SOLDERI NG PROCESS CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s
application clains the benefit of the filing dates of U S. Provisional
Applications 60/562,964, filed April 16, 5 2004, and 60/609,589, filed

Sept enber 14, 2004. FIELD OF TEE | NVENTI ON This inventi on addresses
the inmportant issue of purity or cleanliness of a solder bath. It has been
di scovered that scavengi ng netalg,pxide fro |ten solder is of great 10

i nportance in producing reliable and reproducible solder joints. This is of

particul ar i npoyt ) S| ad-free solder alloys. An active

addi tive |ayer on t%e sur%ari%e %ﬁh’gﬁﬁe&?&txﬁaﬁo‘ﬁsed to scavenge and

assim |l ate netal ®xdsderrTisgihascizies sthphieseny resubé ofiineldabke

| ead-free sol giers 25 4,90t 5. RROdUCAd, . t tyre_no pmore than the 260C
| R B Vel e LR L

limt for electronic gongonents. ‘ onents are
conmonl y sol detéd % 5F1 Mtedei rddief $ocpbeards @bth a |ead-tin sol der. A
maxi mum 20 sol dering tenperature of 260C (500F) has becone a standard in

the industry efast &k Suki fidedbas,; Propagated to nmany ot her paraneters. For
exanpl e, nost conponents to be soldered to printed circuit boards are rated

for a maxinumte At 8o 60eresent FrrouwosthderiTigeappamatits i S bui |t
to 25 oper at ec:atcizafBXidfeMoEe EP Al exdfn abopt 260G, . Thene is a.desire to
elimnate hazardous lead fromsolder, and there are even noves afoot to ban
the use of |ead. Lead-tree Sorter” W' |- H& FEYHFF etPioF=naRy°prowaet s whi ch
now use | @ad- tierswicderin Exenpleary subsiilteut £2d easbr3Q-fsae solder alloys
include tin-sid:vek. angydd NSlleVEL-GORAREL s1nortance when using lead-
free solder allioys. Aan active additive layer on thes surface
of the bath is used to stavenge and assimilate metal owide.
Thig bkas the surprising ressult of reliable lead-free solder
15 Jeints produced at a temperature no more than The 260°0

limit for electronic components.

BACKGROUND

Electronic components are commenly soldered to printed
circuit (PC) boards with = lead-tin solder, 2 maximum
20  smeldering temperature of 26000 (500°F] has become a standard

in the industry and thisz limit has propagated to many other

parameters, For example, most components +to be soldered to
printed circuit boards are rated for a mascimum temperature

of 260°C, Continuous soldering apparatus is built o
45 ocperate at a meximum temperature of about 260°C.

There is a desire to eliminate hazardous laad from
sclder, and there are even moves afoo* to ban the use of
lead, Lead-Zree solder will be reguired in &Iy prdducts
which now use lead-tin solder. Exemplary substitute lead-

30 ZIree solder alloys include tin-silver and tin-silver-copper

alloys havixig about 85 - 96.5% tin and 3.5 - 5% silver.

.



al I oys having about 95 - 96.5%tin and 3.5 - 5%silver. Sone tin based
sol ders have been proposed with additions of antinony, bismuth, indium

ni ckel and/or zinc. Tin is the base for the | ead-free solder alloys and is
typically present as nore than 90% of the alloy. 5Reliable soldering
processes have been devel oped whi ch nake automatic sol deri ng of PC boards

highly reli abhe.tiFovacki es\b&dﬁjréﬂrlaar& bebd ahidobbys Wit laad-free sol ders such

as tin-sil ver . sol der l“ﬁ%é 8eneral |y found that soI dering
tenperatures of c i‘%ﬁ’d’l‘—“ oF AFghe™ 2/ 8F e *30F ned®dsdPy 2T early this

i s higher tFaset rf@~ccniwenma93ﬁalnee6@€llﬁam tiameke hasdat hes peleninial for

damagi ng co r r n the tenperature for soldering with
such | ead- fi%%ggumbgflﬁge%% %025 8@%%153 %Jf desirabl e, particularly in view
of the coming r ettt T’%]r?erﬁm%?ﬁt?sé’réﬁeﬁ_@ﬂ él&@tﬁfb@@“ stivgerpsd whifnot her | ssue
which is of reacerdtmitid Joaspecis tg bet Bothe: leadati n-salders and
substitute sl der aslllmcl) S, S at%% unul at i ons, of dross on the solder.Dross is
an accumul ation of oxi des of the et A°57i hetfie =861 derie0 BGhstant i al
amount s of solderlvean fEdepst 2lnbe.t het drms,gawlafm_ﬁ hepuneedsat 0 be
processed t adigcomgr cad LegyLl 6=t be, rE%t glb £V, (%g ross | s _not visible,
a small gnount on the surface of the | ten sol der can‘l drto‘“%rl dgi ng of
sol der wWeBITSEf el y S5aced F%%sl%nwgﬂe"f aiflagr ech=o apeveRBlosal f aces to be
sol dered, sadohat1imeOBNE €L&s OfheP @RE=hOINt Foal @0t AINeonentDUE t O study
of this mve,qlftekggdmwergée now,_ congl dent that Ul’lt%/ of the solder bath is
an inportant tactor in diffrcilty SWERS6IFdéPE nge 44 *28pthr's Rat et al

oxi de 30 di st¥eFbiitasd | Aubste thaeh | mtlenter essw t higiett i ngieanekrsuccessf ul

sol deri ng. B&_Q&x@g&r&yﬂ rai se solder c\éhwfr?é)siéc){zw rg 8_ Al decrnu%I eaLl on sites
for crystal |z%t| on at_higher tenperatures than s di fiCation“fn absence
of such *%‘?dsﬁlé%r-cause weakness in sol der 10| nts. Thus, in addition
to visibl e dr osszmnhthel suwef aaech &.5S b@Nkdd &Rt wk 88 USdrscPUFd t%hof t he

mol ten sol de*‘rn baEQaa tin solders and substitute solder ailovs ig

accumulations of dross on  the solder. Dross is an
accumiiation of oxides of the metals in  the solder,
20 Substantial amounts of solder can be los: into the drosg,
which then needs o be procemssd to recover and recycle the
metal, EBven when dross is not wvisible, a small amount oo
the surface of the molter solder can lezd <o bridging of

sclder between closely spaced lsads and/or failure to wes

b
[£2]

surfaces to be soldered, so that incomplete or poor Jjoints
are obtalned.

Due to study of this invention, we are now confident
that purity of the solder bath is an important factor in
difficulty with socldering. It appears that metal oxide
30  distributed 4in  the bath interferes wich w»:atting‘ and
successful soldering. The oxide mey raise solder vigoosity,
provide nucleation sites for erystallization at higher

temperatures than sclidification in absence of such oxides,
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It is found in practice of this invention that 5 formation of dross in
conti nuous sol dering apparatus can be significantly mnimzed or even
elimnated by durable additives. Myst surorising, the tenperature at which
vi abl e sol dering takes place with | ead-free solder alloys has been reduced
by as nmuch as 30F (16 to 17C). Sol dering 10 tenperature for tin-silver
al l oys can_be brought to or below the 260C Limt. Furthejore, there is a
surprisi ngnge%ﬁ%t? S rweva?%lggg’i t§ Sfﬁflﬁ@ PrBF‘Pg]ﬁ' nejtt‘:la S|t AV der
appar at us tof arisdaxasplérosEhi an maye canixdidnd, e §0stiha:iexeeht enissasl der 15

joints obtained at plate Tthro%]g holes in PC boards. Such inprovenents in
?reg:’%é't

sol der j oPREE™Ar® dfo™8u&%t o ting as shown by wetting bal ance
tests. O eanlinessiof tdigmssolider phathics beki evedsr espoasibhe. vad ety of

wave sg)l d riqrrll%,‘foun_]_; a(%rn sol deri ng,and 20 cascade sol dering systens which
may be usEGTTRPIACTT CEF B i SFINEMCIGn SeLESdeRer FBRAT AT i $3ust ated in
ASM Handbeaksi Yotamme 16, nAélidiinga Boazi Rgenand:Sekderiag. pEXemplasie
apparatus, as illustrated in Fig, 4 which is largely copied from Metals
Handbook, EBB8, NUiipriSEEa 2% | BPget FERSTG-olkde MIBER" Vi #RIhi ch

nol ten soldeRelOngayabe: helgat ithe 1@%%-&%%%5@@&@91&8??%@% Ub€apn A PUND
(not shown) draws solder fromnear the bottomof this nolten nass and

forces it “FPREPEI y°X hifGughlehe &7 POFE sI(3f nB2zI ¥°AL fr ofPRARERES he

sol defof | Quepkabensd | ¥ ke -a:wekerfakl o 39&5@%34%@%%&6%&&9 or both
directions fromthe slot, and back into the vat. The "upper surface of the
fl owi ng sdGerSP8CcoHionl y referred to as a "wave". When such a wave

sol deri ng appakgtiseimosed dipr-.soldering, s@,:?gigg_gg c%gg&'&g@ﬁ)argn 12 is
nmoved across the apparatus so that the [ower face of the PC boar d cont act s
t he upper BHcPEéEYoPtt Hdanwawed tB3 ofetwp! ten sobder. svbideen Bpsokdee. wets t he

surfaces to.besplder ed, mand i.oksohotopthe plated: Lhraugh holes and around
| eads, and nakes good so? er ] ol nts tTherebet ween. There are also $o-call ed
f ount &iSn solidérsi egtravhines phateldstadeioliddrEsngns Pt érerdst h which this
| nvent1on i Rekihes 10 N PIAG! 1080 LS L Dyeptlon, g.aulfiglently
as shown by webtting balance tests, Cleanliness of the
solder bath is belisved responsible.
A wvariety of wave soldering, fountain soldering and
20  cascade soldering systems which may be used in practice of
this dinvention are described and illustrated in A8M
Handbook, Volume 6, Welding, Brazing, and Scldering.
Exemplary apparatus, as illustrated in Fig. 4 wihich is
largely copied from Metals Handbook, page 1088, comprises a
25  large vat or "solder pot" in which molten sclder 10 may be
heid at the degired soldering temperature. A2 pump (not
shown) draws solder from near the bottom of this molten mass
and forces it upwardly through one or more slob nozzles 11
from which the solder flows laterally like &a waterfall,
3¢ either in one direction or both directions from the slot,
and back into the wvat. The .upper surface of the flowing

solder is commonly referred to as a “wave®.



liquid active additive layer is maintained on the nolten solder bath during
the sol dering process for maintaining purity or cleanliness of the bath.
The | ayer provides the surprising result of significantly | owering the

" tenperature 15 at which reliable solder joints are obtained. The liquid

| ayer preferably conprises a material that is stable at the tenperature of
the bath, effectivel ars oxygen i ir.fromreaching a qui escent_ surface
of the bath, aﬂ‘%}eﬂasglfcﬁ‘e 5bi1"’¥?§ t%orbagﬁ'rﬁq at®PEXEEE5of Tat 1¥¥ist *6he net al
int heI I20 sttalrtlilé;r&ﬂg, r Qﬁlﬁjrﬁlnltiaqmcd_rfcﬁlﬁ.tﬁ sHper ol ?kalzr@e}éaptﬁ@@b?st itEBi
Typically, the material_coiyrises an organic_nplecule wth nul eophilic
and/ or el GEREGHEHEF| FE &R “grdfps: O boRSE i B - “EBOAC e mP g0 URE SE1%Es
particul ardne piRfer 1eeraA8 exerplaky-sS] A eniondY | Kes=3 di MR51+agi d such
as described in 25 greater detail hereinafter. BRI EF. SUMVARY OF THE

| NVENTEON S0+der] wezh &hBoaPReRtedf “pr 86t FE&9BFe hi B4 MeHts ofttca Hequi d
llaver of actdMg-addbhivend0f: Seayenghng andAsskakl Aki-ng fBlalspxdde is

i ntroduced onto a solder bath, 30 and a surface to be soldered is contacted
Wi th the nb?¥éF seheesbe™AsSdi ment2eE tdve | aveht i ceonasti stowE®iEngi ng
metal oxide,fqoma bath:of mohten.solder s0f sthe,li g,estf el £

enbodi ments of thé "invention conprise assimTlating oxidized netal in an
active additivenventionAceorshiurto an aspect of the invention, there is
provided a sol dering pLacess Eﬂ.@ﬂd&@.ﬂﬁi&?) f]suafffi'c%_%kt&g% 008 A

sol dering apparatuds, purifying solder In a nolten sol dér bafh by

mai nt ai ni ngi@usi ngkeitvs qafiditayer leospr i ¢ ngeantajoed pont iwre ofoligui d
active additive on al |least a portion of .the surface of the. solder bath,
wher eby t h&°177st “Fagi on T8 deT i nedted From an area wher e “Sof d&ri iy occurs
and conpri sesithect i gleghladdi=s vef ofhehBasur f atee0f at-be sobdef=Dbatiy
wherein said liquid active additive (i) is a liquid at the tenperature of
t he sol der SBEFRH-5119 )™ T i Fest TRIt eopht e Forfel~E€¢t r-oPpRIFF Rt oups,
(i) actsazaswaAcaxygen-hasr senake therswr face @f-dihearol ten: sok deis bat h,
and (iv) assimlates oxide of at |east one netal in the bath, to thereby
purify and E8fEr PESVFERIS) (SPTEEUERE &ol%RSIhELh ~1EE) 16i BFeaPati By PR ified
sol der fromethe-firsd deghRnbend secend: g op WIel:8,50l der bhg ecgrs,
where the circul ated purified solder is devoid of active additive, and (c)
cont act i ng *&=§uERace t GUbESSBTderBHi®Ih Phe 1% cilcabed pugi fiaed 5Bt der
from (D). DRAVERNCS B Geackni3a8:01APR0T o1 OLEE (BLSUS A MR {I0M el bl ng

bal ance tests. Fig. 2 1s a graph of force versus +-Tcl<> for weiting

bal ancélt estegratarg stmiaes ofiduerpdicat L esommEi a3y saamaphzoftifier ce

versus ti nehﬁpq_rcavﬁgzt,i D8e materizl comporises an organic moleculs wiin
nuleophilic and/or electrophilic end groups. Carboxylic -
COOH end groups are particularly preferrad, An esxenmlary
substance comprises a dimer acid such as described in

25 greater detail hersinafter.

BEIEF SUMMAEY OF THE INVENIION

In an embodiment of practice of whis invention, =&

h

liguid laver © active additive for scavenging and
assimilating metal oxide ig Introduced onto a solder bath,

30 and a surface Lo be solderad is contacted with tThe molten
solder. Embodiments of the invention comprise scavenging metal oxide from a bath of '

molten solder or the like. Furthermore, embodiments of the

s



bal ance tests illustrating Practice of this invention. Fig. 4 illustrates
sem - schemidnomblpyisandinittpaptidakd tnetah sver swivepddtveect i on, an exenpl ary
sol deri ng apparat.us which y.be used.in practice.of, this.tnv ion. Figs.
5"and 6 ot o Rerarragr dprrectpodt BEENiohaRER It o L Mife i B B o
This i nv&%&%:wﬁrm@ﬁ r8oifll OF 8S6]deMnyabsAranim) feifyisglsolder irsa murich i ed
in-situ, King the sol dering PFQCG.SS more effjcient. and%{%ﬂeé&jn@ better
resul t s solperr bate biyaptiptainirg p sEGLF H@Ed dBYY SOPHESIE S HEY A9 WPdcones
Practical . for, ,use si # £ r thekdiahas Qhdetiynge igsstr educed.
In a pr é?tgfraéigggnﬁgd%!rqrgaﬁ{ Qg’?&%gg)gtt?%%h%‘c %its i nvention, géulyi q?J_ilclS active
addi ti veedi@y &y dblinceti nfran nexdaron vehenolsbBlarisp| cdeurs at heogprispy the Setider i ng
process for maintaining_purity or, cl.eanliness of 1.he o active

addi ti vaddBkppR Besutagra S&fdelf batkh. ‘@%eé?}gﬁ%‘gilqﬁ%tag{w%% gﬁe‘af(‘r@ng%lﬁ'g‘ﬁml ten
metal, thagle lespstabl &rahe thGet BAREHAtRSREs hiidedpalll, ardhat clefifopbiicvel y bars
oxygen in air fromreaching a quiescent surface of the bai[)ﬁg; arad,has t he
abi i ty stevpas@iinidatsearosiygen bt (o BaSigiteone 4101 spier PEbHAITHE active
additi ve _shaul d 0)&?@ ak 1 1LdsP e Ll in BnCOMRE Ch M Y6 R BRIEa bAsBBsy

Typi cal Iaﬁs,mf?ig materi al conprises an organic nolecul e with nul eopohilic
and/ or effegd sotdeibhihe (9 ritculgimpupsifieCacldox frbincthe figst graup®, 2 ssgetd wgioln: a di ner

acid, are particularly preferred. . Al.t hough the aective. htiye is

stated t'ocHesA¢ABROCHS T B‘ﬁﬁgf‘é{?ﬁflé’ubl%le‘?ﬁ@g%ralf ?Vc{lﬁﬁgx{sgggq%ﬂtv é/’m_san t hat
it is 5 aﬁh@lc%n{a%ngadkuil’ﬂﬁé Rite8bMcle@RAtH thfBirchgedipatidiedechioi(baf t er, even
a "stable dditive gradually degrades, oxidizes and/or becones | oaded with

assimlated netal to the extent that it is viscous or gunmy after a period
of exposravwrnas t he harsh conditions of a nolten netal bath. On 10 the ot her

hand, a material fhat vaporized rapidly, d Vs ayckl y- degr aded
i }'V\bﬁlg‘ r%.{a%ldoir Eb%l:, ’&%alﬁ.%l e*?ﬁgé Phm ale g

and becane sot9d, *be conSidére
balance tests.

ft

Fig. 2 is a graph of Zforce wversus time for wetbing

5

halances tests at & series of tamperatures.

