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"1 METHOD OF DEPGCSI TI NG SOLI D SUBSTANCE ON A SUBSTRATE BACKGROUND OF THE

<] NVENTI ON The present invention relates to a nethod of deposif+ solid
substance on 5 a surface of a substrate in a finely dividé&izgxgsiiion.
“‘More particularly the present invention relates to such a method in which

“-the substance is dissolved to produce a solution which is in turn dissolved
in a liquefied gas and sprayed against the substrate. Upon evaporation of
the solvent and |liquefied gas the substance is |eft as the deposit on the
substrate. 10 - There are a variety of deposition nmethods that are
particularly adapted to deposit a vaqiety of solids on-various substrates.
For instance, in soldering operations it is necessary to deposit flux on
conductors of electrical conponents to be soldered on a printed circuit
board. In such case, the printed circuit board and conductors can be said
to serve as a substrate for the flux. Flux deposition is acconplished by 15
foam ng the flux and tMETHODOF DEROSITINGSQLID SUBSTANGCEpensi on onto the

conductors and conductive areas t board. This foregoing flux
deposi tion nmethod, however, -appl |é§‘g%%ﬁ%&5e armunt of flux. More
recently it has been t he practlce

BACKGROUND OF THE INVENTION

The present invention relates to a method of depositing a solid substance on
5 a surface of a substrate in a finely divided depositioﬁ. More particularly the present
invention relates to such a method in which the substance is dissolved to produce a
solution which is in turn dissolved in a liquefied gas and sprayed against the substrate.

'Upon evaporation of the solvent and liquefied gas the substance is left as the deposit

on the substrate.

10 There are a vaﬁety of deposition methods that are particularly adapted to

deposit a variety of solids on various substrates. For instance, in soldering operations

. it is necessary to deposit flux on conductors of electrical components to be soldered

on a printed circuit board. In such case, the printed circuit board and conductors can

be said to serve as a substrate for the flux. Flux deposition is accomplished by

15 foaming the flux and then brushing the flux containing suspension onto the conductors

and conductive areas of the circuit board. This foregoing flux deposition method,

however, applies an excessive amount of flux. More recently it has been the practice

to dissolve the flux in a solvent and then spray the solution with compressed air onto

_ the conductors and circuit board. Evaporation of the solvent leaves a ﬁnély divided
20 deposit of the flux.

The problem of using a solvent to deposit a flux is that many solvents present



to ‘dissolve the flux in a solvent and then spray the solution with
conpressed air onto the conductors and circuit board. Evaporation of the
sol vent | eaves a finely divided 20 deposit of the flux. The probl em of
“using a solvent to deposit a flux is that many solvents present = 2

" environmental health hazards. Therefore, there has been a need in the art
‘to replace potentially harnful solvents with environnmental |y safe
compounds. Such a scheme can be foundin U'S. 5,106,659 in which paint is:
t hi nned or diluted mnth |l iquid or supercritical carbon dioxide. The
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This paint spraying method of U.S. '5,106,659 is not applicable to all
substances. For instance, in case of flux deposition, flux like paint, will not dissolve
in carbon dioxide. Attempts to spray a mixture of ﬂux. and liquid carbon dioxide have
met with failure because é portion of the liquid carbon dioxide, upon discharge from

10 a nozzle into the ambient, expands to produce solid particles. The solid carboh'
dioxide ice particles act asan abrasive to remove any particles of flux that were
initially deposited. Additionally, since flux is not in the finely divided form of paint
pigménts, flux solids will not be deposited in a uniform finely divided manner if

simply mixed with carbon dioxide and sprayed against a substrate surface.

15 : As will be discussed, the present invention relates to a method of depositing
" a solid substance, such as flux, on a substrate to produce a controlled, finely divided

deposit on the substrate. |
SUMMARY OF THE INVENTION

The present invention provides a method of delxvenng a solid substance to

20 surface of the substrate. In accordance with the method, the solid substance is
dissolved in a solvent to create a first solution. The solid sixbstance is less finely
divided prior to dissolution than when deposited on the substrate. For instance, the

solid substance prior to dissolution can be made up of large granules and is deposited

as a fine dust. The deposition density of the solid substance on the substrate is at

