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Dppexmusnoe ucnonvzosanue omxo008 A6:AenmcA AKMyanbHol 3adauell oepeeoodpaoda-
motgarowient npomviutnennocmu. Tepmoxumuueckue memoosvt nepepadomku OpegecHol ouo-
MACChl RO360AAI0OM 00ecneumy KOMNIEKCHYIO NepepadomKy HeeoCmpeto6anHozo OPesecHozo pe-
cypca. B pabome paccmompena 603moicHOCH b NOJIYUEHUS Y2IEPOOHBIX COPOEHMOG U3 OMXO0006
oepesoodpabamulealouux npou3eoocme, omuocawuxca Kk V knaccy onacnocmu. B kauecmee uc-
XO0OHO020 CbIPbA UCHONB306ANUCH METIKUE OMX00bl 0epesoodpadomKu - ONUNKU U UWiena MAZKUX
nopoo dpesecunvl. B pabome nokazano énuanue 66edenus 8 UCXOOHOE CHIPbE MAIBIX KOIUYECHIE
Heopzanuueckux 000a6oK (cepHoli, hocghoproit Kuciomel u cmecu KUC10M) HA ROPUCHYIO CIPYK-
mypy u aocopoyuonHsle c60ICMEa NOJYUEHHbIX aKkmueupoeannvix yeneii. Hccnedosana xune-
mMuKa Kapoonu3auuu MoOUPuUUUPoOGaHHol u HeMOOUPUUUPOBAHHONL Y2T1ePOOHOT OCHOGb, KUHe-
muKa akmueayuu Kapoonusamoe 600anvim napom. Iloxazano, umo esedenue neopzanuiecKux
KUCI0Mm 3aMemHo UHmMeHCUpuyupyem peakyuu CUHme3a opeanuiecKoil Maccoyl y2is, Ymo npueo-
oum K CHUJICCHUI0 HAYANbHOU MEMNePamypvl mepmopasioNceHus, Y6eauieHulo memnepamyp-
HO020 UHMEPBANaA NOMEPU MACCHL U 8bIX00A Y2/1€POOH020 ocmamia npu nupoauze. Henonv3osanue
dhocpopron Kucnomol u cmecu HeopzanuuecKux KUcjaom, 8 Kauecmee Mooupukamopa omxooos
MAZKUX NOPOO OPeGeCUHbl, 3aMeDIACHL RPOUECC AKMUGAUUY 600AHBIM NAPOM, YO C6AZAHO C npe-
obnadanuem peaxkyuu noaukonoencayuu. Moouguuyuposanue ceproii KUcI10moul cCyuecmeenno
He enuAem HA CKOPOCHb AKMUayu, HO CROCOOCmEyem boee PAGHOMEPHOMY ee RPOMEKAHUIO.
Ouenenvl mexnonozuyecKue xXapaKmepucmuKku u napamempsl NOPUCHION U MUKPONOPUCHION
CIPYKMYypbl AGKMUGUPOGAHHBIX y2/iell HA OCHOBE OMX0006 0epesoodpadamyleéaouux npous-
600cme, onpeodesieHo énuAnue Ha Hux cmenenu oozapa. CywjecmeeHHoe usmMeHnenue MaKponopu-
CMOII CIMPYKMYPbL 6 Npoyecce npozpeccupyrouieil aKkmueayuu Hadawoaemecs 01a o0pazuoe u3
u{enbl, YUMo C6A3AH0 C pazmepom u niomuocmoio mamepuana. Hauoonee unmencusnoe passumue
copoupyrouieil nopucmocmu npoucxooum npu yeeauuenuu cmenenu oozapa c 30 00 45%. Moou-
dunyuposanue neopeanuuecKkumMu KUCa0mamu RPUEOOUM K NOBGbIUIEHUIO 0C6eMAAIOUEN CROCOD-
HOCMU NO CPAGHEHUIO C NPOMBIULIEHHO ebinycKaembvimu yenamu. Ha ocnoee npogedennwix uccie-
006aHUIl NPEONIOICEHA NPUHUUNUAILHAA CXeMA NOAYUEHUA NOPOULKOOOPAZHBIX OCEEMIAIOUIUX
yneil u3 0mxo0008 MAKUX HOPOO OPeeecuHbl.

