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(57) Abregée/Abstract:
Agueous alkanolamine solution containing iron sulfide particles Is passed through a bed of contact material having openings

greater than the size of the iron sulfide particles and the iron sulfide particles adhere to the contact material. The contact material
IS regenerated to sequentially remove alkanolamine and iron sulfide particles by contacting it with water.
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ABSTRACT OF THE DISCLOSURE

Agueous alkanolamine solution containing 4iron

sulfide particles is passed through a bed of contact

material having openings greater than the size of the iron

sulfide particles and the iron sulfide particles adhere to
the contact material. The contact material is regenerated
to sequentially vremove alkanolamine and iron sulfide

particles by contacting it with water.
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Case No. 90/073

Degscription
REMOVAL OF TRON SULFIDE PARTICLES FROM

ALKANOLAMINE SOLUTIONS

BACKGROUND OF THE INVENTION
5 Alkanolamine sweetening units are used for the
removal of H,S and CO, from natural gases, enhanced oil
recovery gases, refinery hydrodesulfurizer recycle gases,
FCCU and Coker gas plant tail gases, LPG streams, and Claus
sulfur recovery talil gases. The alkanolamines commonly
10 used are ethanolamine, ~diethanolamine, methyl
diethanolamine, diisopropanol amine, and triethanolamine.
These compounds are weak bases iﬁ water solution. When
solutions of alkanolamines are contacted in packed, sieve
plate, bubble cap, or wvalve tray columns with streams
15 containing H,S and CO,, the H,S and CO, dissolve into the

alkanolamine solution. The following chemical reactions

then take place:
H,S + AAmine = AAmineH" + HS"
H,0 + CO, + ARmine = AAmineH" + HCO,
20 General Eqgn.: | Acid Gases + Alkanolamine =
Alkanolamine Salts of Acid CGases

The solution of water, unreacted alkanolanmine ’

and alkanolamine salts are subjected to steam stripping to
decompose the alkanolamine salts and remove H,S and CO, from
25 the alkanolamine. The H,S and CO, removed from the

alkanolamine can then be processed by Claus sulfur

recovery, incineration, fertilizer manufacture, or other

means.

H,5 and CO, are not the only gases in the above

30 rererred to streams which form weak acids when dissolved in

water. Other such acid gases, as they are commonly called,
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that may appear in gas streams treated with alkanolamine
include SO,, COS, or HCN. These gases also undergo the same

reactions as H,S and CO, to form alkanolamine salts. These
salts, though, cannot be removed by steam stripping as H,S
and CO, salts are. Thus, they remain and accumulate in the
systen.

Another problem is presented if oxygen gets into
the alkanolamine system. Oxidation of acid gas conjugate
base anions leads to the formation of other alkanolamine

salts, most commonly salts of thiosulfate (S,0,%), sulfate

(804'2) and thiocyanate (SCN'). Other inorganic acid anions
such as chloride (Cl°) may also be present. In addition to
the inorganic acid anions, the alkanolamine solution may
also be contaminated with organic anions such as anions of
formic and acetic acid and the 1like. The alkanolamine
salts of these inorganic and organic anions also cannot be
regenerated by steam stripping.

Alkanolamine salts which cannot be nheat
regenerated, called heat-stable salts, reduce the
effectiveness of alkanolanine treating. The alkanolamine
is protonated and cannot react with either H,S or CO, which
dissolve into the solution. Also y accumulated alkanolamine
salts are known to cause corrosion in carbon steel
equipment which is normally used in amine systems. The
salts are also known to cause foaming problems which
further decrease treating capacity.

The alkanolamine treating process is conducted in
metal vessels and lines which are subject to corrosion by
the various chemicals passing therethrough. As a result of

the corrosion small amounts of iron sulfide are released in

the systemn.

Typically, iron sulfide is removed from the

alkanolamine solution by filtration. The filter media has
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openings which allow the 1liguid to move through the
openings but restrict particles larger than the openings

from passing through the openings. Several filter media

and filter operations are available. Some filters are
single layers of media which stop all particles larger than
the opening. They continue to filter by building a cake of
the material on the media; the fluid is pushed through the
cake by pressure differential, and the particles stick on
the top layer of cake. Other filters use fibers as a
filter media. The fibers are bound in a three-~dimensional
structure. As the alkanolamine containing iron sulfide
enters the fiber structure, the particles become trapped
because the openings between the fibers in the structure
are smaller than the particles. The particles remain
trapped in the structure increésing the pressure
differential through the media.

