; noe3eXW 46 T9A* ARTI CLE EXHI BI TI NG | MPROVED RESI STANCE TO GALVANI C

CORROSI ON This application is a c@m‘"mmmﬂmwww n-part of pending appi fJHNiZBH
081 734, 146, having a filing date 1, 1996 . 5 Technical Field
166166' This i \W@PK¥I6A4 rel ates gener abbogrt o protecting metal s PFFYHI042820
€orrosive environnent, and nore specifi call y to protecting copper-al um num
heat exchangers from corrosion when used in air conditioners. 10 Background
Art Corrosion is a process that involves two simultaneous reactions which
are called half cells. ARTYILH EMIBITMIMO%’EDHEESESMG:Dn or corrosion
of the nmetal. This process mvoﬁ rons, e.g., 15 2M
-~2Mt +2e El ectrons fromthe oxidaattofr—ptoce e-rn turn used by an
associ ated reduction half cell reaction, Whl ch is often the reductl on of
oxygen or hydrogen, _e. +4Ht+ +4e -+ 2H 0 2H -

oxi dation reaction ?E’S%PB‘é‘iaBﬂn Pregopnuntionsig- Rﬁ‘ﬁti%fpﬁP‘BE%@tP%& tiog Oﬁgﬁélﬁ%ver ned
by the reducti gavih@a6lih®Batk BADCIE&21! IO6€E! ectrons fromthe OXI dation
process. This is because 25 charge neutrality nust be maint @““m iC

corrosion ogcurs when two dissimlar nmetals make contact wi

in the pr esencq-e%m@ﬂﬁélgctrol yte thereby formng a gal van|

nore noble netd nore cat hodic on the gal vanic series) provi desl6<a€ﬂth ti onal
surface area f Jhistineen80n redatecgdnenally @au@tbwsmgtmﬁtds from aerrodive envaronméndy at es

t he oxidation/ I s

gal vani ¢ seri e%ﬁ mf%ﬁ s%gm lcal[ﬂgfp ro?%?‘flg gr"‘lqe rea ?xcg%m%ﬂ%n §°%

00/ 50664 2 PCTN&aﬁh&ZSﬁaxrabndlhmemterface of the tvvo nmetals, but may al so
occur at SqﬂE di stance away fromthe actual interface. Heat exchangers nade
of copper bes and al um num fins have about ten tinmes |ower corrosion
durability as @agRgfoaddixrtt hose made with al um num fins and aI um num t ubes.

This, as discussed above, is hecause when.t di ssi m.l ar S
copper and alu %Qﬁ’fnéﬁr%mioﬁeséé}}ﬁ VPIVES VR sy “quﬁé?acf‘?f‘sé"}ﬂ %aru\%‘il‘éf

envi ronnent, a cgpd. \uY KalCRNRLLbRIsTRe GXidhtibh 8r £ dRioAE kR rﬁmilafrhiebfuareﬁs es the
corrosion of the nore active nmetal. The adverse role of the nore noble
netal , copper iRvol¥ssshedass ofelacirens; ©Bs that: ( | ) 10 it provi des additi onal
surface arqg for the reduction reactigg ahpheeCcorrosi on process to occur
on, and (2) corrosion reduction reaction rates are very high on copper.
Both of these factors accelerate the corrosion process and result in a
ten-fold incre r 1 wr” : &Pt 2l
regi ons, the noaﬂg%&(?g?nﬁrgﬁl 8?5’9? at{ol%’ ocggs a}J\ﬁ “?'Jnv%/g%({]er, A*?l?%haée]dga Cwater st
cell reaction, which is often the reductlon of oxygen or hydrogen, e.g.,

—

20 0, +4H' +4¢’ > 2H,0
2H" +2e" — H,

The oxidation reaction (corrosion process) can only proceed at a rate governed by the
reduction reaction that uses the electrons from the oxidation process. This is because

25  charge neutrality must be maintained.

