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El ectroni cs products, such as conputers and conmuni cati ons 1&gMApliint
enploy printed wiring boards (PWB's), or printed circuit boards (PCB's, the
two ternmswsEd9R2i nt er changeabl y t hroughout). During thepcssssobisy of a PCB,
conponents, such as integrated circuits, connectors, dual in-line
packages, capacitors and resistorSQLBERINGIKId/¥d to conductive contacts
that formpart of a circuit-interconnecting pattern on the board. In a

sol der wave process, conponents can be nmounted on the bottom side of the
board wi t BBAGHERROUWNDI f they are lead | ess and on the top of the board via

t hr ough- hol es ié]e%ﬁicgﬁx%ﬁg ents 10 ar & Iea%ed Wner§j n | eads of alcorrponent
are passed through a pPated throtighTROFE A IABIVEGRPY TIPSV t he

| eads thatpri)ﬂt&dtu(:j'iﬁdgbbdi&s;(tl’g‘VB’tsber Em&:j ﬁfc_uﬂﬁdﬁﬁfgﬂﬂm’gﬁhdth@t&ﬁﬁmlﬂgcﬁg e then
crinped over and secured to the board w solder that is applied as a

mol ten 'sdPET_éCS""%’& 5 feiisposy Dhertimaarsrhl 4f PCRe coypeangnisTHeh adngemtedhat i s
thereby apfchied coietibR, ARRIAidcPalBigss, HRARhroRM RL&GLr € dliqganpect i on

bet ween the surfaces of the conponént |'eads and the contacts 15 on the
board. Prissndycgive pantacts thatlformpparkefiaircut-inierednnagting pbitéra on the toargx Ins
ordinarily, | |.O} to .chem cal | epare the
surfaces tsgﬁjrgglgg‘?e&’er&%ﬁgélag%}%%%%ﬁg& %ﬁlﬁlﬁgd érne'?]rg\gl(gehso"éﬂ %tmeu\a’/g?ﬁr%“ﬁér mat i on of
oxi des on adhesiwif thay es leaddesslaed edthe popostohetsanktia intenghitdies ¢xht cotbipdnymeof t he

solder, at its interfac ith the circuit. nseguent | the quality and 20
i nt egri%y %% ]%ﬁc?egcer}efeé%ﬁa&fmn‘ﬁ%rfgmg?ﬁnﬁﬁ'F pﬁsﬁFfﬁg‘E‘T“ig ﬁ?%“é‘?‘b@@&‘ E{‘gf'éﬂ‘ﬁf’ ng
surfaces aoard iPsRiinS of the lad®ihathrothyiRitgrahdhythe bhrR of hiderdide SRR boash RY uRAT Y,
wave or foam The fluxed assembly is then pre-heated prior to soldering to

vol at i | i z&™HEd PYenend sepred o thedaird athsolderibards appliehas pupltersisplder wang ™ | uxes
that have RpROHYIAGAYe sftfe BIHAE L TIRNoRRr thAdY Hefby lhﬁ;g%eeg?? ﬁ(g}sgg}a%rﬂﬁra' ng of

printed wiring assenblies have traditionally inclu ents that are
det ri ment diond and ¢lectricalcenmestionrhgiereen thednesaces plithe ernopencittleads anditc yerdacy
post - sal definghLteani ng agents, which al so present undesirable

environnental risk. For exanple, typical resin/rosin-containing fluxes are
sol vent based (Peogto thé sl egdgdringlof elvblasdembbek) a fivk eroadinarilh epiel vetht

oener 2l LA Gk kbRl EF vl B ARG LA, Y
removes and prevents formation of oxides on the surfaces and thereby promotes wetting and
continuity of the solder at its interface with the circuit. Consequently, the quality and

20  integrity of electrical and mechanical connections between adjoining surfaces are likewise
promoted. Typically, the flux is applied by spray, wave or foam. The fluxed assembly is
then pre-heated prior to soldering to volatilize the flux carrier from the surfaces of the PCB.

Soldering fluxes that have been used by the electronics industry in the wave soldering
of printed wiring assemblies have traditionally included ingredients that are detrimental to the

25 environment and/or that necessitate the use of post-soldering cleaning agents, which also
present undesirable environmental risk. For example, typical resin/rosin-containing fluxes
are solvent based (e.g., isopropyl alcohol based), wherein the solvent generally volatilizes in
the form of volatile organic compounds (VOC’s) that pollute the environment and that may
also harm the ozone layer.

30 As the environmental consequences of electronics production processes have become
better understood, and in order to meet increasingly strict government regulations, the art has

sought to avoid the above-described problems by propoesing water-based fuxes that include
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30 As ¢ he environnental consequences of el ectronics production processes
have becone better understood, and in order to neet |ncreaS|nga% strict
governnent regul ations, the art has sought to avoid the h scri bed
probl ens lwo@rweasi ng wat er - based fluxes that include 1 pdrafseyhed¢004 VO
01/ 34922 PCT/ US00/ 32720 acidic rosin. To inprove the solubility of the

aci di ¢ r osheidicosivat Br improveahasaidtelitpas ite acidrpaH RdwaslaRoRRIcdIHPNI @ or an
am ne, is incor rat ed into.the conposition. SUMWARY 5 The soldering flux
descri bed ﬁ‘é?%‘r"ﬁ FP HAmaIMR PIAn 30N I%EQWQ‘GWW@GP@WS!W el ectronic
assenbl i es such as pr| nted wiring assenblies. The flux is an aqueous
conmposi ti on that includes a non-acidic resin. Because the resinis

non- aci di cSUMMARYux can be substantially free of volatile organic

h to.th t d
Comoungs SUCh, A SRSHREYS: A ATIRT el LA AL LRSI o) sucr

as organi celadioic a(s&ngﬂlps smhas prinled mr&ig(isiemwadaomélﬂzﬁ s ﬂ;%}ou‘é'&gm sition
sur f ace- act,i ve a ent t hat Fr onote surface wetti ng. I n one enbodi ment ,

the non- acgiielpdesian P?“’é"cpréﬂ aerythritol ester of hydrogenated rosin. The
flux can be appBécagbeioR: rdsifi {nlRldee, MR RIxQ3R bt Elﬁ:s@ﬁﬂnﬂ@tﬂeg%f%l&gﬁﬁn%gpﬂm allic
A

