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PREFACE

This conference is the 11th in the series of Tri-Service
Conference on Corrosion since its inception in 1967. Over
the years, these conferences have proved their usefulness and
endured the test-of-time in serving the present and future
needs of the military. Coneidering the global environment as
the theater of operation for the services, which is not only
highly corrosive to the military hardware but also extremely
demanding (stressful) under combat conditions, prevention and
control of corrosion become a never ending task.

: The purpose of this conference is to develop new directions,
and hiihlight the awareness that the problems of corrosion in
the military are far fron over. There is a serious need for
new approaches, methods and products for our aging weapon
systems, and even current acquisitions. As we step into the

wenty first century, new concepts will have to be devised

to protect materials of the future. We will have to seek out
new ways to maintain the structural and functional integrity
of all naval, ground, air and space weapon systems. The
§pnce ts like smart coatings, materials with artificial

ntelligence, sensors and electric field or electronic
barriers for corrosion protection, which are in their infancy
now, Wwill becorg the technology of tomorrow., Conferences
like this provide an excellent forum for a fﬁ%e exchange of
ideas and cultivate an interservice coordination of current
and future research. P -

There is still a great need for more implementation of the
existin? technology into our fleets and commands, -and for
o

/ transitioning the state-of-the-art in solvi ., problems
/ relating to corrosion and corrosion assisted fallurgs. This
requires an active participation of all 'levels of technical

! and maintenance support ersonnel of the +~DOD -‘and its

f contractors. The forums like this are ideal -for :preparing
e new technical manuals, training courses, etc. for experts
/ from the government, industry and academ{a

are available to

provide valuable guidance and assistance. The theme.is to

/ disseminate the latest information available in the services
as soon as possible. . :

{ .

'—="7" The papers published in this proceeding cover a wide variety
of topics such as organic and inorganic coatings, inhibitors,
environmental assisted cracking, new materia}s, electronics

] and EMI corrosion, measurement techniques, sensors and

corrosion monitors, tribology, failure analysis, lessons

learned, and others of general interest. H€7WUOFHSL)

e Finally, I would like to conclude by expressing my sincere
p thanks to Lee Biggs and Chris Dickey in helping prepare this
/ final manuscript for publication before the conference., .
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FORWARD

The 1989 Tri-Service Corrosion Conference continues the
tradition of conferences held on this important topic by the
three services since the 60’s. The purgose of the conference
is to focus attention on the state-of-the~art, as well as the
research and development efforts of corrosion control of
military equipment within the Department of Defense. Both
DoD personnel ard contractors must become more aware of the
cost, both in dollars and in readiness, the "corrosion tax"
is imposing on all aspects of our national defense.
Additionally the products, procedures and techniques of
corrosion control pioneered by the services can be of a more
general benefit to the nation in transitions to the private
sector. Thus, this conference endeavors to provide a forum
for exchange of the latest information to minimize the
ravages of corrosion to our national assets.

JOHN J. DE LUCCIA
Manager, Aerospace Materials Division
Naval Air Development Center
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CORROSION ENGINEERING IN THE 90s

T.S. Lee
NACE
P.O. Box 218340
Houston, TX 77218 USA

ABSTRACT

Demands and opportunities face the entire engineering community as we
approach a new decade. This paper explores several areas where corrosion
engineers can focus their individual and collective attention to contribute to
society and to enhance their position in the technical community.

INTRODUCTION

Today the corrosion engineering profession faces a critical period but also we are presented with
an opportunity to positively influence the future. The time is critical because we have seen the
recent dismantling of research labs and customer technical service groups by some industries
with a resultant upheaval and carly retirement of many senior professionals.

By contrast, however, there appears to be some growing evidence of recognition by public
officials and some industries that technology is important to the future economic health of
industrialized countries. This presents our profession with an opportunity to impact future
policy decisions and enhance the importance of the corrosion cngineering profession.

We know that corrosion is important economically and represents a significant cost to an
industrialized nation. Based on the well known NBS-Battelle study conducted at the request of
US Congress in the mid 1970s, it is estimated that 3-5% of the US gross national product is the
annual cost of corrosion. This is an amount almost equivalent to the annual US federal budget
deficit in recent years and may indeed be just as difficult a cost to control in its entirety as
the deficit has proven to be. However, there is a component of this annual corrosion cost that
was estimated in the study to be avoidable through the proper application of existing technol-
ogy. Estimated at 15% of the annual cost, this represents almost $20 billion a year.

To realize these savings and to develop or refine the technology to properly control some of the
remaining 85% of the annual cost, we must have skilled and knowledgeable corrosion engineering
professionals properly influencing industry and government leaders in their policy decision
making,

This is not easily accomplished for two reasons, First, corrosion is not recognized as a specific
engineering discipline. The corrosion engineer is a unique individual who develops a special skill
which requires a working familiarity with many disciplines. The result is that corrosion
engineers do not have the recognized identity and influence that civil, mechanical, electrical, or
chemical engineers do. The second reason for the difficulty faced by corrosion engineers in




influencing policy is that our profession is rather inconspicuous when we are doing a good job
of corrosion control. It is very easy for the unenlightened to view corrosion control as an
avoidable cost when no material or system failures occur. The situation is somewhat analogous
to saving costs by eliminating security at airports since hijacking incidents are no longer
commonplace. It is only with a disaster that the effective control techniqu':s and personnel are
missed,

However, despite these difficulties, it is possible for corrosion professionals both as individuals,

and collectively through organizations such as NACE, to properly exert influence in an effective
manner.

ENGINEERING PRIORITIES

Before reviewing specific actions which can be taken, a review is in order of some items which
have been targeted by the American Association of Engineering Societies (AAES) as priority
issues(!) and which may help place the concerns of the corrosion engineering community in a
more global perspective.

A first priority of AAES is the comprehensive review of US technology policy undertaken by
The Committee on Science, Space and Technology of the US House of Representatives. This
study is intended to complement a similar recent policy report on the sciences and will cover
topics such as patent policy, intellectual property rights, antitrust laws, research, education, and
international competitiveness. This policy review is a promising step toward recognition of the
importance that a coherent national technology policy has on our national and international
economic well being.

As an example of the link between technology and economic strength, Congressman George
Brown of California in a speech to AAES® noted that economists have estimated that nearly 50
percent of the growth of the American economy in the last century was derived from new
technology. Even with technology serving as the biggest contributor to economic growth,
Congressman Brown marveled that the annual economic report by the Council of Economic
Advisors never mentions the impact of science and technology on economic policy.

To further elucidate the role of technology in fostering economic strength, Congressman Brown
referred to a National Academy of Sciences report which compared the US and Japan economies
in terms of technology investments. He reported that in Japan each manufacturing worker is
backed by $48,000 in technology and capital investment, in contrast to a $32,000 per worker
investment in the US. To achieve equivalency to Japan, it was estimated that an investment in
industrial plants and equipment of about $320 billion would be required for the 20 million
manufacturing workers in the US.

Brown also pointed out that, unfortunately, the disparity is growing rather than diminishing as
reflected by a report by the President’s Commission on Industrial Competitiveness. This report
noted that from 1960 to 1982, Japan invested 32% of its GNP in fixed capital versus only a 10%
investment by the US. During that same period Japanese productivity increased an average of
5.9% annually versus only a nominal 1.2% annual increase in the US.




With this potentially critical situation faced by the engineering community, there is a need to
assess our future ability to retain technological strength, Clearly, we are in an age of informa-
tion and technology that requires a highly skilled and well educated work force to retain a
competitive position. Thus, the AAES has identified engineering and science education as
another of its priority issues. The goal is to increase standards for elementary and secondary
education and to enhance emphasis on math, science and technology in schools. The importance
of these goals is very evident in a recent report by Dr. Erich Bloch,® the Director of the
National Science Foundation, in which he reviewed recent trends in education and demographics
as they reflect our ability to produce scientists and engineers to effectively handle future
technological needs.

Dr. Bloch noted that in the last decade, the employment of scientists and engineers increased
three times faster than total US employment and twice as fast as total professional employment.
He also noted that the total number of scientists and engineers engaged in research and
development increased by almost 60% from 1973 to 1985,

However, he observed (:-at over the last 20 years there has been no increase in the proportion
of US scientists and engineers engaged in research and development. In contrast, other
industrialized countries are rapidly gaining in their research and development work force.
Japan, for example, in 1982 produced mors engineers in absolute numbers than did the US with
only half the overall population total. Developing nations also are positioning themselves to be
more effective international competitors as evidenced by India's tenfold increase in scientists
and engineers in the last two decades.

These numbers reflect an apparent continuing need for educated and skilled scientists and
engineers, yet our trend in the universities has been in the opposite direction with science and
engineering degrees representing a smaller fraction of total degrees awarded by US colleges and
universities than was evident in the mid-60’s,

Further, Dr. Bloch pointed out the increasing dependence that the US faces on foreign nationals
to provide necessary skills in some science and engineering disciplines. In recent years more
than half of the new engineering PhD's have been foreign nationals. Obviously, many of these
graduates remain in the US and make valuable contributions to research, education, and the
economy. However, it does reflect a recent trend of decreased interest of US students in
science and engineering and further reinforces the reality that the US is one of many increas-
ingly equal partners in the global technology base.

In light of this situation, what can we as corrosion engineering professionals do to positively

impact future developments? There are numerous possibilities but I would like to focus on the
four areas of communications, education, productivity, and globalization.

COMMUNICATIONS

First, we must communicate more effectively with different constituencies than we have tradi-
tionally. All too frequently, we as corrosion professionals talk only with our peers. However,
we must reach out and interact with other groups if we expect to influence decision making.
Some specific steps we can tzke individually and collectively include making conscious attempts
to talk with management and financial personnel in industry and government to better educate




them on matters related to corrosion control and materials. We should meet with civic groups
to better educate local civic leaders on the importance of materials and their performance in
hostile environments. We also should meet with other local societies and trade groups and
provide technical speakers on corrosion control at their local meetings and at national confer-
ences,

Your corrosion society, NACE, also should continue to participate with other engineering
societies in groups such as the Federation of Materials Societies where a collective voice can be
raised over materials policies. NACE also maintains contacts in Washington DC to provide
insights on opportunities for NACE members to contribute input on proposed government studies,
legislation, and regulations. Through this arrangement, it is hoped that NACE will better be
able to have appropriate representations from our membership on various advisory panels, which
will result in more technically enlightened government action,

All of these steps at communicating with different constituencies serve to elevate the visibility
of corrosion engineering. This can have only positive benefits to the profession and to society
in general since there are major issues facing the US and the world that involve materials
performance and corrosion and for which industry and government leaders and the general public
have a concern.

For example, economic considerations are dictating that many utilities and process industry
plants are operating beyond their original design lives. In many cases this is successfully
occurring due to effective corrosion monitoring and control. The result is that the public
benefits directly by lower costs through avoiding additional capital investments and by exper-
iencing a safe environment made possible by proper containment of potentially hazardous process
environments.

Another example of concern to the public is the situation with the nation's infrastructure, Our
highways, bridges, and municipal water and wastewater facilities have, in many cases, exceeded
their original design lives. Good corrosion control technology will play a key role in the
rehabilitation and rebuilding of much of this infrastructure. The public and government should
be made aware of this role since the overall effort will be of enormous economic impact to the
1JS--estimated at $400 billion to $3 trillion over the next 10 to 20 years.

EDUCATION

The second area where our profession can have a positive impact is in education. Individually
and collectively we can influence education programs to rejuvenate the sciences 2ud engineering.

At a local level, each of us can become more involved with school boards and attempt to
establish a renewed emphasis on math and science. We can become more proactive with math
and science teachers in our junior and senior high schools and provide them with assistance in
lectures, field trips, and equipment. As individuals and through local NACE sections, we should
support these programs and help motivate young people to complete their schooling, to acquire a
proficiency in science and math, and to pursue careers in engineering or the sciences.

In parallel to these efforts, we also should encourage development of a proper balance of skills
to assure that well rounded engineers result with good communication skills and exposure to




civics, politics, law, and economics. After all, these are critical survival skills for engineers in
today's society.

In the colleges and universities, an effective dialogue must develop between industry and the
educators to assure that students are provided with a proper balance of theoretical and practical
knowledge. It is in everyone's best interest for students to enter industry prepared to contri-
bute rather than requiring deprogramming and retraining.

We can impact this issue in at least three ways. First, by offering opportunities for students to
work in our industries on a "co-op" basis, we provide an invaluable training ground to the
student and hopefully provide equal benefit to industry. Second, interaction between corrosion
professionals and local university engineering students and educators fosters a critical dialogue
which can be sustained by involvement of students in student sectious of professional societies
or in existing local sections. NACE members also can lend their support to university programs
through lectures, field trips, and donations of supplies and equipment. And third, as individuals
and through professional associations, we must redouble our efforts to integrate an undergradu-
ate corrosion and materials performance course in all engineering curricula. All engineering
graduates should have at least a rudimentary knowledge of corrosion for their ultimate cost
effective performance in industry.

Beyond the area of formal education, we must also recognize the value of continuing education
in this world of rapid technology advancement. To retain our competitive edge and to survive
technically, we must continue to pursue new knowledge through participation in special confer-
ences, through reading of technical journals and books, and through specialized education and
training courses. It is through professional associations like NACE that many of these contin-
uing education needs can be served.

PRODUCTIVITY

A third area which will impact the future role of the corrosion engineering profession is our
ability to enhance our productivity. This obviously is a difficult thing to quantify, but it has
been estimated in a number of surveys that technical professionals spend about one-half of their
time doing jobs that do not require the level of talent that the professional possesses. In
today's bottom-line business climate, it behooves us to maximize our contributions and somehow
increase our efficiency in use of our technical skills.

In this case, the answer is probably not to work harder but rather to work smarter. We must
efficiently use information sources available to us and apply the benefits of prior experience,
There are many traditional information sources such as periodicals, books, standards, and vendor
literature which are invaluable. Also critical is the network of peers with whom we consult and
with whom we work in various technical committees. The knowledge of who to call for help is
often 90% of the battle of solving a materials problem in a timely and cost effective manner.

A final information tool of obvious increasing importance is computer software. Many packages
are available and NACE is actively developing a variety of computer tools for corrosion pro-
fessionalsincluding personal computer application packages; an evaluated, comprehensive database
of materials performance information; expert systems software to aid the novice and experienced
corrosion professional; and text retrieval packages for convenient access to literature.




GLOBALIZATION

The final area of which we should be increasingly conscious is the need to think on a global
scale. Our ability to function effectively while oblivious of international technology develop-
ments is in the past. We must recognize that there are indeed technological developments
overseas which can help all of us in our professional duties and we must effectively engage in
two-way dialogues with our international partners.

The US engineesing community has traditionally paid little attention to foreign technical
literature while our US technical journals are regularly translated and eagerly read by our
overseas counterparts. We must reverse that trend and pay close attention to technical develop-
ments from outside the US.

NAGCE can aid in these efforts to broaden our international perspective through its functions as
an international professional association. With 20% of our membership, or about 3000 members,
residing outside of the US, we have a reasonable base from which to grow and further enhance
the proper two-way exchange of technology. This responsibility is recognized by NACE leader-
ship and is a high priority issue.

