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SOLDERI NG PROCESS CROSS REFERENCE TO RELATED
APPLI CATI ONS Thi s application clainms the benefit of
wo b@sfitdesng dates of U. S. Provisional ApplicatPOnES2005/013153
60/ 562,964, filed April 16, 2004, and 60/ 609, 589,
filed Septenber 14, 2004. FIELD OF THE | NVENTI ON Thi s

i nvention addresses the inportant issue of purity or
cleanliness of a sol GOLOERING [RRACESDeen di scovered
t hat scavengi ng netal oxide fromnolten solder is of

{ - [ ,10&181 @5}5 and
cﬁ%ﬁ&?um Eili@%]gf%eéh%l n gﬂgi&hﬂféﬁf ‘? particul ar
| Mparttian ceopihiede s oo 1 £a6 1 €ige SObAefial b8YShe AM1ing dates
active additive layer on the surface of the bath is

ofyded 1 FETERIYR hnierssratiere fR{a620RpPde. TTArd Aaril 16,
addre Wi rasdll teof gyeddable lead f rfﬁof‘.‘" der

joi'nts produced at” a ténperature no nore an’ t he 260
OClimt for electronic conmponents. BACKGROUND

FIEISF (050 Rixfiz ¢ are comonly sol dered to printed
circuit (PC) boards with a lead-tin solder. A nmaximum

sol dédisnglieapeiah uaddoés268 BBe( mﬂ%qm%SMow a@urity
stanpdard.in the industry and this |imt_has propagate
% oginjn%?ﬁ}ﬂo?ﬁﬁ? o a"f‘rets&lg.erl:g?ag?(anpl%t, hast l&?ﬁl%o%éﬁ??"ered
tha® he-s0daer e h@tﬁﬂi@%%éé”ff&&tmgpééﬂss%ﬁ%e&agggréﬁggreat

a maxi mum tenperature of 260 0C . Conti nuous sol

imperdeRcss 8 barpducdngperel ahte a anki mepriodmusidteur solder

; bout ood i desire to elim.nate .

jo%gjg %r'dougﬁfgaggf S %f%le(??f%ﬁdlpﬁgﬂf ARFs dhsh rff)%Je%g lead-

frafeosblierban lidyes useamwfadeinte ddad:fveelspbdesnwihe Barface
ui red.in, mangﬁgr oducts which now use |ead-tin

O G tfor= Betpl & s iBs FCAYERIce 4T S Sttt al Poyal oxide.
ThiRCIH4de dnd- shil-¥8Es2AY LBkl W8 GOPRBI1e 1ead-free solder

joints produced at a temperature no more than the 260°C

limit for electronic components.

BACKGROUND

Electronic components are commonly soldered to printed
circuit (PC) boards with a lead-tin solder. A maximum
soldering temperature of 260°C (500°F) has become a standard
in the industry and this limit has propagated to many other
parameters. For example, most components to be soldered to
printed circuit boards are rated for a maximum temperature
of 260°cC. Continuous soldering apparatus i1s built to
operate at a maximum temperature of about 260°C.

There is a desire to eliminate hazardous lead from
solder, and there are even moves afoot to ban the use of
lead. Lead-free solder will be required in many préducts
which now use lead-tin solder. Exemplary substitute lead-
free solder alloys include tin-silver and tin-silver-copper

alloys having about 95 - 96.5% tin and 3.5 - 5% silver.

1



10

15

20

25

30

al  oys having about 95 - 96.5%tin and 3.5 - 5%

silver.Sonme tin based sol ders have been proposed wth
w@dwstiwss of antinony, bisnmuth, indium nickePCHOS2005/013153

zinc. Tinis the base for the | ead-free solder alloys

and is typically present as nore than 90% of the

alloy. Reliable soldering processes have been
Somlevelinpbdseli cloldeks awmdbéen sprdposad afi tBC dafrddsons of

i ghl Liable. To achieve, sinjlar reliahility with .
an{glle’g‘a@?fggllég‘ﬁﬁgrs e TGS | OB/ CH denc | oys$n jigs the
bats geseraihy froasdl fhad soldest ng tesper aidy es; of 270 5114

to 275C (520 OF or higher) are necessary. Cearly this
Pregent ghermehantidte 20nveht tbhaakl2éw.0C linmt and has

t he La [ conponents.. Theref ore, .
re u%?%%g%%eg?gﬁ%ggggﬁggggﬁ¥*%% g%?Y%gbﬁ?fh%fﬁéﬁOPed which
makeadufpretsubsoildetrd nal | @Y SPCS bhiaghlsy HegiTableliable. To

articular in viewof the comng requirenent for use
acé%eY%aﬁ}PFgérsﬁ%iﬁa%iikﬁ%ewngs&@aﬂﬁiéWQSﬁQﬁd%%ﬁcéﬂﬁh as
tiﬂwéfﬂﬁ@ﬁpegbl&@rbobﬂlbg%,!e%ﬂft'fbsoégﬁéfaﬁ?g found that

substitute solder alloys is accunul ati ons of “dross on

sokder By deempEraksres ah a¢0ubul A7F6A dB20XFdes dfidHer) are

int er.. .Substant.i gl a nts of sol der .
neé%é?‘%%] ostgf%%rgi}?heth&rsos%? \?&]’ﬁgg'heﬁ Egﬁaﬁeegl%et FPwentional
26focksned bad ¢onyethangoteeycke ther NBhahgiE¥eoMRhents .

dross is not visible, a small anmount on the surface of
Th%rrﬁ’e’fscﬁﬁfc chedofiey EhR lteaparethrsddiong oplderdey with such

ledeimeen cl gggkyispaced | nd/ gt faiyl uree Lo Vv%{esirable,
SO at et e r

surfaces to be sol dered, i nconp ¢ poor
pajteiitanlhe dbt ailwed. oDueheo winidyy of etihii seimenenti®on, use of
1eiE ALE NOo (gonfident that purity of the solder bath is
n

anlﬁﬁﬁnﬁgi factor in difficulty with soldering. It

appesasthd:hat s s alh 0xhde sdicst rddiead i therbabbet to both
thér“fgggigfnmngglggiéln%n%hdsubstitute solder alloys 1is
accumulations of dross on the solder. Dross 1is an
accumulation of oxides of the metals in the solder.
Substantial amounts of solder can be lost into the dross,
which then needs to be processed to recover and recycle the
metal. Even when dross is not visible, a small amount on
the surface of the molten solder can lead to bridging of
solder between closely spaced leads and/or failure to wet
surfaces to be soldered, so that incomplete or poor joints
are obtained.

Due to study of this invention, we are now confident
that purity of the solder bath is an important factor in
difficulty with soldering. It appears that metal Qxide
distributed in the bath interferes with wetting and
successful soldering. The oxide may raise solder viscosity,
provide nucleation sites for crystallization at higher

temperatures than solidification in absence of such oxides,
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successful soldering. The oxide may raise sol der
vi scosity, provide nucleation sites for
w@eoostiaiesT zat i on at hi gher tenperatures than PCT/US2005/013153
solidification in absence of such oxides,and nay cause
weakness in solder joints. Thus, in addition to
visible dross on the surface, a significant issue is
an@umayy cefuseharaaiinass sigl devldat hjoihtss f atmg,i nin addition
racti.ce of, this inv on that formati,on of dross.in

ti \
togaﬁfi sdggﬁﬁbr?ﬂgggﬁ%aFHFggceanfbeﬁﬁ%ﬁﬁﬁ%?%ﬂﬁlyssue is

pufi 8 nbzedhermeveanekbmigat gdehy durabl e additives.
Most surprising, the tenperature at which viable

sol Heri a§ t 489Dl dde wrarties- ¢feetbibderdraidrdyion that
n_re 3 16 to_17Q) _.
ForlfRe R SEPERt M Mol A8 PR abarnl) ebbikabus can be
sidmbfigbéntdyor mheliowzede 260 O@Jézﬁrﬁéliﬁﬂﬁhhéﬂﬁ?wh durable
here is a surprising reduction in viscosity of the
ad‘ﬁﬁo‘ﬁﬁéﬁs et %’t[PSf['n Sar%gélgav dERCabFIPLras U P te ¥gHsie viable

6108y £6RBEN e A dihe &xgettant ssokhder 5h9LnLs b
Soobtéﬁﬂgd at plg?éd- t hrough hol es inSPC oa?%s.qugﬁs een
reqdigrdévementasi medh ders | AR atlsd altso dUEPQ)o. bet tirldering

' S own_by.wetting.balance tests. Cleanlines
el D08 580 i I95h) PYLOTET BERORE brev ki B ey Delow
thef2&@¥@ sbhileri ng, fountain sol dering and cascade

sol dering systens which nay be used in practice of .
ttﬂ%y?m@%ﬁTgﬁﬁ'aréh&%§trﬂﬁéd &nd SYIRISid®d FRIASMiOn  in

| SHOPK o FVOlHTe 6] e Melivnd, B azi nd,$aLgerd o rus,
v Exenplar? appara?us,eas N ustratedq%ﬁnﬁlg? § mhléﬁﬁﬁﬁ? us
fon apgempleopi e@hisomahet adstiEndbookp pdge 8R881lent solder

o rises.a l.arge va r "“sol der t" in which nolten

J Olsorgée?g%)l § 8% ﬁ)\e[LIa&egt_ t%lﬁé’uéles |}$°glt?ss oteffngoards.  Such

imghesTpRNed ths ein AsPUABr (HOInsHONA: g1 3¥sasel @8l Ht@B N ting
the bottomof this nolten nmass and forces it upwardly

as t FIGUgh e VethbRe Hkanmmzitestsl  Cleanliness of the
solder bath is believed responsible.

A variety of wave soldering, fountain soldering and
cascade soldering systems which may be used in practice of
this invention are described and illustrated in ASM
Handbook, Volume 6, Welding, Brazing, and Soldering.
Exemplary apparatus, as illustrated in Fig. 4 which is
largely copied from Metals Handbook, page 1088, comprises a
large vat or "solder pot" in which molten solder 10 may be
held at the desired soldering temperature. A pump (not
shown) draws solder from near the bottom of this molten mass
and forces it upwardly through one or more slot nozzles 11
from which the solder flows laterally like a waterfall,
either in one direction or both directions from the slot,
and back into the vat. The upper surface of the flowing

solder is commonly referred to as a "wave".



10

15

20

25

30

fromwhich the solder flows laterally like a
waterfall, either in one direction or both directions
wo c@sil1des7 sl ot, and back into the vat. The uppRCT/US2005/013153
surface of the flow ng solder is comonly referred to
as a "wave" .Wien such a wave sol dering apparatus is
used for soldering, a printed circuit board 12 is
nov@teacr sssht he appaeat 45186rihat ?ﬁpak@f@&hfﬂge @gﬁg for
e PC board copntacts .the upper surface o e wave
503 B aiiPen % OPHCH CoRLREGH S0 derasibt 421 Hes sUPPaocmsss the

apperaeldered, e wheks dyd0 FREe PLat 895c t BROYGN DOl €Snracts

and around | eads, and nmakes good sol der joints
theheppisat wasifacther® bhe abye I8 caf | edlfeuntailder. Molten

eri hi d. cascade sol.deri.ng systeng wth
Som,g%ghgvteﬁlg’s%%veérﬁerﬁfoan % tu%gj?%l S0 ﬂeﬁ?g(:t F@é 8‘1‘1% glnto the
plabednthobugh Aufibiciked! by oexidensass | g Ghaedd Veood solder

. additive layer is nmaintained on the nolten sol der bath _
JOYBFPngtipecReFdRPRng prideEss PBE nalAPai PPngapledt yEeuntain

KN h t I i t . .
PO DERE R ) RPLAY SERIG i nsen
thisnpevarbienai swhsehuiel i abl e sol der joints are

obtaj ned., The |iquid.l ayer preferably conprises a ,
nat%?i Fagﬁé?eiggngﬁﬁe%EWe%ﬁéoFenﬁbF%k %ﬁnq%ﬁanten81ve
ligaid, ==ffieedidabythaes mgygeniisn @b infsonegeaghi Bded molten

ui escent surface of the bath, and has the ability to
solder miadile ekirdadof the |salslewimy noracess t Aerbatdingatining
i Q- iquid +f C i ac table tine. .
pu%%g?cgrlfggi é%ﬁﬁ%ﬁia C%%p§%§é§ aﬁﬁg?ggﬁ grnﬁﬁﬁﬂhQ§s the
suwpt hs g eophiilic cendd oyn ef eedntophi 1 ogeeifggr@éPSsemperature

Car boxylic - Qﬁrrle roups are particularl o
atpf’“@ﬂé’w&?&%@r}o %eﬁﬁﬁgﬁg §l?d§{%nc%r%oﬁf9!tia§@§%. di #Be liquid
lap&t dpﬁéﬁ@réﬁlye%%hiﬁ%@e'sn agrrﬁﬁéénriﬂet@lln%t hfge's@%fbpg ‘at the

BRI EF SUMVARY OF THE | NVENTION I n an enbodi nent 0
temparateee opft e bavknt pbficchively bars oxygen in air from

reaching a quiescent surface of the bath, and has the
ability to assimilate oxide of at least one metal in the
bath and remain liquid for a commercially acceptable time.
Typically, the material comprises an organic molecule with
nuleophilic and/or electrophilic end groups. Carboxylic -
COOH end groups are particularly preferred. An exemplary
substance comprises a dimer acid such as described in

greater detail hereinafter.

BRIEF SUMMARY OF THE INVENTION

In an embodiment of practice of this invention, a
liquid 1layer of active additive for scavenging and
assimilating metal oxide is introduced onto a solder bath,
and a surface to be soldered is contacted with the molten
solder. The invention comprises scavenging metal oxide from

a bath of molten solder or the like. Furthermore, the
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liquid | ayer of active additive for scavengi ng and

assimlating netal oxide is introduced onto a sol der
whaiok/11@std a surface to be sol dered i s cont actBCI/vb1005/013153

the nolten solder. The invention conprises scavengi ng

metal oxide froma bath of nolten solder or the |ike.

Furthernore, theinvention conprises assimlating
inegndizadcoepali ses assdetilve iaddioki\va zedDRANNGS Figh dctive

LS a graph of force versus tine fromwetting bal ance
ad?égfg.'Fig. 2 is a graph of force versus tine for

wetting bal ance tests at a series of tenperatures .

Fig. 3 is a graph of force versus time for wetting
DRAWENGEe tests illustrating practice of this inventlfn.

Fig..4 illustrates sem -schematically and in partia ,

trgfr?]%%‘er e %?o%s %Iéac?erl‘lo % aﬁojég(eenﬁfe5¥§7lsso oeT i %éom wetting
babapaeatystwhi ch may be used in practice of this

invention. Figs. 5 and 6 are netal |l ographic cross _

secf19ns 2f 180l3ePTPBRNtRE BRSCRI PTeCRIThitsimenvERFi oretting

baBODE| 8638 REORCEE-DUSBECD ABLEED,SaLder [ e purified

in-situ, naking t deri ng process nore efficient
andFyyel & ngsbet t grapbsuwf s fopart i cetausy tiore | fad- wetting

| deri Lead: . f d becopes practi ca
ba e e Bt P Rc S E bR b ERaCFOF Pel FAbPe SURHSL g
i's FE@UCQH-iﬂmuét@éﬁégrrééhfﬂgﬁﬁgﬁﬁﬁﬁcéilfrﬁﬁﬂi9§noﬁpartial

this invention, a liquid active additive layer is
LranfHieef e G rOFSa FRFHEMN soPderedrauh alr | Agldesdnderdprpratus

r kNt aini i . ¢l eanliness of the
e PEREREE ORI A BLIOCRUE by PrLg! SAOLLDSSS ©] L
scavemges hrebad o&i derd r awitbna oilaioel cetabsst heééctSons of

rature of
sof&gglfo:?rtltéhe tenperat

DESCRIPTION

This invention comprises a process by which molten
solder is purified in-situ, making the soldering process
more efficient and yielding better results, particularly for
lead-free soldering. Lead-free solder becomes practical for
use since the temperature for reliable soldering is reduced.

