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Introduction
In the development and operation of oil and gas 

fields, the formation of gas hydrates during drilling 
operations and oil production becomes an important 
problem both for ensuring the flow and pressure 
control in the wellbore, and for the transport of 
hydrocarbon raw materials. The formation of 
gas hydrates in wells and pipelines leads to a 
decrease in their throughput capacity, which leads 
to technological complications [1,2].

Currently, the most widely used 
antiagglomeration, kinetic and thermodynamic 
inhibitors of gas hydrate formation are used to 
control the formation of technogenic gas hydrates, 
among which the most widely used are water 
- soluble polymers - homo- and copolymers of 
N-vinylcaprolactam, N-isopropylacrylamide and 
N-vinylpyrrolidone, as well as methanol, glycols 
and salt solutions [3-6].

The classification of gas hydrate formation inhibitors 
is based on the various mechanisms of their action on 
the process of inhibiting the formation of natural gas 

hydrates. Kinetic inhibitors (homo - and copolymers 
of N-vinylcaprolactam, N-isopropylacrylamide, and 
N-vinylpyrrolidone) reduce the rate of nucleation and 
growth of hydrate crystals [5,7]. Antiagglomeration 
inhibitors disperse gas hydrate crystals into the oil-
water fluid, preventing agglomeration. The effect of 
thermodynamic inhibitors (methanol and glycols) 
is based on a shift in the equilibrium of gas hydrate 
formation towards lower temperatures and high 
pressures [6].

Traditional thermodynamic inhibitors are used 
in high concentrations (10-50%), so the use of these 
reagents is environmentally unsafe and leads to 
an increase in the cost of oil and gas production 
and transportation. The global trend in the field 
of hydrate formation management is developing 
in the direction of replacing toxic oilfield reagents 
(methanol, ethylene glycol, diethylene glycol, etc.) 
with new highly effective «green» low–dose gas 
hydrate formation inhibitors that work effectively 
in dosages of 0.1-3.0 wt.% (kinetic inhibitors of 
gas hydrate formation, antiagglomerants) and do 
not have a negative impact on the environment 
[5,8,9]. However, the use of kinetic inhibitors of 
hydrate formation is limited by the low supercooling 
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temperature and water content (40-60%) of the oil-
water fluid, since the hydrate suspension under 
these conditions becomes too viscous and the 
effectiveness of the inhibitor is low [7].

One of the promising directions in this regard 
is the development of reagents based on natural 
compounds-polysaccharides, whose physical and 
chemical properties, as well as thermal stability and 
biodegradability, determine the search for and creation 
of «green» oilfield reagents on their basis [10-13].

In this paper, we investigated the effect of 
available, thermally stable and biodegradable sodium 
salts of carboxymethylcellulose (NaCMC), dextran 
and arabinogalactan on the inhibition of gas hydrate 
formation in order to develop a «green» synergistic 
inhibitor of gas hydrate formation on their basis.

2. Methods and materials
Sodium carboxymethylcellulose with molecular 

weights of 90000, 250000, and 700000 (NaCMC 
90, NaCMC 90, and NaCMC 700) was received 
from Aldrich. Dextran (Dextran MG 10) and 
Arabinogalactan were received from Sigma-Aldrich.

As a gas-hydrate-forming model medium, a 
mixture of gases was used, the composition of which 
corresponded to the composition of petroleum gas 
(tabl.1). The phase curve of gas-hydrate formation 
for the selected gas composition was calculated 
using the HWHYD software package (Heriot-Watt 
University).

Gas hydrate formation and the effect of 
polysaccharides were studied in a high-pressure 
cell in the isothermal mode. The temperature was 
controlled by a thermocouple connected to the 
measuring unit. A model mixture of hydrocarbon 
gases and water with an inhibitor was pre-injected 
into the cell. In the control and comparison 
experiments, distilled water and an aqueous-
methanol solution were used. Next, the pressure 
was set in the cell, increasing in increments of 5 at. 
At each step of increasing the pressure, the cell was 

kept under isothermal conditions for 1 h. After the 
start of hydrate formation, a change in the pressure 
in the cell was recorded, which is proportional to 
the amount of hydrate is formed in the cell [14]. 
The effectiveness of the studied compounds as an 
inhibitor of gas hydrate formation was evaluated by:

