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Introduction

As materials in the production of sorbents for the absorption of oil and oil products, a
significant number of types of plant and natural raw materials were used: buckwheat and
sunflower husks, walnut, pine and other nut shells, oat and rice husks, corn cobs (waste),
grass processing waste, straw, reed cut, reed inflorescences. The use of all materials that are
potential local raw materials for the production of sorbents makes it possible to link the
disposal of agricultural waste with environmental protection [1-2]. The sorbent based on husk
and nanotubes is a porous material, consisting of 5-10 % silicon oxide and 80-90 % carbon
(by weight). Full-scale tests of sorbents were carried out in a mock laboratory environment.

Experiment

Results Getting sorbents. To obtain sorbents with different ratios SiO,: C, a batch of
sunflower husks was selected. After appropriate washing with 10% sulfuric acid followed by
By washing with distilled water, the washed batch was burned in a muffle furnace in an air
atmosphere to remove volatiles at a temperature of 400-500 °C in the interval of 30 and 60
min, since at this temperature, according to a literature source, adsorption centers are formed.
At the stage of carbonization, the framework of the future activated carbon is formed -
primary porosity and strength [4]. According to thermal analysis data, the main part of the
organic component of the husk is removed already at a temperature of 400-500 °C. A
necessary part of carbonized organic substances is the determination of the carbon content,
since the degree of water purification from oil and oil products depends on the carbon content.
For this purpose, we carried out studies on the carbon content in the obtained sorbent. Study
of sorbents for carbon content. In order to determine the carbon content and ash content of the
obtained sorbent, they were heat treated at 450 °C; the processing time was 2 hours. At this
temperature, there is complete combustion of carbon and practically remains the whitish ash
of carbonized waste. The data on the modes of obtaining sorbents with different SiO,: C ratios
are summarized in Table 1.

Table 1 — Modes of obtaining sorbents

Ne Carbonlzatlcln Carbonization time, min | Carbon content, % | Ash content, %
temperature, °C

I 400 30 95 2:5

2 400 60 90 4,0

3 500 30 80 3,5

4 500 60 60 3,0

As you can see from the table 1, the most effective coal is No. 1. For further research
on water purification from oil, the sorbent with the highest carbon content was selected, i.e.
the sorbent obtained at 400 °C in the pyrolysis interval of 30 minutes. As you know, the main
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indicator characterizing the efficiency of sorbents is their sorption capacity, that is, the ability
to absorb the maximum possible amount of sorbate per unit mass of the sorbent [5]. For this
purpose, studies were carried out on the complete absorption of oil and oil products (gasoline)
by sorbents (Table 2).

Table 2 — Full sorption capacity of sorbents

Sorbent obtained at S . Full sorption capacity
) orption time, hour : -
temperature: For oil For gasoline

1 0,39+0,03 0,22+0,01

400°C 2 0,57+0,04 0,18+0,01

24 0,81+0,07 0,21+0,02

1 0,33+0,03 0,18+0,01

500°C 2 0,35+0,03 0,21+0,02

24 0,72+0,06 0,21+0,01

In the conducted studies of oil capacity within an hour, it was shown that 1 g of
sorbent is capable of absorbing 0.39 g of oil with a further increase with increasing sorption
time. The sorption capacity for gasoline also increases with an increase in the sorption time.
The kinetic dependences of the sorption capacity of the obtained sorbent were studied. This
dependence is shown in Fig. 1.
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Fig. 1 — Dependence of the sorption capacity of the sorbent on the carbonization time

As shown in the data table. 2, the total sorption capacity of the obtained coal is very
low, which will not allow using them for collecting spilled oil products, however, as is known
from the literature, the use of carbonized carbon-containing substances in wastewater
treatment is the most effective sorption method. Based on the data obtained, we decided to
increase the sorption capacity of the sorbent due to the presence in it of nanotubes obtained by
pyrolysis of coke. Study of the dynamic capacity of sorbents. After additional processing
(granulation, chemical modification), high-quality sorbents can be obtained from activated
carbons, similar in parameters to activated carbons. To control the quality of the obtained
activated carbon, careful studies are also required on the requirements for activated carbons,
for example, the total porosity in accordance with GOST 17219 and the determination of the
adsorption activity of coal in terms of methylene blue in accordance with GOST 4453. In
order to determine the possibility of wastewater treatment from oil and of oil products using
the obtained sorbents based on vegetable matter, their sorption characteristics were studied
under dynamic conditions after filtration of the solution to be purified through a fixed bed of
adsorbent.

