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Abstract
This study aimed at acquiring a better knowledge of the composition of cellulose acetate base materials and to identify possible
degradation products.The analysis of a magnetic tape with a cellulose acetate base layer is described. The additives were identiied
with GC/MS and ATR-FTIR. Prior to the analysis, the tape was treated with different solvents. Besides cellulose acetate, triphenylphosphate, phthalates, fatty acid methyl esters and silicone were identiied. These materials were also mentioned in patents.
Degradation products, such as diphenylmethylesthers, were not found in the analysed material.

1 Introduction

One of the irst materials ever used in the carrier layers of
magnetic tapes was cellulose acetate (CA), its production
starting in the late 1930s and lasting until the late 1970s
(ig. 1). This kind of tape was the irst to be commonly
used for the professional and amateur audio recording.
Adapted from the ilm industry, who used it to replace
unstable cellulose nitrate ilms, it adopted thereby the
name “safety ilm”. With time, problems with CA-carrier based audiotapes appeared, at irst a light smell of
vinegar which then gave way to a fast degradation, the
so called „vinegar syndrome“ (VS). This process implies
the hydrolysis of cellulose acetate with concomitant loss
of acetic acid. Since the free acetic acid released due to
the hydrolysis acts itself as a catalyst of the reaction, it is
important to reduce the amount of free acetic acid in the
environment of the material (Adelstein et.al., 1995; Adelstein et.al., 1995a; Adelstein et.al., 1995b; Knight, 2014).
Upon hydrolysis tapes become brittle and shrink, inally
rendering the usual playback and retrieval of the information impossible (ig. 1). Because of the different storage conditions and the unique storage history of each tape,
tapes with same composition may develop VS at diffe-

rent points in time. This makes it dificult to predict the
life span of a given tape, which would allow to develop
a digitisation strategy. However, it has been proposed
that the chemical degradation of cellulose acetate can be
followed by certain analytical methods (Shashoua et.al.,
2005; Adelstein et.al., 1995b). In order to aid in these and
other studies, a previous knowledge of the composition
of the CA carrier layer as to its additives is advantageous.
In this work, Gas Chromatography – Mass Spectrometry (GC/MS) and Attenuated Total Relection - Fourier
Transform Infrared Spectroscopy (ATR-FTIR) were used
with the objective of identifying the main components in
the formulation of a cellulose acetate carrier layer. ATRFTIR can be used non-destructively for the identiication
of both inorganic and organic compounds; it is a very
fast and convenient method but it is not always possible
to detect all components in complex mixtures since information from each of them is obtained simultaneously
in a single spectrum. This technique is however ideal to
identify the main components of the studied sample, such
as the binder and carrier materials. GC/MS is a complementary technique to FTIR, since it is able to separately
detect small amounts of organic compounds in complex
mixtures.
In order to learn more about the formulation of CAbased carrier layers of magnetic tapes, extractions with
a range of solvents were performed on an historic sample and their composition analysed with GC/MS and
ATR-FTIR.

2 Materials and Methods

Figure 1: Tape with CA carrier layer, suffering heavily from
VS the metal hub is already corroded due to the released vinegar.

2.1 Sample
The analysed audiotape was a VEB Agfa Wolfen Magnetophonband Typ CH (Forner, 1955) (as written on the
back of the tape), with magnetic layer of cellulose nitrate
(CN) and carrier layer of CA (Kunz et.al., 2013). The tape
itself contained no relevant audio information and could
therefore be used for GC/MS analysis. In order to avoid
eventually contaminated areas of the sample, the irst me-
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ters of the tape were not sampled. The tape showed no
signs of degradation such as vinegar smell or brittleness.
2.2 Extraction
The tape was divided into seven pieces, each 20 cm long.
To avoid a contribution from the binder in the information
layer which could complicate the interpretation of results,
the magnetic layer was wiped with an ethyl acetate dampened paper tissue before extraction. Ethyl acetate was
chosen based on the FTIR analysis of the information layer, which revealed the presence of cellulose nitrate.
Seven solvents were chosen for the extraction of additives from the CA-based carrier layer: ethanol, toluene,
chloroform, cyclohexane, methanol, ethyl acetate and
diethyl ether. Each piece of the sample was cut in smaller
fragments and left overnight in 7 mL of the chosen solvent. The remaining solid residue (SR) was then separated from the solution, and both were left to dry separately
at room temperature (rt). As expected, only the SR from
the extractions with chloroform, ethyl acetate and methanol tests had lost their shape.
2.3 Sample preparation
The GC/MS analyses were performed by dissolving the
whole solvent fractions (SF) in either hexane or methanol and later homogenising the solution in an ultrasound
bath. An aliquote of the resulting solution was then analysed. On a sample of the dried SF, further derivatisation
with the transesteriication reagent MethPrepII was performed as follows.
Derivatisation procedure: By reaction with MethPrepII, organic acids and esters are transformed into the
corresponding methyl esters, allowing their identiication
with GC/MS. The SF were dissolved in 30 µL methanol;
then MethPrepII (Alltech, USA; 10 µL) was added. The
resulting solution was then placed in an ultrasound bath
during ive minutes, and afterwards in a sand bath at sixty
degrees Celsius for two hours. After this time, the solu-