Galvanic corrosion occurs when two dissimilar metals make contact with one another

in the presence of an electrolyte thereby forming a galvanic couple. The more noble

metal (more cathodic on the galvanic series) provides additional surface area for the
30  reduction reaction to occur on. This accelerates the oxidation/corrosion of the less

noble metal (more anodic on the galvanic series). The extent of corrosion is greatest



may 'be blown inland for up to fifty mles fromthe coast. Sul fur di %hﬁg
and other industrial pollutants also creates an el ectrol yte when ch 303
with noisture. A common net hod of preventing gal vanic corrosion has been to
coat the exposedv@W/¥ef aces of the corroding nmetal with vari oBSTUSHAREY
pai nt. These protective coatings have net %ith only limted success for a
nunber of reasons. The main problemw th these types of coatings is that
their effectiveness at preventing corrosion is degraded by exposure to the
envi ronnent al ehetheintesfaseiciithé@isvouhétila\budnay alsé gédur arsdmadistancebway fotther
common problemis aﬁhat the coating materials often do not adhere well to
the .S metal suBStAFEENG eventual Iy flake off or erode away exposing the
netal substrates. Mreover, such protective coatings are sonewhat porous
and allow the electrolyte to penetrate the surface of the substrates and
connect the gal Vs#ickchapgdss Bladepfcapres tbenesl awninamdins bave about tey s lower
expensi ve. 3§ VBl dichyfily/al wﬂ?a;eh@f RS mERARR allulfief 6,20 Ribis

alum num fin stock 1s a current preval ent option. However, this approach
decreases t he t besralhinfaf fistussrgyabere, is beease wherhanogitasinhitar metads (likeicopert s a

t hermal conducti I.er [ : | 0 0664
PCT/ US00/ 02820 t"‘ﬁ‘galgﬁg‘éﬁ I“Equ%xsyggﬁg%"gtnt%ﬁ%‘ °B%?e"}ﬂ F4 °S§'F %W&%"gﬂ%%’wﬁ rapi d
corrosi ve attackowgle fohmes aalrthe mbtemobiennesd] peonsaiestile emrasmarof tHeandreactival | ar due

to the | i in th i,0 bet t h d al uni
surfaces. (2) | MLARe ST QLIS I MUTF MREDGOPIERG TREPPRHISH. ek 1)
process, ando( 3)t prsla@d ae8ifibsal sipfaldSres o HiRITeditibn Rhctih QI @il dow@sieR pEdcB@S | S

to protect a netal that corrodes by covering. it with a coating or paint
that shields it '9PGH handigyreauesiveredVRiioR SRR rates prey egHE pR SonpesydBothi nown
and invol ves CoRkinReSra&ibiRc@erRatnRtsre¥ion Frbakd ifd reRRtih Reh-folBhciRiRtigCt the
substrate such as gal vani zed steel. In the case of galvanized steel the

zi nc coating 10 cpsosiinggtepi dieiaiynaingn finy t he steel substrate. Por gal vanic
couples, the two netal conbinations can be nade nore conpati bl e by

sel ecting maial 9, 06t Abiodl Hd Al LonRBE DeQIdAAE isWls WA ORI AHATAE wARE kS,

whi ch effectively reducés the Iving force gal vani ¢ corrosion.
Di scl osure of | meyrbeibtawiliniang formm ity fitihinéles fror thedossti Ayldimdiamdd andrathesr ovi de
an article, pref Ju@t%lamoqlugﬁ%tag%.)&qug%Electpﬁ%é Qed EH?I{b%{e%%ﬁﬁkB&-iiﬁé?” .

I . Anot her obj ect

resi stant pr oper“t?l es en used in a corrosive éenvironnent
of this invention is to provide a plate-fin heat exchanger 20 forned from
the preferred erials of caopper and al um num. f t he tub flpns,
ospactivel v naviyrLaaeefor BlmiRe sl Eghior Mrertie e Ribostd g
Corrosi ve acdo visutf&ss bftheeatodidpas&alvatievariatistypeéadf psinot These mbjeetite ahtihgs S
invention is to provide a plate-fin heat exchanger forped fromihe .
preferred rraterikgV%thfW‘étb?fBEﬁmétﬁ%s‘ﬁfﬁﬁ?%ﬁrﬁ 8?&137‘?3“{5[1 2R ?rloh m with
respectively, hagésBgpas 6RBuGidsthitaReit ¢f0sativenBetat pventiely eorgsicLis Hegraded
treatnment on the non- corroding co E%?r tube for | hibltl},g‘%taﬂgl\/. ni.c
corrosi on of thebyl"@,‘E%S“FFO‘BItlé"'f"él‘l"iﬁ‘i’l‘i‘ﬁ’f’g1 Flements pychyas upirayigtef B FAINobl e
copper tube. StiAgotieneshfbn pRIVREE is @fat tHRicSatind \Wedtddalibieh db AofddB¥iedeel1Ro the

