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5 =~ METHODS FOR REGENERATING A SULFUR BCAVENGING COMPOUND
' FROM A PRODUCT OF A SULFUR SCAVENGING REACTION

Pield of the Invention

The present invention relateé to methods for
‘regenerating a sulfur scavenging compound from a product
10 of a sulfur scavenging.reaction and, more particularly,
to regenerating an N-C-N compound from a product of a
sulfur scavénging.reaction that has typically been
difficult_qr'eXpensivé to regenerate.

o Background of the Invention
15 : Hydrogen sulfide ‘and mercaptans are toxic,
corrosive and malodorous compounds. Each may be found
in a variety of liquid and gaseous media such as natural
gas, petroleum, refinery gas streams, carbon dioxide,
hydrogeh, coal gas streanms, gas streams'frqm viscose
20 rayon production, tars and asphalt, shale gas, coke oven
| gases, ammonia synthesis gas, rubber vulcanization
' streams, gases from sulfurization plants, turpentine
production, pulp and paper mill effluent, sewage, brine
- drilling mud, land £ills, phosphoric acid production gas
25 streams and other industrial gas streams and effluents.
They are also found in the taii gases and liquids of
some hydrogen sulfide-scrubbing'prpcesses such as Claus
plants and amine scrubbing units. Such sulfur compounds
include hydrogen sulfide, allyl thiol, propane thiol,
30 benzyl thiol, crotyl thicl, ethane thiol., thiocresol and
thiophenol.
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Environmental Resources, as well as by other regulatory

ragendies throughout the world. .Hydrogen sulfide and

mercaptans not only have an offensive odor, but have
also been linked to the formation of acid rain.

Methods for removing hydrogen sulfide and/or
mercaptans may be generally classified as regenerative
and non-regenerative. Regenerative processes are
generally more desirable because waste products are
recycled. By regenerating sulfur scavenging compounds
and thereby recycling the waste products, the cost, both
economically and environmentally, of replenishing spent
chemicals in the process and disposing of the waste

products is lessened or eliminated. However, typical

prior art regenerative processes often require expensive
processing equipment and high energy input.

Various amines and alkanomines, which may be
regenerated, have been used to remove acids, such as
hydrogan sulfide} from gas streams. U.S. Patent No.
2,776,870 discloses that agqueous amines and
alkanoclamines are useful for removing acids from a
gaseous mixture. Hydrogen sulfide may be selectively
removed from gas streams containing carbon dioxide by
use of triethanolamine or methyldiethanolamine.

~ British Published Patent Specification No.
2103645 discloses that hydrogen sulfide and carbon

‘dioxide may be removed from a gas mixture by contacting

the mixture with a solvent comprising a tertiary amine
and a physical absorbent. Suitable physical absorberts
include N-methylpyrrolidone and sulfolane.
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include sulfones and pyrrolldcne and plperldone
compounds, to name a fevw. '

U.S. Patent No. 4,978,512 discloses methods
for reducing the levels of hydrogén_sulfide and organic
sulfides in a hydrocarbon stream by 6ontacting the
stream with a composition comprising a reaction product
of a lower alkanolamine with a lower aldehyde. Suitable
reaction products include mixtures of triazine and
bisoxazolidine compounds.

- U.S. Patent No. 4,647,397 discloses a process
and composition for removing hydrogen sulfide and
similar sulfides from a gas stream. The gas stream is
contacted with a substituted aromatic nitrile having an
electron-attracting substitute on the aromatic ring at
least as strong as halogen and an organic tertiary amine
in an inert organic solvent, such as N-methyi-z-
pyrrolidone. The spent contacting solution may be
regenerated by heating the solution above the
decompositzon temperature of the reaction products to
separate the sulfides from the liquid phase absorbent
solution.

U.S. Patent No. 4,775,519 discloses a
continuous process for removing acid gas components from
a gas stream by countercurrentlj contacting the stream
with an aqueous solution of a nixture of N- _
methyldiethanolamine (MDEA) with imidazole or a methyl
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. U.S. Patent No. 4,624,838 discloses a process

5 for removing acid gases from a gaseous stream by
contacting the stream with an aqueous scrubbing solution
containing a hetero nitrogen compound comprising either
a five- or six- membered ring having a pKa no greater
than about 8. Preferred hetero nitrogen compounds

10 include imidazole and piperazine compounds. '

U.S. Patent No. 5,128,049 discloses a method
for reducing the hydrogen sulfide content of -
hydrocarbon-containing fluids and aqueous solutions by
injections of a dilute solution of a scavenging aéént.

