. Corrosion Resistant Copper Alloy Tube and Fin-Tube Heat Exchanger The

resent anentlon rel.ates to an corrosion resistant copper alloy
| StwaeMmasta’refri geradt copper 5 alloy tube or a heat exchanger

al'loy tube and a fin-tube heat exhanger which is used for an

air-condi tioner,

particularly relates to.an corrosion resistant copper tube

and a fin-tube heat exchanger having inproved corrosion resistant property
‘agai nst an ant-nest 10 type corrosion. A tube which was ‘'made of copper
deoxi di zed by phosphorous has been wi dely used for the conventi onal
refrigerant tube or. the conventional heat exchanger tube generally due to
Its better bending and brazing properties. 15 In these tubs, however,
organi ¢ materitals such as lubricant oil or process oil and organic solvents
unavoi dably remai ning on the surface of thelf+ns and tubes after the tubing
and fabrication processes nmay deconpose during the repeated deposit and

" evaporation of water duFOFFOsdomRegistamt FrPReR iAldahdubemend e to
pecul i ar tenperature/ noi st ure an@iai-TabeCRest) EashdrgErnent created as a
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*a#b% HRF r%d!e@@lmggerhmer 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 corvosion.

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 repeated deposit and evaporation of water due tTo

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 has 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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considering recent environnental problens there is a trend to avoid the

di gressi ng wash by organic solvents and rather to use volatile |ubricant

oi IFiBstead of such organic 30 solvents. In this case, even though the
base oil itself is volatile, such lubricant oil still contains sone oi
additives which may remain on the surface of the copper tube. - 2-
Therefore, there is an increasing risk for the ant-nest type corrosion in
- future according to nore usage of volatile lubricant oil, conpared to the

: case the degrade wash was perfornmed using organic solvents. Reflecting such
. 5 circunstance, neasurenents for the ant-nest type corrosion are attracting
~the attention of the industry as one of serious problens. Further, increase
. of remaining organic nmaterials on the surface of the copper alloy tube is

i creating another problem of poor conjunctiop of tube during 10 the brazing
i which is used as a major nethod for the tube connection. Therefore,
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exchanger tube " ’ le degrase wash was
o performed using organic solvents. Reflecting such
5 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
10 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
~ 15 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
20 £in collar is provided. Many of said fing 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
25 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
30 corrosion resistant properties. For thils copper tube, a
pure copper called as phosphorous refined copper is mainly
used. ’
However, in thaese conventional fin-tube heat exchanger,



Further, the fin-tube heat exchanger used for an air-conditioner is
genejally fabricated using alum numor alum numalloy plate fins provided
wi tT tub@ Y-nserti-on hol es and copper tubes. Inside the insertion hole, a
tube-type 20 fin collar is provided. Many of said fins are placed in
parall el and the copper tube is inserted into said fin collar so as to
connect each fin. Then, this tube extended and fixed on the fins. And the
heating mediumis allowed to flow through the inside of said tube and its
heat is 25 transmtted to and radiated fromsaid fins. In this fin-tube
~heat exchanger, said plate fins are made from al um num or al um num al | oy
. due to its thermal conductivity and cost, and, for said tube, the copper
"tube is widely used fromthe stand points of its thermal conductivity and
- 30 corrosion resistant properties. For t hLszcopper tube, a pure copper
~cal l'ed as phosphorous refined copper is nalnly used. However, in t hese
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5 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

10 ' 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

15 the £in-tube heet 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

20 o0il still contains some o0il 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

25 ant-nest type corrosion is higher than the past.

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

" 30 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



usage as the heat exchanger. These organic materials are al so exposed to

t he- ﬂpculrar tenperature/ hum dity and air-exchange environnment during usage
of the héat* exchanger. Under such conditions, these organic materials
deconposed to 10 form carbonic acids which cause the peculiar |ocal
corrosion show ng the ant-nest type corrosion, resulting in | eakage of the
tube frequently. In addition, as aforenmentioned, although a |arge anmount of
| ubricant oil has been used during fabrication process of 15 the fin-tube
heat exchanger, considering recent environnental problens 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 oi
itself is volatile, such lubricant 20 oil still contains sone oil additives
which nmay remain on the surface of the coppgr_tube. Therefore, the anpunt
-of organic materials remaining on the surface of raw materials is in trend
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‘the industry avepeeted daposit gndvaporazddndesckapeentami usdd mnbdele heat

. exchanger hQV|agesga@m1£&ragnggkkgéh&glrg@hgieggngrggerty agai nst the

ant-nest type 'E%Qéé%éfhtgu?is 'rteyd ‘and air-exchange, and hav:.ng better

: brazing property so that capable of increasing its integrity
and life span as the refrigerant tube or the heat esxchanger
tube. . s

10 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

15 water, and used under the peculiar envirommental conditions

. of temperatura/humidity and air-exchange =o that carbonic
acids ars formed, and capable of increasing its integrity
and life span.

_ A corrosion resistant copper alloy tube according to

20 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

25 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

3¢ eavaporastion 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




The object of the present invention is to provide an corrosion resistant
copper alloy tube having better -4- corrosion resistant property agai nst
thé“ant “h&st type corrsion even though exposed to the phenonenon specific
to the refrigerant tube or the heat exchanger tuwbe; that is, repeated
deposit and evaporation of water, and used under 5 the peculiar
environnental conditions of tenperature/humdity and air-exchange, and
‘having better brazing property so that capable of increasing its integrity
end life span as the refrigerant tube or the heat exchanger tube. 10

. The anot her- object of the present invention is to provide a fin-tube heat
~exchanger having better corrosion resistant property agai nst the ant-nest

. type corrosion even though affected by the phenonenon specific to the

- fin-tube heat exchanger that is, repeated_dgposit/evaporation of 15 water,
: and used under the peculiar environnental conditions of
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- resistant copper al e accor [esent invention consists
essentlally of 0.05 t%aﬁr% 160 vesisthnt. copper alloy tube for a heat

anger according to the present invention, comprises a
5 main tube body including = 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 lsast one additive element at 1.7 to 3.0 wt.% in
10 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.
15 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
20 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
25 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
30 form more finer and less defect oxide film cn 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



Wt . % of M1, 100 ppmor |ess of oxygen, and Cu and inevitable inpurities.
The corrosion resistant copper alloy tube according to the present

i nVén'ti di 'shows better corrosion resistant 25 property agai nst the ant-nest
type corrosion which specifically may occur in the conventional refrigerant
tube or the heat exchanger tube nade of phosphorous deoxi di zed copper; that
-is, the ant-nest type corrosion which may occur under the conditions of
~affecting repeated deposit and 30 evaporation of water and peculiar
~environnental conditions of tenperature/humdity and air-exchange, and
 shows "better brazing property. Therefore, it is capable of increasing its
integrity, applicability and life span as the -5- refrigerant tube or

t he heat exchanger tube. Thus, the present invention is very useful. A
corrosion resistant copper aIon t ube for aépeat exchanger according to the
~present invention, conprises a 5 main tube body including a copper alloy

- tube and an oximhméridng(arned on the surface of said nmain tube body in the

' body: Satd copper i?ﬁ% nad eaci B‘n F YEPPS Y by aBrerdipgi H e ©
elenent at 1. XY iRvensicn has higher 001'1'0510“ resistant property
against the ant-nest type corrosion than the conventional
5 phosphorous deoxidized 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

10 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

15 preferably to be an internally grooved tubz 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

20 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

25 the corrosion resigtant 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

30 esxchanger 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




10 total, the volune ratio of oxide thereof to Cu base netal (ratio of

mol .ecul ar~» vol ume of oxide to atom c volune of Cu base netal) being within
1.7%to 370, and Cu and inevitable inpurities. The additive el ement or

el enents remaining in said copper alloy is solid solubilized into Cu base
metal. 15 The differential natural electric potential between said oxide
fil mand phosphorous deoxidi zed copper in 0.1 v. %of formc acid solution
is within the range of from0.2 Vto - 0.2 V. In the oonventional heat
exchanger copper tube made of 20 phosphorous deoxi di zed copper, the
corrosion resistant property was obtained by the oxide filmon the surface
t hereof. However, under the environnental condition allow ng to contact

wi th corrosive nedia such as carbonic acids having a strong oxidative
effect, the oxide filmon 25 the surface._of copper alloy tube is
vigorously eroded so. that the corrosion protection by the oxide filmis
destroyed. |n opdeaibbdngnplementdscikfurinnt Gn e %ﬂ&&krﬁbopathtﬁaﬂlaétc&he

ant - nest type ggrﬁ on t
8830NthRa a&sﬂd& &fffazfar{w R S%&inug a.gagé?m

ran

copper, it is formnore f

on the surface o tg%&XeTﬁg E}Bgiﬁﬁm|9ﬁﬂﬁﬁ do aFagugﬁ Terveed: | m
can be obtalne'ahﬁf'e TR ngSteee athe ﬁﬂk?(QQGWDﬁigntofb&ppefia$lcqnahd
t hen oxi di zBngretleced; f deersisé hef ctho insraall epnductivity can be

minimized during itz 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
10 =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 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
15 mein tube body. The ratio Ix/Icu of the main 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(AN°f(x)/(~169))] < 4.2 ...cccvv. (1)
20 where, Ax ig the content (atom %) of additive element =x.
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
25 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
30 resistant property =sgainst 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



-6- materials. The heat exchanger copper alloy tube according to the
present iLnvention has higher corrosion resistant property against the

ant®- nest- t.ype corrosion than the conventional 5 phosphorous deoxi di zed
copper tube being used for the heat exchanger and therefore very wuseful as
a copper alloy tube for the heat exchanger used under the environnment
contai ning carbonic acids easily causing the ant-nest type corrosion. A
fin-tube heat exchanger according to the present 10 invention conprises: a
mai n tube body including said copper alloy tube according to claiml1, 2 or
6, and a plurality of plate type fins of alum numor alum num alloy placed
in parallel each other on the outer surface of the nmain tube body. In this
case, said copper alloy main tube body is 15 preferably to be an internally
grooved tube having a plurality of grooves provided in parallel each other
on the inner surface thereof, the outer dianeter of said copper alloy main
tube is 4 to 26caunmwhemcaffedcted /by mepedtedddephshtoandhevgpooytiom afie
“inner. di anet erybtepf ahd Cetpbsed afd Rak d@ﬂifabeeabs%nﬂéﬁeabeémi&ﬁs

| grooves is 0.0% [1s [err]

Conpared to the convéa{gona+ "(‘3'%1][ 1:S'zhan er u5| ng pﬁo ﬁi&rous EOXI dfzed
copper tube, tHRCFPHE cddrd BRI Bst'ﬁﬁep’f"ﬁgﬁﬂe?%ntlon
i's super|0r5|ntube 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.