Both types of filters must be cleaned to remain
effective. Both filters are usually cleaned after reaching
some predetermined pressure differential caused by buildup
of particles in the structure or depth of cake. Single
layer (cake filtration) filters can be cleaned by scraping
the cake o0off or backflushing the media to push the cake
off. Structured fiber elements are simply replaced with
clean ones., The scraped and backflushed filters are
reusable.

It would be desirable to provide a process for

the removal of 1ron sulfide particles from alkanolamine
solution which 1is not restricted by pressure drop and in

which mechanical cleaning of filter elements is not

roguired.

)

2
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THE PRIOR ART
U.S5. Patent 3,732,669 to Chambers discloses an
apparatus for removing solid particles such as iron sulfide

from fuel gas by utilizing fiberglass filter cylinders.

The filter cylinders are disposed horizontally in a chamber
and are spaced from each other. Incoming fuel gas flows
downwardly through the filter cylinders and around them.
According to the patent, considerable amounts of water and
solid materials such as sand, scale and iron sulfide
collect on the outer surfaces of the filter cylinders and
are then washed downwardly into the space below the botton
row of cylinders. The patent further discloses periodic
removal of the filter cylinders for cleaning and/or
replacement. The reference is directed to a process in
which solid particles are primarily removed by mechanical
action, that is by striking the filter media. While some
of the particles are retained on the filter media, the
majority of the particles are flushed from or fall from the
outer surfaces of the cylinders into the bottom portion of
the filtering vessel. As stated in the patent, it is
necessary periodically to blow out filtered 1liquid and
solid materials from the bottom of the filter in order to
reduce pressure drop through the filter.

U.5. Patent 4,933,071 to Hayse discloses a
process for the removal of iron from a hydrocarbonaceous
feedstock by reacting the iron with sulfur to produce iron
sulfide which is then removed by filtration through a
fibrous media with glass wool being preferred.
Specifically, the patent discloses a process for thermal
demetallization in which iron in the hydrocarbonaceous

feedstock reacts with sulfur on the fibrous media to form
iron sulfide. The process is carried out at tenperature

between 250°F and 600°F, and preferably between about 350°F
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and 550°F. The material deposited on the fibrous media acts as an active
demetallization catalyst and continued thermal desulfurization deposits more
of this catalyst on the previously formed catalyst by the process of
homoepitaxy. Thus, the system becomes progressively more active f or metal

removal that is autocatalytic to further iron sulfide formation.

THE INVENTION

According to an aspect of this invention, a process for removing
iron sulfide particles from an alkanolamine solution which comprises passing
the alkanolamine solution through a suitable contact material, the material
being one to which iron sulfide particles in an alkanolamine solution adhere,
and the said material having openings greater than the size of the iron sulfide
particles, whereby flow of alkanolamine solution through the contact material
is completely or substantially unimpeded during the process and whereby the
iron sulfide particles in the alkanolamine solution adhere to the contact
material.

In one aspect of the invention, alkanolamine free of iron sulfide
particles is initially removed from the contact material during water washing,
followed by removal of iron sulfide particles free from alkanolamine by
additional water washing.

In another aspect, the invention provides a process for removing
iron sulfide particles from an alkanolamine solution which comprises passing
the alkanolamine solution through glass wool having openings greater than
the size of the iron sulfide particles, whereby flow of alkanolamine solution
through the glass wool remains unimpeded during the process and whereby
the iron sulfide particles in the alkanolamine solution adhere to the glass

wWool.
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic flow diagram including a vessel
containing a contact material which illustrates one embodiment of the

invention.

DETAILED DESCRIPTION OF THE INVENTION
The process of the invention may be used to remove iron sulfide
particles from any aqueous alkanolamine solution. As previously pointed out,

alkanolamine solutions containing iron sulfide particles usually result
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from processes in which hydrocarbon gases are contacted
with an aqueous alkanolamine solution to absorb such
impurities as H,5 and CO,. The resulting solutions which
contain alkanolamine salts of H,S and CO, also contain
alkanolamine salts of various inorganic and organic anions
which are present in the hydrocarbon gases or are formed in
the solution by oxidation resulting from oxygen entering
the alkanolamine treating system. The alkanolamine salts
of H,S and CO, are not heat stable and may readily be

decomposed by steam stripping with the concomitant removal

0f the released H,8 and C0;, The salts of other anions

are unaffected by heat or steam stripping so they
accumulate in the solution and contribute to corrosion and

the accumulation of iron sulfide particles in the

alkanolamine solution.

