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Abstract

The article presents the development of a biodegradable additive from brown
algae of the Russian Far East for the packaging polymer industry. We con-
sider a possibility of using cellulose derived from algae of the Primorsky Krai,
as an additive to polymeric packaging products, which impartsthe properties of
biodegradability to the polymer. A way to produce the biodegradable additive for
plastic packaging is to reduce the duration of the technological process, increase
the yield and quality of the end product and expand the resource base through
the use of cheap and non-traditional local raw materials.
Keywords Biodecomposition; Biodegradation, Brown algae; Biodegradable pack-
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1 Introduction

Russia annually produces about 70 million tonnes of municipal solid waste (M-
SW), the major share of which (more than 50%) refers to packages. Up to 10
thousand hectares of land is annually alienated for MSW landfills and dumps.
This land also includes fertile lands, withdrawn from the agricultural use. Cur-
rently, in the Russian Federation measures to implement new investment projects
in the sphere of solid waste management are developed and being taken[1]. Only
3% of this amount are recycled, and the rest are incinerated or disposed of in
landfills. However, incineration is an expensive process that also leads to the
formation of the highly toxic (such as furans and dioxins) compounds.

Time needed for degradation of packaging materials in natural conditions may
range from a few decades to hundreds of years, the use of biodegradable materi-
als in the packaging industry will lead to a significant reduction of this period.
Therefore, the topic of the development of biodegradable materials is relevant
and is of practical and scientific interest.

Polymeric materials have become part of our lives and have replaced wood,
metal, glass, ceramics. A large number of scientific papers and reviews[2-20] are
dedicated to the studies on the degradation of polymers. According to the Inter-
national Organization for Standardization, biodegradable plastics are polymers
the degradation of which takes place under the influence of microorganisms, bac-
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teria and fungi. The use of such plastics minimizes the adverse effects on the
environment ecology. The degradation rate depends on a number of factors such
as the type of a polymer, the type and concentration of degrading materials,
moisture, temperature and a series of other factors. The corresponding public
opinion and the legislative ways of control and regulation contribute to the accel-
erated proliferation of the production technologies of these packaging materials.
In many countries, the government prohibits the use of plastic bags and dispos-
able plastic utensils made of traditional types of plastic, and one has to pay for
plastic bags in supermarkets, while paper bags are free.

In recent years, the production of packaging materials is the leading sector of
the economy and is growing worldwide, including in Russia. Based on this, one of
the relevant directions is the production of environmentally friendly biodegrad-
able packaging. The development of new highly efficient technologies, the cre-
ation of products based on plant raw materials, their further assimilation and
standardization become more popular due to the wide spectrum of biological ef-
fects. Particular attention is paid to the need to use local plant raw materials
with sufficiently large natural reserves of natural or cultivated natural sources
that are promising in terms of their introduction into production.

One of the ways to produce biodegradable materials is to create composite
materials based on natural biodegradable polymers such as cellulose, chitosan,
gelatin, polypeptides, casein, and others.

This research work aims to study the possibility of using local plant raw ma-
terial - brown algae of the Primorsky Krai in order to create a new biodegrad-
able polymeric composition, which along with the high molecular basis comprises
organic fillers (starch, cellulose) that should serve as a nutrient medium for mi-
croorganisms. The advantage of biogenic packaging made using local algae lies
precisely in the high speed of growth - some species can grow up to a meter during
twelve hours.

2 Main part

At the Department of Commodity Research and Examination of Goods of the
Far Eastern Federal University, the work was undertaken to develop a method for
producing cellulose from brown algae of the Primorsky Krai. The main objective
of the development was to provide an efficient method for producing cellulose
from sea algae, mostly of the Fucus genus, the use of which as a raw material
makes it possible to clean coastal areas littered with the cast ashore algae and
improve their ecological condition.