KiroueBble ciioBa: apeBecHHa, OTXOAbl, AKTHBUPOBAHHBIA YIrojb, IOPUCTasl CTPYKTypa, copOuus,
MAPOJIN3, aKTUBAIUS, KHHETHKA
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Effective waste management is an urgent task of the woodworking industry. Thermochem-
ical methods of wood biomass processing allow to secure comprehensive processing of untapped
wood resources. This work considers the possibility of obtaining carbon adsorbents from the wood-
working industry waste of hazard class V. Small waste from wood processing such as sawdust and
chips of different breeds of softwood were used as raw materials. The paper shows the effect of
introducing small amounts of inorganic additives (sulfuric acid, phosphoric acid, and a mixture of
acids) on the porous structure and adsorption properties of the resulting activated carbons. The
kinetics of carbonization of modified and unmodified carbon base as well as the kinetics of activa-
tion of carbonisates by water vapor are investigated. It is shown that the introduction of inorganic
acids noticeably intensifies reactions of the synthesis of the organic mass of carbon, which leads to
a decrease in the initial temperature of thermal decomposition, an increase in the temperature
range of mass loss, and the yield of carbon residue during pyrolysis. The use of phosphoric acid
and a mixture of inorganic acids as softwood waste modifiers slows the process of activation by
water vapor, which results from the predominance of the polycondensation reaction. While modi-
fication with sulfuric acid does not significantly affect the activation rate, it contributes to a more
uniform course of the process. The technological characteristics and parameters of the porous and
microporous structures of activated carbons based on woodworking industry waste are evaluated.
The influence of the degree of burn-off on activated carbons is determined. A significant change
in the macroporous structure during the activation process is observed for chip samples, which is
associated with the size and density of the material. The most intensive development of adsorbing
porosity occurs due to an increase in the degree of burn-off from 30 to 45%. Modification with
inorganic acids leads to an increase in the clarification capacity compared to commercially pro-
duced carbons. Based on the conducted research, a schematic diagram of obtaining clarified pow-
dered carbons from softwood waste is proposed.
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INTRODUCTION

In order to solve the problem of environmental
protection, the use of industrial waste as secondary raw
material is of great importance. According to some re-
searchers [1, 2] around 35.5 million m? of secondary
wood waste is generated annually in the Russian Fed-
eration. That includes 41.8% of wood lump waste,
13.47% of bast, 13.88% of bark, 5.77% of wood chips,
19.95% of sawdust and wood shavings, as well as
5.13% of veneer trimmings. No more than 30% of the
total volume of sawdust is used. The largest part is dis-
posed in landfills to rot or burned in dumps. Wood
waste belongs to hazard class V [3], which denotes a
practically non-hazardous waste, but its utilization is
costly and has an adverse effect on the environment.
“The Strategy for the Development of the Forest Com-
plex of the Russian Federation until 2030" approved by
the Decree of the Government of the Russian Federa-
tion (No. 312-r) dated February 11, 2021, noted that
one of the problems of the development of the forest
complex is the insufficient utilization of wood waste.
Therefore, special attention should be paid to the de-
velopment of deep (waste-free) wood processing ac-
companied by its complete utilization, in order to pre-
vent the abandonment of non-exportable small-scale
timber and waste in logging areas as well as to improve
sanitary and fire safety in forests [4].

One of the main raw materials used in Russia
for the production of activated carbon is charcoal [5,6].
At the same time, dispersed waste such as sawdust,
bark, and wood chips can be used as raw material in
the production of charcoal [7-9].

The yield of wood charcoal during the pyroly-
sis of wood is (25-45)% and depends on wood type,
moisture level in the raw materials, and the process
conditions [10-12]. Based on the information about the
chemistry of thermal decomposition of isolated com-
ponents as well as the entire wood complex, it can be
concluded that by changing the physical parameters of
wood pyrolysis, it is difficult to achieve a significant
increase in the yield of charcoal. The components of
wood-hemicellulose, cellulose and lignin—decompose
in similar temperature ranges. Changing the parame-
ters of the process does not allow to interfere with the
primary mechanisms of the formation of valuable
products, nor does it allow to carry out a directed ther-
mal decomposition of wood. The problem can be radi-
cally solved only by applying chemical reagents [12, 13].
The use of chemical reagents is of great interest for
solving the most important task of pyrolysis which is
increasing the yield of charcoal.
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In [14], it was determined that inorganic cat-
alysts (NaOH, Na.COs, Na:SiOs;, NaCl, TiO, and
HZSM-5 (acid catalyst based on pentasil zeolite
ZSM-5), H3POs, and Fex(SO4)3) increase the yield of
carbon.

