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SPECIFICATION

Background of the Invention

This invention pertains generally to soldering |
fluxes and methods, and.is more particularly concerned
with a water soluble soldering flux and a method using

5 the same, which offer significant environmental
benefits as well as significant production-related
advantages, especially in the manufacture of critical,
high reliability eiectronic assemblies such as printed
wiring assemblies.

10 Priﬁted wiring assemblies are commonly produced in
a process known as wave soldering, in which surfaces of
a printed wiring board (printed circuit board) and of
component leads and terminations to be soldered thereto
are subjected to a solder wave which passes along the

15 board and components mounted thereon. The solder wave
contacts the surfaces to be soldered, and bonds and
electricall& connects them together. Prioxr to the
actual soldering of such assemblies, a flux is ordi-
narily applied to the surfaces to be joined in order to

.20 chemically prepare the surfaces to :eceive the solder,
as by removing oxides, so that a good electrical and

mechanical connection will be established. Typically,
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conponent | eads and term nations to be soldered thereto are subjected to a
sol der wave whi ch passes al ong the board and conponents nounted thereon.
The sol der wave contacts the surfaces to be sol dered, and bonds and
electrically connects themtogether. Prior to t he actual soldering of such
assenblies, a flux is ordi- narily applied_to the surfaces to be joined in
order to chemcally prepare the surfaces t% receive the sol der, as by

g xhackng Bl 9L &4 O "G 185080} AnbaBDEChT 0N W1
' amounts by so-called foam fluxing, in which the board
and mounted components'are passed along a foaming bed
. of flux which deposits on the surfaces to be soldered.
5 The fluxed assembly is pre-heated prior to soldering to
volatilize the flux carrief from the surfaces.
Soldering fluxes used by the electronicé industry
in the wave soldering of printed wiring assemblies have
traditionally contained ingredients which are detri-

10 mental to the environment and/or which necessitate the
use of post-soldering cleéning agents which themselves
present uﬁdesirable environmental risk. For example,
typical activated rosin flﬁxes utilize volatile organic
compound (VOC) carriers, such as alcohols, which

15 pollute the environment. Such fluxes may also leave
substantial post-soldering contaminant residues of an
ionic nature (traces of flux and its decamposition and
reaction products) which can eventually corrode and
otherwise physically and electrically degrade elec-

20 tronic assemblies, resulﬁing in circuit failure. Thus,
particularly in the case of critical, high reliability
assemblies, the removal of such residues has been
essential. Cleaning has perhaps most commonly been
accomplished by vapor degreasing using chlorofluorocar-

25 bon (CFC) cleaning agents. The'én§ironmenta1 hazards
of CFC'’s, and particularly their recently understood

harmful effects on the Earth’s stratospheric ozone

layer, have become a major worldwide concern.
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the flux is applied in somewhat | oosely controlled anbunts by so-call ed
foam fluxing, in which the board and nounted conponents are passed al ong a
foam ng bed of flux which deposits on the surfaces to be sol dered. The
fluxed assenbly is pre-heated prior to soldering to volatilize the flux
carrier fromthe surfaces. Sol dering fluxes used by the el ectronics

I ndustry in the wave sol deri ng of printed\ﬂring assenbl i es have

traditionally contained,ingredients whi are detri -
envi ronnent and/ or wi® hﬁ EDVITPRMENLR ﬁggﬁﬁqﬁ&E§ sogégﬁ%%}rcgiﬁﬁ ng

agents which thems?t veﬁo%r %i%'l @eia@?:%c%‘é r;_%r;_.t Yndedrtodd’ and

exanpl e, typlcaP RS atsd r05|n uxes utllize vo atl e organi ¢ conpound
(VOC) carriers, j3Ue 25 Yo MY intliedldingly strict government regula-

tions, the art has sought to avoid the above-described

5 problems by developing alternative cleaning agents as
well as by developing improved flux formulations which
may be cleaned with safer,-environmentally friendly
cleaning agents, such as water.

For example, various water soluble fluxes have
10 been proposed which may be cleaned by washing with
water. While water cieaning is obviously preferable to
CFC cleaning as a general proposition, prior water
soluble fluxes have generally left much to be desired.
For example, such fluxes have typically been formulated
15 with substantial amounts of VOC solvents (commonly
alcohols) and/or halide-containing activators. As
noted earlier, VOC solvents are problematic from an
environmental point of view. Halide-containing
activators, on the other hand, are problematic in that
20 they leave highly ionic, highly corrosive post-
sdldering residues which must be cleaned. More
particularly, in the presence of humidity (water), the
halides contained in such residues are known to act
somewhat as catélysts in a regenerative corrosion reac-
25 tion in which the halides campiex wiéh the metal (e.g..,
| aluminum) of assembly components and are then regener-
ated by reaction of the halogenated complex with water,

thereby becoming free to attack the metal again. Thus,
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pollute the environment. Such fluxes may al so | eave substanti al

pgst-sol dering contam nant residues of an ionic nature (traces of flux and
its deconposition and reaction products) which can eventually corrode and
ot herwi'se physically and electrically degrade elec- tronic assenblies,
resulting in circuit failure. Thus, particularly in the case of crltlcal
high reliability assemblies, the renoval of4such residues has been

essential . O eaning has perhaps rost. commnly been acco hed b vapor
degr easi ng usi nd®MPbi %o‘?rﬂga}?"m’cﬁ"n"‘}( @ﬂa{?%aﬁﬁ'?@e'& e %‘; dit

envi ronment al hazards_, of CFC s, ‘ga I cul arl% ei rezge )und stood
harnful effects i t% s % 73#?57\’% ST a’;@rp ?‘nca Btto
maj or wDr|CWM(k3é5¥¥ég{bn reaction may proceed unremittingly, ulti-

mately resulting in circuit failure.

5 Summary of the Invention

In accordance with one of its principal aspects,
the present invention provides a soldering flux which
is water solﬁble (indeed being in the form of agueous
solution), substantially VOC-free, halide-free and,

-10 more generally, non-corrosive. The flux of the inven-
tion is parﬁicularly formulated so as to provide highly
effective and thorough fluxing of printed wiring
assemblies to be wave soldered and, quite importantly,
to achieve both minimal residual ionic contamination

15 and high surface insulation resistance, so that post-
soldering cleaning is unnecessary. The unique no-clean
flux of the present invention thus avoids the environ-
mental problems asséciated with VOC’s, as well as
problems and costs associated with'post-soldering

20 cleaning ﬁrocesses --including even water washing. 1In

| its most preferred form, the no-clean flux of the
present invention is also particularly advantageoﬁs for
purposes of transport and storage} in that repeated
freezing and thawing does not adversely affect the

25 essential properties of the formulation.

More succinctly stated,'the present invention

—provides a no-clean soldering flux substantially free
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3 As the environnmental consequences of el ectronics production processes,
have beconme better understood, and in order to neet increasingly strict
dgovernnent regul a- tions, the art has sought to avoid the above-described
probl ems by developing alternative cleaning agents as well as by devel oping
I mproved flux formul ati ons which nmay be cleaned with safer, environnentally
friendly cl eani ng agents, such as water. F8r exanple, various water soluble

fluxes have been proposed which naz be cl eaned bX washing with
of VOC’s and consisting essentially of one or more

halide-free, water soluble activators in an aggregate
amount not éxceeding about 5% by weight of the flux, a
water soluble fluorinated surfactant in an amount not
5 exceeding ahout 1% by weight of the flux; and water.
Preferably, each activator of the flux is sufficiently
soluble in water to remain fully in solution after
freezing and thawing of the flux.
In accordance with a second of its principal
10 aspgcts, the invention provides a method of producing
soldered printed wiring assemblies with minimal’
residual iénic contaﬁination, comprising spray fluxing
the assemblies with the above-described soldering flux,
pre-heatiﬁg_the fluxed assemblies to volatilize the
15 water from the flux, and wave soldering the assemblies.
By the foregoing method, and particularly by the
use of Ehe.uniquely advantageous no-clean flux of the.
present invention without post-soidering cleaning,
residual ionic contamination levels may be achiéved
20 which are below even the stringent requirements of
military specifications applicable to printed wiring
assemblies that have been subjectgd to post-soldering
cleaning. | ‘
Wave_sqidering in the present invention may be
25 carried out, for example, in an air atmosphere or in a
substantially inerted atmosphefe such as nitrogen with

controlled levels of oxygen content}
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water. While water cleaning is obviously preferable to CFC cleaning as a
ggneral proposition, prior water soluble fluxes have generally left nmuch to
be desired. For exanple, such fluxes have typically been fornulated with
substanti al anmounts of VOC sol vents (commonly al cohol s) and/or

