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The Chemical Degradation of Leather

René Larsen*

Abstract: The chemical deterioration of vegetable tanned leather is caused by acid hydrolysis and oxidation due to
environmental deteriorative factors like air pollutants, heat and light. In addition, the type of tannin material influ-
ences the rate of deterioration. The degree of deterioration can be measured by the fall in the shrinkage temperature
(Ts) of the leather. New analysis of data shows that, although environmental factors have a generally larger influence
on the deterioration, the average degree of oxidation is greater in older leathers and it significantly influences the
Ts in these materials. Moreover, it is also shown that acid pollution is indicated in the relation between pH and the
sulphate content measured in the leathers although ammonia is released by oxidation of amino acids and may
influence the pH value in acid-damaged leathers.
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als are, for example, fish oils and reactive
volatile compounds from smoke. In the fol-
lowing, the description of deterioration
will focus on vegetable tanned leathers as
this leather type is the most common in ar-
chives, libraries and museums and the most
studied. However, details on the deteriora-
tion of other leather types can be found in
the literature.[1–8] Heavily deteriorated veg-
etable tanned leathers are characterised by
severe disintegration of the fibre structure,
which in the worst cases is turned into a pow-
der. Although brittle in some cases, the pro-
nounced powdering which characterises the
vegetable tanned leather is not observed by
other leather types or parchment. This indi-
cates that the powdering phenomena may be
linked to the relative large vegetable tannin
molecules which fill the fibre network and,
by condensation and establishing of strong
tannin-collagen bonds, may stiffen and make
the fibres brittle and easy breakable.

2. Experimental

2.1. Determination of Shrinkage
Temperature (Ts)

The measurement of the shrinkage
temperature (Ts) is based on the visual
microscopic observation of a characteris-
tic shrinkage activity of the leather fibres
when heated in water. Observations were
performed on samples of around 0.3 mg fi-
bres taken from the corium part (flesh side)
of the parchment. On a microscope slide
leather fibres were embedded in distilled
water; the preparation being enclosed by a
cover slip. The preparation was then heated
at a rate of 2 oC/min on a Mettler FP82 Hot

Stage controlled by a Mettler FP90 Cen-
tral Processor. To observe the shrinkage
movement the hot stage was placed under a
stereomicroscope using a magnification of
around 40 times. Ts observation is defined
by the temperature at which at least two fi-
bres shrink simultaneously. The accuracy
of observation is ± 2 °C.

2.2. Determination of Basic (B) and
Acidic (A) Amino Acid Ratios

For the determination of B/A ratios,
i.e. the ratio of the sum in % mol of basic
(B) and acidic (A) amino acids, samples
of about 0.1 mg of the parchment corium
(flesh side) were taken. Only the corium
part of the material should be used, as it
consists mainly of collagen type I fibres. It
is important to avoid the grain layer, which
may also contain elastin as well as keratin
from remains of hairs and hair follicles.
The samples were hydrolyzed for 24 h in
an evacuated and sealed glass ampoule at
110 °C in a solution consisting of 300 µl 6
M redistilled HCl, 15 µl 2% 3,3’-dithiodi-
propionic acid (DTDPA) in 0.2 M NaOH
and 15 µl of a 1% phenolic solution in wa-
ter. After hydrolysis, the amino acids were
separated by ion-exchange HPLC (Waters,
USA).[9,10] The amino acids were identified
and quantified on the basis of an external
standard mixture of amino acids (Beckman
no. 33 1018, added Hyp and Hyl). The devi-
ation of the total analysis is normally below
3%. The parameter used as a measure of the
average degree of oxidative modification of
the leather collagen is the so-called B/A ra-
tio, i.e. the ratio of the sum in % mol of
basic (B) and acidic (A) amino acids, where
B/A = ∑Arg, Hyl, Lys/ ∑Asp, Glu.
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1. Introduction

Leather degradation is a major topic in con-
servation studies. There seems to be no or
very few possibilities of active conserva-
tion or restoration of ancient leathers. For
this reason, a detailed understanding of the
causes and mechanisms of deterioration is
of great importance for the preventive con-
servation of leather artefacts.

All types of leathers are produced from
the dermis of mammalian hide and skin, the
main constituent of which is the fibrous
protein collagen type I. Tannage of hide is
achieved by incorporation of water-soluble
tannin compounds like plant poly phenols,
aluminium (e.g. KAl(SO4)2

.12 H2O) and
chrome compounds (Cr (III) salts) into the
collagen fibre matrix. Other tannin materi-
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2.3. Determination of Leather
Acidity

For measurement of their acidity, small
leather samples were cut into around 1 mm2

fragments and extracted in deionised water
at room temperature in a closed polyethyl-
ene vessel (50 ml water per 1 g of leather),
for 24 h.[11,12] The pH of this aqueous extract
was measured without removing the leather
(pH(m) values). A small sample of this ex-
tract was used for ion analysis by high per-
formance liquid chromatography. Results
are expressed as concentrations (w/w) of
sulphate, nitrate and chloride in the leather.
Sulphate and nitrate were used to calculate
what the pH of the extract would have been
if they represented sulphuric and nitric acid,
respectively (calculated pH or pH(c) val-
ues). From the difference between pH(m)
and pH(c) the amount of ammonium sul-
phate present in the leather was calculated.

3. The Chemical Breakdown
Mechanisms

The cause and mechanisms of the dete-
rioration of vegetable tanned leather have
been subject to studies for more than 150
years.[13] More recent publications represent
in a fine way the development in the study
of deterioration of leather.[2–8,13–19] Moreover,
reviews of the history of the study of leather
and collagen deterioration can be found in the
references [20] and [21].

