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A R S C C O N F E R E N C E PA P E R | R I C H A R D L. H E S S

Tape Degradation Factors and 
Challenges in Predicting Tape Life

From about 1950 through the 1990s, most of the world’s sound was entrusted to analog
magnetic recording tape for archival storage. Now that analog magnetic tape has moved
into a niche market, audio professionals and archivists worry about the remaining life-
time of existing tapes. This article, based on the author’s presentation at the 2007 ARSC
Conference at the Ward Irish Music Archive, Milwaukee, WI, defines the basic tape types
and the current state of knowledge of their degradation mechanisms. Conflicting prior
work is reviewed and correlated with current experience. A new playback method for
squealing tapes is described. The challenges in predicting future tape life is discussed.
Illustrations of various types of tape degradations and a survey of many of the techniques
used for tape restoration are included. Suggestions are made for further research and
archival practices.
__________________________________________________________________________________

From its introduction in Germany in 1935 and its worldwide rise to the primary medium
for audio recording in the late 1940s and 1950s, magnetic tape earned a deserved reputa-

tion as a reliable and high-quality storage medium.1 There are vast archives of magnetic
tape that contain information that needs to be preserved. As Dietrich Schuller2 so aptly
stated, “The world’s stock of audio recordings is estimated to be more than 50 Mh (mil-
lion hours) of materials.… None of these recordings are on permanent carriers…” The
following claim was found in promotional material for a “Workshop: Audiovisual
Preservation for Culture, Heritage and Academic Collection” on the Digitization 101
Blog. 

Seventy percent of all audiovisual material is under immediate threat of deterioration,
damage or obsolescence – and seventy percent of collection managers don’t know it.
Surveys have found serious shortages of trained staff and equipment, and an even more
serious shortage of concerted preservation actions. The immediate needs are: awareness –
and help.3

The present author became more widely involved with audio preservation and
restoration in 2001 while transferring 51 reels of the oldest tapes in the U.S.4 This work
became a full-time career in 2004, and the need for further research into the degradation
modalities of magnetic tape became obvious. This paper provides a review of tape types
and their degradations and addresses what is known, what is hypothesized, and where
more research is required.
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Brief Chronology of Tape Types

1932 Magnetic tape development underway at Ludwigshafen, Germany5

1935 Magnetophonband Typ C coated acetate tape 
1944 Magnetophonband Typ L homogeneous PVC tape
1950s Back coating introduced in Europe
1953 First PET tape from 3M
1960s Back coating becomes widespread 
1972 BASF ceases production of PVC tape
1972/73 3M/Scotch ceases production of acetate tape

Current status

The use of analog tape declined rapidly at the end of the 20th century, with the major
tape manufacturers consolidating and/or spinning off their tape operations and most of
them ultimately closing or substantially restructuring. Manufacture of high-end analog
audio tape recorders has virtually ceased.6

Many musicians and recording engineers prefer the sound of analog for recording,
so new material is still being generated, complicating archival strategies.

Conceptual timeline

Many factors influence the overall quality of a digital copy of an original analog tape,
including (1) the condition of the original tape based on inherent and external degrada-
tion factors, (2) the original quality and state of maintenance of the tape reproducer
(considering few if any additional quality reproducers will be manufactured), and (3) the
quality of the digitization. The overall transfer quality is the product of all of these fac-
tors, as conceptually shown in Figure 1.

Figure 1. Conceptual timeline: Many factors influence the overall
quality of a digital copy of an original analog tape. Source: the author.
_____________________________________________________________
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While the exact shapes of the curves vary with each tape format and type, the fac-
tors remain the same. The “Reproducer Quality” curve includes the availability of techni-
cians skilled in the ability to maximize playback quality as well as to recognize and to
treat problems as they are encountered.

Since the publication of the original AES preprint of this paper in 2006-10, there
has been discussion as to whether this graph is optimistic or pessimistic. There are, of
course, many variables involved, but it should be possible to maintain certain models of
at least reel-to-reel players – or perhaps even construct new ones – at least through
2035 and perhaps further into the future. This timeline and comments made under
acetate tape are not meant to reduce the pressure to digitize now. Rather, it is meant to
show that the time is short considering the amount of digitization that needs to be done.
Current best practice is to digitize tapes sooner rather than later and to store these digi-
tal files in managed repositories and distribute copies to minimize the effects of cata-
strophic loss of a single archives. This distributed concept is formalized under the
acronym LOCKSS – Lots Of Copies Keep Stuff Safe.

Tape Formulations

In analyzing tapes for aging properties, it is useful to look at the three major compo-
nents that vary between tapes (Figure 2). The work is presented in the following order
because the base film, although in the middle, is the foundation of the tape.

• Base film
• Binder/oxide coating (includes lubrication)
• Back coating (not on all tapes)

Base film 

The base film provides structural integrity to the tape. The following base films have
been used over time for analog audio tapes:7, 8, 9, 10

• Acetate (1935-1972/73)
• PVC (1944-1972) [Polyvinyl chloride], also known as Luvitherm
• Paper (c.1947-1953)11

• PET (1953-present) [Polyethylene terephthalate] also known as Mylar,
Polyester, Tenzar

Figure 2. Tape Formulations: In analyzing tapes for
aging properties, it is useful to look at the major com-
ponents that vary between tapes. Source: the author.
_________________________________________________
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Binder/oxide coating 

The oxide consists of a mix of magnetic particles that retain the magnetism impressed on
them by the recording head. The binder is the “glue” or matrix that holds the oxide parti-
cles to the base film. A lubricant is added to the binder/oxide mix to reduce friction and
wear.12 In the case of analog audio tapes where little or no air film (or bearing) is developed
during normal operation, the solid or liquid lubricant embedded in the tape is the only
source of friction reduction in the tape-to-head and tape-to-stationary-guide interfaces.

Multiple binder/oxide formulations have been utilized. The major focus has been on
the magnetic performance of the oxide with special regard to increasing the overall dynam-
ic range of the tape. In order to achieve this wide dynamic range, other portions of the
binder/oxide/lubricant component were modified to allow a larger percentage of magnetic
particle fill. Sometimes these new formulations created both short-term and long-term
degradation modalities as evidenced by newer tapes aging more rapidly than older tapes.

On the AES Historical Committee website,13 the listing of all 3M Audio Open Reel
Tapes indicates that 11 different types of binders were used between 1947 and 1980,
although this list presents some unanswered questions.14

Lists providing manufacturer type designations, years produced, and summary tech-
nical information are useful tools. These lists do not report the subtle changes that
occurred over time in at least some of the tapes. Running changes were made in tapes
without ever being indicated as a revision to the type designation. These running
changes came about for many reasons, including the unavailability of a component. In
addition to running changes, there were batch-to-batch variations, and sometimes even
variations within the same batch.

Benoît Thiébaut, in his presentation to the 2005 AMIA conference, indicated that he
had found a range of video cassettes with the same type designation comprised of four
clearly different chemical formulations.15 In discussing this result with Bob Perry16, he
stated that one would never see this much variation in a particular type number during
the time he was at Ampex (1969-1992). Scotch/3M was open about the variations in type
111.17 Bradshaw indicated18  that aging could possibly create some of the differences found
by Thiébaut and that additional analysis would be beneficial. He also indicated the
potential for seasonal changes and the difficulties of moving a successful tape line from
one climatic location to another. Outsourcing further complicates this analysis, as the box
may have one brand on it and the tape may have been manufactured at another facility. 

Back coating 

Tape back coating has been claimed to do several things:

• Provide a smoother wind
• Provide better grip for tape movement
• Provide for electrostatic drain
• Reduce print-through19

Back coatings generally contain carbon black and, unlike the binder, add little strength
to the overall tape. The presence and chemical composition of back coating requires fur-
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ther analysis for each degradation mode. It appears to accelerate some modes of degra-
dation while retarding others.