The process of this invention for the removal of
iron sulfide particles from an alkanolamine solution is
best described by reference to the drawing.

Referring to Figure 1 an aqueous alkanolamine
solution, for example ethanolamine solution, is introduced
to a contacting zone 4 through line 2. The contacting zone
contains a body of contact material 6, in this instance
glass wool, which is confined between two perforated plates
8 and 10. As the ethanolamine solution containing iron
sulfide particles passes'through the glass wool the iron
sulfide in the ethanolamine adheres to the surface of the
glass wool. Retention of the iron sulfide is not dependent
on any restriction of the size of openings in the glass
wool which allow ethanolamine solution and iron sulfide
particles to pass through unimpeded. The retention of the
iron sulfide on the glass wool is dependent only on the
properties of the alkanolamine which surround the 1iron

sulfide particles. Thus, removal of the iron sulfide
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particles from the ethanolamine is independent of the size

of the openings 1in the glass wool. Also, since the iron

sulfides particles do not close off openings in the glass
wool, the pressure requirements to force ethanolamine
solution through the glass wool do not change with
accumulation of i1ron sulfide on the glass wool, as would
be the result with conventional filters.

After passing through the glass wool, the agueous

ethanolamine solution now substantially free of iron

sulfide 1s removed from contact =zone 4 through 1line 12
where 1t may be returned to the gas treating process or
subjected to additional processing. After such further
processing the alkanolamine solution may be reused in the

alkanolamine treating process. Passage of alkanolamine

solution through the glass wool 1s continued until iron
sulfide particls break through at which time the glass
wool 1s ready for regneration.

In the first step of regeneration alkanolamine

which remains 1n the glass wool after the flow of

alkanolamine solution 1s8s terminated 1s removed therefrom

by passing water through the glass wool co-current to the

ethanolamine flow. This may be carried out by introducing

water to contact zone 4 through line 2 and removing the

water through line 12. In addition to removing free
ethanolamine, the water also strips ethamolamine from
around the 1ron sulfide particles. When this occurs, iron

sulfide will start to appear in the water wash along with
ethanolamine. At this point the ethanolamine which has
been removed from the glass wocl may be recycled for reuse
1n the alkanolamine treating process. Additional water is
then passed through contacting zone 4 either co-current or

countercurrent t o the ethanolamine solution wilith
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countercutrrent flow, via inlet 14 and outlet 16, being

preferred. With the ethanolamine
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removed from the glass wool, the iron sulfide particles no

longer adhere to the glass wool and freely move out of

contacting zone 4. The effluent water containing iron

sulfide particles may be collected and placed in a settling
tank, de-watered and drummed for disposal. Alternatively,
the iron sulfide may be filtered or centrifuged from the
water or it may be acidized with a strong mineral acid,
neutralized and discarded to waste water treatment. Upon
completion of regeneration the glass wool may be reused for
the removal of iron sulfide: particles from additional

alkanolamine in the same manner as described.

A variety of contact materials may be employed in
carrying out the process of the invention. They include
but are not limited to such materials as wood, glass,
nylon, Kevlar® polymer and other polymers and copolymers.

Glass 1is the preferred contact material and
particularly glass wool, however, any contact material to
which iron sulfide particles in alkanolamine solution will
adhere may be used in carrying out the process of the
invention.,

The contact material may be provided in a variety
of forms. For example it may be provided in the form of a
fine wire-like material as in the case of glass wool. It
also may be used in the form of fibers. The contact
material is usually present as a relatively dense bed to
provide a large surface-to-volume ratio. A large surface-
to-volume ratio is preferred in order to minimize the
amount of contact material required in the process. The
only physical shape requirement of the contact material,
however, is that it have sufficient size openings for flow
of alkanolamine solution so that there is unobstructed
passage of solution through the contact material during the

entire iron sulfide removal process. In this manner, flow
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of alkanolamine solution and iron sulfide particles through
the contact material is unimpeded and removal of iron

sulfide particles from the alkanolamine solution is
provided solely by adherence of these particles to the

surface of the contact material.

The volumetric flow rate of the alkanolamine

solution through the contact material is dependent on the
configuration of the contact material and the cross section

of contact material exposed to the alkanolamine solution,

Usually the flow rate of alkanolamine solution will vary
from between about 0.5 and about 20 gallons per minute per
square foot of cross-section. The amount of iron sulfide
retained by the contact material is dependent on the
surface area of the contact material and the particular
contact material used.

