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Abstract

The conversion of lignocellulosic biomass to bioethanol has attracted renewed attention in recent years because of
its environmental, economic, and strategic advantages. Birch woodchips were used as a raw material due its several
characteristics such as high cellulose and hemicellulose content that can be readily hydrolyzed into fermentable sugars.
Dilute acid hydrolysis was used as a pretreatment process, which can be considered as one of the most promising biomass
pretreatment methods. But there are several challenges and limitations in the process of converting birch wood to
bioethanol. During the biomass pretreatment process degradation products such as furfural and acetic acid, which have
an inhibitory effect on the further fermentation process in the bioethanol production section, may be produce from
hemicelluloses. However both these inhibitors like individual chemicals are very important for the production of many
derivatives.

In order to develop theoretical foundations for joint production technology of furfural, acetic acid and bioethanol
production it is necessary to study the effect of catalyst amount on the production of furfural and acetic acid from birch
woodchips and the content of cellulose in lignocellulose residue after pretreatment process. The effect of catalyst amount
on the furfural and acetic acid production process was studied in a range from 1.5% to 4.0% calculated on oven dried
wood (o.d.w.) hereinafter while temperature and time of the pretreatment process were constant. The obtained results
show that the effect of catalyst amount on the production of furfural and acetic acid and the content of cellulose in the
lignocellulosic residue are very significant. The amount of furfural increased from 6.2% to 10.8% and the amount of
acetic acid increased from 5.2% to 5.8% but at the same time the content of cellulose in the lignocellulosic leftover

decreased from 34.7% to 14.1%, after 90 min from the beginning of the birch wood pretreatment process.
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Introduction

In order to meet the growing demand of people
welfare, in the 20th century a major focus of research
was placed on the development of fossil fuels like
petroleum, coal and natural gas and their processing
(Suganthi and Samuel 2012, Asif and Muneer 2007).
Now this targeted industrial development allows us to
produce different products such as fuels, high-quali-
ty chemicals, pharmaceuticals, detergents, synthetic
fibers, various plastics, pesticides, fungicides, ferti-
lizers, lubricants, solvents etc. With the level of wel-
fare increase, the world has sharply increased the
amount of people that have contributed an increase
of industrialization and motorization. This, in turn, has
contributed to the rapid use of fossil fuel resources
(Agarwal 2007, Shafiee and Topal 2009). Therefore, in
the 21st century, fossil energy use and recycling are

no longer considered to be sustainable and are ques-
tionable from both the economic and ecological and
environmental sustainability viewpoints. For example,
the combustion of fossil energy is a major contribu-
tor that has increased the level of greenhouse gases
in the atmosphere and has been directly related to the
seriousness of global warming during the last decades
(Agarwal 2007). Therefore, the search for sustainable
and environmentally friendly energy alternative sourc-
es, which would continue to meet the needs of our
industry and the consumer society, is currently nec-
essary.

Biomass with an estimated global production of
ca. 1.0 x 10" tons per year has attracted considerable
attention as an alternative source for both fuels and
chemicals (Binder and Raines 2010). Carbohydrates
represent the major part of biomass, and the catalytic
conversion of carbohydrates into high-value chemi-
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cals and fuels is important in both science and com-
merce. Therefore, scientists around the world are work-
ing on the development of new technologies and their
implementation in industry that would enables to con-
vert carbohydrates into high-value products such as
monosaccharides, furfural, biofuels, biogas etc.

Lignocellulosic biomass such as agricultural res-
idues, wood, herbaceous and woody energy crops
(Carriquiry et al. 2010) being a non-food material is
evaluated worldwide as a potential feedstock for the
sustainable production of bioenergy and chemicals in
the near future due to its abundance, availability and
renewability (Phitsuwan et al. 2013). It is well known
that lignocellulosic biomass mostly contains of three
biopolymers — cellulose and hemicelluloses that are
tightly bound to lignin (Sanchez 2009). Due to the
complex structure of lignocellulosic biomass plant cell
walls, it is more difficult to break down into sugars
than starch (Abramson et al. 2010, Harmsen et al. 2010)
that is nowadays the source for bioethanol produc-
tion (Phitsuwan et al. 2013).

