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INTRODUCTION

This monograph contains the results of the most recent studies
on processing of raw leather and fur materials utilizing novel
chemical reagents and examples of industrial implementation of
the developed technologies. A wide variety of raw leather
materials, namely cattle, porcine, rabbit, coypu, sheep, and equine
hides, were used. The effect of new reagents, such as
electrochemically activated water, modified montmorillonite,
highly-dispersed SiO2 nanoparticles, bacteria and enzymes, and
modified azo dyes on the properties of elastic leather and fur
materials has been investigated.

Most of the publications in this monograph are focused on
studying a few related processes and their relationship with the
subsequent processing of collagenous semi-finished leather
products during multistage, mass- and energy-intensive
technological cycle which usually involves applications of
environmentally hazardous reagents. As a result of the presented
studies, improved efficacy and environmental safety of leather
and fur production was achieved.

The process of regeneration of water balance during the
soaking of a variety of raw hides with different density and
thickness and processed by methods involving application of
electrochemically activated water has been studied in detail [1-3].
Particularly, the soaking of equine raw hides can be efficiently
carried out using fractions of electrochemically activated water - a
mixture of catholyte with anolyte at a ratio of 5 : 1 [2]. The
environmentally harmful sodium sulfide and sodium carbonate
and surfactant are excluded from this soaking solution. Authors
of the work [3] studied the effect of the developed soaking
method of differently preserved raw hides on the properties of
the resulting leather materials. The dependence of water sorption
on the type of electrochemically activated water and treatment
duration was determined. Effect of composition of alkaline
solution and its temperature on the structural transformation in

Page | 1



raw hides during removing preservatives, globular proteins, and
mucopolysaccharides from its structure has been studied [4].

In the work [5] the layer-by-layer concentration of gelatin
hydrolyzed from a pickled hide from different topographical
areas (cuts) upon varying the enzyme concentration and the
duration of liming process was determined. A comprehensive
study of the effects of tanning agents of different chemical nature
on the process of dermal collagen structuring made it possible to
establish the mechanism of interaction between chromium (IIT)
compounds and alkyl carboxyethanolamines [6]. The aspects of
application of vegetable tannins were also established. Structural
transformations of dermal collagen during tanning were
investigated by analyzing the isotherms of sorption-desorption of
water vapor in the semi-finished product depending on the stage
of its processing. At the same time, the authors performed
thermogravimetric studies of the semi-finished product in the
temperature range of 20-600 °C and determined the effect of acid-
salt treatment and subsequent tanning with basic chromium
compounds on its thermal and thermodynamic properties.
Scanning electron microscopy study of the structure of semi-
finished product, which was softened and tanned with basic
chromium compounds and a syntantanide composition, was
performed. The effect of montmorillonite modification on the
chemocolloidal properties of tanning solutions containing
chromium compounds and the physicochemical properties of
semi-finished leather products were investigated [7]. X-ray
diffraction study of the modified montmorillonite by chromium
complexes depending on their ratio was carried out.

By using enzymes in the post-tanning processing of chrome-
tanned semi-finished product, the authors [8, 9] established the
dependence of the elastic-plastic properties of the material on the
enzyme concentration, temperature, and process duration. It is
shown that at the effective consumption of the biocatalytic
modifier under optimal conditions, the stiffness of the semi-
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finished leather product is reduced twofold compared to the
existing technology while maintaining its mechanical strength.

The interaction of anionic azo dyes, of different chemical
composition, with titanium compounds was investigated in the
work [10]. The effect of composition and concentration of azo dyes
on the process of their sorption and diffusion in model systems —
collagen fibers, gelatin, and semi-finished leather product of
chrome tannage has been established. The colorimetric and
exploitation properties of dyed elastic leather were reported.

The authors investigated the effect of highly-dispersed SiO:z on
the process of filling chrome-tanned semi-finished product from
cattle hide and technological and physicochemical properties of
resulting leather [11]. Dependences of the chemical content of the
composition on the rate of its diffusion into the structure of
chrome-tanned semi-finished products have been established
[12], as well as on the physicochemical and elastic-plastic
properties of leather filled with protein-tannides and protein-
montmorillonite compositions. In the work [13], the effect of
different fractions of electrochemically activated water in the
filling composition on the chemical composition and
physicochemical properties of macroporous semi-finished
products from different areas was investigated.

In the process of forming hydrophobic materials - leather from
raw cattle hides and fur velour from nutria, suitable for use in
high humidity, the authors investigated the effect of chemical
composition of the fatliquoring composition based on alkenyl
maleic anhydride on water resistance and elastic-plastic
properties of the material [14, 15]. The effect of alkenyl maleic
anhydride composition on absorptivity and diffusivity, dynamic
water wetting, and wetting of hydrophobized chrome-tanned
hides was established in the work [16].

The performed complex research of step-by-step formation of
leather and fur became the scientific basis for the development of
innovative resource-saving technologies for manufacturing elastic
materials. At the same time, the authors pay considerable
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attention to mathematical planning, modeling, and optimization
of the developed technological processes.

To reduce the cost involved with the use of environmentally
hazardous chrome tanning agent and industrial oil I-12A in the
technology of tanning and fatliquoring of wool sheepskin, its
multicriteria optimization was carried out [17]. To accomplish
this, a modified gradient method of changing process parameters
using a generalized objective function is used. The developed
technology makes it possible to reduce the consumption of
chrome tanning agent by 33 % and to replace the non-
biodegradable plasticizer with sulfonated dipropylene glycol
ester with a significant reduction in its consumption.

Optimization of the concentration of the filling composition
ingredients used in the processing of the chrome-tanned semi-
finished product is discussed [18, 19]. According to the McLean-
Anderson method with considering the type of mathematical
model “concentration of the ingredients of the filling
composition — material properties” and the developed
multithreaded program, an experiment plan was computed, a
mathematical model was obtained, and optimal concentration of
composition ingredients were established using the desirability
function. The developed composition of the Aerosil-containing
composition makes it possible to reduce the consumption of
vegetable tanning agents. Semi-industrial testing of the
developed technology for filling leather semi-finished product
from cattle hides results in the formation of leather material with
increased volume yield and elasticity compared to the current
technology.

Highly-dispersed silica (IV) oxide has also been used to
optimize the filling-fatliquoring process of leather semi-finished
products [20]. Multicriteria process optimization was performed
based on the central composite rotatable plan of the second-
degree and the desirability function. According to the developed
technology, which allows us to more efficiently use the raw
material, the resulting light-colored leather produced in semi-
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industrial conditions are characterized by the increased elasticity
and durability.

In the work [21] for multicriteria optimization of the filling-
fatliquoring process of chrome-tanned semi-finished product, a
mathematical model of the second-degree was used and a
software module, which allows us to translate the problem into
single-criteria optimization using minimax convolution of criteria
and subsequent simplified optimization solution using Hooke-
Jeeves method, was developed. The optimal values of the process
parameters provide the formation of leather material with high
area yield and increased elasticity compared to the current
technology.

The application of an expert assessment of the quality of
hydrophobized fur velour using the concordance coefficient
confirmed by Pearson’s criterion made it possible from 18
parameters provided to experts on functional, ergonomic, and
aesthetic properties to establish parameter groups which affect
the material quality [22]. Based on the essential quality
parameters established by the expert method, a complex
parameter which allows determining the efficiency of
hydrophobization of velour by alkenyl maleic anhydride polymer
with respect to its exploitation in high humidity was
calculated [23].

The advantages of the developed resource-saving ecologically-
oriented technologies of tanning pickled cattle hides compared to
the current technologies for the production of the semi-finished
product “wet blue” are given in the work [6]. Improving the
technological conditions and application of novel reagents result
in a substantial decrease in the consumption of mineral and
vegetable tanning agents and the duration of the technological
process. The developed technologies of tanning of leather semi-
finished products are tested and implemented at private JSC
Chinbar (Kyiv, Ukraine). A substantial decrease in the
consumption of environmentally hazardous chromium tanning
agent is achieved by using synthesized hydroxy sulfate-Cr-

Page | 5



montmorillonite complexes [7]. Industrial implementation of the
developed technology made it possible to increase the yield of the
elastic material.

The developed plasticizing process of tanned leather semi-
finished product with hydrolytic enzymes made it possible to
significantly reduce the duration of further mechanical processing
[8, 9]. Compared to the previous technology used at PJSC
Chinbar, the implemented technology provides a more efficient
use of raw hides and results in an increased yield of the leather
area. According to the technology [9], short-term enzymatic
tanning of the semi-finished product at a higher temperature
allows for the exclusion of the mechanical plasticizing process
from the technological cycle. This results in an increase of the
economic efficiency for the production of leather materials by
reducing the raw hide and energy consumption.

At the final stage of production of elastic leathers, filling-
plasticizing technologies using the protein hydrolysate of
secondary products of leather production and modified
montmorillonite were developed [12]. Such technologies made it
possible to form leather materials with a more uniform structure
and properties between topographic areas of the leather semi-
finished product from cattle hides and sheepskins. The developed
filling-plasticizing technologies allowed us to significantly reduce
the cost of tanning agents and synthetic dispersants and was
implemented at the companies of Ukraine: private JSC Chinbar
(Kyiv), Vozko (Voznesensk, Mykolaiv region), and public JSC
Svitanok (Lviv).
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1. USE OF ELECTROCHEMICALLY ACTIVATED AQUEOUS
SOLUTIONS IN THE MANUFACTURE OF FUR MATERIALS

Danylkovych A., Lishchuk V., & Romaniuk O.

SpringerPlus 5,214 (2016) 1-11
https://doi.org/10.1186/s40064-016-1784-6

Abstract: The effect of electrochemically activated aqueous solutions on
the preparatory processes of formation of corium structure during the
treatment of fur skins with different contents of fatty substances was
investigated. The use of electroactivated water, namely anolyte with
antiseptic properties and catholyte with surface-active properties, helps
to restore the hydration of fur skins and to remove soluble proteins,
carbohydrates, and fatty substances. The activating effect of anolyte and
catholyte can be explained by special physicochemical properties of
electroactivated solutions, namely by the presence of free radicals, ions,
and molecules which easily penetrate through cell membranes into the
structure of non-collagenous components and microfiber structure of
dermal collagen. The prolonged acid-salt treatment step is excluded from
the process as a result of using electrochemically activated water with
high oxidizing power. A low-cost technology of processing different
kinds of fur skins utilizing electrochemically activated aqueous solutions
provides a substantial economy of water and chemical reagents, a two-
to threefold intensification of the soaking and tanning processes, and
production of highly elastic fur materials with a specified set of
physicochemical properties. At the same time the use of such toxic
antiseptics as formalin and sodium silicofluoride are eliminated from the
preparatory processes of the developed technology for fur treatment
making the technological process ecologically safer.

Keywords: electroactivated aqueous solution; anolyte; catholyte; raw
fur; soaking; degreasing; tanning.
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Introduction

The modern manufacturing processes must comply with
stringent requirements with regard to the efficiency of the use of
raw materials and chemical reagents, the decrease in energy
consumption, intensification of technological processes, and
improvement of sustainability. This is especially relevant for the
chemical manufacturing industry which presupposes the use of
large amounts of technological solutions with high concentration
of chemical reagents, including toxic ones. This also directly
concerns the manufacturing of fur and leather products. In view
of this, effort is taken to reduce the costs and replace
environmentally hazardous chemicals with new reagents,
especially at the initial stages of processing raw materials.

For new technological procedures of effective physicochemical
soaking of animal hides, the researchers obtained alkaline
proteases and optimized their activity depending on pH and
temperature. A substantial decrease in the oxygen consumption
for treatment of spent technological solutions has been recorded.
The researchers [1] studied the effect of 2-5 % protease on
dehairing and the effect of 5-10 % lipase on degreasing of animal
skins. The authors concluded that the application of these
enzymes is environmentally safe, but their use over a prolonged
time (8-12 h) should be restricted in view of the possibility of
partially destroying skin collagen and decreasing the
physicomechanical properties of skins.

The effectiveness of an ultrasonic field during soaking and
degreasing of skins was highlighted previously [2, 3]. An increase
of up to 23 % in water absorptivity of steerhide coupled with a
36 % decrease in the duration of soaking air-dried skins was
revealed. By using ultrasound, the researchers [3] achieved a
twofold decrease in the duration of degreasing under production-
line conditions in comparison with control treatment, though, the
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developed technology requires complex manufacturing
equipment [4].

The existing technologies of treating furs, depending on their
structure, require three- to 20-fold higher consumption of water
[5, 6] in comparison with leather production. Particularly, the
consumption of water at the soaking stage per one ton of air-
dried raw material is 9 m? for rabbit skins, 17 m? for sheepskins,
25 m?3 for fox skins, and at the stage of fox skin dyeing by
oxidizing intermediates — 175 m? (including numerous washes).

One of the ways to improve sustainability of fur
manufacturing and to reduce the consumption of water used for
the preparation of technological solutions could be water
activation by different methods, particularly, by magnetic field,
ultrasound, agitation, heat treatment (heating, cooling, or freeze-
thawing), or electrochemical activation (ECA) as a result of which
water acquires anomalous properties [7, 8]. The physicochemical
properties of ECA water and solutions of chemical reagents are
largely accounted for by their declustered structure, high
oxidation-reduction potential (ORP), and thermodynamic non-
equilibrium state [9-11] which are preserved over an extended
period of time. It was also discovered that ECA water intensifies
biotechnological processes [12].

While studying the effect of ECA water on the structure and
properties of biopolymers, it was established that one of its
fractions, namely anolyte, has a bactericide effect on the flora of
protein-based raw materials [13, 14] and its application allows
excluding antiseptic reagents from the technological process. The
bactericidal properties of ECA water were tested on plant and
animal models, particularly, on hydra and Ceriodaphnia dubia [15].

The work [16] highlights the characteristics of anolyte and
catholyte and their effect on the regulation of fermentation and
genetic activity of distillers’ yeast. At the same time, it is
recommended to use ECA water for standardizing alcoholic
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beverages produced by different companies. A positive effect of
activated water was observed in the synthesis of furfural [17]
from vegetable waste with high content of pentosans. The use of
ECA water with low pH as an active catalyst allows excluding
acids from the technological process.

Since the preparatory stages of processing leathers and furs
involve the use of sodium chloride in various concentrations,
sodium carbonate, bicarbonate, and sulfate, the effect of ECA
water on the physicochemical properties of these reagents is of
great interest. The work [18] shows that ECA water with a
negative ORP easily penetrates cells, whereas catholyte with high
value of pH promotes effective release of lipids,
glycosaminoglycans, and globular proteins from protein-based
raw materials.

The use of ECA water in drying and moisturizing processes
for manufacturing leather used for shoe uppers results in
increasing the surface area of the final material due to the
plasticization effect of ECA water on leather structure as opposed
to industrial water. This is accounted for by increasing the
deformation capacity of the leather material and reducing the
stress during the drying. Particularly, application of catholyte
enhances the deformation of samples by 1.5-5.0 % [19, 20]
depending on the type of leather. At the same time, the pH and
ORP stability of electroactivated water after boiling [21] allows its
application in footwear manufacturing for production of shoe
uppers. To increase the plasticity of fur skins and leather during
their processing, it is recommended that the semi-finished
product is treated with solutions of catholyte [22, 23] with low
concentrations of benzyl alcohol, glycerin, and oxoaldehyde.

Thus, the analysis of literary sources testifies to the relevance
of research on the use of ECA aqueous solutions for
manufacturing leather and fur materials. The use of activated
water in the treatment of raw protein-based materials can be
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effective, provided high stability of the properties of
electroactivated aqueous solutions and their chemical activity
towards non-collagen components of animal skins.

Problem Statement

When developing new and improving existing technologies
for processing furs, especially at the preparatory stages which are
characterized by long production cycles and usage of substantial
volumes of aqueous solutions of chemical reagents, the problem
of intensification of technological processes is especially relevant.
One of the ways of solving this problem is to use
electrochemically activated aqueous solutions and increase the
efficiency of the preparatory stages of fur production.