When determining the characteristics of sorption under dynamic conditions, the rate of
water transmission and the concentration of oil in the treated water were taken into account.
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The initial concentration of oil in water was determined by the gravimetric method [7], based
on the separation of oil products from water by extraction with hexane, chromatographic
separation of oil products from compounds of other classes in a column filled with aluminum
oxide. Sorbent efficiency studies were evaluated for water contaminated with oil
concentration of 23 mg / 1. Preliminary studies were carried out to assess the degree of water
purification depending on the rate of passage through the layer of the studied stationary
sorbent. The volumetric flow rate of water through the fixed bed of the sorbent was (5, 15,
and 30 ml / min). A column 50 cm high and 3 cm in diameter was filled with a 20 cm high
sorbent, the initial solution was fed from above, and it passed by gravity through the sorbent
layer.

The purified water was collected in a collector in portions of 250 ml. At the outlet of
the column, the water is transparent — it corresponds to GOST 3551-46, the purified water is
odorless. It is no longer possible to carry out the residual content of small amounts of oil in
water using the gravimetric method. It is used, as a rule, in the analysis of heavily
contaminated samples and cannot be used in the analysis of samples containing petroleum
products at the MPC level, since the lower limit of the measurement range is 0.3 mg / dm’
with a sample volume of 3-5 dm’. Maximum allowable concentration of oil for drinking
water 1s 0.05 mg / l. The main methods of quantitative chemical analysis currently used in the
determination of oil products in waters are gravimetric, IR spectroscopic, gas
chromatographic and fluorimetric. For this purpose, the analysis of water for residual oil
content in water was carried out by the fluorimetric method on a fluid analyzer "Fluorat-02".
The obtained data on the concentration of oil in purified water are shown in Table 3, which
indicate that the concentration of oil in water is at the MPC level when water is filtered at a
rate of 5 and 15 ml/ min (the volumetric filtration rate is selected).

Table 3 — Concentration of oil in water when using sorbents

The concentration of oil in water at various filtration rates,
Name of sorbent mg/1
0 ml/min 15 ml/min 35 ml/min

The sorbent obtained from 450 °C for]
30 min 0.045 0.07 0.25

At a filtration rate of 30 ml / min. the concentration of oil i1s 0.25 mg / 1, which is
lower than the MPC for fishery waters, the MPC of which 1s 0.5 mg / 1.

In water purification, the filtration rate plays an important role, since the duration of
the contact of water with the sorbent is seconds, and it is very important that in this short time
the water has time to be completely cleared of oil. The dependence of the purification of
contaminated water on the filtration rate is shown in Fig. 2.

Chemical regeneration is understood as the treatment of a sorbent with liquid or
gaseous organic or inorganic reagents at a temperature usually not higher than 100 °C.
Regeneration of the above sorbents by chemical methods is not economically feasible, since it
requires a large amount of reagents, and further processing of the resulting waste becomes a
problem. In order to clean up the contaminated coal, the methods of the most efficient and
cheaper. The regeneration of the used sorbent was carried out by mixing the spent sorbent
with gasoline; after its purification, the sorbent was subjected to heat treatment at 500 °C for
complete removal of oil products. Thus, it was found that, due to its high strength, it can be
regenerated many times.