CONCLUSION

In summary, this paper has presented a few thoughts on how NACE corrosion engineering
professionals can become more visible partners in shaping the future of our society, There are
numerous other approaches and our collective and individual goal should be to pursue the
opportunities which present themselves and positively impact the future of the world in which
we live,
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CORROSION CONTROL AND PREVENTION ON
AGING COMMERCIAL AIRCRAFT

J. A. Marceau, Corrosion Control Specialist
The Boeing Company, Seattle, Washington

R. G. Caton, Manager Metals Unit,
The Boeing Company, Seattle, Washington

This paper describes types and causes of corrosion in aging

commercial aircraft. Areas of concern, corrosion detection

and prevention, design philosophy and preventive maintenance
will also be described.

INTRODUCTION

As commercial jet aircraft age, the normal signs of extended use are usually
wear and fatigue, both of which are predictable and repairable in a timely
manner to maintain airworthiness of the aircraft. Corrosion is another form
of deterioration which may occur, but one that is not predictable nor easily
detectable in many instances. Consequently, the insidious nature of corrosion
may degrade structure such that fail-safe and/or 1oad carrying capability may
be 1ost unless the operator continually takes corrective action through a good
corrosion control program.

In the airline industry, economic and market conditions are resulting in the
use of airplanes beyond their original economic design life objective.

Because of this situation, Boeing initiated a program in July 1986 to assess
aging airplane structures and systems. Figure 1 shows the Boeing fleet status
as of September 1988 illustrating the number of airplanes of each model
approaching and exceeding their design objective., Over 70 airplanes which had
exceeded at least 75% of their economic design objective were surveyed, The
results of this survey were used to support actions necessary to ensure safe
and economic operation of aging airplanes and to promote improved design of
new airplanes. The presence of corrosion was one of the more significant
findings of this program and its severity varied considerably depending upon
the effectiveness of the operator's corrosion control program,

The following discussion is intended to provide an awareness of the many
facets of potential corrosion problems in commercial jet aircraft from their
design through their years of commercial service, It is a basic fact that the
structural materials available for aircraft design have a potential for
corrosion. Therefore, operators still must establish and maintain an
effective corrosion control program on new airplanes as well as the old.

CAUSES OF CORROSION

There are many contributing causes for corrosion in commercial aircraft as
shown in Figure 2. The process starts with the initial design. Corrosion
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prevention is influenced by the selection of materials, processes, finishes
and the details of the structural configuration. It is important to consider
not only the mechancial properties but also corrosion resistance properties
when selecting the optimum material for design and to develop a structural
configuration with good drainage, 1s well as the elimination of crevices in
corrosion prone areas by faying surface sealing.

The next potential source for corrosion problems lies in the manufacturing
process. Processing for the various finish systems is crucial because
protection of metal details is almost entirely dependent on the finishes
applied. The most important processing combination which influences corrosion
performance is the metal surface treatment and the organic (paint or adhesive)
primer applied afterwards. The system must offer the Torg term durability
needed to prevent separation of the organic material from that surface which
often may result in corrosion.

Once airplanes are in the hands of the operators many conditions exist which
may cause deterioration of the protective finishes, e.g., general use result-
ing in damage to the finishes, environmental conditions within the airplane
(for exampie from cargo), the aircraft operational enviromment (Figure 2},
accidental contamination (e.g., lavatory and galley spillage), and maintenance
practices.

These contributing causes of corrosion either create the water (electrolyte)
necessary for corrosion to occur or the condition for the electrolyte to be
trapped. Water will always be present in and around an operational airplane,
therefore, elimination of water sources (or electrolyte) is not possible and
other means of combating corrosion must be taken. The influence these
electrolytes have on potential corrosion problems is greatly influenced by the
operators corrosion control plan and his effectiveness in implementing such a
plan. One of the most significant observations from the Aging Fleet Survey
conducted by Boeing during 1987 and 1988, reference !, was the effectiveness
of the operator's corrosion control program regardless of his geographic
locations or aircraft utilization. The following discussion on types of
corrosion, areas of concern, design philosophy, preventive maintenance and
detection is primarily based on the corrosion of aluminum alloys since these
alloys comprise approximately 80% of the aircraft structure.

TYPES OF CORROSION

Corrosion mani fests itseif in many di fferent forms although there are only a
few basic mechanisms. Following is a brief description of some of the most
common forms seen in aicraft structure, Exfoliation corrosion and stress
corrosion cracking (SCC) are the two most destructive forms of corrosion
found. Stress corrosion cracking is a rapid stress and environmentally
induced reaction which follows the grain boundaries in a single plane for
aluminum causing rapid loss of load carrying capability. Exfoliation
corrosion follows grain boundaries of the metal alloy at a fairly rapid rate
but involves multiple planes causing a leaf like separation with very slow
corrosion of the grains themselves, Figure 3. This results in a rapid loss of
structure with relatively little loss of metal. General surface corosion,
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on the other hand, consumes metal at a relatively slow uniform rate over large
areas taking much longer to reduce the load carrying capability of the
structure. However, when general corrosion is allowed to proceed unchecked,
it can develop pits which then become stress risers allowing fatigue cracks to
develop in the structure.

Crevice corrosion is the most common form of corrosion found in airplanes and
occurs whenever water [electrolyte) is trapped between two confinements, e.g.,
under loose paint, a delaminated bondline, a poorly protected joint, to name a
few. It can occur either on a macro scale or a micro scale and can quickly
develop into pits or exfoliation, depending on the alloy involved,

Pitting corrosion is another form of crevice corrosion, where a localized area
starts corroding more rapidly than the surrounding area to form a pit. This
then becomes self-contained, 1ike crevice corrosion, by creating its own
aggressive environment. Pits are generally not as destructive as exfoliation,
but quite often result in a stress riser which may reduce the fatigue 1ife of
the part.

Filiform corrosion most commonly occurs under exterior decorative paints. It
is also a form of crevice corrosion, but takes on the appearance of little
filaments growing under the paint film, Figure 4. Filiform corrosion occurs
only when the relative humidity is between 65% and 95%. Nomally it is an
aesthetic problem, but may develop into a structural problem if ignored
developing into pits and/or exfoliation corrosion.

Galvanic corrosion results when two galvanically dissimilar metals are
electrically connected in the presence of an electrolyte, This can occur on a
macro scale, e.g., stainless steel attached to aluminum, or on a micro scale,
e.g., an alloying constituent in an aluminum alloy forming a bimetallic
precipitate at the -surface. The localized anode and cathode will cause
galvanic corrosion under the right conditions and subsequently develop into a
pit.

AREAS OF CONCERN

As a result of many years of service experience, plus information gained from
the aging fleet survey, certain areas present more problems because of their
function and location in the aircraft. The most common problem areas on older
aircraft have been floor structure under lavatories and galleys, Figure 5, and
arcund entry areas, Figure 6. The bilge always sees the worst environments,
so structure {e.g., stringers, frame shear ties, fittings and extrusions
against the skin) suffer,

Adhesive bonding of structure on early aircraft resulted in mixed performance
creating a major portion of skin related corrosion problems. Some early
aircraft have experienced delamination of these bonds. The reason some bonds
have delaminated was found to be a process deficiency of the metal surface
treatment not identifiable using technology available at the time the
processes were established by the aircraft industry. The problems have since
been corrected on aircraft manufactured since the mid-1970's and today Boeing
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uses a phosphoric acid anodize process for all structural bonding. A
delaminated bond in the bilge, Figure 7, and a delaminated longitudinal lap
splice, Figure 8, will generally result in more severe corrosion because of a
more aggressive environmment than a bond delamination in the interior of the
crown which by comparison is very mild environment, Figure 9.

Wing and empennage structure have had their share of corrosion problems also,
although to a much lesser degree than the fuselage. Bond delamination cf
honeycomb sandwich trailing edge components has contributed to many of these
early problems. However, most problems have been in faying surfaces, most
commonly the spar buildup and of fittings.

Fittings in older model aircraft exhibited a high incidence of stress
corrosion cracking, primarily because of a materials problem., The aluminum
alloy used, 7079-T6, had excellent mechanical properties for many structural
applications. The phenomenon of stress corrosion cracking was known and
laboratory tests of this material were conducted in accelerated environments
to validate the use of this material. Based on these test results the
material appeared reasonable for use and was selected for design. However,
after exposure to airplane service enviromments, it was found that 7079-T6 was
more susceptible to real time exposure. Since then all aluminum alloys have
had extended seacoast SCC testing before being used.

DESIGN PHILOSOPHY FOR CORROSION PREVENTION

Many material compromises go into the design of an airplane and are based on
weight, cost, function and reliability., Aluminum and low alloy steels are the
two groups of metals most susceptible to corrosion problems., Therefore, the
first step in designing corrosion prevention into an airplane is to select the
alloys which are least prone to corrode and still meet the requirements of the
design, for instance, 7075-T6 aluminum alloy is susceptible to exfoliation
corrosion, whereas 7075-T73 while it will not exfoliate does pit and suffers
a reduction in strength properties. A new heat treatment -T76 is much less
subject to exfoliation than the -T6 condition and gives good pitting
resistance while resulting in only a minor weight penalty.

Once the structural materials have been selected, there are basically four
additional design considerations which will signi ficantly reduce corrosion
during the service life of the airplane. These are:

1. Effective drainage of all structure is vital to prevent entrapment of any
fluids. This may be accomplished by providing cross-drainage of fuselage
stringers allowing all liquids to effectively find their way into the
bilge where through hull drains are located. Wherever water can be
trapped, the design must provide for drainage pathways to the through
hull drains, Figure 10 shows the results of poor cross drainage. Good
drainage is particularly important with the new high recirculation air-
conditioning systems which increase the humidity level in the aircraft.
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2. The finish system is required to protect the metals. A system consists
of a specific surface treatment process and a specific paint compatible
with that surface. This results in an environmentally durable system
that won't chip, delaminate or otherwise form a crevice between the metal
surface and the paint.

3. The elimination of crevices in joints is required by faying surface
sealing all joints with a chromated polysulfide sealant in known
corrosion prone areas, e.g., skin/stringer/shear tie joints below
passenger floor, fittings, wing/empennage spar web to chord to skin
joints, wheel well structure and nonaluminum fastener installation.

4. Corrosion inhibiting compounds need to be applied in the final assembly
of models to all corrosion prone areas of the structure, e.g., inside the
fuselage crown and lower lobe, pressure bulkheads, pressure decl, under
lavatories and galleys, wheel wells, wing/empennage cove areas, dry bays,
empennage torque box interiors and under fairings.

These are only the major considerations in designing corrosion prevention into
an airplane. Examples of corrosion improvements implemented into the
production of one of the Boeing models over the years is shown in Figure 11,
Today's aging fleet is represented by those airplanes manufactured over

15 years ago, whereas the newer designs of the 757/767/737-300, 400 and
500/747-400 models represent the bulk of corrosion improvements. Based on
today's knowledge of corrosion prevention, tomorrow's aging fleet should have
far fewer corrosion problems than those now being ex;, ‘enced.

PREVENTIVE MAINTENANCE

Airlines have become increasingly aware of the significance tieir maintenance
programs can have on corrosion. Operators can significantly reduce its
occurrence and severity by using a good corrosion prevention program. The
specifics of each individual operator's plan will differ depending on his
experience, maintenance program and operational environment. However,
corrosion is always a potential threat because of the many factors pointed out
in Figure 2. There are several significant factors which should be common
among operators beacause of their impact on corrosion control:

- Personnel training

- The continual use of corrosion inhibitors

- Planning for corrosion and factoring in the time to
clean up corrosion early during "C" and HMV checks

- Accessibility to the structure

Personnel training can be a significant impact on the repair of corrosion once
it is discovered, The restoration of a good, durable finish is very important
if recurrence of corrosion is to be eliminated. It is necessary to remove all
evidence of corrosicn, treat the surface with an approved chemical (e.g.,
Alodine 1200) to produce a conversion coating (cleanliness is extremely
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critical to insure good paint primer adhesion) and apply one or two coats of
an approved corrosion inhibiting primer. Figure 12 shows an example of poor
surface treatment of a previousiy repaired stringer area. Application of a
corrosion inhibiting compound may have prevented the corrosion from reforming
or at least slowed it down significantly.

Washing exterior surfaces of an airplane will help reduce corrosion if done
intelligently. Washing will remove dirt deposits which are sites for
retaining water {electrolyte) which then can lead to corrosion. However, the
operator must understand that washing areas, e.g., wheel wells, landing gear
and wing cove areas, corrosion inhibitors previously applied will be removed
as well as some of the grease in lubricated joints. These areas are normally
washed less frequently than aerodynamic surfaces and, when washed, the
corrosion inhibitor must be reapplied followed by greasing all lubricated
joints. Avoid removal of materials such as grease and fay seals by high
pressure.

CCRROSION DETECTION

Corrosion detection is most effectively achieved by visual inspection and
touching. The effectiveness of the inspector is entirely dependent on his
skill which is a function of his training, experience and knowledge of the
structure, A good inspector is like a detective. He not only looks for the
obvious and known problems, but is wary of possible new problem areas. Visual
inspection and touching accounts for more than 90% of detection. Equipment
necessary for visual inspection is relatively simple and consists of a flash-
1ight, long handle mirror, magnifying glass, plastic scraper for probing and
removing loose paint and work stands and 1adders. Other methods include dye
penetrant, eddy current, ultrasonic and X-ray procedures for specific
applications.

A1l corrosion problems start out as small, seemingly insignficant problems.
The chipped paint around the fastener heads in a wing spar cove area present a
small prublem but, if ignored, may develop into a major/costly repair,

Corrosion in faying surfaces such as body skin lap splices, skin doublers,
skin stringers, wing spar chord/skin or webs are difficult to detect until
some additional evidence is apparent. Bulging of body skins between fasteners
is a telltale sign of corrosion in the joint. If not repaired in a timely
manner signficant structural degradation may occur; fastener heads may become
distressed or cracks in the skin may develop as shown in Figure 13. The
presence of blind fasteners in this example indicates that previously
distressed fasteners existed, but were replaced with blind fasteners. The
operator in this case failed to recognize and correct the basic source of the
problem.

A lack of easy accessibility to the structure sometimes results in corrosion
initiation without detection in its early stages. The stringer flange corro-
sion in the fuselage crown area, Figure 14, is often not found in its early
stages because airlines don't get into these areas very often. Since the
environment in the crown is rather benign, there has been less tendency to be
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concerned with corrosion compared to areas below the passenger floor.
However, an increase in interior crown corrosion incidences in older aircraft
was evident from the aging fleet survey.

The effectiveness of fee'ing as well as seeing is illustrated in Figure 15
where corrosion occurred under a spar chord-to-wing skin joint. This could be
difficult to see unless the light and shadowing was right, but was easily
detectable by running a hand along the surface and feeling the discontinuity.

In some situations where a costly teardown would be necessary to gain
inspection access to the structure, eddy current, ultrasonic or X-ray may help
determine if significant corrosion exists. It should be noted that these
techniques have limitations in detecting corrosion, and their success is
highly dependent on the skill and training of the operator,

SUMMARY

Corrosion of aging airplanes is the combined effects of materials selection,
design, finishing, processing details, maintenance programs and operational
environments. Airplanes manufactured today are expected to have fewer
corrosion problems 20 years from now than the current aged fleet because of
significant design and corrosion protection improvements and the increased
awareness operators have of their role of preventive maintenance in corrosion
control. However, maintenance and corrosion control programs will still play
a major role in the control of corrosion as the airplanes age.

