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effect with micro- and nanocellulose at elastic modulus, compressive strength, and thermal stability of 
epoxycomposites was studied. The swelling processes run similarly in composites with cellulose micro 
and nanoparticles. 
KEY WORDS: epoxy composite; microcellulose; nanocellulose; synthesis; mechanical parameters; 
thermal parameters; chemical resistance.  

 
ВПЛИВ ЧАСТИНОК ЦЕЛЮЛОЗИ НА ХІМІЧНУ СТІЙКІСТЬ, МЕХАНІЧНІ ТА 

ТЕРМІЧНІ ВЛАСТИВОСТІ ЕПОКСИДНИХ КОМПОЗИТІВ 
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Актуальність: Технологічні розробки для виробництва наноцелюлози з дешевших рослинних 
матеріалів у порівнянні з деревиною, зокрема, сільськогосподарськими відходами, є актуальним 
завданням сучасної нанобіофізики. Відкриття можливості розширення функціональних 
характеристик матеріалів у композиціях з модифікованими частинками целюлози по суті 
стимулювало інтерес дослідників до целюлозних композитів. Модифікація поверхні частинок 
целюлози функціональними матеріалами, такими як барвники, оксиди металів, кремній, дозволяє 
застосовувати композити з модифікованою целюлозою в різних областях сучасної промисловості. 
Істотне поліпшення експлуатаційних параметрів функціоналізованих частинок целюлози можна 
отримати, використовуючи їх в полімерах в якості наповнювачів. Прикладом гібридних 
біокомпозитів є вивчені у даній роботі композити епоксидної смоли з частинками модифікованої 
та немодифікованої целюлози. Міжфазна взаємодія частинок наповнювача з епоксидною 
матрицею, їх концентрація та дисперсність можуть змінювати фізико-хімічні властивості 
біополімеру та функціональні параметри біокомпозитів. Дослідження впливу зовнішніх чинників 
на фізико-хімічні властивості біосистем на основі епоксидної смоли та їх вплив на експлуатаційні 
параметри є актуальною проблемою сучасного матеріалознавства. 
Мета роботи: розробка ефективного синтезу наноцелюлози з рослинних матеріалів та проведення 
функціоналізації поверхні мікро- та наноцелюлозних частинок клатрохелатом заліза (ΙΙ), 
отримання біокомпозицій епоксидної смоли з вихідною та функціоналізованою мікро та 
наноцелюлозою, дослідження морфології, хімічної стійкості, механічних та термічних 
властивостей епоксидних композитів з мікро- та наночастинками целюлози. 
Матеріали та методи. Об'єктами дослідження були композити епоксидної смоли Eposir-7120 з 
поліетиленполіаміновим затверджувачем “PEPA” у співвідношенні 6,2:1 та 10% мікро- та 
наночастинок целюлози. Мікроцелюлоза, отримана з деревини, була комерційним продуктом. 
Наноцелюлоза синтезована з органосольвентної целюлози, отриманої зі стебел Miscanthus x 
giganteus. Модифікацію поверхні мікро- та наноцелюлози проводили барвником —
клатрохелатомзаліза (ΙΙ). Питому поверхню частинок целюлози визначали за допомогою 
низькотемпературної адсорбції-десорбції азоту за методом Брунауера-Еммета-Теллера. Механічні 
параметри визначали за допомогою універсальних машин Shopper та UMM-10. Тепловий аналіз 
провели за допомогою деріватографа Q1500. Набухання досліджували гравіметричним методом. 
Результати. Визначено модуль пружності E, міцність на стиск σ та термогравіметричні 
параметри. Показано, що в композитах з мікро- та наноцелюлозою E підвищується на 7,0–12,2%, а 
σ збільшується на 9,1% для композитів з мікрочастинками целюлози. Наповнення смоли 
наночастинками целюлози та модифікованої мікроцелюлози не впливає на значення σ композитів. 
Термічна стабільність епоксидного полімеру (310°C) знижується після наповнення мікро- та 
наноцелюлозою до 290 та 300°C відповідно. Хімічна стійкість епоксикомпозитів з мікро- та 
наноцелюлозою до 20%-ї азотної кислоти знижується. У нейтральному середовищі процес 
набухання епоксикомпозитів характеризується швидкою сорбцією до насичення 15-20% ацетоном 
за 36 годин. 
Висновки. Таким чином, розроблено метод синтезу наноцелюлози з рослинних матеріалів та 
проведена функціоналізація її поверхні клатрохелатом заліза (ΙΙ). Світлова реакція адсорбованого 
барвника виявлена у видимому спектральному діапазоні. Отримані композити епоксидної смоли з 
10% мікро- та наноцелюлози. Вивчено вплив наповнення мікро- та наноцелюлозою на модуль 
