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SOLDERING PROCESS CROSS REFERENCE TO RELATED
APPLICATIONS This application claims the benefit of the filing dates of
U.S. Provisional Applications 60/562,964, filed April 16, 5 2004, and
60/609,589, filed September 14, 2004. FIELD OF THE INVENTION This
invention addresses the important issue of purity or cleanliness of a
solder bath. It has been discoyered that scavenging metal oxide from
molten solder is of great 10 ir#‘g%ﬁ%ﬁ%é‘“ﬁn B?@dq%ﬁg reliable and

r cible solder_jaints. This is of particular importance when using
Ieaé-g#ée%%%%mréﬁ%ygpAﬁ%ﬁmm%y%ﬁhe surface of the bath

is usledfﬁal?_sawggaa?djass:gnﬁait%@qtg{@mefg'@tb@ts %S‘ftﬂiﬁfbg dates
r eli ead- S 15 joints pr ed at a temperature no, _
e e (o6 S50E Tt o SA B ne. BROKGROUNEF 1 16,
EROnieednfiurfdifts 388 cofirhenySsaltlersekto prnterio ircuit (PC)

boards with a lead-tin solder. A maximum 20 soldering temperature of
2096:(R00F)has herme-aysfandard in the industry and this limit has
propagated to many other parameters. For example, most components to

be soldéretitol BHftd: fc idseaeare rhtedifoparmaximumsus of purity
tempesatisel 0h260C Eontinueugsoldeting apparatug s byiltte 25,
o%?lgaée at a maximum temperature of about 260C. There is a desire {0 -

eliminaté HaZardo0s 154 From “30ider, Bhtfthélelamreenleoves afoof tareat
bamzhe twecel léad. beadsfremsolderwill hieerequited ik AN RIOHICS ¢ 1 gor
which naw usg.lead-fip sglder. Exemplary substitute lead 30 free solder .

alloys inciude tin-silver and i ?sﬁl%/aé?fgo?%%e% THEYS FAVg altut 88ing  leac-
96’595 titPaRGS. 5 - 5% Silverinl Sore tindidetisoldémbaveheene surtace

praposed wiltaddiionsf o scavenge and assimilate metal ox

This has the surprising resui:t of reliable lead-free solder

ide.

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

limit for electronic components.

BACKGRODND

Electronic components are commonly soldered to printed
circuit (PC) boards with 2 lead-tin solder. A masimum
soldering temperature of 260°C {500°F) has become a standard
in the industry and this limit has bropagated o many other
bDarameters. For example, most components to be soldered to
printed circuit boards are rated for 2 maximum temperature
of 260°C, Continuous soldering apparatus is bullt to
operate at a maximum temperature of about 260°0.

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

aliloys having about 95 - 96.5% tin and 3.5 - 5% siiver.

.
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antimony, bismuth, indium, nickel and/or zinc. Tin is the base for the
lead-free solder alloys and is typically present as more than 90% of the
alloy. 5 Reliable soldering processes have been developed which make
automatic soldering of PC boards highly reliable. To achieve similar
reliability with lead-free solders such as tin-silver solder alloys, it is

aner Al LA AICINGLAIPHIAIIES, A LIA0 &% (GRR A one of
higher) are 10 necessary. Clearly this Is hig erthan t e conventional
%%’@‘ﬂﬁﬁt‘ afd P the pbRSHHAT fordb@iaging e ifsonahns -TheFéforés the
educintpthe terapelaite- forsaoldegngaith gq%rbr%}gadgggg sqlgsytg%i?ally
is highly desirable, particularly in view of the coming requiremen
org l%ég%ofa 5 gg&-féjeaélolggﬁ &I%g&l)%ﬁ iSstieWhich is of concern with
respe&etbibbike thite edgitirrgoters and subbtitute selder alloysiisped which

Aeedmulations of digssnthe salderpPross isan a¢ qu'aéié’ﬂi% xdes
of the metals in_the solder. 20 Substantial amounts of solder can be [ost

G TRESdr B8 YaticH fhistPriedd< Yo BE pRocksas i6 rscover-gReTecits as
the -metakeEvesoilien dresklisyiot visible, §§maéleauaggmt1_9nl thglmfacghat
lten solder can lead to hridging of solder hetween closely .
e IAds A ToF RS et 08 Sra e o b eercie doe=) ===
WRESHHpiets or pSorgsiiy” afdbbtaired IDob¢r stotpof thissinvention wenal

zee now cenfidentdhateurityof the splder bath js ag importaot factorin .
iﬁicu[g[\éwith soldering. It appears that metal oxide 30 distributed in the ,
Ath Tterfered With Weling hd® STREESSGF Soldefn THSaRigE ivdyh such

teise-sSulder viseugity; iprovide nucleadion sitesdor crystallization athigher: -,

iemperaiies than,sqlidifigaion inabsence of such oXides, 2 ¢ or wse o

lead-free solder.

Another issue which is of concern with respect to both
the lead-tin solders and substitute solder allovs s
accumulations of dross on  the sclder. Dross  is  an
accumuliation of oxides of the metals in the solder.
Substantial amounts of solder can be lost into the dross,
which then needs to be procezmsed to recover and recycle the
metal. Even when dross is not vigible, a small amount on
the surface of the molten solder can lead to bridging of
solder Dbetween closely spaced leads and/or failure to wet
surfaces to be soldered, so that incomplete or poor joints
are obtained,

Due te study of this invention, we are now confident
that purity of the solder bath is an important factor in
difficulty with soldering. It appears that metral Qxide
distributed in the bath interferes with wetting and
successful soldering. The oxide may raise scolder viscosity,
provide nucleation sites for erystallization art nigher

temperatures than solidification in absence of such oxides,
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and may cause weakness in solder joints. Thus, in addition to visible
dross on the surface, a significant issue is purity of the molten solder
bath. It is found in practice of this invention that 5 formation of dross in
continuous soldering apparatus can be significantly minimized or even
eliminated by durable additives. Most surprising, the temperature at which
E\l./Iil le soldering t%kei_gliace with lead-free solder alloys has been

S

reduced by as much as 30F (16 BAS SoRfing 10 EMiSerattreddfiition
tin-siteerifleys @apsse moudiitdo subdlens the268Cdimitilcuthernesae is
dherels @ sumising feduction #.,viscasity of the molten metal in a wave
solder apparatus, for example. This may contribute to the excellent solder
15 joirts obt&ined Bt fatetfthrSFGIERoEs in PE bé&ves. StieWention  that
ﬁmmgmntsfincsnkﬂﬁf {@intfzmﬁﬁ@%@ge %Q@té@rir\fggttééﬁp%?hggvrb% be
ing . nce tests. Cleanliness of the solder bath.is believec

grl\!é%%%]r%sllb e.tii%/rarié%/%%éz\%@ soI%%ringﬁ},‘?%ﬂnta‘i:‘r%g‘ﬁé?iﬁﬁdandb%o durable
RASESHE DI dettRp Sy sterRr Whictemaytse osowarpratticestf thidch viable
suentiomgre-desarinedbaad usiated in ASM. Handbook, Yolme 8, . 1o,
ngdl%%r,] Brazing, and Soldering. Exemplary apparatus, as illustrated in
HGF WhichYs 18fgelfFedpiedFrom Metals HiindbBok 1paGe 1088, Soldering
compprisesa@5farge vat ot seldes pai e Whieh pwiteAsolder 10 may Below

beld at the-desited soldering temperature. A pump (not shown) draws
solder from near the bottom of this molten mass and forces it upwardly

through“Si& BFRWTR slotTisiAes 1F from whichhesoider floedilateratly in
ke cowaterfad £ 3G aherdniane dikction oy, bath glirectians, fram thg slot, .

3g_md back imlo the vat. The upper surface of the flowing solder is
Cgﬁ] rr%crﬁlflll?’eﬁa fre d? 3a§ amaWaVCéopgrlnute to the excellent sgolder

joints obtained at plated-through holes in PC boards. Such
improvements in solder joints are alsc due to better wetting

as shown by wetting balance tests. Cleanliness of the

. solder bath is belisved responsible.

& wariety of wave soldering, fountain soldering and
cascade soldering systems which may be used in practice of
this invention are described and illustrated in ASM
Handbook, Volume 6, Welding, Brazing, and Soldering.
Exemplary apparatus, as illustrated in ‘Fig. 4 which ais
largely copied from Metals Handbook, page 1088, comprises a
large vat or "solder pot' in which molten solder 10 may be
held at the desired soclidering temperature. A pump (not
shown! draws solder from near the bottom of this molten mass
and forces it upwardly through one or more slot nozzles 11
from which the solder flows laterallily like &z waterfall,
either in one direction or both directions from the slot,
and back into the vat. The upper surface of the £ilowing
scider is commonly referred to as a “wave',
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When such a wave soldering apparatus is used for soldering, a printed
circuit board 12 is moved across the apparatus so that the lower face of

the PC board contacts the upper surface of the wave 13 of molten solder.
Molten 5 solder wets the surfaces to be soldered, and wicks into the
plated-through holes and around leads, and makes good solder joints
therebetween. There are also so-called fountain soldering machines and
cascadBEGIdeTHT sySe&With FRER SIS fverRioras tsefull 20 msed  for
pralofieeiofdhisdnventionea sufficiently extensive Jiquid agiiveaddit¥ess the

Qﬁ{gggu@ytg@egh%%thghmolien sold$r bath (1ur|nl%the solderin

process for maintaining purity or Giantingss 6f thBath Thadavsry contacts
PrvidEdse SufFimgsy Psuttst sigrificabily tdvernid the teoiperature 851 ten
abwhish rediable-spidenioiatsaare @btained Jhhe lighid @@f@{%fﬁganto the

?f rla a material that is stable at the temperature of the bath
SctRely Bars SRy g8n it a%ﬁ“@é%ﬁlﬂfﬁ‘?ﬁm%t@%}ﬁ%%eﬁcﬁe solder
Battnand hasthbetisiinnto asshitate oxide of 1 eastene metakin t§:20x:x

hathand remain liguid for.a commercially a%ggtable time. 1;\(/I%mally the

material comprises an organic molécu & With nu‘leoﬁhlfganﬁ with which
gi}étﬁobﬁff%ﬂd’ﬁréﬁpém@aﬂbbxyhc 000H end groups are particularly

preferred. Anexeraplasy subsiancs compyses 2 dimeracid sue %aéxtenswvn
gescr d |n 25 gre detall h relnafter BRIEF SUYWILRY O

QRN e o imen %chtlce‘ﬁf R AVeATiSH, alliquidityBpPlten
@Pé(ﬁﬁl@ abl@iﬂVe ﬂwrsm/emgmg and cssimgatinganetal 0Xige iSmaintaining

iptroduced,onto a golder Q%tho%o @Qh a,surface tg.be soldered is

aver provig t
contacted with the molten solder. The invention comprlses Sc en‘(j‘f‘nges he

PR ONdE FroR PR batPS ridEar 56ldenakthd MesRaghdrmore, cipefature

at which reliable solder Joints are obtained. The liguid

layer preferably comprises a material that is stable at the

temperature of the bath, effectively bars oxygen in air from

reaching a gquiescent surface of the bath, and has the
ability to assimilate oxide of at least one meral in the
bath and remain liquid for a commercially acceptable time.

Typically, the material comprises an organic mclecule with

=

nuleophilic and/or electrophilic end groups. Carboxylic -
COCE end groups are particularly preferred. A exemplary
substance comprises a dimer acid such as described in

e,

greater detail hereinaftar

BRIEF SUMMARY OF THE INVENTION

in an embodiment of practice of this invention, a
ligquid layer of active additive for scavenging and
assimilating metal oxide is introduced onte & solder bath,

and a surface to be soldered iz contacted with the molten

solder. The invention comprises scavenging metal oxide from

& bath of molten solder or the like. Furthermore, ithe

1=
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invention comprises assimilating oxidized metal in an active additive.
DRAWINGS 5 Fig. 1 is a graph of force versus time from wetting balance
tests. Fig. 2 is a graph of force versus time for wetting balance tests at a
series of temperatures. Fig. 3 is a graph of force versus time for wetting
10 balance tests illustrating practice of this invention. Fig. 4 illustrates
semi-schematically and in partial transverse cross section, an exemplary
SONIEMTG AP pRrERS SRficlrATdYba alséddn practice=df this:iventiorrFigstive
ang+6 gee metallographic cross sections of 15 solder joints.
DESCRIPTION This invention comprises a process by which molten
solder is purified in-situ, making the soldering process more efficient and
ViERFIgIBStter results, particularly for 20 lead-free soldering. Lead-free

solder hggomes practical for. yse since the temperature, for reliable ,
soldering(;g;) reduced. In LIa pr‘%fer%ﬂ eﬁ%&ﬁmgnf &t Sragﬁ'&eof'tﬁ%m wetting
iRGERTSE afi§Gfl-active additive layer is maintained on a molten solder

bath during.a soldering pepeass s 254paintaigingpwity orcleanliness.ot ;-
tggéjath. The atctive additive comprises a material that scavenges metal -

oxide from the moften et fiiat i staB SE fHeierfiperature of the bath,
that efféétivelybars oxygemampair from feacking a-quiescentsurfage Gfetting

thehalbandhas theiahility.fo:30,agsimilate oxide of atleast one metal in
the batg.,The active additive should remain Ilquﬁj'for a commercially
acceptddig timfe. Fypicafy AheTmatERsE torhsAses - an L diyaniednolecutesrtial
witteneteaphiliccandier eleetrophilic 8ad &cempiary scldering apparatus
which may be used in practice of this invention.

Figs. 5 and & are metallographic cross sections of

solder Joints,

DESCRIPTION

This invention comprises a process by which molten
solder is purified in-situ, msking the soidering process
more efficient and vielding better results, particularly for
lead-free soldering. Lead-free solder bescomes practical for
use gince the temperature for relisble soldering is reduced.

In a preferred embodiment of practice of <this
invention, a liquid active additive laver is maintasined on &
molten solder bath during a soldering process for
maintaining purity or cleanliness of the bath. The active
additive comprises a materizl <that scavenges metal owide
from the molten metal, that ig stable at the temperature of
the bath, that effectively bars oxygen in =zir from reaching
a guiescent surface of the bath, and has the ability to
assimilate oxide of at least one metal in the bath. The
active additive should remain liguid for a commercially
acceptable time. Typically, the material comprises an

organic molecule with nuleophilic and/or electrophilic end
5



10

15

20

30

groups. Carboxylic end groups, such as. in a dimer acid, are particularly
preferred. Although the active additive is stated tq pe stable at the
temperature of the bath, this does not mean that it is 5 stable for. an
infinitely long time. As described hereinafter, even a "sta_ble" a(?Idl_tlve
gradually degrades, oxidizes and/or becomes loaded W|th assimilated
metal to the extent that it is viscous or gummy after a period of exposure

- &RIFarsh@smfons 6f axdolienumstal bathh CrelQthe offiefhand:al, are

ateriahihat vaperzadrapigly, smoked badly or quickly dleg'raded and
became_sqlid, would not be considered stable. The description

comménca iR a%t%&b?%n%?lﬁﬁdé%to‘ﬁéﬁéﬁa}nﬁe &fca stable at
Sdlderingyprocessrwitio fletails and:xl5 vm“@ioa?ﬁgs glgt?rohqtghg;p %g_lg@tdit is
lates. Wav dering is .convenient as a way of describing the subject
r%%%%%hi@%n its%%mp gls%nlfg%?T active' 8ddifié'fs addedtd th escribed
Mokerrsoiderin aWave soldevirpapparatisi Thesactive adslitive isiasrades,
evganicbauiskad lower densi 20:haasoderand guigkly soreagaacross
%txl asLtthxgosed quiescent surface of the molten solder bath. Meta

Sxide dros&formation decrdASSCERd difeadf ffnePdiess ot theeriod of
sumFaceiecoliectéd imadarkenindy iquic thatmppeass teringlideiagiive, . on

jti d assimilat xide. Metal 25 _oxides in_the molten solder
i%a@ r\f)?rcn%etry s%%%ﬁggag vrglt%% %éqac%g additive %lgﬁgef%%lgath smoked
ﬁ?égré’su%’hgqt‘%%%@d erppurified seér bathaes |awéred, viscoslty, ant: be
sunpeisighesalioyesreliable solder joints to be formed at lower _
temperatures than r%\_/iouslé/ believed feasible with 30 cqnventlgnal )
lead-frée softier. ﬁﬁoﬁgﬁ‘ not THEASUTE it ™ bEfe Vi thattheéledRsed si 1y
efienTheat wetesplie sofacesstd Sesoidered mereefigctivelndhan s ana

dees metahwhichstill contains metal oxides. .

convenient as a way of describing the subject matter.

