‘ .. http://ww. Pat ent Gopher. com

United States Patent O

3,039,251
Patented June 19, 1962

°C
1CC

1

3,039,251
PRCDUCTS AND PROéESS’ FOR PURIFYING GASES
Jonas Kamlet, New York, N.Y., assignor to El Paso Nat-
ural Gas Producis Company, El Paso, Tex., a cotpora-

tion of Texas
No Drawing. Filed Oct. 2, 1959, Ser. No. 843,914
15 Claims. (CL 55—29)

This invention relates to a series of products and a
process for the purifying of gases. More particularly,
this invention relates to a series of products and a proc-
ess for the joint and simultaneous removal of water, hy-
drogen sulfide, mercaptans and carbon dioxide from nat-
ural and synthetic gas and gas mixtures, such as nat-
ural gas, petroleum and gasoline refinery gases, coal
gas, water gas, synthesis gas, producer gas, coke oven
gas, pipeline gases, et cetera. These gases consist essen-
tially of hydrocarbons, hydrogen, carbon monoxide, ni-
trogen and mixtures thereof.

A tremendous technology has developed and many
hundreds of patents have issued to the present time, de-
scribing a multiplicity of products and processes which
effect the dehydration of such gases, the removal of hy-
drogen sulfide, the removal of mercaptans and the re-
moval of carbon dioxide therefrom. In almost all cases,
individual reagents and usually separate treating proc-
esses are required to effect these results.

The basis of my invention is the finding that simultane-
ous removal of water (i.e. dehydration), removal of hy-
drogen sulfide, removal of mercaptans and removal of
carbon dioxide from gases may be effected by contacting
said gases with at least one member of the group of
compounds of the general formula:
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where R, R’, R” and R’ are members of the group
consisting of hydrogen and methyl.

Compounds of this type are readily prepared by the
hydrogenation of the sulfones obtained by the reaction
of conjugated drenes of composition :

Rll R Rl RUI
n b Ll
with sulfur dioxide. Typical members of this group. of

composition, suitable for use in the process of this in-

vention are

(a) Tetrahydrothiophene-1,1-dioxide (derived from bu-
tadiene sulfone), M. Pt. 26°, B. Pt. 11¢° C. at 3 mm.
Hg, 285° C. at 760 mm. He.

(b) 3 - methyltetrahydrothjophene-1,1- dioxide (derived
from isoprene sulfone), M. Pt. minus 5° C., B. Pt.
133° C. at 6 mm. Hg, 290 C. at 760 mm. Hg.

(c) 2- methyltetrahydrothiophene -1,1- dioxide (derived
from piperylene sulfone}, B. Pi. 279°-280° C./760

mm.

(d) 2.5 - dimethyltetrahydrothiophene -1,1- dioxide (de-
rived from hexadiene-2,4 sulfone), B. Pt. 278°-280°
C./760 mm.
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(e) 3,4 - dimethyltetrahydrothiophene -1,1- dioxide (de-
rived from 2,3-dimethylbutadiene sulfone), B. Pt
274°-275° C./760 mm.

Methods for the synthesis of these compounds are de-
scribed by Backer and Bolt, Rec. Trav. Chem. 54, 538-
44 (1935); de Roy and van Zuydewijn, Rec. Trav. Chem.
57, 445-455 (1938); Farlow) (to du Pont), U.S. Pat-
ent 2,233,999 -(1941); 1. G. Farbenindustrie, French Pat-
ent 847,254 (1939); Evans, Morris and Shokal (to Shell),
U.S. Patents 2,360,859 to 2,360,862 (1944); Morris and
Van Winkle (to Shell), U.S. Patent 2,435,404 (1948),
and elsewhere.