15 Suitable scavenging agents include hexahydro-1,3,5-
tris(2-hydroxyethyl)~S-triazine and various other
compounds. .

There is a long-felt need in the art for a
method for regenerating sulfur scavenging compounds.

20 Regenerating such compounds .is not only environmentally
desirable but is cost efficient and may reduce or
eliminate the need for expensive processing equipment.
In addition, 'since the scavenging compounds are
regenerated, the need for purchasing replacement

25 scavenging oompound is reduced or eliminated.

Definitions
As used herein, the phrase "hetero compoung"
is defined to mean a cyclic, linear or branched compound
in which one or more atoms of the backbone is an element
30 other than carbon, pafticularly at 1eas€_nitrogen and
sulfur and possibly oxygen. '

As used herein, the phrase "heterocyclic
compound” is defined as a compound-haviﬁg a closed ring
structure in which one or more atoms in the backbone of

35 the ring'is an element other than carbon, particularly

.
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gummary of the Invention
Briefly stated, one aspect of the present
method is a method for regenerating an N-C-N compound
from a product of a sulfur scavenging reaction in which
the N-C-N compound removes a sulfur atom from a sulfur
compound. The N-C-N compound is represented'by the
following formula (I):

R? R’
\N 1;‘ N/
 A; N 7 \ (1)

—'n

where n is an integer of 1 to 100. Each of Rl, Rz, R?,
R4, and R5 is independently selected from the group
consisting of: (i) hydrogen; (ii) a substituted or
unsubstituted, saturated or unsaturated, linear,
branched or cyclic hydrocarbon chain of 1 to 20 carbons;
(iii) a substituted or unsubstituted, saturated or
unsaturated, linear, branched or cYclic hydrocarbon
chain of 1 to 20 carbons comprising at least one
heteroatom selected from the group consisting of
nitrogen, oxygen, sulfur and halogen; (iv) a substituted
or unsubstituted polymeric chain; and (v) a direct bond
to any other of Rl, Rz, R;, R4 and Rs. The product
comprises a hetero compound having sulfur, carbon and
nitrogen atoms in its backbone. According to the
method, the product is mixed with: (a) a nitrogen
compound r.presented by the formula (II):
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where each of R6 and R7 are independently selected from
the group consisting of (i) hydrogen:; (ii) a substituted
or unsubstituted, saturated or unsaturated, linear, .
branched or cyclic hydrocarbon chain of 1 to 20 carbons:;

10 (iii) a substituted or unsubstituted, saturated or
unsaturated, linear, branched or cyclic hydrocarbon
chain of 1 to 20 carbons'comprising at least one
hetercatom selected from the group consisting of
nitrogen, oxygen, sulfur and halogen; (iv) a substituted

15 or unsubstituted polymeric chain; and salts thereof; and
(a) an alkaline compound (base)'selected from the group
consisting of an alkali metal compound, an alkaline
earth metal compound and a transitioﬁ metal compound, to
form a solution, slurry or -dispersion. The hetero

20 compound is reacted in this solution with the nitrogen
compound in the presence of the alkaline compound. By
this method, tae sulfur atom of the hetero compound is
replaced by a nitrogen atom of the nitrogen compound.
If necessary, the pH of the solution is adjusted to

25 about 8 to about 13.

In another embodiment of this invention, the
product comprises a hetero compound and an amine. In
this embodiment, addition of the nitrogen compound is
cmiﬁted, since the sulfur atom of the hetero compound is

30 replaced by the nitrogen atom of the amine compound.

In yet another embodiment of the present
invention, the product comprises both the hetero
compound and an amine complex. - The nitrogen compound is

' added in this method, and the sulfur atom of the hetero
35 compound is replaced by a nitrogen atom of either the
nitrogen compound or the amine complex.
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compound from a product of a sulfur scavenging reaction
are both simple and inexpensive. These methods are
5 useful both for batch processes and continuous processes
' to permit recirculation of regeneraéed sulfur scavenging
compounds. In the present methods, the need for
complicated processing macﬁinery, the purchase of
additional sulfur scavenging compounds and the disposal
10 of valuable hetero compounds as waste products are
' reduced or eliminated.
The present method may be used for
regenerating an N-C-N compound from a product of a
sulfur scavenging reaction. In the sulfur scavenging
15 reaction, the N-C-N compound removes a sulfur atom from
" a sulfur compound. The N-C-N compound i is represented by
the formula (I):

ﬂﬂﬁw ceQases froma gaseous st 7eam by contact i ng the streamwth

| Rl . R3
20 \ ? / '
4 LT AW (1)
ks
' 25

— —Iin

where n is an integer of 1 to 100 and preferably 1 to

20. | '

Each of RY, R?, R3, R%, and R® is
independently selected from (i) hydrogen; (ii) a

