2257988 ADH/3484A LCM#RESIDUE ROSI N FREE SOLDERI NG FLUX Thi s invention
relates to a |owresidue rosin-free soldering flux, espeC|aIIy a fLyéiS§§L
contai ning a di basic acid rixture, that, in use, §§ essentia® @

non-corrosive and ionic residue-free. 5 A sol dering flux .
.used to aid fusion of netal parts being joined together by sgbgﬁ h@g by
reacting with and dissol ving the surface oxides or impuritie

whi | st coating the HOW-RESIDIRAST BE| SOLDERINGy FdM¥jering at a

t enper ature above the 10 solder neltlng p0|nt Crganlc fluxes are

typically based on wat S Si vigg € ani ¢ acid.
Activated rosin quxese%?%ngéggh%lggl r|n electé i@ gsﬁﬁégglons on
printed circwasirfzre soddessngefilng . 1®spaaiaklyl & of lmsssoptadadmgon
circuit boarc Piskesiddadsd byireakel, Nehiahs fuwus@,r ejdeaks8Atiag1oard,

appl yi ng the sol der a _molten saol der.standi ng wave), cooling the
board, and dqgﬂnqﬁfé?s?%ér%ﬂavéopﬂﬁxﬂ%igaﬂﬁa%Wﬁﬁbfronl 20

Such 18 residue is mek n$gldendngt dllack dis used te.aid fwsion of basic)
he. presence Tt ool erns, JaLrud XS Iy SLge thgeoy fuente I
short - ci r cui tRE2GHHG Fér3890915595014$1 QEig?ﬁ PXLCeFr&it board
product. Thdmpuarities thenéba whé lsftf eoaitisly thei skedfagesubgadnistg t he

ol der ed boar, e t t L O t refrom
us. Patgnt (o %@11%"‘02&?2315912%&?% ' Gerfifotubel 48608 LA T O
chai n-b '

Organlc fluxes are typically based on .
water-insoluble rosin or a water-soluble organic acid. €-'
Activated rosin fluxes are used in soldering electrical
connections on printed circuit boards. Wave-soldering

15 is used for mass production circuit board soldering as

' by applying'the flux, pre-heating the board, applying
the solder (e.g., via a molten solder standing wave),
. cooling the board, and cleaning it to remove flux
re51due ‘therefrom.

20 such flux re51due is mainly constituted of
ionic (e.g., acidic or ba51c) substances, and. is

_corr051ve, or can hydrolyze to corrosive constituents
in the presence of moisture (e.g., air moisture). This
can lead to short-circuits, noise generation, etc., in

25 use of the circuit'board product. These adverse
results are effectively avoided by subjectihg the
soldered board to a cleaning step to remove the ionic
substances therefrom.

U.S. Patent No. 2,715,084 (Konig) shows a

30 flux of rosin activated by a chain-brominated higher
aliphatic monocarboxylic acid or salt of 8-24 chain
carbon atoms (e.g., alpha-bromolauric acid), in
turpentine, that does not decompose at the soldering
temperature. It is non-corrosive as the chain bromine
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al i phati c nonocarboxylic acid or salt of 8-24 chain carbon atons (e.g

al pha-bronol auric acid), in turpentine, that does not deconpose at the

sol dering tenperature. It is non-corrosive as the chain brom ne 2 is not
oni'c -so that the conpound does not hydrolyze to-a corrosive halide, as-

W th ab#d or halide salt flux, or rosin f Bux activated by organic base

hal i de (e.g. cetyl-pyrldlnlun1hallde) wherein the halide as an 5 ani on
can hydrolyze inair to forma corr05|ve acid halide. Broninated aci ds of

| ess than 8 carbagn atons are excl s beln co si ve and, of f

surface act|V|ty15UQ9 AR §@ .t Qﬂés PegingF hydgolyzeohe o

non- corrosi ve pHaNUbtﬂbsxuethalxdeLfaﬂxwrthracld orthabidd bzlet flux,

conblnatlon of b Y, acetlc
oropi ot c_act B A0pah EREL e Wy Safst hhfe et idectpyot -

nalonlc su00|n|§e§xlﬂ2¥ﬁ¥ﬂ¥#1QRiQﬂ%ﬁ@ﬁﬂ(ﬂ ¢¥ﬁ15 the shalidends anhat does

not splatteg dur wﬁoqplém-[l S0l £1ANEd eEGM e GbreosPResatadt ering

ol taric aci d (bPaideleT Fbés%% T4 713, o8| fn Ehin Shrarfbbh Aftns
glutaric acid 20 are:cexaarudqdamjtbe_mgucsosmmm M@v@ﬁtIGpSasuefaqg

whi I'st the given gl (t};r%and boiling points of the conponents are said to
permit step-by-step X

dat f th I d
Dot et o200, abo. ( KaborByS kAot 3. £adl A8 Ebge38) 45 £Hn

el ectrical app! | Gliowsh.a non-corrosive printed circuit board flux of
_ . rosin activated by a combination of both an aliphatic
Nt .. .  monocarboxylic acid (e.g., formic, acetic or propionic -
| acid) and an éliphatic dicarboxylic acid (e.g., oxalic,
_ malonic, succinic, glutaric or adipic acid), in
15 isopfopanol, that does not splatter during soldering.
The sole example given of a-noh-splattering flux is a
mixture of rosin (mp 120°C/248°F), formic acid (bp
100°C/212.5°F) and glutaric acid (bp 200°C/392°F), in
isopropyl alcchol, in which the low glutaric acid
- 20 content (about 1%) is said to prevent splattering,
whilst the given melting and boiling points of the
'.components are said to permit step-by-step de-oxidation
of the oxide surface being soldered.
o U.S. Patent No. 2,904,459 (Kubota) shows a
‘s 25 liquid, paste or solid flux for electrical application.
‘The flux is based on roSin'converted to pure, stable -
abietic acid amine salt (e.g., diethylene amine salt),
'that is insoluble and does not hydrolyze, and whose
neutral resinous residue on soldering is non-corrosive
30  and non-hygroscopic, unlike commercial rosin which,
besides a 25-30% content of abietic acid (i.e., a
monobaslc organxc acid), that has fluxzng action, also
‘has a resinous remainder that can cause soldered
product defects. :



The flux is based on rosin converted to pure, stable abietic acid am ne '
salt (e.g., diethylene amne salt), that is insoluble and does not

hydrol yze, and whose neutral‘ resi nous residue on soldering is.non- corr05|ve
30 and non- hygroscopi c, unlike commercial rosin which, besides a 25- 30%
content of abietic acid (i.e., a nnnobaé#c organic aC|d) that has fl ik n ng -
action, al'so has a resinous renmainder that can cause sol dered. p{QdUCt '
def ect s. "3 U.S. Patent Nos. 3,235,414 (Marks) and 3,264, 146 (Marks) show_-
a rosin-free food can sol dering fl ux It is forned as a relatively - s
concentrated solution of H-sargétﬁétcgﬁﬁagé 2é5g41428Marksjaamnsd  of 5 an”

alt i phat i Ct ﬂ' carfed j mecgﬂaﬁks éﬁoﬁaabeasahonree«( Ebodl” clae\alsblueciéi&igob :
atons in the chain sepasatin carbox e. el aic or sebacic.
acid), or its Qﬁﬁﬁﬁﬁ dgéo* eg?ET ed g5 a %eﬁgﬁﬁVgia 59gfgn§ratfd2 Ww. parts)
et hanol am ne hyslationiof, alhargegperaenhagelme gpar 25) witi.nmpalrgisiorfani de

I I | h t th
as polar golvenl, éi%ép&f%éf%fé&? §{?ic 881dCg¥Eh9l] 8 F@ﬁpikﬂﬁéml €

carboxyl groups preés e.are yndesire or m n -
monoanhydr i des Wittdhn &t <193t Ero?%ﬁh?@ atoms ph; Eiﬁ HBalE §8PaTY %19& onber g)’

Sgpm§ a 15d 1&H® %arboxyl boxrghps aeug.paatelahetorssebocicoacudog or
adi pi ¢ aci s sQl.u 0 LelRi nger,
15- 89 8% vva%er) 'tsggha ofs)#%ef‘% E.L,QP | that; ?s/ ﬁplﬂﬁggﬁgliﬁ? QFe?a s'florage

battery plate Wigs Parts) spthapalaming bmarashaoyédg, 1ad.(|9| ) 1dd8s WEG
not subling atﬁd¥t§“Eﬂhﬁdﬁﬂflﬁ@ﬁﬁambdédaﬁgpolar 'solvent.  Such acids

with: 3 or less carbon atoms separatlng the ‘carboxyl e
"groups present in. ‘the molecule are- undesired in formlng N\
monoanhydrides from a single. molecule. e
U.8." Patent No. 3, 837 932 (Aronherg) shows a.
15 .. 10-80% polycarboxyllc acid partlculate suspension .
| N (- 19 - P adlpzc acld), in an’ aqueous solution of 0.2- -5%
soluble gum (remalnder 15- 89. 8% water), as a. r051n-free
--solder1ng flux’ for bondlng-lead storage battery plate .
- 'lugs to. straps, 1n which the acid ‘(e.g.,- adzplc) does '
20 not subllme at: the: hxgh (482°C/900°F) bonding .
temperature used. Use: of the dry partlculate ac1d
alone, applled to the lugs after pre-heatlng, is less
preferred. I T e e o
U s.:Patent No.~4 168 996 (Zado) shows a e
25  mixture of rosin, an activator with: ‘both a’ halogen and
a destablllzlng substituent, such a: halogenated mono or
zdiba51c organzc acid (e. ges 2, 3-d1hromosucc1n1c ac1d),
g_and a solder surfactant such as'a’ polycarboxyllc acld |
: {@eGe, - ad1p1c, sehac1c or. azelalc acld), QT hydroxyl
30  substituted polyba51c acid,’ and/or keto acid (e.g.,
_levullnlc acld), in ethanol 0r" lsopropyl alcohol, and:
-optionally a secondary actlvator (e. g., d1ethylam1ne .
hydrochlorlde) and a non-zon1c foamlng agent, as belng
activated rosin flux of synergzstlc effect for

H



‘tenperature used. Use of the dry particulate acid alone, applied to the
| ugs after pre-heating, is less preferred. U S. Patent No. 4,168,996 (Zado)
shoms a 25 . mxture of rosin, an activator with both a hal ogen and a
destabTI|2|ng substituent, such a hal ogehated nono or dibasic organic acid
“(e.q. &/2 3- dlbronDsu00|n|c acid), and a sol der surfactant such as a '
pol ycarboxylic acid (e.g., adipic, sebacic or azelaic acid), or hydroxyl 30
substituted pol ybasic acid, and/ or keto acid (e.g., levulinic acid), in
et hanol or isoprhpysobtiechol, ofingriaptiednalilrgud tsboamdary activator (e.g.,
di et hyl am ne hydrochlorldggdgnqo%egoQP ”h%l%@aQb@QnaQQEh tas being

activated rosin flux of synergistic e he sol dering of
printed circui t2pbhY@80r Z8H0SRILEE ?HétaG§PH§ AISPR APER PRE BICMig€or or
sol der surf act atiie atpﬁerdmeslaoemee\tl dendhehayneheg sbmbiebrdohn, aadd t hat

t he conbi tlon S fl f e iscussed u. S
patent 2, ggéﬁtg%élnchQQEﬁ cor?ogﬂe a#év% d&@%u@g%ﬁ Ud

el ectronics soI@Rﬁ?ﬂ@ 2Tﬂ88vﬁ§érﬂén@@ooﬁcédﬁésﬁ@decpfeéséUﬁdéPéd connection

i s discussed. IqpfaetaéALCheeemhlbheetrbalcs"ﬁauaeeaag find ways to
phase-out GCs, ElectrongﬁgPacka & Product i Jan.

1989, pp. 26 and 28,. Lind nﬁ?ﬁo%gP G Rgschgﬁgggglggfe s?ﬁggg ,cle
notes that fluxesnueetion psi disgusiseduiin bber aripplliecentdfdedeave resi dues

;hﬁf must . pe CleaﬂegpeAES £i %Al Galky tBY phailsed oal @@@@nchhb@%&@naesed on
ully

- Packaging & Production, Vol. 29, No. .Jan. 1989, pp.
26 and 28, Linda Smith- Vargo,-Assoc1ate Editor. The
‘article rnotes that fluxes used in printed circuit

_ board applications_leave residues that must be cleaned,’
15 typically:by usihg an organic liquid-based on fully
. halogenated chlorofluorocarbons or CFCs, but that in
view of the need to reduce CFC emissions, due to
environmental constraints, soldering procedures
are needed that avoid CFCs yet produce a residue-free
20 non-corrosive product.

