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Abstract. The effect of carboxymethylcellulose sodium salt (NaCMC) with molecular masses
(Mw) of 90, 250 and 700 thousand on the crystallization of CaCOs polymorphs, their size and
deposition on the surface of stainless steel from supersaturated aqueous solution at 80 ° C was
studied. As a result of specific reversible adsorption, when forming crystalline nuclei formed, it
is assumed that NaCMC changes the shape of the growing crystal, preferably forming vaterite
— up to 95% in the presence of NaCMC with a molecular mass of 90 thousand during the in-
teraction of CaCl, and NaHCOsa. In the presence of Mg?* ions, CaCOj3 is formed mainly in the
form of aragonite, and the influence of the molecular mass of NaCMC is significantly reduced.
It was established that NaCMC with Mw 90 and 250 thousand inhibits the aggregation and ag-
glomeration of CaCOjs crystals, leading to a decrease in the average size of crystals from 24 to
10.6 and 16.5 microns, respectively. Under the action of NaCMC with a molecular mass of 700
thousand, on the contrary, an increase in the size of crystals to 37.2 um is observed. It is shown
that NaCMC with Mw 90 and 250 thousand slows down the speed and changes the conditions
of gas hydrate formation, showing the properties of a thermodynamic and kinetic inhibitor with
an efficiency that exceeds methanol by 300-450 times when used in the same dosages. The da-
ta obtained indicate the promise of creating new “green” reagents of complex action for oil and
gas production on the basis of sodium salt carboxymethylcellulose.

1. Introduction

The formation of calcium carbonate from natural waters is one of the most common processes in na-
ture. In technological processes, such as oil production, the formation of salts from produced water
and their deposition on the surface of the well and oilfield equipment are among the most common
complications [1-4].

In practice of oil production to prevent scale formation, the chemical method of inhibition using
phosphorus-containing oil-field reagents and organic polymers is widely used [2-4], the shortcomings
of which include low thermal stability and high toxicity.

Another significant complication that reduces the efficiency of oil production and transportation of
hydrocarbons is the formation of gas hydrates [5,6]. Currently, thermodynamic and kinetic inhibitors
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of gas hydrate formation are used to control the formation of technogenic gas hydrates, among which
methanol is most widely used [6-8]. The global trend in hydrate formation management is developing
in the direction of replacing toxic methanol with low concentration gas hydrate formation inhibitors,
that work effectively in dosages 100-500 times less than methanol (kinetic hydrate formation inhibi-
tors, anti-agglomerates) [9].

The trends in the development of the processes of chemicalization of modern industries, including
the extraction of oil and gas, dictate the need for the development of new "green" highly efficient rea-
gents of a complex action. The of carboxymethylcellulose sodium salt (NaCMC) is one of the most
accessible water-soluble polysaccharides, the physicochemical properties of which, as well as the
availability, thermal stability, and biodegradability in aerobic and anaerobic conditions predetermine
the search and creation on its basis of new "green™ oil field reagents [10,11]. We have previously
shown by gravimetric and electrochemical methods that NaCMC exhibits anticorrosion properties, is a
corrosion inhibitor of mixed action - cathodic and anodic [12].

This paper presents the results of studies of the effect of carboxymethylcellulose sodium salt and its
molecular weight on the crystallization processes of calcium carbonates, as well as the inhibition of
gas hydrate formation of petroleum gases.

2. Experimental part

NaCMC produced by Aldrich with molecular masses of 90 thousand, degree of substitution 0.7
(NaCMC 90), 250 thousand, degree of substitution 0.7 (NaCMC 250), 700 thousand, degree of substi-
tution 0.9 (NaCMC 700) were used.

As a model of saline water (MSW) used water following ion composition: Ca?* - 750; Na* - 863;
Cl- - 2662; HCO3 - 2290 mg/l (MSW 1) and Ca?* - 250; Mg?" - 85; Na* - 3120.25; CI- - 4492.10;
HCOj3 - 1525.50 mg/l (MSW 2) prepared from salts of CaCl,, MgCl,-6H20, NaCl, NaHCO3, Na,SO4
qualification “Pro Analyse”.

The size of CaCOs crystals formed from the solutions were recorded on a laser diffraction particle
size analyzer Analysette 22 NanoTec plus.

