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Abstract: Alkaline synthesis of double co-oligomers of 2-propenylphenol and formaldehyde (synthons) was
carried out at 92-95°C, for 3 hours and ratio of 1:2.5 mol (their yield are 93% of theory)Interaction of
maleic anhydride with the obtained olygomers at 80°C in the presence of 0.5% benzoyl peroxide for 10 hours
produced copolymers of a three-dimensional cross-linked structure (with a yield of 90%). By treating them
with hot water, a sorbent was obtained to contain both propenyl and carboxylate fragments in the structure -
active centers of chemisorption. The functional sorption properties of the copolymer were studied under
static conditions, in model water systems. The influence of the pH of the medium, the concentration of uranyl
ions and the exposure time on the degree of their sorption at room temperature were studied and it was
found that the best results are achieved at pH 6 and for 24 hours (R=93%). Uranyl ions can be easily

desorbed with mineral acid and the crosslinked copolymers can be reused.
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Introduction

The development of effective sorption
methods for the purification of water systems
from heavy metals, radionuclides, and other
environmentally hazardous substances is one of
the priority areas of chemical science [1-4].
Sorption methods based on the use of cross-
linked polymeric materials with various active
adsorption sites, such as amino, sulfo, carboxy,
and other groups, occupy an important place
among them [5]. They can be used alone or in
combination with inorganic modifiers to isolate
and even concentrate trace amounts of ions from
environmental objects, which is often
impossible when using other purification
methods.

While developing new sorption polymeric
materials, the main attention is paid to the
availability of used monomers, solvents, and
other excipients, as well as the simplicity of the
technology for implementing their synthesis
processes. In this regard, syntheses using

various alkenylbenzenes, maleic anhydride,
acrylonitrile, formaldehyde, and other available
compounds attract the greatest attention of
researchers [6,7].

The work [8] describes the synthesis of
phenol-formaldehyde co-oligomers based on
phenol and formaldehyde, which are further
used to obtain a cross-linked material. First, the
interaction of o-benzoyl-benzoic acid chloride
with phenol in the presence of a ZnCl, catalyst
synthesizes 3-phenyl-3(4)-hydroxyphenyl)
phthalide which is then introduced into the
polycondensation reaction with formaldehyde in
the presence of catalytic amounts of ammonia at
their various ratios (from 5:95 to 40:60% wt). In
this case, phenol-formaldehyde co-oligomers of
the resole type are formed, which are used as
raw materials for the synthesis of heat-resistant
cross-linked copolymers.

Composite polymeric material intended
for the adsorption of uranyl ions from natural
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and waste waters, as indicated in [9], can be
synthesized by graft copolymerization of
polyacrylamide and chalkocarboxylic acid.

Our studies have previously shown [10]
that effective sorbents for the extraction of
uranyl ions from aqueous systems are Cross-
linked copolymers based on alkenyl-substituted
phenols, formaldehyde, and maleic anhydride.

This article presents the results of the
synthesis of cross-linked copolymers containing

fragments in the structures; results of the study
of their functional sorption properties with
respect to uranyl ions from model aqueous
systems under static conditions (depending on
the pH of the medium, the concentration of
uranyl ions, time, and other factors) on sorption
capacity of the sorbent (SCS) and, finally, the
degree of their extraction (R, %).

The synthesis of cross-linked copolymers
was carried out according to the scheme below:

phenol hydroxyl, propenyl and carboxylate
OH OH
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Experimental part

During the work we used:
- 2 propenylphenol, obtained by a known
method [11], Tmer 36.5-37°C

- formalin (37% formaldehyde aqueous
solution)
- maleic anhydride - reactive, recrystallized
from a benzene solution, T e 54°C.
a) Synthesis of double co-oligomers of 2-
propenylphenol and formaldehyde

To three-necked flask equipped with a

thermometer, a stirrer, and a reflux condenser
13.4 g (0.1 mol) of 2-propenylphenol and 0.2 g
(0.005 mol) of NaOH dissolved in 10 ml of
water were added. The mixture was heated to
40-45°C, then 20.8 ml of formalin was added to
the mixture, and co-oligomerization was carried

out with stirring for 3 hours at a temperature of
92-95°C. Upon completion of the process, the
mass was washed several times with warm
distilled water and dried under vacuum. The
yield of double co-oligomers is ~19.4 g (93% of
theory). They are solids with grey color, highly
soluble in acetone, cyclohexanone, ethanol.
M.p. 110-115°C.

