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Abstract: A modified sorbent based on copolymer of maleic anhydride with methacrylic acid was proposed
for sorption of vanadium (V) concentration. A polymer chelating sorbent with fragments of para-amino
salicylic acid was used in the work. Optimal sorption conditions were determined and the dependence of
sorption capacity on the acidity of the solution studied. At pH 5, the degree of sorption attains its maximum.
The effect of ionic strength on vanadium sorption was studied. Studies have shown that the ionic strength up
to 0.6 mol/l does not affect the sorption, after 0.6 mol/l the increase in the ionic strength at the beginning
gradually, and then sharply decreases the sorption. The effect of ionic strength on vanadium sorption was
studied to show that the ionic strength up to 0.6 mol/l does not affect the sorption, and after 0.6 mol/l the
increase in the ionic strength at the beginning gradually, and then sharply decreases the sorption. All further
experiments were carried out in the solutions with an ionic strength of 0.6. It was found that as the
concentration of vanadium rises in the solution, the amount of sorbed metal increases, and at a
concentration of 810 mol/l it becomes maximum (pH=5,C/ " = 8107 mol/l, Vioa = 20 ml, Mgory. = 0.03 g,
SC = 243 mg/g). The isotherm of vanadium (V) sorption with the synthesized sorbent was constructed.
Sorption equilibrium is achieved within 1 hour of contact between the solution and the sorbent. Further
growth in the sorption time does not change sorbent’s characteristics. The sorbent extracts vanadium (V)
from solutions with a recovery rate of 93%. The effect of different mineral acids (HCIO4, H,SO4, HNO3, HCI)
of identical concentrations on vanadium (V) desorption from the sorbent was also studied. The results of the
analysis showed that the maximum desorption of vanadium (V) occurs in perchlorate acid. The developed
method was applied to determine the trace amounts of vanadium in oil sludge with preliminary
concentration.
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Introduction

Heavy metal ions are among toxic types
of water pollutants. Main toxic metals
hazardous to human life are Cr, Fe, V, W, Co,
Cu, Cd, Hg, As, Pb, etc. Vanadium can exist in
the range of oxidation states from +2 to +5 [1].
Vanadium (IV) and vanadium (V) are mainly
present in the solution under ambient
conditions. The toxicity of vanadium depends
on the degree of its oxidation, and vanadium (V)
is more toxic than vanadium (IV), and its
symptoms of poisoning are sometimes fatal. The
concentration of vanadium in water largely
depends on geographical location and ranges
from 0.2-100 pg-1™ in fresh and drinking water;

from 0.2-29 pg: I in seawater.

Wastewater containing heavy metals
comes mainly from plating plants, mining,
mills, batteries, paper industry and zinc plants
for pesticides, stabilizers, thermoplastics, etc.
These industries directly or indirectly discharge
heavy metals and wastewater into the
environment, especially in developing countries.
Thus, the purification of industrial wastewater
containing soluble heavy metals is necessary to
improve the quality of water [2-5]. Therefore,
the determination of vanadium (V) in natural
waters is required from environmental
protection standpoint. There are several
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analytical methods for the determination of
vanadium in various environmental samples,
including  spectrophotometry  [6,7], mass
spectrometry [8], atomic absorption
spectrometry [9,10]. The direct determination of
vanadium in complex matrices is difficult, since
it occurs at very low concentrations. To obtain
accurate and sensitive results, a suitable pre-
concentration step is required to address these
problems when analyzing real samples.

Of interest are combined methods that coincide

in one technique testing for the presence of
metal through forming colored compounds and
their concentration on various sorbents. For this
purpose, sorption-photometric methods have
recently been widely used, especially by means
of polymer chelate sorbents [11-21]. In the
development of these works, a new method of
sorption-spectrophotometric determination of
vanadium (V) micro-amounts in oil sludge with
preliminary  concentration was proposed.

Experimental part

Equipment. The optical density of the solutions
was measured on KFK-2 photo-calorimeter. The
acidity of the solution was monitored with a
glass electrode on PHS-25 ion meter.

