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 gier; 25 .00t 5. Rroduced. . t tyre_no pmore than the 260C
DT e I Ak LY R

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 maxi num t enperaatit 8 oo 60EreBFit Friouwogbhder iswgpeappapatiug i s built
to 25 oper at ec:atcizafBXidfeMoEe EP Al exdfn abopt 260G, . Thene is a.desire to
elimnate hazardoys lead from sol der, and there are even noves afoot to ban
the use of |ead. L6ad-Tree Lofter™wiT | =& FB4LPTF etPiSRTmaRyeProdaet s whi ch
now use | &&d- tiRerseiaterin Eremplcany subsdilteut £2d eagbrc3-f50e solder all oys

i nclude tin-sid; and. {d n-Si.l-ver-.c r alloys_havi.ng about 95 - 96.5%tin
and 3.5 - 5% i}sc%l?ﬁ\%r s 91V L GORREL Bop Y 2nl8Vold ABE TR

Lree solder alloys. An 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-

3G

iree solder alloys include tin-siliver and tin-silver-copper

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

.



Some tin based sol ders have been proposed with additions of antinony,

bi snmuth, indium nickel and/or zinc. Tin is the base for the |ead-free

sol der alloys and is typically present as nore than 90% of the all oy.

5Rel i abl e sol deri ng processes have been devel oped whi ch nake autonmatic

sol dering of PC boards highly reliable. To achieve simlar reliability with
| ead-free salofler sirsbebe@sctbbrsidver usol daiaklows -+ Laks-;ggneral 1y found

t hat sol deriarlllqiéennpe atures of .270 tg 275C (520F or higher) are 10
necessary. G earty tRATS 15 higher™t RAA“theCAventtonal TP66€ FPhit and has
t he potenti daskorfodaragi ngeaciofipenent3deTheretar e anceduCi Bgpitdaelf enperat ure
for sol dering-wiih . such.l ead; fyee syuhstitute alloys is highly desirable,
particularly in view of the com ng requi re%nt for use of 15 | ead-free

sol der ° ~ Anot#feras FOlGRTEN irsoorsrasndarn wheh despertd taiboth t he

| ead-tin sol@eessaandssibsdditetensalzder abloys ﬂi%ﬂﬁcggyié;l@nsmpf dross on
t he sol der. gc?&gvei s,;an, accur lég:q an of‘.zgxi,!des of the_ netals in the sol der.
20 Substantial anmounts Of ‘sof der—can 'b&"| 08t THES tRE M DSEwhF ch t hen
needs to be Progessed @ dercorErovand rtecyid e geheraetal folven sphen dross is
not vi si bl e,scassimll - (Ela} SoT e,surface. t-he.nol ten sol.der can lead to
bri dgi ng of sol derlgbe%\;%en %%sfg!@y ?pj)atcoeg??gad(sbggng})%l} %Tlgfl‘frdr &°to wet 25
surfacegmt o BEEH der ed:15861Y haf§ neonpi€tes omhapodry ciomvengimeabbt ai ned.
Due to studyéofcthirsci BM@NEEDNEhaV@oEL: NOW s6NLEAEN - hat pULiLY of the

sol der bath .3 05 nmp, %u@rit_l factor in diffi C_U|Hté wth soldering. It appears
that netal oxide 30 distribdted i i PRe™BACh “Pht Pt ETESowWtH i8fEi ng and
successful sdadetiasg. TFhestkivde mayllcaisse dol dehiwilscosideyirqumiayi de

hucl eation sifescieeierystaldd zatien at, higher feaperatures than
solidification  in absence of such oxides, andqur?ay cause weakné&ss in sol der
joints. Ll%us%ealdﬁz?ﬁdﬁ}r%“ﬁ'to vi sible dross on the surface, a significant
issue is purity miothhe mhkennsel der cbakdhed:t WSof oundi-n pragtice of this
invention that 5.formation.af dr 0SS, in continuous sol dering apparatus can
be significantly mnin zed or evel el i*H Matedeby Sutitsbl eL1adtH t ives. Most
surorising, adremt@Erperat mie dtowhi oh viebl escsékderi ngpteakesipl age with

| ead-free soldem.aldigys Jas heenreduced by, as-quch as 30F (16 to 17C).

Sol deri nzc]o Substantial amounts of soldex can be lost into the dross,
which then needs o be procemssd to recover and recycle the
mezzl. Even when dross is not wvisible, & small amount on
the surface of the molter solder can lezd <o bridging of
sclder bstween closely spaced lsads and/or failure to wat
25 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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10 tenperature for tin-silver alloys can be brought to or below the 260C
limt. Furtheiore, there is a surprising reduction in viscosity of the
molten netal in a wave sol der apparatus, for exanple. This may contribute
to the excellent solder 15 joints obtained at plated-through holes in PC
boards. Such inprovenents in solder joints are also due to better wetting
as shown by.wettin £§H§£199%25t5- Cé%ananess of the solder _bath is
bel i eved FespOnS| > VA ety - of "wBYE9E0I d8rPhY; f OURE ai 1t s¥FHeriFy and 20
cascade sobderigiplsysirens: whi chhenyiherdiged & nspeacki eenof ilsBus ifrvention
are described and. illustcated in ASM Handbook, Volune 6, Wl ding, Brazing,
and SoIdepﬁﬁb?yE%eﬁﬁﬁaFViaﬁﬁaﬁ%&QEf DRFG | ustrated in Fig. 4 which is

| argely copi edrfroms Metadrsl Hardbeek-tpage 1888:-nheanprises-aord di@ayge vat or
"soldeg p%t" i n, which | ten soldgn 10 may be held at the desired sol dering
t enper at ur8™ASHpRY e Ehodn) S Ca-aReoss| Fert e oRE nBEPET R HottbRf this
mol t en massgAnd:; £010es idinipwaedl yobhr eugh oRe e nHPEE Sbﬁt gezzbes 11 from
whi ch the lder flows laterally like a waterfall, 30 either in one

di r ect i on 3GFLBOY RS di &Y SWSPFEBHTE he TR ot SIRERE BEEK Stnt8ifRevv@ble The
upper surfxac8e0ing heafdOWongsqhder i Lommnlyinetert ed L onas Beatave” .
When such a wave sol dering apparatus is used for soldering, a printed
circuit bF&HCEE i ndved™MER 0ES t B “Fppdrédt uscsolTHat: t heSPéde¥ritace of
the PEyboalfhneontact szd:he upper vaur faes,of cLhe,wave, 13 0t mplt g0, 50l der.
Mlten 5 solder wets the surfaces to be soldered, and w cks into the

pl at ed- t hie\§gRSRBF eSiwiiet ar ound | eads, and makes good sol der joints

t herebet ween. Fperg-Ah&-&l sog0-caljed fountain. solderi achi nes, and
cascade sol dering Ef@%ﬁﬁ% mﬁﬁﬁgﬁﬁiéﬁgth%s ?%Sggféo%giskgggggf&ﬂlof%

practi ce Of>599iS3 Ty n@énthiten g tenf Miatisent 1y exvensi o ldeirquirdeastive
additive | (g i nt ad t 3 sol der b ring sol dering
process fdéyﬁkﬁéﬁﬁgq%'ngaggﬁgtﬁg%rB%?gg% ?ﬁ%s§goF&Fh%&gggE?£$h§E?§§ér

provi dés tirdyr pbisingdr esuplaodd-sigmivfoaic antlles liowec igat-fie.t esperature 15
at which reliabl Lder joints_are obtained. The liquid. |ayer preferably
conprises:gh%ggggﬁégsth%té$%ﬂ§tQﬁﬁ§°%tafﬁeaggﬂpé?atﬁ?em%‘iFﬁgebgfﬂ?

ef fecti velas banswoxygenwencaig brbanceactssig.a quileseerinhesdr fate«at the
bath, and has. t he %Bilét%e$o a inilate.giide of at least one netal in the
20 bath and F&main i guid Tor a connsrerarfy acceptable tine. Typically,
the material cai urasessyancor gariec sail@erire; W Ebunud 8ophich derang/ ehna

el ectropiailic end groups. Carboxylic.-. COOH end groups are particularly
pref erfbd. CHGF e l?ﬁb?%’&ﬁ‘é@gcﬂlﬁﬁr?*s@?ya%& st iy Rt 56 descri bed
in 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 wvat or '"solder pot" in which molten solder 10 may be
heid at the degired soldering temperature. A2 pump (not
shown) draws scolder from neasr 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®.



25 greater detail hereinafter. BRI EF SUMVARY OF THE | NVENTI ON In an

enbodi ment of practice of this invention, a liquid |laver of active additive
for scavenging and assimlating netal oxide is introduced onto a sol der

" bath, 30 and a surface to be soldered is contacted with the nolten sol der.

Enbodi nents of the invention conprise scavenging netal oxide froma bath of

mol t en sol der rﬁ’f the |ike. Furthei n%gi_ﬂ__.enbodi nments of the i %Ver%tLon
conpri se assi m'PEE i Dxi Gi 288" et B+ FREHE afER7E 254081 t+5e.25%9  RAccording

to an aspecfidek:ihbe anwmhtaa dikefe d Sbqr@vi Tediga sokeder iaRgopE0eass
corrprlsm i of a_solderin pparat us, purifying

sol der gaé’ﬁ?%ola’t@ﬁ §8I aﬁ% gijf% ntafsi fg ag‘§| ﬁ’%l é’cfarr(?w@qﬁ‘feﬁ

conpri SI No-1ee NRjRE RREFRER 6F khauid<active.adgiltdste on @b | eagti@zportion
of the surface of the solder _bath, whereby the first region is delineated

fromaf arex-Gferetsolasr FRELRTREr §° ahd EBAPFT ¥es THe YHYHA d-aduiPve on

the surface nl-d-he-sobdefoNad hn SR SRl | gUhdnagki v addidiae (i) is
aliquid at the tenperature of the solder bath, (ii) conprises nucleophilic

and/ or el et¥¥6phi Fhrergpomrsn-(iiiJoeres ae aﬁl@@ty@@wc@mlueﬁerw@wé surface
of the ”D'%] SThSaly e&ahﬂiﬂmsagﬁa(b&cééﬁ' E‘ohéLﬁ%&Xégse%%Iﬁ ﬂ@%ﬁﬁ@hﬁ“e met al

in the bat to thereby purify and lower a viscosit bat h;
(b) ci rcul'alt-mg-rp’@mrf-ped-%dh%@uﬁromthe first region to a second region

wher e spl deri ng__L g&gg shﬁg\hg.@eﬂtl_jjg ﬂ“;,gHJ, aéned purifded d’ege hw%gle‘}ém d of

active additiv contacting a ace to beé sol h the
circul at edlpueidi edt svz)da deddir.m( &)ayaDI?AVV NS El:g1 ndd i sna tgreaphobzte:n‘ orce

versus timg f ting balance tests. F  is.agra Or CE Versus
+-Tcl <> fof V\é?zfl %Stcﬁalr}lglﬁéngt €St S %tga sé’PgesD oF etsgrrplé?gt Effég"“"?—“rngq 3is a.

graph of fg)ta.ma:ge/edssu«:s1 ¢anteifeors wel timg batancerhestayet| ystrakéngolr acti ce

of this inventiopn, %, illustrates sem.- s&lhematl cal Ly and in partial
transverseSEF_-Bs%S%“egch St e Xl ary= & de riNGTapPar-dtuS SRREER -7y be
used s praet veechf +Lhksni BVEBLEGR. joints are obtaimed. The liguid

laver preferably comprises & mabterial that is stable at the
temperature of The bath, =ffecgtively bars oxygen in air Ironm
reaching a guiescent suriace of the bath, and has the
gbility to assimilate oxide of =zt least one metzl in the
20 bath and remain liguid for & commercizlly acceptabls time.
Typically, the materizl comprises an organic moleculs wiih
nuleophilic and/or electrophilic end groups. Carboxylic -
COOH end groups are particularly preferred An exemmlary

rreac,

substance comprises a dimsr acid such as described in

=il

25 greater detail hersinafter.

BEIEF SUNMMALRY OF THE INVENTIION
In an embodiment of practice of whis invention, =&

active additive for scavenging and

h

liguid layer ©
assimilating metal oxide ig Introduced onto a solder bath,
30 and a surface to bz soldsrad is contacted with the molten

solder. Embodiments of the invention comprise scavenging metal oxide from a bath of

molten solder or the like. Furthermore, embodiments of the

s



Figs. 5 and 6 are netallographic cross sections of solder joints.
DESCRI PThvENichhiosapiriey exsinhibting oxiBized setad iProediys aBditivihi ch nol ten sol der is

purified in-situ,, making th | der i roces Feef figlent yi el di ng
better resul PECOTHREP &l ﬁé??i Ofgkﬁe e %‘% b & ergol?aég?/f(%&.a E(Selg%{%r%r’g&%gl der
becones Bractihoab) f10f Qe b6 a lshRletiRFRBabME epuiridying 8bidabirea saildering i s

r educed. I'n a preferred enhbodi ment of practice. of this %Bve tion, a
li qui d adtérvieathadi miipaining asingle HeHid tLaysh cOmBRSRe fo MK ROFIFePt BAPH during a
sol dering. pr ss fo ' LN ' : [ sviRfeninge Bakh. The
active égﬁgta%\g}gwgéjﬁlpgrtilg%gQg%rr%%lg)?iﬂgﬁrgﬂtwﬁ%?ngég%/g(%géés%rarlsét al ogi de fromthe
mol t en mEhad is tbiddcaied Bérabineaat wivee tselpen@tagres ohdt doanrviesh the Hagid |
effectively bars oxygen _in ajr from.reachi.ng. a. qui. 1 r.f ace .qf t he
R R e Lo g Lt
bat h. T*AF HRCTMRrAGEI di (48 sSIRaUbAh, I @) aiofnpisedlhek]éphilk aniforesiedtaphijic
acceptable tine. Typically, the material_ co ris@g}i an orgéin%i)rc | ecule with
nul eopolgidiips, GRddcts asedreeteom AETiECtosthe sugf the By 5B RYFCOR clﬁ“'g‘r)(bV ps, such
as in a diner._aci. i I f.er ; Risthgvactive
S 1 v yaepEpkfle phheRE ftthah t%eh%tgéﬁﬁlée?g"tyupr“?f’éﬂ foRp g this does
not neanfiiiadolddr bh; f)iralibing mrifiad sokdbi fiomehy firo negien e sepgndieg®ni bed
hereinafter, even a "stable" additiv r.adual .y .degra i.dikzes and/ or
becomes WHEIEHIKINERCLES, ‘ﬁl?qr%{h&?“%]?’gg P?B%F‘% ok %(lrt%ﬁigv cfl%ﬁa{ft%iaghlﬁg’cous or
gummy afatrlggc)%oﬂﬁ[:ﬁr%da Q28X R B Wb dele® withahb airsllatedpdifidieoRleofroa (Wpl t en net al
bath. On the other hand, a material that vaporized rapidly, snoked badly
or aui ckly degraded and becane solid, would not be considered stable.

