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A COMPOSITION AND A PROCESS FOR REMOVING ROSIN SOLDER FLUX WITH
TERPENE AND HYDROCARBONS

5 FIELD OF THE INVENTION

The present invention relates to processes for
removing adherent soils from substrates. More
specifically, the invention relates to effective cleaning
processes which utilize non-azeotropic mixtures of

10 solvating agents and rinsing agents.

The present invention provides cleaning methods having
characteristics and features which are highly desirable in
numerous and varied commercial applications. For example,
most metallic components are treated with an oil or other

15 processing agent during the fabrication process, and this
oil must be removed before thé component is installed in
the finished product. It is also frequently required that
excess rosin flux must be removed from printed circuit
boards before the boards are acceptable for use. The

20 present processes are adaptable for use in these and many
other applications. Thus, although the present invention
is described initially herein in connection with its
applicability to the cleaning of printed circuit boards, it
will be appreciated from a reading of the entire

25 application that the invention has wider application.

Printed circuit boards typically consist of a rigid or
flexible sheet of fiberglass-reinforced dielectric plastic
having electrical contacts and conductors on one or both
sides thereof. Electrical components are electrically

30 connected to these connectors and/or contacts using any one
of a number of soldering techniques. Most of the soldering
techniques currently used in commercial manufacturing
processes include the step of coating the entire circuit
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the soldering of residual flux on the printed circuit board is
10 detrimental to the operability of the electrical circuitry
and components contained on the board. Accordingly, any
residual flux present on the board must be removed.

REPORTED DEVELOPMENTS

The techniques used to remove adherent residues from

15 printed circuit boards are numerous and varied, ranging
from simple brushing of the board with solvent to
relatively sophisticated emulsion cleaning. See Leonida,
Handbook of Printed Circuit Design, Manufacture, Components
and Assembly, Chapter 9, pp. 464—48§ (1981). One of the

20 most widely used cleaning techniques is known as vapor
degreasing or vapor-liquid-vapor cleaning. According to
this process, the printed circuit board is contacted in
succession by: (1) relatively hot solvent-containing
vapors; (2) by relatively cool solvent-containing liquid;

25 and (3) finally by relatively hot solvent-containing vapor.

Equipment typically used in connection with vapor
degreasing consists of a two-section tank. The first
section of the tank contains boiling solvent and the
second section of the tank contains relatively cool, non-

30 boiling solvent. Refrigerated coils are provided in the
vapor space above the boiling solvent, and solvent vapor
condenses onto the coils and is transferred to the cold
solvent in the second section of the tank. A certain
portion of the cold liquid solvent is returned to the first

35 section of the tank to maintain a sufficient quantity of
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is conplete, the y®S&f&oivent. Due to the temperature difference between
5 the circuit board and the solvent vapor, solvent condenses
on the printed circuit board and achieves a solvating
action on the residual rosin fluxes. The condensed vapors
and the rosin fluxes solvated thereby are allowed to return
to the first section of the tank. After the desired amount
10 of cleaning action has occurred, the board is then moved to
the second section of the tank and immersed in the cold
solvent, thereby cooling the board and effecting any final
cleaning which may be desired. The relatively cool board
is then introduced once again into the relatively hot vapor
15 space, where condensing vapors perform a final rinse on the
board. Ssuch vapor-liquid-vapor cleaning processes are
described on pages 475-477 of Leonida. According to the
teachings of Leonida, vapor degreasing processes require
solvents having a boiling point of below about 75°C
20 (167°F) .

The types of materials that have heretofore been used
for the removal of residual fluxes from printed circuit
boards are also numerous and varied. For example,
chlorinated hydrocarbons, aliphatic hydrocarbons, alcohols,

25 and terpenes are known rosin flux solvents. Because of
their high vapor pressures and good solvating ability in
the vapor state, chlorinated hydrocarbons, including
chlorofluorocarbons, have been widely used in vapor
degreasing type processes. However, chlorinated

30 hydrocarbons are generally relatively poor solvents for any
ionic residues which may be present on the printed circuit
board or other substrate to be cleaned. See Leonida, page
466. For this and other reasons, chlorinated hydrocarbons
in general, and chlorofluorocarbons in particular, have

35 sometimes been used in combination with other low-boiling

solvents.
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U.S. Patent No. 3,640,884 - Scholfield et al:

Although mixtures of solvents have Leen

used for [removing rosin flux from printed

circuit boards] they have the disadvantage

that they boil over a range of

temperatures and consequently undergo

fractionation in vapor degreasing or

ultrasonic applications which are open to

the atmosphere.
(Col. 1, lines 47-51). Accordingly, Schofield requires the
use of tetrachlordifluoroethane in the form of binary and
ternary azeotropic mixtures for use as solvents in vapor
degreasing processes. Other patents which disclose the use
of azeotropic mixtures containing chlorinated hydrocarbons
as solvents in vapor degreasing type cleaning processes are
U.s. Patent Nos. 3,960,746 - Gorski; 3,733,218 - Begun; and

4,062,795 - Hutchinson.

While chlorinated hydrocarbons and mixtures containing
chlorinated hydrocarbons have been used widely and with
advantage as solvents in printed circuit board cleaning
processes, the use of such materials has recently been
strongly discouraged for environmental reasons. In
particular, the use of chlorinated hydrocarbons, including
chlorofluorocarbons, has been severely criticized by
ecologists because the dispersal of such materials into the
atmosphere has been found to damage the ozone layer. For
this reason, the use of chlorinated hydrocarbons has been
greatly restricted and, in some situations, prohibited
entirely. Thus, despite their attractive solvency
characteristics, chlorinated hydrocarbons are no longer the

mml try and conponents cont ai ned on the

residues from15 printed circuit boards
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5 SUMMARY OF THE INVENTION
Applicants have discovered cleaning processes in which

adherent soils are effectively removed from substrates. In
particular, the present processes generally comprise (a)
contacting the substrate with a liquid solvating agent and,

10 preferably simultaneously and/or subsequently, (b)
contacting the substrate with a rinsing agent, the ratio of
the vapor pressure of said rinsing agent to the vapor
pressure of said solvating agent being relatively high,
preferably no less than about 20.

15 According to one preferred aspect of the present
invention, the contacting step (a) comprises contacting the
substrate with a beoiling liquid cleaning composition
comprising the solvating agent and the rinsing agent
described above. Because of the extreme difference in

20 volatility between the solvating and rinsing agents, the
solvating agent has a strong tendency to remain in the
liquid phase, and the vapor space overlying the boiling
liquid contains only very minor amounts of the solvating
agent and relatively high concentrations of the rinsing

25 agent. This is an extremely advantageous condition since
the need to recover and recycle the solvating agent is
minimized according to the preferred process of the present
invention. Moreover, due to the relatively non-volatile
nature of the solvating agent, concern about possible

30 escape of harmful solvating materials into the atmosphere
is substantially reduced or eliminated.

According to another preferred aspect of the
invention, the contacting step (b) comprises contacting the
substrate with a vapor comprising the rinsing agent. This

35 step is especially preferred for use in connection with the
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10 DESCRIPTION OF THE DRAWING

FIG. 1 is a semi-schematic view of a preferred

apparatus used in connection with the present methods.
DETAILED DESCRIPTICN OF THE INVENTION

The present invention utilizes a combination of

15 process steps and processing agents to effectively remove
adherent soils from substrates. The term "substrate" is
used nerein in a broad sense to designate any device or
article of manufacture which may be subject to
contamination by unwanted materials. Thus, the term

20 "substrate" encompasses, for example, machine parts, tools,
component assemblies and printed circuit boards. Likewise,
the term "adherent soil" is also used in a broad sense to
designate, for example, unwanted materials which are not
easily removed from the substrate by ordinary mechanical

25 means. Thus, the term "adherent soil" encompasses
inorganic and organic materials, for example, greases,
waxes, o0ils, adhesives and rosin fluxes. Applicants
contemplate, however, that the invention will find
particular utility in connection with the cleaning of rosin

30 fluxes from printed circuit boards and in connection with
cleaning of wax, grease and/or oils from machine parts.

The present methods comprise the step of contacting
the substrate to be cleaned with a liquid solvating agent.
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preferably of at least about 20. Solvating power is
determined by measuring the parts by weight of adherent
soil dissolvable in 100 parts by weight of solvating agent
at room temperature. According to especially preferred
10 embodiments, the adherent residue is substantially fully
miscible in the solvating agent in substantially all

proportions.

An important feature of the present invention is the

use of a solvating agent that has a relatiﬁely low vapor

15 pressure. Applicants have discovered that the use of low
vapor pressure solvating agents in combination with other
preferred features of the present invention provides
cleaning methods which are at once highly effective and
environmentally benign. In particular, the low vapor

20 pressure solvating agents have a strong tendency to remain
in the liquid state. A principal disadvantage of prior
chlorinated hydrocarbon solvents was the tendency of such
compounds to escape into the environment. Furthermore, the
strong tendency of fhe present solvating agents to remain

25 in the liquid state greatly simplifies process design.
Accordingly, in one embodiment of the present invention the
solvating agents preferably have a room temperature vapor
pressure of not greater than about 0.05 atmosphere (about
40 mm Hg), and even more preferably not greater than about

30 - 0.01 atmosphere (about 8 mm Hg). The term “"room
temperature” is used herein to indicate a temperature of
about 70°F (about 20°C).

The solvating agent may also have other desirable
features and characteristics. For example, the solvating
35 agent preferably will not adversely affect the strength,
integrity or operability of the materials of construction
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and 962 Z mlcgytggénggotochemlcal stability are also other
preferred features of the present solvating agents.

The solvating agent of the present invention is
preferably selected from the group consisting of terpenes,
dibasic esters, monobasic esters, petroleum solvents, alkyl

15 substituted 2-pyrrolidones, ketones, ethers, alcohols,
amines and mixtures of two or more of the aforementioned,
with terpenes being preferred for adherent soils comprising
rosin flux. While it is contemplated that all terpene and
terpene-based compounds are adaptable for use as solvating

20 agents according to the present invention, it is especially
preferred that the solvating agent be selected from the
group consisting of alpha pinene, beta pinene, gamma
terpinene, delta-3-carene, limonene,.dipentene, terpinolene
and a mixture of two or more of the aforementioned, with

25 limonene and dipentene being preferred. As will be seen
from examples reported below, particularly good results
have been achieved also with the use of organic esters.

The present methods also require contacting the
substrate with a rinsing agent. As the term is used
30 herein, rinsing agent refers to a component or mixture of
components characterized by an ability to wash solvating
agent, and any adherent residue dissolved thereby, from the
substrate. Other characteristics of the rinsing agent will
vary widely, depending upon factors such as substrate type
35 and the solvating agent being used, and all such rinsing
agents are within the scope of the present invention.
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rinsing agent to the vapor pressure of the solvating agent
at room temperature be no less than about 20, and even more
preferably no less than about 100. In another preferred
embodiment of the invention, the room temperature vapor

10 pressure of the rinsing agent is preferably from about 0.01
atmosphere (about 8 mm Hg) to about 1 atmosphere (about 760
mm Hg) and even more preferably from about 0.1 (about 80 mm
Hg) to about 0.9 atmosphere (about 680 mm Hg). Applicants
have found that rinsinyg agents having vapor pressures

15 within the preferred ranges described aone provide the
present methods with beneficial characteristics. For
example, the preferred methods do not require a prolonged
drying step to remove the rinsing agent from the substrate.
This advantageous feature is due, at least in part, to the

20 use of high vapor pressure rinsing agents which tend to
readily evaporate from the substrate, thereby leaving it
clean and dry after the rinsing step. Rinsing agents
having the preferred vapor pressure characteristics
described herein possess other advantages when used

25 according to the preseht methods, as described more fully
hereinafter.

The present rinsing agents also preferably have little
or no known tendency to cause depletion of the ozone layer.
More particularly, it is highly preferred that the rinsing

30 agents have an ozone depletion factor (ODP) of no greater
than about 0.15, more preferably no greater than about
0.05, and even more preferably of about zero. Ozone
depletion factors are reported in Technical Progress On
Protecting The Ozone lLayer -Electronics, Degreasing and Dry

35 Cleaning Solvents Technical Options Report, United Nations
Environment Programme (6/30/89). Rinsing agents consisting

of CFC-113, CFC-114 and CFC-115 have ozone depletion
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substantially miscible with the solvating agent. According
to preferred embodiments described in detail hereinafter,
the articles to be cleaned are contacted with a cleaning

10 composition that includes both the solvating agent and the
rinsing agent together in the liquid state. 1In cleaning
articles that are fragile and thus subject to being damaged
if the composition is agitated unduly, the use of a
cleaning composition in which the rinsing agent and the

15 solvating agent are fully miscible in all proportions is
desirable because such a composition can be used more
effectively with little or no agitation than a composition
that includes solvating and rinsing agents which are

immiscible with each other.

20 It should be appreciated by those skilled in the art
that the preferred rinsing agents are relatively benign to
atmospheric ozone at least in part because of the absence
or reduced presence of chlorine in the molecules making up
the rinsing agent. However, it will also be appreciated

25 that the reduced chlorine content results in a decrease in
the ability of the rinsing agent to solvate many adherent
soils, including rosin solder flux. Because of the other
features and characteristics of the present invention,
however, the relatively low solvating power of the

30 preferred rinsing agents is not detrimental to the cleaning
effectiveness of the methods of the present invention.
Accordingly, the primary purpose of the present rinsing
agents 1is to wash the solvating agent from the substrate to
be cleaned, and it is not required that the rinsing agents

35 have any ability to solvate the adherent soil, although
this ability may be present in certain embodiments of the

invention.
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impregnated fiberglass. The present rinsing agents are

10 also preferably low in toxicity and flammability to
improve safety characteristics. It is also highly
preferred that the rinsing agents of the present invention
are benign toc the atmosphere, soil and water. Chemical and
photochemical stability are also other preferred features

15 of the rinsing agents. Each of the characteristics noted
above with respect to the rinsing agent is equally
preferred for the rinsing composition as a whole.

The present rinsing agent is preferably selected from
the group consisting of chlorinated hydrocarbons,

20 chlorofluorocarbons, fluorocarbons, hydrofluorocarbons,
hydrochlorofluorocarbons, aliphatic hydrocarbons, aromatic
hydrocarbons, alcohols, ketones, ethers and mixtures of two
or more of the aforementioned. It is even more preferred
that the rinsing agent of the present invention be selected

25 from the group consisting of mono- or di- _
chlorohydrocarbons, mono- or di-chlorofluorocarbons,
fluorocarbons, aliphatic hydrocarbons, alcohols and
mixtures of two or more of the aforementioned. As the term
is used herein, aliphatic hydrocarbon refers to

30 hydrocarbons comprising carbon and hydrogen and includes
straight- and branch-chain and cyclic hydrocarbons and
saturated and unsaturated hydrocarbons. As the terms are
used herein, hydrofluorocarbon and fluorocarbon refer to
fluorine-substituted hydrocarbons that do not contain

35 chlorine. The use of perfluorohexane is preferred.
Preferred among the alcohols are isopropanol and
fluorinated alcohols such as pentafluoropropanol.
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A particularly preferred embodiment of the invention
comprises the provision of a cleaning composition in which
5 the solvating agent and the rinsing agent are immiscible
with each other. The term "immiscible" is used herein in
its usual sense to mean that the liquid solvating agent and
the liquid rinsing agent do not mix with each other. For
example, when the two liquids are brought together, each
10 forms its own layer, with the liquid having the higher
specific gravity forming a layer which underlies an
overlying layer of the liquid with lower specific gravity.
Thus, a composition of this embodiment of the invention, in
an undisturbed state, comprises stratified liquid phases.
15 An advantage of the use of immiscible liquids is that the
composition in use tends to boil at a relatively constant
temperature which is substantially equivalent to the
boiling temperature of the rinsing agent alone. In this
connection, it is noted that the solvating agent is
20 substantially insoluble in the rinsing agent, and
typically, the scil removed from the treated substrate is
also substantially insoluble in the rinsing agent - even at
the elevated temperatures which may be used to boil the
rinsing agent. Inasmuch as the solvating and rinsing
25 agents can be miscible or immiscible with each other, it
should be recognized that the present invention includes
also within its scope a cleaning composition which
comprises solvating and rinsing agents which are partially
miscible in each other or partially immiscible with each
30 other. '

In a preferred embodiment, the liquid rinsing agent
underlies the solvating agent in the stratified form of the
composition. In such an embodiment, the relatively high-
boiling solvating agent forms a protective cap or blanket

35 over the lower boiling rinsing agent. This deters
evaporative loss of the rinsing agent when the composition

is not being used. An embodiment of the aforementioned
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parts. one percent, of water. Substantlally water~free rinsing

10 agents are especially preferred. While aqueous systems
have certain desirable characteristics, such as ready
availability and low cost, rinsing agents containing water
are frequently corrosive to one or more of the materials of
construction of the substrate. Moreover, substrates which

15 are rinsed with water-containing systems are difficult to
dry. Thus, the use of water-containing rinsing agents has
the detriwental characteristic of being potentially harmful
to the substrate being cleaned and/or the components
contained therein and of producing substrates which are

20 difficult to dry. Accordingly, the use of rinsing agents or
rinsing compositions which contain water is not preferred.

On'the other hand, water may be used as a solvating
agent in the practice of the present invention inasmuch as
water is capable of dissolving many types of soils,

25 including particularly inorganic soils. Water can be used
by itself as a solvating agent or in combination with one
or more other solvating agents. And it can be used to
particular advantage in compositions which comprise
immiscible constituents.

30 Excellent results have been achieved in - a variety of
cleaning applications employing solvating agents and
rinsing agents, as described above. There may be, however,
applications where improvements in cleaning may be realized
by the use of a surfactant(s). Suitable surfactants can be

35 selected based on knowledge in the art.
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the present 1nventlon, and the use of all such techniques
is within the scope hereof. Thus, it is generally

5 sufficient that the present contacting steps be carried out
under conditions sufficient to achieve the objective of
each step. That is, the step of contacting the substrate
with a solvating agent preferably proceeds under conditions
sufficient to solvate or loosen a predetermined type and

10 amount of adherent soil from the substrate, while the step
of contacting the substrate with a rinsing agent preferably
proceeds under conditions sufficient to wash a
predetermined amount of solvating agent from the substrate.
It is contemplated, for example, that the step of

15 contacting the substrate with the solvating agent may
include brushing'or spraying the substrate with the
solvating agent until the predetermined extent of solvation
and/or loosening is achieved. Nevertheless, applicants
have found that certain effective and beneficial cleaning

20 is achievable according to the preferred contacting
conditions described below.

It is generally preferred that the contacting steps of
the present invention comprise immersion of the substrate
in a liquid or wvapor containing the solvating agent and/or

25 the rinsing agent. Furthermore, agitation of the substrate
and/or agitation of the contacting medium is also preferred
for the purpose of maximizing contact efficiency. 1In
effect, maintaining relative movement between the
composition and substrate tends to speed up soil removal.

30 In use, it is highly recommended, and thus particularly
preferred, that a composition comprising immiscible liquids
be agitated. Agitation of the immiscible constituents of
the composition results in the formation of a mixture
thereof and causeé the rinsing agent to be moved toward and

35 to the surface of the heated composition where it
vaporizes. The composition tends to boil more uniformly.
Upon termination of the cleaning process, including

terminating agitation of the composition, the immiscible
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With respect to the segquence of the contacting steps,
it is contemplated that the step of contacting the
i5 substrate with the rinsing agent may be carried out
substantially simultaneously with and/or subseqguent to the
step of contacting the substrate with the liquid solvating
agent, subsequent contact being preferred according to
certain embodiments.

