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(57) Abréegée/Abstract:
The invention relates to a method and an apparatus for the removal of polyvalent cations, in particular divalent cations, from mono
ethylene glycol. Mono Ethylene Glycol (MEG) Is used to prevent hydrate formation In pipelines transporting gas, condensate and
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water. It may also contribute to pipeline corrosion control. The invention describes a method for the removal of polyvalent cations
from mono ethylene glycol, comprising providing a feed of agueous mono ethylene glycol comprising dissolved gas and salts of
divalent cations (rich MEG), heating the agueous mono ethylene glycol to a heated mixture, causing precipitation of at least part of
the salts and release of at least part of the dissolved gas, In particular carbon dioxide, separation of released gas from the mono
ethylene glycol, separation of at least part of the precipitated salts from the mono ethylene glycol, distillation of at least part of the
water from the heated mixture, to yield hot dewatered mono ethylene glycol (lean MEG), wherein a first part of the hot dewateread

mono ethylene glycol Is lead back to the agueous mono ethylene glycol feed to provide at least part of the heat for heating the
agueous mono ethylene glycol.



WO 20127171554 A1 [T ORP OO0 0 O AORERS A

(43) International Publication Date
20 December 2012 (20.12.2012)

CA 02838617 2013-12-06

(19) World Intellectual Property
Organization
International Burecau

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2012/171554 Al

(1)

(21)

(22)

(25)

(26)
(71)

(72)
(75)

(74)

(81)

International Patent Classification:
CO7C 29/76 (2006.01) CO07C 31720 (2006.01)
CO7C 29/80 (2006.01)

International Application Number:
PCT/EP2011/059850

International Filing Date:
14 June 2011 (14.06.2011)

Filing Language: English
Publication Language: English
Applicant (for all designated States except US):
STATOIL PETROLEUM AS [NO/NOJ]; N-4035

Stavanger (NO).

Inventor; and
Inventor/Applicant (for US only): KAASA, Baard
[INO/NOJ; Nordlivegen 8¢, N-7053 Ranheim (NO).

Agent: Zacco Norway AS; P.O. Box 2003 Vika, N-0125
Oslo (NO).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AQO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, ZM, £ W.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(534) Title: METHOD AND APPARATUS FOR THE REMOVAL OF POLYVALENT CATIONS FROM MONO ETHYLENE
GLYCOL

L "Ol3

17

16

’ 17
Q

(57) Abstract: The mvention relates to a method and an apparatus for the removal of polyvalent cations, in particular divalent
cations, from mono ethylene glycol. Mono Ethylene Glycol (MEG) 1s used to prevent hydrate formation in pipelines transporting
gas, condensate and water. It may also contribute to pipeline corrosion control. The mvention describes a method for the removal of
polyvalent cations from mono ethylene glycol, comprising providing a feed of aqueous mono ethylene glycol comprising dissolved
gas and salts of divalent cations (rich MEQG), heating the aqueous mono ethylene glycol to a heated mixture, causing precipitation of
at least part of the salts and release of at least part of the dissolved gas, in particular carbon dioxide, separation of released gas from
the mono ethylene glycol, separation of at least part of the precipitated salts from the mono ethylene glycol, distillation of at least
part of the water from the heated mixture, to yield hot dewatered mono ethylene glycol (lean MEG), wherein a first part of the hot
dewatered mono ethylene glycol 1s lead back to the aqueous mono ethylene glycol feed to provide at least part of the heat for heating
the aqueous mono ethylene glycol.
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Method and apparatus for the removal of polyvalent cations from mono
ethylene glycol

FIELD OF THE INVENTION

The invention relates to a method and an apparatus for the removal of
polyvalent cations, in particular divalent cations, from mono ethylene glycol.