The desppaymdam commences with an outline of an easily understood exanpl e
of a soldering process wt et ai | i ati.Qnse ri at e,
added | ater .F%’vefs&isdgri#g]apgls %on\%gglggnﬁgséﬁé vvé"i/r%lof zﬁ%ﬁcﬁgg:&%gét he

subj ect paBdd®f .tests. Thus, in its sinplest form an active additive is
added to the nolten solder _in a wave sol dering_apparatu e.agtive

addi tive i s BhForganic ¥i &'ﬁ?ﬁhoforl oh%?c%eﬁﬁrtsggzgp‘%hn‘ggl &e@r" %%%I aui ckly
spreadsacLRss adsieast of Berexposed-gubescentessurf ace of the nolten sol der
bath. Metal oxide _dross formation decreases and a“ggd;e&ol&m%ﬂgoss on the
surface i s cBiFecfed- n®a FaFReing=Frti d That appears to 1nclude active
addi ti ve apd.assigid atied srekak nexb-eec- Mt abs 250 idegeritiobhe nol ten sol der
are pronptly scavenged when the actjve additive.is added to_the hath. The

: LX

resul ting cl Bafsed otlPeFTTaEd sHTOET BTN Hdd 4 oweP8d vitscosi Ty, and

surpri singly., allows J-el iahlecsol der ieimiteto beldorimy abpiosers
tenperatures than previously believed feasible with
which mav 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

use Zinece the tamperaturs for reliable soldering is reduced.
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30 conventional |ead-free solder. Although not neasured, it is believed
that the cleansed nolten netal wets solid surfaces to be sol dered nore
effectively than does nmetal which still contains nmetal oxides. Sufficient
active additive is put onto the bath of nolten solder to forma |ayer
across the exposed qui escent surface of solder in the pot in apparatus such
as illustrated in Fig. 4, Preferably a sufficient ampuynt of 5 the active
additive is ad@ed @0 PFovEHES | ERSIIGHEThe i eSEEFELSEr f &ce of*he bath
that will:last . |easta:fubl:shi flsof- @k days pe:ataleastod qur hours
so that maintenance is not required nore often than that. A printed circuit
board (ormotirer obpeéertobBebsolWeiad) i3 brESUGRELRO | MWPIESHt act®™i th at

| east a surf t t l.de¥ . hat- sgl.d ts petal . surfaces on
t he boar ﬁ%ﬁ%%&% ne“ﬁ"tgsz?clya%% f%qo“\%gﬁ't%gf%l ?D“plsglf"egrg%ef%?oug hoJIﬂcésl,J‘F secure

el ectri cakddeadss cowprisemt actmgrads.zlet thatn seaneve@esolRyEIngoappar at us,
the PC board contacts the tow of.the. e _of 15, en sol.der. punped from
near the DOTT oM of T %Jﬁévﬁ%%%ddﬁ fvégﬁéyﬁﬁgf %§ %%ééﬁ%gﬁﬁgt egggﬁanic
surface otnthpawayethsati alfediinslivebrar eavazer ént ke rwdwenf gkebshiing o t he

bath, but the active additive enhances sol dering.b avenging netal oxide
fromthe fraiFVH Tt %ath. %QO I‘-E"rae‘(r%‘ér aﬁ@, hfaées%lrfnu%‘?‘ﬁ?c%da?ti ve is

suf fi ci entaskOmpr 9t bytiassiolfi laat e saetal omxi sleckI ornt hehesusd@ice offnéhe bat h.
Preferably one forpns a | ayer w%%h a thickness, of as much as three.

mllinet eBSE18F &R Toife, SBAMHt FERSH"a pb¥tton *6F t e SUFTEEE 0t Yt he

nol ten soldebrntSYch a i ck 2Bvhayeri+s desi rabkerskNCechdp:caied eani n
effective at Teast four _hours and_ordinarily at least a full day before the
bat h shouloFSBEie| SRREFIIA YERTNFE- PR a5k CSui @€ Rien=Fh& dppar at us
is operated for shorter periods. Preferably, enough additive is used to
maintain a licuid 30 | ayer which has assim |l ated netal oxide rather than

al l owi ng solid-appearing dross to accunul ate on the surface. Q her
conventional aspects of the soldering process need not be described, such
as, for exanple: application of flux to the PC board before sol dering, use
of a hot air knife or the |like for renoving excess solder, or any desired
Prior or subsequent cleaning considered desirable for such a PC board.
Exanpl es of sol dering other objects besides PC 5 boards need not be

descri bed Resi duesof additive ado not appear to remain on PC boards to
whi ch sol der has been applied froma bath on which diner acid, for exanple,
has been added. Benign solvents for cleaning any such residues exist, such
as iso-propyl 10 al cohol and aqueous sol utions containing surfactants, for
exanpl e Toluene is effective for dissolving and renoving dinmer acid, which
is a presently preferred active additive. A diner acid is a high

nol ecul ar wei ght di-carboxylic acid which is liauid(typically viscous at
room

ba



15 tenperature), stable and resistant to high tenperatures. It is produced
by dinmerization of unsaturated or saturated fatty acids at m d-nol ecul e and
often contains 36 carbons. (For exanple, a trimer acid which contains three
car boxyl groups and 54 carbons is analogous. A trinmer of shorter 20 fatty
acid chains with about 36 total carbons woul d be equivalent.) Fatty acids
are conposed of a chain of aliphatic groups containing from4 to as nmany as
30 carbon- gtouss ( ald=hboghr]consRs Chaddrys Useidl asatihy zagkfs- haves up o 22

car bon atoms%% anc&&crtlaract gri zed by a termnal carboxyl 25 group, -CODE. The
generic foPfuf =" Her &l P*E&Pho%S1 i ¢ aci ds above acetic acid is
CH3( CH2) , COOH. iThatahbameatsem ¢ountat Ackades Lhg s B4 Oy o ¢ FALTY
aci ds may ?g saturated or unsaturated. In some cases there may “be “di ners’ of
ni xed sat urat G ErRFAES Flat e B that tiRidci PeDaatpingan sdear dttedsf at ty

aci ds incl edebpal nkdic aei d:16@18)cand stegki ¢ ragl.d (018), Un&gééglage%d fatty
acids are usually vegetabl e-derived ‘and conpri se aliphatic chains usually
cont ai ni ng2¥BS -G 1 20%68R bBn " HEERS "wi 294 thierec haradtailivst degwentkagr oup

- COOK.  AmbBgi i heedTgls GRMBRRMAS Al WAL ed, a8l ds. ana 1glglcacid. | inol eic
acid and linolenic acid, all CL8.Saturated fatty acids are Feferted in
practice of*Ffis i“B@ént +bn.Theyigreusorer 5 wmabl eadteel evapedio@nper at ur e

t han unsat dgabed-d V- +RC @S W It i ah. | e baonds.. Aromatic fatty
acids are a!kg% knO\?\énC% fr%?h%xggp{zgn%%%% ?egdr grg}it%aeﬁﬁ Ieﬂt'i“%fa%‘—fl‘c}ﬁ'ancimot her
fatty ati d§Pgerithed esmh r dsimptausiln dridsvepnpitse A0 dmnonanskeand may
contain a pant,br i aek0 Abi eflc_and pinmaric acids). D ners
cont ai ni ng%ﬁgﬁ }Ogr %%s&{%?g %{gir%edeéc@%%% a%rgamMeﬁg%“Eg’ r iRy dal”)é"“l ifiked (if
nmore than 6AEsi4eted usdllecul e) solely at one corner so that the nolecule
has "flexibility henyd, J.ing ffectively flat and pay stack to form
a mononol ecul arib??lcl% on"*%ﬁﬁog’n%fg&ng“%gﬁ‘egrm eaér Shat e dPnet™ atF-efstmay al so
be nore thapAarsyost agramiancsi ai kardeathonpnosbes @l tphasi£ 10 ngtsg aci ds

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.



The diners (and hi gher oliaoners) of fatty acids nay be diners of |

fatty acids or copolyners of different fatty acids.

t he mass spectroneter analysis 20 of conposition of one commerci al
"di ner acid" found useful in practice of this invention.As set fort

Tabl es |
nononmer

nonomeri c fattg

tolll, the ndiner acid" was found to he about 89% di ner,

(fatty acids) and 5% trinmer acid. The commercially avail abl e

asi ds.ised 25,4 0 0Bk e JLITBS caR VéHnh apREed=abl yoslependi ng
on the source of raw naterial s. The proportions of different acids present

i ke

This can be seen from

gr ade of

h in
about

6%

di ffers asnBéeneswldeconat forh, apéakar GidrospaltieoiFPosery §6RESER0rn oi l ,

saf f | ower Qjls. tuna_-oil.,;Eapesegd Qﬂ% %ggl oil, distkthed tald, ogk, oils
36 s fay be blended for still further
vari at i onst Mhetdetedi Zad gl edul esPrayethevie consiidét abeet vareatt off due to

from mari ne sources,

etc. Such ol

as an structure

sour ce -0f {ltyoacid aadl oLy QoL YMBLI £l N0 RALANRLGLS . o Pk xargl ecpone. M ght

ape

our al i phatic chains with
primary hefterssanonsuofaceaet ive érdiyroapswohl obesorathoreassf at Fglehai ns.

There may be. various |engihs. of all faour i ns ndj o] ere.the
sour ce rratée)krl"Tma‘l s°Fi nakeg{.j’gi%‘hzaa?'y 'J)II at“wol-g%%lﬂ e%g&e HRG O ghenge
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20

30

I CcCa
maintenance is not req&fired more often than that. A printed
circuit board (or other object to be soldered) is brought
into contact with at least a surface of the moliten sclder go
Thar solder webts metal surfaces on the board and componenis,
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
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.

Preferably, the amount of additive is sufificient
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
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
laver which has 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



groups on a diner acid may be on the ends of adjacent chains or on the
ends of opposite chains. The hetero atons at the ends of chains nay be the
sanme or different, and although two is typical, there nay be one or nore
active end groups on individual nolecules. 10Ilnstead of a neat X such as
m ght be found in an 8,9- substituted 018 al kane, the side chains on a 018
chain mght not he directly opposite, but may be found at essentially any

| ocati on altgﬂg sYChna GhAi PoafdObeeXaAPlslask-d8g chaisks 48 gt Hbe aé_r
positions 3 and 12, or _3_and 9, or al nost any 15 ot her conbi nation.) The

hetero at ofBifRyOHENEsIEhEi APF yr BTSHEE HEI T 16R s UBR anzh%%wﬂ%@stead of

at the endpefod Gardhopeehahs. cﬂé&%ni}oéo@éldéﬂéﬁﬁgsg%abmear&Xéx%k? zneed to
be the sane and probably never are broad variety of dinmers,

triners andChidgREE- 20 EFSIPREFs Carf BETRME dugardi ok Tirs Heevidwsnmeter i al

mononer s apdat-Be RolymeEi 2at Heg-condk tions and/or catalyst. For exanple,
just one manufacturer of comnmercial Ranmer acids" offers about two dozen

di ff erent gradeBesidiest he¥ e a8fe tAtfre CHusRAan #PREERHr €¥S AARMAATE| Pipr¥duci ng
about 235 moblion. 23, poundg;8k-such FLoducts: ; My of t@%%ﬁ dhngh; aci ds

i ncl ude varying proportions of nononer, diner and trimer. Mst are nade
fromtall cimeteegdstocksy et her hfagt thesaci abd&wlr ceSeatenabsovpreval ent .

