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Abstract—Utilization of paper wastes as renewable resource of lignocellulosic constituents has the opportu-
nity to promote a cleaner environment and to prepare valuable materials. This paper describes our study on
an isolation of low-fiber powder cellulose from two grades of wastes as feedstocks: waste newsprint paper and
cardboard wrapper through recycling including a thermal defibration, an alkali treatment with a solution of
NaOH with a concentration from 0.03 to 1.00 М, bleaching with a solution of Н2О2 with a concentration from
0.8 to 2.6 М followed with an acid hydrolysis of the pretreated species with a solution of HNO3 of 1.5 and
3.0 M. The impact of the pretreatment on sizes of fibers was evaluated with stereoscopic microscopy. The
powder celluloses obtained as a result of the acid hydrolysis exhibited the structure of cellulose I revealed with
a WAXS method and were of a high-grade purity, according to EDXA. Sorption capacities of the powder cel-
luloses from the waste cardboard and newsprint towards a dye methylene blue were 6.67 and 8.75 mg g–1, respec-
tively.
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INTRODUCTION
High-quality materials based on cellulose fibers are

in demand in different industrial and medical fields.
Natural renewable raw materials (wood, cotton and
other plants) are the sources of these fibers. However,
the production of fibers requires the use of expensive
equipment and consumption of water. This leads to
ongoing pollution of the environment. Interest in
using low-fiber powder cellulose (PC), particularly,
microcrystalline cellulose (MCC), nanofibrillar cellu-
lose (NFC) or nanocellulose (NC) which are widely
used in the food, pharmaceutical, and other industrial
fields [1, 2], has been growing in recent decades. Pow-
der celluloses (PC) are obtained from natural cellulose
by the mechanical disintegration of the native cellu-
lose material or by a combination of mechanical pro-
cessing with acid hydrolysis [3]. MCC is manufac-
tured by mild acid hydrolysis of the native cellulose to
the level-of degree of polymerization [4]. Additional
hydrolysis of low-molecular-weight cellulose in con-
centrated sulfuric acid followed by further filtration
and centrifuging is required to obtain highly dispersed
powders of NFC and NC [1]. Thus, obtaining differ-
ent types of PC from native raw material requires,

firstly, cellulose material which is time-consuming
and chemically expensive to obtain and also signifi-
cant additional resources and time. A new direction in
the use of alternative sources such as agricultural and
paper wastes for obtaining powder celluloses has been
actively developing in recent years [5].

The recycling of paper and cardboard wastes into
materials of practical interest is an urgent problem in
contemporary society. A significant increase in the
recycling volume of paper wastes during the recent
years is explained by the fact that 1 t of paper waste can
replace 3–4 m3 of wood; bulk paper waste is almost
two times cheaper than wood or cellulose [6]. There-
fore, its use is profitable both from the economical and
ecological points of view. The total resources of paper
wastes in Russia are about 2 million tonnes; the recy-
cling volume is about 500 thousand tonnes. The recy-
cling of paper waste can produce a wide assortment of
materials, mostly different types of paper products.
Besides recycling of paper waste into paper products,
the literature sources contain studies dedicated to
obtaining competitive fiber products [7]. In the study
[8], the use of paper slurry waste as a source of nano-
fibrillar cellulose has been described. The process was
labor- and energy-consuming; it consisted of process-
ing the slurry with a mixture of glacial acetic acid and1 Corresponding author: e-mail: amikhailidi@yahoo.com.
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hydrogen peroxide, further disintegration in a disk
mill and defibrillation. Ultrasonic and homogenizing
treatments were performed to obtain an NFC gel. In
the study [9], three types of paper waste were used to
process the bulk paper waste in a multistage process of
boiling the waste at high temperature and pressure in
an NaOH, H2O2, NaClO mixture and paint removal.
Then, pretreated pulp was dissolved in a solution of
phosphoric acid and regenerated with DMSO addi-
tion to obtain MCC. After thorough washing, the cel-
lulose obtained was depolymerized using acid hydro-
lysis in a solution of 15% sulfuric acid, drying and
grinding. The MCC yield varied from 10 to 80%
depending on the waste source and experimental con-
ditions. In the study [10], prolonged boiling, disinte-
gration into a wet homogeneous stock, alkali treat-
ment with a 5% solution of NaOH and bleaching with
a 2% solution of NaClO was used to obtain cellulose
nanocrystals from paper waste; then the obtained
stock was filtered and washed. Nanocrystalline cellu-
lose (19% yield) was obtained from the stock after
hydrolysis in a 60% solution of H2SO4 at 45°С, centri-
fuging and dialysis to remove acid.

