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Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.
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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 ofEG 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.

Keywords: Carbonized rice husk;expanded graphite; Oily wastewater; Adsorbent; Oil removal efficiency.

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(NO;), x 6H,0) has
been heated in air in a muffle furnace for 20 minutes at variable final temperature. The experimental
conditions are listed in the Table 1.
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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(NOs), x 6 H,0 350
EG 400(80/20) 20% NG 80% Zn(NO3), x 6 H,O 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,0 800
EG 500(70/30) 30% NG 70% Zn(NOs), x 6 H,0 500
EG 600 (70/30) 30% NG 70% Zn(NOs), x 6 H,0 600
EG 1000(80/20) 20% NG 80% FeCl;x 6 H,O 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.).

1

Rk

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].

— (4 ——
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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
Zn 1636 5.648
As <10 <10
Sr 4.096 11.64
Zr <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, %
EG500 (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.
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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 homogeneous (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.

- W —
: carbonizatipn

after
carboniza §

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 Ssi, Mass of the spent Sy, mass of sorbent, g Oil sorption capacity, g/g
sorbent (sorbenttoil), g
NG 0.42 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 3.7
CRH 900 0.66 0.10 32
CB 0.56 0.10 2.6
HNG-derived samples RH- derived samples

Sorption capacity, g/g

Sorption capacity, g/g

©
w

':

ieaching leachi

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 [CP 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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COPBIIMOHHAS CIIOCOBHOCTb MOJIN®UIINPOBAHHBIX
HAHO-YIJIEPOJHBIX MATEPHUAJIOB

AnHotanusi. B atoit pabore pacummpennsiii rpadur (PI') u kapobonusuposanuas pucosas menyxa (KPLL) 6puin
MOJy4eHbl TEPMHUYECKONH OOpabOTKOW MpH Pa3iMyYHBIX TeMIeparypax M C HCIOJIb30BAHHUEM PA3JIHYHBIX YCIOBHN
aktuBaru. OOpasibl ObLIM UCIBITAHBI B Ka4eCTBE copOeHTa Uit HehTH B Boae. DPHEKTUBHOCT yAaICHUS Macia
13 KapOOHM3MPOBAHHON PHUCOBOH LIETYXU M BCIEHEHHOTO TpaduTa n3ydanack B Ka4yecTBe aacopOeHTa Ui yJaleHus
SMYJITUPOBaHHBIX Macel M3 CTOYHBIX BOA. Pe3ynbrarel mMmokazaiad, 4YTo 3(PQEKTUBHOCTH YJaJeHUS Macia
yBenmmumiaack g0 10-15% B ciyuae oOpasuoB PI' mocie ocHoBHOro BhimienaumBaHusa. UTo Kacaercst o0OpasloB
KapOOHM3MPOBAaHHOW PHCOBOM MIEITYXH, aACOPOLIMOHHBIE CIIOCOOHOCTH aHAJIOTMYHBI, 1 HUKAKHUX 0COOBIX U3MEHEHHH
B 3aBHCHUMOCTH OT TEMIIEpaTyphl aKTHBAMKH He oOHapykeHo. Kak oOmmii pesyipraT, mporecc KapOOHH3aIUN
BBI3BAN yBEIMUYCHHUE aICOPOIMOHHON eMKoCcTH. OOpa3Iisl ObUTH OYHIIEHBI U 0XapaKTePH30BaHBI C MOMOIIbI0 SEM-
EDAX, FTIR, anemeHTHOTO aHamm3a, MpoKkcuMaisHoro anaim3a u [CP MS.

KioueBbie cioBa:KapObonm3oBaHHast prucoBas IIENyXa, PACIIMPEHHBIA TpaduT, MacisHbIE CTOYHBIC BOJBI,
ancopOeHT, 3 (peKTHBHOCTE yaaneHus Macia.

"Kynaii6eprenos Kenec *, '“Hpican6aesa I'y;abnypa *, 'Onrap6aes Epaoc,
’Mancypos 3y.axaiip, ‘R. Di Capua, ‘M. Alfe, *V.Gargiulo

! On-apabuarsinarsiKazYV;
“KamynpobiemManapsl HHCTHTYTHL;
3 A3aMaTThIK aBHALKS akagemusicer,050012, Anmvatsl K., KasakcranPecmy0mmkacer,
4)KaHy 3eprrey uHCTUTYTHI -XK3W, Heamonw, UTanus

MOJUPUIUPJIEHTI'EH HAHO-KOMIPTEKTI MATEPUAJIJIAPBIHBIH
COPBIIUAJIBIK KACUETTEPI

Annoranus. byn xxymricta keHeirtinred rpadgut (EG) sxoHe xapOoHm3ammsuianrad kypim kays3sl (CRH) op
TYpJl TemIeparypaia TepMIBUIBIK OHJEY JKOHE dp TYpIi OeJceHIipy KaFmaiimapsl apKbUThI anblHABL. ChIHaMamap
CyImarbl Myail yIIiH copOeHT peTiHae chiHaimel. KapOoHM3anWsuIaHFaH Kypill Kay3sl MEH KeHEUTINreH rpaduTThIH
cyJapIaH SMYJIbTUPICHICH MailapIsl aly YIIH aficopOeHT peTinae 3epTreinni. HoTmkenep KkepceTkeHae, MyHai
CiHipyaiH THiMaiTiri 6a3ansik maimanaynan keiin KI© yarinepinge 10-15% -ra pefiin aptrel. KapOoHuzanusuianrasn
KYpill Kay3sl YATUIepiHAE aacopOIMsUIBIK YKCACTHIFBI Oap jKoHE OelCeHIipy TeMIepaTypachl aHBIKTAJIFaH JKOK.
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Kanmer HoTMKE peTiHZEe KapOOHHM3aUMsUIay TMpoIeci ancopOUMsUIBIK MYMKIHIIKTEpOi apTTBIpABL. YJTiiep
tazapteuiasl s)koHe SEM-EDAX, FTIR, anemenranpas! Tanaay, [llamamen tannay xone ICP MS cumarrangsr.

Tyiiin ce3nep: KapOonmsmenreH Kypim Kaysbl, KeHEHTinreH rpadur, cy OeTiHAeri MyaHaid, amcopOeHrT,
3¢ GEKTUBTIUTIKTI JKOFO.
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