Today, modern biotechnology is aimed at the production of both traditional
and new types of substances and materials. In addition, at this point, renewable
plant raw materials can become a solution. Such technology can be successfully
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used for the further development of the industry in the Far East.
Today, many physical and technical characteristics of biodegradable polymer-

s are not inferior to the characteristics of conventional plastics. Biodegradable
polymers are degradable in natural conditions under the influence of such en-
vironmental factors as light, temperature, humidity and with the participation
of living microorganisms as well. Simultaneously, high-molecular substances de-
grade into low molecular ones, which are safe for the environment. Another
positive characteristic of biopolymers is that they decompose in a short time -
from several months to several years. Thus, the creation of compositions that
along with the high molecular basis include organic fillers (starch, cellulose, amy-
lose, amylopectin, dextrin, etc.), which are a nutrient medium for microorganisms
is a promising trend in the packaging industry.

By the general structure, the majority of algae cells are similar to the cells
of green plant such as corn or tomatoes; they have rigid cell wall, which con-
sists primarily of cellulose, hemicellulose and pectins. Cellulose pulp, alkyl ke-
tones and compounds containing carbonyl groups are the catalysts of photo and
biodegradation of the films based on polyethylene, polypropylene, or polyethylene
terephthalate. Photo and biodegradation of such films begins after 8-12 weeks,
the remnants of the film completely disappear during harrowing and ploughing,
thus loosening the soil.

The main commercial algae is brown algae, so this paper puts more empha-
sis on the representatives of this division. Brown algae (Phaeophycophyta) are
spread exclusively in the seas; their appearance resembles the one of higher plants.
Representatives of brown algae have a yellowish-brown colour of thalli, which is
due to the presence of chlorophyll and carotenoids, as well as the brown pigment
from the group of xanthophylls-fucoxanthine. Their vegetative body (thallus) is
of complex internal and external structure. The thallus is composed of several
types of tissues with different functions.

The chemical composition of brown algae is highly dependent on the species,
season and habitat. According to the literature, brown algae contains from 2.5 to
17% of algal cellulose, which, due to certain differences from the usual, is called
eucellulose[21].

Extraction of cellulose from natural materials is based on the action of reagents
that solve or destruct non-cellulosic components contained in plant tissues (pro-
teins, fats, waxes, resins, lignin and polysaccharides - cellulose companions). Ex-
traction methods depend on the type of plant material and designation of cellu-
lose. The main method is alkaline pulping - processing of plant materials with
diluted sodium hydroxide solution. In the course of the research, we obtained the
optimal technological parameters of the cellulose extraction process, thus allow-
ing us to increase the yield of the final product.
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The authors propose a new method for producing cellulose from non-wood
cellulose-containing raw materials, which comprises the milling of dried raw ma-
terial, delignification with dilute acid by heating followed by separation of the
solid phase, which is treated with the aqueous solution of sodium hydroxide un-
der heating, and then the desired product is filtered off, washed with water and
dried.

An important advantage of the method proposed by the authors is the possi-
bility to improve the sanitary condition of the coastline sections cluttered with
deposits of cast ashore dry algae and improve the environmental situation in gen-
eral. The study found that raw algal cellulose fibres are very small, in the shape
of irregular flakes and dissolve in the Schweitzer reagent. Thus, sea algae is an
ideal raw material for bio-packaging material.

3 Methodology

The method consists in the purification of large extraneous impurities of dried
brown algae, mostly of the Fucus genus, followed by refinement through grinding
and sifting. 4 to 6% solution of sulfuric acid (2SO4) is added to the sifted fine
fraction with the 1: 45-55 hydromodule, and is heated at the boiling point of
the mixture (100 to 105◦C) for 5-10 minutes under reflux with continuous me-
chanical stirring. The reacted and cooled down mixture is filtered, and the mass
precipitated on the filter is washed with hot water (60 to 70◦C) until neutral and
dried to constant weight. Then, 5-10% solution of the KOH alkali is added to the
resulting solid residue, followed by hot distilled water (from 60 to 70◦C) in equal
amounts calculated to provide a hydro module of 1/50-60 at an alkali solution
concentration of 2.5-5.0%, and it is heated at the boiling point of the mixture
for 5-10 minutes with continuous mechanical stirring. The cooled mixture is fil-
tered with it being rinsed with water as well. After complete filtration, the solid
residue in the filter, which is the desired product, is washed and dried in natural
conditions. After it is dried, it is in the form of brown powder, which goes into
the reactions characteristics for cellulose: it is dissolved in Schweizer’s reagent
and forms a gelatinous cellulose mass if diluted acid is added to the resulting so-
lution. Lignin-like residual content and other organic substances in the resulting
product amounts to no more than 5-8 wt.%.

