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FI ELD OF THE | NVENTI ON Thi s invention r?I_at es to an aqueous cl eaning

conposi tion and s for the use-of "such conposition i novi ng
organi ¢ mat m\% substrate. This invention will be Wﬂ
initially |a“ jon with cleaning electronic parts whose W%//ﬁre
soiled with an or\g"é"r(ii c residue, for exaBI e, raw sol der past es*caggl,

uncur ed epoxy-based surface-nou } A are present on the
surfaces of circuit boards and stencils as a result of the assenbly
process. It should beggg_%?ag oad Ty FaF=1 QU M-S Ny i on has broader
applicability, as exp wa £ APRLICAT) , soldering is a

cCUT Of o N
process for fornTiig applitatiah tlaigé lbeRsm @f DES. \WesrisiopslpiichtsoraNg. a printed
circuit board to nmake an electronic circuit. 15 This is done by contacting

t he board aflf1t¥RpohledNovgmber 2511088 sol der. The sol der connection is
formed when the solder solidifies upon cooling. Solder flux is used to
renove oxides fromthe surfaces so that the solder may wet effectively.

Sol der paste is a viscous con¥FIEAD OF THIE INVBNPE3Ke and dry sol der
particles which are approximately spherical in shape. The sol der paste is a
substantial |y st AbisdnveotienFgleiss to aaduenns Claning sompeption arfl 2 RFOGER§HOaN
orifice or 1AL r : il Solder j r | deri ng
surface- rmug{e u?:%)-grrg%{ﬁgﬁ ?}égg%lﬁgﬁﬁr?%ﬁb’ltvhnés%g “éltngg?%ﬁé‘%@&;@ g ra&?r%@?l y onto
the surfaceinventionpwilltiedbscrited initialig a conn€etichacieh clvarfigs aldbtesiio patsar e used
frequently to hol d surface- mount conpaonents in place prior_to soldering.
These adhes™pess siFfacesaseeptlsd puith 9n engaip residiifelor eppmmle, raveplishpastesandcry| i c
chemi stiy, Ghouttd dhoRPBied kil HanfRitesi (&R Are FRO 67t blof

el ectroni cs assenbly are typically curable conpositions conprising a

bi sphenol Ackpotdyoardssind steanilsbs preatlt of the hssembipmeyess.eRishould beodi fi ed am ne,

fillers, and additjyes. " Sol der. paste, and/ oy epqxy, surface noupt-adhesive
s appl | ed BRSO ENsyer, ot $E TR{FASPEHES Py SHP iHalibhes FEPIRRED GV or

t he adhesi ve t hr gugBctfor$di®lsbe g Zetddrin N a pocess Porolfitng 2qHGaii e8] 30988
PCT/ US99/ 27833 -2 pl acenent of "el ectroni ¢ conponents onto the boards.

Per i odi cal | pond beweemgdrhpdnents andiagppintedtcircuit haardite make bwelectrame cirwhi. ch t he

paste or.adhesi.v S not dis ed,in the proper.locatio I n, su cases,
ol e i o BB ity CBectinB R RO ol cpiipre Sl PO Bler ThEHGheS pose
of it. It igoledQorRIBIMSEH WhéPthelsBRIBr $olidifics Ap6n tdolmit Soldee Nk & used tt i ngs
to keep the apertures free fromsoil to avoid future aperture clogging,

m sprints, aefAOverridas feam thecsurfapes sorthat fheosolderaywet effaetivebpaldes@aster cui t

assenbl y. i i: Ayl i j:$4 ei ng

oo r onent 11 VRS GBAREE AR BED bDGy shRefBBbEMNR PE 1O

shoul d be napprozimatlly sphetital irf shape OTiH dolden pasié istasabstattidlly stuble t oxi ¢ or have
IOM/toxigity, amgng qt her %%éributes well 10, known . in the art. Desirable

cl eani ng¥corspmppsifion that ¢an bedispensed brquahan grifige prprintad throrghastensth nant s
fromthe su i Sﬁ&* r i of
constructi OE\S%H&Fﬁ%e igc}% P&;;rr}agnsgﬁzﬁg | c%%frﬁ%mlg g(?rp <§|§tn %6%?%’ @g%ﬁ%ﬁ%{ggd. The
present i nvenldered diretily estotthe surfdce afia pgnied wjvadt boapd. Simifade-mourst hdlessiveye i n

renmovi ng organi c residues fr sybstrates which are soiled therewth,
part i culg ar | \Are used ﬁ'equentley to ho?cm)ur?ace-mount components?n place prior to soldegng.

These adhesives are based usually on silicone, epoxy, urethane, or acrylic chemistry,
25  with epoxy being the most common. Epoxies used for electronics assembly are
typically curable compositions comprising a bisphenol A epoxy resin, an aliphatic
polyol epoxy resin, a modified amine, fillers, and additives. ' o
Solder paste and/or epoxy surface mount-adhesive is applied to circuit boards

by stenciling or dispensing the paste or the adhesive through a small nozzle prior to



15 surfaces of el ectronl c parts which are soiled with organic-based 09 MAY 200
‘adhesi ves aweé ofSo paste, REPORTED DEVELOPMENTS Prior-art gd©asiondsss
conpositions to c ean sol der paste and surface-nount adhesive residues

whi ch often conprise ozone-depl eting s;rvents and high levels of 20

vol atil e organi c conpounds (VOCs) and e either flammuabl e or conbustible.
Presently in the electronics industry, there is a novenment teward the use

of cleaning conpositions with favorable environnental properties,

speci fi cal IPjacemeniof @leciionie womperenta anie therhoarsks. Psriagically, sheyamill be@rpounds

(VOCs). Tr a‘ﬂh%m?lpagﬁgi% %§ﬁd gﬂgés&n@&yg@pagt%' ﬁhé‘s‘?‘%"&%%no%mgé 3 i

cl eani ng conpos €SI dered’ as avorabl e .
envi ronnentp@épeﬁtd@@t&fﬂ.lm%usmedse@& ibhobe @bacmidche a&momemaﬁrdndabﬁscdf hi gh

gl obal -warm ng potenti al s. | es of such conpositions are

1,1,2-tri cHPtb?rdgfm qhﬁmfﬁ@élthéhé eperepsay typlgan the stencls afgrsev@ehane. Because
of the| I i gfm:o s have >

been re%l a@%@ﬁ%&ﬁ k%e&ﬁ%%é@r_g%fr’rgés@grpgg@g ven{l Mga& éél{s?%}ch sol vent s
are 30 i sopnigptits,ahd obdeqachd rﬁiabpiﬂppﬂoblemsdﬁmafeiwnmletsdlchctasassémblyexarrpl e,

m neral spirits._r 09 ~f ~"~ 2003 WO 00l 30988 PCT/ US99/ Z7833 -3 Such

sol vents are no@%ﬁﬁﬁpﬁbﬁ@égﬁﬂma%t{l%$@%‘é8m§8 bemg ey HpBmENgHY benign,

concentratig ch rmat i on.
A pr osent 1074 Bk sHE hetlbE MEBRERUTHBE, e Pl bR IBERE O T2
gﬁner ?I Iy r@g&hdﬂ@ofﬁ?ebﬁﬁbﬁﬁéﬁ-t(gﬁd’ ?rr}gealo(;v toxidiey, hmghgdt}ﬁ}r agtabutamdlcll ]
t here ore are considered.a guide for indystr Under California |law, the
pr esent! ste{WB‘éYPdn thett. T2 @“@Bﬂ%ﬁ@éﬂ%&ﬁ@l’t’ﬁ lﬁ%i/%‘o&ld\kiﬁfé‘?fﬂf’ﬁﬁlsoﬂ | ess t han
50 g/ 1. Aquyg (et ssele) &\ma Lom
stencils ar e&gflg enti Enown |2ﬁe§§ng&|§artl sltﬂﬁy l%eg%ﬂ\bgs&?%\%vgg{) der
pastes, a gnatemal$ obasonsa'uaronhﬁ‘mmmmnganwhmh ttmomrgpomnorsmrlmmgfused t hat

is, a product wi . h al kal j ne conponents 10 .and a pH n.1Q, are
cl eaners of choﬂtd@Pr?ﬁ?P t pyspHongel atsssoaﬁé?@ﬁscmmﬁﬂg lste egtiedhet al .