_ It is desirable to have a flux for soldering
metal'connectlons_ln electrical applications such as
printed circuit boards that does not produce a.
corrosion-causing and/or hydrolyzable ionic residue

25 that requires a cleaning step for its removal.
et . This invention solves the foregoing problems
by providing a low-residue soldering. flux and, '
particularly,.a'flux containing a dibasic acid mixture
or three- acid mixture (TAM) that in use is essentially
30 non-corrosive and ionic re51due free '
' _ all percentages (9), parts (pts) or
proportions set forth herein are by weight unless
spec1t1cally indicated otherwise. ' ' .
' A low-residue organic soldering flux in
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hal ogenat ed chl orof | uorocarbons or CFCs, but that in view of t he need to
reduce CFC em ssions, due to environnental constraints, soldering
procedures are needed t hat avoid CFCs yet produce a resi due-free :20 -
non-corrosive product. It is desirable to have a flux for -sol dering ung
connections in electrical appllcatlons such as printed circuit boards at -
does not produce a corrosion-causing and/or hydrolyzable ionic. residue 25~
t hat requires acchbrdangg wtigh ﬁ@e|gne$QMDwmveﬁNnQn|¢nn5¢$tm shlaes the

f oregoi ng probkegsnbrra@ove@s%taén r&ﬁ{%ﬁgﬁ S i Mbidi 208q
particularly, a.flux co t ai ni.n SIC acid. ure or_ three-ag |d

m xture (TAM PREEUFR @feSPEc YArks a rta }oR% %nlEIaYbﬂgca'._
resi due-free. Aeltpagceotiages f( &0~ 1;36&%(5 a(rmsa brnhrmgpcpoimmSoset forth

her ei n arg by ngg?ﬁouel cﬁs Sg%.(i.'uft:'e(:?dl){,\ﬂl% cal er_d ‘péi%:-{ fél OW- r.esi due

organi c sol derin ance-w-th the preséen |nvent|on
consists of a Pegﬁﬁlf:r §91V8§§ent5|ad44 WW@J&QW?\&@% ©fcid nixture of

succi |m c, glut e&seneﬂdlag}l ebﬁxpaelteayhawdlrag:ﬂlrﬁrtg i PG usd ?9 élerr] b?nd
or gani ¢ 2ol venfLoEaBR A RBIPETHRG S Leh bt iy S%%%%n%'ﬁa#%f‘%%ﬁ% et
vol atilizing dapldgriasg s3te.flsex a@n @ staks ithe staldeming gs beat - sol dering
of said sepderEBgeniigl150 fagel qao&a\éw NRorsidt defd 1L £ ford Othe eEBRRL 1 2l | Y
free fron1any 'onic re3|%%e Eﬁwﬁﬁééﬁdhe Flux of the 1nvent10n 1s used
“in heat solderlng metal . components, and the three acid o
mivture is an essent1a1l) non—subllm1ng dlba51c acid NG
'mrxture ‘of succ1n1c, grutarlc and adlprc ac1ds. It - . '
15 especially ¢ontains: about 15 30% succinic ac1d,-40 63%-

. glutaric acid and 10 30% ad1p1c ac1d and mbre ) |
partlcularly, about 18 30% succ1n1c ac1d, 51 61%
glutaric ac1d and 11-30% adlplc ac1d.' The percentages'
of succinic, glutarlc and adlplc ac1d'are based on the

20 total ‘dibasic acid mixture. o ' o _ _

- ' The three ac1d mlxture has a meltlng p01nt ”

. {mp) of 90-130°C and a b0111ng p01nt (bp) of 150- 210°C,9
especially 170= 195°C “and is: capable of . essentlally
completely volatlllzlng durlng heat solderlng to leave

25 the soldered site essentlally free from ionic . resxdue..

 In partlcular,'lt is: capable of 1eav1ng at most a trace

amount of"- a residue’ of corr051ve, or hydrolyzable
potentlally corr051ve, 1on1c (e ger ac1d1c) o
constituents. e o | :

30 o The soldered 51te such as an electronlc
circuit board needs no cleanlng to remove the ionic
residue (e.g. . by: chlorofluorocarbons or like
-env1ronmentally objectlonable washlng llqu1ds), and may

be further processed w1thout a cleanlng step

P )



*The | owresi due flux of the invention is used in heat-sol dering netal
conponents, -and the three-acid mxture is an essentially non-sublimnng

.dibasic aci.d m xture of succinic, glutaric and adipic acids. - It 15 ,
espectal Ly contai ns: about 15-30% succinig acid, 40-63%glutaric acid and
10- 30%adi pic acid and, nore particul arl ¥ about  18-30% succi ni ¢ aci d,

51-61%glutaric acid and 11-30% adi pic acid. The percentages of succinic,:-
glutaric and adipic acid &FeUS&SedesRifhe e5FeNtiRIdY dinssisubicining %t ur e.
The three-aci d meansr ¢hhas theneohistd tpeintts ©M)thef Hrdesradidmlivedyad | i ng
poi nt (bp) of 150- r'ea €S i.a 12Q-[erry....and .Jj.s le.of . _ .
essentially corrgﬁetﬂzgfay]f\}gﬁa??‘%%ziur%agégilr?% r?]élzft -q%glé&lgr ﬁlﬁég%?—osqle({zﬁfel% t he-
sol dered site eSBERELaPNy reEalfy yRlpsdild zessiange dq mqtame-waridense s
ﬁagab: e OL isl e_aViaﬂQ-/_at'l :ﬁ‘ésﬁe@o'fsliftCata!ﬂhéD@onde&iﬁ@Sii_idli;% ;Efs aydiesi ve, or30
ydrol yzabl e po 3 y rosiyve, i C .9....acidic) constituents.
The sol dered si %ggéﬁgﬁ'aﬁgﬁsm g@r 3?1‘?' eEfa%glﬂgtmlﬁ%é‘\'r(f H&ed® no cl eaning to
remove the ioni €sFestdadlyengn-rigycondensiing aedameonyeddpdaiting .
envi ronnent al | yygbhegt iieaabke 4Bakiied akliauimdsdtu @G d®rditd Wd Rale
processed w thout a cl.eani ng step. As used herein, esserntially
"non-subl i m ng” lﬁﬁﬁﬂgl{’ﬁat the constituents of the three-acid mxture in
the flux thlt volatilize @bei Aduxhésheatrosdinddiriery fdper atdmprigiampisaid
volatilized andifeoBoLc58" RYREEREE 5 and/or re-deposit at the sol dering
site as ionic residue. Thus, the three-acid. m xture is an -



essentially non-re-condensi ng and non-re-depositing volatilizable dibasic
acid m xture according to the invention. 10 . The flux is a
rosin-free flux conprising said three-acid m xture. 7 The rosin-free,
flux conprises a rosin-free, essentially non- subl i m-ng dibasic acid ntxture'
of succinic, glutaric.and;adlplc aci'ds ‘having a boailing point. of 150- [
in a volatilizable flux 5. -vehicle, forged of a volatilizable organlc
sol vent. The dibasic acid:- ntxture S present in sufficiently dilute
solution in the solvent (e.g., generaldy helow about 10% concent rati on;
preferable at nost about 7T5&6rosmnﬁfree|ﬁﬁpx somprisesha cosdh-frele,

essentially 10 - g+F§y Mahgg?bFthgg ?bgglgegklaoggggh F& Ieave the

sol dering site essen | romi1onrc r
particular, the $QE§¥P%¢ee9$¥9§r66n§P¢3é§131F0§FA ﬁr@éV§QBU@1bﬁldﬂn8bout

0.2-1% of the ttpi@inocmﬁl 804220209 98- 89vBYatfild zeblel iflukabl e .
o) Sonor, ok ai' pfERi€fes FRrYEH Sho PHIRLETignte, BiREni seiventy, P10

al cohol , an allp
vehicle of the rthe rdibasi¢|agidepixtuve2ds presestaliny sudrfmmn&lyl i'ght

di [ uent anmount C&lﬂﬁé%f&éﬂﬁt fx’x théssaieénﬂer(é' 3,. ageﬁb‘xﬂ'lt pEew of
wat er neans at st ab 1% 0 total ve e-or | solvent nay
be an a|COhO|E;H§P%g ﬁg%dﬁ%?cﬁﬁéF?Fb°Br PT 3§FEh9F|@° Fc@% _
concentratzon), so as to be capable of essent1ally :
10  completely volat111zlng durlng heat-solderlng to leave
 the soldering s1te essentlally completely free from o
ionic resldue.- o o R
, In partlcular, the rosln-free flux comprlses- '
a r051n-free solution of about 0.2- 1% of the three-acid
15 mixture and 99-99. 8% of a volatlllzable organlc solvent
as the flux vehlcle, such. as an allphatlc or
-cycloallphatzc alcohol, an allphatlc carboxyllc acld
ester, or mixture thereof. '
" The vehlcle of the r051n-free flux may - also
20  optionally contaxn a sllght diluent amount of
de-lonlzed'water. As used hereln, a "sllght“ amount. of
water means at most about 1% of the total vehicle.
The organlc solvent may be an alcohol such _
as a lower bozlzng or lower allphatlc alcohol, S N
25 typlcally a lower alkyl alcohol or lower alkanol, such
as ethyl, n-propyl, isopropyl,. n-butyl, or sec-butyl, _
alcohol, or hlgher b0111ng aliphatic or cycloaliphatic
| alcohol, such as tetrahydrofurfuryl alcohol (about bp
. 178°C), and the like, or other such volatlllzable
30 aliphatic or cycloaliphatic alcohols in which. the flux
' contents are soluble. As used- hereln, "lower" |
aliphatic, alkyl or alkanol means a chain of less than
5 carbon atoms. The alcohol is typlcally 1sopropy1 |
alcohol (sp.g. O. 78)




25 typically a | ower al kyl al cohol or.lower al kanol, such as ethyl,

n- propyl, isopropyl, n-butyl, or sec-butyl, alcohol, or higher boiling
,allphatlc or- cycloallphatlc aIcohoI such as tetrahydrofurfuryl alcohol
(about™bp [err]), and the like, or other such vol atilizable 30 al i'phatic
or cye oallphatlc al cohols-in which thel ux contents are soluble. As used
herein, "lower" aliphatic, alkyl or al k | means a chain of less than 5
carbon atons. The ‘al cohol is:-typically isopropyl -al.cohol (sp.g. 0.78).

The organic solvent may al so be any other appropriate solvent such as an
ali phatic carboxylic aci d-Ehe-Qregmic salvant imay Aise be any okher about

[er[)], or hi ghgla pYYdpriate s"ﬁlvéﬂtg sudlt! gy bl i att£5@£‘zjbo:?ﬁ}_3:a@lj! }ohatlc
carboxylic acid_éest .S es a 0 aci i | ower
al kyl ester or @ﬁ"éf ogteclt yﬁﬁwmﬁﬂl% Xﬁ%itgl | ower al kyl
ester (lower al lapout I@Oﬁﬂ.oa!re)hmhmtmllnins peintuce.as, shelowi about
glutaric agd adijgigvcaci dﬁh@ aliéBHHih'B"cﬁsdcﬁf yli¢ dcidicésbes. igl utaric and

0

Rl vars oo ennmaiaby Sk ALpRAYS A RPaer Dt ar 18 Sl o g St el o
and, particul arlester mmtes*tﬁemfmneﬁureﬂ typicadlly can calkahedioic nacid 15
Pl ux-cont 22?32@%&%%@%#%#3%’2?% L%@“‘?“?%?ﬁ%’ %n*é“‘ﬁgfb*“e
diesters is sol Mixtdmsie RUGh Ak SHEGHHG i FHlutaxic g 1?1‘.5&!%?&- Oo ),
a liquid ofigaboginmtdiyldesier, 6 & Bdciwig)tglutamic)add%adfpBeo acid
sol ubility 'n\Mgflower alkyl ester mixture such as about 10-20% _

it o dilower alkyl succinate, 60-70% ‘dilower alkyl glutarate

| and 10-20% dilower alkyl adipate, and, particularly, a
. mixture of refined methyl diesters of succinic,
15 glutarie and adipic acids, or other such volatilizable
~ “ester in which the flux contents are soluble.

Such a preferred mixture of refined methyl
diesters is sold under the trade designation "DBE"
solvent (DuPont Co.), as a liquid of about average

20 molecular weight (m._wt ) 159, 5.3% solubility in water
' (20°C), flash point 100°C, viscosity 2.4 cst. (25°C),
and surface ten51on_35 6 dynes/cm (ZOPC), which has a
boiling point of about bp 196-225°C and a specific _
; gravity of 1.092 (20°C), and contains 99.5% total ester
N 25  content (min.), comprising-of about 16.5% dimethyl
succinate, 66% dimethyl glutarate and 17% dimethyl
adipate, plus approximately 0.2% methanol, 0.1% water
(max.) and less than 10 ppm hydrogen cyanide.
o Other such refined methyl diesters or diester
30 mixtures are those sold under the following trade
designations (DuPont Co.): _

"DBE-2" solvent, as a llquld of about
average molecular weight of 163, 4.2% solubility in
water (20°C), flash point 104°C, and viscosity



[err], flash point [err], viscosity 2.4 cst. [err], and surface tension
35.6 dynes/cm|err], mhlch has a boiling point of about bp 196-225C and a
specific gravity of 1.092 (20C), and contains 99.5%total ester 25 '
content (mn.), conprising of about 16.5% di met hyl succinate, 66@6d|ﬂ£8ﬁy
glutarate and 17% di met hyl adi pate, pluscﬁpprOX|nater 0. 2% et hanol 1%)
water (max.) and | ess than 10 ppm hydrogen.cyani de. O her such refined

met hyl diesters or diester 30 n1xtures are those sold under. the follomnng
trade designations (DuPont "Co.): "DBE-2" solvent, as a |iquid of-about
average nol ecul a2+ hetght ()25163,, whiwlshlasblal bo}llmg/\mmm( ZII:)abdﬂtash

poi nt 104C, and. C [ 5 r a d poi nt of
about 210-[err] glgj p25°¢. a?d a sg\éh E' fol. OSl%?fr'h soa?fclq?odntda,?'ns 99. 5%
total ester cont ?ﬂ?ﬁagnsc§ﬂp% N !

rsucci nat e,
76% 5 d|nethy¢ompnlsingeo£ndbaa%)OusttHWhehbwﬂabmcq@nateapaﬁﬁk|nately

<0. 1% net h noI | of abont.
avera(zge m)l ecul Z@%%’%%%t?f?%gié é% s??&baim[%y [» n vvgtl?%%l éiwigash o
point [err], ancPPEe®imately. <031 Hmax poi nt

of about 215 [err] and a sppBEL3® gbaveht,ohsla()ﬁ&dlﬁla’ lof mlﬁpnt ai ns

ueci nate. 10 ARYEERgE BpBkpiar, STRR G 17a, e el (T

appr oxi mat el y <Osatexr5(20A6) hafidashnpodntylRRCET, @mek YnSCCEBEqﬂ sol.vent,
as a "qU'QOOf Polegt, (25°C), which has a’ ‘boiling p01nt of about =
: 215-225°C- and a’ spec1f1c grav1ty of 1,068 (20°C), and .