In order to obtain second generation bioethanol or
other valuable chemicals from lignocellulosic biomass,
at first, it is necessary to perform its pretreatment. The
biomass pretreatment process is the most important
stage of the second generation bioethanol production
since a suitable pretreatment procedure involves break-
ing down cross-links of the matrix of hemicelluloses and
lignin disrupting hydrogen bonds in crystalline cellu-
lose as well as increasing the porosity and surface area
of cellulose for the subsequent fermentation process
(Mood et al. 2013, Alvira et al. 2010).

Universal pretreatment process is difficult to en-
vision owing to the diverse nature of various types
of biomass. A multitude of different pretreatment tech-
nologies have been suggested during the last decades,
for example, physical, thermal, biochemical and chem-
ical (Hendriks and Zeeman 2009, Alvira et al. 2010). The
most commonly employed pretreatment method for
wood is autohydrolysis (also called hot water process-
ing or hydrothermal pretreatment). In this method bi-
omass is treated with chemical-free water. There are
only a few papers dedicated to the problem how to
improve saccharification yield and results presented
by them are varied in a wide range of temperature (130-
230°C) and pretreatment time (from a few seconds to
several hours) (Palmqvist and Hahn-Hégerdal 2000,
Klinke et al. 2004, Mosier et al. 2005, Lee et al. 2010,
Mood et al. 2013). But to get higher accessibility and
digestibility of cellulose for the enzymatic hydrolysis
process need to use acid pretreatment method (Kumar
et al. 2009, Girio et al. 2010, Alvira et al. 2010). Unfor-
tunately, degradation products with an inhibitory ef-
fect on the further fermentation process may be formed

from hemicelluloses during this pretreatment process.
These inhibitors have toxic effect on the fermenting
organisms and thus reduce the bioethanol yield and
productivity (Sakai et al. 2007, Klinke et al. 2004).

One of them is furfural (2-furaldehyde) that has
been identified as one of the high-value, bio-based
chemical (Werpy et al. 2004). It is an important chemi-
cal solvent, which has been used for separating satu-
rated and unsaturated compounds in petroleum refin-
ing, gas, oil and diesel fuel. The furfural derivatives also
have a high demand for using in the plastic, food, phar-
maceutical and agricultural industries (Dias et al. 2006,
De Jong and Marcotullio 2010, Xing et al. 2011). Com-
mercially, furfural is produced from the hemicellulosic
part of biomass through the hydrolysis processes with
use of sulfuric acid as homogeneous catalyst and sig-
nificant quantities of steam (Zeitsch 2000, Mamman et
al. 2008, Riansa-Ngawong and Prasertsan 2011, Yemir
and Mazza 2011). During the initial stage of hemicellu-
lose hydrolysis, the xylans generate pentose carbohy-
drates, which are further cyclodehydrated to furfural
(Zeitsch 2000, Xing et al. 2011). In the conventionally
used technologies of furfural production, what are still
based on more or less modified versions of original
Quaker Oats process, its yield generally does not ex-
ceed 55% of calculated on the theoretical yield (Zeitsch
2000). Therefore the different furfural production param-
eters have been varied in several research studies (Agir-
rezabal-Telleria et al. 2011, Agirrezabal-Telleria et al.
2013) to increase its yield and to improve the situation
with its environmental problems of production due to
toxic waste effluents (Dias et al. 2006, Lima et al. 2008,
Yang et al. 2012). However, they present significant
drawbacks: high furfural-solvent separation costs and
their use would require separate hydrolysis and dehy-
dration steps.

The second inhibitor that can form acetyl groups,
which are bound to different parts of hemicelluloses,
is acetic acid (Klinke et al. 2004). Acetic acid is one of
the simplest organic carboxylic acid. Nowadays ace-
tic acid is important as an intermediate compound for
the industrial production of different chemicals such
as vinyl acetate polymer, cellulose acetate, terephthalic
acid, dimethyl terephthalate, acetic acid esters/acetic
anhydride and calcium magnesium acetate. All these
products are made from petroleum-derived acetic acid
(Cheung et al. 2005).

