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lures in Japanese power plants” are shown in Fig. 1
and Table 1, which are summarised as follows;

1) In case of using clean sea water, the failure rate
of aluminum brass condenser tubes has successfully
been decreased by injection of ferrous ion into sea
water. Mechanism of beneficial effect of ferrous;ion
injection is explained by the enhanced formation of
protective film of ferric hydro oxide which is especially
useful to prevent the malignant impingement attack.”
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of Condenser Tubes of Copper Alloys and
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To solve the troubles of corrosion and fouling of condenser tubes some countermeasures such
as chlorination, ferrous sulfate injection, cathodic protection, sponge ball cleaning, modified screen
system and back wash system are applied depending on the characteristics of alloy tubes and the
conditions of operation expected.

In this paper the performance of condenser tubes of copper alloys and titanium is reviewed
with special reference to the problems of corrosion and fouling under a variety of sea water condi-
tions, and the selection of condenser tube materials as the combination of tube materials and
necessary countermeasures are discussed. '

Conventional copper alloy condenser tubes are capable to meet the demand for high integrity
of modern conditions if suitable countermeasures are applied, except under two different types of
extremely severe conditions where sea water contains aggressive sand particles to cause severe
sand erosion or is contaminated with hydrogen sulfide to cause severe pitting.

Countermeasures widely applied to copper alloy condenser tubes to prevent corrosion are
ferrous jon dosing which is especially useful for aluminum brass tubes, cathodic protection ito
prevent inlet attack and modified screen system to avoid lodgement of foreign bodies and those
to reduce fouling are chlorination, sponge ball cleaning and modified screen system.

Titanium tubes®have excellent resistance to corrosion by sea fwater and they are considered
to be quite immune to corrosion but they are fouled by marine organisms more rapidly and heavily
than copper alloy tubes in clean sea water. Therefore, countermeasures to reduce or remove fouling
such as chlorination, sponge ball ‘cleaning are essential in practical application of titanium tubes
in clean sea water.

1t seems reasonable to select the condenser tube materials depending on the evaluation of the
cost and the effect for various combination of alloy tubes and countermeasures required.
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2) However, the leakage troubles by local erosion
corrosion due to lodgement of foreign bodies have not
been solved by injection of ferrous ion.

3) In case of using polluted sea water, AP bronze
tubes (Cu-8%Sn-1%Al-0.1%Si) have been developed
and the results of application for more than ten years
have been satisfactory.

Recently, from the view points of ecology or public
acceptance, the injection of any chemicals into cooling
sea water including chlorine and ferrous sulfate is
prohibited or disliked. Under the circumstance of defi-
cient supply of ferrous ion and/or non chlorinated
condition, the increasing of failure rate of aluminum
brass condenser tubes by recurrence of malignant
impingement attack and by local impingement attack
are becomming a matter of serious consideration.

As is well known, one countermeasure is to use
titanium condenser tubes. Although titanium has very
excellent corrosion resistance to cooling sea water, the
use of titanium condenser tubes would not necessarilly
be justified for general application due to cost disad-
vantage and some engineering difficulties expected
during manufacturing and applications such as jointing
tubes to tube sheet, risk of tube vibration, galvanic
attack on copper alloy tube sheet by titanium tubes
and hydrogen absorption under excessive cathodic pro-
tection in the water box. In addition to these, our
experimental data on the biofouling characteristics have
demonstrated that more increased fouling is inevitable
on titanium tubes than on copper alloy tubes under
non chlorinated sea water condition.

Another conventional and alternative tube materials
are 10% and 30% cupronickel. Our test data on 10%
cupronickel tubes does not show remarkable advanta-
ge over those of aluminum brass tubes and 10% cu-
pronickel tubes have not been used widely in Japan.
Modified cupronickel CA722 recently developed by
INCO has been reported to have increased resistance
to erosion corrosion in clean sea water condition. 30%
cupronickel tubes have been used as one of the stan-
dard materials for condenser tubes for air removal
section and their service results have been known to
be satisfactory for clean sea water application but to
be quite unsatisfactory for polluted sea water condi-
tion contaminated with sulfide. Furthermore, expensive
price of 30% cupronickel makes the wider application
of this alloy tubes difficult.

To solve the troubles of corrosion and fouling of
condenser tubes some countermeasures such as chlori-
nation, ferrous sulfate injection, cathodic protection,
sponge ball cleaning, modified screen system and back
wash system, are applied depending on the characte-
ristics of alloy tubes and the conditions of operation
expected. It seems reasonable to select the condenser
tube materials depending on the evaluation of the cost
and the effect for various combination of alloy tubes
and countermereasures required.

In this paper the problems of condenser tube corro-
sion and fouling under modern conditions are reviewed
and the selection of condenser tube materials as the
combination of tube materials and necessary counter-
measures are discussed.

Table 1 Statistics on the number of condenser tube failures in three
major Japanese power companies in 1956~1975.

Clean sea water
Cooling water Non Fe® ! Fe* Polluted sea water
injection 1 injection
Tube alloy Al-Brass Al-Brass AP Bronze
Total tube number (N) xOperational duration in 4,886,320 4,937, 605 1,468, 421 1,407,323
years (y), Nxy in tubes-years (~20 years) | (~11 years) | {(~11 years) | (~11 years)
inlet attack 0 0 0 37*
by foreign body lodgement 230 115 0

¢ | Erosion
5 | corrosion by vibrating foreign bodies 0 0 0 0
dud
g sand erosion 0 0 0 0
i)
x : —
S malignant impingement attack
% Polluted (by Mn rich film formation) 2411 12 0 0
.. | sea water pitting by sulfide 0 0 838 0
2 : .
=S Stress corrosion cracking 38 1 225 0
=1
_g Ammonia attack 27 3 47 1
el
& | Mishandling 2 0 0 10

Unconfirmed 68 28 0 0

Total 2776 159 1110 48
Failure rate (Number of leaked tubes per 10* tubes

per year) 5.68 0.32 7.56 0.34

*by excessive sponge ball cleaning
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2. Corrosion phenomena of condenser tubes

Among the variety of corrosion phenomena, erosion
corrosion and corrosion by polluted sea water are
regarded as the major corrosion phenomena which
affect the performaces and service life of condenser
tubes. Characteristic features of erosion corrosion and
corrosion by polluted sea water experienced in practice
are summarized in Table 2.

Erosion corrosion is the accelerated corrosion caused
by the removal or the breakdown of protective film
to expose the metallic surface. Film removal or break-
down is made by some mechanical forces which exceed
the bonding strength of film to tube wall. External
forces to remove or to break down the film include
the surface shear stress by sea water flowing in the
tubes under various dynamic conditions and the me-
chanical forces by vibrating fibrous materials and by
entrained sand particles.

Malignant impingement attack is a kind of erosion
corrosion associated with the pollution of sea water,
where the following process is considered to be opera-
ting ; the reduction and the dissolution of manganese
oxide under polluted condition, the oxidation of dissol-
ved manganese by chlorination and the deposition of
manganese oxide particles onto the tube surface and
the formation of active corrosion cells at the portion
of film removal. So, the malignent impingement attack
is the corrosion phenomenon which occurs under the
combination of conditions of water pollution and ero-
sion. This type of attack is particularly important for
aluminum brass condenser tubes.

Severe corrosion phenomenon known as polluted sea
water corrosion is the phenomenon caused by the sea
water contaminated with hydrogen sulfide which is
formed by reduction of sulfate ion in sea water to
sulfide under an anaerobic condition.

3. Corrosion problems of copper alloy
condenser tubes and titanium con-
denser tubes

3.1 Erosion corrosion of copper alloy tubes
3.11 Inlet attack

As is well known, the surface shear stress is applied
on the inside surface of condenser tubes by flowing
sea water. Surface shear stress by developed turbulent
flow is given by Brasius’ Law.

Tw=0.03956dUzR. *
Re= 3 x 10°~10°

At the inlet portion of tubes, however, the flow in
the tubes is undeveloped and unstable, where increased
surface shear stress is known to be applied. Based on
the literature survey, surface shear stresses along the
tube length were plotted as shown in Fig. 2. Surface
shear stress at the inlet portion of tube is about two
times as much as the one at another portion. For
example, surface shear stress at the inlet portion and
at another portion under the sea water velocity of 2
m/sec are 200 dyneicm? and 110 dynecm?, respectively.
Increased shear stress at inlet portion of condenser
tubes is the main cause of inlet attack.
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Fig. 2 Wall shear stress in the entry region (Bowlus &
Brighton®).

Table 2 Corrosion phenomena of copper alloy condenser tubes

used in flowing sea water.

|

Inlet attack

Local erosion-corrosion by lodgement of foreign bodies

Erosion-corrosion

Local erosion-corrosion by vibrating foreign bodies

Sand erosion

Malignant erosion-corrosion by Mn rich film formation

Corrosion by
polluted sea water

Sulfide corrosion
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Recent paper by Efird” showed the value of critical
velocity and shear stress as shown in Table 3. It is

Table 3 Critical shear stress for copper base
alloys in sea water?®.

Alloy Critical shear stress
(dyne/cm?)
CA 122 (Copper) 96
CA 687 (Al-Brass) 192
CA 706 (9-1 Cu-Ni) 432
CA 715 (7-3 Cu-Ni) 479
CA 722 (IN 838) 2969

noted that the value of critical shear stress of alumi-
num brass is almost same level as the shear stress at
the inlet portion under the velocity of 2 m/sec, which
suggests the possibility of inlet attack for aluminum
brass tubes under the ordinary operating conditions.

Experimental data® made by the one of the authors
have shown the beneficial effect of ferrous ion injec-
tion into sea water on the prevention of the inlet
attack of aluminum brass tubes as summarized in
Table 4. The value of citical surface shear stress of
aluminum brass tubes is estimated to be 200 dyne/cm?®
in the sea water without ferrous ion dosing and to
be more than 560 dyne/cm?® in those with continuous
dosing of 0.01~0.05 ppm of ferrous ion under chlori-
nated conditions.

Erosion corrosion is the increased electrochemical
reaction followed by film breakaway by some mecha-
nical forces. So, inlet attack can perfectly be preven-
ted by cathodic protection. Cathodic protective current
supplied from the anode installed in the condenser
water box flows into the condenser tube and results
the cathodic polarization E at the points of Z from
inlet end®.

Fig. 3 shows the distribution of potential along the
tube length. Prevention of inlet attack can be made

by applying suitable amount of cathodic current de-
pending on the polarization resistance of the condenser
tubes to be protected.

To cosh{\/jrz-%~ -2 }

E = 5> . (2)
sinh {/—r—% L }
0
_0.2// "
& /A>
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'g //
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: //(/C)
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Distance from tube end (¢m)

Fig. 3 Potential distribution along aluminum brass tube
length under cathodic protection calculated using
equation (2). The potentials at tube end were
obtatined from No. 1 unit of C power station®.

(A) Inlet, R= 3,000Qcm? To=3.29mA/one tube
(B) Inlet, R= 3,100Qcm? I.=13.5mA//one tube
(C) Outlet, R=52,000Qcm?, Io=3.29mA /one tube

3.1.2 Local erosion corrosion by lodgement

of foreign beodies?

When some foreign bodies such as mussels, stones
and wood blocks lodge in the condenser tubes, the
water flow will be throttled at the portion of the
lodgement and increased pressure difference will be
set up between up and down positions of the lodge-
ment. This condition will create the abnormal flow of

Table 4 Effect of ferrous ion injection on the critical shear stress of Al-brass tube®.

Velocity in tube Wall shear stress Fe? injection & erosion corrosion (ppm) l
(m/sec) position To (dyne/cm?) none 0.01 0.03 0.05
inlet 54.6 @) O O O
10 non inlet 32.1 O O O O
inlet 184 X/ @] O O
20 non inlet 108 o o) O o
inlet 374 X O @) O
80 non inlet 220 o/A o) 0 O
inlet 564 X O O O
58 non inlet 332 o/A o) o) 0

(O None of erosion corrosion
/A Moderate erosion corrosion
X Severe erosion corrosion
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excessive velocity along the channel between the tube
wall and the lodgement. Increased velocity and strong
turbulence around the lodgement will produce increa-
sed surface shear stress against tube wall to remove
the protective film. As a result, local erosion corro-
sion or local impingement attack occurs around the
portion of lodgemnt of foreign bodies and this type
of attack is regarded as one of the most important -
phenomena unsolved even today.

Hydrodynamic principle shows that if flow area A
(cm?) is reduced to a (cm?) by lodgement of foreign
bodies, the relations between the flow and the surface
shear is derived as follows ;

Flow around the lodgement,

24P
Umax-a’/ : @)
Q= a.a\//Zdéj_d ......... @
a =1

Q = AUmn= aUmax
_ 1 A Ve
sy a(A)on
Flow along the total tube length except around the
lodgement,

AP =2C: -._113_ -d-Utn

Ci= f(Re) =0.079 R "*-**

Flow along the total tube length including lodge-
ment,

APo=APa+ 411

= Lg(AY Laluem e
m= 1 A 2 _I_)__ .........
Umax= Um( 2 > ......... (12)
Tmax=0.03956 d-Umax - Re-Ca  wooem @

Assuming the practical conditions of surface conden-
sers that tube length is 15 m, tube outside diameter

25.4 mm with 1.25 mm thickness and water velocity
is 2.0 m/sec, the correlations between channel flow area
at the lodgement (a), mean water velocity (Um) and
maximum velocity at the lodgement (Umax) are plotted
in Fig. 4.

Fig. 4 shows that maximum velocity will never
exceed 7.76 m/sec under above conditions.

Using the equation (3 and Fig.4, value of maximum
surface shear stress (Tmax) was calculated as following
under the assumption A/a=10, Umax=7.1m/sec, R.=

51640, Ca=2.0, Tmax=2646 dyne/cm?

This caluculation suggests that even in the surface
condensers of ordinary design the development of
maximum surface shear stress of abnormally high
level compared with normal portion of tubes is possible
to happen when the lodgement of foreign body in the
tubes occurs. This means that to avoid the sudden
failure of condenser tubes by the local erosion corrosion
caused by the lodgement of foreign bodies the conden-
ser tube materials having the critical surface shear
stress of more than 2600 dyne/cm?® is being desired.
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Fig. 4 Effect of the lodgement of foreign bodies on the
velocity at normal portion (Um) and around the
lodgement (Umax).

Calculation base;
Tube O.D=25.4mm, Design velocity=200cm/s,
Tube thickness=1.2564 mm, Length of tube=
1,500cm,
Pressure difference between inlet and outlet
water box=3.073mAq (=301,200 g/cm? S?).

Nomenclatures
o . resistivity of sea water, Qcm AP4: pressure difference between up and down stream
a : correction factor = 1.0 of the lodgement, dyne/cm?®
Tmax. fluid surface shear strsss around the lodgement, AP,: pressure drop along the total tube length except
dyne/cm? that around the lodgement, dyne/cm?
A : flow area (cross sectional area of tube), cm? AP,: pressure difference between inlet and outlet
a : flow area at the lodgement of foreign bodies, cm? water box, dyne/cm?

C¢ . frictional factor

Cq : correction factor around the lodgement
d : density, g/cm?®

D : inside diameter of tube, cm

L : total length of tube, cm

r inside radius of condenser tube, cm
R : polarization resistance, Qcm?
R.: Reynolds number
Un: mean velocity in the tube, cm/sec
Umax: maximum velocity through the channel around

the lodgement, cm/sec
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3.1.3 Local erosion corrosion by vibrating
fibrous materials

Fibrous materials clinged in the condenser tubes
vibrate and beat the tube surface repeatedly. As a
result, at the portion of being beaten the protective
film is broken away and local erosion corrosion starts.
The possibility of very rapid growth of erosion corro-
sion pits to cause leakage has been proved well by
several investigations.

Although mathematical estimation of dynamic condi-
tion is seemed to be too complicate to perform, expe-
rimental and empirical observations suggest that the
magnitude of force by vibrating bodies to break down
the film exceeds the critical shear stresses of copper
alloy condenser tubes. However, in ordinary operating
conditions the leakage trouble by this phenomenon has
rarely been experienced. It seems probable that the
fibrous materials vibrating in the tube can not stay
for enongh period required to complete perforation of
tube wall. As the exceptions some cases have been
known to suffer from premature failure by this phe-
nomenon on newly installed tubes in which aggresive
sea water contaminated with hydrogen sulfide passes
through.

3.14 Sand erosion

Experimental investigation has shown that the effect
of sand particles entrained in sea water on the attack
of condenser tubes can be classified into four different
stages, stages [ ~W, as shown in Fig. 5.

