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Corrosion Res~stan~ Copper Al.1oy Tube and 
Fi.n-'l'ube Beat Excbanger 

The present invention relates to an corros.ion resistant 
copper a11oy tube which is used as a refriger~nt copper 

5 alloy tube or a heat exchanger copper al.loy tube and a 

fin-tube hQat exchanger which ~s used for an 
air-conditioner,. particular1y rel.ates to an corrosion 

resistant copper tube and .a fin-tube heat exchanger having 
imp~ed corrosi.on resistant property against.an ant-nest 

10 type corrosion. 
A tube wh.ich was made of copper deoxidi.zed by 

phosphorous has been w~deiy used for the conventio.~al 

refrigerant tube or the conventional. heat exchanger tube 

generally due to i.ts better bending and brazing properties. 
15 ln these tubs, however,. organic mater.:!al.s such as 

lub:riotmt oil or process oil. and organic sol.vents 
unavoidably remain~ng on the sur£ace of the fins and tubes 

after the ~ubing and fabrication processes may decompoae 
during the ~pea1:ed deposit and evaporation of wate.r dua to 

20 a coo1ant and during the exposure to pecu.l~ar 
temperature/moisture and a.ir-elrohange enyiromnent created as 

a nature of its oonstructLon to form carbonic ~ds which 
cause pecu.l~ar corrosion showing loca1 ant-nest type 
corrosion-on the surface of the tube. 

25 Thus, a 1arge amount of lubr~cant oi1 has heen used in 
the fabrication process of the heat exchanger, however 
considering recent environmental problems there is a trend 
to avoid the digressing wash by organic solvents and rather 

to use voiatile lubricant oil instead of such organic 
30 solvents. In this case, even though the base oil .itself ~s 

volatile, such lubricant oil still contains some oil 
additives which may rema1n on tha surface of the copper 
tube.' 
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Therefore, there is an increas1.ng risk for the .ant-nest 
typa corrosion in future according to more usage of volati1e 
.lubricant o.11., compared to the case the degrase wash was 
p8'.:'£ormed using organic so1vents. Re.fiecting such · 

5 c:ircumstance, measurements £or the ant-nest type cox-rosion 
are attracting the attent:i.on of the industry as one o:f 
serious prob1ems. FUrther, increase of remaining organ.ic 
materials on the surf ace of the copper al.1oy tube: i.:Ea 

creating another problem of poor conjunction of tub~ during 
10 the brazing which is used as a m&.jo:r method £en: the tube 

connection. Therefore, devalopmant of a copper al.l.oy tube 
having superio~ oorros1on resistant and brazing properties 
than the conventional phosphorous deoxid~zed copper tube is 
desJ.red as a tube material. for the ra:f rigera.n~ tube or the 

15 heat ezchanger tube. 
:Further, the fin-tube heat exchanger used for an 

air-conditioner is generaliy fabr~cated using a1uminum or 
aluminum a.lloy plate f~ns provided w~th tube insertion holes 
and copper tubes. Inside the insert;ion hole, a tube-type 

20 £in collar ~a· provided. Many of said £ins are placed in 
paralle1 and the copper tube 1s inserted ~nto said fin 
collar so as to connect ea~h fin. Then, this tube extended 
and f~zed on the fins. And the heating medium is allowed to 
f1ow through the inside of said tube and its heat is 

25 transmJ.tted to and radiated from said fins. :In this 
fin-tube heat exchanger, s~d piate fins are made from 
al.uminum or a1uminum a1l.oy due to its thermal. conductivity 
and cost, and, for said tube, the copper tube is widely used 
from the stand points of its tberma1 conductivity and 

30 corrosion resistant properties. For this copper tube, a 
pure copper cal1ed as phosphorous refined copper is ma~niy 
used. 

However, i.n these conventiona1 fin-tul>e best ~changerr 
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organic materia1s !JU.ch aa lubricant oil and organ~c so1vents 
used ~n the processes of blanking and ea:tanding of the tube 
unavoidabl.y :remain on the sW::fac::e of the tube$, and these 
organic materials are a£fected by repeated deposit and 

5 evaporation of water dur:f.ng storage of fins and tubes or 
usage as the heat exchanger. These organic mater:Lals are 
a1so mq)osed to the pecul.iar temperature/htimidity and 
aii;-exohange enviroruuen.t di.u:"ing usage o:f the: heat exchanger. 
unaer such cond.it~ons, these organic mater~al.s decomposed to 

10 · form ca.rbon:Lc acids which cause the pecu1i.ar 1oca1 corrosion 
showing the ant-nest type oorros~on, re.su1ting 1n 1eakage of 
the tube £raquently. 

In add~tion. as aforementioned. al.though a 1arge amount 
o;f J.ubricant oi.l. has been used during £ab:c-.ioation process of 

15 the fin-tube heat exchangei:-., considering recent 
environmental problems there is a trend to avoid the 
digressing w~sh by organic solvents and rather to use 
vo1atile 1ubricant oil 1nstead of such organic solvents. 
Even though the base oil. itse.lf is volatile, such lubricant 

· 20 oil st~ll contains some oil addit~ves which may re~n on 
the surface of "the copper tube. There.fore, the amount of 

o:rganic m~i::erial.s remaining on the surface of raw :materials . 
i.s 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 h~gher than tbe past. 
Under such circumstance, measurements for the ant-nest 

type corrosion of the £~n-tube heat eachanger are attract~n.g 
the e.ttent:ton of the industry as one o:f ser.ious prohl.ems, 
and development of a £~n-tube heat exchanger having superior 

30 corrosion resistant property agai.nst the ant-nest type 
corrosion is desired. 

The object of the present invention ~s to provide an 
corrosion resistant ooppe%." aiioy tube having better 
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corrosion resistant property against the ant-nest type 
corrosion even though exposed to the phenomenon specif.f.o to 
the re:frigerant tube or the heat eJCchanger tube; that is, 
repeated deposit and evaporation 0£ water, and used u."lasr 

5 the pecuJ.i.ar environmental. conditions 0£ 

temperatw:e/humid:i.~ end air-exchange, and having better 
brazing property so that capabl.e of increasing its :t.ntegr.ity 
end 1ife span as the re.frige.rant tuba or the heat exchanger 
tube. 

10 The another object of tha present invention is to 
provi.de a f in-i:ube heat e:irchanger having better corrosion 
resistant property against the ant-nest type corrosion even 
though affected by the phenomenQil specific to the f ~n-tube 

heat exchanger; that is, repeated depos~t/evaporation of 
15 water. and used under the pecul.iar env~ronme.ntal. conditions 

of temperatu.re/hum.idity and air-exchange so that ca:r:boni.c 
acids are formed, and capable of .increasing its integrity 
and life span. 

A corrosiei• resistant copper a11oy tube accord~ng to 

20 the present invention consists essentially of 0.05 to 1.5 
wt.% of Mn, 100 ppm or J.ess of oxygen, and Cu and inevitable 
.impurities. 

The corrosion resistant eopper aJ.1oy tube according to 
the present invention shows better corrosion res~stant 

25 property again.st the ant-nest type corros~on 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 oondit~ons of af£ect.1ng re,peatea deposit &~d 

30 evapo~ation 0£ water and peculiar environmenta1 conditions 
of temperature/humidity and air-exchange, and shows better 
braz.:l.ng property. Therefore, it :i..s capab1Q of increas:ing 
its integrity, applicability end life span as th.Q. 
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refrigerant tube o:r: the heat ~Qhanger tube. .Thus, the 
present i.nvent:lon is very useful. 

A corrosion resistant.copp~ al.1oy tube for a heat 
exchanger according to the present invention,. comprise~ a 

5 ~ain tube body i.ncl.uding a copper al.l.oy tube and an oxide 
f il.m formed on the surface of said main tube body in the 
tb~ckness of ~rem 30 to 3000 A. by oXiaiw.inQ- the surf ace of 
the main tube body. Said copper al.l.oy consist esseatia1ly 
of at least one additive el.ement ·at 1.7 to 3.0 wt.%-:f,n 

10 total, the volume ratio of oxide thereof to Cu base metai 
(rat:f.o of molecuJ.ar vol.ume of oxide to atomic volume of Cu 
base metal) being within 1.7 to 3.0. and cu. and ine.vitable 
impurities. The additive eiement or eiements remaini.ng :Ln 
saJ.d copper aiioy is solid so1ubilized into Cu base metal. 

15 The differentia1 natural electric potent~ai between said 
ox~de film and phosphorous deoxidi~ed copper in 0.1 v.% of 
foi:mic acid so~ution 1a within the range of from 0.2 v to -
0.2 v. 

In the convent:l.onal heat exchanger copper tube made of 
20 phosphorous deoxidized copper, the corrosion resist~t 

property was obtained by the oxide f i.lm on the surface 
thereof. However, under the enviroQ111ental condit:i.on 
a1lowing to contact -Lth corrosive_media such as carbon:lo 
ac:Lds having a strong oz.idative effect, the oxide fil.m on 

25 the surface of copper all.oy tube is vigorous1y eroded so. 
that the cor.roi;don protection by the oxide f1J.m ~s 

destroyQd. In order to improve the corrosion resistant 
property against the ant-nest type corrosion compared to the 
ordinary phosphorous deoxidized copper, it is necessary to 

30 form more finer and 1ess defect olti.de film. en the surface of 
tube. 7'he present .:r.nvQllt:ors :found that suoh oxide :f'i.lm can 
be obtained by adding certa:Ln additive e1Qments to copper 
alloy and then ox:tdizing the surface. of these coppe.r al.l.oy 
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materials .. 

The heat exchanger copper a11oy tube acco~ to the 
present invention has higbe.r.co~osion resistant p:.:operty 
against the ant-nest tnJe corrosion than the conventional 

5 phosphorous deoxid.f.zed copper tube being used fcn: the heat 
exchanger and thare:f o.re very usa.f ul. es a copper a.11ay tube 
for the heat exchanger used under the environment.containing 
carbonic ao~d.s eas11y caus~ng the ant-nest type corroaion. 

A fi.n-tUbe heat e:xchenger according to the pres~t 
10 invantion compr:i.ses: a main tube body incJ.uding said copper 

al.l.oy tube according to c1aim l, 2 or 6, an0 a plurali.ty of 
plate type fins of alWIUnum or aluminum al1oy placed in 
para.1lel each othe~ on the outer surf ace of the main tube 

body.. In this case, said ~opper alloy ma:i.n. ~ body is 
15 preferably to be an internaiiy grooved tUbe bavJ..ng a 

p1ura.lity of grooves provided in pera11e1 each other on the 
:l.nner surface thereof, the outer diameter of s£U.d copper 
a11oy main tube :is 4 to 25. 4 mm, the ratio b/Di 0£ the depth 
h of the groove to the .inner diameter Di of the tube de£:lned 

20 by the crest part between the grooves ~s 0.01 s h/Di ~ 0.05, 
and the heJ.~k angler ~s oa ~ y s 30•. 