10 Fig. 2 is a sectional view in the directlan 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.

15 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

20 pre-determined amount of Mn and maintaining the oxygan
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

25 P or B is added to said copper alloy at the pre-determined
amount, the brazing property is s*gni‘icar tly improved
compared o the conventional phosphorous deoxidized copper.
The present invention was made based on these experimental

results.

30 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



25 the corrosion resistant property against the ant-nest type corrosion
whi ch easily occurred when affected by repeated deposit and evaporation of
watfel+ and exposed to the peculiar environmental conditions of
tenperature/ hum dity and air-exchange, therefore it is very useful as the
heat 30 exchanger used under such environnmental conditions. Further, the
fi'n-tube heat exchanger according to the present invention is different
fromthe conventional phosphorous refined copper tube; since the copper

t ube -7- containing elenments inferior in the electric potential to Cu is
used, the potential difference between the tubes and the fins (nmade of

al um num or alum num alloy) can be reduced. Therefore, since the electric
corrosion of the fins can be 5 reduced, decrease of the thernal
conductivity can be mnimzed during its us® and the initial therm
conductivity can be maintained for a | onger period. A corrosion resistant
copper all oy tUmpPeEOSrOsAgnt dst Huppeeed hy addipg Mn.coHpyeves: in fESe t ube
body cont ai ni neehE) Mmatontast: dgelessi thare RlomTent $havudgisbenst andar d

enthal py of -16QdehvleRenkt0 NPT eyl hen b Nl 1068
range shown by .the e uatifh %Q%E%glggvc d'arfqui é’fi I Eugx%ﬁ#%m

surface of sai R REE L §IPS) foTHRsion cen not be a
5 content of 0.1 wt.% or more is preferable 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. .

10 Thersfore, the Mn 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
15 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
20 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

25 corrosion resistant improvemant 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.

30 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




t hi ckness from 40 to 2000 A by the heat treatment of the 15 nmain tube
body. The ratio Ix/Ilcu of the main peak intensity Ix of said additive
el-enent:<td the main peak intensity of Cu obtained by X-ray Electron
spectroscopy on the surface of said oxide filmis 0.10 or greater. 0.04
[err] [err][Ax . In([err]f(x)/(-169))] [err] 4.2 ....... (1) 20 where, AXx
is the content (atom % of additive elenent x. In is natural logarithm
[err]f(x) is the standard enthal py (kJ/nol) for formation of oxide of
additive elenent x. [err] is the sumof Ax . In([err]f(x)/(-169)) for each
25 additive elenent. The corrosion resistant copper alloy tube according
to the present invention, because the oxide filmcontaining the
pre-determ ned anount of certain additive elenments is fornmed on the surface
of nmain tube body, shows a superior corrosidn=30 resistant property
against the a sign whi ch specifically occurs in the

ordi nary refr{%era% t%%’é’ %pt[aﬁe €%HREQEF°P%EBYM|%QW@&Q% the
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| @ corros 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
10 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
15 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
20 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
25 ¢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

30 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



increasing its integrity and life span as the refrigerant 5 tube or the
heat, exchanger tube, therefore the present invention is very useful. Fig. 1
i-s: &, pl.ai-n view show ng the fin-tube heat exchanger according to an
enbodi nent of the present invention. 10 Fig. 2 is a sectional viewin
the direction-of the tube axis of the sane. Fig. 3 is a sectional view of
the tube thereof. Fig. 4 is a enlarged sectional view of a part of the tube
t hereof. 15 As a result of having conducted a series of diligent -
research to develop a copper alloy tube resistant to the ant-nest type
corrosion, the present inventors found the followngs . That is, in the
copper alloy containing the 20 pre-determ ned anount of WMh and mai ntaini ng
t he oxygen content at the pre-determ ned |evel or |ess as described in the
present invention, the corrosion resistantlbroperty is extremely inproved
conpared to t ntj on hogphor Qus deoxi di zed copper. Further, when
T FofDucRs 5R gl %

at | east one €lengn Sef f M AR, soyithatoBpés effeytivet he
pre-det er m neat%%ﬂﬂ","? Fheh PEAEART pPORReryy | s Hiwpviirgadal ¥henpr oved
conpared to tRervENEGNaINahophhepbes OReckitbitel LRBPENPE on THEe REESSSN
Invention was shéfadia3ed 108! BESEubBELEIED dle &5 ik temperature
3 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
10 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.
15 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
20 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
25 Mn-phosphate compounds. Therefore, the Mn/P ratio should be
restricted to the range from 2 to 100.
E
Similar to P as aforementioned, alsco B is generally
used as a deoxidation agent or as an additive to improve the
30 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



30 Then, the reason for addition of each conmponent and for
restriction of the conposition will be fully explained. M The corrosion
r&skstant, property agai nst the ant-nest type corrosion is inproved by
adding Mn. However, in case the Mh content is less than 0.05 wt. %
sufficient inprovenment effect of corrosion resistant property against the
ant -nest type corrosion can not be achieved. The Mh 5 content of 0.1 wt.%
or nore is preferable and by these contents further inprovenment can be
observed. Meantinme, if the Mh content exceeds 1.5 w.% resulting tube is
not practically suitable because its resistance strength becomes hi gher so
that bending property as tube decreases. 10 Therefore, the M content
should be within the range from0.05 wt. @6 % 1.5 wt.% Oxygen content
Buring the nelting process of the copper “al*®oy, inclusion of oxygen at

certain | evel de ﬂlﬁﬁ-_\/g‘ﬂﬁl}hﬁtf_ ! olef Blﬁia%] ep Mf%%d é gﬁse copper

3 metal at the | g ce e ccur
" during the brazi ncﬁo é%s’%%‘ﬁéﬁtg%nbég 8r g’é% i wRdey #*@cﬁﬂﬂnﬁfm
and resultHKJQHﬁﬁiﬁz h¥Rzipg PYOEeRs - enough for practical use.
Therefore, the oxyg@nmmmniemw ‘the B content is less than 0.002 wt.%,

5 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.
10 Therefore, the B content should be restricted to the 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
15 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.
20 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 obtained. In this case, the ratio of Mn and
25 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,
30 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, tha inevitable




20 restricted to 100 ppmor less. First group elenents (P, B, Li, Pb, Sbh)
All of P. B, Li, Pb and Sb are allowed to add as the deOX|dat|on agent or
Qs elenents to inprove the strength, but if total amount of these el ements
exceed 0.20 wt.% the 25 corrosion resistant I nprovenent effect of M
agai nst the ant-nest type corrosion nmay decrease and the hot working
property of the tube may decrease. Therefore, the anmount to be added of
each el enent belonging to the first group should be restricted to 0.20 w.%
or less in total. 30 Second group elements (C, Ti, Zr, A, Si) C, Ti,
Zr, Al and Si are allowed to add in order to inprove the strength and the
heat resistance of the copper tube. However, if the content of these
el'ements exceeds - 10 - 0.50 mﬂ.@bin_;qh@L, the brazing property may
decrease, the bending property as tube may decrease due to increase of the

proof stress ampudeeresacis§ réberromandabilddsy thandolde GeI40si on resistant
door ease. Therf or 3% PaiErafl Bhover” i s REgbelt P foddbbiS O o ng 1 0
the second gr GFPEROALLOBtYRE fox the ﬁ%ﬂyerﬂptwwewssthﬂrmw group
el enents (M), eRghagger fyaving ¥elter 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
10 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 rangs. . -

Then, the properties of the copper alloy according to

15 the embodiment 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

20 heat treatment processes, and the corrosion resigtant
against the ant~nest type coxrrosion, braszing, hair-pin
bending, hot working and hydrogen embmlttlement were
evaluated,

The method used for evaluation of each property is

25 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

30 +test conditiom= ware as follows:
Corrosion mediums:

100 ml of 1% agueous solution of formic acid or 1%
solution of acetic acid. -




My, Fe, Co, Ag, In and As can be added in order to 10 inprove the strength
and fhe heat resistance of the copper tube, but if the content of these

el ements vexceeds 1.0 wt.% in total, the bending property as tube nmay
decrease due to increase of the proof stress and decrease of t.he
expendability. Therefore, total anmount to be added of each 15 el enent

bel onging to the third group should be restricted to 1.0 w. % or |ess.
Fourth group elenments (Zn, Ni) Zn and Ni are added in order to inprove the
strength and the corrosion resistant property of the copper tube, but 20

if the amobunt to be added of these elements exceeds 5.0 wt.% the bending
property as tube nmay decrease due to increase of the proof stress and
decrease of the expendability. Therefore, -t{w# anount to be added of each

el enent belonging to the fourth group should be restricted 25 to 5.0 wt. %
or less. p P i Exmmsirey cedddtian:a deoxi dati on agent during copper refining

| process or as the eliﬁ@%resttopiigééovfﬂéhﬁmSi&?é‘ﬂ%sohibggdc'ﬂiQQ?rdﬁi&%’zé&‘be1
but if Pis add&%to%he&) th 38—‘-{\1@‘ t he jo)arla na pr(f%% rééto &, cpbner
alloy is inproved U & 8‘@’?&?&8 o YR2 Rorvehtibifa %h pﬁ’ér gea
deoxi di zed coppntadning sads: cgrseaien (Bedign. JORD) ther CAGLRARSE¥AY ng
5 sealed.
Temperature and testing pexiod:
maintained at 40°C for 20 days.
Brazing property '
Pre-detsrmined amount of the phosphorous copper brazing
10 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
15 with 300 mm long.
Hair-pin bending property
The 180° 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
20 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
25 pregsence 0f cracks 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
30 embrittlement. '




process, P reduces Cu and M1 oxides so that P. is effective to inprove the
brazing. property However, in the conventional phosphorous deoxi di zed
GQpper., £ on the copper surface is | ost by sublimation due to high
tenperature 5 during the brazing process and can not give sufficient
reduction effect. However, in the coppetSalloy containing P and Mh, P

concentrated on_the copper surface forns reaction products with M added
t oget her which epul tli dglihjsu |C|e t{ exhi bition
of the reducti rqzt ng |pqo¢ 4. ,if the P
content is les & O[O0 razrng )
property can n , Ith oht Atgr . % or
nore so that f| biafi aph {bd rb r e . 15 on the
other hand, ifjthe R, 5 WL.@ hi Cr i st ant
property agai npt g 44, sijo nqy dacrqafe T e e ore the P
cont ent shouIdL d Bdb ©|0[0J0|0 oo Qj0|¢
Further, if thp WFE 2, afrop oi P |2 ded |s
hi gher than thp_amun uftf | cli dn royehdng ¢ff ect
agai nst the anf-negt typp ngt | ble [obt Ai {had| O e lot her hand,
I f the I\/h/Pra;iQ}ﬁxce 5 tlo adlded ifsjtpd lfoyer than the
amount of M a:id(ﬁdé.tor Q1o ojgjejolololofo
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25 M- phosphat e cormpounds. Therefore, the Mi/P ratio should be restricted
to the range from2 to 100. B Simlar to P as aforenentioned, also Bis
generally used as a deoxidation agent otbas an additive to inprove the 30

strength, but the g-property may be jnproved by adding together with
Mh. The effect off B ig inprovefrent pf the brdzing ptopgrty is sinmlar to
the effect of F, B gfhcenfratefl on fhe surfade rac{s With M toform .
borites - .12 ﬁ&tha@sub@m&t N B Ry @hijbi ted and sufficient
reduction effect jof B nayf be optained urder Hig teppeqature during the
brazi ng process. Aif the BRontdnt _jls llessithan 0.002 wt.% 5
sufficient inprovens seffect pf t br zingllpr erty ¢an not be obtai ned.
To obtain sufficifen rovemapt efff ect jof tHe brazing{property the B
content is preferfa gpopEWtO/o 1O t hg$B cqit gfd cg¢eds 0.15 wt.% the
corrosion resistagnt Rperty apainsft theg ant-nesk typejcorrosion nmay
- decrease. 10 Th I he cantlent shoul het regtrijcted to the range
- fromO0.002 wt.%tjo 0.1 w{ % Nbanti , tlhhe M{/B kratlo ils | ess than 2, the
amount of B added i ,goo hi gh fconpafed tlo thd anpun{ off M added to obtain
sufficient effect mmhe o o o o lo lo lo
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corrosion resistant property against the ant-nest type 15 corrosion.
3 ) ded is too | ow conpared to the
amount of M added to obtain sufficient inprovenent effect of the brazing.

Mh/B rati o exceeds 100,

t he anount of Bl

If the

Ther'efore, the Mh/B ratio is restricted to the range from2 to 100. 20 P
and B As aforenmentioned in th cli sfﬁr ng B, ch!es | ar
ef fect agai nst the brfazj pr ppenty d, iLf : ng Biafel qdded gét pey,
i nprovenment effect off tRe<bra eert:qxgel])bb DTy OjdD| pROcase,
the ratio of M and 45 i ol up 8] | ntl ijs) My (P14 | Joref er dolly
restricted to the rarjge fromp Jtd 100l Iin¢vj tlahl g f qpyir{ tfi ¢s{ If {t he{ pr esent
I nvention, Sn is aninegi;g,bl}ei Hr'ty. Du%ln_p manuttagt ur g]pfocess
of the copper all oy 'E]ubg‘gﬂo iin¢gl psj'gn [o N it s unqvpi dgbliel §l ff $n i sts
in the copper alloy gt I.rga?ile@%bﬂ[? i QK &) qf xipa ity <l ) t he
corrosion resistant qrc@agy bfl ¢opper, 1I 0 t}:ba by fddiftiiop pff Whiifs
deteriorated. Therefdre. the | nevi lie 1] i fpary tly |S 4 febtkicted
to less than 0.01 wt .j% As.mentli pnpd qbqve, | ifnjthg greserjt |1 pverit fop,{ t he
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maxi mum corrosi on depth was deternined after corrosion. The 30 test
condj;tions were as follows: Corrosion nedium 100 m of 1% aqueous sol ution
of forme acid or 1% solution of acetic acid. - 14 - Exposure condition:
the test piece (100 mm Il ong) was dipped into deionized water in a beaker

whi ch was placed in a one |liter container containing said corrosion nedium
then the container was 5 seal ed. Tenperature and testing period: maintained
at 40 [err] for 20 days. Brazing property Pre-determ ned anount of the
phosphor ous copper brazing 10 filler netal (BCuP-2, 1.6 mmin dianeter, 10
mnm | ong) was placed on each test piece (half out of the tube) and these
test pieces were naintained at 850[err] under nitrogen streamfor 10

m nutes, then the length of diffused brazipg £iller metal was determ ned.
The piece was a half cut of the tube 15 with 300 mm | ong. Hair-pin bending
property The 180[ eER] Tabpendi n§Tesmdgxs ther headingt ofsImaximuwandr el

corrosion length” stands for "no corrosion". Under the
heading of "brazing property”, "O" stands for "good
wettability of brazing filler metal”, "A" for "poor

5 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"

10 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.

15 A32); the example No.Al {Mn:0.08 wt.3) 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

20 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

25 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,

3D 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



with 87 min dianmeter at the pitch of 25.4 nm and the presence of
‘wrinkling and broken-out in the bending part was 20 observed. Hot worKking
Usimg, test sanple, 15 nmin diameter and 15 nmlong, selected fromthe

I ngots, the drop hamer test with the deformation rate of 50% was carried
out at 850[err], and the 25 presence of cracks was determ ned. Hydrogen
enbrittlenment The test pieces were subjected to heat treatnent at 850[err]
under hydrogen stream for 30 mi nutes and then the cross section was
observed for cracks by hydrogen 30 enbrittlenent. [err] [err] - 16-
[err] .

-~ 20 -

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

5 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 level. _

Furthermore, the comparative examples No.A35 through

10 No.A54 contains the pre-determined amount of gingle 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

15 No.a4l through No.245 are not practical mainly 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

20 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

268 "presence of broken-out". 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

30 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



[err] [err] [err] - 19 - In Table 1, "-" under the headi ng of
"maxiymum corrosi on | ength" stands for "no corrosion”. Under the heading of
"brazjng property”, "O' stands for "good wettability of brazing filler
metal", "[err]"” for "poor 5 wettability of brazing filler metal™, "X' for
"presence of hydrogen enbrittlenent”. Under the heading of "heir-pin -
bendi ng property", "O' stands for "good bending”, "[err]" for "presence of
wrinkling" and "X" for "presence of broken-out". Under the heading of "hot
wor ki-ng", "O' 10 stands for "good” and "X' for "presence of cracks". As
obvious from Table 1, all exanples No. Al through No. A31 of the present
I nvention have better corrosion resistant property agai nst the ant-nest
type corrosion than the phosphorous refi redicepper tube (conparative
exanple No. 15 A32); the exanple No. Al (M:0.08 wt.% showed the maxi num
corrosi on dept ARRRP BYHIROG o GoreEEonf conld ke aesRn in the sxamples

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
5 showed improvement in the length of the ares 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
10 ocorrosion and brazing property 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
15 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
20 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
25 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
30 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



phosphorous refined copper tube, and no evidence of corrosion was observed
in the exanple No. A4 (M 1.02 wt.%; the corrosion resistant property was
further "i nproved 20 -according to increase of the M content. Furthernore,
the "exanpl es No. A6 through No. A31 containing the pre-determ ned amount of
the elenment(s) listed in either first, second, third or fourth group showed
“better corrosion resistant property equivalent to those not 25 containing
any element listed in the first, second, third and fourth groups and any
practical problemcould be seen since all brazing, hair-pin bending and hot
wor ki ng properties were good. On the other hand, the conparative exanple
No. A33, 3D since the Wh content is |ower, showed insufficient corrosion
resi stant inprovenent effect against the #3t ~nest type corrosion. On the

i gh, - showed LURFPaFS ot Lt Alnenn Goctted” (S b MO P Rga not ¢ he
ant - nest type“e8eBEt on but poor brazing and hair-pin bending properties so
that may not practNest) yrhes afotrosium kesisthnt COOPHER dMRxye il Edio tha35
al so is not sush8bbechdiger Riinddlin!2qHR629 St LIF (HOFF B FhiagS! Stant
| PrOvemeNng  gegoribed, particularly focusing 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.