- the pressure difference (∆P0,ing) of the beginning 
of gas hydrate formation in the absence (P0=143 bar) 
and the presence of an inhibitor (P0,ing) of the specified 
concentrations under isothermal conditions:

  ∆P0,ing = P0,ing – 143                          (1)

- the rate constant of gas hydrate formation in 
the presence of an inhibitor, which was determined 
from equation (2) (the change in pressure in the cell 
is proportional to the amount of hydrate):

       P0,ing − Ping = (P0,ing − Ping, min)·exp(−kt)          (2)

where P0,ing, is the pressure of the beginning of gas 
hydrate formation in the presence of an inhibitor, bar;

     Ping, Ping, min - the pressure of hydrate formation 
in the presence of an inhibitor at time t and after 
completion of hydrate formation, bar;

    k is the effective rate constant of gas hydrate 
formation, c-1;

     t is the current time of hydrate formation, c.
The ratio of the concentrations of the inhibitor 

and methanol at the same pressure values of the 
beginning of gas hydrate formation, the effectiveness 
of the hydrate formation inhibitor was determined:

         α = СMeOH/Cing        при ∆PMeOH = ∆Ping      (3)

where СMeOH is the concentration of methanol that 
provides a pressure reduction of ∆PMeOH ;

     Cing - the concentration of the inhibitor that 
reduces the pressure on ∆Ping.

3. Results and discussion
Polysaccharides are affordable, environmentally 

friendly, water-soluble, natural compounds. Glucose 
fragments and carboxyl groups of polysaccharides 
form hydrogen bonds with water molecules. This 
fact suggests the participation of polysaccharides in 
the formation of the structure of gas hydrates at the 
stage of nucleation and thus inhibit their growth. 
It was assumed that polysaccharides, by changing 
the structure of water and the mechanism of crystal 
formation of clathrate compounds, can exhibit 
the properties of a thermodynamic and kinetic 
inhibitor. In this regard, the ability of a number of 
polysaccharides to inhibit gas hydrate formation 
was studied in a quasi-equilibrium thermodynamic 
experiment under isothermal conditions (24.5 oC). 

The effectiveness of the inhibitory properties 
of polysaccharides was studied with the use of a 
series of industrially produced the sodium salt of 
carboxymethylcellulose, arabinogalactan and dextran 
(fig.1). Their activities were determined in comparison 
with the widely used thermodynamic anti-hydrate 

  Table 1
Composition of the model gas mixture 
for the study of gas hydrate formation

Component Content, % mol 
helium 0.0022

hydrogen 0.6341
carbon dioxide 0.084

nitrogen 0.515
methane 78.4
ethane 1.92

propene 0.133
propane 15.79
i-butane 0.63

Butan 1.78
2,2-dimethylpropane 0.007

i-pentane 0.0047
n-Pentane 0.1003
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reagent - methanol. Carboxymethylcellulose is a 
product of chemical modification of linear cellulose 
while the dextran represents a 3,6-branched natural 
polysaccharide. Arabinogalactan is also the natural 
polysaccharide which is produced ecologically 
safe («green») technology and was found [15] to 
be a complex branched polysaccharide containing 
β-(1→3)-D-galactan backbone (A) with certain 
amount of branch points at O-6 (when R is formed 
by carbohydrate substituents). As a side chains 
arabinogalactan contains β-D-galactopyranosyl units 
(B) and their 6-O- (C) and 3,6-di-O-glycosylated (D) 
forms as well as unsubstituted (E) and 3-O-substituted 
β-L-arabinofuranosyl (F) units together with β-D-

arabinofuranosyl (G) and β-L-arabinopyranosyl (H) 
ones and some others. 

