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Abstract

Modem information carriers encompass optical discs
(CDs and DVDs) and magnetic media such as tapes
(audio, video, computer) and disks. These carriers differ
from traditional materials in that the information they
contain cannot be viewed directly, it can only be accessed
by playing the carriers on a machine. And for the carriers
to play properly, they must be in relatively good condition.
This Technical Bulletin discusses the myriad types of
damage that can occur to modem information carriers
due to age deterioration, poor storage conditions, or
poor handling practices, and presents various remedies
to restore these carriers to a playable condition.
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Introduction

Modem information carriers (optical discs and
magnetic tapes and disks) differ from traditional materials
(paper documents, books, photographs, etc.) in that the
information they contain cannot be viewed directly but
must instead be interpreted by a machine. When dealing
with traditional materials, damage or deterioration rarely
results in complete loss of information. For example,
the loss of a page or several pages in a book does not
make the whole book unreadable. But this is not the
case for modern information carriers, where any damage
that results in a carrier becoming unplayable leads to
loss of all the information it contains. Maintaining
modern media in good condition, and returning those
that are damaged or degraded to playable condition,
are therefore important processes in the preservation
of information.

Restoration of damaged media and recovery of the
information is possible in many cases. However,
this can usually be done only by specialists and it
is often quite expensive. It would therefore be helpful
for institutions to have at least a few techniques that
can be tried in-house for media that are unreadable
or do not play properly.

This Technical Bulletin discusses the myriad problems
that can occur with optical discs and magnetic tapes
and disks, and presents various remedies to restore
these carriers to playable condition.

Caution! Some of the techniques discussed in this
Technical Bulletin can cause additional
damage to or complete loss of the information
carrier. It is important to keep this in mind
before attempting any recovery process.

Optical Discs

CDs (CD-RWs) have even more layers in the CD
sandwich. These discs rely on physical changes in
the information layer to represent the digital data
(i.e. crystalline and amorphous regions which interact
differently with the reading laser light).

Write-once

layer

‘pit’
(laser altered

dye in
preformed

groove)

The term “optical discs” encompasses both CDs and
DVDs, and arises from the fact that the information layer
on these media is read with light (i.e. a laser beam). The
information is stored digitally, but the method in which
it is stored depends on the format of the discs.

All CDs are composed of several layers (see Figure 1),
but each format of CD has a different composition. For
example, read-only discs such as CD-ROMs and audio
CDs have four layers: plastic base layer, metal reflective
layer, top protective lacquer layer, and label. The digital
information is represented by pits moulded into the top
of the plastic substrate. Recordable CDs (CD-Rs) have
an additional layer: plastic base layer, dye layer, metal
reflective layer, top protective layer, and label. In this
case the information is generally represented by marks
in the dye layer which function like pits. Rewriteable

Figure 1. Cross sections representing
the three different CD formats.
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DVDs also have a layered structure (see Figure 2), but
they are composed of two discs, half the thickness of a
CD, glued together top side to top side. Although their
construction is different from that of CDs, DVDs store
information similarly to the corresponding CD formats.

Figure 2. Cross section of a double-sided read-only DVD.

Many factors can damage an optical disc and affect
performance. Problems can range from dropouts or
momentary losses of signal, to the laser being unable to
find a file or stay on the track that is being played, to the
disc simply not performing as expected. In some cases the
damage can be so severe that a disc does not play at all.
Fortunately, playback equipment for CDs and DVDs has
been designed to include an error correction system which
allows many damaged discs to remain playable/readable.
When the damage is beyond the capability of the error
correction system, special data recovery software is
available. And if this does not work, various remedies
may alleviate the problem enough to make a damaged
disc playable to some degree. However, if these
remedies fail or there is simply no remedy available,
the information residing on a damaged disc is lost
unless a backup copy exists.

Optical discs can experience performance problems
as a result of:
• breaks or cracks
• delamination
• scratches
• dirt/debris
• warping
• damage to the moulded pits in read-only discs
• fading of dyes in recordable discs (CD-Rs,

DVD-Rs, and DVD+Rs)
• damage to or degradation of the base layer
• damage to or degradation of the lacquer layer
• physical damage to or oxidation of the metal

reflective layer

• manufacturing defects
• damage to the Table of Contents
• other miscellaneous factors

Breaks or cracks

Cause: Breaks or cracks can result from:
• poor handling
• bending
• dropping

Any breaks or cracks in a CD/DVD usually cause it to
become improperly balanced, in which condition it is
unable to spin properly in the player/drive and cannot play
well or at all. For a CD/DVD with a piece broken off the
outer edge (see Figure 3), not only does the disc become
unbalanced but the information that resided on the broken
piece is lost.

Remedy: It is possible to glue a broken piece back
into place. However, it is unlikely that a disc repaired
in this manner will be in perfect balance or that the
microscopic pit tracks will line up in their original position.
Nevertheless, because imbalances are minimized towards
the inner portion of a disc near the hub (the most rigid
area), and CDs/DVDs begin playing from the inner portion,
a disc with pieces missing on the outer portion may still be
playable to some degree. Keeping this in mind can often
allow at least some information to be recovered from a
disc with a missing piece.

Note: Because a disc spins at high speeds inside
a player, loose pieces or those that have been glued
on could fly off and damage the equipment. A cracked
or broken disc could also shatter in the drive, and the
high amount of wobble experienced by an unbalanced
disc could damage the laser or other parts of the
player/drive.

bonding adhesive

.LJ U Li ULJ

polycarbonate base

pit

O.6 mm

Figure 3. A CD with a piece missing from the outer edge.
Because discs play from the inside out, the information
on the inner portion of the disc can still be recovered

if the disc can spin reasonably well.
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Delamination

Cause: Delamination of disc layers can result from:
• adhesive label removal
• rapid and extreme fluctuations in temperature

and/or relative humidity (RH)
• physical stress (bending of the disc, etc.)

CDs are more vulnerable than DVDs to this type of
damage. In CDs, the thin layers sensitive to delamination
reside on the surface whereas in DVDs these layers are
sandwiched between two thick polycarbonate discs that
are bonded together (see Figure 2). Although separation
of the bonded discs is possible in the unlikely event of
adhesive failure, there have been only a few isolated
reports of this occurring.

Remedy: There is no remedy for delamination (see
Figure 4). However, the error correction system built
in to playback equipment may be able to compensate
for small areas of delamination and allow a disc to remain
playable to at least some degree. Also, delamination on the
outer portion of a CD does not mean that the inner portion
of the disc is not playable (see “Breaks or cracks” section).
The best solution to the problem of delamination is
prevention — which requires that proper storage and
handling procedures be followed (ISO 2002).

Scratches

Cause: Discs can become scratched as a result of:
• poor handling
• improper cleaning
• inappropriate enclosures

Scratches are the most common type of physical damage to
discs. Circular scratches are more problematic than radial
scratches (see Figure 5) because they follow the direction

of play and create errors in an unbroken sequence. Radial
scratches, in contrast, create errors that are randomly
distributed as a disc plays, making them easier for error
correction systems to address. Another problem with
circular scratches is that the laser may interpret the
scratch as a data track and follow it — leading to
tracking problems.

Scratches on the top side of a CD (see Figure 6)
irreversibly damage the metal reflective layer. Because
it is this layer that reflects the reading laser light back
to the detector to create the signal, these scratches will
probably lead to errors when the disc is played. If the
error correction system cannot compensate for the errors,
the scratched disc will not play properly. Scratches on the
base of a CD are not as problematic because they are not
likely to damage the metal reflective layer, unless they
are very deep.

The situation is slightly different for DVDs. In this case
the metal reflective layer(s) is sandwiched between two
thick polycarbonate substrates (see Figure 2), and it is
unlikely that scratches on the top or bottom of a disc

Figure 6. Scratches on the top surface (label side) of
a CD damage the metal reflective layer. When the laser
encounters the scratched area it shines right through the

disc instead of being reflected back to the signal detector.

Figure 5. A radial scratch (left) can be handled better by
error correction systems than a circular scratch (right),

and is therefore less problematic.

Figure 4. When layers of a CD have delaminated
this extensively, the disc is unplayable.
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will damage it. However, because CDs and DVDs are read
through the base, scratches on the base of a disc still have
the potential to cause problems. Fortunately, many of the
errors generated by base side scratches can be compensated
for by the error correction system. Also, because the
reading laser is focussed on the pits or data layer of the
disc rather than the surface or bottom of the base layer
(Eastman Kodak Company 1995), many minor base side
scratches are out-of-focus to the reading laser and do
not affect it. This is illustrated in Figure 7.

--—— reading laser

Figure 7. A small scratch on the base of a disc will not
obstruct the path of the reading laser, which focusses

on the information layer deeper within the disc structure.

