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Abstract. The purpose of this study was to investigate the use of red mud, as a sustainable filler for glyptic resin
composites and injection methods on their impact strength, as well as to optimise the properties of the composites and
promote environmentally friendly use of materials. Glyptal resin was synthesised from glycerol and phthalic anhydride.
Two methods of red mud introduction were employed: mechanical mixing and in situ synthesis. The concentration of red
mud ranged within 7-56 wt%. The impact strength of the resulting composites was evaluated using standard tests. The
study showed that red mud significantly increases the impact strength of composites based on glyptal resins. The in situ
synthesis method provided the best results, with a maximum impact strength of 22.05 N-m at a red mud content of 36 wt%,
which is 12.5% greater than that of mechanically mixed composites. The optimum filler concentration was determined at
36 wt%, with a sharp decrease in strength at greater concentrations due to particle agglomeration. In addition, the impact
strength increased with increasing synthesis time, reaching its peak at 480 min for composites with 7 wt% red mud. This
study provided new insights into the integration of red mud as a reinforcing filler in glyptic resins and highlighted the
advantages of in situ synthesis in achieving better dispersion and matrix interaction, which contributes to the development
of stable polymer composites. The findings demonstrated the possibility of using red mud, a complex industrial waste, in
the production of high-performance polymer composites. The study offered practical recommendations for optimising the
concentration of fillers and synthesis methods, which would contribute to the development of environmentally friendly
and cost-effective materials for industrial applications
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Introduction

The growing demand for high-performance composite ma-
terials in various industries necessitates the development
of innovative solutions that ensure superior mechanical
properties, economic feasibility, and environmental sus-
tainability. Polymer composite materials (PCMs) with fill-
ers derived from industrial waste products have emerged
as a promising area in materials science. Among these, red
mud (RM), a byproduct of the alumina production process,
presents strong potential as a cost-effective and sustaina-
ble filler for polymer matrices, including glyptal resins.
RM, with its high alkalinity, poses major challenges
in terms of disposal and environmental impact due to its
large-scale production and limited recycling options. Ac-
cording to B. Swain et al. (2020), over 150 million tonnes

of RM are generated annually worldwide, with the major-
ity being still untreated, leading to risks of soil and water
contamination. Its rich chemical composition, including
oxides of iron, aluminium, and silicon, opens promising
opportunities for reuse in value-added products such as
fillers for polymer composites (Prasad et al., 2022).

The use of RM as a filler has not only solved envi-
ronmental problems, but also greatly improved the me-
chanical and thermal properties of composite materials.
According to P. Wu et al. (2023), the incorporation of RMs
into polymer composites improved tribological properties
such as wear resistance and friction coefficient, while re-
ducing production costs and increasing the thermal stabil-
ity of materials.
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]J. Chen et al. (2024) investigated the durability of
high-performance composite materials based on RM, fo-
cusing on their resistance to chemical and physical fac-
tors. Their study demonstrated that modified RM consid-
erably enhances the chemical resistance and mechanical
wear resistance of composites, particularly in aggressive
environments. However, the study did not address the ef-
fects of prolonged thermal cycling and humidity, which
are critical for many practical applications. Future re-
search should explore these aspects and improve RM
modification methods to achieve more stable composite
properties.

The modification of the RM played a crucial role in
increasing its functionality. C. Ding et al. (2022) demon-
strated that the use of chlorinated polyethylene as a cou-
pling agent for RM surface treatment significantly im-
proves the adhesion between the filler and the polymer
matrix, thereby improving the mechanical properties of
composites. The researchers attributed these findings to a
reduction in interfacial defects caused by better adhesion
and interaction between the composite components. Fur-
thermore, the modification of RM with a titanate coupling
agent and its subsequent incorporation into PVC to ob-
tain composites showed a significant improvement in the
thermal stability of the materials. The RM effectively neu-
tralises HCl released during the thermal decomposition of
PVC, delaying the onset of pyrolysis, and improving the
overall properties of the composite. In addition, the high
thermal resistance of RM helps to decelerate heat trans-
fer, which further improves thermal stability.