Fig. 3 4is a graph of force wversus time Zfor wetting
balance tests illustrating practice of this invention.

Tig. 4 illustrates semi-schematically and in partial
rrangverse croSs section, an exemplary scldering apparatus
which may be used in practice of this invention.

Fige., 5 and & are metallographic crogs ssctions of

solder joints.

DESCRIPTION

This inventicon comprises & Drocess Dy wiaich molten
solder is purified in-situ, making the gsoldering DIOCESE
more efficient and yvielding better results, particularty for

lead-fraze soldering. Lead-fzree sclder bscomes practical for

Q
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H
8
i
0
I
£

use since tThe tamperaturs for reliable solderin
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The description commences with an outline of an easily understood exanpl e
of a soldering process with details and 15 variations, as appropri ate,
added |l ater. Wave soldering is convenient as a way of describing the

subj ect matter. Thus, in its sinplest form an active additive is
added to the nolten solder in a wave sol dering apparatus. The active
additive is an organic liquid_ of |ower densit¥ 20 than sol der and auickly
spreads acrossrat 3 eaBt 2 HeT ¥ po¥BWP GHFFE cenPtsuFFECE16R t e notten sol der
bath. Metal,gxisde dross f.0&aLion degieases 1gndakkeadyntolaed gt ass on the
surface is colTected ina darkening Tiquid that appears to include active
addi ti ve meidkegssi apladeed Wethl oxrdas Mekal SESCEKEEEs iRFIIRESnol ¥€n sol der
are promply, ssavended.hen dhe active addidd ved s,added Lo thebath. The

resul ting cleansed or purrfied sol ath has Towered viscosity, and

sur pri si ngiigitiatd omsmpelsabl e suiter.gloi nhstt sdrershorgedreitall onprds

tenperatuces than previously -believed feasihl e w th _3Q vent i ona

| ead- f r ee "SO1 d&F> é&fﬁﬂﬁg ¥ ot ﬁ€%§ug§d%“%fﬁrsaﬁe%?EVéﬁﬁg%égn%ﬁg %%eansed
nol t en nethk wets, sohatl sifdécceslvobizessagered inpre refifrest reekithan does
metal which still contains netal oxides. . Sufficient gctive pdditive is put
onto the BatFGFT0t e s81Fer®t o-For Ma 1'ay®r” across t he exposed qui escent
surface okssohdestd Nokhezpet izt dpparatose stehzas ikl |dist risded | nTheg. 4.
Preferably a sufficjent anmpunt. of 5 the five additive is added.to provide
a | ayer oRCERES QST sERP SFPEAE batBthatSm | F 18T Feast a ful l
shift. of a-wapkaday, ©fmat | eaghidOury hours Saat-bat aMBi Ahnanes: i snnot
required nore often_than that. A printed circuit board (or_other object to
be soIderéﬁFaﬁécbﬁﬁéﬁﬁP1§0“ﬁﬁPo”@gﬁPﬁé%l%FtﬁﬂgﬂoFe£§?9§%%ﬁWé&€ &F%t he

nol ten sol der so that solder wets netal surfaces on the board and
conponents, and flows to fill plated-through holes, secure electrical

| eads, cover contact pads, etc. In a wave sol dering apparatus, the PC board
contacts the tow of the wave of 15 nolten sol der punped from near the
bottom of the bath. Additive may not be Present on the dynam c surface of
the wave or in a turbulent area where the wave falls into the bath, but the
active additive enhances sol dering by scavenging netal oxide fromthe main
vol une of the bath. 20 Preferably, the ambunt of additive is sufficient to
pronptly assimlate netal oxide fromthe surface of the bath. Preferably
one forns a layer with a thickness of as nuch as three mllinmeters, or even
nore, on at |least a portion of the surface of the nolten solder. Such a
thick 25 layer is desirable since it can remain effective at |east four
hours and ordinarily at least a full day before the bath should be cl eaned.
A thinner layer may be suitable when the apparatus is operated for shorter
periods. Preferably, enough additive is used to maintain a licuid 30 |ayer
whi ch has assimlated netal oxide rather than all ow ng solid-appearing
dross to accunul ate on the surface. O her conventional aspects of the
sol deri ng process need not be described, such as, for exanple: application
of

ba



flux to the PC board before soldering, use of a hot air knife or the |ike
for renoving excess solder, or any desired Prior or subsequent cleaning
consi dered desirable for such a PC board. Exanples of sol dering other

obj ects besides PC 5 boards need not be descri bed Resi duesof additive
ado not appear to remain on PC boards to which sol der has been applied from
a bath on which diner acid, for exanple, has been added. Benign solvents
for cleani pgoany. suelrboesldiesne@XdSdunSUEUEAS alsSQnPEORYhe10: &l £0hgl. and
aqueous sol ution Cﬁnt ai ni ng s(#'raf actants, for exanple Toluene i's effective
for di ssol ¥Fhg BhdrenBiFhG orTer acid, which is a presently preferred
active additivealthoughA lieN@raekdafi®s a: b ghs MRl ecalt ar, wel ght \di- carboxylic
acid which_is liauid(typically viscous at room 15 tenperature), stable and
resi stant t8ShrgfPe tUr ePe 1Reths  grEducRRSHyRQ meEEty dlhaon i6f is

unsat urat edcg@hlsat geAat ednf atiby ack at 1phd- mligeul e ang, ofég%rcl tﬁai ns 36
carbons. (For exanple, a triner acid which contains three carboXyl groups
and 54 car BGhSIEETal of6Es. 2A tEtawee "of adthioriteer g0adum ity adegt-adeE.ns W th
about 36 t ekahi £&) hons oW hes eauyak aptey) Faliy 1acids are commosed of a
chain of aliphatic groups containing from4 to as many as 30 car bon at ons
(al t hough E&nfRY citkiPlty uSefif MasEguacies fmwevupatoe?? scapbohodt arfs) and

charact eri zedofyrad d LN -CAr ROXY] - 25, groun, - . L0g; generic foi mla
for all ca[__boxylli:c aci ds al?ove ace%gl' clg%slgcfo#ga %fﬁ(fb%afl}ﬁe ¢&r bon
at om célint TPicltles thed. CeDEafreour]l that Fatbyracidisramydbe satskeat ed or

unsat ur at eggsip SOME, CASES t y diners of m xed saturated and
unsat ur at edaSOQf atty a?ﬁ? é%n%daér%y agzgc% urated f gfjt“yéaci‘“?(i’é‘EL néPide™pal i ti ¢

acid (016) carBideess istagdied (018). Unsaturated fatty acids are usually

veget abl e- deri ved, aad. comrise aliphatic chains usual containing 16, 16
or 20 carbon a?lgem w%%"rgt%rh*é}%cﬁa%%né?grelsswéﬁeﬁa SPbﬂbnngﬂ@nA%?Fngi he

understood example of &z goldering process with details and
15  wvariations, as appropriate, added later. Wave soldering is
convenient as a way of describing the subject mathter,

Thus, in its simplest form, an active additive ig
added to the molten solder in a2 wave soldering apparatus.

The active additive is an organic liguid of lower density
20 than solder and guickly spresmds across a: least the exposed

guiescent surface of the molten solder bath. Metal oxide
dross formation decreases and already formed dross on the
surface is collscted in a darkening liguid that appears to

include active additive and assimilated metal oxide., Meta

[

25 oxides in the molten sclder are promptly scavenged when ths

active additive is added +o *he bath. The resulting
cleansed or purified solder kath has lcwered. viscosity, and
surprisingly, allows reliable solder joints to be fermed at
lower temperatures than previously believed feasible with
30 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 mecal which still

contains metal oxides.



nost conmmon unsaturated acids are oleic acid, linoleic acid and linolenic
acid, all CL8.Saturated fatty acids are Preferred in practice of this
invention. They are nore 5 stable at el evated tenperature than unsaturated
fatty acids with appreci abl e double bonds. Aromatic fatty acids are al so
known, for exanple phenyl-stearic, abietic acid and other fatty acids
derived fromrosin. Rosin acids conprise 020 nononers and may contain a
phenant hrene rigig={&; G 19-8bhet ingsandRi N i guaCidisde  Bhaerszgongai ni ng
phenyl rings are quite acceptable when the rings are linked (if nore than
one is i numplshecollprssPelfprat 20REYESr RETOSE (gt FTRHOSRB| SULPECHAS
"flexibiligty'-_ Phenyl i ar e, ef tiyely ftlat st tozforma
mononol ecuslt%br“aﬁel mré%n rsrgltc)> tg%ﬁ 1§nsoFggr.¥$’ﬁe %bon&t%?grg?%%r gﬁﬁﬁs ?régy al so
be nore therivadthptsfabbe figan i m Paeiewaion AusbéEialephatirevdi néf aci ds
The digers.(and.hjgheq giiapmens) Oladdtly 36lHS Ay, DY geberd, Obuki ke
fatty &acids or "copolyners of different fatty acids. This can be seen from
t he mass specisemet enraacd ysi 20 eticoiposivtlonlatt one lemwaweecifalligr ade of
“diner acigd'. found useful. i act]ce of S in i S farth in
Tabl es | t%hﬁ“l , °the' nglgzr:r}ér %5 i’d"g%/va%“f oa%%éfo hégg%o%“é%%%% ne?,a“about 6%

mononer (fmtintacinds) iandob%d¢qiimerd asixéd. cFhencohmer that | y 2awaiiidstie
mononeric fatty.

on the. souF SE U T Tt BT aT 8 Theobt Bbbr 1 of OO AFFa enE AuTitbr boent
di f f ers; asihed veaiteacenulk atllegpEanutswiflacepalinche molten sclder so
. that solder wets metal surfaces on the board and components,

and flows to fill plated-through holes, secure electrical

isads, cover contact pads, etc. Iin & wave soldering

apparatus, the PC board comtacts the top of the wave of

[
[#3]

molten solder pumped Irom near the bottom o©f the bath,

additive may not be present on the dynamic surface of th

®

wave or in & turbulent area where the wave falls into the
bath, but the active additive enhances soldering D
scavenging metal oxide from the main volume of the bath.

20 Preferably, the amount of additive is suificient to
promptly assimilate metal oxide from the surfiace oI the
bath. Preferably one forms & laver with & thickness oI as
much as three millimeters, or even more, on at least &
portion of the surface of the molten solder. Such a thick

25 layer is desirable gince it can remain eifective at least
four hours and ordinarily at least a full day before the
bath sghould bse cleaned. A thinner layver may be sguitable
when the apparatus 18 operated for shorter periods.
Preferably, enough additive is used to maintain a liguid

30 laver which hag assimilated metal oxide rather than allowing
solid-appearing dross to accumulate on the surface.

Other conventiconal aspects of the soldering procsss

need not be described, such as, for example: application of



oil, olive oil, corn oil, safflower oil, tuna oil, rapeseed o041, tall oil,
distilled tall oil, oils frommarine sources, 30 etc. Such oils nay be

bl ended for still further variations The dinerized nol ecul es may have
consi derabl e variation due to source of fatty acid and/ or polynerizing
paraneters. For exanple, one mi ght consider a dinmer as an X-shaped
structure of four aliphatic chains with primary hetero atons or reactive

end groups:0ixORE @heNTice WhatdenehdAS colReFEndBY R V& | QUEICkengths of
all four chains dependlng on where the source materials |inked. The typical
two - COOH SRdEgroufecontiedifer F ey E- RS HE B SHESENdST ofadfRT e chai ns

or on the epdsrof; aRPRELLEnENAL BSnidhe-hal O At B ahnl hergnds,of chains
may be the sane or different, and although two is typical, there may be one

or nore acEfv&cand- gr SEFEPRST Mdi VAGHATIME tthiess . CHRTIS b isies Feat X
such aszm ght,-Be fumndknLang8s9-1supstituted 018 al kane, the side chains
on a 018 chain mght not he directly opposite, but may be found at

essenti al | y anyR¢sidassoncal 6RGLS4ER Achabh. aPReETex@plrenash deTchési ns

m ght be at,Regktions31andi1ke, Qbs3,800 opPleAlAMA 2% 152 HRLh

conbi nation.) The hetero atons may be essentially along the I'ength of such
a chain i nstizgd efidt fhe emdrofea carbdresthagdrdedAl soBenbtnakbluwehiecul es in

a mxture nged él%a?&néh%n%za”&%drgﬁaﬁgéy Q8ver angy, Thus, 3_Brgad variety
of dinmers, trinmers and higher
10  aleohol and agueoug sgolutions containing surfactants, for
example. Toluene is effective Tor dissolving and removing
dimer acid, which is & presently preferred active additive.
A dimer acid ig a high molecular weight di-carboxylic
acid which ig Ticguid {tvpically  viscous as TOOm
15 temperature), stable and resigtant to high temperatures. It

ig produced by dimerization of unsaturated or saturated

fatty acids at mid-molecule and often contains 3¢ carbons.

(For example, a trimer acid wihich contains three carboxyl

groups and 54 carbons i1g analogous. A trimer of shorter

20 Zatty acid chains with zbout 36 total carbons would be

equivalent.}' Fatty acids are composged of a chain of

aliphatic groups containing from 4 to az many as 30 carbon

atoms {although commercially useful fatty acids have up o

22 carpon atoms) and characterized by a terminal carboxyl

25 group, -CO0H. The generic formula for all carboxvlic acids

above acetic acid is CH; (CH»)CO00H. The carbon satom count
includes the -COQH groun.

Fatty acids mayv be saturated or umsaturated. In some

cases there may be dimers of mixed saturated and unsaturated

30 fatty acids. Exemplary saturated £fatty acids include

palmicic acid (Cle} and stearic acid (C1l8). Unsaturated

fatty acids are usually vegetable-derived and comprise

aliphatic chains usually containing 16, 18 or 20 carbon



20 polynmers can be made depending on the raw nmaterial nononers and the

pol yneri zati on conditions and/or catal yst. For exanple, just one

manuf act urer of commercial Ramer acids" offers about two dozen different
grades, and there are nunerous manufacturers annually produci ng about 235
mllion 25 pounds of such Products. Many of these dinmer acids include
varyi ng proportions of nononer, dinmer and trinmer. Mst are nade fromtall
oi | feedstocks, but other fatty acid sources are al reval .

