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everal years ago, a friend told
me that many of his prized tape
- recordings had suddenly start-
ed to deternorate. As a collector of rare
and historic recordings who was aware
of their fragility, he had committed
many to tape. A good number had
been recorded only a few years previ-
ously, They were all made with great
care, and often required hours of edit-
ing and equalizing to assemble on
tape. Now, he found, the passage of
the tapes over the tape heads and
guides produced a squeal thal was
heard not only from the tape machine,
but also through the loudspeaker
Some of the tapes would continuously
leave head-clogging deposits and re-
quire him to stop the machine every
lew minutes for cleaning; others might
even bind in the guides. He could offer
na reason for this, but he indicated that
it seemed lo occur rather suddenly
and he thought it was largely attribut-
able 1o one brand of tape that he had
been using
Initially, | didn't register the story as
really serious, and | assumed that he
had probably purchased some cheap
used tape. Interestingly enough, a few
other collectors began telling me simi-
lar tales ol woe. about whole collec-
tions ol recordings that were now
largely useless. The tapes used includ-
ed 3M, Ampex, low-cost Shamrock
and other brands. As these collectors
weare largely old-time radio collectors
who are nolorious for their use of ex-

tremely cheap tape and their disregard
for high-quality audio, the problem still
didn't register

The problem finally reached me
when | began to notice a short squeak,
which would quickly go away, when
playing some lapes in my own collec-
tion. If the squeak was any more seri-
ous, a quick cleaning of the heads
and/or guides would usually eliminate
the unpleasantness for the entire play-
ing of the reel. Mot many months later,
though, these and other tapes would
squeal almost continuously, leave de-
posils on heads and guides, and, in
exlreme cases, j|am in the guides!

I brought up the subject with a lape
supplier and user who categorically
stated that he thought such problems
only occur with cheaper, non-top-qual-
ity tapes. He suggested that | use a
particular top-line tape, which, it lurned
out, had been among the very lapes
whose squealing had sparked my in-
vesligation. In that instance, the lapes
were from the transcription service of
one of the richest radio stations in the
LS. They had been donated to the
local broadcast museum, and | was
transcribing them for the use of the
museum’s patrons

Thinking the lape players might be
at fault, | tried three different machines
These tapes squealed and jammed in
each one. Tape transfer could only be
obtained by repetitively stopping and
cleaning the heads and making count-
less flying starts
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| began my inguiry into this probilem
by contacling dealers, prolessional re-
cording engineers, record producers
tape-head manulacturers, and acquain
ances and friends who engage in sef
ous audio. Later, | conlacted tape
manufacturers, people | knew at var
ous sound archives and government
agencies involved with recordings
and even a developer of early tape
recorders. Information on the subject
of handling and storing lape 15 not 100
easy to come by, and a lot of it seems
redundant. Much of the following Is
culled from technical papers and arti-
cles obtained from 3M and Ampex

Tape Problems

Recording tape consists of a tlexible
backing material coated with a mixture
of magnetic oxides in a flexible binder
material that holds the oxides on the
lape. Formerly, the backing material
was acetate; now it is almost always a
polyester film. Most high-quality tapes
also have a textured, conductive back
coating. The binder is usually implicat-
ed in tape squeal. Because of the pro-
prietary nature of the processes and
formulas involved in the manufacture
of recording tape, it is not possible o
determine the exact cause of any deg-
radalion that may be taking place

My experience and thal of others is
that this problem is associated with
lop-quality, brand-name tape formula-
tions which appeared in the later '60s
and the '70s [1]. | know no cases of
old-fashioned acetate tapes squealing
or jamming, although | am told it can
happen. Acetate tapes do tend to dry
out and become wrinkled and crumbly
They are prone to constant breakage,
but at least they play. Interestingly
enough, some of the humbler quality,
less polished, and less expensive lape
formulations, such as Ampex 631/641
and the discontinued Scotch 150, nev-
er seem to have the problem,

