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PAINT CHAPTER

by Fiirgen ‘Book

I. GENERAL / THE PAINTING PROCESS

Paints can decorate or protect materials. In some application areas, one or the other of
these advantages is more important. For many applications, though, both properties
are crucial. A car, for instance, needs long-term protection from rust and destruction
caused by external influences. At the same time, its external appearance needs to suit
the owner’s taste.

Technologically it needs to preserve and protect the substrates (Metal, Plastic, Wood
etc.) from impacting factors like stone chipping, salt, cold and hot temperatures,
wetness, UV-light, Fuel/Oil, bird droppings, insects, tree resins and so on. It is
today expected that stable colour and gloss remains for the entire average lifetime
of a vehicle. Classic vehicles extend this lifetime widely but you cannot expect the
protective properties to remain forever.

Paint is not just the coloured topcoat but a complete complex system of different
layers with different roles and tasks. The thicknesses of these systems are quite
different based on requirements of the manufacturer, technology and substrate. In
general, 100-150 pm this is on today’s vehicles. Except possibly for higher value
vehicles for which a thicker coat may be possible.

The system of having different coats for different roles has existed since paint was
first used.



CHARTER OF TURIN

View on the total build-up of a typical OEM-System today:

2. HISTORY OF PAINT TECHNOLOGY

The requirement for all parts of a vehicle has evolved and changed over time. Paint
has also constantly developed and improved. Even during their period of use, constant
improvements and modifications took place inside the “technological clusters”.
Some ingredients continue to be used since the beginning of paint development.
Others have been prohibited because of health and environmental concerns. Each
of those met the requirements of their era but as technology improved, including,
vehicle design, improvements in road infrastructure and the particularly the speed
of vehicles, the requirements changed. Sales and marketing requirements were also
added to the mix, as competition increased.

For more about paint in general see the Tech Story on “What paint can do” on the
FIVA website at https.//goo.gl/6gEEaC.

If you are interested in a deeper knowledge and information about paint history, even
before the vehicle was founded please check this link to the museum of lacquer art in

Minster, Germany Attps://goo.gl/BGIViF.

1888 ~ ca. 1930 - Oil based paints

In the beginning, the same materials and techniques that were used for horse drawn
vehicleriages were followed. These were essentially coloured powders, mixed with
linseed oil were which were spread by using a paint brush, preferably in a clean
environment. Over ten coats of paint were spread and the air-drying times were
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very long, possibly up to 6 weeks. These drying times worked for bespoke vehicle

production but when mass production started faster solutions were required.

1924 ~ 1960s - Nitrocellulose paint

After World War I, the advent of the nitrocellulose paint shortened the painting
process time for a vehicle drastically down to ca. 15 hrs. Nitrocellulose paint was
diluted up to 70-80% and could therefore applied with spray guns. It was a physically
drying paint and due to it’s limited durability, Nitrocellulose was often modified
with other known resin types. When the vehicle was used polishing was constantly
necessary to keep the gloss. The polishing made the surface very even and the
gloss look very deep. That is the reason why Nitrocellulose still attracts many car
enthusiasts.

Late 1930s ~ today - Synthetic paint for OEM purposes

Shortly before World War II, the much more durable synthetic paints were
introduced. The idea was to combine the hardener in the paint with a blocking agent
prior to use, which initially contains its high reactivity. This allows it to be combined
with the binder and be stored in a container.

Though the stoving enamels needed to be baked in an oven at 140-160°C. Basically
this technology is still used today but with many improvements in the resin and other
ingredients.

The idea of this high bake technology still exists today but beside quality aspects
ecological and economic impact matters. The introduction of high speed roads,
starting with autobahns, allowed road speeds to increase and stone impacts became
more of an issue, this meant further developments were needed.

It is very important to understand that “synthetic paints” for OEM high bake systems
could not be used for vehicle repair due to the high temperature required for baking.
The temperature that can be reached in a body shop spray booth is about 80°C
maximum, indeed for most drying processes today it is about. 60°C.

Imagine how an assembled vehicle would not look good after being in a 140-160°C
temperature!

19355 ~ 19955 - Synthetic paint for automotive refinishing

Due to the baking temperature differences, the refinishing synthetics were not the
same as the OEM product. Unfortunately, the same “Synthetic” name was used for
both OEM and Refinishing products.

