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Abstract: The using of polymeric flocculants in the development of the oil industry in Kazakhstan
is one of the innovative tasks. Therefore, the creation of new effective flocculants based on available
industrial monomers with structure-forming is an urgent task. The mechanism of action of flocculants is
based on the phenomenon of adsorption of flocculant molecules on the surface of colloidal particles, the
formation of a network structure of flocculant molecules, and the adhesion of colloidal particles due to
van der Waals and other forces. New polymeric flocculant with different molar composition was
synthesized by radical copolymerization [(3-methacryloylamino)propyl]trimethylammonium chloride
(TMAPMACHh) with N,N-dimethyl-acrylamide (DMAA) at 333 K in the presence of ammonium
persulfate, (NH4)2S20s as an initiator. The molar composition of the synthesized TMAPMACh-DMAA
copolymer was determined by FTIR and NMR spectroscopy and conductometric titration with AgNOs
solution. The flocculation properties of the copolymers were studied by measuring the sedimentation of
dispersed particles of bentonite suspension in the presence of the flocculant. Sedimentation degree was
determined by measuring the optical density of the suspension. It was found that TMAPMACh-DMAA
copolymers had a flocculating effect and could be used for industrial wastewater treatment.
Thermogravimetric analysis showed that this copolymer was thermally stable up to 270°C. Therefore, it
can be used in deep well drilling to regulate the properties of drilling fluids.
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1. Introduction

The using of a variety of new materials as industrial flocculants is limited by
the complexity of the synthesis of primary raw materials and the high cost of the
product itself or low efficiency of industrial wastewater treatment [1-3].
Currently, a large number of flocculants are known, among them quaternary
ammonium compounds are often used [4, 5]. However, the flocculating activity of
these compounds is not high. In this regard, the synthesis of new effective
flocculants based on available industrial monomers and increasing their
assortments (types) are an urgent task.

Polymer flocculants consist of chains of carbon atoms in a zigzag shape and
are divided into groups according to their charge. Cationic flocculants also form
additional chemical bonds, but now between positively charged polymer cations
and negative anions on the surface of contaminant particles. In addition to the
formation of additional bonds, positively charged cations neutralize the negative
charge of suspended particles, which repels them from each other, which further
activates the process of their association with the formation of floccules [6].

In this work, [(3-methacryloylamino)propyl]trimethyl ammonium chloride
(TMAPMACHh) and N,N-dimethylacrylamide (DMAA ) are chosen as monomers
for synthesis of flocculant. The DMAA monomer increases a hydrophobic
property of the flocculant macromolecules and while the TMAPMACh monomer
is charged positively, therefore synthesized copolymer TMAPMACh-DMAA are
cationic flocculant.

2. Experimental
The copolymer TMAPMACh-DMAA was synthesized with the structural
formula

CHz
|
*ECH—CHJ}—ECHz— C +
| n | m
C=0 C=0 CHz
| | |
N(CH;), NH— {CHz)s— N*— CHz
| CI
CHz

were synthesized from a mixture of monomers with the molar composition
[TMAPMACH]:[DMAA] = 20:80; 40:60, 50:50, 60:40 and 80:20 by radical
copolymerization in the presence of an initiator ((NH4).S.0s) by methodic used in
[7,8].
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Bentonite clay was used for studying the flocculation properties of the
TMAPMACh-DMAA copolymer. The clay was ground in a mill, then the
powder was sieved with a hole diameter of no more than 0.2 mm, after that a 0.3
wt% solution of bentonite suspension was prepared and the suspension was left
for 24 hours for the clay to swell completely [4, 8].

The duration of the suspension settling process depends on the settling speed
of the particles. The degree of flocculation of dispersed phase particles, that is, the
degree of purification of water from particles, was determined by the optical
density (D) of the system. The optical density was measured at a wavelength of
546 nm on a i3 UV-VIS spectrophotometer. The relative error of measuring the
optical density of suspensions did not exceed 2% [8, 9].

