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Abstract: Xerothermic shrinkage behaviors of cattlehide collagen fibers were studied systematically by means of
thermal platform microscope. Influences of environmental humidity and tanning agents, including formaldehyde,
glutaraldehyde and chrome, on the xerothermic shrinkage behaviors of cattlehide collagen fibers were investigated.
The results show that, with increasing the environmental humidity, the xerothermic shrinkage temperature of
untanned, formaldehyde tanned and glutaraldehyde tanned cattlehide collagen fibers increases at beginning, and
then followed by a decrease. At temperature lower than 200°C and in environment with the same humidity,
formaldehyde tanned sample show the smallest shrinkage ratio, while chrome tanned samples show the highest one.
At temperature between 200 and 280 °C, the chrome tanned sample has the smallest shrinkage ratio.
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1 Introduction

Leather produced by tanning industry is not ultimate consumption product. In the latter treatment
process, it would have to withstand xerothermic action of varying temperatures [1]. The xerothermic
treatment temperature is usually as high as 120~130°C [2]. In the fixing operation, it would have to
endure xerothermic process of higher temperature [3]. K. Y. Tang et al. [4] studied the xerothermal
properties of cattlehide collagen fibers used by thermal platform microscope. They found that untanned
cattlehide collagen fibers’ system uniformity is high. Although the shrinkage temperature is low, the
shrinkage temperature range is narrow. However, after the cattlehide collagen fibers were tanned by
chrome, the initial shrinkage temperature is lower than that of untanned cattlehide collagen fibers, and the
final shrinkage temperature is higher than that of untanned cattlehide collagen fibers. K. Nakamuret al. [5]
researched the existence state of water using thermal analysis method, and discovered that water might be
divided into free water, non-freezing water and freezing bound water. Therefore, finished leather produced
by leather industry is required to withstand xerothermic process with higher temperature.

In the preservation, production and application, leather will inevitably be soaked in water, or absorb a

certain amount of water from the environment. As a result, environmental humidity is found to affect
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various physical and chemical properties of leathers. The influence of environmental humidity on the
structure and properties of leather, however, is not made clear.

In this paper, xerothermic shrinkage behaviors of cattlehide collagen fibers were studied
systematically by means of thermal platform microscope. Influence of environmental humidity and
tanning agents, including formaldehyde, glutaraldehyde and chrome, on the xerothermic shrinkage
behaviors of cattlehide collagen fibers has been investigated, in order to know the effect of water on the

structure and properties of cattlehide collagen fibers.

2 Experimental
2.1 Materials

Cattlehide collagen fibers were provided by Sichuan University, China. Glucose reduced chrome
solution (alkali number of 37.5%) was prepared in our laboratory. Formaldehyde, analytical reagent, was
obtained from Zhengzhou Chemical Reagent Company. 25% glutaraldehyde aqueous solution, biological
reagent, was purchased from Shanghai Chemical Reagent Company of China Pharmaceutical Group.
Potassium dichromate, analytical reagent, and sodium hydroxide, chemical reagent, were obtained from
Shanghai Huapeng Industrial Co., Ltd. Sulfuric acid, analytical reagent, and 30% hydrogen peroxide
(Analytical Reagent) were supplied by Luoyang Haohua Chemical Reagent Co., Ltd. silica gel (RH = 50%)
was obtained from ShanghaiJing-Long Chemical Co., Ltd.

2.2 Sample preparation

After being soaked, degreased, limed, splitted, and delimed according to traditional leathermaking
technology, a cattlehide pelt was acetone dehydrated. The center layer of the dehydrated pelt was taken
out and grinded into collagen fibers[6]. The un-tanned cattlehide collagen fibers were put in a desiccator
for more than two weeks to a constant weight.

Untanned cattlehide collagen fibers were tanned with glucose reduced chrome solution,
formaldehyde solution and 25% glutaraldehyde solution, respectively. The samples were put into the
desiccator with silicone to constant weight over a week.

Then the samples were air-conditioned in desiccators containing different concentrations of sulfuric
acid solution for at least one week to a constant weight. The humidity in the desiccators was controlled at
20%, 40%, 65%, 80% and 90%, respectively.