surfaces (e.g., surfaces of copper tin, tin-silver, tin-I Fadi um
etc.) and fUmpoMBdssvch aelvsnispad amines Inpddiriow o the wask andatonawidiciesinyiat er can

then bgy evﬁﬁ)ﬁpfaﬁttﬁ%efr ERMdE Q@tu{alr{l'%ag[ehgé)f ﬁé’ﬁe&g o?%amc N {g ? ;@og%?)% ersao{l ger (e.q.,

via a wave sol dering process ux a use o secure
an el ect romcebowhspmittsmandmfhtﬂeacsiubaganqrs)ehat"ﬁhﬂndtb suffart:esfledmgslrnﬁﬂd not be
rem)vedfr the ore. t.he board i.s R’Q’O use I n an el ectronics

appl i cati on. b(Va"r’e" %Orfb%cé‘;'?reeﬁ't"és B penigrodhnigly ?:Fél"’f rogeped i er nuner ous

advant ages OverTHeHERQan BOappiliedd d subithee @iclean tHe dRafalibe HbAlihe HBRRYc ALYRPL ages
can be der ved froﬁﬁlfhe use of fluxes that are free of volatile organic

conpounds. "’Igors“rer%i @PPH a4 dinri iy Tolisitad. iafierivmsete. handitp pratest thy senficaes
(vol ati4 e Aadf@thenoiidanéal ahi u@teaeaméﬂeevaa)rs@r@%%weﬂ Oulnouaai, have been

used in knomn fl ux conposrtlons tend to | anmabl e, noxi vus i f
vol ati | e at@licaion of #ldegles.. Yresane Sﬂdﬂmgmeﬁew thhﬂamdldm'se eﬁbha s@ldemmt al

[‘ﬁz ;‘r ds. Fukdbsh cleét]c'ontick@on%ﬁérﬁ (SRIRMRAE. THAhuABadR e e Al bl Chove cl:l %‘E}rlnl €

the board before the board is put into use in an electronics application.
Various embodiments of these soldering fluxes offer numerous advantages over those
20 knownin the art. In particular, many advantages can be derived from the use of fluxes that
are free of volatile organic compounds.

For example, basic nitrogen compounds, particularly amines {volatile and/or non-
volatile at soldering temperatures). that have been used in known flux compositions tend to
be flammable, and noxious if volatile and, accordingly, present numerous health and

25  environmental hazards. Further, if the basic compounds that are used are non-volatile, they
can react with the acidic resins and metallic ions to produce residues in the form of rosin
soaps and metal salts, which are hygroscopic and conductive and. if left on the soldered
circuits, can compromise the surface insulation of the PCB assembly. Moreover, in hot and
humid environments, these residues absorb moisture, which promotes dendritic growth,

30 which, in turn, causes current leakage. Consequently, an extra step is generally needed after
soldering to completely eliminate the residues of the basic compound from the PCB. This
post-soldering cleaning is often performed with a cleaning agent (e.g., a chlorofluorocarbon

or other organic solvent mixtures), which, itself, presents environmental hazards. Yet another
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cagn react with the acidic resins and netallic ions to produce residues in
the formof rosin soaps and netal salts, which are hygros ?m«? @md
conductive and, if left on the soldered circuits, can cong g t he
surface iwedliagazon of the PCB assenbly. Moreover, in hotpcanckoossree d
environments, these residues absorb noisture, which pronotes dendritic
growt h, 30disddvaiiage of using amineainsesordance evith Knewk agehingson SRagthest dn)inesaan €XL I a

step is general.ly needed after soldering, t.o c etely elimnate the

resi dues of tP{Vé{hb solr%angoqﬂa)doqﬁﬁ&m?rr'Bmet% %@ﬁ?n'Tﬁﬁr’TE}fseb losdrgythisg cl eani ng
i s often peadtiohnRlitivély lrge Glagiits 09 8GRRmAyDeBeeded (& PlofdehilsHOLAGRLHPN  Or
ot her organic ﬁgl vent m turm, which, itself, presents environnental

hazards. Yet arfoP¥féihabare freg opppstontizlindres of 30009 splims Ussodseiral ktrsmdwant age
Of USI TG ARt ahidiBiaeRaCANAReWbIbIO Wanldi At MR [eSiablidhn LIESE, AL NES _Can

react with an organic acid activator sol-ution. 10 Ot P5EF the
| 0ss due thkparhwithout eeraprowisingrth¢ eleétuial yeliabiligeofghearitcuitiasembfiesitieftbs Nay be

ded ' I | ut i | h f b iall
[ ec of ar o fl ReER B Rt R ot e B s Pt Bhol | or at &

each of t hesidugswithlavsafongalteaiigent |y, fl ux residues can remain on the
rom Si the electrical reliability of the circuit

board w t hout r _ _
assenDl 1 es,  t hARERS TSfes HAne plvg fiep gr Hogantiagy dice REYolgiile Areanie seivents thesi dues
from the m@{,@icsm{]ﬁ@aen RAowWHINSEs 418LrentofS bR %k H& 1R rﬁpmd%gqvi% miehd | N0

t f y ? volat i e

Further, fluxes that are also free or substantia ree o
or gani ¢ sd1agars asseqited witlythepeecampenents. | By elineiddating thoypresent¢ ofteth tht smineenove or

mnimze t ] _ . 'rugmgp rds_associ ated with those
conponent s(paggﬁgk F“l;n}{ ﬁ(g%ﬂ%%ltd he pr%@%ﬁrgﬁﬁgﬁ% ot Hélst(%%v%"%) S0 thf\?‘Bf’é‘Pi le or
non- vol at idesdribad ereinemay aftthdse pwbtyanican boemiedly dssubsahtudRtetimidat@am t he f1 ux,

