EHBEK KbI3BIJI TV OPJEH]II
«2. b. BEKT¥POB ATBIH/IATBI
XITMITA FBIJIBIMJTAPBI ITHCTHT Y ThID»
AKIITOHEPJIIK KO AMDBI

KA3AKCTAHHBIH
XmiMuisl DJKYPHAJIBI

XMMUYECKUM >)KYPHAJI
KA3AXCTAHA

CHEMICAL JOURNAL
of KAZAKHSTAN

AKIITOHEPHOE OBIINECTBO
OPJEHA TPYJOBOI'O KPACHOI' O SHAMEHIT
«IIHCTHTYT XITMITYUECKIIX HAVK
uvm. A. b. BEKTYPOBA»

AHBAPHL - MAPT 2018 .
HN3JAETCAH C OKTAHBPA 2003 TOITA
BBIXOIHT 4 PASA BT O/

ATTMATEBI
2018







XHMEYECKHE RYPHAT RATAYCTAHA

UDE 544 46:665.75:662.7

E E EUDAIBERGENOV: G. R NYSSANBAYEFA" <
D AMANJOLOVA', G 0. TURESHOVA', B. A. BAYTTIMBETOV A,
E E ONGARBAYEV™ Z 4. MANSUROT

'A:]-Pambi Eazakh MNational University, Almary, Pepuoblic of Kazakhstan,
“Institute of Combustion Problems, Almaty, Fepublic of Kazakhstan
*Satpayev University, Almary, Republic of Kazakhstan

THEREMODYNAMICS AND MECHANISM
OF OIL ADSORPTION PROCESS BY THERMOGRAPHITE

Abstract. In this work synthesis of the production of expanded graphite 15 proposed.
It's used as a sorbent for the elimination of o1l It s characterishes, kinetics, and properfies
were mmvestgated. The mechanism of o1l adserphon 15 established. The magmete pro-
perties of thermographite were also deternmined.

Keywords: thermographite, thermodynamies, kinetics, adsorphion, ol absorphion,
reagent composition, ferromagnet.

It 15 common knowledge that cleaning surface and wastewater from o1l 1s one
of the cardinal problems of environmental protection, since oil and oil products
cause enormous damage to the biosphere [1]. A common and substantial lack of
all the known ways of monning can practically be described as the absolhute im-
possibility of the recovery of the collected from the water surface of the odl. It 1s
completely burmed down (method of momtoring combustion), or it falls on the
bottom and 15 subject to dissipation (disincentrves, secondary coils), or it can be
unjustifiably depleted or completely removed from the reagents, enmlsified water
(floating adsorbents), or covil mechanical take (with the reduction of mechanical
constrfution), and such oi will undo by buming with a rubbash or coidl [2, 3]

The new effective sorbent synthesized m [4] on the basis of thermographite
(TEG) 1s devoid of the aforementioned shortcomings. In the studies, natural flake
graphite of the Chelyabinsk deposit of grade GL-1 0.4-0.8 nmum m size was used
(GOST 5279-74), the swelling agent was six-water fernic chlonde [FeCl3 - 6H20)]
and the mitiating agent was metallic magnesium Synthesized during the combus-
tion of cil sorbents possessed high sorption and hydrephobic properties. It has
been established that they can be reduced to the use of non-refined products and
other pollutants to 80 g per 1 g of corn, which 15 facilitated by such properties of
the TEG as a high-speed surplus surface (50-150 m*/g). low density (1-10 kg-m™),
mucrocrystalline strochuwe, to improve the resistance of large chusters of substan-
ces. It should be noted that an easy and hygienic thermomagnet stabilizes the rate
of release on the surface of the water m the course of the day, and after the use of
non-ferrous products m the course of several sideways. At this tzme it can wipe
the water with the surface, as well as out of the water. It is hydrated, chemucally
mnert, electrolytic, ecologic clean, removes non-ferrous products as if they are
reconstifuted or emulsified, as well as in a gasoline state.
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In the next paper [3]. the investigation of the lanematics of the thermogenesis
of the reagent composition on the output of gaseous and solid products m the
frames of the classical ways to the operation of the heterogeneous reactions of the
type S1 — 52 + gas 1s given.

The obtained results allowed to evaluate the effective thermodynamic resis-
tance for different temperatures (table 1).