Conmer ci al Ty altdbl & 8i FaF 2T e Tray” h%z%/cg fé‘g‘% §§8%1?‘ner %m%lgge.ﬁhedi mers
wher e t he #we: f eddnpracindetare-64f beid@nt ateonleachaotdier jimvikicheredmay be
m xes of saturated.and unsaturat.ed ty agids ich_.a di_nerized. Since
di meri zat i %goédﬁf’%e%?caagilfle o%ﬁunég%iurat ?)‘ﬁ?ra\él\{]ea#t fﬁﬁ{ég i O “Funsat ur at ed
fatty aci dgrabyr-r@8Uld pirathecpr effertidssamveatedndi merBey ars dexenpl ary
comrercially available di r%' acids and trimer acids_i Q%%ug?g VER13, AVER17,
AVERLS and SA¥RRL 22vat FHHiS S TRSTeASE CREM S3P>Yh3n Bop ¥ chun
City, Ji ang;m:hPra%\pira@gabﬁli AaibCeNtdrksl 156 arbRbayse fhtsyvUnidyire 4y

Uni dyne 14R, Unidyne 18, Uni dyne 22, Unidyne 27, Uniagxrre,gS, U%'i%r% 40,
Uni dyme 602L8Ri dEifmM 9EOTUn FAFHR T4 P5:S0UAT By RET M 35 2PURTU§ me k% 727%Uni dyne
T-16, and Upindyme, =22 avai | adierek0 shram-Aydizona Rekern eak aGoapapy:ef Dover,
Chi o and Pi cayune, ssi ssippi; Enpol 1008, Ropol 1018, Enpol 1022, Enpol
1040 and EfBSl DOBZexfai R8BI T ofPEOGAPSs & SHFREFCBF AR niafis, hRio and
Kankakeg, I|ddiishokSsn Mgt VAGITC 158ne il G5 iBEE $8@nyDTE: 495, DIC
275, DTC 295, DTC 595, and SCTO 15 avail abl e from MeadWest vaco of Stanford,
Connect i cutarsa Wi feraeesrt-alden e d4s TPRES 0B i ©HSS 8¢ FOTS0% e r er
acid, 10 t.%%o%.érﬁﬂera aghd.and. a g@%&g{émacﬁ 5% mepofe: agi d-gyai kabl e from
Samwo O | em cal Co of Yangjugun, RYE, Korea; products from Resol ution
Per f aLmanc enddesgidet $12520" Pakeland SvFl or | ey | 8éR91066e RIIF5C11669,

Pri Pol 1013; Pri 17 ;a‘?g Prip 2033 ' L from Uni ae ef..London,
Engl and andfﬁ’a“l n%%gtng)a%, ’ awaFée; Qlﬁﬁgﬁol’é\ f%%%?‘lo%%ﬁg%gioﬂ%p;@%g%olm%, Enpol
1018, Egpolsdi0R2,. Efpel at6@4;iEnpoler] (O dsamdyErpod 204100 dillaaisizé ¥ r om
Brown Chem cal. .Co. i i - eaterson, . .Jersey.. sPacific D nmer
Aci d from Pacitic %%%x?grgb?%%eﬁgbﬁr%g%mgf i C l?r%ng? J“g%o%)r&l";dgénd vari ous
di ner aci d produmttes dimens i any oul dreductisraferid) anfi At Ehi aataKadiva b€onpany
Limted of angsha, .Chi na;__and _Zhejiang Yongzali Chepi cal-industyy Co. of
Zhej i ang, 30-CH ha- THI'S Iﬁaézt%yi §n6t bai icgyggy{%ﬁ“%eg'éo%ﬁ‘é%‘é%%i v‘e%é d ot her
di ner aci dsaangke i heriskeafBypebeeeonichal tiye avaid abpleettromthese orsist her
vendor s, _ |n addition to dicarboxylic diner agids, nucleophilic or

el ect r ophi | Pt %%cﬁltt&ﬂnoﬁsg PBF £R ?‘*‘C‘f%%i g??ﬁi% Op're? d%@,““nﬁ?&gl SO Be

equi val ent . »Sere. aceephallg endogr aps mMghéntiatn be censider eédrta he

el ectrophilic or nucleophilic in 5 strictest chenical terps but are still
capabl e of EBRPEEXT N of T ¥ or'iithg T c Arifentefe g™ FafPvET BBRYs %’“t h
metal oxi deginEOr MHROTARS mhohbiS (8PPt catidan shehsend-ghetpscial.e
considered within the scope of unucl eophilic and/or electrophjlic". For
exanpl e, ot her a’@a@tp‘gz@@egwliyseavallaole monomeric fatty acids used

25  +p make dimers can vary appreciably depending on the source
¢f raw materials. The wproportions of different acids
present differs as bstween coconut oil, peanut oll, palm
oil, oliwve oil, corm oil, safflower oil, tung oil, rapeseed
oil, tall oil, distilled tall oil, oils from marine sources,

30 etc. Such cils 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 X-shaped



10 am nes, al cohols/ thiols, Phosphenes, and am des, as diners and/or
trimers. Other additives may be suitable if they do not disassociate at the
tenperature of the nolten solder bath conprise esters, anhydrides, imdes,

| actones and | ecterns. (For exanple, ERISYS GS-120, a glycidyl ester of 15
linoleic acid diner, available from Specialty Chem cals Inc. of Morestown,

New Jersey.) Thus, the additive may conprise the hydrocarbon noiety
of a diner_and/or trine acid and at_.l east _aone. i

% r f.at t | eas %C|SOQE{) c or
el ect r ophiSiFESGFOTP - uhe aﬁya %br bOREZ0® bt ety TE s “pref erabr e t hat
there are mat rieea&hvév\amﬁu@&cﬁmzhlm @n@’ el eeireopli Ithe gheups. antheoy e
speci ficall hat the grou are_car Far. practice of this
i nvent i on,m%’t Eziesvé’éhg’il%e*r sclbﬁaf) dia gﬁﬁd?la?’lrtsr ﬁ%gresn%’&fl f &t't yﬁ‘ajé? ds

havi ng at ﬂ.‘:%aSan@&@tmaEeﬁﬁmx)nlmm. (08¥n€anvbecusedwel nstead eﬁda di ner
of

fatty

aci d wPt h BEORE ©8 BafHBW ATTs™ ¥ PR fBr TBF FIDWRT HOAEEHCaF“ReTght fatty
aci d may hewerPrapRerdndes osUbbb6t 1 | dhngidd | arTio redliReracaakdatothe used as
an additive on a solder bath. 30The active additive need not agp és have a
hydr ocar bo#Hoi &t yc%%?rfses“ﬁ@hd‘?%gt}ﬂ% FEENEF - FEEEY CacEd Her wor ds,
an approprigt %@d%a.dég | $HAReOREANLE NRILGH SnoMet f&c&lkhédre@@arg%nuﬁm ety,
and functional group(s) mhlch are nucleophilic or electrophilic to capture
tin oxide %dﬁﬁ%—‘fétdhéﬁ BX+¥E 5= metal in the bath. For exanple, a |ong

chai n fyydrocar bop-Rreler abhtasakuated) Spliidh-near e cend wrtky,a- There
are properties of the active additive to the

substituted C18 alkane, the side chains on a CLlE chain might
not be directly opposite, but may be Ifound at essentially
any location along such a chain. {For examples, side chains

might be at positions 3 and 1Z, or 3 and 9, or aimost any

oy
un

other combination.) The hetero atoms may be egsentially
along the length of such a chain instead o at the end o
carbon chain. Also, not zll molecules in a2 mixture need to
be the same and probably never are
Thus, & broad wvariety of dimers, Gtrimers and hidgher
20 polymers can be made depending on the raw material monoOmers
and the polvmerization conditions and/or catalyst. For -
example, Jjust one manufacturer of commercial “dimer acids”®
offers about two dozen different grades, and there are
numercus menufacturers annually producing about 237 million
25 pounds of such products. Many of these dimer acids inciude
varying proportions of monomer, dimer and Ttrimer. Most are
made from tall oil feedstocks, but obher fatty acid sources
are also prevalent.
Commercially available dimer acids may have mixed
30 dimers, i.e., dimers where the twe fatty acids are different
from each other, and there may be mixes of saturated and
umsaturated fatty acids which are dimerized. Since

dimerization occurs at & site of unsaturation, starting with

10



sol der bath that are inportant for comrercial applications. For exanple,
the additive is liauid at the tenperature of nolten solder in the bath, and
has sufficient stability 10 agai nst oxidation and sufficiently | ow vapor
pressure to remain as an active liquid |layer on the bath of nolten sol der,
preferably for at |east four hours and even better, preferably remain
effective for at least a full work shift and nore preferably about one day.
Pr 4. 4or abl }Sﬁt he laver of active additive effectively bars oxygen in air
from r eachFRF2SH R aufBsdenttSHs ade2nf FR8LSo| dek. Feei spapierwrssirabl e
that the addiik-¥e=Hes3i=corrosi ve, non-conductive and non-hydrophilic so
that there is no detrinment in the event of residue of additive on a PC
board or other BBPERIESH|ISPEFEHCLE;HE et VALl Wokh g Goimer ehdl tyimarmi | abl e
dimer aci dsc2gcandianabl ek aci dysand otpiasui 20! gvined egpbi | Lore and/ or
el ectrophilic-group containing nolecules is quite [arge and the nunber of
possi bi Pi t iFE&™W A FREVSEepe Biardet | Geornddiafi vEsehits @ven | dhgepli t here
is sone praehakihi that t.herg,a subst ances .w.th s : e operties
which 30 wi |l r%?gze ultriay e? e?%ﬁe%géﬁesgﬁl%f aﬁg’Et ﬁje%ltg?%%e g%’t be

sui t abl e f&rigivaet &R, dfnidyms LAveHridome 22, Wordwsear®)l e Unadginet 3Dnary
definition ol Akl Yoackd: 8068 SOWNHO HnEAMRON 3LQABLLN)MLRE MRNOREL. A

di ner of this _ e
M-35, Unidyme T-17, Unidyme "I-18, and Unidyme T-22 available

10 from Arizona Chemical Company of Dover, Ohio and Picayune,

Mississippi; Empol 1008, Empol 1018, Empol 1022, =Zmpol 1040

and Empol 1062 available from Cognis Group of Cincinnati,

Ohio and Kankakee, Illinois; MeadWestvacc DTC 155, DTC i75,

DTC 180, DTC 185, DTC 275, DTC 293, DTC 35925, and 38070

15 available from MeadWestvaco of Stamford, Commecticub: a

dimer acid idantified as PM200 which is 80 t©o 90% dimer

acid, 10 to 20% trimer acid and a maximum of 5% monomer acid

available £rom Samwoc Oil Chemical Co of Yangjugun, KYE,

Rores; products from Resclution Performance Products,

20  lakeland, Florida; Pripol 100&, Pripol 1008, Pripol 1013,
Pripel 1017 and Pripol 2023 availsble Ffrom Unigems of

London, England and Wilmington, Delaware:; Empol 1010, Empol
1014, Empol 1016, Empol 1018, =mpol 1022, Empol 1024, Empel
1040, and FEmpol 1041 availilable from Brown Chemical Zo.
25 {distributor) of Paterson, New Jersey; Pacific Dimer Aacid
from Pacific Epoxy Polymers, Inc., of Richmond, Missouri:

and wvarious dimer acid products from Lianvou DProducts of

Hianjin, China; Rodia Company Limited of Changsha, Chine;
and Zhejiang Yongzal Chemical Industry Co. of Zhejiang,
30 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.

11



mat eri al woul d probably be inappropriate for any of a nunber of reasons.
For exanple, it may have a vapor pressure that is too high (or boiling
point that is too low), so that it could not be used on a nolten sol der
bath; it nmay have a 5 flash point that is too | ow for use on a solder bath
at 260C, etc. A higher oligpnmer of such short chain fatty acids, m ght,
however, be suitable. Failure to have sone of the properties nentioned
above may readily imnate s ndi dat e nateri al. 10Fo tun t t here
o qur ek, oady 2REPhERoERe UG- E BRI FoF  SRPERNITG A o AMA-AHPELLY | ve

addi tive nat meaitrb@baym dsdhosadhahsaarerunsd t-abbe. gebaar | yerose, skill ed
in the art can elimnate s subst ances by si knOMAn sone . of the
physi cal 6?%be?¥$%ébesﬁ%ﬁr§£EVV§cos$??e @&ESPtggl%rﬁgguPE “Boi FHAE poi nt

flash poi Mor oxkdabhenastadi bbt e edTecSaiphicandi gat ausubstilces my
remain, where it is uncertaln whet her they will work well. Those can be

found By & SCreERitnGRERstel Pl e ibr &7 ﬁél‘-él NESPHR % s HESEX LRt Pass

the screeniig ﬁ&%&ngn%&&d&aﬁ%t‘ WoE Kg . buia@ike)20pRaks COMBY Chalthy
practical because of the need to operate for |onger periods of time at high

t enper at ur@i%Ssve nEPer PEATRORHEYr Gtle “Rofe FPRPILERTIPhafU6EhERS SFFYRAY not be

deemed comed Cicahkyadsabl Gicahbhough qpepabl & Hhecsergrning esl/cks
sinple. Solder flowis started 25 in an apparatus such as a wave sol dering

appar at us aFRFTIFPELSR" of sol He¥ GheElmicd. ABwal RAGABLFES of “¥HE i6&ndi dat e
subst ance Lz:.added qnio-the.gobder Dath.nWen a.candidale subst:ance is

operable, there is a pronpt visually discernable change in the flow

char act er i ardbar dfrimers30 Sshdsr adcff 'é“S“@#é dedy | e astivirielre Al Wwer da weir or
through a shot 3agabs: MOl eaf| Wl aSnll-dBle Ls antediieliaan ddhse.
viscosity.lrregularities in the surface the wave di m ni sh. Dross on the

surface ofbehe sobmiwrisseemstess. cortlmedridesone lmidaSﬁeWﬂemm ofnds| udge,
w th ot her of S of S r VI ont

floating dr%ég ecomt(ﬂcg sﬁf‘%ﬁnd Ec Je%‘;l O%% d?aos éy% sasgdpear as it is
assi mlat edlibyléehe alamﬁucxin&ddl eveeladhe ::t’:angiszsecmaghy Beeguemis fired, but
that is not fn}%ces foE\T sc&eenl ng, Only a small anmount of material needs
to be added (o) ﬁf??Yllters or less in a typical small wave
sol dering apparahiis, tﬂa@rmmawa S U ad dmyprdisec efhrablve-ehapgen andi¢:0- obt ain

ood sol deri n 10. characteristics fromthe bath.. Lar nts nma
Sodod” Tor B aRaTITR | BROLT® 6P ATEt abr 1157 0r Tk aHi: Poe RS eStl ten

sol der bat Bucleophi ASUrgs i siirgtresultiof gechimg @n atid vevaddehivento the
surfacgpof a sol der bath in wave soI der. ng gﬁarat us is_an 15 al npst

i medi 4fe PEGECYIon H viScEEEETTEPL ‘Fhe“f??m t EASHBL £5° Wien 1578 actve

addi tive | supodbed: 00t 0c2 RAkB-WhbhoUt c agtbugs addit miee adciBybeIW th some
visible dross, the height of the wave pronptly increases. In wave sol dering
appar at us, WRE FBEaFTPERE FTOWETPRES-LRe wave is drawn from

For practice of this invention, 1t i1s considered that

atty acids having at least eight

th

dimers and/or trimers of

25 carbon atoms {C8) can be used. Ingtead of & cimer 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 =z
seolider bath.

30 The active additive need not always have a hydrocarben
moiety corresponding to a2 dimer of fatty acid. In other
words, an appropriate additiwe is an organic molecule with 2

hyvdrocarbon moiety, and functional group(s) which are

12



20 near the bottom of the solder bath, so the floating active additive
liquid is not part of the solder passing through the puns. Wthout change
in punp pressure, there is a quite noticeable change in wave height. A wave
previ ously grazing the bottom of PC boards passed over the wave in
automatic 25 apparatus, may rise enough to now overflow the top of a board,
for exanple. There appears to be solubility or at |east dispersion of
nmetal oxide in nolten netal, such_as. dispersion of tin oxide in tin. It
only takesn%ﬂrs]%%hr—lam)&ﬁ‘t e TRCRP L0k Fd & 30° B EFan §a™t & ke FRGY~ of

nol ten met athedrgn e sHBhbrgONGERHALOMm Of Fabk-gbxaRbIENG: pOiAY smterials in
the nolten_netal may raise the viscosity of the nmetal. An active additive

| aver addeBY TP HEoRt dRTSOPTRI LD AATIEFIES s SPo tsRaFenTee ARF J8HFl ate at

| east sonesofe t Agniretala oxbae-dhirspersed idnddhe-dpliten spldeE, ohhereby
purifying or cleansing th e solder, and lowering the viscosity of the

nol t en Tret 9F . P9 €066uPE BRPI B HE FCSERERYLEI scernabl e 5 change in the
flow characterifid:es bR apiayersobderNg-appayativs upem addi tign «of an
active addit4ve, as well as the inproved wetting by solder on conponents
bei ng sol dépéder bath {haty s APIcAt§rsi £@at icormezchay errpliextiwisdr oss was
al  oned torgecumuate oppih tface; of - I . ma!lfli? LQuer-ci al
wave sol defiaﬁg appair%'t ugh%pgggge%@éfzo%gt Ff?"ggggi gtt %%%r“s |%l%st% The “sol der
pot had a B@ifekesatéar ofitabbe F@tby land ndlses f@Biici3Bcnftéamclidi ng t he
area ofnpth - : of_.the. sur e ~haqui.escent .in that
't has hot Parthe Ploarng uaves Abat IS0 re 200 miiar<a HiserTs Wi d
active addreigenwas atdedctdvehdiappdr ataisemndaf oredbathaydr thxterappear ed
to be abou i Ck.Fl i.ng . dr was Largel. imlated into the
liocuid Iailsé)?aé\nrm%}nﬁa outlyg%ﬁjgln “m'l%%t%é’. “%&Fp%%gl‘%g%%,a alter“two or three
m nut es, viaschsilty dafy.20 tfikel ianhidenmetdldipunpedihatwidshe amaveraapeared to
be decreased since the wave hei ght was noticeably increased as_conpared
with wave ﬁgﬁtﬁh%dbef l&‘?“%vjt% acci%ve aadi t Ve ayé%‘%?pfldiﬁrred.aﬁ’ﬁ( “is
regar ded aslievidence thandetaluoexkte hssbehagiscavenged dazeembezsm®l t en
met al . The&aiippag tus was .25 operated with PC boards passed across_the wave
and sol der &FFBr-anot M&T 34 houfs. *FiET aJRT WES2thei dark (Fathef™t i ke
Chocol at e) rardegapIy] -but 15t bffeeffectise dor1asst nkl ati ngwbekaknoxi de. The
vol ume of the |ayer had increased about 50 to 100% fromits original

: and more prerer ; t = . Preferably t er oI

t hi ckness. preraeraply out one day arably the laysr oI
active additive effectively bars oxygen in air from reaching

20 the guiescent surface of the solder. It is alsc degirable

that the additive be ncon-corrosive, non-contuctive and non-

hydrophilic so that fhere ig noe detriment in the event of
residue of additive on & PC board or other cbiect scldersd.

Since the number of commercially availlable dimer acids

25  and/or trimer aclids and other suitable nuclecophilic- and/or

electrophilic-group containing molecules is guite large an

[l

the number of possibilities within the scope of ‘“active

additives” is even larger, there ig some probability that

there are substances with some of these properties which

30 will not be fully effective asz described, and therefors not
be suitable for practice of this inventiom.