The studies mentioned above show that the use of
paper wastes to obtain powder celluloses requires mul-
tistage processing of bulk wastes. Furthermore, their
elaboration  are energy and economically expensive
and leads to rather low yield of the poader celluloses.
Therefore, the search for simple and economically
efficient alternative ways of recycling after pretreat-
ment at 1 : 30 hydromodulus and temperature 90–
100°С for 2 h. After that paper wastes resulting in
products which can be used as functional materials is
also topical. The present research is dedicated to the
solution of this problem.

The goal of the present study was to study prepara-
tion of small-fiber powder celluloses from waste news-
print paper and cardboard, to perform its primary
characterization and to examine the sorptive proper-
ties in order to use them as functional materials.

The results of the study of powder samples by phys-
ical methods will be presented in further publications.

EXPERIMENTAL

Wastes of two sorts, black/white newsprint paper
(MS-8V/2) and multicolor cardboard (MS-13V)
(both GOST 10700-97), were used as raw materials.

Paper waste recycling is a multistage process;
firstly, the pretreatment of the initial samples is per-
formed; then, acid hydrolysis of pretreated samples is
carried out. Therefore, we planned to analyze the
products obtained at every stage and to examine the
influence of every stage on their physicochemical
properties. The samples were dried at every stage to
obtain their characteristics, which is optional in the
case of a consistent process. The general scheme of the
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
study starting with pretreatment and further hydrolysis
of the samples is given in Fig. 1.

Pretreatment of bulk paper waste. The samples of
paper (P) and cardboard (C) shredded into ~7 × 7 and
~2 × 2 mm pieces, respectively, were kept were kept in
distilled water for one day. The defibration of the stock
was performed over 2 h at room temperature or heating
to 90–100°С. The maceration of the fibrillar suspen-
sion was performed by treatment with an aqueous
solution of NaOH with constant stirring at 90–100°С;
the alkali concentration varied from 0.03 to 1.00 M.
Then, the mixture was washed with water to neutral pH.
The bleaching was performed thrice in the solution of
H2O2 for 20 min at 25°С. Solution concentration var-
ied from 0.8 to 2.6 M; then the samples were washed
with distilled water to completely remove H2O2. Paper
sheets were cast from the obtained stock using a special
mesh and dried at room temperature [11].

Acid hydrolysis. Acid hydrolysis of the samples in
1.5 and 3.0 M solutions of HNO3 was performed after
pretreatment at 1 : 30 hydromodulus and temperature
90–100°С for 2 h. After that, the suspension of sam-
ples was filtered using the Schott funnel and washed
with distilled water to neutral pH. The samples were
washed with ethanol at the final washing stage then
dried under vacuum at 40°С.

Analysis of samples at different stages of study by
physicochemical and physical methods. Visual analysis
of the initial and obtained samples was performed
using MSP-1 stereoscopic microscope (AO LOMO,
Russia). Histograms of cross section dimension distri-
bution of the fibers were obtained using at least
50 fibers of every sample at ×80 magnification.

To study the possibility of using the samples as
functional materials, the sorptive ability of the powder
samples obtained by the hydrolysis from the paper and
cardboard wastes to methylene blue (MB) were inves-
tigated using the techniques described in [12, 13]. The
samples were placed into a 100-mL flat-bottom flask;
50 mL of MB solution (40 mg L–1) were added. The
sorption lasted from 10 min to 48 h at 20°С; then, the
solution of methylene blue was filtered using the
Schott funnel. The optical density of the spent solu-
tion was measured with a photocolorimeter FEK
(OKB Spektr SF-2000, Russia); the wavelength was
590 nm; the thickness of absorption layer was 3 mm.
Distilled water was used as a reference solution. A cal-
ibration curve of dependence of optical density on MB
concentration (C, mg L–1) was preliminarily plotted to
determine the MB concentration in the solution. The
maximal adsorption capacity Amax, mg g–1 was calcu-
lated as the difference between MB concentrations
before adsorption and after equilibrium has been
reached using the equation [14]:

where c0 and ceq are the concentrations of the initial
MB solution and the solution after the reaching of

= −max 0 eq s( ) ,A c c V m
ol. 45  No. 7  2019
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Fig. 1. Scheme of the process for obtaining powder celluloses from bulk paper waste (illustrated by the example of cardboard
waste). In certain cases, the stage of washing the samples with water is not presented in the figure.

