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Objectives. This study aims to establish the available porosity of a sorbent based on carbonized
rice husk and investigate its sorption properties for oil and oil products.

Methods. A rice-husk-based sorbent carbonized at 400°C for 30 min was selected as the subject.
The porosity of this sorbent is analyzed with the help of mercury porosimeters, the Pascal 140 EVO
and Pascal 240 EVO. The sorption properties of the sorbent are also studied when cleaning water
containing oil and oil products.

Results. The test sample is a bulk porous material with a pore volume of 0.015 cm/g; porosity
higher than 15% was found, and the pore size distribution is shown. Studies were conducted on
the sorption of oil and oil products as well as the possibility of using the aforementioned sorbent
as a filtering material in the purification of water containing oil products. We investigated the
sorption processes under dynamic and static conditions. The methodology for measuring the
porous structure of solid materials on the mercury porosimeter, Pascal 140 EVO, was examined.
The texture characteristics of the sorbent’s porous structure were determined, which is primarily
the total volume of pores, the values of the specific surface area, and the volume of the microspores
and mesopores.

Conclusions. The materials studied can be used as sorbents with a developed porous structure
for purification of water with dissolved and emulsified petroleum products.

Keywords: porosimetry, porosity, sorbent, sorption, pore volumes, oil, petroleum products,
rice husks.
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IIpuMeHeHne MeTOIa PTYTHOM MOPO3UMETPUH
B aHAJIM3e COPOLMOHHBIX MATEPHAJIOB

P.K. Kocroes, [A.C. Tounen, 3.H. Huaxo, 3.X. Cyarsirosa, P./I. Apuakosa,

B.A. TemupxanoB®, A.5SI. YxxaxoBa

Hreywickuii 2ocyoapcemeeHHblil yHusepcumem, Pecnybauxa Hreywemus, Mazac, 386001 Poccust

@Aemop ona nepenucku, e-mail: baga@inbox.ru

Ienw. Llenvto 0aHHOU pabombl S8UNOCL YCmaHo8/leHUe 00CmynHoll nopucmocmu copbeHma Ha
OCHo8e KapbOOHU3UPOBAHHOT PUCO8OTL LUEeNYXU U Uccedo8aHue e20 COpOUUOHHBLX c8OTicma no om-
HOWleHUI K Heghmu U HegpmenpooyKkmam.

Memoodut. B kauecmea obbekma ucciedosaruss 6ol eblbparH copbeHm HA 0CHO8e PUCO8oTl
wenyxu, kapboHusuposaHHoti npu 400 °C e meueHue 30 MuH. [ns Hez0 NPOAHANUIUPOBA-
HQ NOPUCMOCMb ¢ NOMOULLH pmymHblx noposumempoes Pascal 140 EVO u Pascal 240 EVO, a
maxoKke usyueHsl cOpbyUOHHbLE ceolicmea copbeHma 8 npoyecce oUUCmMKU 800bL OMm Hedpmu
u HegpmenpooykKmoa.

Pesynoemamet. [lokasaHo, umo obpaszey copbeHma Ha OCHO8e pucogoli uenyxu sieasiemest 06o-
EMHO-NOPUCTMBIM MAMEPUATIOM C YOeNbHbIM 06bemom nop 0.015 em®/ 2. [TIpedcmaesneHo pachpe-
desleHue nop no pasmepam. YcmaHoesieHo, umo 00CMmYynHAsl NoOpucmocms cocmasssiem bosiee
15%. IIposedeHnbl uccnedo8aHust no copbyuu Hegpmu u Hegpmenpooykmos, a markske noKasaHa
B03MOIKHOCMb NPUMEHeHUs. YKA3aHH020 copbeHma 8 Kauecmee puibmpyrouiezo mamepuaia
npu ouucmke 800blL om Hedpmenpooykmos. CopOUUOHHBLE NPOUECChbL UCCIe008AHbL 8 OUHAMUUE-
CKUX U cmamuuecKkux ycnosusix. HMayueHvl memoouueckue acnexmol UamepeHus napamempos
nopucmoti cmpyxkmypsl meepoblxX Mamepuaiog8 Ha pmymHom noposumempe Pascal 140 EVO.
OnpedesieHbL meKkcmypHble XapaKmepucmuKu nopucmoti cmpyKkmypbl AHAAUIUPYEM020 coOpOeH-
ma: obuuti o6'vem nop, eeNUUUHA YOesbHOU nogepxHOCmU nop, 06 bem MUKPO U Me30Nop.
Bwbreoost. Hcenedyemvie mamepuansl mo2ym b6bimb NpuMeHeHbl 8 Kauecmse copbeHmos,
obradarowux pazsumoti nopucmotii cmpykmypotl, 08 OUUCMKU 800bL OM PACMEBOPEHHbLX U
AIMYNBL2UPOBAHHBLX HEPmenpooyKkmos.