For example, & dictionary definition of fatity acid goes

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

i3



30Thus, an aspect of this process is reducing viscosity and inproving
Purity- of a solder bath by adding a stable

| i qui dacti veadditivew t hnucl eophilicand/or El ectrophilic end group(s) that
scavenge oxides fromthe nolten solder. A preferred nucl eophilic end group
is -COOK. By reducing viscosity by cleansing or purifying the bath of netal
oxi des, |ower soldering tenperatures can be used. Further, netal oxide is
assimlated in the liquid active 5 additive layer. It is of particular

si gni fi canesdetakl S@auRa ghRghadMiabeoxndepkrem bbe bat hgf J10lst enmpet al
enhances wetting of solid (e.g. copper) surfaces to be sol dered. One

sur pri si ng GspectsoB -t hif8%i ﬁ??g’?ﬁ”r%n 3% ERat R A0V ETRSTRE Satt M ki ch
reliable sadeiditilakesmPlate intt Bot @adthkee 1gokder 1akd Qysosushcas:
tin-silver and tin-silver base alloys has been reduced to no npre than
260C. Thus,® SAUEPT NPT 0ERsE TBrpTTs kR dedtithig - PEEHoBRUSof t he

l'i ke tosbe malgderes W t bna®l Lencsel defy atod LEEPRALAr 8o08ed SpAOr MREE than
260C. This occurs when an active additive has been applied to the surface
of the nol tET$Gl d¥¥C - Cofpdtdhies jBitRTomes def i AESheSPABE| iCBpifr GRtaY bat h

W thout thes@acid veaddi t h¥GetLqUIdL S A J8TRer akik €,bL 0herd-han L2806 _
20Wetting bal ance tests show the effectiveness of an active additive which
scavenges OXiHeBrPPofTitRe WERBICTHY \iBPeTagmel |eadifveeldstiaareorromdpper .
In a pair ofad®si-Se gaupRonsiwere immersed in SAC 305 alloy solder at 235C,
and in neither case was there any wetting after eight seconds in 25 the

sol der ¥ot. Fi g.Forqupagegraphi-istef orte avetrabsht i meskr amd hesemastige One
coupon had Lgh Li. er abhoutseight seconds...ln. ef . A2his was
non- wet t i ng.%étg Eoyc\ﬁ%bbﬁgn%teér eEE al'so |dﬁ%€r séea“"g‘t&Z @c‘l‘fg’? arIn‘ad' ¢, >
respecti vel gyohdthbosethast srar ensli gsbiat ed dieafie, grayh B0 idfedFiig. 2.

The coupon | ed, at . tarded poor .wetting (after about four
seconds) . Théﬂ%rg%épbﬁc%t %é%‘@%g% Oé%o%vu%%%a}rp‘ﬁest tblyngS " a]g“ ter“abomt 105
seconds). Thef the ophysical properties, such as viscosity, Vvapor

13  pressure, boiling point, flash point, owxidation stabilizy,

etc, Some candidate substances may remain, whers it is
uncertain whether theyv will work well. These can bhe found
by a screening test. Furthermors, there mav be substances

that pass the ser

%
5]
i
o
Q

test and de in fact work, but ars

20 not commercially practical because of the :ieed Lo operats

for longer periods of time at high temperature. Soms

materials degrade more rapidly than others andé may no:t be
deemed commercially usable, although oparable.

The screening test is simple. Solder flow is star:zed

25 in an apparatus such as & wave scldering apparatus and the

fiow of soclder ohsarved. 2 small amount of the candidate
substance is added onto the golder bath. When a candidace
substance is operable, there ig & prompet visuaelly

discernable c¢hanges in the Iflow characteristics of <the
30 solder. The solder in a "wateriall® over =z weir or through
a slot appears more fluid, asg i1f there i1 a reduction in

viscogity. Irreguliarities in the surface o

Ih

the wave

diminish. Dross on the surface of the splder seems to

14



coupon at 265 showed good wetting (at |ess than 3/4 second), There was no
additive on the bath during these tests. About two fluid m nces (about 60
m ) of diner acid was added to the solder Pot and allowed to spread to the
edges. 5 Wien pushed away with a bl ade, about 1/3 of the surface of the

nol ten sol der had a |layer of dimer acid with a thickness estimted as about
6 nan.. No visible diner acid was in the region where the coupons were

i mrer sed. There was no visible dross on the _surface. Three test coupons were
10 i mrer se@CRRECT T (Bst® th7aT EoHaST§osd RebEFRg YttRIBESEFFS is a

graph illugtrating.these sesuld ssoifmach SamlRsiy contgashed theazeio force
axi s at about 0.3 seconds and was_fully wetted In_no nore than 3/4 second.

After di meErastdbapemdphaf ey ARG eHrfedl f r ofiftHe FBPSanEadr 653835RE al | owed
to fo, coupans.shawed Shgnhtbgani! yneetadad Weidingat 2390 Jhedgmas no
wetting before was found
5 might be cquantified, ©but that 1is mnot necessary for
sCreening. Onily & small amount of materisl needs to be
added, i.e., 50 to 100 milliliters or lesg in a typical
small wave soldering apparatus to produce & visually
discernable changs and to chtain good soldering
10 characteristics from the bath. Largsr amounts may be added
for evaluating longer ternm stability of the additive on the
molten solder bath.

A surprising result of a2dding an active additive to the
surface of a solder bath in wave soldering zpparatusg is an

15 almost immediate reduction in viscosity of the melten metal.
When the active additive 4is poured onto & bath wilithout
active additive, and mavbe with some visikble dross, Ths
height of the wave promptly increassas. In wave goldering
apparatus, the metzl that flows into the wave is drawn from

20 mnear the bottom of the solder bath, s¢ the floating activs
additive liguid is mnot part of the solder passing through
the pump. Without change in pump pressure, there is a guite
noticeable change in wave height. A wave previously grazing
the bottom of PC boards passed over the wave in automatic

25 apparatus, may rise &nough Lo now overilow The top of =&
board, for example.

There appearsg to bs sclubility or at least dispersion
of metal oxide in molten metal, such as dispersion of tin
oxide in tin. It only takes =z small amount of metal oxide

30 to change the rheclogy of molten metal. Even =z small
concentration of high melting point materials in the molten
metal may raise the wviscosity of the metal. an active

additive laver added te a molten solder bath appears to

15



about two seconds on any of three coupons. Reasonabl e wettingafter about
four seconds. Remarkably, the appearance of a solder joint surface is 20
changed by floating a | ayer of active additive on the surface of the sol der
bath in wave sol dering apparatus or the like. A good quality conventi onal
solder joint of lead-tin alloy has a snooth sninv surface, and operators
doi ng soldering rely on that appearance to assess whether there 25 are good
joints. The surface of a |ead-free solder such as a tin-silver-copper alloy
i s typi caldgaveaheando rHEINEARIERY 861 §RATFhy SOBF e R WhERE aﬂe%%%eBFé‘g e joint
has been produced. There.fgay also.pe whaio.seemid-og flaw:li-ngs Okr pat ches
of ordered rpregul arities on the surface. These are subj ective_ 30

observat i onseamfsitige i nEohpeear ande WWeting ethet GRS YedP T babeare
apparent to an experi.encegd, .qpe it-her, w : Qrwth smal |
magni f i cat?%%en et | t %2 %%%E\H fegjﬁgn“' trhatﬁ{h%%%qgggd%&a_ | ead-free
sol der § oi ehad@nned friem dloel tclwaca acsiovesaddt t iBve WRES presiéff 188 t he
surface of _a solder pot generally has_ihe, snpot RNORLextur shikny
appear ancea%?a%a“clﬁn\)%nnl gana “;%Okea%?t?% g(“)f'ggcrg jgg?ﬁtggv%%e%ga%%%lboard i's
sol dered i ana wawereal detiig dppacdtes, cbheottbonenns lfincheBearadi s
brought into contact with .the taop of .the f. sol . N al.der
flows through a-pl&t ed T Siigh Ef%“o‘]“%“?‘r?g“f h\ga\t;%é%d and a lodrég;/q%%%ag%:sn t he
hole to formiawk®i 8t bbaimiliextendshéhsoughctocthecltep &cofe t3malBoar d.
Wien such a solder joint is.made without use of active addifiive Lthe wave
sol derl%ppéf’ﬁ‘f“ﬁ’s’?“tjné?aé’ i HET AR E UBIT & U eorpeeﬁ:cagcaldn B ﬁe“’g%%‘éa?%r}ce of the
joint on theut-ophands bottom siirdeacess Heg surdfacecenathe bdt tomapgear s
snoot her and the surface 15 on the tow of the jaint gcp%)eg; sﬁﬁguvgggg.
However, wh®n HctiiF@eaddicfi ve 1% TWed o 1HeSotter®bat o t g t op° and

bott om sur f:aces are guikhersisi | afe i u-appeanance andgeneralhytsavoith and
shi ny. FurtheLnore, the netallocraphic_appe ce of. such a 20

| ead-free SHISUBOTIIRS RS HePERG HGV6n whePher -3 t"r?/giogog&‘i”t i“ve%i §*Used or
not usgd. ,cig Adthfeshbyerivl hoy sekder cbnehydesp@reuiealta fsembbat upon
solidification froma nelt there is a two phase structure; a hasically tin
phase and alavdivethai choRRERd 250 ( BFobaBPY- an~f nfB net=fi ¢ Conpoaid) .
Copper and ot her addi{ 'ﬁ%@.&/ ald-0wi:Ag- ekemBRLs iRy 1herpreseRteri Rrikaws enough
anounts to remain solubl'e i'n one of these phases or may be present as a

t hi rd phasesbhousuchkadfaiimgtmantiti es and yLain size that they are not
noticeable in a qngni.f %ggl%rogsté@ SRSt bON At 09X i o8, examl cyAcer 0SS
section (etched w TROA S [ufion, for exanple) shows |arge areas of tin
grai ns zhd shal | erqddeassbdl sidwered | éntgr abFpg. wave appsared Lo Dbe

decreased since the wave height was noticeably increased as
compared with wave height before the active addicive layer
was formed. This is regarded as evidence that metal oxide
is being scavenged from the molien metal. The apparatus was

25 operated with PC boards passed across the wave and soldered
for another 24 hours. The laver was then dark (rather like
chooolate) and gummy, put still effective for assimilating
metal oxide. The volume of the laver had increased about 50
to 100% from its original thickness.

30 Thus, an aspect of thig process is reducing viscosity
and improving purity of a soclder bath by adding a stable
liguid active additive with nucleophilic and/cr

electrophilic end group(s) that scavenge oxides from the

16



When the sol der conmes froma bath without an active additive |ayer, the
tin-rich grains tend to be sonewhat el ongated or non-symetrical. Wen the
sol der comes froma bath with an active additive layer, the tin-rich grains
are 5 nore rounded or symmetrical. The differences have not been
gquantified, but are readily observed by an experienced operator. Fig. 5is
a photom crograph illustrating in nmagnified cross section a representative
sol der joint fornmed by wave soldering with | ead free solder froma bath

wi t hout 10 gchesusec0ficd. | ayafraferaehi wocadephi v fdmmtg-goonst heooml t en
solder bath. Fig. 6 is a sim/lar_craqoss section of agregreggntat{:ve sol der
joi nt formey BFRRETSaifeSEoTha i SHFH A%y e POFL4¢EPYe “a0dPE Ve’ | oat i ng
on the nol ty@ns30! deradat hiower JdieRe vigsusbmobseratald oBsnofbd hassdar f ace
and grain structure of solder wi th and wthout use of active. additive in
the processFH@eHaydiFes"°F19% bEhEFSiBrdetean BosetVat +ai-of 26Me"F oi nt or
Cross secti QiuimYcnotagdearlyrtndicake V‘?@z‘:*h&ful@.ﬁ OkRfmVescdrate whih or

wi t hout active 20 additive. An individual joint may be ambi guous, although
ot her ti nesSeAMERIANE NBEER} 0i PELES e‘“ﬁé@gh% dPEER ngRiF sHprotesT8E2wi th and
Wit hout actime,.additjxe.;Wena group Ofe j0i NksphRde hy.-@Recpraaesseare
exam ned, use or non-use can be distinguished. 25An aspect of this

i nvention co®9%Es nminimizing formation of dross on nolten sol der. Wen
mol ten sol der i g,gxposed 40 Al rastdar eqks gxidatin Qb hes mehat . <fbese

oxi des (usually called dross) formon the surface and accunul ate during
oper at i 8% ofempEmIINSUOHS FOLGEr i TR}3G appardeE Nt UBH eSS Ra?eSsolideri ng
machi ne. Thepre:ar e ~ P ogicat.ed, w:th drasss formmtiQn.

Dross can i%té%?fbr&eeswgﬁé%ou%g%%ﬁggiégg%gr ﬁ%\r%egl} Ci (r)%ﬁnit bIgg% dg% For
exanpl e, inbseverblays Usks dpsed treadyeed i bie e | Heprof28HE surfaées to be
sol dered and. res Ln pogr ar i ‘ | Qi s Ihe pRe; f dross is
al so inpli chédsclLH"ﬁé%”r*ln(?Sipr%C% Ssgﬁﬁd%?i%;é%v%%n&ﬂﬁgél y Epa%g Cglcg{:tﬁ cal

| eads or conaAeet konbpadsldbuefhelthone téhesdidss &t i3 aswpsta-wfe tdie

sol der, .and_the netal r ved as.dross _nust be replaced. W.h._| -tin

sol der s>dr §§s™Ps" a“rh%ig‘rﬁ@gds' vvzgs 8 CCOHEE S| sargglfn“&%tehgtd&%\ﬁ“éﬁgg}]aéacti ve
additive | apeeni szpddeddt ota suifeaaceswaffsche mol t erhesol deiteém wavedsol deri ng
10 anteratus, for eXangl e, the formation of drass is dimnished. .The
presence of FTPFFAP0T attTveSHdGFT % oh-strfdces BxXPosdd to al' T ~apparent |y
serves to blwgek akfif4omarackiengrehel vet ala suehpeezantk t herghy | nhibits
oxi dat i on. DerOSOSO that may form on exposed areas of the nolten

20 Wetting balance tests show the effectivensss of an
Caccive additive which scavenges oxides from the metal on
wetting of lead-free solder on copper. In a palr of tests,
coupons were immersed in SAC 305 alloy solder at 235°C, and
in neither case was thers any wetting after eight seconds in

25 the solder pot. Fig. 1 is z graph of Zorce versus time from
these tests. One coupon nad slight wetting after apout
eight seconds. In effect, this was non-wetbing.