пружності, міцність на стиск, термічну стійкість епоксикомпозитів. Процеси набухання 
відбуваються аналогічно у композитах з мікро- та наноцелюлозою. 
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Актуальность: Технологические разработки производства наноцелюлозы из более дешевых 
растительных материалов по сравнению с древесиной, в частности, сельскохозяйственными 
отходами, являются актуальной задачей современной нанобиофизики. Открытие возможности 
расширения функциональных характеристик материалов в композициях с модифицированными 
частицами целлюлозы существенно стимулировало интерес исследователей к целлюлозным 
композитам. Модификация поверхности частиц целлюлозы функциональными материалами, 
такими как красители, оксиды металлов, кремний позволяет применять композиты с 
модифицированной целлюлозой в различных областях современной промышленности. 
Cущественное улучшение эксплуатационных параметров функционализированных частиц 
целлюлозы можно достичь, используя их в полимерах в качестве наполнителя. Примером 
гибридных биокомпозитов являются изученные в данной работе композиты эпоксидной смолы с 
частицами модифицированной и немодифицированной целлюлозы. Межфазное взаимодействие 
частиц наполнителя с эпоксидной матрицей, их концентрация и дисперсность могут изменять 
физико-химические свойства биополимера и эксплуатационные параметры биокомпозитов. 
Исследование влияния внешних воздействий на физико-химические свойства биоcистем на основе 
эпоксидной смолы и их эксплуатационные параметры представляется актуальной проблемой 
современного материаловедения. 
Цель работы: разработка эффективного синтеза наноцелюлозы из растительных материалов, 
проведение функционализации поверхности частиц микро- и наноцелюлозы клатрохелатом железа 
(ΙΙ), получение биокомпозитов эпоксидной смолы с функционализированной и 
нефункционализированной микро- и наноцелюлозой, и исследование морфологии, химической 
стойкости, механических и термических свойств эпоксидных композитов с микро- и 
наночастицами целлюлозы. 
Материалы и методы. Объектами исследования были композиты эпоксидной смолы Eposir-7120 
с полиэтиленполиаминовым отвердителем “PEPA” в соотношении 6,2:1 и 10% микроцеллюлозы и 
наночастиц целлюлозы. Микроцеллюлоза, полученная из древесины, была коммерческим 
продуктом. Наноцелюлоза синтезирована из органосольвентной целлюлозы, полученной из 
стеблей Miscanthus x giganteus. Модификацию поверхности микро- и наноцелюлозы проводили 
красителем — клатрохелатом железа (ΙΙ). Удельную поверхность частиц целлюлозы определяли с 
помощью низкотемпературной адсорбции-десорбции азота по методу Брунауэра-Эммета-Теллера. 
Механические параметры определяли с помощью универсальных машин Shopper и UMM-10. 
Тепловой анализ выполняли с помощью дериватографа Q1500. Набухание определяли 
гравиметрическим методом. 
Результаты. Определены модуль упругости E, прочность на сжатие σ и термогравиметрические 
параметры. Показано, что в композитах с микро- и наноцелюлозой E повышается на 7,0–12,2%, а σ 
увеличивается на 9,1% для композитов с микрочастицами целлюлозы. Наполнение смолы 
наноцеллюлозой и модифицированной микроцеллюлозой не влияет на величину σ композитов. 
Термическая стабильность эпоксидного полимера (310°C) снижается после наполнения микро- и 
наноцелюлозой до 290 и 300°C соответственно. Химическая стойкость эпоксикомпозитов с микро- 
и наноцелюлозой к 20%-й азотной кислоте снижается. В нейтральной среде процесс набухания 
характеризуется быстрой сорбцией до насыщения 15–20% ацетоном за 36 часов. 
Выводы. Таким образом, разработан метод синтеза наноцелюлозы из растительных материалов и 
проведена функционализация ее поверхности клатрохелатом железа (ΙΙ). Световая реакция 
адсорбированного красителя обнаружена в видимом спектральном диапазоне. Получены 
композиты эпоксидной смолы с 10% микро- и наноцеллюлозы. Изучено влияние наполнения 
микро- и наноцелюлозой на модуль упругости, прочности на сжатие, термическую стойкость 
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эпоксикомпозитов. Процессы набухания протекают аналогично в композитах с микро- и 
наноцеллюлозой. 
КЛЮЧЕВЫЕ СЛОВА: эпоксикомпозит; микроцеллюлоза; наноцеллюлоза; синтез; механические 
параметры; термические параметры; химическая стойкость. 