BACKGROUND OF THE INVENTION

Mono Ethylene Glycol (MEG) is used to prevent hydrate formation in
pipelines transporting gas, condensate and water. |t may also contribute to
pipeline corrosion control. Typically, a 90 wt% MEG solution is injected to the
gas stream at the beginning of the pipeline. A water phase may or may not
be present at the pipeline inlet. As the stream cools down though the
pipeline, water will condense from the gas. Water and MEG will mix
completely and the mixture of aqueous methyl ethylene glycol is called rich
MEG, because it is rich in water. The MEG concentration in the rich MEG can
be 30-80 wt%, typically 50-65 wt%.

The rich MEG Is separated from the gas and the condensate in one or
several separation stages. Normally the rich MEG Is heated to 30-80°C to
improve separation and avoid formation of emulsions/foam. Filters,
centrifuges, decanters, coaleshers etc. may be Included to improve the
separation process and for removal or particles. The rich MEG Is then

normally sent to a storage/bufter tank, before it is sent to a regeneration unit

to remove impurities. The processing of rich MEG is called pre treatment.

MEG is regenerated in a regeneration unit which typically consist of a
reboiler/heater and a distillation column. The rich MEG is heated in the
reboiler and most of the water i1s evaporated to produce the desired MEG
concentration in the reboiler, normally around 90wt%. The feeding point may
be either directly into the reboiler or in the distillation column. The vapour is
distilled to remove MEG and produce water with as low MEG concentration

as possible, typically below 1000 ppm.
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The rich MEG may contain many contaminants, such as ions, particles and
various production chemicals. Especially troublesome are divalent cations
such as iron, calcium, barium, strontium and magnesium because they can
precipitate as various carbonates and hydroxide salts in the regeneration
system. Carbonate salts from divalent cations tend to precipitate on hot
surfaces because their solubility decreases with increasing temperature. To
avoid scale problems in the reboiler, these ions should be removed from the

rich MEG before entering the reboiler or other distillation equipment.

A solution for chemically removing certain salts from MEG is described in
WO 2009/017971, which describes a reclamation unit that removes the salt
as a pre-treatment before distillation, by adding chemicals such as NaOH,
NaHCO3, Na2CO3 to increase pH and carbonate concentration. This will
lead to high super saturation of the carbonate salts of the divalent cations

and they will thus precipitate and can be filtered off.

If chemicals are added, they will accumulate in the MEG unless they are
taken out later. Adding NaOH, NaHCO3, Na2CQO3 or similar to increase pH
means that sodium concentration increases and also the alkalinity. (It i1s also
possible to use the similar potassium salts). A reclaimer stage may have to
be included to control the salt concentration level in the loop. Having to use
the reclaimer makes the process more complicated in addition to increased

chemical costs and relatively high energy consumption.

Another solution is to precipitate polyvalent cations by preheating the MEG.
This can be done by a preheater unit positioned before the distillation unit.
Heating the rich MEG will lead to salt precipitation, which may subsequently
be removed by some solids removal process such as filtering, centrifuge or
settling. Heating alone may, however, be insufficient to get guantitative
precipitation of the divalent cations and the reaction rate can be slow,

requiring a large flash drum or similar tank to increase the retention time.



OBJECT AND SUMMARY OF THE INVENTION

It is an object of the invention to provide a method for removing polyvalent
cations from aqueous MEG that is relatively simple. It is another object of
the invention to provide a method to remove polyvalent cations from

aqueous MEG that has a relatively low energy consumption and without

additions of any chemicals.

The invention provides a method for the removal of polyvalent cations, in
particular divalent cations, from mono ethylene glycol, comprising the steps
of:

a) providing a feed of aqueous mono ethylene glycol (rich MEG) comprising
dissolved gas and salts of divalent cations,

b) heating the aqueous mono ethylene glycol to at least 60 °C to produce
a heated mixture, causing precipitation of at least part of the salts and
release of at least part of the dissolved gas,

c) separation of released gas from the mono ethylene glycol,

d) separation of at least part of the precipitated salts from the mono
ethylene glycaol, -

e) distillation of at least part of the water from the heated mixture, to yield
hot dewatered mono ethylene glycol (lean MEG) wherein the temperature of
the liquid in the distillation phase is in the range of 100-160 °C,

wherein a first part of the hot dewatered mono ethylene glycol is led back to
the aqueous mono ethylene glycol supplied in step a) to provide at least part
of the heat for heating the aqueous mono ethylene glycol in step b).