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

respectively, and those tests are illustrated in the graph

30 of Fig. 2. The coupon immersed at 245° showed retarded poor
wetting (after about four s=conds). 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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15 sol der surface is assimlated into the active additive |ayer. Dross
formed on a solder bath typically includes netal oxide and entrai ned sol der
metal when the dross forns in absence of an active additive. As nmuch as 3/4
or nore of the dross may be in the form of entrained solder. In 20
practice of this invention, it appears that the netal oxide portion of
dross is retained in the additive layer and netallic portions entrained in
dross (if any) are restored to the bath, so that the total anount of sol der
| ost into ds@ssd)s gremétey wheri nbskhdditbtvedass vt bppeadurhay 4mesgs
appreci abl e anount of unoxidized netal is entrained in the active additive.
Thus, |ess SHider is consuned duri ng sol dering and costs are thereby
reduced since | esgnwaste ESupd oshugess [dbdws: feoumd it hat diedesl -zcomt aieni nu
dross can be_heat ed 30 i n_cont act vviﬁgh iﬁtiv additive a,_nod gnt re- %%d net al
in the dros3ied r'ed ddeFodSenePal BRF dETHEVESsini FRIEt i i the additi ve.
Thus, | drsoaﬁiwﬁ&mg eshdd cmaaardmme@ ﬂﬂ.facid’l,dvﬁycﬁltsghderofaﬂﬂw aafmsﬁaa(‘ja) rof .
emanol e, en no active additive is used, Ir e skinr off. a rocesse
to recover SBFdBPteFhEdR5EsnFS %eja?ye%lra%\fg?’%/eﬁeaﬁéét %ﬁp%i %{n%’fn%) Te

sol der undepga;haver of achicve agdi tine. vIhesl ayeisermaycilie wid rivedcteor
enhanced contact to _speed processing. A pool of nolten 5 solder forns

and/ or growgeonger WRESadERt i FEUPEREr HRASt HEMERERnder Bethe "BFodY i s
assim | ated by.the ld.guid @ddibbVeurface. Themaadd Veeaddiddugrnd tRere
assimlated oxidized netal may be roasted for recovering tin gng Q%her
metal s 1@. gimtersefvend. 1SoRech | FEDF e5hare ¥afuAAPY ¥YBast®d Fn ¢dalSfired

or oil-fi reg.i%i-r%briisclgl ned retary-kilns tQeskeverberat or yabHr Bages) at up
to 650C preparatory to elimnating inpurities. The netal |aden additive nmay
be used as swmehefl tihe izgyet Hgsle or<l s Apl phadded to $HECHIRsFRNIVBUr ned

inthe 15 kifuﬂ%f@e%%giﬂ Ioast -1.s-eaphoyed,si nce a reduci ng roast can
a e

yi el d undesitablre snoke and tin oxide is the nost common formof the netal
intin ores. A chifoerdiczimea eoast wawi t apdargntily osdeiAchgEeondrEFoR8~may be
used to epar%e.ti n fromsilver, i Q?\is gcover ed,ass fine, . 2041 Lhough it
i s believed FirarT4t" &5t agll%ﬁ%-%\?e%u ar ch?m?orm; over ‘quiescent parts
of the exposes=sifafiacesofirgheamolBEAC et alfhere sl | kel ywethans arkeisrsf
nmetal surface in a _dynam c ar turbulent situyation are not cofuletehy.
covered wit F*Uth a" ilsiﬁ“o?ﬁﬁs,ori‘/\h(?% t fer e“lfllrgeco%%i{“dper able
wetting was found after about four seconds.
Remarkably, the appearance o0f a solder jeint surface ig
20 changed by fleating a laver of active additive on the
aurface of +*he solder bath in wave soldering apparatus 0T

sad-

[-J

the like. 2 good guality conventional solder joint oI
cin alloy has & smooth shiny surface, and operators deing
soldering rely on that appearance to asgsess whether Thers
25 are good'joints. "he surface of a lead-free solder such as
a tin-silver-copper alloy is typically rather rough looking
or graimy, even when an acceptable joint has been produced.
There may alsc be what seem to be flow lines o patches oI
ordered irregularities on the surface. These are subjective
30 observations of +<he Joint appesrance which are not
quantcified, but are apparent to an experienced operator

either with the naked eve or with small magnification.
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25 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
filmmay not exist. Even if the filmis not continuous throughout the
surface, it is beneficial in mnimzing dross fornmation as well as 30
continually scavengi ng netal oxides fromthe bul k of the sol der bath.
Oxidation to foLmdross may require nucleation sites to fo.Lth dross that
would interfere with soldering. By renoving nost of the oxide and
isolating it from haeatnans wher® dhess thtersferfese notl| eat iemdsitss are
di m ni shed and dross formation_s |ikew se reduced. I.n_other. words,. dross
continues FBLBE f 8PHRY, fB’uT‘eg FORBr araf“@t%tv\ﬁ’ Tr oascs“lggesa%éﬁt\(l)i%nﬁ i$
captured apdeassinbhat-ed mortfhecacisi ve addiskivecandrererened fireem tier n s
way. At a minimum the addition to_the sol der bath shoul d be 1

suf fi ci ent SPECHAI RPN SEFERBST antfafly BBREFTGTs PFI M off 8 qur 8S¢ent
surfaces of 1the-nD) t 6188 depinto dehddTent shasok@abeen swiciagridz et fa om
having excesses of the additive beyond what is required to maintain a
cont i nuous ¥BVEm soldering: HERAMRISHE f ouE deRPTeBte £F athf efSTgH atiive

additive te. hhgnsuntace Qhracsohden poke i Bopave solldering appabates.to form
a floating |ayer of appreciable thickness, 15 e g. about 1/4 to 1 cmon at

| east a poPildAROfSETs F¥ute BRTYHE At IPLRFCs “AFBHAE perm 35 t i8S

appar at us tQhe operalfd.d of acday ior fRLenbelore bl r@i henanedafexcept
for addi ng solder to replace that used on the PC boards). The |aver forns a
bar ri ef:Owhie¥repdsy eRtROUSRI dut | Bfe of tPRE 2T sBRYePCRRt he WRith. S'&val B

amounts of oxidlat an.ocqur Rt he BUEkAGR Ol he-wake and stheserbits of

fl oating oxi e twatertall back toward the bath. Such new netal oxide is
pronpt |y aseive |stiethrhartdagathgat ithgrEayey avd sessential 4y igrsagsears.

. oHow t hick_.a | ayer ~acti-ve,additive _to.placg.og.a Rath.d Se.gormuhat
dependent Rt hagfég)v“or%'f[nlé’%o%’“t ﬁ‘%gnga%F F% tﬁ% bath. An inﬂ_ortgént function of
the active dodi $inirdss 40 Seaviergeometsbeoxd dendotdmz ot rryoiader .

Thus, instead of being detefm .%angai%éﬁym% SYLf 3ce- ar egyfhe.amunt, of 30
b ~—a....- d o = e

n
: 43 TO O . . g
sol der 1% a“better Teastr e of the ano itrve to be used on a bath. As
an order ofasmagn t adéicabouts10G=d .orf taet i scd deddibdvie appearcsraFicopri at e
per 100 kg.. of solder._ That is_nore than enoygah for |ng#)%£ scavengiang and
; : wa e o C¥ar  Cin haf=aates
Permits colbFHted Bperiion Of° t n&bath For-an extended time. After a bath
has been cl ganeg:Ufy axides badt Beimwl ten nmetal, volume is |ess significant
and the anmount of additive - . - _
Furtnermore, the metallographic appearance oIf such &
20 lead-free golder differs depending on whether active
additive is5 used or not used.
L tin-zilver alloy sclder includes a eutectic 8o that
upon solidification £rom a melt there 1s a two ©phase
structure; & basically tin phase and a silver xrich phase
25 {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 guantities and grain
size that thevy are not noticeable in & magnified cross
30 section at 100X, for example. A cross section (etched with
KOE solution, for example) shows large areas of tin grains

and smaller areas of silver-rich grains.



mai ntai ned on the bath is related nore to surface area and 5 to turbul ent
activity that exposes netal to air so that oxides form A diner acid
when added onto a bath is nearly water-white clear. The |l ayer gradually
darkens as netal oxide is assimlated by the organic additive. The |ayer
gradual ly 10 takes the appearance of tea, mlky tea, cocoa, coffee with
cream and bl ack-coffee. It is believed that the darkening is partially due
to degradation of the organic material and partially due to assimlating
met al oxi de. DegieadaiHeonsekiebecduss t drpwl ynePiHat Fehho@ecdRpFsi®ivén or
oxi dati on, d 15 possibly invalves .all of S 0 ses. ned
"gunny" | a?‘g%?lo‘ﬁmgﬂﬁﬁ' ’V\hé‘&nles kTmnI}TTé:&@Ohf f?r%{“g%eeggg ESLact!Ta?I %?ofg%ﬁ\im\%é%
additive typbeaddas remaicns spnmatgueEscenthsur faeesoidahecomsist &yofefal , and
continues to _be effective .in assi.m.lating metal oxide,.; herring canptact of
“air and th&2%H ‘f?e"tl"alaﬂsLﬁ'cfetéLé’ee aaﬁlr%?’ﬁt é‘ﬁ%leﬁg T’%\?v é%r%uﬁ"t"és}?o a'rok)%?lsgle in the
metal . 5 moVWhenctdes@cid wemaddirticue. | ayee ids £6rrandynangce batth bedfch as in
a wave sol dering_apparatus, such darkening occurs, but _ap a

| over rat e RRRIOHFES qiéscBht 25 . ?%38 a@gelr %\E (?Pga%%%gﬁ%]%?%i on the
bath remai Rs,-ER-Gui et erigl eads ak the dhatdomikubomaynbe pustedtanay ¥ om t he
turbul ent region where the wave falls into the bath. As the actiye dayer
darkens it F2ER3EHSY KX MET TP nlr B8EEZEF that' T t°gradud/ Ty “advances
toward the 0k 0f sEthﬁ‘\_@sY%,wﬁﬂd Teye 36-eveniidal] Frencauibkeh thehmet al
flowi ng off "the wave. can be desirable tg interpmttently remove degraded or
spent At ertitd use of & MWYFowfh a%ve VEc Ve taldi tTVR T eI hs s a4 T rguid on
the bath even ffter degradeds. its may iaclsugelidispersad sebttdsn Ad haugh
viscous and a solid crust may foimin areas, .the additive cantinues to

behave as arsumpscdsaaivei SodGetfe B HTscoiEMeat Fhe-tengelat e or T he bat h.

It is also \%O&Pdat rt@éyfef fgetiveness phathe,addithvenganbecnai mdiceed by
addi ng fresh active additive even after it beconmes quite viscous. Wen
qui te dark smdbdgummzs.ef fectiveness of the additive may be di m ni shed and

thhentli:”:r e Vvisi bf‘heesleaygisgil 1%b%'é9@'§£§0ﬁgt ‘E‘d’il aL:.h@Ysﬂ%é’M&ﬁ@' fj:ﬁ'ﬂnt he
_ g=ructure of sclder with and without use of active additive
in the process are “gveragss®. in other words, an
observation of one joint or cross section may not clearly
indicate whether a Jjoint was made with or without active
20 additive. an  individual join'i;: may be ambiguous, although
other times even & single joint is enough O digtinguish
processes with and without active additive. When a group oi
joints made by one process are axamined, use or non-uge can

be distinguished,

25 an aspect of this invention comprises Minimilzing
formacion of dross on moltern solder. When molten solder iz
exposed to air, there is oxidation of the metal. These
oxides (usually called dross) form on the surface and
acoumulate during operation of & continuous soldaring

30 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 gevere situations it may

20



The degraded active additive |layer may be renoved by a high tenperature
resi stant nsponge'. For exanple, after the Production scale operation
descri bed above, a piece of aramd fiber (RevlarTn) woven fabric about
seven by twenty 15 am was placed on the surface. The tight weave fabric
was up to about 6.5 Wi.. thick. Degraded material wetted the aram d and was
soaked into the fabric. The floating patch of fabric was pushed around the
surface to pick up additive along the edges of the pot, and when |ifted
of f, it wasnZpifowedtihat odl Mestswithask thebe gbbﬂera@icﬁnd vEesudze fnwas
rermved Wi he,.p as be . t.a y.ar fiber
Rsponge6 é%%t es%té%%l% **5 Degc%'lzi%ed actmv Bygge{l?%e has %%anlgugicmesgsful |y
removed froms dretei ofnnoiticlyisol der tsyolz&*svhbbw@ wicfhsahy orsiar@fy cott on
terry clot ,ovvel The _r.ag.i.s i.n _cont h.the sol der._ e to
sustain ap%réem albciEL1 %r?ggeo%r %velgﬁly HeS duefluongt %mé“ba’thh‘r%cr%gan
I nexpensi vescattvm_ea@:ortm heslderberamet ted ptthe ragtiveé addidimose can he
used for rem)V| spen%D itiv -_._,,§0 gl nce,_t he ef f£0t| veness of, anaactl ve
addi tive | aver on t REXAdrten sol der =39Conti nous 6l deFTRY dppafat us rmay
be degr adedapardep eiae;ctedurl ng use, |t may be desi rabI e to replace the
substance at abput, the s te it is de_pl et be aceo | i shed
by internittentty THamba ? bBFTY Ot 12O A “’li‘@ 53}% ot tHE et i ve
additive and addi sgrfacsaalds am:nantmﬁftéme §¢ﬂb$é:and_el t @at-be selderidaath to
mai nta|€ an effective Layer. grnatlvely, this may be_automated to 5

t

i nt er ni-t't eAPPHTBI Yper | CJHrcaIEPi?mQ B rendVe” ahd™ B Thal PTanSGits of % he

subst ance dufiAgsOPer at ires @hebbgcapparat Usiim of adher theiaskid/eadditive
IS a viscous Ilgw d (as is often the case), it can be readily di §Pensed
(drop wi sePYorceXanfpPe= %y“%rﬁ/l“ofabaavéﬁnré%’ SGFVETal-PaBl8C¥ i G dt=om

di spenser s rc40nThe ¥hSGRSILY siBY=be deduced by, use:ef -subkadl-e ol vents
such as toluene, hexane, octane, isopropyl alcohol, butyl al cohol hexanol

or the like. ThETHESI 6@t £ of FeneRal SHPCI9e F"a’?@? |°S rietdi P§LFEund

enpi ri gal | yo18peNt OF s 000" aded- addhtiive. sy e * cgpoved by aukgraied
"swabbing" 1'4 with an aram d sponge as descri bed above, or liauid nay be
aspirated ofvefrhe sbFPatelorapti enl ar | yoidef ubapat EMPAFSLEDr Lghaneehg t he

rheol ocy ofpa di REL saCLasObnstM A Rctdme Additive aref abbyaghd,.

in absence of an active additive. &as much a5 3/4 or more of

the dross may be in the formn of entrained solder, In

20 practice of this invention, it appears thet the meral oxide

porticn of dress i1s retained In the additive layer and

metallic portions entrained in dreogs (if any) are restored

te the bath, so tThat the total amount of solder Llest into

dress 1s greatly diminished. It do=s not appear that any

25 appreciable amount of uncxidized metal is entrained in the

active additive. Tous, less solder 1s consumed dJduring

seldering and costs are thereby reduced since less waste is
produced.

It is found thet metal-containing drocss can be heated

30 in contact with active additive and entrained metal in the

dross is released as metal oxide ig assimlilated in the

additive. Thug, dross removed from a soldser pot in wave

soider apparatus, Ior example, when no active additive ig
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nononers or short chain esters (e.g. a nmethyl butylate or 20 dibutylate
ester). The active additive nmay be diluted with essentially

Subst ant i al
dilution may reduce the tinme the active ingredient remains effective or

i neffective inyiedients without destroying effectiveness.

accelerate the need to 25 renove degraded material. For exanple,

a snal |

anount of carnauba wax (up to about 1% has been added to a diner acid to
produce a rather pleasant odor when heated. A, ten percent dilution with

car nauba waxedj dmapt bsi ghiifinednly reducerefdsscd enesscares] | fetdare. A
dilution tg._abaut 70% 3 ner _aci d and 30°q_ ce Vel £duced
life, but drg FoPs% seen1geg£ 8v%fgce e @?ﬁn ] e

uce e iveness

useful

fe was reéuced

since the mnXedre gn&rdafkaamdvguaﬁ@iﬁﬂvekewﬁmhdnmmﬂdlmQVeﬁﬂdsMQWr%mld.
Thus, the L] UId | ayer on.the nolten older fera I has,.a
of the act |f\?e EH:B?J?%/??% cquiges %r 56 ﬁgﬁ PA6SGE ’8%'/0 bt ar 2

e” may

al SO a

portion

col ori ng agentsrt eothe andiae adoid |Mﬁdemtthne|t ad@:tmvmnlayatx oamausa@teeri stic

of the active addltlve is that_it 5 aSS|n1Iat neta#gong

mol t en net ASTBRERDsOT orTHE 455 | dtes BE G SLFE%t

ast

e' m
one n%% |n t he

bat h". Thi%aﬁgtﬁagended t o encomass aSS|n1Iat|ng met al |n its oxidized

ed in,the active

BStFtuf2d in a
nol ecul e orpentd-apped |fot he-addiddivg, and | naByotigebotdetaller eengy be

state.is not known exactly how.the S r.ef.

additive |ayer. Fpej2<hote (] Wﬁgghéﬁsﬁﬁf Ttﬁél%ﬁé %?

chelatlng, secruesterlng, reaction, or suga%ﬁvsurroundln
a reactifve HridiEs on tHECAGERY @TERI TN 9

For exa

YA %S T 5 h e netR “Eons

oy

attach to the addist:i-ve mol-acul gxlb:iaswl FelLasevBiLr (oTheswaaidereradditi ve
scavenges and assim | ates nmetal oxide since it has a gr eat er, affinity for

met al OX|deIW¢ﬁﬂ?3§éesthe‘ﬁbltf91rﬁﬁQﬂCf TRURP2LRY Ve addi tFVeE SR iBft en

sol der and E
saponlflcatlon |n t

ont ipuoys- 5ol def-anpaiatys pRY 9adédd |3k deglade by 20
e course of elimnating nmetal oxides. There can be

coval ent or tiatinms( oet dbnasayeborafidrf et wienores and burned in the

15 kiln. 2an oxidizing roast is emploved since & redu

can yield undesirable smoke and tin oxide 1s the most

cing roa

form of the met=al in tin ores. A chloridizing roast (wi

NaCl) in oxidizing conditions may be used to separate

from silver, which is recovered as Iume,

st

CONmon

th

cin

20 Although it is believed that at least a mono-molecular

film forms over guiescen:t parts o the exposed

the molten metal, it is likely that areas of metal

in a dynamic or turbulent situation are not

suriace

by

surface

covered with such a film. ‘Thus, where there is considerable

25 turbulence (such ag where a wave falls to the surface of

bath of solder in the bath) or rapid flow (such

the

a8 oOn parc

of a wave), a continuous Zilm may not exist. Even if the
film is not continuous throughout the surface, 1t is
beneficial  in minimizing dross  formation as  well as
30 continually scavenging metal oxides from the bulk of the

zolder bath.