The study of the kinetics of wood pyrolysis in
the presence of inorganic salts, different classes of al-
kaline halides, alkaline earth metal halides (NaCl, KCI,
KBr, CaCly, BaCl,-2H,0), and Lewis acids (AlCls-6H0,
FeCI3-6H20, CUC|2, CUBI’z, ZI’]C|2'1.5H20, NiC|2'6H20,
SnCl,-2H,0) using TG-DSC (thermal gravimetric analy-
sis and differential scanning calorimetry), showed in
[15, 16] that the use of Lewis acids as pyrolysis cata-
lysts leads to a decrease in the starting temperature and
activation energy of the process. In the presence of
other catalysts, the activation energy does not change
significantly. The increase in the apparent order of re-
actions in the presence of Lewis acids may be a conse-
guence of the complication of the mechanism of ther-
mal degradation accompanied by the appearance of
new parallel competing stages.

In [17], the authors showed the possibility of
synthesis of microporous carbon adsorbents by ther-
mochemical activation of spruce sawdust using potas-
sium hydroxide as the activating agent. The technology
allows to obtain activated carbons exceeding 3 times
the sorption capacity of iodine and methylene blue of
industrially produced carbons.

Since different types of wood differ signifi-
cantly in structure, micro- and macrostructure [18], it
is advisable to directly study a certain breed as a raw
material for the production of activated carbons.

The purpose of this work is to develop a tech-
nological mode of obtaining active carbons based on
softwood.

EXPERIMENT METHODOLOGY

Wood waste in the form of chips and sawdust
of soft hardwoods, mainly aspen of the VVolkhov For-
estry of the Leningrad region, was used as the starting
material.

Characteristics of the raw material:

- Carbon content — 40%;

- Volatile matter content — 60%;

- Ash content — 0.5%;

- Humidity — 35%.

The starting material is impregnated with solu-
tions of orthophosphoric acid, sulfuric acid or a mix-
ture of both in the ratio of 1:1. Additives were intro-
duced in the amount of 1.25 wt. % in relation to abso-
lutely dry wood. Modifiers are chosen in accordance
with their capacity to catalyze polycondensation pro-
cesses that occur during the pyrolysis of wood, which
leads to an increase in the yield of carbon residue. The
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introduction of additives with a more significant con-
tent is impractical, as it leads to the need to clean emis-
sions from sulfur and phosphorus compounds released
during heat treatment. It also has a negative impact on
equipment, which increases the cost of production.

The amount of the impregnated solution was
calculated based on the moisture capacity of the start-
ing material. The ratio of the solid and liquid phases is
approximately 1:2, so that the impregnation solution
containing the required amount of additive fills the en-
tire porous space of the source material without form-
ing an excess of the liquid phase. The impregnated ma-
terial was stored for 8 h with periodic stirring. Then,
after drying at the temperature of (100 — 110) °C the
starting material was exposed to carbonization. The
main difficulty in using small waste consists in large
losses due to the entrainment by gases as their mass
decreases during pyrolysis [15]. Part of the impreg-
nated and dried sawdust was ground on a vibrating mill
to a dispersion of no more than 0.05 mm, pressed in a
hydraulic press under the pressure of 20 MPa, and ex-
posed to carbonization. Carbonization was carried out
under stationary conditions in a retort furnace in an in-
ert gas (nitrogen) current. The rate of temperature rise
was 5 °@min followed by exposure at the final temper-
ature of 550 °Cfor the duration of 2 h. Carbonized char-
coal was activated under stationary conditions in a re-
tort furnace at a temperature of 850 °C. Water vapor
was used as an activating agent. The water vapor con-
sumption was 5 g/g. Charcoal was heated and cooled
in an inert gas (nitrogen) current.