In a preferred embodiment of ©practice of this
invention, a liquid active additive layer is maintained on a
molten solder bath during a soldering process for
maintaining purity or cleanliness of the bath. The active
additive comprises a material that scavenges metal oxide
from the molten metal, that is stable at the temperature of
the bath, that effectively bars oxygen in air from reaching
a quiescent surface of the bath, and has the ability to
assimilate oxide of at least one metal in the bath. The
active additive should remain 1liquid for a commercially
acceptable time. Typically, the material comprises an

organic molecule with nuleophilic and/or electrophilic end
5
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the bath, that effectively bars oxygen in air from

reaching a quiescent surface of the bath, and has the
wa@biosii1os5t 0 assinilate oxide of at |east one nBCEDSI005/013153

the bath. The active additive should remain liquid for

a commercially acceptable tinme. Typically, the

materi al conprises an organic nolecule with .
graubeephFfhirboaydicr egldegimompls,| ismcdndgr dupsa Candexyti€, are

d ,..such as .in a diner acid, are particularly
Pag?éF§?$§§§ BFF%%Eﬁﬁdrhe active additive is stated to
be stehbeght thie dANRAS alad e Bfe the Babhegt 'E'ols WlOEScable at

not nmean that it is stable for an infinitely |ong

the| fempayaguser iYedther bahhi t hisedses rict abbeh that it is
pti r al I. r s, pxidi zes_and/ or econes ,

Stﬁggged\é\%r?ha%%si r%iyrﬁfgt?%é—‘%q t al f?%gt hgl&?t'ent t%’it j feggribed

heyesgafiseor gumry aftestabperi edidoft ieepogua8uboiiNejegrades,

harsh conditions of a nolten netal bath. On the other
OXh‘ghﬁ,eS aaﬂa( BFi QPCPW% vEPOFFz ¥ thagirdiyl lersicb dnadrdl yco the
exPEngUi €y degr aded vand hecage sglinfly workd,.nof Egeriod of

consi dered stable. The description commences wth an
exXpetPFactof tha Baskhy condétdbosdoéxanplod tefn metailddsdty. On

r details and varjations, as appropriate,
thegdgqe:'g%rs[a&grr?d\/\aée I%%ifedrejr‘?]hgghg c ot lﬁﬁ£a§agl\%§9’ rofSmoked
bades ¢ oirbi gl ¢hey s dkjgeiddmt §88. bEse | Bolt 8, SR RSt not be

for ap actjyve additive is added to the nmolten sol der
conslderadeSsHPHRri ng apparatus. The active additive is

an ergagkgcti Guk 8nok ek de %'ttl'% ea{rg?(%%\gg%xqg{]fagg Saé'lmeasily

qui ckly spreads across at |east t
undeir s treed opxehmpleplafena sebliderbaph prideteals onl tle deessls and

I on decreases and alre forned dross on the | ,
ValJisl(l}"(r rrl?lécrlleg’l s ol FEHEF Jiagcea d%&‘g%ﬂi Sr(j‘tﬁrqui"&a‘f?la?"lderlng 1s

corRpRERESt ts i@&b&ﬁ%ﬂcgéy@rﬂgﬁﬁ%i Vige a0GL assE Mpbated
metal oxide. Metal oxides in the nolten sol der are
proptiy dBavihgedmeiegtheform, an active additive  is

added to the molten solder in a wave soldering apparatus.
The active additive is an organic liquid of lower density
than solder and quickly spreads across at least the exposed
quiescent surface of the molten solder bath. Metal oxide
dross formation decreases and already formed dross on the
surface is collected in a darkening liquid that appears to
include active additive and assimilated metal oxide. Metal
oxides in the molten solder are promptly scavenged when the
active additive is added to the bath. The resulting
cleansed or purified solder bath has lowered viscosity, and
surprisingly, allows reliable solder joints to be formed at
lower temperatures than previously believed feasible with
conventional lead-free solder. Although not measured, it is
believed that the cleansed molten metal wets solid surfaces
to be soldered more effectively than does metal which still

contains metal oxides.
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active additive is added to the bath. The resulting
cl eansed or purified solder bath has | owered
woe@sosicsy, and surprisingly, allows reliabl e BOI/U82005/013153
joints to be forned at | ower tenperatures than
previously believed feasible with conventi onal
| ead-free solder. Al though not neasured, it is

bel pa¥edctbat tdettveanski tiBid eAsmepat Weitso StHed bath of
surfaces to be soldered nore effectively than does

MOREER| SHHIGEH StF | FOEBnPailfy Rt 3FTRXF dEBS. SIS eruiescent

suffhbre adltdyeds Pub ote tga%tbat{!n@f afBLlafusol dilen  as
to forma | ayer across the exposed qui escent surface

ildtssobded iim tRegpo#.i n appdeatbiysuchsaffitiestr aedint of

in Fig 4. .ef.erably a sufficient anpynt of _t he
g A SV aibe e pr o dBr AV et o BRE on the
quidkesaentusiktace rotnkheshat hshatyiwil l1dastatidessta full
a full shift of a work day, or at |east four hours so

shift omi m eWakike 98Ynoto¥ @i r égambre diqwn feaws hge. that
mafhpghghgg g%rggktrgaﬂﬁgegpﬁm%%h%kﬁgﬂe%ﬂ%ﬂ(£ﬁ£ A printed
o) )y is h™a

ere rought™~ 1 nto contact w |'east” a
cisoulacéafrd héonobtaersabisiscisotbhaie sebtlgéerand) s inetladought

., _surfaces on the board and conpaonents,_and flows to
inEp| POBERLEAVLERr Bugh SRoles, SEGHEE Sifedtis cL Faadiolder so

th80Vebh16ent aek sPadsa1ektr ke WAV &R0l #d%Bnd components,
apparatus, the PC board contacts the top of the wave

angf fsiwtsentsolfderl pnipeddfkbrrrnelr hdleeshot sepuoe tdkectrical

1e985h- éggi%ivgoﬁggcgotpggspregggt on {Qe gynqg$g %oldering
SUTface of t he Wave orPTh%a tTrbul ent ar €2 ere the

appavetfisl | schent @Ct hsodned hcdbitfacitie Blhéi wo@ddiEt islee wave of
enhances_sol deri ng by scavengi ng netal oxide fromt

MORRPR VBPHAET oPWEREDathOmPr BF8FabtYS tIRE tbu it thge bath.
neSSLLLISS SULTLE) SCdupl GRS RIS poosigl or
water g aih agerruwbiuieatt hicdmewsbent ahenucdvasfahiee into the
bagklligﬁéysthgr gg Qng“%dégkfgeleggﬁagces soldering by
scavenging metal oxide from the main volume of the bath.

Preferably, the amount of additive is sufficient to
promptly assimilate metal oxide from the surface of the
bath. Preferably one forms a layer with a thickness of as
much as three millimeters, or even more, on at least a
portion of the surface of the molten solder. Such a thick
layer is desirable since it can remain effective at least
four hours and ordinarily at least a full day before the
bath should be cleaned. A thinner layer may be suitable
when the apparatus is operated for shorter periods.
Preferably, enough additive is used to maintain a liquid
layer which has assimilated metal oxide rather than allowing
solid-appearing dross to accumulate on the surface.

Other conventional aspects of the soldering process

need not be described, such as, for example: application of
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portion of the surface of the nolten solder. Such a
thick layer is desirable since it can remain effective
wa@eooseass7 f our hours and ordinarily at |east aP€TUb2008§13153
before the bath should be cleaned. A thinner |ayer may
be suitable when the apparatus is operated for shorter
periods. Preferably, enough additive is used to
flpwi tai bhe |IBQubdalrdy dre fidite hshaseadaigni | wted ofetal hot air

id her .t h 1 owi lid- ing dross to i
ndEe0iinl BhE- 4 nd GurHsYL g K Seon AT Gnalo Bapeg desired
probrt Be sobdeule tPaeess e edRAlahe e 1080 « SHED such a

as, for exanple: application offlux to the PC board

PChérosrel -sol @8AMRg esuset ofoadrsingi othsif eobjeche lideddes PC
r [ exce .der., or any desired prior or

boéﬁggegggﬁt Hgltegﬁi ﬁgsgg%gggér ed desirable for such a PC

boaRdsifuasples efdddalideri Ag atdter apbieaet St%g%éﬂ@ﬁixg(?on PC

boards need not descri bed. Residues of additive do ,
boRGRE aB AL FONGRT G SPEa55a B0 1L G SolRRA e Which
dikeen s3RRI, I efof I emedal N 1 WBLeA didiRig aci %’en]fi% _solvents

exanpl e, has been added. Benign solvents for c eani ng
fornyrlnahnesrovessest stresdduiesasexsst pr gpydh abeohiodo-propyl

gueous _sol ution ontainin ur.factants, fo

21 B0 o BRI "o PRI A PPl R rants, for

exa@pbei Ng THIe¥naci 6, offficchtive FEdqyr eaes8tbyvphgf emEdremoving
active, additive. /Adiner acid is a _high nol ecul ar

AIRRT ghEidi - €Bi BBxJFi 8 REPESRRL¥hPFSIPFgERdactyprcard)tive.
Vi sgous mat- rQ0Mm t eper %iﬁﬁ)%oféé?jbgr a%ilb?ﬁ' Scila—rEaJ%]cs)oxylic

hi gh tenperatures. It is produced by dinmerization o
acidisatwirbtled oissatliated fattyobrdlby at viseoms ecudte  room

B N R A CRCRY
isCafhimisced anRal egaks i Adionmehrof ushertesrtat tyradfurated
chains w th about 36 total carbons would be
faklvi ealeft At Faidyrateaslar endomfdsad efnbathai A6ofcarbons.
(For example, a trimer acid which contains three carboxyl
groups and 54 carbons is analogous. A trimer of shorter
fatty acid chains with about 36 total carbons would be
equivalent.) Fatty acids are composed of a chain of
aliphatic groups containing from 4 to as many as 30 carbon
atoms (although commercially useful fatty acids have up to
22 carbon atoms) and characterized by a terminal carboxyl
group, -COOH. The generic formula for all carboxylic acids
above acetic acid is CHi(CH;)COOH. The carbon atom count
includes the -COOH group.

Fatty acids may be saturated or unsaturated. In some
cages there may be dimers of mixed saturated and unsaturated
fatty acids. Exemplary saturated £fatty acids include
palmitic acid (Cl1l6) and stearic acid (C18). Unsaturated
fatty acids are wusually vegetable-derived and comprise

aliphatic chains wusually containing 16, 18 or 20 carbon
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al i phatic groups containing from4 to as many as 30
carbon atons (al though commercially useful fatty acids
whawe/1upst o 22 carbon atons) and charact eri zedP@lUs2005/013153
term nal carboxyl group, -COOH The generic formula
for all carboxylic acids above acetic acid is CH3
(CH2) XCOOH . The carbon atom count includes the -COOH
atBhQURyi f1at tHe ACHET R R tSH UERd egrepunsadast at edinddy the
some cases there may be diners of nm xed saturated and
mogis sommere HFR Y @ Usac e nprar pleatusaich fhirgleic acid
e [4m t a (C16 ar |
e B e Py PRy R as S EROaBER e Goids ave
pre€getraldl eiweninaed iard o:ﬁnpu:hsae dhivelnatiion .c haiTisey are more

usual ly contain 16, 18 or 20 carbonatorrs W fh_t
St Pactter T T Gt GO EEBHE Ao G S e Coton

widRS kb AL e0n18Td d%lo%t‘b@emﬁbﬁdém d, ak-bRakekc ?&&@ya%@lds are
l'inol'enic acid, al . Saturatedfatty acids are

alppefleneed, i rpr? a@tiﬁ@@l@f rheésyinveation, Feyetre mede and
tabI el evate Lure_than unsaturate t

OLREF Y t%tyh app‘féecc?% %ouﬁ?m o% g Ar%t)%ma & C?“%% Egmprlse

c2aci lenaferal san&nawy chfntfb)ﬁaﬂplae phenyhthsteari ¢ing (e.g.
abi etic acid and other fatty aci ds derived fromrosi n

2PRESIA FEAUP UG s2EEBD) nonBRES SarkPH&Y Tedi ap eyt Tings

argh%ﬁwehra%%prt'a@ﬂe( Srdn ALt AN AL MBI dICe @CL 88) more than
D ners containing phenyl rings are quite accept abl e

onghehst he r angelaeillénkedlElly nate adeanconseirs $® &hat the

nolRECIA QA% Ly L oRa i nGUCRRa of PAET, JatS, Frapecively

f1ard drmy sbackthekl ardn dofRNRMhestthal edhl 4t O iMel t@N molten
sol der. The aromatic diner acids may al so be nore

soflfermal |T>hestaatmn@ttﬂwaﬁinénerﬁ Iadﬁ‘rléf?ar%h HtFdere arPpRathermally
st '.brf[%r t?l%hd%lm-gli %n( q{a!tqw %{)erOfac:Lds
atty acids may |msrs o |ke ty aci ds or
copahenrerisenfs oklafnfdeﬂ'erghefxatcﬂylgmmeﬂ&: dhi Sattlay beidsemay be

fromthe SS ectro er anal
dimers o m%{ Egtty agtlact:ts Oor CO olymers of different fatty

acids

acids. This can be seen from the mass spectrometer analysis
of composition of one commercial grade of "dimer acid" found
useful in practice of this invention. As set forth in

Tables I to III, the "dimer acid" was found to be about 89%

- dimer, about 6% monomer (fatty acids) and 5% trimer acid.

The commercially available monomeric fatty acids used
to make dimers can vary appreciably depending on the source
of raw materials. The proportions of different acids
present differs as between coconut oil, peanut oil, palm
0il, olive oil, corn oil, safflower oil, tung oil, rapeseed
oil, tall oil, distilled tall oil, oils from marine sources,
etc. Such oils may be blended for still further variations.

The dimerized molecules may have considerable variation
due to source of fatty acid and/or polymerizing parameters.

For example, one might consider a dimer as an ZX-shaped
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of conposition of one comercial grade of "diner acid"
found useful in practice of this invention. As set
w0 eooshides7 Tables | to 11, the "dinmer acid" waBCT/Us20d5/013153
to be about 89% di nmer, about 6% nonomer (fatty acids)
and 5% trinmer acid. The commercially avail able
nmononeric fatty acids used to nake diners can vary
st2RPEackably rdererdiiRtha0n d keSO G 1o FamdB) ehédéBo atoms
The proportions of different acids present differs as
OrhEEHEEA VEO EBRUIITAURS praneite of, mpakmedi Ithep|ghading | There
0 Ll saf fl ol le _tung: Qj) , .r.apese [ ks
mafP SR d ROt G S for SRR SR hdiding Bh where
thet csolntied @idtemmyl shelbhkaded f ahesttiypiéait hevo -COOH end

variations._ . The di neri zed_nol ecul es may have _. .
ITRYRSI 88r 8bICd™FLr AL MAFuLS @75 dilt eTuts 1t t%ﬂ%%?%lnt chains

oraBd/ ¥ PUNEI Zi HFoHE BIBLRE $n s FOr T8N PN MINML the
consi der a dinmer as an X-shapedstructure of four

endpi gfat ¢eathai meywikeh phemsepcheder didfowentr rewttaiehough
nd _gr.Qups o] Qr nore.of the chains . There may. be

et U T Soths BT &l =¥ olit GHAT is” dBBeRdITy O Wk eoouP

ont hadsoticga Lmabekicallesl.i nked. The typical two - COOH end
roups on a dinmer acid may be on the ends of adjacent

g ]

chalh§t6rdoR % e BPRIS Bf SUFPoSiT vkl n8e. foRachetera 8/9-

suffkPABukal 08 8°RA% CRANS HY AR AT @f8 chain might
I e cal , %e

rent, and although two I's typi t here may
nobnéerdimeetayt iopwoeridegr cop's oAy ek viduntl ol eestestially

: t ead of t h - be f i _
ang SRGTHOR AEF G Al ReBa Ene JFGE CRATRG T & Qgchains

mighai baright ppgt thendi necdy opposikt & huwd bRy e owik any
at essentially ans/ | ocation al ong such a chain. (For
othganprerbingbleRal nsThe gleiRrat 43¢5 | 8RY 3Pgndeggentially

1§53 B S AL TOSL, AR LGQURLARIO%) I ona o o
casboh ehefa.n iAlsicadnof atlthelendlet dncar bomxtohss meed to
pe tB2 sOOL ahl MRBeRhes A2 mxture need to

Thus, a broad variety of dimers, trimers and higher
polymers can be made depending on the raw material monomers
and the polymerization conditions and/or catalyst. For
example, just one manufacturer of commercial "dimer acids"
offers about two dozen different grades, and there are
numerous manufacturers annually producing about 235 million
pounds of such products. Many of these dimer acids include
varying proportions of monomer, dimer and trimer. Most are
made from tall oil feedstocks, but other fatty acid sources
are also prevalent.

Commercially available dimer acids may have mixed
dimers, i.e., dimers where the two fatty acids are different
from each other, and there may be mixes of saturated and

unsaturated fatty acids which are dimerized. Since

dimerization occurs at a site of unsaturation, starting with
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be the sane and probably never are. Thus, a broad

variety of dinmers, trinmers and higher polyners can be
wore@ée/1dspendi ng on the raw material nononers aPdI/URm®05/013153

pol yneri zation conditions and/or catalyst. For

exanpl e, just one manufacturer of commercial "dimer

aci ds" offers about two dozen different grades, and
uncheneagked nuiertous sabdiactdarer sresnial | ynpr atiuei ngreferred

about 235 m | lion pounds of such products. Many of

safygesegi fAPe%Si-ds i ncl ude varylng proportions of

NON@FRL, 1 AR ofid iR 1& Mgt ré’@lt{l@' 4n8 trimer

f eedst ocks, " but other fafty aC| sources are
and@vairemlud@oﬁdﬁfERéBal I%{VER/hTJ abVerdisnerndciAVERIEY faablable

m xe nmer, s ere th fatt ci ds
from, Y??gﬁgﬁ?uFPgﬁ1e BRGE h - O g© ?hé¥n %@ﬁﬁ?xeglangXl
profrimabyr atatéinand gasatuyat edsgat t ynagifs V\mwh Bh&dyme 14,
dinmerized. Since dinerization occurs at a site of

Ung fyReu 4R oRnisyaRe: iy Windithmrsat?a at & daee y2 e Usidaye 35,
unf@SHEt 4 RS AR %e%bed dllﬂfrr?eg ﬁgs | MBhiq 'éxmsafymdyme

commrer ci al | y aval able Yiver acids

M-Bhcl UdedMERIT -37 A‘UERﬁZ/,meA\'IERR aimﬂAXz‘ElRﬂ;an@\/B+2abheailable
from Aver Chem cal ,. Yuanda G o of Yichun City, ,

EX G AR 2o UL Cbhi (ATOEBNT Gty HAS8T - URPdgneiicl, Picayune,

MiSBkd¥iBpid, Epicdy ) R mddpb 0y 1B188, siRlodym® 22, Empol 1040
Uni dy@pﬂ 8%1 dynme 35, uﬂ#:%éyne 40! Un?’dyne 66 E°

angnERpRl M 062 umvwr@melsfr@m @pemim 36rowni dyfmeCimeynnati,
d
Ohgﬁem caIKE(%(%kae%q/ oﬂ%er élg%aﬂg%%]cggég Euﬁgml%ré ks 175,

