Advanced technologies

11(2) (2022) 40-47

ANALYSIS OF THE INFLUENCE OF PRE-TREATMENT WITH LIQUID HOT
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The goal of this paper is to analyze the chemical composition of untreated and
treated wooden chips from the native narrow-leaved ash (Fraxinus angustifolia
Vahl. ssp. Pannonica So6 & Simon). In order to determine the effect of pretreat-
ment with liquid hot water (LHW) on changes in chemical composition, the content
of moisture, cellulose, lignin, minerals (ash), extractives soluble in hot water, ex-
tractives soluble in organic solvents, for treated and for untreated wooden chips
was determined. This was done in accordance with TAPPI and ASTM standard
methods. The properties of wooden chips, treated for 30 min and 60 min at a
temperature of 100 °C, are compared to untreated wooden chips and changes
in the chemical composition that occurred are defined as a result of the applied
treatments. The research was performed under controlled conditions in a labora-
tory, and the results of treatments were the subject of comparative analysis. Ap-
plied treatments had a statistically significant effect on decreasing the content of
extractives. The content of cellulose and hemicellulose increased in the treated
wooden chips compared to untreated wooden chips, while the lignin content did
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not significantly change.

Introduction

Liquid hot water treatment (LHW) or autohydrolysis
or hydrothermal treatment is often used in wood pro-
cessing processes. Liquid hot water (LHW) pretreat-
ment has become one of the leading pretreatment tech-
nologies utilizing no other chemicals except liquid water
at decreased temperature and pressure [1,2]. LHW
leads to increased cellulose accessibility and minimis-
es the production of potentially inhibitory products [3].
In LHW pretreatment, water acts as a solvent and also
as a catalyst accompanied by released organic acids
from biomass to help disrupt the cell wall matrix [4]. The
major changes include the dissolution of hemicellulose,
partial removal and relocation of lignin, limited decon-
struction of cellulose, and minimal carbohydrate degra-
dation. Hemicelluloses are reported to be almost com-
pletely solubilized and deconstructed from biomass in
liquid hot water pretreatment at 200 °C for 50 min [5].
Grénman et al [6]. measured hemicellulose sugars ex-
tracted from softwood at 150-170 °C during LHW and
reported that the dissolution of hemicelluloses depends
on the pretreatment temperature, while its degradation
was strongly influenced by the pH of the system.

LHW treatment is used to change the structure of
biomass by removing hemicelluloses and changing the
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structure of lignin, which will make cellulose more ac-
cessible for the further process of enzymatic hydrolysis
[7]. LHW pretreatment of wood leads to various chemi-
cal changes. Water penetrates biomass at a certain
temperature and under high pressure, and in that case,
carbohydrates (hemicelluloses and cellulose) and wa-
ter-soluble lignin are subjected to depolymerization re-
actions. Hemicelluloses are hydrolyzed into water-sol-
uble oligomers or monomeric sugars (auto-hydrolysis)
[8]. Carbohydrates from hemicelluloses can be sepa-
rated in the form of oligosaccharides from insoluble cel-
lulose and lignin fractions [9].

Acetic acid is released during LHW treatment from
O-acetyl groups in the polysaccharides, which lowers
the pH of the extract to the range of 3-4 [10]. The hemi-
celluloses are then dissolved as oligomers after acid
hydrolysis of the polymeric structures. Subsequently,
the hemicellulose oligomers in the solution are partially
further hydrolyzed to monomer sugars and sugar deg-
radation products. Sugar degradation products include
hydroxymethylfurfural (HMF) formed from hexose sug-
ars and furfural formed from pentoses and uronic acids
[10]. Lignin is partially depolymerized and solubilized,
but complete delignification is not possible using hot
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water alone, because of the recondensation of soluble
components originating from lignin [11].

Pressure is applied during the LHW treatment when
water needs to boil at increased temperature (160 °C
to 240 °C) [7].

The effectiveness of LHT pretreatment depends on
the conditions of operation (temperature, duration of
the treatment), as well as on the type of treated bio-
mass (softwood, hardwood) [12], and also depends on
different properties of water (such as ionic strength, pH,
and viscosity). Water at high temperatures acts as an
acid, reducing the pH to slightly acidic levels, causing
hydration of the cellulose, significant solubilization of
hemicellulose, and, depending on the substrate, partial
or no degradation of lignin [13].