The most significant factors in controlling corrosion have been drainage,
sealing faying surfaces in corrosion prone areas, the finish systems used to
protect the metals, the liberal use of corrosion preventive compounds and a
good corrosion control maintenance program.

REFERENCE

U. G. Goranson and M. Miller, "Aging Fleet - Aging Fleet Evaluation Program,"
Airliner, Oct.-Dec. 1927,

13




ACTIVE FLEET * AIRPLANES EXCEEDING

(TOTAL) ECONOMIC GIVEN % OF
INITIAL - DESIGN DESIGN OBJECTIVE
SERVICE NUMBER NUMBER LIFE

MODEL  DATE OPERATORS AIRPLANES OBJECTIVE 75% 100%
707 Sep. 80 206 20,000 Flights 167 64
1958 (729) 60,000 Hours 148 52
20 Years 189 147
720 Jul, 6 12 30,000 Flights 12 5
1960 (153) 60,000 Hours 12 5
20 Years 12 12
727 Feb, 124 1,653 60,000 Flights 199 7
1964 (1,821) 50,000 Hours 825 389
20 Years 836 510
737 Feb. 128 1,503 75,000 Flights 61 1
1968 (1,567) 51,000 Hours 258 43
20 Years 296 69
747 Jan. 65 593 20,000 Flights ** 83 5
1970 (629) 60,000 Hours 225 73
20 Years 197 0

* Airplanes known to have flown during the past 12 months,

** Special design life objectives have been established for -SP and -SR
derivatives.

Figure 1, Fleet status of Boeing commercial jet airplanes for September 1988.

Contrlbuting causes
of corrosion
L | | |
Baslic design Finish ‘ecidental Maintenance
deterioration Ll +amination problem areas
- Poor drainage - Chipping - Lavatory spillage - Neglect
- Crevices - Scratches - Galiey spiiage - Improper repairs
- Stress - Broaks around fasteners - Chomcal spulls - Poor corrasion control
- Dissirslar metals - Abrasion - Mercury program or lack of
- Finish system - Deposits - Fire residues implementaton
- Materials salection - Age - Poor training
Manufacturing Environmental Operational
processing conditions environment

- Matal finishing processes within alrplane - Sgacoast

- Bonding process - Condensation - Tropical

~ Training - Animals - Hurmudity

- Assembly -Fish - industrial

- Microbial growth

Figure 2. Contributing causes of corrosion,
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Figure 11.

Corrosion of a previous
repair because of inadequate corro-
sion removal, poor surface treatment
or improper repair materials.

Figure 13.
fasteners due to corrosion causing
distressed fastener heads plus stress
corrosion cracking of the skin.

17

Corrosion improvements implemented on the
737 model and typical of others,

Bulging of skin between




Slight 1ifting of spar chord due to corrosion
underneath which is not easily felt,

18

Figure 15.




PRESERVING UNSHELTERED EXHIBIT AIRCRAFT

Robert C. Mikesh
Senior Curator
Aeronautics Department

National Air and Space Museum
Smithsonian Institution
Washington, DC 20560

Abstract: This paper describes the problems of protecting
museum aircraft from corrosion resulting from outdoor
display environments. The approach adopted by the Swiss
Transport Museum is presented, together with a description
of other measures taken to extend the life of these aircraft
in order to preserve their technology. Recommendations are
made to show how other museums can adopt similar programs
for displaying aircraft in outdoor, corrosive envirouments.

We deplore it! We search for alternate solutions ~- but in time, nearly
every air museum is faced with the realization that a large aircraft
essential to the collection may have to be exhibited outside the museum
building. This has only one advantage, and that is to save for study and
exhibit a particular aircraft that would otherwise be rejected and, in a
short time, cut up for scrap.

To collect and display selected aircraft is the purpose of air museums in the
first place. However, the disadvantages of exhibiting them outdoors become
overwhelming if the exhibit is not realistically planned in advance.
Recognizing and facing the problems at the very beginring, before accepting
an aircraft, are often obscured by the allure and excitement of acquiring the
magnificent airplane that is being offered. Within a few short years, the
wisdom of having accepted such a large aircraft that is beyond the capability
of the museum staff and volunteers to maintain is often questioned., As a
result, they must watch the elements overtake and produce a shabby,
rust-streaked aircraft exterior that has anything but a pleasing and inviting
appearance. Such airplanes soon become a liability to the museum, not an
asset,

There are solutions, if the problems are properly addressed in a methodical,
well-planned program for each aircraft. The cost can be high and much time
can be consumed, and this must be recognized early. Airplanes have never
been inexpensive, including those that cost the museum nothing to acquire,
So often it is not its initial cost to be considered, even when the airplane
is free, but the continual up-keep required to maintain and support them,




One measure of the professionalism and maturity of a museum is how this
difficult problem is managed.

Perhaps only portions of the plan described here can be managed by most
museums, but at least this description will address the issues to be
considered. These actions divide into four distinct phases that can be
addressed separately in aircraft planniag considerations. These phases
include the acceptance transactions, aircraft moving, exhibit positioning,
and reccurring maintenance. If each of these major phases is adequately
solved, the airplane and the museum have a chance at a long and pleasant
relationship.

Onc museum that has attained near perfection in outdoor preservation of an
aircraft is the Swiss Transport Museum in Luzern. The Museum acquired e
Convair 990 Coronado from Swissair in 1975 and moved it to the Museum
grounds. It was placed in the courtyard of the Museum, and even today it
looks as new as the day it arrived. The years of exposure to the country's
extreme seasonal temperatures and conditions show little effect because of
proper care. The air in luzern has a high content of carbon and sulfur
dioxides and nitrogen oxide, combined with high and low humidities depending
upon the time of year and wind direction,

Despite these problems, the Museum intended to have the airplane in an open
environment, flanked by some of the support equipment associated with
' passenger transports, as aircraft of this size are seen. Had they elected to
house this airplane in a building, it would not have blended well with the
other buildings or the openness they desired. One can wonder, however, which
avenue, outdoor maintenance costs or building costs, would have been the
least expensive to follow., Based upon the experience gained by the Swiss
Transport Museum, here then, are some factors and guidance to consider before
acquiring an aircraft for outdoor exhibit,

The acceptance transaction is always the first issue to be considered, but
perhaps it is not always addressed with the museum's best interest in
perspective., If the airplane in question is an air transport being acquired
directly from a major airline, the problems can be less cumbersome than if it
is accepted after several users, Nevertheless, the benefits of enlisting the
help of an airline that once used Lhe type as an active and supportive
sponsor, should be recognized by both the sponsoring company and the museum,
In the case of the Coronado, this airplane represents Swissair, the flag
carrier of Switzerland., The company was proud of this airplane and its
service, and now it has high visibility in the company colors and the bold
name on its fuselage that is seen by countless visitors to the museum.

It is essential to work out mutual agreements with the sponsoring company
early in the acceptance phase. Preparation and maintenance support can most
efficiently be done by the company rather than by the museum staff, which is
always limited in number. During this early, pre-acceptance phase, try to
work out a written agreement concerning periodic support that the company
will give to the airplanc and the muscum, Jdentify recurring work to be
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performed by the company. Set a time limit for this support, such as five
years. This would be much casier for its management to accept than an
open-ended agreement. I[f the museum exhibits this aircraft in that company's
markings, a satisfied company would probably renew its agreement rather than
see the airplane deteriorate with its name on it, Whenever possible, enlist
the help of the airline's maintenance facility to prepare the airplane before
it is delivered to the museum. 'The importance of this was not recognized
until after the Convair 990 was in place at the Swiss Museum. It then became
the responsibility of the airlince technicians to accomplish the entire

pro ject while working out of tool boxes in the open museum location., It was
estimated Lhat sixty percent of the preparation work could have been done at
the maintenance facility under much easier, and less costly, conditions.

The airline's maintenance facility is the best place to check for, and to
remove, corrosion. This is a must in any case in order to enhance the life
expectancy of the airplane, a task which the maintenance facility is well
equipped to accomplish. Replacement with worn parts just because this
airplane will not fly after its ferry flight is false economy. Those parts
will not last as long, so their purpose is defeated. The airplane should be
delivered in first-class condition, as the airlinc wishes it to represent its
company.

The interior can be brought up to exhibit standards and configuration while
at the maintenance facility. This is important if museum visitors will be
permitted to enter the cabin, especially since this is an important feature
in the preservation of air transports, While some museums have resorted to
placing plexiglass walls along the aisle Lo keep visitors away {rom seats,
this portrays a false, confining interior. Much depends upon the museum's
location and its visitors, but a more aesthetically pleasing method is to
have heavy cledar mylar covers for the seats along the aisle to protect them
from hands as visitors move through the cabin. These protective covers will
not last indefinitely, so a continuing source for replacements must be
available.

Other work to be done at the maintenance facility will become evident,
dependinyg upon the aircraft type. The next phase, aircraft moving will be a
problem that can only be addressed on an individual basis, but exhibit
placement is a factor needing considerable pre-planning. A major reason for
the Swiss Museum's continuing success in preserving the Coronado is that
ground support equipment is close at hand and has been dedicated to it. Not
visible to visitors is an underground room below the airplane, hidden beneath
the surface of the exhibit grounds. An air conditioner with a 500 cu/m/hr
capacity is in this well lighted and ventilated basement, The outlet for
this unit is connected unobtrusively to the airplane at the normal connecting
point for a ground cquipment air conditioning unit. This permanent

installation maintatns the aircraft cabin belween 18 Lo 20 degrees C (65 Lo
69 degrees F).

This feature not only makes it pleasant for visitors walking through the
museum aircraft, especially on a hot summer day, but is important for other
reasons as well. During the hours that the cabin doors are closed and air
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flow is restricted, the exhausted air is forced through the structural parts
of the airplane, i.e. wings and fuel systems, cabin wall interiors, lower
fuselage cargo compartment, cmpennage, etc. With the Coronado, the fuel
purge-and-dump system is used to direct low humidity air through the fuel
cells and wing structure., Openings were made through closed parts of the
structure to allow this gentle passage of air to take place. As a result,
daily condensation and damaging moisture is prevented at all points of the
structure's interior by the flow of cool dry air.

Also contained in the basement below the aircraft is a heavy duty air
compressor. When maintenance work requires compressed air, which is often
needed with any aircraft, the source is readily available. Concealed in this
way, the resounding noise that the air compressor gencrates is muffled and
therefore not offensive to museum visitors, and is certainly less tiring for
technicians working on the aircraft.

While considering these major expensc items for the well-being of the
airplane, a water line to the aircraft site should be included. An airplane
needs exterior washing frequently to keep it in exhibitable condition;
therefore, the convenience of available water should be addressed early in
the planning phase.

Where and how to locate the airplane is more of an exhibits design function,
but other factors should be considered as well, When making this selection,
it should be looked upon as a permanent fixture. Placement of the
underground support equipment for an aircraft, for example, is a major
consideration. This might be determined by the predicted direction of strong
winds. Pointing the nose into the wind is normal in positioning aircratt,
but if wind is not a factor, consider the direction of sun exposure.
Sunlight has a damaging effect upon the outside finish of an aircraft, and
will effect one side more than the other. The angle at which the aircraft
will generally be viewed by visitors may warrant some inflexibility in
positioning.

How an aircraft rests on its landing gear should be an important element for
special attention. While viewed at distances that outdoor exhibits can
provide, an airplane does not look right if the landing gear strut travel is
bottomed out, or worse if one or more Lires are flat. The best solution is
to place a spacer within each landing gear strut that will supporti Lhe weight
of the aircraft and maintain proper strut extension. Make certain not to
insert a material that will rust or corrode and therefore cause damage. A
correctly sized phenolic bar insert would be best, but a properly treated
metal bar that will not rust would suffice. To disassemble a landing gear
strut is a heavy equipment operation, and to avoid this, some museums
fabricate a split collar to go around the strut extension. This is the next
best solution, but the strut does not look normal when viewed closely, and
the sleeve can damage the sliding surface of the strut over time.

Landing gear jacks are essential for taking the weight of the aircraft off

the tires. These must be custom made for the height of the jack support
point of the strut, allowing about one inch of tire-to-ground clearance. If
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securely anchored, these jacks can also serve as points at which to secure
the airplane to the ground, This avoids the ugliness of tie-down cables.
Once in place, this all but eliminates the endless need to re-inflate tires
as their air slowly seeps away.

Some museums prefer to mount an aircraft in some attitude other than as it
would normally rest on the ground. This introduces a new set of problems.
An example is the Douglas DC-3 at the Swiss Transport Museum. The designers
of this airplane took into account that while at rest, rain water would
surely seep into the aircraft in varying degrees, and they provided water
drain holes at low points throughout the structure. With the aircraft
mounted at a level flight attitude, for example, moisture pools appeared in
unexpected places and new avenues for water to escape had to be created.

With the airplane established on the museum grounds, the recurring
maintenance phase begins by preparing the exterior to endure the rigors of
outdoor exposure in the years ahead. Again, the technicians of Swissair are
to be complimented for mastering the many problems encountered. Following
their plan, once the airplane is initially prepared, a periodic process of
attacking certain areas of the aircraft surface in greatest need of attention
begins. The side facing the sun will require the most repeated attention.
For the Coronado, Max Widmer from the Swissair Technical Department has all
but taken this reccurring project as a personal undertaking. It shows by his
workmanship. Each spring, at the end of Switzerland's winter snow, Widmer
and an assistant depart the airline maintenance facility in Zurich for a ten-
to fifteen-week stay at Luzern. Their time is devoted to accomplishing many
things that would have been best accomplished originally at the maintenance
facility and, more visibly, with working on areas of the aircraft needing
painting or repairs. What they cannot accomplish in this time must be left
until the following year. Nevertheless, this ongoing maintenance program is
rigorously followed, and the excellent condition of the airplane shows this.

Max Widmer has a simple and logical checklist for these functions which he
can recite from memory. This forms the basis for any portion of the airplane
being worked on.

1. Clean by generally washing the airplane.

2. Remove any corrosion.

3. Paint inside surfaces with primer (the National Air and Space
Museum, on the other hand, recommends a clear coating if not
painted originally by the factory) and paint outside surfaces
with appropriate color.

Apply corrosion prevention material on the inside of the structure.

Clear all cracks and crevasses that are not securely filled, and
seal all skin-line seams on the top and sides of the structure,
leaving lower seams open.