Methods

The study is aimed to investigate the influence of
electrochemically activated water on the efficiency of the main
processes of fur production. Two fractions of electrochemically
activated water will be used, namely anolyte and catholyte. The
technology foresees implementation of a set of consecutive
physicochemical procedures and mechanical operations during
raw material processing. They include soaking of the raw
materials for restoring the water content lost during curing, the
removal of subcutaneous tissue, degreasing, acid and salt
treatment, chemical structuring (i.e., tanning with chromium
compounds), plasticization (i.e., fatliquoring and drying-
moisturizing treatments).

To prepare technological solutions of chemical reagents we
used distilled water supplemented with 0.2 g/L of sodium chloride
for electric activation. Anolyte and catholyte were obtained with a
pH range of 2.8-4.0 and 9.5-11.5 in the electric water activator of
the research and production company “Ekovod” (technical
specification TU U29.1-1285006876.001-2000) by using a silicon
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anode, steel cathode, and ion-exchange membrane made of cotton
of special weaving [24, 25].

Enhanced chemical activity of declustered aqueous systems
and technological solutions was explained by a number of
electrochemical processes under the influence of electric current
on water in the presence of an electrolyte. The water is ionized
with the formation of a substantial number of highly active ionic
radical elements, particularly [26]:

OH™,H*,H*,0°,0H",HO;,HO;,H3;0°,H;0",
H,0-,Cl*,ClO~,ClO5, HCO;, C,02 .

The principal reactions that occur in the electric water
activator are as follows:
on the anode

2H,0 — 4& > 0, + 4H* and 2C1~ — 2& - Cly;
and on the cathode:
2H,0 + 2¢ - H, +20H" and
H,0 + 2Na* + 2¢ - 2NaOH + H,.

The examination of physicochemical properties of the ob-
tained anolyte (Fig. 1) shows a slight increase in its pH and a de-
crease in its ORP
during its stor-
1120 age in a hermeti-

1100 cally sealed con-
tainer for 9 d.

Similar effects
were observed

& earlier [17]. It is

1 \\-& o necessary to note

283 Z N 1o that the main
980 changes in the

ORP [mV]

o 2 1 6 8 1 pH of activated
t[dl water occur in
Fig. 1. Kinetics of pH change of anolyte and its ~ the first two
ORP.
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days of storage, whereas its ORP decreases continuously. This can
be explained by the neutralization of H* ions during their
interaction with oxide compounds formed in electrochemical
reactions. The results testify to the high stability of anolyte during
storage. Water can be used in the technological process
immediately after its activation by utilizing flow-through
cylindrical electric activators [8].

Unprocessed air-dried nutria and rabbit skins were chosen for
this study. Nutria skins had fat content 22.3 % and surface area
20-24 L (GOST standard 2916-84), whereas rabbit skins, which
have higher density than those of nutrias, were 0.7-1.0 mm thick
(GOST standard 2136-87).

The pH values of catholyte and anolyte were measured on the
device pH-340. ORP was calculated by a potentiometric method
using platinum and silver-chloride electrodes. The water content
of the dermis of raw fur skins was assessed by a gravimetric
method using AXIS Communications AB (Lund, Sweden) scale,
model AD200.

Nutria skins were subjected to soaking using non-ionic
surface-active materials (SAMs) according to the technical
specification TU 2484-014-22284995-99. SN-23 and SPK-50 were
dissolved in activated and distilled water at 19-21 °C and used at
water-to-skins mass ratio equals to 9 : 1. The SAM concentration
for soaking and degreasing was 0.5 and 2.0 g/L, respectively.

The tanning of rabbit and nutria skins from a control group
was carried out using spent solution of anolyte supplemented
with potassium alum KAI(SOs)2-12H20 (GOST standard 4329-77)
and basic chromium sulphate Cr2(SO4)a(OH)s-2n with basicity of
39 % at 9 : 1 water-to-skins mass ratio. The amount of tanning
agents was as follows: potassium alum — 10 g/L and chromium
sulphate, expressed as Cr203, — 1.6 g/L for rabbit skins and 1.0 g/L
for nutria skins. The basicity of the tanning agent was increased
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to pH 3.7-3.9 by adding a solution of sodium carbonate twice
with an interval of 15 min.

The results were evaluated at the PJSC Chinbar (Kyiv,
Ukraine) according to the methods of processing raw furs [27-29]
presupposing the use of anolyte and catholyte. Nutria skins were
soaked in anolyte and degreased in catholyte at 28-32 °C without
the use of additional reagents. After degreasing, nutria skins were
rinsed, pressed, and treated with anolyte twice to prepare them
for the subsequent tanning. Rabbit skins were subjected to
chrome tanning at 18-20 °C after soaking in the spent solution of
anolyte and removal of subcutaneous tissue.

For comparative analysis we used fur skins obtained using
existing technologies [31] which presupposed the treatment of
raw fur at the following temperatures: soaking of nutria and
rabbit skins — 30 and 38 °C, respectively; degreasing (for nutria
skins) — 38 °C, pickling and tanning — 30 and 40 °C. The following
amounts of chemical agents were used for processing of rabbit
and nutria skins, respectively: sodium chloride — 140 and 130 g/L,
SAMs - 3.5 and 5.0 g/L, 40 % formaldehyde — 1.0 and 0.5 g/L,
sodium fluorosilicate — 0.8 and 1.5 g/L, sodium thiosulphate — 17.0
and 8.0 g/L, tanning agents — 16.4 and 14.0 g/L. The drying and
humidifying technological processes and the operations involving
the semi-finished product were carried out according to the
existing requirements of treating rabbit and nutria skins.

The physicochemical properties were identified according to
the previously described methodology [32]. The breaking
strength was measured on a strength-testing machine RT-250M at
extension rate of 80 mm/min. Hydrothermal stability (HTS) of the
fur skins was measured as a temperature of the start of sample
shrinkage during its heating in water at the rate of 2-3 °C/min.

Results and Discussion

The process of hydration of fur skins in an electroactivated
solution of anolyte includes a reaction between hydrogen protons
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and negatively charged carboxyl groups of collagen
macromolecules, and in case of catholyte — carboxyl groups with
amine groups of collagen.

Under existing technology, the sources of H* and OH ~ions are
dilute acids and bases. When anolyte is used, ionic links between
the amino groups and carboxyl groups of polypeptide side chains
are disrupted as a result of which amino groups of the
biopolymer retain their positive charge, whereas ionized carboxyl
groups are getting protonated. This leads to an increase in the
degree of hydration of collagen due to an ion—dipole interactions
and coulomb repulsion which lead to an increase in the water
sorption by dermis. With the use of catholyte as opposed to
anolyte the hydration of dermis of fur skins consists in the fact
that the soaking process is accelerated due to neutralization of
ionized amino groups of collagen.

The investigation of the effect of electroactivated aqueous
solutions of catholyte, containing only 25 % of SAMs used in the
existing technologies for processing of nutria skins to increase the
hydration degree, suggests that the water lost during curing is
getting restored at a considerable rate (Fig. 2) with most of the
aqueous solution being absorbed in the first hour or two. Then
this process slows down and the mass of skins is increased only
by 10 % in the next 20 h. This may testify a redistribution of the
absorbed aqueous solution in the fibers during which the solution
passes from the large pores into the inter-fiber and microfiber
spaces of the fine structure of the collagen of dermis. The use of
catholyte, as compared to distilled water (control) accelerates the
solution diffusion within the structure of skin tissue. The SAM
SPK-50 solution in catholyte is the most effective, 18 % more than
the control solution which presupposes the use of distilled water
with 2 g/l SAM SN-23 (Fig. 2, curve 4).
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terial. The substantial differences in the conductivity of SAM so-
lutions in catholyte and anolyte compared to the solutions based
on distilled water testify the enhanced chemical activity of elec-
troactivated solutions, especially of catholyte. This is also con-
firmed by 3.9- and 1.8-times higher conductivity of the original
anolyte and catholyte solutions as compared to the distilled wa-
ter. The conductivity of the spent catholyte solution is increased
2.1-fold, and 2.4-fold as compared to distilled water.

The results of the process of degreasing nutria skins with a
SAM solution in catholyte are listed in Table IL

The analysis of nutria skin tissues after treatment showed a
higher effect of degreasing of skins with the use of catholyte and
SAM SPK-50 as compared with distilled water. Moreover, 60 % of
fatty substances were removed in the first soaking surpassing the
control by 13.7 %. More effective degreasing of nutria skins is
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achieved by a higher hydration degree with the use of SAM
solution based on catholyte.

Table I. Physicochemical properties of aqueous solutions with SAM
SPK-50 after degreasing of fur skins.

Solution

Parameter distilled

anolyte catholyte 1stille

water
H 28 £ 0.1 10.7 £ 0.2 6.7 £ 0.1
P 37+01 | 69+ 01 | 61+ 01
Specific 2800 + 90 | 1270 + 40 | 710 + 20
conductivity [pS/cm] | 2640 + 80 | 2760 + 90 | 1160 + 40

Note: The numerator and the denominator correspond to the initial and final values of the
solutions.

Table II. Content of fatty substances in dermis after fur skin soaking
and degreasing.

Content of fatty substances [%]

# | Solution | SAM after

soaking 1 | degreasing | soaking 2
1 SN-23 | 9.7+0.2 | 3.32+0.05 | 3.07+0.05

——— catholyte

2 SPK-50 | 9.0+0.2 | 3.25+0.05 | 3.12+0.05
3 | distilled |SN-23 | 13.2+0.3 | 4.09+0.07 | 3.71+0.06
4 water |SPK-50| 10.1+0.2 | 3.66£0.06 | 3.25+0.05

An increase in the chemical activity of electroactivated

technological solutions is observed in the structuring of collagen

of nutria skin tissue during their tanning with chromium

compounds [30]. The results obtained in the subsequent processes

of nutria skins treatment suggest that skin structuring is
increased with the use of SAM solution in catholyte (Table III).
The HTS of dermis is increased as a result of more intensive
removal of non-collagen components, including fatty substances,
under the influence of active products of the electrochemical

Page | 19



reaction that are present in the catholyte. This contributes to
increased diffusion of tanning chromium compounds into the
skin tissue and their subsequent efficient interaction with ionized
carboxyl groups of polypeptide chains of collagen
macromolecules. This effect is manifested to a greater extent in
case of using non-ionic SAM SPK-50 as a part of a degreasing
solution. It is necessary to note a certain decrease of HTS after
acid-salt treatment as a result of the increase in the electrostatic
repulsion between the amino groups of collagen macromolecules.

Table 111. Hydrothermal stability of nutria skins after consecutive
treatments.

Shrinkage temperature [°C] after
# degrea'sing, acid-salt structuring
soaking treatment
1 58 +1 56+1 76 +1
2 58 +1 56 +1 79+1
3 57 +1 54 +1 72+1
4 57 +1 54+1 73+1

Thus, it was established that the use of technological solutions
based on electroactivated water and lesser quantities of chemical
reagents compared to the existing technology of processing fur
provides an effective structuring of skin tissue with hydrothermal
stability in accordance with the active standards. Such treatment
of fur, even without the use of antiseptics, helps to preserve well-
bond pillage with the dermis even after degreasing.

Approbation of Results of the Research

The results of the research on the effect of electroactivated
aqueous solutions of anolyte and catholyte on the processes of
nutria fur treatment were used for fur production at PJSC
Chinbar (Kyiv, Ukraine). In view of the high chemical activity
and specific physicochemical properties of anolyte and catholyte,
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they were used in the processing of furs without SAMs at
different stages of the technological cycle.

At the stages of soaking, acid-salt treatment, tanning, and
fatliquoring, we used anolyte solutions with pH of 2.8—4, while
for degreasing we utilized catholyte solutions with pH of 9.5-
11.5. After drying and moisturizing processes, the fur skins were
refined.

The nutria skin samples obtained in the study testify to the
fact that skin tissue with optimal physicochemical properties is
formed with the use of anolyte with pH 2.8-3.0 and catholyte
with pH 9.5-10.0 (Table IV).

Table IV. Physicochemical properties of nutria skins.

Treatment
Parameter

1 2 3 4
pH of anolyte 29+0.1 | 34+0.1 | 39+£0.1 —
pH of catholyte | 9.7+0.2 | 11.2+0.3 | 10.7+0.3 —
Ts [°C] 65.0+1 | 6901 | 59.0+1 | 63.0+1
—FSAD [%] 3.62+0.06/ 3.8+0.06 | 3.3+0.05] 4.1 +£0.07
— FSAF [%] 174+04|183+05(179+04]16.2+0.4
- Cr203 [%] 0.89 £0.02|0.83 £ 0.02{0.90 + 0.02]0.93 + 0.02
Strength * [N] 65.0+33|64.0+3.3|58.0+3.0]62.0+3.1
TE [%] 150+14|132+1.2|104+09]12.7+1.1
RE [%] 83+06 | 9.7+0.7 | 6.0+04 | 6.2+0.4

Note: The volumes of fatty substances and chrome oxide are calculated on a dry basis. 2.
Ts is the shrinkage temperature. FSAD and FSAF stands for fatty substances after
degreasing and after fatliquoring, respectively; while TE and RE — for total and residual
elongation. ! denotes breaking strength for the entire skin.

An increase in pH of anolyte (treatment 2) leads to decreasing
the strength of the samples, which positively affects subsequent
treatments, namely tanning and fatliquoring. Compared with the

control samples, except for treatment 3, nutria skins treated with
activated aqueous solution without SAMs have higher strength
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and hydrothermal stability and higher content of unconnected
fatty substances after fatliquoring.

A decrease in shrinkage temperature and breaking stress
given an over 3.5-fold increase in the pH of anolyte is caused by
uneven distribution of chromium (III) compounds in the skin
tissue as a result of their (mostly) superficial interaction with
carboxyl groups of polypeptide chains of collagen.

To reveal the influence of fur skins density on the process and
fur properties, we obtained samples of wool breed rabbit of
average thickness. They were not subjected to degreasing due to
substantially lower content of fatty substances in the skin tissue
as compared to nutria skins. The test results for these skins are listed
in Table V.

The fur skins had higher plasticity, twofold decrease in the
shrinkage of dermis, and 10 % increase in volume yield as
compared with the existing technology with the exception of
treatment 3. Moreover, we observed high chemical activity of
anolyte for manufacturing of fur skins with elastic leather parts.
The achieved swelling degree, namely 1.85-1.90 g/g, can be
considered sufficient for further structure formation in
subsequent treatments, taking into account that swelling degree
required for the formation of high-quality fur material of
sheepskin is 1.70-1.80 g/g even with the use of enzymes [31].

Thus, the use of activated water in preparatory processes of
fur production allows excluding antiseptics, SAMs, and other
soaking enhancers. It also allows merging the processes of
soaking, degreasing, pickling, tanning, and fatliquoring and
results in decreasing the duration of treatments twofold. The use
of technological solutions with pH of 3.3-3.5 in acid-salt
treatments enhances the effect of electroactivated water on the
disruption of links between the macromolecules of collagen and
other components due to the effect of oxygen-containing free
radicals present in water as a result of electrochemical activation.
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Table V. Physicochemical properties of wool breed rabbits as treated by

anolyte.
Treatment
Parameter
1 2 3 4

pH of anolyte 29+01 | 34+01 | 39+0.1 —
Hydration [g/g] [1.90 +0.02|1.85 + 0.02(1.70 + 0.02|1.80 + 0.02
Ts [°C] 66 +1 65+1 57 +1 64+1
— FSAF [%] 142+03|149+03(15.7+04|14.3+0.3
- Cr203 [%] 1.27 £ 0.03|1.21 £ 0.03|1.14 + 0.02{1.33 £ 0.03
Strength 1 [N] 74.0+52(79.0+6.6 |68.0+5.0|71.0+5.2
Plasticity [%] 21.0+21]19.0+19|16.0+1.6 [17.0£1.7
Shrinkage [%] 1.2+0.1 | 14+£0.1 | 22+0.2 | 2.8+0.3
Volume yield
[cm3per100 gof | 240+12 | 244+13 | 200+ 10 | 220+ 11
PS]

Note: see the notes to the Table 1V; PS stands for protein substances.