Remedy: If scratches on the base of a CD/DVD do cause
problems, there are three possible remedies:

• For minor scratches, apply a mild abrasive such as
plastic, furniture, or metal polish, or a commercial polish
specially formulated for CD/DVD scratch repair, to the
disc and rub it lightly to moderately with a soft cloth to
polish out the scratch.

Note: Although these polishes can improve the
performance of the disc, they also have the potential
to make it worse. Therefore, do not attempt to remove
minor scratches unless they are causing problems.

• A minor scratch can also be repaired with a filler such
as car or furniture wax or a specially formulated filler for
CD/DVD repair. Apply the product to the disc surface to
fill the scratch and then buff the disc with a soft cloth to
a transparent shine. These fillers are formulated to match
the refractive index of the polycarbonate base making
the scratch essentially invisible to the reading laser.

Note: The problem with this remedy is that it is difficult
to match the refractive index of the polycarbonate
exactly and, thus, most fillers simply scatter the laser
light. Also, over time the filler can escape from the
filled scratch and contaminate the player/drive.

• Deep scratches can be treated with a mechanical
sander/polisher that has been developed especially for
CD/DVD scratch repair. These products grind the base
of the disc down until the scratch is removed. Then the
transparent finish is restored to the base with polishing.
When using one of these sanders/polishers, follow the
manufacturer’s instructions carefully to ensure the
best possible result.

Note: As with the other scratch remedies, this process
has the potential to make the disc worse. Because
it changes the thickness of the polycarbonate, it can
affect the focussing of the laser onto the data layer
of the disc. Also, uneven grinding can produce an
unbalanced disc that will not spin properly in
the player/drive.

Dirt/debris

Cause: Discs can become contaminated with dirt
or other debris as a result of:
• poor enclosures
• poor handling (dust, dirt, fingerprints, etc.)
• water immersion (floods, etc.)

Any dirt on a disc can impede the path of the reading laser
to the data layer, causing errors, dropouts, and the inability
to track properly. Dirt can also contaminate and damage
playback equipment.

Remedy: Small amounts of loose debris can be blown
off with a compressed air or nitrogen duster. Another
approach is to gently wipe the disc surfaces in the radial
(not circular) direction with a soft non-abrasive lint-free
cloth or a special cloth designed for CD/DVD cleaning.
Wiping radially is recommended because, should wiping
cause a scratch on the disc surface, a radial scratch
will be less problematic than a circular scratch
(see “Scratches” section).

For major contamination, gently vacuum or brush off
loose debris with a soft-bristle brush taking care not to
scratch the disc. Carefully wipe (radial direction) any
remaining debris from the disc surfaces with a cloth
dampened with distilled water. Blot the excess water to
prevent the formation of water spots and lay the disc flat
on lint-free tissue to air-dry. If large amounts of debris are
present, it may be necessary to immerse the disc in distilled
water. Following immersion, wipe the disc surfaces to
remove any remaining debris, blot the excess water
from the surfaces, and lay the disc flat on lint-free
tissue to air-dry.

Note: Avoid immersion whenever possible. It is not
a routine procedure and should be carried out only
if absolutely necessary. Always ensure that a disc is
intact prior to immersing it; if waterpenetrates the
disc layers, the disc will be ruined.

scratch
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To remove a greasy or oily deposit, wipe the disc
surfaces (radial direction) with a soft cloth soaked
in a solution of dishwashing liquid and water. For a
heavier deposit, apply dishwashing liquid directly to
the disc and then gently wipe it with a damp soft cloth to
remove the deposit. After the disc has been cleaned, rinse
it thoroughly with clean distilled water, blot the excess
water from the surfaces, and lay it flat on lint-free tissue
to air-dry.

Note: Solvents are not generally recommended
for cleaning CDs/DVDs, but may occasionally be
necessary. No solvent should be used until spot testing
has indicated that it is safe or the manufacturer has
been consulted to ensure the solvent is compatible with
the disc components. Figure 8 illustrates the damage
that can be caused by improper solvents.

Do not be too aggressive when attempting to eliminate
hard-to-remove dirt or spots as these do not necessarily
have an adverse effect. For example, spots on the label
side of a disc will not affect its playability because discs
are read through the base. When the spots are on the base,
the error correction system can often correct for their
presence and allow the disc to function perfectly. The
spots may even be ignored by the laser in the same
way that small scratches on the base are ignored (see
“Scratches” section). Given that spot removal procedures
could cause more serious problems (e.g. scratching), it is
important to play or analyse a disc before attempting to
remove difficult spots.

Warping

Cause: Discs can become warped as a result of:
• stress from the expansion/contraction of adhesive

labels that have been applied to them
• excessive heat

• poor environmental conditions
• physical force such as bending

Warping is becoming an increasingly significant problem
because of the popularity of high-speed players and
recorders which require a disc to be very flat and in good
balance. Warped discs do not spin properly, and severely
warped discs can even damage components inside the
player. The imbalance created by warping is greatest on
the outer portions of a disc, i.e. the end of the disc in terms
of playing time. DVDs, because they are constructed with
thick polycarbonate substrates on both the top and bottom
of the disc (see Figure 2, p. 2), are less susceptible to
warping than CDs.

The error correction system is not able to compensate
for the problems caused by warping.

Remedy: If the warping has been caused by an adhesive
label on the disc, the first plan of action is to remove
the label. For a label with a water-soluble adhesive,
wet the top side of the label with distilled water and
allow it to penetrate to the adhesive. If the top side
of the label is non-porous, soak the disc in distilled
water so that edge penetration can occur. For a label
with a non-water-soluble adhesive, soak the label with
denatured alcohol or other solvent. In all cases, ensure
the adhesive is soft enough that the label can be peeled
away easily before attempting to remove it. If the
peeling force is too great, delamination of the disc
layers can occur.

Note: No solvent should be used until spot testing has
indicated that it is safe or the manufacturer has been
consulted to ensure the solvent is compatible with the
disc components. Also, remember that immersion can
ruin a disc if water penetrates the disc layers — which
can occur if the disc was poorly manufactured or the
layers have degraded.

If the disc is still warped or warping has been caused by
exposure to heat, etc., the only way to flatten it is through
the application of heat and pressure. To carry out this
procedure, place the problem disc between two sheets
of glass and then put the glass—disc sandwich in a dry
laboratory oven with a weight of approximately 5 kg on
top. Heat the oven to 80°C for 24 h and then remove the
sandwich and let it cool to room temperature with the
weight still in place. If the disc is still warped, repeat
the procedure with the oven at 90°C. Keep repeating in
increments of 10°C (up to a maximum of 120°C) until
the warping is eliminated.

Note: This treatment should be used only as a last
resort to recover an unplayable disc. It can result
in delamination of the disc layers, embossing of the
thin metal reflective layer, or breakage of the disc
(see Figure 9, p. 6).

Figure 8. Discs can be harmed by solvents.
Use them cautiously and only if necessary.
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Damage to the moulded pits in read-only discs

Cause: Moulded pits can become damaged as a result of:
• pressure from a sharp object (e.g. writing on the disc

with a pencil or ball point pen)
• physical stress such as bending

Remedy: The pits in read-only discs are moulded
into the top of the polycarbonate base underneath the
label (see Figure 1, p. 1). These pits contain the digital
information and, if damaged, cannot be repaired. However,
as long as the damage is not extensive, the error correction
system may be able to compensate enough to allow the
affected CD/DVD to play without any problems.

Fading of dyes in recordable discs
(CD-Rs, DVD-Rs, and DVD+Rs)

Cause: Dyes can fade as a result of:
• exposure to light and/or heat
• natural aging

All CD-Rs, DVD-Rs, and DVD+Rs have a dye layer,
but the type of dye varies. When phthalocyanine dye (very
light yellow-green in colour) is used, the dye forms a blister
in the polycarbonate plastic when data are recorded. This
produces a very stable record, and fading caused by light or
heat is not a problem. For other types of dye (e.g. cyanine or
azo dye), small marks are created in the dye layer when data
are recorded. For these discs fading is a concern. As they are
exposed to light or heat, the recorded areas become less
distinguishable from the unrecorded ones over time. The
error correction system can compensate for some dye
fading on a disc. However, extensive fading leads to
many errors or loss of information on the disc.

Remedy: Fading of dye cannot be remedied. To avoid
fading, keep discs in their cases when not in use and

in appropriate temperature and RH conditions (ISO 2002).
Also, to reduce the effect of fading, it is best to choose
discs that use phthalocyanine dye rather than those using
cyanine or azo dye.

Damage to or degradation of the base layer

Cause: The base layer can degrade or become damaged
as a result of:
• crazing from solvents
• darkening caused by light (primarily sunlight)
• natural aging of the base material
• poor handling

The base of CDs/DVDs is made of highly transparent
polycarbonate. Because lasers read discs through the
base, any darkening, clouding, or crazing leads to a loss
of optical clarity which is likely to result in read errors
or tracking difficulties.

