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ABSTRACT OF THE DISCLOSURE

Acidic gases are removed from gas streams by contact-
ing the stream with a solvent composition comprising
(a) an organic solvent which is liquid at room tempera-
ture, has a solubility for CO, at 25° C. and atmospheric
pressure of not less than about one volume of COg per
volume of solvent, said solvent having a boiling point at
atmospheric pressure of at least about 150° C., being un-
reactive with amines and containing at least one func-
tional group other than hydroxyl, characterized by the
presence of an element selected from the group consisting
of oxygen, nitrogen, sulfur and phosphorus, the functional
groups present in the solvent molecule in number exceed-
ing the number of hydroxyl groups when the molecule
contains more than one hydroxyl group and (b) a second-
ary monohydric alkanolamine,

BACKGROUND OF THE INVENTION

This invention relates to purification of gases, particu-
larly gases rich in hydrogen and hydrocarbons, such as
synthesis gas and natural gas, and in particular to im-
proved solvent systems for the removal of acid gas con-
stituents - (for example CO, and H,S) from streams of
such gases.

It is well known in the art that an efficient method of
removing acid gases from gas streams is to contact the
gas stream countercurrently with an organic solvent con-
taining an alkanolamine. For systems in which dehydra-
tion of the gas stream is also desired absorbent solutions
consisting of polyhydric alcohols or monohydric alcohols
admixed with alkanolamines such as monoethanolamine,
diathanolamine, and diisopropanolamine have been used.
More recently, organic solvents such as sulfolane and 1,3-
dioxolanes admixed with similar alkanolamines have been
suggested. Improved solvent systems containing 1,3-di-
oxolanes are more fully described and claimed in copend-
ing application Ser. No. 586,246, filed Oct. 12, 1966, now
Pat. No. 3,502,428 assigned to the assignees hereof. The
present application is a continuation in part of applica-
tion Ser. No. 585,761, filed Oct. 11, 1966, and now aban-
doned.

From the point of view of efficient mass and heat trans-
fer, it is generally desirable that the absorbent solution
have a low viscosity. Mass transfer rates of acid gases such
a CO, from a gas stream into a liquid absorbent are ad-
verely affected when the absorbent is unduly viscous, be-
cause high liquid viscosity tends to favor the creation of
a boundary layer at the liquid surface which quickly be-
comes saturated with the absorbed gas. When this hap-
pens, further absorption cannot take place until the
boundary layer is either replaced, by passing fresh liquid
absorbent into the absorption zone, or disrupted, for ex-
ample by agitating the liquid absorbent, so as to expose
the nonsaturated adsorbent beneath the boundary layer.
All such measures necessarily increase capital costs by
requiring larger or more complicated equipment, or in-
crease the operating cost by requiring additional power
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for pumping, agitation, etc. Usually, both capital and op-
erating costs are increased.

Heat transfer characteristics of the system are adversely
influenced in a similar way when the viscosity of the ab-
sorbent is excessive, by the formation of a static boundary
layer which serves to insulate the underlying liquid absor-
bent, and similar measures must be taken to overcome this
problem, also with an adverse effect on capital and operat-
ing costs. All of these factors combine to make it highly
desirable that the absorbent solution be of low viscosity.

PRIOR ART

One of the earliest organic solvent-amines system used
for acid gas removal and simultaneous dehydration con-
isted of a glycol and monoethanol amine, a primary al-
kanol amine. The pure glycols normally gave relatively
high viscosities but in admixture with monoethanolamines,
which has a very low viscosity, a solution of acceptable
viscosity characteristics is obtained. However, there are
generally known drawbacks to the use of glycols as the
organic solvent and monoethanolamine as the amine com-
ponent. The glycols have low solubility for acid gases
while the primary amines are highly basis substances
which make it difficult to regenerate the acid gases from
solution. Furthermore, the regenerated solutions, still con-
taining considerable amounts of acid gases are known to
be corrosive to carbon steel. The general high chemical
reactivity of primary amines also makes them unsuitable
for use with the more recently suggested solvents such
as sulfolane.

These problems have been circumvented in the art by
using as the amine component the less reactive secondary
dialkanolamines, diethanolamine and diisopropanolamine
in admixture with organic solvents having good acid gas
solubility characteristics. This, however, has been at the
expense of a drastic increase in the viscosity of the absor-
bent solutions.

An object of this invention, therefore, is to provide im-
proved methods for the removal of acidic gases from gas
streams.

Another object is to provide improved solvent systems
for the removal of acid gases from gas streams.

Still another object is to provide solvent systems of low
viscosity.

A further object is to provide solvent compositions
which are readily regenerated after use by removing acidic

- gas constituents dissolved therein.

Another object is to provide such solvent systems which
are substantially non-corrosive toward carbon steel.