20 The duration of the contacting steps of the present
invention also may vary widely, depending upon a number of
factors, such as the type and nature of the adherent soil,
the materials of construction of the substrate and the
extent of cleaning desired, and all such durations are

25 within the scope of the present invention. Preferably,
however, the step of contacting the substrate with
solvating agent comprises maintaining the substrate in
contact with the solvating agent for a time sufficient to
solvate or at least loosen substantially all of the

30 adherent soil from the substrate. It is contemplated that
a person of ordinary skill in the art, with the guidance
provided by the present disclosure, will be readily able to
determine the appropriate contact time for any particular
application without undue experimentation. It is

35 especially preferred, however, that the substrate be
contacted with the solvating agent for a period of from
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preferably from about 30 seconds to about 2 minutes.

The step of contacting the substrate with rinsing
agent preferably comprises contacting the substrate with
rinsing agent for a period of time effective to wash from
the substrate a major proportion, and preferably
substantially all, of the solvating agent. Once again, it
is contemplated that one of ordinary skill in the art, with
the guidance provided by the present application, will be
readily able to determine the exact contact time regquired
for any specific application without undue experimentation.
It is generally preferred, however, that the substrate be
contacted with the rinsing agent for a period of from about
30 seconds to about 5 minutes, and even more preferably
from about 30 seconds to about 3 minutes.

The use of contacting steps according to the duration
periods described above are especially preferred for
methods which comprise the removal of rosin solder flux
from printed circuit boards, especially such methods which
utilize a rinsing agent comprising chlorofluorocarbons,
hydrochlorofluorocarbons, fluorocarbons or alcohols, and a
solvating agent comprising a terpene or terpene-based
material, or ester or ester-based material, for example, a

monobasic or dibasic ester, the former being preferred.

The temperature and pressure conditions under which
the contacting steps are carried out may also vary widely,
depending upon numerous factors, such as the cost and
availability of heating and cooling mediums, and all such
variations are within the scope of the present invention.
For the purposes of simplicity, it is generally preferred
that the contacting steps be carried out at about ambient
pressure conditions. With respect to temperature
conditions, it is highly preferred that the step of
contacting the substrate with a solvating agent comprise:
(1) providing a solvating agent at a temperature of from
about 10°C (about 50°F) to about 150°C (about 300°F), and
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comprising rinsing agent, the temperature of the substrate
being less than about the temperature of the vapor,
preferably at least about 5 C° less than the temperature of
the vapor. It is further preferred that the step of
15 contacting the substrate with a rinsing agent comprises:
(1) providing a rinsing agent at a temperature of from
about 5°C (about 40°F) tc about 120°C (about 250°F), and
even more preferably from about 20°C (about 70°F) to about
100°C (about 230°F); and (2) contacting the substrate with
20 the provided rinsing agent. Applicants have found that the
effectiveness of the solvating and rinsing steps of the
present invention is substantially improved when carried

out under the temperature conditions described above.

With respect to the actual contact mechanism, it is

25 contemplated that all known contacting techniques are
adaptable for use according to the present methods. Thus,
for the liquid solvating and rinsing agents, the contacting
step may comprise, for example, spraying, brushing and/or
immersing of the substrate, with immersion being preferred.

30 For rinsing agents in the vapor state, the contacting step
may comprise, for example, blowing rinsing agent vapors
across the substrate and/or immersing the substrate in

rinsing agent vapors, with immersion being preferred.

An especially preferred embodiment of the present
35 methods comprises: (a) contacting the substrate with a

boiling ligquid composition comprising solvating agent and
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about 20. It has been found that thls embodiment is highly
preferred because it permits a simplified yet effective
process design. According to certain embodiments, the use
of a boiling liquid containing solvating agent establishes

10 the preferred elevated temperature contact between the
substrate and the solvating agent. Furthermore, the
provision of a boiling liguid comprising a low vapor
pressure solvating component and a high vapor pressure
rinsing component results in the generation of a vapor

15 space above the boiling liquid which comprises rinsing
agent in major proportion and only minor amounts, if any,
of solvating agent. Thus, the effective elimination of
solvating agent from the vapor space coupled with the close
proximity of the boiling liquid to the vaporous rinsing

20 agent allows a simple and highly effective process design.
In its most preferred form, the solvating and rinsing
agents are immiscible with each other.

With particular reference now to FIG. 1, a batch mode

cleaning process according to one embodiment of the present

25 invention is illustrated. The methods according to this
embodiment utilize a partitioned cleaning tank 10 having a
first section 11 and a second section 12 separated by a
partitioning member or weir 13. The first section 11 of
tank 10 is filled to a first, predefined level with a

30 liquid cleaning composition 14 comprising solvating agent,
and the second section 12 is filled to a second predefined
level above said first predefined level with a liquiad
rinsing composition 15 comprising rinsing agent.
Condensing coils 16 are provided in the vapor space above

35 the ligquids contained in tank 10. The first section 11 of
tank 10 is provided with heating coils 18 for adding heat
to the liquid cleaning composition, and the second section
15 of tank 10 is provided with cooling coils 20 for
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to raise the temperature of the liquid cleaning composition
to about the boiling point. )

Overlying the liquids contained in section 11 and 12
15 of the cleaning tank is a vapor 19 which comprises the
rinsing agent of the present invention. More particularly,
as the temperature in tank section 11 is raised to the
boiling point of the liquid cleaning composition 14, the
rinsing agent contained therein is preferentially vaporized
20 and fills the vapor space 19 of the cleaning tank 10.
Coclant flow through condensing coil 16 is regulated so as
to condense about the same amount of vapor as is produced
by the boiling liquid contained in first tank section 11.
Condensed liquid transfer means (not shown) deliver the
25 condensed liquid into the second section 12 of tank 10.
The proper level of cool, rinsing agent contained in the
second tank section 12 is controlled by the height of
partition member or overflow weir 13. Excess liquid
rinsing agent flows over weir 13 and into the first tank
30 section 11, thereby replenishing rinsing agent lost
therefrom by wvaporization.

One preferred embodiment of the present methods will
now be described in connection with the use of the
apparatus illustrated in FIG. 1 to clean a printed circuit

35 board containing residual rosin solder flux. The first
step comprises contacting the contaminated printed circuit
board with solvating agent by immersing the board in the
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rinsing agent so as to wash solvating agent, and any rosin

flux dissolved therein or loosened thereby, from the
circuit board. This second contacting step preferably
comprises conducting two or more of the following steps

10 substantially sequentially: (i) contacting the printed
circuit board with rinsing agent by subjecting the board to
the vapor space 19 overlying the liquid tank 10
substantially immediately upon removal of the board from
contact with the solvating agent; (ii) further contacting

15 the printed circuit board with rinsing agent by immersing
the board in the relatively cool liquid rinsing agent
contained in the second section of the tank 10; and (iii)
further contacting the printed circuit board with rinsing
agent by immersing the printed circuit board in the vapor

20 space 19 overlying the liquid tank 10. This preferred
sequence of contacting steps is believed to provide a
highly effective technique for cleaning and drying
substrates containing adherent soil.

The contacting step (i) described above is

25 advantageous because it permits excess solvating agent and
associated soil to be washed off the board and returned
under the influence of gravity to the boiling liquid.
Thus, contamination of the rinsing liquid contained in
section 12 of tank 10 with solvating agent and/or removed

30 soil is minimized. It is contemplated that for certain
embodiments, contacting step (i) will provide acceptably
clean and dry printed circuit boards. For more stringent
requirements, however, it is preferred that the further
contacting steps (ii) and (iii) be utilized. 1In

35 particular, the printed circuit board is preferably removed
from the vapor space above tank section 11 and immersed in
the relatively cool rinsing composition contained in tank
section 12. This further contacting step provides
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EXAMPLES

The following examples are illustrative and/or'
comparative but not limiting of the present invention. The
designation of examples as comparative is not necessarily

15 an indication that the examples represent prior art
procedures.

EXAMPLE 1

About. 270 parts by weight (pbw) of a rinsing agent

consisting of 1,1,l-trichloroethane and about 630 pbw of a

20 solvating agent consisting of limonene were combined in a
heated vessel to form a liguid cleaning composition
consisting of about 70 percent by weight of limonene
solvating agent and about 30 percent by weight of 1,1,1-
trichloroethane rinsing agent. The liquid cleaner

25 contained in the heated vessel was then brought to a boil,
at which time the temperature of the liquid was about
140°C. The vapor space immediately overlying the boiling
liguid consisted essentially of 1,1,1-trichloroethane and
only trace amounts of limonene. Due primarily to heat loss

30 through the uninsulated wall of the vessel, the temperature
of the vapor space was about 66 C° below the temperature of
the boiling liquid.

A 1" x 2" rectangular metal test coupon having a

thickness of about one-sixteenth of an inch was
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condensatlon formlng ‘on the coupon. The coupon was removed

from the vapor, observed and found to be contaminated with

10 cutting oil, thereby indicating that the step of contacting
the coupon with vaporous rinsing agent was alone not
sufficient to remove the substantially all of the
contaminant from the coupon.

The still contaminated coupon was then contacted with

15 limonene solvating agent by immersing the coupon in the
boiling ligquid for a time sufficient to solvate or loosen
substantially all of the contaminant, that is about 45-60
seconds. The coupon was then removed from the boiling
liquid and placed in a vessel containing liquid 1,1,1-

20 trichloroethane at about room temperature for time
sufficient to allow the coupon to be cooled to about room
temperature, that is, about 60 seconds. Further contact
with the rinsing agent was then achieved by again immersing
the coupon in the vapor space immediately above the boiling

25 liquid for a time sufficient to observe cessation of
condensation on the coupon, that is, about 40 - 60 seconds,
thereby contacting the coupon with a vapor consisting
essentially of the rinsing agent 1,1,1- trichloroethane.
The coupon was again removed from the vapor and found to be

30 substantially dry and free of cutting oil contaminant and

solvating agent.
EXAMPLE 2

An apparatus of the general type illustrated in FIG. 1
was utilized to remove asphalt contaminant from a wire rod
35 coated therewith, except that cooling coils 20 were not

provided in the second section 12 of the vessel. A
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consi sting of ebhpokdstien wadr demtieahsintil boiling occurred. The
temperature of the boiling cleaning liquid was about 92°C.
10 The vapors rising from the boiling liguid were condensed
and transferred to the second section of the apparatus at a
rate sufficient to maintain a substantially constant liquid
level in both the first and second sections thereof. The
vapor space immediately overlying the boiling liquid
15 consisted essentially of isopropanol and only trace amounts
of limonene. Due primarily to heat loss through the
uninsulated wall of the vessel, the temperature of the
vapor space was about 9 C° below the temperature of the
boiling ligquid. The liquid in the second section of the
20 tank was at a temperature of about 25 - 40°C and consisted
essentially of isopropanol and only trace amounts of
limonene.

A wire rod was coated with asphalt and then allowed to
cool to about room temperature. The contaminated rod was
25 then placed into the vapor space immediately above the
boiling liguid for a time period sufficient to allow
substantial cessation of condensation of the vapors on the
rod, that is, about 40 - 60 seconds. The wire rod was then
removed from the vapor space, observed and found to remain
30 substantially contaminated with the asphalt. The wire rod
was then passed through the vapor space and placed into the
boiling ligquid. The wire rod was held in the boiling
liquid for about 60 seconds. Upon removal from the boiling
liquid, the wire rod was found to be substantially free of
35 asphalt, but wet with solvating agent.

The clean but wet wire rod was then immersed in the
cool liquid rinsing agent for about 60 seconds. The rod
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Example 2 was repeated, except that the contaminant

was a high melting temperature wax. The wire rod was
coated by dipping in molten wax and then allowed to cool to

10 about room temperature. The coated wire rod was then
placed into the vapor space immediately above the boiling
liquid for a time period sufficient to allow a substantial
reduction in the rate of condensation of the vapors on the
rod, that is, about 20 - 30 seconds. The wire rod was then

15 removed from the vapor space, observed and found to remain
substantially contaminated with the wax, although softening
of the wax had apparently occurred. The wire rod was
allowed to cool and was then immersed in the boiling liquid
for about 60 seconds. Upon removal from the boiling

20 liquid, the coated wire rod was found to be substantially
free of wax but wet with solvating agent.

The clean but wet wire rod was then immersed in the
cool liquid rinsing agent for about 10 - 20 seconds. The
rod was then immersed in the vapor phase above the boiling

25 liquid for a period sufficient to observe a cessation of
condensation on the wire rod, that is, about 40 - 60
seconds. The wire rod was then again removed from the
vapor and found to be both clean and dry.

EXAMPLE 4

30 An apparatus of the general type illustrated in FIG. 1
was utilized to remove Boscan crude oil from a wire rod
coated therewith, except that the second section of the
apparatus was not charged with rinsing liquid and condensed
vapors were returned directly to the boiling cleaning
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were condensed and returned to the boiling liquid. The

vapor space immediately overlying the boiling liquid
consisted essentially of isopropanol and only trace amounts
of limonene. Due primarily to heat loss throughout the

10 uninsulated wall of the vessel, the temperature of the
vapor space was about 17 C° below the temperature of the
boiling liquid.

A wire rod was coated with Boscan crude oil and

allowed to cool to room temperature. The contaminated rod

15 was then placed into the vapor space immediately above the
boiling liquid for a time periocd sufficient to allow
substantial cessation of condensation of the vapors on the
rod, that is, about 40 -60 seconds. A few drops of oil
were then observed to fall from the contaminated wire

20 hanger. The wire rod was then removed from the vapor
space, observed and found to remain substantially
contaminated with the crude oil. The wire rod was then
immersed in the boiling liquid for about 30 seconds and
then raised into the vapor space immediately above the

25 boiling liquid. The wire rod was then held in the vapor
space for a period of about 30 seconds, after which it was
withdrawn from the apparatus and allowed to cool. The wire
rod was observed to be substantially clean but slightly
damp. The wire rod was then reimmersed in the vapor phase

30 above the boiling liquid for a period sufficient to observe
a cessation of condensation on the wire rod, that is, about
40 - 60 seconds. The wire rod was then again removed from

the vapor and found to be both clean and dry.
EXAMPLE 5

35 An apparatus of the general type illustrated in FIG. 1

was utilized to clean a polyamide resin contaminant from a
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t he af or enent iodnddhe apparatus at a rate sufficient to maintain a
substantially constant liquid level in both the first and
second sections thereof. The temperature of the boiling
liquid was about 118°C, and the temperature of the cool
15 liquid in the second section of the tank was about 25 -
40°C. Due primarily to heat loss through the uninsulated
wall of the vessel, the temperature of the vapor space was
about 44 C° below the temperature of the boiling liquid.
The vapor directly above the boiling liquid consisted
20 essentially of 1,1,1-trichloroethane, with no more than
trace amounts cof

limonene present.

A wire rod was coated by dipping in molten polyamide

residue available from Union Camp under the designation

25 UNI-REZ 2646 and then allowed to cool to about room
temperature. The contaminated wire rod was then placed in
the vapor space above the boiling liquid, whereupon the
1,1,1-trichloroethane vapor contacted the rod and condensed
thereon. The wire rod was held in the vapor space for

30 about one minute and then removed. No removal of
contaminant from the rod was evident, thereby indicating
that the step of contacting the wire rod with vaporous
rinsing agent was alone not sufficient to remove the

contaminant from the wire rod.

35 The still contaminated wire rod was then contacted
with limonene solvating agent by immersing the rod in the

boiling liquid for a time sufficient to solvate or loosen
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then achieved by again placing the rod in the vapor space
immediately above the -boiling liquid for a time sufficient
to observe a substantial reduction in the rate of
condensation on the rod, that is, about 40 - 60 seconds,
10 thereby contacting the rod with a vapor consisting
essentially of the rinsing agent 1,1,1-trichloroethane.
The rod was again removed from the vapor and found to be
substantially dry and free of resin contaminant and

solvating agent.

15 The next group of examples (Examples 6 to 9 inclusive)
illustrates the use of compositions which are within the
scope of the present invention and which include solvating
agents and rinsing agents which are immiscible with each
other. The rinsing agent which was used in the composition

20 of these examples is perfluorohexane (CsF,,). Table 1 below
contains information respecting various of the physical

properties of perfluorohexane.
Table 1

Properties of Perfluorohexane

25
Basic Formula CsF 4
Flash Point, °C None
Normal Beoiling Point, °C 56
Pour Point, °C -90

30 Liqguid Density, 25°C, gm/ml 1.68
Liquid Viscosity, 25°C, cp 0.67
Vapor Pressure, 25°C, mm Hg 232
Thermal Conductivity, w/(cm)(°C) x 10° 0.57
Specific heat, 25°C, cal/(gm)(°c) 0.25

35 Heat of Vaporization € b.P cal/gm 21
Coefficient of Thermal Expansion, 25°C
ml/(ml) (°C) x 10° 1.6
Surface Tension, 25°C, dynes/cm 12
Solubility of Water, 25°C, dynes/ppm 10

40 Ozone Depletion Potential (ODP) zero
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surfactant ( S) S'#Jla%ae t:S uwrrafs?Cct:gan‘éesd Cv?{]tr?ea cutting oil and immersed for

10 1 to 2 minutes in the boiling composition which had a
temperature of 138°F (about 59°C). The part was then
withdrawn from the composition and raised above the vapor
zone of the apparatus where it was allowed to cool to about
room temperature. The cooled part was then lowered to the

15 vapor zone where vapor of perfluorohexane condensed on the
cooled part. The temperature of the vapor in the vapor
zone was 136°F which is the same temperature as the boiling
temperature of perfluorohexane. The part was Kept in the
vapor of the vapor zone for 5 to 7 minutes at which time

20 liquid had stopped condensing on the part. The part was
removed from the vapor zone and ascertained to be clean and
dry.

EXAMPLE 7

There was added to the composition of Example 6 an

25 amount of cutting oil such that the composition contained
15 wt.% of o0il (based on the total weight of the
composition). The procedure described in Example 6 was re-
run utilizing the composition with added o0il. The results
obtained were the same as those reported in Example 6 in

30 terms of cleaning and drying. The temperatures of the
boiling composition and of the vapor were also the same as
those reported in Example 6. When the agitation and in-put
of heat were terminated, the composition separated into two
distinct layers. It was observed that the bottom layer

35 consisted of the perfluorohexane which has a higher
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EXAMPLE 8 : -

The procedures described in Examples 6 and 7 above
were re-run except that methyl caprate was substituted for
isopropyl myristate. The results obtained were the same as

io0 those reported in Examples 6 and 7.

EXAMPLE S

The procedures described in Examples 6 to 8 above'were
repeated, except that the compositions were modified by
including therein about 10 ppm of a non-ionic fluoro liiquid

15 surfactant sold by 3M Company under the trademark Fluorad
FC-430 and characterized by 3M Company as fluoroaliphatic
polymeric esters.

The cleaning results were the same as those described in
Examples 6 to 8.
20
COMPARATIVE EXAMPLE A

A rinsing agent consisting of isopropanol was charged
to a heated vessel at about atmospheric pressure and
brought to a boil.

25 A wire rod was coated with asphalt and allowed to cool
to about room temperature. The contaminated rod was
immersed in the boiling liquid for about 60 seconds. Upon
removal from the boiling liquid, no removal of asphalt from

.the rod was evident.