Till now, there has been no technology that would
enable the joint production of furfural, acetic acid and
bioethanol. To solve this problem and at the same time
to improve environmental issues and make a pretreat-
ment process more cost-efficient the kinetic parame-
ters of the dilute acid hydrolysis process need to be
changed.
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The aimed change of the dilute acid hydrolysis
process mechanism can optimize the dilute acid hydrol-
ysis process that allows improving the yield of fur-
fural from hemicelluloses and save more cellulose in
lignocellulosic residue for bioethanol production.
Therefore the objective of this study was to determine
the effect of catalyst amount on the production of
furfural and acetic acid from lignocellulosic biomass
in the dilute acid hydrolysis process and on the con-
tent of cellulose in the lignocellulose residue.

Materials and Methods

Raw Material

Technological scale woodchips of birch wood
felled in Latvia were air-dried at room conditions and
sorted by size between 10 and 20 mm.

Prior to determine the effect of the amount of the
catalyst on the formation of furfural and acetic acid from
birch woodchips chemical composition of birch wood
was determined. The identified chemical composition of
the birch wood were the following: acetone-soluble
extractives amount 2.8%, holocellulose amounts 76.9%,
cellulose amounts 46.8%, Klason lignin amounts 17.2%,
acetyl groups 4.2%, and the theoretical yield of furfural
was calculated as 14.7%. All results were calculated from
duplicates on oven-dried wood.

Chemical composition analysis of birch wood

The air-dried birch woodchips were crushed un-
der the particle size of 0.40 mm by Wiley-type mill
according to the TAPPI 257 method “Sampling and
preparing wood for analysis” to create the diffusion
of reagent into the material and ensure complete reac-
tion of an analytical process. Procedure for determin-
ing the amount of acetone-soluble extractives was
applied by the TAPPI 204 method “Solvent extractives
of wood and pulp”. After that the content of acid-in-
soluble lignin (Klason lignin) was determined from

extractives free birch wood samples by the TAPPI 222
method “Acid-Insoluble lignin in wood and pulp”. The
content of holocellulose was obtained by sodium chlo-
rite method but the content of cellulose in birch wood
and also in the lignocellulosic residue was determined
according to the technique described in literature (Za-
kis 2008), where the test material was exposed to con-
centrated nitric acid and ethanol solution. The theo-
retical yield of furfural was determined using the “De-
termination of potential furfural” method (Zakis 2008)
but the acetyl groups were determined according to
the literature (Zakis 2008) that describes transesterifi-
cation method.

Dilute acid hydrolysis

In this study, a new dilute acid hydrolysis proc-
ess was used for furfural and acetic acid extraction from
birch wood. The method used makes it possible to in-
crease the yield of furfural from 50% to 70%, calculat-
ed from the theoretically possible amount, and to re-
duce the degree of cellulose degradation allowing the
rest part of lignocellulosic biomass after the acid hy-
drolysis process to be used for obtaining bioethanol.

Prior to the furfural and acetic acid extraction from
birch wood were started, the woodchips were mixed
with a catalyst solution in a specially constructed
paddle mixer. In this study a dilute sulfuric acid solu-
tion, which is commonly used in industrial practice for
obtaining furfural from different plant raw materials,
was used as a catalyst (Zeitsch 2000). After that, birch
woodchips were treated with a continuous steam flow
in the hydrolysis reactor for 90 min at constant tem-
perature (147°C) that was used basing on the earlier
studies (Brazdausks et al. 2014). This hydrolysis re-
actor is part of a specially designed pilot plant, which
makes it possible to model the industrial process (ra-
tio 1/1) and is cylindrical in shape. Its dimensions are
the following: D 110 mm x H 1450 mm and volume is
13.7 dm?.

Catalyst solution

Birch wood mu,so, =variable WWw
Paddle mixer 1 Water
Hydrolysis
reactor ¢J@§LSI£&L Steam
1=147°C -
= i boiler
Raw material =90 min
with catalyst o
solutiog Steam containing
furfural, acetic acid

Lignocellulosic residue
to the analytical testing

Figure 1. Schematic circuit of the process of
obtaining furfural, acetic acid and lignocellu-
lose
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To ensure a steady temperature in the reaction
zone during the entire process, the reactor has a heat
insulation system with the corresponding automatic
equipment, which allows maintaining a constant tem-
perature during the whole process. All this made it
possible to optimize this technology by applying the
obtained parameters.