discl oses a@nagh H@:@é&@# hE'str SMEtarcs qale@sﬂédmg@}em& fhicflaRych as

al kali metal car on te a surfactant ormJ ation ch co tal ns | east
one nonioni srfacesfofeteatronic partaivhichiarawtilad vath organie-based alhesives andi sbld:eor , and
stabilizers to maintain the conponents in aqueous solution. 15 A

commer ci al |I§FS%?va| | abl e cl eani ng conposition marketed by Smart Sonic

Cor poration under the nanme 440-R SMI Detergent is a proprietary highly

al kal i ne cl eaner which has a pH of over 12 at its recommended
concentrations for cleani ng REPORTEDDBYEL diNidce nount device (SMD)

adhesi ves. These @n%gfgg ‘g]?%"%}ﬁ‘f? por§ 10§§1g> clhigan So\{@ %% aﬁ{i %)retlﬁg ;NYS.

First, because they ave a p greate an about 8, the
spent nat er adhesive!fdsidues Whithrofleh 26apYibd dzodsiddpRiihg solvents afd hiphllevels of
Furthernore, such al kaline cleaners can be used to_clean sol der pastes, but
not sur?icevelatilaoremirceompounds (VOGS and aregithsr flammableor qombustiblenat ur el y the
epoxy curing mechani s, 4 dLAEHRSSHBEY WeredS § HlleRhY 1owskd W obe
necessary for elec ic TITEPS 0 are requir renove not only

sol der 25 pelsirting Sothpawitichs st ﬁo&abhwﬁhradhﬁﬁhl\mpemes lspemﬁtdllylthd)se cl eani ng

chem stries. (Al kaline cleaners nay al sQ attack certain netal Sa(l) t%i rcuit
boar ds, Conwp}é(mi gonggptrations of volatile organic compounds (VOCs). Traditionally,

industry has relied heavily on the use of cleaning compositions which are now
25 considered as having unfavorable environmental properties such as high ozone-
depletion potentials or high global-warming potentials. Examples of such
compositions are 1,1,2-trichlorotrifluoroethane (CFC-113) and 1,1,1-trichloroethane.
Because of their undesirable properties, the aforementioned compositions have
been replaced with high vapor-pressure solvents. Examples of such solvents are

30 isopropy! alcohol and aliphatic hydrocarbons, such as, for example, mineral spirits. ’



stencils. For cleaning uncured epoxies, water-based products are notﬂ 3ur§®d2003
rusual’ly bec@isgaggposure to water tends to cause the epoxy tpcTuE®/;27833
prematurely. Non- - , 30 hygroscopic solvents such as propylene glycol
ethers, aliphatic hydrocarbons, or d |ifronene are preferred cl eaning
solvents. If the epoxy cures on the stencil or 0 ~ MA1' 2003 WO 001 30988
PCTI US99/ 27833 -4 ,,~,. misprinted board, it is extremely di'™icult to

renove and | d require an a eaner ke that disclosed in U S
Pat ent No. glvlo gé@“’?@? AFCoM; P! %g‘iﬂgé‘F} f'c %l@?ﬂ*ﬁ"&g’é@ FoReanrafions s
patent cont U i or conbi ned
w th dinmet hﬁﬁ?gﬁq@{e{b?‘%g ﬁ%‘?ﬁﬂ%ggo%ﬁ% ?n?lgﬁ%@eﬁpgl&sa}tg@?ng the soil ed
substrat e istardatisietablishsdbyithedtat¢ bEChliformg afengenertllytregdraed astheppat at us) of
t he af orenenti oned coppos ridine is a dangerou henmjcal with a
very T ow B HERERBE LPted HeEs et harPinrs AsiReareds St 7SS || on

est abl | %he%&i’er@&ﬁfo?ﬁ%rlév@%b frefdng biaRERd 8dq uﬁ@é’@&ﬁﬁ@d{'ﬁﬁis tb 'i‘HUéIl'V'Cﬁ':

Hygi enists (ACA H). The present invention relates to a cleaning conposi tion

whi ch over cmmtoﬂessmamﬁ%aﬂivant ages associ at ed with the use of prior art

| eani i f bed .. SUMVARY OF THE
IVENT] O 1 oo AN eeainsc B ions dremRviogep e PEE e Lo Biftied o

process forp xeéeaﬁgkﬂ@w@uﬁmbﬁmﬁw Perdidind@iaRticd phasd, dusiveli &watgc! udes a
curabl e organic 15 material. The process conpri ses contacting the substrate

with an aqdwg&dﬁelgam qngmgawm@ppnuﬁnr whatas arpemmwlﬂlraékaimmbmom@am c

mat er i 0 i nh i g, t he e I curing prior
to i tsair ?ﬂrﬂ rﬁ‘ %f%}@@;@ e Ciﬂl’ﬁ?etrf 8t1§%ﬂ"“r"y |ef‘%fB”B]t§ ﬁd? Praéﬁ?gﬁ ng uncur ed
sur f ace- mousEIRSERI VAS et dl.Hidclsbes 8h aét&bu@%]ﬁﬂm{eeoleeﬂiépg&ni@ﬁﬁﬁgam&h@é' als, and
sol der paste from el ectronic components_and 20 manufacturing apparatus. A

pref erred c$aétéﬁ11¢hgasc9@#ﬁbd§¢t¥ icgrponates, mwfaﬁtanh@npubgewmmmmat.lgasbne
conpri sing r?onio(ﬂ% %{ b )é%e ?x\&ﬁ%ﬂ}'gﬁe cogrg?l%g éﬂﬁ§ﬁg ad 8abind Is at

| east partia - prefer réni ¢ sur ct ant. For

pur poses ofnﬁhnﬁnﬁwpdong)@mmﬂnaqnaasdslsaldmonsol ubl e surfactants" are those
whi ch may not dissolve 25 conpletely in water, at roomtenperature, but

whi ch cbkh be ful Awomeg@p%avadpblawb@em@@mpﬁSMa@parlsgte%buﬁm@gt $MiG desi r ed
operating t pod
esults ar cCopPEtliBIE Nk RaER SN Beitieefh S ERRIH ML WP B0
about 95 wt clambe whichzlead aw&lafrovanm ﬁtn(srmwdmmbn&cdtdmnaémmuoﬁﬁfomtclé?ém_ngsol ubl e
noni oni ¢ surf ct ant “éig 003 %{%0/ 0988 PCT/ US99/ 27833 - S

Pref er ably,s%% & pastes, and § FﬁW@“’& 15&i( ed¥YeS ow al kal inity, with a pH

bel ow about 10, #HRER aRHSHATABleYndihaW APR1Y 8F sH3REoMRES. BiS], BEadkyhd fout 7.
I n accordance with another preferred enbodi rrent of the presént invention,

the cl edi ngrecaﬂcqus and baverapH m@rﬂmahﬁutaﬁ}@mnpsmrmateuahnuﬂtwmmlmdant
preferably a |on| c,surf apt, and at |e c conmpound
of the gene?"at?‘ Hﬂﬂré°f-135 Saﬁc%ﬁﬁ'éﬁg%) ?‘PW@F@ ¥I§ UG 3?8&3% at om
or an al kyl sﬂﬁ&ﬁsﬁ@%ﬂ@ﬂoﬂsuﬁﬁceﬁﬂ@uﬁt a@h@ﬁﬁ&%@cﬁs@fﬁﬁe whier wall adtisekyl group

having 1 to about carbon atons, is a hydrogen atomor a nethyl group,
and n is an prmvégely the epoxysuring smhargmcasl digsupesd belov odackydingly, i sed in

10 U Pt g oy o5t WechBifes hASuslbARL:0 S Se eI Lok S0I ) 20}

25  paste; but also surface-mount adhesives, to use multiple cleaning chemistries.