25 least in part regulated by solid substance concentration within the first solution. In



di oXide ice particles act as an abrasive to renove any particles of flux
that . were initially deposited. Additionally, since flux is not in the

finely divided formof paint pignents, flux solids will not be deposited in
a uniformfinely divided manner if sinply mxed with carbon dioxi de and
‘sprayed agai nst a substrate surface. 15 ~As will be discussed, the

present invention relates to a nethod of depositing a solid substance, such
as flux, on a substrate to produce a controlled, finely divided deposit on
t he substrate. SUMMARY OF THE | NVENTI ON The present invention provides a

met hod of deljvering a sqlid substance to, 20 rface of the hstrate.
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divided prior to dissolution than e posited on the substrate. For
i nst ance, t rhasisghe greatestdepositipn density’t Thessodidisubstanceaminiselublede adiguefied ar ge
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' - liquefied gas. The first solution is dissolved in the liquefied gas to create a second
solution having a sufficient concentration of the solvent relative to the liquefied gas
that solidification of the liquefied gas is substantially prevented upon the expansion
. thereof. The second solution is sprayed against the substrate so that a portion of the
10 liquefied gas flashes into a vapor and the second solution, which éontains a remaining
portion of the liquefied gas, thereby coats the substrate. The remaining portion of the
liquefied gas and the solvent is then evaporated so that the solid substance remains as

a deposit on the substrate.

-Preferably, the concentration of the solvent within the solution is a minimum

15 yet sufficient concentration of the solvent relative to the liqi_xiﬁed gas- that
solidification of the liquefied gas is prevented upon expansion. In this manner, the

use of sol'vent'can be minimized while the deposit of the substance can be in a very

fine dispersion.
DETAILED DESCRIPTION

20 - The present invention can be accomplished in a variety of ways. Generally
though, the preseht invention will have most application to depositions on substrates
uhder conditions of ambient atmosphere. However, it is understood that the present
invention will also have applications to depositions that are to be conducted at
subatmospheric pressures as well as superatmospheric pressures and also non-air or

25 inerting atmospheres. Fﬁrthermore, although the i:resent invention is discussed relativé

to flux deposition, it is understood that its application is not limited to flux deposition.



3 this regard, it is to be noted that the first solutions can be fully
‘'saturated to obtain the greatest about of solid substance being deposited
on the substrate and on a unit area basis, the greatest "deposition
density". The solid substance is insoluble in a liquefied gas and the first
solution is soluble in the liquefied gas. Additionally, the solvent is 5
‘capabl e of depressing the freezing point of the |iquefied gas upon
expansi on of the liquefied gas. The firgt solution is dissolved in the

| i quefied gas to create a second solution having a sufficient concentration

of the solvent relative to the. liquefied gas, that solidification.of. the
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example, a first solution made up of adipic acid and methanol having a concentration
of about ten percent by weight. This solution is under normal room temperature a

10 saturated solution to produce the greatest deposition density possible.

Afier the ﬁrst solution is éreated, the first solution is then dissolved in a
liquefied gas; preferably liquid carbon dioxide for flux deposition. Depending upon

~ the application of the present invention and the maten'alS involved, other liquefied |
gases are possible, for instance, propane.. In the present invention, the substance is
15 essentially not soluble in the liqueﬁed gas but the solution of solvent and substance
is soluble in the liquefied gas. It is to be noted that the term "soluble;' as used herein
and in the claims meet the definition of such term as found in inorganic chemistry,

namely, dissociation of the solid substance within the solvent.

_ The solvent in which the substance is initially dissolved is capable of

20 dep;eésing the freezing point of the liquified gas upon expansion of the liquified gas.
In _casé of flux deposition, the solution of flux and solvent is dissolved in liquid

carbon dioxide which is then held within a gas cylinder at a pressure of approximately

900 psi. Since an acidic solution is obtained, the second solution should be

maintained in a nickel or nickel plated gas cylinder.

25 In order to accomplish th_e deposit, a cryogenic line is attached to a nozzle,

_known in the art, to direct the carbon dioxide gas, substance and second solution onto



fine dispersion. DETALED DESCRI PTI ON 20 The present invention can
+ be acconplished in a variety of ways. Cenerally though, the present

i nvention will have nobst application to depositions on substrates under
“conditions of anbient atnosphere. However, it is understood that the
" present invention will also have applications to depositions that are to be
“conducted at subat nospheric pressures as well as superatnospheric pressures
and al so non-air or 25 i nerting atAospheres. Furthernore, although the
present invention is discussed relative to flux deposition, it is
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5 onto the substrate. The change in pressure from storage pressure to ambient
atmospheric pres_sure will cause an expansion of the liquid carbon dioxide. If the
subst_ance_ to be applied were simply dissolved in the carbon dioxide, the carbon
dioxide would vaporize and solidify into small ice crystal as it was sprayed against
the substrate. The effect of this would be to remove the deposited substance from the
10 substrate. The solvent counters this by depreésing the freezing point of the liquid

carbon dioxide. This substantially prevents solidification of the liquified gas.