For simplicity, the compounds above described will be
referred to in this specification by the following abbre-
viations: }
THTD—tetrahydrothiophene-1,1 -dioxide
3-MTHTD—-S-methyltetrahydrothiophene-1,l-dioxide
2-MTHTD-—2—methy1tetnahydrothiophene—1,1-dioxide
2,5-DiMTHTD—2,5 - dimethyltebrahydrothiophene-1,1-di-

oxide )
3,4-DMTHTD—3,4 - dimethyltetrahydrothiophene—1,1-di-

oxide

The presence of water, water vapor Or moisture in
many gases, especially such gases as are transported
through pipelines over considerable distances (such as
natural gas, pipeline gas, etc.) is highly undesirable.
There is a tendency for crystalline hydrates to form with
some of the components of said gases, which may clog
or otherwise inhibit the free flow of the gases. In addi-
tion, the higher the moisture content of said gases, the
greater will be the corrosivity of these gases on the ex-
posed metallic parts of the pipeline.

The tetrahydrothiophene—1,1-dioxide and the homo-
logues thereof, above described, are highly . hygroscopic
and will effectively remove the moisture content of gases
with which these agents are contacted. Typical vapor
pressures of such compounds may be given by the fol-
lowing table. .

TABLE I

Vapor Pressures of THTD

Temperature, °C. Pressure—mm. Hg

S —— 20
156 —meeme : 30
173 - - 50
194 _ 100
210 _ 150
223 .. ~ 198
230 . 201

The boiling points- of typical mixtures of such com-
pounds and water may be given by the following table.

TABLE II
Boiling Point of Aqueous Solutions of THTD at 664 mm.

Percent water by volume: -Boiling Point

B ——— . 1422
15 - 108.4
30 - e 100.0

This demonstrates the relative ease with which such so-
lutions, after having absorbed water from gases with
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which they have been contacted, can be regenerated by
distilling off the said water.

The technic of gas dehydration by the use of liquid
absorbents for moisture is very well known. As a rule,
concenirated solutions of said liquid absorbents are
passed countercurrent to the gas being dried down
through the contractor, and then through a heat exchange
unit to a regenerator where the water removed from the
gas is distilled off, usually under reduced pressure.

The performance of the tetrahydrothiophene-1,1-diox-
ide absorbents of this invention may be judged by the
depression of the dew points of a typical natural gas
treated by the well known procedure of the art. The
following table describes the result observed in the treat-

ment of a wet natural gas, at different pressures.
TABLE II
Absorbent | Dew Point
Contact | Wet Rate, Depres-
Absorbent Pressure,{ Gas, Gal./lb. sion,
p.sig. °F. Water °F.
Content
500 86 3.2 62
500 82 6.4 72
500 84 9.6 84
750 86 6.4 71
1,000 86 6.4 78
00 85 b.4 70
500 £6 6.4 69
2,5-DMTHTD . _ 500 86 6.4 7
34-DMTHTD.. 500 85 6.4 | 70

It is not intended in any way to limit. this invention in
any manner to a specific procedure for the dehydration
of gases by the compounds above described, or of regen-
erating the said absorbent solutions. Any of the technics
well known in the art may be employed. As a rule, the
use of these compounds, in concentrations between 95.0%
and 99.5% by weight, at contact temperatures with the
gases of from 50° F. to 110° F. will produce dew point
depressions of between, 45° F. and 105° F.

A 7 1b. gas (i.e. a gas containing not more than 7 lbs.
of water per million standard cubic feet) is usually re-
quired for pipeline transmission. Such a gas can be pro-
duced with a 65> F. dew point depression under the con-

ditions given in the following table.
TABLE IV

Absorber pressure, p.s.i.a.: Contact temperature, ° F.
200 - : 68
400 e 80
600 e 88
800 —— 93
1000 e 97
12005 - e 102
1400 e 104

Adter the-gas- has been dehydrated. to-the. required ex-
tent; it-may- be freed of its water content by any of the
well known procedures of the art, e.g: by distilling off the
water at: atmospheric pressure, or by vacuum regenera-

_ tion (e.g. by distilling off the water under reduced pres-

sures of 50 to 400 mm. Hg).

Technics for the dehydration of gases by liquid mois-
ture absorbents are.described in detail in the: report on
“Gas Purification” appearing in Chemical Engineering
for- June 15, 1959, and in the Proceedings of the Gas
Conditioning Conference for 1957 (University of Okla-
homa). :

The tetrahydrothiophene-1,1-dioxide compounds of this
invention are also excellent agents for the removal of
hydrogen sulfide from gases. The following table de-
scribes the absorption of hydrogen sulfide in a typical
compound of this series.
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TABLE V

‘Absorption of HoS in THTD at 664 mm. Hg at 80° F.