Stage I; Sand particles of low content does not
affect the erosion corrosion due to insufficient force
being applied to the wall to destroy the protective film.

Stage I ; Rate of erosion corrosion increases with
the increase of sand content. This is the stage where
partial breakdown of film is made by the erosive
action of sand particles and rate of film breakdown
is proportional to the sand content until it reaches to
some critical value for perfect film removal

Stage Il ; Erosion corrosion continues at constant rate
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Fig. 5 Effect of the sand content on the corrosion of
aluminium brass condenser tubes. Test was made
at Chita Marine Laborstory on tubular specimens
at a flow rate of 2.0 m/sec for one month using
circulated sands less than 0.1 mm in diameter®.

regardless of sand content. This is the stage where
the rate of protective film formation is negligibly
small compared with the rate of film breakdown.

Stage IV ; Rate of attack increases very severely
with the increase of sand content in sea water. The
phenomenon of attack is not regarded as erosion corro-
sion but as mechanical erosion where electrochemical
process is not involved.

Survey data on the sand content of sea water used
as coolant demonstrated that in most cases the sand
content is less than 1000 ppm and the size of sand
particles is in the range of less than 50~250 gm. In
four cases mentioned above, Stage 1 ~ [ will appear
but Stage IV will never appear in practice.

Severity of sand erosion is affected by factors such
as sand content, size of sand particles, magnitude of
impingement action of sand particles in connection
with fluid dynamics and.water chemistry.

Typical example of one of our experimental data”
is shown in Fig. 6, where three different modes of
effect of sand content on the corrosion of aluminum
brass tubes are demonstrated under some different
additional conditions. The Table in Fig. 6 shows that
injection of ferrous ion into sea water is useful to
prevent sand erosion caused by 40 ppm of 50 #m sands
but is useless to prevent it caused by 250 gm sands.

® Type 1 Type 2

a

©
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‘9
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0 40 B0 16050 6 40 8 1603200 40 8 160 320

"Sand content (ppm)

} Size of sand 50zm 250pm
zInjection of Fe* | none [0.03ppm| none [0.03ppm
| Tube | Inlet |Typel |Type2 |Typel |Type2
portion Noninlet| Type 2 | Type3 | Type2 | Type 2

Fig.6 Three modes of the effect of sand content on the
sand erosion and the correlations between the mode
and the experimental conditions on aluminum brass
condenser tubes in flowing sea water™.

Additional test data revealed that 1000 ppm of sand
particles less than 30 ym in diameter showed no appre-
ciable effect on sand erosion as shown in Fig. 7.

Our recent data on the resistance of some cupro-
nickel alloys to sand erosion show that the cupronickel
alloys modified by the addition of chromium or increa-
sed amount of iron solutionized have much better
resistance to sand erosion compared with the conven-
tional cupronickel as shown in Fig. 8.

3.1.5 Malignant impingement attack

Long experiences of application of aluminum brass
tubes in chlorinated sea water have indicated that
catastrophic damage is caused by malignant impinge-
ment attack. The characteristic features of this type
of attack are the formation of manganese rich film
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and its local removal to cause severe erosion. This
type of attack was rarely experienced on cupronickel
tubes. The attack can be prevented perfectly by injec-
tion of ferrous ion which inhibits the deposition of
colloidal particles of MnQO: onto the tube surface.

The mechanism of this type of erosion corrosion can
be explained as follows;

1) increase of manganese ion (Mn*') in sea water
by reduction of manganese dioxide to manganese mono
oxide followed by dissolution as Mn** under anaerobic
condition, “red tide".
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Fig. 7 Effect of sand diameter on the corrosion rate of
aluminum brass in 3% NaCl solution.
Test apparatus : Rotating drum corrosion test
Shear stress : 100 dyne/cm?
Sand content : 1,000 ppm
Test duration : 340 hours
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Fig. 8 Effect of iron content of Cu-15%Ni-Fe alloys on
sand erosion resistance in sea water.
Heat treatment : 1000°C S.T--W.Q.
Test apparatus : Rotating disc corrosion test
Peripheral velocity : 54 m/s
Sand diameter : 700 micron
Sand content : 500 ppm
Test duration : 1,000 hours

2) oxidation of manganese ion (Mn?**) in sea water
by chlorination to manganese dioxide (MnQO.) which
forms colloidal particles.

3) deposition of particles of manganese dioxide onto
the condenser tube surface to form active cathode.

3.2 Corrosion by polluted sea water of copper

alloy tubes

Among the variety of pollutants characterizing pollu-
ted water, hydrogen sulfide in sea water is the most
effective corrosive media of copper alloy tubes. Hydro-
gen sulfide usually results from the metabolism of
sulfate reducing bacteria which combines an organic
matter, particularly sewage, and sulfate ion in sea
water under an anaerobic condition.

Both aluminum brass and cupronickel tubes have,
in most cases, been unsatisfactory due to premature
failure by pitting or local corrosion. Development of
alloy resistant to polluted sea water has heen success-
fully made and tubes of copper-tin-aluminum alloy with
small amount of silicon, “AP BRONZE”, have been put
into practical service since 1963. The results are
almost satisfactory.

It has often been noted empirically that aluminum
brass tubes covered with a film, especially with a film
rich in iron, are more resistant to corrosion by pollu-
ted sea water than those without: any film. Ex peri-
mental investigation has successfully proved the use-
fulness of previous formation of protective film rich
in iron oxide as the countermeasures against corrosion
by polluted sea water.” Therefore, in cases of using
sea water polluted intermittently by hydrogen sulfide,
for example, polluted during only summer time as
often encountered, the use of aluminum brass conden-
ser tubes is also considered to have the possibility to
be a good selection of alloy tubes if initial formation
of protective film is successfully made.

3.3 Corrosion problems of titanium condenser
tubes

In Japan, since 1970 titanium tubes have been being
used as one of the standard materials for air removal
section of condensers and, now, 100,000 of welded tita-
nium tubes have been being used in Japan. Service
experiences of these titanium tubes have revealed that
these tubes are free from any type of corrosion by
sea water and steam containing ammonia .Only prob-
lems experienced are galvanic attack on Naval brass
tube plates by titanium tubes and the hydrogen abso-
rption at the ends of tubes by application of excessive
cathodic protection.'” These two problems are consi-
dered to be prevented by controlling the application
of cathodic current. So, they are regarded not necessa-
rily as the serious problems.

4. Fouling of condenser tubes

The fouling of condenser tubes on the cooling water
side often yields appreciable reduction of heat transfer
rate. Regarding the fouling of condenser tubes using
sea water as coolant two different types of fouling
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are known to come up. They are corrosion fouling
and biological fouling.

Corrosion fouling occurs on copper alloy tubes as
the results of formation of thick layer of corrosion
product. Rate of corrosion fouling increases with the
increase of corrosive nature of sea water. So, pollution
of sea water increases the rate of corrosion fouling
of copper alloy condenser tubes. As titanium tube is
free from corrosion in any sea water, no corrosion
fouling should occur. Fig. 9' shows the fouling test
data under intermittently polluted sea water. Contrary
to the following test results in clean sea water, the
fouling of aluminum brass tube is much more than
that of titanium tube.

On the other hand, biological fouling is likely to
occur in clean sea water by attaching of marine growth
including algae, mussels and barnacles in the conden-
ser tubes. Copper and copper alloys are well known
to have inherent toxic nature against marine organi-
sms but titanium does not. So, titanium tubes is apt
to have more severe fouling than copper alloy tubes.

Model condenser tests'® on the fouling of titanium
condenser tubes have been made in comparison with
copper alloy tubes using clean sea water. Fig. 10
shows the comparison of the amount of inside deposit
on titanium tubes with that of aluminum brass tubes
at the velocity of 2 m/sec. Inside deposit of titanium
tubes is two to three times more than that of alumi-
num brass tubes. Fig. 11 shows the effect of sea water
velocity and sponge ball cleaning on the biological
fouling of titanium tubes. These results show that the
inside deposit décreases with increasing flow velocity
and that the sponge ball cleaning is very effective
for removal of inside deposit. Fig. 12 is the results
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Fig. 9 Comparison of the fouling of aluminum brass
tubes with that of titanium tubes in flowing in-
termittently polluted sea water under following
test conditions(Sakaiko. P.S. Model Condenser?).

Test duration : 1 year, Chlorination : None,
Flowing rate: 2 m/s, Sponge ball cleaning: 5
balls passing/tube/week, S* in sea water :
max. 0.02ppm for several months during su-
mmer season.

of comparative test on the fouling factor of aluminum
brass and titanium tubes under periodical sponge ball
cleaning.”™ It is noted that heavy fouling is rapidly
built up on titanium tubes but not so much on alumi-
num brass tubes. All the above tests using clean sea
water demonstrate that the fouling of titanium tubes
is two to three times higher than that of copper alloy
tubes. Analogous results are confirmed by the experi-
mental works in the USA.™®

10

Inside deposit (mg/cm?)

0 1 2 3 4 5 6 7 8 9 10 1 12
Test duration (months)

Fig. 10 Comparison of titanium tube with aluminum
brass tube concerning inside deposit on a tube
in flowing clean sea water under the condition
of non-chlorination and of flowing rate of 2m/s
(Tanagawa P.S Model Condenser!®).

15 ?

—
(o)

Inside deposit (mg/cm?)

Sponge gall Cleaning
wm— o

e

0 1 2 3 4 5 6 7 8 9 10 11 12
Test duration (months)

Fig. 11 Effect of flowing rate and sponge ball cleaning
on the inside deposit of titanium tube in flowing
clean sea water without chlorination. Sponge
ball cleaning was made at interval of 5 balls
passing per tube per week (Tanagawa P.S.
Model Condenser!?®).
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It is considered that under the condition of clean
sea water titanium tubes suffer fouling much more
than copper alloy tubes mainly due to biological fou-
ling but on the contrary under the condition of pollu-
ted sea water copper alloy tubes suffer fouling much
more than titanium tubes due to corrosion fouling.

14 ==—=—17 Titanium
— A Aluminum
-~ Brass
312
.y
L
= 10

transfer rate, the amount of deposit on the tube surface
is desirable to be controlled in the range of 2~4 mg/
cm? Amount of deposit can be controlled by injection
of ferrous sulfate (to increase) and by sponge ball
cleaning (to decrease). Polarization resistance, R (Q
cm?) as defined equation (2), obtained from the catho-
dic polarization curve of tube nest and the heat trans-
fer characteristics obtained from thermal performance
of condenser are the useful indications of allowable
minimum and maximum limit of amount of deposit,
respectively.

Using these two characteristics as the monitor we
can control the surface condition of condenser tubes
during operation in optimum condition. Fig. 14 is the
examples of polarization measurement of condenser
tube nest and value of polarization resistance, R, of

various condensers during operation.
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Fig. 12 Comparison of the fouling as the resistance of ; / é
heat transfer rate of aluminum brass tube with £0.06 o L/ 3 :(!?
that of titanium tubes under the condition of g a )
non-chlorinated clean sea water and of periodi- 3 =
cal sponge ball cleaning, 6 balls passing per 1 0.04 2.9
week (Atsumi Power Station Model Condenser!®). a ¢
A
0.02 jg e —Am\ Corrosin rate——1
5. Control of corrosion and fouling of 9 P
copper alloy condenser tubes 0
0 1 2 3 4 5
Inside deposit (mg/cm?)

Corrosion resistance of copper alloy tubes against

sea water is dependent upon the formation of protec-
tive film. Chemical analysis of surface film on the
copper alloy condenser tubes reveals that the film is
made by the mixture of corrosion product of alloy
and the miscellaneous suspended materials contained
in sea water.
Fig. 13 shows the relationship between the corrosion
rate, the fouling factor (reciprocal of heat transfer
rate) and the amount of deposit on aluminum brass
tube surface in clean sea water. It is clear that the
corrosion rate decreases and the fouling factor increa-
ses with increasing of amount of deposit on the tube
surface. In order to keep the surface condition of con-
denser tubes in optimum condition to have stable
corrosion resistance without appreciable drop in heat

Fig. 13 Relationship between corrosion rate, fouling
factor and inside deposit on aluminum brass

condenser tubes used in clean sea water with
and without ferrous ion doing.

6. Discussion

As mentioned in the above, condenser tubes suffer
from variety of troubles of corrosion and/or fouling
which are closely related with the conditions of cooling
sea water, operation, maintenance and other many
factors. In practice some countermeatures are applied
to avoid the troubles as shown in Table 5.
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It seem reasonable to select condenser tube mate-
rial based on the cost vs effect evaluation of each
combination of tube materials and countermeasures
required under applying conditions.

Table 6 shows the correlations between condenser
tube materials and necessary and/or desirable coun-
termeasures under various conditions of cooling sea
water. Modified cupronickel in this Table means CA
722 recently developed by International Nickel Co, or
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Fig. 14 Apparent polarization curves of some practical
condenser tubes.

equivalent alloys which are expected to be developed.

As the very severe conditions which conventional
copper alloy tubes are not available, two water condi-
tions are pointed out. They are the conditions of sea
water containing aggresive sand particles continuously
and of that contaminated with hydrogen sulfide con-
tinuously. Under these conditions severe sand erosion
and pitting corrosion are unavoidable. Against the
attack under such adverse conditions special copper
alloys such as CN 108 (Yorcoron, Cu-30%Ni-2% Fe-2%
Mn, against sand erosion,) and AP Bronze (Cu-8%
Sn-1% Al-0.1%Si, against polluted sea water corrosion,)
have been used with successful results. In these cases,
the use of titanium tubes are very attractive. Because,
under these conditions titanium tubes are not only
resistant to the attack but also are free from biologi-
cal fouling due to abrasive action of sand particles
or choked biological activities.

Except the cases under two severe conditions men-
tioned above, aluminum brass and 10% cupronickel
tubes are available with the application of counter-
measures required. For aluminum brass condenser
tubes ferrous ion injection is generally desirable and
when corrosion condition is severe it is quite essential.
Fuythermore, as the resistance of aluminum brass
tubes against inlet attack is critical the application of
cathodic protection at the inlet water boxes is also
required. Even with ferrous ion injection aluminum
brass condenser tubes are not resistant to local ero-
sion corrosion caused by lodgement of foreign bodies.
Therefore, installation of reliable screen to prevent
lodgement of foreign bodies is desirable in order to
avoid the risk of unexpected failure by local erosion
corrosion. It is reported that tube leakage problem

Table 5 Countermeasures and equipments widely used to keep the performances of condenser tubes.

Countermeasures and .
. Type or operation Effects expectable i
equipments
Intermittent To reduce bio-fouling (slime) in the tubes and prevent
Chlorination ont.m}lou.s marine growth in the coollng.waFer system
Gas injection (for both copper alloys and titanium tubes)
Water Electrolytic
treatment Intermittent Enhanced formation of protective film on copper alloy
e i Continuous tubes to prevent erosion corrosion and corrosion by
Fe?** injection .
FeSO:« dosing polluted sea water.
Electrolytic (especially required for aluminum brass tubes)
Electro- Cathodic Sacrificial anode Protection against inlet attack of copper alloy condenser
chemical protection Impressed current tubes, corrosion of water boxes and of tube plates.
Bar screen To avoid incoming of big foreign bodies.
Screen Rotary screen To avoid lodgment of small foreing bodies and prevent
Mussel filter local impingement attack of copper alloy tubes.
To remove attached slime layer on the tube wall and
Mechanical Sponge ball | Intermittent prevent the decrement of heat transfer rate.
cleaning Cotninuous (especially requrired for titanium tubes using non-
chlorinated sea water)
Back wash Periodical To rerr%ove forelgn bodies lodged in the tubes, especially
at the inlet portion.

10 —
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has been solved since installation of Mussel Filter in
addition to conventional bar and rotary screen in
Power Station S where several times of tube leakage
troubles had been recorded every year before insta-
llation of Mussel Filter.

One of the remarkable merit of cupronickel tubes
over aluminum brass is the fact that for cupronickel
tubes ferrous ion injection is not necessarily required.
This is important with respect to “ecological problems”
in recent years. Efird’s data on the value of critical
shear stress of copper alloy condenser tubes suggest
that 10% cupronickel is immune to inlet attack but
not immune to local erosion corrosion and modified
cupronickel CA 722 is immune to both inlet attack
and local erosion corrosion. This means that for 10%
cupronickel cathodic protection might be unnecessary
but improved screen to prevent lodgement of foreign
bodies is desirable and for CA 722 both cathodic pro-
tection and modified screen are not required in the
sense of corrosion prevention. However, value of criti-
cal shear stress would be dependent upon some factors
such as sea water chemistry, chlorination and other
local and operational conditions. It is desirable to
decide the application of countermeasures with enough
safety margin.

