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Abstract

The implementation of new processes for the gasification of solid biomass on an industrial scale is hampered by the need to
decompose tars. To solve this problem, it is proposed to use a preliminary process of carbonization of solid biomass into
charcoal with a calorific value of 25-30 M]/kg. By the example of carbonization of birch sawdust wastes, the possibility of
increasing the yield of charcoal by 12.8-20.9% is shown due to preliminary impregnation of the original wood with aqueous
solutions of H3PO4 and FeCls. After preliminary impregnation, the share of fixed carbon in the original wood increased by 6.6-
13.2%, which, along with the choice of optimal conversion modes, had a decisive effect on increasing the efficiency of the wood

carbonization process by 1.6-1.8 times.
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1. Introduction

The basis for the development of a new concept
for the conversion of biomass into a substitute for
natural gas, synthesis gas and hydrogen is a scheme
that includes a module for the conversion of biomass
into charcoal. The heat of combustion of volatiles
released from biomass is used for drying the initial
biomass, heating it, and converting volatile carbon
into fixed carbon. The conversion product is low-ash
charcoal with a reduced content of sulfur
compounds. Highly reactive charcoal with a low

2. Materials and methods

2.1.Testrig

Atthe Institute of Coal Energy Technologies of the
National Academy of Sciences of Ukraine, a stand
was created for researching the processes of
simultaneous carbonization of four biomass
samples, which consists of an electric furnace with
an electric power regulator from 0.1 to 1 kW. Inside

2.2.Methodology

At the Pisarzhevsky Institute of Physical
Chemistry of the National Academy of Sciences of

biomass; birch sawdust; wood coal; gasification; carbonization; pre-impregnation

volatile content (up to 20% per working mass) is
environmentally friendly and efficiently used in
fluidized and dense bed gasifiers, as well as in flow
gasifiers for the production of natural gas
substitutes, synthesis gas and hydrogen, which is
especially actually when using independent systems
for the production of energy carriers [1]. In addition,
charcoal is a valuable product for the chemical and
food industries [2].

the furnace there is a carbonization module (with
four sections for biomass) and a thermocouple with
an output of temperature readings through an
interface to a personal computer. Figure 1 shows the
structure of the carbonizer module.

Ukraine, new methods of impregnation of the initial
biomass with aqueous solutions of H3P04, FeCl; have
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been developed.

Three samples of birch sawdust were treated
with a 0.5% and 5% solution of H3PO4 (in terms of
P;0s5) and a 5% solution of FeCl; (in terms of FeCl3)
for a day. During the processing, the wood samples

D84 «

were completely covered with the appropriate
solution. At the end of the impregnation, the
solutions were decanted and analyzed. After that, the
samples were dried in a drying oven at a
temperature of 110 °C for one day.
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Figure 1.

Carbonization module: 1 - cylindrical body, 2 - section walls, 3 - section covers, 4 -

module cover, 5 - compensator, 6 - filter

The amount of H3PO4 and FeClz was determined
titrometrically. FeCl; was titrated with a 0.1 N
solution of Trilon B in the presence of a 25%
sulfosalicylic acid solution. H3P0, was titrated with
0.12N alkali solution in the presence of
phenolphthalein. The amount of phosphoric acid

3. Results and discussion

Table 1 shows the results of technical analysis of
birch waste sawdust without impregnation (#1) and
after impregnation with 0.5% (#2) and 5% (#3)

was determined from the amount of acid that can
pass from the wood to the impregnating solution. For
this, the wood was placed in water for a day. After
that, the water solution was titrated with 0.12 N
alkali solution in the presence of phenolphthalein.

aqueous solutions of H3PO4, 5% aqueous solution of
FeCls (#4), as well as bulk density of the samples.

Table 1. Results of technical analysis of birch waste sawdust

# Volatile Ash masses Moisture Crix Psat
% % % % kg/m3
1 74.52 0.33 9.64 15.50 178
2 69.43 1.17 7.69 21.70 185
3 60.00 4.65 9.09 26.26 194
4 57.86 10.39 11.32 20.43 210

As the result of impregnation and drying, the
sawdust composition changed. After impregnation
with 0.5% H3PO4 solution, 20.1% volatile carbon
passed into fixed carbon, 5% H3PO4 solution - 40.3%
volatile carbon, 5% FeCls solution - 27.1% volatile
carbon.

Figure 2 shows the fractional composition of
clean sawdust and sawdust after impregnation and
drying. The fractional composition of sawdust did
not change.

Carbonization of four sawdust samples took place
in 4 stages:
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e heating the furnace with a carbonizer module at a heating;
temperature of 19 °C to 396 °C at a heating rate of |e maintaining the temperature rounds for 1 hour at
14 °C/min; the level of 472-488 °C using external heating of
e burning out some of the volatiles at a temperature the furnace;
in the furnace up to 674 °C without external [e coolingthe furnace to 150 °C for 2.5 hours (Fig. 3).
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Fig. 2. Fractional composition of clean sawdust and sawdust after impregnation and drying
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Fig. 3. Furnace temperature during carbonization of sawdust

Table 2 shows the results of technical analysis of | and 5% (#3) aqueous solutions of H3PO,, as well as
the obtained charcoal from birch sawdust without | 5% aqueous solution of FeCl; (#4).
impregnation (#1) and impregnated with 0.5% (#2) As a result of carbonization, the fixed carbon was
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additionally transferred from sawdust impregnated
with 0.5% H3PO. solution - 12.3% volatile carbon,
5% H3PO4 solution - 7.3% volatile carbon, 5% FeCls

solution - 4.2% volatile carbon. The yield of charcoal
from birch sawdust in terms of dry weight was,
respectively: 22.1%, 34.94%, 43.04% vs. 41.19%.

Table 2. Results of technical analysis of the obtained charcoal samples

# Volatile Ash masses. % | Moisture Crix Charcoal yield
% % % % %

1 18.69 1.52 9.09 70.70 22.10

2 15.39 3.29 9.74 71.58 34.94

3 10.74 11.16 10.07 68.03 43.04

4 14.87 24.67 9.38 51.08 41.19

The chemical efficiency of obtaining charcoal was

when using:

clean sawdust - 36% (the lowest heat of
combustion of charcoal @, = 27.1 MJ]/kg, ash
content in terms of dry weight 44 = 1.7%);

sawdust impregnated with a 0.5% solution of

4. Conclusions

The possibility of effective carbonization of pre-
impregnated and dried birch sawdust has been
experimentally shown

A new two-stage process for the production of
charcoal can be used in independent systems for

H3PO4 - 57% (Qn" of charcoal = 26.3 M]/kg, A =
3.6%);

sawdust impregnated with 5% FeCl3 solution -
59% (Q. of charcoal = 19.9 M] /kg, A4 = 27.2%);
sawdust soaked in 5% H3PO4 solution - 67%
(Qnr of charcoal = 25.1 MJ/kg, Ad = 12.4%).

the production of gaseous fuel, heat and electricity
The resulting charcoal after activation with water
vapor can be used in gas and liquid purification
systems.
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