Conmer ci al 1y &Jﬁ@hg Mre | ds pBy b vee}glszg‘gd %%hdl Qgrgg tﬁgcgyﬂl nmers

wherethetwofatty a fferent romeach may be
m xes 6F satlgrateéedaand amysatag a$@d~1tf18:m%/ achdsiminichsaréadismyrd zefer Si nce

di neri zat i rs t aturation,..st I Lih....unsat urated
fatty aci d%ﬁ%@ggesuﬁ%lﬁeﬁ% Es #%rgr% sateur a ggé’yﬁ%gs%‘a “’mggi'e | ary
commer ci al |dimmrapbadl eddigrert sa@| dseapdiliyipeefaciads dardivededAVERLS, AVERL7,

AVER18 and AVER]9 va| | able 5 fro Aver iem cal YuarLda G oup of Y| chun
Cty, Jiangxi E%ow nC‘e a&ﬁ:ana (?ennllfltfji'\fl Ll[ﬁfd“f/ rﬁ‘l “Umcf%

Uni dynme 14Rscildni dynecil8, ildni dymauza Ummﬁr@l% Unt dyoes 35,ani dysnﬁ 40,

Uni dyme 60, Uni dune 9 Uni Cil/ilS Uni dyne 35,, Unidyne T-17, _Unidyne
T-16, and UTRAE 12 1a%laérl G FrStAr 28n %ﬁ%em%?*aodhﬁény of Dover,
Chio and Pi my@aeau&ﬁswlmevﬁmﬂbﬂoaa Bpolu-AER ERpadatil22ecEnpol
1040 and Enpol 1062 available from Cognis Goup of Cincinnati, Chio and

Kankakee, |t3770i ¥ FeddWt R s Bte 5% %1’@“1735’“"‘@1‘—@318?6’ {5FE°RS5, DTC
275, DIC Zg@o@T&éﬁieﬁrﬁj BElkkr acic which 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

8



15 avail abl e from MeadWestvaco of Stanford, Connecticut; a dinmer acid
identified as Ph1200 which is 80 to 90% direr acid, 10 to 20%trinmer acid
and a maxi num of 5% nononer acid avail able from Sammwo O | Chenical Co of
Yangj ugun, RYE, Korea; products from Resol ution PerfalLmance Products, 20
Lakel and, Florida; P loci 1006, Pripol 1009, PriPol 1013, Pripol 1017 and
Pripol 2033 avail abI e from Uni aema of London Engl and and W | m ngt on,

Del awar e; Enpol . 1014 8, 2, Enpol
1024, Errpo?n%ﬁom d“Erp S%Iaﬁﬁ 1:allvsal C:abT"ré %‘r?nr%r owng%hem ca C(J)E%%ZS

(di stributmsg: Oéozﬁﬁirﬂxﬁmatuhslamdeasegs Raei f)[LElﬂ aeid Acithdreim Racidf i c

Epoxy Pol yners,. .Inc. sour | ri.o di_ner. _aci d
products fFom hl&ﬁgr%l?’r 8&6 n’q HM&%] Cﬁ aHé Toffany Limted of
Changsha, BEEH@:rwdlﬁh@ﬂaa:ngcéfongzatnﬁbemm&hbwﬂustr';?hé:p agk Zhejsi ang, 30
China. This ljist is not beeoé eved to be _coupr ehensi ve_an gt hgr di ner acids
and the® | i RE3RES Be THRECISH | IRAFCHE e HFPOmPERESE. BF 0t hat X eAtst's

In additiogitn @p%aéb%yié cadmae& ankds,. nuekempbiti cfamtyelaemarsomua ic

substitutions for the - roug per se, ma al soag equi val, EJﬁoms
accept abl e 3f8 JFoUps n"f‘ﬁjnt S he @W&e?’@ﬁ ¥ be 2ELECEF ot

nucl eophi | ignbR 2a8t4 1 £4As8] herialetal Mt aressti kkigapable:die
conpl exi ng or form ng non-coval ent (e.g. dative) bonds with netal oxides.

For pur posé20ofmepguergppPPeati®eh Sath2eRd Yr SRFERFETEBRsi I ed (G hi n the

scope of unugleophihicoapdior olacdrophiddd's Jal--0xaMpl @ncatheriagditives
conprise 10 am nes, alcohols/ thiols, Phosphenes, and am des, as diners

and/ or tri rAEes TUEEReRCRRRIEI Mo ¥Ry SBE SUPERLRES | FIHRRSY dE MBESIFEESsoci at e

at the temgatyge; gf d Ngo1obien sahdel balh cQIPLi-s8-eStHs sinanhydsi des,
i mdes, |actones and | ecterns. For exarrpl e, ERISYS GS-120,_a gl ycidyl

ester of 15wdisvoilei Gaaci o et L 1gVai | abPée#lemSBéél &arey THEAGARPEY | nc. of

MDOr est own, £ New 6T B Jscack cdNUSmm ! e RAMLALELTRY COMRY io8e alieen
hydr ocar bon noi ety o a Wiher andlor trimer o atty aci and at | east one

nucl eophi | i solgtersl e&‘heophom‘cmgr@u@*orﬁqm mpar 6Gap boh ROreUiepally s
preferabl e t t th % %9% | east two Aucl eopghélc of;.el.ectraphilic groups
A h

and nore spec Y%a e groups are carb Tlﬂ or practice
of this inventi dame |dnmessc©a3acﬁexmh:1 h@ltlcehmmsﬁ amdﬁat cYreapeds mefy Patty

aci ds havi ng,at Ieast |gh;t 5 carhon at %@50@8; gap-be. wsed. Jns egd of a
di ner of £s toeeR TSR -

fatty acid atide ab(lﬂhslﬁaﬁ.abeBeaiOfIBQmauﬁélms @fm@a_h:ometenodamysats wei ght
fatty acid may have properties suff|§¢§nt simlar to a_diner, acid.to be
used as®@n SHdFPTRRS g oF & 86l gBF BRTRCT 30T egra?éf[tn Ve addfervE® ﬁéed’ Wt al ways
have a hydr ggarbon i ADI@takGof e@pom@g {vendider ofad akby aeib-dn lim ot her
words, an appropriate additive is_an _orga iC _m)l ecul with a_hydrogcarbon
noi et y, andgﬁﬁﬁﬁ%mnﬁq’ Trouptd \HTER a?%ér was Found Zo pe’andut ¢¥

dimer, about 6% monomer (fatty acids) and 3% Trimer acid.
The commercially avallable 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 tell o0il, cils 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



nucl eophilic or electrophilic to capture tin oxide and/or other oxide of
nmetal in the bath. For exanple, | ong chai n hydrocarbon (preferably
saturated) split near one end with a There are properties of the active
additive to the solder bath that are inportant for conmercial applications.
For exanple, the additive is liauid at the tenperature of nolten solder in
the bath, and has sufficient stability 10 against oxidation and

sufficientl | ow vapor._ pressur 0 i n_as. an actlve L| on the
bath of mdl thﬁ?dgg t e f 2%3§F£1Td? At f st urs ang %@éﬁgbetter
preferablymre@abﬂleéfen&igﬁmkaroatohea&L aﬁhdloﬁmmhb shieftsandThere

preferably about one day. Pr4. 4orab the er_of_ active addit
effectlvemﬁwbgﬁsv8§§a%% TG Proﬁr EEHanh%&F%rﬁ§ DA EECe Rt ¥ shr?ace of
the sol dershd tsdsred Spatesidiabl Bifkal . t hernedibpyeabe wen--€WaDSere,

non- conducti ve and non- hydro I|c o that there is_no, detrinment, |n t he
event 6f rQ§ﬂu§ﬁeoﬁfaaéH?‘1$§P b8§rdh8re% hett G S oF 8.

or on the ends ol opposzte chains. The hetero atoms at the
ends of chains may be the same or different, and although
two is typigal, there may be one or more active end groups
on individual molecules,

i0 Instead of a neat X guch ag might be found in an 8,5-
substituted C1l8 alkane, the mide chains on & CLE 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
15 other combination.) The heterc 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



Since the nunber of commercially available dinmer acids 25 and/or trimner
aci ds and ot her suitable nucleophilic- and/or el ectrophilic-group
containing nolecules is quite large and the nunber of possibilities within
the scope of active additives"” is even larger, there is sonme probability
that there are substances with sone of these properties which 30 will not
be fully effective as described, and therefore not be suitable for practice
of this invention. For exanple, a dictionary definition of fatty acid
goes down UOSRTHERRBR atHmy | RAUTE noFder TeRRHE nett of LR spraBewrddl woul d
probabl y beaknappreOpiind-@ .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 iEXEBHIFhGCTBETHsRELONAT2RbiPEN Soisterchgshantit tniigethave a 5
flash poingchibat drsitae howsior userew a sphder bat hygls260C, 816, A hi gher
ol i gpmer of_ such short chain fatty aci ds, m ght, however, be swtalb e.
Fai | ur et o Ta¥e Stre Gretiffelpr opamdees Grenti oriedabove @ayy r eddahyxi
el i mnate sQpR-;jgandi &:=mat eLials, LO0Rortunataly, there | gui ¢k, easy
and inexoensi.véL test for a‘s_cr een‘i"nzya'cantai date g}c{‘t"i ve hd&jlr%dsyén”rraf’e'ri al to
avoi d t hos&=gRameat Runduidvalsl 8. (earhye 8he Bkidvmed 47 Thédame 2an
elimnate spilyRUDSHANEES b SEEP! ¥okBOALNG: SOME Ok hDe\DhY ST Cal o
properties, such as viscosity, vapor pr essur e, I'Ting pb|nF, ash
poi nt, oxi datdicon Ust dpingi T4L7 eflcidSoreTcdAdi datieUsidstarices reyiiendd n,
where Ly issupcertain whether they will wark well. Those can .be found by a
screening test. u%!to &r no%g,gé?ﬁereém%aaxfybg*suOéft“ancé)glfjhg‘PaPaslS‘a%’H'B“’
screeni ng testsimsdodd; | Brbelict 1000 K, Exond] ar @20 matoicqrorer cizabby poacti cal
because of ed t erate far longer periods of tine at high .
t enper at ur e%nr%o%%é‘n%atg{?&gl %vedlgigarnacfe Tore Fgﬁflﬁ?y “RER Sﬁheql'?c&ﬁlg‘anay not be
deemed comfrici adddy Rasibkes, abl houghs opesadihes-vEie SEreeRmisng otresti7ks
sinple. S r ow s started 25 jn an_apparatus_such as a wave_sol dering
appar at us %r?g'ﬁt %ébf et dg?‘obiyé}r Vel A Sl | PEDaee  of 2the SCandi dat e
subst ance isvaadded cont ot hResatstervarat hor Wienng gandi gatresubstance, i s
oper abl e, tc?.erevis a,ptggg;‘_yj sual |y di scernabl e change in the flow
char act eri stTtE of“the 885t et . 2ThEMEdef™ 1 at e watlertal POBvERT™8  wei r or
through a sd&fcappears 20er exfhdd tioi@S difa @8 ihindcE MG QndN acig
viscosity.lrregularities in the surface of the wave _di m nish.Dross on the
surface of ¥Fer Terfs@engamgpe Oil Chemical Co of Yangijugun, 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.
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collect in one or a few regions of sludge, with other areas of the surface
of the solder previously containing floating dross becom ng shiny and
clean. Solid dross may di sappear as it is assimlated by the liquid

addi tive. The changes m ght be quantified, but that is not necessary for
screening. Only a small anobunt of material needs to be added, i.e., 50 to
100 mlliliters or less in a typical small wave soldering apparatus to

produce a visually discern bI cha nd tQ obtain_.good SQ | der i
characteristicg Fg%ﬁgﬁg bgP lc&rgnggﬁﬁuﬂﬁ?eﬁafchggad&@& F8P£%€%fuatlng
| onger tergn &tmt&bbm:oictdzxaa@tﬁdmﬂmewrfo&he;ml-muﬁsghcdep bath. se,
surprising result of addi hg .an actlve additi ve to the_surface of a solder

bath in SotHferPhgS AP dis | sSaRe158°5PREER+$ nfBTi SFEPRJTEE BN in
viscosity rof: the wehteder®i ako Waene1berasiiive cadsh t hue:bsppouiredionto a
bath wi_t hout active additive, and maybe with_sone visible dross, the height
of the5wa¢§3ﬁfbﬁﬁﬁl9”?%%?%a§é§mEIﬁmwa@§€s§F6é?|ﬁ@p%ﬁﬁﬁﬁﬁt6§m@9ﬁ§lﬁ%tal t hat
flows intadt heosayagi snshi-awficam 20=ngar dha-hottephat theisokbderibath, so
the floating active additive |IQUIdFIS not part of the solder passi ng
through t HE-SiRfs. WehoBETRPRRYeCt n“Pifip FpPessarecnt ReFe F8Ca IqePe

noti ceabl exhanggci BBy e JeLART . o1l WaMe BRI eyd Oushy.1ghBEL NO- t Redyetk-t om of
PC boards passed over the wave in automatic 25 apparatus, may rise enough
to now over¥¢HWIHE1EEP- of a Boar EFarBr cexahpher adﬂltlYﬁéré“@Eﬁ@éﬁs to be
sol ubid t Ya@indd, laeﬂ:%tno@ TPELbeR, OfnBELALOX! Uind LARIdEN dPldine;suCh as
dlsperS|on of tinoxideintin. It only takes a small anount of nmetal oxide
30 to changedtdie Fhigwsirégy OLhesl ﬁ@ﬁl'f—@‘t’% mEy elpe asshdd e dricamsvaticon of

hi gh el tingc pRLAL.OBLEILAl 8¢ i Rrkhe. JRbLen el abs MRker e LG yigeosi Ly of
the netal. An active ditive laver added to a nolten sol bat h appears
to scaveng@ubndcqmnnuﬂa aestars| eadthwomedssf, t Hevdetal oxtdensgh sperised in

t he nDIten th b ifyi n der, 4 owering
t he vi sc05| the ﬁ%ft é}rﬁ% g ﬁgrhl S c%%la%%exga[ ?lrfcfzhcgj Vi suaa:ncg

di scerhabl élﬁokmgﬁa:uéh dilrexf, | amuh@hetmmmt&muaa@ Wamsal&le:ﬁmmg

appar at us u qﬁ aqgl i on ﬁ actlve addit4ve, as well as the inproved
wetting by a4t o Eompene ng%%ing sol der ed. In an exenpl ary
situation, a |ayessoftioxigiiidriass mags adrdravied theatedbkatBownméhessurface
of solder in a spmll 10 nmer ci.al _wave sol dering. a ratu erated for
three ei ghf hdur® ?ﬁ?t?ﬂggﬁ% Sofder Bgt:%ﬁﬂza %%g? %ggaﬁéa%o Sabott® 10 by
14 inches @R2i%oghiTig idicl udicRgrbbeiatea gfotihe wavehaAbentrdtd=0tn Nore of
t he surface was an|escent inthat it was not_in the flomnng wave. About

