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Abstract
The paper deals with the mathematical description of the alkaline hydrolysis of leather waste material and the comparison
with real experimental data. Leather industry produce large quantities of waste. It is reasonable, both, ecologically and
economically, to apply recycling processes for further reduction of the non-recoverable waste amount and reuse what the
waste material still offers. The focus of the study is on collagen protein contained in leather shavings. The mathematical
model of the collagen hydrolyzate gain is based on the mass and mass fraction of dry matter balances. The gain closely
relates to the parameters of input materials and intermediates in the production process. The visualizations of the solutions
of balance mathematical model are presented. The data obtained from laboratory experiments indicate slightly lower gains
due to insufficient isolation of the reactor used. Therefore, the loss coefficient needs be included in the model to reach
higher correlation. The results are discussed in the paper.
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1. Introduction
In today’s world, people are able to produce enormous quantity of various products. However, each manufacturing
means not only the production of the desired output, but also generation of some amount of waste. The environmental
aspect related with the waste generation and waste disposal is an important issue to be solved.
The study focuses on the waste arising from the leather industry. Several treatment processes have to be done to
convert raw hides into leather. The diversity and amounts of produced waste represent a serious problem. The most
common type of hide tanning worldwide is the chrome-tanning. The production of 200 kg of leather requires 1000 kg of
raw hides, i.e. the effective use of the feedstock is only twenty percent. This conversion represents also production of
about 200 kg of non-tanned waste and about 200 kg of tanned wastes containing chromium [1]. A remaining share
comprises modified solid waste and sludge. The production of 200 kg of leather generates about 50,000 kg of waste water
containing about 5 kg of chromium [2]. Salts of trivalent chromium (CrIII) stabilize a hide by crosslinking collagen fibres
and supply required qualities. Trivalent form of chromium is safe and largely beneficial [3]. However, some amounts of
CrIII contained in leather can be during some of the chemical processes oxidized to hexavalent chromium [4]. Hexavalent
form of chromium is one of known toxic elements and its salts are classified as carcinogen.

- 0338 -

29TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION
Therefore, the issue of hexavalent chromium is important from the point of view of safety preservation for workers,
users of the product and the environment. The demand for alternative methods of tanning lasts, and there are some existing
[5]. None of these methods has the potential for competitive replacement of chrome-tanning, that is used in such a large
extend [6]. A partial solution is processing of some kinds of waste material. A separation of collagenous share from
chromium part of waste can be reached by hydrolysis in alkaline or acidic conditions. A products as gelatin or protein
hydrolysates obtained after further physico-chemical treatment can find cost-effective applications e.g. in food industry,
cosmetics or agriculture. The waste material does not always have the same properties and quality. Therefore, mathematic
modeling of the treatment is very important for the prediction and analysis of appropriate way of efficient processing of
waste.
2. Mathematical model
The mathematical model of hydrolyzate gain is based on mass and dry matter balances, which can describe the physical
and chemical processes of the hydrolytic reaction. The aim is to reach the maximum gain while maintaining economic
advantage, considering the main operating costs. The model of the main operating costs is presented in [7]. The leather
waste processing, the production system and mathematical model for automated control implementation are presented in
[8]. The physical quantities used in the model are listed in Table 1. Mass fractions of the dry matters are modelled for an
interval of values, which are chosen within the ranges that are likely to be achieved during hydrolytic treatment and further
steps of the process. Appropriate ratios of feedstock and reagents are based on experience with previous experiments in
laboratory and semi-industrial scale. Mass of water, filtrate, filter cake and product are the modelled quantities.
Symbol
ms
as
mv
mo
mm
mf
af
mc
ac
mw
mp
ap

Physical quantity
Mass of shavings
Dry matter of shavings
Mass of water
Mass of organic base
Mass of MgO
Mass of filtrate
Dry matter of filtrate
Mass of filter cake
Dry matter of filter cake
Mass of waste water
Mass of product
Dry matter of product