30 Another example of the practice of the present
invention involved the use of a cleaning composition which
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(hereafter "the Detrex cleaner"). The Detrex cleaner has a
compartment for holding and heating the cleaning
composition comprising the solvating and rinsing agents and
15 a compartment for holding the rinsing agent. The Detrex -
cleaner was modified to include means for agitating the
cleaning composition and the rinsing composition, such
means consisting of a pump which withdrew the cleaning
composition from the bottom of the compartment in which it
20 was held and which pumped the cleaning composition back
into the main body thereof through nozzles. The
compartment holding the rinsing agent was modified in the
same way to achieve agitation of the body of rinsing agent
in the compartment holding it. The Detrex cleaner comes
25 equipped with a vapor zone that includes cooling coils.
The Detrex cleaner was modified to include an additional
set of cooling coils that were placed above the original
equipment coils and which were cooled to -20°F by means of
a refrigerating system. The additional cooling coils were
30 used to minimize evaporative losses of the rinsing agent.
It should be appreciated that the present invention can be
used effectively with other types of cleaning equipment
that are available commercially or that can be modified
readily to accommodate the practice of the present

35 invention.
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(a) contacting the printed circuit board with a

5 boiling liquid comprising solvating agent and rinsing
agent, said solvating agent having:

(i) a room temperature vapor pressure of no
greater than about 10 mm Hg; and

(ii) a solvating strength of no less than about

10 10,
and said rinsing agent having:

(i) a room temperature vapor pressure of from
about 80 mm Hg to about 760 mm Hg and an
ozone depleting factor of from about 0 to

15 about 0.05;

(b) subsequent to step (a), contacting the substrate
with 2 cool liquid comprising said rinsing agent and
having a temperature at least about 5 C° below the
temperature of said boiling liquid;

20 (c) allowing the contacting step (b) to continue for
a time sufficient to reduce the temperature of said
substrate to about the temperature of said liquid;
(d) subsequent to step (c), contacting the substrate
with a vapor consisting essentially of said rinsing

25 agent and having a temperature at least about 5 C°
above the temperature of said cool liquid; and
(e) allowing the contacting step of step (d) to
continue for a time sufficient to increase the
temperature of said substrate to about the temperature

30 of said vapor.

2. The process of Claim 1 wherein said boiling
liquid comprises a major proportion by weight of solvating

agent.

3. The process of Claim 1 wherein the solvating
35 agent is selected from the group consisting of terpenes,

terpene-based compounds and mixtures of these.

* c L M S *
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phase. . = .. ' the sequence of the contacting steps, .~
it is coftBhé38ed that the step of contactipg the 15  sulS$ilBEB24H9% t he
rinsing agent may be carried out substantially sinultaneously with

and/ or subsequent t#.theThe prstepsobfcakdat inghktheisubatgakenslitny thent

liquid | vat i C i.n . cordin
tol " ¢ SCer tai b pber B Eron SREILT YT RI AT IRl B LR B RA-REDT 1 1O
steps of the pr¥depearbonsjngharref laorecampong:y fligspgar®ependi ng upon a

number of hy @6 Pl Sor 888 PLAAS, NAyhRRhABE oFalBE-8cakbbhe , adheodrt1ss0i |,
the material s construction of _.the substrate an extent of

d.th
cl eani ng dési retPoaREee 2AEANGIFat RO RdXEUTSS ﬂftﬁgﬁthe scope of the

present invention. Preferably, however, the step of contacting the

substrate with sol vaiLn i S i i Qi : hg .rafe in
contact with the so?Vati?ééaggﬁggg%nBgng?ﬁg%éﬁpghg%%ﬁﬁ ?§l§-°§§§ﬁ§g§% or
at | east |oosetdeubstansigtsyegsensiagly o0 tezpraceands SRR Af FamSHLmS

substrate. |taéén@Oﬁéﬁgﬁéﬁéeésgﬁﬁtially oF BauSeBcakpendi nary skill in the
art, with the guidance
6. The process of Claim 5 wherein said rinsing agent

10 consists essentially of perfluorohexane.

7. The process of Claim 1 wherein the solvating

agent consists essentially of one or more organic esters.

8. A process for removing adherent soil from a
printed circuit board comprising:

15 {(a) contacting the printed circuit board with a
cleaning liquid comprising solvating agent and
rinsing agent, the ratioc of the vapor pressure of
said rinsing agent to the vapor pressure of said
solvating agent being at least about 20, and said

20 rinsing agent having an ozone depletion factor of
no greater than about 0.15; and .

(b) subsequent to (a), contacting the substrate
with a rinsing composition substantially free of
said solvating agent in major proportion.

25 9. The process of Claim 8 wherein said cleaning
liquid is a boiling liguid.

10. A process for removing soil from a substrate
comprising:
(a) contacting the substrate with a liquid
30 cleaning composition comprising a solvating
agent; and
(b} contacting the substrate with a rinsing
agent, the temperature of said rinsing agent

* C L M S *



“provi ded by the presemMIS%h eplacedII be readily able to determ ne
.the apprpprLa;e contact \ parti cul ar appllcatloggwitQBUt
undue eXyfePEfRghiti on. peci al | y,preferred, hoh&JEPSVR42 he
substrate be cont act ed with the solvating agent for a period of from

16 about 30 seconds BQlﬂ?OHE PeHLRUEES, @EQO%VQﬁéﬂﬁéhperaﬁﬂﬁﬁ(Hﬁﬂﬂd&d
from about 30 seconds to abo 2 mn contactlng

f
the substrate with r|nS|nblquldaﬁeﬁYaEFBﬁeFQSP§'C5Hﬁrr?%? 5&1 & n§R
substrate with 5 r|nS|ngpageﬁanODfaspédlmdnshnglmgemkf@unbhgtwamwsh from

the substrate a major proB?éééSPe é@dsgﬁﬁfEEﬁQkiing agent being at least
5 about 20.

11. The process of Claim 10 wherein said liquid
cleaning composition comprises said solvating agent and
said rinsing agent and including heating said composition

to boil said rinsing agent.

10 12. The process of Claim 11 wherein said solvating
agent consists essentially of terpene or organic ester and
said rinsing agent is selected from the group consisting of
chlorofluorocarbons, fluorocarbons, hydrofluorocarbons,
hydrochlorofluorocarbons, alcohols, fluorinated alcohols,

15 and mixtures of these.

13. A liquid composition comprising solvating agent
and rinsing agent, said solvating agent having:
(i) a room temperature vapor pressure of no
greater than about 10 mm Hg; and
20 (ii) a solvating strength of no less than about
10,
and said rinsing agent having:
(i) a room temperature vapor pressure of from
about 80 mm Hg to about 760 mm Hg and an
25 ozone depleting factor of from about 0 to
about 0.05.

14. The composition of Claim 13 wherein said
composition comprises a major proportion by weight of

solvating agent.
30 15. The composition of Claim 13 wherein the solvating

agent is selected from the group consisting of terpenes,

terpene-based compounds and mixtures of these.

LU



"substantially all, o%ms oIvatrn agent Once again, it S

contenpl ated t hat one iE ﬁ’ in the art, with t he gui dance
provi ded by the prese , mnll be 10 readrly abl e to determ ne
the ex®& 9¥BRéMct ti for any,specific appl i@t/ Mout
undue experinmentation. S generaIIy preferred however, that the
substrate be cgatac@g@ dﬁ%%ﬂdﬂ“ﬂﬂﬂtfﬁmmhefQﬁe%eﬁ%rb%ddOEﬂH§¥H

about 30 seconds to nut even nore prefer om

about 30 secoﬁﬂ@“?olébﬁﬁﬁeg% Eg] e gr°up confiistigg 8f %%é& J

st eps accordlhgdtochhboﬂsnathdmrofluqnauaadxndes¢ﬂmb€@cab®¢esare especrally

R g T S R b A
uch met ho

fromprinted c YFeai t oar esg ecr ly s which 20 utilize a
ri nsing agent fdBRpANSTLREG éﬁﬁ&hﬂﬁﬁﬂﬁﬂﬂﬂﬂ%ﬁﬁﬂ?es of these.

hydr ochl or of | uor ocar bons, fl uorocarbons or aIcohoIs and a sol vati ng
agent conprising a_terpene or terpene-based . ester_ o

est er-based nateri ét’ §r°é’%‘£r9511 1op c°mprr?[ﬁ1’6‘§a§\ (,so va 1B1§S Ao, & d’t%e

former being pieééngedgent2$hat arel hignntienpidylat widhaeadchr eshere agohdi ti ons
under which ynerbBG €8RLGH;RI o3 Sﬂ'ﬁe Qfa%cﬁ.arﬂx]e%u‘}'ét o@%a@bsgl‘ﬁ‘y%d’“ del y,

dependi ng upon nunerous factors, as the "cost and avai labi Ity of
heating and céEPPﬁgtﬁe&P@wﬁapaﬁdqusﬁﬂﬁﬁw°f said solvating agent is at

10 least about 20.

18. A composition according to Claim 17 wherein said
rinsing agent has an ozone depletion factor of no greater
than about 0.15.

19. A composition according to Claim 17 wherein said

15 solvating agent consists essentially of a terpene and said

rinsing agent consists essentially of a fluorocarbon or a
hydrofluorocarbon.

20. A composition according tc Claim 17 wherein said
solvating agent consists essentially of an organic ester
20 and said rinsing agent consists essentially of a

fluorocarbon or a hydrofluorocarbon.

21. A process according to Claim 1, 8, or 10 wherein
said solvating agent and said rinsing agent are immiscible

with each other.

25 22. A composition according to Claim 13 or 17 wherein
said solvating agent and said rinsing agent are immiscible

with each other.

23. A process according to Claim 21 including

agitating said liquid.

30 24. In a cleaning apparatus which includes means for

holding a cleaning composition, means for heating said
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“variations are witHP ﬁiel‘jl E ﬁ%e@ he present invention. 30 For the
. purposes of si |ICI rally preferred that_th tacting
" steps DEOPI 34628 out ent Rressure condi tife &gis&?{bﬁf}&z

respect to tenperature conditions, it is highly preferred that the
step of Ce'ita%f\flhe,gcb%o%wata@t @nd txdbaaaé%&atncngaﬁq;arﬁ £oRPihge: 35
(1) providing a solvatin ent .at a tenperature of fro

10[ err]C (abou?gEG[Cer ra}"ﬁ) wlhdcé‘béd‘c‘:li"f?(ﬁ%rar & o4 (aabvcﬂH"%O?ﬁ)e %Yl%lra{)ylng said
even neteapiebecabippsift ifdrorrab auo Bitje mdahg abwutc@ofensify vapor

about 120[err]§ (ahqut g%[rer rch@ A %}%rre lhf‘swsﬁéglﬁg for

with provided s8I V&t ng gent is al's the 1 nyention
conprise cént aeuitgting sadsk cdieanding %P@OS%W’? r&f‘q %ﬁﬁ‘éls cbPpraeihgting

sol vating agentqai@spacisanyy ayasit .
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such boiling occurs within the terrperature ranges descri bed

e.
According to ong preferred em]go I LLE.CTUA.LPROP GANllzr)\\{%Qtlon t OMPEEED Of
contacting the trate with 1 I idtkenbiod B%ﬂgr% COMprises cont'®s#ng t he

Lo SRRy SR N 00l b R 08

pr ef er @bhliptertdtiodaEteht @Hofithtiod SC[ err] | ess (1 1) Biferrdalicial LPASTIORIO RNy of WO 192/22678
- | tcoBe shepat Seus, ngberyiged that | tahe) step of 15 contacting the
substr at Q:lthsamsnsmsg agent conp i segd) l“'ema"°('a1)’“bb?"t¥\}‘|'lﬂ1°ng %f"?erélFfriifz(B 12.92)
a—tenperatureof —from aboutT SterriC(about—40{erri &) to about
120][ er@i)ﬁt{rﬁb&ut,xpaﬁa{oe?x.%&) arF‘d:T/US92/0@Qﬁn(7[aﬂg§tsp ﬁﬁf{ﬁ@ﬁ,mcl:&xsfef @ﬁsr?b?wsem & Lechner,
rr]F) to 00[ er B r§iqEket StegergPhiladel-

%ﬁgé"(“im”"m' FI’1'eL§u'fostrate W %956150??12 vphd’éd;frl nsi r?g agent

@y l;hv%%re found t hat ef f t(s\'/)éh mte‘tﬁm{s AU, BB, BE
'1 nsing st%émo of the hﬁ:?ﬁsf “0?09’32nven§§ on |Spga§ 'h%‘ﬁ ﬁgyml a‘p“me £ BipArT

carri der the tenperature conditi t b (OAPI patent), CM
Wth r@@ﬁ@'&ﬁ&éﬁ‘)‘ @?,Eﬂ'(hal contact nechanj sm ?Bﬁc %{}?E& gﬁ"d’a&“ R

al | kinown &dntacting techni ques ha}ﬁge,‘tf{)(C;P) da Ra(tlj repeﬁlo ateqn8,d G FSIHQGB (Eu-
the presenf™fi8t hods. Thus, arch BBALORR 1 i qui tﬁﬂﬁ‘hﬁ?&ﬂgﬁ}'&%ﬁi@ﬁ?ﬁ% KR LK 1O,
agent S(ﬁl)tAh&qc@o Ofr aadit desigpated States except US): PETRO- LU (European patent), MC (European patent), MG, ML
ERM INC. [US/US]; 5400 First Coast Highway, Fer- (OAPI patent), MN, MR (OAPI patent), MW, NL, NL
nandma Beach, FL 32034 (US). {European patent), NO, PL, RO, RU, SD, SE, SE (Euro-
pean patent), SN (OAPI patent), TD (OAPI patent), TG

(72) Inventors ; and (OAPI patent), US.

(75) Inventors/Applicants (for US only) : HAYES, Michael, E.
JUS/US]; 71 Oak Lane, Fernandina Beach, FL 32034 | Published

(US). HOSMAN, Donald, P. [US/US]; 1531 Inverness, With international search report.

Fernandina Beach, FL 32034 (US). HREBENAR, Kevin, Before the expiration of the time limit for amending the
R. [US/US]; 1582 Holly Oaks Lake Road West, Jackson- claims and to be republished in the event of the receipt of
ville, FL. 32225 (US). SELL, Robert, D. [US/US]; 20 amendments.

Florence Point Drive, Fernandina Beach, FL 32034 (US).

(54) Title: A COMPOSITION AND A PROCESS FOR REMOVING ROSIN SOLDER FLUX WITH TERPENE AND HY-
DROCARBONS

(57) Abstract

The present invention relates to a composition and a process of removing rosin solder flux and adherent soil from a print-
ed circuit board. The composition comprises solvating agent and rinsing agent. Wherein the solvating agent is selected from the
group consisting of terpenes, terpene-based compounds and rinsing agent is selected from the group consisting of chlorinated hy-
drocarbons, chlorofluorocarbons, fluorocarbons, hydrofluorocarbons, hydrochlorofluorocarbons, alcohols, fluorinated alcohols
and mixture of these. The process for removing rosin solder flux from a circuit board comprises contacting the printed circuit
board with a boiling liquid comprises solvating agent and rinsing agent.
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étep may conprise, for exanple, spraying, brushing and/or i mrer si ng
vof the SH@§§i@% with i nmersion being preferred. 30 For rinsing agents

in the vapor State, the contacting step may conpri se, HOF/USea/08h%,
bl owi ng rinsing agent vapors across the substrate and/or inmersing
the substrate in rinsing agent vapgrs, wth inmmersion being
preferred. An especially preferred enbodi nent of the present
35 nmethods conprises: (a) contacting the substrate with a boi l'i ng

| i qui d conposition conprising solvating agent and

18 rinsing agent; and (b) contacting the substrate with a

I6 °
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qLo5is-2 wos
ri nsing agent and a
the ratio of the vapor

vapor conprising a major proportion by volunme of
m nor proportion by volunme of solvating agent,
pressure of " sai.d.;rijiising;agent to.5 the vapor

ressur.e of 'said sol vating
agent be|Qg at l.east  ~  about 20. It has beenvfound that. thl& enmbodi mgnt
is highlyi, j;p'eterred begause |t permts a srhpllfled yet ettectlve 2

i3

process de{r : Accoﬂdtng 1,0 certaln erbodi men¥s, the, use
ai ni'n

| i quid con g §olvat1n9 agent ‘establ i shes X0 the prefetred eIevated
t enper at ur € cohtact beﬁmeen the " substrate and the solvatlng agent .

Furthernokre; the : * priovision-of-a b0|I|ng 1|qU|d conpr|5|ng g om1vapor
pressure solvatlng conponent and a hi gh vapor. pressure  r

conponent results in the generation of aivapor 15 space above the b0|I|ng
l'i quid which conprises rinsing agent in major proportion and only

m nor amounts, ,idopPoY¥iTioN ANDXK PRGIESS FORREMPING ROSIUSOLDEREFLOKIWATHI ve

el imnation of TERPENEANDHNDROFARBONS from t he vapor space coupled with the
cl ose proxinmty of the b0|I|ng liquid to the vaporous rinsing 20

agent allgws a sinple and hi ghl prexfdf eFt THE DRVENEEONiesi gn. In its nost

preferred form the solvating and rinsing agents are inmscible with
each ot her.

roie "™ o1 cant e asated SRt SRR R o i 58
invention is bhueinguanhereﬁmespﬁ;ﬁoﬂgmagagﬁgrﬁgego 1Mpxe
specifically, the invention relates to effective cleaning
processes which utilize non-azeotropic mixtures of
10 solvating agents and rinsing agents.

~yof " a b0|L|ng

The present invention provides cleaning methods having
characteristxcs and features which are highly desirable in
numerocus and varied commercial applications. For example,
‘most metallic components are treated with an oil or other

15 processing agent durlng the fabrication process, and this
oil must be removed before the component is installed in
the finished product. It is also frequently required that
excess rosin flux must be removed from printed circuit
boards before the boards are acceptable for use. The

20 present processes are adaptable for use in these and many
other applications. Thus, although the present invention
is described initially herein in connection with its
applicability to the cleaning of printed circuit boards, it
will be appreciated from a reading of the entire

25 application that the invention has wider application.

Printed circuit boards typically consist of a rigid ox
flexible sheet of flberglass-reinforced dielectric plastic
having electrical contacts and conductors on one or both
sides thereof. Electrical components are electrically

30 connected to these connectors and/or contacts using any one
of a number of soldering techniques. Most of the soldering
techniques currently used in commercial manufacturing
processes include the step of coating the entire circuit

This is the replacement sheet
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enbodi ment utilize a partitioned cleaning tank 10 having a first
section 11 and a second section 12 separated by a partitioni ng nmenber
or weir 13.The first section 11 of tank 10 is filled to a first,
predefined level with a 30 liquid cleaning conposition 14 conpri sing

sol vati ng agent, and the second section 12 is filled to a second

pr edefi ned | evel above said first predefined level with a liquid
rinsing composition 15 conprising rinsing agent. Condensing coils 16
are provided ipn.the vapor _space above, 35 he liquids contained in tank
10. The firs P%%c‘fﬁi &ﬁ’elfréggeg °1r?‘ﬁ'rﬁ<%fﬁrﬁgs ?fr&g’l éi%ﬁs"v\/iat Rok&EAPPNg coil s
18 for addi ngthexgof. with; g spddexr fAux prieni Q) EEFPHT t9Wh theénd t he second
section adtuaf daderifigi step OvirEdinWELlx Cx0ldohgonly [wse0 aflohe

This is the rgpl ¢esBilinit86h with activating amine-based additives,

5 such as amine hydrochloride, to clean the conductive metal

parts and to promote strong mechanical and electrical bond
with the solder.

