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A PROCESS AND COMPOSITION FOR CLEANING CONTAMINANTS WITH
TERPENE AND MONOBASIC ESTER

Field of the Invention

This invention relates to the removal of a residue from a-
surface that is contaminated therewith, for example, to the
cleaning of deposits of soldering flux and/or other residues
from a substrate which is contaminated therewith. More
specifically, this invention relates to the use of a cleaning
composition'dontaining an ester. This invention relates also
to the use of terpenes, pfeferably in admixture with an ester,
in an improved cleaning process for removing contaminants such’

as soldering flux and/or adhesive tape residue from a
substrate..

The invention will be described initially in connection
with its applicability to the cleaning of printed circuit

boards. However, the invention has wider applicability, as
described hereinbelow.

In the fabrication of printed circuit boards, it is known
to use soldering fluxés in order to ensure the firm, uniform
bonding thereto of solder which functions to adhere to the
boards conmponents thereof. Such flux must be removed from the
finished board. If not removed, deposits of the flux, in even
trace or minute amounts, can cause the circuitry of the board
to fail. An example of a flux that is widely used in the
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fabrication of printed circuit poards is rosin flux, a material
which is water insoluble. |

Various types of materials have been propoéed for cleaning
deposits of rosin flux from the surface of a printed circuit
board. Traditionally, chlorofluorocarbons (CFCs) and other.
halogenated solvents, including chlorinated hydrocarbon '
solvents, were used widely. However, these materials are not
presently favored because of environmental problems that are
associated therewith. Examples of other cleaning materials for
removing deposits of rosin flux from substrates contaminated

therewith include: (a) alkaline cleaning compounds such as

alkanol amines; (b) a mixture of N-methyl-2-pyrrolidine and an
alkanol amine (U.S. Patent No. 4,276,186); (c) terpene

compounds; and (d) dibasic acid esters (U.S. Patent No.
4,934,391).

Although there are advantages and disadvantages associated
with the use of each of the aforementioned type cleaning
materials, the use of terpene compounds in cleaning printed
circuit boards of flux deposits has become more and more
popular because they possess a combination of unusually
desirable properties. The present invention is directed to an

- improved process for cleaning printed circuit boards and other

substrates of deposits of soldering flux and/or other residues

with a terpene-based cleaning composition which optionally, but
preferably, includes an ester.

The present invention is directed also to the use of a
non-toxic, environmentally safe cleaning composition comprising

an ester and optionally other materials, for example, a
terpene. ‘
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cl eani ng of deposits of soldering flux and/or other residues froma
substrate which is contam nated therewith. Mre specifically, this

ifivention relates to the use of a cleaning conposition containing an ester.
The invention will be described initially in connection with its

applicability to the cleaning of printed circuit boards. However, the
| nventwgrgzymwm der applicability, as dgscribed herei nbel ®grT/US91/08937

Reported Develogments

In the cleaning operation, deposits of soldering flux are
dissolved by the water-insoluble, liquid cleaner, for example,
terpene compounds as they are contacted therewith. A review of

5 the related art reveals that special consideration is given to
removing from the terpene-treated substrate the dissolved
contaminants that adhere thereto for those applications which
require that the substrate be highly cleaned. Thus, the
effective removal of the dissolved soldering flux and the

10 terpene solvent from the substrate in which the flux is
dissolved is an important aspect of the overall cleaning
process.

The basic patent on the use of terpenes to clean printed
circuit boards of soldering flux is U.S. Patent No. 4,640,719,
15 assigned to the same assignee as the present invention. With
respect to the removal from the terpene-treated substrate of
dissolved flux and other contaminants, this patent teaches as
follows:

"Because they [terpene compounds] are almost

20 completely insoluble in water, however, the terpenes
cannot be directly flushed away by water.
Alternatively and preferably, the terpene compounds
are combined with one or more terpene emulsifying
surfactants. The addition of such surfactants

25 facilitates removal of the terpenes from printed
wiring boards by rinsing with water, whereby the
terpenes are formed into oil- in water emulsions."
({Column 3, lines 54-62)

The '719 patent discloses further that the terpene- based
30 composition can include up to 40 wt.% of the emulsifying
surfactant, with a preferred composition containing 10 wt.% of

surfactant. Such surfactants are typically water-solublé
organic materials.

European patent application_bearing publication number 0
35 354 027 A2 discloses cleaning compositions comprising a major
amount of selected cyclic.terpenes, including para-
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I'n the fabrication of printed circuit boards, it is known to use sol dering
fluxes in order to ensure the firm uniform bonding thereto of sol der which
faunctions to adhere to the board' s conmponents thereof. Such flux nust be
renmoved fromthe finished board. |If not renoved, deposits of the flux, in
even trace or mnute anounts, can cause the circuitry of the board to fail

An exagplgd/giz378 flux that is widely used &n the fabricati @CTUUSP1/08937d
circuit boargs is rosin flux, a material which is water_insol uble.
menthadienes, and a minor amount of terpene alcohol for use in

cleaning a variety of substrates, including circuit boards.
This patent discloses that the compositions can include
surfactants and specifically states the following:

5 "It has been found helpful to add surfactants to
solvent compositions which are to be used in
combination with a water rinse. It has been found
that the addition of the surfactant to the cyclic
terpene mixture enhances the water rinsability of the

10 solvent composition. Further, it has been found that
in dealing with certain types of soil, the addition
of a surfactant to the mixture of cyclic terpenes
enhances the ability of the cyclic terpene mixture to
remove the soil from the substrate."

15 (Column 4, line 57 to Column 5, line 1)

This publication discloses further that the surfactants can be
used in concentrations of from 0.1 to 10 wt.%,.

Another patent which relates to the removal of soldering
flux from substrates such as printed circuit boards is U.S.

20 Patent No. 4,867,800. The cleaning composition which is the
subject of this patent comprises a terpene compound and a
dibasic ester which has at least 2 wt.% solubility in water at
25°C. This patent discloses that such compositions can be used
to achieve improved cleaning relative to the use of terpene-

25 based compositions that include emulsifying surfactants, which
the patentee refers to as an unnecessary, but optional
ingredient of his domposition. The patent discloses also that
the terpene-treated surface is'preferably rinsed with water,
such as deionized water. In an exemplary embodiment disclosed

30 in the patent, the rinse water which was used in the cleaning
process had a temperature of about 150°F.

A common'characteristic of each of the processes described
in the aforementioned publications is the required or preferred
use of water-soluble organic materials in combination with the

35 terpene constituent of the cleaning composition. While
considered essential to achieve high grade cleaning, the
presence of such water-soluble organic materials leads to
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Various types of materials have been proposed for cleaning deposits of
rosin flux fromthe surface of a printed circuit board. Traditionally,

chl orof | yorocarbons (CFCs) and ot her hal ogenated sol vents, including

chl ori nated hydrocarbon solvents, were used w dely. However, these
materials are not presently favored because of environnmental problens that

are agsoci at therewi th. Exanples of ogher cleaning nmat gk {64037
r enov y@ﬁi& ts of rosin flux from substrates ‘contani na?gg%émlﬁ 3

problems which are associated with other aspects of the overall
cleaning process.

One significant problem crops up in connection with
disposal of the rinse water that is generated during the
5 cleaning process. The amount of such rinse water can be
substantial, with some industrial applications using, for
example, two to five gallons of rinse water per minute of
operating time. For various industrial applications, it is
. considered ideal to simply discharge the rinse water into the
10 local sewage system. However, as a result of the use in the
‘cleaning composition of water-soluble materials, such discharge
typically runs afoul of environmental standards which require
that the chemical oxygen demand (COD) of the discharged water
be no greater than some defined value. For example, some
15 communities specify that the COD should be no greater than
about 1,000 ppm for industrial water that is discharged into
the local sewage system. There are other communities with even
higher standérds,_for example, CODs of no greater than about
300 ppm. However, in using cleaning compositions of the type
20 described'above, the presence of the water-soluble materials
can result in the rinse water having as much as 10,000 ppm or
more of COD. This indeed presents a problem for the
fabricators of circuit boards inasmuch as it requires the
fabricators to adopt additional steps to treat the water in a

25 manner such that environmental standards are met. This, of
course, increases the cost of the overall manufacturing
process. '

There are réports (unconfirmed) of the use of surfactant-
free, terpene-based compositions in applications for removing -
30 solder fluxes from various types of substrates. However, it
appears that, in such applications, the terpene-treated
substrate is rinsed with surfactant-containing water or
requires that the substrate be rinsed with either boiling water

or near boiling water. This, of course, is undesirable because
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of the increased costs associated with the provision of energy
that is needed to heat the significant amounts of water that
are required for the rinsing operation.

In view of exemplary shortcomings of the present state.of
the art related to the use of.terpene-based compositions to
clean soldering flux from the surfaces of printed circuit
boards, as described above, the present invention is directed
to an improved, more efficient and economical process which
avoids or significantly alleviates such shortcomings. '

As mentioned briefly above, CFCs and other halogenated'
solvents which have been used widely as cleaning agents for
many years are no longer materials of choice becéuse of their
detrimental effects on the earth's stratospheric ozone layer.
Species of these materials are perceived also to be
carcinogenic. Due to their environmental and health threats,
they are being phased out of production even though they have a
variety of properties which otherwise make them ideal cleaning
agents. They are moderately good oil and grease solvents, they
have no flash points, they-evaporate quickly due to their high
vapor pressures, and some have low toxicity.

Alkaline cleaning compounds known as the alkanol amines,
usually in the form of monoethanolamine, have been used for

- rosin flux removal as an alternative to the toxic halogenated

hydrocarbon solvents. These compounds chemically react with
rosin flux to form a rosin soap through the procesé of
saponification. Other organic substances such as surfactants
or alcohol derivatives may be added to these alkaline cleaning
compounds to facilitate the removal of such rosin soap. The
use of N-methyl-2-pryrrolidone in admixture with a water-
miscible alkanolamine is disclosed in U.S. Patent No.
4,276,186. Unfortunately, these compounds, like the water
soluble soldering fluxes, have a tendency to cause corrosion of
the surfaces and interfaces of printed wiring boards if they
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therewith include: (a) al kaline cleaning conpounds such as al kanol am nes;
(b) a mxture of N-methyl-2-pyrrolidine and an al kanol -am ne (U. S. Patent
No. 4,276,186); (c) terpene conpounds; and (d) dibasic acid esters (U.S.
Pat ent No. 4,934, 391). The present invention is directed to the use
of a non-toxic, environmental |l y-safe cleaning conposition conprising an
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are not completely and rapidly removed during the fabrication
process. :

Another material which has been identified as an

alternative to the use of halogenated solvents is the class of

5 compounds known as dibasic esters. The use of these materials
is desirable because they have relatively high flash points and
are not skin irritants. However, they have the disadvantage of
being moderately water soluble. Water solubility is
undesirable because dissolved materials are difficult to

10 separate from the water when used in a process involving water
‘"rinse (as is usually the cése). Thﬁs, it is difficult to
dispose of the water rinse generated in the cleéning process. -
Closed-loop systems are relatively difficult and/or expensive

to install when the cleaning compound is substantially water
15 © soluble.

Even terpenes, which have been recognized as
environmentally acceptable alternatives to halogenated solvents
and which offer good performance in a wide range of cleaning
applications, have some disadvantages. They have an

20 objectionable odor, low flash point, and a tendenéy to irritate
skin, lungs and nasal passages.

Still another class of compounds in use is mineral spirits
or other petroleum distillates. .These materials often have low
flash points, with high evaporative loses, and produce

25 dermatitis, headaches and nausea in use. Petroleum distillates
also require frequent change-outs in use because their cleaning

power is greatly diminished with minor loadings of oil and
machine residues.

The present invention encompasses also the provision of a
30 cleaning process involving the use of a cleaning agent which
has a combination of properties such that the agent is
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particularly suitable for safe and efficient use in a wide
variety of cleaning processes.

Summary o;,The Invention

In accordance with the present invention, it has been '
found that a composition comprising a major amount of a
monobasic ester can be used effectively in a variety of
different types of cleaning applications which heretofore-
involved the use of halocarbons, alkaline detergents, or other
cleaning agents as described above, the use of each of the
aforementioned being accompanied by serious disadvantages. The
monobasic esters, which can be used to clean a variety of
surfaces, for example, metals, plastics, and electronic
assemblies, offer the advantage of water insolubility, low
toxicity, low skin irritation, high flash point and low odor.

Accordingly, there is provided, in accordance with the
present invention, a method for removing an organic residue
from a surface contaminated therewith comprising:

(A) contacting the surface with a cleaning composition
comprising a major amount of a monobasic acid ester;

(B) maintaining the cleaning composition in contact with
the surface for a period of time at least sufficient to
solubilize the residue; and

(C) removing cleaning composition and solubilized residue
from the surface. '

Examples of monobasic esters that can be uéed in the cleaning
operation are methyl, ethyl, and isopropyl esters of medium
chain (about C, to about C,) monobasic acids.
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as the pageenisedivoent it tyfidal of conditions used for other organic
cleaning solvents. They can be used, for example, at a
temperature within the range of room temperature to about 150°F
5 or higher and under conditions which involve a contact time of
about 1 to about 10 minutes. Conventional means can be used to
apply the monobasic ester composition to the soiled substrates,
for example, spray, agitated immersion, and soaking.

Use of the monobasic ester composition of the present.

10 invention avoids disadvantages associated with the use of prior
art compositions, as noted above. Use of a composition within
‘the scope of the present invention offers the advantages of:
(a) good oil solvency; (b) good solvency for solder fluxes; (c)
excellent ability to remove lapping compounds, chips, grinding

15 residues and other solid materials from metal surfaces after
machining operations; (d) the ability to remove the solids even
though highly loaded with cutting oils; (e) extremely low '
toxicity and skin irritance; (f) low odor or pleasing
fragrances; (g) high flash points; and (h) water insolubility.

20 Furthermore, the monobasic ester composition does not have a
harmful effect on the earth's stratospheric ozone layer and
they generally have a relatively low vapor pressure, and are,
therefore, less volatile, providing the advantage of lower

volatile organic compound (VOC) pellutant emissions than prior
25 art compositions.

In addition, there is provided in accordance with the
present invention an industrial cleaning process in which a
contaminant comprising soldering flux and/or adhesive tape

residue is removed from a substrate contaminated therewith
30 comprising:
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tespect to the renmoval fromthe terpene-treated substrate of dissolved flux
and other contam nants, this patent teaches as follows: "Because t hey
Lterpene conpounds] are al rost conpletely i nsol uble in water, however

t he terpenes cannot be directly flushed away by water. Alternatively
and preferably, the terpene conmpounds are conbined with one or

nor e mul si fying surfactants. Thgoaddition of PC$ﬂ¢ﬁH$mmmﬁctants
facil #&P@@%@mval of the terpenes from

(A) contacting the substrate with a terpene-based
cleaning composition which is’ substantially free of water-

soluble organic material for a period of time sufficient to
solubilize the contaminant;

5 '~ (B) removing the composition and solubilized
contaminaht from the substrate by contact with water having a
temperature of about 70°F to about 140°F for a period of time
of no longer than about 10 minutes to provide a substrate
having a contamination rating of no greater than about 14 .

10 micrograms NaCl equivalent/square inch (MIL-P-28809A), and to

- thereby form a mixture comprising the composition, contaminant
and water; and

(C) separating the water from said mixture, the
separated water being substantially free of water-soluble
15 organic material and having a chemical oxygen demand of no
greater than about 1,000 ppm.

With respect to Step (A) above, the following procedure is
used to determine the content of water—soluble organic material
in a terpene-based composition. Equal volumes of water and the

20 terpene-based composition are combined and allowed to separate
into two distinct phases or layers at about 70°F. To the.
extent that the terpene-based composition contains water-
soluble organic material, it will migrate to the water layer.
The COD of the water layer is then determined according to

25 standard technique. When the water layer has a COD of no
greater than about 1,000 ppm, the terpene-based composition is
considered to be "substantially free of water-soluble organic
material". :

- Thus, in accordance with the present invention, it has

30 been found, contrary to the teachings of the prior art, that it
is possible to produce a highly clean surface by the use of a
terpene-based cleaning composition which is free of or

essentially free of emulsifying surfactants and/or other water
soluble organic materials.
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And such highly cleaned surfaces can be produced under
practical operating conditions, for example, at ambient
temperature or relatively low elevated temperature and within
times and water contact conditions that are presently used in
industrial applications. And of great advantage is the fact
that the water collected from the cleaning process has a _
sufficiently low COD to enable it to be lawfully discharged to
a sewage system without purification or other treatment.
Alternatively, the collected water can be recycled for use in
the cleaning process, as described hereinbelow.

With respect'to the high degree of cleaning that can be
achieved by use of the present invention, the present cleaning
process, including either the monobasic ester-based composition
or the terpene-based composition, can be used to produce levels
of residual contamination that are equal to or far below the
military requirement of 14 micrograms NaCl equivaleht/in2 (MIL-
P-28809A) (see the aforementioned '719 patent, column 7, lines
18 to 32 for additional information concerning the evaluation
of the degree of cleanliness of substrates based on the
involved military test). A specific example of the degree of
cleanliness that can be achieved by practice of the present

invention is set forth in the Example section hereinbelow.

‘Detailed Description of the Invention

The Monobasic Ester Development

The cleaning composition of the present invention
comprises a major amount of a monobasic ester compound, that
is, the ester compound comprises in excess of 50 wt.% of the
composition, based on the total weight of the composition. The
ester compound, which is a liguid at room temperature, can be
represented by the following formula:

R_-COOlR1
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13- terpenes are formed into oil-in-water enulsions.” (Colum

3, lihes 54-62) The '719 patent discloses further that..the terpene-based
conposition can include up to 40 w.% of the enulsifying surfactant, with a
preferred conposition containing 10 wt. % of

WO 92/09378 . 12 PCT/US91/08937
wherein R and R, are hydrocarbon grodps, which may be the same
or different, in which the sum of the carbon atoms in R and R1
is at least about 8. The hydrocarbon groups can be aliphatic
or aromatic, substituted or unsubstituted. Examples of ‘

5 = aromatic groups include arYl groups, for example, phenyl and
benzyl. In preferred form, each of R and R, is an alkyl group
with the total number of carbon atoms in R and Rl being no
greater than about 20. = The alkyl groups can be straight or
branched chain and unsubstituted or substituted, for example,

10 with groups such as hydroxyl and ether groups. The cleaning
composition can comprise two or more of the monobasic esters.

Particularly preferred monobasic esters for use in the
practice of the present invention are those in which the total
number of carbon atoms in R and R, is about 9 to about 17, with

15 R being an alkyl group having 1 to about 4 carbon atoms and R,
being an alkyl group having about 8 to about 16 carbon atoms.
Particularly preferred monobasic esters are methyl laurate and
isopropyl laurate, with methyl caprate and isopropyl myristate
being even more preferred. The preferred estérs are excellent

20 solvents for a variety of different kinds of organic residues

that typically contaminate the surfaces of a variety of types
of materials.

