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PHASE DIAGRAM OF THE SODIUM CHLORIDE - WATER - DIETHYLENE
GLYCOL - METHANOL SYSTEM AT THE TEMPERATURE OF 25°C

In the process of natural gas dehydration with the help of diethylene glycol the absorbent
obtained after drying is a solution of sodium chloride in the ternary solvent diethylene glycol - water —
methanol, because methanol is widely used as a gas hydrate inhibitor and droplets of the gas brine
mix with the absorbent. For calculation of the technological mode of operation for gas dehydration
systems information on the solubility of sodium chloride in the ternary solvent diethylene glycol — water
— methanol is necessary. Sodium chloride solubility in two-component solvent diethylene glycol -
methanol and three-component solvent diethylene glycol — water — methanol at the temperature 25°C
has been studied. In the system investigated, the only liquid phase is formed. The salt solubility
increases with the increase in diethylene glycol and methanol content in the three-component solvent.
The data obtained can be used in the design of plants for diethylene glycol regeneration from moisture
in the conditions of methanol inhibition, as well as in their operation effectiveness analysis.
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In the process of extraction and transportation of natural gas, especially at low
temperatures, the formation of gas hydrates - clathrate compounds of gas
components and water (snowlike masses) may take place [1]. Gas hydrates may
block the cross-section of pipelines, disturb their normal work and even may
damage them. For gas hydrates prevention it is necessary to reduce the partial
pressure of water vapor in the compressed gas, which is most often achieved by
injecting some substances into gas (hydrate inhibitors). With water these
substances form solutions with low partial pressure of water vapor. In practice
methanol is widely used as hydrate inhibitor [1]. Gas from the well contains
condensed moisture - drops of brine, salt mixture the main component of which is
sodium chloride [2]. In case of insufficient condensed moisture separation much of
it remains in the gas. Methanol and sodium chloride during the subsequent gas
dehydration before feeding it to the pipeline mix with the moisture absorbent. In
most cases, gas dehydration is carried out with the help of diethylene glycol
(DEG), and therefore the absorbent obtained after drying is a solution of sodium
chloride in the ternary solvent DEG - water - methanol. In the process of gas
dehydration the sodium chloride concentration in the absorbent used grows and
there is a risk of crystallization of the salt from the solution during the regeneration
of the absorbent out of moisture. For calculation of the technological mode of
operation for such systems information on the solubility of sodium chloride in the
ternary solvent DEG — water — methanol is necessary.

In the scientific sources, there are experimental data on the solubility of
sodium chloride in water, methanol, and two-component solvent water - methanol
[3]. We have previously studied the solubility of sodium chloride at different
temperatures in DEG and mixtures DEG - water [4]. There are no data on the
solubility of the salt in two-component solvent DEG - methanol and ternary solvent
DEG - methanol - water. In this regard, we have investigated the solubility of
sodium chloride in two-component solvent DEG - methanol and ternary solvent
DEG - water - methanol at 25°C.

The method of determining the solubility is described earlier [4 - 7]. The
experiment was conducted as follows. A hermetically closed glass cell (the
approximate volume is 7 c¢cm®) charged with the salt and a solvent of known
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composition was placed in a thermostated glass of water. Two-and three-
component solvents were prepared in advance in disposable medical syringes,
masses of loaded components being determined by consecutive weighing the
syringe on an analytical balance. At the bottom of the cell there was placed a steel
rod, mixing the contents when the external magnetic stirrer was turned on. As
established by experience, the state of equilibrium at 25°C was set within 15-20
minutes. Yet in order to ensure in the course of experiment the equilibrium
concentrations of sodium chloride in the solution, the mixing time was increased to
1 hour. Then the external magnetic stirrer was turned off, and the cell was kept in
the thermostated glass for phase separation. After separation of the cells contents
by means of a medical syringe and a flexible capillary the solution samples of 0.5
-1 cm?® for sodium chloride analysis were taken. The exact sample weight was
determined by weighing the empty and filled syringe on an analytical balance.
This way of sampling eleminates the evaporation of volatile solution components
in the sampling process. The sample was then transferred to a titration flask, and
the syringe was washed several times with water, which then was poured into the
flask too. The concentration of sodium chloride in the saturated solution was
determined by titration with 0,05 N solution of silver nitrate, using potassium
chromate as an indicator (the Mohr's method).

Diethylene glycol (qualification "h") was distilled at the pressure of 0.2-0.4
kPa. The medial fraction of the distillate was sealed in glass ampoules and then
was used in the experiment. The refractive index of the obtained DEG n% =
1.4470, water content - 0.036%.

For the preparation of the solutions used qualification "h" methanol was
subjected to fractional distillation. The medial fraction was then sealed in a glass
ampoule. The purified methanol had refractive index n?® = 1.3286, density d*° =
791.4 kg/m3 and contained 0.026 wt. % of water.

Bidistillate of water was used in the experiment.

The experimentally determined sodium chloride concentrations values in the
solvents studied are presented in the tables 1 and 2.