P.K. Jena et al. (2022) synergistically modified epoxy
resin with RM and vetiver fibres. Their findings suggest-
ed that increasing RM content in composites reduced the
friction coefficient, specific wear rate, and wear loss, con-
firming that RM effectively enhances the wear resistance
of epoxy resin-based composites.

Glyptal resins, known for their excellent adhesion,
durability, and chemical resistance, are widely used in
coatings, electrical insulation, and construction. Incorpo-
rating RM as a filler into glyptal resins improves their me-
chanical properties, particularly impact strength, while
contributing to the recycling of industrial waste (Mel-
nyk et al., 2020).

Existing research on RM-based composites has pre-
dominantly focused on thermoplastics and thermoset-
ting plastics, leaving glyptal resins understudied. J. Li et
al. (2020) emphasised that the properties of such compos-
iteslargelydependonthefiller concentrationand the meth-
od of its introduction. Chemical synthesis methods often
provide better dispersion and interaction between the RM
and the polymer matrix compared to mechanical mixing.
Optimising these parameters is crucial to achieve abalance
between mechanical properties and economic viability.

The purpose of this study was to investigate the ef-
fect of red mud concentration and incorporation methods
on the impact strength of glyptic resin composites. Spe-
cifically, the study focused on determining the optimum

filler concentration and understanding how incorporation
methods affect mechanical performance. To fulfil the pur-
pose, the tasks were formulated as follows:

1. To evaluate the effects of the concentration of red
mud (7-56 wt%) on the impact strength of composites
based on glyptal resins.

2. To compare the effects of two incorporation meth-
ods — mechanical mixing and in situ synthesis — on the
mechanical properties of composites.

3. To determine the optimum combination of filler
concentration and synthesis method to maximise the im-
pact strength of glyptal resin composites while ensuring
economic and environmental feasibility.

Materials and Methods

The study used glyptal resin synthesised from glycerol
and phthalic anhydride, following a standard procedure
(Feng et al., 2011). The initial weight ratio of glycerol to
phthalic anhydride was maintained at 1:1.65, and the re-
action was conducted at a constant temperature of 180°C
in a reactor equipped with a mechanical stirrer and a ther-
mometer to ensure uniform mixing and temperature con-
trol. The filler employed in the composites was red mud,
sourced from the Zaporizhzhia Aluminium Plant (Ukraine),
its characteristics were presented in the previous study
(Melnyk et al., 2020). To enhance its dispersion within the
polymer matrix, the red mud was pretreated through ultra-
sonic grinding (Melnyk, 2023), reducing particle size, and
improving its compatibility with the resin.

The composites were prepared using two different
methods. The first method involved mechanical mixing, in
which red mud at concentrations of 7, 15, 36, and 56 wt%
was added to the pre-synthesised glyptal resin using a lab-
oratory roll mill. This ensured uniform distribution of the
filler in the resin matrix. The second method employed in
situ synthesis, where red mud was pre-mixed with glycerol
before adding phthalic anhydride. The polymerisation pro-
ceeded under the same conditions as described above. The
in situ method was employed for red mud concentrations of
7,15, 36, and 56 wt%. The synthesis process lasted 8 hours,
during which aliquots were periodically taken for nuclear
magnetic resonance spectroscopy (NMR) analysis to moni-
tor the progression of the esterification reaction.

The NMR spectra obtained during the synthesis of
glyptal resin, both in the absence and presence of red mud
(7 wt%), provide valuable insights into the polymerisation
reaction progress and the influence of the filler on the
chemical transformation. The spectra were recorded at var-
ious time intervals: 30, 180, 305, and 480 min.

The prepared composites were applied as coatings on
pre-cleaned glass, metal, or ceramic substrates using a
brush. The coatings were left to cure at room temperature
for 24 hours and subsequently subjected to thermal treat-
ment at 60°C for 1-2 hours to ensure complete polymerisa-
tion and adhesion to the substrate.