In application of titanium tubes, as shown in Table
6, ferrous ion injection and cathodic protection are in
no way necessary. However, as the titanium tubes
are likely to suffer heavy biological fouling the coun-
termeasures to prevent biological fouling are strongly
required. Chlorination or sponge ball cleaning is re-
garded as an essential countermeasure. For titanium
tubes the modified screen such as Mussel Filter as
the countermeasure to avoid local erosion corrosion is
useless because of perfect immunity of titanium tubes
to local erosion corrosion but it will be required when
the blockage of foreign bodies prevents the smooth
operation of sponge ball cleaning.

7. Conclusion

The performance of condenser tubes of copper alloys
and titanium has been reviewed with special reference
to the problems of corrosion and fouling under variety
of sea water conditions. Under a variety of conditions
except two different type of extremely severe ones,
conventional copper alloy condenser tubes are capable
to meet the demand for high integrity of modern
conditions if suitable countermeasures are applied
depending on the conditions. Countermeasures widely
applied to prevent corrosion are ferrous ion dosing

which is especially useful for aluminum brass tubes,
cathodic protection to prevent inlet attack and modi-
fied screen system to avoid lodgement of foreign bodies
and those to reduce fouling are chlorination, sponge
ball cleaning and modified screen system.

Exceptionally severe conditions which conventional
copper alloy tubes are unavailable are the cases where
sea water contains aggressive sand particles to cause
severe sand erosion or is contaminated with hydrogen
sulfide to cause severe pitting. Titanium tubes have
excellent resistance to corrosion by sea water and
they are considered to be quite immune to corrosion
but they are fouled by marine organisms more rapidly
and heavily than copper alloy tubes in clean sea water.
Therefore, countermeasures to reduce or remove fou-
ling such as chlorination, sponge ball cleaning are
essential in practical aplication of titanium tubes in
clean sea water. However, countermeasures against
corrosion- such as ferrous ion dosing, cathodic protec-
tion are in no way necessary.

Reasonable selection should be made through the
cost vs effect evaluation on the combination of tube
materials and countermeasures required.
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Study on Stress-Corrosion Cracking at
Plate-Edge of Fillet Weld in Commercial
Al-Zn-Mg Alloy Thick Plate

by Hideo Yoshida, Toshiyasu Fukui and Yoshio Baba

1). Stress-corrosion cracking was influenced by the distance from weld to plate-edge (L),
plate thickness (T), small amount of additional element, temper of base metal and test circumstance,
though no stress-corrosion cracking occurred in case of L. =20mm (L/T Z=1 in 20mm thick plate).

2). Stress-corrosion cracking occurred at surface side of 1/4 ~1/5 of plate thickness having
residual stress of 8~10kg/mm?®, and corresponding to the region of reversion caused by weld heat
input. However, no stress-corrosion cracking occurred at over-aged region, even if higher residual

stress existed.

3). Stress-corrosion cracking tended to occur most in T4 temper and least in T7 one, though
the effect of tempers of T4, T6 and T7 was comparatively small. Besides, the addition of small
amount of copper was very effective to prevent the stress-corrosion cracking.
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Table 1 Chemical compositions of test materials
Chemical compositions (wt.%)
Test materials
Zn Mg Mn Zr Cr Ti Fe Si Cu
Al-Zn-Mg 4.4 1.7 0.30 0.16 0.01 0.02 0.17 0.06 0.01
Al-Zn-Mg-(Cu) 4.3 1.8 0.35 0.14 0.15 0.06 0.18 0.06 0.16
T4 : 465C x1hr (Forced Air Cooling) — Natural aging (2 months)
T6 : 465C x1hr (Forced Air Cooling) — 100C x3hr pre-aging-»150"C x10hr aging
T7 : 465C X1hr (Forced Air Cooling) - 100C X3hr pre-aging—170C X 7hr aging
Table 2 Tensile properties of test materials (a)
a
Yield Tensile Elongation
Base metal Temper strength | strength
Oo.2 OB o
(kg/mm?) | (kg/mm®)| 4 (%)
T4 25.4 41.7 19 ey
0
Al-Zn-Mg T6 37.1 42.5 16 -
[V
T7 34.3 42.0 17
T4 26.2 42.5 20
Al-Zn-Mg-(Cu) T6 38.0 43.7 16
T7 35.3 42.7 17 (b) Location
measured
L(mm) L/T@0mm#7) L/T2mmi)
0 0 0
10 0.5 0.83
20 1 1.67
30 1.5 2.5
40 2 3.33 material

BHH R MIG HEBEHET 20 mm L TEHENEN
392 (3}12,¢2), 2mmETRENRFN 292 (58
7 2) CYERL L1z, Table 322 M & DL ERTR T,

EEAEHNRBE TR (BHEH) T 12ELE

(RBFIS04E 7 A ~HEFIS1EEI0R CHEAD 2 [ME L ) @b
o TERUITRRERRR & 7 o o BEW(EERR (Cr

Fig. 1 Shape of test specimen and cross section of
fillet weld.

0,; 36g/¢, K.Cr:0-; 30g/¢, NaCl; 3 g/¢ f# ¢ 30min [

B Tl -1, BB ORBIBESRN 2 »AMOER
Bh R BB L, BE0RRIBERY 1 »F0R

Table 3 Welding conditions

Plat . ing | ‘ i
Base metal thiacl(:ness Filler metal Pass schedule and Weldmtg ‘ Ar;:t Welddmg
number of pass curren ! voltage spee
(mm) (mm) a | W (cpm)
1—4 270280 31-32 48
Al-Zn-Mg Ab356WY
TRV 20 ; 5—6 310—320 3233 48
-Zn-Mg-(Cu —1.6 [ I
7—12 | 300—320 33—-34 48
AB35EWY s 1—4 | 240-250 31 50
Al-Zn-Mg-(Cu) 12 nln
—1.6¢ 718
58 290300 33 50
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Fig. 2 Sectioning method for measuring residual
stress at plate-edge of fillet weld.

SRISH) 2812 b D TITIE » T B aRBR TR O Ml ifn D Hl
ORI EBEBHEGE2R VI, B, BER (GHEA
HINERERBGED IR CHINDRE B h o 12,
POCHSHTR OREGA E W & oA O ME (UEMEER
Fig. 10 T/RT) 21T -12, FEHEIGIE Fig. 2@ DA
w (OFITHC i) WRT & 5 icidime ST HHEIC 5 i
DALY s = s KFC-1-D16-23, »— o
£:1mm) b2, BARTO~QOEFOIHcY)
W3 5 dsEET & DRIV, Bk LIS i 10mm § x
omm ETH B, B3RO EE W E CREHE D 5 2
mm A-TEA%E v h— AMET 2 mm MBEICHEL
Too BERIGS, WESAHHOME L, EERG2>AMA
WUz R 2 Uiz,

3. R B B R

3.1 IHBEEN

KERRERRE, BEBEERIE T~ BOI N E DN E
Rt (BsmE o LA > b lE) ofEH % Fig. 3 ~ 5 1TR
T, FIRE.ED 1 & 306 2 KOFIADBOES D &

NIZISIVERENTH B, 11X L, L TEEBBRKOKL
A THNORRIEAIN TV S,

Fig. 3 & Al-Zn-Mg & € 20 mm Bt (T6) 44 T,
PRI & b T & T ORERE (L) OB AEHN Rz
R RLUTWVWSE, CREDHDPELS2LEEI > L=0mm T
BHRE T 2 RDHNBRE D b G, Lo b0HN
D RRERCRE RS, 1/4~1/5¢ 6 0O REBH T
HEUTW3, L=10mm TR 1 ADHOLBEH N BT
T, L=0mm X b sdicghamdbLcsh, L=20
mm DL TRENREEED N TVEL,
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L==20 mm

L=40 mm

=30 mm

Fig. 3 Effect of distance from weld to plate-edge
(L) on stress-corrosion cracking at plate-
edge of Al-Zn-Mg (T6) alloy weld.

L==20 mm

L=10mm

L==0mm

Fig. 4 Effect of distance from weld to plate-edge
(L) on stress-corrosion cracking at plate-edge
of Al-Zn-Mg-(Cu) (T6) alloy weld.
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Temper : T7
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Effect of tempers of base metal on stress-
corrosion cracking at plate-edge of Al-Zn-

Mg alloy welds.
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Table 4 Test results of stress-corrosion cracking during exposing in an
industrial atmosphere for more than one year.

Plate thickness Cracking ratio (%)
Test materials Temper : 7 ;
(mm) L=0mm| L=10mm L=20mm L =30mm  L=40mm
T4 90 60 0 0 0
Al-Zn-Mg 20 T6 80 45 0
T7 80 25 0 0 0
T4 15 0 0 0 0
20 T6 10 0 0 0 0
T7 10 0 0 0 0
Al-Zn-Mg-(Cu)
T4 0 0 0 0 0
12 T6 0 0 0 0 0
T7 0 0 0 0 0

Table 5 Test results of stress-corrosion cracking during dipping in a boiling
salt-chromate solution (CrOs: 36 g/¢, K2Cr20-:30g/f, NaCl: 30 g/0).

Plate thickness Cracking ratio (%)
Test materials Temper ; i
(mm) L= Omm*i L=10mm | L=20mm | L=30mm | L =40mm
T4 100 10 0 x 0 0
Al-Zn-Mg 20 T6 100 5 I o
T7 100 0 0 0 0
T4 100 0 0 0 0
20 T6 100 0 0 0 0
T7 100 0 0 0 0
Al-Zn-Mn-(Cu)
T4 25 10 0 0 0
12 T6 15 7 0 0 0
T7 15 5 0 0 0
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Cross-section at plate-edge in fillet weld of
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Fig. 7 Fractographs of stress-corrosion cracking at plate-edge in fillet
weld of Al-Zn-Mg (T6) alloy, showing intergranular cracking.

(a) Macrofractograph.

(b), (), (d) Electron fractograph.
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Fig. 8 Electron fractographs of stress -corrosion cracking at plate-edge
in fillet weld of Al-Zn-Mg-(Cu) (T6) alloy.
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Fig. 9 Residual stress in the short transverse direction
at plate-edge of Al-Zn-Mg (T6) alloy weld.
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L=20mm

Fig. 10 Effect of distance from weld to plate-edge (L) on macro-
structure of cross-section at plate edge in fillet weld of
20 mm thick Al-Zn-Mg-(Cu) (T6) alloy.

Fig. 11 Effect of tempers of base metal on macro-structure of cross-section
at plate-edge in fillet weld of 20 mm thick Al-Zn-Mg-(Cu) alloy.
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Fig. 12 Hardness distributions at plate-edge of fillet weld in
20 mm thick Al-Zn-Mg-(Cu) alloy.
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Fig. 13 Schematic hardness distributions in the cross-section of
fillet weld in 20 mm thick Al-Zn-Mg-(Cu) alloy (T6).
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Heat Transfer Performances of “Pine B” tubes

Experimental Study on Characteristics of Aluminum
Heat Exchangers (Rep. 2)

by Katsuhiko Hirata, Chiyoji Wakamatsu
and Katsuzi Takeuchi

Heat transfer performances of “Pine B” tubes were measured by the wind tunnel. Tested tubes
were novel integral finned tubes which were machined out of round extruded aluminum tubes with
outside ribs using the lathe. To examine the heat transfer performances, four types of test cores
which had variations of the finned tube diameter Dy and the longitudinal tube spacing S were
used. Experimental results were compared with the calculated performances of ordinary high fin
tubes.

The results obtained are as follows;
(1) The heat transfer rate per unit temperature difference ao-Aor, the thermal conductance on
fin side @, and the pressure drop on air side AP respectively increased with decreasing S:, and
the increasing rate of 4P was the highest among them.
(2) The heat transfer performances of “Pine B” tubes which had Dy of 55.2mm, the fin pitch Py
of 25mm and the tube inner diameter D; of 254mm were approximately equal to those of high
fin tubes which had Dy of 57.0 mm, Py of 3.3 mm and D; of 25.4 mm.
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M S RI~, C-4a7 (EEB) 2iE 174 2 Table 1 Details of test cores.
Foa— 7 & OWREII It U Tz, Fig. 5 icftil o » o448 Type of extruded aluminum tube A B
PLAZRT. No. of core C1|c2|C3|cd
Finned tube diameter Dy (mm) 29.5 55.2
Tube outer diameter Do (mm) 15.7 31.0
/‘\ Tube inner diameter D; (mm) 12.7 25.4
S| =g - R1.5 Fin pitch Py (mm) 2.5
<.,/,\ /X\‘jw Fin thickness Ty (mm) 0.9 1 0.8
4 Tube thickness T+ (mm) 1.5 E 2.8
4127 Gongitudinal tube St (mm) 29.5] 38.1 47.0/ 72.0
¢ 21.7 Transverse tube spacing Sr (mm) - 62.0
e fionci tupes " ©f Ny R
Fig. 1 Dimensions of “Pine B” tube. Broken lines g;izzvggzsnumber i M s i 1 E Sl s
show extruded aluminum tube. (Type A) ggﬁgéﬁfﬁ%?ﬁig?ﬁ Ao(m?¥m) 0.296 0.958
of tube
on on ot tpanster area 4, (m) 154 1.18] 0.047 5.317
Frontal area of core  Fyr (m%0.153  0.16 |0.144

Tk
LA
o 25,4
b 26.4
) 29.4
438,
$h 55,2

Fig. 2 Dimensions of “Pine B” tube. Broken lines

show extruded aluminum tube. (Type B) Fig. 4 Appearance of test finned tube.
(“Pine B” tube, Type B)

Fig. 3 Appearance of test finned tube. Fig. 5 Appearance of test core. (C-1 core)
(“Pine B” tube, Type A)
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Table 2 Tube arrangement of test cores.
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Fig. 7 Relations between overall heat transfer
coefficient Ko, heat transfer rate per unit

temperature difference Q/dtm,

pressure

drop on air side 4P and air mass flow

rate Ga. (C-1 core)

BENCEEREEY b OFBREE a0 Ao’ RV,
2C00 TT TTTT | TTTTA 2
/
6\66400/
1000 T 11
700 o4 H0.7
500 |- 'CQD—SV%S&% S 0.5
\\e
400 Prmm Sunter arg Shay ) 21 T 0.4
300" =47mm ——1—f (Re' =De" G/u)40.3
= |y e — ) -
200 — — =21 0.2
it (Re=DeG/u)
< .
100} B 0.1
701 5 H0.07
50 A 0.05
20 |- 0.04
30 7 11 1l 1 111d0.03
3% 10° 10t 10° 10°
Re
Fig. 6 Factor of heat transfer jr and friction
factor f for high fin tube.
200 T T T
S
«l
20 & A
NN e O -
T A _
—0— - o ]
O
£ g /-
£ 50 =t
S 40
=
x 30 o =300
&
\]\Né(}./ 20 .
20 %/0' ~{200 £
é«‘A : s
o <
L. <
Q/Atm Ag?ﬂ‘ £
10 g I 100 <
- B o
7 70
e 5 / 50
e 4 40
g
w3 NP 30
<
2 / 20
1 L1l 10
1 p) 3 4 5 7 10 20

v) ERME Y% AP

vi AIEZEREREY G

3.3 EEN T4 Fa—-TEDOEE

BENA 740 Fa—TR2EBL N5 v AN—27T 1 VT
DVTIE, TTRHRE { OFERERE?™ B8R Rash T3
D TCEB 21753, Jameson® 7 6 Nz Gunter 5 i
$5THABNTY 3 Fig. 6 (o/f TEEMGR jr, MK
RS, BLOO~@IK BT T 1 o DB R R
hy & AP ZHH UL, CHhREE SO~ ADBINICFTT -

Table 3 Details of extruded fin tube core.

