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Corrosion Resistant Copper Alloy Tube and
Fin-Tube Heat Exchanger - ,

The present invention relates to an corrosion résistant

copper alloy tube which is used as a refrigerant copper

5 allecy tube or a heat exchangsr copper alloy tube and a
fin-tube heat exchanger which is used for an |
air-conditioner, particularly relates to an corrosion
resistant copper tube and a fin-tube heat exchanger having
improved corrosion resistant property against an ant-nest

10 type corrosion. ,

A tube which was made of copper deoxidized by
phogphorous has been widely used for the conventional
refrigerant tube or the conventional heat excharnger tube
generally due to its better bending and brazing properties.

15 In these tubs, however, organic materials such as
lubricant olil or process oil and organic solvents
unavoidably remaining on the surface of the fins and tubes
after the tubing and fabrication processes may decompose
during the repeatad deposit and eyvaporation of water dus To

20 a coolant and during the exposure to peculiar -
temperature/moisture and air-exzchange environment created as
a nature of its construction to form carbonic acids which
cause peculiar corrosion showing local ant-nest type
corrosion-on the surface of the tube.

25 | Thus, a large amount of lubricant oil hag been used in
the fabrication process of the heat exchanger, however
considering recent envircnmental problems there is a trend
+to avoid the digressing wash by organic solvents and rather
to use volatile lubricant oil instead of such oxrganic

30 solvents. In this case, even though the base oll itself 1is
volatile, such lubricant oil still contains some oil
additives which may remain on the surface of the copper
tube.’
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Therefore, there is an increasing risk for the ant-nest
typa corrosion in future according +o more ussge of valatile

- Jubricant oil, compared to the case the degrase wash was

performed using organic solvents. Reflecting such
circumstance, measurements for the ant-nest type coxrosion
are attracting the attention of the industry as one of
serious problems. Further, increase of remaining organic
materials on the surface of the copper alloy tube is

 areating another problem of poor conjunction of tube;during

the brazing which is used as a major method for the tube
connection. Therefore, development of a copper alloy tube
having superior corrosion resistant and brazing properties
than the conventional phosphorous deoxidized copper tube is
desired ag a tube material for the refrigerant tube or the
heat exchanger tube.

Further, the fin-tube heat exchanger used@ for an

. air-conditioner is gemerally fabricated using aluminum or

aluminum alloy plate fing provided with tube insertion holes
and copper tubes. Inside the insertion hole, a tube-type
fin collar is provided. Many of said fins are placed in
parallel and the copper tube is insexrted into maid fin
collar so as to commect each fin. Then, this tube extended
and fixed on the fins. And the heating medium is allowed to
flow through the inside of sald tube and its heat isg
transmitted to and radiated from said fins. In this
fin-tube heat exchanger, said plate fins are made from
aluminum or aluminum alloy due to its thermal conductivity
and cost, and, for said tube, the copper tube is widely wsed
from the stand points of its thermdl conductivity and
corrosion resistant properties. For thls copper tube, a
pure copper called as phosphorous refined copper is mainly

used.
However, in thase conventional fin-tube heat exchanger,



10

15

20

25

30

"~
- -

organic materials such as lubricant oil and organic solvants
used in the processes of blanking and extending of the tube
unavoidably remain on the surface of the tubes, and these
organic materials are affected by repeated deposit and
evaporation of water during storage of fins and tubes or
usage as tha heat exchanger. These organic materials are
also exposed to the peculiar temperature/humidity and
air-exchange enviromnment during usage of the heat exchanger.
Under such conditions, these organic materials decomposed to

" form carbonic acids which cause the peculiar local corrosion

showing the ant-nest type corrosion, resulting in leakage of
the tube fraguently. - |

In addition, as aforementioned, although a large amount
of lubricant oil has been used during fabrication process of
the fin-tube heat exchanger, considering recent
envirpnmental problems there is a trend to avoid the
digressing wash by organic solvents and rather to use
volatile lubricant oil instead of such organic solvents.
Even though the base o0il itself is volatile, such lubricant
oil still containg some ¢0il additives which may remain on
the surface of the copper tube. Therefors, the amount of
organic materials remaining on the surface of raw materials
is in trend towards increase compared@ to the case of
digressing wash by organic solvents and the risk for the
ant-nest type corrosion is higher than the past. i

Under such circumstance, measurements for the ant-nest
type corrosion of the fin-tube heat exchanger are attracting
the attention of the industry as one of serious problems,
and development of a f£in-tube heat exchanger having superior
corrosion resistant property against the ant-nest type
corrosion is desired. .

The object of the present invention is to provide an
corrosion resistant copper alloy tube having better
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corrosion resistant property against the ant-nest type
corrosion even though exposed to the phenomenon specific to
the refrigevant tube or the heat exchanger tube; that is,
repeated deposit and evaporation of water, and used undﬂr
the peculiar envirommental conditions of
temperature/humidity and air-exchenge, and having better
brazing property so that capable of increasing its integrity
and life span as the refrigerant tube or the heat esxchanger
tube. . s
The another object of the present invention is to
rrovide a fin-tube heat exchanger having better corrosion
resistant property against the ant-nest type corrosion even
though affected by the phenoﬁenon gspecific to the fin-tube
heat exchanger:; that is, repeated deposit/evaporation of
water, and used under the peculiar environmental conditions
of temperatura/humidity and air-exchange so that carbonic
acids ars formed, and capable of increasing its integrity
and life span.

A corrosion resistant copper alloy tube according to
the present invention consists essentially of 0.05 to 1.5
wt.% of Mn, 100 ppm or less of oxygen, and Cu and inevitable
impurities.

The corrosion resistant copper alloy tube according to
the presaent invention shows better corrosion resistant
property against the ant-nest type corrosion which
specifically may occur in the conventional refrigerant tube
or the heat exchanger tube made of phosphorous deoxidized
copper; that is, the ant-nest type corrosion which may occur
under the conditions of affecting repeated deposit angd
avaporation of water and peculiar environmental conditions
of temperature/humidity and air-exchange, and shows bettex
brazing property. Therefore, it is capable of increasing

its integrity, spplicability and life span as the
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refrigerant tube or the heat exchanger tube. Thue, the
prasent invention is very useful. '

A corrosian resistant.boppgr alloy tube for a heat
exchanger according to the present invention, compriseé a
main tube body including s copper alloy tube and an oxide
film formed on the surface of said main tube body in the
thickness of from 30 to 3000 A by ozidizing the surface of
the main tube body. 8ald copper alloy consist aessentially
of at lesast one additive element at 1.7 to 3.0 wt.% in
total, the volume ratio of oxide theregf to Cu base metal
(ratio of molecular volume of oxide to atomic volume of Cu
base metal) being within 1.7 to 3.0, and Cu and inevitable
impurities. The additive element or elements remaining in
sald copper alloy is solid solubilized into Cu base metal.
The differential natural electric potential between said
oxide film and phosphorous deoxidized copper in 0.1 v.% of
formic acid solution is within the range of from 0.2 V to -
0.2 v, '

In the conventional heat exchanger copper tube made of
phosphorous deoxidized copper, the corrosion resistant
property was obtained by the oxide f£ilm on the surface
thereof. However, under the environmental condition
allowing to contact with corrosive media such as carbonic
acids having a strong oxidative effect, the oxide film on
the surface of copper alloy tube is vigorously eroded so
that the corrosion protection by the ozide f£film is
dastroyed. In order to improve the corrasion resistant
property against the ant-nest type corrosion compared to tha
ordinary phosphorous deoxidized copper, it is necessary to
form more finexr and less defect omide film con the surface of
tube. The presant inventors found that such oxide film can
be obtained by adding certain additive elements to copper
alloy and then oxidizing the surface of these copper slloy
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materials. :
The heat exchanger copper alloy tube according to the

Present invention has higher corrosion resistant property

against the ant-nest type corrosion than the conventional
rhosphorous deoxtidized coppet tube being used for the heat
exchanger and therefore very usaful as a capper alloy tube
for the heat exchanger used under the environment containing
carbonic acids easily causing the ant-nest type corrosion.

A fin-tube heat exzchanger according to the present
invention comprises: a main tube body including said copper
alloy tube according to claim 1, 2 or 6, and a plurality of
plate type fins of aluminum or aluminum 2lloy placed in
parallel each other on the outer surface of the main tube
body. In this case, said copper alloy main tube body is
preferably to be an internally grooved tube having &
plurality of grooves provided in parallel each othex on the
inner surface thereof, the outer diameter of said copper
alloy main tube is 4 to 25.4 mm, the ratio h/Di of the depth
h of the groove to the inner diameter Di of the tube defined
by the crest part between the grooves is 0.01 =< h/Pi < 0.05,
and the helix angle ¥ 1s 0° £ y < 30°.