Compared to the conventiona1 beat exchanger us:i.ng 
phosphorous deoxid1zed copper tube, the fin-tube heat 
exchanger according to the present invention is superio:t" .in 

25 the corrosion resis~ant property against the ant~nest type 
corrosion which ea$ily occu:ri:'ed when af£e.cted by repeated 
deposit and evapo~ation of water and exposed to the peou1:i.ar 
envi.ronmenta1 condit:i.ons of temperature/humidity and 
a~r-exchange, therefore it ~s very usefui as the heat 

30 exchanger used under such env:f.roomental conditions. 
Further, the fin-tul:>e heat exchanger acoo:rd.ing to the 

present 1.nvention is di£ferent from the conventional 
phosphorous refined copper tube; since the copper tube 
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containing elements inferior in the electric pote.ntia1 to cu 
~s used, the potential. difference between the tubes and the 
fins (made 0£ alumi.num or a1~1.num all.oy) can be reduced. 
Therefore, since the e1eotric cerrosion of the fins can be. 

5 reduced.. decrease of the thermal conductivity can be 
minimized dur.ing its use and the initial. thermal 
conducti.v.ity can be mainta:i.ned for a J.onge"r per:Lod. 

A corrosion res~stent copper a11oy tube ~ccording to 
the present invention compri.ses' a Dtain tube ;body containing 

10 at least one additive element having the standard enthalpy 
of -169 kJ for £ormation of ·an oxide at the amount within 
the range shown by the equat.ion l be1ow, and an ~;i.de £ilm 
:formed on the surf ace of said main tube body in the 
thickness from 40 to 2.000 A .by 'the heat treatment of the 

15 main tube body. 'l?he rati.o Ix/Icu o:f th& main peak intensity 
.Ix of said additiVQ e1ement to the main peak intensity of Cu 
obtained by X-ray Electron spectroscopy on the aur£ace of 
sa~d oxide film is 0.10 or greater. 

0.04 ~ t (Ax • ln(AH°f(x)/(-169))] s 4.2 ·······~ (l) 
20 where, Ax is the contant {atom .!fr} 0£ additive element x. 

In is natural. logari.tlnn. 
AB0f(x) is the stl;lrlc;lard enthalpy (kJ/mol) :for formati.on 

of oxide of additiva e1ement x. 
t is the sum of Ax • l.n(Aif'f(k)/(-169)) for each 

25 addit~ve e1ement. 
The corrosion resistant copper alloy tube accordi.ng to 

the present invention,. because the oxide £.:llm oontaining the 
pre-determ:l.ned amount of certain addit1.ve al.ements is £ormed 
on the sur:faae of main tube body, shows a superior corrosion 

30 resistant property against the ent-nest type corrosion wh!.ch 

specifica1ly occurs :Ln the ord~nary refr~gerant tube or the 
heat exchanger tube cons~sting 0£ phosphorous aeoxidized 
copper tube; that is, the ant-nest type corros~on which may 
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occur when affected by repeated deposit and ~e.porat:i.on of 
water and exposed to the pecul~ar environmental conditions 
of tempera.ture/humidi ty and ... ~r-ex.C:hange. and capable 0£ 

inc:reaeing 5.ts i.nteg.r.ity and.J.ife span as the refrigerant 
. 5 tu!>e or the heat exchanger tube;. therefore the present 

invent1.on is ve:cy usefu1. 
Fig. 1 is a plain •iew showing the fin-tube heat 

exchanger acoording to an embodiment of the present 
1.nvention. 

10 Fig. 2 is a sect1.ona1 view in the tlirection of the tube 
axi.s of the 98DlQ. 

Fig. 3 :i.s a sectional v-ie1f o:f the tube thereof. 
Fig. 4 is a enl.arged sectiona1 v.iew of a pa:r:t of the 

tube thereof. 
15 As a result of having conCluoted a series of diligent 

research to devel.op a copper a11oy tube res:Lstent to the 
ant-nest type corrosion, the present inventors found the 

followings. 

That is.,. i.n the copper alloy containing the 
20 pre-determined amount of Mn and maintaining the OX£Qan 

content at the pre-deterini.ned l.evel or 1ess as described .in 
the present 1.nvention, the corrosion resistant property is 
extremely improved compared to the conventional. phosphorous 
deoxidized copper. Further, when at l.east one eJ.eJnent £rom 

25 P or B ~s added to Sa.id copper alloy at the pre-determined 

amount, the brazing property is s~gnif icantly improved 

c01n.pared. to the conventi.onal phosphorous deoxid.i2:ed copper .. 
The present invention was made based on these experimenta1 
results .. 

30 Then, the reason for addition of each component end £or 
restriction 0£ the composit~on wi11 be fu11y exp2aJ.ned. 
Mn 

The corrosion res1stant property against the ant-nest 
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type corrosion is improved by adcling Mn. However, in case 
the Mn content ~s iess than 0.05 wt.tr sufficient 
improvement e£fec:t of corros~on resi.stant property aga:tz1st 
the ant-nest type corrosion can not be achieved.. The Mn 

5 content· o:f 0.1 wt.-t or more is preferab1e and by these 
contents :furthe:c improvement can be. observed. Meantime, if 

the Mn content exceeds 1.5 wt.t, ~esulting tube .is not 

practicaiiy su.i.tabie because its ree~stance s:trength becomes 
higher so that bending property as tube d&CJ:"$2lSes •. 

10 Therefore,. the Mn content should be w1.thin the range £rom 
0.05 wt.% to 1-5 wt.%. 
Oxygen content 

During the mel.ting process of the. copper a11cy, 
inclusion 0£ o~ at certain 1evei is unavoidable, but if 

15 oxygen exists in the base copper metai at the_1eve1 
exceeding 10 ppm, the hydrogen embritt1ement may occur 
during the braz~ng process w~de1y usea for connecting of tha 
copper tubes and resulting product is not yet strong enough 
£or practical use. Therefore, the oxygen content :i.s 

20 restricted to 100 ppm or 1ess. 
First group el.ements (P, :a, Li, Pb, Sb) 

AJ.l of P, B, L:I.,. Pb and Sb are al.l.owed to add as the 
deoxidat:l.on agent or as elements to improve the strength, 
but if total amount of these. el.ements exceed 0.20 wt-%, the 

25 corros~on resis~ant 1mprovement effect of Mn against the 
ant-nest type corrosion may decrease end the hot working 
property of the tube may decrease. Therefor-ca, th& einount to 
be added o:f eaah element be.longing to the f .irst g:roup shoul.d 
be restricted to 0.20 wt.~ or 1ess in total.. 

go Seoond group e1ements (Cr, Ti, .zr, Al, Si) 
Crr Ti, Zr, Al and Si are a1lowed to add in order to 

~mprove the strength and the heat resistance of the copper 
tube. However, if the content of these elecnents exceeds 
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0.50 wt.%' .in total, the br8.2ing property may decrease, the 
bending property as tube may decrease due to increase of 'the 
proo~ stress and decrease a~--the expendabil:L ty, and the 
corrosion res~stant impr~t effect of Mn aga~nst the 

5 ant-nest type corrosion mey also decrease. 'l'herefore, total. 
amount to be added of each element beJ.ongi.ng to the second. · 
group shou1d be restricted to 0.50 wt.% or· less. 
Third group elements (Mg, Fe, Co, Ag, In, As). 

Mg, Fe.. Co, Ag, In and As can be added 1.n ord~ to 
10 improve the stx~gth and the heat ::r:es~stance 0£ the coppar 

tube, but if the content of ·these el.ements exceeds 1.0 wt.% 
~n total, the bending property as tube •~y decrease due to 
increasa of the pi::-oof stress and decrease of the 
expendab.il.ity.. 'l'herefore, total amount to be added of each 

15 e.lement belonging to the thi:t'd group should be restr.icted to 
1 .. 0 wt.% or less. 
Fourth group e1ements (Zn, Ni) 

Zn and Ni are added ~n order to ~mprove the strength 
and the corrosi.on resistant property 0£ the oopper tube, but 

20 if the amount to be added of these e1ements exceeds 5.0 
wt.%, the heo.d.1.ng property as tube may decrease due to 
increase of the p:r:oo£ stress and decrease of the 
expendabil.ity. Therefore, the amount to be added of each 
element be1on9ing to the f ourtb group should be restricted 

25 to 5.0 wt. % or 1ess. 
p 

P is usually added as a deoxidat1o.n agent during copper 
re£ining process or as the element to .improve the strength 
0£ the copper a11oy tube, but if P i.s added together with 

30 Mn, the brazing property of the copper all.oy i.s :Lmproved 
further compared to the convent.ional. phosphorous deoxidized 
copper. 

At the heated state (at 700-900DC) during the brazing 
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process, P reduces Cu and Mn oxides so that P.is effecti.ve 
to impz:ove the brazing property. Howevar, in the 

conventional phosphorous de~idizeCI copper, P on the copper 
surface is 1ost by SUh1imation due to high temperature 

5 during the brazing process and oan not give su:ff.ic:ient 
.red.uotion effect. However, in the c;opper al.l.oy oonta:Lning P 
and Mnt P concentrated on the ooppe:r surfaee forms react:Lon 
products with Mn added together •hich inhibit .subi1mation cf 
P, resulting in suff~cient exh.ib~tion of the reduot~~n 

10 effeot 4uri.ng the brazing process. 
Howaver, i.f the P content i.s less than 0.002 wt.Jt. 

suff icj_ent improvement of the bra.zing property can .not be 
achieved. Preferabl.7, the P·content is 0.005 wt • .t or more 
so that furthe~ improvement of the braz~ng can be observed. 