The morphology of calcium carbonate particles was studied using the Rigaku Ultima IV x-ray dif-
fractometer. The analysis was performed in Cu-Ka radiation at a voltage of 20 kV and a current of 2
mA with a wavelength 1 = 1.5405 A. Registration was carried out in the range of angles 20 15...115°
with scanning step 0.02°. Processing of diffractograms and phase analysis were carried out in the pro-
gram "Match!".

The microstructure of the samples was studied by scanning electron microscopy with field emis-
sion (FE-SEM) on a Hitachi SU8000 electron microscope. Images were taken in the registration mode
of secondary electrons with an accelerating voltage of 2 kV and a working distance of 4-5 mm. The
optimization of analytical measurements was carried out in the framework of the approach described
earlier [13]. Before shooting, the samples were placed on the surface of an aluminum table with a di-
ameter of 25 mm, fixed with a conductive glue, and a conductive metal layer (Pt/Pd, 80/20) 7 nm thick
was deposited on them using the magnetron sputtering method previously described [12]. The mor-
phology of the samples was studied taking into account the correction for the surface effects of deposi-
tion of the conducting layer [14].

The efficiency of NaCMC as a scaling inhibitor was determined at the polysaccharide concentra-
tion of 10, 20 and 50 mg/l by a method based on blocking the steel capillary formed by calcium car-
bonate deposits at a temperature of 80°C. A model of mineralized water (MMW) containing Ca?",
Mg?*, Na*, ClI- and HCOj; ions was pumped at a rate of 1 ml/min through a 2.5 m long stainless steel
capillary with an internal diameter of 1 mm and the dynamics of pressure drop in the capillary caused
by the deposition of CaCO3 was recorded.

The effectiveness of inhibition (Table 1) was determined by the formula:

Z =100-(AP1 — AP2)/AP;
where AP; is the pressure drop on the capillary when pumping water without NaCMC,
AP-pressure drop on the capillary when pumping water from the NaCMC
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The inhibition of gas hydrate formation was studied by rheological method in the high-pressure cell
"Thermo" in the cooling mode from room temperature to -5 °C. The cell was pre-injected with natural
gas, then the cell was cooled, simultaneously with the temperature decrease, the cell pressure and
shear stress were recorded [15].

3. Results and discussion

It is known that NaCMC can form sufficiently stable complexes with Ca?* ion [16-18]. Therefore, as-
suming that the NaCMC can prevent the precipitation of calcium salts from supersaturated aqueous
solutions and inhibit scaling, we studied its effect on the crystallization of calcium carbonate.

The study of the effect of molecular weight of NaCMC on the process of inhibition of carbox-
ymethylcellulose sodium salt scaling by capillary testing at a temperature of 80°C showed that at con-
centrations of 10, 30, 50 mg/l polysaccharides inhibit the process of CaCOs scaling (Figure 1, Table
1).

P 1

35

25 Figure 1. The influence of NaCMC 90
on the process of scaling CaCOs at con-

15 centrations of 0 (1), 10 (2), 30 (3) and 50

(4) mg/1 at 80 °C. P - pressure (kPa), 7 -
time (min).

Table 1. The dependence of the efficiency of inhibition of calcium deposition on the
NaCMC molecular weight.

NaCMC Concentration, mg/I
Molecular mass

NaCMC 10 30 50
Inhibition efficiency, %

90 52 61 60

250 50 61 60

700 20 51 62

All NaCMC samples inhibit the formation of calcium carbonate. However, at low concentrations
(10 mg/), the efficiency of low molecular weight samples is 2.5 times higher.

The molecular mass of NaCMC plays an important role in the formation of calcium carbonate crys-
tals. In the presence of NaCMC, there is a significant change in the size of the resulting CaCOs; crys-
tals (Fig.2). The average size of the formed particles in the presence of NaCMC 90 decreases from
24.0 to 10.6 um, for NaCMC 250 to 16.5, and NaCMC 700, on the contrary, increases the resulting
calcium carbonate crystals to 37.2 pm.
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Figure 2. Influence of molecu-
lar weight of NaCMC on the
size distribution of CaCOs
crystals formed from the solu-
tion of MSW 2 in the presence
of 30 mg/l of NaCMC: without
NaCMC (1), NaCMC 90 (2),
NaCMC 250 (3), NaCMC 700
(4). n - volume fraction of
crystals (%), d — diameter

(nm).