The impact strength of the composite films was
evaluated using the U-1A apparatus, manufactured by

62 Technologies and Engineering, Vol. 25, No. 6, 2024



Melnyk

NOVOTEST, Ukraine. The testing was conducted following
the ASTM D2794-93 (2019) standard (Kholiavko & Vlad-
ymyrskyi, 2023). This method involved the instantaneous
deformation of a coated metal plate under the free fall of
a weighted striker. The apparatus included a base, stand,
guide tube, pointer, stopper screw, release button, weight
holding fixture, weight, striker with a ball, traverse, and
anvil. During the test, the weight was raised to a prede-
termined height and secured with a stopper screw. The
coated metal plate was placed on the anvil, ensuring that
the impact area was at least 20 mm away from the edges
or previously affected zones. By pressing the release but-
ton, the weight was allowed to fall freely, transferring the
impact through the striker to the plate. The sample was
inspected for cracks after each impact. If no cracks were
observed, the height of the weight drop was increased in-
crementally by 5-10 ¢cm, and the test was repeated until
cracks appeared. The impact strength (W) was calculat-
ed as the product of the weight force (F) and the critical
height (h), providing a quantitative measure of the mate-
rial’s resistance to impact deformation:

W=F-h. (1)

This methodology enabled a systematic evaluation of
the impact resistance of glyptal resin composites, enabling
a detailed comparison between the mechanical mixing and
in situ synthesis methods.

Results

NMR Spectroscopic Analysis

of the Research Objects’ Synthesis

The study of the impact strength of composites based on
glyptoplastics modified with red mud revealed major dif-
ferences depending on the filler concentration and the
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Figure 1. NMR spectra of aliquots taken
during the synthesis of glyptal resin
(without red mud) at various time intervals

Note: 1 - 30 min, 2 — 180 min, 3 — 305 min, 4 -
480 min. Signals indicate the progressive conversion
of carboxylic acid groups (5 12.75-14) into ester groups (5 4-5
and § 5-5.7)

Source: developed by the author of this study

method of its introduction into the matrix. The study find-
ings, visualised in Figures 1 and 2, provide a comprehensive
view of the influence of these parameters on the mechan-
ical characteristics of the composites, and their analysis
helped to trace the esterification process and the role of
red mud during synthesis.

For the synthesis without red mud (Fig. 1), the NMR
spectra at 30 min revealed signals in the & 12.75-14 region,
corresponding to carboxylic acid protons. Signals at & 5-5.7
(CHOOC) and § 4-5 (CH,00C, CHOH) indicated the initial
formation of ester bonds, reflecting the commencement of
the acylation reaction between glycerol and phthalic anhy-
dride. However, the persistence of carboxylic acid signals
confirmed the incomplete nature of the esterification at
this stage (Claridge, 2009). By 180 min, the intensity of the
carboxylic acid signals decreased significantly, while the
signals corresponding to ester groups (CH,00C, CHOH)
became more prominent, suggesting that the esterification
reaction was progressing. At 305 min, the carboxylic acid
signals diminished further, and by 480 min, they were no
longer detectable, indicating complete conversion of the
starting materials into glyptal resin.

For the synthesis with 7 wt% red mud (Fig. 2), the spec-
tra at 30 min showed comparable carboxylic acid signals;
however, their intensity was slightly lower compared to the
synthesis without red mud. This suggests that red mud, due
to its basic properties, partially neutralised the carboxylic
acid groups formed during the initial stages of the reaction.
As the reaction progressed, the intensity of the carboxylic
acid signals further declined, while the ester group signals
became increasingly prominent. By 480 min, the spectra
confirmed the complete disappearance of carboxylic acid
protons and the dominance of ester signals, suggesting
that the reaction had reached completion.

Figure 2. NMR spectra of aliquots taken during
the synthesis of glyptal resin
with 7 wt% red mud at various time intervals

Note: 1 — 30 min, 2 - 180 min, 3 — 305 min, 4 - 480 min.
The reduced intensity of carboxylic acid signals (5 12.75-14)
at early stages reflects the interaction of red mud with the
acidic intermediates
Source: developed by the author of this study
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The presence of red mud was found to have a notable
influence on the reaction kinetics. Specifically, the neu-
tralising effect of red mud slightly reduced the intensity
of carboxylic acid signals at earlier stages, suggesting an
interaction between the filler and the acidic intermediates.
Despite this, the overall progression and completion of the
reaction were not hindered, as evidenced by the spectral
similarity of the final products in both systems.

