 0 [ s & 15915
HED B

WMED THARBMENEL N, LLARBOZINE®R L

b, 120°C EiREEHATE T BRI B, KB, Lo
AaoMitEsE, MEGICET IR 2B £ b
bE AL R o728, Bk, N, o
BT T 30T, [KEOMILEME U THAT 25
BWEEMTHA 5, ZK60 &SRS+ 577
TR Y OMEEMPE D 5N 3D, ISIEARN
HEOETHTL b CROOTERES 2T &0
F UL, BE EO 2 BNALERTL M, 2 B E DL
FRE & U CHRE2ER T 25613 150C <60, EREE
REETAHERI0C L 0LMBHL T 5, %4 12ZK60,

4 ZK60, ZK61 45 & 0 ZK160 &5 S AR 0 B 1R H

s & i i & il
frose # GRS | W ) | SRS | W ) o
(kg/mm?) l(kg/mm?)|(%)| (kg/mm?)  (kg/mm?) (%)
ZK 60-T5 B 3 1 32 24 110
ZK 61-T1 30 18 16 28 15 10
ZK160-T5 43 38 15 3 310
7NOL-T5 37 33 14 33 2 10
ZK61 & & ¥ ZK160 &4 oI MBS & g TNOT &4

oW C, BlRME OREMY & BEH 2R T, ZK61 &4
BT 1HINBEMTH 55, LD 3H4E2 BIFHOT 5 2
WP T H %, ZK61 DB & 12 5083 & @3 Tl
BENLUETH 5, ZKOOAEDOHMEIZ606148L & ¢
ChTED INOL A4icizizrEy, ZKI60 &6 o i
TNOL AL h 3L b TN THOPMATH B, 325
ik ZK60-T5 % & (8 ZK61-T1 it 5 & of 7 DI HF
OFENR S BB L TRT, ZK6l 44Tz TIG Lo
MIG R & b, REEHIER 9 1078 ¢4 10kg/mm?
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Rb5 ZK60 &4k ZK6l @i X 072 OEBEETFEOHENKS

iR 2
a @ BB o Ik 1 P (kg/mm?)
10° | 100 | 10
Wom o M 19.3 | 14.9 | 12.7
e | REEHD L 181 | 12.2 | 101
TIG #ih | o \
ZK60-T5 a AREEHIE | 185 | 13.3 | 11.6
e | SEEBD | 182 | 11.0 9.4
MIGH: %
G SEREE: | 18.3 | 12.5 | 11.5
i S 18.3 | 12.4 9.8
e | REEHD | 13.2 9.0 5.8
R
zkel-T1| TICHHE SERBIG | 14.8 | 12.0 | 10.0
e | REEBD | 137 8.5 6.5
fe5i .
MIGH# % SUREMIME | 17.0 | 12.0 | 10.5

DENHIZALTH D, BMERAEDZVEEN LD
HRETH 2. Lol H, RBHODDOET I TR0 [ETHY 6
kg/mm* OFENHRS T, CiLd 1250834 SH R & 313
FAEOWEETH 5, ZK60O A OI0E OHNR S 13, EH
T 12~13kg/mm?®, HHEMHTFREHG T 11~12kg/mm?,
SEEH D TI~10kg/mm> Thotc, 2H 0 DEIE—IFD
TINOL Bt B3ERETH D, R61CIX ZK60-T5 ¥ X ¥
ZK61-T1 M OILR & O HiRiCk 1T 25 [RIEE % 1
B L TiRY . ZK60& 41 —196°C 2> 5 200°C D #ifH < 7NO1
BHEBLEAEREOLOIRMEE 2R L T 5 25, ZK61
Ha L {iw100C 2 A 2 BEREICB N TH > T 3,
LU s, KBSV TELL Y T CRREERT »
RLU, Navy tear i 2 &5 BEHROZTEE I b 3 &
BEMEOT SN TOAL ENEPDLENT S,

ET, INLDENARPEBTHATICHIZ-> TIK
SRR & U T - oS, & T ZK60 & ZK160 &4 oy
O, BBHEUH A0S0 oy ORI & 58

PN RS

45

n
Yy

@
(@ 450C CHEWIHLMM0CTIHHL, ®)
BR 3 MHRFDRL 2 ZK60 GafHUBO o, Fhais, o W B (X100x%%)