Knroueesle cnosea: noposumempus,, nopucmocms, copberm, copbyus, obvemvl nop, Hegpmo,

HeghmenpooyKkmobl, PUCO8AS ULeNYXA.

Jna yumuposanusa: Kocroes P.K., Tounes /[.C., Hunxo D.U., CynteiroBa 3.X., Apuakosa P.JI., Temupxanos b.A.,
Yxaxosa JI.A. IIpumenenue MeTosa pTyTHOM IOPO3UMETPUU B aHAIN3€ COPOLIMOHHBIX MaTepUasloB. ToHKue Xumuieckie mexHo-
nozuu. 2020;15(1):76-83. https://doi.org/10.32362/2410-6593-2020-15-1-76-83

INTRODUCTION

Currently, the wuse of raw plant material
byproducts as sorption materials is critical. Studies
of parameters, such as porosity, sorption capacity,
mechanical strength, and others, provide information
that allows us to predict the future use of raw plant
material byproducts as sorption materials.

This work aims to establish the available porosity
of a sorbent using carbonized rice husk (CRH) and
study the sorption properties of oil as well as oil
products.

Mercury porosimetry is one of the tools for
studying the porous structure of a solid. It is very
versatile because it provides information about a
porous structure in a wide range of pore sizes, and its
calculation equations are simple [1]. This method can

also be used to measure the specific surface of dispersed
bodies under conditions when the highly concentrated
particulate matter, e.g., a powder, has a relatively low
surface energy. Mercury does not wet the surface of its
particles when there are no one-side open pores, and the
pressure in the porosimeter allows mercury to penetrate
the smallest micropores of the sample [2].

The method for measuring porosity with mercury
porosimetry consists of adding mercury to a previously
evacuated vessel with a sample and increasing the
pressure sequentially. The level of mercury in the
vessel decreases as it penetrates the pores. If this
level is measured accurately enough, we can plot the
pressure of the volume of the pressed mercury as a
function of pressure, calculate the diameters of the
filled pores and, construct a program [3].
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MATERIALS AND METHODS

Rice husk grown in the Krasnodar krai was
crushed to a particle size of less than 1 mm and used
as a raw material for the production of the sorbent; it
was subjected to carbonization for 30 min at 400°C.

The porosity, as well as the bulk, apparent, and
real (skeletal) density, of the material was measured
on a Pascal 140 EVO mercury porosimeter and
Pycnomatic ATC helium pycnometer from Thermo
Scientific, according to the guidelines in the Pascal
mercury porosimeter user manual’.

The pore volume distribution was calculated by
the amount of mercury that penetrated the pores of
the samples and the equilibrium pressure at which the
penetration phenomenon occurred. The calculations
rely on assumptions such as the surface tension of the
mercury and the wetting angle of the solid material
must be constant during the analysis; the pressure
during mercury penetration is the equilibrium
pressure; the pores have a cylindrical shape; and solid
materials are not subjected to deformation under the
influence of high pressure.

The following parameters were recorded
during the experiment: the experiment temperature,
calculated mercury density, degassing time before
filling the dilatometer, air pulse, degassing pressure,
maximum pressure, maximum speed increase,
maximum speed decrease, increase in pump speed,
decrease in pump speed, distance between electrodes,
dilatometer cone height, dilatometer rod radius,
dilatometer number, empty dilatometer weight,
sample weight, skeletal density of the sample, and
contact angle of the mercury sample.

