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A Suwey on the Use of Supercritical Carbon Dioxide

as a Cleaning Solvent

W. DALE SPALL and KENNETH E. LAINTZ

Los Alamos National Laboratory

Chemical Science and Technology Division

CST-12, MS E537

Los Alarnos, New Mexico 87545

1.0 ABSTRACT

Because the physiochemical properties of supercritical carbon dioxide make it

ideally suited for removing commonly encountered contaminants found in the cleaning

of a wide variety of components and assemblies, an overall survey was conducted

using a small se-alesupercritical fluid extraction system to investigate removal

efficiencies of a wide variety of compounds from an assortment of surfaces using

supercritical carbon dioxide. Data is presented demonstrating the successful removal

of numerous oils. fluids. adhesives, and chemical compounds from a wide variety of

surfaces with supercritical carbon dioxide. In total, the removal of 145 compounds from



some 49 different substrates was investigated. [t was found that to a first

approximation, cleaning with supercritical COZ appears to be contaminant dependent

while being surface independent, with an 85-95°A removal rate for a wide variety of the

compounds investigated.

2.0 INTRODUCTION

Many industrial facilities currently using chiorocarbons and chlorofluorocarbons

(CFCS) for the cleaning of a variety of items are facing a difficult situation because of

the U.S. amendments to the Montreal Protocol (1987) banning the use of CFCS at the

end of 1995. For this reason. these companies must implement economical

replacement technologies for cleaning applications. Of course, any solvent cleaning

replacement technology must take into account the type of items being cleaned, the

contaminant to be removed from these items, and the final cleanliness level that the

items must possess. Alternate technologies such as aqueous and semi-aqueous

based systems are currently being implemented. While these systems have

advantages over CFC cleaning methods, these systems suffer from disadvantages that

may not be desirable to many cleaning operations. In the case of aqueous systems,

disadvantages include long drying times and flash rusting in addition to many parts not

being amenable to water cleansing. In addition. water treatment costs may also be

prohibitive. Many semi-aqueous cleaning systems employ toxic terpenes or CFC

replacements, and it is only a matter of time before these compounds face regulation.

A final alternative technology involves the use of supercriticalfluids, which have been

used in food, fragrance, and petroleum processes for years, for the extraction of many

common compounds.

_ ..—.—



Ultimately, most cleaning specifications are based on the amount of specific or

clmracterislic contanlinants renlaining on the surface being cleaned. Common

contaminants can illclllde machining oils and greases, hydraulic and damping fluids,

mlhcsivcs, waxes, tlumall colllaminatioll, atld padicukdes. In addition, N whole host CJI

.‘ other chemical contatllillfiln~sfrolll a variety of sowces may soil a surface. Therefore,

my CFC rcplacmncnt solvent llnder consideration Stloldd be able to remove?any of

these conmlonly cllct)l ll~lcr(:d soils to specified levels from a variety of surfaces,

including printed circuit boards; plastics, metals, tubbers, composites, and glasses. For

the purposes of this paper, precision cleaning will be addressed as opposed to bulk

cleaning. This precision cleaning level can be defined as m organic contaminant Ieve[

of less lhan ’10 micrograms of conlmninanl per square centimeler,r This 10 pg/cm?

level of cleimliness is either very desirable or required by Ihe function of parts SUCI1as

Inc[d devices, mnchincd parts. electronic assemblies, optical and laser components,

precision mechanical parts, and computer parts.’

While supercrdical cmbon dioxide may be an excellent cleilning solvent for many

organic contaminants, many substances requiring removal in cleaning operations,

inorganic or ionic contaminants, for example, are insoluble in carbon dioxide. In

addition, ninny items requil ing cleaning are intolerant of pressures associated with

supercritical C02. For cleaning corisiderations, it should be noted that supercritical

CO? is best suited for Ihe removal of organic compounds with mid-to-low volalilities.’

These types of compounds are often encountered as contaminants in precision

cleaning, ancl it is orl ttwse compounds IM our experirner:tal studies were focllsed,

Since [he goal for rmmt precision cleaning levels is less Ihrrn 1 jq/cm2 for most soils3,

W 49 substrate rmtcrials used in Ibis s(lrvcy were initially contamirmle(.1 wilh 2 I@n/

of the 145 cor]tarr]inants ihvestigatecl. It is Ihe removal

below Ihe clesrrcd 1 jq/cm2 contamination level for Ibis

ilpp[iCdJllity d sll[mrclilk::ll lhlid Cll?illlirlg Uxhrlokqy.

of this amount of material to

survey to determine the general



2.0 EXPERIMENTAL SECTION

The small scale supercriticalC02 cleaning survey was undertaken to investigate

the removal efficiency of a wide variety of contaminants and compounds from a wide

assortmentof substrates which could be encountered in a cleaning situation. The

suwey investig:tt6d the removal of six human based organic contaminants, five

adhesives. seven different hydrocarbons, waxes, high molecular weight compounds,

and thirteen different machining oils, fluids, and lubricants, includingwater miscible

types, from fifteen different metal, nineteen polymeric, five rubber, five cable, three

g!ass, and two fabric substrates. The different contaminants and substrates

investigated are summarized in Tables 1-1S. In addition, the removal of 114 different

miscellaneous chemical compounds including polycyclic aromatic hydrocarbons

(PAHs), amines, substituted phenols, substituted benzenes, phosphates, acids, and

acid esters from 340 stainless steel, electrolytic grade copper sheet, glass fiber filled

epoxy board, barosilicate glass, and cast magnesium. All of the different chemicals

investigated in the survey are listed in Tables 16-20.

The contaminant materials were applied as a dilute solutions to 0.5 in. by 2 in.

(12.9 cm2) coupons made from the different substrate materials using a manual

pipettor. The contaminant solutions were applied in such a manner so that the entire

surfaces of the coupons were coated with 2 pg/cm2 of each contaminant compound.