6. Ventilate structure where possible.

7. Inspect from time to time and prevent damage before it occurs.

8. Repair as needed,

(W, B

Understanding most of these steps is rather straightforward, but some need
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further explanation. This airplane is washed religiously twice a year, in
the spring and fall. Natural rain will not handle the situation as well as
it used to in earlier years. Not all the unsightly rust stains will wash
off. To prevent them from recurring, steel items which cause rust stains are
removed., Where possible on the Coronado, steel fasteners have been replaced
with titanium hardware of the type used on Swissair DC-10s. When suitable
replacement items cannot be found, the fasteners are removed and sandblasted
for rust removal. This is followed by a normal galvanic treatment such as
cadmium plating. Uncoated steel parts are coated the same day after cleaning
with NOVEROX, a rust converter primer (Material Note 1). Otherwise they
would begin rusting overnight in Switzerland's humid night air, which is not
unlike conditions at many places in the United States. When installed they
are coated with a wet, putty-like material, PR1422B2 (Material Note 2), which
seals them in place and prevents water entry under the taper screw head and
threads. Residue is removed with acetone and a cotton towel. The heads are
painted again to match the surrounding area, which is normally covered using
a paint roller. Cross point screw slots that are missed are paint-filled
with a small brush., This material does not permanently fix the screws in
place, for they can be removed. All this is painstakingly time consuming
work, but the results are gratifying.

To help cut down on water streak lines on the lower surfaces of the aircraft
structure, an area easily examined by visitors, artificial dams made with
aluminum tape have been strategically placed. Rather than having a run of
water go the entire length of a surface, leaving a telltale streak, the tape
causes water to drip off at the point of contact. This is also used to
divert water and its associated streaks so that it will drop from the lower
surface of the aircraft at an earlier point.

Any access panels within the area worked on are opened for interior
inspection. After corrections are made, a coating of LPS3 is sprayed over
the interior (Note 3). This produvct is recommended by Boeing as a
preservative for the interior of aircraft structures., 'There are other
products that can be obtained for this purpose, such as Bilstein R-2000 (Note
4). These materials have a property which neutralizes electrolysis action,
or provides a thin self-healing coating that displaces moisture for the
prevention of corrosion. They can be expected to last from three to five
years. LPS3 remaining on outer surfaces or closing edges must be removed
before the access panels are closed. Since this material creeps very well,
as it is designed to do, it would otherwise serve as a barrier preventing
sealing these edges.

Properly sealing the upper and side surfaces of the aircraft from water is of
prime importance. Not only does this prevent trapped moisture from causing
corrosion and related deterioration, it also preveats water streaks from
entering skin openings., This is a laborious, but rewarding, operation,

First, the skin mating line is cleaned, using a tow-scraper to loosen
embedded dirt and deteriorated caulking material, Then it is cleared with
air pressure from the air compressor previously described. When cleaned and
dried, both sides of the seam are masked with masking tape, right at the
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edge. Using a caulking gun, sealer such as PR1422B2 (Note 2) is forced into
the crevice. A putty knife (a steel rod, of 1/4 to 3/8 inch diameter, bent
to a spoon-like profile), or a more suitable trowel, smooths the seam
surface, and the masking tape is then removed. What is seen just within the
skin line is a very fine black line (white or other colors are available)
that detracts in no way from the aesthetic appearance of the airplane,
Initially this can be slow work, but in the case of the Coronado, Widmer and
his helper Fritz Zaugg sealed 110 windows of this aircraft in four days.
Once finished, it gives a crisp appearance, and also keeps water stain lines
from reappearing under window frames after the stains have been removed.

Upper skin lines often overlap the lower surface. These must not be
overlooked since, through capillary attraction, water does run uphill., To
prevent moisture from entering these seams, they must be filled and smoothed
as well. By masking the seam edge to be filled, the fill-line need not be
any wider than one-and-one-half times the thickness of the lapped skin edge
itself, Filled seams of this type, using the material described, can last
from six to ten years. But since climate conditions vary, they must be
inspected at least annually for cracking and tightness.

Some cracks cannot be filled with putty, such as gaps between flaps,
ailerons, and spoilers on the wing, and between the elevator and the
horizontal stabilizer. These are bridged with 3M aluminum tape in widths of
1 inch, 2 inches, 3 inches, and 120 mm. One-inch aluminum tape is also used
to close gaps around ha*:hes and removable access panels, such as cowlings.
This is applied like roof tiles, starting at the lowest edges and the next
applied tape overlapping the lower one, and so on. Once all the areas are
sealed, a final one-inch save-tape prevents the upper-most seal tape from
being forced away by ice and snow as it slides down the wings, stabilizer,
and engine cowlings. Tape ends are always smoothly cut with scissors, and
all tapes are pressed into place with plastic-smoothers.

Normally, this tape will last for one year through the Swiss seasons, but the
operation moves quickly once the skill of application is learned. It is
essential that earlier tape residue is completely removed with white-spirit,
nylon brush, and cotton cloth, and then degreased with acetone or
chloroethene, before new tape is applied. The residue must be removed
carefully and not accidentallly distributed over the adjacent area, This is
confirmed with the bare hand, for if residue remains on the aircraft skin,
the surface feels sticky. This prevents corrosion and improves the adhesive
qualities of new tape.

Repainting is a routine process and must be done for appearance's sake,

before it is needed., While red is an exciting color on almost any vehicle,

it is the most difficult color to maintain, In the case of the Swissair
Coronado, the red fuselage stripe on the southern side needed repainting
after three years because of white paint run-off that would not wash off. On
the shaded side, the same red paint has been in place for ten years and is
still in good condition. This illustrates that, by concentrating on selected
sections of the aircraft exterior rather than the nearly impossible task of
addressing the entire airframe while at the museum, no more than necessary
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work need be undertaken.

The unpainted skin on the Coronado is taking on a leadened appearance rather
than the once shiny aluminum surface. Good results were obtained over a test
section of the fuselage on the shaded side. This test area was prepared by
first applying an acid treatment to the metal skin, then treated with Flex
Coat (Note 5), followed by Metaflex FCR Wash-Primer (Note 6) and Aerodur
Primer S15/90 (Note 7). The final coatings consisted of Aerodur C12/100
(Note 8) and Aerodur Clear Coat UVR (Note 9) applied with a spray gun, This
is a clear polyurethane lacquer. When conditions prevent spraying, a paint
roller has been used. From ~lose-up inspection, rolling gives an uneven
surface, somewhat like that of an orange skin, but it is not noticeable at
any normal viewing distance. Max Widmer refers to this clear coated surface
as the "wet look." At this point, it is noted that the glossy surface
requires more frequent washing than bare metal, but the improved appearance
makes it worth the effort,

Sun radiatinn through windows is another consideration, especially for
cockpits, with their larger glassed areas, It is best to totally paint the
windows to keep the temperature lower for the interior aircraft components.
However, this gives a very artificial appearance. A reflective, yet
transparent, window tint film has been applied to the cockpit windows of the
Swiss Transport Museum's Coronado 990 and DC-3. Widmer reports a marked
reduction of heat in the un-air-conditioned DC-3 cockpit after the window
film was applied, from an average 55 degrees C (132 F) to 35 degrees C (95 F)
over a one-week period.

The main problem with applying window tint film to aircraft windows is that
it will not adhere as well to these acrylic surfaces as it will to auto
glass, for which it was designed and is marketed., It will adhere to aircraft
windows initially, but over time it will begin to bubble because of the
breathing qualities of acrylic surfaces used for aircratt windows. Where the
situation warrants, remove the window frame and place the tint film, cut to
extend beyond the window area, on the window surface, without removing the
clear adhesive barrier. Reinstall the window frame, which now holds the film
in place. As an alternate method, adhesive tape has been used to hold the
film in place, but it releases the film over time because of the heat and the
smooth film surface.

There are three or more types of reflective film available through auto
window tinting companies. Of the Matico window tint films on the market, the
most reflective mirror-like finish prevents 79 percent of the sun's heat from
passing through. This is the best, but it gives an unnatural appearance,

For automobiles, RG-210, an almost black film through which the car occupants
cannot even be seen, reflects 75 percent of the heat. The best appearing
film is RG-321, described as smoke or gray. It reflects 71 percent of the
heat. A combination of these films might be used, such as black for covering
cabin windows where light is seldom seen from ground level through the cabin,
and gray for cockpit windows which often show light from the opposite side.
This material costs approximately $1.25 per square foot. Although expensive,
there is not all that much window area in an airplane and the benefits gained
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through heat reduction would be appreciable.

The visible results of the many phases of preserving the Swiss Transport
Museum's Coronado, which have been in place since 1975, are impressive, to
say the least. But all good things must come to an end sometime, and when
that end will come remains to be seen. Dr. Alfred Waldis, President of the
Swiss Transport Museum when the Coronadc was accepted, was asked when he
would expect that the maintenance of this airplane would be overtaken by
outdoor deterioration. He replied that he would be satisfied if this
airplane could serve as an exhibit for a period of thirty-five to fifty
years, To do so would make all this effort worth while. After that time, a
newer generation airplane would be worthy of this exhibit location., With the
removal of the 990, the cockpit and other technical components may be
retained as separate, and more easily managed, indoor exhibit items.

"This is not a bright future for such an airplane when other museums plan in
terms of hundreds of years," according to Waldis. "But this is better than
other alternatives, such as letting it deteriorate at its own natural rate or
not having the airplane at all.,"

Materials:

Note 1.
Rust converter primer

NOVEROX

SFS Stadler Inc.

Building 1, Box 9392
McArther Road, Route 183
Reading, Pennsylvania 19605

Note 2,
Airplane putty as PR1422 types

roduct Research & Chemical Corporation
Burbank, California
or
410 Jersey Ave
Glouchester City, New Jersey 08030

PR1422B2 = thick viscosity, 2-hours working time
PR1422B1/2 = thick viscosity, % hour working time
PR1422A2 = thin viscosity, 2-hour working time
PR1422A1/2 = thin viscosity, % hour working time
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Note 3.
LPS3 ccnforms to MIL-Spec. C23411, C16173D, SAE AMS-3066
Boeing Material Standard 3-23D

LPS-Research Laboratories Inc.
4647 Hugh Howell Road
Tucker, Georgia 30084

(404) 934 7800

Note 4.
Bilstein R-2000 Anti-Rust Compound

S.E. Waxoyl
6001 F Georgia Ave.
West Palm Beach, Florida 33405

Note 5.
Flex Coat for surface preparation.

B & B Chemical Company Inc.
Miami, Florida 33266-0796
Telex 51-4794

Note 6.

Metaflex is a European product. Equivalent to
PPG Industries DX1791/1792

PPG Industries
19699 Progress Drive
Strongsville, Ohio 44136

Note 7.
Aerodur is a European product. Primer S15/90 is equivalent to
PPG Industries DPU 35/301
(See address above)

Note 8.
Aerodur C12/100 is equivalent to
PPG Industries Durethane

Note 9.
Aerodur Clear Coat UVR is equivalent to
Ditzler Delclear

Ditzler Automotive Finishes
P.0. Box 5090

Seven Oaks Station

Detroit, Michigan 48235
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CONVAIR 990 CORONADO has been on outdoor exhibit at the Swiss
Transport Museum in luzern since 1975. Having had proper care
over the years, it is a handsome center-piece in its normal
setting. Condition and appearance remain near perfect.

. 1 gL - "N\\ :
TEST PANEL of outer skin has been coated with polyurethane
lacquer to test ils protective quality. This has proven
successful and also gives a like-new appearance. Unprotected
areas to the left and right show water streaks more readily.
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SEALING MATERIAL (black caulking) has been used to fill all
seams that would allow water to enter the structure. Steel

screws in this engine pylon have been freed of rust and coated
with a putty-like material for a tight, waterproof seal.

P g ~

. ek 7

POOLING OF WATER is prevented by this build-up of black sealing
compound where an external wing spar stiffener would otherwise

prevent water runoff, Note aluminum sealinz tape at left which
covers the gap between the wing and the landing flap.
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MICROENCAPSULATED DNBM QUATERNARY AMMONIUM
CORROSION INHIBITORS

L. J. Bailin
Research & Development Division
Lockheed Missile & Space Company, Inc.
Palo Alto, CA 94304-1191

and

V. S. Agarwala
Naval Air Development Center
Warminster, PA 18974-5000

ABSTRACT

The microencapsulation of kilogram quantities of
DNBM (dichromate, nitrite, borate, and molybdate)
aternary ammonium corrosion inhibitors for use
in anticorrosion primers, paints, and polymers has

been performed by spray drying an oil-in-water
emulsion of the DNBM in a?ueous methyl cellulose.
An organosilane, methyltrimethoxy silane, was
applied to render the shells impermeable to the
solvents in the test formulation during cure. The
microcapsules produced were principally in the
5~-50 um particle size range. The capsules contain
up to 78% core (payload), and increased levels to
85-90% are expected during scale-up. The inhibitor
DNBM was developed to retard corrosion fatigue

and stress corrosion cracking, as well as general
corrosion, in high strength steels and aluminum
alloys. The test results for the materials in varied
configurations have be 'n presented.

INTRODUCTION

The catastrophic damage that is caused by environmentally
related failures of naval aircraft parts made from high
strength steel and aluminum alloy has long been recognized as
a major material problem. Several compounds in combination
that have been successful in retarding corrosion fatigue and
stress corrosion cracking in these materials are described in
a recent report on corrosion inhibition of aerospace
components in naval environments (1). The inhibitors are
abbreviated DMBM, which is an acronym for a dark brown, high
viscosity, 100 percent mixture of neat quaternary ammonium
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dichromate, nitrite, borate, and molybdate. The functional

properties of these compounds are:

a) Inhibition of moisture entry at a crack tip, thereby
inhibiting corrosion;

b) Modification of the interfacial chemistry, wherein atomic
hydrogen is removed rapidly, thereby impeding its entry
into the metal;

c) Creation of a chemical barrier (passive film) at the crack
surface; and

d) Maintenance of a uniform pH at the crack tip by means of
buffer reactions.

EXPERIMENTAL AND RESULTS

mnnmnmp_%xm%msm

The D, N, and M inhibitors have been prepared in kilogram
quantities by double exchange reactions of a quaternarX
ammonium methylsulfate with alkali metal dichromate, nitrite,
and dimolybdate salts. The borate quaternary was commercially
available in development quantities. The choice of the
sulfate salt as a starting material rather than the chloride
quaternary was based on the desirability to maintain chloride
levels as low as possible. A block diagram of the dichromate
synthesis is shown in Figure 1.

The current DNBM mixture is_prepared by adding equal molar
quantities of Cr,0;7 ", MoO,~ , NO,~, and B,0,; "as quaternary
ammonium salts to aromatic or aliphatic soivents, followed by
solvent evaporation in a vacuum oven at 70-80° €. In the
gresence of toluene, reduction of Cr(VI) to Cr(III) can occur
n bright light to form benzoic acid, benzaldehyde, and
benzyl alcohol, as detected in the illuminated solution by
GC-MS, and is illustrative of the oxidative activity of the
dichromate quaternary salt. Of direct consequence to the
performance of the inhibitor are the following observations:
a) The salt is insoluble in distilled (ion free) water;
b) The addition of quaternary starting material does not
cause any change in solubilization in distilled water; and
c) The addition of aqueous sodium chloride or other water
soluble ions causes an orange color, Cr(VI), to appear.