Studies on the x-ray diffractometer "Rigaku Ultima V" showed a significant effect of the molecu-
lar weight of NaCMC and the composition of saline water on the phase composition of calcium car-
bonate crystals (Figure 3a, b; Table. 2.3).
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Figure 3a. Diffractogram of CaCOjs crystals obtained without NaCMC in MSW 1. 6 -
deflection angle (deg), N — intensity (cps).
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Figure 3b. Diffractogram of CaCOjs crystals obtained in the presence of NaCMC 90 in
MSW 1. 4 - deflection angle (deg), N — intensity (cps).

In MSW 1 and MSW 2 without polysaccharides, mainly aragonite and calcite are formed. In the
presence of NaCMC, the amount of aragonite increases from 3 to 7% depending on the molecular
weight of NaCMC, and calcite is replaced by vaterite (Table 3). The addition of a low molecular
weight sample of a polysaccharide to the solution during the interaction of CaCl, and NaHCO3 makes
it possible to obtain vaterite in a yield of up to 86%, while an increase in the molecular weight of
NaCMC reduces the yield of vaterite to 59%. In the presence of Mg?* ions, CaCOs it is formed mainly
in the form of aragonite.

Table 2. Dependence of the phase composition of crystalline CaCOj3 on the molecular
weight of NaCMC, obtained in MSW 1.

NaCMC Calcite, % Aragonite, % Vaterite, % Halite, %

without

NaCMC 19 75 1
90 5 7 86 2
250 11 10 77 2
700 12 27 59 2

Table 3. Dependence of the phase composition of CaCO3 on the molecular weight of
NaCMC, obtained in the MSW 2.

NaCMC Calcite, % Aragonite, % Vaterite, % Halite, %

without

NaCMC 10 88 1 1
90 2 95 3 -
250 2 94 4 -
700 6 91 2 1

The data obtained by electron microscopy are consistent with the results of x-ray diffraction analy-
sis. On SEM images, calcium crystals formed during crystallization represent irregularly shaped struc-
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tures in the form of threads and stars, while crystals obtained in the presence of a polysaccharide have
a spherical shape characteristic of vaterite (Figure 4).
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Figure 4. Electron micrograph of CaCOs crystals, obtained without (a) and in
the presence of (b) NaCMC 90.

A sample of CaCOs obtained from MSW 1 and MSW 2 in the absence of a polysaccharide contains
elongated crystals of aragonite, which under selected conditions is the thermodynamically most stable
phase (Figure 4). During the crystallization of calcium carbonate in the presence of all NaCMC sam-
ples, the particles of aragonite acquire an irregular shape with rounded edges. They cause low adsorp-
tion on the metal surface of pipes and equipment.

The mechanism of interaction between NaCMC and calcium salts is rather complicated. Probably,
the main reason for the influence of NaCMC on crystal formation can be considered the specific ad-
sorption of NaCMC on the forming faces of salt crystals, both due to the electrostatic interaction of
ionized carboxyl groups with Ca?* ions located on the crystal surface, and due to coordination and hy-
drogen bonds with oxygen atoms and OH- groups of D-glucose fragments [19]. Such an interaction
leads to the formation of polymorphic forms without pronounced morphological signs and changes in
the size of the particles of calcium carbonate.

4. Inhibition of gas hydrate formation
Inhibiting formation of hydrates the ability of the NaCMC investigated in terms of quasi-equilibrium
thermodynamic experiment

As a hydrate-forming model medium, two gas compositions were used: 99.5% methane and 0.5%
ethane — the composition of 1, 93% methane and 7% ethane — the composition of 2. Composition 1
was used to study the effect of methanol concentration, and composition 2 was used to study the effect
of NaCMC concentration. Phase curves of gas-hydrate formation for composition 1 and 2 were calcu-
lated using the software package HWHYD (Heriot-Watt University). The efficiency of NaCMC as an
inhibitor of gas hydrate formation was evaluated by the ratio of the concentrations of polysaccharide
and methanol with the same effect of changing the pressure of the beginning of hydrate formation.