DTM sE8Gsi MG EB‘EQI 1DO8, 2’BTDO[DTI‘01895EW[]DT01Q@25, Egpal scTO

avai |l abl e _from Cognis G oup of
2t debhfat 1T oM AiF SCHACIK BT | STATERES. N 7

dilEe lxoig DI@eHéfl@EC é—§o'PI@T)@ 1‘%152109qu7§0 DJ(S: %%5 dimer
DTC 595, and SCTO avail abl e from MeadWestvaco o

acstanflor do Cofnsctimeat acdd and a maximum of 5% monomer acid
available from Samwoo 0il Chemical Co of Yangjugun, XKYE,
Korea; products from Resolution Performance Products,
Lakeland, Florida; Pripol 1006, Pripol 1009, Pripol 1013,
Pripol 1017 and Pripol 2033 available from Unigema of
London, England and Wilmington, Delaware; Empol 1010, Empol
1014, Empol 1016, Empol 1018, Empol 1022, Empol 1024, Empol
1040, and Empol 1041 available from Brown Chemical Co.
(distributor) of Paterson, New Jersey; Pacific Dimer Acid
from Pacific Epoxy Polymers, Inc., of Richmond, Missouri;
and various dimer acid products from Lianyou Products of
Hianjin, China; Kodia Company Limited of Changsha, China;
and Zhejiang Yongzai Chemical Industry Co. of Zhejiang,
China. This list is not believed to be comprehensive and
other dimer acids and the like may be commercially available

from these or other wvendors.
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dimer acid identified as PM2 00 which is 80 to 90%

dinmer acid, 10 to 20%trinmer acid and a nmaxi mum of 5%
worenwsirewsaci d avai l able from Samwo G| Chem ceET/082005/013153

Yangj ugun, KYE, Korea; products from Resol ution

Perf ormance Products, Lakeland, Florida; Pripol 1006,

Pripol 1009, Pripol 1013, Pripol 1017 and Pripol 2033

avarhabl@iftriom Upb qareaebokonden, abngr aseiaRd nucleophilic

W I m ngton, Del aware; Enpol 1010, Enpol 1014, Enpol
or]giectErpdil lic1SUSRIdutiors fpothe 02400 EngaIOWD4A@er Se,

n 1 : il.abl e r gagjg c ‘
ma?d%s]}%?(é% o%%éf% \é%gtkl gr'songgﬁlg]w%jergé:y; ac?‘?‘.iggﬁ"#é’rs might
nofcikte f romsPderedc Epoky Pelyaersphibtc, of Rucheoptlilic in

M ssouri ;. and various diner acid prqoducts fromlianyo .
StE}SHGEES CHERHCAT] FRETenPHE: SR6uISE ICompARA] 1 GFpLexing
or Chapgshag hbRacoddtedbe] [ang. Yoagezale Chepdsdl with metal

I ndustry Co. of Zhejiang, China. This list is not
oxb@efevedFed PEreeRprelfthsthésamprdtinatiginmesuali ¢sdangiroups

he.l] be caner chal | vail abl e, fr . Qr
ar%t h%#ﬁ%g% oér‘(%l .%fln ac’%i :Elhgen 8% i%ca;glgoxy'{lﬁlgf%%ﬁg?flg and/or
elactdsphhlcteophi | | Foar ekeabrephi bthegubsddivivess dafprise

the -COOH group, per se, may al so be equivalent. Sone_,
amiRedpt FBCODORE  gridHRL Shi PROFRCHRS coRBfidefddero ¢ dimers

an&) 6€1 EQBRlLC OlouHic) QR d i ved My bE! €86 tEREW C&F they do
terns but are still capable of conplexing or form ng
noporlicmag aritafe. gt duté vépnpendd uxiet hofrettdle oxpdésn solder

r purposes of this applicati. such_en roups .are
b= E8 s PHEPERER: ¢ e orRe S BobY O CARicl AN o apies  and

consi n 0]

laeters ophidde" exdmapl €Xappirgysotdweriandi & | ¥e§cEaRpr ister of
.am nes, alcohols, thiols, phosphenes, and am des, as
ligpheis aRdfofifermepyailebder fada tSRASiatdy Kdemicals Inc.

ofsl%gggg@o%,tgg% ggrgtg%égli sassoci ate at the

tenperature of the no n sol der bath conprise esters,

anh¥bdusdeshd mdEsiveaactapnesompdi factars hy{EFacarbon moiety
ofe)élang:lLr%’erEF\gnSdYorGS{:J:!"%r(r)l'era ogé y%'ag\tlly easéiec{ (a).I’ld at least one
nucleophilic or electrophilic group on the hydrocarbon
molety. It is preferable that there are at least two
nucleophilic or electrophilic groups and more specifically
that the groups are carboxylic.

For practice of this invention, it is considered that
dimers and/or trimers of fatty acids having at least eight
carbon atoms (C8) can be used. Instead of a dimer of fatty
acid with about 18 carbon atoms, a trimer of a lower
molecular weight fatty acid may have properties sufficiently
similar to a dimer acid to be used as an additive on a
solder bath.

The active additive need not always have a hydrocarbon
moiety corresponding to a dimer of fatty acid. In other

words, an appropriate additive is an organic molecule with a

hydrocarbon moiety, and functional group(s) which are
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linoleic acid diner, available from Specialty

Chem cal s Inc. of Mborestown, New Jersey. ) Thus, the
wW@awst10687 may conpri se the hydrocarbon noi ety PET/EHS2005/013153

dimer and/or triner of fatty acid and at |east one

nucl eophilic or electrophilic group on the hydrocarbon

nmoiety. It is preferable that there are at |east two
nualiebpbphiti owr edkecrppphilibc tgr oupptand nbi® oxide and/or

ifigally that the groups are carboxylic . For ,
Otggeg{%"& goP¥t i ailn\}élngﬁ"&n?’ait%'i s "ONSTHRIRIF 1 Irlong chain
hydi-oessband/preteiraBly ahtlabbrddcisgs ihavidig Q%r%é g&?& with a

.ei ght carbon atons (C8) can be used. |nstead

sigpnehasn fard ynaeiaomiht hiabeut eﬂsecawcmmhwngroapﬁ on one
t LT a. ko ul ar i tty acid may have

Orp]?%ggr?llqég g%f ?ﬁ%l gﬁ?ﬁ% 'lsngmaFare"gF%bgigdi mer acid to be
usethasearmm@diptriopertai ea soFdefthdatadfetithe agbiv@ve to the

di t] d not al ways have a hydrocarbon _noiety _
SO@%‘?:’IF eg\égﬂgi E’é‘tt FLE dH AP BANE af Y~ SOMECTICH 33t rspLications.

FoWOkstsmpaR , apHoOPLEal €1 9ddiftd Ve 4§51 @0 @ .Ctgﬁbgggkﬁre of
with a hydrocarbon noiety, and functional group™(S)
molpeeh srlelnrc| éophithéc latlel eetdophiaki csuBf Capémt e diability
I 1 Qr...ot her _axi de_.pf net in the bath. For
2o HALe, M el S tehrholy (b epBBpy Dressure to
remainr alsedpnspdtivear iend Endaywekh @n Sitde: chaikh a9d molten
cleophilic or electrophilic groups on one or both
SO ‘ﬁ%l’% oﬁgr?ﬁ%r@BWt £y adcdfamil efoupheheuns eaphosmen dwtter,
the ive additiye st t . qtﬁ are .
° iojfrr%lolrt aﬁi;'f or c:om“lreraczciecaflt‘/%app%}df:igétllq’g)ee;s.pL or&%;?arrpa}ne, organic
matéreiabdi theeing | i guied atort he merger ahut@eobhiohiten and/or

i, h, and_h ffjicient_stabilit
<1 SR B e o SRS SERR) BRENERS FBW ot pibesange and

asdimile®d Nogs dan aetive hicawicd bayernost he Patleofyach ang
nolten sol der, preferably for at |east four hours an

pr§§&ﬁ§QkMt§@maln effective for at least a full work shift
and more preferably about one day. Preferably the layer of
active additive effectively bars oxygen in air from reaching
the quiescent surface of the solder. It is also desirable
that the additive be non-corrosive, non-conductive and non-
hydrophilic so that there is no detriment in the event of
residue of additive on a PC board or other object soldered.

Since the number of commercially available dimer acids
and/or trimer acids and other suitable nucleophilic- and/or
electrophilic-group containing molecules is quite large and
the number of possibilities within the scope of ‘“active
additives” is even larger, there is some probability that
there are substances with some of these properties which
will not be fully effective as described, and therefore not
be suitable for practice of this invention.

For example, a dictionary definition of fatty acid goes

down to 4 carbon atoms in the monomer. A dimer of this

13



10

15

20

25

30

a full day. The active additive includes an organic

mat eri al havi ng one or nore nucl eophilic and/or
web@stitwphi | i c end groups and has the ability POI/US2005/013153

scavenge and assim | ate oxide of at |east one netal in

the bath and preferably remain effective for at |east

a full work shift and nore preferably about one day.
maRegfignablot td et wibactiysosssi 1 ve ebF eghiveEya number

bars oxygen in air fromreaching the quiescent surface
ofofregmorsdl deFor | exXpEPhesoltegiorafled s Matvarper agdpepyEe that
D oNn-COoLrosive, . - -C i ng_n ydrophi | :
o el CREFL B o dd B, Yoy ant oo Fagraue of 12t 1t
coaddi thoe e aid¥d boar d arobider sobfjeet ksallder . niyncleave a

t he nunber of comrercially avail abl e di nmer aci
FLaRly OPOLRF il e, SR o0ier S LA cofuct ogfiiere bath at

26 .01 o el ect r P biner Ir O GROE abki NG| GBEES diSain fatty
quite large and the nunber of possibilities within the
acgclpe mufghtacthione it theyesititabeven Fatfere thehaviessome of
sone_probability that there are _substanges. w t-h
thc?f Phe %rg%gﬁer e|né:slo elécqzh‘—:“g\/loyf3 Aot bgeiaulli¥ e?]fmeng]t Ve Some
caaslidRaey inkathriarids t heref ore not be suitable for
practice of this invention. For exanple, a dictiqQnary )
def iFRREBR LY at £CE8i dtfods FYRAEL 0 SPTAr BT atBfgPensive

ta'kget tAg, ﬂee%ghinéf el r@e{n&{?wé Saek%lealaam%idf@rﬁgggual to

i nappropriate for any of a nunber of reasons. F
avexahptieoséet timyr hewve ansapbabpeessuCeeahdy, i ©neooshifhed in

or_ boiling point that is too |o o that_it.could
oo GRbE EMRHT (S P oF LEAVRE PV RegPRivESgHify some
off | aghe PobRystbal | probperkewsf or sigs o seidebshaih  vapor

at 2600C ; etc. A higher oli glgrrer .of such short chain _,
PreRSUr Saci 881 LhnghPoimduevEtasherodintabl @it e e sfgbility,

et?gggiﬁQHE?pﬁx$£§id§%%peéﬁbggaggggi9ﬁ§9 Qgﬁ%ﬂnqaywhere it is
y elimnate sone candi date naterl als.

urfe@rtusmiat eblyethder eheg aiqli clgrieasyland iMmegeensawvebe found
by a screening test. Furthermore, there may be substances
that pass the screening test and do in fact work, but are
not commercially practical because of the need to operate
for longer periods of time at high temperature. Some
materials degrade more rapidly than others and may not be
deemed commercially usable, although operable.

The screening test is simple. Solder flow is started

in an apparatus such as a wave soldering apparatus and the

flow of solder observed. A small amount of the candidate
substance is added onto the solder bath. When a candidate
substance is operable, there is a prompt visually

discernable change in the £flow characteristics of the
solder. The solder in a "waterfall" over a weir or through
a slot appears more fluid, as if there is a reduction in
viscosity. Irregularities 1in the surface of the wave

diminish. Dross on the surface of the solder seems to

14



10

15

20

25

30

test for screening a candidate active additive

material to avoid those that are unsuitable. Cearly,
wop®sakickt ed in the art can elimnate sone SubBRCHDSM®ES/013153

by sinply know ng sone of the physical properties,

such as viscosity, vapor pressure, boiling point,

flash point, oxidation stability, etc. Sone candi date
calllsttanoesomayor eaRifew Whefiend df5 sModsd Al RivhebhBer areas

h vv| Il _work well. Thqose can be found by a screening
ftt dite T iRer nBle henaiqd dagy WW%C%@nFﬁéﬂlﬁgs§loath

addees S]&E&?Iﬂiﬂ@ s8shyarthdQ.1dh.d act guankly rﬁagoﬁlsappear
conmercial l'y practi cal because of the nee to oper at
asf okt | @ﬁg@sqserml@se@f byi meatlﬂqtglfdtedﬁetatrere Boae changes
terlals de re ra than ot hers and may not
B e died 88%%3%?%5 thaf'y hddgh r@f}‘er BPeciiney  for
sc&@e@ﬁrﬁidlg t emily SaSIméEl 5%@% f&PWriak stif 1t efebfsano be

a paratus such as a wave sol dering apparatus and the

e&w of - 8ot dét0 obSerVed. MAldAditeapoUPE dfegshein a typical
n{-éq_ﬂd' Subsiaacenls 0 at 1
® When gﬁ%ghdldate gu gta%ggg?geg%ergh %ﬁ%ﬂﬁééglsg visually
disrcemablicssual ¢hangscer aall e thangektaitrhe fyowd soldering

char cter| stics_of the solder. The solder in a

chagae oL oq‘\/eﬁr%{“mgf‘? BRERhr ol 95T, Iaé‘fmﬁ'btp%am%yn%?eadded
£oid Léxﬂa.lu’iﬁc:ﬂrfgti@rﬁ@efstérﬁegﬁﬁbhgﬁﬁltk of S9RSiddditive on the

Irregularities in the surface of the wave di m nish.
ma @rt@iﬂsséﬂdteﬁrek@hhace of the sol der seens tocol lect in

one »0ry i ud wi th ot her
rU% lfl’l%%g roéga r(%gl 0% n act éltlve to the

t he su he so der p sy con alnln
sufdfeats nef daosslﬁearomatgl sim nyaaad s@ll&él‘&;n@ma@aifa&&ﬁs is an
L1 TRy dlsa ear as [ |s assimlated by the I|]j
F i CHATYHD BB RERT Y | @, t%ﬁtmt)h*é?nl getal.

Wh%?lt Bﬁéesﬁzyvéoracﬁﬁr% Ng.s %Eﬁréds%’ézoa@u@at%f without
mat eri al needs to be added, i.¢€e

acgiivei | addisive, | exrdi mnaaflzteypwcah swarhda vmmllsbsh delrdosg, the
helg‘?l%r aotfjstkg F%srra(%geucgrgmgl:fy J.n}c/:reases. In wave soldering
apparatus, the metal that flows into the wave is drawn from
near the bottom of the solder bath, so the floating active
additive liquid is not part of the solder passing through
the pump. Without change in pump pressure, there is a quite
noticeable change in wave height. A wave previously grazing
the bottom of PC boards passed over the wave in automatic
apparatus, may rise enough to now overflow the top of a
board, for example.

There appears to be solubility or at least dispersion
of metal oxide in molten metal, such as dispersion of tin
oxide in tin. It only takes a small amount of metal oxide
to change the rheology of molten metal. Even a small
concentration of high melting point materials in the molten
metal may raise the wviscosity of the metal. An active

additive layer added to a molten solder bath appears to

15



10

15

20

25

30

di scernabl e change and to obtain good sol dering

characteristics fromthe bath. Larger anounts nay be
w@dwedidesT eval uating |onger termstability ofP@ES2005/013153

additive on the nolten solder bath. A surprising

result of adding an active additive to the surface of

a sol der bath in wave sol dering apparatus is an al nost
scaRi@diat 8nd e Heetindn stk VASCAYdldt Ofohbe gl tRE MRiH1l oxide

When the active additive is poured onto a bath w thout
digpeineedaddint | vehe anokbigbe Wotlklesone tesigne dPessfying or

ej gh f ve Locre S

ARG ahpat TAE Do bt il FPEES iR of ene
molddeg imsetthwn ihdm nearld hexpbainmtblfe tieswsol Her dbhatkrnable

so the floating ﬁctiv additive ljquid is not part oﬁ .
Ch@W@ESoP@ertgﬁssﬁ 7t el PP W hGut VaEngEClHering
apRIATR RILSSHEE, aliBgkeohs & duht @ laticeabberchanged vell as

wave height. A wave previously grazing the bottom of

theC ipwarcizshassdd nov dy tsed deay eonl et € kepped stebdered.
may ot S& e0ouah Lo nowoverflow {he.ton 8F 3A0Adaross was
f or "éxarpl €. hefe appears to ‘be soTUDT | | y or a

allleasid dispersunnlatemeimal tloxi darifacedldensoktial, isuch small
as dispersion of tin oxide in tin. It only takes a .

COFFREIC o (FRY S T 1 k| AP VR EHarRe Y HeST hésF ogyreF Sioht

notll L0 MBI Al Y eBoBqsHmbbeCRABEeH! Il OfadidNor apout 10
melting point materials Tn the nmolten netal may raise

byt hied vinchsbt Y(26f % hg5nmetal indAnudhctg vehaddirebveod aylee wave.

adde a nolten sol der bath appears, toscavenge and .
Abé)é%dti &i}lgt%ralfw?%ag? §gﬁes %@p%ﬁtsal B GE T S petediat it
walgh ride 1l dreh sdwielg wdies ebyampsiit f ysmgror 20beansbfiga dimer

the solder, and |owering the viscosity of the nolten
achst ACtitg dbi ey aidrded & sube | §rers_ERfaBne formed a

ge.Lp t char erhSstiCs,i . 50l deri -
LRl b B SR Tyl e TR ER O i ating
drass was largely assimilated into the liquid layer within

about a half minute.

Surprisingly, after two or three minutes, viscosity of
the liguid metal pumped into the wave appeared to be
decreased since the wave height was noticeably increased as
compared with wave height before the active additive layer
was formed. This is regarded as evidence that metal oxide
is being scavenged from the molten metal. The apparatus was
operated with PC boards passed across the wave and soldered
for another 24 hours. The layer was then dark (rather like
chocolate) and gummy, but still effective for assimilating
metal oxide. The volume of the layer had increased about 50
to 100% from its original thickness.