10 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

15 resistant property.

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

@ = Ma/nmD ceecenes (2)

where, M is the molecular weight of oxide, D is the

20 specific gravity of oxide, m is the molecular weight of base
metal, d is the specific gravity of base metal, n is number

- of metsl 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 film

25 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)

30 formed on the surface is about 1.7. In order to prevent the
ant-nest type corrosion, the volume ratio of oxide £film on
the surface of copper alloy ig to be 1.7 or more. If the
volume ratio exceeds 3.0, difference between the moleculaxr




effect of added WMh agai nst the ant-nest type corrosion decreased and the
hydr ogen.enbrittl enent occurred due to high.oxygen | evel. Furthernore, the
comparatiwve exanples No. A36 through 10 No.A54 contains the pre-detern ned
anount” of single element listed in the first, second, third and fourth

- groups. However, the conparative exanpl es No. A36 through No. A40 are not

sui table for practlcal use mainly due to poor performance in the hot
wor ki ng. The conparative exanpl es 15 No. A4l through No. A45 are not
practical mainly due to decrease of brazing property. The conparative
exanpl es No. Ad6 t hrough No. A52, No. A53 and No. A54 are not suitable for
practical use mainly because the hair-pin bending property becane poor due
to increase of the proof stress and 20 -d@B8rease of the expendability. In

Table 2, "-" und i the headln Qf "maxi mum corrosion | ength" stands for "no

corrosi on". Undgr¥ g%fl‘“ Reer *h Pn%@%l?n?ﬁlwa daawdgietel " good

bendi ng", " [ erh?eomw *fncesm whivhi mkiyi ogéatadsdne "diordfon’' pregaace of

br oken- out " Lbﬂfﬂetfﬂxheﬂfh Qﬁ:ﬂﬁequ@.ﬁ@l?geafée@é'éﬁé@][@ r_chﬁg m%&panﬁs for
ro t he

"good" and " XoedRF bvi gus

exanpl es No Ag thro%h @% dwe SUSE?ES °‘3o’r"?%’s~°r E’ﬁ%ﬁ? BP¥perty .
agai nst 30 ‘?@Fr&& BAYPYSt pEidR bl | eaxefereesthis. AGS
of phosphorous‘”é%’é'l*dﬂ‘w cvhgeideusboukdr bacrestihtrted 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

10 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.

15 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

20 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

25 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

30 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




exanpl e No. A55 showed the maxi num corrosion depth equivalent to about 1/3
of that of the phosphorous refined copper tube - 21 - and no evidence of
corrosjion could be seen in the exanples No. A60 and No. A61, indicating that
the corrosion resistant property is inproved according to increase of the
Mnh content. Furthernore, the exanples No.A55 through No. A67 5 showed

| nprovenent in the length of the area wetted by the brazing filler netal
conpared to the conparative exanpl e No. Al4 of phosphorous deoxi ded copper
tube, indicating that these are all epoch-nmaking materials capabl e of

i nproving both corrosion resistant property against the ant-nest type 10
corrosion and brazing property at sane t| Further, these exanples No. A
t hrough No. A31 and No. A55 t hrough No. A67 ar% al | good in the hair-pin

bending and_ MK beTResHOTER! +8 b Mandh HbLB"HEBEACK! 021 Use. O

t he ot her hang e exanpl ¢ 69 'S not _sui'tabl e for
practical use-pe 1 |nprovenent effect of M is

not sufficient due IrfotPS\NPEG%ﬁﬁloﬁlﬁFﬁr% thatwesmp Shat magnckadp | @f al | oys
are not sui t attiube @ndpthet maﬂeuiﬂlhetamgﬁ%rm heiecie bSabkeechi ol SO

that, even haughcdl@ecotnas efe! SStahelis HANRL LR nelbodll’ the' Ghlae PU!
both diffusi O'b.é)facltcﬁ%igéaéieﬁen% 8id Cu oxide existing in the oxide £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
10 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
15 of the same thickness (30 to 3000 A). In this case, the
' natural electric potential of the oxide film is 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
20 potential of the oxide film is legss than -0.2 V against 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 exceeds +0.2 V against the phosphorous deoxidized
25 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
30 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




metal and the hair-pin bending properties are not satisfactory. Also, the
conpar ative exanples No. A71 and No. A76 showed only limted diffusion of the
brazihg filler netal due to lower content of B or P, and the conparative 25
exanples No. A72 and No. A77 showed | ower corrosion resistant property

agai nst the ant-nest type corrosion due to higher content of P or B.
Further, the conparative exanples No. A73, A78 end A80 showed | ower
corrosion resistant property due to |ower 30 Wn/(P+B) ratio, and the
conparati ve exanples No. A74, A79 and A81 showed | ower wettability of the
brazing filler metal due to higher M/ (P+B) ratio, Furthernore, the
conparative exanple No.A82 is not suitabLezéqI practical use because the

- 22 - hydrogen enbrittlenent occurred due To excess oxygen content. Next,

the_corrosicn1nu:ﬂa§f@ek eBPRAe aFbpumbabfoldd di¥edigat exchanger defined in
?!ﬂ?: E)nrialget ?orllr\tlams!tlr ct i'o'r%la'lr%( ?ﬁgs\gké?uesd]o* a['f'té"lqcﬁuﬁl Lﬁﬁyéofg‘g%ng?ggh%‘%e% of
added el enent ¥R NG 42 mﬁaw%ﬁmm@rewnﬁnmmm t he
thi ckness of tERFusllyembnhfaciuredcand cthsir gqratresiion rakisBanXhESpdityn

5 was compared to the comparative-éxamples 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

10 diameter and 0.36mm thick. The comparative example 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.

15 The volume ratio of the oxide of additive element (FbQ) 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 comparative example B17 was 0.85, and that of oxide of

20 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

25 by 1 v.% of formic acid solution or acetic acld solution for
20 days, then the maximum corrosion depth was determined to
evaluate the corroasion 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

30 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




10 Volune ratio of oxide The mcro-structure-of oxide filmvaries by the

volume ratio [err] of oxide fornmed on the surface thereof to Cu base netal
_(ratlo of the mol ecul ar vol une of the oxide to atonic volume of Cu base
»netal) which affects on the corrosion 15 resistant property. Said vol une

rati o of oxide can be expressed by the followi ng equation (2). [err] =

Md/ nnD ... (2) where, Mis the nol ecul ar wei ght of

oxide, Dis the 20 specific gravity of oxide, mis the nol ecul ar wei ght of

base metal, d is the specific gravity of base retal, n is nunber of netal

atoms contained in one molecule of oxide. If this volune ratio is 1.0 or

| ess, since the volunme of oxide is |ower $Han that of base netal, an oxide

film25 formed on the surface of base netal. beconmes porous which. allows

t he corrosi orofiethamdppexorilidoy tubd tvie detdmtined,. bagemnthis wsmluydat t he

Erosinorous: o o ALY SSSpate ool 06 ok gt
formed on thegg% ace 1 p%%: Stetfmi/.ne I'f'i“%ﬁeﬁlq' f' gs {‘h%]est type

corrosion, i@#ﬁﬁﬁ?%ﬁ%|R9ﬁﬁﬂtbﬂidﬂaﬁlG?#%##%ﬁﬁ?fnnface of copper. alloy is
to be 1.7 !ﬁ)r nor e. Fufthdxmorel, Unmeingt éack xtulss 03 the dkbiplescandetieen the '
ol ecul ar comparative examples, the fimned 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

10 brazing filler metal, at 850 C for 30 seconds. 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

15 heading of “"brazing propexty”, "O" stands for "no leakage”
and "X" for “présence of leakage".




- 23 - Volune of oxide filmand the atom c volune of base nmetal becones too
| ar ge mhléh may create sone distortion of the oxide film and consequently
defect s-such as cracks may occur. In this case, the corrosion resistant
property may 5 decrease as the case of porous oxide film Therefore, the
volume ratio of oxide should be restricted to the range from1.7 to 3.0.