Conclusions

The effect of physicochemical properties of the
electrochemically activated solutions on the processes of soaking,

degreasing, pickling, tanning, plasticization, and on the
structuring of tissue of fur skins with different contents of fatty
substances was studied.

The effect of technological solution composition based on
fractions of electroactivated water was established and their
applications for effective processing of fur in the absence of

antiseptics and surface-active materials are verified.

The use of electrochemically activated water at the stage of

restoring the collagen structure of dermis and the degree of its

hydration, accompanied by the release of globular proteins,
carbohydrates, and lipids provides twofold acceleration of the
process. The use of the fraction of electroactivated water with
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high oxidizing power makes the lengthy phase of acid-salt

treatment unnecessary.

A low-cost technology of treating furs with different contents

of fatty substances was developed and involves the use of
solutions based on electrochemically activated water. The
technology foresees substantial economy of water and chemical
reagents, a two- to threefold acceleration of soaking and tanning
processes, and the formation of fur materials with required
physicochemical properties. The exclusion of such toxic reagents
as formalin and sodium silicofluoride from treatment allows
regarding this technology as ecologically safe compared to other
technologies of fur production.
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2. REGENERATION OF RAW HIDE WATER BALANCE BY
ELECTROCHEMICALLY ACTIVATED WATER !

Danylkovych A., Korotych O., & Romaniuk O.
Journal of the American Leather Chemists Association 115, (2020) 355-364

Abstract: Improving the collagen structure which was impacted by
curing process increases the efficiency of all subsequent structural
transformations during leather production and results in the formation
of a high-quality leather material. Herein, we studied the process of
soaking green-salted horsehides in electrochemically activated aqueous
solutions and the properties of resulting chrome-tanned leather. It was
found that the process of soaking horsehides can be effectively carried out
using an electrochemically activated solution (ECAS) — a mixture of
catholyte and anolyte at a volume ratio of 5 : 1. Using this soaking
solution, sodium sulfide (an environmentally harmful reagent), sodium
carbonate, and detergent can be completely excluded from the
technological solution. The use of ECAS at the soaking stage effectively
regenerates the water balance of horsehides while maintaining a stable
pH during the soaking process and increases the efficacy of liming and
all subsequent processes. Considering the prominent structural
differences (density and thickness) between the front and shell of
horsehide, the developed method, which utilize ECAS for soaking, allows
the entire process to be carried out on uncut horse hides instead of
processing two parts separately, which is normally required. The
chrome-tanned leather produced by the developed method in semi-
industrial conditions has elastic-plastic properties which are superior
compared to the leather produced by current technology. The developed
method also results in increasing the area yield by 2.5 %. The resulting

1 The paper was reprinted in the monograph with the permission of the copy-
right-holder — the Journal of the American Leather Chemists Association.
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elastic leather can be used for manufacturing a variety of articles,
including clothing, accessories, and footwear.

Keywords: collagen; horsehide; electrochemically activated water
(ECAW); soaking; elastic-plastic properties; leather.

Introduction

The development of innovative technologies to produce
leather materials involves implementing effective ways to carry
out a variety of chemocolloidal reactions during the processing of
natural raw materials. Improving the structure of raw hides,
particularly after the curing process during preparatory stages,
increases the efficacy of all subsequent structural transformations
and the formation of a high-quality final leather material. The use
of aqueous solutions with novel chemical compositions can
minimize the process length which is necessary to protect natural
raw materials from biological damage by microorganisms,
especially in the beginning of the hide processing [1]. These
solutions should be also scalable and inexpensive considering the
significant volumes which are used during multistage processing
of raw hides.

Activated aqueous solutions can be used as new alternatives
to technological solutions during the processing of raw hides. To
produce the activated aqueous solutions, different methods, such
as ultrasonic or electric fields, can be used [2, 3]. Treatment of
animal hides and skins with activated solutions has a number of
advantages over other varieties of water treatments which utilize
traditional technological solutions [3-5]. Particularly, activated
solutions maintain their properties, nonequilibrium
thermodynamic state and high oxidation-reduction potentials
(ORP), for a prolong time. These properties contribute to the
intensification of biotechnological processes.

Among activated solutions, electrochemically activated (ECA)
solutions have a potential role as disinfectants in medicine and
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industry due to their biocidal properties, in situ generation from
inexpensive materials (water and salts such as NaCl), and
environmental compatibility (refer to the review [6]). ECA
solutions, also denoted as electrolyzed oxidizing (EO) water,
mixed oxidant (MIOX) solutions, and electrochemically activated
water (ECAW), are produced by electrolysis of dilute salt
solutions in an electrolytic cell where the cathode and anode are
separated by a membrane. Electrochemical activation of water
yields two fractions, catholyte and anolyte, with highly specific
physicochemical properties regarding pH, ORP,
electroconductivity, and the presence of chemically active radicals
and ions. The main reactions that occur during electroactivation
of aqueous sodium chloride solutions can be summarized as
anode: ‘ cathode:
2H,0 —4e” —> 0, 1 + 4H*
2ClI~ —2e~ > Cl, 1
Depending on the operating parameters of electrolytic cell, the

‘ 2H,0 +2e~ — H, T+ 20H™

resulting anolyte solution will have a high ORP (oxidizing), a low
pH (which can be neutralized by reconfiguring the electrolytic
cell), and a variable concentration and type of chlorine-containing
moieties. The catholyte will be characterized by low ORP
(reducing) and a high pH. Catholyte and anolyte can be also
combined in a specific proportion to achieve desirable properties
of electroactivated solution. The relative volumes of catholyte and
anolyte in a given solution will determine its final pH.

As an alternative to chlorine forms and other oxidants, ECA
solutions also contain a mixture of reactive oxygen species and
free radicals. Higher organisms possess antioxidant defense
systems, whereas microorganisms generally do not. The presence
of the free radicals, with their high oxidizing effects, in the
solutions are considered of great importance to effectively
destroy a wide variety of microorganisms. The active
antimicrobial components of ECA solutions have been reported
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to include HOCI, hydroxyl radical, and other short-lived
oxidative moieties like ClOx.

Based on many reports, it has been shown that anolyte
solutions have a broad spectrum of antimicrobial activity [6, 7, 16,
17, 8-15] while catholyte solutions are characterized by their
cleaning properties, including biofilm removal [8, 10, 14, 15, 18,
19]. In addition to antibacterial and sporicidal activity, [6, 20, 21],
ECA solutions have antiviral and fungicidal activities [6, 22] and
inactivate toxins [6] while maintaining high biocompatibility [23]
and antioxidative properties [24, 25].

ECA solutions have been used in many different areas [6],
specifically for (i) the treatment and prevention of wound
infection and periodontal diseases; (ii) medical device
disinfection, including dental unit water lines [8], which if
inadequately disinfected, may harbor polymicrobial biofilms
containing potentially pathogenic organisms; and (iii) for
disinfection of surfaces [10] and food products [26-28] which may
help to control infection outbreaks.

Authors of the work [12] assessed the performance of sodium
hypochlorite (NaOCl) and ECA water in terms of disinfection
efficacy, disinfection by-products formation, and the stability of
the disinfectant with respect to storage [12]. In the absence of or at
low concentrations of dissolved organic carbon, ECA solution
showed better disinfection efficacy in terms of Escherichia coli
inactivation at both pH 5 and 7 while forming fewer by-products.
Also, ECA solution was more stable during storage compared
with NaOCI solution. Acidic ECA solution retains useful
bactericidal activity for more than 12 months, which can
significantly expand its potential applications [22]. During the
recovery of ECA solution, the chemical components of the
solution will shift spontaneously from their thermodynamically
unequilibrated conditions to a stable non-active form. Thus, ECA
solution will slowly revert to a dilute salt solution without
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presenting any environmental hazards. Moreover, ECA solutions
can be effectively inactivated by organic matter and are
considered as “green biocides” which can help to reduce the
consumption of free chlorine and replace other toxic chemicals
[22].

Many industrial processes can benefit from utilizing ECA
solutions. For example, the high potential of catholyte as an
environmentally friendly alternative to laundry detergents for
sustainable consumption of cotton textiles have been described
[18]. In addition to its cleaning properties, catholyte also exhibits
a plasticization effect on the collagen structure of the dermis of
leather materials which results in reduced stress at the final stage
of product formation during footwear manufacturing [29]. As a
result of the catholyte treatment of the leather part of fur and
leather, the plasticity of the materials has been restored [30, 31].

Experimentally, the use of both catholyte and anolyte in the
processing of raw fur materials was reported previously [32]. The
anolyte was effectively used in the process of restoring the
collagen structure of the raw material and releasing inter-fiber
proteins, polysaccharides, and partially lipids [32]. Owing to
anolyte bactericidal properties it was possible to carry out the
process without adding antiseptic substances. At the second stage
of soaking and degreasing the raw biomaterial, catholyte was
used to remove the remaining lipids. The use of ECA solutions
resulted in decreasing the time required to process fur materials
without the application of toxic reagents [33].

Thus, the results of the aforementioned studies specify the
particular physicochemical, cleaning, and antiseptic properties of
the ECA solutions, especially, for processing plant and animal
raw materials. This can indicate their promising application for
the improvement and development of innovative methods for
producing leather and fur. Utilizing solutions with a broad
spectrum of antimicrobial activity at the preparatory stages
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becomes especially highly important after a new kind of bacterial
defect on hides/skins and leather has been identified as a
microbial biofilm which differs from the previously well-known
bacteria-borne defects such as hair slip, red discoloration, and
grain pilling [1].

Goal and tasks of the research

Thus, the goal of this work was to study the process of soaking
green-salted horsehide using electrochemically activated
solutions. To achieve this goal, the following tasks were defined:

— to determine the effect of various fractions of
electrochemically activated water on the kinetics of water
absorption by different areas (cuts) of horsehide;

— to establish the relationship between water sorption by
horsehide and pH of the solutions used during the soaking;

— to determine the effect of the soaking process on the
chemical composition and properties of the chrome-tanned
leather which was produced by the developed method including
soaking in electrochemically activated aqueous solutions in the
semi-industrial conditions.

Materials and Methods
Leather, as a natural material, can differ significantly in

properties not only between different
types of hides and skins but also

Double between its different regions [34].
Horsefront The difference in properties between
various regions is the most
prominent for horsehides, yet the
information on the tear strength
variability and collagen fibril
orientation together with other
properties across horsehide are very
scarce.

Fig. 1. Standard horsehide
leather cuts.
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In this study, the green-salted horse raw hide with the
thickness and initial moisture content in the areas of the
horsefront and shell (Fig. 1) equal to 2.2-2.7 mm and 47.8 % and
4.8-5.9 mm and 44.1 %, respectively, were used.

Laboratory testing. After raw hide fleshing and mechanical
removal of its pelage, and before soaking, three samples (approx.
100 g each) were cut out from the horsehides and washed with
water (50 % excess of the total sample mass) for an hour at 26—
28 °C. Washing and soaking were carried out at a rotational speed
of 15-17 rpm (in a vertical plane) using custom-made laboratory
equipment shown in Fig. 2.

Fractions of ECA water — anolyte and catholyte with a pH 3.3
and 10.3, respectively, were produced by electrolysis of 5 mM
NaCl solution in an electrolytic cell (Ekovod, technical specifica-
tions: TU ¥29.1-1285006876.001-2000) with a silicon anode, a steel
cathode, and an ion-exchange cotton membrane [35,36]. For the
regeneration of water balance which was affected during the cur-
ing process and transportation, horsehide soaking in solutions
based on ECA water was studied. Particularly, catholyte, catho-
lyte supplemented with
Na2S (2 g/L), and 5 : 1 catho-
lyte-anolyte mixture was
used to study the kinetics of
water absorption. For con-
trols, distilled water and in-
dustrial soaking solution
[37] containing non-ionic
surface-active substance
SPK-50 (0.25 % of the sam-
ple mass, technical specifi-
cations: TU 2484-014-
22284995-99), sodium

Fig. 2. Photo of custom-made equip-
ment used for washing and soaking
of horse rawhide.
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carbonate (0.45 % of the sample mass), and sodium sulfide
(0.30 % of the sample mass) were used.

The pH of the soaking solutions was measured with a pH me-
ter (Gomel Plant of Measuring Devices, pH-340), while water con-
tent of the samples was determined gravimetrically.

For water absorption studies three samples per group were
cut from the right and left half-skins of cured raw hides after their
fleshing in the form of symmetrical strips close to the line
separating front and shell. After removing the hair with a razor
blade knife, the samples were weighted on scales (AXIS, AD200).
After all the samples were washed simultaneously, they were
carefully but thoroughly dried with filter paper to remove the
excess surface water and weighed again. This procedure was
repeated after 2, 4,7, 17 h (Fig. 3) and 1, 3, 6, 16 h (Fig. 4). The
water content in the samples was calculated according to the

following formula:

1

m _mz
WA =————100 %,
m;

where WA — water absorbed by the sample [%]; m1 and m2 — the
sample weight before and after drying [g]. To determine the dry
weight after measurements the samples (2-2.5 g) were dried at
102 (£ 2) °C for 4 h, equilibrated for 30 min in exicator at room
temperature, and weighted.

Semi-industrial testing. After laboratory experiments, the
horse hides were processed in semi-industrial conditions using
the developed method and the current technology as a control. In
the developed method a slightly alkaline ECA solution obtained
by mixing catholyte and anolyte fractions at volume ratio 5: 1
was used for soaking. In the developed method the soaking
process was carried out using three halves (~1.2 m? each) of hides
along the back bone line, while according to the current
technology the horsefront and shell were processed separately
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yielding, respectively, elastic and boardy leather materials
(Fig. 6).

For removal of the epidermis and hair from the horse pelts,
the raw hide was further subjected to liming using a mixture of
calcium hydroxide (4 % of the sample mass) and sodium sulfide
(3 % of the sample mass). The processing of horse raw hides was
carried out in a revolving drum (Doze, 0.39 m?) at a private joint-
stock company “Chinbar” (Kyiv, Ukraine). Further processing of
the limed hides, including deliming, pickling, tanning, shaving,
neutralizing, tanning with chromium salts and plant extracts, fat-
liquoring, samming, setting out, and final drying, were
performed according to the previously described technology [37].
Briefly, the horsehide after tanning with chromium (III)
compounds (technical specifications: TU 2141-033-54138686-2003)
was skiving to a uniform thickness of 1.4-1.5 mm; post-tanned
with chromium (III) compounds in the amount of 2 % of the hide
mass; neutralized with a mixture of sodium formate and sodium
bicarbonate with a weight ratio of 4 : 1; filled with organic
compounds: acrylic polymer Retanal RCN-40 (Cromogenia Units
SA, 4 % of the hide mass) and quebracho (5 % of the hide mass);
and fat-liquored with Trupol RA (Trumpler, 8 % of the hide
weight mass). The filling-fat-liquoring process was completed
after fixation of reagents in the structure of re-tanned hides with
10 % formic acid at pH 4.2. After the drying-moisturizing
processes [38], the samples of the resulting semi-finished leather
were set out.

Physicochemical characterization. The chemical composition
and physicomechanical properties of the leather samples were
determined by the methods described in our previous work [39]
after their conditioning at 20 (+ 2) °C and 65 (+ 5) % relative
humidity of the air (ASTM D1610-18). Briefly, the total ash was
determined thermogravimetrically after oxidizing the sample
(7.5 g) in air at 600 (+ 25) °C until constant mass was reached
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(ASTM D2617-17a and GOST 938.2-67). The weighed residual
matter, termed "ash", was calculated as a percentage from the
original sample. Liquid pycnometry was utilized to measure the
apparent density of the samples (10 g) at 22 °C using kerosene as a
solvent. Considering that collagen is the primary structural
element in the extracellular matrix in animal hides/skins, the heat
resistance of leather against shrinkage was characterized by the
hydrothermal denaturation or shrinkage temperature (Ts) of collagen
molecules [40] by gradually heating the sample in a mixture of
glycerol and water with a 4 : 1 weight ratio at the heating rate of
2-3 °C/min (ASTM D6076-18 and DSTU 2726-94). Before the
measurements, the samples were thoroughly soaked in water for
4 h at 20 (= 1) °C. Chromium content was determined by iodometric
titration and expressed as the mass fraction of chromium (III)
oxide. Mechanical properties (tensile stress and elongation) were
measured using a tensile testing machine (PM-250M) at extension
rate 90 mm/min. Initial length of 10 mm wide leather samples
between clamps was 50 mm.