The outgoing steam from the reactor that con-
tained furfural, acetic acid and other byproducts (e.g.,
5-hydroxymethylfurfural, methanol, etc.) was con-
densed and after each 10 min period condensate sam-
ples were taken to the analytical testing by GC. At the
end of the hydrolysis process, the steam-treated birch
wood chips were discharged from the reactor, cooled
and weighed.

Gas chromatography

The GC analysis method was used to study the
effect of the catalyst amount on the formation of ace-
tic acid dynamics and its yields in the obtained hy-
drolysate samples. The concentrations of furfural and
acetic acid were measured by GC (CHROM-5, Czech
Republic) with a flame ionization detector and our own
configured and packed column (100A 2500 x 3.0 mm)
with diethyl glycol adipate. Helium was used as a
mobile phase at a flow rate of 20 mL/min. The separa-
tion was performed at 160°C, sample injection at 260°C
and flame ionization detector at 250°C. All condensate
samples were analyzed by injecting 1 uL from three to
five times. Furfural with the purity of = 99.0% (Sig-
ma-Aldrich 319910) and acetic acid with the purity
of = 99.0% (Sigma-Aldrich 27225) were used as ref-
erence standards. To calculate concentrations of fur-
fural and acetic acid in the hydrolysate samples the
obtained peak areas at first were processed with the
aid of PeakSimple 3.29 program. After that the results
were processed with the aid of MS Excel program.

Results

The effect of catalyst amount on the formation
dynamics of furfural and acetic acid

The catalyst amount is one of the main techno-
logical parameters in the furfural production process.
In this study the effect of catalyst amount on the birch
wood pentose monosaccharide dehydration and fur-
fural production process as well as the hemicellulos-
es polysaccharides deacetylation process were stud-
ied in a wide range of concentrations changing them
by 0.5% from 1.5% to 4.0%, calculated on o.d.w., while
two constant technological parameters of the hydrol-
ysis process (temperature and time of biomass treat-
ment) were 147°C and 90 min, correspondingly.

All obtained results were calculated on o.d.w. to
compare the results of the study with theoretical re-
sults. The results represent the average values of each
hydrolysis experiment, which do not exceed a 5% var-
iation between the parallel experiments.

As demonstrated by the results of a study on the
production dynamics of furfural increase in the amount
of catalyst from 1.5% to 4.0% after the first 10 min
gives rise in the amount of furfural from 0.86% to 2.79%
accordingly (Table 1, Figure 2), that shows 3-time gain
in production. In the second 10 min period, the amount
of furfural also increased but this time to a lesser ex-
tent — from 0.96% to 2.28%, wherein the greatest
amount of furfural was obtained at the amount of the
catalyst 3.5%. Continuing the birch wood pentose
monosaccharide dehydration and furfural formation
process, the amount of furfural formation gradually
decreased and equalized. In the third 10 min period the
lowest amount of furfural 0.85% was obtained at the
amount of the catalyst of 1.5%. Increasing the amount
of the catalyst from 2.0% to 3.5%, the amount of fur-
fural increased in the short range from 1.27% to 1.50%