The el enments such as WMh, Fe, Co and Cr can be used to form such oxides.
Anmount to be added 10 | f the ambunt of additive elenment to be added
to the copper alloy is less than 0.05 w.% the volune ratio of Cu oxide
fromthe base netal against the oxide of additive elenent in the oxide film
becones significantly high, resulting in decrease of the corrosion

resi stant property. 15 On the other hand, if the added anmount of additive
the probability of poor mettablllty of the brazing

el ement exceeds (3—w—9%
filler netal be&omeg i dh]ddeft strodg ofi deffprp he additive
el enent during th g Z|n peesslas [oMe|9 <_gbr q ‘ocesses of the
heat exchanger, Ife B2 Bph e s a;&-ﬁ _qpf& pgleakagelnthe
brazed part dur|n@ Sip PRERERIP(d e3%. [BHRIS{P[Ele I of additive
el ement to be ajdéhmmht he hobpe aljl qy sholl b e cted to the range
fromO0.05 to 3 % Thickneshk bf oxideifill
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25 If the thickness of oxide filmfornmed on the surface of tube is

| ess than 30 A, Cu erosion by carbonic acids nay occur through the Cu oxide
film and. the corrosion nmediumeasily contacts with the surface of base
“fetal’; resulting in decrease of the corrosion resistant property. If the 30
t hi ckness of said oxide filmexceeds 3000 A the brazing filler netal may
poorly wet or spread out on the brazing part, therefore there is a danger
of generating |eakage in the brazed part. Therefore, the thickness of
oxide film - 24 - should be restricted to the range from 30 to 3000 A
Electric potential of oxide filmIf the potential difference between the
mai n body of tube and the oxide filmis large and there is a defect in 5
the oxide film the potential difference between the oxide of additive

el ement and Cu oxide existing in the oxide filmor between these oxides and
the main body of tube may create the cell reaction, and consequently the
corrosi on may be enhanced. The corrosion nay,@l so be enhanced if the 10 .
additive el enent has already deposited .in the Cu bass netal. In order to

reduce the corrosi onaByoheone! erbRoehbte 85 & YHEnt iNBedoridie Batyr al
electric potentigh 2t ohNgad*bdBal b tha b8riSatbd Hdusd RAGP oBicxbhfBRO 2 -
with about 0.0l mm depth was observed in the examples Bl
through Bll, indicating better corrosion resistant property.
5 In these examples Bl through Bll, the brazing property was
‘algo good. On the other hand, the conventional phosphorous
' deoxidized copper of the comparative example Bl2," the '
comparative example Bl3 which contains only small amount of
the additive element, and comparative examples BlS5, Bl6 and

10 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

15 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.

20 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

. 25 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.capacity
30 can be significantly improvad.
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



agai nst the phosphorous deoxi di zed copper having oxide film15 of the sanme
t hickness (30 to 3000 A). In this case, the natural electric potential of
the:woxide filmis determned after a tube provided with the oxide filmwas
di pped into formc acid solution of 0.1 v.%at roomtenperature (20 to 30
[err]) for 24 hours, for exanple. If the natural electric 20 potential of
the oxide filmis less than -0.2 V agai nst the phosphorous deoxi di zed
copper, the oxide forned fromthe additive el enmemt may easily dissolve into
carbonic acids. On the contrary, the natural electric potential of the

oxi de fil mexceeds +0.2 V agai nst the phosphorous deoxi di zed 25 copper,
the.corrosion resistant property of the Cu base netal in the copper alloy
is deteriorated. Therefore, the differential of natural electric potential
between the oxide filmand the phosphorous deoxi di zed copper in said formc
acid solution should be restricted to the range of from0.2 30 Vto - 0.2V.
Further, addition of P as the deoxidation agemt .i nto said copper alloy does
not affect on the aforenentioned effects. Addition of Pb into said copper
all oy al so does obtaimid. i Hd ertthea Hdwd, aflEr ehRNbuteeddcihetes . eddesds

various copper ahdo¥ dhDethd Hedt exdtftingetC RaRORbs large size and
uneconomical as the fin-tube heat exchanger. Therefors, the
outer diameter of tube should be restricted to the range
5 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,

10 4if the helix angle Yy 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°.

15 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

20 exchanger can be obtained.

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

25 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

3¢ <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



according to the exanples of the present invention were actually

manuf actured and their corrosion resistant property 5 was conpared to the
conparatjve exanpl es as follows. The copper alloy tubes containing the
*additfve elenent at the amount listed in Table 3 bel ow and bal anced with Cu
and ot her unavoi dable inpurities were manufactured. The di nensi ons of each
tube were as follows: 9.52 mmin outer 10 dianmeter and 0.36nmm thick. The
conparati ve exanple Bl12 was the ordi nary phosphorous deoxi di zed copper

tube. These tubes were subjected to the heat treatnent under [err]

at nosphere containing 100 ppmof [err] and 5% of [err] to formthe oxide
filmof 30 to 3000 A thick on the surface thereof 15 The volune ratio of
t he oxide of additive element (PbO in the conparative exanple Bl5 was
1.40, that of the oxide of the additive elenent (SnO in the conparative
exanpl e B16 was 1.31, that of the oxide of the additive elenment (MO in
- the conparative exanple B17 was 0.85, and ¢t of oxide of 20 the additive
el enent in each of the exanples Bl through B9, and the conparative exanples
B13 and Bl4 was ginkdteded piy.t e 163 R001EWOHE Ithid Eih-SubshBeatCeRERANger

At mosphere. af f ecPeatoRa, Parird, te" RIBA Biids AR 35 U REcHIBAAT yidu' N°
sol ution for 20 @fythe tade G A 48 R RIGHLAR Fiaraes: Tiar el the
eval uat e the cortaseon Bash stiantl Ksosabsrantiably re plateohewingcad or
acetic acid wgs ypeehPEGAUSE ik 3Rkededbn holes formed in between 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

10 other, and 2 tube 2 is ingserted 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,

15 +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

20 spirally extends inside the tube 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

25 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

30 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




type corrosion can be readily reproduced by formc acid and 30 acetic acid.
Furt her,. each copper alloy tube was dipped into 0.1 v.%of formc acid

sol ytion.at 256, 36'C for 24 hours, then the natural electric potential of
*the oxide filman the surface - 26 - of the copper alloy tube was
determned. Fromthis value and the natural electric potential of the
phosphor ous deoxi ded copper determ ned under simlar conditions, the
differential potential was cal culated. 5 Furt hernore, using each tube
of the exanples and the conparative exanples, the finned coil was
fabricated, the return-bending part was brazed, then the brazing property
of each tube of the exanples and the conparative exanpl es was eval uat ed.
The brazing was carried out using BCuP-2 as the 10 brazing filler netal, at

. 850 [err] for 30 seconds. The air-tightness test was carried out at the air

pressure of 2.94 MPa for each tube after. brazing to evaluate the brazing
property based on presence or absence of | eakage. These results are shown
all together in Table 3. Under the 15 heading of "brazing property", "O

stands for "no |gppkatihg ¥ theC£id halTeHARC PeRli1h§2kAGexpansion 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
5 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
10 <transfer calorie shown in Table § was obtained under air
blowing at 1.0 m/sec. '



[err] [err] - 28 - As obvious fromTable 3, in case 1 v.%formc acid
solution was used as the corrosion nedium only corrosion with about 0.01
nm:dept h was observed in the exanples Bl through Bll, indicating better
corrosion resistant property. 5 In these exanples Bl through Bll, the

brazing property was al so good. On the other hand, the conventional
t he

phosphor ous deoxi di zed copper of the conparative exanple Bl12,
conparati ve exanple B13 which contains only snmall anmount of the additive
el enent, and conparative exanples B1l5, B16 and 10 B17 which have snal
volume ratio of the oxide were all inferior to the exanples in the
~corrosion resistant property. The conparative exanple B14 which has | arge
anount of the additive el ement showed poor brazing property. Next, the
fin-tube heat exchanger described in clains 15 12 to 17 will be expl ai ned.
In the fin-tube heat exchanger according to the present enbodinent, a
plurality of plate type fins of alunmi num or al um num al | oy- are placed in

paral | el each other on the outer surface of the main tube
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An

body including the copper alloy tube of claim1, 2 or 6. 20
internally grooved tube is preferred as the copper alloy tube used for the

fim-tube heat exchanger according to the present enbodi ment. This
internally grooved tube, 4 to 25.4 nmin outer dianmeter, having a plurality
of internal grooves parallel each other, is constructed so as to satisfy 25

the following relationships: 0.01 [err] h/D [err] 0.05 and [err] where,
D is mnimuminternal dianeter (determ ned at

h is the depth of groove,
and is helix angle toward the tube axis. Thereby, the heat

the crest part),
transfer capacity 30 can be significantly inproved. If the outer dianeter
of the internally grooved tube is less than 4 nm the pressure | oss of the

medi um may i ncrease and sufficient heat transfer capacity can not
if the outer dianeter exceeds

t her mal
be - 29 - obtained. On the other hand,
25.4 mm the heﬂr-exthaﬁge+—{xu;; | arge size and uneconom cal as the
fin-tube heat exichanger. Therefo el e loytgrld r of t.ube should be
restricted to thHe rahge 5 from4ftlo 25.4.qm| [f|tlhg fatio h/D is |ess than
_ . H : : e
.0.01, | mpr ovenerjt 01:3 heat transfRksjce Efbtéﬁbtq x§<Lff|C|ent. On the
. contrary, 3 :
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if the ratio h/D exceeds 0.05, the pressure | o0ss increases so that the
heat transfer capacity may decrease. Further, 10 if the helix angle [err]
toward the tube axis exceeds: 30 [err] the pressure | oss increases and
‘suffitient heat transfer capacity can not be obtained. Therefore, the ratio
h/Di is preferably within the range fromO0.01 [err] h/D [err] to 0.05, and
the helix angle [err] within the range fromO[err] to 30[err]. 15 When
the internally grooved tube having internally formed grooves with such
construction is used as the tube, the fin-tube heat exchanger having better
corrosion resistant property against the ant-nest type corrosion and
further having better heat transfer capacity as the heat 20 exchanger can
be obtained. Further, the copper alloy tube constituting the tube according
to the present invention may contain unavoi dable inpurities such as P and B
whi ch are usually used as deoxidation agents in addition to zn, M and My,
but 25 existence of such inpurities does not cause any problemfor
i.nprovenent of the corrosion resistant .propesdy- Then, the exanples of the
present invention will be explained conparing to the conparative exanpl es.
The fin-tube heat exchaelyccharamkenistbiq Listads énp'hb’eﬁgm |yadeated

t ubes (annealed)aaautdmhgrbefngugajmduadg &beﬂoan Tabl e 4 bel ow, the
corrosion reS|steg£ g&ﬂ&gré,. FAlRLCE 1l . "afﬁé3hnfiﬁi~‘ SR al

characteristics <t

manuf act uri ng meEEEEEEiEE
5 The fin-tube heat exchanger used each tube hav1ng

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:
10 temperature 30 C, relative humidity 80%
Operation conditions:
S-minute cooling and 10-minute air blowing,
repeated for 6 months. '
Heat transfer capacity
i5 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 CBClI;) was used
ag a refrigerant, and measurement conditions were as
20 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?
25 Overheating: 5.0 deg
Condensation test -
Airs Dry—bulh/wet—bulb tempexrature 20.0*C/15.0°C
Refrigerant: Out-put pressure from heat exchanger 18.8
kgf /cm?
30 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