hal i de-cont ai ning activators. As noted earlier, VOC solvents are

probl ematic from an environnmental point of &iew Halide-containing-
activators, on the other hand, are problematic in that they | eave highly
i-onic, highly c@etaliigd { iption jofy the Inwentdan-h nust be cl eaned.
More particularly, in the presence of hum dit wat er),, the halides

contai ned in such re%e‘%ﬁ&? AqaRRAinD tatt m%&’bvaﬁ%ﬁhjs&qs in a

regenerative corrosi on regc- . .
g9e contains three principal ingredients, namely: halide-

free, water soluble activator (one or more), a water
‘5 soluble fluorinated surfactant, and water--preferably
deionized. 'fhe flux of the invention is easily pre-
pared by the addition of appropriate proportions of the
activator(s) and surfactant to the water at room tem-
perature, énd mixing to form an aqueous solution. It
10 is, of course, also compatible with solders normally
used in the wave soldering of printed wiring assemblies
and with the metals normally being soldered in such
processes. The solders are most commonly binary tin/
lead systems containing around 60% tin and 40% lead by
15 weight, 63%-tin/37%-lead being typical. Additionmal
constituents such as silver and antimbny may also be
present, 62%-tin/36%-lead/2%-silver being exemplary of
such compositions. Lead-free solder systems such as
the tin/bisﬁuth system, of which 42%-tin/58%-bismuth is
20 an example, are also.knowﬁ. The metals being soldered
cammonly.include copper, tin-lead coated copper, and
copper alloys (e.g., bronzes and brasses). Other
metals that may be present include nickel, iron-nickel
alloys, and Kovar (iron-nickel-cobalt élloy)--possibly
25 coated with.gold, silver, palladium, or tin-lead ailoy.
For purposes of fluxing printed wiring assemblies,

the flux of the invention is preferably applied by

spraying. In contrast to the foam fluxing technique
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tion in which the halides conplex with the nmetal (e.g., alumnum of
assenbly conponents and are then regener- ated by reaction of the
hhlpgenated conplex with water, thereby becom ng free to attack the netal
agai n. Thus, 4 so long as the humdity remains present (and humdity is,
of course, al nost always present in practige), the corrosion reaction my
proceed unremttingly, ulti- mately resulting in circuit failure. Summary

of the Inventiop la: eeERLIAPCHaLh! InOREvE sbidePLhyCHPaLeBSBES! Spray

fluxing in accordance with the present invention allows
the quantity of applied flux to be closely controlled
so that the flux may be applied to the surfaces to be
5 soldered in an amount sufficient td produce good solder
joints, while also minimizing the quantity of flux
residue which will be left on the assembly after sol-
dering. Excessive quantities of flux residue are
undesirable since'they may lead to degradation of
10 surface insulation resistance and electrical failure of
the assembly, especially under conditions of high
temperature and humidity.
The spray application rate is preferably chosen
such that the amount of flux "solids" (more precisely,
15 non-volatiles) remaining on the ijnted wiring assembly
after drying (after the water has.heen volatilized) is
in the range of from about 200 micrograms to about
1,500 micrograms per square inch (from about 31 micro-
grams to about 233 micrograms per square centimeter) of
20 board area, and more preferably in the range from about
400 micrograms tb about 1,200 micrograms per square
inch (from about 62 micrograms to about 186 micrograms
per square centimeter) of board area. This will assure
sufficient wetting by the flux of the surfaces to be
25 wave soldered and good solder joints, as well as assur-
ing minimal residual ionic contamination and good
(high) surface insulation resistance of the soldered

assembly--with no post-soldering cleaning.

i
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the present invention provides a soldering flux which is water soluble

(i,ndeed being i

n the formof aqueous solution), substantially VOC-free,

hal i de-free and, nore generally, non-corrosive. The flux of the inven-
is particularly formul ated so as to provide highly effective and thorough

fluxing of printed wiring assenblies to be wave sol dered and, quite
i mportantly, to achieve both m ni nal resi dudl ionic contanination and hi gh

surface insulation r NGRSO t hat post- soldering cleaning is
unnecessary. The un.éu ;%r%ﬁéﬁﬁFﬁlux of t he present invention thus avoids

t he environ- nental ﬂgﬂ é@ﬁé1fﬁzgﬁkiéﬁ;d¥ﬂl 5§5%F Iens and
|

costs associ at ed mﬁth post sol erlng eanl ng processes --Tnc

wat er washi ng.
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20

25

ldhe or more halide-free, water soluble activators.
.Although not'rgquired within the broader scope of ﬁhe
invention, it has been found highly advantageous and
therefore preferable to select activaéors which exhibit
sufficient solubility in water to remain fully in
solution after one or more freezing/thawing cycles of
the £lux. More particularly, should the flux be frozen
during transportation or storage, the use of such
activétors ensures that the flux will be in solution
form after thawing, whereby it is still effective for
use. Generally speaking, solubility in water of at
least about 5 grams pei 100 cc at 20°C (68°F) will be
sufficient for this purpose. Activators of low solu-
bility do not offer the foregoing advantage, because
they drop out and remain out of solution when the flux
is subjected to a freeze/thaw cycle, whereby the flux
cannot be used withbut further processing (such as by
heating the flux sufficiently above room temperature to
restore the solution).

The total activator content of the flux should be
between about 0.2 and about 5.0% by weight of the flux.
Lower activator content will not provide sufficient
fluxing activity, while a higher activator content will
result in excessive residues which could adversely
effect the finished soldered assembly, which is not

intended to be cleaned. Of course, as between stronger
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its nost preferred form the no-clean flux of the present invention is al so
particul arly advantageous for purposes of transport and storage, in that
repeated freezing and thawi ng does not adversely affect the essential’
properties of the formul ation, 5 Modre succinctly stated, the present

i nvention provides a no-clean soldering flux as defined in claiml. .
Preferred enbodi nents are defined in clain® 2 - 9. In accordance with a

second of its principal aspects, the invention provides a nethod of
produci ng and weaker activators, stronger activators should be

used in amounts more toward the lower end of the indi-
cated range. The preferred activator content is from
0.5 to 3.0% by weight of the flux.

5 Examples of halide-free activators suitable for
use in the present invention include organic activators
such as carboxylic acids, sulfonic acids, phosphonic
acids, phosphate esters, amino acids, alkanolamines,
and combinations thereof. Such activators are only

‘10 weaklf jonic relative to halide-containing activators,
such as amine hydrohalides (e.g., amine hydrochlorides
and amine hydrobromides), commonly used in the
electronices industry. Moreover, being halide-free,
they do not lead to the earlier-described regenerative

15 corrosion reaction which takes place when halides are
present.

For purposes of the present invention, carboxylic
acid activators have been found to provide an exceilent
combination of soldering performance, minimal residual

20 ionic contamination, and high surface insulation resis-
tance. Amongst the carboxylic acid class, glutaric
acid and succinic acid have been found to be especially
suitable activators for the pracﬁice of the present
invention, both alone and in combina;ion.

25 The following are examples of carboxylic acids and
other activators suitable for use in the preseﬁt
invention, all having solubility in water of at least 5

grams per 100 cc at 20°C (68°F): o T
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sol dered printed wiring assemblies with mninmal residual ionic

contam nation, conprising spray fluxing the assenblies with the

above- descrlbed sol dering flux, pre-heating the fluxed assenblies to

vol atilize the water fromthe flux and wave sol dering the assenblies. By
t he. foregoi ng nmet hod, and partlcularly by the use of the uniquely

advant ageous no- clean flux of the present }%vention without post - sol dering

cl eani ng, .residual ignic _copntamn nat on | evel s may be achi eved which are
bel ow even the strihggﬁggﬁggﬁﬁgéﬁgﬁbg—gﬁ mlitary specifications applicable
to printed wiring assenblb aho Q ve been subjected to post-sol dering
cleanlng Wave solderlng hBetig Rggaent I nvention may be

Propionic Acid
5 Butyric Acid

Dicarboxylic Acids

Oxalic Acid
Malonic Acid
Succinic Acid
10 Glutaric Acid
' Maleic Acid
Itaconic Acid

Tricarboxylic Acids
Aconitic Acid

.15 szro;ﬁcarhogzlic Acids

Glycolic Acid
Lactic Acid
Mandelic Acid
Malic Acid

20 ' Tartaric Acid
Citric Acid
Diglycolic Acid

Ketocarboxylic Acids

Levulinic Acid

25 Sulfonic Acids

Benzenesulfonic Acid
Toluenesulfonic Acid

Phogsphonic Acids

Phosphonoacetic Acid
30 1-Hydroxyethylidene-1,1- szhosphonic Acid
.Phenyl Phosphonic Acid

Phosghate Esters

Monophosphate esters and Diphosphate Esters
.based on Aliphatic Alcohols, Aliphatic

35 Ethoxylated Alcohols, Aromatic Alcohols or
Aromatic Ethoxylated Alcohols
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carried out,

cont ent .
t he present

free, water

sur f act ant ,
easily pre-

10

15

.20

25

for exanple, in an air atnosphere or in a substantially
i nerted atnnsphere such as nitrogen with controlled | evels of oxygen

6 Detailed Description of the Invention The flux accordi
i nvention contains three principal ingredients, namnely:

ng to
hal i de-

sol ubl e activator (one or m)re%ii a water soluble fluorinated

and water--preferably deionized* .
pared byahggogggahgon of appropriate proportions of the

Glycine
Aminobutyric Acid
Aminovaleric Acid
Alkanoiamines
Triisopropanolamine
Triethanolamine

2. Surfactant

The flux of the invention is

A fluorinated surfactant is an important consti-

tuent of the flux of the present invention. Fluori-
nated surfactants as a class are powerful surface

active agents, effective at very low concentrations.

