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[bookmark: abstract][bookmark: sectionHeads1]Abstract – The study is related to the development of a biorefinery concept to obtain furfural from hemp shives with Al2(SO4)3 as catalyst in the pretreatment process and binder-less panels from leftover without additional adhesives. Pretreatment temperatures were 160-180°C and time 90 min. The results show that it is possible obtain furfural 64.8-67.2%, calculated from the theoretically possible, and to obtain binder-less panels from pretreated hemp shives, but it is necessary to diminish the moisture content and severity factor of lignocellulose before the pressing stage.
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Introduction
[bookmark: text]The interest for the design of novel chemical processes for the production of biobased chemicals and materials has increased in the past years. The integration of refineries and biomass feedstock shows interesting potentials for the development of biorefineries. In this sense, the integrated use of all parts of lignocellulosic biomass, such as cellulose, hemicellulose and lignin, is very important for the economical feasibility of the biorefining industry. Among from all biobased chemicals, furfural, which is a widely used chemical for applications such as industrial solvent or precursor for high value-added products [1], can be produced from hemicellulose part (mainly from xylose). Commercially, furfural is produced using mineral acids such as sulfuric acid and phosphoric acid as homogeneous catalyst [1]. The costs and inefficiency of separating these catalysts from the products makes their recovery impractical, resulting in large volumes of acid waste, which must be neutralized and disposed off. Other drawbacks include corrosion and safety problems. However, its usual production yield is still around 50% from the theoretically possible amount [1]. Therefore, in this study Al2(SO4)3 was used as a catalyst for hemicelluloses secession from hemp shives by hydrolysis.
The main objective of this study was to determine the influence of pretreatment process temperature on the formation of furfural dynamics from hemp shives and to find out the feasibility to obtain the binder-less panels from the lignocellulosic leftover (Figure 1).
Experimental
[bookmark: heading2]For the investigation of the pretreatment process of hemp shives, the hemp variety “Bialobrzeskie” (Poland, code 893) was chosen as a raw material. The three main chemical components in the oven dry material are cellulose (43.7±0.4%), hemicellulose (31.8±0.7%) and lignin (22.0±0.6%).
By the results of a study on the formation dynamics of furfural can concluded that the obtainable yield 9.4-9.7 wt% from oven dry hemp shives (o.d.h.s.) mass, that is 64.8-67.2% 
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Fig. 1. Complex utilization of hemp shives obtaining value added products
from the theoretical possible yield, does not significantly depend on the temperature range if the duration time of the process is 90 min.
The results also showed that in the lignocellulosic leftover after the catalytic pretreatment process some part of cellulose has started to degrade. By increasing the hydrolysis temperature from 160°C to 180°C the cellulose content in the lignocellulosic leftover significantly decreased from 31.4 wt% to 22.2 wt%, calculated on the o.d.h.s.
After furfural obtaining stage the lignocellulosic leftover was used to obtain binder-less panels. A part of lignocellulosic leftover was additionally steam exploded to liberate lignin from the cell wall to the fibre surface since the lignin is the most important component relevant to binder-less panel production. As reference material was used untreated hemp shives panels. The results of this study stage shows that it is possible to obtain binder-less panel from pretreated as well from untreated hemp shives. But there is still need to improve the panel’s manufacturing technology that allow to obtain composites with better quality and higher mechanical properties. Thus will be possible to obtain products with high added value and create a cleaner production technology using environmentally friendly catalyst in the catalytic hydrolysis stage.
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