- 30 - 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 5 plurality of tube insertion holes forned -
in between the top and the bottomthereof, and to the surroundi ng edge of
each insertion hole is provided with a tube type fin collar 5 in the way
that the axis direction thereof is orthogonal to the fin 1. Al plate type
fins 1 are placed in parallel each 10 other, and a tube 2 is inserted into
the fin collar 5 of each fin 1. This tube 2 is forned in U-shape with a
hai r-pin bending part 3 to connect each tube into one |ine of tube; that
i's, each tube 2 is inserted into the fin collar 5 and fixed to the fin 1 by
expandi ng the tube 2, 15 then both ends of the tube 2 are connected to the
end of neighboring tubes 2 through a sem -circular tube 4 by brazing. Each
tube 2 is provided with a plurality of grooves 7 on the internal surface
thereof, and these grooves 7 20 spirally exBBnds inside the tube 2. The
internal dianeter Di of the tube 2 is defined as the distance between a
crest 6 of the groovéﬁ7ﬂénd t he opposed crest 6, representing the
' Brazing property:
the breaking test was carried gut under adding internal
pressure to the tube of heat exchanger and then
5 broken-out 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

10 deoxidized 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.

15 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

20 corrosion resistant property, probably due to depoait of Mg
since the Mg content was too high and exceeded its solid
goluble volume against Cu. :

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

25 As & 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

30 surface of the main body of tube a oxide f£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



m nimuminternal dianeter. The internally grooved tube used in the fin-tube
heat 25 ,exchanger of the present exanple has the follow ng di nensions: the
outer diameter - 7 nm the inner dianmeter (D) = 6.14 mm, 50 grooves at

"t he sectioned surface orthogonally to the tube axis, the groove depth (h) =
0.18 mm the bottomthickness (t) = 0.25 mm the bottomw dth of 30 groove
(W =0.23 mm and the helix angle [err] of groove against the tube axis =
18[err]. The conposition of copper alloy for each tube 2 is shown in Table
4 below. Volatile lubricant oil was used in each step of - 31 - bl anking
of the fin, hair-pin bending and expansion of the tube during manufacturing
of the fin-tube heat exchanger, but subsequent digressing step by sol vent
was elimnated. The brazing of the tube was carried out using the 5
phosphorous copper brazing filler nmetal (BCuP-2; the species defined by

JI S-Z3264 and containing 6.8 - 7.5 %of P,0.2%of other elenments and the
remaining is. mainly Cu) by the burner brazing. Results of evaluation of
each characteristic are shown in Table 5 bel 3% ~The heat 10 transfer

calorie -shown in Table 5 was obtained_under_ air blowng at 1.0 ni sec.
' 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
5 atmosphere cvontaining 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 oxide film exceeds 2000A, furthex

10 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.

18 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

20 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

25 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

- 30 expressed by the following equation (3).
0.04 s L [Ax - In (AH°£(x)/(~169))] < 4.2 ccecsoe-cs (3)
where, Ax iz the content of additive element x in
atomic %.



[err] [err] [err] [err] -34- Each characteristic listed in Table 5
was eval,uated according to the follow ng nethod. Corrosion resistant
property. agai nst the ant-nest type corrosion 5 The fin-tube heat
*exchanhger used each tube having conposition listed in Table 4 was operated
I nsi de room under the follow ng conditions and then the maxi mum corrosi on
depth by the ant-nest type corrosion was determ ned. Operation environnent:
10 tenperature 30 [err], relative humdity 80% Operation conditions:
5-m nute cooling and 10-m nute air bl ow ng,

- 37 -

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

5 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

10 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

15 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

20 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

25 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

30 £4ilm 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



repeated for 6 nonths. Heat transfer capacity 15 Using a wind tunnel
test apparatus, the heat transfer calorie (evaporation and condensati on) as
t he.heat «exchanger was determ ned. R-22 (Fleon HCFC 22: nol ecular fornula
T'err]) was used as a refrigerant, and measurenent conditions were as 20
foll ows. Evaporation test Air: Dry-bul b/wet-bulb tenperature
27.0[err]/19.0[err] Refrigerant: Qut-put pressure from heat exchanger 5.4

kgf/[err] 25 Overheating: 5.0 deg Condensation test - Ar o
Dry-bul b/wet-bul b tenperature 20.0[err]/15.0 [err] Refrigerant: Qut-put
pressure from heat exchanger 18.8 kgf/[err] 30 Under cooling: 5.0 deg

Characteristics required for production Wrking (hair-pin bending: 10.5 mm
in diameter) : observed for incidence of winkling inside the bending -
35 - part.

- 38 -

ant-negt type corrosion. Furthermore, 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

5 [AH°%(x)/(-169)] and that improvement effect of the
corrosion resistant property can be evaluated by the product
of the natural logarithm of [AB® £(x)/-169] by Axz; 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
10 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.

15 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

20 corrosion resistant 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

25 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

30 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



Brazing property: the breaking test was carried out under adding internal
- pressure to the tube of heat exchanger and than 5 br oken-out part was
ohserved. "As obvious from Table 5, the exanples Cl to C7 of the present
i nvention all showed better corrosion resistant property against the
ant-nest type corrosion than the conparative exanple C8 using the
conventi onal phosphorous 10 deoxi di zed copper and other characteristics
such as the heat transfer capacity required as the heat exchanger and the
wor ki ng and brazing properties required for manufacturing were good and
al nost equal to the conparative exanple C8 using the conventiona
phosphor ous deoxi di zed copper. 15 On the other hand, the conparative
exanples C9 to Cl1 were not suitable for practical use because heat
transfer capacity as wall as the working and brazing properties decreased
due to use of the tubes containing | arge anount of Zn, WMh and My. The
conparative exanple Cl1 showed inferior 20 corrosion resistant property,
probably due to deposit of My since the My content was too high and
exceeded its solid soluble volunme against .Cag Next, the corrosion resistant
copper alloy tubes according to clains 18 and 19 will be described.” 25
As a result of ditairdondieimd theseuitis of theigein pesleantensityrfizder
the corrosion rasd ddilcifed REIdnen tEORRE mBlihOpebk DEntéMel B R of Cu
I nventors fouanl tlg%plalned in more detail.
It is well known that the corrosion resistant property
5 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
10 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
15 composition ratio of the main body of tube, and in order to
obtain that index the XPS analysis is most practical from
technical and economicsl 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
20 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
25 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
30 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



~corrosion resistant property against the ant-nest type corrosion can be
significantly inproved by providing on the 30 surface of the main body of

tube a,oxide filmcontaining oxide of an el enment having smaller standard

enthal py for formation of the oxide than that (-169 kj/nol at 298 .15 K

Kel vin tenperature) for Cu oxide [err]. Such oxide film - 36 - can be

formed by annealing the main body of tube consisted of one or two additive

el enents havi ng standard enthal py -169 kJ/nol or |ess for formation of the

oxide, Cu and unavoidable inpurities in the inactive atnosphere or in the 5
at nosphere containing small amount of oxygen, for exanple. In this case, if

the thickness of oxide filmis less then 40A, sufficient |nprovenent
effeet of the corrosion resistant property can not be obtained. On the

ot her hand, if the thickness of said oxide filmexceeds 2000A, further 10

I ncrease of effect can not be expected due #0 saturation of inprovenent

effect of the corrosion resistant property and al so the brazing property
may decrease. THee cthansandenthrdprein kf/mal dfox formatdgndofcoxdderoft ed

to the range fronat(elanci@4 the tempeldatiige Sof RSEILT Kie Thenvalge

f’!;ggpt s havi ng.g{@l) flads LHedA tleCabiatP¥n | §' ([P hR" nehafihd5s BY €1 )
for each copper alloy tube or copper tube cof these examples

5 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

10 determined using X-ray (XKa) 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

15 ezamples 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

20 depth was determined after corrosion. The test conditions
were as follows:

Corrosion medium:
' 100 ml. of 1% agueocus solution of formic acid.
Exposure condition: ,

25 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:
30 _ 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




i nprovenent effect of the corrosion resistant property. For said addditive
el ements, the corrosion resistant property increases by increasing the
content. However, if the 20 content of said additive el ement exceeds
‘Certaln level, the wor ki ng property of copper alloy tube may significantly
decr ease. Therefore, the lower limt of content for the additive el enent
shoul d be restricted based on the corrosion resistant property and the
upper limt should be restricted 25 based on the working property. As a
result of a series of diligent research, the present inventors found that
the oxide filmhaving better corrosion resistant property agai nst the
ant-nest type corrosion can be obtained by restricting the anount of
additive elenent to the range 30 expressed by the foll ow ng equation (3).