Amount of Table 1. Effect of catalyst amount on the
catalys(;, [%] 1.5 20 25 3.0 3.5 4.0 furfural formation dynamic from birch wood-
on o.d.w. .
chips
Time period Amount of furfural, [%] from o.d.w.
The 110 min  0.86:0.04  1.45+0.02 2.13:0.05  2.53+0.05 2.69+0.04 2.79+0.04
The 210 min  0.96:0.03  1.39+0.01 1.62:0.03  2.22+0.03 2.28+0.03 2.16+0.03
The3“10 min  0.85+0.02  1.27+0.01  1.34+0.04 1.49+0.05 1.50£0.04  1.39+£0.03
The4™10 min  0.78+0.01  1.15+0.02  1.19+0.02 1.26+£0.04 1.00£0.03  1.02+0.02
The 5" 10 min  0.69:0.01  0.93+0.02  0.90+0.04 1.02+0.02 0.72+0.01  0.68+0.02
The 6™ 10 min  0.60+0.01  0.78+0.02 0.76:0.03  0.84+0.03 0.52£0.02  0.45+0.02
The 7" 10 min  0.53+0.02  0.64+0.02  0.61+0.02 0.6610.01 0.41£0.01  0.36+0.02
The8™10 min  0.48+0.01  0.55+0.01  0.48+0.01 0.43+0.02 0.29+0.01  0.24+0.01
The 9" 10 min  0.44:0.01 0.47+0.01  0.39:0.02 0.36+0.02 0.20+£0.01  0.16+0.01
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but at the catalyst amount of 4.0% the amount of fur-
fural was 1.39%. In the fourth, fifth, sixth and seventh
10 min periods the greatest amount of furfural that
gradually decrease from 1.26% to 0.66% was obtained
at the amount of the catalyst 3.0%. In the last two 10
min periods, the greatest amount of furfural 0.55% and
0.47% was obtained at the amount of the catalyst 2.0%
but the lowest amount of furfural of 0.24% and 0.16%
was obtained at the amount of the catalyst of 4.0%.

In the birch wood pretreatment process in parallel
to furfural, it is also possible to obtain acetic acid that
can be used in the food industry. Thereby, it is possi-
ble to obtain a by-product with a high added value and
to create a cleaner production technology using the
dilute acid hydrolysis pretreatment method for the prep-
aration of biomass for bioethanol production.

As demonstrated by the results of the study on
the formation dynamics of acetic acid (Table 2, Figure
3), increasing the amount of the catalyst in the whole
range, the amount of acetic acid was increased from

Amount of catalyst, [%] on o.d.w.

2.04% to 2.77% in the first 10 min period. Continuing
the birch wood hydrolysis, the amount of acetic acid
formation sharply decreased. In the second 10 min pe-
riod of the birch wood hemicelluloses polysaccharides
deacetylation process, the amount of acetic acid in-
creased from 1.25% to 1.41% that was almost twice low-
er. In the third 10 min period, the greatest amounts of
acetic acid 0.92%, 0.93% and 0.94% were obtained ac-
cordingly at the amounts of the catalyst 2.0%, 2.5% and
3.0%. Continuing the birch wood hemicellulose polysac-
charide deacetylation process, the amount of acetic acid
gradually decreased and equalized at all amounts of the
catalyst. In the last time period, the amount of acetic
acid was in the range of only 0.06-0.09%.

The effect of catalyst amount on the total yield
of furfural, acetic acid and content of cellulose in
the lignocellulosic residue

Basing on the results of the formation dynamics
of furfural and acetic acid, it can be concluded that

Table 2. Effect of catalyst amount on the Amount of

acetic acid formation dynamic from birch  catalyst, [%] on 1.5 2.0 2.5 3.0 3.5 4.0

woodchips odw.

Time period Amount of acetic acid, [%] from o.d.w.

The 1° 10 min 2.04£0.03 2.21+0.04 2.17+0.04 2.28+0.03 2.56+0.03 2.77+0.02
The 2™ 10 min 1.25¢0.03  1.31£0.02 1.27+0.02 1.33+0.03 1.34+0.03 1.41x0.03
The 3™ 10 min 0.65+0.02  0.92+0.03 0.93+0.03 0.94+0.03 0.79£0.03 0.63+0.02
The 4™ 10 min 0.44£0.02 0.49+0.02 0.41+x0.02 0.39%x0.02 0.31£0.02 0.32+0.01
The 5™ 10 min 0.28+0.01  0.26+0.01  0.32+0.02 0.33x0.01 0.23+0.01 0.19£0.01
The 6™ 10 min 0.20£0.01  0.15+0.01 0.21+x0.00 0.23+x0.01 0.18+0.01 0.16+0.01
The 7" 10 min 0.15£0.01  0.11+£0.00 0.16x0.01 0.14+0.01 0.12+0.01 0.13£0.01
The 8" 10 min 0.11£0.01  0.08+0.00 0.12+0.01 0.08+0.00 0.11+0.00 0.10+0.00
The 9" 10 min 0.09£0.01  0.06+0.00 0.07+0.00 0.07+0.00 0.08£0.00 0.09+0.00
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the amount of catalyst has a very significant effect on
the amount of these products from birch wood.