Compared to the conventional heat exchanger using
phosphorous deoxidized copper tube, the fin-tube heat
exchanger according to the present invention is superior in
the corrosion resisgtant property against the ant-nest type
corrosion which easily occurred when affected by repeated
deposit snd evaporation of water and expased to the peculiar
environmental conditions of temperature/humidity and
alr-exchange, therefore it is very useful as the heat
exchanger used under such environmental conditions.

Further, the fin-tube heat sxchanger according to the
presenf invention is different from the conventional

phosphorous refined copper tube; since the copper tube
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containing elements inferior in the electric potential to Cu
is used, the potential differance between the tubes and the
fins (made of aluminum or aluminum alloy) can be reduced.
Therefore, since the electric corrosion of the fins can be
reduced, decrease of the thermal conductivity can be

minimized during ite use and the initial thermal

conductivity can be maintained for a longer period.

A corrosion resistant copper alloy tube according to
the present invention comprises; a main tube body containing
at least one additive element having the standard eﬁthalpy
of -169 kJ for formation of an oxide at the amount within
the range shown by the equation 1 below, and an oxide f£ilm
formed on the surface of said main tube body in the
thickness from 40 to 2000 A by the heat treatment of the
main tube body. The ratio Ix/Icu of the maln peak intensity
Ix of said additive element to the main peak intensity of Cu
abtained by X-ray Electron Spectroscopy on the surface of
said oxide film is 0.10 oxr greater.

0.04 £ L [Ax - In(AH°f(x)/(~169))] £ 4.2 ........ (1)
where, Ax ig the coantent (atom %) of additive element z.

In is patural logarithm.

AB°£(x) is the standard enthalpy (kJ/mol) for formation
of oxide of additive element x.

¥ is the sum of Ax  In(aH’£(x)/(~-169)) for each
additive element. i

The corrosion resistant copper alloy tube according to
the present invention, because the oxide f£ilm containing the
pre-determinad amount of certain additive elementg is formed
on the surface of main tube body, shows a superior corrosion
resigtant property =gainst the ant-nest type corrosion which
specifically occurs in the ordinary refrigerant tube or the
heat exchanger tube consisting of phosphorous deoxidized
copper tube: that is, the ant-nest type corrosion which may
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occur when affected by repeated deposit and évaporation of
water and exposed to the psculiar envirommental conditions
of temperature/humidity and air-exchange, and capable of
increasing its integrity and life span as the refrigerant
tube or the heat exchanger tube, therefore the present
invention is very useful.

Fig. 1 is a plain view showing the fin-tube heat
exchanger according to an embodiment of the present
invention. .

Fig. 2 is a sectional view in the direction of the tube
aris of the game. _

Fig. 3 is a sectional view of the tube thereof.

Fig. 4 is a enlarged sectional view of a part of the
tube thereof.

As a resuvlt of having conducted a series of diligent
research to develop a copper alloy tube resistent to tha
ant-nest type corrosion, the present inventors found the
followings.

That is, in the copper alloy containing the
pre-determined amount of Pn and maintaining the oxygsn
content at the pre-determined level or less as described in
the present invention, the corrosion resistant property is
extremely improved compared to the conventional phosphorous
deoxidized copper. Further, when at least one element from
P or B is added to said copper alloy at the pre-determined
amount, the brazing property is significantly improved
compared to the conventional phoSphorous deoxidized copper.
The present invention was made based on these experimental
results.

Then, the reason for addition of each component and for
regstriction of the composition will be fully explained.

Mn

The corrosion resistant property against the ant-nest
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type corrosion is improved by adding Mn. However, in case
the Mn content iz less than 0.05 wt. %, sufficient
improvement effect of corrosion resistant property against
the snt-nest type corrosion can not be achieved. The Mn
content of 0.1 wt.% or more is prefexrable and by these
contents further improvement can be observed. Meantime, if
the Mn content exceeds 1.5 wt.%, resulting tube iz not
practically suitabhle because its resigtance strength becomes
higher so that banding property as tube decreases. .
Therafore, the 3o content should be within the rangé from
0.05 wt.% to 1.5 wt.%.

Oxygen content .

During the melting praocess of the copper alloy,
inclusion of oxygen at certain level is unavoidable, but if
oxygen exists in the base copper metal at the level
exceeding 10 ppm, the hydrogen embrittlement may occur
during the brazing process widely used for commecting of the
copper tubes and resulting product is not yet strong encugh
for practical use. Therefore, the oxygen content is
restricted to 100 ppm or less.

First group elements (B, B, 1Ii, Pb, Sb)

All of P, B, Li, Pb and S§b are allowed to add as the
deoxidation agent or as elements to improve the strength,
but if total amount of these elemenis exceed 0.20 wt-%, the
corrogion registant improvement effect of Mn against the
ant-nest type corrosion may decrease and the hot working
property of the tube may decrease. Therefore, the amount to
be added of each element belonging to the first group should
be restricted to 0.20 wt.% or less in total.

Second group elements (Cr, Ti, Zr, Al, Si)

Cr, Ti, Zr, Al and Si are allowed to add in order to
improve the strength and the heat resistance of the copper
tube. However, if the content of these elements exceeds
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0.50 wt.% in total, the brazing property may decrease, the
bending property as tube may decrease due to increase of the

. prouf stress and decrease of _the expendability, and the

corrosion resistant lmprcvement effect of Mn against the
ant-nest type corrosion may also decrease. Therefore, total
amount to be added of each element belonging to the second
group should be restricted to 0.50 wt.% or less.

Third d _group elements (Mg, Fe, Co, _Ag, ¥n, As).

Mg, Fe, Co, Ag, In and As can be added in order to
improve the strength and the heat resistance of the copper
tube, but if the content of these elements exceeds 1.0 wE. %
in total, the bending property as tube uay decrease due to
increase of the proof stress and decrease of the
expendability. Therefore, total amount to be added of each
element belonging to the third group should be restricted to
1.0 wt.% oxr less.

Fourth group elements (Zn, Ni)

Zn 2nd Ni are added in order to improve the strength
and the corrosion resistant property of the copper tube, but
if the amount to be added of these elements exceeds 5.0
wt.¥, the bending property as tube may decrease due to
increase of the proof stress and decrease of the
expendability. Therefore, the amount to be added of each
element belonging to the fourth group should be restricted
to 5.0 wt. % or less.

P

P is usually added as a deoxidation agent during coppex
rafining process or as the element to improve the strength
of the copper alloy tube, but if P is added together with
Mn, the brazing property of the copper alloy is improved
further compared to the conventional phosphorous deoxidized
copper.

At the heated state (at 700-900°C) during the brazing
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process, P reduces Cu and Mn oxides so that P.is effective

to improve the brazing property. Howavar, in the
conventional phosphorous deoxidized copper, P on the copper
surface is lost by sublimation due to high temperature
during the brazing process and can not give sufficient
reduction effect, However, in the copper alloy containing P
and Mn, P concentrated on the copper surface forms reactiocn
products with Mn added together which inhibit sublimation of
P, resulting in sufficient exhibition of the reduction
effect during the brazing process.

However, if the P content is less than 0.002 wt.$%,
sufficlent improvement of the brazing property can not be
achieved. Preferably, the P content is 0.005 wt.% or more
s0 that furthex improvement of the brazing can be observed.
On the other hand, if the P content exceeds 0.15 wt.$, the
corrosion resistant property against the ant-nest type
corrosion mey decrease. Therefore, the P content should be
reatricted to the range from 0.002 wt.% to 0.15 wt.%.
Further, if the Mn/P ratio is less than 2, the smount of P
edded is higher than the amount of Mn added and sufficient
improvement effect against the ant-nest type corrosion can
not be obtained. On the othar hand, if the Mn/P ratio
exceeds 100, the amount of P added is tooc lowexr then the
amount of Mn added to obtain the improvement effect by
Mn-phosphate compounds. Therefore, the Mn/P ratio should be
restricted to the range from 2 to 100.

B

- Similar to P as aforementioned, alsco B is generally
used as a deoxidation agent or as an additive to improve the
strength, but the brazing property may be improved by adding
together with Mn. The effect of B in improvement of the
brazing property is similax to the effect of P, B
concentrated on the surface reacts with Mn to form borites
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80 that sublimation of B may be inhibited and sufficient
reduction effect of B may be obtained undexr high temperature
during the brazing process.

However, if the B content is less than 0.002 wt.%,
sufficient improvement effect of the brazing property can
not be obtained. To obtain sufficient improvement effect of
the brazing property the B content is preferably 0.005 wt_%.
If the B content exceeds 0.15 wt.%, the corrosion resistant
property against the ant-nest type corrosion may decrease.
Therefore, the B content should be restricted to thé range
from 0.002 wt.% to 0.1 wt.%. Meantime, the Mn/B ratioc is
less than 2, the amount of B added iz too high compared to
the amount of Mn added to obtain sufficient effect of the
corraosion resistant property against the ant-nest type
corrosion. If the Mn/B ratio exceeds 100, the amount of B
added is too low compared to the amount of Mn added to
obtain gufficient improvement effect of the brazing.
Therefore, the Mn/B ratio is reetzricted to the range from 2
to 100.

