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Foreword

Improving the performance, extending the life, and enhancing the appearance of materials used for engineering
components are fundamental--and increasingly important--concerns of ASM members. As the performance demands
placed on materials in engineering applications have increased, the importance of surface engineering (cleaning, finishing,
and coating) technologies have increased along with them.

Evidence of the growing interest in (and complexity of) surface engineering processes can be found in the expansion of
their coverage in ASM handbooks through the years. The classic 1948 Edition of Metals Handbook featured a total of 39
pages in three separate sections on surface treating and coating. In the 8th Edition, surface technologies shared a volume
with heat treating, and the number of pages jumped to over 350. The 9th Edition of Metals Handbook saw even further
expansion, with a separate 715-page volume devoted to cleaning, finishing, and coating.

Surface Engineering, the completely revised and expanded Volume 5 of ASV Handbook, builds on the proud history of
its predecessors, and it also reflects the latest technological advancements and issues. It includes new coverage of testing
and analysis of surfaces and coatings, environmental regulation and compliance, surface engineering of nonmetallic
materials, and many other topics.

The creation of this Volume would not have been possible without the early leadership of Volume Chairperson Fred A.
Smidt, who passed away during the editorial development of the handbook. Two of his colleagues at the Naval Research
Laboratory, Catherine M. Cotell and James A. Sprague, stepped in to see the project through to completion, and they have
done an excellent job of shaping the content of the book and helping to ensure that it adheres to high technical and
editorial standards. Specia thanks are also due to the Section Chairpersons, to the members of the ASM Handbook
Committee, and to the ASM editorial and production staffs. Of course, we are especially grateful to the hundreds of
authors and reviewers who have contributed their time and expertise to create this outstanding information resource.

Jack G. Smon
President
ASM International

Edward L. Langer
Managing Director
ASM International

Preface

In the 9th Edition of Metals Handbook, the title of this Volume was Surface Cleaning, Finishing, and Coating; for the
new ASM Handbook edition, the title has been changed to Surface Engineering. A useful working definition of the term
surface engineering is "treatment of the surface and near-surface regions of a material to allow the surface to perform
functions that are distinct from those functions demanded from the bulk of the material." These surface-specific functions
include protecting the bulk material from hostile environments, providing low- or high-friction contacts with other
materials, serving as electronic circuit elements, and providing a particular desired appearance.

Although the surface normally cannot be made totally independent from the bulk, the demands on surface and bulk
properties are often quite different. For example, in the case of a turbine blade for a high-performance jet engine, the bulk
of the material must have sufficient creep resistance and fatigue strength at the service temperature to provide an
acceptably safe service life. The surface of the material, on the other hand, must possess sufficient resistance to oxidation



and hot corrosion under the conditions of service to achieve that same component life. In many instances, it is either more
economical or absolutely necessary to select a material with the required bulk properties and specifically engineer the
surface to create the required interface with the environment, rather than to find one material that has both the bulk and
surface properties required to do the job. It is the purpose of this Volume to guide engineers and scientists in the selection
and application of surface treatments that address a wide range of requirements.

Scope of Coverage. This Volume describes surface modifications for applications such as structural components, in
which the bulk material properties are the primary consideration and the surface properties must be modified for
aesthetics, oxidation resistance, hardness, or other considerations. It also provides some limited information on surface
modifications for applications such as microelectronic components, in which the near-surface properties are paramount
and the bulk serves mainly as a substrate for the surface material.

The techniques covered may be divided broadly into three categories:

Techniques to prepare a surface for subsequent treatment (e.g., cleaning and descaling)

Techniques to cover a surface with a material of different composition or structure (e.g., plating,
painting, and coating)

Techniques to modify an existing surface topographically, chemically, or microstructurally to enhance
its properties (e.g., glazing, abrasive finishing, and ion implantation)

Two significant surface-modification techniques that are not covered extensively in this Volume are conventional
carburizing and nitriding. Detailed information on these processes is available in Heat Treating, Volume 4 of the ASM
Handbook.

The materias that are suitable for surface engineering by the technigues addressed in this Volume include metals,
semiconductors, ceramics, and polymers. Coverage of the classes of surfaces to be engineered has been broadened in this
edition, reflecting the trend toward the use of new materials in many applications. Hence, this Volume provides
information on topics such as high-temperature superconducting ceramics, organic-matrix composites that are substituted
for metals in many automotive parts, diamond coatings that are used for either their hardness or their electronic
properties, and surfaces that are implanted on medical prostheses for use in the human body. While a number of new
materials and processes have been added to the coverage of this Volume, every attempt has been made to update, expand,
and improve the coverage of the established surface treatments and coatings for ferrous and nonferrous metals.

In this edition, a section has been added that specifically addresses the environmental protection issues associated with the
surface treatment of materials. These issues recently have become extremely important for surface treatment technology,
because many surface modification processes have the potential to create major environmental problems. For some
technologies, such as cadmium and chromium plating, environmental concerns have prompted intensive research efforts
to devise economical alternative surface treatments to replace the more traditional but environmentally hostile methods.
This Volume presents the current status of these environmental protection concerns and the efforts underway to address
them. Thisis a rapidly developing subject, however, and many legal and technological changes can be expected during
the publication life of this Volume.

Organization. Depending on the specific problem confronting an engineer or scientist, the most useful organization of a
handbook on surface engineering can be by technique, by material being applied to the surface, or by substrate material
being treated. The choice of an appropriate technique may be limited by such factors as chemical or thermal stability,
geometrical constraints, and cost. The choice of material applied to a surface is typically dictated by the service
environment in which the materia will be used, the desired physical appearance of the surface, or, in the case of materials
for microelectronic devices, the electrical or magnetic properties of the material. The substrate material being treated is
usually chosen for its mechanical properties. Although the surface modification technique and the material being applied
to the surface can be changed, in many cases, to take advantage of benefits provided by alternative techniques or coatings,
the choice of a substrate material is generally inflexible. For example, if the problem confronting the materials engineer is
the corrosion protection of a steel component, the most direct approach is to survey the processes that have been
successfully applied to that particular base material. Once candidate processes have been identified, they can be examined
in more detail to determine their suitability for the particular problem.



To serve as wide a range of needs as possible, this Volume is organized by both treatment technique and base material.
Wherever possible, efforts have been made to cross-reference the technique and material sections to provide the reader
with a comprehensive treatment of the subject.

The first severa sections are organized by technique, covering surface cleaning, finishing, plating, chemical coating,
vapor deposition, ion implantation, and diffusion treatment. The first of the process-oriented sections, "Surface Cleaning,”
covers techniques for removing various types of foreign substances. In addition to the mature technologies that have been
applied routinely for decades, this section describes a number of processes and innovations that have been developed
recently, prompted by both technological demands and environmental concerns. The section "Finishing Methods"
addresses processes used to modify the physical topography of existing surfaces. These processes also have a lengthy
history, but they continue to evolve with the development of new materials and applications. New information has been
added to this section on methods used to assess the characteristics of finished surfaces.

The section "Plating and Electroplating” describes processes used for electrolytic and nonelectrolytic deposition of
metallic coatings. Coverage of these techniques has been significantly expanded in this edition to include alarger number
of metals and alloys that can be plated onto substrate materials. This section also contains an article on electroforming, a
topic that spans surface and bulk material production. The next section, "Dip, Barrier, and Chemical Conversion
Coatings," contains articles on physically applied coatings, such as paints and enamels, as well as on coatings applied by
chemical reactions, which are similar in many cases to plating reactions. The final technique-related section, "Vacuum
and Controlled-Atmosphere Coating and Surface Modification Processes," covers techniques that apply coatings from the
vapor and liquid phases, plus ion implantation, which modifies the composition near the surface of materials by injecting
energetic atoms directly into the substrate. Several new technologies involving deposition of energetic atoms have been
added to this section. Reflecting the rapid development of electronic materials applications since the last edition was
published, articles have been added on processes specifically applicable to semiconductors, superconductors,
metallization contacts, and dielectrics.

Following the technigue-oriented sections, a new section has been added for this edition specifically to address methods
for the testing and characterization of modified surfaces. This information is similar to that provided in Materials
Characterization, Volume 10 of ASM Handbook, but it is extrapolated to surface-specific applications. Because of the
functions performed by engineered surfaces and the limited thickness of many coatings, materials characterization
techniques must be specifically tailored to obtain information relevant to these problems.

The next four sections of the book focus on then selection and application of surface modification processes for specific
bulk or substrate materials. The section "Surface Engineering of Irons and Steels' is new to this edition and provides a
convenient overview of applicable processes for these key materials. The articles in the section " Surface Engineering of
Nonferrous Metals' provide updated information on the selection and use of surface treatments for widely used
nonferrous metals. Reflecting the increased importance of a variety of materials to engineers and scientists and the
integration of different classes of materials into devices, a section entitled " Surface Engineering of Selected Nonmetallic
Materials" has been added to this edition.

The final section of this Volume, "Environmental Protection Issues,” deals with regulatory and compliance issues related
to surface engineering of materials. In recent years, concerns about the impact of many industrial processes on loca
environments and the globa environment have joined economic and technological questions as significant drivers of
manufacturing decisions. The surface engineering industry, with its traditional reliance on toxic liquids and vapors for
many processes, has been especially affected by these concerns. Environmental protection in surface engineering of
materials is arapidly developing field, and this final section attempts to assess the current status of these issues and give
some bases for predicting future trends.

Catherine M. Cotell
James A. Sprague
Naval Research Laboratory
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This book is a collective effort involving hundreds of technical specialists. It brings together a wealth of information from
world-wide sources to help scientists, engineers, and technicians solve current and long-range problems.

Great care is taken in the compilation and production of this Volume, but it should be made clear that NO
WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, ARE GIVEN IN CONNECTION WITH
THIS PUBLICATION. Although this information is believed to be accurate by ASM, ASM cannot guarantee that
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Classification and Selection of Cleaning Processes

Revised by David B. Chalk, Texo Corporation

Introduction

CLEANING PROCESSES used for removing soils and contaminants are varied, and their effectiveness depends on the
requirements of the specific application. This article describes the basic attributes of the most widely used surface
cleaning processes and provides guidelines for choosing an appropriate process for particular applications.

The processing procedures, equipment requirements, effects of variables, and safety precautions that are applicable to
individual cleaning processes are covered in separate articles that follow in this Section of the handbook. Additional
relevant information is contained in the articles "Environmental Regulation of Surface Engineering,” "Vapor Degreasing
Alternatives,” and "Compliant Wipe Solvent Cleaners® in this Volume. Information about considerations involved in
cleaning of specific metalsis available in the Sections



Cleaning Process Selection

In selecting a metal cleaning process, many factors must be considered, including:

The nature of the soil to be removed

The substrate to be cleaned (i.e., ferrous, nonferrous, etc.)

The importance of the condition of the surface to the end use of the part
The degree of cleanliness required

The existing capabilities of available facilities

The environmental impact of the cleaning process

Cost considerations

The total surface areato be cleaned

Effects of previous processes

Rust inhibition requirements

Materials handling factors

Surface requirements of subsequent operations, such as phosphate conversion coating, painting, or
plating

Very few of these factors can be accurately quantified, which results in subjective analysis. Frequently, several sequences
of operations may be chosen which together produce the desired end result. Asin most industrial operations, the tendency
is to provide as much flexibility and versatility in a facility as the available budget will allow. The size and shape of the
largest predicted workpiece is generally used to establish the cleaning procedure, equipment sizes, and handling
techniques involved.

Because of the variety of cleaning materials available and the process step possibilities, the selection of a cleaning
procedure depends greatly on the degree of cleanliness required and subsequent operations to be performed. Abrasive
blasting produces the lowest degree of cleanliness. Solvent, solvent vapor degrease, emulsion soak, alkaline soak, alkaline
electroclean, alkaline plus acid cleaning, and finally ultrasonics each progressively produces a cleaner surface. In addition
to these conventional methods, very exotic and highly technical procedures have been developed in the electronics and
space efforts to produce clean surfaces far above the normal requirements for industrial use.

Cleaning Media. Understanding the mechanics of the cleaning action for particular processes can help guide the
selection of an appropriate method.

Solvent cleaning, as the name implies, is the dissolution of contaminants by an organic solvent. Typical solvents are
trichloroethylene, methylene chloride, toluene, and benzene. The solvent can be applied by swabbing, tank immersion,
spray or solid stream flushing, or vapor condensation. Vapor degreasing is accomplished by immersing the work into a
cloud of solvent vapor; the vapor condenses on the cooler work surface and dissolves the contaminants. Subsequent
flushing with liquid solvent completes the cleaning process. Temperature elevation accel erates the activity.

One major drawback of solvent cleaning is the possibility of leaving some residues on the surface, often necessitating
additional cleaning steps. Another more significant disadvantage is the environmental impact of solvent cleaning
processes. In fact, much effort is being expended on replacing solvent-based processes with more environmentally
acceptable agueous-based processes (see the article "Vapor Degreasing Alternatives' in this Volume).

Emulsion cleaning depends on the physical action of emulsification, in which discrete particles of contaminant are
suspended in the cleaning medium and then separated from the surface to be cleaned. Emulsion cleaners can be water or
water solvent-based solutions; for example, emulsions of hydrocarbon solvents such as kerosene and water containing
emulsifiable surfactant. To maintain stable emulsions, coupling agents such as oleic acid are added.

Alkaline cleaning is the mainstay of industrial cleaning and may employ both physical and chemical actions. These
cleaners contain combinations of ingredients such as surfactants, sequestering agents, saponifiers, emulsifiers, and
chelators, as well as various forms of stabilizers and extenders. Except for saponifiers, these ingredients are physically
active and operate by reducing surface or interfacial tension, by formation of emulsions, and suspension or flotation of
insoluble particles. Solid particles on the surface are generally assumed to be electrically attracted to the surface. During



the cleaning process, these particles are surrounded by wetting agents to neutralize the electrical charge and are floated
away, held in solution suspension indefinitely, or eventually are settled out as a dudge in the cleaning tank.

Saponification is achemical reaction that splits an ester into its acid and alcohol moieties through an irreversible base-
induced hydrolysis. The reaction products are more easily cleaned from the surface by the surface-active agents in the
akaline cleaner. Excessive foaming can result if the alkalinity in the cleaner drops to the point where base-induced
hydrolysis cannot occur; the reaction of the detergents in the cleaner with oil on the work surface can make soaps, which
causes the characteristic foaming often seen in a spent cleaner.

Electrolytic cleaning is a modification of akaline cleaning in which an electrical current is imposed on the part to
produce vigorous gassing on the surface to promote the release of soils. Electrocleaning can be either anodic or cathodic
cleaning. Anodic cleaning is also called "reverse cleaning," and cathodic cleaning is called "direct cleaning." The release
of oxygen gas under anodic cleaning or hydrogen gas under cathodic cleaning in the form of tiny bubbles from the work
surface greatly facilitates lifting and removing surface soils.

Abrasive cleaning uses small sharp particles propelled by an air stream or water jet to impinge on the surface,
removing contaminants by the resulting impact force. A wide variety of abrasive mediain many sizesis available to meet
specific needs. Abrasive cleaning is often preferred for removing heavy scale and paint, especialy on large, otherwise
inaccessible areas. Abrasive cleaning is also frequently the only allowable cleaning method for steels sensitive to
hydrogen embrittlement. This method of cleaning is also used to prepare metals, such as stainless steel and titanium, for
painting to produce a mechanical lock for adhesion because conversion coatings cannot be applied easily to these metals.

Acid cleaning is used more often in conjunction with other steps than by itself. Acids have the ability to dissolve
oxides, which are usually insoluble in other solutions. Straight mineral acids, such as hydrochloric, sulfuric, and nitric
acids, are used for most acid cleaning, but organic acids, such as citric, oxalic, acetic, tartaric, and gluconic acids, occupy
an important place in acid cleaning because of their chelating capability.

Phosphoric Acid Etching. Phosphoric acid is often used as an etchant for nonferrous metals (such as copper, brass,
aluminum, and zinc) to enhance paint adhesion. A detergent-bearing iron phosphating solution is often ideal for this sort
of combined cleaning and etching approach.

Molten salt bath cleaning isvery effective for removing many soils, especialy paints and heavy scale. However, the
very high operating temperatures and high facility costs discourage widespread use of this process.

Ultrasonic cleaning uses sound waves passed at a very high frequency through liquid cleaners, which can be akaline,
acid, or even organic solvents. The passage of ultrasonic waves through the liquid medium creates tiny gas bubbles,
which provide a vigorous scrubbing action on the parts being cleaned. Although the mechanism of this action is not
completely understood, it yields very efficient cleaning. It isideal for lightly soiled work with intricate shapes, surfaces,
and cavities that may not be easily cleaned by spray or immersion techniques. A disadvantage of ultrasonic cleaning
processes is the high capital cost of the power supplies and transducers that comprise the system. Therefore, only
applications with the most rigorous cleaning requirements are suitable for this technique.

Substrate Considerations. The selection of a cleaning process must be based on the substrate being cleaned as well
as the soil to be removed. Metals such as auminum and magnesium require special consideration because of their
sensitivity to attack by chemicals. Aluminum is dissolved rapidly by both akalis and acids. Magnesium is resistant to
alkaline solutions with pH values up to 11, but is attacked by many acids. Copper is merely stained by akalis, yet
severely attacked by oxidizing acids (such as nitric acid) and only sightly by others. Zinc and cadmium are attacked by
both acids and akalis. Steels are highly resistant to alkalis and attacked by essentially all acidic material. Corrosion-
resistant steels, also referred to as stainless steels, have a high resistance to both acids and akalis, but the degree of
resistance depends on the alloying elements. Titanium and zirconium have come into common use because of their
excellent chemical resistance. These two metals are highly resistant to both alkalis and acids with the exception of acid
fluorides which attack them rapidly and severely.

Table 1 summarizes the comparative attributes of the principal cleaning processes.

Table 1 Comparative attributes of selected cleaning processes
Rated on a scale where 10 = best and 1 = worst



Attribute Hand wiping | Immersion | Emulsion | Batch spray | Continuous | Ultrasonic
conveyor

Handling 2 7 7 5 9 7

Cleanness 4 3 5 7 7 10

Process control | 3 6 6 8 9 9

Capital cost 7 8 7 5 4 1

Operating cost | 5 8 8 7 6 6

Types of soil may be broadly classified into six groups. pigmented drawing compounds, unpigmented oil and grease,
chips and cutting fluids, polishing and buffing compounds, rust and scale, and miscellaneous surface contaminants, such
as lapping compounds and residue from magnetic particle inspection. These six types of soil are dealt with separately in
the order listed.

Removal of Pigmented Drawing Compounds

All pigmented drawing lubricants are difficult to remove from metal parts. Consequently, many plants review all aspects
of press forming operations to avoid the use of pigmented compounds. Pigmented compounds most commonly used
contain one or more of the following substances: whiting, lithopone, mica, zinc oxide, bentonite, flour, graphite, white
lead (which is highly toxic), molybdenum disulfide, animal fat, and soaplike materials. Some of these substances are more
difficult to remove than others. Because of their chemical inertness to acid and alkali used in the cleaners and tight
adherence to metal surfaces, graphite, white lead, molybdenum disulfide, and soaps are the most difficult to solubilize and
remove.

Certain variables in the drawing operation may further complicate the removal of drawing lubricants. For example, as
drawing pressures are increased, the resulting higher temperatures increase the adherence of the compounds to the extent
that some manual scrubbing is often an essential part of the subsequent cleaning operation. Elapsed time between the
drawing and cleaning operations is also a significant factor. Drawing lubricants will oxidize and loosely polymerize on
metal surfaces over time, rendering them even more resistant to cleaning.

Table 2 indicates cleaning processes typically selected for removing pigmented compounds from drawn and stamped
parts such as Parts 1 through 6 in Fig. 1.

Table 2 Metal cleaning processes for removing selected contaminants

Type of | In-process Preparation Preparation Preparation
production cleaning for painting for phosphating for plating

Removal of pigmented drawing compounds®

Occasional or | Hot emulsion hand slush, | Boiling akaline | Hot emulsion hand dlush, | Hot akaline soak, hot rinse (hand
intermittent spray emulsion in single | blow off, hand wipe | spray emulsion in single | wipe, if possible) electrolytic
stage, vapor slush degrease™” stage, hot rinse, hand wipe | akaline, cold water rinse

V apor slush
degrease, hand wipe




Type of | In-process Preparation Preparation Preparation
production cleaning for painting for phosphating for plating
Acid clean®

Continuous Conveyorized spray emulsion | Alkaline soak, hot | Alkaline or acid? soak, | Hot emulsion or alkaline soak, hot
high washer rinse alkaline spray, | hot rinse, alkaline or acid® | rinse, electrolytic alkaline, hot rinse
production hot rinse spray, hot rinse
Removal of unpigmented oil and grease
Occasional or | Solvent wipe Solvent wipe Solvent wipe Solvent wipe
intermittent

Emulsion dip or spray Vapor degrease Emulsion dip or spray, | Emulsion soak, barrel rinse,

rinse electrolytic akaline rinse,
hydrochloric acid dip, rinse
Vapor degrease Phosphoric acid | Vapor degrease
etch

Cold solvent dip Alkaline spray

Alkaine dip, rinse, dry or dip

in rust preventative
Continuous Automatic vapor degrease Automatic  vapor | Emulsion power spray, | Automatic vapor degrease,
high degrease rinse electrolytic alkaline rinse,
production hydrochloric acid dip, rinse®

Emulsion, tumble, spray, Vapor degrease

rinse, dry

Acid clean®

Removal of chipsand cutting fluid
Occasiona or | Solvent wipe Solvent wipe Solvent wipe Solvent wipe
intermittent

Alkaline dip and emulsion | Alkadine dip and | Alkaline dip and emulsion | Alkaline dip, rinse, electrolytic

surfactant emulsion surfactant | surfactant® akaline?, rinse, acid dip, rinse™

Stoddard solvent or | Solvent or vapor Solvent or vapor

trichlorethylene

Steam
Continuous Alkaline (dip or spray) and | Alkaline (dip or | Alkaline (dip or spray) and | Alkaline soak, rinse, electrolytic
high emulsion surfactant spray) and emulsion | emulsion surfactant dkaine®, rinse, acid dip and
production surfactant rinse®™




Type of | In-process Preparation Preparation Preparation
production cleaning for painting for phosphating for plating
Removal of polishing and buffing compounds
Occasiona or | Seldom required Solvent wipe Solvent wipe Solvent wipe
intermittent
Surfactant akaline | Surfactant alkaline | Surfactant alkaline (agitated soak),
(agitated soak), | (agitated soak), rinse rinse, electroclean
rinse
Emulsion soak, | Emulsion soak, rinse Alkaline spray
rinse
Continuous Seldom required Surfactant akaline | Surfactant alkaline spray, | Surfactant akaline soak and spray,
high spray, spray rinse spray rinse akaline soak, spray and rinse,
production electrolytic alkaline”, rinse, mild

Agitated soak or
spray, rinse”

Emulsion spray, rinse

acid pickle, rinse

(a) For complete removal of pigment, parts should be cleaned immediately after the forming operation, and all rinses should be sprayed where

practical.