No. of core C—5
Finned tube diameter Dy (mm) 57.0
Tube outer diameter Do (mm) 27.4
Tube inner diameter D; (mm) 25.4
Fin pitch Ps (mm) 3.3
Fin thickness Ty (mm) 0.5
Tube thickness T¢ (mm) 1.0
Longitudinal tube spacing St (mm) 72.0
Transverse tube spacing Sy (mm) 62.0
Longitudinal number of
finned tubes Ni 3
Transverse number of
finned tubes N 5:4-5
Heat transfer area on fin .
side per unit length of tube Ao (m*/m) 1.291
Total heat transfer area on ;
fin side of core Aot (m?) 7.163
Frontal area of core Fgro (m?) 0.144
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Fig. 8 Relation between 1/Ko and 1/(C-Vi)%8
(C-1 core)
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Fig. 9 Relations between thermal conductance on fin
side @o, heat transfer rate per unit tempera-
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mE e s aem | 3 - - - - 7 36 o0 7
4 — — - — 24 28 30 18
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3.2.3 Dynamic Vacuum Treatment DOIEE

B 5 2 ASVHOBEER » 2 FORBR TH 51001 B
FIFIEFER 1 ~10mmHg OB 725 & b v/t
—BHEST I AL ANI VBB EBHIEE, D
HISER/NS SRS 05 LY HEERS & OB
KEL DR ZWA 2055w b b, HAEEER HER
WG RR VB TL ORI ETHERU TR b, KTH
T 0.15mmHg w93 B TEXBE0DNTVE, Filh
DTz y POESIFH 7 m/secT, WHEEIIRES 1
TR T o b AR A 2 AFEASFT o b % . iy 2 AL
MBET TNEAEFICE USEAAEENRBIN S,
AEINLEOBRMI B T2 A FAPICEA TSI T
X, BEROD & D SIBHREES IO IID Ko 2 DFAEERD
R,

BEFBUIRA2AHREEALIE, 7)Y A0
FEYOBREOILDKS DML FKRI b7 VT, F o3k
HEDKREEH 2 2R EALELELH 5,

IS{L}HE&
bﬂ s
TN\ N7\

N
AN
0

0 .06 0.12 0.18 0.24 0.30 0.36
IKESEE (m g /100g)
(a) RZEDMEHR(AALCD)
T
b (t \“
g-{z &“ JUBELTT
M I \ (TN,
1
AN |
\Y
AN

0 4 8 12 16 20 24 28
Na &&%& (ppm)
(b)) F Y LOBEMHR(AALID)

T
Aﬂ\\{%@?iﬁ
1 .‘l\\‘.
g N \‘\ JLERR]
+# & \ LT

7N
s

0 4 8 12 16 20 24 28
Na 8% (ppm)
(e) + 1) LDBEIHE(AAGDE3)

e HoZ2 o B %) R (GHTER 1 ~10 mmHg,
ALEEEEE 0.9T/min)®

6 X HER S 2 M2 LIZEE s ULnWBS 0BG
ROERERUIZSDTH B, KE, 7PV vLEIRE
i A X > THA LTV O8bd 5, 0 F b
VU ADBRERDVTIEKGE () Th2»d X IRIRLTH
HLFVALY, AlMg RESOBER, F U UL
BN E 705 BRI 265 e OB EBEER 7 A FiC A
AHENCHBMHE L ETHF M) v LR TERENDS I,

By 2 EofEaE LT3, () AEBHESEHES 1
%, (ALK, AETRWNED Ko 2 0FEBD T
W @i A BT b A N B B0, R
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MBI AL CETHB Y, HEBREIBIKETR 2
RN A2BNEDLILD, BROLEERZETS,

3.3 BEIFAE

3.3.1 PHIFR—-ALT 4R~

1D 7RATHOTILIFHR—LT 1 N EZ—

T i -7 &~ DFE, 19594 1 Brondyke
Bl o TREINIL T O LRI AL L EMNTE B,
D3V TI9624E 1 i3 FE & AT A BRFHCT 25 L& DT
X% 181l 7ot A & HEN D WEENEFEI N, BET
I EREICIZ69T 0 ZANRFKEREIN TP

713469 Yo 2B E2RUIZEDTH D, Fiz
SOz y MRS, 181 Yok X BT S h
K DEEALTIV, ZhFhoa=y PRLURTZD
OB K 5 h, B 10~20mmd 7 v i F K~ uds
FHEINTVE, —HDZ =y b EFEEOTOAD i
E—VOflic 7L —ZROFT VT FEFTHEINTV S, [l
FDazZ oy bE ARy FEOER»L 7T EHZROR
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B OIE b B LT 1000~3000 b o T HES 0 MR 3
1M b R R23 v EE SN TS,

FTRIKET A, F MY v LTHTSH 469 7o ADM
YR ZR LI,

{THIMR
—~
I kN o oe o &0
R z AL IIIII i

WA S KL
I "
FvE FoE

B7 469 7 = & 2z (Alcoath)™
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£ 3 TUIT 469K BBAKE B L OB L Y v A D

2z .y b A4 X P § e
VI = B LrEEE (9 P R B
2R L B R (1b/hr /in.?) AR 2 & (scth) F YU AEER (%) IKSEH 2 & (mi/100g)
= Kiva
No. - _ 2=y b=y b 2) L 1Ay Mazy b A=y basy b
b/hr (FEYPLEES 2 T cear | BT o BRI
1 1145 | 17,500 26 % |5 50 50| — — — | 024 | 014 | 0.08
2 | 3004 | 10,000 40 0 1 2 25 | 0.0011 | 0.0003 | 0.0001 | 0.25 | 0.18 | 0.10
3 | 5182 | 18,000 12 2 8 9 97 | 0.0014 | 0.0002 | 0.0001 >>0.45 | 0.25 | 0.15
4 | 518 | 10,000, 40 0 |25 25 25 | 0.0012 | 0.0002 | 0.0001 | 040 | 0.25 | 0.12
5 | &< 8,000 14 1 40 50 | 0.0015 | 0.0005 | 0.0001 | 0.35 | 0.23 | 0.10
6 | 775 | 15,000 21 112 100 100 — — — 030 | 022 | o.11
#= 4 Baco-FILD it 2BAEBI O F b Y o 20%E (AAB351) 22
ET N e St KFEH 2R (mé/100g) ! Na & # & (Wt%)
7 5, e v ¥ - b A 1 1l e *;E
No | BEF | MW | kow | W Noo | RBH \—— % W | % 1
g 0.48 0.32 0.31
1 4 0.001 0.0005 | 0.0005 | 0.005
W 0.04 0.06 0.08
R 0.28 — —~
2 5 0.0005 | 0.0005 | 0.0005 | 0.0005
i - 0.06 0.05
®EE | 030 0.28 0.28
3 6 0.001 | ,0.001 0.005 0.0005
il 0.13 0.12 0.19 |

2) FILD 7A+X

FILD " w £ = (Fumeless In-Line Degassing ®) i,
TV 4 a7 g stk (BACO) &4 v FHDitE
Whsic X v BAR a Izt 2 B X OVERE O NEEE T H
B0 r IR 7 L3 7 D469 7 ok 2 & KUK
RPNV FK—VT 4 VE—Tdh, HEMCE7Tva T
D181 v & 2L LT B,
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iz & » TR HH U, AMUOH A RIE DORE 7
Sy AFBLUF v RN ARESALE TS 7BRI LN
T3, PHETFFE—IDKE IFZEZE20mmD $ OBH
WAL, AMIDO RPEOR—MET T vy AR ba—F 4
YIINTOA, COBBEONBEEE L, 1RFHEY D14~
BrUoBETHY, FoBFARIALRICE VELETS,

COT o ZDEME LUTRERY S v I A, NEHEY
ADNTV UG, T 4vE—Ny FOZEDOUHEER—D
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PPN FR— W BEROTVBELETHE, CRIKL DA
EYoBREREABELEL, FHET2ORES T2 %
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3D BT 4L E—O;FBREE LS

FNEFE— VT 4 vE — OFEERE RS D

5 TV, Brant 53 F@BBONTEY 2~ TR,
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o
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N

{ 2N

N

y
7»@~(226{&??é%26%2%%%

R
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W D E ORI T Ny FEZEEBL, R @
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FlESREsmET 5%,

LRI R TNVEFR—~ VT 4 Vs~ OREAEIELY D
53 00MRIBIsEBI»LOHY, BRARCBTS
FELBBNEEED D> TH D, TR — Vv OFEIH
BT vy 3R b BSHIRIIE, FEY 2 QRS
i, HEWHP Y S v s 2N b S NTEDDBRES)
BH B E, BRI S TEETER Y o e
THANDHDTDHA I,

(a) HEUINCEEER

(b) ZEFE MG

9 TEUDBGE RS 3 & OV IR K DR (ki fis
5 TR AL B )

BNy NEeE2PEFHA T,

7L F AR L

y

B0 eI 7V SRR — T 4 E —

RHETL—~ |

e BF TR0 g

K11 7927 4104~ (Alcoath)?

332 IS RT4NE~—

T ADEESETIR H T A BETES NI
(rFozasnmz) BIR{AWLN, HRENDA 2 LT~V
PRDGEFICE v U TEBEBEC R 2N EDOBRER &
LTZOHEBED SNTVE, UL, BUNsNHEDD
BRERETRHMEZILYD, Ch2HREBIET 4 vE —EBE
LI DB ITIR7 402 —~Tdb,

R11 12 Alcan flic & - THIFEEahIL 527 4 v —
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BEDThHB, 74 V8~ A REBIZAKE L2 v b &
N2y 270X FTHEP»L EFIcE->CEBL, T CTHh
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TSRAT ANE~ Lo THRETELENTERORE 31Z
TS527020A v a2l hRETLEDEIBRDCEITH
B, A v iaXb/IhNSNEY, e il TiB: iy
EHABHERFETEDZ, Chd* vy v altiEEoty 4
Bt = D MIRIC 7 4 V2 —DRE2LT, thLbD
BN NEDR2HETI oL b TV s,

B2 EMABD IS5 27 4 v E —DFRAMO—I % Kk
LIt DTHBH, REENEYSHEINTVE 0D
5,
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@K 5 b3 & 5 EIHRKIES OEEER 5O
HHEBI 7 4 V2 —OFRAFRBERKL TS,

FamTT4NE— OEMSIEGOEA b B LT300
~400 b EWVDNE A, T4 E —FEBET TR
T2, BRCBELES~y FAEZ I AE TRY
WP EB2E I T oThHDE, Fa—TT7 405~
Bh— Yy SOMBEME L, BLAEBE»ENTTD, i
OFBEI U Ta 2 MR RERIE WV ALOD, NE
PBRECOOTREIPROS 5 FREO—DTHY, &
KEDFEERITIGET 515,

RIS 2a— T 7 4 vE—DXA v aDKEIRPEAR
FHEDT 4 v i —BRERLUI,

3.3.4 2539 HT4—LT (NE—

S I v P T a— LT 4R~ EAF AR EARAL AT
Wiz sttick o THFEINIZT 4 v4 — THRIBIRRTY
Tonruid, BrosikE»ons 2R o0
HMEWETH B, K& X131 300~500mm, B 32350
mm BB ORRDO S OBP LN TS, 7 4 vF —OH
e, R, ERHRT W TIREEEO Y B L (kb
NTV5, BHEEE R Y oL 2 v OFBERRMEN
5 iy AT —BELUT, REHMOBKCES T vy
PABHSY, ChLEBRTHEMEISILIOTHSE, BHE
EAREMOKRES, ZAEREADL LK DIFEOR
KHETE v T a— LT 4 —BEIEAEET, BIRS
16D & 5 AT 6Nz D TIE AN,

FHREN L LT T vy T x—57T 40 a2 —DRMER
AU, BT D 7 4 v & — % - 12 FREEH 2 /R U
L, BEMBT 4 Vv E — BB TS OIBELEE ANy
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<
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BARERAN TV S L L b NER 2R LOMS

HTHBENCHT R, 7)o 253530 THD, N
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PHETLEO»HSNIFF o220k L~y FHE
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WWHIFT10, Frhd No. 1, 2, 3 L 8 7 3B ENED
BERFEHMETL SETHS, No.lo A =77
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T3, COHFECRBIZ@KO PrdHE 7 2 b, &
M EEREORMCEE»EDLONS & EDOETCE LY
ERELIZLDTHEPCOBFEORRFEL T2 4
i cHF s FMA RREBOFHE 2R, KESH
B2HEHTS £5 7 L00 (AA10S0G %) 2E26 /R L
12, & Zd, KFEARE 30 mmHg, BiE 730C 0 &
KEHAGERIN26DASE BER2EAILL a0 CH,
Tixbb 02ml/100g THA NG, COFEORRIRE
SOHMR, BHOEWENORE 25O TR2TITRT
EBOHENESL 2L CETHE,

7ou 3 7 BT L 1z Telegas vk i3 i v HIE IR
PRAVEBKETS ZABREANTE LEOH¥ES DT,
U b T ORISR il ¢+ s BE T b
5, BYETYH, BRESHETHOREIREHR L LTHEDN
BT3B, Telegas #EE D/ 2 K281, HHE DIFEEN
ZR2%icR LTz,

4.2 NEHOPERE

NAE DO RNTE kL KFEH 2 BEOME HEI g U T,
F RS, IROBRETHIZY, LS NIEHNTHEE L
W,

— I RSO 7 v 4 LB 50

/\)1/7

A
! i
i

_,T\}I/l
LY ARGRE

K25 FMA RFIHTH T OB

41 —



July 1978

& &2 B BB

=

(124)

COINEHERGER COE X CER IV CF 10 U Ox
O @) O O L7 0 L ECEDF) IV Py T JINS [Hepiqie) uolun)
B oc @ O O O O LHE IV B AvLiaLR g —0 SHT-14na & smssnyy
o] O O T LD FINA — L XA LBNG @ — L HdevN—1e BT HYP
O X O O YHLIN — AV CQFEAH—ULQ £ 2A0L Y a ol sHOn 010 | T osyong 0110
o | v o v MY GG L LA AL vaos aTid ooeg |~ - B
o o o % LHIIHN RN ¥ £ L6 LYY A cVBEOL VL LL g T oorejur Lo
EEmoc ¢ © O O \Y% LU D+ IV RA—d £ 2L 697 BOOIV T BOIIY iy
o e o © YHIT 24 —ACL£2AL 181 BO01Y T OOV 0
O % b © — g LYY G RGN Ay £ —EAN L —¥L 462 La T 09[EU0D
ﬁ@ﬁﬁ@%wwww © X X © —BAF LYL VMGG g ¢ 2 L YT —EN Y LL—T L LR 14 Iestey] &
O X X © HE O LUENRRE Y0 X & 4 o L S - WA A T uedly | @ g
o X X o B evorgadicc “(EYEC I RESNIGY/ 104 T od9sog
O X X © — KUY LG =L LrAL 6 BOOIY T eooly i
\Y% X O O i Suxnyg FW+ — oo XNy ooeyg
\v4 b o) \% LERGYNY 4 ¢ £ O #1928 xnyg Foooesog | v ¥ M
v X O Y YYMOLHINGT L4 Lr &~ W N | T epmbr a1y
Avee iz mmwmw % v (@0 © ¥ B R I BE 2 A asso%ﬁwﬂwﬁmm *oASY
H
@ | x (@0 | © | W aMEmeH IR o | Ms M )
v O O \v4 : L HEHD 0D 7D N se3-11], | [} spoudey i
IR— \Y o @ (Wx v NAD B N+210 s R
B & RN v @ © X A e B w2100 o o
PREVBLEBET | TS e | @ | x | VRN L & 4D R B 10 ) o
B Yo xnig \% \% o) @) o xng 28 D[y +SEH G
soeqms|| x | v | o | © B O SR i
= s Md@ ON M| R | AR % M o ¥ a o £ % v a a £ EHOY &L

1+ B O Fq W B

HoOoRmEEWRAEE

AR

— 42 —



Vol. 19 No. 3, No. 4 BEDFZNVI =Y AOBEELE (125)

£8 KEN REONES K

No. DB o 5o oo M OE I #
R RN SOV Y Rick b ESMARREARI | 1. W3 oM THELNES,
L AEyensTvE L ANER Y T TRET B BERY L T VOEEC | 2. GEOME, AMEROSD T
(Gudechenko Test) AT D TEEL I E EDFEI & TVDREE HAES DL,
P HIKBEFAERHET 5, 3. JAni A

BB VY FITH 2007 7 2 DER R E D, HERITA . MERER 10 S22 20
WO OB OE ., B TE SmmHg 1, HERX VI CHBELVE | 2. BEEA vy v T T2t
2 (Straube Peiffer test) B X5, BEEPOKBORROBEE, BHEROL & (0.3 m{/100g DRI

BEEOHIE, B URROWHOKRORIY S, K
TN ARPMET S,

et

No. 2 OBFFEEREOKE 2@ 34729, RKOA | 1. KK 0.1 m{/100g

BURU A 2. WUFENSH 155370 L 25T
() BEOF > 72 KEUEL, FEDEINCEET | 3, jmpima i
3| IR BRI B E K BT % 1

&) vy FEOFHICE 3 EEGEOEE

(3) KD FERPET 5 1o OIRIEE
HROMEB 2HERU,

BB O E I % Hiln T B 2 im0, BT
4] B oEE OB B R | WUTERGBEERTHEBUL, KEA 2208, ST
%o

. TR R IERT X0,
EYEVEEN 0V LR
. WREBTH 5,

L PSR

W DO

ot

i . . No. 4 =¥ &7 L, FEDEERK Ao,
s | g g | e 4 @FsAvIL, MO 3<jjf®“
)

B ZERIRET, KA 2 2, 4T 5. 2. BER 4 ERS»ENE L,
1. SREHBE > (16575
et e BB No 4 ERIUTHAEPEAENTARBL LM LK 2. ERRS =T AL U s, WK
REEME A A F Y 7 Al HE )
6 |rimts EES UL B WA

3. K5I 0.02 m{/100g

SEROUEEN A REECHEAL, BRI T, KEF | L. WERESE>Y (50H)
7 Telegas % 2R EEEN AP E RS, FERBL 08T | 20 DPTRES K,

BT, #AZ w7 7HETKET A ZIHT 5, 3. PRI

=9 FeBAEHOWMEN R

Noo | 5 A Y = O 3 i
Vibrated V KHETHAES 2 LGN ON T OBERIEERE | FEENEDOEEDS D BT
1 ibrated Vacuum | o\ pos X 7.