Still another object is to provide solvent systems of the
type described, which are characterized by high solubility
for COq, other acid gas components such as H,S, SO, etc.

Other objects and advantages will become apparent
from the following more complete description and claims.

SUMMARY OF THE INVENTION

In one particularly desirable embodiment, this inven-
tion contemplates a solvent composition useful for the ex-
traction of acid gases from gas streams, comprising in
combination (a) an organic solvent which is liquid at
room temperature, having a solubility for CO; at 25° C.
and one atmosphere pressure of not less than about one
volume of CO, per volume of solvent, said solvent hav-
ing a boiling point at atmospheric pressure of at least
about 150° C., being unreactive with amines and con-
taining at least one functional group other than the hy-
droxyl group, said functional group being characterized
by the presence therein of an element selected from the
group consisting of oxygen, nitrogen, sulfur and phos-
phorus, said functional groups being present in the solvent
molecule in number exceeding the number of hydroxyl
groups when said molecule contains more than one hy-
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droxyl. group, and (b) a secondary monohydric alkanol-
amine,

In another particularly desirable embodiment, this in-
vention contemplates a process for removing acid gas
constituents from gas streams, comprising in combination
the steps of contacting said gas stream with a liquid sol-
vent composition comprising (a) an organic solvent
which is liquid at room temperature, having a solubility
for CO, at 25° C. and atmospheric pressure of not less
than about one volume of CQO, per volume of solvent,
said solvent being unreactive with amines and containing
at least one functional group, other than the hydroxyl
group, said functional group being characterized by the
presence therein of an element selected from the group
consisting of oxygen, nitrogen, sulfur and phosphorus,
said functional groups being present in the solvent mole-
cule in number exceeding the number of hydroxyl groups
when said molecule contains more than one hydroxyl
group, and (b) a.secondary monohydric alkanolamine,
and separating said gas stream from said solvent com-
position and acid gas dissolved therein.

The solvent compositions contemplated by the present
invention are useful for removing acid gases such as CO,,
SO,, HsS, etc. from gas streams such as streams of hy-
drogen or hydrocarbon-rich gas exemplified by synthesis
gas, natural gas and the like, according to methods already
well known to the art. Such methods, including counter-
current vapor-liquid extraction in a packed column,
countercurrent contacting in-a bubble-cap tower and the
like, being well known in the art, are not described in de-
tail herein, other than by use of the generic term ‘“con-
tacting.”

The principal requirements for the organic solvent are
that it have a reasonably good solubility for CO, and
other acidic gases normally found in hydrogen or hydro-
carbon-rich gas streams, that it be a liquid of high boiling
point and of fairly low viscosity in the pure state, that it
be substantially non-corrosive toward common materials
used for fabrication of chemical process equipment, and
that it be capable of dissolving the amine’s portion of the
solvent composition without reacting extensively with it.
To meet these requirements, the solvent should be some-
what polar in nature, to provide adequate solubility for
the amine and for the acidic gas components to be ab-
sorbed.

Organic solvents containing at least one functional group
other than hydroxyl, wherein the functional group con-
tains at least-one of the elements oxygen, nitrogen, sulfur
and phosphorus, have been found in general to meet this
requirement. Hydroxyl groups may also be present, but if
the molecule contains more than one hydroxyl group,
the number of functional groups other than hydroxyl, as
described above, should exceed the number of hydroxyl
groups. Compounds having two or more hydroxyl groups
tend to be too reactive with the amine portion of the com-
position, or to be insufficiently absorptive toward acid
gases, unless the number of other functicnal groups ex-
ceeds the number of hydroxyl groups.

The non-hydroxyl functional groups above referred to
are preferably characterized by the C—X—C configura-
tion, wherein X represents oxygen, nitrogen, sulfur or
phosphorus. Thus the preferred solvents include cyclic and
acyclic ethers, glycol ethers, dioxolanes, dioxanes, furans,
trioxanes, oxazoles, etc., sulfones and sulfoxides such as
sulfolane and dimethyl sulfoxide, substituted and unsub-
stituted pyrroles such as 2-pyrrolidone, N-methyl pyrroli-
done, etc.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Although all of the above groups of solvents are oper-
able in the practice of the invention, it is preferred for
practical reasons to select solvents within these groups
which are liquids, but not excessively volatile liquids.
Thus, for example, whilé the dioxanes are operable sol-
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vents generally, the unsubstituted dioxanes, having rela-
tively low boiling points (around 100° C.) are not pre-
ferred because their relatively high volatility causes them
to evaporate partially into the gas stream, so that special
precautions must be taken to recover the solvent vapors
from the purified gas stream and stripper effluent, which
would result in increases in both capital and operating
costs. In general, depending on the operating temperature
at which the absorption operation is to be carried ouf, it
is preferred to employ solvents boiling well above that
temperature—typically, solvents having boiling points in
excess of about 150° C.