While it E noted that a contamination level of 2 pg/cm2 is below the precision clean

standard of 10 pg/cm2, 2 pg/cm2 of contamination was visible in many cases and was



required to provide a reasonable detector signal for proper quantitation of the

contaminant removal results. Once the appli=tion solvent had evaporated to d~ness,

a contaminated coupon was placed in a 10 ml extratiion or cleaning vessel in a Suprex

SFE/50 supercritical fluid extractor (Suprex COW., Pitkburgh, PA). All contaminated

coupons were cleaned or extracted dynamiuliy, meaning that there was continuous

solvent flow through the cell for each survey. The extractions were conducted using

SFC/SFE grade C02 (with siphon tube and 1500 psi He head space, Scott Specialty

Gases, Inc., Longmont, CO) at 300 atm and 45 *C for 15 min. with a flow rate of 2.8

mllmin. After flowing through the extraction cell, the supercriticalC02 containing

dissolved contaminant was repressurized directly into the inlet of a Hewlett Packard

(HP) 5971 gas chromatographyequipped with an HP 5972 series mass selective

detector (GC-MS). The GC-MS was operated in the split mode with a split ratio of 150

to 1. The GC column was a 60 m x 0.25 mm id. DB-5 (~”h crosslinked Ph-Me silicone)

column programmed from 30 to 275 *C with a temperature ramp of 7 OC/min.

Chromatographic peak areas and subsequent corresponding concentrations of the

extracted compounds were calculated from the total ion chromatograms by the HP

soflware. The concentrations obtained using this method were then compared to the

initial concentrations of contaminant placed on the substrate coupons and prepared as

percent of original material removed from the substrates. The extraction suweys were

run in triplicate which yielded an overall average 7940 relative standard deviation for all

of the compounds investigated.

3.0 RESULTS AND DISCUSSION

Of the wide variety of contaminants and compounds investigated in the small

scale supercritical C02 cleaning suwey, of particular importance are compounds
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associated with humm based contamination which is oflen a significant component Of

organic contnminaliorl found ill Illany clennit]g opemlions, espcciully those involved in

precision cleaning. Human based cor]lnminanls can be found in sweat, fingerprints,

anct olher human soils and can contain hundreds of different chemical compounds.

Generally, the major cOnslitllentS of this type of organic contamination are made up of

fatty acids ancl oils found in the skin. For this study, representatives of the chemical

classes found in skin lipids were used and consisted of squalene, Iriglycerol, diglycerol,

cholesterol, and palmilylpalmitate. In addition to skin oils, fingerprints tend to be

commonly encountered contaminants on parls, components, and assemblies. In order

to investigate (he removal of fingerprints from surfaces, a fingerprint surrogate

consisting of a mixture of skin lipids was prepared based upon previous work.4-6 The

components of the surrogate fingerprints consisted of 30% triolein, 25% oleic acid, 25%o

colyl palmi[ate, 15V0 squalene, 2.5V0 cholesterol, and 2.5% cholesterol olea[e

(componcn[s ol)lainec.t from Ihc Aldrich Chemical Company, WI), While salts arc

certainly compoimnts of fingmprinls, [hcsc compounds were nol added to tho mixlure

since they were incompatible with the experimental detection system. In any event, the

surrogate used for [his study was assumed [o behave in an analogous manner to actual

fingerprints.

The results for the removal of human based organic contamination from the 49

different substrates investigated are summarized in Tables 1-3. The results presented

in Tablo 1 sumnmrizc the removal of squalene, triglycerol, diglycerol, cholesterol,

palrnitylpalmitatc, and synthetic fingerprints from 15 metal and 3 glass shrfa,ces. These

results show near quantitative removal of synthetic fingerprints, squalene, and

palmitylpa!mitate from most all of the metal tind glass surfaces. However, using the test

conditions as described, the cast metals, cast aluminum, magnesium, and iron, showed

Iowcr exlr~lcliol] efficiencies. For example, cast magnesium had a synthetic fingerprint

removal rate of 56 %, while stainless steel 306 had a removal rate of W ‘/0, The low

Icnmval rate from [hu cast metals is bclicvcd to be due to the porosity of the substrate
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surface. Because of their high diffusivitiesand iow viscosities, supercritical fluids are

inherently capable of penetrating porous SUficeS and removing contaminants, and

increased removal rates from the cast metals were easily accomplished through

parametric changes. For example, longer extraction times of 30 to 45 min. resulted in

quantitative removal of the synthetic fingerprints from the cast magnesium surface. The

removal rates of the glycerols and cholesterol were lower than the other human

contaminants due to their lower solubilities in supercritical C02.7 The removal of these

compounds can be improved with a longer extraction time as in the case of the cast

metals or throug!~ the use of a static extraction step where the substrate is immersed in

supercritical C02 with no flow through the cell and then followed by a dynamic

extraction.

The results of the removal of the skin lipids from the 19 polymeric materials used

in this survey are summarized in Table 2. These results compare similarly with those

observed for the removal of the lipids from the 3 glass surfaces shown in Table 1.

Again. near quantitative removal of synthetic fingerprints, squalene, and

palmitylpalmitate was obsetved with the same lower removal efficiencies for the

glycerols and cholesterol. In general, the same results were obsewed for the removal

of these compounds from the 5 rubber, 5 cable, and 2 fabric substrates as seen in

Table 3. Palmitylpalmitate was not as effectively removed from the rubber surfaces,

probably due to surface interactions with the acid moiety of the compound. While the

fabric samples can be thought of as porous substrates, contaminant removal

efficiencies from these surfaces were much higher than the cast metals because unlike

the metals, supercritical COZ can flow through the fabrics thus limiting surface

interactions between contaminant and substrate.

The results for the removal of common machining oils and fluids from the

selected substrates are summarized in Tables 4-6. Oil removal rates from the 34

smooth surfaces investigated, metals, glasses, and plastics. were near quantitative as
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seen from Tables 4 and 5. The overall removal rates of the oils and fluids from ail of

these surfaces were quite good, averaging from about 90 to 97 Yo. Of particular note,

as seen in Table 4, is that supercriticd COZ was quite effective in the removal of the

various oils and fluids from allsmooth metal surfaces. removing, for example, from

about 89 to 99?40of the Tapmatic@cutting ffuid. These results show the applicability of

supercritical CO1 cleaning to machined and precision metal parts and components.

Again, however, observed cleaning efficiencies using the described conditions were not

as high for the p’wous metal substrates. On the other hand, quantitative removal of the

investigated machining oils and fluids from the rubber, fabric, and cable substrates

listed in Table 6 was observed to be near quantitative, averaging from about 85 to 99

O/O.The two compounds that did not extract well from any of the 49 surfaces and not

included in the aforementioned average removal rates were Molykote lubricant and

silicone oil. Since Molykote consists primarily of inorganic particulate matter in a high

molecular weight grease, it was expected to have low removal efficiencieswith

supercritical C02. Silicone oil was also not as efficiently removed as the other

contaminants due to low volubility or to fractionation of the oil with the higher molecular

weight, less soluble components remaining on the surface.