After the soldering process is complete, the presence
of residual flux on the printed circuit board is
detrimental to the operability of the electrical circuitry
and components contained on the board. Accordihgly, any
residual flux present on the board must be removed.

10

REPORTED DEVELOPMENTS

The techniques used to remove adherent residues from

printed circuit boards are numerous and varied, ranging
" from simple brushing of the board with solvent to

relatively sophisticated emulsion cleaning. See Leonida,
Handbook of Printed Cjircuit Desidgn, Manufacture, Components
and Assembly, Chapter 9, pp. 464-489 (1981). One of the
most widely used cleaning techniques is known as vapor
degreasing or vapor-ligquid-vapor cleaning. According to
this process, the printed circuit board is contacted in
succession by: (1) relatively hot solvent-containing
vapors; (2) by relatively cool solvent-containing liquid;
and (3) finally by relatively hot solvent-containing vapor.

15

20

25

Equipment typically used in connection with vapor
degreasing consists of a two-section tank. The first
section of the tank contains boiling solvent and the
second section of the tank contains relatively cool, non-

30 boiling solvent. Refrigerated coils are provided in the
vapor space above the boiling solvent, and solvent wvapor
condenses onto the coils and is transferred to the cold
solvent in the second section of the tank. A certain
portion of the cold liquid solvent is returned to the first

35 section of the tank to maintain a sufficient quantity of

This is the replacement sheet
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19 r enovi
enbodi nents of
preferred that

ng heat fromthe liquid cleaning conposition. For
the type illustrated in FIG 1, it is especially
the liquid cleaning conposition 14 contained in the

first tank section 11 conprise 5 solvating agent and rinsing agent, with

t he sol vati ng agent preferably being present in major proportion,
preferably about 50 to about 80 percemt by weight of the liquid
cl eani ng conposition, and the rinsing _agent preferably bei ng present

m nor proporti

control |l ed

t he Pnsi

d
cection 11 and b3, ﬁggﬁ%fl%ﬁe N %\éemto tthae é)ﬂ-%xté‘edifg@mhﬂé CQE@@I e in

t he tenperaturenlthQEQﬂdnyadtcbncuﬂt|hpanm s8d achiérees a solyaking point of

the liquid cle
therein is pre
cl eani ng tank

10

15

20

Bt ling Adagiay sel¥rRtah o Fhe261leening, Pﬁ?&?ﬁ%‘é”%‘? Y per cent
of the |iquid e¥eceddsy by firshpbitinddecingieat retptivaiyncold,sopteferably

in

coicd #isRy Hiechesnsiarial iatcef thaevéﬂawisi:a@beaabae €&posi tion
to about the bgjly

conpri's

Hge hoREd e drhe SRRE GHeBREn SAIHEPE EPRsienRes

a6t Ién GHRAY eSladsl r#din fluxkk(Sifige ABNAensed! FAPSEs

as

gﬁe&ﬂé ald i 3Lk ob b et ubbhy 108 a‘ﬁ%%dSBéCEeég of the

uarn
to the first section of the tank. After the desired amount

of cleaning action has occurred, the board is then moved to
the second section of the tank and immersed in the cold
solvent, thereby cooling the board and effecting any final
cleaning which may be desired. The relatively cool board
is then introduced once again into the relatively hot vapor
space, where condensing vapors perform a final rinse on the
board. Such vapor-liquid-vapor cleaning processes are
described on pages 475-477 of Leonida. According to the
teachings of Leonida, vapor degreasing processes require

solvents having a boiling point of below about 75°C
(167°F).

The types of materials that have heretofore been used
for the removal of residual fluxes from printed circuit
boards are also numerous and varied. For example,

chlorinated hydrocarbons, aliphatic hydrocarbons, alcohols,

25

30

35

and terpenes are known rosin flux solvents. Because of
their high vapor pressures and good solvating ability in
the vapor state, chlorinated hydrocarbons, including
chlorofluorocarbons, have been widely used in vapor
degreééing type processes. However, chlorinated
hydrocarbons are generally relatively poor solvents for any
ionic residues which may be present on the printed circuit
board or other substrate to be cleaned. See Leonida, page
466. For this and other reasons, chlorinated hydrocarbons
in general, and chlorofluoroécarbons in particular, have

sometimes been used in combination with other low-boiling
solvents.
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Cool ant fl ow through condensing coil 16 is regulated so as to condense

about the sane anount of vapor as is produced by the boiling liquid
contained in first tank section 11. Condensed liquid transfer neans
(not shown) deliver the 25 condensed liquid into the second section 12 of
tank 10. The proper |l evel of cool, rinsing agent contained in the
second tank section 12 is controlled by the height of partition nenber
or overflow weir 13. Excess liquid ?insing agent flows over weir 13

and into the fl rsﬁlk&ﬂ‘es &nﬁﬂ(ﬂs&ﬂa éﬁloflhﬁEQQYh)F@ﬁﬂcﬁQb§ﬂén9n&'5\5{ agent
| ost Ef%nd 521323t§a£ o a é]1 wRk ;grred enbodi ment
of the present net 9 a SMP% FAIFPPERY 9% E8RneRt Y i th the
use of the deqre&ﬁb%?d&XEF|HHQ&§FF&Fed ¥ gemerald, thewavern Sherpmien circuit
35 board corardi hapgfatbedtal suggentsoanterin lsoxe cadws hasséven step
conpri sess COdidcbulgéds QRNLAE B2t AdlxPirdd HdvEhg Cobdponents €9k d Wi th

sol vating ag%ﬂ.e&¥ dEPPrégn JJ%%: 8regsuresl1n vapor degreasing

processes. This has been especially true for prior art
directed to the use of solvent mixtures which include
chlorinated hydrocarbons, as illustrated, for example, in
10 U.S. Patent No. 3,640,884 ~ Scholfield et al:

Although mixtures of solvénts have been
used for {removing rosin flux from printed
circuit boards) they have the disadvantage
that they boil over a range of

15 temperatures and consequently undergo
fractionation in vapor degreasing or
ultrasonic applications which are open to
the atmosphere.
(Col. 1, lines 47-51). Accordingly, Schofield requires the
20

use of tetrachlordifluoroethane in the form of binary and
ternary azeotropic mixtures for use as solvents in vapor
degreasing processes. Other patents which disclose the use
of azeotropic mixtures containing chlorinated hydrocarbons
as solvents in vapor degreasing type cleaning processes are

25 U.S. Patent Nos. 3,960,746 - Gorski; 3,733,218 - Begun; and
: 4,062,795 - Hutchinson.

While chlorinated hydrocarbons and mixtures containing
chlorinated hydrocarbons have been used widely and with
advantage as solvents in printed circuit board cleaning

30 processes, the use of such materials has recently been
strongly discouraged for environmental reasons. In
particular, the use of chlorinated hydrocarbons, including
chlorofluorocarbons, has been severely criticized by
ecologists because the dispersal of such materials into the

35 atmosphere has been found to damage the ozone layer. For
this reason, the use of chlorinated hydrocarbons has been
greatly restricted and, in some situations, prohibited
entirely. Thus, despite their attractive solvency
characteristics, chlorinated hydrocarbons are no longer the
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20 boiling liquid contained in first section 11 of tank 10,

t hereby sol vating and/ or | oosening any residual rosin flux present on
the board. The first contacting step preferably has a duration of about
1 to about 7 mnutes. The next 5 step conprises contacting the printed
circuit board with rinsing agent so as to wash sol vating agent, and any
rosin flux dissolved therein or Ioosehed thereby fromthe circuit

board. This second con %tl ng ste a‘%’refera é ? ses ,ﬁ())nductl ng two
or nore of thE8°FOFTOR R o7 R SPIREREITY Qﬁﬂf antral 1y )
contacting t hBepdipewex stsCFPEuﬂ‘ Herpakive 0 e FYRdenal W%mr@m. ng
the board to degrédsinpprocessaes, Ivhinte relynHeavily iouictilbaimatéry

substanti al | yhi,BPEdh A&y £6R0ReEEERIA dleahlifgboard from contact with
the solvating agent; (ii) further contacting i the printed circuit board

wi th rinsing agent by imersing the board in the relatively cool
liquid rirfsing agent 5238 ABESBRVENLIQNCt | on of the tank 10;
and (iii) further contactlng t he prlnted CIrCUIt hoard with rinsing
agent by i mrersing, [ 9
over | ying the I | grent 0 t&t %q# aguLd erreglbgnixe prd¥ssel 18 P@Atfen

ls are ef%egtf ely removed from substrates. 1In
particular, the present processes generally comprise (a)
contacting the substrate with a liquid solvating agent and,

10 preferably simultaneously and/or subsequently, (b)
contacting the substrate with a rinsing agent, the ratio of
the vapor pressure of said rinsing agent to the vapor
pressure of said solvating agent being relatively high, .
preferably no less than about 20.

15 According to one preferred aspect of the present
invention, the contacting séép (a) comprises contacting the
substrate with a boiling liquid cleaning composition
comprising the solvating agent and the rinsing-agent
described above. Because of the extreme difference in

20 volatility between the solvating and rinsing agents, the
solvating agent has a strong tendency to remain in the
liquid phase, and the vapor space overlying the boiling
liquid contains only very minor amounts of the solvating
agent and relatively high concentrations of the rinsing

25 agent. This is an extremely advantageous condition since
the need to recover and recycle the solvating agent is
minimized according to the preferred process of the present
invention. Moreover, due to the relatively non-volatile
nature of the solvating agent, concern about possible

30 escape of harmful solvating materials into the atmosphere
is substantially reduced or eliminated.

According to another preferred aspect of the
invention, the contacting step (b) comprises contacting the
substrate with a vapor comprising the rinsing agent. This

35 step is especially preferred for use in connection with the
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sequence of contacting steps is believed to provide a highly effective
techni que for cleaning and drying substrates containing adherent soil.
The contacting step (i) described above is 25 advantageous because it
permts excess solvating agent and associ ated soil to be washed off

t he board and returned under the influence of gravity to the boiling
l'iquid. Thus, contam nation of the rinsing liquid contained in

section 12 of tank 10 with solvating ageat and/or renmoved 30 soil is

mnimzed. | ont ate t ert mept s
contacting st p e'& ﬁgﬂm dlgug c& %‘5‘% "% ges‘éf’é%en aa%éwﬁr SEFI5R ed
circuit board¥? ‘F’(ﬁh ﬁB‘P@déP‘Fﬁ'?Fbérhe VaPOrr&ﬂﬂer SAEREELY ARA¥Pethe t s
preferred t habeilhind lighéd contaicmnisabstagtixlegentengratiidns bf) be
utilized. In r3fsimpalgentlar, the printed circuit board is preferably

renoved fromthe vapor space above tank section 11 and imersed in
the relatively cool - r|nS|ng conposition contained in tank section 12.
This furtRer cont dcM3XFisnAPr Iy RKreferred embodiment of the present

invention comprises a cleaning composition in which the
solvating agent and the rinsing agent are immiscible with
each other. Advantages associated with the use of such a
composition are described below.

10 ' S ON_ O WING

FIG. 1 is a semi~schematic view of a preferred
‘apparatus used in connection with the present methods.

B CR ON O o

The present invention utilizes a combination of
process steps and pfocessing agents to effectively remove
adherent soils from substrates. The term “substrate" is
used herein in a broad sense to designate any device or
article of manufacture which may be subject to
contamination by unwanted materials. Thus, the term
' 20 “substrate" encompasses, - for example, machine parts, tools,

component assemblies and printed circuit boards. Likewise,
the term "adherent soil" is also used in a broad sense to
designate, for example, unwanted materials which are not
easily removed from the substrate by ordinary mechanical
25 means. Thus, the term “adherent soil® encompasses
inorganic and organic materials, for example, greases,
waxes, oils, adhesives and rosin fluxes. Applicants
contemplate, however, that the invention will find
particular utility in connection with the cleaning of rosin
30 fluxes from printed circuit boards and in connection with
cleaning of wax, grease and/or oils from machine parts.

15

The present methods comprise the step of contacting
the substrate to be cleaned with a liquid solvating agent.
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21 additional rinsing and al so serves to cool the board,

preferably to about the tenperature of the liquid in tank section 12.

The final step in this preferred enbodi nent conprises renoving the
printed circuit board fromthe cool 5 rinsing liquid and contacting the
printed circuit board once again with the relatively hot vapor
contained in the vapor space 19. Becalise of the t enperature
differential ScNgegoent i Rt Ge Wbl Copdense on the
substrat e, thereﬁhwrow%l tﬂg @éﬁmr sﬁgg,asseggg ieg& fgk T;egﬁ dry

print ed ClrchPmBBQ?QFS or mixtures of components which havEXﬂ
The fol | owi ngterdeptestarsplivatesthatadnerent/ spil. 'l‘maomp&h'atme but not
limting of tlageRtssenttididReh8lion Thteferabldehbgadd isULvatiayapPees as
comparatl e | 3" BboR Eaidltute’ar 46 1A 162 arld GuBABEE®
preferably of at least about 20. Solvating power is
determined by measuring the parts by weight of adherent

soil dissolvable in 100 parts by weight of solvating agent

at room temperature. According to especially preferred
embodiments, the adherent residue is substantially fully

miscible in the solvating agent in substantially all
proportions.

10

An important feature of the present invention is the
‘use of a solvating agent that has a relati@ely low vapor
15 pressure. Applicants have discovered that the use of low
vapor pressure solvating agents in combination with other
preferred features of the present invention provides
cleaning methods which are at once highly effective and
environmentally bepign. In pgrticular, the low vapor

20 pressure solvating agents have a strong tendency to remain
in the liquid state. A principal disadvantage of prior
chlorinated hydrocarbon solvents was the tendency of such
compounds to escape.into the environment. Furthermore, the
strong tendency of the present solvating agents to remain

25

in the liquid state greatly simplifies process design.
Accordingly, in one embodiment of the present invention the
solvating agents preferably have a room temperature vapor
pressure of not greater than about 0.05 atmosphere (about
40 mm Hg), and even more preferably not greater than about
30 - 0.01 atmosphere (about 8 mm Hg). The term “room

temperature" is used herein to indicate a temperature of
about 70°F (about 20°C).

The solvating agent may also have other desirable
features and characteristics. For example, the solvating
agent preferably will not adversely affect the strength,
integrity or operability of the materials of construction

35
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procedur es. EXAMPLE 1 About 270 parts by weight (pbw) of
a rinsing agent consisting of 1,1,1-trichloroethane and about 630 pbw
of a 20 sol vating agent consisting of |inbnene were conbined in a

heat ed vessel to forma liquid cleaning conposition consi sting of
about 70 percent by weight of |inobnene sol vating agent and about 30
percent by weight of 1,1, 1- trlchlorgethane rinsing agent. The liquid
cl eaner 25 contained in the heated vessel was then brought to a boi

at whi ch ti ne dthentespestaiatiee opf th@ecéapuﬂeatmeamut With redjeetr] C. The

vapor space i @@Qhﬁ&@iﬂté%:%dmgk@g bl iseBd cirquie! bOHE, GQIS! Sted
essentlally of b % ric a trace anounts of

| i monene. AELNY 29enth d& Preferakly IP‘EFBUY‘){:"‘ resBATHSE? ANUNREI | of
t he vessel, th’espénrﬁetattur gpoxy resintimpregpated pfideradadsabo®hes6 (Cf err]
bel ow t he $ enMpiederntesdivating agBAtHOAldd Pprieirdbably are low in A 1" x 2"

rectangular TRl %'colsﬁég ﬁé)%gﬁob,%vwgc&smg cnbPh&iR8sEi0L 2h9Yow in

an |
1cgty to improve safety characterxstlcs. It is highly

preferred that the solvating agents of the present

invention are benign to the atmosphere, soil and water.
10 Chemical and photochemical stability are also other

preferred features of the present solvating agents.

The solvating agent of the present invention is
preferably selected from the group consisting of terpenes,
dibasic esters, monobasic esters, petroleum solvents, alkyl

15 substituted 2-pyrrolidones, ketones, ethers, alcohols,
amines and mixtures of two or more of the aforementioned,
with terpenes being preferred for adherent soils comprising
rosin flux. While it is contemplated that all terpene and
terpene-based compounds are adaptable for use as solvating

20

agents according to the present invention, it is especially
preferred that the solvating agent be selected from the
group consisting of alpha pinene, beta pinene, gamma
terpinene, delta-3-carene, limonene,.dipentene, terpinolene
and a mixture of two or more of the aforementioned, with
25 limonene and dipentene being preferred. As will be seen

© from examples reported below, particularly good results
have been achieved also with the use of organic esters.

The present methods also require contacting the
substrate with a rinsing agent. As the term is used

30 herein, rinsing agent refers to a component or mixture of
componenfs characterized by an ability to wash solvating
agent, and any adherent residue dissolved thereby, from the
substrate. Other characteristics of the rinsing agent will
vary widely, depending upon factors such as substrate type

35

and the solvating agent being used, and all such rinsing
agents are within the scope of the present invention.
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22 contam nated at about roomtenperature with cutting oil. The
contam nated coupon was then placed in the vapor space above the

boiling liquid, whereupon the 1,1, 1- trichl oroet hane vapor contacted

t he coupon and condensed 5 thereon. The coupon was held in the vapor
space until the tenperature of the coupon equilibrated with the

t enperat ure of the vapor space, as evedenced by a cessation of
condensation formng on_t he coupon. The coupon was renoved fromthe
vapor, observed an8CFeXftPrg Fpe EBﬁF%%teéﬂ’%lf“ﬁ“EOheﬁﬂfw f¥eoi |, thereby
i ndi cati ng t hatinsingsagenbfhasomt ¥eppngpressuxieec atoupom meem&pvﬁous ri nsing

agent was al ormikdl is highfddiGitaRe t6 €XdBMpINeresbeiandt aldow all of the
cont am nant frfuﬂﬂéggtﬁggp5¥hthe solvating agent. More particularly, it
5 is preferred that the ratio of the vapor pressure of the
rinsing agent to the vapor pressure of the solvating agent

at room temperature be no less than about 20, and even more
preferably no less than about 100. In another preferred
embodiment of the invention, the room temperature vapor
pressure of the rinsing agent is preferably from about 0.01
atmosphere (about 8 mm Hg) to about 1 atmosphgre (about 760
mm Hg) and even more preferably from about 0.1 (about 80 mm
Hg) to about 0.9 atmosphere (about 680 mm Hg). Applicants
have found that rinsing agents having vapor pressures
within the preferred ranges described above provide the
present methods with beneficial characteristics. For
example, the preferred methods do not require a prolonged
drying step to remove the rinsing agent from the substrate.
This advantageous feature is due, at least in part, to the
use of high vapor pressure rinsing agents which tend to
readily evaporate from the substrate, thereby leaving it
clean and dry after the rinsing step. Rinsing agents
having the preferred vapor pressure characteristics
described herein possess other advantages when used

according to the present methods, as described more fully
hereinafter.