Different treatment durations (30 min treatment and
60 min treatment at a temperature of 100 °C) are ana-
lyzed in this paper, as well as the changes in the chemi-
cal composition of treated wooden chips compared to
untreated wooden chips from the native narrow-leaved
ash.

The advantages of applying liquid hot water pretreat-
ment are the following: prevention of corrosion, preven-
tion of sediment formation (for example, on the reactor
walls), reduction of total process costs, and under nor-
mal conditions, there is no large amount of cellulose
degradation [14].

Materials and methods

Sample preparation

As material in this paper, a sampled tree from the
native narrow-leaved ash (Fraxinus angustifolia Vahl.
ssp. Pannonica So6 & Simon) was used. The sam-
pled tree was cut into logs about 1 m long and hand-
debarked. The samples were chopped into chips. Sub-
sequent grinding of the chips into the required particle
size was done by using a laboratory hammer mill (Type
LHM 18A). According to the instructions of the TAPPI
standard method T 257 sp-14 [15], the fraction of wood-
en particles suitable for chemical analysis was isolated.
For the research, it was necessary to prepare wooden
particles in dimensions sized from 1 mm to 0.5 mm, be-
cause it was determined that these particle dimensions
are most suitable for complete penetration of chemi-
cal agents into wooden raw materials [16-18]. Accord-
ingly, the grinded wooden chips are fractionated on a
series of five vibrating sieves with dimension openings
of: 1.5 mm; 1 mm; 0.5 mm, 0.4 mm and zero sieves.
The required amount of wooden chips necessary for the
research was obtained in the controlled procedure of
treating wooden chips with water at 100 °C in periods
of 30 min and 60 min (TW 30 and TW 60), in an auto-
clave-device brand “Stalsvets" (Sweden). After cooling
the autoclave to room temperature, the treated wooden
chips are washed with water.
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Analytical methods for the chemical composition of

wooden chips

The chemical composition of treated and untreated
(Contr) wooden chips is analyzed: moisture, ash, cellu-
lose, lignin, extractives soluble in hot water and extrac-
tives soluble in organic solvents.

All results of the content of chemical components
are expressed in relation to the absolute dry mass of
wood as mean values (arithmetic mean) of three con-
secutive repetitions.

During the analysis of the chemical composition, all
masses were measured on a Sartorius semi-automatic
analytical scale with an accuracy of 0.1 mg. The dishes
for the measurements (weighing bottle, filter flasks)
were previously dried to a constant mass, and then, af-
ter cooling in a desiccator, their mass was measured.

All test results were processed by using statistical
analysis (one-factor ANOVA).

Determination of moisture content

The moisture content of samples of wooden chips
from the native narrow-leaved ash was determined
gravimetrically in accordance with the standard TAPPI
method 264 c¢cm-97 [19], by measuring the difference
between the mass of samples before and after drying
at 103 + 2 °C to the constant mass. The procedure in-
cludes drying of weighing bottles to a constant mass
(103 £ 2 °C for 5 hours) and cooling in a desiccator, with
repetition until the difference in mass is less than 0.001 g.
About 1 g of wet wooden raw material is poured into the
completely dry weighing bottles previously prepared,
the mass is measured and the procedure is repeated.

Determination of cellulose content by the Kurschner-

Hoffer method

The cellulose content in the samples was determined
by the Kurschner-Hoffer method [17]. For this analysis,
an apparatus consisting of a water bath, an Erlenmeyer
flask and a condenser was used. Erlenmeyer flasks
with a mixture of raw materials and a solution of nitric
acid and ethanol (20% HNO,: 80% C,H,OH) were im-
mersed halfway into a boiling water bath, and constant
cooling of the condenser with water. The reaction lasts
for 2 h from the moment the mixture in the Erlenmeyer
flasks began to boil. The cellulose was washed until a
neutral pH value was achieved. Then the filter flasks
with the cellulose were placed in an oven (103 = 2 °C),
dried to a constant mass and then measured.

Determination of the content of extractives soluble

in liquid hot water

Determination of the content of extractives soluble
in liquid hot water was performed in accordance with
the standard TAPPI method T 207 cm-99 [20]. The pro-
cedure was the following: the raw wooden material was
poured into Erlenmeyer flasks, into which 100 ml of dis-
tilled water was added; then the Erlenmeyer flasks were
connected to cooling condensers and immersed (up to
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half) in boiling water baths. After 1 h of extraction, the T UM 250 [23]. The procedure was the following: the

extracted wooden chips were filtered using distilled wa-
ter in a vacuum bottle. Finally, the filter flasks with the
extracted wooden raw material were dried in an oven at
a temperature of 103 + 2 °C, to a constant mass.

