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CONCENTRATION AND DETERMINATION OF VANADIUM (V) BY SORBENT
CONTAINING FRAGMENTS OF N, N' — DIPHENYL — GUANIDINE

'F.N. Bahmanova, °M.B. Hasanova, 'F.M. Chiraghov, 'C.I. Mirzai

'Baku State University,

Z. Xalilov str., 23. Baku, AZ 1148
*Azerbaijan State Oil and Industry University,
20, Azadlyg Ave., AZ 1010, Baku, Azerbaijan

e-mail: m.hesenova.74@mail.ru

Received 28.08.2020
Accepted 11.08.2020

The sorption and complex-forming properties of a modified sorbent based on a copolymer of maleic
anhydride with methacrylic acid in regard to vanadium (V) were studied and main parameters of metal
sorption determined. Sorbent containing fragments of N, N' — diphenyl — guanidine for the selective
extraction of vanadium (V) from solutions were proposed. The sorbent was synthesized according to well-
known methods. The optimal conditions for sorption were determined. The sorption was studied under static
conditions. In the presented work, a main emphasis was laid on the study into the effect of pH of the medium,
time, ionic strength, and metal concentration in a solution on the vanadium sorption. A maximum degree of
vanadium extraction by the sorbent was achieved from pH 5 solutions. The influence of the ionic strength of
the solution was studied by photometric method. Vanadium (V) was sorbed from solutions containing 0.1-1.4
M KCI. Results of the study showed that a significant decrease in metal sorption was observed in KCI
solutions with a concentration of more than 0.6 M. Results of the analysis showed that the sorption
equilibrium was achieved in 2 hours. As the concentration of vanadium in the solution increased, its sorption
rose as well, and at a concentration of 8-10° M it reached maximum: static capacity = 253 mg/g. Also, we
researched into possibilities available to determine the conditions for desorption of vanadium (V) with
various mineral acids (HCIO,4, H,SO,4, HNOs, HCI) after concentration on the proposed sorbent. Analysis
results showed that vanadium (V) was quantitatively desorbed by 2 M HNOs;. Multiple uses of the
regenerated sorbent for concentration are possible. The degree of extraction of vanadium (V) under optimal
conditions exceeded 95%.

Keywords: sorption, modification, vanadium, degree of extraction, desorption

DOI: 10.32737/2221-8688-2020-3-361-365

Introduction

Analysis of natural and industrial low (u = 0.005), after this, the sorption value

objects aimed at extracting and determining the
vanadium is carried out using various
physicochemical methods [1-6]. However, the
capabilities of the above methods do not always
make it possible to determine trace amounts of
toxic elements in objects of various
compositions. Most of the sorbents used in the
course of concentration have certain
disadvantages. In some cases, sorption occurs at
a high temperature, while no absorption of
metal occurs at room temperature [1, 5]. Some
of them have a low sorption capacity in relation
to vanadium [2, 3, 5, 6]. In some applied
concentration methods, the ionic strength is too

decreases [4]. Granting this, it is important to
develop new, simple, sensitive techniques for
their extraction and determination at a level well
below the maximum permissible concentration.
Recently, sorption methods have been widely
used [7-17].

In this work, we propose a new method
for the sorption-spectrophotometric
determination of micro-amounts of vanadium
(V). The proposed technique is based on the
preliminary concentration of vanadium (V) from
an object using a polymeric chelate sorbent
containing fragments of N, N' — diphenyl —
guanidine.
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Experimental part

Equipment. The acidity of the solution was
monitored with a glass electrode on a PHS-25
ion meter. The optical density was measured on
a KFK 2 photo-colorimeter (I =1 cm).

Solutions, reagents, sorbent. Reagents
of chemically pure grade were used. A solution
of vanadium (V) (10 M) was prepared by
dissolving an exact weighed portion of the
ammonium vanadate salt in distilled water
according to method 18. Working solutions
were obtained by diluting the original. The
required pH values were maintained with HCI,
NaOH solutions and ammonia-acetate buffer
solutions. To maintain a constant ionic strength,
a KClI solution was used.

2,3,4 — tri-hydroxy — 3' — nitro — 4' —
sulfo-phenylazo benzidine (R) was obtained by
azo-coupling of a diazotized amine with
pyrogallol in a weakly acidic medium as
described in [19].

N, N' — diphenyl — guanidine fragments
were used as solid phase. It was synthesized as
described in [20]. For use in the analysis, the
sorbent granules were ground in an agate mortar
and sieved through a sieve (0.14 mm).