6 ZK60 &ic k8 ZK6l A& DERB X OERICET 3
IR

B ZK60-T5 ZK61-T1
‘ % g/mm?) | (kg/mm?)| (%)
—196 | 48.5 31.6 17 48.9 29.8 17
- 75 38.6 29.3 15 33.8 22.5 18
R 34.6 28.8 15 32.8 21.4 15
100 31.2 25.7 17 27.2 19.2 17
125 - — 23.0 16.2 20
150 28.3 24.9 21 18.1 14.0 20
200 15.1 14.2 27 i e

BHNETHZ, COMBEIMETEORNTH 2BES
THETEZCEVHETH 505, S OLE M,
Fff, ML EMEY TRV E NS MBRITEORED
THRREINTICEEE L EH¥H B, 2& A,
BE2 EREHERE2ET 5 ZK60-T5 #HHM 2 i ity

EEQ SRR RE TS ZK60-T5 o w R hn )

i (x100)

{b)
560°C CHEIE {LALEEH%520C THIE L
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PN U 7o BRI FEAE U o B4y OB AN EM SRS T o
Do i h s BEICH AL R, TH
b, HIRRPFET LT 74 SR EET LD cEER
Rz ohTin 3, BE 3 IRZK60&E DM 2450C T
Y CALER RS 440°C TR U 1298 & 560°C T E AL
#% 520°C THRH U 12IEM OJe, FroesB, i oo W i BT
AT B, 440C THIHMIE &R - THEIELH
BERL T B0, 5200C MM gLt & Bl i< 1)
TELWERNOBEALSRB 5N, HFELUOMRE W
200, MEOX S mlIE s IPHEf ST 57 7 A /5~
HgoBmERTEL T va = 2O 38 O
LHbN A, BHE 4 ZK60 & ¢tk 0% S EEES

EE 4 ZK60 &Ml HERE%OEBEHEER

(@) SEIOBELIEL U

(b) 450C TP (CALEREFAHI L
ThbH, BHEPEHBELUBEETICZOTIMBLIIHRK
23 ORI & REARAMBSRD SN DM, &
B2 450C THEAEZRE U IISERREBEZ o
gz v AREEYT & BN A MY &5 TR
Mg ahbd, DL DY ThiRMERE b SR AE
RO 5 NCIRIG IR AFAED TN T
WABT EDBHEIPH LN T BN, EEOHHICHIZ-
THEBEITERHNDOBENEIEEV DI, HEAE
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Inner Surface Protected Tubes of Copper
Alloys for Heat Exchangers

by Shiro Sato, Koji Nagata, Akio Ogiso and Kyuji Sudo

1. I L & [

WK R IWHKE T HHEA S — € oK B L OISR
PFLESOSE T 7 v b 0% BN OB
BEL 7L oy AEEANBOLNTE D, 2Ol HRM
FHEEFWMES L DEALINTVNEYY, ChETEELT,
FRENIT B TIR1964LELRA R AT IR & T 2 5N
KD L SEAA D L TAPBD LV, Tab
LKNFE T 5 v MEKBE ST 2R IRERERENE T X
% &, WRERE 1 S AR BHROLEEHEEEARND 6.4
A/ FAEE > 6 0 4L/ A & THIRL TV 52,
1 §FE A DR H I SRS O K & VR KR 8RB )
PR TEBECERT S CEh b, AHROERRME
OB EE U CHBNET THEU 5 BHEEA 2 HERE 1
PBEHEAIDBIELIICE D D &5 /KBRS
it % & LI YA U T A A it 2 H L TV
5% OTHREBE 18I ARBUIT A ZERS X 075444
AL, 7o 20 AEEE TR O RS A
ENBEDELRINTV B,

L LM, REKE->TTao 2 —NEA»S LN
FCEMESN T EIDHALE, T4bb, HEMLML X
OWEREE 1 SIE AV BRED 2 3B S h s d b,
B 1 ARREIET 30 ERI BT 20 LR
DRI AT B AREB ST B, T =T 4
HIE OMEAE ST, HFELE - 230 O — Bk
B FRUy bOEESEOBRICBOTEF LTS o b
KEhEHELIcE C 3P, HENESEARDETZHEL
CIEL T3 &, MBI T TILMERSE 1 SREE A
THHWE e 2 A2 R~ VIR OEEIC & HE A - B
OME TIRIEFHMEDON{REBOA SN S T EAHBIL, R
FRER 1 HEAD 7oL & = U LFEEE OHEAKD T O A it
LA L 8 BFAOHKETREVEAKL SN, UL, Z
DD EBAH TS HBEEEEOEURTORET (od Al
4oy B, FHECy MEEER) KBTS 1 8k