30 substituted or unsubstituted, saturated or unsaturated,
linear, branched or cyclic hydrocarbon chain of 1 to 20
carbons; (iii) a substituted or unsubstituted, saturated
or -.unsaturated, linear, branched or cyclic hydrocarbon
chain of 1 to 20 carbons comprzsznﬂ at least one

35 hetercatom selected from nitrogen, oxygen, sulfur or

halogen; (iv) a substituted or unsubstituted polymeric
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. heterocyclic ring. :
Examples of N-C-N compounds which may be
5 regenerated in the present method include various
triazines, such as 1,3,5-tri(2-hydroxyethyl)hexahydro-
‘s-triaziné, and trimethyltriazine, bisoxazolidines, such
as N,N’-methylene bisoxazolidine, piperidines,
piperazines, imidazoles, diazathianes, amines, such as
10 methyldiethanoclamine, bis(dibutylamino)methane and
o bls(di-z-hydroxyethylamino)methane, bls(morphollno)-
. methane and 1,3,6, 8-tricyclotetraaza[4,4 1, 138 ]-
dodecane. -

The product comprises a hetero compound formed
15 as a result of a sulfur scavenging reaction. The hetero
compound has carbon and nitrogen atoms, and optionally
may have oxygen or other heteroatoms, in its backbone.
Exanples of hetero compounds which may be converted in
the présent methods include dithiazines and
20 thlazolidznes, to name a few.

In addition to the hetero compound the sulfur
scavenging react;on may also yield as a product an amine
complex, such as an amine salt with hydrogen sulfide or
mercéptan. Examples of such amine salts include those

25 having the geheral formula R-—-NH3+SH' where R is an
alkanol group, for example HOCHZCHZNH3 SH « The amine
complex may be separated from the hetero compound prior
to the regeneration reaction or it may be included in
the'regeneration. If included, the amine complex is a

30 source of nitrogen atoms for replacing the sulfur atom
of the hetero.compound. By including part or all of the
amine complex in the regeneration reaction, the cost of
senaratlng the hetero compound from the amine cexmplex
prior to regeneration is reduced_or eliminated. Also,
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Brlefl stated, one aspect of the present
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An example of a typical sulfur scavenging
reaction is set forth generally below in reaction

~ equation (IXX), in which a triazine reacts with hydrogen
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sulfide to yield a dithiazine and a primary amine complex.

R
/
o N | -S
R--N/_ > + H,§ b R—-N/_- > + R ——NH3+ SH
/' s
\ '
R

The nitrogen compound is represented by the

formula (II):.

6/
R =N . (II)
\
R7
where each of Re_and R7 are independently selected from
(1) hydrogen; (ii) a substituted or unsubstituted,
saturated or unsaturated, linear, branched or cyclic
hydrocarbon chain of 1 to 20 carbons; (iii) a
substituted or unsubstituted, saturated or unsaturated,
linear, branched or cyclic hydrocarbon chain of 1-to 20

‘carbons comprising a hetercatom selected from nitrogen,

oxygen, sulfur and a halogen; (iv) a substituted or
unsubstituted polymeric chain; and salts thereof.
Examples of such nitrogen compounds include ammonia,
ethanolamine, diethanoclamine, methylamine,
cyclohexylamine, ethylene dlamlne, morpholine and

"thiomorpholine.

(III)
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equivalent of hetero compound. As presently préferted,-
about 0.5 to about 2 molar equivalents and, more
preferahiy, about 0.75 to about 1.5 molar equivalents of
nitrogen compound and/or amihe'cdmplex may be used for
each equivalent of hetero compound.

. The reaction by which the sulfur atom of the
hetero compound is replaced by a nitrogen atom is-
carried out in the presence of an alkaline compound
(base) selected from alkali metal, alkaline earth metal’
and transition metal compounds. Examples of alkaline
compounds which are useful in the present method include
sodium hydroxide, potassium hydroxide,.calcium

hydroxide, calcium oxide, magnesium oxide, sodium

carbonate, sodium bicarbonate and calcium carbonate.
Generally, the alkaline coﬁpound has a pH greater than
the pH of the product and, in those embodiments in which
the nitrogen compound is mixed with the product, greater
than the mixture of the product and the nitrogen
compound. _

Generally, about 0.5 to about 8 equivalents of
the alkaline cdmpound are mixed with one equivalent of
the hetero compound. Preferably, about 0.5 eguivalents
to about 4 equivalents of the alkaline compound are used
per equivalent of hetero compound and, more preferably,
about one to about two egquivalents of alkaline compound.
Generally, if lower quantities of the alkaline compound
are used, some unregenerated product will remain in the
solution. 1In contrést, an excess of alkaline compound
is not believed to negatively effect the regeneration
reactinn, eveapt that additional neutralization may be

liecessary.

