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Abstract Currently, emulsions are used in many branchesndfistry and agriculture. It
explains significant attention paid to issues iroduction, stabilization and breaking of
emulsion.Besides, producing steady emulsions is of impoganenany processes; the reverse
problem, that of demulsification, is important asliwin oil production and treatment of oil
emulsion waste water. This paper studies the bmgaklemulsification) of inverted emulsions
with the help of thermolysis purification B, produced by thermal modification of
purification, a large-scale waste of the sugar stigu

1. Introduction.

Demulsifying is used in such common processes garaton of emulsified water from crude oil and
tar, deoiling of condensate, as well as removauofactants from water-based washing solutions used
in wool scouring, etc.

Methods of emulsion breaking vary and may inclugefollowing stages:

1) reduction in strength and breaking of solid esifigr membranes on the surface of water drops;
2) collision of water globules with each other avith hydrophilic particles, leading to coalescergkg;
lamination and separation of the broken emulsioto iits phases after introduction of special
surfactants.

Different methods are applied to break the protectmembranes on the globules' surfaces:
mechanical stimulus, application of chemicals (@awic acids, aluminum salts, natural inorganic
sorbents, organic compounds); electric methodgritiggation, thermal methods (heating or freezing);
filtration through different substances based oefgential wetting of petroleum products or
powdered solids [1].

The filter bed, through which the emulsion is fidd, may be made of an excelsior, [2], clean sand
[3], fossil flour, clay or marble [4], EF®; or amphibole [5], porous mass of crushed?[6], a layer
of silica, pyrites and other [7-16]

2. Materialsand methods

The targets of research into the model system myte-gurity liquids; the studied oils had low
dielectric permeability and high electric resisenDistilled water was used and diesel fuel oil was
clarified by Petrov's method and twice distillgg; ~ 300°. Thermolysis purifying was used as a solid
emulsifier and emulsion stabilizer.
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The paper [1] contains a thorough study of purifteg a calcium carbonate-containing waste from
sugar production. It is a fine-dispersed calciumbonate CaCOg3), which surface organic compounds
are absorbed during the cleaning of sugar beeudiiffi juice: pectines, sucrates, organic acids,
saponin, nitrogen-free and nitrogen compounds, imthe form of various salts and other mineral
substances.

Thermolysis purification (TEo ) was produced from initial purification by therneeatment at
600 € without access of air in a SNOL electric furnace.

At the temperature of 60Q; a volumetric coloration of the initial purificatt happens: it turns
black due to soot formation on the surface of@Gh€0; particles (Figure 1). Characteristics, physical
and chemical properties of the initial purificatimere thoroughly studied in the paper [1].

c. Co. o The chemical composition of the soot at the surfzfaeaCOs:

€.0, G0, carbon99.65%; hydrogen 0.28%; oxygen 0.08%; ir)organi(stmtces
.0 0 (ash) 0.01%. Carbon at the surface of @€ O3 particles appears as

! t crystallites C,0y). The specific surface of the thermolysis puritica

Oy is 22.2 Mg [1].
C.0y Hydrophobic emulsions were produced in the laboyatby
dispersing distilled or technical water in the diefuiel oil, diesel fuel,
Figure 1: A particle of TDygo crude oil inside a T-302 homogenizer complete veitipaddle mixer
inside a steel liner with the volume of 250 *nfrollowing some
experimentations, an optimal method for preparatibnoncentrated emulsions was selected: mixing
time is 30 min; mixer rotation speed is 3000 rpm.

£.0,

GOy D,

3. Studying the breaking of inverted emulsionswith the thermolysis purification
The inverted emulsions that the authors have dpedi@onsist of organic and inorganic substances;
the main component is water. During the operattbe, emulsion amasses a significant number of
petroleum products (up to 100 g/l). Following itsleof life, the emulsion may be treated togethéh wi
other wastes at effluent water treatment faciliti€® prevent ingress of significant volumes of
petroleum products to the waste waters with thetspmulsion, it is necessary to utilize methods to
break the emulsion and separate the petroleum pradu

At this stage, experiments were conducted in breakiodel emulsions with Tdgy by residue size.
A qualitative characteristic of an emulsion's aggte strength is its lamination speed. It was
determined by measuring the height (volume) of dseparated phase at certain intervals after
production of the emulsion. As an example, Figurehdws a dependency of daily residue of an
inverted emulsion with a concentration of the dispd phase (Ph=0.5) on the concentration a{d D
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Figure 2: Daily residue of a Ph=0.5 emulsion as a functibm@gooconcentration

