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ABSTRACT 

In Latvia industrial hemp cultivation is rapidly growing. A study of binderless panel made from hemp 
(Cannabis sativa L.) shives after hydrothermal pretreatment and steam explosion treatment is reported. The 
acoustic properties of the panels were determined by means of the sound absorption coefficient (αw)  
determined according to standards ISO 10534-2:2001 and 11645:2000. The average sound absorption 
coefficient (αw) of the panels reached between 0.10 ÷ 0.15 and varies in all frequency ranges (250 – 4000 Hz) 
between 0.05 ÷ 0.90 depending on the raw material treatment and hot-pressing conditions. According to the 
standard EN ISO 11645:2000, the obtained sound absorption coefficients of binderless panels conform to Class 
E absorbent, which is the lowest rate. 
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INTRODUCTION 

Today renewable resources of biomass (wood and 
agricultural residues, shrubs, etc.) are a real 
alternative to oil as a raw material for the production 
of chemicals and motor fuel. However, biomass 
pretreatment is needed to obtain such products.  
The biomass pretreatment process most commonly 
means hydrolysis of biomass components such as 
hemicelluloses, lignin and cellulose. The 
pretreatment process is one of the most important 
stages further in the biomass processes, where the 
mechanical and chemical structure of the biomass 
cell wall is changed, as well as making it easier to 
convert to other valuable products (boards, 
bioethanol, levoglucosane, etc.) in further processing 
(Yang et al., 2012). The increasing demand for 
platform chemicals derived by the chemical industry 
increases the demand for furfural, which is 
exclusively obtained from biomass containing 
hemicelluloses. It is used for the production of a wide 
range of important non-petroleum derived chemicals 
such as furan, tetrahydrofuran and furfuryl alcohol 
(Lange et al., 2012). One of the biomass examples is 
the hemp plant consisting of long (bast) fibres and 
woody part of the stem with short fibres called 
shives. The main utilization of hemp as a crop is for 
its bast fibres until now (Shahzad, 2012). However, 
the high content of hemicelluloses of the shives 
(Table 1) shows its great potential for furfural 
production. Also, this valuable raw material is 
concentrated in one place at the fibre production 
manufacturer’s site. The hemp species have been 
approved and are a rapidly expanding crop in Latvia 
with a yield from 150 ha in 2009 to 1200 ha in 2013. 

The hemp shives make up to 75% of the oven dry 
stalk. The high content of such chemical components 
of the hemp shives as cellulose and lignin, like a 
relatively low content of minerals (Table 1), confirm 
that the crop also has a potential for production of 
binderless panels. 
 

Table 1 
Chemical Components of Shives of Hemp Species 

“Bialobrzeskie” 

Chemical component Percentage 
Cellulose 43.7 ± 0.4 
Hemicelluloses 31.8 ± 0.7 
Lignin 22.0 ± 0.6 
Minerals (ash) 1.6 ± 0.1 

 
To utilize leftover lignocellulose after obtaining 
furfural, binderless panels could be made by using  
no additional adhesives at all during the panels’ 
production process. The panels made from shives 
after catalyzed pretreatment may have improved 
water resistance because the hemicelluloses are the 
most water absorbing component (Garrote et al., 
2001) and after the pretreatment its content is 
significantly diminished. Furthermore, steam 
explosion (SE) treatment transforms the lignin 
structure in the plant matrix and promotes the 
binderless composite moulding in the following hot-
pressing process (Okuda et al., 2006; Shao et al., 
2009; Tupciauskas et al., 2011).  
Materials obtained from secondary feedstock, such 
as glass, rubber (Pastor 2014), industrial residues 
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(Garcia-Valles et al., 2008), tyres (Maderuelo-
Sanz et al., 2012) etc. can be developed to 
produce acoustic absorbents. 
Analysing typical absorption materials and their 
ability to muffle the sound in different frequency 
ranges has a situation where the panel absorbents 
are highly adept in the low frequency range. The 
Helmholtz resonator absorber in the average 
frequency range with a very pronounced 
absorption in narrow frequency range and porous 
absorbers are efficient in the high frequency 
range (Fig 1. Fahy, 2005). 
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Figure 1. Typical sound absorption coefficient of 
materials in various frequency ranges:           porous 
absorber,            Helmholtz resonator,           panel 

absorber. 
 