Alkaline cleaners may also attack certain metals on circuit boards, components, or
stencils.
For cleaning uncured epoxies, water-based products are not used usually
because exposure to water tends to cause the epoxy to cure prematurely. Non-
30 hygroscopic solvents such as propylene glycol ethers, aliphatic hydrocarbons, or d-

limonene are preferred cleaning solvents. If the epoxy cures on the stencil or



reference. Preferred glycol ether conpounds of this fornula for use 0B MAd003

" present cl i onposi tion are propyl ene glycol alkyl eth

parti cul arﬁ@‘%@%’g”pw ene glycol al kyl ethers, and nore parti(;)l;(’:carl"<'Jslsrgl(‘v>2/7833

di propyl ene glycol n-butyl ether. Such glycol ethers generally are

consi dered vol atil e organic conpounds 1%-(VOCs). As discussed above,
preferably the cl eaning conpositions have a VOC content whi chei s acceptabl e
in accordance with applicable environnmental regulations. At present, in
accor dance misprintéhboatdyriniszxtremelyaliffionk to rémove qod efonld eduirb ab aggressiveC

normal use leBRaT BT it RS PaEnt He HTab AT Bt St alphent used in the |
conposi t i oeo&gogiﬁblfgés\gﬁ})ad & glngeat Srieih gmgé VEBstiiled RMURRE et

possi bl e. Mre pre y, t eaning c ition 1s substanti al Iry free
of VOCs. DelbAkoECoDERERMRXN ditdethiylsulExideNVBNIS@N Ciired ppaxyds senadvetiy pr esent .

i nvention i articularly suitable.for cl.eani .a substrate having thereon
a residte Rfﬂcgﬁ t&f\é‘?dﬁeﬁé’gﬁu%{“&b%ﬂ?%mﬁ“ﬁ? Qﬁﬁ‘%ﬂngrﬁ‘c ae‘il?té]?“?n‘)?‘éapﬁ’?fé Bt ocess
conpri ses %9ﬂ{e3é¥5ﬂeﬂﬁnii&?edsd69&;o§iﬁbﬁ. P'yﬁbiréris @G&f’g@k&xs%@iﬁi&hﬂ@itﬁ ARBR/Ab ON

whi ch renmoves the curable material fromthe substrate before it i's able to
cure and t iBehaipexpusorertbraghéldilimit valneoof & paxeper Thillionmstablishediby tharti cul arl y
suitable for_cleaning the faces of -electropic rts d apparatus for
manuf act ur %‘T_Beré‘i?@;# ?"F%c,ecg#i%ﬂﬁ‘é‘?ﬁ al}g@w%@%@%&%@@.the process of
the present invefHeipesehfinvafionTites %o b QRN RBIPoAHoR FMichUvefionRadlees and
uncured surface-"nount adhesives, including uncured epoxy 0 9-<<~1'" 2003
WO 00/ 30988lisadvintges agspeRe:d witlh the ugel b€ priowat cleaning eompositionsofer gxample.enci | s,
and ot her it%ms 'ndthe el ectroni cs assenbly process**hat require renoval of
these cont &oRaitsd B90YS: of erred conposition useful in the process is
substantially free of any materials wth an ozone depl etion potential of

greater than about 0.1, and free of any materials that make the VOC content
of the entire conposition i nRUMMAR BYVENBIONS0 grams per liter. A

bR ¥ OF THE,
oot £ on an o atorfincedBiuf B pFaEnhud oLl ER3 R X ebkstign | 20 @
wat er - sol uldleaniny £ abkRdte haviap ehapédd £rediduy whidtointwdesa aitatlaciginic Preferably

t he surfactant conpound is one_which has hydrophilic and |ipophilic
conmponért s. MajgH. ﬁwm&ccanw@s F@ﬁa%mgcqliﬁﬁ‘&tsgé‘iei wighyan,gqugous cleaning

hydr ophi i ¢ |1 [ e. LG urely

| i pophi | i C;-\co%rl JJ% %%&@%’FW?%%M&%’B}#%’ r}in%{axﬁ%(# o?;x?ﬂ%t% lelfrjgrhﬁ!g&l g{gﬁﬁLB val ues
vari es w t lnhibétirig/the nakerial floactaing prtor vg ite vamaval. €The provess idygdrtiadarlyHL B

val ues provide a useful nmeasure of_ the co rative drophilic and

|i pophi | i c SYieRedoemoying %H{?G&Hﬁé@e-moépgﬁeﬂvgsmc%% L KA@PEmes whi ch
are nore hy, Rald i Particularly
preferred a‘ﬁ’ewgt?ra%égr{%%éﬂh%Sﬁgﬁﬁ%%tglg{ogg%lg%%ﬁ%ﬁo‘t@gﬁ%q% about 17. To
ensur e 28ur i mgnufactufing afymsatus| eani ng, preferably, the water used in the

cl eani ng conposition.is i ani zed wat.er.. Man es of. noni onic surfactants
are suitable forg‘dg%fefrﬁd? ?“Bg&g%‘ﬁ?ﬂf‘%&ﬁ‘}%# ﬁ’ﬁgk"éﬁmﬂﬁxﬁﬂw’@ﬁi?ﬂe i s that

the aqueousconirigig Water, PréRAbRAdSOMNiHE] Witer, and @ sGFRGRMtOVIAEN [sBiM4sNg t he
targeted inpurities fromelectronic parts. In particular, the cleaning

sol uti on nepartialiysalubla fin thetwatere preferablycunanioniel sirfictast | Fanpinpasss efibisy
adhesi ves, fr uch rts wit.hout. caysin he adhesive to cure and becone
unr enovabl ea}pp?%]gt??% P%@Pﬁ%s‘f %‘8@%?&?%5-?%ﬁﬁ%seg_@?%%%ﬁ?ts&ﬁﬁozwparti cularly
sui t abl 25 f ogorSletelyinl WiteP4t 3661 Terfiperhtiife, Hue Whith dall be Rillyodissolveddr Bl ock

copol yners of ‘et hyl ene oxide (EO and propyl ene oxide (PO of the general

form (1) EClspersd inrwiten byi@aag ko degiredipperaling dempmatueorthydhe additionefal | y

as:

»

N1 -

a second surfactant. Good results are obtained using a composition which comprises
from about 50 to about 95 wt.% deionized water and from about 5 to about 50 wt.%

soluble nonionic surfactant.