Wave soldering is

Thus, in its simplest form, an active additive s
added to the molten solder in & wave soldering apparatus.
The active additive is an organic liguid of lower density
than sclder amd quickly spreads across at leagt the exposed
quiescent surface of the molten sclder bath. Metal oxide
dross formatiom decreases and already formed dross on the
surface is collected in s darkeﬁing liguid that appears to
include active additive and assgimilated metal oxide. Metal
oxides in the molten solder are promptly scavenged when the

active additive is added +to the bath. The resgulting

cleansed or purified solder bath has lowered viscosity, and
surprisingly, allows reliable solder jolnts to be formed at

lower temperatures than previously believed feasible with

conventional lead-free soclder. Although not measured, it is

believed that the cleansed molten metal wets solid surfaces

to be soldersd more effectively than does metal which still

contains metal oxides.
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6 Sufficient active additive is put onto the bath of molten solder to form a
layer across the exposed quiescent surface of solder in the pot in

apparatus such as illustrated in Fig. 4. Preferably a sufficient amount of 5
the active additive is added to provide a layer on the quiescent surface of
the bath that will last at least a full shift of a work day, or at least four

hours so that maintenance is not required more often than that. A printed
circuit oard (areiberehjeckto Hesaldered)s broyghtdikintogantagkwith of
at least a surface of the_ molten solder so that solder wets metal_surfaces

BRIFEDORT ARE cEmpctights arty FSwE TR BlatEE. (1 FERGR HoleEL L escent
securecelectrifal ladSscovéncontaet pastss etcitn aaygversolderinguch as

apRAALYS, 108 P&b%%’.cod‘ﬁaCtseﬁ‘géSgglt e waye of 1a;malten.solder o

pumped from near the bottom of the bath. Additive may not be present on
fREdyASHIY SurRES SRR WavetsiSed thdulBReisiEwfere igefaven  the
talisdate-the batitdud tbe aciiveradditive.anhances selderiag byeast a full

sgavengin metal oxide ggm the main vol#lme of the bath. %—9 Preferably,

fhe-amount of additve isEitficieht to- Frompay assimifits mefarckidg®  Fhat
freantiersurfacelef thet baghuPreférabty ene forms ghlayeridth.a A printed
thickness of,as-muchasdbype milimeters, of eyen MOrg.0naf least &, oy gne

portion of the surface of the molten solder. Such a thick 25 layer is

dESPate R iritetit WahteRtain Sictive Bt TRESfotF hodfs BAdGHIRRiY&E S°
lensta &t day beiare thecbathshouldde sleaprd. Adhinnerdayeiomayhen s,

suitable. when the rat operated far shorter periods. Preferably, , .
i R e S e S SR
Assifilatederiesal oxda yather tadsallovdhg -solid-Eppearingadresstoldering

agomulate.on thesugace,iher copventional.aspeets;of the soldering. o=
process . . .
molten solder pumped £rom near the bottom of the bath.
Additive may not be present on the dynamic surface of the
wave or in a turbulent area where the wave falls into the
bath, but the active additive enhances sgoldering by
scavenging metal oxide from the main volume of the bhath.

Preferabliy, the amount of additive is sufficient to
promptly asgimilate metal oxide from the surface of the
bath, Preferably ome forms a laver with a thickness of zs
much as three millimeters, or even more, on ahb least &
portion of the surface of the molten solder. Such a thick
layer is desirable gince it can remain effective abt least
four hours and ordinarily at least a full day before the
bath should be cleaned. 2 thinner laver may bs suitable
when the apparatus i1s operated for shorter periods.
Preferably, enough additive is used to meintain a liguid
layer which has asgimilated metal oxide rather than allowing
solid-appearing dress te accumulabe on the surface.

Other conventional aspects of the soldering process

need not be described, such as, for example: application of
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need not be described, such as, for example: application of 7 flux to the

PC board before soldering, use of a hot air knife or the like for removing
excess solder, or any desired prior or subsequent cleaning considered
desirable for such a PC board. Examples of soldering other objects

besides PC 5 boards need not be described. Residues of additive do not
appear to remain on PC boards to which solder has been. applied from a
bath-onwwhithedirher agidfor exdmple, bas beenagddedsBenign solvuests air

f%ggéanégg a0y ﬁl{q&re%q;uexse%xist, l,§uch as iso-psrggf) | 10 alcohol angesirEa g

?Vl exCang oY any
aqueous solutions containing surfactants, for_example. Tolushie 13
e eTor BRRHMARGHNd rerAGVing dipmsristig eihitesiszrplesehtly such a

refepeg-active @eaitive. A @@eéégﬁé-z?ﬁlgiggmgcwgﬁ\é@@tbesides PC
q:i)é:aarrggxgic é"lcid w ichg liquid., (typically viscous at room 15

temperatur%?, stable BRd Fe5sFAtT high temperatures. It is produced by
dimeriZétishcofamnsatiratedior Saturaled fatty agigsatmidematesuleandn =

Al eaniahs fosariga L Aexamoe alinatead yhich gonaing, ... o
three carboxyl groups and 54 carbons is analogous. A trimer of Shorter 2

P EcidPCHAns With aBERERERotal 8@ bBREWORRESE -equRalsnT) Fatdvents
apids are<eMmpgsedhef aghain ef-aliphatic groups contaimingfrom 440,851
r%@é%slBO caébon aéor_l’gss (altthoq‘%? commercially yseful fatty acids have _

Up t0 22 cafbon atoms) and Tharactanzed P atemmivdl Gitbogyl ZEts.  for
FBaPPGOOH Theegeneric ferfieki-forall Earbodykeatidsngbeveiacetitoving

agichis-CH3(EH2):,Q09H; The carbon Atom Goupk elQQ'é@eééQ?ﬁg%Q%tive.

group. Fatty acids may be saturated or unsaturated. In some cases there

may be’diffiefSof Afivét Sdtufatdt-Ghd Rdatvaed I6+alFadidscarboxylic
Exendplaryisairated £atty acigs:includepalmitic acid (GL@)pdstealic  roon
a’géa%%]fg)du%rge}tué%%le and resistant to high temperatures. It
ig produced by dimerization of unsaturated or saturated
fatty acids at mid-molecule and often contains 36 carbons.
(For example, a trimer acid which contains three carboxyl
groups and 54 carbons is analogous. k trimer of shorter
fatty acid chains with asbout 36 total carbons would be
equivalent.) Fatty acids are composed of a chain of
aliphatic groups containing from 4 to as many as 30 carbon
atoms (although commercially wuseful fatty acids have up to
22 carbon atoms) and characterized by & terminal carboxyl
group, -COOH. The generic formula for all carboxylic acids
above acetic acid is CH;{CH,).COO0H. The carbon atom countc
includes the -COOH group.

Fatty acids may be saturated or unsaturated. In some
cases there may be dimers of mixed saturated and unsaturated
fatty acids, Exemplary saturated fatty acids inciude
palmitic acid (Cl6} and stearic acid (C18). Unsaturated
fatty acids are usually wegetable-derived and comprise

aliphatic chains ususlly containing 16, 18 or 20 carbon
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- dimer, about £% monomer (fatty acids) and 5%
Y

fatty acids are usually vegetable-derived and comprise aliphatic chains
usually containing 16, 18 or 20 carbon 8 atoms with the characteristic end
group -000H. Among the most common unsaturated acids are oleic acid,
linoleic acid and linolenic acid, all C18. Saturated fatty acids are
preferred in practice of this invention. They are more 5 stable at elevated
temperature than unsaturated fatty acids with appreciable double bonds.
Arematicfatty acids are:odsa: khewns: for example-phenytstaaric, abietie the
Ian%itsjtand other fatga%%gggeeéivegfgm rosin. inosicr:l acidsdcorygris Cgo . q
mononiers and 1f]nﬂay contamn a pﬁejﬁaﬁth?é:ﬁe ﬁnﬁl(e.ga.lib dbicticang -~ *°*
pindaritiacidsn Diners edntamidg phedy rings tarcadste ateeptableavbien are
theJings ake linked (if moredhag: opg,isin 2,malecils) solelyalone e more
corner so that the molecule has "flexibility”. Phenyl rings are effectively
FRAEHE nfily SRERIS T EIRGRG MBI URIRIMBIEAioHen™Es sofieFy TIRE L ds
arorhatigiperagide mayaisebepese thermallynstalkle thaptsimbdarids are
carbon number aliphatic dimer, acids, The dimers (and h%gg@lgorggris% and
of fafty amd%nmay b dinersof like” aftyyacigs Or copolymers of différen
fateacidst Thisednibe SeehvRsm iemassssgectronrsien apalydis 20mprise
cempositionet-anecommercial grade of "dimeracids foynd.usefulin, (o o
practice of this invention. As set forth in_Tables | to Ill, the "dimer acid"

4 F5uiTd B DeRBBUT 8996 Hiht, abott B MdiGer Falty aRRE and™n9s
Sbe rimeétacithddie-edmmerciatly Availableomonomericfattyy acids nsed than

1ake.dimers vV preciably depending on the source ofraw .

rzn%%grirg s. The p%os%%ggr% %%giffe%zin? az‘(?:idgpc prggegnt differs as ggtwé%ﬁb “ne
deRebRtiEbf, penut 8il.55alRi biltofive oilPeewvdil, saffflowersi Lahgasibively
rapasead,Oikta)l ol distillad,tal oik, oils frynnariae soHICes; 30 6, molten

Such. oils may be blended for still further variations. )
solder. he aromatic dimer acids mey also be more thermally

stable than similar carbon number sliphatic dimer acids.
The dimers (and higher oligomers) of fatty acids may be

dimers of like fatty acids or copolymers o

th

different fatty
azids., This can be seen Zrom the mass spectrometer analysis
of composition of one commercial grade of "dimer acid" found
useful in practice of this invention. Az set forth in
Tables I to IIL, the *dimer acid" was found toc be about B9%
Ccrimer acid.
The commercially available monomeric fatty acids used
o make dimers can vary appreciably depending on ths source
of raw materials. The proportions of different acids
present differs as between coconut oll, peanut oil, palm
oll, olive coil, corn oil, safflower oil, tung oill, rapeseed
ail, tall oil, distilied tall c¢il, ecils from marine sources,
etc. Such olls may be blended for still further variations.
The dimerized molecules may have congiderable variation
due to source of fatty acid and/or polvmerizing parameters.

For example, one might consider a dimer as an X-shaped
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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 9 structure of four aliphatic chains with
primary hetero atoms or reactive end groups on one or more of the
chains. There may be various lengths of all four chains depending on
where the source materials linked. The typical two -COON end 5 groups

QR ALMEIAGE May.be.on Mg ends ofadiacept chains: gk 8P hends akoms
opposite chains. The hetero atoms at the ends of chains may be the

SAMEBH et nFaRRBAgR™WE R t§picRR Tierdm & De i BF moré o7 e
activecendr-graups dreingividuafmolaculesrl insiead okasehing sueh dsere
ight be found i 9- substituted. C18 alkane, the.side chains o

g %1 (:rl%g}i‘ﬁrr%ieghtl%frr?gte %%acﬁr%c?[;}%%%%éite, ?#f%?n a@gﬁel%o%%d %et]%sse[%rlﬁ%ﬁy end
SFPIEeation dofdBaEh CékamayFoceamples skiedehaifs afiiginepe achains
positignsc3 andrkis o8 S 2 ok almast any 15 ethercanmbination)sThe: the
hetero atoms, may be essentiallé/ along the length of such a chain insteaglj .
TR 0@ ond BT b EarBoR, cRaint Aisd: ABE alPfnofectie s mitife RG0S

towbe thve samecaid propady meyelcare ohbus;a broad eriety of dimdergyrours
trimers and. higher 20 palymers can be made depending on the raw
material monomers_and the polymerization conditions and/or catalyst. For
exampléPfistdhe tharfufdéRirer of Fme feidl ditfie PacidS I offeidabdut 8 o~
twaslozendiflerentcgradesrnand theresakg: NHMERES FAABUIBCHIIEES i n might
alqua aprgggginglabouéZgg.rgglio%ZS pounfds, of sug%g}odu&ts. Many p§17
thése dimef atidsintludBEVEN g proportiomns of monomer, fimef aRg -5~
tramer. Mosttare: nedderfrosntdll @il fdedstocks, Butotherfatieacid sdarcesins
afg glso prevalent, Commercially guailable dimer-acidsmay have mixed.. ...,
other combination.} The hetere atoms may be egsentially
along the length of such a chain instead of at the and of a
carbon chain. Also, not all melecules in 2 mixture nssd to
be the same and probably never are.

Thus, & broad wvariety of dJdimers, frimers and higher
polvmers can be made depending on the raw material monomers
and the polymerization conditions and/or catalyvst. For
example, Just one manufacturer of commercial "dimer acids®
offers about two dozen different grades, and there are
numerous manufacturers amnually producing about 225 millicn
pounds of such products. Many of these dimer acids inglude
varying proportions of monomer, dimer and trimer,

o) Mogt are

made from tall oil feedstorcks, but other fatty acid sources
are also prevalent.