In practice of the invention, the surfactant should be

present in a concentration less than about 1.0% by
weight of the flux, preferably in a concentration of

not more than about 0.1%. This enables the flux to

thoroughly wet the surfaces to be soldered, while not

contributing substantially to the level of flux resi-

dues which will be left behind after soldering.

Zonyl FSN Fluorosurfactant (described as a per-

fluoroalkyl ethoxylate) available from E.I. DuPont de

Nemours & Co., Inc. has been found to be especially

suitable for the present invention. Fluorinated sur-

factants from other manufacturers may also be used,

such as Fluorad FC-430 (described as a fluorocaliphatic

polymeric ester) available from the Industrial Chemical

Products Division of 3M, and ATSURF fluorosurfactants

available from Imperial Chemical Industries.
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activator(s) and surfactant to the water at roomtem perature, and m xing
“to forman aqueous solution. It is, of course, also conpatible with solders
nornally used in the wave solderlng of printed wiring assenblies and with
the netals normally being soldered in such processes. The solders are nost
comonly binary tin/ lead systenms containigg around 60%tin and 40% | ead by
wei ght, 63%tin/37% I ead being typical. Additional constituents such as
silver and antinony nayothee bBagpedsents 62%tin/ 36% | ead/ 2% si |l ver bei ng
exenplary of such conpositions. Lead-free sol der systens such as the
tin/bismuth system hewfilalk 6Z%thenibdenitiom may soatainavpkdousm e al so
known. The netals being sol dered comonly include copper, tin-|lead coated
copper, and additional ingredients in minor amounts which do not
matérially affect its basic properties. Such ingredi-
5 ents include, for example, cofrcsion inhibitors such as
benzotriazole, substituted benzotriazoles
(e.qg., hydrokybenzotriazole), imidazoles, and substi-
tuted imidazoles; stabilizers; and fungicides. They
may be added in an aggregate amount preferably not
10 exceeding about 0.1% by weight of the flux. The use of
such ingredients is well understood by those skilled in
the art.
Also, certain ingredients may be supplied by the
manufacturer in an organic solvent carrier such as
15 - isopropanol. For example, the DuPont ZOnyl'FSN fluoro-
gsurfactant used in a number of the specific examples
appearing hereinafter is supplied as a 40% concentra-
tion of active (surfactant) in 30% each of water and
isopropyl alcohol. Given the small concentration of
20 this ingredient actually used in the flux of the inven-
tion, however, the amount of isoﬁropyl alcohol present
in the flux will be negligible. As an example, at
0.09% Zonyl FSN by weight of the flux, the resulting
isopropyl alcohol content will be only 0.027% by weight
25 of the flux. Needless to say, the presence of such

insignificant incidental amounts of alcohol does not

alter the essentially VOC-free nature of the flux.

This Sheet Has Been Reﬂla

LD




X

copper alloys (e.g., bronzes and brasses). O her netals that nay be present
i ncl ude nickel, iron-nickel alloys, and Kovar (iron-nickel-cobalt
alloy)--possibly coated with gold, silver, palladium or tin-lead all oy.
For purposes of fluxing printed wiring assenblies, the flux of the
invention is preferably applied by spraying‘i_.3 In contrast to the foam

fl uxi ng techni que 7 traditionally used i wave sol dering processes,

spray fluxing YQ?%Q%%iggﬂgg?gg%%%the present invention allows the quantity
of applied flux 0S5 trolled
: . The following are specific examples of
compositions formulated in accordance with the present
invention. 1In eaéh ex;mple, the flux was prepared by
5 dissolving the activator(s) and surfactant in deionized
(Di) water at room temperature to yield a ﬁomogeneous
aqueous solution. Ali of the ingredients listed in the
examples are readily available commercially and were
used without modification. The acid activators of
10 Examples 1-8 and the triisopropanolamine of Example 5
were in commercially pure form (substantially 100%
purity). Maphos L-10 used in Example 5 is an aliphatic

phosphate ester available from Mazer Chemical Inc.

Example 1 % by Weight
15 DI water 98.91
Glutaric acid 0.50
Succinic acid 0.50
Zonyl FSN 0.09
100.00%
20 Example 2 % by Weight
DI water 97.91
Glutaric acid 1.0
Succinic acid 1.0
Zonyl FSN 0.09
25 100.00%
Example 3 % by Weight
DI water 97.91 -
Sucecinic acid 2.0
Zonyl FSN 0.09
30 100.00%
Example 4 %_by Weight
DI water 97.85
Itaconic acid 2.0
Fluorad FC-430 0.05
35 Benzotriazole 0.10
- - 100.00%
This Sheet Has Been Replaced
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gyfflplent to produce good solder joints, while also mnim
quantity of flux residue which will be left on the assenbly

so that the flux may be applied to the surfaces to be sol dwbisShket Has maTi
dering. Excessive quantities of flux residue are undesirable since t |

i il

my

lead to degradation of surface insulation jgsistance and electrical fallure
of the assenbly, especially under conditions of high tenperature and

~humidity. The spray gRRmbtatson rate is prefegablywehgaen such that the
.BEW;E____ :

amount of flux "soli

gege precisely, non-vol atpizes} remai ning on the

printed wiring assenBhgcahiaradisi ng (after the wat2k0Ohas been vol atilized)

is in the range of fmaphebont1@00 m crograns to abo@:8

5 Triisopropanolamine 0.2
Zonyl FSN 0.09
100.00%
Example 6 % by Weight
DI water 97.95
- 10 Succinic acid 1.8
P-Toluenesulfonic Acid 0.2
Fluorad FC-430 0.05
100.00%
Example 7 % by Weight
15 DI water 97.91
Succinic acid 1.0
Glycine ' _ 1.0
Zonyl FSN 0.09
100.00%
20 Example 8 % by Weight
DI water 97.91
Succinic acid 1.9
Phosphonoacetic Acid 0.1
Zonyl FSN 0.09
25 100.00%

Of the above Examples, the fluxes of Examples 1

through 4 are more preferred, in that they contain only

carboxylic acid activators. These four compositions

were subjected to freeze/thaw testing as follows.

A

30 sample of each flux was added to a glass bottle, capped

and placed in a freezer at -15°C (5°F) for 24 hours.

The bottles were then removed from the freezer and the

frozen fluxes were allowed to thaw and warm to room

temperature. None of the fluxes had any separation or

35 precipitation at room temperature (20 - 25°C;

68 - 77°F) at the completion of testing.

This means

that if the fluxes are transported or stored at freez-
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1,500 m crogranms per square inch (from about 31 nicro- ans to about 233
ni crograms per square centimeter) of board area, and nD is n elﬂmﬂhe
range from about 400 micrograms to about 1,200 micrograns

(from about 62 mcrograns to about 186 m crograns per squ ) of

board area. This will assure sufficient me&glng by the flux of the surfaces
to.be wave sol dered and good sol der joints, as well as assur- ing mnimal

residual ionic qopt Lt ] mw&?hts&gﬁ% B lAliRRd &8 stance
of the sol dered assenb y--W th no post-sol dering cleaning.

warm to ambient temperature, the fluxes will be in
complete homogeneous solution making them suitable for
use.

55. The above test was repeated in a refrigerator at
5°C (41°F). There was no evidence of precipitation
with any of the samples.

