1 LOW RESI DUE SOLDERI NG FLUX CONTAI NI NG ROSIN ' This invention relates to a
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above the solder melting point.

Organic 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 is used for mass production circuit
board soldering as by épplying 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 residue therefrom.

Such flux residue is malnly constltuted of
ionic (e g., acidic or bas1c) substances, and is
corrosive, 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 use of the circuit board product. These

' adverse results are effectively avoided by subjecting:

the soldered board to a cleaning step to remove the
ionic substances therefrom.

U.S. Patent No. 2,715,084 (Konig) shows a
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
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U.S. Patent No. 2 715,084 (Konig) shows a 30 flux of rosin activated by a
chai n-br oni nat ed hlgher al i phati c nonocarboxylic acid or salt of 8-24
chain carbon atens (e.g., alpha-bronolauric acid), in turpentine, t hat does
not decaonposg at the soldering 2 tenperatagre. It is non-corrosive as
the chai N brohine is not ionic so that the conpound does not hydrolyze to a
corrosive halide, as with acid or halide salt flux, or rosin flux activated
by organic 5  base- halide (e. g , cetyl-pyridiniumhalide), wherein the
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‘less surface activity. o
10 : U.S. Patent No. 2,898,255 (Thompson et al )
shows a non-corrosive printed circuit board flux of
(o’ rosin activated by a combination of both an aliphatic
| monocarboxylic acid (e.g., formic, acetic or
- propionic acid) and ah'aliphatic dicarboxylic acid

15 (e.g., oxalic,-malonic, succinic, glutaric or adipic

acid), in isopropanol, that does not splatter during
. soldering. The sole example given of a

non~-splattering flux is a mixture of rosin (mp

120°C/248°F), formic acid (bp 100°C/212.5° F) and

20 glutaric acid (bp 200°C/392°F), in isopropyl alcohol,

" in which the low glutaric acid'content_(about 1%) is
said to prevent'splatte:ing,'whilst the given melting
and boiling points of the components are said to
permit . step—by-step de—oxidatxon of the oxide surface

. 25 belng soldered.
u.s. Patent No. 2,904, 459 (Kubota) shows a
liquid, paste or solid flux for electrical _
"applicotion. " The flux is based on rosin converted to
pure, stable abietic acid amine salt (e.g.,

30 diethylene amine salt), that is insoluble and does
not hydrolyze, and whose neutral resinous residue on
soldering is non-corrosive and non-hygroscopic,
unlike commercial rosin which, besides a 25-30%



said to prevent splatterfng, whi |l st the given nelting and boiling points. of
the conponents are said to permt step-by-step de-oxidation of the oxide
sur-face 25  being soldered.- U S. Patent No. 2,904, 459 (Kubota) shows a

liquid, paste or solid flux for electrlca% appllcatlon The flux is based

on rosjin converted to pure, stable abieti® acid anine salt (e.g., 30 .
- diethylene amne salt), that is insoluble and does not hydrolyze, and Whose
neutral resinous resi-due on soldering is non-corrosive and non: hygroscoplc

unl i ke connerC|aI si-n whi ch, besides a.25-30% . - 3 content of ‘abietic
acid (i.e., 5‘6‘3"5 nt & aﬂ?’@fa’c‘?cﬁmd hat .éhas é|m@(ﬁ6}§h§.§él9f\%ﬁl §o has a
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Nos. 3,235,414 ( nd 3,
can soldering fl B%Hﬁ?“fia %naé:ad‘steelﬁlﬂldﬂl%d Cplmzhnit‘ ad@EbéE% ution of
aflgrgg per;ent age (e g 2RSu pa{wgtsm%f 6§1tz’§ tmdl ca)rb |c aci d B
) car on- ago a carbon.atons’ 1n -
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separating the caf oxyI _
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as pol ar solvent

R i Rttt of Tl i .5,
| . aliphatic dicarboxylic acid of
) 9-10 carbon atoms with at least: 4 carbon ‘atoms in the
.10= chain separating the carboxyl groups (e.g., azelaic -
or sebacic acid), or its anhydride or ester, that is - e
modified by (e.g., 1.2 wt parts) ethanolamine ~
| hydrochloride, in. (e.g., 75 wt. parts) ' o
dimethylformamide as polar solvent.' Such acids Wlth.:..
.15 3 or less carbon ‘atoms separating the carboxyl
' groups present in the molecule are- undeSired in
.forming monoanhydrides from a single molecule.'
| 'U. S._Patent No. '3, 837 932 (Aronberg) shows
o a 10-80% polycarboxylic ac1d particulate ‘suspension .
.20_ (e.g., adipic acid), in an aqueous solution of 0.2~ -5%"
' | soluble. gum (remainder 15 89 8% water), as a
.rosin-free soldering flux for bonding lead storage
__battery plate lugs to straps, 'in which the acid
. _ (e.g., adipic) does not-sublime’ at the high
25 | (482° c/900 'F) bonding temperature used ‘Use of the
' "dry particulate acid alone, applied to the lugs after
_pre-heating, is less preferred :
' ‘U, S. Patent No. 4,168, 996 (Zado) shows a
| 'mixture of rosin, an activator w1th both a halogen
30 "and a destabilizing substituent, such as a

'(;‘f» |



15 3.0r less carbon atons separating the carboxyl groups present in the
nol ecul e are undesired in form ng nonoanhydrides froma single nol ecul e.
U.S. Patent No: 3,837,932 (Aronberg) shows a 10-80% pol ycarboxylic acid
particul e suspension 20 (e.g., adipic addd), in an aqueous sol ution of
0. 2-5% sol ubl € gum (remai nder 15-89.8% water), as a rosin-free sol dering
flux for bonding | ead storage battery plate lugs to straps, in which the
acid (e.g., adipic) does not subline at- the high 25 [err] bonding
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shows a nixture of rodWibnemeaucgimdc aaidlbotand hAVkier Furfagkant
dest abi | i zi ng subst iduitas W PoBfcarboxyl il feppaledy H})%%iél bgebacic
organic acid (e.g., 2,3-dibronosuycgi nic acid), and so) der surtactanf such
as a pol ycarboxyl i c ¥cidfed@is acif)y or 3\3’6’&‘)&’@’ rs%’a‘?'&t%éiﬂ?fﬂﬁsm
hydr oxyl subst ist ut eceid y asd fo> ket alia ael/gs, Kbdwabinte (@cdd), | Bvulinic
2ctivator (e g, df SORAREH BF HRSERGRL ARGty T eI E A ng agent,
as being activated mesionddny adtiwaionilaig. efdiethylanige the sol dering
of "printed circuit mya?gihloride) and a non-ionic foaming: agent, as
being activated rosin flux of synergistic effect for
10 the soldering of printed circuit:boards.
| ~ Zado notes that using rosin with the
- ) activator or solder:surfactant alone does not provide
'the synergistic effect, and that the combination acid
containing rqsin.flux of the above-discussed U.S.
15 patént 2,898,255 is too acidic and corrosive for
practical use in electronics soldering. | |
| . The impdrtgnee of a residue-free soldered
connection is discussed in the article entitled: -
"Europeans find ways to phase-out CFCs," Electronic
20 Packaging & Production, Vol. 29, No. 1, Jan. 1989,
| pp. 26 and 28,'Lin6a_Smith-Vargo, Associate Editor.
The article notes that fluxes used in printed circuit
. board applications_1eave_reéidues that must be
~Cleaned, typically by_using an organic liquid based -
25 on fully halogenated chlorofluorocafbons or CFCs, but
_that in view of the need to reduce CFC emissions, due
to environmental constraints, soldering procedures
are'needed“that avoid CFCs ygt'produce.a residue-free

- non-corrosive product. . “
30 2 It is desirable to have a flux for
- soldering metal-connectipns in electrical



Zado notes that using rosin with the activator or solder surfactant alon
does not provide the synergistic effect, and that the conbination acid
containing rosin flux of the above- discgised UusS. 15 patent 2,898, 255
too acidic and.corrosive for practical e in electronics solderlng \z?e
~inportance of a residue-free sol dered connection is dlscussed i'n the
article entitled: Europeans find ways to phase-out CFCs," Electronic 20
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It is desirable to- have a flux for solderlréknntal connections 1 n
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non- corroslve and lonlc resldue free.
10 '_ ' All percentages (%), parts. (pts) or
proportlons set forth hereln are by welght unless
.spec1f1cally 1nd1cated otherw1se _
' The low- resldue flux of the 1nventlon is
used in. heat solderlng metal components, ‘and the

15 'three ac1d m1xture ls an essentlally non subllmlng
dibasic acld mlxture of succ1n1c, glutar1c and adlplc _
acids. It contalns 15-30% succinlc acid; 40-63%

'glutarlc ac1d and 10- 30% adlplc aC1d and preferably,
18-30% suc01n1c ac1d 51- 61% glutarlc acld ‘and 11-30%

20.; adlplc acld The percentages of succ1n1c, glutarlc
'and adlplc ac1d are based on the total d1basxc ac1d
-mlxture. ' ' ) ' -_“ ' - o

| The three ac1d mlxture de91rably ‘has a
meltlng p01nt (mp) of 90-130°C and’ a boiling poznt |

25 (bp) of 150 210°C, espec1ally 170~ 195°C, and 1s -
capable of essentzally completely volatlllzlng durlng
heat solderlng to leave the soldered s1te essentlally
free from lonlc re31due.: In. partlcular, it is capable
of leav1ng at ‘most - a trace: amount of a. reSLdue of

30 corros1ve, or hydrolyzable potentially corr051ve,
ionlc (e g-.r ac1dlc) Constituents. '

The soldered site such as an electronlc
circuit board needs no cleanlng to remove ‘the ionic _
residue (e.g. by chlorofluorocarbons or like
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particularly, a flux containing a dibasic acid m xture or three-acid

m xture (TAM that in use is essentially non-corrosive and ionic
residue-free. 10 Al percentagesg(%, parts (pts) or
proportjons,set forth herein are by weight unless speci fically indicat ed
otherwi $€. The lowresidue flux of the invention is used in heat-sol deri ng
nmetal components, and the 15 three-acid mxture is an essentlally

non- subl i mi ng_di basivi rneritall -Q:%fecﬂdi%iaﬁl% wHdHidd O Bfth Bl Pignfici ds:

It contains 15-30% such(3 cid, 63‘V‘ﬁl utaric acid and, 10- 30% adi pic '
aci d and, preferafdy Eo"(ﬁ% -E5R G303 | THEAHARFEPRnd 11 30%
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ased on the total dibasgi.c.a n m Xt ur esirably
has a melting poi M %'h(?ft 3'15‘ %Slké%d’eél%o E%’S‘epg"lqﬁeeﬂa ) it ae
150-[err], esp®cidd >th1-:7(f]{ux rt]hamnxblas:ﬂamdalcmmmgeﬁmﬂiadﬁ-ssoﬂmwmgsl y
vol.atilizing duri I i4e aIIy
free fromionic rre&g:egﬁq.’t c%? | cuI la%q\ﬂlq'éé&a(?}ga#a %éllteeavﬁ%ﬁgfég{ “ost a
trace anount of a&@%@&rﬁeﬂpswmﬁhﬁe sodderning|sitelas gomde i al |y
COrrosive, i oni C (RgiduedCi WHils, CUKY int¥d-Scil SRl 6% Sid e such as an

el ectronic circuit board needs no cleaning to renove the 1onic residue
(e.g. by chl or of | GSSEEE dion-ggscondensing and non-re-depositing

10 volatilizable dibasic acid mixture according to the

invention. - : _ S
The flux is a rosin flux comprising rosin
et o and an effective activating amount of said three-acid

' mixture. ,

15 : As to the rosin flux, the rosin and
'three-acid mixture may be in the relative proportion
to each other of 65-95% rosin and 5-35% three-acid

mixture (i.e., in the ratio of 65-95 parts rosin to

_ 35-5 parts three-acid mixture) . The flux may include

20 a volatilizable flux vehicle, such as with the rosin

| and three-acid mixture being in a combineéd amount of
1.25-55% and the vehicle in an amount of 45-98.75%.
The vehicle is also capable of essentially completely
volatilizing to leave the site essentially ionic

25 residue-free, and may be an organic solvent such as an
aliphatic or cycloaliphatic alcohol, aliphatic
carboxylic acid ester, cyclic ketone, or mixture
thereof. Soldering of metal surfaces with such a flux
is carried out at a temperature sufficient to leave at

30 most a trace amount of 1on1c residue on said metal
surfaces _ _

The vehicle of the rosin flux may optionally
contain a minor diluent amount of de-ionized water,
and thus may comprise 70-100% solvent and 0-30%
35 de-ionized water. The solvent and water may be



- relative propo |ontoe ot her 65- 95A)r05|

6 environnental | y-obj ecti onabl e washing |iquids), and may be further -
processed wi t hout a cl eaning step. -As used herein, essentially .
~"non-subl i m ng" neans that the constituenfs of the three- acid n1xture 5 in
the flux that volatilize during the heat-sol dering operation, remain
volatilized and do not re-condense and/or re-deposit at the solderlng |te'
as ionic residue. Thus, the three-acid mxture.is an essentially .-~
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mxture (i.e. used thereini oao‘fmGEDQ'S PRQURL r%’él‘l’ﬁ‘i%r%e%n%aﬂ SMeHE ee- aci d
m xture).. ghe fldixe Ry | S sk €8caP vathBdié | zabl e fI ux vehicl e, such as

wth the rosin and three-acj.d xture bei ngngg_a ed amount of
1. 25-55% and t he vehi cl eTYPll%ﬁﬂaYm urRe JFo% ¥%08 e \VBReRFRti s al so
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anali phat i c g %ﬁ%ﬂm TR i fenare RGN, CLFRRROTSE 1O such 25

~cyclic ket one,vaitatikizakle hergahic mh@emmgam e20% deriombzedith such a

flux .10 water. ' The. percentages of ros:.n, ‘three- ac1d mixture,
solvent and water are based on the total flux. '
'In a ‘high. ros:.n content flux,' such as for N

' -general metal solder:.ng, the flux of" the. invention
_ typically contains 25-35% rosin, 2.5- 20%" three-acid
15 mixture, 45 '66% sclvent and 5-20% water..--'Th'e solvent
" and water. are typ:.cally in the- relat:l.ve proportlon to
‘each other: of 75 90% solvent and’ 10 25% water (:L e.,
.'111 the. rat:.o of 75~ .90 parts solvent: to 25510 parts
. water). A method of heat solder:.ng metal surfaces



Is carried out at a tenperature sufficient to |eave at 30 npst a trace
amount of ionic residue on said metal surfaces. The vehicle of the rosin
flux may optionally contain a mnor diluent agount of de-ionized water, and
t hus. Zéconprlse 70-100% sol vent and 0-30% 35 de-ionized water. The

sol vent ¥and water may be - 7 typically in the relatlve proportion to each
ot her of «0-99.5% solvent and 0.5-30% water (i.e., in the ratio.of..70:99.5

parts solvent to 3@s9n§ @ﬂéhSaweiﬁk)comﬁezyésda 1 iﬁg a sBl&éf 'tanedat of
wat er nmeans at nost abou

g ge total ve the rosin
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0-20% de-i oni zed age ure,
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sol vent and 5-20% ven water are typically 1n
relative proport.ometeleauﬁfeﬁﬁéreéﬁen51ebbws6r9enframd199195¢@ﬁa@e¢ (i.e.,
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heat - sol dering netal surfaces
g ~ for c£rcugt board component soldering, the flux of the -

10 invention typically contains 1-8% rosin, 0.25-1%
three-acid mixture, 90-98.75% solvent and 0-1% water.
The_solvept and water are typically in the'relative
N\ proportion to each other of 99-99.5% solvent and
0.5-1% water (i.e., in the ratio of 99-99.5 parts
15 solvent to 1-0.5 parts water).
- The organic solvent may be an alcohol such
as a lower boiling or lower aliphatic alcohol,
- typically a lower alkyl alcohol or lower alkanol, such
as ethyl, n-propyl, isopropyl, n-butyl, or sec-butyl,-
20 alcohol, or higher boiling aliphaticlor cycloaliphatic
- alcohol, such as tetrahydrofurfuryl alcohol (about bp
178°C), and the like, or .other such volatilizable
~aliphatic or cycloaliphatic alcohols in which the flux .
contents are soluble. As used herein, "lower"
25 aliphetic, alkyl or alkanol,meéns a chain of less than
- 5 carbon atoms. The alcohol is typically isopropyl
alcohol (sp.g. 0.78), and it may be added to the rosin
flux along with the rosin, as. where a commerc1al rosin
_ solutlon there is used.
30 | The organlc.solvent may also be any other



.8 using such a flux conprises applying a sol der to the netal surfacss-ln
"t he presence'of an effective anount of said | owresidue quxllp_coaflng5.
di sposition on the metal surfaces, and at_a tenperature sufficient hor o
molten flow of the solder and for volatll?zatlon of the flux fromthe gf |
surfaces, so as to leave the netal surfaces essentially free fromi oni

i du ' for circuit
fl ux. In.a low rosin content flux, such as-
residue fromthe plcally Cont ai ns

u the_10._invention t
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al cohol such %Pfl‘%%? TRy PexyL re%lte-phmlespecmbly aupu cally a

oher ks ! atlzl:c I20 Tmh |, oaféﬁ?g%er oilJ%ll nk é%ﬁ%{l |sopropyl
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- herein Iomer allp YRR Gt
5 car bon at omsiimethylajesttest, iox taypudind d, s eiuadic and adipic :
10 acid dilower alkyl ester mlxture such as 10- 20%
'dllower alkyl succlnate, 60-70% dllower alkyl : _
‘glutarate and 10 20% dllower alkyl adlpate, and e e
partlcularly, a: mlxture of . refined methyl dlesters of '
"succlnlc, glutarlc and ad1p1c ac1ds, or other such _'
15 volatlllzable ester in whlch the flux contents are
_ soluble ' ' o S '
B Such a preferred mlxture of reflned methyl
diesters is sold.under the trade des1gnatlon "DBE“
N solvent (DuPont Co. Yy as ‘a llquld of about average _
20 molecular wezght (m. wt ) 159 "5 3% solublllty in water
(20°C),_flashpo:.nt 100°c, v1scos1ty 2.4 cst. (25°C),
‘and- surface tenszon 35 6. dynes/cm (20°C), Whlch has a
R b0111ng p01nt of bp 196 225°C and a speclflc gravity
. of 1.092 (20°C), and ‘contains 99. 5% total ester
25 :content (mln ), comprlslng of about 16 5% dlmethyl
f'succlnate, 66% d1methy1 glutarate and 17% dlmethyl
:'adlpate, plus- approxlmately 0. 2% methanol 0. 1% water
(max.)" and less than 10° ppm hydrogen cyanlde.-
' _ Other ‘such reflned ‘methyl" dlesters or
_30:' dlester mlxtures are those sold under the following
trade deslgnatlons (DuPont Co) ' '
- "DBE-2" solvent, as a 1iqu1d of about

| (_}. R



oo g T

al cohol (sp.g. 0.78), and it may be added to the rosin flux along mnth t he
rosin, as where a comrercial rosin solution there is used. 30

The organlc sol vent may al so be any ot her 1® appropriate solvent such as
an aIJpha i c. carboxylic acid ester of |ower boiling point, e.g., below-
[err], hlgher boiling point, e.g., below [err]. The aliphatic
carboxylic acid ester is especially an 5 aliphatic dicarboxylic acid

di | ower al kyl eSt%véﬂagBStnﬁléﬁﬁﬂaﬁ‘ aveiighd @H lp6HN aldarmxmﬂia@y diggli | over
al kyl ester (lower alk Q&H@ oat e) Qr esteétfg) xture,, such, as succinic,
glutaric and adlmW?gﬁﬁci th ci QH%ﬁ?% and adeIC
10 acid dil ower & 5/ lcstst e(rZBﬁGOt,urvm:szltmas al(bcﬁﬂ.in:yl akyl .