To have a low-noise product, and to
minimize head and tape guide wear, il
is desirable to have a smooth, highly
polished tape surface. This is especial-
ly important to maintain low noise in
low-speed operation, such as casselle
recording. However, tape can be loo
smooth, and tape manufacturers are
now approaching the limit in this area.
Tape's abrasiveness helps keep the
path of lape travel clean. A tape with

ton smonth a surface will nol be effi.
cient al removing minor debris from the
path. In addition, a minule air gap is
required between the surlaces ol
heads and lape to mainiain accurata
tape mation. With too smooth a tape
surface, the tape will tend to slick to
the surface of tape heads and guides,
allernately sticking o the head and
breaking loose in a conlinUoOUs cycle
[2]. When this occurs at @ very high
rale, we identity it as squeal. The high
polish of some quality lapes may exac-
erbate the potential for sgueal.

Many ol us are aware of cheaper
‘white box ' lapes thal were once com-
maonly sold. They usually were regard-
ed by purchasers as rejecls, subslan-
dard or delective. The delecls were
often quite apparen! ones, such as
widih problems, splices, and sgueal-
ing. Some lape salespeople have sug-
gested that bad batches of tape have
sometimes been unintentionally deliv-
ered fo stores as first-line, because
they either did not get caught by quali-
Iy control or were only later found o
have problems. Substandard tapes
have been known 1o show ug in the
marketplace, but this appears tobe an
insignificant problem. The prul‘.-al’em
that people experience are due both to
the combination of basic matenals
from which most tapes are made and
to inadequate storage

| know of three exp}anam*m‘
tape squeal is now emerging so fre-
quently. One reason is that over: m
the lubricants in the tape have £
down. Tape with this problem
a white, mold-like, powdery ramm
the edges of a reel [3];

Another conjecture is that l"'
ers of some back-coaled tapes
down with time due (o thei
chemical makeup, and t

the familiar squeal.
The prevalent explanation
sgueal is that the polyuretha
used in most modemn for
recording tape are hygros
is, they absorb moisture f
a degree that depends on
[4] These binders, de
length of their urethan
have been shown to underg
cal change at high humig
temperature. Ampex



owledged that this problem can oc-
‘cur with the binders used in their Type
406 and 456 tapes manufactured be-
- tween 1975 and 1984 [3]. This degra-
dation, known as hydrolysis, can occur
wery rapidly—under laboratory condi-
tions, in as little as four weeks at a
relative humidity (RH) near 100% (5).
In fact. one suggestion for testing tape
is subjecting it to 80% to 95% RH at
120° to 130° F for three days and ex-
amining it for problems [6], Under less
extreme conditions, degradation may
take much longer to occur and may not
affect all the molecules constituting the
hld Iﬂﬂq
~ High temperature and humidity are
ivoked on as the main causes of hy-
drolysis. Humidity is considered the
basic culprit, with tlemperature merely
hastening the process. Hydrolysis in-
duces the molecular chains of the
binder to break down, which causes
the resultant chemicals and/or the
tape's lubricants to arrive eventually at
the surface of the tape. Tape that has
undergone hydrolysis becomes sticky,
thus adhering to and squealing against
lape heads, and can even cause many
layers of tape 10 stick together in a
block on the reel. When the binder's
breakdown is complete, the oxide lay-
e may crack off the backing. A 3M
publication ciles cases of tape stored
for extended periods of time at BO® F
and B0% RH actually having the layers
stick together after 15 years [4]. The
effects of humidity (squealing, sticki-
ness), once exhibited, often indicate
permanent damage 1o the tape. Fortu-
nately, the literature also indicates that
hydrolysis is somewhat reversible. In
mild cases it can be reversed by sub-
jecling the tape lo a very low humidity
{11%) for a period of time [5].