In order to develop a wasteless technology for
bioethanol production from birch wood, it is particu-
larly important to calculate the total amounts of fur-
fural and acetic acid and analyze the content of cellu-
lose in the lignocellulosic residue.

As demonstrated by the results (Table 3), increas-
ing the amount of the catalyst from 1.5% to 3.0%, the
total amount of furfural after 90 min increased from
6.18% to 10.81%, which is almost twice more. In the
range of the amount of the catalyst from 3.0% to 4.0%,
the total amount of furfural was decreased to 9.23%.
The maximum achieved yield of furfural is 10.81% that
is 73.7% as calculated on the theoretically possible
amount obtained at the amount of catalyst of 3.0%.

The results on the total amount of acetic acid from
birch wood showed that increasing the amount of the
catalyst from 1.5% to 4.0% the total amount of the
acetic acid increased linearly. After 90 min, when the
birch wood hemicellulose polysaccharide deacetylation
process was ended, the amount of acetic acid was
increased from 5.22% to 5.80%, which is 87.9-97.6%
from the theoretically possible amount. Like furfural,
the greatest amount of acetic acid of 5.80% after 90
min can be obtained at the amount of the catalyst of

Figure 3. Effect of catalyst amount on
the acetic acid formation dynamic from
birch woodchips

4,5

3.0%. Thereby, it is possible to conclude that this
amount of the catalyst is the best one for furfural and
acetic acid co-production.

The results on the yield of the lignocellulosic
residue (Table 3) have shown that increasing the
amount of catalyst within the range studied, its con-
tent gradually decreases from 83.55% to 69.60%. Sharp-
est decrease in lignocellulose from 83.55% to 77.24%
observed in the amount of catalyst range 1.5-2.0%.
Continuing to increase in the amount of catalyst up
to 4.0%, where furfural yield increase, the total yield
of the lignocellulosic residue decreases slighter. These
results on the yield of lignocellulose residue allow
concluding that the structure of biomass was more
destroyed by increasing the amount of catalyst in the
range from 2.5% to 4.0%.

For bioethanol production from the lignocellulosic
residue that was obtained after furfural and acetic acid
extraction by dilute sulfuric acid hydrolysis process,
the necessary part is cellulose. Therefore, it is required
to determine the content of cellulose in the obtained
lignocellulosic residue.

The obtained results show that increasing the
amount of catalyst within the range studied, its con-
tent sharply decreases from 34.70% to 14.09% that is
74.15 —30.10% from the theoretically possible amount.

Amount of Table 3. Effect of catalyst amount on
catalyst, [%] on 15 2.0 25 3.0 35 40 the obtained products from birch wood-
od.w. chips after 90 min of the hydrolysis at
Total amount 6.18:0.01 863:0.05 942:0.03 10.81:0.04 961+0.03  9.25+0.04 T =147°C

of furfural

Totalamount 555,004  558:003 5656004 5.80£0.01 573:0.02  5.79£0.00

of acetic acid

Lignocellulosic  g35510.60  77.2410.95 75.70:0.41 T74.04:0.04 70.59:0.79 69.60+0.89

g;ml‘f)';?f 34.70:0.10 26.45:0.03 25.04:0.07 19.75:0.27 16.75:0.20 14.090.07

* All results calculated % on oven-dried wood from duplicates
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At the amount of catalyst of 3.0%, which is the best
for furfural and acetic acid producing, the content of
cellulose is 19.75%, calculated on o.d.w., which is
42.20% from the theoretically possible amount.

Discussion and conclusions

The amount of catalyst for furfural and acetic acid
production from birch wood by dilute sulfuric acid
hydrolysis has been successfully analyzed. Under
selected conditions of dilute acid hydrolysis, the birch
wood is a promising source of furfural, acetic acid and
bioethanol, which could be used in making of these
products. One can conclude from the results obtained
that for joint production of furfural, acetic acid and
bioethanol from birch wood a compromise between the
obtainable products yields from hemicelluloses and the
content of cellulose in the lignocellulosic residue is
needed.

