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Abstract. This paper presents the results of scientific research aimed at studying processes of obtaining activated
carbon from wood charcoal. We presented methods for determining the structure parameters and specific surface of
carbonic adsorbents. Scientific research results allow concluding that wood charcoal is a cheap and effective material
for the synthesis of activated charcoal.
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Introduction

Active coal is a chemical of certain value, widely used in various industries: pharmaceutical, food, mining,
chemical and petrochemical industries, for individual and collective protective equipment in industry and military, for
the purification of wastewater, surface water and groundwater etc. A specific area where active coal is used is medicine.
Carbon adsorbents are used in this area as enterosorbents and haemosorbents to detoxify the body. These utilizations of
activated charcoal characterize it as a product of prime importance in economy and the production of a wide range of
activated carbons is of major interest for various industries, due to their special needs.

Activated carbons are adsorbents obtained by different methods of activating the carbonized and un-carbonized
raw material as a result of chemical treatment, physico-chemical and mixed treatment of raw materials. Obtained
activated carbons fix and retain on their surface organic and inorganic substances they contact. They are composed of
a carbon skeleton with very fine pores and channels of varying depths and diameters; on these surfaces takes place the
concentration of adsorbed substances [1].

The most commonly used is the physico-chemical activation process, which is based on the interaction of
oxygen, carbon dioxide or water vapor with heavy hydrocarbons that fill the pores of carbonized material subjected to
activation and/or amorphous carbon atoms in charcoal skeleton. The mentioned procedure shall apply only in the case
of carbonized vegetal substances. As an example can serve the wood charcoal from fruit stones, nut shells, activated
earth coal, synthetic organic polymers etc, regarded as a mixture of amorphous carbon and hydrocarbons. The activation
process is carried out at temperatures of 800-1100° C in special ovens.

As raw materials for obtaining activated carbon are used different carbon-rich materials, for example - wood,
peat, coal land [2]. To obtain activated carbon used in anti-gas masks and other specific uses, which should have increased
strength and volume of micro-and super-micropores, coconut shell is used as raw material. Should be mentioned here the
use of metal carbides, carbon black, lignin, used tires, waste from polyvinyl chloride production and waste from other
synthetic polymers production [3].

Due to its physical and chemical properties of activated carbons are unique and ideal sorption materials that
address wide range of issues of chemical and biological safety and the environment. Activated carbon is a highly porous
carbon materials with highly developed internal surface. In the pore structure of activated carbon (volume of micropores
and mesopores) is absorbed by all types of organic trace contaminants by adsorption forces [4].

It was established that with increasing ratio H:C and O:C, the raw material activation is enhanced. However, a
significant ratio requires the elimination from the raw material of a large proportion of volatile substances. The charcoal
burning procedure is used for such purposes [5].

Experimental Part

As the raw material for obtaining of activated carbon, it was used the wood charcoal from the manufactured in
Strageni (MS) and Calarasi (MC), that is quite widespread and more accessible than other materials.

Structural parameters and adsorption capacity of activated carbon depends on many factors, among which
the most important are: activity time, activation temperature, steam flow, quality and origin of charcoal [6]. Structural
parameters and geometric surface of carbonic adsorbents were determined from the adsorption - desorption isotherms
of nitrogen at a temperature of 77 K. Research has been conducted using an Autosorb 1 MP instrument. Analogical
research was carried out for all obtained activated carbon samples. An example of such adsorption isotherms are shown

in Figure 1.
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Fig. 1. Adsorption-desorption isotherms of nitrogen (77 K) on the activated carbon obtained from wood from (MS),
activated during 30 min at 850°C

Derived activated carbon pore sizes were determined from adsorption-desorption isotherms. An example of pore
distribution curve of the dimensions is shown in Figure 2.
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Fig. 2. The pore distribution curve on the sample sizes of activated charcoal obtained from wood from (MS), activated
during 30 min at 850°C

The geometric surface of new activated carbons was calculated using the BET equation in its linear form [7]:
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Where a is the adsorption at relative pressure P/P ; @ —adsorption at pressure P/P_= 1; C — constant that depends
on the heat of adsorption and condensation of adsorbent.

In fact, the following correlation is set:
P/ P from P/P_ (2)
a(l—P/P,) *

As seen in Fig.3 it is a linear correlation.
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Fig. 3. Adsorpt1on 1sotherm in the coordmates of the linearized BET equation.

The values a, and C from the presented equations are determined using this figure:
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The geometric surface (S) of the activated carbons was calculated using the following correlation [8]:

S=a,-o-N 5)

where o is the area occupied by an adsorption molecule in the compact monomolecular adsorption layer; N is
the Avogadro number.
Sorption volume (V) of the pores is calculated from the relation [9]:

V=za -V (6)

where V"is the molar volume of the adsorbate.

Results and discussions

Results regarding geometrical surfaces, process efficiency, sorption pore volume as function of the activation
temperature, the flow of water vapor during activation are presented in Tables 1-4.