Storage Environment

Table | summarizes the temperature
and humidity ranges that have been
recommended by a number of pub-
lished sources on the subject for nor-
mal and archival slorage environmenils
and those cited as detrimental, Some-
times this had o be extrapolated from
the articles. Papers on the subject usu-
ally do not slale exactly what consti-
iules a detnmental environment for
lape, but 3M [4] does refer 1o deterio-
ration afier storage at B0% RAH and 80"
F.and a recent arlicle in the Journal of
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the Audio Engineering Soci an
Ampex authority [7) sugges;testyﬁ:tir{a-
ration at conditions above 40% RH and
68" F. This latter assertion agrees with
tamparatura-varsu&humidity curves,
Published by Agfa (Fig. 1), for two lev-
els of tape degradation caused by
binder hydrolysis [8]. The curves indi-
Cate 40% RH at 68° F, for example, to
be a marginal storage condition, and
70% RH at 80° F to be a detrimental
storage condition,

Authorities on the subject are in gen-
eral agreement that low temperatures
and humidities are necessary for long-
term storage of recording tapes. Typi-
cally, the recommended temperature
range is from 60° to 75° F and the
humidity from 30% to 50%. It should be
noted from Table | that exceptionally
low humidities, i.e., 25% to 38%, are
recommended for archival storage by
most recent sources. Many common
labaratory and household hygrometers
(instruments for measuring relative hu-

midity) indicate the ideal humidity
range for humans as being 45% to
65%. Someone who lives in Colorado,
where the humidity seldom exceeds
30%, recently told me that he has nev-
er experienced any of the squeal prob-
lems using the same brands and types
of tape.

MNowhere in the literature is there a
definition of just what period of time
constitutes archival. In fact, the longest
times referred to in any of the papers is
35 years—that concerned acetate
tape, and | have never heard a report
of acetate tape squealing. Articles and
papers usually use 10 or 20 years
when referring to storage times of
modern polyester tormulations (which,
after all, are not much older than that).
One who is familiar with old record-
ings, however, would hardly refer to
such comparatively short periods as
archival. | would suggest that normal
storage periods for other types of items
might be 25 years and that archival

TR

Table |—Tape storage conditions as defined by tempera-
ture and humidity. The figures represent the range of
values given in various publications of Ampex, BKM
Associates, European Broadcasting Union, and 3M, and
in papers and books by Marvin Camras, Howard M.
Tremaine, and Jim Wheeler,

Temperature, Degrees F  Relative y %

Archival Normal Detrimental Archival Normal Delrimental
Minimum 32 60 68 25 20 40
Mean 6B 675 114.5 381 418 733
Maximum 81 80 167 60 60 100

Fig. 1—Temperature 100
and humidity 50
conditions which T 80
cause marginal or > 04
bad tape degradation E el
due to hydrolysis 44
of the binder, as x
determined by Agfa. E 01
= 30
b=
o 204
[ 3
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should refer 1o at least 50 years. Table
| indicates that archival storage condi-
tions are quite dry and cool by the
standards of summers in central U.S.A
As the ranges given in the Table imply
the storage conditions considered nar-
mal by some authorities overlap the
conditions that other authorities sug-
ges! as archival, and conditions rec-
ommended for archival storage by one
spurce excead those listed as deln-
mental by another! One could interpret
the information to suggest that under
normal storage conditions, the life of
tape might be very short. In fact, Am-
pex now states only that their producl
should last at least 10 years under
proper storage conditions [3]

What is disturbing about this is thal
many of these tapes may be record-
ings of important family events, master
tapes of celebrated musical and dra-
matic performances, or recordings of
important historical events. Recordings
assumed to be permanent may be de-
terioriating on the shelves. | have care-
fully made many safety copies of crum-
bly, old acetate lapes only to find those
safety copies squealing after only two
years, It is frightening to think that the
only way we can make a safety copy of
a recording on an unstable medium is
on another unstable medium. Much of
whal is written on the subject basically
tells us how we might obtain a safety
copy of a deteriorated tape. We must
consider the fact that every time we
introduce a generation of recording, as
in safety dubbing, we audibly degrade
the recording with distortion, noise,
and speed irregularty

Storage Problems

Special precautions should be taken
when storing tapes in bullding base-
ments. Being porous, concrete ab-
sorbs ground moisture and acts like a
wick. Concrete floors and walls, there-
fore, are very effective humidifiers. A
dehumidifier may not be sufficient 1o
remove this moisture, My advice is 10
make sure no ground water is In con-
tact with the floor. Most newer houses
have sump pumps, but older ones of-
ten do not. | highly recommend the
installation of one if your house is not

so equipped. In my case, the house

was 60 years old and a hole had to be
dug into the floor. Crushed stone was
put into the hole and then a sump

pump was added, lor a tolal cost of
about $500. While it would be nice to
have drain tile around the basement o
cannact to the pump pit, it is not abso-
lutely necessary. Water will tend to col-
lect at that spot, and the ejector pump
will remove it. In many basements thai
are not too deep, a dehumidifier may
suffice, but | recommend one in every
case. |f silica gel or other non-liquefy-
ing desiccants are available, place a
small amount in the tape boxes and/or
store reels in plastic bags [9]