I. PRETREATMENT

Sample shredding Sample shredding

Defibration at boiling

Alkali treatment

Bleaching

Drying Drying

II. ACID HYDROLYSIS

Acid hydrolysis

Filtration

Washing
H2OH2O2
equilibrium, respectively, mg L–1; V is the volume of
MB solution used for adsorption, L; ms is the sample
weight, g.

The specific surface area of the samples (S, m2 g–1)
was estimated as the total surface contacting MB solu-
tion. S was calculated according to the equation [13]:

where Ng is the number of molecules of methylene
blue adsorbed on the sorbent monolayer, g g–1; (Ng =
NmM); Nm is the number of moles of MB reduced to
one gram of sorbent which is required to form a mono-
layer, mol g–1; aMB is the area occupied by one MB
molecule (197.2 Å2); N is the Avogadro number,
6.02 × 1023 mol–1; and M is the molecular weight of
MB (320 g mol–1).

The crystalline structure of powder samples was
determined using wide-angle X-ray scattering
(WAXS) with a wide-angle X-ray diffractometer;
monochromatic CuKα radiation (λ = 1.541 Å) was
used. A 2D MAR345 image plate detector (Marre-
search GmbH, Germany) was used for recording.
Powder samples were ground and placed into alumi-
num rings for measurements.

Energy-dispersive X-ray analysis (EDXA) was per-
formed to determine the elemental analysis of the
samples using INCA Energy microanalysis system
with an X-Max 80 detector (JEOL Ltd. Oxford Jnstr.,

= g MB ,S N a N M
RUSSIAN JOURNAL OF
Germany) integrated into SUPRA 55VP scanning
electron microscope (ZEISS, Germany).

The following reagents were used: sodium hydrox-
ide NaOH and hydrogen peroxide H2O2 purchased
from (ZAO LenReaktiv, Russia), nitric acid HNO3
(56%, OAO Reaktiv, Russia). All reagents were of pure
or analytical pure grade.

Digital photographs of the initial and experimental
samples were obtained using a Canon EOS 1100D
camera.

RESULTS AND DISCUSSION

Pretreatment of Bulk Paper and Cardboard Wastes; 
Hydrolysis of Pretreated Samples

The samples of semiproducts (SP) were obtained
after pretreatment (thermal defibration, alkali treat-
ment and bleaching) of bulk paper and cardboard
wastes. The color of these samples varied from white to
pale yellow (Figs. 2a and 2c); the inclusions of ink
were left on several fibers. The yield of samples after
every stage of pretreatment is given in Table 1.

The results show that the product yield decreases
after every stage of pretreatment. After all stages the
decrease in weight of the initial samples of paper and
cardboard wastes is 13.2 and 16.5 wt %, respectively.
 BIOORGANIC CHEMISTRY  Vol. 45  No. 7  2019
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Fig. 2. Digital and stereoscopic photographs of the samples
of paper (a, c) and cardboard (b, d) wastes after pretreatment.

(a) (c)

(d) (d)
The acid hydrolysis of pretreated samples was per-
formed in 1.5 and 3.0 M aqueous solutions of HNO3;
it was shown that the efficiency of the hydrolysis is sig-
nificantly higher in the 3.0 M solution. The hydrolysis
leads to obtaining powder samples; their color varied
from pale yellow to pale green depending on the type of
bulk paper waste and duration of the hydrolysis. The
yields of powder samples after hydrolysis of bulk paper
and cardboard waste were 46.7 and 48.9 wt %, respec-
tively, calculated on the basis of the initial samples.

Analysis of the Initial Fibers and Samples
after Pretreatment and Hydrolysis

Using Stereoscopic Microscopy

At least 50 fibers of every sample were analyzed to
characterize the morphology of fibers after pretreat-
ment. Figure 2 shows the digital photographs of sam-
ples and stereoscopic photographs of fibers.

Pretreatment of bulk paper waste leads to the loos-
ening of the surface of fibers structure and to the ram-
ification to smaller and thinner fibers. The surface of
pretreated cardboard waste is less loosened because its
density is higher than that of the bulk paper waste.