Other common contaminants associated with a machining environment can

include water miscible machining fluids and surfactants. For this reason, the removal

efficiencies of select compounds from these classes of fluids were also investigated.

For the survey, the removal efficiencies of TRIM” SOL, Cimcool, Cimtap, which are

water miscible machining fluids. and the nonionic surfactant Triton X-100 from the 49

substrateswere studied. The results of this set of experiments are summarized in

Tables 7-9. Surprisingly, these water soluble materials had fairly high removai rates,

generally averaging above 80 ?40removal from all but the porous metal substrates using

the specified conditions. This example suggests that while an aqueous cleaning

process might under consideration as a cleaning system replacement, supercritical C02



IN~y k a VEIM2 dcmmg opmn 111cases where components me Ilot Icieally sLIIh7d10

aqueous mmwsion.

LhIe 10 [he physloctmnllcal properties of a supercnhcal fhlici. cleaning wdh

sll~~rcrl[ld C().- ll~S n l)Olef~ll~l ~dv~~rlt~ge Over Other d@an@ ledlrldo~l~s dlle to 1[S

abllrly to rapidly clean completely assenlbled Conlponents systems. In many mtances.

assembled components that are m need of cleamng contain adhesives. epoxies. andlor

sealants VWle 111sonw cases II may be cfeslrable to remove these substances from a

Slrrfacc. m other caSL7SII may tlo dcslrallc to clean the surfnco and lurve Ilrr:sc

s(rt)slarlccs Inlacl WIlh bo[ll of Ihcse stralcgws in mind il selectrorl of ildhcswes.

epoxies and sealanls were apphed to each of Ihe 49 substrates and extracted WIIII

supercrmcal Cc): The results from this porhon of the cleaning survey are surnmarrzed

in Tables 10-12 As seen from these tables. it IS clear that supercrd!cal CO: was

me[fec~nm lr~rerllovlrlg !Iw varmus adhesves from any of [he substrates For the

spcclfled comlillmw. from abOLl[23 to 52 ‘5, of the RTV-732 ancl 311 ClSIlastIc Acjtmswe-

Sealant and lhe Loctite - 242 Threadlocker were removed from the surfaces Whllem

parame[nc varlallons such as longer extraction times. increased ternpera[ures and/or

pressures or Ilw lrlclusron of a stahc extraction step may increase removal rates. It is

unlkcfy [ha[ these compounds would be quantitahvely removed from [he surfaces. thus

precluding effec[wc clcamng WIII1supercnhcal C02 On [he o[her hand. removal rates

of less [Imrl 10 “;, were okcrved for Devcon F-Fast Scttmg Epoxy anti Eastman 910

Super GIue Thm IOWremoval rate co~rldconceivably correspond [o the extraction of

resrdual solvents from the adhesrves. thus demonstrating relative Inertness to CO:

exposure Therefore 1[IS concewabk that components assembled with [hese or smlilar

produc[s C(lllkj Ix: Ckmcd wl[tl Supercrd[cal CO: wdhcmt damage to !he adtwswe

twn(ls

The ru:;lllts. from the ILIS[set of contarmnanls surveyed for remo.~al efllcwrmes

ilt,rri 11-]~:.IFI tllff[-ri-ri[ :,(lli\[r;l[(-.::. ;lr~-:11:.IcrjIII T~l]los 13-15 ‘1IIC5C c(jrl!ilr[llrl:~ll[:: arc



represenrahve of larger classes of contaminants which may be encountered In cleaning

operatmns. For example. hexadecane and tetracontane can be found in kerosene and

diesel. Waxes. such as paraffin wax. are used as kblicants and mold releases.

Carbowax and Mlcrowax are chromalographic stationaw phases. but they are forms of

polyethylene glycol which IS also a lubricant. Finally. methyl silicone gum and other

methyl slhcone resins are often used in prC)teClivecoatings. The lower molecular weight

rnatenals. hexadecane. tetracontane. and paratirl. had fairly high removal rates.

generally averaging above 80 ‘;o removal from all but the porous metal substrates using

the specified conditions. OH [he other hand, the high molecular weight waxes had fairly

low removal efficiencies m the 13-39 ~0 range. This was to be expected snce

supercri~ical fluid extraction using COZ is known not to do well in dissolving high

molecular weight compounds. Again. however. the removal of these compounds could

probably be improved with a longer extraction time or through the use of a static

extraction step followed by dynamic extraction. but it is unllkely that COZ cleaning alone

would quantitatively remove such high molecular weight contammants.

Because a wide combmahon of chemical contaminants from a variety of sources

may soIl a surface. [he cleaning survey ako mckded removal stud [es of 114 different

organic chemicals from a variety of classes of compounds. These compounds mckde

PAHs. amines. substituted pllenok. substituted benzenes. phosphates. acids. acid

esters. as well as an assormlent of miscellaneous compounds. Using the

aforementioned cleaning or extraction conditions. the removal of the compounds listed

m Tables 16-20 from 5 surface representatives from the larger. previously investigated

group was investigated. The surfaces [hat were contaminated consisted of coupons

made from 340 stainless sleel. electrolytic grade copper sheet. glass fiber filled Epoxy

board, boroskate glass. and cast magnesium

The results for the removal Gf PN-Is from :he 5 surface substrates are

summarized in Table 16 In general. the 23 PAHs Ilsted m the table averaged removal
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rates around 90 % from the smooth sumacesand.over 80 ‘A for the porous cast.. . . . ..’.:

magnesium surfaces In contrast, supercritical fluid,extraction studies using C02 for.the. ..
removal of PAHs from soils for environm”ental:applica~ori$ have shown felativel~ poor..-... .,,:. ... .. ‘..i:..,. ....~.,
removal efficiencies for many of the cornpoun~,$”liited in the table often requiring the.. . . .... . .,,. ,
addition of secondary solvents to the C02.8 Howevbr,’’it:appeam that from’ the results

on the removal of the PAHs shown in Table l~t SU@6e, contamination is much easier

to extract and remove than interstitial.or Sofied contamination as in the case of soils... .. ... ... .. . . . ,..’,-.,,
where a wide range of contaminant-substrate interactions are possible. Since surface.. . . . ..... .. .:..,,‘.-: ., .......,.,
interactions with the contaminants are expected to be minimal with the stainless steel;. .. . . . .,, ,, .,. .