Wave soldering tests were conducted with the
fluxes in Examples 1 and 2. The test boards were of
10 the double-sided, solder mask over bare coppe¥, hot-air
leveled, plated through hole type. The boards were
spray fluxed and wave soldered (63%-tin/37%-lead
solder) on an Electrovert Econopak II machine. The
pre-heater surface temperature.was set at 537°C (999°F)
-15”. and the conveyor speed at 1.07 meters/min.
(3.5 ft./min.). These settings enabled all of the
water from the fluxes to evaporate prior to the board
reaching the solder wéve. The solder pot temperature
was 260°C (500°F).
.20' After soldering, the boards were examined for
. quality of solder wetting, which was found to be
excellent. There was no observable solder non-wetting,
dewetﬁing, bridging, or icicling.” Smooth, shiny solder
fillets were formed with complete hole filling. Traces
25 of flux residues were barely visible and uniformly
| distributed over the board surface.
Somelof the boards soldered with fluxes in

Examples 1 and 2 were measured for levels of iomic



8 1. Activators The flux of the present invention will contain one or nore
hal i de-free, water soluble activators. Al though not wmggmaeﬂsnumhe cédhe

br oader scope of the invention, it has been found hlg I s and
therefore preferable to select activators which exhi bi “E
solubility in water to remain fully in solytion after

freezing/thawi ng cycles of the fl ux. Nbre particul arly, should the flux be

R mﬁgﬁéﬁ;‘?’%“"—%‘%ﬂ‘ﬂ‘{es
effective for uageiGangedbli¥enB8ekspatemOmdbiitabyuirad ' 8yenlphaditetals,
Inc. of Jersey City, New Jersey. The results were all
within the 14 microgram per square inch maximum level
5 allowable per Military Specification Mil-P-28809. This
| demonstrated that the fluxes leave very iow levels of
residual ionic contamination.
Boards soldered with the fluxes of Examp;es 1 and
2 were also tested for surface insulation resistance
10 per IPC-SF-818 Standard, Assembly Class 3 test condi-
tions. The test results for eéch flux exceeded the 7
day minimum requirement of 1.0 x 10° ohms at 85°C/85%
R.H., confirming that the flux residues (i.e., residues
of the flux and its reaction and decomposition prod-

- 15 ucts) are essentially non-corrosive at the levels
present. At the conclusiﬁn of testing, the boards were
examined and no visible corrosion was evident.

While the present invention has been described
hereinabove with respect to its preferred implementa-

' 20 | ﬁion, it will be app#rent to.those gkilled in the art
that -various changes and modifications may be made in
keeping with the principles and spiritlof the inven-
tion, the scope of which is defined in the appended
claims.

25 WE CLAIM AS OUR INVENTION:
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| east about 5 grams per 100 cc at [err] will be -sufficiént for this

purpose. Activators of |low solu- bility do not off I
advant age, because they drop out and remmin out" Oumnmnm‘mmhe fl ux
is subjected to a freeze/thaw cycle, whereby the uxe canndt Be Used

wi t hout. further processing (such as by heating the flux sufficiently above

roomtenperature to restore the solution).17he total activator content of
the flux ghould be between_ 0.2 . 5. 0%.,by wei gh f_._the flux.
Lower act i%vat'or cont g‘r’lt % PO~ Wﬁ%rgﬁgf iE4h %xi"ﬁg%é‘tcb[sl Y, while
a higher activatqr Al s o Y J lg£h coul d

% E&aﬁﬁ@nkﬁﬂg fg?%yﬁh w& éH1(3‘%%%%§J%%ﬁ§HH¥QE%QMHf3 _

adversel y "ef fect " the“finishe ered ass 'S no
3 one or more halide-free, water soluble activators in an
4 aggregate amount not exceeding about 5% by weight of
-5 the flux, a water soluble fluorinated surfactant in an
6 amount not exceeding about 1% by weight of the flux,
7 and water.

1 2. A soldering flux according to Claim 1, wherein

2 each said activator is sufficiently soluble in water to
| 3 remain fully in solution after freezing and thawing of

4 the flux.

1 | 3. A soldering flux according to Claim 2, wherein
2 each said activator has a solubility in water of at

3 least 5 grams per 100 cc at 20°C.

1 4. A soldering flux according to Claim 3, wherein

2 each said activator is selected from the group consist-

3 ing of carboxylic acids, sulfonic acids, phosphonic

4 acids, phosphate esters, amino acidé, alkanolamines,

5 and combinations thereof.

1 5. A soldering flux according to Claim 3, wherein

2 each.said activator is a cafboxylic acid.

——
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I ntended to be cleaned. O course, as between st'r'onge‘r “and weaker
activators, stronger activators should be used | rd the

| dwer end of the indi- cated range. The preferre gnmlm‘l “pﬂ is from
0.5 to 3.0% by weight of the flux. Exanples of hal4 de-treetactivators
suitable for use in the present invention jgclude organic activators such
as carboxylic acids, sulfonic acids, phosphonic acids, phosphate esters,

am no aci gs, al kanol g nNgs gAY Q,gblﬂaﬂ (y&éxlag_h%ofto cQ4qkh actipgptors are
only weakly ionic relative to halide-containing activators,

2 containing only one said activator, namely, glutaric
3 acid.
1 7. A soldering flux according to Claim 3 and
2 | containing only one said activator, namely, succinic
3 acid.
1 8. A soldering flux according to Claim 3 and
2 containing only two said activators, namely, glutaric
3 acid and succinic acid.
1 9. A soldering'flux according to Claim 1, wherein
2 - the aggregate amount of activator is from 0.5% to 3.0%
3 by weight oflthe flux.
1 10. A soldering flux according to Claim 9,
2 wherein the amount of fluorinated surfactant is not
3 more than about 0.1% by weight of the flux.
1 11. A method of producing soldered printed wiring
2 assemblies with minimal residual ionic contaminatioﬁ,
3 comprising:
4 séraf fluxing the assemblies with a no-clean
1-5 soldering flux which is substantially VOC-free and
6 which consists essentially of one or more halide-free,
7 water soluble activators in an aggregate amount not
8 exceeding about 5% by weight of the flux, a water

This Sheet Has Been Reﬂlaced
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such as am ne hydrohalides (e.g., am ne hydrochl ori-des--and-amne"
hydr obr om des), commonly used in the electronics i , bei ng
hal i de-free, they do not lead to the earlier-descr ml@ﬂgm

corrosion reaction which takes place when halides OF pur poses
of the present invention, carboxylic acid aggivators have been found to
provide an excellent conbination of soldering performance, mniml residual
i onic Contén‘natbSﬂubﬁadfﬂh891ﬁH€EéC§u£E§HEéﬁhoﬂnrSﬁ'§moﬁﬁ€cﬁot gge the
carboxylic acid class, glutaric acid and succinic acid have been foun

be especi ably SUi.thhBoﬁﬁt 1% obprweightt 8€ PhaCELGR, OAndhwapegsent
i nvention, both alone and in conbi nati on.

11 pre-heating the fluxed assemblies to volatilize
12 the water from the flux; and

13 wave soldering the_assemblies;

1 12. A method according'to Claim 11, wherein each
2 said activator of the flux is characterized by

3 sufficient solubility in water to remain fully in

4 | solution after freezing and thaﬁing of the flux.

1 13. A method according to Claim 12, wherein each

2 said activator of the flux has a solubility in water of
3 at least 5 grams pef 100 ce at 20°C.

1 14. A method according to Claim 13, wherein each
2 said activator is selected from the group comnsisting of
3 carboxylic acids, sulfonic acids, phosphonic acids,

4 phosphate esters, amino acids, alkanolamines, and
5 ‘combinations thereof.

'-i 15. A method according to Claim 13, wherein each

2 said activator of the flux is a carboxylic acid.
1 16. A method according to Claim 13, wherein the
2 flux contains only a single activator, namely, glutaric

. 3 acid.

This Sheet Has Been Replaced
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The follow ng are exanpl es of carboxylic acids and--other activators
suitable for use in the present invention; all havj solu5|11ty i-n wat er

of at least 5 grans per 100 cc at [err]: 10 I\/bn lﬂ ds Formc
Acid Acetic Acid Propionic Acid Butyric Acid Di car Ilp?

1 17. A method according to Claim 13, wherein the

2 flux contains only a single activator, namely, succinic
3 acid.

1 18. A method according to Claim 13, wherein the

2 £flux contains only two activators, namely, glutaric

3 acid and succinic acid.

1 19. A method according to Claim 11, wherein the

2 flux is sprayed at an application rate such that.the

3 amount of flux solids remaining on the assemblies after
4 the water is volatilized is in the range from about 200
5 micrograms to about 1,500 micrograms per square inch

6 (from about 31 micrograms to about 233 micrograms per

7 square centimeter) of board area of the assemblies.