succi nate, 60-70% OW I adl at e,
and, particularl yqu'd Orﬁy%u“? 4 ?q éﬁ lgélrﬁs%v]igaésﬁ e fd nd
glutaric and afi picontaidsy 9. 5% totaludster amitent |(znaln.e) .eszmnpmrs:utg ch
the fl ux contents g %ng pr, I.ned net hyl
diesters is sold under t etd[ %a%de%%&sﬁ‘%lataﬁ%% x%té? #\r/er'h 7@ont Co.), as
a liquid of about Ehiaxate@ndicdimetinly mdz(gam. PLED apprwRimAtadY i ty
in water [err], flmqquégha}mcaﬁa @q_sg waterd Gidx.). (25C) and surface -

tension 35.6 dynes/cm/|err whi ch
y [ Iy DBE-3" sélvent, as a liquid of about

10 average molecular weight of 173,.2;5% solubility in
water (205C),'f1ash point 102°C, and viscosity -
2.5 cst. (25°C), which has a boiling point of
S ~ 215-225°C and a specific gravity of 1.068 (20°C), and
contains 99.5% total ester content (min.), comprising
‘15 of about 0.5% dimethyl succinate, 10% dimethyl )
~ glutarate and 89% dimethyl adipate, plus approximately
0.1% methanol and 0.3% water (max.). '
| "DBE-4" solvent, as a liquid of about
average molecular weight 146, 7.5% solubility in water
20 (20°C), flash point 94°C, and viscosity 2.5 cst.
(25°C), which has a"boiling point of about 196°C and a
-specific gravity of 1.121 (20°C), and contains 99.5%
total ester content (min.), comprising of about 99.5+%
dimethyl succinate, plus approximately 0.1% methanol
25 and 0.1% water (max.). -
"DBE-5" solvent, as a llquld of about
average molecular welght 160, 4.3% solubility in water
(20°C), flash point 107°C, and viscosity 2.5 cst.
(25°C),'which has a boiling point of 210-215°C and a
30 specific gravity of 1.091 (20°C), and contains 99.5%
' total ester content (min.), comprising of about 0.6%
dimethyl succinate, 99% dimethyl glutarate and 0.1%



boi ling point of bp 196-[err] and a specific-gravity of .1.092 [err], and,
‘contains 99.5%total ester 25 . content (mn.), conprising of about 16.5%
di net hyl succi nat e, 66@6d|nethyl glutara € and 17% di net hyl adt pate, plus
appr oxi mat el y 0. 2% net hanol, 0. 1% wat er ?nax } and |l ess than 10 ppm i} vy
hydr ogen cyani de. O her- such refined methyl diesters or 30 -diester ™
m xtures are those sold under the follow ng trade deS|gnat|ons (DuPorit Co) :

TN Solvehamfenit  AGibd- 01 SR sooe dORELTP% TACRULALLLE G0h O s
cst. [err], whﬂch%h@%teﬁbﬁm¢$nb poi nt of 210-2250C and a specific gravity
of 1.081 [err] and 5 CROPh %%ﬁ@gﬁéotgé gsé%igﬁgnéﬁ %béﬁﬁn ),

conpri si ng- of about 0. 5@6d|neth ucci.nat e, net tarate.and 2396
di met hyl adi paﬂ‘éeriﬂ%sm%‘a%&eﬁa‘f@ ghty. 156 163 ¥ oF Rt WRhiL 1%lvm‘éer(rrax)

"DBE- 3" sobveni20e@) 2 £14hpointboatc land el S@Ss Iy €4 agsiei ght of 173,
2. 5% sol-ubi | it L h wat er flas 0|nt ., a vi scosity 2.5 cst.
[err], which h boﬂ%ﬁ%hplb%%ta(}P ?e??#ntaréfalg%e%ﬁlg PRty of
1.068 [err], aspe@bﬁelgusaﬁﬂtﬁ%folamses(mwmtam ¢ohtains coOEPsESi ng 15 -
O doout 0, 5%) SR b CheLSe TR Y e ARG B Bl BB Mot Y]
- . ' ‘dimethyl succ1nate,_73% dlmethyl glutarate and 1.5% R
10 dlmethyl adlpate, plus approx1mately 0 3% methanol and
'0.5% water (max ). P L -
. The allphatlc carboxyllc acid ester, e.g., "fif;ﬁ*.
'where 1t has a boiling p01nt of from 196°C to above |
'-.200°C, is preferably used in admlxture with ‘an above
15 type ‘alecohol to lower the" solvent boxllng p01nt '
) Slmllarly, the solvent may be a cycllc
-ketone such as'a cycloallphatlc, 1nclud1ng
' azacycloallphatlc (i.e.; N-heterocycllc), ketone, '
e.g., cyclopentanone, cyclohexanone, ; _ .
20 - N-methyl- 2-pyrrolldone (about . bp 202°C), or other such
: -volatlllzable ketone in whlch the flux contents are
soluble. The cyclic ketone may also be- used in
admixture with an above type alcohol and/or ester to
. lower the solvent b0111ng p01nt. _ S
25 . Whilst the rosin flux is typlcally in ligquid " ::}l
form,-lt may also be in ‘paste or SOlld form,_by o
'admlxlng w1th a ‘suitable. volatilizable paste or solid
carrier: vehicle or extender, e.qg., 11qu1d or Jelly
' (paste form) glycerol or a wax (solid form) ;'All
- 30 carrier vehlcles or extenders used - to’ prov1de the'
. liquid, paste or solid flux must ‘be chemlcally inert
and compatible with the flux contents, solder and




0. 1% et hanol and 0. 3% water (nmax.). "DBE-4" solvent, as a |iquid of about
aver age nol ecul ar wei ght 146, 7.5%solubility in mater 20 [err], flash
point [err], and viscosity 2.5 cst. [err], which has a boiling point of
about. [€rr] ,and a specific gravity of 1. 121 F2rr], and contains 99.5% tot al
ester coWtent- (mn.), conprising of about 99. 5+96d|nethyl succi nate, plus -
approxi mately 0. 1% nethanol 25 and 0.1% water (max.). "DBE-5" solvent, as
a liquid of about average nol ecul ar wei ght 160, 4.3%solubility in wat er
[err], flash point [eetal ssurfacesstoybe. sOLGere@erap¢ ehpahleasfa boiling

poi nt of 210-[err] a [ 1 ] nd contains
99.5% total ester cxigéfhéghléﬂﬁg éﬁflﬂ§a¥bide9in% Q? léggngha '

n1n
succinate, 99% di net FALQR %ét%nggﬁeﬁgﬁglfﬂlh@?h?lr§EF gyes! E%us
approxi mately 0. 1% net hanol andIﬂ thewadein (fhux) . thEBEGQVeaolmsnt as a

dul o of about aver e FRLEEH ahsLeLOhL doEn §J&E9' EB' Ghhk1R"MERE £8 pe

(200, flash poi | 'SCOSI as_a
poi nt of 196-[err] euﬂﬁ %pﬂﬁti@%ablhvﬁﬁyaoﬁllugg terdecrapgecsaluent

98.5% total ester COF&&R& éx&mneﬁhaﬁ@érpfa&mampityb@pttaé%@um;t Bhérehy
succi nate, 73%dineth *E#Hﬁn ﬁate and 96% dlnEAhthgdggi htp
approxi mat el y 0. 3% LR BPT %@gﬁﬁ?e? Ry
water boil off during soldering, their presence is
10 not detrimental to the product. --No more than a minor
amount of water is used so as to inhibit splattering
, . . and deposition of residue at the soldering site, and
ot ) possibly solder ball formation, that adversely'affect
product quality. As an essentially ionic
15 residue-free product is desired, de-ionized water is
used to avoid increasing the ionic residue. |
In heat-soldering metal surfaces, solder is
applied to the surfaces in the presence of an
effective amount of the flux in coating disposition
20 on the suffaces,"and at a temperature sufficient for
molten -flow of the solder and for volatilizing the '



The aliphatic carboxylic acid ester, e.g., where it has a boiling point of
from[err] to above [err], is preferably used in adm xture with an above 15 °
type al cohol 'to | ower the sol vent b0|I|ngi90|nt Simlarly, the solvent may
be a cyclic ketone such as a cycl oal i phatTT, including azacycloallphatlc

(1.e., N—heterocycllc) ketone, e.g., cyclopentanone, cyclohexanone; 2Qr *
' N—nethyl 2-pyrrolidone.(about bp [err]), or other such volatilizable ket one - -

in which the fEluxceat eae&ealtaeselﬂe@ 8ase gﬁgﬁﬁé{fgp%%neeﬁm;u%r%;go Ib\e/elrjltsed.

in adm xture Roye I | coh

boi I'i ng p0|ntm%§g S X'%liflg?t"’1!:h§°1!1(‘_=r91‘1l3:l-t)henl temp;&atakby in liquid

form it may aesg. beZDn 5aepe opragérabigrgsobg ad?l g Wﬂth o ;UItag|e
én irquid-or

vol atilizabl e d_carrier vehicle-or-
~jelly (paste fggﬁ%ﬁlﬁygég%? GPTRORERE FSEPdeFoﬁﬂideradlaSOthealbwek

vehi cl es oP exeBfdef SthsedempePaburdErﬁﬁgelaﬁ&'chQESES?Récgg%égrLgﬁé nusi

be chenical |y tRerkj ble with the flux conten 12
nmetal surfaces to b% SO dgg@géf é cﬁ%@%?e of "vol ati lizing durlng solderlng'_

to | eave the sol.dering- sThe %Mlmyybewf%mﬁskﬁmfffﬁ ]Itl rosin
flux, the soI\,tem lead som@fer@l&y r’gﬁléﬁe v“@ ﬁ@teé 0 ena% e water to -

be - 191- 193°c or. eutectic tin- lead solder, e. g.,
10.--63% Sn - 37% Pb ofmp183°c E : g -
The- flux is applled to the surfaces to be
| JOlned by conventional technlques, e. g., foamlng, wave'f e
_‘fluxlng,'spraylng, brushlng, rolllng, and’ dlpplng, and . -
| the solder lS applled to the flux-coated surfaces in : o
-15‘ ‘usual manner, e. g K drop dlspen51ng, or wave
' solderlng, to form- the solder deposlt " Then, the
'.soldered surfaces are contacted W1th one another to
“join them at: the solderzng temperature, ‘which also .
causes bozllng-off of the flux'constltuents.-.
t20 : o .*. Normally, the attalnlng of ‘a low. ionic
_re31due at the site is a functlon of the soldering
'temperature used durlng the operation. Thus, the
amount of the three- ac1d mlxture in the r081n flux'ls
.selected to achieve. adequate actlvatlon of the r081n
25 .'and essentlally complete volatlllzatlon of the
- three-acid mlxture under the glven solderlng
condltlons to assure that only a low: ionlc resldue
will remaln - . ' _
Slmple test runs may be used to optlmlze the
300 three- -acid mlxture amount needed in the flux for the



added optionally as a diluent to decrease solvent cost and enhance
foamability of the flux, thereby aiding its spreading action. As the

sol vent and water boil of f during sol dering, 14heir presence is 10 not
detri.meatal .to the product. No nore than a m nor anpunt of water is used SO
as to inRibit splattering and deposition of residue at the soldering site,
and possi bly solder ball formation, that adversely affect product quality.

As an essentially irésad® pufﬁéségeair@ﬁepé?@éﬁtsbﬁd@f§h§e€emﬂ8ra9ﬁkéed

water is used to av01 i ncreasing. the,ionic resid I'n héat-solderin
metal surfaces, stsa g1 PR isbying E@?f%%%so nl?ﬁ§1%9e§e%9¥ Pnia

effecti ve amount Qfegb@uélug necgeldémnﬁbsgpﬁetlon 20 on the surfaces, and
at a tenperature sufficient for t he_sol der ‘and for

Jolatitioing the o 15t ux 18 Py S taYeRt 108 SRE SRR TR

resi due-free. Bhe mohdeornosiveg fruxntfepnwebhdening mevpksalere,, etin,
200-[err], -prefer C Y t nents may
be soldered at th Xt@ %éﬁéé% d?£$% ?%%%%%%fué%grahdgﬂgﬁg ERQ
connections at. thethW§ﬁm§cbddmb¥tmh@ }mpriet s TPEORSY Hies nky bbeofIQNy known
type such as tin-| §f’i€'§ﬁtl§ &1ff§9e4&l§“frotﬂotﬁ3§’eoéf r@n&%&%i&uafr

eutectic tin-lead sof der, g 3% Sn, - 37% P np [err
acids, for adequate fluxlng actlon, yet eaving

10 minimal ionic ‘residue.
' Particular advantages of the flux of the
_ invention include:
k* ' (1) A three-acid mlxture maximum boiling
| range, e.g., 150-210°C, that is significantly below
.15' the 235°C boiling point of succinic acid, its
component of lowest boiling temperature.
(2) A three-acid mixture which does not
 sublime llke its component succinic acid, and thus
does not condense on adjacent areas, e.g., of circuit

20 boards, during soldering, even though adequate '
precaution is not taken to minimize this effect.

(3) A three-acid mixture of unlque quality
permitting use of rosin fluxes of as low as 1-2% rosin
content providing adequate foamlng during soldering
25 without adding a surfactant.

(4) A composltlon of pleasant odour and
that does not form noxious and pungent break down
products during solderlng.

(5) A three-acid mlxture that costs less

30 than each of its constituents that could be used
individually as'an activator.



The flux.is applied to the surfaces to be joined by conventional
techni ques, e.g., foam ng, wave fluxing, spraying, brushing, rolling, and™*
di pping, and the solder .is applied to the flux-coated surfaces i.n 15 - usual
manner, e.g., drop di spensing, or wave sgkdering, to formthe solder
deposi t. - Then, the soldered surfaces are contacted with one another t's
- join them at the solderlng tenperature, which also causes boiling- of f- of

the flux constituents. 20 - - Normally,. the attaining of a low
ionic residue at the site |§5p.fw@c5t@g Rin&hges n ture used
- ; %hgftghg §898 ﬁgggﬁ e in the

during the operat e anpunt o
rosin flux is seldéié{he %&%C‘H%& W tpistnoe as ehsentianl 25 and.
essentlally COWMQQNPQRﬁQﬁdIWhﬁnherlxn pﬂmnfiédmgggtg S xhyEe. Hﬂget the

glven solderlng(uauﬁém ow i oni ¢ .rési L
remain. Sinple tes r%%g:a&r@he useéclfc{o op&#f?% tfr?'@e%'t)ac%ﬂr@éx‘éurqsm xture'
anmount needed in ?’I‘}elsflﬁ FGding a stﬁblmt@mmnmme@wanmg gi ven -

sol deri ng tenper@ﬂtn@mvlildas;umj 0 v o Wi de H¢ fcg%éﬂg StAOW i oni c

d t th d the t
residue at the sgl %'b'ﬂ%%s%. o’br%'tg) 45 ée:g'jmrl e:?t-,qldogr&r &VA cmmue br ass,

non-corrosive flux for sol
ni ckel , etc.), WHGWQVR t Bé nee ed.

_ The proportlons of the three ac1ds to each
.lo : other in the three-ac1d mlxture,-and of all. '

- components in the flux, are. selected to prov1de

| surface ten51on propertles and a bolllng p01nt that e -

: enhance flux- spreadlng and "wettlng" of the surfaces ﬂ HJ

| ‘being soldered and’ volatlllzatlon ‘with 1nnocuous -
15 decomp051t10n w1thout splatterlng, suhllmlng or local
re-depos1tlon. B ST o

"At- most, only a trace amount of re51due is
left on- the product. The 1on1c content of. this
oo re51due, expressed as mlcrograms per square :
- 20 :rcentlmetre equivalent of NaCl (per Omega ‘(RTM) Meter
measurement, as: later explalned), is very low, i.e.;
- below about ‘5 pg/cm + and. espec1ally below about
3 pg/cm for .the: r051n flux. _;4- : . :
: - As used herein, the term a "trace“ amount
L25' means a very small ‘amount that -is: less than about
--_5 yg/cm v iie., a. m1crogram amount correspondlng to
:_less than flve mllllonths of a gram (0 000 001 g) per
:.sq. cm. area (cf. Hackh’s. Chemlcal chtlonary, 4th
- ed. 1969, p._686' "trace"'- a very small quantlty,
- 30 usually less than 5 gamma per gm, p. 288-

O



three-acid mxture inparts properties to the flux significantly different
fromthose of the individual acids, for adequate fluxing action, yet

|l eaving 10 minimal ionic residue. Particular advantages of the flux of the
i nventi on include: (1) A three-acid m xture béxi mum boiling range, e.g., '
150-[er?T,-that is significantly below 15 the [err] ‘boiling point of
succinic acid, its conponent of |owest boiling tenperature. (2) A :
three-acid m xture which does not subline like its conponent succinic acid,
and thus does not contgmmeaon- atlpFcemi; .ed9 €. "ficrefgrain'cu ty0 gdmmg ds,

during sol deri ng, eve&%%ygﬁﬁgﬁu&%e% 5§%£§t|on I's not taken to mnim ze

this effect. (3) Ath acrd Ue quality permtting use of
rosin fluxes of as |ow as 1-2% @ususingnteat £pusvoli hheadnveatéoheani ng

during sol dering 25 &légﬁyinégg'ﬂSs@sSﬂéfafé@ﬂ&uai410ﬁ&€°8§ﬁ§bhh93t95n
pl easant odour and that does, not orn1qﬁ%$ous an

un ak
product's durlng ol def PS8 S3E§ Gmega oLR dMﬂ¥§FUW€a§ﬂﬁFmEB§§ 5P8¥§ 3§hat
t han each of its consanwvasihd sbhiered| eléetnsrilci ailrguittabbards had ionic

activator. 15 (6) J881@ts8i BaPGwOh tPEcaPNEahtStGfile corresponding
) ' soldered boards after washing in Freon TMS (DuPont
Co.)., a chlorinated solvent, had only slightly lower
10 residues. - Thus, use of the flux of the invention
| affords a reliable quality product of acceptably low
_ ionic residue w1thout cleanlng, and, even with
ot " cleaning; the ionic residue is only slightly further-
' reduced. _ .
15 ‘The treatise, Kirk-Othmer Encyclopedia of
Chemical Technology, 3rd ed., John Wiley & Sons,
provides a review of "Dicarboxylic Acids" (vol. 7:
614-~625), 1 €., the saturated, linear aliphatic
series of dicarboxylic acids (diacids), from which
20 melting and boiling point data as to the first. nine
T of these organic dibasic acids are compiled in Table
A. '



~advantages with a three-acid mxture as essential conponent, whether in

purified state or not, and thus contenpl aing comerci al purity t hr ee- amd‘ _
m xtures, 5 whilst providing a stable ux of good cl eaning action -
leaving so low a residue after soldering that no corrosive property is -

- exhi bited and no residue renoval is needed. The proportions of the thrieé
acids to each 10 other in the three-acid nlxture and of all conponents
inthe flux, are selected to provide surface tension properties and a-~~
boi | i ng poi nt that enhance flux spreadi ng and-"wetting" of the surfaces
bei ng sol dered ‘and vol atilization with |nnocuausm15 . deconposi tion w t-hout

splattering, sublimng orf | ocal redepq5|§gog é‘At“‘m)st ~only a trace anount
of residue is left on thg product. Bhé&:i@ni% gonfent- of this residue, -
~ expressed as mcrogranms4jer square 20 centlmetﬁe eqU|vaLent of ' NaCl (per.'
Onega. (RTM) . Meter measurgnent., as kater exXpl&im2d), is v@ry low, i.e.,"
"bel ow about 5 [err], and’ espeC| al 1 yaib& o Pyt 3 [egr] f@r the rosin 1 ux.
~As-used herein, the termla. "traceg ajophte. gﬁ-wneans a, mery smal | ~anount -
that is |ess than about % [err]; |°e<y aanwcno an1agnﬁ%tacorrespond|ng to
less than five nllllonthl of a gran1(0 000, 001 d) peF §h.=cm area (cf -
Hackh' s Cheni cal @ cti onary, Ath ed. 1969; p." 686:. % &e*- a very smal |-
quantity, 30 . ustally |¢ss, t@ag,S ganng ggr gq; p. 884*8 .
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16 "gamma" - [err] gm p. 429: "nicrogrgpﬁ-- [err], gamma, one-mllionth of
a gran). On using the flux of the invention, cleanliness tests for residual
ionic contam nation 5 (per. said Orega (RTM Meter measurenent) showed
t hat. unWashed sol dered el ectronic circuit boards-had ionic residues bel ow a
trace- anount; while correspondi ng sol dered boards after washing in Freon
TMS (DuPont Co.), a chlorinated solvent, had only slightly |ower..10.. .