Table 1 — Effective components of the rapidity of the reagent composidon for varions temparanrses

Temperamrs Effective constant Fres Coefficient
of thermolysis, *C of shortly, k b’ member comrelations
830 0,31 =0,01 0,23 =004 0,993
g30 140 =004 0,03 = 0,06 0,500
1000 215=0,00 0,43 = 0,08 0,991

The calculated values of the effective energy of the activation of the reagent
fornmlation are 176 kl/mol and are close to the E; values determuned by other
methods and presented m the literature.

The authors have proven that the mam routes of the thermolysagic compo-
sition are the stages of dethermalization and ventilation (with the formation of OC
and TRH, respectively), which appear paralleling. If we take into account the
well-known literature [6, 7] and the obligatory for the synthesis of intercalated
graphite compounds of the stages of electron transfer to the oxidizer and inter-
calation of graplute, 1f 15 possible to present the general scheme of the process and
the destruction of 5IG and. in the framework of this scheme. to consider this
Process as one.

The purpose of this study 15 to consider the thermodynamic possibility of
forming thermographite using vanous crystalline hydrates at the interface: the
solid surface of the reagent-air-cil film-water. Crystalline hydrates (FeCl;-6H,0)
can only be intermediate compounds and promote the formation of thermogra-
phite, and as the temperature rises, crystalline hydrates dissolve. Thermodynanme
calculations of the values of the vanation of 1sobaric-isothermal potentials at
different temperatures.

At present, the most frequently used data are the changes in enthalpy (AH),
heat capacity (Cp), entropy (S), Gibbs's energy (AG), and equilibnium constant
(K) at constant pressure. Knowledge of such quantities, first of all, is necessary
for determuming the thermal balances of processes, i calculating the characte-
nstics of equipment and for using them in theoretical works. Moreover, for the
most part, on the basis of data on heat capacity, the effect of temperature on the
enthalpy and entropy of substances and on their variation as a result of the
reaction.

The values of the 1sobar potential are calculated for different temperatures by
the fornmlas:
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T - T
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W PT 298 2
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The values of the standard valoes AH(298) = 0, 5(298) and average molar
heat capacity mean coefficients of the equation (mean=f(T)a=4.1,b=1.02-100
*and ¢ =-2.1-10"") are taken from the reference books [3-9]

Thermodynamic calculations of the valoes of the vanation of isobaric-
1sothermal potentials at different temperatures (table 2).

Table 2 — Isobaric-isothermal potentials of AGT reactions of formation of thermogravenite and
decompositon of crystalline hydrates at diffarent temperanires.

T, i . AGy,
K [ C-'dI .[ C-’ kcal'mol
o L]

873 -2581.6 -1,72 -22376,05
923 -3291.1 -2 36 -2377.33
973 41008 -3.07 -24446.73
1023 5015.6 -3 .82 -2500 21
1073 -G040.8 -4.41 -2564. 10
1123 -T180.9 -5 A8 -2587 28

As follows from the table, the formation of thermographites in the buming of
oil at the interface between the solid surface of the reagent — air-oil film-water — 15
thermodynamically favorable and depends on the kinetic charactenstics. The
existence of crystalline hydrates at different ratios in natural praphite in the
metastable state during the combustion of oil should be observed if the rate of
formation of thermographite 1s sufficiently high With increasing temperature, the
dissolution rates of crystalline hydrates merease.
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Thus, the thermodynamic characteristics of this process indicate its abilify
and direction towards the formation of individual compaction products, up to
thermographite.

The establishment of the mechanism of the o1l adsorption process, the nature
of the adsorbing forces. 1s one of the important problems of physics and surface
chemistry. Figure 1 shows a step-by-step sequence of interaction between the
TEG and the oil film

Figure 1 — Process of interaction of thermographite and oil film on the surface of water

The outer surface of the TEG 1s not homogeneous. In the places of contact of
the particles of TEG and the oil film interaction occurs due to inframolecular
forces. which leads to a decrease in the density of the oil film The increase in the
magnetic moment of such sorbents enhances the effect of their aftraction and the
formation of dendrike-like structures. Such a structure ensures the stability of the
position of the oil slick on the surface. at least in conditions of calm o1l

It 1s known [10] that the surface of any solid covers the double electrical
layer. and the o1l molecules are dipoles, and therefore there is interaction between
the surface of the adsorbent and the oil film Experimental studies of various ad-
sorption cases show that the bond of the adsorbed molecule to the adsorbent can
vary from weak molecular potentials to high values of chemucal energy [11].