of a
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the sulfur atoms removed from the hetero compound bond
with the sodium atoms from the NaOH to form sodium
compounds such as sodium sulfide and/or sodium

5 hydrosulfide, for example. The sodium compound(s) may
be separated from the regenerated scavenging compound,
if desired, by any method well-known to those of
ordinary skill in the art, such as by solvent extraction
of the N-C-N compound with a solvent such as methylene

10 chloride or by distillation. However, the sodium
compound need not be separated from the regenerated
sulfur scavenging N-C-N compound, but may be included’
with the scavenging N-C-N compound recycled to the
scavenging process. |

15 The reaction for replacing the sulfur atom of
the hetero compound with a nitrogen atom may be carried
out in the presence of a solvent. Solvents may bé_used
to adjust the viscosity or ‘facilitate mixing of the

. reaction ¢omponents. Suitable solvents include water,

20 methanol, ethanol and ethylene glycol, as well as any
other ?olar solvents in which the hetero compound and
the N-C-N compound are both sufficiently soluble.

The percentage of solvent generally ranges
froﬁ 0 to about 90 wt%. Preferahly, the percentage of

25 solvent is about 25 to about 75 wt% and, more
preferably, about 40 to about 60 wt¥. Typically, the
solvent is mixed with the product and nitrogen compound
prior to adding the alkaline compound, although the
mixing method may vary depending upon the components

-30 selected.

According to the present method, the hetero
compound product is mixed with the nitrogen compound and
the alkaline compound to form a solution, dispersion or
slurry. In an alternative embodiment of the present

35 method, the product also includes the amine complex. In
this alternative embodiment, the product, comprising the
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consisting of an alkali netal conj N3 arth nmetal conpound
and a transition netal conpound, to forma,solution, slurry or dispersion.
The hetero 20 conpound is reacted in this %olution with the nitrogen
conpound in the presence of the al kaline conpound. By this nethod, the

i 11 ogen compaitEr] B g SRl O RULESOTER BT 20
about 8 to abddkaldne rcempR obtermethe ggolutionnycPe odminee product
conprises a heldHm &0 PIWPIREE ke Rt FSgen Natdhs WHDOR FBpiacadghei on of
the nitrogen conpound:-is omitted, since the sulfur atomof” the hetero
compound i s Sulfur atoms of the heterc. compound.
5 In another alternative embodiment, the
_product} comprising the hetero compound and amine
complex, is mixed with the alkaline compound and the
‘nitrogen compound. Either or both of the amine complex
and the nitrogen compound provide the nitrogen atoms for
10 replacing the sulfur atom of the heterc compound.
The product and nitrogen compound may be mixed
together prior to mixing with the alkaline compound or
all of the components may be mixed together to form a
solution. The components may be mixed, for example, in
15 a typical reaction vessel for a batch process or by in-
line injection in a recirculating systenm.
Preferably, the replacement of the sulfur atom
of the hetero compound by a nitrogen atom of the
nitrogen compound or amine complex is carried out at a
20 temperature of about 25° to about 105°C. It is believed
that elevated temperatures will increase the rate of

reaction.
According to the present method, the pH of the
resulting solution is adjusted to about 8 to about 13
25 and, more preferably, about 9 to about 11. The pH of
the solution may be adjusted by the addition of a '
mineral acid, such as hydrochloric-acid,'sulfuric aciqa,
phosphoric acid or nitric acid. The mineral acid is
added to neutralize excess alkaline compound and lower
30 the pH of the solution to facilitate regeneration of the
N-C-N compound and reduce the likelihcod of formation of
undesirable by-prqducts; If the N-C-N compound is
reacted with essentially pure hydrogen sulfide, e.q.,
about 20 to 100 wt%, acia aedjustment is generally not
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30 repla e nitrogen atom of the an1ne co . Iny
enb di’ Q@Hegégﬁg present.inventi rlses b%?ﬁﬂﬂﬁﬁmﬁ&?ero

ppound and an am ne co | ex. The rTH‘$§ Lﬁxq.l’g)ound i s added in this

nethod m of the heter is replaced by a
ni trogen the nitrog npgﬁnd or the am ne conpl ex. -7-
Descri pti rred Enbodi nent s e present nethods for

regenerating an N-C- N conpound from a product of a sul fur scavenging

reaction are bidesdaby beithdd VHETH VS tHESEo1BENSHS 18" SoR }éa%fu bot h
| oomar ot el ok SlE kiR Hpgeneration reaction essentiaily 6. O O
regenerated s
ccmpletion.
The present method will now be illustrated in
5 more detail by reference to the following, specific,
non-limiting examples. '
Example 1
SeVenty (70) grams of an aqueous solution of
7.3 wt¥ 1,3,5-tri(2-hydroxyethyl)hexahydro-s-triazine