The study showed that gas hydrate formation of 
the model gas mixture at 24.5 oC in the presence of 
distilled water and 5% aqueous methanol solution is 
observed at a pressure of 143 and 210 bar, respectively 
(fig.2). To verify the correctness of the experimental 
results, they were compared with the calculated 
data of the phase state of hydrates in the model gas 
mixture without and in the presence of methanol at 
different temperatures (fig.2). To model the phase 
equilibrium in the hydrocarbon gas – water system, 
we used a statistical thermodynamic method with a 
cubic equation of state, which has proven itself well 

Fig.1. Structural formulas of studied polysaccharides

Fig.2. Calculated phase curves of gas hydrate formation of a model gas mixture in the presence of distilled 
water (1) and 5% aqueous solution of methanol (2). Experimental values of the pressures of the beginning 
of gas hydrate formation in the presence of distilled water (●) and 5% aqueous solution of methanol ( ∆ )
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for multiphase multicomponent mixtures [16].
Gas hydrate formation in the presence of methanol 

occurs at significantly higher pressures of 155-245 bar 
and the dependence of the pressure of the beginning 
of gas hydrate formation on the concentration of 
methanol in water obeys the following equation:

           P = 143 . exp(0.0781 . CMeOH)        (4)

After the completion of gas hydrate formation, 
the pressure in the cell decreased by ~2.3-2.5 bar. 
The pressure change in the cell was described by 
equation (2).

In the presence of polysaccharides, an increase in 
the pressure of the beginning of gas hydrate formation 
was also observed (tabl.2). After the formation of 
hydrates, the pressure change in the cell obeyed 
equation 2, and with an increase in the concentration 
of polysaccharide, the rate constant decreased (fig.3). 
The conditions of gas hydrate formation of the model 
gas mixture in the presence of 0.005, 
0.0065 and 0.008% of polysaccharides 
demonstrated their high inhibitory 
activity (tabl.2). If without an inhibitor, 
the process of gas hydrate formation 
began at 143 bar, whereas in the presence 
of a polysaccharide, the formation 
of gas hydrates occurred at higher 
pressures - 155-185 bar. In terms of the 
efficiency of reducing the rate of gas 
hydrate formation and the effectiveness 
of inhibition, dextran is superior 
to NaCMC and arabinogalactan. 
It is shown that polysaccharides 
change the conditions of gas hydrate 
formation, showing the properties of a 
thermodynamic and kinetic inhibitor 
with an efficiency exceeding methanol 
by 170-270 times (tabl.2).

If the concentration of 

polysaccharides increases, the pressure drop of 
gas hydrate formation increases, and the rate of 
gas hydrate formation decreases. Thus, dextran, 
NaCMC, and arabinogalactan are thermodynamic 
and kinetic inhibitors by their mechanism of action. 
Their technological efficiency is 170-270 times higher 
than that of methanol.

Among the studied samples of NaCMC with 
different molecular weights (90, 250, and 700 
thousand), the highest inhibitory activity was 
demonstrated by a polysaccharide with a molecular 
weight of 90000 (fig.4). It should be noted that the 
molecular weight of NaCMC significantly affected 
the gas hydrate formation process: the compound 
with a mass of 700 thousand had no effect on the 
formation of hydrates.

Polysaccharides seem to interact with gas hydrate 
clusters and their nuclei, adsorbing on the surface 
of gas hydrate particles and thus preventing their 
further growth and the formation of critical size 

Polysaccharide 
concentration, %

Gas hydrate formation 
initiation pressure, bar

Gas hydrate formation rate 
reduction efficiency, kMeOH/king

Polysaccharide inhibition 
efficiency α = СMeOH/Cing

NaCMC
0 143 1 1

0.005 168 1.15 214
0.0065 175 4.52 277
0.008 185 31.6 248

Arabinogalactan
0.005 155 1.25 170
0.0065 167 5.11 231
0.008 184 35.5 263

Dextran
0.005 169 1.18 290
0.0065 176 5.64 255
0.008 183 45.2 270

  Table 2
Effective constants of the rate and pressure of the beginning of gas hydrate 

formation in the presence of NaCMC, arabinogalactan and dextran

Fig.3. The gas hydrate formation rate constant 
on the polysaccharide concentration
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nuclei. It is assumed that the inhibition of gas 
hydrate formation for NaCMC occurs as a result 
of the electrostatic interaction of ionized carboxyl 
groups and sodium cations with water molecules, 
and in general for polysaccharides as a result of the 
formation of hydrogen bonds with oxygen atoms 
and OH groups of D-glucose fragments [14].

The developed laboratory aqueous formulations 
of gas hydrate formation inhibitors GNN-1 and 
GNN-2 based on NaCMC and arabinogalactan 
showed a significant increase in the pressure of the 
beginning of gas hydrate formation, indicating more 
than 70-fold their inhibitory effectiveness compared 
to methanol (fig.5).