Oxidation to form dress may reguire nucleation sites to

form dross that would interfere with soldering. By removing

22



the organic additive end group(s) and a netal oxide. Most l'ikely,
mcelles of the active additive effectively entrap In effect, a nntl her of
nol ecul es of the organic 25enconpass a nol ecul e or grout of nol ecul es of
metal Such assimlation of the netal oxide |eaves the as a |liauid, although
the viscosity may be increased. Metal oxide nmay not be assim | ated as
distinct stoichionetric nolecules, and that is not inportant. There 30 nmay
be "oligoners” of netal oxide with | oose bonding of a few apparently
stoi chi ometric MY ecpll 8xide andl tid3 HOSS ble thah arddata cagddivhees with
nucl eophilic or electrophilic end groups are forming " hga y tal soaps”
in the heatrefst hatﬁ@f%‘-@?fSé’IUd’éreaéPP%y.SlEPQea’ﬁﬁsfh’é‘é:flﬁ,e%(h%% XA net al
soaps have 4 high heat. telgrance, M.chhdmy hehp oxpdai Rrosay,t herastdi tive
does not rapidly cc?legrade in the harsh environnent of the mplten alloys. 5Tf
desired, orenmApuEAprovee hEREmed| ePeince BYWRT nFRTei ng"BRsatHrat i %ﬁeﬁ n the
active addigdye i@'cgg%féd Deereasing Unsatdy ati.on dAgkeasescheat atdl erance
by encoiraging tight nol ecul ar packing. Thus, for exenpla, Sigma-Adrich
product 43238®ved Hydrogamdtedadi-ner acid, may 10 provi de enhanced heat
tol erance as conpared.w u tur-at oupgt e dherernes sgomatic
di ner acids or the®l ﬂﬁ#ﬁ%’e%h%ﬁggggtoﬁef%l ﬁg'?éa%%?{ylg Di - carboxy phenyl
aci ds that su®fianahnogscofzphtdit iz swbdcamyl Pd ypacritcuharFy Ltadsf ar. &
Hal ogenated nmterials nay _be added t j v itives cedcheat
stability, %’ﬁcﬁ?cgg“nosﬁlédéégf Ioﬁor“‘g1 60%1%?%1 a%?%g%lr' R S
pol y( diet hydsi | oxane-eedi Aeomabadindi stpes$duocrbdoeecyddi Heraniamcsd;
Si gma- Al drich products.177741 and, 906, re tively (Sigma-Aldrich Inc.
of Madi son,WW‘gc"n%sﬁer‘F)“?“%fhé? mu*r?etfé%glci"d Cp??‘d%ﬁ@?‘é“frb%n“'zo Si gma- Al dri ch
i nclude their proflucias 488307,£ci9t048=s194D38, tUO1GHE 4834647 orel434655.
The active adi:givej_s ot behaving as _a flux_in the sal in s. The
function of gﬂi&eih" sofdefTh TS To r“ensl?\}éféafhgmé‘x?ﬁﬁe | ém crg%%ﬁ%gsbase
metal by reaghbhfge@b W tHhrar 20Ehesvise lopsenihgotratibblm fromrdss base
metal surface. The nolten flux then for a_protective blLapket in.the
vi ci ni t¥° of e-He PBPRE W AP pr &Ferts Fre- rafi 6h-of “thad-oxide T Tm unti |
nol ten sol de= rispl ages. t herhk WX ARdireagksmi vt hrcheapasea et alcot dof orm an
intermetal lic bond. The . . . .
operated for & day or more before bath maintenance {amcept

for adding solder to replace that used on the PC boards) .
The layer forms a barrier which prevents oxidation of the
20 solder in the bath. BSmell amounts of oxidation occur on the
surface of +he wave and these bits of Zloating oxide
swatarfall® bask toward the Dbath. Such new metal cxide is
promptly assimilated by the Iloating laver and essentially

disappears.

b
n

How thick & layer of active additive to place on & bath
is somewhat dependent on the volume of the scldex 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 aresa, the amount of
20 solder is a better measure of the amount additive to be used
onn z 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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30 active additive is scavenging netal oxide fromthe nolten sol der and may
never contact the solid surfaces to be soldered. Flux nmay al so be used on
the solid surfaces to facilitate soldering during practice of this
process. Fluxing action is a separate, independent function. Active
additive is not believed to be present on the top of the wave of solder in
a wave sol dering apparatus, for 5 exanple, since the nolten solder in the
wave is bunped fromthe bottom of the bath, far below the floating | ayer of
additive. Theragddid MR lasibei bheensababl erdn foreseasidey disper sefkdm the
netal. No residue of additive has been found on, boards mgye soldergg when
the bath has Baiayees oo FYIFEC a2F d [ IFTe Tar f-86e. ™~ Bfs*subst ance
added to theg sakdess i QAsC0Rt EFAUPLSHY 0GRSS WRY bemadded onktavaldy, such
as inteLmttently or periodically, and_continuous addition is not believed
to be needewinteiapdocmppbar 82 EleyBat € EESENTEF R CPeFEFYAFENDYE™ 18°Spent
liquid resigdues, firomthe surface ofat he,sekder andiwhese dibi ssd scdene
repeategly, there 1's, in effect, continual renoval. As not ed above,

di ner aci d cxdesr feriner acid suitable for use in practice of this

nvention i's nob nAGESSAIlY AR-PUdsed Nateof 2 0BEchaLLY mRekdy Aacexanpl e
has been given §T a diner acid which includes small anounts of nononer and
trinmer. Wathicsuledebe .t eChediaver r srefuathd" SHEATy af SAFStafitdr S
proportion of_.tr.i of fat Lds, . . suita . 1HMs, d-eimexagple, a
triner aci da%sal%%g%%%o%ty 2 ét/v&?)ll'cg% f“’r“dggfx??tferle?“ andg%%e-% hird ?fdj ner rrgg he
qui te siati staictsorghe panddeguabngel wIii frephe iy e d(®)cadse PG eRakE “fhe
trimer have_small_carbaon.n . A jpredonin toi her.aci g .6onpesi tion
with suitab?%g%%fggﬁkﬁﬁﬁﬁ%%ﬁﬁﬁ%gﬁe ﬁ?éfgga Tgﬂ%%¥% 3%%%0&?%5%%Iy d?%er acid
conposi ti onjissbhaee 30+ tdues teuggestdd-tihat 0d thenmergacid Wepzidds ansr e
slowy than_a djner acid._ . Diner acids. and tEimner ' ffective in a
sol deri ng pPEEé?%Jgéﬁwﬁb“ﬁhf@sﬁFg%ﬁfé??ynﬁgﬁ soﬁgééhg a §%§§T§“%%r gﬁ
atons, incl ydi rget he casbaerdinahencarhmoppogrioipn Readetideniainl aldre fatty
acids fromvegetabl e soutces generally have an ggegsggnber of .¢ rgggiatons.
Since they RPESHRS | yHGAVFSbI 2-and’ nexpafsi vECCETHeT  aci s fade fFom
fatty aci ds «5uhih GarboFRMEDeRS waRg sgufdem &% teo 022sare pibfierd ed.
Dimer and/or trinmer _acids with ngPer carbon nunbers are probapéyesgjtable
for some soPESEVAQREPPIIEatFENSHUY AFENGE FEadi 15 -CohercPal ty-avai | abl e.

They may al s@cberdsetul pB-zinc bathscusednhigs dip gakvaritzebgive in
assimilating metal oxide, barring contact of alr and the
20 metal surface and maintaining low amounts of oxide in the

metal.

When the active additive laver is on a dynamic bath,
such as in & wave soldering apparatus, such darkening
ocours, but apparently at a lower rate than on & quiescent

25  path. The layer of orgasic liguid on the bath remains on
gquieter areas of the bath, but may be pushed away Irom the
rurbulent region where the wave £alls into the bath. As the
active layer darkens its viscosgity seems to increase so that
it graduelly advances toward the foot of the wave, and may

30 eventually encounter the metal Ilowing off the wave. It can
be desirable to intermittently remove degraded or spent

material.



10When the carbon nunber is |lower than twelve, it is believed desirable to
enploy trinmers or higher polyners or dendrinmers to achi eve adequate carbon
noi ety lengths for good filmform ng properties and assimlation of netal
oxides. Thus, it is preferred that the diner acid or 15 equival ent have a
carbon nuaber in the re:nue of from24 to 60. Best results seemto be
available with diner acid with a carbon nunber in the range of from28 to

44. \Wen speaki ng of carbon nunber it will be recognized that this is
conmonly an "avgrage .f of the di s PCL r 8l ke sineg. 20 Su
materials are c%%rmngg;l a r?ixture of |rr:§fés) o dﬁnfferent ?%ﬁkty acf%se and may

i ncl ude nobekkr svetr efees dadralésdr i er sawi thehighefigndrseferotaibon

nunbers. i S_I tic y L ul__si t here be ver al
eactive sTTabURE haaR el B L b e e e el o
addi tive. additThe pramtessesf sravehgiveg aet & oxidedf r ghomisol dertshath is
particularly effective wt -free sol der isy,suita f
conventlgonglgsf:ggait?ﬁ E%Mfdg#&gau{iseub?‘ec??eve EiL;’J'ﬂs'eerr%"t!(“)éo? %? ?Eéum%c%

advant ages.thet: hadtdmeere88sfowid that miiiactvievecaddiel vezirs-aiorea eff ective
on a bath of I.ead-;Je - sol.der ta@ .,on_a Iead-taifrg_‘:ﬁsﬂolid,_erbé';}clfCI__‘HQ%/S bat :l‘Ll,.._D A
"skin" of &6SE%can oMt eS b sden onthe Sirface of " WavVe R wave

sol deri ng afipakatus, Wem exanty elarfheanskpiminy avekbseaciossedheoSurhace of

t he sol derdip .until it re ches.tge acti,ve, addi tive, Twheﬁgupgn it is

assi ni | at e@IHtO EREREABF FVETCHERFS RGBT RASWTSCF T hi's SaPoss 1 PHET udes
entrai ned reig@inier mkSetirpealay e degedetetabn dHe there is 5 nmetallic sol der
inthe dross, it is . released and r\e/%égn_sﬂ, to the solder bath as . oxidized
metal is assin IBFeGSPR2tRe AT VAILTVE AGKREH Tsr &5V iTETBIV el AYef i s
fornmed on tihadyRameevave +4sigdead-tdgdngel der bat Bxdhere o dreatdefree
sol der bath. 10 This is believed to be a dynamc effect as | ead oxi di zes

nore readi IBFSRTEFP §5FHan GBS 2FAEhe BB DN PG s 0l HerF 1Ry SapPar at us.

The hitch density efnpd-eatkapdits LorROUALS 1RY 2850 BLAYn ArkOl&serAyskin of
| ead- cont ai ni ng oxide may push further across a aui escent surface toward
t he actli*ve @Esldi‘t"ﬁ/epﬁfe@ﬁ% 751 Y FUHEIE of Tead-¥F6e HEEe. 2aPT1C W€ of an

active addifjve i sppacticul aply appnopri el hekat ip=sihyer wweolder spand
tin-based ternary solder alloys, including, for examle, tin-silver alloys
with additiemmet awhpers spaies hicsneish, TP TronyThe i RECHAIOPEYFE um |t
20 is also gifective far jpure’ tinspaths cgectar as Lsckngwn,sdhev.
sol dering process 1s also I ndependent of the sol der apparatus in which it
is used. aloht ehtectiosshed ubet i DS ofanst ovleest | hgftée SOEf acé ofzst he
mol ten sl der, [rom.access 0 alf; and scavengLng; oXid@:tlve 1ayer was
removed with the patch.
I- has been found that a cosily aramid fiber “sponge’
is not essential. Degraded active additive hag been
successfully removed ZIZrom & bath o¢f molten solder Dby
25 swabbing with an ordinary cotton terry cloth towel., The rag
is mot in  contact with the solder enough to sustain
appreciable damage or leave any residue on the bath. Thus,

an inexpensive cotton rag or other Ifiber wetted by the

active additive can be used for removing spent additive.

h

30 Since the effectiveness of an active additive laver on
the molten solder in a2 continucus soldering apparatus may be
degraded or depleted during wuse, it may be desirable co

replace the substance at about the same rate it is depleted.

25



25 the netal can be perfoLnmed by different materials. Thus, for exanple, a
barrier liquid layer is formed on at |east a portion of the surface of the
solder in a bath. The barrier liquid is, for exanple, an organic oil.

Addi tionally, an oxide scavenger is added to the solder bath. A suitable 30
scavenger has a higher (negative) free energy of formation of oxide than
tirn oxide so that tin oxide is chemcally reduced. Tin ion is reduced to

netallic tin and an alternative oxide may be formned. A suitable
liqui d oxygensbakyi e haysiplizhad brgankersittanechy asrfiavt ywasktnoi |,
e.g., nononers such as _coconut oil, peanut oil, %ai, n,oil I iée,; oil, corn
oi |, saffl Ger i I12SHEPRTLBF| SOBE O spbf GO VAmfoHEthY8ntBE FOFR%id| 5

further vardgliioRgouAddbti onalsu@eyeaf=babr bBE kboakhdSod dic|dide=ahiain
vegetable oils, oleic acid, stearic acid, abietic acid, nalmtic acid,
linol ei ¢ act®, eiiar6iiafi ¢2%E d, HESFR2ACVESY  aRB-8i FRY 22 (F1HrBRSeang°

dendri mers of:S4ghQiksy for gxamie.=1The lQwer-apbpcuban Wweidghtsrgmterial s
are 10 acceptabl e even though they nay be smoky since the funes and snoke
can be ren¥RIFromit fEcapEestance AurgRer ORBEBELPRAICWeiRFhEPRETEFPAl s are
preferred since ymne stable.iRubsthiuied fatty ackds,d i nchudi ng.di ners and
trimers) are suitable, with end groups substituted for -COOH 15 groups

i ncl udi ng aBF PR Eif d@sel hi oF . CoR 2 I3 oY FLGIRERSARI { HRgP parsff f iM9Twaxes
and waxes s b , cand | xtures, 4 Ry fglapsuid.abl e
oxygen- bar r%&#ﬁu?ﬁé%ﬁﬁrgt%ﬁﬁ%i% {E:(F:a%% n al ilg!ﬁg??cs aréer&gp%%f erred,
but ar ohat i Ehentvesabstar vanl 6 aeckptsibl ey 20A Far tFEwary P -efsttEed

oxygen-har r Lgr, | kqui g icludes 3 heawi Sl {8000k 1y S0an ofpahat Ly

aci d nononer, “di ner or triner. ght metal 'soaps (€.g. sodium |7thium

cal cium nagheshul) aeemllsersuitcablidce Suchha Seaprahy=dior nedh nenerel ecul ar
filmon quiescent_ surfaces t det af f.ectively Ki access
by oxygen. Bgl ar 1 i %f’j" %5 ar ggpr%eaéiﬁ“?“é(d é‘i/'jlcrﬁﬁ(%[eil t éoy"":%gtatlé%" Wet%!p%t °er%ol ten
sol der to neieptatada scgntingousyf iban orerospdr . by auco@ihed adabdbbves’ which
may be suitable if they.do _not disaesociate at _the tenperature of the

nol t en ZBI dér30 a@o%ﬁ%&% 5??%?‘3}%%?5?’?‘&&? Fiv des, °1 aé%%%les Igar?a 1%ct ans.
(For examl es=pERLSYS & 120, sarghkyei dyl ester of linoleic acid diner,

avai |l abl e from Speci al t¥ Chenicals Inc. of Morestown, New. \‘]mervsg%.‘gg1 Thus,
the oxygen-barri 6FFF et - &FCHnpPF 567t fie®hyat oTaF o Soiet y °6F -84 ner
and/or trineys of &abdy aeid endsabileastcopesndelkicophi | becandtoy acid

el ectrophilic group on the hydrocarbon noi etg. An a pr___oggi ate additive is a
di f unct i onal™BYF&HEC Frol Tie TR £Hhyehrocafbdn frofety pr GRSt e
capabi | ity of:fpizra asApponol ecul ar filmon nolten sol der. Low
nmelting inorganic salts or salt mxtures may al so serve as suitabl e _oxygen

-

barriers. Exanpl é28 ndfte® s8artr e uiPun?ehForiaed ( aCE ATt ng

poi nt 1852C) ;S0 W2 ingredientes without destroving effectiveness.