20. A method according to Claim 19, wherein the

1

2 applicatioh rate is such that said amount is in the

3 range from about 400 micrograms to about 1,200 micro-
4 grams per équare inch (from about 62 microg:ams to

5 about 186 micrograms per square centimeter) of board
6 area of the assemblies.

1 21. A method according to Claim 11, wherein the
2 aggregate amount of activator is from 0.5% to 3.0% by
3 weight of the flux.

i \\\ i
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Oxalic Acid Malonic Acid Succinic Acid Qutaric Acid Ml eic Acid.ltaconic
Acid Tricarboxylic Acids Aconitic Acid Hydroxvcarboxylic Acids G“col I C

Aci d Lactic A_ci d Mandelic Acid Malic Acid Tartar .i 1‘!“‘!1““““!”“‘5' m | ;

21
R S - 22.° A method according to Claim 21, wherein-the .. .
2 amount of fluorinated surfactant is not more than about
3 0.1% by weight of the flux.

e
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Ctric Acid Diglycolic Acid Ketocarboxylic Acids Levulinic Acid Sul fonic
Aci ds Benzenesul fonic Acid Tol uenesul foni ¢ Acid Phosphoni ¢ Aci ds
ﬁhosphonoaoetic Acid 1-Hydroxyethylidene-1, 1-Di phosphoni c Acid Phenyl
Phosphoni ¢ Aci d Phosphate Esters Mnophosphate esters and Di phosphate
Esters based on Aliphatic Al cohols, Ali pha&'hc

ABSTRACT OF THE DISCLOSURE
A no-clean soldering flux consists essentially of
one or more halide-free; water soluble activators in an
aggregate amount not exceeding about 5% by weight of
- 5 the flux, é water soluble fluorinated surfactant in an
amount not exceeding about 1% by weight of the flux,
and water. The flux is substantially VOC-free and is
particularly useful in a method of producing soldered
printed wiring assemblies with minimal residual ionic
© 10 contamination, so that post-soldering cleaning of the
assemblies is unnecessary. Tﬁe absence of significant
amounts 6f VOC’s and the elimination of post-soldering
cleaning result in substantial environmental and

production-related benefits.
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NO-CLEAN SOLDERING FLUX AND METHOD USINGITTHE SAME

ABSTRACT OF THE DISCLOSURE
A no-~clean soldering flux consists essentially of
one or more halide-free, water soluble activators in an
aggregate amount not exceeding about 5% by weight of
5 the flux, a water soluble fluorinated surfactant in an
amount not exceeding about 1% by weight of the flux,
and water. The flux is substantially VOC-free and is
particularly useful in a method of producing soldered
printed wiring assemblies with minimal residual iomnic
10 contamination, so that post-soldering cleaning of the
assemblies is unnecesséry. The absence of significant
amounts of VOC’s and ghe elimination of post-soldering
qleaning result in substaﬁtial environmental and

production-related benefits.




tuent ‘of the flux of the present invention. Fluyori- nated QnrjAa,c.L.a.Q.t_';_as_a—W
‘cfass are powerful surface active agents, eff cthEPhACEMEQUHQHEETS $3b
t BeDewripthart apaged butodpased | &

'-concentratlons In practice of the invention,
present in a concentration |ess than about 1.(%Eb@laisefsyht : pagedt d. tol paged 1%

preferably in a concentration of not nore thap BUDwifk(d e pibeis’ coaprsed .The
flux to thoroughly wet the surfaces to be sol “Epgbgmmgle @@Ead@nbrpnmdlng
substantially to the level of flux resi- dues ch will be Ief'_[29eh| nd

after soldering. Zonyl FSN Fluorosurfactant (de @gﬂ,ﬁdglp@r _______ JAN_,I_QQQ

fluoroal kyl ethoxytate) available fromE.I. NeFotH-5—&— 8+t

has been found to’ kg qERFSORbEVNE HIACAD WRTHI Bs NG TRE saEV ent i on.

Fl uori nat ed sur-

SPECIFICATION

Background of the Invention

This invention pertains generaily to solderiqg
fluxes and methods, and is more particularly concerned
with a water soluble soldering flux and a method using
the same, which offer significant environmental
benefits as well as significant production-related
advantages, especially-in the manufacture of critical,

high reliability electronic assemblies such as printed

wiring assemblies.

Printed wiring assemblies are commonly produced in
a process known as wave soldering, in which surfaces of
a printed wiring board (printed circuit board) and of
component leads and terminations to be soldered thereto

are subjected to a solder wave which passes along the

board and components mounted thereon. The solder wave

contacts the surfaces to be soldered, and bonds and

electrically connects them together. Prior to the

actual soldering of such assemblies, a flux is ordi-
narily applied to the surfaces to be joined in order to
chemically prepare the surfaces to receive the solder,

as by removing oxides, so that a good electrical and

mechanical connection will be established. Typically,
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factants from other manufacturers may al so be used, such as Fluorad FC- 430
(aescribed as a fluoroaliphatic polyneric ester) available fromthe

| ndustrial Chem cal Products Division of 3M and ATSURF fl uorosurfactants
avai l abl e from I nperial Chem cal |ndustries. 12 3. O her Ingredients The
flux of the invention may contain various additional ingredients in mnor
anounts which do not materially affect its2basic properties. Such ingredi-

ents include, for exanple, corrosion inhibitors such as
the flux is applied in somewhat loosely controlled -

amo;nts by so-called foam fluxing, in thch the board
and mounted cpmpone;ts are passed along a foaming bed
of flux which deposits on the surfaces to be soldered.
The fluxed assembly is pre-heated prior to soldering to
volatilize the flux carrier from the surfaces.
Soldering fluxes used by the electronics industry
in the wave soldering of printed wiring assemblies have
t}aditionally contained ingredients which are detri-
mental to the environment and/or which necessitate the
use of post-soldering cleaning agents which themselvgs
present undesirable environmental risk. For example,
typical activated rosin fluxes utilize volatile organic
compound fVOC) carriers, such as alcohols, which
pollute the environment. Such fluxes may also leave
substanﬁial posi-soldering contaminant residues of an
ionic nature (traces of flux and its decomposition and
reaction products) which can eventually corrode and
otherwise physically and electrically degrade elec-
tronic assemblies, resulting in circuit failure. Thus,
-particulérly in the case of criticai, high reiiébilipy
assemblies, the removal of such residues has been
essential. Cleaning has perhaps mpst commonly been
accomplished by vapor degreasing using chlorofluorocar-
bon (CFC) cleaning agents. The environmental hazards
of CFC’s, and particularly their recently understood
harmful effects'on the Earth’s étrétospheric ozone |

layer, have become a major worldwide concern.
This is the replacement sheet
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benzotriazol e, substituted benzotriazoles (e.g., hydroxybenzotriazole),

| m dazol es, and substi- tuted i mdazoles; stabilizers; and fungicides. They
may be added in an aggregate anmpunt preferably not exceedi ng about 0.1% by
wei ght of the flux. The use of such ingredients is well understood by
those skilled in the art. Also, certain ingredients may be supplied by the
manuf acturer in an organi c solvent carriem such as isopropanol. For
exanpl e, the DuPont Zonyl FSN fluoro- surfactant used in a nunber of the
speci fic exanpl es appethengnivdronnentai bsnsagpaheésasféeﬂﬁ%ﬁxnmi#ﬁra-
tion of active (surfactant) in 30% each of water and |sopr42/ aJcohm

G ven the snalPred@wetipnaProsespes have become better understood, and

in order to meet increaSLngly strict government regula-
tions, the art has sought to avoid the above-described
problems by developing alternative cleaning agents as
well as by developing improved flux formulations which
may be cleaned with safer, environmentally friendly
cleaning agenfs, such as water.

. For example, various waﬁer soluble fluxes haée
been proposed which may be cieaned by washing with
water. While water cleaning is obviously preferable to
CFC cleaning as a general proposition, prior water
soluble fluxes have generélly'left much to be desired.
For examplé, éuch fluxes have typically been formulated
with sﬁbstantiél amounts of VOC solvents (commonly
alcohols) and/or halide-containing activators. As
noted earlier, VOC solvents are problematic from an
environmentél point of view. Hali&e-containing |
activators, on the other hénd, are problematic in that
they leave highlylionic, highly corrosive post-
soldering residues which must be cleaned.. More
particularly, in the presence of humidity (water), the
halides contained in such residues are known to act
somewhat as catalysts in a regenerative corrosion reac-
tion in which the halides complex with the metal (e.g.,
aluminum) of assembly componénts and are then regener-
ated by reaction of the halogenated complex with water,
thereby becoming free to attack the metal again. Thus,

This is the replacemen
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this ingredient actually used in the flux of the inven- tion, however, the
ahount of isopropyl alcohol present in the flux will be negligible. As an
exanpl e, at 0.09% Zonyl FSN by weight of the flux, the resulting isopropyl
al cohol content will be only 0.027% by wei ght of the flux. Needl ess to say,
t he presence of such insignificant incidental ambunts of al cohol does not
13 Specific Exanples The follow ng are specific exanpl es of conp03|t|ons

formul ated in accordance with the present a

so- long as the humidity remains present (and humidity
is, of course, almost always'present'in practice), the

corrosion reaction may proceed unremittingly, ulti-

mately resulting in circuit failure.