15 on the other hand,. i.f the P oontent exceeds 0.15 wt.%, the 
corrosion res~stant property against the ant-nest t:ype 
corrosion mey decrease. Therefore, the P content ~uJ.d be 
restricted to the range £rom 0.002 wt.% to 0.15 wt.~. 
Further, if the Mn/P rat~o ~s less than 2. the amount of P 

20 edded is h.igher than tbe amount of Mn added and s\lf f.1.ci.e.n.t 
~mprovement ef£ect against the ant-nest type corrosion can 
not be obta:Lned. On the other hand, if the Mn/P ratio 
exceeds 100,. the amount of P added is too lowel:" than the 
amount of Mn added to obtain the :f.m.provement ef feot by 

25 Mn-phosphate compounds. Therefore, the Mn/P ratio sbou1d be 
restricted to the range from 2 to 100. 
B 

Similar to P as aforementioned, also B is genera11y 
used as a deox.:idation agent or as an additive to improve the 

30 strength, but the brazing property may be i.mprcved by adding 
together with Mn. The effect of B in .improvement of the 
brazing property is si:mi1ar to the e:ffect of P, B 
concentrated on tne surface reacts with Mn to form borites 
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so that sublimation of B may be ~nh:lbited and euff~oient 
reduction effect o~ a may be obtained under high temperature 
dur.:lng the bra.J:.ing procees_ "". 

However, 1:f the B content :ts less than 0 .. 002 wt.JS, 
5 sufficient ~mprovement effect of the b~azing property can 

not be obta.:S.ned. To obta.1n su:t:f.1oi.ent !.mprcvament effect of 
the braz~ng property the B content is preferal>1y 0.005 wt_%_ 
If the B content exceeds .. 0.16 wt.%, the co.rro,..ion res.1stant 
property age.inst the ant-nest type corms.ion ~ay decrease. 

10 'l'be:re£ore, the B content shOul.d be restricted to the range 
'fr01ll 0.002 wt.t to 0.1 wt.t... Meantime, the Mn/B ratio .is 

J.ess than 2, the amount of B added i.s too h:Lgh compared to 
the amount 0£ Mn added to obtai.n sufficient effect of tba 
corros~on resistant property agai.nst the ant-nest type 

15 corrosion. I£ the Mn/B ratio exceeds 100, the amount of B 
added La too iow compared to the amount of Mn added to 
obtain suf£~cient improvement effect of the braz:i.ng. 
Therafore,. the Mn/B ratio is rest:r:~cted to the range from 2 
to 100. 

20 P and B 

As aforementioned in the sections £or P and B, P and B 
have s~m~1ar effect against the braz.:f.Dg property and, ~f P 
and B are added together, improvement effect 0£ the brazing 
property can be obtained. In this case,. the rat:to of Mn and 

25 P plus B; that is, Mn/(P + B) is preferab1y restricted t9 
the range from 2 to ioo. 
Inevitable .impurities 

In the present invention, Sn is an inevitabl.e :Lmpuri.ty. 
During the manufacturing process of the copper a.l.loy tube, 

30 inclusion 0£ Sn is unavoidebl.e. If Sn exists i.n tne copper 
al.l.oy at the 1evel of 0.01 wt.% or more, improvement in the 
corrosion resistant property of copper alloy tube by 

add~tion of Mn is deter~orated_ Therefore, thg ~nevi.table 
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1.mpurity Sn :i.s restricted to less than 0.01 wt .... 
As mentioned above, i.n the presen't inven.ti.on, the 

ooppeX' al.1oy tube for the refrigerant tube or the heat 
exchange:r: hav~ng bette~ oOr.r:OS~on res~Stl!lJlt property against 

5 the ant-nest type corroai.on tmm the con.vent.io:nal. 
phosphorous deozidized copper and further more practioal. and 
having better brazing, hot working and bendi.ng properti.~ as 
tube can be obta~ned .by add~ng Mn at the amount of said 
range and at the same time by contro11ing the_~ei:i content 

10 within sa:i.cl range and by reatri.cting the. cc;mtent o:f ·each 

element shown in the .f:Lrst, .second, third and ;fourth groups 
as well as the composit1.on ratio of Mn and P and/or B within 
sa.:Ld range. 

'l'hen, the properties of the coppe:t"" al.l.oy according to 
15 the embodiment of_ the present invant.ion wil1 .be :Eu1.ly 

explained oompa.x-:i.ng to the reference a1l.oy. 

The tube materials (0 materials: 9.5 mm in outer 
d:lameter; O. 3 .mm thick) listed .in Tables 1 and 2 below ~..re 

prepared by me1t casting, hot extrusion. cold forging, and 
20 heat treatment processes, and the corros~on resistant 

against i:he ant-neat type co:rros.ton, brez.ing, hair-pin 
bendi.ng, hot working and hydrogen emb:rittlement were 
evaluated. 

The method used £or evaluation of each property is 
25 shown below. 

Corrosion resistant against the ant-nest type corrosion 
Test p:l.eces were exposed to the environment of :form.ic 

acid and acetic acid as t:ypical carbonic acids, and the 

maaimwn corrosion depth was determi.ned after oorrosion. The 
30 test condi.tions ware as fol1ows: 

Corrosion medium: 
100 ml of 1% aqueous solution of £ormic acid or 1% 

solution 0£ acetic acid. 



I j' I • .t. -& ....... 

- 14 -

Exposure condition: 
the test piece (100 mm long) was dipped ·;i.nto deionized 

water in a beaker which was pl.aced in a one liter container 
containing said corrosion medium, then the container was 

5 sealed. 
~emperature and testi.ng period: 

maintained at 40•c for 20 days. 
Braz~ property 

Pre-determi.ned amount of the phosphorous copper brazing 
10 fill.er meta1 (BCuP-2, 1.6 :mm .in d:l.ameter,. 10 ·mm l.ong) was 

p1aced on each test piece (~lf cut c:f the 'CUbe.) and these 
test pieces ~re maintained at sso•c under nitrogen stream 
.for 10 minutes, then the J.ength of" diffused braz.1.ng fil.1er 
meta1 was determined.. The piece was a. half cut of the tube 

15 with 300 mm l.ong. 
Hair-pin bendi~ property 

The 180° bending test was carried out u.si.ng a mandrel. 
with 8.7 nun in diameter at the pitch of 25.4 mm,. and the 
presence of wrink1ing and broken-out in the bending part was 

20 observed. 
Hot work:i.ng 

Us:i.ng test sample, 15 mm .in dieineter and 15 mm long, 
seiected from the ingots, the drop hamml:U' test with the 
deformation rate of 50% was carried out at ssoacr and the 

25 presence of craoks was dete:r:mined. 
Hydrogen embrittlement 

The test p~eces were subjected to heat treatment at 
850DC under hydrogen streem for 30 m:Lnutes and then the 
c~oss section was observed for cracks by hydrogen 

SO emhr1ttlem.ent. 



compo=iticn Ok)' gen 
(Waight ' ) Content 

Mn .\' Other& (ppm) 
Al o.oe "0.001 :S 0.001 82 
A2 0.12 :S 0.001 =S 0.001 70 
A3 o.u .: a .001 :S 0.001 63 
A4 l.G2 .s 0.001 s a. 001 55 
A5 2.0~ :II 0.001 s 0.001 4.5 
AG 1.05 0.12 ~ O.Ol>l 3!1 
A7 0.91 0.023 a;o.10 30 
AB D.95 0.026 Li1 O.U 32 
A9 1.09 ().025 Ph:O .L3 45 

Exaple AlO 1.10 0.021 Sha0.l2 48 
AU 1.os 0.024 C.r:0.40 4!S 
Al2 l.00 0.024 Tis0.36 40 
Al3 l.DJ 0.022 !lr~O.l6 u 
Al4 1.05 0.023 Ala0.37 40 
Al5 1),98 o.02s st:o.n 45 
Al6 l.01 0.021 ~gs0.76 4J 
Al7 o.95 0.021 Ftu0. 72 40 
AlB 0.9'7 o.02ri Coi0.10 42 
Al9 l.02 0.023 Stu<J, 75 .4S 
A20 0.9~ 0.023 Ag:0.74 44 
A21 1.03 0.025 Ini0.12 · 46 
A22 l,Ql 0.024 AUO .68 50 
1\23 l.DS 0.022 zn:J. o.s ~5 

~4 0 .. 98 0. 0.2 s Ni:3.02 42 

Tabla l (I) 

Maximum 
ca.r:.roaion Bro.ling 

Length Property 
(lm~ 

:Pond.a Acid Aaetio A.aid 
0.03 0.01 0 
0.02 0.01 0 
0.01 - 0 - .. 0 
- - 0 

0.01 - 0 
- - 0 

O.Ol - 0 
0.01 ... 0 
0.01 - 0 - .. 0 
0.01 - 0 
0.01 - 0 
0.01 - 0 
- - 0 

0.01 - 0 - - 0 
- - 0 

0.01 - 0 
- - 0 

0.01 .. 0 
O.Ol - 0 
- .. 0 
- - 0 

Hur-pin 
:S.nditiq 
Property 

0 
0 
0 
0 
0 
0 
0 
0 
0 

.. 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Hot 
Workin~ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
0 

I 

""" VI 
I 

... 

-" 
.: 

"4 
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compostion oxygen 
(Weight ' ) cont•nt 

Mn p Othera (ppm) 
A25 1.03 0.11 Alt0.35 35 

Sn;O. 75 
Zn:2.53 

A26 l.OS ~ 0 .DO! B:0,10 30 
CrJ0.30 
Nb3.05 

Bxempla A27 1.00 :!Ii 0.001 Li:<J .12 38 
zrs0.35 
Agro.n 

A2e l.02 o.o:zs Pb:0.10 45 
l'e10.73 
IntD.70 

.A29 0.98 0.023 Sia0.37 u 
Asa0.68 

A30 1.02 0.022 'l'ii0.34 SS 
<:oao. 75 

All 0,98 0.021 Sbc0.10 !53 
M.gs0.70 
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1'abl9 1 (21 

MaXiDl1ll\ 
Corrosion sraaing 

Length PJ:Cperty 
(lmD) 

Ftmnic Aaid J\OG1tio Aaid 
0,01 - 0 

- - 0 

- - 0 

.. 
0.01 - o; 

0.01 -. 0 

- ~ 0 

0.01 - 0 

Hair-pin 
Bending 

Property 

0 

0 

0 

0 

0 

0 

0 

!lot 
working 

0 

0 

0 

0 

0 

0 

0 

., 

~ 

I 
....... 