LA B WESE
HNDIERT

HEATFRBE AL D §HAREOREN LS, COR%
6 POTHEITE DRI T 2 0EEH B ERLINI,

RN, RIRE 1 EARZEBL TR 2O
BWAKIRE TS5 o MEKBR TV 29 AEREOEE R
FBHE, EKBEORMERERS Y EMOTET 1.1~
2IR/TARAEL BEIWETNEIDTH -1z, WidE &
UTHBEDORYWO>E b OEL R T OE AT ic s
LTk b, AR 2HECERL TEELHERAOD
WKBIZBOTIE 0.5/ FAE LT Th-10. A
TR 2R, 0OhWw3i4 Ly F742 v 24, KE
KRS T EENREBICIIFIEaNI ZEDT
HEDT, CNHEDT T v BN TRESY AEES S
FULEMTER L b -t E2REL T3, BRGA
DERISHE NI CER & N 5 EBE O MIT B K 51
TUEZFENTZTRELL LB ERDL > TWVAEY, MBS 1
PR NS HEIRRO H 5 HBIEHHE O K X 0 ER %2
ERd 3170 T, REEROKEEREE LU Tl AR
BUIESPRZEDIEAELDEE VI RER2LEL
TW5,

PLEIR~TICHEK 2 B HIK & 2 KBS QTR CE
37020 2HMREOHMERPLEF VTS 72
MERD LSBT SN BHRERE 1 SRR AT 5
KA1 3703 2 v LTS O ATE BT % B 23
WIBERDEITH B,

O FEUTEMORBAIL 28 ALES TORBOH
B, BEEHOEN, BAERORE, 2L T, L0ty
WWHELAA Ly b7 2y 7OFE,

® WHHELHCERAENTOBAN TS U TERA
IND0HBARYCKR— VERGEBTCBSOT, @EPE
E & B IMOHERT S & T RADRE,

@ R SEKTE I & 2 B 0FEd,

@ WHENEBWAEBRELT, Ekk sl (for
TJo e r) OREY,

LD WHEREEURETIREAERZELALE
5L &M LB LTI A 279 5 YW ALE 7 L 3



Vol. 18 No. 1, No. 2

PYTE B B AL A 3T IRETE w0 T (81)

= AERE RBR LI DT O g AR HIEA),
KB BB EMRMBS DAL S TERERRBIZLIILD
Thh, BREZHBD THIEG—KBHLIIIOTH S
BAR AR &2 PR AL 2 & b RT3 5
BMBHE SN T BT L O THBRHET 2,

BEFEQTIETOBERERS 2 R HEROB L
HADED 3 0 iEBibil-> THEEAFETH 5, BEO
B IEER, WA, BERESEOA» B ShIRE
Nz, ABEOKEVEERBRERIT OV TRE ORISR
WHDBEBLN G C EITA, WHEISE b KL e &
T b HIEEMERT & BT L Ot v =y VR RED
BN ETH B, ChiZBEROEARNGEETDOZN
FIRBEALALTHBLERBBL TV S, ZOMOEE
EUTRATMESHETH Y, FRPOERNT BN
BORHEL O T AHEBENTE S L, MBI
EifI N3 7o Rk, RREGRE Y UL B
BRVCEENHTONE, —JF, BHE U TIRESEEN
WBTU S Thvicy, BENKANL OLERLD A
BN ETH D, & CEREBGPAELPTOLANRTI
DSV TIREMREC L OBBEVBLEICLA 5,

Fov oY LAHEERE T AARBER, EFva Ty
F — BRI, BRATEEREKRR O Ly b
4.5 7 IBHIFEE UTERIBAINIZICERIRUE b,
Z Oth, TRF48EDL > REM MR OMBRZ2ETT7 « —
FF 2 b BERBL, CREFUEEOFELTS Ly
Py 2 JRRELTRAINTET, SHETOERKK
8azy FEHIFKCDIZSE, ZOEHDEI EE, 1~
vy MRS T—EREIEE L 7B B B, ZOEET YW
OEBNTH-> LESPAEOEIERE D 5 DWWRIIL T
WhHe, 3HIT—PITEIADY L Fro—U s UREEL
TEEBEEsNZAPH D, ZOHRVPFBIN T3,