Separately, it should be noted the results on the sorption characteristics of the sorbent
based on carbonized sunflower husk and nanotubes obtained by pyrolysis of coke. As a
product of processing waste of plant materials and carbon-containing substances containing
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nanotubes, the sorbent provides a high degree of water purification from oil products [8]. The
discussion of the results Effective removal of undissolved, dispersed oil products from water
is also achieved due to the ability of the impurity to adhere to the surface of the filter material.
Therefore, oil sorbents, the physicochemical properties of which meet the technical
requirements for filter media, can be used to remove oil products from wastewater at the
filtration stage.
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Fig. 2 — Dependence of contaminated water purification on the filtration rate through a sorbent layer
with an initial concentration 23 mg/1

The obtained coals from sunflower husks, used at the stage of deep post-treatment,
provide the ability to remove dissolved oil products if the parameters of the porous structure
of the sorbent correspond to the size of the impurity molecules. Active carbons can be used as
filter media if they are properties meet the requirements for such materials. As you know, oil
products in wastewater can be in free, bound and dissolved states. Coarse, free oil products
are removed as a result of sedimentation. To remove finely dispersed and associated
petroleum products, flotation cleaning methods, electrocoagulation and electroflotation
methods are used. As a result of these processes, oil products remain in the water up to 20
mg/l. Deeper purification from finely dispersed, especially emulsified, oil products up to 10
mg/l is achieved in filtration processes. Removal of dissolved impurities up to 0.5-1 mg/I
occurs at the stage of sorption post-treatment.

Conclusion

Analysis of the results on the dynamic sorption of petroleum products showed that
maximum sorption is achieved when using a sorbent obtained at 450 °C in the interval of 30
minutes. Optimized temperature regimes for obtaining a sorbent from sunflower husk and
nanotubes obtained by pyrolysis of coke with different carbon content, common to all these
materials is the hydrophobicity and oleophilicity of their surface. The total sorption capacity
of sorbents for oil and oil products has been determined. The processes of adsorption capacity
of sorbents have been studied under dynamic conditions. The efficiency of sorption and the
specific capacity of the sorbents have been determined. The investigated sorbents can be
returned to the technological cycle after cleaning.
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YK 665.6
Enpnarrap E.