Flocculation of suspensions was carried out in graduated cylinders with a
capacity of 40 ml. Copolymers with initial monomer concentrations of
TMAPMACh-DMAA 78:22, 41:59 and 10:90 were selected for analysis with
different concentration of copolymer in bentonite suspension [mg copolymer per
g of bentonite]. The dosage of the flocculant solution varied from 0.1 ml to 1 ml
per 40 ml of bentonite solution, where the polymer concentration was 0.1 wt. %.
All flocculation experiments lasted 2 hours.

Flocculation efficiency (B) was determined using following equation:

B = (Do~ Di)x100 % / D; )

were Dy is the optical density of the suspension without flocculant; D; is the
optical density of the suspension after adding the flocculant.

Thermal gravimetric analysis (TGA) was performed using a Pyris 1 — TGA
Thermogravimetric Analyzer under nitrogen flow at a heating rate of 20°C /min
from 30 to 900°C.

3. Results and discussion

Figures 1-4 show the results of a study of the influence of the TMAPMACh-
DMAA copolymer on the flocculation rate of bentonite particles. It is seen that in
a bentonite suspension without a flocculant, noticeable flocculation of particles
begins after approximately 60 minutes. While, the presence of the TMAPMACh-
DMAA copolymer, the particles’ flocculation begins instantly and the rate of
particle sedimentation increases sharply. The degree of water purification from
dispersed particles is also increasing. And the degree of water purification
depends on the molar composition and concentration of the copolymer present in
the suspension. For example, in the case of the TMAPMACh-DMAA copolymer
with a molar composition of 78:28, the highest degree of water purification (68%)
is achieved at a concentration of 6.3 mg CP/gB (Fig. 1), while in the presence of a
copolymer with a composition of 41: 59 and 10:90, the highest degree of water
purification (89% and 85%, respectively) from bentonite particles is achieved at a
copolymer concentration of 2.1 mg CP/gB (Fig. 1 and 2).
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The particle of the bentonite suspension is charged negatively and has an
electrokinetic (zeta) potential —25 mV [4].

In the paper [10] it was shown that the zeta potential of bentonite particles
depended on the pH of media and electrolyte concentration. The increasing the
acidity of 2-11 in demineralized water (DW) caused the changing of zeta
potential from —21 to —33 mV. While in the tap water (TW) in this range of pH
zeta potential of bentonite particles decreased from —13 to —18 mV.

09 -
Bos
07
06
05
04
03

0,2 T T T T T T T T T T T 1
0 20 40 60 80 100 ¢ inl20

Concentration of the copolymer in the suspension (mg CP/gB):
1-0;2-2.1;3-6.3;4-10.4;5-16.7 and 6 — 20.8.

e

Figure 1 — Influence of the concentration of TMAPMACh-DMAA
copolymer with composition [TMAPMAChH]:[DMAA] = 78:22 on
the rate of bentonite suspension flocculation.

It was also shown that at a sufficiently high chitosan concentration, the zeta
potential of bentonite particles increased and reached a relatively constant value,
but the bentonite colloids still exhibited negative zeta potentials over the entire
chitosan concentration range (0-40 mg/L) in both DW and TW.

In the presence of flocculant the surface charge of the particles is decreased
due to charge neutralization by adsorption of flocculant’s macromolecules on the
surface of particle through electrostatic mechanism. When the zeta potential
reaches £10 mV, the particles lose thermodynamic stability and any collision
between particles leads to the formation of flocs (associations of particles). Large
particles, under the influence of gravity, precipitate to the bottom of the dish, and
water is purified from dispersed particles [4, 8-10].

As can be seen from Figures 1-4, in our case the efficiency of water
purification from bentonite particles depends on the molar composition and
concentration of the TMAPMACh-DMAA copolymer. For this case, the optimal
molar composition and concentration of the TMAPMACh-DMAA copolymer
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added to the bentonite suspension are [TMAPMAChH]:[DMAA] = 41:59 and 2.1
mg of copolymer per gram of bentonite respectively (Fig. 4).
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Figure 2 — Influence of the concentration of TMAPMACh-DMAA copolymer with composition
[TMAPMAChH]:[DMAA] = 41:59 on bentonite suspension flocculation.