In all cases bf the practice of the present invention, there will exist the
sufficient concentration of the solvent relative to tﬁe liquified gas so that solidification
is prevented. Additionally, this concentration of solvent should be at a minimum to

15 conserve the use of potentially environmentally hazardous solvents. In case of flux
depositions, the concentration of solvent within the liquid carbon dioxide is a fifteen
percent by weight solution of methano] and carbon dioxide. Thus, when the second
solution of solvent, liquid carbon dioxide and flux or other substances are sprayed -
against the substrate, a portion of the liquified gas will flash into vapor but there will

20 . exist a remaining po;tion of solution containing liquified gas which will coat the

substrate.

Once the substrate is coated, the remaining porﬁon of the liquid carbon dioxide

‘and solveni, methanol for flux depositions, will evaporate under ambient room

temperature conditions so that the substance will remain as a deposit on the substrate.

- 25 It is understood though that such evaporation might have to be externally facilitated,
depending upon the solvent, and liquified gas and the conditions of coating.



such as, but not limted to, adipic acid, salicylic acid and citric acid.
:Sui tabl e sol vents woul d i nclude al cohols and ketones such as net hanol - and
acetone. By way of exanple, a first solution nade up of adipic acid and
‘met hanol having a concentration of about ten percent by weight. This
"solution is under normal roomtenperature a 10 saturated solution to
‘produce the greatest deposition density possible. After the first solution
is created, the first solution is theg dissolved in a liquefied gas,
.preferably liquid carbon dioxide for flux deposition. Depending upon the

application of tQe.present inventiqQn and {he terials i.nvol ved, ather
liquefied gases Q&B'%p ip_fﬁsg‘,“ f‘b“i‘“"‘?&ﬁ&ﬁc&mp Bﬁgghgfl_rellaﬂv? HQ BrB‘?g‘ﬁe .
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gas but the solution of solvent and “substance i1s soluble 1n the [1quefied
gas. |t is changes, and abdificationscant be made sithohitdepagtingsfromitbe spinit andl scapet he

cl ai ns neet % e defipition of such termas found in inorganic.-chem stry,
nanely, di sSoteHFHEA! VR 5o i d substance within the sol vent. The sol vent
in which the substance is initially dissolved is capable of 20
depressing the freezing point of the liquified gas upon expansion of the
liquified gas. In case of flux deposition, the solution of flux and sol vent
is dissolved in liquid carbon dioxide which is then held within a gas
cylinder at a pressure of approximately 900 psi. Since an acidic solution
i s obtained, the second solution should be



mai ntained in a nickel or nickel plated gas cylinder. 25 I n order
.to acconplish the deposit, a cryogenic line is attached to a nozzle, known
in the art, to direct the carbon dioxide gas, substan wlnmm&uuution
onto 5 the substrate. In case of flux deposition'iam“mI mz| e

“can be used. It is to be noted that the type of nozzle*w Fl &l sb &fféct"

-deposition density as wll other spraying paraneters. At normal anbient
tenperatures, it is the |liquid carbon/dioxide, held at a high pressure
which will serve as a propellent to cause the solution to spray 5 onto

the substrate. The change in pressure from storage pressure to anbi ent

at nospheric pressure will cause an exﬁﬁﬁﬂﬁ@n of the liquid carbon dioxide.
| f the substance to be applied were sinply dissolved in the carbon dioxide,
t he carbon di oxi de woul d vaporize and solidify into small ice crystal as it

was sprayedlagai Asimethud of eposifisy aTsslidebitetine®fon! tHes suiee dofb@ substifepve
‘the deposited suyhstance fromthe 10 substrate. The sol vent counters

~this by depP¥BBIHBEt he freezing point of the liquid carbon dioxide. This
- substantially prevents solidification of the liquified gas.

dissolving a solid substance in a solvent to create a first solution, the solid
substance being less finely divided prior to dissolution than when deposited on said
5 substrate and deposition de_nsity of said solid substance on said substrate being at least

in part regulated by solid substance concentration within said first solution;

the solid substance being insoluble in a liquiﬁed gas, the first solution being
soluble in said liquified gas; and the solvent capable of depressing the freezing point

of the liquified gas upon expansion of said liquified gas;