Test
s (2 v % — 40D Quantitative Vacuum Gas Test 234#M) | THOFEIIREL L T HHET 5.

Telegas CEFHEN A BB I QKBS 22 HET 5 & =Ml TEHR IS IR LB C IR DD
SERIANE, KT IO AN A & HHY A EOZER HiH & JEWIT IO T, BHRTRERT
b EEBNCEHOZ D BHET b, EZAd AN

Telegas Frit
Pressure Test

R (B 201) OFIEEY v — (E& 9mm, | FERBEAEW2EEL, BN
TE#% 30mm, Thermal American Fused Quartz 180 G5 O CHBTHERESHE TR 5,
3 | Olin Frit Test B.S. porocity No. 1) #H b 17, FEE, HEY T IV ERNEZEYT 50T, THO
Bl b SR T90B DU R B & Iz HEL | FTRTIRE & U TR 2.

b L EIE T 4 oV 2 — DR % BEINEREIZE T S,
WL T EE R I OE (&Y A lesn | AERERAOKRBERIIN 5,

% Ransley mold) TiZELL, W&+ 7V 2HEMNLT | MAENTEBZOS DOHERTE
B, BEEOBBEE D b ERENEY DS D 2HET 0,

bo

4| MY EBEBGE

U FVOHRIREC v F R AR, TS BV REIERICL
S TR %o BN 2 B et (92 & A1 Sandozit
k7wl Aluminum Orange RL) GBI THET

ZDO

51 Mmoo A KRELGFQBNEDOHBETE 5,




(126) T X 88 £ B # B July 1978

820+
—_ — 8104
o b
% 8 . 800
| -1+1.00 )
o & fo s £ 790
= 4 i
= 0.80 € B g
200 H 0.70 8
180 ¢ ) >
160 +0.60 yp K770
140 = 40 N
[0 ~ 1050 (% N
L1 % 1045 2
-90” 2 -+0.40 g¢ 7504
"2;8 N 4035 %
L70 . A_ 740
60 1] ~0.30
L 50
i
23_5__0__—/
30 ‘
N 710
25 +0.15
- 20 700+
[ +0.10 690
10 680
670
-5 +0.05 660
-4
3 650
L, 640 -
630
1 620

R26 HEEONKEF AGFN ) €557 (AAL050M)™

0‘4 '
g ® Ry N FILI =L ) » A
- o AAS052 . oo °
; A AASNO1
~ 0.3~ pAA1I00
fg
4
i
<
Ne)
14 0.2
1)
W
7 o]
2 [o]uin] L J
i A o
= 0
R 01 o Oe
N [aln'a]
i
<

o Bao 8a &
0 0.1 0.2 0.3 0.4

FUHREIZ L BokEEEE (m o/ 10g)
R 4 =TSV THEE F L A RO D s
WY — FUBBIBREDONZ KRG (& A2l, A Y o X

—RVHF R M)~ E) RRALFESHO SR T
%0

— 44

BRI S W T A REN L Ak 20T, Levy 59
OMEZ2HMNCEEDTZIDERIICR LI, TOEPD
DB LB HFRIRERE & UTiE, O3 e iR mE
DO AHDS, EWBHOKET 2B & ONEY %28 0 1055
EUTHENSEARETH S, BEMEE 2> TVANTE
o, fRL L SR8 s0T, 2Ty
CEDREBD I E Hji“ﬂ"@ WE ATV, 23
ff—iiv 5, Olin Frit Test (3E# 7 4 V& — %25 L THEW

B CHELNES OT, BHLBOFHROHEL LT
@d’b’cb‘é LS, UL, BB CRE I RREH
T ZRENDHOT, M2 LU I2HEOBFEH
EIhd,

F98 Telegas % i @ 4 @

RA = A=
Ty
% AT T L
Dczzv =S Ko WAE, LT
B :
L H R >
o
j’r-y— :
l T Nz~
ja)
P

i 5
TAINE - @Nzﬁl/\v"/{,

K29 Telegas K }ﬁ«ﬁ’ 0D UL 0



Vol. 19 No. 3, No. 4

o7 v =

T b DT (127)

5. B hH b IZ

BB ER N5 L 5 - 2D N RIED
L THY, COFRMOYT, BT £ IR E 5,
IS IER 2 RB9 5 &, MKz osDs, WEBS
NG DTET % ff il 5 ¥ERIF O —owin 5 . JLE
oA £ <, SHOEBCEU Iz OBEH s T
WA DS, BEREOHEmE LT, In-line LU ziFE, WA
2O TS AR MBEBSERICL D DDH B, L
T, PERDEHET 2, 75 v 7 2 X5 FRLEL RIE
ToNizhbid e, By A diFRe UTEER U
mELTHERENTNS,

BBEEIEOEE, KEFAROWEENEDE
OHFED 2o0d b, KEN 2 BIGEEER TR
TEAHBEHBHFKINTOE Y, NEBTOVTIE, &l
BOBMFICE HFEML T2 OMBBIRT, HER2B2ET
WM DB KA B, KELT AT E AR, BHE
WTAEYESIEB T2 EBORRXSEING,

DX RERLEEBNE LB LR O B,
HEPEMEM B % o SO R & A, SES U2 E
BT IETH b, SR COTEHOWRE, EHRIETE
TRARKKD L 2P HBELTRELY, ARBLTET
KD > TV B H 2, H5VIKEGLEICBEODS %
HrD—ERNEFEENTH 5B,

x ik

1) H. Korstron: Z.Metallkde., 43 (1952), 269.

2) LS  ®eE, 12 (1962), 119.

3) A.Sieverts: Z.Metallkde., 21 (1929), 37.

4) 79 ARk, RESRES, BMEE . Bam, 24 (1974), 89,
5) ik 2% @EmiE:, 102 (1976), 343.

6) C.E.Ransley, H. Neufeld: J.Inst. Metals, 74 (1948), 599.
7) G. Bracale, U. Lecis, M. Leoni: TMS Paper, No. A70-33,
TMS-AIME (1970).

8) H.O. Titze: Light Metals 1975 2, TMS-AIME (1975), 451.
9) 0.]. Gjgsteen, A. Aarflot, T. Terum: TMS Paper;No. A71-

39, TMS-AIME (1971).
10) A.Aarflot, F.Patak: Proceedings of the second international

aluminum extrusion technology seminar 2 (1977), 1.

11) A. Aarflot, F. Patak: Light Metals 1976 2, TMS-AIME
(1976), 389.

12) S.T.Hellier, G.H.]J. Bennett: J. Vac. Sci. Techn., 7 (1970),
S$154.

13) R.G.Olsson, E.T. Turkdogan: J. Iron and Steel Inst., Jan.
(1973) L.

14) [RZ%E— ¢ 48k, 15-4 (1974), 2900.

15) U.S. Patent, 2,863,558.

16) K.J. Brondyke, P.D. Hess: Trans. Met. Soc. AIME 230
(1964), 1553.

17) U.S. Patent, 3,039,864.

18) U.S. Patent, 3,737,303.

19) U.S. Patent, 3,737,304.

20) U.S. Patent, 3,737,305

21) L.C. Blayden, K.]. Brondyke: Light Metals 1975 2 TMS-
AIME (1975), 493.

22) M.V. Brant, D.C. Bone, E.F. Emley : TMS Paper, No. A
70-51, TMS-AIME (1970).

23) U.S. Patent, 3,753,690.

24) Y45, WA 51-12565.

25) E.F.Emley, V.Subramanian: Light Metals 1974 2, TMS-
AIME (1974), 571.

26) A BEDFP.

27) U.S. Patent, 3,654,150.

28) U.S. Patent, 3,524,548.

29) Brit. Patent, 1384015.

30) M.C.Mangalick: Light Met. Age, 31-2 (1973), 5.

31) M.C.Mangalick: LightMet. Age, 31-10 (1973), 19: Light
Metals 1975 2, TMS-AIME (1975), 469.

32) J.L.Dassel: Light Metals 1975 2, TMS-AIME (1975),
459.

33) H.E. Miller: Aluminium, 48 (1972), 368.

34) U.S. Patent, 3,893,917 (1975).

35) U.S. Patent, 3,947,363 (1976).

36) U.S. Patent, 3,962,081 (1976).

37) U.S. Patent, 4,024,056 (1977).

38) U.S. Patent, 4,024,212 (1977).

39) U.S. Patent, 4,032,124 (1977).

40) #ibd, [ 51-142162.

41) J.E.Dore: Light Metals 1977 2, TMS-AIME (1977),
171 : Proceedings of the second international aluminum
extrusion tehmologys eminar 2 (1977), 43.

42) U.S. Patent, 2,811,346 (1957).

43) U.S. Patent, 2,871,008 (1959).

44) U.S. Patent, 2,947,527 (1960).

45) U.S. Patent, 3,743,500 (1973).

46) U.S. Patent, 3,227,547 (1977).

47) U.S.Patent, 3,958,980 (1976): H:bd, Mi51-70115.

48) W.C. Rotsell, C. E. Cawthorn: Proceedings of the secoud
international aluminum extrusion technology seminar 2
1977y, 25.

49) A.G.Szekely: Proceedings of the second international alumi-
num extrusion technology seminar 2 (1977), 35.

50) A.G.Szekely: Met. Trans. B, 7B-6 (1976), 259.

51) U.S.Patent, 3,537,987 (1970).

52) British Patent, 1148344 (1969).

53) K. Buxmann, J. D. Bornand, G B. Leconte: Light metals
1977 2, TMS-AIME (1977), 191.

54) German Patent, 104558 (1974).

55) P.S. Men'shikov, V.N. Parlov, V.F. Anosov, LT. Gul'din:
Tsvet. Met., 7 (1975), 46.

56) F.Degrieve: Light Meials 1975 2, TMS-AIME (1975),
213.

— 45 —



(128) = K8 & B A B July 1978

57) P.D.Hess: Light Metals 1974 2, TMS-AIME (1974), 60) Alcoa laboratories: Telegas hydrogene dermination ins-

376. trument, Oct. 1976.
58) M. Heckler: FMA #EfE 4 o 61) S.A.Levy, J.C. Miller, P. MacNamara, D.A. Fetig: Light
59) TNk 3 RAE Metals 1977 2, TMS-AIME (1977), 149.

— 46 —



Rominted from  SUMITOMO LIGHT METAL TECHNICAL REPORTS Vol.19 No.3, No. 4 July 167¢

BB AL U7z 7 v 2 = 2 BAM &

A S SRS

FhkEE&ERE LEHKKX & H



BRI CALER U 72 7 v 3 = w2 D BAMVI A i

2 I S S S

Outdoor Corrosion Resistance of
Anodized Aluminum
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NS 5 2 1 0 0| 4 4 4 3 4 30 10 10
ALtomm | 0 8 2 2z 1 5 5 4 4 7 10 3 0
%5 7 |7 717 |7 7 7 7 7 0 0 0

5 3 2 ]2 3 5 5 515 7 10 3 0

NS4 0 4| 3 3 4,7 7 5 6 7 3 0 0

A2V %M

(ALZAZMe) ol y 7 s s 7 1 7 7 7 1 0 0
5 3 2.1 2 5 51|55 7 10 3 0

NS4 0!l 5 41213 7 7 6 7 7 3 0 0

(99.8% base)

%5 | 7 7 | 5 4 | 7T 7 |6 |7 7 0 0 0

1830 5 2 110 1 5 4 | 4|4 5 30 10 0
(AlMgsivmy 0 8 2 2z 5 55 5 7 10 3 0
% 7 6 | 4 4 |7 7T 71 7 7 1 0 0

1. EREERELIZ LD
2. T A MEE; T%v/vHSS0s 18~20°C, 10A/ft?
3. B 4L & s BEA A ke EE

fi %
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D) IEMORBETE y MRV E, REROETH
W0%LTFCH? & RiEECT5 & 252 FiteDRBRE & T
BAEBLULD, BRAESEMTEEIMEE N TS,

2) Ev FEEBEE HicEPTE 5, FOBS WL

T3,

3) v hOEBIZHIILTL S 3D, DEMH3 b0,
HNERELD DD, HETI IO ERTTLNG,
&) Bk, B L OE— BRIl RN T 5,

(5) MRIKIT & B 6 7 F 45 DR ITES L BRI R bs
a(‘\o
£3 WhLvAeF4 5
N B ¢ it T
vAF4Y %)
7 0 — <0.03
6 0.03— <0.1
5 0.1 — <0.3
4 0.3 — <1
3 1 - <3
2 3 — <10
1 10 — <730
0 30 — 100
£4 WAVAT 4 v TETy FE®

PUEORER» S, #EL TEHNRK TR 25s TY v bFEAE
BPHIEUALOVEVALD, T ABHE LTOR
BHRPEEEMMECALEL TV L ENbD 5,

LU, THOREEBHEE TR EL LS,
CNBHEREYORT L KD & N ORI EL S
b, AKEEICE S BROESFDRB SO LTH S, b
e U BRIz &3, BEKTEBE T
STRBIRUPNTLUE I 5T, BEARMELELE T3,

iR TN & C e B ERENR ORI EL 1A bR
BEEREEFRERETEEVSCETHE, LOTLE
2HOMILD» b HTHD

6 7 B ~184 Hilic bz 5 T¥H X (Sheffield, Euston)
TOREBEFBR 2K Hayling) & DL ESZ D TER2
WRT, B2ORBEENBTMEERIRICLBY