2. AEELEEREEOHE

212 %
BRI ORS T Ak, TE¥ENE GREHD
P, BEEEOA» S HEL, #EEIN,

2.2 BEH*®
BIEVERBHRO 2 7L — H BBz 2 Zov 2 A0
iR LY, WE (LHEN) 25 CeffhoEaR
HBVRHADES VT, TEd 3 03B cElT
%o HRAPOE KT 5 N HIALE LY B o iR X
@k% Ty J o T U EY R RET AEET X
D 240 BREE D = 2 ) — X — % — CREW 2 DB R
fbt%mwﬁm,@M@%%%i¢<ﬂfwéo$kﬁ
SREHEENS L, o, KD EHAMEROET Z2#H» i
VBRI R, WA, » AR RS ha,
WEBOBRBHZTIECCEPEET LWL, T

B, W8

— 2

WTWARRROEN S EEEO SO TH b, HhHT O
HUEEE U TG A W B R, éﬁ@i@%n W1 EEE
THHTH b, 12IEU, BE OB LG IS s
?%ﬁ%ﬁ%g%ij7D~%CibﬁMﬂCHﬁT9
DBEE L,

3. B & H

BiEt

AREED 70T 27 LGS X O DEE N 2 U
BIORBFERE BE0T s, BE S~/ -8, Hai
RO EZEOE S, RS~/ ~HE) &30 E3BERD
WA (BEB I OERGHR) LoBEIBLT, i{E
thader, EHEB (0B, 7~ TEEBD 8L O
VEFHNT X 2 SUBERBASE D & FRIG U 720 ABE O %E N 3 m
B U o R o BRI BB b & OVZ BT TR G o WiE &
HMb il TN TNz, &5, IORMNEK %EAL
TR (S0 ) oL THBEORMEE T 25
Bt limotzb ¢, BEEGEKN & RBERY TR
Th-oTe LUABH (RS Z2 T Mo A+ g~
~100) & B HIEEMED A TIRBAN & b 5 BABOE
TENIEEREB AL N,

HAGEK T ks 1 2B OB s L I3 T8N ok
HRREOH B 2k o = v FEURICE DIRE L 12, BBA%
HHE R ELIOm/s, RBARI0%, RERMSM4HEM T 5,
BLEDEEB LN B2 = —PEL 1R THREL I
6, AHEOEAKYE $ BIEORN S X I 5 1
mo~f,@M%ﬁﬁéami@ﬁ¢&%®kmgﬁg
BEEL eI
@D,Naau%m&@m%m&btobmu,«—A—
TEWIEL, Chs oNEYO ERES Z2HE LBy
THRELU YA CES4ERENEAE L B o @A 5 i
D1,

3.2 {=EERE

HEBRENEEBEEPE S 1,000mm T, HHHI
100~110°C D EIFI/RAES DS, MWEcmi%ﬁ®mﬁmﬁ
it sz, AEBWEORE WY (WEDEEH B0
BEABEELI L O) B ORLEE (WiEosE) %
WHNTIHE &, EHHE 2R —R B> 1DRETCH b
5o BEIODVTHEL NS AERROWEM (K ;| MLy

Ko RILEE) OWHOET DL, 1/Ki—1/Ko (= 1)

i?’ﬁ’\’ﬁ*‘*"&ccl: i%k{figﬁ[gigzg)j(% 3 C*ﬂ“”é‘éo

(K)i*&@ KO“TWH&@@ *@Bﬂé%lm

FEK") & FROBEIC L 3 BEZEERN (1) 25 7kl
S hEBEaNn3,
/K =1/K"+r ¢y

DI AT L
DBF AL

i (D) e 0 TR 1o Bke
MO T BB TH B



(82)

B XA B & B # H

January 1977

AR D F

LT

K =L g 515

L

4500
e
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© sEAE(HED - b \
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8 3500
12 b
i //
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2500 —¢ 20 25 30 35
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B 1 S AERE - ENMEOEE (BAE 1L.Omm O% &
{2yl ;12 ~6mg/cm?
ERERIEGR R 0985 (200C), WEIRIEREC 0.99
K =2267.85vV

Ak bRz,
1/K:1/ho‘¥‘t/)-m‘f‘5/lp+1/hi

(2

LEVETRRME (keal/m™hC)

he=&#} it 2023 (kcal/m2h'C)

t = A

(m)

A= E MR OE(ZLE (keal/mhT)

J :?}i”]}"!