In conclusion, the analysis of NMR spectra demon-
strated that the synthesis of glyptal resin proceeded
effectively in the presence of red mud. While the filler
interacted with the acidic intermediates, potentially al-
tering the reaction pathway to a minor extent, it did not
impede the overall reaction. These findings suggest that
red mud not only serves as a filler but also may act as
a mild catalyst or stabiliser during the polymerisation
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process, contributing to the unique properties of the fi-
nal composite materials.

Influence of synthesis time and incorporation method
Figure 3 presents the relationship between synthesis time
and impact strength for glyptal resin composites with
7 wt% red mud. The composites prepared via in situ syn-
thesis consistently demonstrated greater impact strength
compared to those obtained through mechanical mixing.
At 30 min, the impact strength of the in situ synthesised
composite was 3.85% greater than that of the mechanically
mixed composite, and this advantage increased to 9.13% by
305 min. This trend is attributed to the superior dispersion
of the filler and stronger interfacial bonding achieved dur-
ing chemical synthesis, which promotes the uniform distri-
bution of red mud particles within the matrix.

i 1 2 3
12
8 -
6 -
4
9 -
0 -
30

180

305 480

Synthesis time, min

Figure 3. Impact strength of composites with 7 wt% red mud as a function of synthesis time
Note: 1 - pure glyptal resin, 2 - in situ synthesis (7 wt%), 3 — mechanical mixing (7 wt%)

Source: developed by the author of this study

Compared to pure glyptal resin, the composites synthe-
sised in situ exhibited 6.67-10.78% higher impact strength
across all synthesis times. This improvement highlighted
the reinforcing effect of red mud as a filler, which enhanced
theload distribution and impact resistance of the composite.

Influence of filler concentration

Figure 4 presents the impact strength of composites with
varying concentrations of red mud, prepared by both
methods.

For composites produced via in situ synthesis, the im-
pact strength increased with filler concentration, reaching
a maximum value of 22.05 N-m at 36 wt%. Beyond this con-
centration, a sharp decline in strength was observed, with
the value dropping to 11.27 N-m at 56 wt%. An analogous
trend was observed for mechanically mixed composites,
with maximum impact strength of 19.6 N-m at 36 wt% and
a decrease to 10.78 N-m at 56 wt%.

The decrease in impact strength at high filler concen-
trations can be attributed to agglomeration of red mud
particles, which creates stress concentration points and
weakens the material. This issue was more pronounced in

mechanically mixed composites, where the filler-matrix in-
teraction was less effective, resulting in lower overall impact
strength compared to the in situ synthesised composites.
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Figure 4. Impact strength of composites
as a function of red mud concentration
for in situ synthesis and mechanical mixing
Note: 1 - in situ synthesis, 2 — mechanical mixing
Source: developed by the author of this study

64 Technologies and Engineering, Vol. 25, No. 6, 2024



Melnyk

The in situ synthesis method consistently outper-
formed mechanical mixing in terms of impact strength,
regardless of filler concentration. At the optimum concen-
tration of 36 wt%, the impact strength of the in situ syn-
thesised composite was 12.5% greater than that of the me-
chanically mixed composite. This superior performance is
explained by the chemical incorporation of red mud into
the polymer matrix during synthesis, which enhances filler
dispersion and bonding at the molecular level.

These findings suggest that the inclusion of red mud
as a filler not only improved the mechanical properties of
the glyptic resin but also provided a sustainable solution
for the disposal of industrial waste. The optimum filler
concentration of 36 wt% ensured maximum reinforcement
without compromising the integrity of the composite.

Discussion

The integration of red mud as a filler in glyptal resin
composites was systematically studied, and its impact on
mechanical properties, particularly impact strength, was
analysed. The findings demonstrated a considerable en-
hancement in impact strength when red mud was incor-
porated, with a maximum value observed at 36 wt% filler
concentration using the in situ synthesis method. This dis-
cussion contextualises these findings within the existing
body of research and examines their implications for in-
dustrial applications.

A.C. Marsolea (Cristea) et al. (2023) studied the de-
velopment of polyurethane composites using industrial
plastic waste, pyrite, and RM, finding that these fillers can
increase the mechanical strength and thermal stability
of composites by up to 25%, especially with preliminary
chemical treatment. At the same time, the researchers
noted that the long-term stability of such composites in
aggressive environments is still unexplored, and the tests
were limited to static loads without analysing dynamic
properties, suggesting the need for further research to im-
prove technologies. The greater impact strength values ob-
tained by the in situ synthesis method (12.5% greater than
mechanical mixing) confirmed the significance of chemical
incorporation for effective filler dispersion and matrix in-
teraction, consistent with previous studies.