resi dues. Thus, use of the flux of the invention affords a reliable

qual ity product of acceptably |ow ionic residue without cleaning, and, even
with cleaning, the ionic residue is only slightly further reduced. 15
The treatise, Kirk-OQ hmer Encycl opedia of Chem cal Technol ogy, 3rd ed.
John Wley & Sons, provides a.review of "Dicarboxylic Acids" (vol. 7:

614-625), i.e., the saturated |inear aliphatic series of dicarboxylic acids
(diacids), fromwhich 20 mel ting and boiling point data as to the first -
ni ne of these organic dibasic acids are conpiled in Table A [ ERR]
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[ ERR] [ ERR] - 20 That treatise points out that these diacids are
crystalline solids, whose nelting poi nts’ lecrease as the aliphatic chain
length (m wt.) increases, with al ternatli bn of sone physi cal properties of
5 nei ghbouring nenbers of the series such as oscillating nelting poinf, .
wat er solubility and ease of decarboxyl ation or deconposition, but not “Sf

ot hers such as boiling point, density and dielectric constant. Wiereas the
odd- nunbered acids nelt lower 10 -than their neighbours, e.g., the 5
carbon atomglutaric acid nelting -nuch | ower-than the nei ghbouring 4 carbon
atom succinic acid and 6 carbea atom adi pic acid, their boiling points
~increase with increasing I ec'u.] A Yeight . 15, - The boiling
points of the Iower (m wt-|) “draéi ok el ditf fi caltvto measure as they :
subl i.me, dehydrate or dec osg ih% géenc-dn%nﬁ'gr%d earbon atomacids being
hore resistant to decarbo Iatlomovf décqﬁmﬁshﬁ én': han t he odd nunbered

aci ds precedi ng nE A o= o o -
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20 _ them. Their thermal deconposition is sensitive to catalytic effects
of inpurities, environment and the deconposition products thenselves, and
resul ts in decarboxylation to a monocarboxylic acid or anhydride fornatlon
W th mg% _elinmnation, succinic and 25 gRQtaric acids formng cyclic
anhydr "tes “and. adi pi c aC|d form ng a polyneric (linear) anhydride. ‘Malonic
and glutaric acids-are extremely water-soluble, the remining even-nunbered
aci ds being only noderately soluble, solubility alternating 30 between

hi gher val ues for the odd- nunmbehat Bressisedpbimes watuehatothese diacids

even- nunber ed nelghb9$$ ¢%%§£aiﬁfhg'¥of géeaéhBQ?“hEEtiﬂgdgéih@glﬁgégapﬁe

length (m wt.) rc-acids"are"s
hi gher honol ogues (nasvkhe a;epbabg¢e§baw@|9eng§ke(m- vk ) sincreases,

odd- nunber ed aci ds h@i/@n'ér\eérhaewatbenssﬂasbﬁyg§camaprbberhé§eafnurrber ed
nei ghbours, the. ionizafion copstant val st _constant for

all the acids above BRFPIROGELIRT %F@Qﬁﬁ%r%f EﬁﬁtsFFé5F|§B of&s that
mal oni ¢ aci d | oses ceedbhlatingdeebhihgapointabwatert sokebiligypendt eaged

| adueous sol utlon o PAELI0ESy PEART Rxafaagegmpasie&ah (Bl nbd: 024 795);

that 10 succinic ael ow_ It gerrg t|n pQi nt ,
dehydrates at its.nePERQES poRaR, aﬁnﬁ°+§%ﬂi BO&DEy | eeRAAvY, pAE, %G&S fELC
anhydride having  constant. Whereas the odd-numbered acids melt lower

101_ than thelr neighbours, e.g., the 5 carbon atom
glutarlc acid melting much lower than the
nelghbourlng 4 carbon atom succinic acid and 6 carbon
atom adlplc ac1d, their boiling points increase with

: 1ncrea51ng molecular weight.:
15 The b0111ng points of the lower (m. wt. )
| diacids are dlfflcult to measure as they sublime,
dehydrate or decompose, the even-numbered carbon atom
acids being;mqre_fesistant to decarboxylation or
decomposition than the odd-numbered acids preceding

20 them. Their thermal decomposition is sensitive to
catalytlc effects of imptirities, environment and the
decom9051tlon products themselves, and results in
decarboxylatlon to a monocarboxyllc acid or anhydride
formation, with water elimination,. succinic and

_ 25 glutaric acids forming cyclic anhydrides and adipic :

ot | : ac1d formlng a polymerlc (linear) anhydride.

: | 3 Malonlc .and glutarlc ac1ds are extremely
u_water-soluble, the remalnlng even-numbered acids
_ .belng only moderately soluble, solublllty alternating
30 between higher values for the odd-numbered. ac1ds and
 lower values for.thelr even-numbered nelghbours, yet
'_rapidly decreasing'with increasing chain length
. (m. wt.). Oxalic and malonic acids are strong acids



mp 119.6C (vol. 21: 848-849); and that adipic acid, unlike glutaric acid
and succinic acid, does not 15 readily forma cyclic anhydride, but g
.deconposes to cycl opent anone above [err] (voI' 1: 510-513). The iMerck -

| ndex, 10th ed. 1983, Merck & Co.;*Rahma% shows sirilar data,as, to .
t hese nine diacids, especially their boi |ng p0|nts at 20 nor mal . pre§§ure-
(760 mmHg). It indicates that oxalic acid sublines at [err], deconposes

at higher tenperature, and is hygroscopic'and poi sonous; that nalonic aC|d

melts w:th deco t u it - su C|n|c acid has np -

'185-[err] and bgp?ﬁa °§%g§§2 h k?? épe Wér¥|oﬁ FEetREQQH%ﬁﬁ%Wﬁixcﬁ m

[err] and bp [errf¥§ak ?ﬁat Uhaﬂ&tlthacbddhasmbprea aclidsr hawed Lowe302- [ err]

with very slight" ﬂoﬁﬂﬂaaibhl eanstbﬁtsaéhahct : %%nmﬁuh% r]r?ga“d bp [err],
en

and i s not hygros t L.aelic.aci s to su
Oxal i ¢ and nalonlﬁgg%ﬁhguﬁﬁe gﬁaeg?PaBFElPBrCPH§§aPﬁv¥ﬁﬂu6ﬁ becamee of
their Iom/nnﬁecul@lmﬂntghosstentoﬁgraalmltheaadldsgabdv&sgahghbogc1

constants, -and the fact :t ha ac u err
hygr oscopi ¢ whi | st . q; ni c. %%?é@ %ﬁ% E@gé ggégﬁisgePPFeﬁekaﬁgkﬁg
‘thereby adver sel A%+ PFRY ?ﬂﬁb?ﬂu§1€ﬁb¢§cpérhG@tésganboweustsg Iarge

I-oni ¢ residues, -emeﬂtlngopmﬁnt, d@doﬂﬁoaqﬁe@ﬁsagglﬁghbhnahhggrgaggucts
oo . decarboxylatlon at 70°C (vol. 14% 794- -795); that o
_10 succ1n1c ac1d subllmes when heated below 1ts 188°c
meltlng p01nt, dehydrates at 1ts meltlng p01nt, and .
- forms a cycllc anhydrlde, succ1n1c anhydrlde having l k) '
© mp 119. 6°C (vol: 21._848 849), and that adipic acid,
- unlike glutarlc ‘acid and succinic acid, does not
15 readily form a cycllc anhydrlde, but decomposes to
'"cyclopentanone above 225°C ‘(vol. 1: 510- 513)
- “The Merck Index, 10th ed. 1983 Merck &
VCO., Rahway, - N J., ‘shows 51m11ar data as to these
_ - nine- d1ac1ds, espec1ally the1r b0111ng polnts ‘at
20 normal pressure (760 mm Hg).g It 1nd1cates that
o oxalic- acid sublimes at 157°¢, decomposes at higher ,-
'*”temperature, and is hygroscoplc and pOLsonous, that .
':malonlc ac1d melts w1th decomp081tlon at about 135°c, -
~that: succ1n1c ac1d has" mp. 185- 187°c and bp 235°C with -
; f2$"'part1al conver51on to the anhydrlde (of mp 119.6°C ' LJ
. 'and bp~ 261°C), that glutarlc ac1d has mp 97. 5-98°C " L
and ‘bp: 302 304°C w1th very sllght decomp051tlon° that'
"-dadlplc ac1d has mp 152°¢° and bp 337. 5°C, and is not
B -hygroscoplc, and that plmellc acid. tends to subllme.
30 | - a Oxallc and malonlc aclds are undesxrable :
- for this- lnventlon bécause of the1r low molecular
'_welghts, strong ‘acidity and hlgh dlssoc1atlon
constants, and the fact that oxalic acid sublimes at's



Pinmelic and higher acids are undesirable for this invention because of
their cost, and high nol ecul ar ‘wei ghts and boiling points (which increase
with their increasing nolecular weights) that may 10 adversely affect the
characteristics and adequacy of boiling-off2of the flux. Pinelic acid is
not onVV”costIy; but al so nmay splatter and subline to expose the circuit
board to | ocal deposition of sublimtion or deconposition constituents
detracting fromproduct 15 quality. Whilst succinic acid also tends to
subline, and gl ut aril678d @énd iguihtysyrnutcnpisolwhilest aadonise doid

non- hygroscopi ¢ adi y | i e I ' S ) re in the
above- st at ed proporﬁ%@%&gﬁﬁgﬁeﬁa e mih‘g?ﬁ}i%&m%}%hlﬁé%déﬁdtpressed

boi | i ng point of th@dvieasely affesiviedhe fx icharachariskies andemto
i mpart efficient Splcadd ing ddrnde iohideddiduesnd Ide, Neher content of
the |l ower boilinng pojnt alutaric acid seens t.0. aid bojling-off of the 25
| ower content ﬁigheaqﬁﬂﬁﬁqﬁ;ﬁﬁﬂqua3§iﬁﬁg%%?%ﬁﬁ?&uﬁﬁﬁ 4 %?ﬁs, as it has
been found that the flux spredigmediiichand Juigher desids@arepindesirable

| eaves a | ow resi dugorThg 0SiHYy dritfidd bdcitide £ eHd it NP, addMe{da On
may be water-white rosin Qr rosin_i.n s%gtﬁgi. Jormul ation forqi such”as a
I iﬁp

commerci al |y avai | afiod 8GR e ghts 2 ;109 POLRLS AWHHEFR RFR2S8ich
as i sopropyl al coholwitdr tﬂ!diinj,i_rmxgeasimgsym_lmmxar o2 Iglts) athathgnaesi n

preparapion. 10 adversely affect the characteristdcs and adequacy of
boiling-off of the flux. Pimelic acid is not bnly
: costly, but also may splatter and sublime to expose
x*_ o the circuit board to local deposition of sublimation
| ~ or decomposition constituents detracting from product
15 quality. D ' .

o Whilst succinic acid also tends to sublime,
and glutaric acid is quite water-soluble, compared to
non-hygroséopic adipic acid, on usihg these three
acids as -a mixture in the_aboveéstated-proportions,

20 the'average molecular weight and depressed bdiling
point of the mixture, as opposed to the individual
acids, seem to impart efficient spreading action to
the flux, and the higher content of the lower boiling-
point glutaric acid seems to aid boiling-off of the

! _ 25 lower content higher boiling point succinic and

L _ - adipic acids, as it has been found that the flux
spreads without voids, does not splatter and leaves a
low residue. | |

The rosin for_the_rosih flux of the
30 invention may be water-white rosin or rosin in

suitable formulation form, such as a commercially
‘available liquid, e.g., a soluticn in a volatile
solvent such as isopropyl alcohol, or solid, e.g., a
synthetic rosin-containing'resin preparation.



23 A first comrer

KESTER no. 135 FIl |

non- acti vat ed, Ty

cial rosin fornulation, sold under the trade designation -
ux (Litton/Kester Solder Co., Des Plaines, IL), as a )
pe R rosin flux, is a honogeneous 5 sol uti on of

wat er-white rosin in isopropyl alcohol, d% non-corrosive and non-conductive
r

properties like r
i n" natural rosin.

al cohol; J[err] 10

_59@6mater sol ubi

formul ati on, sold. under t he

osin, and -processed to ve the foreign particle$ fddnd
It has a conposition of 41%rosin plus 59%isopropyl .
borlrng poi nt, sp.g. O 880, 66 vol..%volati e content

ity and: rr]. fl.ash _point. .A second conmercial -rosin
?’t If]& EAES qlaal Josin giormylation Us&GDE0 15

(Urban Cheni cal Cyndepe&he dirade des ilgna td cro KESTER afd of 1 7%y asin and 60%

i sopropyl al cohol
content” and [err
20 ‘under the tr
W | 'mi ngton, DE),

- conprising a soli

Lhttdhﬂmy | g. ~66 Vv % vol ati |l e
{ sted S%?h:é%d R Inek Fbing ?‘Jo‘r hrul 3 idon,

I oi nt
aag g%SF%ﬁ&FPUn g?ﬂYBELFPElPRfMPXbeQS1dlhnmndeneduEP
solutignt hét watersivhitenraisinnd of Q%Iogarwp?aaratfah |
ree dcrd

éfpheﬁqebrEgéﬁegrggagxﬁﬁogeﬁﬁuF é%%ﬁb&ﬁgeﬁtqqg,hyhgg be

sol d.

- m xture or TANIused for
from any source, 598hRas@BdcBRAEREFEA ﬁpxrsmevefthecfomedgngbu&%hbqegnd

adi pic acids in whoehdt be nataeaacrdsln. It has a composition of 41%
- rosin plus 59% 1sopropyl alcohol, 77°c (170°F)

10 -

‘boiling’ p01nt, sp.g. 0.880, 66 vol.% volatlle
'content, 59% water solublllty and 18°C (65°F) flash

- 901nt. S o . - Y

PO

A" second commerc1al r051n formulatlon, sold

under the trade des1gnatlon ULTRA-DRY Flux no. UD-3040

15

(Urban Chemical Co., Deerfield, IL), has a

"compos;tlon ‘of 40% r051n and 60% 1sopropyl alcohol,

._' 93°c (200°F) b01llng p01nt, sp 9. 0 884, 66 vol. %
2 volatlle content and 21°C (70°F) flash polnt.

20

A third commerc1a1 r081n formulatlon, sold
under the trade des1gnatlon STAYBELITE (RTM) resin

'(Hercules Inc., Wllmlngton, DE), 1s a synthetlc

ros:.n-contalnlng res in: preparatlon P comprls 1ng a

'solld product formed of hydrogenated rosln.

- 25

The three-ac1d mlxture or TAM used for the .i 1'

pamey

rosin flux of the" 1nventlon may also be from any : ” "J

: :jsource, such as’ a commerc1al mlxture of succinic,
 glutaric and’ ad1p1c ac1ds in wh1ch the three acids

30

are. 1n the desired proportlons.

A f1rst commerc1al mliture is a blend of
the three acids avallable from DuPont Canada, Inc. .
(DuPont Canada), of good solublllty, ‘mild acidity
(pH 2 95), meltlng range 90- 130°C and b0111ng range

.'170 195°C, whlch has._*



are in the desired proportions. A first commercial mxture is a blend of 30
the three acids available from DuPont Canada, Inc. (DuPont Canada), -of good
solubility, mild acidity (pH 2.95), nelting ragpge 90-{err] and boiling
range 170-[err], which has: -~ 24 TAM Fornul ation no. 1 - assay 97.0%
(nin.),Vi6-3096succinic acid, 55-59%glutaric acid and 11-15% adi pi c aci d,
plus 3% aci d anhydri des (average), 0.8% succinimde (max.), 0.6%
glutarinide (nmax.), 0.3%5 -W@m%s{d&am 0%k GO, ) ,
vanadi um (max.) an miron I it Jhas agn_ass
97.6% 27.7% succi %55 3% gu qo"@”@% gﬁ‘%‘tdar ;Eusoaséa;‘d é’rﬁaﬁ?‘cz%c&tﬂ l't‘iaéc"r *5%1 us
2. 7% aci d anhydri deslipic’ %cid,ciplius d% ah:%%xgiydmrdes d(éaveka@%,vm B%
0.28 10 ppm copper, vqme m an h bout 27%
succi ni ¢ acid, 57. CQi ig‘{r?"lrac acl gé grfd '%.%(%%'é%‘%pl C 1% d&[?h}s' gugo%t 4%
aci d anhydri des$ owamdmw i, dé, FPprbRappararimaxid ,arid ppn Manadium A
second commer ci al ne t desi X idpbl e
P € dr wifgjg@&ﬁm (nf'a?cg gaal S&PB%]:: H

from DuPont Co., W1 m ngton, 0%
(18C/[err]), whichagsay PAVIFolk A7 -GF¥ r%lccamqstcz@/o %&hgzl%mc

51-61% gl utari ¢ acix@idnGnkb 10 PP AP AUEA,2P1ul 45 TWoaiGR RirhydATRAEN
conpounds, 0. 2@6n|tr5% sucélnlmide, 0.56% glutarlmlde, 0.08% water, 0.28
10 ppm copper, 0.1 ppm vanadium and 1.9 ppm iron; or it
has about 27% succinic acid, 57.5% glutaric acid and
11.6% adipic acid, plus about 4% acid anhydrides,'0.7%
e | - succinimide, 0.5% glutarimide and 0.2% water. '
A second commercial mixture is the product,

15 designated "DBA", available from DuPont Co.,
Wilmingtcn,ﬂDE (DuPont), .of 20% water solubility
(18°C/64°F), which has:’ ' '

mAM_EQrmulatign_nn*;z - 18-28% succinic
ac1d 51-61% glutarlc acid and 15-25% adipic ac1d

20 plus 1% organic nltrogen compounds, 0.2% nitric acid,
'0.02% copper and 0.01% vanadium, and is avallable in a
S0% - concentratlon solutlon of the three acids in '
de- lonlzed water, sp.g. 1.106, having 26% succinic
acid, 55% glutaric acid and 18% adipic acid, plus 0.3%

25 nitric acid.

