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Abstract. Research and practice have shown that alongside with the natural fibres used in textiles they can also
be used successfully as composite reinforcements, compounds of building materials, as heat and sound insulation
materials. Fibre slabs as well as three-dimensional pressed parts can be produced for application in the
construction and furniture industry. The main raw materials are aerobically aged hemp stalks. The samples are
made of hemp chips, fastened together using the UF and PF glue. The use of preserved chopped hemp to produce
slabs allows using all the stalks and also the leaves and seeds without waiting for their full maturity. That makes
harvesting of the raw material independent of the weather. The material can be stored compactly, decreasing
changes in the properties of the material, significantly shortening the recycling period and accordingly reducing
the energy demand and simplifying the technological process. Research was done to find an innovative
production technology of a heat and sound insulating material to be used in construction. During the research a
technology was created for a mixture of hemp which involved finding an optimal mulching degree of the hemp
stalks, testing the best suited glue (including natural glues) for this operation, testing the impact of the slab
thickness on the quality parameters —sound (not described in this article) and heat insulation. The hemp mass for
the slab was created from two components — wet (fermented) and dry mass to get a certain degree of moisture.
To achieve this result, hemp was cut in the flowering stage, which gave certain advantages, e.g., lower energy
consumption and reduced risk of hemp harvesting.
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Introduction

In the EU countries industrial hemp (Cannabis sativa L.) is considered as one of the important
renewable resources for the production of a wide range of industrial products (a witness of this is the
Resolution of the EU Commission “COM/2008/03/07”) [1]. Specialists have calculated that, by the
photosynthesis rate of the organic mass, 1 ha of hemp is equivalent to 4 ha of a forest. The major
producers of hemp in Europe are France, Poland, the Netherlands, and Germany. In Latvia massive
growing of industrial hemp started since 2009.

The research in the production of slabs from the natural fibrous materials in the world has been
carried out by scientists of many countries, using as the basic material the fibre and stalks of hemp,
flax, wheat, soya beans, eucalyptus, bamboo, sugar-cane, rice, maize (corn), cotton fibre. Various
technologies and binding agents have been applied for the production of slabs achieving slabs of
various density and thickness with different physical and mechanical properties intended for various
applications [2-5].

Great interest of the practical workers is raised in the use of the hemp stalks for construction and
thermal insulation purposes [6]. In Latvia (the LUA) possibilities to use hemp stalks in gypsum slabs
were studied [7]. Despite the fact that active research work has been carried out in the world during
the recent years in order to create new building materials, the topicality of new thermal insulation
materials from the hemp stalks is as high as before.

For instance, a method for the production of lignocellulose chips or fibre slabs has been
developed in the USA [8], and a method for the production of composite materials from the hemp
sheaves [9]. The hemp sheaves may be mixed with wood chips, thus obtaining a slab from
wooden/hemp sheaves [9]. There are slabs made from hemp and flax fibre [10], as well as from the
flax sheaves, using phenol-formaldehyde resin as a binding agent [11]. A slab of another type was
made without any binding agent, chemically treating the fibres with a 35 % hydrogen peroxide before
pressing [12]. The German enterprise ‘“Kosche” manufactures on an industrial scale and offers in the
market light furniture slabs from hemp sheaves [13]. A Dutch enterprise makes slabs from flax
sheaves already since 1956. Carbamide resin is used in these slabs as a binding agent. The slabs are
applied as thermal and acoustic insulation materials; they are by 100 % biodegradable [14]. The
American enterprise “TorZo surface” produces slabs by impregnating the hemp fibres with acryl [15].

202



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 20.-22.05.2015.

The purpose of the work: to study technological solutions of harvesting industrial hemp in order
to obtain green chopped mass under Latvian conditions, including the impact of the harvesting times
upon the cutting (chopping) process. To carry out investigations in the pressing technology of
insulation slabs from hemp at their various proportions of density and components, as well as to
determine their impact upon the thermal insulation properties of the slabs.