(b) Used only when pigment residue can be tolerated in subsequent operations.

(c) Phosphoric acid cleaner-coaters are often sprayed on the parts to clean the surface and leave athin phosphate coating.

(d) Phosphoric acid for cleaning and iron phosphating. Proprietary products for high-and low-temperature application are available.

(e) Some plating processes may require additional cleaning dips.

(f) Neutral emulsion or solvent should be used before manganese phosphating.

(g) Reverse-current cleaning may be necessary to remove chips from parts having deep recesses.

(h) For cyanide plating, acid dip and water rinse are followed by alkaline and water rinses.

(i) Other preferences: stable or diphase emulsion spray or soak, rinse, alkaline spray or soak, rinse, electroclean; or solvent presoak, alkaline soak
or spray, electroclean.

(j) Third preference: emulsion spray rinse
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Fig. 1 Sample part configurations cleaned by various processes. See text for discussion.

Emulsion cleaning is one of the most effective methods for removing pigmented compounds, because is relies on
mechanical wetting and floating the contaminant away from the surface, rather than chemical action which would be
completely ineffective on such inert materials. However, emulsions alone will not do a complete cleaning job, particularly
when graphite or molybdenum disulfide is the contaminant. Emulsion cleaning is an effective method of removing
pigment because emulsion cleaners contain organic solvents and surfactants, which can dissolve the binders, such as
stearates, present in the compounds.

Diphase or multiphase emulsions, having concentrations of 1 to 10% in water and used in a power spray washer, yield the
best results in removing pigmented compounds. The usual spray time is 30 to 60 s; emulsion temperatures may range



from 54 to 77 °C (130 to 170 °F), depending on the flash point of the cleaner. In continuous cleaning, two adjacent spray
zones or a hot water (60 to 66 °C, or 140 to 150 °F) rinse stage located between the two cleaner spraying zones is
common practice.

Cleaning with an emulsifiable solvent, a combination of solvent and emulsion cleaning, is an effective technique for
removing pigmented compounds. Emulsifiable solvents may either be used full strength or be diluted with a hydrocarbon
solvent, 10 parts to 1 to 4 parts of emulsifiable solvent. Workpieces with heavy deposits of pigmented compound are
soaked in this solution, or the solution is slushed or swabbed into heavily contaminated areas. After thorough contact has
been made between the solvent and the soil, workpieces are rinsed in hot water, preferably by pressure spray.
Emulsification loosens the soil and permits it to be flushed away. Additional cleaning, if required, is usualy done by
either a conventional emulsion or an akaline cleaning cycle.

Most emulsion cleaners can be safely used to remove soil from any metal. However, a few highly alkaline emulsion
cleaners with pH higher than 10 must be used with caution in cleaning aluminum or zinc because of chemical attack. Low
akaline pH (8 to 9) emulsion cleaners, safe on zinc and aluminum, are available. Emulsion cleaners with a pH above 11
should not be used on magnesium alloys.

Alkaline cleaning, when used exclusively, is only marginally effective in removing pigmented compounds. Success
depends mainly on the type of pigmented compounds present and the extent to which they have been allowed to dry. If
the compounds are the more difficult types, such as graphite or white lead, and have been allowed to harden, hand
slushing and manual brushing will be required for removing all traces of the pigment. Hot alkaline scale conditioning
solutions can be used to remove graphite and molybdenum disulfide pigmented hot forming and heat treating protective
coatings. The use of ultrasonics in alkaline cleaning is also highly effective in removing tough pigmented drawing
compounds.

The softer pigmented compounds can usually be removed by alkaline immersion and spray cycles (Table 2). The degree
of cleanness obtained depends largely on thorough mechanical agitation in tanks or barrels, or strong impingement if a
spray is used. A minimum spray pressure of 0.10 MPa (15 psi) is recommended.

Parts such as 1 to 6 in Fig. 1 can be cleaned effectively by immersion or immersion and spray when the parts are no
longer than about 508 mm (20 in.) across. Larger parts of this type can be cleaned more effectively by spraying.
Operating conditions and the sequence of processes for a typical akaline cleaning cycle are listed in Table 3. This cycle
has removed pigmented compounds effectively from a wide variety of stampings and drawn parts. Energy saving low-
temperature solventized-alkaline cleaners are available for soak cleaning. Similarly low-temperature electro-cleaners also
are effectively employed in industry, operating at 27 to 49 °C (80 to 120 °F).

Table 3 Alkaline cleaning cycle for removing pigmented drawing compounds

Process sequence | Concentration Time, | Temperature Anode current Remarks
min

gL oz/gal °C °F Aldm? | A/ft?

Alkaline soak clean

Barrel® 65t090 | 9t0 12 | 3to5 | Boiling | Boiling

Rack® 65t090 | 9to 12 | 3to5 | Boiling | Boiling

Hot water rinse, immersion, and spray

Barrel® . .. 30 43 110 . . Spray jet if barrel is open type




Process sequence | Concentration Ti.me, Temperature Anode current Remarks
min
g/L oz/gal °C °F Aldm? | A/ft?
Rack® . . 20 43 110 . . Spray rinse, immerse, and spray rinse
Electrolytic alkaline clean
Barrel® 55t065 | 7to9 |2 821099 | 18010210 | 4t06 | 40t0 60
Rack® 651090 | 9t012 | 2 821099 | 18010210 | 4t06 | 40t0 60

Hot water rinse, immersion, and spray®

Barrel® . . 3@ 43 110 . . Spray jet if barrel is open type

Rack® . .. 20 43 110 . . Spray rinse, immerse, and spray rinse

Cold water rinse, immersion, and spray‘®

Barrel® .. . 20 . . . . Spray jet if barrel is open type

Rack® . . 19 . . . . Spray rinse, immerse, and spray rinse

(a) Rotate during entire cycle.

(b) Agitate arm of rack, if possible.

(c) Immersion time.

(d) Maintain overflow at approximately 8 L/min (2 gal/min).

(e) Cleanin cold running water.

Electrolytic alkaline cleaning is seldom used as a sole method for the removal of pigmented compounds. Although
the generation of gas at the workpiece surface provides a scrubbing action that aids in removal of a pigment, the cleaner
becomes contaminated so rapidly that its useis impractical except for final cleaning before plating (Table 2).

Copper aloys, auminum, lead, tin, and zinc are susceptible to attack by uninhibited alkaline cleaners (pH 10 to 14).
Inhibited alkaline cleaners (pH below 10), which have reduced rates of reaction, are available for cleaning these metals.
These contain silicates and borates.



Acid Cleaning. Acid cleaners, composed of detergents, liquid glycol ether, and phosphoric acid have proved effectivein
removing pigmented compounds from engine parts, such as sheet rocker covers and oil pans, even after the pigments have
dried. These acid compounds, mixed with water and used in a power spray, are capable of cleaning such parts without
hand scrubbing.

A power spray cycle used by one plant is given in Table 4. A light blowoff follows the rinsing cycle. Parts with recesses
should be rotated to allow complete drainage. This cleaning procedure suitably prepares parts for painting, but for partsto
be plated, the acid cleaning cycle is conventionally followed by electrolytic cleaning which is usually akaline, but
sometimes done with sulfuric or hydrochloric acid. Phosphoric acid cleaners will not etch steel, although they may cause
some discol oration.

Table 4 Power spray acid cleaning for removing pigmented compounds

Steel parts cleaned by this method are suitable for painting, but electrolytic cleaning normally follows if parts are to be electroplated;
solventized, phosphoric acid-based, low-temperature (27 to 49 °C, or 80 to 120 °F) products are successfully used for power spray
cleaning.

Cycle | Phosphoricacid | Solution temperature | Cycletime,
min

gL |ozga |°C °F

Wash | 15-19 | 2-25 74-79 165-175 34

Aluminum and aluminum alloys are susceptible to some etching in phosphoric acid cleaners. Chromic acid or sodium
dichromate with either nitric or sulfuric acid is used to deoxidize aluminum alloys. Nonchromated deoxidizers are
preferred environmentally. Ferric sulfate and ferric nitrate are used in place of hexavalent chromium. However,
nonchromated deoxidizers tend to produce smut on the workpiece, especially 2000- and 7000-series aloys, when the
deoxidizer etch rate is maintained (normally with fluoride) above 0.003 pm/side per hour (0.1 pin./side per hour). For
more information on removing smut from aluminum, see the article "Surface Engineering of Aluminum and Aluminum
Alloys' in thisVolume.

Vapor degreasing is of limited value in removing pigmented compounds. The solvent vapor will usually remove
soluble portions of the soil, leaving aresidue of dry pigment that may be even more difficult to remove by other cleaning
processes. However, modifications of vapor degreasing, such as slushing, spraying, ultrasonic, or combinations of these,
can be utilized for 100% removal of the easier-to-clean pigments, such as whiting, zinc oxide, or mica.

The latter practice is often used for occasional or intermittent cleaning (Table 2). However, when difficult-to-clean
pigments such as graphite or molybdenum disulfide are present, it is unlikely that slush or spray degreasing will remove
100% of the soil.

Vapor degreasing of titanium should be limited to detailed parts and should not be used on welded assemblies that will
see later temperatures in excess of 290 °C (550 °F) because degreasing solvents are known to cause stress-corrosion
cracking of titanium at these temperatures. Subsequent pickling in nitric-fluoride etchants may relieve this concern.

Solvent cleaning, because of its relatively high cost, lack of effectiveness, rapid contamination, and health and fire
hazards, is seldom recommended for removing pigmented compounds, except for occasional preliminary or rough
cleaning before other methods. For example, parts are sometimes soaked in solvents such as kerosene or minera spirits
immediately following the drawing operation to loosen and remove some of the soil, but the principal effect of the
operation is to condition parts for easier cleaning by more suitable methods, such as emulsion or alkaline cleaning.

Removal of Unpigmented Oil and Grease



Common shop oils and greases, such as unpigmented drawing lubricants, rust-preventive oils, and gquenching and
lubricating oils, can be effectively removed by several different cleaners. Selection of the cleaning process depends on
production flow as well as on the required degree of cleanness, available equipment, and cost. For example, steel partsin
a clean and dry condition will rust within a few hours in a humid atmosphere. Thus, parts that are thoroughly clean and
dry must go to the next operation immediately, be placed in hold tanks, or be treated with rust preventatives or water
displacing ails. If rust preventatives are used, the parts will probably require another cleaning before further processing.
Accordingly, acleaner that leaves atemporary rust-preventive film might be preferred.

Table 2 lists cleaning methods frequently used for removing oils and greases from the 12 types of partsin Fig. 1. Similar
parts that are four or five times as large would be cleaned in the same manner, except for methods of handling. Variation
in shape among the 12 parts will affect racking and handling techniques.

Advantages and disadvantages of the cleaners shown in Table 2, as well as other methods for removing common
unpigmented oils and greases, are discussed in the following paragraphs.

Emulsion Cleaning. Emulsion cleaners, although fundamentally faster but less thorough than akaline cleaners, are
widely used for intermittent or occasional cleaning, because they leave afilm that protects the steel against rust. Emulsion
cleaners are most widely used for inprocess cleaning, preparation for phosphating, and precleaning for subsequent
alkaline cleaning before plating (Table 2).

Vapor degreasing is an effective and widely used method for removing a wide variety of oils and greases. It develops
areproducible cleanliness because the degreasing fluid is distilled and filtered.

Vapor degreasing has proved especialy effective for removing soluble soil from crevices, such as rolled or welded seams
that may permanently entrap other cleaners. Vapor degreasing is particularly well adapted for cleaning oil-impregnated
parts, such as bearings, and for removing solvent-soluble soils from the interiors of storage tanks.

Solvent cleaning may be used to remove the common oils and greases from metal parts. Methods vary from static
immersion to multistage washing. Eight methods of solvent cleaning listed in increasing order of their effectiveness are as
follows:

Static immersion

Immersion with agitation of parts

Immersion with agitation of both the solvent and the parts
Immersion with scrubbing

Pressure spraying in a spray booth

Immersion scrubbing, followed by spraying

Multistage washing

Hand application with wiper

A number of solvents and their properties are found in the articles on vapor degreasing and solvent cleaning in this
Volume. Solvent cleaning is most widely used as a preliminary or conditioning cleaner to degrease both the time required
in and contamination of the final cleaner.

Shape of the part influences the cycle and method selected. For example, parts that will nest or entrap fluids (Parts 3 and 6
in Fig. 1) are cleaned by dipping in a high-flash naphtha, Stoddard solvent, or chlorinated hydrocarbon for 5 to 30 s at
room temperature. Time depends on the type and amount of soil. Parts that are easily bent or otherwise damaged, such as
Part 2 in Fig. 1, are now sprayed for 30 s to 2 min at room temperature. Complex parts, such as Part 9 in Fig. 1, are
soaked at room temperature for 1 to 10 min.

Acid Cleaning. Acid cleaners such as the phosphoric acid-ethylene glycol monobutyl ether type are efficient in the
removal of oil and grease. Also, they remove light blushing rust and form a thin film of phosphate that provides
temporary protection against rusting and functions as a suitable base for paint (Table 2).

Acid cleaners are usually used in a power spray washer. The cycle shown for removing pigmented compounds in Table 4
also removes unpigmented compounds.



Although acid cleaners are comparatively high in cost, they are often used on large ferrous components, such as truck
cabs, before painting. Acid cleaners will etch aluminum and other nonferrous metals.

Alkaline Cleaning. Alkaline cleaners are efficient and economical for removing oil and grease and are capable of
cleaning to a no-water-break surface. They remove oil and grease by saponification or emulsification, or both. The types
that saponify only are quickly exhausted.

Minera, lard, and synthetic unpigmented drawing compounds are easily removed by akaline cleaners. Silicones, paraffin,
and sulfurized, chlorinated, oxidized, or carbonized oils are difficult, but can be removed by akaline cleaners. Alkaline
cleaners will etch aluminum and other nonferrous metal parts unless inhibitors are used, and agueous solutions of alkaline
cleaners cannot be tolerated on some parts or assemblies. On assemblies comprised of dissimilar metals, this presence of
alkaline solution in crevices may result in galvanic corrosion, and even a trace of alkali will contaminate paint and
phosphate coating systems; therefore, rinsing must be extremely thorough. However, very hot rinsing will promote flash
drying and flash rusting of work. Parts should be kept wet between stages, and delays before subsequent processing
should be kept to a minimum. Cold water rinsing is recommended.

Electrolytic alkaline cleaning is effective as a final cleaning process for removing oil and grease from machined
surfaces when extreme cleanness is required. It is ailmost aways used for fina cleaning before electroplating of items
such as precision stedl parts (fitted to +0.0076 mm, or £0.0003 in.) in refrigeration and air conditioning equipment.
Electrolytic alkaline cleaning provided a cleanness of 0.0005 g/10 parts on the small plate assembly (Part 13) in Fig. 2,
and of 0.003 g/10 parts on the 165 mm (6.5 in.) diameter part (Part 14). This degree of cleanness was obtained by using a
conveyor system and the following cycle:

1. Soak in akali, 45to 60 g/L (6 to 8 oz/gal) at 77 to 88 °C (170 to 190 °F) for 1 to 2 min. Energy saving,
solventized-alkaline low-temperature soak cleaners, suitable for ferrous and nonferrous metals are
available. Similarly, low-temperature electrocleaners are also used. Both operate at 27 to 49 °C (80 to
120 °F).

2. Alkaline clean with reverse current, using current density of 5 A/dm? (50 A/ft?), same time,

concentration, and temperature as in step 1. Avoid making the part cathodic when cleaning high-

strength steels or titanium to avoid hydrogen embrittlement.

Rinse in cold water containing chromic acid for rust prevention.

Rinse in cold water containing ammonia.

Rinse in hot water containing 0.1% sodium nitrate.

Dry in hot air.

Place parts in solvent emulsion prior to manganese phosphate coating.

Nogkw
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Fig. 2 Parts for refrigerators or air conditioners that are cleaned using electrolytic alkaline processes

Removal of Chips and Cutting Fluids from Steel Parts

Cutting and grinding fluids used for machining may be classified into three groups, as follows:



Plain or sulfurized mineral and fatty oils (or combination of the two), chlorinated mineral oils, and
sulfurized chlorinated mineral oils.

Conventional or heavy-duty soluble oils with sulfur or other compounds added and soluble grinding oils
with wetting agents.

Chemical cutting fluids, which are water-soluble and generally act as cleaners. They contain soaps,
amines, sodium salts of sulfonated fatty alcohols, alkyl aromatic sodium salts of sulfonates, or other
types of soluble addition agents.

Usually, all three types of fluids are easily removed, and the chips fall away during cleaning, unless the chips or part
become magnetic. Plain boiling water is often suitable for removing these soils, and in some plants, mild detergents are
added to the water to increase its effectiveness. Steam is widely used for in-process cleaning, especially for large
components. Table 2 indicates cleaning processes typically used for removing cutting fluids to meet specific production
requirements.

Emulsion cleaning is an effective and relatively inexpensive means of removing al three types of cutting fluids.
Attendant fire hazard is not great if operating temperatures are at least 8 to 11 °C (15 to 20 °F) below the flash
temperature of the hydrocarbon used. Parts may be cleaned by either dipping or spraying. Many parts are immersed and
then sprayed, particularly parts with complex configurations, such as Part 9in Fig. 1.

It is has often proved economical to remove a major portion of the soil by alkaline cleaning first and then to use an
emulsion surfactant, an emulsion containing surface-activating agent. This sequence prevents the possible contamination
of painting or phosphating systems with alkaline solution.

Most emulsion cleaners can be safely used for removing these soils from nonferrous metals. Only the emulsions having
pH values higher than 10 are unsafe for cleaning nonferrous metals.

Alkaline Cleaners. Alkaline cleaners are effective for removing all three types of cutting and grinding fluids. Alkaline
cleaning is usually the least expensive process and is capable of delivering parts that are clean enough to be phosphate
coated or painted. Inhibited alkaline cleaners are required for removing cutting and grinding fluids from aluminum and
zinc and their aloys.

Electrolytic alkaline cleaning, which invariable follows conventional akaline cleaning for parts that are to be plated,
is also recommended for removing cutting fluids when extra cleanness is required. For example, Parts 7 and 9 in Fig. 1
would be cleaned electrolytically before scaleless heat treating.

Vapor degreasing will remove cutting fluids of the first group easily and completely, but fluids of the second and third
groups may not be completely removed and are likely to cause deterioration of the solvent. Water contained in these
soluble fluids causes the hydrolysis of the degreasing solvent and produces hydrochloric acid, which will damage steel
and other metals. Vapor degreasing solvents have inhibitors to reduce corrosion by stabilizing the pH. A potentia fire
hazard exists when water or moisture and aluminum chips are allowed to accumulate in avapor degreaser.

If vapor degreasing is used to remove water-containing soils, perchloroethylene may be the preferred solvent because its
higher boiling point (120 °C or 250 °F) causes most of the water to be driven off as vapor. However, prolonged
immersion at 120 °C (250 °F) may also affect the heat treated condition of some aluminum alloys. Used exclusively, the
vapor phase will not remove chips or other solid particles. Therefore, combination cycles, such aswarm liquid and vapor,
are ordinarily used. An air blowoff also aids in removing chips.

Solvent cleaning by soaking (with or without agitation), hand wiping, or spraying is frequently used for removing
chips and cutting fluids. Solvents preferentially remove cutting fluids of the first group. Solvent cleaning is commonly
used for cleaning between machining operations, to facilitate inspection or fixturing.

Acid Cleaning. Phosphoric or chromic acid cleaners used in a power spray or soak cleaning when followed by pressure
spray rinsing are effective in removing most types of cutting fluids. However, they are expensive and are seldom used for
routine cleaning. In some applications, acid cleaners have been used because they also remove light rust from ferrous
metals and oxide and scale from aluminum alloys.



Removal of Polishing and Buffing Compounds

Polishing and buffing compounds are difficult to remove because the soil they deposit is composed of burned-on grease,
metallic soaps, waxes, and vehicles that are contaminated with fine particles of metal and abrasive. Consequently,
cleaning requirements should be considered when selecting polishing and buffing compounds. Compounds used for
obtaining buffed and polished finishes may be classified by cleaning requirements:

Liquids: mineral oils and oil-in-water emulsions or animal and vegetable oils with abrasives

Semisolids: oil based, containing abrasives and emulsions, or water based, containing abrasives and
dispersing agents

Solids: greases containing stearic acid, hydrogenated fatty acid, tallow, hydrogenated glycerides,
petroleum waxes, and combinations that produce either saponifiable or unsaponifiable materials, in
addition to abrasives

Table 2 lists preferred and aternate methods for removing polishing and buffing compounds from sheet metal parts.
However, some modification may be required for complete removal of all classes of these soils. Characteristics of
polishing compounds and their effects on cleaning for the three broad classifications of soil are described in the following

paragraphs.

Liquid compositions are oil based and flow readily, leaving a thin film of oil that contains particles of metal and
abrasive on the work. Under extreme heat and pressure, some oils polymerize and form a glaze that is difficult to remove.

Mineral oils are usually unsaponifiable and are not readily removable by conventional akaline cleaners. Solvent wiping,
akaline, or emulsion cleaning, using surfactant cleaners containing surface-activating agents, are more effective in
removing residues from mineral ails.

Most animal and vegetable oils can be saponified at a slow rate. These oils are insoluble in water, but can be removed by
soaking or spraying in hot alkaline solutions (82 °C, or 180 °F). Spraying is preferred because it removes adhering
particles more effectively. Surfactants are suitable also, but their higher cost cannot always be justified.

Semisolid compounds are mixtures of liquid binders and abrasives that contain emulsifying or dispersing agents to
keep the abrasive in suspension. When subjected to heat and pressure, these compounds usually form a heavy soil on the
surface and may cake and fill in depressions and corners. Such compounds vary from unsaponifiable to completely
saponifiable. Hand wiping with solvent or emulsion cleaner is effective in removing these compounds. Impingement from
power washers usually removes most of the soil, regardless of the cleaner used. If power washers are not available, soak
in agitated solutions containing surfactants, followed by athorough rinsing, for satisfactory results.

Solid Compounds. The oil phases of solid compounds are easily removed, but the remaining residues cling tenaciously
to metal surfaces and must be dislodged by scrubbing action. Power washers are the most effective. Most agitated
surfactant cleaners are also effective, but the agitation must be strong enough to dislodge the soils.

Removal Methods

Solvent cleaning is effective for precleaning but is more costly than alkaline or emulsion methods. Cleaning with
chlorinated solvents in a mechanical degreaser or brushing or spraying with petroleum solvents quickly removes most of
the gross soil after buffing or polishing.