Studies have formed the basis of the new 
synergistic inhibitor of hydrate formation Glycan 
RU, representing the composition of alcohols and 
polysaccharides, to prevent the formation of gas 
hydrate deposits in gas, gas condensate and oil and 
gas wells as well as in pipeline systems (tabl.3).

On the technological properties Glycan RU 
meets the requirements of the oil Companies, the 
requirements for inhibitors of hydrate 
formation (tabl.3):

- according to the corrosion 
aggressiveness of the commercial form-
the corrosion rate of carbon steel at 20 oC 
was 0.0042 g/(m2·h) with a standard of no 
more than 0.089 g/(m2·h);

- according to the inhibitory effect 
- the hydrate inhibitor Glycan RU has 
a high efficiency of inhibiting hydrate 
formation, exceeding the effectiveness 
of the Petrolit 720 reagent and 
methanol;

- by freezing point - the freezing 
point was -57 oC with the standard not 
higher than -50 oC;

- kinematical viscosity – 17.7 mm2/s 
at -40 oC with a standard of no more 
than 500 mm2/s;

- does not contain organochlorine 

compounds.
A comparative evaluation of the effectiveness of 

inhibition of Glycan RU with the reagent Petrolit 720 
showed that the required concentration of Glycan 
RU is ~7 times less to ensure a given decrease in 
the temperature of hydrate formation under the 
conditions of a quasi-isobaric experiment (fig.5).

Pilot-field tests (PFT) of «Glycan RU» (Technical 
specifications 20.14.71-001-19001114-2018) were carried 
out on 15 wells of the Priobskoye, Prirazlomnoye, 
Ombinsky, and Zapadno-Ugutskoye fields with 
the chloro-calcium and sodium bicarbonate type of 
reservoir water (tabl.4).

The criteria for the effectiveness of the PFT were 
fully achieved at dosages of 1000 g/m3 and 500 g/m3: 
during the entire period of the PFT (5 months), the 
formation of hydrate plugs in the annulus was not 
recorded. Glycan RU is recommended for industrial 
use by the technology of periodic injection and/or 
continuous dosing through the wellhead dispenser. 
The recommended consumption dosage of Glycan 
RU was 500 g/m3.

Fig.5. The pressure of the beginning of gas hydrates 
formation, depending on the concentration of 

the preparative forms of the inhibitor

Fig.4. Gas hydrate formation in the presence of methanol and 
NaCMC (molecular weight 90, 250 and 700 thousand)
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№ Name of indicators Unit of 
measurement Reagent requirements Standard for techni-

cal specifications
Actual 

indicators

1. Appearance 
Phase uniformity, and 

compliance with the terms of 
the technical documentation

Homogeneous liquid 
from light yellow to 

light brown
Yellow 
liquid 

2. The density at 20 °C, 
not less than g/cm3 

Is not normalized. 
The tolerance is ± 5 % 
of the declared value 

0.845-0.987 +5% 
(0.887-1.036)

0.94

3. Freezing point, not 
higher than

оС
Siberian region-not 

higher than 
-50 oC 

-50 оС -57 оС

3.
Kinematic viscosity

at +20 °C;
at -40 °C 

mm2/s no more than 20
no more than 500

5
70

2.03
17.7

4.

Corrosion rate of sam-
ples from the carbon 

steel in the commercial 
form of the inhibitor, 

no more than

g/(m2·h)
Corrosion rate of carbon 

steel at 20 oC for 24 hours:
- than 0.089 not more 0.089 0.0042

6. Organochlorine 
compounds ppm no no no

  Table 3
Physical and chemical characteristics of the gas hydrate formation inhibitor Glycan RU

Fig.6. The hydrate formation temperature on the concentration 
of inhibitors in a quasi-isothermal experiment

Oilfield Ombinskoye Zapadno-Ugutskoye Priobskoye Prirazlomnoye

Formation Ach1 US3 АS10 Аch 1-4
рН 7.2 6 7.5 7.1

Density, g/cm3 1.015 1.0170 1.0080 1.0070
Total mineralization, g/l 24.670 29.054 15.406 5.118

