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Obtaining expanded graphite by heat treatment

One of the promising materials of the 21st century is expanded graphite or thermally expanded graphite. The
preparation of nanostructure and thermally expanded graphite with improved specific surface, bulk density
and expansion along the trigonal axis of the graphite matrix is associated with the thermal shock of intercalat-
ed graphite The general principle of these methods is the introduction into graphite of either gaseous sub-
stances or compounds that, during thermal heating of the intercalated compound of graphite or their deriva-
tives, transform into a gaseous state and there by create an intralayer pressure that expands the graphite parti-
cle. In the given work thermally expanded graphite, obtained during the heat treatment crystalline hydrates of
metals and nature graphite obtain expanded graphite material. The expanded graphite obtained was used as a
sorbent. The performed studies in this work demonstrated the potential use of the sorbents as adsorbents for
the removal of thin oil films. In this paper, it can be seen that the optimum mixture ratio of graphite to other
contents (graphite : Zn(NOs),x6H,0 : graphite : FeCl;x6H,0) is 2(g) : 8(g) : 2(g) : 8(g), which obtained the
best expansion volume. Here, we propose a simple, effective method to prepare expanded graphite in which
the intercalation and expansion of graphite are realized by only one step not involving any sophisticated de-
vices.
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Introduction

In the recent decades expanded graphite (EG) has been one of the major interesting research subjects
because of nanostructure. Obtained expanded graphite by heat thermal shock is a low-density carbon materi-
al, and it used as a base for sealing and fire-retardant materials. Expanded graphite is a promising material
for high temperature. Physicochemical properties of expanded graphite depend from a graphite synthesis
condition. While thermal characteristics of EG obtained by the thermal shock of convenient graphite interca-
lation compounds or their hydrolyzates are well studied [1, 2] the characteristics of EG obtained by thermal
shock are scarcely investigated. The synthesis of EG describe through the heat treatment of oxidized graphite
and the investigation of thermal properties. The general principle consists in introduction natural graphite of
compounds of salts at thermal heat [3, 4].

Experimental part

In this work were used native graphite and crystalline hydrates of metals. The graphite from the Zavalye
Graphite Plant (Ukraine) is a large-scaly natural graphite subjected to chemical burning under industrial con-
ditions. The result is achieved by mechanical mixing of powder of initial graphite by the making foam agent
by salts of metals for training of porous structure, taken in the quantity of 20-80 % of the mass of mix. The
experiment proceeds in two stages: 1) mixing of graphite with salts of metals; 2) and heating of components
at a temperature of 350—1000 °C. The mix heats up 5-10 minutes. All process of activation takes from 10 to
20 minutes. In Figure 1 shows scheme of obtaining synthesis of thermally expanded graphite.
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Figure 1. Scheme of the technology of synthesis of the interconnected graphite

Results and their discussion

The single most striking observation to emerge from the comparison, it was formation of the homoge-
neous melted bubbling mass. After end of this stage there is a sharp foaming of graphite which is followed
by allocation of insignificant amount of brown gas (Fig. 2).

a) before heat treatment b) after heat treatment
Figure 2. Formation of the homogeneous melted bubbling mass

In Table shown main sorption properties of thermally expanded graphite.

Table
Main sorption properties of structure
System «graphite — salt» Oil capacity, g/g Water absorption, g/g Buoyancy, %
Graphite — FeCl;x6H,0 20 0,5 80
Graphite — Zn(NOs),X6H,0 25 0,1 99

In Table shown that the structure «graphite — Zn(NO3) ,x6H,0» differs in smaller water absorption,
than «graphite — FeCl;x6H,0». Results of an experiment shown that the reagent structure «graphite —
Zn(NO;) ,x6H,0» adsorbs 25 g of heavy oil.

In details, the mass percent of oxygen in natural graphite increased from 5 to 10 %, the content of car-
bon decreased from 95 to 46 %. It can be explained with the fact that increased of the temperature causes
thermal decomposition of crystalline hydrate in reagent structure, therefore, the relative content of oxygen
increases. Qualitative analyses of reagent structures are submitted in the Figure 3.

Figure 4 shows SEM images of the EG samples. The morphology of the EG samples is wormlike and
there are a lot of pores that can also be observed on the surface. It is the particular loose and porous struc-
tures that would provide EG samples with good adsorption property for the macromolecular compounds.
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Figure 3. Elemental composition of the thermally expanded graphite using SEM/EDAX

OLAB

b) graphite — FeCl;x6H,0

Figure 4. (a) and (b) show the surface morphology of the expanded graphite

Produced samples were also investigated by Raman spectroscopy. As shown in Figure 5, the spectra
that all samples have carbon structure.
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Figure 5. Raman spectra of natural graphite (a), graphite impregnated with salts (b, c)
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In the Figure 6 it is shown oil sorption of TEG in laboratory conditions.

Figure 6. Oil sorption of TEG in laboratory conditions

At the beginning, on the surface of oil a small amount of flammable liquid is sprayed, then fire. During
burning of oil we scatter a sorbent on the surface of the poured oil or it is possible to scatter before oil burn-
ing, and then to burn out oil. At the combustion of oil porous graphite is formed and in a few minutes there is
a full adsorption of oil product.