Identifying tapes

One of the challenges in archives and tape restoration facilities is identifying the open-
reel tape type. A few manufacturers marked their name on the back of the tape, and
fewer marked the type designation. Short of such marking, there is no guarantee as to
the manufacturer or type designation of the product. 

In some collections, name-brand tape was purchased and the reels and boxes were
always kept together. In other collections, tape was purchased from the lowest bidder
and delivered without identification in plain white boxes. In yet other collections, any
reel and box was used for any tape. It is not uncommon to find reels of different tape
types spliced together. The majority of tapes, therefore, do not have a clear identifier as
to their manufacture, which greatly increases the difficulties surrounding proper diagno-
sis of degradations and their subsequent amelioration.

Even if the tapes were easily identified, we still do not have access to the detailed
chemical and physical specifications of the tapes since these have always been consid-
ered trade secrets. A detailed survey of that information is likely never to be forthcom-
ing. Reverse engineering the chemical and physical properties from degraded samples is
often the best that can be done.

Degradation Modes

The following sections outline each of the major formulation areas and types of degrada-
tions which are possible.

Base film

The base film forms the structural support for the tape, and if it fails, it is virtually
impossible to recover the recording. Each of the three major base film types fails in dif-
ferent ways.

General

Base films can degrade in a variety of ways. Poor winding and poor storage conditions
can cause most base films to warp. Here are some common degradation effects that
involve the mechanics of the physical tape.

1) Country laning

Country laning is tape deformation in which the tape does not lie straight but,
rather, is wavy (Figure 3). As the tape moves past the heads, it wanders back and
forth like an old country lane. This can be caused by a variety of sources, often in
combination. It is usually the result of bad slitting during manufacture, but it can
also be imparted by a poor wind and/or a defective reel.
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2) Winding defects

In addition to country laning, possibly introduced by sloppy winding, the tape can
cinch, have popped strands, have a portion of the pack slip, or be jammed against a
flange. All of these can result in sub-optimal tape-to-head contact, which degrades
audio quality. Tape-to-head contact suffers either through contamination or through
physical deformation. Both result in increased spacing loss, which reduces higher
frequencies more than lower frequencies. These effects are usually cyclic through
the tape, so are very time consuming to repair after the transfer. Common examples
of these defects are shown in Figures 4 & 5.

3) Edge frilling

Tapes can frill or lose chips of oxide and/or base film from the edges of the tape.
This seems to be caused by mechanical damage or possibly heat damage during
storage or playback. It can happen on overly wide tapes if the guides are not
widened to accommodate the width. It also seems to be common on paper-based
tapes.

Acetate

Acetate was the first widely used base film,20 with Scotch 111 being in production from
194821 through 1972/73, a total of 24-25 years.22  Acetate tape is generally robust and has
the advantage of breaking cleanly rather than stretching substantially prior to breaking
when overstressed. Acetate tapes residing in collections are over 30-years-old, with the
oldest being over 60-years-old.

Figure 3. Country laning is tape deformation in which the tape does
not lie straight but, rather, is wavy. Source: the author.
__________________________________________________________________

Figures 4 & 5. Winding defects: Common examples. Source: the author.
_________________________________________________________________________________________________
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1) Brittleness and drying 

Acetate tapes can become brittle and dry. If that is the case, and severe cupping is
visible, a hydration treatment is possible. This treatment is not yet standardized
and may weaken the base film, especially if the cupping is caused by vinegar syn-
drome rather than by dehydration.

2) Shrinkage

Acetate shrinks as it degrades. This shrinkage, as has been learned from the film
industry, is often non-linear.23 Steve Smolian24 indicates that under some conditions,
it appears that an acetate tape will lengthen by about 0.6% when humidity is
increased 60%. However, since a portion of the tape thickness is added to the cap-
stan diameter when calculating speed,25 another view of this change is that the
effective centre of the tape changes by about a third of the base film thickness,
which is also a plausible explanation. 

3) Vinegar syndrome

Vinegar syndrome occurs as acetate decomposes and forms acetic acid. This is a
well-known degradation mode for acetate film.26, 27, 28 High temperature and humidity
levels, the presence of iron oxide, and the lack of ventilation all accelerate the
process. Once it has started it can only be slowed down, not reversed. A test that ran
for 10 years showed that frozen degrading acetate film “did not display any
detectable change in acidity.… [while] the same materials stored at normal room
conditions displayed levels of acidity 9 to 13 times higher.”29 One of the unknowns is
when and how vinegar syndrome will attack acetate tapes. There are two current
hypotheses for this:

• The differences in structure between film and tape are so great that vinegar
syndrome will not be the problem for tape that it is for film.

• The differences in structure between film and tape, while substantial, mean
only that the onset of vinegar syndrome and its progress for tape have different
rates than for film, but the end result is the same.

This author prefers the second hypothesis and presents the following as support.
Figure 6 shows one of the windows from a reel of Tonschreiber tape. The

Tonschreiber was the multi-speed, military version of the Magnetophon, made by
AEG during World War II. The tape on this reel appeared to be Magnetophonband
Typ C. This tape was manufactured 1939-1943.30, 31, 32

While some think that Magnetophonband Typ C is a unique tape and that later
acetate tapes will not degrade as dramatically, an alternative perspective is that
this tape represents the degradation path for all acetate tape. This particular reel
was abused by being stored in a sealed steel can for over 60 years, so its degradation
is far ahead of most other reels of acetate tape. Acetate tape is most likely protected
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by the buffering and acid absorption properties of the cardboard boxes almost uni-
versally used to store tapes since 1948. In addition, the cardboard boxes are not
sealed, allowing at least some ventilation to remove the build-up of degradation
products.

Note how rolled (far more advanced than mere cupping) the loose strands of
the tape are and compare to Figure 13 on page 11 of reference,33  available online.
While the amount of shrinkage shown in the IPI document would only marginally
affect a full-track tape, it would be devastating to a quarter-track tape. These are
the main points to consider about the reel of Magnetophonband Typ C (Figure 6):

• The shrinkage and spoking of the tape
• The tape smelled strongly, although the smell was not specifically vinegar
• The rolled-over loose ends of the tape showing shrinkage of the base film – the

roll is inward because this is a B-wind (oxide out) reel – the oxide doesn’t
shrink, but the base film does

• The corrosion on the aluminum reel surrounding the window
• The corrosion of the steel screw at the top left 
• The tape was springy and not as longitudinally stable as one normally expects

from acetate tape, and even as other reels of Magnetophonband Typ C restored
in 200134

• The tape was analyzed to be cellulose triacetate via a Fourier Transform
Infrared (FTIR) analysis spectrum matching35

• The tape had been stored in a closed steel can for over 60 years

There were two 356 mm reels of Scotch 111B in the same collection as these
reels of Magnetophonband Typ C. The “B” refers only to the oxide-out winding of
the tape – it is not a different type of tape. Although these were virgin pancakes of
tape, there was some shrinkage in the tape, especially in the outer layers, despite
their tight packing. These were stored since c.1948-49 in cardboard boxes.

Figure 6. Vinegar syndrome: One of the windows
from a reel of Tonschreiber tape. Source: the author.
_________________________________________________
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4) Overheating

Excessive heat is especially damaging to acetate tape. One recent project was a reel
of oral history that had been placed adjacent to a wood stove for several cold win-
ters, and it was unplayable. The tape width had unevenly shrunken about 20%. One
side had fused so that it was no longer transparent and the edges had bonded layer
to layer.

Storage strategies for acetate tape

Freezing acetate film substantially reduces the speed of vinegar syndrome decay.36

There is a subset of restorers and conservators who are wondering if freezing acetate
tape can provide long-term preservation for these aging and deteriorating tapes.