Unit
t
1
t
t
t
t
1
t
1
t
t
1

Values - model
3
0,20 – 0,80
Modelled value
Modelled value
0,02
Modelled value
0,1 – 0,5
Modelled value
0,3

Table 1. The physical quantities and values of feedstock, intermediates and products for the model
Equations (1) and (2) describe the mentioned balances for the whole technology consisting of reactor, filter and
evaporator; equation (3) describes reactor and filter balance (3), for evaporator it is equation (4).
𝑚 𝑠 + 𝑚𝑣 + 𝑚𝑜 + 𝑚𝑚 = 𝑚𝑐 + 𝑚 𝑝 + 𝑚𝑤

(1)

𝑎𝑠 𝑚𝑠 + 𝑚𝑚 = 𝑎𝑐 𝑚𝑐 + 𝑎𝑝 𝑚𝑝

(2)

𝑚𝑠 + 𝑚𝑣 + 𝑚𝑜 + 𝑚𝑚 = 𝑚𝑓 + 𝑚𝑐

(3)

𝑎𝑐 𝑚𝑐 = 𝑎𝑝 𝑚𝑝 + 𝑎𝑐 𝑚𝑝

(4)

2.1. Result Visualization
Equations (1) – (4) were used for the modeling and visualisation of the results. Fig. 1 shows the effect of dry matter
of shavings and dry matter of filter cake on mass of the product. The time of filtration and the consumption of pressure
energy affects the final value of dry matter of filter cake. The hydrolysis process is effective to reach the value of dry
matter of filter cake approximately 0,3 as shown in Fig. 1. Longer time of the hydrolysis reaction means only a slight
increase of the mass of the product which is due to higher energy consumption undesirable from the point of view of the
calculation of operating costs [7]. The effect of dry matter of filter cake and mass of water for three specific dry matter
values of the leather shavings 0,2, 0,5 and 0,8 on mass of hydrolyzate and product mass dependence on dry matter of
shavings and water consumption was also dealt.
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Fig. 1. Dependence of mass of the hydrolyzate (the product) on dry matter shavings and dry matter of filter cake
3. Experimental hydrolysis
A laboratory data of two experiments were used for the comparison with the model. A hydrolysis reaction took place
in automatically controlled batch reactor and was followed by a filtration through a fabric filter. The collagen hydrolyzate
and a filter cake were obtained.
The feedstock ratio for shavings to water was in both cases 1 to 5, (2 kg + 10 kg, and 3 kg + 15 kg) as successfully
tested in previous experiments. Addition of MgO ensured the optimal alkaline conditions. Alkalinization took 2 days, the
mixture was heated up to 70 °C then, Alcalase enzyme was added. Hydrolysis reaction took 4 hours and was finished by
filtration. Dry matters of shavings were 0,64 and 0,37. Total chromium measured in both cases in feedstock was
comparable: 33,70 and 33,74 g/kg of dry matter. Masses of filter cake were 6,12 kg and 6,04 kg; dry matters of filter cake
were the same 0,18. Amounts of obtained filtrate varied significantly; 4,98 kg and 0,02, and 10,10 kg and 0,02.
4. Conclusion
The study was focused on modeling the gain of collagen hydrolyzate from the leather shavings, a kind of leather waste
material, taking into account equilibrium equations describing the physico-chemical behavior of the hydrolysis reaction.
The aim was to reduce quantity of waste effectively with minimal operational cost. The comparison of the modeled data
with the real experimental results indicated lower filtrate gain than predicted, due to energy losses manifested by a
difference in the mass balances of input and output substances up to 10 %. Mass losses were most likely caused by water
evaporation in real reactor with imperfect isolation. Energy losses calculated on the difference of the amount of the filtrate
obtained by model and experiment, reached in both cases 15 %. Therefore, it is needful for further, more accurate
modeling to include the energy loss in the model, e.g. in form of water evaporation coefficient.
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