Substantial dilution may reduce the time the active
ingredient remains effective or accelerate the nesd to
25 remove degraded material. For example, & small amount of
carnaubae 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 carmauba wax did not significantly
reduce effectiveness or lifetime. A dilution to about 70%
3D dimer acid and 30% wax noticeably reduced useful life, but
did not seem to reduce effectiveness. Useful 1ife was
reduced since the mixture got dark and gummy guicker than

undilured dimer acid. ‘Thus, the liguid layer om the molten
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10 nonof |l uoro-acetate, and m xtures of netal chlorides, fluorides and
brom des. Divalent tin chloride (Sn012, nelting point 24620) nay be

i ncluded in such mxtures for lowering nmelting point of the oxygen-barrier
liquid. The fluid oxygen-barrier |ayer may al so be an inert gas 15 such as
ni troaen or argon which blankets the surface. N trogen has been tried over
sol dering processes for mnimzing dross formation.. There has been limted
success, probably because oxygen becormes m xed with the nitrogen as it. is

rel eased agli-agent Jtasrbhe 50l defs Bet twsenclesties: 2@fandbli gketiftow rates

of nitrogen may beé used for obtaining a satisfact 0{% o%%en-farri §5 of
nitrogen, & EEnplie.e-Ar BT s BPBetFIharPFer f PUFd nc® Tt RS hi gher

density and,js-therebore t&ssmsuhject bagrtbxiagritiduiaidetrAmpatsi st ent
bl anket of argon can be maintained over a bath of 25 nolten sol der, when
there are confifni AEEYREI LK SecOhd Safdi BFVEYS 0AFRETESI ddr i WY br dcess is

an oxide scayenger, .ot feexi dizesef of-d¥ NidH ZidgeRehakaDxbeesidsd hexmol ter
sol der and reducing tin oxide_and other metal oxides that may form The
nost conmphaspiTilesesf okifAe oRT dRt | keI D AP ALHL] yRSHB® BAT the OXicde

scavenger should have a highet.f-eqsener 9% ohooxkde: f on nats of{disa hi gher
negative free energycf than the tin oxide to e?f ectively reduce tin oxide.
Mbst conmoikgset he IScaverzer Fsowededaebly hEoKodeof HfidterP™den dFf tin
aloy. — roExehaty QS SCAUENges s ingl ddgecal Cium LERGRAS il
al um num T[ithium potassium sodium titanium zirconium silicon,
yttriunp rabeceart hnetstlal xinke t He | isk@stisuged  in a molecule  or
entrapped in the additive, and it may be both. There may be
chelating, seguestering, reaction, or simply surrounding.
For example, if a reactive group on the active additive is
ar amine, the metal ion may attach to the additive moleculs
15  andé relesass water. The active additive scavenges and
assimilates metal oxide since it has a greater affinity for
metal oxide than does the molcen metal.
Thus, active additive on molten solder and used in
continuous solder apparatus may gradually degrade by
20 saponification in the courss of eliminating metal oxides.
There can be covalent or dative (coordinate) bonding betwesn
the organic additive end group(s) and a metal oxide. Most
likely, micelles of the active additive effectively entrap
oxides. In effect, & number of molecules of the orgamic
25 1igquid encompass & molecule or group of molecules oI metal
oxide. Such assimilaticn of the metal owxide leaves the
additive as & ligquid, ealithough <the viscosity may be
inereased. Metal oxide may not be assimilated as distinct
stoichiometric molecules, and that is not important. There
30 may be *oligomers" of metal oxide with loose bonding of a
few apparently stoichiomeiric molecules.
It is poseible that active additives with nucleophilic

or electrophilic end groups are Iorming “heavy metal soaps”
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5 hydrides may al so provide strong scavengi ng of oxides. These deoxi di zers
may be added to the solder directly or nore preferably in the formof a tin
alloy in a manner simlar to addition of ferro-alloys to steel. Such alloys
are preferred for rapid nelting rather than slow dissolution in 10 the
solder. One may formpellets or a paste of oxygen-barrier material and
scavenger additive powder for sinultaneous automatic addit-ion to the

sol der to repl ace depleted additives. Gaseous deoxidizers or scavengers may
al so be i rjfectesl BraowE hERS FI R FTOtdE ndliBh soldéR. "EBF ERanPle, a

reduci ng 935, GONALLR) NG 80% helUMaw204 hy dER0eR-ERY. he-bHbb| edntBiough the

mol ten metal . Such & reducing mxture is non-explosive. An oxi de
scavenger mmy bEln reinided iwiya thieoa8Hg ivay éloesn "@ th R I6LY nbPEERRet al |
either as g digt lhlral&%bl £+ Mm@ dESPRLSHEG: L4 ah xygen harrier laver. For
exanpl e, sone zeolites (natural or artificial) sequester netal oxides in
their pores. Odfdesdamiyracher efe banacavempreevd r offEhe ROLEERDRHRt aPYand/ or

assi i | at ed, oM. JL0Snd NAL-MRY| AL ther S Ebal dekexpasatbid ik, Such a

solid (e.g Zeoli 3“‘é))g 25 scavenging agent is pre abl'y conbined with a
li qui d whi béctsasitnabl euoRatiee mignal Snctdases he Bs@tt | chesepinedl i @¥don' t

sinply increase the volune of solid . dross, op the . RPhasphorus o
conpounds, *ForSE&EM e r@:éd&l%g(]alefojax"i drgéélft§ﬂﬁhy bgﬁ\‘:i%' t he oxygen barrier

| ayer i nst pagmofadiissolnreduich £h2380, bat hviirkeetdteed edigidrv e anst, almsy
mentioped above. .._..Ihe. oxide scavenger or it roducts is preferably in
a float? ngPFaya?e BUEIIE 856 neY Bé 5 materi ar 1 ﬁgt %Fﬁk%llé%%n t”g‘n tin.
Vanadi um apdutiepheded: ur anirttiveanerex anpires.id fdimeuchcadsi oki dge naterial i s

used, solder for wave qQr the like is.preferably be wthdr fromthe
bath at a APUSI WanSFgotﬂ?gF“B}aEEwmg%éybxi axgls %ar‘g) A5t peq?ﬁns}g“?nae%légn t he
wave. SevekaktOoXxyeen hafidcer &f uikdsnandcdeaxidi zess are bamehtubaed’ as
suitable. It will be recoanized that sone of these _hot be suitable for
el ect r oni c&5§5Pder i ngHOASFEAETF o TE o4 eFaY e d°F egﬁ%’rﬁg (&°g. % % Yesi due
may be:bBygrescopied. They mMaynsihdda be sudtabl echeri sel derisngProcesses for
ot her applications _such as dental products, 10 jewelry, autonobile

radi at or s, JPFGEBFAGILETRISCAnOiCRAERER i aPheY S REdvefgitig™]adrti ve, one
nay i mer sesian.elesty ode d ptheysalddelecvihe elaoti0de My dae -aisaceifi cial
one that is consuned, or it may be electrically connected for electrically
reduci ng mEmgdvekEded 73l @B 153 490FF ageSRPEROTIE L hel P CorsGired™ ERE may

bubbl e a |iauig a1 gasequs dgoxidi zerptiuoughma-solder Batduder seawenging
oxi des. As nentioned, instead of a liauid oxygen-barrier, one nmay _cover the

surf ac@fof Fimmeselidercih Lhehidy ogenr 2rgencoF 68RBP7 i nktt0%as L HaS;

broadly, o g -fl-yi-d y 20 barrier along with a separate
deoxi di zer%ﬁegs’Al“tBﬁg%ghagés%fl %d in context of wave sol dering of PC

boards with conpirerds:ive pabieivehdsi nventbemwvienamlao aséluk for the
2;:&;: gt’li P ?%(I%D %,%%rgdsproorcecs%r.mo%%t fluggcﬁoﬂn%fmaheflﬁfo liq“.erg,&%éyigl%eﬁﬁe& Por

to remove the oxide film from the base metal by reacting

25  with or otherwise loosening that £ilm from the base metal

surface. The molten flux then forms 2 protective blanket L

the vicinity of the joint which prevents re-formation oI the

oxide film until molten solder displaces the fiux and reacts

with the base metal to form an intermetallic bond. The

30 active additive is scavenging metal oxide from the melten

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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25 manuf actured PC boards have conductive areas coated with sol der by
contact of the board with nolten sol der, sonewhat the sane way as in a wave
sol der apparatus. A blast of hot air is then used to bl ow away excess

sol der on contact pads and even from pl at ed-t hrough hol es. The techni que
for 30 preparing pr boards is called Hot Air Sol der Leveling (HASL).

In addition to soldering PC boards and the |ike, a soldering process as
descri bed herein may be enployed for other products. For exanple,

aut onot i ve reatli ftade cacdsisgrievof tienisel deradtbye di ppi nghihe BHPERESn a bat h
of nmolten solder. A l.ayer of ' addi tdj the acilitates such
sol deri ng. TEBEtHRET W 7Y gnggé%%a:tre’p?lél i %snggpé' Su%fé%gcﬁﬁ'sol dered and the
process is suitablerd onddikctveuses, nais pelievad &ot inge meHenity @Thiieh
scavenges netal _oxide fromnolten sol der _ma i NG I -i,n the.core of
a | ead-fred&or of thy ¥ste vﬁ“r#%,otlﬁsg %I)%aﬁ‘p"f"%?g Og%é\%l%{g&)%fp@g\%gﬁhg'sfnﬁﬁl pool
of 10 nel t e3=s@h der s MRye efthanes waet songeandnalthewvegwer ss phaped n§=9% on

tenperatures than feasible for hand sol derin nual _qr. aut .£d): W t hout
an active dd¥i tPUEODrYssPE & OUmaesoﬁEi?‘gs%g%v\h%lnoatqﬁ‘ﬁ%glgétgiaén’g %‘teel,

manuf act urifgrifkeat glass, agaking bid | efes cherl ead et ,irlSnonkieargitoy
figurines and other processes involving nolten netals..and splying.such
pr obl ensuse‘ijcﬁpetx]’?ieg ilﬁ‘vetﬂfq ofetas - Nec® residue OL agd_blvw BL‘-Q/ @ag\ﬁ

 found on boards wave soldered when the bath has & layer of

1¢  dimer acid on the surface.

The gubstance added to the solder in a continuous
process may be added continually, such as intermittently or
periodically, and contimuous addirion is not believed to De
neaded. Tr also appears adegquate to intermittently remove

15 epent liguid residues Ifrom the surtace of the soclder and
where +this is done repeatedly, there 1is, in eiffect,
continual removal.

25 noted above, dimer acid and/or trimer acid suitable
for muse in practice of this invention 15 not necessarily

20 vpure dimer of one fatty acid. An example has been given of
2 dimer acid which includes small amounts of monomer and
crimer. What could be termed a "trimer acid® having a
substantial proportion of srimer of Iatty acids, may Dbe
suitable. Tnus, for example, & trimer acid having about

2% rwo-thirds trimer and ome-third dimer may Dbe quite
gatisfactory, particularly if the fatty acid(s) used Lo make
the &trimer have small carbon numbers. A predominantly
“rimer acid composition with suitable carbon number may he
preferable to a predominantly dimer acid compesition, since

30 it is suggested that a trimer acid degrades more slowly than
a dimer acid.

nimer acids and trimer acids effective in a soldering

process can be made from fatty acids having about 18 carbon

25



by active is also feasible. Wen the resistant to el evated tenperatures, the
process may be used for hot din gal vanizing. Such an active additive may be
a 20 trinmer or aromatic conmpound, for exanple, and nmay be solid at room
tenperature w thout departing fromprinciples of this invention. O her

uses
for such a process will be apparent to those skilled in the art. Foll ow ng
are the Tables referred L.o above. 25 Table- Mnoneric fatty acids,
rel ative and absolute anmounts Table Il - Dineric fatty acids, relative and

absol ut e anannd,s incAnmiung iches arplen Dl 8% cfrkdixyér group. Readily
available fatty acids from vegetable sources gemerally have

an even number of carbon atoms. Since they are easily

availiable and inexpensive, dimer acids made from fatty acids

5  with carbon numbers ranging from Cl4 to C22 are preferred.
Dimer and/or trimer acids with higher carbon numbers are
probably suitable for some soldering applications but are

not readily commercially avadlable. They may also be uselful

on zinc baths used for dip galvanizing.

10 Wnen +the carbon number 15 1owsr than twelve, 1t 1is

believead desirable to employ trimers or higher polymers or

dendrimers to achieve adeguate carbon moiety lengths for

1.

good film forming properties and assimilation of metal

oxides. Thus, it 1s preferred that the dimer acid or

15 equivalent have a carbon number in the range o:f Irom 24 tTo

60. Best results seem to De available with dimer acid with

a carbon number in the range of from 28 to 44, When

speaking of carbon mumber it will be recognized that this is
commonly an *average' for the dimer acid or the like since
20 such materials are commonly & mixture of dimers of different
fatty acids and may include monomers, trimers and dendrimers

with higher and lower carbon numbers. Dendrimars may be
particularly useful since there can be several reactive
sites without diminishing other desirable properties of the

25 additive.

The process of scavenging metal oxide from a solder
bath is particularly effective with lead-free solders. It
ig suitable Tfor conventional lead-tin sclders, but
subjectively seems to offer fewer advantages. T

306 found tnat an active additive is more effective on a bath of
lead-free solder tThan on & lead-tin solder alloy bath.

2 "gkin" of dross can sometimes be seen on the purface

=g

of & wave in wave soldering apparatus, for example. The

30



392. 7% 189%16. 0% 469%0. 9% 14942. 5 oleic-stearic oleic-oleic linoleic-oleic

skin travels across the surface of the scolder pot until it

reaches the active additive, whereupon it ig assimilated

inte the additive. It is not known if this dross includes

entrained metal or is largely oxidized metal. If there is
5 metallic sclder in the dross, it is released and returns to
the solder bath as oxidized metal is assimilated

additive.

in the

A much more vigsible layer is formed om the dynamic wave

in a lead-tin solder bath than on a lead-free sclder bath.
10 This is believed to be a dyvnamic effect as lead oxidizes

more readily or rapidliy than tin in the conditions

ot
soldering apparatus. The high density of lead and its
compounds may also play a role. 2 egkin of lead-contsining

oxide may push further across a guiescent surface toward the

15  active additive than a similar skin of lead-free

oxide.

Use of an active additive is particularly appropriate

for tin-sgilver solders and tin-based ternary solder alliovs,

including, for example, tin-gilver azlloyve with additions of

copper, nickel, bismuth, antimony, zinc and/or indium. Iz
20 is also effective for “pure” tin bhaths. &So far as is known,

the scldering process 1 aliso independent of the solder

apparatus in which 1t is used.

In effect, +the functiomns of protecting the surfacs of

the molten solder from access te alr and scavenging oxide in

25 the metal can be periormed by different materisls. Thus,

for example, z barrier ligquid laver is formed on at

least &

portion of the surface of the sclder in a bath. The barrier

ligquid is, for example, an organic oil. additionally, an

oxide scavenger iz added to the solder bath. 2 sultable

30 scavenger has a higher (negative) free energy of formation

of oxide than tin oxide s0 that tin oxide i1s chemically

reduced. Tin ion is reduced to metallic tin and an
alternative oxide may be IZormed.

(43
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A suitable liguid oxygen-barrier layer is an organic

oil such as a fatty acid c¢il, e.g., monomers suck as coconub

oil, peanut oil, palm oil, olive oll, corn oil, sgafflower
oil, tall oil, etc. Such ocilzs may be blended for still
further wariations. Ad4di tional oxygen-barrier liquids

inciunde other wvegetable oils, ocleic =acid, stearic acid,

abietic acid, palmitic acid, lincleic acid, linolenic acid,
resin acids, and dimers, trimers and dendrimers of such
oils, for example. The lower molecular weight materials are
acceptable even though they may be smoky since the Ffumes and

smoke can be removed from the area.
Higher molecular weight materials are preferred since
more stable. Substituted fatty acids (including dimers and

trimers) are suitable, with end groups substicuted for -COOE

e £

groups including amine, amide, thicl. A variety of hnigher

meliting paraffin waxes and waxes such as beeswax, and

mixtures thereof may izo form sultable oxygen-barrier
liguids. Saturated straight chain aliphatics are preferred,

but aromatic materials are azlso actceptable.

A particularly preferred oxygen-barrier liguid includes
& heavy metal (e.g., tin} socap of a fatty acid monomer,
dimer ©r trimer. Light metal soaps (e.g. scdium, lithium,
calcium, magnesium) are also suitable. Such a socap may form

a2 monomolecular film on guiescent surfaces of the solder for
ffectively blocking access by oxvgen. Pelar liquids

preferred since they betfer ‘wet

the molten sclder to
maintain a comtinuous film or laver.

Other additives which may be suitable if they do not

disassociate abt the temperature of the molten solder

comprise esters, anhydrides, imides, lactones andé lactams.

(For example, ERISYS GS-120, & glycidyl ester of linoleic

acid dimer, available Zrom Specialty Chemicals Inc. of

Moorestown, New Jersey.) Thus, the oxygen-barrier licuid



[8y]

190

[
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may comprise the hydrocarbon moiety of a dimer and/or trimer
of fatty acid and at least one nucleophilic and/or
electrophilic group on tThe hydrocarbon molety. An
appropriate additive is a difunctional orgamic molecule with
& hydrocarbon moiety providing the capability of Torming &

monomolecular film on molten solder.

Low melting inorganic salis or salt mixtures may also

serve as suitable oxygen barriers. Examples include sodium

aluminum chloride (NaCl.RlCl, melting point 185°C), sodium

monofluoro-acsetate, and mmixtures of matal chlorides,

fluorides and bromides. Divalent tin chloride {(8nCl;,

melting point 2462C) may be included in such mixtures for
lowering melting point of the oxygen-barrier liguid.
The fluid oxygen-barrier layver may alsoc be an inert gas

such as nirrogen or argon which blankets the suriace.

Nirrogen has been =ried over soldering processes for
minimizing dross formation. There has been limited sugcess,
probably because oxygen becomes mixed with the nitrogen as

it iz releassd adjacent to the solder. Better anclosures

and higher flow rates of nitrogen may bs used Ior obtaining
& satigfactory oxvgen-barrier of nitrogen, Ior example.
Argon is a better barrier fluid since it has higher density

and 1s therefore less subject Lo mixing with ir y:N

persistent blanket of argon can be maintalined over a bath of
moiten solder when there are confining walls.