The quality of the sorbents obtained was eval-
uated according to the methods adopted for the certifi-
cation of activated carbons (mechanical abrasion
strength according to GOST 16188-70, total pore vol-
ume in water according to GOST 17219-71, and ad-
sorption capacity in relation to methylene blue accord-
ing to GOST 4453-74). The parameters of the mi-
croporous structure were calculated from the benzene
adsorption isotherm determined by the adsorption-vac-
uum method. The kinetics of carbonization and activa-
tion were measured on a kinetic setup using McBain
scales under conditions close to real processes. To
study the kinetics of carbonization, the sample was
placed on the scale and heated at a rate of 5 °Gmin to a
temperature of 550 °Cin an inert gas (nitrogen) current
and adjusted to a constant weight, while the tempera-
ture and mass of the sample changed over time. When
determining the kinetics of activation, the sample was
heated to the temperature of 850 °Cin nitrogen current
and adjusted to a constant weight. Next, water vapor
was supplied to the system and the decrease in mass
over time was recorded.
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RESULTS AND DISCUSSION

The study of the parameters of technological
processes that occur during the production of wood
charcoal will allow to obtain raw materials at the low-
est energy consumption and with a consistently high
quality of product [19]. To assess the effect of the in-
troduction of inorganic additives on the rate of thermal
decomposition of the carbon base, the temperature of
the maximum mass loss, and the yield of carbon resi-
due, the kinetics of thermal decomposition was studied
by using pressed samples.

The results of thermal decomposition studies
presented in Fig. 1 indicate that the addition of sulfu-
ric acid at the initial stage of thermal decomposition
of wood, which is characterized mainly by the re-
moval of structurally bound water, has a greater hy-
drolyzing ability.

100 - - 600
80 - 500
- 400
60 -
S - 300 &
(=] +—
40 -
- 200
20 1 - 100
0 ; ; . . . —Lo
0 20 40 60 80 100 120
T, min

Fig. 1. Thermal decomposition curves 1 — no modifier, 2 — modified
with sulfuric acid, 3 — modified with phosphoric acid, 4 — modified
with a mixture of acids, 5 — temperature
Puc. 1. Kpusslie Tepmopazioxenus 1 — 6e3 monudukaropa,

2 — MoM(UIMPOBAH CepHOIT KNCTIOTOH, 3 — MOAMGHUIMPOBAH
(dochopHO#t KHCIOTO#, 4 — MOAUDUITMPOBAH CMECHIO KUCIIOT,
5 — temmepatypa

At the stage of the main release of volatiles,
additives cause the intensive release of volatiles to shift
to a low-temperature region. Additionally, the temper-
ature range of the main mass loss is noticeably expand-
ing. The change in the rate of mass loss can be ex-
plained by the fact that the introduction of inorganic
additives noticeably intensifies reactions of synthesis
of the organic mass of charcoal, which further leads to
an increase in the yield of carbon residue. The effect of
additives can be explained by the fact that sulfuric acid
can guide dehydration both through the intermediate
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formation of carbonium ions and through the interme-
diate formation of complex esters. Sulfuric acid esters
with cellulose are more mobile compared to phos-
phoric acid esters. The decomposition of sulfuric acid
esters occurs already at the temperature of 100 °C
which explains the form of the mass loss curve (Fig. 1).
It is likely that due to the high lability of sulfuric acid
in cellulose, dehydration occurs at a lower temperature
and at a higher rate than in the presence of phosphoric
acid. In samples modified with phosphoric acid, dehy-
dration begins at 150 °C, since it proceeds mainly
through the intermediate formation of complex esters
whose stability is relatively high. In the absence of cat-
alyzing additives, dehydration in the samples begins at
200 °C. For samples modified with a mixture of acids,
the rate of volatile release slows down, which is likely
due to the predominance of condensation and cycliza-
tion reactions over the destruction of polymer mole-
cules. The introduction of sulfuric or phosphoric acid
additives into the composition increases the yield of
carbonized charcoal compared to the starting wood
material by 25%. For the sample modified with a mix-
ture of sulfuric and phosphoric acids, during the initial
stage of mass loss the additivity of the action of addi-
tives can be observed. At the stage of carbon residue
formation (from 180 to 500 °C), some synergistic effect
of their joint influence on the process of carbon residue
formation may appear. In all likelihood, polycondensa-
tion and synthesis reactions prevail over destruction.

Process energies are calculated for steep sec-
tions of thermal decomposition curves (Table 1).

Table 1
Dependence of the characteristics of thermal decompo-
sition of wood on the type of modifier
Taénuya 1. 3aBUCUMOCTb XapaKTEPUCTUK TEPMOPA3JI0-
KCHUSA TPEBECHHLI OT BU/1a MozmquaTopa

V.V. Samonin et al.

additives have a significant effect on the parameters of
the process.

