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ABSTRACT 

Disclosed are methods of cleaning articles of manufacture 
using hydrofluorocarbon and hydrochlorofluorocarbon flu 
ids. The methods comprise generally the steps of (a) pro 
viding a hydrofluorocarbon and/or hydrochlorofluorocarbon 
fluid in liquid or Supercritical state; (b) contacting an article 
of manufacture with said fluid; and (c) removing Substan 
tially all of said fluid from said article of manufacture. 
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CLEANING PROCESSES USING 
HYDROFLUOROCARBON AND/OR 

HYDROCHLOROFLUOROCARBON COMPOUNDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a divisional of U.S. 
application Ser. No. 09/670,127 (pending) which was filed 
with the United States Patent and Trademark Office on Sep. 
26, 2000, and which claims priority to U.S. Provisional 
Application Ser. No. 60/162,554, which was filed with the 
United States Patent and Trademark Office on Oct. 29, 1999. 
Both of these applications are herein incorporated by refer 
CCC. 

FIELD OF INVENTION 

0002 The present invention relates generally to the use of 
hydrofluorocarbon and hydrochlorofluorcarbon compounds 
in cleaning processes. More specifically, the present inven 
tion relates to a method of cleaning a wide variety of articles 
of manufacture, especially printed circuit boards, using 
hydrofluorocarbons and/or hydrochlorofluorocarbons in cer 
tain Subcritical States and in Supercritical States. 

BACKGROUND 

0003. In the manufacture of printed circuit boards, Sur 
face-mount assemblies and other, Similar, electronic assem 
blies, solder flux is commonly applied to the solderable 
surfaces of the assembly prior to soldering. Solder flux is 
usually a blend of rosin (abietic acid) and activators. The 
activators are typically ionic compounds Such as amine 
hydrochlorides. The purpose of the flux is to remove metal 
oxides from the Surface of metal leads in order to render 
them more Solderable. During the Soldering operation the 
flux is heated to very high temperatures (essentially the 
temperature of molten tin/lead solder) and is “baked” onto 
the assembly. This solder flux residue is potentially harmful 
to the assembly and must be removed. The ionic materials, 
when exposed to moisture, are particularly harmful as they 
become mobile and conductive. 

0004. In the recent past, chlorofluorocarbon (CFC) sol 
vents were used to clean Solder flux from articles of manu 
facture Such as printed circuit boards. These Solvents were 
very effective and economical. However, Since the recogni 
tion that CFCs are harmful to the environment, many 
manufacturers have Switched to aqueous cleaners. Such 
cleaners clean adequately but are disadvantageous because 
they require energy intensive processes and costly disposal 
after use. 

0005 Carbon dioxide, both in the liquid state and in the 
Supercritical State, has been proposed as an alternative to 
aqueous cleaning. However, the use of carbon dioxide is 
disadvantageous for Several reasons. One Such disadvantage 
is that the use of carbon dioxide requires very high pres 
Sures, which necessitate the use of relatively expensive 
preSSure equipment. Another disadvantage is that carbon 
dioxide is not effective in cleaning Some polar Substrates. 
0006 Hydrofluorocarbons (HFCs) are an environmen 
tally safer alternative to CFCs but it has been reported in the 
art that they are ineffective cleaners. Leblanc, for example, 
notes that “though they HFCs) contain no chlorine, their 
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high vapor pressure and low Solubility make them poor 
cleaners.” “The Evolution of Cleaning Solvents, Precision 
Cleaning, May, 1997, p. 14. This is supported by Kanegs 
berg who comments that HFC's, “while useful as carrier for 
other Solvents and as rinsing agents, with a Kauri Butanol 
(KB) number of about 10, on their own have little or no 
solvency for most soils of interest”. “Precision Cleaning 
Without Ozone Depleting Chemicals”, Chemistry & Indus 
try, October, 1996, p. 788. 
0007 Recognizing these and other drawbacks of the prior 
art, the present inventors have perceived a need for a new, 
efficient and more desirable method for cleaning articles of 
manufacture, Such as printed circuit boards. These and other 
objects are achieved by the present invention as described 
below. 