P and B

As aforementioned in the sections for P and B, P and B
have similar effect against the brazing property and, if P
and B are sdded together, improvement effect of the brazing
property can be cbtained. In this case, the ratio of Mn and
P plus B; that ig, Mn/(P + B) is preferably restricted to
the range from 2 to 100.

Inevitable impurities

In the present invention, Sk is an inevitable impurity.
During the manufacturing process of the copper alloy tube,
inclusion of Sn is unavoidable. If Sn exists in the copper
alloy at the level of 0.01 wt.¥% or more, improvement in the

corrosion rasistant property of copper alloy tube by
addition of Mn is deteriorated. Therefore, thae inevitable
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impurity Sn is restricted to less than 0.01 wt.%.

As mentioned above, in the present invention, the
copper alloy tube for the refrigerant tube or the heat
exchanger having better corrosion resistant property against
the ant-nest type corrosion than the conventional
phosphorous deoxidized copper and further more practical and
having better brazing, hot working and bending properties as
tube can be obtained by adding Mn at the amount of said
range and at the same time by controlling the;oxygen content
within said range and by restricting the content of each
element shown in the first, second, third and fourth groups
as wall as the composxtion ratio of Mn and P and/or B within
said range. .

Then, the properties of the copper alloy according to
the embediment of the present invention will be fully
explained comparxing to the reference alloy.

The tube materials (0 materials; 9.5 mm in outer _
diameter; 0.3 mm thick) listed in Tables 1 and 2 below were
prepared by melt casting, hot extrusion, cold forging, and
heat treatment processes, and the corrosion resistant
against the ant-nest type corrbsion, brazing, hair-pin
bending, hot working and hydrogen embmlttlement were
evaluated,

The method used for evaluation of each property is
shown below. ’
Corrosion resistant against the ant-nest type corrosion

Test pieces were;éxposed to the eanvironment of formic
acid and acetic acid ag typical carbonic acids, and the
maximum corrosion depth was determined after corrosion. The
test conditionz ware as follows:

Corrosion medium:

100 ml of 1% agueous solution of formic acid or 1%

solution of acetic acid. '
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Exposure condition:

the test piece (100 mm long) was dipped into deionized
water in a bezker which was placed in a one liter contalnar
containing said corrosion medium, then the container was
sealed.

Temperature and testing pexiod:
maintained at 40°C for 20 days.
Brazing property '

Pre-determined amount of the phosphorous copper brazing
filler metal (BCuP-2, 1.6 mm in diameter, 10 mm long) was '
Placed on each test piece (half cut of the tube) and these
test pieces were maintained at 850°C under nitrogen stream

-for 10 minutes, then the length of diffused brazing filler

metal was determined. The piece was a half cut of the tube
with 300 mm long.
Hair-pin bending property

The 1B0° bending test was carried out using a mandrel
with 8.7 mm in diameter at the pitch of 25.4 mm, and the
presence of wrinkling and broken-ocut in the bending part was
observed.
Hot working

Using test sample, 15 mm in diameter and 15 mm long,
selected from the ingots, the drop hammer test with the
deformation rate of 50% was carried out at 850°C, and the
pregence of cracke was determined.
Hydrogen embrittlement

The test pieces were subjected to heat treatment at
B50°C under hydrogen stream for 30 minutes and then the
cross section was observed for cracks by hydrogen
embrittlement. '




Table 1 (1)

-SI-

Maxt { v
Compostion Oxygen Corrosion Brazing Hair-pin Hot
(Waight % ) Contant Tangth Property | Banding Warking
{20m) Property
Mn » Others {ppn) Foxmio Acid | Acetlc asid

al 0.08 s 0.001 [< (.00L g2 0.03 0.01 O O O
a2 0.12 =< 0.001 |< 0,001 70 0.02 0.01 Q Q O
Al 0.27 < 0.001 < 0,001 63 g.01 - O e O
Ad 1.02 s 0,001 s 1.001 55 - - Q O [®)]
A5 2.08 < 0.001 s 0,001 45 - - 0 Q @)
A& 1.05 0.12 < 0.001 35 0.0l - 0 O 0
A7 0.97 0.023 B:0,10 30 - - Q Q O
A8 0.95 0.025 Lii0.11 32 0.01 - 0 0O Q
a9 1.08 0.025 Phi0.13 45 0.01 - &) O O
Example] A10 1.10 0.027 Shi0.12 48 0.01 - Q ®) O
All 1.05 0.024 Cr:0.40 45 - . To- O O 5)
al2 1.04 0.024 Ti:0.386 40 0.01 - (8] O o]
All 1,03 0.022 Bri10.36 4l 0.01 - Q O O
aAld] 1.05 0.023 Al10.37 40 0,01 - 0 0 Q
A1S| 0,98 £.025 8i:0.41 45 - - O Q 0
aAlé 1.01 0.027 Myg:0.78 43 0.0l - O 0 0
al7] 0.95 0.027 Fa:0.72 40 - - 0 Q 0
AlB| 0.97 0.026 Ca:0.70 42 - - [0) Q (@)
als| 1,02 0.023 Sn10.75 45 0.01 - 0 (@) Q
A20] o0.9% ¢.023 h9:0.74 44 - - O Q Q
a21] 1,03 | 0.028 Ins0,.72 - 46 0.01 - o) Q O
x22] 1,01 0.024 Ag:0,68 S0 0.0l - [s] O 0
A23 1,05 0.022 2n:3.08 45 - - O ) 0
A24 0.98 0.028 wi:3.02 42 - - O Q o]
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Table 1 (2)
Maximam
Compostion Oxygen Corroaion Hrazing Hailr-pin Hot
{welght % ) Content Iangth Propssty Banding Working
{ o) Proparty
Mn P Others {ppin) Pormlie Roid | Acetlo Raid
A25 1.03 0.11 Al:0.35 35 2.01 - 0 O O
8n:0.7%
Znt2.353
A26 1.05 s 0.001 B:0.10 o - - O 8] O
Cr:0.30
Ni:3.05
Example [ A27 1.00 = 0.001 Li:0.12 38 - ~ O O 0
ZI.‘:O «35
Ags0.72
A28 1,02 0.035 Pb:0.10 43 0.01 - O 0 O
Fe:10.73
In:D.70
A29 0.98 9.023 5410.37 48 0.01 ) ) ] o]
Af10.68
AN 1,02 0.022 Ti:0.34 55 - -
Co10.7%
all 0.98 0.027 3b:0.10 53 0.01 - 0 O o
Mgs:0.70

_91_
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Table 1 {3)
Haxtibnam
Comportion Oxygen Corrosion Brazing Hair-pip Bot -
(Weight % ) - Content Length Property Bending Working
{ mm} - | Property
Mn P Others {ppm) Formic Acid | Acatic Acid

A32}| «<0.001 4.025 s 0,001 60 .20 0.08 O Q O

A33| 0.025 0.024 < 0.001 56 0.18 0.07 ) ra) o)

A34 1.72 = 0,001 s 0.00] 40 - - A fay O

A3S t.12 0.001 < 0.001 125 0.05 0.02 X% O O

R3S} 0.10 ¢.26 s 0.001 30 0.10 0.04 o) @) ®

A37| 0.09 [ = 0.001 B:0. 28 32 0.08 0.03 0 A X

A38 0.12 ¢.001 Lit0.24 43 0.08 0.03 Qi O %

A39 0.08 1.025 Ph:0.27 30 0.10 0.04 (8] Q X

A4l .11 0,023 8b30.25 52 0,09 0.03 Q. 0 X

Adl 0,10 0.024 Cr:0.68 43 §.03 .01 O X Q
Compatra-| Ad2 g.11 D.026 T1:3.65 50 0.05 0.02 H b Q
tive {ad3 .11 0.025 2r:0.70 55 0.05 0.02 fa X Q
Exampla | 244 0.12 0.022 Al:0,70 58 04.07 Q.43 A fay O
AdS 0.10 0.021 81:0.55 52 ¢.06 9,02 A x Q

A46 0.09 0.025 Mg:l.25 51 0.05 0.02 O H 8]

247 0.10 0.021 Fa:l.28 48 0.10 0.03 Q X O

alB 0.11 0,024 Cosl.24 45 0.08 ¢.03 . 8] X Q

A4S 0.11 0.027 Ensl.32 58 0.12 0.04 Q A (o)

A80 0.10 0.028 Ag:l .20 50 0,03 0.01 Q A Q

asl{ 0.12 0.020 Inel. 23 53 0.08 0.03 o] A 8]