People who store their collections of
tapes above ground, but who don't
mind the heat in summer, may also
have problems. | am amazed at the
number of people who don't have air
conditioning even in the relatively hot,
humid climate | live in. Some collectors
may think that they don't need air con-
ditioning for themselves, but acecerding
to the dala, their tapes may not survive
in the high humidity and lemperature
that summer often brings. The best
way 1o reduce house or apartment hu-
midity is to use air conditioning. In fact,
much of the feeling of coclness assaci-
ated with air conditioning is due 1o s
lowering of ambient humidity,

Remedies

What can you do to tapes that won'l
play? One solution, suggesled by a
longtime record producer, is to dub the
lapes at a minimum of twice the rec-
ording speed. The idea is to shift the
tape's mechanical vibrations way up in
frequency, possibly even to a frequen-
cy so high that the tape’s mass will limit
its vibration. Theoretically, the tape
won't have the time to stick.

As mentioned before, some of the
humidity damage can be reversed or
reduced. Before throwing the reels oul,
here are a few hints: First, dehumidify
the tapes If a vacuum chamber is
available, try leaving the affected
tapes in it for an afternoon or a day. I
the season is warm and the weather
dry, try sticking them in an attic for an
afternoon, with the boxes open (as-
suming the attic's temperature doesn't
exceed 140° F). In winter, when the
heat is on and the humidity (if you don't
have a super humidifier) is low, open
the tape boxes and let them dry out for
a few weeks. e [T

| have heard of several methods of
rejuvenating tapes by baking them in
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150° F. After the ov-
e has siabilized for 10
turn it off. If the oven will
al a temperature below
simply turn it off and wait until

d leave it there for at least 30
don't lurn the oven back on!
, &n oven produces pulses of
srature; then cools. Thus the
perature may be low, but
yeaks can damage the plastic
| tape itself.) After the reel has
tly baked for 30 minutes, i
8. removed and allowed 1o
stabilize for several hours or
Do not rush the process. |
. repeal the process again, |
the results to be cumula-
thus treated often play with
squeal.

tioned before, the benetits of
'may not be permanent with se-
deteriorated lapes. Practice this
unimportant reels before

buying products labelled “rubb

cohol.” Avoid the many such producls

that include oils,

When dubbing a bad reel onto a
good ong, you may have to stop and
clean machine surfaces several times
before completing a dub. More often
than not, even when | cannot see a
buildup, cleaning these surfaces mys-
teriously stops the squeal—ior a while.
Make sure that all heads and guides
are demagnetized, as magnetized sur-
faces tend 1o attract loose magnetic
oxides.

If the squeal is very mild, it may be
possible to alleviate it somewhal on
machines equipped with manual hold-
back-tension switches (often labelled
“reel size” or something similar), by
reducing tape tension. I playing a 10-
inch reel, set the switch to the tension
recommended for a 7-inch reel: If you
nead to play a 7-inch reel, wind the
lape onto a 10-inch reel. If you dont
have a swilch, and the machine is a 7-
inch machine, it may be possible to
wind the tape onto a 7-inch reel with a
large hub, such as those once popular
tor prerecorded tapes. Bear in mind

small effects may combine with the el-
fects of other remedies to significantly
reduce the problem.

It the need is to make a safety copy
of a deleriorated tape, it may be ad-
vantageous (o remove any and all un-
necessary surfaces over which the '
tape passes and to which it might ad-
here. Such surfaces include unused
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You can sometimes
reduce sclueal L’]
resetting your
deck's holdback
tension or Plrtting
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gerase and record heads, and even
some guides. If the maching in Ques-
tion has a removable head-block sys-
tem, a special head block can be con-
trived having only a play head and
minimum number of guides. | have
used this method with great success
over the last several years.