10 dissolving said first solution in said liquified gés to create a second solution
'having a sufficient solvent concentration of said solvent relative to said liquified gas
that solidification of said liquified gas is substantially prevented upon the expansion
thereof;

spraying said second solution against said substrate so that a portion of said
15 liquified gas flashes into a vapor and the said second solution containing a remaining

portion of said liquified gas contacts and thereby coats said substrate; and

evaporating said remaining portion of said liquified gas and said solvent so that

said solid substance remains as the deposit on said substrate.
2. The method of Claim 1 wherein said first solution is a saturated solution.
3. The methiod of Claim 1 wherein said solvent concentration is at a minimum

required to substantially prevent solidification of said liquified gas upon the

expansion thereof.



In-all cases of the practice of the present invention;-there-wtt—exist—the

:sufficient concentration of the solvent relative to th i j £
-that solidification is prevented. Additionally, this 03 g“ Hﬂgal
_'sol vent should be at a mnimumto 15 conserve the I

environmental | y hazardous sol vents. In case of flux depositions, the
“concentration of solvent within the liquid carbon dioxide is a fifteen
~percent by weight solution of methangl and carbon dioxide. Thus, when the
second solution of solvent, liquid carbon dioxide and. flux or other
substances are sprayed agai nst the substrate, a portion of the liquified
gas will fldash iﬁmome&zpd roftfckaim Hewbengin baid diquifiedegdsseomprisesrdiquidnearben t i on
of solution.containing liquified gas which will coat the substrate. Once

t he substr %“?% coated, the remaining portion of the liquid carbon dioxide
and sol vent, nethanol for flux depositions, wll evaporate under amnbient
roomtenperature conditions so that the substance will remain as a deposit

on the substrat dhexgethod of (Claig §inavhieh said splid ghbstange is a dhxcfemped dromon
‘m ght have . ar v. faci |.i ed.r: [ upon..khe sol vent, and
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6.  The method of Claim 5 wherein said solvent comprises an organic solvent

comprising methano! or acetone.

7. The method of Claim 6 wherein said first solution and solid substance

concentration is about ten percent by weight adipic acid in methanol.

8. The method of Claim 6 wherein said solvent comprises methanol, said
liquefied gas comprises liquid carbon dioxide, and said solvent concentration of said
solvent relative to said liquified gas is about 15 percent by weight of said methanol

in said liquid carbon dioxide.

9. The method of Claim 7 wherein said solvent comprises methanol, said
liquefied gas comprises liquid carbon dioxide, and said solvent concentration of said
solvent relative to said liquified gas is about 15 percent by weight of said methanol

in said liquid carbon dioxide.



Wil e the present invention has been described relative to a preferred

*enbodinent, it will be understood by those skilled in the_art that numerous

‘ additions, changes, ‘and nodifications canfoe ,g__r_qg'e_;:wf_t \"Ql—.gld arting from

.the spirit and scope of the present inventi e ;;;7{3‘2‘: T | A et hod
of depositing a solid substance on the sufiface 0f ' %ibsteatle, conprising:

"dissolving a solid substance in a solyent to crea?e a first solution, the
solid substance being less finely di v ded prior to dissolution than when
deposited on said 5 substrate and deposit+on—-dgensi-ty-of—saird solid

substance on said substrate being at |east i DAk Lot HilatSqy solid
subst ance concentration within said first sol Uijss subst ance
being insoluble in a liquified.gas, the first HB” ]“lgi soluble in

said liquified gas, and the sol vent capabl e of freezing
point of the liquified gas upon expansion of said liquified gas;

ABSTRACT

A method of depositing a solid substance on the éurface of the substrate in

- which the solid substance is dissoived in a solvent to create a first solution. The solid

substance is less finely divided prior to dissolution than when deposited on the

substrate and the deposition density of the solid substance on the substrate is regulated

-5 at least in part by solid substance concentration. The solid substance is insoluble in

a liquiﬁed gas and the first solution is soluble in the liquified gas. The solvent also

is capable of depressing the freezing point of the liquified gas upoh expansion of the

liquified gas. The first solution is dissolved in the liquified gas to create a second

solution having a sufficient concentration of the solvent relative to the liquified gas

.10 that solidification of thé liquified gas is substantially prevented upon the expansion

| thereof. Preferably, this concentration of solvent is a minimum to prevent overuse of

environmentally hazardous solvents. The solution is sprayed against the substrate so

that a portion of the liquified gas flashes into a vapor and the second solution
containing a remaining portion of the -liquiﬁed gas contacts and thereby coats the |

15 surface substrate. The remaining portion of the liquified gas is evaporated along with

the solvent, so that the solid substance remains as a deposit on the substrate. The

method has particular application to making.very fine depositions such as are required

in the electronics industry to coat contacts of printed circuit boards with flux prior to

soldering.