Determination of the content of extractives soluble

in organic solvents

Determination of the content of extractives soluble
in organic solvents was performed in accordance with
the standard method ASTM D1107-96 [21]. The proce-
dure is based on the extraction of wooden raw material
in a mixture of toluene and ethanol in a volume ratio of
2:1 (C,H,CH,: C,H,OH = 2:1) in a Soxhlet apparatus.
The measured filter flasks of raw material are placed in
the extraction part of the Soxhlet apparatus. After ex-
traction, all the extractives are dissolved in the extrac-
tion mixture in the flask of the Soxhlet apparatus, and
the raw material in the filter flask was extracted. After
drying it at room temperature, it was used as the start-
ing material for isolating Klason lignin. The mixture with
the dissolved extractives from the flask was transferred
to the evaporation dishes. The extraction mixture was
evaporated in a sand bath at a temperature below 50 °C.
After evaporation, extractives remained at the bottom
of the evaporating dishes. The evaporating dishes with
extractives were dried in an oven at a temperature of
103 £ 2 °C to a constant mass and measured after cool-
ing in desiccators.

Determination of lignin content using the Klason

method

The lignin content in the samples was determined by
the modified Klason method T 222 om-11 [22]. Hydroly-
sis of wooden substances is a reaction on glycosidic
bonds and refers to their hydrolytic breaking with the
presence of sulfuric acid. The procedure includes hy-
drolysis at room temperature for 2.5 hours, and hydroly-
sis after exposure to increased temperature (120 °C) for
1 hour. Hydrolytic decomposition reactions of polysac-
charides of wooden mass in the acidic environment, i.e.
the conversion of cellulose and hemicelluloses into sim-
ple sugars, which are dissolved in the reaction mixture
and removed by filtering through the filter flask, while
the lignin remains in the filter flask as an undissolved
precipitate. The lignin is carefully transferred from the
Erlenmeyer flasks into the filter flasks, by using distilled
water and washed until a neutral pH value is achieved.
After washing, the lignin in the filter flask is dried at a
temperature of 103 £ 2 °C to a constant mass, and then
the mass of the filter flask with lignin in an absolutely
dry state is measured.

Determination of acid-soluble lignin content by UV

spectrophotometric method

The content of acid-soluble lignin using the UV-
spectrophotometric method was determined accord-
ing to the instructions of the TAPPI standard method
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required solution was prepared by pouring distilled wa-
ter into Erlenmeyer flasks with Klason lignin in it; after
24 h of lignin precipitation, 1 ml of the undiluted filtrate
from the Erlenmeyer flask was taken with a pipette and
transferred to previously prepared test tubes, and 15
ml of 3% H,SO, was added with a pipette. Afterwards,
the necessary dilution of the filirate was achieved. UV-
absorption of the prepared solution was measured on
a UV - spectrophotometer Vision-600, using quartz cu-
vettes with a width of 1 ym.

Determination of the mineral content

Mineral content in the test samples was determined
in accordance with ASTM method D 1102-84 [24]. Ac-
cording to this method, the mineral content is deter-
mined by burning wooden raw materials in a furnace.
During burning, all organic components turn into car-
bon dioxide and water vapour, and substances of min-
eral origin remain in the form of non-combustible resi-
due, i.e. ashes.

Results and discussion

Moisture content of wooden chips

After air drying the untreated (Contr) samples and
samples of wooden chips from the native narrow-leaved
ash treated at a water temperature of 100 °C for 30 min
(TW 30) and 60 min (TW 60), the absolute and rela-
tive moisture content, as well as the dryness coefficient,
were determined. The results are presented in Table 1.

Table 1. Absolute moisture content (Waps), relative moisture
content (Wrer) and coefficient of dryness (Ks)

Treatment Woaps Whel Ks

Contr 6.90+0.04 6.45+0.04 0.94
TW 30 8,63+0,05 7,95+0,04 0,92
TW 60 8,70+0,09 8,01+0,08 0,92

TW 30- water treatment for 30 min at 100 °C; TW 60- water treatment for 60 min
at 100 °C

Table 1 shows that the absolute moisture content of
air-dried samples of wooden chips from the native nar-
row-leaved ash treated with water for 30 min is 8.63%
(TW 30) and treated with water for 60 min is 8.70% (TW
60). These values are slightly higher compared to the
moisture content of untreated (Contr) samples.