- contains- 99. 5% total ester content (mxn.), comprlslng
of about 0.5% dxmethyl succ1nate, 10% dzmethyl glutar— o
ate and 89% dimethyl adlpate, plus approxlmately <0. 1%
15  methanol and 0. 3% water (max;)i“f;~- o
_ "DBE—4" solvent, as-a 11qu1d of about
average molecular welght 146, 7. 5% solublllty in .
water: (20°C),_flash p01nt 94°7"¢and v1scos;ty
.7 2.5 cst. (25°C),- whlch has a boxllng p01nt of .
20 - about 196°C and a speczfzc gravzty~of 1.121° (20°C),-
- and contains 99.5% total ester content (mln.), -
comprising: of about 99. 5+ % dlmethyl succlnate, plus o
'approxlmately <0.1% methanol and 0.1%" water (max )
"DBE-5" solvent, as-a’ 11qu1d of" about average
25 ,molecular wezght 160, 4. 3% solublllty in water (20°C), hd
. flash po;nt 107°C, and’ v13cosxty 2.5 cst. (25°C), which -
has a boiling’ point: of about 210-215°c and.. a spec1£1c.""“
gravity of 1.091- (20°C), and contalns 99. 5% ‘total ester
content - (mln.), comprlslng of about 0 6% dlmethyl _
30  succinate, 99%- dzmethyl glutarate and 0. 1% dlmethyl
adipate, plus approxxmately 0 l% methanol and 0.1%
water (max.).~- : S
"DBE 9 solvent, ‘as a llquld of about
average molecular weight 156 5% solublllty in water




'average nol ecul ar weight 146, 7.5% solubility in water [err], flash point
94C, and viscosity 2.5 cst. (25C), which has a boiling point of 20 about
Jerr] and a specific gravity -of 1.121 (20C), and contains 99 5%total ester
conteit (min.), conprising of about 99.5+ % di nmethyl succinate, plus

appro nately <0. 1% net hanol and 0. 1% wa (max.). "DBE-5" solvent, as a

| i quid of about average 25 mol-ecul ar welght 160, 4. 3% sol ubi lity.j.n water
[err], flash point [err], and viscosity 2.5 cst. (25C), which has a boiling
poi.nt of about 210- Ferr] and_a specific gravity of 1.091 [err], .and
contains 99.5% t 628 Céstéia@anmwt( 94S5C), anenyiscosdtyr 2aido @510, 6%

di methyl 30 - su zsnet)e wAi¥hdhast Ay bodhihey @bﬁ.ntndafoab%ﬂ:' g1 52 pate,

pl us approxi mate 1% nethanaol 0. 1% s0l vent

as a liquid of aﬂéﬂtaa§§%§é5qﬁoﬁ§@313V ﬁé Bn?§§565%%§’goP@@FﬁqRFQH?ﬂmater
[err], flash poi 88.p&r thtadnestesccontent. 4mist. ) ,[ eomprisingh afaaboutoi | i ng
poi nt- of abgut 1 [ InftlaC SR8V it )a‘?ﬂj
cont ai ns 98. 5@6tg§glag§%§§92bﬁpgﬁﬁﬁ %Fh.g?chlmfﬁéyig o%thggut 2§

di net hyl succi nagdme#Bylqp F§P§ 2PPrevd Ptﬁ&ydlnéﬁhﬁptgﬁ éndblus
approxi mately 0. 0% 5%ewhter! (mact. Q.596mater (max.). The allphatlc car boxylic

acid ester, e.g., where it a§1 Elggcgghgkgqa an a oVe t%bto 10

above about ZOOC i's prefera 'n a
al cohol to | ower WhegesdtyBas Bobpnﬂgnsbpﬁ@nt of from about 196°C to

10 _above about 200°C, is preferably used in admixture
. ' with an above type alcohol to lower the solvent boiling
ot  point. . | |
' _ similarly, the solvent may be a cyclic ketone
_such as a cycloaliphatic, including azacycloaliphatic
~ .15  (i.e., N-heterocyclic), ketone, e.g., cyclopentanone, .
cyclohexanone, N-methyl-2-pyrrolidone (about bp 202°C),
- or other such volatilizable ketone in which the flux
contents are soluble. The cyclic ketone may also be
~ used in admixture with an. above type alcohol and/or
20 ester to lower the solvent boiling point.
- Typically, the rosin-free flux of the
present invention consists essentially of a solution of
about 0.5-1% three-acid mixture and 99-99.5% lower
o _ aliphatic alcohol, or of about 0.2-1% three-acid
et 25 mixture, 2-10% aliphatic dicarboxylic acid dilower
' alkyl ester, 88-97.6% lower aliphatic alcohol and
0.2-1% water. The percentages of three-~acid mixture,
alcohol, ester and water are based on the total
- solution. The alcohol and ester may be of the same
30 above type used for the rosin flux, and are especially
. isopropyl alcohol and such aliphatic dicarboxylic acid
. dilower alkyl ester or ester mixture, .such as succinic,
| glutaric and adipic acid dimethyl ester, or succinic,
glutaric and adipic acid dilower alkyl ester mixture.



Simlarly, the solvent may be a cyclic ket one such as a cycloaliphatic,

i ncl udi ng azacycl oal i phatic 15 (i.e., Nheterocyclic), ketone, e.g.

cycl opent anone, cycl ohexanone, N—nethyl 2-pyrrolidone (about bp [err])

ot her such vol atilizable ketone in which the flux contents-are sol ubl e.

The cyclic ketone may al so be used in adiipxture with an above type alcdhﬁl
and/ or 20 ester to | ower the solvent boiling point. Typically, the .
rosin-free flux of the present invention consists essentially of a solution’

of about 0.5-1%three-acid mxture and 99-99.5% | ower aliphatic al cohol, or 1:3

of about 0. 2- l%three aci-oTRe estiext usepréfﬂi‘&hd]y phatixtule b aboue€ aci d

dilower al kyl eSy6l 9083037 oy 4Ry1°sulAat ! GHN0R L i BIRIE" . MO

percentages of t ) ester, an er are

t he total soIutlﬂﬁutﬁﬁétﬁléBﬁoﬂoaﬂé%egﬂéPWﬁEya&¥ﬂ¥ ﬂdi?&ﬁﬂwainﬂp above

type used for thpareicalarly, the mm&aemeaﬂﬂyn u&@y@% cﬁft‘éﬁ&&n@fﬁi such

al i phatic . dicarbg Lc.acid.dil r,-al est St i X e, such’ as
succini c, CH ut ar?ixgﬁalgdfﬂfjcaggvﬁchﬁ#ﬁy g‘fie d%r Sﬂlec Q‘i glutaric.
and adi pi ¢ aci d desdgeatiphy"DBE'csodvent ¢DuPonth€osgt,eras anted eabdo}q.
m.xture of aboutphg- dQ¥eg hayemabkthvau%m@t se Oie’ U6 LG

q e ré¥|ned

| ut t d 10- 2 % -d { |
?re'ltjhslr ad?eg?ers BRC §ﬁcﬂ"ﬁ\m§ra§e &eﬁllgf‘g llenén ?&Dg (!I ;(lﬁqaé' "ol 'tPRErfS s t he

trade desi gnati oNDBERE"™ andlent"pBBP@ﬁt(DuantaconQLedsﬂnhted'thﬁsler may -

a::)%%— fZaVOUBEEFié'_ y be ODEE_ of .iphg HSE‘in-‘ere“Q‘iﬁﬁ an tbreaqfse%e%xg '?did)é]xsmg
' électronzc c1rcu1t board components, and surprlslngly
has adequate fluxlng actlon, desplte the absénce of
rosin, due to the three-aczd mixture makeup, whllst
'hleav1ng minimal ionic re31due after solderlng. -
-15 - ‘The alzphatlc carboxyllc ac1d ester is not
) 'sufflclently acidic to act" as’'a’ flux or" to activate the o
. three-acid mlxture, but it has been found unexpectedly |
that the ester enhances the flux;ng ‘action- of the "_ _
three-acid- mlxture in the ros1n-free flux due to 1ts' o
20 comparatlvely low surface ten51on (e Ges 35 6"
dynes/cm). This enables it to serve as a strong
wettlng ‘agent. to aid spreadlng of the three-acld
mixture on the parts to he JOlned, for 1mproved
solderxng,'wh11st stlll 1eav1ng only a trace amount of
25 ionic res1due after solderlng.. ] '
' o Where water is present, it serves to
hydrolyze the ‘ester ‘and enhance its wett1ng action.
'However, ethylene glycol or a s1m11ar hydroly51s
: 1nh1b1t1ng agent ‘may be included to control the extent
30 of hydroly31s of the ester that’ occurs in the presence
of water. This ester hydrolysls 1nh1h1t1ng agent may
be’ present in an amount up to about an’ equlvalent
“amount to that of the water'present, and w1ll thereby
‘control the free ‘acid content of the" aqueous ‘flux

Lt
g
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“"DBE-5" and/or " DBE- 9" (DuPont Co.), as noted above.. 10 The
rosin-free flux can be used in soldering el ectronic circuit board
~conponents, and surprisingly has adequate fluxing action, despite the
absente of rosin, due to the three-acid m xture makeup, whilst |eaving
‘m ni'mAf ionic re5|due after sol dering. i The aliphatic
carboxylic acid éester is not sufficientl :%CIdIC to act as a flux or to
activate the three-acid mxture, but it has been found unexpectedly that
the ester enhances the fluxing action of the three-acid mixture in the
rosin-free flux sekutionis 20 conparatively | ow surface tension (e g.,

35.6 dynes/cn) Thi s .enabggs of ﬁﬂésgégﬁraéd ?ﬁkégggugigthggrggg aid

spreading of thé three-acid nixture.on Poved
sglderlng, whi | Sfmeynt o féﬁk?ﬁ@‘%ﬂ% @#¥FE§€ EﬂﬁuhtedfiEStheucnsanréreeue
after soldering.£Mesre water is present, it serves to hydrolyze_thF ester
and enhanceits wetting a However ene, a simlar
hydr ol ysi Se_-,l nhi bi ti ng ageﬁ#ﬁﬁavlﬁﬁe ?1%*‘%&%"}\{'6"%0?1? é?s%ﬁé LY Bresept of
hydrol ysis of. t hin ceherrosin-freerflun imespffichently dmlute sobusieat er
hydrol ysi s inhi big e &G@I&ti‘ﬁﬂz&l@l@rﬁmnt rhs"édaﬁauﬂh bsft an

the free acta oashtifiin compieRely Tafatiliz iy doring epap%e"ié‘ire?' |
advant ageous| y cﬁnidﬁﬁingttnakennenthé s¢&dernngdshtetessentﬂall?dfréethe
rosin-free1d UX.from ionic residue. . .
Generally, if the amount of the three-acid
mixture in the rosin-free flux is below about 0.2% of
‘the flux, the fluxing action is insufficient for the
. heat-soldering operation. On the other hand, if the
15  three-acid mixture amount is above about 1%, more
' ‘particularly, above about 2%, especially above about
5%, and generally above about 7.5%, or at least above
about 10%, of the total flux, the tendency is
concordantly progressively increased during heat-
20 soldering for the ionic residue of the rosin-free flux
- to exceed an acceptably low level. :
That acceptably low level is one that
avoids the need for a washing step, as well as one
: which is attainable without the trouble and expense of
et - 25 supplemental heating of the soldering site to raise the
. ambient temperature sufficiently above the soldering
: temperature for artificially or extraneously ensuring
the essentially complete b0111ng-off of the flux
- constituents.
30 - . Therefore, it is recommended for practlcal
eff1c1ent soldering, when using the rosin-free flux in
~circuit board soldering appllcatlons, to provide the
three-acid mixture in an amount preferably below about
5%, more preferably, below about 2%, and, to get the



5 The three-acid mixture is desirably present inthe rosin-free
flux in sufficiently dilute solution in the volatilizable solvent used to

be capabl e of essentially conpletely volatilizing during heat- solderlng to
| eave the soldering site essentially free 10 fromionic residue. :
Generally, if the anmount of the three- a0|2%n1xture in-the rosin-free fltrfw~ _
i s bel ow about 0.2% of the flux, the flui g action is insuffici.ent.for" the_
heat - sol deri ng operation.' On the ot her’ hand, if the 15  three-acid -
m xture amount is above about 1% nore partlcularly, above about 2% .

especi al | y abovdesipuresad tapdngtngraaterathan ahmmt 1%5%ot‘ortlre ﬁcaesl

above about 10%¢ fﬁxthergggablﬁguleaygeahp@gg

progressively increased, durin n ?p Qﬁ%e |on|c U %si due
of the rosin-frd&ee 01 eg*e 8159 2 5@&&8\3)/’!0639% 1d.Ye (condug Qﬁ:cept ably

low | evel is Onmédta&somedinghoperahbnr m\mwmgp%euteﬁm as one

hoati g o 5t ne SHEHRERS by 18chioHBpEaIR1oR Y ?&Sfﬁ&iﬁ%ﬁﬂ%‘@lﬁ“ ”E"?:%Luy”f
above the sol dering tenper&ﬂutbefsﬂssrpﬁfﬁ@h@ﬂIyqéde!@msamankmqﬁtmunSAng -

the essentially vﬂféﬂi&eée:aﬁgérnﬂa&fingf alctdonl 4% G@&Ssl - |
Therefore, it is recoig ractical eff;g enlga when usi ng

f.0
the rosin-free 988t ,?(cﬂpg EBSF& sSP&@PFﬁg ﬁﬁfaq MRXERRE t he
three-acid m xt are |emphoy(abilat tpr attadbl y:hh«sl mtalomtzrﬁ%sm eche ef er abl y,

bel ow abou}g2% lidinlpreet £16%, the three-acid mixture amount may
~ exceed about 1%, or. about 2%, or even. about 5%, of the
total flux.. In these c1rcumstances, ‘the amount of the
three-acld mixture may even be. increased up ‘to about )
7.5%, but . will generally be " 1ess than about 10%, of the
15 total flux. . ... oo oo = : '
S | Consequently, the: actual amount of the |
three-acld mixture in. the total roszn—free flux wlll be;'
selected in dependence upon the nature of the ‘metals’
being soldered, the degree of fluxlng action requlred,_
20 and the soldering. temperature contemplated for
conjointly achieving- effectlve fluxlng action, molten
solder flow and essentlally complete volatlllzatlon of - -
_ the flux constltuents during - the operation to- leave an’
_ -'essentlally non-corros1ve and ionic re31due-free
- 25 ° soldered product. . BRIV S :
In the ros1n—free flux, the solvent is
: preferably miscible with water to ‘enable water to be
added Optlonally as ' a dlluent to decrease solvent cost '
_ and enhance foamablllty of the £flux, thereby a1d1ng 1ts~
30 'spreadlng action. As the solvent and water boil off |
during. soldering; thelr presence 1s not detrimental to
- the product.  No more. than a. mlnor amount of water is
used so as to- 1nh1b1t splatterlng ‘and depos1tlon of
residue at the solderlng site, and p0331b1y solder ball

R



best results, not greater than about 1% of the total flux. This wll

| eave an essentially ionic residue- free soldering site after the normally

. condugt ed heat-sol dering operation, wthout splattering, 5 sublim ng or

| ocatv'deposition of the flux constituents. In the case of other sol dering

appTlcatlons where stronger fluxing actiyon is necessary or desirable, and

| arger anounts of the three-acid mixture are enployable to attain this '

action in using the 10 rosin-free flux, the three-acid m xture anount may
exceed about 1% or about 2% or  even about 5% of the total flux.. In

" these C|rcunst§hﬁ¥9 FnaQNef$@;Yh?§§e%.|Brﬂﬂﬁ?ﬁr%“%£&t¥venA§e

i ncreased up . tmmbaﬂeﬂtﬁ%lﬂoutomid:Irejeimlla-l-fiye@eptmcthw ad9ited D% of

the 15 total" e

m xture in the" ;{§ Fosi n- %E #%Lé;§§a€6be E i$£€§$%£€§ %ﬂéegggfépon
the nature of tHeS¥AME&H s being soldered the degree of fluxing action
required, 820 -and the sotxdeuem-é@m@fﬂ et SUPf A L4, f.%l&@ﬁl antly

hi ffect t | | d fl
omr et ool o nihed e %%#ff&c%%nﬁ YRR Resaends SF s SERREFIYE o
| eave an essentamgunt rafh m rﬁb.uveuarmbat)ing: dispesitiomecorsthe sol dered

product. 1 { Ngyrdldid [ 4nd |42 defte | Subt ﬁ@'foi”xg&iééﬁ wi th
water to enable mater t" ed 0 na ent t 0. decrease
sol vent cost afd #lQéhcéL¥r¥3#4§&£}i aFmRgtets 30

spreadi ng 1dct i dJeaveAstnéwsiste memm eiomid Ireéidwff@esolmé! ng,
o ot “va PRGBSl 100 6, 1
_ about 200- 500°c, preferably about 2 350°C. For - :
| example, circuit board components may be soldered et
the lower end of the temperature range and other
15 ' connections at the higher end of the range.