As to the viscosity of the solvent in the pure state,
substantially all solvents which meet the other require-
ments (including the implied requirements in the term
“solvent” i.e. that it be a liquid) have sufficiently low
initial viscosities in the pure state so that when assisted
by the viscosity reducing properties of the amine (dis-
cussed below), they provide low-viscosity solvent systems
useful in processes of the type under consideration. Sol-
vents which are liquid at ordinary temperatures generally
have molecular weights below about 200.

To avoid corrosive effects on the equipment, the sol-
vent, in aqueous solution, should be substantially neutral,
or at least should have a pH no lower than about 4. This
requirement normally excludes compounds containing
carboxyl groups. Higher pH’s, above 7, are permissible,
but are not ordinarily exhibited by most of the described
oxygen-, nitrogen-, sulfur-, and phosphorus-, containing
solvents contemplated in any event,

A fairly wide selection of solvents meeting all of the
above criteria is available, as will be apparent to those
skilled in the art from the foregoing discussion. Among
the preferred solvents may be mentioned particularly
sulfolane (tetrahydrothiophene-1, 1-dioxide), and diox-
olanes, such for example as 2,2-dimethyl-1,3-dioxolane-4
methanol and other dioxolanes more fully described and
listed in the aforesaid copending application.

It has been discovered that substantially all of the
above described solvents, even those having relatively
high viscosities in the pure state, provide solvent com-
positions of surprisingly low viscosity when admixed with
a particular type of amine, namely a secondary monohy-
dric alkanolamine—i.e. a compound of the general type
representable of the formula

R-NH-R'—CHOH
B!‘”

wherein R is a lower alkyl group such as methyl, ethyl,
propyl or isopropyl, R’ is a lower alkylene group such
as methylene, ethylene and the like, including substituted
lower alkylene groups in which one or more hydrogen
atoms have been replaced by a lower alkyl groups, and
R’ is hydrogen or a lower alkyl group. Preferred com-
pounds for use in the practice of this invention include
N-methyl ethanolamine and N-ethylethanolamine.

It has also been discovered that amines of this type
possess an additional unexpected advantage in that they
are miscible with the desired organic solvents to a greater
extent than are the previously used amines, By way of
example, Table I shows that a mixture of bis-2-methoxy-
ethyl ether and N-methylethanolamine had a viscosity
of 1.1 centistokes, whereas the same ether was found
immiscible with diethanolamine, the closest alkanol-
amine, the closest alkanolamine analog of N-methyleth-
anolamine,

The ratio of amine to organic solvent in the solvent
compositions according to this invention may be varied
over rather wide limits, for example from about 0.1
to 10 mols of amine per liter of organic solvent. Prefer~
ably, the amine is present in concentration between about
2.5 N and 5.0 N with respect to the organic solvent,
disregarding the water content, if any.
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The separation of the enriched solvent from the puri-
fied gas stream is carried out according to  conventional
methods appropriate to the apparatus selected for contact-
ing, and is not described in detail. In general, such sepa-
ration is carried out by passing the gas-liquid mixture
into one or more vapor-disengaging zones, wherein the
liquid collects at the bottom and is drawn off therefrom,
while the vapor is drawn off from the vapor space at the
top of the disengaging zone. In a packed tower or bubble-
cap tower, for example, using countercurrent flow with
the solvent passing downwardly, such a vapor-disengaging
zone may take the form of an enclosed, unpacked zone
below the packed zone (or below the lowermost bubble
tray), having a dished bottom with a central, valved out-
let through which accumulated.enriched solvent may be
withdrawn, while disengaged vapor together with- fresh
feed gas passes upwardly through the column.

The stripping operation is also carried out according
to conventional techniques, and need not be described in
detail. In accordance with conventional. practice, such
stripping is a form of steam distillation, wherein steam is
either passed into the enriched solvent or generated in
situ by heating the solvent to vaporize water contained
therein. As the steam passes off from the solvent, it car-
ries dissolved volatile materials, such as CO,, H,S, etc.,
along with it.

Many of the solvents described above as being useful
in:forming the solvent compositions of this invention are
hygroscopic, and can be used to dehydrate gas streams
simultaneously with the removal of acidic gas components
therefrom. Simultaneous dehydration and removal of
acid gases has the unusual advantage that the water picked
up by the solvent composition can subsequently function
as the stripping vapor needed for solvent regeneration. If
the feed gases are essentially dry, little or no water will be
introduced into the solvent composition in this fashion,
and water, or additional water, can be incorporated into
the solvent composition (ither before or after contact-
ing it with the gas stream) to function as the stripping
vapor during regeneration. Alternatively, the solvent com-
position may be used in substantially anhydrous form,
and open steam can be used for the regeneration.