Commercially avalilable dimer acids may have mixed
dimers, i.e., dimers where ths two fatty acids are different
from each other, and there may be mixes of saturated and
unsaturated fatty acids which are dimerized. Since

dimerization ogcurs at a site of unsaturation, starting with
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30 dimers, i.e., dimers where the two fatty acids are different from each
other, and there may be mixes of saturated and unsaturated fatty acids
which are dimerized. Since dimerization occurs at a site of unsaturation,
starting with 10 unsaturated fatty acids may result in the preferred
saturated dimers. Exemplary commercially available dimer acids and
trimer acids include AVER13, AVER17, AVER18 and AVER19 available

5frem. Aver Chemi ua oup_of Yichun City, JiangXj Province,
China;%é%ﬁ%r@ _1%?%%@5%%%%, L?ﬁ?d\g/merﬁ,u%idih%e 13%9 UnidyrhE=+ e

1832 UH@RE ZEMSRRlyme 27, Unidyme 35, Unidyme 40, Unidyme 60,

Uni dymE:M_n@_)lléﬂiﬂ)’diﬂﬁnﬁéﬂ@ é»fﬂi?yg%a%é%ig nighyme- TsLigdn [o1: LN
T-(1:8, Snd,lIJlgl‘{j me T-Zz_?a(allable 10 from Arizona Chemical Company of

ove ; MiSYEEDSi, EMBERLB0S EmpIRToLS, EFfcob1e

Dover, Ohio anél%ic%%%
1609mE mipet 1 0AGran Empoh 2062 availebie from €ogris:Groupof Tiangx:
Gingipnati. Ohig.and Kankakee, lllingis;: MeadYVestyaco DTC 155, QTC

175, DTC 180, DTC 195, DTC 2#5,_%%%%/'295%’5% 95, fa sTVSEe 14,
VATERE T o MeBiVEEats of Sramimre, Eonndeliduma dimebasidvme 35,

idenitifiedeasiPM200:\which is 80 102080 slimes- acidyA04920%:trimer agids e

apd-a maximum of 5% monomer acid_ayailable from Samwoo Qil .
Chemita %)%ar?gm%nun%ﬁﬁé?“%o?eégproaﬁ&s%%%gmﬁanavab-able

PEFRIFMANEE Prod (b 2ealaketard Foriva; Bripok1006:Rripghd 009 cayune,
RiipoL 104 30, Rripql-A0%7 ang Pripgl 2033 %ﬁik%b'%{nfg"au '%%f?a%im 1040
London, England and Wilmington, Delaware; Empo 1010, mpol 1014, .
ETPol 1526, Etbof 1078 ERipot 1622 ESTEoRACERB0l F040; andnnati,
Evipcl 1944 availedite&ront Brows:Ghemicakfies 2o-(diStiidton:0f, ore 173,
oerslyNowplrsey Pecl Diep i fom Paelc Cponueabines o,
Lifibtebisiuésest MisnfeChimg Kodia Compartimitedofecticus;  a
Changsha, Ghindgentified as PM200 which is 80 to 90% dimer
acid, 10 to 20% trimer acid and a meximum of 5% monomer acid
available from Samwoo 011 Chemical Co of Yangjugun, KYE,
Korea; products from Resocolution Performance Products,
Lakeland, Florida; Pripol 1006, Pripol 1009, Pripol 1013,
Pripol 1017 and Pripol 2033 available from Unigema of
London, England and Wilmington, Delaware: Empol 1010, Empol
1014, Empol 1016, Empcl 1018, Empol 1022, Empol 1024, Empol
1040, and Empol 1041 available from Brown Chemical OCo.
(distributor) of Paterson, New Jersey; Pacific Dimer Aacid
from Pacific Epoxy Polymers, Inc., of Richmond, Missouri;
and varioug dimer acid products from Lianyou Products of
Hianjin, China: Xodia Company Limited of Changshe, China:
and Zhejiang Yongzai Chemical Industry Ceo. of Zhejiang,
China. This list is not believed to be comprehensive and
other dimer acids and the like may be commercially available

from these or other wvendors.
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and Zhejiang Yongzai 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 vendors. 11 In
addition to dicarboxylic dimer acids, nucleophilic or electrophilic
substitutions for the -O00H group, per se, may also be equivalent. Some
acceptable end groups might not be considered to be electrophilic or

nucleoghilicdp H-stictest chgmical lerms; but are sull gg%%'e Fucieophilic
complexing or forming non-covalent (e.g. dative) bon s with meta
BXidesSEbF PRFpSSEs ST Appiication sith ditbgrotiid agr evRsidBRsd Se.
mztlhinamgssmge @Jg@iéeﬂmktﬂlc ?né&?eelﬁeif%l&ki]ﬁﬁ'ifOéﬁaa@%lﬁqﬁhQﬁight
d itives comprise 10.amines, alcohols, thiols, phosphenes, and amides,
B i s T re LS add s FRGHb Sl BB et 5

as dimers éjr?(f
disaksoeiate setme termpbeature biitheamelten sblderapati eomprisemplexing

gsters aphydrides,imides lagionesand laglams. (Fonexample, ERISYS, 1

GS-120, a glycidyl ester of 15 linoleic acid dimer, available from Specialty

BheRfitals ITETof MEBRARSWT New  38rsBY TFRAS 1RE additve Ry groups
eamprisenthiashydrdcarbah moieiyeof adiper and/or Himeeabiattyiacidand/ or
and al Jeast. f}% .ﬂUC|€0phri|CihCr0r glectrophilic tgchlugoronatgcc?{ﬁ,ir}?/.droc_arbon 20,

f WO i

moiety. It'is preferable that there are 84st nucleop cor  CorerLse
erechophilig groupssandinore specificay: thatsthe gréupsadesarboxylic.mer s

Eanpeactice:qfdhis invention, itisconsidered that,dingts andiar ttimers of 5
fatty acids having at least eight 25 carbon atoms (C8) can be usgd.
hStea 3oﬁ"aas5ﬁlféjrabt—f“]‘atf@tac%k\‘ﬁithtﬁEﬂ?i?ErfS‘EﬁFboﬁ‘"C‘ato*r:ﬁ%‘:—j alfireriof gotder

lower mMoteculas weightfatty acidnaydrave:properiessyfficientty:- @imiar and
Epa%gm.add(%ooge gﬁgﬁj\ﬁe@n %‘i‘i@(z%oaé‘—no, a glycidyl ester of
linoleic acid dimer, available from Specialty Chemicals Inc.
of Moorestown, New Jersey.)

Thusg, the additive may comprise the hydrocarbon moiety
cf a dimer and/or trimer of fatty acid and a:t least ons
nucleophilic or electrophilic group on the hydrocarbon
moliaty. it is preferable that there are at least two
nucleophilic or electrophilic groups and more specifically
that the groups are carboxylic.

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

The active additive need not always have a hydrocarbon
moiety corresponding to a dimer of fatty acid. In other
words, an appropriate additive ig an organic molecule with a

hydrocarbon moiety, and functional group(s) which are
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solder bath. 30 The active additive need not always have a hydrocarbon
moiety corresponding to a dimer of fatty acid. In other words, an
appropriate additive is an organic molecule with a hydrocarbon moiety,
and functional group(s) which are 12 nucleophilic or electrophilic to
capture tin oxide and/or other oxide of metal in the bath. For example, a
long chain hydrocarbon (preferably saturated) split near one end with a
siderdaginiand nusleaptlic. oLglectiophills 0'0RS ARONE: 2 OLRONLEUS: o
of the split is acceptable. There are properties of the active additive to the
SoMfRT Lt dRalard iGortart fore cial 2R BXRERS- eF o ekaffplehain
theiladdiivecis liguichatestomperaiute-eli maltenisolder in thebathaapden a
ufficient stahility 1 inst oxidation and sufficiently low vapor
g?eaéésugég %gnre%n%a%n té?%%%%%/éﬁ&i(f %yg;igﬁ%ﬁg%?éjt%%? motten golder, °*°
Preferably afat ffasERsursRodrs divd evembetiet,ca full day. The active
additiveraclides-an graapic-dnaterial:having 0ne.of HIOTe,RUGIEOPRINIG., vy
an_dL/ r 15 electrophilic end groups and has the ability to scavenge and
aSdiffitatE dxi tg‘agt 183§t o ietarth the balfPaG HrefdraBRAerRARL ons -
Bffectivesforat leasha fultidork shifti and meare preferabheabostenedaye of
ferably, layer ive itive effectively bars oxygen in air_from .,
{r?\ega%c‘héi%g fgﬁd eg%][ uié?cear%ﬂéyzur a%dec%f thg%éold\ielﬁysit issgrgﬁxgé's%‘bles et ity
fieaaditivebeé Hon-earrosie, Kon-tbAdastive antPronvhydropitie seuthat to
there is na:detimentdnthe evental resigie.of additive.oniaPE board o« oy
ostahgclié)bjectvsoj,;dere\::\bd1 Since the nymber of commercially available dimer
SCIdS25 andior rimer acids and oth&PsuitaBie nQRbphfECatdfer Pettes,
électrophilicigroup cofitainingomoleculesids gquites large dngidhe numberabric
H&%ﬂ?ﬁ@?sVwﬁg@yﬁgscogigf%m%ye more nucleophilic

electrophilic end groups and has the ability to scavengs and

and/or

assimilate oxide of at least one metal in the bath and
preferably remain effective for at least & full work shift
and more preferably about one day. Praferably the layer of
active additive effectively bars oxygen in air from reaching
the quiescent surface of the solder. It is also desirabls
that the additive be non-corrosive, non-conductive and non-
hydrophilic so that there is no detriment in “he event of
residue of additive on a PC board or other object soldered.

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

For example, a dictionary definition of Ffatty acid goes

down te 4 carbon atoms in tThe monomer. A dimer of +thig
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additives" is even larger, there is some probability that there are

substances with some of these properties which 30 will not be fully

effective as described, and therefore not be suitable for practice of this
invention. For example, a dictionary definition of fatty acid goes down to 4
carbon atoms in the monomer. A dimer of this 13 material would probably

be inappropriate for any of a number of reasons. For example, it may

have a vapor pressure that is too high (or boiling point that is too low), so
tRAGETEUld HothE JRetPeR & mvhehmalterdrathat endphaven 5flaghnumber
pontthakis:tao lowder usepma solder hath &1, 260¢; ele.A-highStcure that
oli%onggr o] su%h short cha’in fatty acids, might, however, be suitable. .
Failure 1o KAV somé of “the propRttids meffioneFaliie ayirealfly that it
efiridate somebeandiddteomaterials] teFortundtety, thebe; is Awquick; ensye &
anddagxnshshve tesklor acrasninoa candidare getivg, acitiyg faaterialiy o
avoid those that are unsuitable. Clearly, one skilled in the art can

efiftiingte sBhfe sub&afcGe sy shhpy RABWIngEsoftETof Bhephysid@in fatty
prepertiesysudehcas Miseosily, VBROELS pressiire, bailing point; flagh PoMdme of
o&gﬂ@atioqﬂ atampilgxi Setc. eSthrQe Cé didate gubstances ma,é&emain, where it
is"uncériaih whether they will work wall’ Th88& can Betoond™ pygate  some
sERTE festvREGhéAhere, there may be substances that pass the
screening,tast.anddo in fagbwork; but gre(ﬁpig%t’coggg‘grc%q& prﬁgggjglens ive

because_of the need to operate for longer periods of time at high ’
terRprahiie. S6mESMARrialsTRYTads rioré Fapidly (aRiGHERs BRFARRL to
netbe ddesmed camatereiadly usableraktheygh opesabley Theseregning ed in
test is simple. Solder flow is started 25 in an apparatus such as a wave

&g i fiow of SoderhseRed ASTRIlaOaNoF =ome

Call & lm(a}.?h
soldering apparatus and the of solder o
tif candigaterhysical properties, such as viscosity, vapor

pressure, boilling point, flash point, oxidation stability,

etc. Some candidate substances may remain, where it is
uncertain whether they will work well. Those can be found
by a screeming test. Furthermore, there may be substances

that pass the screening test and do in fact work, but are
not commercially practical because of the need to operate
for longer periods of time at high temperature. Some
materials degrade more rapidly than others and may not be
deemed commercially usable, although operable.

The screening test is sgimple. Solder flow is staried
in an apparatus such ag a wave scldering epparatus and the
flow of solder observed. A sm=all amount of the gandidate

substance iz added ontoc the solder bath. When a candidate

substance is operable, there iz a prompt visually
discernable <change in the flow characteristics of the
solder. The solder in & "waterfall® over a weir or through

a slot appears more fluid, as if there is a reduction in
viscosity. Irregularities iIn the surface of the wavse

diminish. Dross on the surface of the solder seems +to

14
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substance is added onto the solder bath. When a candidate substance is
operable, there is a prompt visually discernable change in the flow
characteristics of the 30 solder. The solder in a "waterfall* over a weir or
through a slot appears more fluid, as if there is a reduction in viscosity.
Irregularities in the surface of the wave diminish. Dross on the surface of
the solder seems to 14 collect in one or a few regions of sludge, with

other areas, of the surface of the solder previou ontaining. floatin
(ﬁ%gg%%%c:oﬁng%%inoyraﬁd g%%n?%%ﬁgn foSS m%%§§§pp§§‘rg%sglﬁk§gr areas
assirhtgtedunfaeeliquid bditivel The chaayes iy tdegiantified; bueting
t@&@ﬁ%é&?&%ﬁ@kﬁ%@”%@”%_@&ﬂa S@@ﬂﬁ{”%g %”ﬁi sappear
needs to be added, i.e., 50 to 100 milliliters or less in a typical small
VBave SoldSrimPaiParATS to pRodGEE a Vislaly d@iSEainbble chafle dRpnes
touiakitain geod salderad descharacteristioggftomibe bathc Largei-ameunts for
y be added fop eyaluating longer term stability of the additive on.the .
Egﬁé% Solder batégxysu?prisgmﬁer%sﬁf“ gfg&dinog%rﬁggt?\felg dit]R/E“Ee@fi(LJgthéC © oe
seffféRe-of a-solder Pathtin weke soldelintidiparatos isi&ss15amest typical
immediateapbictign iascasity fhthe-malien rstal jhhendtbe active; suaiiy
additive is poured onto a bath without active additive, and maybe with .
ST FTEiiie dross @ #gight BFthe wide préthpfy hcreS888 In wirk ering
sclgerag- apparatus, fhemetakthas fiows intethewaseds-cdrawingtorm20zdded
t ft older bath, so the floating active additive liquid is
Egﬁa%%gf% %%o%ger:%glgsgﬁ g %ﬁ%ﬁg% 1 elp%’ rﬁ%g \?\Tﬁth%%? cﬁér%% ']Lr% pump
pFedsite, 8%dréss adgiile noticeable change in wave height. A wave
previouslyGraging the betiom of BE beardspassedeverdhewave it <o the

automatic 25 aratus, may rise enough to now overflow the top of a
Surrgace ofa pg 50 ger e%ath irn “\ga\re socldering appagatus ig an

v

the

almost immediate reduction in wvigcosity of the moltan metal.
When the active additive is poured onto a bath without
active additive, and maybe with some visible dross, the
height of the wave promptly increases. In wave soldering
apparatus, the metal that flows intoe the wave is drawn from
near the bottom of the sclder bath, so the floating active
additive ligquid is mnot part of the solder passing through
the pump. Without changs 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 1in automstic
apparatus, may rise enough to now overflow the top of =a
board, for exampls.

There appears to be sclublliby or at least dispersion

of metal oxide in molten metal, such as disgpersion of tin
oxide in tin. It only takes a small amount of metal oxide
to change the rheclogy of molten metal. Bven &z small
concentration of high melting point materials in the mclten
metal nmay raise thse viscosity of the metal. An active

additive layer added to a molten solder bath appears to
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board, for example. There appears to be solubility or at least dispersion of
metal oxide in molten metal, such as dispersion of tin oxide in tin. It.only
takes a small amount of metal oxide 30 to change the rheology of molten
metal. Even a small concentration of high melting point materials in the
molten metal may raise the viscosity of the metal. An active additive

layer added to a molten solder bath appears to 15 scavenge and

assimilate at least some.of the metal pxide dispersed.in maql s s
%8%‘@??&1%@51)? pu%ﬁ;g/’iﬁ&%ra?:?ea%ingfﬁ?es ‘s'olg'e%?%né) Tow%ﬁ%g %%2&1 cxLae
disepsity of thé-tmolt&rs maral Teis cadddplain thevisvally BisceFHape 5 oF

change in theflow charagteristiosdn g wave; spldering apRAFBRISYPOBE  the
addition of an active additive, as well as the improved wet%n%bé;solder -
B Comfpdtits beingrsoiderat in m}éﬁfma‘“rg%itﬁat?&% rfayer6f 6™
drpssowasialloves o aceumuiiatesan: the stifface ofrsolder wexsmakh i@ ing
commercial wave solderi paratus_operated for.t ight hqur shifts.