°' I 
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Compo at ion Oxygen 
(Wei9ht \ ) · Content 

Mn p others fl'PmJ 
A32 <0.001 0.025 ~ 0.001 60 
A33 0.025 0.0.24 .:S 0.001 56 
A34 l.12 $ 0.001 s O .OcJl 40 
A35 0.12 0.001 :S 0.001 125 
A!6 0.10 0.26 ~ 0.001 30 
A37 0.09 lfO 0.001 B:O. 28 32 
A38 0.12 0~001 Lii0.24 43 
A39 a.as 0.025 Plu0.27 so 
MO 0.11 a.on Sbs0.25 52 
A41 0.10 0.024 CrsO .68 45 

Comp at-a- A42 0.11 O,D26 Tii0,65 50 
t.Lva A43 0.11 0.025 Br:O.i'O $5 

Example A44 0.12 0.022 Al10,70 58 
A65 0.10 0.021 SisO.liS 52 
A46 0.09 0.025 Mg:l.25 51 
A47 0.10 0.023 :rasl.28 48 
AU 0.11 0,024 Coil.24 45 
AO 0.11 0.021 Snil.22 55 
ASO 0.10 0.028 J\gsl.20 50 
ASl o.u 0.020 Iml.23 53 
A.52 o. t2 0.026 lss11,27 47 
A53 O. l3 0.023 Zn17.52 49 
A54 0.10 0.025 Hit7 .05 50 
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Table 1 ( 3) · 

Haxilmm 
corrosion Brazlnq 

Lang th Property 
( imn) 

Fomic A~id Aeatic .l\Did 
0.20 o.os 0 
o.1e 0.07 0 - - 6 
o.os 0.02 )( 

0.10 0.04 0 
o.os 0.03 0. 
o.oa 0.03 Q; 
0.10 0.04 0 
0 .09 0.03 o. 
0.03 0.01 ~ 

0,0.5 0.02 6 
o.os 0.02 A 
0.01. o .ai b 
0.06 0 .0.2 ll 
o.o5 0 .02 0 
0.10 0.03 0 
o.OB 0.03 ' 0 
0.12 0.04 0 
Q,03 0.01 0 
o.oe 0.03 0 
0.06 0.02 0 
0.02 0.01 0 
0.02 0.01 0 

Bair-pin 
Jettding 
P.t'operty 

0 
0 
A 
0 
0 
6 
0 
0 
0 
)( 

)( 

~ 

A 
x 
l:l 
x 
x 
A 
6. 
A 
x 
A 
A 

Bot· 
working 

0 
0 
0 
0 
)( 

)( 

)( 

x 
x 
0 
0 
c 
0 
0 
0 
0 
0 
0 
0 
0 
A 
0 
0 

~ 

-· 

.. 

I ..... 
'1 
I 
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Tabla 2 

compost: ion Ratio oxyqsn 
Mn./(P+B) content 

Mn p s (ppm) 
ASS 0.06 a.aos <0.001 12 76 
A56 O.l<J 0.025 <ll,001 4.0 32 
A57 0.30 0.004 <0.001 75 70 
A58 o.33 o. 015 <0.001 22 55 
A59 0.32 0.040 <I). OCl e.o 25 
A60 0.96 0.012 <0.001 90 46 

Bx ample A61 J ,05 0.030 <0.001 l5 30 
A62 1.21 0.120 <0 •. 001 10 l"G 
A6l 0.32 <1).001 o.oos 64 60 
A64 0.31 <0.001 0.020 l6 40 
ASS o.2e <0.001 D.050 S.6 30 
A66 0.30 o.oos 0,005 30 56 
M7 o.32 0.020 0,020 a.o 2S 
A<iB <0,001 0.025 <D.001 .. 45 
A69 0.02 0.005 <0.001 .4,.iJ BO 
A70 2.04 0.04D <0.001 51 23 
A7l o.oe 0.001 <0.001 BO 85 
A72 1.08 D.205 <0.001 5.3 15 
A73 0.10 O.lDO <0.001 1.0 3l 

Cnmpaxative !.74 1.00 o.oos <0,001 200 42 
Example A7! <0,001 <0.001 0~020 - 48 

A76 0.06 <0.001 O.O<ll 60 90 
A71 1.05 <0.001 o.1e2 s.e 20 
A1B 0.10 <0.0Dl 0.090 2.1 l8 
A19 D.96 <0.0Ql 0.006 160 47 
AflO 0.12 0.060 0.03.5 1.3 31 
ASl 1.02 o.oos 0.003 130 44 
A92 G,30 o.ois <0.001 20 150 

bkud.num Length Of 
Corrosion Wattad Area 

Length 
( alll\) (nmJ 
0.06 1.20 
0.05 .130 
0.02 110 
Q,03 120 
0,04 140 

- 100 

- 110 
0.03 llO 
0.01 110 
Q,02 130 
o.oJ 150 
o.oz 120 
a.o:t. 140 
0.20 100 
0.15 100 
0.01 60 
0.04 80 
0.14 130 
o.2s 130 

- so 
O.lB 100 
0.05 80 
1).16 UQ 
0.23 130 

- 60 
0.24 120 

- 70 

0.03 llo 

Bair-pin 
Banding 

Propai-ty 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
x 
0 
A 

.o 
Q. 
0 
0 
A 

·o 
0 
0 
0 
0 

Byclro9en 
Eiabrittlement 

0 
0 
0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
x 

.. 
.T 

" 
• 

I .... 
00 
I 
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In Tabl.e 1, 11-n under the heading of "maximum 
cox:ros.:i.on 1ength" stands for "no corrosion". Under the 
heading of "brazing property•, "0• stands for "good 
wettahility 0£ brazing filler metal", .,ll." :for "poor 

5 wettab~l~ty 0£ braz~ng f~11er metal", nxw for "presence of. 
hydrogen embrittlement". Under the heading of •hair-p:in 
bending property", "0" stands for "good bendi.ng" r "l:i. .. for 
"presence of wrinkling" and •xn for •presence of 
broken-out". Under the headJ.ng of "hot working" 1 •O• 

10 Stands for "good" and II X ff for 11presenoe Of cracks"~· 
As obvi.ous from 'l'ab1e 1, a11 eaampl.es· No.Al through No. 

A31 of the present invention ha~e better coirosion resistant 
property aga~nst the ant-ne$t type corros~on than the 
phosphorous re£ined copper tube (comparative examp1e No. 

15 A32); the exampl.e No.Ai (Mn:0.08 wt.%) showed the 1118JCimum 
oorros:i.on depth equ:ivalent to about 1/7 of that of the. 
phosphorous refined copper tube, and no evidence o~ 
corros~on was obae~d in the examp1e No.A4 {Mn: 1-02 wt.%): 
the corrosion resistant property was further improved 

20 accoroing to increase of the Mn content. 
Furthe.nnore, the exam.pl.es No.A6 through No.AS1 

containing the pre-determined amount of the eiament(s} 
l.isted in either :fust, second, third or fourth group .showed 
better corrosion resistant property equivalent to thOse not 

25 containing any element 1isted in the first, second, ~hird 
and fourth groups and any pract~cai problea could be seen 
since a11 brazing, hair-p~n bending and hot working 
properties were good. 

On the other hand, the comparative exampl.e No.A33, 
30 since the Mn content is lower~ showed insu££icient co:r:rosion 

resistant improvement effect against the ant-nest type 
corrosion. On the contrary, the comparative ezamp1e No. 
A34, since the Mn content i.s too high, showed su.ffic::.ient 
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corrosion resistant property against the ant-nest type 
corrosion but poor b~azing ana hair-p~n bending prcpert~es 
so that may not praoticall.y useful. Further, the 
COJnparati.ve example No. A35 ·also is not sUitable £or 

5 practical use because the corrosion res~9tant ~mpravement 
effect 0£ added Mn aga1nst the ant-nest type corros~on 
decreasea and the hydrogen embritt1ement OCCUrx'ed due to 
hi.gh oxygen level. 

Furthermore, the comparative exeraples No •. A36 through 
10 No.A54 contains the. pre-determined amount 0£ s.:f.ng.le.element 

iisted in the £i:rst, second, th~rd and fourth groups. · 
However, the comparative e:ar.amp1es No.A36 through No.A40 are 
not suitable £or prect1oai use main1y due to poor 
performance in the hot working. The comparat=Lve examples 

15 No.A4l through No.A45 are not practical mainly due to 

decrease of brazing property. The eomparative examp1es 
No.A46 "through No.A52, No.A53 and No.A54 are not suitable 
for practical use main1y because the hair-pin bendi.ng 
property became poor due to ~ncrease of the proof stress and 

20 decrease of the expendabi1ity. 

:r.n Tab1e 2, "-" under the heading of "maximum 
corrosion J.angth" stands for "no corrosionn. ·under the 
heading of "hair-pin bending", 110 11 stands for "good 
bending II, "/j,_ n for presence Of writlkling n 8nd If X • f0'1: 

25 "presence 0£ broken-out". Under the heading 0£ "hydrOgen 

embrittlement", •0" stands for "good" and •xn for "presence 
o;f cracks". 

AS obV~ous froni. Table 2, the examples No.ASS through 
No.A67 showed superior corrosion resistant property against 

30 the ant-nest type corrosion to the comparat~ve examp1es 
No.A68 of phosphorous deox.idized copper tube. Further, the 
ell:ampie No.A55 showed the max~mwn corrosion depth equiva1ent 
to about 1/3 0£ that of the phosphorous refined copper tube 



- 21 -

and no evidence of corrosion cou1d be seen in the exampiee 
No.A60 and No.A61, indi.cati..ng that the corrosion resistant 
proper~..i is .improved according to .increase 0£ tbe Mn 

content. Furthezmore,. the.exampl.es No.A55 through No.A67 
5 showed i.mprovement in the l.ength of the area 111ettaci by the 

brazing fLi1er meta1 compared to the oompa~at:Lve examp1e 
No .. Al4 of phosphorous deoxided copper tube,. ind.ica-cing trust 
these are a.11 epoch-making m.atex-ial.s ca.pabl.e 0£ i.Jftpl:oving 

bot.~ corrosion resistant property against the.ant-nest type 
10 oorrosion an.a bra.zing property at same t:1me. Furth9r, these 

ex8Dlples No.Al. through No.A31 and No-A55 through No.A67 axe 
aii good in the hair-pin bending and hydrogen embi:'ittle.ment 
and have no problem. in practical use .. 

On the other handF the comparative examp1e No.A69 ~s 
15 not suitable £or practical use because the corros~on 

:resistant :Lmprove.ment effect of Mn i.s not sufficient due to 

l.ow content of Mn. and the camparat:lva exampl.e a11oys are 
not suLtable for prac~ical use because the Mn content ~s too 
high so that. e.ven though the corrosion resistant property 

20 is suff.icient. but both.diffusion of the brazing filler 
metai and the hai~-p~n bend~ng propert1es are not 
satisfactory. Al.so. tha comparative examples No.A7l and 
No.A76 showed only l.imited diffusion of the bra~1ng fil1er 
meta1 due to lower content 0£ B or P, and the comparative 

25 exam.pies No.A72 and No.A77 showed 1ower corrosion resistant 

property against the ant-nest type corJ:"os1on due to higher 
content of P or B. 