Solutions, reagents, and sorbent. We used
reagents of chemically pure grade for analysis.
A solution of vanadium (V) was prepared by
dissolving an exact weighed portion of the
ammonium vanadate salt in distilled water [22].
Working solutions were obtained by diluting the

original one. The required pH values were
maintained with HCI, NaOH solutions and
ammonia-acetate buffer solutions. lonic strength
was generated with calculated amounts of KCI.
For the photometric determination of vanadium
(V), we used 2,3, 4-tri-hydroxy-3'-nitro-4'-sulfo-
phenylazobenzidine. A  polymer chelating
sorbent with fragments of para-amino salicylic
acid was used in the work. The sorbent was
synthesized as described in [23].

Results and discussion

Effect of pH on sorption. The dependence of
sorption capacity on the acidity of the solution
was studied. The sorption capacity of the
sorbent was explored under static conditions.
Sorption of vanadium (V) was carried out of the
volume of 20 ml of solution. A vanadium
solution is added to 30 mg of the sorbent and
left in a buffer medium at pH = 1-8. The
mixture is filtered off, then measured. The
amount of vanadium remaining in the solution is
found on the basis of the dependence curve of
the optical density on the concentration and the
amount of sorbed vanadium ions is calculated
accordingly. At pH 5, the degree of sorption
passed through a maximum. All further studies
were carried out at pH 5.

Influence of vanadium (V) concentration on
the sorption process. To determine the
parameters characterizing the sorption capacity,
the sorption isotherm of vanadium (V) ions with
the obtained sorbent was obtained. The
dependence of the sorption capacity on the
concentration of vanadium (V) was investigated

(Fig. 1).

As the concentration of vanadium in the
solution rises, the amount of sorbed metal rises
as well, and at a concentration of 8- 10 mol/l it
riches maximum (pH = 5, Cy>* = 8-10° mol/l,
Viotal = 20 ml, Mgorp. = 0.03 g, SC = 243 mg/qg).
The increase in the sorption capacity of the
sorbent can be explained by the formation of
polydentate sorption centers during the matrix
processing.

It is known that the ionic strength of a
solution significantly affects the flexibility of
the solid-phase matrix and the state of
functional groups of the analytical reagent.
Therefore, the dependence of the analytical
signal on the concentration of the KCI solution
was investigated in the range of 0.1-1.2 M. The
negative effect of increase in the ionic strength
of the solution on sorbent properties was
revealed due to the screening of coordination-
active groups by electrolyte ions. All further
experiments were carried out in solutions with
an ionic strength of 0.6 M (KCI).
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SC, mg/g

Co mol/l,x 107%

Fig. 1. Sorption isotherm of vanadium (V) with the obtained sorbent: mg,, = 30 mg,
V=20ml,pH=5

Sorption equilibrium is achieved within
an hour of contact of the solution with the
sorbent. A further increase in the sorption time
does not change the characteristics of the
sorbent.

Desorption study. The effect of different

mineral acids (HCIO4, H,SO4, HNO3, HCI) with
the same concentrations on vanadium (V)
desorption from the sorbent was studied. The
results of the analysis showed that the maximum
desorption of vanadium (V) occurs in
perchlorate acid (Table 1).

Table 1. Influence of different acids concentration on the degree of extraction (%)
of vanadium (V) (n = 5)

Acid Concentration, mol/I Desorption rate, %
HCI 0.5 76
1.0 80
15 87
2.0 91
HCIO, 0.5 81
1.0 86
1.5 93
2.0 93
HNO3 0.5 82
1.0 85
1.5 90
2.0 91
H,SO4 0.5 86
1.0 90
1.5 90
2.0 91

The developed method was applied to
determine the trace amounts of vanadium (V) in
oil sludge with preliminary concentration.

Determination of vanadium (V) ions
in oil sludge after concentration with a
sorbent. 2 g of a sample was evaporated at 105°

C in a graphite bowl for 2 days, then burned in a
muffle furnace at 550-650°C. The resulting ash
was dissolved in a mixture consisting of 8 ml
HF +3 ml HCI +1 ml HNOg3. For complete
removal of HF from the resulting mass, it is
treated 3-4 times with nitric acid at 50-60° C.
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Then the resulting precipitate is transferred to a
100 ml flask, dissolved and diluted to the mark
with distilled water. In the samples prepared for
analysis, the amount of vanadium was
determined by the sorption-photometric method.