Content of the bound organic tannins (BOT) [%] in the leather
samples was calculated using the following formula:

Wpor = W, — Wy,

where w; = 100 — (wry + wos + Wews) — the mass fraction of
leather substances on the dry weight [%]; wy4 — the mass fraction
of total ash (GOST 938.2-67) [%]; wos — the mass fraction of
organic substances (OS) extracted with organic solvents (OS)
(GOST 938.5-68) [%]; wows — the mass fraction of organic water-
soluble substances (OWS) (GOST 938.6-68) [%]; wy — the mass
fraction of nitrogen-containing water extractable materials
(determined according to the previously described methodology
[38], ASTM D6016 — 17) [%].

The content of substances extracted with organic solvents was
determined using a Zaichenko extraction apparatus. A crushed
sample (5 g) within a paper shell was put into the extractor and
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solvent extraction with tetrachloromethane was carried out for
1.5 h. After solvent evaporation under vacuum, the fatty
substances were dried in an oven at 128-130 °C for 1 h. After
cooling the flask in the desiccator, the flask with unbound fatty
acids was weighed and the mass fraction of OS was calculated.

To calculate the yield, the surface area of leather was
determined using specialized electromechanical machinery (Svit,
model 07484/P1).

Results and Discussion

Structure and composition of raw leather material. Collagen
is the main and the most abundant structural protein in the
extracellular matrix of various animal tissues, including skin,
bone, and tendon. The fibrous collagen provides tensile strength,
while glycosaminoglycans (GAGs), covalently linked to proteins
to form proteoglycans, act as space-fillers and provide resistance
to compression [41]. Skin components such as keratin, albumins,
and globulins together with GAGs (e.g., hyaluronic acid),
proteoglycans (e.g., dermatan sulfate), triglycerides, and lipids
are usually removed during the earlier stages of hide and skin
processing [42]. Removal of these non-collagenous proteins is a
necessary step to produce soft leather material as it allows the
collagen fiber structure to split apart. This “opening up” effect
results in a successful implementation of all subsequent structural
transformations.

Many varieties of collagen have been identified; for example,
mammals have about 20 different genes which code various
forms of collagen [41]. As a function of structure and
supramolecular organization, collagen can be classified as fibril-
forming (types L, II, I1I, V, and XI), fibril-associated (types IX, XII,
and XIV), or network-forming (types IV, VII, VIIL, and X) [43].
Tropocollagen, a collagen molecule, being a right-handed triple
helix stabilized mostly by hydrogen bonding is the major
structural element of collagen. Heterotrimers of two a1(I) and one
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a2(I) protein chains which only slightly differ in amino acid
sequence are the dominant isoform of type I collagen. The
polypeptide chains contain glycine at every third position and
have a high proline and hydroxyproline content [41, 42]. All
collagen molecules in a precursor form, called procollagen, are
synthesized intracellularly by connective-tissue cells and then
secreted by exocytosis. Additional peptide extensions at each end
of procollagen hinder premature assembly of collagen molecules.
Extracellular enzymes, procollagen proteinases, cut off these
terminal extensions to allow collagen assembly only after the
molecules have been extracted. At each end of the helical region
of the procollagen molecule, there is a non-helical region known
as telopeptide. Collagen, being a multi-hierarchical structure, is
organized in four levels of macromolecular structure: first the
collagen molecules pack together into collagen fibrils, then the
fibrils are further organized into larger fibril bundles, then they are
arranged into fascicles, and finally — into fiber bundles.

Water absorption by horse raw hide. The chemical treatments
and mechanical processes used to produce leather from hides and
skins result in structural changes in collagen fibrils and their
supramolecular organization [44]. Even though the general
chemistry used in hide and skin processing is well-known, the
structural changes at the level of the collagen fibrils is just started
to be revealed utilizing x-ray scattering techniques [45—47].
Herein we focused on the macroscopic effect of the composition
of the soaking solutions on water sorption by horsehide and the
correlations with the properties of corresponding final leather
material.

Generally, the water sorption of collagen and other fibrous
proteins in acidic and alkaline solutions is predominantly
governed by the osmotic pressure difference arising between the
protein phase and the external solution and by protein cohesion
[48]. According to the literature data, the isoelectric point of
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collagen, which can be affected by the nature and ionic strength
of the salts presented in the solution, is 4.7, although a second
critical point in the collagen behavior has frequently been noted
at pH 7.7 [49]. The maximum equilibrium swelling is usually
observed at an external pH between 2-3 and 11-12, while the
minimum — at the isoelectric point [50].

The kinetics of water absorption by green-salted horsehide
was determined for tech-
nological solutions with

45

40 m = different compositions
35 = (Fig. 3 and Fig. 4). It
30 o should be noted that the
= o soaking process of the
gzs X raw hide was carried out
20 after washing the salt off
151 X the samples. To estimate
% the sorption of ECA so-
0% lution by the dermis, the
S b 4 6 s w4 g sSOaking process was also
t[h] carried out using dis-

Fig. 3. Kinetics of water absorption
(WA) by the dermis of horse rawhide in
a 5 : 1 mixture of catholyte and anolyte
(1) and in a control soaking solution ac-
cording to existing technology (2) for
horsefront (a) and strip (b) areas.

tilled water as an addi-
tional control (Fig. 4).
As it can be seen
from the data, after
rapid solution uptake
within the first 3 h, a
further increase in water

content, which was not complete after 16-17 h, was observed. The
results also indicate that solution composition significantly affects
the kinetics of water absorption and the final water content in the
samples. The most prominent effect was observed for the sample
soaked in the mixture of catholyte and anolyte with a 5 : 1 volume
ratio (Fig. 3) and catholyte (Fig. 4). This is manifested by faster

Page | 39



45 water absorption,

) . a @ | especially in the
. . A begmm.ng of the soaking,
A and a higher water
_® b “ | content after 17 h of
1325 , 2 B ¥ soaking compared to the
;2 oid  H g e control group (existing
technology). After the
5 g A first hour of soaking, the
10 -}2(}2( horsefront absorbs twice

A as much water as the
¢ 2 4 8 0 12 1 16 ghell. Additionally, the

Fig. 4. Kinetics of water absorption pH of the solution is

(WA) by the dermis of horse rawhide reduced to a greater
in catholyte (1), catholyte and Na2$ extent for the control
(2), and distilled water (3) for horse- group (ApH =3.4) and

front (a) and strip (b) areas. for catholyte group
(ApH =3.1) compared

with the mixture of catholyte and anolyte for which the pH
difference was 1.1 (Fig. 5).

The water sorption by horse raw hides is sensitive to the
solution pH and its composition and increases with increasing
pH until it reaches a maximum at 8.2 (Fig. 4 and Fig. 5). At pH
lower than 8.2 the water content is decreased, while at higher pH
it remains almost the same for horsefront or decreases for shell.
The effect of solution composition can be seen comparing the
kinetics of swelling horsehide in catholyte supplemented with
Na:S and in control soaking solution. Even though the initial pH
of the solution is the same, the water sorption rate and the water
content is lower for the samples swollen in the latter solution.

The water sorption by horsehides, in addition to hydration of
hydrophilic groups of macromolecules, can be also explained by
the local change in the protonation degree of carboxyl groups of
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Fig. 5. Change in the pH of technologi-
cal solutions during soaking of horse

. during dissociation of
rawhide. &

carboxyl groups. The
electrostatic repulsion between negatively charged carboxylate
groups and an increased ion concentration inside the dermis due
to ionization will result in an increase in osmotic pressure which
can cause the observed increase in the water content. In addition
to the increased osmotic pressure, the increased mobility of the
collagen macromolecules due to the disruption of some of its
physical and chemical crosslinks and removing (washing out) of
non-collagenous components of the dermis can also contribute to
the increased water content. Furthermore, negatively charged
polysaccharide chains of GAGs even at low concentrations can
form hydrophilic gels: their multiple negative charges at carboxyl
groups attract cations, such as Na*, that are osmotically active,
causing large amounts of water to be absorbed by the sample.
This gives rise to a swelling pressure, which is balanced by
tension in the collagen fibers interwoven with the proteoglycans.
[41].
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During the soaking process using an industrial soaking
solution, uneven hydration (blistering), caused by the lower
density of the outer layers and faster water absorption of alkaline
solution (pH 10.7) which results almost in complete ionization of
carboxyl groups, was observed. A similar effect of water
absorption by the skin dermis was also found for the samples
soaked in alkaline solutions of catholyte with and without
sodium sulfide with pH 10.3 and 10.7, respectively. A uniform
hydration, probably due to less rapid pH change, and more
effective and homogeneous water absorption by the whole
dermis using catholyte and anolyte mixture can indicate deeper
changes in the structure of the dermis on the microfibrillar level.

Generally, faster kinetics of water absorption was observed for
the horsehides soaked in electroactivated solutions (Fig. 3 and
Fig. 4). This effect can be explained by the declasterization of the
water structure after its activation and additional changes in the
water structure and water/macromolecule interactions in the
presence of ions and free radicals [32].

Among tested soaking solutions, the catholyte and anolyte
mixture provides uniform swelling without blistering and more
effective regeneration of water balance of raw leather material
while maintaining a stable pH during the soaking process. Higher
water content in the horsefront and shell samples soaked in a
mixture of catholyte and anolyte and a smaller difference
between them compared with the control group (Fig. 3) indicates
the possibility of simultaneous processing of the whole hide
rather than processing the two parts separately (i.e., horsefront
and shell).

Thus, in slightly alkaline solutions with moderate salt
concentration (to avoid electrostatic screening and corresponding
decrease in hydration) the water sorption will depend on solution
solubilizing efficacy and its ability to decrease the collagen
crosslinking degree.
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The higher content of organic substances extracted from the
raw material after soaking in ECA solution (Table I) compared
with the control group (industrial soaking solution) also indicates
more effective interaction of the activated water with the
components of the dermis. This effect is more pronounced for the
samples from shell which contains more soluble proteins and
GAGs than the horsefront. Despite increased density of shell
samples compared to the horsefront samples, 5.6 % more organic
substances were extracted from the former samples. It should be
noted that the process of soaking the shell samples in activated
solutions is accompanied by significant foam formation indirectly
indicating the extraction of GAGs along with other water-soluble
proteins.

Table I. Content of inorganic and organic substances in solutions after
soaking of horsehide, apparent density, and hydrothermal stability.
Mass fraction of

. Densit
Area Solution substances [%] e/ 3%1 Ts[°C]
. . . cme
lnorganlc organlc
Horse. | tholyte+ 144+03 | 85617 |118+0.04| 64006
anolyte
front | 0ol 154+03 84.6+17 |1.18+0.04| 63.0+0.6
CERTER 134+03 | 866+17 |124+0.04| 62.0+0.6
Shell |anolyte
control 182+ 0.4 811+1.6 |121+0.04| 63.0+0.6

Based on the results, soaking the horsehide in solutions of
ECA water results in a higher efficacy of carrying out this process
using a mixture of catholyte and anolyte at a volume ratio of 5: 1
with pH 8.2. This eliminates the need to use the environmentally
harmful sodium sulfide for soaking and facilitates the process
with a smaller change in pH at the initial soaking stage. Higher
water content and less variation in water content between the
horsefront and the shell after soaking using a mixture of catholyte

and anolyte compared with the control indicate the possibility of
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carrying out the entire technological cycle of manufacturing
leather from green-salted raw hide using the whole horsehide.

Properties of the horse leather produced in semi-industrial
conditions. To test the developed method in the semi-industrial
conditions, the three half-skins from green-salted horse hides
were used. The differences between developed method and
current technology are summarized in Fig. 6.

Soaking Solution
Current E Na,S + Ca(OH),+

technology detergent, pH 10.7

— V&s

Developed

method

Fig. 6. The differences in soaking stage between developed method and
current technology during semi-industrial processing of horse raw hides.

Table I1. The content of inorganic substances in the pickled horsehides
processed using developed method and existing technologies.
Technology / Method | Leather cut | Ash [%]
horsefront | 0.92 +0.02
shell 1.18 +0.02
horsefront | 0.85+0.02
shell 1.05 +0.02

Developed

Existing

The results of the liming process are shown in Table II and
Table IIL. As it can be seen from the data, the pickled horsehide
produced by the developed method contains 8.2 and 12.4 % more
inorganic substances for horsefront and shell areas compared
with the existing technology. This indicates the profound
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structural changes in the soaked hides using ECA water,
especially within the denser parts of raw hides — shell.

The properties of leather material are closely related to
organization and supramolecular structure of collagen and results
from the interplay of electrostatic, hydrophobic, and van der
Waals interactions in addition to hydrogen and covalent bonds
[43]. During liming in a strongly alkaline environment further
disruption of intra- and intermolecular bonds within fibrous
collagen structure and the formation of weakly dissociated salts
of calcium hydroxide with carboxyl groups were observed [52].
The hydrothermal stability of a leather material will reflect the
stability of collagen structures at the molecular level and at
several levels of supramolecular structure [43]. The shrinkage
temperature of leather is affected by many different factors, most
of which appear to alter the number and nature of crosslinks
between adjacent polypeptide chains of the collagen protein
macromolecules [53-56]. The value of the shrinkage temperature
of leather is commonly used as an indicator of the type and
degree of tannage, or both. For both the developed and current
method, this is testified by a decrease in the density after liming
with a corresponding decrease in hydrothermal stability (Table III
and Table IV). Based on shrinkage temperature, the pickled horse
half-skins processed according to the developed method are
structurally more “opened up” and prepared for the effective
tanning-fatliquoring.

Table I11. Properties of pickled horsehides limed in semi-industrial
conditions according to the existing technology.
Technology /| Density [g/cm?] Ts[°C]
Method |horsefront| shell |horsefront| shell

Developed | 1.03+£0.03 | 1.12+0.03 | 51.0+0.5 | 57.5+0.6
Existing 1.03+0.03 | 1.12+0.03 | 52.0+0.5 | 59.0+0.6
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The half-skins processed by the developed method and
current technology in semi-industrial conditions after drying-
moisturizing treatments were analyzed based on their chemical
composition and physicomechanical properties (Table IV).
Comparative analysis of leather samples obtained according to
the developed method indicates a higher content of tanning
compounds of chromium and organic matter than those obtained
by existing technology. At the same time, the amount of unbound
fatty substances is 6 and 12 % higher for areas of horsefront and
shell processed using the developed method. These data correlate
with the heat resistance of leather samples. The filled leather
obtained according to the developed method is 2-3 °C more
hydrothermally stable.

The increased content of fatty substances and uniform
distribution within the structure of the leather obtained by the
developed method will promote the mobility of the collagen
fibrils under deformation. This statement is confirmed by the
observed decrease in the density and increase in elastic-plastic
properties of the leather material. This is especially true for the
tensile strength and deformation of leather from the horsefront
and shell areas. Both characteristics increase by 9-11 % (tensile
strength) and 8-9 % (elongation before fracture).

Overall, the developed method utilizing ECA solution for
soaking provides an efficient regeneration of water balance of
horse raw hide and its further processing. This is also evidenced
by an increase in the area to 0.4 m? per 100 kg of raw hides. Based
on the studied properties, the resulting leather can be used for
manufacturing of clothing, accessories, and footwear.

Summary

It was established that the process of soaking of horse raw
hides can be effectively carried out using the ECA solution — a
mixture of catholyte and anolyte at a volume ratio of 5 : 1. The
environmentally harmful reagent which is commonly used for
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leather soaking, such as sodium sulfide, together with sodium
carbonate and surface-active substance(s) have been completely
excluded from the composition of the soaking solution.

Table 1V. Characteristics of the filled leather.