A third commercial mzxture is a dicarboxylic
acid product available from BASF Corp., Parsippany,
NJ; of about 10% water solubzllty (room temp.), and

_ 100-130°C meltlng range and 150-210°C bolllng range,

30 which has. o - _

| TAM Formulation no. 3 - assay of 97% (min.),

.25-30% succinic acid, 42-47% glutaric acid and 25-30%



T v s aeThad e

- 0.02% 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%
succini.c acid, 55%glutaric.acid and 18°%§d|p|c acid, plus 0.3%25 mnitric
acid. A third comercial mxture is- a ditarboxylic aci d product avail.ab) e.
from BASF Corp., Par5|ppany, NJ, of about 10 water solubility. (roon1t§ﬁb )
and 100-[err] neltlng range and 150-[err] boiling range; 30 which haé:'TAM

Formul ati on. no. - asSs of 25-3Q% succj.nic acid, 42-47%
glutaric acid 5&8 553§53y 1§§ éé g!% 5Eﬁ§rﬁﬁli§i Qé% rolidinedione

- and 2, 6- p|perQdSdepmmadxmedﬂbna%)wmﬂem 5& fwatreth conner0|al n1xture i.s the

pyoduct desianated "D eSS AR AT A 10N A8 P HE BRI o Pf
mel ti ng r ange deatigniatieds: "Ml(?amm"l,ommlable Ero6% Eucm nic aC| d,
onvar, ge. 8 anghot ML) R CH kb tt] M) o MpohelUoVEE
22.6% adi pi ¢ SetyPidity 1@%%%%%@%&@%&@1%@%%9%) 0.06%
ni trogen (kjehgg@h)hag 3% water, 0.4 ppn1copper 0.06 ppm vanadiumand 2.4
ppmiron. - _ IAM_Egrmulatigngjuzggi.- 18- 25% succinic =
“acid, 50- 55%" glutarlc acid and 20- 25% ‘adipic acid,
10 plus 1. 4% succinic anhydride, and partlcularly 19.5%
' .succlnlc acld 51 6% glutaric ac1d and 22. 6% adlplc
acid, plus 1. 4% acid anhydrldes (as succinic S R
anhydrlde), 0. 06% nltrogen (kjeldahl), 0.3% water,_. |
0.4 ppm ‘copper, 0.06 ppm vanadlum and 2.4 ppm iron. o
15 = ~ These- TAM formulatlons are especlally usable S
* as the three-acid mixture, with the components in the -
range of 18- 30%- succ1n1c ac1d '51-61% glutarlc ac1d
"-and 11 30% adlplc acid. s :
I ‘was. - quite unexpected that these '

20 three- a01d mlxtures, ‘per TAM formulatlons no. 1 -4,

' '”'whlch are not espec1ally purlfled perform ;
'satlsfactorlly in the flux to. provxde conSLstent
solderablllty under ‘the relatlvely rlgld condltlons
extant in electronzc circuit board component

25 solderlng, yet leave the site essentlally free from - -

' ionic’ resldue and av01d a washlng step, despite the |
ﬂlmpurltles in such commercial grade mlxtures

Th1s 1s espec1ally so in v1ew ‘of the above
elndlcatlon in ‘the Kirk- Othmer treatlse that thermal

30 decomp051tlon of. these diacids is sen51t1ve to

" catalytlc effects of lmpurltles,‘and potentlally those
'.1lsted in commerc1al TAM formulatlons no. 1-4.
The costs of chem1cals in pure and



15 These TAM fornmul ati ons are especially usable as the
three-acid m xture, with the conponents in the range of 18-30% succi nic
acid, 51-61%glutaric a¢id and 11-30% adi pic acid. It was quite unexpected
that.these 20 three-acid mxtures, per TAMZéornul ati ons no. 1-4, which are
not esﬁezialry purified, performsatisfactorily in the flux to provide
consi stent solderability under the relatively rigid conditions extant in
el ectronic circuit board conponent 25 soldering, yet |leave the site

essentially free L.r-oﬁdm@&a{ﬁsiﬁl&?@%m@&'?gﬂ&i&ﬁ@@tw,rﬁleﬁﬁﬁpﬁ@téf‘@, -
inmpurities in such cQmuerci-ad=gra xtures. This is . gspeci S0.in view
of 'the above i ndi cat MG IS THE K PRI ednss ¢ HRCTHehyiotRp Costs
deconposi tion of theed dihecitderdes pearsinente acidsatial \pure efdoet samd the

i mpurities, and pot enpfdyd Ing JHES Gad il déli@mﬁréicﬂmw&'qﬁ“fé’éi n$. no.
1-4. The costs of chgltrdﬁ cal s glt n purel and 26 ‘commerci al grade. for mé;re

I nfl uenced by nény_factors, yet provide useful conparisons. Recently noted
costs of the three pertinaNBILE DS iComparatfivenCasts td Iekividigdhkracidsl,

P ual st on” acy a—2eiBPTE D Bridodd - COMRUBH NG dPUSeOlper kg
10 Succinic $126.90/2.5kg  § 50.76 - 50.76
- Glutaric 14.20/25g 568.00 -
Adipic 1 24.60/2kg 12.60 12.60
' Pimelic 61.25/100g - 612.50.
Total - '_ . 631.36 675.86
15 Average . 210.45 = 225.28

| 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
20 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 resultiﬁg mixture, given the
differences in melting and boiling points among these
- 25 acids and the increase in average molecular weight
imparted by the heavier pimelic acid component, aside
(L -~ from the objectionable tendency of pimelic acid to
© sublime. L - o
o o More important, the cost of the commercial
30 purity mixtures of succinic, glutaric and adipic
acids, per'TAM formulations no. 1-4 above, is roughly
$1.25/kg ($0.57/1b), which is far less than the above



10 Succinic . $126. 90/ 2. 5kg $ 50.76 50.76 4 utarqc

) : 60/2kg ' 12. 60
14.20/ 259 568. 00 Adi pic 24,

.12. 60 Pigelic _ 61. 25/ 100g . o 612.50218tig
631. 36 ' . 675.86 15 Average 27

225.28 Arbitrarily taking equal annun;218f4ghﬁ thrﬁg 2ﬁhgf|?3t?ng]gfﬁe??t
t cones to an average- cost of g, -a
ége C?ir glutaric acid increases it to. $225.28/ kg, and even higher it is

t o] uId change
“substituted forsﬁﬁkﬁuidﬁeﬂtéﬂb¥ﬂ9ea®m§t éﬁ§Z§“fﬁ§§§???£r§h%e§ ?ﬁ el ting
the properties ofadites/ efd argbéga%éﬁfa ﬂ%_EP{%el?ﬁ%?éﬁBePFHGAWeraged .

Ihes acl ds |
' ﬁg?egai alr n\?\ePgh?tssn%g‘aT%dl %aﬁ/lleﬁa%’)icrreacniamwldob@ogegﬁ m@skde from

i inportant, the
t he obj ecti onabl @mlﬂﬂme/ OfDéﬁmé CCHE | ower Pt succeil o é ®$@ric and

f
cost of thescomgy, nﬁtli{t&%es:.lnof(t ”rrfgsaq‘;’]d% andg thmgneedwo%iﬂ(ﬂt
di ds, per . T fornul i
?$6p|5(7:/ figl) whi clFhes 1oRiq @es idven tidhe atbaust, &Ezfé&éréar?é% %Qremf?it -
of a nixture of . Eh@pﬁﬁrsan@qudi)eﬁ?ﬁng m[ﬁegftglg) es\?rﬂ%sr%%t % the B

aci
Begiie The| o SEae gt B R, o g e
P! _ ormulate the m1xture from the hlgh purlty 1nd1V1dua1

10 _ac1ds at hlgh cost. L T eoa _
' - Based on the above Merck Index data, thelr
meltlng and b0111ng points may be taken generally as -

~ set forth in Table E. . .. o ;H:_-“Jm"

. TABLE E - Approxlmate Meltlng and 30111ng P01nts

'Succihiei': v186h::_:a. :d23f_l
.. Glutaric 98 .. 303
_“_Adlplc . 1520 . 337.5
 Total 436 875.5
Average _d_”145?Chfa';292°Cj:..
25 : , | The commerc1al mlxtures of these acids have B ::
" 90-130 and 100-130°C mp- ranges,_and 170 195 and . o

150- 210°C bp ranges, of average mp 110°C and bp
. 180°Cc well below the Table E. averages.:The commercial
_‘emlxture mp range is- below the b0111ng p01nts of :
30  succinic and adlplc ac1d and 1s bp range is below

the b0111ng point of succ1n1c ac1d, i.e., the lowest
of the three acids. '



5 comercial mxtures in the flux and the need to limt the ionic
residue to, at nost, atrace anmount, they surprisingly perfgrmemnently
satisfactorily for the purposes of the invention, w thout having to -
forpulate the m xture fromthe high purlty'zmd|V|duaI 10 acids .at high
cost. Based.on the above Merck lndex data, their melting and boiling
poi nts nay be taken generally as set forth in_ Table E. TABLE E.z.coo. 20 .0
Appr oxi mate Melting and BO|I|rﬁ;q¥ﬁ¢&QF§¥9QPeflt °frﬁpe(§°mmeﬁﬁl?€rr]
Succinic - 186 mixture ﬁasﬁéﬂlhblllng Pdhge is Eﬁﬁtﬁﬁhelaclds

152 337.5 Total . _.
152 s Total L ey Y o M rensane B e (68
100-[err] np ranges,impuritzaies 95 fhe 1W@¢}ah[ﬂf%#@é31x‘é$r%$e¢%@e [115)

[err] and bp [gr] \aﬁidoh Qf‘éf&!.'é Q:fTané}L@uE&M@Q@Saci@ac@@ﬂaﬁtcmbenbééwe
np range is beIOM/the n|c and d,_and

0|nts of dipic a
is bp range is bel ovf '*? H?Rg %Iqlt JS%}P;'CI n ’&cfrl&e T’ﬁ‘ e8 ‘?ﬁbgfo%%t
of the three acids. in t&ﬂa/hbh\&t+nm:ttedaermigespfoptlmmm$nla$ areture

depreSSEd_bOiling'qﬂgkiéihﬁfguféf“%&ﬁ&ﬁgkely coating the surfaces to be
soldered, whilst 1nh1b1t1ng splatterlng, sublimation
10 and local re-deposition.
Despite the high acid content and
impufities in the commercial mixtures, the
, constituents boil off at ambient soldering
et o conditibns, avoiding a large ionic residue and a
| 15 washing step for its removal, and the low ionic
| residue that is left occurs without supplemental
heating as normally used to prevent local ) _
re-deposition of constituents. The flux assures more
consistent solderability in attaining a low ionic
20 residue product, and soldering occurs without causing
_annoying or noxious odours on the circuit boards or
fixtures, and provides a circuit board product whose
‘surfaces have a desired post-solder dryness and
" non-tack condition without use of special steps.

. 25 - Recently noted costs of pertinent earlier
. ' mentioned commercially available chemical and
t . ! . .
Rl . chemical formulation components of the flux are

compared in Table F.



boil away to leave a low ionic residue, so that the inpurities in the
commercial grade m xtures and 5 high acidity of their dibasic acid
content have been found not to be a problem Wen the three acids are in
t he above-noted ranges, optinmumresults are achievable for adequatel y i -
‘coating the surfaces £p be soldered, whilst inhibiting splattering, B,
sublimation 10 and [pcal re- dep05| tion. Despite the high acid content and'
‘inpurities in the confercial mxtures, the oonstl tuents boil -off at anbient
sol deri'ng conditions, Lpve ding-a lar ge. i onl coreshdue and a 15  washi ng -
step for its renoval, 2N &% | 8w i@ cc;e5| dlie &hat is left occurs W|thout '

suppl ement al. ‘heati ng 8 rT'o?'rf’aI |F ueR t4 pr e\gent' l'ocal re- dep05| tion of.
. constituents.: The fl Ux agsWres mor @ gongl st emt gol-derability in attaining a

‘low ionic 20  -residue|preduct, “Tand:sol der.i nen ooaurs Wi t hout causi ng
annoyi ng or noxi'ous.o‘éauz,,s on the circuit boards or fixtures, and provides
a circuit .board 'produg. whose surfaces have ‘a desired post- soI der - dryness
- and non-tack condla W|thout use of ~special steps.:25

Recently noted cos ot pertinent earlier nentioned comer ci ally avai I abl e
chem cal and cheni é’al for rrul ation corrponents of the fI ux are corrpar ed in
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30 Table F shows that the cost of "DBE" solvent (sp.g. 1.092) is about the
same as the above-indicated cost of the TAM fornul ations nos. 1-4, and | ess
than the cal cul-ated, arbitrarily 41%or 5 40% al | ocat'ed, roin portion
cost -of, the respecive commercial | PA (isopraogyl alcohol) solutions of rosin
(KESTER’ﬁor 135, sp.g. 0.880; ULTRA-DRY Flux no. UD 3040, sp.g. 0.884), as
well as - less than the cost of the hydrogenated rosin preparation

( STAYBELI TE 10 resin). G velabdie [Fowhos tifad RAhg snsk  df 7@BE"' he cost

of the rosin portion CijalggoRA 30! S IQEQER no
135 and ULTRA- DRY FI S)%f]_vhﬂ% &% rrustﬁacltssa ﬁd"&ge H(:gons'rsé?‘géered her,

its | PA portion costaP8W§r1QQ%§?§%9 fopmulations nOthe
rosin flux of the invyenti ahd Ie¥s aulwttaw,cmunaﬂw, arsicoent by y419vor

materi al s cost, cand cept. [ due
on sol deri ng. I\/Bst s?ég %\ig’rﬁ% egic’t %%lﬁxbé%bljt%\%ﬂt esctr gbgnq#% u%(éécgen lg‘?%w de
a sol dered product i somgesicdaloiffad isornepd, adiaohait) Eplutians refibres md

expense of a washing %b%&gtnoxfoem\a% ] %Qs @.f QRigHs AWRA-DHY SURD WdY
suppl ement al heat durln solderln % assi st _vol atilizati.on of the qux

constituents. Typi caPPy e Reidr 4-F84)y feMall ps3dessdhan ithe Rk
assenblies to copperoﬁuthm‘hydnngenated rosin preparation (STAYBELITE

10 resin). Given the low cost of IPA (sp.g. 0.78), the
cost of the rosin portioh of the commercial IPA
solutions of rosin (KESTER no. 135 and ULTRA-DRY Flux
no. UD-3040) must actually be considered higher, and -
its IPA portion cost lower, than as shown in Table F.

15 . The rosin flux of the invention is of
advantage, as it has an acceptably low materials
cost, and achieves an acceptably low ionic content
flux residue on soldering. Most significant is the

- fact that the rosin flux can provide a soldered
product in usable form.as_produced, without

25 the trouble and expense of a washing step to remove
ionic residﬁe.ahd/or of supplying"supplemental.héat

"during the soldering to assist volatilization of the
flux constituents. : .

- ' Typlcally, the rosin flux is useful in

{ ' .30 soldering output assemblies to copper buffer plates

' on igﬁition assemblies of motor vehicles, and the

roSin'flux is useful in electronic circuit board

soldering to attain in all |



on ignition assenblies of notor vehicles, and the rosin flux is useful in

.electronic circuit board soldering to attain in all 31 cases a . . *.
significant decrease in the nunber of product rejects fromshorts, voi ds

and Iike defects, w thout a washing stepyy However, in using the rosin flux,
for 5° -circuit board soldering, there may be instances when efficieny;
electrical contact is difficult to achieve between certain nechanical

- swi'tch contact surfaces (e.g., on gold or. silicone rubber nechani cal switch

~conponents), duechsgekhg | f et RIRSRNGE af sllght resi due. of '
rosin that acts £ lfeldlnsu ators%rﬁﬂgal h praduceven

. ]
- though the atteng H?gtgns(’fofneé &Sirs vadeksptaaisl )lJHIBNdeﬂBecﬁéc’l{e wikHan2!

i ncusi on of de- |§nWe§U1ngtetepurther | owers. the cost "and ai ds foam ng wher e

15 desired, .its hydrolyzh of gggec non t.he .ester conponent can be readily - -

controlled y: con oi nt . -|nc usi on'o RG0S §°5#ﬂh@&HM|ﬂyragent The _
i nfluence ot the BﬂPsErPQBEdtéﬁéﬂ@ﬁlpgopehereomayhﬁeei e a TGO, On the

“al cohol conponereffibdiént! lledt2@cuat e be retalned st
c4! Ebntatt LETHIRKIBRLCKS aohieven

any increase pig-Tet thre - acl
traceable to esterqﬂédyo égﬁgfnmP?? BBLGRAI AVitgh contact surfaces
' -9-, on-gold.or 5111cone ‘rubber mechanlcal switch

components), due- to- the 1nterfer1ng presence of a
10 - -slight: residue’ of rosin; that acts- as an - electrlcal
© - ‘insulator. thereat. ‘This ‘can occur’ even though the
.._attendant ‘ionic re51due 1s acceptably low. '“:..*
_ - Asthe" optlonal 1nclusmon of - de~1onlzed
water’ further lowers ' the ‘cost- and aids foamlng ‘where
15 desired, 1ts hydroly21ng effect on the ester
- component can be readlly controlled hy con301nt
1nclus1on of a. hydroly51s 1nh1b1t1ng ‘agent. The -
'1nf1uence of the low surface ten51on property of the .
-ester: component .on-the alcohol component and 1ncluded
-._20 water will thereby be retained, whllst any increase
in ac1d1ty of the. three-ac1d mlxture-contalnlng
'.solutlon, traceable to ester hydroly51s,'w1ll be
- mlnlmlzed. ' Pt R
| | ' The follow1ng examples in whlch all parts
- 25 -_and percentages are by welght unless otherw1se



The noliomﬁng exanples in which all parts 25 and percentages are by

wei ght unl ess ot herw se 32 indicated, are set forth by way of
iIIustration and not limtation of the invention clainmd. EXAMPLE 1 - High
Rosi m Aqueous Al coholic Flux 5 32(a) The above-noted TAM

(three-%Ci-d mi xture) Fornulation no. 1 (DuPont Canada), of 26-30% succinic
acid, 55-59% glutaric acid and 11-15% adi pic acid, plus 3.0% acid...
_anhydrldes 0. 8% succi ni m de, 0.6% glutarimde and 0. 3% wat er, was

dissolved 10 in dem L 7esl Ved PE &t PESPER LhPniea 00f01ma§taaﬁeeﬁ8aml\/l
solution of sp.g. 084 (0. 3703703&? ni, TAM and 0. 2596 /m water, total

1.084 g/m), corresdHHﬁ Hptasen o?h%042V39$ﬁ?%4c 4medy 96.34 g water
(65.8%, total 146.34 g; or to 1401.29 m 15 of 519 g TAM (34.2% and -

1000 g water (65. 8Npx 51 (%9 Fl ux :
solution, sp.g._ O. 8§i-ruégifgn Q%%gb £{Q§§§é°8% ﬁ@? gl gr 975 96 g
(2380.4 x 0.41)5 rosin and 59% )14%he QXP-HQF%@3 4 &h 9989?°¥ A

(i sopropyl al cohol) miveterep el atidn 786, nl uﬁdﬁtS@aﬂada 0 ¥£12683d%

i 0

ot on o sdln oy 16 %%11?#9?%%3%%%9%“9%%%“93336 s

(300 x 0.78), 25 tacids rpBr853 % oacn_l.duargxy@mdea)f succmlmlde, o

' 0.6% glutarimide and 0.3% water, was dissolved

10 - in de-ionized water in proportions to form an aqueous
TAM solution of sp.g. 1.084 (0.3703703 g/ml TAM and
0.7136296 g/ml water, total 1.084 g/ml),
corresponding to 135 ml of 50 g TAM (34.2%) and 96.34
g water (65.8%), total 146.34 g; or to 1401.29 ml

15 of 519 g TAM (34. 2%) and 1000 g water (65.8%), total
1519 gqg. :

(b) 2705 ml of KESTER no.135 Flux solution,
sp.g. 0.88, totalling 2380.4 g (0.88 x 2705), of 41%

_ or 975.96 g (2380}4 x 0.41) rosin and 59% or 1404.44

20 g. (2380 4 x 0.59) IPA (isopropyl alcohol), were
combined with 780 ml or 845 52 g (780 x 1.084) TAM

. solution from (a), of 288.89 g (780 x 0.3703703) TaM
(34.2%) and 556.63 g (780 x 0.7136296) water (65.8%),
plus 300 ml IPA (sp.g. O. 78), or 234 g (300 x O. 78),

25 to form 3785 ml or 1 U.S. gal. of flux.

- The flux, by calculation, contained 987.96
g rosin (28 2%), 288.89 g TAM (8.3%), 1638.44 g
(1404.44 + 234) IPA (47.4%) and 556.63 g water

. (16.1%), total 3459.92 g of sp.g. 0.9141

30 (3459.92/3785), for a rosin content of 28.2%

corresponding to 26 vol.% (987.96/3785).