A52 0.12 0.026 Az11,27 47 0,06 0.02 0 X A

A53 0.13 0.023 Zni7.52 49 0.02 0.0l 0 A 0]

A54 0.10 0.025 Ni:7.05 50 0,02 0.01 Q A O

—LI-
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Table 2
Compostion Ratio Oxygen | Maxinum | Length of Bair-pin Bydrogen
Mn/(P+B) | Content [Corrosion|Wetted Area| Pending | Embrittlement
Length Fropexty
Mn P B { Ppon) {mm) _{zm)

A55 [ 0.068 | 0,005 | <0,001 12 76 0.06 120 '®) O
AS6 | 0.10 | 0.025 | <0,.001 4.0 32 0.05 130 O [8)
A57 | 0.30 | 0.004 | «0,001 75 74 G.02 110 #)] O
A58 | 0,33 | 0,015 | <0,001 22 55 0.03 120 0 O
RS9 | 0,32 | 0,040 | <0.001 8.0 25 0,04 140 '9) 0
A60 | 0.96 ; 0,012 | <0,001 80 46 - 100 (8] 0
Bxample | A6l | 1,05 | 0.030 | <0.,001 35 30 - 110 [e) 8]
a62 | 1.21 | 60.120 { <0.001 1D 16 0.03 130 [ [8)
A63 | 0,32 |<0.001] 0,005 64 60 0.01 110 () ()
as4 { 0.31 |[<0.001| 0.028 16 40 Q,02 130 O 0
A65 | 0.28 j<0.001]| 0.080 5.6 30 0.03 150 @] 0O
AG6 | .30 | 0,008 0.005 30 56 0,02 120 8] O
A67 | 0,32 0.020 0.020 8.0 28 0,03 140 O (@)
A68 |<0,001{ 0.025 | <D.001 - 45 0.20 100 O O
A69 | 0.02 | 0.005 | <0,001 4.0 B0 0.1% 10q O O
A70 | 2.04 | 0,040 | <0.001 51 23 0.01 6d X O
A71 | 0.08 | 0.001 [ <0.001 80 a5 0.04 BO 0 O
A12 1 1.08 | 0,205 ] <0.001 5.3 18 0.14 130 A O
A73 | 6.10 ; 0,100 } <0,001 1.0 33 0.25 130 0 (@]
Comparative] a4 | 1.00 | 0,005 | <D,001 200 42 - 54 O. Q
Example | A?5 |<0.001{<0.p0l1] 0.020 - 19 0,18 100 0 [s)
A6 | 0.06 {<0.001| Q.001 60 30 0.05 890 0 O
AT | 1.05 [<0.001| 0.182 5.8 20 0.16 130 A O
278 ] 0.10 |<0.00L]| 0.090 1.1 3a §.23 130 0 QO
a7 | p.96 [<o0.001] 0.006 160 47 - 60 O Q
ABO | 0.12 | 0,060 0.035 1.3 31 0.24 120 [e) O
2811 1.02 | 0.005 | 0.003 13p 44 - 70 O O
82 | 0,30 | 0.015 | <0.001 10 180 6.03 130 O X

_8'[.-
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In Table 1, "—" under the heading of "maximum
corrosion length” stands for "no corrosion". Under the
heading of "brazing property”, "O" stands for "good
wettability of brazing filler metal”, "A" for "poor
wettability of brazing filler metal"”, "X* for “"presence of
hydrogen embrittlement”. Under the heading of "hair-pin
bending property”, "O" stands for "good bending”, "A* for
"presence of wrinkling®™ and X" for “presence of '
broken-ocut”, Under the heading of "hot working", "O"
stands for "good® and "X" for "presence of cracks".

As obvious from Table 1, sll examples No.Al through No.
A3l of the present invention have better corrosion resigtant
propexty against the ant-nest type corrosion than the
phosphorous refined copper tube (comparative example No.
A32); the example No.Al (Mn:0D.08 wt.%) showed the maximum
oorrosion depth equivalent to about 1/7 of that of the
phosphorous refined copper tube, and no svidence of
corrosion was observed in the example No.Ad4 (Mn: 1.02 wt.3):
the corrosion resistant property was further improved
according to increase of the Mn content.

Furthermore, the examples No.A6 through No.A3l
containing the pre-determined amount of the element(s)
ligted in sither first, =zecond, third or fourth group showed
better corrosion resistant property equivalent to those not
containing any element listed in the first, second, third
and fourth groups and any practical problem could be seen
since all brazing, hair-pin bending and hot working
properties were good.

On the other hand, the comparative example No.A33,
since the Mn content is lower, showed insufficient corrogion
resistant improvement effect against the ant-nest type
corrosion. On the contrary, the comparative example No.
A34, since the Mn content is too high, showed sufficient
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corrosion registant property against the ant-nest type
corrosion but poor brazing and hair-pin bending properties
so that may not practically useful. Further, the
comparative example No. A35 -also is not suitsble for
practical use because the corrosion resistant improvement
effect of added Mn against the ant-nest type corrosion
decreased and the hydrogen embrittlement occurred due to
high oxygen lavel.

Furthermore, the comparative examples No.A35 through
No.A54 contains the pre-determined amount of single element
listed in the first, second, third and fourth groups.
However, the comparative examples No.A36 through No.Ad0 are
not suitable for practical use mainly due to poor
performance in the hot working. The comparative examples
No.A4l through No.245 are not practical wmainly due to
decrease of brazing property. The comparative examples
No.B46 through No.AS52, Ko.A53 and No.AS54 are not suitable
for practical use mainly because the hair-pin bending
property became poor due to increase of the proof stress and
decrease of the expendability.

In Table 2, "—" under the heading of “"maximum
corrosion length" stands for "no corrosion". "Under the
heading of "hair-pin bending”, "O" stands for "good
bending”, "A" for presence of wrinkling" and "X~ for
"prasence of broken-ocut”. Under the heading of "hydrogen
embrittlement”, "(O" stands for "good" and "X" for "presence
of cracks". '

as obvious from Table 2, the examples No.AB5 through
No.A67 showed mupesrior corrosion resistant property agalnst
the ant-nest type corrosion to the comparative examples
No.A68 of phosphorous deoxidized copper tube. Further, the
example No.AB5 showed the marimum corrosion depth equivalent
to about 1/3 of that of the phosphoxrous refined copper tube



10

15

20

28

30

- 21 -

and no evidence of corrosion could be meen in the examples
No.A60 and No.A6l, indicating that the corrosion resistant
property is improved according to increase of the Mn
content. Furthermore, the examples No.A55 through No.A67
showed improvement in the length of the aree wetted by the

razing filler metal compared to the comparative example
No.Ald of phosphorous deoxided copper tubé} indicating that
these are all epoch-making materials capsble of improving
both corrosion resistant property against the ant-nest type
corrosion and brazing propaxty at same time. Further, these
examples No.Al through No.A31 and No.ASS5 through No.A67 aze
all good in the hair-pin bending and hydrogen embrittlement
and have no problem in practical use.

On the other hand, the comparative example No.AG9 is
not suitable for practical use because the corrosion
resistant lmprovement effect of Mn is not sufficient due to
low content of Mn, and the comparative example alloys ere
not suitable for practical use because the Mn content is too
high so that, even though the corrosion resistant propexty
is sufficient, but both diffusion of the brazing filler
metal and the hair-pin bending properties are not
satisfactory. Also, the comparative examples No.A71 and
No.A76 showed only limited diffusion of the brazing filler
matal due to lower content of B or P, and the comparative
examples No.A72 and No.A77 showed lower corrosion resistant
property againgt the ant-nest type coxrosion due to highér
content of P or B. _

Further, the comparative examples No.A73, A78 and ABO
showed lower corrosion resistant property due to lowsr
Mn/{P+B) ratio, and the comparative examples No. A74, A79
and ABl showed lower wettability of the brazing filler metal
due to higher Mn/{(P+B) ratio. Furthermore, the comparative
example No.A82 is not suitable for practical use bescause the
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hydrogen embrittlement occurred due to excess oxygen
content. :

Next, the corrosion resistant copper alloy tube for the
heat exchanger defined in claims 9 to 11 will be fully.
described, particularly focusin§ on the rationale for
regtriction of the values of the volume ratio of the oxide
of added eleament to the base metal, the amount of element to
be added, the thickness of the oxide film and the elsctric
potential of the oxide film.

Volume ratio of oxide .

The micro-structure of oxide film varies by the volume
ratio @ of oxide formed on the surface thereof to Cu base
metal (ratico of the molecular volume of the oxide ‘to atomic
volume of Cu hase metal), which affects on the corrgosion
resistant property.

Said volume ratio of oxide can bae axpressed by the
following egquation (2).

msm,nmn cessnee (2)

where, M is the molecular weight of oxide, D is the
spacific gravity of oxide, m is the molecular weight of base
metal, d is the specific gravity of base metal, n is number

- of metal atoms contained in one molecule of oxide.