DESCRIPTION OF THE INVENTION AND 
PREFERRED EMBODIMENTS 

0008. The present invention is directed to a method of 
cleaning a wide variety of articles of manufacture, but 
especially printed circuit boards, using hydrofluorocarbon 
(“HFC) compounds or hydrochlorofluorocarbon (“HCFC) 
compounds, or mixtures of HFC and HCFC compounds. 
The present inventors have found unexpectedly that certain 
HFC's and HCFCs alone or in combination with Small 
amounts of polar Solvents dramatically outperform carbon 
dioxide in liquid and Supercritical based cleaning processes. 
Since the HFC's and HCFCs have both lower vapor pres 
Sures and critical preSSures than carbon dioxide, the required 
operating pressures for equipment needed for the present 
methods will be lower, and the equipment with which they 
are used will be leSS expensive. This is important Since one 
of the barriers to the use of Supercritical technology is the 
high cost of very high pressure equipment. 
0009. According to certain embodiments of the present 
invention, the methods of cleaning an article of manufacture 
containing contaminants on a Surface thereof comprise the 
Steps of (a) providing a hydrohalocarbon compound as a 
Supercritical fluid; (b) contacting at least the contaminated 
Surface of the article of manufacture with Said Supercritical 
hydrohalocarbon-containing fluid; and (c) removing Sub 
Stantially all of Said Supercritical hydrohalocarbon-contain 
ing fluid from Said article of manufacture. AS used herein, 
the term hydrohalocarbon refers to any compound that is an 
HFC or an HCFC. 

0010. It is believed that the methods of the present 
invention can be used to clean a wide variety of articles of 
manufacture including, for example, printed circuit boards, 
including circuit boards with Surface mounted devices, and 
Silicon wafers. For Silicon wafers, the present invention can 
be used to effectively clean and remove cured and uncured 
photoresists, which are deposited on Said wafers when 
patterns for the manufacture of computer chips are laid 
down thereon. Moreover, it is believed that the methods of 
the present invention are especially applicable to the clean 
ing of printed circuit boards. 
0011 AS used herein, the term “supercritical fluid” refers 
generally to a fluid, comprising at least one HFC or HCFC 
compound, in its Supercritical State and also refers to HFC 
or HCFC compounds which are in the liquid state and have 
a boiling point below about 16 C. at atmospheric pressure. 
The present inventors believe that such liquid fluids act in 
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certain respects like fluids in their Supercritical State for 
many embodiments of the present invention. Any fluid in a 
Supercritical state comprising a single HFC or HCFC fluid or 
mixture of HFC and/or HCFC fluids, as well as any mixture 
of HFC or HCFC fluid(s) with other materials and/or addi 
tives will be a “supercritical fluid” for purposes of the 
present invention. Any liquid-State fluid, having a boiling 
point below about 16 C. at atmospheric pressure, compris 
ing a single HFC or HCFC fluid or mixture of HFC and/or 
HCFC fluids, as well as any mixture of HFC or HCFC 
fluid(s) with other materials and/or additives will be a 
“Supercritical fluid for purposes of the present invention. 
0012) Any of a wide range of HFC's or HCFCs can be 
used in the method of the present invention to provide 
Supercritical fluids. Suitable HFC's include, for example, 
difluoromethane (“R-32"), pentafluoroethane (“R-125”), 
isomers of tetrafluoroethane (“R-134 and R-134a”), trifluo 
romethane (“R-23”), trifluoroethane isomers (“R-143” and 
“R-143a'), pentafluoroethane (“R-125”) and isomers of 
pentafluoropropane (for example, “R-245fa”, “R-245ea”, 
“R-245ca”, and “R-245eb”) and the like. Suitable HCFC’s 
include chlorodifluoromethane (“R-22), tetrafluorochloro 
ethane (“R-124”) and the like. In certain preferred embodi 
ments, the HFC used in the present invention is R-23 or 
R-32. In other preferred embodiments, the HCFC used in the 
present invention is R-22 or R-124. 
0013 The HFC and HCFC compounds of the present 
invention can be used alone or in admixture with one 
another. When mixtures are used, azeotropes or azeotrope 
like or constant boiling mixtures containing the compounds 
are particularly preferred. For example, Such mixtures 
include the azeotrope of R-32 and R-125 as described in 
U.S. Pat. No. 4,978,467, incorporated herein by reference. 
0.014. Other materials can be added to the hydrohalocar 
bon-containing fluids to improve their cleaning ability. 
These materials include: Straight chain, branched and cyclic 
alcohols having from about one to about eight carbons, Such 
as methanol, ethanol, propanol and butanol; Straight chain, 
branched and cyclic chlorinated alkanes Such as chloroform, 
methylene chloride, chlorinated ethanes, propanes and 
butanes, oxygenate compounds Such as aldehydes, ketones, 
esters and ethers, Such as dimethyl ether; compounds that 
have heteroatoms Such as nitrogen, Sulfur and phosphorous, 
and aromatic and non-aromatic cyclic compounds. Gener 
ally, these materials are present in an amount of from about 
0.1 wt % to about 25 wt % and preferably in an amount of 
from about 0.1 wt % to about 10 wt %. 