Further. the comparative examples No.A73, A78 and ABO 
showed lower corrosion res~stant property due to lower 

30 Mn/{P-+B) J:atio. and the comparative exampl.es No .. A74r A79 
and ABl showed iower wettab~lity of the brazing f~iier metal. 
due to higher Mn/(P+B) ratio, Further.more, the co.mparative 
example No.A82 is not suitab1e for pract~ca1 use because the 
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hydrogen embrittlement oocu:rred due to excess oxygen 
content. 

Next, the corrosi.on r~stant copper al.1oy t:ube for th& 
heat exchanger defLned inc~~ 9 to 11 wilL he fully. 

5 described, part1cuiarl7 focusing on the rationa.l.e for 
restr£ction of the va.1ues of the vo1wne ratio 0£ the Okide. 
of added el.~ent to the base metal, the aJIK?Ullt of el.einent to 
be added, the thickness cf the oxide f il.m and the e1eotric 
potential of the oll:ide :film. 

10 Vo1ume ~atio of oxide 
The micro-structure of oxide film vl!!X'ies by the volume 

ratio 0 of oxide fo:aned· on the surface thereof to cu base 
metal (ratio of the mo1ecular volume of the ox.1.de to atomic 
vo1ume of Cu base meta1), wh~ch affects on the c0%r0sion 

15 resistant property. 
Sa.id vol.UIDe rat.i.o of oxide can be expressed by the 

fo11ow1ng eguat~on (2). 
0 .. Md/mnD • • • • • • • ( 2) 

where.. M is the molecu1ar weight of ox1.de, D .ts the 
20 specific gravity of ox:ide, m is the mo1ecular weight of base 

metal, d is the specific grav.i ty of base meta1, n :is number 
of metal atoms contained :Ln one molecu1e of oxide. 

I£ th.is vo1ume ratio ~s 1.0 or less, since the volwne 
of oxide is .1ower than that of llase meta1, an oxide fi.1m 

25 formed on the surface of base metal. becomes porous which. 
aiiows the corrosion med~um. to contact with the surface of 
base metal so that the corrosion resistant property 
decreases. l'.n ee.se of the conventional phosphorous 
deoxidi.zed copper~ the vol.ume ratio of oxide f:i.lm (Cu20) 

30 formed on the surface is about 1.7. In order to prevent :the 
ant-nest type corrosion, the vo1ume ratio of oxide £i1m on 
the surf'ace of copper all.oy is to be 1 .. 7 or more. 3:£ the 
vo1ume rati.o exceeds 3.0, difference between the molecu1a:i: 
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volume of oxide £i.l.nl and the atomic volume of base lDetal 
becomes too 1arge which. may create some di.storti.on 0£ the 
oxide f il.m and consequentJ.y defects such as cracks may 
occur. In this case, the corrosion resistant property may 

5 decrease as the case of porous ox1.d.e film.. '1'~£ore, the 

volume ratio of oxide should he restr~oted to the range from 
i.7 to 3.0. The elements such as Mnr Fe,. Co and Cr can be 
used to form such oxides. 
AmOWlt to be added 

10 If the amount of additive element to be added to the 
copper alloy is less than 0.05 wt.tr the vo1wne rat.lo of Cu 
oxide from the base metai a9ainst the oxide of add~tive 
el.ement .in the ox.i.de fi.1m be~es sj.gni'fi.cantl.17 h:i.gh, 
:r:esu1 ting .in decrease 0£ the corrosion resistant property .. 

15 On the other hand,. i£ the added amount of addi.t.ive e1ement 
exceeds 3 1rt .. -%, the probabi.1i:ty of poor wattab:S.1.:ity of the 

.brazi.ng filler metal bacom.es high due tc strong ox.:i.de fo:aued 
frcnn the additive element du~~ng the brazing process as one 
of fabrication processes of the heat e.z.changer, thm::e.fore 

20 the:r:e is a danger of generating leakage in the brazed part 
during the pressure test. Therefore. the amount of addit~ve 

e1ement to he added into tha copper a11oy ~hou1d be 
restricted to the range from 0.05 to 3 wt.I. 

Thickness 0£ oxide film 
25 If the thickness of oxide :fil.m fo:ciaed on the surface of 

tube is 1ess than 30 A, cu erosion by carbOnic aci.ds may 
occur through the Cu oxide f 1lm and the corros1on medi.um 
easily contacts with the surface of base metal, resulting in 

decrease of the corrosion resistant property. If the 

30 thickness 0£ sa~d oxide film exoeeds 3000 A, the brazing 
f ~ller metal may poorly wet or spread out on the brazing 
part, therefore there is a d~ of generating l.eakage :i.n 
the brazed part. 1'herefore, the thickness of ox:Lde film 
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should be restricted to the range £rem 30 to 3000 A. 
Elect~ic potenti.al. of o~ide £il.m 

If the potential d:i.f f~ence between the main body of 
tube and the oxide film is.·l.arge and there .is a defect in 

5 the ox.:lde ~~lm., the potentiel. dif fexence between the oxide 
of additive el.ement and Cu oxide exi.sting .in the oxide film. 
c;>r between these OKides and the mai.n body ~f tube may create 
the cell reactionr end eousequently the corros:S.Oil may be· 
enhanced. The corrosion may also be enhanced ·:f..£ the 

10 addit;i.ve e1ement has already deposited. i.n the·cu ba.Se metal. 
J:n order to reduce the. corrosion by the cel.1 x-eact:l.on as 
a.forement1.oned, the natural. eleotri.c potentia1 of the oxi.de 
fil.m is to be within the range of from 0.2 v to -0.2 V 
against the phosphorous deoxidi.ged copper having oxide f11m 

15 of the same thickness (30 to 3000 A). In this case. the 
natural el.ectric potential. of the oxide f;i.lm is determi.nec:l 
after a tube provided with the oxide fi1m was d~pped into 
formic acid solution of 0.1 v.t at room temperature (20 to 

30'"C) for 24 hours, fo:r example. l:f the natural electric 
20 potential of the oxide fil.m is less than -0.2 V aga.inat the 

phospllorous deoxiC!izea copper, the oxide fanned from the 
additive el.ement may easily dissolve into carbonic acids. 
O~ the contrary, the naturai e1ectrio potential 0£ the okida 
£ilm eKCeeds +0~2 v against the phosphorous deox~dized 

25 copper, the cor:rosi.on resistant property of the CU base 
metal in the copper a11oy i..s deteriorated. Therefore, the 
differential 0£ natura1 el.ectr~c potent~a.l between the oxide 
f il.m and the phosphorous de.oxidized copper .in sa:id fo:rmi.o 
oc.i.d sol.ut.ion should be. restr.ieted to the rsnge of froRJ 0.2 

30 V to - 0.2 v. 
Further, addition of P as the deoxidat.ion agent into 

said eopper a11oy does not affect on the a.f orement~oned 
effects. Add~tion of Pb into said copper aiioy also does 
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not affect on the a£oremeotioned effects. 
Then, various copper al.l.oy tubes for the·heat exchanger 

aooording to the examples 0£ the present invention were 
actual.ly aanufacttu:'ed and t~ir __ corrosion resistant property 

5 was compared to the comparative exaznples as fol.l.ows. 
'I'he copper a1loy tubes containing the addit:f.ve element 

at the amount listed in ~able 3 beiow and balanced with cu 
and other unavoidable 1.mpurities were manufactured. '!!ha 
d:lmensione of each tube were as fal.l.<>ws: 9.52 mm in outer 

10 diameter and 0.36m:m thi.ck:. The comparative examp1e·Bl2 was 
the ordinary phosphorous deaxidi.zed copper tube-· 

These tubes were subjected to the heat treatment under 
N2 atmosphere containing 100 ppm of O.z and 5%' of a;, to form 
the oxi.de film of 30-to aooo·A. thick on the surface thereo£. 

15 The volume ratio of the oxide of additive element (PbO) in 
the. comparat.ive example. B15 was 1.·40~ that of the o~i.de of 
the additive el.ement (SnO) in the compara.t~ve examp1e Bl.6 
was 1.31, that of tne oxide of the ~dd.itive_eJ.ement (MgO) :Ln 
the compa:rative examp1e Bl.7 was 0.85, end that of oxiae of 

20 the addit.ive el.ement in each o:r the examp1es Bl through B9, 
and the comparative examples Bl3 and B14 was estab1ished in 
the range from l.7 to 3.0. 

'l'hese copper a1loy tubes of the ex:ampl.es or the 
comparative examples wex-e exposed to the atmosphere a££ected 

25 by 1 ~-t of £ormic aoid so1ut~on or acetic acid so1ut~on £or 
20 days, then the maxinlum corrosion depth was determined to 
evaluate the corrosion res~stant property. Exposure to 
form.1.o acid or acetic acid was used because the ant-nest 
type corros~on can be reacli.iy reproduced by formic ac~d and 

30 acetic acid. 
Further, each copper alloy tube was dipped into 0 .. 1 v.% 

of formic ac.id solution at .256, 36°C for 24 hours, then the 
natural. electric potential of the old.de film on the surf ace 
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of the copper alloy tube was determ.i.ned. Front thi.s vaiue 
and the natural electric potential of the phosphorous 
deouded egpper determined under similar condit:ions, the 
differential potential. was calculated. 

5 Furthermore, using each tube 0£ the examples and the 
aomparat:i.va exampl.es, the finned coil was fabr;lcated.. the 
return .. bending part was brazed. then the brazi.ng p:r:opert:-.f of 
each tube of the uamp1es and the comparative examples was 
eval.uated.. 'the brazi.ng was 06.rr.ied out using BCuP-2 es the 

10 brazing filler metal.. at 850 "C for 30 seconds. The 
air-t~ghtness test was carried ?ut at the air pressure of 
2.94 MPa for each tube a£ter.l:lra2ing to evaluate the bra.zing 
property based on presence. or absence. 0£ leakage.. These 
results are shown all together in TabJ.e 3.. Under the 

15 heading of "bra:&ing prope.rtyn, 110" stands for "no leakage" 
and "X 11 for "pr~sence of leakage". 