(1) .HO (CH2CH2- O) 8 ( CHZCH( CHB) - O~- (CH2CH2-O)~ H or (2) 03 MAY 2003
* HO- ( CHZCH( Giwd)o0/aess ( CH2CH2- O) ~ (CH2CH(CH3) - O)d-H > , 30 wherpcTus®ehsiof a,
b, ¢ and d is between 0 and about 100. In general, the EO groups are

hydrophilic and the PO groups are |ipophilic. The nolecules can be sinple f
0 9 ~~~Al" 2003 WO 00/ 30988 PCT/ US99l 27833 E"~,. structures as depicted
above, or may have heteric or alternating EQ PO structures i'Mfroduced

internally or at_the ends of the .nolecule,. Preferably, the total nunber of
et hyl ene. oxi de. GrERED, ave. by CREHIREORPOT b BIRL 107 ARSAHIIBARE an ¢ he
number  of che‘PdWhS‘diﬁ1@,%&%p@éf@x‘éﬁﬁyl(eﬁbv?aﬁ’&utrsélﬂﬂﬁﬁlogtrﬂ&e%%%boh@7I0 about 55.
Bl ock copolyners S of the first "type are avail able from™BASF as PLURON C

surfactants, andntabosdangé withengthenprtfarademtwdrntiRONE Resant inyentzon, the Good

Cont ai ni ng e toBERF BT FoTEISG RSP RSP H) BERCATE ATEESS ol es
of PO and gfidie Srfatlanteh@Mdess of®LI§801Uthd?ComBburl €1 AL BBkdralfdAhulR| O0Ck

copol ynmers deri ve]d fromt@e seqyentlal addition 10 of propyl ene oxide and
et hyl ene oxi de tR Gt (@H.ERHOdRne. Such conpounds are also referred to as

ol oxam nes, . and .ar.e_avail abl.e from BASF as .fi=T | € surfactants.

e hoxy at o BEPSIE iEn Bl Eordvaiiy G RTaOT e i 1o oRt LBPOL e,
oxi de. SuchisiRl2BEVERESp ABYinE e t6 BERRABErHMN didifis, FEAS h h9droén Mehydid@edyl Wit h
et hyl ene 15 oxide. The products of this type are commonly described as

al kyl aryl p@oyptandn isacwieges obhtd halech glucal sthes apmpowsis arediseispeddnur e:

(CH3) 3- - --Eh - | . Lenr .S 1. aver age
nunber Weﬁﬁ%ﬁt %‘%0&%@ %ﬂéﬁ%@if{\ﬁ%?hélgg&gﬁﬁféﬁheédg%yet hoxyl at ed
oct yl phenol gfeaékea Pedféreddl @lydol @theblbbraporns B dfis AFmAls tORUIN tite PRE¢ES

surfactants. Particular|ly preferred products of this type . are those in
whi ch x rangléaing epmpasiion ate prgpyliene s>§cqétqv@klwﬂmrmaﬁw§ﬂr§nbmpxlenavi ng about

oct 1 phenol oS HER Al b GA o ity Mprob et Bvehl SE et o .

Particul arly preSach giycobethgtspiraaallg alecoonsidered welaiieophnid zompounds10 t o about

12 nol es_ of yl ene_oxi de. E) Linear, et hoxylated al cQhol s hayi about 6
to about? 1802@&% RS iE85ed, 80 U BIRLerAP e, SR £OmBP GOy i M&e oxi de,

ol o5 of ot Ryl oSkl Rop b dbpoGarcB SR SRR el BB 5710
about 20 caAbpresent3@ aatordanca wdthaBalifornba tegulebions, it4i6 praferesd that the MO@ne oxi de.
The ol ecul contentof %lxesc%n{pbsiﬁor\{\%)s l(c.)e(s)sI t%gr? gl?out 50 g/1 at concentrations for normal use.

Preferably the amount of the glycol ether component used in the composition
20  relatively small to provide as low a VOC content as possible. More preferably, the

cleaning composition is substantially free of VOCs.

DETAILED DESCRIPTION OF THE INVENTION

The process of the present invention is particularly suitable for cleaning a
substrate having thereon a residue which includes a water-curable organic material.

25  The process comprises contacting the substrate with an aqueous cleaning composition
which removes the curable material from the substrate before it is able to cure and
thereby become difficult to remove. This process is particularly suitable for cleaning
the surfaces of electronic parts, and apparatus for manufacturing such parts, of organic
residue. For example, the process of the present invention can be used to remove both

30 raw solder pastes and uncured surface-mount adhesives, including uncured epoxy



~0_.0 9 r~At 2003 PCTI US99/ 27833 i ncl ude propyl ene oxi de groups. Pr cpoajgﬁﬁ‘gzuna
- of this typgoapBosayai | able as TERGA TOL surfactants from Uni opciesdoindss | n a
preferred form the cleaning conposition has a pH of about 7 and conpri ses:
(a) fromabout 50 wt. %to about 95 wt._% dei oni zed water; (b) about 5 wt.
to about 50 wt. 9% water-sol ubl e nonioni® surfactants. In another embodi ment
of the present invention, the cleaning conposition conprises*an aqueous

m xture of a surfactant, Freferabl y..a nonionjc surfactant, and gt |east one

gl ycol et hefhesaiepdiniy cueuil heards Sisngils, pad pthenitems i the eleciemiaiassenely 10
wherein R _j | . i : ...carbon
o ome Ry PLotes BNCHERARTCG Hindd Shtiindlo P oA Aot BB A Pin
hy~rogen atlgprotess issabbightigllyofige ofoang niateralawith ah egene dupletioh @otentidlroff er r ed

gl ycol ether conpounds of this fornula for use in the present cleaning
conposi ti orsr%t%%w&y%% Ydfxes Ofaqnwﬂat@i%ﬁhét,mﬁ‘é@r@FéﬁE@FPVe'éﬁO&%yl ene

gl ycol al kyl;:et s I I j lene glycol 15 n-butyl
et her. ?Nt %gtu ‘{Eﬁﬁ%ﬁlﬁg% E%%F%g%@lltaﬁgh@tgy gﬁﬁ?%ﬁ??%&:t ant and gl ycol ether
conpound, a pr efAeprefaredompmslirhentrofftior prosess bfithe ipeesprtaaessionfutillibes apr esent

invention conpri.ses an. aqueous m xture contain about. 95 to ut 10 wt. %

noni oni ¢ SGP%E?IQHIEW & SeEwalsT Efva%swi?gggoéIpfgk?ﬁly&ar‘i‘gfm@\g%pound, ‘

more pr ef ergll Ma@bRlte @Qfe}‘ébl??%ﬁioﬂﬁ: s%Pfaayamewaefagpi the Sttt atthpsid about
col € . A preferr

40 to about 60 wt. % gl er conpound ed nethod for cleaning
parts in adconewhich has hydropkilipard dipophihe eomponentss Stigh compowidsareiaftea soni ¢

Frequerly Shemaearriy S RraPhib nappiieeaang- o il WEh Mhes S8 T o
sinpl e agi t(ﬁ{u%g' fgﬁﬂilﬁg t@!@(blﬁ‘él%'ﬁxgra.ﬂigﬁﬁk?.dTﬂ@ﬁchoHro?ﬁEQﬂﬁiniﬂﬁmr ts are

sufficiently 2 aned. As ano tefnative, a streamo | eani ng
sol uti on cahise vaiiesewitte theatype bbsusfacfantbeingévalpatdde diextrthelesst BiBovajuesi t h

sufficient forge to djslodge d di ssi pat he .soi | . w t hout damagi ng the
subst rate. PHTIGE auseihl Betoef e sempaRr rdipmyit et thonhii PP RERER, o
are di ffi clWompoRndd"MEfefred SinFiktafts GRIINREMRIcH a8 mOB R REpHINE, ReteMUIpBENt . 30
Cl eaning can be perforned at roomtergerature or at ‘el evated tenperature,