Remedy: A loss of optical transparency can possibly be
reversed by using a scratch removal machine to polish
the disc base (see “Scratches” section).

Damage to or degradation of the lacquer layer

Cause: The lacquer layer can degrade or become
damaged as a result of:
• natural aging
• label removal
• darkening caused by light (primarily sunlight)
• fingerprints
• glue from labels
• inks from labels
• solvents
• scratches

All CDs have a lacquer layer on top of the metal reflective
layer, the purpose of which is to protect the sensitive metal
layer from physical and chemical damage and to provide a
surface that is suitable for labelling. Changes in the colour
of the lacquer layer are not a problem but any physical
damage or deterioration that exposes the metal reflective
layer could lead to serious playability problems. DVDs
may or may not have a lacquer layer; if one is present, it
will be sandwiched between two polycarbonate substrates
so damage is unlikely.

Remedy: If the lacquer layer is compromised there is
not much that can be done. Shields (i.e. plastic sheets, the
same dimensions as CDs) are available that can be adhered
on top of discs to protect the metal layer whether or not
the lacquer layer is damaged, but these products can
create many problems. For example, if they are not applied
properly or their adhesives fail over time, air pockets can
develop between the shield and the disc surface causing the
disc to become unbalanced and suffer tracking problems
or errors; components of the shields such as inks, plastic,

Figure 9. An unsuccessful treatment of a severely warped disc.
This disc has broken in haf and the metal layer has been

embossed with the label on the opposite side.
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or adhesive can react with the disc layers; a disc with a
shield that is subjected to fluctuating temperature and RH
can suffer warping and delamination of the disc layers;
removal of a shield can also result in delamination of the
lacquer or metal reflective layers of a disc (see Figure 10).
Thus adhesive shields are not recommended, especially
when longevity is a concern.

Physical damage to or oxidation of
the metal reflective layer

Cause: The metal reflective layer can suffer damage
or oxidation as a result of:
• top side (label side) scratches
• label removal
• writing on the disc
• poor handling causing dents
• inks from labels
• glue from labels
• pollutants and moisture penetrating a poor lacquer

layer (one that is cracked, deteriorated/damaged,
or does not cover the edges of the disc)

• being too thin
• being made of non-inert metals

The metal reflective layer, which is very thin, is applied
to discs by vacuum deposition under carefully controlled
conditions during the manufacturing process. Its purpose is
to reflect the reading laser of a player back to the detector,
thus creating the signal. Error correction systems can
compensate for some damage to this layer, but a disc that
is extensively damaged will play with errors or not at all.

Remedy: Physical damage to or oxidation of the metal
reflective layer cannot be repaired, it can only be prevented.

To reduce the potential for physical damage to the
metal reflective layer, choose discs with an extra tough
lacquer layer. Manufacturers of good-quality media
often indicate in their promotional literature the presence

of such a layer, which exceeds the “industry standard”
requirements. Physical damage can also be prevented
by avoiding the use of adhesive labels and never writing
on the top surface of discs, except in the hub area.

To eliminate or reduce the problem of oxidation, choose
discs with inert or nearly inert metal reflective layers such
as gold or gold alloys.

Manufacturing defects

Cause: Defects introduced at the time of manufacture
can include:
• an impure metal reflective layer
• a metal reflective layer that is too thin
• pinholes in the metal reflective layer
• an improperly formed lacquer layer
• base moulding defects
• improperly moulded pits in read-only discs
• inconsistency in the dye layer in recordable CDs

and DVDs (CD-Rs, DVD-Rs, and DVD+Rs) or in
the phase change erasable layer in rewriteable CDs
and DVDs (CD-RWs, DVD-RWs, and DVD+RWs)

Remedy: There is no remedy for defects that were introduced
when a disc was manufactured. The only hope is that the
error correction system can compensate for the errors they
cause. To limit potential problems due to poor manufacturing,
use discs from quality manufacturers only. As a general guide,
choose name brands as opposed to generic discs.

Damage to the Table of Contents

Cause: The Table of Contents can be damaged by:
• chemical or physical damage to the inner portions

of CDs/DVDs

The Table of Contents (TOC) (Figure 11, p. 8) is a very
important area of every disc because it contains information
about the location and content of each track or file, the type
of data present, etc.

Remedy: If the TOC is compromised by damage to
the disc that cannot be compensated for by the error
correction system or repaired by one of the previously
stated remedies, the disc will not be recognized by the
player and consequently will not be playable.

Other miscellaneous factors

Discs that show no signs of deterioration or damage
may still not play well, for a number of reasons:

• The disc could have a high error rate. As not all
players/drives correct errors to the same efficiency,
it is a good idea to play a problem disc in alternate
equipment before deciding it is unplayable or
attempting any other treatment.

Figure 10. Delamination of lacquer and metal reflective
layers caused by the removal of an adhesive label.
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Older tapes and newer MP tapes

ME tapes
thin magnetic film
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lubricant
reservoir

base layer
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base layer
• The player/drive might not be compatible with the

format of the disc. This is especially likely for older
equipment. Therefore, always check the manufacturer’s
literature to ensure the equipment is appropriate for the
disc you are attempting to play.

• The equipment might need servicing. In particular, the
lens of a player/drive occasionally needs to be cleaned.
Products for this purpose can usually be purchased
anywhere CDs/DVDs are sold.

• The disc might not be conditioned to the environment of
use, especially if the storage conditions were considerably
different from the conditions of use. Allowing the disc to
acclimatize to the new environment for at least 48 h may
be sufficient to address the problem.

The disc could have been recorded improperly.

Magnetic Tapes

Magnetic tapes consist of two main components: a base
layer and a magnetic layer. The base layer provides the
dimensional stability for the tape and is responsible for
most of the tape thickness. The magnetic layer holds the
information, which is recorded as changes in the strength
and direction of the magnetic field. It can be composed of
either magnetic particles or a thin film of magnetic material
(see Figure 12). Tapes that use magnetic particles have a
binder layer that holds the particles in place on the base,
provides protection for them, and incorporates a lubricant
that reduces friction when the tape is played. Tapes that use
a thin film of magnetic material do not have a binder layer,
but do have a lubricant to reduce friction and/or additional
top layers to protect the thin magnetic film when the tape
is played. Many tapes since the early 1970s also have a
backcoat layer which reduces static, slippage in reel tapes,
and print-through, and generally allows the tape to be
properly wound onto a tape reel.

Figure 12. Cross sections of the two main types
of magnetic tape, showing their structure.

Magnetic tapes can hold either analog or digital
recordings. For analog recordings, the results of tape
damage or degradation are usually quite evident, e.g.
tracking problems, dropouts or short losses in signal, etc.
In the case of video recordings, some of these problems
can be alleviated by electronic devices such as time base
correctors and dropout compensators, but there are limits
to what they can achieve and eventually other remedies are
required. For digital recordings, the error correction system
can compensate for minor tape deterioration or damage.
However, once the capacity to correct errors is exceeded,
other methods must be used to make the tapes playable.

The following section discusses some of the problems that
can occur with magnetic tape along with some possible
remedies to restore the tapes to a playable condition.
Problems can result from:
• hydrolysis and/or oxide shedding of binder
• deterioration of cellulose acetate base
• breaks
• wrinkles (cinching or buckling), edge damage

(long or rippled edges), and other deformations
• blocking (layer to layer adhesion)
• scratches
• degradation of magnetic particles
• erasure
• print-through
• dirt/debris
• mould

user data area magnetic particle

lead-in area
(contains Table rof Contents)

lead-out area

Figure 11. The Table of Contents is located on the
inner portion of the disc. Damage in this area can

result in the disc being unrecognizable by the player.
protective
layer

backcoat
layer
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• poor-quality tape pack
• deterioration or loss of lubricant
• other miscellaneous factors

One of the biggest difficulties in dealing with these problems
is that many of them have similar symptoms. This dilemma
is nicely illustrated in an extract from a presentation by
Gerald Gibson from the Library of Congress:

Recovery of deteriorated tape and/or signal is an
intricate process: what works on one problem may
well destroy, or at least exacerbate a seemingly similar
problem. Sticky tape can be caused by either binder
breakdown, lubricant loss and exuding, or problems
with the backing. Don ‘t assume that all problems are
the same just because they create similar complications.
When carrying out any actions that might reasonably be
irreversible — such as baking, or chemical treatments,
or buffing the tape — be sure that you are treating the
correct ‘illness’ and are not destroying the very thing
you are trying to save (Gibson 1996).

Caution! It is important to identify tape problems
properly before conducting any kind of
treatment. Some of these “remedies” can
result in the complete loss of the tape.