The data in Figure 2 show that when emulsifier emt@tion increases, the stability of the
emulsion also increases, until it reaches a limaximum atCy = 300 kg/m) and starts breaking the
emulsion instead; the emulsion is completely bro&enhe emulsifier's concentration of 350 kg/m
with complete release of water. Thus, it is neagstganote that depending on its concentrationged D
may serve as a stabilizing emulsifier or as an sionlbreaker for inverted emulsions. As an example,
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studies in dynamics of emulsion breaking are sh@kigure 3) and an electron photomicrograph
(Figure 4), where h is the percentage of emulsésidue for certain moment

Figure 3. Dynamics of demulsification of an emulsion wit=0.5 and stabilized with Tddo
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Figure 4: Electron photomicrograph of an emulsion witi=0.5, With TDggconcentration of 400 kg/n

From Figures 3 and 4, one may conclude that thardyes of emulsion breaking under the action
of emulsifier depends on the amount of emulsifieddexd and the emulsion's dispersed phase
concentration @). The higher® is, the faster the emulsion breaking is for theneseemulsifier
concentration, while for the same value ®f dynamics of breaking increases significantly with
increased concentration of §J9 (Figure 2). In Figure 4, it is evident that artiadicoalescence of the
drops of the emulsion happens there.

After settling an emulsion for a month, a completeaking is observed. Due to the fact that these
demulsifying methods lead to a large volume of medit and the process takes a lot of time; filtratio
through a grainy bed was selected as a methoddaking the "water - diesel fuel oil"* model invette
emulsions. The filter bed consists of layers ofttadysis purification Tlgand sand.

A model emulsion, containing 46.6 mg/l of petroleproducts, passed through the two-layer filter,
the height of each layer of FE3 and each layer of sand (S)@vas 350 mm.

Comparative data for the filtering effect dependorgweight ratio of the filtering materials are
given in Table 1.

Table 1. Results of determining an effect of filtering aluiaction for the filtering load weight

ratio
L . . . Petroleum products, mg/I Degree of
Filtering material Weight ratio in initial water after the filtration purification
3:1 9.32 80.0
Thermolysis 2.5:1 7.46 84.0
purification  (TDso) 2 46.6 > ol
and Volsk sand 11 131 97.2

0.5:1 4.61 90.1
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Comparing the data on results of purification (Ealh) allow concluding, that at a ratio of the
filtering material less than 1:1, there is no fertincrease in the purification degree due to #ue that
with the lower amount of de-emulsifier, the largeletule sorption capacity becomes depleted, and
these molecules cannot be absorbed by the mirmtz s (SiQ). When the filtering materials ratio is
larger than 2:1, the sorbent's capacity is not iséd full extent, leading to increased consumpif
the sorbent and, as a result, to increased costhdopurification process. Thus, the best resuit f
removal of petroleum products was obtained forltfieratio of the filtering materials.

The results of the physical and chemical indicaforspurification of petroleum emulsions with
demulsifier TRy, are shown in Table 2.

Table 2. Physical and chemical indicators of petroleum lsian waste effluent
before and after purification

Indicator's name, Before After purification with Efficiency
Unit purification TDgoc of purification, %
pH 10.0 7.80 -
COD, mgoOl/l 350.0 18.7 94.6
Suspended matter (mg/l) 179.4 0.056 99.9
Petroleum products, mg/l 46.6 1.30 97.2

As the results of the research show, when usingylid break petroleum emulsion effluents,
concentration of suspended material after filtrai®practically zero, that is, the purificatiooifn the
suspended material is complete, COD is reducedplty 94.6%; petroleum concentration - by up to
97.2%;pH is reduced from 10 to 7.8-7.6, while the refraztivdex of the filtrate n is equal to that of
tap water.

4. Conclusions

The experiments on breaking the model emulsiongsghat when emulsifier concentration increases,
the stability of the emulsion also increases, tintiéaches a limit (maximum &, = 300 kg/m) and
starts breaking the emulsion; the emulsion is cetspl broken with the emulsifier's concentration of
350 kg/ni with complete release of water. Depending on dscentration, Ty, may serve as a
stabilizing emulsifier or as an emulsion breakerifiwerted emulsions.

To accelerate the breaking of petroleum emulsibliering through layers of granular load was
selected with the layers consisting of ghfpand sand. The best result for removal of petroleum
products was obtained for the 1:1 ratio of theefiltg materialsThe optimum parameters for the
granular layer filtration process were obtainedddeight is 7 cm, filtration time is 110 min, dilt
capability is 0.043 I/hlt was found out that application of demulsifier ghPfor purification of
concentrated petroleum emulsion effluents redunii@li concentrations of petroleum products to the
values that are within the permitted limits for thater used in circulating water supply (15-20 g/l
Thus, it is recommended to use 60% of the purifiater for recirculation.
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