2.3 Xerothermic shrinkage experiment ||

The conditioned collagen fibers were put on the slide glass, and then placed on the thermal platform
microscope’s objective table. Besides, a 20g heavy weight was pressed on. The heating rate was 5°C/min,
and the temperature range was from room temperature up to 300°C. The length change was recorded
Suppose the collagen fiber length was [, before shrinkage and L, after shrinkage. The formula [8] of

sample shrinkage ratio (s) is as follows:
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The xerothermic shrinkage temperature is defined as: the intersection temperature between the

baseline tangent curve and the sharp shrinkage tangent curve, recorded as Ts, as shown in Fig. 1.
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Fig. 1 Xerother mic shrinkage curve of cattlehide collagen fibers

3 Results and discussion
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Fig. 2 Xerothermic shrinkage curves of untanned (2a), formaldehyde tanned (2b), glutaraldehyde tanned (2c)
and chrome tanned (2d) cattlehide collagen fibers in different environmental humidity



Fig. 2a is the xerothermic shrinkage curves of untanned cattlehide collagen fiber in different
environmental humidity. It could be divided into two stages. The first stage is from room temperature up
to 200°C. When the environmental humidity changes from 20% to 80%, the shrinkage is not obvious. It is
noteworthy that the sample whose environmental humidity is 90% began to shrink at 155°C, and its
shrinkage ratio reached 10% at 200°C. The second stage is 200~250°C. In this stage, collagen fibers shrank
rapidly. With the environmental humidity increasing, the xerothermic shrinkage temperature increases first,
and then followed by a decrease, the variation range for 218~226°C. The final shrinkage ratio increases
from 51% to 61% along with environmental humidity’s increase.

The shrinkage temperature first increases, and then decreases. This may be because, as the
environmental humidity is low, the intermolecular cross-linking between collagen molecules and water
molecules through the formation of hydrogen bonds is weak. Therefore, when the collagen fibers were
heated, the intermolecular force was easily destroyed and the fibers occurred to shrinkage. Thus the
shrinkage temperature is low. When the environmental humidity increased to 65%, the hydrogen bonds
formed by collagen molecules and water molecules became more. So the intermolecular force within
collagen molecules was enhanced, and the collagen fibers were less liable to shrink when they were heated.
As a result, a higher shrinkage temperature was obtained. However, when environmental humidity further
increased, a large number of water molecules penetrated into collagen molecules, absorbed on the collagen
molecules, played the role of plasticizr, weakened the interaction of collagen fibers. Subsequently,
collagen fibers easily turned to shrinkage, performed for lower shrinkage temperature and worse thermal
stability.

Fig. 2b is the xerothermic shrinkage curves of formaldehyde tanned cattlehide collagen fibers in
different environmental humidity. Similarly, it could be also separated into two parts. The first is from
room temperature up to 200°C. The shrinkage of collagen fibers did not change significantly. The second
part where sudden shrinkage appeared is 200~250°C. The shrinkage temperature first increases, and then
followed by a decrease, the variation range is 218~227°C. The reason for this phenomenon is similar to
that of untanned cattlehide collagen fibers.

Fig. 2c is the xerothermic shrinkage curves of glutaraldehyde tanned cattlehide collagen fibers in
different environmental humidity. Below 200°C, the shrinkage ratio of collagen fibers grew unceasingly
along with environmental humidity’s increase. In the stage of 200~250°C, the shrinkage temperature
increases at beginning, and then decreases, the variation range is 218~225°C. The reason for this
phenomenon is also similar to that of untanned cattlehide collagen fibers.

Fig. 2d is the xerothermic shrinkage curves of chrome tanned cattlehide collagen fibers in different
environmental humidity. The chrome tanned cattlehide collagen fibers did not have distinct shrinkage
temperature, because their shrinkage occurred in a wide temperature range. Below 230°C, the sample

whose environmental humidity was 65% had the smallest shrinkage ratio. This might be because there



were lots of hydrogen bonds formed by collagen molecules and water molecules, and water molecules did
not play the role of plasticizr. At 230~280°C, the cattlehide collagen fibers whose environmental
humidity was 90% had the smallest shrinkage. This is possible due to that the sample at the environmental
humidity of 90% had more bound water and more hydrogen bonds, thereby the intermolecular action was
strong, and the shrinkage process was slow. The contribution of coordination bonds between chromium

complexes and collagen fibers should also be taken into consideration.

4 Conclusions

With the environmental humidity increasing, the xerothermic shrinkage temperature of untanned,
formaldehyde tanned and glutaraldehyde tanned cattlehide collagen fibers increases at beginning, and then
followed by a decrease. The phenomenon is likely to depend on the number of hydrogen bonds formed
between collagen molecules and water molecules, as well as the plasticizing action of water molecules

within collagen fibers.
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