tion was centrifuged and then transferred to a new vial.
Then one microliter of the solution thus obtained was injected in the GC/MS for analysis.
2.4 Attenuated Total Relection – Fourier Transform Infrared Spectroscopy (ATR-FTIR)
The spectra were acquired with a FTIR-Spectrometer
Spectrum One with a „Universal ATR Sampling Accessory“ (Perkin Elmer). The region scanned was 4000 –
550 cm-1, with a resolution of 4 cm-1. The resulting spectra were compared with reference spectra from IRUG and
Sadtler databases, as well as own databases.
2.5 Gas Chromatography – Mass Spectrometry (GC/MS)
GC/MS analyses were performed on a Perkin Elmer
Clarus 500 (electron impact 70 eV, ion source temperature 230º C, interface temperature 280º C). The injection
mode was splitless; the injector was kept at 280º C, and
the helium gas low-rate was 1.2 mL/min. Chromatographic separation was performed on a Perkin Elmer Elite
5 ms column (stationary phase: 5 % phenyl, 95 %
methylpolysiloxane), with 0.25 mm internal diameter,
0.25 μm ilm thickness and 30 m length. GC conditions:
initial temperature 100º C, 0.5 min isothermal, 15º C/min
up to 150º C, isothermal 1 min, 7º C/min up to 300º C,
isothermal 20 min. Due to the lack of available reference
material, identiication has been done with a suficient
and reliable number of hits in the NIST library (NIST
1999).

3 Results and discussion
According to Horie, chloroform, ethyl acetate and methanol are borderline solvents, while the rest of the chosen
solvents (ethanol, toluene, cyclohexane and diethylether)
are unable to solubilise CA (Horie, 1987).
Both the solid residues (SR) and the solvent fractions
(SF) were analysed; the former with ATR-FTIR, and the

Table 1: Summary of results (SR: solid residue; SF: solvent fraction).

Solvent
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Sample mass
(before
extraction,mg)

Mass SR (after
extraction,mg)

Ethanol

64

60

Appearance
dried SF
Red oil

Toluene

66

63

Red oil

Chloroform

64

4

Cyclohexane
Methanol
Ethyl acetate

61
64
64

60
59
42

Diethyl ether

65

61

Solvent Fraction (SF)
GCMS results
ATR-FTIR
results
TriphenylPhosphate
phosphate,
phthalates,

fatty acid methyl
esters [methyl
Transparent, light palmitate, methyl
red solid residue
oleate, methyl
White oil
stearate, …]
Red oil
Transparent solid
residue
Red oil

Phosphate,
Silicone
Phosphate, CA,
Silicone
Silicone
Phosphate
CA,
Phosphate,
Silicone
Phosphate
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Figure 2: ATR-FTIR spectra of the solid residues.