This evidence supports the concept of reversibility of
exchange equilibria, as well as the integrity of the
quaternary functionality as shown in Figure 1. The probable
mechanism for DNBM corrosion inhibition is therefore release
of the inorganic inhibitor anions in the presence of
seawater, which, under adverse conditions, will make its way
to the substrate that is to be protected. In addition to the
dissociation reactions, there will form free quaternary
ammonium cations that can act as a barrier at aluminum or
steel substrates. Non-dissociated DNBM can also serve as a
barrier film. Information on the pH of DNBM mixtures in
seawater has been reported elsewhere (2).
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Packaging of DMBM for Primer Application
The purposes of packaging DNBM into microcapsules are quite
specific. The DMBM inhibitor must be prevented froum
contacting the solvents of the epoxy or other polymer systems
with which it is formulated. The DMBM mixture is thereby
held in reserve in the primer coat such that when called for,
e.g., as the result of environmental effects, the mixture is
released into the damaged area. At the same time, the shell
of the microcapsule must be sufficiently hydrophilic and
susceptible to Cl1™ such that when seawater penetrates the
primer, the shell will allow passage of salt water, thereby
releasing the DNBM inhibitor from the capsules. Since the
capsule shell characteristics must be controlled, a shell
surface treatment is necessary to accommodate the different
penetration/ release rates required of the microcapsules. ThLe
criteria used for selection of the microcapsule shell
polymers are:
a) Insoluble in coating solvents:;
b) Non-reactive with DNBM or coating components;
c) Well-established polymer properties; and
d) Agenable to commercial formulation and production with
the DNBM.

The principal solvents that are used in epoxy polyamide
coatings, for example, are general solvents. These include
methyl ethyl ketone, isopropyl alcohol, isobutyl alcohol,
butyl cellosolve, and cellosolve acetate. The MIL-T-81772,
Type II (epoxy) diluent contains methyl ethyl ketone, methyl
isobutyl ketone, and ethylene glycol monoethyl ether or
propylene glycol monomethyl ether. The coating polymers that
are 1nsoluble in these solvents and that are also water
soluble/dispersible belong to the family of cellulose ethers.
Of these, methyl cellulose and hydroxypropyl methylcellulose
were the principal test candidates. Polyvinyl alcohols,
derived from hydrolyzed polyvinyl acetate, have similar
properties and were also included.

Microencapsulation Process

The basic microencapsulation process involves several steps,
and are described as follows for the DNBM-cellulose ether
system. The initial step is formation of a stable oil-in-
water emulsion of DNBM in an aqueous colloidal solution of
the cellulose ether. Methyl cellulose is first dissolved in
deionized water to form a stable colloidal solution. Next,
core material is added, and high shear high speed mixing is
applied to disperse the DNBM. It was noted experimentally
that excess ionic salt impurities (e.g. chloride, sulfate,
acetate, etc.) in the polymer materials, particularly the
polyvinyl alcohols, were detrimental to the stability of the
emulsions; this was observed when the DNBM mixture, reacting
prematurely with the impurities, produced yellow-colored
aqueous solutions of Cr(VI) ion with a corresponding loss in
stability of the colloid.




The success of the microencapsulation step depended largely
on the stability of the micro-emulsion. An example of the
emulsification step is given as follows; in this instance,
the quaternary ammonium dichromate was used to test the
stability of the emulsion in a laboratory run:

To 500 mL of a 5% methyl cellulose colloidal solution, 29%
(based on weight of total solids) quaternary ammonium
dichromate salt was added. The weight of "“D" was 10.0 g.
The dispersion was prepared under shear at ~18,000 rpm in a
commercial Oster blender. After 10 minute mixing, during
which the temperature of the mixture increased to approx.
70° ¢, the dispersion was centrifuged to separate the foam
from the liquid phase. The size of the emulsion particles
was between 1 and 20 um, and remained constant without
settling or agglomerating for over four weeks. To prepare
large quantities of the emulsion, a Gifford-Wood homogenizer
was used to prepare multigallon quantities of DNBM foam-free
colloid in which the particle. sizes were somewhat larger than
that produced in the laboratory unit.

The objective at this juncture was to separate the water
layer from the colloid dispersion. Following preliminary
coacervation and phase separation experiments, which were
only gartially successful (cf. Reference 3), spray drying
techniques were applied. These were found to provide
reproducible results under defined conditions of nozzle size,
flow rate, core content, and concentration of the shell
polymer. 1Initially, a laboratory spray dryer was utilized to
show feasibility. Following the success of these trials, an
Anhydro spray dryer was usad to prepare the microcapsules;
this is shown in Figure 2. Following a multiplicity of runs,
the range of particle sizes obtained was 5-50 um, with a few
capsules as large as 100 um. In order to compress the range
to 20-45 um for compatibility with current epoxy and poly-
urethane formulations, air classification will be used for
control in future runs. In a recent series from the Anhydro
dryer, the following conditions were applied, which are
typical of the process:

Nozzle size 0.120 in. (3 mm)
Feed rate 65 g/min
Atomizing air 40 psi

Inlet temperature 190-200° C
Outlet temperature 100-110° C
Yield (recovery) 53%

The microcapsules were examined for their size and roundness
by scanning electron microscopy as shown in Figure 3. Their
payload was analyzed for chemical content through atomic
absorption analysis and compared with the initial Cr and Mo
concentrations for the starting DNBM. The results are
reported in Table 1. Based on dry weight correction, the
average payload of microcapsules was found to be 78.6% DNBM.
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Figure 2. The schematic / flow diagram of Anhydro spray dryer

Table 1. The chemical analysis of microcapsule core
for DNBM content (payload)

‘Core Load
Sample %Cr $Mo $H20 %DNBM (Calc from)
Neet DNBM
11048~29 2.44 4.19 ——— ——
Microcaps. 1.76 3.08 7.32 77.8 (Cr data)
8-530 79.3 (Mo data)
Microcapsule Surface s

To prevent uncontrollied dlffus on of the prlmer/coatlng
solvents through the methylcellulose shell of the micro-
capsules during paint formulation, a means to treat the shell
surface was developed. Alkoxy silanes were applied by a
vapor deposition process. Satlsfactory solvent hold-out was
achieved when the treated microcapsules were mixed with the
epoxy diluent used to formulate commercial MIL-P-23377 epoxy
polyamlde coatings. The process involves exhausting the
silane by means of a low vacuum, 10-100 Torr, through the
capsules contdined on a stainless steel screen. The liquid
silane is contained below the screen in a reservoir, and the
excess unreacted silane is trapped in front of the mechanical




FIGURE 3. SEM PHOTOGRAPHS OF MICROCAPSULES CONTAINING 76%
CORE LOAD OF DNBM.
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FIGURE 4. 'ITWIN SHELL BLENDER WITH INTENSIFIER BAR FOR
MICROCAPSULE SURFACE TREATMENTS




pump using liquid nitrogen. After 2-3 hours of contact

in which the silane reacts principally with the absorbed
moisture on the surface of the capsules, the reactor is
opened to air and allowed to further hydrolyze overnight.
The product is then sieved through a 240 mesh screen to
break up agglomerates. The principal silanes evaluated were
methytrimethoxysilane, hexamethyldisilazane, and trimethyl-
. methoxysilane. Of the series, the first candidate was most
successful in achieving a solvent resistant barrier.

The silanized capsules were then used for laboratory
preparation and evaluation in the epoxy polyamide coatings.
However, because of particle-to-particle contact during the
silanization process, which results in incomplete coating of
the microcapsules, a series of three separate treatments were
required for the laboratory process. A simplified single-
stage method was therefore required for use in scale-up. The
method that was designed utilizes a twin shell blender (or
dual cone blender) that maintains the microcapsules in
continuous motion during the silane contact period. The
silane is introduced as a gas via an inert gas bubbler
through the intensifier bar into the blender which also
rotates at a controlled rate, see Figure 4. This is a
standard process for treating powders with liquids and gases.

Because of the residual water present on the microcapsules
following the spray dry process, the resultant powder is
always strongly flocculated. To change the properties of the
capsules to a dispersed state, a fumed silica commodity was
added. The addition resulted in a significant fluid-like
change in flow properties such that the powder will be able
to be airclassified efficiently as well as treated uniformly
in the twin-shell blender. To test the compatibility of the
fumed silica addition, it was determined experimentally that
the presence of the silica did not adversely change the
reaction of the silane with the microcapsules that contained
the Si02 .

DNBM in Epoxy Polyamide Primer

To establish the effectiveness of DNBM as a general corrosion
inhibitor a base-line test was designed using neat DNBM
(100%) directly on steel surfaces. The DNBM mixture was
spray applied from a solvent solution in toluene onto 1010
steel panels that had been sand blasted to white metal. The
calculated weight of DNBM was based on the amount of
microcapsules that was designed to take the place, weight for
weight, of the strontium chromate in the MIL-P-23377 epoxy
polyamide primer. For a 4 in x 6 in x 1/8 in 1010 steel
panel, 0.3 - 0.4 g DNBM was deposited directly onto the bare
steel surfaces, which was followed after evaporation of the
solvent, by deposition of both chromate-free and chromate-
containing epoxy layers. A similar quantity of methyl
sulfate quaternary (starting material for the DNBM quaternary
salts) was also deposited to serve as controls. Clear epoxy
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FIGURE 5a. SALT SPRAY EXPOSED PANELS OF 1010 STEEL COATED
WITH MULTILAYERS OF DNBM/EPOXY. [Note bleed-~through of DNBM
unaffected by salt]
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FIGURE 5b. SALT SPRAY EXPOSED PANELS OF 1016 STEEL COATED WITH
METHYL SULFATE CONTROL QUATERNARY/EPOXY. [Note excessive
blistering]
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was applied last, since some DNBM was observed to have bled-
through into the first epoxy layer before cure was complete.

Following seven days of room-temperature cure, diagonal
scribe lines were drawn on the panels according to ASTM
Method D-1654, using a tungsten carbide tip, style E, with
1/64 inch nose radius.

The coatings were exposed to an ASTM Standard B-117 salt
spray environment, and the test was run for 1000 hours. Salt
spray effects were observed at the scribe lines or within the
coatings depending on the formulation and type of inhibitor.

Table 2 lists the observed corrosion results.

Photographs of

the corrosion areas are shown in Figure 5a through 5c¢. The
effects of corrosion inhibition by the DNBM materials are
clearly evident.

Table 2. Corrosion Resistance of Multilayer DNBM/EpoxX
Coating of 1010 Steel After 1000 Hours of Salt Spray Testing.

Coating Coating Time~to-Failure Mechanism
Number System Hours of Corrosion
74 (4) DNBM/epoxy/Clear 1000 Blisters
(No Cr)
77 (3) DNBM/epoxy/Clear 1000 Blisters
(Includes Cr) Lifting
83 (3) CH3804 Quat / 144 Excess
Epoxy / Clear Small
(No Cr) Blisters
85 (2) CH;3S0, Quaternary/ 72 Excess
Epoxy /Clear Small
(Includes Cr) Blisters
88 (2) Epoxy /Clear 240 Large
(No Cr) Blisters
90 (3) Epoxy /Clear 1000 Undercutting
Lifting

. > L G WP T ) WY B S W A4S S G W WD D TP P Y D WS D S S D U D T T WD T WD D G D WP Y TS WD W VES e GG T T D s I WIS WD SIS WE G WD GBS GNP W

Numbers in parentheses indicate the number of test panels.

Microencapsulated DNBM in Epoxy Polyamide Primer

The first formulations of the microencapsulated DNBM
inhibitors were prepared by adding the capsules to mixed
Parts A and B of the MIL-P-23377 epoxy polyamide primer. The
catalyst remained the same as the standard Part B; however,
the Part 2 contained no strontium chromate but all other

fillers, such as titanium dioxide, silica, etc.
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the limitations in the method of deposition of the siloxane
on the surface of the capsules, which increases the surface
area, a maximum of 70% of the replaceable SrCr0, could be
added without exceeding the binder demand of the total
pigment content. Thus, 1010 steel panels were coated with
this non-SrCrO, primer but containing 5% microcapsules with
two levels of DNBM core loading. In Figures 6 and 7, panels
B and C represent the 30% and 55% core load of DNBM in micro-
capsules, respectively, panels A represent the control, i.e.
standard primer w1th SrCro, for comparative evaluation. The
panels were tested in the g% salt spray chamber for up to 36
days. The results can he best described by examining the
scribed areas of the test panels shown in Figures 6 and 7

It can be ea511y concluded that the severity of corrosion and
blistering in the scribe region decreased from Panel A to C,
indicating an improvement in the corrosion resistance
behavior by the mlcroencapsulated DNBM over the standard
primer. Of course, the magnitude of corrosion increased after
36 days of exposure; however, the relative performance did
not change. It can be also noted that between Panels B and C
an increase in core load with DNBM had 1mproved the corrosion
resistance significantly. Thus, it is anticipated that at
higher core load, 76% DNBM, the effects may be even more
pronounced.

DISCUSSION AND CONCLUSIONS

In an earlier study (4) it was determlned that the chemical
system DNBM exhibited nearly eight fold increase in the
corrosion fatique or stress corrosion cracklng life of a high
strength 4340 steel in high humidity (moist) chloride
environments. The DNBM is a liquid mixture of quaternary
ammonium complexes of dichromate, n1tr1te, borate and
molybdate in an aprotic solvent. In this phase they have
erformed synergistically and effectively as corrosion
inhibitors and crack arrestment compounds. For their
appllcatlon in coatlngs, the DNBM was packaged into
microcapsules so that its multifunctional properties were
preserved, and at the same time, are available whenever
requlred to provide protection. Thus, a method was developed
to microencapsulate the DNBM for formulation in primers or
paints. Methyl cellulose was used as a polymer and alkoxy
silane as post treatment to protect the outer shell of the
capsules. Specifically, the purpose of microencapsulation
was to protect the DNBM from contact with the solvents and
uncured polymers of the epoxy system. In microcapsules, the
DNBM mixture would be held in reserve in the primer coat
until required due to environmental and service damages. The
shell of the capsule is held sufficiently hydrophilic so that
when seawater seeps through the primer or cracks, the walls
of the microcapsule could release the DNBM inhibitor. To
date, capsules of 5-50 um have been successfully fabricated
with nearly 78% DNBM core load. The painted panels of steel




NIVINOD (D) aNv (d) STaANVd NO
QIVANVIS HIIM Q3aIVvod STIANVG ‘1

*RId
‘avol FHOD %66 ANV $0€ LV WeNd UZHZH&HZOW STITNSAVOONDIN %S I0d

ILOAdSHA
0I1D01S5 ON

WYAKRTIYd FHI {V0IDIS HIIM ‘T0dINOD (W) :JIWIAd

JALS dISOdXT AVAd ST 4O SHAVIDOLOHd

9 HINDIA

45




RS LIRS

S 03 .
: 7

Rt )

Sy

% b SOR O e e B TES
e e e S g

*ATIATLOIISTA

‘QYOT 0D $SS ANV %0€ IV WANd wszHmazow SAINSAYOOUIIH %S Ind Y0IDIs ON
NIVINOD (D) aNv (g) STANVd NO HIWIVYd FHI ¢{V0IdIS HIIM ‘TONINOD (V) JIWIAL
JIVANVYIS HLIM gIILV0D STIANVd TAILS dISOdXT AVAd 9€ A0 SHAVIOOILOHA ° L FANODIJ

A

Sy %W%?g




with less than 5% of microcapsules (with DNBM) in primer were
tested in 5% salt spray chamber for up to 36 days. Their
corrosion resistance was superior to that of the standard
MIL-P-23377 primer with SrCro,.