as described herein ny, of these ,probl ens c e entirely or .
substantially é dl’dﬁ%oﬁgqyggfcyﬂ&aﬁ? éels‘brﬁ’a?flﬁ?,emt% Pﬂvfj{/% igfegrads fepldprabilih can
provi de a Thegérmgadiravklit,0 asieyed bidein, yefers iban BBRitY & frovids QLdgr @bkt y, " as
used herein, reogl(salﬁs E)o an ability to provide a clean netallic surface on
t he subst rotface ondhqsubstratg; ag ekl pronhapeRRANeENt leadgeso thay adyglkdearepofwettingr ee of

wetting aind c6ekcaice aNmBitaf sofiel bihe POIBIRFaQLah BE afiiRegur f ace can be
achi eved. DETAI LED DESCRI PTI ON 20 The sol dering fluxes of this disclosure

are aqueous conpositions conprising one or
DETAILED DESCRIPTION

20 The soldering fluxes of this disclosure are aqueous compositions comprising one or
more dispersed non-acidic resins. The fluxes typically also include activating agent(s) and
surface-active agent(s) that promote surface wetting. The flux can easily be prepared by the
addition of appropriate proportions of resin dispersion, activators and surfactants to water at
room temperature along with other property-enhancing additives, and mixing to form an

25  aqueous solution. The end composition is 70 to 97% water by weight. Preferred
embodiments include fluxes in which the range of water is 90 to 96% by weight of the flux.

In particular embodiments, the resin is a pentaerythritol ester of hydrogenated rosin.
commercially available in the form of an aqueous dispersion, known as PENTALYN H-
55WBX resin dispersion (available from Hercules, Inc., Wilmington, Delaware, USA).

30 Examples of other resins that can be used, and which are also available in the form of
aqueous dispersions, include TACOLYN 1065 resin dispersion, TACOLYN 1070 resin
dispersion and FORAL 85-55WKX resin dispersion {(each of which is also available from
Hercules, Inc., Wilmington, Delaware, USA). The resin solid forms 0.1 to 15%. by weight,
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nor-e di spersed non-acidic resins. The fluxes typically al m Pﬁﬁ?hdf
activating agent(s) and surface-active agent(s) that prohot face
wetting. The flux can easily be prepared by the addition of appropriate
proporti owe toBIN2esi n di spersion, activators and surfact aPEEUSWEP er at

roomtenperature along with other property-enhancing additives, and m xing
to form amf2e thue{.ithi lscfﬁutd wnge aHk] enld % dypesiht.ironn sadid70 thedle7%heat er by

h Pr ef fl f
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i's a pent agépishon (6% Sbﬁﬁ@é’sugfto ﬂhyddj&g@ﬁﬁinﬁﬁ»si‘h@ﬁl n. commercially available in
the formof an a ueous di spersion, known as PENTALYN H  55WBX resin
di spersion (avai ’é‘BIr%s”fsr‘@ ndwenp agueopuxes\paehasiessdisciossdindi-8. Pasgh) . 30

Exanpl &s qs&tiﬁrwhﬁg!t&%hésﬁﬁét 153050 B30 s N0 Fre BN hATS aBli$SAnBYAlagbl € 11
t he form of afueous di spersions, |ncT ude TACOLYN 1065 resin dispersion,

TACOLYN 103t i@;nin: reslhsipstedsindire pevddiFQRAT2gBHh BEWAKX aceimumbér,spemmrr ( each of

which is al sp ay able from Herc lLng. USA)
The' s n 26 4450 Rgnfers isghari Shipeee e couth oFa i Pee B¥ ud¥Bl
PCT/ US00/ 3R« RiinBdr oﬁ'hﬁllﬂ‘gl‘dﬁi@ of Whiakkivan py@bate GUOH prgeiraifto Gedtrdlige W@ran’ﬁy&f

weight, resin solid in the flux. The preferred range can be formed by
addi ng bet'eBPSEBtut 0.2 to about 18.2% by weight, resin dispersion (55%

sol i d ygesin) t oy bAG-AIISDLS FHIRS bi guen nofBbil SesiRSE Mt HEL Datdd-HARAWN
aqueous fluxes, such as those disclosed in U S. Patent 5 5,863,355, which

t eaches t taaldeting e compaesiteaas £an tersybstanuially fre¢ ef volkitie Wﬁ@lawfamuﬂd?rﬁm‘ber of at
| east 180y voidife BER! BRndohidsGlcdule BBSREAEEILN RAUAM ABBIASSRRAR d -

nunber IS a neasure o

cont ent ofwaensxmmmmee:,se abvaietlesrgime corhgounth@ich antpévensiandfot hmgrarfmom"n

pot assi um dr oX red to neut ral t he

subst ance.' 6%\&%‘&':? é}c(tg_%rcoﬁ'gﬂg]flf {na?ﬁg © PRE &L h%f‘”" il egﬁ%%onfél?l e ¥&ins is
t hat titesemitot edmpssd of &0 a’femd aalg;tifvlawa GiQOM@ipohan & a:amfabtems fop skaniié)al | y

free of volatile or nlc C. vol ati| e.basic cp unds  because
t he non- acPefEXA8&; ﬁ 8T Wra?sés 8{ @ﬁé’l’sé; GUTF P b%é‘?’“ﬁ”? ABUt the

use of volé&énhenpfrm«blﬁmgmd&,m&h caHp&QIdY BBdsShaANTt By waighl)eBy Though
trace quantities of these conpounds may be present in the flux either as

cont ani nanfresing the §lux Sompesiionh ﬂ%‘bh@h‘ﬂ% agfneg, ] ‘f/s“é}fes phide QAP TRBSHIPL2Hi nor
conmponent JePagy GilihE ﬁﬁﬁl@&'%zrcuﬁtq{oar%m{mhﬁ)awmg either (a) to wash the residues from the

20  surface of the board or (b) to provide a conformal coating (e.g.. in the form of a moisture
barrier layer) over the flux residue to prevent shorting or corrosion of the printed circuits.
Rather, the flux layer, itself, acts as a protective layer. However, if flux removal is desired,
non-flammable, low-VOC, solvent cleaning compositions can be applied to remove the flux.
Further, if the added protection of a conformal coating is desired, a coating of, for example,

25  urethane, silicone or paralyn can be applied.