10 (“triazine compound"), which is commercially available
from Quaker Chemical Co. of Conshohocken, Pennsylvania,
a well-known sulfur scavenging compound, was reacted
with 99.5% hydrogen sulfide to completion (206 mmol _
hydrogen sulfide was scavenged). Complete reaction was

15 verified by 13 C NMR. Ten milliliters of a 6 N aqueous
solution of sodium hydroxide was added to the product of
the sulfur scavenging reaction and the resulting
reaction mixture was heated to 70°C for one hour. Acid
neutralization of the reacted mixture was not required

20 since 99.5 wt$ hydrogen sulfide was used in the sulfur
scavenging reaction. At the .end of one hour, the
regeneration of the triazine compound was confirmed by
13 C NMR. The regenerated triazine compound was again
reacted with 99.5 wt$% hydrogen sulfide to completion.

25 The reaction of the regenerated triazine compound with
hydrogen sulfide followed by regeneration of the
triazine compound was repeated for ten cycles according
to the present method. No diminishment of the sulfur
scavenging gfficiency of the regenerated triazine

30 compound was observed.

_ Exanglehz-
Ten (10) grams of a 25 wt% solution of
1,3,6,8-tricyclotetraaza[4,4,1,13'8]dodecane was reacted
- to completion with 99.5 wt% hyd:ogen sulfide in the

35 manner set forth in Example 1. The product produced a

gumny residue that clogged the s¢rubbing test equipment.



CONMPOURgH.gghildsiie present. methods, the need for "conplicat egcpiReHes
machi nery, the Qprchase_oi.addltlonal ul fur scavengi ng conpounds and the

di sposal 10 of val uable hetero ¢ HgScas Wagegnpfioduct s are reduced or
e"”‘”atQQmSEQﬂhpBaméhﬁmN%thod Fﬁ@e %§€§ﬁfgb regeﬁerating an N-C-N

conpound of a sulf vengeng—teaeti on. In the sul fur
scavengi ng the N-C- N corrpogad_r enoves a sul fur atomfroma-
sul fur co e N—C—N conpound is represented by the formula (I):

[err] 20. Each of [err] is independently selected from (i) hydrogen; (ii)
a 30 substi tThedppsductushbivedt £d, ss.ghsr afedthey umsaicted adtdaazar,

branched or gyelL6n8YIr §Ra" 22046021 Had T theh® rlcted with 10
mlllilzters of a 6 N agueous sodium hydroxide solution
at 80°C for one hour. After 30 minutes, the appearance

5 of the reaction mixture returned to that of the
unreacted sulfur scavenging compound. Acid
neutralization of the mixture was not required since
99.5 wt$ hydrogen sulfide was used in the sulfur
scavenging reaction. A 13 C NMR analysis of the

10 reaction product showed complete regeneration of the
1,3,6,8-tricyc10tetraaza[4,4,1 13 8]dodecane sulfur
scavenging compound.

y Example 3 |
Ten (10) grams of a 43 wt% aqueous solution of
- 15 the triazine compound of Example 1 was reacted with .
2,000 ppm (parts per million) hydrogen sulfide in
methanol. Upon completion of the reaction, the
resulting dithiazine and ethanolamine-hydrosulfide salt
) were separated. The dithiazine was reacted with a 10
20 molar excess of a 6 N aqueous solution of sodium
hydroxide at 80°C for two hours. Aanalysis by 13 C NMR
of the resulting product showed formation of 1,3,5-
tri(2-hydroxyethyl)hexahydro-S~triazine and
approximately 10 wt% of an unidentified sulfur-

25 containing compoﬁnd. The ethanolamine-hydrosulfide salt
was separately reacted with an excess of sodium
hydroxide at 80°C for two hours. Analysis of the

- resulting préduct showed that uncomplexed ethanolamine .
was formed. Acid neutralization was not required in

30 either of these reactions since 99.5 wtt hydrogen
sulfide was used in the sulfur scavenging reaction.