Thus, an aspect of this process is reducing viscosity
and improving purity of a solder bath by adding a stable
liguid active additive with nucleophilic and/or

electrophilic end group(s) that scavenge oxides from the
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the inproved wetting by sol der on conponents bei ng
sol dered. In an exenplary situation, a |layer of oxide
waelewsa1048s al | owed to accumul ate on the surfackCDiS2005/013153
solder in a small commercial wave sol deri ng apparat us
operated for three eight hour shifts. The sol der pot
had a surface area of about 10 by 14 inches (25 x 35
moQfen RAJIHNG 162E Ldr08d LhEe VEYSh i PROUENE/ §rOfip TREE -COOH..
of the surface was "quiescent" in that it was not in
Byt reduaiviich g ieves i apoby  ¢Beansingoom wiridfwinertheibath of
b tiv n r ned
ey hs abolB? PP Eaphing (A AR PN B usea.
FuEit&n@tn ngmetass masdé aigelyssansi mtad edn nthet Helduigli dctive
Ia er within about_a half m nute. Surpnsng%all after

¥ t hP¥E M nut B8, 3F s@si BRESAHET i & fecgpce that
scw&%qﬂ t gydihe Vel APPesrGel tande Beek eaged ﬁbﬁ]ﬁ@n metal
the wave hei ght was noticeably increased as conpared
enfiepisaravwelidigit béf orelifie betdve caian e dunf@casas to be
This is regarded as evidence that netal oxide
isebelﬁg scavenged fromthe nolten netal. The
appanat usunesispagatetbadtt hoPC toad dI npassddraci 8Shat the
the wave and, sol dered faqr, another_24 hours. The | ayer

CHRS IO Safk (Yt FRer NSKERFocBPALEY TaAd R, Hilmce with

le%td' leh-gf f st hye for Rssi ghlat ing pehak; eykde. an-la‘etln silver
vol une of the layer had I ncreased about 50 to 100%

kmﬁﬁomlhqy$rh@$nbbenmqﬁduﬁad thuse mnrespéen ¢f6Atis Thus,

pr o I,S reducing viscosity and [ OVi f
el SR i Y S S T A Pt B po¥ed o the
1igedidd viee Webhdauelleaphit ifio il 0Osorhest Beph | t&mS8fature of
group Es) that scavenge oxi des fromthenolten sol der.
NOATIPEES AR Gophiti e @G oUpeR san CBECHE vy additive has

bere?xdu yigcosity byecl Eﬁgn‘%h@% Oro PUT LHYI ”Qné:ﬂ?erpat Bolder.
of meta

OXIdeS | ower sol dering tenperatures can
CoupedgtabEgr t heint rrsbéldeamnde resl iaegsii Infi dyat domn at H@ath without

Ig q

ul activ Ve . :
acgl a%dltlve requires a temperature higher than
260°cC.

Wetting balance tests show the effectiveness of an

" active additive which scavenges oxides from the metal on

wetting of lead-free solder on copper. In a pair of tests,
coupons were immersed in SAC 305 alloy solder at 235°C, and
in neither case was there any wetting after eight seconds in
the solder pot. Fig. 1 is a graph of force versus time from
these tests. One coupon had slight wetting after about
eight seconds. In effect, this was non-wetting.

Coupons were also immersed at 245, 255 and 265°C,

respectively, and those tests are illustrated in the graph

of Fig. 2. The coupon immersed at 245° showed retarded poor
wetting (after about four seconds). The coupon at 255°
showed slow poor wetting (after about 1.5 seconds). The

coupon at 265° showed good wetting (at less than 3/4
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additive layer. It is of particular significance that

scavengi ng netal oxide fromthe bath of nolten netal
wepwanoss? wetting of solid (e.g. copper) surfaPerUS®ORIE13153

sol dered. One surprising aspect of this invention is

that the tenperature at which reliable soldering takes

place with | ead-free solder alloys such as tin-silver
schd)i N- sithvele base abl avgahassybeen rgiCBetho d@rimy e these

than 26Q0C . Thus, the sol dering process conprises
tesdst.acting a PC board or the like to be soldered with

nol t.en_sol t t e : 0C..

Thi STt k' GERALE" tofok, 89 BROD 0 BLaR cgeia was
added hes stiié aseldér t hetmahtieml1dehwder .t Conpasad| eoj bhet edges.

soldering reliability froma bath without the active
thﬁ’diﬂflﬁfée@eﬁ‘ﬁﬂ[eylﬁi’t@rrd@r S ealﬁ?ﬁﬁeﬁghz%; Jgif ogurtace of
e tid NG Pal anes- tesd sa shoyet her effgeti yengseieh anthickness

active additive which scavenges oxi des fromthe netal
esdringdted rap ofbdendsof mee sofeevishbiepgémer] ma pavas ofn the

tests, caoupons,were | rsed in SAC 3 'l oy g0l der
reéjtl%Séfle&%d iﬁeneF?Hg? Case-was %%?Jgé%%y Wetqtﬁ'llénrge was o
viafittare eidggblksseegndsha n g5l der poteeFitestl icouwons were
. graph of force versus tinme fromthese tests. One
i e siigRechettSSty BREE?P UBSULOCSgHTeteymget 235°C.

| fect . thi I g p al
R R T

reeastes] atkei |4aust r fvedei mxtilve graplout F) g3 Becoliges and was

upon .immer.sed at 245 sho et arded poor wetting
fu(%glfifé‘fetatbeocvltlrf&ﬁ' econ M/T%es%% h at 255 showed
sl omfear @ehbingdiad tRss ak@larbnr1secOdsded Hi®m the pot
coupon at 265 showed good wetting (at less than,K |
arg} @mwas Fhépuerasond HaHi t ¢RI t HeOWath sdgriifg cantly

ret&qcscfe& e%te%ting at 235°C. There was no wetting before

about two seconds on any of three coupons. Reasonable
wetting was found after about four seconds.

Remarkably, the appearance of a solder joint surface is
changed by floating a layer of active additive on the
surface of the solder bath in wave soldering apparatus or
the like. A good quality conventional solder joint of lead-
tin alloy has a smooth shiny surface, and operators doing
soldering rely on that appearance to assess whether there
are good jointsg. The surface of a lead-free solder such as
a tin-silver-copper alloy is typically rather rough looking
or grainy, even when an acceptable joint has been produced.
There may also be what seem to be flow lines or patches of
ordered irregularities on the surface. These are subjective
observations of the joint appearance which are not
gquantified, but are apparent to an experienced operator

either with the naked eye or with small magnification.
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About two fluid ounces (about 60 m) of diner acid was

added to the solder pot and allowed to spread to the
wedyes1esihen pushed away with a bl ade, about R¢BUSH005/013153

the surface of the nolten solder had a | ayer of diner

acid wth a thickness estimated as about 6 nm No

visible dinmer acid was in the region where the coupons

ver e Mpekseleedhef @uVi@s th@tVi shbl es@F PS8 0ot & 1ead-free
surface. Three test coupons were inmmersed and in each

sofelar t heretwdergsst fiseni iy melp3ndens gackive adpdphve is
[ tragi th ults._ E r the

progey ofho Me SRIPeAEe by 3 B0aRE RS BREAEINNS has che

smaettied (npnraembueetDansBidy sesomehraiider «ff ner aohdentional

apparently cl eaned fromthe pot and drpss S .
le\éi%'%&\&é’d ?%f‘%%%/mjoé&}ponsw RBwed ?gllﬂolairéﬂani‘?ys\rggfjﬁl in-a

walRd t kBA qat-143506ppathels, Wasnh80 Wedting: bedor & r@botoard is
two seconds on any of three coupons . Reasonabl e

brgeghitngimes oM@ teithbsbe fow oécomts wave of solder.
Mol'igz erQhéeg;fﬁ[o@P¥e%£§Bﬁgh°fa agﬁ%’t%%ﬁthq%logfﬁrff@éi‘%ﬁ in the

change ating a rayer acti ve a
boliel samdlacd cafg the lsalddein bahle itohaveosofstari B joint that

apparatus or the like. A good quality conventiona
e ForAvoBs 9%abibtfn "d9y Rhs HsnBetRdshi njfhen such a

soAWHACH 1,801 OPRERLORS IRINY $OL dgEi BgLhely LuidAfe on the
appearance to assess whether there are good joints.
waViee snikdeiceappagatead- theee swlwebesachksdsle difference in

tin-silver-copper.alloy.is typically rather rough
R SRS S G a?ﬁy?ﬁ%véﬁlﬁﬁeﬁ%aﬁ%fcc%oﬁ aatfllcg ?%Fﬁgmhﬁgr faces.
ThzeeupfNeiced. thRers T adsPedes WBabosBem tehdeché OWurface
i nes or patches of ordered irregularities on the
onsuFR@cdOPThede e JOBPECtIRREPPS e PRGNS of Hdwever, when

adggbz%t 2RASALGOCE Whi,chsars, net,ualt il ed,, But Eitﬁge top and

arent to an experienced operator either w'th
botdlosd eyerfacest haseal Iquisgni f staiien. | tinhasaeesrance and

gé%%%%qlkh%&mkﬂgl%ﬁ&i%ﬁ%i%; a lead-free

Furthermore, the metallographic appearance of such a
lead-free solder differs depending on whether active
additive is used or not used.

A tin-silver alloy solder includes a eutectic so that
upon solidification from a melt there is a two phase
structure; a basically tin phase and a silver rich phase
(probably an intermetallic compound). Copper and other
additional alloying elements may be present in low enough
amounts to remain soluble in one of these phases or may be
present as a third phase in such small quantities and grain
size that they are not noticeable in a magnified cross
section at 100X, for example. A cross section (etched with
KOH solution, for example) shows large areas of tin grains

and smaller areas of silver-rich grains.
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solder joint formed froma nelt where active additive

is present on the surface of a sol der pot generally
wha®stihesssnoot h (non-textured) shiny appear anceECDUSH05/013153

conventional lead-tin solder joint. Wien a PC board is

sol dered in a wave sol dering apparatus, the "bottont

of the board is brought into contact with the top of

the yuaye %es%lo(i%fer Mobhes saldderaf kows thiedehta an active

pl at ed-t hrough hole in the board and along a lead in
addﬂéilhm eleyeror ntkej diimt-nivh exednds t:ﬁlflgugﬂrpt &g heomewhat

the a n ch ol der

eloqé% (se 659 %?n3%@g5%|¥lve%g% t%%’mg%gng% dC&HQS from a
baafipariaiiusan t het bvenydbe taveubtahyerdi fiter ence-rhchhgrains are

appearance_of the joint on the_top

a bott om
MoK frruEdedrr S%W‘%@Erbﬁag-he Boe (ﬁﬁggﬁfﬁ}%e% NpdYRefot been
g itdesuUriRce eRd heden 19f LRehQbl BPPedhS experienced

rouéh 'However, when active additive is used on the
opmiadmr bat hFighe 5opimnd bethohmmsinricareohar é luistterating  in
simJ.ar ear ance and neral snoot h.and shi.n
MR S ST T 1 HE TSt | SoF SBhTE Appear ance or - saon & Lormed

byl aadre fé@ﬁd@_@iﬁ@rwﬂthf eesddeperdigtg @y whedhes Bathverithout
additive is used or _not used. A tin-silver alloy

thelufa 9ha@ vbeeen %%t%%H*&es%d@hé%VQpB?aO@BPPau Piﬂc&heoﬁlolten

sc%r fb Iht thelﬁf 'S & Lo Qha§§m§§.590té'f§ssa section of a
asically tin phaSe and ‘a silver rich phase (probably

r ey dgerarateted | soldem‘pomndl)lt ﬂauqmqmi‘ byd ohdéersame technique

addi ti onal aIIO|n | ement resent in
ugh af¥bEht ° |en 98@&59&6 fgﬂﬁgﬂ)?gt h%réeot\%e molten
sPRAseHLh My be present as a third phase in such
smal | quantities and grain size that they are not
not ﬂ&mﬂ evilsualraghstirwatéposs séctilen Huntaye fagrd grain

st?f(uac ure égﬁée??e‘%_lt?ln ag'x%lt wal qu tt h.lé%%foggglgg additive
S of tin grains

or~ exanple) arge areas
in the process are T"averages'". In other words, an

observation of one joint or cross section may not clearly
indicate whether a joint was made with or without active
additive. An individual joint may be ambiguous, although
other times even a single joint is enough to distinguish
processes with and without active additive. When a group of
joints made by one process are examined, use or non-use can
be distinguished.

An aspect of this invention comprises minimizing
formation of dross on molten solder. When molten solder is
exposed to air, there is oxidation of the metal. These
oxides (usually called dross) form on the surface and
accumulate during operation of a continuous soldering
apparatus, such as wave soldering machine. There are
several problems associated with dross formation.

Dross can interfere with sound soldering of printed

circuit boards. For example, in severe situations it may
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and small er areas of silver-rich grains.Wen the
sol der comes froma bath without an active additive
wo 2008n1065he tin-rich grains tend to be somewhaPCT/US2005/013153
el ongated or non- symmetrical . Wen the sol der cones
froma bath with an active additive |ayer, the
tin-rich grains are nore rounded or symmetrical. The
inthiffier eraas rave ndte baafapuantid ied, sbldebe® seadkb¥ult in

observed by an experi.enced operator. Fig. 5is a .
POFfot Vi &Psé%gﬁtﬁ BN Rl ng%hﬁ RFARTIE efosyoss 1s also

in$ee @R BPrBeeakahy Ve S0ldarad .0l Moy, dc%ﬁ\g@gﬁ spaced
soldering with lead free solder froma bath w thou
elergrise lofleadsayer asnresttiiceen guktid i veFdtda¢imgren the dross

. ol ten sol de th. Fig. 6 is.a ,simlar cross section
*Sof* 2P Feégita ?vgoég%ﬁbr F5¢n oﬁﬁ%@?ﬁyr?ﬂgv§§n§“; dross
mukeChbequeepilbled.l ayewieh acthvetaddi kbvaebhkoat hpgsan is a

the nolten solder bath. These vi sual observati ons of
haggpgdgyss #86t&nd grain structure of solder with and

Wit heut SR, 0fs agdey gaRddid Vg d 11,4 @d@f@f@éslgfégr is added
"averages". In other words, an observation of ohé
toj ont sorfercess ofecttihen meyl et deladtdy iiwdi cadee soldering

whet her a jpi nt was de wi or t hout activ ,
aPRHAPE e, A£o¥fuﬂ§ﬁ € oi%génay¥%§méﬁﬁ?§uo -~ dross is
diak hheueal .ot hehet iiREBRN & SEN@Hia ] ObAt 518 16B0WHKLO ve on

di stingui sh processes with and without active _
SURdarery exXoras £Qraip aPrfoentiynagevey dive raodessir from

re8bBif a%%%eﬁetgﬁes%&fggg'g%%.%%%r%% mf%ﬂf%%%é”%%%dg¥hon.

aspect of thi's Tnvention conprises Ni ' mzing

f or babisen dhadr assy ofionnl ten selpdeced Wesasvld®nthe molten
i s_exposed to air,_there | s oxidation of the

| der .
SoiéFﬁl.S?ﬁé?SeoxFaesafﬁ%ﬂéif§eéalP@EOQrB§§) #oEHYBN RAEitive
lagif acepapdsaceimil @t enduf i Bg1eReT atdOR @k 3cally includes

conti nuous sol dering apparatus, such as wave sol deri ng

mefaéhiord deThark enterained solder metal when the dross forms
in absence of an active additive. As much as 3/4 or more of
the dross may be in the form of entrained solder. In
practice of this invention, it appears that the metal oxide
portion of dross is retained in the additive layer and
metallic portions entrained in dross (if any) are restored
to the bath, so that the total amount of solder lost into
dross is greatly diminished. It does not appear that any
appreciable amount of unoxidized metal is entrained in the
active additive. Thus, less solder is consumed during
soldering and costs are thereby reduced since less waste is
produced.

It is found that metal-containing dross can be heated
in contact with active additive and entrained metal in the
dross is released as metal oxide is assimilated in the
additive. Thus, dross removed from a solder pot in wave

solder apparatus, for example, when no active additive is
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several problens associated with dross formation.

Dross can interfere with sound sol dering of printed
we@reosaidesboar ds. For exanple, in severe situatPONBES1N5/013153

mayi nhibit wetting of the surfaces to be sol dered and

result in poor or inconplete joints. The presence of

dross is also inplicated in bridging of sol der between

uselboselal, spacetiehret réeal aheads-Hesmeebi Gedidfls: solder.
Furthernore, the dross is a waste of the solder, and

Th{ehéil?ﬁ-ﬁ%ll$eﬁﬁ@e§@dasa1@9‘6%sthfﬁsﬂneﬁém@plléfé%@t wEt Hhe solder
unfgi%ungt ge§°|o(%e ti eosascidlsc&gf%]azafkpé)% y@lsé db%zs’glrred

when an active a ive lTayer
fosueh@@adaatdunﬁ&ﬂﬁeMossbded pnomaselsgldemwnpol of molten

pa us, for t he tion dross is
sog i S5 oBenie op cRaderiye aduas vnd the
re&aﬁ%&aceﬁ extm@eddf@sél rléppaﬂs%amma%%rdvew o0 Phockiiquia
air fromreaching the netal surface and thereby

addaltilviets oxi dation. Dross that may form on exposed

a1 eAReOR NGO aN S0l JB B UL AGR 18 APSLII AP 88 LOLDY may

the active a Ive 0ss Torme

bebatdpakyeidcalfloy | rlcdctml@mg altiaxi dm@ndotelmér ai mé’dals (e.g.
sol der netal when the dross forns | n absence of an

sid¥eirye adﬂ???v%lnAénﬁﬁ%haﬁ% SPHNgR L kp Q3G Shel By 5edl-fired

o' TRY; 10& 4 g hes form of fﬂ£é§'98€a§g|@ﬁ&né'k&%a£ébé§b8£atory
this invention, It appears that the netal oxid

fuppeciesn ofatdrose | $o et@@ M@ | nreberaddiryi veed ayelimbdating
netal l.ic po ons .e

t d f
. 8§ﬁ$ﬁ8&to%&’ﬁe“beatt ral ; |<{1th R I any%?e%fas some of

theokheaght! Fsleli tr0 sirnqﬂSy |a§ic§§<£aid Ytldé %fé§h@ﬁd btrAe@sin the
not appear that any appreciabl e anount of unoxidized
kidital Ans czdciigimed 1aRrgthel sactivovilli $3vee Fhugdupdrg roast

coFONELS SeEISATE U5 0, SLLN o8 08 oot cormon
form of the metal in tin ores. A chloridizing roast (with
NaCl) in oxidizing conditions may be used to separate tin
from silver, which is recovered as fume.

