M3BECTHS BBICIIMX YUEBHBIX 3ABEJEHUN

Ne 3 (423) TEXHOJIOTYSI TEKCTAJIBHOM MMPOMBIIIJIEHHOCTH 2026

V]IK 675.024
DOI 10.47367/0021-3497_2026_3_165

INVESTIGATION OF THE TANNING METHOD USING COMPLEX
MINERAL TANNING AGENTS FOR THERMOSTABLE
AND WATERPROOF LEATHERS

NCCIEJOBAHUE METOJA AYBJIEHUSA _
C IPUMEHEHHEM KOMIIVIEKCHBIX MUHEPAJIBHBIX TYBUTEJIEN
JJIA HOJYYEHUSA TEPMOCTOUKUX U BOAOHEITPOHULIAEMBIX KOXK

S.E. MUNASIPOVY, A.K. ABDIKAYEVA 2, A.R. SOKOLOVSKIY3, U. DANDAR?, M. KAYGUSUZ5
C.E. MYHACHIIOB!, A.K. ABJTUKAEBA? A.P. COKOJIOBCKHUIP, V. JAHIAP*, M. KAHTYCY3®

(*Taraz University named after M. Kh. Dulati, Kazakhstan,
2Almaty Technological University, Kazakhstan,
3Novosibirsk Technological Institute (branch)
of the Russian State University named after A.N. Kosygin,
4Ege University, Turkey,

SIsparta University of Applied Sciences, Turkey)

(*Tapa3zckwmii ynusepcurer umenn M.X. Jyaaru, Kazaxcran,
ZANMATHHCKHI TEXHOJIOTMYEeCKUii yauBepeuTer, Kazaxcran,
*HoBocnOUpCcKHii TEXHOJOTHYECKHA HHCTHTYT ((pHIHAT)
Poccuiickoro rocynapcrsenHoro ynusepcurera umenu A.H. Kocbirnna,
“Jreiickuii yausepeurer, Typuus,

SYuuBepcuTeT NpuKIaIHbIX HayK Mcnaprel, Typuus)

E-mail: aigulabdi9@gmail.com

Hccneoosanue noceauieno papadomke UHHOBAUUOHHO20 Memooa O0ydienus,
HANPAG/IEHHO20 HA NOJIYYeHUE MEPMOCHOUKON KOMCU C UCHONb308AHUEM KOM-
NJIeKCHBIX muHepanvuvlx oyoumenei. Ilpeonazaemolit memoo Oyonenus npeoy-
cmampueaem nociedosamesibHoe NPUMEHEeHUe INMUX 6eUieCmE 0N NOBbIUIEHUS
mepmocmoiKocmu u uuko-mexanuueckux ceoiicme Koxcu. Mukpocmpykmyp-
HbLI AHANU3 KOJHC, NOJIYYEHHBIX PA3IUYHBIMU CROCOOAMU 0YONeHUs, 8bIAGUII NPe-
umyuwiecmea u HedoCmamKu, 6UAIOUUE HA MEXHOI02UYecKUe U IKCHIYAmayuoH-
Hble xapakmepucmuku. Mopgonozuueckue u cmpyKkmypHble U3MeHeHUsA 8bl0e1aH-
HOIl KOJCU 0XAPAKMEPU306AHbL C NOMOUbIO CKAHUPYIOW|ell 1]1IeKMPOHHOU MUKDO-
ckonuu (CIOM). Pezynomampl IKCnEPpUMEHMATbHBIX UCCAEO06AHUN CEUOCHENb-
CMEyIom 0 3HAYUMETbHOM YAYUUIEHUU (PUIUKO-MEXAHUUECKUX CBOUCME KOoXicU,
umo noomeepicoaem IPHeKmusHocms KOMNIEKCHOZ0 MEmooa MUHEPATbHOZO0
0ybneHusn 013 nOJy4eHuUs 6blCOKOKAYEeCMEEeHHOIl, MePMOCHOUKON KOMcU, NPU200-
HOWl 0nA cnoXcHbIX yceaosuil npumenenus. Iloopoono onucan cnocobd6 npouszeoo-
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CMea Koxcu, KOmopbulii OMKpbleaen NepCcneKmueHble 603MOHCHOCIU Ol PA36U-
musa mexHoa02uu 00padomKu KoHcu u NOMEHUUAIbHO MOdcem Oblmb UCNOIb306aH
6 00yeéHOIl ompaciu.