Synthetic paint drying in the vehicle refinishing area took place either on air drying
conditions or at a temperature of around 60°-80°C. It was a 1K-Product which

mainly dried by adding oxygen.
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1940s ~ 1980s - Thermoplastic Acrylics (TPA)

Acrylic coatings followed in the late 1940s which gave a much better gloss retention
and mechanical strength. TPA was very popular on American and UK produced
vehicles. The coating process was similar to Nitrocellulose paint. The feature of this
technology only is the reflow effect at higher temperatures. That is why the repair of
TPA with any other paint technology than TPA is critical.

1970 ~today -2 K Polyurethane/Acrylic Paints for automotiverefinish purposes

Following the vehicle manufacturer demands, by the late 1960s, paint makers had
developed two-component acrylic painting systems. Clearcoats, single stage topcoats
and primers are mainly created with this technology. For two-component systems,
the binder and hardener are stored separately and are not mixed until just before
application. These 2 component paints dry by a chemical reaction and creates a very
resistant “network” on the vehicle. This technology is mainly used for automotive
refinishing.

Nowadays these products are even solvent reduced (High Solids) due to environmental
laws. Pigmented topcoats and clearcoats share the same technological base.

1985 ~ today - Waterborne paint

Currently, concern for the environment has led to legislation restricting or banning
of the use of chemical solvents and has led to the use of water-based paints. These are
mainly metallic basecoats that have to be overcoated with a solvent borne clearcoat.
Over 80% of ready-for-use metallic basecoat is solvent, that is why replacement with
water showed a very high solvent emission potential. In the vehicle industry such
substitutions started mid 1980s at OEM/vehicle production sites. The reduction of
solvent in metallic basecoats for vehicle repair/refinish technology was launched from

98




HANDBOOK

about 1992. In OEM sites the application conditions like temperature, humidity
and coat thickness can be adjusted to the defined process used in the factory. In the
vehicle refinish area the material needs to be usable in a much wider application
window, due to the working conditions in the body shops.

Solvent-based metallic basecoats can still be used based on product and colour
availability and the legal situation.

Other waterborne paint products like primers, clearcoats etc. are available but mainly
for public transport vehicles and not so much for refinishing classic vehicles.

1930s ~ today - Metallic effects

The 1930’ saw the introduction of metallic finishes using actual fish scales. This
pearlescent pigment is still used today e.g. for cosmetic products. Metallic effects
were quite soon developed with flakes of aluminium and later other material for pearl
effects as well as metal flake paint finishes that were popular in the United States.
From the mid-60s on clear-over-base systems have been developed to protect the
aluminium flakes from weathering and corrosion.

3. ORIGINAL /PATINA

Vehicles are usually built to be used, not stored, kept or preserved — except the few
vehicles which have collector’s potential from the beginning. The average phase to be
used / lifetime of a vehicle today is about 15 years. Virtually all vehicle manufacturers
do not take measures to extend the lifecycle to 30 or more years. The consequence is
that vehicles have been repaired or repainted during their phase of usage. After that
phase they have either been scrapped, stored or kept alive by a hobbyist. Few maybe
used as daily drivers. Therefore, a vehicle that still retains the original paint that has
never been touched-up are extremely rare. That is why the finish on classic vehicles
is fundamentally different from the original.

Every historic vehicle is totally individual and its condition tells a lot about the
history. Preservation of the historic substance is key but the term historic substance
can be quite differently understood.

Until about 10 years ago, the paint finish on classic vehicles was pretty much an
issue about high and higher gloss (Better than new). Currently, as supported by the
Charter of Turin, the demanded range of paint jobs has been extended from “better
than new” to include “cosmetic repairs” in a manner that recognises the preservation
of the original finish.

Beside all these discussions the most important aspect is what the owner intends to
do with the vehicle. Will it be used frequently, used at the weekends only for shows
and events or kept in storage.
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Following the logic of the Charter of Turin the following 2 questions may be raised:
1. What does the vehicle and its paint condition tell me?
2. What do I want to do with it?

3.1 What does the vehbicle and it'’s paintcondition tell me? has it been;

* polished or waxed frequently or never?