The solution is transferred to a flask, the
pH is adjusted to 5 by adding HNOj3 (conc.),
100 mg of the sorbent is added and left for 1

hour. An hour later, the absorbed vanadium (V)
is desorbed by adding 10 ml of 1.5 M HCIO4 to
the separated sorbent. The concentration of
vanadium (V) in the eluate solution is
determined according to the previously
constructed graduated graph (Table 2). The
correctness of the technique was determined by
the addition method.

Table 2. Results of samples analysis of oil sludge (n=5, P=0.95).

Sample Inserted, Found,
pg/ml ng/ml
1 - 0.385+0.04
5 5.279+0.05
10 10.402+0.03
2 - 0.377+0.03
5 5.412+0.02
10 10.234+0,05
Conclusion

Thus, we can conclude that synthetic
sorbents have a high sorption capacity. The
sorption properties of sorbents depend on the
nature of complexing group included in the
composition. Modified chemically, active
groups are capable of forming stable chelates
and ionic associates with metal ions in the

solution. The developed method is more
economical, fast and environmentally friendly
in comparison with those known in the
literature. In addition, it has been found that it is
possible to reuse the regenerated sorbent for
concentration processes.
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POLIMER SORBENTL®O ILKIN QATILASDIRILMA YOLU IL® VANADIUMUN
MIKROMIQDARININ NEFT SLAMINDA TOYINI

’M.B. Hasanova, 'F.N. Bahmanova, ‘F.M. Ciragov, *C.I. Mirzai
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Zahid Xolilov kiicasi 23, Baki, AZ 1148
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Vanadiumun(V) sorbsion qatilasdiridmast iictin malein anhidridi-metakril tursusu sopolimeri asash
modifikasiya olunmus sorbent taoklif olnub. Tadgigat isindo torkibindo p-aminosalisil tursusunun
fragmentlorini saxlayan polimer xelatamalagatirici sorbent tothiq olunmugsdur. Sorbsiyanin optimal soraiti
miiayyon edilmigdir. Sorbsiya tutumunun mohlulun tursulugundan asililigi oyranilib. pH 5-da sorbsiya
maksimumdan kegir. Vanadiumun sorbsiyasina ion qiivvasinin tasiri arasdriimisdir. Todgigatlar gostardi Ki,
ion gtivasi 0.6 mol/l-o gadar sorbsiyaya tosir etmir, 0.6 mol/l-dan sonra ion qiivvasinin artimi sorbsiyani
awal tadricon, sonra isa Kaskin azaldir. Biitiin névbati todqiqatlar ion gqiivvasinin giymati 0.6 olan
Mahlullarda aparilmigdir. Miiayyan olunmusdur ki, vanadiumun mahlulda qatiligi artdigca sorbsiya olunmusg
metalin migdart artir, 8-10° mol/l gatiiginda iso maksimal olur (pH=5, C,"*=8-10" mol/l, v;,.=20 ml,
Msorp-=0,03 q, ST=243 mq/q).Vanadiumun (V) sintez olunmus sorbentla sorbsiya izotermi qurulub. Sorbsiya
tarazligr sorbentin mahlul ilo 1 saat kontaktindan sonra yaramwr. Sorbsiya miiddatinin novbati artimi
sorbentin xarakteristikalarini dayismir. Sorbent vanadiumu mahluldan 93% sorbsiya daracasilo aywrir. Eyni
zamanda vanadiumun sorbentdan desorbsiyasina eyni gatiligli miixtalif mineral tursularin (HCIO4, HySOy,
HNOs, HCI) tasiri dyronilmisdir. Analizin naticolari gostordi ki, vanadiumun(V) maksimal desorbsiyast
perxlorat tursusunda bas verir. Islonmis metodika ilkin qatilasdirilma ilo vanadiumun mikromiqdarlarinin
neft slaminda tayini tictin tatbiq olunub.