Pretreatment effects on the content of main compo
nents of wooden chips from the native narrow-leaved
ash

Pretreatment effects on cellulose content
The content of cellulose for untreated (Contr) sam-
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ples and samples of wooden chips from the native nar-
row-leaved ash treated with liquid hot water at a temper-
ature of 100 °C for 30 min (TW 30) and 60 min (TW 60),
determined by the Kurschner-Hoffer method, are shown
in Figure 1.
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Figure 1. Content of cellulose for untreated (Contr) samples
and samples of wooden chips from the native narrow-leaved
ash with standard deviation, treated with water at 100 °C (TW
30- water for treatment 30 min; TW 60- water treatment for 60
min)

Figure 1 shows that the cellulose content of sam-
ples of wooden chips from the native narrow-leaved ash,
treated with water for 30 min is 47.61% (TW 30) and
treated with water for 60 min, is 48.68% (TW 60). These
values are slightly higher compared to the untreated
(Contr) sample which is 46.12%. This means that ap-
plied treatments led to an increase in the participation
of cellulose in the tissue of the treated samples. Accord-
ing to literature, water treatments, as well as treatments
with dilute acid solutions, led to hydrolytic degradation
of glycosidic bonds in amorphous regions of cellulose
microfibrils [18,25,26]. Laurova and Kacik (2009) noticed
that D-glucose originating from glucomannan, as well as
from amorphous regions of cellulose, was the main prod-
uct in the hydrolysate from the liquid hot water treatment
of wooden chips from the narrow-leaved ash (Fraxinus
exelsior L.) at temperatures of 100 - 140 °C [27]. In the
extract from the treatment of wooden chips from na-
tive narrow-leaved ash with water at 100 °C for 60 min,
Popovi¢ (2015) noticed the presence of 2.06% glucose,
as the main product, which originates from glucoman-
nan and amorphous areas of cellulose [28]. It can be as-
sumed, according to the data from literature, that treat-
ments applied in this paper caused cellulose hydrolysis
reactions, but to a lesser ratio compared to other degra-
dation reactions of wood tissue, which caused a relative
increase in cellulose participation in treated samples.

Pretreatment effects on lignin content

The mean values results obtained for the determina-
tion of Klason lignin and acid-soluble lignin for untreated
and for treated samples of wooden chips from the na-
tive narrow-leaved ash are shown by summary diagrams
in Figure 2, where the values of acid-soluble lignin are
marked with a lighter shade of grey, while the Klason
lignin is marked with a darker shade of grey.

11(2) (2022) 40-47

25
o) 1.68 1.28
S T 1.33 I
5 -
5 22 1
= 2216 21.99 22.28
8 21
5
O 20
Contr TW 30 TW 80

Figure 2. Content of lignin for untreated (Contr) samples and
samples of wooden chips from the native narrow-leaved ash
with standard deviation, treated with water at 100 °C (TW 30-
water treatment for 30 min; TW 60- water treatment for 60 min)

The values of total lignin content in treated samples
are 23.32% (TW 30) and 23.56% (TW 60) and are slight-
ly lower compared to the total lignin content in untreated
samples of wooden chips from the native narrow-leaved
ash, which is equal to the value of 23.84%. Total lignin
was obtained by adding acid-soluble lignin and Klason
lignin.

Pretreatment effects on hemicelluloses content

According to the literature, the decomposition of
hemicelluloses during treatment with liquid hot water at
100 °C is expected, but the content of hemicelluloses in
the treated samples obtained by calculation increased
from 19.78% (untreated) to 26.13% (TW 30) and 25.17%
(TW 60) (Figure 3). This apparent increase in the content
of hemicelluloses is probably a consequence of a great
loss of other materials dissolved from wooden chips from
the native narrow-leaved ash during treatment.
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Figure 3. Content of hemicelluloses for untreated (Contr)
samples and samples of wooden chips from the native narrow-
leaved ash with standard deviation, treated with water at 100 °C
(TW 30- water treatment for 30 min; TW 60- water treatment
for 60 min)