Hydrolysis andJor oxide shedding of binder

Cause: The binder can suffer hydrolysis andlor
oxide shedding as a result of:
• poor storage conditions such as high RH
• natural aging of the material
• poor tape manufacturing (e.g. reel-to-reel audio

tapes in mid 1970s to mid 1980s)

The weak link in magnetic tape stability is the binder,
which is usually composed of polyester urethane resin. This
material is susceptible to hydrolysis (a reaction involving
water that is often catalysed by acid) which breaks down
the polymer chains that make up the binder. The backcoat
layer of a tape, which is usually made of material that is
similar to the binder, can also degrade in this way.

There are several indicators of binder degradation:

• The tape is sticky and the layers adhere. To check for
stickiness, unspool the tape for a few turns. However,
because stickiness usually appears first on the inner
portion of a tape near the hub, there may be no evidence
of it on the outer portion of the reel.

• Debris is present on the tape, in its storage container, or
in the cassette housing. This debris originates from the
degradation of the binder which, as it loses its integrity,
falls off of the base and takes magnetic material with it
(known as oxide shedding, see Figure 13). As a result of
this shedding and the tape stickiness, this problem
has become known as “sticky shed syndrome.”

• There is a noticeable waxy or “dirty socks” pungent
odour immediately after opening the tape storage
container (Specs Bros 2002).

• The tape slows down and may eventually come to a
complete stop when played. Other things that could
occur when the tape is played include high friction,
squealing, dropouts, a loss of high frequency response,
gummy deposits on heads and guides, and alternate
sticking and slipping of the tape as it goes across
the heads.

Before playing any tape, examine it for the binder
degradation indicators mentioned above. If no stickiness or
debris is evident, play the tape at normal speed. If squealing
is heard or the tape starts to slow down within the first
15 minutes, stop playing it immediately. These symptoms
are indications of advanced degradation, and continued
play at such high friction can rip the binder and magnetic
material off the base layer of the tape. If no squealing or
other problems are evident, continue playing the tape to
the end and then clean the tape path with a Q-tip soaked
in isopropyl alcohol to determine how much residue was
left behind. This serves as a qualitative test for binder
degradation; no residue or very small amounts indicate
that the binder is likely in good condition while more
evident deposits indicate that the tape may be problematic.

Remedy: If binder degradation is in advanced stages,
contact a tape restoration specialist. However, for less
severe degradation, one of the following treatments
may make the tape playable:

• Clean the tape with a cleaning/lubricating fluid designed
for cinema movie film (e.g. Canus 2.22). Although not a
common remedy for binder degradation, when used in
the past (Fox 1990b) this treatment worked well enough
to allow a copy of the tape to be made.

Figure 13. A 10-year-old VHS tape reel showing
binder flaking off of the tape base.
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• Clean the tape with special tape cleaning equipment that
utilizes only a wiping tissue such as Pellon, a long fibre
paper wipe suitable for magnetic tapes. Do not burnish
the tape; the binder is likely to be in a fragile state
and the action of the burnishing blade could rip off
the oxide.

• Dry the tape to reduce its moisture content and thus
its adhesive properties. Drying can be conducted by
storing the affected tape for several weeks in a cool and
dry environment (e.g. 5°C and <30% RH). To carry out
this procedure, place the tape in a sealable plastic bag
(e.g. Ziploc) along with a bag of desiccant and store
it in a refrigerator. Note that it is important to avoid
getting desiccant debris on the tape. Drying can also be
conducted by storing the tape in a dry room for a long
period of time (several months) or by de-humidifying
it in a vacuum chamber for 12—24 h. Regardless of
the method chosen, check the tape periodically
for playability.

Note: Drying is generally a low-risk remedy
but it should not be usedfor acetate-based tapes
(see “Deterioration of acetate base” section).

• “Bake” the affected tape in an oven. This is the most
common remedy among specialists.

It is difficult to provide specific baking instructions
because results vary depending on the type of tape
(format, size of reel, age of tape, width of tape, etc.),
the type of oven and set-up, and the experience of the
individual. Therefore, what follows is just some general
advice on baking. Additional information on various
methods of baking and how they should be carried out
can be found in some of the references in the Bibliography.

Note: Non-specialists should not bake tapes without
first consulting individuals who have experience with
the technique.

Baking a tape is best carried out in a dry laboratory
oven with good temperature control. Home ovens are
not recommended due to their poor temperature control
and inability to maintain low temperatures. However, it
is possible to be creative. Tapes have been successfully
baked in modified food dehydrators and with hair dryers
in a cardboard box. The keys to success are to make sure
the temperature doesn’t vary by more than ±1°C, and
to have good air movement.

Always inspect the tape prior to baking to ensure the
tape pack or wind is good and smooth. If rewinding is
necessary to produce a good tape pack, and the tape layers
are not stuck together, it should be performed at low speed;
high-speed rewinding can strip the binder off the base of
the tape. If tape layers are stuck together, bake the tape
without rewinding.

The tape should be baked at 40—50°C for 6—24 h, although
some specialists prefer lower temperatures and longer times
so as to avoid heat-related problems, e.g. distortion of the
base, etc. Place the tape in the oven such that the warm air
can flow freely over and around it. If baking more than one
tape at the same time, do not stack reels unless empty reels
are used as spacers between the full ones. For cassettes,
good airflow over tapes can be achieved by removing the
top of the cassette housing. Once baking is completed,
condition the treated tape to the environment of use for
48 h and clean it with a Pellon tissue wipe to eliminate
loose surface debris before playing it.

A tape that has been successfully baked should be copied
immediately as the improved condition will last only a few
weeks at standard room temperature conditions, although
it can last longer if the tape is stored in cool (10°C) and
dry (25% RH) conditions. In some cases, the baking
process can be repeated numerous times without
additional damage.

Note: Baking should be used with caution and only as
a last resort for unplayable tapes. Tapes with chemical
contamination, edge damage, print-through (for audio
tapes), or other physical problems can become much
worse after baking. Acetate tapes can be lost completely
due to the combination of heat with the accelerated
degradation. Some concern has also been expressed
about videotapes (Lindner 2001). Because the tracks in
videotapes are laid down at an angle to the tape edges
(helical scan) whereas the tracks in audio tapes are
laid down parallel to the tape edges (longitudinal scan)
(Figure 14), video recordings are more vulnerable than
audio recordings to problems from heat distortion of
the polyester base. Problems that can surface include
a drop in RF signal and poor tracking. However,
in spite of this warning, many individuals have
successfully baked videotapes.

Video

tape motion

Audio

tape motion

recorded tracks

Figure 14. A comparison between helical (video)
and longitudinal (audio) scan (adapted from Van Bogart
1995a). Because of the helical scan, videotapes are more

likely than audio tapes to experience problems
f baking distorts the tape base.

record heads

record heads

10



Deterioration of cellulose acetate base

Cause: Cellulose acetate base can deteriorate as a result of:
• poor storage conditions such as high RH and elevated

temperature
• natural aging of the material

Cassette tapes have always used polyester as the base
material, but many older reel-to-reel audio tapes were
manufactured with cellulose acetate. The use of acetate
base for audio tapes began around 1935 and continued
until the mid 1 960s. Cellulose triacetate was the industry
standard in the 1950s. All of these acetate base layers are
susceptible to acid-catalysed hydrolysis, a reaction that
leads to a breakdown of the polymer chains of the base
(see Figure 15). This degradation reaction also occurs
in photographic film, where it is often referred to as
“vinegar syndrome” because the degrading tape base
emits acetic acid — the same acid that gives vinegar
its characteristic smell.

Remedy: An acetate tape that is degrading should be
isolated from the rest of the collection to prevent other
tapes from being affected. Once the tape is removed, its
rate of degradation can be slowed down by storing it in
a cool (10°C) and dry (25% RH) environment. Storage at
a temperature below 10°C will slow the degradation even
more, but might initiate lubricant-related problems. It is
up to the individual to decide which risk is more of a
threat to the tape.

Figure 15. The breakdown of acetate polymer.

Deterioration of the acetate base can result in a number
of problems:

• Plasticizers and solvents can leach out of the
plastic base and migrate to the tape surface. These
contaminants can be removed using appropriate tape
cleaning equipment at low speed. Note that “appropriate
cleaning equipment” includes only a Pellon tissue wipe
and not a burnishing blade, which could strip the
magnetic material off the base or cause the already
fragile tape to break.

• The tape can shrink leading to timing and tracking
problems and/or the binder layer can flake off the base
leading to loss of information. Neither of these problems
can be remedied.

• The tape can dry out and become brittle, in which
condition it can break readily when played — especially
when it starts. Breakage at start-up can sometimes be
avoided by attaching a leader to the tape end.
Alternatively, humidifying the tape by exposing
it to 80% RH and 25—35°C for 3—4 days may
temporarily restore its flexibility enough that it
can be played and copied without breaking.