The flux, by calculation, contained 987.96 g rosin (28.2%, 288.89 g TAM
(8.3%, 1638.44 g (1404.44 + 234) |IPA (47.49% and 556.63 g water (16.1%,
total - 3459.92 g of sp.g. 0.9141 30 (3459.92/3785), for a rosin content of
28. 2@6correspond|ng to 26 vol.% (987..9653785) . 33 EXAMPLE 2 - ngh
- Aqueous Al coholic Flux EXAMPLE.1 was repeated except that 3095 nml- of =F
no. 135 Flux solution, totalling 2723.6 g (0.88 x 3095), of 41%or 1116.68
g (2723.6 x 0.41) 5 - rosin and 59% or 1606.92 g (2723.6 x 0.59) |PA, were -

conbined with 39 of 144.44 g
(390 x O. 3703703@-%&%@?32 %éﬁgg ﬁégg 958%%§50£&¥%&%?§é582f1mater (65. 8%,
plus 300 M or 234 g | PA ESAMBLE 37#8snirepeated sexcgpt that 395X mix. The
'fLuéo bylgigcg;abfonzgggntebngggsligu§8551heiba é%&#&@LlﬁbLﬁﬁ?%. y o
+ wat.er o
got al/() 3380.36 g gP(ég %95931 %5 é% 651?8/%?8 (%f%?’ g %od ﬁ”c)ontent of -
. 33. 0@6corre§pondrog1noaﬁd GOk %r(15&6.98/Q?&BVZBEEANPDESS) IHAghw&rB|1 --j
Aqueous Al cohol i a),; Lhe 39B80%8- Rt 4 TAM @@ba an -
- 50% concentratloﬁ E‘% i:felaonlo?a 2 }ﬁzr eQ. 92 % |otr}1d| zem/atei{r DuPont)
'sp.g. 1. 106 of 8@dption, of 144 44 K| 3 0 x 0 703703) TAM (34.2%)
' and 278. 32 g. (390 x 0. 7136296) water (65 8%), plus
300 ml or 234 g IPA, to form 3785 ml or 1 U.S. gal. -

10 of flux. . cen e

.~ The flux, by calculatlon, contalned 1116. 68 _
g rosin (33.0%), 144.44 g TAM (4.3%), 1840.92 g W
(1606.92 + 234) TPA (54.5%) and 278.32 g water o

. (8.2%), total: 3380.36 g of sp g. 0.8931

'15 (3380.36/3785), . for a rosin content of 33.0%
correspond;ng to 30 vol. % (1116 68/3785)

EXAMPLE 3.= ngh R051n Aqueous Alcohollc Flux
o . (a) The above-noted TAM- Formulatlon no. 2 in -
20 a 50% concentratlon solutlon of the three ‘acids in
de-lonlzed water (DuPont), sp g..l 106, ‘of 26% _
succ1n1c ac1d, 55%. glutarlc acid -and 18%: adlplc ac1d,
plus 0.3% nitric acid, was used in (b). By h
calculatlon, this 50/50 concentratlon solution
25 corresponded to 0.553 g/ml TAM and 0. 553 g/ml water, :;-
" total 1. 106 g/ml.- - '
_ (b) EXAMPLE 1 was- repeated except that the;tu
' 50% COncentratlon TAM solutlon of (a) was used as the.
TAM solution, and 2765 ml of KESTER no. '135 Flux
30 ”solutlon, totalling 2433.2 g: (0.88 x 2765), of 41% or
997.61 g (2433.2 x 0.41) rosin ‘and 59% or 1435.59 g
(2433.2 x 0.59) IPA, were combined with 720 ml or
796.32 g (720 x 1.106) TAM solution, of 398.16 g



A e

succjinic acid, 55% glutaric acid and 18% adi pic acid, plus 0.3%nitric acid,
was- used in (b). By calculation, this 50/50 concentration solution 25
corresponded to 0.553 g/m TAM and 0.553 g/m water, total 1.106 g/nm. (b)
EXAMPLE "1 was repeat ed except that the 50% é#ncentration TAM sol ution of
(a) wag”used as the TAM solution, and 2765 ml of KESTER no. 135 Flux 30"
solution, totalling 2433.2 g (0.88 x2765), of 41%or '997.61 g (2433.2 X
0.41) rosin and 59% or 1435.59 g (2433.2 x 0.59) IPA were conbined with
720 m or 796.32 g (V2R0xx101683) TAMMsOb0%) oandoB989361@ ¢ 720 34 0(-333 )x

0.553) TAM (50% a“dﬁgﬁérl 59%g?ZBlﬁs03553%1“653Q3Q5Q%XPA9|%% 3eem3 705 234
g |PA to form 3785 or u s 8a . of %iuxh The flux, by calcul ation,-
contai ned 997.61 5 MLgOFoliH-B2898dy ©80814E-y 1AM (11.5%, 1669.59 g

- (1435.59 + 234) |PA (48.2% an®ha9814£,gbyatalcalativh, toniaided3 997 .6 lof

sp.g. 0.9151 (3463.52/ 5). r r ot nt.eRhmof 128:8% CcqiE@sReNdi ng to
26 vol . % (997. 6 /378§)§Z§ghE&ZBPE%)4 358, 18"h 2w éééSSI'AﬁééﬁaP?c U
EXAVMPLE 3 was repeat é4435%¢8Pt +t R34 ) 2783 hgao?%KES¢ER3ﬁ§rIPSE Fe&RTsol uti on,

totalling 2380.4 g (P1885%)7708a10B8443%502r g94%. 86.g.(238Q54 x 0.41)
. S (3463.52/3785), for a rosin content of 28.8%
- corresponding to 26 vol.% (997.61/3785).
EXAMPLE 4 - High Rosin Aqueous Alcoholic Flux
' EXAMPLE 3 was repeated except that 2705 ml:
(S of KESTER no. 135 Flux solution, totalling 2380.4 g
(0.88 x 2705), of 41% or 975.96- g (2380.4 x 0.41)
15 rosin and 59% or 1404.44 g (2380.4 x 0.59) IPA, were
 combined with 780 ml or 862.68 g (780 x 1.106) TAM
solution, of 431.34 g (780 x 0.553) TAM (50%) and
431.34 g (780 x 0.553) water (50%), plus 300 ml or
234 g IPA, to form 3785 ml or 1 U.S. gal. of flux.
20 | The flux, by calculation, contained 975.96
g rosin (28.1%), 431.34 g TAM (12.4%), 1638.44 g
(1404.44 + 234) IPA (47.1%) and 431.34 g water
(12.4%), total 3477.08 g of sp.g. 0.9186
~ (3477.08/3785), for a rosin content of 28.1%
' 25 corresponding to 26 vol.% (975.96/3785). -
St ' Table G shows the proportions. (gms, % and parts) of
the ingredients in the high rosin content fluxes of
Examples 1-4.
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10 EXAMPLE 5 - General Metal. Sol dering An al umi ni um backpl ate (66.77 sq.
cm (710.35 sq. in.) area), provided with two .copper slugs (111.94 mmx 8. 13
mm x.0.813 mm (0.47" x 0.32" x 0.032") stripsgg, was placed on a wal ki ng
beam ¢a 13 support) and the flux of EXAMPLE 1-then di op- di spensed onto the
slugs so that the flux spread over their entire surfaces. The flux was

al so drop-di spensed onto the surfaces of a strip of tin-|lead solder (60% Sn

- 40% Pb; np 191-[err]) whi ofupis ¢ "sbwd agfst Athe OFL e Qif tEdEAMBILES COat ed
slugs. The entire assenbly was then pre-heated at [err]_ for 86 seconds.
Fol [ owi ng pre- heath 1y, aa??‘e?%ﬁ%’fnl%%{ LTy A ekP Brif e & ot it P ARk -16%
subst ratfa on azgery;dﬁémmqv(ihwmk' lsécft&ig& #d SB'Sﬁdaﬁil‘.dﬁHﬁ‘ldelﬁﬁor.i&lﬁé'l.eh g
copper sl ugs, nt.o ich nickel substrate 1ingt tr | r_had
been earlier sol déz&edmo BhT 539%4Etn Yih‘?vaﬁrb]iaae'% fﬂﬁﬁloﬁ@f{ ﬁﬁ?fe‘?‘ﬁ _
was pl aced on She TRAvambR®5D pwewatterhe backpl ate, and the assenbly
heated at 230-[err] to cause - A i Qi nd A8 nmponent s
after which the assenbly, vvagn?:egéoéj?d}&%/e ni c‘%(ée%d]s%gségr%% e g%"‘_:a thin oxide
| ayer, and where igsoldgerisigcte Fesvhicapner, asg claickelk and tin
phosphorus oxi de |Rieeaddlf Mad @i fed)aidl Exdmd @gis oxide, that required

strong fluxing action for proper soldering. -

'10 EXAMPLE 5 - General Metal Soldering.. .
- An aluminium backplate (66.77 sg. cm.
: _(71p.35_sq. in.) area), provided with two copper slugs
N © (11.94 mm x 8.13 mm x 0.813 mm (0.47" x 0.32" x |
~ 0.032") strips), was placed on a walking beam (a |
15 support) and the flux of EXAMPLE 1 then drop-dispensed '
onto the slugs so_that the flux spread'over.their
entire surfaces. The flux was also drop-dispensed
onto the surfaces of a strip of tin-lead solder
 (60% Sn - 40% Pb; mp 191-193°C) which was then placed
20 on top of the flux-coated slugs. The entire assembly
was then pre-heated at 180°C for 86 seconds.

Following pre-heating, an electroless-plated
or eleCtroplated-nickel'substrate'on a beryllium oxide
‘gsubstrate, of similar dimensions to the copper slugs, |

25 onto which nickel substrate a Darlington transistor
had been earlier soldered by die attachment in ambient
hydrogen at 400-440°C, was placed on the flux-coated
solder7on'the backplaﬁe;.and the assembly heated at
230-250°C to cause solder flow and joining of the

30 components, aftér which the assembly was cooled. The
nickel substrate had a thin oxide layer, and where it

. was electroless-plated ' |



The sol dered part was not cleaned in 5 ‘trichlorethylene as is needed to
cl ean excess-of the currently used known flux no. 1 (KESTER 1544, an :
activated 50% rosin flux of undisclosed proprletary formul ati on), from the
backpl ate. Experience has shown that su? excess of known flux no.1 -~
contributes 10 to electrical | eakage of 't he. Darlington transistor’ e
~ the EXAMPLE 1 flux left so low a.residue that this |eakage was reduced to
.an inconsequential|'evel .. Thi s beneficial result was unexpect ed,

consi dering the!%ﬁékélng e r gt hi g upt: 15 of diacids in

the TAM used to ggti ate %%é§§§3?nbﬁggsgﬁ53ﬁ PﬁlggbﬂéYGF ffermeide ars mg and

de- oxi di zi'ng, - 3“’ ?%REE%%E%I?xhéed bhaderequeradont&bg Qg@ d
eri| :

- ni ckel surfaces aatlmnlforcpwop@ﬁasdl&éﬁfﬁ i cal connection sol .
wher e splatterlng i s not. asp {§@ %éant 4" consideration as with CIFCUIt
board sol deri ng. - Wi | st knomn $918eted Rart ¥2shngbecleaned dantent than

" the flux of 3 t he FihFhaRathy}ene aaie nee@é@atdaycneanCéseéSstXﬁ f,' n, hbut_ ‘
t PRt he

by thehigh ioni cwmrttlfy taﬂ@abkﬁﬂ{ gh]e &gﬁ%é Sonte '
“known flux. The g%??' e ‘P?dt g'qi’s;%ge ure was' r TERi thddacanof the
fl uxes of EXAMPL Feed oty %Hﬁ|QﬁnqnﬁxﬁnlnseﬁepﬁépﬁiétaffsU'ts
e ?25 e P enomoea i oy ekl St BE (L0 e
pur|ty, - §896S%CSw?ecir:cald?::ff:fsgfkgﬁnown .UX ‘no.1 contrlbutes
| e Darllngton tran51stor
“ :yet the EXAMPLE 1 flux left so ‘low a re51due that f
| thls leahage was reduced to: an 1nconsequent1al level
_ o Thls benef1c1al result was unexpected .
o cons;derlng the solderlng temperature and hlgh amount
15 ..of dlac1ds 1n the TAM' used to" actlvate the rosin, as
T shown in Table G, for: cleanlng and" de-ox1d121ng '
- e.g., of tenaclously ‘held’ ‘oxide’ layers on the copper 1
and’ nlckel surfaces, in non-c1rcu1t board - electrlcal |
| .connectzon solderlng, where splatterlng is not .as
20 - important a con51deratlon as w1th c1rcu1t board"
| solderlng.j Whilst" known flux: no. 1" is of ‘higher
”rosln content than the flux of the 1nventlon, the
leakage is- clearly not: caused by ros1n, ‘but by the
_ high ionic residue traceable to the hlgh ionic
25 "content in the known flux.- 3w S o o e
: The above solderlng procedure was’ repeated :dt\J.
- w1th each of the fluxes of: EXAMPLES 2- -4, :and the same. |
low 1on1c re51due benef1c1al results- were obtained in
each case.- ' ' |

e

' _EXAMPLE 6 - Low R051n Aqueous Alcohollc Flux
(a) The above-noted TAM. Formulatlon no. 3
(BASF) of at least 97% purlty, 25 30% succ1n1c acid, }



38 42-47% glutaric acid and 25-30% adi pi c acid, plus 2-3%total
2,5-pyrrolidinedione and 2, 6-pi peridi nedi one, was dissolved in a 60% | PA -
solution in de-ionized water in proportions to formb5 an aqueous

al cohol ¢ TAM sol ution of sp.g. 0.9796 (0.2885 g/ml TAM 0.3764 g/m |PA
and 0. 317 g/m water, total 0.9796 g/m ), corresponding to 525 g TAMin
1500 m of the 60@6solution of 900 M or 702 g IPA (0.78 x 900) and 600 m -
or 600 g water, to form 10 1865 mM TAM sol ution of 525 g TAM (28.7%, 702
g | PA (38.4% and 60@2gﬂmbtgluteglg@@c1doaad 2§230%. adipics2sid, @lus

ULTRA- DRY ‘Fl ux no. ggiuglgnp $Polid9n884onkOhak! i Nng 464.1 g (0.884
78.46 g (525

x 525), of 40% or 52 sin _and
X 0.6%) | PA," wer e coﬁb?n%gpéf%alﬁéglﬂP orwi§1dé§58?FE§51£ 8 @?36FPﬁAM
solution . from(a), oéoﬂ@tﬁﬁnglﬁ1&§-xoﬁ128d5yaféwl@ﬂ8pfﬁpprﬁao&¢ ¢ o Eoarmx

0.3764) 1 PA (38%4% 20 deifsal 8o 10, RRMTRoHRESEn( 34 9. Dot BE02

or 6849.90 g 20
flux. The flux, by ch@c%$h§|ﬁﬁmlcgﬁﬂalﬂea ﬁéSgémlgIPés?ﬁd(Q §@?7 & g

TAM (0.6%, 7186.70 wat&B849%t68at 878796 ¢/hi)34rokPaspBadity aed 543 36 TaM25
pacer (0,19 ot el 1407560 1be"Rnk by BBELLLIRCOERHTRY o0t 1P
(0.78 x 900) and 600 ml or 600 g water, to form -
10 1865 ml TAM solution of 525 g TAM (28.7%), 702 g IPA
" (38.4%) and 600 g water (32.9%), total 1827 g.
" (b) 525 ml of ULTRA-DRY Flux no. UD-3040
Nt ~ solution, sp.g. 0.884, totalling 464.1 g (0.884 x
~ 525), of 40% or 185.64 g (525 x 0.40) rosin and 60%
15 or 278.46 g (525 x 0.60) IPA, were combined with
155 ml or 151.83 g (155 x 0.9796) TAM solution from
(a), of 43.63 g (155 x 0.2815) TAM (28.7%), 58.34 g
(155 x 0 3764) IPA (38.4%) and 49.86 g (155 x 0.3217)
| water (32.9%), plus 8782 ml or 6849. 90 g
- 20 (0 78 x 8782) IPA, to form 9462 ml or 2.5 U.S. gal.
of flux. : : -
| The'flux, by calculation, contained 185.64
g rosin (2.5%), 43.63 g TAM. (0.6%), 7186.70 g
(6849.90 + 278.46 + 58.34) IPA (96.2%) and 49.86 g
: 25 water (0.7%), total 7465.89 g of sp.g. 0.7890
s - (7465. 89/9462), for a rosin content of 2.5%
| | 'correspondlng to 2 vol.% (185.64/9462).
: "(c)} .The procedures of (a) and (b) were
répeated using instead the-above-noted.TAM
30 .Formulation no. 4 (Rhone-Poulenc), of 18-25% succinic
 acid, 50-55% glutaric acid and 20-25% adipic acid,
plus 1.4% succinic anhydride.



corresponding to 2 vol.% (185.64/9462). (c) The procedures of (a) and (b)
- were repeated using instead the above-noted TAM 30 For mul ati on:no. 4

- (Rhone- Poul enc), of 18-25% succinic acid, 50-55%glutaric acid and 20- 2596 _
adi pi ¢ acid, plus 1.4% succinic anhydrldgg -39 (d) The procedures of. (@)
and (b)- were repeated using instead TAM For nul ation no. 1 (DuPont Chnaga)
of EXAMPLE 1. 5 EXAVMPLE 7- Low Rosin Aqueous Al coholic Flux A{a)_, The
procedures of EXAMPLE 6 (a) and. (b) were repeated, this tine usi ng 560 . m-

495.04 g (0. 884 560 LT 4 ol t f 40@6
or ( X ) ofd VL Tie DRYoEL &Y rBS- o?D(gg Qn? é§ 0%2§ 8 50) or

198.02 ¢ (495 04 n_and_ 60%or 10 :
IPA, with 165 %ﬁﬁﬁiﬁg% Séi 965758 7@%% EQEFEBPEEPBnHOGf1460neogt(165 X

0.2815) TAM (28. 1G3nadz 1 quE¥AMBLE D.3764) IPA (38.4% and 53.08 g (165 x
0.3217) water- (32.9%, plus 8737 nl or 6814.86 g (0.78 x. 8737) IPA to 15

forn19462-msdﬂi Do) pal - of flux. .The flux, by cal cul ation, contained
198.02 g rosin (§2§¥¥5§i6-45 P ARRT D chguequy sAboohol be12188 + 297. 02 +
G288 LR (20,00 o 5, U eveTpiGesdtret BB S BT, |,
vol 9% (198. 0(2/ 94%(25‘)4 v%fg)repé)at@d Ql.sﬁf's n£§ using SZO/O 495, 04gg __
- T (0.884 x 560) of ULTRA-DRY Flux no.-UD-3040 solution,
~ of 40% or 198.02 g (495.04 x 0. 40) rosin and 60% or
: 10'o 297 02 g (495. 04 x 0. 60) IPA, w1th 165 ml or 161.64 g
'_(165 x 0. 9796) TAM solutlon, of 46 45 g (165 x
£ 0.2815) TAM (28. 7%), 62.11 g (165 x 0.3764) IPA :
'(38 4%) and 53 08 g (165 x 0. 3217) water (32 9%),
plus 8737 ml or 6814 86 g (0. 78 x 8737) IPA, to
115'T-form 9462 ml or" 2.5 U. s.-gal. of flux. '
o _ The flux, by calculatlon, contalned .
- 198.02 g rosin (2. 7%), 46.45 g TAM (0 6%), 7173.99 g
(6814 86 + 297 02 + 62. 11) IPA (96. 0%) and 53.08 g
o water (0 7%) , total 7471 54 g of" Sp. g; 0 7896
20"f(7471 54/9462), for a r051n content of ‘2.7%
- corresponding to 2 vol.$ (198 02/9462)
| ' (b) The procedure of (a) was. repeated
using 1nstead TAM Formulatlon no. 4 (Rhone—Poulenc)
of EXAMPLE 6 (c) " : :
25 S ; (c) The procedure of (a) was repeated L
' d u51ng instead TAM Formulatlon no. 1 (DuPont Canada) |
_of EXAMPLE 1. ' S

: v

o *EXAMPLE 8 - Low Rosin Aqueous ‘Alcoholic’ Flux
30 S (a) The procedures- of EXAMPLE 6 (a) and
(b} were repeated this time" us1ng 425 ml or 375.7 g
(0.884 x 425) of ULTRA-DRY Flux no. UD-3040 solution,
of 40% or 150. 28 g (375.7 x 0 40) rosin and 60% or




(b) .The procedure of (a) was repeated using instead TAM Formul ation no. 4

( Rhone- Poul.enc) . of EXAMPLE 6 (c). 25 (c) The procedure of (a)
was repeated using instead TAM Forrmul ati on no. 1 (DuPont Canada) of EXAMPLE
1. EXAMPLE 8 - Low Rosin Aqueous Al coholic Fffix 30 (a) The procedures

of EXAMPLE 6 (a) and (b) were repeated, this tinme using 425 m or 375.7 ¢
(0.884 x 425) of ULTRA-DRY Flux no. UD 3040 solution, of 40% or 150.28 g

(375.7 x 0.40) rosin and 60% or 40 225.42 g (375.7 x_.60) IPA wth 65
m or 63.68 g (65 x 0235962 gAhB%éL&tkonﬁobfIRB:Bﬂlgh(éé m100!8§5)63AM

ggg ggg Zﬁug73ggg6§1(69 §754§T§§ €RA. ?%Qu&ﬂénzogﬁllg 295 gX ( @53%1g;§§@33r
or 1 U.S. pgal of qu?gMTﬁ%Sfyéi B% g&|8uzg?|6na Sgﬁﬁg ﬁgé iég lg PQSln