RESULTS AND DISCUSSION

The data were obtained from the porosimeter.
The skeletal density of the material, 1.18 g/cm?, was
measured with a helium pycnometer. We qualitatively
determined the degree of compression; this could be
adjusted using the SOLID software.

Figure 1 shows the intrusion curve (the
dependence of the volume of depressed mercury on
the applied pressure).

Figure 2 shows the pore size distribution data.
Three peaks are clearly distinguished in Fig. 2, pores
with a diameter of 9.1072, 36.1200, and 8.0432 pm.
Based on the mercury intrusion data, the following
material characteristics were calculated via the
SOLID software:

— The total specific pore volume is 0.01578 cm?/g.

— The specific pore surface area is 0.001 m?/g

"Mercury porosimeters of a PASCAL EVO series and SOL.1.D
software. User guide, P/N 31713070, Edition A, Italy, 2017.
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Fig. 2. Pore diameters of the carbonized rice husk.

(calculated according to the model of cylindrical and
slit-like pores).

— The average pore diameter is 9.5113 pm
(determined as four-fold pore volume divided by area.
In this method, the pores are considered cylindrical).

— The median pore diameter is 10.9914 um
(defined as pore size calculated at 50% of the total
pore volume).

— The most common pore diameter is 9.1072 pm
(defined as the pore size at the maximum peak of the
dV/dlogD derivative).

We analyzed the pore size distribution of the test
material. Figure 3 shows a histogram of the pore size
distribution (information was obtained only on the
Pascal 140 EVO device).

We constructed a histogram of the distribution of
the specific surface area by pore size (Fig. 4) based
on the model of cylindrical and slit-like pores.

As can be seen from the study, mercury porosimetry
allows one to obtain information about the porous
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Fig. 3. Specific pore volume of the rice husk.
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Fig. 4. Specific pore surface area
of the carbonized rice husk.

structure of the studied sorbent, as well as its density and
total surface.

Table 1 presents the results of the analysis of a
sample of rice husk carbonized at 400°C.

After solving the main problem of determining
the pore volume of the CRHs, we studied the sorption
properties of this sorbent with oil and oil products
in dynamic and static conditions. We used oil from

the Malgobekskoe field of the Republic of Ingushetia,
AI-93 gasoline, and summer diesel fuel to determine
the sorption capacity of the CRH. The characteristics
of the oil are given in Table 2 [4].

It was previously established that the sorption of
oil and oil products under static conditions by various
sorbents depends not only on the pore volume of the
sorbents but also on the viscosity of the absorbed
substance and the duration of contact [5]. The sorption
capacity of the CRH was determined gravimetrically,
calculated as the ratio of the mass of the absorbed
oil and oil products to the mass of the sorbent in the
range from 5 to 120 min. The effectiveness assessment
of the studied sorbents was determined according
to TU 214-10942238-03-95 [6]. The results of the
sorption capacity of the sorbent based on CRH for oil
and petroleum products are summarized in Table 3
(average of three definitions).

From the data shown in Table 3, it is apparent that
the full sorption capacity of the studied sorbent is low.
However, carbonized carbon-containing substances
can be effectively used for wastewater treatment.

The sorption characteristics of the CRH were
studied under dynamic conditions by filtering the
solution to be purified through a fixed adsorbent
layer to determine the possibility of wastewater
treatment of water with oil and oil products using
the CRH. The equilibrium conditions were achieved
at a constant temperature of 25°C and an oil concentration
of 23.5 mg/l. The initial concentration of oil in the
water was determined by the gravimetric method [7],
based on the separation of oil products from water
by extraction with hexane. This was followed by
chromatographic separation of oil products from
compounds of other classes in a column filled with
aluminum oxide. The effectiveness of the sorbent
was evaluated for distilled water contaminated with
oil with a concentration of 23.5 mg/I.

A column with a height of 50 cm and a diameter
of 3 cm was filled with a sorbent to a height of 20 cm;
the total mass of the sorbent was 5 g. The solution
was fed from above, and it passed by gravity through
the sorbent layer. In this case, the water transmission
rate (space velocity) was 6 ml/min.