* washed often or rarely?

* hand washed or machine washed?

* garaged or stored outside

* in an area with a strong UV light such as desert areas?
* repaired already? Are there visible repair areas?

* pampered or was it a work-horse?

I00




HANDBOOK

U\ sehrdunmg
5T, Flllmeszhiaht

Picture of a paint build prepared as cross section analyzed using a light microscope:
Over 600 pm on a VW Fridolin (1966). The originally yellow vehicle used by
Deutsche Post has been painted several times and one owner changed the colour to
red during its period of use. Total build up is more than 600 pm.

Picture of a paint build prepared as cross section analyzed using a light microscope
The originally ruby red 1963 Porsche 356 has been painted several times, at least
twice red and 2-3 times in a green colour. The vehicle was frequently used during its

period of use.
To understand more about paint and what the surface tells you please see the Glasurit

paint damage brochure at h#zps.//goo.gl/xxdVpa.
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3.2 What do 1 want to do with the vehicle?

Enclosed are some notes and proposals for minimum requirements, with the focus
on “keeping the character” of the vehicle.

3.2.1 For a vehicle that will be stored, kept in a museum or collection and not driven

* Keep dry away from direct sunlight impact is the optimum i.e. keep away
from as many external influences as possible.

* The requirements for durability are limited.

* No repair of mechanical parts or corroded areas for road safety features
necessary.

B@» Mustang Boss nearly undriven, ca. 12,000 miles.
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3.2.2 The vebicle shall be driven only occasionally and mainly kept in storage

Keep dry and away from direct sunlight — best not driven in rain or any bad weather.
Temporary conservation if necessary only.

3.2.3 Used occasionally in all weather conditions

* Storing the vehicle in a safe place / garage or vehicleport.
* Dry after use when garaged, especially for wooden parts.
* Corroded areas need to be repaired in-line with national regulations.

gz‘}u 1960 Ford Taunus 17m P2.

Based on the answers to the above, the repair, preservation or reconstruction steps
that need to be taken can be identified.

However, ultimately it is recognised that the vehicle owner will take the decision on
how the vehicle will be used and treated.

4. HISTORIC COLOURS

Throughout the history of the automobile colours became more and more important
to differentiate, make a statement and be a part of the vehicle design. The accuracy
of colours was not as exact as it is today. Colour matching happened based on the
quality of the available raw materials, specially the pigments. Factory production
conditions did not always lead to an exact colour reproduction per batch.

Colours were and still are different by manufacturer and global region. Examples
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include the much more “optimistic” US colours in the 1950’s, while European colours
tended to be more conservative.

The number of all colours seen on vehicles since 1888 is not known exactly, but
is thought to be over 250,000. Unfortunately, before1950 a great deal of colour
information was either lost or insufficiently documented.

In the case of a full restoration, any vehicle owner can search for the classic colour at
http://Colour-online.glasurit.com/CCC/new/index.php, according to manufacturer,
vehicle model, year of manufacture and colour group. Here, the owner can find out
whether Glasurit knows the correct colour — and whether it has a paint-mixing
formula for the desired shade. The database is growing constantly. In the full
restoration of a classic vehicle, it’s important to identify the correct period colour
since this is nowadays an important factor in assessing the vehicle’s look and value.
Nevertheless, it is highly recommended to first look at a colour sample, as occasionally
the chosen shade doesn’t meet the expectations or wishes of the owner.

In case of repair the colour matching needs to comply with the colour shade on
the vehicle and repair area. Very often vehicles have been repaired, repainted or the
colour has changed over the years (In sunlight etc.). It is crucial to adjust the colour
to the colour shades surrounding the repair area. This makes any repair a totally
individual process. It cannot be expected that all areas on a classic vehicle show the
same colour shade. Therefore, different application and/or paint repair techniques
exist as shown in the next chapter.

Also, please see the video clip at Aztps://www.youtube.com/watch?v=TpFcVOmYY-0.
The task was to adjust the Colour and in addition the overall appearance (gloss and
levelling). The vehicle had already been repaired several times.