Materials and methods

A production technology of slabs from a hemp mixture was worked out (Fig. 1), as well as a
methodology for preparation (chopping, dosing of the components, mixing and pressing) of the hemp
mixture.
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Fig.1. Scheme of the slab production technology

In contrast to the use of hemp in order to produce fibre (in textile industry, etc.), the lowest
strength of the fibre of one component has no essential importance for the production of slabs, and
there is no necessity to wait for the maximum strength of the fibre at its full maturity in autumn.
Harvesting of the hemp component for technical needs takes place at the beginning of autumn when
there are favourable conditions for drying by atmospheric air [16]. The most essential precondition for
quality silage is to shorten the initial stage of preservation as much as possible by squeezing air from
the mass, thus achieving sooner the desired anaerobic conditions. Important factors are also the
maturity degree of the preserved mass of plants, the moisture content in the particles, their cross
section and length, quick filling of the silo, substantial packing and immediate careful sealing of the
silo after it is filled [17; 18]. The production technology of the raw material by using the dry and the
moist component is less dependent on the weather conditions, which shortens considerably the
recycling cycles, reduces their energy intensity and simplifies the slab production technological
process [19].

The harvesting time has essential impact upon the stalk cutting capacity of the chopper and the
productivity of the process. In 2014 experiments were made in three terms with a 12 day interval: on
August 11 (at the start of flowering), August 23 (in a stable stage of early flowering) and on
September 4 (in a full flowering stage when some stalks develop seed buds). During the harvest on
September 4 the hemp fibre often wind around the operating parts of the chopper because now it has

203



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 20.-22.05.2015.

become durable (its breaking strength was by 39-45 % higher than on August 11), therefore, it does
not submit to chopping. During this time of harvesting the pieces of the chopped mass with uncut fibre
(the core part of the stalks being chopped) are often found constituting 5-6 % of the total mass and
sometimes reaching a length up to 170 mm (under normal conditions it is 12 mm) [20].

The preparation process of the components of the hemp material is carried out in certain
proportions in which the preserved and the dry components are mixed (Figure 2).

A
i f b |

a)
Fig. 2. Components of the hemp material: a — chopped stalks; b — preserved component

The dry component is formed from the cut hemp stalks, which are dried using solar energy.
Before the use the long stalks are chopped = 1 cm long (Figure 2, a) by the guillotine. Mixing of the
dry and the preserved materials (Figure 2, b) ensures the required moisture for a more qualitative
mixing of the components with the binding agent.

According to the conducted calculations (Table 1), for the proportion of the mass of the dry and
the preserved components 1:3, there were taken 2/3 of the preserved component and 1/3 of the dry
component, which were manually mixed. To achieve a homogeneous structure of the hemp mixture,
its screening was made through a calibrated 20x20 mm sieve, screening at first the preserved hemp
component and after that the corresponding dry hemp component. As a binding agent there was
synthetic carbamide-formaldehyde resin glue (UF) KLEIBERIR 871.0 used, which is at present the
most widely applied binding agent used for gluing together sheets of plywood, boards and various
wooden products.

Mixing of the dry (Figure 2, a) and the preserved (Figure 2, b) materials ensures the necessary
moisture, so that more qualitative mixing and primary disintegration of the components could take
place in the extruder.

After plastification two-stage disintegration follows. At the first stage, primary disintegration of
the mixture proceeds in the extruder (Figure 3). The stalk cutting process takes place between the
screw conveyor and the refining discs; the geometric design of the screw conveyor ensures increase in
the pressure in the transportation direction that extrudes the mixture through the discharge outlet into
the disk refiner (Figure 4).

Fig. 4. Disk refiner of the
extruder

Fig. 3. Extruder for disintegration of the hemp mass

The second disintegration takes place in the disk refiner (the distance between the refining
surfaces is 3-5 mm); as a result, soft crushing of the preservative takes place.

In order to make each slab, a binding agent is used. It is calculated depending on the mass of the
dry fraction of hemp to be pressed in the proportion indicated in the technical specification by the
producer of the UF resin glue.

The fleece material is put into the press (Figure 5, b), and the pressing process of the slab starts,
which is controlled according to the preset pressing mode (Table 1).
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Fig. 5. Press for pressing the fleece material: a — pressing equipment; b — pressing chamber

The slabs are pressed according to the preset height indicated for the particular experiment in
Table 1 with the help of a heat press (Fig. 5) and the width and length of the pressed slabs, in their
turn, are 300x300 mm, determined by the dimensions of the press.