Experimental technique. The sorption
was studied under static conditions. When
studying sorption under static conditions, a
solution of vanadium (V) was introduced into a
graduated test tube with a ground stopper, and
an ammonium acetate buffer solution was added
to create the necessary acidity to a volume of 20
ml. Besides, 0.05 g of sorbent was introduced,
the tube was closed with a stopper and left for 2
hours; then the solution was decanted. The
concentration of vanadium (V) in the eluate was
determined photometrically using 2,3,4 — tri-
hydroxy — 3' — nitro — 4' — sulfo-phenylazo
benzidine. The vanadium (V) concentration was
calculated using a calibration graph.

Results and discussion

During the study, the main attention was paid to
the study of the effect on the sorption of
vanadium (V) of pH, its time, ionic strength,
metal concentration in the solution.

Influence of the medium acidity on the
sorption process. A maximum degree of
vanadium (V) extraction by the sorbent is
achieved through solutions with pH 5. The
dependence of sorption on time was studied.
Results of the study showed that sorption
equilibrium was achieved after 2 hours of
sorbent’s contact with the metal. For all further
experiments, the time to establish the sorption
equilibrium was 2 hours.

The influence of the ionic strength of
the solution was studied by the photometric
method. Vanadium (V) was sorbed from
solutions containing 0.1-1.4 M KCI. Results of
the study showed that a significant decrease in
metal sorption was observed from KCI solutions
with concentration of more than 0.6 M.

Influence of vanadium (V)
concentration. As the vanadium (5)
concentration in the solution increases, its
sorption increases as well and at a concentration

of 8:10° M it reaches maximum: static capacity
=253 mg/g.

The possibility of vanadium (V) desorption on
the proposed sorbent by different mineral acids
after concentration (HCIO4, H2SOs, HNOs,
HCI) was studied and auxiliary conditions
determined. Analysis results showed that
vanadium (V) was quantitatively desorbed by 2
M HNO;. Multiple uses of the regenerated
sorbent for concentration are possible.

After determining optimal concentration
conditions, the developed method was
successfully applied to determine the

microquantities of vanadium (V) in the water of
the Agstafa River, Gazakh region of Azerbaijan
with preliminary concentration (see Table).
Performing analysis. 30 ml of the
filtered analyzed sample was brought to the
desired pH value by adding HNO3 and left for 2
hours in a round-bottom flask with 100 mg of
sorbent. The sorbed metal ions were eluted with
5 ml of 2 M HNOs; In the eluate, the
concentration of vanadium (V) was determined
photometrically. Results were calculated
assuming 100% extraction of vanadium (V).
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Table 1. Results of vanadium (V) determination (V) in the Akstafa river,
Kazakh region of Azerbaijan (n =5, P = 0.95)

Found by photometric method, V, | Found V, mkg/I
mkg/I (ICP-OES thermo ICAP 7400 DUQ)
2.81+0.029 2.88+0.031

Conclusion

The study showed the possibility of using a
matrix of maleic anhydride copolymer with
methacrylic acid modified with N, N ' —
diphenyl guanidine for the sorption-photometric
determination of vanadium (V). The sorbent
used for the determination of trace amounts of

vanadium (V) has higher sorption properties
(sorption capacity, analysis time, concentration
temperature, influence of ionic strength) in
comparison with those known in the literature [1
— 6]. The proposed sorbent can be reused for 7-8
cycles.
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Malein anhidridinin metakril tursusu ilo sopolimeri osasli modifikasiya olunmus sorbentin va-
nadiuma (V) gora sorbsiya vo kompleksomalogatirici xassalori dyranilmis vo metalin asas sorbsiya
parametrlori toyin olunmusdur. Vanadiumun (V) mohluldan selektiv ayrilmasi {igiin torkibinds
N,N'-difenil quanidin fragmentlori olan sorbent toklif olunub. Sorbsiyanin optimal soraiti miioyyon
olunub. Sorbsiya statik soraitdo todqiq olunub. Toqdim olunan isdo vanadiumun sorbsiyasina
miihitin pH-1, zaman, ion qiivvesi, metalin gatiliginin tosirinin Gyronilmosine xiisusi digqot
ayrilmigdir. Vanadiumun sorbsiyasinin maksimal qiymati pH 5-do miisahido olunur. Mahlulun ion
qiivvesinin tosiri fotometrik metodla Oyronilmisdir. Vanadiumu (V) 0,1-1,4 M KCI qatiligh
mohlullardan sorbsiya edirdilor. Tadqiqatin naticolari gdstordi ki, metalin sorbsiyast KCl-un qatilig
0,6 M-dan ¢ox olan mohlullarda azalir. Analizin naticolorine asason miioyyon olundu ki, sorbsiya
tarazlig1 2 saatdan sonra yaranir. Mohlulda vanadiumun gatiligiin artmasi ilo onun sorbsiyasi artir
vo 8:10° M gatiliginda maksimum olur: statik tutum 253mq/q. Eyni zamanda vanadiumun toklif
olunan sorbent iizorinds sorbsiyasindan sonra miixtolif mineral tursular1 ilo (HCIO4, H2SO4, HNO3,
HCI) desorbsiya soraiti vo imkanlar1 todqiq olunmusdur. Analizin naticalori gostordi ki, vanadium
(V) 2 M HNOgs; ilo miqdari desorbsiya olunur. Regenirasiya olunmus sorbentin qatilagdirilma {i¢iin
dofolorlo istifadesi miimkiindiir. Vanadiumun(V) optimal soraitdo sorbsiya doracosi 95%-don
yiiksokdir.