Gaseous ml,
Percent H3S in nitrogen H.8 absorbed
per liquid

ml. THTD
1.7, R 0.30
4.0. - e 0.51
8.6. - 1.15
11.8 . . - 1. 54
16,7 .. e 2. 56
1000 oL 13.70

Absorption of HyS in 3-MTHTD at 760 mm. Hg at 80° F.

Gaseous ml,
Percent HaS in methane H:S absorbed
per liquid
ml. 3-MTHTD
5.0 1.07
25.0._ 3.80
50,0_. - 7.20
100.0- —— 14.10

The absorption of hydrogen sulfide by typical tetra-
hydrothiophene-1,1-dioxide compounds of this series was
also determined at advanced pressures, using mixtures of
HS and nitrogen. The following results were obtained.

TABLE VI
Absorption of Hydrogen Sulfide by Tetrahydrothiophene
Dioxide
Test NOo oL 1 2 3 4 5

704.3 | 728.5 | 759.8 776.9

146. 8 81.0 8.7

2150 | 12.25 5.91 0.95
5

Cale. Total p.s.i.a., 60° F 8411 759.2 1 7629 | 84.74 866. 4
‘Cale, HeS ps.ia, 60° F . 282.7 | 158.2 85.4 43.2
Total p.s.ia., 60° F,, after

absorption.____..____.____ 705.4 | 694.1 | 727.0 | 816.4 858. 5
H:8 p.s.i.a., 60° F., after ab-

sorption (Cale.).___.._____ 147.0 93.1 49.5 12,2
Mole percent H3S after ab-

sorption (Tutweiler) . _._._ 19.5 1.9 7.17 3.41 0.45.
m}, HzS  absorbed/ml,

THTD by gage. - cooen.. 90 57 45 18
ml,  HaS = absorbed/ml,

THTD by mole percent.._| 123 70 52 13 2.6
Moles HzS /moleTHTD by

gage. — -| 0.362 ) 0.228 | 0.180 | 0.074
Moles HaS/mole THTD by )

mole percent........_..._. 0.495 ; 0.282 . 0.207 | 0.053 0.010

The tetrahydrothiophene-1,1-dioxide compounds of this
invention are also -excellent agents for the removal of
mercaptans from gases. The following table describes
the mercaptan absorbing capacity of a typical compound
of this group. A gas mixture of methyl mercaptan in
nitrogen. was employed. .

TABLE VII
CH:SH | Capacity of
CH3SH Content Content Alzl’jsorbent
in'nitrogen per Pressure, | Absorbent | after Ab- | ml. miereap-
100 s.c.f; p.s.la, sorption, | tan per ml,
grams liquid
absorbent
12,58 grams_ ... 967 | THTD._. 5.82 0.08
14,10 grams. ... 84 { THTD.._ 3.15 0.06

The ability of the tetrahydrothiophene-1,1-dioxide com-
pounds of this invention to remove carbon dioxide from
gas streams may be judged by the results reported in the
following table:
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TABLE VIII
Absorption of Carbon Dioxide by Tetrahydrothiophene
Dioxide