Basing on the results, the amount of the catalyst
has a much higher effect on the conversion process
of birch wood hemicellulose pentoses into furfural than
the deacetylation process of birch wood polysaccha-
rides. Increasing the catalyst amount from 1.5% to
3.0%, calculated on o.d.w., the total amount of acetic
acid after 90 min increased from 5.22% to 5.80%, cal-
culated on o.d.w., that is 87.94-97.71% from theoreti-
cally possible. But at the same range of the catalyst
amount, the total amount of furfural increased from
6.18% to 10.81% calculated on o.d.w., which is 42.13-
73.69% from theoretically possible amount. Given that,
in the traditional furfural production processes that are
still based on more or less modified versions of orig-
inal Quaker Oats process (1921), where yield of fur-
fural generally does not exceed 55% of the theoretical
amount (Zeitsch 2000), the obtained result can be
considered as very good.

From the obtained results can be also concluded
that at a greater amount of the catalyst in the hydrol-
ysis process, acetic acid was rapidly formed from birch
wood, and the greatest amounts of acetic acid were
formed in the first three time periods.

Continuing increase in the amount of the catalyst
up to 4.0%, the total amount of furfural decreased to
9.23% that is 62.92% from theoretically possible
amount but the total amount of acetic acid was almost
the same. This furfural decrease can be explained by
the fact that it is a very reactive compound and it is
known that it is able to polymerize with ease in both
acid and basic environment following various routes.
Moreover, in aqueous acidic media, the furan hetero-
cycle is reported to undergo ring opening resulting in
aliphatic open-chain products (Gandini and Belgacem
1997, Hoydonckx et al. 2007). For these reasons in-

creasing the catalyst amount under the same tempera-
ture and process time, furfural degrades appreciably
faster. Hence, it can be concluded that the best amount
of the catalyst for obtaining furfural and acetic acid
from birch wood is 3.0%, calculated on o.d.w.

At this optimal amount of catalyst the content of
cellulose in the lignocellulosic residue is 19.75%, cal-
culated on o.d.w., that is 42.02% from theoretically
possible amount. To improve yield of bioethanol
amount, it is necessary to increase the amount of cel-
lulose in the lignocellulosic residue after hydrolysis
process. However, based on the obtained results it is
necessary to change the acid pretreatment conditions
that allow produce more bioethanol and decrease the
production yield of furfural and acetic acid. One of the
compromise is decreased the catalyst amount.

The catalyst amount 2.5% can be one of the com-
promises that could be achieved. At this amount of
catalyst in the pretreatment process one can obtain
9.42% of furfural, 5.65% of acetic acid and 25.04% of
cellulose in the lignocellulosic residue. Accordingly
from the theoretically possible amount, it is 64.21% of
furfural, 95.18% of acetic acid and 53.50% of cellulose.
These results show that the amount of furfural and
acetic acid is still impressive according to the conven-
tional furfural production processes excepting Su-
praYield technology.
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BJINAHUE KOIHUYECTBA KATAJIM3ATOPA HA OBPA3OBAHHUE ®YPOYPOJIIA U
YKCYCHOW KHCJIOTHI U3 JPEBECHHBI BEPE3bI B MIPOILIECCE EE IMPEJOBPABOTKHA