A wide range of biomaterials has been used for 
production of acoustic panels, for example, 
kenaf, sunflower, maize, Jerusalem artichoke, 
miscanthus (Balduci et al., 2008) coir (Fouladi, 
2010; Fouladi, 2011) etc. On average, the highest 
values of the absorption coefficient of these 
materials can be reached in the region above 2000 
Hz. They are not applicable as separate panels for 
finishing or shielding operations, since they are 
loose, porous or soft materials. Previous studies 
about hemp shives acoustic absorption ability 
depending on the fractional composition and 
binder content (Gle, 2011; Gle, 2012) showed 
that satisfactory results can be obtained if about 
26% of the binder was used for moulding of the 
panels. If a lower amount of binder was used, the 
absorption coefficients of the panels were close 
to those of raw material.  
Binderless panels are thin (6÷8 mm) and are 
classified as a panel absorber in an efficient 
absorption low frequency range. Previous 
investigations concerning the ability of natural 
fiber to be employed as a sound absorber have 
been carried out (Putra et al., 2013). However, 
according to our knowledge acoustic absorption 
of binderless panels made of hemp shives has not 
been previously investigated. The objective of 

the study was to investigate acoustic properties 
of binderless panels as an absorption material. 

MATERIALS AND METHODS 

The study of binderless panels from pretreated hemp 
(Cannabis sativa l.) shives is a part of the biorefinery 
concept illustrated in Fig. 2. 
 
Raw material 

The shives of the hemp variety “Bialobrzeskie” 
(Poland, code 893) was chosen as a raw material.  
The chemical and elemental composition given in 
Table 1 was determined as described in Gandofi et 
al., 2013. The raw material was fractionated by a 
MUOTOTERA OY classifier using 5 screens 
according to SCAN-CM 40:01, 2013. For further 
processing the fraction 3–12 mm, which comprises 
77% of the residues of hemp fibre production, was 
used to homogenize the raw material and to avoid the 
presence of undesirable compounds such as sand and 
long fibres. 
 

 
 

Figure 2. Complex utilization of hemp shives 
obtaining value added products. 

 
Hydrothermal pretreatment 

Lignocellulosic residue for the panels moulding was 
obtained by the hydrothermal pretreatment process of 
hemp shives, carried out in a specially constructed 13.7 
L bench scale laboratory reactor equipped with a steam 
jacket in continuous steam flow (200 mL/min) 
conditions described elsewhere (Brazdausks et al., 2013; 
2014). Temperatures of 160°C, 170°C and 180°C were 
chosen and the duration of the process was 90 min. 
Before the process, the raw material was mixed with a 
calculated amount of the catalyst Al2(SO4)3 – 5 wt% of 
the oven dry sample. Further in the paper the hemp shives 
samples after the hydrothermal pretreatment are defined 
as H160, H170 and H180. 
 
Steam explosion (SE) treatment 

A part of each pretreated lignocellulosic leftover was 
additionally steam-exploded in a 0.5 L batch reactor 
(Tupciauskas et al., 2011) to liberate lignin from the cell 
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wall to the fibre surface since the lignin is the most 
important component relevant to binderless panel 
production (Okuda et al., 2006; Shao et al., 2009). The 
SE treatment conditions for all pretreated samples were 
the same: temperature 235°C and time 5 s. Further in the 
paper the hemp shives samples after the pretreatment and 
SE treatment are defined as H160SE, H170SE and 
H180SE. 
 