R o S B oy T (s S =
iHRRICHAY T Sfe 1T REWARE. SRBBBE L 0RO B IS sUfatE was-dered.

"quiescent'’zin thakit wasnotinthe-flowingavave, Aboyt 158:1a20018kef was
a dimer 15 acid active additive was added tq the ap%ar%tuf d%qd formed a

By SPHFHE abpedatiB 08 Bholts- 4 Him Hick> Fioating tHoss waslargef™
assiméated intedhe ligquiddaytrwithimatout e baléming. Swrprisingly, eight
qfierwo or-three miputes, Viscosy of ;20-the liquid metalpumped inigthe 1,
wave appeared to be ‘decreased since the wave height was noticeably
iferedded BEhESMpAFeWIHP WAl heRjhtEeisre thBackveadditive igyerave:
wasformed This isskegasded as evidence-thakmetal.oddecisteing thac it
ngg\slegggdglomggeﬂgtﬁgén %\;[gl};he %;%%%rgtl’i%%\lago 200 ml of a dimer
acid active additive was added to the apparatus and fermed a
layer that appeared to be about 3-4 mm thick. Floating
drozs was largely assimilated into the liguid layer within
about a2 half minuts.

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

Thus, an aspect of this process ils reducing viscosity
and improving purity of & solder bath by adding a stable

liguid active additive with nucleophilic and/or

electrophilic end group(s) that scavenge oxides Ifrom the
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25 operated with PC boards passed across the wave and soldered for
another 24 hours. The layer was then dark (rather like chocolate) and
gummy, but still effective for assimilating metal oxide. The volume of the
layer had increased about 50 to 100% from its original thickness. 30

Thus, an aspect of this process is reducing viscosity and improving purity

of a solder bath by adding a stable liquid active additive with nucleophilic
and/or electrophilic end group(s) that scavenge oxides from the 16

MekERZS OISR preférEd RtRIEPhiERERGS IS -FIH SR dtRing- OO -
viscasily oy sleatsivgaaripyrifpingdhebathof metaboxidssidowehe bath of
sxgl%%qrng ter.nci)esratunfs can bgo%sgd. .Furthgr, metraé{&(irdesis gssimitlvaetedused
in the |qu?§ actvé 5 additve Iayer.eljflnﬁngf par?fnc%?ar &gniﬁcancgi%ha
stavehging metak bxidehdm the batisofwicktesdmetal shlkantegwicttimytive
of g0lid(60- eaRRSY) surfaces tasbe, soldered ; Ope-surprising aspeeldf thac
this invention is that the 10 temperature at which reliable soldering takes
pREEY e 18 d FRESS0ld &SPy s SuTas HRssivBRERd (REsiVEH bERe TMetat
adaysiassbeentreduced 4@ neolare thas . 260Ccthusrthe soldeitig: to be

pracess ¢ mprises contacting a PC board or the like to be soldered with

molten solder at a temperature of 15 no more than 260C. This occurs
when afictive aadRiveHas dseesapplied Wiiife sirfaetéfme afoltRat  the

seldgieemparable jqint seldering seliabiliyd1em.a hath mithaut $18ce with
aitive additive requires a te_[mggrature higher than 260C. 20 W ttigg N
bafitite tests SHovf e SHettNRnESSsH Al active Saditive whith == s=iver
stavengesi oyide s ionbihenmetalare dveitingrof lead<reghsald@6ORC.  Thus,

C%@@%A%%B%gf SAl%e SOURGRS WIS MIBGISEAINEAC 305 BllaY s or thne
solder at 235C, an
like to be soldered with molten solder at a temperature o
no more than 260°C. This occurs when an active additive has
been applied to the surface of the moiten sclder.
Comparable joint scoldering reliability from a bath without
the active additive requires a temperature higher than
260°C.

Wetting balance tests ghow the effectivenezss of an
Cactive additive which scavenges oxides from the metal on
wetting of lead-free solder on copper. In a pair of tests,
coupong were immersed in SAC 305 alloy solder at 235°C, and
in neither case was there any wetting after eight seconds in
the sclder pot. Fig. 1 is a graph of force versus time from
these tests. One coupon had slight wetting after about
gight seconds. In effect, this was non-webtiing.

Coupong were also immersed at 245, 252 and 2865°C,

regpectively, and those tests are illustrated in the graph

of Fig. 2. The coupon immexrsed at 245° showed retarded pooxr
wetting {after about Ifour seconds). The coupon at 255°
showad slow poor wetting {(after about 1.5 seconds). The

couponn at 265° showed good wetting {at less than 3/4
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in neither case was there any wetting after eight seconds in 25 the solder
not. Fig. 1 is a graph of force versus time from these tests. One coupon
had slight wetting after about eight seconds. In effect, this was
non.-wetting. Coupons were also immersed at 245, 255 and 265C,
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

seconds) . The coupon at 255 showed slow poor wetti a}fter abqut 1.
SERETHS) The BB on & 258 (et JEed A nt LR e Fhese
seesnd). There was no additive on the bath during these tests. About two

fluid ounges (abont 60 miy ofdimer.acid was, added,{q the-soldappotand s

allowed to spread to the edges. 5 When pushed away with a blade, about

1780Pthe-suiace BPIREMAIRh SIderhaP 35y crof hRER AckAviifie edges.
thiekness. sstimadedaswahout § s &, visibledimenacid wesdn the-face of
region where the caupons were jmmersed. There was no visible dross o

S ALG TGS 10 Cotpcho W 1 EHEEd andn Soeh (ot epoess
wessdoed erbtiirsg ab285C6H Rig:-3 ishicgraphifistraligethese t€suiss in the
Each:samplg, Leacheddhezerodoice gxis.at aboutQ.3secondsand Wags  no

fully wetted in no more than 3/4 second. After dimer acid was apparently
clERfrERFon TR Bot 15 aitF drE¥E Was Hllowed 5 56rmt &BaponS Ehftived Were
sighificantly eefarded wekting wt235Chdhereswas sfiwodetiingtheferezabagt oc.

two secands_on any.of three-coupons.. Reasonable wetting was found .
aftér ébg’ztlfgurase%%ah%lgs‘. Jé%lasrgggéfﬁ% zglp?é;aeiaﬁge% of asolderjoint ~ oS
sufacd i 20harged by foatingaldyep bf adtivetadditve epapedsurfaee was

of:thesolger bath imwayergoldering appawtys o -the -like. A good quality
conventional solder joint of lead- _

After dimer acid was apparently cleaned from the pot
and dress was allowed to foxm, coupons showsd significantly
retarded wetting at 235°C. There was 1o wetting before
about two seconds on any of three coupons. Reagonable
wetting was found after about four seconds.

Remarkably, the appearance of a solder boint surface is
changed by floating & laver of active additive on thes
surface of the solder bath in wave soldering apparatus or
the 1ike. A good guality conventional solder joint of lead-
tin alloy has a smooth shinv surface, and operators doing
soldering rely on that appearance to assess whether there
are good 'joints. The surface of a lead-free solder such as
a tin-silver-copper alloy is tvpically rather rough looking
or grainy, even when an acceptable joint has been produced.
There may also be what seem to be flow lines or patches of
orderad irregularities on the surface. Thesss are subjective
observations of the Joint appesrance which are not
gquantified, but are apparent to an experienced operator

gither with the naked eve or with small magnification.
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tin alloy has a smooth shiny surface, and operators doing soldering rely
on that appearance to assess whether there 25 are good joints. The
surface of a lead-free solder such as a tin-silver-copper alloy is typically
rather rough looking or grainy, even when an acceptable joint has been
produced. There may also be what seem to be flow lines or patches of
ordered irregularities on the surface. These are subjective 30 observations
of the joint appearance which are not quantified, but are apparent to an

experigrice®operdfsi™ eith®rith e fakcheySbr wititsmafl & tead-tree
magadicatiorints Ifbasdtenfanndthatdhe suiiace ofearteadeireeidoldere is
jgint formed from, a melt where agtiveadditiveis present Q. the syfaceof
solder pot generally has étahe smooth (non-textu%d shiny appeadrance of
EBORENtIORARS Iead-aRasdldeFoiny WHEBRSAPESGar® s séldetegyfaional

wave seldering apparatysyihe "bajtem’ of the-boadhis breughiigiered in =
contact with the top of the wave of solder. Molten solder flows throt&hala_d is

OTEEY-tHiSUGRHAE inFRBEHEEHPand Hong 2180 theHole T8 Form &
jointthattl Olextendsstireugh toithe "tops ofte board-Wheresgched solder.

Selderdgintisrade without use of aglive adaitye endhe waye gokler i, tne
apparatus, there may be a subtle ditference in the appearance of the joint
OPPRE o aRd HEtn Surfagds. The SifacBUPthEDoftBiTappeddnt chat
sgaathakr anththmgurface 16nen thedpp obthe {giat appeals roughesn such a
anehshimn Kathemereptheemetdliegeaphic appearamceofisuchid 2gence in
leagkfres solder differs-depending on whetbgracive additiyedsysed rraces.
not used. A tin-silver alloy solder includes a eutectic so that

The surface on the bottom appears smoother and the surface
on the top of the Jjoint appears rougher, Howsver, when
active additive is used on the solder bath, the top and
bottom surfaces are guite sgimilar in appearance and
generally smooth and shiny.

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

A tin-silver alloy solder includes a eutectic sc that
upon scolidification from a melt there is & Gtwo phase
structure; & basically tin phase and a silver rich phase
{probably an intermetallic compound). Copper and other
additional alloving elements may be present in low encugh
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 they are not noticeable 1in a magnifised cross
section at 100X, for example. 2 cross section (etched with
ROH solution, for example) shows large areas of tin grains

and smaller areas of sllver-rich grains.
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upon solidification from a melt there is a two phase structure; a basically

tin phase and a silver rich 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 quantities and grain size that they

are not noticeable in a magnified cross 30 section at 100X, for example. A
cross section (etched with KOH solution, for example) shows large areas

of tin gY&IAS drtPsnBalcial e SOBRSIIVELABN Gramd ™19 WiPtHe iderctive

Goipes fram a bath withowt an aetive -addiive:layer thedintich peainsdaeadhat
to.be somewhat elongated or non- mm%%rlical. When tfi%solder comes
j={e) er Comes

frOmE R With AR B CTVE Sddrtive fayer, & StinTich rains are 5 more o
roahded vrtsyasmetrical el edditfeiamcebavave nohiseer quaitifiegrpans are
arg.readily. ohserved by an.expedgnced Hperalpr ElgeiSA have not been

photomicrograph illustrating in magnified cross section a representative

BT Tormet by Vidve sERRFMNVtARSET TR séidler fom FBAtR* 2<e
withet{dd-the useief.a layerief aetive>addiivediaatingcon thé meltersting in
solder bath. Fig. 6 is a similar cross section of a..tepresentative solder - a
j6{?‘%f"‘f?blrlclrtnﬁ"‘eétl by RESahe elc(l?]rrl]ic?uere\%/ﬁﬁ]eg{?g)rliéar"(i%ctﬁ/%laé%{ti\?g ﬁoatir]g(;3 e

omtheawelter lseidenbaw 15 Tivest Vises ohseReationsosr the sgFacy thout

apg grain. structure,ofsolder with and without: use of gstive.gdditivents el ten
process are "averages". In other words, an  observation of one joint or

CRSSCEECibR Way noticiéarly SndichtewhEtHEr £ fointhas matswithor °= 2
witbputaetive 20-addiivedAn intividual fointwedy be amibigusasicaltheaghigue

ofherfimes guen single Ik Bengugh 10 Jistinguish; POCRSEeSHIN molcen

i
W, ayer . C
and withSut active additive. When a croup o

golder bath.

These visual observations of the surface and grain
structure of solder with and without use of active additive
in the progsss are Taverages”. In other words, an
chservation of one joint or cross section may not clearly
indicate whether a Jjoint was made with or without active
additive. An  individuszl joint may be ambiguousg, although
other times even =& single joint i1s enough to distinguish
processes with and without active additive. When a group of
joints made by one process are examined, use or non-use can
be digtinguished.

an  aspect of thisz invention comprises minimizing
formation of dross on molten solder. When molten solder is
exposed to air, there is oxidation of the metal. Thaege
oxides {usually called dross) Eform on the suriace and
accumulate during operation of a continuous soldering
apparatus, such as wave soldering machine. Thare are
several problems assgociated with dross formation.

Drogs can interfere with sound soldering of printed

circuilt boards. For example, in severe sSituations it may
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joints made by one process are examined, use or non-use can be
distinguished. 25 An aspect of this invention comprises minimizing

formation of dross on molten solder. When molten solder is exposed to

air, there is oxidation of the metal. These oxides (usually called dross)

form on the surface and accumulate during operation of a continuous
soldering 30 apparatus, such as wave soldering machine. There are

several problems associated with dross formation. Dross can interfere ‘
With s8tid “Cotderty Sf phfifed it Boards Hordxafpry ifBeversult in
Situations-it meyoRfliahibitiwetting. of thehsurfacesdndee sddered=aandis zlizo

re Iﬂn Qoo or.inc i! I&- %' int%.fThe senc oLdross is also
e OF S5 bitee Sagtly Do P Lie s e e
COtPREHsApadserEafthefmerangrdros s idsa wakte ohetanssider tdsd dross

the metalsemoved as HEOSso Mast beteplaced. With lgad:tinsolders,s  aross
dross is a hazardous waste. It is found that when an active additive layer

iS580ed” a’sthte%r the nibiteh solf&Fnwave $oifishey 167oss” 1= a
apparatasrforexatmaple, the formation of dross is diminished. The
presence.ota fispatactive.adsliive n sudaces expased.o aliamparenty e
serves to block air from_reaching the metal surface and thereby inhibits ~—
okfatfon. Bos&fifat iay foff oftexidsed SE$WT thermokéivels sefdéering
sugfaeeds assimilaed inte-thgractive additive jayan:Press fopgned gp &
S Igng{ bfé ctnyé)icall)é}ilncludes mgtal oxide and entraiped;_o!der metal
WHEH thie aross formas i AbSEAcs of an &ctive Hditive SRS Mich®S'3M-8F o
nereigctre drasssrdy be inibhe dppnaienttained seldeton:2@ practice from
obWisinvention. ibanpears that the metal.oxide ROrign A Arosg IS aa v i o .
retained in the additive layer and

Dress that may form om expoesed areas of the molten

is

sglder surface is assimilated into the active additive

laver. Dross formed on & sclder bhath typicaelly includes

metal oxide and entrained solider metal when the drozs forms

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

the dross may be in the form of entrained sclder. In

practice of this invention, it appears that the metal oxide

portion of dross i1s retained in the additive layer and

metallic portions entrained in dross [(if any) are restored

te the bath, so that the total amount of solder lost into
dross is greatly diminished. It does not appear that any
appreciable amount of unoxidized metal is entrained in the

accive additive. Thus, less sgolder ig consumed during
soldering and costs are thereby reduced since less waste is

produced.