The process cycle for the removal of iron sulfide
particles from the alkanolamine solution depends on the
amount of contact material used, the rate of flow of the
alkanolamine solution through the contact material, and the

amount of iron sulfide particles contained in the solution.

contact material is required.

The water flow rate used in the regeneration step
again is dependent on the amount of contact material and
the amount of iron sulfide deposited on the contact
material. Usually the water rate will be between about 0.5
and about 20 gallons per minute pexr square foot of contact

material cross~section. Up to several volumes of water per

volume of contact material may be required to remove
alkanolamine from the contact material prior to
breakthrough of the iron sulfide particles during

regeneration. Similarly, up to 20 veolumes of water per

2
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volume of contact material may be used to then remove iron
sulfide from the contact material.

The process of the invention has been described
in conjunction with a batch ocperation. The process may
also be carried out continuously by providing a plurality
of contact zones with appropriate piping and valves.

The invention has been specifically described in
its application to the removal of iron sulfide from agueous
ethanolamine, however, any of the other common
alkanolamines previously mentioned may be used in the
process.

The process of the invention possesses a number
of advantages over conventional filtering processes. The
contact material is reusable, it does not have to be
discarded nor does it have to be cleaned mechanically to
remove filter cake. The contacting zone does not have +o
be opened to remove the contact material since it may be
used over and over. The process of the invention is simple
in operation. It does not require expensive elements and
does notmrequire.highgpressurewwashing'liquid,to remove the
iron sulfide from the contact material. '

In the conventional filtering process the
pressure required to move 1liquid through the system
increases with time as the filtered material builds up in
the system, usually in the form of a cake on the filtering
medium. Eventually the pressure required becomes so great
that it is necessary either to remove and discard the
filter or mechanically remove filter cake from the surface
of the filter. 1In the process of the invention, there is
never any impedance to flow of the alkanolamine solution
through the contact material. While a certain amount of
pressure 1s requlred to move the alkanolamine solutlon

through the contacting zone, this pressure does not
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The following examples are  presented in

illustration of the invention.
Xample 1

Five 250 ml straight wall separatory funnels were packed

with the following fibers: wood pulp, glass wool, nylon
66, Kevlar®, and a copolymer fiber. The fibers were packed

down with a glass rod as tight as possible. A layer of

inert alumina cylinders were placed on top of the fibers to

hold them down. An alkanolamine solution of UCARSOL® HS-

101 a formulated solvent containing methyldiethanolamine

(MDEA) at 30 weight percent in water was contaminated with

funnel into the funnel with the packed fiber. The filtrate
was collected in a beaker below. The solution was filtered
until the filtrate began to cloud. Amine flow was then
stopped. The amine solution remaining was washed from each
fiber with deionized water downflow until No more amine was

detected. After rinsing downflow with water, each fiber

was washed upflow with deionized water.

All of the packed fibers retained iron sulfide particles

from the alkanolamine solution during filtration. The wood

pulp, glass wool, and nylon 66 had the highest capacity.

The Kevlar® had less capacity than those three, and the
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copolymer fibers had the least capacity.

During backflushing, all of the fibers gave up particles of
iron sulfide to the water, again varying with the fiber.

The wood pulp, Kevlar®, nylon 66, and glass wool gave up
nearly all of the trapped iron sulfide to the backflush

water. The copolymer fiber only gave up a small amount of

the particles.

This example illustrates that various fibers exhibit the
capability for removal of iron sulfide from alkanolamine

solution and for backwashing with water to remove the iron

sulfide from the packed fibers.

Example 2
In this example a 6" diameter 18" long section of sch 40

carbon steel pipe with flanged fittings at the ends was
used as the filter housing. Inside the filter housing the
fellowing layers from the bottom up were packed: a 1/32"
minimum opening stainless steel screen 1/16" thick, 3" of
plastic coated aquarium gravel, 10" of packed glass wool,
1" of plastic coated aguarium gravel, 1" of activated
carbon, 1" of plastic coated aguarium gravel. The agquarium
gravel was approximately 1/4 to 1/2" pleces. The activated
carbon layer was added to remove any hydrocarbons from the
circulating alkanolamine passing through the filter.
Hydrocarbons in the alkanolamine solution adversely affect

the iron sulfide removal and backflushing properties of the
glass wool.