The activator system of the flux includes one or more water-soluble organic acids
and/or 1onic or non-ionic halides. “Activators” are chemicals that, when added to the flux,
enable the flux to remove oxides from the metal surfaces to be soldered. It is advantageous to
select activators that exhibit sufficient solubility in water to remain fully i1n solution after one

30  or more freezing/thawing cycies of the flux. More particularly, should the flux be frozen
during transportation or storage, the use of such activators ensures that the flux will be in
solution.form after thawing, whereby it is still effective for use. Generally speaking,

solubility in water of at least about 5 grams per 100 cm?® at 20° C (68° F) will be sufficient for
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the flux, as a whole, is still considered for purposes of1 ?}%? [ﬂ scl osure
to be substantially and essentially free of volatile orga é basi c
conpounds (less than 1% by weight). By freeing the flux conposition of
non- vol atWPd1/aMhes, residues of the flux conposition cé’ﬁT/‘t@W"?P on the
printed circuit board w thout having either (a) to wash the residues from
the 20 surthiaperpose. thaiveosrd low sglphilityslogropoiferehaforgamangrantagsabscage Yy, , in
the formof a i ek | r J. I j pr event
shorting o R o sE i p i Elon PIGTule SUEk shilfeqd W AR RS B OePy SVeT
itsel f, aotisres the fiotaadtbeastdyidiout fiovenmoeessifig (shehasrtgripualg the fldesi r ed,
non-f | amrablfeh | ow- VOC, sol vent cl eaning. c os'bti ons can be applied to

0
remove t heUHjcisatly appiyeTRIP IemReraye QIS BF 51 €& on of a conformal coati ng

i s desisred, a coabbmthcRlatod @hteBTMR Mux i2Bereat R0E0.2 8hd A0S0 waaghabyn can
be applied. The activator systemof the flux includes one or npre

wat er - sol ub¢ Budr heméracavatatsontgm dpaymot piovide suifgigpL fiwpnecachHxity. dule a higher
Acti vat org, B6Lc BTG eSul Hakees0ERSRAEACHRIR cLlIE abldbtiy arfelPhl fnfhits 1| uX
et a 3er ed.” It

to renpve OXI dées fromthe surfaces to be so I s advant ageous
t o sel ectsohietddvaienttdy. t Oitousseistbetwesn btfdngereand veeokaxtaitivators,istronger e¢tivaory emai n
fully in solution after one 30 or e freezjing/thawi ng cycles of the flux.
More parti Bﬁgr}ﬁe&’f’e A3meEntE H“é’reftf"(}'ﬁrrggée lopsL e of r'fl%{jat ?gﬁé%pfltpgﬁ'lcgﬁr or
storagg tdioodsRedd, iRUklivadicoMaitas SoRsiiasoltaad bi weighd apthedlinl. be in
solution formafter thawi ng, whereby it is still effective for use.

General |y speakiwgplesodpqiyaiorsesyitable {gapesyin gie RIgseHdRNUGH HIGtUIS OFfelilts per 100
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T Uso0 S35 Prshetls BRIl YDA ol ArophoME M PP ARSI e

f or egoi ng aifsankempiamibescandsembinatjon eigpl. dinch agityatosnae Anlyreally 19 ut i on when
the flux igs, subject.ed a fr , rLLY, fLux cannot be
used wit horﬁ{a%f/ﬁlrot alielrﬁe Béngaéfglgéﬁﬁéﬁ%@%g\%ﬂ’gg}é@ﬁ%gﬁ@?ng tKL'e‘é'f ul>_< sufficiently
above roonhyideshériiesiang anong lgsitar@nitdb cemineniyondd inSheT¢ectiopicaindastry. vat or

tent of the flux i bout 0. t 8% by yeight. of th
1. Lonetorarr e etdfvbm ag nete ottt Gt rehoeRb o et iy,

whi | e a hi gh@ion v6éH tdRds@lace omtehdlidete prsemt i n excessive residues, which
coul d adversely affect the finished ol der ed assenb e, as

) llq\;% 0] .course,
bet ween st r ongetPeaitt HEBKES Mata PatBledor WF AOMYEPIORAPT VR BFEMSHEul d be used
i N amount SR, @,)! Ravehid aliBeCIHROEY a@pid a6l (Chre DN diicatieskid aNYRO.) Anddant i cul ar
JO enbodi nents, the activator content is fromO0.5 to_ e}bout %) by wei ght of
the fl 2. ionic halide compounds such as trans-2,3-Dibromo-2-butene-1,4-diol; meso-2,3-
Dibromosuccinic acid; 5-Bromosalicylic acid; 3,5-Dibromosalicylic acid and other water-
soluble mono and dibromo compounds. Additional examples of carboxylic acids and other
activators suitable for inclusion in the flux are described in U.S. Patent No. 5,297,721, and 1n
U.S. Patent No. 5,571,340.
25 Surface wetting may be promoted by the addition of one or more anionic surfactants
or other water-soluble surface-active agents. Examples of suitable surface-active agents
include fluorinated surfactants as well as nonionic, cationic and amphoteric surfactants.
Fluorinated surfactants as a class are powerful surface active agents, effective at very low
concentrations. In practice, the surfactant is generally present in a concentration less than
30 2.0%, by weight, of the flux; and, in a preferred embodiment, the surfactant concentration is
not more than 1.0%, by weight, of the flux. The concentration of the surfactant should enable

the flux to thoroughly wet the surfaces to be soldered, while not contributing substantially to

the level of flux residues that will be left behind after soldering. Nonionic, catiomc and
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Exanpl es of activators suitable for use in the present inve tl\"l | ncl ude
organic activators such as carboxylic acids, sulfonic acihz, Agﬁ@Lphoni C
aci ds, phosphate esters, am no acids, al kanolam nes, and conbi hation

t her eof . WOIAIYEY i vators are only weakly ionic relativd§iguseo/32720

hal i de- contai ning activators, such as am ne_ hydrohal i des am ne 15

e.q.,
hydr ochl orFpbeters suriasiants cay also by Bisfd Egset%r’r%?ﬂtvafeé%/d‘erfhanfdﬁé%%qt%% et cs