During the thermal decomposition of wood, a
number of parallel and sequential reactions occur in the
same temperature range. Therefore, the experimentally
obtained activation energy values are apparent and not
unambiguously related to the mechanisms of the car-
bonization process. Based on the kinetic curves (Fig. 2),
the reaction rates of the activation process are calcu-
lated and presented in Table 2. The rate constants of
the activation processes of materials (their effective
values, regardless of the mechanism of the processes)
were calculated by the tangent of the angle of inclina-
tion of the straight lines (Fig. 2) with respect to Ag/At
at the initial values of the exposure time.

100

0 50 100
T, min

Fig. 2. Kinetic curves of the interaction between water vapor and car-
bon residue 1 — no modifier, 2 — modified with sulfuric acid, 3 — mod-

ified with phosphoric acid, 4 — modified with a mixture of acids
Puc. 2. Kunernueckue KpyUBBIE B3aHMOJICHCTBHS BOASHOTO TTapa ¢
YTIEpOAHBIM OcTaTKoM 1 — 6e3 Moxndukaropa, 2 — MoguQHITH-
POBaH CEPHOM KUCIOTOM, 3 — MoauduupoBan hochopHoit Kuc-

JIOTOU, 4 — MOTU(DHUIIUPOBAH CMECHIO KHCIOT

The study of the kinetics of activation of car-
bonized samples by water vapor shows that inorganic

ChemChemTech. 2022. V. 65.N 12

Thermal decomposi- No Modifier Reacti i tants of the activati Table 2
tion parameters 0 | H,50: | HePO, |Mixture eaction rate constants of the activation process
modifier Ta6auua 2. KOHCTAHTBI CKOPOCTH PeaKIMu mpoiecca
Starting temperature AKTHBAIIAH
of decomposition, °C 200 150 100 130 Modifier K, ¢t
Temperature range No modifier 4.83-10*
of maximum mass | 230-250 |170-220|140-230 (150-210 Sulfuric acid 4.58-10*
loss, °C Phosphoric acid 2.62:10*
Decomposi';ion rate, 95 37 25 31 Sulfuric + Phosphoric acid 1.25-10%
%/min
Carbon residue 19 24 24 27 Studies show that the initial sample is charac-
ield, % ; ;
AT Y1eld, terized by a sharp drop in mass of up to 65% and a fur-
ctlvaktJl?nrlglnergy, 25 20 36 29 ther slowdown follows. This may indicate that the ini-

tial stage of activation of a less condensed structure
than in the case of samples with inorganic additives is
characterized by the burning out of larger structural
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fragments. The introduction of sulfuric acid does not
significantly change the activation rate. However, as
can be seen from Fig. 2, it contributes to a more uni-
form flow of the process of activation. For the sample
with phosphoric acid, the activation process slows
down; that is, the presence of phosphoric acid slows
down the reaction between water vapor and charcoal.
This process is especially noticeable for the sample
with a mixture of acids. This can be explained by the
predominance of synthesis and polycondensation reac-
tions. The results of the study of the kinetics of carbon-
ization and activation show the possibility of choosing
optimal process modes. Based on the obtained results,
the following parameters of the process of obtaining
activated carbons from used wood waste were selected:
carbonization at the temperature of 550 °C for 2 h and
activation at 850 °C.

In this work, the effect of progressive activa-
tion on the parameters of the porous structure of the

activated carbons is investigated. As can be seen from
the results presented in Table 3, the difference in the
formation of the volume of macropores in the samples
is laid at the carbonization stage due to the difference
in shrinkage phenomena and the uneven release of vol-
atiles. For chip wood samples, the dynamics of
macroporosity development is more pronounced,
which can be explained by the influence of the diffu-
sion factor that makes it is difficult for the activating
agent to penetrate deeper into the grains of larger sizes
and with a more intense interaction between water va-
por and carbon in the peripheral regions. In sawdust
samples with a finer grain, the concentration gradient
of the activating agent from the outer surface into the
interior is less noticeable. Modification of wood waste
with sulfuric acid has practically no effect on the
macropore volume development, and the presence of
phosphoric acid apparently slows down the reaction
between water vapor and carbon.

