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Anovel ternary polyampholyte composed of fully charged anionic monomer —2-acrylamido-
2-methyl-1-propanesulfonic acid sodium salt (AMPS), cationic monomer — (3-acrylamidopropyl)
trimethylammonium chloride (APTAC) and the positively charged fluorescent dye — acrylamide
Nile Blue (ANB) was synthesized by conventional free radical copolymerization and characterized
by FTIR, UV-Vis, fluorescence spectroscopy, dynamic light scattering and zeta-potential.
FTIR spectrum of AMPS-APTAC-ANB shows that introduction of 1 mol.% ANB into copolymer
composition does not influence the basic characteristic bands of polyampholyte. The adsorption
and emission peaks of AMPS-APTAC-ANB found at A _ = 586 nm and A__ = 660-680 nm are
attributed to ANB groups of terpolymer. The average qhydrodynamic size and zeta potential of
AMPS-APTAC-ANB in aqueous solution that are equal to 4.3 nm and &= —1.6 mV indicating the
globular conformation of amphoteric macromolecules with a slightly negative charge. Injection of
0.1 wt.% (or 1.3-10 mol-L*) AMPS-APTAC-ANB into the core sample derived from the “Vostochnyi
Moldabek” oilfield demonstrated the passing of fluorescently-labeled terpolymer through the
core. The ternary polyampholyte containing the fluorescent marker can serve as oilfield tracer for
monitoring well-to-well connections (or interwell tracer test).

Keywords: ternary polyampholyte; synthesis; characterization; core flooding; filtration;
tracer.
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Tonblk 3apAATanfaH aHa YWTIK KypabiMAabl NoAMamdonnT, aHWOHAbIK MOHOMeEp —
2-aKpUNamunao-2-meTun-1-nponaHcynbdoH KbllWKbIAAbI HaTpuit Ty3bl (AMIMCK), KaTuoHabl
MOHOMep — (3-akpunamugonponun) TpUMeTUNamMMoHui xnopuai (AMTMAX) KaHe OH
3apaaTansaH ayopecueHTTi 60Ay - akpunamug Hun kek (AHK) 6oc pagmkanabl cononnmepneHy
apicimeH cuHTespengi koHe on UK-Pypbe CNeKTpoCcKonus, YAbTPAKYATiH-KepiHiC XaHe
bnyopecueHTTIK CNEKTPOCKOMUAMEH, KapblKTblH, AWHAMUKaNbIK Lallblpaybl KaHe pA3eTa
noTeHuMansbl apKblnbl cunattanagbl. AMIMCK-ANTMAX-AHK cnektpi 1 monb.% AHK eHrisinreHin
KepceTefi, on cononumepgeri noanMameonnTTiH, Herisri cunaTTramanblK KosaKTapbiHa acep
eTnenai. Makcumanapl kmax= 586 HM XaHe KMEX= 660-680 HM 6onaTbiH AMIMCK-ANTMAX-AHK
JKYTbIY MEH CayNeNeHy WbIHAApbl, Tepnonumepain, AHK TonTapbiHa aTagbl. AMIMCK-ANTMAX-
AHK-HbIH, cy epTiHAiciHaeri opTawa rMApoAMHAMUKaNbIK Mesiepi MeH A3eTa NOTeHuWanbl,
calikeciHwe 4,3 HM kaHe &= —1,6 MB 60naTbiH ampoTepai MakpomMoseKkynanapAbiH rnobynanbik
KoHdOopMaLumacbiMeH Bipre anci3 3apaabl 6ap ekeHiH kepceTTi. LWbiFbic Monaabek KeH OpHbIHaH
anblHFaH KepH yariciHe 0,1% (1,3-10° monb-n?) AMIMCK-APTMAX-AHK epiTiHaiciH aitpay KesiHae
dnyopecueHTTi BenrineHreH TepnoaMMepAiH KepH apKblfbl Tay KbIHbICbIHA aAcopbumAchI3
OTKeHAiriH KepceTTi. dnyopecueHTTi benrici 6ap ywTik nonnamdonunT yHFbIManap apacbiHAafbl
6alnaHbicTapabl 6akblnayfa apHanfaH MyHal KeH OpbIHAapbIH i34ecTipy KbI3MeTiH aTkapa
anapbl Hemece YHFbIMA iWwiHaeri i3gey cbiHafbl peTiHae KongaHbic Tabagbl.