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

sclder apparatus, Zor example, when no active additive is
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metallic portions entrained in dross ;if any) are restored to the bath, so

that the total amount of solder lost. into dross is greatly diminished. It

does not appear that any 25 appreciable amount of unoxidized metal is
entrained in the active additive. Thus, less solder is consumed during
soldering and costs are thereby reduced since less waste is produced. it

is found that metal-containing dross can be heated. 30 in contact with

active additive and entrained metal in the dross is released as metal

588 is B8YinM& e TRE“adtfitve™ HuS REEEFEMovEd FEFPY ToIdBPLasT-
[Totsin dvaves Soklehapparatasdor examplecWhinmoractive astlitivieds 24ider

ysed,may g skimiaed aff, 32d pracessed to regaversalder., 10e,drogs is .y o4
heated above the melting point of the solder under a Tayer of active
FRFitIVEPRE 75y TS TR be SHirne fst erifrpeed dhtacttoRpeedof molten

yeTassing oAnR0Ch 08 Meltef-5welden farmsand/eragrovis,undertBe anc the
additive d{;%er angd the remginder of the dross js ajs_simiéatea% by tb%liqu@, ia
addifivE “Fie allive additiva Wit assifilafetoRidized hetal nay be  — I
radgted.for recovering tin and other metals (e.g. 10 silver). Some tin ores

are commonly.roasted dn coal:fired ot oil-fited firehrick-linedsrotaty [ins(ory.,
reverberatory furnaces) at up to 650C preparatory to eliminating
iRPurffiedsThRe meRH lad&s duaHieSmay e usaé"cf%gs SBRREF of TRE Ut (&9

feehar=simply added to theares angburpeshinthe Yo kinoAn OxidiziRg - fired
"gast s eraployed since aseducing foast. can yield undesiiable smoke

an vi
-L Tix 0 r% ns .. reverbaraltor
and tin OXIdle iS thé most common form Of"%e metla N tin ores.%\ ~orY

chivridizing roast(withe NaBh) in ©xifizing cossgitivatanay béwuseglominating
separatedin. from-silvep, whichis recoverad as fume. 2Q Althaugh is s e of
believed that at least a mono-molecular

the imput fuel or :simply added to the oves and burned in the
kiln, An oxidizing roasht 1g empioyved since a reducing roast
can yield undesirable smoke and tin oxide is the mest common
form of the metal in tin ores. L chloridizing roast (with
NaCl) in oxidizing conditions may be used to separate tino
from silver, which is recovered as fume.

Zlthough it is believed that at least a mono-molecular
film forms over guliescent parts of the axposed surface of
the molten mebal, it is likelyv that areas of metal surface
in a dynamic or turbulent situatién are not completely
coverad with such a film. Thus, where there is considerable
turbulence (such as where a wave falls to the surface of the
bath of solder in the bath) or rapid flow (such as on part
of a wave), a continuous film may not exist. Bven if the
£ilm is not comtinuous throughout the surface, it is
peneficial in minimizing dross  formation as well as
continually scavenging metal oxides from the bulk of the
golder bath.

Oxidation to form dress may reguire nucleation sites to

form dreoss that would interfere with soldering. By removing
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film forms over quiescent parts of the exposed surface of the molten
metal, it is likely that areas of metal surface in a dynamic or turbulent
situation are not completely covered with such a film. Thus, where there
is considerable 25 turbulence (such as where a wave falls to the surface
of the bath of solder in the bath) or rapid flow (such as on part of a
wave), a continuous film may not exist. Even if the film is not continuous
throughout the surface, it is beneficial in minimizing dross formation as

wedsas 3@contipuattyisbavengingimelad oxides fromathenbulkeafetheossldemhers
bath. Oxidation tg form dross, may.require nucleation sites.to form dross .-
ST TETERS i oo B oo 223 St e oxide ang=°%°
isBRetiRytit from lscaticricewhere drossfe@rferesipucleblien sifélxe. dross
dipinished.and.dross fasmation isdikewise seducads ia othegwards-dess does
continues to be formed, but a lower rate. What dross does 5 form

ot And ARSI E) (EACHVE AR artd GeRToved MaAhaTE 27

rom harm's
waemAtvadifiimunyaihe ‘addition to the solder bath should be sufficient to

maintain,g sybgtantially copinugus film gn & ayigscenthsiiace efthenouia pe
molten solder. No detriment has 10 been recognized from having _
exeesses bifte sAdRREIHEINdE WREPRTEREHRYYY hamtdRupus film on a
cogtindausfitm.dt hagteepfound dasirable tosaddiepoughactiveradditive has
to the surface of a sojder pot in wave soldering apparatys to_form a

ORRG Iy ST AT eci b SRR, T 60 oLt L/ B 1 ok bpate Pevons
leastatpartionsafithessurfaceroiiiie batle Tis amewrtperniits the
apparatus to be, opssated fora.day Qrote.hefore bath mgint

(except for adding solder to replace that used on the PC boards). The ,
layBRFSIIY 8 bEFrieriFhiEN PreFents bxidatifnothePot in wave scldering

apparatus to form a floating layer of appreciable thickness,

active

e.g. about 1/4 to 1 cm on at least a portion of the suriace

ocf the bath. This amounit permits the apparatus to be

operated for a day or more before bath maintenance (excepl

th

or adding solder to replace that used on the PC boards).

The layer forms a barrier which prevents oxidation of the

solder in the bath. Small amounts of oxidation occur on the

surface of the wave and these bits of £loating oxide

*waterfall® back toward the bath. Such new metal oxide is

promptly assimilated by the floating layer and egsentially

disappears.
How “hick a laver of active additive to place on a bath

is somewhat dependent on the wvolume of the solder 1n the

bath. An important function of the active additive 1s to

scavenge metal coxide from the molten solder. Thus, instead

=

of being determined mainly by surface area, Tthe amount oI

soider is a better measure of the amount additilve to be used

on & 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 permiits

23



L0

i5

20

30

20 solder in the bath. Small amounts of oxidation occur on the surface of

the wave and these bits of floating oxide "waterfall" back toward the bath.
Such new metal oxide is promptly assimilated by the floating layer and
essentially disappears. 25 How thick a layer of active additive to place on

a bath is somewhat dependent on the volume of the solder in the bath.

An important function of the active additive is to scavenge metal oxide

from the molten solder- Thus, instead of being determined mainly by
SGRate e aCRRFAMbUNt Bf 36'50I88 58 LfPettermEASERAS thedmount-=er
additivertorhesuspdean abatihes aFordes efgmagiitude;abept 180 Mmhafal,
a%ti\{gn gdditive appears ap rvOP{igé% per 100 kg.,of solder. Thatismore.. . .
than enoubﬁ for Initial scavenging and permits"zﬂ@ co%ue%i operation of
thelbathifordncextdidedaivhe. After @lbathchasdysentcleaved o ox@essdn and

the molten metal, yelume is less significantand the amoupt of additive  ¢nat

mai_n,jtainefd on the bath is related more to surface area and 5 to turbulent
etV that®®%poses metal to air so that oxides form. A dimer acid when
added anth adathuisirkadyavatesdstitecselear. I hedayer dradusdlyly water-

darkeps as metal axide if agsi ilated by.the or Qﬁicgdggivlg Qfl e 4
gra:(Lj'fJ@a!lg/: 1%afak‘esq§%x§ apgga%?l%%ac%%gg:%jli%’ﬁ%e%a,%ocoa, cgfgee W%t%] = s
Geapantitsidciosoffebeit rRAIsSEVed 2RgE thevtfarken itF isgartalleaaas -1y

degradation ofthe-araanicmaterialandypartially dye te.assimilatipgraetal: tn
oxide. Degradation. may be due to Qolymerization, dqecomg_osition or

SHiGAlb R 5h P15 PEsSiBiy RGolved all OFtHRSEIFEEssER A detkerréd “enine
"gemray't ikl fortg=and whenrskimmed off Zattleastar fibnof activerial and

agditive tvpically remains oo a quieseent surface of; the mofign metal. apd .,
continues to be effective In

be due to polyvmerization, decomposition or ocoxidation, and
posesibly inveolves all of these processes. A darkened
‘gummy" layver forms and when skimmed off, at lsast a Lilm of
active additive typically remsins on a gulescant gurface of
the molten metal, and continues to Dbe effective in
assimilating metal oxide, barring contact of air and the
metal suriace and maintaining low amounts of oxide in the
metal.

When the active additive layer is on & dynamic bath,
guch as in a wave goldering apparatus, such darkening
occurs, but apparently at a lower rate than on a guiescent
bath. The layver of organic liguid on the bath remeing on
guieter aresas of the bath, but mav be pushed away £from the
turbulent region where the wave f£alleg into the bath. As the
active layer darkens its viscoegliy seems to incresase so that
it gradually advances toward the foot of tThe wave, and may
eventually encounter the metal flowing off the wave. £ can
be desirable to dintermittently remove degraded or spent

material.
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assimilating metal oxide, barring contact of air and the 20 metal surface

and maintaining low amounts of oxide in the metal. When the active

additive layer is on a dynamic bath, such as in a wave soldering

apparatus, such darkening occurs, but apparently at a lower rate than on

a quiescent 25 bath. The layer of organic liquid on the bath remains on
quieter areas of the bath, but may be pushed away from the turbulent

region where the wave falls into the bath. As the active layer darkens its
viscosity seenmhtotiheraasaiye thaidit gradualyradvances owarduhd foot the
gtihe wave, apd-may S0evepidally encaunter.the metalflawingof the,» i 4s.
wave. It can be desirable to intermittently remove degraded or spent
AratERAITS 4 WS 8 AchiveRdditlve retiaing 3% a'iftftid oft tiF 3fftn  ©Pe
eveh affee degradedpiksnay includr:gispersed solids. qAlthoughlnsdaus guite
and. a solid crust may form i eas, the q?iti e_continues to hbehave as a
I}alusfg? a%éit%%it%%gvigcggsé%%% géter%bea:ta &rg% gf%%é bagf. Ifis a ?os?oun%und
thad effeefiVenesy OrEse additivéiean BEFhaIbYENcE Py addingfraspined by
aclive-additive-gven-afierdt hegemes quite, Misceus: When quiiedark-andy: ce
gummy, effectiveness of the additive may be diminished and the entire
VisBi RS er of 18 orgatit mateial Hay b& TEbve FrroRt the BafE The® =5
cgegradedsactive additivéndydsimay ber@mdved dyd rrigly fempeeatiegrer of
resislant.'spopge: For example, gfier dhe -praduction;scale operation
described above, a piece of aramid fiber (Kevlar) woven fabric about

seven BPRvERGEESIER. frisipaced SR tHesutfcer THeXighewealetasridy =
waguR-tenahedt6:5mAdhicka Dlegraded eateriakwettgd dhe 1aramic-and che
was ﬁoaked into the_fabric. The floating_patch , of @bri&\g@% pushed

Ao The G e b pick U Additive oo o2 @ piece of

aramid fiber (Revliar™ woven fabric about saven by twenty

cm. was placed on the suriace. The tight wesave Ifabric was
vp to about €.% mm. thick. Degraded material‘wetted the
aramid and was soaked into the fabric. The floating patch
of fabric was pushed arocund the surface to pick up additive
along the edgss of the pot, and when Ilifted off, it was
found that almost &all of the wvisible additive layer was
removed with the patch.

It has been found that a costly aramid fiber ‘“sponge"
ig not essentisl. Degraded active additive has Dbeen
successfully removed from & bath of molten solder by
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 fiber wetted by the
active additive can be used for removing spent additive.

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

replace the substance at about the same rate it ig depleted.
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along the edges of the pot, and when lifted off, it was 20 found that almost

all of the visible additive layer was removed with the patch. It has been

found that a costly aramid fiber "sponge" is not essential. Degraded

active additive has been successfully removed from a bath of molten

solder by 25 swabbing with an ordinary cotton terry cloth towel. The rag is

not in contact with the solder enough to sustain appreciable damage or

leave any residue on the bath. Thus, an inexpensive cotton rag or other

fibBi fehed BEIHEREReladdifveran Dearsed oo iovagspéay swabbing

agditive-3Q since thegffactiveness phan activeadditivedayer ehdheading =
molten, solder in a continuous soldering apparatus may be_degraded or,

dEffetéd TP USE, itHay BEUERNGHITD iface e SuBahcbyaintain
aboutthtesamesaleitds depidtedri2b-Thislmay tieiacempplshedibymated to
rierraligntly anyally swalibinge ol o7 A9PIANR0 SAMSA NERCRG  sman2
additive and adding a small amount of the substance to the solder bath to
nFAIRTATH- SarP effebfivE TR ARR rfatiElE tRRTRaY B agforidediersratus.
intermittgpty okperiedicaly:addiremeva.andsadd smalk amountsefthe(as is

suhstance.during operation of t e apparatus. hen the active additive is
e e R T e o Y SHR bl GEBR Mg o
wiseatfor. examplelbydhyeofavasely ofavaitableliduid dispensetis sdénsers.

The visgosity, may be-feduged byyse of suitablesolvents such.as loluene, .,

hexane, octane, isopropyl alcohol, butyl alcohol, hexanol or the like. The

dESRS rafe FIENBIR JPEFERS er R eAARY fobPEIBIABITcaly: SpHEHt-or Putyl

degradrdiaddifisemay ke refneved hyautomatecicswabbinga s With alenewal

arg idt onge as descr.ibedra%%vi ,.Oor Ii:r" u&%g!a)é beiasgi‘rﬁlied‘off thg ent  or

surface. artlcd’farlfy usetal maeterla?gfor%ﬁangmglfﬁe ?ﬁeoqlog‘f/’ P
degraded additive may be removed by automated “swabbing”
with an aramid sponge as described-abcve, or liguid may be
aspirated off the surface.

Particularly useful materials for changing the rheology
cf a dimer acid or similar active additive are fatty acid
monomers or short chain esters {e.g. a methvl butylate or
dibutylate ester).

The active additive may be diluted with essentially
ineffective ingredients without destroving effectiveness.
Substantial dilution may reduce the time the active

ingredient remains effective or accelerate the nesd £o
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 carnauba wax did not significantly
reduce effectiveness or lifetime. A dilution to about 70%
dimer acid and 30% wax noticeably reduced useful l1life, but
did not seem to reduce effectiveness. Useful life was
reduced since the mixture got dark and gummy gquicker than

undiluted dimer acid. Thusg, the liguid layer on the molten
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of a dimes acid or similar active additive are fatty acid monomers or short
chain esters (e.g. a methyl butylate or 20 dibutylate ester). The active
additive may be diluted with essentially ineffective ingredients without
destroying effectiveness. Substantial dilution may reduce the time the
active ingredient remains effective or accelerate the need to 25 remove
degraded material. For example, a small amount of carnauba wax (up to
about 1%) has been added to a dimer acid to produce a rather pleasant
saoARhercheaeEAien PFcent dil@iPRithREFnaGha wak didhdt active
sigaificaptly reduce effeetiveness.or difetipe. podilutiondaabaist 70013  add
dimer acid and 30% wax noticeably reduced useful life, but did.not seem

P refic e REEIENSSS. Ukerai éLX\’/\?asaLg?cgaﬁég s%l(%%%tm%(% e got
dark and gimray: geicket tivan adndilited dimtéraciciRHusl five lighid tayer it
an the malten 26, solder preferably.has a majgLperionQfthe agtiveross, or

additive, i.e., more than about 50%. One may also add coloring agents to_ .
thesgcivel agafivewRfo R dfimEpR 5% cRaradiEribtic dFthe SRR ddditive ™
is ghatit 5 dassimilatescmetal oxided from 1he molteremetalior dross,@ridized
Ilggg@ai!ateslg)(i%%pf %tﬂ:leﬁgvri]z? r@?:taa!c(i&“{p ehboaﬁ;'h"tk-lrg IS, {gelggeindggf e" is
encompass aSS|m|Ia?|ng metal in itS oxidized state. It is not known exactly
hoveeheémetal oxide" iscletamediftithelactivé additive lajér. s Avtt  known
kpown, 40 whether mefal @xide js substitytetkigramolecule or epfiappRad  or
in the additive, and it may be both. There. may be chelating, se gestgrin -
r@&tﬁ@ﬁ?&%ﬁﬁpl?%rﬁfﬁﬁhﬂ%oﬁ%mpl A at8att *grou% 6 the = ¢
active atlditive iscanagmine; the, metakionimmay attach gaitié additivercunding .
malecule 15 and release water. .The clive Adgilive 3cayeng6s i cive is
asSimifatesetal oxide since it has a greater affinity for

an amine, the metal ion may attach te the additive molecule

ané release water. The active additive gcavenges an

B

assimilates metal oxide since it has a greater affinicy

th

=

e}

metal oxide than does the molten metal.

