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EXECUTIVESUMMARY

Becauseof an internationalawarenessof the potentiallydestructive

impact that chloroflourocarbons(CFCs)and other halocarbonshave on strato-

spheric ozone, industrialnations haveagreed to a timetablefor the phaseout

of CFCs, halons,and relatedcomponents. This timetable, includedas part of
,L

the internationaltreaty called the MontrealProtocol(Marseilleand Baechler

1990), has acted as a driving force in instigatingworldwide researchactivi-

ties into CFC alternatives. To explorethe scope and directionof these acti-

vities,Pacific NorthwestLaboratoryconducteda survey for the U.S. Depart-

ment of Energy on internationalresearchinto alternativesfor CFCs.(a)

Selected researchersfrom 21 countrieswere queried throughquestion-

naires about their currentand plannedresearchactivities. The resultsof

the survey show that the majority of researchbeing conductedby the respon-

dents is devotedto investigatingthe hydrogenatedFluorocarbonHFC-134aas a

replacementfor CFC-12 in refrigerationapplications. The main issuewith

this alternativeis identifyingcompatiblelubricantsthat do not reduce its

effectiveness.

Although researchersin differentcountriesare often investigatingsimi-

lar alternatives,they appear to be at differentstages of research. For

example, some researchersare at more advanceddevelopmentstages,conducting

laboratoryand field tests of alternativesin end-use applications,while

others are still conductingmore basic research,such as analyzingthe thermal

and chemical propertiesof a specificalternative. Improvedinternationalcorn-

municationcould help bridge this discontinuityin researchprogress. More-

over, the survey results indicatethere is a strong interest in learningabout

the status and resultsof the researcheffortsof other researchers.

, (a) This report was prepared through the International Research Monitoring
Program (IRM), which was established in 1985 to r,;onitor and evaluate the
current status and future directions oF international research and
development activities of interest to the U.S. Department of Energy's

: Conservation and Renewable Energy Program (DOE/CE). The IRM Program is
managed b.y the DOE/CEOffice of Technical Affairs with technical
assistance from Pacific Northwest Laborator".
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1.0 INTRODUCTION

Chlorofluorocarbons (CFCs) are chemically stable members of the halocar-

bon family that are derived from commonhydrocarbons such as methane, ethane,

and propane. The halocarbons also include hydrogenated chloroflourocarbons

(HCFCs),hydrogenatedfluorocarbons(HFCs),brominatedhydrocarbons(or

" halons), as well as miscellaneouschlorinatedhydrocarbonssuch as carbon

tetrachlorideand methyl chloroform. Of all the halocarbons,CFCs are of

greatest concernwith regard to stratosphericozone damage.

About 30% of CFCs producedworldwideare used as the refrigerantworking

fluids in vapor-compressioncycle air conditioningand refrigerationsystems

and as blowing agents (28%) in the productionof insulatingfoams and pack-

aging. They are also used for aerosols (19%),as solventsfor electronics

• cleaning (19%), and for other miscellaneoususes (4%). Primary industries

that use CFCs includecommercialand residentialconstruction,food proces-

sing_ transportation,electronics,and plastics. Altogether,worldwideannual

productionof CFCs reachedapproximately2 billionpounds in 1986 in non-

centrallyplanned economies(Moore 1989).
-

CFCs have life expectancieson ti_eorder of 100 years, lt is theorized

that over time individualCFC moleculesthat have been released on the earth's

surfacediffuse into the stratospherewhere they will break down under ultra-

violet (UV) bombardment from the sun (Rowland and Molina 1975). Once broken

down, the halogen chlorine, found in all CFCs, disrupts normal stratospheric

chemistry, causing ozone destruction, lt has been estimated that every free

atom of chlorine can participate in the destruction of i00,000 ozone molecules

(Rowland and Molina 1975). This destruction is environmentally significant

because the "ozone layer" in the stratosphere normally acts as a protective

" shield to the earth, effectively blocking the sun's harmful UV rays from

reaching the surface. The U.S. Environmental Protection Agency (EPA) has

" predicted that every I% decrease in ozone will result in a I% to 2% increase

" in the incidence of melanoma skin cancer (EPA 1987). Other expected effects

of ozone depletion include crop damage, increased incidence of cataracts,

_
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increased formation of tropospherical ozone (smog), and increased degradation

of manmadematerials such as polymers (EPA 1987). The term ozone depletion

potential (ODP) has been developed to provide a relative measure of the detri-

mental effect that different chemicals have on the ozone layer.

The second threat caused by the release of CFCs into the atmosphere is

glob_l warming, also known as the greenhouse effect. Concentrationsof vari-

ous gases found in the atmosphere,known collectivelyas greenhousegases, are

increasing because of human activities. Among these gases are CFCs and carbon

dioxide (C02). Because of these larger concentrations, a larger portion of

the long-wave radiation emitted from tile earth's surface that previously

escaped into space is absorbed by these gases, producing additional heat that

warms the atmosphere. The term global warming potential (GWP)have been

developed as a relative measure of the potential of various greenhouse gases

to absorb long-wave radiation. The GWPof CFCs is as much as I0,000 times as

large as that of CO2, which is by far the most prevalent greenhouse gas.

Thus, though much smaller concentrations of CFCs than CO2 are present in the

atmosphere, it is estimated that CFCs contribute approximately 10% to 15%to

the greenhouse effect (WMO1985). The ODPs, GWPs,and atmospheric life

expectancies of each of the major halocarbons are summarized in Table 1.1.

In CFCs, all of the hydrogen atoms surrounding the carbon atoms in the

original hydrocarbons are replaced by either fluorine or chlorine, which are

two halogen elements. The HCFCsare similar to CFCs except that some of the

original hydrogen atoms remain. These compounds generally contain less

chlorine and break down sooner in the atmosphere than CFCs. Thus, HCFCshave

lower ODPs, which means that they have less of an impact on the ozone layer.

Their shorter atmospheric lifetimes also result in lower GWPs,which reduces

global warming as weil. In addition, many HCFCshave thermodynamic and physi-

cal properties similar to those of CFCs. These lower ODPand GWPCFCs, at

least in the near term, appear to be attractive potential candidates for

replacing CFCs in many applications.

The HFCs are fluorine compounds that are similar to HCFCsand CFCs

except they contain no chlorine. Consequently, they have ODPs of zero. They

also have shorter atmospheric lifetimes than CFCs and, thus, lower GWP_.
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TABLE 1.1. Environmental Effects oi_ CFCs and Possible Alternatives

Fluid Number GWP(b) Atmospheric
Name Formula _ O___DDp(a___._) 100 year, 500 year Life(c) (year).

HFC- 23 CHF3 0 12,000 (d) 310(d)
HFC-32 CH2F2 0 220(d) 6 (d)

HFC-125 CF3CHF2 0 2,500 860 28
- HFC-143a CF3CH3 0 2,900 i, 000 41

Propane CH3CHoCH3 0 3 (e) 3(e) <I
HCFC-22 CHCIF_2 0.05 1,500 510 15

" Ammoni a NH3 0 <I
HFC-134a CF3CHoF 0 I, 200 420 16
HFC-152a CHF2Ch3 0 140 47 2
HFC-134 CHFzCHF 0 12(d)
HFC-227ea CF3CHFCF3 0
HCFC-124 CHCIFCF3 O.02 430 150 7
Isobutane CH(CH3)3 0 3(e) 3(e) <I
HCFC-142b CCIFzCH3 O.06 I, 600 540 19
n-butane CH3(CH2)2CH3 0 3(e) 3 (e) <i
E-134 CHF2OCHF2 0 <12
HCC-160 CH2CI CH3 O.02 3 3 <I
HCFC-123 CHCIoCF3 0.02 85 29 2
E-245 CFoCI_2OCHF2 0
HCFC-141b CCIzFCH3 0.i0 440 150 8
Carbon Dioxide CO 0 I I 120

CFC-13 CClF3 400
CFC-II5 CCIF.CF3 0.35 6,900 7,400 400
CFC-12 CCl2_ 0 9 7 300 4 500 130
CFC-114 CCIF CCIF2 0.7 6,900 5,500 200
CFC-11 CCI 3 _ I 3,500 I, 500 60

' CFC-II3 CCIFzCCI_F 0.8 4,200 2,100 90

(a) ODPvalues are relative to R1! and are averages of the 2-dimensional
model results presented in WMOReport No. 20, Vol. II (1989).

(b) Global warming potentials are from the IPCC Scientific Assessment
(1990), except as noted; values are relative to CO2 and are given
for 100 and 500 year integration time horizons..

(c) Atmospheric lifetimes are From WMOReport No. 20, Vol II (1989),
except as noted.

(d) Estimates based on limited data, GWPis steady-state value (McFarland,
" personal communication).

(e) GWPof the hydrocarbons is due almost entirely to GWPof the CO2
resulting from decomposition.
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Therefore, the use of these substances in applications that currently employ

CFCs is environmentally highly desirable.

Halons differ from CFCs in that they include bromine, the heaviest halo-

gen element. Bromine has a higher potential for ozone damage that chlorine;

thus, halons are usually included in e',_vironmental discussions about CFCs for

completeness. Halons are used primarily as a fire-extinguishing agent in

total flooding systems for critical civilian electronics installations and

military applications. Researchers queried for this study were exclusively

looking at alternatives for CFCs; therefore, halons will not be discussed

further in this report.

In response to the recognized threat CFCs pose to the ozone layer, over

60 nations, including major world economies that produce and use CFCs, parti-

cipated in drafting an international treaty known as the Montreal Protocol on

Substances that Deplete the Ozone Laye__[r.The treaty originally committed

signatory nations to reduce the production of CFCs, halon gases, carbon

tetrachloride, and methyl chloroform by 50% by the year 1998.