P content Additive 
.Slel'll9nts 

(wl:%) (WU) 
Bl 0.023 Mn:0.08 
82 0.025 Mn:0.12 
BJ 0. 02 l Mn:l.Jl 
84 o.oJl Mn:2.6D 

E.xllltlple 85 0,024 Mn:l.75 
P'e:t.20 

B6 0.031 .Mn:O. 72 
Pb:2.42 

.B7 0.035 C!o:0.75 
138 0.021 Cr:0.91 
B9' 0.028 Fe:0,52 

BlO - MniC,32 
Bll - MJ::u2.00 
B12 (}, 022 ... 

Compe.rativa Bl3 0.024 Hn:0.02 
Ex~la BU 0.019 Mn:l.14 

:BlS 0.021 Pb:0.02 
Blo 0.026 Srul, 76 
:an 0.030 MqtO. 06 
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Tabla 3 

Max.i.Jnlun Corroaaion Len9th 
(ll'lll\) 

1' Formic Acid ll Ao11tio Acid 
O.Dl -
0.01 -- -- -- -
- -

0.01 -
0.01 -
0.01 -
0.01 -- -
0.26 0,17 
0.15 o.oe - -
0.17 0.12 
o.u O.ll 
0.24 0. u 

Brazing 
Property 

0 
a 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
x 
0 
0 
a· 
0 

Blactric~l 
Potential. 

DUf e.renae 
(V) 

-0.01 
-0.02 
.. 0.02 
-0.0!S 
0.10 

-0.12 

-0.05 
-0 .. 0~ 
.. 0.11 
-0.02 
-0.03 

0 

-0.01 
-D.13 
-0.20 
-0.31 
-0.02 

• 
~ . 

• 
~ 

r 
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As obvious from Tabl.e 3, in case 1 v.-t :formic acid 
r;;ol.ution was used as the corrosion medium, only corrosion 
w1th about O.Ol mm depth wes observed in the exampl.es Bl 
through B11, ind~cating better corrosio~ resistant prape~ty. 

5 .tn these exampl.es Bl through Bll. the brazing property waa 
also good. On the other hand, the convent1ona1. J?hoephorous_ 

· daoxidized copper of the comparative exam.p1e 912,· the 
comparative e.xamp.le Sl3 which contains o.nl.y small amount 0£ 
the e.ddi.t.ive element, and'comparative examp1es Bl5,. B16 and 

10 B17 which have. small voiume ratio of the oxide were all 
inf er~or to the examples in the cc.rros~on resistant 
property. The comparative exam.pie B14 which bas 1arge 
amount of the additive e1ement showed poor brazing property. 

Next, the f.in-tube heat exchanger described in cl.aims 
15 12 to 17 w1.l.l. be expl.ai.ned. l:n the fin-tube heat exchenger 

according to the present embodi.ment. a p1ura1ity of piate 
type fins 0£ aluminum or aiuminum a1loy are placed .in 
parallal each other on the outer surface of the main tuba 
body including the copper aJ.l.oy tube of claim l, 2 or 6. 

20 An internally grooved tube is pref erred as the copper 
al.ioy tube used for the £in-tube beat exchanger according to 

the present enbod.ilnent. Th~s 1.nterna.lly grooved tube, 4 to 
25.4 mm. in outer diameter, having a plural1ty of internal 
grooves paraJ.l.el. each other, is constructed so as to satisfy 

25 the foilow~ng relat~onships: 
0.01 ~ h/Di s 0.05 and oa s y ~ 30° 
where.. h .is the depth of groove, Di is minimum internal 

diameter (determined at the crest pa....-t), and is hel.ilc angl.e 
toward the tube axis. Thereby, the heat transfer capacity 

30 can be sign~f~cant1y improved. 
Zf the outer diameter of the internally grooved tube is 

_less than 4 \\Un. the pressu:re. loss 0£ the thermal medium m~y 
increase and sufficient heat transfer oapac::ity can not be 
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obtained. On the other hand, :t.£ the outer d.iameter exceeds 
25.4 mm, the heat exchanger becomes 1arge size and 
uneconomica1 as the fin-tube heat exchanger. Therefore, the 
outer diameter of tube should be restricted to the range 

5 from 4 to 25.4 mm.. 
If the ratio h/Di is 1ess than 0.01, :improvement of 

heat transfer cape.city :Ls not suffident. ·On the· contrax.y .. 
if the ratio h/D:i. exoeeds 0 .. 05, the pressure ioss increases 
so that the heat transfer· capacity may decrease.· Further, 

10 if the hel1~ angle y toward the tube a.x1s exceeds 30°, the 
pressure ioss increases arid suf f~c~ent heat trans£er 
capacity can not be obtai.ned. Therefore, the ratio h/Di :Ls 
preferabl.y within the range from 0.01 s h/D:i. ~ to 0.05, and 
the helix angl.e y w:l.th:in the :range frcin o• to 30*. 

15 When the internal.ly grooved tube having 1.nterna11y 
formed grooves w.ith such construction is used as the tube, 
the f .in-tube heat exchanger having bette:r corros1on 
resistan~ property against the ant-nest type corrosion and 
further having better heat trans£er capacity as the heat 

20 exchanger can be obtained. 
Further, the copper aiioy tube constituting the tUbe 

acccra~ng to tha pre.sent invention may conta.i.n unavoidable 
impurities such as P and B which are usWll.ly used as 
deoxi.d.ation agents in ada:i.tion to Zn, Mn and 'JIJg,. but 

25 exi.stanoa of such impur~t1es does not cause any problem for 
improvement o~ the corrosion resistant property. 

Then, the examples of the present .:tnvent~on will be 
explained comparing to the comparat~ve ezamp1es. The 
fin-tube. heat exchanger shown :in F.ig. 4 were prepared using 

30 the tubes (annealed) having the compo$it~on l~sted in Table 
4 below, the corrosion resistant property, the heat trar..s£er 
_ca.pac1.ty, the essenti.al. characte:r:i.s'tics sueh as working and 
brazing properties requj,red for manuf acturi.ng were 
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evaluated. F.i.g. 2 is a view_o£ th:i.s fin-tube heat ezchanger 
seoti.oned toward the tube axis, Fig. 3 i.s a sectional view 
of the tube. and l"ig. 4 :Ls a pard.al.ly enl.arged view of the 
tube. Each fin 1 :Ls substantiall.y a plate hav:l.ng a 

5 plural.ity 0£ tube i.nsertion holes 'fonned in between the top 

and the bottom thereof, end to the surrountfing edge 0£ ea.ch 
insertion hol.e is provi.ded with a tube type• f.in eol1ar 5 in 

the way that the a:a:is direction thereof is orthogona1 to the 
fi.n 1. Al.l. pl.ate type :fins 1 are pl.aced in parallel each 

10 other, and a tube 2 :Ls :i.nserted into the fin col.l.er 5 of 
each fin 1. 'l'his tube 2 is formed J.n u-shape with a 

hair-pin bending part 3 to connect each tube :i.nto one li.ne 
of tube; that isr each tube 2 is inserted into the fin 
collar 5 and f ~xed to the £in i by expanding the tube 2, 

15 then botb ends of the tube 2 are connected to the end of 
ne~ghboring tubes 2 through a semi-circular tube 4 by 

brazing. 
Each tu.be 2 is pr01rided with a plurality of grooves 7 

on the internaJ. surfaca thereof, and ~ese grooves 7 
20 sp;Lral.ly extends i.nside the tube z.. The internal diameter 

Di of the tube 2 :is defined as the distance between a cresi:: 
6 of the groove 7 and the opposed <%9St 6, representing the 
minimum internal d~ameter. 

The inte:rna1ly grooved. tube used in the fin-tube heat 
25 exchanger of the present e:xampl.e has the foll.owing 

dimensions: the outer d:iameter - 7 nun, the inner diameter 

(Di} = 6.14 nun , 50 grooves at tbe secti.onad surface 
orthogonall.y to the tube axis, the groove depth {h} • 0.18 
mm, the bottom thickness (t) • D.25 IDill., the bottom width of 

30 groove (W) = 0.23 mm, and the hel.ix ang1e "t of groove 
against the tube agis = is•. The composition of cQPper 
al.1oy for each tube 2 !.s shown in Tabl.e 4 .bel.ow. 

volat~ie lubricant o~i was used in each step of 



,, · .. 
.... .. J. ~ 

- 31 -

blanking of the £~n, hair-pin bend~ng and e&pansion of the 
tube during manufactur:lng of· the £in-tube heat excbanger, 
but subsequent digressing steJ> by' sol.vent was eJ.iminated. 
~e bra.zing of the tube. w'as carrie('l out.using the 

5 phosphorous copper brazing f.1.l.ler metal (BCuP-21 the speo.ies 
de£ined by JIS-Z3264 and containing 6.8 - 7.5 t of P, 0.2 • 
o:f other el.e.ments ana. the remai.n:ing i.s ma1nJ.y cu) by the 
burner :brazing. aesul.ts of evaJ.uation of each 
characteristi.c are shown 1.n Tab1e 5 bel.ow. The heat 

10 t~ansfer ca1or~e shown ~n Tabie 5 was obtained under air 
bl.owing at l~O m/sec. 
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T<lble 4 

Cozaposition 

(wt'> 
Zn Mn. Hg p cu 

Cl 0.5 .. - - halanee Cl 5.0 - - - balance Example Cl - o.s - - balance C4 - 2.0 - - balance cs ... - o.s - balance C6 - - 2.0 - ba.lanae C? s.o. 1.0 l.O .. balanaa CB - - - 0.03 balance comp•rative C!> 15 - - .. balance Example ClO - 10 - - baJ..ance ' 
Cll - - 10 - bal.ance 
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Table 5 

Corroaion Beat Tr•nsfer Cnpacity R.eaiste.ne 
Property 

.. 

MaximQm Beat T~ansf er Calo~ie Co:i:rosion (kc::al/h) Depth Bv.apo.re.tion Condensation (n'm) 
l 0.03 1300 221>0 2 0.02 1299 2196 BX8Jt\Pl9 3 0.02 1299 2198 4 0.01 1294 2190 5 Q,03 1299 2198 6 0.02 1296 2192 7 0.01 1290 2182 8 0.20 1300 2200 Cornpar•ti\l'e 9 0.01 1270 2153 EXBl.'tlple 10 0.01 127$ 2156 ll 0.10 1272 2154 

Wacking' B:ruing 
PropeJ:ty 

Wrinkling by Broken-out Bair-pin Pa.rt 
Bending 

small tube 

small tube 

la.r9v brazed part 

valaa'Cion. 