The feed of aqueous MEG, also called rich MEG, can have various sources,
but is typically derived from a gas transport pipeline. The rich MEG stream
typically comprises a MEG concentration of 30-80 wt%, preferably 50-65
wt%. The temperature is typically from 5-100 °C, preferably 30-60 °C. The
pressure may vary from atmospherical pressure to 50 bar, typically in the
range of 1-5 bar. The muitivalent cations present in the rich MEG stream may
comprise various elements, for instance Ca, Mg, Ba, Sr. Iron cations, which
may exist in various oxidation states. are particularly troublesome if they
would precipitate on the surface of equipment, and may be present in
concentrations of for instance 0-150 ppm, typically 5-30 ppm. The solution
will typically also comprise monovalent cations, in particular sodium. The

CA 2838617 2019-01—29
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dissolved gases would typically include carbon dioxide as a main component.
Sodium and carbon dioxide are typically present in the form of the
corresponding salts, in particular NaHCOs.

Heating of the rich MEG induces precipitation of the polyvalent cations. Once
precipitated as salts, the obtained particles may be removed by for instance
filtration at a later stage in the process. The solid particles are less prone to
settle on equipment than the dissolved cations. Thus, when equipment such
as a reboller i1s to be protected, most of the precipitation should take place
before the mixture is introduced into the reboiler .

The removal of gas, in particular carbon dioxide, assists in precipitating salts.
Carbon dioxide is an acid when dissolved with water, and removal will raise
the pH of the mixture. The gas removal, for instance in a flash separator
under reduced pressure, will further enhance the reaction rate of
precipitation. The combination of gas separation and heating will lead to a
useful precipitation rate.

The separation of at least part of the precipitated salts from the mono
ethylene glycol may be done at one or more places in the process stream,
although it i1s preferred if this is done at the output stream of MEG before
further transport or storage.

During distillation of the rich MEG, the temperature is further raised and
water is mostly removed, in order to obtain dewatered MEG, also called Lean
MEG. In lean MEG, the concentration of MEG is raised due {o the removal of
water, having concentrations of 70-99 wit%, preferably 85-95 wt%. The
temperature of the liquid in the distillation phase, typically using a reboiler, is
usually in the range of 100-160°C, preferably 120-150 °C. The pressure is
typically in the range of 1-2 bar. As the distillation will remove water as well
as remaining carbon dioxide, the pH will be higher than the rich MEG,
typically in the range of pH 9-14, preferably pH 10-12. At the distillation
stage, the mixture would contain precipitated salts. As most of the
precipitation was already induced before entering the distillation, by pre-
heating and preliminary removal of carbon dioxide, the precipitation on the
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warm surfaces of the distillation equipment, in particular the reboiler, would
be significantly reduced compared to direct introduction of rich MEG.

Part of the dewatered (lean) MEG can be collected for storage, after filtering
or otherwise separating the precipitated salts containing polyvalent cations.
In the method according to the invention, at least part of the relatively hot
lean MEG will be reintroduced into the feed of agueous (rich) MEG. This
provides a means of heating the agueous MEG to induce new precipitation.
This also allows to perform the preheating without a dedicated preheater, or
with a preheater that has a lower capacity, making the process and the used
equipment simpler, easier and more compact. By monitoring the
temperatures of the lean MEG and rich MEG, the amount of hot lean MEG
lead back to the feed line to achieve the desired preheating temperature can
be determined and controlled.