Emulsion Cleaning. Emulsion cleaners containing one part of emulsion concentrate to 50 to 100 parts of water, and
operated at 54 to 60 °C (130 to 140 °F) are effective for removing mineral oils and other unsaponifiable oils from
polished work. To effectively remove semisolid compounds, the temperature must be raised to 66 to 71 °C (150 to 160
°F) and the concentration increased to one part concentrate to 10 to 20 parts water. Agitation helps dislodge soil from
corners or grooves. Table 5 describes cleaning cycles for removing polishing and buffing compounds. Thickened
emulsion cleaners may be applied with an airless spray pump. Allow 5 to 10 min dwelling time before cold water rinsing.
Emulsion cleaners applied manually at ambient temperature are suitable for many applications, especialy for buffed
aluminum parts.



Table 5 Emulsion cleaning cycles for removing polishing and buffing compounds
All workpieces were rinsed using water spray.

Type of | Temperature Time, min | Concentration, Agitation
compound emulsion to water
°C °F
Qil 66-71 | 150-160 | 3-5 1:10-20 Soak
Semisolid | 54-60 | 130-140 | 3-5 1:50-100 Solution movement
Solid 71-82 | 160-180 1 1 1:20-50 Spray wash
2

Note: All emulsion cleaned parts should be subsequently cleaned by akaline soaking and electrolytic akaline cleaning before

Removal of solid soils or those containing grit requires the use of higher temperature (71 to 82 °C, or 160 to 180 °F) and
increased concentration (one part concentrate to ten parts water). If the soil is heavy, caked, or impacted in corners, a
spray washer is required, and the proper ratio of concentrate to water is between 1 to 20 and 1 to 50 (Table 5).

All emulsion methods must be followed by a thorough water spray rinse. The cleaner will loosen and remove most of the
soil, but only a strong water spray can remove the remainder. Warm water is preferred, but cold water can be used. A rust
inhibitor additive may be required in the rinse after emulsion cleaning to control flash rusting.

In spray equipment, concentration must be controlled to avoid foaming or breaking the emulsion. When soil removal
requires a critical concentration, a foam depressant may be added to the cleaner. Polishing compounds containing soap or
soap-forming material will cause excessive foaming during agitation, which may reduce the efficiency of the cleaner and
the washer. The performance of emulsion cleaners can sometimes be improved by using them in conjunction with

alkaline solutions, particularly in spray washers. Alkaline cleaning compounds at a concentration of about 4 g/L (%

oz/gal) may be used, but the surface being cleaned will still have an oily film after rinsing.

Although the preceding information is applicable primarily to ferrous metal parts, it can be applied also to brass and to
zinc-based die castings. The following is a cycle that proved successful for removing polishing and buffing soil from
zinc-based die castings in high-volume production:

1. Preclean by soaking for 4 min in diphase cleaner, using kerosene as the solvent; temperature, 71 °C (160
°F); concentration, 1 to 50; plusa 75 mm (3 in.) layer of kerosene. Parts are sprayed with a solution as
they are being withdrawn from the tank.

Fog spray rinse.

Alkaline spray cleaner, 7.5 g/L (1 oz/gdl), 71 °C (160 °F), for 1 % min.

Alkaline soak cleaner, 30 to 45 g/L (4 to 6 oz/gal), 71 °C (160 °F), for 4 min.

Spray rinse.
Transfer to automatic plating machine or electrolytic alkaline cleaning.

oA W N

Alkaline cleaning, or one of its modifications, is an effective and usually the least expensive method for removing
soils left by polishing and buffing. Minera oils and other saponifiable oils are difficult to remove by soak cleaning. Oil
that floats to the surface redeposits on the work unless the bath is continually skimmed. Agitation of the bath to minimize
oil float and proper rinsing of parts as there are withdrawn from the tank minimizes the retention of oil by cleaned parts.



Removing liquid or solid compounds that contain abrasives requires agitation. Most soak cleaners foam if agitated
sufficiently to dislodge hardened soil from recesses or pockets. A mildly agitated surfactant cleaner, followed by a strong
water spray, can loosen these soils (Table 2).

Operating conditions for soak, spray, and electrolytic akaline cleaning methods for removing polishing and buffing
compounds are listed in Table 6. When the soil is charged with abrasive, alkaline cleaners must be renewed more
frequently to prevent the accumulation of dirt that will clog screens and nozzles.

Table 6 Alkaline cleaning for removing polishing and buffing compounds

Soak and spray cleaning are followed by electrolytic cleaning if parts are to be electroplated; electrolytic cleaning is usually preceded
by soak or spray cleaning.

Method of | Concentration | Temperature Time, min
cleaning

gL oz/gal | °C °F
Soak® 30-90 | 4-12 82-100 | 180-212 | 3-5
Spray® 415 | 1 X 71-82 | 160-180 | 1-2
Electrolytic® | 30-90 | 4-12 82-93 | 180-200 | 1-3

Note: Use great carein cleaning brass and zinc die cast, because these materials are easily attacked at high concentration, temperature,
and current density of alkaline cleaners. Anodic cleaning is best, using a concentration of 30 to 45 g/L (4 to 6 oz/gal) at atemperature

(a) For removing light oils, semisolid compounds, and solid compounds if not impacted or burned on work; must be followed by a strong spray
rinse.

(b) For removing light mineral oils, semisolids, and solids if impacted or caked on work; followed by arinse.

(c) For removing light il films and semisolids. Solids are difficult to remove, especially if combined with grit or metal particles.

Electrolytic alkaline cleaning provides a high level of agitation close to the work surface because of the gas
generated and is an effective method for removing polishing and buffing residues. Electrocleaners can be easily
contaminated by polishing and buffing compounds as well as steel particles which may be attracted to the work and cause
surface roughness during plating. Precleaning is necessary. Parts on which minera oil has been used as a polishing
compound should always be precleaned before being electrocleaned. Use of both heavy duty alkaline soak cleaners and
electrocleaners is often necessary to provide a water-break-free surface necessary for good plating quality and adhesion.
The presence of large amounts of animal or vegetable oils or fatty acids and abrasives in the polishing and buffing
compounds will react with free caustic and form soaps in the electrocleaner and shorten its life.

Acid Cleaning. Acid cleaners are chemically limited in their ability to remove polishing and buffing compounds. Soaps
and other acid-hydrolyzable materials present in these compounds are decomposed by acid cleaners into insoluble
materials, which precludes the use of acid cleanersin most instances.

Acid cleaners can be used alone for the more easily removed polishing and buffing compounds, such as fresh and
unpolymerized liquids. In these applications, the acid cleaner must be used at the maximum operating temperature
recommended for the specific cleaner in conjunction with the maximum agitation obtainable by spraying or scrubbing.



Acid cleaners may be desirable for removing acid-insensitive soilsin specia instances such as: where slight surface attack
(short of pickling) is needed for dislodging particles or smut, and in conjunction with akaline or akaline emulsion
cleaners, when successive reversal of pH proves to be advantageous. A light pickle in dilute hydrochloric, hydrofluoric, or
sulfuric acid may be added to the cleaning sequence to remove fine metal particles, tarnish, or light scale to activate the
surface for electroplating.

Removal of Rust and Scale

The seven basic methods used for removing rust and scale from ferrous mill products, forgings, castings, and fabricated
metal parts are:

Abrasive blasting (dry or wet)
Tumbling (dry or wet)
Brushing

Acid pickling

Salt bath descaling

Alkaline descaling

Acid cleaning

The most important considerations in selecting one of the above methods are:

Thickness of rust or scale

Composition of metal

Condition of metal (product form or heat treatment)
Allowable metal loss

Surface finish tolerances

Shape and size of workpieces

Production requirements

Available equipment

Cost

Freedom from hydrogen embrittlement

Combinations of two or more of the avail able processes are frequently used to advantage.

Abrasive blast cleaning iswidely used for removing all classes of scale and rust from ferrous mill products, forgings,
castings, weldments, and heat treated parts. Depending on the finish requirements, blasting may be the sole means of
scale removal, or it may be used to remove the major portion of scale, with pickling employed to remove the remainder.
Glass bead cleaning (blasting) is used for cleaning threaded or precision parts, high-strength steel, titanium, and stainless
steel.

Tumbling is often the least expensive process for removing rust and scale from metal parts. Size and shape of parts are
the primary limitations of the process. Tumbling in dry abrasives (deburring compounds) is effective for removing rust
and scale from small parts of simple shape, such as Part 10 in Fig. 1. However, parts of complex shape with deep recesses
and other irregularities cannot be descaled uniformly by tumbling and may require several hours of tumbling if that
method is used. Adding descaling compounds rather than deburring compounds often decreases the required tumbling
time by 75%.

Brushing is the least used method of descaling parts, athough it is satisfactory for removing light rust or loosely
adhering scale. It is better suited for workpieces formed from tubing than for castings or forgings.

Pickling in hot, strong solutions of sulfamic, phosphoric, sulfuric, or hydrochloric acid is used for complete removal of
scale from mill products and fabricated parts. However, pickling is declining in use as a single treatment for scale
removal. With increasing frequency, pickling, at acid concentrations of about 3% and at temperatures of about 60 °C (140
°F) or lower, is being used as a supplementary treatment following abrasive blasting or salt bath descaling. Use of



deoxidizing aluminum alloys in room-temperature chromic-nitric-sulfuric acid solutions to remove heat treat scale is
common practice.

Electrolytic pickling, although more expensive than conventional pickling, can remove scale twice as fast and may
prove economical where the time is limited. In an automatic plating installation, electrolytic pickling removes light scale
and oxidizes during the time allowed in the pickling cycle and eliminates a preliminary pickling operation. For this
purpose, a solution of 30% hydrochloric acid is used at 55 °C (130 °F) and 3 to 6 V for 2 to 3 min. Cathodic current is
used.

Sulfuric acid formulas also are used electrolyticaly. A cycle for removing light scale from spot-welded partsis a solution
of 10% sulfuric acid at 82 °C (180 °F) and 3to 6 V for 5t0 20 s.

The main objection to electrolytic pickling is high cost. In addition to the requirement for more elaborate equipment, all
workpieces must be racked.

Salt bath descaling is an effective means of removing or conditioning scale on carbon, alloy, stainless, and tool steels,
heat-resisting alloys, copper aloys, nickel alloys, titanium, and refractory metals. Several types of salt baths either reduce
or oxidize the scale. Various baths operate within atemperature range of 400 to 525 °C (750 to 975 °F).

Except in the descaling of pure molybdenum, molten salt baths are seldom used alone for scale removal. Usually, salt
bath descaling and quenching are followed by acid pickling as a fina step in removing the last of the scale. The
supplementary pickling is done with more dilute acids at lower temperatures and for shorter times than are used in
conventional pickling. A solution of 3% sulfuric acid at a maximum temperature of about 60 °C (140 °F) is commonly
used for pickling after salt bath descaling. Other acids are used at comparable concentrations. Metal loss and the danger of
acid embrittlement are negligible in this type of pickling.

Alkaline descaling or akaline derusting is used to remove rust, light scale, and carbon smut from carbon, alloy, and
stainless steels and from heat-resisting alloys. Alkaline descaling is more costly and slower in its action than acid pickling
of ferrous alloys, but no metal is lost using the alkaline method, because chemical action stops when the rust or scale is
removed. Alkaline descaling also allows complete freedom from hydrogen embrittlement. Alkaline etch cleaning of
aluminum alloys is less expensive than acid pickling solutions for descaling, removing shot peen residue, removing
smeared metal prior to penetrant inspection, chemical deburring, and decorative finishing of nonclad surfaces.

A number of proprietary compounds are available. They are composed mainly of sodium hydroxide (60% or more) but
also contain chelating agents.

Immersion baths are usually operated from room temperature to 71 °C (160 °F), but can be used at 93 to 99 °C (200 to
210 °F) with concentrations of about 0.9 kg (2 Ib) of compound to 4 L (1 gal) of water. Required immersion time depends
on the thickness of the rust or scale.

The rate of removal of oxide can be greatly increased by the use of current in the bath, either continuous direct or
periodically reversed. In one instance, an electrolyzed bath descaled steel partsin 1 % min, as compared to 15 min for a

nonelectrolytic bath doing the same job. However, parts must be racked for electrolytic descaling, increasing cost because
of the additional equipment, increased power requirement, and decreased bath capacity.

The addition of about 0.5 kg (1 Ib) of sodium cyanide per 4 L (1 gal) of water increases the effectiveness of electrolyzed
baths. However, when cyanide is used, the bath temperature should be kept below 54 °C (130 °F) to prevent excessive
decomposition of the cyanide. One manufacturer descales heat treated aircraft parts in an alkaline descaling bath, using
direct current and cyanide additions. Another manufacturer descales similar work in an alkaline bath operated at 82 to 93
°C (180 to 200 °F) with alower concentration of descaling compound, 60 to 90 g/L (8 to 12 oz/gal), and no cyanide. The
latter bath is operated at a current density of 2 to 20 A/dm? (20 to 200 A/ft?) and with periodic current reversa (55 s
anodic, followed by 5 s cathodic). Alkaline permanganate baths are also used for descaling. Proprietary products available
are used at about 120 g/L (1 Ib/gal), 82 to 93 °C (180 to 200 °F), 30 min or longer, depending on scale thickness and
condition

Despite the high cost of alkaline descaling baths, they can be economical. Because akaline descaling baths are
compounded for detergency as well as derusting, chemical cleaning and derusting are accomplished simultaneoudly.



Paint, resin, varnish, oil, grease, and carbon smut are removed along with rust and scale. Thus, in a single operation, work
is prepared for phosphating, painting, or electroplating. If parts are to be plated, the cost of electrolytic descaling may be
comparable to that of the nonelectrolytic process, because in either case workpieces must be racked before fina cleaning
and plating. An electrolytic descaling bath may serve asthe final cleaner.

Alkaline descalers are used for applications on critical parts such as turbine blades for jet engines where risk of hydrogen
embrittlement, loss of metal, or etched surfaces cannot be tolerated. Alkaline descaling may also be chosen for parts made
of high-carbon steel or cast iron, because acid pickling will leave smut deposits on these metals. Because of the time
required, alkaline descaling is seldom used for removing heavy scale from forgings.

Acid Cleaning. Acid cleaners more dilute than acid pickling solutions are effective for removing light, blushing rust,
such as the rust that forms on ferrous metal parts in storage under conditions of high humidity or short-time exposure to
rain. Acid deoxidizing solutions specificaly designed for use on aluminum remove oxides and should be used before
electroplating or chemical coating. Various organic acid-based solutions, such as citric acid, are used to remove rust from
stainless steels, including the 400 series and the precipitation hardening steels.

The following examples illustrate the considerations that influence the choice of process for removing rust and scale.
Additional criteria for selection of process are included in Table 7, which compares advantages and disadvantages of
abrasive blast cleaning, pickling, and salt bath descaling.

Table 7 Advantages and disadvantages of the three principal processes for removing scale and rust from
steel parts

Advantages

Abrasive blast cleaning

A variety of equipment and abrasivesis available

Does not interfere with properties established by heat treatment

Size of workpieceislimited only by available equipment

A wide variety of shapes can be blasted

All metals can be safely blasted

Adaptable to either intermittent low or continuous high production

Pickling

Formulations can be adjusted to meet individua requirements in removing scale from various ferrous and nonferrous alloys

Equipment required is ssimple and relatively inexpensive

Materials are relatively low in cost, and process control usually is not difficult

Adaptable to products of virtually any size or shape

Installations can be adapted to either low or high, intermittent or continuous production

Temperatures used will not affect properties of heat treated steel

Salt bath descaling

Reduction or oxidation of the scale is almost instantaneous after workpieces reach bath temperature

No loss of metal and no danger of hydrogen embrittlement

Preliminary cleaning is unnecessary unless there is so much oil on the work that a fire hazard is involved as workpieces
enter the bath

Different metals can be descaled in the same bath

Workpieces of complex shape can be processed, although special handling may be required to obtain complete removal of
salt

Processing temperature may provide useful stressrelieving

For some heat-resisting and refractory metals, molten salt is the only satisfactory method

Will not damage sensitized stainless steels, whereas acid pickling would be harmful

Disadvantages

Abrasive blast cleaning

Some of the metal will be abraded from workpieces, especially from corners

May alter dimensions of machined parts or damaged corners

If sufficiently drastic to remove scale, process may cause more surface etching or roughness than can be tolerated



Complex configurations will not receive equal blasting on all surfaces without special handling, which may be too costly

Pickling

Potential source of hydrogen embrittlement in some metals such as carbon and alloy steels of high carbon content,
especially if these materials have been heat treated to high strength levels

Up to 3% of the metal may be lost in pickling--particularly significant for the more costly metals such as stainless steels or
heat-resisting alloys

Fume control and disposal of spent acids are major problems

Processislikely to deposit smut on cast iron

Excessive pitting may occur in the pickling of cast steels and irons

Salt bath descaling

Not economical for intermittent production, because high operating temperatures necessitate special heating and handling
equipment, and because the bath must be kept molten between production runs

The required water quenching may cause cracking or excessive warping of complex workpieces

The processis not suitable for metals (such) as some grades of stainless steel) that precipitation harden at the temperature of
the salt bath

Operating temperature of the bath can cause carbide precipitation in unstabilized stainless steels

Properties of heat treated workpieces may be impaired if their tempering temperature is below that of the salt bath

Subsequent acid cleaning is usually required to neutralize remaining salts, complete the descaling, and brighten the finished
product

Example 1:

Barrel or vibratory tumbling is probably the most economical method for removing scale or rust from steel parts like Part
10 in Fig. 1, if they are no larger than about 50 to 75 mm (2 to 3 in.). For similar but larger parts, abrasive blasting is
usually a better choice.

However, if such parts are close to finished dimensions and these dimensions are critical, a nonabrasive method of
cleaning should be chosen. If parts are made of low-carbon sted and are not heat treated, pickling in inhibited
hydrochloric or sulfuric acid is satisfactory and less expensive, and hydrogen embrittilement is not a factor. However, if
such parts are made of high-carbon (or carburized) steel and are heat treated, acid pickling would be hazardous and
alkaline descaling would be preferred.

Example 2:

The gear illustrated as Part 7 in Fig. 1 is made of 8620 steel, carburized, and hardened to about 56 to 58 HRC. Although
the part is processed in a controlled atmosphere, a descaling operation is required. Abrasive blasting with fine steel grit or
chilled iron shot (SAE G40 or S170) proved the most economical method for cleaning large tonnages of such parts used
in the manufacture of trucks, tractors, and similar vehicles. Acid pickling was precluded because of hydrogen
embrittlement, and descaling in molten salt was unsuitable because of the softening effect of the high-temperature bath.

Conventional abrasive blasting may deleteriously affect the dimensions of precision gears or pinions. In these specia
applications, akaline descaling or wet blasting with a fine abrasive, such as glass beads, under carefully controlled
conditions, isindicated.

Example 3:

The turbine blade shown as Part 8 in Fig. 1 is made of type 403 stainless steel. If such parts are made in continuous
production, molten salt bath descaling would be the preferred cleaning method. If production is intermittent, the molten
salt method would be too costly, and alkaline descaling would be more practical. Abrasive blasting is unsuitable for this
application because of close dimensional requirements; pickling cannot be used because of metal loss and the risk of
hydrogen embrittlement.

Example 4:

Scale resulting from welding of the low-carbon steel component shown as Part 12 in Fig. 1 could be removed
satisfactorily and economically by either abrasive blasting or acid pickling. Because the part is phosphated and painted,
surfaces are not critical. Acid pickling would probably be preferred, because it would make more uniform contact with all
areas without the need for special handling. Even if alarge quantity of parts were to be cleaned, salt bath descaling would



not be used, because the water quench from about 425 °C (800 °F) would cause excessive warpage. The cost of akaline
descaling in an agueous solution would not be justified for this class of work.

Example 5:

Normally, abrasive blasting would be the preferred method for removing rust and scale from arough ferrous metal casting
like Part 11 in Fig. 1. Chilled iron shot or steel abrasives are usually the most economical abrasives for this purpose.

Pickling is seldom used for descaling castings, such as cast iron, because smut is deposited and must be removed by
another cleaning operation. Severe pitting is also likely to result.

Salt baths have been successfully used for descaling ferrous castings, but there is danger of cracking and excessive
distortion for configurations such as Part 11.

Removal of Residues from Magnetic Particle and Fluorescent Penetrant
Inspection

Successful removal of the iron oxide particles deposited on ferrous parts during magnetic particle inspection requires
complete demagnetization of the part. After demagnetization, emulsion cleaning is an effective and practica means of
removing both the iron oxide residues and oil. Fluorescent pigments used for similar inspection of aluminum parts can be
removed with hot alkaline cleaners.

For low-to-moderate production, an efficient procedure consists of immersing parts in a light, undiluted, oil-based
emulsion cleaner at room temperature or slightly above. Parts are then drained to remove excess cleaner and rinsed in
water, using either agitation or forced spray at room temperature or sightly above. For higher-volume production, power
washers are successful. Parts can be handled singly or in baskets or carriers.

Parts with complex configurations such as Part 9 in Fig. 1, fine threads, or serrations are difficult to clean thoroughly. As-
cast or as-forged surfaces also cause the magnetic oxide particles to cling tenaciously. However, immersion in a cleaning
emulsion with sufficient agitation or the use of a power washer, with properly placed nozzles and with suitable handling
equipment, will clean aimost any part. All oxide particles must be removed before the part is dried, or hand wiping or
brushing will be required.

A type of emulsion cleaner that incorporates a rust preventative is usually preferred, because it provides protection until
the next operation is performed. If rust-preventive films are objectionable in the next operation, they can be removed
easily with alkaline cleaners.

Special Procedures for the Removal of Grinding, Honing, and Lapping
Compounds

Residues remaining on parts after honing or grinding are usually mixtures of metallic and abrasive particles with oil-based
or water-based cutting fluids. Thus, the methods recommended earlier in this article for the removal of chips and cutting
fluids are applicable also for the removal of grinding residues in a mgjority of instances.

Lapped parts are usually more difficult to clean than honed or ground parts. Lapping residues are composed of extremely
fine particles of various abrasives, minute metal particles, semi-solid greases and oils, and some graphite. Even if graphite
is not a part of the original lapping compound, it accumulates from the wear of cast iron laps. Allowing compounds to dry
increases cleaning difficulty. In many instances, methods used for removing polishing and buffing compounds are
applicable also for removing lapping compounds. However, parts that are precision ground, honed, or lapped present
specia cleaning problems because: such parts are commonly used in precision machinery, and consequently the degree of
cleanness required is higher than for most commercial work; they are frequently intricate in design (an example in Part 15
in Fig. 3); and they are commonly susceptible to damage and frequently require special handling.



Part 15

Fig. 3 Part for fuel control mechanism that requires special modification of solvent cleaning to remove grinding
and lapping compounds

An extremely high degree of cleanness without damage is required on some expensive delicate parts (e.g., fuel injection
equipment). Ultrasonic cleaning with alkaline solution, followed by spray with akaline and immersion/spray rinsing is
ideal for this application. Ultrasonic cleaning is rapidly replacing the old pressure solvent spray/agitated immersion
technologies, which were only partialy effective. Parts which normally took an hour or more to clean using solvent
cleaning processes are now effectively cleaned in just a few minutes of ultrasonic cleaning. Other inherent advantages of
this approach are that it is nondestructive to the parts; it uses more environmentally friendly cleaning solutions, and it is
much safer with respect to the explosion dangers that are characteristic of many solvent cleaning technologies. As always,
the primary drawback to ultrasonic cleaning is the comparative high up-front capital cost.