[err] ... (3) * wher e, AXx
is the content of additive elenent x in atomc % - 37 - Inis natural
logarithm [err]f(x) is standard enthalpy T041fbrnation of oxi de of
additive elenment in KJ/nol. [err | n I X) (- 169 f or
each additive 5 PEEERERE or absen oy ehi6h®) o 52aking

were as follows: brazing f;ller metal BCuP-2, temperature:
8EOTL brazing time:30 seconds. The air-tight test was
~carried out under air pressure of 2.94 MPa.
5 Hot working . :

Using test sample, 15 mm in diameter and 15 mm 1ong,
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 detgrmined.

10 Results of these tests are shown in Table 7 below.
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.

15



That is, the corrosion resistant property created by the oxide film

. relates to both standard enthal py for formati on of oxide and the content of
addrtviye elenent, and the value obtained fromthe foll ow ng equation 4 can
be used 10 as the index for the corrosion resistant property. [err]

vee... (4) So, if the copper alloy tube contains the el ement having | arger
oxygen affinity than that of Cu (that is, the el enment having smaller
standard enthal py for formation of 15 oxide), the oxide filmon 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
hydr oxi.de radical, and there is a trend toward that the oxide having

-smal | er st andare—enttrapy—Forresrrpt-gar2 “ﬂaﬂn;!"r;ar:m“um -of
absorbed water; %hereffr i1511ihe. %fagrq‘eﬂ;tnl Y, f‘or fels Ilon of oxide
of additive elfenfint i s|[BeresFHd B R Hs%%t‘%%%é%&’ia%hm the
alloy. containing the SNt [ YT R DT (4T |0| PIPIIRPI=|L69) ] for
t he standard f r het § oh xj.delapdi sk It 5] Btfandard
ent hal py (-169 kg/gol) of afi pbr| ¢f.JQu JoxiHd [lefr]l |i b {cgvprfed on its
surface by | arjgeg Zanmou f thiydr pxj de [r adf dal kHam puré¢ Edppef.| I nthe
al l oy covered Jon2i% 5 slgiedstenislalalel=temisl=hishealole tdalathlcal , even if
mwmnmfor(ﬁ@ﬁt o abel=| ¥ lsy (d R i (5] aﬂwmegﬁ filmso
that its surfdcedi® m I hep ilﬁl i flo rrﬁaie anﬁi Jwe.au- ept] type
corrosion is ardly fo AThdt lik.| dh
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val ue of the aforenentioned equation (4) can be used as the index for the
corrosion resistant property against the - 38 - ant-nest type corrosion.
Furthernote, if the content of these additive elements is increased, its
effect becones nore remarkabl e, but the present inventors found that there
Is a relationship between the content Ax and 5 [[err]f(x)/(-169)] and that
‘improvenent effect of the corrosion resistant property can be eval uated by

the product of the natural logarithmof [[err]f(x)/-169] by Ax; that is, Ax

In ([err]f(x)/(-169)) and further that the value of Ax In

([err]f(X)/( 169)) is additive property in case of the 10 all oy contalnlng
two or nore additive elenents. Therefore, in case of the alloy containing a

plurality of elenents, the val ue obtained for each elenent fromthe
equation (4) should be summed. That is, the follow ng equation (5) can be

~go~

applied. 15 [err][AX . In ([err]f(x)/( 169))] ... (5) If the
val ue obtained fromthis equation (5) is less than 0 04 _sufficient )
| nprovenent effgct can not created y the oxide film And} if thefval ue
obtained fromtHhe equationngf) exceeds} 4,2, furth | mprove Fnt of the 20
corrosi on resistfant. proper% "can not be expected %Je to " :
]
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saturation of inprovenment effect of the corrosion resistant property and
the working property of the copper alloy tube is decreased by the addi tive
el ement”. Therefore, the content of additive el ement should be restricted to
the 25 range shown by the aforenmentioned equation (3). Further, the
characteristics of the oxide filmforned on the surface of tube can be
readily judged based on intensity of the main peak fromthe X-ray electron.
spectroscopy (XPS) analysis. That is, when the ratio Ix/I1Cu 30 of said
main peak intensity Ix of said additive el d8ert to the main peak intensity
ICu of Cuis 0.10 or grater, significant inprovement effect of the
corrosion resistant. property agai nst the ant-nest type corrosion can be

-39- obtai ned. CEAEMS:the ratio of the main peak intensity Ix for the
additive element to the main peak intensity |Cu of Cu will be explained in
more detail. It is well known that the corrosion resistant property 5 of

‘the copper alloy |atgel yAde‘bﬁﬁ'd@Fn%PnonFF%?ﬁFFSltal legPeeFpositien atuden
the film fornecharadter sredabg. cbisi SeiAgee8Bbniti¥eNY 0F 0ROt & 305 Qi On

Rt TRTS T REEg IR S R ol
i ' 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.
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10 element constructing the oxide film In order to increase the effect
further of the alloy containing the el ement having small standard ent hal py
for formation of oxide, the oxide filmformed an the surface thereof should
contain the additive el ement concentrated at higher |level than the alloy 15
conposition ratio of the main body of tube, and in order to obtain that

I ndex the XPS analysis is nost practical fromtechnical and econom cal

point of view As a result of a series of diligent research on the

rel ati onship between said ratio | X/ 1 Cu and& he corrosion resistant

property, the 20 present inventors found that if the ratio Ix/ICu is 0.10
or nore, inprovenent effect of the corrosion resistant proper

significantly incrBases® TROLHPHiGILKk G2 i6§H3BLCLCRRP IR &%XSIY siatb at

'gaiosog hﬁgg ebcﬁgkae&mbad ?f{hycggﬁsléﬁﬂib t tags@amas_llty OB£r & fohsﬁ tbedulc;5| on
u xygen e sphere_in the anneal i.n

- process for tY’éaﬁl R§ e OpYeE &P &rk%e% ré]l Bil [ﬁ)ft ﬁ‘g‘i PRY; OF ctﬁ%ﬁ of"
~ thereto. Thenoxggaaalr:axgdt@d [landorm:&idiﬁdéﬂEaBX@ndmts han&aﬂmpeslbiesl;le

. present inventjon U e expl ai rs h b aps

material s: 9. h erR % 1°d Q%ép O%)ié g Pﬁ %m%aééng conp05| Pgn
shown in TablEaﬁgbefmwmum&%tcpﬂéﬁared by the nelt casting, the hot
extrusion, the colg for 'nQoaf'floEfi%:li'eaEgEE. é‘i‘?Et cE%éfguéﬁio'i;‘o%HQder

é t he headlng of "the sy an el enment” 1 ndil cat
characterlzed by consisting essentlally 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 withiq 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§ =



-40- thesstandard enthal py in kJ/nol for formation of oxide of that el enent
at the ténperature of 298.15 K The value calculated fromthe equation 5
(under t'he” heading of [err] [ ]) for each copper alloy tube or copper tube
of these exanples 5 and the conparative exanples, the thickness of the
oxide filmand the main peak intensity ratio Ix/ICu are also shown in Table
6.: The thickness of the oxide filmwas obtained fromthe etching tinme by
Auger El ectron Spectroscopy (AES) analysis. The main peak intensity by the
XPS anal ysis was 10 determ ned using X-rad@7¢K[err]) derived from My under
the follow ng conditions: output power 300 W(voltage 15 kV, current 20
md), anal yzed area 1000 [err]. The corrosion resistant property against the
ant - nest type ¥bthinjthe spagengfafgomol -RoVkiteg -Pr-@pdfties of these 15

exanpl es and the coppar aii W& PEHIIESrBEELaMR! sk by altieyf Obdi Rer a

met hods. Corraosi on resj stant against t he ant-nest type corrosion Test
pi eces were expRREC¥hERTeEGPREARLRE 18LdF BYnCOMREIFIRI one of typi cal

car boni c, and the nmaxi nmuan _(ma&QsiﬁubZH) bdﬁpjhm/w@edeég_rra'n@b@f;he-r alloy

R e oo o ke ety
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 bgtween said oxide film and phosphotrous
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 *



25 tthe test piece (100 mm Il ong) was dipped into deionized water in a
beaker which was placed in a one liter container containing said corrosion
medi uh ‘t hen the container was seal ed. Tenperature and testing period: 30
mai ntai ned at 40[err] for 20 days. Brazing property The finned coil was
fabricated and the return bending part was brazed. The brazing property was
eval uated by - 41 - presence or absence of | eakage. The conditions of
brazing were as follows; brazing filler netal: BCuP-2, tenperature:
850[err], brazing tine:30 seconds. The afr#48ight test was carried out under
~air pressure of 2.94 MPa. 5 Hot working Using test sanple, 15 nmin

RS RN TR et PAC T RECE BRI HE S

presence of criesk300@sk deyeorididingOthe surIR?saI bf thet hadin tt.m:tes b'ﬁ'ddy,
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"hot - wor ki ng premeining ‘inxsaist geppeor agdleyerdse $91id 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

-
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cracks arfid "O" for no crack. 15 [err] [err] [err] - 45 - CLAI Ms: -

1. A, carrosion resistant copper alloy tube characterized by
con3|st|ng essentially of 0.05to 1.5 wt. %of WM, 100 ppmor |ess of
- oxygen, and Cu and incidental elenments and inpurities. 2. A corrosion

resistant copper alloy tube characterized by consisting essentially of
0.05to 1.5 wt. %of M, 100 ppmor |ess or oxygen, at |east one el enent

. selected fromthe first group of elenents consisting of P, B, Li, Pb and Sbh
‘'at a concentration of 0.20 wt.% or |ess i 4%tal, and Cu and i nci dent al

el ements and inpurities.