K2 OWEELTEMR CORBE IO 6 4 HED
WARAB 7 v A PEEOSAORBMNERZRTCEBD
5,

B 35120 HORBHREZR 4 1TRTY,

DR L b RA LR ORRSA SNB B, AR
T A MEBEOERLALNDCEEEHTRETHD,
%2, BATRBEINIIHKIcBY S 9EHECORRES

RHWRTY, 122U, COBABEAOMBEIRKLT
DOFHEEEN LI LDTH S,

e g | PR 12RO lom?
MR e HELAF 4 o7 MbOEy ML i ) . a
K x Sheffield Euston Sheffield| Euston 5 MHRHLINET AT A P HOBRL AT 1 7Y
. R S
3 3 4 33 10 - %ﬁf‘ ' | e
6 4 5 10 3 s lsl6 91012 1520 25 35
A9 5 6 3 1 3.4 3.05.0 5.6 4.5 6.0 6.3 6.7 6.6 6.8
BT?2 12 6 6 1 3 2 12.01.8/3.8 4.7, 3.3 5.4 5.8 6.4 6.2 6.7
Al-1% Mg 15 6 7 1 3 3 1.5 1.3 8.0 4.1 2.5 4.8 5.3/ 6.3/ 5.8 6.6
) 4 1.11.112.3 3.9 2.0 4.4 5.0 6.2 5.5 6.5
99.8% base 3 i i ?z 18 Sheffield| 5 | 1 2.0, 3.8 4.2 5.0/ 6.1 5.2 6.4
6 6 0.9 12.037 |4 5.006.05.0 6.3
B | 9 4 6 3 3 7 4.8 6.2
12 4 6 3 3 8 4.7, 6.1
15 5 5 3 10 9 | 4.5
9 4 5 10 10 | 1 5.0 5.85.96.0 6.4 6.4 6.6 6.8 6.7 6.7
15 5 7 3 0 ' 2 14.2 5.0 5.0 5.3 6.0 6.0 6.3 6.6 6.4 6.4
20 ; ; 0 0 3 3.7, 4.3 4.7, 5.0 5.7, 5.7, 6.0 6.5 6.2 6.2
Ao , ; 0 0 4 13.53.84.3 4.7 5.3 5.4 5.8 6.4 5.9 5.9
: Euston | 5 3.4 3.5 4.1 4.3 5.2 5.2 5.7 6.3 5.7 5.8
HE9 3047 7 0 0 6 3.3 3.2 4.04.2 5.0 5.0 5.5 6.2 5.6 5.7
A% Mg % | 7 7 0 0 7 3.2 3.0 49 54 5556
s, ° . p " 1o 813229 4.8 5.3 5.4 5.5
1% " : . s s 9 3127 4.7 5.2 5.3 5.4
20 7 7 0 0 1 16.36.36.7 6.5 6.8 6.7 6.7 6.7, 6.8 6.7
B , 6 0 10 2 | 5.5 5.9 6.3 6.2 6.5 6.4 6.3 6.3 6.6 6.5
20 ; . 0 0 3 5.0 5.6 6.1 6.0, 6.3 6.2 6.1] 6.1 6.4 6.2
4 4.7 5.4 5.9 5.8 6.1 5.9 5.9 5.9 6.3 6.0
35 7 6 0 3 Hayling | 5 | 4.4/ 5.3/ 5.7 5.5 5.9 5.7, 5.7/ 5.7, 6.2 5.8
6 | 4.3 5.1 5.5 54/ 5.7, 5.5 5.6 5.6 6.1 5.7
W 1. BB, BT2 1343 WiEE, HE9 i3 10 NaOH, 60C, 5 7 14.3 5.0 5.5 5.4 6.1 5.6
9. 7w A b A&EE, 16%wt/vHiSOs, 20C, 15A/£t? 8 | 4.2 4.9 5.4 5.3 6.0 5.5
3. BHALAL, BA 4 2ok (pH 5.5~6.5) 98~100°C, 30’ 914248 58 |5F (6054
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F2~5wHLBT, BNF (Britisch Non Ferrous Metal
Research) o “Rating” F¥{ffiic i U CRER, SHEAs
fifICE L 5 3 0k Rating 5 P EThhidl e LT

B FRELALTE L e 7 0L & = o 2 o0 BRANIR ftt:
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THEOGEI T VA YR b & gf»’@‘l()#i’(“@ 8
T OB T AR & &, 77%TS~64% LEAER 2 T
STIRER2ERG, TR WA ENEC L ¥

WEMN, TOFMTHD EERBMRBTZEOHFRL D 55 vy POBEICI->TED, v FOBRSHER1ICL 3
WEEALD E, EMMEOLET 25 TEETE, 104 RENMKBERAIIROBEY Th 12,
PILEAE % fREFT % i, Sheffield T2 35¢81 -, Euston Manchester L TR K
Ti3216u L &, Hayling T 12 L 20 EE 453, 05, Leeds il
FBEBNECEE T BEBRORMBH N5 ik, T¥EH Euston BRI oD T3 X
RCR5ERE, HIRIK THEIFRHEE LTVE, T¥ Southampton R oD T3 /i X
HWXTR SEBOOE, BB S TOMEHER 295 0 Bristol G
bTHBHELTVS Hayling Island sl X
KERE D ERFEA G EIBE TR LS »E 5 Banbury FH [ (X
R BUAEGICE TS HEFEEL S HERH L TAS, 6 D SWAFAERIIT DO TR BB KX OEMNL b K
% 6 SIC (12000 & AB%SI L€y 7 ¢ 27 % B L 17 B HIK & B o s
| % i i
uow | , EE—— |
u Manchester Leeds i Euston i Bristol  |Southampton Hayling Island§ Banbury
5 | 8~107HE [10~12"HE~F, 14 E~F 2%~ 3/E~F 2%~ 3/D~E 5~6ED~E 5~ 6 FD~E
10 | 1%~24 D |2~2%EC~D 2%~34 C | 5~64ED~E 5~64ED~E NP ! NP
15 P P P NP NP NP NP
SIC | 20 P NP NP NP NP NP NP
(1200) | 25 NP NP NP NP NP NP NP
30 NP NP NP NP NP NP NP
35 NP NP NP NP NP NP NP
40 p* pP* NP NP NP NP | NP
5 6~87HE~F 6~87f F | 8~10°/] F  2%~34 F |2~2%iE E 5 E~F 5~6/E~F
10 |1 ~1%4ED~E| 1~1%4 1%~2%E E| 5~64 E !|5~64ED~E P NP
15 34EC~DI3 ~4FEC~D|4 ~54C~D NP P NP NP
Alzsil 20 | 4~5HEB~C5~6iEB~C P NP NP NP NP
25 P P NP NP NP ; NP NP
30 NP NP NP NP NP ' NP NP
35 NP NP NP NP NP NP | NP
40 NP NP NP | NP NP NP NP
i 1. R b OO DL 5 ~ 6 FEO R,
2. P BICRINIVRAVUTOY w5 4 5,
3. NP; babhlty MdiL,
4, PE; OIS L~ I Ty 7 4 2 5
% 7 Euston KEEINLRNCEy 7 1 L7 2 LD ILEHES LB O B>
o | B Gl &
BELT T ONSg T HE9 | SIC | NS§ [ ABZST | WS | HSI5
f 5052 | 6063 | 1200 | 3003 | 4043 | 6351 % 2014
5 14 E | 1% E 14 E~F10~12#fD~E8~10#/1 F | 8#f F 3~6#/E~F
10 | 3% C | 3% C 2%~3/F Cl2~2%% B~Cil¥%~2% E {1% 4 E | 9~12#HD~E
15 P P P 6/F B~C| 4~5%F C~D| 4~4%HC~D 1~1%%4 D~E
20 NP NP NP P P 5~6%4 B~C|1~1%%F D~E
Euston
25 NP NP NP NP NP P 1%~ 24 D~E
30 NP NP NP NP NP P 1%~ 24 D~E
35 NP NP NP NP NP NP 2 ~2%%%E D~E
40 NP | NP NP NP NP NP 2 ~2%4 D~E
7 1. b b O D35~ 6 FEO B
2. P BEVWRaENTZLvAAVYTFOY 174/50
3. NP; Hiodr sy M3V,
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FiedbbN TS, BAROBHMGAROC & LHHEL
FERLTTOEN,

#£ 7% 5, Euston TOREFMRDL OEMOME » 7 «
v ORI, 5052>>6063>1200>>3003>>4043>>6351>
2014DIENE 55,

i, EEPHRICOVTHE,
WKHYTH->1CE LTS,

RS wBd 5 B EREHFEXDED Th - 12,

7w A FLBE 165 wt% H.SO. 20C, 15A/ft?

#OFL W PEc bMssLEE (BUEZK pH 5.5~6.5) 305>

Yoo MRER L, YRk

5. BRICRIEFIEALER

5.1 REAINDIRAENE

THE TORBREDY b RE AN KKGH
BLTOVAZEDBPELDEL STIDT, KERLEOEIH
WTH2R2IICHETS,

BHAICE (VSN TV 56063% 7 v < A I 2520
E30p i s, MO 5 r T TREINIHER o
WTHTHD, BBEHIX DR 2 SR T,

(1) Ostend (Belgium) ’

<= Koy &S Ostend B> 455 MY T, #
1 AEs 1~ 2km, PG () i L, BiEnr
AN, BEEEME, TEHR D 5 OB %R D AR LB,
&R 3~17C, RH 81~92%, [ 45~80 mm/M,
800 mm/Y,

(2) Aubervilliers (France)

) DIEPERRAY, TH e LR, REBRI TEM
TEENGIE T 5 b, SO BRI LB EV, SFHRES ~
18C, RH73~88%, FKeMifk 10~100mm/M, 500mm/Y,

(3) Duisburg (Germany)

Duisburg o Kaiserhaven iz ¥ (7 2 K T¥##ica 5

BWUWKRRTEY & I S 0 &0, BB oo 7
~17% O, 6 ~32% gk, FH%E 0~18C, RH
65~88%, [MFEE 30~150 mm/Y, 900 mm/Y,

(4) Genoa (Italy)

Genoa O TH v vE L, BE2HAHMNHA TS, B
i T3~ FIEH X « IR 8 ~24°C, RH 50~64%, [
& 30~180 mm/Y, 1250 mm/Y,

(5) London (UK)

B A B & B & # July 1}9?8“”
A B
» v * *
- . L] . *
»
* . .
[ ] -
. L d
. L
[ . D
E F
1 €7 BRI EED0.1~0.25% %

EOREEDOE y b AT 4 v TP

Euston iz » 2 Wf9Efr DB L, #iH CEE o LHEMX,
BREER L O EL, HRNSBETE, BEe v OoBREy
5@ SO. (J4RF 0.1 ppm) b 5, HEEEHET 2 PR R HlD
LEb oBm,. BSR4 ~21C, RH 60~97%, #Fist
15~120 mm/M, 800/Y,
REROEER, (DT b, MFREFEHFIA D QK
THEETS, @MRLAKT3 »ABRT) O3EBE UM L
2. REWMEIR6EMTH S, AFATERCETS 7=
MR, 156%H.SO., Al 10g/1, 1.5 A/dm*Tdh - 1,
REBASFOFMEERHEICL Y, ¥y FOMEE, £
O, ALOBEIR OV TITE -7, 5~ THEORER,
2mOERE» SEEHELILE y M RTRSIWRT, T2
2B5em LAYy FOFEEZORERICRLIL, &
9 DRl EEHE IR0, 1R LIz, Pz B4 5 FHlRER
ZRIATR LI,

8 2m O, S ARBBEINI Sy PHCY

oI Lot B0 A B AU NUREEITL] 28 KB 1L 609 EAE LI EIMETLNUERAN L 2 & H 4L
CE) | | RBH P | R R | B Py | B P R Ps | R PH | BB P
| Ostend 7 {1~20 8 y1~3 2 /1~3 2 ;1~30 8 0~1 O 0~1 O O0O~1 O O~1 O
Aubervilliers| 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Duisburg 5 1 1 1 1 1~2 1 |1~2 2 0 0 0~1 0 (0~3 2 0 0
Genoa 6 |1~20 8 |1~7 3 (0~7 3 |0~10 5 0~3 1 0~3 1 1~7 3 0~7 2
- London 6 0~7 4 |1~10 5 |0~30 11 |0~7 5 |1~7 4 0~10 5 {3~20 9 3~7 5

6 —
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2% ¢ London 754 - & § £,

BEBEHET R &

7

o | BOMOfF o M
W Bk U. K. ITALY  |SWITZERLAND| FRANCE GERMANY
(#) F S | F S | F s | F S F S
A 4 Yo 5 14 5 Yi 4 Yo 4 T4
2 B 4 Y4 3 T4 4 Yo 4 Y4 3 Y4
C 4 14 4 b4 4 A 5 o 4 Y4
] D 4 T4 4 % 4 T2 3 Y 4 T4
3H i
A 4 b4 4 Y 4 14 3 T4 3 Y4
30 B 4 Y4 3 14 4 A 4 b4 3 Y4
C 4 1o 4 Y4 4 ¥4 5 Y4 4 ¥4
D 4 T4 4 b4 3 14 4 14 3 Y4
A 4 T4 4 Y2 4 T4 4 ¥ 3 o
20 B 4 Y4 3 ¥4 4 o 3 A 3 12
C 4 3% 3 ¥4 4 Y4 5 A 4 14
- D 4 Y 4 % 3 1 3 % 3 %
1
A 4 g . % 4 ¥ 3 ¥ 4 Y
10 B 4 1o 3 14 4 T4 3 T4 3 T4
C 4 Y4 4 T4 4 b4 5 Ya 4 T4
D 4 % g W 4K 3 % 3 %
#i#% F; ©u7 1 I (EI0IT L B)
S; ¥y M (ENIRLD)
A ﬁmm (253/1)
B; r"déhij{h (4 a3/
R0 €74 TR ®1 Cy RO £12 HrOREWCREESNIT V4 FHOE O
L SR o wm | C7 M E e Bow
(lem2¥ h) | (mm) T TEE L Auber-
y Ostend ool Duisburg | Genoa |London
f villiers
1 0.3 Yoo 0.05 l ‘ !
9 1 wo 0.1 F 3M/1Y3M|1Y 3M|{1Y 3M|1Y[3M 1Y
| | |
3 3 1 | 0.25 A |1~2| 2 1~2, 1 1~3/1~2/1~31~3
4 10 e 0.4 0| B1~2 2 1~2 1 1~2/1~2 1~2/0~2
5 30 2 E 0.6 C 1~2/1~2 1~2 1~31~2/1~2 2~3 0~1
D |1~2| 2 1~2 — |1~2{1~2 1 |1~3,0~3
AFOFERD S, BRI MEINE 2R - T A 1~211~2/1~2/1~2 — | 1 11~31~2/1~2]|1~3
WD HS, HIEE S BREE T CRIBUEOBIIMORE b D, © 30| B 172)1~21~2)1~2 1 1~2/1~31~2/1~2
o l‘ f;sé(ét 0 05~0 10 mm 0)/‘@‘.:]0) %) @i))j_\‘lﬁfa;) 5 2 m C 1~2/1~2{1~2 1"“2 """ 1~211~2|1~211~2|1~2
~D DB ~D T ~D ~211~21~21~21~2
OEMTHBETHDS b DREOKRE Ly kb, 20N D |1~2|2~3|1~2]1~2| — |1~2{1~2]1~2[1~2]1~2
OB AERIIC & %, BAOERI 200 F OB G fifis 1. 3M; 3% HIEci
e e s 1Y ; 14Efiikd
¥ ] SR WERINBTE v FRAEDE .
KEEALERD & @, Ni SHEIETY v FFREMBZ O & 0. A+ EEEL (240
5ALNDE, CORADEIAMITELTI bIKd 5 B;ﬁ@ﬁﬂ(%ﬂ#
DTV EMNELEZhrobd2
*%m%%®%%@§%mﬂ@®wﬁ,Hwhﬂm®m ka
B0 M RSO RIne & > THARDIKKEG i 2T 0 5 MUV [0 2K 5 b
»B D5, tyhﬁ&iﬁﬁﬂl&c%%&nqw\nao 1 éé%%?ﬁ“»cﬁwmmmw
& ) I 2 1 R IKMCIRIE D AEH
Mo EL, Aubervillers, Genoa, & 2-J%, Duisburg 3
BETHD. 5 v 75+ Aubervillers 3 RIT, TS DFHID 5, KREG OB &6 A DB
Duisburg 3 & » b3 dska {, Ostend, Genoa 2% i fEd> L s, Feiif, RH, CI &k, SO. &f i,

7 O ACEIIIEE BS WA 5 b O B R LT



(136)

® KA B & B B #®

July 1978

WA ERHEMENS, T4DbB, Aubervillers & Duis-
burg Tt ClIm 887 ¥ o 5 4 v 7 »4 5, Duisburg
TRIBESE (, I HBEREINTE D, SBZNEBH
B MERKEBELTWS, Cly, SO, /BYRNILFETS
Genoa, Ostend, LondonTid, iz London T S {HHs
BANLEEY v 5 PP LEEPBRIGELT S,
Duisburg & London Tk #%%Fic Cl /BB PE L B
o MEBEBEBELTOWRIES5, UbE» i@l T
UL 0 ERaRT @ SO Th b, - FEKT, CL B
YUHEFRR DS FE T3 S WABIHAINZ EWVH L EMNTE
b

KREGME 7 v <A PEBIE 3B 5 hoWIC 2 E
HRET 5, AIMgSi0.50E#), AlMg3 (M) %5, 10,
20, 30p @7 v A FAAERFTISV, FEKEFLLE 255
/) LT, fEREARE (Sylt), BI¥EMX (Bonn) TZ

NFNGE, THEORERITE-12DTHE, REFHE
10
1R, AMgSH 0.5
B 201K 44, AlMg3
8L
_?;
i L
6
)
‘/;: »
& o
4t 1
B 2
2+ i -
_ H H
0 5 10 20 0
WBIE, u
2 7w A PHOHERESE (Sylt), 5EREEIT
B A B AR OMRY
10
i 1A, AlMeSio.5
sk 2, AlMg 3
i 2
6 -
;/Q 1
2 | 1
"
4 - <
s 1
2 2
' il ol
0 5 10 20 30
TEE, u