Summary of the Invention

In accordance with one of its principal aspects,
the present invention provides a soldering flux which
is water soluble (indeed being in the form of aqueous

solution), substantially VOC-free, halide-free and,

more generally, non-corrosive. The flux of the inven-

tion is particularly formulated so as to provide highly
effective and thorough fluxing of printed wiring
assemblies to be wave soldered and, quite importantly,
to achieve both minimal residual ionic contamination
and high.surface insulation resistance, so that post-

soldering cleaning is unnecessary. The unique no-clean

flux of the present invention thus avoids the environ-
mental problems associated with VOC's, as well as
problems and costs assogiated with post-soldering
-cleaning-processes --including even water washing. ;n
-its most preferred form, the no-clean flux of the
present invention is also particularly advantageous for
purposes of transport and storage, in that repeated

freezing and thawing does not adversely affect the

essential properties of the formulation.

This is the replacement sheet
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I nvention. In each exanple, the flux was prepared by dissolving the
activator(s) and surfactant in deionized (D) water at roomtenperature to
yi el d a honbgeneous aqueous solution. Al of the ingredients listed in the
exanples are readily available commercially and were used w t hout

nodi fication. The acid activators of Exanples 1-8 and the
triisopropanol am ne of Exanple 5 were Pn comercially pure form
(substantially 100% purity). Maphos L-10 used in Exanple 5 is an aliphatic
phosphat e ester available from Mazer Chemical Inc. Exanple 1

% by Wei ght DI water , 98.91 Gutaric acid

0.50 Succinic acid 0. 50

More succinctly stated, the present invention provides
a no-clean soldering flux as defined in claim 1. Preferred

embodiments are defined in claims 2 - 9.

In accordance with a second of its principal
aspects, the invention provides a method of producing
soldered printed wiring assemblies with minimal
residual ionic contamination, comprising spray fluxing
the assemblies with the above-described soldering flux,
pre-heating the fluxed assemblies to volatilize the
water from the flux, and wave soldering the assemblies.

By the foregoing method, and particularly by the
use of the uniquely advantageous no-clean flux of the
present invention without post-soldering cleaning,
residual ionic contamination levels may be achieved
which are below even the stringent requirements of
military specifications applicable to printed wiring
assemblies that have been subjected to post-soldering
cleaning.

Wave soldering in the present invention may be
carried out, for example, in an air atmosphere or in a

substantially inerted atmosphere such as nitrogen with

controlled levels of oxygen content.
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Zonyl " FSN 0.09 100. 00% Exampl e 2 % by

Wei ght DI water 97.91 GQutaric acid
1.0 Succinic acid . 1.0 Zonyl FSN

0.09 100. 00% Exanple 3 % by Weight D water
97.91 Succinic acid - 2.0 Zonyl FSN

0. 09 100. 00% Exanpl e 4 %y Wi ght

_Deé&iled Description of the Invention

—The flux according to the present invention
contains three principal ingredients, namely: halide-
free, water soluble activator (one or more), a water
soluble fluorinated surfactant, and water--preferably
deionized. The flux of the invention is easily pre-
pared by the addition of appropriate proportions of the
acgivator(s).and'surfactant to the water at room tem-
perature, and mixing to form an aqueous solution. It
is, of course, also compatiﬁle with solders normally
used in the wave soldering of prihted wiring assemblies
and with the metals normally being soldered in such
processes. The solders are most commonly binary tin/
lead systems containing around 60% tin and 40% lead by
weight, '63%-tin/37%~lead being typical. Additional
constituents such as silver and antimony may also be
present, 62%-tin/36%-lead/2%-silver being exemplary of
such compositions. Lead-free solder systems such as

- the tin/bismuth system, of which 42%-tin/58%-bismuth is

The metals being soldered

an example, are also known.

commonly include copper, tin-lead coated copper, and
copper alloys (e.g., bronzes and brasses). Other
metals that may be present include nickel, iron-nickel
alloys, and Kovar (iron-nickel-cobalt alloy)--possibly
coated with gold, silver, palladium, or tin-lead alloy.

For purposes of fluxing printed wiring assemblies,
the flux of the invention is preferably applied by

spraying. In contrast to the foam fluxing technique
This is the replacement sheet
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97.85 ltaconic acid 2.0

DI wat er

Fl uorad FC 430 0. 05 Benzotri azol e 0.10
100. 00% 14 Exanmple 5 % by Weight D water

97.91 Succinic acid 1.0 Maphos L-10

0.8 Triisopropanol anm ne 0.2

7

traditionally used in wave soldering processes, spray’
fluxihq in accordarice with the present invention allows
the quantity of applied flux to be closely controlled
so that the flux may be applied to the surfaces to be
soldered in an amount sufficient to produce good solder
joints, whiie also minimizing the quantity of flux
residue which will be left on the assembly after sol-
dering. Excessive quantities of flux residue are
undesirable since they may lead to degradation of
surface insulation resistance and electrical failure of
the assembly, especially under conditions of high
temperature and huﬁidity.

The spray application rate is preferably chosen
such that the amount of flux "soiids" (more precisely,
non—vélatiles) remaining on the printed wiring assembly
after dryiﬁg'(after the water has been volatilized) is
in the range of from about 200 micrograms to about
1,500 micrograms per square inch (from about 31 micro-
grams to about 233 micrograms per square centimeter) of
board area, and more preferably in the range from about
400 micrograms to about 1,200 micrograms per square
inch (from about 62 micrograms to about 186 micrograms
per square centimeter) of board area. This will assure
sufficient wetting by the flux of the surfaces to be
wave soldered and good solder joints, as well as assur-
ing minimal residual ionic'contamination and good'
(high) surface insulation resistance of the soldered

assembly--with no post-éoldering cleaning.
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0. 09 100. 00% Exanpl e 6 - % by

Zonyl " FSN | mpl |
97.95 Succinic acid

Wei ght DI wat er
1.8 P-Tol uenesul fonic Acid 0.2 Fluorad FC-430
% by Weight DI water

0. 05 100. 00% Exanpl e 7 (
1.0 Gycine

97.91 Succinic acid
1.0 Zonyl FSN 0.09 &00.0096

1. Activators

The flux of the’present invention will contain
one or more halide-free, water soluble activators.
Although not required within the broader scope of the
invention, it has been.found highly advantageous and
therefore preferable to select activators which exhibit
sufficient solubility in water to remain fully in
solution after one or more freezing/thawing cycles of
the flux. More particularly, should the flux be'frozen
during transportation or storage, the use of such
activators ensures that the flux will be in solution
form after thawing, whereby it is still effective for
‘use. Generally speaking, solubility in water of at
least about 5 grams per 100 cc at 20°C (68°F) will be
sufficient for this purpose. Activators of low solu-
bility do not offer the foregcing advantage, because
they drop out and remain out of solution when the flux
is subjected to a freeze/thaw cycle, whereby the flux
cannot be used without further processing (éuch as by
heating the flux sufficiently above room temperature to
restore the-sblufion). |

The total activator content of the flux should be

- between . 0.2 and 5.0% by weight of the flux.

Lower activator content will not provide sufficient
fluxing activity, while a higher activator content will
result in excessive residues which could adversely

effect the finished soldered assembly, which is not

- intended to be cleaned. Of course, as between stronger
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Exanple 8 % by Weight DI water 97.91
Succi nic acid 1.9 Phosphonoacetic Acid 0.1
Zonyl FSN 0.09 100.00% O the above Exanpl es, the

in that they contain

fluxes of Exanples 1 through 4 are nore preferred,
only carboxylic acid activators. These four conpositions were subjected to

freeze/thaw testing as follows. A sanple of each flux was added to a gl ass

bottle, capped and placed in a freezer at [err] for 24 hours. The bottles
were then rendfd weRden Retivatoxs o fFromgen AR Y3E0%es fkeeldl Pewed to

thaw and marnhggdrggngmounts more toward the lower end of the indi-
cated range. The préferred activator content is from
0.5 to 3.0% by weight of the flux.