pl ate-fin heat exchanger formed fromthe preferred nmaterials of copper and

al umi num  f of t Heetelpesteareg apd euentually flaksdicarierade pvangrpRRige thegnfiplapstrates.
treatment of tinyeRcldEsulRProtRliVadhliislaYe GRWAS Jothus Qﬁjﬁfor\]ﬂ‘ B lectrélite to

substantially reducing the reduction reaction kinetics otherwise a
penetrate the surface of the substrates and connect the galvanic couple. Such coatings

can also be relatively expensive.

30  When using aluminum fins and copper tubes, coating the aluminum fin stock is a
current prevalent option. However, this approach decreases the thermal efficiency of

a heat exchanger because it inserts a thermal conduction barrier between the fin and



16 JUN 2003 WO 00/ 50664 4 PCT/ US00102820 property of the copper, far
inhibiting galvanic corrosion of the | ess noble alum numfin coll arl$ JUN 2003
relative to the nore nobl e copper tube. The foregoing objects and foll ow ng
advant ages ar ewadhE®sed by the article of_ the present inventiRSA/USAYIZ§A ng a
first menber formed froma first metal ami a second member connected with
the first nmenber at a contact area. The second nenber is fornmed froma
second netal having high reduction reaction kinetics relative the first
menber, wher eithe thtwe Isalsohab thepatntiabproblems palfl erapib aorrdshe attacksdt thetand . A

mat eri al or supst.ance for, reduci he reductipn reaction, kinetics of the
second net al F@Wl?%ﬁ%?aﬁe& e&ﬁ‘fs\}lﬁ?ﬁn@e &:’BF?I&%%‘O(}& ores mryase “‘n‘b‘f Bf0in the
presence of amethReptt@Cbpdr dhdaliBindirOstrfded, 5 inoRedd tdbe wehd &id falklg daaRgd
metals. In a preferred enbodinment, the article is a heat exchanger erein

the first mentin LampPing PRSPISed4Apddptcastscond menber is a tube, and the
material fer reducing is a coating on the tube which has | ow reduction
reaction kinetics relative the copper for reducinq corrosion activities

bet ween t he t (& cuFent 1t ef prptqchye copBngsrs tof projeet@myialiteat corrodop BWPavgEngitG. 1 i s
a perspective i . i | ng.-heat e t ubes
treated in ac%&?gﬁg{éﬂ%ﬁ{}%ﬂ?ﬁ@%{r}ggﬂﬁ? °#“%§%%Pééﬁf’é j GEntZ@{sg%a g taph

i | lustrating thwelplspdvor anainoeolvespeaingsrechsis pathisevmdtallic caatongs dabpretend t h t he