Similar results were obtained by other researchers.
D-glucose was detected as the main product of liquid
hot water treatment for the narrow-leaved ash (Fraxinus
exelsior L.) at temperatures of 100 - 140 °C, while the
concentration of xylose at these temperatures is lower
and increases with temperature and longer duration of
treatment [29]. In the aqueous extract of narrow-leaved
ash, the ratio of xylose/glucose concentrations in the ex-
tract at a temperature of 100 °C is 0.05 and increases to
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0.289 when the extract is obtained at a temperature of
160 °C [29]. Based on the results from the literature, it is
concluded that hydrolysis of hemicelluloses at a treat-
ment temperature of 100 °C is present to a small extent,
but when the temperature is increased and the duration
of treatment is longer, reactions will get more intensive.

Content change of main components for wooden

chips - An overview

Table 2 shows changes in the content of the main
components for treated samples of wooden chips from
the native narrow-leaved ash compared to the untreated
(Contr) samples.

Table 2. Content change of main components of wooden chips
from the native narrow-leaved ash during the treatment com-
pared to untreated samples (TW 30- water treatment for 30
min; TW 60- water treatment for 60 min)

Differences (%)

Treatment Contr TW 30 TW 60
Content of cellulose 46.12 3.23 5.55
Content of Klason lignin 22.16 -0.77 0.54
Content of acid-soluble lignin 1.68 -20.83 -23.81
Content of total lignin 23.84 -2.14 -1.17
Content of hemicelluloses 19.78 32.10 27.25

Table 3 shows results for the contents of the main
components of wooden chips for untreated and treated
groups of samples using statistical analysis (ANOVA).

Table 3. Statistical comparison of untreated and treated groups
of samples (ANOVA)

Contr/TW 30
F/Fcrit
0.7465
0.0533

Contr /TW 60

F/Fcrit
3.9180*
0.0314

TW 30/TW 60

F/Fcrit
0.4959
0.3337

P-value
0.0770
0.5562

P-value
0.0038
0.6484
0.0466  1.0583*  0.1329 04597  0.8452  4.46 E-03
0.1654 03724 04208  0.1041 03320  0.1577
*Denotes a statistically significant difference at the confidence level of 95%

TW 30- water treatment for 30 min at 100 °C; TW 60- water treatment for 60 min
at 100 °C

P-value
0.1222
0.1839

Content of cellulose
Content of Klason lignin
Content of acid-soluble lignin

Content of total lignin

Using the statistical analysis (one-factor ANOVA), it
was concluded that 60 min liquid hot water treatment
(TW 60) significantly affected the cellulose content, while
30 min water treatment (TW 30) had a significant effect
on acid-soluble lignin content (Table 3). Based on the
mentioned analysis, it was concluded that liquid hot wa-
ter treatments for 30 minutes and 60 minutes did not
have a significant impact on the content of Klason lignin
and total lignin (Table 3).

Pretreatment effects on the content of auxiliary com

ponents of wooden chips from the native narrow-leaved ash

Pretreatment effects on the mineral content

The mean values of the mineral content for untreated
(Contr) samples and samples of wooden chips from the
native narrow-leaved ash treated with water at a tem-
perature of 100 °C for 30 min (TW 30) and 60 min (T),
expressed as the mineral content, are shown in Figure 4.
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Figure 4. Mineral content for untreated (Contr) samples and
mineral content for samples of wooden chips from the native
narrow-leaved ash with standard deviation, treated with water
at 100 °C (TW 30- water treatment for 30 min; TW 60- water
treatment for 60 min)

The values of mineral content in treated samples
are 0.38% (TW 30) and 0.26% (TW 60) and are slightly
lower compared to the mineral content in untreated sam-
ples of wooden chips from the native narrow-leaved ash,
which equals the value of 0.47%. Some parts of min-
eral materials present in the wood during the treatment
are dissolved in the reaction mixture and removed with
it. Statistical analysis showed that only liquid hot water
treatment for 60 min (TW 60) significantly affected the
mineral content (Table 4). Stevanovi¢-Janezi¢ (1993)
stated that only a part of the mineral materials present in
the wood is soluble in water, which is confirmed by the
results of this paper [25].