JF& (m)

L= oEEEE (kcal/mh'C)

h;j="&

AW E L TRl 2 AL
ho=8,000 kcal/m*h'C
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ST EVEEER (keal/m*h'C)

@)EEEEJHJ: b u[ ’ d_
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4,000
RIS CT B /
SHEfE (HEN™ /
5 3500 . 4
s
&
~
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K =2199.1v Vv

REEHMmAOMK (F

AE 1.245mm OY%&
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A=K DEEEE (=0.51 kcal/mhC)
di=EHOPIR (=0.229m)
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s ORIRLUIEHEM 3 @) XL HhRDIZEDTH
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#Ea 1 30cm
145H M bh 1 2 DEERHEOBRE L2 B 8 1WRT,
ALERAE O RRIEHLE I 50,000~1,000,0000cm® Tdh b, #*
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3.3.2 AOMBERTTOBE ({VLy TRy D)

EFID T o —
4 v by FERICE I B EFCE U BB oEL I ke
L, RUMBBOSI~4EBETINWMA vy V74w JHE:
ZRULIZ,

(1) #br 1

ENE S

Atk L OE & 1 2.3 mg/cm?,
HEAKHER ¢ (R K
Bhtg AL, Hb (0.03ppm HE)
e . 7 2 MEADT 0.1ppm LI'F
HPIHRE : 2m/s
4Ly NEOER K5 IKAL
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RO E L,
A 50mmEEBH i 3 D CHBBLCR S N HEE S X oiRN
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FEHESRIE 72 B TR R S I AL T IR T D B o
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BHYSDBEETCEABESENTH Y, —7F, LWoOmE



(86) E A B &2 B # R January 1977
MIEF LB ENER T OB AEOHBEWLEE 2R L 7% BWH (28m/s), BAF L UK — vk (64 /@ x3@/

WERBE CILEIE AR 2 8 DEEA LGN B,
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CHR—BEEIT L D BEOBRB IO AREL AL L
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WCIRE SR 250 i b - 12h3, BNOH TIRHEF] L

) BHEMUI. BEEEKE & ALK T oM
BRI ORMBEDNEFY R 2RI2IRT . WHE OB
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MK T OB RIS EE O 2 FRE VY, ALK
YUK CIER930% 0, AR v UK — vitiEic & b JLBR
ETE/KEOIMR ZM b IMEWE L 0.2~03mg/cm® B
BETRDL T3, —J, FRAME T CRREREK
FTDAR L R~ VIR EOEMIABZEDROBD 23 &
AEBTIL &Y, MWEE LD REENEYRERT, CO
T E BRI T IO TALEIE ik A 5 =
4 LROWETH 5D L, RILIE AT EMHEY
VEOHALERDEFERETZWETH Y, M- THIH R
2K R - VIREITL » TABICHREINZ PER LY
W RB L AR R~ itk » TESIRKEINLY
bDTHINLHEAKEND, KIHFRMROEHE LA
NI =12,

4. R # A B

FEEER & O RE O NSt Ui U il
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HiziEmE s i, BB REUTRRTL5TaH b
B ONER 30~50mm & TS ALz o0, Bi
IRMEE L DR TCH - 7. F7z, W HE YRR
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Vol. 18 No. 1, No. 2

PRTHT By AL AP & 2

BT IREICDONT

(87)

RBEAR 4K

PRS- 2K

HHRUE - B0 -

PhtAEA L

CERT S VR b, BB

\ BB 148 (19734F10H ~19744E11)
HERERDE 3 TH-12,

1) Ak

M AR 30mm 3 K HEE, A 200mm ¥ T
&, O 550mm 2 TO®HMT, M iEhBR o0
7o B TRELBETH - 10, 12170, BERBED
FELI, ZUT, HEEE, IRhifil & CHERREIIY
1 0.01~0.02mm % & OB ADBTRAEL I,

FAUBE I, REBlchIZ - T, BAEROBOLEAM
A (X 0.08~0.15mm) HMFEL T,

(2) E#EdE

HNEAEY R 0.4~0.6mg/cm?, BEFE L 2,800~
2,880 kcal/m*h'C T, ARAIEFHE KT 5 HbRig, 90~93
BThH->1,