The chemical bonds formed during the in situ synthesis
improved the compatibility between filler and resin matrix,
which was confirmed by both J. Chen et al. (2024) and the
findings of the present study on the potential of red mud.
Red mud can act not only as a filler but also as a reinforcing
agent, improving mechanical properties through integra-
tion at the molecular level. J. Chen et al. (2024) addition-
ally proposed combining RM with paper residues to create
composites, which increased the crystallinity of polymers
and their mechanical properties due to the effects of RM as
a heterogeneous nucleator.

Additionally, the trend of declining impact strength
beyond 36 wt% filler concentration caused by particle ag-
glomeration mirrors observations by R. Prasad et al. (2022),
who highlighted analogous challenges in achieving

optimum dispersion in red mud-based composites. This
phenomenon underscores the critical role of processing
techniques and the necessity of fine-tuning filler con-
centrations to maximise composite performance. The ul-
trasonic pretreatment of red mud employed in this study
proved effective in mitigating, albeit not entirely eliminat-
ing, the agglomeration effects.

J. Liu et al. (2018) developed ethylene-vinyl ace-
tate-based composites (ELDH-SDS-KH) using HCl-modified
RM as a flame-retardant filler. Their findings revealed that
these modified composites not only emitted fewer harm-
ful substances during combustion but also exhibited im-
proved thermal stability compared to unmodified samples.

L. Qiu et al. (2020) proposed another innovative ap-
proach, working with RM/phenolic foam composites. The
researchers investigated the effects of silane coupling
agents and RM on the thermal properties of these mate-
rials. Their findings revealed that adding an optimised
amount of modified RM increases the limiting oxygen in-
dex and greatly enhances the thermal stability of the com-
posites. Y. Wang et al. (2021) highlighted the synergistic
effects arising from combining RM with other industrial
wastes, such as fly ash. Their study confirmed that such
combinations improve the interfacial properties of com-
posites, enhancing their overall mechanical strength.

Another group of researchers focused on devel-
oping hybrid polymer materials using RM and fibres.
AK. Sinha et al. (2021) synthesised an epoxy composite
with RM and abaca fibres. By employing the response
surface methodology, the researchers demonstrated that
optimising RM particle size and fibre concentration con-
siderably improves the wear resistance and mechanical
properties of the composite.

S.Nayak & A. Satapathy (2020) examined the effects of
RM on bamboo fibres modified for use in polymer compos-
ites. Their findings showed that these materials exhibited
enhanced tensile strength, flexural strength, and impact
resistance, demonstrating their potential for applications
in construction and industry. S. Vigneshwaran et al. (2020)
also explored the potential of RM combined with coconut
sheath fibres. The researchers found that silane-treated
fibres combined with 20% RM greatly improved the me-
chanical properties of composites, such as tensile strength,
flexural strength, and impact resistance. However, increas-
ing RM content to 30% led to particle agglomeration, neg-
atively affecting material properties.

0. Cimen & H.I. Giinaydin (2024) focused their ef-
forts on developing geosynthetic barrier materials using
RM and polysulfone (PSU). Through the phase inversion
method, the researchers successfully integrated RM into
the polysulfone matrix, greatly improving the material’s
tensile strength. Using SEM, AFM, XRD, and TGA tech-
niques, the researchers confirmed the effective dispersion
of RM within the matrix and enhancements in its me-
chanical and thermal properties. However, the research-
ers also noted that the long-term stability of these ma-
terials under variable environmental conditions was still
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unexplored, paving the way for further research. This un-
derscored the significance of RM in creating sustainable
construction materials.

J. Liu et al. (2020) synthesised a composite material
based on RM and polyacrylic acid (RM/PAA) using a graft
polymerisation method in a reverse-phase suspension
system. This material demonstrated excellent adsorption
properties, achieving a maximum adsorption capacity for
Cd(II) ions at 96.15 mg/g.