The histograms of the cross-section-dimension
distribution of fibers of bulk paper and carbon waste
after alkali treatment and fibers of bulk paper waste
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V

Table 1. Product yield at stages of pretreatment of bulk pape

*(1) is the yield after hydrolysis of pretreated samples; (2) is the yiel

Bulk waste

Pro

defibration in water
maceration in 1.0 M 
solution of NaOH

b

25°С 90°С

Paper 99.4 98.6 86.1
Cardboard 99.0 97.8 92.0
after hydrolysis are given in Fig. 3; the cross section
dimensions (width) and the amount of fibers are given
in Table 2.

The results of analysis of fibers using stereoscopic
microscopy are the following:

(1) Fibers obtained from bulk paper waste by alkali
treatment have a wider cross-section-dimension dis-
tribution as compared to the fibers obtained from bulk
cardboard waste.

(2) Fibers obtained from bulk paper waste are more
loosened than cardboard fibers; cross section dimen-
sions of 88% of fibers obtained by hydrolysis of pre-
treated bulk paper waste vary from 11 to 30 μm; the
distribution of fibers is more uniform than after pre-
treatment.

(3) The cross-section dimension of 80% of fibers
obtained by hydrolysis of pretreated bulk cardboard
waste vary from 1 to 20 μm; the dimensions of 16% of
fibers vary from 21 to 40 μm. No significant changes in
the distribution of fibers after hydrolysis compared to
that obtained after alkali treatment are observed.

Characterization of Samples after Hydrolysis
by Wide-Angle X-Ray Scattering (WAXS)

The X-ray scattering curves for powder samples
obtained from bulk paper (a) and cardboard (b) waste
are given in Fig. 4.

The X-ray scattering curves of the samples
obtained by hydrolysis demonstrate intensive ref lec-
tions at 2θ 15° and 17° (crystallite size along the direc-
tions [1–10] and [110]); 22°30′ (crystallite size along
the direction [200]); 34° (crystallite size along the
direction [004] typical for the cellulose I modification.
The diffraction patterns evidence that pretreatment
and hydrolysis lead to the preparation of powder cellu-
loses powder celluloses characterized by a supramo-
lecular structure of cellulose I. It also should be men-
tioned that ref lections which are not related to cellu-
lose structure are absent in diffraction patterns; this
means that powder celluloses do not contain any crys-
talline impurities.
ol. 45  No. 7  2019

r waste and hydrolysis of pretreated samples

d calculated using the initial waste sample.

duct yield, wt %

leaching in 2.6 М 
solution of H2O2

hydrolysis
in 1 M solution of HNO3

1* 2*

86.8 62.9 46.7
83.5 64.3 48.9
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Fig. 3. Histograms of cross-section dimension distribution of fibers of paper (a) and cardboard (b) waste after alkali treatment
and paper waste fibers after hydrolysis (c).
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Sorption Properties of Powder Celluloses

The kinetic dependences of the methylene blue
amount (A, mg g–1) adsorbed by the samples after
hydrolysis on the adsorption time is given in Fig. 5.
The adsorption equilibrium is reached during 10 min
of adsorption on fibers obtained by hydrolysis of bulk
paper waste and during 15 min on fibers obtained from
bulk cardboard waste. The maximal adsorption capac-
ity (Amax) equals 6.67 mg g–1 and 8.75 mg g–1 for pow-
der cellulose obtained from bulk cardboard and paper
waste, respectively. The values of adsorption capacity
are relatively high compared to those for some agricul-
tural plants, such as culms of rye, oats, and wheat (3.5,
4.5, 4.2 mg g–1, respectively) [15] or wood wastes of
Howea palm, Dracaena sanderiana bushes, Cereus
Peruvians cactus (3.5, 4.6, 6.4 mg g–1, respectively)
[16], for filter paper (3.5 mg g–1) [17] and cotton
(1.1 mg g–1). However, they are significantly lower than
those of MCC (12.7 mg g–1) [18] and banana, lemon,
orange peel (17.2, 15.8, 95.0 mg g–1, respectively) [19].