150 t 02200 TR&26Y -a ditfier 95 PA&FG-GRLT veitidi CPFES was Sadded %T@%ﬁe“ﬁ%paratus
and fornmed machayeh:ihat cappeacedobi bec aBobhps- AniMuddCleel-0at kagidr oss
was |largely assinmlated into the liocuid layer within about a half minute.
that the groups are carboxylic,
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



Surprisingly, after two or three mnutes, viscosity of 20 the |iuuid netal
punped into the wave appeared to be decreased since the wave hei ght was
noti ceably increased as conpared with wave hei ght before the active
additive layer was fo.Lned. This is regarded as evidence that netal oxide
is being scavenged fromthe nolten nmetal. The apparatus was 25 operated
with PC boards passed across the wave and sol dered for another 24 hours.
The | ayer was, then_dark (rather |ike. Chocolate) and gunmy] _but stil
effective If“b?leﬁ%’ill]rilFatcirngeajrr%‘T%’Op@%?'ﬂé’. SFheCiot e of 2t K& sy &2 &d
increased atigsrt B8 k000N AT oM ide &fd:@l NalkobkhieakRgss, SOTdHLS crRAnaspect

of this process is reducing viscosity and inproving Purity- of a_sol der
bath by adBY%D%@P&bHBr?F%{ﬁMﬁ%@me@véwi%ﬁn{}%#’éow|$réﬂaﬁ~aﬁéira

El ectrophi ki e efgh o oa( Spudhiprsgavenge OxddasJHionct hgouBl ben el der. A
preferred nucl egphilic end group is -COOK. By_reducing viscosity by

cl eansihg 8F'%ﬁ#iﬁ?@ﬁgofhéh%aﬁﬁﬂ%ﬂ=lﬁe@@Peﬁﬁﬁéé§; | ower sol deri ng
tenperatures cafhdie used. Jrebbbeles Melal cQXi de.d:S,assh@ daledoln dhe 1iquid
active 5 additive layer. It s of particular significance that scavenging
met al oxi dBCHE¥M BHE bt o olRer taetal caniverees chet t RRpLbtasoitsd (e. g.
copper) sughacesato: de d -1 fNe; SURpLi sisng aspect . .S, d.nvention is
that the 10 tenperat%?eEE% §E§ghlfﬁl%§brg&g%ngﬁih§ taP%é?%#%ﬁﬁ??M%T1

| ead-free Boleer &PLégs sichths tianhsi |aet dwd tPwtdidiestc basecdliwys has
been reguc o n 280G, . zFys,_ the sol dering. pr .gonpri ses
cont acf?ngggal%%s boggga%ﬁ%ea%i@\k% 1;[% lbl%“§*0“:1§erfe)%gw%aﬁgﬁnl%%e%%%%%dg% at a

t enper at ur eptinsaso wracthun 26@CLAThimveccons Wenbanhacti visokiddi ti ve
has been applh| t L f the oolten sol der, arahle. ] oint

sol deri ng %gP?E iI%%%* f%%?g %f%“mﬁ?%bﬁt“Pﬁé %%Prgeaﬁggftf%en?éﬁ%Tres a

t enper at ur @ hiftghkr dadyan 2606 20Nt ngdbdakanee tesisishownt herganic
effectiveness of an active additive which scavenges oxides from the netal
on wetting o1 Tead- f rée €61 der”6n cSpper mI7F a pAIT P resfs, EoUpYNs were
i mrer sed i r1SAC-30iki ald andsohderzabn@3h8s and A Neist her easenwasatdere any
wetting after .eight seconds in 25 the solder pot. Fig. 1 is.a graph. of
force versUSStTmERFT offtRESE 1 e8F 5. " “BFe cBUpomIrad sﬁ'gﬁFEWEWiﬁhg fter
about ei ghtpre¢epadsy tramefd esffeddiive Was non- wekit ng. rull wEeUPEASEWEr e

al so i mrer se%nat 245, 255 and 265C, respectivel and _t hose testsmé—[e

. e ot ; ki = 'Dvym"r"" T i = » of
i 11 ustrat ed® ™K& argpﬁLaD 8 out one day. Preferably the layer 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



30 of Fig. 2. The coupon imrersed at 245 showed retarded poor wetting
(after about four seconds).The coupon at 255 showed sl ow poor wetting
(after about 1.5 seconds).The 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 mnces (about 60 m) of diner acid was added to the sol der
Pot and allowed to spread to the edges. 5 Wen pushed away with a bl ade,
about 1/3 of the surface of the nolten solder had a | ayer of diner acid
with a thi clatess sestbibd efr@saabopt 6rAgBropNOavé SEd eardl RET zaek@p¥aS i N
the region where the coupons were inmmersed. There was no visible dross on
the surfac® THEEREst COUPHHE T e 1D FHMEPREY ANERN SFGTSEEEt “Phere was
good wetting alox238Gnh Fid: odillSna ghaph khbustkatidng 1bhesestesubkis;: Each
sanpl e reached the zero force axis at about 0.3 seconds and was fully
wetted in fPHOr 2hane 3pASSelbnd. moLlten gelgeryibaitiacid WaY Spparent |y
cl eaned =f r omddie HOtnangdnah 0ss was aldpweg:-t @sko.orcolpensashonedn at

significantlg retarded wetting at 235C There was no wetting before
260°C; etc. A higher oligomer of such short chain fathty

acids, might, however, be suitable. PFailure to have some of
the properties mentioned alsove may readily eliminate some

candidate materials.

10 Fortunately, there 1z a quick, easy and inewpensive

test Tor screening a candidate active additive material to
avold those that are unsuitable, Clearly, one sgkilled in
the art can eliminate some substances by gimply kmowing some

of +the physical properties, such as vissosity, vapor

pressure, boiling point, IZlash point, oxwidation stability,

-
wm

etc. Some candidate substances may remain, where it is

uncertain whether theyv will work well. These can bhe found
by a screening test. Furthermors, there mav be substances

that pass the secreening test and do in fact work, but

ar<

20 not commercially practical because o the need to operate

for longer periods of time at high temperature. Some
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, as if there is a reduction

in
Lecosity. Irregularities in the surface of the wave
diminish. Dross on the surface of the solder seems to

14



was found about two seconds on any of three coupons. Reasonable wettingafter
about four seconds. Renarkably, 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 |ike. A good quality
conventional solder joint of lead-tin alloy has a snmooth sninv surface, and
operators doing 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 SEopPeE bt 1B i¥ By FisalryiraEher FoUGESt oBkFRgPErgraElisRF, even
when an aceeptahl guioidd d@asciheaihi-0dused-; oTReLe BRYaah s beiyhatngseem to
be flow lines or patches of ordered irregularities on the surface. These
are subj ecrees 30eePBEIY £H-6H5 FIC tHe2F0i nt SepPeafhpte TRAY cR 8PP
quantifiedybut. are apnareRt 50gN LGPl fNCed QPRIALOr eftder mhddy the
naked eye or wth small nagnification. It has been found that the
sur f ace> of magheadbtr eguseideyed oi Ly anhel f rof atfel t TRABFRAACT | W&

addi tive | SRLERENL. on difie Sur Lage, OL-R.50l 4% potegener ablychas the smooth
(non-textured) shiny appearance of a conventional ; lead-tin solder joint.
Wien a PC ladigied. i s -so0l dérledtd n 1§ Onanvid sidliderengprappasat 4e, & hevebett ont' of
the board i Lou in tact w : tqQp o wave of . ar.

Mol ten sol fg%alafll o%g%?hr%%%%&gf p atagégtétkhaﬁ%%gh ufl%ol fgrfort%%'?ﬁe oafrv &% ﬁél ong a
| ead in thelisoleentol ¢ or nelagas nt arivat 100 extadrdsint hr @eghid t o sehéeriep & of
the board. Men such_a. solder jqgint is m 1Lhaut  us actiye.additive
on thei\%/ave‘}gs%a é';érlasp%?ic?sat“u%m ther e ant%y bg%ﬁs“hrb%#l e %"% i %% n%% %ﬁq%ﬁe
appear ance iofr tdeljuakhbs ohobder t opmarskdmtitiom sur fracesddiheéveupfhatee on t he
bottom appear.s smot her .a thhe surface 15 on the tow of the joint appears
rougher. HIUEVER SGABR™ &83Tve additive is used on the sol der bath, the top
and bottom surf acesraresiph te=s8iim lodr dadiappear ancevandbdenearaldoy tsaoot h
and shiny. . FurthelLnpre, the netallocraphi ¢ _appearance of such a 20
| ead- free sHAEHiFT & SUendig offt \M‘?e‘f%eﬁoae%ﬁl\?g SEECFVE®| §%u88d or
not used almodk timA=Sihyerrahheys solider-iisnekidesca €t efdl tersndthat upon
solidification froma nelt there is a,two phase structure, . basically tin
phase and a"8%%vé&Per It iPlastISE-1Hr 0BabI 5P HFY nPBFfret®l PRERCShpotiid) .
Copper and gthef. addisttopal ahboyddigee! @UEAL SHRY PessBsertoks, | aw=enough
amounts to remain soluble in one of these phases or may be present as a
third phasebphdBlchi skEE| YEHENEFTFPIESL EndFESRASSE ze That@TheFo H & 16t
noticeabl e Lp,a-magni fed erass -8Q-seebi;on:ato 10X wia examplg, Al 0SS
section (etched wth KOH solution, for exanple) shows |arge areas of tin
grai ns ¥nd srar| eke aPebsonf 05| Fher Spi@Hr ghaths. 5¢ the floating active

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 metsl oxides in molten metal, such as dispersion of tTin
oxide in tin. It only takes =z small amount of metal oxide
30 to change the rheology 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



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 1Cedshengse ol RYsEyslase &t veasddPerge o ofts nBeoit t AE NI t en

sol der bath  Fi Q.6 5 arfLm LB Lf 0SS, H&LL | On10le- by ERiRSERE AT Ver SOl der

j oi nt formedg%y the Same technique with a layer of active additive floating
on the nol¢erersdingertirat Rolder, Fhdseluwetiaty obBEr VESGRS t8f the™8%ir f ace
and grain structure of sal, i Wit hat tdve.addistkve in
the pr ocesI%O{aneél r{ré”\?t?ﬁagegf’tg%r I%&%ltﬁgé}gpv\%%l é%enu%%ss%%lgztpi%ln&of_ one joint or
cross gecttmmndgmy inottled ediby | ditixcattenisstiier | ¢i nWakas FRGETWEh or

w t hout active 20 additive,..An individual .joint y+bg.anpig , zal though
ot her ti meSPRVERY gl eacjidoll“r%t&ll ga’en%gh”{:g{r%i gt&?ﬁgﬁ?ihng%ogggges with and
Wi t hout acthaeimsidividdveeten by gradudg:obn) conpenmade IBiBhEPreEesSs are
exam ned, use of_ non-use can be .di sti.ngui shed. 25An : hi

i nvention corrprzﬁr‘se‘i‘n nFATH 21 g ﬁlo“ﬁl%nlﬁﬁ%%h o%f%%’ﬁfo%s%(}n%eﬁn&%g}sdg%s When
mol t en sol delokwss exposechrtwl aig , ot helhe bsréatdatiomodferhdomagt sdnalfhese
oxides_ (usually called dross). formon the surface and_accugulate: during
operatién GPTESEDNt s = EF‘BE?’Fﬁga%a‘a%“p%% acfpuesr,a”gl%cﬁ%és L'%\L/‘é eglo “dering
machi ne. There anerseversdle pdihleen®oassed at edrdistk dressof ornmti Of.

Dross can interfere w th_sound _so%&eri ng or.I{)cri,nt ed ci_rcuﬂLtwboar_? For

exanpl e, i F¥sefer@EieeudtPons 11 TRy TFRHHIE wet i fig-of °t he suff aces to be

sol dered ang,4esul/t LA RELE OF tRECoIPEie [Wwints;uiEeecpreséncenat dross is
also inplicated in bridging of solder between_ c]osely spaced elegctrical

| eads or cofffed@OroATpadS. S FUIFMTeaYSEr e, “PRE-dID%s™% ?l%o Fwdst & 61T he

sol der ; sand, I:he .net gL resDved ascdnessamust -he sephacad A Hokead-4in

sol ders, dross is a hazardous waste. _ It is found that when _an active
additive | ayarer stafdeaopereGuifacE ofPHe Adft &F sofder i n ‘wa?&*8%l deri ng
10 anter at u@ro%aorwaeg(aiglloeelyt he, f:arnABEEen 1ok (eSS 1iisndianieiehed: chhe
presence of a filmof active additive on surfaces exposed to air apparently
serves to bibwk & kefifomimesehi ng the netal surface and thereby inhibits

oxi dati on. 008854%@35@%4%%9[%9&em839 aneas pinthe. nolionsisysekder

surface is assim active additive layer. Dross formed on a
sol der bat hthypitatdiy | metadesumtes oxicde ahE TRl FEPS36PHer~thedl when

the dross f rgseéé]ec?bsi%r}:?ee 9f, qnAcklveadditi ve. . As.much: asr3 b Dlznore of
t he dross ?/“Ee PH- tHe form of entrairned sol der. In
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