The EC STEP leather project revealed
the existence of both a hydrolytic acid and
an oxidative breakdown mechanism.[20] The

acid hydrolysis leads to cleavage of the col-
lagen peptide chains (Scheme 1).

The oxidative breakdown involves cleav-
age of the main chain of the collagen peptide
chains as well as the modification of the side
chains. Oxidation is most likely to take place
at the carbon atoms adjacent to nitrogen as
shown in Scheme 2 in the example of oxida-
tive transformation of Arg into Glu.

The cause of the hydrolytic breakdown
is mainly due to acidic pollution whereas
the oxidative breakdown is mainly due to
environmental factors like heat, light and
oxidative pollutants. In addition, the analyti-
cal results clearly show that each of the two
breakdown mechanisms can take place either
alone or in combination, but that acid pollu-
tion suppresses oxidation. These findings
were supported by the results of later stud-
ies of historical and new vegetable leathers
exposed to accelerated ageing.[21–27]

Under conditions of extreme air pollu-
tion, hydrolytic breakdown will dominate.
Vegetable tannins absorb sulphur dioxide
in large quantities.[28] On the other hand,
experiments showed that oxidation of
vegetable tannins are at minimum around
pH 2.5, increases rapidly after pH 3.5–4.6
and is rapid under alkaline conditions.[29]

Analyses of historical leather have shown
a sulphate content of more than 5% of the
dry weight of the leather originating from
sulphur dioxide from pollution.[30] The acid
accumulated in the leather can result in pH
values down to around 2, and it should be
noted that the pH interval for maximum
bonding of the vegetable tannins in the col-
lagen is 3.5–6.0.[31]

As described above, oxidative break-
down involves modification of the side
chains, particularly of the basic amino ac-
ids Arg, Lys and Hyl, but also Pro and Hyp.
This alters the charge balance between the
collagen side chains resulting in a weaken-
ing of physical stability of the leather. A
low pH value, as caused by pollution, will
contribute further to this charge-dependent
destabilisation. In general, compared to new
leather, deteriorated leathers are character-
ised by a change in the amino acid profile
with lower values for Arg, Lys and Hyl and
higher for Asp and Glu. It has been shown
that the ratio between the sum of basic and
acid amino acids (B/A) is a useful measure
for the average degree of oxidation of hide
collagen and leathers.[27,32] Intact hides and
leathers have a B/A value of around 0.69.
The value decreases as oxidation increases,
and for very strongly oxidised leather, the
value is below 0.50. Moreover, both acid
and oxidative sources have a deteriora-
tive impact on the vegetable tannins and
both lead to the formation of low molecu-
lar breakdown products defined as tannin
monomers.[33,34]

4. Hydrothermal Stability as a
Measure of Deterioration

Several analysesofhistorical andaccel-
erated aged new vegetable tanned leathers
have shown that the hydrothermal stability
as determined by shrinkage temperature
(Ts) is a appropriate measure of deterio-
ration of vegetable tanned leathers.[35,36]

The shrinkage temperature, Ts, for un-
tanned hides is around 65 °C. For vegeta-
ble tanned leather, it lies between 70 °C
and 90 °C. It has been demonstrated that
the Ts can be predicted by multiple regres-
sion modelling based on parameters for the
chemical breakdown of the collagen and
tannin structures, the sulphate content and
acidity of the leather as well as the inter-
action of these four parameters.[37] Highly
significant predictions of the observed Ts
were obtained indicating the existence of
several ageing profiles dependant on the
type of tannins and storage conditions.

5. Results of Recent Data Analysis

Although it has been shown that SO2
represents the most aggressive cause of
deterioration and that the degree of dete-
rioration cannot be directly related to the
age of the leather, the oxidative breakdown
of the collagen seems to play a significant
role over time. This can be illustrated by
the data obtained by analysis of historical
leathers originating from about 1660 to
1990. The leathers denoted H were sam-
pled in Denmark, England, France and the

Scheme 1.

Scheme 2.
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Netherlands,[22] leathers B and W in Eng-
land and Wales,[22,24] leathers V (after 1980)
in France[24] and leathers L, M (new) and S
in Switzerland.[27]

As shown in Fig. 1, the oxidation, ex-
pressed by the B/A ratio of historical leath-
ers, is greater in the older leathers reflected
in the decrease in B/A with increasing age.
It is also clear that oxidation also plays a sig-
nificant role on the Ts of the leather as illus-
trated by the decreasing Ts with decreasing
B/A as shown in Fig. 2. However, although
ammonia is released by oxidation of amino
acids and may influence the pH value in ac-
id-damaged leathers, the impact of acid pol-
lutants is clearly indicated in Fig. 3, show-

ing the relation between pH and the sulphate
content measured in the leathers.

With respect to conservation, the three
Figs illustrate very well the influence of the
conditions of storage and the tannin types
on the rate of deterioration. Note in particu-
lar the values for leathers B and W. These
samples originate from two sets of identi-
cal bookbinding leather of different types
of vegetable tannins placed respectively
in 1930s in the British Library in London
(B, extremely polluted), and the National
Library of Wales in Aberystwyth (W, rela-
tively unpolluted).[20,23,38] It should be noted
that the grouping of data especially in Figs
1 and 3 represents the complexity and dif-

ferent reaction pathways always present in
natural deterioration. No matter the type of
leather, this represents the big challenge for
the future studies and research in the dete-
rioration and conservation.
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Fig. 1. Plot of B/A ratios versus age of leather samples
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Fig. 2. Plot of shrinkage temperature Ts [oC] versus B/A ratios
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