17

dependildg ornluegrederthand0. Bertichlarly prefgrredanasuifentangs havieg HI.B values fiom ur e of

h 09 ~3~~~ ' 3 130988 PCT/ U329/.27833 -9 I
“bei ng used, PEHNQ REByLEN ofo EREE PP s Xa s K NIRRD, Benlel ' o
det er m ne ngediin the\Wiahin®contpositiddiis Heibaized waREr at ure adj ustment is needed

or desirable. Al though roomtenperature general I}_/ i s considered about 72 F
(22 ©), it is pManehpes of nenioris Fpactants A spisable fararse iythaPrese®m t enper at ure

be effectiw .t e . . nd.as high as
about 90 Ifﬁ(%gl&c;mﬁ%%gg%‘%ﬁ%%ﬂfehaggg#éss en%Ctgﬁ&é%?}nggbﬁgg @cont ain

gl ycol 28 herapableof pmidving tirrthngerpddfnpurides fran elestronic patteahi paytiquiaycthsses
conducted at, tenperatures of abqut 60 F 160& é)o about 90F (32C). el evated
cl eani ng teﬂs@a‘ﬁf srtaion needs & begrle torempysyncired aghesivgs, segh 84ePK¥ut 10 140 F

(009 snavReSEs, HHNthoh sk @Rioh Pl Rl ABDE URE WEEHoGRRX adnesi ves

and sol der pastes. npositions o resent invention I c~ do not
cont ai n gl yemremewiise.sThe folloavihg typeaof yorsionicesnirfactants ansparticuladly suatable

e e B bt ot g " (00 Cmpesi o
25 A)  Block copolymers of ethylene oxide (EO) and propylene oxide (PO) of
the general form (1) EO-PO-EO or (2) PO-EO-PO, which may be represented
structurally as:
(1) HO-(CH,CH,-0),-(CH,CH(CH,)-0O),-(CH,CH,-O)-H or
(2) HO-(CH,CH(CH,)-0O),-(CH,CH,-0)-(CH,CH(CH,)-0);-H ,

30 wherein each of a, b, ¢ and d is between 0 and about 100. In general, the EO groups
are hydrophilic and the PO groups are lipophilic. The molecules can be simple



suitable for use at such tenperatures. 1 S The cl eaning conpositi ond 39 TRB
* present i nvwotopQeshave a nunber of advantages associ ated w teicTiusedR7838€.
They are environnmentally attractive becaasse they are substantially free of
ozone depl eting substances, lowin volajile organic conpounds, nonflammable
and have a relatively low or neutral pH They can be used to clean both raw
sol der paste and uncured surface-nount adhesives fromelectrefic 20 circuit
boards and stencils. Wile not wantjng.,to lim¢t the i ion, we believe
Chat ¢ he eCHAMES A ASPIA ShoYen et BRLaBmbel RS Shel S CTSEE L HEEPEE epoxy

adhesi ves iiftréduceditahiPsr 2 thetinds 6f e nilectild ElefPMly tRtofl flmbeCoDY
mechani cal agitation such as ultrasonics or spraying. The resins and other

sol ubl e corgtiydenstaxidef groups (adtm sanges frameabdils2blovabdui 11428nd the naniberefus

cl eaning conposition, Plasticizers in the a i ves e, di ssol ved or
rer ol y Sof TENBIETE 4 ARG 5FeRees RGeS 0 BhibothSb) BISEL CPRAREFS and

pi gent s a5 SReHBEdd dyafiilte SBISAIas PLURCMICIOLARMAR S mldERAWPLES 0 0
~~Aul' 2003 PCTI US99127833 EXAMPLE | Product Preparation The cleaning

conposi t i orthe efcobtypeias BEUROMICRR surfdctmts.nfged resulis woredhbtainedusiig h t he
present invent.i re .prepared hy m xing.t inar edient s ,Ln_the
D opor t1 onsPScilf Blech ZpBriPmEnSiioghiont torehfirk 2R s SLEOH 0PI 4. soc

bl ock copolBEI4 fbles bf BOI 28 20imak vt FLand 6601656 E@RHd 39 nivMsast PO.

propyl ene oxide (PO, and 0.5% gol }éoxyal kyl ene gl ycol ether (TERG TOL
M n- Foam 2X fro®ho Urtefncteral dlock cppolymersdistived frem thgyseguentipl gddiipmc k

copol g 9 olg}fén%sox?c{e 519 st ?réooxfﬁél 1§ %@9‘6&5{9&6%% eS?icljf cg?ng&\slr\ﬁtsgge?ﬁ%{s% bl ock

condensed w noles o yIené oxi oni'ze

copol yner akfedfed iohepolotanEaenand 2@ akhilabld £omEASOxs THTROMICE yal kyl ene
gl ycol ether. D. 95% dei oni zed water, 5% bl ock copol yner of 25 noles of EO

and 20 nol e3@Ftapy Use Exanples 1. Sol ution A was placed in a beaker and
‘he beak : . : _ Ll
e beaker ves. Ot Sl ngd ko) Pl ihEREYE Tl U SR gl

ul trasoni cs. The “sol uti or was n one a e anbi ent
t enper at ur eoxide. t ehtmsikculés may bopreparddby trgearonfodbeigiphend! with ethylehe 120

degrees Fahrenhejt (operatjng the ultrasopi¢s gradually raises the

tenpera?éureo’ﬂﬁe'?héﬂlfﬁ %P#%ﬁ)’?e ﬁssmn@‘g‘iﬂgﬁb@f%ébeiw et ng of bot h

smal | dots ;{lémﬁﬁq{a%itﬁéefoggwﬁ,g;ézgh&gfgﬂ%ﬁﬁ.e:and athick filmof Loctite 25

CHI pBONDER 3611 or G ba EPI BOND™72/5 surface-nmount adhesives, and 0.5 gram
1 b dhesi d

of Al pha UP-78 niIt)eGH,€<¢CHg)-PheamilOQRIE)HOHced on an epoxy | ani nate
printed ci rcHi t. board. The board was, i Es?d in.%ol ution A .and.the time
for compl et ¥NYEHGERPTesEnts e aYFage number o sty lene oxidegpupsdn thaabet sidesi ve dot s

were conpl e/ Stﬁ:ﬁ'@ﬁﬁﬁyia?ecﬁod@l?h@tﬁﬁs, aré BeaiRPledRim RAKIECHBRIeGENP! etel y
renoved in 1.5 mnutes, and 30 the thick adhesive filns were renoved in

about 39 ni FRIEQN® X<{Seges surfactansCPartinalaply wefonsd porings of thrstype aretthose

in which x ranges from about 9 to 12.

D) Ethoxylated nonylphenols having about 7 to about 40 moles of
ethylene, oxide, of similar structure to the octylphenols, except with a nonyl group in
place of the octyl group. Particularly preferred nonylphenols have an average of

25  about-10 to about 12 moles of ethylene oxide.

E) Linear ethoxylated alcohols having about 6 to about 18 carbon atoms
and about 7 to about 24 moles of ethylene oxide, more preferably about 11 to about
15 carbon atoms and about 7 to about 12 moles of ethylene oxide.

F) Branched ethoxylated alcohols having about 6 to about 20 carbon

30 atoms and about 6 to about 40 moles of ethylene oxide. The molecules may also



,. 2. The sane test as Use Exanple 1 was done with SMART SO VIC 449@,%@ 2003
wat er - basedyg] doAbsgge detergent. Fol | owi ng the manufacturer’ spg$gisge27833
reconmendat i ons, the product was diluted to S% active with deionized water
(SO% by weight). Loctite 3611 and G ba EPI BOND 727S adhesi ves and Al pha RVA
S 390DH4 no-cl ean sol der paste were tested. The sol der paste was renoved

Wi thin 2 mnutes. The adhesives were not renoved even after %=hour, at

whi ch point the test was discontinued. 3. Solution B was tested in a

machi ne speidfipdepiopylenketidagtoupy Riodugis of dictypeagryailitdpps RERGITRE®machi ne

consi sts of eat ed tank gaining 40 kHz 10 sweep frequency ultrasonics
and a dei onﬁ@é@@é%@@@%&?ﬁ’ﬁ%e There is a rack and basket attached to
an automated | i ffin,a phbfefibd Goith, B di@nRipa@nipdkitionhes 4 pHSErhbeut 7 ad t he cl eani ng
solution. In the cleaning solution, residues are renoved by the solution

with the aiepmmisasséndrane abow §Out Yooa abat HSavto Yo drienizedmrterclhy phentSomt: As
the |ifts riges 8008wl GADkALCHIE RS Affkdiised Wi th a DI water spray.
Drying i's done nmandally w Rar oL roma spray nozzle on the nachine.