Standards for storage of tape include “DO NOT FREEZE TAPE” as it will damage
or remove the fatty acid lubricants that were used in the original tape manufacture.37, 38, 39

This creates an extremely difficult decision for conservators: store the tapes cool and dry
and maybe they will last a few decades, or freeze them and risk destroying them and
maybe they will last a few centuries. Of course, digital preservation copies should be
made before the freezing, but in some instances there may be more recordings than
could be digitized during the remaining life of the tapes at room temperature. 

Anecdotal evidence and the experience of a few tape experts was the source of the
DO NOT FREEZE rule rather than extended analysis and research. The Canadian
Conservation Institute (CCI) is planning a small-scale evaluation of tape freezing. The
Scotch 111B from 1948-49 has been donated to be used in the freezing experiments, in
addition to other tapes.

The author is not recommending the freezing of acetate tapes, but rather further
investigations into this potential preservation method. There are still concerns as to
what freezing will do to the binder-base film interface, and whether that will be weak-
ened. The winding tension and profile for tapes to be frozen will need to be investigated
to avoid creating situations as shown in Figures 4 & 5.

A further point to consider: some of the fatty acid esters that were commonly used
later for tape lubrication freeze at about +21 °C. On cool mornings, vials of these lubri-
cants are frozen, but can be thawed by holding them. Additionally, jojoba oil, which has
been considered a close substitute for sperm whale oil, freezes at about +10 °C, which is
higher than the lowest temperature (+8 °C) recommended for tape storage.

Endangered acetate tapes

While storage conditions play a large role in the risk to any given tape type, the follow-
ing is an incomplete list of high-risk acetate tapes:

• IG Farben Magnetophonband Typ C
• Kodak acetate tapes
• Any acetate tape that has been stored in metal cans or even in sealed plastic bags
• Any other acetate tape that smells like vinegar40
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Polyvinylchloride (PVC)

PVC was used from 1943-197241 in both homogenous and coated construction. While
PVC can degrade in a variety of ways, at least the early Magnetophonband Typ L that
was rushed into production after the destruction of the acetate tape production line in
1943 seems to be holding up well. Magnetophonband Typ L is a homogeneous tape and
was made 1943-1947 by IG Farben, and BASF made the homogeneous Typ L-extra from
1949–1954. From 1945-1972, BASF made coated PVC tapes, and 3M introduced type
311 in 1960.42, 43 The “L” in the “Typ L” product name refers to “Luvitherm,” the IG
Farben trade name for their PVC film. The author has no experience and has heard no
reports of degradation of coated PVC tape.

The homogeneous IG Farben Magnetophonband Typ L suffers from a few degrada-
tion modes:

• It does not hold up well under continuous use. The iron oxide falls out of the
binder matrix, leaving pinholes.44

• In some instances, if splices catch the edge of an adjacent layer of tape, the tape
can tear diagonally, creating, in some instances, a 600 mm diagonal tear that
needs to be carefully spliced together. On any reels that show this tendency,
ultra-slow (48 mm/s, 1.88 in/s) unwinding is indicated.

• The outer wrap of tape seems to oxidize and become brittle if left out on display
without any protection.

• All of the IG Farben tape is 6.5 mm in width, so the 6.35 mm wide guides of
most tape machines will need to be enlarged by 0.15 mm.

Storage strategies for PVC tape

All PVC tape is more than 30-years-old, and some of it is more than 60-years-old.
Relying on continued long-term storage of this tape is not recommended. However, it
seems that the PVC tape, if stored in accordance with good storage practices,45 should be
a lower priority to transfer than acetate tape.

Paper

Paper tape was manufactured c.1947-1953.46 While it is not very common, it doesn’t
appear to be degrading rapidly, either. If the original paper was acidic, that might be a
degradation factor. Another factor could possibly be damage that the oxide/binder might
cause to the paper, but that does not seem to be happening. Paper tapes are likely to frill
during playback. Since many paper tapes are recorded in one direction only in the centre
of the tape, this would not be a major issue.

Storage strategies for paper tape

Since paper tape was manufactured c. 1947-1953,47 it is all 50-60-years-old. The limited
holdings found in most collections should be transferred soon to avoid any future prob-
lems.  
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Paper tape plays well on a gentle transport, but the fidelity may not be great due to the prim-
itive machines used for the early recordings. The track configurations may vary and a careful
analysis is required. One paper tape had a 2.5 mm centre track which was reproduced using
a 1.1 mm wide head as it was the only centre-aligned track available at the time.

Polyethylene terephthalate (PET)

PET is probably the most widely used base film and the most widely represented in
archives, although acetate base film is also widely represented. PET was introduced in
approximately 1953, and as of approximately 1972 became the sole base film used in
audio tape manufacture. It is most commonly known by the DuPont trade name Mylar.
Scotch/3M used the trade name Tenzar to describe their tensilized PET film.

PET does not degrade under normal conditions and is a rather stable base film.48 It
is hygroscopic49 and it is not well documented how that affects binder degradation; how-
ever, if the base film can absorb water, it would seem that it could then transfer that
moisture to the back of the oxide coating. This requires further investigation.

PET films are pre-stressed and tensilized during manufacture. The base films come
in a variety of thicknesses. Long-play and standard-play open-reel tapes are generally
made from “balanced” base films. The base films for double-play and triple-play open-reel
tapes as well as for some cassette tapes are made with tensilized film,50 which can have
tremendous shrinkage under the wrong storage conditions.51

Polyethylene naphthalate (PEN)

PEN is used in video and data tape and is apparently stronger than PET with no addi-
tional negative characteristics.52 This may be used in some digital audio tapes such as
ADAT and DAT in addition to video and data tapes. No PEN-specific degradation modes
have been identified to date.

Binder/oxide coatings 

Binder and oxide coatings seem most problematic on PET tapes and somewhat problem-
atic on later acetate tapes. Binder-related degradation modes are rarely seen on PVC,
paper, and PEN tapes.

Polyester urethane binders: primary recovery methodology

This section offers a new perspective on degrading polyester urethane tape binders.
Prior to this paper, two major binder/oxide coating failure modes have been identified,
based in part on data from Ampex:53

• Sticky shed syndrome (SSS) 
• Loss of lubricant (LoL) 

It appears, however, that what has been called “loss of lubricant” over the past
decade is not truly loss of lubricant, but merely the failure of the tape to be restored to
playability after a normal incubation or baking cycle.
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The author would like to suggest that the broad term “soft binder syndrome” (SBS) be
applied to all tapes that show stickiness, shedding, and/or squealing, whether they respond
to baking or not. Since “sticky shed syndrome” (SSS) is so well known, and is a special case
of SBS that responds to baking, the continued use of the term SSS will be a given. We
would, however, urge that the use of the term “loss of lubricant” (LoL) be discontinued for
tapes that squeal and do not respond to baking, and merely state that these tapes are suf-
fering from SBS of a type that does not respond to incubation. Overall, the adoption of the
term “soft binder syndrome” (SBS) to describe all such tapes appears to be warranted. 

In the 1960s and 1970s, manufacturers adopted polyester urethane binders for
audio tapes while some video tapes utilized polyether urethane binders to better accom-
modate performance-driven changes in the oxide component. Back coating was often
added to the tape design at the same time, resulting in a premium mastering tape.

These tapes have been very successful, but some have shown alarming degradation
characterized by large quantities of a gooey residue of binder and back coating being
deposited on any stationary surface over which the tape passes. This residue is often dif-
ficult to remove. Attempting to play a tape in this condition will usually damage it.
Playback is accompanied by squealing and, in some instances, the tape adheres strongly
enough to the fixed surfaces that it will stop the tape transport.