The structures of double co-oligomers and
obtained  cross-linked  copolymers  were
confirmed by IR spectroscopy data. The IR-
spectrs on a Varian 3600 FI-IR
spectrophotometer (Bruker, Germany). The
absorption bands at 647, 723, 754, 802, 883 cm’
! belong to the bending vibrations of aromatic
CH bonds characteristic of the aromatic ring of
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2-propenylphenol, the absorption bands at 1146,
1212 cm-1 refer to the bending and stretching
vibrations of C—O -groups, absorption bands at
1372 cm ™ - to bending vibrations of C—H bonds
at CH, and CHs, bands at 2875, 2925, 2962,
3332 cm* — to stretching vibrations of the OH
group.

To determine the molecular weight of the
synthesized co-oligomers and MWD fractions,
laboratory studies were carried out on a Kovo
gel chromatograph (Czech Republic) equipped
with a refractometric detector and two columns

_G -G

g M

Ile:Z'vliWi

where Mw is the average molecular weight;
Mn - number average molecular weight;

filled with Separon SQX adsorbent (particle size
7 um, diameter 100A). The process of
separating cooligomers into fractions was
carried out at a temperature of 25°C.

Separate fractions were eluted with a polar
solvent (dimethylformamide). Its feed rate to the
column was 0.3 ml/min. In the work,
polyethylene glycol was used as a standard. For
the determined molecular weight, a plot of IgM
versus vr Wwas plotted. Calculations were
proceeded from the equation [12]:

. ke

n_ZMI

Mi - molecular weight corresponding to the i-th area;

w; - IS the mass fraction of the i-th part.

b) Structuring of double co-oligomers of 2-
propenylphenol and formaldehyde with maleic
anhydride

The process of structuring (crosslinking)
of co-oligomers with maleic anhydride was
carried out in glass ampoules in the presence of
benzoyl peroxide initiator. Calculated amounts
of cooligomers, maleic anhydride, and benzoyl
peroxide were loaded into the preliminarily
prepared ampoules. The ampoules were cooled
with dry ice, evacuated and sealed in a stream of
nitrogen, then were transferred to an
ultrathermostat (at a temperature of 80°C),
where they were kept for 5-6 h.

Upon completion of the structuring
process, the crosslinked copolymers were
separated from the soluble ones in a Soxhlet
apparatus by treatment with boiling benzene.
¢) Hydrolysis of the synthesized cross-linked
copolymers with water

The crosslinked copolymers were treated
with hot distilled water for 2 hours in order to
open the anhydride groups and obtain structures
containing succinic acid fragments.

The structure of the obtained carboxylate
type crosslinked copolymer material was
confirmed by IR spectroscopy data. The
structure of the resulting carboxylate type
crosslinked copolymer was confirmed by IR
spectroscopy data. The absorption bands at 753,
815, 883 cm* refer to bending vibrations of
aromatic CH bonds characteristic of the
aromatic ring of 2-propenylphenol, the
absorption bands at 1147, 1206 cm™ refer to
bending and stretching vibrations of the C-O
group, absorption at 1376, 1463 cm™® - to
bending vibrations of C—H bonds at CH, and
CHs, bands at 1650, 1714 cm™ — to stretching
vibrations of the C=0 group, bands at 2928,
2964, 3388 cm* to the stretching vibrations of
the OH group.

d) Method for determining the sorption
properties of cross-linked copolymers (with
respect to uranyl ions)