Prvent | onas i1 ToREEESEh o BRER et 11 ofEate ot OpFarit o b et

provi des fl0r doalsosicoficiabiophetteet substnatefFoa gdepriedouples) thetwmneait exchanger .
However, it shoulbd ﬁﬁ? evi gent to one ski.l.l gd i.n .the a[t that.t.pe dpresent
invention is rOECIFHTISSE™ P8 At Lok soEPriitle BY solystiRe XAd'sasen o sh¥aitd i n
connecti on wi teactoothetdnahe gilvaid efigs hitheffebtbiel reédused the Having®réd for are i n
contact with one another. in the presence of an electrolyte. 30 FIG 1
illustrates a%?ﬁ’éf“é-cﬂrﬂs‘?féat exchanger 1 of the type typically used in air
conditioning units. The heat exchanger includes one or nore flow circuits
for carrying refrigerant through the heat exchanger unit. For the purposes
of expl andfi orRisclosige o{fnventien \\0 00/ 50664 PCTI US00102820 the heat exchanger
| contains a singl eytlaMay bifatt bt thithfveariGRRS Hlobiag aR hrtidfe, hrdleiblyld iege 3 and
an outlet line 4 which are connected at one end of the heat exchanger 1 by
nmeans of a 90 exoiragerehaviss improvsH GoreFignresigtrriPRAPLTtisd Wherewsed irhhgoriesive
circuits may hgoa {;‘t.to the unit dependi ng upon the demands of the system
The unit further 1 ncludes a series of fins 6 conprising radial disposed
plate |ike el ement Amizaroblieet o thgs inventiogngytorpreyfide dpdaté-fivheatiexehanger The fins 6
are supporjed j e i AdPlsdt to
define a giaog fﬁog\r}védrp}g%rgg%ﬁ %%%ﬁ%h%ﬁmﬁpgﬁwg%r;%%%@ées ’ggréﬁé%uééﬁg%‘ghsi on of
the tube 2 andrekpetinvedn havieg sydacddeduction @actibh kivsticsdbeidhibbimgeprrosivest
exchangers of thi lﬁ.eggﬁ% art«gl s%?r'x't'éﬁ%llsy used in corrosive environnents. In a
typi cal arrangaécﬁﬁ 'S PhHeEst %changers of this type are fabricated utilizing
copper for the cir ctidttanbthensbiacbefthia mtheatiots tanrotids a plaee-fid eat exthangén ns are

di sposed in coptact.with the tubes .and.draw heat away .t hrough conductive
heat transfer E? e‘{ fem tg"r %’§§B’5‘¥5‘a{eﬁgbHQ&QPPFW@GB‘H“%%\;@BE‘? 5’@" ﬁ%gﬁlnst ransf er
to the gas2d SrebEeofival Naviridd rdduidntBactive kinkhie® rédubiag surfaep pedtmest ontthd i zed i n
t ube constructi on becguse of ig%s %QOCI heat transfer, 1E)rg e;ti e gener al

resi stance to BIrFORPHRS caprer sibe £Tdnhipitipg galkGPQRan P %E\ $ST°Hfe fins are

fabricated frognmintd At BdIRLCRIEC: Bk mdrén@NOsbpp&atibel r ansfer properties, ease
of fabrication, and | ow cost. Heat exchangers fabricated entirely from

copper, as wel | as <t prashey objegof Hisinvention infe@rqyide s paterfip hegkgxeangen o

appl i cations t gAN¥@kdm the pRERRE Biiferfals IRbHRPAK AR AR, 1B the HHORNESns,  hese
heat exchangers have di sadvantages of higher cost and difficult fabrication
and repai r 30 Al aspestinely s hayipms Nfg\amf?a}'mnlﬁroétlﬁﬁ@&ﬁ@"@rﬁ“ﬁ’%*’é}&l%ﬁ?ﬁ% seri es,
.e. | ess nobl @op hmge,%to&%gtantlah. 're?iut:iq tﬁe%&xc{iﬁr?l%%ﬁoh Qﬂxteti(t.srb%e?\!vfé%num

oxi di zes or corrodes when It 1S 1N contact wt copper 1 n the presence of
an electrolyte. In the arrangenent shown in 25 FIG 1, the interface of the
tube and fin is where the gal vanic couple woul d be nmade and where the
corrosion of the alumnumfins would nost |ikely occur wthout sone form of
prevention. Once the fin corrodes at the intersection, the fin no | onger
contacts the tube and thus the heat exchanger efficiency is greatly reduced
because the fin loses its ability to conduct heat away fromthe tube. 30




In accordance with the present invention the exposed surfaces of the copper
tubes 2 are coated or enriched wwth a nmaterial for reducing the r ed@cUiNozi0)
reaction rate which 16 JUN 2003 WD 00/ 50664 6 PCT/ US0O0/ 02820 drives the
gal vani ¢ coupl e bebwestsed he copper and al um num as opposed to @ECAUSHYI2BIve
el ement targeted for corrosion, i.e. the fifh's. Tin alloys are the best
candidates for this material since they offer very |ow reduction reaction
kinetics. Thus, this |Iowering of reduction reaction kinetics can be