5. “DAMAGE” PORTFOLIO WITH HISTORIC VEHICLES

The goal of any paint repair work is the “invisible” repair. This is not critical with
new vehicles but the additional challenge with historic vehicles is — as with any
repair material - the adjustment to the aged paintwork. The paint repairs are not
very often accident repairs but damage based on corrosion and simply aging and
weathering. With the right skills, setup and experience of the painter this is often
possible but it is important to understand the borderline areas between aged and
destroyed paintwork.

In addition, the nature of the original paintwork (e.g. Single Stage Metallic or TPA)
made repairs difficult even in ancient times. It needs to be understood that paint
repair systems always had and have their technical limitations and challenges.

The spirit of the Charter of Turin asks to keep as much of the historical substance
as possible. Aged but intact paintwork shall be kept as much as possible and not
overpainted if not necessary. Paint repairs shall be executed on the smallest possible
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area. A key decision factor in this regard is the skill setup of the body shop/painter/
repair specialist and the right repair techniques.

The paint material used depends mainly on the requirements, the availability of
historical repair material, road safety, legislation and the person who still knows how
to work with old equipment and materials (Charter Chapter 7, Accuracy)

Initiated by the Charter of Turin the typical paint repair has been extended to
include preservation and preventive conservation techniques. This means that it is
more and more common that a technically destroyed / disrupted paintwork which
still keeps it’s protective function shall be kept and preserved. (6.6).

It is important to check if such vehicles are safe and allowed by national law be
driven on public roads.

%" Faded and worn out single stage metallic paint on a 1970 Dodge Superbee - reported
t0 be the original or first paint work. A repair copying this visual gﬁfct is not known
with industrial arts. The violet metallic is nearly distryed.

Cracked paintwork on a 1949 Panhard Dyna X - r?orted to be the original paint.

The profective aspect of the paintwork is still given. The cultural approach:overruled the
need to repair this surface. If the vebicle is stored well this might survive still a long time.
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B@ Paintwork on a Porsche 911 coming from Southwest USA. Surface damages made
visible with back control powder. Paint partly cracked and destroyed from sunlight and
acids, also possibly from insects and/or birds.

Recommendation: technical approach: sand off and repaint.
Cultural approach: preserve and use as long as possible.
Decider: the vehicle owner and the technical inspection authority.

5{4«‘;‘: Cracked paint painted over - More disruption than Patina.
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5{;\;,_» 2 tone colour vehicle but different colour shades per tone from part to part on one vehicle.
The starting condition and the wish of the owner are the most important aspects.

6. IMPORTANT TO KNOW...

6.1 General guidelines
As already mentioned only a few vehicles exist that have not had paint work repaired
during their period of usage. In most cases one or more repairs have taken place.
Paintwork repairs are often not documented as to when and where they happened or
with the repair products that were used. An indicator for paint repair can be different
thicknesses of the coats, colour differences, dust inclusions etc.
It needs to be decided if the old paintwork is able to take another coat of paint.
Thickness above 500 pm often have a very high risk of delamination and/or sinking
of sand marks over time.
In case a polyester body filler/putty is used up to 2000 um this can be can be uncritical
in terms of durability. This is not recommendable on parts subject to strong vibrations
(motor, hood, etc.)
The right paint system for the available substrate needs to be identified including
corrosion protection measures.
In any case it needs to be clarified if the old paint technology material is still available,
if it makes sense to use it and if not which paint system with suitable features can be
chosen.
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6.2 “Original” paint technology

Paint is a material which is produced to be used during a certain period of time,
known as the shelf life. That is why NOS (New Old Stock) paint material is usually
not available or of dubious value. Even paint re-produced with old binder systems
cannot be 100% identical as many ingredients used in the past are simply not
available anymore because it is not available, has restricted availability or prohibited
by legislation. An example is REACH, a regulation of the European Union, adopted
to improve the protection of human health and the environment from the risks that
can be posed by chemicals. The rule is check national or state legislation.

In case an old can of paint is available, it needs to be proven that all sedimentation
can be stirred and mixed without seeds, dirt and possibly dried skin (In terms of
synthetic refinish paint). Even if the application would work properly it cannot be
guaranteed that the technical properties match the original production quality.
Usually each paint technology can be repaired with the same technology, e.g.
Nitrocellulose paint with Nitrocellulose paint or TPA with TPA based paint. In
case older paint technology material is not available anymore it needs to be checked
individually on the vehicle how to repair/repaint. Beside the binder basis the correct
paint system is relevant.