To reveal the possibility of using the
synthesized cross-linked copolymers as a
sorbent for the extraction of uranyl ions from
model aqueous systems, a HPGe y-spectrometer
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(with a germanium detector, manufactured by
Canberra, USA) was used.
To assess the effectiveness of their action,

the content of 238U and 235U isotopes in an
aqueous solution (before and after sorption) was
measured under specified conditions [13]:

Where Ay, and Ay, is the activity of radionuclides *°U and **U, respectively, Ay,,, and

Mu,;, are the half-lives of radionuclides ***U and ***U, respectively, N4 is the Avogadro number,
mY# and m“# are the masses of radionuclides ?*°U and “**U respectively, M"# and M are the
. . . . Ujss Uy .
atomic masses of radionuclides 2°U and *®®U, respectively, 7/2“u 72" are the half-lives of

radionuclides U and *®U respectively.

R ="2.100 %

o

CEC =22 . 1000 mg/g  [14]
Meope

Co - concentration of uranyl ions in solution before sorption, mg/L
C - concentration of uranyl ions in solution after sorption, mg/L

R - is the degree of sorption, %

Msory - 1S the mass of the taken sorbent; mg

Mpogl IS the mass of the extracted substance; mg
SCS - is the sorption capacity of the sorbent, mg/g

Results and its discussion

The results of gel chromatographic studies
showed that synthesized by us the double co-
oligomers of 2-propenylphenol and
formaldehyde are comparatively low molecular
weight compounds. The average molecular
weights of M,, and M,, are respectively 5580 and
1440 ( My, / M, 3.87 ) According to MWD,
~65% falls on the relatively high molecular
weight (M,, 7040, M, 5050, My, / M, 1.57), low
molecular weight part is ~ 35% (M,, 760, M,
580, M,, / M, 1.31). This can obviously be
explained by the effect of phenolic hydroxyl on
the termination of growing cooligomeric chains
during the synthesis of double cooligomers of 2-
propenylphenol and formaldehyde.

The  structures of the  obtained
cooligomers contain reactive propenyl groups,
which can easily participate in the reaction of
radical copolymerization with maleic anhydride
in the presence of various initiators, in particular
benzoyl peroxide (through the intermediate
formation of a donor-acceptor complex with
charge transfer). Apparently, the reaction of

graft copolymerization occurs first, and three-
dimensional structures are formed at the late
stages of transformations. As is known, the
density of the network is dependent not only
upon the structure of the initial co-oligomers
(synthons), but also on the nature of the cross-
linking comonomer, in particular, maleic
anhydride, and, finally, on the structuring
conditions. They have high thermal properties,
as evidenced by the results of DTA and TG
analyses.

Table 1 shows the results of studies into
the influence of the pH of the medium of the
initial concentration of uranyl ions and the
duration of the process, the degree of their
extraction (R,%) from the model aqueous
system, as well as the static capacity (CEC) of
the used crosslinked copolymer. It found that a
high degree of sorption (93%) with an initial
concentration of uranyl ions of 155.2 mg/l is
achieved at pH 6, time 24 h. SCS is 240.7 mg/g.
A further increase in pH to 7-8 leads to a
decrease in the degree of sorption of uranyl ions
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to an average of ~75%, while the SCS is ~195.0 results of these studies showed that pH 6 can be
mg/g. With a further increase in pH to 10-13, a considered the best conditions for the extraction
sharp decrease in sorption occurs. Thus, the of uranyl ions from an aqueous solution.

Table 1. Effect of medium pH and uranyl ion concentration on R and SCS (initial uranyl ion
concentration 155.2 mg/l)

Concentration of uranyl ions in water | Sorption degree of
pH solution after sorption, mg\L uranyl ion (R,%) | SCS, mg/g
1 143.1 7.8 20.2
2 120.9 22.1 57.2
3 88.1 43.2 111.8
4 54.6 64.8 167.7
5 20.7 86.7 224.2
6 10.8 93.0 240.7
7 36.6 76.4 197.7
8 38.9 74.9 193.8
9 91.2 41.2 106.7
10 101.3 34.7 89.8
11 116.4 25.0 64.7
12 109.7 29.3 75.8
13 135.4 12.8 33.0
14 115.6 25.5 66.0