(5.0%, 18.30 g TAM (B0694,g2849. 990g322570water225249%+ 2$148) 32BA masof@a

and 20.91 g 10 wate 8 of .3p 1
(3009. 48/ 3785) , ?or aﬁrg§|%4%oﬂ§ 9288 %gﬁfegéoﬁ Fﬁg3?§§4m%o

(150. 28/ 3785) . (b) THeSprgateupt 51“{&) was repeated using instead TAM
Fornul ation no.- 4 -(Rhone- Poul enthel8lux9f bp¥XAbEEE18ti6N, contained 150.28

g rosin (5.0%), 18.30 g TAM (0.6%), 2819.99 g
(2570.1 + 225.42.+'24.47) IPA (93.7%) and 20.91 g
10 water (0.7%), total 3009.48 g of sp.g. 0.7951
. (3009.48/3785), for a rosin content of 5.0%
correspondlng to 4 vol.% (150. 28/3785)
%J ' : (b) The procedure of (a) was. repeated
using instead TAM Formulatlon no. 4 (Rhone-Poulenc)
15 of EXAMPLE 6 (cC). .
(c) The procedure of (a) was: repeated
‘using instead TAM Formulatlon no. 1 (DuPont Canada)'
of EXAMPIE 1. :
Table H shows the proportlons (gms, % and
20 parts) ‘of the ingredients in the low rosin content
fluxes_of Examples 6-8.



o T e .-

(c)- The procedure of (a) was repeated using instead TAM Formul ation no. 1
(DuPont Canada) of EXAMPLE 1. Table H shows the proportions (gms, % and 20 -
parts) of the ingredients in the low rosin content fluxes of Exanples 6-8.
[ERR] . . 42 Tabl-e H shows that the fluxes of EXAMPLES 6-8 have 2.5-5%:". .
rosin, -0.6% TAM 93-96% | PA and 0. 7% water, or 3-6% active and 94- 979@:ﬁher
conponents. At: 100 pts rosin, they have 12 24 pts TAM 1876-3871 pt's 5 I'PA
~and 14-27 pts water. These fluxes are used in floam or wave_solderlng of
~electronic circuit board conponents, typified iin EXAMPLE 11. 10 EXAMPLE 9
- Low Rosin Water-Free Al coholic Flux (a) TAM Formul ation no. 3 (BASF) of

- EXAMPLE 6(a) was used directly by dlssoIV|ng '15 g thereof in 560 ml or-

. 495.04 g (0.884 x 560) of ' ULTRA-DRY Fl ux no. .UD 3040 solutlon of 40% or
198.02 g (495.04 x 0.40)"15 - .rosin and 60% or 297.02 g (495.04 x 0.60). | PA,.
plus. 3533 m or 2755.74 g (0. 78 X 3533) IPA “to form3785 m or 1 U S gal.

of water-free fl ux. S o .
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The f{ux, by calculation, contained 198.02 g rosin (6.1%, 15 g TAM (0. 5%
and 3052.76 g (2755.74 + 20 297..02) 1 PA (93.4%, total 3265.78 g of sp.g.
0.8628 (3265.78/3785), for arosin content of26. 1% corresponding to 5% '
vol.%(g._g& 02/ 3785). (b) The procedure of (a) was repeated using. instead
TAM For mulation no. 4 (Rhone-Poul enc) of 25 EXAMPLE 6 (c). (c) The
procedure of (a) was repeated using instead TAM Fornul ati on no..1.(DuPont
Canada) of EXAMPLE 1. 30 EXaleEH bhows titafothe \fAusdes ofc BXAMBLES c Fl ux

. (a) TAM For nul at i.0 3 A\ f_ sEXANMPLE (A) A Msed . direct W th -
- commerci al | y-obt aisngd@_l\%arteerzf’ iéfi)e_r(r%gg.l%ﬁ, %Elfgd& dl \?:%ﬁééfoe@’é" &ﬁl\q |y7r? 65
. 43 | PA and 56. 78 yakeXor oxhidt-6% @sitdvien axido 94 -303 wtheRA componentsy t Hdse

' two sol utions and ' ddisti o : 0 13 Hign e gVain S{'-fr _alecahQlid
~solution vol une’ ofl%?(;?%%m%yogrﬁi.%ﬂg}) Iﬂélvfe _g'% 24 th 'T%eag'?l bea"?‘ib?tfsc

cal cul ation, c®nt &PRe@nsh 14327 BH Watergo)y, 10.98 g TAM (0.4% and 2932.02

g I|PA (97.7%, total 2999. 7T§¢Hasel fiRx@s Qrédazed?999 £f&am3430)., at a rosin
content of 1.9% correspondj ng to 5_vol . % (,56. 78/ 3785). ‘10
(o) The br ocadu Bage Rl deingd ok, 21eornany S riten b hoeEe) FORBORSR R, 4

(Rhone- Poul enc) typified in EXAMPLE 11.

10 EXAMPLE 9 - Low Rosin Water-Free Alcoholic Flux
o (a) TAM Formulation no. 3 (BASF) of EXAMPLE
_ _ 6(a) was used directly by dissolving 15 g théreof in
Y - 560 ml or 495.04 g (0.884 x 560) of ULTRA-DRY Flux no.
= UD-3040 solution, of 40% or 198.02 g (495.04 x 0.40)
15 ©rosin and 60% or 297.02 g (495.04 x 0.60) IPA, plus
3533 ml or 2755.74 g (0.78 x 3533) IPA, to form 3785
ml or 1 U.S. gal. of water-free flux. . |
| The flux, by calculation, contained 198.02 g'
rosin (6.1%), 15 g TAM (0.5%) and 3052.76 g (2755.74 +
20 297.02) IPA (93.4%), total 3265.78 g of sp.g. 0.8628
(3265.78/3785), for a rosin content of 6.1%
corresponding to 5% vol.% (198.02/3785).
' _' (b) The procedure of (a) was repeated using
| instead TAM Formulation no. 4 (Rhone-Poulenc) of
L 25 EXAMPLE 6 (c). - | -
- o (c) The procedure of (a) was repeated using -
instead TAM Formulation no. 1 (DuPont Canada) of
' EXAMPLE 1. -

30 EXAMPLE 10 - Low Rosin Watei:'-F_‘ree Alcoholic Flux -

| (a) TAM Formulation no. 3 (BASF) of EXAMPLE
6 (a) was used directly with commercially-obtained
‘water-white ro,s‘in,.'by dissblving 10.98 g TAM in 65 ml



The procedure of. (a) was repeated using instead TAM
of EXAMPLE 1. Table I shows the
ingredients in the fluxes of

of EXAMPLE 6 (c). (c)
Formul ation no. 1 (DuPont Canada) 15

proportions (gns, % and parts) of the

Exanpl es 9-10. TABLE | - Low Rosin WatergBree Fluxes of the'lnvention,Ex: ~
Ex. 10 Gams W.% Gans W.%Rosin. 198.02 6.1 56. 78 . .
TAM . 15.00 . 0.5 . .10.98 0.4 IPA - 3052.76 93.4 - 2932.02 97 7
FI ux 3265, 78 .100. °2999. 78 100 Rosi.n - .~198:02 93.0 56. 78

83.8 TAM 1550 arfd 056,78 glﬁagér-%ﬁlaeAﬁéhéﬁ 1H2£%08§O§Q%0g1 93, .

67.76 100 ACtIV 21
12932.02 97.7 Flﬁ?“" ?ﬁéklﬁéng th@se 5Wggsefutiops mmei addingog. 02 - 100
100 TAMadditiaaDOIPA to8a final. @8ter-tPebPAlcoho3@32. 76 - 1542

56.78
2932. 02 5164 Sp. s%lutfbr?f’\?@lvﬂn% o£ 037835nYObY T y. 5386z /TS M
S | 5 . The. flux, by calculatlon, contalned 56.78 g

_r051n (1 9%), 10.98" g TAM (0.4%) ‘and 2932.02 g IPA
(97 7%), total 2999. 78 9. of sp g. 0. 7925 _ ' B
(2999. 78/3785), at a rosin content of 1. 9%
_correspondlng to 1. S vol.% (56 78/3785)
10 _" '_(;* ”_ (b) The procedure of (a) was repeated
.u51ng 1nstead TAM Formulatlon no.“4 (Rhone-Poulenc)
of EXAMPLE 6 (c). = o , v
a (c) The procedure of (a) was repeated S
o uslng 1nstead TAM Formulatlon no. 1 (DuPont Canada)
15 of EXAMPLE 1. T : >
A Table I shows the proportlons (gms, % and
'parts) of the 1ngred1ents 1n the fluxes of Examples
9~ 10._. R ' N . .
_ TABLE I - Low R051n Water-Free Fluxes of the Inventlon -

Ex. 9 Ex. 10
| Grams Wt % _Grams Wt.% .
1_Rdsin 198.02° _6.15-' '56.78 1.9
“TAM - 15.00 0.5 °° 10.98 0.4
IPA°  3052.76 93.4  2932.02 97.7
Flux ~ 3265.7 753?‘7?"‘T66
Roslnf .198-02 J93;o, ' 56.78 83.8
TAM ,15.00 ~ 7.0 . 10.98 16.2
“Active 21 .0 67, 73'~-100
 Active  213.02 6.5  -67.76 2.3
. Other  3052.76 93.5 2932.02 97.7
 Flux  3265.78 100 5333'75“‘T66
.Rosin  198.02 100 56«78'.'150
TAM - 15.00 -8 .10.98 19
IPA . 3052.76 1542 2932.02 5164
. Sp.G. .0.8628  0.7925
Volume 3875 ml 3875 ml
'Volume 1 U.S. gal. 1 U.S. gal.
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Tabl e. I. shows that the fluxes. of EXAMPLES 9-10 have 2-6% rosin, 0.4-0.5%
TAM and 93-98% I.PA, or 2-7% active and 93-98% ot her conponents. At 100 pts
rosin, they have 8-19 pts TAM and 1542-5164 4&s |IPA 5 The f1l ux
of EXANEEE 9 is used by foam or wave application, and that of EXAMPLE 10 by
spray appliication, in soldering circuit board conponents, typified:-in
EXAMPLE 11. When used by spray application, the rosin content is nore
dilute, e.g., 10 at nost, Tabker dsishows Rdatohie) £ltxemof zEXA'MH.Es' st.

. EXAMPLE 11 Each of. &%ehame&wéﬁgd fol %x%s s6BARM ey Ryl and.

DuPont Canada) of “each 0 was individually use dn an
el ectronic circui - BﬁaﬁGtWNﬁhap@b9Brﬁ83eéﬁh§EaF@mPpWﬁ@G@h h@ﬂééﬂﬁh@ts

" conponents, by foaggdh Waye mk;eC%Ul@ng@slwa%EE SOt Ypaspray

application (fluxes of EXA LE 10) saol dered _at err a sol der of
a eutectic 20 5tin-lead 63%H¢ L£lxof, EXAMPLE & d8 use Byr Framoxof a

tin-lead 60% Sn -wé@%)B@p@@E@Eﬁdﬂ Oanﬁnmhéﬁlokeﬁthpnhhlﬁa &py t he
three-acid mxture %b ﬁg subl,i me i&g gondense Qqn oar and a
. ?

hot t er - t han- usual @R OBndiid & Ti0G: ChEcYs ¥8a§ COTPORENSS /
probl em Each of theifiededinoEXEMPEL ES.6- Whenhawed bysispriali cant

reduced nunber. of “PBraeastn FHEL rOglf BardiE IRt ol MNC K L o 5
flux no. 2 (unNcoaRmesm, énzécmbaaMed15¢gVé§nmlﬂhuxOOEqudﬁséuagemlst.
proprletary f or mul ati on, London
EXAMPLE 11 _ -
St Each of the three TAM¥based fluxes'(BASF.
_ Rhone-Poulenc and DuPont Canada) of each of EXAMPLES
15 6-10 was individually used on an electronic circuit
board with pre-tin-lead-plated throughiholes and
components, by foam or wave application (fluxes of
EXAMPLES 6-9) or spray application (fluxes of EXAMPLE
10), soldered at 250-260°C with a solder of a eutectic
20 tin-lead 63% Sn - 37% Pb composition (mp 183°C), or of
' a tin-lead 60% Sn - 40% Pb composition’(mp 191-193°C).
In each case, the three-acid mixture did not sublime
and condense on the boafd,_and a_hotteerhah-usual
_ ambient condition was not needed to avoid this
25 problem. o _ | _ |
- Each of the fluxes of EXAMPLES 6-10 showed a
significant improvement in solderability, providing an
- increased productidn yield per a reduced number of
- voids and shorts, compared to the currently used known
30 flux no. 2 (LONCO RF 710, an activated 5% rosin flux |
of undisclosed proprietary formulation, London |



45 Chem cal Co., Bensenville, IL). The surface insulating property was
deened excellent, allow ng the soldered. circuit boards to be

conformal -coated ( i.e., to have-a conventional protective coating 5
applied thereon) directly, without mashlg% to renove ionic residue, ang
prior -to the usual reliability tests eas normal ly confornal-coat¥ﬂg |s
only perforned after the boards have been cleaned W th Freon TMS and have .
passed given-reliability tests. N : ‘These benefi ci al results

wer e unexpected, n.though t SW ros. content known flux no. 2 has-a
hi gher rosin cont§¥$ fﬁaﬁ gﬂé gﬁﬂﬁ?9vééﬂﬁosﬂﬁ)conﬂ%ﬁﬁ SICAAAEE 6- 7 quxes

because the sane beselatianb peopkrsyatas deeHEHEéxweﬂﬂem&Q 5%&6%%
tent EXAMPLE t. tent.
conten BrhéUxEEaapadl Berfiulle ngkgsc%ﬁ Eg g%)#%gp H'taéhtcoag{(ﬂ%s by t he'

confirmng that the, probl'emis not caus
hi'gh ionic residué te?t'aP°tH€V§oPd€PPM§n§FP§aler©NeC§1NEa©amﬂxngC)the

hlgP IOPIC dthgnapphlehetheﬁubn¥0dérébuly,Th@tﬁbﬁ%eﬁﬁghﬂbgw%Ber%yb vt

Solvent, eq, rASRIS Fedtand) 3R BEASE, LR ERS NeRoT roddakg 1 tWoani ng
agent, in up to atests, nvhgreéﬂnuﬂrm@llyheonéoamaquoadlng tilse olilgh rosin

~content fluxes Cﬁpé?@ﬁfﬁ§ﬁ3éfﬂeraéhéobégrdg ﬁﬁbeebgbn cleaned with

| ; Freon TMS and have passed glven rellablllty tests.

10 " These benef1c1al results were unexpected

~ even though the 5% rosin content known flux no. 2 has_
a hlgher r051n content than. the; roughly 33 ros1n . Q;
‘content EXAMPLE 6-7 fluxes, ‘because the same o
, :-beneflclal results also occurred w1th the 5% rosln
15 content EXAMPLE 8 fluxes and the 6. 1% r051n content
"_EXAMPLE 9 fluxes, conflrmlng that the problem is not
-caused by the rosln content,_but by the hlgh 1on1c -
'_res1due left at the solderlng site, whlch 1s
o traceable to the hlgh ionic content 1n the known

20 flux. . o : - :

' The presence ‘of water 1s not crltlcal as it
-b01ls off durlng solderlng, and may be- added to ) |
reduce solvent, e. g., IPA, and cost - and to a1d

. foamlng w1thout addlng a. foamlng agent, 1n up to a’
25  minor amount of the total llquld in the high rosin =
S content fluxes of’ EXAMPLES 1 4 -as’ noted in Table G,
for general metal solderlng (EXAMPLE 5) where
- splatterlng is not a major problem. 'In‘the low rosin -
| ‘content fluxes of EXAMPLES 6- 10 ‘for’ c1rcu1t board |
30  soldering (EXAMPLE 11y, water ls present in only a
slight amount; as noted in Tables H and I, to avoxd
this problem. '



for general metal soldering (EXAMPLE 5) where splattering is not a najor
problem In the lowrosin content fluxes of- EXAMPLES 6-10 for circuit
board 30 sol dering (EXAMPLE 11), water is present in-only a slight -
anount, ~as noted-in Tables Hand |, to avdiéd this problem 46 Wile a
hi gher ¥AM.content is used to activate the hi gher rosin content fluxes for
stronger cleaning in general metal sol dering, a | ower TAM content is used
in the lower rosin content fluxes 5 for mlder cleaning in circuit board
sol dering. Production Line Temlli@naohrl ier ITear dormiwsitgnad arkdehrds no. 1-4

vere sol dered per EXANPLE‘E% etlg'll% or g%%)l%o%t%m%wtﬁgm@r

[ TAM For nul ati on no
wave- sol dering prodndEannn@|ma|qen§mﬁheeﬁddysnidenmnﬂ:\ﬂtkO%?%dWﬁhrlson

run of Parts no. ?L‘Eleq grad ‘Mstéa lS.'?xogﬁ’xé( 'llb?&lélo o5 i Q¥ it Fixeslabl e J

shows pertlneng spe%gr mi E@? cleanlng 1n c1rcuf%lggérd stQQang.
Production Line Test Run
Circuit boards designated Parts no. 1-4
were soldered per”EXAMPLE 11 with 3% rosin content
flux of EXAMPLE 7 (c) [TAM Formulation no. 1 (DuPont
10 Canada) of EXAMPLE 1] on a wave~soldering production
line in a three-day test run, with a comparison run
; of Parts no. 1-4 soldered with known flux no. 2
&{: ' (LONCO RF 710). ,
. Table J shows pertinent specific gravity
15 data of the run:




[ERR] [ERR] . 49 The data in Tables J and K typify consunption of the 3%
rosin content flux of the invention under wave-sol der production |ine o
conditions over a three-day period of 8:30 to 9:40 5 hour/ day pl ant
shifts, formed of two consecutive days (Days 1 and 2) and a third day - &Day"
3) after.a tenporary, unrelated, interruption of three intervening days. A
titration test was perfornmed at the end 10 of each day to determ ne 'the ..
‘rosin-content of the flux in the wave-sol dering machi ne used, and it was.

i ndi cat'ed to be at- the required |evel, consistent with the Table J specific
gravity readi ngs. Tabl-e“k=skows that the total flux usage was 15 6.5: _
U S.gals. plus 10 U. S. gals. isopropyl alcohol added to nmake up evaporation
| osses. The line was serviced with 2.75 U.S. gal. amounts twice for two
~separate start-ups (Days..1 and 3),_and é_hese,-l asted for the entire shift.

wi t hout requiring further fl ux, 26 Whle only one addition of 1 U S. .gal. -
of flux was required on- the iher g at® Jay (Day 2) to that remaining from

the previous day (Day 1). H% H& &«
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| sopr.opyl al cohol was added periodically to the flux to maintain the
required low rosin 25 concentration. A small ,amount of the flux

t hi ckened when-left uncovered for nore than 24 hours, but was nmade fully
usabFe again by re-mixing or adding make-up anounts . of i sopropyl al cohol .
Al so, hi™h hum dity weather conditions caused | oss of isopropyl 30°

al cohol fromthe flux at a higher than nornal évaporation rate. As to
odour, the flux of the-invention had a pleasant snmell as noticed when
pouring it into - 50 the wave-sol dering nachi ne tank, and when it cane
into contact wwth the nolten solder during soldering, there was no vul gar
or offensive snell as occurred with known flux no. 2in the_conparison
runs. As to 5 sol derability, visual inspecion qsf boarde i mdi cated an
enhanced cosnetic appearance to th§ sol deg| j QML per The fFPux of the

i nvention that di $ not occur with RnowngHuxS@2. Fhels | uxSf Fhe

i nvention inproyeam sol dering.charagt®@ng sti S8 o shown I!’i),ywreg:ucecgl 10

bri dgi ng and voBds conpared to kno fd oxg oode i THBS roeenmesnt in
characteristicshwds coupled with aSredEtBonSiQ S heEanﬁ t & tBuch-up
required on theXbd&rds conpared to t®at w th known flux go. 2. The flux of

. . [} ) )
the invention Igdao a higher 15 gs@l der ed Er—od-uct*ylﬁg pPgY giﬂlft t han
with known fl uxg o : 2UE ~ C=~ © g
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no.2, as shown by the parts per mllion (ppm rejéection rate data in Table
K. No Parts no.1 soldered with the invention.flux were rejected on Day 1
conpared to a 0.10% reject.rate for known flux no.2, whilst the 20 rate
for Parts no. 2 was 0.15% for the flux gh the invention conpared to 07 24%
for known flux no. ‘2, and for Parts no. 3 was 0.10% conpared to 0.23%:7 or .

