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SORPTION ABILITY OF MODIFIED NANO-CARBON MATERIALS

Abstract. In this work expanded graphite (EG) and carbonized rice husk (CRH) were obtained by heat
treatment at different temperatures and by using different activating conditions. The samples were tested as sorbent
for oil in water. The oil removal efficiency of carbonized rice husks and expanded graphite, were studied as an
adsorbent for the removal of emulsified oils from wastewater. Results showed that the oil removal efficiency
increased to 10-15 % in the case of EG samples after base leaching. As concerns as the carbonized rice husk samples
the adsorption capacities are similar and no particular variation with the activation temperature are detected. As a
general result the carbonization process induced an increase of the adsorption capacities.Samples were purified and
characterized by SEM-EDAX, FTIR, elemental analysis, Proximate analysis and ICP MS.
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Introduction

Oil and oil-derivative are the most dangerous water contaminants in Kazakhstan. The oil pollution
causes serious environmental problems to aquatic organisms and humans due to the high toxicity of many
oil components|8]. The removal of oil and oil-derivative from wastewater by adsorption on solid sorbents
is one feasible option to purify waters. To this aim we have prepared solid carbon-based sorbents by heat
treatment of natural graphite and rice husk[1]. The aim of my internship at IRC-CNR was the
characterization of these materials and the collection of preliminary data about their oil adsorption
capacity.

1. MATERIALS AND METHODS

Sample preparation

Natural graphite (NG) of the Zavalievsky deposit of Ukraine has been used (Zavalievsky Graphite
Ltd., Ukraine, Kiev). Natural flake graphite, grade GTO-92, consist of 92.8 wt.% in carbon. Rice husk
(RH) has been recovered from a deposit of the filed Kyzylorda in Kazakhstan. EG has been produced at
al-Farabi University of Kazakhstan by a heat treatment method (Fig. 1). This is a very simple method in
which a mechanical mixture of natural graphite and crystalline zinc nitrate hydrate (Zn(NQs), x 6H,0) has
been heated in air in a muffle furmace for 20 minutes at variable final temperature. The experimental
conditions are listed in the Table 1.

Preparation

components

::> Final
product

put in muffle furnace for 20 min

Figure 1 - Scheme of the synthesis of the expanded graphite
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Table 1 - Experimental conditions for expanded graphite synthesis

Samples labels Percentage of components, wt. % Final temperature, °C
EG350(80/20) 20% NG 80% Zn(NOx), x 6 H,0O 350
EG 400(80/20) 20% NG 80% Zn(NOs), x 6 H,0O 400
EG 600 (80/20) 20% NG 80% Zn(NOs), x 6 H,0O 600
EG 800(80/20) 20% NG 80% Zn(NOs), x 6 H,0O 800
EG 500(70/30) 30% NG 70% Zn(NO;), x 6 H,O 500
EG 600 (70/30) 30% NG 70% Zn(NOs), x 6 H,O 600
EG 1000(80/20) 20% NG 80% FeCl;x 6 H,0O 1000

The RH carbonization has been performed at the Institute of Combustion Problems in Kazakhstan. 15
g of RH were carbonized in a home-made reactor (Fig. 2) under argon atmosphere at different
temperatures for 1 h (Table 2.).

Figure 2 - Schematic diagram the RH carbonization setup. 1. argon cylinder, 2. mass flowmeter,
3. temperature controller, 4. carbonization rector, 5. iron crucible

Table 2 - Experimental condition for carbonized RH synthesis

Samples labels Carbonization temperature, °C Carbonization time, hour
CRH 600 600 1
CRH 700 700 1
CRH 800 800 1
CRH 900 900 1

Washing. The samples have been purified at the IRC-CNR of Naples. 0.3 g of EG 600(70/30) and
CRH 600 have been stirred with 50 mL of distilled water for 30 minutes and filtered on a Millipore FHUP
0.45 Om filter membrane. The solid has been recovered and allowed to dry at 105 °C overnight[2.8].

Base leaching. Base leaching treatment was performed in order to remove Zn oxide impurities from
the graphitic surface. This treatment was performed on the two EG samples obtained with 70:30 ratio at
500 and 600 °C. These samples have been selected since they exhibited the highest carbon content among
the EG samples obtained by using zinc nitrate as activation agent. The base treatment was performed on
0.4 g of material by adding 50 mL of 5M sodium hydroxide (NaOH) solution under stirring at the
temperature of 90 °C for 2 h. After cooling to room temperature, the solid was recovered by filtration and
washed until neutrality (about 200 ml of water)[3.8].

2. RESULTS AND DISCUSSION

Oil adsorption test.