The present study focuses on the development of an innovative tanning method
aimed at producing thermostable leather with complex mineral tanning agents. The
proposed tanning protocol incorporates a sequential integration of these agents to
enhance the leather's thermal stability and physico-mechanical properties. A micro-
structural analysis of the leathers from various tanning methods identified the ad-
vantages and disadvantages that impact technological and operational performance.
The morphological and structural modifications of the tanned leather were charac-
terised using scanning electron microscopy (SEM). The results of experimental
studies reveal a significant improvement in the physico-mechanical properties of
leather, suggesting the efficacy of the complex mineral tanning approach in produc-
ing high-performance, thermostable leather suitable for demanding applications. A
detailed description of the leather production method opens up promising opportu-
nities for the development of leather processing technology and has potential for use
in the footwear industry.

KiloueBble ciioBa: koska, 1yOnJibHbIe BelleCTBAa, FHCTOJIOTHSA, CTPYKTYpa,

Ka4yeCTBoO.

Keywords: leather, tanning agents, histology, structure, quality.

Introduction

Leather from cattle hides is widely used to
produce footwear intended for use in harsh in-
dustrial and climatic conditions. Generally, the
hides of the Kazakh white-headed cattle breed
are used as raw materials to produce heat-re-
sistant or thermostable and waterproof leather
[1]. This breed is a meat direction, bred in
1930-1950 by crossing the Kazakh and Kal-
myk breeds with Hereford bulls. These ani-
mals are well adapted to breeding in the steppe
and semi-desert regions of the Republic of Ka-
zakhstan.

Raw hides have some histological differ-
ences depending on the animal's type, breed,
gender, age, feeding, care, geographical region
and diseases. A good environment and the dif-
ferences in given factors are reflected in the an-
imal's skin and the quality of the processed
leathers [2, 3]. For example, animals raised in
favourable climates without artificial hor-
mones have stronger and tighter hides. There-
fore, knowledge of the histological character-
istics of the Kazakh white-headed cattle
breed's hides is important.

It was stated that to impart reduced water
permeability to the leather, it is necessary to
preserve a certain proportion of water-unstable
cross-links (intermolecular, hydrogen, electro-
valent) in its structure [4]. During the first ab-
sorption of moisture, these bonds are de-
stroyed, the molecular structural elements of
collagen increase their volume due to hydra-
tion, their thickness increases and the inter-
structural spaces narrow, making it difficult for
further penetration of moisture into the dermis.
These theoretical provisions formed the basis
for developing a method for producing leather
with reduced water permeability.

Based on this method, the middle layer of
the dermis of the hide was subjected to less in-
tense pickling and subsequent chrome tanning
than the outer layers, which led to a reduced
degree of cross-linking of the collagen struc-
ture of the middle dermis. Thus, it was possible
to achieve a decrease in the water permeability
of the leather [4]. The development of a tan-
ning technology according to this principle
may be of significant practical interest in the
production of leathers with reduced water per-
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meability, without using excessively strong
fatting and impregnation. These requirements
are fully consistent with the use of complex
mineral tanning agents in the production of
heat-resistant leather for footwear.

The properties of footwear leathers are
mainly formed during the tanning process.
Subsequent processes improve or enhance cer-
tain properties of the finished leather. Cur-
rently, in the tanning process, new complex
mineral tanning agents based on tanning com-
pounds of chromium, aluminium, zirconium
and titanium are being actively introduced.
Studies undertaken in recent years in Kazakh-
stan have shown the promise of complex min-
eral tanning agents to improve the performance
properties of leather, and partial or complete
replacement of chromium tanning agents
[5...7].