epoxy board, copper sheet,’and borosili=te’glass, the obsenmd high removal rates ~. .. .,, .,
were intuitively oxpeeted. While surface interactions may not be a dominant’controlling

factor in PAH removal, the chemical nature of individual PAHs control removal

efficiencies. In this case, as substitution.increased for various PAHs, removal

efficiencies decreased. For example, pyrene had a removal rate of 97 ?40from, the glass

surface whereas indeno(l ,2,3-CD) pyrene had only an 86 ‘A removal rate,

,. ., .:, ,.,,

Organic amines constitute a wide class of compounds ranging from solvents.. ,.. ,’. -
such as aniline imd pyridine to familiar chemicals such as”nicotine. Altog”ether~’a‘

selection of 23 c~rganicamines, most of them aromatic compounds’,was investigated in”’

the cleaning survey. The results of the remova{efficiencies of oiganic arnines from’

stainless steel, copper sheet, epoxy board, bor’osilicate glass, and cast magnesium are

summarized in Table 17. [n this case, removal efficiencies were entirely compound

dependent, bas~edpredominantly on contaminant solubilities in supercritical COZ. For

example, compounds such as N-nitrosodimethylamine, which is soluble in water, and

N-nitrosophenylanilinehad low removal efficiencies ranging from 30 to 40 ‘#o from the

smooth surfaces and only 21 YO removal from cast magnesium. On the other hand, 2-

nitroanilineand 4-nitroaniline, which are soluble in polar organic solvents had over 97 ?40

and 90 YO removal rates, respectively. All in all, the organic amines had a general



average relnoml ra[e near 80 % VdllctlsIIII stlows fairly effecuve slqwcrlllcal CO:

Cleanlflg.

In general phenols are polar organic compounds primarily soluble in polar

orgamc solvcnls. aIIci III some cases. water. For this reasom It was expected that

removal rates fw lhese types Gf compounds from Ihe 5 substrates In Ihe cl~ellucal

removal survey would be rather low. In fact. for most of the 19 substituted phenols

surveyed. Ihe relnoval rates averaged near 60 ‘%. and [hese resulk are summarized In

Table 18 t lowcver. several of Ihe subslhded ptlenols. the cresok. for exampk. had

wry cffcc[we rclnoval rates. nvcraging above 90 % rcmovai USIWJsupercrulcal COZ at

40 CCand 350 a[m despite the fact that Coz is a nonpolar solvent It is poss[ble [hat

Ihe high removal rales of these compounds could be attributed to the fact that they are

hqulds m 40 “C. thus fachtahng extraction due to faster kinetics. This imphes that

higher renloval efficiencies for the other phenols cc!ltcl be accomplished through higher

[empcraluld cxlraclions Also summarized in Tablo 18 are the removals of suhsimlteci

benzencs from Ihc same surfaces Again. in this case the chwllcal nature of mdwidual

compmmds wa”sIhc controlling factor govel ning removal efficiencies On average.

these compounds had removal rates around 85 %. again showing fzmly effectwe

supercrltlml CO-. clear~[nq

Summarized In Table 19 are the results for the remov-al of organic phosphates.

acicfs arid acid esters Olily one orgamc acid. benzoic acid. was mveshga[ed. Since

lhIs compound is scdub[e IIIwaler. It was expected to have a low removal efficiency

frrml all 5 Of tfw+ surfaces This was mdced [he case wittl an average removal of 42 ‘:

frcmr me srncmlll surfaces and 35 ?%from cast magnesium Once an organrc acid IS

@NErlf@C1.N IS gcnera[ly less polar [ban (IN?precursor 12LIs wreasmg hpOphiliclty. ‘[he

acIcfesters Irltiestqa[ecl Irl ttlls slIIvey were all pfl[halates and they averaged around 90

‘-’Urenimal efficiencies “1he three Grgamc phmphates hsted m [he table show average

rcn;u’{a[ cifmzricics :i:cluml 77 “-’i.fm the smooth surfaces While II mlethylphosphah? IS



water soluble. it had the highest removal efficiency of the phosphates once again

suggesting that supercritical COZ cleaning may be an aqueous cleaning alternative is

some limited instances.

Finally, Table 20 lists the removal efficiencies of another 29 miscellaneous

chemical compounds from stainless steel, copper sheet, epoxy board, borosilicate

glass. and cast magnesium. Again, the important observation is that surface

interactions appear not to be controlling compound removals as the smooth surfaces

tend to have the same removal efficiencies. The chemical nature of individual

compounds controls the removal efficiencies.

4.0 CONCLUSION

While supercritical C02 is not an absolute or drop-in solution to all cleaning

problems, it is noted for its solvation of organic compounds having mid-to-low

volatilities, and these types of compounds are common contaminants requiring removal

to precision clean levels. Based upon the survey results presented in this chapter for

the removal of 145 different compounds from 49 surfaces, it was shown that to a first

approximation, cleaning with supercritkal C02 is contaminant dependent and surface

independent. Furthermore, in the case of PAHs, it was shown that surface

contamination was much easier to extract and remove than interstitial or sorbed

contamination. In addition, it was shown that supercritical C02 is also capable of

removing many compounds traditionally removed by aqueous cleaning, thus expanding

the scope of cleaning applicability. Therefore, besides the effectiveness of cleaning

with C02, the economics of the entire cleaning process may direct the use of C02 in

cleaning applications where other replacement technologies are under consideration as

well as processes other than precision cleaning. Finally. the use of supercritical C02 as



a cleaning solve!lt m reduce the overall use of organic solvents in manufacturing

processes.
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Table 1. Percent Removal of Human Based Organic Contamination from Metal and Glass

Substrates using Supercritical COZ.

r .—
Substrate

Metals

Machined Aluminum

Cast Aluminum

Foil Aluminum

Machined Magnesium

Cast Magnesium

Cast Iron

Stainless Steel 340

Stainless Steel 316

Stainless Steel 306

Silver

Gold

Tin

Copper

copper clad wire board

3rass

Glasses

3orosilicate Slide

‘used Silica Plate

>apphire Flat
..---. — _____ .__.

Fingerprints Squalene Triglycerol Diglycerol Cholesterol Palmityl

palmitate

94

81

89

94

56

48

94

95

97

96

94

90

95

98

94

94

95

cJg

88

78

88

89

71

65

94

97

92

91

90

92

90

92

99

79

81

75

79

77

75

82

83

81

88

89

87

84

85

88

60

62

62

58

54

58

65

64

68

66

61

66

62

67

59

87 78 64

84 82 65 .