Examples of commercially available monobasic esters- which
can be used in the practice of the present invention include:
25 methyl caprylate, methyl caprate, methyl laurate, methyl

palmitate, isopropyl myristate, isopropyl laurate and isopropyl
stearate.

It will be appreciated that a particular carboxylic
monobasic ester can be synthesized readily by available
30 methods. For example, monobasic esters can be prepared by
reacting an alkyl alcohol and a fatty acid, for example, a C,
to about a C, alkanol and about a C, to about a C,, fatty acid.
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are associated with other aspects of the overall cleaning process.

One significant problemcrops up in connection with disposal of the
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such rinse water can be substantial, w.th sone industrjal applications
usi ng, for “The insolubility of the ester is determined by the

following procedure which is conducted at about 70°F. Equal
volumes of water and the ester are combined and allowed to
separate into two distinct phases or layers. The chemical

5 oxygen demand (COD) of the water layer is then determined
according to standard technique. If the water layer has a CoD
of no greater than about 5,000 ppm, the ester is considered to
be "substantially insoluble in water". Preferably the
solubility characteristics'of the ester are such that the water

10 layer has a COD of no greater than about 1,000 ppm - such .
esters being referred to as "water-insoluble".

Other preferred properties of the ester are that it have-a
flash-point of greater than about 140°F, preferably greater
than about 200°F, and low odor. In addition, the ester should

15 be non-irritating to the skin and have good chemical stability.

The cleaning composition of the present invention can
comprise 100 wt.% of the monobasic ester. Howe#er, there are
applications in which it will be advantageous to include other
materials in the composition, but in an amount less than 50

- 20 wt.%. For example, some types of residues can be removed more
readily by using other cleaning Agents, including, for example,
organic or inorganic solvents, in admixture with the monobasic

~ester. In preferred form, such other cleaning agents should be
miscible with the monobasic ester. Examples of other cleanihg
25 agents that can be used include terpenes, for example, para-
menthadienes, dibaic esters, petroleum hydrocarbons, ketones,
ethers, and alcohols. Preferred cleaning agents for use in

combination with the monobasic ester are terpenes, ethers, and
alcohols.

30 For applications in which it is desirable to use another
cleaning agent in combination with the monobasic ester, the
amount thereof can be selected based on the results desired.
For most applications, it is believed that the composition will
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éxanple, 7.5-30[err] (two to five US gallons) of rinse water per mnute of

operating tinme. For various industrial applications, it. is considered ideal
to sinply discharge the rinse water into the |ocal sewage system However,
as a result of the use in the cl eani ng conp05|t|on of wat er-sol ubl e

materials, such discharge typically runs_gfoul of environ ards
whi chweqam%m hat the chem' cal oxygen déitand (COD) of thﬁ?@%%@b@e)’g wat er

be no greater re fX $ &
specify tﬁgf“ptrh%%ca%%qﬁ:ou d edgnd(;%(%:]tlfj}atae:fr)tf am%at 000 ppm forﬁout,
i ndust ri alOw&oe@bongt 455 v <tk Jdtl i HRheT Cleaning agé :

The organic-based cleaning composition of the of the
present invention can include also a surfactant for promoting
5 the removal of residual cleaning composition and contaminate
from the substrate being cleaned. In some applications, the

presence of surfactaﬁt aids also in the cleaning of contaminate
from the substrate.

The surfactant can be a nonionic, anibnic,_cationic or

10  amphoteric surfactant. It is preferred to use a nonionic
surfactant, for example, condensation products of alkylene
oxides, for example, ethylene oxide, with any of a variety of
hydrophobic moieties, as are well known in the_art. Examples
of these products are ethoxylated aliphatic alcohols,

15 ethoxylated alkylphenols, ethoxylated amines, amides, and the
like. Sulfated, sulfonated, phosphated and carboxylated
hydrophobes, such as alcohols, can also be used , as can the
salts of each. Particularly preferred surfactants are
ethoxylated aliphatic alcohols and their derivatives.

20 Examples of surfacatants that can be used are ethoxylated
nonylphenols having about 4 to about 10 ethylene oxide groups
and detergent alcohols, for example, those comprising about C,

to about C15 linear alcohols and about 3 to about 10 ethylene
oxide groups.
25

The proportion of surfactant comprising the composition
will vary, depending on the particular ester or combination of
.esters used and the nature of the particular cleaning
application. Generally the surfactant will comprise about 2 to

30 about 20 wt% of the composition. In a highly preferred
embodiment, the composition comprises a mixture of about 8 to

about 12 wt.% of surfactant and about 88 to about 92 wt.% of
monobasic ester.
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t he l.ocal sewage system There are other conmmunities wth even higher
standards, for exanple, CODs of no greater than about 300 ppm However, in
usi ng cl eani ng conpositions of the type.described above, the presence of
the water-soluble materials can result in the rinse water having as nuch as

10,0 BRJHo3g MOr € of COD. This indeed psesents a probl epdreUsdireses7
fabricatrors cﬁ circuit boards inasnmuch as it requires the fabricators to

adopt additional steps to treat the water in a nmanner such that
envi ronment al pib 288264S c3k8nTRl colipoditdon of this invention can be
used in a wide variety - f applications because the ester
cleaning agent is capabie of dissolving a wide variety of
organic materials that typically contaminate substrates and it
5 is compatible (not harmful) with many types of materials that
comprise sﬁbstrates that require cleaning. Thus, the ester-
based composition can be used in removing cutting oils,
greases, greasy dirt, solder flﬁxes, waxes, tape residues,
coolants, lubricants, lapping compounds, cuttings turnings,
10 chips and other machining iesidues.from machined parts and for
hard surface cleaning in general. They can be used

advantageously to clean metals, plastics and electronic
assemblies.

The ester cleaning composition of the present invention

15 can be used in cleaning effectively printed circuit boards, as
well as any type of substrate which is contaminated with
soldering flux and/or other types of residue that typically
contaminate the surfaces of printed circuit boards, for
example, adhesive tape residue, waxes and fingerprints. Thus,

20 printed wiring boards and other articles which require the use

' of soldering flux in the making of mechanical,

electromechanical or electronic connections with metal can be
cleaned in accordance with the present invention. In the
fabrication of such articles, rosin soldering flux is used

25 widely. However, there alsc can be used other types of
soldering fluxes, including, for example, synthetic activated

fluxes, organic acid-based fluxes and fluxes contained within
soldering paste.

With respect to the degree of substrate cleanliness that
30 can be achieved by the practice of the present invehtion,
lévels of contamination that meet or are below the military
specification MIL-P-28809A requirement of 14 micrograms NaCl
equivalent/square inch can be achieved. The ester cleaning
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composition has been used effectively to provide substrates
having a contamination level below about 10 micrograms NaCl
equivalent/square inch. ' ' '

The contaminated surface should be contacted with the
cleaning composition for a period of time sufficient to
solubilize the contaminant. The time for effecting
solubilization will depend'on the temperature of the cleaning
composition and the means by which it is applied. The
temperature of the composition can be like that typically used
for conventional cleaning compositions, for example, room or
ambient temperature (about 70°F) to about 150°F. For some
applications, for example, wax removal, even higher
temperatures can be used, for example, up to about 240°F.
Exemplary means for applying the cleaning composition are
immersion, brushing, and spraying, for example, spraying in air
or beneath the surface of the cleaning composition. It is
believed that spraying the cleaning composition onto the
substrate will be used most widely. For batch operations,
typical contact times are about 1 to about 10 minutes. For

continuous operations, typical contact times are about 30
seconds to about 3 minutes.

The solubilized contaminant and residual cleaning
composition can be removed from the substrate by any suitable
means, for example, by air blasting, rinsing with water or an
organic rinsing agent, or by wiping, for example, with an
absorbent material. It should be understood that,  for some
applications, it is not hecessary to remove completely the
cleaning composition and the contaminate from the substrate.
In such an application, the cleaning composition is simply
allowed to drain from the surface.

Drying of the substrate is optional. If it. is desired to
dry the surface, drying can be accelerated by the use of heat.
For example, the substrate can be dried in an oven and/or it
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course, increases the cost of the overall manufacturing process. There
are reports (unconfirnmed) of the use of surfactant- free, terpene-based
conpositions in applications for.renoving solder fluxes fromvarious types
of substrates. However, it appears that, in such applications, the
terpene-treated substrate I's rinsed mnth surfactant-containing water or
requi re® dPrev3ishe substrate be rinsed wit¥ either boiling RETAISI1/08937

can be dried with forced air, for example, air heated to 100°F
or above.

In accordance with this invention, it has been found that

the monobasic ester cleaning composition can be used

5 effectively to clean a plﬁrality of parts even after prolonged
use with build up in the composition of a relatively high
amount of dissolved organic contaminants that have been removed
from the treated parts. In one application, it was obéerved
that a bath of the cleaning composition continued to clean

10 effectively parts covered with an oily material even though the
bath contained about 40 wt.% of the dissolved organic residue.
Accordingly, the present invention encompasses also the
continued use of the monobasic ester composition to clean
organic residues from the surfaces of substrates contacted

15 therewith as dissolved organic residue builds up in
concentration in the composition to a relatively'high amount,
but préferably to an amount no greater than about 30 wt.%, and
more preferably to an amount of about 20 wt.% (based on the

total weight of the cleaning composition and the amount of
20 dissolved organic contaminant).

Examples of the Monobasic Ester Development

Examples which follow are illustrative of the present
invention. Comparative examples are set forth also.

The first example is a comparative example which shows the
25 use of CFC-113 (hereinafter "the CFC composition"), an example
of a prior art cleaning composition comprising 1,1,2-trichloro-
trifluoroethane. This comparative example is followed by an
example of the present invention showing the use of a cleaning
composition containing a monobasic ester to clean the same type
30 of machine parts as were cleaned by the use of CFC composition.

Example C-1
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or near boiling water. This, of course, is undesirable because of the
increased costs associated with the provision of energy that is needed to
heat the significant anpunts of water that are required for the rinsing

oper ati on. In view of exenplary shortcom ngs of the present state of
the art related to the use of terpene-based conpositions to clean sol dering

fluxy 95’)0‘95“% surfaces of printed circul8 boards, as desPCTHE891408932, t he

present “Invention is directed to an inproved, nore efficient and econom cal
process whi chIn machining operations during the manufacture of

component parts of automotive fuel injectors, the parts being
machined are subjected to statistical in-process quality
control measurements for dimensional conformity. The parts
5 were taken from the machine and swished by hand in a container
of the CFC composition to remove cutting oil, chips and .
grinding residues. The chips and grinding residues settled to
the bottom of the container and the cutting oil dissolved in
the CFC composition. The parts were blown off with a jet of
10 air to remove the residual CFC composition. The parts were

then placed in a laser gauge to measure dimensional conformity.
Example 1

A cleaning composition comprising 95 wt.% isopropyl

myristate and 5 wt.% of other unidentified monobasic esters

15 (by-products of the manufacturing process) hereafter "the ester
composition") was substituted for the CFC-113 composition. The
fuel injectors were taken from the machine and swished in the
container of the ester composition. The machine operators were
in direct contact with the ester composition during this

20 cleaning operation. The chipszand grinding residues settled to
the bottom of the container and the cutting oil dissolved in
the ester composition. The parts were blown off with a jet of
air to remove the residual ester composition and then placed in
the laser gauge to measure dimensional conformity.

25 The measurements in the laser gauge were the same, and
performed in the same manner, as those associated with the
parts cleaned with the CFC composition. The ester composition
functioned as a drop-in replacement for the CFC composition, -
with no:harmful_effects on the workers.

30 Since the flash point of the ester composition of Example
1 is 285°F, the potential for explosion or fire was not present
as a result of the replacement. However, a very significant
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avoi ds or significantly alleviates such shortcom ngs. As menti oned
~above, CFCs and other hal ogenated sol vents which have been used widely as
cl eaning agents for many yegars are no |onger materials of choice because of
their detrinental effects on the earth's stratospheric ozone | ayer. Species
of these materials are also perceived to be carcinogenic. Due to their
envir ﬂkﬁkﬁﬁnd health threats, they a¥® bei ng phased oRCTHUSHWORRAIGL i on
even though they have a variety of progertiei whi ch oLhermﬁse ake them

i deal cl emEthganiag svaghaghjeeed in t a

no significant evaporative losses of the ester composition and

e replacement because there were
the time interval for change of the ester composition in the
container was extended by at least three times. The latter

5 advantage was realized because the ester composition continued
to remove the chips and grinding residues from the parts even
though the concentration of cutting oil in the ester
composition was more than three times greater than in the CFC
composition. A further cost saving was achieved by arranging

10 for a blow-off station to catch the mist which was blown off

- the parts after they were dipped in the ester composition. The
- captured mist was collected énd the liquid was reused in the
cleaning process.

The next example is a comparative example showing the use
15 of a prior art, commercially available cleaning composition
comprising mineral spirits. This comparative example is

followed by an example which also shows the use of the ester
composition of Example 1.

Example C-2

20 This example also involved the cleaning of components
parts of automotive fuel injectors. The parts were subjected
to various machining operations and then placed in the solvent
manifolds of HAPA Galvanotechnik washing machines where a
stream of mineral spirits (solvent) impinged on the parts to

25 remove the cutting oil, chips and grinding residues. The chips
and grinding residues were filtered continuously from the |
solvent in the machine and the cutting oil concentration built
up in the solvent as the solvent cycled through the machine.
The solvent was replaced in the machines twice per week during

30 operation.' During the cleaning operation involving the use of

mineral spirits, the operators complained of headaches, nausea
and dermatitis. )
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nDderater good oil and grease solvents, they have no flash points,
evaporate quickly due to their high vapor pressures, amd some have | ow

toxicity. Alkallne{c[eanlng conpounds known as the al kanol am nes,
usually in the form of nonoethanol am ne, have been used for rosin flux

renoval as an alternative to the toxic | ogenat ed hydro ts.
ThesewopeadT8s chemcally react with rgiln flux to for igﬁgﬁg?ﬁ%b%§B
t hr ough to 2PEqgess of

Examplé <

t hey

The mineral spirits used in the washing machines referred
to in Example C-2 was replaced with the ester composition of
Example 1. The fuel injectors were cleaned in the same machine

5 cycles without complaints of headaches, nausea or dermatitis.
from the machine operators. The risk of explosion or fire was
greatly reduced because the flash point of the ester
composition is 285°F, as compared to 104°F for the mineral
spirits. Furthermore, a drastic cost reduction was achieved

10 because the solvent change-out frequency in the machines was
extended from twice per week for the mineral spirits to once
every two months for the ester composition. This was due to
the ability of the ester composition to clean effectively even
though loaded with about 10 wt.% cutting oil. Cost savings

15 accrued also from other factors, such as reduced dispoéal

costs, no evaporative losses and reduced machine down-time.

The next example is a comparative example which shows the
use of a prior art, commercially available cleaning composition
to clean transmission parts. The comparative example is

20 followed by an example of the present invention showing also
the effective use of a composition like that of Example 1. 1In
these examples,'residual cleaning composition was removed from
the parts by blowing with a jet of air.

Example C-3

25 This example involved the cleaning of steel parts at the
site of a warranty transmission rebuilder for the automotive
industry. The cleaning composition comprised mineral spirits
that was used in three different kinds of washing machines to
clean transmission parts before reassembly. The consumption of

30 the composition was at the rate of about‘2,000 gallons per
week. Along with headaches and nadsea, 168 cases of dermatitis
were reported during 12 months of use of the composition.
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Example 3

The C-3 cleaning composition was replaced by the ester
composition of Example 1. .The transmission parts were cleaned
with no reports of dermatitis, headaches or nausea. The
transmission parts were more effectively cleaned with the ester
composition as determined by the Sediment Test, a standard test

used in the automotive transmission industry to evaluate

cleanliness. The Sediment Test values were reduced by more
than 60% when the ester composition was used in place of the C-
3 composition. The potential for fire or explosion was greatly
reduced because the flash point of the ester composition is
285°F, as compared to 108°F for the C-3 composition. The _
consumption rate of the ester composition was 108 gallons per
week whereas.that of the C-3 composition was 2,000 gallons per
week. Even though the ester composition is more costly than
the C-3 composition, a cost savings of more than 58% was
achieved in the conversion.to the ester composition because of
its reduced rate of consumption. The reduced consumption of
the ester composition came about because it continued to clean

effectively even though loaded with about 15 wt.% of residual
oil.

The next example is a comparative example which shows the
use of a prior art, commercially available CFC composition
comprising about 94 wt.% 1,1,2-trichlorotrifluoroethane and
about 6 wt.% methanol to clean solder flux of the rosin type
from electrical parts. The comparative example is followed by

an example which shows the use of a composition of the present

invention to clean the aforementioned type of parts.

Example C-4

In this example, parts for small rotary electrical
switches were made by soldering a small brass disk onto a small
brass shaft. The solder flux, which congealed and hardened at
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saponi fication. Cher organic substances such as surfactants or al cohol
derivatives may be added to these -al kaline cl eaning conpounds to facilitate
the renoval of such rosin soap. The use of N-nethyl-2-pyrrolidone in

adm xture with a water- miscible al kanolamne is disclosed in U 'S. Patent
No. 4,276,186. Unfortunately, these conpounds, |like the water- soluble

sol dey}(pgz,i,by’ges, have a tendency to ca@®e corrosion of tPETAIFMA837 and
interfaces of printed wiring boards if they
the solder joint, was removed from the resulting part using a

cleaning composition comprising 1,1,2-trichlorotrifluoroethane,
that is, a halogenated solvent of the type that is associated
with ozone depletion. The parts were cleaned by immersing them
5 in the cleaning composition which was contained in a heated
ultrasonic vat equipped with a vented hood exhaust system. The
composition was removed by air drying. '

Example 4

10 The composition of Example C-4 was replaced by a
composition comprising approximétely 90 wt.% isopropyl
myristate and approximately 10 wt.% surfactant composition
(Tergitol NP-4 (3.33 wt.%), Tergitol NP-7 (1.66 wt.%), Macol 2
(1.66 wt.%), Cyclogol SBDO (1.66 wt.%), and dipropylene glycol

15 (1.66 wt.%). The solder flux was removed from the parts every
bit as well with this composition as with the composition of
Example C-4. The residual ester-based composition was removed
from the parts by rinsing Qith tap water. No complaints of any
health or safety problems were reported in the conversion to

20 the use of the ester-based composition. Since the flash point

' of the ester-based composition is 285°F, the potential for fire
or explosion was minimal. Very significant cost savings were
achieved in the conversion from the composition of Example C-4
to the ester-based composition.

25 The next example is a comparative example which shows the

use of a prior art, commercially available halogenated

hydrocarbon solvent to clean brass parts. The comparative

example is followed by an example which shows the use of a

composition like that of Example 4 above to clean the same type
30 of brass parts.
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are not conpletely and rapidly renoved during the fabrication process.
Anot her material which has been identified as an alternative to the use of
hal ogenat ed sol vents is the class of conpounds known as dibasic esters. The
use of these materials is desirabl e because they have relatively high flash
points and are not skin irritants. However, they have the di sadvantage of
bei ng gf: a:% £y water soluble. Water sorzabl lity i s undesPCEAUSIIREIZVse
dISSO erials are difficult to

Example C-5

In this example, brass parts were fabricated by'turning in
high production screw machines. The cutting oil, chips and
turnings, were removed. from the fabricated parts in a vapor

5 degreaser using 1,1,1-trichloroethane. The composition was-
removed from the brass parts by air drying.