Analysis of the results presented in the tables below allow to conclude that the geometric surface of activated
charcoal depends on the time of activation, the water vapor flow, temperature of chemical process. Thus, increasing the
duration of the activation temperature of 850°C from 30 to 90 minutes increases the geometric surface of the activated
carbon from 625 to 947 m*g, for a water flow of 6 mL/min (Table 1).
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Table 1
Quality indices of activated carbons from wood charcoal (MS) obtained by physico-chemical activation
at 850°C as function of activation time at a vapor flow of 6 mL/min

Type of AC | Temperature, °C |  Time, min Vi?ﬁ;rgﬁlw’ Rate, % sursfgzg,ﬂlfz e vohsl?nrle):u((:);3 /e
S-1 850 30 6 78,1 625 0,402
S-2 850 50 6 69,2 633 0,416
S-3 850 70 6 43,4 833 0,574
S-4 850 90 6 21,3 947 0,631
S-5 850 120 6 - - -

Table 2
Quality indices of activated carbons from wood charcoal (MS) obtained by physico-chemical activation
at 750°C and 950°C as function of activation time at a vapor flow of 6 mL/min

. . Vapor flow, Specific Sorption
Type of AC | Temperature, °C Time, min . Rate, % ) volume,
mL/min surface, m*/g 3
cm’/g
T-1 950 30 6 20,0 1249 0,825
T-2 950 50 6 - - -
T-3 750 30 6 69,0 563 0,340
T-4 750 50 6 65,3 644 0,381
T-5 750 70 6 59,3 660 0,490
T-6 750 90 6 56,0 695 0,515
T-7 750 120 6 52,3 716 0,556
T-8 750 180 6 36,9 889 0,679

Geometric surface value of carbonic adsorbents increases under similar activation conditions from 643 to 1126
m?g increasing the flow of water vapor from 6 mL/min to 12 mL/min (Table 3).

Table 3
Quality indices of activated carbons from wood charcoal (MS) obtained by physico-chemical activation
at 850°C as function of activation time at a vapor flow of 12 mL/min

Type of AC | Temperature, °C | Time, min Vﬁﬁ;ﬁﬁlw’ Rate, % sursfgsz,ﬂrir(l:z e Vdi?;g?;; /e
D-1 850 30 12 51,3 643 0,406
D-2 850 50 12 44,4 892 0,683
D-3 850 70 12 30,0 963 0,755
D-4 850 90 12 18,8 1216 0,837
D-5 850 120 12 6,0 1007 0,783

This is explained by the fact that increasing water flow leads to higher vapor mass which reacts more intensely
with amorphous carbon, volatile substances from charcoal shifting chemical equilibrium of reactions to right.

O

C(amorphous carbon) +H,0 ___  CO+H, +AH

t°C
Cy H,0, (volatile substances) + H,O—» XCO + YH, + AH
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Table 4
Quality indices of activated carbons from wood charcoal (MC) obtained by physico-chemical activation
at 850 °C as function of activation time at a vapor flow of 6 mL/min

Type of AC | Temperature, °C | Time, min V?ESH?SIW’ Rate, % sursfgce:g,ﬂlfz " voli?nrg,tlé):llﬁ /e
C-1 850 30 6 70,6 580 0,322
C-2 850 50 6 69,0 698 0,425
C-3 850 70 6 54,4 807 0,612
C-4 850 90 6 44 4 794 0,592
C-5 850 120 6 30,3 649 0,624

Increasing geometric surface of activated carbons is synchronized by the increase of pores sorption volume.
Thus, sorption pore volume increases from 0.402 to 0.631 cm?/g for a water flow of 6 mL/min (Table 1) and from 0.406
to 0.837 cm’/g for a water flow of 12 mL/min (Table 3). A special role in the process of obtaining activated carbon is
played by the activation temperature. Thus, the results presented in tables 1 and 2 clearly demonstrates that increasing
activation temperature under the same conditions leads to increased quality indicators of activated carbons. Increasing
the activation temperature from 750°C to 950°C, leads to the increase of activated carbon geometric surface from 563
to 1249 m*g, for 30 min of activation and a vapor flow of 6 mL/min. Under the same conditions, sorption volume of
carbonic adsorbents increases from 0.340 to 0.825 cm®/g. This is explained by the fact that increasing the activation
temperature increases the diffusion coefficient of water vapor in the porous structure of charcoal, which interacts more
intensely with amorphous carbon atoms and volatile substances of charred wood.

Analysis of the results presented in Tables 1-4 reveals that increase of the geometric surface and pore volume
of activated carbons is proportional to the increase in temperature and activation time up to certain values and then
these indices decrease. This is explained by the fact that under such conditions there is an intense oxidation of carbon
atoms in the graphite structure of charcoal. Another quality index that influences the efficiency of carbonic adsorbents
production is the rate of activated carbon production process. This parameter decreases proportionally with increasing
time, activation temperature and water vapor flow. The rate of activated carbon production process decreases with
increasing specific surface area and pore volume of carbonic adsorbents.

Conclusions

1. Quality indices of carbonic adsorbents can be programmed depending on the application, by varying the
temperature and activation time and the flow of water vapor.

2. Quality of activated carbons, determined and presented in the current paper, shows that the charcoal obtained
from Strdseni wood and that obtained from Calarasi wood represents a good and cheap source of obtaining carbonic
adsorbents.
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