Table 3

The effect of the degree of burn-off on the parameters of the porous structure of activated carbons
from wood waste
Tabnuya 3. Bausinue cTenieHd 00rapa Ha NapaMeTpbl NOPUCTOM CTPYKTYPbI aAKTHBHPOBAHHBIX yIJIei
U3 JPEBCCHBLIX 0TX010B

Micropore volume, cm®/g Mesopore volume, cm®/g Macropore volume, cm®/g
Modified Burn-off, % Burn-off, % Burn-off, %
0 [20+5[35+5 [4545 [ 0 [20+£5 [ 3545455 | 0 [ 20+5 [ 35+5 | 4545
Wood chips-based
No modifier | 0.06 | 0.14 | 0.27 | 0.36 | 0.08 | 0.15 | 0.23 | 0.29 | 1.87 | 2.21 | 2.65 | 2.88
H>SO,4 0.06 | 0.28 | 047 | 049 | 0.10 | 0.19 | 0.37 | 0.66 | 1.92 | 2.20 | 2.37 | 2.62
H3PO,4 006 | 0.24 | 0.37 | 046 | 0.10 | 0.15 | 0.28 | 052 | 190 | 2.16 | 2.45 | 2.72
Sawdust-based
No modifier | 0.05 | 0.23 | 0.30 | 0.40 | 0.08 | 0.18 | 0.24 | 047 | 1.22 | 1.37 | 141 | 151
H2SO,4 008 | 0.22 | 0.45 | 048 | 0.09 | 0.13 | 028 | 0.66 | 1.34 | 1.40 | 1.50 | 1.57
H3PO,4 0.06 | 0.33 | 047 | 052 | 0.10 | 0.22 | 0.28 | 0.40 | 1.32 | 1.38 | 1.43 | 1.47
Pressed sawdust
No modifier | 0.05 | 0.23 | 0.32 | 0.36 | 0.09 | 0.16 | 0.30 | 0.44 | 0.67 | 0.73 | 0.81 | 0.84
H>SO,4 0.06 | 0.17 | 043 | 048 | 0.10 | 0.13 | 0.27 | 0.58 | 0.98 | 1.01 | 1.07 | 1.11
H3PO,4 006 | 0.28 | 0.39 | 041 | 009 | 0.17 | 028 | 048 | 092 | 1.03 | 1.1 | 116
Mixture 0.06 | 0.20 | 0.40 | 0.44 | 0.09 | 0.12 | 0.24 | 052 | 0.88 | 0.97 | 1.02 | 1.10

During progressive activation, the peak devel-
opment of the mesopore volume for all samples is ob-
served in the area from 30 to 50% of the degree of
burn-off (Table 3). Burn-off is a quantitative measure
of the interaction of an oxidizer with non-activated car-
bon and, in this work, it was defined as the amount of
carbon burned off during activation.

The dynamics of the development of mi-
cropores during activation also differs depending on
the type of the starting material (Table 3). In the devel-
opment of microporosity, there is a maximum, which
for most samples lies in the range of the burn-off (35-
45)%, and for samples modified with phosphoric acid
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also in the range (20-35)%. For activated carbon ob-
tained from wood chips at an optimal degree of burn-
off, the volume of micropores is lower than for sawdust
carbon. Thus, it is shown that the introduction of mod-
ifying additives has a positive effect on the increase of
sorbing pores in the obtained samples.

Based on the conducted studies, a scheme for
obtaining powdered clarified carbons based on wood
waste can be proposed. The block diagram and techno-
logical parameters of the process are shown in Fig. 3.

To obtain low-ash carbons, a washing stage
can be introduced into the technological scheme.
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According to the proposed method, experi-
mental samples of activated carbons were obtained.
Their parameters are given in Table 4. As can be seen
from the presented table, activated carbons obtained
from various types of woodworking waste and modi-
fied with additives of inorganic acids have a more de-
veloped porous structure than BAU-A carbons and, as
a result, a greater clarification ability with respect to
methylene blue, which is comparable to OU-A car-
bons. Impregnation of the wood base with inorganic
acids allows to obtain crushed activated carbons that
are not inferior in mechanical strength to BAU-A car-
bons. In terms of clarification ability, the modified
samples are close to foreign analogues.

| sawdust I

impregnation with phosphoric acid
concentration of the sohution is calculated, providing a 1.25
wi. % content of phosphoric acid in the ratio of 12

v

maturation

with periodic stirring
v

wood chips

6-3h

drving
t=(105 - 110) °C to final moisture of less than 10°%

Carbonization
in the environment of outgoing volatiles at a temperature
of{500 + 550) °C

Activation
Activation with water vapor at (850 + 900) °C to (35 — 40)
% degree of burn-off

T

to a fraction of 0.1 mm

Fig. 3. Block diagram of obtaining powdered clarified activated
carbons from wood waste
Puc. 3. brok-cxema moydeHns MopomKkooOpa3HbIX OCBETIAIOMINX

The study of the porous structure and sorption
properties of the obtained activated carbons did not re-
veal any clear advantage in any of the modifiers.
Therefore, considering the corrosive activity of sulfu-
ric acid, phosphoric acid should be recommended as
the main modifier.