Example 5

The cleaning process of Example C-5 was changed to one

which provided for placing the fabricated parts from the screw
10 machines into wire mesh baskets and then dipping the baskets of

parts repeatedly in a container of the cleaning composition

like the composition of Example 4. The composition effectively

‘removed the cutting oil, chips and turnings from the parts.

The residual composition was removed from the parts by rinsing
15 with water. The ester-based composition was very well received

by the operators handling and using it. No complaints of any

health or safety problems were reported. Cost savings in the
conversion were significant.

The next three examples are illustrative of the practice
20 of the present invention and show some additional applications
in which monobasic esters can be used effectively.

Example 6

Methyl laurate (100%) was used to clean small metal parts
of metal chips and cutting oils. The parts were dipped in the
25 methyl laurate, blasted with compressed air to remove excess
| liquid and soils, and gauged with measuring instruments to
determine part dimensions. The results were deemed to be fully
satisfactory relative to the use of a conventional _
chlorofluorocarbon (CFC-113).
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separate fromthe water when used in a process involving water rinse (as is
usuatly the case). Thus, it is difficult to dispose of the water rinse
generated in the cleaning process. Cosed-loop systens are relatively
difficult and/ or expensive to install when the cleaning conpound is
substantially water sol uble. The use of nonobasic esters to renove

fats aggh dPfozsgs di scl osed by WO 90/03, 429. However, ther pdausheego30
prior suggestion that such esters mght be useful in the cleaning of
Example 7

In this example, .soiled labo:atory uniforms were dry
cleaned in a cleaning Composition[comprising 88 wt.% isopropyl
myristate, 12 wt.% of a surfactaﬁt'mixture consisting of

5 Tergitol NP-4 (4 wt.3%), Tergitol NP-7 (2% wt.%), Macol 2 (2
wt.%), cyclogol SBDO (2 wt.%), and dipropylene glycol (2 wt.%).
Following the wash, the uniforms were rinsed in water. After
drying, the uniforms were found to be satisfactorily clean.

Example 8

10 In this example, a cleaning composition comprising the
methyl ester of capric acid was used to clean a printed wiring
assembly which had been soldered using rosin flux. The
cleaning performance was equivalent to that obtained with a
terpene/surfactant mixture (BIOACT® EC-7m, Petroferm inc.).

15 Thus, monobasic esters are useful as cleaning agents.
They are capable of dissolving a variety of common contaminants

and offer the advantages indicated earlier relative to other
cleaning agents. '

Terpene Development/Use of Monobasic Ester Preferred

20 An important characteristic of the present invention is
that it is capable of being used effectively in an industrial
cleaning process, as distinguished from a cleaning process that
is simply carried out on a laboratory scale or a pilot-plant

scale. The invention can be practiced in either a batch or
25 continuous cleaning process.

Although it is expected that the invention will be used
most widely in cleaning printed circuit boards, it has wider
applicability in that it can be used to clean any type of
substrate which is contaminated with soldering flux and/or

30 other types of reéidue that typically contaminate the surfaces
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waxes and soldering fluxes fromnetallic or plastic surfaces such as are
found in printed circuit boards. Even terpenes, which have been
recogni zed as environnental | y-acceptable alternatives to hal ogenat ed
sol vents and which offer good performance in a w de range of cleaning

appl i
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have sone di sadvant ages. ®®y have an objewkhvwsbhmsmnbk
KT

nd a tendency to irritate skin, lungs and nasal passages.
of printed circuit boards, for example, adhesive tape residue,

waxes and flngerprlnts. -Thus, printed wiring boards and other
articles which require the use ¢f's61dering flux in the making
of mechanical, electromechanical or electronic connections with
metal can be cleaned in accordance with the present invention.
In the fabrication of such articles, rosin soldering flux is
used widely. However, there also can be used other types of
soldering fluxes, including, for example, synthetic activated

fluxes, organic acid-based fluxes and fluxes contained within
soldering paste.

The terpene-based cleaning composition for use in the
practice of the present invention comprises at least about 60
wt.% terpene, more preferably at least about 80 wt.% terpene,
and most preferably about 85 to about 95 wt.% terpene. The
composition can comprise about 100 wt.% terpene, but preferably

is used in admixture with another constituent as described
hereinbelow.

The terpene for use in the practice of the present
invention is a terpene compound or a mixture of terpene
compounds that are_substantially water-insoluble and that are
capable of dissolving the involved contaminants. The use of
such terpene to clean printed circuit boards and related types
of articles of contaminants is well known. For practice of the
present invention, the use of ﬁara-menthadienes is preferred,

with dipentenes being more preferred and limonene being most

preferred. Excellent results have been achieved utilizing a
mixture of terpene in which about 90 to about 95 wt.% of the
mixture is iimonene (the major portion being d-limonene), with
the balance of the mixture being other terpene compounds.

A particularly preferred embodiment of the present
invention comprises a.terpene-based composition which includes
also a monobasic ester, which is a material that is also

substantially water insoluble, as mentioned hereinabove. Such
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.esters generally comprise the reaction product of alkyl

alcohols and fatty acids, for example, C, to about C, alkanols
and about C, to about C,, fatty acids. Preferably C, to C,
alcohols are used. Preferred monobasic esters are methyl
laurate, isopropyl laurate and methyl caprate.

The monobasic ester can comprise up to about 40 wt. % of
the terpene-based composition, but preferably comprises up to
about 20 wt.%, most preferably about 5 to about 15 wt. % of the
composition. Particularly good results having been achieved
with the use of about 10 wt. % of the ester.

It should be understood that a material different from a
monobasic ester (an optional, but preferred ingredient) can
also be included in the terpene-based cleaning composition.
Such material is desirably one which meets the COD standards
set forth herein. As mentioned above, the terpene-based
cleaning composition is substantially free of water-soluble
material, that is, according to the procedure described above,
the COD of the water phase of a two-phase mixture of equal

amounts of the terpene-based cleaning composition and water is
not greater than anbout 1000 ppm.

The contaminated surface should be contacted with the
cleaning composition for a period of time sufficient to
solubilize the contaminant. The time for effecting
solubilization will depend on the temperature of the cleaning
composition and the means by which it is applied. The

- temperature of the composition can be like that typically used

for terpene-based compositions in applications of the present
type, for éxample, room or ambient temperature (about 70°F) to
about 150°F. Exemplary means for'applying the cleaning
composition are immersion, brushing, and spraying, for example,
spraying in air or beneath the surface of the cleaning
composition. It is believed that spraying the cleaning
composition onto the substraté will be used most widely. For
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Still another class of compounds in use is mneral spirits or other

petrol eum-distillates. These materials often have low flash points, with

i gh evaporative | osses, and produce dermatitis, headaches and nausea in
use. Petroleun1disti||ates al so require frequent change-outs in use because

t hei r yoy93fjoses pover is greatly dimnishe@Mith mnor | ca®dTYuSe1/08937 and
machi ne resi dues.

batch operations, typical contact times are about 3 to about 5
minutes.._For continuous pperations, typical contact times are
about 30 seconds to about 2 minutes.

The solubilized contaminant is removed from the terpene-

5 treated substrate by contact with water having a temperature of
about 70°F to about 140°F. Good and satisfactory results have
been obtained utilizing rinse water at room temperature.
Water~-contact times of the type generally used in the art can
be used, for example, not longer than about 10 minutes.

10 Preferably, the water-contact time does not exceed about 5

minutes. Good results have been achieved with a contact time
of about two minutes. '

Conventional means can be used to'apply the water. It is
believed that, for most applications, spraying the air-borne
15 substrate will be satisfactory and convenient. A spray
pressure of about 30 to about.50 psi is exemplary. Other means
for applying the water can be used also, for example,
ultrasonic water agitation.

After the solubilized contaminants have been removed from
20 the substrate, the substrate is dried. Typically, drying will
be accelerated by the use of heat. For example, the substrate
can be dried in an oven and/or it can be dried with forced air,
for example, heated to 100°F or above.

With-respect'to the degree of substrate cleanliness that
25 can be achieved by the practice of the present invention,
levels of contamination that meet or are below the military
specification MIL-P-28809A requirement of 14 micrograms NaCl
equivalent/square inch can be achieved. The invention has been
used effectively to provide substrates having a contamination
30 level below about 10 micrograms NaCl equivalent/square inch.
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The present invention enconpasses al so the provision of a cleaning process
invol ving the use of a cleaning agent which has a conbination of properties
such that the agent is particularly suitable for safe and efficient use in
a wide variety of cleaning processes. ~ Summary of |nvention

WO 92/09378 o 28 PCT/US91/08937

It should be understood that such low levels of
contamination can be achieved without the use of a surfactant
in the water which is used to remove the solubilized
contaminant from the substrate. Indeed, the COD of such water

5 should be such as to meet the COD requirements set forth
herein. Deionized water is used preferably.

The effluent produced by the cleaning process comprises a
‘liquid mixture of the terpene-based cleaning composition,
contaminant dissolved therein, and water. The liquid mixture
10 may contain some solids, for example, minute pieces of solder
and miscellaneous debris. The nature of the liquid mixture
produced in accordance with the present invention is such that
the components thereof can be separated conveniently by
gravitational force. Thus, upon being fed to a settling tank,
15 solids precipitate from the mixture and the liquid components
thereof stratify into a top layer comprising the water
insoluble or immiscible liquids, that is, terpene and organic
materials dissolved therein, including contaminants, and an
agqueous bottom layer. The nature of the process is such that
20 the aqueous layer is substantially free of water-soluble
organic material, that is, it has a COD of no greater than
about 1000 ppm. Indeed, the process of the present invention
can be utilized effectively to provide an agqueous phase in
which the COD thereof is about 300 ppm or less, for example,

25 no greater than about 150 ppm. And, this can be accomplished
' without subjecting the water to any purifying steps or
dilution.

In separating the different phases- of the liquid mixture,
the top organic layer can be simply drawn off. If desired, the
30 aqueous phase can then be discharged directly into the sewage
system, while meeting the COD demands imposed by the involved
governmental agency. If desired, the aqueous phase can be
recycled for reuse in the cleaning process. This will
generally involve the steps of filtration to separate solids
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I'n accordance with the present invention, it has been found that a
conpesition conprising a nmaj or anount of a specific nonobasic ester can be
used effectively in a variety of different types of cleaning applications
whi ch heretofore invol ved the use of hal ocarbons, al kaline detergents, or
ot her cleanlng agents as descri bed above, the use of each of the

aforegﬁgm% bei ng acconpani ed by seri o29 d|sadvantagesP(ﬂ?ESﬂMﬁ&ba5|c
esters can be used to clean a variety of

and ion exchange to remove undesirable inorganic materials, the
latter step being preceded by carbon adsorption (if necessary)
to remove organic materials that may adversely affect the ion
exchange step. Other means may be used to purify the water.

5 Other means can be used to separate the liquid phases’ of
the mixture, for example, centrifugation or by use of
appropriate membranes.

The terpene compounds can be treated for recycling or they

can be disposed of in an appropriate way, for example,
10 - incineration.

Exahples of Terpene Develqpment

This example is illustrative of the practice of the
present invention.

Example A

15 A set of three identical printed circuit boards was fluxed
with a rosin soldering flux (ALPHA 627 flux sold by Alpha
Metals Inc. of Jersey City, New Jersey), wave soldered, and

then cleaned of the flux residue that was adhered to each of
the boards. '

20 The cleaning composition contained terpene which were
derived from orange peels and which comprised about 95 wt.%
limonene and 5 wt.% of a mixture of other terpene compounds.
The cleaning composition was substantially free of water-
soluble organic materials. The boards were placed in the rack

25 of an industrial dishwasher (semi-agqueous cleaning module) sold
by Electronic Controls Design as Model 6307. The cleaning
operation involved spraying the boards for about 5 minutes with

the cleaning composition which was at room temperature (about
75°F).
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surfaces, for exanple, netals, plastics, and el ectronic assenbli es,
t he. advantage of water insqQlubility, lowtoxicity,

hi gh flash point and | ow odor. Accordingly, there is provided, in
accordance with the present invention, a nethod for renoving a
Cont SWOeEBherci th, wnich  F0T oLCOT PIAEHASsMsbERe
The terpene-treated boards were then rinsed with water to
remove the cleaning composition and flux dissolved therein:
This was accomplished by subjecting the boards to a l-minute,
20-second water wash in a continuous process carried out in an

5 Electrovert H-500 water rinse unit sold by Electrovert of

of fer
low skin irritation,

Arlington, Texas. The spray pressure was about 40
pounds/square inch. The temperature of the water was about
120°F. The water collected from the rinsing operation has a

COD well below 1000 ppm. Thereafter, each of the cleaned
10 boards was dried with hot air.

The cleanliness of each of the boards was evaluated by use
of an Omega meter 600 SMD ionic testing device (sold by Alpha
Metals Inc.). The average for the three boards was a
contamination reading of only 9.3 micrograms NaCl. '

15 equivalent/square inch.

The next example is a comparative example which is
illustrative of a prior art process.

Example No. C-A

- The same procedure as described in Example No. 1 above was
20 followed except that cleaning was effected with a composition
comprising 90 wt.% of the terpene cleaning composition |
described in Example 1 above and 10 wt.% of a mixture of
emulsifying surfactants. The mixture comprised 50 wt.% of an
ethoxylated sorbitan ester and 50 wt.% of an ethoxylated linear
25 alcohol. The average for the three boards that were cleaned
| was a reading of 9.4 micrograms NaCl equivalent/square inch -
esseﬁtially the saﬁe as that of the boards of Example No. 1.
However, the rinse water has a COD in excess of 5,000 ppm.
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Claims

1. An industrial cleaning process in which a contaminant
comprising soldering flux and/or adhesive tape residue is
removed from a substrate contaminated therewith comprising:

_ (A) contacting the substrate with a terpene-based
cleaning composition which is substantially free of water-
soluble organic material for a period of time sufficient to
solubilize the contaminant;

(B) removing the composition and solubilized
contaminant from the substrate by contact with water having a
temperature of about 70°F to about 140°F for a period of time
of no longer than about 10 minutes to provide a substrafe ‘
having a contamination rating of no greater than about 14
micrograms NaCl equivalent/square inch (MIL-P-28809A), and to

thereby form a mixture comprising the composition, contaminant
and water; and

(C) separating the water from said mixture, the
separated water being substantially free of water- soluble
organic material and having a chemical oxygen demand of no
greater than about 1,000 ppm.

2. A process according to Claim 1 wherein the composition

and solubized contaminant are removed from the substrate by
water spray. '

3. A process according to Claim 1 wherein said contact
with water is effected under conditions to provide a substrate *
having a cleanliness rating of below about 10 micrograms.

4. A process according to Claim 1 wherein the terpene-

based composition comprises at least about 80 wt.% of terpene
compound.
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(a) contacting the surface with a cleaning conposition conpr ﬂllmm’uim HmlH“l
I n excess of 50wt % - anount of a nonobasic acid ester - a su
wat er-i nsol ubl e nonobasi c acid ester having the General For mul*a
R- COOR] err]
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5. A process according to Claim 4 wherein the terpene-
based composition comprises about 85 to about 95 wt.% of
terpene compound.

6. A process according to Claim 5 wherein the composition
5 comprises about 5 to about 15 wt.$% of monobasic ester.

7. A process according to Claim 6 wherein the ester is
methyl laurate, isopropyl laurate, or methyl'caprate.

8. A process according to Claim 1 wherein the water is
separated from the mixture by gravitational force.

10 9. A process according to Claim 8 wherein the separated
water is discharged to a sewage system.

10. A process according to Claim 9 wherein the COD of the
separated water is no greater than about 300 ppm.

11. A process according to Claim 10 wherein the COD of
15 the separated water is no greater than about 150 ppm.

12. A process aécording to Claim 1 wherein the substrate
is contaminated with soldering flux.

13. A process according to Claim 1 wherein the flux is
rosin flux.

20 14. A process according to Claim 1 wherein the
temperature of the water is about 110°F to about 130°F and the
period of time is no longer than about 5 minutes.

15. A method for removing an organic residue from a
surface contaminated therewith comprising:

—_—
——
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ROTTT s an 2110l oroup having Trom 1 £6 4 carbon atom) ﬁIﬂIII ﬁlllﬂllll i
nalnta|n|ng t he cl eaning conposition in contact with the surfack for

perlod of time at |east sufficient to solubilize the residue; and (c)
renovi ng the cl eaning conposition and sol ubilized residue fromthe surface.
WO 92/09378 33 PCT/US91/08937

(A) contacting the surface with a cleaning composition
comprising a major amount of a monobasic acid ester;

(B) maintaining the cleaning composition in contact with
the surface for a period of time at least sufficient to
5 solubilize the residue; and

(C) removing cleaning composition and solubilized residue
from the surface. '

16. A method according to Claim 15 wherein said

compositidn is used to clean a plurality of parts having their

10 surfaces contaminated with said residue and wherein said |
residue is dissolved by said composition and wherein said
dissolved residue builds up in concentration in said
composition as the composition is used to clean additional
parts and continuing to use said composition to clean

15 additional parts when the concentration of the dissolved
residue is about 20 to about 40 wt.%.

17. A method according to Claim 16 including continuing
to use said domposition to clean additional parts when the
concentration of the dissolved residue is about 20 to about 30

20 wt.%.

18. A method according to Claim 15 wherein said monobasic

ester has the formula ' '
| RCOOR,
wherein R is an alkyl group having 1 to about 4 carbon atoms
. 25 and R, is an alkyl group having about 8 to about 16 carbon
atoms. o

19. A method according to Claim 15 wherein the monobasic
ester is methyl laurate, isopropyl laurate, methyl caprate, or
isopropyl myristate _

30 20. An organic-based composition comprising a major
amount of a monobasic ester and a minor amount of another
cleaning agent selected from the group consisting of terpenes,

T



Exarrpl es of nonobasic esters that can be used in the cleaning “ Im
met hyl , ethyl, and isopropyl esters of mediumchain (C[err] tiﬂ Hmﬂl “ﬂ"r“""
ponaobasi ¢ aci ds. The conditions under which the nonobasi ¢ eStet ™

conpositions are used can be typical of conditions used for other organic

cl eani ng solvents. They can be used, for exanple, at a te erature within
t he M¥@§3/09878 oom t enperature 34 /US91/08937

- esters, dibasic esters, petroleum hydrocarbons, ketones, ethers
and alcohols.