0 
0 
0 
0 
o· 
0 
0 
6 
x 
x 
x 

.. 
. · 
~ 

... 
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Each characteristio·Iisted in Table 5 was eva1uated 
according to the fal.1ow1ng method. 
Corrosion resistant property against the ant-nest type 
corrosion 

5 The fin-tube heet ms:chaDger used each tube having 
oomposit~on 1~sted in Table 4 was operated inside room under . . 
the fol1owi.ng conditions and then the maximum corrosion 
depth by the ant-nest ~ corros1on was determined. 
Operat1.on environment: 

10 temperature 30 CC, relative hunddity 80%-
0peration conditions: 

5-minute coo11ng and 10-minute air bl.owing, 
repeated for 6 months. 

Ree.t transfer capacity 
15 Using a wind tunnel test apparatus, the heat transfer 

ca1orie (evaporation and condensat.ion) as the heat exchanger 
was determined. 

R-22 (Fl.eon HCFC-22: molecular fo:rmul.a CHCJ.F2 ) was used 
as a refri.gerant, and measurement conditions were as 

20 folJ .. ows. 
Evaporation test 

Ai.r: Dry-bul.b/wet-bulb teJQperature 21.o·c;19.ovc. 
Refrigerant: Out-put pressure from heat exchanger 5.4 
kgf/cm2 

25 Overheat~ng: 5.0 deg 
condensation test 

Air: Dry-bulh/wet-bul.b temperature 20.o·c;1s.0°c 
Refrigerant: out-put pressure from beat exchanger 18.8 
kgf/cm2 

30 Undercooiing: 5.0 deg 
Characteristics required for production 

·Working (hair-p.in bending: 10.5 mm in diameter): 
observed for inci.dence 0£ wrinkl.ing i.nside the bending 
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part. 

Brazing property: 
the breaking test was carried out under adding interna1 
pressure to the tube 0£ heat exchanger and then 

5 broken-out part was observed. 
As obv:i.ous from Tabl.e 5, the exemples ~1 to.~7 of the 

p~esent invention all showed better co:cros~on res~stant 
property against the ant-~st type corrosion than the 
comparative examp1e ca using the conventional. p~sphorous 

10 deoJd.d~zed copper and other characteristics such as the heat 
transfer capacity required as the heat exchanger and the 
work:i.ng ana brazing properties required for manufacturing 
were good and al.JQOst equa.1 to the comparat:Lve exampl.e CB 
us.ing the conventional phosphorous deoxidiz:ed copper. 

15 On the other hand, the comparative examp1es C9 to ell 
were not su1tab1e for practical use because heat transfer 
capacity as wel.l as the working and brazing properties 
decreased due to use of the tubes containing large amount of 
Zn .. Mn and Mg. The compa.rat:lve exem.ple Cll showed inferior 

20 corrosion resistant property, probab1y due to deposit of Mg 
since the Mg oontent was too high_ and exceeded its so1id 
so1ubla voiume. against Cu. 

Next, the corrosion resistant copper alloy tubes 
according to cl.aims 18 and 19 wil.1 be. desaribed .. 

25 As a resul.t of having conducted a ser:f.es of d.111.gent 
research to improve the corrosion resi.stant property of 
copper all.oy tube, the present inventors found that the 
corrosion res~stant property aga~nst the ant-nest type 
oo:rrosion can be si.gni£:l.cantl.y improved by providing on the 

30 surface of the. main body of tube a oxide f~J.m containing 
oxide of an element having smal.1er standard enthalpy :for 

·£ormation of the oxi.de than that (-1.69 kj/mol. at 298-1.5 K. 

Kel v:l.n temperature) for Cu ox.i.de { Cu1 0). Such onde f .i.lm 



'• ' ..... .. " 

- 36 -

can be £or.med by e.nneal.!.ng" the mai.n body of tul:>e consisted 
of one or two adclitive el.ements having standard enthalpy 
-169 kJ/Itl01 or J.ess for £o:rniation of the oxide, Cu and 

unavo:i.dabl.e impuri.ti.es in the inactive atmosphere or 1.n the 
5 atmosphere oontain.tng small amount 0£ oxyge:n, :for example. 

ln this case, i£ tbe thickness of oxide £ilnt is 1.ese 

than 40A, sufficient improvement e:e:tect of .the oomsion 
resistant property can no~ be obtai.ned. on the other hand, 
:i.f the thickness 0£ sa.id oxide film exceeds 2000A., 'furth~ 

10 ~ncrease of e££eot can not he expected due to saturation 0£ 

3.mprovement ef£ect of the corros1on resistant property and 

al.so the brazi.ng property may decrease. Therefore1 the 

thickness of ox~de film shoul.d be restricted to the range 
£rom 40 to 2000A. 

15 Among said additi~e e1ements, el.ements having smaller 
standard enthalpy for formation of o.zide have l.arger 
improvement ef"fect of the corrosion resistant property. For 
said addi.tive elements, the corrosion res~stant property 
increases by .:increasing the content. However, if the 

20 content of said additive e1etllent exceeds certa.in 1evel. the 
\'10rk1.ng property of copper aJ.J.oy tube may signi_£:ti;::ant1y 

decrease. Therefore, the 1ower l.1.mi.t of content for the 
additive el.el'llent shoul.d be restr~cted based on the corrosion 
resistant property and the upper 1.:tmit should be restricted 

25 based on the working property. As a resul. t of a series of 
d~ligent research, the present inventors found that the 

ox~de f i1m hav.ing .better corrosion resistant property 
agaJ.nst the ant-nest type corros:lon can be obta:i.ned by 

restricting the amount of addit~ve eiement to the range 
30 expressed by the £oliowing equat~on (3). 

0.04 st [Ax• in CAB0f(x)/(-169))] ~ 4.2 ·••••••··· (3) 
where, Ax is the content o~ additive e1ement x in 

atomi.c %-. 
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ln ;ts natUJ:"al logariti:un.· 
AH0 f(z) i.s standard en.tba1py £o:r £orJ11ation o;f ox;i.de of 

additive e1ement in kJ/mol .. 
t is sum of Ax • ln (Alff(x)/(-169)) £or each adclit.i.ve 

5 el.ement. 

10 

That is, the coxrosion resistant prop~ c~ated by 

the oxi.de film relates to both standard enthal.py for 
formati.on of oxide and th• content of additi.ve e1ement, and 
the va1ue obtai.ned. from the £01.J.ow.ing equation 4 can be used 
as the index for the corros:i.on resistant property. 

.. [Ax • J.n (AH°f{x)/(-169)}] "• • • • • • • (4) 

So, if the copper all.oy tube contains the eJ.ement 
hav:Lng larger oxygen af.fini.ty then that of Cu (that is, the 
element having sma11er standard enthalpy for f o:r:mation 0£ 

15 oxide), the oxi.de fi1m on the surface of copper al.1oy tUbe 
aiednl.y contains the oxide of that additive element. In 
general, there exists absorbed water on the surface of oxide 
e.s hydroxide :radi.ca1,, and there is a trend toward that the 
cxi.de having smallu standard enthal.py ~or formation 

20 contains iarger amount 0£ absorbed water. 'lhere£ore, if the 
standard enthal.py for f'ormation of oxide of additive element 
i.s expressed by AH°:f(x), it can be said that the all.oy. 
containing the element having 1arger ratio [4H0f(x)/(-169)] 
for the standard entha1py £or forraat~on of oxide against the 

25 standard enthal.py (-169 kJ/mol) for fonnation of Cu oxide 
{Cu20) is covered on .i.ts sur:fe.ce by J.arger amount of 
hydroxide rad.1.cal than pure ooppe.r. ln the al.lay covered on 

~ts surface by larger amount of hydroxide raclica1, even if 
dew drops formed on .its surface, they diffuses to form water 

30 film so that ~ts surface is maUitained in uni£orm sate and 
the ant-nest type corrosi.on is hardly formed. That is, the 
·value of the aforement.i.oned equation (4) cen be used as the 
~ndex for the corrosion resistant property against the 
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ant-nest type corrosion.··· ··:rurthermore, i£ the content of 
these ad.di t.i:ve elements .is increased, its effect becomes 
more remarkabl.e, but the. present :Lnventors found that there 
is a relationship between the content Ax ani:J. 

5 [AH°f(x)/(-169)] and that improvement effe~ of the 
corrosion resistant property can be eva1uated by the product 
of the natural. logarithm of [AH° £(x)/-169]. by AX;. that i.B, 

Ax • ln (AB°f(x)/{-169)) ~ further that the val.ue 0£ Ax • 
1n ( AH0£ ( x) / { -169) ) i.s add.iti.ve property in case 0£ the 

10 al1oy contain~ng two or more add1t~ve e1ements. 
There.fore, in case o-f the a11oy conta.:!.n:Lng a pl.ural.:i.ty 

0£ el.ements, the value obtained for each element from the 
equati.on (4) should be summed. That .ts, tha fol.l.owing 
equation (5) can be appl.1ed. 

15 ~[Ax • ln (AH0f(x)/(-169))] •••••••• (5) 
If the va1ue obtained from this equation (5) is less 

than 0.04 .. su:eficient improvement effeot can not be created 
by the oxide film. And., if the value obtained from the 
equation (5) exceeds 4.2,. further improvement 0£ the 

20 corrosion res~stant property oan not be eltpected due to 
saturat1on of improvement e£fect of the corrosion res1stant 
property and the working property of the copper a1l.oy.tube 
is decreased by the additive element. Therefore, the 
content of add~tive e1entent shoUl.d be restricted to the 

25 range shown by the aforementioned equation (3). 
Further, the oharaoteri.stics of the oxide f.ilm formed 

on tha surface of tube can be read~ly judged based on 
~ntensity of the main peak from the X-ray electron 
spectroscopy (XPS) anal.ysis. That 1.s, when the rati.o Ix/ICu 

30 0£ said ma~n peak intensity !x of said additive element to 
the main peak intensity 1Cu of Cu is 0.10 or gr~ter, 
significant improvement effect of the corrosion resistant. 
property against the ant-nest type corros~on can be 
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obte..ined.. Then, the ratio of the main peak intensity Ix for 
the additive element to the mai.n peak intensJ.ty :tCu of Cu 
wi11 be explained in more detcdl. 