Al pha AP4000, Al phaofRM eifdditheftofeheprasenfinventidlyie/@Erhin@ osnpositien UP78
no-cl ean sol der pastes, and Loctite 3611 surface-nmount adhesive were

appl i ed t o NHTIFEEYaGERNs MEGWE 6h 8 sudastad.dieigrablyea ppnienterfurfestantnandal k
filin of a .2 gram consi sting of snall
dots repr egfe%%%gﬁf g{é/g{;)i}eﬁgerignﬁl Brl n§ﬁh%géc]%§1ﬁt #’J(i: lin | m of adhesive were
applied. 20 The R@p@K,CPRHO)pRACed on the automated carrier in the

machi ne, and all of the pastes and adhesives were renoved conpletely,from
the coubfbnsWhariR tima hydiopemhatar eas Atk greupdiaxing 1 toabogt parheratoms, RooF, b.

4 minut 3 R i, . 2> i . 4.
ol o Al a5 e faviflT QB8R arekdom® ks 2 B [ dHeR RS o kAT
AP4000, Al pgrauRMhd AqDEH imezet bE21y 4 APiiaTdd\APo Effer enwipdimiaf T formme! ean

sol der pastes, and Loctite 361 | surface-nmount adhesive were applied to 30
stainl ess stoE&pe BIbpBRsEent elopring somppsjonrregrenidineslysel allgdetiesn, Al pha

et acus. PooCeRa TRg RS 0| BREF ghets 1A oS pA R oSG g8

sur f acelfoundbubpdikthsr.ves were applied to a circuit board. A thick fil m of
about 1 gram of h paste, .and about O r consi.stin f small dots
repr esentgative o%ﬁ‘“&‘%ﬂ °p’§’H8“¥§’“§ﬁfﬁlegsflfai{p%fa“9(ﬂi%‘sq?\? SHEEPASY i ed.
The COUponSaﬁMer‘r‘édrdbﬁiﬂosil%ﬁrf@r WRhifthe! s 8ftht BRsaliAvERA cofipris€d ad N the

machi ne, and all of the pastes were conpletely renoved fromthe coupons
usi ng t he f aqucowns mixteiesaniaimgng ghoue 83 tamabadt i) miLevonipnicZ0facthnt Sdrabout es at

130F, : ' 40F. A1l of t dhesi | d
daing the i 5t Brdg0 B apinl endicbuboud maE R RPR ARG gL B [ DD ee
at 140F20 c. we.%honibiEs siifactadit fmd Mout 40 to fbdiit BUWR Y, glycbPEther &ompantd! i on C was

diluted to 10%in deionized water and tested in exact|y 15 the same manner
in the same equi pvinreferrad ns&qdﬁode@m&pm@naemrﬁm@emtg:ﬂmmgt H¥eRiias wer e

Ecanpl o3 SRyt BR e S6e R iqf b o SRSl i 50 B oY 2 °
UP78 nocl eawithamep\rafieenBVARrabiits. aAHerhivdly,ahedpakls coMld Belhmnbsed ed e

applied in spall 20 dots and a thin filmonto netal coupons. Al pha LR737
no- cl ean soFEMe pgitated batkox evenjanamagitated bath.previded o partsgre aifficieptiveus

PD955PR4sur f : i . i ] i LCUI hi ck
F1 i of apg i M8 nabSRlorfl Ll freBbe iholed Byt be RERa bl C |
dot s r epr es emifadeibeingadeaned, preferabhyt with sulffieicnb forée foi distodge ashdissipsc ter e

appl i ed. Theﬂiiou ons_and, circuit board. were placed on the 25 autorrgqt ed
carrier in # “ﬂ&’@ﬁ'ﬁ drmnagingthe subsgate; Jhistechnigquegould be pastisulagly wsefal fary 1y om

h j f M ' ol ] 130F, b. 6
i mut o5 ot - TS ol et o g o s ofppBINGRIng S0V

wer e conpl eteqhipmeatitoved using the follow ng cl eani ng cycl es:

30 Cleaning can be performed at room temperature or at elevated temperature,

depending on factors such as the contaminant being removed, the nature of the



0s ~r~ - za?3 WD 001 30988 PCTI US991 27833 -13 a. 6 ninutes at 130F, 08rM4 2003
6 m nutes ayoldiHpegsEXAMPLE 11 The fol lowing are exanpl es of g¢fagioRgsss
conposi tions conprising mxtures of S nonionic surfactants and a glycol

et her conpound. Conposition E conprised,46 wt.% of the same nonionic
surfactant used in Conpositions A-D (Pl-Uronic L44, identified by the

manuf acturer as a bl ock copol ymer averagi ng about 2~ noles of*et hyl ene

oxi de (EO and 20 nol es of propyl ene oxide (PO), 41 w. % di propyl ene
gl ycol  n- butspstrate.fhs cleapesbeing vscrhoms the tyor o HiEaRing Brogsss. @m@%@ﬁﬁh@t ary

def oaner) pr%n%e§ rﬁ\Mne re/&ﬁ'l 'vﬁ,{élt}f]c;ggrl%@({(ﬁﬁo &ﬂe?rﬁj’efa‘?{i:%aa’&pfstrﬂénﬁé higagy sy based

def oaners, erab y organi used rn place o e proprietary

conmer ci al dtsiraiseeAlthewgti room térhserstiageneral ly ecoteidessdriboun? 2 Fa@ded), ito r educe
foam ng, which is of particul ar_inportance when the conpgsition is applied
by sprayi ngsmm drrormositiprs for sleaning alrgadeRperatire §5|e§fe¢tty§rﬁtng in 15

cl eani ng; coppashi-QNR 10 CATRARK kb4 16-LS ol BT RERRL Yodt 0 R ldRIHdI Tuti on to

about 1 une percen Irst s ests were

conduct ed i @ombomﬂmmmréxﬂﬂn&ma vﬂﬁsﬁ ehtdis gh@ohethérs ke pariomanly an
Technol ogi es f2( ég spray -| n-air machine. Different soils were 20 applied to
a stencil oBTEICEICR APFStie i‘hc legningpraegsssronfiyriedat temperakres fabputflEFat ure for a

specified I@@g@ptoojboaggmf:d'ﬁtenperature range was 75-130F, and the tine
range was 3-10 m nutes. The sOils tested were Heraeus PD955PY, Heraeus

PD944 #3, Locti tBleg@édcleaming tehgnlamtuﬂ&?ﬁ thﬂnmgc)ef aboout 1 O WAE43310) td glbut 0 10 %
intap te r conplete renpval of the soils
st od BB ovieQEuBa i havs Becarifindsiible pr Jaume Brs tnuae SR0y RIDERVRS or at ur s
of | 15F OF hicaier psTorigolion oﬁt]hehfué&ﬁ%nmmﬁw& d0nfonth] bELAN