• The tape might curl (cupping) to the point that it does
not rest properly on the guides or as it passes over the
playback heads. This can make it difficult to play the tape
and/or wind it after it has been played. Curling-related
problems can often be remedied by increasing the tension
at which the tape is played, although this must be done
carefully because the tape is likely to be brittle. Some
types of playback equipment have controls to allow
tension adjustments, which makes increasing the tension
a simple procedure. If this is not the case, tension can be
increased with head pressure pads. Another possible
solution to the problem of cupping is to humidify the
tape following the procedure outlined previously.

Breaks

Cause: Tapes can break as a result of:
• poor handling
• playback equipment in poor condition
• acetate base hydrolysis that leads to brittleness

Remedy: A broken tape can be re-attached by splicing, but
it is essential to use only appropriate splicing equipment
and materials. Never use general-purpose adhesive tape
or adhesives. Repairs can be done manually using a
splicing block (see Figure 16, p. 12), or with an
automatic tape splicer.

Regardless of the method used, always examine the end
result carefully to ensure that the splice is of good quality.
It must be neat enough that it will not contaminate the tape
and/or playback equipment with adhesive, and the surface
of the tape must be smooth enough that tape heads will
not be damaged when the tape is played. Figure 17 (p. 12)
illustrates examples of proper and improper splices. Be
sure to document the location of all splices.

As a splice ages it can exude adhesive which will
contaminate the tape and could cause wound tape layers
to stick together. Poor-quality splices or those that are
degrading should therefore be remade, and stray adhesive
removed with isopropyl alcohol and a cotton swab. Splices
can also lead to a wound tape becoming deformed. Given
these problems, splices should be avoided as much as

0

[(C6H502) — (0—C—C Ha)aJ + H20
cellulose triacetate water

4’
0

[(C6H803) — (0—C—C Ha)2] + C H3 C 0 0 H
cellulose diacetate acetic acid
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Figure 16. A splicing block is helpful in
mending broken magnetic tape (top image from
www.tapecenter.com/noname6.html and bottom

im.age adapted from www.tpub .com/content!
photography/14130/css/14130_287.htm).

bottom

top

side

N
) \

Gap between the tape ends. Any exposed adhesive will
make the tape hang up on the reel. This is often caused
by a difference in the way the two pieces of tape are cut.

possible for archival materials. However, although
splices are not recommended, in some cases they
may be necessary to allow a broken tape to be played.

A tape that has been spliced should always be copied so
that a backup is available if the original fails or suffers
from the problems mentioned above.

Note: Only 0.5 mil thick metallized splicing tape is
suitable for repairing videotape, as thicker tapes can
cause problems for some formats. Also be sure to
splice videotape at a 450 angle.

Wrinkles (cinching or buckling), edge damage
(long or rippled edges), and other deformations

Cause: Tapes can acquire wrinkles, edge damage,
or other physical deformations as a result of:
• damaged or dirty reels or hubs
• hub slots
• poor handling
• poor storage conditions
• dirty or misaligned equipment
• poor winding (loose tape pack leading to buckling

and cinching of tape, popped strands leading to
damaged edges; tight tape pack leading to tape
stretching and other deformations)

bottom c

N

top

side

If you make the piece of splicing tape too long, the
tape may “thump” going by the heads.

Figure 17. A correct splice and examples ofpoorly
made splices (images and accompanying textfrom

arts .ucsc edit/ems/music/equipment/analog_recorders!
Analog_Recorders .html).
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Correct splice.

900 cutting slot

450 cutting slot
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____________________________

If you make the piece of splicing tape too
short, the splice will not last long.
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________

/ N
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side

Tape overlapped. This will thump as the tape is played.

bottom c N
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side

If you leave too many bubbles under the splicing tape,
or if you handle the tape with greasy fingers, the

splice will not last long.

bottom

top N
side

Splicing tape hanging over the edge. This will make
the tape hang up in the reel or at the tape guides.
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A physically damaged tape can experience a variety of
problems when played, e.g. short signal losses, otherwise
known as dropouts, due to poor head-to-tape contact
or missing magnetic material; signal distortion; and
poor tracking.

Remedy: There are several potential remedies for
problems that arise from physical damage:

• The loss of magnetic material cannot be remedied.

• A tape that has stretched beyond its elastic limit can be
repaired only by cutting out the stretched sections and
re-attaching the good portions with splices (see “Breaks”
section). Note that this condition is more likely to occur
in polyester base tapes, which tend to stretch under high
tension, than in acetate base tapes, which tend to break.

• The playability problems that result when an audio tape
becomes warped, wrinkled, or creased can be alleviated
by increasing the tape-to-head tension in the playback
equipment. This is a common remedy for severely
affected tapes and tapes with rippled edges. Some types
of playback equipment have controls that allow tension
adjustments to be made directly. However, if this is
not the case, the use of a cotton swab as an external
pressure pad can improve the head-to-tape contact.

• Wrinkles or creases in a tape (see Figure 18) can
sometimes be treated by respooling the tape and leaving
it in storage until the tension relaxes the creases enough
that the tape can be played properly. This remedy takes
several months at room temperature or several days to
weeks at higher temperatures (less than 50°C), and
is an option only if the tape can be rewound without
jamming in the equipment. To rewind the tape, play it
continuously to the end without starts and stops. Note
that it is essential to use the play mode, which provides
a more constant tension in the reel of wound tape than
either the high-speed rewind or fast forward modes.
When finished, the tape pack should be fully supported
by the hub, centred between the flanges, and smooth on

the surface. This will minimize distortions of the tape
backing, thus reducing problems such as signal loss and
poor tracking during play. The tape end in a reel-to-reel
tape should be secured with a wrap-around plastic collar
or a stable non-residue-producing tape so that the wind
does not loosen during storage. After storage, the tape
will have to be rewound before it can be played. A
cassette tape should be wound all on one hub.

For a tape that is severely wrinkled, or as an alternative
to letting a tape sit for several weeks, the creases can
be smoothed out by “thermal reconditioning.” To carry
out this procedure, unspool a small section (30—60 cm)
of the tape from its reel or cassette, lay it magnetic
side down on a smooth Teflon sheet, and then press
down on the back side with an iron at low setting.
No back-and-forth ironing is required
(Van Bogart 1995b).

Note: An iron that is too hot will damage the tape.
Therefore, prior to attempting thermal reconditioning
on an important or original tape, it is a good idea
to experiment with a tape that can be discarded to
determine the right temperature setting for the iron.

• If all else fails, cut out the damaged portions of the
tape and re-attach the good sections with splices
(see “Breaks” section).

Blocking (layer to layer adhesion)

Cause: Blocking of tapes can result from:
• exposure to excessive heat
• binder hydrolysis
• moisture trapped between layers of wound tape

Blocking generally occurs first near the hub of a reel
where the pressure in a wound tape pack is likely to be
at its greatest, and is usually worse in this area than in
other regions.

Remedy: Tape layers that have fused after being exposed
to very high heat (e.g. a fire) cannot usually be separated.
The only remedy for this problem is prevention. Because
a tape wound at the correct tension (see “Wrinkles, etc.”
section above) is a poor heat conductor, ensuring a good
tape pack provides some protection against exposure
to heat.

Tape layers that are stuck together because of binder
hydrolysis or trapped moisture may be separable by
baking the tape or by carefully unspooling it by hand
or with equipment at a very slow speed.

Note: This is a risky procedure. It is highly probable
that attempts to separate fused tape layers will result in
the binder layer and magnetic particles being separated
from the base, leading to loss of information.Figure 18. Badly wrinkled magnetic tape.
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Scratches

Cause: Tapes can become scratched as a result of:
• poor handling
• dirty equipment
• debris on the tape

Scratches on the binder side of a tape remove the magnetic
particles that were present, resulting in signal and data losses.

Remedy: There is no remedy for scratches or lost
magnetic particles — prevention is the only course of
action. To avoid scratches, ensure that playback equipment
is properly cleaned and maintained on a regular basis.
Playing a scratched tape can generate debris from the
scratched areas that will contaminate the playback
equipment and could lead to more scratching, so avoid
regularly playing a tape that is already scratched. Likewise,
do not play a dirty tape until it has been cleaned properly.