Lubricants

In lieu of drying out tapes and clean-
ing and demagnetizing playing sur-
laces, few other things can be done
Applying some sort of lubricant either
to the head or tape has been tried by
many. but usually with limited results. |
know of people who have lried spray-
ing silicone lubricant on tape heads
and reels, but to little avail, As an ex-
periment, | tried applying a little of this
lubricant to tape heads, and it worked
for only the time it took the tape o wipe
the head dry—about a minute. The col-
lector mentioned earlier in this article
went to the extreme of applying French
horn valve ol 1o particularly unplayable
tapes to make safety copies. Just re-
cently, he contacted me to describe a
method where he repeatedly fast-
spooled the tape over the surface of a
silicone-impregnated record/tape
cleaning cloth like those made by Ra-
dio Shack and countiess other manu-
facturers. He noted that by the time
oxide ceased being deposited on the
cloth, the tape was ready lo play prop-
erly. One producer of historical and old
radio broadcast records oflered the
following suggestion: Lubricate the ox-
ide surface of troublesome tapes by
rewinding each lape so il passes over
the lead of a pencil, whose graphite
will act as a dry lubricant. Another rec-
ord producer suggested the applica-
tion of motion-picture film lubricants
such as Filmagic Pylon Blue Lubricant,
Xekote, or Vitafilm Lubricant and Pre-
servative. These motion-picture prod-
ucts are applied both to the projector
mechanics and to the fiim directly.
Their safety when used with recording
tape has yet o be demonstrated, so |
recommend using them only as a last
resort.

Ampex Corporation was kind
enough to provide me with a sample of
“Topical Lubricant Solution—0.5%
Flucrosilicone,” a tape lubricant con-
sisting basically of a small percentage
of silicone of some kind, dissolved In

Hf-.

Freon TF. To use it, one has to hold a
lubricant-soaked applicalor againg
the oxide side of the tape as Il passas
into the head/guide of concern. While it
was somewhal effective, It proved ax.
remely difficult to use, as it was neces-
sary to repeatedly soak the applicalor
to get through a complete reel of 1ape.
Tape sgueal would often begin belore
this could be done. It was also
awkward lo hold a cotion swab in pre-
cise alignment against the tape forex-
tended periods. | also looked inlo Kry-
tox, a fluorinated oil made by Du Pont.
which is used by some manufaciurers
of magnetic memory discs as a sur-
face lubricant [13). Krytox has been
indicated as useful in lubricating old
tapes whose lubricants have actually
migrated away. For this use, a 1%'so:
lution of Krytox 143AC in 99% Freon TF
was suggested. ! is applied directly 1o
the tape with a soaked applicator while
fast-spooling [7). On the theory that
this might also apply to tape alfected
by hydrolysis, | applied a 2% Krylox
143AC solution to a lape severely de-
teriorated by hydrolysis but observed
little benelit. Furthermore, Krylox costs
$176 per pound, and Freon TF cannol
normally be purchased except as
small bottles of tape head cleaner of in
spray cans. (Freon TF is commonly
available in Radio Shack stores as their
professional tape head cleaner.)
These products and chemicals are e
ther not commercially available, diffi
cull to locate, or very expensive. They
are only mentioned here for the sake of
completeness. il
| was able, however, to find similar
products expressly aimed al .
tape. | know of only a few Breh
products presently available thal
dress squeal. GC Electronics of Rock-
ford, lllinois produces a “Tape Head
Lubricant,” Cat. No. 30-124-2
Amongst its listed benetils are a reduc-
tion of wow, flutter, and squeals. F
Shack sells a tape care kit, Ci

7

Both of these lubricants appear [0
silicone in an alcohol base.
scribed previously, these pre
proved to have very limited benefit
the tape quickly carried off
cant, Some people have had succes
ful results at lubricating tapa w '
applied Radio Shack’'s head lubr
directly to the oxide surlace
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a cotton swab while fast-spocling
[11]. | suggest the following for more
uniform application: Start from one end

i

. of the reel, applying half of the intend-
| ed volume of lubricant, and then follow
up by applying the remainder from the
- other end of the reel. Be careful not to
get lubricant all over tape drive sur-
ﬂeﬁ like the rubber pinch roller and
capstan, which would severely limit
their ability to regulate tape speed.