10

15

20

25

The present rinsing agents also preferably have little
or no known tendency to cause depletion of the ozone layer.
More particularly, it is highly preferred that the rinsing
agents have an ozone depletion factor (0ODP) of no greater
than about 0.15, more preferably no greater than about
0.05, and even more preferably of about zero. Ozone

30

depletion factors are reported in Technical Progress On

rotectin e Ozone laver —Electronics eqreasing and

Cleaning Solvents Technical Options Report, United Nations
Environment Programme (6/30/89). Rinsing agents consisting
of CFC-113, CFC-114 and CFC-115 have ozone depletion

35
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The still contam nated coupon was then contacted with 15 [|inonene

sol vati ng agent by imrersing the coupon in the boiling liquid for a
time sufficient to solvate or | oosen substantially all of the

contam nant, that is about 45-60 seconds. The coupon was then renoved
fromthe boiling liquid and placed in a vessel containing liquid

1,1,1- 20 trichloroethane at about roon;[& enperature for tine
sufficient to allow the coupon to be cooled to about room t enper at ur e,
that is, aboufadibreco@ngseaten (tidn abbheCd.6 and Hié ltHererbrasnely agent was

then achi evedslyeGRian abBBRESid %o the bREsGRUNADehfiddle vapor space

I mredi ately above the boiling 25 liquid for a time sufficient to observe
cessation of condensation on the coupon, that is, about 40 - 60
seconds, t herAshpeasaened | akpveh@ndodpoiesanifed impataddnBeleyng

essential |y ofttime partdcagafiepreifelréd that e selvating and riheisgupon
was agai ngreng RUM; d ?&]_b_e SR t] y dry and
free of cgtti nél&(;kj% %g‘#{hg%ﬁgﬁ?é e{'ﬁiﬁg’ LQHHS% vat i ngggz:]\zér*?. 2 lsaMEEXAIVPLE 2
An appar at us BPPIIRAGIENSr afitt IPPreferTefatRat iYhepFénsing agent ke i | zed
to renove asphabstaygriteddiynafsciblanvwithi tberegllvating agent. According

to preferred embodiments described in detail hereinafter,
the articles to be cleaned are contacted with_a cleaning

10 composition that includes both the SOIVating agent and the
rinsing agent together in the liquid state. In cleaning
articles that are fragile and thus subject to being damaged
if the composition is agitated unduly, the use of a
cleaning composition in which the rinéing agent and the

1s solvating agent are fully miscible in all proportions is
desirable because such a composition can be used more
effectively with little or no agitation than a composition
that includes solvating and rinsing agents which are
immiscible with each other.

20 It should be appreciated by those skilled in the art
that the preferred rinsing agents are relatively benign to
atmospheric ozone at least in part because of the absence
or reduced presence of chlorine in the molecules making up
the rinsing agent. However, it will also be appreciated

25 that the reduced chlorine content results in a decrease in
the ability of the rinsing agent to solvate many adherent
soils, including rosin solder flux. Because of the other
features and characteristics of the present invention,
however, the relatively low solvating power of the

30 preferred rinsing agents is not detrimental to the cleaning
effectiveness of the methods of the present invention.
Accordingly, the primary purpose of the present rinsing
agents is to wash the solvating agent from the substrate to
be cleaned, and it is not reguired that the rinsing agents

35 have any ability to solvate the adherent soil, although

this ability may be present in certain embodiments of the
invention.
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35 coated therewith, except that cooling coils 20 were not provi ded
in the second section 12 of the vessel. A

23 cl eani ng conposition was prepared by conbini ng about 270
by wei ght (pbw) of a rinsing agent consisting of | sopropanol and about
630 pbw of a solvating agent consisting of |inonene. The first section
of the apparatus 5 was charged with thé¥iquid cleaning conposition and

consi sting_essent LF| LAz aqRRER 8 “End PreEantaeRy b oed el si ti on
was heated uftave l?&?‘#n 8 ndrheperich k‘?ﬁ tgncﬁqgt%e bo

P ng
cl eani ng I|(nﬁx#mnis.abbetrinﬁxasrFGEHEOPerﬁrﬂFéﬁbﬂ§e$|%ﬁ?m?qWQEﬁPﬂMe boi | i ng

liquid vere corritsetle stréwyth,r dnskgried 19 dperadbéiibtyl sedibieon of the
apparat usgatl gheeria1dt G SEEddehittiohCoFBHil dubstratBsbantnal |y constant
' Tquid components thereof. With respect to substrates comprising
a printed circuit_board, the rinsing agent is preferably
inert with respect to and not a solvent for epoxy resin
impregnated fiberglass. The present rinsing agents are
10 also preferably low in toxicity and flammability to
improve safety characteristics. It is also highly
preferred that the rinsing agents of the present invention
are benign to the atmosphere, soil and water. chemigal and
photochemical stability are also other preferred features
15 of the rinsing agents. Each of the characteristics noted
above with respect to. the rinsing agent is equally
preferred for the rinsing composition as a whole.

parts

The present rinsing agent is preferably selected from
the group consisting of chlorinated hydrocarbons,
20 chlorofluorocarbons} fluorocarbons, hydrofluorocarbons,
hydrochlorofluorocarbons, aliphatic hydrocarbons, aromatic
" hydrocarbons, alcohols, ketones, ethers and mixtures of two
or more of the aforementioned. It is even more preferred
that the rinsing agent of the present invention be selected
25 from the group consisting of mono- or di-
chlorohydrocarbons, mono- or di-chlorofluorocarbons,
fluorocarbons, aliphatic hydrocarbons, alcohols and
mixtures of two or more of the aforementioned. As the term
is used herein, aliphatic hydrocarbon refers to
30 hydrocarbons comprising carbon and hydrogen and includes
straight- and branch-chain and cyclic hydrocarbons and
saturated and unsaturated hydrocarbons. As the terms are
used herein, hydrofluorocarbon and fluorocarbon refer to
fluorine-substituted hydrocarbons that do not contain
35 chlorine. The use of perfluorohexane is preferred.
Preferred among the alcohols are isopropanol and
fluorinated alcohols such as pentafluoropropanol.
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| evel in both the first and second sections thereof. The vapor space

I mredi ately overlying the boiling liquid 15 consisted essentially of

I sopropanol and only trace anmounts of linonene. Due primarily to heat
| oss t hrough the uni nsul ated wall of the vessel, the tenperature of

t he vapor space was about 9C[err] below the tenperature of the
boiling liquid. The liquid in the second section of the 20 tank was at a
tenperature of about 25 - 40[err]C and ¥dnsi st ed essentially of

i sopr opanol aﬂgefgyﬁé ﬁgﬂéaa%%”ﬁfﬁﬂgéhlar?fidépgggpﬁb s is A wire rod
en

was coated w t?]bé%rﬁp cool to about room
t enper at ure. SREALLROTPRRPRARE 25  then placed into the vapor space

i mmedi at el y above the boiling liquid for a tinme period sufficient to
al | ow _ Subst ark ipgartieasarlpprisdrgadeansdd ienef of hthe/ dpenat@snt he

o0, that 15 cohbtied nedBrSGROILE or AL LollBse IR tn uniBfOYEd

fromthe \yap space, se f ound ubstantlally
cont ami nat ed ?I‘F‘f%"é’t&é‘ﬁhéﬂ“'m‘ al'f'fb e ripging age“tv@’ée 853046 d t hr ough
the vapor spa¥Wéthrehghl mtbérint The Heerm "immpecibley Lesqesel hEreiwi-iv rod was

held in the bgtéiwgual senskl aaideat:oruﬁhouhe6ﬂn§ﬁ@oad§vaw@ alg@fRYahafrom
E)Pe gg' ) ggphtf‘? 1%%}&& qjinsgf‘ﬂ%%?v;% \‘\‘a% 1?:?%&10429& S&{Q{s&ant E"‘%L'l y free
example, when the two liquids are brought together, each
10 forms its own layer, with the ligquid having the higher
specific gravity forming a layer which underlies an
overlying -layer of the liquid with lower specific gravity.
Thus, a composition of this embodiment of the invention, in
an undisturbed state, comprises stratified liquid phases.
An advantage of the use of immiscible liquids is that the
composition in use tends to boil at a relatively constant
temperature which is substantially equivalent to the
boiling temperature of the rinsing agent alone. In this
connection, it is noted that the solvating agent is
20 substantially insoluble in the rinsing agent, and
typically, the soil removed from the treated substrate is
also substantially insoluble in the rinsing agent - even at
the elevated temperatures which may be used to boil the
rinsing agent. Inasmuch as the solvating and rinsing
25 agents can be miscible or immiscible with each other, it
should be recognized that the present invention includes
also within its scope a cleaning composition which
comprises solvating and rinsing agents vhich are partially

miscible in each other or partially immiscible with each
30 other.

15

In a preferred embodiment, the liquid rinsing agent
underlies the solvating agent in the stratified form of the
composition. 1In such an embodiment, the relatively high-
boiling solvating agent forms a protective cap or blanket

35 over the lower boiling rinsing agent. This deters
evaporative loss of the rinsing agent when the composition
is not being used. BAn embodiment of the aforementioned
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The clean but wet wire rod was then imersed in the
rinsing agent for about 60 seconds. The rod

24 was then placed in the vapor phase above the boiling |iquid
a period sufficient to observe a cessation of condensation on the wire
rod, that is, about 40 - 60 seconds. The wire rod was then again

renoved fromthe 5 vapor and found to B¢ both clean and dry.
3

cool liquid

f or

EXAMPLE
type of composition can be provided by selecting a rinsing

agent which has a higher specific gravity than that of the
sclvating agent.

It is especially preferred that the present rinsing
5 agent be a non-agqueous rinsing agent. As the term is used

herein, non-aqueous..rinsing.agent. refers to-those xrinsing
agents which contain only minor amounts, preferably less
than five percent and even more preferably less than about
one percent, of water. Substantially water—-free rinsing

10 agents are especially preferred. While aqueous systems

' have certain desirable characteristics, such as ready
avajlability and low cost, rinsing agents containing water
are frequently corrosive to one or more of the materials of
construction of the substrate. Moreover, substrates which

15 are rinsed with water-containing systems are difficult to
dry. Thus, the use of water-containing rinsing agents has
the detrimental characteristic of being potentially harmful
to the substrate being cleaned and/or the components
contained therein and of producing substrates which are

20

difficult to dry. Accordingly, the use of rinsing agents or
rinsing compositions which contain water is not preferred.

On.the other hand, water may be used as a solvating
agent in the practice of the present invention inasmuch as
water is capable of dissolving many types of soils,

25 including particularly inorganic soils. Water can be used
by itself as a solvating agent or in combination with one
or more other solvating agents. And it can be used to

particular advantage in compositions which comprise
immiscible constituents.

30 Excellent results have been achieved in.a variety of

cleaning applications employing solvating agents and
rinsing agents, as described above. There may be, however,
applications where improvements in cleaning may be realized

by the use of a surfactant(s). Suitable surfactants can be
35 selected based on knowledge in the art.
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Exanpl e 2 was repeated, except that the contam nant was a high nelting
tenperature wax. The wire rod was coated by dipping in nolten wax and
then allowed to cool to 10 about roomtenperature. The coated wire rod was

t hen pl aced into the vapor space i nmedi ately above the .boiling
liquid for a time period sufficient to allow a substanti al reduction in
the rate of condensation of the vapors on the rod, that is, about 20 -

30 seconds. The wire rod was then 15 réffoved fromthe vapor space

observed and founﬂ i > @Wwaéx%gé/vith ihe nax.
al though Sof g ahp (EHIRues ar@UAThANoha he Ui

athouah sofLeaily 1 %, a0 SUE A SRERE T RREMEERSy e 7o
for about 60 t&cBrREsSentpigvendional and dgrhe Msehef | aHg spgh F? kﬂ“QFhe coat ed
w re rod was ifsouithin tice dopleanbra8dbty Thus,fieeciofgenexably wet with
sol vati ngg ag%TffJ.cJ.ent that the'prE5ERC LUt W@&n&" é@eprsoge"\@&fﬂﬁf‘ dugrer sed
in the g J1nsi gnt foré;ga é} %P onds
rod was then "’f'\%ﬁEr 58&5 Tk E\)’%ﬁgfq‘ fRbP EVEhe*DH St Fﬁg % | qU| d for a
peri od suffi casht stepebsEhate is.ctbeastem aff contacv-:méhsa{sweﬁtm':% he wire
rod, that is,widloat séivatfity agentSpearéfablinproceeds athdenscohdit hges n
removed fromdfig;cient V8 LoRRte BENYobLell S tb%ﬁeeéﬁﬁ@\eanéyﬂé Yand
10 amount of adherent soil from the substrate, while the step
of contacting the substrate with a rinsing agent preferably
proceeds under conditions sufficient to wash a
predetermined amount of solvating agent from the substrate.
It is contemplated, for example, that the step of
is contacting the substrate with the solvating agent may
include brushing or spraying the substrate with the
solvating agent until the predetermined extent of solvation
and/or loosening is achieved. Nevertheless, applicants
have found that certain effective and beneficial cieaning
20 is achievable according to the preferred contacting
conditions described below.

_)

It is generally preferred that the contacting steps of
the present invention comprise immersion of the substrate
in a liquid or vapor containing the solvating agent and/or

25 the rinsing agent. Furthermore, agitation of the substrate
and/or.agitation of the contacting medium is also preferred
for the purpose of maximizing contact efficiency. In
effect, maintaining relative movement between the
composition and substrate tends to speed up soil removal.

30 In use, it is highly recommended, and thus particularly
preferred, that a composition comprising immiscible liquids
be agitated. Agitation of the immiscible constituents of
the composition results in the formation of a mixture
thereof and causeé the rinsing agent to be moved toward and

35 to the surface of the heated composition where it
vaporizes. The composition tends to boil more uniformly.
Upon termination of the cleaning process, including
terminating agitation of the composition, the immiscible
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EXAMPLE 4 30 An apparatus of the general type illustrated in FIG 1
was utilized to renove Boscan crude oil froma wre rod coat ed
therewith, except that the second section of the appar at us was not
charged with rinsing liquid and condensed vapors were returned
directly to the boiling cleaning

25 liquid. The first section of the ¥pparatus was charged with the
i quid cleani qQRosit The |
conposi tion wan’{'s]l ea e&eﬁég&gbo%ﬁ% (ingo 0t dls&lk‘fﬁui%&sgra‘%t 3%8 of the

boi | i ng cl eaniFRAASdigN5coEE ReMt the| B?H’G‘g PPH@"'-V%’E)O‘F‘E‘E GSIGIf r om t he

boiling |iqui cagent. The soil removed from the treated part collects
typically in the layer of solvating agent. Thus,

contamination of the rinsing agent with soil can be
avoided.

5

Also, in practice, the system may not have a flash
point even if operated above the flash point of the high
boiling agent. This will occur because the low boiler can
be chosen to not have a flash point and in operation the

low boiler will £ill the equipment system with a non-
combustible vapor phase.

10

With respect to the sequence of the contacting steps,
it is contemplated that the step of contacting the
substrate with the rinsing agent may be carried out
substantially simultaneously with and/or subsequent to the
step of contacting the substrate with the liquid solvating

agent, subsequent contact being preferred according to
certain embodiments.

15

20 The duration of the contacting steps of the present

invention also may vary widely, depending upon a number of
factors, such as the type and nature of the adherent soil,
the materials of construction of the substrate and the
extent of cleaning desired, and all such durations are
25 within the scope of the present invention. Preferably,
however, the step of contacting the substrate with
solvating agent comprises maintaining the substrate in
contact with the solvating agent for a time sufficient to
solvate or at least loosen substantially all of the
30 adherent soil from the substrate. It is contemplated that
a person of ordinary skill in the art, with the guidance
provided by the present disclosure, will be readily able to
determine the appropriate contact time for any particular
application without undue experimentation. It is
especially preferred, however, that the substrate be
contacted with the solvating agent for a period of from

35
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wer e condensed and returned to the boiling liquid. The vapor space

I mredi ately overlying the boiling liquid consi sted essentially of

I sopropanol and only trace anmounts of linonene. Due primarily to heat

| oss throughout the 10 wuninsulated wall of the vessel, the tenperature of

t he vapor space was about 17 Cerr] below the tenperature of the

boi ling Iiquid. A wre rod was coated wth Boscan crude oil and

allowed to cool to roomtenperature. The tdntanminated rod 15 was then

ItO! aced I_ntg thsba@cPOJot e ﬂldlgrfﬁsdéﬁ&ﬂ! xba?ﬂu%é.rand ev?x_dedr'ePg Ilgw d Ior a
I me period su |e allo subst anti al_ . cessation of condensation

of the vapors %%é’tp?féa%ly %rf’gd?gl?'f‘uﬁt:’q f,ecgﬁgﬁtt‘hd‘b?gg SCoNas="A few drops

of oil were then observed to fall fromthe contam nated wire 20

hanger. The wire rot waept bEncontastcihg the sulsstraperwith riswgdeg, observed
and found 10 rggéhd BMFErabhyakbliprises CORLAGEIHY tHeVbibstriteCign O | . The
wire rod wgs tQ?Rs' . |em¥[ersgd I N ;g_he b%l jF'ﬁﬂ% Ié#uitdvf ol z%'bo tf30msecpn§js
and t Fen FaPetRF 398'S FETVApBFT 1954 dHAEET YV abov & Y e *25™ boi | i ng
liquid. The wthe $eRstete Bemalier doyopartdopapand prefexphabe for--a period of
about 30 secondsbsedntiadiy @1l t ofidthe solvatihgiraemtlr oonédagaingr atus and
al loved to cooks dhfedidiatea tnblolBSoRRALNEL (ils §gbé-.;@ i3l Lye! ean
but slightly the g&ma'nc-l;a ei\)rvgvri%e{iobyvgxse tp;l:'eegetrn? Iapp 138 iéxg, tw 91/8R°" phase
10 readily able to determine the exact contact time required
for any specific application without undue experimentation.
It is generally preferred, however, that the substrate be
contacted with the rinsing agent for a period of from about
30 seconds to about 5 minutes, and even more preferably
15 from about 30 seconds to about 3 minutes. ’

The use of contacting éteps according to the duration
periods described above are especially preferred for
methods which comprise the removal of rosin solder flux
from printed circuit boards, especially such methods which
utilize a rinsing agent comprising chlorofluorocarbons,
hydrochlorofluorocarbons, fluorocarbons or alcohols, and a
solvating agent comprising a terpene or terpene-based
material, or ester or ester-based material, for example, a
monobasic or dibasic ester, the former being preferred.

20

25 The temperature and pressure conditions under which

the contacting steps are carried out may also vary widely,
depending upon numerous factors, such as the cost and
availability of heating and cooling mediums, and all such
variations are within the scope of the present invention.
For the purposes of simplicity, it is generalily preferred
that the contacting steps be carried out at about ambient
pressure conditions. With respect to temperature
conditions, it is highly preferred that the step of
contacting the substrate with a solvating agent comprise:
(1) providing a solvating agent at a temperature of from
about 10°C (about S0°F) to about 150°C (about 300°F), and

30

35
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30 above the boiling liquid for a period sufficient to observe
cessation of condensation on the wire rod, that is, about 40 - 60

seconds. The wire rod was then again renoved from t he vapor and found
to be both clean and dry. EXAMPLE 5 35 An apparatus of the

general type illustrated in FIG 1 was utilized to clean a pol yam de
resin contam nant froma ' 17

26
| d- ted th i th, ' '
Cormbi ni ng Ao RO RFBF =L b A ddgponpont S8 (anout! E0FHC LY

about 120°C (about 250°F); and (2) contacting the substrate
with provided solvating agent. It is also preferred that
the invention comprise contacting the substrate with a
boiling liquid comprising solvating agent, especially when

such boiling occurs within the temperature ranges described
above.

a

According to one preferred embodiment of the
invention, the step of contacting the substrate with
rinsing agent comprises contacting the substrate with wvapor
comprising rinsing agent, the temperature of the substrate
being less than about the temperature of the vapor, -
preferably at least about 5 C° less than the temperature of
the vapor. It is further preferred that the step of
contacting the substrate with a rinsing agent comprises:
(1) providing a rinsing agent at a temperature of from
about 5°C (about 40°F) to about 120°C (about 250°F), and
even more preferably from about 20°C (about 70°F) to about
100°C (about 230°F); and (2) contacting the substrate with
20 the provided rinsing agent. Applicants have found that the

effectiveness of the solvating and rinsing steps of the

present invention is substantially improved when carried
out under the temperature conditions described above.