Technology / Method
Parameter
developed | existing
Mass fraction * [%]
Cr0 4.1+ 0.08 3.8+0.08
itk 36+008 33+008
87+0.2 82+0.2
— substances extracted with OS = =
6.6 £ 0.1 59401
) ) 129403 | 12240.2
- bound organic tannings
8.7+ 0.2 79102
115+1 113+1
Shrinkage temperature Ts [°C] — —
111+1 108+1
) 0.63 +0.02 | 0.65 + 0.02
Density [g/cm?]
0.66 £ 0.02 | 0.70 £ 0.02
Tensile strength [MPa] 19.7+12 | 17.7+11
enstie streng 2 226+ 14 | 208+ 12
. 36 £2 34+2
Elongation at 10 MPa [%]
25+3 24+1
67 £ 4 6214
Elongation before break [%] — —
49+3 45+ 3
Yield [m?/(100 kg of raw hides)] | 15.1+03 | 14.7+0.3

Note: The numerator and denominator correspond to the values for horsefront and shell,
respectively, while * denotes that the mass fraction was recalculated on the dry basis.

Taking into account the peculiarities of the structure of horsehide,
particularly, drastic difference in the thickness and the density of
the horsefront and shell, an effective regeneration of water bal-
ance of the dermis takes place when a mixture of catholyte and
anolyte is used to provide a stable pH environment during entire
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soaking process. The higher water content for the horsefront and
shell samples during soaking and smaller difference between
them compared to the samples processed using existing technol-
ogy provide (1) the effective process of liming and (2) the basis
for the processing of the whole horse raw hide at once into elastic
leather. Soaking of green-salted horse raw hides in a mixture of
catholyte and anolyte results in the formation of leather with the
increased elastic-plastic properties and increase area yield by

2.5 % compared with the existing technology which involves sep-
arate processing of the horsefront and shell. The leather made
from the horse raw hides processed using the developed method
meets the requirements of DSTU 3115-95 “Leather for garments.
General specifications” and the international standard ISO
9001:2008 for “Quality management systems — requirements”,
and can be used for manufacturing of clothing, accessories, and
footwear.
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3. THE INFLUENCE OF ELECTROCHEMICALLY ACTIVATED
WATER ON RAW HIDE SOAKING AND
PHYSICOMECHANICAL PROPERTIES OF LEATHER 2

Romaniuk O. & Danylkovych A.

Bulletin of the Kyiv National University of Technologies and Design. Technical
Science Series 5, 114 (2017) 196202
https:/ler.knutd.edu.ua/handle/123456789/8017

Goal. To investigate the influence of raw hide soaking in
electrochemically activated water on physicomechanical properties of
leather.

Methodology. The efficacy of soaking of hides, preserved by different
methods, in electrochemically activated water — catholyte with different
pH values, was examined with regard to moisture content and
plasticity, while physicomechanical properties of leather were evaluated
by tensile strength, elongation, and stiffness.

Findings. The advantages of using electrochemically activated water
(catholyte with pH 8.5, 10.0, and 11.5) for soaking of green-salted and
air-dried hides with moisture content of 56.2 and 12.3 %, respectively,
consist in restoring moisture content close to the native state of green
hide, increasing plasticity, and achieving physicomechanical properties
of the leather that meet the standard requirements.

Originality. The effect of hides soaking in electrochemically activated
water on dermis plasticity and physicomechanical properties of the
leather was studied.

Practical value. Application of electrochemically activated water
instead of chemicals used in the soaking solutions for the existing
technology results in producing leather with higher quality, reduces the

2 The title has been modified; the original title is “The influence of
electrochemically activated water on raw hide soaking and physico-mechanical

properties of leather”. The original paper was published in Ukrainian.
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| soaking process by 1.6-2.0 times, and increases environmental
| friendliness of the leather processing technology.

Keywords: green-salted hides; air-dried hides; soaking; activated water.

Introduction

High-quality leather material can be formed by the
implementation of technologies based on science using highly
effective chemical reagents and raw materials of proper quality
without damages which could be caused by curing.
Predominantly the type of raw materials determines the method
of preservation — green-salting, dry-salting, etc. At the same time,
larger hides are mainly preserved by green-salting or brining,
while smaller hides (skins) — by dry-salting or air-drying [1].

In multistage processing of raw leather materials, the special
role belongs to the soaking process during which the structure
and moisture content are getting restored and all subsequent
physicochemical processes of the corresponding technology —
effectively implemented. Among the above curing methods, the
air-dried raw leather materials lose the highest amount of water,
the content of which varies widely depending on the species, age,
and living conditions of animals. Therefore, for the soaking
process, which requires significant volumes of aqueous solutions
[2], a particularly urgent problem is the exploration and
development of new efficient chemical reagents with high
diffusion capacity to ensure (1) the distribution of technological
solutions of chemical reagents within the leather structure, and
(2) the diffusion, first of all, of preservatives and globular proteins
from a semi-finished product. At the same time the technological
solution must have bactericidal properties to prevent the
development of microorganisms and defects in raw leather
materials. To prepare this solution, electrochemically activated
(ECA) water can be used, whose chemical activity is a result of
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the presence of highly active ions and radicals [3, 4] and the
absence of a water clustered structure [5].

Soaking of the raw leather material [6] using electrochemically
activated water fraction — catholyte, intensifies the process twice
as compared to the existing technology, while significantly
reduces the costs of chemicals and water in the tanning processes
of the formation of leather material and excludes from the process
such toxic reagents as formalin and sodium hexafluoro silicate.

A solution based on catholyte with the addition of benzyl
alcohol or glycerin can be used to treat fur before dyeing [7]. To
improve the plastic properties of the dermis of fur and leather, a
solution containing catholyte, sodium chloride, glycerol, and
glyoxal can be utilized [8].

Thus, the use of electrochemically activated water for
preparation of the technological solution of chemical reagents for
soaking leather materials can be promising, since it helps to
shorten the duration of the process, consumables, and improve
the physicomechanical properties of the semi-finished leather
product.

Problem Statement

Investigation of the efficiency of electrochemically activated
water fraction — catholyte, for soaking raw cattle hides cured by
various methods and comparative analysis of the plasticity of
pickled hides and physicomechanical properties of the finished
leather manufactured according to the developed and existing
technology will be carried out.

Methods and Materials

In the study, we used green-salted and air-dried cattle raw
leather materials from the bend area with a thickness of 2.6 mm
and a moisture content of 56.2 and 12.3 %, respectively. The
5x15 cm samples were assembled into batches using the
previously described [9].
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To prepare the technological solution, electrochemically
activated water fractions — catholyte with a pH of 8.5, 10.0, and
11.5 were used at 25-27 °C. Catholyte was obtained using the
electroactivator of the scientific and production company
“Ekovod” (technical specification TU U29.1-1285006876.001-2000)
with the addition of 0.2-0.5 g/L sodium chloride [10].

Soaking of green-salted raw materials was carried out in
catholyte with a liquid coefficient (LC) of 1.3-1.5 L/kg for 4 and
6 h. Air-dried samples were pre-soaked in catholyte for 10 and
12 h with LC 2.0 L/kg of the weight of green hide. After that, the
samples of raw materials were kneaded in a mobile apparatus
with a LC of 1.5 L/kg at a rotation rate of 8-12 rpm for 1.5 and 2 h
and soaked at a LC of 1.3-1.5 L/kg for 5, 7, and 8 h.

For the control samples the processing time of green-salted
raw materials was up to 8 h using 0.5 % sodium carbonate [2],
while for samples from air-dried raw materials the processing
time was up to 30 h including preliminary soaking stage which
lasted for 19 h. The presoaking solution contained sodium
sulfite — 0.8 %, surfactant — 0.3 %, and sodium hexafluoro
silicate — 1.5 % of the weight of the raw material. At the same
time, for the soaking of air-dried samples sodium carbonate in an
amount of 1.5 % of the weight of the raw material was used [11].

All subsequent processes and operations with tested and
control samples were carried out using the existing technology.

The efficiency of soaking of raw leather materials in
electrochemically activated water was investigated by
determining the moisture content in the dermis [9] and skin
plasticity, which was determined by the magnitude of the relative
deformation under the force equals 25 % of the breaking load
(load mode) and after being in a free state (discharge mode). The
duration of each mode was 5 min [12].

Physicomechanical characteristics of leather materials —
strength and deformation, were determined after drying-
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moisturizing processes according to the previously described
procedure [9]. The samples were deformed using a tensile testing
machine RT-250M at an extension rate of 80 mm/min. The
stiffness was measured using the device for testing the stiffness
and elasticity PZhU-12M (State-owned enterprise “Scientific
Research Institute “Elastik”, Ukraine). The results of treatments of

green-salted raw materials under three different conditions are
listed in Table I.

Results and Discussions

As it can be seen from the results (Table I), the moisture
content of the raw leather material depends on the pH of the
catholyte and increases with increasing pH reaching a maximal
value for treatment 3. The final pH of the technological solutions
is reduced by 1.5 units in comparison with the initial pH under all
experimental conditions. In comparison with the existing
technology, for treatment 1 and 3 a corresponding decrease and
an increase in moisture content are observed, whereas for
treatment 2, when the processing time is reduced by half, the
moisture content in the dermis is almost the same. It should be
noted that in the existing technology, alkaline and surface-active
reagents are used to achieve the required moisture content
(67.1 %).

Table I. Technological aspects of soaking green-salted raw materials in
activated water.
Soaking treatment

Indicator 1 ) 3 4
pH of catholyte
- initial 85 | 10.0 | 11.5 | 9.5
- after soaking 70 | 85 |10.0 | 9.0

Liquid ratio [L/kg] 15 | 14 | 13 | 14
Processing time [h] 6 4 4 8
Moisture content [%] | 64.9 | 67.5 | 69.0 | 67.1
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A denser structure of air-dried bend samples accounts for a
significant loss of moisture, thus the sample pre-soaking and
subsequent kneading, which increases the overall process
duration, is required. The nature of the pH dependence of the
water absorption of raw materials of this type of preservation is
similar to that for green-salted raw materials (Table I), but with
slightly lower moisture content (Table II).

Table II. Technological aspects of soaking air-dried raw materials in
activated water.

. Soaking treatment

Indicator 1 ) 3 4
pH of catholyte
— initial 85 | 10.0 | 11.5| 95
— after soaking 70 | 85 |10.0 | 9.0
Liquid ratio [L/kg]
- pre-soaking 20 | 20 | 20 | 20
- kneading 1.5 | 15 | 1.5 | 1.5
- soaking 1.5 | 14 | 13 | 14
Processing time [h]
- pre-soaking 12 | 10 | 10 | 19
- kneading 20 | 15 | 20 | 15
- soaking 80 | 5.0 | 70 | 85
Moisture content [%] | 61.1 | 66.2 | 68.3 | 65.8

Since the hydration degree of the dermal collagen of the raw
leather material is defined by the collagen structure, the
approximation of the moisture content in samples to its value in
the native state of raw materials (at least 65 %) indicates that the
soaking process is effective for treatment 2. This can be explained
by (1) the interactions of the stratified structure of the collagenous
raw material with activated water and a different effect of the pH
of the catholyte on the diffusion kinetics predominantly from the

subcutaneous tissue side and (2) the effective interactions of free
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radicals and water ions with interfibrillar glycosaminoglycans, fat
inclusions, and collagen polypeptide chains. Soaking in catholyte
with the initial pH 8.5 completed with insufficient hydration of
the raw leather material due to the reduced water content in the
dermis. With an increase in the initial pH up to 11.5, the increased
concentration of ionized molecules of water and its free radicals
facilitate enhanced water diffusion into the dermis from the
subcutaneous tissue side, which resulted in a slight swelling.

After the soaking stage, the moisture content and elasticity of
the semi-finished product is controlled, usually organoleptically.
The method used to determine the plasticity [12] allows studying
all the samples simultaneously, and based on the elongation val-
ues, obtained in unloading mode, calculations were performed,
the results of which are shown in the Fig. 1.

Samples of green-salted and air-dried raw leather materials af-
ter soaking in catholyte according to treatment 2 were soft to
touch across the entire area and had greater plasticity. This con-
firms the theory [13], according to which the untanned collagen
has a loose spatial mesh which allows depending on the moisture
content under tensile stretching to get an oriented alignment of
polypeptide chain segments and also longitudinal sliding of the
chains relative to each other.

Therefore, the value of the total deformation in the case of ten-
sile stretching of the sample (load mode) increases, which is the
reciprocal to elastic deformation (unloading mode), in addition,
with increasing moisture content the deformation relaxation time
increases.

The leather samples were obtained by the implementation of
all subsequent technological processes and operations by
applying the existing technology to the samples of green-salted
and air-dried raw leather materials soaked using the above four
treatments. The physicomechanical properties of the leather
samples are listed in Table III.
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Fig. 1. Plasticity of dermis leather of
bend samples after soaking under four
different treatments the green-sated (a)
or air-dried (b) raw leather materials
using catholyte.

4

According to the
results (Table III), the
highest value of the
elongation at 10 MPa of
the leather samples from
treatment 2 corresponds
to the maximal plasticity
index, while the lowest
value of elongation for
leather samples from
treatment 1 corresponds
to the minimal value (Fig.
1). Thus, it can be
assumed that the degree
of leather elongation at 10
MPa or under tensile
stretching is consistent
with the plasticity
magnitude of raw leather
material after soaking. As
it is known, tanning
increases the density of
spatial collagen mesh
resulting in increased
stiffness and reduced
orientation of the
elements of its structure
under force application.
Therefore, for leather
samples (treatments 1

and 3) with lower elongation values at 10 MPa, greater stiffness
values are observed, and for the leather sample from treatment
2 — the stiffness value is the smallest. In addition, for leather
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samples from treatment 2, made from both green-salted and air-
dried raw materials, the tensile strength at fracture onset on a
grain is greater than in the samples from other treatments.

Table I11. Physicomechanical properties of leather obtained from green-
salted and air-dried raw materials.

Soaking treatment
1 2 3 4

224 | 20.0 | 182 | 19.5
21.0 | 19.2 | 17.3 | 18.7

Indicator

Tensile strength [MPa]

Tensile strength at fracture 165 | 19.0 | 17.8 | 18.2
onset on the grain side [MPa] 14.8 | 185 | 16,5 | 17.0

Elongation [%]

21.7 | 31.0 | 24.0 | 29.0
24.0 | 33.0 | 26.0 | 32.0

—at10 MPa

51.0 | 67.0 | 56.0 | 64.0
57.0 | 71.0 | 59.0 | 69.0

— at break

46.0 | 31.0 | 42.0 | 32.0
41.7 | 30.0 | 39.0 | 344

Note: The numerator and denominator correspond to the leather obtained from green-
salted and air-dried hides.

Stiffness [cN]

Thus, the physicomechanical properties of leather samples
from all treatments, that have been studied using fracture tensile
strength and elongation at 10 MPa, corresponds to the
requirements of DSTU 3115-95.

Conclusions

A significant influence of the developed soaking method of
natural raw materials of various preservation methods on the
formation of a complex of physicomechanical properties of the
obtained leather material is established.
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The advantages of using electrochemically activated water for
soaking green-salted and air-dried raw leather materials consist
in restoring a moisture content close to the native state of raw
materials, in reducing the duration of the process by 2 and 1.9
times, respectively, and in excluding such environmentally
harmful reagents as hexafluoro silicate and sodium sulfite.

The leather material obtained by the developed technology is
characterized by increased plasticity, and according to the
complex of physicomechanical properties it corresponds to the
requirements of DSTU 3115-95 “Leather for garments. General
specifications”.
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4. STRUCTURAL TRANSFORMATIONS OF COLLAGEN-
CONTAINING RAW MATERIALS UNDER ALKALINE
TREATMENT 3

Danylkovych A., Lishchuk V., & Zhyhotsky O.

Chemistry & Chemical Technology 10, 3 (2016) 379-385
http://science2016.Ip.edu.ua/chcht/structural-transformations-collagen-
containing-raw-materials-under-alkaline-treatment

Abstract: As a result of studies of structural transformations of raw
leather materials during chemocolloidal processes under alkaline
dispersion treatment, collagen of the dermis releases preservative agents
and globular proteins. The conditions of rawhide alkaline treatment
under which the structure of a semi-finished product with preserved
amino acid composition of collagen of the dermis is formed, have been
outlined. A comparative analysis of the developed technology of a leather
semi-finished product formation from cattle rawhide has been carried
out.