0,9

o] 0,8
0,7

0,6

0,5

0,4

0,3

0,2

0,1

0 — T 7T

1
0 20 40 60 80 100, . 120
t, min
Concentration of the copolymer in the suspension (mg CP/gB):
1-0;2-21;3-6.3;4-10.4;5-16.7 and 6 — 20.9.

Figure 3 — Influence of the concentration of TMAPMACh-DMAA copolymer with composition
[TMAPMAChH]:[DMAA] = 10:90 on the rate of bentonite suspension flocculation.
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Figure 4 — Influence of the molar composition of TMAPMACh-DMAA copolymer on the rate of
bentonite suspension flocculation.

For the application of polymeric surfactants in the oil producing industry, it
is necessary to know their resistance to high temperatures. Therefore, in this
work, the thermal stability of the TMAPMACh-DMAA copolymer was
investigated. The copolymer’s thermal weight loss curves are shown in Figure 5.
As can be seen, at a heating rate of 20°C/min in the temperature range of 30—
900°C, the process leads to differential weight loss curves with several peaks,
indicating the complexity of thermal degradation. The process of heating the
copolymer can be divided into several stages. In the temperature range of 30—
227°C, the copolymer weight loss is 13.8%. This weight loss can be attributed to
the weight of residual water and other organic solvents that were used for
precipitation from the reaction medium and purification of the synthesized
copolymer. Further, in the temperature range of 227-370°C, the copolymer
weight loss is 26.6%. In this temperature range, a partial rupture of the lateral
quaternary amine bonds and thermal oxidation of the group apparently occurs. If
we look at the structural formula of the copolymer, the mass fraction of the
quaternary amine group is approximately 43%.
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Figure 5 — Thermogravimetric analysis (TGA) curves of the copolymer
TMAPMACh-DMAA

Further, in the temperature range of 370-504 °C, the maximum loss of
copolymer mass (50.8%) is observed. In this range, in our opinion, there is a
complete rupture of carbon-carbon, amide and amine bonds and oxidation of the
atoms that make up the copolymer with the formation of nitrogen, carbon,
chlorine and hydrogen oxides. In the temperature range of 504-894 °C, a small
residual loss of copolymer mass (2.8%) occurs. Thus, taking into account the
above, it can be concluded that the synthesized TMAPMACh-DMAA copolymer
is thermally stable up to 227 °C. Consequently, it can be used as a component of
drilling fluids to regulate the rheological properties and other parameters of the
latter.

4. Conclusion

1. A new TMAPMACh-DMAA copolymer with different molar
composition was synthesized by radical copolymerization in the presence of
ammonium persulfate as an initiator.

2. The molar composition of the synthesized TMAPMACh-DMAA
copolymer was determined by FTIR- and 'N NMR-spectroscopy and
conductometric titration method.

3. The flocculation properties of the TMAPMACh-DMAA copolymers were
determined. The optimal molar composition and concentration of the copolymer
added to the bentonite suspension were [TMAPMAChH]:[DMAA] = 41:59 and 2.1
mg of copolymer per gram of bentonite, respectively.
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4. It has been established that the TMAPMACh-DMAA copolymer is
thermally stable up to 270°C, and therefore can be used as a component of drilling
fluid in deep well drilling.

Acknowledgment. This research has been funded by the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan (Grant No. AP14870286).
Conflict of interest: There is no conflict of interest among the authors in this work.