Semilogarithmic anamorphoses of adsorption
indicate a two-stage process. The rate of the fist stage
is very high; the process is drastically decelerated at the
second stage. The apparent rate constants (K) of the
first stage of adsorption calculated according to the
equation of the pseudo first-order reaction using the
values of adsorption capacity are K = 5.63 min–2 and
RUSSIAN JOURNAL OF

Table 2. Cross section dimensions of fibers from paper and
cardboard waste and their amounts after alkali treatment (1)
and hydrolysis (2)

Amount of waste fibers, %

paper cardboard

1 2  1  2

4 5  20  16
38  58  64 68
36  30  14  15
7.16 min–2 for powder celluloses obtained from bulk
cardboard and paper waste, respectively (Table 3).

The values of specific surface are of powder sam-
ples are 4.86 and 6.03 m2 g–1 for the samples obtained
from bulk cardboard and paper waste, respectively. This
result shows a higher adsorption capacity of powder cel-
lulose obtained from bulk paper waste.

Elemental Composition of the Initial Samples of Bulk 
Waste, Semiproducts, and Powder Celluloses

Elemental composition of bulk newspaper and
cardboard waste, semiproducts and powder celluloses
was analyzed using EDXA method. The values for the
content of elements are averaged because the analysis
was performed at different points of the samples
(Table 4).
 BIOORGANIC CHEMISTRY  Vol. 45  No. 7  2019

Fig. 4. X-ray scattering curves of the powder samples
obtained from paper (1) and cardboard (2) waste.
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Fig. 5. Kinetic dependences of MB sorption by powder cel-
luloses obtained from cardboard (1) and paper (2) depend-
ing on sorption time.
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The initial samples contain inorganic elements
such as silicon, potassium, sodium, calcium, chlorine,
sulfur, copper, etc. besides carbon and oxygen. These
elements are contained in dyes and ancillary materials
used for the production and printing of newspapers
and cardboard wrapper. The content of these elements
in the studied bulk waste is different. Thus, this is sig-
nificantly higher in the initial bulk multicolored card-
board waste than in bulk black/white newspaper
waste. The content of Na, Ca, Al and Cu is especially
high. Besides, N and F which are absent in the initial
bulk paper waste are present. The content of carbon
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V

Table 3. Sorption properties of powder celluloses obtained af

PC sample from waste Time of equilibrium estimation,

Cardboard 15

Paper 10

Table 4. Elemental composition of bulk paper and cardboard

Sample C O N F Na Mg

Paper

Initial 66.67 27.73 – – 0.03 0.01

SP 69.52 24.75 – – 0 0

PC 75.25 24.69 – – 0.02 0

Cardboa

Initial 53.85 14.36 1.50 1.98 2.36 0.01

PC 71.06 26.36 0 0 0.02 0
increases in semiproducts as compared to the initial
samples; the content of inorganic components
decreases. The powder celluloses contain mostly C
and O; insignificant Al and Si impurities are contained
in the bulk cardboard waste. These data show that
high-grade purity powder celluloses are obtained by
pretreatment and hydrolysis of bulk newspaper and
cardboard waste.

CONCLUSIONS
(1) A method which allows obtaining powder cellu-

loses from bulk newspaper and cardboard waste was
elaborated.

(2) Pretreatment of bulk paper waste leads to the
defibration and decrease of cross-section dimensions
of the initial fibers.

(3) Powder samples were obtained by acid hydroly-
sis of pretreated samples in HNO3 solution; the yields
were 46.7 and 48.9% for the samples obtained from
bulk paper and cardboard waste, respectively.

(4) Powder celluloses with cellulose I crystalline
structure were obtained by hydrolysis of pretreated
samples.

(5) Adsorption capacities of powder celluloses to
methylene blue are 6.67 and 8.75 mg g–1 for celluloses
obtained from cardboard and newspaper, respectively.
ol. 45  No. 7  2019

ter hydrolysis of pretreated wastes

 min Amax, mg g–1 K × 102, min S × 10–3, m2 g–1

6.67 7.16 4.86

8.75 5.63 6.03

 waste, semiproducts and powder celluloses, wt %.

S Cl K Ca Al Si Cu Fe

 waste

0.31 0.16 0.08 4.65 0.01 0.05 0.28 0

0.05 0.05 0.03 0.65 0.04 0.01 0 4.11

0 0 0 0.03 0 0 0 0

rd waste

0.39 0.43 0.69 4.02 2.89 0.71 8.68 0.07

0 0 0 0.08 0.38 0.49 0 0
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(6) High-grade purity powder celluloses were
obtained by pretreatment and hydrolysis of bulk news-
paper and cardboard waste; this is shown by the results
of EDXA.
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