Degradation of magnetic particles

Cause: Magnetic particles can degrade as a result of:
• natural aging
• poor storage conditions (moisture and pollution)
• acids from decomposing binder

The magnetic materials in tapes (see Figure 12, p. 8)
are generally quite stable under recommended storage
conditions (ISO 2000). For example, tapes that use gamma
ferric oxide, cobalt-gamma ferric oxide, or barium ferrite
are very stable. Tapes that use chromium dioxide can
be somewhat less stable because the chromium dioxide
converts to a non-magnetic oxide over time. Likewise
tapes that use coated metal iron particles (MP tapes) have
reduced stability (Van Bogart 1994) as do tapes that use
a thin film of magnetic metal (ME tapes). MP and ME
tapes lose their stability in high-temperature/high-RH and
polluted environments because the coating that protects
the magnetic materials is not completely impervious to
moisture and pollutants. MP tapes have also shown stability
problems when immersed in tap water (Specs Bros 1999).
Early versions of both MP and ME tapes showed magnetic
material instability, and ME tapes experienced cracking and
delamination of the thin magnetic layer. Today’s ME tapes
have additional layers to protect the magnetic layer,
although they may still experience problems if they
are played frequently.

Remedy: There is no remedy for degraded magnetic
material.

Erasure

field is not usually strong enough. Because the strength
of the field falls off with the square of the distance from
the magnetic source (see Figure 19), a distance of just
7.5 cm reduces the strength of most sources to a safe
value for both old and new magnetic media. Second,
the coercivity of magnetic materials in tapes is fairly high.
(Coercivity is a measure of the resistance that magnetic
materials have to being demagnetized or erased.) For a
tape to be completely erased it would have to be exposed
to a magnetic field two to three times larger than its
coercive force, i.e. a strong magnetic field would have
to be present on its surface (Studio Systems 1995). This
situation does not occur often (see Table 1). However,
a tape could be partially erased at a magnetic field
strength close to its coercivity.

Remed’y: If a magnetic tape is erased, the information
cannot generally be retrieved. However, if the tape is
not thoroughly degaussed, a data recovery company
may be able to recover at least some of the information.
As a general guideline for preventing problems, a tape
should not be exposed to a magnetic field greater than
5—10% of its coercivity.

field intensity (Oe)

600

0 1

field intensity (kNm)

2 3 4 inches

distance

Cause: Tapes can be erased as a result of:
exposure to a magnetic field

Exposure to a magnetic field does not usually result in
tape erasure for two principal reasons. First, the magnetic

Figure 19. This graph demonstrates the inverse square
law for magnetic field strength. Moving even a short distance

away from a magnetic source reduces the magnetic field
strength to a level that is unlikely to affect a magnetic tape

(image from www.emtec-usa.com/images/figl .gif).
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Table 1. Coercive force of magnetic particles and examples of magnetic field strengths

Coercivity, oersteds* (Oe)

Older magnetic tape (gamma ferric oxide) 300

Metal evaporate thin film 1500

Metallic iron particle >2000

Magnetic field strength, Oe

Earth’s magnetic field 0.6

Surface of an electric drill 10

7.5 cm away from a 1500-Oe bulk degausser (eraser) 50

Permanent magnets (e.g. paper holders and door latches) up to 1500

* An oersted is an electromagnetic unit equal to the intensity of magnetism 1 cm from a unit magnetic pole.

Print-through

Cause: Print-through is caused by:
• the transfer of magnetic signals from one portion

of a tape to an adjacent portion

Print-through occurs when magnetic signals from one
portion of a tape transfer to an adjacent portion, creating
an echo before or after the original signal. This transfer is
possible because the magnetic particles in a tape do not all
have the same coercivity (see “Erasure” section), and those
with lower coercivity are more influenced than those with
higher coercivity when exposed to weak magnetic fields —

such as occurs when strands of tape with signals recorded
on them are wound onto each other.

Print-through is a phenomenon of analog recording and
is usually associated with older audio tapes. The largest
amount of print-through occurs at first contact, although it
gradually increases over time if the wound tape layers remain
in contact. Print-through is also more likely to occur if a tape
is exposed to higher than ambient temperatures; if it is wound
tightly (because the close contact of the tape layers facilitates
signal transfer); if it is particularly thin; and if the signal
wavelength is long (which explains why long wavelength
recordings such as audio and especially voice are susceptible
to print-through and shorter wavelength recordings such as
video are not). The size, shape, uniformity, and orientation
of the magnetic particles in the tape also play a role in the
amount of print-through that can occur.

Print-through is not as much of a problem with modern
good-quality analog audio tapes as with older ones. The
newer tapes have higher coercivity values than the older
ones, and their magnetic particles are more uniform in
size and magnetic properties. Also, most newer tapes
(after 1970) are backcoated to reduce print-through.

Remedy: The best strategy to reduce or eliminate
print-through is to minimize the variables that increase
it, e.g. avoid high temperatures, ensure the tape is not
wound too tightly, etc.

Another preventive measure for any reel-to-reel
tapes that play only in one direction is to store them
in the tails-out position (see Figure 20). This type of
storage ensures that the print-through creates an echo

afir the original signal and may be masked by it.
In contrast, storage in the tails-in position allows
print-through to create an echo prior to the original
signal, which will be much more noticeable. Another
benefit of tails-out storage is that the tape will require
rewinding prior to being played and this mechanical
action will reduce the amount of print-through. In fact,
rewinding a tape end-to-end a couple of times can be
very effective in reducing print-through.

end of tape end of tape

.1 I

tails-out tails-in

Figure 20. A reel of tape in the tails-out position (left)

and one in the tails-in position (right).
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If print-through is a problem, it may be possible to remove
it by applying a weak erase field (10% of the normal audio
erase current) to the tape (Eilers 1992).

Note: This is a radical procedure that could partly erase
the original signal. High frequencies are especially at
risk. To reduce the risk as much as possible, this should
be done only by an experienced audio engineer.

Dirt/debris

Cause: Tapes can become contaminated with dirt
or other debris as a result of:
• poor handling and storage practices (dirt, dust,

degrading storage containers, degrading reels)
• splice degradation (particles and oozing adhesive)
• lubricant degradation
• binder degradation/oxide shedding
• dirty equipment
• dirty play environment
• water immersion (floods, etc.)

Contaminants originate from many sources. Poor
handling and storage procedures can result in dust, dirt,
smoke particles, fingerprints, etc. on the surface of tapes.
Degradation of the tape materials can create debris that
accumulates on the tape surface, e.g. binder degradation
that results in oxide shedding (see “Hydrolysis and/or
oxide shedding of binder” section). Containers or reels
that deteriorate can deposit particles, powders, and other
contaminants onto tapes. Also, when containers have
foam inserts and/or reels have foam padding, the foam can
degrade and leach adhesive and particles onto tapes. Debris
can be reduced by following proper handling and storage
procedures; choosing only good-quality tapes, reels, and
storage containers; and replacing products that are not
up to standard.

When a tape is played, the presence of contaminants on
its surface leads to separation of the tape from the read
heads. This separation results in data errors for a computer
tape and momentary losses of signals for an audio tape or
a videotape (see Figure 21). Higher density media are
affected more than lower density media, as each speck

read/record fingerprint
head l5pm

Figure 21. Debris on a tape will cause it to separate from the
read head resulting in a dropout, or to get caught underneath

the head leading to scratches and/or poor signal.

of contaminant obscures more data. Debris can also
contaminate and damage equipment, cause scratches
on a tape, and result in tape deformation if it gets
trapped between layers of wound tape.

Remedy: Always isolate a contaminated tape to avoid
spreading the debris to other tapes. Once the tape is
isolated, one or all of the following steps may be necessary:

• Remove loose debris from the container housing
the tape with a vacuum cleaner that has an appropriate
HEPA filter.

• Brush off or wipe away with a soft cloth any debris that
cannot be removed by vacuuming. The cloth may have
to be dampened with distilled water to properly clean
the container.

• Take the tape out of the container and vacuum the
cassette housing or reel if debris is evident.

Note: For reel-to-reel tapes, be careful not to damage
the edges of the tape by making contact with the vacuum
nozzle. For cassettes, do not vacuum if the tape inside is
loose. If it is safe to proceed, conduct the vacuuming at
low suction power only as strong air currents applied
directly to a cassette can vibrate the tape inside and
cause edge damage.

• Remove any remaining debris from the tape pack
or the cassette housing with a soft brush.

• If there is still debris adhered to the cassette housing,
wipe it off with a cloth dampened in distilled water.
For reel-to-reel tapes, the reel hubs, flanges, and the
exterior surfaces of the tape pack can also be wiped
in this fashion. It may be necessary to remove the reel
flanges (if possible) to clean a reel-to-reel tape pack
more thoroughly.

• If debris has entered into the cassette or cartridge
shell, these will have to be disassembled to clean the
tape properly. Once disassembled, remove the debris on
the tape pack and reel with a soft-bristle brush or a cloth
moistened with distilled water. Once the cassette tape
pack and reel have been cleaned, place the tape in a new
cassette shell. This can be a difficult procedure due to all
the springs and levers that reside in a cassette shell, so it
is a good idea to practice with spare cassette shells made
by the same manufacturer.