6.3 Visual and technically adjustable aspects with paint

Colour

The Colour needs to be matched at the repair area. Clean and polish before the point
of reference is taken. In many cases different surrounding parts will show different
looks and colours and a compromise needs to be found. This especially applies to
classic vehicles which have often been repaired several times and the colour matching
can be different from part to part or even in the same part in case of older repairs.

NEVER use a part from another area of the vehicle for colour matching (e.g. repair
paintwork on front fender and colour matching done acc. to the fuel filler cap on

back of car).

Levelling

The levelling (Orange peel) of the old paintwork can be adjusted by an application
method by the painter. Which is used depends on the application method during
production and the applicable technology. Nitrocellulose (Polishing) and TPA
(Reflow) are usually very even. During the vehicles production the application
processes developed from hand spraying to robot spraying to electrostatic application

(ESTA) today.
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B’Z} Levelling on newer (1) and older (r) vehicles.

Gloss
Gloss can be adjusted by use of matting agent or special application techniques.

Mottling

Mottling is an effect which looks like a cloudy sky and is mainly visible with metallic
paints, even on newer vehicles. If the metallic flakes are unaligned, there will be more
scattering effects at the edges, which diminishes the difference between the light and
dark areas.

It is possible to reproduce by an application technique but it is somewhat complex.

Aging

Weathering or Aging can possibly be adjusted by patination techniques but only to
a certain degree (See the chapter on borderline cases). Highly complex topic and a
pretty new aspect in the refinishing industry based on the thoughts of the Charter of
Turin. It helps to prevent a “patchwork-look” on a used vehicle and should make sure
that the original parts can be kept as far as possible.

This “adjustment patina” should be documented with the vehicle history like any
other kind of repair like mechanical etc.
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6.4 Complete restoration

For a complete restoration it is necessary to choose the correct paint system for the
substrates available. If the vehicle did not have a corrosion protection “by nature”,
it can in the interest of a sustainable restoration, either have a corrosion protection
primer or body cavity preservation applied. Such preservation activities or in-period
modifications made the vehicle even in the older days “better than new” but have
quite often been executed to extend the lifetime of vehicles. From the point of view
of the Charter of Turin but this can be accepted due it’s sustainability factor.

B"&n Front fender of a 1963 Porsche 356 barn find — no corrosion protection.
“The most rusty hobby in the world’.

Using the authentic colour of the vehicle when it was produced does increase the
value. Nevertheless it is better to check this colour before the vehicle is painted
because the imagination is often different compared to the real colour.

Databases to find the original Colour was are available e.g. on the website of Glasurit
(betp://Colour-online.glasurit.com/CCC/new/index.php). Information is also available
on club level (example Aztps://slpagode. mercedes-benz~clubs.com/service/farbeodes/#) or
from the manufacturers.
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6.5 Main paint repair systems

6.5.1 Part repair

In case of a part repair the adjustment to the adjacent parts and the aged paintwork
is important. Additional effort is needed to match the exact colour and aging aspects
of the surrounding parts. The old paintwork can as well be a refinishing paint i.e.
which typically may not be the first OEM paint. At the end this only matters to a
certain degree as the target of the repair is to produce an “invisible” repair. This is
a recommended paint systematic for classic vehicles as it saves old intact paintwork
from just being painting it over.

6.5.2 Blending techniques

Instead of an edge to edge repair blending — often into the adjacent part — which
is pretty much industry standard especially for metallic colours. The blending area
adjusts the colour for the human eye. Blending can be possible inside a section. It
often depends on the part edges, colour and position of the repair.

6.5.3 Small damage repair

This a blending technique used for small damages (diameter max. 3 cm) without any
structural damages i.e. dents. The repair will be invisible. This does not necessarily
work on horizontal areas and with very light metallic colours. It makes sure that old
paintwork is only covered to the minimum area. More explanation can be seen on
the following process chart.
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6.5.4 Cosmetic repair techniques

Cosmetic repair techniques and retouching does not sound like a proper system for
a great classic vehicle but it comes into the focus when only small areas are involved.
Based on the condition of the original or aged paint it might be not acceptable to
overcoat this with a new coat. In that case it needs to be accepted that the cosmetic-
repaired area is visible from a short distance (ca. 1m). The scratched/damaged area
is less visible and the old paintwork remained untouched. To make this repair more
sustainable the scratch should be carefully cleaned and if possibly levelled with the
aid of a primer.