Although it is believed that at least a mono-molecular
film forms over quiescent parts of the exposed surface of
the molten metal, it is likely that areas of metal surface
in a dynamic or turbulent situatién are not completely
covered with such a film. Thus, where there is considerable
turbulence (such as where a wave falls to the surface of the
bath of solder in the bath) or rapid flow (such as on part
of a wave), a continuous film may not exist. Even if the
film 1s mnot continuous throughout the surface, it is
beneficial in minimizing dross formation as well as
continually scavenging metal oxides from the bulk of the
solder bath.

Oxidation to form dross may require nucleation sites to

form dross that would interfere with soldering. By removing
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It is found that netal -containing dross can be heated

in contact with active additive and entrained netal in
wo b@sdrwss i s rel eased as nmetal oxide is assi iPCHUSZHOF/013153

the additive. Thus, dross renoved froma solder pot in

wave sol der apparatus, for exanple, when no active

additive isused, may be skimed off and processed to

mos€CEr Bl defiddhendr ossolsthegt et akgve t hecaeiohsg where
point of the solder under a |layer of active additive.
drqpe Laperferay  baustieptd®rf ¢l tathareeddéBhpashetoand dross
d_process] 0 | ten sol I R, a4/ or,
fo%ﬁggéoﬁndég ?kgg§%§ﬁ$i8%a$%?%?'and:?ﬁqugﬁgfn er of’ dross
cothbendesssol HeasBimddt dodubyat Rewlergquiateaddi Whate. diess does

active additive with assiml at oxj di zed net al .be
FoBab Pod PO TGS (AP KT HRE of oF iRepHES Tpo PR Eive and
refibv¥8 FromSAEBmt sNweyes are commonly roasted in

coal -fired or oil-fired firebrick-lined rotary kilns

(orAtegembaiatwy yther adeés)ioat tep the 6903 bath should be

eparato to.elim nati ' j 14 . . I
uBEEPRRSLCRS, MRl o AL B ALY o dRE BEpEG E398 on &
quﬁéﬁgéﬂta@iiﬂffatc@ tée ehes mlctdur setlden.t heNdi KetrAment has
oxi di zing roast is enployed since a reducin gast can
begq o FgCoFBE ERAaBFO™s ABRE I CEF P BFF dg%i §%Fh% ive beyond

wh&Lmrn E&ﬁg&@& tgepaehakihnat EBn@h8soud €hharidi zing
roast (wth Nad') in oxidizing conditions nay be used
to Sepahate beenf rbomsd| v@esivkbtd isor exdderempegh active
fupe. Although it _i.s believed that _at l.eas :
adﬂﬁﬁgyﬁmﬁﬁnﬁﬁé FPFE?FSrﬁggd%eFoqﬁfgsééh %ér%?ﬂ% T e ering
apB¥pased surffeeq af ribetAvlgt arviet Af ddpdecidiked yehhetness,
areas of metal surface in a dynam c or turbul ent
e.git akpisn ldde teotl Bhphet @F yleaser adPRirth osuSf &£h¢ | siwrface

oty WEGE ! IOHRiLS SRSl L b ippkaeianseo be
op&phded iffort e Gay hpromarapildefdow babbhmaes ndrenparde (except
for adding solder to replace that used on the PC boards).
The layer forms a barrier which prevents oxidation of the
solder in the bath. Small amounts of oxidation occur on the
surface of the wave and these bits of floating oxide
"waterfall" back toward the bath. Such new metal oxide is
promptly assimilated by the floating layer and essentially
disappears.

How thick a layer of active additive to place on a bath
is somewhat dependent on the volume of the solder in the
bath. An important function of the active additive is to
scavenge metal oxide from the molten solder. Thus, instead
of being determined mainly by surface area, the amount of
solder is a better measure of the amount additive to be used
on a bath. As an order of magnitude, about 100 ml. of
active additive appears appropriate per 100 kg. of solder.

That is more than enough for initial scavenging and permits
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of a wave), a continuous filmmy not exist. Even if
the filmis not continuous throughout the surface, it
WO g00benesT cial in mnimzing dross formati on aRCTER1008613153
continually scavengi ng netal oxides fromthe bul k of
the solder bath. Oxidation to formdross may require
nucl eation sites to formdross that would interfere

coMtihus@l dperagioByoferhei BgRBSEoRf shex@erdRedntime. After
i.solating it from]|ocatjions where dross interferes,
a hettreabpsn BPeRs ARG Atshediand dibs$brormalFen imetal,

LkewW reduceds s Lo pfh V\Dz%;@é 9SS, FAME NUSS 0334 +4
vo%%llﬁ%or?r%d,f ut a Jf%v\ér r%%. at 1%Ijrgoss doesﬁform is THve
matapaimed and Bssilatiat ed bplohedactdine wddsticfecendrea and

removed from harm,'s . At a mninu the addition
0y A AT P CRAPH SYhoghat b& S| BESLo T i nod thac
oxsabst aptial |y continuous filmon a quiescent surface

of the nolten solder. No detrinent has been recognized
f r ofn Hawery axikesyisnofddes weflie i de Ipdifonds whgerily water-

uj to int-aj ' Saf] It .h en...: :
B I L s
assimi deeedf by sohdeprpeniicn advetSodder iTige appgeat usrddually
forma floating | ayer_of appreciable thickness, e. .
ta]é%%uitgf/ FRRSH n°ht tP@asf‘}l;kéfor‘i%n BPCPfie %f%fﬁe with
cr@mt BRabY R ckThESF pEOUNT TRENM UiSc 1 NOvEBPRhALUTHSD Rfrkening
operated for a day or nore before bath mai ntenance

is(preepelivr daddity dedridation epf atbet bavanded matamel and
PC. boar d . .The layer. forns a barrier ;whic revent.s
02 5 AR oRUBH Phe Lo I HESBat nOKARr | DR oo e

be OXu@at t &N peCGHe bz dtiorsur laeempbsti Beonwave: avgtitthesen, and
bits_ of floating oxjide "waterfall" back toward the
PopatRlY SUtRVAeHLFet atLoxPle ‘F]%e?ﬁ oXEPGLERRF i | atled Ciﬁ/rkened

"gﬁﬂﬁyﬁl9§§Eggfb§%§raﬂ@dw%%ﬁe%kﬁﬂﬂéﬂQmﬁﬁpQﬁﬁﬁ%ast a film of
active additive typically remains on a quiescent surface of
the molten metal, and continues to be effective in
assimilating metal oxide, barring contact of air and the
metal surface and maintaining low amounts of oxide in the
metal.

When the active additive layer is on a dynamic bath,
such as 1n a wave soldering apparatus, such darkening
occurs, but apparently at a lower rate than on a quiescent
bath. The layer of organic liquid on the bath remains on
gquieter areas of the bath, but may be pushed away from the
turbulent region where the wave falls into the bath. As the
active layer darkens its viscosity seems to increase so that
it gradually advances toward the foot of the wave, and may
eventually encounter the metal flowing off the wave. It can
be desirable to intermittently remove degraded or spent

material.
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How thick a | ayer of active additive to place on a
bath is sonewhat dependent on the volunme of the sol der

wo poosheebat h. An i nportant function of the actP@BUS2005/013153
additive is to scavenge netal oxide fromthe nolten
sol der. Thus, instead of being determ ned mainly by
surface area, the anount of solder is a better neasure

of AhEhaﬁghntheddbthve hadie ivsedcpidshaid.a ASi@Ld on the
order of nagnit abqut 100 m . of actlve addi tive
babBnExes fiprdpr %@Jéaﬁe?i 1664 Kepy o%n%P@@r dippgrged solids.

A1PRbEEGHNAN LRRUINEART ol N1 S @nghgg in are the
permtscontinued operation of the bath for an exteno?ed

addimgveAfcentinwas h tmas dsdmvea| easned oliguides ahbehe quite
[ ten t volunme is |less_signifi a
viERSHRT B QU ORI A gl GHot R B n TS (8 A found
thaor eef et fatesar X agtet Oaddf bientcact be t yathdbined by
exposes netal to air so that oxides form A dimer acid
adghed darsd oAEBL¥ehaAF} BlvRarVEPna@ BERRI tid chegpmeshequite

gr I k S t de e
T o ot cEaaart oe e TRE) Syl S Pe ek Rs the
addppeueaney dfe t@an1m$h§'dt aad abeoeenicofé eginibhecrieamr of

_fL I's beli Svgd thg% tge arkening is

Or%%ﬁ’?aﬁ“f‘geﬁi‘]% IBaEe PadSPPER“of* Phe *BPg&RICC - nat er i al
andrpar tkgkhfedue cica vas Hdal @itddL b2 mQ¥1 88 removed by a
Degradati on may be due to poI ymeri zati on,

higlcbappsratvreoreskpianiton SPQﬁ@ebossﬂ@lry i hess affter the

P se ke r for

orShab LRSS PROLESSSpre AL BN SHESr U GAVEL [ Brece o

araddit ifddetry p{ Kew 1 re mavioieno N &biid esbeni: Sskhé*\f'@:@ebgf twenty
the nolten netal, .and continues to be effective in

CMas¥PRRI PAGCRS 8t aFRSxPHEL268r ri Mg R oMt Get Weaxpr fakgic was
upt R MBSkt SWrEaG, andnRint ai BLEYlRYW FADUDE S, Of w@&lt@a the

in the netal . Wien the active additive |ayer is on
ar@wn@nﬁgdbapﬁ,soaked into the fabric. The floatlng patch
of fabric was pushed around the surface to pick up additive
along the edges of the pot, and when lifted off, it was
found that almost all of the visible additive layer was
removed with the patch.

It has been found that a costly aramid fiber "sponge"
is not essential. Degraded active additive has been
successfully removed from a bath of molten solder by
swabbing with an ordinary cotton terry cloth towel. The rag
is mnot in contact with the solder enough to sustain
appreciable damage or leave any residue on the bath. Thus,
an inexpensive cotton rag or other fiber wetted by the
active additive can be used for removing spent additive.

Since the effectiveness of an active additive layer on
the molten solder in a continuous soldering apparatus may be
degraded or depleted during use, it may be desirable to

replace the substance at about the same rate it is depleted.
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such as in a wave sol dering apparatus, such darkening
occurs, but apparently at a |lower rate than on a
w@eioesowst bath. The | ayer of organic |iquid oPCT/082005/013153
bath remains on quieter areas of the bath, but may be
pushed away fromthe turbul ent region where the wave
falls into the bath. As the active |ayer darkens its

Thié smagi by seewrpladshedr §sans@riniaicdrit1gr atrald yVly swabbing
Ofgdvances toward the foot of the wave, and may

vekt G HRWUTIRS t B FBCalaF oG n@d%%FlVﬁea%ﬁ'lv@ddmg a
smh11CaRoRRLdES EEQ' %ub%t'am:%r it et l%lcﬁ[ﬁ\%@?%@q@lntaln

or spent material . hough the active itive
anrefensiws aaveygui dAduneufhethateﬂyev@nlasf ey dmgrad&dnated to

ok LUEL 0% 1St 5052 1 LU VL3508 1

am6@RtENYesthe Bﬁb@’d@n@é éuifhﬂg" dpe@bb@bh ¥l teeVhppaYSitus.
at the tenperature of the bath. is also found that

ef f¥ReN Vs s26F 1Y Ae aRitiivre éﬁn aoevhﬁpﬁtlﬁl nelrphd  (as is
ot 881 PRcT bash) active.adde! Lugqven é;ﬂfs%)%rnéetd b&EYPvise, for

quite Vi scous When qui te
exafpbel | benesy of theaadeitti weE rmz;a:ﬁakdjanncgneﬂ da]mi)ensers

the .entire visible |ayer of _organic nmateri al
The o Yov&e® Srtom TRY g’zﬂ Xeetﬂﬁ‘éeéeé)r adB8a&f vﬁuégggﬁfeve%lvents

suE@YQ%r@Wlﬁénée”@@%&ﬁy aobtghet eNRey (?ﬁdﬂfirgibéh@mt butyl
'sponge". For exanple after the production scale

alepleht i bﬁxéé@ér igedchmobtkea pilre dtshredi datebef renewal

f(@ﬁg arl(aé)? on t gns% ac]"é./ ?%gﬁ}l gﬁ%%\%é:ﬁvcg\ﬁg}b?/i g"é\,%%nt or

degnpacﬂ@d alxaidi thi e Myt be kK .rdoegreatiethynmad et omb tuét tedvabbing”
the aram d .apd was soaked intgo. the fabric. The
with oapi fF FRANGRLEF c IGESTpRSAe FRAR NP héiguifagey be

asg)prgtgg gpfaggétxsﬁ(gfgggng t he edges of the pot, and
when lifted off, It was found that alnost all of the

Vi sP@tbladblariLyeuSaijeit nasereabeedow tchanige ngatdie rheology
of a dimer acid or similar active additive are fatty acid
monomers or short chain esters (e.g. a methyl butylate or
dibutylate ester).

The active additive may be diluted with essentially
ineffective ingredients without destroying effectiveness.
Substantial dilution may reduce the time the active
ingredient remains effective or accelerate the need to
remove degraded material. For example, a small amount of
carnauba wax (up to about 1%) has been added to a dimer acid
to produce a rather pleasant odor when heated. A ten
percent dilution with carnauba wax did not significantly
reduce effectiveness or lifetime. A dilution to about 70%
dimer acid and 30% wax noticeably reduced useful life, but
did not seem to reduce effectiveness. Useful 1life was
reduced since the mixture got dark and gummy quicker than

undiluted dimer acid. Thus, the ligquid layer on the molten
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It has been found that a costly aram d fiber "sponge"

is not essential. Degraded active additive has been
waewsaswsul |y renoved froma bath of nolten soP@BUS1Y5/013153

swabbing with an ordinary cotton terry cloth towel.

The rag is not in contact with the sol der enough to

sustai n appreci abl e danmage or | eave any residue on the

sobath. Thidseramiknexpensiye goiben paegtonot kgt filer active

wetted by the active additive can be used for renoving
addpeaveadd t¢ve. TBincethha eflpeeti lfess ofn@n Mgefi géso add

ddi.tive | r.an e l.t en l: (e i
cod5iuar RgehbRar D r iy ny S e FE L P EE R ey
usea i¢hampycberilesicald®e ther eptateet heddibstances athat it

,_about the sanme rate it is depleted. This my b
2§EEBIPRLERed by i (PSRt thertd f%m%n ShEr ng” of FOsS. oF
a8k iftRLkaL! Bgcif%%ﬁ%fofatt he Al iotfe addidil Ve ande a94iRg. @ This

small anount of the substance to the solder bath to
isndineaidedart ef ¢ecoipess agesimplesingt neglad, dthi stgmgxidized
be autonpted to jntermttently, or,.peri.qdicall d v oo w2
Stﬁgﬁove_ gﬁd 2dd S Oé"\?rlouer}}fasc%%ytﬁgwsut%ls% an%ﬂ8¥8§r?or§§lde s
re@pehatli oih ofthicheaappasatasiivhhen Lhgeacti vatadilst inee known
is a viscous liquid (as is often the case) , it Cfn be

whegggr| y MitsdensBH 4R4r opS wi SBPSESFUERGNDILE) 1By dRglefuse ©F
' i e 4l qui i r Vi seRsiLy

enf3obpld Gh B LT L il APIEFIee i Y hPagkmay be

chiedbtieng, hexanestecrinpe, Tsaprbpyl almwobdmplut ghrrounding.
al cohol ,. hexanol or the |ike. The de hred rate Ofdd't' .

FoReRBTRIPIS tHe Fay6ras Feathq3P ound Enaqog |§ditive is

anSRENhOr Wegrmadesh adght n¥e BBy be remaved Aydaviesehelecule
"swabbi ng" with an aram d sponge as described above,

angr Iedepdenayaberaspi r 3hed aftivhe 8ddihéwe scavenges and

BRSPS, LB S UL atrinicy zor
medbd batity atiath doremeis oafolsteor tmetfdi.n esters (e.g. a

HEtQ%LS?Utgéggseoradditive on molten solder and used in
continuous solder apparatus may gradually degrade by
saponification in the course of eliminating metal oxides.
There can be covalent or dative (coordinate) bonding between
the organic additive end group(s) and a metal oxide. Most
likely, micelles of the active additive effectively entrap
oxides. In effect, a number of molecules of the organic
ligquid encompass a molecule or group of molecules of metal
oxide. Such assimilation of the metal oxide leaves the
additive as a liguid, although the viscosity may be
increased. Metal oxide may not be assimilated as distinct
stoichiometric molecules, and that is not important. There
may be "oligomers" of metal oxide with loose bonding of a
few apparently stoichiometric molecules.