0.015. In certain preferred embodiments, from about 0.1 
wt % to about 10 wt % of methanol is added to a hydroha 
locarbon-containing fluid, especially one consisting essen 
tially of an HFC. Applicants have found that the addition of 
methanol in Such amounts tends to increase the cleaning 
efficiency of Supercritical fluids provided from hydrohalo 
carbon compounds. For example, the use of about 0.5 wt % 
of methanol with a Supercritical fluid consisting essentially 
of R-125 was found to be six times more efficient at cleaning 
according to the present invention than R-125 neat. 
0016. Additives known to be useful in solvent cleaning 
applications may also be used in the process of the inven 
tion. Suitable additives include: stabilizers Such as nitroal 
kanes having from about one to about five carbons, acid 
neutralizerS Such as alkyl and aromatic epoxides, and Sur 
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factants Such as ionic or non-ionic Surfactants, including 
fluorinated and non-fluorinated Surfactants. These additives 
are generally present in an amount of from about 0.1 wt % 
to about 5 wt % and preferably from about 0.1 to about 1 wt 
%. 

0017 According to certain embodiments of the present 
invention, the providing Step (a) comprises Subjecting a fluid 
comprising an HFC and/or HCFC to conditions sufficient to 
form a Supercritical fluid. Generally, the HFCs, HCFCs, 
other materials and additives described herein are all com 
mercially available. HFC or HCFC fluids suitable for use as 
Supercritical fluids in the present invention are formulated, 
according to certain embodiments, by mixing the desired 
ingredients under sufficient pressure to put the HFC or 
HCFC in a liquid state. For embodiments in which the 
normal boiling point of the compound is above about 16 F., 
the liquid State hydrohalocarbon(s) is (are) Subjected to 
conditions Sufficient to put the fluid in a Supercritical State. 
For fluids in the Supercritical State, the temperature and/or 
preSSure may be raised above the critical temperature and 
critical preSSure, respectively, of the fluid. For example, 
FIG. 1 is a block diagram of an apparatus 10 for use with 
the present invention in which a fluid may be subjected to 
conditions sufficient to form a Supercritical fluid. In FIG. 1, 
a HFC/HCFC fluid container 11 is connected to a pump 12. 
Pump 12 is connected to chamber 13 in which is contained 
an article 14 to be cleaned. According to the present method, 
an HFC/HCFC fluid, not shown, held in container 11 is 
passed through pump 12 wherein the pressure and/or tem 
perature of the fluid are raised to a point Sufficient to form 
a Supercritical fluid. The Supercritical fluid is then passed 
into chamber 13 for cleaning the article contained therein. 
This method and any other known methods for providing a 
Supercritical hydrohalocarbon-containing fluid and then 
exposing a contaminated article of manufacture to Said 
Supercritical fluid may be used according to the present 
invention. 

0018 Those of skill in the art will be readily able to 
determine the temperature and pressure to which HFC and 
HCFC compound must be subjected to form supercritical 
fluids according to the present invention. The temperature 
will depend, in part, on both the HFC's and/or HCFCs used 
and upon the pressure. In general, Supercritical fluids are 
provided according to the present invention by maintaining 
the HFC or HCFC at a temperature of from about -10° C. 
to about 200 C., and even more preferably from about 15 
C. to about 130° C. In certain preferred embodiments, the 
preSSure at which the Supercritical fluid is provided is 
generally from about 25 psia to about 10,000 psia, and more 
preferably from about 100 to 3,500 psia. 

0019. In light of the above disclosure those of skill in the 
art will be readily able to provide a supercritical fluid 
according to the present invention without undue experi 
mentation. 