Acar sozlar: sorbsiya, modifikasiya, vanadium, ayrilma doracasi, desorbsiya.
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Nzydensr copOIMOHHBIE M KOMILIEKCOOOpa3yIoe CBOMCTBA MOAM(HUIIMPOBAHHOTO COpOEHTa Ha OCHOBE
cormomMepa MaJIeMHOBOTO aHTHUAPUIA C METAKPWUJIOBOM KHCIOTOW IO OTHOmIeHWIo K BaHaawio (V) u
OTIpezieNieHbl OCHOBHEIE TTapaMeTphl copbunm Mmeramia. [Ipemmoxken copOeHT, comepxkarmmii hparMeHTsl N,
N' - n#udeHun-ryanuguHa s CeNeKTHBHOrO w3BiedeHus BaHamus (V) m3 pactBopoB. CopOeHT
CHHTE3MPOBaH 10 W3BECTHON Meroauke. OmpeneneHsl ONTUMAalbHBIE YCIOBHS copoumu. CopOuunio u3ydanu
B CTaTWYECKUWX YCIOBHAX. B mpemcraBieHHOW paboOTe OCHOBHOE BHHMaHHE OBUIO YEIEHO H3YYEHHUIO
BIUSHUS Ha copOumio BaHaaws pH cpenbl, BpeMeHH, NOHHON CHIIBI, KOHIIGHTPAIMd METaJlla B PacTBOpE.
MakcuManbHasl CTeleHb HM3BJICUCHUS BaHAIUs COPOEHTOM MocTuraercss u3 pactBopoB ¢ pH 5. Bmusxue
WOHHOHM CHIIBI pacTBOpa M3ydeHO (OTOMETpHYecKnM MeTonoM. Banamuit (V) copOmpoBamu u3 pacTBOPOB,
comepxamux 0.1-1.4 M KCIl. PesynpraThl uccnemoBaHWs TOKa3alld, YTO 3HAYUTEIHHOE YMEHbBIICHHE
copOrmu Metamna Habmromanocs u3 pactBopoB KCI ¢ xoHnenTpanueit 6omee 0.6 M. Pesynprarsl anammza
MOKa3ajy, 4TO COPOIMOHHOE paBHOBeCcHE JocTuraercs mocie 2 4acoB. C yBeNIWYEeHHEM KOHIIEHTPAIUU
BaHAIMS B pAacTBOPE YBENMYMBACTCS ero copOums u npn Kommentpammk 8:-10° M cramoBures
MaKCHMAaJbHOM: CTaTHYecKass eMKOCTh 253 Mr/r. beima Takke HCCIeOBaHA BO3MOXKHOCTb W OIpPEENIeH bl
ycnoBus aecopounu Banaaus (V) pasapiMu muHepanbHbiMu Kuciotamu (HCIO,4, H,SO,4, HNO3, HCI) mocne
KOHIISHTPUPOBaHMsI Ha TpemjaraeMoM copOeHTe. PesymbraThl aHamm3a mokaszanu, uyTo BaHamuil (V)
Kon4decTBeHHO necopoupyercs 2 M HNOj;. Bo3aMoxHO MHOTOKpaTHOE HCTIONB30BAHHUE PEreHepUpPOBAHHOTO
copbeHTa Ia KoHIeHTpupoBaHus. CremeHbp wu3BnedeHWss BaHamus (V) B ONTUMANBHBIX YCIOBHUSX
npesbimaer 95%.

KaroueBsle cinoBa: copOiusi, MoguduKamnys, BaHaIUH, CTEIIEHb U3BIICUEHUS, 1eCOPOIIHI.
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