acconpl i shed by gpkity\ef € cdppBr, eatmtiibififly k41Panic €M df tRi16E nSbRWfrfiGEmW t h
a layer which has such | ower reduction reaction kinetics as conpared to
copper. As indi canesllarprelgize ptbxgesueblesapner Bibe. gal vani ¢ corrosi on probl ens
are traditionally pre A i - r.adl Lo b\ . t al
gal vanically conpati ngg\%&?%ﬁp’f ﬁ@gﬁgo?ﬁe}gfﬁggﬁggg ‘éér%gdr%g ?mg??}g%‘i/easb\xn%%%lﬁag?o
conpat i bl e net al thetphiesentaneentiproiseludiog e first memher foenerhfrompifostsegtales. |1 f t he
two metals arg chopgshfind Q8GLAnANCd Nfin 0R| AT GuB STl £t APLE | Fud debbd
driving force fox e galvanic ‘corrosi on process. T Contrast™ a Haw
approach i s i nventegtbehisfamnmed flomst seehdafetad hating bighhreduction waddtiog kimtias or

selecting netal s_glose together on the gal vanic series tal | Lc . coating
Chat has 1 ow r edEurE s SCRABter Phetet hd SrebRl kst B i nofleingus el
segI i eﬁ i ndi cat es AEi xlnetreﬁalios s@shh@&fond‘éﬁu&ﬂg%hé ﬁﬂﬁﬁioh_&éa\tﬁﬁxmkfhﬁt&slm‘lﬂﬁﬂ se€ondt i ng
and the non-coate el enent, dye to their aci ng .on the gal vani c seri es.
Thi s appr oach s A q’rrf@cm&@!vwc&msosmOfweiﬁit%%géa&sﬁmﬁ@eﬁm typi cal
protecti on mey hodlechalfeliSproviaat behen (RA D MY stddAll nidpile! I alghGersad T OSi on
prone alum numfins fromthe environnent and (2)_ nor (is it based upon

sel ecting gal vanicBRpdigneabhsarticln iga heat archangsuivhersinbe fisbmambergs p fiafodar
couple. 20 As shgym tl@ée%olﬁg nffbYAh Exbé,%h%i?e dlﬁchﬁ%xer.eJiucfx&'Ti%]Q%d?ﬁhg ot Hubdi M

and tin are significantly apart on the galvanic series. e noré active
al um num al | oy i vhi¢hehasiay redeotion taaetipntkinetios felatize therceppeg fordeducing comasian t

with tin. HOWe"eracti‘QﬁgsaééWeehiﬂ{ét&lﬁ%n?ﬁﬁ‘é’oﬁa‘[?a‘:ti on kinetics for the reduction

reaction of the corrosion process, e gal vani c corrosion process is
significantlySdecreased - by a factor of ~--6 to 10X for the 25 di scussed

application. Thisg,J reduct i ion rate, as indicated, substantially
reduces corrosi OSBJlé}‘%es tiption o Drivid §Id ot herwi se have taken place between
t he nore nobl e cdi@et istageespanite view df @ heat erdhlamger intocpordtiag heat excHahgattutesed i n
FIG 2. 16 JUN 2003 .WD 00/ 50664 7 PCTI US00/.02820 TABLE | Gal vanic Series
of Some Commer ci AIC2HKBIHLICOWREe AP SRAPIEIGRISBYEREOE: Pl ati num Gol d Nobl e or
Graphite cathodic Titanium Silver Chlorinet 3 (62 N, 18 Cr, 18 M)
Hastelloy C (62 N, 17 C, 15 M) 18.8 M stai nless steel . ssive) 18.8
stai nl ess st égl '(\f}dgs%?aﬁesfanﬁﬂlw@ﬁ 'g? B§TfArmagce {MpERysmests f‘iﬁ‘é‘é’gg%‘)‘m? el
(passive) (80 N ,wilBth&brinciplE€of thd frkseht ibveassn;wad Si | ver sol der Monel (70 N,
30 Cu) Cupronickels (60-90 Cu, 40-10 Ni) Bronzes (Cu-Sn) Copper Brasses

(Cu-Zn)
Best Mode for Carrying Out the Invention
As will be described in detail below, the present invention provides for corrosion
25  protection of a copper-aluminum heat exchanger. However, it should be evident to
one skilled in the art that the present invention is not limited to this specific example
and could be used in connection with a number of arrangements where dissimilar

metals are in contact with one another in the presence of an electrolyte.