B Example 4
Ten (10) grams of a 43 wt% agueous solution of
the triazine compound of Example 1 was reacted with 99.5

35 wt% hydrogen sulfide to completion. The resulting 5,6—.

dihydrq-s-(z-hydrquethyl)-4H-1,3}5-dithiazine was




car bons; Wd)bhl?loél substituted or unsubstituted, saturated or RAL&RS
Irnearh_bnen ed or _cyclic hydrocarbon chaln-—e '"—TO carbons conprrsrng
| east one 35 heteroatonrselect:GTHQ;QgEmraAegﬁﬁN Yxygen, sul fur ‘or

haI ogéhis S qeflasaeenmbpiiced uted or uns strtmtgenLAmEDyrrerr " chain; and (v) a

dlrect her of [err] [lersE—ard— 'referably, [err] is
Ilnked rnla het erocycli-c Trhg -Exanples of N-C-N conpounds
whi ch na regenerated in the present nethod include varlous triazines,
such as 1 3 5-tri(2- cidroxyet hyl ) hex S—trrazr ne,

gggdro-
trinethyl tri adisplatRd aag rearted VitRnthzeg mR arnaqagirvéﬂ@nts of a
bi soxazol i di nes Wigwiih NSPdr Pk D@s adtiesusi Bblazdoss infialy Aiedeof am nes,

such as ethanolamine at 70°C. Acid neutralization was not
required since 99.5 wt% hydroéen sulfide was used in the
5 sulfur scavenging reaction. The reaction product
consisted solely of 1,3,5-tri(2-hydroxyethyl)hexahydro-
S-triazine, which was the original sulfur scavenging
compound. '
Example S
10. ' Ten (10) grams of a 43 wt} agqueous solution of
the triazine compound of Example 1 was reacted to
saturation with 99.5 wt% hydrogen sulfide to form 5,6-
dihydro-~5-(2-hydroxyethyl)-4H-1,3,5~-dithiazine and
ethanolamine-hydrosulfide. This mixture was reacted _
15 with three molar equivalents of sodium hydroxide at 70°C
- for 30 minutes. Analysis by 13 C NMR showed that the
mixture was completely converted to 1,3,5-tri(2~
hydroxyethyl)hexéhydro-s-triazine. The regenerated
- triazine compound was placed in a bubble flask through -
20 -which 2,000 ppm hydrogen sulfide in methane was passed.

' The regenerated triazine compound was unable to react
with hydrogen sulfide, as evidenced by a compléte lack
of hydrogen sulfide absorbance. One equivalent of
hydrochloric acid was then added to the reaction mixture

25 and the mixture was mixed for 10 minutes at room
tempefature. The acid-adjusted mixture was again
analyzed by 13 C NMR, which confirmed that the mixture
contained the regenerated triazine compound. The acid-
adjustéd-mikture was again placed in a bubble flask

30 through which 2,000 ppm hydrogen sulfide in methane was
bubbled. The acid-adjusted regenerated triazine was
found to react normally with the hydrogen sulfide.

The foregoing examples‘clearly.show that N-C-N
compcunds may be regenerated from the product(s) of a

35 sulfur scavenging reaction, in which the N-C-N compound

removes a sulfur atom from a sulfur compound, such as



10, met y nol am ne, bls(dlbutylan1no)nethane and
bi s( @H— gﬁt hyl-am no) net hang= ; et har?é:ngFc?‘WMQ
1, 3,6, trlcyclotetraaza[4 4,1, [ efir THIS StEdSdieBE product conprises a

het dpis S qed 15 as a regsul t BEPEAGEDS ltavengi ng reacti on.
The h I ﬂf has carbon an¢—nrtrogen atons, and optionally may have
oxyge eroatons in its bacRbbdBeT Exanples of hetero conpounds
whi ch nay be converted in the present mnethods include dithiazines and 20

L szl 0 oo RGBSl Elis dr S phbeioben. "Sclst Sl Sacemasgd, he
such as an anipresait méthodydr oghe nutérdecompannaapfa@ucfkotmﬁne of such
am ne salts ingcl tho,vge 25 hgv égem enger al fgzr.a mul @ Pron?” where R

2 n ahkanol S RV endtng cEFapRibn ndf B ek Stner
products of the reaction prior to regeneration according

5 to the present method. Alternatively, the product may
comprise both a hetero compound and an amine conplex,
fronm which nitrogen atoms are obtained to convert the
hetero compound to the starting sulfur scavenging
compound by one of the present methods. In another

10 embodiment, a hetero compound and an amine complex may
be mixed with a nitrogen compound to convert the hetero
compound to the starting sulfur scavenging compound. By
adjusting the pH of the reaction mixture, regeneration
of the sulfur scaVenging compound may be facilitated.

is - The present methods easily convert hetero
compound products of sulfur scavenging reactions without
the need for costly regeneration equipment typically
required for oxygen and heat regeneration processes. By

- regenerating the N-C-N compounds, the need for

20 purchasing additional scavenging compounds and disposing
of the spent hetero compounds as waste is reduced or
eliminated.
_ The present invention may be embodied in other -
specifie forms without departing from the spirit or