It is preferred it in step b), the aqueous mono ethylene glycol is heated to at
least 60 °C, preferably from 60 °C — 120 °C, most preferably approximately
80-100 °C. At such temperatures, precipitation and release of carbon dioxide

IS Induced at an efficient rate.

Preferably, the hot dewatered monoethylene glycol lead back to the feed has
a temperature above 100 °C, preferably above 120 °C, most preferably
approximately 145°C. Depending on the starting temperature of the rich MEG
feed typically in the range of 30-60 °C, this allows to mix in a relatively low
amount of lean MEG into the rich MEG feed. It is preferred if the volume ratio
of lean MEG to rich MEG is from 1:5 to 5:1. Preferably, the mixture of rich
MEG and lean MEG would comprise from 30-80 volume®% lean MEG, most
preferably around 50-70 volume% lean MEG. The temperature of the lean
MEG is measured at the position where the split off part leaves the distillation
unit. Preferably, the amount of hot dewatered monoethylene glycol lead back
to the feed is controlled to obtain a warm agueous monethylene glycol
mixture in the temperature range of 60 °C — 120 °C in step b), for instance by
using control valves or mixing equipment.
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In a preferred embodiment the hot dewatered monoethylene glycol (lean
MEG) lead back to the feed comprises particles of salts of divalent cations.
The particles already present in the returned lean MEG act as nucleation
sites and further enhance the rate of precipitation after heating. Also, this
prevents precipitation on equipment as the precipitation rate on a preformed
particle is usually faster than precipitation on the surface of equipment.

It the separation of at least part of the precipitated salts from the mono
ethylene glycol d) is performed on a second part the hot dewatered mono
ethylene glycol that is not lead back to the feed. Having particles in the
returned hot lean MEG stream may be achieved by separating particles the
MEG after the destillation, or only partial separation, or by only separating
particles from the MEG that is taken out of the process for further transport or
storage. This uses the separation units such as filters more efficiently, and
simplifies the control of the process significantly.

It is preferred if in distillation step e) the dewatered monoethylene glycol is
circulated in a distillation loop comprising at least one heater, wherein a first
part of the dewatered monoethylene glycol lead back to the feed is taken
from the circulating monoethylene glycol. Many distillation units comprise a
circulation loop, and taking the dewatered MEG from the circulation loop
makes it easier to provide a stable and more homogenous stream of hot lean
MEG back to the feed, making the process more controllable. Most
preferably, the dewatered monoethylene glycol is taken from the distillation
loop after distillation and before the heater.

Most preferably, the distillation loop comprises a circulation pump, wherein
the dewatered monoethylene glycol is taken from the loop after the
recirculation pump and before the heater. This allows the pressure from the
recirculation pump to be used for returning the lean MEG to the feed without
need for a separate pump.

It is preferred if the salts of polyvalent cations in the monoethylene glycol
comprises salts derived from at least one of the elements selected from the
group consisting of iron, calcium, barium, strontium and magnesium, or
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mixtures thereot. The precipitates salts are typically a mixture of carbonate
salts, hydroxides and oxides. In a preferred embodiment, the salts comprise
iron salts. lron salts are most preferably removed from MEG, as these are
among the most difficult species to remove from the surface of equipment
once precipitated there.

The invention further provides an apparatus for the removal of polyvalent
cations from mono ethylene glycol comprising a feed line for a feed of
aqueous mono ethylene glycol, connected to a flash separator, for separating
released gas and precipitating salts from agueous mono ethylene glycol,
wherein the flash separator is coupled to - a reboiler provided with a
distillation unit for removing water from the mixture supplied therein by
heating, having an outlet to supply at least partially cleaned mono ethylene
glycol, - wherein the outlet is provided with a loop back to supply at least part
of the hot cleaned mono ethylene glycol to the supply line for agqueous mono
ethylene glycol, adapted for heating the feed in the feed line by mixing,
wherein the loop back is connected to the feed line upstream from the flash
separator. This equipment is adapted for performing the method as described
herein. As described above, the reboiler for distillation may comprise a
recirculation loop with a recirculation pump, wherein the recirculation pump Is
positioned to also provide pressure for the loop back.