In many of these tapes (where this condition is then called Sticky Shed Syndrome)
incubating (also called baking) the tape returns the tape to a playable condition for
weeks or months after treatment. In current usage, if incubation doesn’t help, then the
failure mode has been incorrectly defined as “loss of lubricant.” The author’s current
hypothesis is that this degradation is all SBS.

The squeal that accompanies playback of SBS tapes is insidious because it is caused
by stick-slip (sometimes referred to as stiction, which is subtly different)54 of the tape as
it passes over fixed elements of the tape reproducer, including the reproduce head. This
squeal modulates the audio and is recorded into the digital file along with the desired
audio. Since this squeal (created by stick-slip) is a variable frequency modulation of the
desired audio, there is no practical method of removing it in post production. A simple,
reliable, and acceptable means must be found to eliminate the squeal during playback.

In an informal survey of about a dozen audio tape restorers and one instrumentation
tape restorer,55 only one audio tape restorer had ever encountered a tape that was not back
coated that responded to incubation. That one instance involved 15 reels that might have
been a special run. The precise nature of the tape and the client were considered confiden-
tial. For all practical purposes, it appears that SSS occurs only on back-coated tapes.

In one analysis56 of Sony PR-150, which is one of the major SBS tapes not made
playable by incubation, many components of interest were found. These included:

• Polymer degradation products
• Urethane chemical bond hydrolysis
• Lubricant or product of ester lubricants hydrolysis
• Polyurethane ester manufacturing monomers
• Polyurethane ester manufacturing by-products
• Plasticizers
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Most of these components (and the above is merely a summary) are indicative of
processes that either did not proceed precisely as expected during manufacture or for-
mulations that degraded for a variety of reasons, including hydrolysis.

Bertram and Cuddihy 198257 discuss the hydrolysis of the polyester urethane binder
and the measurement thereof by the method of acetone extraction. Bradshaw 198658

enhances the acetone extraction method originally used by Bertram and Cuddihy by cali-
brating the process against the amount of lubricant that is also extracted, providing a
more accurate snapshot of the degradation processes. While the interaction of CrO2 with the
binder is higher than that of gamma Fe2O3, it is only slightly higher.59 Therefore, studies of
CrO2 tape can be generally applicable to gamma Fe2O3 tape. Bradshaw shows that the
chance of reversing the degradation reactions by simple incubation is slim. Bradshaw
looked at the filled matrix and how it is modified, whereas Bertram and Cuddihy reported
the individual molecular reactions without considering the action of the filled matrix. 

Incubating (baking) a hydrolyzed polyester-polyurethane tape was better understood by
Bradshaw and his team after they were able to complete a mechanical analysis. This analy-
sis showed that “the ester end groups (both the hydroxyl and carboxyl groups) during baking
displaced water on the oxide pigment surfaces and the effective Tg [glass transition tempera-
ture] and modulus of the coating went up, but no real repolymerization resulted.”60

Below the glass transition temperature (Tg) “polymers deform in the manner of a
rigid glass (or elastic solid). A significant increase in reversible strain occurs at tempera-
tures above this, entering the rubbery state. In this range, the elastic modulus changes
little with temperature up to the flow temperature, Tf.”61 Brown62 analyzes the break-
down factors and isolates moisture as the dominant cause. 

Brown63 explains that thermoplastic polyester urethane elastomers are made of
both “hard” and “soft” segments. Soft segments are joined to hard segment blocks. The
scission of one of the 10-20 ester linkages within the soft segment blocks is enough to
cause “severe degradation of mechanical properties.” “The degradation accelerates
markedly with time. Consequently, the time interval between marginal usefulness and
complete failure may be small.” 

Brown was reviewing high-temperature short-term degradations as found in elec-
tronic potting compounds used in aircraft. However, the long-term degradations found in
tape appear to have similar mechanisms, only at a different time scale.

Bradshaw’s comments64 for SSS tape are equally applicable here. Bradshaw 198665

clearly shows the sharp increase in friction above a threshold temperature. Figure 13b of
Bradshaw 1986 shows a steep rise in friction starting at 29°C, with friction doubling by
40°C, and quadrupling by 60°C. In addition to the deposit build-up, this may also explain
why tapes squeal more readily when the tape and machine have warmed up. Bradshaw
has indicated66 that tapes with Tg below room temperature have been identified. One
additional explanation of the lowering of the Tg could be the failure of the cross-linking
in the polymer, as one of the benefits of cross-linking is a higher Tg.67 Moisture plasti-
cizes coatings, which also lowers their Tg.68

Bradshaw was kind enough to look at a sample of 3M 175 and found the Tg to have
degraded to about 8°C. This preliminary evaluation was accompanied by the following
comments:

My experience with gamma iron oxide filled, BF Goodrich Estane polyester-polyurethane
based formulations from the late 60’s and 70’s is that they ALL had Tg’s at time zero of
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barely 26–30°C, and as they aged and hydrolyzed it dropped to less than 12-15°C. I really
believe this is why [cold playback of] many of these tapes improves their runability. For
hydrolyzed tapes, an increasing amount of the binder is cleaved and produces greasy, low
melting degradation fragments which prefer to migrate to the surface and for back coated
media move into the backcoat causing it to be “sticky” at room temperature. Baking tapes
with this kind of degradation can force even more migration and ultimately “glue” the
two coatings together unless the bake is done with very low wrap tension (interlayer pres-
sure). I think that wiping with a Q-tip or any wipe for that matter is removing some of
the degradation fragments (I imagine the wipes get very brown from coating removal as
well) and thus improving the unwind and play. The problem with doing this for the
length of a tape is that you are also removing what is left of the lubricants and the
degraded coatings have lost much of their rubbery (resilient) toughness. It would be better
to do a two part wipe, using a damp isopropyl alcohol wipe followed by a butyl stearate
(lubricant) (about 5% by volume in hexane) wipe to not delube the magcoat. You have to
build a rewind station with two wipe heads in series to do this satisfactorily. We used to
have one to handle 3420 reel to reel digital tapes.69

If we view this degradation as lowering the Tg then a different approach to recover-
ing information from degraded tapes suggests itself. Efforts to date have focused on rais-
ing the Tg of the tape to make it playable, or adding lubricants in the mistaken view
that the failure was loss of lubricant. Instead of the current approach, which attempts to
change the physical properties of the tape, this new approach relies on accepting that
the Tg has lowered. The playback environment is modified so that the tape is reproduced
below its Tg. 

To that end, we utilized three tapes that would squeal during normal playback condi-
tions: two separate reels of Sony PR-150 with different storage histories and one reel of 3M
175. We placed a ReVox A-77 tape player in a refrigerator (Figure 7)70 and allowed the
machine and tapes to stabilize at the refrigerator temperature of +4°C. The machine’s tape
tension setting was set to “large reel,” which increased the hold-back and take-up motor
torques. This machine also had all three heads and a fixed guide between the capstan and
the take-up reel. All three tapes played through from end to end and back to the beginning
without squealing unless the refrigerator door was opened and moisture condensed on the
tape as it was passing through the machine. The squealing disappeared shortly after the
door was closed. 

We have had two reports of this technique working on 3M 175, and we look forward
to others confirming this technique on a variety of tapes. We anticipate that the temper-
ature will need to vary for different tapes, as the Tg for some badly degraded tapes may
have fallen below +4°C. Indeed, one reel of 3M 175 took an entire weekend of cold-soak
before it would play without squealing. Our current thinking is that this method will not
work in lieu of incubation for SSS tapes and should not be tried due to the risk of layer-
to-layer adhesion.