The increase in impact strength with synthesis time,
peaking at 480 min for composites with 7 wt% red mud,
further supports the hypothesis that extended reaction
times enhance the uniformity of filler dispersion and pro-
mote stronger matrix-filler interactions. This observation
is consistent with findings of L. Qiu et al. (2020), who re-
ported improved mechanical properties in composites sub-
jected to prolonged synthesis durations. Notably, the basic
properties of red mud appeared to neutralise acidic inter-
mediates during polymerisation, possibly acting as a mild
catalyst, as suggested by the NMR spectral analysis.

Comparing these findings with studies on other poly-
mer matrices, such as the research by S. Vigneshwaran et
al. (2020) on coconut fibre-reinforced composites, revealed
both similarities and distinctions. While both studies em-
phasised the reinforcing effects of fillers, the chemical
composition and surface characteristics of red mud unique-
ly influence its interaction with glyptal resin, resulting in
distinct mechanical property enhancements.

From a practical perspective, the optimum filler con-
centration of 36 wt% identified in the present study pro-
vides a valuable guideline for industrial applications, bal-
ancing mechanical performance with material integrity.
Being a challenging industrial waste, the use of red mud in
glyptal resin composites not only addresses environmental
concerns but also offers an economically viable alternative
to conventional fillers.

However, some limitations persist. The long-term sta-
bility of these composites under environmental stressors,
such as temperature fluctuations and moisture exposure,
warrants further investigation. Additionally, upscaling the
in situ synthesis method for industrial production poses
challenges that must be addressed.

In conclusion, the present study contributed to the
growing body of knowledge on sustainable composite ma-
terials by demonstrating the feasibility and advantages of

Conclusions

The study demonstrated a significant influence of red mud
concentration and methods of its incorporation on the
impact strength of glyptal resin composites. The obtained
findings confirmed that the set objectives were successfully
achieved, and the purpose of this study was fulfilled. Eval-
uating the effects of filler concentration on the mechanical
properties of the developed composites revealed that the
addition of red mud greatly improves impact strength. Its
maximum values were achieved at a filler concentration
of 36 wt% and amounted to 22.05 N-m. Increasing the red
mud concentration beyond this value led to a decrease in
strength due to particle agglomeration, which created lo-
calised stresses in the matrix.

Comparing the methods of red mud incorporation into
glyptal resin revealed that resins filled during in situ syn-
thesis demonstrated superior mechanical properties com-
pared to those obtained through mechanical mixing, pro-
viding a 12.5% increase in impact strength. This suggests a
more uniform distribution of filler particles in the matrix
and better interaction at the molecular level.

The duration of synthesis also significantly affected
the completion of the process and, consequently, the im-
provement of the mechanical properties of the resulting
coatings. It was established that maximum impact strength
values were achieved at a synthesis duration of 480 min,
particularly for composites with a low filler concentration
(7 wt%). The obtained findings confirmed the prospects
of using red mud as a reinforcing filler for polymer com-
posites. The optimum combination of filler concentration
(36 wt%) and the method of incorporation ensure the cre-
ation of materials with enhanced impact strength, opening
new opportunities for their application in construction,
electrical engineering, and other industrial sectors.

The practical significance of this study lies in address-
ing the environmental problem of red mud disposal, allow-
ing for a reduction in industrial waste volumes and the cre-
ation of cost-effective materials with improved mechanical
properties. Further research may focus on expanding the
use of other industrial wastes as fillers, optimising the syn-
thesis process to improve energy efficiency, and exploring
the application possibilities of the developed materials in
various industrial fields.
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Enhanced impact strength of glyptal resin composites...

AipBULLLEeHO YOOPHA MiLHICTb KOMIMO3UTIB
i3 rnidoTaneBoi cMoJsIn 3 YePBOHMM LLUJICIMOM:
nopiBHSAJNIbHEe OocrigNKeHHSA MeToaiB BBeOeHHSA

JI1060B Me/IbHUK

Kanaupat TexHiuHMX HayK, TOLIEeHT

HartioHanpHMIT TEXHIUHMI YHIBEpPCUTET YKpaiHU

«KuiBchkuit monmiTexHiuHmii iHCTUTYT iMeHi Iropst CikopcbKOTo»
03056, mpocrr. bepecreiicbkuii, 37, m. KniB, Ykpaina
https://orcid.org/0000-0001-5139-3105