In a preferred embodiment, the feed line is provided with a preheater,
wherein the loop back is introduced into the feed after the preheater. The
preheater makes it easier to control the temperature for precipitation when
combined with the heat provided by the recirculated lean MEG. Having a
preheater also makes it easier and faster to start up the process, for instance
after maintenance.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 describes an example of a process and apparatus for removing

polyvalent cations from monoethylene glycol.
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DESCRIPTION OF PREFERRED EMBODIMENTS

An example of the process and system is described in detail in Figure 1. The
rich MEG (1) containing the ions is mixed with a hot lean MEG stream (17).
The mixed stream (2) should have a temperature in the range 60-120°C,
typically 80°C before it enters a flash separator (3) where the precipitation will
occur. Due to the heating, at least part of the dissolved gas is released and is
vented off (4).

The hot mixture (5) is then fed to the reboiler unit (6). The feed point Is
preferably located directly into the reboiler, but may also be located in the
recirculation stream (9, 11, 12, 14), preferably downstream from the heater.
The liquid phase In the reboller (6) 1s circulated (9) by a circulation pump (10)
via (11, 12) to a heater (13) where the circulating liquid is heated before it is
lead back to the reboiler (6). Water, MEG and other volatile components will
evaporate and go to a distillation tower (7) where MEG is condensed and
drained back to the reboiler (6). The water vapour leaving the top (8) of the
distillation column is condensed in a standard reflux system. Part of the
condensed water is used for reflux in the column (not shown in the figure).

In the regeneration process, the rich MEG Is boiled to evaporate water to
oroduce typically 90 wt% MEG, called lean MEG. Since water is evaporated,
there Is less solvent to dissolve 1ons and they are concentrated. The alkalinity
of the mixture will therefore increase, leading to increase in pH. Another
important factor is that during boiling, remaining CO, and other gasses are
stripped off the mixture. Rich MEG typically has a pH of 5-8, meaning that
most of the dissolved CO: is in the form of bicarbonate (HCO3). When CO: is
stripped off, the bicarbonate is converted to carbonate (COs;™) and this
further increases the pH:

2HCO3 -> CO(g) + CO3* + H0O

The lean MEG solution thus has higher MEG concentration, higher alkalinity,
more carbonate and higher pH. All these are factors that will promote
precipitation of carbonate salt of the divalent/polyvalent cations.
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In the present invention, some of the hot lean MEG (typically 145°C) is
recirculated and mixed with the cold rich MEG to obtain a temperature in the
range 60-120°C, typically about 80°C. It is also possible to use a combination
of inline heating and recirculation to both obtain the optimum recirculation
rate and the optimum temperature. Due to the increased temperature, MEG
concentration, alkalinity, carbonate concentration and pH, a substantial
percentage of the divalent cations will precipitate fast .

Part of the liquid in the reboller or the circulation loop is taken out as stream
(15) and recirculated by a control valve (16) and injected to the rich MEG
stream as (17). The correct composition of the lean MEG is obtained by
keeping the temperature/pressure in the reboiler. Lean MEG product is taken
out at the outlet (18). The lean MEG stream (18) will contain precipitated
particles of polyvalent cation salts, and these are removed by a solids
separation process before the lean MEG is sent to storage/injected,
preferably by a centrifuge or filtration unit placed in the outgoing MEG stream
18 (not included in the figure).

Alternatively, the filtration unit may also be located at stream (5) or in the
circulation loop (9)-(14) to remove at least part of the solid particles. It is also
possible to have multiple filtration units at various locations in the process.
However, it was found that it is beneficial to have particles present to act as
nucleation sites in the heaters, flash drum and reboiler. The recirculating lean
MEG (15) may be taken from several locations such as directly from the
reboiler (6) or from the outlet pipe (9). This will, however, require an extra
recirculation pump. By taking it from stream (11), the discharge pressure of
the recirculation pump is used to inject the lean MEG into the rich MEG.