The proposed method differs from the known methods[22-25], as local sea
brown algae is used as the non-wood cellulose raw material; at the same time,
the delignification is carried out by heating in a 4-6% solution of sulfuric acid
(S/L = 1/45-55) at the boiling point temperature of the mixture for 5-10 min;
the alkaline treatment of the obtained solid residue is carried out after washing
with water by heating in a 2.5-5.0% solution of potassium hydroxide KOH (S/L
= 1/50-60) at the boiling point for 5-10 min.
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Technological parameters of the proposed method ensure efficient processing of
specific algal raw material with the product being based on cellulose, containing
lignin residues (lignin-like substances) and trace content of other organic sub-
stances.

The conducted field tests showed that the resulting cellulosic semi-finished
product acts as an effective filler of composite polymeric materials that serves as
a nutrient medium for microorganisms, destroying high molecular basis, and can
be successfully used in the production of various types of packages and containers
with limited lifetime in particular.

For a more complete utilization of the algal mass and higher profitability the
author suggest using acidic and alkaline filtrates for obtaining a valuable nutrient
of the fertilizer, for this purpose, it is necessary to mix and separate them for the
formation of the flocculated settling fraction, which is washed with water until
neutral and dried.

Discussion.There are certain developments that envisage the use of different
plant fillers as natural bio additives: flax waste, wheat stalks, corn stalks, wastes
of sawmill and wood chemical industries, food production waste, etc. Today
polymer blends are widely used (most often - polyethylene) with corn and starch,
biodegradable polymers with natural additives - cellulose, soy flour, spent grains.
The combination of a synthetic polymer and a natural material can give a new
set of properties.

The authors studied the technical level in the sphere of development of the
biodegradable additives into polymeric materials of a wide application range; a
patent search is conducted, which revealed that many scientists, both in Russia
and Europe mainly work in the field of biodegradable materials that are used as
packaging materials[26-46].

From the perspective of rational environmental management as a natural sup-
plement, it is feasible to consider the resources that one or another region is rich
with. The fauna of the Far East is a rich source of unique plants. Algae make
up the bulk of plant organisms in bodies of water and are the most productive
plants. Large amounts of sea weed and algae are cast ashore in the Promorsky
Krai; these plants contain fiber - plant cellulose, which, as the authors suggest,
can be used as a natural filler for biodegradable composition.

It is the study on the degradation of algae that a large number of scientific
papers and reviews are dedicated to [47-57]. By its general structure, most algae
cells have similar cells to the cells of green plants such as corn or tomatoes. The
studies have found that algae (cyanobacteria) are capable of synthesizing cellu-
lose, which can be used as a biodegradable additive. The Far East is rich with
brown algae, so in our work we focused on representatives of this division.

The chemical composition of brown algae is highly dependent on the species,
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season and habitat. It is found that brown algae contain up to 17% of algal
cellulose, eu-cellulose, which is structurally similar to cellulose of higher plants,
and thus it is a potential source[57]. The use of dry brown algae, which can be
considered as non-wood cellulose waste, allows expanding the raw material base
for producing cellulose, reduce the consumption of more valuable wood and get
cheaper products due to the use of affordable renewable non-conventional raw
materials.