30  FIG. 1 illustrates a plate-fin heat exchanger 1 of the type typically used in air
conditioning units. The heat exchanger includes one or more flow circuits for

carrymng refrigerant through the heat exchanger unit. For the purposes of explanation,



Chlorimet 2 (66 Ni, 32 Mo, 1 Fe) Hastelloy B (60 Ni, 30 Mo, 6 Fe, 1 M)

I nconel (active) N ckel (active) Tin Lead Lead-tin solders 18.8 M 6 1UN. 2003
stainless steel (active) 18.8 stainless steel (active) N -Resist (f]i gw I\Z
cast iron) Chrwwowrspet ai nl ess steel, 13% Cr (active) Cast ir oPCTBIS98/P28%}
iron 2024 alum num (4.5 Cu, 1.5 My, 0.6 |‘§D) Active or Cadium anodic
Comrercially pure al um num (I 100) Zinc Magnesi um and magnesi um al | oys ~'S
~uN zoo3 WD 00l 50664 8 PCTNS00/ 02820 The i nprovenent achi eved using the
principl es of thékegpeebaner | coredits axinglsilow civatir abe consistiaplo€arl inlestigs ®i n t he
current density fromgalvanic, corrosion of a heat exchanger ip a corrosive
envi ronment is ﬁB\Rﬁtlegin? g&'&ﬂf@&mo‘g?n%ec?e @{B‘Fe%’BQ?é}}?ﬁteathg?‘ng?ﬁ by ey ed
current densi tofd ®° autdiveRcs. WRERIW & @fdeh) Boweler ARt Phbre 8ir&uiRimdyhe addedm nuM
fins. So, by coating the non-corroding copper tubing with a netal that is

not conpati bl eWRY HIERFAINGHPOD s demenss Af thesyyemy dhe Bnis Spthespcludesa
corrosion rat esefbs s @!cHﬁbﬁéiﬁ%xfaBiﬁl dighoS&B15t8 kO ¥iehRnts 3 &@dg{oﬂgfhe?éfn h
magni tude. VWhile pure tin i s the preferred material, tPn al I oys contai ni ng
such netal s asofAhaiflow pigie Jhe fins ¢ arp genporterhinl the asseroblyhietvaenndairofiehdni | | al so
reduce the rat | j ' 116 rate of 10
oxi dation of t g@%7%%{0319#:%#Q%@g&%%g&;ﬁhgd%é%}ﬁ%e% cip%gslé? ﬂgé;?‘eeducti on
reacti on ki neté¢xtensionpf the tubs @chnd betweercthe spctd finsor gani ¢ coati ngs, such as

si | oxane based systens, that are applied to the copper tubing to reduce the
reduction reaction kinetics, and not directly applied to the fins that
corrode, nHYy alsaotbdabose deatredetangdreofhis Bpe pteanahodly asqdrie semdsivenventi on. | n
addition to applying a distinct coating to the copper, .15 surface, this

i nvention al sog’}%ﬂ’f’%ssq@ﬁrtm‘fﬁtl ﬁ@ang?fge'g’d}?ﬁ%‘?xc_ 'gegtfw lyﬁelaﬁetgbd'%\?é |i sted
el ements to deghimfpeoppee fdr@biiicuio flow @kt hitalkiniftd 8 tRFidshahe GRPRE sur f ace.
The copper surface can al so be coated qr inpregnated wth | ow | evels of

el enents that dispased P_W%Ctﬂé@t}ﬁ fubss af‘@ﬁ’_é%’”i Rt Ry ayshyough capdugtiveheat seni c and
antimony. 20 ThensgRakd heh Asipitd the hét BRSUA RBBRCt A hdalBarfsBR REThelgh)€S 2 Wi th
tin or other discussed material is acconplished prior to the assenbly of

t he heat ekXhaftfgmmoniy airyfipwingpyenths @hesi Opperds uialized dntwbe geRstruetion decr ease
the reduction I0PRs Sdbdh Ja e tets ; al vani c
current flow ng&%ggt?v?e.esng(%heh Ia%ot%lgler éﬁu%a%ﬁﬁl?hpﬁaﬁmnéﬁgéggg%@t J;&gs:]gl vani ¢
coupl e. The pr opfsbretiemandaepair. iThe fing yre fabsicated fromtalwrainamcbenatisa pEitsrgeod he