0020. According to preferred embodiments of the present 
invention, the contacting step (b) comprises covering at least 
a portion of a contaminated Surface of an article of manu 
facture with a Supercritical fluid and dissolving at least a 
portion of the contaminants from the Surface in the Super 
critical fluid Such that removal of the fluid results in the 
removal of contaminants from the contacted portion of the 
article of manufacture. 
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0021 Any known method for covering at least a portion 
of a contaminated Surface of an article of manufacture can 
be used in the present invention including, for example, 
immersion of the article in the Supercritical fluid, Spraying 
the article or the like. In preferred embodiments of the 
present invention, the coating method is immersion. 
0022. Any known method for immersing an article of 
manufacture in a Supercritical fluid can be used in the 
present invention including, especially, immersing an article 
of manufacture in a Stream of Supercritical fluid. For 
example, the cleaning apparatus illustrated via block dia 
gram in FIG. 1 can be used to immerse an article of 
manufacture in a stream of Supercritical fluid according to 
preferred embodiments of the present invention. In FIG. 1, 
a Supercritical fluid, formed by passing an HFC or HCFC 
fluid through pump 12, is allowed to stream into chamber 13 
and out through an expansion Valve 15 into a low-pressure 
collection vessel 16. When introduced into chamber 13, the 
Supercritical fluid expands to fill the chamber. Consequently, 
the article 14 held within chamber 13 is immersed within the 
Supercritical fluid Stream as it flows from pump 12 to vessel 
16 via valve 15. 

0023 Alternatively, the article of manufacture may be 
immersed via “pressure pulsing” as described in U.S. Pat. 
No. 5,514,220, issued to Wetmore et al., incorporated herein 
by reference. Generally, pressure pulsing involves contact 
ing an article with a fluid under Supercritical or near Super 
critical conditions and periodically pulsing or spiking the 
preSSure of the Supercritical fluid to higher levels and then 
lowering the preSSure back to the original level. Those of 
skill in the art will be readily able to adapt such a procedure 
to the present invention without undue experimentation. 

0024. In embodiments of the present invention wherein 
the Supercritical fluid is a fluid in its liquid State, an article 
of manufacture may be immersed by dipping at least a 
portion of the article of manufacture in the liquid-State fluid. 
Those of skill in the art will be readily able to adapt such a 
procedure to the present invention without undue experi 
mentation. 

0.025 Those of skill in the art will recognize that the 
conditions, including flow rate, temperature, pressure and 
time period, under which an article is immersed in a stream 
of Supercritical fluid according to preferred embodiments of 
the present invention will vary depending on a number of 
factors including the HFC or HCFC fluids used. For 
example, in certain preferred embodiments wherein the 
HCFC fluid comprised R-22, 100% of solder flux impurities 
on a printed circuit board were removed at a temperature of 
about 25 C. and a pressure of about 151 psia. Additionally, 
in certain preferred embodiments wherein the HFC fluid 
comprised R-32, 90% of solder flux impurities on a printed 
circuit board were removed at a temperature of about 100 
C. and a pressure of about 1200 psia. In light of the above 
disclosure, one of ordinary skill in the art will be readily able 
to optimize immersion conditions for use in the present 
invention without undue experimentation. 
0026. The removing step (c) preferably comprises evapo 
rating the Supercritical fluid. According to preferred embodi 
ments, the evaporating Step comprises changing the pressure 
and/or temperature of the Supercritical fluid Such that the 
fluid is converted to the gaseous State. AS those of skill in the 
art will recognize, fluids in their Supercritical State can be 
readily converted to the gaseous State by changing the 
preSSure, the temperature or both pressure and temperature 
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Such that the fluid is no longer under Supercritical condi 
tions. Furthermore, fluids of the present invention in their 
liquid State (fluids whose atmospheric boiling point is about 
16 C. or lower) can generally be converted to gasses by 
lowering the pressure or increasing the temperature. 
0027. The change in conditions surrounding the Super 
critical fluids can cause contaminants dissolved in the Super 
critical fluid to precipitate out of Solution. Accordingly, in 
certain preferred embodiments, after an article has been 
contacted by a Supercritical fluid to remove contaminants 
therefrom, the Supercritical fluid is passed into a collection 
chamber wherein the preSSure and/or temperature is changed 
to drop the contaminants out of the fluid. For example, in 
FIG. 1, an article 14, held within chamber 13 is immersed 
in a stream of Supercritical fluid. The Supercritical fluid 
removes contaminants from article 14 and flows through 
valve 15 into collection vessel 16. When the fluid passes 
through valve 15, the pressure of the fluid is dropped, and 
the Supercritical fluid is converted to a gas in collection 
vessel 16. The contaminants dissolved within the fluid are 
precipitated and collected within vessel 16. In light of the 
above disclosure, those of skill in the art will be readily able 
to evaporate and remove Supercritical fluid according to the 
present invention. 
0028. After a Supercritical fluid has been evaporated and 
contaminants have been removed therefrom according to the 
present invention, the fluid may be condensed and recycled 
for use in the cleaning process. For example, FIG. 1 shows 
a collection vessel 17 into which gaseous HFC or HCFC 
fluid is pumped and condensed to liquid HFC or HCFC fluid. 
The liquid HFC or HCFC fluid can be recycled back to 
container 11 for reuse. 