10

15

With respect to the actual contact mechanism, it is
contemplated that all known contacting techniques are
adaptable for use according to the present methods. Thus,
for the liquid solvating and rinsing agents, the contacting
step may comprise, for example; spraying, brushing and/or
immersing of the substrate, with immersion being preferred.
For rinsing agents in the vapor state, the contacting step
may comprise, for example, blowing rinsing agent vapors
across the substrate and/or immersing the substrate in
rinsing agent vapors, with immersion being preferred.

25

30

An especially preferred embodiment of the present
methods comprises: (a) contacting the substrate with a
boiling liguid composition comprising solvating agent and

35
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consisting of 1,1,1-trichloroethane and about 630 pbw of a

agent consisting of |linonene. The first section 5
charged with the liquid cleaning
t he apparatus was

sol vati ng

of the apparatus was
conposition and the second section of
charged with a liquid consisting essentially of

1,1,1- trichl oroethane. Heat was applied to the liquid until

boiling occurred. The vapors rising fromthe boiling 10
condensed and transferred to the second X&ction

liquid were

of the apparatus at a

rate sufficient toman iLn su idlevel in
both the first ang9 9% dEon‘Sc1 gé)t cc??‘??ﬁuitlf% %ﬁgﬂ%e U&gﬁrg of the
boi | i ng | YRR ‘Wi@”&ﬁc}ﬂﬂ 3 193 1895 PEOPIRELM &Y 8%‘3?%t‘1fré' B8Ff*PRe cool 15

liquid in theagemtorthd ecmionr opropwetisnk byasokirsupt 28plvating agputs] C. Due
primarily to pratlrdts dhifddlapbe prusetvbabebaid riNéing @lgenltetyessel , the

t :ggg :t 3{: gi:h% h@a%o%p%reigﬁgg %Ssaid so%gggin;;é%lgghgrﬂi

la@Wilge

boi I i ng i qui 8Pe¥hstSt e&tZGESeE‘S%ﬂt’F%I'mdthPtlt 15 ep%%fﬂnﬁtb&sﬁgﬁgyfw th no

nore than préfecredmmiuseoit permitsreneasphifiednyet effective

Awire

rod was coat egdrByesd Riddiyr." Kekbedi |ﬁ66\@e§€ain embbaiﬁéihlfs,a\ﬂiel abke from

o about ToonPE @ B ﬂ%%%a“ ofgeaing eraffid AebC b Ariiigs 0 TC0

in 10 the preferred elevated temperature contact. between e
substrate and the solvating agent. Furthermore,

en pl aced

the

provision of a boiling liquid comprising a low vapor
pressure solvating component and a high vapor pressure
rinsing component results in the generation of a vapor

15 space above the boiling lxquxd which comprzses r1nsxng
agent in major proportion and only minor amounts, if any,
of solvating agent. Thus, the effective elxmination of
solvating agent from the vapor space coupled with the close
proximity of the boiling liquid to the vaporous rinsing

20 agent allows a simple and highly effective process design.
In its most preferred form, the solvating and rinsing

agents are immiscible with each other.

With particular reference now to FIG. 1, a batch mode

cleaning process according to one embodiment of the present

25 invention is illustrated. The methods according to this
embodiment utilize a partitioned cleaning tank 10 having a
first section 11 and a second section 12 separated by a -
partitioning member or weir 13. The first section 11 of
tank 10 is filled to a first, predefined level with a

30 liquid cleaning composition 14 comprising solvating agent,
and the second section 12 is filled to a second predefined
level above said first predefined level with a liquid
rinsing composition 15 comprising rinsing agent.
condensing coils 16 are provided in the vapor space above

35 the liquids contained in tank 10. The first section 11 of
tank 10 is provided with heating coils 18 for adding heat
to the liquid cleaning composition, and the second section
15 of tank 10 is provided with cooling coils 20 for
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t he vapor space above the boiling Iiquid, whereupon the

1,1, 1-trichl oroet hane vapor contacted the rod and condensed
The wire rod was held in the vapor space for

renoved. No renoval of contam nant fromthe rod was evident, thereby

I ndi cating that the step of contacting the wire rod with vaporous
‘rinsing agent was al one not sufficient taegrenove the contam nant from
the wire rod. 35 The still contam nated wire rod was then

cont act ed remoying HeatnEnenmstig akiqwjidagadranbyg | sARRCOSILdOPhe FOXl in the
boi l'i ng |i qui dmbodimertisT®fs théi cypatiXimstrateticinrFi@ogdgnit is

217 subst @Qi)iaéiii/lya |[JreQErEQ3 €8¢ A Aquilinéi edfing? R¥Mbosh¥ion
14 contained in the first tank section 11 comprise
solvating agent and rinsing agent, with the solvating agent
preferably being present in major proportion, preferably
about S0 to about 80 percent.by weight.of the liquid
cleaning composition, and the rinsing agent preferably
being present in minor'proportion, preferably. from about 20
to about 40 weight percent of the liquid cleaning
composition. Heating element 18 is preferably controlled

to raise the temperature of the liquid cleaning composition
to about the boiling point. )

t her eon.
30 about one mnute and then

10

Overlying the liquids contained in section 11 and 12
of the cleaning tank is a vapor 19 which comprises the
rinsing agent of the present invention. More particularly,
as the temperaturé in tank section 11 is raised to the
boiling point of the liquid cleaning composition 14, the
rinsing agent contained therein is preferentially vaporized_
and f£ills the vapor space 19 of the cleaning tank 10.
Coolant flow through condensing coil 16 is regulated so as
to condense about the same amount of vapor as is produced
by the boiling liquid contained in first tank section 11.
Condensed liquid transfer means (not shown) deliver the
condensed liquid into the second section 12 of tank 10.

The proper level of cool, rinsing agent contained in the
second tank section 12 is controlled by the height of
partition member or overflow weir 13. Excess liquid
rinsing agent flows over weir 13 and into the first tank

section 11, thereby replenishing rinsing agent lost
therefrom by vaporization.

15

20

25

30

One preferred embodiment of the present methods will
now be described in connection with the use of the
apparatus illustrated in FIG. 1 to clean a printed circuit

35 board containing residual rosin solder flux. The first
step comprises contacting the contaminated printed circuit
board with solvating agent by immersing the board in the
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m nut es.

131,1-trichloroethane for about 5 60 seconds. Furt her contact with the

The wire rod was then renoved fromthe boiling liquid and
pl aced in the section of the apparatus containing the cool liquid

rinsing agent was t hen achi eved by again placing the rod in the vapor

space

that is,

1,1,1-trichl
found to be

| mmedi at el y above-the-boiling liquid for a tinme sufficient
observe a substantial reduction in the rate of condensati on on the rod,

about 40 - 60 seconds, 10 thé?bby contacting the rod with a
vapor consi stummg neﬁﬁ&r&é@&a!meaf ﬁhﬁx‘dﬁT%bBﬁxﬁgaﬂt of tank 10,

A ﬁggg?lv?tuiu%r a%\d{r/or gao?e STH T OP;f\f@é’s%%ufa&O%Lbﬁ #Ager and

eSJn cont am nant .and

sol vati ng agdiftesentign the °al‘fﬂe né‘kﬁ gt coptaR SEePEREFPI P to 0
i ncl usi ve)

scope of ghe wéiﬁ%hpbﬂﬁeaté&&é&ﬂn‘dﬂtﬁé priGitedecspduial ibdgrd witigents and

ri nsing agents
whi ch was use

has i3 ﬂusataogsofhﬂm3351otouva087tmamthHN chhgraexkthin the

anpl es is

to

uor ohexane

dl h n[%hgg(e:gitl mm ?S,_glé)ol S’G\Nht Q?fv?%q}.ng a et% hgnd Iﬂg {.?%]ﬂ ng agent

(Clerr] F[err]§1“x'ﬁ%&ﬁelYeBer@Feln °rbéﬁ9§??ﬁg|ﬁ?P6FH¥&|§ﬁ?W’§§ ecting various
of the physiceircuit boargert This afecondl contagiteingnetep preferably

Table 1

10

15

20

25

30

35

comprises conducting two or more of the following steps
substantially sequentially: (i) contacting the printed
circuit board with rinsing agent by subjecting the board to
the vapor space 19 overlying the liguid tank 10
substantially immediately upon removal of the board from
contact with the solvating agent; (ii) further contacting
the printed circuit board with rinsing agent by immersing
the board in the relatively cool liquid rinsing agent
contained in the second section of the tank 10; and (iii)
further contacting the printed circuit board with rinsing
agent by immersing the printed circuit board in the vapor
space 19 overlying the liquid tank 10. This preferred
sequence of contacting steps is believed to provide a
highly effective technique for cleaning and drying
substrates containing adherent soil.

The contacting step (i) described above is
advantageous because it permits excess solvating agent and
associated soil to be washed off the board and returned
under the influence of gravity to the boiling liquid.
Thus, contamination of the rinsing liquid contained in
section 12 of tank 10 with solvating agent and/or removed
soil is minimized. It is contemplated that for certain
embodiments, contacting step (i) will provide acceptably
clean and dry printed circuit boards. For more stringent
requirements, however, it is preferred that the further
contacting steps (ii) and (iii) be utilized. In
particular, the printed circuit board is preferably removed
from the vapor space above tank section 11 and immersed in
the felatively cool rinsing composition contained in tank
section 12. This further contacting step provides
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Properties of Perfluorohexane 25 Basi ¢ Fornul a

Cerr]Flerr] Fl ash Point, [err]C None
~Normal Boiling Point, [err]C 56 Pour

Point,[err]C -90 30 Li quid Density,

25[err]C, gmm 1.68 Liquid Viscosity, 25[err]C

cp 0. 67 Vapor 2Pressure, 25[err]C, nm Hg

232 mal . Conduct i vi

h | .
Speci fic heat ,adgéf'é?‘? brﬁlqﬁ%ﬁh{%}%ﬁ# b9 ¢ égifr%’]ﬁgoﬁg' 057 Heat

of Vaporizati eneferably o @k e temperagyre of the ligq& inctapk of
Thermal ExpansieetioR5iz! r|fhe final step niin thik) pfeteried) epbbdisent
éb?ubility of q@aFEEQEE %?Eﬁ%§& gﬂg[gﬁfﬂéﬁd(EﬁQéﬁﬁgnbo%fd from ﬁg§gcgol
Depl et i on ot é’ﬁ-f‘FgP@ ( :{ci and c\éngacgfng e, pr.lmteé circuit bdard
This is the r opcgcagain witleithe relatively hot vapor contained in the
vapor space 19. Because of the temperature differential,
the rinsing agent in the vapor space will condense on the
substrate, thereby providing a final rinse step and a
10 clean, dry printed circuit board.

EXAMPLES

The following examples are illustrative and/or'
comparative but not limiting of the present invention. The
designation of examples as comparative is not necessarily

15 an indication that the examples represent prior art
procedures.

EXAMPLE 1

About 270 parts by weight (pbw) of a rinsing agent

consisting of 1,1,l-trichloroethane and about 630 pbw of a

20 solvating agent consisting of limonene were combined in a
heated vessel to form a liquid cleaning composition
consisting of about 70 percent by weight of limonene
solvating agent and about 30 percent by weight of 1,1,1-
trichloroethane rinsing agent. The liquid cleaner

25 contained in the heated vessel was then brought to a boil,
at which time the temperature of the liquid was about
140°C. The vapor space immediately overlying the boiling
liquid consisted essentially of 1,1,1l-trichloroethane and
only trace amounts of limonene. Due primarily to heat loss

30 through the uninsulated wall of the vessel, the temperature

of the vapor space was about 66 C° below the temperature of
the boiling liquid.

A 1" x 2" rectangular metal test coupon having a
thickness of about one-sixteenth of an inch was
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28 EXAMPLE 6 The conposition of this exanple conprised 50
wt . % of | sopropyl nyristate (solvating agent) and 50 wt. % of

per fl uorohexane (rinsing agent). The individual conponents 5 were placed
in a vessel which was equipped with a stirrer and heater and to which a
condenser was attached. The conponents were stirred to forma m xture
whi ch was heat ed to boiling to produce a steady reflux of the rinsing
agent . A netal part was coated with &2cutting oil and i mersed for 10

1 £0 2 i nut egohg fa.cb?@ e GpGAEROSk AR LA S2GR cureibfTRERA UrE Of
138[err] F (abgut err)| C). e part was. then .
. The contaminated cougon was then placed in the vapor space
above the boiling liquid, whereupon the 1,1,1-
trichloroethane vapor contacted the coupon and condensed
5 thereon. The coupon was held in the vapor space until the
temperature of the coupon equilibrated with the temperature
of the vapor_ space, as evidenced by a cessation of
condensation forming on the coupon. The coupon was removed
from the vapor, observed and found to be contaminated with
10 cutting oil, thereby indicating that the step of contacting
the coupon with vaporous rinsing agent was alone not
sufficient to remove the substantially all of the
contaminant from the coupon.

The still contaminated coupon was then contacted with
limonene solvating agent by immersing the coupon in the
boiling liquid for a time sufficient to solvate or loosen
substantially all of the contaminant, that is about 45-60
seconds. The coupon was then removed from the boiling
liquid and placed in a vessel containing liquid 1,1,1-

20 trichloroethane at about room temperature for time
sufficient to allow the coupon to be coocled to about room
temperature, that is, about 60 seconds. Further contact
with the rinsing agent was then achieved by again immersing
the coupon in the vapor space immediately above the boiling

25 liquid for a time sufficient to observe cessation of
condensation on the coupon, that is, about 40 - 60 seconds,
thereby contacting the coupon with a vapor consisting
essentially of the rinsing agent 1,1,1- trichloroethane.
The coupon was again removed from the vapor and found to be

30 substantially dry and free of cutting oil contaminant and
solvating agent.

15

EXAMPLE 2

An apparatus of the general type illustrated in FIG. 1
was utilized to remove asphalt contaminant from a wire rod
35 "coated therewith, except that cooling coils 20 were not
provided in the second section 12 of the vessel. A
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wi thdrawn fromthe conposition and rai sed above the vapor zone of the
apparatus where it was allowed to cool to about roomtenperature. The
cool ed- part. was then lowered to the 15 vapor zone where vapor of

per fl uor ohexane condensed on the cool ed part. The tenperature of the
vapor in the vapor zone was 136[err]F which is the sane tenperature as
the boiling t enperature of perfluordhexane. The part was kept in the

vapor of the yapor. zone for.5. ' s_at ' R iy d had
st opped condeﬁg%)an'bm& ctoﬁggﬁé‘l?%&? %1%%%%’? rﬁgsbmo%r%rlgrlmﬁgeég?‘?%mt e vapor
zone and ascePREFH&Y eigbtcRby) £ffja rinsjpg agent congigkppg of

There was addésopxoparelc amdosbonbre3f pbvawpl @ sokvati®g agepht of cutting
oi I such that cbReiIMP Tt 19RoRENE Al ML first lBedtidh @ff @hk aPp&esht i the

| i @gh - Lt . [ A= le 6
wns rens 1 Ghe!Aarges (AUWPERL 1ARse HISaRERK lATIEN QA Lhe SAIP!C
obt ai ned wer eSERENG FRFHION RESEhe ARRATAFUS, VESR (FRARISE Withoa Ligpid of

cl eani ng and donshgting hesdentyial2y uoSismpriopencl. Mo ligyidogpeaningn..and
of the vapor wWehgodleford MasS8ERtad until BHAIEnGCECELS%d.N Brapl e 6. Wen
he agitat!on AerhERtl of ene’holfily WaniRh M GLEL wdd GxeREPsLEL On

10 The vapors rising from the boiling liquid were condensed
and transferred to the second section of the apparatus at a
rate sufficient to maintain a substantially constant liquid
level in both the first and second sections thereof. The
vapor space immediately overlying the boiling liquid
consisted essentially of isopropanol and only trace amounts
of limonene. Due primarily to heat loss through the
uninsulated wall of the vessel, the temperature of the
vapor space was about 9 C° below the temperature of the
boiling liquid. The liquid in the second section of the
20 tank was at a temperature of about 25 - 40°C and consisted

essentially of isopropanol and only trace amounts of
limonene.

15

A wire rod was coated with asphalt and then allowed to
cool to about room temperature. The contaminated rod was
25 then placed into the vapor space immediately above the
boiling liquid for a time period sufficient to allow
substantial cessation of condensation of the vapors on the
rod, that is, about 40 - 60 seconds. The wire rod was then
removed from the vapor space, observed and found to remain
30 substantially contaminated with the asphalt. The wire rod
was then passed through the vapor space and placed into the
boiling liquid. The wire rod was held in the boiling
liquid for about 60 seconds. Upon removal from the boiling
liquid, the wire rod was found to be substantially free of
35 asphalt, but wet with solvating agent.

The clean but wet wire rod was then immersed in the
cool liquid rinsing agent for about 60 seconds. The rod
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distinct layers. It was observed that the bottom|ayer 35 consisted of

t he perfl uorohexane whi ch has a hi gher
This is the replacenent sheet

29
specific gravity than isopropyl nyristate. The | ayer of per fluorohexane
was cl ear and apparently uncont am nated with soil or cleaner. The upper
| ayer of the conposition conprised the isopropyl nyristate which showed

the distinct 5 color of the cutting oil24

10

18

20

25

30

was then placed in the vapor phase above the boiling liquid
for a period sufficient to observe a cessation of
condensation on the wire rod, that is, about 40 - 60
seconds. The wire rod was then again removed from the
vapor and found to be both clean and dry.

EXAMPLE 3

Example 2 was repeated, except that the contaminant
was a high melting temperature wax. The wire rod was
coated by dipping in molten wax and then allowed to cool to
about room temperature. The coated wire rod was then
placed into the vapor space immediately above the boiling
liquid for a time period sufficient to allow a substantial
reduction in the rate of condensation of the vapors on the
rod, that is, about 20 - 30 seconds. The wire rod was then
removed from the vapor space, observed and found to remain
substantially contaminated with the wax, although softening
of the wax ha& apparently occurred. The wire rod was
allowed to cool and was then immersed in the boiling liquid
for about 60 seconds. Upon removal from the boiling
liquid, the coated wire rod was found to be substantially
free of wax but wet with solvating agent.

The clean but wet wire rod was then immersed in the
cool liquid rinsing agent for about 10 -~ 20 seconds. The
rod was then immersed in the vapor phase above the boiling
liquid for a period sufficient to observe a cessation of
condensation on the wire rod, that is, about 40 - 60
seconds. The wire rod was then again removed from the
vapor and found to be both clean and dry.