Pretreatment effects on the content of extractives

soluble in hot water

The mean values of extractives soluble in hot water
for untreated (Contr) samples and samples of wooden
chips from the native narrow-leaved ash treated with wa-
ter at a temperature of 100 °C for 30 min (TW 30) and 60
min (TW 60) are shown in Figure 5.
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Figure 5. Content of extractives soluble in liquid hot water for
untreated (Contr) samples and content of extractives soluble in
liquid hot water of wood chips from the native narrow-leaved
ash with standard deviation, treated with water at 100 °C (TW
30- water treatment for 30 min; TW 60- water treatment for 60
min)
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Figure 5 shows that the content of extractives solu-
ble in liquid hot water for samples of wooden chips from
the native narrow-leaved ash treated with water for 30
min is 0.50% (TW 30) and treated with water for 60 min
is 0.51% (TW 60). These values are significantly lower
compared to the untreated (Contr) samples which is
equal to 5.03%. Popovi¢ (2015) stated that the content
of materials soluble in hot water in samples of wooden
chips from the native narrow-leaved ash treated with wa-
ter at 100 °C for 60 min was reduced by 75.52% [28].
Zhang et al. (2013) stated that the content of extractives
was reduced by 67.42 % in mature wooden samples and
by 69.42% in wooden samples from the narrow-leaved
ash (Fraxinus mandshurica Rupr.), treated in an alka-
line medium [30]. Such results are expected since the
extractives are located in the lumens and micro- and
macro-cavities of the cell walls, and are not bound by
physico-chemical bonds to the macromolecular compo-
nents of the cell wall. According to that state, as well as
due to the relatively low molecular mass, extractives can
be easily extracted from wood and are the first to be re-
moved from wood tissue during treatment [31].

Pretreatment effects on the content of extractives

soluble in toluene/ethanol mixture

The mean values of extractives content in organic
solvents (toluene/ethanol mixture) for untreated (Contr)
samples and samples of wooden chips from the native
narrow-leaved ash treated with water at 100 °C for 30
min (TW 30) and 60 min (TW 60) are shown in Figure 6.
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Figure 6. Content of extractives soluble in organic solvents
(toluene/ethanol) for untreated (Contr) samples and samples
of wooden chips from the native narrow-leaved ash with stand-
ard deviation, treated with water at 100 °C (TW 30- water treat-
ment for 30 min; TW 60- water treatment for 60 min)

The content of extractives soluble in the mixture of tol-
uene/ethanol for untreated samples was equal to 4.76%,
and after treatment with water at 100 °C for 30 min de-
creased to a value of 2.05% and after treatment with wa-
ter for 60 min decreased to a value of 1.82% at the same
temperature. Popovi¢ (2015) also stated that the content
of materials soluble in a mixture of toluene/ethanol in
samples of wooden chips from the native narrow-leaved
ash treated with water at 100 °C for 60 min decreased
by 57.74% compared to untreated samples [28]. The
slightly higher content of materials extracted with a mix-
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ture of toluene/ethanol for treated samples compared to
the content of materials extracted with liquid hot water
is due to the presence of compounds insoluble in water
during treatment.

Content change of auxiliary components for wooden

chips- An overview

Table 4 shows results for contents of auxiliary compo-
nents of wooden chips for untreated and treated groups
of samples using statistical analysis (one-factor ANOVA).

Table 4. Statistical comparison of untreated and treated groups
of samples (ANOVA)

Contr/TW 30

Contr/TW 60 TW 30/TW 60

P-value F/Fcrit P-value F/Ferit P-value F/Fcrit

Mineral content 0.09348 0.6626 0.00887 2.4235* 0.0916 0.6724

Content of 107 E-06  119.4677* 1.15E-06 115.9552*

extractives soluble
in hot water

0.95072  5.61 E-04

Content of 7.85E-09 3585.6162* 1.8E-06 236.6094*
extractives soluble
in toluene/ethanol
mixture
*Denotes a statistically significant difference at the confidence level of 95%
TW 30- water treatment for 30 min at 100 °C; TW 60- water treatment for 60 min

at 100 °C

0.02712 1.5048*

Table 5 shows an overview of changes in the content
of auxiliary components for treated samples of wooden
chips from the native narrow-leaved ash compared to
untreated (Contr) samples, expressed as a percentage.