t her mal conduct,} 10/ i [ | r i IS
acconpl i shed b%/éagg fl%gerggggfgf ? ﬁgié%?fahﬂé‘a%? é’f%tﬁ ik\)/‘glcgﬁ'hlﬁg% %ﬁ%&?ﬁ?ﬁ%ﬁ%t ivity
or by appl yi ngestiely fioln qoppmadsi wallszs eBiely Heomealamenuse weer wiilizad inhaedainf or
applying t pr. tive coatin e t 0. copper tubing. .Potential nethods
Thel vde (1 hephfeidn b SRS RN SRR SRRy HRl B R TR SN 2008
WO 001 50664 9 exchangers have disadvantages of higher cost and difficult fabrication and repair.

Aluminum is significantly more anodic on the galvanic series, i.e. less noble, than
copper. It is for this reason that the aluminum oxidizes or corrodes when it is in
contact with copper in the presence of an electrolyte. In the arrangement shown in

25 FIG. 1, the interface of the tube and fin is where the galvanic couple would be made
and where the corrosion of the aluminum fins would most likely occur without some
form of prevention. Once the fin corrodes at the intersection, the fin no longer
contacts the tube and thus the heat exchanger efficiency is greatly reduced because the
fin loses its ability to conduct heat away from the tube.

30
In accordance with the present invention the exposed surfaces of the copper tubes 2

are coated or enriched with a material for reducing the reduction reaction rate which



PC T/ USO0/ 02820 (3) slurry/sintering processes, (4) pack diffusion
processes, (S) physical vapor deposition (e.g., evaporation, sputterrﬁnm 7{93
and 1VD), (6) chem cal vapor deposition, (7) pI asma and flane spraying, ( 9
el ectropl ati ng, wo9dsmbect rol ess plating and ( 10) el ectrophor emiTaUS0g¥PR820

i nportant aspect of the present invention bs the production of a uniform
coating of reduction reaction reducing material over the entire surface of
the flowcircuit tubes 2. Regardl ess of the process contenpl ated, the
variabl es of tUuPReSHUE LAGENIPEARR VN thi @ 151‘ ”&3% Al i ng
conposition, and goat ?ng tlhrcgilgness need lt:%b%%encar iR 8 Sont%rcc())‘li{a%fj

achi eve the prdpetlementargeedfor corrospmeserihe ﬁmw@malbus al‘ﬂth; bestepadidatesdir of the
exposed surfac face de | ayer
fromthe coppeﬁﬁlt %aensﬁsr&el&%}ﬁajt&ﬁgrvg%e\a ﬁg%“tc?r% %g‘?}é%ﬁvmgﬁfégéﬁsé?}% ]\%‘ed ?E%o t he
tube. A nunber affreckxumdmectpn&paneetﬁambcracmqﬂrsl&sl larroeaﬂirrgnmnbmgﬁamdgﬂtcry and

i ncl ude the use of ugi n as flux ani abrasi on such as
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Lead

Lead-tin solders
18.8 Mo stainless steel (active)
18.8 stainless steel (active)
Ni-Resist (high Ni cast iron)
Chromium stainless steel, 13% Cr (active)
Cast iron
Steel or iron
2024 aluminum (4.5 Cu, 1.5 Mg, 0.6 Mo)

Active or Cadium
anodic Commercially pure aluminum (1100)
Zinc

Magnesium and magnesium alloys
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and not directly applied to the fins that corrode, may also be used under the principles
of the present invention. In addition to applying a distinct coating to the copper
15  surface, this invention also includes enriching the copper surface with the above listed
elements to decrease the reduction reaction kinetics on the copper surface. The copper
surface can also be coated or impregnated with low levels of elements that inhibit the

reduction reaction kinetics, such as arsenic and antimony.

20  The coating or surface enrichment of the copper tubes 2 with tin or other discussed

material is accomplished prior to the assembly of the heat exchanger 10.