EXAMPLE 4

An apparatus of the general type illustrated in FIG. 1
was utilized to remove Boscan crude oil from a wire rod
coated therewith, except that the second section of the
apparatus was not charged with rinsing liquid and condensed
vapors were returned directly to the boiling cleaning
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EXAMPLE 8 The procedures described in Exanpl es 6 and 7 above
were re-run except that nethyl caprate was substituted for

| sopropyl
nyristate. The results obtained were the sanme as 10 those reported in
Exanples 6 and 7. EXAMPLE 9 The procedures described in
Exanples 6 to 8 above were repeat ed, except that the conpositions were
nodi fi ed by I ncl udi ng therein about240 ppm of a non-ionic fluoro

liquid 15 surfactant sold by 3M Conpany under the trademark Flu
FC- 430 and chil@tidy i Ze TSk BRRPEY O4s theuBPRATA T PE chard

esters.

r ad

| ymeric
with Tthe Qligmidngleaning sopposithen sefrExarpPlgode dBReri bed in

Exanpl es 6 to18qufd cleaning composition was he&tBPARARIVDOEXAMYLE A

occurred. The temperature of the boiling cleaning liquid

5 was about 92°C. The vapors rising from the boiling liquid
were condensed and returned to the boiling liquid. The
vapor space immediately overlying the boiling liquid
consisted essentially of isopropanol and only trace amounts
of limonene. Due primarily to heat loss throughout the

10 uninsulated wall of the vessel, the femperature of the

vapor space was about 17 C° below the temperature of the
boiling liquid.

A wire rod was coated with Boscan crude oil and
allowed to cool to room temperature. The contaminated rod
was then placed into the vapor space immediately above the
boiling liquid for a time period sufficient to allow
substantial cessation of condensation of the vapors on the
rod, that is, about 40 -60 seconds. A few drops of oil
were then observed to fall from the contaminated wire
20 hanger. The wire rod was then removed from the vapor

space, observed and found to remain substantially

conhtaminated with the crude oil. The wire rod was then
immersed in the boiling liquid for about 30 seconds and
then raised into the vapor space immediately above the

25 boiling liquid. The wire rod was then held in the vapor
space for a period of about 30 seconds, after which it was
withdrawn from the apparatus and allowed to cool. The wire
rod was observed to be substantially clean but slightly
damp. The wire rod was then reimmersed in the vapor phase

30 above the boiling liquid for a period sufficient to observe

a cessation of condensation on the wire rod, that is, about

40 - 60 seconds. The wire rod was then again removed from

the vapor and found to be both clean and dry.

15

XAMPLE 5

35 An apparatus of the general type illustrated in FIG. 1

was utilized to clean a polyamide resin contaminant from a
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A rinsing agent consisting of isopropanol was charged to a heated
vessel at about atnospheric pressure and brought to a boil. 25

A wire rod was coated with asphalt and all owed to cool to about room
tenperature. The contam nated rod was

imersed in the boiling |iquid
for about 60 seconds. Upon removal fromthe boiling liquid, no
renoval of asphalt from the rod ma;sevident. 30 ‘Anot her

exanpl e of the practice of the present i nvention involved the use of
a cleaning cogppsi fdPtoMftle@Ntherewith. A cleaning solution was
prepared by combining about 270 pbw of a rinsing agent
consisting of 1,1,1-trichloroethane and about 630 pbw of a
solvating agent consisting of limonene. The first section
of the apparatus was charged with the liquid cleaning
composition and the second section of the apparatus was
charged with a liquid consisting essentially of 1,1,1-
trichloroethane. Heat was applied to the liquid until
boiling occurred. The vapors rising from the boiling
10 liquid were condensed and transferred to the second section
of the apparatus at a rate sufficient to maintain a
substantially constant liquid level in both the first and
second sections thereof. The temperature of the boiling
liquid was about 118°C, and the temperature of the cool
15 ligquid in the second section of the tank was about 25 -
40°C. Due primarily to heat loss through the uninsulated’
wall of the vessel, the temperature of the vapor space was
about 44 C° below the temperature of the boiling liquid.
The vapor directly above the boiling liquid consisted

20 essentially of 1,1,1-trichloroethane, with no more than
trace amounts of

limonene present.

A wire rod was coated by dipping in molten polyamide

residue available from Union Camp under the designation

25 UNI-REZ 2646 and then allowed to cool to about room
temperature. The contaminated wire rod was then placed in
the vapor space above the boiling liquid, whereupon the
1,1,1-trichloroethane vapor contacted the rod and condensed
thereon. The wire rod was held in the vapor space for

30 about one minute and then removed. No removal of
cbntaminant from the rod was evident, thereby indicating
that the step of contacting the wire rod with vaporous

rinsing agent was alone not sufficient to remove the
contaminant from the wire rod.

35 The still contaminated wire rod was then contacted
with limonene solvating agent by immersing the rod in the
boiling liquid for a time sufficient to solvate or loosen
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3.0 conprised "inmm sci ble" solvating and rinsing agents and whi ch

was used in a comercially avail abl e cl eaner that was nodified in the

~manner described bel ow. The cl eani ng conposition conprised 80 wt % of
solvating agent and 20 wt% 5 of rinsing agent. The solvating agent was a

t er pene- based conposition that was conprised predom nately of

d- | i nonene and that is sold under th&7tradenmark Bl QACT 121 by

Petroferm I nc. | NSi,4N e erfl uorohexane. .The cl.eaner that
was used was gﬁ%ﬁ%‘&%ﬁ%ﬁﬁgqhggtﬁ ﬁ%ﬂt@“ TB’-‘QCOO ae% 1pJ,1'e€g°3{- %e%fﬁi pment
sol d by .Det r eRiBHERF calThe WiFgRJHSR Y¥as thef. remgvedpfpgem the) Poihing| vent

cl eaner (ﬁéqeaﬁtgud ‘HlageBelinekhe| serteich) of Thbe Deppapatsiseaner has a

tC(ﬁnpar]t ma{]_t f Jonkalifing a&dchs?t lﬂ&x&i@1Q,Cﬂ,qa&kE&hloroéﬂ¥m&S Eblk-oabsﬁﬂi“ S1 ng
e sol vatd ng an ng n 0 r n or i ng e

ri nsing aggent .6% gﬁge:b@%'r e&ﬂe%g 20k crstv\"/gisf'%rmrég‘?f %:g:‘és{%g iar?cﬁn%d &feans for

agi tating t he then aghigypd, Pycagpini Piaginghthehaod; ini Hhe CHRWSEPABA, such

means consi st iimeafiatepy gborki -thewbbhDimwyy Yikmial €api Aagtime surdipdsnti on
punped the ol eapopseste 0 BstaRELaL rithE o 38 Sal e o e cof |
!toh?gugh nozzl e%c’."dfﬁﬁagggn %r?&fr Fﬁént%ﬁ" dgrsh'g ﬁhr?é‘%r ?ﬁsT n€° S\ﬁﬂS
modi fi ed 1@ t Ikhereby centagkina dhechpdveitlyia mapor epnsietingly of rinsing
agent I N ddntaEN2Y t S REhe Hifsi8g dgertial [35l1-2¥ i6h EaPEetHaHeES

The rod was again removed from the vapor and found to be

substantially dry and free of resin contaminant and
solvating agent.

15 The next group of examples (Examples 6 to 9 inclusive)
illustrates the use of compositions which are within the
scope of the present invention and which include solvating
agents and rinsing agents which are immiscible with each
other. The rinsing agent which was used in the composition

20 of these examples is perfluorohexane (CsF,). Table 1 below
contains information respecting various of the physical
properties of perfluorohexane.

Table 1

Properties of Perfluorochexane

25
Basic Formula CsFie
Flash Point, °C None
Normal Boiling Point, °C 56
Pour Point, °cC -90
30 Liquid Density, 25°C, gm/ml ' ' 1.68
Liquid Viscosity, 25°C, cp 0.67
Vapor Pressure, 25°C, mm Hg 232
Thermal Conductivity, w/(cm) (°C) x 10° 0.57
Specific heat, 25°C, cal/(gm) (°c) 0.25
35 Heat of Vaporization @ b.P cal/gm 21
Coefficient of Thermal Expansion, 25°C
ml/(ml) (°C) x 10 ' 1.6
Surface Tension, 25°C, dynes/cm 12
Solubility of Water, 25°C, dynes/ppm 10
40 . Ozone Depletion Potential (ODP) zero
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25 equi pped with a vapor zone that includes cooling coils. The Detrex
cl eaner was nodified to include an additional set of cooling coils
that were placed above the original equi pnent coils and which were
cooled to -20F by means of a refrigerating system The additional
cooling coils were 30 used to mnimze evaporative |osses of the rinsing
agent . It should be appreciated that the present invention can be

used effectively with other types of cleﬁﬁing equi pnent that are
avai |l abl e cormercially or that can be nodified readily to accommopdat e
the practi ce BKAMPEE m esent 35 invention.

The composition of this example comprised 50 wt.% of
isopropyl myristate (solvating agent) and 50 wt.% of
perfluorochexane (rinsing agent). The individual componénts
were placed in a vessel which was equipped with a stirrer
and heater and to which a condenser was attached. The
components were stirred to form a mixture which was heated
to boiling to produce a steady reflux of the rinsing agent.
A metal part was coated with a cutting oil and immersed for
10 1 to 2 minutes in the boiling composition which had a
temperature of 138°F (about 59°C). The part was then
withdrawn from the composition and raised above the wvapor
zone of the apparatus where it was allowed to cool to about
room temperature. The cooled part was then lowered to the
vapor zone where vapor of perfluorohexane condensed on the
cooled part. The temperature of the vapor in the vapor
zone was 136°F which is the same temperature as the boiling
temperature of perfluorchexane. The part was kept in the
vapor of the vapor zone for 5 to 7 minutes at which time
20  liquid had stopped condensing on the part. The part was

removed from the vapor zone and ascertained to be clean and
dary.

15

EXAMPLE 7

There was added to the composition of Example 6 an

25 amount of cutting oil such that the composition contained
15 wt.% of oil (based on the total weight of the
composition). The procedure described in Example 6 was re-
run utilizing the composition with added oil. The results
obtained were the same as those reported in Example 6 in

30 terms of cleaning and drying. The temperatures of the
boiling composition and of the vapor were also the same as
those reported in Example 6. When the agitation and in-put
of heat were terminated, the composition separated into two
distinct layers. It was observed that the bottom layer

35 consisted of the perfluorchexane which has a higher
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1. A liquid cleaning conposition conprising a solvating agent and

a rinsing agent, wherein: the solvating agent has; (i) a
roomtenperature vapour-pressure not greater than 5.3 KPa (40 nm Hg);
and (i1i) a solvating strength not less than 10; and the rinsing

agent has: (iii) a roomtenperature vapour-pressure in the

range of from10.7 KPa (80 mmHg) to 2401.3 Kpa (760 nm Hg); and

(1v) an ozone denl Q) 59,086} UndiXis8pe8hF1 dfikcate. Mnddiayer of

perfluorochexane was clear and apparently uncontaminated
with soil or cleaner. The upper layer of the composition

comprised the isopropyl myristate which showed the distinct
5 color of the cutting oil.

XAMPLE 8

The procedures described in Examples 6 and 7 above
were re-run except that methyl caprate was substituted for
isopropyl myristate. The results obtained were the same as

10 those reported in Examples 6 and 7.

EXAMPLE 9

The procedures describéd in Examples 6 to 8 qbove.were
repeated, except that the compositions were modified by
including therein about 10 ppm of a non-ionic fluoro liquid
surfactant sold by 3M Company under the trademark Fluorad

. FC~-430 and characterized by 3M Company as fluoroaliphatic
polymeric esters. '

15

The cleaning results were the same as those described in
Examples 6 to 8.
20

COMPARATIVE EXAMPLE A

A rinsing agent consisting of isopropanol was charged
to a heated vessel at about atmospheric pressure and
brought to a boil. '

25 A wire rod was coated with asphalt and allowed to cool

to about room temperature. The contaminated rod was
immersed in the boiling liquid for about 60 seconds. Upon

removal from the boiling ligquid, no removal of asphalt from
. the rod was evident.

30 Another example of the practice of the present

invention involved the use of a cleaning composition which
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wherein the solvating agent conprises less than 80 w. %
conposi tion,

that of the solvating agent,

of the

wherein the rinsing agent has a higher specific gravity than

wherein the ratio of the vapour-pressure
of said rinsing agent to the vapour-pressure of said solvating agent

conposition,

IS
at least 20 and such that, at the boiling tenperature of the

the vapour space above the boiling conposition would
conprise said rinsing agent and be substantially free fromsaid solvating

agent, and whaimpiriselder hapiktiblers ablvaenylfands piteinigs agentsoahast i bl e.

10

15

20

- 25

30

35

which was used in a commercially available cleaner that was
modified in the manner described below. The cleaning
composition comprised 80 wtt of solvating agent and 20 wt%
of rinsing agent. The solvating agent was a terpene-based
composition that was comprised predominately of d-limonene
and that is sold under the trademark BIOACT 121 by
Petroferm Inc. The rinsing agent was perfluorohexane. The
cleaner that was used was an electrically heated, water
cooled piece of equipﬁent sold by Detrex Chemical
Industries, Inc., as model 2D 12-EW solvent cleaner

(hereafter "the Detrex cleaner%). The Detrex cleaner has a

compartment for holding and heating the cleaning
composition comprising the solvating and rinsing agents and
a compartment for holding the rinsing agent. The Detrex -
cleaner was modified to include means for agitating the
cleaning composition and the rinsing composition, such
means consisting of a pump which withdrew the cleaning
composition from the bottom of the compartment in which it
was held and which pumped the cleaning composition back
into the main body thereof through nozzles. The
compartment holding the rinsing agent was modified in the
same way to achieve agitation of the body of rinsing agent
in the compartment holding it. The Detrex cleaner comes
equipped with a vapor zone that includes cooling coils.
The Detrex cleaner was modified to include an additional
set of cooling coils that were placed above the original
equipment coils and which were cooled to -20°F by means of
a refrigerating system. The additional cooling coils were
used to minimize evaporative losses of the rinsing agent.
It should be appreciated that the present invention can be
used effectively with other types of cleaning equipment
that are available commercially or that can be modified

readily to accommodate the practice of the present
invention.
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- 32- 2. A conposition as clained in claim1, wherein said
agent.is or includes one or nore of the follow ng, nanely:
di basi c est ﬂ"umﬂm ters, petroleum solvents,
al kyl - substi mwm& i dones, ketones, ethers, alcohols, am nes;
and mxtures tHeréof® 8. *A conposition as claimed in any of the

preceding clains, wherein said rinsing abent I's or includes one

sol vati ng
t er penes,

What is claimed is:
1. A process for removing rosin solder flux from a
printed circuit board comprising:
(a) contacting the printed circuit board with a
boiling liquid comprising solvating agent and rinsing
agent, said solvating agent having:
(i) a room temperature vapor pressure of no
greater than about 10 mm Hg; and

(ii) a solvating strength of no less than about
10 10,

and said rinsing agent having:
(i) a room temperature vapor pressure of from
' about 80 mm Hg to about 760 mm Hg and an
ozone depleting factor of from about 0 to
15 about 0.0S5;
(b) subsequent to step (a), contacting the substrate
with a cool liquid comprising said rinsing agent and
having a temperature at least about § C° below the
temperature of said boiling liquidq;
20 (c) allowing the contacting step (b) to continue for
a time sufficient to reduce the temperature of said
substrate to about the temperature of said liquid;
(d) subsequent to step (c), contacting the substrate
with a vapor consisting essentially of said rinsing
agent and having a temperature at least about 5§ C°
above the temperature of said cool liquid; and
(e) allowing the contacting step of step (d) to
continue for a time sufficient to increase the

temperature of said substrate to about the temperature
30 of said vapor.

25

2. The process of Claim 1 wherein said boiling

liquid comprises a major proportion by weight of solvating
agent.

3. The process of Claim 1 wherein the solvating
agent is selected from the group consisting of terpenes,
terpene-based compounds and mixtures of these.

35
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or nore of the followng, nanely fl uorocarbons, hydrofluorocarbons

allphat ocar bons, aromatic hydrocarbons, al cohols, ketones, ethers;,
and m X ,I ”ﬂmw, A conposition as clainmed in any of the
pr ecedi n¢g uln (A) the solvating agent has a

roomterrperature vdpotir - pressure not greater than 1.07 KPa (8mm Hg) and
a solvating strength not | ess than 10; d (B) the rinsing agent has

a roomtenperature vapour-pressure in the range of from10.7 to 101.3 KPa
(80 to 760 nmkQ), TR prakeRe deptedi®n wheekdi said rigseng edgddtan 0 and
the ratio of ié“ée‘iQQQH& ﬂ@f%ﬂeeﬁrbﬁp consisting of chlorinated

hydrocarbons, chlorofluorocarbons, fluorocarbons,
hydrofluorocarbons, hydrochlorofluorocarbons, alcohols,
5 fluorinated alcohols, and mixtures of these.

5. The process of Claim 1 wherein said solvating
agent consists essentially of terpene and said rinsing
agent consists essentially of fluorocarbon.

6. The process of Claim 5 wherein said rinsing agent
10 consists essentially of perfluorohexane.

7. The process of Claim 1 wherein the solvating
agent consists essentially of one or more organic esters.

8. A process for removing adherent soil from a
printed circuit board comprising:

15 (a) contacting the printed circuit board with a
cleaning -liquid comprising solvating agent and
rinsing agent, the ratio of the vapor pressure of
said rinsing agent to the vapor pressure of said
solvating agent being at least about 20, and said

20 rinsing agent having an ozone deplepion factor of

' no greater than about 0.15; and
(b) subsequent to (a), contacting the substrate
with a rinsing composition substantially free of
said solvating agent in major proportion.

25 9. The process of Claim 8 wherein said cleaning
liquid is a boiling liquid.

10. A process for removing soil from a substrate
comprising:
(a) contacting the substrate with a liquid
30 cleaning composition comprising a solvating
agent; and _
(b) contacting the substrate with a rinsing
agent, the temperature of said rinsing agent
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no I ess than 100. A conposition as claimed in any preceding claim

wherein the solvatin ent is or includes one or nore of the follow ng
t er penes, ”ﬂ"ﬂl"""!mﬁnlﬁ ene, beta
-33 - pi plnene, del ta-3-carene, |inobnene, dipentene

and terpi nol er?e and/ of a nonobasic ester;
33
being at least 5 C° below the temperature of said
liquid solvating agent, the-rratio of the vapor
pressure of said rinsing agent to the vapor

pressure of said solvating agent being at least
5 about 20.

11. The process of Claim 10 wherein said liquid
cleaning composition comprises said solvating agent and

said rinsing agent and including heating said composition
to boil said rinsing agent.

10 12. The process of Claim 11 wherein said solvating
agent consists essentially of terpene or organic ester and
said rinsing agent is selected from the group consisting of
chlorofluorocarbons, fluorocarbons, hydrofluorocarbons,-

hydrochlorofluorocarbons, alcohols, fluorinated alcohols,
15 and mixtures of these.

13. A liquid composition comprising solvating agent
and rinsing agent, said solvaﬁing agent having:
(i) a room temperature vapor pressure of no
greater than about 10 mm Hg; and

20 (ii) a solvating strength of no less than about
10, '
and said rinsing agent having:
(i) a room temperature vapor pressure of from
about 80 mm Hg to about 760 mm Hg and an
25 ozone depleting factor of from about 0 to
about 0.05.

14. The composition of Claim 13 wherein said
composition comprises a major proportion by weight of
solvating agent.

30 15. The composition of Claim 13 wherein the solvating

agent is selected from the group consisting of terpenes,
terpene-based compounds and mixtures of these.
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and/or a petrol eum sol vent and/or an ether. 6. A conposition as clainmed

in any prec ' erein . the rinsing agent 1is or
i ncl udes 3 ’immg mg’,r& bon  or a fluorocarbon such as
perfl uor ohexanec nAs osition as clained in any preceding claim
wherein the rinsing agent is or includes an ether. 8. A conposition as
clainmed in any preceding claim conprigjng from50 to 80% by wei ght of
the solvating agent and/or from20 to 40% by wei ght of the rinsing agent.
9. A conpositiortés Chei eempositdon preckslimgs charein salier einsime
conposi ti on bagét als deliebtéd VBlom GNRSHPBEp consisting of chlorinated
hydrocarbons, chlorofluorocarbons, fluorocarbons,
hydrofluorocarbons, hydrochlorofluorocarbons, alcohols,
5 fluorinated alcohols and mixtures of these.