25 essential attributes thereof end, accordingly, reference
should he made to the appended claims rather than to the
foregoing specification as indicated the scope of the
invention. o




conplex‘ ngglseparated fromthe , PRI toéﬁﬁiﬁﬁﬁﬁg ration
reaction or It may be included in {hgsegamrarats BEEN I ncl 5 am ne
conmpl ex—-s—a—30-source. of nitrogen atonBHEBLAmémlaC|J t he sul fur atom of
t he hetero conpound By including t—gr—art+—or_thne am ne conplex in the

rege . the cost of separayiag the hetero conpound. fromthe
anm ne Ii ,m to'regeneration is reduced or elimnated. Also, -9-
the a en conpound added to the hetero conpound for conducting
t he regeneration reaction may be reduc@UAIMS8el i m nated. An exanple of a
typi cal sulfur scavenging 5 reaction is set forth generally below in
reaction o

1. A method for regenerating an N-C-N
compound from a product of a sulfur scavenging reaction
- in which said N-C-N eompound removes a sulfur atom from
5 a sulfur compound, said N-C-N compound being represented
by the formula (I):

R R3
10 e }|! ¥ |
. /2 \C/ \ . ’ (1)
R _]5 R
R
-_ —In
15 where n is an integer of 1 to 100, and each of R ’ Rz,

R3, R and R is independently selected from the group

consisting of:
(i) hydrogen:;
(ii) a substituted or unsubstituted,
20 saturated or unsaturated, linear, branched or cyclic
hydrocarbon chain of 1 to 20 carbons;
| (iii) a substituted or unsubstituted,
t saturated or unsaturated, linear, branched or cyclic
hydrocarbon chain of 1 to 20 carbons comprisiﬁg at least
25 one heterocatom selected from the group consisting of
nitrogen, oxygen, sulfur and halogen:;
(iv) a substituted or unsubstituted
polymeric chain. and
(v) 2 direct bond to any other of R ’ Rz,
30 Ra, R4 and Rs, said product comprising 2 hetero compound
having sulfur, carbon and nitrogen atoms in its
backbone, the method comprising the steps of:
(a) mixing said product with:
(1) a2 nitrogen compound represented by

' I



" equat i orwpldgldsit n which a triazine reacts wi th hydrogen sui,éf,@ggg,asw eld a
dithiazine and a primry am ne conplex [err] The

ni t r ogen compournd i'S Tepresented by thﬁﬁjsmmmﬂﬁA$BEﬁN ierr] where each of
[err] 30 sheSi Hia L ReiiAgEPENdENt |y S ect e&EPLAGERS (i)|'hydrogen; (ii) a

substitu I'tuted, satur. ed, |inear, branched or
cyclic h mlﬂﬂ[ inof 1to 2Q carbd®= (iii) a substituted or
unsubsti ed or unsaturated, l|inear, branched or cyclic

hydrocarbon chain of 1 to 20 30 carbons conprising a heteroatom sel ect ed
from ni trogen, oxygen, sulfur and a hal ogen® (iv) a substituted or:

unsubstituted polyneric chain; and s@ts éﬂ%reof. Exanpl es of such _ni.trogen
conpounds i ncl ude amoni a, et hanol a ne, \?thanojanine, met hyl am )
5 R

where each of RG and R7 afe independently selected from
the group consisting of: .
' (i) hydrogen; ' |
(ii) a substituted or unsubstitﬁted,
10 saturated or unsaturated, linear, branched or cyclic
hydrocarbon chain of 1 to 20 carbons;
| (iii) a substituted or unsubstituted,
saturated or unsaturéted, linear,_branched'or cypiic
hydrocarbon chainrof 1 to 20 carbons comprising at least
15 one hetercatom selected from the group consisting of
boron, nitrogen, oxygen, sulfur and halogen; and
(iv) a substituted or unsubstituted
polymeric chain; ' '
and salts thereof; and. _
20 ' (2) an alkaline compound selected from the
group consisting of an alkali metal compound, an
alkaline earth metal compound and a transiton metal
cdmpouhd, to form one of a solution, slurry or
dispersion; .
25 : (b) reacting said hetero compound with
' said nitrogen compound in the presence of said alkaline
compound, such that a sulfur atom of said hetero
compound is replaced by a nitrogen atom of said nitrogen
compound; and
30 (c) if necessary, adjust;ng the pH of
said solution to about 8 to about 13.
2. The method according to claim 1, whereln
R is linked to R> to form a heterocyclic ring.
~ 3. The niethod according to claim 1, wherein
35 said N-C-N compound is selected from the group
consisting of a triazine, bisoxazolidine, piperidzne,

piperazine, imidazole, amine and diazathiane.
[l IHIII IIIII lllll II IIII



35 -cycl ohe odlgaeine. et hyl ene di ani ne, ~morpholine and thi omrﬂg{,##?%&g
n