The solder may be of any known type such as
tin-lead solder, e.g., 60% Sn - 40% Pb of mp 191-193°C,
or eutectic tin-lead solder, e.g., 63% Sn - 37% Pb of

mp 183°C.. |
20 - The flux is applied to the surfaces to be
djpined by conventional techniques; e,g;,.foaming,'wave
fluxing, spraying, brushing, rolling, and dipping, and
the solder is applied to the flux-coated surfaces in
. - usual manner, e.g., drop dispensing, or wave soldering,
et 25  to.form the solder deposit. Then, the soldered
A 'surfaces are contacted with one another to join them at
the soldering temperature, whlch also causes
' boiling-off of the flux constituents. .
_ Normally, the attalnlng of a low ionic
30 res1due at the site is a function of the solderlng
temperature used dur1ng the operation. Thus, the
:three—acxd_mlxture_amount in the rosin-free flux is
selected to achieve adequate fluxing action and-
essentially complete volatilization of the three-acid



o3I e e

residue at the soldering site, and possibly sol der ball __'14.'fornation, _
that adversely affect product quality. As an essentially ionic residue- free-

product is desired, de-ionized water is used to avoid increasing the ionic , #
residue. 5 . In heat-sol dering metal surfaces,. sol.der:i-s appkﬁéd

to the surfaces in the presence of an .effective anount of the flux I n
coating disposition on the surfaces, and dOa t enperature sufficient . for
nolten fl ow of the solder and for voIat|I|2|ng the flux to 10 | eave the
site essentially ionic residue-free. The soldering may be at conventional
tenperature, e.g.mpizbore andexOthe gnwbarddlyiemmg cﬂfxﬁiitatm}s s¢aas to
exanple, circuit C s] T of ‘the
t emperature rangeggﬁgge ‘E’EQ %?tta eg’% ?ry;dgt 9?16? hiltJH*ler end“ﬁ?kg _
range. The sol der may be of 5&#‘}31@1&% Frass ey ke t"rﬁﬁdlé’sﬁl %theetge

60% Sn - 40% Pb othgBelatidemilktudie aufoaaw thideded aafi e dETux efdrr ; th8% Sn
- 37%Pb of np 183 edto the surfaggs to -

be j oi ned by5 convéﬂFF&ﬁ&F Pélfﬁﬁs(?@egl:' S'.h& givlei}nas%a.dm fq' ,
sprayi ng, - br ushi nyhideit! adgo satisifyiingg thenainiof desvring mplmwemnnct he

flux-coated surfagg iaﬁeuwaltn@%maeﬁx@ .sidienp Ui spensi ng, -or wave -
soldering, 25 - to formthe, so gﬁﬁPSlt T.hen, the soldered surfaces

are contacted with one anot & SPB"J P‘I?é’rﬁnﬁlq’hé’rsqyf iy tenperature,
whi ch al so causesnbn»bomgos&heoﬁlmhefbkusoddenmngnmatals (e.gs, tin .

10 plate, copper, ‘brass;, nickel, etc.), whereln the o
"three-acld mixture: 1mparts propertles to the flux __:-C;_
51gn1ficantly d1fferent from those of the’ 1nd1v1dual
' acids, for adequate fluxlnq actlon, yet 1eav1ng m1n1ma1 , t
ionic residue. ° e S : o
15 . Partlcular advantages of the flux of the
' 1nventlon 1nclude.3 _ R
(1) A three-acld mlxture maxlmum bolllng .
range,Ee—g—g 150-210°c. ‘that ' is. s1gn1f1cantly below the .
235°C boiling p01nt of succ1n1c ac1d, its’ component of
20 lowest boiling temperature. S ~ '
(2) A three-acld mlxture whlch does not .
_ sublime like its- component succ1nic acld, and thus does
not condense on adjacent areas, e.g., of CerUIt ' _
'boards, durxng solder1ng, even though adequate ﬁ;j'-_"' Qd.
25 precautlon is not taken- to minimize thzs effect._
' (3) A’ compos1t10n of pleasant odour and that’
does not form noxious and pungent break-down products
during solderlng._'" _ S -
' (4) A three-ac1d mlxture that . costs less than '
30 each of its constxtuents that could he used ' '
1nd1v1dua11y as an actlvator.”_ : . L
' _ "(5) A three-ac1d mlxture usable as a
rosln-free flux. N AR DR
- (6) The attaznlng of the above-llsted




hbrnally, the attaining of a lowionic 30 residue at the site is a
function of the soldering tenperature used during the operation. Thus, the
_three-acid mixture amount in the rosin-free flux is selected to achieve
adequate fluxing action and essentially conplete volatilization of the

t hr eeMdci d m xture under the given sqjdering conditions so as to assure '
the attaining of ‘such a | ow i oni ¢ residue. Sinmple test runs. may be used to
optim ze the three-acid m xture anmount needed in the flux for the 5

satisiying the BRYERCAdER, Wik, ¥ diemnas SLRA s 49 S fithy sice. 1
- sum the invent icomponentijewhethar darrmm:xfelerd BEate aninkEi mpdethus
(e.g., tin 10  JYnlchplEARRY ,cobcﬁ:ié%ldl Ltyetﬁhﬁeé/\hﬂfﬁi Mibeutds ge- acid

m xture inparts tles t he qu I ficant i ff erent fronlthose
o the i oyt doshidateraddinga abit Sl G aed \M LR AR on
i oni ¢ resi &ue. 1@aving [-Te) lowlaunesmﬁuﬁ aﬁnﬂnnsqﬁﬁenﬁngrthathDof t he

i nvention incl udg 4 g1 AT HERK | SREN A1 Fd S @Nge,
150- 210C, that |s S|gn|f| cﬁ%gqﬁgIOM/the 235C boiling point of succinic

acid, its conpof&Moval A ng boi ling tenperature. (2) A three-acid
m xture which does not sullienprdgertions mhdienttisreeiatdacta, eachl t hus

does not condenaeth(g} aq| t-tlﬁreeé"sacfd gnlxﬂ{rec' r£ad tof)%iﬂscorﬁp'éﬁé'ﬂts

sol dering, even ough adequa
10 flux, are selected to provide surface tension

propertles and a b01llng point that enhance flux
'sp;eadlng and “wett;ng“ of the_surfaces being soldered
and yolatilizatidn with innocuous decomposition without
splatterihg, subliming or local re-deposition.
15 At most, only a trace amount bf residue is
'~ left on the product. The ionic content of this
residue, expressed as micrograms per square centimetre
equivalent of NaCl (per Omega'®**"} Meter
measurement, as later explained), is very low, i.e.,
20 below about 5 pg/cm , and especially below about
1.2 pg/cm’ for the rosin-free flux.
As used herein, the térm a "trace" amount
means a very small amount that is less than about
5 pyg/cm?’, i.e., a microgram amoﬁnt-corresponding to
25 less than five millionths of a gram (0.000,001 g) per
sg. cm. area (cf. Hackh’'s Chemical Dictionary, 4th ed.
1969; p. 686: "trace" - a very small quantity, usually
less than 5 gamma per gm; p. 288: "gamma" - 10°% gm; p.
429: "microgram" - ug, gamma, one-millionth of a gram).
30 - On using the flux of the invention,
cleanliness tests for residual ionic contamination
(per said Omega Meter measurement) showed that unwashed
soldered electronic circuit boards had ionic residues
below a trace amount, while correspbnding soldered



25 precaution is not taken to minimze this effect. (3) A conpositioen of
pl easant odour and that does not form noxious and pungent break-down
products during soldering. (4) Athree-acid m xture that costs |less than 30
each of its constituents that could be used individually as an activator.
(5) Athree-acid mxture usable as a rosi\'nffree flux. (6) The attaini ngbf

t he above-1listed advantages with a three-acid m xture as essenti al '
conponent, whether in purified state or not, .and thus contenplating
comrercial purity three-acid m-xtures, whilst providing a:stable flux. of -
good cl eani ng ad0asds afterwashing LnuwFreossTMSe (BuPentsdodqr,i ag that no
corrosive propeichlorsimatedi seven€e, "Radcahivesi¢dRYa, hawaseded. .
proportions of the three. acid t%ﬂgécﬁagtﬁh§ylrsli?§g¥?kr gé%g%%%lﬁx%%é and -
of all conponentsfy 294 Q -eé??fu ,u_.’ér‘é_._sE_ﬁEci‘-BH?BG#ﬁF‘o@FG@,F%r Pace tension
properties and aeldidbley quahity hproduttnof atosptabigdleg dedicwetting" of
t he surfacgs bei 33 Ghand yplatiblzatian 4 th Lepcuqus deco sition
Wi t hout splgat t erﬂ%% lﬂgﬁﬁhﬁggo‘?%%{‘:g@f esggboé?%HOthES‘%ieanlng'nEReAt -
nost, only a tr&@é’%&rﬂﬁﬁ? Jie 145 QRAY i sl ightlynfuntheroneducedihe ionic -

content of this residue, entps escentbse n Ki@ﬂlaﬁﬁmé?rtﬁeyélﬁfﬁﬁ%i getre
equi val ent of" ﬁ!e'nn"' : Qg; Geho © Neter . nmeagurengnt , “as Tater S
expl ai ned), i sN\éery IQ%rv:!/' b eé%}' biée%vé%bbu‘?gén[r@#?y &aRN8special | y
bel ow about ~ Provides a review of "Dicarboxylic Acids" (vol. 7: -
10 614-625), i.e., the saturated, linear aliphatic series

of dica'rhcxyu_c' acids (dJ.aca.ds),from which melting and %
boiling point data as to the first nine of tnese
organic dibasic acids are compiled in Table A.

15

20

30



1.2 [err] for the rosin-free flux. As used herein, the terma "trace"

amount neans a very snall anount that .is | ess than about 5 [err], i.e., a
-m crogram anount corresponding to 25 | ess than five mllionths of a gram
(0.00@001 g) per sq.. cm area (cf. Hackh's Chemical Dictionary, 4th ed.
1969; p. 686: "trace" - a very small quantity, usually | ess than 5 ganmma
per gm p. 288: "ganmm" - [err] gm p. 429: "mcrogrant - [err], gammm,
one-mllionth of a gram. 30 - On ug ng the flux of the.

~invention, cleanliness tgsts for residyalg ign&b &ont ani nation (per said
~Omega Met er neasur enent) ‘[Stfowed™t haig L@W@f@dnsqi‘der ed electronic circuit
boards had ionic residu bel ow a taéace anounts whil e corprespondi ng