 
The development of a technology for the production of micro and nanocellulose from 

cheaper plant materials compared to wood, in particular, agricultural waste is an urgent task 
of modern materials science [1–4]. Interest in micro and nanoparticles of cellulose increased 
significantly after the discovery of possibility of expanding functional characteristics of 
materials in compositions with modified cellulose micro and nanoparticles [5, 6]. Thus, the 
loading with cellulose particles of structural materials allows reducing their weight while 
maintaining the strength of composites, in particular, the filling of polymers with 
nanocellulose leads to an increase in the strength of biocomposites [7, 8]. Surface 
modification of cellulose particles by electrically conductive or photoactive compounds, such 
as dyes, metal oxides, silicon, allows applying composites with modified cellulose in micro- 
and optoelectronics [9–12]. 

It should be noted that in hybrid polymer composites, cellulose is often applied as a 
structural material, which, on the one hand, reduces the composite weight and, on the other 
side, is a reinforcing component of the material. Reinforcement is achieved by increasing the 
surface reactivity of micro and nanocellulose particles by grafting atomic functional groups 
that can chemically interact with the polymer chain atoms and enhance the polymer structure. 
In addition, to expand the operational performances of composites, for example, optically, 
biologically, and photo-active functional groups can be grafted onto the cellulose surface. In 
the hybrid polymer biosystems with modified cellulose their physical and chemical properties 
essentially depend both on the interfacial interaction of active surface sites of modified 
cellulose particle with atomic groups of polymer chains and the influence of polymer matrix 
on the interaction of atomic groups of functional modifiers with the surface centers of 
cellulose particles. Interfacial interaction can significantly change the polymeric matrix 
structure, the electron density distribution in the composites, and, accordingly, their 
operational parameters. Besides, the structural organization of the hybrid biosystem depends 
on the dispersion and surface reactivity of the organic filler. Therefore, for a controlled 
change in the functional parameters of created biocomposites, it is essential to know the 
physical behavior of hybrid biosystem under the influence of external factors. In this work as 
external factors acting on biocomposites the mechanical compression load, temperature field 
and action of aggressive environment were used. 

In recent time there are three methods used to produce nanocellulose from plant matter, 
namely, mechanochemical [13, 14], enzymatic [15] and chemical [16]. The latter synthesis 
method was used in present work since it is the least energy and financially expensive. 
Synthetic cellulose is obtained from many cellulose-containing materials [17–21]. In this 
work the stalks of plant material promising for cellulose production [22] were used for the 
synthesis of nanocellulose. 

The purpose of present work was to develop an effective environmentally friendly 
organosolvent method for producing nanocellulose from Miscanthus x giganteus stalks to 
modify its surface with an optically active dye and to study the morphology of particles, 
chemical resistivity, mechanical and thermal properties of polymer composites with cellulose 
micro and nanoparticles. Wood micro sized cellulose was used to compare the surface 
reactivity effect of cellulose obtained from various sources on the hybrid biocomposite 
properties. The micro sized cellulose dispersion was chosen so that it has the order of the 
nanomaterial dispersion. An epoxy resin was used as the polymer matrix of composites. 
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MATERIALS AND METHODS 
The epoxy resin composites with both celluloses upon filling of 10% wt have been 