Room-Temperature Cleaning

Room-temperature or cold cleaners are aqueous solutions for removing soil without the aid of heat other than that
resulting from pumping and circulating the solution or being transferred from the surrounding atmosphere. The operating
range of such cleaners is usually from 21 to 46 °C (70 to 115 °F). For additional information, see the article "Alkaline
Cleaning" in this VVolume.

Cold alkaline cleaners, such as the silicate or phosphate types (orthosilicate or tetrasodium pyrophosphate), are
chiefly used for cleaning where heat is not available, where heated solutions are not permitted, or when heating the parts
above about 46 °C (115 °F) is not desirable. In a cold process for iron phosphating, for example, parts that have been
cleaned in a heated solution and have not cooled sufficiently before entering the phosphate solution will yield an
unacceptable phosphate coat. In some applications, an unheated cleaning solution is preferred in order to facilitate the
checking of part dimensions at room temperature without the delay involved in cooling the parts after cleaning. This
procedure is used for cam shafts, honed cylinder walls, and valve-guide holes in engine heads. One automotive plant
utilizes a cold akaline cleaner for removing soil from engine blocks in a power washer at the rate of 300 per hour. In
another application, carburetor parts are cleaned at a rate of 600 to 700 per hour. Table 8 provides severa detailed
examples of the application of cold akaline cleaners.

Table 8 Examples of application of room-temperature alkaline cleaners

Part Surface from | Relative amount | Residual
last operation of original soil | soil on part
on part after cleaning,
mg
Aluminum alloy piston Ground Heavy, upto 0.75 g per part | 0.1
Pinion gear, ferrous Ground and lapped | Heavy 0.1
Ring gear, ferrous Ground and lapped | Heavy 0.1




Part Surface from | Relative amount | Residual
last operation of original soil | soil on part
on part after cleaning,
mg
Engine heads, ferrous Fully machined Heavy 15
Engine intake manifold, ferrous Fully machined Heavy 10
Carburetor throttle body, ferrous Fully machined Medium to heavy 0.5
Automatic transmission pump, ferrous | Fully machined Medium to heavy 6

Cold cleaners may aso reduce costs by using simpler equipment, eliminating the expense of energy for heating, and
reducing maintenance reguirements.

Cold acid cleaners, such as monosodium phosphate containing a detergent, are also available. Their chief use is for
cleaning immediately before iron phosphating, where the advantage of alower pH is significant. These acid cleaners have
apH of about 6 and thus impart a surface compatible with the iron phosphate bath, which has a pH of 4.5t0 5.5.

Some proprietary products now offer simultaneous cleaning and iron phosphating at room or low temperatures. In a few
other isolated applications, cold acid cleaners perform satisfactorily, but in most instances heated solutions are much more
efficient.

Ultrasonic Cleaning

Ultrasonic energy can be used in conjunction with several types of cleaners, but it is most commonly applied to
chlorinated hydrocarbon solvents, water, and water with surfactants. Ultrasonic cleaning, however, is more expensive
than other methods, because of higher initial cost of equipment and higher maintenance cost, and consequently the use of
this process is largely restricted to applications in which other methods have proved inadequate. Areas of application in
which ultrasonic methods have proved advantageous are:

Removal of tightly adhering or embedded particles from solid surfaces

Removal of fine particles from powder-metallurgy parts

Cleaning of small precision parts, such as those for cameras, watches, or microscopes
Cleaning of parts made of precious metals

Cleaning of parts with complex configurations, when extreme cleanness is required
Cleaning of parts for hermetically sealed units

Cleaning of printed circuit cards and electronic assemblies

Despite the high cost of ultrasonic cleaning, it has proved economical for applications that would otherwise require hand
operations.

Part size is a limitation, athough no definite limits have been established. The commercial use of ultrasonic cleaning has
been limited principally to small parts. The process is used as a final cleaner only, after most of the soil is removed by
another method. Ultrasonic cleaning, in some cases, has resulted in fatigue failure of parts. Proper racking and isolation
from tank wall will often solve this problem.

Surface Preparation for Phosphate Coating



Because the chemical reaction that results in the deposit of a phosphate coating depends entirely on good contact between
the phosphating solution and the surface of the metal being treated, parts should always be sufficiently clean to permit the
phosphating solution to wet the surface uniformly. Soil that is not removed can act as a mechanical barrier to the
phosphating solution, retarding the rate of coating, interfering with the bonding of the crystals to the metal, or, at worst,
completely preventing solution contact. Some soils can be coated with the phosphate crystals, but adherence of the
coating will be poor, and thiswill in turn affect the ability of a subsequent paint film to remain continuous or unbroken in
service.

Soils such as cutting oils, drawing compounds, coolants, and rust inhibitors can react with the substrate metal and form a
film that substantially changes the nature of the coating. Precautions must be taken to avoid carryover of cleaning
materials into phosphating tanks. This is particularly true for alkaline cleaners, which can neutralize the acid phosphating
solutions, rendering them useless. Additional information can be found in the article "Phosphate Coatings' in this
Volume.

Surface Preparation for Painting

Surface preparation has a direct effect on the performance of paint films. The best paint available will fail prematurely if
applied to a contaminated or improperly prepared surface. The surface will also influence the final appearance of the paint
film. Surface irregularities may not be hidden by the paint, but they may instead be reflected as apparent irregularities of
the paint film. The principal surface contaminants that are deleterious to the performance of paint films include oil,
grease, dirt, weld spatter, alkaline residues, rust, mill scale, water, and salts such as chlorides and sulfides.

Mechanical and chemical cleaning operations may be used in combination to meet a rigid requirement of surface
cleanliness. For example, on scale-bearing steel intended for an application involving exposure to chemical environments,
complete removal of al oil, grease, rust, mill scale, and any other surface contaminants is mandatory. Nonferrous alloys
such as aluminum require chemical conversion pretreatment plus chromated primers for maximum life and corrosion
protection.

Further discussion can be found in the article "Painting" in this Volume.

Surface Preparation for Electroplating

Preparation for plating is one of the most critical of all cleaning operations, because maximum adhesion of the plated
coating to the substrate is the major requirement for quality work. Maximum adhesion depends on both the elimination of
surface contaminants in order to induce a metallurgical bond whenever possible and the generation of a completely active
surface to initiate plating on all areas. In addition to pickling or other descaling operations, adequate cleaning requires
multistage cycles, usually comprised of the following steps: (1) precleaning with a solvent to remove most of the soil; (2)
intermediate cleaning with alkaline cleaners; (3) electrocleaning to remove the last traces of solids and other contaminants
that are especially adherent; (4) acid treatment and surface conditioning to remove light oxide films formed during
previous cleaning processes and to microetch the surface; and (5) electrolytic (anodic) desmutting to remove any smut
formed during acid pickling of heat treated high-carbon steel parts. Low-carbon steels do not require this desmutting step.
Anodic electrocleaning also offers oxidation or conditioning of scale. The oxidized or softened scale is easily removed in
subsequent acid pickling. The types of cleaning usually employed in the above steps are:

Precleaning: cold solvent, vapor degreasing, emulsifiable solvent, solvent emulsion spray, or akaline
spray with or without solvent emulsion

Intermediate alkaline cleaning: soak cleaning with 30 to 90 g/L (4 to 12 oz/gal) of cleaner at 82 °C (180
°F) to boiling, spray cleaning with 4 to 15 g/L (0.5 to 2 oz/gal) at 66 to 82 °C (150 to 180 °F), and barrel
cleaning with 7.5 t0 45 g/L (1 to 6 oz/gal) at temperatures below 82 °C (180 °F)

Electrocleaning: cathodic, anodic, or periodic-reverse

Acid treatment: practiceis highly specific for the metal being processed

Anodic desmutting: necessary to remove carbon smut

ASTM recommended practices for cleaning various metals prior to plating are given below:



A 380 | Descaling and cleaning of stainless steel surfaces

B 183 | Preparation of low-carbon steel for electroplating

B 242 | Preparation of high-carbon steel for electroplating

B 252 | Preparation of zinc-based die castings for electroplating

B 253 | Preparation of and electroplating on aluminum alloys

B 254 | Preparation of and electroplating on stainless steel

B 281 | Preparation of copper and copper-based alloys for electroplating

B 319 | Preparation of lead and lead alloys for electroplating

B 480 | Preparation of magnesium and magnesium alloys for electroplating

B 322 | Cleaning metals before electroplating

Process sequences and operating details in surface preparation for electroplating are presented in articles in this Volume
on cadmium plating, finishing of stainless stedl, finishing of aluminum aloys, finishing of copper aloys, finishing of
magnesium alloys, and finishing of titanium alloys. The procedures used for preparing the surfaces of high-carbon and
low-alloy stedls, low-carbon steel, and zinc-base die castings are discussed below.

Steels may be cleaned and otherwise prepared for electroplating according to the procedures outlined by the flow chartsin
Fig. 4 and operating conditions in Table 9. The preparation of low-carbon steel for electroplating consists essentially of
cleaning to remove oil and caked-on grease, pickling to remove scale and oxide films, cleaning to remove smut |eft on the
surface, and reactivating the surface for plating.
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Fig. 4 Process flow charts for preparation of steels for electroplating. See Table 9 for operating conditions.

Table 9 Solutions and operating conditions for preparation of steels for electroplating
SeeFig. 4.

Amount Operating temperature | Cycle

Solution | Type of | Composition
time, s

no. Solution

oC OF

High-carbon and low-alloy steels, spring tempter




1 Acid pickle HCI 20-80 vol% | Room temperature @
HNO; 1-5vol%

2 Anodic alkaline cleaner® | NaCN 20-45 g/L (3-6 0z/gal) 49-54 120-130 30-60

High-carbon and low-alloy steels other than spring temper

3 Acid dip HCI 1-10 vol% Room temperature @

4 Anodic alkaline cleaner® | NaCN 20-45 g/L (3-6 0z/gal) Room temperature 30-60

5 Anodic acid etch® H,SO, 250-1005 g/L (33.5-134 0z/gal) | 30 max 86 max 60 max

L ow-carbon steel bulk-processed parts

6 Alkaline cleaner® Alkali 30-60 g/L (4-8 0z/gal) 82-99 180-210 60-120

7 Acid pickle HCI 25-85 vol% Room temperature 5-15

8 Acid dip H,SO, 4-10vol% Room temperature 5-15

L ow-carbon steel racked parts®

9 Acid pickle HCI 25-85 vol% Room temperature @

10 Anodic alkaline cleaner® | Alkali 60-120 g/l (8-16 oz/gal) 93-99 200-210 60-120

11 Acid dip H,SO, 4-10vol% Room temperature 5-15

12 Acid dip H,SO, 1vol% Room temperature 5-10

(@) Minimum time for removal of scale.

(b) Current density, 1.5 to 2.0 A/dm? (15 to 20 A/ft?).

(c) Current density, 1.50 A/dm? (150 A/ft?).

(d) Tumble, without current.




(e) Cyclesfor copper plating included in chart are applicable to all steels here, except that for high-carbon and low-alloy steels, a cyanide copper
strike precedes cyanide copper plating.

(f) Current density, 5.0 to 10.0 A/dm? (50 to 100 A/ft?)

Plating on low-carbon steels represents the bulk of industrial plating. The steps generally used before plating low-carbon
steels are:

WCoNoU~wWNE

Vapor degrease, if necessary
Alkaline soak clean

Water rinse

Descale, if necessary

Water rinse

Alkaline electroclean

Water rinse

Acid activate

Water rinse

10. Plate, asrequired

These steps are a general guideline and should not be construed as firm recommendations. The actual required cycle
would depend on extent of grease and oil contamination, type of scale, and facilities available for the plating operation.
Some of the options available to the plater are:

Emulsion cleaning may be used in place of vapor degreasing. In this case, additional water rinsing is
required.

Anodic electrocleaning is preferred over cathodic cleaning which can cause smut on parts because of
plating of polar soils in the cleaner. Electrocleaners are generally used at 60 to 75 g/L (8 to 10 oz/gal)
and at 8.0 to 10.0 A/dm? (80 to 100 A/ft?). Temperature will depend on the type of cleaner. Low-
temperature cleaners operate at 27 to 49 °C (80 to 120 °F); high-temperature cleaners operate at 82 to 93
°C (180to 200 °F).

If parts are not excessively dirty, soak cleaning can be used instead of electrocleaning. Specially
compounded akaline cleaners are sometimes used to remove slight amounts of oxides. Elevated
temperatures are recommended for all akaline cleaning.

Alkaline cleaners are difficult to rinse. Carryover of residues can produce staining, skip plating, or loss
of adhesion. Warm water is recommended in the first rinse along with good agitation. Two or more
countercurrent (cascade) rinses are highly desirable both from the standpoint of good rinsing and
conservation of water. If both alkaline soak cleaning and alkaline electrocleaning are used, the two
cleaning steps should be separated with a thorough rinse.

Plating is initiated on an active surface. A wide variety of activatorsis available, and most are acidic in
nature. Hydrochloric, sulfuric, or fluoboric acids are commonly used.

Water rinse after activation is critical to avoid contaminating the sensitive plating solution.
Countercurrent rinsing with two or more rinse tanksis desirable.

High-carbon and low-alloy steels are susceptible to hydrogen embrittlement.

Proprietary inhibited acid pickles are available for the effective removal of scale and rust with reduced
danger of hydrogen embrittlement and base metal attack.

Unless the acids used contain inhibiting agents, the acid treatments for surface preparation must be very mild and of short
duration. If electrolysisis necessary, it should be used with anodic current. Thisis especially significant for spring-temper
parts and parts that have been case hardened. Mechanical methods of descaling can often eliminate the need for pickling.



During the anodic etch, a high acid content, low solution temperature, and high current density will minimize smut
formation. Carryover of water into the anodic etching solution should be held to a minimum, and long transfer times after
the anodic etch should be avoided.

Cold rolled sted that has been subjected to deep drawing and certain prepickled hot rolled steels with glazed brownish-
colored surfaces may be exceedingly difficult to clean. For these materials, a solution of 25 to 85 vol% nitric acid has
proved effective.

Paint Stripping

Infrequently, parts have to be stripped and repainted. Possibly there is a problem with appearance; the wrong paint or
color may have been used. Tools, fixtures, and automatic spray line fixtures must be periodically cleaned of old paint
buildup as well. Some paints are easier to strip than others, and some paint stripping methods are incompatible with some
metals. A hot alkaline cleaning bath, which is a part of a metal process line, should not be used as a paint stripping tank.
Even if the cleaning bath works, the bath quality would be degraded and uncontrolled impurities introduced. Paint cannot
be effectively removed from a soiled part, so any part should first be cleaned. Table 10 compares various stripping
methods and lists appropriate financial considerations. Selection of strippers is summarized in Table 11. In paint
stripping, two processes are widely used, hot stripping and cold stripping.

Table 10 Methods of stripping paint

Method Facility Cost factors

Immersion One or more tanks, water rinse | Slow removal rate, low labor, costly facility, disposal cost
capability required

Spray or brush- | Area, ventilation, rinse capability | Slow removal rate, higher labor, lesser cost facility, disposal cost
on required

Abrasive Sand or shot blast facility Slow removal, high labor, may use existing facility, disposal cost

Molten salt Specidized facility for steel only Rapid removal rate, costly facility, low labor, very efficient, lower disposal
cost, fume collection required

Table 11 Selection of strippers for removing organic coatings

Type of organic | Approved Means of | Approved strippers | Operating Remarks
finish to beremoved | metal application | and methods temperature
substrates
OC OF
Epoxy primer | All® Spray or | Proprietary phenalic | 10- 50- Good ventilation and protective
epoxies brush on chromated ~ methylene | 38® | 100” | clothing. Must be approved for
polyurethanes chloride high-strength steels
All others Steel Immersion | Low viscosity® 10- 50- Good ventilation and protective
38® | 100 | clothing
All® Spray  or | High viscosity® 10- 50- Must be approved for high-
brush on 38® | 100® | strength steels




All Steel@ Immersion | Proprietary molten salt As specified by | 225 min follow with water
vendor gquench and rinse. Smoke and
fume control required
Primers, wax, | All Wipe or | Butyl cellosolve methyl [ Room Xylene and toluene are normally
overspray, and squirt on isobutyl  ketone, ethyl | temperature® only effective on waxes and
temporary coatings alcohol xylene, toluene some temporary coatings
All  except epoxy | All Immersion Caustic stripper 10- 50- Water base 10-12 pH
based 38® | 100®
Epoxy All Dry abrasive | MIL-G-5634 Typellll Room Adjust pressure to part fragility
blast temperature
Aluminum | Immersion Chromic acid | 74 £ | 165 + | Maximum alowable immersion
solution,360-480 g/L (3-4 | 3 5 time is 15 min. Water rinse parts
Ib/gal) as soon as possible on removal
from solution.
Chromic acid plus nitric CrO; 360-480 g/L (3-4 Ib/gal),
acid solution HNO; 5% total volume
All Aluminum | Immersion Nitric acid solution 50- | 34 + | 110 * | Maximum alowable immersion
78% HNO; 6 10 time, 20 min

Note: Heavy metals plus stripping chemicals require appropriate means of disposal to meet EPA regulations.

(a) Except steel heat treated above 1500 kPa (220 psi).

(b) Optimum temperature range: 18 to 29 °C (65 to 85 °F).

(c) Proprietary: phenolic, chromated, methylene chloride.

(d) Except heat treated steel.

(e) Do not exceed 32 °C (90 °F)

Hot stripping uses high caustic level and high temperatures. Alkaline paint strippers contain caustic soda, sodium
gluconate, phenols, or cresols. The bath is used at 80 to 95 °C (180 to 200 °F). Depending on the type of paint and coating
thickness, stripping can be done in 30 min to 6 to 8 h. Hot stripping is slow, but economical and environmentally safe.
Hot alkaline paint strippers will attack brass, zinc, and aluminum. These strippers are safe for steel and copper.

Cold stripping, as the name indicates, is done without any heating. The stripping bath consists of powerful organic
solvents, such as methylene chloride; also organic acids, such as phenols or cresols. Many of the organic solvent strippers
available in the market contain two layers. The heavier bottom layer is the organic solvent layer, in which the actual paint
stripping takes place. The lighter top layer is the aqueous layer which prevents the evaporation of the highly volatile
organic solvents from the bottom layer.




Cold solvent stripping, when applicable, is fast. The process, however, is very expensive and waste disposal could be a
problem. Unlike hot strippers, the arganic cold strippers can be used on all base metals such as steel, copper, auminum,
brass, and zinc.

Newer paint stripping technologies strive to combine advantages of both the hot and cold stripping techniques. These
paint strippers, called diphase or multiphase strippers, alow hot akaline stripping and solvent-based stripping to occur in
the same tank via formation of a stable paint stripping emulsion. The emulsion stripper is best run hot with high agitation
to keep the emulsion stable. This process is often able to strip paint that cannot be stripped by either hot akaline or cold
solvent methods, and it is comparatively fast.

Glass Bead Cleaning

Glass bead cleaning is a low energy, nonpolluting method for use with both small and delicate parts as well as large
turbines and engines. Glass bead air systems equal or surpass the finish quality provided by liquid abrasive durry. Other
benefits include no measurable amount of metal removed from close tolerance surfaces (fine threaded screws) and
noncontamination of work surfaces with wide range of bead sizes (170 to 400+ grit). Glass bead cleaning has been
successfully applied to a wide diversity of uses such as: preparation of surfaces for painting, plating, brazing, welding,
bonding; finishing of castings, production of matte finish on meta, glass, and plastics for decorative purposes,
reclamation of tools such as files and saws; stripping of paint; and removal of solder from electrical assemblies.

Air pressures recommended for this procedure range from 70 to 415 kPa (10 to 60 psi). An angle of 40 to 60° for nozzle
to work direction should be used to minimize bounce back and reduce bead consumption because of breakage. The
selection of bead size should be based on the smallest particle that will give the desired surface. This provides the
maximum number of impacts per pound. Working distances of 100 to 200 mm (4 to 8 in.) from nozzle to work will
provide greatest impact (velocity) with the best pattern.

Pollution Control and Resource Recovery

The increasing cost of waste disposal has a great impact on process cost and should be considered in selecting cleaning
processes. Treatment of waste within the plant should be considered to reduce cost, reduce liability, permit reuse of the
raw material, and improve process control. A good example of closed-loop recycling is the distillation purification of
vapor degreasing solvent. The federal EPA has established compliance guidelines, but state and local regulations are often
more stringent. For more information, see the article "Environmental Regulation of Surface Engineering” in this Volume.

Safety

In the use of any metal cleaning process, there are possible safety, health, and fire hazards which need to be considered.
The degree of hazard is dependent upon such factors as the specific materials and chemicals involved, the duration of
employee exposure, and the specific operating procedures.

Information is presented in Table 12 on the types of hazards which may be associated with each cleaning process and the
general control measures which would be used for each hazard.

Table 12 Safety and health hazards of cleaning processes

Cleaning Hazard/air contaminant Control measures OSHA/NFPA
process references
Abrasive Silica dust/total dust exposures Local exhaust ventilation (29 CFR)
blasting

Respiratory protection 1910.94(a)

Goggles or face shield 1910.95




Cleaning Hazard/air contaminant Control measures OSHA/NFPA
process references
Noise exposures Noise exposures 1910.133
Hearing protective devices 1910.134
Skin abrasion Leather protection garments 1910.1000
TableZ-3
Acid cleaning Acid gas or mist exposure Local exhaust ventilation 1910.94(L)
Respiratory protection 1910.133
Goggles or face shield 1910.134
Skin contact Impervious gloves and garments 1910.1000
Table Z-1
Alkaline Alkaline mist exposure Local exhaust ventilation 1910.94(d)
cleaning
Respiratory protection 1910.133
Goggles or face shield 1910.134
Skin contact Impervious gloves and garments 1910.1000
Table Z-1
Emulsion Petroleum Local exhaust ventilation 1910.94(d)
cleaning hydrocarbons
Respiratory protection 1910.132
Alkaline mist exposures Local exhaust ventilation 1910.133
1910.134

1910.1000




Cleaning Hazard/air contaminant Control measures OSHA/NFPA
process references
TablesZ-1,Z-2
Emulsion Alkaline mist exposures Respiratory protection
cleaning
Goggles or face shield
Skin contact Impervious gloves and garments,
Pickling Acid gas or mist exposures Local exhaust ventilation 1910.94(d)
Respiratory protection 1910.133
Goggles or face shield 1910.134
Skin contact Impervious gloves and garments 1910.1000
Table A
Salt bath | Burns Heat resistant gloves and garments 1910.132
descaling
Face shield 1910.133
Toxic gases Local exhaust ventilation 1910.134
Respiratory protection 1910.1000
Table Z-1
Fire/explosion Proper facility design, construction, maintenance NFPA 86C,
Chapter 11
Proper controls for tank
Proper work procedures
Solvent Petroleum or chlorinated | Local exhaust ventilation 1910.94(d)
cleaning hydrocarbon exposure

1910.132




Cleaning Hazard/air contaminant Control measures OSHA/NFPA

process references
1910.133
Respiratory protection 1910.134
1910.1000
Skin contact Impervious gloves and garments TablesZ-1, Z-2
Tumbling Noise exposure Noise enclosure for equipment 1910.95

Hearing protective devices

Vapor Chlorinated hydrocarbon exposure | Condenser cooling system and appropriate thermostats 1910.94(d)
degreasing

Minimize dragout

Local exhaust ventilation

Solvent decomposition products Eliminate hot surfaces above 400 °C (750 °F) in the
vicinity

Eliminate sources of ultraviolet radiation in the vicinity

Proper monitoring of solvent for acid buildups to prevent
exothermic decomposition

The Occupational Safety and Health Administration has established in its General Industry Standards (29 CFR 1910)
regulations pertaining to a variety of safety and health hazards. Those sections of the standards which may apply to each
cleaning process are referenced in Table 12. Because of the unusua fire hazard associated with salt bath descaling, an
applicable chapter of the NFPA standards has a so been referenced.