AHOTALAA. MeTo10 1[bOro JOCTIIKEHHS Oy/I0 BUBYMTY BUKOPUCTAHHS YEPBOHOIO LIJIAMY SIK €KOJIOTIYHO 6e3I1euHOro
HaroBHIOBAaYa [JIT KOMIIO3MTIB Ha OCHOBi mIidTaseBoi CMOAM Ta METOMAIB JOro BBEOEHHS, a TAKOX OITUMIi3yBaTu
BJIACTMBOCTI KOMITO3UTIB i CIIPUSITM €KOJIOTiYHO pallioHaJIbHOMY BUKOPMCTaHHIO MartepiasiB. [midTaneBa cmomna 6yna
CMHTe30BaHa 3 IillepuHy Ta (TajeBoOro aHriapumay. Bylo 3acTOCOBaHO [Ba METOAM BBEHNEHHS YEPBOHOIO ILUIAMY:
MexaHiuHe 3MillyBaHHS Ta CMHTe3 in situ. KOHIIeHTpallisi YepBOHOTO IUIaMy BapiloBasacs Bix 7 mo 56 mac. %. VoapHy
MILIHICTh OTPMMaHMUX KOMIIO3UTIB OIiHIOBAJIM 3a OOIMOMOTOI0 CTaHAAPTM30BaHMUX TeCTiB. JOCTigkeHHS O0Ka3asio, 0
YepBOHMII IIIaM 3HAYHO MiJBUIIYE yIApHY MilIHICTh KOMITO3UTIB Ha OCHOBI ridTaneBoi cmonn. MeTon, cuHTe3y in Situ
3abe3MeunB HAIKpaIllli pe3yabTaTi, JOCATauM MakKCMMaIbHOI yaapHoi MillHOCTi 22,05 H-M 3a KOHIIeHTpallii 4epBOHOTO
ntamy 36 mac. %, mo Ha 12,5 % rnepeBuIyBaso 3HAYEHHS I KOMIIO3UTiB, OTPMMAaHMX MEXaHiUHUM 3MilllyBaHHSIM.
OnTMMasibHa KOHIIEHTpAllisi HAIllOBHIOBaua Oy/ia BM3HAUeHa SK 36 Mac. %, TOHi SIK IPU BUIIMX KOHIEHTPAIisX
criocTepiranocst pike 3HMKEHHSI MIITHOCTI uepe3 amioMepaliilo yacTuHok. Kpim Toro, ymapHa MilHicTh 36i/blryBanacs
3i 3pOCTaHHSIM TPUBAJIOCTI CMHTE3Y, NOCSATalouM CBOr0 MakcMMymy Ha 480 XB [IJisT KOMIIO3UTIB i3 7 Mac. % UepBOHOTO
nuiamy. Lle moctigkeHHS Hagaao HOBY iH(pOpMallilo Mpo iHTerpaliro YepBOHOrO NUIAMY SIK apMYIOYOro HallOBHIOBAva B
rridTaneBi cMoIM Ta MiAKPewIWIO TIepeBaru CUHTe3Y in situ 'y JOCSITHeHHi Kpalloi aucriepcii Ta B3aeMopii 3 MaTpuiielo,
IO CIpusie po3pobii CTabibHMX IMONTIMEPHUX KOMIIO3UTIB. Pe3ynbTaTi JeMOHCTPYIOTh MOK/IMBICTD BUKOPUCTAHHS
YepBOHOTO IIJIAMY, CKJIaJHOTO MTPOMMCIOBOTO BiIX0ay, y BUPOOHUIITBI BMCOKOMPOAYKTUBHMX TTOJIiIMEPHUX KOMITO3UTIB.
HocmimkeHHS MPOMOHYE MPaKTUYHI peKOMeHallil o0 ONTKUMi3allii KOHIleHTpallii HallOBHIOBAYiB i METOMiB CUHTE3Y,
IO CIIPUSITMME PO3PO6IIi eKOJIOTiUHO YMCTUX i EKOHOMIUHO BUTIAHMX MaTepialiB sl TPOMMCIOBOTO BUKOPUCTAHHS
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