Keywords: rawhide; collagen of the dermis; structure; semi-finished
product.

Introduction

Because of the variety of collagen-containing raw materials, a
wide range of reagents with varying nature used in a multistage
technological process, and high requirements for a set of
properties for finished leather materials, there is a need to
develop innovative technologies based on the results of
systematic chemocolloidal and structural research. It is caused by
the fact that at each stage of a technological cycle, a structure of a
semi-finished leather product is formed which significantly

3 The title has been modified; the original title is “Structural transformations of
collagen containing raw materials under alkaline treatment”.
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affects the efficiency of all subsequent stages and the properties of
final leather materials.

Well-known works in the field of rawhide soaking and liming
(SL) generally refer to technological aspects of this problem.
Moreover, much attention is paid to the process of hide
dehairing. Particularly, the soaking of fresh-slaughtered and
preserved cattle hides in the presence of sodium carbonate, non-
ionic surfactants, and proteolytic enzymes was studied [1, 2]. As a
result of these studies, it was found that the duration of the
soaking process of preserved rawhide should be at least 4-6 h [1]
or 8 h [2], and for fresh-slaughtered hides — twice less at 296 K.
Furthermore, the completeness of the technological process was
monitored according to the increase in weight if cattle hides and
change in properties of technological solutions.

The authors of the work [3] used lipolytic enzymes along with
non-ionic surfactants during rawhide soaking and dehairing. By
doing so, the use of non-ionic surfactants was reduced and
wastewater ecological properties were increased. The application
of calcium peroxide, amines, enzymes, and hydrogen peroxide [4]
during hide dehairing gave an opportunity to discard sodium
sulfide from the technological process. In addition, the use of
oxidizing mixture with sodium hydroxide and percarbonate for
hide dehairing [5] in the presence of alkaline protease at the
second stage of liming contributed to the formation of leather
material with high performance properties upon the completion
of the entire technological cycle. The work [6] is dedicated to
studying the composition of the interfibrillar components
extracted from rawhide. The authors have shown that the amount
of proteoglycans extracted from the dermis depends upon the
duration of soaking and liming processes.

Considering multistage processes and duration of soaking and
liming, there is an objective necessity to conduct a set of
chemocolloidal and structural studies during the process of
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soaking and liming which determine a hide structure formation
at all following stages of the technological cycle of rawhide
transformation into polyfunctional leather materials.

The current work presents the research findings on the process
of rawhide alkaline treatment, diffusion of alkaline dispersion
into the structure of hide dermis and release of non-fibrous
components into a solution, and evolutionary changes of dermis
structure properties for a scientific explanation of a technology of
primary formation of a semi-finished product structure and an
efficient conducting of all subsequent technological processes of
polyfunctional material production.

Materials and Methods

The green-salted cattle rawhide was used for the investigation,
which was collected into batches by taking into account the
weight of the hide. Sodium carbonate, sodium hydrosulfide,
sodium sulfide, and calcium hydroxide, produced according to
the standards, were used for liming of collagen-containing raw
materials. The concentration of alkaline reagents was varied in
the range of 4-35 g/L.

Alkaline solution sorption by the dermis was determined
gravimetrically [7]; the degree of structuring of the semi-finished
leather product was determined by heating the sample at 2—

3 K/min and measuring temperature at onset of shrinkage; the
thermal resistance of enzyme(s) was determined as the time
required for a complete destruction of a sample section in the
presence of pancreatin. Diffusion depth of Ca(OH): into the
dermis structure was determined using an optical microscope
MBI-3 for sections stained with phenolphthalein. Gelatin
hydrolysate fraction from a semi-finished product was measured
using a photoelectric colorimeter PhEC-56M according to the
calibration curve “absorbance-dry residue content for pickles
hide” at a wavelength of 520 nm. Distilled water was used as a
reference standard.
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The amino acid composition of collagen of the dermis dried
with alcohol-ether mixture was determined by ion exchange
chromatography [8] using an automatic T-339 acid analyzer
“Mikrotechna” (the Czech Republic) and Ostin LGANB sodium
polystyrene sulfonate ion exchange resin in a lithium citrate
buffer utilizing a single-column. Porosity of semi-finished
product was calculated from picnometrical volume
measurements in kerosene using the actual and apparent
densities of samples dried with alcohol-ether mixture. The
structural changes of semi-finished product after soaking and
liming were determined using a scanning electron microscope
REMMA-102 (Ukraine) [9]. The samples for the structural studies
were prepared in the form of cross sections (about 1 mm thick)
from a semi-finished product dehydrated in alcohol-ether
mixture and sputter-coated with a 3-5 nm silver layer. The
further technological processes of polyfunctional leather
formation after liming were carried out according to the
industrial technology of PJSC Chinbar (Kyiv, Ukraine).

Results and Discussion

Physicochemical properties of rawhide during structural
transformations

Profound rawhide structural transformations are caused by a
set of chemocolloidal processes which begin at the stages of
soaking and liming. During these processes, disruption of amide
intermolecular bonds facilitates the active interaction of chemical
reagents with collagen of the dermis. At the same time, a critical
influence on the rawhide structural transformations is made by
both the solution composition and the conditions of their
interaction with collagen of the dermis. The results of the study of
the effect of temperature and concentration of Na2COs on the
process of diffusion and desorption of NaCl and globular proteins
at 1.5 : 1.0 weight ratio of reagent dispersion-to-rawhides are
shown in Table I.
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Table 1. Change in moisture content of dermis and its components
under reverse diffusion.

= Globular
%" “‘g‘ Moisture content [%] NaCl proteins
< .2 [g/L]
S & [g/L]
® 5| sk 293 K ? 301 1 293
° K K
0 47 .5 47.5 0 0 0

25 57.0/59.0 56.0/58.0 78.0 273 | 216
5.0 62.5/64.5 60.5/63.0 107.0 | 3.64 | 2.62
6.0 63.5/65.5 61.0/64.3 126.0 | 426 | 2.87
8.0 65.3/66.5 62.3/65.0 138.0 | 494 | 3.93
9.0 65.7 / 67.0 62.5/65.0 1410 | 521 4.31

Notes: The numerator and denominator correspond to the values without the use of so-
dium carbonate and with its concentration of 4 g/L (1) or 12 g/L (2).

As one can see from Table I, with the increase in temperature,
Na2COs concentration, and duration of the liming process, the
moisture content increases. The temperature increase by 8 K
allows reducing a Na2COs concentration threefold and the time of
its interaction with rawhides to 5-5.5 h by 37-39 %. Therefore,
carrying out the soaking process of rawhide at 301 K provides a
maximal similarity of a semi-finished product by its moisture
content to the native state (70 % [10]). Also, a maximal mobility of
collagen of dermis is achieved which will facilitate an effective
diffusion of chemical reagents into its structure. At the same time,
a release of globular proteins and 69.0 % of NaCl, a preserving
agent, occurs at the studied temperatures. In the subsequent
alkaline treatment of a semi-finished product, which includes
rinsing, there is practically a complete release of these
components from the structure.

A further interaction between the dermis of animal hides and
more active chemical alkaline reagent Ca(OH)2, the destruction of
chemisorbed and chemical bonds between albumins, globulins,
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mucopolysaccharides, lipids, and components of collagen fibrous
structure is occurred [11]. Further removal of these components
from the pickled hides into the technological dispersion takes
place during mechanical deformation of a semi-finished product
in the mobile device. It is worth noting that elastin and reticulin
remain in the structure of hide dermis under alkaline treatment
due to their high chemical resistance.

The study of Ca(OH): diffusion processes into the dermis (Fig.
1) are characterized by a high initial rate with its subsequent

100 gradual decrease. At the

|
= . 2ﬁ same time, the process
80 2 bo intensity is increasing
® . .
- ' % with the increase of rea-
60 % gent concentration, while
= K the duration of the rea-
S0 g gent penetration at the
depth of 70 % of the der-
wnl & mis thickness is decreas-
ing twofold with its con-
0X¥ — ‘ . centration equals to 35
0 10 20 30 40 5350 60 70 80 . . .
¢ [min] g/L in comparison with a
Fig. 1. Kinetics of Ca(OH): diffusion minimal concentration in
into dermis at 301 K: 35 g/dm? (1); the technological disper-
15 g/dm3 (2), and 5 gldm? (3). sion. It can be caused by

an efficient interaction of
Ca(OH): dispersion with collagen of the dermis, as a result of
which its structure is getting more homogeneous. At the same
time, amide bonds between the side polypeptide chains of colla-
gen break up and free carboxy groups form complex compounds
with Ca(OH):2 [12]. Along with this, a part of a diffused alkaline
reagent is located in macropores of a semi-finished product in a
free state.
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As a result of chemical interaction of alkaline dispersion with
collagen of the dermis, further changes happen within the next
12 h. During prolonged interaction of a semi-finished product
with Ca(OH): dispersion, water absorption of hydrophilic
samples increases significantly (Table II).

The results of the research show that after alkaline treatment
of the semi-finished product by Ca(OH)2 and Na2S dispersion, the
moisture content depends on the ratio of the technological
dispersion to semi-finished product reaching the maximal value
at the highest ratio (treatment 3). The reason for this can be an
increased dispersity of alkaline reagent particles at a lower
concentration and the corresponding value of particle diffusion in
the semi-finished product which promotes water absorption. It
should be noted that the minimal water absorption is observed
for the samples without previous moisturizing before alkaline
treatment (treatment 4) containing preservative agents, or at the
minimal ratio (treatment 1).

Table II. Properties of a semi-finished product after alkaline treatment.

Treatment
Parameter
1 2 3 41 5
LC [L/kgl 0.5 1.0 1.5 1.5 3.0
Ca(OH): [g/1] 30.0 | 15.0 | 10.0 | 10.0 | 5.0
Na:S [g/L] 36.0 | 18.0 | 12.0 | 12.0 | 6.0
Moisture content [%] 78.0 | 81.0 | 81.5 | 77.7 | 84.5
Ts 2 [K] 331 | 317 | 327 | 333 | 330
Area yield [%] 89.0 | 92.0 | 93.0 | 88.0 | 89.0

Note: 1) without rawhide soaking; 2) shrinkage temperature of pickled hide. LC stands for
liquid coefficient — the ratio of dispersion volume to rawhide mass.

From the results of the research on properties of semi-finished
product after alkaline treatment, it can be seen that the moisture
content correlates with hydrothermal stability of the samples.
This may indicate a simultaneous impact on the structure of the
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semi-finished product interaction of alkaline reagents with
dermal collagen and the formation of internal strains which
contributes to decrease of hydrothermal stability due to excessive
water absorption by dermal collagen as a result of high
hydrophilicity of the sorbed alkaline reagents. The minimal
values of shrinkage temperature indicate the largest degree of
fibrillar structure separation and its potential availability to
further effective technological treatments.

Summing up the above-said, the most significant changes in
corium collagen take place at the concentration of Ca(OH)2 10—
15 g/L and the ratio of technological dispersion volume to raw
material weight from 1.0-1.5 to 1.0. Certain increase of shrinkage
temperature of the pickled hides is caused by its excessive
absorption which results in increase of elastic properties of
dermis. Under these conditions of alkaline treatment of semi-
finished product, the maximal area yield of the semi-finished
leather product is achieved indicating deeper structural changes
of dermal collagen.

# At the same time the
* amount of the hydro-
lyzed collagen — gelatin
after alkaline treatment
121 of semi-finished product
at different tempera-

11 #* tures, can indicate the

BL%]

integrity of the semi-fin-

m_ * ished product structure

—x (Fig. 2). The considera-
A R ble increase of the

290 292 294 29 Tﬁ)(S] 300 302 304 amount of the hydro-

lyzed gelatin starting

9| s

Fig. 2. Dependence of the amount of the
hydrolyzed gelatin (B) from the pickled ~ from the temperature
hides on the temperature during liming. 301K confirms the
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beginning of destructive processes in the inter- and intramolecu-
lar bonds of the collagen macromolecules. Thus, as the results of
the conducted investigations demonstrate, it is reasonable to
carry out the soaking-liming processes of the rawhide material at
the temperatures below 301 K.

The study of the amino acid composition of the semi-finished
product limed at 301 K confirms the previous results (Table III).

Table I11. The amino acid compositions of the corium collagen
hydrolysate before and after liming.

Molar fraction of amino acids [%]
Amino acid .. After liming at
Before liming

293K | 301K

Alanine 11.92 11.76 | 11.88
Arginine 5.24 5.18 5.13
Aspartate 4.77 4.82 4.92
Glutamate 9.16 9.12 9.21
Glycine 28.43 28.64 | 28.81
Histidine 0.63 0.61 0.57
Hydroxylysine 0.69 0.72 0.63
Hydroxyproline 6.96 7.17 7.29
Isoleucine 1.37 1.34 1.38
Leucine 2.94 2.97 2.86
Lysine 2.98 2.96 2.93
Methionine 0.51 0.53 0.58
Phenylalanine 1.52 1.48 1.44
Proline 13.79 13.82 | 13.68
Serine 3.92 3.59 3.62
Threonine 1.96 2.03 1.91
Tyrosine 0.54 0.56 0.57
Valine 2.67 2.70 2.59
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The analysis of the corium hydrolysates has shown that the
content of amino acids in the samples limed at 293 and 301 K
practically does not differ. Certain differences between the
determined glycine amount and the theoretically calculated value
33.3 % [13] can be explained by the presence of non-collagen
proteins in the collagen of the dermis.

The results of the electron microscopy are the direct evidence
of the substantial structural transformations in the corium during
leather material formation during soaking and liming processes
(Fig. 3). The raw skin after soaking has consolidated fibrous
structure (Fig. 3a), certain fibrils and elementary fibers of which
are combined into bundles between which there are empty spaces
which are filled after soaking with the dispersion of alkaline
reagents. During the next liming the structure of corium becomes
more homogeneous (Fig. 3b) as a result of the further absorption
of the alkaline dispersion. At the same time, corium collagen is
y structured by Ca? io

o ”
a -

temporaril ns.

Fig. 3. Scanning electron microscopy micrographs (OOX) of the hide
cross section after soaking (a) and after liming (b). Scale bar — 100 um.

The conducted research on the microstructure transformation
during formation of the picked hide provide the opportunity to
notice the peculiarities of releasing soluble proteins — globulins
and albumins, mucopolysaccharides, and partially lipids form the
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corium collagen structure and their substitution by clustered
aqueous solutions of chemical reagents.

This allows forming the pickled hide with preserved structure
of initial corium of rawhide. This is due to the presence of the
technological dispersion within the formed fibrous porous
structure of the pickled hide which fills interfibrillar and
interfibrous spaces created during liming and prevents significant
convergence of the structural elements and the consolidation of
the entire structure. Later, at a certain technological stage of
leather material formation, the clustered water is displaced by the
relevant chemical reagents. As a result of this mechanism of the
formation of pickled hide and finished leather material, a
considerable diffusion rate of the reagents during soaking and
liming processes is being achieved.

Thus, the investigation of the changes of the chemocolloidal
characteristics and the structure of the corium collagen under
alkaline agent treatment gives reasons to conclude that the
increasing of temperature up to 301 K will facilitate the effective
formation of the semi-finished leather material during further
stages of its processing.

Technologies of rawhide soaking and liming

As a result of integrated studies on soaking and liming
processes of hides, the technologies were developed and later
applied for manufacturing polyfunctional leather materials. The
area of application of pickled semi-finished product largely
depends on the type of rawhide and technological details of its
further processing. While the area of applicability is limited for
small rawhide leather materials, in the case of large rawhides due
to the application of developed technological processing, the
leather material assortment and its polyfunctionality significantly
increase. The effectiveness of the use of raw materials in the
second case can be significantly raised by increasing the area of
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semi-finished products in multiple doubling and its convenience
of cutting out received material.

The developed technologies for soaking and liming of cattle
hide differ significantly from the previously existing technologies
based on the cost of chemicals and water, treatment duration of

raw materials, energy savings, and environmental efficiency
(Table 1V).

Table IV. Characteristics of soaking and liming technologies of green-
salted rawhide processing.