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.
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3. A eorrosion resistant ‘copper alloy tube characterized by
-consisting essentially of 0.05 to 1.5 wt.% of M1, 100 ppmor |ess of
oxyger; *'and at | east one el enment selected fromthe second group of elenents
-consisting of Cr, Ti, Zr, Al and Si at a concentration-gf-0.50 wt.% or |ess
~in total, and Cu and incidental elenments and inpuritieg.y corr05|on
resistant copper alloy tube characterized by consisfin 4R
0.05 to 1.5 wt.% of M1, 100 ppmor _|ess of oxygen, and~s
selected fromthe third group of ef&neht<$censidting of My,
and As at a concentration of 1.0 wt.%or less in total, and cu and
~incidental elenents and inpurities 5. A corrosion resistant copper
all oy tube characterized by nS|st|ng essentially of 0.05to 1.5 wt. % of
Vn; 100 ppmor |ess of px
fourth group of el enentf
Ww.%or less in totaf
46 - 6. A corrosio

ing of Zn and N at{|{f
d incidental el emenilidifo~Tpurities. -
~-copper—.alloy —tupk
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characterized by consisting essentially of 0.05 to 1.5 w.%of M, 0.002 to
0.15 Wt ¥%6of P, 100 ppmor |ess of oxygen, and Cu and incidental elenents
and inpurities, wheréin the ratio (Mi/P) of said Mi tosard“P is in the
range from2 to 100. 7. A corrosion resistant copper y [
characterized by consisting essenti &1 yiofgh. 05+ 1.5
0.15 wt.%of B, 100 ppmor |ess of oxygen, and Cu and i red
and inpurities, wherein the ratio (Mi/B) of said M to said Bi .
range from2 to 100. 8. A corrosion resisjant copper alloy tube
characterized by consisting essentially of 05 to 1.5 wt. % oxygen, and Cu
and incidental elenents and inpurities mh' he ratio {M/(P + B)} of
said Mh to said Pand Bis in the r' t 100. 9. A corrosion
characteri zed by
on consi sting essentially
.%in total, the volune
f mol ecul ar vol unme of
thin 1.7 to 3.0, and Cu
ﬁllayer formed on the
30 to 3000 A by

of at | east one additive elenen-
rati o of oxide thereof to Cu b
oxide to atomi c volune of Cu baté
and incidental elements and inp

surface of said main tube body iR fro
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oxidiziﬁg.the surface of said main tube body, wherein the additive el ement
or elenents remaining in said copper alloy is solid solubilized into Cu
base netal, and the differential natural electric potential bet ween sai d
oxi de film and phosphor ous deoxi di zed copper in 0.1 v. %ei_formc, aC|d
solution is -47- wthin the range of fromO0.2 V to -0. ZTH!SS}%FT
corrosion resistant copper alloy tube for a heat exchanggr chaﬁ, 1 ery
conprising: a nmain tube body made of a copper alloy consi
of at |east one elenent selected fromthe first group of elenents
consisting of P, B, Li, Pb and Sb at a concentration of 0.20 w.%or |ess
in total, at |east one additive elenent at a concentration of 0.05 to 3.0
w.%in total, the volune ratio of oxide-tBa&reof to Cu base nmetal (ratio of
nmol ecul ar® vol une of oxide to atomt volune of Cu base netal) being within
the range of 1.7 to 3.0, and Cu and i ncRbstrattel enents and inmpurities, and

an °X'38€tf"3mof ognigfé ¥op Sé'Ii eu% S&igcﬂaéﬁdt Hefebgeg.thgn% QUi AR S
rom 0 9. % y% IZI nr?d J%J. S coppeg gg{m?:aiglng oxygen

concentratlon at 100 ppm or less. At least one element

5 selected from a group of elements comprising P, B, Li, Pb
and Sb can be added at the amount of 0.20 wt.% or less in
total. At least one element selected from another group of
elements comprising Cr, Ti, Zr, Al and Si also can be added
at the amount of 0.50 wt.% or less in total. Further, at

10 least one element selected from other group of elements
comprising Mg, Fe, Co, Ag, In and As can be added at the
amount of 1.0 wt.% or less in total. Furthermore, at least
one element selected from a group of elements comprising Zn
and Ni can be added at the amount 5.0 wt.$% or less in total.

15 Thereby, an corrosion resistant copper alloy tube having
better corrosion resistant property against the ant-nest’
type corrosion which is spedific problem for refrigerant

. tubes and tubes for the heat exchanger and also better

brazing property can be provided.
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“wherein the additive el enent or elenents renmaining in said copper alloy.is
solid solubilized into Cu base netal, and the differential natural electric
potential between said oxide filmand phosphorous deoxi dized copper in 0.1
V.%of formc acid solution is within the range of from0.2 Vto -0.2 V.

11. A corrosion resistant copper all oy /t2ibe Substitiith shtet exiZhSepdember 1996
characterized by conprising: a main tube body made of a copper all oy

consisting essentially of 0.05 to 1.5 wt.% of M and 0.002 Y '
P, the ratio Mi/P being within the range from2 to 100, at IREELAGE&EN'?&{EET
additive element at 0.05 to 3.0 w.%in total, the volune rtijo of oxide. _
thereof to Cu base netal (ratio ofFholecst ar vdl ure of oxid o} ascsﬁ;tﬂq%'}:‘::f:.,

vol une of Cu base netal) being within the range of 1.7 to 340| and Cu and.-
incidental elenents and inpurties, and - 48 - an oxidé fil F

the thickness from 30 to 300Q'A by oxidizing the surface 2% the main tube§
body, wherein the addi enent _or elenents re ni.ng 4 said copper
alloy is solid solublllziﬁ. ﬁ Cu base netal, and ifferential natural

electric
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thentiaI bet ween said oxide film and phoéphorous deoxidfzéd copper in 0.1
v.%of formc acid solutionis within the range of from0.2 Vto -0.2 V. -

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

a nain tube

body including said copper alloy tube according to claiml1, 2 or 6, a
plurality of plate type fins of alum n@mdr aBubstititenshédtoylpBemenibem1996
parallel relationship with each other on the outer surface of the main tube

body. 13. A fin-tube heat exchanger according to claim 12,

that said copper alloy main tube body is an internall §,_

a plurality of grooves provided parallel to each other Yinkca c 81

t hereof, the outer dianeter of saig.cqpper all mai n be is 4 to 2514
the ratio h/Di of the depth h of the drofve toThe inner| diGSERBAS df

t ube defined by the crest part betmeen the grooves is P.PI [err] h/D |4

characterlzed in

ng
ace

uy

t he
rr]

0.05, and the helix angle [err] is [err] [err] 14. corrosion resistjant
copper alloy tube characterized by conpriging: a maip tube body including
sai d copper alloy tube according to clai 2, the main tube body
containing at | east one additive el gw -aV|na»the standard enthal py of

-169 kJ for formation of an oxideg
the equation 1 bel ow,

&% 3;;
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and én bxide filmforned on the surface of said main

t'he thickness from40 to 2000 A by the heat treatnment of the main tube
body, wherei.n the ratio Ix/lcu of the main peak intensity Ix of said
additive elenent to the main peak intensity of cu obtained by X-ray

El ectron Spectroscopy on the surface of sdubstititheSheetn 12 Sedfenbemb996

0.04 [err]

AX is the content (atom % of additive elenment x. Inis naturﬁ&WﬁﬂEﬂMﬂmnnSHEET

'I's the standard enthal py (kJ/nol) for formation of

Herr]f(x)

[err] [AX . In( Herr]f(x)/(-169)] [err] 4.2 ..... (1) where,

- 49 - tube body in

additive element x. [err] is the sumof Ax. In( H[err]f(X)/(-lﬁg)%quépﬁgﬁf
A= e

additi ve el enent.

Abstract

Corrosion Resistant Copper Rlloy Tube anhb*

Fin-Tnbe Hsat Exchanger

The copper alloy tube disclosed here contains Q.05 to
1.5 wt.¥ of Mn and deoxidized copper containing oxygen
concentration at 100 ppm or less. ‘At least one element
selected from a group of elements comprising P, B, Li, Pb
and Sb can be added at the amount of 0.20 wt.% or less in
total. At least one element selected from another group of
elements comprising Cr, Ti, Zr, Al and Si also can be added
at the amount of 0.50 wt.% or less in total. Further, at
least one element selected from other group of elements
comprising Mg, Fe, Co, Ag, In and As can be added at the
amount of 1.0 wt.% or less in total. Furthermore, at least
one element selected from a group of elements comprising Zn
"and Ni can be added at the amount 5.0 wt.% or less in total.
Thereby, an corrosion resistant copper alloy tube having
better corrosion resistant property against the ant-nest
tYpe corrosion which is specific problem for refrigerant
tubes and tubes for the heat exchanger and alsc better
brazing property can be provided.

(Please note that Figure 1 should accompany the abstract when published)