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
lost into dross is greatly dimnished. It does not appear that any 25
appreci abl e anmount of unoxidized netal is entrained in the active additive.
Thus, | ess solder is consuned during soldering and costs are thereby
reduced since less waste is produced. It is found that netal -containinu
dross can heikeat 8did&rin Icq:ﬁieﬂi@rvw'tit huagebye: addiddy erang est radoed net al
in the dross is released as net oxide is assimlated in ghe a dltgve
Thus, dr os$Y SRPEH Er BATFECSDTY y[ﬁﬁe?ﬂ?%ﬁ§V€ s&LderYAPBaF 3t B2 tF ot

emanol e, WheRaN0 @pfdse addivkiVesdisierused, +ayehe whisnmedn ofde andepr ocessed
to recover solder. The dross. |is heated above the nelti ngBEgl nt of . the

sol der undéfuzEhesy MR lactF e adilli EEFe T FRESayEr s~ Hay i¢i PFEGYE or
enhanced cofi@aGt 0 spped. progcessidgosA ool Qf1m0| kegnbrsedter taas
and/ or grows under the additive |ayer and the renainder of the dross is
assi mi | at edBIRFagenE| qBRERRddPEide. Trom  thRe AREFveLhRAITHITRE wiehE
assi m | at ed . fdi-zed, 08t gl My bgorpasted f or cgecover isngrhiBs ant obher
metals (e.g. 10 silver). Some tin ores are colunnly roasted in coal -fired
or oil-fired8¥jg=ss-ick-1ined rotary kilns (or reverberatory furnaces) at up
to 650C prepar atda#ey %&-@lismdaata%dmpem ties IhRedmial {adegaadditive may
be used as sone e 1 nput fuel or nply added to the ores and burned
in the 16 kEtrpemmiuee di;ﬂ W@lﬁf@as}te—i@kéﬁ‘pl BYEEENgc et PRI WEPAY rB&St can
yield undesipgbl & amoke aad Lifopxi decks dhe: aRsti camOmLd oL .Of; hae et al
intin ores chloridizina roast (Wth Nan) in oxidizing conditions may be
used to separatezilovd riors shesmery ‘Wfﬂaﬂfl i peceves ddars HE - 20BMshough it
is believed_thaf at |east o_mplecylar. film.forms gue L. parts
of the exposeﬂ sur%%uﬁ?ﬁ) EQQ EB% n%%ﬁlcgﬂ =5+ B% e? P %#&giggglof

met al surfadekenta ﬂynanﬂdcnedtwmbUImmﬁ smtaaldam ®¢eanoemyewaﬂanaﬂq;
covered mnth such fil hus, m@eremthgge 1S con5|d bl r ence
(such asg”wh&Fe™ S“V\/Z;'V%arf;% -sl;“’to fha"sUFFace 01t Ke Bath v%f agg ”‘tﬂyl}%%!t he
bath) or rapiednf| ewp(saeh as ortipar tswoffzwenave), eheontbhueus &oldsnmy not
exist. Even if the filmis,_not %ontlnuou throq%pout t he suréaqe néa is
beneficial iF"RFNFATSI AGTT 0SS FOT TR | DRT 28 1t 1© as 30 ContrAurryc™
scavengi ng refal sexiges fammithe bulki Bist he sehgerabath. higher ‘"ha.n

260°C.

acrtivenags of an

Hh

20 Wetting belance tests =snow the ef
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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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 fromlocations where dross interferes, nucleation sites are
di m ni shed and dross formation is |ikew se reduced. In other words, dross
continues to be fornmed, but a |ower rate. What dross does 5 formis
captured and assim /|l ated by the active additive and renoved fromharm s
way. At a minimum the addition to the sol der bath should be

suffici ent dge&rgrmi)nt ai Thers st ant i aldby tdert igtuotise f bk oduaigdi ddeent
surface of the nolten solder. No detrinment has 10 been recogni zed from
havi ng exces¥dE of the additive beyond what is required to maintain a
continuous fil Mapout twht £hasd beetedoundbslesi gabhle tef atigneencughll aeki ve

additive to the surface of a solder pot_in ve sol der] ar to form
a floating P& o HifpSedighl Bt hie néég?“’m@ & g?pra%%%?"gﬁ/ Gfoea%é%rh on at

| east a porirhen pheidie Suifagenok thedat oo s /anmntcipersitiadeaher
apparatus to be operated for_a day or nore before b th‘ggi nt Eac(iges(sexcept
for addi ng SBJEP-E% rEpLEEethal tREF of (FePCHoar U&)" The taver forns a

barrier whigh:preventss axidat isormof the 20s56l dlefingr thedaids Satie
anmount s of oxidation occur. on the surface of the ve and these bits of

floating oxFée*PhatéFal | “iack rBRard YRES batFe=8GEh new et al “BRi d& is
promptly asgiptiated.bycthg fLoatingdauer anthesseakbal lapuiicsappears.
.oHow thick a Tayer of active additive to place on_ a bath is §on$\,/\@at
dependeht oAmrRESed| Ghe B EHES s‘éf?%rtpﬁr?hEaBaHHQdAWani%?tﬁnt2 anction of
the active %ggl,tlgvgs' S (2a362YeRderoBLaho0xhdg.f Foguihe. Mokken sehges.
Thus, instead of being determned mainly by surface area, the anount of 30
sol der is azserhed ribgswercofiqife aMbuRt 2additiife 0 PREGFEHF oA Bath. As
an order of gni tude, s U 100y Qof sagt ive,additive appears appropriate
per 100 kg. é(;)Eg""grlo:iﬂélér(.% at 1 s m?re ?hangenough for initial scavengi ng and
Permits continuedteperameon aghdt h@shatbodoniay estsanisd §T¢/R. CAFt 8PTa bath
has been_cl eaned. of oxides.in the oLuye. & S.d &Ss=:5i gnRi{i cant
and t he~ano '%?o?mf&diwtalsv%lllﬂgi’%t%?géﬁgghn?hgﬁ%%%{hé| s related nore to
surface arearstnd-ded ovditribgl et astPoity Thateexpssese nBEa-11E a9%058 t hat
oxi des forn]about swo s=econds on any of three coupone. Reasoconable
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
surface of the solder bath in wave soldering apparatus o

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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A di ner acid when added onto a bath is nearly water-white clear. The |ayer
gradual |y darkens as netal oxide is assimlated by the organic additive.
The | ayer gradually 10 takes the appearance of tea, m|ky 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 netal oxide. Degradation nmay be due to pol ynerization,
deconposition or oxidation, and 15 possibly involves all of these
processes. A darkenad "mpa#myiolmyerchiEal mehandsuMienreskoimmed bedd-ated east a
filmof active additive_typically remains on_a quiescent surfa of . the

nol ten net ﬁP:,Lg%"ﬁdmb’f}ffi rflﬁ)é’g‘e ofﬁémefaf eE‘Fi% e"‘fhr?r%ss%cm“ﬁvaetianogél%%%l Oxi de,
herring coptasinof cai knand:Fec20 Jret al ssuakac@candrarsntiayniteg | dw anount s
of oxide in the metal . en &ge active additive |ayer | snggogaldynarri o
bath, suchSEEOHR ATMRVESEBITRTI nFrap¥ar BPRR=Etch Gar Keniohg occurs. but
appar ent | y1akgas | QWer1 88t e56ha0, On weqli £Seentbodbdbatch. scllieredy em of

organic liquid on the bath remains on quieter areas gcf the bath,. but my be
pushed awayeVPortHEHFhuFBRRT 58 on SWiver ePPHe*Tav&5f alPe iES %t he® bat h.
As the actigyg,Layendar kemsaits wWitsCoshd Y5808 tihd Nedwaser seolihat . it
gradual | y advances toward the foot of the wave, and 0 _.event ual

! ly
encount er e tABt HOLIEW NPVET f CRFRIGRAVE. REF e HESPFADNE o 1 TS
intermtteyddayar eppyve, ey adedegl spentndvteibakes form aAjbbstighntbe
active additive remains as a liquid on the bath even _after degraded, it may
i ncl udé0di sPpeesdy selcygsh Al hoigh "¥PBe ol aree aPeBrftd crRF™ n&Y°F of m i n
areas, the éaoq(#etr' \é')%i(r\lqmj_isn%%%et QiRehave .as ad iQuWide aldeitvauiche the
vi scous, at the tenperature of the bath. It is also found that _
ef f ect i venessreofsalieraddinsiregusan ther safavainted: byiuddi g FheesR<&ctfve
addi tive even after it becames aubte. viscaus. -hensaubbe-darkandgumy,
ef fecti veness of “the addi tive may be dininished and the entire visible
| ayer of 107y gauniTaamter idhe neycber rammwses fsomithey ach, the suripge
degraded active, additive.layer .nmay_ be ved 2..hi gh femer at n
resi stam n¥ponge’ .“OlEorO“exéﬁreJI ej,o%’f‘t &t %Iﬁgey%r Bgﬁ%{i‘?“@h scﬁal e oﬁérg{ivén
descri bed absveye aapiitcerof iar amied fdberheResdlarstm)babdventhabrticr abysut
seven by twenty 15 am_was placed on the surface. The (] - ve ric
was up to \ggﬁ'ﬁ%‘:’%. 55%i-2“%hi ¢k.° De§raded hatert al V%tté%g%%'eg&g%am @nd was
soaked i nt ogbherdiabr ignootheahboatimg patch of fabric was pushed around the
surface to pick up additive along_ the edges of the pot. and when |ifted
off, it was 20 BT Sl oS BPFS0f OtheovSi BPRORTNTT ve-| ei‘"’\}“e"Jrh wa
removedawi t hebRespat Chaolder | Bibasrdbeenspetaing hatna ehsthyrar antdvéi ber
Rsponge6 i s not essential . Degraded a%;i ve additive has been successfully

renmoved frofFPaibarh of WRAG &F S6FJdBPS

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.



25 swabbing with an ordinary cotton terry cloth towel. The rag is not in
contact with the sol der enough to sustain appreci abl e danage or | eave any
resi due on the bath. Thus, an inexpensive cotton rag or other fiber wetted
by the active additive can he used for renoving spent additive. 30 Since
the effectiveness of an active additive laver on the nolten solder in a
conti nuous sol dering apparatus nay be degraded or depleted during use, it
may be desirable to replace the substance at about the same rate it is

depl eted. Thi siyzmy fre aschinst | sbeet byfriomt er batlenvi-Fhaanuar! wSWaBbi ng of f
or aspirating sone of the active additiv addinrg ., sppl | munpt of the
subst ance ?‘ggi?fevesofﬁéf’bat“ St o““n%i%%f‘}ahl n&g«% e fg%%liave@? aﬁ%r FA ter%ati vel y,
this may belatdonst ed oS sivntietmitdient | yhen periseldd |semwrid %o ¥e and
add smal |l anmpunts of the subst .during _operqation.of. t:he apy .

“Wen the aBBFYe"adyi# \Fem—ilsf’eaawaé%éh% PgaT (g% f"gﬂo'f"t" elbn eggsrég&e%é,s it can
be readil yndi-spesseibd domwineerital . exampl € thpranyesfhavey adtetyeasf

avail abl e liquid_dispepsers. 10 The, viscaosit y redu of

sui tabl e sEPFBRIS ch®ES t BF Bers ™% ané’f’SS%Y%%e,&?sg%r o%%?eg%/ec%'ﬁo . butyl
al cohol , hexapgloer theitike The sesiiedmategpbrnendialstahitihe |&yer is
readily found enpirically. Spent or_degraded additive nmay be. :E d by
aut omat ed nggﬁ%"cﬁostﬁ WS8R &r 5%?%%%‘6@%“&% HesEri gélgébbggi?&(%r
liauid may Re aski Latad-ofd Fhen siufacaedPardiicen droy asekuh wateeval s for
chancing thé rheol ocy of a diner acid or simil aglac;j ve additive.are fatty
acid 10 rigomeesodr e shYeT Haidf B¥eefEtely® a MRt RA Butyitai'® 6F 20

di butyl ate €Stfr) pasn. Thegactd vesaddi tivelapy deosd | geedivht v &
essentially ineffective inyiedients wthout destroying effectiyveness.

Subst ant i al reflitassRsAthEy FeddeE tIHETG nﬁomﬁdag’é’i vers n§rEai e‘n‘?c\f’r“é%rns

effective qr; gecel eraje the need 0 2341 empye rdegeaded Jmt eht almolken
exanpl e, a snall anpbunt of carnauba wax (up to about 1% has been added to
a diner aciskidempibedoce a rat her pleasant odor when heated. A, ten percent

dilution w th cagnaub di dynat sigphi cant Ly.reduce of f geti wangss or
lifetime A dil ﬁl}“g’ﬁ ?‘6 about ¢ 0% 30 di ner acid and 30% wax noticeably
reduced usebttutirfies dutscdidgrnot theanrt oirbaugenerf 8et PYEHES S Usefdl life

was redupedisi nce_t hwer rr:ieggsur ea[&ot dark and.gunmygui gkgk.- t hah-aandi |4t ed
di mer aci d. *Thus; thecflqwd ayer on the nolten ‘ ]
cbservation of one joint or cross section may not clearly
indicate whether a Jjoint was made with or without active
20 additive. an individual Jjoint may be ambiguous, although
other times even & single joint is enough O digtinguish
nrocesses with and without active additive. When a group oI

1ointe made by one process are examined, use 0T Non-use 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



sol der preferably has a major portion of the active additive, i.e., nore
t han about 50% One nay al so add coloring agents to the active additive
wi t hout detriment. A characteristic of the active additive is that it 5
"assimlates netal oxide" fromthe nolten nmetal or dross, or ft assimlates
oxi de of at l|least one netal in the bath". This is intended to encomass
assimlating netal in its oxidized state.is not known exactly how t he
"metal oxide" is retained in the active additive layer.It is not known 10
whet her net@itigd dettsngubst Fiatsedthres 1wl beukelderehtanbpeduls the
addi tive, and |4, MY B hald jJhere may,beochelating: sectuestechng
reaction, or sinply surrounding. For exaine, It a reactive group on the
active additpMerdisdanimniing,dotithe net alscildernmayeareachciiosehe ag@icelve
mol ecul e 15,800 1 glease paber oo actl ye addi tvesearendes, And. ...
assi ni | at e§ netal " oxi de i nce | as a dgreater “arfinity for metal oxide
t han does fheanpieiser nel athe Tieisijeractawe addi tiezelonrempitén asolddmssand used
in continugus, sal der _apparatus may,gradual ly_de rﬂaa.gewby 20_saponi fication
in the course 019D"el ﬁ%’ﬁaﬁe%g rreéwazl‘“hox?a%%.tyfﬁer%oic T Be covalert of dative
(coor di nat apzéodshingraeetween the organi c additive end group(s) and a netal
oxi de. Most . . dikel %h ;_p celles of the aclf%y_e addi tive effectively
entrap In effects 3 mittfer8t WTedtt 60 REGrgdni ¢ 88encoPass a
nol ecul e orograutseffamd ecifl eshef mEtvdn Suedt dasi i atdeds ofolde-iret al
oxi de | eaves the as a lLiauid, al éhough__the yiscosjty may be increased.
Metal O%i dBPREYFMOt’ be<88si M FAPed’ as Wit i heF™ Rt ui%thi Bhet (FFESRol edul es,
and that | sinehitn@ortanhe Thekendd HBY =beci'0l | gONBESIvOf adtalveoxd-de W th
| oose bonding_of a few appar ent,ly stoichionetric nol ecules, . A

suffaces expesed To gir apparently serves to bleock air from

reaching the metal surface amd thereby inhibits oxidation.