Oil adsorption tests have been performed accordingly to the procedure reported in [5]. To this aim
small boxes with a capacity of ~2 mL have been prepared by using a stainless steel metal grid (~100 Om
pore dimensions) (Fig.3a). Each box has been filled with 0.1 g of sample (sample granulometry above 300
Om) and dipped for 5 minutes in a 100 mL beaker containing 50 mL of water and 1 g of oil (Figs. 3 b,c).
After the oil adsorption, the box was allowed dripping for 24 hours (Fig. 3d). After that time the box with
the sample was dried at 60 °C overnight. In the oil absorption tests a commercial carbon black (CB N110
type) was also used for comparison[4,5].
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Figure 3 - Oil adsorption procedure

The oil sorption capacity was calculated as follows [7]:

Oil sorption capacity (g/g) = (S«-So)/So

Where S is the initial mass of the sorbent, Syis the weight of the spent sorbent (sorbent containing
adsorbed oil at the end of the sorption test).

The results of the washing process are reported in Table 3.

Table 3 - Washing results

Name of samples Water, ml Time of mix, min Yield, %
EG600(70/30) 50 30 93.5
CRH 600 50 30 94.2

The results of ICPMS analyses of the liquids recovered after washings are reported in the table below
(Table 4).

Table 4 - ICP-MS results (quantities are expressed in ppm)

sample EG 600(70/30) CRH600
Na 67.45 165.8
Mg 522.1 936.6
K 236.3 15830
Ca 707.5 1047
Mn 13.82 46.6
Fe <10 <10
Co <10 <10
Ni <10 <10
Cu <10 <10
7n 1636 5.648
As <10 <10
Sr 4.096 11.64
7r <10 <10
Mo 0.6923 0.6515
Cd 0.7217 0.6565
Ba 1.515 0.703

The results of base leaching are reported in Table 5. It is worth of note that after this purification step
about 40% of material (inorganic matter) was removed.
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Table 5 - base leaching results

Name of samples NaOH, mL Time of stirring, h Yield, %
EGS500 (70/30) 50 2 62.6
EG600(70/30) 50 2 61.0

2.1 Materials morphology

SEM images in Fig. 4 show the typical structure of NG and of EG sample obtained at temperature
350 °C (EG350 (80/20)). As a result of thermal expansion graphite increases in volume due to the salts
intercalation which leads to the formation of multilayer thermally expanded graphite.

Figure 4 -SEM images of natural graphite (NG, upper row) and expanded graphite obtained
at the temperature of 350 °C (lower row) at different magnifications

The SEM imaging revealed that inorganic matter is present in EG350(70/30) sample, probably zinc or
iron oxides (Fig. 5).

Figure 5 - SEM images of expanded graphite (EG350(70/30) before NaOH treatment
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SEM imaging was also performed on the expanded graphite after base leaching. The samples appear
overall more homogencous (Fig. 6).

Figure 6 - SEM images of expanded graphite (EG350(70/30) before (left panel) and after (right panel) leaching by NaOH
SEM imaging on raw rice husk and carbonized rice husk at 600 °C (CRH600) are reported in figure 7.

before
carbonization
RH >

after
carboniza
mRH

Figure 7 - SEM images Rice husk (RH) and carbonized Rice husk (CRH600) at different magnifications

Overall it can be observed that the carbonization process does not significantly alter the macroscopic
morphology of the RH.

The results of oil sorption capacity are shown in Table 6 and Fig. 8.
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Sorbent Sgi, Mass of the spent So, mass of sorbent, g Oil sorption capacity, g/g
sorbent (sorbent=+oil), g
NG 042 0.10 1.8
EG 500(70/30) before leaching 0.99 0.10 6.0
EG 500(70/30) after leaching 0.87 0.10 7.1
EG 600(70/30) before leaching 1.1 0.10 5.6
EG 600(70/30) after leaching 0.78 0.10 6.2
RH 0.35 0.10 1.2
CRH 600 0.73 0.10 3.1
CRH 700 0.67 0.10 33
CRH 800 0.69 0.10 37
CRH 900 0.66 0.10 32
CB 0.56 0.10 2.6
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Figure 8.Comparison between NG-derived samples (left)
and RH — derived samples (right). CB is also reported for comparison.

The oil adsorption results indicated that EG samples after base leaching are the best adsorbents with
an increase of 10-15 % compared to the not purified samples. It is noteworthy that as a general trend all
the EG samples exhibit an adsorption capacity at least three-fold higher than NG.

As concerns as the CRH samples the adsorption capacities are similar and no particular variation with
the activation temperature are detected. As a general result the carbonization process induced an increase
of the adsorption capacities|[6].