investigated. We use commercially available wood microcellulose.Microparticles of cellulose 
have an irregular shape with transverse sizes in the range of 50–300 μm. Nanocellulose has 
been synthesized from cellulose obtained from Miscanthus x giganteus stalks using 
environmentally safer organosolvent method. Organosolvсellulose was obtained in two steps. 
In the first stage, the miscanthus stalks are treated in a mixture of glacial acetic acid and 35% 
hydrogen peroxide in a volume ratio of 70:30% at the liquid to solid ratio 10:1, at temperature 
95 ± 2°C during 30–240 min. In the second step, the obtained cellulose was subjected an 
alkaline treatment at the liquid to solid ratio 12:1, at a temperature of 95 ± 2°C during 15–
240 min. Alkaline treatment of organosolvmiscanthus cellulose (OMC) was washed with hot 
distilled water to neutral pH and stored in sealed packages under constant temperature 
conditions. The quality of parameters for obtained OMC samples were determined by 
standard methods [23]. 

To obtain nanocellulose hydrolysis of the wet OMC was carried out with a solution of 
sulfuric acid at a concentration of 43% and 50% at the liquid to solid ratio 10:1 at 
temperatures of 40 and 60°C for 30–90 minutes. The calculated amount of sulfuric acid with 
the relevant concentration was slowly added to flask with the OMС suspension. The reaction 
temperature was maintained in the range of 40–60°C. At the end of the reaction time the 
hydrolysis was stopped by ten-fold dilution with distilled water and the suspension was 
cooled to room temperature. The hydrolyzed nanocellulose was washed three times with 
distilled water by centrifuging at 4000 rpm and subsequent dialysis until neutral pH was 
reached. Ultrasonic treatment of the nanocellulose solution was performed using an ultrasonic 
disintegrator UZDN-A (SELMI, Ukraine) with 22 kHz duration of 30 to 60 min. The 
cellulose suspension was placed in an ice bath to prevent overheating during processing. As a 
result, the suspension had the appearance of uniform gel-like dispersion. The obtained 
particles have the form of nanofibers with transverse sizes of 10–40 nm and a length of 
several micrometers [5, 14, 22].  

Resin Eposir-7120 (Italian product) with a hardener polyethylene polyamine "PEPA" in a 
ratio of 6.2 : 1 was used as polymer composite matrix. To create resistant to external factors 
the color of polymer composites with nanocellulose the clathrochelate iron (ΙΙ) dye was added 
in the nanocellulose dispersion [24]. For staining in red colora suspension was prepared 
containing 1.2 g nanocellulose particles in a solution of 1.5 mg iron (II) clathrochelate in 
10 ml methylene chloride. Obtained suspension was treated by ultrasound with frequency 
22 kHz and duration 20 min. The resulting suspension was poured into a weighed portion of 
epoxy resin and uniform mixing of the mixture was achieved by mechanical stirring. The 
residual solvent was removed sequentially by heat treatment at 40°C and vacuum treatment at 
133.3 Pa. Then the hardener was added to the uncured epoxy resin composition with a dye. 
Air bubbles formed by stirring the mixture were removed from the uncured resin by vacuum 
at 40°C. Samples for physical investigations were prepared from the obtained composition. 
The distribution of colored nanocellulose particles at the epoxy composite surface is shown in 
Fig. 1, where the light spots are caused by the red light emission from dye adsorbed on the 
nanocellulose. 

The structural formula of cellulose-dye complex for cellulose macromolecule with 
adsorbed clathrochelate Fe (II) is presented in Fig. 2. Dye molecules bind to the surface sites 
of cellulose particles forming relatively strong complexes. Hydroxyl groups are surface sites 
forming hydrogen bonds with adsorbed molecules. Surface centers form chemical bonds after 
preliminary chemical activation of the surface [25, 26]. An example of a hydrogen bond 
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between the macromolecular cellulose surface site and an adsorbed dye molecule is shown in 
Fig. 2. 

 

Fig. 1. Distribution of colored cellulose particles at the epoxy composite surface. 
 
Iridescent paints are widely used to protect against the counterfeits using color copiers. 

Clathrochelate composite materials allow you to get an individual red “imprint” of the touch 
marks on the object. 

 

 
Fig. 2. Structural formula of cellulose-dye complex. 