Characteristics Technology
1 2 3 4

Consumption
Material [kg/t] 58.5 62.5 78.0 | 129.3
— NazS 20.0 20.0 | 12.0*t | 295
— Ca(OH): 24.0 30.0 33.0 80.8
Water [m3/t] 5.0 4.2 4.8 11.5
Energy [kW/t] 22.7 18.6 20.6 38.3
Process duration [h] | 19.0 20.0 19.0 445
- soaking 6.0 5.0 5.0 8.5
- liming 12.0 14.0 13.0 34.0
- washing 1.0 1.0 1.0 2.0
Content * [g/L]
- sodium sulfide
- calcium hydroxide 43 48 46 8.0
Keratin 3.6 4.0 4.2 16.0

19.0 0.8 0.5 19.0

Note: ' +9.0 kg/t sodium hydrosulfide (NaSH); # in spent solution.

All developed technologies are implemented at an elevated
temperature — 8-10 K higher. The technology 1 [10] provides
processing of hides in one stage and results in decreasing of the
cost of reagents and water by 2.2-2.3 times, electricity — by 1.7,
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duration of treatment — by 2.3, and the content of sulfides and
calcium hydroxide — by 1.9 and 4.4 times, respectively.

In contrast to technology 1 and technologies 2 and 3 [12, 13]
are carried out at two stages and are fundamentally different in
recycling hair keratin. These technologies provide cost reduction
in chemicals by 1.7-2.0 times. Therewith the keratin content in
spent solutions is reduced by 24-38 times compared with the
technology of one-stage liming.

Analysis of the properties of pickled hide (Table V) illustrates
that after liming the semi-finished product formed by the
developed technology is characterized by parameters, the values
of which do not differ from the previously existing technologies.
However, slightly less gelatin hydrolysis from pickled hide may
indicate a higher thermal stability of dermal collagen obtained by
the developed technology.

Table V. Physicochemical characteristics of pickled hide.

. . Technology

Characteristics 1 > 3 2
Ts [K] 328 | 329 | 327 | 327
En-zymatlc and thermal stability 58 | 57 | 53 | 51
[min]
Hydrolyzed gelatin, 330 K [%] 9.8 | 10.7 | 10.3 | 12.5
Deformation [%] at
-1kPa 11.0 | 13.0 | 12.0 | 6.0
-5 kPa 33.0 | 30.0 | 32.0 | 25.0
— elastic 32.0 | 34.0 | 29.0 | 41.0
- plastic 34.0 | 37.0 | 39.0 | 27.0

At the same time the elastic-plastic properties of the pickled
semi-finished product obtained by the developed technology is
characterized by increased deformability of less dense peripheral
areas of hides and lower values of elastic deformation. This will
facilitate the leather material formation with increased area yield.
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Thus, the obtained research results of the soaking and liming
process and efficiency analysis of developed technologies,
including properties of pickled semi-finished products, indicate
the possibility of their efficient application depending on specific
conditions of industrial production.

Conclusions

As a result of the research on the structural transformations of
rawhide during chemocolloidal processes in the presence of
alkaline dispersion, collagen of the dermis releases preservative
agents and globular proteins, thus facilitating the accessibility of
hydrophilic functional groups for interacting with chemical
reagents. The conditions of green-salted rawhide alkaline
treatment under which the chemocolloidal state of the rawhide
approaches the moisture content specific for fresh-slaughtered
hides, have been outlined. It occurs with increase in the
temperature of the process to 301 K and threefold decrease of
sodium carbonate concentration in the technological solution.
During further alkaline treatment of rawhide by calcium
hydroxide, an evolutional separation of fibrillar collagen
structure of the dermis with its active participation in forming
coordination complexes and increasing the dermis water
absorptivity takes place.

We determined the conditions of rawhide alkaline treatment
under which the amino acid composition of the dermal collagen
is preserved and the optimal moisture content provide the
efficient carrying out of the further processes and operations of
leather materials formation. The technologies of cattle rawhide
soaking and liming which were developed and implemented into
the industrial production refer to material-saving, energy-saving,
and ecologically efficient ones. The technology 3 of two-stage
soaking and liming, which is the basis for the follow-up studies of
the polyfunctional leather materials formation, can be considered
to be the most advanced.
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5. ENZYMATIC TREATMENT OF LEATHER SEMI-FINISHED
PRODUCT IN THE PROCESS OF SOFTENING *

Danylkovych A. & Romaniuk O.

Eastern-European Journal of Enterprise Technologies 3, 6 (69) (2014) 23-27
https://doi.org/10.15587/1729-4061.2014.24821

Abstract: Enzyme application in animal hide treatment technologies is
caused by their strong and specific catalytic action in various chemical
transformations. Effect of concentration of proteolytic enzymes —
pancreatin and Chemizym BH, and treatment duration on the softening
of green-salted bullhide after dehairing-liming, washing, splitting, and
deliming was studied. The effectiveness of the enzymes was estimated by
determining the amount of the hydrolyzed gelatin in pickled and
softened hides and physicochemical properties of semi-finished products.
At the enzyme concentration of 2.2 g/L, temperature of 35-37 °C, and
long-term hide softening, the amount of gelatin hydrolyzed from the
dermis reaches 45.0 %, and for the papillary layer this indicator is
getting close to 100 %. The results were used in manufacturing the
semi-finished product “crust”. The investigation of physicomechanical
properties of the semi-finished product have allowed determining the
duration of the softening process that provides an optimal range of
performance properties. The results can be used for softening process
optimization in the manufacturing technology of the semi-finished
product “crust” to ensure the required material quality at the
consumption of enzyme Chemizym BH of 0.3 % and water of 100 % of
the pickled hide mass. Twelve-hour dehairing - rawhide liming and one-
hour hide softening at the optimal activity of enzyme Chemizym BH can
be considered effective in the manufacturing technology of bullhide
materials for footwear, clothes, and fancy goods.

4 The title has been modified; the original title is “Enzymic treatment of leather
intermediate product in the process of softening”.
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Keywords: enzyme; proteolytic activity; semi-finished product; hide;
liming; softening; physicochemical properties.

Introduction

Leather and fur production are marked by many stages,
complexity, and environmental pollution during chemical
transformations of raw materials into finished materials. In this
regard, at different stages of processing of protein raw materials,
biologically active substances, to which the enzymes belong, have
found application. Their wide use in the processing of animal
hides/skins is due to an enzyme strong specific and catalytic
effect in various chemical transformations. Of the known six
classes of enzymes [1, 2], the enzymes of the third class —
hydrolases, which include subclasses of esterase, glycosyl-
hydrolases, peptidases, and amidases, significantly accelerate
bond-cleavage reactions (peptide, amide, and ester) and they are
the most often used in leather and fur production in which the
carboxyl groups of biopolymer belong to the basic amino acids
lysine and arginine. Therefore, owing to the enzymatic treatment
of raw leather and fur materials, it is possible to achieve different
effects, particularly, degreasing, dehairing, and increasing the
elastic properties of the semi-finished product. However, the
study of the softening process whose duration determines the
physicochemical properties of the material produced from
natural rawhides, remains relevant.

Problem Statement

Enzymes of a specific action can be used to effectively
influence the inter-fiber elements of a semi-finished product to
release non-collagen components from dermis. Therefore, the
choice of the type of enzyme, its concentration, and the duration
of the process, will allow optimizing the technological procedure
for processing of raw leather and fur materials, decrease the
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amount of harmful chemicals used, and improve the
environmental friendliness of the production overall.

Literature Review

Enzymes of proteolytic, glycosidic, and lipolytic actions can be
used during soaking and liming processes [3], whereas the
deliming process can be carried out with Lithudac L and Novo
Bate WB enzymes which are active in acidic medium [4]. Alkaline
lipases or a combination of alkaline proteases and lipases can be
used to carry out the degreasing process and increase its
effectiveness [5]. Enzyme protosubtiline G10x is promising for the
dehairing process of rabbit skins [6, 7]. Proteolytic enzymes and
trypsin can be used to process chrome waste [8].

When choosing enzymes to accelerate the physicochemical
processes of soaking, degreasing, dehairing, and softening, the
conditions of preserving raw materials and their intended use are
essential. Particularly, the technology for processing air-dried
rabbit skins at the soaking stage involves the use of enzymes such
as maltavamorine G10x, pectofoetidine P10x, and amylosubtiline
G3x [9], which allows not only shortening soaking time but also
reducing the defectiveness of pelts during their mechanical
processing due to increased plasticity of dermis.

The use of enzymes protosubtiline G3x, pectofoetidine P10x,
and maltavamorine G10x for soaking [10] and pectoavamorin
P10x and pectofoetidine P10x for processing sheepskins with
denser corium and size more than 90 dm? in the presence of
surfactant [11] accelerates the removal of lipids and impurities of
protein and carbohydrate nature from the hair and dermis. Such
components can be attributed to polyfunctional, since along with
enzymes which catalyze the hydrolysis of fats (lipids) they also
contain other enzymes, particularly proteases and glycosidases.
With preliminary degreasing of sheepskins by protosubtiline G3x
in the presence of surfactant, the enzyme promotes destruction of
fat cell membranes and fat emulsification.
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The enzyme activity is significantly dependent on the pH of
the medium. Particularly, lipavamorine G3x [12] exhibits lipolytic
activity in the pH range 5.5-8, protosubtiline G3x has maximal
proteolytic activity at pH 7.5-8 and another 80 % of its activity
can be retained at the pH range 6.5-9, while protosubtiline G10x
shows maximal proteolytic activity at pH 10.7. Increasing the
alkalinity of the medium to pH 12.5 leads to a decrease in activity
by 60-70 %. The enzyme Tannerzyme retains more than 90 % of
the proteolytic activity in the pH range of 9-12, which can be
used in the dehairing and liming of raw leather materials.

In addition to pH, the optimal activity of enzymes depends on
the temperature of the process. It is established [12] that the
maximal proteolytic activity of protosubtiline G3x is observed at a
temperature range of 40-50 °C, while at 30 and 65 °C the activity
decreases to 50 %. The optimal activity of lipavamorine G3x is
observed at 35-37 °C, and at 20 °C its activity is reduced by 30 %.
At 55 °C, the enzyme is completely inactivated. The temperature
optimum for the activity of protosubtiline G3x is 60-65 °C, at 35—
37 °C its activity is reduced by 44 %.

It should be noted that chemical reagents, such as sodium
chloride and sodium sulfide, calcium hydroxide, ammonium
sulfate, etc. have a significant effect on the activity of the
enzymes. In this case both the increase and decrease in their
proteolytic activity can occur. The proteolytic activity of
protosubtiline G10x decreases by 10-15 % in the presence of
sodium chloride or ammonium sulfate, and by 5 % in the
presence of calcium hydroxide [3]. Sodium carbonate has a
positive effect on the proteolytic activity of alkaline proteinases.
Activity of technical enzyme actinomycetes III, which has two
maximums of proteolytic activity, is on average decreased by 10—
15 % in the presence of ammonium chloride; sodium chloride,
sulfate, and sulfite; or sodium hydrosulfite. Sodium sulfide
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almost completely reduces the proteolytic activity of investigated
enzymes.

Thus, the analysis of the use of enzymes in the processes of
leather and fur production has shown that there is no
straightforward relationship between the activity and the effect
that is achieved in a particular technological process. In this
regard, when developing new technologies or improving existing
ones which utilize enzymes, it is necessary to take into account
the entire assortment and concentration of chemical reagents that
can be used at a certain stage of processing of raw leather and fur
materials.

The Goal and Objectives of Research

In the paper, the process of softening of pickled semi-finished
leather product and its transformation into “crust” utilizing
polyfunctional enzymes — pancreatin and Chemizym BH
(Chemipol, Poland), was studied.

The goal of research is to determine the efficacy of pancreatin
activity on pickled pelt, the optimal water consumption during
softening, and the duration of the process in the presence the
enzyme Chemizym BH.

For research, cattle rawhides are used, particularly, a green-
salted bullhide after liming for 12 h at 27-28 °C, the following
washing for 5 and 12 d at 18-22 °C and splitting for a thickness of
2.1 £0.1 mm, and deliming and softening at 35-37 °C for 1-3 h.
The process of softening of pickled pelt was carried out in the
presence of (1) polyfunctional enzyme product — technical
pancreatin (OST 49-167-81), which contains a number of
proteolytic enzymes [3] — proteinases and peptidases, the main of
which is trypsin, and lipase, amylase and elastase, and (2)
Chemizym BH with an activity of 10 units/mg at pH 7.8-8.5 and
temperature 32-37 °C [13]. For the preparation of the "crust" semi-
finished product, the pickled pelt was softened utilizing
Chemizym BH and tanned for 5-7 h at 2022 °C with chromium
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compounds (OST 6-18-219-82). The consumption of chromium
compounds and water was 5 % and 40 %, respectively, of the
pickled pelt weight after acid-salt treatment. The basicity of the
chromium tanning compounds was increased by adding
magnesium oxide.

The efficacy of pancreatin enzyme product was determined
from the amount of gelatin hydrolyzed from pickled and pickled-
softened pelts [14]. Preliminary preparation of samples from a
semi-finished product for water sorption-diffusion studies is
carried out by sample dehydration in alcohol-ether mixture. For
diffusion and physicomechanical testing, the samples were
standardized under normal conditions: relative humidity 65 +5 %
and temperature 20 + 2 °C. Methods for determining hydrolyzed
gelatin, sorption-diffusion and physicomechanical properties of a
semi-finished product are described previously in the work [14].
The physicomechanical properties of “crust” semi-finished
product was determined using a RT-250M machine at an
extension rate of 90 mm/min.

Enzyme Effect on Softening a Semi-finished Product

Previous studies of the process of softening of a semi-finished
product made from a half-skin of long-term liming for 1.5 years
[15] showed (Table I) that with an increase in the duration of
alkaline treatment, a significant increase in the acid capacity of
the dermis and, correspondingly, a decrease in its shrinkage
temperature. As a result of softening, a slight decrease in acid
capacity is observed. This can be due to the blocking of the
functional groups of collagen by the adsorbed enzyme. The
decrease in the shrinkage temperature of pickled and softened
pickled pelts at 13-14 °C indicates a decrease in the interaction
between the macromolecules of the dermal collagen. Liming for
1.5 years led to the destruction of the biopolymer.

The increase in the liming duration from 5 to 12 d is
accompanied by an increase in the amount of gelatin hydrolyzed
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from the pickled pelt in 2.8 and 3.4 times, respectively, for the
butt and the belly (Table II).

Table I. Physicochemical properties of softened pickled pelts.

Shrinkage
Liming | Acidic capacity [meq/g]l T| temperature [°C] of
duration pelt
[d] . softened for . softened for
pickled 1h ih pickled 1h ih
7 1.08 1.05 | 097 | 640 | 63.0 | 63.0
14 1.05 096 | 097 | 620 | 61.0 | 60.0
30 1.15 091 | 1.05 | 57.0 | 56.0 | 56.0
60 1.77 1.57 | 144 | 50.0 | 50.0 | 49.0

Note: ' of dried pickled pelt mass.

Table II. Kinetics of gelatin hydrolyzation from different areas of

softened pickled pelts.
.. o1t

St | e for
< [d] pickled 1h 2h | 3h
5 3.0 87 | 71| 57
= 3.0 14.9 14.5 | 14.2
M 1 83 12.4 12.7 | 12.4
8.3 27.4 28.4 | 288
s 4.0 12.1 11.7 | 11.4
= 4.0 23.8 23.1 | 187
& - 135 34.0 299 | 2938
13.5 41.2 37.5 | 36.7

Note: pancreatin consumption in the numerator and denominator is 0.6 and 2.2 g/L,

respectively; T of dried pelt mass.

This effect is enhanced by increasing the concentration of the
enzyme product of pancreatin from 0.6 g/L to 2.2 g/L and the
amount of hydrolyzed gelatin increases by 18.7 and 27.4 %,
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respectively, for the butt and the belly. This indicates the
destruction of not only intermolecular bonds, but also the partial
destruction of polypeptide chains of the dermal collagen.