87 78 62

52

41

53

51

41

38

51

52

53

52

51

51

54

52

49

54

55

51

87

74

84

76

71

70

89

85

84

88

87

84

85

88

88

85

84

85
——-—... __ -—_____ _ _ —-1



.Tablo 2. Percent Removal of Human Based Organic Contamination from Polymeric Substrates usin9

!Wpercritical COZ.

,—
Polymer Sheet

—— .
HDPE

Polyethylene

Nylon 66

Kevlar

Polypropylene

Pvc

Teflon

Epoxy PC Board

Polyimide

Polystyrene

Polymethylmethri] crylatc

Polyisobutylene

Polytetrafluoroethy lene

Polycarbonate

Polyvinylidene

Vinylchloride-acrylonitrile

Polyacrylonitrile

Polyvinyl Alcohol

Polyacryloto

Fingerprints Squalene Triglycerol Diglycerol Cholesterol ‘Palmityl

pcdmitate
-

94 86 75 65 54 86

91

92

91

94

94

97

96

94

93

95

93

95

96

91

94

98

05

91

88

87

89

88

78

84

86

89

89

89

87

89

90

89

86

86

84

88

76

79

78

74

75

78

79

86

84

82

85

81

85

85

86

84

81

85

63

62

61

65

67

65

64

62

68

64

69

66

59

65

64

68

62

62

52

52

53

51

48

52

47

51

52

54

55

56

52

59

48

52

51

54

81

79

88

84

85

87

85

87

84

01

89

85

86

78

89

85

85

82



. .

Tablo 3. Percent Renloval of Human Based Organic Contamination from Rubber,

Coaxial Cable, and Fabric Substrates using Supercritical COZ.

=bstrato

—
Rubber Shccl

Buna

Viton

Butyl

Silicone

Neoprene

Coaxial Cable

UI-1354

RG-71 B/u

RG-174/u

RG-58C

RG-223

Fabric Shed

wool

Cotton

‘fingerprints Squalene Triglycerol Diglycerol
——

Cholesterol Palmityl

palmitate

!37 95

94 93

97 83

94 94

95 88

99 89

93 89

80 52

80 51

74 45

74 51

75 55

81 61

81 60

82 61

83 64

84 65

85 62

82 61

42

41

45

41

40

59

56

52

58

57

55

56

75

74

75

71

70

81

84

82

84

81

88

84



Table 4. Percent Removal of Machining Oils and Lubricants from Metal and Glass Substrates using Supercritical Coi.

1 I 3-in-One*I SAE Mineral Molykote DC 200 Convoil& Tapmatic’ Regal’ 648 Threadcut’

iSubstrate Lubricating 30W Oil Lubricant Silcone Synthetic Cutting Cutting Cutting

1 Oil Oil Pump Oil Fluid Fluid Fluid
9

‘Metals
—-

1
~Machined Aluminum \

Cast Aluminum I
~FoilAluminum I
IMachined Magnesium I

ICast Magnesium I
ICast Iron I
lStain!ess Steel 340 I
Stainless Steel 316

Stainless Steel 306

‘Silver
IiGold

\Tin
1
~Copper

~Copper clad wire board I

~Glasses

!Borosilica._?a s~lde I
i

I

‘Fused Silica Plate i

86 94

75 88

88 89

79 91

75 80

64 75

98 91

96 92

97 93

96 94

97 94

91 97

96 91

98 96

99 95

89 91

91 92

95 94

87

71

88

89

70

65

98

94

95

91

93

91

93

88

89

88

85

89

21

25

26

24

27

25

27

29

24

25

27

21

22

28

25

21

23

24

85

71

81

86

71

60

88

84

84

86

81

80

79

86

89

85

84

81

96 97

90 95

95 98

95 97

89 99

78 96

98 95

97 94

96 98

89 99

92 97

95 89

96 96

97 97

98 89

97 98

98 97

97 96

90

81

95

89

79

65

94

92

91

97

54

89

94

98

97

94

g4

92

I

I

\
!Sapphire Flat

i

.



Table 5. Percent Removal of Machining Oils and Lubri~nts from Polymeric Materials using Supercritical COZ.
1
I 3-in-One& SAE Mineral Molykote DC 200 ConvoilS Tapmatic”& Regala 648 Threadcut’ ~

Polymer Sheet Lubricating 30W Oil
;

Lubricant Silcone Synthetic Cutting Cutting Cutting ‘
i

I Oil Oil Pump Oil Fluid Fluid Fluid ~

94 87

97 88

86 84

87 86

89 81

90 87

97 95

94 96

89 96

90 98

92 90

96 99

97 98

96 99

95 98

94 .96

93 98

93 94

w - <

HDPE 94 86

Polyethylene

Nylon 66

Kevlar

Polypropylene

Pvc

Teflon

Polyacrylate

— Polyimide

Polystyrene

Polymethylmethracrylate I

Polyisobutylene
I

Polytetrafluoroethy lene ~
. 1

‘Polycarbonate
I

iI
Polyvinylidene

Vinylchloride-ac@ onitrile ~
!

,Polyacqdonitrile I

Polyvinyl Alcohol i

~Epoxy p~ Board ;
—

i

86

84

87

88

81

86

91

89

89

90

92

52

95

59

92

go

93

90

89

23

24

22

25

27

21

30

21

24

25

28

29

26

23

25

22

23

26

29

80

81

75

74

79

75

88

89

89

90

97

88

92

90

89

89

85

90

83

97-

98

95

96

94

96

97

94

94

97

95

94

96

97

95

95

94

96

98

97 -

98

99

96

97

89

99

95

94

98

97

95

94

96

98

95

99

99

98

90

89

84

90

90

85

94

97

96

97

96

92

99

98

89

27

92

~6

94

90

92

93

91

88

87

90

96

95

96

94

98

97

98

95

95

96

99

96

,



Table 6. Percent Rermwal of Machining Oils and Lubricants from Rubber, Coaxial Cable and Fabric Substrates using

Supercritical COZ.

r 3-in-Ones SAE Mineral Molykote DC 200 Convoil& %
Tapmatic” Regal’ 648 Threadcut’ /

lubricating 30W Oil Lubricant Silcone Synthetic Cutting Cutting Cutting

Oil Oil Pump Oil Fluid Fluid Fluid ~

Rubber Sheet
I

I

I

I
;
1
I

I

I
1

/

1

,

I

1

I

1

Buns

Viton

Butyl

Silicone

Neoprene

85

86

93

95

87

90

90

95

98

94

80

82

85

88

89

26

24

25

27

28

74

73

84

81

80

96

95

90

89

88

85

84

91

90

88

89

89

86

87

88

98

97

95

94

96

ICoaxial Cable

‘UI-7354

\RG.7 I giu

~RG-I 74w
I
IRG-58C

9494

95

96

95

93

93

94

93

92

94

87

88

87

86

83

29

28

27

26

25

87

86

88

86

87

94

95

96

95

98

98

94

97

98

94

97

$2

91

95

I

!RG-223

I

Fabric Sheet

97

98

gg

99

99

98

244

26

93

95

89

~8

94

95

98

98

95

97,Cotton I

.