21. A composition acoording to Claim 20 comprising about
55 to about 90 wt.% of the monobasic ester and about 10 to

5 about 45 wt.% of said other cleaning agent. _

22. A composition according to Claim 20 including also. a
surfactant. .

23. An organic-based cleaning composition comprising a
major amount of a monobasic ester and about 2 to about 20 wt.$%

10 surfactant. )

24. A composition according to Claim 23 wherein the
surfactant comprises about 8 to about 12 wt.% of the
composition.

25. A composition according to Claim 23 wherein the ester

15 is either methyl laurate, isopropyl laurate, methyl caprate or.
lsopropyl myristate and said surfactant is an ethoxylated
alkylphenol or a detergent alcohol.
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t o about 65['err] C (150[err]F) or hi ghér and under conditions which involve

_a contact time of 1to 10 nmi'nut es. Conventional neans can be
~used .o apply the nonobasic-ester conpositions to thersoiled substrates,
for exanple, spray, agitated_ inmmersion, and soakipg. . Use of the

nonobasi ¢ ester conposition according to the present i nventi on ¢
di sadvant ages associated wth the use of prior art conpositi ong
above. Use of aP@Tpositi on WORMMINTELFEUACRBORERTI ORGANIZATIQNS ent
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An industrial cleaning process in which a contaminant comprising soldering flux and/or adhesive tape residue is removed
from a substrate contaminatcd therewith, for example, a printed circuit board contaminated with rosin flux, comprising: (A) con-
tacting the substrate with a terpene-based cleaning composition which is substantially free of water-soluble organic material, for
example, a surfactant, for a period of time sufficient to solubilize the contaminant; (B) removing the composition and solubilized
contaminant from the substrate by contact with water having a temperature of about 70 °F to about 140 °F (but preferably lower)
for a period of time of no longer than about 10 minutes to provide a substrate having a contamination rating of no greater than
about 14 micrograms NaCl equivalent/square inch (MIL-P-28809A), and to thereby form a mixture comprising the composition,
contaminant and water; and (C) separating the water from said mixture, the separated water being substantially free of water-sol-*
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A PROCESS AND COMPOSITION FOR CLEANING CONTAMINANTS WITH
TERPENE ' AND MONOBASIC ESTER

Field of the Invention

This invention relates to the removal of a residue from a
surface that is contaminated therewith, for example, to the
cleaning of deposits of soldering flux and/or other residues
from a substrate which is contaminated therewith. More
specifically, this invention relates to the use of a cleaning
composition containing an ester. This invention relates also
to the use of terpenes, preferably in admixture with an ester,
in an improved cleaning process for removing contaminants such

as soldering flux and/or adhesive tape residue from a
substrate. ' '

The invention will be described initially in connection
with its applicability to ;he cleaning of printed circuit

boards. However, the invention has wider applicability, as
described hereinbelow.

In the fabrication of printed circuit boards, it is known
- to use soldering fluxes in order to ensure the firm, uniform
bonding thereto of solder which functions to adhere to the
-boards components thereof. Such flux must be removed from the
finished board. If not removed, deposits of the flux, in even
trace or minute amounts, can cause the circuitry of the board
to fail. An example of a flux that is widely used in the
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-8- = grinding residues and other solid materials fromnetal surfaces
after machining operations; (d) the ability to renove the solids even

t hough highly | oaded with cutting oils; (e) extrenmely lowtoxicity and skin
irritance; (f) |ow odor or pleasing fragrances; (g) high flash points; and
(h) water insolubility. Furthernore, theannobasic ester conposition

gabrication of printed circuit boards is rosin flux, a material
which is water insoluble.

various types of materials have been proposed for cleaning
deposits of rosin flux from the surface of a printed circuit
board. Tradltlonally, chlorofluorocarbons (CFCs) and other
halogendated solvents, including chlorinated hydrocarbon
solvents, were used widely. However, these materials are not
présently favored because of environmental problems that are
associated therewith. Examples of other cleaning materials for
removing deposits of rosin flux from substrates contaminated -
therewith include: (a) alkaline cleaning compounds such as
.alkanol amines; (b) a mixture of N-methyl-2-pyrrolidine and an
alkanol amine (U.S. Patent No. 4,276,186); (c) terpene

compounds; and (d) dibasic acid esters (U.S. Patent No.
4,934,391).

Although there are advantages and disadvantages associated
with the use of each of the aforementioned type cleaning
materials, the use of terpene compounds in cleaning printed
circuit boards of flux deposits has become.more and more
popular because they possess a combination of unusually
desirable properties. The present invention is directed to an
improved process for cleaning printed circuit boards and other
substrates of deposits of soldering flux and/or other residues
with a terpene-based cleaning'composition'which optionally, but
preferably, includes an estern

The present invention is directed also to the use of a
non-toxic, environmentally safe cleaning composition comprising

an ester and optionally other materials, for example, a
terpene.
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does: not have a harnful effect on the earth's stratospheric ozone |ayer and
they generally have a relatively | ow vapor pressure, and are, therefore,
l:ess vol atile, providing the advantage of |ower volatile organi c conpounds
(VOO) pollutant em ssions than prior art conpositions. Wth respect
to the high degree of cleaning that can bg achi eved by use of the present

I nvention, the present cleaning process can be used to produce | evels of

resi dual contam nation that aregggugkeaog@yér@éﬂ@ﬁﬁyw the mlitary
requi renent of

In the cleaning operation, deposits of soldering flux are
dissolved by the water-insoluble, liquid cleaner, for example,
terpene compounds as they are contacted therewith. A review of
the related art reveals that special consideration is given to
removing from the terpene-treated  substrate the dissolved
contaminants that adhere thereto for those applications which
require that the substrate be highly cleaned. Thus, the
effective removal of the dissolved soldering flux and the
terpene solvent from the substrate in which the flux is
dissolved is an important aspect of the overall cleaning
process. '

The basic patent on the use of terpenes to clean printed
- circuit boards of soldering flux is U.S. Patent No. 4,640,719,
assigned to the same assignee as the present invention. With
respect to the removal from the terpene-treated substrate of
dissolved flux and other contaminants, this patent teaches as
follows: '

"Because they [terpene compounds] are almost
completely insoluble in water, however, the terpenes
cannot be directly flushed away by water.
Alternatively and preferably, the terpene compounds
are combined with one or more terpene emulsifying
surfactants. The addition of such surfactants
facilitates removal of the terpenes from printed
wiring boards by rinsing with water, whereby the
terpenes are formed into oil-in-water emulsions.”
(Column 3, lines 54-62)

The '719 patent discloses further that the terpene-based
composition can include up to 40 wt.% of the emulsifying
surfactant, with a preferred composition containing 10 wt:% of

surfactant. Such surfactants are typically water-soluble
organic materials.

European patent application_béaring publication number 0
354 027 A2 discloses'cleaning compositions comprising a major
amount of selected cyclic terpenes, including para-
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2. 2m*crograns NaCl equivalent/cnferr] (14 mcrograns/inferr])

(M L-P-28809A) (see the aforenentioned '719 patent, colum 7, lines 18 to
32 for additional information concerning the evaluation of the degree of

cl eanliness of substrates based on the involved mlitary test). A specific

exanpl e of the degree of cleanliness thau can be achieved by practice of
the present invention is set forth in the Exanple section hereinbel ow.

menthadienes, and a minor amount of terpene alcohol for use in
cleaning a variety of substrates, including circuit boards.
rThis patent discloses that the compositions can include
surfactants and specifically states the following:

"It has been found helpful to add surfactants to
solvent compositions which are to be used in
combination with a water rinse. It has been found

- that the addition of the surfactant to the cyclic
terpene mixture enhances the water rinsability of the
solvent composition. Further, it has been found that
in dealing with certain types of soil, the addition
of a surfactant to the mixture of cyclic terpenes
enhances the ability of the cyclic terpene mixture to
remove the soil from the substrate."
(Column 4, line 57 to Column 5, line 1)

This publication discloses further that the surfactants can_be
used in concentrations of from 0.1 to 10 wt.%.

Another patent which relates to the removal of soldering
flux from substrates such as printed circuit boards is U.S.
Patent No. 4,867,800. The cleaning composition which is the
subject of this patent comprises a terpene compound and a
dibasic ester which has at least 2 wt.% solubility in watgr at
25°C. This patent discloses that such compositions can be used
to achieve improved cleaning relative to the use of terpene-
based compositions that include emulsifying surfactants, which
the patentee refers to as an unnecessary, but optional
ingredient of his composition. The patent discloses also that
the terpene~treated surface is preferably rinsed with water,
such as deionized water. 1In an exemplary embodiment disclosed
in the patent, the rinse water which was used in the cleaning
process had a temperature of about 150°F.

A common characteristic of each of the processes described
in the aforementioned publications is the required or preferred
use of water-soluble organic materials in combination with the
terpene constituent of the cleaning composition. While
considered essential to achieve high grade cleaning, the
Presence of such water-soluble orgaﬁic'materials leads to
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Det arl ed description of the invention The nonobasi c ester
devel opnent The cl eaning conposition according to the nmethod of the
pf esent invention conprises a major anmount of a nonobasic ester conpound,

t hat

5

Pr°5lem5 which are associated with other aspects of the overall
cleaning process.

one significant problem crops up in connection with
disposal of the rinse water that is generated during the
cleaning process. The amount of such rinse water can be
substantial, with some industrial applications using, for
example, two to five gallons of rinse water per minute of
operating time. For various industrial applications, it is
considered ideal to simply discharge the rinse water into the
iocal sewage éystem. However, as a result of the use in the
cleaning composition of water-soluble materials, such discharge
typically runs afoul of environmental standards which require
that the chemical oxygen demand (COD) of the discharged water
be no greater than some defined value. For example, some
communities SPecify that the COD should be no greater than
about 1,000 ppm for industrial water that is discharged into
the local sewage system. There are other communities with even
higher standards, for example, CODs of no greater than about
300 ppm. However, in using cleaning compositions of the type
described above, the presence of the water-soluble materials
can result in the rinse water having as much as 10,000 ppm or
more of COD. This indeed presents a problem for the
fabricators of circuit boards inasmuch as it requires the
fabricators to adopt additional steps to treat the water in a
manner such that environmental standards are met. This, of

course, increases the cost of the overall manufacturing
process. '

There are reports (unconfirmed) of the use of surfactant-
free, terpene-based compositions in applications for removing
solder fluxes from various types of substrates. However, it
appears that, in such applicat{ons, the terpene-treated
substrate is rinsed with surfactant-containing water or
requires that the substrate be rinsed with either boiling water
or ﬂéé: boiling water. This, of course, is undesirable because
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I's, the ester conpound conprises in excess of 50 wt.% of the conposition,
based on the total weight of the conposition. The

6

of the increased costs associated with the provision of energy

¢hat is needed to heat the significant amounts of water that
are required for the rinsing operation.

In view of exemplary shortcomings of the present state of
the art related to the use of terpene-based compositions to
clean soldering flux from the surfaces of printed circuit
boards,_as described above, the present invention is directed
to an improved, more efficient and economical process which
avoids or significantly alleviates such shortcomings.

As mentioned briefly above, CFCs and other halogenated
solvents which have been used widely as cleaning agents for
many yeafs are no longer materials of choice because of their
detrimental effects on the earth’'s stratospheric ozone layer.
Species of these materials are perceived also to be
cércinogenic. Due to their environmental and health threats,
they are being phased out of production even though they have a
variety of properties which otherwise make them ideal cleaning
agents. They are moderately good oil and grease solvents, they
have no flash points, they- evaporate quickly due to their high
vapor pressures, and some have low toxicity.

Alkaline cleaning compounds known as the alkanol amines,
usually in the form of monoethanolamine, have been used for
rosin flux removal as an alternative to the toxic halogenated
hydrocarbon solvents. These compounds chemically react with

- rosin flux to form a rosin soap through the procesé of

- saponification. Other organic substances such as surfactants
or alcohol derivatives may be added to these alkaline cleaning
compounds to facilitate the removal of such rosin soap. The
use of N-methyl-2-pryrrolidone in admixture with a water-
miscible alkanolamine isldisclqged in U.S. Patent No.
4,276,186. Unfortunately, these compounds, like-the water
soluble soldering fluxes, have a‘tendency to cause-corrosion of
the surfaces and interfaces of printéa wiring boards if they
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-9- t“ester conpound, which is a liquid at roomtenperature, can be
represented by the follow ng fornul a: '

R-COOR[err] wherein Ris an alkyl group having 8 to 16 carbon atons. and
Rlerr] is .an alkyl group having 1 to 4 carbon atons. The al kyl groups

7

are not completely and rapidly removed during the fabrication
process.

- Another material which has been identified as an
alternative to the use of halogenated solvents is the class of
‘compounds known as dibasic esters. The use of these materials
is desirable because they have relatively high flash points and
are not skin irritants. However, they have the disadvantage of
being moderately water soluble. Water solubility is
undesirable because dissolved materials are difficult to
separate from the water when used in a process involving water
rinse (as'ié usually the case). Thus, it is difficult to
dispose of the water rinse generated in the cleaning process.
Closed-loop systems are relatively difficult and/or expensive

to install when the cleaning compound is substantially water
soluble.

Even terpenes, which have been recognized as
environmentally acceptable alternatives to halogenated solvents
and which offer good performance in a wide range of cleaning
applications, have some disadvantages. They have an
objectionable odor, low flash point, and a tendency to irritate
skin, lungs and nasal passages.

Still another class of compounds in use is mineral spirits
or other petroleum distillates. These materials often have low
flash points, with high evaporative loses, and produce
dermatitis, héadaches and nausea in use. Petroleum distillates
also require frequent change-outs in use because their cleaning

power is greatly diminished with minor loadings of oil and
machine residues.

The present invention encompasses also the provision of a
cleaning process involving the use of a cleaning agent which
has a combination of properties such that the agent is
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can be straight or branched chain. The cl eaning conposition can conprise
two or nore of the nonobasic esters. . Preferred nonobasic esters for
use in the practice of the present invention are those in which the total
nunbér of carbon atons in Rand Rerr] is 9 to 17. Particularly preferred
nonobasi c esters are nethyl laurate and i.gopropyl laurate, w th nethyl
caprate and isopropyl nyristate being even nore preferred. The preferred

esters afE§£¥%¥%4f§§l§c§3figﬁléOfoﬁ ¥§Ege5¥dogfficignt use in a wide

variety of cleaning processes.

Summary of The Invention

In accordance with the present invention, it has been
found that a composition comprising a major amount of a
monobasic ester can be used effectively in a variety of
different types of cleaning applications which heretofore
involved the use of halocarbons, alkaline detergents, or other
cleaning agents as described above, the use of each of the
aforementioned being accompanied by serious disadvantages. The
monobasic esters, which can be used to clean a variety of
surfaces, for example, metals, plastics, and electronic
assemblies, offer the advantage of water insolubility, low
toxicity, low skin irritation, high flash point and low odor.

Accordingly, there is provided, in accordance with the
present invention, a method for removing an organic residue
from a surface contaminated therewith comprising:

(A) contacting the surface with a cleaning composition
comprising a major amount of a monobasic acid ester;

(B) maintaining the cleaning composition in contact with
the surface for a period of time at least sufficient to
solubilize the residue; and

(C) removing cleaning composition and solubilized residue
from the surface.

Examples of monobasic esters that can be used in the cleaning
operation are methyl, ethyl, and isopropyl esters of medium
Chain (about C, to about C, ) monobasic acids.
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di fferent kinds of organic residues that typically contam nate the surfaces
of a variety of types of materials. Exanpl es of commercially
avai | abl e nonobasi c esters which can be used in the practice of the present
i nvention include: methyl caprylate, nethyl caprate, nethyl l|aurate, nethyl
pal mtate, isopropyl nyristate, isopropyl |aurate and isopropyl stearate.

It will be appreciated that a particular &arboxylic

The conditions under which the monobasic ester composition
are used can be typical of conditions used for other organic
cleaning solvents. They can be used, for example, at a
temperature within the range of room temperature to about 150°F
or higher and under conditions which involve a contact time of
about 1 to about 10 minutes. Conventional means can be used to
apply the monobasic ester composition to the soiled substrates,
for example, spray, agitated imme:sion, and soaking.

Use of the monobasic ester composition of the present
invention avoids disadvantages associated with the use of prior
art compositions, as noted above. Use of a composition within
the scope of the present invention offers the advantages of:
(a) good oil solvency; (b) good soivency for solder fluxes; (c)
excellent ability to remove lapping compounds, chips, grinding
residues and other solid materials from metal surfaces after
machining operations; (d) the ability to remove the solids even
though highly loaded with cutting oils; (e) extremely low
toxicity and skin irritance; (£f) low odor or pleasing
fragrances; (g) high flash points; and (h) water insolubility.
Furthermore,'the monobasic ester composition does not have a
harmful effect on the earth's stratospheric ozone layer and

~ they generally have a relatively low vapor pressure, and are,
therefore, less volqtile, providing the advantage of lower

volatile organic compound (VOC) pollutant emissions than prior
art compositions. '

In addition, there is provided in accordance with the
present invention an industrial cleaning process in which a
contaminant comprising soldering flux and/or adhesive tape

residue is removed from a substrate contaminated therewith
comprising:
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nonobasi ¢ ester can be synthesized readily by avai | abl e met hods.
exanpl e,

For
nmonobasi ¢ esters can be prepared by

10

(A) contacting the substrate with a terpene-based
cleaning composition which is substantially free of water-

soluble organic material for a period of time sufficient to
solubilize the contaminant;

(B) removing the composition and solubilized
contaminant from the substrate by contact with water having a
temperature of about 70°F to about 140°F for a period of time
of no longer than about 10 minutes to providé a substrate
having-a contamination rating of no greater than about 14
micrograms NaCl equivalent/square inch (MIL-P-28809A), and to

thereby form a mixture comprising the.composition, contaminant
and water; and '

(C) separating the water from said mixture, the
separated water being substantially free of water-soluble

organic material and having a chemical oxygen demand of no
greater than about 1,000 ppm.

With respect to Step (A) above, the following procedure is

‘used to determine the content of water-soluble organic material

in a terpene-based composition. Equal volumes of water and the

terpene-based composition are combined and allowed to separate
into two distinct phases or layers at about 70°F. To the
extent that the terpene-based composition contains water-
soluble organic material, it will migrate to the water layer.
The COD of the water layer is then determined according to
standard technique. When the water layer has a COD of no
greater than about 1,000 ppm, the terpene-based composition is
considered to be "substantially free of water-soluble organic
material”.

Thus, in accordance with the present invention, it has
been found, contrary to the teachings of the prior art, that it
is possible to produce a highly- clean surface by the use of a
terpene-based cleaning composition which is free of or

essentially free of emulsifying surfactants and/or other water
Soluble organic materials.
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- 10°- reacting an al kyl alcohol and a fatty acid, for exanple, a (err]

to a (err] alkanol and a CJerr] to a (Jerr] fatty acid. The

i hsolubility of the ester is determned by the follow ng procedure which is
conducted at 21[err]C (70[err]F). Equal volumes of water and the ester are

conbi ned and allowed to separate into twojpgistinct phases or layers. The
chem cal

and such highly cleaned surfaces can be produced under
practical operating conditions, for example, at ambient
temperature or relatively low elevated temperature and within
times and water contact conditions that are presently used in
industrial applications. And of great advantage is the fact
that the water collected from the cleaning process has a
sufficiently low COD to enable it to be lawfully discharged to
a sewage system without purification or other treatment.
Alternatively, the collected water can be recycled for use in
the cleaning process, as described hereinbelow.