Acar sézlar: vanadium(V), tayini, qatilagsdirma, sorbent, neft slami
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OIIPEJIEJIEHHE MUKPOKOJIMYECTB BAHA/ITUA (V) B HE@TAHOM HITAME
IIOCJIE IIPE/IBAPUTE/IBHOI' O KOHHEHTPHUPOBAHUA TI1OJTUMEPHBIM
COPBEHTOM

°M.B. T acanoea, lo.H. baxmanosa, ‘o.Mm. Yuipazos, 1ﬂm.PI. Mup3zau

' Bakunckuii Tocyoapcmeennwiii Yuusepcumem
AZ1148, Faxy, ya. 3. Xawnoea 23
2A3ep6aziaofcaﬁc1<u11 Tocyoapcmeennviii Yuusepcumem Hegpmu u Ipomviuinennocmu
AZ 1010, baxy, Azaonwie,20
e-mail: m.hesenova.74@mail.ru

Jna copbyuonnoeo xonyenmpuposanusi eanaous (V) npediosxcern Moouguyuposantlii copbenm na ocHoge
CconoauMepa MaieuH08020 aHIUOPUOA ¢ MemAaxKpuiosol KUCiomou. B pabome npumenen nonumepHulii
Xenamoobpasylowuti  copbenm ¢ pacmenmamu  N-AMUHOCAIUYUNLOBOU  Kuciomel.  OnpedeieHbl
OnmuManvHvle Ycaosus copoyuu. H3yuena 3agucumocmv COPOYUOHHOU eMKOCmU Om  KUCTOMHOCHU
pacmeopa. Ilpu pH 5 cmenens copoyuu npoxooum uepe3 maxcumym. Bvlno usyueno @nusuue uoHHOU CUTbL
Ha copbyuto eanaous. Hccredosanus nokazanu, ymo uonHas cuia 0o 0.6 moav/n He enusem Ha copoyuio,
nocne 0.6 monv/1 ysenuuene UOHHOU CUbL GHAYANE HOCMENEHHO, A NOMOM PEe3K0o ymeHbuiaem copoyuto. Bee
danvHeuuiue onvlmvl NPOBOOUNU 8 pacmeopax ¢ uonHou cunou 0.6. bviio ycmanogneno, umo ¢ ygenuuenuem
KOHYeHmpayuu 8anaous 6 pacmeope Yeeauduaemcs KOJIUYECm80 COPOUPOBAHHO20 Memalla u npu
Konyenmpayuu 8-1 0 Monv/1 0HO CMaHOBUMCS MAKCUMATHHBIM (pH=5, CV5+=8-] 0° MONB/N, Vo5.=20 Mo,
Meops-=0.03 2, CE=243 me/e). Ilocmpoena uzomepma copoyuu éanaous (V) cunmesupoeanuvbim copoeHmom.
Copbyuonnoe pasHogecue oOocmucaemcsi 8 meuenue 1 uyaca Kxowmaxma pacmeopa ¢ COpOeHmMoM.
Hanvuetiwee ysenuuenue gpemeny copoyuu He usmeHsem xapakmepucmuxu copoenma. Cmenens u3gneuerus
8anaous copbenmom uz pacmeopos cocmasnaem 93%. Taxowce ObLI0 USYUEHO GUAHUE PASHBIX MUHEPATLHBIX
xuciom (HCIO4, H,SO, HNOs HCI) ¢ oounaxosvimu konyenmpayusimu wa Oecopbyuro eanaous (V) u3z
copbenma. Pe3ynbmamsl npo8eOeHHbIX AHANU308 NOKA3AMU, YMO MaKcumanibHas decopoyus eanaous (V)
npoucxooum 6 nepxiopamuou Kuciome. Paspabomannviii memoo npumenen Ons  onpeodeneHus
MUKPOKOIUYECTNE 8AHAOUS 8 HEQMAHOM UIaMe C NPeO8apUMenbHbIM KOHYEHMPUPOBAHUEM.

Knrwouesvie cnoesa: sanaouii (V), onpedenenue, Konyenmpuposanue, COpoeHm, Hepmanou uiam.
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