Panel manufacture 

After the pretreatment and SE treatment hemp shives 
were air dried (25±2°C) and hot-pressed at one stage 
press under 3 MPa pressure (p) by four regimes for each 
pretreatment temperature and SE treatment samples, 
varying the temperature (T), time (t) and moisture 
content (MC) as shown in Table 2. Further in the paper 
the panel samples indicating the manufacture regime 
given in Table 2 are defined as e.g. H160_2, H170SE_1, 
etc. 
Precisely weighed lignocellulosic materials were pre-
pressed under 2±1 MPa for 7±3 s using a frame. 
Untreated hemp shives were used as reference material 
(Ref in Table 2) pressing under 5 MPa pressure because 
of the material non pretreated structure. The set density 
of all samples was 1000 kg m-3 and the set panel 
dimensions 100×100×7 mm. 

Table 2 
Panel manufacturing conditions 

No T, °C t, min MC, % p, MPa 
1 150±2 15 10±2 3±0.2 
2 160±2 15 10±2 3±0.2 
3 160±2 15 5±2 3±0.2 
4 170±2 10 5±2 3±0.2 
Ref 200±2 15 7±2 5±0.2 

Determination of panel acoustic absorption 

Determination procedure for the panel’s acoustic 
absorption properties was carried out for 3 parallel 
samples from each panel and obtained values were 
averaged, and the relative error of measurements was 
less than ±5%. 
The measurements of the sound absorption 
coefficient (αw) in frequency ranges 250; 500; 1000; 
2000; 4000 Hz were performed for binderless panel 
samples in an impedance tube (Ø 40 mm) by 
applying two microphone transfer function method 
according to ISO 10534-2:2001 and ISO 
11645:2000. 
 
RESULTS AND DISCUSSION 

Binder-less panels made from hemp shives after 
pretreatment and steam explosion (SE) have an average 
sound absorption coefficient (αw) between 0.10 ÷ 0.15 
and vary in all frequency range between 0.05 ÷ 0.90. The 
highest absorption coefficient was observed in the 

frequency range of 2000 ÷ 4000 Hz with the highest 
value at 4000 Hz (Table 3), which is logical due to the 
material's ability to absorb higher frequencies. The sound 
absorption coefficient at low-frequency region 
(250 ÷ 1000 Hz) is almost similar for all samples, and it 
is below 0.15. 

Table 3 
Average sound absorption coefficients of panel 

sample groups 

Sample 
group 

250 
Hz 

500 
Hz 

1 
kHz 

2 
kHz 

4 
kHz αW 

H160 0.05 0.05 0.10 0.55 0.90 0.10 
H170 0.10 0.10 0.15 0.25 0.40 0.10 
H180 0.05 0.10 0.15 0.20 0.25 0.15 

H160SE 0.10 0.10 0.15 0.20 0.25 0.10 

H170SE 0.10 0.10 0.20 0.30 0.40 0.15 

H180SE 0.10 0.10 0.10 0.15 0.20 0.10 
Ref 0.05 0.05 0.10 0.45 0.30 0.10 

 
Sample Ref. results of the highest sound absorption value 
were achieved at 2000 Hz. The sample is made of hemp 
shives without pretreatment and then the surface formed 
roughness and open cavities which discharge sound 
material and muffles it, turning it into heat energy. The 
sample Ref. curve of sound absorption coefficient in the 
frequency range (Fig. 4) is characterized by Helmholtz 
resonator type absorbents (Fig. 1), but not the type of 
absorbent panels. 
The results obtained showed that in the low frequency 
range (below 2000 Hz) there is no direct impact of the 
panels manufacture conditions on the acoustic absorption 
coefficients, but indirectly they are affected by changing 
physical properties of the pretreated and steam-exploded 
hemp shives (Fig. 3). 
The highest sound absorption coefficients were reached 
in the frequency range of 4 kHz for panel samples made 
from pretreated shives at 160°C and 170°C and then 
steam-exploded one. (H160, H170, H170SE, Table 3).  
Assessing the impact on raw material treatment, the 
panels obtained from pretreated and then steam-exploded 
materials did not have significant differences on average 
value of αw; however, there were significant differences 
in some frequency ranges (samples H160 and H160SE, 
H170 and H170SE in Table 3). The αw significantly 
increases in all frequency range almost for all obtained 
panel samples except of Reference sample (Fig. 3). 
Maximal value of αw of sample made from raw shives 
(Ref) was achieved at 2000 Hz. After the pretreatment of 
shives at 160°C the maximal value of αw increases from 
0.45 to 0.90 at the highest frequency (samples Ref and 
H160, Table 3). Increasing the raw material pretreatment 
temperature up to 180°C, the αw tends to decrease in the 
frequency range between 2000 ÷4000 Hz but in the 
frequency range between 500 ÷ 1000 Hz the αw tends to 
increase, however, the average value did not improve 
(samples H160, H170, H180, Table 3). 
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Figure 3. Panel sound absorption coefficient depending on hemp shives treatment. 
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Figure 4. Panel sound absorption coefficient depending on the manufacture conditions from shives pretreated 