"sol dered 17 boards af tfer washi-nged M FFedR M(DuPont %o.), a -

chlorinated solvent, haglonly slighyd y2I ®wP T €§i dueg. Th¥s, use of the

- flux of the invention afflords a relg all @ o@ald ty prddugs Bf acceptably |ow

ionic 5 residue wthoyt cleaningN aney sven i th gl @arging, the ionic

residue is only slightlyfurther reduced. The treati em Kar k- Ot hmer

Encycl opedi a of Chgnical Techppl ogy, 3rd ed., John 8! & & Sons, provides a

. H n - H H lo . : _ -
review of "Dicarbgkylic Acids® (x0l. 1! o0, 614-6257,°3 . 8., the saturated,
| inear aliphatic series_df di warboxyl |-c|-naC|-ds. (di q.cndsB Mrom whi ch nelting.
and boiling point-slata &4 9 Th&sfior R B3 & Thesanor g ¢ di basi ¢ aci ds
~are conpiled in Taple AQl15 28 T ¢ 7 T 7 7T T ~ ~m 2 E
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25 30 [err] [err] [err] 21. That treatise points out that these
diacids are crystalline solids, whose nelting points decrease .as the
aliphatic chain length (m w.) increases, with alternation of sone '
physi cal properties of neighbouring 5 members of ‘the series such as N
oscillating nelting point, water solubility and ease of decarboxylatlon or
deconposition, but not of others such as .boiling poi nt, - density and - ;
dielectric constant. \Wereas the odd-nunbered acids nelt | ower t han thelr
nei ghbours, 10 e.g., the 5 carbon atomglutaric acid melting nuch | ower
than the nei ghbouring 4 carbon atom succinic aci-d and 6 carbon atom adi.pic
acid, their boi'ling points increase with |ncreaS|ng nol ecul ar wei ght . The

b0|I|ng points of the lower (m. mﬂ ) 15 - d|a0|ds are difficult to neasure
as they subline, : :
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£

dehydrate or deconpose, the even-nunbered carbon atom aci ds bei ng nore
resi stant to decarboxyl ation or deconposition than the odd-nunbered acids
preceding them "~ Their thermal deconposition is sensitive to 20 catalytic
effec{g of inpurities, environnent and the deconposition products '
t hensel ves, and results in decarboxylation to a nonocarboxylic acid or
anhydride formation, with watgr elimnation, succinic and glutaric acids -
form ng cyclic anhydrides jandi_adi pi c 25 acid formng a polymeric (I'i near)
“anhydride. Malonic and gl Jtarixvadt d§ ePe¥ r®mdy water-soiuble, the :
remai ni ng even-nunbered adi ds $n@ dBI P nBd& Ly soluble, solubility
al ternating between hi gh# vaFue¥ PorXtie gdﬁ n¥nkered acids and 30 - | ower
val ues for their even-nunffer esh i ghboues, = ®api dly decreasing with :
increasing chain length (M w.)e @l st @neh rl i c aci ds are strong
acids and the higher honologues (m w.) aregprpgressively weaker. Wil st
the odd-nghbered acids hgye lower 22 _iopi ;}atﬂ,on constants than their
~even- nunbgy ed nei ghbour s¢ ft he i oni 2at# OB CONSI amt val ues becone al nost
const ant feorsal | the acig above a8 pbcradhd® Bhsewhere, that treatise
notes that® nfll onic 5 id|osestd'bbh Vi %i¥Me on heating above its
melting p&in®, and k" aqueous sol ution, undergoes decarboxylation at [err]
(vol . 14: B794- 795) ; Ot hat & uccjuni,g acid sublinesawhen heated belowits [err]
mel ting pgl ns, dehyBrat esfat ~taanal tebner poi W ,~agd 10 forms a cyclic
anhydri deg S@ICCi ni'c.Eanhy ide2nPiFgpL 2 TS
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[err] (vol. 21: 848-849); and that adipic acid, unlike glutaric acid and
succinic acid, does not readily forma cyclic anhydride, but deconposes to
cycl opent anone above [err] (vol. 1: 510-513). 15° _ The Mer ck

| ndex, 10th ed. 1983, Merck & Co., Rahway, N.J., shows sinmlar data as,td. .
t hese nine diacids, especially thelr boi I%mg p0| nts at normal pressure ("T‘BO
mmHg). It indicates that oxalic acid subl'inmes at [err], decoiposes at

hi gher 20 tenperature, and is hygroscoplc and poisOnous t hat mal onic
acid nelts with deconposition at about errl that succinic acid has np:
185-[err] and bp [err] vmtf@hﬁﬂtﬁtﬂatzﬁnwve nmst@mthohahhybesaed@oczdp

[err] and bp [erigpe d Mtaﬁx?é's-‘opfdgi hﬁﬁos@ mE181hE" f)luaés aeaileaee
302-[err] with ver econposi t) adi pic aclLd errbeand
o [or1]) and i S afothe GARRARIE St niengiholRe WEr § LBRACASEBSyHIE
oxal i ¢ and nalonadtsnnktromeoﬁuknneeﬂhysicaltpropentb93|oﬁ heighheuoﬁng '

-their | ow | ecu Q& efiéQ #Qtas@f?l t@ﬂ dhéggghatlon
constants, and t act that ox 1 C. aC| sub S
hygroscopi ¢ mhllﬁphﬂﬂnnﬂﬁﬁﬁﬁn splnibhider andease 0F, f°%§PP¥MQaEBPHt°r

t hereby adver sel n_e@‘dn@asﬂudﬂl,e Bdwmo:&laasﬁcoeheﬁsl sachnascboilifggl pogat,
Pimel i ¢ and i ghEREAtE A dAEIRAERTReohtaRe O dherEnbhgD 0 T
their cost, and ndg+numhgnﬁ¢uaotdsﬂmeitwlpwsw|thgnpbhq;s Qﬂhgbhounsnease 5
with their pocregsigly e Hrdh Htdn §i\dtart¥ acid melting much -
lower than the neighbouring 4 carhon atom succlnlc ac1d
and 6 carbon atom ad1p1c acld, thelr b0111ng po;nts
increase with 1ncreas1ng molecular welght.
. The boiling p01nts of . the lower (m. wt. )

15 diacids are difficult to measure as they subllme,

dehydrate or decompose, the even-numbered carbon atom
. acids be;ng more reszstant to decarboxylatzon or .
decomposition than the odd-numbered aclds precedlng
them. Their thermal decomposltlon is sensitive to .

20  catalytic effects of lmpurltles, environment and: the
decomposltlon products themselves, and results in
decarboxylation to a monocarboxyllc acid or anhydrlde
formation, with water elimination, succinic and
glutaric ac1ds formlng cyclic. anhydrldes and ad1p1c

25 ac1d formlng a polymerxc (linear) anhydrxde. '

‘Malonic and glutarlc acids are. extremely
water-soluble, the remaining even—numhered acids belng '
only moderately soluble, solublllty alternatlng |
between hlgheruvalues_for the odd-numbered ac;ds_and"

30  1lower values for their even-numbered neighbours, yet

| rapzdly decrea51ng with 1ncreas1ng chain ‘length
(m. wt.). Oxalic and malonlc acids: are strong acids o
and the higher homologues (m. wt.) are progressxvely o
weaker. Whllst the odd-numbered acids have lower '

_g;;_




oD g, e

adversely affect the characteristics and adequacy of boiling-off of the
flux. Pinelic acid is not only costly, but also may splatter and subline
to expose the circuit board to |ocal deposition of sublinmation or 10
decoprposi tion constituents detracting from product quality. Wilst succinic
acidLﬁrso tends to subline, and gLutari&igcid Is quite water-sol uble,
conpared to non-hygroscopi ¢ adi pi ¢ aci d~4n using these three acids 15 as
a mxture in the above-stated proportions, the average nwol ecul ar wei ght and
depressed boiling point of the mxture, as opposed to the individual acids,
seemto inpart xﬁnzzatwmns@mnsuangsathaonthelrhevenunumhnuedhe hi gher

content of the %?Eﬁb | 0 c i d
boi | i ng-of f of t 3a£$écgﬂ?§niaﬁl gizg thanﬂ bdlgﬁggﬁﬁFgmggg adi pi c
I

nt
aci ds. as it hALESH FORFEARE FOF 2L aFidabahPrRoatipiF et idons ot
splatter and | eaves a | ovElsewhere, Tthathteeatisd nokesr that malbnied for

the 25 & 51 Nd4EF {h4s Lallinl BYGRIAGGH HEIE LREOURAYE I0U RBILSHEN 2° 2

connerC|aI m xt succl nr ¢, acrds
three acids ar epomthea@Fésme%HW@%r%Obhgm%fPF@@rGGﬁﬁer ci aI mxture is a

ggeng ?f 3? d 1 ifxﬁstﬂénaaelvab%e(éépn1DmPogs4Ca9?¢a thae. (Dggoggoc
nada), o goo so | i di nel t ege
and boiling ra dwﬁ?%ﬂl g ﬁé&1 ﬁﬁa %F%ﬂwhﬁ lbgs ay 97.0%
(mn.), 24 . melt1ng p01nt. dehydrates at its melting poxnt, and

10  forms a cyclic anhydride, succinic anhydride having mp
.~ 119,6°C (vol. 21: 848-849); and that adipic acid,
unlike glutaric acid and succinic acid, does not
'réadily_form a.cyclic_anhydride, but decomposes to

cyclopentanone above 225°C (vol. 1l: 510-513).

15 . The Merck Index, 10th ed. 1983, Merck & Co.,
Rahway, N.J., shows similar data as to these nine
diacids, especially their boiling points at

. normal pressure (760 mm Hg). It indicates that oxalic
acid sublimes at 157°C, decomposes at higher

20  temperature, and is hygroscopic and poisonous; that

malonic acid melts with decomposition. at about 135°'C;

that succinic acid has mp 185-187°C and bp 235°C with
~partial conversion to the anhydride (of mp 119.6°C and
bp 261°C); that glutaric acid has mp 97.5-98°C

and bp 302-304°C with very slight decomposition; that

adipic acid has mp 152°C and bp 337.5°C, and is not

;'hygroscopic, and that pimelic acid tends to sublime.
' '~ Oxalic and malonic acids are undesirable for

_thls invention because of their low molecular weights,

30  strong acidity and high dissociation constants, and the
fact that oxalic acid sublimes at 157°C and is ' |
- hygroscopic whilst malonic acid decomposes at its 135°C

" melting point, thereby adversely affecting the flux
characteristics and causing large ionic residues, e.g.,

N .25



26- 30% succinic acid, 55-59%glutaric acid and 11-15% adi pic -acid, plus 3%
aci d anhydri des (average), 0.8% succinimde (max.), O. 6@6g|utar|n1de

(max.), 0.3% water (max.), 1 ppm copper (max.), 1 ppmvanadium5 : (nax. )
and 5 ppmiron (max.). Typically, it has an assay of 97.6% 27. 796SUCCIngC
acid, 56.6%glutaric acid and 13.2% adi pic_acid,- plus 2. 7% acid anhydrldés '
0. 7@6suctln|n1de 0.56% gl utarim de, O. OSQI@ater 0.28 ppm coppers <Qz-1- ppm
"vanadiumand 1.9 ppmiron; or. it 10 has about 27% succi ni ¢ acid, 57.5%
glutaric acid and 11. 6% adi-pi c acid, plus about 4% acid anhydrldes 0. 7%
succi ni m de, 0.5%fgom Waﬂﬂdh %d/vestfhlimmmrprMm al mxture

I s the product;, deS|gnated f" QYR A
W m ngton, DE (DuPont), ovvaclaer sol g}[t ;93 e&:\%:lab%e for
TAM For nul ati on Nshis: 11'83281%%%%%5%(9@ tl‘!ﬁl%msﬁut chighd and
35033%28d' pic aci dol@cuaa%w s dtid BT d | bj x&ai’&hg%néréaéé' d,

0 per_an 0 anadi-um_ an a N
concentratl solﬂﬁtgnggFﬁﬁu}qqﬁéﬂf #?Fé;?# a%& téﬁaﬁ 1. 106 :
havi ng 26% succi nadvecnsd,lySMigqn adtie qmmmnm&mlqm a@emawwfo 3% -

nitric acld 25 poiling-off Af Rid mﬁr@ﬁﬁeﬁétaﬁﬁi'fsanétcéﬁ xylic
acid product avail abl :p -apout .10%

sol ubility (room €& (i)V'r %%Bgtiﬁco“&&) Pari%%@l?'ﬁlgs s o+, ?L‘Sﬁoﬁﬁ

boi I'i ng range, whcdhdwit biard to local dE@osinInnenftsuhtuﬁatlonsoy of

aci o, pl e’ 2F8; 2 BEAHRR &%?%‘ﬁ%t%'%tﬁ%%@%“’%% o ‘89%&!07

wat er . qua ltY-

Whilst succ1n1c ac1d also tends to subllme,

-and’ glutarlc acid is- qulte water-soluble, compared to
non-hygroscoplc ad1p1c ac1d, ‘on: usxng ‘these three acids
15 - as a mixture in the: above-stated prOportlons, the
average molecular weight and: depressed boiling. p01nt of
the mlxture, ‘as: opposed to. the 1nd1v1dua1 acids, seem
to impart eff1c1ent spreadlng actlon to the flux, and _
_the hxgher content of the lower bozllng poxnt glutarlc
20 acid seems to aid’ bolllng-off “of the ‘lower content
- higher holllng polnt succ1n1c and adlplc ac1ds, as it
- has been found that the flux spreads without voids,
- 'does not splatter and leaves a: low res1due.--
. The three-acid mlxture or TAM used for the
‘25 ros1n-free flux of the 1nvent10n ‘may be from any
' source, such as a commerczal mlxture -of succ1n1c,
glutaric and adlpac acids in whlch the three aclds are
in the desired proportions. - " . - .
A7 flrst commercxal mlxture ls a blend of -
30 the three acids available from DuPont Canada, Inc.
(DuPont Canada), of good soluhlllty, mild acidity
- (pH 2. 95)i_melt1ng range ‘90~ 130°C and b0111ng range
170- 195°c, ‘which hass - - 0 .
. TAM Formulatlon No.l - assay 97. 0% (min.}),




A fourth comrercial mxture is the product, 25 designated "D aci des
AGS", avail abl e from Rhone-Poul enc Inc., Princeton, NJ, of about 10% wat er
solubility.-(roomtenp.) and 100-130C nelting range, which has: TAM
FormulLation No.4 - 18-25% succinic acid, 5  50-55%glutaric acid and

20- 2"5% adi pic acid, plus 1.4% succinic ZWdI’I de, and particularly 19.5%
succinic acid, 51. 6@6glutar|c acid and 22. B@badlplc acid, plus 1.4%acid
anhydri des (as succi niic anhydride), 0.06% nitrogen (kJeIdahI) 0. 3% wat er,
0.4 ppm copper, . ppm vanadi um a 2.4 m,i ron, These_ TAM

formul ati ons ar’éoeg‘g%cﬁ‘é"l"l’ S 2F as5§'hgg%h9é€ggfi'-ﬁ acidyasd WMrA5%he
conmponent s |r1tddip£mgmcnd,apmms 38-86id sanhydridesi (aveiragéy, gbussric acid
~and 11-30% adi gy I ct gdqthat these
"three-acid nlxtures efigANT hﬁlafs% élﬁgéigﬂi&& rﬂﬁ§ ?é ﬁo Ikespemally
purified, perfdﬁﬁ%’étf &ciorhgpmncemeﬂ (Raxe) pr byPE® ¥anadinent

sol der abi I5 ty U . ;hmde!o px«eiyoﬁlmdxcpndltypﬂéaﬂwnitl Ras! gatronic 20

Conic resi due SRPAAh 3 vikn A W cpucEitfr 4%ide Fokd Brufarkecucn

commer ci al gradeeid and eb3 . Z%n@disles«p@tdal pSIUSOZLﬁ%vaemdoanhndradese 25

ndi cation i n gierdlsdedifimiad] 9568 slatariRIaB, §208YPREELEONOORE! NeSE
diacids is sensitive to cat&lxxlc ef fecls ofRngf ties, fentlally
fa |

~those |isted i PREbARRRTR PRI} nYARRCHIE Jpm’ 1r°n‘ it

10 has about 27% succinic acid, 57.5% glutarlc acid and

_ o 11.6% adipic acid, plus about 4% acid anhydrides, 0.7%

1 : -~ succinimide, 0.5% glutarimide and 0.2% water.