Among the studied samples of NaCMC with different molecular weight (90, 250 and 700 thou-
sand) the highest inhibitory activity was demonstrated by polysaccharide with molecular weight of 90
000 at concentrations of 0.005, 0.01 and 0.05% (Figure 5). It should be noted the influence of the mo-
lecular weight of NaCMC on the process of gas hydrate formation: the compound with a mass of 700
thousand had no effect on the formation of hydrates. The of carboxymethylcellulose sodium salt alters
the conditions of hydrate formation, showing the thermodynamic properties of the inhibitor, the effi-
ciency of which is superior to methanol in 350 times. The reagent is not only an effective thermody-
namic, but also a kinetic inhibitor of gas hydrate formation, since with the increase in the concentra-
tion of polysaccharide, the pressure drop of gas hydrate formation increases and the rate of gas hydrate
formation decreases.
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Figure 5. The effect of the NaCMC and methanol on the hydrate formation of gas com-
position of 1 (the effect of the NaCMC) and composition 2 (the effect of methanol). P -
pressure (bar), T - temperature (°C)

Probably, inhibition of gas hydrate formation occurs as a result of electro-static interaction of ion-
ized carboxyl groups of NaCMC and sodium cations with water molecules, and the formation of hy-
drogen bonds with oxygen atoms and OH-groups of D-glucose fragments [20].

5. Conclusion

Thus, the influence of molecular weight of NaCMC on the process of crystallization of calcium car-
bonate was investigated. A low molecular weight sample of NaCMC with a molecular weight of 90
000 allows obtaining a metastable form of calcium carbonate-waterite. At the same time, in the pres-
ence of magnesium ions, waterite is completely replaced by aragonite. The of carboxymethylcellulose
sodium salt alters the conditions of hydrate formation showing the properties of a thermodynamic in-
hibitor, with efficacy superior to methanol in 350 times.

Acknowledgement

The results were obtained within the framework of the state task of the Russian Ministry of Education
and Science (project No. 4.2703.2017/IT4) on No. AAAA-A17-1170011910021-8 and the financial
support of the grant of the Russian Scientific Foundation (project 14-33-00022).

References

[1] Crabtree M, Eslinger D, Fletcher P et al. 2002 J. Oilfield Rev. 11 N3 30-45

[2] Olajire A A 2015 J. Pet. Sci. Eng. 135 723-737

[3] Pereyma A A 2015 Oil Industry 2 84-87

[4] Voloshin A I, Gusakov V N, Fakhreeva A V et al. 2018 Qilfield Engineering N11 60-72

[5] Birchwood R., Dai J., Shelander D. et al. 2010 Oilfield Rev. 22 N1 18-33

[6] Carroll J 2014 Natural Gas Hydrates. Gulf Professional Publishing p 340

[7]1 Kelland M A 2017 Energy Fuels 31 N5 5046-5054

[8] Grunvald AV 2007 Oil and Gas Business 2 1-25

[9] Perrin A, Musa O M and Steed J W 2013 Chemical Society Reviews 5 1913-2204

[10] Fraser-Reid B O, Tatsuta K, Thiem J et al. 2008. Glycoscience. Chemistry and Chemical
Biology, 2nd ed.; Springer-Verlag; Berlin-Heidelberg-New York

[11] Fakhreeva A V, Gusakov V N, Voloshin Al et al. 2016 Russ J Appl Chem 89 N12 1541-1545

[12] Chernyaeva E Yu, Sayapova V V, Alimbekova S R et al. 2018 Corrosion: materials, protection
532-36

[13] KachalaV V, Khemchyan L L, Kashin A S et al. 2013 Russ. Chem. Rev. 82 N7 648-685

[14] Kashin A S and Ananikov V P 2011 Russ. Chem. Bull., Int. Ed. 60 N12 2602 — 2607



NMPT-4 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 525 (2019) 012050 doi:10.1088/1757-899X/525/1/012050

[15]

[16]
[17]
[18]
[19]
[20]

Dokichev V A, Fakhreeva A V, Voloshin A | et al. 2018 Equipment and technologies for oil
and gas complex N5 43-48

Rao A, Berg J K, Kellermeier M et al. 2014 Eur. J. Mineral. 26 537-552

Zakharov N A, Ezhova Zh A, Koval’ E M. et al. 2005 Inorg. Mater. 41 509-515

Backfolka K, Lagergeb S, Rosenholmc J et al. 2002. J. Colloid Interface Sci. 248 5-12

Sawada K 1997 Pure Appl. Chem. 69 N5 921-928

Altamash T, Qureshi M F, Aparicio S. et al. 2017 J. Nat. Gas Sci. Eng. 46 873-883.