at 160°C.
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Figure 5. Panel sound absorption coefficient depending on manufacture conditions from shives pretreated at 

170°C. 
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Figure 6. Panel sound absorption coefficient depending on manufacture conditions from shives pretreated at 

180°C. 
 

The samples made from SE shives have significantly 
decreased values of αw, especially in the frequency 
range of 2000 ÷ 4000 Hz. The observation mentioned 
before, particularly appear comparing the panel 
samples made of pretreated shives at 160°C (H160 
and H160SE, Fig. 3). The impact of the panel 
manufacturing conditions on the measured αw are 
shown in Figures 4 – 6. The best result of αw in the 
frequency range of 1000 ÷ 4000 Hz, achieved was a 
panel sample made of the pretreated shives at 160°C 
and then steam exploded shives hot-pressed by 
regime No 3 (H160SE_3, Fig. 4). However, the same 
material hot-pressed by regime No 2 achieved higher 
values of αw at a frequency range of 250 ÷ 500 Hz 
(H160SE_2, Fig. 4) showing the impact of the 
material moisture content during hot-pressing (No 2 
and 3, Table 2).  
Assessing the impact of pressing regimes of panel 
samples made of pretreated shives at 170°C the best 
values of αw in the frequency range of 250 ÷ 2000 
Hz, was achieved by regime No 1, but in the 
frequency range of 4000 Hz – by regime No 3 
(H170_1 and H170_3, Fig. 5). From the panel 
sample group made of pretreated shives at 170°C and 
then steam-exploded shives, the best manufacturing 
regime is No 1 (H170SE_1, Fig. 5) competing in 
values of αw with panels made of pretreated shives at 
the same temperature. 
The best values of αw for the panels made of shives 
pretreated at 180°C achieved: were the samples hot-
pressed by regimes No 1 and 2 that gradually 
increase from 0.05 to 0.25 demonstrating some 
differences at frequency range 1000 ÷ 2000 Hz 
(H180_1 and H180_2, Fig. 6). However the average 
αw of the samples is the same. 
The best result of αw for the panels made of 
pretreated at 180°C and SE shives showed the 
sample hot-pressed by regime No 3 (H180SE_3, Fig. 

6). Generally the analysed results show that 
lignocellulosic materials for binderless panels with 
potentially good sound absorption properties are 
obtained after pretreatment at 170°C and even after 
following the SE treatment. It is recommended to 
develop the panels with the goal of improving the αw 
values assembling the panels in different systems or 
making a perforated surface. 
Without the panel’s manufacturing parameters, the 
sound absorption coefficient is influenced by the 
surface quality, which depends on the particle size of 
the raw material, and the modulus of elasticity, 
which ensures a material's ability to resist quick 
deformation. Such a property of the material has 
been observed also for elastic materials by other 
authors (Foret, Guigou-Carter, Chene, 2010), when 
in the range below 160 Hz the acoustic absorption 
coefficient is affected by their porosity. In the range 
of 160 ÷ 1000 Hz the dominant impact on the 
absorption coefficient has a bulk density of the raw 
material, but above the 1250 Hz level material 
thickness has a higher impact.  While in the range of 
1250 ÷ 5000 Hz the absorption coefficient is affected 
by porosity again. Such of the panels’ properties as 
modulus of resistance, thickness and modulus of 
elasticity have an impact on the acoustic properties 
up to 35% most in the frequency range above 1250 
Hz. 
According to the standard EN ISO 11645 (2000), the 
obtained sound absorption coefficients of the 
manufactured binderless panels conform to Class E 
absorbent, which is the lowest rate. Sound absorption 
coefficient values by octaves show that the weighted 
sound absorption coefficients (αw) can be improved 
by increasing the value of sound absorption at a low-
frequency region. An improvement at this region can 
be achieved by the application of different systems 
of panels, where one of the elements used is a 
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binderless panel with an additional perforation or by 
increasing the panel thickness (Schmidt 1969). 