It is possible that active additives with nucleophilic

or electrophilic end groups are forming “heavy metal soaps”
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di butyl ate ester) . The active additive nmay be diluted

wth essentially ineffective ingredients w thout
waele®snogsng ef f ecti veness. Substantial dil uti oPCTEHS2005/013153

reduce the tinme the active ingredient remains

effective or accelerate the need to renove degraded

material. For exanple, a small anount of carnauba wax
in( uthd chaboubflihchasobean addddrt @ld oi.ner Lakied Mast salts,

rodyce a rather pleasant odor when heated. A ten ,

ehBERCdiety | HEFoh MORR o HHtbR VbR Bofibt Eolerahce, which
ma§l R canblyidk eguge ekl eLidMEBRRSSqQLs | hbel v’ idly degrade
. gilutﬁgn to about g096dinerjécid and 30@6ma;ﬂﬁ? Y e
inpnghechapky eagdsesmgssft off IthieemoBirendiad Lioyts .seem t o

redyce effectiveness, eful Life was reduced,si-nce

theE% xt%%%%éo%’ da?)ﬁear%ag%mﬁmaﬁfjgﬁer 1't“%rlfaa ur11: illel]ftaé1 e by
midinetiag dunddtusratiren | Hgui ghéayeitiore t Badapltensabletules.

referably has a major portion of the active additive,
DeBF@??lﬁﬂre PREACUBBELCBO% 1ERESAESSal sBeabd cbPbpragee by

enégﬁﬂaéih%_t@fg@@tﬁﬁgléﬁ%yé&iVﬁag%ﬁﬁggt qQﬁﬁkg?nFPrA‘example,

characteristic of the active additive is t
Sigmeshidirighepnostuait BI2BH9 f ranhyfeogehbtendnetialeroracid, may

ross, or "assiml ates. oxide of at |east one netal in
prpkea, phhan®el Herl' BRABKREG oob i 20uiTh Fape hgrated
cotiRtakphBtil s Oxir@hzetostat erohati® MmN QMY @Xask | ¥he 1ike
how the "netal oxide" is retained in the active .
haygdigiiangey eFhervals stabihgnn whdtietareesy okesyl sacids
bst j-tut ' e . ent ed in t :
B e i
usségliest er Hagjpgeratedonpaversahpl ymsur rioeindadded Foto active
on the actiyf additive is

xanmple, if_a reactjve oup )
20 EikPRe, (I ot SRPTORCny. BePdch (5 ARbLLRMI t{vEuch  as
noABbeedkeuardaeehaase Waierqa The agldMe(@dehdnVesiloxane—co-
scavenges and assim |l ates netal oxide since it has a

digeeatercaf fhhs (ger bluomedddesyte thamigessdiheSiaha-ehldrich
prgaﬁéks'l7774l and 434906, respectively (Sigma-Aldrich Inc.

of Madison, Wisconsin). Other dimer acid products from
Sigma-Aldrich include their products 430307, 191043, 191035,
191019, 434647 and 434655.

The active additive is not behaving as a flux in the
soldering process. The function of a flux in soldering is
to remove the oxide film from the base metal by reacting
with or otherwise loosening that film from the base metal
surface. The molten flux then forms a protective blanket in
the vicinity of the joint which prevents re-formation of the
oxide film until molten solder displaces the flux and reacts
with the base metal to form an intermetallic bond. The
active additive is scavenging metal oxide from the molten
solder and may never contact the solid surfaces to be

soldered. Flux may also be used on the solid surfaces to
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Thus, active additive on nolten solder and used in

conti nuous sol der apparatus nmay gradually degrade by
w@apenidestati on in the course of elimnating NMeCEUS2005/013153

oxi des. There can be coval ent or dative (coordi nate)

bondi ng between the organic additive end group (s) and

a netal oxide. Mdst likely, mcelles of the active
faadditbve efddictdnialy edbropgoxpdestikbe efdfectthds process.

nunber of nol ecul es of the organic |]jquid enconpass a
FIREeguPE LoPgrouf SERTBIPECUI é956P E PHFETSBch

asshil 3% UuPfrihe met a}iotoxwflé@@ae%ot n@eag%fstevl% ah the

a I|qU| al though the viscosity may be increased
topkodl tivel d@wmpﬁwc&olbiseragsl m | veet el asl@qalsmg\c@pparatus, for
stoi.chi onetri nDIe t hat not |nporta 4 f
SXPARLE ey T5E %m %? faFno% Fe A%th 1DoRgwed trom

thieonsl tigoRf oF femeamnent E¥rstgd xd olr | £168t £64l @%yer of
It is possible that active additives w_th _nucleophilic
adglii tdvect r opiiel | ASHELYR odiss BRELROF nisig WHEavyRmetoH  easily

dl%%%&%e n J{It.]et gl a1 ! he ’N%J t §Qs§8{1geroial Eaﬁltklvﬁe has been
st "salt’s, these heavy netal soaps have a hi heat
fde%kan@mamwﬁchanaysbé@ana@ﬂwhanv%hethethdwas\&alayer of

.does nqt_ rap I?E¥ de ade in the harsh environnent of
dipgs REECefTaltsy SV SFesi red, one may i nprove heat

t ol ehancey By tALREN aaaedunga@t Wiad | @plided hearachi Veontinuous
addi ti ve nol ecul es. Decreasi ng unsaturati on increases

privegsst oleer dreeadgednconkagipg lyi glsuckholast ulakrepatkiagtly or

e%h(%%llca(iréféd gpé GCOr%:g%?oégré&glgﬁ Hugg %%%3St9%1f?ved to be

rogena I rer ~acrd, F OVi e enhance
nel”e@Ie@f ancet as lconasmssh i t adaqsater abedlmmmﬁzeu:ipamwy remove
Furthernmore, aronmatic dlnertgfl or ke. have

éﬁﬁa&ﬁﬁp%ﬂeﬁﬁﬁlQQ%ﬂan?Q c%PBS??e yFhgcigRlder and

Wh*e%t aJH%Lsanai@gsdeﬁeph&egleaﬁeaqyd Mh& pard j cularl ¥rfect,
useful . Hal ogenated naterials nmay be added to active

coaddiniades ehwrvadnhanced heat stability, such as

As noted above, dimer acid and/or trimer acid suitable
for use in practice of this invention 1is not necessarily
pure dimer of one fatty acid. An example has been given of
a dimer acid which includes small amounts of monomer and
trimer. What could be termed a "trimer acid" having a
substantial proportion of trimer of fatty acids, may be
suitable. Thus, for example, a trimer acid having about
two-thirds trimer and one-third dimer may be quite
satisfactory, particularly if the fatty acid(s) used to make
the trimer have small carbon numbers. A predominantly
trimer acid composition with suitable carbon number may be
preferable to a predominantly dimer acid composition, since
it is suggested that a trimer acid degrades more slowly than
a dimer acid.

Dimer acids and trimer acids effective in a soldering

process can be made from fatty acids having about 18 carbon
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nonadecaf | uorodecanoic acid or poly (dinethyl

si | oxane-codi mer acid, bis (perfluorododecyl)
wo eositnssed; Signa- Al drich products 177741 andPdBUYSHB;/013153

respectively (Sigma-Aldrich Inc. of Madison,

Wsconsin) . Oher diner acid products from

Sigma- Al drich include their products 430307, 191043,
atdPE035.nchHNLY wUdL644rBod 434655 dhebasyilverrado tiReadily

is_not behaving as_a flux in the soldering process.
avehéapdfctitdt Yot G 39 Uk PR ¥BYRERPHE POUEESSerfRREIHElY have

an© \g&qf'ﬂdﬂﬂerronbkhec%&ln%]tt%l )y I L8 MdP Qhe easily
ot herwi se | oosening that filmftromthe base netal
avsbibbde. afikle imekpensfivex therer eraislsa nprds ettomefatty acids

.blanket in the vicinity.of the jai.nt whi prevents
wi PR W inad gt €| Bebdi 8 e SL HR R o e TR Pererrea.
Diflegpl Ae@Bot he rfiinex afdideactisiv hiighbe hasdret aunlers are

forman internetallic bond. The active additive is
prebabéigi Hy A 6RFdeSTrOncPRdekbRge PR} HeR L hpRS it are

e t :SQhi r:f to r X
o Y a1y, ek ATy, IARERR | 2 e el Feg R wsetu
onsaelider baghduuksed fpactiice gaflvehiizipgocess. Fl uxi ng
action is_a separate, ingdependent functjon. Active . .
il BRpe the nSETER cOUEDED b pro¥Eh bREPhd dGp e it is
bel hevway i sHider £ Nedptdye t38hitsld Ngr apRghatUsoffers or
exanpl e, since the nolten solder in the wave i s punped
depdgiinere Ho t afbevVeh@draunte apabepBwicHedY oatligngths for
yer.. addi i ve. LLLve_.ls nej L upl e_jn
aog8Y °Eidln | PrLLS, APORBFRLERLTahS (EEHIRLL SRR ok metal
oxaddkstli ve Tiass bednrt f agndppafboaeds tieve Mdaerdetharhencid orx
the bath has a | ayer. of diner acid on the surface. The
eq%&ﬁ?@&ﬁ&ehﬁ%ﬁxﬁt%@¥h%n38P@€Priﬁ%a?ﬁﬁn?%%%ﬁsoﬁnﬁﬁ%% 24 to

somay Readded, cantioual Ly, raueh-as abike it efithds Ocid with
periodically, and continuous addition is not believed

a toabeonegdsdeed t ial sbhappeansge addgudtremt 028 to  44. When

spég ?55‘%%6%%' o T¥Per it will be recognized that this is

commonly an "average" for the dimer acid or the like since
such materials are commonly a mixture of dimers of different
fatty acids and may include monomers, trimers and dendrimers
with higher and lower carbon numbers. Dendrimers may be
particularly useful since there can be several reactive
sites without diminishing other desirable properties of the
additive.

The process of scavenging metal oxide from a solder

bath is particularly effective with lead-free solders. It
is suitable for conventional lead-tin solders, but
subjectively seems to offer fewer advantages. It has been

found that an active additive is more effective on a bath of
lead-free solder than on a lead-tin solder alloy bath.
A "skin" of dross can sometimes be seen on the surface

of a wave in wave soldering apparatus, for example. The
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spent liquid residues fromthe surface of the sol der

and where this is done repeatedly, there is, in
we@tdosatoestont i nual renoval . As noted above, dPEEUSHOH/3153

and/or trinmer acid suitable for use in practice of

this invention is not necessarily pure diner of one

fatty acid. An exanple has been given of a diner acid
skmhi¢hdvuﬂam&srsnalthan&uﬁﬁac@fdﬁNKMfrsamdekaﬁH.until it
What coul d be terned ag."trimer acid" having a o
re?ﬁﬁ?ﬁan#?%lE%?ﬁﬁﬁ?t?@ﬁlﬁﬂvﬁriﬁ%?eB?HP%PtyUhCP&%,aﬁﬁymllated
inb6 SWd alh@i RS, TOr i@XPY €en Gk ' i FRRIAW U310 N8 o1 udes

about two- thirds trinmer and one- third dinmer may be
enggpiaedamiedfedct @f yispaergeldiard:yidifzahenéatly adifd(idere is

.10 he tri mer have spall carbon nbers .. A
me A AR (O e R S ol SF MRRR b it gEdins to
theardwndéew merchraysbeospr@f aabletha aipr edaiimiarddsd in the
i mer acid conposition, since it is suggested that a
adgFFhE?'acid degrades nore slowy than a diner acid.

Di ngr ihd d b s pR T ' ff ' i I '
BT oo T oAty acr e i Sho e wave
incar Hoead-omesy $oatfledi bgthhehear bon &nlehd-cackoxydlder bath.
roup. Readilyavailaple fatty acids from vegetable o
Thg%uﬁé%sg%gﬁ8Y§g|3xh29% &n %mh%nﬁg?£5F 3T b ﬁ%ﬂgﬁ%?dlzes
moBkNCeed LYy arSr easdd By aidrah] e tand L AeXPRAS|I ¥6nadtiBhs of
aci ds made fromfatty acids wth carbon nunbers .
SOLARGIRY fROPREABUS 0 C2Zhegr ehpebf cieneityi mfi dwdlorand its

| agj | | ghe rhon n . r obapbl P
cobbhTRep26kGe A0 Bighes, Saber, TBRIS U PLObElYcaining
oxidadnby pushefurdhley avaolsablee guikey-army slrstade toward the

cclpELlhoRBiekac BaLh ysed,for dip adl vaneig, Wen

desygabloF tHn egpk9Yet IHIMBMS W fégggEtE%Hi@?ﬁ§(%pﬁfopriate

dendrinmers to achi eve adequate carbon noiety lengths
fof¥pfin-silver solders and tin-based ternary solder alloys,
including, for example, tin-silver alloys with additions of
copper, nickel, bismuth, antimony, zinc and/or indium. It
is also effective for “pure” tin baths. So far as is known,
the soldering process is also independent of the solder
apparatus in which it is used.

In effect, the functions of protecting the surface of
the molten solder from access to air and scavenging oxide in
the métal can be performed by different materials. Thus,
for example, a barrier liquid layer is formed on at least a
portion of the surface of the solder in a bath. The barrier
ligquid is, for example, an organic oil. Additionally, an
oxide scavenger is added to the solder bath. A suitable
scavenger has a higher (negative) free energy of formation
of oxide than tin oxide so that tin oxide is chemically

reduced. Tin dion 1is reduced to metallic tin and an

alternative oxide may be formed.
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good filmformng properties and assimlation of netal
oxides. Thus, it is preferred that the diner acid or
weousialegent have a carbon number in the range PET/D82905/013153
24 to 60. Best results seemto be available with diner
acid with a carbon nunber in the range of from28 to
44, \VWhen speaki ng of carbon nunber it will be
rec@gn$ubuabhetJﬁhﬁﬁxﬂsoxpg@nnbaﬁﬁﬁerameﬁ?ge"1Eonn{h@rganic
imer,acid or.t | i ke since such materials are
Olﬂoﬁﬁgﬁl a%mgﬁ{h%e?91419&ﬁs Df9 di RN LTRRTF aftGhagpdsoconut
01a0dﬁ@ﬁhd@0bﬂm$'ﬁHMWE6§l t HhRes and, d%B@H'E¥§ m@&@flower
hi gher and | ower carbon nunbers. Dendri mers may
oidarthel} aPiy usRE@l siPieeht kade ctaawbﬁ)eselzlae:aﬁecg for still
I V. i t hout g other desira .
fu%?%%%rf?%éi%?§ ﬁ% addi tggglgﬁﬁeagrocggg gF‘gf%VBﬁﬁinblqulds
ingdude oxtHerfromyatsblderoiiadh icsia t bedldr | ¥tearic acid,
ective wth | ead-free solders. It is suitable for

f » .
ab@8%§8n@§dﬁ%lx? Lt} ¢ n2g 5 detsnopat Cs @sjicbt | Vierglerkepacid,
rek@nof{erad ewahgadyand ages ilhehas begepy f&;é’:g r{gla?{ a%f such

active additive is nore effective on a b
oifpeefosl ¢xpmpisn offfe |leawky inw lsahuderr aﬁém/htbahdnteﬂlals are

acc%bhg 8feg gs%h%%§h|§g$tlg%§b% See §PE%LQ§%Zﬁ% f&mes and

wave I n wave

smdkeskban beavemsvadr Gssnt Iﬁ@esaffte&ce of the sol der pot
reaches the active additive, whereupon it is

til
ggshﬁghﬁFeﬁgyﬁQP%¥% HQEQFFV§BUQ¥H@iﬁmﬁrﬁn@WﬁﬂqTﬁ@ﬁSSlnce
mofleoseabiel udenuanisained FRLAY GE163 |@LOSL0M UERLS ong

met al If there is netallic
triveeak edranduiebbiles wadthhensblodeudeatdulas ioxitthg etbr -COOH
| .is.assimlated in the ad ive . A nuc
grQE % E%lgéépgs?%%ﬂ%%da%hg?heghﬁﬁ&n1c~%aV@rPﬁtX of higher
meleﬂﬂgtlﬁaﬁ@fﬂﬁﬁ bRéRethagn@n patead-gdge é@ld@éegﬁéQ and

This is believed to be a dynam c effect as |ead
m1§§pa?§esthereof may also form suitable oxygen-barrier

ligquids. Saturated straight chain aliphatics are preferred,
but aromatic materials are also acceptable.

A particularly preferred oxygen-barrier liquid includes
a heavy metal (e.g., tin) soap of a fatty acid monomer,
dimer or trimer. Light metal soaps (e.g. sodium, lithium,
calcium, magnesium) are also suitable. Such a soap may form
a monomolecular film on quiescent surfaces of the solder for
effectively blocking access by oxygen. Polar liquids are
preferred since they better "wet" the molten solder to
maintain a continuous film or layer.

