
‘LAkR 91-1801 LA-UR--91-18O1

DE91 013374

.

TITLE: Supercritical Fluids Clean :ng

Scott Butner, PNL
AUTHOR(S) Dennis L. Hjeresen, IAO, LANL

Laura Silva, FNL
Dale Span, CLS-1, LANL
Ronald Stephenson, Boeing

SI IEMITTE13 TO Aerospace Hazardous Waste Minimization Confrence
June 20-26, 1991, Seattle, WA ,’

———— . ..- -., . ...— ..

I ,,1, b4 e,,, “ ,,, 1,4

,.1 ,,! , .,, .!!, ., “

-———. —.—.—.. —.—-—

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



Supercritical Fluids Clemtlng

Scott Butmr
Dennis Hjeresen

Laura Silva
Dale Span

Ronald Stephenson

Problem

The aerospace Industr,yand related supporting industries rely on ha~~ns,
chlorofluorocarbons (GFCS), carbon tetrachloridq and other fully halogenated
alkanes to clean metffils,plastfcs, composites, ceraralcs,electronic
components, and other materials of organic contaminants and partfculates.
These solvents are Fein eliminated from use because they are suspected to be

!stratospheric ozone dep eting agents. Alternative cleaning technologies, such
as aqueo’iscleaning, can replace halogenated solvents In some appl~cations,
but fn others, vla!;lereplacements have yet to be found.

This paper discusses a proposed multi- arty research and development program
rwhich seeks to develop supercrltlcal f uld cleantng technology as an

altcwnatlve to exlst~ng solvent cleanlng applications. While SCF extraction
technology has been in commercial use for several years, the use of these
fluids as clean~ng agents poses several nawtechnlcal challenges. Problems
Inherent In th? cofmnerclalizationof SCF technology include:

● The cleantng efficacy and compatibility of s’lpercrlticalworking fluids
wfth thr parts to be cleaned must be assessed for a variety of materfals
and components.

● Process parameters and aqulpment design have been optlmlzed for
extractive applications and must be reconsidered for application to
cleanlng.

● Co’solvents and entralners must be Identified to facilitate the removal
o{ polar inorganic and organic contaminants, which are often not well
solvated in supercritica! systems.

The proposed research and development proqram would address these issues and
lead to the development and commercialization ofviible SCF-based technology
for precision cleaning applications. This paper prodldes the technical
background, program scop?, anddmllneates the responsibilities of each
princfpal participant in the program.
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Background

Surface cleaning of metal, plastic, and composite parts is a critical
operation in most manufacturing processes. Parts must be cl~aned to remove
surface contamination (oils, grease, inorganic residues, flux, etc.) prior to
painting, plating, or final dssembly. Electronic assemblies must be cleaned
to remove surface contaminat~on such as soldering flux and fingerprint
;-esiduesto ensure their reliability. While these needs are present in nearly
all manufacturing applications, they are especially critical in the aerospace
industry, where component integrity, reliability, and performance are crucial.

Presently, surface cleaning is done using a variety of methods, but primarily
with the usQ of volatile, often halogenabed solvents. These methods result in
the release of significant amounts of solvent vapor, and production of
solvent-bearing wastes which must be treated prior to disposal. Aqueous
cleaniitgmethods promise some relief from these concerns, but ●re not
applicable to many cleaning problems.

Numerous U.S. aerospace industry firms have instituted aggressive corporate
timetables for repiacing halogenated solvents in manufacturing processes.
Howevnr, replacement solvents or alternative cleaning processes have hot been
identified for all current solvent applications. Technology development in
these areas offers a unique opportunity for industry-government co~peration
because of the environmental and energy benefits that can accrue.

A collaborative reject has been initiated between ’Boeing, Los AlarnosNational
!Laboratory (LANL , Pacific Northwest Laboratory (PNL), and a thira party

vendor to evaluate and develop a conmnerclalsupercritical fluid cleaning
system. Th@ Hughes Aircraft Company also has experience in this area and they
have expressed ~nterest in joining this project.

The proposed use of supercritical fluid solvents as a cleanin a ent for
!!manufacturing is an outgrowth of developments in supercritica f uid

extraction technology. After a flurry of rasearch interest in the late 1970’s
and early 1980’s, the novel solvent roperties of sup6rcritlcal fluids

I(especially supercritical C02) have een exploited in many commercial
applications throughout the synfuels, polymers, foods, and pharmaceuticals
industries. It is only recently, however, that the potential appll,cationsof
SCF technology to parts cleaning have generated significant interest,

Along with the potential fornaw applications, the concept of supercritical
parts cleaning raises some new technical issues. Wereas f+xtractiongenerally
irlvolvesthe selective removal of a single constituent from a bulk phase (for
exam le, the removal of caffeine from coffee beans), cleaning requires the

\comp ete removal of all cOfltdMinU’ItS from the surface. !ltherissues related
to ~ntegratlng SCF cleaning equipment into the workplace must also be
addressed. ,
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Objeettve

T!Ieobjective of this collaborative program is to develop and evaluate the use
of a SCF cleaning system for use In Industrial manufacturing operations. This
project will attempt to solve remaining problerilsthat prevent
commercialization of SCF by demonstrating at both the laboratory level and in
a production scale-up evaluation the feasibility of such a prncess for a
number of cleaning applications. Process variables affecting the cleaned
parts will be correlated to end use requirements. The work will demonstrate
if the use ofSCF is practical and develop basic cost and energy data for
possible comparison to competing cleaning systems. These problems are
discussed in more detail in a later section which describes our approach.