17. A composition comprising a solvating agent and a
rinsing agent that are immiscible with each other and
wherein the ratio of the vapor pressure of said rinsing

agent to the vapor pressure of said solvating agent is at
10 least about 20.

18. A composition according to Claim 17 wherein said

rinsing agent has an ozone depletion factor of no greater
than about 0.15.

19. A composition according to Claim 17 wherein said
15 solvating agent consists essentially of a terpene and said

rinsing agent consists essentially of a fluorocarbon or a
hydrofluorocarbon.

20. .A composition according tec Claim 17 wherein said
solvating agent consists essentially of an organic ester
20 and said rinsing agent consists essentially of a
' fluorocarbon or a hydrofluorocarbon.

21. A process according to Claim 1, 8, or 10 wherein

said ‘solvating agent and said rinsing agent are immiscible
with each other.

25 22. A composition according to Claim 13 or 17 wherein

said solvating agent and said rinsing agent are immiscible
with each other.

23. A process according to Claim 21 including
agitating said liquid.

30 24. In a cleaning apparatus which includes means for
holding a cleaning composition, means for heating said
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terrperature \/\hi ch I's substantially equivalent to the tenperature of that

of the ri en 10. A conposition as claimed in any preceding claim
wherein t l (ﬂ and the solvating agent are inmmscible with each
ot her. as claimed in any of clains 1 to 9 wherein the

ri nsing agent and the sol vat i ng agent are,gmscible with each other. 12. A
conposition as clainmed in any preceding claim wherein, in use, the liquid
cl eani ng conpogileafiing Scomposition, and means for holding a rinsing

agent, and which includes also a vapor zone overlying said

cleaning composition and cooling means for condensing vapor

in said vapor zone, the improvement comprising means for

5 agitating said cleaning composition and means for agitating
said rinsing agent.
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- 34 - associated wth liquid rinsing agent according to any of clains
1 to.11 which is cool relative to the liquid cleaning conposition

("relatively cool rinsing agent") and, at the boiling tenperature of the
conposition, the vapour space above the relatively cool liquid rinsing

agent would conprise said rinsing agﬁ and be substantially free
fromsaid solvating agent, and wherein e vapour in said vapour space is
non- comnbusti bl e.

A COMPOSITION AND A PROCESS FOR REMOVING ROSIN SOLDER FLUX
WITH TERPENE AND HYDROCARBONS

ABSTRACT

The present invention relates to a composition and a process of
removing rosin solder flux and adherent soil from a printed
circuit board. The composition comprises solvating agent and
rinsing agent. Wherein the solvating agent is selected from the
group consisting of terpenes, terpene-based compounds and rinsing
agent is selected from the group consisting' of chlorinated
hydrocarbons, chlorofluorocarbons, fluorocarbons,
hydrofluorocarbons, hydrochlorofluorocarbons, alcohols,
fluorinated alcohols and mixture of these. The process for
removing rosin solder flux from a circuit board comprises
contacting the printed circuit board with a boiling liquid
comprises solvating agent and rinsing agent.
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13. A process for renoving soil froma substrate conprising the steps of:

(a) imersing the substrate in a boiling, liquid cleaning conposition as
claimed in any of the preceding clainms; and thereafter (b)
wi t hdrawi ng the substrate fromthe boiling, 1liquid cleaning comnmposition.

14. A process according to claim 13 wherein said w thdrawn substrate has
t hereon sol vati ng agent, and mhereindﬁiep (b) itself conprises the steps
of : (i) nmoving the withdrawn substrate into said vapour
space; and thereafter (ii) inmersing the substrate in liquid rinsing

16
: O
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agent; and (tii)withdrawi ng the substrate fromsaid |iquid femss 2%
rinsing agent and nmoving the w thdrawn

This is the rep1 acenent: heet - -
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A COMPOSITION AND A PROCESS FOR REMOVING ROSIN SOLDER FLUX
WITH TERPENE AND HYDROCARBONS

STRACT

The present invention relates to a composition and a process of
removing rosin solder flux and adherent soil from a printed
circuit board. The composition comprises solvating agent and
rinsing agent. Wherein the solvating agent is selected from the
group consisting of terpenes, terpene-based compounds and rinsing
agent is selected from the group consisting' of chlorinated
hydrocarbons, chlorofluorocarbons, fluorocarbons,
hydrofluorocarbons, hydrochlorofluorocarbons,

alcohols,
fluorinated alcohols and mixture of these.

The process for
removing rosin solder flux from a circuit board comprises

contacting the printed circuit board with a boiling liquid

comprises solvating agent and rinsing agent.
Fig. 1

S
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-35 - substrate into vapour space above the liquid
Tinsing agent. 15. A process according to claim 13 or claim 14, which

process conpri ses: (a) contacting the substrate wth vapour
overlying the boiling, liquid cleaning conposition; imersing the
substrate in the boiling, liquid cleaning conposition; and maintaining the
substrate therein wuntil soil is dissolved therefrom (b) wi thdraw ng
the substrate having soil renoved therefrom from the boi l'i ng,
l'iquid cl eani ng 171
16 16
°% | \o
° o
| A (30 10
183 T E__.
11\/ 15 -~
\_{12

FIG. 1
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conposition,

the wi thdrawn substrate having thereon residual mater

conprising solvating agent and/or residual soil; (i) contact

mﬁthﬂ' th the . vapour;- - - (Qi-)-i-mmersing
subs ”n ﬂ ”mtnw ereon - resi dual naterial i n: reI ative
liq o

ing agent as clained in claimi2 to:

reS|duaI naterlal t herefrom (|||)MAthdrémnng the substrate 3L

relatively
wi t hdrawn s
liquid rins

cool, liquid rinsing agen&.and contact:inhg.. the ...

ubstrate with vapour overlying the r.elatisely.

ing agent to
CLAIMS

1. A  liquid <cleaning composition comprising a
solvating agent and a rinsing agent, wherein:
- the solvating agent has:
(1) a room-temperature vapour-pressure not greater
than 5.3 KPa (40 mm Hg); and
(ii) a solvating strength not less than 10; and
~ the rinsing agent has:
(iii) a roon—-temperature vapour-pressure in the
range of from 10.7 KPa (80 mm Hg) to 101.3 Kpa
(760 mm Hg); and
(iv}) an ozone-depleting factor not greater than
0.15;
wherein the solvating agent comprises less than 80 wt.$
of the composition, wherein the rinsing agent has =&
higher specific gravity than that of the solvating
agent, wherein the ratio of the vapour-pressure of
said rinsing agent to the vapour-pressure of said
solvating agent is at least 20 and such that, at the
boiling temperature of the composition, the vapour
space above the boiling composition would comprise said
rinsing agent and be substantially free from said
solvating agent, and wherein the vapour in said vapour

space is non-combustible.
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allow rinsing agent to condense on the

-36 - W t hdrawn substrate; and (c) renoving the
W t r’m‘,ﬂ'ﬂﬂm from the wvapour. 16. A process according to claim
15, TUMEY el Ir ﬂucess s suitable for renoving soil froma substrate
M s *
- 32 -

2. A composition as claimed in claim 1, wherein said
solvating agent is or includes one or more of the
following, namely: terpenes, dibasic esters, monobasic
esters, petroleum solvents, alkyl-substituted 2-
pyrrolidones, ketones, ethers, alcohols, amines; and
mixtures thereof.
3. A composition as claimed in any of the preceding
claims, wherein said rinsing agent is or includes one
or more of the following, namely fluorocarbons,
hydrofluorocarbons, aliphatic hydrocarbons, aromatic
hydrocarbons, alcohols, ketones, ethers; and mixtures
thereof.
4. A composition as claimed in any of the preceding
claims, wherein:

(A) the solvating agent has a room-f{emperature
vapour-pressure not greater than 1.07 KPa (8mm Hg)} and

a solvating strength not less than 10; and

(B) the rinsing agent has a room—-temperature
vapour-pressure in the range of from 10.7 to 101.3 KPa
(80 to 760 mm Hg), an ozone-depletion factor not
greater than 0 and the ratio of the vapour pressures is
no less than 100.
5. A composition as claimed in any preceding c¢laim,
wherein the solvating agent is or includes one or more

of the following terpenes, namely: alpha pinene, beta

This is the repilacement sheet



in a cl eani ng environment which environment conprises: (A) a boiling,

qui d cl eani ng conposition which has a vapour space above it and
mmm“lu)m“ Wﬁls“ Imssent ially of: (i) a solvating agent having a room
vapour pressure of no greater than 1.07 Kpa
(8 ﬁn1 ) and a solvatlng strength of no |ess than 10; and
(i) a rinsing agent having a roomtenperature vapour pressure of
from10.7 to 101.3 KPa (80 -8®- 760 nm Hg) and an ozone depl etion
factor ) of no greater than 0.05; wherein the solvating agent

conprises less than 80 wt.%

pinene, gamma terpinene, delta-3-carene, limonene,
dipentene and terpinolene; and/or a monobasic ester;
and/or a petroleum solvent and/or an ether.

6. A cowmposition as claimed in any preceding claim,
wherein the rinsing agent is or includes a
hydrofluorocarbon or a fluorocarbon such as
perfluorohexane.

7. A composition as claimed in any preceding clainm
wherein the rinsing agent is or includes an ether.

8. A conmposition as claimed in any preceding claim,
comprising from 50 to 80% by weight of the solvating
agent and/or from 20 to 40% by weight of the rinsing
agent. |

9. A composition as claimed in any preceding claim,
wherein the composition boils at a relatively constant
temperature which is substantially equivalent to the
temperature of that of the rinsing agent.

10. A composition as claimed in any preceding claim,
wherein the rinsing agent and the solvating agent are
immiscible with each other.

11. A composition as claimed in any of claims 1 to 9
wherein the rinsing agent and the solvating agent are
miscible with each other.

12. A composition as claimed in any preceding claim,

wherein, in use, the liquid cleaning composition is
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of the conposition, wherein the rinsing agent has a higher specific

gra
vapmlimmmgmﬂ&sai d rinsing agent to the vapour pressure of said

the solvating agent,
sol vatihg tagent si S«
tenperature of the conposition,
conposition consi sts

t he vapour

- 34

associated with liquid rinsing agent according to
of claims 1 to 11 which is cool relative to the
cleaning composition ("relatively cool rinsing

and, at the boiling temperature of the composition,

t | east about 20 and such that, at

and wherein the ratio of the

t he boiling
space above the boi I'i ng
-37-

any
liquid
agent™)

the

vapour space above the relatively cool liquid rinsing
agent wquld comprise said rinsing agent and be
substantially free from said solvating agent, and
wherein the wvapour in said vapour space is non-
conbustible.
13. A process for removing soil from a substrate
comprising the steps of:

{(a) immersing the substrate in a boiling, liquid

cleaning composition as claimed in any of the preceding

claims; and thereafter
(b)

liquid cleaning composition.

withdrawing the substrate from the

boiling,

14. A process according to claim 13 wherein said
withdrawn substrate has thereon solvating agent, and
wherein step (b) itself comprises the steps of:
(i) moving the withdrawn substrate into said
vapour space; and thereafter
(ii) immersing the substrate in ligquid rinsing
agent; and

(iii)withdrawing the substrate from

rinsing agent

and moving the

said liquid

withdrawn
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essentially of said rinsing agent and is substantially free of said

sol vajj t: (B) aliquid rinse conposition which consists
essenmml@ﬂ@ IHHH!"]nm ng agent in liquid formand which is cool
¥e d L s |

rel ati ng, liquid cleaning conposition (hereinafter
"relatively cool” rinsing agent"); and (© vapour which: (1)
overlies said boiling, [liquid cleaning conposition and said relatively
cool rinsing agent; (2) consists eéégﬁtially of said rinsing agent; and

(3) is substantially free of said solvating agent; which process
conprises sequentially treating a soil -
substrate into vapour space above the liquid

rinsing agent.
15. A process according to claim 13 or claim 14, which
process comprises:

(a} contacting the  substrate with vapour
overlying the boiling, liquid cleaning composition;
immersing the substrate in the boiling, liquid cleaning
composition; and maintaining the substrate therein
until soil is dissolved therefrom;

(b} withdrawing the substrate having soil rémoved
therefrom from the boiling, liquigd cleaning
composition, the withdrawn substrate having thereon
residual material comprising solvating agent and/or
residual soil;

(1) contacting the withdrawn substrate with the

vapour:

(ii) immersing the substrate having thereon
residual material in relatively cool, liquid
rinsing agent as claimed in claim 12 to
remove residual material therefrom;

(iii)withdrawing the substrate from the relatively
cool, liquid rinsing agent and contacting the
withdrawn substrate with vapour overlying the
relatively cool, liquid rinsing agent to

allow rinsing agent to condense on the
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bearing su

bstrate to clean and dry the substrate by: (a) contacting

ot cantng | ITHRAN DN lrsi ng saia’Sbst ate i v the boi ing, T qui d

cl eani ng

I's dissolv
renmoved t
conpositio
material c
contacting

conposti ti®on;® &nd maintaining the substrate therein

unti |

ed therefrom (b) withdrawi ng the substrate having soi

herefrom from the boi l'i ng, liquid cl eani ng

uid

soi |

n, the w thdrawn substrat¥- having on its surface residual

onprising sol vating agent . and/ or residual soil;
the w thdrawn substrate having

withdrawn substrate; and
(c) removing the withdrawn substrate from the
vapour.
16. A process according to claim 15, wherein the
process is suitable for removing soil from a substrate
in a cleaning environment which environment comprises:
(A} a boiling, liguid cleaning composition which
has a vapour space above it and which consists
essentially of:
(i) a solvating agent having a room temperature
vapour pressure of no greater than 1.07 Kpa
(8 mm Hg) and a solvating strength of no less
than 10; and
{ii) a rinsing agent having a room-temperature
vapour pressure of from 10.7 to 101.3 KPa (80
to 760 mm Hg) and an ozone depletion factor
of no greater than 0.05;
wherein the solvating agent comprises less than 80 wt.$%
of the composition, wherein the rinsing agent has a
higher specific gravity than that of the solvating
agent, and wherein the ratio of the vapour pressure of
sald rinsing agent to the vapour pressure of said
solvating agent is at least about 20 and such that, at
the boiling temperature of the composition, the vapour

space above the beoiling composition consists

(i)
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- 38- t hereon residual material with said vapour; (i)

:mrggm||m*n|\nﬂu"ﬂ3mzzf YIS TP nsing agent to remove therefrom.

resid fat eri al (Tii)w thdraw ng t he substrate
from sai d relatlvely cool rinsing agent and contacting

- 37 -

essentially of said rinsing agent and is substantially
free of said solvating agent;

(B) a liquid rinse composition which consists
essentially of §aid rinsing agent in liquid form and
which is cool relative to said boiling, liquid cleaning
composition (hereinafter "relatively cool rinsing
agent”); and

(C) wvapour which: (1) overlies said boiling,
liquid cleaning composition and said relatively cool
rinsing agent; (2) consists essentially of said rinsing
agent; and (3) is substantially free of said solvating
agent;
which process comprises sequentially treating a soil-
bearing substrate to clean and dry the substrate by:

{(a) contacting the éoil—bearing substrate with
the vapour overlying saild boiling, liquid cleaﬁing
composition; immersing said substrate in the boiling,
Lliquid cleaning composition; and maintaining the
substrate therein until soil is dissolved therefrom;

(b} withdrawing the substrate having soil removed
therefrom from the boiling, liquid cleaning
composition, the withdrawn substrate having on its
surface residual material comprising solvating agent
and/or residual soil; |

{i) contacting the withdrawn substrate having

This is the replacement sheat

Date: & 00rT K38



Uwﬁira\m substrate wi th vapour which . - overlies the
rela

cond mﬂ”w]mmng agentw;[?hdravm subst ?!51![ gw aFlijnSi " ?g;an'; en;[)\?i ng

t he substrate "frédm the vapour. 17 A process according to any of clains
13 to 16, wherein the vapour pressure of the rinsing agent is no
greater than about 90.6 KPa (680 mmHg) 18. A process according to any
of claims 13 to 17 wherein the ri3tsing agent has an ozone depletion
factor of no greater than 0. 19. A process according to clainms 13 to 18
wherein the ratio of the vapour pressure of the rinsing agent to

thereog residual material with said vapour;

(ii) immersing the substrate having thereon
residu&l material into said relatively cool
rinsing agent to remove therefrom residual
material:;

(iii)withdrawing the substrate from said
relatively cool rinsing agent and contacting
the withdrawn substrate with vapour which
overlies the relatively cool rinsing agent to
allow rinsing agent to condense on the
withdrawn substrate; and

(¢) removing the substrate from the wvapour.

17. A process according to any of claims 13 to 186,
wherein the vapour pressure of the rinsing agent is no
greater than about 90.6 KPa (680 mm Hg).

18. A process according to any of claims 13 to 17
wherein the rinsing agent has an ozone depletion factor
of no greater than 0.

19. A process according to claims 13 to 18 wherein the
ratio of the vapour pressure of the rinsing agenﬁ to
the vapour pressure of the solvating agent is no less
than about 200.

20. A process according to any of claims 13 to 19
including agitating said composition.

21. In a process as claimed in any of the preceding




t he vapour pressure of the solvating agent is no |ess

/g\oﬁ{)gg?ts|Soﬁmmmll"'"“mlwmgfssclaglgfallfretjol ﬁgany of the preceding

- 39- clainrs, ¢ the lises of* apparat us conprising a

a liquid cleaning conmposition according

- 39-

t han about 200. 20.

I ncluding agitating said

claims, the use of apparatus comprising

first container for

a first

container for a liquid cleaning composition accoxding

to any of claims 1 to 11; a second container for

relatively cool rinsing agent according

to claim 12;

means for heating said liquid cleaning composition

to provide a vapour zone overlying

cleaning composition:; and means

vapour in said vapoux zone;

for

said liquid

condensing

characterised in

that said apparatus further comprises means for

agitating said liquid cleaning composition and means

for agitating said relatively cool

rinsing agent.
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to any of - clains 1 to 11; a second container for relatively cool rinsing
agent according to claim12; neans for heating said liquid cleaning
conposition to provide a  vapour zone overlying said liquid cleaning
conposition; and neans for condensi ng vapour in sai d vapour
zone; characterised in that said appara;% further. conprises neans

Si

for agitating said liquid cleaning co tion and neans for agitating
said relatively cool rinsing agent.

A COMPOSITION AND A PROCESS FOR REMOVING ROSIN SOLDER FLUX
WITH TERPENE AND HYDROCARBONS

ABSTRACT

The present invention relates to a composition and a process of
removing rosin solder flux and adherent soil from a printed
circuit board. The composition comprises solvating agent and
rinsing agent. Wherein the solvating agent is selected from the
group consisting of terpenes, terpene-based compounds and rinsing
agent is selected from the group consisting. of chlorinated
hydrocarbons, chlorofluorocarbons, fluorocarbons,
hydrofluorocarbons, hydrochlorofluorocarbons, alcohols,
fluorinated alcohols and mixture of these. The process for
removing rosin solder flux from a circuit board comprises
contacting the printed circuit board with a boiling liquid

comprises solvating agent and rinsing agent.
Fig. 1
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