Various tanning methods impart unique
qualities to the final leather product [8]. Under-
standing the nature of cross-linking bonds is
crucial in tanning chemistry. These bonds re-
duce collagen solubility, elevate the shrinkage
temperature, and influence additional leather
properties [9, 10].

It is known that if it is necessary to impart
increased heat resistance to leathers then chro-
mium atoms should prevail in the composition
of the mixed complex, to increase plasticity -
aluminium atoms, and to fill - zirconium at-
oms. Thus, the properties of the leather depend
on its chemical composition and structure, by
changing which it is possible, within certain
limits, to purposefully change the properties
and improve the quality of the leather [6].

Therefore, a method of complex mineral
tanning in the production of heat-resistant
leather for footwear was developed with the
following principles:

- manufacturability of the tanning tech-
nique, i.e. the possibility of a quick preparation
of a tanning solution under production condi-
tions and the implementation of tanning in one
solution;

- all-round reduction in the consumption of
environmentally harmful chromium com-
pounds by partially replacing them with tan-
ning compounds of aluminium, zirconium and
titanium;

- ensuring a high level of operational prop-
erties of upper leather and the economic effi-
ciency of the tanning process.

In this study, an innovative tanning method
of heat-resistant leather production using com-
plex mineral tanning agents was investigated,
and the histological properties, as well as the
physico-mechanical characteristics of the ob-
tained leather, were evaluated.

Experimental

Materials and Methods

The cattle hides used in this study were pro-
vided from the Zhambyl region. The area of the
hides is 220-230 dm?, with a weight of 14-15
kg. For the experiment, the cropon part of the
leather was taken, which was cut using the
method of asymmetric fringe. The specimens
were stored under permanent conditions. Ethyl
alcohol (Fluka) was used in the analytical
grade. Tanning agents were provided from the
Aktobe Chromium Compounds Plant JSC.

Histological investigation

Cattle hide samples were fixed in 10%
buffered formalin according to the standard
histological method [11]. Sections were pre-
pared on a LEICA microtome with a thickness
of 5 microns. Glass slides were stained with
hematoxylin and eosin. The preparations were
examined on a LEICA DM 4000B microscope
with a LEICA DWS digital camera (Leica Mi-
crosystems, Germany).

Leather processing

In this study, the investigated method was
compared with a known tanning method for
the production of heat-resistant leather using
complex mineral tanning agents. In the known
method, the softening process is excluded, and
deliming and salting are carried out together.
Tanning is carried out with a simultaneous
dosage of compounds of chromium, titanium,
zirconium and sodium acetate at the following
rates: 1.6%; 0.2-0.4%; 0.5-0.7%; 10-12% of
the hide mass, respectively, while in the solu-
tion, both sequentially and simultaneously, the
formation of mixed tanning agents and their
masking occurs. As a result, there is no risk of
hydrolysis of titanium and zirconium com-
pounds and the possibility of precipitation of
metal hydroxides is eliminated [7].
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According to the proposed tanning method,
leather production is as follows. After liming,
fleshing, and washing, the hide is treated with
ammonium sulfate at a rate of 10-12%,
phthalic acid 0.3-0.5% of the hide mass for 45-
60 minutes, during which desalting, salting,
and impregnation of the structure with phthalic
acid occur. Tanning is conducted in the same
solution for 4-6 hours with material consump-
tion in percentage ratio to the hide mass: sulfu-
ric acid 0.3-0.5% (based on 100%); ammo-
nium titanilate sulfate 0.5-0.7% recalculated to
titanium dioxide; sodium zirconate sulfate 0.2-
0.4% recalculated to zirconium dioxide; chro-
mium extract 1.2-1.4% and iodine 0.1-0.2%;
the pH of the tanning solution is 3.4-3.6. After
4-6 hours from the start of tanning, sodium bi-
carbonate is added in the amount of 1.0-1.5%.
After neutralisation, retanning is done with
syntans at a rate of 3.0-3.5% of the hide mass.
All further processes and operations are carried
out according to the standard method for pro-
ducing thermally resistant leather.