BQ» Renault R 16 door with first paint from 1966 after smart repair.

BQ» Scratch in door before repair.
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Paint and repair systems can be seen on the Glasurit Website Azzps.//www.glasurit.
com/en~-int/products/oldtimer.

6.6 Preservation / Conservation

The borderline between an aged paintwork (Patina) and a destroyed paintwork is
diffuse and is often decided by the view, touch and feel of the owner. Nevertheless,
there are some aspects, like upcoming rust, staring blistering or loss of adhesion
happens then a repair/restoration needs to be undertaken rather than a conservation.
Preserving and conservation is in general a temporary protection which does not
replace a new paint job and does not repair any damage. Preservation materials and
techniques based on oil, wax and other chemicals slow down the disruption but do
not stop it. The effort to maintain a preserved vehicle is bigger than a vehicle with
intact paintwork. However, the aged “Patina” can be enjoyed for a long time if the
storage and use conditions permit.

7. WHERE TO REPAIR ?

The above mentioned techniques make more and more a specialisation in the classic
vehicle industry necessary. The right paint, the matching colour, the correct paint
system and skilled and experienced experts are needed to fulfill the high requirements
to keep and maintain the value of a classic vehicle.

It is recommended to check the above criteria and find specialists who convince with
good references and skills.

The approach and demands of the Charter of Turin has already started to change
the attitude of painters and restorers. It can be expected that more specialists and
materials will enter the market.

8. SPECIALITIES

Motorcycle paint

Paint technology on motorcycles followed the development of cars: Black was the
dominant colour up to the 1950%s, though Edward Turner Triumph’s were leaders in
developing attractive even flamboyant colours and of course Italian machines were
generally an attractive red, the national racing colour.

Japanese manufacturers made a step change with bright metallic finishes, transparent
pigments and/or coloured inks and tinted clearcoats. It was taken into account that
the light stability of those paintworks did not always reach the level of a metallic or

*»

solid top coat. Specially the so called “Candy’s” tend to suffer strong fading.
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To improve this special clearcoats with a high amount of UV protective ingredients
shall be used over these basecoats. In general, it makes sense to store those paint
systems in areas without direct sunlight instead or keeping them exposed.

Often motorbikes use special colour effects, pinstriping and custom paintwork as a
feature for individualisation.

Wet paint materials are mostly still available at the manufacturers or specialised
dealers.

Tractors/Utilitarian

Paint technology on tractors and utilitarian vehicles often came with special paint
systems that had heavy corrosion protection properties. They were often combined
with zinc rich primers, an epoxy chromate containing primer painted on sandblasted
substrates. A specific depth of roughness is necessary to achieve sufficient adhesion.
Pure sanding would not be good enough. Such paint systems were often also used for
trailers, chassis, cranes and other vehicles which required durability.

For the repair or restoration this is possibly a too hard step, even if those products are
partly still available. Chromate containg products will get banned more and more by
environmental legislation, e.g. REACH in EU from 2019 on.

Quite strict specifications and special paint systems are in place for vehicles used for
food transport, e.g. dry food, meat, etc.

The variety of substrates is in general much more diverse than for passenger vehicles.
The technology and paint systems used is often based on manufacturers demands
and specifications. Refinishing technologies were used and additives for an 80°C
light baking were added to make the paint, in this case mainly synthetic, tougher.

Military
Paint for military vehicles needs to deliver limited visibility or camouflage during day
and night. Therefore, the paintwork design is mostly adjusted to the environment
(Desert, Forest, open fields, etc.) and generally a matt finish is used.
In service army vehicles are only allowed to be painted with officially approved paints.
They contain ingredients that guarantees the special requests like the shielding /
screening of radar-search, infrared or thermal imaging cameras.
Paint/Top coat matching the Colour and matt grade can be used for repairs by
private owners.
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