Tests for Cleanliness

The final evaluation of the effectiveness of a cleaning process should come from a performance test. Eight well-known
methods of determining the degree of cleanness of the work surface are discussed below.

Water-break test is asimple test, widely used in industry. It consists of dipping the work into clean water to reveal a
break in the water film in the soiled area. However, because the test depends on the thickness of the applied water film, a
factor which cannot be controlled, false results can be obtained because of bridging of residues. A mild acid dip before
testing for water break has been found advantageous.

Nielson method requires that ten soiled panels be processed individually to determine the time required for each to be
cleaned. Panels are checked by the water-break test and then by the acid copper test. In the acid copper test, the ferrous
panel isimmersed in a copper sulfate solution (typical composition, 140 g [5 0z] of copper sulfate and 30 cm?® [1 fluid oZ]



of sulfuric acid per gallon of water). On clean surface areas, copper will be deposited by chemical activity, forming a
strongly adherent, semibright coating that is free of spots.

An average of the times required to clean the ten panels is taken as a measure of the effectiveness of the cleaning solution.

Atomizer Test. In the atomizer test, panels are cleaned, acid dipped, dried, placed in a vertical position, and sprayed
with an atomizer containing a blue dye solution. Just before the droplets begin to run, the spray is stopped and the panel is
placed in a horizontal position. Heat is applied to freeze the pattern. The cleaning index is the percentage of the total area
that appears clean. This is determined by placing a grid over the panel, estimating the cleaning for several random
squares, and then averaging for the reported value. The atomizer test is 10 to 30 times as sensitive as the water-break test.

Fluorescent method requires soiling with a fluorescent ail, cleaning, and inspecting under ultraviolet light. It is very
slow and is less sensitive than the water-break and atomizer tests.

Weight of residual soil is aso an evaluation of cleanness. The cleaned panel is washed with ether, the washings are
evaporated, and the residue is then weighed. A modified method is to clean, dry, and weigh the test panel, then soil, clean,
dry, and reweigh it. The increase in weight represents the amount of residual soil present.

Wiping method is aqualitative test. A pand is coated with pigmented soil, cleaned, and then wiped with a white cloth
or paper. The presence of soil on the cloth or paper indicates poor cleaning.

In the residual pattern method, cleaned panelsare dried at 49 °C (120 °F) for 20 min. After drying, the presence of
astained areaindicates residual soil and incomplete cleaning.

Radioisotope tracer technique requires that radioactive atoms be mixed with the soil. Panels are coated uniformly
with the sail, and their radioactivity is determined. The panels are then subjected to various cleaning cycles, after which
their radioactivity is again determined. The cleaning ability of each of the various cycles can be evaluated by the amount
of radioactivity remaining on the panels. This is the most sensitive test; however, dealing with radioactive materials
requires an AEC license, trained personnel, and special types of equipment.

Alkaline Cleaning

Revised by Gerald J. Cormier, Parker+Amchem, Henkel Corporation

Introduction

ALKALINE CLEANING is a commonly used method for removing a wide variety of soils from the surface of metals.
Sails removed by akaline cleaning include oils, grease, waxes, metallic fines, and dirt. Alkaline cleaners are applied by
either spray or immersion facilities and are usually followed by a warm water rinse. A properly cleaned metal surface
optimizes the performance of a coating that is subsequently applied by conversion coating, electroplating, painting, or
other operations. The main chemical methods of soil removal by an alkaline cleaner are saponification, displacement,
emulsification and dispersion, and metal oxide dissolution.

Alkaline Cleaner Composition

Alkaline cleaners have three magjor types of components: builders, which make up the bulk of the cleaner; organic or
inorganic additives, which promote better cleaning or affect the rate of metal oxide dissolution of the surface; and
surfactants.

Builders arethe akaline saltsin an akaline cleaner. Most cleaners use a blend of different salts chosen from:

Orthophosphates, such as trisodium phosphate

Condensed phosphates, such as sodium pyrophosphate and sodium tripolyphosphate
Sodium hydroxide

Sodium metasilicate

Sodium carbonate



Sodium borate

The corresponding (and more expensive) potassium versions of these salts are also commonly used, especidly in liquid
cleaner formulations. The choice of salts for a given cleaner is based on the metal being cleaned, the cleaning method,
performance requirements, and economics. Table 1 shows a few common formulations for specific combinations of
metals and cleaning methods.

Table 1 Alkaline cleaning formulas for various metals

Constituent Formula, wt%, for cleaning:
Aluminum Steel Zinc
Immersion | Spray | Immersion | Spray | Immersion | Spray
Sodium hydroxide e e 38 50
Sodium carbonate 55 18 36 17 10 20
Sodium metasilicate, anhydrous | 37 e 12 e 15 10
Sodium metasilicate, hydrated | . .. 60
Tetrasodium pyrophosphate s 20 9 20 20 65
Sodium tripolyphosphate e ce ce e 50
Trisodium phosphate e e e 10
Fatty acid esters 1 ca 3 0.6
Ethoxylated alkylphenol e e 2 0.2
Ethoxylated alcohol . 2 . 2 . 5
Sodium lauryl sulfonate 5 e e e 5

Phosphates are of great importance in the builder packages of alkaline cleaners. A key function of phosphates is their
ability to complex with hard water salts. By "softening" these hard water salts, they eliminate the formation of flocculate
precipitation caused by calcium, magnesium, and iron. Phosphates are also effective as dispersants for many types of
soils. Additionally, they provide alkalinity and prevent large changesin the pH of the cleaning solution.



Silicates are also versatile as builders for cleaners. They provide alkalinity, aid detergency, and most importantly,
protect metals such as aluminum and zinc from attack by other alkaline salts. However, silicates are difficult to rinse away
and therefore may cause trouble in subsequent plating operations.

Carbonates are an inexpensive source of alkalinity and buffering. They are useful in powdered cleaners as adsorbents
for liguid components. Hydroxides are relatively inexpensive and are the strongest form of akalinity available.

Borates provide strong buffering at a moderately alkaline pH. They have been used extensively in the cleaning of
aluminum. Borates provide a degree of metal inhibition and aid detergency.

Additives are organic or inorganic compounds that enhance cleaning or surface modification. Chemical compounds such
as glycols, glycal ethers, corrosion inhibitors, and chelating agents should be considered additives.

Glycols and glycol ethers are solvents that remove certain oily soils.

Corrosion inhibitors can be incorporated into a cleaner to help decrease the occurrence of oxidation of
the metal surface during water rinsing.

Chelating agents are specialized chemicals for counteracting the negative effects of hard water salts and
metal ions.

Some widely used chelating agents are sodium gluconate, sodium citrate, tetrasodium ethylenediaminetetraacetic acid
(EDTA), trisodium nitrilotriacetic acid (NTA), and triethanolamine (TEA).

Surfactants are organic and are the workhorses of alkaline cleaners. They are key in displacing, emulsifying, and
dispersing many of the soils found on a metal surface. Surfactants lower the surface tension of the cleaner at the metal
surface, allowing it to cover the surface uniformly. There are four major types:

Anionic (e.g., sodium alkylbenzene sulfonate)

Cationic (e.g., quaternary ammonium chloride)
Amphoteric (e.g., akyl substituted imidazoline)
Nonionic (e.g., ethoxylated long chain alcohol)

These magjor types differ in the type of charge found on the individual surfactant molecule, which has both a water-soluble
portion and an oil-soluble portion. In anionic surfactants, the water-soluble portion of the molecule is negatively charged.
Cationic surfactants have a positively charged entity. Amphoteric surfactants have both a positively and a negatively
charged entity on each molecule. Nonionic surfactants are free of any charge; they are neutral.

For spray cleaners, nonionic surfactants are used almost exclusively, because in genera this is the only type that can
provide both low foaming and good cleaning ability. For immersion cleaning, anionic or nonionic surfactants are most
often used. Alkaline immersion cleaners can use any of the four types, because the foaming properties of surfactants do
not cause a problem. Amphoteric surfactants behave like anionic surfactants when used in an alkaline medium, so it is
usually more cost-effective to use an anionic surfactant directly. Cationic surfactants are rarely used in the alkaline
cleaning of metal because they are the weakest cleaners. In addition, certain cationics react with the metal surface and
form a counterproductive film.

Cleaning Mechanisms

Cleaning is accomplished using saponification, displacement, emulsification and dispersion, and metal oxide dissolution.
When a particular part is cleaned, any one or more of these mechanisms may be at work.

Saponification is limited to the removal of fats or other organic compounds that react chemically with alkaline salts.
Fatty compounds, both animal and vegetable, react with the alkaline cleaner salts in the cleaning solution to form water-
soluble soaps. The soap formed may be either beneficial or detrimental to the performance of the cleaner.



Displacement is the lifting of oily soils from a surface by the action of surfactants. By their chemical nature, surfactants
have an affinity for metal surfaces that is stronger than the oil's affinity. The surfactant in the cleaning solution lifts the oil
from the surface and replaces it with itself. Once the ail isin solution, dispersion and emulsification phenomena act on it.

Dispersion and emulsification hold oily materials in solution. These two mechanisms have the same goal: to allow
mutually insoluble liquids, such as oil and water, to stay together.

Emulsification isthe use of a surfactant as a connector to keep oil and water together asif they were one unit. As stated
above, one portion of a surfactant molecule is water soluble, and this allows it to move freely in water-based cleaners. The
oil-soluble portion of the surfactant molecule allows it to hold on to oil-soluble molecules. In a typical water-based
cleaner, the surfactant captures and holds oil in solution.

Dispersion is the ability of the cleaner to break oil down into tiny droplets and prevent it from regrouping
(reassembling). Both the surfactants and the alkaline salts of the cleaning solution aid in keeping the oil dispersed.

Metal Oxide Dissolution. Surface oxide dissolution is the direct reaction of the alkaline cleaner salts on the metal
surface. Metal oxide dissolution targets the remova of undesirable oxides and inorganic contaminants (e.g., light mill
scale, corrosion products, and superficial oxides) from a metal surface. The type of metal being cleaned and the
concentration, composition, and temperature of the cleaner all play arole in the speed and degree of metal dissolution.
The rate should be controlled to minimize the loss of base metal beneath the oxide. Excessive base metal removal will
result in localized corrosion and pitting of the surface.

Rinsing

A good water rinse is essential for good cleaning. The temperature of the water rinse may be hot, warm, or cold, but
regardless of the temperature the solution should be kept clean. Warm water is usually the best for rinsing. Cold rinses are
less efficient than warm rinses, while hot rinses may promote the rapid formation of an oxide film commonly known as
"flash rust."

The water rinse should contain no more than 3% of the concentration of the cleaner solution. For example, if the cleaner
is prepared at 30 g/L (4 oz/gdl), the rinse water should contain no more than 0.9 g/L (0.12 oz/gal). The water rinse is
mainly responsible for removing residual cleaner, but it may also remove a small amount of soil. Water rinsing can be
done by either immersion, spray, or a combination.

Method of Application

Immersion Cleaning. When an akaline cleaner is applied by immersion, the parts to be cleaned are immersed in the
solution and allowed to soak. As the alkaline cleaner acts on the parts, convection currents (due to heating or mechanical
agitation) help to lift and remove soils from the metal surface. The efficiency of removal by the soak cleaner is greatly
enhanced by agitation.

There are several approaches to immersion cleaning:

Barrel cleaning, in which small parts are agitated inside a barrel that rotates in the cleaner solution
Moving conveyor cleaning, in which solution flow is created as parts are dragged through the cleaner
Mechanical agitation, in which the cleaner is circulated using pumps, mechanical mixers, or ultrasonic
waves

Mechanical contact, in which the cleaner is applied with external forces such as brushes or squeegees

Spray Cleaning. The effectiveness, low cost of equipment, and high degree of flexibility associated with spray cleaning
has made this method popular for many years. Specialized methods of spray cleaning include steam cleaning, in which
the cleaning solution is injected into a stream of high-pressure steam, and flow cleaning, in which the cleaning solution is
flooded onto the part at high volume but at relatively low pressure.

Spray cleaning is accomplished by pumping the cleaning solution from a reservoir through a large pipe ("header"),
through a series of smaller pipes ("risers'), and finally out of spray nozzles onto the part to be cleaned (Fig. 1). The



pressure at which the solution is applied to the part can vary from as low as 14 kPa (2 psi) to as much as 13,800 kPa
(2,000 psi). On atypical cleaning line the application pressure will range from 70 to 210 kPa (10 to 30 psi). In generd,
higher spray pressure produces greater mechanical forces for removing soils from a metal surface. Mechanical effects are
especially important for the removal of insoluble particles such as dust, metal fines, and carbon smuit.

’}\ T ~ Spray riser

Mozzles

Solution
reservoir

‘ Header ™| ]

Fig. 1 Equipment for spray cleaning operation

Spray cleaners are prepared with low foaming surfactants that minimize foam formation, even at high spray pressure.
Over the last few years, low-foaming surfactants designed for spray cleaning have achieved cleaning performance
comparable to that of surfactants used for immersion cleaning.

While spray cleaning is effective on most parts, certain parts, such as the interior of an enclosed section, have soiled areas

inaccessible to the sprayed cleaning solution. In these instances, immersion cleaning is more effective because all surfaces
of the part can be brought in contact with the cleaning solution.

Operating Conditions

The operating conditions for applying an akaline cleaner by spray are very different from those used for immersion
cleaning. The following table shows typical operating conditions for spray and immersion cleaners.

Operating condition Immersion cleaners | Spray cleaners

Concentration 7.5-90 g/L 1.9-225¢g/L
(1-12 oz/gdl) (0.25-3 0z/gal)

Application temperature | 50-100 °C 40-71°C
(122-212 °F) (140-160 °F)




Processing time 1-5min 0.5-3min

Spray pressure . 35-210 kPa
(5-30 psi)

Considerable progress has been made in recent years to lower the operating temperature of alkaline cleaners. Improved
nonionic surfactants, especially for spray-applied cleaners, have alowed for a reduction in cleaner temperature of 15 °C
(25 °F) or more without a loss in cleaning performance. A considerable cost savings results from this decrease in energy
demand. For example, the cost of heating a solution by steam to 88 °C (190 °F) is about three times that of heating to 49
°C (120 °F). Research in this area is being directed at further reducing the temperature necessary to provide top-quality
cleaning of metal surfacesin both spray and immersion applications.

Testing and Control of Cleaners

Alkaline cleaners lose strength through use and dilution, as well as through the necessity of replacing lost cleaning
solution with water, so a reliable method of determining cleaner concentration is necessary. The most commonly used
method is acid-base titration. In this procedure, an accurately measured amount of akaline cleaner is placed in a
container, and then an acid of specific concentration is slowly added (titrated) to the solution with stirring until a specific
pH is achieved. The equipment to determine when the sample has reached the proper pH may be as exacting as a pH
meter, or it may use a less precise method such as the addition of a colored indicator solution. (An indicator solution
changes the color of the titrated solution at or near the desired pH.) The acid added to achieve the final test pH is
generally measured in millimeters (commonly referred to as "points"). The amount of acid that must be added to the
alkaline cleaner solution to achieve the proper pH relates directly to the cleaner's strength.

Cleaners age as they react with atmospheric carbon dioxide, as soils are removed, and as water is added due to cleaner
dragout and evaporation. The increase in total akalinity indicates the degree of contamination in the cleaner, and this can
be determined by two titrations of the cleaning solution. The pH values used for measuring the age of a cleaner are 8.2
and 3.9. The amount of acid required to change the pH of an alkaline cleaner to 8.2 is called the free alkalinity. The
amount of acid required to increase the pH of an akaline cleaner to 3.9 is the total alkalinity. If indicators are used,
phenolphthalein is used for pH 8.7 (changes from pink to clear) and methyl orange is used for pH 3.9 (changes from
yellow to orange). The relationship between the free and total alkalinity will change as a cleaner ages. For instance, if the
free alkalinity of a fresh cleaner sample was 5.0 and the total alkalinity was 6.0, the ratio of total akalinity to free
akalinity would be 6:5, or 1.2. Cleaner manufacturer guidelines differ, but a rule of thumb for disposing of a cleaner is
that a cleaner should be rebuilt when the ratio of total alkalinity to free akalinity of the solution has doubled relative to its
starting ratio.

Equipment for Alkaline Cleaners

All equipment for alkaline cleaners can be constructed of low-carbon steel. However, construction from 300 series
stainless steel will significantly increase life and simplify maintenance. Stainless steel is recommended for areas that are
exposed to highly corrosive environments, such as circulation pumps and heat exchangers. For cleaner stage piping,
plastic is used increasingly often due to its excellent resistance to corrosion.

The simplest type of cleaning line is immersion, where the equipment consists of a tank, a source of heat (such as gas,
electricity, steam, or a heat exchanger), and an exhaust system to draw off the steam being generated by the hot cleaner.
For a spray system, additional equipment includes a spray pump, riser, nozzles, and a spray zone enclosure. Periodically,
the cleaning tank and spray equipment must be cleaned in order to remove the scale and contaminants that build up during
normal operations. The cleaning method consists of circulating an inhibited acid throughout the cleaning system until the
scale and hard water deposits are removed. These deposits cause reduced spray pressures and inefficient heating. If not
removed, they could permanently damage the equipment. After acidic cleaning, the tank is thoroughly rinsed and charged
with fresh cleaner.

Safety and Environmental Concerns



The handling and use of akaline cleaners follows general, common chemical handling rules. A person handling powdered
cleaners should wear not only gloves and aprons, to prevent skin contact, but also appropriate goggles and a particle
mask, to prevent eye contact and inhalation. Liquid cleaners are becoming more popular due to their ease of handling and
increased safety. Alkaline cleaners are also becoming more popular as an aternative for hydrocarbon and fluorocarbon
solvent degreasing operations.

Environmental regulations continue to affect the direction of cleaner development and cleaner use. Three major issues
confront cleaner formulators: reducing or eliminating phosphate effluent; reducing the aguatic toxicity and increasing the
biodegradability of cleaners, and "recycling” of cleaners to extend bath life and therefore reduce cleaner dump
frequencies and their associated costs. These regulation-driven issues are being approached in a number of ways. For
instance, the reduction of phosphate salt use is being addressed by partia or complete replacement of phosphate salts
(e.g., with polyacrylic-acid-base polymers). These polymers provide good hard water control and are easy to waste treat.
The pursuit of lowering aguatic toxicity and increasing biodegradability of alkaline cleaners is being accomplished by
reformulating with biodegradabl e surfactants. Recycling of cleaners includes the use of ultrafiltration to remove dispersed
oil, thereby extending bath life and decreasing the frequency of cleaner discharge. Thermal oil separators have also been
useful for removing emulsified or dispersed oil in cleaner baths.

Solvent Cold Cleaning and Vapor Degreasing

Revised by Vicki L. Rupp and Ken Surprenant, Dow Chemical USA

Introduction

SOLVENT CLEANING is a surface preparation process that is especially adept at removing organic compounds such as
grease or oil from the surface of a metal. Most organic compounds are easily solubilized by organic solvent and removed
from the workpieces. In some cases, solvent cleaning before other surface preparations can extend the life of cleaning
operations and reduce costs. In other cases, solvent cleaning prepares workpieces for the next operation, such as
assembly, painting, inspection, further machining, or packaging. Before plating, solvent cleaning is usually followed by
an akaline wash or another similar process that provides a hydrophilic surface. Solvent cleaning can also be used to
remove water from electroplated parts, a common procedure in the jewelry industry.

Solvent cleaning can be accomplished in room-temperature baths or by using vapor degreasing techniques. Room-
temperature solvent cleaning is referred to as cold cleaning. Vapor degreasing is the process of cleaning parts by
condensing solvent vapors of a solvent on workpieces.

Parts may also be degreased by immersion in the hot solvent, as well as by exposure to the solvent vapor. Drying is
accomplished by evaporating the solvent from the parts as they are withdrawn from the hot solvent vapor. In cold
cleaning, parts are dried at room temperature or by the use of external heat, centrifuging, air blowing, or an absorptive
medium.

The use of many industrial solvents is being severely restricted because of health, safety, and environmental concerns.
These concerns are discussed to some degree in this article; additional information is available in the articles
"Environmental Regulation of Surface Engineering" and "V apor Degreasing Alternatives' in this volume.

Cold Cleaning

Cold cleaning is a process for removing oil, grease, loose metal chips, and other contaminants from the surfaces of metal
parts. Common organic solvents such as petroleum distillate fractions, chlorinated hydrocarbons, chlorofluorocarbons,
hydrofluorocarbons, or blends of these classes of solvents are used. Cleaning is usualy performed at, or slightly above,
room temperature. Parts are cleaned by being immersed and soaked in the solvent, with or without agitation. Parts that are
too large to be immersed are sprayed or wiped with the solvent. Ultrasonic agitation is sometimes used in conjunction
with solvent cleaning to loosen and remove soils, such as abrasive compounds, from deep recesses or other difficult-to-
reach areas. This reduces the time required for solvent cleaning of complex shapes.

Cold cleaning is chosen when one or more specia conditions exist: water will not remove the soils, water would promote
corrosion or rusting, or soil must be removed from temperature-sensitive parts. Equipment for cold cleaning can be as
simple as a small tank or a pail with a cover. Thus, cold cleaning is a convenient choice for temporary operations,



operations where each machinist must be able to clean parts, or operations where capital intensive equipment cannot be
justified.