' A second commercial mixture is the product,

_ de31gnated “DBA", available from DuPont Co.,

15_ Wilmington, DE (DuPont), of 20% water solublllty
(18°C/64°F), ‘which has:

TAM Formulation No. 2 -.18-28% succinic acid,
'51-61% glutaric acid and 15-25% adipic acid, plus 1%
organic nitrogen compounds, 0.2% nitric acid, 0.02%

20 copper and 0.01% vanadium, and is available in a 50%
concentration'solution'of the three acids in de-ionized
water, sp.g. 1.106, having 26% succinic acid, 55%
glutaric acid and 18% adipic acid, plus 0.3% nitric

_ acid. - ' :

N 25 A third commercial mixture is a dicarboxylic
acid produCt available from BASF Corp., Parsippany, NJ,
of about 10% water solubility (room temp.), and about -
100-130°C melting range and 150-210°C boiling range,
,whlch has: o : : -

30 _ TAM Formulation No.3 s;assay of 97% (min.),

' '25-30% succinic acid, 42-47% glutaric acid and 25-30%
adipic acid, plus 2.3% 2,5-pyrrolidinedione and
2,6-piperidinedione, and 0.5% water.

A fourth commerc1a1 mlxture is the product,
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" The costs of chenmicals in-puré-and 30 comerci al grade forn1are
~influenced by many factors, yet provide useful conparisons. Recently not ed
costs of the three pertinent acids in pure form and the next higher acid,

~pinmelic, are conpared in Table D. 26. TABLE D - Conparative Costs of.[ﬁf
| ndi vi dual Acids Acid Unit Cost <sCal cul ated Cost Per Kg Su00|hrc
$1.26. 90/ 2. 5kg $ 50.76 - 50.76 Jutaric 14. 20/ 25¢g
568. 00 Adipic , 24'60/2kg ' 12.60 ~ 12.60 Pinelic
61. 25/ 100g 12.50 Total
631. 36 675m35;ggaﬁgge“oiac1des AGS“, avallablegfgog5Rhone-qu@gqgg
10 Artid s prPtinéekony Rojabfaaboatsios whterhsotuddildeyas a

S1ﬁéFL§ f2?6928§2k$€“§§$%ﬁtﬁﬂ %%éeigﬁ-f?@‘géégfﬁiﬁgziégﬁgv bhe ﬁ?é%é?“ii”?t-"
i's substituted for succini cTAM Barpultation Noasdy-s succinicn acdd
change the ngpergﬁggsgf ﬁ@arféUaﬁidgaﬁaxﬁuﬂﬁs%QAﬁﬁﬁathScidff BCAS g

ol ccul'ar el ght § el L aghyREiaga sad PRRELFBLAETY dOrBonamECiadte rom
t he obj ectionabl eaid, SEnﬁi%ngyutarpcnatld anddZZoG%uadu.péc Ht:lid,l plast ant,
e ey a1 Y604 SREVAY Iy EsbCTHEE Shbyabithy 0,089, ?S; e
which is farI(ﬁﬁﬁ%¢kﬁﬂ?%e(5b6¥€abb’cu@a@%dwﬁtéFagQ éoPPNOPOEPﬁFXt o8
the pure acigs, ppm- vanadium and 2.4 ppm irom. - -
' . "These: TAM formulatlons are espec;ally usable
as the ‘three-acid: mlxture, w1th the components in the
range of about: 18-30% succ1n1c acld, 51-61% glutaric )
acid and 11-30% adipic acid. f_” L
1% o It was: qu;te unexpected ‘that these -
three-ac1d mlxtures, per. TAM formulations No.1l- -4, which
are not especlally purlfied, perform satlsfactorlly in
'the flux to provide consistent solderablllty under the
relatively rigid. conditlons extant in electronxc
20 . circuit board component solderzng, ‘yet. leave the site
' essentlally ‘free from: Lonlc residue and avoxd ‘a washing
step, despite the 1mpur1t1es in such commercxal grade o
 mixtures. E T = L
Thls is espec1ally so in view of the above
- 25 .-lndlcatlon in the Klrk-Othmer treatise that thermal
decomposition of these d1ac1ds is’ sens;tive to
catalytlc effects of 1mpur1t1es, and potentlally those
11sted 1n commerclal TAM formulatlons No 1-4.
- The costs" of chemlcals in pure and
30 commerc1al grade form are: 1nf1uenced by many factors,'
' yet provide useful comparlsons.' Recently ‘noted costs
~of the three pertinent ‘acids in pure form, ‘and the next
hlgher acld, p1me11c, are compared in Table D.



“and a conparable mixture in which pinelic acid is substituted for glutaric
acid woul d be even nore expensive. Despite the |lower purity of these
.conmmercial mixtures in the flux and the need to linit the ionic residue to,
at nost, a trace anpunt, they surprisingly performemnently satisfactorily
for tRé purposes of the invention, mﬁthaikphaving to formulate the m xture
fromthe high purity individual acids at *27.. high cost. Based on the
above Merck I ndex data, their nelting and boiling points may be taken
generally as set forth in Table E. 5 TABLE E - Approximate Ml ting and

Boi ling Points Acid TABLE R fcfomparapive fe§tgoof Individual Acids

Succi ni ¢ 186 R3Pa G ut ari cunit cOSt GaBcyllaped Cost Péb2K
337.5 Tot al 436 = 875.5 Average 1 err € '
commercial m xtures oSue¢dimbcaci ds$ 1269002 130gand $090136C np rang88,76and

~ 170-195 and 150-210C:é§# s, of aygr 110C agglg bgo180C wel | bel ow-
the Tabl e B averages. %?igggmrerci al Ygowhm ture np r ngﬁ I s bel ow thgﬂ
g e

boi ling points of suckdHPECand adi pi#4=8042k3nd its bb4r8ge i's bel dd~
boi l'i ng point of Succpimélieid, i.e.61i128/100gst of the-three aci d612.50

‘Average | ~ 210.45 ~ 225.28

10 Arbitrarily taking equal amounts of the three
acids as a mixture, the cost comes to an average cost
of $210.45/kg, and substituting pimelic for glutaric
acid increases it to'$225.28/kg, and even higher if it
is substituted for Succinic or adipic acid. Any such -
substitution would change the properties of the
resulting mixture, given the differences in melting and
boiling points among these acids and the increase in
average molecular Qeight imparted by the heavier B

'pimelic_acid component, aside from the objectionable
tendency of pimelic acid to sublime. '

_ More important, the cost of the commercial
purity mixtures of succinic, glutaric and adipic
acids, per TAM formulations No.l-4 above, is roughly

'$1.25/kg ($0.57/1b), which is far less than the above
calculated average cost of a mixture of the pure acids,
and a comparable mixture in which pimelic acid is
substituted for glutaric acid would be even more
exﬁensive; Despite the lower purity of these
commercial mixtures in the flux and the need to limit
the ionic residue to, at most, a trace amount, théy _

- surprisingly perform eminently satisfactorily for the
pﬁrposes of the invention, without having to formulate
the mixture from the high purity individual acids at

15

20

30



A distinct benefit of the commercial mxture 25  depressed boiling range
is that the acids boil away to leave a low iaonic residue, so that the
impurities in the comrercial grade mi xtures and high acidity of their

di basi ¢ acid content have been found not to be a problem When the three.
acids are in the above-noted 30 ranges,_gptimumresults are achi evabl &4
for adequately coating the surfaces to bérggldered whi | st inhibiting
splattering, sublimation and-local -re-deposition. Despite the high acid
content and inpurities in the comrercial nixtures, the constituents boi

of f at anblehblgblqeﬁtﬁg conditions; av0|d|ng a Iarge ionic re5|due and -

a washing step for .its rengyalked Gﬂdthﬂﬁabﬁﬁ- g@ - ?h
occurs w thout s gftenental Bﬂé as .norm yy use "to prevenf oca

re-deposition 5 melging,aad, 11 pedats may, be taken general Ly cas

sol derability |nsett£onthgln Tahleosuc resi due product,. and sol dering
occurs mAtqut causi ng annoyi ng or noxious odours on-‘the circuit boards or.
fixtures, dnd provides a circuit board product whose surfaces have a 10
desired post-sol der drynEABLEnE moAPPEOKimete Medting land Baid irig sPeintd
steps. As to the rosin-free flux of the invention, the inclusion of the
al i phatic carboxylic acid ester specially said " sqlvent (‘DuPont
Co.), with the 15 | ower allphatreggﬁgeho §$h-g§_|so al cohol
(1PA), is particularly desirable because of the | oy, surf-ace tension

i mparted tqg he three-acid nixturgysghfticon foqgglatlon £ When used for

f oam spray and wave appllcatlon Ineaégglaceneg% of a H§B;|conponent

- Adipic 182 - . 337.5
Total -~ 436 . 875.5

. ;Average-a' ”51¢5$cs~.-;292°c,-

15 o e L _

- The commerc1a1 mlxtures of these ac1ds have
90-130 and 100~ 130°C mp- ranges, and 170- 195 and '
.150-210°C bp ranges, of- average mp 110°c and bp

. 180°C well below the Table E averages. The commerclal
20 mixture mp range is. below the: b0111ng po;nts of .
succinic and:adipic acid, and; its bp range is below the
b0111ng point of succinic 601d, i, e., the lowest of the
-three acids.: - ' R S
. A distinct beneflt of. the commerc1a1 mlxture
25 ;'depressed boiling range is. that the aclds b011 away to
leave. a low ionic residue,. so that. the 1mpur1t1es in-
the commerc1al grade mixtures. and hlgh ac1d1ty of thelr
dibasic acid content have been found not. to be a
. problem.. -When the three: aclds are in. the above-noted
30_' ranges, optimum results are. achlevable for adequately
~coating the. surfaces to be soldered, whllst inhibiting
splattering, subllmatlon and local re-de9051t10n.
: Desplte the high acid content .and 1mpur1t1es
in the commercxal m1xtures,_the const;tuents boil off



20 by the ester conmponent correspondingly lowers the rosin-free flux
cost, and use of the ester ‘conponent permts conveni ent adjustnent of the
anount of the three-acid m xturée conponent by repl acenent of a portion of .
t hi s; copponent by the ester conponent at 25 conparable cost. 30 29. _
The #0sin-free fiux of the invention |§Zg§ especi al advantage in achieving
an extrenely low ionic content flux restdue on soldering, at a relatively
low naterials cost. Mbst significant is the fact that the-5 rosi n-free

fl d duct bl duced thout th
i oubl o and. ex i AuESIE-SRTSRAEE AthaPeihSs . SEnEdiRe oA (P umasont "
suppl yi ng supmeSﬂduﬂ andua(knshmpqisxepﬂfhriI@ptnemswakt andlatheéi tawi on
f the fl ful
of the flux 104 Q.“t%téb %Sﬂf%-ﬁ’e P dtt 6:‘5'¢?u£-§54:{'tﬁ15ﬁ€ H:géféméﬁﬁafse u

in electronic CIFCUI . to attaln in ni ficant
decrease in t hdeating ag %ﬁggn%PfPEﬁN%%%r%Qca%oFﬂsdﬁﬁﬂsl jen
defects, @i thogs Q:oii'stlﬁmﬁm srl&p fTum | Hysutes Morei 6OhsLStentt he

Tosin-free T uPQRRHIT P S SERORGRY £00 Dhfe fedfle Brodfety,
three-aci d ni x@and soddering oeeprs Wlfahﬂ'&és‘é#ﬂ$hﬂl9yallm¥én§eerdue free -
sol dering site roxitid 'dadtﬁl‘é Yo @ r¢ Bfbu it ot @6t £ exbures PAdnds a

very Iovv- cost p%loewlrrlci I qU| c:.rcrgmtneboar ﬂxeclaé‘t : VeIl>(ose surfaces have a
10 desired post-solder dryness and non-tack condition
_ . without use of special steps.
N I . As to the rosin-free flux of the 1nvent10n,
' the inclusion of the aliphatic carboxylzc acid ester,
especially said "DBE" solvent (DuPont Co.), with the
15  lower aliphatic alcohol, such as isopropyl alcohol
(IPA), is particularly desirable because of the low
surface tension imparted to the three-acid mixture
solution'formnlation, as when used for foam, spray and
wave application."‘The-replacement.of,a rosin component
20 by the ester.component correspondingly lowers the
rosin-free flux cost, and use of the ester component
permits convenient adjustment of the amount of the
three-acid mixture component by replacement of a.
. portion of this component by the ester component at
N\ - 25  comparable cost.