Each plant contains cellulose, but not every plant is suitable for industrial
extraction of cellulose. When choosing raw materials, the content of fibre is
important, as well as structural features of the constituent cellular tissues, the
possibility of using industrial processing methods, the quality of the product ob-
tained as a result of this treatment, the prevalence of plant raw materials, cost
of collection, storage.

Despite the proven similarity of the algal cellulose with the cellulose of higher
plants in structure and properties, with the use of dry brown algae as cellulose-
containing raw materials, the known cellulose production methods are ineffective
and cannot exhibit sufficiently convincing results. The reason for this is that al-
gal fibre contains lignin-like substances that are difficult to remove as they have
strong bonds with it, as well as due to the residual amount of alginic acid, prone
to certain conditions, to gel formation, and in some cases chlorophyll formation.

There is a known method for manufacturing cellulose powder from various
kinds of lignocellulosic materials derived from wood semi-finished products in
the course of their processing on the cellulose and paper plants, straw of herba-
ceous plants, waste paper (RF patent. No. 2478664, published on 2013.04.10)
which includes the destruction of said materials via exposure to a Lewis acid
solutions of low concentration and an organic solvent with stirring, followed by
washing and drying of the desired product[24]. If there is a common idea con-
sisting in the use of Lewis acids, this method includes unspecified number of
variants, each of which requires an independent selection of optimum conditions
for obtaining powdered cellulose: concentration values and the type of Lewis acid
in various organic solvents, liquid module, temperature and a destructive treat-
ment of the lignocellulosic material, the intensity of stirring and the conditions
of drying of the end product, depending on the used raw material. Furthermore,
cellulose production in the known manner on an industrial scale involves the use
of substantial quantities of organic solvent, requiring certain safety precautions
during handling and disposal. When this method is used for dry brown algae
as a cellulose-containing raw material, it is ineffective and does not provide the
production of the necessary target product.

There is a method of cellulose production from paddy straw (RF patent No.
2418122, published on 2011.05.10) comprising two pulping stages, the first of
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which is carried out in an alkaline medium with subsequent separation of the
cellulose product, and the second-in an acidic environment, with a mixture of
peracetic acid, acetic acid and hydrogen peroxide in the presence of a stabilizer,
in this case, mixtures of organ ophosphonates, wherein second pulping stage is
carried out in the presence of ozone at a rate of 2-4 g/hr[25]. The disadvantage
of this method is the difficulty and cost of technology that are due to the need
to conduct the process in the presence of ozone and due to the use of hydrogen
peroxide, which is subject to rapid decomposition, and organic stabilizers. Fur-
thermore, the known method is also ineffective when dry brown algae is used as
raw cellulose-containing material.

There is a method of cellulose production from straw (RF patent No. 2423570,
published on 2011.07.10) comprising impregnation in the reactor and maceration
of chopped straw with the aqueous solution of sodium hydroxide with a concen-
tration of 20-30g/l in Na2O units at a temperature of 30-80◦C at a ratio of the
solution weight to the weight of dry chopped straw of 7:1[24]. The impregnated
chopped straw is maintained at a predetermined temperature for 30 minutes, and
then the liquid phase is withdrawn. Heated water is added to the mass, the mass
temperature is raised to 96◦C and the pulping is carried out at this temperature
for 2 h 30 min. When used as a dry cellulosic raw material of brown algae con-
taining non-hydrolysable substances strongly bonded with fibre and similar in
elemental composition to lignins of higher plants, the known method is inefficient
and does not provide a marketable product.