The whole process of water punfication from oil contamination with an
adsorbent can be presented in stages. beginning from the moment of the immer-
sion of individual particles (or their conglomerates) of the sorbent into the oil film
on water and interaction with it by the micellization scheme [12].

This process reduces to the fact that on the surface of a solid particle, due to
its hydrophobicity, the process of adhesion of sorbate molecules (o1l) begins and
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pulls them mio dense colloidal formations enveloping the adsorbent particles as
the core of the nucelle. In addition for the aggregates of the adsorbent there 15 a
process of displacement and The mnfroduction of o1l into micellar complexes. The
film of o1l becomes thinner. Since the adsorbent particles have magnetic proper-
ties, the micelles formed also exhibit magnetic properties. Primary complexes
begin to shnnk together, forming the structure of a muxture of cil + sorbent.
Sumultaneously, the process of o1l absomption by moving micelles complexes
continues. The particles of the magnetic adsorbent are aligned. forming an inter-
nal fairly rigid "dendnite-like” structore mside the remaiming oil film on the water
surface. The number and branching of such colonies of mucelles 15 determuned by
the ratio of the amount of spilled cil and the powder scattered over thermogra-
phite. With complete exhanstion of the sorption capacity of thermographite par-
ticles. a stable oil-powder structure 15 formed, which ensures the stability of this
muixture on water.

The molecule and the sorption surface polarize each other and the dipole-
dipole van der Waals interaction between these induced dipoles generates the
heat of adsorption. The heat of adsorption in such cases is usvally of the order of
5 kcal/mol.

A feature of adsorption interactions 15 that the adsorbed molecule interacts
not with one center on the adsorbent surface. but with many neighboring centers.
In thiz case. the total imteraction of the adsorbate molecules with the entire
adsorbent, due to the dispersive forces, 15 always greater than the interaction with
one center of the adsorbent, and the total electrostatic inferaction can be less than
the electrostatic mteraction with one center of the adsorbent.

The oil film does not spread, but 15 fixed on the surface of the water and be-
comes magnetically controlled. The molecules of the swface layer belong to both
phases. But they experience the effect of ntermolecular forces more on the liguid
phase side than on the side of the sohd phase (figure 2).
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Figure 2 — Scheme of the action of intermolecular forces in the volume of a liguid and o its
surface: 1 — moleculss; 2 — sphere of action of forces
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To increase the effect of contraction and complete purification from odl, 1t 1s

necessary etther to add an addibonal amount of magnetic adsorbent, or to ensure
the mobility of the remaiming oil by "disthbing” the swface of the water. In fius
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case, the oil completely coagulates with the sorbent. The resulting mixture exhi-
bits magnetic properties and can be easily controlled when moving through water
and collecting in a container in various ways, including by means of a magnetic
conveyor.

The proposed mechanism of interaction of thermographite and oil film on the
surface of water was confirmed by extended pilot testing of the reagent compo-
sition. and also by the analysis of the obtained TRG with sorbed oil.

Initially. water with a volume of 50 liters is poured into a contamner. then an
oil layer 0.5-1 mm thick is poured onto the water surface. On the surface of the
oil. a small amount of flammable liquid 1s sprayed. in this case gasoline. after
which it 15 ignited (figure 3a). On the surface of burning oil the reagent compo-
sition 1s scattered. The high temperature of the oil heats it. as a result of which
thermogravenite 1s formed over the oil and the burning of o1l gradually decreases
(Figure 3b). At the same time. the formation of thermographite on the surface of
the o1l ends and after a few seconds a complete adsorption of the o1l product takes
place (figure 3c).

a b C

Figure 3 — Formation and use of innovanve reagent formulations as a sorbent
for the elimination of oil n a pilot plant:a) buming of oil on the water surface
with different reagent compositions in the pilot plant; b) formation of thermogranite
and reduction of combustion; <) adsorption of petroleum products

The adsorption capacity of synthesized thermogranite 1s determuned prima-
rily by the state of the surface of the particles and by the dimensions of the adsor-
bing surface. Of the ophthalmic photographs, the thermographite. which is den-
ved from the mechanical sample "20% graphite + 70% [FeCl;-6H,0] + 10% mag-
nesium " can see that the size of its particles vanies from 100 to 1200 pm (figure 4).