Figure 3: ATR-FTIR spectra of the solvent fractions.
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latter with both ATR-FTIR and GC/MS. In table 1, a
summary of the obtained results is shown.
3.1 ATR-FTIR Analysis
The ATR-FTIR spectra of the solid residues after extraction correspond without exception to CA, as expected.
Except for cyclohexane, all solvents used are able to
extract a certain component having a characteristic peak
at 1487 cm-1 from the CA ilm, since this band is no longer observable in the spectra of the corresponding solid
residue (ig. 2). Analysing the SR after evaporation of the
solvents showed mostly a clean spectrum for CA, except
for cyclohexane.
The spectra of the dried SF showed different components, depending on the solubility power of the solvent
used (EtOH, CHCl3, cyclohexane, ig. 3). The unknown
component which could be extracted by all solvents but
cyclohexane could be identiied as a phosphate thanks to
the study of the spectra of the extract with ethanol, for
example. As expected, in the SF extract of chloroform
and ethyl acetate, the bands corresponding to CA can be
found. The presence of silicone, a typical lubricant, can
be detected best in the spectrum of the cyclohexane extract, unable to extract most other additives, and which
therefore shows the clean spectrum of this particular
substance. Common additives in tape materials such as
lubricants and abrasive materials were used in order to

enable the tape gliding past the audio head and guide rollers and to clean the head simultaneously, respectively.
The spectrum of the ethyl acetate SF shows silicone and
a further unidentiied component.
3.2 GC/MS Analysis
The GCMS analyses allowed to identify triphenylphosphate (peak at 21.80 min) as the most likely
phosphate present (ig. 4: Chromatogram and ig. 5: Mass
spectrum of phosphate). The use of organic phosphates
as plasticisers is well documented in the patent literature
(Patent no. GB 814020, 1959). Phthalates, also found in
several extracts, are typical plasticisers.
Accompanying these species, a range of fatty acid
methyl esters could be found. The patent literature mentions the use of soja lecithin as dispersing agent (Patent
no. GB 1080614, 1967; Tsang et. al., 2009; Schilling
et. al., 2010); this could explain the presence of some
fatty acid methyl esters, since part of the components of
lecithin would appear as such after derivatisation with
MethPrepII. Stearic acid has also been used as a water repellent substance (Patent no. GB 730823, 1955),
which could further justify the presence of methyl stearate in the chromatogram. Additionally, the derivatised samples of the SF with methanol, cyclohexane and
diethylether as solvents show at ca. 17.96 min methyl
oleate.

Figure 4: Chromatogram of SF extracted with ethanol and solved in hexane for GC/MS Analysis.
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Figure 5: Mass spectrum of Chromatogram (see Fig. 4) shows phosphate at time 21.90.

The presence of hydrolysis products of triphenylphosphate, such as mono- and diphenylphosphate, could
not be conirmed in the chromatograms. The degradation
of triphenylphosphate has been postulated (Shinagawa
et.al., 1992) to play a role in the degradation of cellulose
acetate.

Barry Knight (2014): Lack of evidence for an autocatalytic point in
the degradation of cellulose acetate. In: Polymer Degradation and
Stability Vol. 107, 219-222.

4 Conclusions

Fritz Forner (1955): Die Herstellung von Magnettonbändern – Ein Bericht aus dem VEB Filmfabrik AGFA Wolfen. Radio und Fernsehen Nr. 24, 736-738.

With the purpose of studying the composition of a common CA-based tape, several extracts were performed
with different solvents in samples of historical tape containing no information. The GC/MS and ATR-FTIR analyses of the obtained extracts and solid residues revealed
the presence, among other substances, of phosphates and
phthalates as plasticisers, silicone as lubricant, and a range of fatty acid methyl esters, which could be interpreted
as dispersing agents and water repellents.
This information will be crucial when studying the
degradation mechanism of CA-based tapes. Some irst
artiicial ageing experiments have been performed in
samples of similar tapes.

Yvonne Shashoua, K. B. Johansen (2005): Investigation of ATR–FTIR
spectroscopy as an alternative to the Water-Leach free acidity test
for cellulose acetate-based ilm. In: ICOM 14th Triennial Meeting
The Hague Preprints Vol. II, 12-16 September 2005, 548-555.

Simon Kunz, E. Gómez-Sánchez, S. Simon (2013): A simple tool for
prioritizing digitization in small archives. In: Future Talks 011
Technology and Conservation of modern Materials in Design, 2628 October 2011, 225-231.
Velson C. Horie (1987): Materials for Conservation. (Butterworth-Heinemann) Oxford, London.
Patent no. GB 814020 (1959): Cellulose acetate tapes and magnetic
recording tapes produced therefrom. (The Patent Ofice) London.
Patent no. GB 1080614 (1967): Magnetic recording material. (The Patent Ofice) London.
Patent no. GB 730823 (1955): Improvements in or relating to magnetic
impulse record member. (The Patent Ofice) London.
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