If this velume ratio is 1.0 or less, since the volume
of oxide is lower than that of base metal, an oxide f£film
formed on the surface of base metal becomes porous which,
allows the corrosion medium to contact with the surface of
base metal sc¢ that the corrosion resistant pfoperty
decreases. In c¢ase of the conventional phosphozous _
deoxidized coppexr, the volume ratio of oxide £ilm (Cu,0)
formed on the surface is about 1.7. In order to prevent the
ant-nest type corrosion, the volume ratio of oxide £ilm on
the surface of copper alloy ig to be 1.7 or more. If the
volume ratio exceeds 3.0, difference between the moleculaxr
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volume of oxide film and the atomic volume of base metal
becomes too large which may create some distortion of the
oxide film and consequently defects such as cracks may
occur. In this case, the corrusion resistant property may
decrease as the case of porous oxide film. Thexefore, the
volume ratio of oxide should be restricted to the range from
1.7 to 3.0. The elements such as Mn, Fe, Co and Cr can be
used to form such oxides. '
Amount to be added

If the amount of additive element to be added to the
copper alloy is less than 0.05 wt.%, the volume ratio of Cu
oxide from the base metal against the oxide of additive
element in the oxide film hecomes significantly high,
resulting in decrease of the corrosion resistant property.
On the other hand, if the added amount of additive element
exceeds 3 wt.$, the probability of poor wettability of the
brazing filler metal becomes high due to strong oxide foxmed
from the additive element duvring the brazing process as ons
of fabrication processes aof the heat exchanger, therefore
there is a danger of generating leakage in the brazed part
during the pressure test. Therefore, the amount of additive
element to be added into the copper alloy should be
restriocted to the range from G.05 to 3 wt.$.
Thickness of oxide film

IF the thickness of oxide £ilm formed on the surface of
tube is less than 30 A, Cu erosion by carbonic acids may
occur through the Cu oxide fllm and the corrosion medium
easily contacts with the surface of base metal, resulting in
deorease of ‘the corrosion resistant property. If the
thickness of said oxide film exceeds 3000 A, the brazing
filler metal may poorly wet oxr spread out on the brazing
part, therefore there is a dangexr of generating leakage in
the brazed part. Therefore, the thicknass of oride £ilm
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should be restricted to the range from 30 to 3000 A.
Electric : potential of oxide £ilm

If the potential dlfference between the main body of
tube and the oxide film is large and there iz a defect in
the oxide film, the potentiasl difference between the oxide
of additive element and Cu oxide existing in the oxide f£ilm
or between these oxides and the main body of tube may create
the cell reaction, and consequently the corrosion may be
enhanced. The corrosion may also be snhanced if the
additive element has already deposited in the ‘Cu base metal.
In order to reduce the corrosion by the cell reaction as
aforementioned, the natural electric potential of the oxide
film is to be within the range of from 0.2 V to -0.2 V
sgainst the phosphorous deoxidized coppar heving oxide f£ilm
of the same thickness (30 to 3000 A). In this case, the
natural electric potential of the oxide film iz determined
after a tube provided with the oxide £4{lm was Aipped into
formic acid sclution of 0.1 v.% at room temperature {20 to
30°C) for 24 hours, for example. If the natural electric
potential of the oxide film is less than -0.2 VvV againast the
phosphorous deoxidized copper, the oxide formed from ths
additive element may easily dissolve into carbonic acids.
On the contrary, the natural electric potential of the oxide
film exceedzs +0.2 V against the phosphorous deoxidized
copper, the corrosion resistant property of the Cu base
metal in the copper alloy is deteriorated. Tharefore, the
differential of natural electric potential batween the oxide
£ilm and the phosphorous deoxidized copper in said formic
acid solution should be restricted to the range of from 0.2
V to - 0.2 V.

Further, addition of P as the deoxidation agent into
zald copper alloy does not affect on the aforementioned
effects. Addition of Fb into said copper alloy also does
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not affect on the aforementioned effects.

Then, various copper alloy tubes for the heat exchanger
according to the examples ¢of the present invention were
actually manufactured and thelr corrosion resigtant property
was compared to the comparative examples as follows.

The copper alloy tubes containing the additive element
et the amount listed in Table 3 below and balanced with Cu
and other unavoidable impurities were manufactured. The
dimensions of each tube ware as follows: 9.52 mm in outer
diameter and 0.36mm thick. The comparative exzample Bl2 was
the ordinary phosphorous deoxidized copper tube.

These tubes were subjected to the heat treatment under
N, atmosphere containing 100 ppm of O, and 5% of H, to forxm
the oxide film of 30-to 3000 A thick on the surface thereof.
The volume ratio of the oxide of additive element (PbQ) in
the comparative example B15 was 1.40, that of the oxide of
the additive element (Sn0) in the comparative example BL6
was 1.31, that of the cxide of the additive element (MgC) in
the conparative example Bl7 was 0.85, and that of oxide of
the additive element in each of the examples Bl through B9,
and the comparative examples Bl3 and Bl14 was established in

" the range from 1.7 to 3.0.

These copper alloy tubes of the examples or the
comparative examples wexe exposed to the atmosphere affected
hy 1 v.% of formic acid solution or acetic acld solution for
20 days, then the maximum corrosion depth was determined to
evaluate the corrosion resistant property. Exposure to
formic acid or acetic acid was used because the ant-nest
type corrosion can be readily reproduced by formic acid and
acetic acid.

Further, each copper alloy tube was dipped into 0.1 v.%
of formic acid solution at 256, 36°C for 24 hours, then the
natural electric potential of the oxide film on the surface
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of the copper alloy tube was determined. From this value
and the natural electric potential of the phosphorous
deoxided copper determined under similar conditions, the
differential potential was calculated. _

Furthermore, using each tube of the examples and the
comparative examples, the finned coil was fabricated, the
rerturn~bending part was brazed, then the brazing property of
each tube of the szamples and the comparative examples was
evaluated. The brazing was carried cut using BCuP-2 as the
brazing filler metal, at 850 C for 30 ceconds. The
air~tightne=se test was carried 9ut at the air pressure of
2.94 MPa for each tube after. brazing to evaluate the brazing
property based on presence or absence of leakage. These
results are shown all tcgether in Tablie 3. Under the
heading of “"brazing propexty”, "O" stands for "no leakage”
and "X" for “présence of leakage".
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Tahle 3
P content Additive Maximum Corrvssion Length Brazing Blectrica]
Elements {mm) Property Potential
Difference
{wtd) (wks) 13 Formic Acid | 18 Acstiec Acid {v)
Bl 0.022 Mn:0.08 0.01 - 8) -0.01
B2 0.025 Hn:0,12 0.01 - Q -0.02
B3 0.021 Mn:1.31 - - 8) -0,02
B4 0.031 Mn:2 .60 - - 0 ~0,08
Example | BS 0,024 Mn:1,75 - - 0 0.10
Fa:l.20
B6 0.031 Mn:D.72 - - 0] -0,12
Pb:2,42
B7? 0.035 Co:0,75 0.01 - O -0.08
B8 0.027 €r:0,91 0,01 - (o) ~0.09
B9 0.028 Pe:0,52 0.01 - @) ~0.11
B10 - Mn:0,32 0.01 - o] ~0.02
Bll - Hn:2,00 - - O -0.03
B12 0,022 - 0.26 0,17 [e) 0
Comparative | p13 0.024 M:0.02 6.15 0.06 X -0.01
Example { B14 0.019 Mn:3,.14 - . - Q ~0.13
Bl5 0.021 Pb:0.02 0.17 0.12 (@] ~0.20
Bl6{ 0.026 8n:l.76 0.14 0.11 O -0.31
Bl7| ¢.030 Mg:0,06 0.24 0,16 0 ~-0.42
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As obvious from Table 3, in case 1 v.¥% formic acid
solution was used as the corrosion medium, only corrosion
with about 0.0l mm depth was observed in the examples Bl
through Bll, indicating better corrosion resistant property.
In these examples Bl through Bll, the brazing property was

‘alsoc good. On the other hand, the conventional_phosphoroug
- deoxidized copper of the comparative example Bl2, the

comparative example Bl3 which contains only small amount of
the agdditive element, and comparative examples Bl5, B1l& and
Bl7 which have small volume ratio of the oxide were all
inferior to the examples in the corrosion resistant
property. The comparative example Bl4 which has large
amount of the additive element showed poor brazing property.

Next, the fin-tube heat exchanger described in clainms
12 to 17 will be explained. In the fin-tube heat exchanger
according to the present embediment, & plurality of plate
type fing of aluminum or aluminum alloy are placed in
parallel each other on the outer surface cof the main tube
body including the copper alloy tube of claim 1, 2 or 6.