Dreosse that may Iform on =xposed areas of the molten

]
it

solder surface 1s assimilated inte the active additive
layer. Dross formed on a scolder bath typilcally incliudes
metal oxide and entrained solder metal when the dross forms
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
to the bath, so that the total amount of solder lozt into
dress 1s greatly diminished. It do=s not appear that any
25 apprecisble 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
drogs is relessed as metal oxide isg assimilacted in the
additive. Thug, dross removed from a soldser pot in wave

sclder apparatus, Ior example, when no active additive is

21



It is possible that active additives wth nucleophilic or electrophilic end
groups are formng "heavy netal soaps” 1in the heat of the nolten sol der

al loy. Like nost salts, these heavy netal soaps have a high heat tol erance,
whi ch may hel p explain why the additive does not rapidly degrade in the

har sh envi ronnent of the nolten alloys. 5Tf desired, one may inprove heat
tol erance by mnim zing unsaturation in the active additive nol ecul es.
Decreasi ng unsaturation increases heat tol erance by encouraging tight

mol ecul ar pae&j ngay Thes skfiomeéx edpl andSi greeeidedc Eproerte4 3XTBET - a

hydr ogenat di.ner _acid 1Q. pr.ovi de enhanced t tol C conpar ed
wi th unsat E'gﬁt 'Sﬁoﬁ%uﬁe}rnﬁgg%g %ﬁ%ﬁf hggﬁoﬁgﬁ“égl%nﬁ%?‘%”dioﬁ’e?{%igsf%err t he

| i ke have embAancedidyker nEl astabel eyl cDre cariiox i aplrenyagchdsstiratecar e

anal ogs of _phthalic id .be particul arl seful. genat materials
may be addé@’t§ %IE?% Caodj(rn[;?%f“vgs?pfsgree nl%ﬁc%agfﬁ%%t s%;%%’ﬁl‘t% Igg%: as
nonadecaf | yenadecanphe andborgpoby (shoet hyhsi bodanere othyer @i dyhe

bi s(perfl uorododecyl ) %er i hat ed; Sigma-Aldrich _products ,1_7774}‘%_@& 434906,
respect i vel{FRESRgTR- Adr i TH | A ° %t | SO -W-Sc8Rsi Y. OFRer “dPfEr acid
products frgan:20+Si gnma- Al drich include their products 430307, 191043,
191035, 191019, 434647 and 434655. The tive addi.tive i s_not behaving
as a flux in theP8oterihGProcdsSs v F aFﬁﬁ’éfa}F%?la fO% %ﬁfﬁl M-8l ®ering is
to renpve the oxide=di | fof r omadhehase retal aby reacdd ngns2zlwi t Heog.

otherwi se | oosening that filmfromthe base r{;at al surface. The molten flux
then féOms BL16T ect iSPESHIERKEATS5 Hfe SATIHRTHEY TWRSHRE 01 Mt"Swhich®Pr event s
re-formatiof. of;the axi derbib-munt idedobten-sobdeis ri&plasesddrecblux and
reacts wth the base nmetal to forman internetallic bond. The 30, active
addi ti ve i stwEmASsgi ngtmet® &3 def1HUm t ReSRAI RS Ysol 'der EndmEy *ABver

cont act theﬁ.ﬁa&&ﬁgtf a6gs Lo-be soldered; Flux paysal seedadisemhonst he

solid surfaces to acilitate soldering during practice of this process.
Fl uxi ng act tion impug Separ ar esiypde peitdethttof 6t Pfs and DIy eTaddftive is

not beljeved. {0 b%np'b?t%?.@ 100 5&? iap, %"hﬁa‘@?%ﬁn@g soldgt-idy a-duave

% 5 : 1 - .
sol deri'ng appar at us, exanpl e, since the nolten solder in the wave is

bunped fronteheyboid omdekirhelbashokd agndetiowphidef E6athngn sy PO

addi tive. The_additiyve is. neither.soluple in nok Ly di sed:n the
metal . No ré&Sidue oTnéd‘hlg”f%eiﬁa? eJé'ﬁQ% oun 6%’L8gg(r§“ajé“r\!i\%v€&§%l dgArleg when

t he bat h hasmzdall ayer cef &10ivg r tbediaodds omay heesmsedcese separdfife Sgbst ance
added to the solder in a,continuous process may be added continually, such
as inteLnit CEATI - of  pertodicar! y=-and conti nuous addition is not believed
to be ngeded. |tzatisoudppearis aseiatee tuhamnter Midetsent] yromerpeescular

film forms over guiescen:t parts of the exposed suriace of

the molten metal, it is likely that areas of metal suriace

in a dynamic or turbulent sit:uatién are not complstely

covered with such & film. Thus, where there is considerable

25  turhulence (such as whers a wave fallg to the surface of the

bath of solder in the bath) or rapid Iflow (such as on pars

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
solder bath.

Oxidation to form dress may reguire nucleation sites to

form dross that would interfere with soldering. By removing

22



15 spent liquid residues fromthe surface of the solder and where this is
done repeatedly, there is, in effect, continual renoval. As not ed
above, diner acid and/or trimer acid suitable for use in practice of this
invention is not necessarily 20 pure diner of one fatty acid. An exanple
has been given of a diner acid which includes small anmounts of nononer and
trimer. What could be teLnmed a "trinmer acid" having a substanti al
proportion of trimer of fatty acids, may be suitable. Thus, for exanple, a
trimer aciggohavifig abouby28e t waat hidgdsaditigres ¢ ardcgnerddididbndi neiermy he
quite satisfactory, particularly if the fatty aci d(s%, secg t o_make the
trimer havéresal EntartRirenumbEreatAPr S46RENSREI FTY &4 T cOTpsi ti on
with suitable cathon nuTbel pBye be-dialear abl ezt o apnedaess-aant | greéner acid
conposition, since 30 it is suggested that a triner acid degradesg nore
slow y tharrcetdinnes acide formedpiliey acl@weand®ti nefRat| ﬂsoﬁ?fé‘éﬁ ve in a
sol derigg pOGess AR he.Imdss 4 AMAldseach IS iAW vabauk: L8ve arhon
atons, includingthe car%on I'n the carboxyl "group. Readily available fatty
aci ds frommegetdbfeosotktes géHeral |y have an even nunber of carbon atons.
Since they are easily. il ahklk N pepsLye, & iHsnrade fEom
fatty acids 5 w “hacé%g%n nu r%r %agéﬁgﬁﬁgvgro%goﬁﬂi%%%ﬂ are_preferred.

Di mer and/ osuffsicientachdsawtdizhi ghero o Hymsens iapevpr 6babl §-stit abl e
for some sol dering_appli-cations t ot ily -Gl ayai | abl e.
They nay al %l%?ec%é'efsﬁ’l“g‘ﬁezi%ﬁc tlg%t hngcg%éée}ﬂ ?%%%diel P gggﬁﬁlﬁ%¥lomen t he
car bon Tunbissesi srémwer zehafromehareing t cksebeds eved-ltesiddbliea FerwpFoy
trinmers or higher polynoers or dendri.mers N Leve-adequate carbon noiety
| engt hs f or “good-F A Forhi "y I[bar"élg:ea‘rl i €5 Ctgﬁdgggé’i‘mT'g%?bn of metal oxides.
Thus, it is prefefredst hadet hecinger dacidabiie 15-eqeddal entusiay exd-3¢&r bon
nuaber in the_re; nue of from24 to 60. Best .results .se Q i abl e
Wi th di mer SORUTHTE Fh COT bOR iFber” | A FhE FangS of 5@;#928 ‘?%é‘%’&%en
speaki ng of sgaLbeR N et aWELbabing ecognt zed dopatect hibdei sheomerd .y an
"average” for the dimer acid or the |like since 20 such materials are
conmoni ¥ a &i-9t uRROWE o s “ofTdiFF Erenttat fy PACi-d8™and iy T nclude
mononers, tisMess. apd-dendr pABES amdunhi gheri aad drewespsatdors nunberss.
Dendrinmers may be particularly useful since there can be seyer?]ﬁ reactive
sites witho@®P=gRRERI AT N BEHePTdBSFFaBl®e Sproparti &&-6f “FRB"25 ' 5HETY 1 ve.
The process f. scavMengingsaet ab erdedr oA seldderobatie | scpabticas] arly
effective with | ead-free solders. It is suitable for copyentional |ead-tin
sol ders, butTisubjaser isTiss denB46- Bt f WAL FRWBF SReiant 35ee2 19 has baen 30
found that aflive afdifive i ne cki ¥e &R @abath ®fcur on the

| ead- f rleﬁg-sca)%dggﬁt \%gn “g% %éallxgad%tng% sgilgftél)falr%l Tgl | oy bath. _ - A "skin" of
dross can sosmtiames bé sden omvVeheasdrf Beesof MdtRavesi nfveFe ol &g

apparat us, f'pm;ateexraﬁréelle' blgﬁ roward the bath. 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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skin travel s across the surface of the solder pot until it reaches the
active additive, whereupon it is assimlated into the additive. It is not
known if this dross includes entrained nmetal or is largely oxidized netal.
If there is 5 netallic solder in the dross, it is released and returns to
the solder bath as oxidized netal is assimlated in the additive. A
much nore visible layer is forned on the dynam c wave in a lead-tin sol der
bath than on a | ead-free solder bath. 10 This is believed to be a dynamc
effect as lead; QXdiZRS M08 beatht Yntn I Aft Gy dht@mdedn clifiet hemmdutu ons
of soldering apparatus. The hitch density of lead and its corrpoug%

al so play & rieder peskiogsdf FERRRSSonthi MHGSexi te ﬁg&‘f giH Fur PRE? across a
aui escent sipf.ace {ovardct hg;gelfyv@addiddave thBanagoshin | akiptofe

| ead-free oxide. Use of an active additive is particularl opriate
for tin-silpéntsbhereren ahet PAtBasedTBerRARYTRBRdEP SMFOFSS FRET %? f or
examl eg tin-s .| W, addi ofbscopner, abckek, éﬂsmﬁh

ant i m)mf/), zgibncﬁgﬂg'g E"zj?ltl ﬁ%?ulm E:}t 20 1s also effective for 'pure" tin baths.
So far as isxikisswAerthe sol dering process is al so i ndependent of the sol der
apparatus in whi,C *al&nfe '%aiae%en aadels &fd€0ta bhenf yacti-ans, olapeet ecting
the surface of t ol t én sol der from access to air and scavenging, oxide in
25 the met athidan ctieaperf@‘bﬁeaaHdeﬁ@ﬂ@hw ndasienE $5 TRIS: P&F9&xafpl e, a
barrier liq f aned. o Al I port fasfdre Faceof the
sol der in a<jiJ gt“{%%)é'?%d %rrlﬂegr3 |qU| cT |§§§# oa?vexarrplrzgg 0'La‘;ﬂn or ggz%lrc m?