An unfiltered solution of UCARSOL® HS-101 contalning about

30% MDEA was taken from a commercia_l alkanolamine system at

130°F. The normal cartridge type filter using 25 micron
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paper elements was out of service to change the dirty
cartridges, The alkanolamine was cooled using a coil
submerged in cooling water to about 100°F. The
alkanolamine was then pumped through the filter downflow at
3 gal/min for 5 hours. The inlet alkanolamine solution was
compared to the outlet solution visually in 10, then 30
minute intervals. After the flow of alkanolamine was
stopped, the filter was washed downflow with condensate
water cooled to 100°F. The condensate was stopped when no
more amine was detected in the outlet. The condensate was
switched to upflow and the effluent water was collected in
a 55 gal drum. The water was run until no more particulate
matter was visible in the effluent. About 10 gal of water
was collected. The alkanolamine from the filter was much
clearer than the inlet alkanolamine. The removal of the
iron sulfide particles in the backflush with condensate was
very effective. It produced an opaque, black colored

solution which when allowed ¢to settle contained a

substantial layer of iron sulfide particles.

nxamnple 3

The experiment of Example 2 was repeated with a refinery
amine solution with the conventional cartridge filters in
service upstream of the experimental filter. Alkanolamine
solution passed through the filters at about 3 gpm downflow
for a period of five hours. After five hours, samples of

the amine solutions entering and leaving the experimental

filter were analyzed for total suspended sollds (188,
particles which would not pass through a 0.45 wmicron

filter). 1Inlet TSS was 10.8 mg/l and outlet TSS wag 7.62

mg/l. The glass wool removed solids which were not removed

in the cartridge filters.
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in all of the examples the flow of alkanolamine containing

iron sulfide particles through the various fibers was
unimpeded. There was no evidence of any increase in

pressure drop through any of the fibers during the tests.

While certain embodiments and details have Dbeen

shown for the purpose of illustrating the present

invention, it will be apparent to those skilled in the art

that various changes and modifications may be made herein

without departing from the spirit or scope of the

invention,

We claim:
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Claim 1. A process for removing iron sulfide particles from an
alkanolamine solution which comprises passing the alkanolamine solution
through a suitable contact material, the material being one to which iron
sulfide particles in an alkanolamine solution adhere, and the said material
having openings greater than the size of the iron sulfide particles, whereby
flow of alkanolamine solution through the contact material is completely or
substantially unimpeded during the process and whereby the iron sulfide

particles in the alkanolamine solution adhere to the contact material.

Claim 2. The process of Claim 1 in which the iron sulfide particles are

removed from the contact material by washing the contact material with water.

Claim 3. A process as claimed in Claim 2 wherein the direction of flow of
water is counter to the direction of flow of the alkanolamine through the

contact material.

Claim 4. The process of Claim 2 or Claim 3 in which alkanolamine free of
iron sulfide particles is initially removed from the contact material during water
washing followed by removal of iron sulfide particles, free of alkanolamine, by

water washing the contact material.

Claim 5. The process of any one of Claims 1-4 in which the alkanolamine
is selected from the group consisting of ethanolamine, diethanolamine,

methyldiethanolamine, diisopropanolamine and triethanolamine.

Claim 6. The process of any one of Claims 1-5 in which the contact
material is selected from the group consisting of wood, glass, nylon, Kevlar®

polymer and other polymers and copolymers.

Claim 7. A process as claimed in any one of Claims 1 to 6 wherein the

contact material is glass wool.
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Claim 8. A process for removing iron sulfide particles from an
alkanolamine solution which comprises passing the alkanolamine solution
through glass wool having openings greater than the size of the iron sulfide
particles, whereby flow of alkanolamine solution through the glass wool
remains unimpeded during the process and whereby the iron sulfide particles

in the alkanolamine solution adhere to the glass wool.

Claim 9. The process of Claim 8 in which the iron sulfide particles are

removed from the glass wool by washing the glass wool with water.

Claim 10. The process of Claim 9 in which alkanolamine free of iron
sulfide particles is initially removed from the glass wool during water washing
followed by removal of iron sulfide particles, free from alkanolamine, by water

washing the glass wool.

Claim11. The process of any one of Claims 8-10 in which the
alkanolamine is selected from the group consisting of ethanolamine,
diethanolamine, methyldiethanolamine, diisopropanolamine and

triethanolamine.
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