This invention includes all coatings that decrease the reduction reaction on the copper
surface and thereby lower the galvanic current flowing between the copper and

25  aluminum members of the galvanic couple. The proposed approach is very cost
effective and maintains the thermal conduction at the fin/tube interface. High thermal
conduction is accomplished by using a coating with a relatively high thermal

conductivity or by applying very thin coatings.

30  There are several methods for applying the protective coating systems to copper

tubing. Potential methods include: (1) metal rich paints and sprays, (2) hot dipping,
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f10% U& () - $3gf6x%nportant aspect of the present invention is the production of a uniform coating of

reduction reaction reducing material over the entire surface of the flow circuit tubes 2.
Regardless of the process contemplated, the variables of tube surface preparation, tube
preheat temperature, coating composition, and coating thickness need to be carefully

10  controlled to achieve the proper results of the present invention. The preparation of
the exposed surfaces of the tube is preferred to remove the surface oxide layer from
the copper to ensure that the coating material will adhere well to the tube. A number
of surface preparation processes are known in industry and include the use of reducing
gases, fluxes and mechanical abrasion such as shot blasting.

15
It is preferred that the coating have high ductility to allow for the subsequent assembly
of the heat exchanger without damaging the coating. The ductility of the coating is
determined in part by the coating composition and the thickness of the coating. The
coating must be thick enough to prevent the penetration of the electrolyte, and, thin

20  enough to have good formability and cost benefits. The optimal range of thickness

contemplated by the present invention is .1 mils to 2 mils.

The primary advantage of this invention is that an article is provided, preferably a heat
exchanger, having improved corrosion resistance properties when used in a corrosive
25  environment. Another advantage of this invention is that a plate-fin heat exchanger
formed from the preferred materials of copper and aluminum, for the tube and fins,
respectively, is provided having reduced reduction reaction kinetics for inhibiting
corrosion activities between these materials. Yet another advantage of this invention
is that a plate-fin heat exchanger formed from the preferred materials of copper and
30  aluminum, for the tube and fins, respectively, is provided having a reduction reaction
kinetics reducing surface treatment on the non-galvanically corroding copper tube for

inhibiting corrosion of the less noble aluminum fin collars relative the more noble
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<uV7@! 10% h&' 4nd-f&i3 iesettBefy), is provided having a surface treatment of tin on the non-
galvanically corroding copper tube. This substantially reduces the reduction reaction
5  kinetics otherwise a property of the copper, for inhibiting galvanic corrosion of the

less noble aluminum fin collars relative to the more noble copper tube.

Although the invention has been shown and described with respect to the best mode
embodiment thereof, it should be understood by those skilled in the art that the
10 foregoing and various other changes, omissions, and additions in the form and detail

thereof may be made without departing from the spirit and scope of the invention.
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1. A heat exchanger comprising:

a fin collar formed from aluminum:

a tube connected with said fin collar at a contact area, said tube formed from copper
having a surface and having high reduction reaction kinetics relative said aluminum, wherein
said copper is more noble than said aluminum; and

a tin coating on said copper of said tube having means for reducing the reduction
reaction kinetics of said copper for reducing corrosion activities of the aluminum of said fin

collar relative to the copper of the tubes in the presence of an electrolyte.

2. A method for forming an article exhibiting improved galvanic corrosion

resistance, comprising the steps of:

forming a heat exchanger fin collar from aluminum;

forming a heat exchanger tube from a copper which is more noble than aluminum,
wherein said beat exchanger tube has a surface;

connecting said heat exchanger tube and said heat exchanger fin collar at a contact
area; and

treating said contact surface of said heat exchanger tube at least at said contact area
with a layer of tin for reducing the reduction reaction kinetics of said second metal at least on
said surface, prior to said step of connecting, and preventing direct contact between said
surface of said heat exchanger tuba and said heat exchanger fin collar to substantially prevent
corrosion of said aluminum of said heat exchanger fin collar relative to said copper of said

heat exchanger tube.

3. The method according to claim 2, wherein said step of treating comprises
enriching said surface with said means for reducing reduction reaction kinetics prior to said

step of connecting.

4, The method of claim 3, wherein substantially all of said surface is enriched

with said means for reducing reduction reaction kinetics in said step of enriching.

5. A heat exchanger comprising:

a fin collar formed from aluminum;
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