Addi ti artal | yakemn e deomeavergers Seaddaul ity t9RE s o . batdries sii*fabl e 30
scavenger has_a hi r. (negative) free energ or [ o} t han
tin oxide sB" ?Eﬁrata:%ﬁ) o>(a dg:%?és %Lem cal T% lrge%:h%;e%{ %ﬂ%}élgﬂrﬂb éa’?ee%é%ggd to
metal lic tipsaps-ainlalt eurattioveegxadeciay bé tbenmedganic matrisyi gl e

| i qui d oxygen- barrler Iayer i S.an.qrganic such_as A il
e.g., nonomBrE-tcH &% dcomitt> 0|"Ila““g%anuf 0|£I %éfjglen O?F&%é%lvlgoqﬂo a?;l corn

oi |, saffl oper &kl ,zct %d?@dm,,ﬂﬂonSum@MSmyohe chl emdtkfion, staddd 5
further_ variati ons. Addi ti onal gen- b rr| er %glgsdéssl ncl yde other
veget abte oPPESIRYR dTHELISSst B T| c *aci @ abi Eﬁa i BT e d

acid’

linoleic aC"‘?u.mJnj(n@.%YC 26id, 2hESidenCidsmen bt , nm,J.etajsrnersuamcb-
dendrimers of such oils, for exanple. The | ower nolecul ar, wej ht materi al s

are 10 accefCabVe aYenr-iough ey naf Besnoky SideE Fha* fﬁﬁ‘é§ and snoke

can be renoved frgmthe aeea:, angH gher:fwbecutar wei ghitfamtevéal smare
preferred since nore stable. Substituted fatty acids (including diners and
triners) ar @SSOFEABFERS WRER2en®*§E6up LD t GPRPFor °CcBol 15°%r olips

includi ng agine; am-dgcet hi@l mAMIELety Ofouhi ghamyml 61 ngxpae affi Bovaxes
and waxes such as beeswax, and m xtures thereof may al so foLm suitable

oxygen- barri%gtdl-qui ds. Saturated straight chain aliphatics are preferred,

but aromati c mat ghLal $,2 6,219 ARLERLAN :a2A P2 bhoul atkwrpEetRLned
oxygen-harrier liquid Includes
such as in & wave so;de*“lng aDDara Tas, such c:xa:..h.ena_ng

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 gradually 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.



a heavy netal (e.g., tin) soap of a fatty acid nonomer, diner or triner.
Light netal soaps (e.g. sodium lithium calcium magnesium are also
suitable. Such a soap may form a nononol ecul ar filmon qui escent surfaces
of the solder for 25 effectively blocking access by oxygen. Polar |iquids
are preferred since they better "wet" the nolten solder to maintain a
continuous filmor |ayer. O her additives which nay be suitable if
they do not disaesociate at the tenperature of the nolten sol der 30
conprise esters gpny rides, .Lm 5 N&S:= cLa A oL examl e,
ERI SYS GS- 120, %lg y |d§/C éegféﬁ%???ingﬁe?c ac?ggd%?rerg, ﬁg\qllé%ﬁaﬁe from
Speci al ty Bhthi ezks kfiter ofietibaiest own, mhpwidetvey. FiThessed heolids.
oxygen- bar i |.Lguid i e r.o iety. i-ner
and/or tri %Fe‘{lg}@?aﬁ?/c%%d&gﬁgga?gﬁégsté%%é ?1% I g%p I IJ'%EC %‘% %’r e

el ect r ophi kkidigioap camtiheehydrooc@ebawenviet 2. Ahgappr oprlicetid additd ve is a
di functiongl, organigc, nol ecule with a hydrocar moi et y. provi di e
capabi | |%t yvé"fgcf:g?hi ﬁgnghﬁoﬁ%r%%%e%u %r ] I%geonlpno t enféo %egj.\“/ég EQUIEJ]OW

mel ting i nabhgani e &alttiseopssaldf niké uresiimayye=al s@ séerv enamsiisuirt=gbl By oxygen
barriers. | es. i ncl ude ,sodi u l.um num chl qride (NaCl. A1012 nmelting

ol nt - 18526 CEB G HAEF0 MOTSR UATS BOeT APE=S i SR Xt U 8551 Hhet S5

chl ori des, +filstenikdes g brudriededariD aak egtmini’n ehfoct des{Sr012f nkdting
poi nt 24620 ay be included in. such mxtures for |oweri | ting point of
Phe oxygen B erar FPauPl. SrRWBHEUFY DRogoRebarrier IaoePohag 4reache an
inert gas khrstch asceiidDaey o aegovewhiechmbliankets.t he surface. Nitrogen
has been tried qver sol dering processes for mnimzing dross fqrnation.
There has been [1% FBAERELcRe 11 GHbht i Becduds ORYqer BEBOHES fYxed with
the nitroget s dempbgateteasat adimcerpdngethe 56k detamBed t erseackasures 20
and higher flowrates of nitrogen nmay be used for obtaining a satisfactory
oxygen- bar r¥EIWTEIRPL r BERIE  FEIETEXARD| eLSRFHET s 20°BEr t eF RrSS%r °F I ui d
since it hag-dyghes: lensiis-anei sydhel et gre; d easostibEeshnt 8yMoyiagyW th
air. A persistent blanket of argon can be numintained over a bath of 25

mol t en 1ol d&?- wieh RIRIF dFe EonfTHITRFwal | BRe A B orPaEditaaFe of 815t he

sol dering ppocess 3.an :0%i dg, scayenger ofedeexkdizerfiar njri-aszing metal
oxide in the nolter solder and reducing tin oxide and other netal oxides
that may forhemiFheambstas drAteESpadicestd Tarioni deThs BleprEpFaretchy Sn02
and the OX'g§ Egﬁyﬁﬁgwgsfﬂﬁﬁﬂéé Qﬁ%ﬁné Qﬁgh%ﬁrﬁace Lo pick up additive

along the edges of the pot, and when lifted off, it was

20  found that almost a2ll of the visible addéitive laver 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



free energy of oxide formation (i.e., higher negative free energy) than the
tin oxide to effectively reduce tin oxide. Mdst commonly, the scavenger is
added to the body of nolten tin or tin alloy. Exenpl ary oxi de
scavengers include cal cium magnesium alumnum [|ithium potassium
sodium titanium zirconium silicon, yttrium rare earth netals and the
like. Metal 5 hydrides may al so provide strong scavengi ng of oxides. These
deoxi di zers nay be added to the solder directly or nore preferably in the
formof a tim sakdaQybeNadcdmiliehesi Byl aAhtbemaddett DN wdsanvosabbbyss t o
steel. Such alloys are preferred f_gr*rapi d nelting, rather hagqsl ow
di ssol uti orP%™ %0 FFRFEGH-BEr .So’@fleomyhﬁo%tﬁérlel @gglﬁ%v% pasSt 876t
oxygen- bar rd-ef1 1mMatehhal ofnghs GRveREeE caddi th¥espoRserndf 3l Makihanepus
automatic addit-ion to the solder to replace depleted additives. dGaseous
deoxi di zer STore’fearéNger &Y Fay dSETHE APt e bRIBW the FHFEEE0F t he
nol ten sol dgise Rk e%aNP! &r ApEefie] Aih GAS LRNMPELSNY 80% hedd UBma20%
hydrogen may be bubbl ed through the nolten netal. Supchw_a reduci ng m xture
i S non- expl FHURES 0 ChANSHRE R CEc AVERGEr CREYBECT rfet Udd PR3E3FFdat i ng
llayer on a bath jafoolien, setal  28kiheye agca i s1idGls | aygrior (28 dispersed
in an oxygen harrier laver. For exanple, sonme zeolites (natural or
artificial)cbeRuesiercanet al 1oxFIedPs FEHE Y SOr@eRsERi HESOPH-Ther€By be
scavenged fromthe npl ten petal andlor assiyilgked frgm dr@sspddat-cmay form
where netal is 'exposed to air. Such a solid (e.g zeol i'te) 25 scavengi ng
agent %0 pr@her abbyosdnbi ned Wwet iresiudstiui By wiiseh dis stdid onseHeen®st al so
that the pactleles dlosalld dQ8zhes! TlLANCTeass dhe volRaof selhd dross
on the bath: osphot us conpounds, ' f or ‘exarpl e, “Uséd "as deoxi di zers may be
in the oxygehcbaeli ehekaysr amstad idfe di stbokvédsined heai39 dat hepévee t he
reactive metal s_.rentioned above,_. ... F XL&&* venger or.i.Ls products
is preferablogill ifa froati nggga;e/re"ra,d“btﬁt "%gflga may’ %é:“"égr’raterslpg “that sinks
in nmolten tidegr¥anadiagiiands depletied we=amved dre exanphiesi Mewabboio'a
sinking material \is used. solder for_.a wave or the like is preferably be
wi t hdr amn f Pt B8 BatA-St SEoHTd- Feversor -5t e?D%Y%teo‘mhé%%‘E%éilgaeg%a“r e not
entrai ned i rsbheanayeorSearer glurdxygen barrier fluids and deoxidizers are 5
mentioned as suitable. It wll he recgagiq,z;;d that some of these may not be
suitabl e for el eCEFONFESESDl FEFTHY BPPFTeatF ohS” f Ortird ated “FESSBHS
(e.g., a resdue adyebeahygreoscopht)ar Theyiwayagtitlivbeasyi tabte kots
sol dering Processes for other applications such as dental products,
MONOMErs ©r snort chain esters (e.g. a metnyl butylate or
20 dibutylate ester).
The active additive may bhe diluted with essentisally
ineffective ingredients without dJdestroving 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
carnauba wax (up to about 1%) has been added to a dimer acid
to produce a rather pleasant odor when heated. A ten
percent dilution with carmauba wax did not significantly
reduce effectiveness or lifetime. A dilutionm to about 70%
30 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 jewel ry, autonobile radiators, plunbing, etc. Rat her than a neta
scavengi ng additive, one nmay i mmerse an electrode in the solder. The

el ectrode nmay be a sacrificial one that is consunmed, or it may be

el ectrically connected for electrically reducing netal oxides at its 15
surface wi thout being consuned. One nmay bubble a |iauid or gaseous
deoxi di zer through a solder bath for scavengi ng oxi-des. As nentioned,
instead of a liauid oxygen-barrier, one nay cover the surface of the sol der

W th nltrqggﬂkyargggﬁgfagmyerhagerg @S5 o husordirceadlog, am@ usesiasfl ui d
oxygen 20 barrier along with a separate deoxr%rzer fough gescrrbed

in cont ext 2@t iidee §b#ﬁer|%ﬁr%f“¢@?bd%?ﬁﬁ wet conBBﬁeﬁF?’r% B a&8 t he

invention Ls ahse usehut £Oropy erddinel RgaPeibeardisnait critpanent. | eads and
ot her sol dering processes. Por exanple, freshly 25 manufactur.ed PC boards
have conducti ve: aFeasaEH e 4 tﬁ*sé#ﬁéra%yrﬂ%nﬁggf“oVetHé;bbﬁ?ﬁ

ol ten ol dgéslrﬁﬁré%@ga}neEQe SRE: Ve &S ik doneve sekgeroappasat, usW A bl ast
of hot air I's then used to bl ow away excess sol der on contact pads and even

from pl at edasmr@d@weﬁopasd@mé e cHRFUSTOMSG prBpAPENGE T boards i
called Hot ;& ¢, ?%cge%’ &evalaaaoa@léAﬁg)sm_raomgnmaggrti@nlr@ cS;QicﬁJﬁielong PC

boards and thé a soldering process_as_described herein may be
enpl oyed f skatet hetpricduets. kﬁ@wneﬂéﬁﬁFéY BQFOISE VEatadi &P Cords are

often sol dere di ppiy GO egadb D A,bath,ef ol ten;solder . ifbdrayer of
active addrtrgég%% %ﬁe“%ath acilitates such solderrng Costunme jewelry and

ot her p)ﬁodwmesnare Beofl erpxsicladeried sbtiEUSEBcesds i3 sBPEEPEEE f AT such

uses, as el An.goll U, Addiding uhieh scayenaes Jtal exide heomdml ten
sol der may corpora edint ¢ore of ead-free sol der wire,

for exanpleﬂmﬁheangrngeuheetenlagsnaHaqoooh,oﬂTlOSﬁ@piénE@éﬁ@éﬁa#ﬁy enhance
wetting and, al | ow | ower, soldering.i,Lon. tenperatycesthan teasiple for hand
sol deri ng (iEnfEP™>Le: 5
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”



or automated) without an active additive. Dross is a troubl esone i ssue when
tin plating steel, manufacturing float glass, nmaking bullets or |ead shot,
15 maki ng toy flgurlnes and ot her processes involving nolten netals, and
sol ving such probl enmsuse of this invention by active is al so f easi bl e. Wen
the resistant to elevated tenperatures, the process may be used for hot din
gal vani zing. Such an active additive nmay be a 20 trinmer or aromatic
conpound, for exanple, and nmay be solid at roomtenperature mnthout

depar ti ng ¥ ofepriers pplestiet FRe mvekigtoral her . 4568 FBFCsHRASS process
wi |1 be appar nth,aw g&%ws kdddeed HR-d he ﬁ‘i%h Eekbtowionaranget haniahl es
referred L 0 a ove. Tab

| e- Mononeric fatiy acids, relative and_absol ute
amounts  Tetht endlip -eo@ilpes oiivatthy 865dE 1vEelGRERY ®0o4n FaRBSOY UEESERBRINt s

Amount in SAMRIEy ..o enviromment of the molten alloys.

5 If desired, one may improve Theat tolerance Dby
minimizing unsaturation in +the active additive molecules.
Decreasing unsaturation increases heat tolerance by

encouraging tight molecular packing. Thus, Ior exammle,

Sigma-Adrich product 432368, &z hydrogenated dimer acid, may

10 provide enhanced heat tolerancs as compared with unsaturated
counterparts. Furthermore, aromatic dimer acids or the like
heve enhanced thermal stablility. Di-carboxy phenyvl aclids
that are analogs of phthalic acid may be particularly
useful. Halogenated materials may be added to active

15 additives for enhanced neat stanility, zuch ag

nonadecafluorodecancic acid or poly({dimethylsiloxane-co-
dimer acid, bisz(perflucrcdedecyl) terminated; Sigma-Aldrich
products 177741 and 434906, respectively (Sigma-Aldrich Inc.
of Madison, Wisconsin). Other dimer azid producte from
20 Sigme-Aldrich inciude thelr products 430307, 191043, 151035,

191018, 434647 and 434655

The active additive is not behaving as a flux in the
soldering process. The function of a flux in scldering is
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 in
the vicinity of the joint which prevents re-formation oI the
oxide film until molten solder displaces the fiux and reacts

with the base nmetal o form an intermetallic bond. The

30  active additive ig scavenging metal oxide from the

moeloen

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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Di mTnr S% of di ners

] ( _ 392. 7% 18%16. 0% 469%10. 9% 14942. 5
oleic-oleic linoleic-oleic

oleic-stearic

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 scolder in a wave soldering apparatus, for

[#4]

example, since the molten solder in the wave is pumped from

the bottom of the bath, far below the floating layer of

additive. The additive is neither soluble in nor easily

dispersed in the metal. Ne residue of additive has been

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

16 dimer acid on the surface.

The substance added to the solder in a continuous

process may be added continually, such as intermittently or

periodically, and continuous addirion i1s not believed to be

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
i g

2 dimer acid which includes small amounts of monomer and

crimer. What could be termed a "trimer acid® having a
substantial proportion of frimer 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
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20

30

atoms, including the carbon in the carboxyl 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

with carbon pumbers 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.