It is worth to note that the adsorption capacities estimated for the all heat-treated samples are quite
higher compared to available literature data [7,8], as reported in Fig. 9 where oil absorption performances

of acetic anhydride treated corncobs, an abundant biodegradable agricultural waste, are reported.
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Figure 9 - Crude oil sorption capacity (g/g) of corncobs ad different sorption time
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3.Conclusions

In this work expanded graphite (EG) and carbonized rice husk (CRH) were obtained by heat treatment
at different temperatures and by using different activating conditions. Samples were purified and
characterized by SEM-EDAX, FTIR, elemental analysis, Proximate analysis and ICP MS. The samples
were tested as sorbent for oil in water.

EG samples after base leaching are the best oil sorbents with an increase of 10-15 % compared to the
not purified samples. It is noteworthy that as a general trend all the EG samples exhibit an adsorption
capacity at least three-fold higher than NG.

As concerns as the carbonized rice husk samples the adsorption capacities are similar and no
particular variation with the activation temperature are detected. As a general result the carbonization
process induced an increase of the adsorption capacities.

It is worth to note that the adsorption capacities estimated for the all heat-treated samples are quite
higher compared to available literature data.
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COPBIIMOHHASA CITOCOBHOCTDH MOJU®HUIIUPOBAHHbBIX
HAHO-YTI'JIEPOJHBIX MATEPHUAJIOB

Annortamust. B sro# paborte pacmmpennstii rpadur (PI') n xkapdonnsuposarHasa pucosas menyxa (KPLID) Opram
MOy YCHBI TEPMUYECKOH OOpabOTKON MPH PA3MHMYHBIX TEMIICPATYPaX M C HCIOIb30BAHHUEM PA3IHYHBIX YCIOBHH
axruBarmu. O0pa3ubl OBLTH HCTIBITAHEI B KAYCCTBE COpOCHTA A1 HE(PTH B BoAC. D(PPECKTHBHOCTE YAANCHHA Macia
73 KapOOHM3UPOBAHHON PHUCOBOH INEIYXH M BCIICHEHHOTO TpaduTa n3yyanach B KaueCcTBe ancopOeHTa Ml yIAICHUS
SMYIBTHPOBAHHBIX MAacel W3 CTOYHBIX BOJA. Pe3yaprarsl mokasamd, 4to 3()(CKTHBHOCTh YIAJCHHSA MAacla
yeemmaunack A0 10-15% B ciaydgae oOpasmos PIT mocne OCHOBHOTO BhImeTauuBaHHS. UTO Kacaercs oOpasuoB
KapOOHM3UPOBAHHOW PHCOBOH IICITYXH, aICOPOIHOHHBIC CTOCOOHOCTH AHAJIOTHYHEI, M HHKAKUX O0COOBIX H3MCHCHUI
B 3aBHCHMOCTH OT TCMIICPATYPHI AKTHUBAIMH HE OOHApyskeHO. Kak oOmmuit pe3yasTar, mpouece KapOOHH3AUH
BBI3BAJT YBCIIMUCHHUC AICOPONHOHHOM eMKOCTH. OOpa3ipl ObLTH OYHIICHB W 0XapPaKTCPH30BaHBI ¢ MOMOIIBI0 SEM-
EDAX, FTIR, 31eMCHTHOTO aHAA3A, MPOKCHMATLHOTO anamm3a u [CP MS.

Kirouepnie ciora:KapOoHH30BaHHAS PHUCOBas INENyXa, PACIIHUPCHHBIA TPa(UT, MACISAHBIC CTOYHBIC BOJBL
ancopOceHT, 3(PECKTHBHOCTE VIANCHHA MACITA.
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MOJUOUIUPJIEHTI'EH HAHO-KOMIPTEKTI MATEPHUAJITIAPBIHBIH
COPBIUAJIBIK KACHETTEPI

Annoramus. byn sxymeicta kerHelitinren rpadur (EG) sxone kapOonm3amusuianraH Kypim kayssl (CRH) op
TYPJ TEMIIEPaTypana TEPMISUIBIK 6HACY >KOHE 9p TYPIi OCICEeHAIpy >Karmaimapbl apKeUibl anblHABL ChIHaMamap
CyJaFbl Myail YIIiH copOeHT peTiHzae chiHaxabpl. KapOoHm3aumsanaHraH Kypiml Kay3sl MCH KEHECHTLITEH TpaUTThIH
CyIapaaH 3MYIbTHPICHTCH MAaMIapabl aty YIIH aacopOCHT peTiHae 3eprremi. HoTmkenep KepceTKeHACH, MyHAl
CIHIpY AiH THIMILTITI 6a3ambIK maiivanayan keiin KT yarimepinze 10-15% -ra netiin aprrer. KapboHm3anusimanran
KYPIII Kay3sl YITIICPIHAC aACOPOLMSIIBIK YKCACTBIFBI Oap »koHE OCICCHIIPY TEMIEPATypachl AHBIKTAIFAH JKOK.
69
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Kammer HOoTIOKE peTiHAC KapOOHHM3AUHWANAAY WPOLECI AACOPOIMMAIBIK MYMKIHTIKTSPAI apTTHIPABL Y ATiICH
tazapreuasl s)koHe SEM-EDAX, FTIR, amemenTanbas! Tanaay, Llamamen tannay xone ICP MS cumartammsL