The results of these studies showed that slightly acidic environment (pH 6 ).
the effective degree of recovery is achieved in a

Table 2. Influence of duration on the process of sorption of uranyl ions (pH 6, initial concentration
of uranyl ions 155.2 mg/L)

Time, | Concentration of uranyl ions in water Sorption degree of SCS,
hours solution after sorption, mg\L uranylion (R,%) mg/g
0.25 144.3 7.0 18.2
0.5 136.2 12.2 31.7
1 121.5 21.7 56.2

2 102.3 34.1 88.2

4 76.8 50.5 130.7

6 51.2 67.0 173.3

8 45.1 70.9 183.5
10 32.6 85.3 204.3
12 29.7 80.9 209.2
20 14.2 90.9 235.0
24 10.7 93.1 240.8
27 10.8 93.0 240.7
30 10.7 93.1 240.8
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Table 3 shows the results of studies to
identify the duration of the process of sorption
of uranyl ions (initial concentration of 155.2
mg/L, pH 6). With a further increase in the
exposure time to 27 and 30 hours, the indicators
of the sorption process practically do not
change.

It was established that the process of
trapping uranyl ions by cross-linked copolymers
was also significantly affected by the holding
time. A 50% degree of their extraction is
achieved in 4-5 hours. The maximum degree of
extraction (more than ~93%) occurs for at a
duration of 24 hours. Obviously, the process of
binding uranyl ions by a carboxylate copolymer
is preceded by their diffusion.

Table 3 shows the results of studies into
the influence of the concentration of uranyl ions
in an aqueous solution of their extraction (R)
and SCS (at pH 6, time 24 hours).

As can be seen, depending upon the initial
concentration of uranyl ions, the degree of their
extraction (R) varies from 63.2 to 93%. At low
concentrations (38.0 and 45.6 mg/l), R does not
exceed ~63-66%, the maximum value of R
(93%) is achieved when using a solution
containing 140.6 mg/I of uranyl ions, while SCS
is 217.8 mg/g. With a further increase in their
concentration to 197.4 and 260.1 mg/L, the
sorption indices average 70%. Thus, the
synthesized sorbent can be used both in dilute
and concentrated solutions.

Table 3. Effect of the initial concentration of uranyl ions in aqueous solution on R and CEC (pH 6,
sorption time 24 h)

Ay, BK\L A, BK\L Co mg\L Ce, mg\L R,% SCS, mr/r
22.5 7.6 38.0 12.8 66.3 42.0
27.0 9.9 45.6 16.8 63.2 48.0
44.0 8.3 74.4 14.1 81.1 100.6
83.1 5.8 140.6 9.9 93.0 217.8
116.7 34.8 197.4 58.9 70.2 230.9
153.9 45.7 260.1 77.4 70.3 304.6
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1.G. Alkenylphenols: production,

2-PROPENILFENOL VO FORMALDEHID 9SASINDA KARBOKSILAT TiPLi
SORBENTIN SINTEZi VO MODEL SISTEMLORDO URANIL iONLARINA
QARSI ONUN XASSOLORININ OYRONILMOSI

M.R. Bayramov, A.M. Maharramov, G.M. Mehdiyeva, $.C. Quliyeva, M.A. Agayeva

Baki Doviat Universiteti,
AZ-1148, Z.Xalilov kii¢. 23, Azarbaycan, Baki
e-mail: guliyevashahla@hotmail.com