Results and discussions

Histological Properties of Raw Cattle Hide
and Processed with the Prototype Method

The studied leather tissue of cattle hides
was 4.5-5 mm thick. Histological examination
(Fig. 1) noted the preservation of the multi-
layered epidermis, beneath which lie seba-
ceous and sweat glands. The dermis of the hide
divides into papillary and reticular layers. The
multilayered epidermis of cattle is relatively
thin, constituting approximately 1-2% of the
total thickness of the hide. The papillary layer
of the dermis is quite dense, and relatively free
from various glands (sweat, sebaceous) and
hair follicles. The reticular layer of the dermis
is highly developed and makes up 55-60% of
the hide thickness. The reticular layer consists
of thick, strong collagen fibers and bundles
forming a dense, tight weave in all directions.
The subcutaneous adipose tissue is weakly de-
veloped.

At the border with the subcutaneous tissue,
there is a rare intertwining of fiber bundles.
Collagen bundles are the thickest, lying closely
next to each other, often bending to form a di-
amond-shaped weave. The loops of this weave
are densely packed, piercing each other, and
often stretch across the entire reticular layer.

The reticular layer of the dermis consists of
thicker, wave-like bundles of collagen fibers of
intermediate direction, the character of their
intertwining forms a looped weave. Some col-
lagen fiber bundles occasionally branch, con-
tributing to the density of the weave. As they
approach the layer of subcutaneous adipose tis-
sue, the fiber bundles form a horizontally wavy
weave. This determines the density of the hides
and subsequently the required quality of the
leather. Additionally, a microphotograph of a
hide slice showing that the angle of fiber incli-
nation to the surface is 60 degrees and above
provides a basis for producing leathers with re-
quired properties; uniform splitting of the bun-
dles ensures the fullness and flexibility of the
leather; the fiber bundles are tightly packed
and guarantee the strength of the leather; the
fullness of the fiber bundles is sufficient to pro-
duce leathers of increased thickness.

Fig. 2

From hides, footwear cow upper leather,
heat-resistant and waterproof leather are pro-
duced. Footwear cow upper leather tanned
with chromium-tannin-syntan (Fig. 2) contains
up to 30% fat in the surface and inner layers,
making it waterproof for an extended period of
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wear. Moreover, the fat substances are not ran-
domly distributed in the dermis structure but
are correctly arranged in the form of narrow
continuous rings at some distance from each
other. The high fat content of the leather does
not allow the use of chemical methods for sole
attachment.

From heat-resistant chrome-tanned leather
(Fig. 3), containing up to 12% synthetic fats,
industrial footwear is manufactured using cast-
ing and adhesive methods of attachment, with
water dispersions of polymers as fillers and
treatment with silicon-organic compounds.
However, in the production of heat-resistant
leather, the main tanning agents are chromium
(111 compounds, which have toxic properties.
Additionally, the presence of chromium com-
pounds in the wastewater from leather pro-
cessing leads to environmental pollution.

Footwear cowhide, heat-resistant and wa-
terproof leather is produced from the hides.
Footwear leather, cowhide, chromium-tannin-
syntan tanned (Fig. 2) contains up to 30% fat
in the surface and inner layers, which makes it
waterproof for a long period of wear. Moreo-
ver, fattening substances are not randomly dis-
tributed in the structure of the dermis but are
correctly arranged in the form of narrow solid
rings at a certain distance from one another.
The increased fat content of the hide does not
allow the use of chemical methods of attaching
the bottom. From heat-resistant chrome-tanned
leather (Fig. 3) containing synthetic fats up to
12%, using aqueous dispersions of polymers as
fillers, as well as processing with organosili-
con compounds, footwear is made using injec-
tion and adhesive fastening methods.

However, in the production of heat-re-
sistant leather, the main tanning agents are
chromium (I11) compounds, which have toxic
properties. In addition, the content of chro-
mium compounds in wastewater from leather
and fur industries leads to environmental pol-
lution.