 
Mechanical parameters of polymer composites were determined using universal 

machines Shopper and UMM-10. Thermal analysis was performed using Q1500 
derivatograph with heat rate 10°С/min. Swelling was determined by the gravimetric method 
at room temperature. Swelling was calculated as ( ) ( )0q q t qΔ = − , here ( )q t  is the weight 

of samples after being in solution for time t, ( )0q  is the sample weight before a start of 
swelling process. Scanning electron microscopy (SEM) was performed using a PEM-106I 
SELMI microscope, Ukraine.  

 
RESULTS AND DISCUSSION 

 
Microcelluloseand nanocellulose particles distribution in epoxy matrix 

Microcellulose particles are approximately uniformly distributed in the epoxy matrix. 
The particle size is in the range of 50–350 μm (Fig. 3 a), and the microparticles have a 
developed surface with complicated morphology (Fig. 3 b). 
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Fig. 4 shows a CEM image of the surface of epoxy composite with cellulose 
nanoparticles. It can be seen from the figure that the filler contains particles ranging in size 
from 1 μm to large associates, consisting of several nanocellulose fibers with transverse sizes 
up to 10 μm and a longitudinal size of up to 30 μm. 

It should be noted that nanocellulose particles have a less developed surface compared to 
wood microcellulose particles (Fig. 3 b). However, measurements of the specific surface area (s) 
by the Brunauer-Emmett-Teller method showed that the specific surface area of nanocellulose 
particles is 4.7 m2/g and more than 3 times exceeds the specific surface of microcellulose particles 
s = 1.5 m2/g. Coating of cellulose particles with molecules of clathrochelate (0.1 wt. %) leads to a 
reduction in the nanocellulose specific surface to s = 2.3 m2/g, while the s value of microcellulose 
particles coated with clathrochelate increased to 1.9 m2/g. 

The decrease in the specific surface area of nanocellulose is apparently due to the fact 
that the cellulose agglomerates visible in Fig. 4 are globular formations of entwined cellulose 
nanofibers. Coating with cumbersome clathrochelate complexes of the surface of upper 
cellulose nanofibers forming globules overlaps the surface sites of cellulose nanofibers 
located inside the globules, excluding them from participation in surface reactions and 
reduces the specific surface of globular formations. 

a  b 
Fig. 3. CEM image of the surface layer of epoxy composite with microcellulose (a) and the surface of 

cellulose microparticle (b). 
 

Fig. 4. CEM image of the surface layer of epoxy resin filled with nanocellulose. 
 
The growth in the specific surface area of cellulose microparticles modified with 

clathrochelate is related to an increase in the surface reactivity due to oxygen and OH sites 
ofclathrochelate molecules grafted to the surface sites of microparticles (Fig. 2). 
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Thus, in the epoxy matrix the high dispersion of cellulose nanoparticles is related with 
cellulose nanofiber globules. Particles of microcellulose do not form aggregates in the epoxy 
matrix. 

 
Mechanical parameters 

The elastic modulus E and the compressive strength σ have been determined from the 
loading curves of the epoxy resin and its composites with micro and nanocellulose. The 
σvalue or, in other terminology, the forced elasticity limit separating elastic and inelastic 
deformation regions corresponds to the P extremum on the loading curves (Fig. 5). 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Dependence of deformation 
of neat epoxy resin (a) and its 
composites with nanocellulose (b) 
and microcellulose (c) on loading. 
Dashed lines correspond to the 
values of the forced elasticity limit. 

 
In unfilled resin samples the loading curves characterize by a region of elastic 

deformations, where the strain ε linearly varies with increasing loading, and a region of 
conformational strains where ε is weakly dependent on loading and whose volume is 
proportional to the polymer free volume. The elastic deformation takes place in all samples, 
while the volume magnitude of configurational deformations of polymer chains depends on 
the filler origin. The elastic modulus value for a neat resin is 1127.7 MPa, and the 
compressive strength value is 92.6 MPa. The introduction of nanocellulose increases the E 
modulus to 1206.2 MPa and practically does not affect the strength value σ equal to 90.8 
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MPa. In addition loading with nanocellulose lowers the region value of configurational 
deformations of polymer chains and the free volume magnitude in the polymer matrix (Fig. 5, 
b).  