Ionic
composition 

Ca2+ 480 380 100 160
Mg2+ 258 84 30 12

Na+ + К+ 8629.6 10682 5401 1449
Cl- 14400 16200 6825 1050

HCO3
- 902.8 1708 3050 2440

Water Type Chloro-calcium Bicarbonate - sodium

  Table 4
Physico-chemical properties, ionic composition of water of the oilfields that participated in the PFT  
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4. Conclusion
Thus, it was found that the sodium salt of carboxymethylcellulose, arabinogalactan 

and dextran in low concentrations are effective inhibitors of gas hydrate formation. 
A significant influence of the molar mass of NaCMC on the efficiency of gas hydrate 
formation was established. The developed laboratory formulations of the inhibitor showed 
high efficiency. The gas hydrate formation inhibitor «Glycan RU» is recommended for 
industrial use using the technology of continuous dosing through wellhead dispensers and 
periodic injection at oil and gas condensate fields. 
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Новые «зеленые» ингибиторы газогидратообразования для 
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Реферат

Изучены термобарические условия образования газогидратов в присутствии натри-
евой соли карбоксиметилцеллюлозы, декстрана и арабиногалактана в условиях ква-
зиравновесного термодинамического эксперимента. Установлено, что полисахариды 
замедляют скорость и изменяют условия газогидратообразования смеси природных 
газов, проявляя свойства термодинамического и кинетического ингибитора с эффек-
тивностью, превосходящей метанол в 170 - 250 раз при использовании в одинаковых 
дозировках. Представлены результаты по разработке на их основе «зеленого» синергети-
ческого ингибитора газогидратообразования «Гликан РУ», который включает комбина-
цию термодинамического и кинетического ингибиторов. Проведены опытно-промыс-
ловые испытания «Гликан РУ» на скважинах Приобского, Приразломного, Омбинского, 
Западно-Угутского месторождений ООО «РН-Юганскнефтегаз». Установлено, что при 
дозировках 1000 г/м3 и 500 г/м3 отсутствует образование гидратных пробок в затрубном 
пространстве скважин. «Гликан РУ» рекомендован к промышленному применению по 
технологии периодической закачке и/или постоянного дозирования через УДЭ.  

Ключевые слова: карбоксиметилцеллюлоза; декстран; арабиногалактан; полисахари-
ды; «зеленый» ингибитор газогидратообразования; «Гликан РУ».

Neft və qaz sənayesi üçün polisaxarid əsaslı yeni 
«yaşıl» qazhidratəmələgəlmə inhibitorları
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Xülasə

Karboksimetilselüloz, dekstran və arabinoqalaktanın natrium duzunun iştirakı ilə  
kvazitarazlıq termodinamiki eksperiment şəraitində qaz hidratlarının əmələ gəlməsinin 
termobarik şərtləri öyrənilmişdir. Müəyyən edilmişdir ki, polisaxaridlər metanol ilə eyni 
dozada istifadə edildiyi zaman effektivlik baxımından metanolu 170-250 dəfə üstələyən 
termodinamiki və kinetik inhibitor xassələri nümayiş etdirərək təbii qaz qarışığının 
hidratəmələgəlmə sürətini yavaşladır və şərtlərini dəyişdirir. Onların əsasında işlənən,  
termodinamiki və kinetik inhibitorların kombinasiyasını özündə birləşdirən «Qlikan 
RU» «yaşıl» sinergetik hidratəmələgəlmə inhibitorunun nəticələri təqdim olunmuşdur. 
«Qlikan RU»-nun təcrüvə-mədən sınaqları RN-Yuqanskneftqaz MMC-nin Prirazlomnoye, 
Ombinskoye, Zapadno-Uqutskoye yataqlarının quyularında aparılmışdır. Müəyyən 
edilmişdir ki, 1000 q/m3 və 500 q/m3 dozalarla istifadə edildikdə quyuların boruarxa 
fəzasında hidrat tıxacları əmələ gəlmir. «Qlikan RU»-nun dövrü surətdə vurulması və/və 
ya dozalayıcı nasos qurğuları vasitəsilə davamlı dozalama texnologiyasına əsasən sənayedə 
tətbiqi tövsiyə olunur.

Açar sözlər: Karboksimetilselüloz; dekstran; arabinoqalaktan; polisaxaridlər; «yaşıl» 
hidratəmələgəlmə inhibitoru; «Qlikan RU».
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