Table 1. Results of the porosity analysis of the material studied

I:If(l:::ter l;: I;Egl::tn(ll::cs:g’ Available Closed cell Specific pore Specific surface
Py . . y porosity, porosity, volume, area of pores,
real density, porosimetry, % % e/ melg

g/cm? g/cm?
1.18 0.3941 15.750 44.83 0.01575 0.001
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Table 2. Physical and chemical parameters of the oil

N Parameters Experimental Results of the
. Method Experiment
1 Density of the oil, kg/m?* at 20°C GOST 3900-85 833.7
Kinematic viscosity, cSt,
2 at no higher than 20°C GOST 33-82 12.35
at no higher than 50°C 5.28
Dynamic viscosity, mPaxs,
3 at 20 °C GOST 33-82 10.3
at 50 °C 4.40
Sulfur content, mass %, GOST 1437-75 0.31
4 including:
hydrogen sulfides GOST 17323-71 Traces
mercaptans 0.0075
5 Chloride content, mass % (mg/dm®) GOST 21534-76 0.010 (82.03)
6 Silica gel resin content, mass % 1.08
7 Paraffin content, mass % GOST 11858-66 2.1
8 Asphaltene content, mass % 0.03
9 Water content, mass % GOST 2477-65 None
10 Mechanical impurity content, mass % GOST 6370-83 0.001
11 Pour point, °C GOST 20287-96 -20
12 Paraffin melting point, °C GOST 4255-75 +54
13 Closed cup flash point, °C -17
14 Open cup flash point, °C GOST 4333-87 0
15 Flash point, °C +11
16 Saturated steam pressure, kPa (mm Hg) GOST 1756-52 24.4 (183)
17 Acidity, mg KOH/100 cm? GOST 5985-79 0.015
18 Ash content, % GOST 1461-75 0.017
GOST R 8.903-
19 Molecular mass 2015 213

80
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Table 3. Sorption capacity of the carbonized rice husk (CRH) for oil and its products

Oil sorption capacity, g/g
Sorbent
5 min 10 min 30 min 60 min 120 min
43 4.7 4.9 5.1 5.2
Sorption capacity for diesel fuel, g/g
CRH 4.4 4.6 4.8 5.0 5.0
Sorption capacity for gasoline (AI-93), g/g
2.1 33 3.9 3.5 3.8
Table 4. Concentration of oil products in water before and after CRH filtration (sample volume is 250 ml)
Oil concentration, mg/l
Sorbent After filtration
Before filtration
Sample 1 Sample 2 Sample 3 Sample 4
CRH 235 0.22 0.26 0.31 4.8

Purified water was collected in four 250 ml
samples. At the exit from the column, the clear water
obtained corresponds to RD 52.24.496-20052.

The maximum permissible concentration (MPC) of
oil products in water, according to SanPiN 2.1.4.1074-01,
“Drinking water. Hygienic requirements for water
quality of centralized drinking water supply systems.
Quality Control,” is 0.1 mg/dm®. The MPC of oil
products in wastewater is 0.3 mg/1.

The analysis of water for residual oil content
was carried out by infrared spectroscopy using an
InfraLUM FT-08 IR Fourier spectrometer. It indicated
that the oil concentration in the water is below the
MPC for wastewater. The determination of the
petroleum products present in the samples was carried
out according to the procedure, M-01-39-2010°.

Data on the concentration of petroleum products
in purified water are given in Table 4.

As can be seen from Table 4, after the first three
samples, that is, after 750 ml of contaminated water
is filtered, oil products slip through the sorbent bed,
pores begin to clog, and sorbent regeneration is
required. The cleaning efficiency decreases from the

first sample to the last, and the concentration of oil in
the first two samples remains below 0.3 mg/I.

CONCLUSIONS

Using mercury porosimetry via a Pascal 140 EVO
device, we determined the main characteristics of a
sorbent made from CRH. The studied sorbent samples
are volume-porous materials. The studied materials can
be used as sorbents with a developed porous structure.

We established the sorption capacity of the CRH
for oil and oil products, which amounted to 2—5 g/g. We
investigated the sorption process of oil products with a
sorbent of rice husk in dynamic conditions. We showed
that the CRH sorbent purifies water with dissolved and
emulsified oil products.
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