More recent scientific evidence has indicated an even higher ozone-

depleting potential for chlorine and bromine compounds than originally suspec-

ted, prompting further international research. A March 1989 meeting of the

European Economic Community (EEC) called for a complete CFCphaseout in pro-

duction by 2000 and a complete phaseout in production of HCFCs by 2005. The

signatory parties to the Montreal Protocol met in Helsinki, Finland, in May

1989 and approved a declaration that stated a similar intent to phaseout con-

sumption of CFCs by the year 2000 (assuming acceptable alternatives are

available) and to refrain from using other halons except for essential

applications. In London in June 1990 the Second Meetinq of the Parties to the

Montreal Protocol on Substances that Deplete the Ozone Layer resulted in the

adoption of these more stringent amendments, summarized in Table 1.2. In

addition, it was resolved at the London meeting that guidelines would be

applied to facilitate the use of HCFCsin place of CFCs where necessary.=

These guidelines would include the regular review of alternative products to

HCFCs, with a view to replace HCFCsno later than 2040 and, if possible, no

later than 2020.
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TABLE 1.2. Phaseout Schedules Adopted at the June 1990 United Nations
Environmental Program (UNEP) Meeting in London

....., ,,,Compound Goal

CFCs Productionphaseoutby year 2000 if environmentally
acceptablealternativesare available

Halons Phaseoutby 2000, unless satisfactorysubstitutes
" are identifiedfor essentialapplications

Carbon tetrachloride Productionphaseout by year 2000 if environmentally
acceptable alternatives are available

Methyl chloroforrn Production phaseout by year 2005.

Clearly, the progress toward the development of alternative compounds

will have a significant impact on the effectiveness of the treaty. To assess

this progress, Pacific Northwest t.aboratory (PNL)(a) conducted a study for

the U.S. Department of Energy (DOE) International Research Monitoring Program

to obtain a global perspective on and document foreign research activities

into CFC alternative chemical compounds.

Section 2.0 of the report describes the methodology used to survey scien-

tists. The results of the survey are then described in Section 3.0, with

conclusions presented in Section 4.0. A copy of the questionnaire is con-

tained in Appendix A. Appendix B contains the cover letter, and Appendix C

contains a list of who was sent the questionnaires.

(a) Pacific Northwest Laboratory is operated for the U.S. Department of
Energy by Battelle Memorial Institute under Contract DE-ACO6-76RLO

. 1830.
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2.0 METHODOLOGY

The goal of this study is to document internationalresearchactivities

being conductedto find replacementsfor CFCs. Althoughthis informationis

widely available from conferenceproceedingsand other publishedreferences,

frequentlythe informationis out-of-datebecauseof the length of time from

submittalto publication. Therefore,a mail questionnairewas developedto

provide the most current informationon internationalresearchactivitiesand

to gather more detailed informationthan normallyprovidedin research

article'.,.

The questionnaireasked researchersto provideinformationabout their

specificresearch projects regardingCFC replacements,the resultsof the

researchto-date, problems encounteredand how thesewere overcome,current

and projectedfunding levels for their researchas well as their sourcesfor

funding,and potentialresearchprojects in the ;learfuture. A copy of the

, questionnaireis in AppendixA.

The list of internationalresearcherswas generatedfrom a literature

review of all recently publishedinternationalresearchon CFC replacements.,.

Some of the sources includethe June 1991 issue of the InternationalEnergy

Agency (IEA) Heat Pump Centre Newsletter,the proceedingsfrom zhe 1990 Inter-

nationalConferenceon CFC and Halon Alternatives,and the 1990 U.S. National

Committeefor the InternationalInstituteof Refrigeration(USNC/IIR)Purdue

Conference.

The questionnaire was sent to all international researchers that pub-

lished within the last 5 years. In addition to the literature review, con-

tacts were made with U.S. researchers and staff at DOEto identify other

. international researchers. Due to sensitivity issues, several countries who

are known to be conducting research into CFC replacements (e.g., USSR) were

_: not sent questionnaires;therefore,their currentresearch is not included in

the report.

The questionnaireand a cover letter (seeAppendixB) explaining the

purpose of the questionnaire were sent to 131 individuals in 21 countries

A list of those sent the questionnaire is contained in Appendix C The

21



questionnaire was sent during March 1991. As of June 1991, 81 questionnaires

(62%) were returned. A listing of the number of researchers who returned the

questionnaire by country is provided in Table 2.1.

Although an attempt was made to identify all international researchers

studying replacements to CFCs, unfortunately some will have been overlooked.

The results of this study should be viewed as providing an overview of current

international reseerch activities on CFC replacements; not a complete documen-

tation of all research efforts.

TABLE 2.1. Number of Researchers Contacted and the Number that
Responded by Country

Number of Number of

Country .... Contacts Respondents

Austral ia 2 2

Austria 2 2

Brazil 5 3

Canada 17 6

Chi na 3 1

Denmark 4 4

France 3 3

Germany 14 10

India 4 3

Italy 2 ]

Japan 35 23

Kenya I I

Korea I ]

Mexico 3 I

New Zeal and ' I 1 .

Norway 6 4

Sweden 5 3 .

Switzerland 3 2

Taiwan 1 1

li_e Netherlands 3 2

United Kingdom 15 8
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3.0 RESULTSOF THE SURVEY

This section describes the results of the survey. Someof the answers

provided on the questionnaire were difficult to decipher, primarily due to the

language barrier. Also, some of the respondents offered little detail in

their answers.

3.1 LENGTHOF RESEARCH

Most of the respondents indicated that they began research into CFC-

related issues 3-5 years ago. Most also expected to continue research acti-
o

vities for 3 or more years. These results indicate that the CFC issue is

recognized es a serious international issue, and that identifying and then

developing alternatives are requiring an intensive, ongoing research effort.

Table 3.1 contains the respondents I answers to the questions about the length

of time of their research.

3.2 IDENTIFICATION OF ALTERNATIVES

Although many CFCalternatives are being studied, various HCFCs, HFCs,

and mixtures of the two are by far the most widely researched. The most pre-

valent alternatives being studied by the respondents were HFC-134a and, to a

lesser extent, HCFC-22. Table 3.2 lists (by percent) what CFC alternatives

were identified in the surveys as having a high potential for alleviating the

TABLE 3.1. Length of Time that Respondents Have Been Conducting Research
(Percent of Respondents)

How Long How Long
Research Has Research

Been Conducted Will Continue

More than 5 years 16% 35%

' 3 - 5 years 47% 31%

I - 2 years 17% 11%

: Less than I year 4% 7%

Missing 16% 16%
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TABLE3.2. Specific Alternative Compoundsthat Respondents Believe
Offer the Most Potential for Alleviating the CFC Problem

AI ternative Compound Respondents

HFC-134a 36%

HCFC-22 9%

HFC-152a 5%

Ammoni a 4% "

Other 20%

Missing 26%

CFCproblem. Specifically, over one-third of the respondents reported the

_.Iternative HFC-134a as having the most potential for alleviating the CFC

problem. (a) About 9% of tile respondents listed HCFC-22 as the most promis-

ing alternative, and a few of the respondents mentioned either' HFC-152a or

ammonia (NH3).

Most of the respondents from Japan, Germany, and the United Kingc_u,r,are

analyzing HFC-134a. However, a large number of Japanese and United Kingdom

respondents didnot identify the specific alternative(s) they were research-

ing. Table 3.3 lists specific CFC alternatives respondents from individual

countries chose as providing the most potential for alleviating the CFC prob-

lem. Only those countries with three or more responses are listed.

(a) Interestingly, though HCFCswere often cited by researchers as alterna-
tives, these chemicals offer at best only a temporary solution because
they still contain some chlorine, Because of this, their eventual pro-
duction phaseout is also expected by 2020-2030.
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TABLE3.3. Specific Alternative Compounds that Respondents in
Each Country Believe Offer the Most Potential for
Alleviating the CFCProblem

Country Percent Alternative Compound

Japan 48 HFC-134a
9 HCFC-22
4 Aqueous Cleaning

• 4 HCFC-123
35 Missing

- Germany 50 HFC-134a
20 HFC-.152a
10 R718
I0 Hydrogen
I0 Missing

United Kingdom 25 HFC-134a
13 HFC-152a
13 ISCEON69S
13 Ammoni a
38 Missing

Canada 33 HCFC& HFC
33 HFC-134a
17 HFC-152a
17 Missing

Denmark 50 HFC-134a
50 Missing

Norway 50 HCFC-22
25 Ammoni a
25 Missing

=

Brazi] 67 HFC-134a
33 Missing

India 33 Azeotrope
33 HCFC.-22

• , 33 HFC-134a

Sweden 33 HFC.-134a
33 NARMs
33 Ammoni a

3.3
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3.3 PURPOSEOF THE RESEARCH

Most of the respondents indicated they are currently investigating the

application of one or more CFC alternatives to vapor-compression cycle

refrigeration/air-conditioning equipment. Of these respondents, about half

are looking at HFC-134a. Over one-third of the respondents are conducting

theoretical performance analyses of the vapor-compression cycle. Of these,

almost half are studying HFC-134a and a smaller percentage are studying

HCFC-22. About one-third of respondents reported analyzing thermodynamic

properties of alternatives, and one-third are studying the compatibility of

the various alternatives with materials used in air-conditioning and refriger ._,

ation equipment. Again HFC 134a is the dominant compound being analyzed for

both purposes. Table 3.4 lists the different PUrposes of the research.

Because of the high frequencies of HFC-134a and HCFC-22 on the surveys, addi-

tional information is presented here.