COIIOJIMMEP HA OCHOBE [(3-METAKPUJIOUJIAMHHO)-
MPONUJI| TPUMETUJIAMMOHUMIXJIOPUJIA KAK ®JIOKYJISIHT
JJIA OYUCTKHU NPOMBIIVIEHHBIX CTOYHBIX BO/I
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Pe3rome: lcronp30BaHME MOJMMEPHBIX (IOKYJISSHTOB B DPa3BUTHM HE(PTSHOW INPOMBIIUICHHOCTH
Kazaxcrana sBisieTcss OJHOW W3 HMHHOBAIIMOHHBIX 3amad. [loaTomy co3maHue HOBBIX 3((HEKTHBHBIX
GIOKYISIHTOB,  00JIAAIOMIMX — CTPYKTYpOOOpa3yIOIIMMH  CBOWCTBAMH Ha  OCHOBE  JIOCTYITHBIX
MPOMBIIUICHHBIX MOHOMEPOB SIBJISETCS aKTyalbHOW 3ajaueil. MexaHu3M JEWCTBUS (DIOKYJISIHTOB
OCHOBaH Ha SBJICHUM aJICOPOLMU MaKpOMOJIEKys1 (UIOKYJISHTa Ha IOBEPXHOCTH JUCIEPCHBIX
(KOJUTOM/IHBIX) 4YacTUL, O0Opa30BaHHMs CETYATOW CTPYKTYypbl MOJEKy]d (IOKYJIsSHTA M CIUIAHUE
KOJUIOW/HBIX YacTHI[ 3a CYeT BaH-Aep-BaanbcoBbIX W Jpyrux cui. MeToooM paJuKalibHOU
cononuMepu3saimu [(3-MerakpunoniaMuno )aponui [ tpumerwiammonnii xaopuaa (TMAIIMAX) ¢ N,N-
numetunakpuaamuaom (JIMAA) npu 333 K B mpucytcTBuu uHHIaropa (mepcynibhara aMMOHHS,
(NH4)2S208) cuHTE3MpOBaH HOBBIA TMONUMEPHBIA (GIOKYISHT C Pa3sIUYHBIM MOJBHBIM COCTaBOM.
MoutbHbIH cocTaB cuHTe3upoBaHHOTO cononumepa TMAIIMAX-JIMAA onpenenen meropamu UK- u
SIMP-criekTpocKONIMM W KOHIYKTOMETPHYECKOTO THTpoBaHUS pacTBopoM AgNOs. Diokynmpyromye
CBOMCTBA COIOJIMMEPOB M3YyUYCHBI ITyTEeM HCCIICIOBAHUS CEIUMEHTAIMU JUCHEPCHBIX YAaCTHI] CYCIECH3HU
OeHTOoHMTa B NpUCYTCTBUM (iokynsHTa. CTeneHb CeIMMEHTAllMM OINpEAesieHa IyTeM HW3MEepeHus
ONTHUYECKON TUIOTHOCTH CYCIICH3WH. Y CTaHOBIEeHO, uTo comoiumepsl TMAIIMAX-IIMAA o6nangaror
(GITOKYIMPYIOIUMHU JACHCTBUSIMA U MOTYT OBITH HCIIOJIB30BaHbI JJIsl OYUCTKU MPOMBIIIICHHBIX CTOYHBIX
Boa. TepMmorpaBHMETpHYECKHI aHaNHM3 ITOKA3ajl, YTO JAHHBIA COIOJMMEpP TEPMHYECKH YCTOHYHMB 0
270°C. IToaToMy OH MOXET OBITh IPUMEHEH B TNIYOMHHOM OYpEHHH CKBAXKHH JUISl PETYJIHPOBAHUS COMCTB
OypOBBIX pacCTBOPOB.