The amount of lean MEG to be returned to the agueous MEG is determined
by the temperature of the lean MEG and the temperature of the incoming
aqueous MEG feed 1. By monitoring the temperatures the amount of
recirculated hot lean MEG can be adjusted using the control valve 16, In
order to raise the temperature of the agueous MEG feed to the desired
temperature range of 60-120 °C. Optionally, a preheater may be placed
before the flash separator 3 in order to assist in controlling the temperature,
and for starting up the process.
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CLAIMS

1. Method for the removal of polyvalent cations from mono ethylene glycol,
comprising the steps of: _

5 a) providing a feed of aqueous mono ethylene glycol comprising dissolved gas
and salts of divalent cations,
b) heating the aqueous mono ethylene glycol to at least 60 °C to produce a

heated mixture, causing precipitation of at least part of the salts and release of
at least part of the dissolved gas,

10  c) separation of released gas from the mono ethylene glycol,
d) separation of at least part of the precipitated salts from the mono ethylene
glycol,
e) distillation of at least part of the water from the heated mixture, to yield
dewatered mono ethylene glycol, wherein the temperature of the ligquid in the
15  distillation phase is in the range of 100-160 °C,
wherein a first part of the dewatered mono ethylene glycol is led back to the

aqueous mono ethylene glycol supplied in step a) to provide at least part of the
heat for heating the aqueous mono ethylene glycol in step b).

20 2. Method according to claim 1, wherein the dissolved gas is carbon dioxide.

3. Method according to claim 1 or claim 2, wherein in step b), the aqueous
mono ethylene glycol is heated to 60 °C — 120 °C.

25 4. Method according to claim 1 or claim 2, wherein in step b), the aqueous
mono ethylene glycol is heated to 80 °C.

0. Method according to any one of claims 1 to 4, wherein the dewatered

monoethylene glycol led back to the feed has a temperature above 100 °C.
30

6. Method according to any one of claims 1 to 4, wherein the dewatered
monoethylene glycol led back to the feed has a temperature above 120 °C.

CA 2838617 2019-01-29
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7. Method according to any one of claims 1 to 4, wherein the dewatered
monoethylene glycol led back to the feed has a temperature of 145 °C.

8. Method according to any one of claims 1 to 7, wherein the amount of
dewatered monoethylene glycol led back to the feed is controlled to obtain a

warm aqueous monoethylene glycol mixture in the temperature range of 60 °C —
120 °C in step b).

9. Method according to any one of claims 1 to 8, wherein the cleaned
monoethylene glycol led back to the feed comprises particles of salts of divalent
cations.

10. Method according to any one of claims 1 to 9, wherein the separation of at
least part of the precipitated salts from the mono ethylene glycol d) is performed
on a second part of the dewatered mono ethylene glycol that is not led back to
the feed.

11. Method according to any one of claims 1 to 10, wherein in distillation step e)
the dewatered monoethylene glycol is circulated in a distillation loop comprising
at least one heater, wherein a first part of the dewatered monoethylene glycol
led back to the feed is taken from the circulating monoethylene glycol.

12. Method according to claim 11, wherein the dewatered monoethylene glycol
Is taken from the distillation loop after distillation and before the heater.

13. Method according to claim 11 or 12, wherein the distillation loop comprises a
circulation pump, wherein the dewatered monoethylene glycol is taken from the
loop after the recirculation pump and before the heater.

14. Method according to any one of claims 1 to 13, wherein the salts of
polyvalent cations in the monoethylene glycol comprises salts derived from at

least one of the elements selected from the group consisting of iron, calcium,
barium, strontium and magnesium, or mixtures thereof.

CA 2838617 2019-01-29
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15. Method according to claim 14, wherein the salts comprise predominantly iron
salts.

CA 2838617 2019-01-29
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