It i.s we.J.1 known that the corros:l.on resi.stant property 
5 0£ the copper al:Loy largel.y depends not on1y · on it~ a11ay . 

compos:i.tion al.so on the film formed on the sUr£ace; :In the 

present invention, better ~rrosion res1.stant property can 
be obtained by restrict:l.ng not only the thickness of the 
oxide fi1m formed on the surface al.so restricting the 

10 eJ.ement constructing the oxide f.:l.1m. In order to .increase 
the effect further of the a1loy containing the element 
having smal.l standax-d enthalpy for .formation of oxide, the 
ox~de f ~lm fo:rmed on the surface thereof shoul.d contain the 
addi.ti.ve e1ement concentrated at higher level. than ·the al.1oy 

15 composition ratio of the msin body of tube .. and in order to 
obtain that index the XPS analys~s ~s most practical from 
technica1 and economical. point of view. As a resul. t of a 
sari.es of d:l.1igent research on the relationship be.tween said 
ratio Ix/I.CU and the corrosion resi.stant property, the 

20 present inventors found that ~f the ratio Ix/ICu i.s 0.10 or 
more, improvement effect of the corrosion r~s~stant property 
significant1y increases. The main peak ratio Ix/ICu can be 
established at 0.10 or more, for exam.pler by controlling the 
compos.tti.on 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 m:lld, but not restricted thereto. 

Then, comparing to the comparative ex:ampies, the 
exampl.es of the present invention wil.l be expJ.ained. 

First, the tube material.s CO materials: 9.5 mm in outer 
30 d.i.ameter: 0.3 mm thiok) having compos:lt:Lon shown in Tabl.e 6 

-below were prepared by the me1t cas1:ing, the. hot extrusion, 
the co1d forging and the heat treatment. The. f:i.gures shown 
under the heading of "the symbol of an el.anentn .indicates 
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the standard enthalpy in .kJ/mol for foxmat:i.cn of oxide of 
that element at the te8lperai:ure 0£ 298.15 IC.. The value 
calculated from the equation 5 (under the heading o:f l:[ ]) 
for each copper a.ll.cy tube or copper tube o~ these exampl.es 

5 and the comparat:f.ve examples, the thickness of the oxide 
f.il.m and the main peak .i.ntens.ity ratio .I.x/ICU are also shown 
in Table 6. The thi.ckness of the ox.id.a fi18' was obtained 
from the etching time by Auger Electron Spectroscopy (ABS) 
ana.lys.is. The main peak intens:Lty by the XPS analys.is was 

10 determined using X-ray (Ket) ·derived from Mg under the 
following condi.tions: output power 300 W (vo1tage 15 kV, 
current 20 IQA), analyzed area 1000 µm2. 

The corros:i.on resi.stant property agai.nst the ant-nest 
type corrosi.on,, brazing and hat working propert1es of these 

l.5 eaampl.es and the comparative examples we:re eval.ua.ted by the 
£allowing metbOds. 
Corrosion resistant aga..i.nst the ant-nest type corrosion 

Test p:i.eces were exposed to the environment of formic 
acid as one of typical carbonic, and the maxim.um corros.ion 

20 depth was determined after corrosion. The test cond:ltions 
were as follows: 
Corrosion meclium: 

100 1111.. of i% aqueous solution c£ formic acid. 
Exposure condition: 

25 the test piece (100 QUll long) was dipped into deionized 
watex in a beaker which was pl.aced in a one liter conta.i.."ler 
contain~ng said. corrosion mediUlll1 then the contai.ner was 
seal.edw 

Temperature and testing per:i.od: 
30 maintained at 4o•c £or.20 days. 

Brazing property 
The finned coil was fabrJ..cated and the return J:>ending 

part was l:>ra:zed. The braz1.ng.property was evaluated by 
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presence or absence o:f 1eakage. The condit:l.ons o:f brazi.ng 
were as fol.J.mts; braid.ng f.:tl.l.er metal: BCuP-2, temperature: 
850~, bre.zing time.:30 seconds. The air-tight test was 
carried out under a:i.r pressure of 2.94 MPa. 

5 Hot working 
Using test semple, 15 mm in d.:i.emeter ~ 15 mm l.ong, 

seJ.ected from the ~ngots, the drop hammer test w~~h the 
deformation rate of Sot was carri.ed out at BSO°C, ;iuld the 

presence o:f cracks was deterained. 
10 Resul.ts of these tests are shOwn in Table 7 below. 

15 

Under the beading of "bra.zing property", "X• stands for 
presence of 1eakage and .. 0" for no J.eakage. Under headi.ng 
of "hot-working property•, nx• stands for presenoe of 

oraeks and 11 0 1
' for no crack. 



Composition 

ca Sn Mn 
-169 -348 -520 

t>l 0. 42 -
02 1.lO 0.19 
D3 0.33 -
D4 - 0.04 
05 be.lance l.21 -

Bxample DIS - -
D7 - 0.20 
DB - 0.04 
D9 1.13 0.41 
DlO - -
Dll 1.07 0.22 
D12 ... -
13 - -u - -
15 .. -
16 - 1.21 
17 1.10 0.23 

Corrparativa ur balanoe 2.12 2.s1 
Bxample 19 - o.u 

20 0.01 -
21 1.90 .. 
22 - -
23 1.49 0.98 
24 - O.C>1 

-.Q2-

'l'ahle 6 

(atomic t) . 
SD Co A<J 

-581 -238 -31 
- - -- .. -

Q.41 .. -
2.60 - -- o. 71 -
l.30 - -- - -
- o.os -

2.91 - -
1.44 l.11 -- <J •. 03 . -- o.s5 .. 
- - 0.31 
- 0,06 -
- - -

l.03 - -- - -
- - -

0.03 - -- 0.02 -
2.89 ... -
1.33 - -
2.43 - -- D.03 -

l (] 

o.3o 
1.01 
0.14 
3.25 
i.12 
1.n 
0.22 
0.01 
3.71 
2.16 
l-03 
Q.19 

() 

-0.52 
(1.02 
2.63 
1.05 
4.'2 
o.u 
0.01 
4.94 
1.64 
5,07 
0.02 

'TiclmesfS of 
Oxide ?i111 

CA> 

800 
1300 
1100 
1500 

600 
400 
400 

1200 
500 
300 .. 
900 
2<)0 I 

400 
500 
400 

2500 
200 

1500 
30 

3000 
100 

30 
2S.OO 

500 

Ix /Icu 

0.35 
0.44 
0.22 
0.90 
0.31 
o.u 
0.20 
o.2s 
o.n 
1.10 
0.56 
0.16 

0 

o.1s 
0.20 
1.60 
o.os 
o.sn 
0.01 
o.u 
0.33 
o.O!i 
o.es 
0.02 

.., 
""· 

l' ,.. 
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'!'able 1 

. Corl:'Ollion :D•Pth ,Bra.zing Teat: Bot Workin~ 'teAt 
(mm) 

Dl Q.02 0 0 
Di - 0 0 
Pl 0.01 0 0 
D4 - 0 0 
1>5 - 0 0 

Example 1>6 - 0 0 
J>? 0.02 0 o· 
D8 0.03 0 0 
D9 - 0 0 

DlO - 0 0 
' Dll - 0 0 I 

Dl2 0.02 0 0 
Dll 0.24 0 0 
D14 0.27 0 0 
Dl5 0.19 D 0 
Pl6 .. x 0 
Dl7 0.16 0 0 

Coq>arative Dl8 ... 0 x 
Bxample Dl9 0.16 0 0 

D20 0.20 x 0 
D2l - 0 x 
D22 0.15 0 0 
D23 - x x 
D24. 0.22 0 0 

')~ 

f. ... 
'Ill 
l 
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CLAIMS:-

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

2. A corrosion resistant copper alloy tube 
characterized by consisting essentially o.f 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· or 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 resistant copper ailoy tube 
characterized by consisting essentially of O. 05 to 1. 5 
wt.% 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 hy consisting essentially of O:o 05 to 1: 5 
wt.% 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 concentr~tion 
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. 

111111111111111111111111111111 
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6. A corrosion resistant copper alloy tube 

characterized by consisting essentially of 0. 05 to 1. 5 

wt.% of Mn, 0.002 to 0.15 wt.% of P, 100 ppm or less of 

oxygen, and Cu and incidental elements and impurities, 

wherein the ratio (Mn/P) of.· said Mn to said P is in the 

range from 2 to 100. 

7. A corrosion resistant copper alloy tube 

characterized by consisting essentially_ of 0. 05 to 1. 5 

wt.% 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 ~aid Mn to said B is in the 

range from 2 to 100. 

8. A corrosion resistant copper alloy tube 

characterized by consisting essentially of 0. 05 to 1. 5 

wt.% oxygen, and Cu a,nd 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 essenti~l ly of at lea~t 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 1.7 

to 3.0, and Cu and incidental elements and impurities, and 

an oxide layer formed on the surf ace of said 

main tube body in the thickness from 30 to 3000 A 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 

I lllllll llllll lllll lllll II llll 
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within the range of from 0.2 V to -0.2 V. 

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

a main tube body made of a copper alloy 
consisting essentially of a~ 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, at least one additive element at ~ 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) being within the 
range of 1 . 7 to 3. O, 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 A by oxidizing 
the surface of the main tube body, 

· wherein the additive element or elements 
remaining in said copper alloy is solid solubilized into . 
Cu base metal, and the differential natural electric 
potential between said oxide film and phosphorous 

deoxidized copper . in O .1 · v. % o~ 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 

11111111111111 111111111111 1111 
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an oxide film formed into the thickness from 30 

to 3000 A by oxidizing the surface of the main tube body, 

wherein the additive element or element~ 

remaining in said copper alloy is solid solubilized into 

Cu base metal, and the di+ferential 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~ 

12. A fin-tube heat exchanger characterized by 

comprising: 

a main tube body ~ncluding said copper alloy 

tube according to claim 1, ·2 or 6, 

a plurality of plate type fins of alwilinum or 

aluminum alloy placed in parallel 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 grooves 

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/Qi of the dep~ 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 s 0.05, and 

the helix angle ~ is oo s ~ s 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 Jq 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 main 

I 111\111 """ '"" ""' " "" 
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tube body in the thickness from 40 to 2000 A 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 the main peak 
intens.i ty of cu obtained by ;-ray Electron Spectroscopy on 
the surface of said oxide film is 0.10 or more. 

0~04 s E [Ax • ln( H0 f(x)/(-169)] s 4.2 -••••••. (1) 
where, Ax is the content {atom %) of additive element x. 

ln is natural ~ogarithm. 
H0 f(x) is the standard enthalpy ·(kJ/moll for 

formation of oxide of additive element x. 
1: is the sum of Ax· • ln( H0 f(x)/(-169)) for each 

additive el~me~t . 

111111111111111111111111111111 
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