CONCLUSIONS

On the basis of various types of wood waste
(wood chips, sawdust) from soft hardwoods by the
method of steam-gas activation and mixed activation
using sulfuric and phosphoric acids as chemical modi-
fiers, activated carbons were obtained, and their prop-
erties were investigated.
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The thermogravimetric method was used to in-
vestigate the kinetics of carbonization of the carbon
base. It is shown that the preliminary acid treatment of
wood waste initiates the dehydration process at an
early stage of thermal decomposition and extends the
temperature range of the main removal of volatiles. As
a result, the carbon residue yield increases by 25-40%.
The influence of the synergistic effect of a mixture of
additives on the process of thermal decomposition of
wood has been established.

Table 4

Parameters of the porous structure and technical char-
acteristics of activated carbons

Tabnuya 4. IlapaMeTpbl NOPUCTOH CTPYKTYPHI M TEXHHU-

YECKHEC XaPAKTEPUCTUKHN aKTUBUPOBAHHBIX yI‘.]Ieﬁ
- Pore volume, cm®/g . .
Modifier Vo | Vo | Vi S%, % |MB”, mg/g
Wood chips-based
No modifier | 0.38 0.38 1.47 - 210
H>SO04 0.49 0.49 1.55 - 300
H3PO, 0.54 0.55 1.48 - 315
Sawdust-based
No modifier | 0.35 0.27 290 | 40 230
H>SO04 0.51 0.55 253 | 55 320
H3PO, 0.45 0.47 2.68 | 58 300
Pressed sawdust
No modifier | 0.38 0.37 084 | 55 200
H2SO4 0.43 0.41 113 | 65 280
H3PO, 0.51 0.53 112 | 63 305
Commercial carbons [20, 21]
0.22- | 0.08- | 0.35-
BAU-A 0.25 0.10 145 >60 165
OU-A 0.28- | 0.13- | 0.23-
. - >225
(Russia) 0.29 0.18 0.41
KB(USA) | 0.37 1.1 00 - 340
4SC (France)| 0.32 0.59 00 - 280

Note: *) S — mechanical abrasion strength, %; MB — sorption ac-
tivity in relation to methylene blue, mg/g; Vmi— micropore volume,
cm?®/g; Vime — mesopore volume, cm3/g; Vma — macropore volume,
cmd/g

HpHMeanMe: *) S — MexaHn4eckas IMPOYHOCTb HA UCTUPAHUE,
%; MB — copOunoHHass akTHBHOCTh 10 METHJICHOBOMY CH-
HeMy, MI/r; Vmi — 06beM Mukpornop, cM3/r; Vme — o6beM Me-
3omop, cM3/r; VMa — 06beM Makpomop, cM3/T

The kinetics of activation of the carbonized
samples by water vapor in an inert medium has been
studied. It was found that modification of wood with
phosphoric acid and a mixture of sulfuric and phos-
phoric acids reduces the activation rate constant by 2.0-
2.5 times.

The dynamics of the formation of a porous
structure in the process of progressive activation was
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investigated. It was found that modification with acid
additives contributes to a more significant develop-
ment of sorbing pores (mainly micropores). The opti-
mal value of the degree of burn-off (35-40)% has been
established.

The parameters of the porous structure and the
clarification ability with respect to methylene blue of
the obtained activated carbons were studied. It was
shown that carbons obtained from unmodified waste
are close in their properties to the industrial carbon
OU-A, while carbons obtained by modification with
inorganic acids have a clarification capacity in relation
to methylene blue that is 1.5 times higher, which makes
them close in that respect to foreign analogues.
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Based on the conducted research, a scheme for
the production of activated carbons of a clarifying type
from wood waste (chips and sawdust) of soft hard-
woods is proposed.
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