Other additives which may be suitable if they do not
disassociate at the temperature of the molten solder
comprise esters, anhydrides, imides, lactones and lactams.
(For example, ERISYS GS-120, a glycidyl ester of linoleic
acid dimer, available from Specialty Chemicals Inc. of

Moorestown, New Jersey.) Thus, the oxygen-barrier liquid
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nore readily or rapidly than tin in the conditions of
sol deri ng apparatus. The high density of lead and its
weoepsousds nay al so play a role. A skin of PCT/US2005/013153
| ead- cont ai ni ng oxi de may push further across a
qui escent surface toward the active additive than a
simlar skin of lead- free oxide. Use of an active
madddiduipie des iy tyeldadd dbappidiaiat ef fardimer sahdgor trimer
sol ders and tin-based ternary sol der all oys,
OﬂruﬁQRFmg,aFé@ ei%ﬁbléﬂltlﬁeéﬁFvePQ%I(ﬂEF%@?@Plllc and/or
c cke n C
el%%%f%? I'n | &ngés g%so £??ectlve fﬁ?ﬂkgﬂ?eﬁo%ﬁﬁg An
agmmdmzidﬁefaﬂdutive;ﬂeunMdlfdmnExme&|@gg@mncemglesule with
qgwﬁglnd endent f t he saql.der aratug i%$ Pt .
a | RF FPLEEY PRORONCH OHiS oPSBFBLASENG T heorming
mosifAE Afa rﬁl‘?@'drﬁ%ﬂ@éﬂﬁ%&lrd&ﬂ access to air and
scavengi ng oxide in the netal can be perforned by
d.fﬂ@r‘ﬂeﬁﬂehm@f.an@rgqrﬁag srad{tSemﬁéltaﬂﬁa?trqr@S may also
uid I 0 st
o et PRI Pat el BRI Phgtife sodium
alm&ujﬁﬁd eXaopl @ amaaﬂgaﬂb620|melﬁﬁdgtmmnahﬂyl8&ﬁ3), sodium
oxi de scavenger is added to,the solder_bath
mogaf AR r hﬁ?ga HPﬁﬁEVrfﬁegéfqvef‘tF@é efigtgyides.
£1¥o ARt i:000 OfbrOplidRd.han thiR0xfle 94 hathitd A @xi dgsncl,,
is chemcally reduced. Tin ion is reduced to netallic
metliti nendoainbl 2463811 veaxoxpee wraallbﬂ@d ofPeduRhs untpprees for
ui_d oxygen- barr.i er lay | as
low%%i% é%% QﬁIPOlﬁ%.f?H%%%ﬁ%{ suc sl%%é%ﬁ%#&2|
peamte Q‘iluldJaixyghri bt M€r Oldyer andly ohlso shéf hawenert gas
oil, tall oil, etc. Such oils may_ be bl ended for stil
SUCH t R @GMQQQ%%B‘”%@éFEP@naWhéfygehlﬁgkﬁl§r |p&u|§§rface

Jaled ot her tah i 8y, €l DSt £
Ihacié#ggblet$c %%?5 pa ?n?tlgwém(jé?$§%léF% Z%%b@esses oF
minimdleinie Gosh Tfesiat e ds, Tlaede dhaerbeenr Lamisednguccess,

den rs of such
pré%é% Jm%ecause oxygen becomes mixed with the nitrogen as

it i1s released adjacent to the solder. Better enclosures
and higher flow rates of nitrogen may be used for obtaining
a satisfactory oxygen-barrier of nitrogen, for example.
Argon is a better barrier fluid since it has higher density
and 1is therefore less subject to mixing with air. A
persistent blanket of argon can be maintained over a bath of
molten solder when there are confining walls.

A second additive for the soldering process is an oxide
scavenger or deoxidizer for minimizing metal oxide in the
molten solder and reducing tin oxide and other metal oxides
that may form. The most common species of tin oxide is
apparently SnO, and the oxide scavenger should have a higher
free energy of oxide formation (i.e., higher negative free
energy) than the tin oxide to effectively reduce tin oxide.

Most commonly, the scavenger is added to the body of molten
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oils, for exanple. The | ower nolecul ar wei ght
materi als are acceptabl e even though they nmay be snoky
w@rwse1tehe f umes and snoke can be renoved fronPeTESENT@3153
Hi gher nol ecul ar weight materials are preferred
since nore stable. Substituted fatty acids (including
dinmers and triners) are suitable, with end groups
risubst it ed 1foar. - COOH groups i ncl udi ng ani ne, anmi de,
thiol. A variety of higher nelting paraffin waxes and
vax EXeFRIR s PebdfaR COHRBIRERt drEd Wt SRt C Y afggmnesium,

alflﬂt{i'ﬂu?rﬁi tableionyogsdardiel, | kouids, Safddat@d, zirconium,
straight chain aliphatics are preferred, but aromatic
sifgtceni al gtardual soacrepbabhe megiar t hodl athhy like.  Metal

eferred oxygen-barrier ljquid includes a heavy.netal
b igies () Tosp BrOE Rt Y HORGREI S oPherRafics . These
ddddiMBlizedd Ohbymebal sres (8. khsodolder | 8bidatly or more
cal cium magnesium are also suitable, Such a soap ma
prefranisd Ivorighvthe uf rm f 9 F i@ ol gue bseBdninsar m&@@@roﬁlfnﬁéar to

a H9§§ fqgfef£§f£gy§h¥oggockbngS%%%ﬁﬁs by §%¥Qenalloys are
olar 1iquids are preferred since they better "wet”
prdfenmdd efosotaeidt meftintaivathegortiaruosbowi fiseplution in

| ayer., Ot her_ additives which b itable jf th
thfy RBLCAFsasPeti A% at e PRIHEFathe Of PREHoITon oxvoen-

by id8r CoBRLS@IeSt 8hS. apbygihgdes, idAdesivé actoRffer for
and lactams. (For exanple, ERISYS GS-12 0, a glycidyl

sisgtldansfoud nelgiomasdicd dfdbtionvdid abhe fFohfdspecial mpplace

em cal s_Lnc. of Maorest own, w. Je .)..Th

AT bAPH B EP qui it St SR R R eSS s af Byttifers may

almy eby Gfnjedid®r bandiortiid i parfatef adf y thel dnahtent solder.
| east one nucl eophili¢ and/or el ectrophilic (%ro on .

Fathe SFyERdCar bdn ABFEFYPIANTRPpropirat e 3dditTve FHgm, 209

hﬁ%f%q&{lﬁggl LR 961 88! eEULEW thed RYIFOcaMReRT.  Such a

y providing the capabilify of formng a
revhromy ecixttarcd i 1sn oen nekpkes st der .

An oxide scavenger may be included in a floating layer
on a bath of molten metal, either as a distinct layer or
dispersed in an oxygen barrier layer. For example, some
zeolites (natural or artificial) sequester metal oxides in
their pores. Oxides may thereby be scavenged from the
molten metal and/or assimilated from dross that may form
where metal is exposed to air. Such a solid (e.g. zeolite)
scavenging agent is preferably combined with a liquid which
is stable on the metal so that the particles of solid don't
simply increase the volume of solid dross on the bath.
Phosphorus compounds, for example, used as deoxidizers may
be in the oxygen barrier layer instead of dissolved in the
bath like the reactive metals mentioned above.

The oxide scavenger or its products is preferably in a
floating layer, but instead may be a material that sinks in

molten tin. Vanadium and depleted uranium are examples. If
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Low nelting inorganic salts or salt m xtures may al so

serve as suitable oxygen barriers. Exanples include
waeasamest um num chl ori de (NaCLAICl 2 nelting poi/ns2008613153

2C), sodi um nonof | uoro-acetate, and m xtures of netal

chlorides, fluorides and brom des. Divalent tin

chloride (Snd , nelting point 246 SC ) nay be

sudic| adgdnkingueta verdtalr ess f aselioweydIdeiretdt ng pRivd or the
of the oxygen-barrier |iquid. The fluid oxggen-barrLer
likgydrs mEefasd e R THrdryas Suen e npaiBgeh grmid-level

ortar&@%%@:!él%éolvg{e% %gihfess ng@qgoot '}l}.ﬁ{l%gﬁ[bc!ﬂaﬁq beea wave .

rie r sol dering processes for nminimzing dross
f or mEhicorml Thenedras dreeniér m fedidsiccasd, geokabligers are

because. oxygen, pbecones m xed, wth the nitr.o s it
e S G R BERRE T o thavsh cBF TeSPEkr el SRt egome of
thaiid higher hbew nad ess@ftable0geRiMBYeRecths®i¢Or soldering
obtai ning a satisfactory oxygen-barrier of nitrogen,

apidri caddmple. L9¥ gBRTPd2hChetiaasS WY r (@rIf | uPd ZHTHicd1§ tmay be
' dens] a S refQre ' t :
h}}%@%%éﬁ%%{)h. ai r#ﬂ%pg%sﬁ)i Ststetl?L?Ll BE e%l?%l?aﬁijg %r %olderlng

nt bl ank argon can be
prvaigdsainefioovertlmasbpbicapiban solder agheterithel epapeucts,

. confining wall s.. A second additjve for the soldering
3 fRoCes PRI E AR TR0 A9 1 or
M NigEZHdW netal oxi dgetddn t hecaPbigingol 4881 800e, one may
~reducing tin oxide and other netal oxides that may
irrgrae e ebstteodeohnsphei eoldert.i n W delestrode may be a
ently SnO t i de avenger, should_h .
Sa%%g%%fﬁfpééng%egggto$50§§ 8" %&ﬁa?Fgﬁ' f?é#,gﬁigggf%rlcally

comegRitaske ffoee enhecgylicthag thedttineximecdDd oxides at its
effectively reduce tin oxide.. Most commonly, the L
surdRreh gerthiaita dortng oCPREUBBEY offoMeghti RS tfnliquid or

gadE  Brermlar) rOXEﬂFPtﬁ%ﬂvngeéél&éfl yhg e alfy UMscavenging

magnesi um al um num Ium potassium sodi um
oxtiidegni unPsz imegdmicomgd ,si insoead ybfriaumiqat@® eaypkn-barrier,
onr;reEtm%tlys caorl/('jert I'1:ehe| igl.?ffah/cbé aclaf the solder with nitrogen, argon
or other inert gas. Thus, broadly, one uses a fluid oxygen
barrier along with a separate deoxidizer.

Although described in context of wave soldering of PC
boards with components in place, the invention i1s also
useful for pre-tinning PC boards or component leads and
other soldering processes. For example, freshly
manufactured PC boards have conductive areas coated with
solder by contact of the board with molten solder, somewhat
the same way as in a wave solder apparatus. A blast of hot
ailr is then used to blow away excess solder on contact pads
and even from plated-through holes. The technique for
preparing PC boards is called Hot Air Solder Leveling
(HASL) .

In addition to soldering PC boards and the like, a

soldering process as described herein may be employed for
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hydri des may al so provi de strong scavengi ng of oxi des.

These deoxi di zers may be added to the solder directly
woroosotspreferably in the formof a tin all oyP€TUS2005/013153

manner simlar to addition of ferro-alloys to steel.

Such alloys are preferred for rapid nelting rather

than sl ow dissolution in the solder. One may form

otREL! g&%d%t% paslb@roéx%ygsnbaﬁ&b%tmewa@ilm cores are
scavenger additive powder for sinultaneous automatic

ofaddi tsmidened hdysoflteping rtés acerdeplist ed derfilti ¢és molten

seous _deoxi di zers or . sgay 0 e i npect ede o
SOS@FSm/tﬁ% ﬁ??ace of %ﬁve aﬁ?enlggl rQh%%r eQ%n%% S R
subﬁdu§éﬂﬂeﬁﬂ§gcOWDUo%kﬂ@eBO?éhelrynuﬂﬂm@&hyﬁnng@modayts are

be bubbl ed thg@gﬁh the nolten netal Such_a red ng
ofirert gpddegeso FES IRFOCSRF o8 datitaRidh gkt nBycC u es, as
Weh@cluded in a floating layer on a bath of nolten
metal, either as a distinct layer or dispersed in an
oxyg,en bativer achgaetrz.veFowhe)cbmp‘ﬁeavsngeSzemmJes oxide from
or artifici.al oXi

nat ur al t.al essin _
molhaPs SEOFBE Meck Moo ingF R oS, B C ety Sged T r ot PRE-Eree
soﬁ@b&eWﬂﬁgfﬂfdﬂ“&ﬁ&mﬁﬁ§lmdﬁﬁéﬂhiﬂgﬂﬁﬂréﬁént@aémany pool of
formwhere netal is exposed to air. Such a solid

moAgehi )l daravierlgi Aghagent Wrs tprer @Pé?b@;ﬂk%b%?f@%%ﬁ?ﬁdermg
1r%ﬂlé£ psgg%&¥b 5i%ﬁbl éElﬂ*EfP@iahéﬁatégﬁdéiEhg (manual

parti S|np y I ncrease t vol unme
orsahﬂt@nﬁma&‘s m'dlimltb&trh.ad%hosqolmidis:icmrpounds for

exanpl e, used as deoxj] di zers,ma

bar PF&FS ayer & nst %i%gora? s%ﬁlsi/f@d "Ykherf h lB‘atl%lgafet?Jkneg steel,

mall§ 8 ctinge FalRls atkonedsebeye. bulles®xi dr lead shot,

scavenger or its products is preferably in a floatlng
malkdyer , tomt ﬁmx:@amesrmyn@e hest eprareshgs sitHrelyipg molten

l.ten t| nadlu d éﬁg ani;um g e
5] this 1nventlon
me &ﬁblé@n I?s Xﬁng g%%ﬁl ferlé#§|s used, solde
JoélgoW%@hé&bI@e|IWBehSuHefebabM¢kmﬂdmthdemmsfsuﬂtably
the bath at a md-1|evel
resistant to elevated temperatures, the process may be used
for hot dip galvanizing. Such an active additive may be a
trimer or aromatic compound, for example, and may be solid
at room temperature without departing £from principles of
this invention. Other uses for such a process will be

apparent to those skilled in the art.

Following are the Tables referred to above.

Table I - Monomeric fatty acids, relative and absolute amounts
Monomers % of monomers Amount in sample
Stearic 48% 2.9%

Oleic 43% 2.6%
Linoleic 9% 0.5%
Total 100% 6%
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or other place where oxides are not entrained in the

wave. Sever al
wee@®shersi oned as suit abl

e.

It will

oxygen barrier fluids and deoxi di zers
be recogni r€dUSIAS/013153

some of these may not be suitable for electronics

sol dering applications for unrel ated reasons (e.g.,
resi due may be hygroscopi c)

They may still

a
be

raid tf.pl e omesokderipg B.EQQ§.55§§1£@:[vé3tQﬁcﬂ absolute amounts

apptTTcations such as dental products, jewelry,

autonobi | e radi ators, plunbing, etc. Rather than a
DimmerEta—scavenging additive, 0¢ BeYaimBRESEaabunt in sample

electrode in the solder. The|electrode may be a
oleic-8andarfiicci al one that is consud®d, or it nu? &

el ectricallyeconnectedfor—e featy— Cigag—metat
oleic-lid&s at its surface MAthou1iB%|ng co%surig fﬁe may

lanl%?HHB

;& Tiquid or gaseous d
for scavengi ng oxides

caxkdi zer throughoa sol der
A\S _nent i aned,

instead . of a

Tinoldiiquiiithabeigen- bar riirQlemiecnhy4&over t he

., the solder with nitrogen,
oleic Thys, broadly,

ar
one uses a fl

yjon or ot her

ii d oxygen bai

sdef-&ce of
iinert gas.
rier along

TinolMIdl & xeRarat e deoxi di zer.

context of wave soldering of

Nokhough desci
PC hoards wit

ished in
h rnnhnngan______

1inoleniqﬂkﬂnplQHﬁ$invention is al

86 usef ul

f or

pﬂe

| R0 Fu Uual uo Ul

mass % "brOcesses.

cofrponet
For example

t oI eads armnd

freshly

([2ll@]I’
manuf act ur ed

Total PC boards have conductive are¢d®ieoated w

contact of the board with nol

ten sol der

{190l der by

omewhat + hao
A= AARR~AA/RAL* 1"

STy

same way as in a wave sol der apparatus .
rabPd fF Lspihgn-used dey hl-awsanayl x0es Sarsd| gefolaite amounts

TTTC

A bl ast of

contact pads and even trom plated- through holes. The

5 techni que for preparing PC boards is called Hot Air

Trimer deT teveting (FASL) . TN (3G f crindrs qIZunty F sample
oards and the like, a

oleic-oleic-oleic 14% 0.7%

oleic-oleic~linoleic 46% 2.3%

oleic-linoleic-linoleic 26% 1.3%

linoleic-linoleic-linoleic 13% 0.7

Total 99% 5%
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sol dering process as described herein may be enpl oyed
forother products. For exanple, autonotive radiator
w@ersa1@se of ten sol dered by di ppi ng the cor esPCTUS2005/013153
bath of nolten solder. A layer of active additive on
the bath facilitates such sol dering. Costune jewelry
and ot her products are often sol dered and the process
WHA&; iéﬁg%¥?ﬁcgs§uch uses, as well . An active
additive which scavenges netal oxide fromnolten ,
1. soldesohayrbegi mowqeEs=at edmpni ¢ heg ceroavehg neagetat e@xide
solder wire, for_exanple.. C eansin f _even spal: :
£rofpof 5@9%ﬂ?%n”@&?8@r %ﬁﬂ@ﬁ%es%& S g Can aﬁﬁggft with
the QBT+ SQI feThas. i ron tenperatures than feasible for
hand sol dering (manual or automated) w thout an active
additive. Dross is a troubl esone issue when tin
pl atjn teel., [ it gl , dBKIdNg 1 wherein
2+ bul I}{et %oglr(f‘?lélanoéf%{&%n%gki %C‘{Aoy I|198uzracl%rg1es and ot herw.
scPRFOEEESES tomMprisag maktemilretahy, emdddekd nged@cdh in  an
probl ens, by use of this invention is also feasible.
actien 2RelatYPve additive is suitably resistant to
el evated tenperatures, the process may be used for hot
di p gal vani zi ng. Such an active additive may he .
3-tri%eﬁoéﬂeéﬁ8ﬁaPF€C@§ﬁp&ﬁﬁ£r4¥W3é%%n%?g?eﬁnagnﬁgaﬁgs 1oz
Ld: a oom tenperature W thout departing from
2 %@%%c%p%%é of this invention. Qther uses for such a
pr omesstaihinpe apphaeat teompoteindi|dedair¥ heo@Fiion of
,Foll.owing are the Tabhles referred to . l.e. I -2ng
LigphSner PC A v aac(?%g_‘,l‘feel atﬁ%glgﬁd a glgﬁ%tog-{ﬁql% and/or
e188BpuBbaTablegkbupsDoRBRIcC 1kalkty sagicdsiorr elfatihee sndface of
absol ute amountsWHAT IS CLAIMED IS: 1 . A soldering
a prbbess wompPRsPA§ISEAVEREi ng netal oxide froma bath
of EBhEgQitgﬂbde% @:ﬂ%f%t%ledel{én@)@”s@?ﬂ@?édwﬁih;ﬂ hehe molten
nol Ten sol der. : sol dering process according to
sotlakm 1 wherein scavengi ng conprises assimlating
oxi di zed nmetal in an

4. A soldering process according to claim 3 wherein the

active additive comprises dimer acid.