Thus, active additive on molten solder and used in
continuous golder apparatus may gradually degrade Dby
saponification in the course of eliminating metal oxides.
There can be covalent or dative (coordinate) bonding between
the organic additive end group(s) and a metal oxide. Most
1ikely, micelles of the active additive effectively entrap
oxides. in effect, a number of molecules of the organic
liguid encompass a molecule or group of meolecules of metal
oxide. Such assimilation of the metal oxide leaves the
additive as a liguid, ealthough the wviscosity may be
increased. Metal oxide may not be assgimilated as distinct
stoichiometric molecules, and that ig not important. There
may be "ocligomers" of metal oxide with loose bonding of a
few apparently stoichiometric molecules.

It is possible that active additives with nucleophilic

or electrophilic end groups are forming “heavy metal soaps”
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metal oxide than does the molten metal. Thus, active additive on molten
solder and used in continuous solder apparatus may gradually degrade
by 20 saponification in the course of eliminating metal oxides. There can
be covalent or dative (coordinate) bonding between the organic additive
end group(s) and a metal oxide. Most likely, micelles of the active additive
effectively entrap oxides. In effect, a number of molecules of the organic

4o llquid enc m%%sst%g‘%%ﬁu'&‘” roup of molegules qfmeta gxide,, ;¢ o,
2§lucF| Assimilation of the metal oxide Teaves the  additive as a liquid, ‘
Hhdagh e VisEsSiBi magans inereased. Metdl oxRREMAY Hotdeee, which

Assimilated agdistinct \atpichiametis moleculgseand that i, pokmpaIiatade
There 30 may be "oligomers" of metal oxide with lo i{a bonding of a few

HpEPEn PSRBTt e ge e s s TosEBle Maridive additives
with nadleopiulic. rdelectophilicend gromps ave forinéeg: "heavyemetate by

S0APS: 2173%9 the, beat of the molten sqlder alloy. Like most salis, 1hese, 1 o .

heavy metal soaps have a high heat tolerance, which may help explain
PrRPRSddditive HRRR NG aidly dégtadesmahe h&%henvi ERt6fthe Y
mplien-aloys, 5 Hidgsiredooaeunay impyeve heat toleranse by JRinkmiZing: =,
unsaturatjon in the active ag itive molecuyles. Decreasing unsaturatio
HPBEsEShes to?é:r%%%%%y'geﬁr]%%%fag?ngrl ﬁéﬁtﬂ 15 ea(% agr pi%&el"ﬁg. s, T
forcexaieplentSignrat Agsich rotect48236¢, &hydrogehated dinersacigracted
may,1Q pravide enhanced heattolerance as.compared with yosaturated 1 ke

counterparts. Furthermore, aromatic dimer acids or the like have .
BANENCRANRBRAZI SEREHTA DitafEdxy phienyl FaSIRaCEE HRFoYs of2c24as
Iﬁmwalicaa_eéd_ mﬁme@r_tigaIarj;hﬂ&emlcHamnga@QynateéiaI@m&belariy
added fo active 15 addiives for enhanced heat staqilty, guchas

X o actlive
additives for enhanced heat stabilitcy, such as
nonadecafluorcdecanoic acid or poly{dimethylsiloxane-co-
dimer acid, bis(perfluorcdodecyl) terminated; Sigma-Aldrich
products 177741 and 434906, respectively (Sigma-Aldrich Inc.
of Madison, Wisconsin). Other dimer acid products Ifrom
Sigma-21ldrich include theilr preducts 430307, 1591043, 191035,
181019, 434647 and 434655,

The active additive is not behaving as a flux in Lhe
soldering process. The function of a flux in soldering is
to remove the oxide film from the base metal by reacting
with or otherwise loesening that £film from the base metal
surface. The molten flux then forms & protective bhlanket in
the vicinity of the joint which prevents re-formation of the
oxide film until molten solder disgplaces the flux and reacts
with the basge metal to form an intermetallic bond. The
active additive is scavenging metal oxide from the molten
soclder and may never contact the golid surfacses o be

solidered. Flux may also be usged on the solid surfaces to
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nonadecafluorodecanoic acid or poly(dimethylsiloxane-co- dimer acid,
bis(perfluorododecyl) terminated; Sigma-Aldrich products 177741 and
434906, respectively (Sigma-Aldrich Inc. of Madison, Wisconsin). Other
dimer acid products from 20 Sigma-Aldrich include their products 430307,
191043, 191035, 191019, 434647 and 434655. The active additive is not
behaving as a flux in the soldering process. The function of a flux in
soldering is to remave the oxide film from the base metal by .reacting 25
\%ﬁtﬁl&rl&ﬁg?wisg%%ggrﬁ% thgflﬁllrﬁlﬁonp tﬁ%%calsceeme?aﬁa saér ace. #ﬁocess'
RlokeirfiretHeroforits a pretectvechlankstapatpeitinfyrstthegoint which
prevenis resfarmatian. ofthe; oxidefilmdintiLnoltensolder displaces the  the
flux and reacts with the base metal to form an intermetallic bond. The 30
&ORLadHIve T8 EaPén Gt Ifetdrbdtehism fembhiehtvssRP ahttHay “°°
Revectagtithessolifls urfacasmto-hes sotderad tBlxwaay aiso bemped ofirom
the solid surfaces-o 28 fagligte spldering duing RACUSR oL IS Process: o
lj—:uxing AEton is A separate, independent function. Active additive is not
elisvetite.be pidsentfitheveopisf theswabhedf SoldePiea wWaveor easily
soldgring apparatus, forraaxamplegsinge thesmolten seldet i3 the wave iseen
pumped from the bottom of the bath, far below the floating layer of -
Adtiide. FhePRadife TEREItRSSRnRR iN B eadify la?s%%rgl&f inthaYs* ©°%
retdbrNadegidie atadditivediss.been found on boards wave soldered

when the bath has.alaver ofs d9imer acid on (e, guface, The SURSARCE oy
added {0 the sgﬁer in a continuous process may be added continually,
sorehaEsintamitestheddsserieicdiand confiGbusaddmioRighbEent ly or

believed e ber needad. kaksq anpears-adequate ta intermittpatly eemevec be

15 spent liquid residues from the surface of the solderand , =
needed. . 1t a.150 appears adegquate to intermittently remove

spent liquid residues from the surface of the solder and
where this is done repeatedly, there 1is, in effect,
continual removal.

As noted above, dimer acid and/or trimer acid suitable
for use in practice of this invention is not necessarily
pure dimer of one fatty acid. &An example has been given of
a dimer acid which includes small amounts of monomer and
trimer. Wnat could be termed a T trimer acid" having a
substantial proportion of trimer of fatty acids, may be
suitable. Thus, for example, a trimer acid having about
two-thirds trimer and one-third dimer may be gquite
satisfactory, particularly if the fatty acid{s) used to make
the trimer have small carbon numbers, 2 predominantly
trimer acid composition with suitable carbon number may be
preferable te a predominantly dimer acid composition, since
it is suggested that a trimer acid degrades more slowly than
a dimer acid.

Dimer acids and trimer acids effective in a soldering

process can be made from fatty acids having about 18 carbon
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where this is done repeatedly, there is, in effect, continual removal. As
noted above, dimer acid and/or trimer acid suitable for use in practice of
this invention is not necessarily 20 pure dimer of one fatty acid. An
example has been given of a dime-- acid which includes small amounts of
monomer and trimer. What could be termed a "trimer acid" having a
substantial proportion of trimer of fatty acids, may be suitable. Thus, for

example, a trimer acid, havi ggout 25 two-thirds tri AN -third .o 441

ad\%’(r%lélrgfnail cé’t %Suﬁrelgsgt%agc%ry, %narti%:ﬁla%ﬁf tﬁ%%%?%ci és))gllj%)e'd toei@iL -
Avakel ahe ¢rirhet Have SHRgll EnponneasbeRl A Fredbhffati et ackpve
gampositionwith suitalfle carbepNumbshmay beipreferailefo are easily
predominantly dimer acid composition, since 3Q it is sggggsted that a

i BEPSRTERTRORE Sioty R 5 A Sl Dimer geids and. 2519

fmer acids an
rimer acidbeifestivbéara soldering process Cah beomdde frone fattysdcids ed.

hayving 398§99;§ cathon. 29 atqms, ingluding, he carbgn jn the cathgxyls  are

group. Readily available fatty acids from vegetable sources generally
RAVE2ER BvefhtAiet of Barb8AToNFS \SiRte The\Rle &Sy a0dilabie ave
and indensive;simeracids madesfiogrfally acided with-carbon be useful

numbgrgr n%#ﬁég frode]T.4 tOS%“ZZ arelg_referreg. Dimer and/or trimer
&&1d& With Fg cHibon numbers are p?cl)'ﬁaﬁy%mtable for some
solderingapplidationsbutarenpobrsadilyscormerciatipavailivbd vEhey1it is

Way alsa be yseful, gnzing baths ysed fordip.galvanizing 10 Whenthe -« or

carbon number is lower than twelve, it is believed desirable to emplo

RS IR DORFHERYSr BEREMTERs tHHUPREVESdduate cFBEMES for
geisty lengths fes-goed filmfomaingipropesties and Assimiatiomof afetakhetal
Ooxbig;%sés-r.hus’ %ﬂ%g ,refeir*rcedjﬁgat g]rea -Q;_%re%ddt?{at the dimer acid or
equivalent have a carbon number in the range of from 24 to
60. ©Best results seem to be avallable with dimer acid with
a2 carbon number in the range of from 28 to 44. When
speaking of carbon number it will be recognized that this is
commonly an "average' for the dimer acid or the like since
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
particularly useful since there can be several reactive
sites without diminishing other desirable properties of the
gdditive.

The process of scavenging metal oxide £rom a solder

bath i1s particularly effective with lead-free solders. Tt
is suitable for conventicnal lead-tin soiders, but
subjectively sesmzs to ofifer fewer advantages. It has been

found that an active addibtive 1s more effective on a bath of
lead-free solder than on & lead-tin solder alloy bath.
A *gkin" of dross can sometimes be seen on the surface

of a wave in wave soldering apparatus, for example. The
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15 equivalent have a carbon number in the range of from 24 to 60. Best
results seem to be available with dimer acid with a carbon number in the
range of from 28 to 44. When speaking of carbon number it will be
recognized that this is commonly an "average" for the dimer acid or the
like since 20 such materials are commonly a mixture of dimers of different
fatty acids and may include monomers, trimers and dendrimers with
higher and lower carbon numbers. Dendrimers may be particularly useful

§ince thERY AR bBEEETal TBECIRIE s withobPinfifishifty &Rkr until it
desithble propertiesuifitie 2Miadditve. Thepweess ofiscavengingmetabted
9xicle from a,saider bath is,particularly effective with lead-free solders, I,
is suitable for conventional Tead-tin"$3 ders it su jectively S66ms 10

G fawedadvwimagesy Ititasiseor BY formd tratchrmactive.-addiifvetigere is

more effectiveea baih ehleag-fige solder;thanoneg lead-tn solderalloy ¢,
bath. A "skin" of dross can sometimes be seen on the surface of a wave

i Wave doie it afparfus For e ampReThe J°skRFFaTEIs2Foss e the
sud.acevef.the solder pot until it reaches the active additive, whereupon it

is assimilated into the additive, 1t is not known if this dross.includes . _ -
entrain@ed%r%e%qtlal'gz)r iS Iargcg?y \g%dlizagde r%e%asl.Vﬁﬁg@%s?m%gllié%%ﬁéﬂnwav”
tHe drossaitistrcteadetdaid fettitnstioathecsolderinan abreadizged dastabiih .

assimilatedin the-additive. Amuchaerevisibledayeris formedon thes iz ex
dynamic waye. in a lead-tin saolder bath than on a lead-free solder bath. _
f{? This ISBEieved 16 be @ ayRamic et astead SxidiZes mor re&direr ©F
rapidiy:thag timpctrescorditionsibfe saidefing &ppatatys. dhe highideastty its
ofdgad.ansits, Lompoynds gy alspplay a rgle .skinof lead-confaining ;
oxide may push further across a guiescent surface toward the
active additive than a similar skin of lead-free oxide.

Use of an active additive ls particularly appropriate
for tin-siliver sclders and tin-based ternary solder alloys,
including, for example, tin-silver alloys with additions of
copper, nickel, bismuth, antimony, zinc and/or indium. It
is also effective for “pure” tin baths. So far as is known,
the soldering process 1is algo independent of the scolder
apparatus in which it is used.

In effect, the functiong of protecting the sgurface of
the molten solder from access to air and scavenging oxide in
the métal can be performed by different materials. Thus,
for example, = barrier liquid laver is formed on at least a
portion of the surface of the solder in a bath. The barrier
liguid is, for example, an organic oil. 2dditionally, an
oxide scavenger is added to the solder bath. A suitable
scavenger has a higher (negative) free energy of formation
of oxide than tin oxide so that tin oxide is chemically

L

reduced. Tin ion is reduced te metallic tin and an

alternative oxide may be formed.
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oxide may push further across a quiescent surface toward the 15 active
additive than a similar skin of lead-free oxide. Use of an active additive is
particularly appropriate for tin-silver solders and tin-based ternary solder
alloys, including, for example, tin-silver alloys with additions of copper,
nickel, bismuth, antimony, zinc and/or indium. It 20 is also effective for
"pure” tin baths. So far as is known, the soldering process is also
independent, of the solder apparatus in which it is used. In effect, the
functiohs BFHIGRERNg eV atBvS SiPRTBRE RS OltRY Fomisccals Praipnic
and ssavengingeoxXide ity 2rike gietal caybe pestosmecbydifferent coconut
erials..Thus, for,ex le, a barrier liquid layer is formed an at least
g]t?r}fibna%%fatﬁg%uréf%%é 0 rTt‘Tllwl?Le%so?dxg}r'in giﬁ“éfﬁ 'Ici\wlie(?L barfier Jigtid is, %?%f ower
Examplezah ofganic GikAdditiShaly, ahlexidescavengersndettied o thesill
seidenbathvAsuitahle 30 scavenger bas:a highepfnegalive) free.energy.,  «q

c:)LlfO{m tion of oxide than tin_oxide so that tin oxide is chemically ‘
reducad” TiRTORTs réFIEed o fnefilitttin s alfsihGtive thade hay Betd.
fopired. 3 laA Shitableliguid oxyged-batrierdayer:s @i arganichilsuch as-i4,
alatty, agid.all; © gafronamats suchuas,coconut, gil, pganut oil, paim ol

olive oil, corn oll, safflower oil, tall oil, etc. Suchoils maéf/nbe blendedJor 52"

SHIFS furtREr CERERHY: AdSRForRE Xy gBRIRTHeRqUEsTE micothierls are
wegainbleois «leic acidusteatigacich. abieticadishpalmilic. acide lingleic ong
agid, linolenic acid, resin.acids, and dimers, trimers and dendrimers of

SUch - 0ifs Tor exampie. The Tower oIttt weight materials are 10

acceptibhevernthbaghitbey weiché smoky sincesthefumesand:- sakeince
Gan-be semoved framythe area Higher moleeular weight materialsaare - 4
preferred since )

trimers) are suitable, with end groups substituted for -COOH
groups including amine, amide, thiol. A variety of higher
melting paraffin waxes and waxes such as beegwax, and
mixtures thereof may also form suitable oxyvgen-parrier
liguids. Saturated straight chain aliphatics are preferred,

but aromatic materials are also acceptable.