Waterproof leather (Fig. 4) is produced by
chrome-carbamide-urotropine tanning and fat-
liquoring with emulsions containing saponi-
fied synthetic fatty acids, which enhance water
resistance without compacting its structure.
Therefore, compared to heat-resistant leather,
it has a looser structure and, consequently,
high permeability by liquid media.

X 9,000 5.0kv LET

Histological Characteristics of Leather
Tanned with the Proposed Method

Tanning process changes the nature of the
interlacing of fiber bundles, while the intensity
of certain changes in the microstructure of the
leather depends on the nature of the tanning
agent. The choice of tanning agent affects the
character of the leather, as different substances
differ in their tanning power, degree of pene-
tration and uniformity of action. Electron mi-
crographs of the structure of samples of heat-
resistant leather of chromium-titanium-zirco-
nium tanning show that the intensity of the
chemical interaction of tanning agent particles
with collagen to a certain extent affects the de-
gree of separation of fiber bundles in the struc-
ture of the dermis. The fibrous structure is well
preserved in the samples (Fig. 5), due to the
defibration of fiber bundles, the pore heteroge-
neity has decreased, which is a consequence of
the penetration of tanning agent particles into
the interfiber space. On the micrographs, a no-
ticeable compaction of the dermis structure is
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observed, at the same time, a mass of com-
pacted formations of their fiber bundles is ob-
served. An analysis of electron micrographs
shows that chromium-titanium-zirconium tan-
ning achieves good volume formation.
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The proposed method includes treatment of
the skin with ammonium sulfate, phthalic and
sulfuric acids. Tanning is carried out with sim-
ultaneous dosages of compounds of chromium,
titanium, zirconium and iodine and alkaliza-
tion. The processing of the hide with phthalic
acid is carried out together with ammonium
sulfate, then sulfuric acid, iodine and tanning
compounds of chromium, titanium and zirco-
nium are simultaneously introduced into the
same solution and the tanning process is car-
ried out. After the end of the process, sodium
bicarbonate is introduced into the solution to
carry out alkalization.

A distinctive feature of the proposed
method is the combined use of phthalic acid
and ammonium sulfate during deliming, which
improves this process and prevents the for-
mation of lime spots on the surface of the hide.
Phthalic acid has buffering and masking prop-
erties, which are shown in the chromium tan-
ning process in the presence of iodine and bi-
carbonate alkalization [12].

It is known that the coarsening of chro-
mium particles does not occur at a low con-
sumption of sodium acetate and depends on the
interaction time of the acetate and the chro-
mium complex. However, the disadvantage of
the known method is the high degree of cross-
linking of the collagen structure by tanning
compounds in the presence of sodium acetate,
which leads to stiffness and defects in finished

leather, that is, the cod of the front layer in the
process of making footwear. This method of
leather production does not consider the long-
term negative effect of perspiration and micro-
organisms both on the upper material of the
footwear and on the skin of the workers' feet.
In the proposed method, phthalic acid is used
as a masking agent, which makes it possible to
largely eliminate the rigidity of footwear upper
leather.

In addition, ammonium sulfate and
phthalic acid form a buffer system, which al-
lows you to maintain the pH value in the tan-
ning process of about 3.6, which is higher than
the 3.2-3.4 pH of the known method, and this
in turn contributes to the stability of the tan-
ning process, favourably affects the rate of
penetration into the dermis of the chromium-
titanium-zirconium tanning agent and makes it
possible to obtain leathers with a smooth front
surface without screed and with a more uni-
form distribution of the tanning compounds of
chromium, titanium and zirconium in the
thickness of the dermis.

It is known that during the operation of
footwear in conditions of active perspiration in
the intra-footwear space, an environment fa-
vourable for the development of microorgan-
isms (fungi and urobacteria) is created, and ir-
reversible changes in the properties of foot-
wear materials occur. Regular moisturising of
the skin with sweat and especially the accumu-
lation of decomposition products of dry sub-
stances contained in sweat and having an alka-
line reaction increases the rate of tanning and
dynamic wear of the skin, causing human foot
disease.