industry. . Myrgover .hhgidg iggﬂpqig@-free, these activators do not lead to the

regenerative corrosion reaction which takes place when halides are
present. Speci fTihe sclderigdhixsat héditienaly sumpradsismall omounie obiggrediengahadr s i ncl ude
succinic acjd C4H604), itacpnic acid (C5H6 1.adi plc_aci H );
glutaric &8Pt M‘?peﬁ’ﬁﬁa'}fg‘ﬁqméﬂmf%'ﬁﬁ%aﬁ%ﬁﬁ? & a%% '%8%' Ssoﬁ}l}%:ﬁ:ﬁ%gé) W
trans- 3, 3-f}bdien® mehfabtangre nbt lifiteli 18] biodT@&OcoZroSioDilianes doai famigei d;
5-Bronosalicylic acid; 3,5-Di bronosalicylic acid and other \/vat%{_&-. sol ubl e
mono and dRBEMe-feunins agrmts andgibrlizersalhesaersrEsoptenFalipRtyisse adiioe! and
other —act] yakofs; S| f8in Ay Ui of Me TRE Thibse3F SuclensEdibRdisi n U. S.
Pat ent No.l}'%,g%gﬁﬁ'f%f,hérglwdﬁlssr}%nui. Igfb&Patée?]n(t? 1I\If'). 5,571, §40 25 urf]acelswetti ng
may be pr onslledwnyto those siaidkidtinthe asf one or nore anionic surfactants or

ot her water-sol ubl e surface-actiyve ts. i

surface-active tégfesﬁl Tng W(?f“‘:[f&geﬁdls ﬁgﬁalg%gteeeéms%f@@g g%"?gcsarggbstmsegcﬂh?%‘gh RI8s oni c.
cati onioc aptheaBaRIANG plReSurcdoaatantiscondidiivo Eomadesh thelbfhactidnéfshaboaad,cl ass
are powerful surface active agents, effect]

ve at ver ow concentrations.
In practi @8d/or fad lss ship FoRROrERts gesfRoutadypn jheatiom ?‘% ao/(t{é%]?ﬁ?é‘ﬁ‘f”}‘%f"i' on |l ess
than 30 2. 0fhsRy 'I"ﬁ%isgl!aéringfﬁuxtclaﬁ tHeh ¥ ;ap]ﬂféq 1o 1h8 bBarBbe sy edwaviiaethe®nt , the
surfactant concentration1s not nore than 1.0% by weight, of the flux.

The concerfthedhixananpicd peasda cou theamiloastid thedboertast do Tampere Prigss a1d RFHGPoughl y
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the level © ux residues tt W | t behind after sol dering.
Noni onlisc, mwaducedefectafingt sblder jBimaAYDWE g \WG- et 3G0e R POTPOSO Y L thE 29X anphot er i ¢

surfactants can al sqQ .be used.. Tqget her i }

sur f act ants a?:?r%ﬁ% an? rqgn%ﬁ'of‘%gél ’QL%bres' i°C uxsﬁ%ubggaﬁ(g M@%ﬁ??ﬁ%ﬁ%ﬂ‘éﬁggﬂ"&en ng
flux can adgiy, hatedHoliceesimus S erstival encapswates the afnid avgvadi eridsest At reselntsance
various properties and do not. materially affect the basic propertiges of the
e Suere P dontipe o St b Siee iapladpen o MeRRi QRORINAED
corrosion dmchichily SonddiBe soll@ad@ni@tions. This process is similar to that used with

70  conventional solvent-based RMA. rosin-mild-activated, and RA, rosin-activated, type fluxes.

EXAMPLES

Compositions of particular soldering fluxes of this disclosure are as follows:



agents,’ de-foam ng agents and stabilizers. The aggregate cong at| on of
these additional ingredients is generally Iess than 1%b Wm Vof the
flux. The use of such ingredients is well known to those skilled in the
art. I n aweals®e: ng process, |eads of |eaded electrical manmsenente are
passed through holes 10 in the board and placed in contact with conductive
contacts diKAMELBtlher side of the board, andlor |ead |ess chip conponents
are nount ed the bottom side of the board with an adhesive. The

sol dering flm be applied to the 88X spray or wave nethods.
The flux is s ed so as to coat the surfgqg of the board and to renove
oxi des and prevent cleaned netallic surfaces fromre-oxidation and hence
prepare the \!ﬁ‘-‘f"a‘é%‘-‘édto be joined to 15 pr¥Huce defect-free solder joints.
During pre- hﬁ g wat er conponent of t ed‘l ux i s evaporated; and during
sol deri ng, e re5| n emul si on breaks down and forms a hard, non- tacky,
hydr ophobi ¢ TBEFON Ns 10iaspefactattat encapsul at®i3 the ionic activator residues.
The result Ié\]}h a1 f uxHﬁoatl ng or filmw tg]&ogh surface insul ation
resistance, WAPEH s the reliabilit f electrically conductive

sol der conneSURBﬂrNOLTrma?Ggo@msant simlgrgo that used with 20
conventional _sol vent -based RVA, rosin-mld-activated, and RA,
rosi n-act i vaV&dR QIPEezspla&%§'°kaANPLES Cofe¥si tions of particul ar sol dering

fluxes of thpp @Aﬁ?‘l\Pﬂl&%W@X&s Ldigws: 61 7 MAY 2004 WO 01139922
PCT/ US00/ 32720 EXAMPLE 1 Fl ux con‘p&m t on% y wei ght Water93. 00 Succinic

aci d1.50 Itaconic acidl.50 TRITON N-101 surfactant0.03 N Cctyl

Dol 9oneD, O A SRR LA AT v
TRITON N-101 surfactant is nonylphenoxyppolyethoxyethanol, made by Rohm & Haas

5 (Philadelphia, Pennsylvania, USA); n-octyl pyrrolidone is an additive that modifies the
surface active properties of the flux and reduces the size of the flux drops, which produces
finer mist during spray applications, which, in turn, leads to better coverage of the board
surfaces when flux is applied by a spray fluxer; SURFYNOL 104PG50 surfactant, made by
Air Products (Allentown, Pennsylvania, USA), is a 50% solids solution of tetramethyl decyne
10 diol in propyiene glycol, the solution serving as a wetting agent and defoamer; and

UCARCIDE 250 antimicrobial is a 50% aqueous solution of Glutaraldehyde, made by Union
Carbide (Danbury, Connecticut, USA). Further, as noted above, the component,
PENTALYN H-55WBX synthetic resin dispersion, which is made by Hercules Inc., is an
aqueous, 55%-solids, anionic dispersion of pentaerythritol ester of hydrogenated rosin; it

15  serves as the non-acidic resin of the flux.