A particularly preferred oxygen-barrier liguid includes

& heavy metal (e.g., tin) scap of a fatty acid monomer,
dimer or trimexr. Light metal soaps {e.g. sodium, lithium,
caleium, magnesium) are also suitable. Such a socap may form

a monomolecular film on guiescent surfaces of the solder for
effectively blocking access by oxygen. Polar ligquids are
preferred since they better ‘*wet® the molten solder >o
maintain a continuous film or layer.

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

Moocrestown, New Jersey.) Thus, the oxygen-barrier liguid
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more stable. Substituted fatty acids (including diners and trimers) are
suitable, with end groups substituted for -COOS 15 groups including

amine, amide, thiol. A variety of higher melting paraffin waxes and waxes
such as beeswax, and mixtures thereof may also form suitable . _ '
oxygen-barrier liquids. Saturated straight chain aliphatics are preferred,

but aromatic materials are also acceptable. 20 A particularly preferred
oxygen-barrier liquid includes a heavy metal (e.g:, tin) soap of a fatty acid
MeRoMempdieer ehkimetldghtrivetal roapsfedt sodidmelithim/or trimer
calium, magnesiumy arg aiso %%‘tabJreéa%%Ch 2,32ap muag’lfé””h ic and/or
monomotecdlar fiiiT on quiescent surfaces of the Solder Tor 25 & ectively
bioekiriractessiby oLyger Pokir lighids arénptefapeideinceTdEbEtter AR

"‘MSEEQ%Q‘A_'@ §Q@§E£@g”@m§ir&§ %EE%&&%W&%&%&@ Hhekuie with
additives which may be suitable if they do not disassociate at the

P FRRETIAB MBHETSoREP 36 ERPHEE e SRPEHnHydfides, irfidgsnd =
Igﬁt@ma@&ﬂ;_aﬁawﬁﬁﬁomemmmeﬁab&ﬁxes-ﬁo, a glycidyl ester of
inoleic agid dimer. gyallable fom Specialty Chemigals 106 Olures may aiso
Moorestown, New Jersey.) Thus, the oxygen-barrier liquid 32 may .
CORpTiSe @ BydioeatBoR FeieTy SRadirfsr and/JFtARRTS6f Rty 4tHF af@crvm
atlegst one nueleaphilic angien elaetrophilic rawg opdhe hydrocarhon sodium
moiety. An appropriate additive is a difunctional orggnic mqlgc_;LuIe w!rtlliu1
hySTORArBHI HoT&ts Broviding™ e caPAsiity St forming a Wohomol&ca
fill o mialten sa]uﬂ@r. bowréding i_norgz‘wia?satts orisait mettbresinray (SnClz,
alze3arve ag&;%@'&%@&%&@@@ Exprplesdnglydesadium: ;o yras for
aluminum-chioride (NaCl.AIC12 melting point 185C), sodium 10
meRBRIGASasEate; @ RHRfures of fetal BB FBHdes Fhtt -

bromidesHivalent dinchIgEAe{SRGIZ2» 1ayver may alsc be an inert gas

5
of%des,
ar

such as nitrogen or argon which blankets the surface.
Nitrogen has been =Zried over soldering processes Ior
minimizing dross formation. There has been limited success,

probably because oxygen becomes mixed with the nitrogen as
it ig released adjacent to the solder. Better enclosures
and higher flow rates of nitrogen may be usged for obtaining
& satisfactory oxygen-barrier of nitrogen, for example.
Argon ig a better barrier fluid since it has higher density
and is therefore less subiect to mixing with air. A
persistent blanket of argon can be maintainsd over a bath of
molten solder when there are confining walls.

A second additive for the soldering process is an oxide
scavenger or deoxidizer for minimizing metal oxide in the
molten solder and reducing tin oxide and other metal oxides
that may form. The most common species of tin oxide is
apparently Sn0; and the oxide scavenger should have a higher
free energy of oxide formation (i.e., higher negative free
energy) than the tin oxide to effectively reduce tin oxide.

Most commonly, the scavenger is added to the body of molten
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melting point 2462C) may be included in such mixtures for lowering
melting point of the oxygen-barrier liquid. The fluid oxygen-barrier layer
may also be an inert gas 15 such as nitrogen or argon which blankets the
surface. Nitrogen has been tried over soldering processes for minimizing
dross formation. There has been limited success, probably because
oxygen becomes mixed with the nitrogen as it is released adjacentto the
solder. Better enclosures 20 and higher flow rates of nitrogen may be
userl for dbtairfagOF satisfactory oxygen-barrier of nitrogen, for example.

Argon is,a-hetter-paerier dblidssinsedashigher dessite bathis theigfpres ium,
less subject to_mixing with air. A persistent hlanket of.argon can be. :
atHRER ovér 2 Bath of 255 ho élﬁr%bldeé?%vlhuénﬁ th%%e‘"arelgcx)“ﬁfinfznlgrconwm'

veeillsi dosecayickadditive fortke suideiingnetotess Bygn Glige %é&?enge_?ﬁeml
01&9&93(523'56% oAU %ﬂ%@l Q)SQQAB tg@:a@éﬁ&ﬂr@"ﬂﬁr ang rdUCinGese
tin"oxide and other metal oxides that may form. The most common

sPepRkSERT BxiliEYs HPafpRrsitly Sho2BRd B Bkide Séaistiger sEuldere
have a:higher freerenergyath oxitlexfornationibe., highemuagativesiee lar to
energy) than the tin oxide to effectively reduce tin oxide. JMast cq Ve
tf?egg%)g\%gﬁlgergig adfd‘eexdﬁ%ﬂtﬁgib%’d's)/ of)érﬁoltes(riC fin or tir%\%ﬁ%y. i a“.w
Exeafsaneoxiterscoasehgersdbtiae cacibet nidgiesithiv afirfiffition in
lithifim, potassiumgsadiym. titanium, ziconim, sllicon, i, raje easbgen-
metals and the -like. Metal 5 hydrides may also provide strong scavenging .

o?@ﬁﬁé@?Thé@%ize@%ay BE VR theSoiaer dfrect!y %‘?’#%re o

preferablydie the fosmaientia alloydniamannercsimiter tes@diition of replace
oxfgen- be iniected below the surface of the molten solder.
For example, a reducing geas comprising -80% helium, 20%
hydrogen mayv be bubbled through the molten matal. Such a
reducing mixture is non-explogive.

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

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

" molten tin. Vanadium and depleted uranium are examples. IZ
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barrier material and scavenger additive powder for simultaneous

automatic addition to the solder to replace depleted additives. Gaseous
deoxidizers or scavengers may also be injected below the surface of the
molten solder. 15 For example, a reducing gas comprising 80% helium,

20% hydrogen may be bubbled through the molten metal. Such a

reducing mixture is non-explosive. An oxide scavenger may be included in

a floating layer on a bath of molten metal, either as a distinct laver or 20
dispersed fakied gBR TR layer. Feréxampleidoni®iefitddfrangal the

aradificial}sequesten efal exidagitheir poresHaxidesinay therehy-evel
scavenged from the molten metal and/or assimilated frorgjldross ]tghat ma

fRFmC WitereTmBtT IS 8RposSF 15 af. Shth ol & §-2681E) 257 Wav="
scavengingagent isprederabhacoridmediwith @sliquiddvhidecs sfableron  are
the.peialse that he;papieles of solid don't simply lngreasedheyolume gl o«

solid dross on the bath. Phosphorus compounds, for example, used as_
desEdize@ay 15 in the ox§héhHarter &R instesd SfFisHiveFirthar 29
Ipbativbke Hiereastive:metalsusentonaecakoves The, oxdde-sea@ngenay be
its products is preferaply in a_floatin Lq er, but inste ay he a material .
S RETH iten - Ghndiiom Sna HopiBtd DAt ore SHamBIeLe e
rsyets assinkfing matariat isansed saldarfor sswelve oF théelike s products,

prefaeably be withdsawndromdhe bath at a:migsleye! Qrother place where

oxides are not entrained in the wave. Several oxygen barrier fluids and
deoxidiZ&si%e 5TERtiofed BR GitabRE HFIFIS Fec Giifizéd Wifat sdthe ™Y
of rthesednay net be siitablel tor glectronicsesaldering appiications faizy be =

produsisted for electrically reducing metal omxides at its
surface without being consumsed. One may bubble a liguid ox
gaseous deoxidizer through =z solder bath for scavenging
oxides, As mentioned, instead of a liguid oxyvgen-barrier,
one may cover the gurface of the solder with nitrogen, argon
or other inert gas. Thus, broadly, one uses a fTluid oxygen
barrier along with a separate deoxidizer.

Although described in context of wave soldering of PC
boards with components in place, the invenition is also
useful for pre-tinming PC boards or component leads and
other soldering procesges, For example, freshly
manufactured PC boards have conductive areas coated with
gsolder by contact of the board with molten solder, somewhat
the same way as in a wave solder apparatus. A blast of hot
alr is then used tc blow away excess soider on contact pads
and even Irom plated-through holes. The technicue for
preparing PC boards is called Hot Alr Solder Leveling
(HASL) .

In addition to goldering PC boards and the like, a

soldering process as described herein may be amploved Ifor
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10 jewelry, automobile radiators, plumbing, etc. Rather than a metal
scavenging additive, one may immerse an electrode in the solder. The
electrode may be a sacrificial one that is consumed, or it may be

electrically connected for electrically reducing metal oxides at its 15

surface without being consumed. One may bubble a liquid or gaseous
deoxidizer through a solder bath for scavenging oxides. As mentioned,
instead of a liquid oxygen-barrier, one may cover the surface of the solder
with gitrogesnnasgen orratheeingibyas. Busyhwaadly, ondisesa flides axe
oxygen 20 barrier algng with a.separate deoxidizer, Althou sgribed

c%% ext o?%%%%rseo dgr)?ﬁg %ﬁ% oart s'wiﬁwog%r%p%r%n%s ig%%%e,%thgg SHeen
imedntien is dsciawefulddr prE-tivnirgdRE Bomdsar eBmpotent fesds arnd -eS
other soldering processes fenaample,dieshly 2k manuaetutatbBeecs  are

boards have conductive areas coated with solder % confact of thelz qlosaég as
VAR RIDIEPISHYSS Sorewhat RhE afiTe wWay B e Wave Soldar ’

appaiatus. A blast of hot air is then used to blow away excess solder on

contact pads and even from.plated:throug he techniquefor 30 ¢
preparir%‘ pé %)Jé‘{ sis %ﬁj ea%lgot%\}%rg g(})k:d:aérgéé}\a/éqeljgn-g (HASL). in a\dditionrpmm
tarsdleeringrRGBoATdY dPRl HRETKE AL SbRIEIY [EeSs s ddsdibetPdtree
herginanay, be.employed:fon-32 otherjueductss Fof example, amomotivesl of

radiator cores are often soldered b dip_vpjré%the c;org;lig 2 bath of n;)gli%nering
SBIEr SR |87 Ui achite aTuitiesn e batirralilitates Stch Soldering.

Costime: jewelnsand ©thertprodtietssate 15 offenr sdldered =il peocégenual

isosuité;;l‘g)i!:e Jnortselj&p kiﬁec% \gﬂl.ﬂ%gv%gggiyy@é/yhich scavenges

métal oxide from 'molten solder may be incorporated in the core of a i

lead-fre®ross is a troublesome issue when tin plating steel,
manufacturing float glass, making bullets or lead shot,
making tov figurines and other processes invelving molten
metals, and sclving such problems by use of this invention
is alsc £feasible. When the active additive 1s sultably
resistant to elevated temperatures, the process may be usad
for not dip galvanizing. Such an active additive may be a
trimer or arcmatic compound, Ffor example, and may be solid
at room temperature without departing from principles of
this invention. Other uses for such & process will be

apparent to those skilled in the art.

Following are the Tables referred to above.

Table I - Monomeric Fatty acids, relative and absclubte amounts
Monomers % of monomers | Amount in sample
Stearic 48% 2.5%

Oleic 43% '2.6%
Linoleic 5% 0.5%
Total 100% 8% J

36



solder wire, for example. Cleansing of even a small pool of 10 molten
solder may enhance wetting and allow lower soldering iron temperatures
than feasible for hand soldering (manual or automated) without an active
additive. Dross is a troublesome issue when tin plating steel,
manufacturing float glass, making bullets or lead shot, 15 making toy
figurines and other processes involving molten metals, and solving such

problems by use of thls invention is also feaS|bIe Wher
e KB .‘ A Fh

the active

be used for hot dlp galvanlzmg Such an actlve addltlve may be a 20

D %emperature without deoartlnq from prin

e d”ﬁ“ﬁﬂiﬂﬁ&%e St @i OO samplie
ICIDIeS of this invention.-Other

|

cleimestfersch a process will be apparent fo those skilled fr1 e art.

hsolute.amounts

o1 o Fottgwing arethie Tables Teferred 0 abpyes; 25 Table | -|Menomeric fatty
| —-acids, relative and-a

Monomers-% of OROMEers

Lingy idmiphd=3fearic 480 2.90 Oleic 43%

707U 11

Elo I‘\IIIUUIII.
24&5 Linoleic 900%) 5% Total

1ina0BYeb% 361 Eakle Il - Dimesticifattyaei

Dimmers of dieters Amount in sample

. leic-stearic 3%
©+238.0% linoleic-oleic 146% 40.9% linoleic-linoleic: linolenic- 1 14% 12 5

leic-oleic 18%

s seelative and a(%\bls’e‘)me amounts

Linolsinineleniclinokeic k 9% 18.0 7.1 2%
linolenic-linolenic B% 7.4
mass 276-linolenic 3% 2.7%
Total 101% | 90%

|

wable ITTT - Trimeric fatty acidsg,

relative and absolute amounts

5

[‘I‘.‘ rimers % of trimers %E%mount in sample %
k oleic-oleic-oleic ii 14% ] 0.7% ?
| oleic-oleic-lincleic \46% %2.3%

Ii eic-lincleic-lincleic i26% ‘l.,E-%

; iinoleic-linoleic-linecleic } 13% 0.7 |
‘Total 99% 5%
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linolenic-linolenic 8% mass 276-linolenic 3% 2.7% Total 101% 90%

Table III - Trimeric fatty acids, relative and absolute amounts 5 Trimeis o

of trimers Amount in sample oleic-oleic-oleic '14% 0.7%

oleic-oleic-linoleic 46% oleic-linoleic-linoleic 26% linoleic-iinoleic-linoleic

113% 0.7 Total 99% 37 WHAT IS CLAIMED IS: 1. A soldering process

comprising scavenging metal oxide from a bath of molten solder and

soldering an object with the molten solder. 5 2. A soldering process
vAseording-to ela kwherein scavenging comprises assimilating oxidized

metal in-an_active additive. 3. A soldering process accordi ither Qf -
Iclaimd 1ﬁﬂliﬁlﬂé’8§mﬁﬁ§ﬁ%§?na?ﬁfgt?nﬁﬁgsgla dyer compl |§ﬁ%ga§9ne%% %l.&%
parkion, obdigwichdctive adeitiverhawng audlesphifiewimoragleehdphflic W -1

'%[Ougsﬂn at Iirjegféarportion of the surface of a bath of molten solder; and
5 2oRtaGting 3 Surface to be soldered with the molten solder. 4. A

soldering process according to claim 3 wherein the active additive

sompriges dimgracidy 2,5 Asnidedng pradess aceordingionclaim gherein
wherein the dimer acid is saturated.,

R BFOAE"ST Cﬁﬁzﬁ%pﬁlses assimi fééi%()gldeggcg&@%%ss ?\%@9'”&}9 an

active additive.