Examples of halide~free activators suitable for
use in the present invention include organic activators
such as carboxylic acids, sulfonic acids, phosphonic
acidg, phosphate esters, amino acids, alkanolamines,
and combinations thereof. Such activators are only
weakly ionic relative to halide-containing activators,
such as aﬁine hydrohalides (e.g., amine hydrochlorides
and amine hydrobromides), commonly used in the
electronics industry. Moreover, being halide-free,
they do not 1ead to the earlier-described regenerative

corrosion reaction which takes place when halides are

present.
For purposes of the present invention, carboxylic

acid activators have been found to provide an excellent
combination of soldering performance, minimal residual
ionic contamination, and high surface insulation resis-
tance. Amongst the carhoxyiic acid claSé, glutaric
acid and succinic acid have been found to be especially
suitable activators for the_practiée of the present
invention, both alone and in combination.

The following are examples of carboxylic acids and
other activators suitable for use in the present
invention, all having solubility in water of at least 5

grams per 100 cc at 20°C . (68°F):
This is the rep\acemgnt shoet
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tenperature. None of the fluxes had any separation or precipitation at room
tenperature (20 - [err]; 68 - [err]) at the conpletion of testing. This
nmeans that if the fluxes are transported or stored at freez- i ng

t enper at ures, when brought inside and allowed to warmto anbi ent
tenperature, the fluxes will be in conplete hompbgeneous sol ution making
them suitable for use. The above test was #Qpeated in arefrigerator at

err]. Ther
[ ] e was no Mec;/r{éjceancbe Ofl:.c %m % tation with any of the sanples.

Formic Acid
Acetic Acid
Propioni¢ Acid
Butyric Acid

Dicarboxvlic Acids

Oxalic Acid
Malonic Acid
Succinic Acid
Glutaric Acid
Maleic Acid
Itaconic Acid

ricarboxylic Acids

Aconitic Acid

Hydroxvcarboxylic Acids

Glycolic Acid
Lactic Acid
Mandelic Acid
Malic Acid
Tartaric Acid
Citric aAcid-
Diglycolic Acid

Ketocarboxylic Acids

Levulinic Acid

Sulfonic Acids

Benzenesulfonic Acid
Toluenesulfonic Acid

Phosphonic Acids

Phosphonoacetic Acid
1-Hydroxyethylidene-1, 1-Diphosphonic Ac1d
Phenyl Phosphonic Acid

Phosphate Esters

Monophosphate esters and Diphosphate Esters
based on Aliphatic Alcohols, Aliphatic

Ethoxylated Alcchols, Aromatic Alcohols or
Aromatic Ethoxylated Alcohols
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Wave soldering tests were conducted with the fluxes in Exanples 1 and 2.
The test boards were of the doubl e-sided, solder mask over bare copper,
hot-air |eveled, plated through hole type. The boards were spray fluxed and
wave sol dered (63%tin/37% 1| ead solder) on an El ectrovert Econopak |

machi ne. The pre-heater surface tenperature was set at [err] and the
conveyor speed at 1.07 neters/nmin. (3.5 f&l/nmin.). These settings enabl ed

all of the water fromthe_flyxes to evaporate prior to the board reaching
t he sol der wave. Th%m%ggéégigﬁt tenperature was [err]. After soldering, the
boards were exam ned forGgygiﬁéy of solder wetting, which was found to be

Aminobutyric Acid
Aminovaleric Acid

Alkanolamines
Triisopropanolamine
Triethanolamine

2. Surfactant

A fluorinated surfactant is an important cons;i—
tuent of the flux of the present invention. Fluori-
nated surfactants as a class are powerful surface
active agents, effective ét:very low concentrations.
In practice of the invention, the surfactant should be
present in a concéntraﬁion less than about 1.0% by
weight.of the flux, preferably in a concentration of
not more than about 0.1%. This enables the flux to
thoroughly wet the surfaces to be soldered, while not
contrihuting'substantially to the level of flux resi-
dues which will be left behind after soldering.

‘Zonyl FSN Fluorosurfactant (described as a per-
fluorocalkyl ethoxylate) available from E.I. DuPont de
Nemours & Co., Inc. has been found to be especially
suitable for the present invention. Fluorinated sur-
factants from other manufacturerS'ﬁay also be used,
such as Fluorad FC-430 (described as a fluorcaliphatic
polymeric ester) available from the Industrial Chemical
Products Division of 3M, and ATSURF fluorosurfactants

available from Imperial Chemical Industries.
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excel tent. There was no observabl e sol der non-wetting, dewetting, bridging,
of icicling. Snooth, shiny solder fillets were forned with conplete hole

filling. Traces of flux residues were barely visible and uniformy
di stributed over the board surface. Sonme of the boards soldered with fluxes
in Exanples 1 and 2 were neasured for levels of ionic contam nation with
an Omeganeter 600SMD ionic contam - natiomgreasurenent system nmanufact ured
by Al pha Metals, Inc. of Jersey City, New Jersey. The results were al

within the 14 m cr ogy arptdesr sImguread i gvets naxi mum | evel '

The flux of the invention may contain various
additional ingrediehts in minor amounts which do not
materially affect its basic properties. Such ingredi-
ents includé, for example, corrosion inhibitors such as
benzotriazole, substituted benzotriazoles
(e.g., hydroxybenzotriazole), imidazoles, and substi-
tuted imidazoles; stabilizers:; and fungicides. They
may be added in an aggregate amount preferably not
exceeding about 0.1% by weight of the flux. The use of
such ingredients is well understood by those skilled in
the art.

Also, certain ingredients may be supplied by the
manufacturer in'an.organic solvent carrier such-as
isopropanol. For example, the DuPont Zonyl FSN fluoro-
surfactaﬁt_used in a number of the specific examples
appearing hereinafter is supplied as a 40% concentra-

tion of active (surfactant) in 30% each of water and

isopropyl alcohol. Given the small concentration of

this ingredient actually used in the flux of the inven-
.ﬁion, however, the amount of isopropyl alcohol present
in the flux will be hegligible. As an example, at
0.09% Zonyl FSN by weight'of the flux, the resulting
isopropyl alcohol content will be only 0.027% by weight
of the flux. Needless to say, the presence of such '
insignificant incidental amounts of alcohol does not

alter the essentially VOC-free nature of the flux.
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al l owabl e per MIlitary Specification MI-P-28809. This denonstrated t hat

the fluxes | eave very low | evel s of residua

i onic contam nati on. Boards

soldered with the fluxes of Exanples 1 and 2 were also tested for surface

i nsul ation resi stance per
tions. The test

requi renent of 1.0 x [err] ohns at [err] 1R H.,

| PC- SF-818 Standard, Assenbly Class 3 test condi-

results for each flux exceeded the 7 day m ni num
confirmng that the flux

residues (i.e., residues of .the flux and its reaction and deconposition

prod- ucts) a

conel usi on of testiyg, b5 boards erg o

was evi dent.

m ned an
lc examples of

-corrosive at the levels present. At the
no visible corrosion

compositions formulated in accordance with the present

invention. In each example, the flux was prepared by

dissolving the activétor(s) and surfactant in deionized

(DI) water at room temperature to yield a homogeneous

agqueous solution.

All of the ingredients listed in the

examples are readily available commercially and were

used without modification.

The acid activators of

Examples 1~-8 and the triisopropanolamine of Exanmple 5

were in commercially pure form (substantially 100%

purity). Maphos L-10 used in Example 5 is an aliphatic

phosphate ester available from Mazer Chemical Inc.