The basic mechanism by which DNBM inhibits corrosion and
cracking is that it releases the inorganic (inhibitor) anions
in the presence of sea-water, which, under adverse service
conditions, will make its way through the coating to the
metal substrate that is to be protected. The solvent in the
DNBM quaternary complexes serves as a wetting agent and
carrier of inhibitor ions, thus enhancing their mobility to
reac? highly restricted geometries such as fine cracks or
crevices.

Oon-going formulation and salt spray tests include primers
that contain fumed silica silane-treated microcapsules and
those that are not silica treated. These tests are being
performed currently at both Lockheed, Palo Alto, and the
Naval Air Development Center. Efforts are under way to
gp—scale the fabrication of microcapsules to about 25 pounds
y 1990.
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ABSTRACT

Conventional paint strippers cannot be used on composite surfaces
without damage to the substrate. Current practice is the use of hand
sanding for paint removal from these surfaces. Plastic Media Blast
(PMB) offers a more economical means of paint removal. In this paper.
it is our intent to provide data supporting PMB as a viable process for
paint removal from composite surfaces, The PMB process eliminates
health hazards associated with chemical stripping and reduces
hazardous waste. Plastic media dust is classified as a hazardous waste
only if the paint system being removed contains sufficient quantities
of hazardous ingredients

PMB applications for composites is based solely on economic justification. Methylene
chloride, the major ingredient in chemical strippers, attacks the resin binder and gel coats
used in composites. Current airframe manufacturer recommendations only approve hand
sanding for paint removal from composite surfaces. Hand sanding is a laborious, time
consuming process that in itself can also damage the substrate. Airline technical process
people can confirm considerable substrate damage resulting from their use of hand sanding.

It is extremely difficult to equate economic advantages due to variance in processing
requirements and basic pay rate. However, estimates of reduced man hours should enable any
interested facility to calculate their own savings. Examples cited below are taken from
AVIATION EQUIPMENT MAINTENANCE (ref. #1) and unpublished United Airlines data (ref.
#2). CFMI authorized an evaluation of plastic media blasting to strip CFM56 spinner cone.
The General Electric representative examined the test cones and granted final approval to
United Alrlines to strip these cones using PMB. PMB takes about 25 minutes as opposed to the
3 to 3.5 man hours for chemical stripping. A scrap B-747 wing panel was used to simulate PMB
stripping. Polyurethane topcoat removed from a one-square foot area without removing the
black conductive coating. In one test area, the conductive paint removed to expose the
fiberglass surface. A circular test disc of fiberglass was removed ,exposing honeycomb
substrate. Under 40X magnification, small craters were observea where plastic media
impinged on the fiberglass, but damage was far less than usually experienced when hand
sanding, (The fact that PMB is less damaging than hand sanding is further supported by
references #11 & 12.) Recommended policy is removal of polyurethane topcoat only, leaving
black conductive coating intact. Estimated man hour savings for PMB versus hand sanding is
75 man hours per B-747 rudder. One side of a B-737 rudder was test stripped using PMB.




Using PolyPlus 30-40 at 48 psig nozzle pressure, three foot standoff distance and 75 degree

nozzle angle to the surface, one side of the rudder was completely stripped in about 35 minutes.
Surface completely acceptable for reapplication of conductive coating and polyurethane paint
system. Use of PMB versus hand sanding saved approximately 34 man hours per B-737 rudder.

A graphite/epoxy composite section, as supplied by Boeing with a 1-mil bondable interior
Tedlar coating, was test stripped. PolyPlus 30-40 at 47 psig nozzle pressure (3 feet distance at 75
degrees) removed the Tedlar film. A circular disc, exposing the honeycomb substrate, was
examined under 40X magnification, Volids noted were believed to be present in new composite.
A very few broken fibers were also noted, but damage is far less than from sanding. PMB used
to remove the exterior topcoat paint, leaving primer to assure that the graphite/epoxy
substrate is undainaged. Based on test work with the B-747 wing panel, the B-737 rudder, and
the graphite/epoxy test panel, United Airlines estimated that an annual savings of over
$125,000 could be realized by using PMB processing in lieu of hand sanding of composite
surfaces. This was a rough estimate based on work done in 1985. Current estimates may well
alter these figures, but the U.S. dollar savings will be greater, not less.

1.S. Naval Air Rework Facility (NARF) Alameda, California, (ref. #3) states that PMB can be
used on epoxy cast fiberglass/laminate composites, polyester fiberglass laminates, and
graphite/epoxy composites without damaging the surface. Work done at Alameda (ref. #4) on
painted graphite/epoxy panels used PolyPlus and PolyExtra 20/30 at 40 psig nozzle pressure.
Paint coatings easily removed by both media. PolyExtra ylelded a smoother finish.
Microscopic examination of stripped graphite/epoxy surface indicated only superficial
isolated surface graphite fiber breakage. It was uncertain if this fiber breakage was due to PMB
or defects already present. Fiber breakage was so minor that no significant loss of mechanical
strength wou'd be realized.

Further testing at NARF North Island, California, {ref. #5) supported the conclusion that
PolyExtra is the preferred material for paint/primer removal from graphite/epoxy substrates.
Overall mechanical effects were insignificant. Interlaminate shear (ILS) and flexural bending
tests, which evaluate interply strength and maximum fiber strain respectively, were run.
Specimens were loaded with affected surfaces in tension and in compression. Comparison of ILS
strength indicated less than 7% difference in strength values between controls (12 specimens)
and test (24 specimens). PMB paint stripping exhibited varying degrees of surface damage,
depending upon media hardness and dwell time. Test specimens evaluated for mechanical
properties indicate no significant changes in mechanical values, even though in some cases
surface deterioration occurred in the first ply of the graphite/epoxy. Damage to the epoxy surface
would be minimized if there were no requirement to strip past the primer layer.

Boeing Commercial Airplane Company (ref. #6) states that PMB, under select operating
conditions, can efficiently strip protective coatings from fiberglass, graphite and Kevlar
substrates without sustaining fiber breakout or visible surface damage. Media recommended is
PolyExtra 30/40 at 30 psig nozzle pressure using 1/4 inch nozzle, 45 degree incidence angle, and 4
to 12 inches nozzle distance from substrate. Boeing Vertol (ref. #7) states that the paint can be
removed from fiberglass without damage, if their standard procedures are enforced. Media is
applied at a 60 degree impingement angle at 30 inches from substrate. Additionally, honeycomb
panels (fiberglass and aluminum outer skins) showed no evidence of delamination after PMB.

NARF Cherry Point, North Carolina, (ref. #8), using PolyPlus 30/40 at 20-40 psig nozzle
pressure, saw no evidence of delamination and very little disturbance of the epoxy matrix for
graphite/epoxy composites. Examination of composite structure revealed very few, very small
areas of fiber exposure and occasional broken fiber. These incidences were considered
minimal and not as extensive as with hand sanding.

49




Graphite/epoxy test panels were PMB stripped of polyurethane top coat and epoxy primer by
Pauli & Griffin for the U.S. Air Force Wright Aeronautical Laboratories at Wright-Patterson
Air Force Base using various mesh sizes of PolyExtra, PolyPlus and Type Il media (ref. #9).
For summary of test results see summary sheet Exhibit A. Test panels were examined both
visually and using scanning electron microscope (SEM) with photomicrographs taken of each
test area. Breakthrough or removal of gel coat is considered damaging. Note that on Panels 3,
4,6,7,8, 11 & 12, topcoat removed without completely removing the primer or damaging the
substrate. Panel #1 shows complete paint removal without damage in spite of a 10 minute
dwell time; panel #2 acceptable with only slight breakthrough of gel coat. Appendix A consists
of 7 pages of photomicrographs corresponding to summary Exhibit A.

Data covered in the preceding paragraph was partially the basis for the Air Force Wright
Aeronautical Laboratories (AFWAL) Letter of June 2, 1988, to the FAA (ref. #10). In their
opinion, research has shown that surface of a composite panel may be left intact during a PMB
paint removal process providing excessive pressures, long dwell times, and close standoff
distances are not used. Typical safe parmeters (after microscopic examination and
nondestructive inspection) are: 90 degree angle, 12-18 inch standoff distance, 30 psi, 3.5 mohs
hardness media, 30/40 mesh media. Other sets of parameters are being investigated.

The Systems Support Division of the Materials Laboratory (AFWAL/MLSE), Wright-Patterson
AFB, conducted three studies in 1988 to investigate using PMB to remove polyurethane paint
(MIL-C-83286) from graphite/epoxy composites (ref. #11). Nondestructive evaluation (NDE)
and mechanical testing were performed on stripped and baseline test panels. In no case did
NDE show any non-visible damage caused by the PMB process. On comparing the effects of
"hand" sanding to PMB, "hand" sanding was found to cause severe degradations in tensile
strength. Damage levels were visible to the naked eye. Using 3.0 mohs hardness media and
various PMB parameters, tensile and interlaminar shear tests showed no degradation caused
by the PMB process. On the average, no harmful effects from PMB were discovered when
investigating the effects of nine separate sets of PMB parameters on unidirectional
graphite/epoxy. An important criteria is using the primer coast as a "flag". This technique
limits dwell time of the blast patiern on any one area of the test panel and thereby reduces
chances for damage. Based on their tests, AFWAL/MLSE recommended to HQ Air Force
Logistics Command that PMB be approved for use on composites providing: "primer as flag"
criteria is used in all operations; System Program Managers for each aircraft also approve the
process.

The Naval Air Development Center (NADC) assessed the microstructure of unidirectional
graphite/epoxy laminates after paint removal with plastic media blasting (PMB}) (ref. #12).
Five independent process variables were investigated: media material, media size, nozzle
pressure, angle of attack and standoll distance. Any damage to the microstructure was
evaluated using ultrasonics, optical microscopy and scanning electron microscopy.
Conclusions are:

1. One cycle PMB paint removal can be performed on graphite/epoxy with only minor surface
abrasion to the resin. This was demonstrated with a variety of process conditions using
both polyester (Type 1) and urea formaldehyde {Type 11} media.

2. Type I media caused less damage to graphite/epoxy microstructure than the Type Il media.
Increasing the dwell time to five times the coating removal duration caused severe damage
with the Type Il media. Little change in the microstructure was seen after extended dwell
exposure with the Type I media. This indicates that the Type I media is less sensitive to
operator error than the Type II media.

3. All of the Phase I PMB process conditions that were investigated resulted in a surface
erosion effect on the graphite/epoxy materials without causing subsurface damage. Paint
removal on panels that were hand sanded was non-uniform. The samples had areas of
complete coating renmoval and other areas with primer remaining. Extensive fiber damage
resulted and release ply pallern was no longer visual.
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4.

Minor surface damage we.; observed in the composite materials after four paint/blast

cycles. Cne condition was found to cause only resin abrasion and no fiber abrasion damage

after four paint/blast cycles. However, the use of both Type I and Type 1l media caused
small surface cracks in the resin after four paint/blast cycles. These cracks did not extend
past the resin rich surface of the composite.
nd san ingle tim

Little difference was seen between AS4/3501-6 and IM6/3501-6 graphite/epoxy composite
materials. Other materials may be more susceptible to damage. For instance,
bismaleimide resins used for higher temperature applications have lower fracture
toughness properties and may require less aggressive blast conditions.

CONCLUSIONS

In the past four years considerable testing and actual application of PMB processing have been
accomplished. Although reports do exist disclaiming the advantages of PMB, we believe that
the preceding data is more than adequate to establish that PMB is both an economic and viable
tool for stripping paint from composites. Pauli & Griffin Company is striving to become a
leading depository of technical information on PMB. We will gladly furnish you with a copy of
the references cited herein and assist you in your confirmation of the economic benefit of PMB
for stripping composites. Please remember that only adequately trained personnel should use
PMB on composites or damage can and will result. With our equipment, we have available a
training package to assure that your people can successfully do the job.
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Airline Plating & Metal Finishing Forum, New Orleans, LA, March 27-30, 1989.
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EXHIBIT A

Graphite Epoxy Panel Testing for 1st Lt. Butkus
U.S. Alr Force Wright Aeronautical Laboratories
November 1987
SUMMARY OF PARAMETERS
PMB machine used: Pauli & Griffin PRAM 31 Cabinet
Nozzle used: Pauli & Griffin PTX 1/4" venturi
Panel size: 20 square inches

Exh.A Nozz. Nozz. Nozz. Dwell AFWAL/ML
Photo# Media Angk. Did. _Prss. Tae Findings (verbatim)
1. PolyExtra 60-80° 12-18" 25 psi 10 min *1 No visible damage; no
30-40 damage shown on SEM
2. PolyExtra 45°  12.18" 40 psi 2 min *2 No visible damage; slight
y
30-40 breakthrough of "gel
coat" on SEM
3. PolyExtra 45° 18" 25 psi 2 min *3 Primer intact visibly
30-40 and on SEM.
No visible damage
4. PolyExtra 30° 18" 40pst  2min *4 Sameas#3
20-40
5. PolyPlus 30-90°  12-18" 20 psi 2 min 5 Faint 'gel coat' pattern
3040 remaining. Examination
under visible and SEM
show almoat total lack
of gel coat. Damage to
surface is apparent
8. PolyPlus 45° 12 20 pst lmin  *6 Primer and some paint
30-40 remaining; no visible
damage
7. PolyPlus 30° 18’ 40psi  1min 7 Sameas#3
4080
8. PolyPlus 60° 18" 25 psi 1 min *8 Sameas#3
40-60
9. Type I 45° 18" 20 psi 1 min 9 Sameas#5
20-40
10. Type I 30° 18" 40 psi 1 min 10 Sameas#5
20-40
11, Type Il 60° 12" 20 psi 1 min *11 Primer and some paint
20-40 remaining. No visible
damage
12, Type Il 30° 18" 40 psi 1 min *12 Primer generally intact:
30-40 no visible damage
13. Type Il 45° 18" 50psi  20Sec 13 Extreme damage (total
20-40 gel coat erosion)
visible and SEM
14. Type I 45° 18" 60 psi 20 Sec 14 Sameas #13
20-40
* NO HARM TO SUBSTRATE
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APPENDIX A - Photomicrographs of U.S. Air Force graphite epoxy panels after dry
paint stripping with plastic media blast (PMB) using a Pauli & Griffin PRAM 31 Cabinet
PMB system. Photomicrographs and scanning electron microscope analysis by the
U.S. Air Force Wright Aeronautical Laboratories (AFWAL), Wright Patterson Air Force

Base, Ohio, November 1987.
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APPENDIX A - Photomicrographs of U.S. Air Force graphite epoxy panels after dry
paint stripping with plastic media blast (PMB) using a Pauli & Griffin PRAM 31 Cabinet
PMB system. Photomicrographs and scanning electron microscope analysis by the
U.S. Air Force Wright Aeronautical Laboratories (AFWAL), Wright Patterson Air Force
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APPENDIX A - Photomicrographs of U.S. Air Force graphite epoxy panels after dry
paint stripping with plastic media blast (PMB) using a Pauli & Griffin PRAM 31 Cabinet
PMB system. Photomicrographs and scanning electron microscope analysis by the

U.S. Air Force Wright Aeronautical Laboratories (AFWAL), Wright Patterson Air Force
Base, Ohio, November 1987,
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APPENDIX A - Photomicrographs of U.S. Air Force graphite epoxy panels after dry
paint stripping with plastic media blast (PMB) using a Pauli & Griffin PRAM 31 Cabinet
PMB system. Photomicrographs and scanning electron microscope analysis by the

U.S. Alr Force Wright Aeronautical Laboratories (AFWAL), Wright Patterson Air Force
Base, Ohio, November 1987.