Table 1
Pressing modes of the fleece material
Temp. of the Pressing modes
heating
surfaces of the Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
chamber, T °C
upper/lower Hl,m | tl,sec. 12, sec. H3,m | 13,sec. | t4,sec. | H5, m | 15, min
130/130 0.2000 30 20 0.1100 30 20 0.1000 30
130/130 0.1000 30 20 0.0550 30 20 0.0500 30
130/130 0.0640 30 20 0.0352 30 20 0.0320 30
130/130 0.0480 30 20 0.0264 30 20 0.0240 30

Before pressing of the fleece material starts, the upper and the lower surfaces of the heating plates
are heated to temperature (7), and at the pressing times from (1) to (#5) moisture suction is switched
on. The pressing mode consists of five cycles, each cycle having a definite pressing time and distance
between the heating surfaces of the press. In Cycle 1 the fleece material is pressed to thickness (H1)
and held for time (¢1). In Cycle 2 the press is relieved for time (£2) in order to remove from the pressed
slab the wet steam accumulated in it. In Cycle 3 the fleece material is compacted to thickness (H3) and
held for time (£3). In Cycle 4 the press is relieved for time (#4). In Cycle 5 the fleece material is
pressed to the required thickness (H5) and held for time (#5). During the last cycle the steam is
removed from the compacted sheet with the highest intensity, therefore, time (¢5) of pressing moisture
suction is continued for 15 min.

Results and discussion

The conducted studies of the hemp stalk harvesting indicated suitability of the presented variant in
practice, high efficiency of the processes (the capacity of the combine harvester Claas Jaguar 840
(Figure 6, a) reached 21 t-h™", and that of the packer USM-1 — 80 t- hh.

a) b)

Fig. 6. Harvesting of the hemp stalks: a — combine harvester Claas Jaguar 840;
b — mass of the chopped hemp stalks
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The average length of the fraction of the chopped mass obtained during the experiments was
12 mm (Figure 6, b). For further storage the stalk mass was placed by means of a compactor-packer
USM-1 into hermetically sealed polyethylene envelopes (tunnel bags) with a density not less than 300
— 400 kg-m™. In such a package without air presence slight fermentation of the biological lactic acid
mass takes place (the acidity of the mass is pH 4.6-5.0). As a result of the process, oxygen is
consumed, and carbon dioxide is formed which ensures self-preservation of the mass. Therefore, no
special preservatives had to be used. Consequently, the biomass obtained from the chopped hemp
stalks can be used also for production of biogas on rural electric power plants. The green hemp mass
can be stored using other materials, too, for instance special silos or trenches, the main precondition
being that the necessary density and airtightness are ensured.

The production of slabs from the hemp mixture, as well as the preparation of this mixture
(chopping, dosing of its components, mixing and pressing) was carried out according to an elaborated
methodology and a technological scheme (Figure 1).

As an example, the obtained experimental data are shown (Figure 7) about the variations in the
thermal conductivity of the slab depending on the density of the pressed slabs.
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Fig. 7. Thermal conductivity of a slab depending on its density

As it is evident from the results (Figure 7), the thermal conductivity of the samples of 50 mm
thick slabs varies within the limits from 0.054 to 0.06147 W-(m-K)™'. Their thermal conductivity is by
14 % less than that of the samples with a density of 200 kg-m> which consist of 50 % chopped
sheaves with the size of the fraction 10-20 mm, moisture 10 %, and which are mixed with the green
mass of the preserved chopped hemp stalks with the size of the fraction 10 mm, moisture content
60 %, in contrast to the slabs with density 400 kg-m™.

On the other hand, the thermal conductivity of the samples, 100 mm thick, of slabs with the same
composition (Figure 7) varies within the limits from 0.059 to 0.08477 W-(m- K)"; namely, the thermal
conductivity of the slabs with a thickness of 200 kg-m” is by 44 % less than the thermal conductivity
of the slabs with density 400 kg-m™.

In order to determine thermal conductivity of a slab depending on its thickness, experiments were
carried out at the density of its mass 200 kg-m™ with two flych compositions (Figure 8, Variant 1,
Variant 2).