Back coating and oxide coating interaction

There appears to be an interaction between the tape back coating and the oxide layer in
back-coated tapes, exacerbating the binder degradation. Richardson patented71 a process to
remove the back coating from tapes, claiming that it was the cause of SSS. This approach
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seems to risk damage to the oxide surface. The machine described apparently has not been
demonstrated. The patent does include cogent observations on the mechanics and chemistry
of sticky shed syndrome. Additional preliminary investigations into the back-coating inter-
action were performed by John Chester and documented on his website.72 He concluded:

• “The back coating on my samples of Ampex 407 does speed the return of sticky
shed.…

• “When the back coating and the oxide coating are not in direct contact with one
another, the back coating deteriorates faster than the oxide coating.”

The National Film and Sound Archive of Australia has instituted a process of interleaving back-
coated tapes with additional material to separate the back coating from the oxide coating.73

It has been the author’s experience that the back coating creates heavier deposits
than the oxide coating in early stages of SSS. This is especially noticeable in tape
machines that have non-rotating tension sensors pressing against the back of the tape.
With some tapes, there is far more debris left on the tension sensor than on the non-
rotating heads and guides. In discussing this issue with Dr. Bradshaw, he suggested the
following hypothesis:

All of the back coatings are far more binder rich than the magnetic coatings and their
modulus is half that of the magnetic coatings due to the very poor reinforcement of carbon
black. I believe what happens is that the back coating and magnetic coating are com-
pressed into a high pressure contact during storage, and since the binders in both are
essentially the same, they intermix and entangle over time such that when you pull them

Figure 7. Polyester urethane binders: A ReVox A-77 tape
player was placed in a refrigerator. Source: the author.
_______________________________________________________
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apart some of the magnetic coating and some of the back coating are transferred to each
other as they separate – pull-outs – and this deposit is above the normal surface and is
clipped off onto the head during tape motion. The frictional heating is enough to make
the debris “melt” to the head and it can be very difficult to clean off.74

We know from Bertram and Cuddihy75 that the oxide binder suffers from hydrolytic
breakdown. Assuming that the back coating binder is the same chemistry, it will also
suffer from hydrolytic breakdown. Combine this with the fact that the PET base film is
hygroscopic and the pathways to hydrolytic breakdown and subsequent degradations
increase dramatically. This is certainly an excellent reason to use low-humidity storage.

While most back-coated tapes can be made playable by use of incubation as out-
lined in U.S. Patent 5,236,790,76 it is only a short-term cure. It was also considered a
“last-ditch” effort by one of the inventors.77

It is ill-advised to reuse any tape that has degraded to the point of needing incuba-
tion other than to recover the recording already entrusted to that tape. In contrast, the
incubation of tapes without back coating generally fails, with the exception of one
instance reported in our informal survey.

Some restorers are needing longer incubation times to achieve playability. Also, for
very large reels of instrumentation tape, re-incubating the inner layers after the outer
layers have been unwound has been required. This is predicted by the pressure-related
component in Bradshaw’s hypothesis, with the increased pressure on the inner layers
increasing the SSS reaction. Some restorers prefer to wipe the tapes, and Media Matters
LLC is currently developing a high-end audio open-reel tape cleaner based on that
premise. Reports from the surveyed instrumentation tape user indicate that he uses
both incubation and a tape cleaner.

For those tapes which can be unwound without damage, the advantage of mechani-
cal cleaning such as wiping as opposed to heat treatment is that there is less chance for
the base film to revert to its original, as-manufactured geometry, prior to the balancing
or tensilizing treatment that was applied before the coatings were applied. However,
audio restorers continue to see open-reel audio tapes that cannot be unwound without
pull-outs unless the tape is first incubated.

There has been discussion of different tradeoffs between time and temperature for
temporarily reversing SSS, but the protocol in U.S. Patent 5,236,790 still appears to be
adequate. Some tapes, however, require 24 hour incubation with 24 hour cool-down.
Some have even required longer incubation. Subsequent incubation cycles increase risk,
so the goal should be obtaining the best possible transfer during the first incubation
cycle. Tapes should be incubated shortly before their transfers, because the tapes revert
to an SSS condition in weeks or months.

John Chester in his analysis of SSS78 observed that the two coatings could be removed
with approximately the same effort on some tapes, while it required substantially more
effort to remove one coating compared to the other on different tapes. The assumption was
that if approximately the same effort was required for coating removal with a given solvent
(usually isopropyl alcohol), then the two coating chemistries were similar. Further discus-
sions with Chester79 and the author’s own experiments are summarized in Table 1. In the
table, JKC refers to John Chester and RLH to the author. Ampex 467 and Sony D-1460 are
digital (DASH) tapes, not analog, but are not believed to suffer from SSS.
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It is far too early and too rudimentary to draw any conclusions from these data.
More accurate analysis comparing oxide coating chemistries to back coating chemistries
may be useful as a marker to identify potential SSS tapes.

Table 1: Similarities of oxide and backcoatings
and whether tape is prone to SSS

Tapes endangered from soft binder syndrome

While storage conditions play a huge role in the risk to any given tape type, the follow-
ing is an incomplete list of tapes that are likely to suffer from SSS:

• Pre-1990 Agfa PEM 468 and PEM 46980

• Ampex/Quantegy 406, 407, 456, & 457
• Early 1980s Audiotape/Capitol: Q1581

• Scotch/3M: 226, 227, 806, 807, 808, & 809

Since the required incubation times are apparently increasing, collection managers should
consider prioritizing the copying of tapes on known SSS carriers. The following is an incom-
plete list of tapes that appear to be suffering from SBS and do not respond to incubation. 

• Scotch / 3M 175
• Sony PR-150
• Melody 169 (3M seconds)
• Pyral tapes (type numbers unknown)82

• Any cassette that squeals – the author has yet to find a cassette that responds
to incubation 

As stated above, 3M 175 and Sony PR-150 respond well to lowering the ambient temper-
ature during playback.

Tape type Similar coating SSS

3M 207 No (JKC) No

3M 209 No (JKC) No

3M 808 Yes (RLH) Yes

Ampex 407 Yes (JKC) Yes

Ampex 456 Yes (RLH) Yes

Ampex 467 Yes (RLH) No

BASF 911 No (JKC) No

Emtec 900 Yes (RLH) No

Emtec 911 No (RLH) No

Sony D-1460 Yes (RLH) No
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Polyester urethane binders: alternate approaches

Multiple restorers have experimented with multiple techniques and have reported
mixed results. Many causes for this stick-slip have been hypothesized. The following
degradation mechanisms may be present individually or in combination. 

1) True loss of lubricant from the tape

While hexane or other solvents can remove the manufactured-in lubricant from tape, it
is considered highly unlikely that the lubricant has been lost from the tape during nor-
mal storage (despite the popular name for this condition). While it is more likely that
adverse storage conditions can drive the lubricant out of the tape, analysis of a squeal-
ing reel of Sony PR-150 showed that the lubrication was still present.83

2) Degradation of the lubricant and other components

Lubricant degradation products have shown up in analysis of SBS tape. It is not
clear how much of a factor this is in the overall difficulty of properly playing a tape
in this condition. 

3) Lubricant caught in the matrix 

This is rather difficult to analyze, but the lubricant is supposed to come to the sur-
face under the pressure of the tape-to-head contact and then return to the spaces in
the matrix after the pressure is removed. In this hypothesis, the lubricant stays
locked in the matrix and never surfaces to perform its function.

4) Increased area of contact 

If the binder material softens and the asperities that normally provide contact are
compressed or sheared off, then additional surface area is available for contact.
Normal contact area is a small percentage of the total surface area.84 If this increases,
then the friction will increase. While the tape is wound on the reel, the oxide layer can
be compressed and this will result in an increase in the contact area. This compres-
sion can be caused by thermal and humidity cycling. The absorption of moisture from
the air can lead to swelling of the binder. Playing the tape above the Tg will result in
increased area of contact.