TPESE N o oo e mmmm e m e 1 2 3 4 5 6 7 8 9
Total p.sd.a. before THTD . __ooemmmmemmmammnmnse 787 | me.1l 70.5| 767 | 70L1| 708.3| 787.1) 6828 964.1
Cos, p.s.i.a. before THTD _Z___ooooemmmcmmnmnnee s6 4| '45.6| 8L9| 186.8| 205.6| 2581 | 38L.9| 533.1| 78LE
D016 PErCEIE 008 o oo mmemmmmmcmmemmmemmmm 3. 5, 11.0| ‘21.4] ‘28.4| 87.2| 529 80.5 86.0
M. THTD Added . coccmmme- -| 100700 | 10000 | 100,00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
Cale. Total p.s.i.a 015 | 802.0 | 792.4 | 790.3 | 78L.9 789.9 | 822.1| 78L11,075.2
Cale, 002 PSdfmomoammmmmmmmmee oo | 475 | 47| 174.3| 220.3 | 287.8 | 425.9 | 5045 8720
Total p.s.i.a, Affer Absorption. . see 6l 7005 | 77L2 | 763.4 | 7439 | 7421) 73LO| 660.1| 9449
Co: p.s.i.a. After Absorption. ... 3] ‘60| 735| 1384 1013 | 200.0 | 3367 | 493.01 74L7
Mole percent Coz After Absorption. . 2.5 4.5 9.1 18.0 24.3 32.1 48.0 76.7 82.2
MI. Cog absorbed/ml. THTD by gage. 8.8 68| 125| 21.2| 224| 22| &.2]| 509 76.9
MI. Cog absorbed/ml. THTD by mole 3.5 65| 100| 1o8| 244} 328 494| 629 7.3
Moles Goz/mole THTD by gage...--—- 0.035 | 0.027 | 0.0% | 0.085 0.000 | 0.113 | 0.213) 0.240 | 0.308
Moles Coz/mole THTD by Mole percent. . o0ots | 002 | 0040 | 0,079 | 0.098 | 0.131 | 0.108 | 0.252 | 0.350

All pressures are at 60° F.

‘ATl volumes are at 60° T. and 760 mm. Hg.

The internal volume of the absorption vessel was 967.6 ml.

Mole percent Co; determined by gas analysis (Orsat).

In all cases, the homologous compounds of the series vention, 15% of diethanolamine and 5% of water. The
of this invention, i.e. THTD, 3-MTHTD, 2-MTHTD, 2,5- flow rate of the inlet gas was 800 s.cf. per hour and the
DMTHTD and 3,4-DMTHTD exhibit closely similar sclu- treating solution flow rate was about 1.0 gal./min, The
bilities for hydrogen sulfide, methyl mercaptan and other inlet gas contained 9.2% carbon dioxide and 2.6% of hy-
mercaptans and carbon dioxide, and are almost equally as 25 drogen sulfide. The treated gas analyzed as follows:
efficient in the removal of water and the depression of the
dew point of said gases. ) COs, | HiS grains | Dew Point

1t should be understood that the tetrahydrothiophene-1, Absorbent Percent | per 100 s.c.f. Delgr%sswn,
1-dioxide and its homologues may be used by themselves, ) .
or in admixture with each other, in the purification of 30

‘ ; . A A THTD. _oameee 4.4 1.2 78
gases. These may also be used in conjunction with other S MTHTD. . 56 16 80
i i ; i : o-MTHTD. .. 4.7 0.9 84
agents now ex‘Eenswely employed' in the purification of N DMTHTD B 0.9 £
gases, such as diethylene glycol, triethylene glycol, propyl- 3 £ DMTHTD - e 5.0 1.0 72
ene carbonate, monocthanolamine, diethanolamine, N-
methyldiethanolamine, alkazid (alpha aminoproprionic 35 EXAMPLE III
aciIdt) et tc%tera. inted that th ducts of this i A natural gas, at a contact pressure of about 800 p.s.i.g.
tion mus b eé\pgge}cm teh 3 if © prof ucts of this inven- was contacted with the various tetrahydrothiophene-1,1-
(')d may be fste or ne PUriying o ga(sies over 3:t,v ery dioxide compounds of this invention, in each case as 99%
;?. N ratrxget ° d Zn;pifa '1tnt31i" p_ressuv?es and compost 1onts. 40 - solutions with 1% of water. "The flow rate of the inlet gas
'L 1S 0o .1,_1,3 etn ec ot Lmt txs mvent io 1N afty manner ﬁo was 800 s.c.f. per hour and the treating solution flow rate
any specific emp-.,r? ure ;)r empera‘ure ra}gge(; any speciiic was about 1.0 gal./min. The inlet gas contained 8.8%
pressure or range o pressures OI any SPECILC gas, composi- carbon dioxide and 1.4% of hydrogen sulfide. The treated
tion of gas or concentration of components n said gas. . .
i . : gas analyzed as follows:
The products of this invention may be used for the puri-
fying of gases under all of the conditions heretofore em-
ployed with other agents for the removal of moisture, 45 COs, | HiS-grains | Dew Point
dehydration, removal of hydrogen sulfide, mercaptans Absorbent Percent | per 100 s.c.L Depg%gsion,
and carbon dioxide from said gases. ’