Table 1. Concentration of sodium chloride in the saturated solutions of sodium
chloride - DEG — methanol system

Methanol concentration in the solvent,
% wit.
Concentration of sodium chloride in the
solution, % wt

0.0 19.2 39.9 60.8 81.2 100.0

4.18 4.04 3.58 2.93 2.17 1.29

Table 2. Concentration of sodium chloride in the saturated solutions of sodium
chloride - DEG - water — methanol system

Ratio (by weight) DEG: water -74.8: 25.2

Methanol concentration in the
solvent, % wt. 0.0 27.7 50.3 73.3 100.0
Concentration of -SOd“im chloride in 8.30 577 415 279 129
the solution, % wt

Ratio (by weight) DEG: water - 49.1: 50.9

Methanol concentration in the
solvent, % wt.
Concentration of sodium chloride in
the solution, % wt

0.0 26.9 48.4 71.4 100.0

13.9 8.93 5.81 3.28 1.29
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Ratio (by weight) DEG: water - 26.2: 73.8

Methanol concer;/’:)ri’;[[c')n in the solvent, 0.0 26.4 46.9 724 100.0
Concentration of sodium chloride in
the solution, % wt 19.9 12.8 8.07 3.76 1.29

The figure illustrates the dependence of sodium chloride solubility on the
methanol concentration in two-component solvent DEG - methanol and ternary
solvent DEG - water — methanol at the temperature 25°C.
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Fig.1. Dependence of sodium chloride solubility on the methanol concentration in binary
solvent DEG - methanol and ternary solvent DEG - water — methanol at the temperature 25°C

As it follows from the figure and the tables’ data, in the system investigated,
the only liquid phase is formed. Increase of methanol concentration in two-
component solvent DEG - methanol and ternary solvent DEG - water - methanol
reduces the solubility of sodium chloride. In solutions rich with methanol the chloride
concentration is close to its concentration in pure methanol.

The data obtained can be used in the design of plants for DEG regeneration
from moisture in the conditions of methanol inhibition, as well as in their operation
effectiveness analysis.
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B..MameueHko ®A30BASI OAUAITPAMMA CUCTEMbI XJ10PUO HATPUsS - BOAA -
ANITUIIEHTTINKOJIb - METAHOJT NP TEMIIEPATYPE 25°C

UN3yyeHa pacmeopumocmb xropuda Hampus 8 O0BYXKOMIMOHEHMHOM pacmeopumere
QuaMuIIeHaIUKOIb — MemaHOoJ1 U MPEXKOMITOHEHMHOM pacmeopumerie usmuieHa/IUuKo/Ib — eoda —
memanon npu memnepamype 25°C. PacmeopumMocms conu nadaem ¢ ysenuyeHueM KoHueHmpauuu
OusamusneHauKos U MemaHosa 8 mpexKoMIoHeHMHOM pacmeopumerie.

Knrouesble crioga: pacmeopumocme, X/0pud Hampus, duamuneHanuKkose, 800a, MemaHos1

B.-Mameienko ®A30BA [IATPAMA CUCTEMU XJ1OPUL HATPIO - BOAA -
HAIETUJIEHTTIUKOJIb - METAHOIJT I1PU TEMIEPATYPI 25°C

BusyeHa  po3yuHHicmb  xropudy  Hampito 8  OB0KOMIMOHEHMHOMY  PO3YUHHUKY
AuemureHenikonb — MemaHo/1 ma MmpPUKOMIIOHEHMHOMY PO3YUHHUKY OuemurieHenikons — eoda —
MemaHosn rnpu memnepamypi 25°C. PosyuHHicmb coni 3MEeHWYembCsl 3i 3pO0CMaHHSIM KOHUeHmpauii
ouemursieHaikos ma MemaHosly 8 MPUKOMIOHEHMHOMY PO3YUHHUKY.

Knrovosi crioga: po3dyuHHiCmb, x0pud Hamputo, diemurneHauKorb, 800a, MemMaHosl.
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KATAJITAYHUN PO3IA L TTIIPOIIEPOKCHUY 130ITPOIIJIBEH30.JIY B
IMPUCYTHOCTI 1,10-@EHAHTPOJIIHATIB Cu(II)

LocnidxeHo KiHemuKky kKamanimu4Ho2o po3nady 2i0pornepokcudy i30nponinbeH3ony 6
npucym+Hocmi Komriniekcie coneld Cu(ll) 3 1,10-cpeHaHmponiHOM y cymiwi pPO34YUHHUKIE 80da —
emaHorn. [lokasaHO ernnue aHioOHy cosi Ha Kamasimu4dHy akmueHicmb Komriniekcy. KoHcmaHma
weudkocmi Kamanimu4yHo2o posnady eidpornepokcudy 3pocmae 8 psdy aHioHIg: SO/ < Cf <
CH3COQ:, posnad eidponepokcudy e npucymHocmi Himpamy Cu(ll) e ymosax ekcriepumeHmy He
criocmepizanu.

Krnroyoei cnioesa: 2iopornepokcud isonponinbeHsosny, kamarnis, 1,10-¢peHanmponiHamu Cu(ll)

Cnctemun Ha OCHOBI rigponepokcuaiB Ta Cnosiyk Metanis 3MiHHOI BareHTHOCTI
€ MNOLMPEHMMN iHILilOYMMK cucTeMaMn Ons pagukanbHUX MNPOLECIB OKUCHEHHS
opraHiyHux cnonyk [1]. 3rigHO BIiAOMOI OKMCHO-BIOHOBHOI cxemn [2] poanag
rigponepokcuaiB nig Aieto ioHiB MeTaniB 3MIiHHOI BaneHTHOCTI BiabyBaeTbCA B
KataniTM4yHOMy LMKMI 3 MOYEepProBol0 y4acTHO BiAHOBMEHOI Ta OKUCIIEHOI hopmu ioHa
meTany:
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