With respect to the high degree of cleaning that can be
achieved by use of the present invention, the present cleaning
process, including either the monobasic ester-based cbmposition
or the terpene-based composition, can be used to produce levels
of residual contamination that are equal to or far below the
military requirement of 14 micrograms NaCl e_quivalent/in2 (MIL-
P-288097A) (see the aforementioned '719 patent, column 7, lines
18 to 32 for additional information conéerning the evaluation
of the degree of cleanliness of substrates based on the
involved military test). A specific example of the degree of
cleqnliness that can be achieved by practice of the present
invention is set forth in the Example section héreinbelow.

Detailed Description of the Invention

The Monobasic Ester Development

- The cleaning composition of the present invention
comprises a major amount of a monobasic ester compound, that
is, the ester compound comprises in excess of 50 kt.% of the
composition, based on the total weight of the composition. The
ester compound, which is a liquid at room temperature, can be
represented by the following formula:

' R-COOR, -
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oxygen demand (COD) of the water layer is then determ ned according to
standard technique. If the water |ayer has a COD of no greater than 5, 000
ppm the ester is considered to be "substantially insoluble in water."
Preferably the solubility characteristics of the ester are. such that the
water |ayer has a COD of no greater than about 1,000 ppm - such esters
being referred to as "water-insoluble. " 12 O her preferred properties of
this ester are that it have a flash point of greater than 60[err]C
(140[err]FLherein R angdr B{ exrgbhydrocarbon groups, which may be the same

or different, in which the sum of the carbon atoms in R and Rl
is at least about 8. The hydrocarbqn groups can be aliphatic
or aromatic, substituted or unsubstituted. Examples of
aromatic groups include aryl groups, for example, phenyl and
penzyl. In preferred form, each of R and R, is an alkyl group
with the total number of carbon atoms in R and Rl being no
greater than about 20. The alkyl groups can be straight or
pranched chain and unsubstituted or substituted, for example,
" with groups such as hydroxyl and ether groups. The cleaning
composition can comprise two or more of the monocbasic esters.

Particularly preferred monobasic esters for use in the
practice of the present invention are those in which the total
number of carbon atoms in R and R, is about 9 to about 17, with
R being an alkyl group having 1 to about 4 carbon atoms and R,
being an alkyl group having about 8 to about 16 carbon atoms.
‘Particularly preferred monobasic esters are methyl laurate and
isopropyl laurate, with methyl caprate and isopropyl myristate
being even more preferred. The preferred esters are excellent
solvents for a variety of different kinds of organic residues

that typically contaminate the surfaces of a variety of types
of materials. '

Examples of commercially available monobasic esters which
can be used in the practice of the present invention include:
methyl caprylate, methyl caprate, methyl laurate, methyl

palmitate, isopropyl myristate, isopropyl laurate and isopropyl
stearate. ' -

It will be appreciated that a particular carboxylic '
.monobasic ester can be synthesizéd readily by available "
methods; For example, monobasic esters can be prepared by
reacting an alkyl alcohol and a fatty acid, for example, a C,
to about a C, alkanol and about a C; to about a C,, fatty acid.
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greater than 93[err]C (200[err]F), and low odor. In addition, the
ester should be non-irritating to the skin and have good cheni cal
stability. The cl eani ng conposition of the present invention can
conprise 100 wt..% of the nonobasic ester. However, there are applications
in which it wll be advantageous to include other materials in the
conmposition, but in an anmount |ess than 583 wt.% For exanple, sonme types

of residues can be renpbved nore readily by other clean
"ncl udi ng. for Thexrimeolubility of the esfer is determindd” $"the

following procedure which is conducted at about 70°F. Equal
yolumes of water and the ester are combined ;nd allowed to
geparate into two distinct phases or layers. The chemical
oxygen demand (COD) of the water layer is then determined
according to standard technique. If the water layer has a COD
of no greater than about 5,000 ppm, the ester is considered to
pe "substantially insoluble in water". Preferably the
solubility cha:acteristics'of the ester are such that the water
layer has a COD of no greater than about 1,000 ppm - such.
esters being referred to as "water-insoluble".

other preferred properties of the ester are that it have a
flash-point of greater than about 140°F, preferably greater
than about 200°F, and low odor. In addition, the ester should
be non-irritating to the skin and have good chemical stability.

The cleaning composition of the present invention can
comprise 100 wt.$ of the monobasic ester. However, there are
applications in which it will be advantageous to include other
materials in the composition, but in an amount less than 50
wt.$. For example, some types of residues can be removed more
readily by using other cleaning agents, including, for example,
organic or inorganic solvents, in admixture with the monobasic
ester. In preferred form, such other cleaning agents should be
miscible with the monobasic ester. Examples of other cleaning
agents that can be used include terpenes, for example, para-
menthadienes, dibaic esters, petroleum hydrocarbons, ketones,’
ethers, and alcohols. 'Preferred éleaning agents for use in

combination with the monobasic ester are terpenes, ethers, and
alcohols.

For applications in which™ it is desirable to use another
cleaning agent in combination with the monobasic ester, the
amount thereof can be selected based on the results desired.
For most applications, it is believed that the composition will
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organi c or inorganic solvents, in adm xture with the nonobasic ester.

preferred form such other cleaning agents should be mscible with the :

nbonobasi ¢ ester. Exanples of other cleaning agents that can be used incl ude

. terpenes, for exanple, paranenthadi enes, dibasic esters, petrol eum
hydrocarbons, ketones, ethers and al cohollda. Preferred cleaning agents for

use in conbination with the nonobasic ester are terpenes, ethers and

al cohol s. compriséoahmmm|5iﬂhQNﬂ9|wtvﬁnQﬁ1the|mpnnh#$t&n%Sﬁ%ru%@dahﬁ?ﬂﬁr

10 to about 45 wt.% of the other cleaning agent.

In

The organic-based cleaning composition of the of the
present invention can include also a surfactant for promoting
the removal of residual cleaning composition and contaminate
grom the substrate being cleaned. In some applications, the

presence of surfactant aids also in the cleaning of contaminate
from the substrate.

The surfactant can be a nonionic, anionic, cationic or
amphoteric -surfactant. It is preferred to use a nonionic
surfactant, for example, condensation products of alkylene
oxides, for example, ethylene oxide, with any of a variety of
hydrophobic moieties, as'are well known in the art. Examples
of these products are ethoxylated aliphatic alcohols,
ethoxylated alkylphenols, ethoxylated amines, amides, and the
like. Sulfated, sulfonated, phosphated and carboxylated
hydrophobes, such as alcohols, can also be used , as can the
salts of each. Particularly preferred surfactants are
ethoxylated aliphatic alcohols and their derivatives.

Examples of surfacatants that can be used are ethoxylated .
nonylphenols having about 4 to about 10 ethylene oxide groups
and detergent alcohols, for example, those comprising about C,

to about Cl15 linear alcohols and about 3 to about 10 ethylene
oxide groups. '

The proportion'of surfactant comprising the composition
will vary, depending on the particular ester or combination of
esters used and the nature of the particular cleaning
application. Generally the surfactant will comprise about 2 to
about 20 wt% of the composition. In a highly preferred
embodiment, the composition comprises a mixture of about 8 to

about 12 wt. $ of surfactant and about 88 to about 92 wt.% of
monobasic ester.
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cl eani ng agent in conbination with the nonobasic ester, the

-11-
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The ester cleaning composition of this invention can be
gsed in a wide variety of applications because the ester
cleaning agent is capable of dissolving a wide variety of
organic materials that typically contaminate substrates and it
is compatible (not harmful) with many types of materials that
comprise substrates that require cleaning. Thus, the ester-
pased composition can be used in removing cutting oils,
greases, greasy dirt, solder fluxes, waxes, tape residues,
coolants, lubricants, lapping compounds, cuttings turnings,
chips and other maéhining residues from machined parts and for
hard surface cleaning in general. They can be used .

advantageously to clean metals, plastics and electronic
assemblies.

The ester cleaning composition of the present invention
can be used in cleaning effectively printed circuit boards, as
well as any type of substrate which is contdminated with
soldering flux and/or other types of residue that typically
contaminate the surfaces of printed circuit boards, for
example, adhesive tape residue, waxes and fingerprints. Thus,
printed wiring boards and other articles which require the use
of soldering flux in the making of mechanical,
electromechanical or electronic connections with metal can be
cleaned in accordance with the present invention. 1In the
fabrication of such articles,'rosin soldering flux is used
widely. However, there also can be used other types of

- soldering fluxes, including, for example, synthetic activated |

fluxes, organic acid-based fluxes and fluxes contained within
soldering paste. '

With respect to ihé degree of substrate cleanliness that
can be achieved by the practice of the present invention,
levels of contamination that meet or are below the military
Specification MIL-P-28809A requirement of 14 micrograms NaCl
equivalent/square inch can be achieved.  The ester cleaning
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anount thereof can be selected based on the results desired. For nost

applications, it is believed that the conposition will conprise 55 to
90 wt. % of the nonobasic ester and 10 to - 45 wt . % of the other cleaning
agent. . The organi c- based cl eaning conposition of the present

16

composition has been used effectively to provide substrates
naving a contamination level below about 10 micrograms NaCl
equivalent/square inch.

The contaminated surface should be contacted with the
cleaning composition for a period of time sufficient to
solubilize the contaminant. The time for effecting
gsolubilization will depend'on the temperature of the cleaning
composition and the means by which it is applied. The
temperature of the composition can be like that typically used
for conventional cleaning compositions, for example, room or
ambient temperature (about 70°F) to about 150°F. For some
applications, for example, wax removal} even higher
temperatures can be used, for example, up to about 240°F.
Exemplary means for applying the cleaning composition are
immersion, brushing, and spraying, for example, spraying in air
or beneath the surface of the cleaning.composition. It is
believed that spraying the cleaning ¢omposition onto the
substrate will be used most widely. For batch operations,
'typical contact times are about 1 to about 10 minutes. For

continuous opefations, typical contact times are about 30
seconds to about 3 minutes. '

" The solubilized contaminant and residual cieaning
composition can be removed from the substrate by any suitable
means, for example, by air blasting, rinsing with water or an
organic rinsing agent, or by wiping, for example, with an
absorbent material. It should be understood that, for some
applications, it is not necessary to remove completely the
cleaning composition and the contaminate from the substrate.

In such an application, the cleaning composition is simply
allowed to drain from the surface.

Drying of the substfate is optional. If it is desired to.
dry the surface, drying can be acée;erated by the use of heat.

For example, the substrate can be dried in_an_oneauandfvfﬁﬁﬂ
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i nvention can include also a surfactant for pronmpting the renoval of the
resi dual cleaning conposition and contam nate fromthe substrate being
cl eaned. In sone applications, the presence of the surfactant aids also in
the cleaning of the contam nate fromthe substrate. The surfact ant
can be nonionic, anionic, cationic or amihoteric surfactant: It is
preferred to use a nonionic surfactant, for exanple, condensation products
of al kyl eneanoyedﬂsiedowi&harfplr@,ecmdimﬁrﬁnmﬁmpm,t rimyhested veo | 20Q°Bf
c

or above:

In accordance with this invention, it has been found that
¢he monobasic ester cleaning composition can be used
effectively to clean a plurality of parts even after prolonged
use with build up in the composition of a relatively high
amount of dissolved organic contaminants that have been removed
from the treated parts. 1In one application, it was observed
that a bath of the cleaning composition continued to clean
effectively parts covered with an oily material even though the
path contained about 40 wt.% of the dissolved organic residue.
Accordingly, the present invention encompasses also the
continued use of the monobasic ester composition to clean
organic residues from the surfaces of substrates contacted
therewith as dissolved organic residue builds up in
concentration in the composition to a relatively high amount,
but preferably to an amount no greater than about 30 wt.%, and
more preferably to an amount of about 20 wt.3% (based on the
total weight of the cleaning composition and the amount of
dissolved organic contaminant).

Exambles of the Monobasic Ester Development

Examples which follow are illustrative of the present
invention. Comparative examples are set forth also.

The first example is a comparative example which shows the
use of CFC-113 (hereinafter "the CFC composition"), an example
of a prior art cleaning composition comprising 1,1,2-trichloro-
trifluoroethane. This comparative example is followed by an

~ example of the present invention showing the use of a cleaning
composition containing a monobasic ester to clean the same type
of machine parts as were cleaned by the use of CFC composition.

Example C-1 ' REP I.ACEMENT Sﬁiﬁ |
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hydr bphobi ¢ noi eties, as are well. known in the art. Exanples of these
products are ethoxylated al i phatic al cohols, ethoxyl ated al kyl phenol s,

et hoxyl ated am nes, am des, and the |ike. Sulfated, sul f onat ed, phosphat ed
and car boxyl at ed hydrophobes, such as al cohols, can al so be used, as can

the salts of each. Particularly preferreggsurfactants are ethoxyl ated
al i phatic alcohols and their derivatives. Exanpl es of surfactants

that can be usgg maeheéhimgyloperdtiomd mharings tire imapifagture off to

10 ethylene“;éhdet parts of automotive fuel injectors, the parts being
:chined are subjected to statistical in-process quality

ntr01 measurements for dimensional conformity. The parts

Were taken from the machine and swished by hand in -a container
of the CFC composition to remove cutting oil, chips and
grlndlng residues. The chips and grinding residues settled to
the bottom of the container and the cutting oil dissolved in
the CFC composition. The parts were blown off with a jet of
air to remove the residual CFC composition. The parts were

then placed in a laser gauge to measure dimensional conformity.

: ExamE].e 1

A cleaning composition comprising 95 wt.% isopropyl
myristate and 5 wt.% of other unidentified monobasic esters
(by-products of the manufacturing process) hereafter "the ester
composition") was substituted for the CFC-113 composition. The
fuel injectors were taken from the machine and swished in the
container of the ester composition. The machine operators were
in direct contact with the ester composition during this
cleaning operation. The chips and grinding residues settled to
the bottom of the container and the cutting oil dissolved in
the ester composition. The parts were blown off with a jet of
air to remove the residual ester composition and then placed in
the laser gauge to measure dimensional conformity.

The measurements in the laser gauge were the same, and
performed in the same manner, as those associated with the
parts cleaned with the CFC composition. The ester composition
functibned as a drop-in replacement for the CFC composition,
with no harmful effecté on the workers.

Since the flash point of the ester composition of Example
1 is 285°F, the potential for explosion or fire was not present
as a result of the replacement. However, a very significant
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grouﬁs and detergent al cohols, for exanple, those conprising about Cerr]
to about (Jerr] linear alcohols and about 3 to about 10 ethyl ene oxide

gr oups. The proportion of surfactant conprising the conposition wll
vary, depending on the particular ester or conbination of esters used and
the nature of the particular cleaning applg cation.” Generally the surfactant
wll conprise 2 to 20 wt. % of the conposition. In a highly

preferred em%oglamihg walse aehTienadd |10 KHETFdpPpRicdndi (bécaie 2Neite Svéfe
noS].gn;i.f.:.cam:. evaporative losses of the ester composition and
chetime interval for change of the ester composition in the
ontainer was extended by at least three times. The latter
advantage was realized because the ester composition continued
to remove the chips and grinding residues from the parts even
¢hough the concentration of cutting oil in the ester
composition was more than three times greater than in the CFC
composition. A further cost saving was achieved by arranging
for a blow-off station to catch the mist which was blown off
the parts after they were dipped in the ester composition. The
captured mist was collected and the liquid was reused in the
cleaning process.

The next example is a’ comparative example showing the use
of a prior art, commercially available cleaning composition
comprising mineral spirits. This comparative example is
‘followed by an example which also shows the use of the ester
composition of Example 1.

Example C-2

This example also involved the cleaning of components
parts of automotive fuel injectors. The parts were subjected
to various machining operations and then placed in the solvent
manifolds of HAPA Galvanotechnik washing machines where a
stream of mineral spirits (solvent) impinged on the parts to
remove the cutting ©il, chips and grinding residues. The chips
and grinding residues were filtered continuously from the
solvent in the machine and the cutting oil concentration built
up in the solvent as the solvent cycled through the machine.
The solvent was replaced in the machines twice per week during
Operation. During the cleaning-operation involving the use of

mineral spirits, the operators complained of headaches, nausea
and dermatitis. )

——
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puasple

The mineral spirits used in the washing machines referred
o in gxample C-2 was replaced with the ester composition of
cample 1. The fuel injectors were cleaned in the same machine
cycles without complaints of headaches, nausea or dermatitis
£rom the machine operators. The risk of explosion or fire was
greatlY reduced because the flash point of the ester
composition is 285°F, as compared to 104°F for the mineral
spirits. Furthermore, a drastic cost reduction was achieved
becguse the solvent change-out frequency in.-the machines was
extended from twice per week for the mineral spirits to once
every two months for the ester composition. This was due to
the ability of the ester composition to clean effectively even
though loaded with about 10 wt.% cutting oil. Cost savings
accrued also from other fagtors,_such as reduced disposal
costs, no evaporative losses and reduced machine down-time.

The next example is a comparative example which shows the
use of a prior art, commercially available cleaning composition
to clean transmission parts. The comparative example is
followed by an example of the present invention showing also
the effective use of-a composition like that of Exémple 1. 1In

" these examples, residual cleaning composition was removed from

the parts by blowing with a jet of air.

Example C-3

This example involved the cleaning of steel parts at the
site of a warranty transmission rebuilder for the automotive
industry. The cleaning composition comprised mineral spirits
that was used in three different kinds of washing machines to
Clean transmission parts before reassembly. The consumption of
the composition was at the rate of about 2,000 gallons per
week. Along with headaches and nausea, 168 cases of dermatitis
were reported during 12 months of use of the composition.
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12 wt. % of surfactant and 88 to 92 wt. % of nonobasic ester.
The ester cleaning conposition of this invention can be used in a w de
vari ety of applications because the ester cleaning agent is capable of
dissolving a wide variety of organic materials that typically contam nate
substrates and it is conpatible (but not2harnful) with many types of

mat eri al s
W

The C-3 cleaning composition was replaced by the ester

mposition of Example 1. The transmission parts were cleaned
Lith no reports of dermatitis, headaches or nausea. The
txansmission parts were more. effectively cleaned with the ester

poSlthn as determined by the Sediment Test, a standard test
used in the automotive transmission industry to evaluate
cleanliness. The Sediment Test values were reduced by more
than 60% when the ester composition was used in place of the C-
3 composition. The potential for fire or explosion was greatly
reduced because the flash point of the ester composition is
285°F, as compared to 108°F for the C-3 composition. The
consumption rate of the ester composition was 108 gallons per
week whereas that of the C-3 composition was 2;000 gallons per
week. Even though the ester composition is more costly than
the C-3 composition, a cost savings of more than 58% was
achieved in the conversion'to the ester composition because of
its reduced rate of consumption. The reduced consumption of
the ester composition came about because it continued to clean
effectively even though loaded with about 15 wt.% of residual
oil.