Potantial Benefits 6fCormnerclalizlng SCFCleanlng

Current estimates are that approximately 20% of the world usage of 2.5 billion
pouncs ofCFCs are used forcleanfng. The majority of the material Is
eventually released to the atmosphere. It is not yet known how much of the
CFCS used for cleaning could be replaced by supercritical carbon dioxide
(SCC02) cleaning. Informal estimates have ranged from S% to 50% replacement
of CFCS by SCC02. Assuming that 20%of the CFCS used for cleaning could be
replaced by supercritical carbon dioxide (SCC02) cleaning, there would be a
reduction of 0.1 billion pounds of CFCS. This represents roughly $500
million/year in solvent costs. These figures do not include any reduction
from the use of chlorocarbons such as tetrachloroethylene.

In addition, SFC is expected to requlra less enerqy than conventional vapor

‘e?reas’n!”
Solvent behavtor of supercrltical fluids can be changed by making

on y smal changes In the fluid pressure. Pr’ellminaryestimates ~ndfcate that
SCC02 processes would require roughly half the energy of conventional vapor
decreasing. The energy impact of SFC will be evaluated more thoroughly as
part of the proposed research. Based on the energy requirement for a typical
.degreaser at Boeing Aerospace Company and the total virgin sol;~nt used in the
U.S., we estimate that the enargy used to produce chlorinate solvents and
operate vapor degreasers in t!:eU.S. is approximately 2 x 10‘3 Btu/year.

Some of the halo enated cleanlng agents that will be eliminated could be
7replaced with so vents and surfactants other than supercritical fluids. Many

of these cleanlng alternatives ara aqueous-based systems. However, aqueous-
based cleaning processes are not llkely to meet cleaning requirements for all
applications. In addition, most of these cleaners either contain volatile
organic compounds, are flammable, conta~n toxic components, or presents a
waste dis osal problem.

!
Detergents and soa~s will contribute to the

biologica oxygen demand (600) and chemical oxygen demand (COD) of a plant’s
waste streams,
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The use of supercritical carbon dioxide as a cleaning agent eliminates many of
these environmental and safety liabilities. Carbon dioxide is non-toxic, and
Its principal health effects are limited to Its role as an asphyxiant. It is
also not flansnableand can be easily separated from the removed contaminants.
Its potential environmental fmpact as a greenhouse gas is well documented;
‘however,commerc~al quantities of carbon dioxide are typically derived from
sources that do not significantly impact the carbon balance of the globe. As
a result, its use would not increase global warming.

Scope of Studies

SCF cleaning of parts is not
atmlications. Thu niche for

expected to be applicable to all surface cleaning
SCF cleaning smears to lie in the area of

precision cleaning of small metal parts,-electronic components and assembles,
and optical components. The solvent and transport properties of SCC02 are
well matched to these applications, and the environmental and energy benefits
of replaclng the CFC-based solvents typically used in these applications are
significant. SCF cleaning is not expected to be widely applicable to gross
cleaning (such as engine decreasing), or final cleaning of large components
(such as wing sections, etc) where the size of the required pressure vessels
would be prohibitive. SCF cleanin technology is also not expected to impact

7relatively small-scale, low-techno ogy cleanin applications such ●s the use
7of acetone as a clean-up solvent in the fiberg ass fabrication industry.

The proposed program will focus on the use of SCF for praclsion cleaning
applications, specifically the precision cleaning of small metal, composite,
and polymer components, electronic com orientsand assemblies, and optical

!components. These ●pplications are be Ieved to offer thm most iuwnediate
potential for commercialization of the SCF cleanlng technology. Particular
attention will be given to ap lications where alternative cleaning processes

!such as aqueous cleaning are east likely to meet cleanlng requirements.
Uleaning tests will be conducted on actual parts and assemblies provided by
the industrial participants in the program.

Experimental Objectives and Technical Approach

The proposed strategy will be to use the individual technical strengths of
each of the partnw~ to greatest advantage, and to communicate results
effectively between partners and with potential users and vendors of the
technology.
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The initial application of SCF cleaning technology In metals parts cleaning
wtll be principal for small precision machined parts, fasteners, and similar

icomponents on a la oratory scale. Cleaning requirements vary, but typically
require removal of both surface o anics and particulate ❑atter. Several

7aspects of metal parts cleaning wi 1 be investigated. The following efforts
will be conducted by PNL:

. Determine the cleaning efficacy of a SCF-based cleaning sYstem,
especially for complex geometries. Actual aerospace components will be
used for testing. The role of solvent parameters, as well as the effects
of physical cleanlng phenomena (eg., use of spray nozzles to create high
fluid impingement forces) will be examined.

w Determine the effect of SCF solvents ●nd antrainers on corrosion and
integrity of surface coatings. A variety bf surface analytical tests
will be conducted on actual components.