TABLE3.4, Purpose of the Research

Ali HFC-134a HCFC-22
Put_pose Respondents _Respondents Respondents

Test Applications 57% 69% 57%

Refri gerat i on/A i r -Condi t i oning 64% 86% 86%

Insulation/Blowing Agent 10% 3% 14%

Electronics Cleaner 6% 0% 0%

Fire Extinguisher I% 0% 0%

Other Applications 12% 3% 14%

Test Properties 36% 41% 29%

Thermodynamic Properties 32% 38% 43%

Vapor Compression Cycles 38% 45% 57% •

z Materials Compatibility 32% 45% 0%

Reactivity 12% 14% 0% -z

Environmental Impact 5% 0% 0%

Other Properties 15% 17% 14

z
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3.3.1 HFC-134a

The compound HFC-134a was frequently cited as a replacement for CFC-12,

which is currently used extensively in refrigeration, water chilling, and car

air-conditioning applications. Therefore, it was not surprising that of those

investigating HFC-134a, almost 90% are interested in refrigeration and air-

conditioning applications. Just under half of these respondents are involvedv

in optimization studies of the vapor-compression cycle when using HFC-134a,

About half of the researchers are also involved in examining materials com-

patibility issues, and half are involved in testing to establish thermodynamic

and chemical properties of HFC-134a. Table 3.4 lists the purposes of the

research into this specific compound.

The specific materials compatibility research issue cited most fre-

quently by researchers was finding appropriate lubricants for HFC-134a vapor-

compression cycle equipment. One respondent is also conducting compatibility

tests with metals. Another respondent is reportedly developing a Lest appa

ratus to measure thermodynamic properties (presumably, also applicable to

testing of other alternatives). However, because most researchers reported

looking at applications and materials compatibility issues, the majority seem

to have either concluded thermodynamic property testing or have access to

thermodynamic data collected by others.

Other HFC-134a research areas that were mentioned by at least two

respondents also relate to vapor-compression refrigeration cycle applications,

and include I) testing the suitability of desiccants, 2) optimizing refriger-

ation compressor designs, and 3) conducting heat transfer tests to establish

heat exchanger performance and transport properties. Finally, one respondent

is looking at the feasibility of retrofitting CFC-12 systems for use with

HFC-134a, and another is conducting long-term aging tests of vapor-compression

cycle equipment that uses HFC-134a.

• 3.3.2 HCFC-22

Of those respondents who indicated HCFC-22 as the main compound they are

i studying, most are studying vapor-compression equipment applications. Per-

haps because this compound is already widely used in residential and

_- 3.5
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commercial applications the respondents seemed to be in relatively advanced

stages of research. One respondent indicated that a CFC-12 system had been

converted to HCFC-22 "at a reasonable cost," and one had conducted experimen-

tal tests of a HCFC.22/HCFC-142bbinary mixtures in refrigerators, yielding

results that are "very satisfactory." Other respondents are conducting

thermodynamic calculations of ternary blends. Table 3.4 lists the purposes of

the research into this specific compound.

3.3.3 Other Compounds

A number of specific alternatives were mentioned by either one or very

few respondents. Listed below are those alternatives, tile country conducting

the research, the purpose of the research, and any problems with the

= alternative.

Aqueous cleaninq, A respondent from Japan and one from Switzerland are

looking at using an aqueous cleaning solution to replace CFC-113 as _n elec-

tronics cleaner. Specifically, the Japanese respondent has

replaced CFC-dependent draining and drying technology with a dip-
ping and drying device that used distilled water, and...[he is]
investigating the use of spin drying and other existing tech-
nologies .... [The respondent is] studying the use of washing
technology that uses water-based solvents instead of CFCs...[and
is] developing substitutes for CFCs used for dilution purposes in
surface treatment processes.

The Swiss respondent is looking at the environmental "impact of aqueous

methods for electronics cleaning. One challenge he noted with this applica-

tion was the cost for waste water treatment because water cleaning requires

"different eqtlipment, dryers_ and waste water treatment."

Azeotropic Mixture. A respondent from India is investigating an azeo-

tropic mixture to replace CFC-J2 in refrigeration equipment. The respondent

is analyzing thermodynamic properties, vapor compression cycles, and material

compatibility issues. In the respondent's opinion, the cost and lack of the

potential azeotropic compounds he is studying are minor problems.

Ethylchloride. A respondent from Austria is invesLigating ethylchloride

as a replacement for CFC-22 in heat pumps for refrigeration applications. The

respondent is studying the thermodynamic properties_ vapor compression cycle

3.6



analyses, materials compatibility, and reactivity issues, Problems include

technology modifications to address compatibility problems with aluminum_

environmental issues, and limited applications.

H20-LiBj_Z, A respondent from France is analyzing a water/lithium/

bromide mixture as a replacement for CFC-12. He is currently in tile "first

. year of study of a 4-year development plan." Specifically, he is investiga-

ting the potential of using a water/lithium bromide mixture as a refrigerant

by studying the materials compatibility issues and its potential for what he

referred to as a "hybrid cycle" that combines both the absorption and vapor-

compression refrigerant cycles. A simulation program and bench study have

been completed. Some problems he cited include the many technology modifi-

cations required to develop the hybrid cycle, its high expected first cost,

and its limited applicability.

Binary Mixtures. Three respondents from Canada are working together to

= analyze various two-component mixtures of HFCs and HCFCsfor applications in

refrigeration systems. They are analyzing both the thermodynamic properties

and the vapor-compression cycle efficiency of the binary Inixtures. They hope

to develop compounds that require little or no modifications to existing

air-conditioning equipment (i.e., a "drop-in" substitute).

HCFC-123. A respondent from Japan is looking at HCFC-123as a replace-

ment for CFC-II as a foaming agent for insulation in refrigerators. His goal

is to make refrigeration insulation with the same insulating value and cost as

CFC-II, but he is finding it "very difficult." The insulation he has tested,

which is made using HCFC-123, lacks "high quality."

A respondent from Italy reported testing the use of HCFC-123 in geo-

thermal power' cycles. The respondent has "measured the vapor pressure and

. performed some preliminary test[si on thermal stability up to 200°C.'' The

respondent notes that "in [the] system (a hot-water power cycle), changing

•from CFC-II to HFC-123 should not pose real problems, except...some compati--

bility problems with materials [may] arise."

HCFC-]41b. Two respondents, one from Korea and one from Taiwan, are

investigating HCFC-141b as a replacement for CFC-II. The respondent froill
=
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Korea is also studying how to manufacture HCFC-141b in large quantities (i.e.,

an "industrial manufacturing process of HCFC-141b"). The Taiwanese respondent

is testing the application of the compound as an electronics cleaner and

insulation/blowing agent. Someof the problems with using HCFC-141b that were

cited by these respondents include its higher cost, flammability, required

technology modifications, limited applications, and legal issues. The respon-

dent is planning to study how to manufacture the alternative.

HFC-152a, Individual respondents from Canada, Germany, and the United

Kingdom are looking at HFC-152a as an alterative to CFC-12. Ali three

respondents are studying the applications of the compound in vapor-compression

cycle refrigeration systems. "[he respondent from Canada is also testing its

applicability as a foaming agent for insulation. Ali respondents mentioned

•that the major problems with the compound are its flammability und the associ-

ated product liability issues.

The respondent from Canada noted, "We believe that the alternate will be

viable, assuming materials compatibility (as it effects long-term reliability)

doesn't become an issue." Future plans include completing long-term life

cycle testing and field trials. .

The primary goal of the German respondent ls research is to test thermo-

dynamic properties, analyze HFC-I52a vapor-compression refrigeration cycles,

and identify and resolve materials compatibility issues. The German respon-

dent noted that because the alternative still has I% GWP(however, no ozone

depleting potential), environmental issues are sr.ill a concern. He further

stated that lubricity, lack of supply (the compound is a byproduct of an oil

cracking process), and the limited applications of HFC-152a are issues, but of

secondary importance. Research funding in Germany, in his opinion, is a

moderately serious problem at this time. The respondent noted that "several

projects funded by the German government will end during this year, The money

from the German government will be spent mainly for projects in East Germany."

Mixture of HFC-152a and HFC-134a. One of the respondents from Germany

is looking at a mixture of HFC-]52a and HFC-134a to replace CFC-12, The

z
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primary goal of hls research is to investigate the thermodynamic properties.

He noted that lubricity is a moderately serious problem,

Hvdroqen, A respondent from Germany is investigating hydrogen as a

propellant that is stored in a metal-hydride compound as a replacement for

CFCs in aerosol spray cans, Specific activities include tests to determine

. "dependence of aerosol quality on propellant pressure..,and leakage of propel-

lant out of commercially available spray cans." Technology issues needed to

. further this application include "higher [working] pressures, modified [spray]

nozzles, and the need for additional metal-hydrlde storage, manufacturing, and

recycling (reclaiming)."

Isobutano. A respondent from Mexico is examining the use of "Isobut_no"

as a replacement for CFC-II in aerosols. He indicated that technology modifi-

cations are a moderately serious problem and flammability is a very serious

problem. "Aerosol filling technology must be modified to take into account

flammable substitutes."

Nonazeotropic refrigerant mixtures (NARMs). The use of NARMs(e.g.,

HFC-22/HFC-142b) as potential replacements for CFC-12 is being studied by a

Swedish respondent. The primary goal of the research is to test the appli-

cation of the NARMin heat pumps by conducting vapor compression cycle analy-

ses and testing heat transfer properties. A significant technical challenge

is to develop a suitable evaporator design for the two temperature evaporative

process that are characteristic of a NARM. Future plans include "testing

full sized heat pumps [and] the evaporative heat transfer process, modeling

[NARMs] with oil, arid [then] refining cycle calculations."