Bel ow 110F, a cl eam ng ti tes was tested and foun
i nsuffici en@therflam wArteandrlyguit abip fwiuse enelewatedtompetaturesio fidbmun 1 ) Fr @330y e of

greater tha j ol chine. Most .tests ed sust ai nabl
pressures n@’aﬂ% %‘gﬁ@ FQQ\#&S &ﬁ@ob‘ln8§%%ﬂnéa‘?ﬂé'§érgl%é’l?F%EF%P%‘E?%%W ai°’1’he f oam
30 in the rgﬁﬁbwqbfu%%s@m@h Sfatiprst abl e while not even covering the entire
air/liquid s 0 9 I~iia~" 203 WO 00130988 - 14 PCTNS99| 77833 ,,

interfat® in t heTheeleaning eomppsitions chthepsesentgnvantiondane amonibesof der past es
o0 adncel Gahlo A TRTOIE HEC HE) 8GRI b o
wer e conducthe atedsubstamanle fie B 0sorie! deplebinpistbistauces, low in volatile organic
compounds, nonflammable and have a relatively low or neutral pH. They can be used
to clean both raw solder paste and uncured surface-mount adhesives from electronic
20  circuit boards and stencils.
While not wanting to limit the invention, we believe that the mechanism by
which t}_le present invention cleans uncured epoxy adhesives is a combination of
dissolution and dispersion assisted by mechanical agitation such as ultrasonics or
spraying. The resins and other soluble components of the adhesives are dissolved in
25  the aqueous cleaning composition. Plasticizers in the adhesives may be dissolved or
merely softened and dispersed by the composition. Insoluble fillers and pigments are

dispersed in the solution.



reference conposition conprising just organic solvent and water. The My [m
ref erence cw@ﬂoggson was 65%tripropyl ene glycol nononethyl gt 99/9-3833*30/20
water. Al tests were perforned in an Austin Anerican Technol ogi es X- A30
spray-in-air machine. The reference conposition was further diluted to 85%
in tap water, and the Conposition E was @rluted to 16%in tap water. Tests
wer e conducted using Indium 10 SMX®P2 no-cl ean sol der paste amgeLoctite 3609
epoxy surface nount adhesive. Tests were conducted using fresh paste and
adhesi ve, and pastes and adhesives dPRAMBLEXifferent times up to 20 hours.
Cleaning te gs were bet ween about 1 O1 F and 135 F. Both Conposition
E and the r conposition were effective for renoving the test soils.
Foam ng waspg@hct®rédapitigam for either test cleaning 15 conposition. These
tests denmonstrated that Conposition E was as effective as an organic
sol vent cl eaner Tl cleandingcompestiansof Sebitwas A8, CupidPemade it acgidardey es
using a sprayszi.n-air chine. Conpositi.on E conprised.50 wt.. % of Pluronic
5B ook cBIBISHHEFRbv G o7 Bebad O iR TR IlFesyemts & he AlrPREEI er s
a bl ock copghtd®BEloW B weightpab@itt 26 20 noles of ethylene oxide (EQ and 31
nol es of propyl ene oxide (PO, 45 w. diwg!rpogyl ene glycol n-butyl ether, and
C.

5 W . % dei oni zed- wat 8% detamirsdiwaten 415% eoppdamen of 24ripoles eaethilgnaret hod

as di scussed above, but.,i ef ed,faor. use.in ultr [ ani ng '
processes, and is par?’lugﬁi%@; V@%@F’é’ﬁs@fﬁ’ ?pybeélg ol;‘lrl&ec(?ég’%éf%ﬁ t enper at ures
of about 70 to about SOlfoxydikylesd sy¥slicthes (TERGIEULENRGF b 250kbawi ng

commercially avai | abl e sol der pastes and SMD epoxy adhesives, which were
appl i edl@o stencils wnipnkCabids)-t ch apertures: PastesSMD Adhesi vesAl ha

RVAS00DLMHer acus PPDos SR AL A o L8 Pl SO EE Abol B ofppmg 20
VIO 001 30988 - 15 0 9 ~mreteof POYaAd BT, UEAARTSIABnensed gathloomalesor ei T her

Conposition F or Composition C were poured into a BSC- 944 ultrasonic
cl eani ng nachi ne, andethilese oxids. added to make a total volume of about 50

21 owed to degasror THdae wEEE o] BRGLERON MRS HIRESL B0 AT20

al l oned to degas for S wer e carrirer and
cl eanedl$or S vari ousnigssfiFO,cindt5%polyalkylenaglycobétHere was observed. Test

conditions for each product are su i zed bel qw. Com.osition_FE at _10%Com
osition C at loo/é'ear Pg%‘ ‘%‘éﬂ‘ﬁé?da‘f’ﬁﬁemg%eﬁf%gc YIRfE O -0%39 OndeVanbi ent
(73F) or heated 120FRisg& 4¢P 1S secondslS secondsRinse flow rate2. 5
gpn2. 3" ~m 10 Test Results 15 20

Use Examples
1. Solution A was placed in a beaker and the beaker was immersed in

20  water in a tank containing sweep frequency ultrasonics. The solution was not heated.
Cleaning was done at the ambient temperature of the tank, from about 100 degrees
Fahrenheit to about 120 degrees Fahrenheit (operating the ultrasonics gradually raises
the temperature of the composition). About 0.2 gram of epoxy consisting of both
small dots (representative of a “misprint”) and a thick film of Loctite

25 CHIPBONDER® 3611 or Ciba EPIBOND® 7275 surface-mount adhesives, and 0.5
gram of Alpha UP-78 no-clean solder paste were placed on an epoxy laminate printed
circuit board. The board was immersed in solution A, and the time for complete
removal of the epoxy and paste was recorded. The adhesive dots were completely
removed in 5 minutes, the solder paste was completely removed in 1.5 minutes, and

30 the thick adhesive films were removed in about 30 minutes.



GAY 90
In all cases, Conposition F cleaned nore quickly and at | ower terrperna% t'ﬂ‘&é%bm
" than Conposve bwsv9s The average cleaning tines for each soi lpcansosnssari zed
inthe following table. Soil Averaa Tinme to O ean m nutesConposition F
Unheat edConposi ti on C Unheat edConposition C at 120FUP782104UP780SPNot
testedNot test ed6RMA390DH44Not tested4d 376EHANot testedlOE iborid 7275
red4>10*4E i bond 7275 ell. 4Not testedNot testedHeraeus PDI55PR5Not

t est ed>10* Her aeys PDQ55PY4Not testedlOLoctite 36125 ted>10* * Test

terminated af tef 10 P §RBS tesigsi Ys M%Wéﬁépvwgm% ~~' 2008

-16 CLAI MS440R A &Lt@%ﬁés@& aﬂ(raﬁﬁgéﬁelg@ﬂiprFoﬁbﬂ%gctﬁgh?aﬁﬁfaeﬂlré’ﬁupst rate having
e epoxy adhesive wth an

thereon a watercura aqueous cl eani ng conposition
havi ng a pkcomnmadativrabthetprddicawds dilnted Bt 3% ectivegwith deionizpbwatdr (5 ent  ( VOC)
of | ess than.aboyt 50 and,.co [, Sina. ) @about 5.tq a 50 wt. % of
a wat er solwﬁtﬁ_'ahg' #ﬁf‘ﬁ%llﬂ}ag:é@ gﬁ{é%ﬂ&dﬁfﬁdgﬁ??yﬁg@g@g%e from
curing and3uhibAR nosol&hf Rfdel ¥&std WefeBBRYI, "DheSRd dbr BAIE Ha¥ BerhGvRAWARI?
substrate; and (B) about 50 to about 95 wt. % of water; wherein said

cont act i s mnitas. al eeaiihesivesaweremiobenuived evan aftef flihohs at whishgogw thestastd
adhesive fromsaid.substrate. 2. A process according to claim1l, wherein
sai d syrfa@faémsc? "Yetect ed fromthe group consisting of one or more of the
fol lowing: (A) 3, bl oGehiRAB WakiesRl ik McRine specifialgidsiphddslcaag oxi de
havi ng about 24 to about 144 noles of ethyl ene oxidé and about 16 to about

55 nol es ofstepeidgandanisportsddhe pRrhine sonsysixaid hestedt@)k eantainingéP|kilzed

octyl nol VvEna. abo 9 t.o about .40 | es. of et hyl oxi. de; an
ot hoxy 18 od™ G Pl Hasich AR A ot B e e 1 BEreF 2 B ghEhe "oxi e
(BE) a linedasiet htackbdicsh alteahed 1ifawhitd cal 8b lowert@intd ot raisdd 68y dfake at ons
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25 c. 3 minutes at 140°F, or
d. 2.5 minutes at 130°F.
4, Solution A was tested in the same machine as in Use Example 3.