An internally grooved tube ls preferred as the copper
alloy tube used for the fin-tube heat exchanger according to
the present enbodiment. This internally grooved tube, 4 to
25.4 mm in outer diameter, having a plurality of internal
grooves parallel each other, is congtructed go as to satisfy
the following relationghips:

0.01 < h/Di < 0.05 and 0° < y < 30°

where, h is the depth of groove, Di is minimum internal
diameter (determined at the crest part), and is helix angle
toward the tube axis. Thereby, the heat transfer capaclity
can be significantly improved.

1f the outer diameter of the internally grooved tube is

less than 4 wm, the pressure losa of the thermal medium may

increase and sufficient heat transfer capacity can not be
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obtained. On the other hand, if the ocuter diameter exceeds
25.4 mm, the heat exchanger becomes large size and
uneconomical as the fin-tube heat exchanger. Therefors, the
outer diameter of tube should be restricted to the range
from 4 to 25.4 mm.

If the ratio h/Di is less than 0.01, improvement of
heat transfer capacity is not sufficient. On the contrary,

. if the ratio h/Di exceeds 0.05, tbhe pressure loss increases

s0 that the heat transfer capacity may decrease. - Further,
1f the helix angle Y toward the tube axis exceeds 30°, the
pressure loss increases and gufficient heat tranafer
capacity can not be cobtained. Therefors, the ratio h/Di is
preferably within the range from 0.01 £ h/Di £ to 0.05, and
the helix angle ¥ within the range from 0° to 30°.

When the interpally grooved tube having internslly
formed grooves with such construction is used as the tube,
the fin-tube heat exchanger having better corrosion
resigtant property against the ant-nest type corrosion and
further having batter heat transfer capacity as the heat
exchanger can be chtained.

Further, the copper alloy tube constituting the tube
according to the present invention may contain unavoidable
impurities such as P and B which are usually used as
deoxidation agents in addition to Zn, Mn and Mg, but
existence of such impurities does not cause any problem for
improvement of the corrosion resistant property.

Then, the examples of the present invention will he
explained comparing to the comparative examples. The
fin-tube heat exchanger shown in Fig. 4 were prepared using
the tubes (annealed) having the composition listed in Table
4 below, the corrosion resistant property, the heat transfer

capacity, the essential charactexristics such as working and

brazing properties reguired for manufacturing were
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evaluated. Fig. 2 is a view of this fin-tube heat exchanger
sectioned toward the tube axis, Fig. 3 is a sectional view
of the tube, and Fig. 4 is a partially enlarged view of the
tube. Each fin 1 is substantially a plate having a
plurality of tube insertion holes formed in betwaen the top
and the bottom thereof, and to the surrounding edge of sach
insertion hole is provided with a tube type £in collar 5 in
the way that the axis direction thereof is orthogonal to the
fin 1. All plate type fins 1 are placed in parallel each
other, and a tube 2 is ingerted into the fin collar 5 of
each fin 1. This tube 2 is formed in U-shape with a
halr-pin bending part 3 to comnect each tube into one line
of tube; that is, each tube 2 is ingerted into the fin
collar 5 and fixed to the fin 1 by expanding the tube 2,
then both ends of the tube 2 are connected to the end of
neighboring tubes 2 through a semi-circular tube 4 by
brazing.

Each tube 2 is provided with a plurality of grocves 7
on the internal surface thereof, and these grooves 7
spirally extends inside the tvbe 2. The internal diameter
Di of the tube 2 is defined as the distance between a crest

- 6 of the groove 7 and the opposed crest 6, representing the

minimur internal diameter.

The internally grooved tube usaed in the fin-tube heat
exchanger of the present example has the following
dimnensiong: the outer diameter = 7 mm, the inner diamster
(Di) = 6.14 mm , 50 grooves at the sectioned suxrface
orthogonally tc the tube axis, the groove depth (h} ~ 0.18
mm, the bottom thickness (t) = 0.25 mm, the bottom width of
groove (W) = 0.23 mm, and the helix angle ¥ of groove
against the tube axis = 18*. The composition of coppexr

~alloy for each tube 2 is shown in Table 4 below.

volatile lubricant oil was used in each step of
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blanking of the fin, hair-pin bending and expansion of the
tube during manufacturing of the fin-tube heat exchanger,
but subsequent digressing step by solvent was eliminated.
The brazing of the tube was carried out using the
phosphorous copper brazing filler metal (BCuP-2; the species
defined by JIS-Z3264 and containing 6.8 -~ 7.5 $ of P, 0.2 §
of other elements and the remaining is mainly Cu) by the
burner brazing. Results of evaluation of each
characteristic are shown in Table § below. The heat
transfer calorie shown in Table § was obtained under air
blowing at 1.0 m/sec. '
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Tabla 4
Conposition
(wtd)
gn Mn Mg P <y
c2 5.0 - - - balance
Example Cc3 - 0,5 - - bhalance
Cq - 2.0 - - balanca
€5 - - 0.5 - balance
[ - - 2.0 - balance
C7? 5.0 1.0 1.0 - balanca
c8 - - - 0.03 balanca
Comparative | c9 15 - - - balance
Example Clo - 10 - - balance
Cl1 - - 10 - balance
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Table 5
Corroamion Heat Transfer Capacity | worki ng Brazing
Registant Property valuation
Property
Haximum Beat Transfer Calprie Wrinkling by| Broken -out;
Corxrosion {kcal/h) Haix—pin Part
Depth Bvaporation Condensation Bending
| (rm)
1 0.03 1300 2200 ]
2 0.02 1208 2196 )
Example 3 0.02 1299 2198 O
4 0,01 1294 2190 small tube O
5 0,03 1299 2198 o -
5 Q.02 1294 2192 O
7 0,01 1290 2182 o
f 0.20 1300 2200 amall) tube A
Comparative [ g 0.0l 1270 2153 X
Example [ ig 0,01 1275 . 2156 large brazed part X
11 0.10 1372 2154 X
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Each characteristic Iisted in Teble 5 was evaluated
according to the following method. '
Corrasion resistant propegzzgégainst the ant-nast tzgg
corrasion ' '

The fin-tubs heat exchanger used each tube having
composition listsd in Table 4 was operated inside room undex
the following conditions and then the maximum corrosion
depth by the ant-nest type corrosion was determined.
Operation environment:

temperature 30 T, relative humidity 80%

Operation conditions:

S-minute cooling and 10-minute air blowing,

repeated for 6 months. '
Heat transfer capacity

Using a wind tunnel test apparatus, the heat transfer
calorie (evaporation and condensation) ass the heat exchanger
was determined. :

R~22 (Fleon HCFC-22: molecular formula CHC1lF;) was used
ag a refrigerant, and measurement conditions were as
follows.

Evaporation test

Air: Dry-bulb/wet-bulb temperature 27.D°C/19.0°C.

Refrigerant: Out-put pressure from heat exchanger 5.4

kgf/cm?

Overheating: 5.0 deqg
Condensation test .

Air: Dry-bulb/wet-bulb temperature 20.0*C/15.0°C

Refrigerant: Out-put pressure from heat exchanger 18.8

kgf /cm?

Undercooling: 5.0 deg
Characteristics reguired for production

‘Working (hair-pin bending: 10.5 mm in diameter):

observed for incidence of wrinkling inside the bending
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part.
Brazing property:

the breaking test was carried gut under adding internal

pressure to the tube of heat exchanger and then

broken-ocut part was observed. .

aAs obviocus from Table 5, the examples Cl to .C7 of the .
present invention all showed better corrosion resistant
property against the ant-nest type corrasion than the
comparative example C8 using the conventional phosphorous
deoxridized copper and other characteristics such as the heat
transfer cepacity required as the heat exchangex and the
working and brazing properties reguired for menufacturing
were good and almost equal to the comparative example CB
using the conventional phosphorous deoxidized copper.

On the other hand, the comparative examples C9 to Cl1
were not suitable for practical use because heat transfer
capacity as well as the working and brazing properties
decreased due to use of the tubes containing large amount of
Zn, ¥n and Mg. The comparative example Cll showed inferior
corrasion resistant property, probably due to deposit of Mg
since the Mg content was too high and exceeded its solid
soluble volume against Cu. '

Next, the corrosion resistant copper alloy tubes
according to claims 18 and 19 will be described.

As a result of having conducted a series of diligent
research to improve the corrosion resistant property of
copper alloy tube, the present inventors found that the
coxrosion resistant property against the ant-negt type
corrosion can be significantly improved by providing on the
surface of the main body of tube a oxide £ilm containing
oxide of an element having smaller standard enthalpy for
formation of the oxide than that (~-169 kj/mol at 298.15 K.
Kelvin temperature) for Cu oxide (Cu;, 0). Such oxide film
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can be formed by ennealing the main body of tube consisted
of one or two additive slements having standard enthalpy
~189 kJ/mol or less for formation of the oxide, Cu and
unavoidable impurities in the inactive atmosphera or in the
atmaosphere containing small amount of oxygen, for example.