EXAMPLE 2
Flux composition % by weight
Water 93.65
Succinic acid 2.00
Dibromobutene diol 0.50
PENTALYN H-55WBX resin dispersion 3.65
FLUOWET OTN surfactant 0.15



In the conposition of Exanple I, succinic acid and itaconic acid serve as
activators; TRITON N-101 surfactant is nonyl phenoxyppol yet hoxyet hanol ,
made by Rohm & Haas 5 (Philadel phia, Pennsylvania, USA); n-7oldhYya004

pyrrol i doggoisseen additive that nodifies the surface agiiriRoiioRerti es of
the flux and reduces the size of the flux drops, which produces finer m st
during spray a i i f J : - age of the
board surfacegp\lt/\}/{k?cebﬁh-}fp aﬂ)ﬁ(m}ég”%pp ﬁée%dby&gﬂbsl{lﬁgsﬁ? P%?%(rémagﬁR% 104PGE0
sur f act antcompaoknt, L UQWE TR TN werfastahAlid @feawmurfiemn syt onChyiakdSgp. (Me. a 50%

ol ut on Svbr RFACRBETRAY TR Sttt S ko b R by

antimcrobial is a 50% aqueous sol ution of d utaral dehyde, nmade by Uni on

Car bi de. (Dan Connecticut, USA). Further, as noted above, the

conponént %‘ME&(N H 55WBX synthetic resin dispersion, which is nmade by
Her cul es | nc pluxl ®nidbsitigiglueous, 55% sol i ds,yggi}&l;rg- jig di spersion of
pentaerythritol ester of hydrogenated rosi ﬁ); i : serves as the non-acidic

resin of theWdrx. EXAMPLE 2 Fl ux conposi t936i% by wei ght Wat er 93. 65
Succi ni ¢ aci gélq%&%] br onobut ene di ol 0. 50 PENTALYN H-55WBX resin

di spersi on3. VET OTh surfactant0. 157 WO 01/39922 1 7 MNAY 200
PCT/ US00/ 327 Zibrbmobitenecdiolposi ti on of Exanp).#) 2, di bronobutene diol is an

activator, a t, .FLUO \\ET OIN surfactant, is a
f|uoro-surfa?gm%g‘%éﬁ"ﬁfpf@%. (31\&5.3 Hol Iy, North Carolina, USA).
The ot her comppMaNFSNisuffsddndn as descri bedyjghn Exanple 1. S5EXAMPLE 3 Fl ux

conposition% t%y wei ght Wat er 93. 32 Adi pi ¢ aci d2. 00
UCARCIDE 250 antimicrobial 0.20

Hydroxybenzotriazole 0.15

In the composition of Example 3, adipic acid is an activator; the component, ZONYL
FSN surfactant, is a fluoro-surfactant (perfluoroalky! ethoxylate) made by Du Pont
{Wilmington, Delaware, USA); hydroxybenzotriazole serves as a corrosion inhibitor. The

10 remaining components function as in the previous examples.

EXAMPLE 4

Flux composition % by weight
Water 91.92
Succinic acid 2.00
Glutaric acid 2.00
PENTALYN H-55WBX resin dispersion 3.64
ZONYL FSN surfactant 0.18
UCARCIDE 250 antimicrobial 0.20
N-Octyl pyrrolidone 0.06

In this example, glutaric acid serves as an activator, along with the succinic acid.

15  Each of the other components functions as in the previous examples.



Di .br onobut ene di ol 0. 50 PENTALYN H- 55WBX resin di spersion3. 65 ZONYL FSN
surfactant 0. 18 UCARCI DE 250 anti mi crobi al 0. 20 FNdroxybenzotrlazoIeO 15 In
the conposition of Exanple 3, adipic acid is an activator] 7t E6nponent ,
ZONYL FShbpiHebsactant, is a fluoro-surfactant (perfl uor ggirkberbhaoxyl ate)
made by Du Pont (WI mngton, Delaware, USA); hydroxybenzotriazol e serves
as a corrgxopiphki bitor. The 10 renmmi ni ng conponents function as in the
previ ous exanpl es. EXAVMPLE 4 Fl ux conposition% by wei ght Water91. 92

Succi nic aciggﬂaﬁﬂELﬂLﬂmic aci d2. 00 PENTALYNvweEENBX resin di spersion3. 64
ZONYL FSN suggélianto 18 UCARCI DE 250 anti¢d g obial 0.20 N-Cectyl
pyrrolidone0 in this exanple, glutaric aci'd serves as an activator,

al ong with tButaticadithi c acid. 15 Each of 1.b@ ot her conponents functions as
in the previqus.exanples. 8 1 7 MA? 2004 z¥)$1!39922 PCT/ US00/ 32720 EXAMPLE
5 Fl ux conposHf§BfigsBy wei ght Water93.92 d8faric acidl.00 Succinic

aci d1. 00 ZONY¥ioNFaNFsSNrshaadiant 0. 18 UCARCI D 290 antim crobi al 0. 20 N-Cctyl
pyrrolidone0. 06

UCARCIDE 250 antimicrobial 0.20
N-Octyl pyrrolidone 0.06

PENTALYN H-55WBX resin dispersion 3.64

EXAMPLE 6

Flux composition % by weight
Water 93.92

Glutaric acid 1.00

Succinic acid 1.00

ZONYL FSN surfactant 0.18

UCARCIDE 250 antimicrobial 0.20

N-Octyl pyrrolidone 0.06

TACOLYN 1065 resin dispersion 3.64

5 This example differs from the previous examples in that TACOLYN 1065 resin

dispersion replaces the PENTALYN H-55WBX resin dispersion as the source of the non-
actdic resin. TACOLYN 1065 resin dispersion, which is likewise made by Hercules Inc., is
an aqueous, 55%-solids, solvent-free, synthetic-resin dispersion based on a moderate-

softening-point, stable, low-motecular-weight thermoplastic resin.