Solvents

Table 1 lists aliphatic petroleums, chlorinated hydrocarbons, chlorofluorocarbons, alcohols, and other solvents commonly
used in cold cleaning. Stoddard solvent, mineral spirits, and VM & P naphtha are widely used because of their low cost and
relatively high flash points. The chlorinated hydrocarbons and chlorofluorocarbons exhibit a wide range of solvency and
are nonflammable, but most are far more expensive than the diphatic petroleums. Blends of solvents are offered to
provide improved solvency, reduce cost, reduce fire hazard, adjust evaporation rates, and so on. The alcohols are used
aone, or in conjunction with chlorocarbons or chlorofluorocarbons, for special cold cleaning applications such as
removing activated soldering fluxes. Acetone and other solvents having low flash points are used for special purposes
only, such as cleaning the components of precision instruments, but may pose a serious fire hazard. Their storage and use
reguire strict observance of all safety precautions.

Table 1 Properties of cold cleaning solvents

Solvent Flash point® | OSHA TWA,
ppm(b)

oC oF

Aliphatic petroleums

Kerosene 63 145
Naphtha, hi-flash 43 110
Mineral spirits 14 57 500
Naphtha, VM &P 9 48 500
Stoddard solvent 41 105 | 100

Chlorinated hydrocar bons®

Methylene chloride None | None | 500

Perchloroethylene None | None | 100

Trichloroethane (1,1,1) | None | None | 350

Trichloroethylene None | None | 100

Trichlorotrifluoroethane | None | None | 1000

Alcohols




Ethanol, SD 14 57 1000

| sopropanol 10 50 400

Methanol 12 54 200

Other solvents

Acetone -18 0 750
Benzol 11 |12 10
Cellosolve™ 40 | 104 |50
Toluol 4 40 100

(@) Tag closed cup.

(b) OSHA exposure values expressed as parts of vapor or gas per million parts of air by volume at 25 °C (77 °F) and 760 mm Hg pressure. These
values should not be regarded as precise boundaries between safe and dangerous concentrations. They represent conditions under which it is
believed that nearly all workers may be repeatedly exposed, day after day, without adverse effect. The values refer to time-weighted average
concentrations for anormal workday.

(c) Also used for vapor degreasing.

(d) 2-ethoxyethanol

In choosing an organic solvent for a particular operation, the most important characteristics to consider are its:

Toxicity

Solvency for soils, water, and salts
Evaporation rate

Purity

Biodegradability

Ease of conservation/recovery/distillation
Compatibility with part or assembly materials
Cost

Ease of disposal

Associated regulatory requirements

The importance of any specific characteristic is related to the cleaning required, the sophistication of the equipment
engineering, and other properties of the candidate solvent. For example, a more toxic solvent might be acceptable if the
equipment prevents overexposure of workers. Solvency for the soil to be removed is usually essential, but solubility of
water may be preferred for drying parts. On the other hand, solubility of water could be a disadvantage if the discharge
water contains excessive amounts of solvent. A low-vapor-pressure solvent is lost through evaporation more slowly, and



may be more easily controlled below its acceptable worker exposure standard, than a solvent with greater volatility.
However, dow evaporation causes prolonged drying time. Removal of one soil only to have it replaced by a different soil
from the solvent is normally not desirable. Therefore, initial solvent purity isimportant, and a means is required (usually
ditillation) of maintaining a level of purity to prevent redeposition of soil from previously cleaned parts. Highly
biodegradable solvents may be more acceptable in discharge to public water treatment plants, but even so they could
cause fish kills due to oxygen depletion in ponds or lakes. Tight equipment may conserve solvent to the extent that a
preferred higher-price solvent may be a practical choice. Greater conservation results in less addition of fresh solvent to
the system and increases the need for purification by distillation. Identification markings, paint, or plastic components
may require a solvent that is selective in dissolving the soil without damaging the parts. Critical factors in cost control
may be the use of a minimum of labor, elimination of reject parts, and reduction of disposal costs, rather than the price of
the solvent. Disposal costs are another factor in the overall operating costs. Regulations have become another major
consideration in the solvent selection process. The best illustration of this is the production ban on 1,1,1-trichloroethane
and trichlorotrifluoroethane, beginning January 1, 1996, because they deplete stratospheric ozone. Table 1 provides some
information that can be used in choosing a solvent.

Process Control Variables

Cold cleaning is chosen for its simplicity and the low capital cost for the great majority of its uses. It is nhot surprising that
most operations are conducted in a simple tank or pail with a cover at room temperature. A course spray, mechanical
agitation (usually manual), brushing, and ultrasound are used to speed cleaning and assist in the removal of insoluble
matter. Increasing the solvent temperature will increase its solvency, but this option is infrequently used. Elevated
temperatures can significantly increase the fire hazard of flammable solvents, and control of worker vapor exposures
becomes difficult as the solvent evaporates more rapidly.

Cleanness of Solvent. As contamination of the solvent increases, cleaning efficiency and the cleanness of processed
parts decrease correspondingly. Cleanness regquirements prescribe the time at which the solvent must be replaced. For
example, a service business that has become quite popular, especially in automotive repair shops, provides the tank
equipment and solvent, periodically removes the dirty solvent, and replaces it with clean solvent.

Solvent Reclamation. All solvents can be reclaimed by either a factory-operated still or a licensed reclamation
service. In genera, the reclamation process is one of simple distillation. However, explosion-proof equipment is essential
for the distillation of flammable solvents.

Factory distillation equipment must be selected on the basis of the volume of solvent used, whether the solvent is
flammable, the boiling point of the solvent, the nature of the contaminants, and the degree of purity required. A still may
service multiple cold cleaning locations, or it may be incorporated into the large sizes of dip or soak equipment on a
semiautomated basis.

Standards for recovered solvent usually relate to color, clarity, moisture content, and neutrality, although tests for specific
contaminants may be included. Chlorinated hydrocarbons contain stabilizers, added during manufacture; many times,
distillation necessitates supplemental inhibition.

The time to replace dirty solvent with clean solvent is determined by the degree of redeposition. Each part placed in adip
solvent comes out of the solvent with athin film of soil redeposited on its surface. The permissible degree of redeposition
determines the practical limit of usefulness of a solvent and the rate at which fresh solvent must be introduced.
Alternatively, immersion in sequentially cleaner solvent baths can prolong the useful life of the solvent. In spray wipe
applications in which the solvent is aided by strong mechanical action, there is a nearly continuous use of fresh solvent,
which is seldom reused.

Each solvent typically has a temperature range where ultrasonic energy optimally agitates it. If the solvent bath is heated
too close to the boiling point of the solvent by the sonic energy, the mechanical action diminishes. Control of the bath
temperature is important to effective use of ultrasonic cleaning, which is often employed to remove insoluble matter that
would need to be filtered from the solvent to maintain cleaning effectiveness.

Tests of cleanness made directly on parts generally are more practical for determining the reclamation point than are
measurements of soil buildup in the solvent. Although checking the cleaned item for satisfactory performance in
subsequent operations is a practical method for determining whether a required degree of cleanness has been obtained,



various other methods of testing for cleanness are also available. In order of increasing degree of cleaning requirements,
they are:

Visual observation of parts and solvent condition

Wiping parts with a clean dry white cloth and then examining the cloth for adhering soil

Applying tape to the cleaned surface, removing it, and examining it for adhering soil (Scotch tape test)
Tests for the adhesion of paints, ranging from specia low-adhesion test paints to conventional paint
Microscopic examination of parts

Resoaking parts in fresh solvent and weighing the nonvolatile residue

Chemical analysisfor specific soils

Electrical test (on combinations of conductors and nonconductors only)

Use of radioactive tracers

WCoNooU~wWNE

Methods from the above list generally are used for specific purposes according to the following table:

Method No. | Purpose of cleaning

1,23 Preclean only

4 Preparation for paint or adhesive
56,7,8 Precision instrument parts
6,7,89 Initial studies on precision parts

Drying the Work. Cold cleaning solvents are selected so that the evaporation of the solvent film on parts does not
require an excessively long time. In all drying operations, solvent fumes must be exhausted to prevent the possibility of
fire, explosion, or health hazards.

Equipment

Pails, tanks, and spray equipment are used in solvent cleaning. Pails with covers are the simplest containers and are often
used to contain kerosene, mineral spirits, or chlorinated hydrocarbons for hand brush cleaning or wiping.

Soaking tanks of various designs and sizes are used, depending on the nature of the work. Such tanks may be heated by
steam coils, but more often they are used at room temperature. Agitation is sometimes provided by mixer impellers or
forced air. For in-process cleaning of small parts, such as those encountered on subassembly lines, a variety of specialy
made safety tanks are available. Some are designed to permit quick opening and closing by means of a foot pedal,
minimizing evaporation and fire hazard. Some are equipped to supply fresh solvent quickly to the work zone and dispense
contaminated solvent to another reservoir for subsequent discarding or reclamation.

Small bench sprayers, similar to the unit shown in Fig. 1, are used on assembly lines for cleaning delicate components.
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Fig. 1 Spray cleaning equipment

Washing machines also are available for cleaning small precision parts. Some of these machines are similar to home
laundry machines in design. Parts are placed on trays, and the agitated solvent provides a constant washing action. In
many applications in which the removal of oil and grease is not the main purpose, the equipment is used to remove the
residue of polishing or lapping compounds. A filtering system on the machine continuously removes solid particles from
the solvent as they are washed from the workpieces.

Equipment requirements for solvent cleaning vary with the size, shape, and quantity of workpieces, as well as the amount
of soil to be removed. No matter what equipment is selected, proper covers to minimize solvent loss should be used.
Regulations controlling the emissions of smog producing volatile organic compounds require specific designs of cold
cleaning equipment and operating procedures in most states. Permits may also be required for construction/installation

and operation.

Specific Applications



Solvent cleaning has traditionally been regarded as a method for precleaning or as one reserved for special applications.
However, with the rise in the manufacture of electronic components and other assemblies that comprise many small parts,
the use of solvents as a final cleaner has increased. At present, most solvent cleaning applications fall within one of the
following categories:

Inexpensive precleaning of parts

Hand cleaning of parts too large for immersion or spray machine cleaning

Cleaning heat-sensitive, water-sensitive, or chemical-sensitive parts

Removal of organic materials such as plating stopoffs, marking crayons, or soldering flux

Cleaning of precision items in a succession of steps in which the work is first cleaned in nonpolar
solvent to remove ail

Temporary general cleaning where the cost of vapor degreasing equipment is not justified

Cleaning electrical or electronic assemblies in which the presence of inorganic salt deposits may cause
current leakage

Process Limitations

Virtually all common industrial metals can be cleaned in the commonly used cleaning grade solvents without harm to the
metal, unless the solvent has become contaminated with acids or alkalis. Cleaning cycles should be adjusted to minimize
the immersion time. Certain plastic materials can be affected by cleaning solvents, and tests must be conducted to
determine compatibility.

Solvent degreasing is ineffective in removing such insoluble contaminants as metallic salts and oxides; sand; forging, heat
treat or welding scale; carbonaceous deposits; and many of the inorganic soldering, brazing, and welding fluxes.
Likewise, fingerprints can resist solvent removal.

Size and shape of the workpiece is seldom a limitation. Highly intricate parts have been solvent cleaned by devising
techniques of handling that allow the solvent to reach and drain from all areas.

Quantity of Work. Although many high-production applications regularly use cold cleaning, it is more likely to be
used for maintenance and intermittent cleaning of small quantities. Because cold cleaning is usually done at or near room
temperature, the problem of heating, or otherwise preparing, equipment for a small quantity of work is eliminated. Unless
there is some specia requirement, other methods of cleaning, such as vapor, alkaline, emulsion, or acid, are usualy
cheaper and more satisfactory for cleaning large quantities in continuous production.

Lack of uniformity is often a severe limitation of cold cleaning. The process is basicaly one of dissolving a
contaminant in a solvent; therefore, immersion cleaning causes resoiling as the solvent is reused. The work parts do not
receive a fina rinse in pure solvent as they do in vapor degreasing. The parts are seldom, if ever, perfectly clean.
Therefore, except in specia applications where spray techniques are used, solvent cleaning is more likely to be used as a
preliminary, rather than as a final, cleaning method. The amount of soil that remains on the part depends on how much
was there initially and on the quality of the solvent (how often the solvent was reclaimed). In some applications, the use
of two or more consecutive solvent baths serves to provide more uniform cleaning results.

Applicability to Soils. The range of soils on which solvents are highly effective is greater than for vapor degreasing
because: (a) lower temperatures permit a wider choice of solvents; and (b) lower drying temperatures usually used in
solvent cleaning do not bake on insolubles, such as polishing or buffing compounds. Mechanical agitation, ultrasonics,
and sometimes hand scrubbing are used in solvent cleaning to help loosen and float away insolubles.

Safety and Health Hazards

Fire and excessive exposure are the greatest hazards entailed in the use of solvents for cleaning. The flash points and
permissible vapor concentrations of the solvents adopted for specific operations must be known (Table 1). All flammable
solvents should be stored and used in metal containers, such as groundable safety cans.

Adeguate ventilation should be provided to prevent accumulation of vapor or fumes. No solvents should be used close to
an open flame or heaters with open coils.



Operators should be cautioned against repeated exposure of the skin to solvents. The use of basket, hangers, and other
devices that prevent skin exposure is common practice and is recommended. Protective gloves or protective hand coatings
should be used to prevent extraction of natural oils from the skin, which can cause cracking of the skin and dermatitis.

Common solvents vary in relative toxicity, and the vapors of these solvents are capable of exerting a potentially lethal
anesthetic action when excesses are inhaled. Common solvents have a relatively dlight toxic effect, but maintenance
workers have lost their lives after working inside tanks containing very high concentrations of vapor, as a result of its
strongly narcotic effect. When working in an enclosed space, such as tanks or pits, workers should follow confined space
entry procedures.

Drain and vent thoroughly.
Check air for adequate oxygen and the absence of flammable or toxic vapor concentrations.
Always use an air-supplying respirator and life belt.

Any person working with a solvent should be familiar with its material safety data sheet, which can be obtained from the
supplier.

Vapor Degreasing

Vapor degreasing is a generic term applied to a cleaning process that uses the hot vapors of a chlorinated or fluorinated
solvent to remove sails, particularly ails, greases, and waxes. A vapor degreasing unit consists of an open steel tank with
a heated solvent reservoir, or sump, at the bottom and a cooling zone near the top. Sufficient heat is introduced into the
sump to boil the solvent and generate hot solvent vapor. Because the hot vapor is heavier than air, it displaces the air and
fills the tank up to the cooling zone. The hot vapor is condensed when it reaches the cooling zone, thus maintaining a
fixed vapor level and creating a thermal balance. The temperature differential between the hot vapor and the cool
workpiece causes the vapor to condense on the workpiece and dissolve the sail.

The soils removed from the workpieces usually boil at much higher temperatures than the solvent, which results in the
formation of essentially pure solvent vapors, even though the boiling solvent may be quite contaminated with soil from
previous work parts. Vapor degreasing is an improvement over cold solvent cleaning, because the parts are always
washed with pure solvent. By contrast, in cold cleaning, the solvent bath becomes more and more contaminated as
repeated work loads are processed and redeposition of soil increases. In vapor degreasing, the parts are heated by
condensation of the solvent vapors to the boiling temperature of the degreasing solvent, and they dry instantly as they are
withdrawn from the vapor zone. Cold-cleaned parts dry more slowly.

To supplement vapor cleaning, some degreasing units are equipped with facilities for immersing work in warm or boiling
solvent and for spraying workpiece surfaces with clean solvent. The efficiency of the liquid phase of the cleaning cycle
can be augmented by the application of ultrasonic energy.

Solvents

Only halogenated solvents are used in vapor degreasing, and they have the following characteristics in varying degrees:

Nonflammability and nonexplosiveness under proper vapor degreasing operating conditions. This
critical requirement makes solvents with flash points unacceptable.

High solvency for oil, grease, and other contaminants to be removed

Low heat of vaporization and low specific heat, to maximize the amount of solvent that condenses on a
given weight of metal and to minimize heat requirements

Boiling point high enough so that sufficient solvent vapor is condensed on the work to ensure adequate
final rinsing in clean vapor

Boiling point low enough to permit the solvent to be separated easily from oil, grease, or other
contaminants by simple distillation

Toxic properties low enough to permit control of worker exposures to Occupational Safety and Health
Administration (OSHA) permissible exposure levels

High vapor density, in comparison with air, and low rate of diffusion into air, to minimize loss of



solvent to the atmosphere

Chemical stability in the process, which requires the solvents be inhibited or stabilized with chemical
additives, if required

Noncorrosiveness to metals used in workpieces and in construction of equipment for the process, and to
plastic parts

Table 2 lists pertinent properties of halogenated solvents used for vapor degreasing. Table 3 is a comparative evaluation
of these solvents for vapor degreasing applications.

Table 2 Vapor degreasing solvent properties

Property Methylene | Perchloroethylene | 1,1,1- Trichloroethylene | Trichloro-
chloride trichloroethane trifluoroethane

Flammability

Flash point None None None None None

Flammable limits at 25 °C® 14.5-22 None 7515 8.0-10.5 None
Boiling point, °F(°C) 104 (40) | 250 (121) 165 (74) 189 (87) 118 (63)
Specific gravity 1.32 1.62 1.32 1.46 1.57
Density

Liquid, Ib/gal at 25 °C 11.0 135 11.0 121 13.2

Relative vapor: Air 293 5.72 4.6 4.53 6.46
;ogacific heat (liquid), BTU/lb °F (Kj/kg | 0.28 (1.2) | 0.21(0.88) 0.25 (1.0) 0.23 (0.96) 0.21 (0.88)
Latent heat, BTU/Ib (kj/kg) 142 (330) | 90 (209) 102 (237) 103 (240) 63 (147)
Azeotrope with water

Boiling point, °F (°C) 100.6 (38) | 190 (88) 149 (65) 164 (73)

wit% water 15 158 4.3 54
Molecular weight 84.9 165.8 1334 1314 187.4




Vapor pressure at 25 °C, mm Hg 436 18 124 70 334

(a) vol% in mixtures with air

Table 3 Comparative evaluation for vapor degreasing applications
Property Trichloroethylene Perchloroethylene | 1,1,1- Methylene

trichloroethane chloride

Genera stability Good Excellent Selective Good
Solvency Aggressive Selective Selective Aggressive
Recoverability (steam stripping and carbon | Good Good Unsuitable Limited
adsorption)
Parts handling (based on temperature after | Little delay Delay Little delay Immediate
vapor rinse)
Removal of high melting waxes Good Excellent Good Fair
Removal of water (spot free dryer) Fair Excellent Poor Poor
Cooling water availability and cost Good Good Good Poor
Cost to vaporize (heat of vaporization) Moderate Good Moderate High
Cleaning of light-gage parts Good Excellent Good Poor
Use with water-soluble oils Good Excellent Poor Poor
Stability towards white metals Good Good Fair Good
Stability towards caustics Hazardous Good Hazardous Good
Nonflammability Good Excellent Good Good
Steam pressures needed Moderate High Fair Low
Temperature effect on work area Good Fair Good Excellent
Use history Very extensive Extensive Very extensive Very limited




Air pollution classification Nonexempt some | Nonexempt Exempt Exempt
areas

Cost per pound Medium Lower Higher Higher

Trichloroethylene (C,HCI3) historically has been the major solvent used in industrial vapor degreasing and cleaning
applications. Beginning in 1966, air pollution control regulations led to its partial replacement by 1,1,1-trichloroethane.
The classification of trichlorotrifluoroethane and 1,1,1-trichloroethane as stratospheric-ozone-depleting chemicals has
stimulated interest in returning to trichloroethylene, which is still frequently an excellent solvent choice. It has a very
aggressive solvent action on oils, greases, waxes, tars, gums, and rosins and on certain resins and polymers. Its fast,
efficient action leaves no residue or film to interfere with subsequent metal treatment such as welding, heat treating,
electroplating, or painting.

Trichloroethylene can be safely used with iron, steel, aluminum, magnesium, copper, brass, and various plating metals
without harm to the parts or to the degreasing equipment. The listed vapor degreasing solvents should be used with some
caution with titanium and its alloys. Residual solvent or chlorides could cause hot salt stress-corrosion cracking if the
workpieces are subsequently welded or experience service temperatures of 280 °C (550 °F) or higher. Care must be taken
to remove any residuals. Dipping in nitric or nitric-hydrofluoric acid is recommended.

Always avoid the use of strong caustic (sodium hydroxide) around the degreasing operation, because trichloroethylene
can react vigorously with this chemical to produce spontaneously flammable dichloroacetylene. Because of the moderate
boiling temperature of trichloroethylene, the degreased parts can be handled soon after the vapor rinse is complete.
Normal operation uses steam at 69 to 105 kPa (10 to 15 psig).

Perchloroethylene (C,Cl,) has been used for many years as an important specialized solvent for difficult industrial
cleaning applications. For vapor degreasing, it effectively resists chemical decomposition under heavy work loads and
adverse operating conditions. Steam at 345 to 415 kPa (50 to 60 psig) is required for heating. Because of its high boiling
point, it has found particular use for removal of high melting waxes, because these are melted for easy solubilization.
Perchloroethylene has also been of particular value for spot-free drying of metal parts having a bright finish or an intricate
design. Frequently, in such cases, water that is brought into the degreaser is trapped in recessed parts and blind holes even
under normal operating conditions. Because the boiling solvent is at a higher temperature than the boiling point of solvent
and water, water quickly forms an azeotrope and is swept away. The rather high operating temperature of
perchloroethylene also aids in the degreasing of light-gage metals by permitting a longer and more thorough rinsing
action with minimum staining. It can be used effectively with iron, steel, aluminum, magnesium, copper, brass, zinc, and
various plating metals, without harm to the metal parts or to the degreasing eguipment.

Because of the high boiling point of perchloroethylene, vapor degreasing produces work that is too hot for immediate
hand processing. This can be dealt with if the work cycle is adjusted to allow for a cooling period after degreasing.
Another related problem is that the degreaser itself, operating at the boiling point of perchloroethylene, is a source of
extra heat in the work area. This may cause considerable discomfort (and even danger of burns) to the operating
personnel. Often the best solution is to insulate the degreaser. At other times, a little extralocal ventilation, coupled with
the installation of aguard rail, isall that is needed.

1,1,1-trichloroethane (C,HsCls) was once the most widely used degreasing solvent because it was exempted in most
states from regulations controlling chemicals that cause smog (ozone). The current trend is away from this solvent
because it has been categorized as a stratospheric-ozone-depleting chemical. Production of 1,1,1-trichloroethane will be
progressively limited until it is phased out by 31 Dec 1995 (Table 4).

Table 4 Applicability of key regulations to selected cleaning solvents

Solvent CAS | OSHA | ACGIH | Regulated as Drinking | NFPA | Hazardous | SARA | Spill
No.® | PEL, TWA, water Code? | waste™ 313" | reportable
ppm® | ppm®© Standard quantity,

voc® | ops® MCL, Ib®

ug/L ®




Methylene chloride 75 500 50 No No 5) 2-1-0 Yes Yes 1000
09-2 | (25)

Methyl chloroform 71- 350 350 No Yes 200 2-1-0 Yes Yes 1000
55-6

Perchloroethylene 127- | 100 25 (No) No 5 2-0-0 Yes Yes 100
18-4

Trichlorotrifluoroethane | 354- | 1000 1000 No Yes Yes Yes 1000
58-5

Trichloroethylene 79- 100 50 Yes No 5 2-1-0 Yes Yes 100
01-6

Note: Parentheses indicate proposed standards.