CONCLUSIONS 

It is possible to obtain binderless panels from 
untreated hemp shives and from pretreated ones and 
also from steam-exploded ones. The weighted sound 
absorption coefficient (αw) for the investigated 
binderless panels is 0.10 ÷ 0.15 and varies in all 
frequency ranges  (250 ÷ 4000 Hz) between 0.05 ÷ 
0.90 depending on the raw material treatment and 
hot-pressing conditions. According to the standard 
EN ISO 11645 (2000) the obtained sound absorption 
coefficients of the binder-less panels conform to 
Class E absorbent, which is the lowest rate.  
Binder-less panels from pretreated hemp shives can 
be used as acoustic absorbent in the frequency region 
above 2 000 Hz. 
Generally the analysed results show that 
lignocellulosic materials for binder-less panels with 
potentially good sound absorption properties are 

obtained after pretreatment at 170°C and even after 
following SE treatment.  
The best sound absorption coefficients for the panels 
achieved by hot-pressing regimes No 1, 2 and 3 
indicated the pressing temperature of 150°C and 
160°C, time 15 min and moisture content of 
lignocellulosic material between 5 and 10%. 
However the moisture content was found to be too 
high threatening the delamination of the panels after 
opening the press. 
It is recommended developing the panels with the 
goal of improving the αw values assembling the 
panels in different systems or making a perforation. 

ACKNOWLEDGEMENTS 

The study was implemented within the Europe Social 
Fund framework “Innovative technology for 
complex processing of fibrous crop residues to 
products with high added value” 
No. 2013/0044/1DP/1.1.1.2.0/13/APIA/VIAA/022.

 
 

REFERENCES 
Balduci F., Charles H., Meinlschmidt P., Dix B., Sanasi A. (2008) Development of Innovative Particleboard 
Panels. Drvna Industrija, Vol. 59, No. 3, p. 131–136.  

Brazdausks P, Puke M, Vedernikovs N, Kruma I. (2014) Effect of the amount of the catalyst on the formation 
of furfural and acetic acid from birch wood in the biomass pretreatment process. Baltic Forestry, Vol. 20, No.1, 
p. 106–114. 

Brazdausks P, Puke M, Vedernikovs N, Kruma I. (2013) Influence of biomass pretreatment process time on 
furfural extraction from birch wood. Scientific Journal of Riga Technical University. Environmental and 
Climate Technologies, Vol. 11, p. 5–11. 

Fahy F., (2005) Foundation of engineering acoustics, London, Academic press, Elsevier, 465 p. 

Foret R., Guigou-Carter C., Chene J.B. (2010) Porous material parameters influencing the acoustic 
performances of building construction systems. In: International sceintific conference „Internoise 2010, noise 
and sustainability”, 13-16 June 2010 Lisbon Portugal, p. 1-10. CD  

Fouladi M.H., Ayub Md., Mohd Nor M. J. (2011) Analysis of coir fiber acoustical characteristics. Applied 
Acoustics, Vol. 72, p. 35–42. 

Fouladi M.H., Mohd Nor M. J., Ayub Md., Leman Z.A. (2010) Utilization of coir fiber in multilayer acoustic 
absorption panel. Applied Acoustics, Vol. 71, p. 241–249. 

Gandofi S., Gianluca O., Riva S., Fantoni G.P., Patel I. (2013) Complete chemical analysis of Carmagnola 
hemp hurds and structural features of its components. BioResources, Vol. 8, No. 2, p. 2641–2656. 