General comments

The stick-slip appears to be a situation with positive feedback in the sense that as the
friction increases, the tension on the tape past the point of friction increases and the
area contacting the head could increase further. In playing SBS tapes, the tension
increases dramatically across the heads, indicating a high degree of friction at the tape-
head interface.85
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While these tapes do not exhibit the same build-up of debris on heads and guides
that SSS tapes exhibit, when the tapes are stopped, they may attach themselves to the
heads, sometimes with small piles of debris that appear to be collected from the passage
of the tape. This may be why careful cleaning can permit some playback before the
squeal builds up. This leads back to the lowering of the glass transition temperature of
the tape coating as the major physical property change. If the oxide coating is rubbery
instead of smooth, then, of course, there is an increased area of contact, and the lubri-
cant load is no longer adequate to overcome the friction.

Relubrication

The popular name for the tapes that do not respond to incubation – loss-of-lubricant –
has caused much research to be undertaken on tape lubrication and the possibility of
relubrication. Since, in fact, it appears that the lubricant is still present in the tape, this
is probably a moot point for tapes such as 3M 175 and Sony PR-150.

The literature on tape relubrication is scarce. While investigating methods of reduc-
ing head and tape wear, Tobin and Powell86 suggested the application of Krytox fluorinat-
ed lubricants. This has also been suggested by Jim Wheeler87 and Bob Perry.88 However,
Jean-Marc Fontaine has indicated mixed results when attempting to use Krytox on SBS
Pyral tapes.89

The best-documented, reasonably large scale treatment of SBS tapes has been by
Marie O’Connell in New Zealand.90 This process involves wetting the tape with isopropyl
alcohol prior to the play head and removing the alcohol ahead of the capstan.

In Figures 8 & 9, the record head (on the left) has been replaced with a felt pad fed
from an IV drip bag with isopropyl alcohol. Immediately to the left of the capstan is a
piece of windshield wiper blade to squeegee off the alcohol ahead of the capstan. This
approach was successful and probably over a thousand reels were transferred. However,
it requires extensive modification to a machine, which precludes the easy use of multiple
track formats. The following is a list of many of the known lubricants:91

1. Sperm whale oil – at least according to oral tradition, and probably a long
chain fatty acid ester, according to Bob Perry

2. Fatty acids – various formulas, probably directly based on a natural oil, includ-
ing palmitic and oleic. Bob Perry thought that myristic acid and lauric acid
were probably more widely used

3. Esters of fatty acids – various formulas, based on natural or synthetic oil,
including butyl, pentyl, isopropyl, iso butyl, etc., and esters from the palmitic,
myristic, stearic, etc.

4. Paraffinic oil – various formulas, probably synthetics, including linear alkanes,
squalanes, etc. 

5. Silicones – 3M advertised this extensively
6. Possibly fluorinated lubricants
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In order to reduce the breadth of analysis, the following categories of lubricants will be
considered, based on a variety of recommendations:

• Esters of fatty acids, specifically jojoba oil which is considered one of the closest
replacements for sperm whale oil92

• Silicones and siloxanes
• Fluorinated lubricants, specifically Krytox

In addition to selecting the proper lubricant, the proper application technique also needs
to be developed, and the decision needs to be made as to whether the coating should be
applied to the stationary objects in the tape path or to the tape.

The condition of the tape is one of the major challenges in applying a relubrication
substance evenly. In the O’Connell method, the tape is fairly well flooded with a con-
stantly replenished stream of alcohol and it only needs to stay wet for a few seconds
until it evaporates and is further removed by squeegee. Not shown in the photographs,
but mentioned in the referenced article, are drip pans under the heads to collect excess
alcohol and avoid damaging the interior of the recorder.

Any of the other mechanisms of lubricating the tape will rely to at least some extent
on the surface of the tape to receive and hold the newly applied lubricant, or, if the lubri-
cant is applied to the head, the tape should not rub it off. Sony PR-150 seems to be very
difficult to relubricate except through a continuous alcohol film in the O’Connell method.
Attempts to relubricate it with several different lubricants have only been marginally
effective. In reality, it appears that relubrication attempts are trying to add additional
lubrication to the tape, rather than replace lost lubricant, and there is no room for it to
be absorbed. The reel of Sony PR-150 that was analyzed appeared to have a reasonable
lubricant load still available.93 Perhaps the alcohol, as it evaporates, is lowering the tem-
perature at the surface of the tape below the Tg of the tape.

Jojoba oil

Preliminary investigations applying this in a 10% solution diluted with isopropyl alcohol
showed some promise with Sony PR -150, but ensuring that enough stayed on the tape was a
challenge. The alcohol may not be an ideal diluting agent as it seemed to swell the binder and
make it softer (although this tape does respond somewhat to flooded wet playing with alcohol).

Figures 8 & 9. Relubrication: The record head (left) has been replaced with a felt pad fed from an IV
drip bag with isopropyl alcohol. Immediately to the left of the capstan is a piece of wind-shield wiper
blade to squeegee off the alcohol ahead of the capstan. Source: Marie O’Connell, used with permission.
_________________________________________________________________________________________________
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Silicones and siloxanes

Decamethylcyclopentasiloxane, also known as cyclomethicone and D5, is a volatile siloxane
that completely evaporates.94 It is widely used in diverse applications including the cosmetic
and personal care industries where it is used to add a slippery feel to shampoos and creams.
It is also starting to be used as a dry cleaning agent. Applying this to a squealing cassette
worked, but one Nakamichi Dragon stopped working for a while as the material penetrated
the mechanism. The D5 was over-applied. One attractive feature in this regard is that the
Dragon healed itself as the D5 evaporated completely over a few days. It apparently leaves
no residue and the evaporation time is, of course, related to the amount used. 

While successful with cassettes when heavily applied, it has had mixed results with
both 3M 175 and Sony PR-150 in open-reel applications. In both instances, the tapes do
not play all the way through without returning to squealing. The problem was made
worse when the environment that the 3M 175 was being transferred in became warmer
with the advent of summer. 

Silicones that are not volatile seem to work better with 3M 175, but application methods
still need refinement. These lubricants seem to work best when over-applied, but that increases
the risk of higher wow and flutter. Perhaps if a fluid is to be over-applied, the O’Connell alcohol
technique may be a better choice as the alcohol is removed and evaporates completely.

Fluorinated lubricants

Preliminary results of applying Krytox to heads and guides show that it does not stay in
place very long and the squealing returns after 5-10 minutes. While it is working, it
works well. There are no known usages where an SBS tape was treated in its entirety.
This lubricant is difficult to remove if it gets on the wrong surfaces of the transport, so it
needs to be applied sparingly. As mentioned previously, Jean-Marc Fontaine has not had
promising results with Krytox and Pyral tape.95

Controlling tape tension

Since tape tension builds at each fixed surface, the first step to reducing tension is to
remove as many fixed surfaces as possible.96 The next step is to replace fixed guides with
rotating guides. A reel of Melody 169 that was recently transferred was done with a mod-
ified Studer A810 with the erase and record heads as well as some guides removed
(Figure 10). The only fixed surface that the tape passed over was the playback head. This
arrangement permitted reliable transfer in 20-30 minute segments. It was necessary to
perform a careful cleaning between segments. No relubrication was used.

Further investigations into this method of playing SBS tapes provided encouragement that
this process should be seriously considered as an option. The Studer A810 transport was set up
with tape tensions reduced by approximately 35%. The tensions were decreased until the dancer
arms were less than 5 mm from the shutoff position on both sides. This increased the time until
first squealing. It was noted that when squealing began there had been a slight build up of debris
on the head. The tape was aggressively cleaned by moving it across a cylindrical Pellon97 pad at
library wind speeds utilizing the peak tensions allowed by the transport. On the first pass, a large
amount of debris was removed, mostly along the edges. During the second pass, the cleaning fab-
ric showed far less debris. 