Filling resin with microcellulose significantly increases both the modulus E to 1265 MPa 
and the compressive strength to 101.5 MPa. Besides, in the matrix the free volume decreases 
and the configurational deformation of polymer structure is suppressed (Fig. 5, c). 

Thus the loading of polymer with micro and nanocellulose particles leads to an increase 
in the elastic modulus of composites. The Е module behavior is due to the filling epoxy resin 
with a more plastic dispersed component and, as a consequence, a growth in the composite 
compressibility. Besides, the obtained nanocellulose do not have a reinforce effect on the 
strength of the epoxy composite. The reinforce effect of functionalized cellulose nanofibers 
on the strength of their compositions with epoxy resin have been observed in [27, 28]. 
Microcellulose particles give raises the most significant effect on the strength of composites. 
Such effect can be depended both on the free volume magnitude of polymer matrix and a 
greater surface reactivity of cellulose microparticles in comparison with the surface reactivity 
of nanocellulose particles. It is known [29] that the chemical bonding of polymer 
macromolecule atoms with the surface sites of filler particles leads to stabilization of the 
polymer structure and arising its strength. 

To check the effect of surface state on the composite strength, the resin was filled with 
microcellulose particles coated with 0.1 wt. % of clathrochelate. Coating microcellulose with 
clathrochelate molecules, which bind to the surface sites of microparticles (Fig. 2), increases 
the number of active sites and the reactivity of microcellulose surface with grafted molecules. 
Mechanical loading of composites with modified cellulose having a large surface reactivity 
shows that the growth of E modulus weakens to 1206 MPa, while the strength σ remains 
practically unchanged and amounts to 93.3 MPa. Besides, in composites with modified 
microcellulose the region of configurational deformation reveals at loading curves. Their 
loading curve is similar with that shown in fig 5b. Hence the behavior of composite strength 
does not depend on the surface reactivity of cellulose particles. 

Thus, in epoxy composites their strength behavior is determined by the free volume value 
of polymer matrix, while variations in the elastic modulus are related to the elasticity of 
cellulose particles.  

 
Thermal properties 

The results of thermogravimetric analysis of the neat resin indicate that the thermal 
degradation of polymer occurs in the temperature range of 270–750°C with heat release and 
has a thermal oxidation character and a thermal stability of 310°C (at the level of mass loss of 
12%) (Fig. 6 a). 

Loading resin with cellulose reduces the thermal stability of the polymer matrix, which in 
the nano- and micro cellulose composites is 300 and 290°C respectively. In addition, a 
reduction in heat release in a result of decomposition reactions of composites with 
nanocellulose by 9.0% and microcellulose by 12.0% (Fig. 6 b, c). 

Thus, the filling of the epoxy polymer with micro- and nanocellulose particles reduces 
the thermal stability of the composite matrix and the heat release intensity in a result of 
thermo-oxidative destruction of the defect-free polymer structure. 

The behavior of the thermal parameters of composites is due to changes in the polymer 
structure upon the loading with filler particles. The reduction in the thermal stability of 
composites is caused with an appearance of unbound fragments of polymer chains and cross- 
links in the polymer structure. It is known [30] that the destruction of unbound or unfasten 
moieties begins at lower temperatures than the temperature of thermal decomposition for a 
defect-free polymer structure. Hence a decrease in the thermal stability of composites is 
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related with beginning destruction of unbound fragments of polymer structure. Moreover such 
process is more pronounced in composites with microcellulose where the reduction in thermal 
stability is 20°C. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Results of thermogravimetric 
(TG), differential thermal (DTA) and 
thermogravimetric (DТG) analyzes 
of neat resin (a) and its composites 
with micro- (b) and nanocellulose 
(c). 

 
The appearance of unbound atomic groups and polymer structure disturbances apparently 

leads to diminish in the energy of intra-atomic bonds in unbound moieties and polymeric 
atomic groups located near polymer structure violations. Hence the destruction of the violated 
polymer structure occurs with releasing less heat. 

 
Chemical resistance 

The chemical resistance of materials was determined in an oxidizing medium — 35% 
hydrogen peroxide solution, acidic medium — 20% nitric acid solution, and neutral medium 
— organic solvent, acetone (analytical grade). The swelling kinetics of composites with micro 
and nanocellulose in an oxidizing medium indicates that the resistance of materials to 
swelling grows with filling and does not depend on the origin of cellulose particles and the 
polymer structure strength (Fig. 7).  
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Fig. 7. Swelling curves in a 35% solution of 
hydrogen peroxide of neat resin (1) and its 
composites with nano (2) and microcellulose (3).  