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

“

good film forming properties and assimilation of metal

oxides. Thus, it is preferred that

the d&imer acid or
equivalent have a carbon number in the range of Ifrom 24

4 To
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 ar *average® Ffor the dimer acid or the like since
Y

such materials are commonly & mixture of dimers of different
fatty acids and may include monomers, trimers and dendrimers

with higher and lower carbon numbers. Dendrimers may be

ke

articularly useful since there can be several reactive

ites without diminishing other desirable properties oI the

1]

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. Tt hes been

found thnat an active additive is more effective on a bath of

lead-free solder tThan on & lead-tin solder alloy bath.

2 *skin" of dross can sometimes be seen on the suriace
of & wave in wave soldering apparatus, for example. The

30
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20
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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
metallic solder 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.
This 15 believed o be a dvnamic 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

active additive thean 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
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

the metal can bs periormed by different materials. 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

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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[inoleic-linoleic;linolenic- ol ei c i nolenic-linoleic
i nolenic-linolenic vimass 276-11i nol eni ¢ Tot al 998.0 8% .1 3%2. 7%

10

15

20

30

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



, 101990% Table Il - Trrneric fatty acids, relative and absol ute anounts

may comprise the hydrocarbon moiety of a dimer and/or trimer
of fatty acid and at least one nucleophilic and/or
electrophilic group on the hydrocarbon molety. An

appropriate additive is a difunctional orgamic molecule with

[8y]

a 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

10 monofluoro-acetatse, and mixtures of metal chlorides,
fluorides and bromides. Divalent tin chloride (8nCl,,
melting point 2468C) mey be included in such mixtures Ifor
lowering melting point of the oxygen-barrier liguid.

The fluid oxygen-barrier layver may alsoc be an inert gas

[
(831

such as nirrogen or argon which blankets the suriace.

3

Nirrogen has besn =“ried over soldering processes Ior
=

minimizing dross formation. There hag been limited success,

probably because oxygen becomes mixed with the nitrogen as

it iz releassd adjacent to the solder. Better anclosures

20 and higher flow rates of nitrogen may bes used for obtaining

& satigfactory oxvgen-barrier of nitrogen, Ior example.
Argon is a better barrier fluid since it has higher density

and 1is therefore less subject to mixing with ir -y

persistent blanket of argon can be maintalined over a bath of
25 molten 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

30 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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5 Triners

oleic-linoleic-linoleic 26% 1linoleic-linoleic-linoleic 13% Tot al

n

% of taners oleic-oleic-oleic 14%oleic-oleic-linoleic 46%
99%

tin or tin alloy.

Exemplary oxide scavengers include calcium, magnesium,

aluminum, 1ithium, potassium, sodium, titaniwmn, zirconium,
silicon, vttrium, rare earth metals and the like. Metal
hvdrides may alsc provide strong scavenging of oxides. Thess

deoxidizers may be added to the sclder directly or more

preferably in the form of z tin alloy in & manner similar to

addition of ferro-alloys to steel. Such

allove are

preferred for rapid melting rather than slow dissolution in

the solder. Ome may form pelliets or a paste of

oxygen-~

barrier material and scavenger additive powder for

[
{1

20

depleted additives. Gaseous deoxidizers or

on = bath of molten metal, either as & distin

dizpersed in an oxygen barrier lavsar. For example,

o

e
cLhelr

simultaneous automatic addition to the solder to replace

sCcavengers 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

eolites (natural or artificisl) sedguester metal oxides

in

pores. Oxides mey Gthereby be scavenged Irom 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

30

simply increase the wvolume of solid dross on

Phosphorus compounds, Ior example,

the bath.

used as deoxidizers may

be in the oxvgen barrier layer instead of digsclved in the

bath like the reactive metals mantioned above.

The oxide scavenger or Lits products is preferably in &

floating layer, but instead may be a material that sinks in

molten tin. Vanadium and depleted uranium are examples.

T
i
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WHAT | S CLAIMED IS: 1. A sol dering process conpri sing: (a) ina

first region of a soldering apparatus, purifying solder in a nolten sol der
bath by maintaining a single liquid | ayer conprising a nmajor portion of
liquid S5active additive on at |east a portion of the surface of the sol der
bat h, whereby the first region is delineated froman area where sol dering
occurs and conprises the liquid additive on the surface of the sol der bath,
wherein said liquid active additive (i) is a liquid at the tenperature of

t he sol der ghat hy EkhkeogPREsesidlucl€opbiki c sandkor fekeeat maplki ldrc wgreoups,
(iii) acts_as an 10oxygen barrier to the surface of the_nolten sol der bath,
and (iv) as$ffi %%t@?%ﬁa@éyopea‘f”?}é%s‘?w%rf@’%té?e i%t%lhgtbgt’ﬁ? T0° THer eby
purify andghoyeke.d Mi=3eOMnkYe0bxidie: Wtddeiothailtrained in €y waivecul ating

purified solder fromthe first region to_a second re ion,g@ere sol deri ng
occurs, where tHeVEialculBEG puPRFTERF sof He+aF s &y o FBF “attTve Fti ti ve,

and 15(5) GRAtactinga@ sHiface to be goldened wbinibes chrsul aded @urified

sol der from (b). 2.A soldering process acqprdin%_tg claiml w&arein t he
active addithiese coabri §6§ didfer S EPlfer & d.SAFFTORS6I dEFHAHG  pTOcess

accordi ng ta%p@.'i@éﬂ@n%f&@ Pt be ddrBL Achtk | 8o S@L Urat edsidue may be
hygroscaopic) . They may still be suitable for soldering
processes for other applications such as dental products,

10  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 1s consumed, or it may be electrically

connected for electricelly reducing metal oxides at itis

15 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
20 Dbarrier 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

25  manufactured PC boards have conductive areas coated with
solder by contact of the board with molten solder, somewhat
the same way as in a wave solder apparatus. A blast of hot
air igs then used to blow away sxcess solder on contact pads
and even Ifrom plated-through holes. The technigue Ior

30 preparing PC boards is called Hot 2air Solder
{HAEL:) .

Levelling

Iin addition to soldering PC boards and the like,

&

soldering process as described herein may be employved for

[E3)
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4. A sol dering process according to claim2 wherein the diner acid has a
carbon nunber in the range of from24 to 60. 25 5. A sol dering process
according to claim1 wherein the soldering process is wave, fountain or
cascade soldering, and the circulating step conprises drawing the purified
sol der fromnear the bottom of the solder bath to the second region such
that active additive fromthe surface is not part of the nolten sol der
contacting the surface 30to be soldered. 6.A soldering process according to
claim1l wherein the surface,fo |_der ' a REk pted ehr&dli drboard.
357. A sol déFFfig BF%%%%%S'acgggr)Hi ng ?gec’l gﬁ%df%t lgreeir%&tkﬁe nol ten solder is a
| ead- free FakderseldededA nol diwping prbeessrascdrdi ag Feshcl el ML i#fer ei n

t he bath of |ten solder is.al ate ature of R AoRe than:26QcL 9. A
sol deri ng prrocéss a cdﬁﬁleﬁgofog%?%ﬁemrgg%eﬁ%eel nO%t htgl amount of active
S5additive igsuffdciefing .0 maimtans g dwniery atnfeasthey MTeEBHE t AFek al

across a quiescent _surface of_the bath of sqld £01QnA sekdertng
process ZaccOrdtn§oLEeERGi 7 Wite é:ioﬁ“Fﬁe*gn%ﬁﬁﬁéb%e active additive is
sufficient yoassimlate dross as it fornms on nolten sol der,

and sai d
L0addi tive comprises al |eagt,Lup nycl eoPhill g Qhcel8ELIOPBELLE GLBHPS.

molten solder may be incorporated in the core of a lead-freas
solder wire, for example. Cleansing of even & small poocl of
10 molten solder may enhance westting and allow lower soldering
irorn temperatures than feasible for hand soldering {manual

or automated) without an active additive.
Dross is a troublesome issue when tin plating sieel,

manufacturing float glass, making bullets or lead shot,

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.

Following are the Tables referred 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% |
| cleic 43% 2.6%
1iI.;lrmiLce::Lc 9% 0.5% i
Total 100% 6% }
.
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11. A soldering process according to claim1l wherein the anbunt of active
additive is sufficient to forma layer at least three mllineters thick on
a qui escent surface of the bath of solder. 15 12. A soldering process
according to claim1l conprising, prior to step (a), introducing to said
nolten sol der bath said |liquid active additive in an anmount sufficient to
forma single |ayer that remains effective on the solder bath for at |east
about four hours. 20 13. A soldering process according to claim1, wherein
the |iqui dpgsid v addbinereci Saaty obgahs ¢ +diguiide adufit ppeoluteg AR der | ng
process actording to claim 13 wherein the organic liquid additive
25conprises a plurality of nucleophilic and/or electrophili.c group

s—on a
hydr oc EEBRR=#®! €1y. 15. A sol dering prp@e%% Gieregisdi RECEBC | ?ﬁ‘%‘e\/\ﬁ

erein
t he organic liquid addi-tive—cenpri-ses—a gajot portTgn ok dimer act d.| 30

16. A $@ﬂ6é?|ﬁge%¥6bess according to claim15 whereiln the organic liquid

addi ti VEIROSSEseEs sufficient stabllltykagalnst oxi daté-&% and suffic ently
| ow vapor _pressure ta renmai-p-on—the—bat-h

eI |l4 t_ IIUI CCIT DUAG}@Q | Of al I ea t four
hour s. Qamﬁi?hé @é@%@rlng process of cl |§11 whereiln sdaid liquid ac ive

addi ti verissirguy 6§eﬁ90”1teﬁmﬁ5§,ﬁ£@f$¢4%8 The sol derd ng process f
claim ﬁhere sai [Tquid active additilve is stable\at the tenperature of
t he bathmuﬂxg The solderlng process of‘cla|n11 conprising, prior tolsaid
nai nt ai 1eﬂic—HUﬂ cigto sard pbarn qumﬂnlten solperosald liquid 4ct|ve
add|t|We ? ny _ : |
\ lanlenlc—_anlEElC ll 8% \ J k
imass 276-Llinclenic E 3% ! 2. ‘
\Total | ilﬂl% 39 % l
Pable ITI ~ Trimeric fatty acids, relative and abpsclute amounts
5
(*I‘r:‘x.mezs | % of trimers i unt in sample %
\ oleic-oleic-clelc i\ 14% E G.7% \i
v } [ i
i cleic-oleic-linoleic ii 46% | Z.3% |
1‘ cleic-linoieic-linoleic ll 26% % 1.3% i
1 ] - !
I linoleic-iinoleic-linoleic | 13% 0.7 |
l ©, | =
*Total '1 99% | 5% J




sufficient to formsaid single liquid layer. 20. A soldering process
according to claim2 wherein the diner acid is unsaturated. 10 21. The
sol dering process of claiml1, additionally conprising formation over tine
of a gummybRtes cakinveeeri sing said spent additive upon the surface of the
single liquid |ayer. 1522. The sol dering process of claim21, further
conprising're HGIRBPHCTE PP % i al . 23. The sol dering process of claim
22, wherein af t(gyin s &istregeieyh B@derddbparatal purifytpgisdidacit isveoli@ddi t i ve i s

i ntroduced 0 he surface of e | . . , 24. The
sol deri ng sﬁyd%égité b%fna@taé?'rr"ﬁ al?’”%\‘/%géué? %%lr%é)%%gnt%%:ﬁgﬁggérgg%?ft“égpn a sol der
j oi nt Sur fantiee ddditivagn eblpasiadobion obire suffca obtheshider katle whiersb e firs

SO0t NNESSgipA R I%ﬁe%%oﬂ%ri o PhOeSBRIeMg dtk@s Bhd codbiRESIHR 1hlkg contacting
results in & sol der 501 nt surface having a netall ographi c appearance that

di ffers frasiitvnar thersudecssl éersojdsi #thpr epared from contact with the sane
mlol t enlsol der abseniyhébm saidaiyisg aatdféla{duwe (i) i28 liqulh gt tedledpitange pr ocess of
claim1l, erei.n t&ce., ontacting results, in a sqldered surface having no
det ect abl e"f &Yd¢rda ("ﬁF?f'ﬂf?rﬁ@% tetoijgtﬁc ?'@é‘?r&l?&ro&g'ﬁgﬁéﬁﬁﬁé Abst r act
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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A process by which nolten solder is purified in-situ, making the soldering
process nore efficient and yielding better results, particularly for
| ead-free soldering. Leadfree sol der becones practical for use since the

tenperat urg Af é&ldahﬁ'%ﬂ:r@@is@ a§&Jr&i folGhith S WHREHHE8d bath df aioRén &ideratdtwe additive
I's maintai ned on the surf Iten sol der for scavenging netal oxide

from the SEMEEFPUSHY QG aa@ taI oxide into a liquid layer. The
active additive is an organic I|qU|d having nucleophilic and/ or

el ect rOphlé Lc gf olllc99§Ih c S LE&GRG B ¢l 13(%%@9 &% R/emal ntained on a
at Us al ron1 % E

wave sol der’i ng a scavenges ne ath, and
assi m |Gt ea;iddtw©§§t1fﬂhi§tﬁ tprropintain ﬁi&yﬁr att*@sisc’ump@é@e thedkcaleawsng netal oxi de

cl eanses thfgbatiRuand of QWBLS kseasi ty of the solder, and PC boards or the
| i ke sol dered on the wave have reliable sol der joints. Figure 4

10. A soldering process according to claim 1 wherein the amount of active
additive is sufficient to assimilate dross as it forms on molten solder, and said

10  additive comprises at least two nucleophilic or electrophilic groups.

11. A soldering process according to claim 1 wherein the amount of active
additive is sufficient to form a layer at least three millimeters thick on a quiescent

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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18. The soldering process of claim 1, where said liquid active additive is stable at
the temperature of the bath.

19. The soldering process of claim 1 comprising, prior to said maintaining,
introducing to said bath of molten soider said liquid active additive in an amount
sufficient to form said single liquid layer.

20. A soldering process according to claim 2 wherein the dimer acid is

unsaturated.

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.

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.

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
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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