(a) Chemical Abstract Service numbers.

(b) Occupational Safety and Health Administration permissible exposure limits.

(c) American Conference of Governmental Industrial Hygienists time-weighted averages.

(d) Volatile organic compounds, chemicals that react to form smog (ozone) in the lower atmosphere. No means not regulated.

(e) Ozone-depleting substance. No means not regulated.

(f) Drinking water standards of the Environmental Protection Agency (EPA). Clean Water Act 40 CFR 100-149, 400-690 MCL, maximum

contaminant level.

(g) National Fire Protection Association code for health, flammability, and reactivity under fire conditions.

(h) According to EPA Resource Conservation and Recovery Act, 40 CFR 190-299.

(i) EPA Superfund Amendments and Reauthorization Act (SARA), 40 CFR 300-399. Yes indicates that the substance is subject to the SARA
toxic chemical release reporting requirements and community right-to-know regulations.

()) According to SARA

This solvent has properties similar to those of trichloroethylene. It is an excellent solvent for many oils, greases, waxes,
and tars, while at the same time it has a unique specificity toward individual plastics, polymers, and resins. Steam

pressure usually ranges from 20 to 40 kPa (3 to 6 psig) because it has alower boiling point than trichloroethylene.




1,1,1-trichloroethane hydrolyzes slowly with free water to produce acidic byproducts. Thus, in a vapor degreasing
application, water being introduced on the workpieces should be limited by an efficiently operating water separator. Such
a separator, with provisions for cooling the solvent condensate as it leaves the trough or by a coil within the water
separator, is recommended for all degreasers. 1,1,1-trichloroethane suitably stabilized for vapor degreasing has been
widely used with all types of metal parts. However, stabilizer additives are essential for this solvent in vapor degreasing
due to its susceptibility to react with aluminum.

Methylene chloride (CH,CI,) is a versatile solvent, aggressive toward many oils, fats, greases, waxes, tars, plastics,
resins, polymers, lacquers, and both synthetic and natural rubber. Use of methylene chloride should be considered
particularly where the work parts might be damaged by the higher boiling temperatures of the other chlorinated
degreasing solvents or where its aggressive solvency powers are specifically required. In this latter connection, some
plastics and elastomers normally used in chlorinated solvents service for hose, gaskets, and containers undergo
degradation when continuously in contact with methylene chloride.

For general utility, methylene chloride has the inherent limitations associated with its low boiling point. For economy of
use, refrigeration rather than plant water may be needed for efficient condensing of the solvent in the machine. Care
should aso be exercised that the parts are alowed to dry fully before leaving the freeboard area of the vapor degreaser.
Recently, the use of methylene chloride has been boosted by the need for solvents to replace trichloroethane that do not
contribute to smog in the lower atmosphere and do not significantly deplete stratospheric ozone.

Trichlorotrifluoroethane (C,Cl3F3) is ahighly stable solvent requiring little or no additives to maintain its stability in
use. It is often referred to as fluorocarbon 113 (FC 113). Fluorocarbon 113 boils only dlightly above methylene chloride,
and, as with methylene chloride, refrigeration is normally required for vapor condensation and control. While methylene
chloride is the strongest solvent, fluorocarbon 113 is the gentlest. This property permits its use in cleaning some
assemblies containing sensitive plastic components; however, the gentle solvency is not sufficient for some soils. To
compensate and to provide special solvent properties, fluorocarbon 113 is available in azeotropic composition with
methylene chloride and acetone. Other admixtures are also available.

Stabilization of the azeotropes is needed for vapor degreasing, particularly for zinc. Fluorocarbon 113 and its blends are
more costly, so they are chosen for special applications where other solvents are not suitable. Fluorocarbon 113 is among
the select group of solvents identified as not causing smog in the lower atmosphere. Unfortunately, it is a stratospheric-
ozone-depleting chemical, and its production will be phased out by 31 Dec 1995.

Solvent stability is usualy controlled by the addition of stabilizers when the solvent is manufactured.
Trichloroethylene, methylene chloride, 1,1,1-trichloroethane, and perchloroethylene all require stabilizers to perform
successfully in vapor degreasing. Quality control of vapor degreasing operations can be conducted by analyzing the
stabilizer levels by gas chromatography. The boiling point and/or specific gravity of used solvent can be used to estimate
the level of contamination.

Severe degradation problems may result from permitting cross-contamination of solvents during transportation, storage,
or use. Particular care should be taken to prevent 1,1,1-trichloroethane contamination of the other solvents, even at levels
of 1% or less.

Degreasing Systems and Procedures
Procedures used for cleaning various classes of work and soils by degreasing systems are indicated schematically in Fig.

2. Regardless of the system used, the distinctive features of vapor degreasing are the final rinse in pure vapors and a dry
final product.
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Fig. 2 Principal systems of vapor degreasing. (a) Vapor phase only. (b) Vapor-spray-vapor. (c) Warm liquid-
vapor. (d) Boiling liquid/warm liquid-vapor

Vapor Phase Only. The simplest form of degreasing system uses the condensation of solvent vapor only (Fig. 2a). The
work to be cleaned is lowered into the vapor zone, where the relative coolness of the work causes the vapor to condense
on its surface. The condensate dissolves the soil and removes it from the surface of the work by dripping back into the
boiling solvent. When the work reaches the temperature of the hot vapor, condensation and cleaning action cease.
Workpieces are dry when removed from the tank.

Vapor-Spray-Vapor. If the workpiece contains blind holes or recesses that are not accessible to the vapor, or if the soil
cannot be removed by the vapor, a spray stage may be added. The system then consists of vapor, spray, vapor (Fig. 2b).

Usually, the work to be cleaned is lowered into the vapor zone, where the condensing solvent does the preliminary
cleaning; when condensation ceases, the work remains in the vapor zone and is sprayed with warm solvent. The pressure
of the spray forces the liquid solvent into blind holes and effects the removal of stubborn soils that cannot be removed by
vapor alone. The warm spray aso lowers the temperature of the work; after spraying, the work is cool enough to cause
further condensation of vapor for afinal rinse.

The hot vapor may bake on some soils, such as buffing compounds, and make them difficult to remove. For complete
removal of these soils, the work must be sprayed immediately upon entering the vapor and before the heat of the vapor
can affect the compounds. The spray nozzle must be below the vapor line, and all spraying takes place within the vapor
zone. Normal spray pressure for standard degreasers is 40 kPa (6 psi) and should not exceed 55 kPa (8 psi). Excessive
spray pressure disturbs the vapor zone, resulting in a high rate of vapor emission.

Warm Liquid-Vapor. Small parts with thin sections may attain temperature equalization before the work is clean. For
these parts, and for other small parts that are packed in baskets, the warm liquid-vapor system is recommended. In the
degreasing unit shown in Fig. 2(c), work may be held in the vapor zone until condensation ceases, and then be lowered
into the warm liquid, or the work may be lowered directly into the warm liquid. Agitation of the work in the warm liquid
mechanically removes some additional soil. From the warm liquid, the work is transferred to the vapor zone for a final
rinse.

Boiling Liquid/Warm Liquid-Vapor. For cleaning parts with particularly heavy or adherent soil or small workpieces
that are nested or packed closely together in baskets, the boiling liquid/warm liquid-vapor system is recommended. In the
unit shown in Fig. 2(d), the work may be held in the vapor zone until condensation ceases and then be lowered into the
bailing liquid, or the work may be lowered directly into the boiling liquid. In the boiling liquid, the violent boiling action
scrubs off most of the heavy deposit, as well as metal chips and insolubles. Next, the work is transferred to the warm
liquid, which removes any remaining dirty solvent and lowers the work temperature. Finally, the work is transferred to the
vapor zone, where condensation provides afinal rinse.

Ultrasonic Degreasing. Ultrasonic transducers, which convert electrical energy into ultrasonic vibrations, can be used
in conjunction with the vapor degreasing process. The transducer materials used are of two basic types, electrostrictive
(barium titanate) and magnetostrictive. The latter is capable of handling larger power inputs. Barium titanate transducers
generally are operated over a range of 30 to 40 kHz; magnetostrictive transducers usually operate at about 20 kHz, but
they may operate at frequencies up to about 50 kHz.



Cleaning efficiency in the liquid phase of a vapor degreasing cycle can be considerably augmented by the application of
ultrasonic energy. However, ultrasonic cleaning is expensive and is seldom used in a degreasing cycle unless other
modifications have failed to attain the desired degree of cleanness. It is often applied to parts that are too small or too
intricate to receive maximum benefit from conventional degreasing cycles.

The inside walls of hypodermic needles can be thoroughly cleaned by ultrasonic degreasing. Other examples of parts
cleaned by ultrasonics because they failed to respond to conventional degreasing methods are small ball bearing and shaft
assemblies, printed circuit boards (for removal of soldering flux), intricate telephone relays, plug vave inserts
(contaminated with lapping compounds), and strands of cable (for removal of oil and other manufacturing contaminants
trapped between the strands).

Rustproofing. When a ferrous metal is vapor degreased, organic films are usually removed, and the metal is highly
susceptible to atmospheric corrosion. If the surrounding atmosphere is humid or contains products of combustion or other
corrosive contaminants, immediate steps must be taken to provide exposed metal surfaces with a protective film. When
precision steel parts with a high surface finish (antifriction bearings, for example) are being degreased and complete rust
prevention is desired, rustproofing by flushing or immersion should be included as an integra part of the degreasing
system.

Control of Solvent Contamination

The cleanness and chemical stability of the degreasing solvent are important influences on the efficiency of vapor
degreasing. For example, an excess of contaminant oil raises the boiling point of the solvent and detracts from its
effectivenessin cleaning.

Oils. The chlorinated solvents used in degreasers are stabilized or inhibited to resist the harmful effects of many
contaminants. However, certain cutting oils with a high content of free fatty acid can overcome the effects of stabilization
and may contribute to a sour, acidic condition. Oils with high contents of sulfur or chlorine as additives have the same
effect. These oils and greases accumulate in the boiling or vapor chamber and cause foaming and a reduction in solvent
evaporation. Baked sludge accumulates on the steam coils and other heated areas, thus reducing the efficiency of the
degreaser.

When the oil content of the solvent reaches 25 vol%, the solvent should be replaced and the oily solvent reclaimed. The

percentage of mineral oil in trichloroethylene, perchloroethylene, 1,1,1-trichloroethane, and methylene chloride can be
determined from the boiling temperatures given in Table 5.

Table 5 Physical properties of mineral oil-in-solvent mixtures

Solvent Boiling point for vol% oil loading: Specific gravity at 25/25 °C for
vol % oil loading:

°C |°F [°C |°F [°C |°F [°C [°F |O 10 20 30

Perchloroethylene 121 | 250 | 122 | 252 | 124 | 255 | 126 | 259 | 1.619 | 1.542 | 1.464 | 1.395

Trichloroethylene 87 189 | 88 190 | 89 192 | 90 194 | 1.457 | 1.406 | 1.345 | 1.288

1,1,1-trichloroethane | 74 165 | 76 169 | 77 171 | 79 174 | 1.320 | 1.272 | 1.227 | 1.180




Paint Pigments. Pigments from painted surfaces that are washed into the degreaser should be filtered or removed by
other mechanical means. The oils in pigment or paint dissolve in the degreasing solvent, but the remaining material is
insoluble. This material usually floats on the surface of the degreaser solution and adheres to the work. In addition to
reducing cleaning efficiency, these pigments may bake out on the heating coils and the work.

Chips washed from parts into the degreaser should be removed periodicaly, because they contaminate other parts
entering the degreaser. Such contamination is possible even in ultrasonic degreasers when the solution is not filtered
continuously. An excessive amount of chipsin the vapor or boiling tank reduce heat transfer and evaporation rates. An
accumulation of fine aluminum particles may also result in solvent breakdown.

Water can be present in degreasers as a result of the presence of water on parts being degreased or the accumulation of
condensate on the cooling coil or jacket of the degreaser. Most chlorinated degreasing solvents are inhibited against the
effects of hydrochloric acid formation in the presence of water; nevertheless, to avoid stains, spotting, and rusting of
parts, all water must be removed from the degreaser. To accomplish this, degreasers should be equipped with one or more
water separators that continuously remove free water from the circulating recondensed solvent (Fig. 3).
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Fig. 3 Vapor degreasing unit designed specifically for a vapor-spray-vapor system

Other contaminants, such as silicones, should not be allowed to enter the degreaser, because they cause foaming at
the surface of the liquid solvent. All acids, oxidizing agents, cyanides, or strong alkalis must be prevented from entering
the degreasing solvent.

Conservation of Solvent

The maintenance of an adequate volume of solvent in the degreasing tank is important to the efficiency of the degreasing
process. Loss of solvent can be minimized by observing the following precautions:

The vapor degreaser wall (freeboard) should extend above the top of the vapor zone by at least 75% of
the width of the degreaser.

The degreaser should not be located in an area subject to drafts from doors, windows, or fans.

Dragout loss should be minimized by proper drainage. Specially designed racks or rotating baskets
made from wire mesh or round stock are effective.

Where the work is small and tightly packed into a basket, the basket should be allowed to drain in the
vapor area before being removed from the degreaser.

Spraying, when required, should be held to a minimum and performed well below the vapor level.

Work should remain in the vapor until all condensation has ceased.

Work should not be rapidly introduced into or withdrawn from the degreaser. Vertical speed of
mechanical handling equipment should not exceed about 3.4 m/min (11 ft/min).

The degreaser should be covered when not in use. Well-designed manually operated degreasers are
provided with suitable covers,; conveyorized degreasers are provided with hoods.

Plumbing, cleanout ports, valves, and pumps should be checked periodically for solvent leakage.



Introduction of moisture into the degreaser should be avoided. Except in specia situations, work that
has been wetted in a previous process should not be brought into the degreaser until it is completely dry.
Work loads should not occupy more than 50% of the open cross-sectional area of the degreasing tank.
When work is lowered into the vapors, it absorbs the heat in the vapors, causing the vapor level to drop.
Work load should be sized to minimize this fluctuation of the vapor level.

Porous or absorbent materials should not be degreased.

Recovery of Solvent

Solvent can be recovered from the soils removed in cleaning parts and from solvent vapors in air. Used solvent may be
transferred to a still and recovered by distillation with or without steam. Also, the solvent may be recovered by using the
degreaser asits own still and drawing off the distillate to storage.

Distillation in the degreasing unit may be accomplished by operating the degreaser with the solvent return line
closed. After being passed through the water separator, the distilled solvent may be collected in a clean drum or tank,
leaving the sludge behind in the boiling compartment. Some degreasers have built-in tanks for this purpose. As the
concentration of high boiling oils in the sludge increases, the amount of solvent recovered decreases sharply until it is no
longer profitable to continue distillation.

At no time during distillation should the heating element be exposed. Such exposure may be detected by the copious
white fumes generated. The high surface temperature developed by an exposed heater destroys the heater, deteriorates the
solvent, and, in extreme cases, may cause aflash fire.

Solvent Still. The use of a special still for solvent recovery is usually justified when large amounts of soil must be
removed from the solvent daily, when cleaning requires immersion in a solvent with very little contamination, or when
downtime for maintenance must be held to an absolute minimum.

A still may be plumbed directly to a degreaser. A solvent level detector in the still senses when a pump drawing solvent
from the degreaser should be turned on and off, in this arrangement. Alternatively, dirty solvent from multiple degreasers
may be recovered in a centralized still or by a service company.

Solvent vapors captured in ventilation air streams may be recovered by adsorption on activated carbon. When the carbon
becomes saturated with solvent, the solvent can be revaporized with steam, condensed to a liquid, separated from the
steam condensate, and collected for reuse.

Vapor Degreasing Equipment

All vapor degreaser designs provide for an inventory of solvent, a heating system to boil the solvent, and a condenser
system to prevent loss of solvent vapors and control the upper level of the vapor zone within the equipment. Heating the
degreaser is usually accomplished by steam. However, eectrical resistance (£ 3.0 W/cm? or £ 20 W/in.?) heaters, gas
combustion tubes, and hot water can be used. Gas combustion heaters with open flames located below the vapor
degreaser are not recommended and are prohibited by OSHA regulations. Specialized degreasers are designed to use a
heat pump principle for both heating and vapor condensation. In this instance, the compressed gases from the heat pump
are used for heating the vapor degreasing solvent, and the expanded refrigeration gases are used for vapor condensation.
Such a degreaser offers mobility that permits movement without having to be connected to water, steam, or gas for
operation.

Normal vapor control is achieved with plant water circulation through the condensing coils. Refrigeration-cooled water or
direct expansion of the refrigeration gases in the condenser coils are effective means of vapor control. Where a sufficient
cool water supply is not available, or where plant water is excessively warm, alow boiling vapor degreasing solvent, such
as methylene chloride or fluorocarbon 113, is chosen. Refrigerated cooling coils above the normal condenser coils (also
called acold trap) can reduce solvent losses.

For safety, economy, and in some cases, to comply with regulations, degreasers are usually equipped with a number of
auxiliary devices:

Water separator: a chamber designed to separate and remove water contamination from the degreaser.



Solvent and water condensate collected by the condenser coils are carried by the condensate collection
trough and exterior plumbing to the water separator. The water separator is designed to hold 5 to 6 min
of solvent and water condensate flow. This provides for nonturbulent flow and flotation of the insoluble
water. This water is discharged from the equipment while the solvent condensate is returned to the
degreasing equipment.

Vapor safety thermostat: located just above the condensing coils, detects the heat of solvent vapors if
they rise above the designed level in the equipment. This could occur with inadequately cool condensing
water or condenser water flow interruption. The purpose of this device is to prevent massive solvent
vapor escape into the plant atmosphere. When solvent vapors are detected, the heat input to the
degreaser is turned off automatically. Manual resetting is preferred and used, because this demands
attention and aerts the operator to a malfunction.

Boiling sump thermostat: In the cleaning operation, high boiling oils and greases are removed and
collect in the boiling chamber. These contaminants elevate the boiling temperature of the solvent and
could cause solvent decomposition if left to accumulate without control. The boiling sump thermostat is
located in the boiling chamber solvent and, like the vapor safety thermostat, turns off the heat to the
degreaser if it senses temperatures higher than those appropriate for the solvent being used.

Condenser water thermostats and/or flow switches: The water flow switch will not allow heat to be
turned on unless condensing water is flowing into degreaser coils, and it will turn off the heat source if
flow stops during operation. The condenser water thermostat shuts off the heat source if condensing
water leaving the degreaser is too warm, indicating that the water flow through the condenser system is
inadequate or that the water temperature is insufficiently cool to control the solvent vapors in the
degreaser.

Solvent spray thermostat: a temperature-sensing device, located just below the vapor-air interface in the
degreaser and designed to prevent manual or automatic spraying if the vapor zone is not at or above the
thermostat level. This device has been required by some regulations. Spraying above the vapor zone can
exaggerate solvent losses by causing air and solvent vapor mixing.

Liquid level control: This control shuts the heat off if the liquid level in the boiling chamber drops to
within 50 mm (2 in.) of heaters. This control protects the heaters and reduces the possibility of thermal
breakdown of solvent.

Modifications in this basic vapor degreaser are designed to permit various cleaning cycles, including spraying of the
workpieces or immersion of the workpieces in boiling or cool solvent. Further, vapor degreaser designs are available to
provide various conveyor and transport means through the cleaning cycles. Common conveyor systems include the
monorail vapor degreaser, the crossrod vapor degreaser, the vibratory conveyorized degreaser, and the elevator degreaser.
Open-top degreasers constitute over 80% of the vapor degreasers used in industry. Their sizes range from benchtop
models with perhaps 0.2 m? (2 ft%) of open-top area to tanks over 30 m (100 ft) long. The most common sizes range
between 1.2 to 2.4 m (4 to 8 ft) long and 0.6 to 1.2 m (2 to 4 ft) wide. The most frequently used cleaning cycle is vapor-
solvent spray-vapor. Among the conveyorized vapor degreasers, the monorail is the most prevalent. Generally, open-top
degreasers are much lower in cost, permit greater flexibility in cleaning different workloads, occupy much less floor
space, and are adaptable to both maintenance and production cleaning. Because of their relatively low cost and minimum
space requirements, they are preferred for intermittent operations and for decentralized cleaning where transport of parts
to be cleaned to a centralized location adds substantially to the cleaning cost.

Emerging technology combines vacuum autoclave with solvent cleaning. This system cleans in a sealed chamber, using
either solvent spray or immersion to clean the parts. The solvent can be perchloroethylene, trichloroethylene, or HFC.
After the parts are placed in the chamber to be cleaned, it is dried by evacuating the chamber to 29 mm/Hg. The vacuum
reduces the boiling temperature of the residual solvent, flashing it off. The solvent vapors from the chamber are
condensed (Fig. 4).
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Fig. 4 Vacuum cleaning system. Courtesy of Baron-Blakeslee Company

Installation of degreasing equipment should be supervised by a qualified individual. Some important considerations
relating to installation are;

A degreaser should never be installed in a location that is subjected to drafts from ventilators, unit
heaters, fans, doors, or windows. When units cannot be ideally located, such drafts should be reduced by
the installation of baffles.

No degreaser should be installed near open flames unless the combustion products of these flames are
exhausted outside the building. Location near welding or other operations using high temperatures must
be avoided, because exposure of solvent vapors to high temperatures and high-intensity ultraviolet light
results in decomposition to toxic and corrosive substances such as phosgene and hydrogen chloride.

The flue from the combustion chamber of a gas-fired unit should conform with local laws or ordinances.
All exhausts should be discharged outside the building at an adequate distance from air intakes.

Water outlets from condenser jackets or coils should not be connected directly to sewer lines, but
instead should drain freely into a funnel or other open-to-view collecting device that is connected to
sawer lines. This prevents back pressure and ensures maximum efficiency of the condensing coils. As
water and sewage treatment costs continue to escalate, recirculating condenser water systems such as
water chillers and cooling towers are being used. Many degreasers using low-temperature boiling
solvents incorporate direct refrigeration. Several manufacturers offer heat recovery of heat recycling
systems for use with low-boiling-temperature solvents.

All degreaser containers should have a legible, highly durable sign attached to them that bears solvent
label information (see ASTM D 3698) and operating procedures, as required by most state
environmental protection agencies.

Baskets and racks should be constructed of open-mesh, nonporous material. When baskets are completely filled with
closely packed small items, basket size should not exceed more than 50% of the work area of the degreaser. For baskets



handling large parts with generous open spaces, however, the 50% maximum may be exceeded dightly. Baskets that are
too large may act as pistons as they enter the tank and displace the vapor level, thus forcing the vapor from the unit into
the atmosphere.