It has been established that fungal diseases
of human feet (mycoses) in recent years tend
to have continuous growth and wide distribu-
tion. To prevent fungal infections, it is recom-
mended to treat footwear with preparations
based on compounds of the 8-hydroxyquino-
line series, formalin, etc. However, the effects
of these materials are short-term and not harm-
less to humans [13].

Chemical and Physico-Mechanical
Properties of Leather Tanned with the Pro-
posed Method

A comparative description of the quality of
leather produced by the proposed method and
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the prototype (ISO 20942:2002. Leather.
Leather for footwear uppers, chrome-tanned.
Technical requirements and test methods.
Chrome leather for the upper. ISO 3376:2002.
Leather - Physical and mechanical tests - De-
termination of tension strength and percentage
extension (Changed from ISO 3376:2020.
Leather - Physical and mechanical tests - De-
termination of tensile strength and percentage
elongation)) is given in Table 1.

Table 1
Method
Indicators of leather production

the proposed | prototype
Moisture contents, % 14 14
Mass fraction, % no
more 3.7 4
chromium oxide 0.94 -
zirconia 1.06 -
titanium dioxide 8.26 7.5-11.5
substances extractable
with organic solvents 45 4

(without polymer com-
pounds) polymer com-
pounds, not less than

Tensile strength, H/Mm? 28.4 17.5
Stress when cracks ap- 25.4 16.5
pear on the front layer,

H/mm?

Elongation at break, % 26 27

Shrinkage temperature, 106 108
°C

Total processing time, h 10 10

A comparative description of the quality of
the produced leathers is given in Table 2.

Table 2
Method
Indicators the pro- I1ISO 20942
posed [15, 16].
Thickness, mm,
at the standard point 2.0-2.2 1.8-2.2
H of medium leath- 1.5-1.6 14
ers;
at the taper point O
medium leathers, not
less than
Water permeability, 0.28 0.4
ml (cm2), no more
Water permeability
in dynamic condi- 32 30
tions, ml (cm2), not
less than
Vapour permeability
for moisture evapo- 26 25
rated from the free
surface (per batch),
%, not less than
Elasticity, points 9-10 8-9
Shrinkage tempera- 110 104
ture, °C

When using the proposed method, an in-
crease in the quality of the footwear upper
leather is achieved.

Conclusions

Studies have shown that the use of complex
mineral tanning makes it possible to obtain
heat-resistant leather with improved perfor-
mance properties than traditional chromium-
tannin-synthane tanning. There is no doubt that
the improvement of the complex properties of
heat-resistant leather tanned with the use of
complex mineral tanning agents is a conse-
quence of the enhancement of the effect of tan-
ning and structuring of the dermis, as a result
of which the resistance of leather to water,
sweat, mold and other external influences in-
creases. The use of complex mineral tanning
agents not only improves the quality of leather
but also speeds up the process and reduces the
cost of leather. In addition, tanning is carried
out in the presence of a masking agent, which
allows the tanning process to be carried out at
a high pH value of the tanning solution. Tan-
ning with the use of complex mineral tanning
agents is characterized by a more uniform and
rapid absorption of complex mineral tanning
agents at a constant ratio of components in so-
lution.

The essence of the tanning method lies in
the fact that the solution to the problem of im-
proving the quality of heat-resistant leather for
the uppers of industrial footwear is achieved
by replacing sodium acetate (sodium acetate)
with phthalic acid and using iodine. The intro-
duction of iodine, which has antiseptic proper-
ties, into the tanning solution makes it possible
to increase the resistance of the skin to the ac-
tion of sweat. At the same time, the welding
temperature reaches 110°C, which is one of the
most important indicators of leather quality,
corresponding to the name "heat-resistant”.

The developed method of production
makes it possible to obtain leathers that are re-
sistant to the action of microorganisms. The
use of such leather for the manufacture of foot-
wear used in difficult industrial conditions will
contribute to the prevention of fungal diseases
of the feet and reduce their sweating. The tech-
nical result is an increase in elasticity, re-
sistance to the action of microorganisms (io-
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dine and phthalic acid have antiseptic and an-
tibacterial properties), and a decrease in the
consumption of chromium tanning agents.
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