In this case, if the thickness of oxide £film is less
than 40A, sufficient improvement effect of the corrosion
rasietant property can not be obtained. On the other hand,
if the thickness of said ozide film exceeds 2000A, further
increase of effect can not be expected due to saturation of
improvement effect of the corrosion resistant property and
also the brazing property may decrease. Therefore, the
thickness of oxide film should be restricted to the range
£rom 40 to 2000A.

Among said additive elements, elements having smaller
standard enthalpy for formation of oxide have larger
improvement effect of tha corrosion resistant property. For
paid additive slements, the corrosion resistant property
increases by increasing the content. However, if the
content of said additive element exceeds certain level, the
working property of copper alloy tube may significantly
decrease. Therefore, the lower limit of content for the
additive element should be restricted based on the corrosion
resistant property and the upper limit should be restricted
based on the working property. As a result of a series of
diligent reseaxrch, the present inventors found that the
oxide film having better corrosion resistant property
against the ant-nest type corrosion can be obtained by
restricting the amount of additive element to the range
expressed by the following equation (3).

0.04 £ L [Ax - In (AR°E(x)/(~169))] < 4.2 cessssecsa (3)
where, Ax iz the content of additive element x in
atomic %.
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ln is natural logarithm.

AH£(x) is standard enthalpy for formation of oxide of
additive element in kKJ/mol.

I iz sum of Ax - 1ln (AB°£(x)/(~169)) for each additive
elenent. .

That is, the corrosion resistant property created by
the oxide f£ilm relates to both standard enthalpy for
formation of oxide and the content of additive element, and
the value obtained from the Ffollowing equation 4 can be used
as the index for the corrosion resistant property.

[ax - 1n (AH"f(x)/(-16%9))] vescevse (4)

So, if the copper alloy tube contains the element
having larger oxygen affinity than that of Cu (that is, the
element having smaller standard enthalpy for formation of
oxide), the oxide film on the surface of copper alloy tube
mainly contains the oxide of that additive element. In
general, there exists absorbed water on the surface of oxide
as hydroxide radical, and there is a txrend toward that the
oxide bhaving smaller standard enthalpy for formation
contains larger amount of absorbed water. Therefore, if the
staodard enthalpy for formation of oxide of additive element
is expressed by AN’f(x), it cen be said that the alloy.
containing the element having larger ratio [4H°£(x)/(-169)]
for the standard enthalpy for formation of ozxlde against the
standard enthalpy {-169 kJ/mol) for formation of Cu oxide
{Cu,0) is covered on its surface by larger amount of
hydroxide radical than pures copper. In the alloy covered on
its surface by larger amount of hydroxide radical, even if
dew drops formed on its surface, they diffuses to form water
film so that its surface is maintained in uniform sate and
the ant-nest type corrosion is hardly formed. That is, the

valve of the aforementioned equation (4) can be used as the

index for the corrosion resistant property against the
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ant-nest type corrosion::”?urthermnre, if the content of
these additive elements is increased, its effect becomes

. more remarkable, but the present inventors found that there

is a relationship between the content Ax and

[AE°£(x)/(-169)] and that improvement effect of the
corrosion resistant property can be evaluatgd by the product
of the natural logarithm of [AR® £(x)/-169] by Ax; that is,
Ax - In (AE’f(x)/(-169)) and further that the value of ax -
In (AH®£(x)/(-169)) is additive property in case of the
alloy containing two or more additive elements.

Therefore, in case of the alloy containing a plurality
of elements, the value cobtained for each element from the
equation (4) should be summed. That is, tha following
equation (5) can be applied.

' E[ax - In (AHCE(x)/(-169))] sernesces (5)

If the value obtained from this equation (5) is less
than 0.04, sufficient improvement effect can not be created
by the oxide £ilm, And, if the value aobtained from the
equation (5) exceeds 4.2, further improvement of the
corrosion reslistant property can not be expected due to
saturation of improvement effect of the correosion resistant
property and the working property of the copper alloy tube
is decreased by the additive element. Therefore, the
content of additive element should be restricted ta the
range shown by the aforementioned equation (3).

Further, the characteristics of the oxide film formed
on the surface of tube cmn be readily judged based on
intensity of the main peak from the X~ray electron
spectroscopy (XPS) analysis. That is, when the ratio Ix/ICu
of said main peak intensity Ix of said additive element to
the main peak intensity ICu of Cu is 0.10 or grater,
significant improvement effect of the corrosion resistant.
property against the ant-nest type corrosion can be
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obtained. Then, the ratio of the main peak intensity Ix for
the additive element to the main pesk intensity ICu of Cu
will be explained in more detail.

It is well known that the corrosion resistant property
of the copper alloy largely depends not only on 1t§ alloy -
composition also on the £ilm formed on the surface. In the
presant invention, better corrosion resistant property can
be chtained by restricting not only the thickness of the
oxide £ilm formed on the surface also restriocting the
element constructing the oxide film. In order to increase
the effect further of the alloy containing the element
having small standard enthalpy for formation of oxide, the
oxide film formed on the surface thereof should contain the
additive element concentrated at higher level than the alloy
composition ratio of the main body of tube, and in order to
obtain that index the XPS analysis is most practical from
technical and economical point of view. As a result of a
series of diligent research on the relationship between said
ratio Ix/ICu and the corrosiaon resistant propexrty, the
present inventors found that if the ratic Ix/ICu is 0.10 or
more, improvement effect of the corrosion resistant propexrty
significantly increases. The main peak ratio Ix/ICu can be
established at 0.10 or more, for example, by controlling the
composition rate of reduction gas such as oxygen, CO and the
like in the atmosphere in the annealing process for treating
the copper alloy tube mild, but not restricted thereto.

Then, comparing to the comparative examples, the
examples of the present invention will be explained.

First, the tube materials (O materials: 9.5 mm in outer
diameter: 0.3 mm thick) having compogition shown in Table 6

‘below were prepared by the melt casting, the hot extrusion,

the cold forging and the heat treatment. The figures shown
under the hesding of "the symbol of an element” indicates
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the standard enthalpy in kJ/mol for formation of oxide of
that element at the temperature of 298.15 K. The value
calculated from the equation 5 (under the heading of L[ 1)
for each copper alloy tube or copper tube cof these examples
and the comparative examples, the thickness of the oxide
film and the main peak intensity ratio Ix/ICu are also shown
in Table 6. The thicknesz of the oxide film was obtained
from the etching time by Auger Electron Spectroscopy (AES)
analysis. The main peak intensity by the XPS analysis was
determined using X-ray (Ka) derived from Mg under the
following conditions: ocutput power 300 W (voltage 15 KV,
current 20 maA), analyzed area 1000 um?. .

The corrosion resistant property against the ant-nest
type corrosion, brazing and hot working properties of these
egamples and the comparative examples were evaluated by the
following methods.

Corrosion resistant against the ant-nest type corrosion

Test pieces were exposed to the enviromment of formic
acid as one of typical carbonic, and the maximum corrosion
depth was determined after corrosion. The test conditions
were as follows:

Corrosion medium:

' 100 ml. of 1% agueocus solution of formic acid.

Exposure condition: ,
the test piece (100 mm long) was dipped into deionized

water in a beaker which was placed in a one liter container

containing said corrosion medium, then the container was

sealed. )

Temperature and testing period:

_ maintained at 40°C for.20 days.
Brazing property

The finned coil was fabricated and the rsturn bending
part was brazed. The brazing property was evaluated by
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presence or absence of leakage. The conditions of brazing
were as follows: brazing filler metal: BCuP-2, temperature:
850TC, brazing time:30 seconds. The air-tight test was

~carried out under air pressure of 2.94 MPa.

Hot working ]

Using test sample, 15 mm in diameter and 15 mm long,
selected from the ingots, the drop hammer test with tha
deformation rate of 50% was carried out at 850C, and the
presence of cracks was deternined.