With a significant decrease in the concentration of the enzyme
product of pancreatin in the technological solution, with its
consumption of 0.05 % of the weight of the dried pickled pelt, and
a corresponding decrease in its activity upon dilution (Table III),
an insufficient degree of softening is observed at the ratio of the
pelt weight to the technological solution of 1 : 3. At the same time
the gelatin hydrolysis decreases sharply. The desired degree of
softening of the pickled pelt is achieved at water consumption of
100200 % of the weight of the dried pickled pelt and the amount
of hydrolyzed gelatin of 8.9-12.1 %.

Table II1. Efficacy of softening pickled pelts.

Water Hydrolyzed Organoleptic
consumption [%] gelatin [%] * evaluation
100 12.1 good
200 8.9 satisfactory
300 7.7 inadequate
400 7.4 unsatisfactory

Note: ' of dried pickled pelt mass.

Investigation of layer-by-layer gelatin hydrolysis from the
pickled pelts after liming for 3 d at a concentration of the enzyme
product 2.2 g/L and a temperature of 35-37 °C (Table IV) shows
that the gelatin hydrolysis from delimed pickled pelts of the
papillary layer is 3.6 times higher than from the reticular dermis.

As it can be seen from Table IV, after softening for an hour
gelatin hydrolysis significantly increases, while after 3 h of
pancreatin treatment gelatin hydrolysis for the papillary region
approaches 100 %, whereas for the reticular dermis the effect is
expressed 2.7 times weaker. Thus, after liming for 5 d, almost all

Page | 86



the collagen of the papillary layer of the dermis turns into gelatin,
with the exception of basal membranes.

Table IV. Layer-by-layer gelatin hydrolysis from softened pickled pelt in
the presence of pancreatin.

Gelatin hydrolysis from layer [%]
Pickled pelt pap1¥lary reticular dermis
region
Delimed 16.9 47
Softened for 1 h 93.6 34.8
Softened for 3 h 99.5 36.1

Note: T of dried pickled pelt mass.

Interpretation of Research Results

The use of the enzyme product Chemizym BH at a
consumption of 0.3 % of the weight of the pelt after liming and at
water consumption of 100 % (Table V) allows obtaining after
softening pickled pelt, which in comparison with the sample after
liming has increased porosity, particularly, a specific surface area
reaches 22 %.

This can be explained by the destruction of all types of
interstructural bonds of the non-collagen components of the
dermis with polypeptide chains of the biopolymer, even such
strong ones as ionic and covalent. Along with this, air and vapor
permeability increase, moreover, for the former one the growth is
greater.

However, the diffusion of water vapor is complicated by the
fact that sorption and desorption processes occur simultaneously.
A significant difference between the processes of diffusion of the
components of the air and the water vapor from the flesh and
grain sides is explained by the presence of large open pores on
the flesh layer of the semi-finished product, which is formed by
splitting into two layers the pickled semi-finished product. An
increase in the porosity of the semi-finished product after its
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softening is accompanied by an increase in hygroscopicity and
sorption of water vapors, which is important for the comfortable
usage of leather products.

Table V. Sorption-diffuse properties of softened pickled pelts.

Semi-finished product

Parameter pickled 5;;1;11?:&
Porosity [%] 57.0 66.0
Maximal sorption of water 480 570
vapor [%]
Hygroscopicity [%] 54.0 63.0
Specific surface [m?/g] 112.0 137.0
Capillary moisture [%] 89.0 106.0
Water vapor permeability
[mL/(cm?h)] at the
— flesh side 12.0 15.0
— grain side 3.5 6.0
Air permeability [mL/(cm?h)] at
the
— flesh side 690.0 910.0
— grain side 570.0 690.0

The efficacy of the softening process can also be observed in
the specificity of the kinetics of changes in the complex of
physicomechanical parameters (Table VI). Particularly, after an
hour of softening of the pickled pelt, the strength of both the
leather semi-finished product at rupture and its grain layer
increases by 21 % compared to the pickled samples. An increase
in the duration of softening to 3 h results in approximation of
strength value to a value for the pickled semi-finished product,
which indicates the weakening of inter-fiber bonds due to the
longer duration of the enzymatic treatment. At the same time, the
deformation parameters of the samples of the “crust” semi-
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finished product are increasing. The same effect yields an
increase in the residual deformation, which will worsen the
ability to form a leather material during the manufacturing
process.

Thus, softening for 1 h provides an optimal set of
exploitational properties and increased elasticity of the grain
layer of the «crust» semi-finished product, which is manifested in
the same values of the appearance of a crack on the grain side and
the tensile strength of the samples at break.

Table VI. Physicomechanical properties of the semi-finished product
“crust”.
Semi-finished pickled product

Parameter pickled softened for
for 1h 2h 3h
Tensile strength [MPal 12.0 145 | 13.7 | 124

Crack appearance on the
grain side [MPa]
Elongation at 10 MPa [%] 23.0 31.0 | 35.0 | 42.0

10.2 145 | 13.7 | 124

Elongation at break [%] 36.0 470 | 52.0 | 64.0
Residual elongation [%] 6.0 11.0 | 14.0 | 23.0
Conclusions

For effective formation of the structure and properties of the
semi-finished leather product, it is necessary to maintain an
optimal ratio between the duration of liming and softening
processes under a certain fixed technological regime of raw
material processing.

In the production of chrome-tanned elastic leathers for shoe,
clothing, and haberdashery products, the duration of the
dehairing-liming can be considered sufficient for 12 h and
softening for 1 h under standard conditions using the enzyme
product Chemizym BH at a consumption of 100 % of the weight
of the pickled semi-finished product.
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The examined results of the study suggest a wide use of
enzyme products in the soaking and liming processes of

processing of raw leather materials, which significantly reduce
the application of harmful chemical reagents and ensure an
increase in the ecological compatibility of production.
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6. STRUCTURING OF COLLAGEN OF THE DERMIS DURING
RAWHIDE FORMATION

Danylkovych A., Lishchuk V., & Zhyhotsky O.

Chemistry & Chemical Technology 11,1 (2017) 81-91
https://doi.org/10.23939/chcht11.01.081

Abstract: The research on chemocolloidal characteristics of the stepwise
formation of a structured semi-finished leather product has been carried
out. It is established that the activity of basic chromium sulfate
complexes increases significantly upon transition from anionic to
cationic form. During plasticizing of dermis structure by
alkylcarboxyethanolamine tannins, diffusion of basic chromium sulfate
complexes into dermis accelerates and provides a high level of chemical
structuring of collagen of the dermis. Environmentally-effective chrome-
tanning technologies for production of leather rawhide “wet blue” and
non-chrome-tanning technologies for producing semi-finished leather
products of polyfunctional application were designed.

Keywords: rawhide; collagen of the dermis; structuring; tanning.

Introduction

In the multistage process of manufacturing polyfunctional
leather materials along with alkaline treatments of collagen-
containing rawhide, irreversible, mainly chemical structuring of
dermal collagen, plays a special role. Produced semi-finished
product is characterized by increased resistance to moisture,
chemicals, microorganisms, and mechanical influences. Dynamic
porous structure of the semi-finished product is capable of
evolutionary change in subsequent operations and processes of
technological cycle, where the replacement of tanning solution
with reagents that largely determine the functional properties of
leather material takes place. The efficacy of the structuring
process of the collagen of the dermis significantly depends both
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on its colloidal and chemical state and on the chemical
composition, structure, and tanning conditions of semi-finished
product.

A wide range of chemicals are used for structuring of collagen
of the dermis. On the one hand, the chemicals are supposed to
provide a necessary complex of physicochemical properties of
leather material while the developed technologies — to have a
minimal negative effect on the environment, on the other hand.
Particularly, this applies to chromium tannin compounds which
are used in large volumes and for which relatively low efficiency
of application is observed (70-80 %) [1]. The need for its use is
caused by the necessity to form leather material with improved
elastic-plastic properties. This causes a large number of research
studies in search of new effective reagents and conditions for
their use in tanning technology. Along with chromium
compounds for structuring the collagen of the dermis inorganic
tanning compounds of aluminum (III), zirconium (IV), titanium
(IV), and iron (II) [1, 2] and organic tannins — tannids, aldehydes,
and derivatives of the naphthalene, polyphenols, and others are
used [3, 4].

For providing a leather material with complex exploitational
properties, considerable interest is focused on alternative tanning
methods [2, 5, 6] which utilize the tannins of different
composition. Thus, the use of alginic acid aldehyde with
glutaraldehyde, oxazolidine, and
tetrakis(hydroxymethyl)phosphonium sulfate [5] provides
improved physicochemical properties of semi-finished product
with shrinkage temperature of 97 °C while reducing the content
of hazardous substances in waste solutions. The work mentions
that to obtain a material with high hydrothermal stability it is
necessary to use at least two different types of reagents.

Significant increase of efficiency of chromium (III) compounds
in structuring leather semi-finished product may occur when
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chemical compounds with active imino- and carboxyl groups are
applied [7]. Particularly, this can be applied to microemulsion of
butyl acrylate copolymer and polymer based on amino acids with
the molecular weight of 6x10° Da and particle size of 40 nm. This
semi-finished product is characterized by shrinkage temperature
higher by 16 °C compared to that of chrome tanning. Significant
reduction of the content of chromium (III) compounds in tanning
solution is achieved through vegetable tanning by pretreating
semi-finished product with oxazolidinium with final treatment by
chromium tanning agent.

The research papers [9, 10], in which the positive influence of
the collagenase enzymes on the effectiveness of tanning of the
leather semi-finished material has been observed, arouse interest.
Thereby the tanning effectiveness increases by 60 %, the
hydrothermal stability of the semi-finished product increases, and
the duration of tanning process decreases. It happens due to
disruption of interfibrillar bonds that intensifies the diffusion of
tannins into the corium. The environmentally-safe tanning
process of the semi-finished product is achieved owing to the use
of nano-Si02 and enzymes. The stage of liming is excluded from
the process [11]. It should be noted that the final semi-finished
product with the shrinkage temperature of 371 K without liming
has a high density but insufficient elasticity. Despite the fact that
the tanning composition synthesized based on
methacryloxypropyl silica, maleic anhydride, and styrene in the
toluene medium at 358 K in the presence of benzoyl peroxide
with its following neutralization increases the shrinkage
temperature and the thickness of the semi-finished material by
17 K and 70 %, respectively [12], it does not contribute to the
increase of the elastic leather material area, which limits its
practical usage. Under the total excluding of chrome (III)
compounds from the tanning process [13] it is impossible to
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obtain leather material with the complex of necessary elastic-
plastic properties.

The influence of external fields, namely the supersonic one [14,
15], and pressure [16] can contribute to the increase of the
structuring process intensity. The comparative study of the semi-
finished material tanning in static and dynamic conditions under
the effect of supersonic energy has discovered considerably
higher (almost 4 times) effectiveness in the former case. Carrying
out the tanning process of the semi-finished material using
chrome (III) compounds under the pressure up to 10 MPa using
CO:z, as in the previous case, requires using of special equipment
and implies additional expenses.

Taking into account the important role of the tanning process
in technologies of leather materials production, a large number of
works, mainly of empirical character, uses a large variety of
chemical agents for structuring collagen of the dermis. It is
important to note rather small number of articles, in which
chemocolloidal regularities and structural transformations of the
semi-finished product at this stage of the technological cycle are
being observed. The variety of chemical composition and
structure of the used agents stipulates the specific mechanism of
their action in the process of obtaining the structured material
that requires carrying out of systematic scientific research in this
area, which can be used as the basis for development of
scientifically-based technologies of chrome-tanned semi-finished
material production — wet blue, combined methods, and leather
materials of polyfunctional application.

This article presents the investigation results of the mechanism
of action of the base chrome (III) sulphate, derivatives of
ethanolamine, and tannins of the pyrocatechine class (condensed)
at the structuring of the corium collagen and developed
technologies for the production of the tanned semi-finished
product.
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Methods and Materials

For experiments the samples of the limed semi-finished
product have been used. The product was obtained by using
previously developed and introduced at PJSC Chinbar (Kyiv,
Ukraine) technology of liming-soaking with the usage of the
enzyme during the soaking stage and sodium hydrosulfide and
amine at 300-302 K during liming process. After washing and
fleshing the halves of the semi-finished product with the
thickness of 6.3-6.7 mm decreased to 2.4-3.0 and 3.04.2 mm
depending on the peculiarities of its structuring. Before tanning
the half-skins, the semi-finished product underwent deliming-
softening treatment at 307-309 K for the conversion of structured
calcium into a soluble state using ammonium sulphate and
further disruption of mucopolysaccharides bonds with collagen
macromolecules in the presence of the enzyme protosubtilin G3x
and anionic surfactant.

Hide powder (HP) from cattle hides have been used as a
collagen specimen.

For the tanning of rawhide, the following agents have been
used:

— basic chromium sulphate (BCS), Cr2(SO4)n(OH)s-2n (technical
specification, TU 2141-033-54138686-2003);

— tannins of mimosa and willow (GOST 17-121-71);

— synthetic tanning agent p-naphthalene sulfonate (BNS) —a
synthesis product of 2-naphtholesulfonic acid with
dioxidiphenylsulfone (technical specification, TU 17-06-165-89).

Alkylcarboxylethanolamines (ACEA; technical specification,
TU 3480224-79) have been used as a regulating reagent of BCS
interaction with collagen:

HO(CH,),NH} -~ 0(0)CR,

where R is the radical of aliphatic acids of fraction C7—Co

(ACEA AA) (GOST 23239-89) or the radical of naphthenic acid of
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gas-oil fraction (ACEA NA) (GOST 13302-77) containing 25-30 %
of polycyclic acids and with average molecular weight of 244 Da.

The investigation of interaction of corium collagen with ACEA
and BCS were carried out on model systems using HP which was
modified in 0.8 % solution of ACEA with the 1:10 weight ratio of
HP to the solution of the chemical agent with the following
addition after 30 min of the same quantity of BCS with basicity
38 % at 293 K. For HP samples after the acid—saline processing the
solution of NaCl and H250s at 5.5 and 0.6 % of the mass of the
hydrated HP, respectively, was used. After 2 h from the
beginning of the process 10 % of 0.3 % Na2COs solution relative to
the HP weight was added. The duration of the BCS processing
was 5 h.

In the tanning process of semi-finished product also NaCl
(technical specifications, TU 9192-069-00200009527-98), HCOOH
(GOST 1706-78), and H250+ (GOST 2184-77) have been used.

The pH testing of BCS aqueous solutions and other tanning
substances was conducted on pH-340 apparatus. The sorption of
ACEA and BCS by corium collagen was analyzed by
gravimetrical and chemical methods, respectively [17]. The
hydrothermal stability of the semi-finished product was
evaluated by the temperature (Trs) of the onset shrinkage during
sample heating in water-glycerin mixture. The dependence of
sorption of water vapors (W) by the semi-finished product on
their relative elasticity (@) was analyzed at 293 K according to the
previously described methods [18]. The dependence of the
relative diffusion depth (&) of the structuring agent on the
duration of processing was analyzed on sample cross section
using MBI-3 microscope.

The thermal and thermodynamic characteristics of the
modified HP were analyzed thermogravimetrically on the
derivatograph OD-102 of F. Paulik — J. Paulik — L. Erdey system
(MOM, Budapest, Hungary) within the temperature range of 293
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873 K at the heating rate of 10 K/min [19] in the helium
atmosphere. The ordering effect of the HP collagen structure was
evaluated as an enthalpy of melting (AH), relative to the thermal
effect of the standard — benzoic acid, and the total activation
energy of destruction (Es), which characterizes the defects in the
supramolecular collagen structure, was calculated using Frieman-
Carrol method [20]. The thermostability of HP was evaluated
according to the weight lost upon heating to 573K (Ams73). The
temperatures of the onset and the maximum of melting, Ton and
Twmm, respectively, the temperature of the onset of destruction T,
and the temperature Tws at which the maximum destruction rate
is reached testify the interaction intensity between
macromolecules of HP collagen.

The electron microscopy study of the rawhide structure was
carried out using scanning electronic microscope REMMA-102
(Selmi, Ukraine) [21]. The optimization of the ta