A R S C Journal
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After this tape cleaning and careful head cleaning with naphtha, we were able to play
an 18-minute segment of 3M175 (at 95mm/s) twice (once in each direction) with no notice-
able squeal. However, the tape was still dragging as the tension increased almost 50% after
passing the play head. This method was not as successful with Sony PR-150 tape and the
squeal came back in approximately 15 minutes, although the debris on the head seemed
less. The author suggests that the stick-slip may be caused by the tape-to-debris interface
rather than by the tape-to-head interface. 

Reproducing tapes at higher speeds

Since stick-slip is often worse at lower speeds, at times the relationship between tape speed
and stick-slip can be used to solve the problem. Playing the tape at higher speeds and then
slowing it down in the digital domain can work, but it is imperative that all of the details are
addressed. One easy way of checking the entire system is to play a native-speed frequency
response calibration tape through the high-speed transfer system and evaluate the final
result after processing. We have had limited success with this approach for Shamrock 031 (a
part number that could be any surplus tape from the Ampex factory as we understand it).
This was tried after both incubation and cold-play failed. What was interesting was that the
instrumentation recorder used for this playback had a totally different topology.98

The contribution of slitting anomalies to squeal

While it is unlikely that the squeal is being caused completely by the edges of the tape,
we did find that the Melody 169 that squealed was oversize by 25-50µm. Observations
indicate that the entire face of the tape (at least with the Sony PR-150) is causing the
increased friction, but the edges should not be overlooked.

Lubricants that have been reviewed and rejected

The following lubricants were rejected due to risk of excessive spacing loss.

• Graphite – while finer versions of graphite probably exist, and it was used in
the harsh automotive 8-track environment, in viewing some lock-grade
graphite, pieces up to about 50 x 200µm were found, which would introduce
excessive spacing loss. Even the smallest pieces were 5-10µm. 
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Figure 10. Controlling tape tension: A reel of Melody 169
that was recently transferred was done with a modified
Studer A810 with the erase and record heads as well as some
guides removed. Source: the author.
___________________________________________________________
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• The average PTFE particle size in dry-film mold-release agents is specified as
3.4 µm, which would still be too large from a spacing loss perspective.

For reference, the reproducing spacing loss equation (in decibels), from Wallace in 1951, is:99

This equation, for example, indicates that a 3dB loss at 15 kHz at 95 mm/s (3.75
in/s) occurs with a spacing of 350nm. Films or particles that increase the spacing by 200-
300nm are the largest that can be tolerated for general-purpose reproduction. Cassettes
are even more critical, with ideal separation increases kept to no more than 100-150nm.

Blocking or pinning

Blocking and pinning are two variants on layers adhering to each other with catastroph-
ic results during uncontrolled separation. Blocking is the adhesion of a substantial por-
tion of one layer to another, while pinning applies to small areas of adhesion. Pinning is
also referred to as “pull-outs.” Figure 11 shows the result of library winding (approxi-
mately 1.5-3 m/s or 60-120 in/s) a reel that suffered from pinning. Fortunately, the audio
was on the bottom track in this photo, so there was relatively little damage. This tape
suffered from poor storage which was certainly a contributing factor to this condition.
The white spots in the photograph of the tape are actually clear areas where the
binder/oxide layer had been fully removed. It is thought that extremely smooth surfaces
may also promote this condition.

There are two approaches to preventing damage in pinned tapes and both are
promising. 

1. Wind the tape very slowly.100 This is always a good approach to try when tapes
are misbehaving at fast (library) wind speeds and even play speeds. Usually 48
mm/s (1.88 in/s) is adequate. 

2. Use the “cold soak” approach, which involves placing the reel in double freezer
bags. Place a small silica gel canister inside the inner bag, but not touching the
tape. Place the whole assembly in a refrigerator at about +4°C for several
weeks.

separation

recorded wavelength
spacing loss = 54.6*

Figure 11. Blocking or pinning: The result of library wind-
ing (approximately 1.5-3 m/s or 60-120 in/s) a reel that suf-
fered from pinning. Source: the author.
___________________________________________________________
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The signs for pinning as a tape is wound off a reel (at library wind speed) are:

• The exit point of the tape from the pack moves away from being precisely
tangential to the tape (the exiting strand is being held to the back of the
previous layer and is being pulled off)

• A slight “ripping” sound is heard as the tape comes off the reel

If either symptom presents itself, stop the winding immediately to avoid further
damage.

In tests run by Bhushan in 1985,101 a change of winding tension from 1.1 N to 3.3 N
and the presence of back-coating increased the likelihood of pinning in the tape pack.
One factor in this is that less air is entrapped between the layers of the tape pack in
both cases.

Tapes endangered by blocking or pinning

While storage conditions play a large role in the risk to any given tape type, the follow-
ing is an incomplete list of tapes which have shown some incidence of blocking or pin-
ning:

• Scotch/3M 201
• Melody 169 (3M seconds)
• Some other non-back-coated tapes 
• Improperly incubated SSS tapes
• Tapes that have been stored in high humidity environments
• Tapes that have been stored in hot environments
• Double- and triple-play tapes

Binder-base adhesion failure (BBAF)

It is critical that any tests of storage protocols for tapes evaluate the risk of this failure
mode as the current success rate in treating these tapes is variable. Figure 12 shows a
dual-layer Ferrochrome Type III cassette with an unknown and presumed-to-be-poor
storage history. The two oxide layers are applied one on top of the other on the same side
of the tape. It is thought that this dual-layer oxide construction, which only occurs in
Type III cassettes, is the formulation most susceptible to BBAF. These were only manu-
factured for a short time. 

Storing the tape in a cold and dry environment (but above freezing), known as “cold
soak”, has had some success with reducing the extent of the binder-base adhesion failure
and permitting one more playing in some cases. (For more details, see the section of this
paper titled ‘Blocking or pinning.’) This Ferrochrome cassette had no adhesion between
the base film and the binder for about 10 minutes in the middle of the spool. The bal-
ance of the tape played well. We would recommend immediate copying of any Type III
cassettes in a collection.
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Back coating

Back coating was added to tape for many reasons. In general, its application was to the
high-end “mastering” tapes. In Europe, it was also used as a way to identify tapes as it
came in different colours.102

The back coating ranges in thickness from 1-3 µm.103, 104 This coating contains car-
bon black to provide conductivity, which is important as it drains electrostatic charges
from the tape. In some instances, if an arc is drawn from the reel to the tape machine –
usually during fast wind operation – this discharge can print as a “click” to the tape.
Furthermore, the rough surface of the back coating reduces the chance of the oxide coat-
ing laminating to the exposed base film of a non-back-coated tape and suffering from
pull-outs or pinning (Figure 11). The back coating also provides superior tape packing as
the rough surface allows air to escape.

When sticky shed syndrome became noticed, it was also noticed that it most often
appeared on back-coated tapes. At the time, users were told that was simply a coinci-
dence and that there was no interaction between the back coating and the oxide coating.
The questions surrounding SSS have been discussed.