3 7w A FHMOILEMX (Bonn), 7Y EREIIC
BT B & AR OB

2[2 31RT,

2,3 OMNEFMCBEL CREARB TN - TV, C
OEEBORMER, BPiELLEVW Y y M2 0.6 51,
WETHEy P2 24, ALV LARy MREKZ 0.2
A, &EE? 0488 L, RAOBEBEICOPVTE
O ELEE L TR B, FFMHE#EE UTIZEAK33.0 L)
TeHISHAMETEIRETHELE LTS,

2,355, BB ZINTOSHEIIIEED
20p PYbEdhig, Lt 2 ToRECHEMICNAS &H
Wiand, MEOED LISV EVAL S,

5.2 7ieA PRBEMEESHILEEORE

fifico Sylt, Bonn CO R HIA THTEE & T3 X
(Duisburg @ Kaiser #) TORBEZHLETICEL,
WS GUE, WK , BARFORE 2 LEL TV
210, BBWEMRA 2 RIJCR T,

RERONBH M FIROE AR Ly, HAAHD
R R4, BREBEOR#E? RS, BREGHKOEE
2R 6, TIwRLIZ,

K4»6, BLEMK, BERBEORITEBA EBAR
WBIL TEMLWVD, FRES TREBR CRERRZOEL L
BEVAL, BEAT~NECEE, 4EHORBRE TR
DOEAEDERIFRALESG DN THLENIETHS,

e 7 ve 1 PO Z25Cilt LA 2K 5 2 5 50
THE, M4 HBELUTER7 Vet FORBESHEE LT
WX Tz % b EMEEOETERLTE Y, HAELHE
E-oThWEINS C LT, EHicmAE, Bl
KeBOIcEs QOC KA vl ) wiEASIFRIE
LMY, WA A& kK% VT AR MR DB Al
Wiz snevisd, 100C oSS AR b
DEMLEVCE B FEHTNETHB,

BCoFBR7 VA FTH, BIKY 2 vEBERIITHE,
Mé6b»obdaffc, BE7LreA b OREHEDETR—

F 13 EHERSM BRI

1. 7w A4 b

e omooE GS GS GSX Veroxal
7 L S O 20 25 25 25
WO, A/dm? 1.5 1.5 1.5 2
M X, 20 20 20 20
2. % FlL
a) &, 100C, 5077 D D D D
b) ifiZk, 100C, 504> Wi Wi Wi Wi

¢) ifizk-+15g/¢ NiSOs,
100C, 5045 We o W2 Wz W

d) B4 A4k, 80C, 205 Ws Ws Ws Ws
e) M4 &k, 80C, 505F Wi Wi Wi Wi
£) LA ok, 100C, 2047 Ws Ws Ws Ws
g) i1 4k, 100C, 507> We Ws Ws Ws

s 1. Kk 2008 4 U
2. GS; ERME;R7T ve4 bk
GSX; BBy » v 7 v~ 4 bik
Veroxal; EARFEEE
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I RRERLALBE L 7o 7 0V 3 = o 4 0D BN Aottt

HHREINDCEBDME, UL UBARERBSOTHIK
i NI OB, &30 o /kD 80 CHIB TR 41 s,
A R AR TR 0,

X755 BARFEEE (Veroxal ) D 7 v~ 4 b g 3
LB DER ZFRA ER U TRV, BuoBRSE, 81
X TORE CREFEOWNMC LD S THETH B
EWVAD, L TEMRTING L HNTHS PIHA
PGP ELTVE, 7w a FRETORESCTHS C
ERELD &E%%&&@&ﬁ@ﬁﬁﬂ@&% *BhBCE
Bhdb

PULoiR»S, 7av1 MERORAEE 7 v 1 &
ALERIE DI RLR 1R, HHCHOR &8 ﬂ&cié@ D3R & WD
LEBHLDPTHE, HARMFZEEO20CEMDEA

REFEHORBETEZDERIMD THL UL BB EVALS,

10
. £ % 1:8omn
- 2:Sylt
3 :Duisburg
8 -
6 —
®
e r 3
% Ak 8
3 3 3
ol
1 1
™1 - 1 1 1 1
2 2 2 2 2 2 2
Lo 115 Aallnall.albnalloa
D Wi W2 Wa Wa Wi We
Ik (E3L D)
4 Al-Mg1itGSik, 20CT20u O IHZFER & ¥ T 3
HEIKAT 4 SRR ERE% U 1o B S O B FLIE & AR DB R
3
104 B S5 1:Bonn
2:Sylt
" 3 :Duisburg
3
8] :
i 3 3
6 - -
I 3 3
& | 2
®
4+ 2
2F 2 1 A 2 2 2 2
| | H H | H | H 1 H 1 1 H
LI L]
' D Wi We W3 Wi Ws We

HILE (E1BICL 5)

B5 AMglic GSiE, 25CT20u DY E AR S #T 3
T 4 SRR R U 123 S o dsFLER & R OB R

(137)
10
% H, 1:Bonn
218yl
sk 3:Duisburg
3 2
- 3 M
N 3
ol 54
B 3 3
=0 =
A 2
2
2F 2 2 2 2 2 2
LU Lol
D Wi W2 W3 W4 Ws We
FHFLE (K312 L 5)
EK6 AMglitGSXi#, 25CT20x ORIk & =T 3

Mo 4 ARG U o B oLk SR o Ry

10
L FFEH 1Bonn
218yt
8 ) 3. Disburg
2|
¥
i 3 3 3
3 3 3
2r 2 1 .2 1 2
n ! ! '
0 D

Wi Wa W% W4 We
#HIE (F13ATLB)

E7 AlMglic Veroxal‘}’;"- 25°C T 200 D% k& & T
3K 4 B L T B Ao TLIE &SGR OBER™

5.3 2 xEREBRBEOMN &M

2 RAEREEZPORKRE I &5 HaERRE Lo
Miﬂ@f@&bﬂ,Mﬁ@”@ﬁt@%@%%mﬁwf
BN DO H 3B,

[ d, &4 6060, 10501216~18u Ol 7 < L 1 -
2Higyy, o230 TCu i, Ni oK T 2 IEREGNL
B O(A.CiR) THEBL, MrofFTHAMEE LT
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Relation between Mechanical Properties and
Chemical Compositions of 5083 Alloy Welds

by Yoshihiko Sugiyama

1. & L & [

Mg 83 ~5%D Al- -Mg Hah RS Y I &

LD oD, FEHY 27— 7 IR Y MCH’
TIHFIB0EETDH 3 ., T OBEE CHEBEMEHAR &

LTHRDSED S, HD508(1ciEahs HEE-
T 5 (50836 €:141954 FF i 2 [ Aluminum Association
BEENTVE), basic, 5083 &z JIS H4000 ¢
@ié@ﬁ%tLﬂfMg(LO~49%)QMLC,Mn(Q4@v
1.0%) B Cr (0.05~0.25%) %44, £h%h Cu (0.10
%LF), Si (0.40% L F), Fe (0.40%LIF), Zn (0.25
%L T BT (0LI5%LT) & & bic, ZofioicHo
HEPOIB L FIHEINTV S,

LOEEBRENLEERERARL SN TV S DR,
VO E T RN, AR VIR g S, E
Moms BSHIAks 0 ctitds, ERAGEELTR
I 5B IOMENETN, ALMERITI WO TG
fHNEREDLDL VX D MBTEL2EML, Mg &%
RPUILBEELE VR INTVE M, BEHEDOH 55083684

%Ikt e L, 5356, 5183 & % L i3 5556 m)mM& b
ENENASOBRERSWHAN TR s oML, & K;’;UW'
SHWELERAMNT, o c ol h
TOBEOMNBIREVA LS,

CCTE, &9 EMOBMMEET R T &SR O
b, >NTEE UTHERTOFERS 2rhiic®
®L%WMWﬂ&OMWKWC&i;wwuwwm%mﬁ
DEEIT DTk

2. BHMOEMHNUEECRIZFTESHS OHE

2.1 Mg o

BRIOX S, JFEAE 7 v =9 L& EIEERT O]
MR S R IA DA OBEE LM T, LS T H g,
BHoBElicize AEBRL L, BHOWMEHDFNE (3

ERABEIK LS. LIZW-T, L OBBIE TR0k

*igEERE 16-2 (1978), 12
T TE T

MW OBKEMORE BEH N TH 3

% ¢, K@ Aluminum Association ci&b S5NTWV5
{EN L AI-Mg &6, T 5 50055 5 5456 12385 12
BHOa&RELEMM 7 v =9 411000 2 N ZE NIKE
MOTELERTEBHRAGEE2ELD2LR1DI I
WA, 3biwchd hMn, Cr, Z OB EAMITE K o
R e &2 WA LT, BlEMm s ((REME B/ E) & Mg
REDHEFEZHRTZEB®IOI b, $4DHL, Mg
BB S 2 G EIERRRCHE LA ENTES,
IhE b—oDREE LTI ERS E Mg &e oBEL%
BABBEEICL ORDB E, ZNFNRIRIMCEN 2T
BRI BRDI T 5

F/NB[#EM X (kg/mm?) =4.5Mg+7.1

fLEMTIER . (kg/mm?®) =4.4Mg-+9.5
(reizu, Mgid %)
253, 5083 ¢ 5456-0 A GO B/MER I EIc L b
BHBOT, L TREFNFN HE0.051~1.5001 5D
MREZR I, 2% TieEM Tl Mgl %o

L OBEm&E 2~3keg/mm2 I E LTS,

OB lER S & BERUENZRL, EMg oA
THIRRE D 33~38%, 15 Mg O &G THS0%TEE Tdh

30
& 52
£ [{ikey3IEm ;
_E 20 —‘1/;‘-4.4.1' +9.5 :
5 . ' -
< k
/ B VI Y
:é; y=4.5x+7.1
m“fglo 1100
e >
i

0

0) 1 2 3 4 5 6

Memk (%)

1 Al-Mg RE&EEMOTRRS & Mg itOB%
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£ 1 LR Al-Mg AGUCEM 0L BRIy & BRI ED
- ks (%) T R E RINGIR R 7»%1; “gg/[w }%f}ﬂi
1 I y |
o T T, W [ o0 gl m s | @ | o SO0k,
Bl g (kg/mm?)(kg/mm?) (%) (kg/mm?) |(kg/mm?) (%)  10mm (kg/mm?)(kg/mm?
1000, — | — | — | 91 35| 35 7.7 2.5 | 28 23 | 63 | 3.5
50050 0.8 — — 127 42 10.5 3.5 2 28 | 7.7 | —
5050-0 1.4 — | — | 14.8 5.6 24 12.7 42 0 20 36 105 | 8.4
5052-0 2.5 — |0.25 197 9.1 25 7.6 67 18 | 47 | 127 | 112
505-0 5 0.2 0.1z 20.5 | 155 | 35* 23(%) — | - -6 | 183 | 141
0.051~
28.1(080~) 127 | 16
5083-0 4.4 0705 205 14.8  22¢ | 27.4(3500) 1.0 16 17.6
7.001~
25.3(000~) 98 12
5086-0 4 | 0.4 015 267 | 12.0 & 22 24.6 98 16 | — 162 | -
51540 3.5 — |0.25 246 12.0 @ 27 211 | 7.7 18 | 58 | 155  12.0
5254-0 3.2 — 0.25 24.6 12.0 27 211 77 18 | 58 165 | 12.0
5454-0 2.7 0.8 0.2 25.3 | 12.0 @ 22 21.8 84 18 26 | 162 -
0.051~Y |
| 29.5()-381~) 146
54560 5.1 0.8 012 31.6 162  2¢ 288 -30~) 0 127 16
i : 7.001~Y |
| 26.7(8'000h1>§ 105 | 12
5570 1 | 0.3 — | 13.4 | 4.9 | 22 w2 . — 20 | 32 84—
5652-0 2.5 — 0.25 19.7 | 9.1 | 25 17.6 67 | 18 | 47 | 12.7 | 11.2

1) B 1.6 mm, BUAEEE2in, *ANERE 1in O AERE .

2) EEEENE 2in B D WVIZERD 4 5.
3)  RIdhGY, i 5 < 10° A 7 b,

%, AN RoENEE CEEdhy, Wik, 5x10°+
170 BENRFND|ER S D 60~T0% Rt 47~57% &
BChbH, HoiE Mg RoOWnE & biteRET 50,
ORI K E {5 <, 10 & A 5005 &4 C 25,5086 &4
TRHThHD, M Mghe & s, 70 2l
X (500kg, 10mm) 5005 & 6d 28 2> 6 5056 A& D 65
BETH,

ARSI RBEEOERTE L dIEL b, KRBT
bR A & i Mg BOZ W03 E81IEM S )
BREO, ALMgREZ &GS 7 v 1 =7 L 5EO5|RM
SEEMEOMEZRE K2V WRT, A b FEBED
2R,

2.2 Mn OZ8

Mn § Mg & & dicmaombiedsds, UL, £
OREIEMg3EELL{ LS, 80.8%0Mg»31.25%D
Mn 2475, C O 5005 Ad ko 3003 &&0 7
NENWEM ORI O TAB L ENTES, £, Al-
Mg & Mn 23073 Lims BT & daiBox 1
WKE>THABLEDNTED, i, Mn HOHINE & &
IT 9%,

2.3 2OHOTREORYE

AlFMgR & OB I 2 TERINTTE OB >
WTHZ COREBD Z M, —HlE LTAS ~5%Mg &
L B9 A WIFERE R 2 KR ¢

(1) Fe (0.8% % T) 138 6»5|RES L1214,

oz Firs.,

(2) Si (0.9%%7T) RiksOWINcHE LB,

B Cu (0.2%FT) BEELSLHBS 2 LY, HWMERET
dg5,

4 Ti (0.2%%7T) dmarhkiys,

(65) Zn (3% FT) &1 %% TR IITHHL LWL,
1% %A D EMIMBWML, MEMBFS,

(6) Ag ZMBHRMTS &, BT L HTH{lT5Y,

(1) Zr OWINMIBIRME 2455,

3. BAEMROBICRIEFITIEERTOEE

5083/ AT oM S I LTz, Cp3IREJLIES
BTHDH L EDL, —HTH#HM (& 21, ASME, LWS
P77017 &) s Tid, WHEEM OB & OR/DEK
fiti (JIS H 4000 ¢34 EL 0.5~80mm T 28kg/mm?®, 80~
100mm ¢ 27k g/mm?®) Pl EMEsRaN T3, L L,
ERICIE, MEYZ O ODBIR, WS B R MEFERR
BE X DB TSR 220, ZORELLT
HTFOREIVHEBELZMELSOERLAEL TV,

————— Ble LT, KABGC & 3 BN OB, ZEiGE, B
BEZELES &5 LY TRBOI A HAER, HikgH
WOMEERE, FTRAUAOBRBILLIBEL VDY LN,
ZOBERicdBESBEoERS CREMBOM, i,
#, BARRLEOBERMOEENEALLONG,
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80
70F
I BEDE
60 |-
50t 545407
6061-T6
(BHEDE £) c156. 0
5456.
% 10 <
=M X
YU
& 6061-T6
b 5454- O« 51541'-0
30 6061-T6 (BN % %)
“ 5052- 0, 6063- T6
5083- 0
5456- 0
20} 6061 T6 (520 1) NN \\\\\
<
5050- —
" 2000 60636 (32 0r 5 5
30030
101 N
1060- 0
ol v R R S |
—00 300 —200 100 0 100 200 300 200 500
wECF)
B2 Hixo7 v =L GosiEns SRy e OBER
3.1 BIEMS 9, B3N 4EEE Sk 3BRBESEE T

BERST DB S b b s s owE 7 — v
Bl & T), BESROFERS PR EE BHIT
EREXNTS, 7 20 ADRFEWEH R 7 — 7 I
DT, BEGEN T3 B a0, B4 E RRHE
DOIEIMT & 5 IBEERC, RERAIER L ICHTFOD | R
Bz e, —IEESR TERTA 0T, #$TFoMs
RIS A S AR, BEGBROBRI 2EZRMTILENH S,