EXAMPLE 

0029. In order that the invention may be more readily 
understood, reference is made to the following example 
which is intended to be illustrative of the invention, but it is 
not intended to be limiting in Scope. 
0030 This example illustrates the efficacy of various 
HFC and HCFC fluids in cleaning applications. 
0031) Four HFC/HCFC fluids were prepared in accor 
dance with the present invention and tested for their efficacy 
in cleaning circuit boards. The four fluids, comprising R-22, 
R-32, R-134a, and R-125 with 0.5 wt % methanol, respec 
tively, were tested under various temperature and preSSure 
conditions. The results of Such tests are Summarized in Table 
1. Each of the fluids of the invention met or exceeded the 
cleaning efficacy of carbon dioxide, used as a Standard 
cleaning fluid in industry. For comparison, the cleaning 
efficacy of carbon dioxide, R-125 (neat) and R-143a were 
tested and the results of these tests are shown in Table 1. 

0032) The HFC/HCFC and carbon dioxide fluids were all 
tested via the following experimental method: 
0033 Experimental method. Two 2 inchx2.5 inch cou 
pons were cut from a circuit board. Each coupon was 
cleaned and then coated on both sides with fully activated 
solder flux Kenco 1585 RA flux. The average coating per 
coupon was 20 milligrams per Square inch. Two coupons 
were then hung on a rack. The rack was put into a high 
preSSure vessel that had been washed with water and iso 
propanol to remove any ionic contaminants. The high pres 
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Sure vessel was Sealed and evacuated. The cleaning fluid 
being evaluated was then loaded into the vessel using a 
Vacuum rack and wet ice or very Small amounts of liquid 
nitrogen. Once the fluid was loaded, the entire vessel was put 
into a bath that had been equilibrated at the temperature of 
the experiment. Alternatively, the high preSSure vessel was 
wrapped with a heating blanket that was controlled by a 
thermostat Set at the desired temperature and the exposure to 
heating was maintained for a time Sufficient to achieve the 
required temperature. The timing of the exposure was then 
Started. After the required time of exposure, the fluid was 
allowed to escape from the vessel and condensed in a 
collector vessel for disposal. The coupons were then 
removed from the vessel and their cleanlineSS measured with 
an Alpha Metals Omegameter 600 conductivity meter. The 
amount of flux left on the board was measured by Washing 
the board with isopropanol and measuring the conductivity 
of the isopropanol wash using the conductivity meter. The 
cleanlineSS data reported in Table 1 report the percentage 
reduction in the amount of flux left on the board. 

TABLE 1. 

Cleaning efficacy of various fluids 
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What is claimed is: 
1. A method for cleaning an article of manufacture con 

taining contaminants on a Surface thereof comprising the 
Steps of 

(a) providing a compound comprising 1,1,1,3,3-pen 
tafluoropropane as a Supercritical fluid; 

(b) contacting a Surface of an article of manufacture 
containing contaminants with Said Supercritical fluid, 
and 

(c) removing Substantially all of Said Supercritical fluid 
from Said Surface of the article of manufacture. 

2. The method of claim 1 wherein said Supercritical fluid 
further comprises an oxygenate compound Selected from the 
group consisting of aldehydes, ketones, esters, ethers and 
alcohols. 

3. The method of claim 2 wherein Said oxygenate com 
pound is an alcohol Selected from the group consisting of 
methanol, ethanol, n-propanol, isopropanol, n-butanol, 
isobutanol and tert-butanol. 