CUHTE3 BUCOKOE®EKTUBHUX COPBEHTIB 3 POCJIMHHUX BIJIXO/IIB

MO>KITUBICTh CTBOPEHHS IIMPOKOTO aCOPTUMEHTY BYTJIELEBUX aJCOPOEHTIB CYTTEBO
MOJIETIIYETHCSA PI3HOMAHITHICTIO BUX1IHOT BYIJIELIEBMICHOI CHPOBMHU Ta TEXHOJIOTIH 1i mepe-
poOku. B naHuii yac OCHOBHOIO CHPOBUHOIO Ul MPOMUCIOBOTO OTPUMAaHHS aJCOPOEHTIB €
JIepeBHUHA, BUKOIHI BYI'ULIS, TOp(, 3aJIMIIKU MEepepoOKH CUIbCHKOTOCIOAapChKOi CUPOBHUHU,
JesIK1 TMOJIIMEPH1 MaTepiaau. 3HA4HO pifllie 3aCTOCOBYIOTHCS JICHIH Ta TEXHIYHUM BYTJIEIb
(caxxa). OgHAK TTOTEHIIIITHO BYTJICIIEB1 aJICOPOCHTH MOXYTh OyTH OTpHMaHi 3 HabaraTto OiuIb-
IIOT0 aCOPTUMEHTY TBEPAMX, PIAKUX Ta ra3onojai0OHUX BYIJIELIEBMICHUX PEYOBHUH, Oarato 3
SKUX PO3IISIIAIOThCA B JIaHUM yac JMIIe SIK HEeMOTpiOH1 MOOYTOB1 Ta MPOMHUCIIOBI BIIXOMIM.
Tak ancopOeHTH 3 33JJ0BUIbHUMHU XapaKTEPUCTHUKAMU, aKTUBHI B KOHKPETHUX TEXHOJIOTTYHUX
mporuecax, MOXyTh OyTH CUHTE30BaHi 3 BIIXO/IIB IEPEBUHU Ta z[epeBHO'l' KopH, JITHIHY Ta Le-
JII0JI03HO-NIANIEpPOBOT HpOMI/ICJ'IOBOCTl aKTUBHOI'O MYIy, IOMYTHHUX ra3iB, 1 T.A4. 3011a JTYLITTHH-
HSl COHSIIHHMKA MPU CIIAJTIOBAHHI npu HecTaui KMCHIO, TAKOX Mae cOpOLiiiHy aKTHBHICTb. Ii
BUKOPUCTOBYBAJIM MPU OTPUMAaHHI COPOEHTY, 3JaTHOIO BJIOBJIIOBATH HAPTONPOIYKTU. MicT-
KICTh 1OTO B TAOOPAaTOPHUX YMOBAX CTAaHOBUTH 1,5-3 1/T, ajie ePeKTUBHICTh OUUIIIEHHS MOXKE
nocsrata 90 1 6ueiie %. YopHa 307a, OTpUMaHa IpH MipOJIi31 JIYIIIIUHHS COHSIIHUKA, Ma€
4yJI0B1 COpOIIiifHI BJACTUBOCTI 1 HE MOCTYHAETHCS 3a SKICTIO KPALIUM MapKaM aKTUBHOTO BY-
runst. O6poOKy MoBepxHi BOAM a0 CTIYHMX BOJ MPOTIOHOBAHUM COPOCHTOM 3/IIHCHIOIOTH 3a
temieparypu Big 0 1o 100 °C. Perenepaliiito BUKOPUCTaHOTO COPOEHTY MOKHA MPOBOJUTH
00pOOKOI0 BYIJIEBOJHEBUMU PO3UYMHHUKAMU OPraHIYHUMH PO3YMHHHUKAMH (CHUPTU TOLIO)
a0o ix cyMillIaMu.

KurouoBi cioBa: copOiisi, Byriyuisi, HadTa, BoJ1a, €KOJIOTIs, JYIIIMUHHS COHSITHUKA 3
HaHOTpPyOKaMHU.
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OnpHarrap 2.

CHHTE3 BBICOKOD®®EKTUBHBIX COPBEHTOB 13 PACTUTEJLHBIX
OTXOJ0B

Bo3MOXHOCTh CO3/1aHUS IIMPOKOIO aCCOPTHUMEHTA YIIJIEPOJHBIX aJCOPOCHTOB CYIIIe-
CTBEHHO OOJjieryaercs pasHoOOpa3veM HMCXOJHOTO YIJIEPOJCOACPIKAILErO ChIpbsl U TEXHOJO-
THid ero mepepaboTku. B HacTosiiee BpeMst OCHOBHBIM CHIPbEM JIJISl POMBIIIUIEHHOTO TOJTY-
YeHUs aJCOPOEHTOB SIBIISIFOTCS JPEBECHHA, MCKOMAeMble YIiIH, TOpQ, OCTaTKU NepepadoTKu
CEeITbCKOXO3SUCTBEHHOTO CHIPhS, HEKOTOPHIE NOJMMEpPHBIE MaTepHalIbl. 3HAYUTEIHHO PEXe
MPUMEHSIOTCS IMTHUH U TEXHUYECKUui yriiepo (caxy). OHaKO NOTEHIUAIBHO YIIepOHbIE
aJICOPOCHTHI MOTYT OBITH TTOJYYEHBI U3 TOPa3I0 OOJIBIIETO ACCOPTUMEHTA TBEPIBIX, YKHUIKUX
M Ta3000pa3HBIX YIIIEPOACOACPIKANINX BEIIECTB, MHOTHE M3 KOTOPBIX PacCMaTPHBAIOTCS B
HACTOSsIIIee BpEMs JIMIIh Kak Oecrolie3HbIe OBITOBBIC U MPOMBINUICHHBIE OTX0AbI. Tak ancop-
OCHTBI C YJIOBIICTBOPUTEIHHBIMHU XapaKTEPUCTHKAMH, aKTUBHBIC B KOHKPETHBIX TEXHOJIOTHYE-
CKHX IPOIIECCax, MOTYT OBITh CHHTE3UPOBAHBI M3 OTXOJOB JPEBECHHBI M APEBECHOMN KOPHI,
JUTHUHA U [EJUTION03HO-0YMaKHOM TMPOMBIIUIEHHOCTH, aKTUBHOTO WJIa, MOIYTHBIX Ta30B, U
T.J.