KioueBbie cJjoBa: paguKajabHas ConoJanuMepu3anus, JAUMETUIIaKpUIaMHU [, q)HOKyIISIHTLI;
CCAMMCHTANN; OYUCTKA IIPOMBIINIICHHBIX CTOYHBIX BO.
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OHAIPICTIK AFbIH CYJIAPJAbI TASAPTYFA APHAJIFAH ®JIOKYJISIHT PETIHAE
KOJIJAHYFA BOJIATBIH [(3-METAKPUJIOUJIAMUHO)ITPOIUJI]Y IIMETUJIAMMOHMIA
XJOPUAI HET'T3JAEI'T COIIOJIMMEPJIEP
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Tyiiingeme. Ka3zakctaHHblH MyHaill ©HEpKACIOIH JaMbITy/a IMOJUMEPIIK (QIOKYISHTTapAbl KOJAaHY
WHHOBAlMSUIBIK ~ MiHAETTepAiH Oipi Oosbim Tabbutazsl. COHIBIKTaH KOJ JKETIMII ©HEPKACINTIK
MOHOMepJIep Heri3iHae OONbIHAA KYPhUIBIMTY3TIIITIK KacueTi 0ap jkaHa THIMAI (IIOKYJISTHTTapAbI kKacay
MaHbI3Ibl  Mocene Oosbln  TaObL1aabl.  DIOKYISHTTAPIBIH ocep €Ty MEeXaHu3Mi  (IOKYJISHT
MaKpOMOJICKYJIAJIAPbIHBIH ~ JUCIEPCTIK  (KOJUIOMATHIK)  OeuekrepiiH — OeTiHe — ajcopOuusuiaHy
KYOBUIBICBIHA, (JIOKYJISHT MaKpOMOJIEKYJIaJapbIHbIH JKEIUTIK KYPHUIBIMBIHBIH TY31TyiHE jKOHE BaH-Iep-
Baanbc xoHe 6acka 1a KYLITEp/IiH oCepiHeH KOJUIOWATHIK OOJIIeKTep/IiH aAre3uschiHa HerizuenreH. [(3-
METaKpUIOMIAMHHO )ITPOITHJI |-y IIMETHIIAMMOHU I XJIOPUJIHIH (TMAIIMAX) N,N-
muvertmnakpuiamuanes  (JMAA) 333 K Temmeparypajza uHHUMarop (aMMOHHH Hepcyib(hartsl,
(NH4)2S208) KaTBICBIHIA paIUKATIBIK COMOIMMEPIEY OOici apKbUIBI MOJBAIK KYpaMbl OPTYPJi KaHa
nonuMepiik ¢uokynsHT cuHte3gengi. Cunrtesmenre TMAIIMAX - JIMAA cononuMmepiHiH MOJbJIIK
Kypambl UK- sxone SIMP-cniexktpockonusichl xxoHe AgNO3 epiTiHIiCIMEH KOHIYKTOMETPHSIIBIK THUTpIIEY
apKbUIbl aHbIKTaIIbl. CononuMepepaid (QIOKyJISUUsIIBIK KaCHeTTepl (IIOKYISHT KAaThIChIHAA OCHTOHUT
CYCIICH3USCBHIHBIH JUCIIEPCTIK OOJIIEKTepiHiH IIeryiH 3epTTey apKbpUibl aHbIKTanAbl. CyCIeH3USHBIH
ONTHUKAJIBIK THIFBI3IABIFBIH OJIIEY apKbUIBl OONIICKTEPiH CEAMMEHTALMSUIAHY IOpPEXKeci aHBIKTalIb.
TMAIIMAX - JIMAA conomumepiepiniy OOHbIHIa (GIOKYIAIUSIBIK KaCHETTIH Oap eKeHHiri, omaif
Oonca onapabl OHIIPICTIK aFBIHIBI CYyJapIbl Ta3apTy YIIH KOJIaHyFa OONATBIHIBIFB aHBIKTAJIIBI.
TepMorpaBUMETPUSUIIBIK Taliiay KyMbIcTapbl Oy comonumepain 270°C-ka AeifiH TEePMUSUIIBIK TYPaKThI
ekeHairin kepcerri. COHABIKTaH OHBI TEPEH YHFbIManapAsl Oyprbiiay OapbichiHAA OypFbuIay
epiTIHAUIEpIHIH KAaCUeTTEePiH peTTey MaKCaThIH/A KOJIaHyFa Oomabl.

Tyiiinai ce3nep: paauKaiAbIK COMOJUMEPHU3ALHS;, TUMETHIAKPHIAMUI; (DIOKYISHTTAp; CeAMMEHTAIINS;
OHIIPICTIK aFbIH CyJIap/ibl TA3asay.
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