Results of these tests are shown in Table 7 balow.
Under the beading of "brazing property”, "X® stands for
presence of leakage and "O" for no leakage. Under heading
of "hot-working property”, "X* stands for presence of
cracks and "O" for no crack.
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Tehle §
Composition (atomic %) s n Tickness of |Ix /ICu
) Oxide #iln
Cua Zn Mn Sn Co Ag (A)
~169 ~-348 | -520 | -SBl -239 ~31

Dl 0,42 - - - - 0.30 800 0.35
D2 1.10 0.19 - - - 1.01 1300 0.44
D3 0.33 - 0.41 - - 0.74 1100 0.22
D4 - 0.04 2.60 - - 3.25 1500 0.90
D5 | balanas | L.21 - - 0,71 - 1.12 600 0.31
Example D6 - - 1,30 - - 1.61 400 0,18
o7 - 0.20 - - - 0.22 400 0.20
D8 - 0.04 - 0.08 - 0.07 1200 0.28
DY 1.13 | 0.41 1,97 - - 3.71 500 0.77
D10 - - 1.44 1,11 - 2.16 age 1.10
pll 1.07 0.22 - 0,03 - 1.03 900 . 0.56
pi2 - - - Q.85 - Y 200 ' 0.16

13 o - - - 0,31 400
14 - - - 0.06 - -0.52 500 0.15
15 - - - - - 0.02 400 0.20
16 - 1.21 1.03 - - 2.63 2500 1.60
17 1.100 | 0.23 - - - 1.05 200 0.05

Comparativae 18 balance 2,12 2.57 - - - 4.42 1500 0. 91__

Example 19 - 0.11 0.03 p - 0.16 30 0.07
20 .01 - - 0.02 - 0.01 3000 0.11
21 1.90 - 2.89 - - 4.94 100 0.33
22 - hd 1.33 - - 1164 30 0-05
23 1.49 0.88 2.43 - - 5.07 2500 0.88
24 - 0.0l - 0.03 - D.02 500 0.02
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Table 7

Corrosion pepth

.Brazing Test

Hot Working Teat

(o)

D1 a.02 O 'e)

p2 - 8] Q

p3 a.01 O O

Dé - QO 8

D5 - O O

Exanple 3 - @] 0O
Y] 0.02 @) O’

i) 0.03 (@) O

Y - @] O

D10 - 0. O

; D1l o= [®) O

D12 0.02 0 )

D13 0.24 O @)

D14 0.27 O @]

pls 0.19 O @)

P16 - X O

D17 0.16 O O

Comparative | D18 - O b

Example D19 0.16 s} 0

D20 0,20 X O

D21 - [s) X

D22 0.15 [®) O

D23 - P X

D24 0.22 O O
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CLAIMS:-

1. A corrosion resistant copper alloy tube
characterized by consisting essentially of 0.05 to 1.5 wt.
% of Mn, 100 ppm or less of oxygen, and Cu aﬁd incidental
elements and impurities. | '

2. A corrosion resistant copper alloy tube
characterized by consisting essentially of 0.05 to 1.5 wt.
% of Mn, 100 ppm or less or oxygen, at least one element
selected from the first group of elements consisting of P,
B, Li, Pb and Sb at a concentration of 0.20 wt.% or less
in total, and Cu and incidental elements and impurities.

3. A corrosion rgsistant copper alloy tube
characterized by consisting essentially of 0.05 to 1.5
wt.3 of Mn, 100 ppm or less of oxygen, and at least one
element selected from the second group of elements
consisting of Cr, Ti, Zr, Al and Si at a concentration of
0.50 wt.% or less in total, and Cu and incidental elements
and impurities.

4. A corrosion resistant copper alloy tube
characterized by consisting essentially of 0,65 to 1.5
wt.3 of Mn, 100 ppm or less of oxygen, and at least one

.+ -element selected from the third group of elements

consisting of Mg, Fe, Co, Ag, In and As at a concentration
of 1.0 wt.% or less in total, and Cu and incidental
elements and impurities.

5. A corrosion resistant copper alloy tube
characterized by consisting essentially of 0.05 to 1.5
wt.% of Mn, 100 ppm or less of oxygen, and at least one
“element ' selected from the fourth group of elements
consisting of Zn and Ni at a concentration of 5.0 wt.% or
less in total, and Cu and incidental elements and
impurities.

* [ L M 1 *
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6. A corrosion resistant copper alloy tube
characterized by consisting essentially of 0.05 to 1.5
wt.% of Mn, 0.002 to 0.15 wt.% of P, 100 ppm or less of
oxygen, and Cu and incidental elements and impurities,
wherein the ratio (Mn/P) of said Mn to said P is in the
‘range from 2 to 100. ' '

7. A corrosion resistant copper alloy tube
characterized by consisting essentially of 0.05 to 1.5
wt.%2 of Mn, 0.002 to 0.15 wt.$ of B, 100 ppm or less of
oxygen, and Cu and incidental elements and impurities,
wherein the ratio (Mn/B) of said Mn to said B is in the
range from 2 to 100.

8. A cofrosion resistant copper alloy tube
characterized by consisting essentially of 0.05 to 1.5
wt.% oxygen, and Cu and incidental elements and
impurities, wherein the ratio {Mn/(P + B)} of said Mn to
said P and B is in the range from 2 to 100.

9. A corrosion resiStant copper alloy tube for a
heat exchanger characterized by comprising:

_ a main tube body made of a copper alloy
consisting essentially of at least one additive element at
0.05 to 3.0 wt.$ in total, the volume ratio of oxide
. thereof to. Cu base metal (ratio of molecular wvolume of
oxide to atomic volume of Cu base metal) being within 1.7
to 3.0, and Cu and incidental elements and impurities; and

an oxide layer formed on the surface of said
main tube body in the thickness from 30 to 3000 R by
oxidizing the surface of said main tube body,

-wherein the additive element or elements
remaining in said copper alloy is solid solubilized into
Cu base metal, and the differential natural electric
potential between said oxide film and phosphorous
deoxidized copper in 0.1 v. % of formic acid solution is

% ¢ L M 0§ =
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within the range of from 0.2 V to -0.2 V.
10. A corrosion resistant copper alloy tube for a
heat exchanger characterized by comprising:

a main tube body made of a Eopper alloy
consisting essentially of at léast one element selected
from the first group of elements consisting of P, B, Li,
Pb and Sb at a concentration of 0.20 wt.% or less in
total, at least one additive element at a concentration of
0.05 to 3.0 wt.% in total, the volume ratio of oxide
thereof to Cu base metal (ratio of molecular volume of
oxide to atomic volume of Cu base metal) béing within the
range of 1.7 to 3.0, and Cu and incidental elements and
impurities, and '

an oxide film formed on the surface of said main
tube body in a thickness from 30 to 3000 X by oxidizing
the surface of the main tube body,

wherein the additive element or elements
remaining in said copper alloy is solid solubilized into
Cu base metal, and the differential natural electric
potential between said oxide film and phosphorous
deoxidized copper_in 0.1 v.% of formic acid solution is
within the range of from 0.2 V to ~-0.2 V.

11. A corrosion resistant copper alloy tube for a
heat exchanger characterized by comprising: _

a main tube body made of a copper alloy
consisting essentially of 0.05 to 1.5 wt.% of Mn and
0.002 to 0.15 wt.% of P, the ratio Mn/P being within the
range from 2 to 100, at least one additive element at 0.05
to 3.0 wt.% in total, the volume ratio of oxide thereof to
- Cu base metal (ratio of molecular volume of oxide to
atomic volume of Cu base metal) being within the range of
1.7 to 3.0, and Cu and incidental elements and impurities,
and

* c L L] S *
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an oxide film formed into the thickness from 30
to 3000 B by oxidizing the surface of the main tube body,

wherein the additive element or elements
remaining in said copper alloy is solid solubilized into
Cu base metal, and the differential natural electric
potential between said oxide film and phosphbrous
deoxidized copper in 0.1 v.% of formic acid solution is
within the range of from 0.2 V to -0.2 V.

12. A fin-tube heat exchanger characterized by
comprising:

a main tube body including said copper alloy
tube according to claim 1, ‘2 or 6,

a plurality of plate type fins of aluminum or
aluminum alloy placed in ﬁarallel relationship with each
other on the outer surface of the main tube body.

13. A fin-tube heat exchanger according to claim 12,
characterized in that said copper alloy main tube body is
an internally grooved tube having a plurality of groovés
provided parallel to each other on the inner surface
thereof, the outer diameter of said copper alloy main tube
is 4 to 25.4 mm, the ratio h/Di of the deptp'h of the
groove to the inner diameter Di of the tube defined by the
: .crest part between the grooves is 0.01 < h/Di < 0.05,'and
the helix angle t is 0° < t < 30°.

14. A corrosion resistant copper alloy .tube
characterized by comprising: . '

a main tube body including said copper alloy
tube according to claim 1 or 2, the main tube body
containing at least one additive element having the
" standard enthalpy of -169 kJ for formation of an oxide at
the amount within the range shown by the equation 1 below,
and

an oxide film formed on the surface of said maia

e
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tube body in the thickness from 40 to 2000 B by the heat’
treatment of the main tube body,
wherein the ratio Ix/Icu of the main peak
intensity Ix of said additive element to fhe main peak
intensity of cu obtained by X-ray Electron Spectroscopy on
“the surface of said oxide film is 0.10 or more. -
0.04 < & [Ax . 1n( HO9f(x)/(-169)] < 4.2 ....... (1)
where, Ax is the content (atom %) of additive element X.
1ln is natural logarithm.
HOf(x) is the standard enthalpy (kJ/mol) for
formation of oxide of additive element x.
£ is the sum of Ax'. 1n( HPf(x)/(-169)) for each
additive element.

* c L M S *