PENTALYN H- 55WBX resin di spersion3. 64 EXAMPLE 6 Fl ux conposition% by wei ght
WAt er 93.92 dutaric acidl. 00 Succinic acidl. 00 ZONYL FSN @g%@@@nt 0.18
UCARCI DE 250 antim crobial 0.20 N-Cctyl pyrrolidone0.06 TA 65 resin
di spersi owa A2 This exanple differs fromthe previ ous gxgosbese n t hat
TACOLYN 1065 resin dispersion replaces the PENTALYN H 55WBX resin

di spersion as the source of the non- acidic resin. TACOLYN 1065 resin

di spersion, which is |ikewi se made by Hercules Inc., is an aqueous,

55% sol i dsEXAMRIEnT - free, synthetic-resin dispersion based on a noderat e-
sof t eni ng- poi , | ow nol ecul ar - wei plastic resin. 9 1 7
MAY 200b WO (f%&%g@% US00/ 32720 EXAMPLE E‘|l(§£<l'{’ﬂ(::)orrposi tion% by wei ~ ht
Water  93.92 Wawtaric aci dl. 00 Succinic aci9d®200 ZONYL FSN surfactant0. 18
UCARCI DE 2506@[“ im crobial 0.20 N Cctyl pyrrg)l i done0. 06 FORAL 85-55WKX resin
di sper si on3. 64Ny anpl e differs fromtfdf above in that "FORAL

85- 55WKX synt§\rtinsc degSin 5 di spersion,” whiggh is nmade by Hercules Inc.,
supplies the non-acidic resin. FORAL 85

ZONYL FSN surfactant 0.18
UCARCIDE 250 antimicrobial 0.20
N-Octyl pyrrolidone 0.06
FORAL 85-55WKX resin dispersion 3.64

This example differs from those above in that “FORAL 85-55WKX synthetic resin
5  dispersion,” which is made by Hercules Inc., supplies the non-acidic resin. FORAL 85-
55WKX resin dispersion is a 55%-solids-content, anionic (ion tolerant) aqueous resin

dispersion prepared from the glycerol ester of a highly hydrogenated rosin.

EXAMPLE 8

Flux composition % by weight
Water 93.92
Glutaric acid 1.00
Succinic acid 1.00
ZONYL FSN surfactant 0.18
UCARCIDE 250 antimicrobial 0.20
N-Octyl pymrolidone 0.06
TACOLYN 1070 resin dispersion 3.64

10
In this example, the non-acidic resin is provided in the TACOLYN 1070 resin
dispersion, which is an aqueous, 55%-solids, solvent-free, synthetic-resin dispersion from

Hercules Inc.

10



55VWKX.r'esi n di spersion is a 55% solids-content, anionic (ion tolerant)
aqueous resin dispersion prepared fromthe glycerol est e A@g@i ghly
hydr ogenat ed rosin. EXAMPLE 8 Fl ux conposition% by wei ght ter93. 92

G utaric woiogidee Succinic acidl. 00 ZONYL FSN surfact antddrhebkARC! DE 250
antim crobial 0.20 N-Cctyl pyrrolidone0.06 TACOLYN 1070 resin di spersion3. 64
10 I'n thi sEgaadmalEey the non-acidic resin is provided in the TACOLYN 1070
resin dispersion, which is an aqueous, 55% solids, solvent-free,

synt het i c- r edilyx eompesitionon from Hercul es Yahy waight1 7 MAY 2004 WO 01/ 39922
PCT/ US00/ 3273, MPLE 9 Fl ux conposition% weg Water93.75 Succinic

aci d1. 80 Di bronobut ene di ol 0. 40 TACOLYN 10 resin dispersion3. 65 FLUO VWET
0Th surf act arBudciftts aldARCI DE 250 antim crobi.&0. 10 | -1ydroxybenzot nzol e0. 15

In this Examgl.e, as in nple 6, the TA 1065 resin dispersion
suppl i es thg%'%’ﬂl(%&{leﬂ‘? ‘?((’Fesi n. 5 Wile tC%gb\ll nvention has been
particul arly TACODYRNd6S asmrdieaion th ref eggnces to

FLUOWET OTN surfactant 0.15
UCARCIDE 250 antimicrobial 0.10
Hydroxybenzotrizole 0.15

In this Example, as in Example 6, the TACOLYN 1065 resin dispersion supplies the

non-acidic resin.

While this invention has been particularly shown and described with references to
embodiments thereof, those skilled in the art will understand that various changes in form and
details may be made therein without departing from the scope of the invention, as

encompassed by the appended claims.

I



. enbodi-nents thereof, those skilled in the art will understand that various
hanges in formand details my be nmade therein w thout departing fromthe

iigcope of the invention, as enconpassed by the appended clains. 11 1 7 NAY
200.4 CLAIMS What is clained is: 5 1. A soldering flux conprising: water,
a non-acidic, water-insoluble resin dispersed in the mater;1§HﬂW%ﬂH
activating agent in the water. 2. The (JeABMSing flux of claim 1, wherein
the activating agent is selected fromthe group consisting of
wat er - sol ubl e oagﬁnLc acids and water-sol uble non-ionic halides. 3. The
sol dering flux oWh#lig¢lpmedisurther conprising a surface-active agent that
pronotes 10 surface wetting, the surface-active agent being dissolved in
the water. #. ThesQ@ri@MiuRGompiisingf claim 3, wherein the surface-active
agent is an anionic surfactant. 5. The soldering flux of claim1l, wherein
the resin is a pentad®a&hritol ester of hydrogenated rosin. 15 6. The
sol deri flux of claiml.,: i L £l L.S.. stantially free
of volggile organicgggh%ggﬁggﬁsi@thﬂgﬁggﬁﬁgkﬁﬁb&fwﬁyhg?§@fain11, wherein
the water forns aboutanz¢ivating®apept inyhewedteght, of the flux. 8. A nethod for
treating a printed circuit board conprising the steps of: 20 providing a
printed circuit board; and applying an aqueous flux including a dispersed,
non- aci di ¢, 2-wat efhejspldemngflux of clagnd, wmrgnguegghvmgagﬁm isiselegted from dhecgrowpi t

wher gin the pri i EEeE PG Bl bR wie ORLEShAINCEE, T 21

coating protecting the netallic finish of the circuit from oxidation. 12

3 The soldering flux of claim 1, further comprising a surface-active agent that promotes
10 surface wetting, the surface-active agent being dissolved in the water.
4, The soldering flux of claim 3, wherein the surface-active agent is an anionic
surfactant.
5. The soldering flux of claim 1, wherein the resin is a pentaerythritol éster of
hydrogenated rosin.
15 6. The soldering flux of claim 1, wherein the soldering flux is substantially free of

volatile organic compounds.