3. 2 soldering process according to either of claims 1 ¢r
2 comprising:

maintaining a layer comprising a major portion of
liguid active addifive having nueleophilic and/or
electrophilic groups on at least a portion of the surface of
a bath of molten solder; and

. - . o -
contacting & suriace Lo be soldered with the molten

solder.

4, A soldering process according Lo claim 3 whersin the

active additive comprises dimer acid.

5. . A soldering process according to claim 4 wherein the

imer acid is saturated.

6. A soldering process according to either one oif claims 4

-~

or 5 wherein the dimer acid has a carbon number in the range

of from 24 to 60.

7. 1 soldering process according to any one of the
preceding claims wherein the soldering procesgs 18 wave,

fountain or cascade soldering.
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25 or 5 wherein the dimer acid has a carbon number in the range of from
24 10 60. 7. A soldering process according to any one of the preceding
claims wherein the soldering process is wave, 30 fountain or cascade
soldering. 38 S. A soldering process according to any one of the
preceding claims wherein the surface to be soldered is on a printed circuit
board. 5 9. A soldering process according to any one of the preceding
claims wherein the molten solder is a lead-free” solder. 10. A soldering

process ageordingita-claigrOasberein ther-H hath abmodten solder isat a the
temperature of no more, than. 26 gn 11. Asoldering process according to,
iy %ﬁ@gﬁh%a?)rl&sed‘fr%egﬁﬁs%v eercseﬁwrs%fﬁgient a%t?vesg §§5e?i 15 0
introdueédaonmaintaipogizyer at least a molecule thick all across a

quiescent surface of the bath of solder. 12. A soldering process according

to any one of the preceding claims wherein_sufficient active additive is_20

iftrodubed8:4&Tildte FOSS SRt (GHRTSBA HGiter SolddP¥13 RS °F =8¢
selderagprocsssiaccordiag ¢3 any vae nb theerpreaetizg clainsawlareih-free
sgfti%jgnt active additive is introduced to form a layer at least three
milimeters thick 25 on a quiescent surface of the bath of solder. 14. A
soldering process according to any one of the preceding claims wherein

syfficient active-additiveds citioduged &e fary a fayeethatfemaifsersin the
effective on the 30 bath of molten solder for at least four hours. 15. A~ .,
BRIy proReEE Ac I to xhy Bne’of tRESpTeteding claims wherein —
thes Objrect to be soldered is 39

11. A esoldering process according to any one of the
preceding c¢laims wherein sufficient active additive is
introduced to maintain a laver at ieast a molecule thick all

across a quiescent surface of the bath of sclder.

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

introduced to assimilate dross as it forms on molten solder.

13. 2 soldering process according to any one of the
preceding claims wherein sufficlent active additive is
introduced to form a laver at least three millimeters thick

on a quiescent surface of the bath of solder.

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

bath of molten solder for at least four hours.

15. 4 soldering process according to any one of the

preceding claims wherein the object to be soldered is
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contacted with an area of the molten solder which does not include any
visible active additive. 16. A soldering process according to any one of the
5 preceding claims comprising: maintaining a floating layer of an additive
on a surface of molten lead-free solder in a wave, fountain or cascade
soldering apparatus; forming a dynamic flow of molten solder from the
bath; 10 and soldering an object by contact of the object with a surface of
the dynamic flow; the layer of additive: being liquid at the temperature of

swlten-selderiihindhedndh, havingiemhiliiyio effedtivelylstavenyees not

Eéi%ﬁl &f at Ieas‘;iosnl% eetgl ggmethgéjﬁgigaving the ability to assimilate
oxide Of at least “one metal and remain Ilquig for at least four hours, 20

having sufficient stability to remain effective or. the bath of molten solder

for at leagt fouy;ours, having sufficiently JowMaROT piesuie toggmaips  the
effective on the bath of molten solder for at least four hours, and 25

BRECRERDarrig Txy GBS dirtftSm reaching a ouiescent surface of the
bath. 1¥a Anseltieting procefs@oconging texamy one of dre prédedig: on 2

claims wherein a major ppttion of the additive. 30.comprises thee,nrain or
ﬁyéroca?bon moiety of a dimer and/or trimer of fatty acid. 40 18. A
SGlEeRAg proeess aBEoRARGTE €rdim 17 wherein the additive comprises

at least-gng Nusleophilicer €lectigphilic graup &n thetyglrocarbanyneiebath;
and
soldering an object by contact of the object with a
gsurface of the dynamic flow;
the layver of additive:
being liquid at the temperature of molten solder
in the bath,
having the ability to effectively scavenge oxide
of at least one metal from the bath,
having the ability te assimilate oxide of at least
on2 metal and remain liguid for at least four hours,
having sufficient stability to remain effective on
the bath of molten solder for at least four hours,
having sufficiently low vapor pressure TO remain
effective on %the bath of molten solder for at least four
hours, and
effectively barring oxygen in air from reaching &

quiescent surface of the bath.

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

fatty acid.
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5 19. A soldering process according any one of the preceding claims

wherein the additive comprises a major portion of dimer acid. 20. A

soldering process according to any one of the 10 preceding claims
comprising: maintaining a floating layer of a liquid additive on a surface of
molten lead-free solder in a wave, fountain or cascade soldering

apparatus; forming a dynamic flow of molten solder from the bath; 15 and
soldering an object by contact of the object with a surface of the dynamic
flow; the layartadditive: dacluding a.major gom%n ehan grognicmatenal cne
20 having one or more nucleophilic and/or electrophilic end groups,

hadiiy tEtficienCSBBHG 5 rem@i on tH#B4th oPﬁ?olterF‘é’cﬂg@PR}?%&lc or
least tardieils; faying:thecabilitystohasstind ate-oxideddf=atdeast 25 one

metal in the bath, and effectively barring oxygen in air from reaching a
quiescent surface of the bath. 21. A soldering process according to any

0R¢€ of tRe B0 prEGeHinPERGPSTORRIISIHgnsTavengimpsfficishemersiceding
oxdgfrom a:hathof malien seider tnreduge viscasity of the;molten.~cion  of
solder. 41 22. A soldering process according to any one of the preceding
claifiEToffirising assimilating dross from a_ surface of a molten solder

- bath into an organic liquid floating on the surface of the bath. 5 23. A

sojder join madle gecording 1o fhe PIocess oL ANV ONG ,  .ny one of the
preceding claims comprising:
maintaining a floating laver of a licuid additcive on a
surface of molten lead-free sclder in & wave, fountain or
cagcade soldering apparatus;
forming a dvnamic flow of molten sclder Tfrom the bath;
and
soldering an object by contact of the object with a
surface of the dynamic flow;
the laver of additive:
including a major portion of an organic material
having one or more nucleophilic and/or electrophilic end
groups,
having sufficient stability to remsin on the bath
of molten solder for at least four hours,
having the ability to assimilate oxide of at least
one metal in the bath, and
effectively bharring oxygen in air from reaching a

guiescent surface of the bath.

2%. A soldering process according o any one of the

preceding claims comprising:
scavenging sufficient metal oxide from az bath of molten

solder to reduce wviscosity of the molten scolder.
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of the preceding claims. 24. A soldering process comprising: 10 avoiding
visible dross on a quiescent surface of molten solder by adding sufficient
additive to the surface to assimilate dross that may form; and soldering

an object with a dynamic surface of the molten solder. 15 25. A soldering
process according to claim 24 wherein the additive comprises a major

portion af dimer acid. 20. A soldering process according to either one of
claims 20 24 or 25 wherein the molten solder is a lead-free solder. 27. A
spidering Progess comprispgoeantacting-adpatalgcontainiagydrassavithan the
active additive, a.fsimilatincqO oxidized metal in.thelac%ive addg_%[vesasnd from &
RpEFAtHg fhol&r 25 Solder Trom the active additive. 28°A soldering
pevcEsTacCcofding tenclimr2 7 svliatein thedrostrisdormed oFgediitamic-auic
surfage of 2 spldenbath apdthe, active.additive is on a quiescent surface

of the solder bath. 30 29. A soldering process according to either one of
claims 27 or 28 wherein the dross is formed on a surface of a 42 molten
salgler bathswihielr dpesmotiadsdea arvactiver additives 3rdcsaiderfigany one
proge eacclgrtgllin(g;.ltrg) a@i%{‘% of claims 27 to 29 wherein the dross is
contacted With the active ag‘ditive adjacent another molten solder bath.
31. Soldering apparatus containing a bath of molten solder comprising: a
layer of active additive fleating;an dhgsurfacgpf 10 the molten solder;

and means for applying molten solder from the bath to an _ - .
avoiding vigible dress on a guiescent surface of molten

solder by adding sufficient additive to the surface fto
assimilate dross that may form; and

soldering an object with a dynamic surface oI the
molten solderxr.

25. 2 soldering process according to c¢laim 24 wherein the

additive comprises a major portion of dimer acid.
26. L soldering process according to either one of claims

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

27. A soldering process comprising contacting a metal-
- comtaining dross with an active additive, assimilating
oxidired metal in the active additive and ssparating molten
solder from the zctive additive.

28. 2 soldering process according to claim 27 wherein the

drogs 15 formed on a Gvnamic surface of a solder bath and

the active additive is on & quiescent surface of the solder
bath.

28. A soldering process according te sither ones of claims

27 or 28 wherein the dross is formed on a surface of a

42
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object to be soldered. 32. Soldering apparatus according to claim 31
wherein the 15 solder is a lead-free solder and the temperature of the
molten solder is no more than 260C. 33. Soldering apparatus according to
either one of claims 31 or 32 wherein the soldering apparatus is wave,
fountain, 20 cascade or dip soldering apparatus. 34. Soldering apparatus
according to any one of claims 31 to 33 wherein the active additive

m§PWIISes Nugleophilig ;andjge glectrgphilic groups R ofgaaic raglecyles; ve
25 35. Soldering apparatus according to any one of claims 31 to 34
adheréiffthere is sufficient active additive to assimilate dross as it forms
on molten solder. 30 36. Soldering apparatus according to any one of
3Blaims. 35 ofoi3s Wierendhese issufficiéntactive additiverto stavasgers 27
cMetaboxige fram moltgn soldetin the bath,43 37, Soldgling apparatuser s ve

according to any one of claims 31 to 36 wherein the active additive is in a
2Rer bY fo I ES IARAERFE ek tifa tRickeantaEfface of the bath of

solder. 5 38. Soldering apparatus according to any one of claims 31 ‘to 37

wherejn there.is sufficient active additive to form %? layer that r r%ains 1d
Béﬁecti%/céit%% the’Batitot molten solder for atleast oal)ji‘r:M hours. 1039,

cgmlermgrapparatus according to any one claims 31 to 38 wherein the
layer of additive: ig liquid atthg demperature; ofmolten splderin the-bathy of

15 has the ability to effectively scavenge oxide of at
the moliten solder; and

means Tor applying melten scolder from the bath to an

object to be soldered.

32. Boldering apparatus according to claim 31 wherein the
solder is a lea8-free szolder and the temperature of the

molten solder is no more than 260°C,

33. Soldering apparatus according to either one of claims
31 or 232 wherein the gcoldering apparatus 1g wave, fountain,

cagcade or dip soldering apparatus.

34. Soldering apparatus according to any one of claims 31
to 32 wherein the active additive comprises nucleopnilic

and/or electrophilic groups on organic molecules.

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

agsimilate droegs as it forms on molten solder.

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

scavenge metal oxide from molten solder in the bath.
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least one metal from the bath, has the ability to assimilate oxide of at least
one metal and remain liquid for at least four hours, has sufficient stability

to remain effective on the 20 bath of molten solder for at least four hours,

has sufficiently low vapor pressure to remain effective on the bath of

molten solder for at least four hours, and effectively bars oxygen in air

from reaching a quiescent surface of the bath. 25 40. Soldering apparatus
according to any one of claims 31 to 38 wherein the layer of additive:
inctudeS Ao PorFHRBRaRDraReTRARYIaIRAVIRY difetordhorelaims 31
rdcleaphilicsardiar elestraphilicend gmupss<30:has sufficientstabiligttol east
remain an.the. bath of Iten solder for at least four hours, has the ability.

S e o e Do B, SHACRr Srdinahe Pees

Isdrssed@rsh-in air from reaching a quiescent surface of the bath. 41.
Soldering apparatus according to any one of claims 31 5 to 40 wherein
the active additive comprises a major portion of dimer acid. 42. A solder

jBiht madR By bInGingFaT bR 16 BECE6Rfed i MadifithhoftéRims 31
soiderinvanbathiaf nodea 16 selderhaving aseciive agddiiive:Reating divam a
%Jai?%%em h%l"!:rfacgm%fi[xqe beagl'e%%i% SOIQIezr J%hneta a%CQJgingg 0 z%lo '@8%2 solder
whérein the solger IS aﬁeadtfree Solder and The bath was at a }
teRtheratreafo- 1B°HioreAnan 260C. 44. A solder joint according to either
one of claims 42 or 43 wherein the solder joint was made by contact with
39. Soldering zpparatus according to any one claims 31 to
38 wherein the laver of additive:

is liguid at the temperature cof molten solder in the
bath,

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

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

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

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

effectively bars oxygen in air from reaching a

cquiescent surface of the bath.

440, Scldering apparatus according to any one of claims 31
to 38 wherein the laver of additive:
includes a major portion of an organic material having
ene or more nucleophilic and/or electrophilic end groups,
has sufficient stability to remzin on the bath of
melten solder for at least four hours,

has the ability to assimilate oxide of at least one

metal in the bath, and
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dynamic surface of molten solder in the bath. 20 45, A solder joint

according to any one of claims 42 to 44 wherein the active additive

included a hydrocarbon moiety with a plurality of nucleophilic and/or
electrophilic groups on the hydrocarbon moiety. 25 46. A solder joint
according to any one of claims 42 to 45 wherein the active additive
comprised a major portion of dimer acid. 47. A group of solder joints of
lead-free solder wherein 30 tin-rich grains seen in microstructures of the
joints aEf ergdmEdlonghastFor foeARmMettical 48 A $B188ring fRosdeRy @
campLising: 4o Paintiaiing AR eygen barrier fluid on a surface of molten
solder; introducing an oxide scavenger into the molten solder; and 5

contacting a surface to be soldered with the molten solder beneath that
finid. 46o1dering apparatus according to any one of claims 31

to 40 wherein the active additive comprises a major porticn

of dimer acid.

42, A solder joint made by Dbringing an object to be
soldered in contact with molten solder in a bath of molten

solder having an active additive floating on a guiescent

surface of the bath.

43, A solder joint according to claim 42 wherein the solder
is a lead-free gscolder and the bath was at & temperature no

more than 26090,

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

dynamic surface of molten solder in the bath.

45. 2 solder joint according to any one of claims 42 to 44
wherein the active additive included & hydrocarbon moiety
with a plurality of nucleopnilic and/or electrophilic groups

on the hydrocarbon molety.

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

dimer acid.

£7. A group of solder doints of lead-free solder wherein
tin-rich grains seen in microstructures of the joints are

mostly elongated or non-symmetrical.

48. A soldering process Ccomprising:
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maintaining an oxygen barrier £luid on a surface of

molten solder;

introducing an oxide scavenger into the molten solder:

and

contacting & surface to be soldered with the molten

solder beneath that fluid.
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