Ammonia. Ammonia, long used in industrial refrigeration processes world-

wide, is currently being studied in Norway, Sweden_ and the United Kingdom for

' wider commercial air-conditioning and refrigeration applications.

The Norwegian respondent is studying the compound as an alternative for

" both CFC-12 and CFC-502. The primary goal of his research is to analyze vapor
-

= compression cycles at temperatures and pressures typical for commercial

refrigeration equipment. "A prototype of a compact ammonia refrigeration

unit...is under construction." Because ammonia is not compatible with

3.9



copper, the most commonheat transfer material used in refrigerant heat

exchangers, selection of new construction materials will be necessary, Other

needed technical modifications include implementation of a method to prevent

ammonia gas from escaping into occupied spaces. Finally, a basic problem

hindering the use of ammonia is the "lack of ammoniatradition and experience

in some countries."
Pl °

The respondent from Sweden is studying "ammonia in mechanical refriger-

ation combined with liquid nitrogen and carbon dioxide" for industrial food

freezing.

The United Kingdom respondent has made an assessment of necessary plant

changes and provided guidance on the safe use of ammonia, The main issue

associated with current ammonia-based technologies "is providing [adequate]

safety systems when [they are] used for building air-conditioning applica-

tions," The most serious obstacle in his view is "lack of industry skills in

using [ammonia] and an aversion of [the air-conditioning] industry and users,"

W_ate___zr,A respondent from Germany is studying using water at applica-

tions above O°Cas a replacement vapor-.compression cycle refrigerant for

CFC-II, CFC-12, and CFC-II4. Though the specific uses for which a water-based

system could be applied were unclear from the survey answers, the respondent

indicated that a large-scale plant that uses water as the refrigerant has been

; completed, and is now a commercially available technology. Fie did indicate he

will continue to improve the components of the system.

.Ternary Blend (HCFC-22_ HFC-124 and HFC.-152a). A respondent from The

Netherlands is investigating the DuPont "ternary blend" as a replacement For

CFC-12 in refrigeration equipment. He noted that flammability is a possible

probl eta.

ISC_ON69S. A respondent from the United Kingdom has developed a non-

CFC refrigerant that is now on the market called "ISCEON 69S," a blend thaL

includes HCFC-22, propane, HFC-218, and is marketed as a replacemer_t for

CFC-502 in refrigeration equipment. The respondent indicated that no technol-

ogy modifications are necessary to existing CFC-502 equipment, which would

make this one of the Few potential "drop-in" alternatives.
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3,4 ISSUES

About half of the respondents reported that modifications to technolo-

gies currently using CFCs would be required to use the alternative compounds

they were studying. That is, there is no direct "drop-in" non-CFC alternative

refrigerants, The most frequently cited issue associated with the transition

, to CFC alternatives was "technology modifications." One third of these

respondents qualitatively rated technology modifications as a moderately

serious issue.
q

Cost of the alternatives and of their implementation was the second most

frequently mentioned issue from the list, with most of the respondents indi-

cating it to be either a moderately serious or minor problem, Finally, just

under half of all respondents said lubricity is a problem, with most claiming

it to be a moderately serious problem, Table 3.5 lists the problems associ--

ated with the alternative research.

TABLE 3.5. Specified Problems/Issues Identified With the Research

Ali HFC-134a HCFC-22
Problem/Issue . Respondents Respondents Respondents

Cost 61% 93% 86%

Environmental Issues 33% 48% 43%

Technology Modifications 63% 86% 72%

Limited Applications 38% 45% 57%

Lack of Supply 37% 52% 43%

'_ Lubricity 48% 79% 43%

' '_ i Efficiency 37% 62% 43%
Legal Issues 28% 35% 29%

"" Funding 31% 38% 43%
i

,Oi:he r 2i% 10% 14%

None I% 0% 0%
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3,4,1 HFC-134a.

Three quarters of the respondents studying HFC-134a specifically indi-

cated that technology modifications to existing CFCvapor-compression cycle

equipment would be required in order to use HFC-134a as an alternative

refrigerant.

As can be expected given the large number of respondents researching

HFC..134a/oil mixtures, over half of the respondents replied that oil compati-
P

bility was an issue. Several other respondents mentioned that the heat trans-

fer equipment used in vapor.-compression cycle equipment would need modifica- _;'_I_

tion to account for the heat transport properties of HFC-134a, Other issues i
related to using this alternative in current CFCvapor-compression cycle _,

equipment include refrigerant desiccant effect, iveness; design of components =

such as tubes, seals, and hoses; and use of materials such as plastics, metal =

and copper. Individual respondents also mentioned (but did not elaborate

upon) problems with compressor-motor insulation compatibility in hermetic sys-

terns, energy efficiency, reliability, electrical resistivity, and leaking.

As shown in Table 3.5, the most frequently cited issues associated with

the use of HFC-134a were its cost, technology modifications, and lubricity.

Of these three, most of the respondents indicated the severity of these prob-

lems was "moderate." About. half of the respondents indicated as problems the

lower operational efficiency of HFC-134a relative tu (presumably) CFC-12, its

lack of supply, environmental issues, and its limited application. Less fre-

quently mentioned problems include legal issues and difficulty in obtaining

= research funding.
-

3.4.2 HCFC-22

Increased cost was the most frequently mentioned problem indicated by . =

the respondents who are researching HCFC-22. This finding seems at first

surprising, for HCFC-22 is commonly used in many refrigeration and air-

conditioning applications, and thus would be expected to be relatively inex-

pensive to adapt to similar applications where CFCs are currently used. ll;

is, however, about twice as expensive to manufacture as, for exanlple, CFC-12 z

or CFC-II. In addition, a vapor-compression HCFC-22 cycle operates at highel'

=
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pressures for the same temperatures than a similar CFC-12 cycle, which would

increase the production cost of system components. The cycle efficiency of

HCFC-22 is also lower than CFC-12 or CFC-II, resulting in higher energy usage

for the same capacity. Finally, its different refrigeration effect and opera-

ting pressures clearly would require redesign of compressors and heat

exchangers in refrigeration applications that use CFCs, as well as extensive

retooling of manufacturing facilities. However, because operation of HCFC-22

in air-conditioning and refrigeration is, as already stated, well understood,

more innovative technology modifications to adapt it to applications as a

replacement for CFCs do not appear to be necessary. As one survey respondent
li

said "design modifications are necessary but on the same technology base.

"Limited applications for HCFC-22" was also mentioned as a problem.

However, no details were given in the surveys

3.5 RESEARCHPLANS

The responses varied to the question inquiring about future research

studies. Several respondents plan to study heat tr'ansfer in the condensation

and evaporation of refrigerant mixtures. Other studies include studying

alternative refrigeration cycles to the vapor-compression cycle (e.g., Brayton

cycle), redesigning centrifugal chillers, and developing compressors that are

optimized for use with alternative refrigerants. Other general research plans

include the following" studying ways to improve CFCcontainment to minimize

losses to the environment, recycling existing CFCsupplies to extend their

useful life, determining the suitability of alternatives as "drop-in"

substitutes in existing CFC-using refrigeration systems, studying flammability

o issues relating to alternatives, improving energy efficiency in air-

conditioning equipment, studying foam blowing, and researching the condensa-

-- tion and evaporation of NARMs. One respondent is also beginning tests using a

new type of CFC recovery/recycling machine. The overall objective of current

and future research being conducted by one respondent from tile United Kingdom
4

is "to assess the implications of the CFCphaseout for the U.K. building
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industry,with particularemphasis[on] providingguidance on new [alterna-

tive] refrigerants,changes to performance,and costs, includingequipment

conversion."

lt is interestingto note that of those respondentswho indicatedthat

HFC-134a offers the most potentialfor alleviatingthe CFC problem, almost all

of the respondentssaid that their future plans entail studyingother alterna-

tives. This findingsuggeststhat HFC-134amay not be an appropriatealterna-

tive to CFCs in some applications. Of these respondents,most indicatedthat

they will be investigatingalternativesto HCFC-22. A few expect to be evalu-

ating alternativesto R-502 (an approximately50/50 blend of HCFC-22 and CFC-

115) and other alternativesto CFC-II. Some promisingalternativefluids

these researchersexpect to be studyinginclude ammonia (NH3)and HFC-152a.

3.6 RESEARCHTHATSHOULDBE PURSUED

Table' 3.6 lists other groups and organizations, specified by the respon-

dents, that are conducting research into CFCalternatives. When asked what

type of research should be pursued by these groups, several respondents indi-

cared additional theoretical vapor-compression cycle analyses should be per-

formed. Several respondents also felt that the flammability issues with some

of the alternatives needed to be addressed. A few mentioned the need for fur-

ther study of the potential enviro'nmental effects of CFCs including global

warming and ozone depletion. Retrofitting the existing CFCsystems for alter-

natives, developing drop-in alternatives, and conducting long-term Yeliability

tests of systems using the alternatives were also mentioned. One respondent

mentioned the need for looking at low-cost production methods. Finally, a few

respondents also mentioned the need for increased international cooperation

and "intentional" collaboration in the study of CFC alternatives. (*_) ]his

final suggestion could be quite advantageous given that the research progress

between various countries appears to differ significantly.