Alpha AP4000, Alpha RMA390DH4 no-clean, Alpha RMA376EH, and Alpha UP78
no-clean solder pastes, and Loctite 3611 surface-mount adhesive were applied to

30 stainless steel coupons representative of stencils. In addition, Alpha LR737 no-clean
solder paste and Loctite 3616, Ciba EPIBOND® 7275, and Heraeus PD955PR re
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30  All of the adhesives were completely removed using the following cleaning cycles: ’
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10% () 01(2:((){?0 gfr)nel gv%%%ég) abo-llit1 g:/ﬁofe)s o%t%ylene Ioﬁd@ ’Zgg%fdg %8 ms(o)f
propylene oxide (PO)), 41 wt.% dipropylene glycol n-butyl ether, 9.5 wt.% Ross
10 Chem Foam Blast 397C (proprietary defoamer), and 3.5 wt. ¥ deionized water.

Other organic or silicone-based defoamers, preferably organic, may be used in
place of the proprietary commercial defoamer used in this example. The defoamers
are added to reduce foaming, which is of particular importance when the composition
1s applied by spraying methods which otherwise can cause undesirable foaming in

15  cleaning compositions.

Composition E is preferably used after dilution to about 10 to about 25 volume
percent in water.

A first set of tests were conducted in which Composition E was tested using an
Austin American Technologies X-A30 spray-in-air machine. Different soils were

20  applied to a stencil and cleaned in the X-A30 machine at a specified temperature for a
specified length of time. The temperature range was 75-130°F, and the time range
was 3-10 minutes. The soils tested were Heraeus PD955PY, Heracus PD944 #3,
Loctite 3616, and Alpha UP78. Composition E was diluted to 10 % in tap water.

The minimum requirements for complete removal of the soils listed above was

25  atatemperature of 110°F for 5 minutes. At temperatures of 115°F or higher, a wash
time of 3 minutes was found to be sufficient. Below 110°F, a cleaning time of 10
minutes was tested and found to be insufficient. The cleaning composition was able
to maintain a pressure of greater than 30 psi in the machine. Most tests yielded
sustainable pressures near 35 psi while the pressure never fell below 30 psi. The foam

30 inthe reservoir was clearly unstable while not even covering the entire air/liquid ’-
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) 10% & () - Ahefef oSS SoshMN0ad Rirthdr difiEd h%5% in tap water, and the
Compogition E was diluted to 16% in tap water. Tests were conducted using Indium
10  SMQ92 no-clean solder paste and Loctite 3609 epoxy surface mount adhesive.

Tests were conducted using fresh paste and adhesive: z?nd pastes and adhesives
aged for different times up to 20 hours. Cleaning temperatures were between about
101°F and 135°F. Both Composition E and the reference composition were effective
for removing the test soils. Foaming was not a problem for either test cleaning

15  composition. These tests demonstrated that Composition E was as effective as an
organic solvent cleaner for cleaning solder pastes and surface mount adhesives using a
spray-in-air machine.

Composition F comprised 50 wt. % of Pluronic 1.64 block copolymer nonionic
surfactant (identified by the manufacturer as a block copolymer averaging about 26

20  moles of ethylene oxide (EO) and 31 moles of propylene oxide (PO), 45 wt. %
dipropylene glycol n-butyl ether, and 5 wt. % deionized water.

Composition F may be used in any cleaning method as discussed above, but is
preferred for use in ultrasonic cleaning processes, and is particularly suitable for use
in cleaning at temperatures of about 70 to about 80°F.

25 " Tests were conducted using the following commercially available solder

pastes and SMD epoxy adhesives, which were applied to stencils with fine pitch

apertures:
Pastes SMD Adhesives
Alpha UP78 Epibond 7275 Red
30 Alpha UP78-OSP Epibond 7275 Yellow
Alpha RMA390DH4 Heraeus PD955PR
Alpha RMA376EH Heraeus PD955PY
Loctite 3612
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Cleaning Temperature | Machine ambient (73°- Machine ambient (73°F)
- 93°F) or heated (120°F)
Rinse time 15 seconds 15 seconds
Rinse flow rate 2.5 gpm 2.3 8hm

10 Test Results

In all cases, Composition F cleaned more quickly and at lower temperatures

than Composition C. The average cleaning times for each soil are summarized in the

following table.
Soil Average Time to Clean (minutes)
Composition F Composition C Composition C
Unheated Unheated at 120°F
15 UP78 2 10 4
UP780SP Not tested Not tested 6
RMA390DH4 4 Not tested 4
RMA376EH 4 Not tested 10
Epibond 7275 red 4 >10* 4
20 Epibond 7275 vell. 4 Not tested Not tested
Heraeus PD955PR 5 Not tested >10*
Heraeus PD955PY 4 Not tested 10
Loctite 3612 5 Not tested >10*

* Test terminated after 10 minutes. Soil not completely removed.
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said substrate; and (B) about 50 to about 95 wt. % of water; wherein said contact is

maintained for a period of time sufficient to clean said adhesive from said substrate.

2. A process according to claim 1, wherein said surfactant is selected from the group
consisting of one or more of the following:

(A) a block copolymer of ethylene oxide and propylene oxide having about 24 to
about 144 moles of ethylene oxide and about 16 to about 55 moles of propylene oxide;

(B) a polyoxamine;

(C) an ethoxylated octylphenol having about 9 to about 40 moles of ethylene
oxide;

(D) an ethoxylated nonylphenol having about 7 to about 40 moles of ethylene
oxide;

(E) a linear ethoxylated alcohol having about 6 to about 18 carbon atoms and about
7 to about 24 moles of ethylene oxide; and

(F) a branched ethoxylated alcohol having about 6 to about 20 carbon atoms and

about 6 to about 40 moles of ethylene oxide.

3. The process according to claim 2 wherein the surfactant comprises said block

copolymer.

4. The process according to claim 1 wherein the surfactant comprises dipropylene

glycol n-butyl ether.

5. The process according to claim 1 wherein the surfactant comprises tripropylene

glycol monomethyl ether.
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11.  The process according to claim 3 wherein the nonionic surfactant comprises said

ethoxylated nonylphenol having about 10 to about 12 moles of ethylene oxide.

12.  The process according to claim 3 wherein the nonionic surfactant comprises said

ethoxylated octylphenol having about 9 to about 12 moles of ethylene oxide.

13.  The process according to claim 3 wherein the nonionic surfactant comprises said

linear ethoxylated alcohol with 11 to 15 carbon atoms and 7 to 12 moles of ethylene oxide.

14.  The process according to claim 11 wherein said residue comprises an epoxy-based

adhesive.

15.  The process according to claim 12 wherein said residue comprises an epoxy-based

adhesive.

16.  The process according to claim 13 wherein said residue comprises an epoxy-based
adhesive,
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18.  The process according to claim 17 wherein said residue comprises an epoxy-based

adhesive.