Tyiiin ce3nep: KapOommsmenreH kypim Kaysbel, KCHEHTinTeH rpaut, Cy OCTiHACTI MyaHaH, aacopOCHT,
3(PEKTUBTUTIKTI KO¥O.

Information about authors:

Kudaibergenov Kenes Kakimovich - PhD KazNU named after Al-Farabi, Acting Associate Professor, Deputy
Head of the Department of Chemical Physics and Materials Science, kenes 85 85(@mail.ru, Al-Farabi Avenue, 71,
Almaty, Kazakhstan;

Nysanbayeva Gulnura Ryskulovna - PhD, 3rd year student of Al-Farabi Kazakh National University,
Department of Chemical Physics of Materials Science, gulnur.83.29@mail.ru, 71 Al-Farabi Avenue, Almaty,
Kazakhstan;

Nysanbayeva Gulnura Ryskulovna - Lecturer in Chemistry, Academy of Civil Aviation, gulnur.83.29(@mail.ru,
Akhmetova, 44, Almaty, Kazakhstan;

Ongarbayev Yerdos Kalimullaevich - professor, Al-Farabi Kazakh National University, Department of
Chemical Physics of Materials Science, 71 Al-Farabi Avenue, Almaty, Kazakhstan;

Mansurov Zulhair Aimukhamedovich - Professor, Al-Farabi Kazakh National University, Department of
Chemical Physics of Materials Science, 71 Al-Farabi Avenue, Almaty, Kazakhstan;

Di Capua R. - PhD Institute of Research for Combustion-CNR, Naples, Italy;

Alfe M. - PhD Institute of Research for Combustion-CNR, Naples, Italy;

Gargiulo V. - PhD Institute of Research for Combustion-CNR, Naples, Italy

REFERENCES

[1] S. Azat, Zh.Ye. Sartova, Z.A. Mansurov, R.L.D. Whitby Utilization of rice husk ash as an alternative source for the
production silica nanoparticles//News of the National Academy of Sciences of the Republic of Kazakhstan. Series of chemistry
and technology 10 (422),2017 P.38-44.

[2] A.L. Ahmad. S. Sumathi. B.H. Hameed Residual oil and suspended solid removal using natural adsorbents chitosan.
bentonite and activated carbon: A comparative study. Chemical Engineering Journal 108 (2005) P.179-185.

[3] Khaled Okiel. Mona El-Sayed. Mohamed Y. El-Kady Treatment of oil-water emulsions by adsorption onto activated
carbon. bentonite and deposited carbon. Egyptian Journal of Petroleum (2011) P.9-15.

[4] MdShahinoor Islam. Kerry N. McPhedran. Selamawit A. Messele. Yang Liu. Mohamed Gamal El-Din Isotherm and
kinetic studies on adsorption of oil sands process-affected water organic compounds using granular activated carbon.
Chemosphere 202 (2018) P.716-725.

[5] Abba Chetima. Abdoul Wahabou. Gaston Zomegni. AbdoulNtieche Rahman. Divine BupNde Bleaching of neutral
cotton seed oil using organic activated carbon in a batch system: Kinetics and adsorption isotherms. MDPI journal (2018) P.6-22.

[6] Y. Zhao. C. Zhang. Pollution control and Resource Reuse for Alkaline Hydrometallurgy of Amphoteric metal hazardous
wastes. (2017) P.405.

[7] J.O. Nwadiogbu. V.LE.Ajiwe. P.A.C. Okoye Removal of crude oil from aqueous medium by sorption on hudrophobic
corncobs: Equilibrium and kinetic studies // Journal of TaibahUnivesity for Science 10 (2016) P.56-63.

[8] M. A. Mukhamedzhanov, Jai Sagin, .. M. Kazanbaeva, I. K. Rakhmetov Influence ofanthropogenic factors On
hydrogeochemical conditions Of underground drinking Waters of kazakhstan //News of the National Academy of Sciences of the
Republic of Kazakhstan. Series of geology and technology sciences. Volume 3(429) 2018, P.6-
11https://doi.org/10.32014/2018.2518-170X.1ISSN 2518-170X (Online), ISSN 2224-5278 (Print).