(a) One example of an international on-going collaborative research activity
is the "Alternative Fluorocarbons Environmental Acceptability Study"
(AFEAS) (1991). This work is co-funded by 12 of the world's chemical
companies.
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TABLE 3.6. Other Groups/Organizations Conducting CFCResearch

Country ..... Groups/Orqanizations

Austria Forschungrzentrum Seikersdorf
Aubeninstitut, Techn Univ., Vienna

Brazil Ali big refrigerator companies under ABINEE (Industry
. association)

Germany DKV (German Refrigeration and AC Society - Deutscher
Kalte- UNDKlimatechnischer Verein, Pfaffenwaldring I0,

' D-7000 Stuttgart fax 0711/685.3242)

Various companies (Hoechst, Basf, Kali Chemie, Huls Ag
etc.)

Universities of Hannover, Narls Ruhe, Nunchen, Dresden

Japan Keio University
Kobe University
National Chemical Laboratory for Industry
Freon Companies (Asahi Glass, Daikin, ShowaDenko)
Japanese Association of Refrigeration

Mexico IMACC (Mexican Aerosol Institute)

The Netherlands Heat pump Center - Sittard, NL
TNO- Apledoom - NL
University of Delft - Delft, NL (absorption processes)

United Kingdom ICI Phone Pooling
Dupont
ICI C&P, The Heath, Runan, England
National Engineering Laboratory, East Kilbride

= Most of the HFC-134a respondents wanted to see more research into the thermo-

= dynamic and transport properties of other alternatives and more testing of

HFC-134a/lubricant mixtures for vapor compression cycle Qquipment. Another
i

material compatibility issue cited by one researcher regarded reactivity of

alternatives.

3.7 FUNDING

Over half of the respondents did not answer the research budget ques-

tions, perhaps indicating that funding is a sensitive issue.
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3.7.1 Funding Levels

Those that answered the funding question reported a wide range of fund

ing levels, ranging from $1,000 to $4 million U.S. dollars. Because the ques-

tion asked for the research budget for 1990, the exchange rates for the first

working day of 1990 were Used for this analysis. Table 3.7 lists the exchange

rates for each country. West Germany's rate was used for Germany's exchange

rate. Table 3.8 shows the total dollar amount (in U.S. doll_rs), the median

amount, the range of reported budgets, and the number of respondents for each

country. Japan, Germany, Canada, and the United Kingdom had the greatest num-

ber of respondents answering the question. However, the range and the median

amounts widely varied. Norway and Austria each had one respondent who

answered the question, yet they had relatively large budget,s.

3.7.2 Funding Sources

As shown in Table 3.9, about half of the respondents receive their fund-

ing from industry, followed by government, other sources, and universities° A

few said funding would decrease, while mostsaid funding would remain stable

over the next year. With a few exceptions, similar trends were Found when the

data were analyzed by specific compound and by country. The German responses

to the stability of the funding level were mixed" 40% thought that funding

would decrease in the next year; however, 30% felt that it would remain

stable. Over one-third of the United Kingdom respondents felt funding would

decrease. Of the five Canadian respondents that answered the funding source

question, four indicated they receive funding from the government, while two

indicated industry.

3.8 RESEARCHDISSEMINATION

Presentations at technical conferences were the most commonmethod cited

by respondents for learning the research results of others. Journals were the

second most commonmethod. In Canada, professional organizations are the most

commonmethod for learning of research by others.

3.16



TABLE 3.7. ExchangeRates, January 2, 1990
(Wall Street Journal 1990)

Co__qu_p_ E____C_bgngeRate

Australia 0.784

Austria 0,8294

Brazil 0.11495
w

Canada 0.8613
i

China 0.211774

' Denmark 0,15

France 0,1707

Germany (West) 05834

India 0,05952

Italy 0,0007777

Japan 0,006825

Korea 0,0014684

Mexico 0,0003735

New Zealand 0,593

Norway 0,1506

Sweden 0,1605

Switzerland 0.6315

Taiwan 0.038505

The Netherlands 0.5166

United Kingdom ].,605
=

t

1

I
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TABLE 3.8. Research Budgets by Country

Total Budget

Country ..... In U.S. I$ Median Rancle _-- R__eesDondents

Australia 414,700 414,700 414,700 I

Austria 78,400 78,400 78,400 I

Brazil 300,000 300,000 300,000 I

Canada 568,458 142,115 68,000-215,325 4
b

China 1,000 1,000 1,000 I

Denmark 320,000 160,000 20,000-300,000 2

France 341,400 170,000 85,350-341,400 2

Germany 1,502,255 116,680 14,585 1,166,800 5

India 5,952 5,952 5,952 I

Italy 40,000 40,000 40,000 I

Japan 6,590,225 568,250 20,475-4,000,000 6

Korea (South) 300,000 300,000 300,000 1

Mexico 0 0 0 0

New Zealand 0 0 0 . 0

Norway 753,000 753,000 753,000 I

Sweden 530,000 265,000 200,000-330,000 2

Switzerl and 63,150 63,150 63,150 I

Taiwan 0 0 0 0

The Netherlands 250,000 250,000 250,000 I

United Kingdom 170,130 36,915 16,050-80,250 4

TABLE 3.9. Funding Sources

Fundi n_qSource Respondents

Government 30%

University 6%

--- Industry 48% '

Other 15%



4.0 CONCLUSIONSANDRECOMMENDATIONS

The results of the survey provide a current overview of international

research activities into alternatives for CFCs.

4.1 CONCLUSIONS
o

The following conclusions can be drawn from the data'

' . _L_engthof Resea__rc_c.h_h.Most of the international research has been
ongoing for more than 3 years, and the respondents expect to con-
tinue their research for at least another 3 years.

• Identification of Alternatives. The most, prevalent alternatives
being studied by the respondents were HFC-134a and, to a lesser
extent, HCFC-22. Over one-third of the respondents reported the
alternative HFC-134a as having the most potential for alleviating
the CFCproblem.

• Purpose of the Research. Most of the respondents indicated that
they are currently investigating the application of one or more CFC
alternatives to vapor-compression cycle refrigeration/air-
conditioning equipment.

The compound HFC 134a was frequently cited as a replacement For
CFC-12, which is currently used extensively in refrigeration, water
chilling, and car air-conditioning applications.

Of those respondents who indicated HCFC-22as the main compound
they are studying, most are studying vapor-compression equipment
applications

• Issues. Three quarters of the respondents studying HFC-.134aspeci ._
- fically indicated that technology modifications to existing CFC

vapor-compression cycle equipment would be required in order to use
HFC-134A as an alternative refrigerant. In addition, over half of
the respondents replied that oil compatibility was an issue.
Increased cost is the most frequently mentioned problem indicated

. by the respondents who are researching HCFC-22.
=

• Research Plans. Future research plans were quite varied. Several
. respondents plan to study heat transfer in the condensation and

evaporation of refrigerant mixtures. Of those respondents who
indicated that HFC-134a offers the most potential for alleviating

= the CFCproblem, almost all said that their future plans entail
studying other alternatives. The finding suggests that HFC-134a
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may not be an appropriate alternative to CFCs in some applications,
Of these respondents, most 'indicated that they will be investi-
gating alternatives to HCFC-22.

• Research That Should Be Pur.sue_d, Several respondents indicated
that additional theoretical vapor-compression cycle analyses should
be performed. Several respondents also indicated that the flare-
mability issues with some of the alternatives needed to be
addressed,

• Fundijn.g. The respondents reported a wide range of funding levels,
ranging from $1,000 to $4 million U.S. dollars, About half of the
respondents receive their funding from industry, followed by
government, other sources, and universities. A few said funding
would decrease, while most said. funding would remain stable over
the next year.

• Research Dissemination. Presentations at technical conferences b

were the most commonmethod cited by respondents for learning about
the research results of others.

4.2 RECOM_MENDATIONS

The Montreal Protocol represents an unprecedented example of the ability

of nations to cooperate and collaborate on issues of international concern.

Much could be done to foster this expressed desire to cooperate on _he CFC

issue. Moreover, considerable interest in the results of this study was

expressed by the respondents as evidenced by affirmatively answering tile ques-

: tion whether they would like a copy of this report and by the relatively high

response rate for an international survey written in English. The research

community would probably welcome an expanded cooperative effort such as an

international network or organization devoted solely to CFCalternatives

developments. This network could be as simple as a newsletter describing

current research efforts and results or as elaborate as an organization. Both

types of networks would improve communication among the international CFC

research community.

An issue needing further' study is the development of technologies that

are compatible with the new alternatives. Although this survey touched upon

this issue, a more in-depth study would illuminate the entire range of tech-

nology developments, their purpose and problems, and chance of wide-spread

use. Such a study could also help to identify opportunities for t:echnolc)gy
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development, International collaboration in this effort could open many

opportunities for applications of current or planned technnlogy development or

modification,

[]
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1, Do you or your organization conduct (or have you condl_te_
research into allemattves to chlorofluorocarbons (CFCs)?

[_ Yes (Please go to Question 4,)

No

" 2, If no, can you provide names and addresses of researchers
Ira_Ived in this area of study in your country?

,i

Name: : ,

Title:

Institution/Agency:

Address:

3. In other countries?

Name:

Title: ,

Institution/Agency:

Address:

4. When did you begin conducting thls research?

Mor_ than 5 years ago

[_ 3 to 5 years ago

[_ 1 to 2 years ago

_-_ this year (199 I)

5. How long will you be continuing with this research?

[_[ More than 5 years

-" _ 3to5years_

- [_ I to2years

[_ complete this year (1991)



6, Wrtmt alternative chemical compounds have you studied and
what CFCs are they supposed to replace?