3071a 1meTyXu MOJICOIHEYHUKA MPH CKUTAHUU TP HEJOCTaTKe KUCIOPO/Ia, TaKkKe 00-
JagaeT COpOIMOHHOM aKTUBHOCTHIO. E€ MCTonb30Baiiv MIpH MOJIy4eHUH COpOEHTA, CIIOCo0-
HOTO YJIaBIMBAaTh HE(TETPOAYKTHI. EMKOCTB ero B TaOOpaTOPHBIX YCIOBHUSX COCTaBIsAET 1,5—
3 1/1, HO 3P PEKTUBHOCTH OUUCTKU MOKeT nocturath 90 u Oonee %. UepHas 301a, MoIydeH-
Has TPH THPOJIM3E HISNyXH MOJICOTHEYHUKA 00JamaeT MpPEeBOCXOJHBIMH COPOIIMOHHBIMHU
CBOMCTBaMH M HE YCTyHaeT M0 KayecTBY JYYIIMM MapKaMm akTHUBHOro yris. OOpaboTKy mo-
BEPXHOCTH BOJIBI MJIM CTOYHBIX BOJ IpeIaraeMbIM COPOCHTOM OCYIIECTBIIIOT IIPH TeMIIepa-
type ot 0 1o 100 °C. Perenepaiuio UCOJb30BaHHOTO COpPOEHTAa MOXKHO MPOBOJUTH 0O0pa-
OOTKOI YTIIEBOJOPOTHBIMU PACTBOPUTEIISIMH OPTaHUYECKUMHU PACTBOPHUTEISIMU (CHUPTHI U
T.I1.) WUIK UX CMECSIMH.

KuroueBrble cjioBa: copOuus, yroiab, HeQThb, BOAA, SKOJIOTHS, LIEIyXa MOJICOJHEYHH-
Ka.

Elnaggar E.
SYNTHESIS OF HIGHLY EFFICIENT SORBENTS FROM PLANT WASTE

The possibility of creating a wide range of carbon adsorbents is greatly facilitated by
the variety of the initial carbon-containing raw materials and technologies for its processing.
At present, the main raw materials for the industrial production of adsorbents are wood, fossil
coal, peat, remnants of processing of agricultural raw materials, and some polymeric materi-
als. Lignin and carbon black (soot) are used much less frequently. However, potentially car-
bon adsorbents can be obtained from a much wider range of solid, liquid and gaseous carbo-
naceous substances, many of which are currently considered only useless domestic and indus-
trial waste. Thus, adsorbents with satisfactory characteristics, active in specific technological
processes, can be synthesized from waste wood and bark, lignin and the pulp and paper indus-
try, activated sludge, associated gases, etc. On the basis of it was received by the sorbent ca-
pable to catch oil. Its capacity is 1-2 g/g, but the cleaning efficiency can reach 90 %. The
black ash walnut shell has excellent absorption properties and is not inferior in quality to the
best brands of activated carbon. Surface treatment of water or wastewater proposed sorbent
was carried out at 0—100 °C. Regeneration of used sorbent spend its processing hydrocarbon
solvents (gasoline, kerosene, etc.) or organic solvents (alcohols, etc.) or mixtures thereof.

Keywords: sorption, coal, oil, water, ecology, sunflower husk with nanotubes.
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