Xiilasa: 2-propenilfenol va formaldehidin (sintonlarin) ikigat sooliqgomerlarinin galovi istirakinda sintezi 92-
95°C temperaturda, onlarin nisboti 1:2.5 mol gotiirilmoklo 3 saat miiddetindo aparilmisdir. Cixim ~93%
toskil edir. Malein anhidridinin sintez olunmus sooliqomer ilo 80°C temperaturda 0.5% benzoil peroksid
inisiatoru istiraki ilo 10 saat orzindo garsiligli tosiri tikili sopolimer amoala gatirir. Cixim ~90% toskil edir.
Onlant gaynar su ilo bir nego dofo yuyarag, daha sonra asetonla ekstraksiya edorok, strukturunda aktiv
kimyavi sorbsiya markazlori - ham propenil, hom do karboksilat fragmentlori olan sorbent alinmisdir.
Sopolimerin sorbsiya xassalori statik soraitds, model su sistemlarinds tadqiq edilmisdir. Miihitin pH-1, uranil
ionlarinin qatiligi vo zamandan asililgmin onlarin sorbsiya dorocasine tesiri Oyronilmis vo miiayyan
edilmisdir ki, on yaxs1 natico pH 6-da va 24 saat arzinds olds edilir (R = 93%).

Uranil ionlar1 mineral tursu ilo asanligla desorbsiya edils bilir va tikili sopolimer tokrar istifads edils bilor.
Acar sozloar: formaldehid, 2-propenilfenol, oliqgomerlar, uranil ionlar1, sorbsiya, desorbsiya
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CHUHTE3 KAPBOKCHJIATHOI'O COPBEHTA HA OCHOBE COOJIMI'OMEPOB
2- MPONEHUJI®EHOJIA 1 ®OPMAJIBJAETNJIA U UCCIIEJOBAHHUE EI'O
®YHKIMOHAJBHBIX CBOMCTB 11O OTHOIMIEHUIO K YPAHWJI-UOHAM B
MOJAEJIBHBIX CUCTEMAX

M.P. BaiipamoB, A.M. Marappamos, I'.M. Mextuesa, II1. Jl:k. Kyanesa, M.A. Araesa
baxunckuii cocyoapcmeennwiii yHugepcumen,

AZ-1148, ya. 3. Xanunosa, 23, 2.baxy, Azepbaiioscan
e-mail: guliyevashahla@hotmail.com

AnHotamusi: OcCyliecTBIeH IMIEIOYHOW CHHTE3 MABOHHBIX COOJHIOMEpPOB 2-TIponeHWI(eHoia |
(dbopManbpaeruaa (CHHTOHOB) U cooTHomeHuu 1:2.5 Moib, Temneparype 92-95°C u BpeMeHH 3 gac (BBIXOJ
93 % ot Teopet). BzaumoneiictBueM MalleMHOBOT'O aHTHIPUAA C IOCIEAHUMH NPH TeMIlEpaType 80°C B
npucyrcrBun 0.5% Oenzomnmnepokcuga B TedeHue 10 yac mogydeHBl COMOJIMMEPHI TPEXMEPHOW CIIUTOMN
cTpykTypbl (¢ BbixomoM 90 %). OOpabGoTkoli WX TOpsueil BOJOW TMOJY4YeH COPOCHT, COACpIKaIlMil B
CTPYKTYype OJHOBPEMEHHO MPONECHWIbHBIA U KapOOKCWIaTHble (ParMEeHTBl — AaKTHBHBIE LEHTPHI
xemocopbuuu. MccnenoBansl pyHKIMOHATBHBIE COPOLIMOHHBIE CBOICTBA COPOCHTA B CTATUYECKHX YCIIOBHAX
B MOJICJIBHBIX BOAHBIX CHcTeMax. M3ydeHo BiustHWe PH cpenbl, KOHIIEHTpAUK YPaHWUI-UOHOB M BPEMEHHU
BBIJICPKKH Ha CTETIEHb X COPOIMH MPYU KOMHATHOM TeMIepaType U BBISIBIICHO, YTO HAMIYYIIHE PE3YIbTAThI
nocrurarorcss npu pH 6 u Bpemenu 24 yac (R=93 %). Cssi3aHHbIC YpaHWI-HOHBI MOXHO JIETKO
JecopOUPOBaTh MUHEPAITLHOM KHCIOTON M CIIUTHIC COMOIMMEPHI IIOBTOPHO UCTIONB30BATh.

KaroueBsle ciioBa: Gpopmanbaerui, 2-nmponeHwiheHo, COOTUrOMEPhI, YPaHHI-MOHBI, COPOLIUs, TeCOpOIHs
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