30



boi ling point and acceptably |ow surface tension bel ow that of water (the
surface tension of water being about 25 72..8 dynes/cm at [err]). The
ester (e.g., DBE) is a liquid conponent of |ow cost conmparable to t:hat of
the three-acid m xture, and of suitably |ow boiling point and especially
| ow surface tension. These conjoint benefpcyal features are 30 attai ne¥
in the rosin-free flux, such as where the al’cohol -and ester are in the-

rel ative proportion to each other of about 1-99% al.cohol and 99-1%ester, -
especially 50-99% al cohol and 50-1% ester,_and the three-acid mxture is.in
a concentration therein of The regintfree dlukxPeche inventiencisiaf about

7.5% Stated anobb cidll, ddvantayeddn avhiw g calnexeréme By €low ionic

st or, and eshect? “% 5493, piiite b sofieryfl ! m?%’?%i*{%ﬁ Iew

t heir conbi ned tnaauenmsem mMast redgrebBicant his rthenfactethatixthe
sol ution, the CO %&&Wf@é& £1856 ddi] :Wfd@@'éwﬂefgdtﬁ‘x?o&@cﬂt ipn bei ng

t he three aC|d

i ncI usi. o of th ster - rrpon
advant ageous| y I HQ’S Qf(ﬂ?ﬁl ‘Qél%c?’adm xture
needed in the roewpehseedﬂ m(wasiam;n:stEp o trmome exommpnesei:dum Il

usual l'y be suffl rqu w nent are
in the proportlon o aboi%@o o# andﬁ%gt 0 € gaw?or a

t hree- aci d ni xt us@ldering 49 @ﬁﬁrﬁ%dﬁﬂﬂéﬁ#%?ﬂ#ﬂ-@%e‘?%@%f £IwEut 0.2-7.5%
especially @02- S%Mﬁwﬁus;ul arly 0.2-2% As the: optlonal i.ncl usi on. of .

de-ionized water _ Typ1cally, the roszn-free fluxes are useful
~in electronlc c1rcu1t hoard solderlng, to attaln in all
cases a 51gn1f1cant decrease in the number of product
rejects from shorts, v01ds and llke defects, w1thout a
15 washing step. ’ o - - '
SRR : Employlng a comblnatlon of the alcohol
component ‘and the ester’ component as organic¢ solvent in
- the rosin-free flux to form the desxred suff1c1ently
dilute solutlon of the three-acld mlxture for achiev1ng
20 ‘an essentially ionic’ resldue-free soldering site is
- partlcularly preferred. The- alcohol (e g., IPA) is a
‘very low-cast: polar llquld'component of relat;vely low .
boiling point and acceptably ‘low surface tenslon below -
“that of water (the surface tenslon of water helng about.'
25 72.8 dynes/cm, at 20°C). The ester (e g.;, DBE) is a _
 liquid component of low cost comparable to that of the
three-acid mixture, and of sultably low b0111ng polnt
and especially low surface temsion.
These con;oxnt beneficial features are
30  attained in the rosin-free flux, such as where the
alcohol and ester are in the relative proportion to
each other of about 1—99%talcohol_and 99-1% ester,
especially 50-99% alcohol and 50-1% ester, and the
three-acid mixture is in a concentration therein of




further |owers the cost and aids foam ng where desired, 20 its
hydrol yzing effect on the ester conponent can be readily controlled by
conjoint inclusion of a hydrolysis inhibiting agent. The influence of .the -

| ow_surface tension property of the es conponent on the al cohol
comggnent and included water will ther "be 25 retained, whilst any

I ncrease in acidity of the three-acid m xture-containing sol-ut+oens -
traceable to ester hydrolysis, will ‘be mnimzed. .The present applicatian

-has been di vi dkessuthanotDeB- aspe068d3yononhmokedibenosbouko~5&si due 30

or gani ¢ solderSEStEHUAﬁatﬁeptaagLnaheoamcaheubaaacegeeé BopBhentad a
rosin. .The fO||OMAag exangles to 4, in which alb Barﬁs gnd . .

per cent ages - ar 8 By2ABABRPIGAPELYE PhEPRi EBLERIPEALRBAVtALE92ePREES h by way
~of illustratioalachohotol Pi-Lapaobsoéstiee,i andnespecibdilyed0-59 pEXAKPLE 1
- Low TAM Rosi a ters: ol LgqF s(a o] tion
No. 3 ( BASF) isgﬁgéggéi?gcg?y?mFEEEFngggpfo?ﬁgakpéﬁﬁTkﬁP§§§%§n?ggégin-free'
and wat er - f r eeFPPERSEBESSPPES EBANi 9% 8f, the) regingireg §d8Kving 5 g TAM
in 995 g | PA teolatiibap thepcopykspbaaiiny sekst thanof 0abeuina@nb¥rTAM

content a1 (58) gl SLTiR b el RodplghhhRed®Acdyl Biatgslor an | sopron
repeated using 15 instBadiransédppupét Fbe REter( RABRENPBY enc). (c) The
procedurejof (advhfthgesatey uswegsi BAbeadrFabbbAaTHGaRMeAnkOOE ERePont).
' three-acid mixture needed in the rosin-free flux, the
amount of the ester component will usually be
- ‘sufficient where the alcohol component and ester
component are in the proportion of about 50-99% alcohol
15 and 50-1% ester, for a.three—aéid mixture dilute
solution concentration therein of about 0.2-7.5%,
especially 0.2-5%, and particularly 0.2-2%.
o As the optional incluSion_of'de—ipnized water
further lowers the cost and aids foaming where'desired,'
20 its hydrolyzing effect on the ester component can be
readily controlled by conjoint incluéibn of a
hydrolysis inhibiting'ageht; The influence of the low
- surface tension property of the ester component on the
alcohol cdmponent and included water will thereby be
: - 25 retained, whilst any increase in acidity of the
A three-acid mixture-containing solution, traceable to
o ° ester hydrolysis, will be minimized.
- ~ The present application has been divided out
from GB-A-9106903.9, which discloses low-residue
30 organic soldering fluxes containing both a dibasic acid
mixture_and a_rbsin;.'The following examples 1 to 4, in
which all parts and | ' |



Each of the fluxes of EXAMPLE 1 is usable according to EXAMPLE 11 of

GB- A-9106903.9, like the 20 flux of EXAWMPLE 10. of GB- A-9106903.9, by
spray application to the circuit board for attaining simlar results, the
TAMin this case-serving as flux sufficient to clean the surfaces belng

sol dered due to the highly acidic nature‘ég the three acids present, 25*ﬂ
yet of sufficiently dilute concentrati.on -avoi d undue corrosive-actlon
whil st leaving a | ow ionic residue EXAMPLE 2 - Low TAM Rosi n- Free Agueous .
Al coholic Flux 30 abo e-not 8 g DBE" ‘'so

Co.) liquid (DBEPW%%@{@??I %rf‘be%?'}‘ﬁ %% Pt ‘Pf"’lé'o’nﬁafiﬁf:ﬁg} . 5%
total ester contame(set1ﬂqrth hyxwayJﬁf5®lhuserayionuandnnbt 1&ﬁ%tdmuahhy

glutarate and 17 [ fgﬁ g about "0.2% net hanol 32. 0.1%
wat er (max.). andqfejs#gpét han 1 y%ir ogen cyani de, totalli ng 7 644 ¢
(1.092 x 7) DBE, were conbined mnth 3 m or 2.9388 g (3 x 0.9796) TAM

sol ution [Forsrrul BRAMPI®. B < BASF)'.I]'AwfRdbﬂMBrge(Bnd Batep-PBé&E) TAM

(28.7%, 1.1292 g (3 X 0.2 3763&1&@&)(7%@ fl%%and 0.9651 g (3 x 0.3217) water

(32.9%, plus 340 m or 265 I.PA, to form 350 m or 0.09
U.S. gal. of flux. The f|ux(a)oy HAERY 1%nltler%eﬂBbSm4QSgu§ed TAM .

(0.3%, 7.6440 gdited %mt}?ﬁfpﬁw o 6d. Pow PAN288nteRt (B86ia%Ufraed
o'sest o vater [ olst o Ul oy S SRR L (7,0 o
10 dissolving 5 g TAM 1n 995 g IPA to form an’ 1sopropyl _
'alcohol solutlon of about 0. 5% TAM content, and (ii) by
:dlssolv1ng 10 g TAM in '990 g IPA to form an 1sopropyl
alcohol solutlon of about 1% TAM content. ST _
- (b) The procedure of (a) is repeated u51ng
15 instead TAM Formulatlon No 4 (Rhone-Poulenc).:
_ {c) The procedure of (a) 1s repeated using
1nstead TAM Formulatlon No 1 (DuPont)
'_ : Each of the fluxes of EXAMPLE 1 1s usable
accordlng to EXAMPLE 11 of GB-A-9106903 9, llke the
20 flux of EXAMPLE 10 of GB—A—9106903 9, by spray
appllcatlon to. the c1rcu1t board for attalnlng similar
results, the TAM in thls case serv1ng as flux_
suff1c1ent to clean the surfaces belng soldered due. to
the hlghly ac1d1c nature of the three ac1ds present, ,
25 yet of sufflclently dilute: concentratlon to avoid undue
corros1ve action whllst leav1ng a low 1on1c re51due. B

EXAMPLE 2 - Low TAM R051n Free Aqueous Alcohollc
| N ' Flux : -

30 | 7 ml of the above noted "DBE" solvent (DuPont
Co.) liquid (DBE) of bp 196- 225°C and sp. g._l 092 .

. (20°C), containing 99.5% total ester content (mln.), of
about 16.5% dimethyl succinate, 66% dimethyl glutarate
and 17% dimethyl adipate, plus about 0.2% methanol,

‘DuPont



Tia eI 2w

to 0.2 vol.% (0.8445/350). 15 EXAMPLE 3 - Low TAM Rosi n- Fr ee Aqueous

Al coholic Flux The procedure of EXAMPLE 2 was repeated, this time using 125
m or 136.5 g (1.092 x 125) DBE 20 with 50 m or 48.980 g (50 x 0.9796)
TAM sol ution, of 14.075 g (50 x 0.2815) TAM (28.7%, 18.820 g (50 x O. 3764)
| PA FﬂB 49 and 16. 085 g (50 x 0.3217) @er (32.9%, plus 3610 ni or

2815.8 g (0.78 x 3610) IPA to form3785 ni or 1 U S gal. of flux. 25

The flux, by calculation, cantained 14.075 g TAM (0. 59@ 136.5 g DBE

4.6% , 2834.6 2). kP %. al ter
'EO 563 total 30 11§2§§§e? gmég ? g?@z@ %g 8%4%8?9 %@' § AM cont ent of
0. 5@6correspond¢ﬁ@n¥@eﬂ n0961 ing07.64449013,9925%. AtD@@O weserAM t he

EXAMPLE 2 flux é&gpbshedtwdeh Bt m1DBE. 23953%@2 §3IEAoaad95 41mMs wat er, and

the EXAMPLE 3 flu ad apgut 9 ts RA pt s mater
Rosin-free IOM/$% bﬂ?eﬁ of?HiQEEBP EEA@P& Wérg 322% %3
wave- soIderSng Ql&&lﬁbnTAMCKZBUV%)bo&562&3ngomanK50a§7ﬁﬁ)EXRHPKBBLﬂ%df

GB- A- 9106903. 9. o Mi§ef, §5b4 egt gs s:Oot Bg18h O\GEtE?') (9289%)VEbahsd 340! Gt DrOF
EXAMPLE 11 of ?ﬁ\ 106903;
5

ut _washi e’io resi due and
bef ore appl.yin cOnk ﬁﬁlxcggbﬂnﬁpAa EprggF Bégr X(HEaBd%?Sp Sol dered
usi ng the EXAVR&EL2 obsEbukciee flux had an ionic residue of 1.0128 [err],

as Nad eqU|vaIent Whi | Shhe flux, by calculation, contained 0.8445 g
' 10 TaM (0.3%), 7.6440 g DBE (2.8%), 266. 3292 g
_ o (265.2 + 1.1292) IPA (96. 6%) and 0.9651 g water
s (0.3%), total 275.7828 g of sp.g. 0.7880
' ~ (275.7828/350), for a TAM content of 0.3% correspondlng -
to 0.2 vol.% (0.8445/350).
15°

EXAMPLE 3 - Low TAM R051n-Free Aqueous Alcoholic
Flux :
) The procedure of EXAMPLE 2 was repeated, this
time using 125 ml or 136.5 g (1. 092 x 125) DBE '
20 with 50 ml or 48.980 g (50 x 0.9796) TAM solution, of
14.075 g (50 x 0.2815) TAM (28.7%), 18.820 g
(50 x 0.3764) IPA (38.4%) and 16.085 g (50 x 0.3217)
. water. (32.9%), plus 3610 ml or 2815.8 g'(0.78 x 3610)
| IPA, to form 3785 ml or 1 U.S. gal. of flux.
. 25 - The flux, by calculation, contained 14.075 g
' TAM (0.5%), 136.5 g DBE (4.6%), 2834.62 g (2815.8 +
18.82) IPA (94.4%) and 16.085 g water (0.5%),total
3001.28 g of sp.g. 0.7929 (3001.28/3785), for a TAM
_ . content of 0.5% corresponding to 0.4 vol.%
30 (14. 075/3785) -
At 100 pts TAM, the EXAMPLE 2 flux had about
905 pts DBE, 31537 pts IPA and 114 pts water, and the
EXAMPLE 3 flux had about 970 pts DBE, 20139 pts IPA and
114 pts water.



10 one (board 24) soldered using the EXAMPLE 3 rosin-free fl ux. had-an
lonic residue of 1.1597 [err], as NaC equival ent, -both of which are
surprisingly below 1.2 [err], and well below the rosin flux (a) test ionic

resi dues of the washed boards 6-8 of Table L of EXAWPLE 15 : 11 of . -7}
- GB- A-9106903. 9. Wien thereafter subjecte the above (b) ion - ~
chromat ogr aph tests of EXAMPLE 11 of GB- A—9206903.9, the board: {-board . 23)

sol dered using the EXAMPLE 2 rosin-free flux had .a total extracted 20 —
ani oni cs residue of 6.1559 whilst t board. 2 sol deped. usi. t he
EXAVPLE 3 rosin-free quxI%?f%ﬂT%ﬁ%ﬁ oy igﬁ {P%ﬁﬁ?ﬁ éi ¥%§|ﬂ% gggﬁggg§705
[err], both of mnhdhwaneznsadsmnrwaun+gpldamingbel@mtrmnlcoslncﬁLUX (b)
test total extra [ f Table
L of EXAMPLE 11 %?"%%ga&u"g@@ge&% éj%oar ?—X ?‘%E * i@e%gggdgfgagg ? Table
L of EXAMPLE 11 of GB- A- 9108w%IB %a?’kp‘é?z%a AmegaMekera -
total area of 23@elsesr lof( tExmdPKE th:hf 3§B—A€9]:ms9@3 9 hewbeboot . washIhgse

kedl lts f th o
fosin-free Tl ox 5P EhmaVE A4k SRS hdherbid ;éﬁ%ﬂf'?% Bse o the
rosin flux (boar gonfogmadi-agatdng o insu i Peard riheardi 23 bds9ldered: ed

to those for. theulsrmgn thes IEXAMRDE 2 Neo i eflrd®. Blukovddsal- 28noE -

Cout ot Swpre. FRAEEYE S MBI SR ST AT L
the Freon TAV8 (Ronewupcwarhéw) soldered ' using the EXAMPLE 3 rosin-free

flux had an 1on1c re51due of 1. 1597~ pg/cm ,-as NaCl
equlvalent, both of whlch are surprlslngly below 1.2
pg/cm . and well below the r051n flux (a) test ionic-
residues of the washed: boards 6 8 of Table L of 'EXAMPLE

15 11 of GB-A-9106903 9. - - _

“When thereafter subJected to the above (b) '

ion chromatograph tests of EXAMPLE 11 of
GB-A-9106903.9, the board (board 23) soldered using the
EXAMPLE 2 ros1n-free flux had a total extracted

20 anionics re51due of 6.1559- pg/cm i whllst that (board
24) soldered u51ng the EXAMPLE 3 r051n-free flux had a
total extracted anlonlcs ‘residue of 12. 2705 yg/cm ’
both of which are also surprlslngly well below the
rosin flux (b) test total extracted anlonlcs ‘residues.