Conclusions

In this work were to obtain expanded graphite by heat treatment. Morphology of expanded graphite was
verified by scanning electron microscopy analysis. Expanded graphite shown outstanding adsorption perfor-
mance for oil.
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TepMusJIBIK 0HEY KOJBIMEH KeHelTijired rpagur any

XXI raceipza Gonararsl 6ap MaTepuangapabiy Oipi KeHe#TinreH rpaguT, HemMece TePMUSUIBIK KeHEHTINreH
rpadut, 6onbin TabbuIagsl. JKorapel KepceTKimTi GeTTiK ayaaHbl, rpadUT MaTPUIACBIHAAFHI TPHUTOHAJIHI
OCiHIeTri KeHEHTIIreH ASpexeNeri oHEe CyChbIMalbl THIFBI3ABIFBI KOFAphl HAHOKYPBUIBIMIBI TEPMOKEHEH-
TinreH rpaduT anmy, SMICIHIH KaNIbl Karuaachl rpaduTTi TEPMHSUIBIK KbI3ABIPY OapbIChIHAA ra3 Topi3ai
HeMece KOCBUIBICTHI MaTepHaniapasl KeHeHTureH TpadUTTiH imKi KabaTTapblHa €Hrizy OOJNBIN TaObUIaJbL.
Makasana MeTajJblH KPUCTAJIbIK THIPATTApbIH JKOHE TaOWUFH TpaduTTi TEPMHSUIBIK OHJICY OaphIChIHIA
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TEPMHKAJIBIK KEHEHTUIreH IpauT MarepualblH adyra OOJATHIHABIFBI ANTBUIFAaH. AJIBIHFAH KEHEHTUIreH
rpadut copbeHT periHe HaimanaHeUIAbl. MyHIa TpadUTTIH Ty34apMeH KOCBUIBICHI Kelecined (rpadur :
Zn(NOs), x 6H,0; rpadut: FeCl; x 6H,0) 2(r): 8(r), 2 (r): 8 (), OChl KaTblHACTAp >KAKChl KEHEUTY
KeJieMiH anabl. bi3 keHelTinren rpaduTTi amynslH KaHgal na Oip Kypaeni KypbUIFBIIApb! KaXKeT eTICHTIH,
0ip KamaMMeH )Ky3ere achIpbIIAThIH, KaparalbIM api THIM/I 9HiCIH YCHIHIIBIK.

Kinm ce30ep: Tpadut, KEHEUTIITeH TpaduT, THTCPKAUPIICHTeH IPadUT, TEPMOKCHEHTUITeH TpaduT.

I'.P. Hrican6aeBa, K.K. Kynaiioeprenos, E.K. Onrap6aes, 3.A. MancypoB

IHony4yenne paciumpeHHOro rpagura myreM TepMUYecKoOil 00padoTku

OnHuM U3 TIepcreKkTHBHBIX MarepuanoB XXI Beka siBisieTcsi HeHOrpauT, WM TepPMOPACUINPEHHBIN TpaguT.
OOuuii MPUHIKUIT [TOJTYYCHUs] HAHOCTPYKTYPUPOBAHHOTO TEPMOPACIIMPEHHOrO Tpadura C YIy4lHICHHBIMH
MMOKa3aTeJsIMH yIeIbHON OBEPXHOCTH, HACHITHOW IUIOTHOCTH M CTEHEHH PACIIUPEHUSI BIIOJIb TPUTOHAIBHON
ocH rpaUTOBOM MAaTPHIBI TEPMHUUYECKOTO yapa HHTEPKAIUPOBAHHOTO IpaduTa 3aKIF0YACTCS BO BHEAPCHUH
B rpaduT ra3000pa3HbIX BEIIECTB MM COCIMHECHHH, KOTOPbIE MEPEXOAAT B ra3000pa3HOC COCTOSHHE TPH
TEPMHYECKOM HATPEBaHHH HHTEPKAIMPOBAHHOTO Tpa(puTa MM €ro MPOU3BOAHBIX H TEM CaMbIM CO3/A0T
BHYTPHCIIOEBOE JIaBJICHHE, PACIIUPsIOIIee rpahUTOBYIO YacTHIly. B cTaThe TEpMUUCCKH BCIICHEHHbIN rpadur
MOJIyYeH TepMOOOpPabOTKON KPUCTAJUIOTHAPATOB METAUIOB M IPHPOAHOTro rpadura. IToydeH bl paciiu-
pEHHBII TpaduT KCIOJIBL30BAIN B KadecTBe copOeHTa. VccnenoBaHus MOKa3aid BO3MOXHOCTh MOTEHIIUATb-
HOT'O HCIIOJIb30BaHMsI COPOCHTA ISl YAAICHUS TOHKHX MACIISIHBIX IUIEHOK. [T0Ka3aHo, YTO ONTUMAIBHBIM CO-
OTHOIIICHHEM KOMIIOHEHTOB, [P KOTOPOM IOJyYeH HAWIy4lmuii O0ObEM PACIIUPCHUs], SBISICTCS: TIpa-
¢ur : Zn(NOs), x 6H,0 = 2(r) : 8(r); rpadut : FeCl; x 6H,O = 2(r) : 8(r). ABTOpamu npemiokKeH IpocToit u
3¢ HeKTHBHBIN crI0CO0 MOJTyUCHHUSI BCIICHEHHOTO rpaduta, MU KOTOPOM pacIiupeHne rpadura peainusyercs B
OJIHY CTAJIHIO.

Kniouesvie cnosa: rpadut, paclpeHHsblIil rpaduT, MHTEPKAIUPOBAHHOE COCANHEHUE rpaduTa, TEPMOPACILIH-
PEHHBIH Tpadur.
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