• If debris has penetrated the layers of wound tape,
both surfaces of the tape will have to be cleaned.
This can be done using tape cleaning equipment
equipped with a special non-abrasive cleaning tissue
such as Pellon and possibly a burnishing blade. For
tapes with a lot of debris, run the tape through the
cleaner four or five times with just the tissue and

dust
35 pm
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two further times with the tissue and blade in place. For
tapes that do not have a lot of debris, two passes on the
tape cleaner with tissue and blade should be sufficient.
In all cases, repeat the cleaning process until it produces
no debris.

Note: For tapes in which the binder is not in good
condition, extra care is required. Conduct the cleaning
with tissue alone and limit the number of cleaning runs
performed. Using a burnishing blade could strip the
magnetic material off the base or cause an already
fragile tape to break.

• Return the tape to the cleaned or new storage
container.

It is best to avoid using chemicals or liquids for cleaning,
as some types of dry debris will release harmful chemicals
when they become wet and other types can cause tape
edges to stick together. If a liquid must be used, test it on
an unimportant tape prior to using it on an important one.
An isopropyl alcohol bath may be suitable for some tapes
but not for those on cellulose acetate bases. Whenever a
liquid is used, ensure the tape is completely dry prior to
winding to avoid layer-to-layer adhesion.

If the debris on a tape is the result of magnetic oxide
shedding, baking the tape may alleviate the problem.
Once baked, condition the tape to the environment of use
for 48 h, clean it with appropriate tape cleaning equipment
as outlined above, and copy it immediately.

Some tapes can be too fragile for any of the above
cleaning methods, even wiping. Hoagland et a!. describe
a vacuum method that has been used effectively to deal
with such tapes.

Mould

Cause: Tapes can become mouldy as a result of:
• being wet for long periods of time
• being stored at high RH (>65%)

Mould on a tape can lead to degradation of the binder
layer. It is problematic when a tape is played because
mould interferes with the interaction between the tape and
the playback heads, causing dropouts. It also contaminates
playback equipment — which will, in turn, contaminate
other tapes when they are played. Mould should always
be removed as soon as possible, and defmitely before
a tape is played.

Remedy: Never attempt to remove mould while it is
active. Instead, isolate the affected tape from the rest of
the collection and place it in a low-humidity (<23°C and
<30% RH) environment for 3—4 weeks. This dry storage
will cause the mould to become dormant, in which form
it is powdery and much easier to remove. Vacuum the
dormant mould from the tape pack avoiding any direct
contact of the vacuum cleaner nozzle with the tape. Use
a HEPA filter appropriate for the type of mould present
and consider exhausting the vacuum to an outdoor vent.
Remove any remaining mould with a soft-bristle brush and
vacuum suction. Next clean the layers of wound tape on
both sides with tape cleaning equipment; surface cleaning
is insufficient because mould spores can readily penetrate
the layers of tape. Because removing all traces of mould
spores is very difficult, chemical treatment of the tape
and reel/cassette may also be necessary. This can be done
using 1,l,l-trichloroethane, ozone, or a 1% solution of
centrimonium bromide.

Note: These solvents can be quite aggressive and
should be used cautiously; they can destroy acetate
base, dissolve splices, and soften plastic cassettes
and reels. Use these chemicals only under appropriate
health and safety guidelines.

As soon as the tape is cleaned, copy it so that a backup
will be available if the mould should re-appear. To suppress
the recurrence of mould growth as much as possible, store
the cleaned tape in a low-humidity environment.

Note: To avoid contaminating other tapes with mould
spores, any equipment that is used to clean or play a
contaminated tape should be cleaned with cotton swabs
soaked in isopropyl alcohol or a suitable fungicide.

Poor-quality tape pack

Cause: The tape pack can be of poor quality as a result of:
• playback equipment in poor condition
• poor storage conditions
• incorrect winding procedures
• exposure to excessive heat/cold

flange
pack

Figure 22. Illustrations showing a correct tape pack
and various poor tape packs (Van Bogart 1995a).

I—I

U
Caution! It is important to adhere to proper health and

safety procedures when dealing with mouldy
materials (Guild and MacDonald 2004). If
facilities for safe treatment are not available,
consider having mouldy tapes treated by a
company that specializes in this type of recovery.

good tape
pack

popped
strands
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Common packing problems include (see Figure 22):
popped strands, flange pack, windowed tape pack,
and spoked tape pack.

• Popped strands refer to strands of tape that pop out
of the main tape pack leaving the edges vulnerable
to damage. Because the edges can contain important
information such as the control tracks for videotape,
and also serve to guide tapes through the tape path
of players, any damage will be problematic. Popped
strands can occur as a result of misaligned playback
equipment or improper tension during play, fast
forward, or rewind modes.

• A flange pack is characterized by all or parts of the
tape pack slipping and resting on the flange. This can
lead to tape edge damage and subsequent guiding
and tracking problems. A flange pack can occur as
a result of misaligned playback equipment, winding
tension that is too low, or horizontal (flat) storage
of the tape.

• A windowed tape pack is a pack containing gaps or
areas of separation between the layers of wound tape.
In this case, tape layers can buckle to fill the gaps
leading to creasing. In addition, such a loose tape
pack allows contaminants to enter between the strands
of wound tape, leading to tape damage. A windowed
tape pack can occur as a result of winding tension
that is too low or a loosening of the tape pack due
to cold storage.

• A spoked tape pack appears as if it has spokes as in a
bicycle wheel. It can occur as a result of winding tension
that is too great or exposure of a tape pack to heat. Over
time, this leads to tape deformation and base stretching,
resulting in tracking and timing errors.

Remedy: Problems related to a poor-quality tape
pack can often be eliminated by rewinding the tape
properly. To produce a wound tape pack that is at the
correct tension, fully supported by the hub, centred
between the flanges, and smooth on the surface, run
the tape continuously to the end without starts and stops
using the play mode on equipment that is clean and
properly aligned. Do not use high-speed rewind or
fast forward modes because these produce uneven
tensions in the reel of wound tape.

Note: If a tape has been exposed to heat or cold, do
not respool it until it has been conditioned to the play
environment for 24—48 h.

Deterioration or loss of lubricant

Cause: Lubricant can deteriorate or be lost as a result of:
• poor storage conditions
• binder degradation
• excessive use

Deterioration of lubricant is not very common but, if it
does occur, produces a whitish deposit on the surface of
the tape. Loss of excessive amounts of lubricant either
by degradation, poor storage, or excessive use results in
increased friction when the tape is played. High friction
increases head wear, and can cause scratches on the tape
and loss of magnetic material. It can also lead to head
clogs, tape squeal, and tracking problems. A tape that
is played under high friction will alternately stick and
rapidly release, or it will slow down.

Note: Squealing noises when a tape is played do not
necessarily indicate that the lubricant has deteriorated
or been lost. Squeals can also be caused by a buildup
of debris on heads and guides (which may signal a
binder hydrolysis problem), by problems with the
cassette or cartridge housing, or by equipment that
is not aligned properly.

Remedy: Lubricant deposits on the surface of a tape
can be removed by cleaning the tape with suitable tape
cleaning equipment (see “Dirt/debris” section). This
might be sufficient to restore some tapes to playable
condition. However, if the deterioration or loss of lubricant
is substantial, the tape might also need to be relubricated.
Many procedures have been suggested for lubricating the
tape surface, e.g. applying silicone oil, powders such as
molybdenum disulphide, or isopropyl alcohol, as well as
several others that are presented and reviewed by Stosich
(1990). As these procedures are complicated, it is best to
consult the tape manufacturer or a tape recovery specialist
for advice on how to proceed.

Other miscellaneous factors

Tapes that show no signs of deterioration or damage may
still not play well, for a number of reasons:

• The problem could originate in the playback equipment.
As one machine may not handle a particular tape as well
as another, it is a good idea to play the problem tape in
different equipment before deciding it is unplayable or
attempting any other treatment.

• The playback equipment might require maintenance
such as cleaning, alignment, or demagnetization:

• Cleaning — Use cotton swabs and 90% isopropyl
alcohol to clean tape heads, guides, and capstans, or an
appropriate tape cleaning cassette for cassette machines.

• Alignment — Consult a specialist in equipment
maintenance and repair to check the alignment.

• Demagnetization — Degauss the heads and metal
components in the tape path of the player with a
commercially available hand-held product, or with a
bulk degausser if the magnetic fields to be eliminated
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are larger than those that can be demagnetized by
hand-held degaussers. Regular degaussing is necessary
because playback equipment parts such as guide rollers
and heads have a tendency to become magnetized, in
which condition their surfaces attract loose magnetic
oxides from tape, which can then be deposited as debris
that leads to dropouts. Magnetized parts can also cause
an increase in noise, distortion of signals, loss of high
frequencies, and in severe cases partial erasure. This
is more of a concern for audio tapes because of their
lower coercivity than it is for videotapes.