10 . “dissolving said first solution in said |liquified gas to_
¢reate a second sol ution having a sufficient _sgl.ventcencentratol “isaid -
Solvent relative to said |iquifd :gasﬁFﬁéI“_quf HnﬁwumﬂiﬁasardF"’p
Liquified gas is substantially jprievented: qpﬁ“ elie pan3|22 E I
spraying said second solution a alnstﬁéa BAecthdt. e porthgjof
said 15 liquified gas fl ash a vapor and ~g—Second sol ution
containing a remaining portion of said”liquified gas contacts and thereby
coats said substrate; and evaporating said renaining portion of said

deposi 1 on"eai o subdEHBOH ?&ngiﬁhga#mﬁﬁoﬂmﬁ?%‘@aﬁﬁb@%ﬁﬁé%@{ "Sad first

solution is a saturated solution. 3. The method of  Claim1 vvhereln said
sol vent concentration is at a mni rrum required to su vent
solidification of said |liquified gas upon the expansi lmm'&

The nmethod of Caiml wherein said Ilmg;IQas conpr rbon

A method of depositing a solid substance on the surface of the substrate in
which the solid substance is dissolved in a solvent to create a first solution. The solid
substance is less finely divided prior to dissolution than when deposited on the

N substrate and the deposition density of the solid substance on the substrate is regulated
5 at least in part by solid substance concentration. The solid substance is insoluble in
a liquified gas and the first solution is soluble in the liquified gas. The solvent also

is capable of depressing the freezing point of the liquified gas upon expansion of the
liquified gas. The first solution is dissolved in the liquified gas to create a second
solution having a sufficient concentration of the solvent relative to the liquified gés-

10 that solidification of the liquified gas is substantially prevented upon the expansion
thereof. Preferably, this concentration of solvent is a minimum to prevent overuse of
énvironmentally hazardous solvents. The solution is sprayed against the substrate so

that a portion of the liquified gas flashes into a vapor and the second solution
containing a remaining portion of the liquified gas contacts and thereby coats the

15 surface substrate. The remaining portion of the liquified gas is evaporated along with
the solvent, so that the solid substance remains as a deposit on the substrate. The
method has particular application to making very fine depositions such as are fequired

in the electronics industry to coat contacts of printed circuit boards with flux prior to

soldering.



di oxi de. 5. The nmet'hod of Claim 1 in which said solid substance is a
“flux formed froman organic acid conprising adipic a rﬁ—~5d++ey+ke-ae or
citric acid. 6. The nethod of Claim5 wherein sai d 86FVeRt  ctnprisses|an
“organi ¢ sol vent conprising methanol or acetone. 7. ’ The net hod of Cla]n16
wherein said first solution and solid substance concgnb#atifed i Ji.- b Fen
percent by weight adipic acid in nethanol. 8. = The
wherei n said sol vent conpri ses nethanol9, said |iquefied gas conprlses
i quid carbon di oxide, and said solvent concentration of said sol vent
relative to said liquified gas is about 15 percent by wei ght of said
met hanol in said liquid carbon dioxide. 9. - The nmethod of Caim 7
wherein said solvent conprises nethanol, said |iquefied gas conprises

liquid car boyerAOD ©F mGﬂﬂwlstﬁm) sgnsmei:' Ay ?hvent

relative to said liquified gas Is about 15 percent y wei ght sai d
met hanol in said |iquid carbon di oxide.
| ABSTRACT

A method of depositing a solid substance on the surface of the substrate in which the solid
substance is dissolved in a solvent to create a first solution. The first solution is dissolved
in a liquified gas to create a second solution. The solution is sprayed against the substrate
so that a portion of the liquified gas flashes into a vapor and the second solution containing
a remaining portion of the liquified gas contacts and thereby coats the surface substrate.
The remaining portlon of the liquified gas is evaporated along w1th the solvent, so that the
solid substance remains as a deposit on the substrate.