TyiiiH cesgep: ywTiK NoNMamdonnT; CUHTE3; CUMATTama; KepH apKblabl aingay; cysy;
Tpaccep.
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HoBbIi TpOWHOW NOAMAaMPONUT, COCTOAWMN U3  CUIBHO3APANKEHHOrO AHWOHHOrO
MOHOMEpPa — HaTPMEBOW CONMU 2-aKpUNaMUL0-2-MeTuA-1-nponaHcynbGoHOBOM KnucnoTbl (AMMC),
KaTUOHHOTO MOHOMepa — (3-akpunamugonponua) TpumetTunammoHuii xnopuga (ANTAX) u
NOJIOXKUTE/IbHO 3apsXeHHOro GAyopecLeHTHOro Kpacutena — akpunamug Hun rony6oro (AHT)
CMHTE3MpPOBaH MeToAoM CBOGOAHOPAAMKANbHOW COMOAMMEPU3ALMN U OH OXapaKTepu3oBaH
meTogamun UK-®ypbe, YO Buaumoin v GayopecueHTHON CneKTPOCKONUKM, AUHAMUYECKOro
cBeTopacceAHUs u aseta-noteHuumana. UK-dypoe cnektp AMIMC-AMNTAX-AHI nokasbiBaeT, YTo
BBegeHne 1 mon. % AHI B cocTaB cononumepa He BAUAET Ha OCHOBHbIE XapaKTEPUCTUYHbIE
nosocbl nonMamdonuta. AACOPOLMOHHLIA U 3IMUCCUOHHBIN nukM  AMIMC-AMTAX-AHT ¢
MaKCMMymamu npu kmax = 586 HM ¥ A . = 660-680 Hm npunucbiBatoTca AHI rpynnam
Tepnonumepa. CpeaHermgpoaMHamuyeckum pasmep n aseta-noteHuman AMMNC-APTAX-AHT
B BOAHOM pacTBope, paBHble 4,3 HM U &= —1,6 MB yKa3biBaloT Ha robynapHyo KoHbopmauuio
amdOTEPHbIX MaKPOMOJIEKY/N CO C/abOBbIPaXKEHHbIM OTPULATENbHBIM 3apALOM. 3aKauka
0,1% (wnm 1,3:10° monb-n?) pacteopa AMMNC-APTAX-AHI B o6pasew, KepHa, MOJYYEHHOTO U3
MecTopoXAeHUA «BocTouHblIi Mongabek» nokasana npoxoxaeHne GpayopecLeHTHO-MeqyeHoro
Tepnosnmepa yepes KepH. TpoliHOW noanamoonunt, coaepawmnii GayopecLeHTHbIN MapKep
MOXeT C/YKMTb B KayecTBe Tpaccepa MpU MOHUTOPUHIE MEMCKBAXKMHHOrO MPOCTPAHCTBA
HedTAHBIX CKBAXKUH.

KnioueBble cnosa: noanamdoNUTHbIA TPOMHON CONOAMMEP; CUHTE3; XapaKTepPUCTUKK;
3aBoAHeHMWe KepHa; bunbTpaums; Tpaccep.
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1. Introduction

The strongly charged or “quenched” polyampholyte (QPA)
represents a macromolecule consisting of static positive and
negative charges independently on pH [1-3]. Earlier [4-7] we
have considered the behavior of linear and crosslinked QPA
based on fully charged anionic monomer — 2-acrylamido-2-
methyl-1-propanesulfonic acid sodium salt (AMPS) and cationic
monomer — (3-acrylamidopropyl) trimethylammonium chloride
(APTAC) in aqueous-salt solutions, complexation ability with
respect to ionic dyes, surfactants, swelling and mechanical
properties. Later on [8,9] we have reported the applicability of
amphoteric terpolymers composed of AMPS, APTAC and
acrylamide (AAm) as viscosifying agent in enhanced oil recovery
(EOR). Equimolar QPA based on AMPS-APTAC dissolved in saline
water with mineralization more than 200 g-L*was also tested to
evaluate the flow behavior through porous media [10]. It was
found that AMPS-APTAC solution is able to pass through the
porous media model. This invoked us to synthesize equimolar
QPA composed of equal numbers of anionic and cationic
monomers containing also a small amount of fluorescent
monomer — acrylamide Nile Blue for application as an interwell
tracer agent. The main reason of selection of ternary copolymer
AMPS-APTAC-ANB as polymeric tracer is that it is water-soluble,
highly stable thermally, chemically, physically, and biologically in
oil reservoir conditions, salt tolerant in oilfield water, detectable
invery low concentrations, low toxic, and has minimal adsorption
to the rock [11]. In the present communication we demonstrate
that the transport behavior of ternary copolymer AMPS-APTAC-
ANB through the core can open new smart tracing possibilities
for monitoring well-to-well connections.