CFC / Halon Aft er_tat ive

o

For questions 7 through I0, please select the _ CFC alter-
native you have been studying that you feel has the most
potential for alleviating the CFC problem, The altematlve you
will be referring to is:

i

q

7. What are tlm primary goals of this research? Please check all
those that apply.

To test applications of the compound

refrlgeratlon/alr conditioning

insulation/blowing agent

electronlcs cleaner

flre extinguisher

other

To test properties of the compound itself

: [_ thermodynamic properties

[_ vapor compression cycle analyses

[_ materials compatibility

reactivity

[_ environmental impact

_ other (please specify)



8, What ts the status of your research to date? (Please include any
results to date.)

" 9. If your research Is applicatlon specie, will lt be necessary to
modify e.xtsting CFC technologies in order to use the alternative

compound?

Yes

No

Pleaseexplain:

IO. Wha_ are the disadvantages or problenLs,_ anN, of rising Utts
alternative ccxnpound instead of usb@ CFC,s? Please indicate
the extent of the problem:

I = Very serious problem

2 = Moderately serious problem

3 = Minor problem

_ cost

envirorn_lental(pleasespccffy}

technologymodifications

lilmtcd application

lack of supply

lubricity
o

efficiency (please specify)

legal

funding

; other (pleasc specii_/)

- none



1I. What was your research budget for CFC alternatlvesfor 1990?
(Pbease indicate the currencw)

1 la} From what sources does your funding come? Please
specify the name of the organization.

' _ Government

[:_ University

[_ Industry

[_ Other

1Ib) In thenextyear.do you expectthisfundingto{please
check one}

increase

decrease or

[_ remain stable?

Please explain:

12. What are your plans for future studies for alternatives to CFCs?



13. What other groups or organizations are involved with CFC
research in your country?

13a) What other groups or organizations are involved with
CFC research In the international community'?

14. In your opinion, what type of research should these groups
pursue?

15. How do you hear about the research results in CFC alternatives
: of other researchers? Please rank from the most common (I) to

the least common (4) method.

presentations/conferences

Journals (please name)

organizations (please name)

other
,i

z

16. We _t our report will be completed by Septe_Iber 1991.
Would you llke to receive a copy of this report?- 4

[_ Yes

' [_ No

Thank you for completing this survey.. Plea:_e return in the
enclosed envelope by April 30, 1991.
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vBailelle
Pacific Northwest Laboratorles
Ballelle Boulevard
P,O, Box 999

Richland, Washington 99352
Telephone (509)

March 20, 1991

o

Dear

The Pacific Northwest Laboratoryis conductinga study to document foreign
research activitieson chemicalcompounds that present alternativesto
chlorofluorcarbons(CFCs). The study "isbeing done for the United States
Departmentof Energy as part of their InternationalResearch Monitoring
program. The Departmentof Energy plans to use this informationto gain a
global perspectiveon CFC research. Our initialresearch efforts identified
you as a possible contact for our study.

The enclosed questionnairewas designed to gather general informationabout
foreign research on CFC alternatives. We are interestedin the types of
research being conducted;the resultsof the research;problems encountered;
and future studies that are planned. If you would like a copy of our Final l,

: report please indicateas such on the space providedon the questionnaireand
we will be happy to send you a copy.

We would greatly appreciateyour input to this questionnaire. We would also
like to receive copies of any reportsyou have on your CFC research, and we
would like the names of other researcherswe should contact. Please contact
Alison Thurman at 509-376-4118(phone)or 509-376-5484(fax) with any
questionsor comments you may have about the questionnaire. Please return the
questionnairein the enclosed envelope by April 30, 1991. Thank you for your
time and effort.

Sincerely,

v

Sean C. McDonald
' Senior Research Economist

SCM'agt'mrp
Enclosure

= B.1
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AUSTRALIA: Paulo Vodtanttskala, Manager Margaret Kerr, Vice President
Systems Engineering .Environment, Health and Safety

Chris Baker, Manager, Ozone Unit Consul SA Northern qblecom

EPA CaLxa Postal 267/269, CEP89200 3 Robert Speck Parkway

477 Collins 89200 Joinville SC Mlsslssauga, Ontario L,,iZ3C8
Melbourne, Victoria BRAZIl. CANADA

3000

AUSTRAL, lA Paul A, i.Mt,uc

CANADA: CRIQ

Robert L. Muston, President P,O. Box 9038

" Environmental Products Michael R, Ascough Ste-Foy, Quebec G1V4C7

Amalgamated Pry. Ltd Du Pont Canada CANADA
5-25 Calaster Street. Box 2200, Street,wtlle

P.O. Box 191 Mlsslssauga, Ontario i.AM2H3 Thnothy Leah, Head

" Shepparton, Victoria CANADA Use I'attem Section
AUSTRALIA Commercial Chemicals Branch

Mark 'E Bomberg Environment Canada

National Research Council of Canada 351 St. Joseph 131vd.

AUSTRIA: DuPont Canada Hull Quebec,Ontario K21.15N9

Box 2200, Streetsvllle CANADA

M, Narodoslawsky, PhD ' Mississauga, Ontario L2M2H3

Institute of Clmmical Engineering CANADA Adrien J, l..eBlanc

Graz University oi' Technology Manufacturing Process 'Ibchnolog-,,
8010 Oraz Colleen M. Brydon Northern 'I_lecom

AUSTRIA DuPont Canada 3 Robert Speck Parkway
Box 2200, Streetsville Mtssissauga, Ontario L4Z3C8

Mark Schneeberger Mlsstssauga, Ontario, L5M CANADA
DI, Dr. techn,/member of the board CANADA

Kraftwerke AG, (OKA) Peter Lensch
4020 LJnz Boehmerwaldstrasse 3 Victor Buxton, Chief OCS-SMT Automation
AUSTRIA Chemicals Controls Branch 121 Montee Be Licssc

Environment Canada St. Laurent, Quetec 1147150

351 St, Joseph Blvd. CANADA

BRAZIL: Hull, Quebec, Ontario K2,H5N9

CANADA Jeffrey L,lnton, Research Officer

Alberto Carrizo, Director Natl. Res, Council Canada

Climax Development Technological Art F'itzgerald M17, Montreal Rd.

Av. Jose Pereira Lopes 250 Northern Telecom Ottawa, Ontario K1A()R6
13560 Sao Carlos-SP 3 Robert Speck Parkway CANADA

BRAZIL Mtssissauga, Ontario I.A.Z3C8

CANADA Zal Portnoy
Ernesto Heinzelmann, R&D Director Carrier Canada t.td.

Embraco SA Stephen R. Griffin, Mgr. 101 Claircwille Dr.
= Rua Rut Barbosa, 1020 Product Engineering Rexdale, Ontario MgW 6K9

89200 Joinville W.C. Wood Co., I td. CANADA
BRAZIl.. RO, Box 750

5 Arthur Street S. Pierre Rcnaud

--_ Milton Edson Lubraico Guelph N1H 61,9 CRiQ

Ford Motor Company CANADA 333 F'ranquet
, Az. Orlanda l'ost Office Box 91)38

Bergamo, 1000-1200 Vilvan Ounasingham Sle-l?oy, Quebec t ; 1V,1C7

Cepo 72'20, Guorulhoe, SP Ford Electronics Mrg, Corp. CANADA
BRAZIl.. 7455 Birchmount

' Marcham, Ontario L3R5C2 Kcith Snclson, Research (If fleer
Paulo Vieira CANADA Natl. Res. Council Canada

Du Potll M17 Montreal Rd,

AI Itapecuru 506-Alfazil Ottawa, Ontario K 1Af)R.¢_

Cepo 6400 CP 26 CANAI)A
BRAZIl.

_

C.3



Art Stelzig, Chief FRANCE: Juergen l)ockllngton
Chemical Industries Dlvison Shell

Environment Canada Claude Brtan , Deutsche Shellag

351 St, Joseph Blvd, European l)evelopn_ent Manager Pae-Laborat(x3/
Hull Quebec, Ontario K21-15N9 Dehon Group 2000 Hamburg 93

CANADA ll.efrlgeratlon Department (IERMANY
26 Ave, dul'ettt Pare

94683 Vincennes Michael Kauffekl

CHINA: FRANCE Unlverslly of l-h|n,c)ver
Institute [;tmr Kaeltcteumk

Cno Desheng, Sr, Engineer Denis Clodlc, Project Leader W_flfangarten lA '

Chinese Ass. Refrigeration Centre D'Energetlque Ecole [)es D.3000 Hannover

Department Leader of Office Mines dc Paris GEI,I, MANY

11, Fu Cheng Road 60, BD St, Michel
100037 Beijing 75272 Paris, Cedex 06 Horst Kruse, PhD, Professor
CHINA FRANCE inst. Kaeltetechfilk

University of Hannover

Yu Blng Feng, PhD Brian Ellis, Director 3000 Hannover 1

Assists n t Professor Proton tclue SA G Ell, MAN Y

AC Group, Department Power Mach P,O. Box 78

Zl'a n .]iaotong U niverslty Roma neI-S u r-Luasa nne CH- 1032 (1un tct l._lnger

Xi'an (Shaanxl) FRANCE Battelle t_;urope
CHINA Am Romerhof 35, [.)-60(10

l:,'rankfurt Mai,

Ren .lth Lu, Senior Engineer GERMANY: {.JERMANY

Refrigeration Group
General Mach. Research Institute H.D. Bachr, PhD, hc Klaus W, Menze, Manager

Shushan Road, P,O, 230031 Institute of "Fhermodynnmtcs t-lent 'ffansl'er Eng,

FIFe[ University of Hannover Wieland-Werkc AG
CHINA Calltnstrasse 36 Post Office Box 4241)

3000 Hannover 1 D-7900 ULM

GERMANY GERMANY

DENMARK:

Ingrid Hanhoff-Stemplng J, 1_. Nonnenmann, PhD

H.C, Aagaard Umwektbundcs'amt Sudd Kuchlerfabr Behr Gmbl.l

Danish Technological Institute 13ismark Plntz 1 Mauserstrasse 3

Gregersenszej, P.O. Box 141 1 Berlin 33 D-7000 Sluttgnrt 31)
2630 "lhastrup GERMANY GERMANY
I.)EN MARK

Paul Erik Hansen, PhD, Manager Wolfgang Scholtcn

Per O, Danig, A.ssociate Pmlessor Danfoss Gmbtl Hoechst AG

R e frigera lion Lmbora tory Reliability and Izl bs Post I×_x800320

qi:chnical University, Bldg. 402B Mads Clausenstrasse 7 13-6230 l-;rankfurt

2.800 Lyngby D2390 lqensburg GERMANY
DENMARK GERMANY

Rolan Burk

Hans Knudsen, Managing Editor UIIrich Hesse Behr GmbH & Co,
/_Gramkow University of l-Iannover Mnuserstrasse 3

Augustenborg l..andcij 19 Wel Fen Garten 1A 7000 Stuttgart 30
6400 SoenderN)rg Hannover, F'R 30OI) GERMANY •
I) ENMARK Gt?IRMANY

l";rik Korfitscn, Manager bl&l) Worrier Jensen INI) IA:

l)evclopmenl Deparlnmnl Consultant

Industry Division Integral 'l}_chn_flogic Gmbll R, S, Agatwal, Phi), l'r'olcssor

Sabroe Refrigeration A/S Cise-Meitner Str.2 l)epartment of Met:hatfical
P.(), Box 1810 l_x:bcrstrasse 3 Engineering

8271.) I h)jbjerg I)-2390 Iqensburg Indian lnslitutt: _Jl 'lix:hu_flt_gy I)elhi
DI!NMARK (}EI_.MANY I lau_'-Khas

Nc_v l)clhl 111}I}ll}

INI)IA
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S, C, Bhadtlrt, PhD 'IhdtlI'oshl Bnnse, Manager Nohuhtsn ilo

A.sslstant Professor Engtneerltlg & Plannlttg Department Matsushlta Elec, Ind, Col,

Instliule of Mechanical Engineering 60335 2275-3 NoJI-Cho

lndhm Institute of _Ibchnology Air Condition & Appliance Group Kusnt.su-Sht

Powai 'Ibstllba Corp,, Comsttmer Products Shlga 525
Bombay ,100 076 2-1_ Shlbatml l-Chome JAPAN
INDIA Mlnalo-Ku

"lhkyo 105 Atsuo Klsht, C.hlcf Engltleer
Sukumar Devothh PhDt Director JAPAN Hitachi

Chemical Engh'let,,rh'lg Division 2520 Oazn:lhkaba, Klltsuta-Shl

" National Chemical Laboratory 'Yoshlyuld Ishll Ibaragl-Ken 3112

Pune 411 008 Sr. Engineer of Etw'I Center JAPAN
INDIA Htlaehtt L,td,

New Manlnouchl Bid, ShunJl Komatsu
' Mr, K Madhava Sarmn Maranouchl Sanden Co,, Ltd,

Additional Secretary I-Chome Chlyodaku Yatoshlma-Cho, Isezakl-Shl

Ministry of Environment and Forests 'Ibkyo Gurn'lma 372
Government of India JAPAN JAPAN

CGO Complex, LodJ Road

New Delhi 110 003 Masakazu Fujlmoto "Ihkeo Komatsublu'a

INDIA Ebara Corporation Principal Engineer

,1-2-1 Honfujlsawn Snnyo Electric C.o,, Ltd,
l't 0lsawa-S Iii 180 S a kata,

ITAI.,Y: Kanagawa 251 Oizumi-nmochl, Ora-gutl
JAPAN G umnm 370-05

Glanfranco Angellno, Pill) JAPAN

DIP. Professor Energetic "Padaaki Gocho_ General Manager

Polltecntco Selko Epson Corp, Shlgeki Komalsuzaki
Plaz.z_alLeonardo da Vinci, 32 1-17-1 "l_ukahar_ Senior Researcher

Milano 20133 Chlno-shl Hitachi Research I._tb, l litachi [..td.

ITALY Nagano, 391 4026 Kuji-Cho l-Iitachi.Shi
JAPAN Ibarakl 319-12

Glogto Giut'frida JAPAN

Necchl Compressori S,R.L,' Hlroakl Hata, Sr, Engineer

Viale Della Repub. 10 Compressor Design Depl, Katsuml Matsubara, De,pr, Marmgcr

Pavia 27100 Hitachi qbchlgi Works 61h Dept,
ITALY 800 "Ibmita Hitachi, Ltd,

Ohlra-macht, Shlmotsuga-gtm 502 _mdatsumachi ,

Mark} Segagni 'Jbchlgi 329-44 'B;uchlurashl
Necchi Compressort S.R,L, J?d:'AN Ibarakl-Ken 300

Viale l)ella Repub. I0 JAPAN
Pavie 27100 Kalsuml lnnmura

ITALY Sec, Man,, AC Plant Department Dr, Yujl Yoshida, IVlanager

"lbshtba Co, Living Environmenlal

1-1-1 Shlbawura, Minalo-Ku Systems Research Lab

JAPAN: 'Ibkyo 105-01 3-t5 Yagumo Nllkanmchi

JAPAN Morigtlsht
Akart Aguri, l)irt;clor Osaka 570
Fc_d Proc, Affairs Nobuo Ishikawa, PhD JAPAN

I)aikln Phmt l.td, Professor Emeritus of "Ibkyo Inst.

3-5.11, Nihonbashi-ilonchtJ of 'I_ch, Ktmji Matsuki, General Manager
: Chuo-Ku "Ibkyo Institute of *[bclmology Energy (.;onvet_ion Lab,

"Ibkyo 11)3 F&E Research Center Sharp Ce,rp,

" JAPAN 2-9-3 Akas;Jka, Minalo-K.tl Shiujo-Chc_ 282. I l lajikaini

*Ibkyo 107 Kitakatsuragi..(iun
• JAPAN Nara 639-21

- JAPAN
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Masahlro Noguchl MasalakaSuzuki C.holkuYc_shlkawa
Dalkln Industries, Ltd, Mltsubl,hl Elec, Corp. Mayt_kawtlMlg, C(,,, Ltd,
1-I Nlshl.Hltot._uya,Settsu-Shl 2-2.3 Mm'anouchl Okubo, ,g;,al,
Or,aka 566 Chlyouda-Ku Mortya-machl, Klta-,_tmta-gun
JAI'AN 'lb_o 100 lbarlfl; 302,01

,JAPAN ,1AI'AN

Yoshtyukl Morikawa, IVlalmger
Public l_,clallol_sof "lt:chm|logy Kerdchl 'lhguchl Masaharu'Yt_shlkl_wa
Ah'.Condlliortcr I)lvlslon Dalkln hldustrles, Ltd, Shart_Corp,
,,"dr-Col+dlttoncrSector 1304K,tulaoka-cho,Sakal-shl 282.1 H,,ijlkatni,Shinj(,-(.'ht_
Matsushlta Elec, lhd, Co Osaka 591 Nara, 639.21 '
2275-3 Nojl-Cho, Kusatsu JAPAN JAPAN
Shlga-Ken 525
JAPAN Yoshlkazu 'l_kamatstt

' C..alsonlcCorp, KENYA:
Hlsao Nutlokawa Sakae-Cllo 8, Sano-Shl
Calsonlc Corp, 'Ibchlgl 327 James F, Kanyua, Phi)
7.3 Sakac-cllt_, Sano-shl JAPAN Dept, ul' Mechallical l!tlgltieerlllg
'Ibchtgt 327 Urflversity(,1 Nalrtflq
JAPAN Kazuml 'l,llukahara P.O,Box 30197

AC/Refrigeration Works Nalr(:,bl
Yasuhtro Onlshl MltsublM|i Hea W lndustz7, lad KI'_NYA
Shin Mclwa Incl,Co,, Ltd, 3-1 A.,;ahlmachl,
6-104 "Ihjlkano-cho, Nlshlnomiya Nlshlbtwajlma,,Chch
Hyogo 663 NlshlkasugaI-Gun KOREA:
JAPAN Al¢l'd-Ker_ 452

JAPAN Youm Yortg l,ec
Hidelosht S_lgawa Principal luvesligalt,r
Japan Re|rig/Air Industry Shlgehlro Uemura CFC Alternatives '[_chnical (retttcr
3-5-8 Shibakoen, Minalo.Ku Mechanical Engineering l.afl, Korea Inst. Science & 'lbchn(flt,gy
'lbk-¢o 105 Chief Reseat'citer 130.650 l:(), P,_x 131
JAPAN Dulkln Ind., Ltd, Cheonglyatq:_

, 1304 Kanaoka-cho, Sakal Seoul
lllsao Sagara O_aka 591 KOREA
Sanyo Electric (.?o.,Ltd. JAPAN
180 Sakata Olzunll.C'ho
Oura-Gum Mlnoru Wada, Manager MEXICO:
Cumma 370-05 Design Deparlrnertt
JAPAN Fukushna lnthistries Co, [¢,er|t',,\lttmirlmt>

2-13.16, Mllejlma l)lrccclon Gcucral dc la l'rt.wcncion
Kazuo Sahara, Manager Nislyodogawa.Ku y Contt'(fl tic la (5,'_lltaltlitlact(lll
(.;o-orditmte Sec, Osaka 555 A mbicntal