FMBEEOENEAEYRE 1.0mg/cm?®, HERER
3,050~3,060kcal/m*h'C T, FMBMEE IzT 3 HERE
BHIIETHH 1,

4.2 St S SERT 2 54

UTFoOEHCHRESIT b,

BEE x (E&) :13¢#m (2.8mg/cm®)

HEFE : 2,929kcal/m*h'C

CRALVEEFTE S 5 H394%)

®wiEES 1 10430mm (FHELE)

RREARE 8K
B : 8 &

TEFEALE @ 1.8ppm x 2~12h/d
AL EAN L
AT S R 1E/1~37 H
CEBRHAR 0 1B Lo 24 (19734E 7 H~19754E 3 )

WRIZRDL > Th -T2,

(1) T a

14FE#, BREE AN 20~30mm o 4 PR T H 0 1 i
U, &5, 200mm F COHHMTHARTIENSR 6N
2o 2L T, BERENE & hROEHEAREIITIIC, T4
'l"ﬁ‘r‘ﬂ{am}%ﬂ (B3 0.03mm BLIF) BELNI,

ARALERE 3 iﬁ& whiz-> T, 0lmmpl L (B
mm)®%éf BERNEEAsh TV,

2¢ﬁ,QWiAimi%~wmm%i0%Fmﬁ%~%
mm OB T, 13EASHEEL Tz, 2L T, AOMT
400mm % ¢, HIO T 800mmF TOMPEI, R D
HEERIENDPEARIKE SN, & 51K, AT, #
ko T b BB R S hic, T, BRERKY S
SEDR LN, ZUTC, BIEHEEL, ENH & okl
AEHMFENE R (0.07mm 2ITF) RSN,

5ok 0.22

8

FALIRE L, ﬁ&t@taf HAERKBRAIN TV,
BARESE, 1E8BE L 3EFRLCh- 12,

(2) {R#EHE:

LEHOBENENEYRE 3~ 5mg/cm?, HME MR
2,600~2,740kcal/m*h'C CARALIH & i3 5 L1k 84~
1% Td - 120 RAERE OB P {3 B 133~5mg/cm?,
BEWREE, 2,970~3,010kcal/m*h’C TaH b, HEIHET
BHHE, 95~97% Th - 12, _
BEmRERE

2 EHOENRAE YR 2 ~ 5mg/cm?,
2,650~2,900kcal/m*h'C ¢, JUIEHE s+ 2 &L 85

~93% Tdh - 1o RLHEOEWRAEYRIL 4 mg/cm’,
BE R 2,880kcal/m*h'C T, HE T 5 L R93%
T 3;) > T: [}

4.3 C# T #ETHT 3 54

BUFD&MT CRBd T b i,

[ EEES (BER) & 38m 3y 8mg/cm?)
CBEFEE © 192, 720kcal/m*h'C

GRS w7 5 1k : 88%)
VR S 0 AL 2m( 14 4 o A ORI )
ARBVE AR 364
WIVEAR : 2K
HFERBE:H D
BeA L UTEA  19734E12H (ABRBIM 8 KAEEOR) A

% 0.03ppm i

BT 5 ik &b, SR

\OERBRSARS 9 1 AE (1973456 B ~19744E 4 )
HERIEIROL I Th-1,
(1) Tt A

W, AWK S0mmE TOMWME T, Mo HEEL
TOIED, 2Nk DRTREETH 100 LT, WO
T B RS 5 NS, L OERIREENTIC
BECEEL T D EALEINI, LI - T, BB
BRECHESNTOI QAL SN, RIZL,
B L S LA K T, MK S bR
PHEPB/ LN TN,
(2) &t

GINEAEYED 2mg/om?®,  JEREW © BEREE
2,800~2,840kcal/m*h'C T - 1z, HEEL D EE i 1%
2,400 ~ 2,500 kcal/m*h'C  GRALBEIFTE 1243 3 m%7%v
80%) BE LiEMah b,

5. R # R K&

FHNT BN TN 2 EEL 1B % —HE LU 2 12K T,
B2E2 HEMTEN L SD TATEE ALK 2= » MNEW
9 TR (HNIER 2 HA) OMEICMBEBIT bz, T
NGOy FOHIBNo, 12 2%, 1 vV b7 & oD
BHibE 2 By & Lo d T, AIEEFH I A L#100~300
mm OHETH 2. A vV v b74 v 7 OFERBLHE
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