P{G [ AFWAL #*T PLG [AFWAL # 7

- J“,"’“.: . PO
B -

gl e

g 72y .

* .

ey PO

PEG | AFWAL #8

56




APPENDIX A - Photomicrographs of U.S. Air Force graphite epoxy panels after dry
paint stripping with plastic media blast (PMB) using a Pauli & Griffin PRAM 31 Cabinet
PMB system. Photomicrographs and scanning electron microscope analysis by the

U.S. Air Force Wright Aeronautical Laboratories (AFWAL), Wright Patterson Air Force
Base, Ohio, November 1987.
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PENDIX A - Photomicrographs of U.S. Air Force graphite epoxy panels after dry
paint stripping with plastic media blast (PMB) using a Pauli & Griffin PRAM 31 Cabinet
PMB system. Photomicrographs and scanning electron microscope analysis by the
U.S. Air Force Wright Aeronautical Laboratories (AFWAL), Wright Patterson Air Force

Base, Ohio, November 1987.

PiG [ AFWAL # | Péa | AFWAL ¥ ||

A

B
LRI

3

“15KU Raee .. 7233

58




APPENDIX A - Photomicrographs of U.S. Air Force graphite epoxy panels after dry
paint stripping with plastic media blast (PMB) using a Paull & Griffin PRAM 31 Cabinet
PMB system. Photomicrographs and scanning electron microscope analysis by the

U.S. Air Force Wright Aeronautical Laboratories {AFWAL), Wright Patterson Air Force
Base, Ohio, November 1987.
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ROBOTIC DRY STRIPPING OF AIRFRAMES: PHASE II

by

Robert A, Pauli
President
Pauli & Griffin Company
Vacaville, California 95688

and

Art M. Wittenberg, Manager
Materials & Process Engineering
Air Canada
Quebec H4Y 1C2, Canada

ABSTRACT

At the U.S. Department of Defense Tri-Service Advanced
Coatings Removal Conference, Orlando, Florida, March 1-
3, 1988, we presented information on Air Canada's
interest in the development of a dust-free, automated,
plastic media dry stripping system. This included a
description of semi-automated equipment under
development for this project based on Air Canada's
stationary/simulator configuration experience. Phase I of
their program was to build a prototype of the proposed
robotic arm, and it's dust enclosure to: prove basic
automation concepts; show reasonable paint removal rate
from a curved surface; and, establish that process is dust-
free and recovers media in a closed-cycle fashion. Phase I
was successfully completed by the March 1988 date of the
first paper, except for the determination of optimum
blasting parameters. This paper contains Air Canada's
calculations on the effect of different blasting parameters
in order to determine optimum values required for
completion of Phase I. Also included is progress into
Phase II. Phase Il is to prove the total concept by building
and demonstrating the capability of a complete system,
i.e., with the robotic arm/blast enclosure mounted on the
arm of a motorized man-lift/platform.

Air Canada shares the various concerns expressed so far about the dry
stripping process (effect on fatigue life, crack propagation, control of
blasting operation/parameters to prevent deformation/buckling of aluminum
skins and aggressive clad removal, contamination risk for the media, need
for adequate/consistent operator training, etc.). Yet, once acceptable
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blasting parameters are determined for various substrate materials,
structures, etc., control over the execution of the "job" will still be in the
hands of the operator. Air Canada does not believe this is acceptable, but
does believe PMB will be a viable method of paint removal on their aircraft if
the process is automated. After reviewing Republic Airlines' operation in
Atlanta, Air Canada concluded that, due to the dust generated by the
process, most airlines could not adopt the process, as they cannot afford the
luxury of a dedicated dry stripping facility. The only answer to Air Canada
would be to use a large blasting enclosure to ensure closed-cycle recovery of
plastic media and dust without permitting them to escape into the hangar
atmosphere. They were able to prove this concept three years ago by using a
small blasting enclosure of their own design and an off-the-shelf Pauli &
Griffin PRAM 45 Vacuum Return Unit. However, a larger "blasting
enclosure” would be needed to achieve minimum acceptable production
(removal) rates. This concept would only be feasible if automated.

Shortly after reaching the above conclusions, Air Canada personnel observed
a completely automated blasting operation which used a dedicated booth and
was for depainting railcars and locomotives. It appeared that the concept
could be transferred and upgraded for use on their aircraft. Air Canada has
since agreed to participate in a program with Compustrip Systems Ltd. The
program entalils the development of an automated, dust-free, dry stripping
system meeting Air Canada's minimum requirements. The program has two
basic phases:

Phase I: Build a prototype of the proposed robotic arm, and it's dust
enclosure, to:
1. Prove the basic automation concepts;
2. Show it is possible to remove paint from a curved surface at a
reasonable rate;
3. Prove the process does not generate dust, but recovers the
media in a closed-cycle fashion.

Phase II: Prove the total concept by building and demonstrating the
capability of the complete system, i.e., with the robotic arm/blast
enclosure mounted on the boom of a motorized man- lift/ platform.

Phase | was successfully completed in November 1987, except for the
determination of optimum blast parameters. To complete Phase I, Air
Canada is calculating the effect of different blasting parameters {pressure,
angle, media mass flow, media types and sizes, and travel speed) to
determine their optimum values for their paint schernes. That is, which
parameters give the highest removal rate with the least effect/disturbance of
alclad surfaces (alclad removal and surface roughness}. This is being done
using the "simulator” configuration discussed later on in this paper.

Findings so far are:
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Optimum blast angle: 75 degrees (see Attachment A)

A lean flow rate of 7 pounds per minute produces a significantly higher

removal rate than a 10 pounds per minute flow rate.

Moving up or down the test panel produces little or no significant

difference in removal rate.

The normal 2.5 to 3.0 mil coatings are easily removed at travel speeds

of 8 to 9 feet per minute (maximum for "simulator") and nozzle

pressures of 20-25 psi. To obtain complete removal of the 6 mil

coating (Red over White) at the same travel speed requires blast

pressures some 5 to 10 psi higher (see Attachment B).

5. With pressures in the 15-30 psi range and travel speeds of 5-9 feet
per minute, surface roughness is in the 205 to 360 micro-inch range
when using PolyPlus 20-40.

6. Varying mass flow rate between 7 and 13 pounds per minute at given

pressures and angles produces variations in average surface roughness

of 15-20 micro-inches. The leaner flow rates tend to give a slightly
rougher surface.

NOTE: All test panels are .050" 2024-T3 Alclad Aluminum in 2 ft. x 4 ft.

sizes. They are painted and cured as complete 4 ft. x 12 ft. sheets and

then cut to size. Curing is at room temperature for 7 days, followed by

96 hours at 140 degrees F.

> W N

In response to Air Canada's interest in the development of a dust-free,
automated, dry-stripping system, Compustrip Systems Ltd. of Montreal
proposed the concept shown in Figure 1. It has been named the
"Compustrip VR-2000 System." "VR" stands for "vacuum return" and 2000
indicates a two nozzle system designed to fill needs into the next century.
The Compustrip VR-2000 System is a semi-automated system in that:

1. It must be positioned manually for access to the different areas of a
large aircraft;

2. For each designated section of a specific airframe, it is preprogrammed
to execute the dry-stripping operation automatically, using specific
blasting parameters (nozzle pressure and angle, media mass flow rate,
and travel speed).

Blast distance is fixed at three feet as determined by the depth of the blast
enclosure.

It is important to note that Compustrip Systems do not use any vision-type
feedback information to alter blasting parameters. The system supervisor,
therefore, has to select an initial "travel speed" (the inverse of dwell time)
capable of completely removing the coating system using the pre-
programmed blasting parameters. This is accomplished manually by testing
first the highest possible "travel speed"” and then falling back to slower
“"available" speeds in a step-by-step fashion until satisfied with the visually
observed result. That selected speed is used to dry-strip the rest of the
specific airframe section. If/when incomplete coating removal is observed,
the system supervisor inputs "location data" into a simplified keyboard for
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selective re-execution. A line on the hangar floor, illustrated on the right-
hand side of Figure 1, represents a portion of the "guidance system" needed
to ensure proper travel along the fuselage, wing, etc. A sensor placed under
the motorized man-lift completes this guidance system.

Figure 1 shows the four major sub-systems that make-up the compiete
Compustrlp VR-2000 Systems. These are:

-li adapted for this application and
mounted ¢n a 45 foot or 65 foot boom, depending upon the size of the
aircraft to be stripped. This unit provides all vertical and horizontal
axis mobility for the system. The basket will be removed and replaced
by the robotic arm, and it's enclosure. for the dry-stripping operation

3. Four stage telescopic arm and blasting enclosure for a two nozzle
operation, each nozzle being 1/2 inch bore, long venturi design. The
nozzles are mounted on a turret for precise selection and control of
blast angle. Proximity-type sensors mounted at the mouth of the
enclosure provide instant feedback to the computer to ensure proper
force is exerted against the aircraft fuselage to maintain an adequate
“seal" at all times.

A prototype of this robotic-arm and blast enclosure, Figure 3, was fabricated
and mounted on a stationary column in a "simulator" configuration for use on
a simulated DC-9 fuselage half. This took place at Air Canada in June of
1987. A hydraulic system powers this "simulator” robotic arm, which is
programmable for motions about five axes:
1. Arm travel "up and down" column,
2. Arm "angle" to column.
3. Am extension ("in and out")
4. Enclosure angle (180 degree mobility from vertically upward to
vertically downward).
5. Nozzle angle of impingement (variable between 65 and 90 degrees in
the current enclosure model).

The simulator was built to:
1. Optimize design of the robotic arm and the blast enclosure.
2. Develop basic software to operate the system in the "automatic” mode.
3. Provide a "tool" to Air Canada for experimentation and selection of
optimized blasting parameters.

Following the successful November 1987 demonstration of the capability of
the system in this stationary/simulator configuration (automated, dust-free
paint stripping on a mock-up of a DC-9 fuselage section), Air Canada has:

63




1. Included the possible acquisition of two Compustrip VR-2000
Systems in their new aircraft dry stripping and repainting facility to be
operational in Toronto by the end of 1989.

2. Funded a portion of the fabrication cost for a production model of the
Compustrip System for demonstration and acceptance testing.

3. Acquired an "adapted” motorized man-lift for this
demonstration/acceptance testing program. Pauli & Griffin is
providing the custom-built, two-nozzle PRAM dry stripping system.

This final development and acceptance testing program was scheduled to
start in mid 1988 at Air Canada in Montreal. Current plans call for initial
testing to be conducted on a life-size mock-up of the aft section of a B-747
. fuselage and tail. Further testing will be done on an out-of-service DC-8
prior to moving on to an in-service aircraft demonstration.

In the interim, Air Canada M & P Engineering is conducting a blast
parameter evaluation and optimization program, using the Compustrip
simulator still in their Montreal facility. Air Canada's production goal is to
achieve a net average coating removal rate of 4 sq. ft. per min. with each of
the two Compustrip Systems they may acquire.

Air Canada's inspired program to have an automated, dust-free dry stripping
operation in place by the end of 1988 has been slightly delayed due to
equipment problems. A new production version of the Compustrip VR-2000
was delivered to Air Canada Montreal on September 22, 1988 for on site
hardware and software fine-tuning. The current schedule is to demonstratc
a fully-automated, production ready system by mid 1989. Prior to this time,
Air Canada will have completed calculating the effect of different blast
parameters to determine their optimum values for their paint schemes. Air
Canada further hopes to put their VR-2000 Compustrip System into service
in Toronto in early 1989.

Phase II, so far, has resulted in the following major areas being up-graded
from the original stationary simulator prototype:

1. The new/up-graded robotic-arm is now mounted at the end of the
boom of a modified 60 foot Simon man-lift. This will permit complete
mobility required to access any portion of Air Canada's aircraft.

2. Previous electro-magnetic relay based control panel replaced by
independent I/0 (input-output) computers for all three major sub-
systems (man-lift, robot-arm, blast/reclaim system).

3. The master computer, located at the operator control station will
initiate all automated process sequences and will constantly monitor
the proper operation of all sub-system components/sensors. Selected
failures, disallowed actions and diagnostic information will be provided
to the operator via computer screen. The original simulator prototype
had none of this on-line feed-back capability.
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4.

5.

6.

The last/final stage of the three-section hydraulic cylinder of the
telescopic robotic arm is now totally independent from the first two
stages. Only the former will be used for fine adjustment of arm
extension against the aircraft surface.

The speed of extension or retraction of the arm is now automatically
adjusted to the rate of change in compression/pressure as the blast
enclosure travels on the aircraft. This feature combined with the one
in (4) above will result in much smoother travel along curved surfaces
(while maintaining a "seal").

Air pressure transducers located at the blast nozzles will provide on-
line feedback and adjustment/shut-down capability within pre-
selected ranges of pressure.

To review, the major benefits associated with gutomated drv-stripping are:

1.

oge WD

All the benefits of manual PMB (better paint adhesion, faster turn
around time, less composite damage, no hydrogen embrittlement,
high return on investment (ROI)).

Consistent effect on substrate (not operator dependent).
Reduction in operator training costs (skills development and
maintenance).

Improved productivity.

Reduced labor cost (maximum 3 persons for 2 systems).

Records exact process parameters in video, print or disc format.
Yields improved QA (quality assurance).

The above benefits are applicable, as well as some valuable additional
benefits when the automated system has a dust-free/vacuum return
capability, as does the Compustrip VR-2000,

These are:

1.
2.
3.
4,

No dust in the work environment.
Reduced media contamination risk.
Reduced media loss rate.

Reduced media inventory requirement.
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IMPROVED NAVY SHIPBOARD ANTICORROSIVE PAINT SYSTEMS

Stephen Hobaica
David Taylor Research Center
Annapolis, MD 21402

ABSTRACT

The many different severe environments aboard Navy
ships that corrode metal components have led to the
need for new or improved anticorrosive paints.
These environments are characterized by high
humidity, temperature extremes, and exposure to
chemicals and other conditions deleterious to

palnt. Shipboard areas included are bllges,
sanitary tanks, salt water tanks, and machlnery
spaces. A standard Navy epoxy polyamlde paint

series, F150 described in MIL-P-24441 is currently
used in bilges and tanks. Low temperatures in the
bilge, as low as 40°F create poor condltlons for
application and curing of the F150 series paints.
Metal surfaces are wet due to condensation and cure
rate is severely decreased. Conversely, sanitary
tanks experience elevated temperatures and may
contain harsh chemicals from galley waste and
detergents. Yet another environment is present in
saltwater tanks where palnts must re51st the
effects of cathodic protectlon and cyclic immersion
and drying. The 81gn1f1cantly dlfferent
requirements for each shipboard area results in
marglnal performance of the F150 series paints,
which were not originally formulated for these
extreme condltlons. Various palnts formulated to
perform in these environments are being evaluated.
Paints for shipboard machinery and components (e.g.
hatch and equipment covers) 1is another area
requiring improved anticorrosive paint systems.
Currently, F111l, a light gray enamel described in
MIL-E-15090, is used. Powder coatings and flame
spray alumlnum topcoated with a powder coatlng are
far superior to conventional liquid palnts For
components which can be removed for coating, flame
spray aluminum and electrostatic powder coatings
are being evaluated. Paints which are easy for the
crew to apply and maintain are being investigated
for shlpboard components which cannot be removed
for painting. General requlrements for all paint
systmes are VOC (volatile organlc content)
comgllance, closed cup flash point greater than
100 and that the paints shall not contain
car01nogens or toxic materials. The present goal
of the Navy is for a VOC of less than 340 g/L.