The next example is a comparative example which shows the
use of a prior art, commercially available CFC composition
comprising about 94 wt.$ 1,l,2-ﬁrichlorotrifluoroethane and
about 6 wt.% methanol to clean solder flux of the rosin type
from electrical parts. The comparative example is - followed by
an example which shows the use of. a composition of the present
invention to clean the aforementioned type of parts.

Example C-4

~In this example, parts for small rotary electrical
switches were made by soldering a small brass disk onto a small
brass shaft. The solder flux, which congealed and hardened at
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t hat conprise substrates that require cleaning. Thus, the ester-based
conposition can be used in renoving cutting oils, greases, greasy dirt,

sol der fluxes, waxes, tape residues, coolants, lubricants, |apping
conpounds, cutting turnings, chips and ot her nachine residues from nmachi ned
parts and for hard surface cleaning in gf eral. They can be used

advant ageously to clean netals, plastic nd el ectroni c assenblies.

The ester iLeggiégkc§%T“§ltLQQ BEmbPEaPEESR "Enk Y8801 ng part using a
Lganing composition comprising 1,1,2-trichlorotrifluoroethane,
gnat is, a halogenated solvent of the type that is associated
lth ozone depletion. The parts were cleaned by immersing them

p the cleaning composition which was contained in a heated
ltrasonlc vat equipped with a vented hood exhaust system. The
composz.tlon was removed by air drying.

The composition of Example C-4 was replaced by a
compositioh“éomprising approximately 90 wt.% isopropyl
myristate and approximately 10 wt.% surfactant composition
(Tergitol NP-4 (3.33 wt.%), Tergitol NP-7 (1.66 wt.%), Macol 2
(1.66 wt. %), Cyclogol SBDO (1.66 wt.%), and dipropylene glycol
(1.66 wt.%). The solder flux was removed from the parts every
pit as well with this composition as with the composition of
Example C-4. The residual ester-based composition was removed
from the parts by rinsing ﬁith tap water. No complaints of any
health or safety problems were reported in the conversion to
the use of the ester-based composition. Since the flash point
of the ester-based composition is 285°F, the potential for fire
or explosion was minimal. Very significant cost savings were
achieved in the conversion from the composition of Example C-4
to the ester-based composition.

The next example is a comparative example which shows the
use of a prior art, commercially available halogenated
hydrocarbon solvent to clean brass parts. The comparative
example is followed by an example which shows the use of a
composition like that of Example 4 above to clean the same type
of brass parts.
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can be used in cleaning efficiently printed circuit boards, as well as any
type of. nmetallic or plastic substrate which is contam nated with sol dering
f'l ux and/ or waxes. Thus, printed wiring boards and other articles which
require the use of soldering flux in the making of nechanical, electro-
mechani cal, or electronic connections wijh nmetal can be cleaned I n
accordance with the present invention. In the fabrication

ExamEle C-5

In this example, brass parts were fabricated by turhing in
pigh prdduction screw machines. The cutting oil, chips and
gurnings, were removed from the fabricated parts in a vapor
gegreaser using 1,1,1-trichloroethane. The composition was
removed from the brass parts by air drying.

gxample 5

The cleaning process of Example C-5 was changed to one
which provided for placing the fabricated parts from the screw
ﬁachines into wire mesh baskets and then dipping the baskets of
parts repeatedly in a container of the cleaning composition
1ike the composition of Example 4. The composition effectively
removed the cutting oil, chips and turnings from the parts.

The residual composition was removed from the parts by rinsing
with water. The ester-based composition was very well received
by the operators handling and using it. No complaints of any

health or safety problems were reported. Cost savings in the
conversion were significant.

The next .three examples are illustrative of the practice
of the present invention and show some additional applications
in which monobasic esters can be used effectively.

Example 6

Methyl laurate (100%) was used to clean small metal parts
of metal chips and cutting oils. The parts were dipped in the
methyl laurate, blasted with compressed air to remove excess
liquid and soils, and géuged with measuring instruments to
determine part dimensions. The.results were deemed to be fully
satisfactory relative to the use of a conventional
Chlorofluorocarbon (CFC-113).
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of such articles, rosin soldering flux is used wi dely. However, there also
can be used other types of soldering fluxes, including, for exanple,
synthetic activated fluxes, organic acid- based fluxes and fluxes contai ned
wi t hin sol dering paste. Wth respect to the degree of substrate

cl eanliness that can be achieved by the pgactice of the present invention,
| evel s of contami nation that neet or are below the mlitary specification
M L- P- 28809Am§p§|u1rement of 2. 2 ni crograns NaCl

In this example, soiled laboratory uniforms were dry
.cleaned in a cleaning composition comprising 88 wt.% isopropyl
myristate. 12 wt.% of a surfactant mixture consisting of
Tergitol NP-4 (4 wt.%), Tergitol NP-7 (2% wt.%), Macol 2 (2
4t.%)s Cyclogol SBDO (2 wt.%$), and dipropylene glycol (2 wt.%).
following the wash, the uniforms were rinsed in water. After
drying, the uniforms were found to be satisfactorily clean.

ExamEl e 8

In this example, a cleaning composition comprising the
methyl ester of capric acid was used to clean a printed wiring
assembly which had been soldered using rosin flux. The
cleaning performance was equivalent to that obtained with a
terpene/surfactant mixture (BIOACT® EC-7", Petroferm Inc.).

Thus, monobasic esters are useful as cleaning agents.
They are capable of dissolving a variety of common contaminants

and offer the advantages indicated earlier relative to other
cleaning agents. '

Terpene Development/Use of Monobasic Ester Preferred

An important characteristic of the present invention is
that it is capable of being used effectively in an industrial
cleaning process, as distinguished from a cleaning proéess that
is simply carried out on a laboratory scale or a pilot-plant

scale. The invention can be practiced in either a batch or
continuous cleaning process.:

Although it is expected that the invention will be used
most widely in cleaning printed_circuit boards, it has wider
applicability in that it can be used to clean any type of
Substrate which is contaminated with soldering flux and/or
Other types of residue that typicall§ contaminate the surfaces
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of printed circuit boards, for example, adhesive tape residue,
Jaxes and fingerprints. Thus, printed wiring boards and other
artiC1es which require the use of soldering flux in the making
of mechanical, electromechanical or electronic connections with
gpetal can be cleaned in accordance with the present invention.
in the faprication of such articles, rosin soldering flux is
used widely. However, there also can be used other types of
goldering fluxes, including, for example, synthetic activated
fluxes, organic acid-based fluxes and fluxes contained within
soldering paste.

The térpene-based cleaning composition for use in the
practice of the present invention comprises at least about 60
wt.$ terpene, more preferably at least about 80 wt.% terpene,
and most preferably about 85 to about 95 wt.% terpene. The
composition can comprise about 100 wt.3% terpene, but preferably

is used in admixture with another constituent as described
hereinbelow.

The terpene for use in the practice of the present’
invention is a terpene compound or a mixture of terpene
compounds that are substantially water-insoluble and that are
capable of dissolving the involved contaminants. The use of
such terpene to clean printed circuit boards and related types
of articles of contaminants is well known. For practice of the
present invention, the use of para-menthadienes is preferred,
with dipentenes being more preferred and limonene being most
preferred. Excellent results have been achieved utilizing a
mixture of terpene in which about 90 to about 95 wt.% of the
mixfure is limonene (the major portion being d-limonene), with
the balance of the mixture being other terpene compounds.

A particularly preferred embodiment of the present
invention. .comprises a terpene—based composition which includes
also a monobasic ester, which is a material that is also
Substantlally water insoluble, as mentioned hereinabove Such
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equi val ent/cnferr] ( 14 mcrogranms/ in[err]) can be achieved. The
ester cleaning conposition has been used effectively to provide substrates
having a contam nation |level below 1.55 mcrograns Nad _

equi valent/cnferr] (10 mcrograns/ in[ferr]). The contam nat ed
surface should be contacted with the cleaigng conposition for a period of
time sufficient to

35ters generally comprise the reaction product of alkyl
alcohols and fatty acids, for example, C, to about C, alkanols
and about C, to about C,, fatty acids. Preferably C, to C,

 alcohols are used. Preferred monobasic esters are methyl
jaurate, isopropyl laurate and methyl caprate.

The monobasic ester can comprise up to about 40 wt. % of
the terpene-based compositibn, but preferably comprises up to
apout 20 wt.%, most preferably about 5 to about 15 wt. % of the
composition. Particularly good results having been achleved
with the use of about 10 wt. % of the ester.

It should be understood that a material different from a
moncbasic ester (an optional, but preferred ingredient) can
also be included in the terpene-based cleaning composition.
such material is desirably one which meets the COD standards
set forth herein. 'As mentioned above, the terpene-based
cleaning composition is substantially free of water-soluble
material, that is, according to ﬁhe procedure described above,
the COD of the water phase of a two-phase mixture of equal

amounts of the terpene-based cleaning composition and water is
not greater than anbout 1000 ppm.

The contaminated surface should be contacted with the
cleaning composition for a period of time sufficient to
solubilize the contaminant. The. time for effecting
solubilization will depend on the temperature of the cleaning
composition and the means by which it is appliéd. The
temperature of the composition can be like that typically used
for #erpene-based compositions in applications of the present
type, for example, room or ambient temperature (about 70°F) to
about 150°F. Exemplary means for applying the cleaning
Composition are immersion, brushing, and spraying, for example,.
Spraying in air or beneath the surface of the cleaning
Composition. It is believed that spraying the cleaning
cOmpésition onto the substrate will be used most widely. For
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solubilize the contam nant. The tine for effecting solubilation wll depend
on the tenperature of the cleaning conposition and the neans by which it is
applied. The tenperature of the conposition can be like that typically used
for conventional cleaning conpositions, for exanple. roomor anbient
tenperature (20[err]C[70F]) to 65[err]C 150[err] F). For sone

appllcatlons for exanpl e, wax renoval, en hi gher tenperatures can be
used, for

appl yi ng Dh ﬁFﬁglégﬁ%ég&P %9 % %&'—P Ex&:gm%tnx&s ];ﬂq%ﬂﬂthgs

for exanphpnusesaylngrluoatinuous operations, typical contact times are
about 30 seconds to about 2 minutes.

The solubilized contaminant is removed from the terpene-
- treated substrate by contact with water having a. temperature of
apout 70°F to about 140°F. Good and satisfactory results have
peen obtained utilizing rinse water at room temperature.
wWater-contact times of the type generally used in the art can
pe used, for example, not longer than about 10 minutes.
preferably, the water-contact time does not exceed about 5

minutes. Good results have been achieved with a contact time
of about two minutes.

Conventional means can be used to apply the water. It is
pelieved that, for most applications, spraying the air-borne
substrate will be satisfactory and convenient. A spray
pressure of about 30 to about 50 psi is exemplary. Other means
for applying the water can be used also, for example,
ultrasonic water agitation. '

After the solubilized contaminants have been removed from
the substrate, the substrate is dried. Typically, drying will
be accelerated by the use of heat. For example, the substrate

can be dried in an oven and/or it.can be dried with forced air,
for example, heated to 100°F or above.

With respect to the degree of substrate cleanliness that
can be achieved by the practice of the present invention,
levels of contamination that meet or are below the military
specification MIL-P-28809A requirement of 14 micrograms NaCl
equivalent/square inch can be achieved. The invention has been
used effectively io provide substrates having a contamination
level below about 10 micrograms NaCl equivalent/square inch.
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or beneath
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m nut es.

seconds to
cleaning c
means, for

the surface of the cleaning conposition. It is believed that

he cl eani ng conposition onto the substrate will be used nost
r batch operations, typical contact tines are 1to 10
For continuous operations, typical contact tinmes are 30

3 m nutes. The sol4@ilized contam nant and resi dual
onposition can be renoved fromthe substrate by any suitable

exanpt eshdyldi be biaderstoodi BRaBIswEchh1vkt develsant
contamination can be achieved without the use of a surfactant
;n the water which is used to remove the solubilized
ontaminant from the substrate. 1Indeed, the COD of such water
ghould be such as to meet the COD requirements set forth
perein. Delonized water is used preferably.

The effluent produced by the cleaning process comprises a
1iquid mixture of the terpene-based cleaning composition,
contaminant dissolved therein, and water. The liquid mixture
pay contain some solids, for example, minute pieces of solder
and miscellaneous debris. The nature of the liquid mixture
produced in accordance with the preseﬂt invention is such that
the components thereof can be separated conveniently by
gravitational force. Thus, upon being fed to a settling tank,
solids precipitate from the mixture and the liquid components
thereof stratify into a top layer comprising the water
insoluble or immiscible liquids, that is, terpene and organic .

~materials dissolved therein, including contaminants, and an

aqueous bottom layer. The nature of the process is such that
the agqueous layer is substantially free of water-soluble
organic material, that is, it has a COD of no greater than
about 1000 ppm. Indeed, the process of the present invention
can be utilized effectively to provide an aqueous phase in
which the COD thereof is about 300 ppm or less, for example,
no greater than about 150 ppm. And, this can be accomplished

without subjecting the water to any purifying steps or
dilution.

In separating the different phases of the liquid mixture,
the top organic layer can be simply drawn off. If desired, the
agueous phase can theﬁ be discharged direct;y into the sewage
system, while meeting the COD_demands imposed by the involved
governmental agency. If desired, the agueous phase can be
recycled for reuse in the cleaning process. This will
generally involve the steps of filtration to separate solids
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orgaﬁ!c rinsing agent, or by w ping, for exanple, with an absorbent
material. It should be understood that, for sone applications, it is not
necessary to renove conpletely the cleaning conposition and the contam nant

fromthe substrate. In such an application, the cleaning conmposition is
sinply allowed to drain fromthe surface

_ a 1 _ Drying of the substrate is
?ﬁtlonal.flf It is desired to dry the su??ace, drying can be accel erated by
e use o

anQefén exchange to remove undesirable inorganic materials, the
jatter step being preceded by carbon adsorption (if necessary)
to remove organic materials that may adversely affect the ion
exchange step. Other means may be used to purify the water.

Other means can be used to separate the liquid phases of
the mixture, for example, centrifugation or by use of
appropriate membranes.

The terpene compounds can be treated for recycling or they
can be disposed of in an appropriate way, for example,
incineration.

Examgles of Terpene Development

This example is illustrative of the practice of the
present invention.

Example A

A set of three identical printed circuit boards was fluxed
with a rosin soldering flux (ALPHA 627 flux sold by Alpha
Metals Inc. of Jersey City, New Jersey), wave soldered, and

then cleaned of the flux residue that was adhered to each of
the boards. ' '

The cleaning composition contained terpene which were
derived from orange peels and which comprised about 95 wt.$
limonene and 5 wt.% of a mixture of other terpene compounds.
The cleaning composition was substantially free of water-
soluble organic materials. The boards were placed in the rack
of an industrial dishwasher (semi-aqueous cleaning module) sold
by Electronic Controls Design as Model 6307. The cleaning
operation involved spraying the boards for about 5 minutes with

the cleaning composition which was at room temperature (about
15°F). '
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The terpene-treated boards were then rinsed with water to
rmove the cleaning composition and fiux dissolved therein.
his was accomplished by subjecting the boards to a l-minute,
2o_second water wash in a continuous process carried out in an
Electrovert H-500 water rinse unit sold by Electrovert of
Arlinggop, Texas. The spray pressure was about 40
paunds/square inch. The temperature of the water was about
120°F . The water collected from the rinsing operation has a
coD well below 1000 ppm. Thereafter, each of the cleaned
poards was dried with hot air.

The cleanliness of each of the boards was evaluated by use
of an Omega meter 600 SMD ionic tésting device (sold by Alpha
metals Inc.). The average for the three boards was a
contamination reading of only 9.3 m;crograms NaCl
equxvalent/square inch.

The next examﬁle is a comparative example which is

4llustrative of a prior art process.

Example No. C-A

The same procedure as described in Example No. 1 above was
followed except that cleaning was effected with a composition
comprising 90 wt.% of the terpene cleaning composition '
described in Example 1 above and 10 wt.% of a mixture of
emulsifying surfactants. The mixture comprised 50 wt.% of an
ethoxylated sorbitan ester and 50 wt.% of an ethoxylated linear
alcohol. The average for the three boards that were cleaned
was a reading of 9.4 micrograms NaCl equivalent/square inch -
essentially the same as that of the boards of Example No: 1.
However, the rinse water has a COD in excess of 5,000 ppm.
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For éxanple, the substrate can be dried in an oven and/or it 1 n
with forced air, for exanple, air heated to 38C (100[err]F) “m m “lﬁ |I|”“I
In accordance with this invention, it has been found that the tfrorfobasi & S
ester cleaning conposition can be used effectlveJy to clean a plurality of
parts even after prol onged o 31
' Claims
1. An industrial cleaning process in which a contaminant
comprising soldering flux and/or adhesive tape residue is

cemoved from a substrate contaminated therewith comprising:

(A) contacting the substrate with a terpene-based
cleaning composition which is substantially free of water-
gsoluble organic material for a period of time sufficient to
solubilize the contaminant;

(B) removing the composition and solubilized
contaminant from the substrate by contact with water having a
temperature of about 70°F to about 140°F for a period of time
of no longer than about 10 minutes to provide a substrate
having a contamination rating of no greater than about 14
micrograms NaCl equivalent/square inch (MIL-P-28809A), and to
thereby form a mixture comprlsing the composition, contaminant
and water; and

(C) separating the water from said mixture, the
separated water being substantially free of water- soluble
organic material and having a chemical oxygen demand of no
greater than about 1,000 ppm.

2. A process according to Claim 1 wherein the composition
and solubized contaminant are removed from the substrate by
water spray.

3. A process according to Claim 1 wherein said contact
with water is effected under conditions to provide a substrate
having a cleanliness rating of below about 10 micrograms.

4. A process accbrding tq’CIaim 1 wherein the terpene-
based composition comprises at least about 80 wt.% of terpene
compound. '
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use with build up in the conposition of a relatively high armtl“llﬂﬂmu"""lll“l"l
di ssol ved organi ¢ contam nants that have been renoved fromth

parts. In one application, it was observed that a bath of the &l e&nifhg"
conposition continued to clean effectively parts covered with an oily

mat eri al even though the bath contained 40 wt. % of the dissol ved

organi ¢ residue. Accordingly, the presen? I nvention enconpasses al so the
conti nued use of the nonobasic est

E conposition to cl gan g 3n|c resi dues
fromthe surfa%es AfPERGEEF RESOTH P9 £0JCLRLMefi WReXeln; £08 FEXPSNSNi
resi due bUIlga &émposition comprises about 85 to about 95 wt.% of

erpe“e compound.

6. A process according to Claim 5 wherein the composition
comprises about 5 to about 15 wt.% of monobasic ester.

7. A process according to Claim 6 wherein the ester is
methyl laurate, isopropyl laurate, or methyl éaprate.

8. A process according to Claim 1 wherein the water is
separated'ffom the mixture by gravitational force.

9. A process according to Claim 8 wherein the separated
water is discharged to a sewage system.

10. A process acéording to Claim 9 wherein the COD of the
separated water is no greater than about 300 ppm.

~11. A process according to Claim 10 wherein the COD of
the separated water is no greater than about 150 ppm.