2. Experiment

2.1. Materials

2-acrylamido-2-methylpropanesulfonic acid sodium salt
(AMPS, 98wt.% in water) and (3-acrylamidopropyl)
trimethylammonium chloride (APTAC, 75wt.% in water),
acrylamide Nile Blue (ANB, dark blue crystals, purity 99%) and
ammonium persulfate (APS, purity 99%) were purchased from
Sigma-Aldrich Chemical Co. and used without further
purification. The core sample of 3.9 cm length and 2.95cm
diameter purchased from “Vostochnyi Moldabek” oilfield
#2524 from the depth of ¥ 500 m has the porosity of 0.094%
and permeability of 1 mD. According to elemental analysis the
core sample mostly consists of aluminosilicates of calcium, iron
and potassium. Brine solution from “Vostochnyi Moldabek”
oilfield #2524 with mineralization 100 g-L* was used for core
flooding test.

2.2. Methods

Absorption, fluorescence and FT-IR spectra of AMPS-
APTAC-ANB were registered on UV-Vis spectrophotometer
(Specord 210 plus BU, Germany), F97 Pro fluorescence
spectrophotometer (China) and Carry 660 (Agilent, USA),
respectively. The fluorescence spectrum of AMPS-APTAC-ANB
was recorded at emission wavelength A = 660-680 nm that is
very close to emission spectrum of monomeric ANB in water
(., = 674 nm). The average hydrodynamic size and {-potential
of AMPS-APTAC-ANB were determined with the help of a
dynamic light scattering (DLS) device (Malvern Zetasizer Nano
2590, UK). The core flooding experiments were conducted with
the help of special core flooding set up “YWK-C(2)” (Russia).
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3. Results and Discussion

3.1. Synthesis and characterization of AMPS-APTAC-ANB
terpolymer

Acrylamide-based ternary polyampholyte AMPS-APTAC-
ANB was synthesized via conventional free radical (co)
polymerization at the molar ratio of initial monomers
[AMPS]:[APTAC]:[ANB] = 50:49:1 in the presence of APS at 60°C
during 4 h (Figure 1).
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Figure 1 — Synthetic protocol of AMPS-APTAC-ANB terpolymer

Table 1 — Identification of FTIR spectrum of AMPS-APTAC-ANB

Figure 2 and Table 1 show the FTIR spectrum and
characteristic bands of functional groups of AMPS-APTAC-ANB.

FTIR spectra of AMPS-APTAC (50:50 mol.%) and AMPS-
APTAC-ANB (50:49:1 mol.%) are identical, meaning that 1 mol.%
of ANB in terpolymer composition does not influence the
characteristic bands of polyampholytes [4]. UV-Vis spectra of
AMPS-APTAC-ANB in aqueous solution exhibit well defined
absorption maximum atA,__ =586 nm that is attributed to ANB
group of terpolymer (Figure 3).

The average hydrodynamic size and zeta potential of
AMPS-APTAC-ANB in aqueous solution are equal to 4.3 nm and
&=-1.6 mV, respectively, that indicate on globular conformation
of amphoteric macromolecules with slightly negative surface
charge (Figure 4).

In pure water the AMPS-APTAC-ANB macromolecules are
in globular state due to electrostatic attraction between
oppositely charged monomer units. It is likely that the ANB
molecules due to more hydrophobic character are replaced
inside of globules as shown in Figure 5. It is expected that due to
slightly negative surface charge of the AMPS-APTAC-ANB (&=
—1.6 mV) its adsorption to negatively charged surface of core
materials is minimal or even excluded.

3.2. Core flooding experiments with AMPS-APTAC-ANB
solution

The technology
considerable interest in oilfield operations [11] due to many
advantages over radioactive isotopes, ionic and organic tracers
[12]. For evaluation of interwell permeability and porosity the
authors [13] used fluorescent polyacrylamide microspheres,
which fluoresce under ultraviolet irradiation. A water-soluble

fluorescence-detection attracts
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Figure 2 — FTIR spectrum of AMPS-APTAC-ANB
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Figure 3 — Visible spectra of AMPS-APTAC-ANB in aqueous solution (a) and calibration graph (b) plotted in coordinates “intensity-
concentration” at concentration of [AMPS-APTAC-ANB] =0 (1), 0.0625 (2), 0.125 (3), 0.25 (4), 0.5 (5) and 1.0 wt.% (6). Insert is a
quartz cuvette containing aqueous solution of AMPS-APTAC-ANB.
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Figure 4 — The average hydrodynamic diameter (a) and the value of zeta-potential (b) of 0.15 wt.% AMPS-APTAC-ANB in agqueous
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Figure 5 — Schematic representation of structural unit of amphoteric terpolymer AMPS-APTAC-ANB (a) and formation of globular
structure (b) in dilute aqueous solution
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fluorescent polymer was prepared as a combination of a
flooding agent and tracer by introducing a polymerizable rigid
fluorescent coumarin monomer into polyacrylamide chains
[14]. Fluorescent polymer microspheres were also obtained via
the inverse suspension polymerization method with Rhodamine
B as a fluorescence functional monomer [15]. As distinct from
the abovementioned studies, in our case we have introduced a
trace amount of fluorescent monomer acrylamide Nile Blue
(ANB) into the composition of AMPS-APTAC quenched
polyampholyte to prepare globular and fully electroneutral
macromolecular chains to minimize or exclude their adsorption
to the rock. The advantages of our approach are that the QPA of
equimolar composition is water-soluble, salt tolerant and
adopts globular and quasi-electroneutral conformation in