Air-Conditioning, Manufacturing Div, .IAF'AN Subsecrctaria tic I?_ct,logta
Daiktn Industries, Inc. SEDUE
130,1Kanaoka-Cho, Sal,ud-Shi Kotchl Wittanal_, l'hD, l_rofessor Rio l!lba N(,, 20 I'iso 16
Osaka 591 Department ofMechanical Eng, ([JOk]llla (."tlatllllclllr_c

JAI'AN l:aculty ofScience a_td "[i.:chnt_h_gy 06500 Mexico D,I;',
Kelo tJniverstty MEXIC()

Kousuke Shhnamura 3-14-1, Htyoshi, Kohokuku
Mitsubishi Elec. ('¢,rp, Yokohama 223 .forge (.:()F{)IHItie hl Vegtl "z

3-18-1 (.)shika JAPAN Astral httcrrmcic,tml
Shizuoka 422 (?<ft.l'opotl;t
.IAPAN Nobohiko Yokota, I)irccl_>r I)l" 11410

Engineering Departmen t MI_.XlC() '
Sciji Sumikawu,Dept. Mgr. .lapanI+.el'rlgeration& A(" lhd. Ass.
Design Erlginc('.ringl)epartmeut 1 Kikai Shinko, Bldg, 201 (_en(, Nard|ni, Marketing l)irect(w
Zexel (?orp, 3-5.8, Shibakoen, Mirmt(,-Ku NAYASA
Kollll-nlachi, (.)salo-gun "Ib};yo 105 (?ali_;itllt('_,llong(_, #2"72
Saitama 360-01 JAPAN (5,1, ln.stlst/ild Z;JIh')(,, llS
.1AI',,\N (}23(]0
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Vnlvulus131_Precision,SA Hans T, Hnukas, PhD Lenlmrl Vnmllng
AJutfrarz31'3 A._,ociate Professor ("Jmhllet.s Unlv, cff 'Ibch,

Col, (+)ran)asMcxtco NTI+I.SINTIT.I.+'Kuldetekntkk Dept, of l lent & Puwer "lt.,chn,
Del, Iztncalco N.703,1 'l_'ondhehn S.412 96 Oolhcnbtlrg
084OO NO RWAY SWIi+I3EN
MEXI(SO, D,F,

l't_tcr Nel,;.smhRese_lrch l:h_ginct:r
I_clrlgeratlon Etlglneerlng !,;Wl'l'Zl,',l;tI.AN13:

TI-[E NETHERLANDS: NTH-Sh+ttet+
7034 'It'ondhelm Thomas H, ChrJstte

II

I_zmtmtl Kuljl_r'a, PhD NORWAY l+,cfrtgcratlon Con_ulLant
"ltransport l'honomena Research [ chcmln till 'Ibrry
Philips Research Labs Pcr R, Stamuelsen, President 1295 Miles
EO, Bo× 80 Iqnsam Inr, Ltd, l+.e(Jrand-Saconnex t218,,i

Elndhown 5600 JA ' P, O, Box 3064 EL SWITZERLAN[)
THE NETHERLANDS N-0207 Oslo 2

NORWAY Pt+,terMoser, M,,|llager
Gcrl Schouten licfrigt:ratlon 'l_cl+tml_gy
Soldering l'rocess i!",nghteer Ertk Schau0 Marketing Manager Sulzer Bros, [,td,
Soltec li,x,: , Unltor Shlpr, Service AS UI] Sulzer In[ra, Rcfr, 'lbchn,
p,O, Box 143, 4900 AC Oosterhout Marine Refrigeration Products C11-8401 Wlnterthur
Kart)lusstraat 20 & Services SWI'I'ZERLANI3
"I+HENETHERLANDS Mastemyr lnd, l_,+ttJte

P,O, Box 600 Maurlce l'erenovd
Paul Ver'meulen N-1411 Kolbotn DuPont Internatlotml
"I+NODIv, of qf:eh, for Soc, NORWAY 2 Chemln l.)u Pavjllcm
1:O, Box 342 1218 (3rand-Saconncx
Apeldoorn, 7300 AH SWITZERLAND
THE NETHEI+,LANDS SWEDEN:

Thore Bemtsson, Phi), l'rofcssor "DMWAN:
NEW ZEALAND: Inst, for Heat "l+:chnology

Chalmers Universlly Mingda Chtl
l.,tndscyRoke 41296 Gothenborg Formosa Plastics Corp,
Fisher & Paykel, Refrigeration DIv, SWEDEN 100Swte-Kuan Rd.
78 Sprirlgs Road Jen.Wu
Greennmunt Andetm Llndborg Kaohstung
Auckland Frigoscandla All TAIWAN
NEW ZI?AI.+AND "I_:chnlcalCenter, Box 912

25109 Helsingborg Tztmg-Deng Young
SWEDEN Yhmtics Division

N()RWAY', l:ormosa l'lasttcs Ct_rp
Bjorn E, Pahn, Research Assistant 100 Swet.Kuan Rd,

Rune Alirllen Royal Inst, of Technology Jen.wu
SINTEF, Dtv, lit:fr, Eng, Dept. of Appl, 'ITR Km_hslung Hsien
Norwegian Inst, "Ii:ehnology Dept, Applied 'I'hcrmodynll mlos TAIWAN

: Kjolborn Vcjcs & Refrigeration
+' 7034 Trondhetm S-t00,14 Stockholm

NORWAY SWEDEN tJN ITI:.I) KIN(+Jl)t)M:
i

Per-Erling F"rivik,Phi) Rolf Segcrstrom Russell l:lenstead
. SINTEF, Dov. Rcfr, F:.ng, Dept, MK KKR 'It;chllology (_r,:)upI.cader

Norwegian Inst. "Jt:chn(dr%,y Electrohtx Major Appl, Electricity Rcsc_rch nnd+,

Kjolborn Vcjcs Luxbackcn 1 l)cw.qolmlt.'nt Centre
7034 Trondhcim 105 45 Stockhohn C'apcnhut.st CII I 6I,_S
NORWAY SWEDEN I,',NGI,ANl), tJ,K,



PereyCooper 'lbrtlnee Jones Flona1Welt'
_nlnl)ury's Plu, Stl|lllfot.d I-h_use 81_,AContnlnur,_ Air Pollution C_amtmtgm,r
Stimll'ord _lt-uul 20 tJppcr (]l'Otilld Friendsrff !ltu F,_irth
l..olldimSF,L91.,I., I..cmdonSIi!Q.gPF 26.2,8Undelwoc)dStreet

17N(II,ANI.,'I,L,I,K, I_NI:II.,ANI),U,K, l.,ondimNI/7,1(_
I!',N¢II.ANI), iLK,

I_,uburlI),'Ile_II_,'IbehtIIealI)Iveclm' X,I",Pelu's_m,Phi3
SI(C_I,_A 'IL!eliHlcillDh'uv,tor (Ie(ffl'leyWet:rlle.'i
L,10NuwnuirkeI Road SilII' l._,ul'rtgurntlollI.,U.I, IC',lCiicnllc.111,_Iiml I_flylll_rs I,Icl.

' 5Cl.u|lbrldgu(..l.T.81Iii', *[lml'llltubnnk lildtlslrllll I!_sllllC P,O,Box 19 ,
I/,NC.tI.,AND,LJIK, Ghtsgow C.I,168JW ltttnct,rn

S(".O'H.,,kNI), U,K. Cheshire WA7 ,ll,W
David l-icy EN(]I.,AND, (3,K,
ICI Cllumlc,ttls& l'ulyme,r_ l.,td. Rtch/jrd F'owcll
P,O, l]ox 19 IG'I Chums, & PcflymersLtd, A. Wllsoll
l'/,ttncorn P,O, ii]ox8, l'tm He||th l.,loyds Register tfr Shit_l)ltll.I
Cheshire WA7 ,II,W L(uncorn l.,IoydsL,',uglsterIh_usc
I/,NCII,ANI), U,K, Cheshire WA7,1(_I) 2!?Wellesley I_,rmd

I"_NCII,'_ND,U,K. Croydon C1¢.(12A.I

Dr,rid Butler, Higher Science {)I'llccr I!BI{II,,AND, I.J,K,
l_uildlng Research I!'MM_llshmen! Peter Rathbotie
(hu_t¢,n, Wtltlord ICl C'hum, & l'olymet.'s l.,td. Nell Wmterton
llcrls WI)2 7JR P,f,),I]ox 8 ICl C'hcmlclils lIll(I ]'l)lylllt'r.,i IJd.
I!,NCII,AND,L.I,K, P,ullctu'n I.R},l.l()x19

Cheshh'e WA7 4(2I) Runeorn

I'etur .Irfllnson, Product M_lmlgcr ENGL.ANI), U,K, Chcshh'e WA7 ,II,W
Solvents Mnrketlng l)el.ulrtment hN _I..AND, II,K,
ICI Ctiet+llcal:+_lltl i'<flymur.,;l.td, J,T,R, Wtflt_on
P.O,l]ox 19 Nlfllonld tT.nglnccrlngl..liboralory
l,t,uucorn i-lelit "lt'tlllSt'er and l'roperttes ()f
Chcshh'e WA7 ,iL.W Htllds l)lvlslon
I;.N(II,ANI), I.J,K. l:",nstKIIbride

: (Ih,sgow (]75 0()tJ
SCOTLAND, U,K,
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PNL-8086
UC-602

D,I&ST__R.!BUTION

No. of No. of
co__om_tms_ co_mzi_ms.

J, J. Eberhardt
_ITE CE-34

, 12 DOE/Office of Scientific and U.S. Department of Energy
Technical Information 1000 Independence Avenue SW

Washington, DC 20585
. L. R, Anderson

CE-422 P.D. Fairchild
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