2 second additive Ffor the soldering process is an oxide

scavenger or deoxidizer for minimizing metal oxide in the

molien solder and reducing tin oxide and other metal oxides
that may form. The most common species of tin oxide 1is

apparently Sn0; and the oxide scavenger should have a higher

th

ree energy of oxide Iformation (i.e., higher negative

free
energy) than the tin oxide to effectively reduce tin oxide.
Most commornly, the scavenger is added to the body of molten
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tin or tin alloy.

Exemplary oxide scavengers include calcium, magnesium,
aluminum, 1ithium, potassium, sodium, titaniwmn, zirconium,
silicon, vttrium, rare earth metals and the like. Mecal
hvdrides may alsc provide strong scavenging of oxides. Thess
deoxidizers may be added to the solder directly or more
preferably in the form of z tin alloy in & manner similar to
addition of ferro-alloys to steel. Such &llovs are
preferred for rapid melting rather than slow dissolution in
the solder. Ome may form pellets or a paste oI oxygen-
barrier material and scavenger additive powder for
simultaneous automatic addition to the solder to replace
depleted additives. Gaseous deoxidizers o©Or scavengers may
also be injected below the surface of the molten solder.
For example, a reducing gas comprising 80% helium, 20%
nyvdrogen may bs bubbled through the molten metal. Such &

reducing mixture is non-explosive.

3

2n oxide scavenger may be included in a Zloating layer
on & bath of molten metal, either as a distin

dizpersed in an oxygen barrier lavsar. For example,

o

eolites (natural or artificisl) sedguester metal oxides

in
their pores. Oxides mey thereby be scavenged ZIrom the

molten metal and/or assimilated from dreoss that may form

—

where metal is exposed to air. Such a solid (e.g. zeolite)
scavenging agent is preferably combined with & liguid which
is stable on the metal so that the particlies of sol id don't

simply increase the velume oI soiid dJdross on the bath.

Phosphorus compounds, for example, used as decxidlizers may
be in the oxvgen barrier layer instead of digsclved in the
bath like the reactive metals mentioned above.

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

T
i

molten tin. Vanadium and depleted uranium are examples.
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such a sinking msterial is wused, solder for a wave or the
like is preferably be withdrawn from the bath at a mid-level
or other place where oxides are not entrained in the wave,

Several oxvgen barrier fluids and deoxidizers

mentioned as suitable.

are
Tt will be recognized that some of
these may not be suitable for electronic scldering

applications for unrelated xeasons {(e.g., & residue may be

hygroscaopic) . They may still be suitable for soldering
processes for other applications such as dental products,

jewelry, automoblile radiators, plumbing, etc.

Rarher +than a2 metal scavenging asdditive, one may

immerse an electrode in the solder. The electrode may be a

sacrificial one that is consumed, or 1t mayv be electrically

connected for electricelly reducing metal oxides at itis

surface without being consumed. ©One may bubble a liguid or

gaseous deoxidizer through a soclder bath Ior scavenging

oxides. As mentioned, instead of & liguid oxygen-barrier,

one may cover the surface of the solder with nitrogen, argeon

or other iner~ gas. Thus, broadly, one uses a fluid oxygen

barrier along with a separate deoxidizer.

Aithough described in context of wave soldering of PC

boards with compenents in place, the dnvention is alsc

useful for pre-tirming PC beards or component leads and
other soldering Processas. For example, Freshly

manufactured PO boards have conductive areas coated with

solder by contact of the board with melten solder, somewhat

the same way as in a wave solder apparatus. A blast of hot
air igs then used to blow away sxcess solder on contact pads
and even Ifrom plated-through holes. The technigue Ior
preparing PC boards is called Hot 2ir Solder

{HABL) .

Levelling

In addition o soldering PC boards and the like, &

soldering process as described herein may be employved for

[E3)
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Table 11l - Trrmeric fatty acids, relative and absolute amounts 5 Triners
% of taners oleic-oleic-oleic 14%oleic-oleic-linoleic 46%

oleic-linoleic-linoleic 26%Ilinoleic-linoleic-linoleic 13% Tot al

other products. For example, automotive radiator cores are
often soldered by dipping the cores in & bath of moliten
solder. & laver of active additive on the path facilitates

guch soldering. Costume Jewslry and other products are

5 often moldered and the process is suitable for such uses, as

well.

An active additive which scavenges metal oxiae Irom
molten solder may be incorporated in the core of a lead-freas

solder wire, for example. Cleansing of even a small pool of

10 molten solder may enhance westting and allow lower soldering

irorn temperatures than feasible Ifor nand soldering {(manual

or automated) without an active additive.

Dross is a troublesome issue when tin plating sieel

weed,

manufacturing float glass, making bull=ts or lead sghot,

15  making roy figurines and other processes invelving molten
metals, and solving such proplems by use of this invention
ig alse feasible. When the active additive 1is sultably
razigtant to elevated temperatures, the process may be uged
for hot dip galvanizing. Such an active additive may be &

20 trimer or aromatic compound, for example, and may be solid
a: rocm temperature without departing ZIrom principles of
this imvention. Other uses for such a process will Dbe
apparent t©o those skilled in the art.

Followjl.ng are the Tables referrad to above.
25
mable T - Monomeric fatty acids, relative and absolute amounts
Nonome:ns 1% of monomers 1!zamount in sample %
Stearic 48% 1 2.9% |
F}leic 43% 2.6%
"Tincleic 9% 0.5% |
Total 100% 6% }
.
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99% WHAT IS CLAIMED I'S: 1. A sol dering process conprising: (a)

ina first region of a soldering apparatus, purifying solder in a nolten
sol der bath by maintaining a single liquid |ayer conprising a najor portion
of liquid 5active additive on at |least a portion of the surface of the

sol der bath, whereby the first region is delineated froman area where

sol dering occurs and conprises the liquid additive on the surface of the
sol der bat h, wherein said liquid active additive (i)

is a
liquid at theid epper abimee:6f rubey sabibs, betlpzifd]) cpdnpbialken ZPERFhi | i c
and/ or el eCtrophiTic groups, (i1i11) acts as an looxygen barrier to the
surface of the nolten solder bath, and (iv) assimlates oxid

ast
one nefBimme=sNe bath, to thereby purlfyyaﬁ@‘#@%Eﬁ %BWPgﬁﬁsF?ys%WpE%
sol der [.hat h; fh eHeutattrgpiriied—sotderfrgmthe TiT st Tegion
to a s?@éﬁﬂcrgg?%ﬁihhere sol deri ng occu}sf wher e thé

circul ated nnr|%|ed
sol der Mg devgidrof active additive, anglag(c) contédﬁiﬁ@ a surface ﬁo be
sol dermth ThF‘ (‘I rcul.ated pllrlfnn col-dew

Tt Q\Tl'lélégl fl UTTI \1)40 99. |
!

.

U

i
1inoleic-linoieic; linolenic- ‘lé% %12.: \
oleic 1 |

‘ !
illnolenlc—Llnolelb g 9% 28.0
- |
\ linolenic-linolenic E B% \;.; |
© &
i mase 276-linclenic | 3% ! 2.7% ‘
| o o,
| 101% | 90% \
\'I‘ota.l . | o % J
Pable ITI ~ Trimeric fatty acids, relative and abpsclute amounts
; 3
- v T PO =
3 e bl ¢ Amount in sample |
(Trxme:s \4 of trimer 1 £
1 - p - c‘
\oleic~oleic~olalc 1;4% %O.7t %
= v } [ o i
ioleic—oleic—lincielc %46% E 3% |
? |
1 - g 3 EEY ;
| pleic~linoleic-linoleac kEo% %+.30 |
1 1 - ‘
Ilinoleic—linoleic—linolelc %13% iD./ {
*Total %99% %5% J




2. A sol dering process according to claim1 wherein the active additive
conprises dinmer or trinmer acid. 20 3. A soldering process according to claim
2 wherein the diner acid is saturated. 4. A soldering process according to
claim 2 whgrairis ehgntpmer acid has a carbon nunber in the range of from 24
to 60. 25 5 A solderln%~§£ocess according to claim1l wherein the sol dering
process i 5! wavé SAGHRT BPFESSCOPREY M e sol der | ng, and the circul ating step
conpri ses drawuﬂpnbhstmgbhbfedd&ﬂhdemp&emmuneamgmbeebnehmﬂwof t he sol der

o ot RORERARY LB CY Dok Pl A8 BpAdlS § SRy RORER bilfu8LT (208 | !

part of t he be Sol'dered. 6. A
sol derifg mmoaakmwaooetHaMQdemcbh%ﬁﬁmﬁwﬁef@eﬁOMQ@%§UMﬁQG@Yﬁ@fﬁﬁ sol dered

is on a praea&aﬁf% ééﬁaﬁ&%ﬂdtfrohpﬁr{grea %ﬁzm%oe@ @eddcag ahé e&e&eeé%q;agung toclaiml

wherein the ten sol s a | ead- free sol der. . A soldering process
accor di ng %H“%?Q?ﬁﬁf“ﬁﬁ@ﬁé#ﬁEPH@r%%Ph of molten solder is at a tenperature

of no nore than 260wkerein said liquid active additive (i} is a liquid at the temperature of
the solder bath, (i) comprises nucleophilic and/or electrophilic groups, (iii} acls as an
10 oxygen barrier to the surface of the molten solder bath, and (iv) assimilates oxide of
at least one metal in the bath, to thereby purify and lower a viscosity of the soider
bath;
(b} circulating purified solder from the first region to a second region where
soldering occurs, where the circulated purified solder is devoid of active additive, and

15 (c) contacting a surface to be soldered with the circulated purified solder from

(b).

2. A soldering process according to claim 1 wherein the active additive

comprises dimer or trimer acid.

20
3. A soldering process according to claim 2 wherein the dimer acid is saturated.
4. A soldering process according to claim 2 wherein the dimer acid has a carbon
number in the range of from 24 to 60.

25

5. A soldering process according to claim 1 wherein the soldering process is

wave, fountain or cascade soldering, and the circulating step comprises drawing the

purified solder from near the bottom of the solder bath to the second region such that

active additive from the surface is not part of the molten solder contacting the surface
30  to be soldered.

6. A soldering process according to claim 1 wherein the surface to be soldered

is on a printed circuit board.

35 T A soldering process according o claim 1 wherein the molien solder is a lead-

free solder,
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9. A soldering process according to claim1l wherein the anount of active
S5additive is sufficient to maintain a |ayer at |east a nolecule thick al
across a qui escent surface of the bath of sol der. 10. A soldering
process acgQl &idadnd SrodsaaBRoldiMRIRiIM 1t Bathef ndGén ¥dderddithi ve i's
sufficient, to assim|late géo?g‘ﬁg it forms on nolten solder, and said
10addi t i veePBRBIsELoqoe B8 2%\ nucl eophilic or el ectrophilic groups.

11. A soldering process according to claim1l wherein the anount of active
additive is suffjcj far . at t i) meters thick on
a qui escent surpf ‘léogdéﬁgé pn{oﬁegs%gﬁ@g# agcg%!ﬁgrwﬁei%mhfém Oiﬁts%qah{'a\}re i ng process
accor difng adgitigt ki swffiticcldapwringimg laypratdgast omoteeye thiok alliegrosdduci ng to said
mol ten sol dets-BathrsRicdink gt fsagdd ve additive in an ampunt sufficient to
forma single layer that remains effective on the solder bath for at |east
about four hours. 20 13. A soldering process according to claim1l1, wherein
the liqui d1cac2I |AV€olaeld Fﬂoy&sif}&c%tmﬁlﬂ@fcgaaﬂhﬁi whegielh ch_emldjuhi df@ctiveé4. A sol dering
process accprdi ng t.o. claim. erein. the organic uid _additive

Dconpr i seiverfiefyS sriaty Ggwet toEn ) PR safabfieflc ot oups on a
hydr ocHr boaiditioe etryprised Bt least bl delebplgliqeretetsphdicgorgbng to cl ai m 13 wherein
the organic liquid additive conprises a major portion of diner acid. 30
16. A soldering process according to claim15 wherein the organic |iquid
addi tive pblssedseidesing pioeesspccydinsid ¢ Tauareis thegriayat 9'Gatvand sufficiently
| ow vapor RdRss W RffcRntt6 M i9yr bhigadl #irBe Alilint@brk eicksed LQlieskert at | east four

hour s.
surface of the bath of solder.

15
12. A soldering process according to claim 1 comprising, prior to step (a),
introducing to said molten soider bath said liquid active additive in an amount
sufficient to form a single layer that remains effective on the solder bath for at least
about four hours.

20

13. A soldering process according to claim 1, wherein the liquid active additive is

an organic liquid additive.

14. A soldering process according to claim 13 wherein the organic liquid additive
25  comprises a plurality of nucleophilic and/or electrophilic groups on a hydrocarbon

moiety.

15. A soldering process according to claim 13 wherein the organic liquid additive
comprises a major portion of dimer acid.

30
16, A soldering process according fo claim 15 wherein the organic liquid additive
possesses sufficient stability against oxidation and sufficiently low vapor pressure to

remain on the bath of moiten solder for at least four hours.

3 17 The soldering process of claim 1, wherein said liquid active additive is liquid

at room temperature.
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3517. The sol dering process of claim1l1, wherein said liquid active additive
is liquid at roomtenperature. 18. The sol dering process of claiml1,
where said liquid active additive is stable at the tenperature of the bath.

19. The sojgler g sptiBGRSSoks 6 i1 1wkQEREL $h NG actRE bAditieOs §@bid afrBi Nt ai ni ng,
S5introducing to said bath of nolten solder said liquid active additive in

b
an anount B@ferreratye of §e8t'm said single liquid layer. 20. A sol dering
process according to claim2 wherein the dinmer acid is unsaturated. 10 21.

The sol derjng ocess . of cl ai . addi ti.onal |. Qnpr.i Sl ormation over
time of a %mﬁhﬁﬁf’@?ﬁ‘”ﬁpr%"c?ﬁ%ﬁ%i’%g ng‘lpﬂs@%gﬁ%{rtg %lgtnia\'/néﬁﬁ%%n t he surface of
t he si gl entrodyoind td sajkbath ¢GRAteTIseldsiagidiqiid gcivecaidigive ofancimaiunt 21, furt her

conpri si n%uﬁ%@ﬂo@&n?%i@si%@ﬁ%id%e@” al . 23. The sol dering process of claim
art r VI ng,

22, wherein er sal e additional liquid active additive is
i ntroduced upon the surface of said bath of nolten solder. 20 24. The

sol deri ng 5y, 0CeSsoldfring bk83slaccoMifg & daitbewiepah arlding dcRis¢l ts in a sol der

joint surface havc! ng top and bottom surfaces that are simlar in
unsaturated.

snoot hness:
10
21. The soldering process of claim 1, additionally comprising formation over time
of a gummy material comprising said spent additive upon the surface of the single

liquid layer.

16 22. The soldering process of claim 21, further comprising removing said gummy

material.

23. The soldering process of claim 22, wherein after said removing, additional

liquid active additive is introduced upon the surface of said bath of moiten solder.
20

24, The soldering process of claim 1, wherein the confacting results in a solder

joint surface having top and bottom surfaces that are similar in smoothness.
25. The soldering process of claim 1, wherein the contacting resuits in a solder
25  joint surface having a metallographic appearance that differs from that of a solder

joint prepared from contact with the same molten solder absent the liquid additive.

286. The soldering process of claim 1, wherein the contacting resuits in a soldered

surface having no detectable levels of liquid additive residue.
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25. The sol dering process of claim1, wherein the contacting results in a
sol der 25joint surface having a netall ographi c appearance that differs from
that of a solder joint prepared fromcontact with the sane nolten sol der
absent the liquid additive. 26. The soldering process of claim1l, wherein
the contacting results in a soldered_surface havi ng no detectable | evels of
liquid additive residue. ERtd o9 ract A process by which
nolten solder is purified in-situ, naking the sol dering process nore
efficient and yielding better results, particularly for |ead-free

sol dering. Leadfree sol der beconEsAmmaﬁaé&aJ for use since the tenperature
for reliable soldering is reduced. A layer of active additive is maintained
on the surface of nolten solder for scavenging netal oxide fromthe sol der
and assi ”L cfﬁ §de 00 N5 hi n%i‘t}arg@olﬁé?tlg Brifid d;ﬂiﬂ G| A¥Bhe Ehgm%g iéx%c%g%&é ve i's an
organic d havi ng nucl eophi ¢ and/ or e1ectrop i c groups.

exanpl e, ﬁﬁbxazytemd oﬁeidingrbdsttea(resdlmmmtcaharigdomhaaﬁmv@dsmlgdelmadigeeamr at us

scavenges netal oxide fromthe bath, assim | ates drass t formon
e Surt aRRom RO (o Ben Do o b Do RIS B FoneP L 91 scos &y
of the solger »qqgfd ls%agﬁéad& BE st bfi kSR QbR B85 EnHE miRY Sxiltaysn rel i abl e

solder joints. Figure 4
the solder and assimilating metal oxide into a hquid laver. The active additive is an organic

Jiquid having nucleophilic and/or electrophilic groups. As an example, a layer of dimer acid
maintained on a wave soldering apparatus scavenges metal oxide from the bath, and
assimilates dross that may form on the surface. Scavenging metal oxide cleanses the bath and
lowers viscosity of the solder, and PC boards or the like soldered on the wave bave reliable

solder joints.

Figure 4
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