The following examples illustrate compositions accord-
ing to the invention and their properties as compared to
comparable prior art composition. In each case, the sol-
vent composition was prepared by simply dissolving the
indicated amine in the indicated solvent, in amount to
provide the indicated conceniration. The tests were all
run at 100° F. using 2.5 N amine solutions.

TABLE I

Viscosity, centistokes

N-methyl
ethanol-

Dialkanol
amine

9 134.7
128.4
227.0

Solvent

Sulfolane
2.2-dimethyl-1.3-dioxolane-4-methanol _
Diethylene glycol. -
Methyl ‘“Carbitol” (diethylene glycol mono-
methyl ether) ... ... 3
bis-2-methoxyethyl ether. - 1
Fuarfaryl alcohol. ... ____ - 4,
Tetrahydrofurfuryl aleohol . . . o ... _. 4,

26,0
2 Immiscible
282

29.3

1 Diisopropanolamine.
2 Diethanolamine.

From the above, it is apparent that the viscosities of
compositions according to the invention, containing the

secondary - monohydric alkanolamine N-methylethanol-
amine, are markedly and surprisingly lower than com-
positions containing the conventional secondary amine,
diisopropanolamine, or the closest analog diethanolamine.

Batch absorption tests were carried out in a 2-inch
diameter, 8-inch tall cylindrical vessel, containing 100

. ml of the indicated solvent, maintained at 100° F. and
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agitated by a turbine agitator at 1200 r.p.m. In each
test, CO, was passed into the solvent composition for
a measured time interval, and the solvent composition
was then analyzed to determine the amount of COy
absorbed.. Based on the analytical results, the mass
transfer coefficient KGa was computed. The results are
given in Table IL
TABLE II

KGa(lb.mols/hr./
Solvent: ft.3/atm.)
2.5 N diisopropanolamine in sulfolane (for
comparison) : -— 01
2.5 N diisopropanolamine in 2,2-dimethyl-1,3-
~ dioxolane-4 methanol (for comparison) ... 0.09
2.5 N N-methylethanolamine in 2,2-dimethyl-
1,3-dioxolane-4 methano! (Example 3) ____ 0.16

The results in Table II illustrate that the mass transfer
rate coefficient of the composition according to the in-
vention was significantly higher than that of either of the
solvent compositions with which it was compared. This
indicates that, for a given amount of CO; absorption re-
quired in a process, the contact time required is smaller
with the solvent composition according to the invention
than with the other solvent compositions. This in turnm,
means that smaller equipment sizes and/or more rapid
throughput rates may be used, so that the overall capital
and operating costs are correspondingly reduced.

The foregoing examples are illustrative. Similar results
can be obtained in substantially the same way using the
other solvent compositions contemplated within the scope
of the invention, for example using other of the above-
described solvents and/or other secondary monohydric
alkanolamines, as mentioned elsewhere herein.

While the invention has been described in terms of
certain preferred embodiments and illustrated by way of
certain examples, these are illustrative only, as many
alternatives and equivalents will readily occur to those
skilled in the art, without departing from the spirit or
proper scope of the invention. The invention is therefore
not to be construed as limited, except as set forth in the
appended claims.

We claim:

1. A process for removing acid gas constituents from
a gas stream, comprising in combination the steps of

(a) contacting said gas stream with a liquid solvent

composition comprising (i) an organic solvent
selected from the group consisting of cyclic ethers,
acyclic ethers, glycol ethers, dioxanes and furans and
which is liquid at room temperature, has a solubility
for CO, at 25° C. and one atmosphere pressure of
not less than about one volume of COy per volume
of solvent, is unreactive with amines and contains at
least one functional group having the configuration
C—0—C, and (ii) a secondary monohydric alkanol-
amine, and

(b) separating said gas stream from said solvent com-

position and acid gas dissolved therein.

2. A process according to claim 1 wherein the func-
tional groups C—O—C are present in number exceeding
the number of hydroxyl groups when the solvent molecule
contains more than one hydroxyl group.

3. A process according to claim 1 wherein the func-
tional group C—O—C constitutes a portion of a hetero-
cyclic ring.

4. A process according to claim 1 wherein the alkanol-
amine is present in amount between 0.1 and about 10
moles of alkanolamine per liter of solvent.




http://ww. Pat ent Gopher.com

3,681,015

5. A process according to claim 1 wherein the alkanol-
amine is present in concentration between about 2.5 N
and about 5.0 N with respect to the organic solvent.

6. A process according to claim 1 wherein the alkanol-

amine is N-methylethanolamine.
7. A process according to claim 1 wherein the alkanol-
amine is N-ethylethanolamine.
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