The amount of o1l absorbed by thermogravenite also depends on the free area
of the sorbent and the properties of the surface. The increase in the surface area of
the sorbent can be achieved by increasing the porosity.

In figure 5 shown of IR-spectra termographite before and afther o1l sorption.
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Figure 4 — Optical microcirculation of the themmomagnetic image, emitted
from the mechanical "20% graphite + 70% [FeCl,-6H,0] + 10% magnesium"”
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Figure 5 — IR spectra of thenmographite before and after oil sorption

As it 1s seen. after the absorption of oil by thermogravenite, peaks with high
inten- sity appear at the spectrum at 2955, 2923 and 2853 cm”. which are con-
nected with symmetric valence and antisymmetric valence vibrations of the C-H
bond on the surface. The presence of an mmpurity in these values of the alumina
induces adsorption of the naphtha to thermogravenite. In addition. the method of
IR spectroscopy established the presence of carbonylic. carboxyl groups on the
surface of thermogravenite (intense absorption peaks in the 1600-1700 cm-re-
gion).
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It was found that the properties of the carboxyl and carbonyl groups depend

on such properties of thermogravenite as the capacity of absorption, the ability to
exchange and form complex compounds, etc.

Additional orders on the structure of the samples of in-process and thermal
gains are obtained by the method of retrogenic analysis. The retrograde phase
analysis of the subterranean glare of the GL-1 mark (figure 6a) and the themmo-
granite obtained from the reagent composition grafit-FeCl;-6H;O (figure 6b) is
shown on figure 6.
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Figure § — X-ray diffractograms of namre grafite and thermogranite
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The bue Fourier line corresponds to the Bragg-Brentano transformation. The
red line 13 an amorphous phase of carbon by the method of shding X-rays. The
trouble bumps of the diffraction are a charactenistic black amorphous material
confirmung that the thermodynamic transforms the crystal structure of the granite
mto an amorphous, exquisite (figure 6b) [13].

BRFA also shows the magnitude of the defective phase of carbon along with
the small crystal gland of the wron.

Thus, in the present study, thermodynamic calenlations of the formation of
thermogranite. as well as the mechanism of adsorption of il on the surface of the
synthesized sorbent, were proposed for consideration
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TEPMOTPA$EHHT K&METIMEH MYHAR COPEITHACH YPAICTEPIHIH
MEXAHHEMI FoHE TEFMOIHHAMHEACE

HlywricTa meEeHTIMCEE TPAQET ATy CHETE3] HoEe OHEl MYEAHIE CIHIPY cophe=TL
PETIEDS DARIANAEY YCRHEEIMANEl. (JENE CEDAaTTaMackl, EESETHEACE EIES EACHETTEpL
seprem=Em Mysra mymaE agcopboEsce YPIWCIEIE MeXaEHiMl xepceTiires. LoEDam-ax,
TepMoTPAdeENTIE MATERTTIE KaCHEeTTep] AEEIETANLIETEL.

Tyiia cesdep: TEPMOTDANHT, TEDMOIHEAMEES, EHESTHEA, ATCOpOmES, MyEaH clHL-
DY, PRATeHT KOMIOIHIHACE, GHeppOMarEHT.
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TEFMOTHHAMHEA H MEXAHIIM
MMPOOECCA ATCOPEIHH HESTH TEPMOIPASEHHTOM

Mpeznozes CHETE: DOTVISEES BCOFVISEEOTC TPAdETa B ECOONBICEAEHE €T0 Kak
COPOSHETA N8 NMEKEHIANHE HedTH. DulTe HCCneIoBamhl MADAETEDHCTHEH, EHHETHEA H
CEOHCTEA. ¥ CTANOEMNEE MEeNaEH:M Opomecca amcopomEs mehrE Tamse Omins ompegete-
HEl MAarEHTHERE CEOHCTRA TEPMOTpaQesHTa.

Eamaesnie cI0Ba: TepMorpadesEET, TepMoIHEAMEES, KHHETHRA, agcopomes, mad-
TEDOrIOM NS, PeAreETHEH COCTAE, HeppOMarEHT.
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