The placement of work in the basket is critical, particularly when the parts have blind holes, which may entrap solvent.
Precautions must be taken to ensure that entrapped air does not prevent liquid solvent or vapor from reaching all surfaces.
After cleaning, the solvent must be completely drained from the parts to reduce dragout. To satisfy these requirements,
specialy designed racks or rotating baskets may be necessary.

Operating and Maintaining the Degreaser

An effective operator training program and a routine maintenance program are important to safe and efficient vapor
degreasing. Proper education and maintenance practices can greatly extend working life with assurance of smooth
production. Following the checklist provided below should aid in beginning an efficient degreasing operation.

Startup

Be sure the degreaser operator is adequately trained and equipped with the appropriate safety equipment
and clothing. For emergency situations, such as power failures, condenser coolant stoppages, and
ventilation interruptions, have organic vapor respirators or air-line masks available for immediate use.
Also, be sure the operator knows how to use personal protective equipment, understands first aid
procedures, and is familiar with the hazards of the operation.

Check proper operation of the vent system and leave it on.

Turn on the condensing water. Observe the rate of flow and check for leaks. Leave the condenser water
on. If the cooling water supply of the degreaser is equipped with an outlet water temperature control or a
flow control safety shutoff, check these for proper operation. It is easier to do this with the degreaser
heat on.

Adjust the high temperature cutoff control for the boiling sump and the vapor safety thermostat control
to the temperatures recommended for the particular degreasing solvent to be used. The high temperature
cutoff control setting should be about the boiling point of a 25% mineral oil-in-solvent mixture (Table
6). The vapor safety control setting should be at least 6 °C (10 °F) lower than the boiling point of the
solvent-water azeotrope (Table 6). Do not turn on a gas or electrically heated degreaser unless the
heaters are covered by solvent. If the machine is steam heated, turn steam on and check for leaks and for
proper settings and functioning of pressure gages, reducer valves, and traps. Turn off and cool before
adding solvent.

Add some solvent to the degreaser and check the operation of the liquid level control, if the machineis
so equipped. Finish filling the degreaser by adding enough solvent to cover the heating elements by 75
to 150 mm (3 to 6in.), or up to the bottom of the work rest if the machine is so equipped.

Turn on the heat and, as the temperature rises, ensure proper operation of the various heat controls that
may bein use.

As condensation begins, observe the flow of condensate from the coil and jacket, through the trough and
water separator, and the returning stream to the degreaser. Interrupt the flow of condensing water and
observe for proper operation of the vapor safety control.

Adjust the heat input and/or the condenser water flow so that the vapor zone rises only halfway up the
condenser coils.

Check the functioning of the degreaser auxiliary equipment, such as the sprayer, conveyor, still feed
pump, and the still. Look at the solvent levels in each degreaser compartment and adjust to operating
levels.

Begin supplying work to the unit.

Check the first parts through for satisfactory cleanness and for any signs of machine malfunction.

Adjust the condenser discharge water temperature to about 8 to 11 °C (15 to 20 °F) above the dew point
of the surrounding atmosphere, that is, about 32 to 46 °C (90 to 115 °F), for al the chlorinated solvents
except methylene chloride. For methylene chloride or fluorocarbon 113, do not allow the discharge
water temperature to go above about 29 °C (85 °F). Degreasers for these two solvents often employ



refrigeration for vapor control.

Operation

Check the upper level of the vapor zone. The vapor zone should not rise above the midpoint of the
condenser.

While the degreaser is operating, maintain a routine surveillance to see that the work is being cleaned
properly and the various systems continue to function satisfactorily.

Any time work is not being processed in the degreaser, the cover should be closed. Degreaser
manufacturers supply covers for their degreasers. The cover should be relatively tight fitting but should
allow the degreaser to breathe.

Give some detailed attention to the arrangement of the work parts being cleaned. It may be necessary to
reposition some of the parts to get proper cleaning and free draining. Cup-shape parts, for example,
should be positioned as shown in Fig. 5.

Observe the spraying operation. Be sure that the vapor-air interface is not being unnecessarily disturbed.
Check to see that the amount of work being fed at one time is not so great that it causes vapor shock.
The vapor level should not recede excessively. Be sure the rate of introduction of the work does not
exceed 3.4 vertical m/min (11 vertical ft/min). A faster rate of entry increases vapor |0sses.

Observe the vapor level asthe work is being removed. The vapor level should not rise above the cooling
coil or jacket. If the vapor level is rising too much, check the cross section of the work. This generally
should not exceed 50% of the open area of the degreaser if the parts are traveling at a rate of about 3.4
vertical m/min (11 vertical ft/min). If the parts are larger than this, the rate of vertical movement should
be reduced accordingly.

Check to see that the parts are within the vapor zone long enough for condensation to cease before the
parts are brought up into the freeboard area. Also, see that the parts are remaining in the freeboard area
long enough for the solvent to evaporate completely.

After the degreasing operation has continued for several hours, observe the water separator to see that
any water entering the degreaser is being withdrawn efficiently by the separator. A cloudy ghost vapor
in the vapor zone of the degreaser is awarning sign that water is not being properly removed. If water is
allowed to accumulate in the degreaser, the boiling point of the solvent may drop due to the formation
of the solvent-water azeotrope. The direct results are poor cleaning, greater solvent losses, water
spotting, and more odor complaints.

As the solvent level in the degreaser drops due to evaporation and leakage losses, fresh makeup solvent
should be added to maintain a solvent level of about 150 mm (6 in.) above the heating elements.
Particular care should be exercised that the solvent level in the boil chamber never drops lower than 25
mm (1 in.) above the heating elements. Makeup solvent should be added to the degreaser before startup,
that is, while cold.

On a periodic basis, perhaps every few days during initial operation, the acid acceptance inhibitor level
of the solvent should be checked. The acid acceptance value should stabilize at no less than 40% of the
original value. Should the inhibitor level show an unexpected drop, the trouble should be traced and
eliminated. The problem might be excessive water in the degreaser, introduction of acid soils, soil
buildup on, or exposure of, the heating surfaces, or accumulation of excessive amounts of metal fines or
soluble soils.

Based on the total soil load and type, and taking into account work scheduling, regular periodic
degreaser cleanouts should be performed. The frequency of cleanout can sometimes be extended by
removal of particulate soils from the degreasing solvent by use of an external filtration system.
Nevertheless, at intervals varying from a few days to a few months, it is necessary to shut down the
degreaser and clean it out. The oily soil level of the degreaser should not be allowed to go higher than
25 vol%.

Shutdown

A scheduled shutdown should be planned so that work is not inconveniently backlogged. The degreaser,
of course, should be shut down only after the last partsin process have cleared the machine.



Turn off the heat supply to the degreaser. Wait for solvent condensation on the cooling surfaces to cease
and the vapor zone to collapse.

Turn off the cooling water and any unneeded pump.

If the degreaser is being used to partialy distill the solvent, the solvent condensate from the water
separator should be directed to storage rather than returned to the degreaser. Heating should be stopped
when the boiling chamber solvent level approaches 25 mm (1in.).

Additional information is available in the Manual on Vapor Degreasing published by ASTM.

Maintenance

Routine cleanout operations can and should be conducted from outside the equipment. Workers entering
vapor degreasing equipment or associated pits should follow the confined-space-entry procedures
outlined in the next section.

For a routine cleanout, allow the machine to cool completely and then drain the soil-laden solvent.
Ventilate the interior to outside the plant to remove solvent vapors and dry any remaining solvent.
Remove any auxiliary equipment from the degreaser that may interfere with the cleaning or might be
damaged in the process.

Clean out the trough, water separator, spray pump sump, and associated piping.

Scrape and brush out the metal fines and other particulate soils. Pay particular attention to corners and
recesses where residues tend to collect.

Clean off excess rust and corrosion, paying particular attention to the heating elements. Consider
replacing mild steel piping with stainless stedl if heavy rust is noted.

Inspect and repair any defective auxiliary equipment. L ubricate pumps and conveyor drives.

Install a new cleanout door gasket, using as a sealant either plain or litharge-thickened glycerol or
ethylene glycol. Reinstall all auxiliary equipment items removed during cleanout.

If the degreaser has experienced an acid condition, the cleaning procedure should be augmented by
charging the compartment with water containing 30 g/L (4 oz/gal) sodium carbonate (soda ash), to a
depth of about 300 mm (12 in.). The solution should be boiled for about 15 min, and the compartment
should be rinsed and thoroughly dried. The degreasing unit is then ready for recharging with clean
solvent. If acid conditions persist, contact the solvent supplier or degreaser manufacturer for detailed
procedures to cope with the condition and prevent its recurrence.

Table 6 Applications of vapor degreasing by vapor-spray-vapor systems

Note: Degreasing by vapor only is applicable to the cleaning of flat parts with light soils and little contamination. Anything that can
be cleaned by vapor degreasing usually can be cleaned better by liquid-vapor systems

Parts Metal Production Soil removed Subsequent, Notes on processing
rate operation
kg/h Ib/h
Spark plugs Steel 270 600 Machining oil Special  fixture and
conveyor
Kitchen utensils Aluminum 450 1000 Buffing compound Inspection Special  fixture  and
conveyor
Valves (automotive) Steel 540 1200 Machining oil Nitriding Automatic conveyor
Valves (aircraft) Steel 590 1300 Machining oil Aluminum Automatic conveyor
coating




Parts Metal Production Soil removed Subsequent, Notes on processing
rate operation
kg/h Ib/h
Small-bore tubing Aluminum 680 1500 Wax extrusion | Annealing Hoist-operated unit
[ubricant
Builders hardware Brass 2270 | 5000 Buffing compound; | Lacquer spray Racked work on
rouge continuous monorail
Acoustic ceiling tile Steel 2720 6000 Light oil (stamping | Painting Monorail conveyor
lubricant)
Gas meters Terneplate 4540 10,000 | Light oil Painting Monorail conveyor
Continuous strip, 0.25-4.1 | Cold rolled and | 13,600 | 30,000 | Qil emulsion (stedls); | Annealing Continuous  processing
mm (0.010-0.160 in.) stainless  steels; palm oil (titanium) a up to 0.6 m/s (120
titanium ft/min)
Automatic  transmission | Steel 18,100 | 40,000 | Machining oil; light | Assembly Double monorail
components chips; shop dirt conveyor
Degreasing by warm liquid-vapor system
Aircraft castings Magnesium 230 500 Polyester resin (from | Curing Solvent: methylene
impregnating) chloride
Speedometer shafts and | Steel; brass 340 750 Machining ail; chips I nspection; Rotating baskets
gears assembly (drainage and  chip-
removal)
Screws Steel; brass 680 1500 Machining oil; chips | Painting; Flat and rotating baskets;
finishing conveyorized
Automotive die castings Zinc-base 910 2000 Light oils, grease; | Assembly Flat and rotating baskets;
tapping  lubricants; conveyorized
chips
Electron-tube components | Steel 910 2000 Light oils Dry hydrogen | Conveyorized unit
fire
Tractor gears and shafts Steel 910 2000 Machining ail; chips; | Nitriding Elevator-type conveyor
guenching oil handling of work in heat
treating trays
Flexible hose connectors | Steel; brass 1250 | 2750 Machining oil; chips | Assembly Conveyorized unit




Parts Metal Production Soil removed Subsequent, Notes on processing
rate operation
kg/h Ib/h
Wire, 0.8-3.2 mm (0.030- | Aluminum 1810 4000 Drawing lubricants; | Shipment Processed at 3 m/s (500
0.125in.) diam light oil ft/min)
Hand power-tool | Cast iron; | 2270 5000 Machining oail; chips; | Painting or | Rotating and flat baskets
components auminum polishing; buffing | plating; on conveyorized
compounds assembly machine
) 1 Aluminum 5670 12,500 | Drawing lubricants Annealing Hoist-operated 1134 kg
Tubing, 6-76 mm (Z -3 (2500 Ib) loads
in.) diam; 762-1270 mm
(30-50in.) long
Degreasing by bailing liquid-warm liquid-vapor system
Transistors Gold and tin| 25 50 Silicone ail; light oil Painting; Manual; mesh basket
plated branding
Electron-tube components | Stainless steel 90 200 Light ail Dry hydrogen | Manual; mesh basket
ail
Calculating-machine Steel 450 1000 Stamping oil Painting Manual operation
components
Valves (automotive, | Steel 450 1000 Machining oil Welding Manual operation
aircraft)
Knife blades Steel 820 1800 Qil; emery Buffing Manual operation
Carbide-tip tool holders Steel 910 2000 Lubricant; chips Recess milling Conveyorized unit
Tubing, 60 cm (2 ft) long | Aluminum 910 2000 Drawing lubricants; | Satin finishing Conveyorized, tube
guench ail handled vertically
Calculating-machine Steel 1360 | 3000 | Stamping oil Pating Conveyorized unit
components
Hand-tool housings, die- | Zinc-base 1360 3000 Tapping oil; chips Assembly Automatic conveyor;
cast racks
Screw machine products Steel; brass 1360 3000 Cutting  lubricants; | Assembly Flat and rotating basket;
chips conveyor




Parts Metal Production Soil removed Subsequent, Notes on processing
rate operation
kg/h Ib/h
Cablefittings Steel 1810 4000 Light cils Inspection Conveyorized
Stampings Steel 2270 5000 Light ail; chips Furnace brazing | Small stampings nested
(miscellaneous) in baskets
Wafers Silicon e . Sedling wax; paraffin | Acid etch; | Manua, in beakers;
diffusing fixtured
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Fig. 5 Positioning of cup-shape parts to drain solvent. (a) Incorrect positioning. (b) Correct positioning

Confined Space Entry

Entering a confined space such as a vapor degreaser is potentialy life threatening and requires adherence to OSHA
regulations (Section 1910.146 of Title 29 of the Code of Federal Regulations). Another resource for information on
confined space entry iISASTM D 4276-84. Some of the questions to consider are:

Is entry required?

Has management approval been obtained?

Has the entire solvent volume been drained from all portions of the degreaser, and has all solvent vapor
been vented? (Note: Ventilation should continue during tank entry.)

Has the electric power to conveyors, pumps, and motors been turned off and locked?

Have al liquid transfer lines been opened and capped?

Has the atmosphere in the enclosed area been tested for flammable and toxic vapor concentrations and
the presence of adequate (19.5%) oxygen in the air?

Has a properly trained and equipped observer been assigned?



Have nearby employees been alerted to the tank entry operation, and have enclosed area entry placards
been posted?

Have the person(s) entering the tank and the observer(s) been equipped with a rescue harness and
lifeline, a self-contained breathing apparatus, and proper protective clothing (e.g., gloves)?

Isahoist or pulley system available in case rescue would require avertical lift?

Process Applications

The wide range of applications in which vapor degreasing is used are indicated in Table 6, which lists parts and metals
cleaned by the degreasing systems, as well as soils removed, production rates, and subsequent operations. The datain this
table represent the experience of numerous manufacturing plants.

Process Limitations

The principal limitations of the vapor degreasing process are related to the materials it can clean without damaging effects
and the soils it can remove effectively. Size and shape of workpieces, quantity of work, and degree of cleanness
obtainable may also limit the applicability of vapor degreasing, but to a lesser extent. Normally, these variables merely
determine the degreaser design selected.

Materials. All common industrial metals can safely be degreased with a minimum of difficulty, provided the chlorinated
solvent is properly stabilized for vapor degreasing and the degreaser is properly operated. Iron parts are more susceptible
to rusting after degreasing, especially in humid atmospheres.

Compatibility with Nonmetals. Some chlorinated solvents attack rubber, plastics, and organic dyes; this must be
considered when degreasing assemblies with both metallic and nonmetallic components. Trichlorotrifluoroethane and
1,1,1-trichloroethane are less aggressive to many nonmetallic parts and have been the preferred solvents for these
assemblies.

Solvent Stability. Vapor degreasing solvents can be decomposed, resulting in hydrogen chloride gas. This gasis very
irritating, toxic, and corrosive to metals. Sources of solvent decomposition include:

Exposure to surfaces hotter than about 175 °C (350 °F)
Prolonged exposure to metal fines (particularly aluminum)
Excessive soil accumulation in the boiling chamber
Excessive and prolonged exposure to water
Contamination with aluminum or iron chloride salts
Exposure of the liquid or vapor to ultraviolet light

The vapor degreasing solvents have variable resistance to decomposition under the various conditions above.
Trichlorotrifluoroethane is the most inherently stable of the group. Stabilizers or inhibitors are added to these solvents
especialy for this use. Solvent products made for other uses are likely to be insufficiently stabilized for the rigors of
vapor degreasing. With proper stabilization of the degreasing solvent and good operating and maintenance practices,
solvent stability is essentially secured.

Quantity of work to be processed is not a significant factor when considering the use of vapor degreasing, so long as
the equipment was designed to mechanically handle the workload and has sufficient heat input. Available units range
from those that are suitable for occasiona cleaning of a few parts to completely automated installations geared to high-
production operations.

Degree of Cleanness Obtainable. Under normal operating conditions, vapor degreasing provides a degree of
cleanness that is suitable for subsequent polishing, passivating, assembly, phosphating, or painting. However, when parts
are to be electroplated or subjected to other electrochemical treatments, vapor degreasing is seldom adequate and must be
followed by another cleaning operation, such as electrolytic alkaline cleaning. Vapor degreasing is used immediately
preceding the alkaline cleaners to remove most of the soil, thus prolonging the life of the fina cleaners.



Radioactive and water-break testing techniques have indicated that a degree of cleanness between 0.1 and 1.0
monomolecular layers of soil is attainable in vapor degreasing. Under normal operating conditions, the degree of
cleanness is usually near the upper level. Surface condition and section thickness may affect the degree of cleanness
obtainable by vapor degreasing. For example, a polished surface is easier to clean than a grit-blasted surface. Thin
sections receive less cleaning action than heavy sections, because the former equalize in temperature with the vapor zone
inlesstime.

Removal of Difficult Soils

Virtually all ordinary oils and greases are soluble in chlorinated hydrocarbons and can be completely removed by one or
more of the methods illustrated in Fig. 2. Other types of soils vary in responsiveness to vapor degreasing, from mild to
almost total resistance to solvent cleaning.

Frequently, vapor degreasing is used to remove soils that do not dissolve in the solvents. Among these difficult soils are
pigmented drawing compounds, water-based cutting fluids, chips, polishing and buffing compounds, and soldering fluxes.
In some instances, it may be possible to substitute more easily cleaned materials. When insoluble soils are encountered,
the solvent cleaning may need to be supplemented by mechanical cleaning. Impingement with a spray will remove some
insolubles. Brushing may be practical in some situations. Finally, ultrasonic cavitation in the warm dip chamber can often
remove the most tenacious soils.

Safety and Health Hazards

The chlorinated hydrocarbons used in vapor degreasing are modestly toxic when inhaled; gross overexposures result in
anesthetic effects and may cause death. Prolonged or repeated exposure of the skin to these solvents should be avoided
because they extract oils from the skin, causing cracking and dermatitis.

OSHA requires usersto obtain Material Safety Data Sheets and to keep them on file and available to employees. They are
useful information sources for operator training. Personnel operating degreasers or using chlorinated solvents should be
warned of attendant potential hazards and observe proper operating instructions. They should be familiarized with the
symptoms of excessive inhalation: headaches, fatigue, loss of appetite, nausea, coughing, and loss of the sense of balance.
Maintenance workers have lost their lives climbing inside tanks containing extremely high concentrations of solvent
vapors. Death was attributed to the strong anesthetic power or asphyxiation.

Every effort should be made to clean or maintain a degreaser without entering the tank. However, if tank entry is
necessary, workers should follow the guidelines given in the section "Confined Space Entry" in this article.

OSHA has the primary responsibility for protecting worker health. Numerous general regulations apply to open tanks or
heated equipment. For example, management must provide a cover, guardrails for platforms or walkways, an open-top
edge or guardrail 1050 mm (42 in.) high, and enclosed combustion heaters with corrosion-resistant exhaust ducts. Where
flammable solvents are used, special devices such as explosion-resistant equipment and fusible link cover supports are
required. Solvent spraying in general must be conducted in an enclosure, to prevent spray discharge into the working area.
Spraying in a vapor degreaser should be done only below the solvent vapor zone, to prevent forcing air into the vapor
zone. Welding and chlorinated solvent cleaning operations must be located separately so that the solvent vapors are not
drawn into welding areas. Exposure of the chlorinated solvent vapors to the high-intensity ultraviolet light radiated by
welding can cause solvent decomposition to corrosive and toxic products.

The primary health hazard associated with solvent cleaning is the inhalation of excessive vapor concentrations.
Acceptable time-weighted average vapor exposure standards have been adopted by OSHA, and it requires that worker
exposures be maintained at or below these concentration limits. Mechanical ventilation may be required to control
exposures below these concentrations. The measurement of actual exposures to vapor concentrations can be accomplished
by industrial hygiene surveys using activated carbon collection tubes and calibrated air pumps, continuous reading vapor
detectors, and detector tubes. Additional information can be found in the 29 May 1971 Federal Register, p 10466, and in
the 27 June 1974 issue, p 23540.

Disposal of Solvent Wastes

The Resource Conservation and Recovery Act, also known as the Solid Waste Disposal Act, promotes the protection of
health and the environment and the conservation of valuable material and energy resources. Virtually all chemical wastes



have the potential to be defined as hazardous, because the EPA defines solid waste as any solid, liquid, semisolid, or
contained gaseous material resulting from industrial, commercia, mining, or agricultural operations, or from community
activities. There are exceptions, and a good background document appears in the Code of Federal Regulations, Title 40,
sections 261-281 (especially section 261.31).

Most electroplating wastes, including solvent residues, require disposal according to these regulations. Quantity
exemptions, such as less than 1000 kg (2200 Ib) per month, exist in some states for some wastes, providing relief from
paperwork; however, proper waste disposal is still required. Solvent distillation can reduce the quantity of waste to a
minimum, particularly with the nonflammable vapor degreasing solvents. Under some circumstances, still bottoms
(residues) can be used as a fuel in industrial boilers. Nonhazardous waste such as paper should be segregated from
hazardous wastes to minimize disposal costs. Incineration is the best known ultimate disposal method for wastes from
solvent cleaning operations. However, wastes containing reasonable quantities of solvent may be saleable to local
reclaimers.

Introduction

EMULSION CLEANING is an industrial cleaning process that uses an organic solvent as the main active agent. The
solvent is usualy a hydrocarbon of distilled petroleum dispersed in water. The emulsion, which aone is potentially
volatile, is suspended in a nonvolatile agueous vehicle. Most emulsion cleaners include emulsifying agents, and some are
aided by surfactants. Emulsion cleaners are generally used in situations where alkaline or acid cleaners are not applicable.

Emulsion means tiny droplets dispersed in large droplets. An emulsion is simply a colloidal suspension of one liquid into
another immiscible liquid. (Immiscible means the liquids will not mix.) The oil-in-wat