Table 7. Percent Removal of Water Miscible Machining Fluids and Nonionic Sutiactant

from Metal and Glass Substrates using Supercritical COZ.

Substrate —

Metals

Machined Aluminum

Cast Aluminum

Foil Aluminum

Machined Magnesium

Cast Magnesium

Cast Iron

Stainless Steel 340

Stainless Steel 316

Stainless Steel 306

Silver

Gold

Tin

c opper

c opper clad wire board

Brass

G lasses

Borosilicate Silde

Fused Silica Plate

sapphire Flat

rRIMw SOL Cimcool Cimtap Tnton X-10[

83

75

87

84

72

70

94

90

88

78

86

90

85

88

85

75 ‘

61

.78-.

76

60

51

7a

77

75

79

74

75

78

80

82

84 78

82 75

81 74

86

80

88

86

78

67

87

86

88

84

89

08

87

88

84

88

86

84

93

87

89

89

78

84

98

97

98

99

97

94

93

97

98

95

93

89



Iq’jdiuli

Table8. Perwnt Flemoval of Water Miscible Machining Fluids and Nonionic

Surfactant from Polymer Substrates using Supercriticai C02.

rPolymer Sheet

Polyethylene

Nylon 66

Kevlar

Polypropylene

Pvc

Teflon

Epoxy PC Board

Polyimide

Polystyrene

Polymethylmethracrylate

Polyisobutylene

Polytetrafluoroethy lene

Polycarbonate

Polyvinylidene

Vinylchloride-acry lcmitrile

Polyacrylonitrile

Polyvinyl Alcohol

Poiyacrylate

rRIMW SOL Cimcool Cimtap Triton X-1OC

84 77 75 92

83 79 78 93

81 75 79 92

88 74 89 94

87

82

84

88

89

86

84

87

90

90

89

90

74

79

75

84

85

83

81

88

85

85

83

82

88

84

89

88

89

85

85

84

88

89

88

89

95

91

95

99

96

97

95

96

98

98

90

99

89 83 85 99

85 84 89 99

82 78 85 94



Table 9. Percent Ftemoval of Water Miscible Machining Fluids and Nonionic Surfactant

from Rubber, Coaxial Cable, and Fabric Substrates using Supercritical C02.

Substrate TRIMW SOL Cimcool Cimtap Triton X-100

Rubber Sheet

Buna 81 76 56 87

Viton 82 78 72 89

Butyl 81 74 64 89

Silicone 90 72 58 88

Neoprene 89 75 59 87

Coaxial Cable

UI-1354 79 76 82 96

RG-71 B/U 79 77 81 97

RG-1 74/U 80 75 84 97

RG-58C 80 78 83 97

RG-223 81 80 85 98

Fabric Sheet

wool 89 86 89 97

Cotton 89 88 85 97



Table 10. Percent Removal of Adhesives and Sealants from Metal and Glass Substrates using Supercritical COZ.

Substme

,
Metala

Machined Aluminum

Cast Aluminum

Foil Aluminum

Machined Magnesium

Cast Magnesium

Cast Iron

Stainless Steel 340

Stainfess Steel 316

Stainless Steel 306

Sifver

Gold

Tin

copper

Copper clad wire board

Brass

I
Glasses

Borosilicate Silde

Fused Silica Plate

Sapphire Flat

RW-3110 Silastic RTV-732 Silastic Devcon F- Fast Loctite= 242 Eastman 910

Adhesii&Sealanf Adhesiie-Sealant Setting Epoxy Threadiocker Super Glue

26

46

35

46

42

35

45

28

41

36

27

34

27

31

35

35

34

36

56

35

46

37

50

46

42

45

47

50

45

39

47

37

45

45

39

44

5

4

6

3

4

5

4

7

6

5

6

3

4

5

7

3

4

2

26

35

24

27

21

28

24

23

24

27

24

22

24

25

23

24

25

22

5

4

6

7

3

4

5

2

3

5

4

3

6

5

6

6

4

3



.

Table 11. Percent Removal of Adhesives and Sealants from Polymeric Materials using Supercritical COP.

/Substrate

IPolyethylene

INylon 66

Kevlar

Polypropylene

Pvc

Teflon

Polyacrylate

Polyimide

,Polystyrene

‘Polymethylmeth racrylate
I
~pol~isobu~lene
I
\Polytetrafluoroethylene

~Polycarbonate
I
~Polyvinylidene
i.
{Vmylchloride-acrylonitrile

\Polyac@onitrile

~Polyvinyl Alcohol

/Epoxy PC Board

RIV-3110 Silastic RIV-732 Silastic Devcon F- Fast Loctite& 242 Eastman 910

Adhesive-Sealant Adhesive-Sealant Setting Epoxy Threadlocker Super Glue
> (

30 45 2 25 4

31 44 6 23 5

34 46 4 22 3

45 38 5 25 5

24 52 3 24 4

36 43 5 22 6

40

32

36

39

36

35

32

34

46

46

48

49

48

47

48

51

4

4

8

2

7

5

6

9

26

21

24

26

25

25

23

21

5

4

5

3

4

5

4

6

36 49 5 23 4

31 47 4 25 5

32 @ 5 25 3

35 52 8 24 6

.—

+



Table 12. Percent Removal of Adhesives and Sealants from Rubber, Coaxial Cable, and Fabric Substrates

using Supercritical C02.