Example 1

DI water
Glutaric acid
Succinic acid
Zonyl FSN

Example 2
DI water

Glutaric acid
Succinic acid
Zonyl FSN

Example 3
DI water

Succinic acid
Zonyl FSN

Example 4
DI water

Itaconic acid
Fluorad FC-430
Benzotriazole

% by Weight
98.91

0.50

0.50

0.09
100.00%

% by Weight

97.91
1.0
1.0
0.09

100.00%

% bv Weight
97.91

2.0
0.09
100.00%

% by Weight
97.85

2.0

0.05

0.10
100.00%
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17 A ains 1. A

characterised in that
activators selected fromthe group consisting of carboxylic acids,

no-cl ean soldering flux which is substantially VOC-free,
it consists of one or nore halide-free, water sol uble
sul fonic

phosphoni ¢ aci ds, phosphate esters, am no acids, al kanolam nes, and

conbi nati ons thereof, in an aggregate amount of 0.2-5% by wei ght of the

a water soluble fluorinated surfactiht in an anount of 0. 05- 1% by

wei ght of the fl ux, ter and optionally,additional ingredients which
do not materially t basi c properti 911 UX I n an anount
' : A sol dering flux

preferably not excaggidigh{l aky wei ght of the flUx:q
accordingly to cl aifapho f3 " each said activatoy, g

Triisopropanolamine . 0.2
Zonyl FSN 0.09
100.00%
Example 6 % by Weight
DI water 97.95
Succinic acid 1.8
P-Toluenesulfonic Acid 0.2
Fluorad FC-430 0.05
100.00%
Example 7 % by Weight
DI waterxr 97.91
Succinic acid 1.0
Glycine 1.0
Zonyl FSN _ 0.09
100.00%
Example 8 % by Weight
DI water 87.91
Succinic acid 1.9
Phosphonoacetic aAcid 0.1
Zonyl FSN : 0.09
100.00%

Of the above Examples, the fluxes.of Examples 1
through 4 are more preferred, in that they contain only
carboxylic acid activators. These four compositions
were subjectgd to freeze/thaw testing as follows. A
sample of each flux.was added to a Q;ass,bottle, capped
and piaced in a freezer at -15°C (54F) for 24 hours.
The bottles were then removed from the freezer and the
frozen fluxes were allowed to thaw and warm to room
teﬁperature. None of the fluxes had any séparation or
precipitation at room temperature (20 - 25°C;

68 - 77°F) at the completion of teéting. This means
that if thg fluxes are transported or stored at freez-

This is the replacemsnt sheet

Baie 27 JAN 1839



Is sufficiently soluble in water to remain fully in solution after freezing
and thawi ng of the flux. 3. A sol dering flux according to claim 2,
wherein each said activator has a solubility in water of at |least 5 grams
per 100 cc at [err]. 4. A soldering flux according to claim3, wherein
each said activator is a carboxylic acid. A soldering flux according to
claim3 and containing only one said actixgator, nanely, glutaric acid. 6.

A sol dering flux according to claim3 and containing only one said

acti vator, naﬁmbytemmaﬁaﬁu@9§oiwhén broyghto|ifwide) andx@abtevwedihg to claim

3 and contalnln%m twg said activators, nanely, glutaric ach and
succinic aci d¥ to amblent temperature, the fluxes will be

conplete homogeneous “solution making them suitable for
use.

The above test was repeated in a refrigerator at
5°C (41°F). Thére was no evidence of precipitation
with any of the samples.

Wave soldering tests were oonducted with the
fluxes in Examples 1 and 2. The test boards were of
the double-sided, solder mask over bare copper, hot-air
leveled, plated through hole type. The boards were
spray fluxed and wave soldéred (63%—tin/37%-lead
solder) on an Electrovert Econopak II machine. The
pre-heater sﬁrface temperature was set at 537°C (999°F)
;nd the conveyor speed at 1.07 meters/min.

(3.5 ft./min.). These settings enobled éil of the
water from the fluxes to evaporate prior to the board
reaching the solder wave. The solder pot temperature
was 260°C (500°F).

After soldering, the boards were examined for

quality of solder wetting, which was found to be

excellent. _There was no observable solder non-wetting,

dewetting, bridging, or icicling. Smooth, shiny solder

fillets were formed with complete hole filling. Traces
of flux residues were barely visible and uniformly

distributed over the board surface.

Some of the boards soldered with fluxes in

Examples 1 and 2 were measured for levels of ionic
This is the replacement sheet
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18 8.- A soldering flux according to claim1, wherein the aggregate
anount of activator is from0.5%to 3.0% by weight of the flux. 9.

sol dering flux according to claim8, wherein the anount of fluorinated
surfactant is not nore than 0.1% by wei ght of the flux. 10. A et hod of
produci ng sol dered printed wiring assenblies with mnimal residual ionic
contam nation, characterised in spray fluxing the assenblies with a

no-cl ean sol dering flux according to any one of clains 1-9; pre-heating the
fluxed assenblies to.volatilise the watertéromthe flux; and wave sol dering

the assenblies. 1t A net hod according to claim 10, wherein the flux is
sprayed at an contamination with an Omegameter 600SMD ionic contami-

nation measurement'éYstem manufactured by Alpha Metals,
inc. of Jersey City, New Jersey. The results were all
within_the 14 microgfam per square inch maximum level
allowable per Miliﬁary Specification Mil-P-28809. This
demonstrated that the fluxes leave very low levels of
residual ionic contamination.

. Boards soldered with the fluxes of Examples 1 and
2 were also tested for surface insulation resistance
per IPC~SF-818 Standard, Assembly Class 3 test condi-
tions. The test results for each flux exceeded the 7
day minimum requirement of 1.0 x 10° ohms at 85°C/85%
R.H., confirming that the flux residues (i.e., residues
of the flux and its reaction and decomposition prod-
ucts) are. essentially non-corrosive at the levels
present. At the conclusion of testing, the boardé were

examined and no visible corrosion was evident.
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application rate such that the anount of flux solids remaining on the
assenblies after the water is volatilised is Tn The range frem200
mcrograms to 1,500 micrograns per square mchL]m ans to 233
m crograns per square centineter) of board are "r Mm A
nmet hod according to claim1l, wherein the applitat¢on ra uch that
said amount is in the range from 400 m g¢¥ogranms to 1,200 m crograns per

square inch (from 62 mcrograns to 186 mcrogram; per square centineter) of
board area of éﬂ‘é‘“&sserrbl i es.

A no-clean soldermg flux ‘which 1s substantlally VOC-free,

characterised in that it consxsts of one or more _hahde-frce, water soluble

activators selected from the group consisting of carboxylic acids, sulfonic

hosphonic acids, phosphate esters, amino ‘aci _alkanolamines and

combinations thereof, in an aggregate amount of 0.2-5% by wei t

flux, a water soluble fluorinated surfactant in 'an;amour'xt of 0.05-1% by -

t of the flux, and water and o tionall additional ingredients which do

not. materially affect the basic pfoperties of the.flux in an amount preferably

- not exceeding 0.1% by weight of the flux.

-2 A soldering flux accordingly to claim 1, wherein each said activator
is sufficiently soluble in water to remain fully in solution after freezing and

_ thawing of the flux.

3. Asoldering flux according to claim 2, ‘wherein each said activator has
a solubility in water of at least 5 grams per 100 cc at 20°C.

4. A soldering flux according to claim 3, wherein each said activator is

[ =N

a carboxy]it_::.aci_d.-_.

S. A soldering flux according to claim 3 and containing only one said

activator, namely, glutaric acid.

6. A soldering flux according to claim 3 and containing only one said

activator, namely, succinic acid.

7. A soldering flux according to claim 3 and containing only two said

activators, namely, glutaric acid and succinic acid.
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8. A soldering flux according to claim 1, wherein the aggregate amount

of activator is from 0.5% to 3.0% by weight of the flux.

9. A soldering flux according to claim 8, wherein the amount of

fluorinated surfactant is not more than 0.1% by weight of the flux.

10. A method of producing soldered printed wiring assemblies with

. minimal residual ionic contamination, characterised in

o Sptay-ﬂuXing the assemblies with a -noeclﬁan-SOldering flux according - - -

to any one of claims 1-9;

pre-heating the fluxed assemblies to volatilise the water from the
flux; and

wave sold(_e_ring the assemblies.

| 11. A method according to claim 10, wherein the flux is sprayed at an
épp_lication rate such that the amount of flux solids remaining on the
assemblies after the water is volatilised is in the iange from 200 micrograms
to. 1,500 micrdgrams per square inch (from 31 micrograms to 233

;:-micfogramspe; square centimeter) of board area of the assemblies.

12. A method according to claim 11, wherein the application rate is such
" that said amount is in the range from 400 micrograms to 1,200 micrograms

per square-inch- (from 62 micrograms to _186 micrograms per square

cer_xtimete_r) of board area of the assemblies.
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—

NO-CLEAN SOLDERING FLUX AND METHOD USING!THE SAME

ABSTRACT OF THE DISCLOSURE

A no-clean soldering flux consists essentially of
one or more halide-free, water soluble activators in an
aggregate amount not exceeding about 5% by weight of
the flux, a water goluble fluorinated surfactant in an
amount not exceeding about 1% by weight of the flux,
and éater. The flux is substantially VOC-free and is
particularly useful in a method of producing soldered
printed wiring asseﬁblies with minimal residual ionic
contamination, so that post-soldering cleaning of the
assemblies is unnecessary. The absence of significant
amounts of VOC's and the elimination of post-soldering

cleanihg result in substantial environmental and

production-related benefits.
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