Challenges in Predicting Tape Life

It is extremely difficult to predict the lifetime of any given tape. Archivists must assume
that all tapes, and the machines to play them, are degrading. While good past perform-
ance is not an indicator of good future performance, it does deserve some serious review.
It is rare that a tape which has been stable for many years will suddenly become unsta-
ble. On the other hand, a degraded tape is likely to continue degrading, possibly at an
accelerated rate. In short, the factors influencing tape degradation are:
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Figure 12. Binder-base adhesion failure (BBAF): A dual-
layer Ferrochrome Type III cassette with an unknown and
presumed-to-be-poor storage history. Source: the author.
___________________________________________________________



• Tape formulation / component selection (i.e. what materials are in the tape)
• Component degradation / failure
• Tape characteristics (i.e. base film thickness, etc.)
• Manufacturing defects / tolerances
• Storage conditions (including history, where available)
• Handling (or mis-handling) history
• Playback without proper conditioning
• Playback on defective equipment

As the author continues his dialogue with chemists and chemical engineers he is repeat-
edly told:

• Tapes are not improving with age
• There will never be a simple test kit for tape degradation classification
• The specific degradations are type- and may be batch-specific 
• Tapes which are degrading now cannot be repaired and will continue to

degrade
• A tape should be transferred before degradation interferes with playback
• Anything that is important should be copied…now 

In addition, the availability of tape machines and machine parts is not to be assumed. In
audio, we are lucky in many regards in the continued availability of parts for reel
machines. This is less true for cassettes, DATs, minidiscs, and even less so in the video
and instrumentation recording fields. Concern extends to the availability of an adequate
parts supply and technical expertise to transfer all of the remaining two-inch quadru-
plex videotape, let alone formats with lesser market penetration. We are even starting to
find it difficult to obtain cassette splicing blocks and who knows how much longer high-
quality calibration tapes will be available?

In a discussion on prediction of tape life with Dr. Bradshaw in April 2008, he cau-
tioned me that any prediction may provide a false sense of security. This is true as any
such prediction must be based on a small sample of tapes and batch-specific variations
could easily cause your batch of tapes to fail. When I first started in this business, Jim
Wheeler reminded me that any tests I run will only be valid for the reels of tape that I
tested. While this advice may seem harsh and perhaps even self-serving to the author,
the sooner high-quality digital copies are made the safer the content will be. The key to
this point is that while we can make generalizations from collection-wide experience,
specific laboratory tests on small samples may be misleading and the most dangerous
form of this misleading is to potentially provide a false sense of security. 

Initiatives like the PrestoSpace project105 have identified serial number ranges of cer-
tain video tapes which are more likely to fail within a single product type. This, however, is
probably not possible within the audio field, at least with open-reel tapes as the only iden-
tifying marks supplied with most tapes were discarded when the tape was first used.

Archives can only rely on generalized history and knowledge of different tape types.
Accurate analysis is frustrated by the widely variable storage history that may cause or
accelerate the degradation. It is imperative that copying106 be prioritized. Mike Casey of
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Indiana University has created the “Field Audio Collection Evaluation Tool” (FACET).107

It evaluates risk factors based on known degradation modes of different formats and
scores the collection. In this way, higher-scoring collections will be addressed first. The
tool is designed to work with an importance evaluation as well. The importance relates
to non-technical factors such as the research value or intellectual value of the collection,
and is generally assigned separately and by a separate group from the technical portion.
The FACET score and the importance score are summed, creating an overall score that
prioritizes the collection. Factors associated with increased risk to tapes are:

• Base film type (acetate is generally higher risk)
• Base film thickness (thinner has more risk)
• Age
• Known difficulties for a particular tape type such as sticky shed syndrome, soft

binder syndrome, loss of lubricant, binder-base adhesion failure, pinning, or
blocking

• Evidence of known failure modes
• Poor storage conditions (to the extent they are known for a particular tape or

collection)
• Increased areal recording density (higher track density and lower speed both

increase risk)

For those wishing to rank various failure modes, FACET would be the tool of choice.
There are many factors weighed simultaneously within FACET and it is beyond the
scope of this paper to attempt to explain or duplicate the work embodied in FACET. The
author of this paper contributed to the FACET criteria and weightings.

While Brown108 contains an elaborate analytical procedure for predicting life, a sub-
stantial amount of chemical analysis would be required for each tape type (and possibly
for each batch), and due to unknown storage conditions, this analysis would need to be
repeated for each collection.

The anticipated lifetime of tape has been open for debate from the time that the first
tapes were manufactured. Perhaps the best anticipated lifetime to use is what was in the
minds of some of the designers when they made the tapes. It was common knowledge in
the 1970s and 1980s that the vast majority of popular music becomes unpopular in a few
years, so a 10-20 year lifetime was considered adequate. As Bob Perry said in a phone
interview, “If I wanted to keep it, I’d copy it if the tape was more than 10-15-years-old.”109

Most tapes are beyond their design life at this point. The previous storage history of
the tape, which may adversely affect its future life, is usually unknown and, at this
point, most likely unknowable. However, some tapes which are 60-years-old remain easi-
ly playable, while some tapes that are 30-years-old require heroics to play properly. No
new high-quality analog tape players are being manufactured, and that actually may
limit the lifetime of the medium. Studer has committed to providing support for the
A807 analog reproducer through the year 2010.

While the details of the degradations can be frightening, if work proceeds at a
planned and steady pace, the vast majority of archives can be moved from their tradi-
tional shelf-based storage to the new world of virtualized digital storage. It is beyond the
scope of this paper to discuss the Information Technology infrastructure and the politi-
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cal/organizational will required to achieve a robust and truly permanent digital reposito-
ry. Dr. Henry Gladney’s website offers discussions of some of the more esoteric issues
surrounding long-term digital storage.110

Until a tape can be copied to a digital repository, the best course is to optimize the
storage environment. Even if the tape looks like some of the photos in this paper, it is
generally better not to touch it or wind through it until it is that tape’s turn at the high-
quality copying station. There are methods to recover data from tapes, even some tapes
that are in poor condition. Just because you cannot play the tape, doesn’t mean that it is
not recoverable. If copies of the tape exist, they should be stored separately from the
original to provide geographic diversity. 

Bradshaw and Reid111 further shows the effects of heat and humidity on tape and
also provides evidence that regular re-tensioning or rewinding of tapes is not advisable.
This is of special concern in audio-video archives as the best machines are rightfully
reserved for playing tapes and the rewinding is usually relegated to machines in poorer
condition, which will do even more damage. However, winding through the tape in a
cleaning pass prior to transfer is recommended in most cases.

Transferring tapes between different environments requires allowing sufficient time
for the tapes to reach equilibrium in the new environment. Vos112 provides analysis of the
diffusion of heat and moisture in tape packs. While temperature throughout the pack
responds within a few hours for 1" tape, humidity takes far longer. Extrapolating from
the curves in Vos, a rule of thumb might be that while temperature equilibrium occurs
in 100–200 minutes (depending of course on tape thickness and other factors), moisture
equilibrium occurs in 100-200 days. In round numbers, achieving moisture equilibrium
takes 1,500 times longer than achieving temperature equilibrium. This helps explain the
author’s experience of a tape healing itself after several months in a dry environment.

Conclusion

If the content is important and should not be lost, copy it now. Do not rely on old tape.
Unlike wine, tape does not improve with age. New data tape is fine as a storage medi-
um, but part of its use involves a plan to refresh the carrier (digitally clone the contents
from one tape to another) over time.

Developing a logical plan and sticking with it is an important part of preserving the
audio assets in your collection. This plan – and the copying – needs to be started now.

It is important to consider that equipment and related knowledge about how to play
older tapes will not survive much longer. It has been suggested that Figure 1 is opti-
mistic. To that end, the archive community has achieved substantial consensus that cre-
ating digital audio files and storing them in a managed server system with multiple,
geographically diverse copies is the best way to preserve this material.113

It is also recognized that many archivists wish to preserve the original recording
artifact into the indefinite future. The long term effects of some of the treatments dis-
cussed in this paper are unknown and the custodians of the artifacts need to be involved
with treatment selection because some treatments may imperil the long-term preserva-
tion of the original, even as they enable a good digital copy to be obtained before further
tape and reproducer degradation occurs.
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Some of the chemicals and techniques discussed in this document may involve
health risks if the operator is not adequately protected and if the space is not adequately
ventilated. Please research current safety requirements prior to using any technique in
this paper.
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