Another product is Last Factory Sys-
tem Formula #9 Interlast Tape Head
Treatment, The manufacturer claims
thal it is not a lubricant in the traditional
sense, and that it does not introduce a
film between head and tape. (Such a
lubricant film might reduce high-fre-
quency performance by introducing
too large a gap, and also might con-
taminate the tape with potentially detri-
mental products.) The manufacturer's
explanation of how the product re-
duces the "surface energy’ of the
head face is not fully comprehensible
to me. My experience with the product
is that it can reduce the squeal consid-
erably. Often, it will work for the playing
of an enlire reel. With more seriously
deteriorated tapes, it may provide only
short-term squeal-free operation—usu-
ally, but not always, enough to get a
safely copy

Another curious product | found is
not advertised as a tape lubncant, but
s application is similar to other prod-
ucts | have described. Last Factory
Formula #10 Tape Preservative comes
with its own applicator and marker la-
bels to indicate treated tapes. The ap-
plicator is a large plastic foam swab.
Application is made by pouring a
quantity of preservative into the appli-
cator and fast-spooling the tape with
the applicator in contact. | do doubt
the uniforrmity of application via this
method, but there are few alternatives
Last claims that this product can slow
the process of hydrolysis and thus mul-
tiply the life of tape three to seven
times [14). However. | have nol noticed
from one application any reduchon in
Squeal with tapes that have already
degraded. If you've dried out some
lapes, it has been suggested that with
time they'll be more likely to exhibit the
prablem than new, or properly stored
apes. It might be a very good idea to
inftally dry oul a tape by one of the
methods | have suggested, then apply
Formula #10. A dried-out tape may

i

o
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better absorb the beneficial com-
pounds, resulling in a more permanent
restoration. The effectiveness of this
process awails long-term conclusive
evidence. As the product is most likely
o apply lo recording tape as de-
scribed, this process may alternately
serve as a simple home method of
cleaning tape of some of the gummy
matenal and loose oxide produced by
hydrolysis,

Going on the assumption that the
sticky products of deterioration collect
on the playing surface of the tape, |
altempted to clean tapes that had re-
cently shown a tendency to squeal. |
cleaned samples of the tape with sev-
eral fast-spooling passes, using a
cleaning/lubricating cloth and also by
pinching the tape lightly with a cloth
dampened with Last Formula #10 and
with straight Freon TF. In all cases, the
tendency to squeal was reduced
However, | do not know the long-term
effects of cleaning with such Freon-
based solutions as Last or Radio
Shack head cleaner, since such clean-
ing (as opposed to other methods
such as baking) definitely removes
some constituent of the binder.

Conclusions

| offer these specific recommenda-
tions that may help prevent premature
deterioration of your tape collection. In
lemperate climates, store tapes in
basements only as a last resort. If tape
must be stored in a basement, use a
dehumidifier, and ensure against
ground water being in contact with the
floor. Also, never store tape in non-
lemperature-controlled garages. In
summer, use air conditioning, at least
where the tape is stored. Never use a
tape that exhibits even a slight, one-
ime sgueak. And finally, consider us-
ing clder, higher noise tape formula-
tions, which are more abrasive.

The following technigues may prove
helplul in improving playback of de-
graded tapes for dubbing: Demagne-
lize and clean heads frequently, clean
the tape, reduce tape tension, use
tape head/guide lubricants, dehumidi-
fybake lapes. remove unused heads
and guides, and make sure guides do
nat resonate at a squeal frequency

The tlechnigues described in this ar-
licle were largely developed while un-
der prassure 0 maintan recording

production. These methods are doubt-
lessly not the only ones available for
dealing with deteriorated tape. Since
tape recording as we know it is only
about 40 years old, and the specific
problems described here are far more
recent, we are slill in the preliminary
stages of identifying the problems and
the anecdotal and experimental stages
ol dealing with them. These tech-
nigues, however, have been used by
knowledgeable people who required
definite results. 4
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