knowr flux no.2. On Day 2, for Parts no.1 it was O. 07@6for t-he .flux of the -

~-invention conpared to O. 10@6for known 25 flux no. 2. On an 3, for Parts

no. 2 it was 0.05%for theTﬁgu&agg gHeTaByggtyoangogpagﬁq 0.23% f or-
known flux no.2, and whijl st % rates are _n avallable t hey

presumabl y fol | HPRFWIBEHER B tE espht FeFiRaFPPtenke fA¥e Ofe SR8t e ppm 30
" rejection rate viatwestion thdef| wavetsobdernpeotiuonivat lin8666 ppm or

0,37% aver agi ng 8 PRENS ol 70 tﬂ@égsagg, 3321 b oleN8l X g1 2 total

9000 ppm or 0:90% averagln g I'nvention
fl ux resu|t&x1|rhqpré@mmtpban§f8hh fej fermed P&t WPy CRBSECHbAYe Hayshal f

that of the knowpiysxi snd zr 8h8 anehaﬁaedéﬁayoéy Eqrhf&er & the flux. of
t he ‘i nvention uneaﬁectedly u tIO? ane product at 100%
a

“acceptability or® QE?BYfe?EE?iBﬁe?aténtﬁfgﬂﬁgfoﬁep FFFy Tests Tmenty
conpleted pnnﬂenhtsrmem;ngodaﬂ5-3

A tltratlon test was performed at the end
10 of each’ day to’ determlne the rosin content of the
flux in the wave-solderlng machlne used, and 1t was _
'1nd1cated to be at the’ requlred level consxstent ) \;;
w1th the Table J spec1f1c grav1ty readlngs.v~n_ L
| Table K. shows that the total flux usage was":
15 6.5 U.S.gals. plus 10 U.S. gals. lsopropyl_alcohol
- added to make up evaporatlon losses. The line was = .
- serviced with- 2.75 U, S. gal. amounts twice for two.
separate start-ups (Days 1 and 3);'and these lasted
for the entire shift. w1thout requlrlng further flux,
20 - while only one addition of 1 U. s. gal. of flux was
T -requlred on the 1ntermed1ate day (Day 2) to that
remalnlng from the prev1ous day (Day 1) |
Isopropyl alcohol was added perlodlcally to;
the flux to . malntaln the requlred low rosin-: :
'25 ‘concentration. . A small amount of the flux thlckened C 'QJ
when left ‘uncovered for more - than 24 hours, but was '
made fully usable again by re-mlxlng or’ addlng
‘make-up amounts of 1sopropyl alcohol._ Also, high _
_ humidity weather condltlons caused loss of 1sopropyl*:
30 alcohol from the flux at a hlgher than normal
' evaporatlon rate.
_ ~ As to odour, the flux'of the invention
had a pleasant smell as noticed when pouring it into



10 assenblies or mainboards, i.e., attached to keyboard and di spl ay
driver board conmponent s of the I ntended final unit, produced during the
three-day test. run using the 3%rosin content flux of the invention were
subj ected to product reliability tests. Trdse twenty 15 mai nboar ds were
not was®éd With cleaning liquid to renpve soldering flux residue
before-being conformal - coated. Al such mainboards were directly
confornal -coated by a conventional step in production 20 " |line sol dering

of the boards to prehecwavieigolRieasing afdchigiganaik s éﬂdwwm@mlﬁﬂtcamesture

and the:like. Normall | ré befor onf

renmove flux resi duelm}}S cﬁ'ﬁ%%qyeﬁ%}%%gl ttfer{/eﬁ %pd:%rn cﬁ] ﬁ#?‘u 1ng,
boards, even 25 thkbegle was, rmawlagamuqn mfeﬁqns)t\&tsm%ll:oaﬁ (ﬂmrr@batl ng
as an added precaullieR. WHdWEH I ddle3e IRitIROUShpdy iéoﬂ"%.‘@né“blﬁ&t@&' to

the follow n conventlonal tests 0 .hours Power er ure cle
with 30 - angaﬁpl i e§OHGRL: 1'4%‘{53 ispegrion [%g%:}@a fed
cycle tine, and thean(ahhaﬂtddnuUSMEtmrIﬂgpeatanagﬁtdﬂthehsqadew jdlﬂwéts
bias, [err] and 95% | ?'l CINA V%l'?ﬂ!“oq‘.' t@hé rﬁ{ver{}}ﬁmr} thatd M Ko oddiESSith

fifteen nalnboard u
known flux no.2. The flux of the invention improved

soldering characteristics as shown by reduced
10 bridging and voids. compared to known flux no.2. This
1mprovement in characteristics was coupled with a
. _ reduction in the amount of touch—up requlred on the
N o boards compared to that with known flux no. 2..
o The flux of the invention led to a higher
15 soldered produCt yield per shift than with known flux
no.2, as shown by the parts per million (ppm) rejection
rate data in Table K. No Parts no.l soldered with
the invention fluX'were rejected on Day 1 compared to
a 0.10% reject rate for known flux no.2, whilst the
20 rate for Parts no. 2 was 0. 15% for the flux of the
' invention compared to 0. 24% . -for known flux no. 2, and
for Parts no. 3 was 0.10% compared to 0.23% for known
flux no.2. On Dayaz,'fOr Parts no.l it was 0.07% for
"the flux of the- invention compared to 0.10% for known
25 flux no. 2. On Day 3, for Parts no. 2 it was 0.05%
kd” C ~ ‘for the flux of the invention compared to 0.23% for
' ' known flux no.2, and whilst the Parts no.4 rates are
_ not avallable, they presumably follow the other data.
R - Statistically, the five separate ppm
30 re]ectlon rate values for the flux of the invention
total 3666 ppm or 0.37%, averaging 733 ppm or 0.07%,
whilst those for known flux no. 2 total 9000 ppm or
0.90%, averaging'lsod ppm or 0.18%... Thus, the
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t hereafter subjected to the follow ng conventional test, along with the
remai ning five untested mai nboard units as controls: 5 - (3)
Mbi sture Susceptibility, at [err] for 2 hours, and then at [err] and 95%
rel. hum for 2 mnutes, after which theunit is powered for 5 m nutes~to:
~verify-that it is operational. Al the mainboards perfornmed satlsfactofrly
10 in these reliability tests, and it was determ ned that the
Solderablllty of the flux of the i nventi on was -excel |l ent .- There was a -

significant inpr gﬁeggp_g_qhn fi%cd‘ife%lﬁ& ]taln% rlrécau%q:sle "&59%/ elHad per a

reduction in the n ~volrds an conpare known fl ux
no. 2. ‘The surfﬁ%éeFﬁsﬁpaF?ﬁ& 9Wbﬂ@§@ymﬂrﬁrﬁbdﬂlhakf thatloimﬁheon was

found to be excekhewh, fakowWahd tihe oheargsthadee Hayeat) M’ Y T8 y coated

Wi t hout .washi ng being .subj cted to the.rel.iabil |ty tests that -
usual Iy 20 preggg P%B%fgﬁngh € SRVERS 1of, pexpettadly, affardad & Ani ons
O eanl i ness5 TestBrgévetionr dine D@@dust(h&aﬂ@@%laﬁbepﬁdhﬁﬂrﬂylﬁirgtthe 3%

rosin flux [TAN1E@faufg§éteag ¥aeuPont. 25 .- -Canada)], were subjected to
successive (a) and (b) Cleanliness tests to deternrne ionic residue | evels:

(a) first with total ionics neasurenent bei ng perforned using an lonic
" Cont am nati on TeRrodysteReliabil ebleser (Kenco | ndustries Inc.), and 30

&E)ak LPS;ﬁ?Et cid residue Bancackpitiiierd SRR tenie Bomddioons
10 assemblies or: malnboards,-l e.,'attached to keyboard
and display driver- board components of the intended
fflnal unit, produced durlng the- three-day test run . .--.
using the 3% rosin content flux 6f the 1nventlon wefé-VASE"
subjected to product rellablllty tests.g These twentyf’
15 -malnboards were not washed with cleanlng liquid to
remove solderlng flux re51due hefore belng conformal--w
coated. ' o

; All such malnboards were ‘directly
conformal-coated by a conventlonal step in- productlonf;
20 line solderlng of the boards to protect ‘their
electrical components from ambient molsture and the -
like. Normally, washlng 1s requlred hefore N
conformal—coatlng to. remove flux re51due to mlnlmlze
defects from developlng in use- of the boards, even
25 - though they have a m01sture-protect1ve conformal-
' coatlng as'an added precaution. :
Flfteen of these malnboard units were
sub]ected to the follow1ng conventlonal tests.
. (1) 500 hours Power-Temperature Cycle, w1th.'
30 anm’ applled voltage of 14 volts, at -40 to +85°C, and
5 mlnutes cycle time, and then ST : l
(2) 168, hours Bias' ngh Voltage Humldlty,
'at 11 volts blas, 65°C and 95% relatlve humldlty
(rel. hum y



i ons such as brom ne and chlorine ions fromthe board 5.3 itself, being
performed using an ion chronatograph, Dionex:(RTM |on Chronmatograph Mdel
40001 . CVA- 3 (Di.onex Co.), in each case wthout washing and before 5
conf@rnqi-coating. Five additional circuit b2ards (boards 4-8), soldered in
t he sane®nmanner using that 3%rosin flux, were subjected to these tests
before applying the conformal -coating but, in this case, whilst.the.10 . -
tests were perforned on thé first two boards (boards 4-5) w thout washing,
the last three (boards 6-8) weN¢ngasBethwséhfEEtean(Raihbolbd! aniegovwere

i oni ¢ residue. Four L.r gk ds_.( r - l.der.ed in
t he sane nmanner usih%“é%%ﬁﬁtéta§§§§%9?§§X?°iEggugé%gﬁﬁgﬁﬁu%§HXFE§lgﬁ CO RF
710) for three boar dse§boartiong-vifhahhearenainengkfidve pnueswed 3 .
(H - GRADE 3565D, an agihghd BHae8shy Ebr@lsyndi sclosed proprietary
fourth board (bard 12). wers hScPLSEutienSROrEBEORLbLEN- EEAcHASC WoFh2
the tests being perfhoues, oandhthénrat 658Cbanddd5%boaldsh@ml0Eow 2hout
washing and on the sgeoigdel WO, £PRR GRidA ERe Bh1E" i¥ABBIBYedS forvVst N Freon

(RTM TMS. . e o :
minutes to verify that it is operational.
All the mainboards performed satisfactorily
10 -~ in these reliability tests, and it was determined
that the solderability of the flux.of the invention
was excellent. There was a-significant improvement

in solderability and increase in yield per a
reduction in the number of voids and shorts, compared
15 to known flux no. 2. The surface-insulating property
of the flux of the invention was found to be
excellent, allowing the boards to be directly
. conformal-coated without washing and before being
_ subjected to the reliability tests that usually
20 precede conformal-cdating. '

Total Ionics and Extracted Anions Cleanliness Tests
Three circuit boafds_(board5'1¥3), soldered
_  using the 3% rosin flux [TAM Formulation no.l (DuPont
25 - Canada)], were subjected to successive (a) and (b)
S .. cleanliness tests.to determine ionic residue levels:
| | | ~ (a) first with total ionics measurement
-being performed'using-an Ionic Contamination Test
System Omega (RTM) Meter (Kenco Industries Inc.), and
- 30 ) : (b) thereafter with total extracted anions
measurement, -i.e., including weak organic acid
residue plus background anion residue'of extraneous:
ions such as bromine and chlorine ions from the board




Moreover, five additional boards (boards 13-17),. sbldered in the sane
nmanner using known flux no.2, and five additiqnal boards (boards 18- 22),

sol dered in the same manner: using known flux no.3, were 30 al so tested
after washing with Freon (RTM TMS but be§mre conf or mal -coati ng, and thei k&
averaged total extracted anionic residue val ues, respectively, were F‘ o
- calculated. = . 54 Al boards (boards 1- 22) were of the sane size, .

- having a total area of 230 [err] (total of both sides of the board) such

that the [err] vmnnsekﬂﬁabe o wdbh o :
The (a) Qrega (RTM; el ﬁig)ﬁgg; carried od‘ﬁglg f‘?nn%égs?\%é?ﬂﬁaehh re
board in a solvent nlxture éﬁﬁﬂqﬁﬁﬁ del pH§0GRCMEE

de-i oni zed water dDiCREH ﬂ@hﬂorature and subjectlng t he board to

- continuous measurenment for A Yo rajure, . o
S ocel‘ht us%em%: EE%%“[}? rgi ?ﬂge%%#%ﬂ tests

'?gfoigigg ;glgngo&%ﬁg ShFﬁ?ard 9rccording to ‘a special extraction _
procedurefl 95\%1: (Fz)z thg boar ¢Fiwas aedditdeined b?.()r‘rcdfﬂt%]fcbu%@ elrgsr £ gl :‘/gpﬁn an
g;ﬁﬁggf goncentrat§%2( 32%:% SE?QgﬁﬁgﬁgﬁaﬂeI&aﬂner using diat s rosin = -
’- subjected to these tests: before applylng
- the conformal coatlng but, ln this case,. whllst the
-310. tests were performed on the-firse- two boards  (boards
' 4-5) without- washlng, the last three (boards 6-8) '
- .were washed. w1th Freon (RTM) TMS to* remove 1on1c
re51due. : s : ; o
B “Four further c1rcu1t boards (boards 9- 12),;
-15. soldered in" the same manner using known 5% rosin
flux, i. e., known flux no._2 (LONCO “RF 710) for three
- boards” (boards 9~ 11) ‘and ‘a further known flux no. 3.
(HI-GRADE 3565D,.an actlvated 5% rosin’ flux of | :
" undisclosed . ‘proprietary formulatlon, ngh-Grade Alloy'
20 Corp., East Hazelcrest, IL) for the fourth board ﬂ
{board 12), were also tested before_
conformal-coatlng, with the tests belng performed on
the flrst two boards (boards 9= 10) w1thout washlng
o and on the. second two (boards 11 12) after washlng
- 25 “w1th Freon (RTM) TMS. i:_'v:'f P : : .'lf
- Moreover, five addltlonal boards (boards
13- 17), soldered in the same" manner u51ng known flux
- No. 2, and five: addltlonal boards (boards 18 -22), _
.-soldered in: the same manner u51ng known flux no.3, were ft
30 also tested after washlng ‘with .Freon (RTM) T™S but
before conformal-coatlng, and’ the1r averaged total o
extracted ‘anionic residue values, respectlvely, were )
.calculated.. : S : - ' '



y D g e

40 m residual |IPA-water mxture (mainly water as the [err] tenperature
pronotes | PA volatilization). 20, The extraction causes uptake into the
concentrate of. weak organic acid fromthe flux residue, plus mainly brom ne
and ¢hlorine ions fromconstituents of theS8oard, for neasurenent of total
extracf%ﬁ.anions. This procedure is performed by placing the 25 board in
a commercial ly obtai ned Kapak/ Scotch Pak heat -seal abl e pouch (Kapak Corp.,
M nneapolis, M), and sealing the pouch for the extraction procedure,. so

- that during extraction the. voRali bearksi |(boardsf 1al22t)heerer df sl esdme
temperature are evagyghedphianydq £otlf 363bCEP4eN on? TRESRXY 8% potn

- concentrate is subjecfed to stdn ard Cheffi ca anal'ysi's of -all" anions,

i ncl udi ng those of 8igeRi efa&hgs boazddabsucho thas thex Ha/em h¥alygs are

chr omat ogr aph. 55a§gahgnghhhhezge)cﬁﬁeggafﬁﬁyyeg@ter tests neasure total
or ocedur 6. whi Pst the (b) | onTBf: fd: OBPARn (FOY Hekesy fEHA Heme™ ani ons
fromall attendant esawrded bytabyr dnmegedngl theuentiiree boiard et @act i on
Bd (b) are in the SorgentoBARCheR B4758 H3oproRad, GlpRo L AR ot er
units are in terns @P% ﬁ@'_ﬂl&éllzfé_ watedi @& EROM FEMBST "')é'srec'hgi'émga (RTM -
Meter was subjecting the board to continuous measurement for
| 10 about 6 minutes at. room temperature, according to a
common standard procedure. |
" The (b) ion chromatograph tests for total
anions were carried ocut according to a special
extraction procedure in which the board was extracted

15 with 200 ml of a solvent mixture of 75% IPA and 25%

| de-ionized water for 1 hour at 80°C, to form an
extract concentrate of attendant anions in about'
40 ml residual IPA-water mixture (mainly water as
the 80°C temperature promotes IPA volatilization).

20 The extraction causes uptake into the concentrate of
weak organic acid from the flux residue, plus mainly
bromine and chlorine ions from constituents of the
board, for measurement of total extracted anions.

This procedure is performed by placing the
25 board in a commercially obtained Kapak/Scotch Pak -
heat-sealable pouch-(Kapak Corp., Minneapolis, MN),
and sealing the pouch for the extraction procedure, .
SO that_during extraction the volatiles boiling off
at the 80°C ambient temperature are evacuated from

30 the sealed pouch. The extract concentrate is
'subjected to standard chemical analysis of all
anions, including those of organic acids traceable to
the flux, in the ion chromatograph. '




- calibrated with a standard known concentration of NaCl, while the (b) ion,
.chronatograph units are direct neasures of extracted anionic content per

i on chromat ograph neasurenent. ‘15 - Tabl e L shows the .unexpected

results obtained in these cleanliness tes¢és, for all of these 230[err£€area

boards,. (a) with the total ionic residue expressed in mcrograns per uar e

centimetre, as sodium chloride equivalent (Orega (RTM Meter), and 20 . (b)

with the total extracted anionic residue expressed in nicrograns per square

ng;:nFéL?cglsgsﬁP{gnghga;t .hvwgﬂjéﬁgqhe)bo ?%£ {éfgéggggefgﬁnggﬁggfgue '
traceable to theWQQEPRRNFﬁﬁﬁlu#RQ#Q% %Kﬁﬁﬁ&blﬂnﬁpfthetﬁbutlux of the =
i nvention as verx:drm/tftuem Gy &8 ki @'rﬁnhﬁ:éPV\té’sé Fzgééd&?% e
.eqw val ent) trac% N E(%)ma.l nIy belo a 3 err}, are obtain wi t hout
washi ng (boar ds q% (F% t$§5 43 PPRFUBR CERBAS the
i oni ¢ re3|du§ (b@mmgpqsﬁgomjail attendant saurdeschymﬁ peollonged he (a)
tests, __hour) 1nten51ve extractlon procedure, the levels of
o “ionic re51due in both measurement procedures (a) and
(b) are in- the same unlts of- pg/cm . However, the
, (a)’ Omega (RTM) Meter units are 1n terms of the Naci
10 ‘equivalent thereof, as the Omega (RTM) Meter was
callbrated with a standard known concentratlon of _
'NaCl, while the: (b) ion chromatograph units are o f' 7
‘direct measures of extracted anionic content per 1on o
_ chromatograph measurement. ' R
15 -~ ‘Table L .shows the unexpected results
obtalned 1n these cleanllness tests, for ‘all of these
._230cm area boards, (a) with' the total 1on1c residue '
'ﬂ-expressed in mlcrograms ‘per square centlmetre, as
. sodium chlorlde equlvalent (Omega (RTM) Meter), and
20 - (b) with the total extracted anlonlc reszdue _
expressed in mlcrograms per square centlmetre (1on
: ;chromatograph). _ ' -



washing the circuit board (board 11) soldered with the known flux no. 2
appears to increase the ionic residue | evel conpared to the unwashed boards
(boards. 9-10), 'and the simlar high |level of the washed board (board.- 15
12) solqgred with the known flux no. 3 is consistent with this concl usion.
This increase in ionic residue |evel on washing nust be due to the
undi scl osed high ionic content in the fluxes no. 2.and no. 3, since rosin
i's not .ionic and cannot alone explain this 20 increase in ionic |evel on
washi ng (cf. the explained results obtained in EXAMPLES 5 and 11). The (b)
i on chromat ograph test results show sinilar differences anong.the boards,

t he val ues being higher than those of the (a) tests, as the (b) tests 25
nmeasure total anion vel s 6momal |. att endam msources, including the board
itself, and are basefjon ﬁ_ﬁl&s%_gus@eaw act i ofg ani i ¢ egnstiuent s t hat
woul d not -necessari | g|caue r{{,‘r si @i th Qne@ractﬂed stdte. _30

As to the boards sol redw\gt ge iﬂlgxﬂof t g r;g/entlg)n per tl—g

.tests, .the total extoqcted ans :urmcszlawal S =t hee wast®Ed bdar ds bo&)rds

1 6-8), 20-30 [err], conpared to the unwashed boards (boards 1-5),

ferr], confirmth‘gt washi ng the boards is 58 superfl uous for the“H ux of
the invention. Asgto fhe boards sol dered with the known 2
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fluxes no. 2 and no. 3, per the (b) tests, the |ower total extracted
anionics levels of the twelve washed 5 boards (boards 11-22), 25-68 [err]
conpared to the higher levels of the twouunwashed boards (boards 9-10),
105-112 [err], is no doubt due to the vi gorous extraction used for thé?(br
.~ tests.- These: (b) tests may be regarded as m m cking .nore pr.onouncedly The
10 extractive action per the (a) tests of the Freon (RTM TMS washi ng
‘liquid in reaching ionic n t y ten rosin residue
serving as retaining nat?gg ?% éﬁghi égngcgﬁgﬁthgﬁ?é GPRERE highly

aci di ¢ known freseltaoshewahliahowaghingt hbewaohrdsiBo bemoss (badcds
11-12), conparfssiauéheraeuasmedtBOEhesfiﬁﬂaesﬁseléﬁéntghggera plausibl e

expl anation of the role of the rosinis any .cont.en eof In the
flux residue r%ﬂﬁ?ﬁﬁﬁ@°ﬁ?tgP#sShGeﬁlHﬁ 9§t§haslﬁvﬁ§tipu ag vemnychowet ai ns

i oni ¢ consty tuﬁﬁniclﬂeghdﬁéb PERROBEI DBwt & Shﬂ (embl 4va@@ncentration of .
such constituents,in.the ;- cand-in. direct tion_to the capablllty '

(i.e., relatlv%q%égﬁlﬁPtb #FFSS|FV?uBF'IﬁE pﬂﬁFP YyPgiowygn3i Bafem?,
constltuents targobbtained ﬁmthogtthasﬁﬁnghehbasdsd£FBMQ apar éhhen. This

matri x retenti a (o] t erenc sults.in using the
i nventi on quxQ%%ﬁ%§§ §&§g E%g§%£$¥u§§§gh%é éggﬁggﬁ gﬁ a2®BiSwn in Tabl e
L, is consistenesifiua (heautdsf6r8hces in results in using the flux of the .