L-
Substrate

Rubber Sheet

Buna

Viton

Butyl

Silicone

Neoprene

Coaxial Cable

ul-f354

RG-71 M-J

RG-1741U

RG-58C

.RG-223I

Fabric Sheet

:Wool
,
ICotton

?lV-3110 Silastic RIV-732 Silastic Devcon F- Fast Loctite’ 242 Eastman 910 I

4dhesive-Sealant Adhesive-Sealant Setting Epoxy Threadlocker Super Glue \
I
I
I

25 34 5 24
I

31

26 27 4 25 4:
,

26 34 4 24 7 I

25 32 5 20 3 iI
24 28 8 20 4 i

I

I

34
i

46 6 26 5; I

31 44 8 25 4~

38 50 4 25 4;

35 47 9 22 3~

34 45 5 20 5:

29 45 8 28 5

28 46 7 21 4 I



Table 13. Percent Removal of Hydrocarbons, Waxes, and H~h Molecular Weight Compounds from Metal and Glass

Substrates using Supercritkal COZ.

substrate

Metals
Machined Aluminum

Cast Aluminum

Foil Aluminum

Machined Magnesium

Cast Magnesium

cast Iron

Stainless Steel 340

Stainless Steel 316

stainless steel 306

Sitver

Goid

Tirl

Copper

(lopper clad wire board

Brass

Glasses

Borosilicate Silde

Fused Silica Plate

Sapphire Flat

Iexadecane Tetracontane Paraffin Wax Carbowax Microwax Methyl Polyethylene

(C16) (C40) (C20-C60) (15M) Sifkone Gum Gtycol

(SE-30) (Mvv 2000)

95

89

94

94

85

75

91

90

94

94

97

91

92

98

98

98

95

97

87

70

84

81

74

65

89

92

94

86

88

89

88

88

88

78

76

77

69

79

82

82

80

79

89

83

88

90

85

85

89 78

88 79

88 80

35

20

35

29

22

21

35

36

39

38

37

35

36

36

32

36

39

38

24

26

25

24

25

21

24

20

25

23

26

25

24

24

21

28

29

28

14

15

15

14

15

16

14

15

12

14

18

17

19

14

13

18

18

17

28

15

26

29

16

12

29

28

25

26

27

25

28

27

24

25

26

29



Table 14. Percent Removal of Hydrocarbons, Waxes, and High Molecular Weight Compounds from Polymeric Materials

using Supemritical C02.

“Hexadecane Tetracontane Parafhn Wax Carbowax Microwax

I

Methyl Polyethylene ]

Polymer Sheet , (C16) (C40) (C20-C60) (15M) Silicone Gum Glycol ~

HDPE

Polyethylene

Nylon 65

Kevlar

.Polypropylene

Pvc

Teflon

Polyacrylate

Polyimide

Polystyrene

Polymethylmethracrylate

Polyisobutylene

Polytetrafluoroethylene

Polycarbonate

Polyvinylic!ene

Vhylchloride-acrjdonitrile

Polyacrylonitrile
I

I
Polyvinyl Alcohol

Epoxy PC Board

(SE-30) (MW 2000) ~

~ 87 85 36 21 14 29 ~

94 84 84 35 25 .15

97 85. 87 32 23 18 s

94 86 88 36 26 14

98 7a 75 35 29 19

96

92

98

97

98

98

99

99

96

98

97

96

99

96 .

85

88

86

88

87

89

89

93

89

87

86

87

87

8.7

89

84

88

81

82

80

78

86

85

8~

88

88

8?

90

36

39

37

33

33

36

35

32

36

36

35

39

38

37

25

24

25

29

25

21

24

21

26

21

25

20

21

23

15

15

13

12

?5

18

17

12

13

15

i8

15

—

, #



Table 15. Percent RemovaI of Hydrocarbons, Waxes, and High Molecular Weight Compounds from Rubber, Coaxial

Cable, and Fabric Substrates using Supercritical C02

ISubstrate

Buna

Viion

Butyl

Silicone

Neoprene

1
Coaxial Cable

UI-1354

RG-71 B/U

RG-174AJ

RG-58C

RC-7??
I
. .- —.

Fabric Sheet

wool

Cotton

+exadecane Tetracontane Paraffin Wax Carbowax MicroWax Meihyl Potyethyiene

(C16) (C40) (C20-C60) (15M) Silicone Gum Glycol

(SE-30) (Mw 2000)

87 78

86 78

97 88

89 86

88 83

90 86

89 90

91 82

90 84

91 86

98 89

98 89

70 28 25

71 26 25

65 21 23

62 20 23

60 19 22

87 35 23

86 36 24

89 39 21

84 38 25

85 35 26

84 35 25

86 39 25

12

14

19

15

12

18

15

19

15

14

15

16

11

18

11

14

15

28

25

25

26

22

24

24



I
I

Tablo 16. Percent Removal of polyaromatic Hydrocarbons from Stainless Steel,

Copper Sheet, EPOXY Board, and Cast Magnesium using Supercritical COZ,

_—— —. —— -----—.

PAHs

Naphthalene

2-Chloronaphthalene

2-Methylnaphthalenc

Acenaphthalene

Acenaphthene

5-Nitroacenaphtllene

Fluorcne

2-Acetylalllilloflllorelle

Fluoranlhene

Benzo(B)Fluoranthene

Benzo(K)Fluoranthenc

Phenanthrene

Anthracene

Dibenzo(A,H)Anthracene

Pyrene

Benzo(A)Pyrene

Benzo(E)Pyrene

Dibenzo(A,E)Pyrene

lndeno(l,2,3-CD) Pyrene

Benzo(G,H,i)Pcry lenc

Chrysene

Isodrin

Coronene
.. —-—-....... ... .. .... . . .. . ..... .... .

..—
Substrate

Ss Cu Epoxy Glass Mg

97

06

89

96

95

89

07

78

97

91

90

89

!37

85

96

$)5

92

89

08

78

93

80

75

96

85

89

97

97

90

98

76

98

!31

90

90

98

86

97

95

93

90

07

79

93

86

76

97

86

92

96

96

92

98

77

98

92

89

92

96

84

95

96

94

88

89

80

92

87

78

98 89

85

93

$)7

94

89

97

75

98

92

90

93

95

85

97

97

92

89

86

80

94

85

78

67

86

W

84

78

89

68

89

87

81

81

90

75

98

90

83

78

88

65

88

78

65
. .. . ., ....+ -., -. . ............ . . .. . . .. -.~_ ,.. - -----



Table 17. Percent Removal of C)rganic Amines ~orn Stainless Steel, Copper Sheet,

Epoxy Board, and Cast Magnesium using Supercritical C02.