The closest to the claimed method is a methodof producing cellulose from non-
wood plant raw material with the content of the native cellulose being not more
than 50%, described in the RF patent No. 2448118, publ. on 2012.04.20[27].
According to the conventional method, the raw material is washed with water at
40-70◦C and atmospheric pressure for 0.5-4 hours, and processing is carried out
with an aqueous solution of nitric acid with a concentration of 2-8% at 90-95◦C
for 4-20h followed by separation of the solid phase, which is treated with the
aqueous solution of sodium hydroxide with a concentration of 1-4% at 60-95◦C
for 1-6 hours. A disadvantage of this method is the long duration of the techno-
logical process, in addition, with the cellulose extraction from dry brown algae,
the fibre of which contains lignin-like components and alginic acids that are hard
to separate, it is possible to use the method with positive results and it does not
provide an acceptable yield and quality of the end product due to the complexity
of removing the tightly bound substances contained in algal cellulose and, on the
one hand, and the partial hydrolysis of the fibre itself after prolonged treatment,
on the other hand.

Result.Algae are a non-food biomass, the use of which does not pose a threat
to the production of packaging and food safety. Algae grow 20-30 times faster
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than land plants (some species can double their mass several times a day). The
lack of a hard shell and almost no lignin makes the processing technology easier
and more efficient than biomass processing of any ground material.

It should be noted that the intensification of research in the field of polymers is
important not only for further successful development of the market of biodegrad-
able plastic packaging, but is one of the most promising ways to solve the global
ecological problem related to the environmental pollution with polymeric mate-
rials wastes.

The proposal to use local raw materials as raw materials base can solve the
problem of non-waste production in the industry. Among the possible priority
areas we can note the development of ocean resources and the ecology, new tech-
nologies and materials. Today, modern biotechnology is aimed at the production
of both traditional and new types of substances and materials. Moreover, at this
point, renewable plant raw materials can become a solution to this problem, and
the proposed technology for producing biodegradable additives for plastic pack-
aging can be successfully used for the further industrial development in the Far
East region of Russia.

The development presented in the article is an invention (patent No. 2556115
Russian Federation, IPC S08B15/02 (2006.01), appl. dated 15.04.14, published
on 07.10.15), which relates to algae processing methods, in particular, of the sea
brown algae cast ashore; this method can be used to produce fillers for synthetic
polymersthat provide biodegradation of polymer compositions and are required
for manufacturing materials with a controlled lifetime and to producecellulose
semi-finished products used as raw materials for the chemical industry, in the
manufacture of paper and cardboard.

Cellulose is not a product intended for direct consumption: cellulose obtained
after a single technological cycle serves as a raw material for other processing
cycle; varying degrees of cellulose purification determine its various applications.

An important advantage of the proposed method is the possibility to improve
the sanitary condition of the coastline sectionscluttered with deposits of cast
ashore dry algae and improve the environmental situation in general.

4 Conclusions

1. The technical result of the proposed method for producing the biodegrad-
able additive from the Far East brown sea algae for plastic packaging is to reduce
the duration of the technological process, increase the yield and quality of the
end product and expand the resource base through the use of cheap and non-
traditional local raw materials.

2. In the course of the research, we obtained the optimal technological param-
eters of the cellulose extraction process, thus allowing us to increase the yield of
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the final product.
3. Technological parameters of the proposed method ensure efficient process-

ing of specific algal raw material with the end product being based on cellulose,
containing lignin residues (lignin-like substances) and trace content of other or-
ganic substances.

4. The resulting cellulosic semi-finished product acts as an effective filler for
composite polymeric materials that serves as a nutrient medium for microor-
ganisms, destroying high molecular basis, and can be successfully used in the
production of various types of packages and containers with limited lifetime in
particular.

5. During the study, the authors found that raw algal cellulose fibres are very
small, in shape of irregular flakes and dissolve in the Schweitzer reagent. Thus,
sea algae is an ideal raw material for bio-packaging material.

6. For a more complete utilization of the algal mass and higher profitability,
we propose to use acidic and alkaline filtrates for obtaining a valuable nutrient of
the fertilizer, for this purpose, it is necessary to mix and separate them for the
formation of the flocculated settling fraction, which is washed with water until
neutral and dried.

7. The novelty of the technological solution of cellulose production from brown
sea algae is confirmed by RF patent No. 2556115 “The process for producing cel-
lulose from brown sea algae”.
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