PRESSURE TEMPERATURE, TIME % 
NUMBER FLUID PSIA o C. (MINUTES) CLEAN 

C1 CO 1300 40 45 &10 
C2 R-125(neat) 875 95 45 &10 
C3 R-143a 825 95 45 &10 
E1 R-22 775 1OO 45 1OO 
E2 R-22 151 25 45 1OO 
E3 R-22 151 25 5 78 
E4 R-32 1200 1OO 45 90 
E5 R-32 875 8O 45 8O 
E6 R-32 707 70 45 65 
E7 R-32 245 25 45 1O 
E8 R-134a 700 110 45 60 
E9 R-125/0.5 wt % 875 95 45 60 

MeOH 

0034). As shown in Table 1, several HFC's and HCFC’s 
dramatically outperformed carbon dioxide in removing ionic 
solder flux resides from test coupons when such HFC and 
HCFC fluids were applied at Supercritical temperatures and 
pressures. We further found that these same fluids removed 
ionics, though to a lesser degree, when applied at tempera 
tures and preSSures slightly below critical. AS was noted 
previously, HFC's, as a class, have heretofore been consid 
ered to be poor cleaning compounds. Although it is known 
that, in general, Solvency tends to increase in the critical 
region, the degree of contaminant removal exhibited by the 
HFCS was Surprising, especially with respect to ionics 
removal Since this phenomenon is not exhibited by Super 
critical CO. 
0.035 Having thus described certain particular embodi 
ments of the invention, various alterations, modifications 
and improvements will readily occur to those skilled in the 
art. All Such alterations, modifications and improvements are 
intended to be part of this description though not expressly 
Stated herein, and are intended to be within the Spirit and 
Scope of the invention. Accordingly, the foregoing descrip 
tion is by way of example only, and not limiting. The 
invention is limited only as defined in the following claims 
and equivalents thereto. 

4. The method of claim 1 wherein said Supercritical fluid 
further comprises from about 0.1 wt % to about 0.9 wt % of 
methanol. 

5. The method of claim 1 wherein said Supercritical fluid 
is a fluid in its liquid State. 

6. The method of claim 5 wherein said Supercritical fluid 
is at or below about the critical temperature of 1,1,1,3,3- 
pentafluoropropane. 

7. The method of claim 5 wherein said Supercritical fluid 
is at or below about the critical pressure of 1,1,1,3,3- 
pentafluoropropane. 

8. The method of claim 1 wherein said providing step (a) 
comprises providing Said compound comprising 1,1,1,3,3- 
pentafluoropropane at a temperature of from about -10 C. 
to about 200° C. 

9. The method of claim 8 wherein said providing step (a) 
comprises providing Said compound comprising 1,1,1,3,3- 
pentafluoropropane at a temperature of from about 15 C. to 
about 130° C. 

10. The method of claim 8 wherein said providing step (a) 
comprises providing Said compound comprising 1,1,1,3,3- 
pentafluoropropane at a preSSure of from about 25 psia to 
about 10,000 psia. 
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11. The method of claim 9 wherein said providing step (a) 
comprises providing Said compound comprising 1,1,1,3,3- 
pentafluoropropane at a pressure of from about 100 psia to 
about 3,500 psia. 

12. The method of claim 1 wherein Said contacting Step 
(b) comprises covering at least a contaminated portion of 
Said article with Said Supercritical fluid. 

13. The method of claim 12 wherein said contacting step 
(b) further comprises dissolving in Said Supercritical fluid at 
least a portion of a contaminant on Said contaminated 
portion of Said article. 

14. The method of claim 1 wherein Said contacting Step 
(b) comprises immersing at least a contaminated portion of 
Said article in a Stream of Said Supercritical fluid. 

15. The method of claim 1 wherein said removing step (c) 
comprises converting Said Supercritical fluid to a gaseous 
State. 
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16. The method of claim 15 wherein said step of con 
Verting Said Supercritical fluid to a gaseous State comprises 
changing the pressure to which the Supercritical fluid is 
Subjected. 

17. The method of claim 16 wherein said step of con 
Verting Said Supercritical fluid to a gaseous State further 
comprises changing the temperature of the Supercritical 
fluid. 

18. The method of claim 1 wherein said article of manu 
facture comprises a printed circuit board. 

19. The method of claim 1 wherein said article of manu 
facture comprises a Silicon wafer. 