Garcia-Valles M., Avila G., Martinez S., Terradas R., Nogués J.M. (2008) Acoustic barriers obtained from 
industrial wastes. Chemosphere, Vol 72, p. 1098–1102. 

Garrote G., Domínguez H., Parajó J.C. (2001) Study on the deacetylation of hemicelluloses during the 
hydrothermal processing of Eucalyptus wood. Holz als Roh- und Werkstoff, Vol. 59, No. 1–2, p. 53–59. 

Gle P., Gourdon E., Arnaud L. (2011) QAcoustical properties of materials made of vegetable particles with 
several scales of porosity. Applied Acoustics, Vol. 72, p. 249–259. 

Gle P., Gourdon E., Arnaud L. (2012) Modeling of the acoustical properties of hemp particles. Construction 
and building materials, Vol. 37, p. 801–811. 

ISO 10534-2:2001. Acoustic-Determination od sound absorption coefficient and impedance tubes Part 2: 
Transfer function method. 
ISO 11645:2000. Acoustics - Sound absorbers for use in buildings - Rating of sound absorption.

 
_______________________________________________________________________________________ 
 
                                                                               69 



Lakra R., Kiran M.S., Usha R., et al. (2014) Enhanced stabilization of collagen by furfural. International 
Journal of Biological Macromolecules, Vol. 65, p. 252–257. 

Lange J.-P., Van Der Heide E., Van Buijtenen J., Price R. (2012) Furfural - A promising platform for 
lignocellulosic biofuels. ChemSusChem, Vol. 5, No. 1, p. 150–166. 

Maderuelo-Sanz R., Nadal-Gisbert A.V., Crespo-Amorós J.E., Parres-García F. (2012) A novel sound absorber 
with recycled fibers coming from end of life tires (ELTs). Applied Acoustics, Vol. 73, p. 402–408. 
Okuda N., Hori K., Sato M. (2006) Chemical changes of kenaf core binderless boards during hot pressing (I): 
influence of the pressing temperature condition. Journal of wood science, Vol. 52, No. 3, p. 244–248. 

Pastor J.M., Garcia L.D., Quintana S., Pena J. (2014) Glass reinforced concrete panels containing recycled 
tyres: Evaluation of the acoustic properties of for their use as sound barriers. Construction and building 
materials, Vol. 54, p. 541–549. 

Putra A., Abdullah Y., Efendy H., Farid W.M., Ayob Md R, Py M. S., (2013) Utilizing Sugarcane Wasted 
Fibers As A Sustainable Acoustic Absorber. Procedia Engineering,Vol. 53, p. 632–638; 

SCAN-CM 40:01 (2001) Wood chips for pulp production. Size distribution. Scandinavian pulp, paper and 
board testing committee. 

Schmidt L.M. (1969) Acoustic materials. Moscow: Stroyizdat, 175 p. 

Shahzad A. (2012) Hemp fiber and its composites - A review. Journal of Composite Materials, Vol. 46, No. 8, 
p. 973–986. 

Shao S., Jin Z., Wen G., Iiyama K. (2009) Thermo characteristics of steam-exploded bamboo (Phyllostachys 
pubescens) lignin. Wood Science and Technology, Vol. 43, No. 7–8, p. 643–652. 

Tupciauskas R., Gravitis J., Veveris A., Tuherm H. (2009) Self-binding fibreboard made of steam exploded 
wood. In: Proceedings of the 5th meeting of the Nordic-Baltic network in wood material science and 
engineering (WSE), October 1-2, 2009, Copenhagen, Denmark. A. Bergstedt (ed.). Forest & Landscape 
Working Paper, No. 43, p. 141–146. 

Yang W., Li P., Bo D., et al. (2012) The optimization of formic acid hydrolysis of xylose in furfural production. 
Carbohydrate. Research, Vol. 375, No. 1, p. 53–61. 
Zeitsch K. J. (2000) The chemistry and technology of furfural and its many by-products. Amsterdam: Elsevier 
Science, 376 p. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ______________________________________________________________________________________ 
 
                                                                                   70  
 