5. A soldering process according to claim 4 wherein the

dimer acid is saturated.

6. A soldering process according to either one of claims 4
or 5 wherein the dimer acid has a carbon number in the range

of from 24 to 60.
7. A soldering process according to any one of the

preceding claims wherein the soldering process is wave,

fountain or cascade soldering.
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active additive. 3 . A soldering process according to
either of clains 1 or 2 conprising: maintaining a
WO ay8n1@6mpri sing a major portion of Iiquid acPCwmes2005/013153
addi ti ve having nucl eophilic and/or electrophilic
groups on at |east a portion of the surface of a bath
of nolten solder; and contacting a surface to be
g.sol deredrubthntheppplben salderaibg ASOlH8F I Mhe of the
process according to claim3 wherein the active
praddiihgectenpsi seerdilmerttaeishirface ALgobdesiorgemestcdss on a
according totc£ain14 wherein the dinmer acid is
PrigtatafiHCUEt. ©R2&81 deri ng process according to either
one of clains 4 or 5 wherein the dinmer acid has a
carbon nunber in the range of from24 to 60. 7 . A
9.sol Ber BAGIBF 6BEs s PECEEES NG O Yond of ahe one of the
pr8588§g{gng:l%!i%§5wﬂ’g§é§hn drie @8&9&5' NG IYACESS 15 lead-free
wave, fountain or cascade sol dering.8. A soldering
sopdeeess according to any one of the preceding clains
wherein the surface to be soldered is on a printed
circuit board. 9 . A soldering process according to
108Ny A0N&, 1fe iy PHe6edERY LRIE het i elldien Bl k@lerein the
solder is a lead-free solder. 10 . A soldering process
bagbcofdimglten crailAeg vitferat nat FeRauR o P f eROs It than
2653 at a tenperature of no nore than 260 0C . 11. A
soFdering process according to any one of the
preceding clains wherein sufficient active additive is
introduced tQ maintain a | ayer . least a nol ecul e

11lt.hi Rk spfdering process dccording to any one of the
preceding claims wherein sufficient active additive is
introduced to maintain a layer at least a molecule thick all

across a quiescent surface of the bath of solder.

12. A soldering process according to any one of the
preceding claims wherein sufficient active additive is

introduced to assimilate dross as it forms on molten solder.

13. A soldering process according to any one of the
preceding claims wherein sufficient active additive is
introduced to form a layer at least three millimeters thick

on a quiescent surface of the bath of solder.

14. A soldering process according to any one of the
preceding claims wherein sufficient active additive is
introduced to form a layer that remains effective on the

bath of molten solder for at least four hours.

15. A soldering process according to any one of the

preceding claims wherein the object to be soldered 1is
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across a qui escent surface of the bath of solder. 12 .

A sol dering process according to any one of the
w@e@sadiosy cl ai ns wherein sufficient active adeCT/US®05/613153

introduced to assimlate dross as it forns on nolten

solder. 13 . A soldering process according to any one

of the preceding clains wherein sufficient active

coﬁE%%éé&ewi§h'HhrgﬁﬂﬁﬁdxﬁOtﬁérﬁbitE%Y%bEﬂeﬂEﬁﬁichhﬂgés not
Imeters thick on a quiescent surface of the bath

indifudm|atey . vilstible suttdere ridiotees according to any
one of the preceding clains wherein sufficient active
additive is introduced to forma |ayer that remains

16 ef feat i vwo1aerthg bptbceksnobhtesravhgertboramy |l@ast of the
four hours. 15 . A soldering process according to any
Pr%ﬁﬁﬁkﬂgt%%aﬁ?%dﬁﬁmﬁﬁﬁ%%%ﬁns wherein the object to be

solxg%{rgg LiS tact edh ydan af ofo ¢ hegdoldRny salderon  a

does not i ncl ude any visi'ble active additive.
suﬁfhc@\sﬁlmmngppl@@@séraec®m®dﬁ;ttmaﬁyvmm?(ﬁfpﬁétaln or

edi ng.cl ai ns conp rising: maintaining a floating
ca%éﬁé# %ﬁg r%ﬂ%l??%% BATA surface of nolten |ead-free

sol fefmi Ny aaWayfamh eUF@WN oF Hebtatdessblider frgm the bath;
apparatus; formng a dynamic flow of nolten sol der
androm t he bat h; and sol dering an object by contact of

the gﬂi‘%ﬁ Ia%” E, e %&f:l‘?c fc&%@aé%”%’f thlj—:'o%bj{enﬁz with a

Iayer 0 elng iqurd at the tenperature of
suﬁﬁééenosotﬂerdynamhe badw; having the ability to

ef fectivel ﬁvegﬂe pxi de of at | east one netal from
t hetBat hayHavp t5BPfity to assimilate oxi de of at

| east being liguid at the temperature of molten solder

in the bath,

having the ability to effectively scavenge oxide
of at least one metal from the bath,

having the ability to assimilate oxide of at least
one metal and remain liquid for at least four hours,

having sufficient stability to remain effective on
the bath of molten solder for at least four hours,

having sufficiently low vapor pressure to remain
effective on the bath of molten solder for at least four
hours, and

effectively barring oxygen in air from reaching a

quiescent surface of the bath.

17. A soldering process according to any one of the
preceding claims wherein a major portion of the additive
comprises the hydrocarbon moiety of a dimer and/or trimer of

fatty acid.
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one nmetal and remain liquid for at |east four hours,

havi ng sufficient stability to remain effective on the
whaiol/1afesnol t en sol der for at | east four hour sSPCTES1008013153

sufficiently | ow vapor pressure to remain effective on

the bath of nolten solder for at |east four hours ,

and effectively barring oxygen in air fromreaching a

18 Juines&eMeSikd apeoebskhes iy toASideriNgwherein the
process according to any one of the preceding clains

adgheieen acREPSESESTti GF of i¢rsthddi ente cowsriesedhitlie  or
car ety of dj Ll of fatty
1 4PERA P00 BB by ofl R ohIBLoRREESh: hES PRV i m 17
wherein the additive conprises at |east one
nucl eophili ¢ or el ectrophilic_group on the hydrocarbon

19 noi 8t §OLE6TINE LFFETHFHTFETY 28%r APRg Cdnyshfceding
c1i P8 Praceding ehal nigyhergl N heraddict | ¥e (omY i §88t8on of

maj or portion of dinmer acid. 20. A soldering process
dimeroadidg to any one of the preceding clains
conprising: maintaining a floating layer of a liquid
additive on a surface of nolten | ead-free solder in a
20wave,a f ol GRSLRHR Selcderdigcappar abty; &0em &f the
a dynamc_flow of nolten solder fromthe bath; and
PregPdere nglakm8bferPrbyiBgnt act of the object with a

.SUf{nggﬁtgﬁnms_ %yrﬂrga%ifdgogalme é@ysrl%u@@d@aqﬁeeive on a

i ncluding a nmaj or portion an organic nateria
suhfacag cdnenot temr é eadelfeephisdildandior sl eeveoptfiduntcain or
cagggd rgggaeking apparatus;
forming a dynamic flow of molten solder from the bath;
and
soldering an object by contact of the object with a
surface of the dynamic flow;
the layer of additive:
including a major portion of an organic material
having one or more nucleophilic and/or electrophilic end
groups,
having sufficient stability to remain on the bath
of molten solder for at least four hours,
having the ability to assimilate oxide of at least
one metal in the bath, and

effectively barring oxygen in air from reaching a

guiescent surface of the bath.

21. A soldering process according to any one of the
preceding claims comprising:
scavenging sufficient metal oxide from a bath of molten

solder to reduce viscosity of the molten solder.
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having sufficient stability to remain on the bath of
nol ten sol der for at |east four hours, having the
W@Riosit1065t 0 assinmi | ate oxi de of at | east one nRCHIUSI005/013153
the bath, and effectively barring oxygen in air from
reaching a qui escent surface of the bath. 21. A
sol dering process according to any one of the
22 Precedi R 1¢lain%; COMRIHNTace62¥eRg NHoSUEACi 6RE of the
nmetal oxide froma bath of nolten solder to reduce
pre¢edosyt ycobinge oo ssoidleraopinibalsbiger fngss from a
ocess_accordi to any.one.of .the_precedin | v
Su%%ﬁﬁ?iéﬁ?gaas@?ggﬁgti%%y%?ﬁséx?#bnﬁggghrsgceg%§£§igs liquid
fl1oetieg onl dee batrbatst ofashergashc |iquid floating on
the surface of the bath. 23. A solder joint nade
according to the process of any one of the preceding
23¢l ahnFolaér Ao$ALdRE BT ARERCEE $1oC R Y Mo A MNtiny one
vi si bl e drosS on a quiescent surface of nolten sol der
of byhaddiragedufifi clenmsadditive to the surface to
assimlate dross that may form and sol dering an
object with a dynam c surface of the nolten sol der
2425. nA:806821h80pPHEESEScarpeiding:t o claim 24 wherein
the additive conprises a major portion of diner acid.
26. 2¥OLBLaer VA§LBLEcEE9SEcO8r @ My ies cettheTu e fof molten

. 4 : ian, it | : d | he £ t
=ofiBy Tl e BTR B L AT SRbcegs Shapr TETRRce 0
assbhmi detendgrasgethbtombta fibagy;denss wi th an active

addi tjve, ,assim |l ating oxidized netal in the active

add??hé@réﬂg s%ﬁnu?ﬁqé%frnﬂ%ihw §0I8¥Papﬁ8n1FH§%§8Fiv8f the
mo8ddht E¥8ge28. A sol dering process according to claim

27 wherein the

25. A soldering process according to claim 24 wherein the

additive comprises a major portion of dimer acid.

26. A soldering process according to either one of claims

24 or 25 wherein the molten solder is a lead-free solder.

27. A soldering process comprising contacting a metal-

- containing dross with an active additive, assimilating

oxidized metal in the active additive and separating molten

solder from the active additive.

28. A soldering process according to claim 27 wherein the
dross 1s formed on a dynamic surface of a solder bath and
the active additive is on a quiescent surface of the solder

bath.

29. A soldering process according to either one of claims

27 or 28 wherein the dross is formed on a surface of a
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dross is forned on a dynanmic surface of a sol der bath
and the active additive is on a qui escent surface of
wo b@saaieder bath. 29. A sol dering process accopdi/ng2®013153
ei ther one of clains 27 or 28 wherein the dross is
formed on a surface of anolten sol der bath which does
not include an active additive . 30. A soldering
molpeacess laecor diatdh t avlaigh ondoef chakns 12¢1@le?29 an  active
wherein the dross is contacted with the active
addifdivei-ve adj acent another nolten sol der bath. 31.
Sol deri ng apparatus containing a bath of nolten sol der
30.CONPrisi A8ridg | B¥6Ee8t aeldoveiiaddidd vend | eaki BF andihes 27
surface of the nolten solder; and neans for applying
to ndPt evihsvpder them dheshat hst ocamtapiedt wbthe the active
.dered.. S .09 a cording to claim
200 R Ao PR 28r Gar o LOA P Badorros S5 ey and the
tenperature of the nolten solder is no nore than 260
0C . .33. ,Sol deri ng apparatus, accor di 0 eith ne
31 of SATAGHRITH PR o GoRCT HoL 89| e PG Spdioltef | solder
comWayeinkountain, cascade or dip sol dering apparatus.

4. Sol'dering apparatus according to any one of clains
3lat d-a33 epftine addivdvadditoateinonphi $&e surface of
nuckeophi | ¢ _and/laor, el ectrophilic groups on organic

then%ngﬁBegplgg?’Sgpgering apparatus according to any
ongeghscl @dfBapply ngsd mahereei nsdéh@se ifsosuffhei BAEh to an
active additive to assimlate dross as it forns on
obigglt ER B61 §8Lde369-Sol deri ng apparatus according to
any one of clainms 31 to 35 wherein there is sufficient
active additive to scavenge netal oxide fromnolten
32.sobdédernnchedmtai3k Sotdeding dapparbaim 3décortdingin the

sol&granysogf 9£a8L§£22 %%alder and the temperature of the

molten solder is no more than 260°C.

33. Soldering apparatus according to either one of claims
31 or 32 wherein the soldering apparatus is wave, fountain,

cascade or dip soldering apparatus.

34. Soldering apparatus according to any one of claims 31
to 33 wherein the active additive comprises nucleophilic

and/or electrophilic groups on organic molecules.

35. Soldering apparatus according to any one of claims 31
to 34 wherein there is sufficient active additive to

assimilate dross as it forms on molten solder.

36. Soldering apparatus according to any one of claims 31
to 35 wherein there is sufficient active additive to

scavenge metal oxide from molten solder in the bath.
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to 36 wherein the active additive is in a |ayer at

|l east three mllinmeters thick on a quiescent surface
wotoosheedbat h of sol der. 38. Sol deri ng appar at UBCT/US2005/013153

according to any one of clainms 31 to 37 wherein there

is sufficient active additive to forma |ayer that

remai ns effective on the bath of nolten solder for at

37| eago iR P Uk SpaBdeuSoL e rAUNEPRRY altp 866064 NY di0hs 31
any one clainms 31 to 38 wherein the layer of additive:

toj 39 igheechr fthe tavipbrat afddistveolienisoladetayart g least
thpééhmlﬁﬁgm%@%r%m%ﬂ%ékt8 egfaﬁl §%§E§C%M§E%§?oé%d%he bath
e a

| east one met Fomthe as t
ofaseslderate oxide of at |east one netal and remain
liquid for at |east four hours, has sufficient
stability to remain effective on the bath of nolten

3850l dry1 dei it éﬁ%@%aﬁ@@raBQHEélnBa%dﬂgﬁ9CbﬁQtbfld%ﬂlms 31
vapor pressure to remain effective on the bath

tOnﬁVt@hegéﬂaeﬁhﬁﬁezﬁsI%%@il¢xmmth@qtsveanddetﬁa@tmmﬂﬁprm a

on1reach|n C sur.f ace
1a€$£tﬁ®éb %ﬂaﬁﬁbgé &gerlng appara us%ﬁggh % 5m95eﬁhyS°1der
foonet oleatai ABud1lhbard8 wherein the |ayer of additive:

i ncludes a major portion of an organic material having
one or nore nucl eophilic and/or electrophilic end

39 gro%a_de'}%%gf%ﬁﬂ&f%ﬁs spabblit ¥t %oreo{m;n 19@ Egslﬁ@tm to

of nolten solder for at |east four hours,
38 abhéreint thassawkeravé sxddeivé: at Ieast one netal in

ey Rl ofL LYY DU B8P, IR LM 50 ene

bath,

has the ability to effectively scavenge oxide of at
least one metal from the bath,

has the ability to assimilate oxide of at least one
metal and remain liquid for at least four hours,

has sufficient stability to remain effective on the
bath of molten solder for at least four hours,

has sufficiently low vapor pressure to remain effective
on the bath of molten solder for at least four hours, and

effectively bars oxygen in air from reaching a

quiescent surface of the bath.

40. Soldering apparatus according to any one of claims 31
to 38 wherein the layer of additive:

includes a major portion of an organic material having
one or more nucleophilic and/or electrophilic end groups,

has sufficient stability to remain on the bath of
molten solder for at least four hours,

has the ability to assimilate oxide of at least one

metal in the bath, and
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41. Sol dering apparatus according to any one of clains

31 to 40 wherein the active additive conprises a ngjor
w@orositowsspf di ner acid. 42. A solder joint nmadeCDyYS2005/013153

bringi ng an object to be soldered in contact with

nolten solder in a bath of nolten sol der having an

active additive floating on a quiescent surface of the

baté‘ffég’ti\ﬁeff' dek rkol M ARGOr di Ry 1.9.Cl aired2 wagkeliAg a

the solder i1s a lead- free solder and the bath was at
quieseaperstufzcaocohnteethanh260C0C . 44. A sol der joint

according to either one of clains 42 or 43 wherein the

sol der joint was nmade by contact with a dynamc
41 SUr §ac@ePingobbpArselderaddbidindath. a4y dhesobdeclaims 31

joint according to any one of clains 42 to 44 wherein
tot A8 whereenaddiet idnd i | AHEHE BV Ry aPBREE BBR ARoMEP MR E1on

a i of nucl eophilic and/or electrophilic
Ofg?%%%éa%%ighe hydr ocarbon noiety. 46. A solder joint

according to any one of clainms 42 to 45 wherein the

active additive,co risg%%a maj or_.por.tion_of d

r 5%i

*2aci d & 4791R%Gr ol -BF SOF SN aa% « 88T 6 aeFo P

soYBELEEN it Rtk LI s S8€RehN s EeS itd ULt BEER @ff molten
the joints are nostly elongated or non- symmetrical |
soli@er Alwotider | A Freless edaptiigengt hedpiRa@nidly &n quiescent

su?%%@&”o??ﬁﬂéeﬂagﬁy'd on a surfape of nolten sol der;
rntroduci ig an oOxi de scavenger into the nolten sol der;

and contacting a surface to be soldered with the

nol t en sql der beneath that fl uid. .
43. A solder jo?nt accord?ng to claim 42 wherein the solder
is a lead-free solder and the bath was at a temperature no

more than 260°C.

44. A solder joint according to either one of claims 42 or
43 wherein the solder joint was made by contact with a

dynamic surface of molten solder in the bath.

45. A solder joint according to any one of claims 42 to 44
wherein the active additive included a hydrocarbon moiety
with a plurality of nucleophilic and/or electrophilic groups

on the hydrocarbon moiety.

46. A solder joint according to any one of claims 42 to 45
wherein the active additive comprised a major portion of

dimer acid.

47. A group of solder joints of lead-free solder wherein
tin-rich grains seen in microstructures of the joints are

mostly elongated or non-symmetrical.

48. A soldering process comprising:
45
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maintaining an oxygen barrier fluid on a surface of

molten solder:

introducing an oxide scavenger into the molten solder;

and

contacting a surface to be soldered with the molten

solder beneath that fluid.
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