• The problem could be due to a damaged reel, cartridge,
or cassette. If this is suspected, spool the tape to another
reel or transfer it to a new cassette shell.

• The tape might not be conditioned to the environment of
use, especially if the storage conditions were substantially
different from the conditions of use. Allowing the tape to
acclimatize to the new environment for at least 48 h may
be sufficient to address the problem.

Magnetic Disks

Magnetic disks can be divided principally into hard disks
and floppy diskettes.

• Hard disks consist of a thin film of magnetic material
on a rigid disk platter; they are housed in sealed metal
cases to prevent the disk surfaces from being
contaminated (see Figure 23).

• Floppy diskettes consist of magnetic particles
embedded in a binder layer that is supported on a
flexible polyester base material; they are housed in
unsealed protective jackets.

Hard disks are well protected from contamination by
their sealed metal cases. However, they are very sensitive
to damage if they become contaminated — hence their
protective cases should remain sealed at all times unless
opened by a qualified individual under clean room
conditions. Any contamination that occurs will cause
a hard disk to function improperly and lead to damage

and failure (hard drive crash). If this happens, there are
no remedies that can be used by a non-specialist. The only
option is to consult either the manufacturer or a company
that specializes in hard disk or data recovery.

Floppy diskettes are not well protected by their jackets.
However, because the protective jacket can be removed,
it may be possible to repair any damage that occurs.

Errors can appear on a diskette or it may not be readable
as a result of:
• dirt/debris
• wrinkles
• warping
• scratches
• tears
• loose hub (3.5-in, diskette)
• erasure
• other miscellaneous factors

Presented below are some possible remedies for each
of these problems.

Caution! The following procedures can all lead
to loss of the whole diskette. Therefore,
if the diskette is at all readable, use recovery
software to extract as much information
as possible prior to attempting any of
these remedies.

The first step for all of the recovery procedures is to
remove the diskette from its protective jacket.

Note: Always wear lint-free cotton gloves when
handling diskette surfaces.

A 5.25-in, diskette can be removed by carefully cutting
along the edge of the jacket with non-magnetic scissors,
n .b. there is little space between the diskette and the edge
of the jacket. An alternative procedure, suitable for both
5.25- and 3.5-in, diskettes, is to pry open the jacket being
careful not to damage the diskette inside. When finished,
remove the diskette without rubbing its surfaces against
the edges of the enclosure opening.

F
a

Figure 23. Hard disks (left) are encapsulated in cases for protection. Floppy diskettes (centre and right)
also have a jacketfor protection, but are not sealed in the same manner as hard disks.
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After the diskette is repaired, remove any dust from its
surfaces using compressed air and then carefully re-insert
it into the original jacket or a new one if the original
was damaged or contaminated.

Dirt/debris

Cause: Diskettes can become contaminated with
dirt or other debris as a result of:
• poor handling and storage practices (dirt, dust,

degrading storage enclosures, fingerprints)
• dirty equipment
• dirty play environment
• water immersion (floods, etc.)

Remedy: Minor debris on the surface of a diskette can
be blown away with a compressed air or nitrogen duster,
or gently wiped off in a circular direction using a soft
non-abrasive lint-free cloth.

For major contamination, begin by brushing off loose
debris with a soft-bristle brush such as those for cleaning
camera lenses. If any debris still remains, carefully wipe it
off in a circular direction with a cloth dampened in distilled
water. After wiping, blot the excess water and place the
diskette flat on lint-free tissue to air-dry. If large amounts
of debris are present, it may be necessary to immerse the
diskette in distilled water to clean it thoroughly.

For greasy and oily deposits, wipe the diskette surfaces
in a circular motion with a soft cloth soaked in a solution
of dishwashing liquid and water. For diskettes with heavy
deposits, dishwashing liquid can be applied directly to the
deposit and then gently wiped in a circular direction with
a damp soft cloth. After the diskette has been cleaned,
rinse it thoroughly with clean distilled water, blot the
excess water, and lay it flat on lint-free tissue to air-dry.

Regardless of the procedure used, gently rub the surface
of the diskette after it has dried with a soft dry cloth to
remove any residue or debris that may still be present.
This is critical as any residue left on the diskette surface
will create a separation between the read heads and the
diskette, and create errors.

Note: It is important to clean diskettes gently. Aggressive
wiping or poor handling can cause kinking of the
diskette or scratches on its surfaces, which can lead to
permanent damage, reading errors, and loss of data.

For debris that is particularly difficult to remove, a
non-abrasive polish may be effective. Place the diskette
on a lint-free tissue on a flat smooth surface and, using a
soft cloth, nib a small amount of the polish onto its surface.
Finish by buffing with a clean soft lint-free cloth to remove
any polish residue. This polishing procedure smooths the
surfaces of the diskette to provide better contact with the
read heads.

If a diskette still contains errors after these remedial
procedures, recovery software may be helpful in accessing
the information. First, analyse the diskette for errors using
the recovery software. This allows the whole diskette
surface to be read in a few minutes. If errors are found,
analyse the diskette again. Keep repeating this procedure
until the number of errors detected on the diskette no
longer decreases. Repeated analysis can be helpful in
eliminating errors because the “bull dozing” action of the
read heads may remove dust and/or debris that is residing
on the diskette and causing separation between the read
head and the diskette surface. When recovering a diskette
in this manner, be sure to clean the read heads frequently
to remove any dirt or debris than may accumulate on them.
Once the errors cannot be reduced any further with this
method, use the recovery software to extract as much
information as possible from the diskette.

Wrinkles

Cause: Diskettes can acquire wrinkles as a result of:
• poor handling (bending, etc.)
• poor storage conditions

A diskette that is wrinkled, dented, or creased will produce
read errors because the read heads will not be in contact
with the diskette surface when they encounter these areas
of damage.

Remedy: The only way to deal with this problem and
recover the data is to flatten the damaged areas using the
thermal reconditioning procedure described previously
(cf. the “Wrinkles, etc.” section for magnetic tape).

Warping

Cause: Diskettes can become warped by:
• exposure to excessive heat

A warped diskette will not spin properly and the surfaces
will not be in good contact with the read heads. It is likely
to be unreadable.

Remedy: Possible remedies include the use of heat and
pressure to flatten the diskette (cf. “Warping” section for
optical discs) or thermal reconditioning (cf. the “Wrinkles,
etc.” section for magnetic tape).

Scratches

Cause: Diskettes can become scratched as a result of:
• poor handling
• debris on the diskette
• dirty equipment

A diskette that is scratched has usually lost its magnetic
oxide in the scratched area. However, it may still be
readable to some degree.
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Remedy: There is no remedy for a scratched diskette.
The only course of action is to retrieve as much of the
unaffected information as possible with recovery software.

Note: A scratched diskette will have rough surfaces
that could damage the read heads. In addition, contact
between the read heads and the scratched area could
generate additional debris, which could damage the
equipment and possibly lead to more scratching.

Tears

Cause: Diskettes can become torn as a result of:
poor handling

Remedy: A torn diskette cannot be repaired. The best
procedure is to retrieve as much information as possible
with recovery software.

Note: A cut or torn diskette might have sharp edges that
could damage the heads when the diskette is being read.

Loose hub (3.5-in, diskettes)

Cause: Hubs can become detached from diskettes
as a result of:
• poor handling
• poor storage conditions
• excessive use
• aging adhesive

A diskette with a loose or detached hub will not
play properly.

Remedy: It might be possible to glue the detached hub to
a diskette (see Figure 24), but care must be taken to avoid
damaging or contaminating the diskette surfaces with the
adhesive and to ensure the hub is accurately centred. If
the procedure is successful, the contents of the repaired
diskette should be copied onto a new diskette.

Erasure

Cause: Diskettes can be erased by:
• close proximity to strong magnetic fields

Remedy: An erased diskette cannot usually be recovered.
However, data recovery companies might be able to
recover at least some information from a diskette that
has not been thoroughly degaussed.

Other miscellaneous factors

Diskettes that show no signs of deterioration or
damage may still not be completely readable, for
a number of reasons:

• The diskette jacket could be damaged in some way
(e.g. it could be warped or the gate might not open
properly). If this is the case, transfer the diskette to a
new jacket following the instructions at the beginning
of this section (p. 19), and attempt to read it again.

• The problem could originate in the drive. As not
all drives are the same, try to read the diskette in
a different drive before concluding there is a problem
and attempting some other treatment.

• The drive could need maintenance such as cleaning.
Products for this purpose are readily available.

• The diskette might not be conditioned to the
environment of use, especially if the storage conditions
were substantially different from the conditions of
use. Allowing the diskette to acclimatize to the new
environment for at least 48 h may be sufficient to
address the problem.
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Figure 24. A 3.5-in, diskette with a hub that has
become detached. Re-attaching the hub with

glue should make the diskette readable.
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