Composition (Variant 1): 1/3 of the dry fraction consisting of chopped sheaves, the size of the
fraction approximately 10-20 mm, moisture 10 %, and 2/3 of the green mass of the preserved chopped
hemp stalks, the size of the fraction 10 mm, moisture 60 %, powdered synthetic carbamide-
formaldehyde resin glue (UF) KLEIBERIR 871.0 being used as a binding agent.

Composition (Variant 2): 1/3 of the dry fraction consisting of 50 % dry green mass of the chopped
hemp stalks, the size of the fraction 10 mm, moisture 15 % and 50 % chopped sheaves, the size of the
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fraction 10-20 mm, moisture 10 %, mixed with 2/3 of the green mass of the preserved chopped hemp
stalks, the size of the fraction 10 mm, moisture 60 %, synthetic carbamide-formaldehyde resin glue
(UF) KLEIBERIR 871.0 being used as a binding agent.

As it is evident (Figure 8, Variant 1), the thermal conductivity of a slab depending on its thickness
varies within the limits 0.05159-0.06274 W-(m-K)™', which is by 22 %. Increasing the thickness of the

slabs (Figure 8, Variant 2) from 50 to 100 mm, the coefficient of thermal conductivity increases in the
range from 1 = 0.05639 to A = 0.06737 W-(m-K)™', which is by 19 %.
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Fig. 8. Thermal conductivity of a slab depending on its thickness

If the two composition variants are compared (Figure 8), then the coefficient of thermal
conductivity of the slab with a 100 mm thickness increases within the limits from A = 0.06274 to
A=0.06737 W-(m- K)'l, which is by 7 %; the coefficient of thermal conductivity of the slab with a
50 mm thickness increases within the limits from 1 = 0.05529 to A = 0.05712 W-(m-K)', which is by
3 %; the coefficient of thermal conductivity of the slab with a 32 mm thickness increases within the
limits from 4=0.05119 to 4 =0.05700 W-(m- K)'l, which is by 11 %; the coefficient of thermal
conductivity of the slab with a 24 mm thickness increases within the limits from A =0.05159 to
2 =0.05639 W-(m-K)"', which is by 9 %.

The coefficient of thermal conductivity in the investigated samples of slabs produced from a
mixture of a mass of chopped preserved dry hemp was in the range 0.05159-0.06737 W m'K"'. On the
whole, this is a rather good indicator for a dry insulation material. Lesser values of the coefficient of
thermal conductivity for glass wool are about 0.05 W (m: K)', mineral wool — about 0.45 W-(m-K)'
and foam plastic — about 0.034 W-(m-K)™'. However, these materials have lower compression strength,
shear and tension. Like with the other similar thermal insulation materials, increase in the density of
the slabs from hemp increases the coefficient of thermal conductivity (when the density of slabs is
increased from 200 to 400 kg-m”, the coefficient increases by 14 %) (Figure 8). Besides, like the other
materials from hemp, slabs have good ecological properties [21]. It is intended to continue
investigations in the optimisation of the composition and the production conditions of slabs from
hemp.

Conclusions

1. Forage choppers (combine harvesters) can be used for harvesting and chopping hemp stalks. The
harvesting time has essential impact upon the cutting possibilities of the chopper and the
efficiency of the process. Under favourable conditions the harvesting time of the hemp mass with
simultaneous chopping is the early stage of flowering.

2. Other materials may also be used for storing the green mass, for instance, special silos or trenches,
the main precondition being to ensure the required density and airtightness.

3. The use of the hemp mixture for production of slabs allows full usage of the entire stalk.
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4. The production technology of the raw material by using the dry and the moist component is less
dependent on the weather conditions, which considerably shortens the recycling cycles, reduces
their energy intensity and simplifies the technological process of slab production.

5. When the density of slabs is increased from 200 to 400 kg-m”, the coefficient of thermal
conductivity varies within the limits from 0.054 to 0.06147 W-(m-K)™'; namely, for the samples of
slabs with a density of 200 kg m™ it is by 14 % less than with a density of 400 kg-m™.

6. Increasing the thickness of slabs with a fleece composition (Variant 1) the coefficient of thermal
conductivity increases within the limits from 4 = 0.05159 to A = 0.06274 W-(m-K)™', which is by
22 %, but with a fleece composition (Variant 2) the coefficient of thermal conductivity grows in
the range from 4 = 0.05639 to A = 0.06737 W-(m-K)', which is by 19 %.
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