Table 5. Content change of auxiliary components of wooden
chips from the native narrow-leaved ash during liquid hot water
pretreatment compared to untreated samples

Differences (%)
TW 30 TW 60
-19.15 -44.68
-90.06 -89.86
-56.93 -61.76

Contr
0.47
5.03
4.76

Treatment

Mineral content
Content of extractives soluble in hot water

Content of extractives soluble in toluene/ethanol mixture

TW 30- water treatment for 30 min at 100 °C; TW 60- water treatment for 30 min
at 100 °C

Based on statistical analysis, it is concluded that 30
min water treatments (TW 30) and 60 min hot water treat-
ments (TW 60) had a significant effect on the content of
extractives soluble in a toluene/ethanol mixture (Table 4).

Table 5 shows that the applied treatments led to a de-
crease in the content of auxiliary components of wooden
chips by 19 — 90%. A greater impact on the mineral con-
tent had a treatment with water for 60 minutes, which led
to a decrease in the content of these materials by almost
45%, while treatment for 30 minutes decreased their
content by only 19%. Water treatments decreased the
content of extractives for wooden chips from the native
narrow-leaved ash for about 90% (when dissolved in hot
water), and by 57 — 62% (when dissolved in a mixture of
toluene/ethanol). It is important to note that the porosity
and permeability of treated wooden chips from the native
narrow-leaved ash are increased after the removal of a
significant amount of extractives.
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Conclusion

The main goal of this paper was to determine the
changes in the chemical composition of wooden chips of
native narrow-leaved ash, which occurred during the ap-
plied liquid hot water pretreatments (LHW). It was con-
cluded that liquid hot water pretreatments at a tempera-
ture of 100 °C led to changes in the content of auxiliary
and main components of treated wooden chips from the
narrow-leaved ash as follows:

. the cellulose content of wooden chips from the
native narrow-leaved ash treated for 30 min and treated
for 60 min at a temperature of 100 °C statistically in-
creased significantly compared to the untreated (con-
trolled) sample;

. the total lignin content for wooden chips from
the native narrow-leaved ash treated for 30 min and 60
min at a temperature of 100 °C is statistically insignifi-
cantly lower compared to the untreated (controlled) sam-
ple;

. hemicelluloses content of wooden chips treated
for 30 min and treated for 60 min at 100 °C statistically
increased significantly compared to untreated sample;

. the content of mineral materials in the samples
treated for 30 min and 60 min are statistically negligible
lower compared to the control (untreated);

. the content of extractives soluble in hot water is
statistically significantly lower in the treated samples 30
min and 60 min compared to the controlled sample;

. the content of extractives soluble in the toluene/
ethanol mixture is statistically significantly lower in sam-
ples treated for 30 min and 60 min compared to untreat-
ed (controlled) samples.

By changing the treatment parameters (tempera-
ture, duration of treatment), it is possible to influence
the change in the chemical composition of the treated
wooden chips.
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ANALIZA UTICAJA PREDTRETMANA VRELOM VODOM (LHW) NA
HEMIJSKI SASTAV DRVNOG IVERJA
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Cilj ovog rada je analiza hemijskog sastava tretiranog i netretiranog iverja drveta
poljskog jasena (Fraxinus angustifolia Vahl. ssp. Pannonica So6 & Simon). U cilju
utvrdivanja uticaja predtretmana vrelom vodom na promene hemijskog sastava,
odredivan je sadrzaj vlage, celuloze, lignina, minerala (pepela), ekstraktiva rastvor-
ljivih u vreloj vodi, ekstraktiva rastvorljivih u organskim rastvaracima, za tretirano i
za netretirano drvno iverje pomenute vrste. Rad je uraden u skladu sa standard-
nim metodama TAPPI i ASTM. Svojstva drvnog iverja tretiranog 30 min i 60 min
uporedena su sa netretiranim drvnim iverjom i definisane su promene u hemijskom
sastavu koje su nastale kao rezultat primenjenih tretmana. Istrazivanje je obavljeno
u kontrolisanim uslovima u laboratoriji, a rezultati tretmana su bili predmet uporedne
analize. Primenjeni tretmani su statistiCki znacajno uticali na smanjenje sadrzaja ek-
straktiva. Sadrzaj celuloze i hemiceluloza povecan je kod tretiranog drvnog iverja u
odnosu na netretirano, dok se sadrZaj lignina nije znacajno promenio.

Klju€ne reéi: poljski jasen, predtretman
vrelom vodom, analiza hemijskog sasta-
va tretiranog i netretiranog iverja.
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