12. A process accordlng to Claim -1 wherein the substrate
is contaminated with solderlng flux.

13. A process according to Claim 1 wherein the flux is
rosin flux.

14. A process according to Claim 1 wherein the
temperature of the water is about 110°F to about 130°F and the
period of time is no longer than about 5 minutes.

15. A method for removing’an organic residue from a.
Ssurface contaminated therewith comprising:
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concentratlon in the conposition to a relatively high anmount
preferably to an anmount no greater than 30 wt.% and mri""ﬂ'"""l““”ll'"l"l
to an anount of -20 W . % (based on the total weight I N
conposition and the anount of dissolved organic contanlnant)

33

(A) contacting the surface with a cleaning composition
comprising a major amount of a monobasic acid ester;

(B) maintaining the cleaning composition in contact with
the surface for a period of time at least sufficient to
golubilize the residue; and

(C) removing cleaning composition and solubilized residue
from the surface.

16. A method according to Claim 15 wherein said
compositiéh'is used to clean a plurality of parts having their
surfaces contaminated with said residue and wherein said
residue is dissolved by said composition and wherein said
dissolved residue builds up in concentration in said
composition as the composition is used to clean additional
parts and continuing to use said composition to clean
additional parts when the concentration of the dissolved
residue is about 20 to about 40 wt.%.

17. A method according to Claim 16 including continuing
to use said composition to clean additional parts when the
concentration of the dissolved residue is about 20 to about 30
wt.%.

18. A method according to Claim 15 wherein said monobasic
ester has the formula

RCOOR,
wherein R is an alkyl group having 1 to about 4 carbon atoms
and R, is an alkyl group having'about.s to about 16 carbon
atoms. .

19. A method according to Claim 15 wherein the monobasic
ester is methyl laurate, isopropyl laurate, methyl caprate, or
isopropyl myristate

20. An organic-based composition comprising a major
amount of a monobasic ester and a minor amount of another
cleanlng agent selected from the group consisting of terpenes,
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gsters, dibasic estérs, petroleum hydrocarbons, ketones, ethers
and alcohols.

21. A composition according to Claim 20 comprising about

45 to about 90 wt.% of the monobasic ester and about 10 to

apout 45 wt.% of said other cleaning agent.

22. A composition according to Claim 20 including also a
gurfactant. '

23. An organic-based cleaning composition comprising a
pmajor amount of a monobasic ester and about 2 to about 20 wt.%
gurfactant. )

24. A éomposition according to Claim 23 wherein the
surfactant comprises about 8 to about 12 wt.% of the
composition.

- 25. A composition according to Claim 23 wherein the ester
is either methyl laurate, isopropyl laurate, methyl caprate or
isopropyl myristate and said surfactant ié an ethoxylated
alkylphenol or a detergent alcohol.
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Exarrpl es V\/mch follow are illustrative of the present invention.

Corrpar ative exanples are set forth also. The next exarrpl eis a
conpar ative exanpl e which shows the use of a prior art, commercially
avai |l abl e CFC conposition conprising . 94 Wwm.%

1,1, 2-trichlorotrifl uoroethane and - 356-wt . % net hanol to clean sol der
flux of the rosin type

A PROCESS AND COMPOSITION FOR CLEANING CONTAMINANTS
WITH TERPENE AND MONOBASIC ESTER

ABSTRACT

An industrial cleaning process in which a
contaminant comprising soldering flux and/or adhesive
tape residue is removed from a subtrate contaminated
therewith, for wexample, a printed circuit board
contaminated with rosin | flux, comprising: (A)
coni:acting the substrate with a terpene-based cleaning
composition which is substantially free of water-
soluble organic material, for example, a surfactant,
for a period of time sufficient to solubilize the
contaminant; (B) removing the composition and
solubilized contaminant from the éubstrate by contact
with water having a temperature of about 70°F to about
140°F (but preferably lower) for a period of time of no
longer than about 10 minutes to provide a substrate
having a contamination rating of no greater than about
14 micrograms NaCl equivalent/sqﬁare inch (MIL-P-
28809A), and to thereby form a mixture comprising the
composition, contaminant and water; and (C) separating
the water from said mixture, the separated water being
substantially free of water-soluble organic material
and having a chemical oxygen demand of no greater than
1,000 ppm, and also a cleaning process utilizing a
cleaning composition comprising a major amount of a
monobasic ester to <clean surfaces that are
contaminatedd with an _organic residue.

—————
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fromelectrical parts. The conparative exanp wed by an ex e
whi ch shgws the use of a conposition of the erm!“ l";" H! ﬂm,o cl gmr%;’f'h@
af oréenenti oned type of parts. Exanple C1 parts for
smal | ‘rotary electrical.switches were nmade by sol derl ng a smal brass di sk
onto a small Wridss S8baf tHAsThENsbl der fl ux, whi ch congeal ed and hardened at
t he sol der joijnt, waspiprepwved f om the redutti ng part using a

1 « A method of removing an organic residue from a
surface contaminated therewith by contacting thae surface
with a cleaning composition for a period of time at
least sufficient to solubilize the residue, whereafter
the cleanihg composition and the solubilized residue axre
removed from the sunface, which method is characterised
in_ that '

the organic residue is a lubricant, a soldering
flux, a wax, a tape residue, a greasy dirt,a coolant or
a residue from a machining operation, and

the surface contaminated therewith is a metallic or
plastic surface, and constitutes an automotive part, an
electrical part, an electronic asseuhly, a metal or
plastic fabricated part, & printed wire assembly, or a
printed circuit board,

and in that the cleaning composition consists
essentially of a substantially water-insoluble monabasic
acid ester present in an amount in excess of 50wt} of
the compogition and having the General Formula

R-COOR:

(wherein: R is an alkyl group having from 8 to 16
carbon atomsa; and

Ri1 is an alkyl group having from 1 to 4 carbon
atoms). o )

2+ A method according to Claim 1, wherein the total
number of carhon atoms in R and R1 is from 9 to 17.

3 . A method according to eithez; of Claims 1 and 2,
wherein the monobasic ester is methyl laurate, isopropyl
laurate, methyl caprate, or isopropyl myristate.
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cl eani ng conposition conprising 1, Lfl uoroethane - that is, a
hal ogenat ed sol vent of the type t E'i Mm F‘lﬁ“ with ozone depletion.
The.part's were cl eaned by i rmer5| eanl pg..coNposi tion Whl ch
was contained in a heated ultrasonic vat equi pped Wi t h; aiNeptEd h@g)ot ..... i\;

exhaust system The conposition was renoved by air dry:l ng ;Epg,@n@ja i
The conposition of Exanple G 1 was replaggd by a

4 . A mathod according to any of Cisims 1 to 3,
wherein the cleaning composition is used to clean.a
plurality of parts having their surfaces contaminated
with the residue, the residue is disszolved by the
composition, and the diseolved residue builda up in
concentration in the compasition as the composition is
used to clean additional parts, and wharein the
compasition 1s used to clean further additional parts
until the concentration of the d:l.saol.ved residue is

about 20 wtsg.

5. « A mathod according to any of Claims 1to 4,
wherein the cleaning composition includes in an amount
of less than 50 wti another claaning agent selected from
the group consisting of dibasic esters, petroleum |
hydrocarbons, ketones, ethexs and alcohols.

6+ A& method according to Claim 5 , wherein the
cleaning composition comprises 55 to 90 wt% of the
monohasic ester and 10 to 45 wtt of the other cleaning

agent.

7 . A method according to6 either of Claims 5 ‘and-6 ,
wherein the cleaning composition also includes a
surfactant. '

8. A method .according to Claim 7 « wherein the
surfactant comprises from 2 to 20 wty of the
composition.

9. A method according to Claim .8, wherein.the ester
is methyl laurate, isopropyl laurate, methyl caprate or
iscprapyl myristate, and the surfactant is an
ethoxylated aikyl phencl or a detergent alcohol.
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conpasi.ti.on_conprisi ng 90 wt.% i sopropyl nyristate and®#®st®e>
10 ‘wti % sunfacrant E@mp@§|t|0ﬂ~(lerg|tol NP-4 (3.33 w. @@ Ter ¢ 5PQACHREMTSHEET
(1.66 W 1%:riMagOk:n 2 b, 6f % "9, ©yclogol SBDO (1.66 wt.

di pr apw e Uyco£;¢ .56 ';fThe sol der flux was reaned fron1the parts
every Bit-as mgbl

A i, ‘§%nb05 tilon-was with the conposition of Exanple
G 1. ‘Cgualnéshek .CthOSItlon was renoved

L N

A PROCESS FOR CLEANING CONTAMINANTS WITH MONOBASIC ESTER

Field of the Invention

This invention relates to the removal a residue from a
surface that is contaminated therewith, for example, to the
cleaning of deposits of soldering flux and/or other residues
from a substraté’which is contaminated therewith. More

— specificélly,'this invention relates to the uselbf a cleaning
composition containing an ester. .

The invention ﬁill be described initially in Eonnectioh
with its applicability to the cleaning of printed circuit
boards. However, the invention has wider applicability, as
described hereinbelow.

In the fabrication of printed circuit boards, it is known
to use soldering fluxes in order to ensure the firm, uniform
bonding thereto of solder which functions to adhere to the
board's components thereof. Such flux must be removed from the
finished board. If not removed, deposits of the flux, in even
trace or minute amounts, can cause the circuitry of the board

2 to fail. BAn example of a fiux that is widely used in the
fabrication of printed circuit boards is rosin flux, a material
which is water insoluble.

Various types of ﬁaterials have been proposed for cleaning
deposits of rosin flux from the surface of a prihted circuit
board. Traditionally, chlorofluorocarbons (CFCs) and other
halogenated solvent;; inclﬁding chlorinated hydrocarbon
solvents, were used widely. However, these materials are not
presently favored because of environmental problems that are
associated therewith. Examples of other cleaning materials for
removing deposits of rosin fiﬁx ffom subst;ates contaminated
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therewith include: (a) alkaline cleaning compounds such as
alkanol amines; (b) a mixture of N-methyl-2-pyrrolidine and an
alkanol amine (U.S. Patent No. 4,276,186); (c) terpene
compounds; and (d) dibasic acid esters (U.S. Patent

No. 4,934,391).

The present invention is directed to the use of a
non-toxic, environmentally-safe cleaning composition comprising
an ester and optionally other materials.

o
H

Reported Developments .

»

In the cleaning operation, deposits of soldering flux are
dissolved by the water-insoluble, liquid, for example terpene
compounds as they are contacted therewith. A review of the
related art reveals that special consideration is given to
removing from the terpene-treated substrate the dissolved
contaminants that adhere thereto for those applications which
require that the substrate be highly cleaned. Thus, the
effective removal from the substrate of the dissolved soldering
flux and the terpene solvent in which the flux is dissolved is
an important aspect of the overall cleaning process.

The basic patent on thé.use of terpenes to clean printed
circuit boards of soldering flux is U.S. Patent No. 4,640,719,
assigned to the same assignee as the present invention. With
respect to the removal from the terpene-treated substrate of
dissolved flux and other contaminants, this patent teaches as
follows:

"Because they [terpene compounds] are almost completely

insoluble in water, however, the terpenes cannot be

directly flushed away by water. . Alternatively and
preferably, the terpene compounds are combined with one or
more terpene emulsifying surfactants. The addition of

such surfactants facilitates removal of the terpenes from
printed wiring boards by rinsing with water, whereby the




fromthe parts by rinsing with tap water. No conplaints of an -
safety problens were reported in the conversion to the use ofyﬁ¢E?AbEMEﬂ?SHEET

est er-based conposition. Since the flash point of the ester-based
conposition is 140[err]C (285[err] F), the potential for fire or explosion
was mnimal. Very significant cost_sgvings were achieved in the conversion
fromthe conposition of Exanple C 1 to the, ester based conposition.

terpenes are formed into oil-in-water emulsions.” (Column

3, lines 54-62)
The '719 patent discloses further that the terpene-based
composition can include up to 40 wt.% of the emulsifying
surfactant, with a preferred composition containing 10 wt.% of
surfactant. Such surfactants are typically water-soluﬁle
'o;ganic materials. While considered essential to achieve high
grade cleaning, the presence of such water-soluble o;gggic'
materials leads to problems which are associated with other
aspects of the' gyerall cleaning process. '

— One significant problem crops up*in connection with
disposal of the rinse.water that is generated du;%pg the
cleaning process. The amount of such rinse water can be
substantial, with some industrial applications using, for

example, 7.5-30% (two to five US gallons) of rinse water per
minute of operating time. For various industrial applications,

it is considered ideal to simply discharge the rinse water into
the local sewage system.' However, as a result of the use in
the cleaning composition of water-soluble materials, such
discharge typically runs afoul of environmental standards which
require thaf the chemical oxygen demand (COD) of the disqharged
water be no greater than some defined value. For example, some
communities specify that the COD should be no greater than
about 1,000 ppm for industrial water that is discharged into
the local sewage system. There are other communities with even
higher standards, for examplé, CODs of no greater than about
300 ppm. However, in using cleaning compositions of the type
described above, the presence of the water-soluble materials
can result in the rinse water having as much as 10,000 ppm or
more of COD. This indeed presents a problem for the
fabricators of circuit boards inasmuch as it requires the
fabricators to adopt additional steps to treat the water in a
manner such that environmental standards are met. This, of
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The ‘next exanple is illustrative of the practice of the present invention,

and shows sone additional applications in which nonobasic ester SHEET
used effectively. Exanple 2 In this exanple, a cleanin§£§5§g§%?§Ton

conprising the nethyl ester of capric acid was used to clean a printed
W ring assenbly which had been sol dergd wsing rosin flux. The cl eaning
per formance was equivalent to that obtained with a

course, increases the cost of the overall manufacturing
process.

There are reports (unconfirmed) of the use of surfactant-
free, terpene-based compositions in applications for removing
solder fluxes from various types of substrates. However, it
appears that, in such applications, the terpene-~treated
substrate is rinégﬁ with surfactant-containing water or
requires that the substrate be rinsed with either boiling water
or near boiling water. ' This, of course, is undesirable because
of the increased-costs associated with the provision of energy

\— that is needed to heat the significant amounts of water that
are required for the rinsing operation.

L

In view of exemplary shortcomings of the present state of
the art related to the use of terpene-based compositions to
clean soldering flux from the surfaces of printed circuit
boards, as described above, the present invention is directed .
to an improved, more efficient and economical process which
avoids or significantly alleviates such shortcomings.

As menticned abbve, CFCs and other halogenated solvents
which have been used widely as cleaning agents for many years
are no longer materials of choice because of their detrimental

_ effects on the earth's stratospheric ozone layer. Species of

Y these materials are also perceived to be carcinogenic. Due to
their environmental and health threats, they are being phased
out of production even though they have a variety of properties
which otherwise make them ideal cleaning agents.. They are
moderately good oil and grease solvents, they have no flash
points, they evaporate quickly due to their high vapor '
pressures, and some have low toxicity.

Alkaline cleanihg compounds known as the alkanol amines,
usually in the form of monoethanolamine, have been'used for
rosin flux removal as an alternative to the toxic halogenated
hydrocarbon solvents. These 6ompounds chemically react with
rosin flux to form a rosin soap through the egss of ~ -

| REPLACEMENT SHEET

29 APR 1999




terﬁene/surfactant m xture (BIOCACT EC-7 , Petroferm 1Inc.).

rfonobasi ¢ esters are useful as cleaning agents. They are capabl e of

di ssolving a variety of commopn contam nants and offer the adN
indicated earlier relative to other cleaning agents.

- 5 -

Thus,
NT SHEET

saponification. Other organic substances such as surfactants

or alcohol derivatives may be added to these alkaline cleaning

compounds to facilitate the removal of such rosin soap.

use of N-methyl-2-pyrrolidone in admixture with a water-

miscible alkanolamine is disclosed in U.S. Patent

The

No. 4,276,186. Unfortunately, these compounds, like the water-
soluble solderinngluxes, have a tendency to cause corrosion of
the surfaces and interfaces of printed wiring boards if they
are not completeiy and rapidly removed during the fabrication

process. £r

Another material which has been tdentified as an

alternative to the use of halogenated solvents is the class of
compounds- known as dibasic esters. The use of these materials
is desirable because they have relatively high flash points and

are not skin irritants. However, they have the disadvantage of

being moderately water soluble. Water solubility is

undesirable because dissolved materials are difficult to

separate from the water when used in a process involving water

rinse (as is usually the case). Thus, it is difficult to

dispose of the water rinse generated in the cleaning process.
Closed~loop systems are relatively difficult and/or expensive
to install when the cleaning compound is substantially water

soluble.

The use of monobasic esters to remove fats and inks is

disclosed by WO 90/03,419. However, there has been no prior

suggestion that such esters might be useful in the cleaning of

waxes and soldering fluxes from metallic or plastic surfaces

such as are found in printed circuit boards.

Even terpenes, which have been recognized as

environmentally-acceptable alternativés to halogenated solvents
and which offer good pgrformance in a wide range of cleaning

applications, have some disadvantages. They have ‘an

objectionable odor, low flash point, and a tendency to irritate

skin, lungs and nasal passages.
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Still another class of compounds in use is mineral spirits
or other petroleum distillates. These materials often have low
flash points, with high evaporative losses, and produce
dermatitis, headaches and nausea in use. Petroleum distillates
also require frequent change-outs in use because their, K cleaning
power is greatly diminished with minor loadings of ©il and
machine residues.

‘s

The present invention encompasses also the provision of a
cleéning prbceﬁs_involving the use of a cleaning agent which
has a combination of properties such that the agent is
particularly suitable for safe and efficient:use‘in a wide
variety of cleaning processes. ’

Summary of Invention

In accordance with the present invention, it has been
found that a composition comprising a major amount of a specific
monobasic ester can be used effectively in a variety of
different types of cleaning applications which heretofore
involved the use of halocarbons, alkaline detergents, or other
cleaning agents as described above, the use of each of the
aforementioned being accompanied by serious disadvantages. The
monobasic esters, which can be used to clean a variety of
surfaces, for example, metals, plastics, and electronic
assemblies, offer the advantage of water insolubiiity, low
toxicity, low skin irritation, high flash point énd low odor.

Accordingly, there is'provided, in accordance with the
present invention, a method for removing °
) a wax or soldering flux from a

metallic or plastic surface ’‘contaminated therewith, which

method comprises:
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CLAI M5 1. A nethod of renoving a wax or soldering flux froma netallic
of plastic surface contam nated therewith by contacting the surface with a
cl eaning conposition for a period of tine at |east suffici enREPIACEMENT SHEES
t he resi due, whereafter the cleaning conposition and the solubilized

resi due - 7 -

a) contacting the surface with a cleaning composition

P

comprising a major - in excess of 50wt$ - amount of a monobasic

acid ester - a substantially water-insoluble monobasic acid

ester having the General Formula

R-COOR:

(wherein: R is an alkyl group having from 8 to 16 carbon
atoms; and “.