25 of all the boards: 1- 22 of Table L of EXAMPLE 11 of

' GB-A-9106903.9. - TR AR :

"Boards 23- 24, 11ke boards 1-22 of Table L of

EXAMPLE ‘11 of ‘GB-A-9106903. 9, were of the same 51ze,
each hav1ng a total area of 230 ‘cm* (total_of both

30 sides of the board)._ o - '



L]

10 boards sol dered with known fluxes No.2 and No.3 (boards 11-12 of
GB- A-9106903.9), conpared to the |evels of the unwashed boards sol dered
wi th known flux No.2 (boards 9- 10 of GB-A-9106903. 9), and that this is

L'traceable to a resjdual anmount of rosin that serves as an acidic 15

considt Uent-retaining matrix. This is er@fupsi zed by the anal ogous results
per the (b) tests of EXAVPLE 11 of GB-A-9106903.9 as to total extract ed
ani ons, since the rosin-free qux | acks such a potentlal acidic

constituent-retaining -mat igpe fﬁ?b t s are far
bel ow t he concordant t ot al extract lr‘?l onlﬂpqvtee\%lls&f d:mletf ﬁ\g’gdrom n
fluxes of Tabl eextyactesvearionicy residug mentts fige fhae xasinfregk of
any rosin, the Ziux lofSithd rmériwon S hrdtdss B 334)) Sednildred s tlivge t O

avoi d probl ens S 0GH it ret tr|x
functioning of ?g’? %’h%ber%swl cfcd glbsée’ &erésBoc‘ﬁFaﬁed(;g% cﬁ’r&%lt
board 'sol deBi ngmoaret m@ﬁeﬁmmm ﬁmé@%efmfe tdte Jgwwn gragim sl i ght
residue of rosi fF1eeelsd m:a.lzs%xﬂi fd Q| (HRfrds AP OF Ep-af9wegy3 g ectrical

B et e L el ”m%%%aﬁ%ﬁ%@%@%ﬁﬁ?ﬁ&éﬁ e
enbodi nent s desctastte@farl:‘é(wl:@l W1 [df SB-R+4%0 6503 [ dptremted pmmqﬂeas of
the invention. jn jonic residue of the Freon TMS (R.T.M.) washed

' 10 boards soldered with known fluxes N6.2 and No.3 (boards

- 11-12 of GB-A-9106903.9), compared to the levels of the
\ unhwashed boards soldered with known flux No.2 (boards
9-10 of GB-A-9106903.9), and that this is traceable to
_ a residual amount of rosin-that serves as an acidic
15 constituent-retaining matrix.

' This is emphasized by the analogous results
per the (b) tests of EXAMPLE 11 of GB-A-9106903.9 as to
total extracted anions, since the rosin-free flux lacks
such a potential acidic constituent-retaining matrix

20 and its (b) test residue levels are far below the .
concordant total extracted anionic. levels for all the
rosin fluxes of Table L of EXAMPLE 11 of
GB-A-9106903.9.

Because of its lack of any rosin, the

25 rosin-free flux is particularly suitable, not only to
avoid problems associated with the ionic
constltuent-retalnlng matrix functlonlng of r031n,
but also to avoid problems associated with circuit

" board soldering in those instances when the presence of

.30 even a slight re51due of rosin could cause difficulties
in achieving efficient electrical contact between
certain mechanical switch contact surfaces, as earlier
explained.
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Clainms: 1. A lowresidue organic soldering flux consisting of a rosin-free,
essentially non-sublimng dibasic acid m xture af succinic, glutaric and
adipic 5 acids having a nelting point of 90-[err] and a boiling point of
150-[err]- in a dilute solution in a volatilizable organic solvent, said ™
m xture bei ng capabl e of essentially. coqﬁégely vol ati'li zing durlng use“as
a flux on a soldering site during 10  he sol dering of said SOIderlng
site, so as to leave the soldering site essentially free fromany ionic
residue fromthe flux. 2. A lowresidue organic soldering flux according
to claimi, in which the dibasic acid 15 mi.xture contains by weight 15-30%

succini c acid, 40-63% gl utnéwrasngllﬁpdlﬁocaﬂ%édhapi»e%ﬁ'a%ecﬁ that the.
| owresi due organic.s Jder

solvent is sel eciREF Y é#fﬁﬁ%}fcaﬁ?c5§ﬁﬁéaFFBhQFF@1¥I&£¥§St§§¥¥x?

al i phatic carboxyﬁ|theugehegabrprumcnpkearef ther énVentioh .l ow resi due
organi ¢ soldering flux according to claim1, in vwhich the flux contains a
slight diluent anmobunt of de-ionized water. 5. . A lowresidue-arganic .
soldering flux 25 <according to claiml, in- mhlch the dibasic acid m xture-
is present in an anount of l|ess than 1096by melght of the flux. 6. A

| ow-resi due organi c soldering flux conprising a rosin-free -solution of, by
wei ght, 0.2-1%30 of an essentially non-sublimng dibasic acid M Xt ur e
cont ai ni ng 15-30% succi nic acid, 40 63@6glutar|c aC|d and 10- 30@6ad|p|c
acid, and 99-99. 896of a



-volatilizable solvent selected froman aliphatic_or cvcloallphatlc alcohol
an aliphatic carboxylic acid 35 ester, or mxtures thereof.

| owr esi due organi c sol dering fl ux accor%éfpg towﬁtlﬂl"”ﬂ" m” the fl ux
contains a slight .diluent anmount of de-i zed n“nl l i due -
organic soldering flux 5 according to claim®6, ih vhiéh thesflux consists

essentially of -0.5-1%di basic acid m xture and 99-99.5% of a | ower
aliphatic al cqhalims®. A .| owresidue organic soldering flux according to

claim8, in which the alcohgl yl 10..,A_l owresi due
.organi c soldering flux gccoﬁd%ﬁ% ég??&?n?ﬁég % Fﬁ?%IQ$?&xwwlsts
essential |y ofops2stingf ofha uasasrtraeudeﬁsgnunell¥- 1ov-slubdimdnigphat i ¢

dicarboxyl | ¢ aghdsdl aueh AkitklrdSor sa&s&n1§8 ubdral AddOUpAld phat i c

al cohol and 0. 2-1% of i oni zed vat er W-resi due or Cc soldering
ft ux accoldi ngcieschavingoa ralaANGnPPRBtesfeP0i-d38°/ RNGr @ Hoidyingei ght

10-20%di | o oihEYbeQ!SOLBQDQC 68- 4086 2Q4te ébh%&bnallhyla glutarate and
10- 20@6d||0mer K ate. W-r esi due, anlc ol.dering flux
accor di ng to_¥? ﬁiiézabﬁemﬁrgﬁnﬁﬁeSBEYEPtv salﬂIWP t8¥Et ORINGei ght 16. 5%
di net hyl succtapable66% dssehhyhl2$ compleaedyeveidtil%edngedudinadi pat e,
havi ng a b0|Ith legtfgﬁxlgg Leééideégﬂgtggtglﬁﬁgghg's I sopr opyl alcohol
10 heat-soldering of said soldering site, so as to leave
the soldering site essentially free from any ionic
. residue from the flux.
—/ 2. A low- res¢due organic soldering flux
' accordlng to claim 1, in which the dibasic acid
15 mixture contalns by;weight 15-30% succinic acid,
40-63% glutaric acid and 10- 30% adipic acid.

3. A low- re51due organic soldering flux
accordlng to clalm ‘1, in which the solvent is selected
from an- allphat;c or cycloaliphatid_élcohél} an

20 aliphatic carboxylic acid ester, or mixtures thereof.

4., A lqw—residue organic soldering flux
according to claim 1, in which the flux contains a
slight diluent amount of de-ionized water. |

_ ' -5._ A low-residue organic solderlng flux
U '_25 accordlng to claim 1, in whlch_the dibasic acid
mixture is present in an amount of less than 10% by
welght of the flux. | _ '
6. A low- re51due organic soldering flux
comprisiﬁg_a rosin-free solution of, by weight, 0.2-1%
30 of an'eSSeﬁtially non-subliming dibasic acid mixture .
containing 15-30% succinic acid, 40-63% glutaric acid
and 10-30% adipic acid, and 99-99.8% of a
volatilizable solvent selected from an aliphatic or
cycloallphatlc alcohol, an aliphatic carboxyllc acid
35 ester, or mlxtures thereof.



13. A method of heat-soldering metal surfaces which conprises applying a
solder to the netal surfaces 30— in the presence of an effective anount of
a | owresidue rding to claiml in coating disposit.ion on

t he net al surfgmﬂ”ﬂﬂl ﬂm rrperature sufficient for nolten flow of. @
sol der and for volatidiaatisons-of the flux fromthe netal surfaces, so ™as
to | eave the surfaces essentially free f dionic residue fromthe fl ux.

14. A method of heat-sol dering netal surfaces according to claim13, in

whi ch the soldering is 5 —effected.at a tenperature of 200-5000C. 15. A
met hod of heat -sol dering nﬁbam:&mWﬁ§§§#dkﬁxﬂﬁgaﬁﬁqcﬁQﬂQﬁfan £lwxwhi ch t he

ﬁ0| ?e“ lng i's effSé&Béd Pht% dlarine ], 9l dfichl Ghed f‘lihhoc@b@iaml CIa ‘o th
eat - sol deri ng ne ces npsises ap ing.a sol der to the-
nmetal surfaces i ﬁ Fiégé‘ﬁé‘é" Sl’“oé‘rvﬁ\ﬂefqr%ec‘f‘? VO tvp%‘? €L | owresi due |
organi c flux accordl ng to Bl.ammw-rremaiumgama;pummmmq hElwet al
surfaces, ang atachHeARH w %ﬁifﬂ '6CI o Jﬂcmﬁ@%iﬁ,@%@ﬁswessol der and

for 15 vol atilization of ro e, met suy faces ave
the surfaces ess&fBPREAR lyeé’ff rQo‘:ﬁ< Whi Jg%%%%d’é—"r# &&%W?I?&S ﬁ-;ﬁ\ éf
met hod of heat7soEdarlngemehmlphaﬁnnxaiqdhalhconprlses applylng a solder

to the netal surfaces 20 |n A f of a
ﬁ%nptz(;%%g e fé S61deEL x

| ow-r esi due organic.flux accordlng n coatl ng. posltlon on

the metal surfac@§CoxfAdng: t@ Icelt?d&aﬁ'ur’é‘ ﬂﬁ#qtbltel?ﬁ §30<E°l?ﬁﬂ-té$1 %’F%W'%Pyl- he

sol der and for alcohol.

10 A low-re51due organlc solderlng flux
accordlng to c1a1m 6, in whlch ‘the flux consists
essentially of 0 ,2- 1% of the dlba51c acid m1xture,t
2-10% of an allphatlc dlcarboxyllc ac1d dilower alkyl

15 ester, 88-97. . 6% of a lower allphatlc alcohol and 0.2-1%
of de-lonlzed water. _ o .
11. A low-re51due organlc solderlng flux
'accordlng to clalm 10, in whlch the ester .is a. mlxture
of by weight 10- 20% dllower alkyl succ1nate, 60-70%
20 dilower alkyl glutarate and 10 20% dllower alkyl
adlpate. . _ :
' 12. A low-re51due organlc solderlng flux
accordlng to claim 10, in- whlch the ester is a mixture
of by welght 16. 5% dlmethyl succ1nate, 66% d1methy1 o
25 glutarate and 17% dlmethyl adlpate, hav1ng a b0111ng ¥/
~ point of 196 225°C, and the alcohol is 1sopropy1 -
alcohol

"13. A method of heat—solderlng metal surfaces
whlch comprlses applying a’ solder to the metal surfaces

30 in the presence ‘of an effectlve amount of a low-re51due
‘organic flux accordlng to clalm 1 in coatlng '
dlSpOSlthn on the metal surfaces, and at a temperature
suff1c1ent for molten flow of the solder and for
volatlllzatlon of the flux from: the metal surfaces, so



volatilization of the flux fromthe netal surfaces, so 25 . as to |eave an
i oni ¢ residue of at nost about. 1.2 [err] equivalent of sodium chloride on
said surfaces: 18. A soldered product pr oduced bi a_met hod according to

""_clalm\ﬂ 30 . 19.- A lowresidue, ro "Ll!“ﬂﬂ,mmm MLd
ed in any

alcohellc flux substantially as herelgggiore par
one of Exanples 1 to 3 of ‘the acconpa g speC|f|cat|on

as to leave the surfaces essentially free from ionic
residue from the flux.
14. A method of heat-solderihg metal surfaces
according to claim 13, in which the soldering is
5 effected at a  temperature of 200 500°C.
15. A method of heat-soldering metal surfaces
‘according to claim 13, in which the soldering is .
effected with a tin-lead solder.
_ '16. A method of heat-soldering metal surfaces
10 which comprises applying a solder to the metal surfaces
" in the presence of an effective amount of a low-residue
NS organic flux according to claim 6 in coating
| disposition on the metal surfaces, and at a temperature
sufficient for molten flow of the solder and for :
15 volatilization of the flux from the metal surfaces, so
as to leave the surfaces essentiallY'free from ionic
residue from the flux. _
17. A method of heat-soldering metal surfaces
which comprises applying a solder to the metal surfaces
20 in the presence of an effective amount of a low-residue
organic flux according to claim 12 in coating
" disposition on the metal surfaces, and at a temperature
sufficient for molten flow of the solder and for
volatilization'of the flux from the metal surfaces, so

" 25 as to leave an ionic residue of at most about
| ' 1.2 pg/cm® equivalent of sodium chloride on said
surfaces.

18. A soldered product produced by a method
-according to claim 17.
30 o 19. A low-residue, rosin-free, water-free
| alcoholic flux substantially as hereinbefore |
particularly deecribed in any'one-of Examples 1 to 3
of the accompanying specification. '