- 30 i nvenglgon conpar ed tOnkEA¥NoEhE¥CRaRe; PefNEh80(a? PELLEAVPLES 5 and
11 washing the clrcult board - (board 11) soldered . w1th the
known flux no. 2 appears to 1ncrease ‘the ionic- resldue'(f
level compared to the unwashed boards (boards 9-10), :" _
and the slmllar hlgh level of the washed board (board' h;'
15 .~ 12) soldered with the known flux no. 3 is consistent
' with this conclu51on Thls 1ncrease in lonlc res1due _f;?
level on washlng must be due to the undlsclosed hzgh
7lon1c content 1n the fluxes no. 2 and no. 3, 51nce

~

_ rosin is not ionic and cannot alone explaln thls
120 1ncrease in 1on1c level on washlng (cf the explalned'f
| results obtalned in EXAMPLES 5 and: 11) ' 5
The (b) 1on_chromatograph test results show .
s1m11ar dlfferences among the boards, the values belng*'
. hlgher than those of the (a) tests, as the (b) tests _
1'25 3measure total anion levels from all attendant sources, o Q_j
:1nclud1ng the board 1tself, ‘and are based on a o
vigorous extractlon of anionic- constltuents that would
not necessarlly cause corroslon in the unextracted
. state. _ _ S
30 _ '.As.to'the boardS'soldered withhthe flux ofm'
' the invention, per the (b) tests, the total extracted
. anionics levels of the washed boards (boards 6- 8),
20-30 ug/cm’, compared to the unwashed boards (boards
1-5), 22-39 pg/cm?, confirm that washing the boards is



59 In any case, per the (b) "'tests, the total extracted anionics |evels of

t he unwashed boards soldered with the flux of the invention (boards 1-5)
are markedly below the | evel s of the unwashgg boards 5 sol dered with the
known fJux no. 2 (boards 9-10), and the total extracted anionics |evels of
the waskéd boards sol dered with the flux of the I nvention (boards 6-8) are
mar kedl y bel ow the | evel s of the washed boards soldered with the known

fluxes no.2 and 1ng€r§1ﬁ89§rQ&rlihéndlﬁﬁ aﬁ)thﬂﬂihveﬁE1enCeptlon (board 6
. conpared to board 1

: rthel o al tes t hose of
~the unwashed boar ds solderegstPthﬁebPPﬁ§ o?°hﬁ%r%ﬂvgﬁkpoﬁ %5?89 1- 5)
- are sufficiently fmuxea aloalandeabdue t perbthet b)) heests, nhedlbwera

| washi ng st.ep. ACCEBEBT E%@ FB? ??éﬁié@&ig @EaEhEhaé 66! bhEne

enbodi ment s descr ive enera princi FES of
the invention.s bﬁhadss(bmardsld&kﬂéébdﬁ& 68| pgyemg, fpempéﬁﬂﬂrtglh erosin

e conta i gEANELIRR TR BEOCHE Sk asmnegiep (obpcus o o
and 10- 30% 10), 105-112 pg/cm2, is no doubt due to t%e vigorous
' extraction used for the (b) tests. These (b) tests
.' may be regarded as mimicking more pronouncedly the
10 extractive action per the (a) tests of the Freon (RTM)
- TMS washing 11qu1d in reaching ionic constltuents in
any attendant rosin residue serving as retaining -
— . matrix for such ionic constituents of the highly
acidic known fluxesfno.'z'and no. 3 on the washed
15 boards (boards 11-12), ¢ompared to the unwashed boards
(boards 9-10). ' | |
Thus, a plaus1ble explanation of the role of
the rosin is that any content thereof in the flux
residue remaining after soldering acts as a matrix |
20 which retains ionic constituents in direct proportion
to the initial concentration of such constituents in
the'flux, and in direct relation to the capability -
(i.e., relative ease or-difficulty) or incapability of
such ionic constituents to volatilize during the |
25 heat-soldering operation. This matrix retention
explanation as to the differences in results in using
the invention flux compared to known fluxes no. 2 and
no. 3, as shown in Table L, is consistent with the
. differences in results in using the flux of the
30 1nventlon compared to known fluxes no. 1 and no. 2 per

: EXAMPLES 5 and 11.



adi pi c acid, said dibasic acid nmixture having a bafling point of 150:[err].
2. Alowresidue soldering flux according to claim1, in which the relative
proportion of the 10 rosin.-and dibasic acid m xture to each other by -
weight inthe flux is in the range of 65%rosin - 35% di basic acid m fTure.
to 95%rosin - 5%dibasic acid mxture. 37 A lowresidue sol dering f1af _
according to cla|n11 in which the flux includes a volatilizable 15 flux
vehicle. 4. A | ow resi due. sol dering fl ux accordlng to claim3, |n'mh|ch t he
rosin and di basic aci-d- m xtyre are present in.a conbined anount of 1.25-55% -
by wei ght and the vehicle i np?%%eﬁgs?n BRTahBen{Ldf tegtsssthe. rowaldy
wei ght. 5. . A | o#¥tesaciced santenicg 1éwalacoﬁrﬂhégthaehéd”béardg whi ch the
rel ative proportigun | n I C ( ch o her by
L gy 5ot End i AvEREL R (6,288

wei ght in the flux_ is 1%¥ %f hﬁg rosrn - aeild
mxture to 95% r &% MRBEGUHRELOW Fhe lavels of tha uomsheddbeasdsderl ng |
fl ux accordiShg tcsa:ldaech w1th Wthei"kmdim Vellh£| ﬁocoﬂp(b§8§dzoglgg% byn¥el ght C

of a volatile orgc_q{g 3 f d ni zed Water. -
7. A lowresidu jer | ux accd%{ 1¥B g ﬁ?Gog hgﬁhVéﬁ hede sol vent’
is selected from! (ﬁﬁéJQFQﬁ W%&hcﬁhepﬁEQXCoéJthaoinventhbnphat|c_

(boards 6- 8) are -markedly below the levels of the
: “ washed boards soldered w1th the known fluxes no,2 and-
'.IQt- no 3 (boards 11 and 13 22), w1th one exceptlon (board
- _6 compared to board 12) Nevertheless, .as to all (b)
- _test values, those of the unwashed boards soldered N
.'_w1th the flux of the 1nventlon (boards 1~ 5) are .

_ :suff1c1ently low in anlonlc re51due to obv1ate ‘the
15 need. for a washlng step.

o ' Accordlngly, 1t can be apprec1ated that the
:ftspec1f1c embodlments descrlbed are merely '
“illustrative of the general prlnclples of the
' 1nventlon.f '



carboxylic acid ester, a cyctlic ketone, or m xtures 5 thereof. 8.
| owr esi due sol dering flux according to clairm7, _LaJMm4ﬂ+44ﬂrfnﬁ1nﬁﬂ s a

| ower allphatlc al cohol - having a chain of | &®s than 5 carb
| oW e due soldering flux according 10 to cIa|n1J“u| aﬂ Eﬂmolvent
and wat®f -are in the relative proportion to each o

70-99. 5% sol vent and 0. 5-30% de-i oni zed wat er. A Iomfre5|due sol deri ng

flux according tocthbap@:9, in which the solvent i s |sopropyl al cohol . 15

11. A lowresidue soldering flyx conS|st|n i ,
+ 1-35% rosin; 0.25-20% of -an 'én}PQTFﬁsﬁSH sﬁﬁig ﬁﬁgd¥6 ggﬁgwgsgg§iure
" contai ni ng 15- 30%e8tai and anldct4@a63%gghmbantcoﬁcan esdenGAQQQWadpprc

~acid; 45-98. 75960f§§}a%%§%|§%?§§é 1dQE§§Ehge BMEQ&nlgadbgi%Q%g

; de- |on|zed wat er rosin -~ sol vent
-and wat er bei r§ baSeaoansub31WQCQaC1dL #Pe 684t gluthuic asddsand poradit ages

. of succinic, glutgagglgngcggypg lapHgﬁagﬁancga fdxelrehfalahgl avei ght of

. the dibasic 25 ac asi ¢ acid mxture having a boiling
- point of 150-[errpoiling ROF@W-P§SF§962§8P§er|ng flux according to claim
11, .in which the flux contapn 2 32%-resifdue?sblde¥idghdlug accordingure,

45- 60@6solvent and°5c 2%%3%, Q% % 1cﬁ?ghe re&atlve proportion of the
10. rosin and dibasic acid mixture to each other by weight
| in the flux is in the range of 65% rosin - 35%-dibaéic

acid'mixture'to'Ss% rosin - 5% dibasic acid mixture.
N 3. A low-re31due soldering flux accordlng
to claim 1, in which the flux includes a volatilizable
15 flux vehicle. - o
- 4. A low-residue:soldering flux according
to claim 3, in which the rosin and dibasic acid
‘mixture are present in a combined amount of 1.25-55%
by weight and the vehlcle is present in an amount of
20 45-98.75% by weight. : :

5. A low-residue soldering flux according
to claim 4, in which the relative proportion of the |
rosin and dibasic acid mixture to each other by weight

_ in the flﬁx is in the range of 65% rosin - 35% dibasic
25 acid mixture to 95% rosin - 5% dibasic acid mixture.

6. A low-residue soldering flux according
to claim 3, in which the Vehicle comprises 70-100% by
weight_of a'volatile organic sblvent-and 0-30% by
weight of de-ionized water.



13. A lowresidue soldering flux according to clé|n112. in mhfch the
solvent is |sopropyl al cohol . 14. ‘A | owresi due sol dering fl ux accordlng 5
to claim11, in which the flux contains 1-8% m mR?5|ca

m xture, 90-98.75% sol vent and 0-1% de-i |ze3 m"lﬂlm m” My r esi

sol dering flux according to claim 14, in whichthé sol vBnttis i Sopropy. 10
al cohol. 16. A nethod of heat- solderlng metal surfaces which conprises
applying a solder to th al, surfac in e of .an ffectlve
amount - of a | owresidue: flué IR % ]é%#qu?ig rfg

di sposition ora hndamt aﬂ, surfvmmﬂu thed mlwent:emaars,alsfca:esdlfﬁrmean for

mol ten flow of Al f fromthe netal
surfaces, so asE'E> aIeave sll?r a?ﬂaq.'tesése (ragaf rﬁﬁrﬁi} O&F’n c resi-due
fromthe fluxcaxbpoxylic: aclcl elster.Aarrmcdd.cofkame.scmdmx@m al '
surfaces agcorgiiQde claim16, i-n which-the sokdering is effected at a
‘tenperature of 200-[.err]. 18. A methaod of -heat-sol dering netal. sur f aces
according to claim 16, igr Wit @-I?"{‘F@ss"@-’&eﬁ%%ng £l ageqrdéng a
tin-lead sol delo ci%imA 7RtitOGhdlcH @die BRI1NRHNG IR Aloway fatgshatcr di ng to .

claim116, in i C h quxmcIudes Iatlllza e fl.ux. vehicl e, and
sol dering is \gg-Fﬂ : f?fu:j'? gnthr&qrbzﬁfé’ -

9. A low-residue solder:.ng flux’ accordn.ng

10 to claim 7, in whlch the ‘solvent and water are in the
~ relative proportlon to each other by welght of
| +70-99.5% solvent and 0.5~ 30% de- ionized water.
' 10. A low-resldue soldering £lux accordlng
_' to claim 9, in which the solvent is 1sopropyl alcohol.

15 11, A low-resldue solderlng flux cons1st1ng'
'essentlally of, by welght, 1-35% rosln, 0.25-20% of an
essentlally non- subllmlng dlba81c ac1d mlxture _
contalnlng 15-30% succ1n1c ac1d 40- 63% glutarlc acld :
-and 10-30% ad1p1c ac1d 45 98. 75% of a volatlllzable |

20 _organlc solvent, and 0- 20% de ionized water, said -

' "'percentages of ros1n, dlbaSIC acid. mlxture, solvent )
and water belng based on the welght of the total flux,
and said percentages of succ1n1c, glutaric and adlplc

~acids being based -on the total weight of the d1bas1c--' )

25] acid mlxture, the d1bas1c aczd mixture hav1ng a S ’.'i_)

o bo:.llng Po:.nt of 150-210°C. . ' ' R

. 12. A low-resldue solderlng flux according
' to ‘claim 11, in wh1ch ‘the flux contaln 25 35% roszn, '
2.5-20% dlbaSIC acid mixture, "45-60% solvent and 5- 20%
30 de- lonlzed water.



63 at nost a trace anmount of, ionic.residue on said netal surfaces. 20. A
nmet hod of heat-sol dering netal surfaces which Qonprlses appl yi ng a sol der
to the 5 nmet.al surfaces in the presence of &n effmulmﬂ lmw l ﬂl

| ow-regi due flux according to claim12 in coating H " k met a
surfaces, -and at a tenperature sufficient for molterd flfow of*tHe <ol der and
for volatilization of the flux fromthe nmetal 10 surfaces, sa.as.laq, |-eave
the-metal surfaces essential bg.frAclbweresddue eeiaéuénbrﬁ&ukhactbuﬂin@i. A
met hod of heat-sol der I r I.§1 a | der to the
metal surfaces in ?ﬁehggegg%gé g# %ﬁggﬁfgggP%éig%gﬁngg ¥b§gr3p§§e flux of
“‘claim 14 in coatingldpbpdsition on the netal surfaces, and at a tenperature

sufficient for nolten flow’°i4theASQBQGQeQEﬁuEOEQKGE§%héifih&oa Brﬁﬁﬁ f 1 ux

fromthe netal surfaces So as te |l eave an 1 0onic resi on sal et a
surfaces of at Sostozglaimndde &n[whirhefhey SLluk: contadnsuar8fl seEdR, 22. A

net hod of heat -sol gepsngsmaiBhssbr Eéi&smilﬁﬁﬁi-él ngot-98ch8yMsdivent whigch the
heat - sol deri ng Ieaves aa iQni ¢ rﬁz g at nost about 3 [err] equival ent
£ e e§urf

of sodi um chl ori de9oh¥s9Pg19812 aces. 23. A sol dered product
pr oduced by a net hod . 15. A low-residue soldering flux according

to claim 14, in which the solvent is isopropyl
10 alcohol. '

16. A method-df_heaﬁ-solderingfmetal_

_ surfaces which comprises applying a solder to the

BN L metal surfaces in the presence of an effective amount

~ of a low-residue.flux_eccording to claim 1 in coating

15 disposition on the metal surfaces, and at a
temperature euffieient for'molten_fIOW of the eolder
and for volatilization of the'flﬁx'from the metal
surfaces, so as to leave the surfaces essentially free

. from 1on1c residue from the flux.

20 S 17. A method of heat- -goldering metal
surfaces accordlng to claim 16, in which the soldering
is effected at a temperature of 200-500°C.

18. A method of heat-soldering metal
. surfaces according to claim 16, in which the soldering

U 25 ‘is effected with a tin-lead solder.

' o 19. A method of heat-soldering metal
‘surfaces according to claim 16, in which the flux
ineludes a volatilizable flux vehicle, and soldering
is carried out at a temperatﬁre sufficient to leave

30



according to cIa|n121 24. A sol dered product prodiced by a nethod .

according to claim?22.. 30 S 25. Alowresidue, high-rosin content
aqueous al coholic flux substantially as here|nBETB?E‘ﬁETTTCu#ar1y descrlbed

in any one of. Exarrpl es 1to 4. 26. A Iowsge5|,mMJﬂ ntent., g — =
- -aqueous al coholic flux substantially as herei ’ mmmmmgrl y descrl bed
in any one of Exanples 6 to 8. 27. A |lowresiduef | bw-¥0Ss n scontent,
wat.er-free alcoholic flux substantially as hereinbefore part|cularly '

described in aﬂV’éEWh&%thaEPésé gmoﬂntoof ionic residue. on said metal
' ' surfaces.= '
.20. A method of heat-solderlng metal
R surfaces which comprlses applylng a. ‘solder- to the
1 5 metal surfaces in the presence of. an effectlve
amount of a low-re51due flux accordlng to clalm 12 1n'
coatlng dlspos1tlon on. the metal surfaces, and at a
temperature sufficient for molten flow of the solder
and for volatlllzatlon of the flux from the metal
10 surfaces, so as to leave the metar surfaces
- 'essentlally free from 1on1c re51due from the flux.
21 A method of heat-solderlng metal N
surfaces compr151ng applylng a solder to the metal R
'surfaces in the presence of an effectlve amount of
15 the flux of clalm 14-in coatlng dlsp051t10n on the---.
metal’ surfaces, and at a temperature suff1c1ent for C
fmolten flow of the solder and for volatlllzatlon
of ‘the flux from the metal surfaces, so as to leave-_"'
an 1on1c res1due on said metal surfaces of at most .
20°"about 5 ug/cm equlvalent of sodium chlorlde.
: 22. A method of heat-solderlng metal
' surfaces accordlng to" claim 21, in which the
heat-solderlng ‘leaves an 1on1c residue of at most'
about 3- pg/cm equlvalent of sodlum chlorlde on sald
25 metal surfaces. = . o I ' c | hi;i
23. A soldered- product produced by a method- i
accordlng to claim 21. - . . S
24. A soldered product produced by a method
_ 'caccordlng to- cla1m 22, _ . . R
30 - 25. A low-residue, high-rosin content _
aqueous alcoholic flux substantially as hereinbefore .
particularly described in any one of Examples 1 to 4.
" - 26. A low-residue, low-rosin content
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~aqueous alcoholic flux substéntially as hereinbefore

particularly described in any one of Examples 6 to 8.
. 27. A low-residue, low-rosin content,
water-free alcoholic flux substantially as |
hereinbefore particulariy described in any one of
Examples 9 to 10. '