R: is an alkyl group having from 1 to 4 carbon

atoms); ' _

(b) maintéining the cleaning composition.in contact with
the surface for a period of time at least suffiqient to
solubilize the residue; and

(c) removing the cleaning composition and solubilized
residue from the surface.

Examples pf monobasic esters that can be used in the
cleaning operation are methyl, ethyl, and isopropyl esters of
medium chain (Cq to C;; ) monobasic acids.

The conditions under which the monobasic ester
compositions are used can be typical of conditions used for
other organic cleaning solvents. They can be used, for

\,/ example, at a temperature within the range of room temperature
to about 65°C (150°F) ' or higher and under conditions which
involve a contact time of 1 to . 10 minutes.
Conventional means can be used to apply the monobasic ester
compositions to the soiled substrates, for example, spray,
agitated immersion, and soaking.

Use of the monobasic ester composition according to the present
invention avoids disadvantages associated with the use of prior
art compositions, as noted above. Use of a composition within
the scope of the present invent;on,offers the advantages of:

(a) good. -0il solvency; (b) good.sblvency for solder fluxes;
(c) excellent ability to remove lapping compounds; chips,
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are renoved fromthe surface, which nethod is characterised in that

the cl eani ng conposition consists essentially of a substanti REPVACEMENT SHEET
wat er - i nsol ubl e nonobasic acid ester present in an anount in excess of
50wt % of the conposition and having the General Fornul a

R-COOR[err] (wherein: Ris an al kyl greup having from8 to 16 carbon

grinding residues and other solid materials from metal surfaces
after machining operations; (d) the ability to remove the
solids even though highly loaded with cutting oils;
(e) extremely low toxicity and skin irritance; (f) low odor or
pleasing fragrances; (g) high flash points; and (h) water
insolubility. Furthermore, the monobasic ester compoéiﬁion
does not have a harmful effect on the earth's stratospheric
ozone layer and théy generally have a relatively low wvapor
pressure, and are, therefore, less volatile, providing the
'advantage of lower volatile organic compounds (VOC) pollutant
S emissions,than_ééior art compositions. '

o

With respect to the high degree of cleaning that can be
achieved by use of the present invention, the present cleaning
process can be used to produce levels of residual contamination
that are equal to or far below the military requirement of
2.2micrograms NaCl equivalent/cm® (14 micrograms/in*)
(MIL-P-28809A) (see the aforementioned '719 patent, column 7,

* lines 18 to 32 for additional information concerning the
evaluation of the degree of cleanliness of substrates based on
the involved military tést). A specific example of the degree
of cléanliness,that can be achieved by practice of the present
invention is set forth in the Example section hereinbelow.

Detailed description of the invention

The monobasic ester development

The cleaning composition -..according to the method of the present

invention comprises a major amount of a monobasic ester compound, that
is, the ester compound comprises in excess of 50 wt.% of the

composition, based on the total weight of the composition. The
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atonms; and Rlerr] is an alkyl group having from1 to 4 carbon
atons) . 2. A net hod according to Claim1l, wherein the total nunber of

carbon atons in Rand Rerr] is from9 to 17. 3. A et hod according to
either of Clains 1 and 2, wherein the nonobasic ester is neﬁﬁﬁLA$@WEgT§HEET
| sopropyl |aurate,

-_g'.

ester compound, which is a liquid at room temperatufe, can be
represented by the following formula:

R-COOR1

wherein R is an alkyl group having 8 to 16 carbon atoms and Ri
is an alkyl group having 1 to 4 carbon atoms. The alkyl groups
can be straight or branched chain. The cleaning composition can
comprise two or moere of the monobasic esters.

Preferred monobasic esters for use in the practice of the
present inventidn are those in which the total number of carbon
atoms in R and Rt is 9 to 17. Partigularly prefeired monobasic
esters are methyl laurate and isopropyl laurate, with methyl
caprate and isopropyl myristate being even more préferred. The
preferred esters are excellent solvents for a - variety of
different kinds of organic residues that typically ‘contaminate
the surfaces of a variety of types of materials.

Examples of commercially available monobasic esters which
can be used in the practice of the present invention include:
methyl caprylate, methyl caprate, methyl laurate, methyl
palmitate, isopropyl myristate, isopropyl laurate and isopropyl
stearate. -

_ It will be appreciated that a particular carboxylic
N monobasic ester can be synthesized readily by available
methods. For example, monobasic esters can be prepared by
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methyl caprate, or isopropyl nyristate. 4. A nmet hod according to any of
Clains 1 to 3, wherein the cleaning conposition is used to clean a

plurality of parts having their surfaces contam nated with the r REPINDEMENTESHEET
residue is dissolved by the conposition, and the dissolved residue builds

up in concentration in the conposit+das the conposition is used to clean
additional parts, and wherein the

reacting an alkyl alcohol and a fatty acid, for example, a Ci
to a Cs alkanol and a G to a Cyq fatty acid.

The insetubility of the ester is determined by the
following procedure which is conducted at 21°C (70°F).
Equal volumes of water and the ester are combined and allowed
t0 separate into two distinct phases or layers. The chemical
oxygen demand (COD) of the water layer is then determlned
according to standard technique. If the water layer has a COD
of no greater than 5,000 ppm, the ester is considered to be
"substantially jnsoluble in water." Preferably -the solubility

\ characteristics of the ester are such that the water layer has
a COD of no greater than about 1,000 ppm - such esters being
referred to as "water-insoluble." ‘.

Other preferred properties of this ester are that it have
a flash point of greater than 60°C (140°F), preferably
greater than 93°C (200°F), ' and low odor. 1In addition,
the ester should be non-irritating to the skin and have good
chemical stability.

The cleaning composition of the present invention can
comprise 100 wt.% of the monobasic ester. However, there are
applications in which it will be advantageous to imclade other
materials in the composition, but in an amount less than 50

U wt.%. For example, some tyﬁes of residues can be removed more
readily by other cleaning agents, including, for example,
organic or inorganic solvents, in admixture with the monobasic
ester. In preferred form, such other cleaning agents should be
miscible with the monobasic ester. Examples of other cleaning
agents that can be used include terpenes, for example,
paramenthadienes, dibasic esters, petroleum hydrocarbons,
ketones, ethers and aicohols. Preferred cleaning agents for
use in combination with the monobasic ester are terpenes,
ethers and alcohols. |

For applications in thch it is desirable to use another
cleaning agent in combination with the monobasic ester, the
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amount thereof can be selected based on the results desired.
For most applications, it is believed that the composition will
comprise 55 to 90 wt.% of the monobasic ester and

10 to 45 wt.% of the other cleaning agent.

The organic-based cleaning composition of the present
invention can include also a surfactant for promoting the
removal of the fééidual cleaning composition and contaminate
from the substrate being cleaned. In some applications, the
presence of the surfactant aids also in the cleaning of the
contaminate frdm the substrate.

‘e

The surfactant can be nonionic, anionic, catlon1c or
amphoteric surfactant: It is preferred to use a nonlonlc
surfactant, for example, condensation products of alkylene .
oxides, for example, ethylene oxide, with any of a variety of
hydrophobic moieties, as are well known in the art. Exanples
of these products are ethoxylated aliphatic alcohols, _
ethoxylated alkylphenols, ethoxylated amines, amides, and the
like. Sulfated, sulfonated, phosphated and carboxylated
hydrophobes, such as alcohols, can also be used, as can the
salts of each. Particularly ﬁreferred surfactants are
ethoxylated aliphatic alcohols and their derivatives.

Examplés of surfactants that can be used are ethoxylated
nonylphenols having from 4 to. 10 ethylene oxide
groups and detergent alcohols, for example, those comprising
about C9 to about Cis linear alcohols and about 3 to abeut 10
ethylene oxide groups. |

- The proportion of surfactant comprising the composition
will vary, depending Sq the particular ester or combination of
esters used and the nature of the parficular cleaning
application. Generally the surfactant w111 comprise 2 to

20 wt.% of the comp051t10n. In a highly preferred
embodiment, the composition comprises a mixture of about 8 to
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conposition is used to clean further additional parts until

coggentration of the dissolved residue reaches.20 w% 5. R%EEAQEM%NFSHEET
according to any of Clains 1 to4, wherein the cleaning conposition also

i ncludes a surfactant. 6. A nmet hod according to daimb5, wherein the
surfactant conprises from2-to 20 w %2f-the conposi.tion.

12 wt.% of surfactant and ' 88 to 92 wt.% of
monobasic ester.

The ester cleaning composition of this invention can be
used in a wide variety of applications because the ester
cleaning agent is capable of dissolving a wide variety ‘of
organic materials that typically contaminate substrates and it
is compatible (égg not ‘-harmful) with many types of materials
that comprise subétrateS'that require cleaning. Thus, the
ester-based composition can be used in removing cutting oils,
greases, greasy.dirt, solder fluxes, waxes, tape residues,

G, coolants, lubricants, lapping compounds, cutting' turnings,
chips and other machine residues from machined parts and for
hard surface cleaning in general. They can be uséd
advantageously to clean metals, plastics and electronic
assemblies.

The ester cleaning composition of the present invention
.can be used in cleaning efficiently printed circuit boards, as
well as any type of metallic or plastic substrate which is contaminated
with soldering flux and/or waxes. Thus,

printed wiring boards and other-articles which require the use
of soldering flux in the making 6f mechanical, electro-
mechanical, or electronic connections with metal can be cleaned
in accordance with the present invention. 1In the fabrication
of such articles, rosin soldering flux is used widely.

However, there also can be used other types of soldering
fluxes, including, for example, synthetic activated fluxes,
organic acid-based fluxes and fluxes contained within soldering
paste.

With respect to the degree of substrate cleanliness that
can be achieved by the practice of the present invention,
levels of contamination that meet or are below the military
specification MIL-P-28809A requirement ofg;g micrograms Naq1
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7. A met hod according to Caim 6, wherein the ester is nmethyl laurate,
i-<sopropyl laurate, nmethyl caprate or isopropyl nyristate, and the

surfactant is an ethoxylated al kyl phenol or a detergent alc?&%{A%EﬁENTSﬁEET
nmet hod according to any of Clains 1 to 7, wherein the cleani conposi tion

includes in an ampunt of Iess than_5Q4WM % another cleaning agent selected
fromthe group consisting of dibasic ésters, petrol eum hydrocarbons,
ket ones, ethers and al cohol s. :

equivalent/cm* ( 14 micrograms/ in*) can

be achievedi—uThe ester cleaning composition has been used
effectively to provide substrates having a contamination level
below 1.55 micrograms NaCl equivalent/cm?

(10 - micrograms/ in*). - |

Thé contaminated surface should be contacted with the
cleaning composition for a period of time sufficient to
solubilize the contaminant. The time for effecting
solubilation will depend on the température of the cleaning
composition and “the means by which it is applied. The

— temperature of the composition can be-~like that fypically used
for conventional cleaning compositions, for'exampie._room or
ambient temperature (20°C [70°F]) to 65°C (150°F). .

For some applications, for example, wax removal, even higher
temperatures can be used, for example, up to 115°C (240°F).
Exemplary means for applying the cleaning composition are
immersion, brushing, and spraying, for example, spraying in air
or beneath the surface of the cleaning composition. It is
believed that spraying the cleaning composition onto the
substrate will be used most widely. For batch operations,

typical contact times are 1 to 10 minutes. For
continuous operations, typical contact times are 30
seconds to ) 3 minutes.

The solubilized contaminént and residual cleaning
composition can be removed from the substrate by any suitable
means, for example, by air blasting, rinsing with water or an
organic rinsing agent, or by wiping, for example, with an
absorbent material. It should be understood that, for some
applications, it is not nécessary to remove completely the
cleaning composition-énd the contaminant from the substrate.
In such an application, the cleaning composition is simply
allowed to drain from the surface.

Drying of the substrate is optional. If it is desired to
dry the surface, drying can be accelerated by the use of hg@t.
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9. " A nethod according to Claim8, wherein the cleaning conposition

conprises 55 to 90 wt % of the nonobasic ester and 10 to 45 0 EME'NESHEIEW
cl eaning agent. 10. A nethod as clainmed in any of d ains 1ﬁ¢€§%§: an

applied to the renmoval of a wax. 11. A nethod as clainmed in any of C ains
1 t09; and applied to the renoval oflf.soldering fl ux.

For example, the substrate can be dried in an oven and/or it
can be dried with forced air, for example, air heated to

38°C (100°F) or above.

In accordance with this invention, it has been found that
the monobasic ester cleaning composition can be used
effectively to cléan a plurality of parts even after prolonged
use with build up in the composition of a relatively high
amount of dissb}yed organic contaminants that have been removed
from the treated parts. In one appl%pation, it was observed
that a bath of the cleaning composition continued to clean
effectively parts covéred with an oily material évgn though the
bath contained 40 wt.%$ of the dissolved organic residue.
Accordingly, the present invention encompasses also the
continued use of the monobasic ester composition to clean
organic residues from the surfaces of substrates contacted
therewith as dissolved organic residue builds up in
concentration in the composition to a relatively high amount,
but prefefably to an amount no greater than 30 wt.%, and
more preferably to an amount of -20 wt.% (based on the
total weight of the cleaning composition and the amount of
dissolved organic contaminant).
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Examples of the Moncbasic Ester Development

Examples which follow are illustrative of the present
invention. Comparative examples are set forth also.

The next eéample is a comparative example which shows the
use of a prior art, commercially available CFC composition
comprising 94 wt.% 1,1,2-trichlorotrifluoroethane and

'-6"wt.% methanol to clean solder flux of the rosin type

~ from electrical parts. The comparative example is followed by

an example which shows the use of a compositidn‘of the present
invention to clean the aforementioned type of parts. '

Example C-1

In this example, parts for small rotary electrical
switches were made by soldering a small brass disk onto a small
brass shaft. The solder flux, which congealed and hardened at
the solder joint, was removed from the resulting part using a
cleaning composition comprising 1,1,2-trichlorotrifluoroethane
- that is, a halogenated solvent of the type that is associated
with ozone'depletion. The parts were cleaned by immersing them
in the cleaning composition which was contained in a heated
ultrasonic vat equipped wifh.a vented hood exhaust system. The
composition was removed by air drying.

Example .1

The composition of Example C-1 was replaced by a
composition comprising 90 wt.% isopropyl
myristate and 10 wt.% surfactant composition

(Tergitol NP-4 (3.33 wt.%), Tergitol NP-7 (1.66 wt.%), Macol 2
(1.66 wt.%), Cyclogol SBDO (1.66 wt.%), and dipropylene glycol
(1.66 wt.3)). The solder flux was removed from the parts every
bit as well with this compos;tion_g§§_with the composition of
Example C-l. The residual ester-based composition was removed

X
—
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from the parts by rinsing with tap water. No complaints of any
health or safety problems were reported in the conversion to
the use of the ester-based composition. Since the flash point
of the ester-based composition is 140°C (285°F), the potential

for fire or explosion was minimal. Very significant cost
savings were achieved in the conversion from the composition of
Example C-1 to the ester based composition.

The next example is illustrative of the practice of the
present invention, and shows some addztlonal appllcatlons in
which monobasic esters can be used effectively.

Example 3_

In this example, a cleaning composition comprising the
methyl ester of capric acid was used to clean a printed wiring
- assembly which had been soldered using rosin flux. The
cleaning performance was equivalent to that obtained with a
terpene/surfactant mixture (BIOAéT EC~7 , Petroferm, Inc.).

Thus, monobasic esters are useful as cleaning agents.
They are capable of dissolving a variety of common contaminants
and offer the advantages indicated earlier relative to other
cleaning agents. '
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CLAIMS

l; A method of removing a wax or soldering flux from.a
metallic or plastic surface contaminated therewith by
contacting the surface with a cleaning composition for a period
of time at least sSufficient to solubilize the residue,
whereafter thq_cleéning composition and the solubilized residue
are removed frog}the surface, which method is characterised in
that . e -—T———————————T

the cleaning composition consist; essentially of a
substantially water-insoluble monobasic acid ester present in
an amount in excess of 50wt% of the composition ana having the
General Formula

R-COOR1

(wherein: R is an alkyl group having from 8 to 16 carbon
atoms; and

Ri1 is an alkyl group having from 1 to 4 carbon
atoms).

2. A method according to Claim_}3 wherein the total number of

carbon atoms in R and Ri1 is from 9 to 17.

3. A method according to either of Claims#{ and_£3 wherein
the monobasic ester is methyl laurate, isopropyl -laurate,
methyl caprate, or isopropyl myristate.

.4, A method according to any of Claimsj; t°_§3 wherein the
cleaning composition is used to clean a plurality of parts
having their surfaces-contéminated with the residue, the
residue is dissolved'by the composition, and the dissolved
residue builds up in concentration in the composition as the
composition is used to clean additional parts, and wherein the
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composition is used to clean further additional parts until the
concentration of the dissolved residue reaches 20 wts.

5. A method according to any of Claims i_tofb wherein the

cleaning composition also includes a surfactant.

6. A method according to Claim 5,. wherein the surfactant
comprises from 2.to 20 wt% of the composition.

)

1. A method according to Claim . 6 wherein the ester is
methyl laurate, 1sqpropy1 laurate, methyl caprate or isopropyl
myristate, and the surfactant is an ethoxylated alkyl phenol or
a detergent alcochol. *

8. A method according to any of Claims 1 to7, |, wherein the

cleaning composition includes in an amount of less than 50 wt%

another cleaning agent selected from the group consisting of R

dlba51c esters, petroleum hydrocarbons, ketones, ethers and
alcohols.

9. A method according to Claim 8, wherein the cleaning
composition comprises 55 to 90 wt% of the monobasic ester
and 10 to 45 wt% of the other cleaning agent.

{0. A method as claimed in any of Claims 1 to 9, and applied
to the removal of a wax.

11. A method as claimed in any of Claims 1 to9;, and applied

to the removal of a soldering flux.
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A PROCESS FOR CLEANING CONTAMINANTS WITH MONOBASIC ESTER

ABSTRACT

An industrial cleaning process in which a
contaminant comprising soldering flux and/or adhesive
tape residue:’is removed from a subtrate contaminated
thei:ewith, for example, a printed circuit board
contaminated with rosin flux, comprising: (a)
contacting ‘he substrate with a terpene-based cleaning
composition which is substantially free of water-
soluble organic ma.tei'ial, for example, a surfactant,
for a period of time sufficient to solubilize the
contaminant; (B) <removing the composition and
solubilized contaminant from the substrate by contact
with water having a temperature of about 70°F to about
140°F (but preferably lower) for a period of time of no
longer than about 10 minutes to provide a substrate
having a contamination rat:].hg of no greater than about
14 micrograms NaCl equivalent/square inch (MIL-P-
28809A), and to thereby form a n;ixture comprising the
‘composition, contaminant and water; and (C) separating
the water from said mixture, the separated water being
substantially free of water-soluble organic material
and having a chemical oxygen demand of no gfeater than
1,000 ppm, and also a cleaning process utilizing a
cleaning composition comprising a major amount of a
monobasic ester to clean surfaces that are
contaminatedd with an organic residue.
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