“ Characterize the effects (if any) ofSCF processing on functional
properties of parts to determine whether embrittlement or other phenomena
occur. These tests will be largely to assess whether the parts continue
to meet functional requirements.

Test components, surface analytical support and functional parts testing wil?
be provided by Boeing.

SCF technology may also be applfed to the cleaning of electronic and optical
components. In addition to removing organic and particulate matter, removal
of Inorgantc or polar organic contaminates is an essential requirement for
this application. Investigations will be conducted by LANL to determine:

c Compatibility of electronic components with SCF environments. Worktng
clrcult assembles will be cleaned and then tested to determine whether
they can undergo SCF cleanlng without harming the components.

s Abiltty of SCF systems to efficiently remove solder flux and flux
decomposition productS.

● Ability of SCF solvents to remove fingerprints and residual lnorg~nic
material that may affect the cleaning performance of cleaned components.
The role of physical cleaning and co-solvents will be investigated.

The assemblies will be provided by Boeln . Boeing wII1 also provide pos-
7cleanfng testing and evaluation of the c aaned components.

In measuring the efffcacy of any type of cleaning operation, It will be
important to have an array of surface analytical capabilities available to
determine whether target contaminants are removed from the cleaned part. It
will also be important tc conduct funct~onal cleanliness?tests whfch do not
look for specific contaminants, but rather determine tha @ffect of cleaning 00
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the part of component’s ability to meet its intended purpose. LANL will have
lead responsibility for the development.of these testing methods, working in
close partnership with Boeing, particularly on the functional aspects of the
work.

Engineering design activities, in which PNL will have the lead role, are
required to make the transition from laboratory scale to fbll scale commercial
SCF parts cleaning applications. Major issues which will be addressed Include
the following:

● Adaptation of SCF extraction technology to the manufacturing environment.
Designing equipment which meets the needs of the factory floor is an
essential step in bringing this technology to market ?ssues such as
minimizing floor space requirements, ~mprovin

?1
arts leading/unloading

technology, and insuring workplace safety wil e addressed through close
Interaction with Boeing and other manufacturers.

● Supercritical solvent recycle and recovery. Unlike typical SCF
extraction processes, the extracted material (dirt, oil and grease) is
not of high value. This impuses an even greater need to recycle and
recover solvent, ideally at the highest practical pressure.

c Economic and technical evaluation. Continual process evaluation, and use
of these evaluations to direct the ongoing research towards addressing
the technology user’s needs, will be an important aspect of this program.
SCF cleaning technology will be compared with existing cleaning processes
such as vapor and aqueous degr~asing.

PNL wI1l work closely with Boeing, and with other manufacturers and users
(such ●s the U.S. Army) to resolve engineering issues. LANL will make key
contributions in the analytical su port and sensor development required to

!develop an effective solvent recyc e system, and will consult on other aspects
of system design and evaluation.

ConsnercializationStrategy

A significant complication inherent in introducing a new technology such as
SCF cleaning, ts that many existing commercial manufacturing and Military
S edification (MilSpec) Standards require the use of (XCS and halogenated
!a kanes. The majority of HilSpec testing for the cleanliness of parts relies
on the flushing of the part with an appropriate solvent, followed by s~me sort
of measurement on tha recovered solvent. Many of the current MilSpec tests
will not be functional with the new types of cleaning ~gents and procedures
being developed. More sophisticated testing procedures will need to be
developed to meet the specification needs of the military and to achieve
industry acceptanc~. Although many of these techniques currently exfst, they
tend to be more expensive to implement and more equipment intensive to use
than current standards. One of the most pressing i~eedsto facilitate
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commercialization is for the implementation of new testing methods to be able
to determine the efficienc,vof the cleaning proc~ss.

Commercial specifications and standards also affect the technology choices of
the private sector. A large firm such as Boeing provides manufacturing
specifications to its subcontractors. These specifications influence tte
technology choices made by the smaller firms, which rely on larger corporate
customers such as Boei for their business. As the results of cleaning with
SCFS become available, they will be incorporated into corporate specifications
resulting in extensive dissemination of this new technology throughout the
aerospace industry.

Conunercializationwill also be facilitated through the involvement of
potential equipment and technology vendors who are positioned to invest in
brin ing this technology to the market.

!
In addition to the research and

deve opment collaboration between Boeing, LANL, and PNL, at least one third
party vendor has already been enlisted for the commercial development of SCC02
cleaning systems. Additional firms have been contacted concerning supplies of
h~gh purity CO to enhance cleaning efficiency. Thus, the proposed

ic~llaboration ill facilitate the rapid transfer of SCF cleaning technology to
U.S. industry.

The proposed project will be executed under Cooperative Research and
Development Agreements (CRAOAS) as permitted under the National
Competitiveness Technology Transfer Act of 1989. In addition to the CRADA

Emec anism, additional technology transfer options of licensing, personnel
exchanges, User Facility Agreements, and contract research will be utilized
wherever appropriate.
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