ReBEEHEESBLEREASCE, Ti-B LELK
2SR O 5083-0 &4 (4.5%Mg, 0.73%Mn, 0.15%Cr)
ISHER ORI E i R TR OB 2 Z N EFNE
Wi OB KER VBEETCODVTHENTY S, Bil#E
Tk, VIEBETHEHE 1.6mm OEMK Y 1A Yick h, 241
Z1 11 800]/cm (14f8) M or20 760 J/cm (8 Jf) T4
L, BETRI VBN IO~ M 7L — NiEES
HE4mMm OB/ A vick b, £HF47 35000~38 000
J/em B ox 72 000~80 000 J/cm TFiW, HHEEEE M O 8k
FoOFRMBARY» 5, FERH 28 kg/mm® DL I-O#
BEBPELILDOEM 7 A Y OB 2RO TS,
RICFERO— 2 RT,

3

BB E e RIETHER Y 4 YipO ZFRFN Mg %o Mn ©
FHERRLUICSDTHS, £10, B5 K6 R AE
WA OFNFN AL 35 000 KX 75 000 J/em T & B
BB LR C#HFOBREE I RIZTERY 1 Yo Mg,
Mn RO CrBOEHE R4, cN 5D L hMg, Mn X
Cr &<z Mg D8I S OM e HE5 LTS C &b
PhH, CNLOFBEIHER 7 PORERTE LT,
BT Mg>44%, Mn>0.7%, Cr>0.07%, KER
T T Mgz=4.8%, Mnz>0.75%, Cr=0.1%»8 % L
EUTWVS, FUTKER:: 78T, HEmy/hABE
& BHHEBOBIRRS RO IBER D 1 ¥ O&aRS
(%)t ottt tELbsNT S,

Al s (kg/mm?) =1.53Mg-+1.96Mn+2.99Cr

+18.86

it} (kg/mm?® =1.04Mg-+1.76Mn+2.81Cr+6.61

(122U, EREME— 0508348 (4.5~4.6%Mg

0.6~0.75%Mn, 0.1~0.15%Cr))

ZoMboItkE UC, Fe ' Si g obima 2L,
Ti-B 3B 2 VIBHEORKR TR, ML,
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C :O. g . 0. g,
ol Cri0.05% pl  Cri0.25%
31 = 31+
A e ———
30+ D7<D . 30 A gl_>.<o
—~ i o« A
o A" & /
€ 2o € 2 .
& 6 ~ A.__-—-——-—""'"“
~ = o0 n
aj : A X -
= gl & A/ Z og / /
@ . w A °
. an 27t~ /
an = .
26 261 —e—  —O0— 0.05%Mn]
M —A—  —4—0.55%Mn
o5k st —E—— DO 1.00%Mn)
> ETERE EHE
16} 164
1 o — - — o
— 074 79 o %/__, >—<A
3 Py i
c 14 o 1ab- 7
£ & '/A \g ./A—__..__._.A
S~ PR — iy .
&u 13- | | / \;l/) 13k A /
= A— PY [ ]
R — = —
T ook ° R
11 11
104 19
0 ! 1 1
0t 5.’0 T 15 5.0 5.5
BT A vROMgE (%) i

@Y A TPOMER (%)

5 BEGEMNMOCHTORERS REHINCRIETERY 4 YihOA G0 (JUER T 7 #8:, A 35 000]/cm)

fle UT, Fe Mot Si ofiEMEic i T8 %, @2
FIBBESRBRI OV TRTIKRY .

TP EC C. BEROKER SHET, BEOR
kd B D5, BIRMRE RO REESRE L b T D135 25,
FIRAEL D /PABOEERO I BEhZFhKE,
UTedd- T, MFOR/NIRMS B L Tr’, RABDE
EGBOLY¥ERS &L ZO8ERE ¥—2OHEI LS 5,

—%, WETH, NS8a% (4.0~4.9%Mg, 0.5~1.0
%Mn) IEEESC LT, ASME TEsR a3 /N iER
X2B/EIHDOPEMIT b TS, 2 UTEHMEEM
MoZERS, & {icMgeéMn BSEELRFTHE EL
T, ROFE@mBBOLNTLE,Y

(1) NS8&&d Mg iz 4.5~4.9% HMBETH 5,

(2) NS 8 &4 NG 61 st (5.0~5.5%Mg, 0.6~1.0
%Mn, 0.05~0.2%Ti) CHESNENETH5D,

NS 8 & ou#cit, 4.7~5.5%Mg K& 0.10~
1.0Mn % &tr NG 6 #5045 T 4.5~5.5%Mg,
Mn<0.5%) 2HT~&TH3,

ZUT, #FOFRRs 2TMT S 320#HERL T
AH, F0O12%2bF5ERDEBHTHS (HB) ,

(3)

5

BlEm  (kg/mm?) =7.97-+3.10Mg(p) +2.20Mn
(p) +0.99Mg (f) +1.12Mn(f)
2L, AHEEE 7 900~21 400 J/cm O#E T D

N, TREF 4 VOO TNOEFICBTE, BlIEHa
EANBGT R EEENLENE LTS,

5, KEWR I VIEETE, AREPEERINIIRE SR
ANTVBEY,

AliEM & (kg/mm?) =21.1+1.38Mg(p)
+0.69Mg(f) —0.106Q
(iz12 L, 4.0~5.5%Mg, 0.6~0.7% Mn )
¢, Mg(p), Mn(p) : BhoMg, Mn & (%),

Mg, Mn(): iEinkteh o Mg, Mn & (%)

Q: MrHE Y b o A% (k]J/cm/cm)

5083-0 & 4:d Mg A oXMn & SEFEDFIRR S 20 T
i, WE6mm O %L 3 1 7 1 BIEERT, B
&BOMg $ 4.38~4.65%, Mn £ 0.48~0.68 ic k1T,
R2WRTE S, JIiEMS 30.1~30.9kg/mm* (%4
BOMBEBLENTE D, EREL HEE 6mm O VIEFKIC
k371 BEERcBL T, #EFO5REE & 28kg/mm?
Pb%85 i, 5HEGBEO Mg RO Mn IZZNEN 4.5
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g p Cri0.05% 31k Cr:0.25%
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& o9 © € ool o
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w27t - @ 2F
w e it
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e ) — e () e (254 b
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16 —a— —0— 1.00%Mn ]
15 151
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= oa pe —
.4 — a e
o “ —3 12t &
" EN
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& 1t E 1
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BT A vk OMeE (%)
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Experimental Studies on the Strength of
Bolted Joint in Aluminum Alloy Members

by Yoshio Takeshima and Sazuku Nakamura

Bearing tests were carried out with aluminum alloy 6061-T6 and 7003-T5 specimens which
had various edge and end distances. The effect of edge and end distances on the strength of bolted
joint in aluminum alloy members was investigated.

The results obtained are as follows :

(1) Fracture mode is either tension fracture at edge part or shear fracture at end part, the

former occurs when e.<(e.+d)/2, the latter occurs when e.> (e:s++d)/2, where e: is end distance,

e: is edge distance and d is bolt diameter.

(2) Existence of threads on bearing part has no effect on the ultimate strength, but it makes

the deformation larger.

(3) As regulations for edge and end distances of bolted joint in aluminum alloy members,

e1=2.0d and e.=1.5d are proposed.

. @ C & &

B EHLWVE ) Xy MEFGINIRTORE 2 hE 4
5 NF- O A DL (Bearing properties)
BhHb, ALCOADHSE N F 7 v oV ik &E7 v =
T A0 IRRE, WM, SANMEL & b, ¥
IEE D FRESRINTE b, Fi2, FEFO— Ak d 3,
FERE S L TR B X CREORE 2 H~ IoER>
bdHBH, DTN FLORLD b IBH OB E TO I
BRI LT EDLTEA LN TV EDATH S,

Vo lEd, BV dd RNy PREFORCANS T
EVZOCERR LT ARABSEBOEE, Tl osBE
R LTS 7 3 29 & GBS IR RY
(UTFREEEAERE P B L 7L T 20 A&5EH RS
WIRRETVER ST Y (T ERIEH SR EIFS) BT, &%
BB LS ENENR/MERIBESEE SN TS,

LT, EAMZRE»S, MER7V Iz 288
DR THIEL MEEINB LBV 2HMERF T
RIMPEHE % 2 A PSCE R AR 2 T 00, Koy bR
B S TRMERORE2H~L L b, BN
BEUT, HIESBSMERG DO THRE LI,

FEITE 7 0V 3 = AEREE L L oy A (Feb. 1978) ek
TR I

1

2. XEBECHETIES

=i, FAREPLIcEB L BASRII e EL TY
%0 56, WEKGI KRS I#ET23T, IO
BB T S, SORHEMEAZ L, ¢
DBIBIRIE < T, ERESHAL T, BANE i
LD b it s,

SEERG ) O 1 BT IR % 5 U T B B% 1 B e — Rl 2k
CTWBENSREOS &7, WEP, WiERd, WEti
Lo T TEHEING, T2, TFEOTH e EAOE
o LARDILE UTEHK SN, FLARSEIRE B0
iz @ TcEDLEINS,

7 =
K5

Op=P/dt
= ¢§/d
LIc#3io> T, Fig LIRS & D, WEE AOLRED
BIREEE S BRI L 3 AT LS 10T, 20%8%
HIENEXEOTAOMEGE RS, 2L T, BEOIEA2
% %L BXER 12X 7 (Bearing yield strength),
RSS2 37 F i & (Bearing ultimate strength) &
RY, RIS & XE O 9 A S EBI§ 2 MBEP TD Ov/Eb
XM E M scEicd3, Fig. licdochns ez
NER Ovy, Obu BELY Ey THRLI,



Vol. 19 No. 3, No. 4

P =Y N RGO L TR T 5 — S

(163)

O'bu \X
= Fracture
Do‘m
o
il
S ‘U 3
Pt P
<~2%~>I Ev=20/4d

Fig. 1 Typical relation between bearing stress
and bearing strain.
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Table 1 Tensile properties of test materials.

Plate Yield Tensile Elonga-
Material thickness strength* strength tion Remark #*
(mm) (kg/mm?) (kg/mm") (%)
27.1 30.0 17 A
6061-T6
25.1 28.4 17 B
10 28.2 35.4 18 A
7003-T5
10 28.7 34.5 19 B

*0.2% offset.
#¥A: Used for bearing test with unthreaded part of bolt.
B: Used for bearing test with threaded part of bolt.

i Bolt =
Gap for P Gap for .\ B Sleeve
displacement | | displacement
transducer transducer 7
_\E :L/ T~ i
> ;—-—$ L gl
Specimen
TS e

Fig. 2 Schematic diagram of test joint.
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Fig. 3 Bearing stress-bearing strain diagrams for
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Fig. 5 Appearance of 6061-T6 specimens after testing.
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Fig. 6 Appearance of 7003-T5 specimens after testing.
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Fig. 7 Effect of edge and end distances on fracture
mode of 6061-T6.
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Fig. 8 Effect of edge and end distances on fracture
mode of 7003-T5.
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Ultrasonic Testing of Welded Titanium
Tubes for Heat Exchangers and Condensers

by Michio washida, Teruo Kanamori and Tadashi Nosetani
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T IRER R A ARE (ML EBED) BRU I, JIS BvEiL
flE s Ty, ASTM Bk & o8 ASME ##80ER
RERBEEO TN »—HORMATH 505, BEMLRIH
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Fig. 1 Tubing line and nondestructive testing process.
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Table 1 Nondestructive standard specifications for welded titanium tubes for condensers and
heat exchangers.

| ASTM ASME
Designation Boiler and Pressure Vessel Code Section |
of B338-74 NB-2552 for UT
description NB-2554 for ET
Requirement E ET or UT UT or ET
Longitudinal notch or drill hole UT: Longitudinal notches | ET: Circumferential grooves
(1) Notch width : 1.59mm or less | and a drill hole
width : 0.787 mm or less Depth : 5% of thickness = (1) Grooves
Depth : 12.5% of thichness or 0.10mm width : 1.59mm or less
or 0.102 mm Length: 25,4mm or less : Depth : 5% of thickness
il:::ir;r;;e Length: Compatible with the Place : Outside and or 0.10 mm
method inside Length: 25.4mm or less
Place : Outside surface Place : Outside and
(2) Drill hole | inside
Dia. :0.787 mm or less ! (2) Drill hole
Dia. : 1.59 mm or less
Tubes with output indications less
Acceptance than the indication of the refere- | Same to the left
standard
nce flaw

Wb, COBRRE TR oo =9 28D AE
CL #4& (Atomic Energy of Canada Limited.) iz $i{l
LT DThH B,

2.3 BEEBREROEE

Table 2 i BH B BOH R, F12 Fig. 2
BN B RIRL 1o, AFas 7 38.1mm ¥ TR
F o = LERMTAR & O PSR EGI DV TE
WY CHRE T EIZHL T3,

Table 2 Specification of ultrasouic testing system

Outer diameter 6to 38.1 mm
Tube Length Min. 2.5m
Fig. 2 General view of the ultrasonic testing
Feed rate Max. 40 m/min (continuously) system installed in Mikawa plant for
Type Line focus (1% x4 ¢mm or 6 ¢mn) welded titanium tubes.
Material BaTiOs
Probe s . .
Frequency  5MHz INTVE, Fig 4 2o o — 2k T 6L i2kiE
Number Four for longitudinal and Do—-2DHBERTHH, AROAEMTBEE s H
transversal defects in pair TWBEDNAZ L, HETHBTELCNSOBEMTICLE 3
Rotating probes B OEMBAH B ROMY Th b, BEENLEENER
Scanning| Rotating speed Max. 6,000 rpm (continuously) Nz,
‘ Pulse repeti- 1+ o0ki, (continuously) L1 ¢ ®3HE b o Y8 S5 ik (Clockwise-circumferen-
| tion frequency .
tial shear wave)
L2 : REEEHE b MRSk  (Counter clockwise-
2.3.1 BEFoicE circumferential shear wave)
Fig. 3 1</RU 12 & 5 iz 4 [AD#MT (Transducers or T1 : FiE9 5 @5 e #s% (Forward-axial Lambwave)
Probes) M&® E b b % [EHE T 5 EE#ET (Rotor) iz i T2 : #%iBT 385ME (Aft-axial Lamb wave)
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Fig. 3 Positioning of four transducers mounted on rotor in pair for
longitudinal and transversal defects ; these are used for testing
of L1, L2 ; longitudinal defects
T1,T2 ; transversal defects.
Defect Tube wall

Sound beam
Sound beam

I'ig. 5 Ideal ultrasonic inspection with clockwise and
counter-clockwise propagating sound beams

to detect all the defects regardless of defect
orientation.
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four transducers; it rotates at 6000 rpm around equipment) (&%t » 7Y » " (Condencer coupling)

the test tube straightfoward fed through sen- - TIEEAMc R ah T 5, ZOBEEAR KD L

tering device and tube driving component 7 =3 (Pulse repetition frequency) i3 fgA 20KHz ¢

resulting in herical scanning of the full lengh. dHh, v—&EHER 6000 rpm Fizds iy 2% 38.1 mm @
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Fig. 6 Line focused transducer mounted in the rotor.
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Fig. 7 Energy distribution of the line-focused
transducer (1x4 mm) used for testing of
welded titanium tubes.
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Fig, 8 Path of shear wave in tube wall
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Fig. 9 Illustration of echos on CRT from longitudinal
defects on outer and inner surfaces when app-
ling a shear wave method (ordinate: echo height
on CRT(%), abscissa : rotation angle (deg) or
time (sec), OD# and ID#»; see Fig. 8).
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Fig. 10 Shear wave reflection from artificial flaws on
outer and inner surface in the system (above
and below figures respectively ; tube size :
19.05* %< 0.5¢, notch : 0.15¢ x0.2% x104).
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Fig. 11 Cross section of artificial flaw by electric
discharge method (depth : 0.1 mm, width :
0.2 mm, wall thickness : 0.71 mm).
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Fig. 12 Echo height of a reference specimen (RT11-F1)
(tube size : 25.4%><0.7!, notch 0.2 < 10%),
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Fig. 13 Relationship between depth of artificial flaw
(notch) and echo height (tube size: 25.4% < 0.7/,
noth : 0.2 x<109).
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Fig. 14 Relationship between length of artificial flaw
(notch)and echo height(testing speed: 18 m/min.,
tube size: 19.05°x 0.5, notch : 0.2¢ x0.2*).
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Fig. 15 Offset defect accompanied by low inside weld.

(c) Cross section of crack in seam (X 50) (a) Cross section of excess inside deposit (> 20)
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(d) Chart of defect echo

(b) Chart of high weld echo

Pig. 16 Crack encountered at the portion of locally
low inside weld with a few 10 mm of length
Almost all the cracks were the case.

Fig. 17 Echo height of high inside weld.
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