[Manuscript Not Available at the Time of Printing)
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RINSING EFLFICIENCY

Albert M. Pradel
U.S. Army Tank-Automotive Command
ATTN: AMSTA-TMC
Warren, Michigan 48397-5000

Rinse water efficiency: ways to improve, ways to trouble-
shoot, ways to test, This paper discusses the importance
of rinsing in all surface preparations. The role of
rinsing will be stressed. Simple rinsing, compound rinsing
and counter~flow rinsing will be detailed, with diagrams
and mathmatical rinsing efficiency relationships. Examples
of industrical installations will be quoted with water cost
information. Several very simple methods and tests will be
included, which can be used for problem-solving situations,
routine process controls, and preventive maintenance.

Corrosion of U.S. Army tactical vehicles’ metal components is a perennial
problem, with monumental costs. Total U.S. Army "cost of corrosion” is
estimated at $2 to $3 billion dollars per year., Metal components, of cold
rolled steel, galvanized steels and aluminum are finished with primers and
top coat paints. Approximately 70% of the corrosion related failures in U.S.
Army tactical vehicles are traceable to improper or inadequate metal surface
preparation. This is fact,

But let’s think about a typical cross section of a vehicle’s finished metal
components, This would include any painted part. The metal, typically gets
precleaned, cleaned, rinsed, sometimes twice-rinsed, conversion-reaction
coated, rinsed, acid rinsed and, on some, rinsed with deionized water. All
of this happens before priming, drying, cooling, (some call it prime
coating), primer flash-off and/or primer baking, and then, finally, the
application of one or more layers of top coat paint. Looks like we have
quite a combination of many surface preparations. If the total system 1s to
perform on U.S., Army vehicles in providing corrosion protection, EACH surface
must be prepared and maintained properly and completely to assure that our
field personnel can depend on top quality and READINESS, The total painted
metal system is only as good as its weakest surface., Sound familiar? Of
course! Our Navy and Air Force personnel know all about weak chains, we are
all in the same boat ,... Involvement in the prevention of corrosion., Seems
that we have painted multi~faceted corrosion prone systems. Now, why should
WE be concerned about RINSING? Better yet =~ Why not?

Industry had, for many years, wasted more rinse water than was used
efficiently, Efficiency involves what? Effective use of time, personnel,
material, equipment, and MONEY!! But, with the advent of E.P.A., OSHA,
competitive pressure, design changes, vehicle marketing and other factors,
improvements in handling vehicular components and the vehicles themselves,
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had to be made. These pressures resulted in manufacture=s having to pay for
witer into their factories and processes, and in some areas, effluent or
discharge water leaving the plant. The environmental impact of various
contaminants in our country’s air and water are widely publicized, if not
totally known and/or understood. We are building up to the point that we,
via exchange of technology with industry, can benefit.

Rinsing is as important as any of the many above steps, processes, and
materials, along with process-parameters. The parameters include time,
temperature, concentration, pH, type of chemical, work energy, via agitation/
immersion or mechanical, sheer, energy. Within the processes we and industry
had always thought, and referred to the active steps: The cleaning/cleaner,
the etching/etchant, the surface conversion/conversion coatings, such as
chromate conversion coatings, iron phosphate coatings, zinc phosphate
coatings, with or without calcium modification, and acidulated seal rinses,
chromated or non-chromated.

Industry found that we all have to pay more attention to detail. It was long
overdue to look at the key surface preparation problems, how to improve ALL
surface conditions prior to, within each step, during the time between steps,
on and on., Keep in mind all the above process steps!

Rinsing’s job is to remove the material of the previous process step and
render the work surface ready to receive, accept and retain the next ome.

Rinsing is a DILUTION PROCESS. It's efficiency has next to nothing to do
with the size of the rinse tank, regardless of the rinse method employed.
has to do with the rate of dilution. Let’s look at Figure One, which shows
one stage of SIMPLE RINSING., These figures are only schematics, This one
shows just the first three steps in a prepaiant treatment process. The RINSE,
Step two, is to remove, by dilution, the cleaning material, usually alkaline,
from the metal surface so that it can accept the phosphate or chromate
conversion coating of Step three. Consider the metal parts’ surfaces

It

carrying one gallon of liquid per hour.

The DRAGC-IN/DRAG-OUT RATE is One

Gallon per hour, 1-GPH.

Fresh tap water enters the rinse stage at the rate

of 100 gallons per hour, 100-GPH.

The figures are just relative numbers, the

mathmatical significance is their ratio.

The overflow is maintained

constantly. The dilution ratio attained and maintained is one hundred to

one, (100:1). O.K.! One stage of Simple Rinsiung.
Figure 1
SIMPLE RINSING ONE STAGE
WORK DRAG RATE -~ ONE GPQG
OVERFLOW FRESH WATER
100 GPH
1 | l F 2 3

CLEAN RINSE COAT

DILUTION RATIO
100 TO 1
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Figure 2
SIMPLE RINSING - TWO STAGES

WORK DRAG RATE - ONE GPH
S E—————
FRESH WATER
100 GPH EACH
i 4 L ] 4
CLEAN RINSE RINSE T CoAT
DILUTION RATIOS 100 TO 1 100 TO 1

HET 10,000 TO 1
USING 200 GPH VATER

In Figure Two, an improvement is made by using two stages of simple rinsing,
stages two and three., The dilution ratio is increased to ten thousand to
one, Remember, the Drag-Out/Drag-In rate is the same, But the water feed
rate has been doubled, two hundred gallons per hour of fresh water versus one

'hundred in Figure One. TWICE the water RATE.
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Figure 3

COUNTER FLOW RINSING - TWO STAGES

WORK DRAG RATE - ONE GPH

]

] 2 3 4
CLEAN RINSE RINSE COAT
DILUTION RATIOS 100 TO 1 100 TO 1

NET 10,000 TO 1
UBING 100 GPH WATER

Figure Three is titled Counter Flow Rinsing, Two Stages, The contaminated
overflow water from Stage Three is directed back to Stage Two and overflowed
from it. The rinse water flow is counter-to, opposite, that of the metal
parts, or work in these Figures. With the same drag-out/drag-in rate of one
GPH, now only one hundred GPH of fresh tap water, the effected dilution ratio
is ten thousand to one., In Figure One we had 100 to 1, with 100 GPH drag-
out/drag-in. Here we have the dilution ratio of 10,000 to 1 with the same
rate of 100 GPH of rinse water. We have cut from 200 GPH to 100 GPH fresh
water, increased the rinse water dilution efficiency to a ratio of 10,000 to
1. Now the metal work surfaces are more ready to accept the material to be
developed/deposited/reaction~formed, in Stage Four.

The surfaces are cleaner than those generated with one stage of Simple
Rinsing. Industry had to do this, improve product quality, reduce costs
within the same process time(s), and conserve water. A large industrial,
aluminum extrusion factory retrofitted their process line with counter-flow
rinsing in 1979, Their products are used in making storm windows and doors,
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Their line includes: (1) Clean (2) Rinse (3) Rinse (4) Etch (5) Rinse (6)
Deoxidize (7) Rinse (8) Rinse (9) Deionized water rinse (10) Electrocoat
Paint., A very large system. The extrusions are 18-20 feet long. The
process containers, tanks, hold 8500 gallons each. They had been paying
money for water into and out-of their factory. At the end of the first year
following retro~fitting for counter-flow rinsing, their water bill was
reduced by $29,000 dollars., A Fact! This is a large system, but the concept
can b applied to any size system. Industrial plating factories have used
counter~flow rinsing for 50 years. Electrocoat painting is the same as
electro plating.

Figure Four shows a take-off on counter~flow rinsing. It is titled COUNTER
FLOW RINSING AND NEUTRALIZING. It shows all six functional steps clean,
rinse, rinse, coat, rinse, and seal rinse. It could be called Modified
Counter~flow Rinsing.

Figure 4
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Another function variation that industry has proven successful involves a
four, five, or six stage iron phosphate process, via tank immersion or

spray. Here they put the same material in two tanks. This is a cleaner~iron
phosphate type. They gain more cleaning power and life. In the first tank
increased cleaning power is effected by adusting the pH to 5.0 to 5.5.

Normal range for this type material is pH 4.0 to 5.5. 1In the second tank, pH
is adjusted to the low end 4.0 to 4.5, to provide maximum iron-phosphating
power. The system is cost effective. Naturally, with time the first tank
becomes saturated with soils, and adding more fresh cleaner chemicals is not
effective. The first tank is dumped, material in the second tank is pumped
to the first. The second tank is then recharged with fresh iron phosphate.
Some minor adjustments are made to reset the operating parameters for each
tank.

In processing aluminum extrusions with a chromate conversion coating, another
successful approach has been the use of acidic type cleaning. This is done
by some industrial companies who produce to the Architectural Aluminum
Manufacturer’s Association (AAMA) specifications. They eliminate the
problems inherent to drag-out/drag-in of typical alkaline cleaners to the
acidic chromate conversion coating tank. The acidic cleaner must be
controlled very carefully as to temperature, pH, concentration and time of
contact with the aluminum parts.

Industry has had to get more involved with water and how best to use and
conserve it. Analysis of the water used i1s required., The chemical and
physical characteristics of water varies considerably throughout the United
States and throughout the world.

Think of how many ways water is used, in making parts for U.S. vehicles,
aircraft and ships. Cleaning materials, etchants, deoxidizers, pickling
acids, neutralizers, conversion coatings, lubricants, stamping compounds.
This 1list could go on for several more pages.

We know that metal treatment chemical companies, who supply the industrial
companies, are capable of supplying metal forming compounds that are, indeed,
easier to remove. The dissolved solids in water itself can become corrosion
sites under the primer/paint, on all vehicles, of all types. Dissolved
solids include carbonates, chlerides, oxides, among many others.

Under the various hostile environments that all U,.S. Air Force, Navy and Army
vehicles must perform, these materials can and do cause corrosion-related
failures.

Lets review. Back to the chain and its links--~-the marriage of metal,
coatings, primers, and paint. Our vendor’s paint suppliers provide them with
paint characteristics, proper application methods, and paint performance
requirements. None of us want to waste taxpayers money on top quality paints
applied over corrosion-inducing materials. Industry’s and our demand for
UNIFORMITY gets a bit closer to attainment, when we combine our talents and
experiences.
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Most first step cleaners are alkaline, pH above 7. Actually, for metal
cleaning of our types of metals, pH is between 11 and 14. Conversion
coatings are acidic: for ferrous metals these include iron phosphate and
zinc phosphate; for non~ferrous metals, magnesium, aluminum, and their
alloys, these include chromate conversion coatings, such as chrome-chromate,
and chrome-~phosphate, All contain hexavalent and tri-valent chrome and
fluorides.

The modification is this: The primary fresh tap water enters Stage Five, the
overflow water is counter flowed back, to enter Stage Three. Stage Three
overflow feeds Stage Two and overflow from Stage Two goes to the sewer or an
effluent treatment facility. A further modification, where needed, is to add
a low rate water feed to Stage Three. The various prepaint treatment
factories and products vary, enough, to cause the need for specific figures
and equipment. In addition to increasing rinse water efficiency, this system
provides built in neutralization, an added benefit, more mileage out of the
same water. The dragont liquid from Stage Four is acidic, that from Stage
Two, and less so, from Stage Three, will be alkaline. Neutralization on the
fly, built in. Industry learned that much of this information had been known
but not applied. They, and we can learn also, look at ways and tools to use
in getting the data needed in making decisions. Here are some: (1) Titate
the rinse water for presence of the material in the previous stage. Care
must be taken in selecting the sample site, (2) Check the pH and Total
Dissolved Solids (TDS) on the rinse water. Remember, one percent by weight
is 10,000 parts per million, (3) Check pH, TDS and titration of a sample of
drippings from the work metal, (4) Check pH, with paper, on the wet surface
of the work metal, part, (5) Know the analysis of the water used in the
factory. From industry we can also learn ways to improve rinsing

efficiency: (1) Put the fresh water entry across the bottom of the rinse
tatn~--with drilled holes every 3-4 inches. This requires installation of an
anti-siphon valve.

The most common error made at rinse tanks is location of the fresh water
entry too close to the overflow trough, Most of the water is wasted. The
across the bottom entry pipe causes all the water to work at providing
uniform purge and movement of the entire rinse water volume, (2) The overflow
trough should be located along the longest side of the tank., This effects
maximum flow efficiency in cleaning the rinse water, (3) In a spray washer,
use fresh water in an additional pair of risers---~one each side of the rinse
stage, at the exit end. This way, fresh water is the last to rinse the work,
before it leaves. This water becomes part of the circulated rinse water,

(4) Use VEE-JET nozzles for maximum work energy with the highest pressure you
can tolerate, (5) Also in spray washers--~use misting nozzles in the
vestibule areas, This keeps the parts wet and prevents premature dry down
providing improved rinse water efficiency AND prevents inter-stage corrosion;
rust on ferrous metals and/or other oxidation products on non-ferrous metals,
(6) As discussed above, multipe rinse stages and/or (7) Counter-flow Rinsing,

Advantages gained by improving rinse water efficiency are: (1) Reduction in
cross contamination~-~the drag-out/drag~in problem, (2) Reduction in chemical
use, (3) Increase in coating integrity, (4) Increase in coating performance
and therefore, vehicle performance, (5) Reduction in END COSTS!
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If we plot quality versus TIME, and get a saw tooth profile, the system is
out of control. Not uniform! If we control as many parameters, tools and
materiel as possible, the curve can be flattened. Make it approach
horizontal at a level above Q.C. acceptance.

Draw your own curve--~plot quality as cleanliness, coating weights, cross~
hatch adhesion compliance, salt spray performance - whatever - versus TIME,
If the curve is saw-toothed, there are may improvements possible, Problems
are solved by making decisions to do something-only when the data has been
analyzed. Like the one that says BEFORE WE SOLVE A PROBLEM, WE MUST FIRST
DEFINE IT.
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CORROSION OF M299 IGNITION CARTRIDGE BODIES
IN THE M374A3 81mm MORTAR

J. Senske and C. Manning
SMCAR-AET-M
Picatinny Arsenal
New Jersey 07806-5000

ABSTRACT

Misfires of M374A3 81lmm mortars at Ft. Hood, Texas
have been traced to the build-up of corrosion in
the M299 ignition cartridge body. Corrosion
products have been identified in the cavities
between the black powder pellet and primer and the
black powder pellet and flash tube. A review of
the mortar design indicates that the combination of
high internal moisture levels, graphite in the
black powder pellets and weaknesses which may have
contributed to the corrosion problem. Sulfuric
acid anodizing and duplex corrosion resistance of
ignition ca