aqueous solution due to mutual compensation of positive and
negative charges. The core flooding experiments were
conducted in the following sequence. At first, 40 mL of distilled
water was injected into the core sample at 1 mL'min™. In the
course of water injection, the pressure sharply increased during
5 min and leveled off at P = 0.08-0.10 MPa during 10-90 min.
The effluents were slightly turbid due to washing out of fine
dispersed microparticles present in the core sample. In the next
stage 50 mL, 0.1 wt.% (or 1.3-10°* mol-L') aqueous solution of
AMPS-APTAC-ANB were injected into the core sample
preliminary washed out by distilled water (Figure6). The
injection rate of AMPS-APTAC-ANB was equal to 0.1 mL-min™. In
the course of the test the injection pressure was increasing
gradually and blue color appeared in the collected effluents.
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Figure 6 — Time-dependent change of pressure upon injection of AMPS-APTAC-ANB solution into the core sample and vials of
collected effluents at T=25 °C

Chase saline water flooding with salinity 100 g-L** shows
the linear increase in the pressure and replacement of
residual amount of AMPS-APTAC-ANB entrapped within the
core (Figure 7).

The presence of color initial 3 fractions of passed saline
water confirm the replacement of AMPS-APTAC-ANB in core
sample by saline water. The effluents were analyzed by UV-Vis
at A = 586 nm and fluorescence spectrophotometer at
emission wavelength A = 660-680 nm (A__ of pure ANB in
water is 674 nm) to determine the concentration of AMPS-
APTAC-ANB passed through the core and displaced by saline
water (Figure 8).

The fluorescence intensity of AMPS-APTAC-ANB gradually
increases after injection of the first 6 mL of polyampholyte
solution (Region 1). This is probably due to the dilution of

polyampholyte by residual distilled water left in the core
sample. A sharp increase in the fluorescence intensity is
observed after injection of 7 mL of polyampholyte solution
through the core. It means that the main portion of AMPS-
APTAC-ANB passes through the core in Region2. The
fluorescence intensity of AMPS-APTAC-ANB levels off in Region
3 after injection of 12-25 mL of polyampholyte solution meaning
that the core sample is fully saturated by fluorescently-labeled
polyampholyte. Pumping of 100 g-L* saline water into the core
saturated by 0.1 wt.% AMPS-APTAC-ANB leads to the gradual
decrease of the fluorescence intensity of polyampholyte
solution. It is related to the replacement of AMPS-APTAC-ANB
with saline water. After the injection of 28 mL saline water the
fluorescence intensity of AMPS-APTAC-ANB decreases up to
38.5 a.u. It is 10 times lower than the initial concentration of
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Figure 7 — Time-dependent change of pressure upon injection of saline water from “Vostochnyi Moldabek” with salinity 100 g-L*
into the core sample after the injection of AMPS-APTAC-ANB (see Figure 6) and vials of collected effluents at T = 25 °C. The
injection rate is 0.1 mL'min™!
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Figure 8 — Dependence of the fluorescent intensity of 0.1 wt.% aqueous solution of AMPS-APTAC-ANB on injected volume of

polymer (a) an

AMPS-APTAC-ANB solution injected into the core (389 a.u.).
This implies that AMPS-APTAC-ANB is replaced from the core
sample by saline water. Thus, the novel QPA based on AMPS-
APTAC-ANB may be promising tool for evaluation of interwell
and interlayer connections, as well as heterogeneities of oil
reservoirs.

4. Conclusion
A novel ternary polyampholyte consisting of 50 mol.% of

anionic monomer — AMPS, 49 mol.% of cationic monomer —
APTAC and 1 mol.% of cationic fluorescent dye — ANB was

ISSN 1563-0331
elSSN 2312-7554

d saline water (b)

Globular,
electroneutral and nano-sized macromolecules of AMPS-
APTAC-ANB in aqueous and aqueous-salt solution are proved to
be able to pass through porous media. It is expected that the
novel AMPS-APTAC-ANB formulation might be useful as a
polymer tracer for monitoring of oil wells.

synthesized and characterized as oilfield tracer.
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