Fig. 8. Swelling curves in a 20% solution of nitric 
acid of neat resin (1) and its composites with nano 
(2) and microcellulose (3). 

Curves are the exponents obtained by theoretical fitting of experimental results. 
 
In aggressive acidic environment the chemical resistance of composites decreases 

(Fig. 8). In this case a correlation of Δq with the mechanical strength of the polymer structure 
takes place. So the swelling of composite with nanocellulose significantly exceeds the Δq 
value for the composite with microcellulose. Note that the swelling kinetics in an oxidizing 
and acidic medium are described by an exponential dependence, which may indicate a similar 
mechanism for the diffusion of hydrogen peroxide and nitric acid molecules in the composite 
bulk. 

The swelling kinetics of neat resin and its composites with cellulose in a neutral medium 
characterizes by rapid absorption of acetone for 20-30 minutes. Then the slight changes in 
swelling for neat resin and a slow smooth increase in swelling for composites with increasing 
t. The composites with nanocellulose, for which the increase in Δq for 480 h was 18%, 
compared with the rise in Δq for neat resin up to 23% has the highest chemical resistance to 
swelling. Their chemical resistance grows up 12%. At the same time the chemical resistance 
of composites with microcellulose reduces in 12% in compare with that for neat resin (Fig. 9). 

 

 
Fig. 9. Swelling kinetics in an acetone solution of neat resin (1) and its composites with nano (2) and 

microcellulose (3).
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Note that in the composites the swelling value in a neutral medium and its intensity 
significantly exceeds the Δq values in an acidic and oxidizing environment for time of 450 h. 
Thus the loading of epoxy resin with particles of micro- and nanocellulose weakly affects the 
chemical resistance of the composites. Composites with nanocellulose particles are most 
resistant to oxidizing and neutral environments. 

The swelling behavior depends on the physical processes at the interface and in the 
polymer volume, such as the magnitudes of the surface and diffusion barriers. It can be 
assumed that the rapid increase in swelling in a neutral medium is due to the weak influence 
of the surface barrier on the embedding solvent molecules into the materialvolume and a 
small diffusion barrier contributing rapid filling of the polymeric free volume with solvent 
molecules. 

 
CONCLUSIONS 

The two-stage method for producing nanocellulose from plant materials using acid 
hydrolysis of organosolv cellulose was carried out, the modification of micro and 
nanocellulose surface with a dye was fulfilled and their compositions with epoxy resin have 
been obtained. Surface morphology of cellulose particles was studied. 

Surface functionalization of cellulose particles with iron clathrochelate increases the 
surface reactivity of microcellulose particles and reduces the reactivity of the nanocellulose 
surface. The light response from red dye adsorbed on the surface of the cellulose particles 
incorporated in the epoxy matrix has been recorded. The epoxy environment does not affect 
the internal molecular electronic transitions in the dye. 

Changes in mechanical, thermal properties and chemical resistance of composites with 
micro- and nanocellulose in three aggressive environments have been investigated. Loading 
of epoxy resin with particles of micro and nanocellulose weakly affects the chemical 
resistance of composites. Composites with nanocellulose are most resistant to influence of 
oxidizing and neutral environments. 

The introduction of both types of cellulose into the epoxy resin leads to an increase in the 
elastic modulus of composites. However, the compressive strength in composites with 
microcellulose increases while in composites with microcellulose modified with dye and 
nanocellulose that practically does not change. The magnitudof the composite strength is 
related to variations in the matrix free volume upon filling and it does not depend on the 
surface reactivity of filler particles. The reinforcing effect of fillers increases with a free 
volume reduction in the composites. Filling epoxy polymer with particles of micro and 
nanocellulose reduces the heat resistance of the composite matrix and the intensity of heat 
release during thermal oxidative destruction. The influence of cellulose particles on the heat 
resistance of composites is attributed to appearance of unbound moieties of polymer chains in 
the matrix upon filling whose thermal destruction realizes with less heat release.  
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