The following examples are given to define and to il-

1 his i ion but i limit i THTD... .o eeemmmmmmmmmmmm e 5.6 2.0 84
justrate this invention but In no way todnnlt it to re- %0 34&%%%% ______ 5.9 2.2 gg
o rti iti i i - 2- . 5.0 1.9 82
‘a?ents, proportions or cqndltlons descrlbe_: therein. Ob A DMAITTD - 52 e 5
~vious modifications and improvements will occur to per- $4DMTHTD. .- 2177 B 2.4 20

.sons skilled in the art. i
EXAMPLE I The above gas also contained 11.2 grains per 100 s.c.f.

A natural gas containing 8.2% carbon dioxide and g5 of organically bound sulfur, as methyl mercaptan, ethyl
4.8% hydrogen sulfide (by volume) was contacted at a mercaptan, etc. Under the above conditions, the treated
flow rate of 7.5 cu. ft. per hour with the following com- gas was freed of its organically bound sulfur to the fol-
pounds of this invention, the latter at a flow rate of 1.0 lowing extents:
gal. per hour. The results obtained were as follows:

60 Organic 8§ Content,
Outlet F.S-grains | Dew Point Absorbent grains per 100 s.c.f.,
Absorbent Gas,CO0s, | per 100 s.c.f. | Depression, Effiuent
percent °F.
THTD. . - 3.8
2.1 4.2 84 GNITHTD oo ooomemmmmmmm e mmmme 4.0
3.4 5.0 78 MTHTD. o eeeoeeseninnone 2.9
2.9 7.1 80 65 2,5-DMTHTD. ... N 4.2
, 3.6 6.0 68 34-DMTHTD- - 3.8
3, 4-DMTHTD 2.8 5.8 72
159, monoethanolamine 85% 0.1 2.9 80
20%}%TD15 1 80 % THTD 0.1 3.0 75 BXAMPLE 1V
rief hanolamine - R X . .
20 ?%N-Methylethanolarﬁine 80 % 0.1 2.6 81 A synthesis gas made from coal, analyzing about 6.5%
3-MTHTD. 70 carbon dioxide, 32.5% hydrogen, 50.5% carbon monoxide
and 3.5% nitrogen, was contacted at an absorber pressure
EXAMPLE II of about 300 p.s.i.g. with the various tetrahydrothiophene-

A natural gas, at a contact pressure of about 750 1,1-dioxide compounds of this invention, at the rate of
p.sig. was contacted with a mixture of 80% of the vari- 2.0 gals. of absorbent per 100 s.c.f. of the raw gas at a
ous tetrahydrothiophene-l,1-dioxide compounds of thisin- 75 temperature of 95° F.
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The feed gas contained 450 grains/100 s.c.f. of hydro-

gen sulfide. The treated gas analyzed as follows:

Absorbent H:8-grains ' | COy, Percent

per 10¢ cu. ft.

THTD. e - 45 3.4
3-MTHTD. . - 52 2.8
2-MTHTD. ... - 50 3.1
2,5-DMTHTD__ - 48 3.6
3, +-DMTHTD_.. - 52 3.2

Having described my invention, what I claim and desire
to protect by Letters Patent is:

1. A process for the simultaneous removal of hydrogen
sulfide, water, carbon dioxide and mercaptans from gases
of the class consisting essentially of hydrocarbons, hydro-
gen, carbon monoxide, nitrogen and mixtures thereof con-
taining the same as impurities, comprising: contacting said
gases with an absorbent containing at least one member of
the group of compounds consisting of tetrahydrothio-
phene - 1,1 - dioxide, 3 . methyltetrahydrothiophene - 1,1-

dioxide, 2 - methyltetrahydrothiophene - 1,1 - dioxide, 2,5- f

dimethyltetrahydrothiophene - 1,1 - dioxide and 3, 4 di-
methyltetrahydrothiophene-1,1-dioxide.