7. The soldering flux of claim 1, wherein the water forms about 70 to 97%, by weight, of
the flux.
8. A method for treating a printed circuit board comprising the steps of:
20 * providing a printed circuit board; and

applying an aqueous flux including a dispersed, non-acidic, water-insoluble

resin onto a surface of the printed circuit board to form a flux coating on the surface.

9. The methed of claim &, wherein the printed circuit board includes a metallic circuit,

the flux coating protecting the metallic finish of the circuit from oxidation.

12




) 1.7-MAY 204 10. The nethod of claim9, wherein the agueous conposition
further includes an activating agent. 11. The nethod of claim 10, wherein
!1t he activating agent is selected fromthe group consisting of 7 MAY 7004
wat er - sol ubl e organi c acids and water-soluble halides. 5 12. The method of
claim9, wherein_the aqueous flux further includes a water-soluble
surf ace- act #%e afsyoethodef claim fy vberem the agueonscompegitiontfurtheriincludes #od of cl ai m
12, wherein the —active agent is an anionic surfactant. 14. The
met hod of cl ai m%dﬁ%\ﬁ%%%g?ﬁ the resin is a pentaerythritol ester of
hydrogenated rosin. 10 15. The nethod of claim9, wherein the aqueous fl ux
is substantigplly satiiol | '
applicati onl.”i16. ml'e[l]g&hnﬁ %ﬂgylﬁfmbﬁgﬁhﬁcﬁ}rﬁgg Q%ﬁg%p%?l?%ﬁlg&?h%@?g{)s of : 15
evapor ati ng the sq@sistingof srateriselublgoeganis aridg and watprioblechatidésder to the fl ux
coating; and securing an electronic conponent to the printed circuit board
with the solder. 17. The nethod of claim 16, wherein the el ectronic

conponent i $2.so| Hesrmethedofialpam 9 wherstp theaqueensilup durther ipclades awater-sobibiter i ng
process. 18. ThegsRLhadivolgent AbPrdfoted HirkabEheifgPr i Sing the step of using
the printed circuit board "in an electronics application with the flux
coating remaining on the surface of the 20 printed circuit board. 19. The
net hod of chai m 1 méthéd SraimANPRhérbiA thel diffacelRBve thﬁpm Wi frfaehor mal
coating to the flux coating and using the printed circuit board in an

el ectronics application wth the flux coating remaining on the surface of
the printedi4ir CTid méBed 6f clali 9] wherbihe2R6i4 idn RidtacTiiIRitSTREROSE H9Brogbridtdd 16,
further conprising the steps of cleaning flux residues from the printed
circuit board wi¥FPone or nore solvent cleaners and then using the printed
circuit board in an el ectronics application.

10 15,  The method of claim 9, wherein the aqueous flux is substantially free of volatiie

organic compounds at the time of application.

16.  The method of claim 9, further comprising the steps of:
- evaporating the water from the aqueous flux;
applying solder to the flux coating; and

15 securing an electronic component to the printed circuit board with the solder.

17.  The method of claim 16, wherein the electronic component is soldered to the printed

circuit board via a wave soldering process.

18.  The method of claim 16, further comprising the step of using the printed circuit board
in an electronics application with the flux coating remaining on the surface of the

20 printed circuit board.

19.  The method of claim 16, further comprising the steps of applying a conformal coating
to the flux coating and using the printed circuit board in an electronics application

with the flux coating remaining on the surface of the printed circuit board.

13



21. - A:s'ol dering flux conprising: water, a water-insoluble resin
emul sified in the water, and an activating agent in the water. 22. The
W soldering flux of claim21, wherein the soldering flux is subst??é&@th
free of am nes and volatile organic conpounds. 10 23. A nethod
treating a printed circuit board conprising the steps of: providing a
printed cir@Qit Bbeamdthodeficlapplbyifurthenrongoising the stdpsuf dedningafhsurefiduee fiofn t he
printed circuit Roard t.o.fo a, flux coating on .the surface, the agueous
flux conprising \%’/aetpgptegﬁgc'g{&&q Wdéﬂ’i'.ﬁ ?iqqr%ﬂﬁvqnﬂdmém\ﬂﬁ‘?g’re’.‘“i'Bg Q’R.P“FH’@
met hod of cl ai m gisuitHvardah an eleerditdsdpplicagor. | ux is substantially free of
am nes and volatile organic conpounds. 25. A soldering flux of claiml1,
wherein the resin is of a character that breaks down and forns a
non-tacky, 2ydr oplsohiefing ek comysisingyer during sol dering. 26. A soldering

flux of gl aim 21, wherein the resin is of a character that breaks down and
20 forms~a non-tacky,wﬂ%rophobi c resinous |ayer during soldering. 14

a water-insoluble resin emulsified in the water; and

an activating agent in the water.

22.  The soldering flux of claim 21, wherein the soldering flux is substantially free of

amines and volatile organic compounds.

10 23. A method for treating a printed circuit board comprising the steps of:
providing a printed circuit board; and
applying an aqueous flux onto a surface of the printed circuit board to form a
flux coating on the surface, the aqueous flux comprising water and a resin emulsified

in the water.

15 24.  The method of claim 23, wherein the soldering flux is substantially free of amines and

volatile organic compounds.

25. A soldering flux of claim 1, wherein the resin is of a character that breaks down and

forms a non-tacky, hydrophobic resinous layer during soldering.

26. A soldering flux of claim 21, wherein the resin is of a character that breaks down and

20 forms a non-tacky, hydrophobic resinous layer during soldering.

14