II. bpasnaycke, M. Ilyke, H. Bexepuukos u . Kpyma
Peztome

brnaronapsi CBoeMy XUMHUYECKOMY COCTaBY, a TaKXKe SKOHOMHYECKHM M HKOJIOTHYECKUM IIPEUMYIIECTBaM IepepaboTKH,
pacTuTenbHas OMoMacca, cojeprKallast JJUTHOLEIUIIONO03Y, B MO CJIEAHHUE Tobl BCE 0O0JIbIIe MPUBICKAET BHUMAHUE YUEHBIX KaK
MPOMBIIUIEHHOE CHIPBE JUISl IPOM3BOJCTBA IEHHBIX XMMHUYECKHX MPOIYKTOB, TAKUX Kak OMo3TaHOINI, Gypdypor, Kcrino3a u
Ipyrux. B kadecTBe 00beKTa MCCIIEOBAHNUS HCIONB30BAIN MIEy APEeBECHHBI OepE3bl B BUIY BEICOKOTO COJCP)KAHMS B HEH
TEMHUIIEIUTION03 U IEJUIF0I03bl, H3 KOTOPOW C IIOMOIIBI0 3H3MMOB MOXKHO MOJYYHTh MOHOCAXapHIbl Ul IOCIenyomeil
tdhepmenraryu. [IpenobpaboTky Imens! JpeBecuHBl OepE3bl OCYIIECTBISUIN ¢ MPUMEHEHHEM pa30aBIeHHON CepHOM KUCIIOTHL,
4TO SABJIACTCS Ceyac OJHUM M3 MHOTOOOCLIAIOMIMX METONO0B. B mpouecce Takod mpenroOpaboOTKH M3 TeMHUIEITION03
obpasyrorcst Gypdpyporn U yKkcycHas KUCIOTa, KOTOpBIE SBISIOTCS MHIHMOMTOpaMH mpoliecca GpepMeHTanuu. B To ke Bpems
9T MHTUOUTOPHI SBIISIOTCS UCXOJHBIMHU BEIECTBAMH JUISI IPOM3BOACTBA OONBIIOTO KOMMYECTBA XUMHUYECKHX HPOAYKTOB H
HOTOMY JOJDKHBI OBITH BBIICJICHBI B IpOLiEcce MPeaoOpaboTKH.

YroOsl pa3paboTaTh TEOPETUUECKIE OCHOBBI TEXHOJIOTHH COBMECTHOTO NMPOU3BOACTBA Qypdyposa, YKCyCHON KUCIOTHI
1 0MO3TaHONIa HEOOXOJUMO U3YYHTh BIMSHHE KOJIMYECTBA KaTaJn3aropa kak Ha obOpaszoBanue Qypdypona u ykcycHoH
KHCJIOTHI, TaK U Ha M3MEHEHHE IIEJIIION035l B JIMTHOLEIUTIONO3HOM OCTATKE, YTO SIBJISIETCS HEOOXOIMMBIM JUIsl peau3aliii
npenoOpaborkn IpeBecuHbl Oepé3bl. BimsHue xonudyecTBa KaTalnmszaropa Ha U3MeHeHHE oOpaszoBaHus ¢ypdyporna u
YKCYCHO#! KHCIIOTBI, @ TAKXKE Ha N3MEHEHHE COJCPKAHUS 1ICJUTIOI03bI B JIUTHOLEIUTIONIO3HOM OCTAaTKE M3yYalld IPU U3MEHCHHN
KOITMYECTBA KaTalu3aropa B ITHPOKoM HHTepBaie oT 1,5% 10 4,0% or Macchl abCONIOTHO CcyXoii ApeBecuHsl (a.c.n.). [Ipu stom
TeEMIEparypa U NpoAOJDKUTEIBHOCTL IpoLecca OBLIM TTOCTOSTHHBIMU. nOJ’IyquHble PE3YIbTAThI ITOKa3ajal, YTO BJIIMAHHUE
KOJIMYeCTBAa KaTaJu3aTopa Kak Ha BBHIXOX Qypdypona M yKCyCHOH KMCIOTHI, TaK M Ha KOJIMYECTBO LEJUTIOJIO3B B
JIUTHOIEIUTIONIO3HOM OCTaTKe SIBJISIETCSl OYEHb CYIIECTBEHHBIM. [IpH ImponoDKUTEeTsHOCTH 00pabOTKM IIENbl APEBECHHBI
6epé3er 90 MuH BeIXOX Qypdyporna ysenmamics ¢ 6,2% mo 10,8%, a BBIX0J YKCYCHOM KHCIOTHI yBenuamics ¢ 5,2% 1o 5,8%
ot a.c.z. IIpu 3TOM cozmepxKaHue IEIIII0I03b] B IUTHOIEIUTIONIO3HOM OCTaTKe cokpaTuiock ¢ 34,7% mo 14,1% ot a.c.x.

KuaroueBnie caoBa: Gypdypos, ykcycHas KUCIOTa, ApeBecuHa Gepésbl, TUApOU3 pa30aBIeHHON KHCIOTOM,
OHOSTaHOIL.
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