2. The process of claim 1 wherein said’ ‘a*bsorbent also

contains an ethanolamine.
3. The process of claim 1 wherein said .absorbent also.
contains an alkylene glycol. .

4. The process of claim 1-wherein said absorbent also - )

contains propylene carbonate.

5. The process of claim 1 wherein said absorbent also
contains alpha-amino propionic acid. . .

6. A process for the rémoval of hydrogen sulfide from
gases of the class consisting essentially of hydrocarbons,
hydrogen, carbon monoxide, nitrogen and mixtures théreof
containing same, comprising contacting said gases with an
absorbent containingat least one member of the group of
compounds consisting of tetrahydrothiophene-1,1-dioxide,
3 - methyltetrahydrothiophene - 1,1 - dioxide, - 2 - methyl-
tetrahydrothiophene - 1,1 - dioxide, 2,5 - dimethyltetra-
hydrothiophene - 1,1 - -dioxide and 3,4 - dimethyltetra-
hydrothiophene-1,1-dioxide,

7. A process for the removal of carbon dioxide from
gases of the class consisting essentially of hydrocarbons,

hydrogen, carbon monoxide, nitrogen and mixtures there- 45
of containing same, comprising contacting said gases with .

an absorbent containing at least one member of the group
of compounds consisting of tetrahydrothiophene-1,1-di-
oxide, 3 - methyltetrahydrothiophene - 1,1 - dioxide, 2-
methyltetrahydrothiophene - 1,1 - dioxide, 2,5 - dimethyl-
tetrahydrothiophene - 1,1 - dioxide and 3,4 - dimethyltetra-
hydrothiophene-1,1-dioxide.

8

8. A process for the removal of hydrogen sulfide and

least one member of the group of compounds consisting

of tetrahydrothiophene-1,1-dioxide, 3-methyltetrahydro-

thiophene-1,1-dioxide, -2 - methyltetrahydrothiophene-1,1-

dioxide, 2,5-dimethyltetrahydrothiophene-1,1-dioxide and

10 3,4-dimethyltetrahydrothiophene-1,1-dioxide.

9. The process of claim 8 wherein said gases are con-

tacted with said -absorbent at substantially atmospheric:
temperature.

10. The process of claim 8 wherein said gases are syn-

15 thesis gases containing hydrogen and carbon monoxide.

11. The process of claim 8 wherein said gases are

hydrocarban-containing gases.
12. The process of claim 8 wherein said gases also
contain moisture and the moisture content is reduced by

20 contacting with said absorbent.
.13, The process of claim 8 wherein said absorbent also

ing of monoethanolamine, diethanolamine, triethanol-
ne and N-methyl derivativés of ethanolamine and di-
thanclamine.
4. A process for the treatment of .a wet hydrocarbon
‘gag containing hydrogen sulfide and carbon dioxide as im-
Ppurities to place said gas in condition for transportation
‘tHrough pipe lines over a considerable distance, comprising
39 contactmg said gas with an adsorbent containing at least
one member of the group consisting of tetrahydrothio-
.phene-1,1-dioxide, 3-methyltetrahydrothiophene-1,1-diox-
ide, 2-methyltetrahydrothiophene-1,1 - dioxide, 2,5 - di-
35 methyltetrahydrothiophene-1,1- dioxide and 3 ,4-dimethyl-
v tetrahydrothiophene-1,1-dioxide to remove hydrogen sul-
- fide and carbon dioxide to reduce the moisture content
of said gas below about seven pounds per million cubic
feet.
40 , 15. The process of claim 14 wherein said wet gas is
" natural gas.

" sigti
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carbon dioxide from gasés of the class consisting essen-
tially of hydrocarbons, hydrogen, carbon monoxide, nitro--
gen and mixtures thereof containing the same, comprising;
5 contacting said gases with an absorbent containing at'

jc’dm'ains an ethanolamine selected from the group con-