SubWate

Amines Ss cu. - Epoxy Glass Mg

Aniline 56 .57 53 56 45

4-Chloroaniline 89 ‘;~ . ~8 91 “76

2-Nitroaniline 97. ’98 ‘: .99 .“ 9~- “87

4:Nitroaniline 90 92- 93 90 88

5-Chloro-2-Methy laniline 78 76 ~~ 77 75 56

2-Methyl-5-Nitroanililne 68 76.67 “68 .78 ._

2,4~5-Trimethylaniline 89 90 93 94 79

4,4’-Oxydianiline 78 79 ‘- 78 77 67

Pyridine 89 90 ‘“ 91 90 ’78

O-Toluidine 97 ~~- 85 --.-86 87 67

O-Anisidine 87 87 87 88 -78

5-Nitro-O-Anisidine 87 88 89 88 56

P-Phylenediamine 89 89 80 87 80

4-Chloro-l ,2-Phenylenediamine 87” 89” 88 87 .78

4-Chloro-l ,3-Pheny~enediamine 88” ’86 87 90 78

P-Cresidine 78 -“ 87 . ‘ 68 90 67

Methapynlene 90 90 91 90 78

Moca 56 54 55 56 40

N-Nitrosodimethy larnine 34 36- 30 41 21

N-Nitrosodi-N-Propy lamine 84 82 75 89 78

N-Nitrosodiphenylarnine 31 34 41 29 31

2-Picoline 87 89 86 77 67

Nicotine 78 78 77 76- 56 ~

—



Table 18. Percent j~emoval of Substituted Phenols and Benzeces from Stainless-

Steel, Copper Sheet, EPOXY Board, and Cast Magn_eSiurn using Supgrcrifical C02.

Compound

Substituted Phena=

Phenol

2-Chlorophenol

4-Chlorophenol

2,4-Dichforophenol

2~4,6-Trichlorophenol

2,4,5-Trichiorophenoi

Pentachlorophenol

2-Nitrophenol

4-Nitrophenol

2,4-Dinitrophenol

2-Methyl-4,6-Dinitrclphenol

2-Methylphenoi

4-Methylphenol

2,4-Dlmethylphenol

Resorcinol

Thiophenol

O-Cresol

M-Cresol

P-Cresol

Substituted Benzcmes

1,3-Dichlorobenzerle

1,4-Oichlorobenzene

1,2-Dichlorobenzene

1,2,4-Trichlorobenzene

Hexachlorobenzene

?,4-Diaminotoluene

~itrobenzene

1,2-Dinitrobenzene

1,4-Dinitrobenzene

?,6-Dinitrotoluene

?,4-Dinitrotoluene

Substrate

Ss Cu Epoxy Glass Mg

56

65

68

56

57

56

45

56

56

52

62

67

68

67

89

87

89

91

89

78

79

79

87

97

78

82

86

86

89

88

57

65

67

57

57

57

46

67
56

54

61

68

66

68

89

87

89

92

92

78

79
79

86

98

68

84

87

87

89

87

56 . 60

67- 66

65

68

57

55

47

65

54

56

62

66

65

68

90
89

93

93

90

79

76

78

88

97

78

83

88

87

89

89

67

67

57

54

43

64

57

53

63

66

67

67

91
88

95

92

91

76

78

76

87

96

72

89

86

86

88

86

45

56

55

54

45

45

35

68

45

46

52

56

60

56

78
79

80

89

91

68

56

60
68

89

50

70

80

78

78

76



Table 19. Percent Removal of Various Organic Compounds from Stainless Steel.

Copper Sheet, Epo~y Board. and Cast Magnesium using Supercritical C02.

Compound

Phosphates

Trimethylphosphatf!

Tris(2,3-Dibromoprt3pyl)Phosphate

Tri-P-Tolyl Phosphate

Acids

Benzoic Acid .

Acid Esters

Dimethyl Phthalate

Di-N-Butyl Phthalate

Butylbenzyl Phthalate
,.
Bis(2-Ethylhexyl) Pihthalate

‘Di-N-Octyl Phthalate -..

—

, Substrate
s~ ‘- ‘“ & ~“.:-EPOXY”

Glass Mg

79- -79 ..78

76 75 ‘- 77

75 76 74

40 =41 ‘:- 42

88 90 .89

82 84 80

91 9. 88

98 97 96

97 98 98

77

76

77

67

70

65

44 35

92 07

79- 74

89 78

98 85 -

96 87

.–

.

.

e.



Tablo 20. Percent Removal of Miscellaneous Organic Compounds from Stainless

Steel, Copper Sheel, Epoxy Board, and Cast Magnesiunl using Supercritical COZ,
-.—

Compound

Bis(2-Chloroisopropyl) Elher

Bis(2-Chloroethoxy l) Melhane

4-Cl~loropt~elly lpllcl~yl Ether

4-Bromopt]enylpherlyl Ether

Benzyl Alcohol

Dibenzofuran

Hexachloroethano

Hexachlorophene

Isophorone

Hexachlorobutadiene

Hexachlorocyclopentadiene

Azobenzerw

Isosafrolc

1,4-Naphthaquinorle

Safrole

2-Arllir~onr~ll~r:l{~llirlonc

4-Arllir]oazobctlzcrlc

3-Amino-9 -Elhylcarbazole

Dietl+ylsulfate

Hexamethylphosphoramide

Maleic Anhyclricie

Phthalic AnhycJridn

5.5-Diphenylhydantoin

4-Nitrobiphenyl

Propylthiouracil

s tryctlnirw

c holcrstelol OIeate

.M estranol
—..——--——

.—
Substrate

Ss Cu Epoxy Glass Mg

17

56

67

78

70

47

97

82

89

90

89

88

WI

89

87

78

67

88

76

78

89

67

87

68

91

67

78

!35

89

20

62

68

76

75

56

96

83

90

89

90

89

98

89

86

67

68

87

75

79

85

68

89

67

92

87

77

94

89

18 19

50

56

80

78

54

97

84

91

91

92

89

98

88

87

70

G5

88

76

76

86

67

86

68

90

58

77

97

90

(31

67

84

76

49

98

83

91

90

92

89

97

87

08

81

G7

89

77

78

87

65

87

66

92

89

76

94

91

20

30

co

73

79

40

a9

(i8

80

77

78

79

90

79

59

56

60
78

67

67

65

45

70

60

80
GO
5G

56

80