10 - CGenerally, about 0.25 to abq nts of the'n
conpound and/ or ami ne conpl ex may h@mysaéETHNﬂﬁE@N sent nethods for each
hEﬁkﬂm&B&% heed 0 conpound. As|j preserifbyi(steferrgd, 5 about 0.5 to about
ts and, nore prefreFabLy;gagout U. 75 to about 1.5 rol ar
equ trogen conpound and/ or an1ne conpl ex may be used for each
equ n e ero conpound. The reaction by which the sulfur atom of the
10 heterOfcorrpound i's 4?p|@ﬁédgb£hédnhbbeﬂa'in§t P k1agdd i, edHutein the
presence o an Egkh 2§°C8° Bgund has said sulfur atom located in a
ffposztion to said nitrogen atom.
5. The method according to claim 1, wherein
5 said hetero compound is selected from the group
consisting of a dithiazine and a thiazolidine.
. 6. The method according to claim 1, wherein
said nitrogen compound is selected from the group
con51sting of ammonia, ethanolamine, diethanolamine,
10 ﬁgthylahihe, cyclohexylamine, ethylene diamine,
morpholine and thiomorpholine.

7. The method according to clazm 1, wherein
sald alkaline compound is selected from the group
consisting of sodium hydroxide,: potassium hydroxide,

15 calcium hydroxide, calcium oxide, magnesium oxide,
sodium carbonate, sodium bicarbonate and calcium
carbonate. _

| 8. The method according to claim 1, wherein
said product further comprises an amine complex.

20 B 9. The method according to claim &, wherein
said amine complex comprises an amine salt.

10. The method according to claim 1, wherein
said reaction is carried out in the presence of a
solvent. |

25 " 11. The method according to claim 10,
wherein said solvent is selected from the group
consisting of water, methanol, ethanol, and ethylene
glycol.

12. The method according toﬂclaim 1, wherein

30 about 0.5 equivalents to about a'equivalents of said
alkaline compound are mixed with 1 equivalent of said

* c L M b *

_heteroc compound.



(base) sev@oeohmehstrom al kali netal,
met al* conpounds. Exanpl es of aIkaI

pr esent met hod include 15 sodi um h hydr oxi de, calcium
hydrpxide a6 Bleh R cexi de, magnesi un onat-e, sodi um

bi car \ ci um car bonat e. GEner3¢Iy, t he .al kali ne conpound has a

| and pdRD894ida6

are useful Int

NQEROSMNEAS BEEND
droxideanoEassiun

pH gr pH of the product and, in those enbodi nents in which 20
the n nd is mxed with the product, greater than the mxture
of the product and the bBtrogEhecnethoddacéendingl 4o ehaimm Q,5whereiout 8

e het oro’ conpbueBLUBLRARE PEPRIS SUEALL EELY b8 BRERSHURKELT)! O 20

equi val ent s oftompeundkbyi szidonpbrogenraztomscaf psaidqnitabgen cmeGMQﬁo

glorkrgfmg ggd i@%&r?i&&%&@' ¥t 2Dpuhp@PSelfe a@?“&bw@ 899V 2b° Bboud
- losec.

. 14. The method according to claim 1, wherein
the pH of the solution is adjusted by adding a mineral
acid to the solution. :

~15. The method accord{ng to claim 14, wherein

10 the mineral acid is selected from the group consisting

of hydrochloric acid, sulfuric acid, phosphoric acid and

nitric acid.

16. A method for regenerating an N-C-N

compound from a prgduct of a éulfur scavenging reaction
15 in which said N-C-N compound removes a sulfur atom from

a sulfur compound, said N-C-N compound being represented

by the formula (I):

1 _ g3 |
20 \ Ili /
N N
4 ST, (1)
R [5
R
25 1 N
where n is an integer of 1 to 100, and each of Rl, R?,
R;, R‘ and R5 is independently selected from the group

consisting of:
o . (i) hydrogen;
30 - (ii) a substituted or unsubstituted,
saturated or unsaturated, linear, branched or cyclic

e A



Gener al | ywg §a40@¥er quantities of the al kaI i ne corrpound 30 ar %94/01%93“9

unregéﬂgLated product will remain in_the solHtien ontrast, an excess
of al kal i ne cofpound-—-s—-not bel i eved rct t he regeneratlon

reactﬂhﬁsmﬁﬁﬁggg hat additional ne ‘rallzﬁFLaﬁEﬁay bejinecessary. For
exanpl PFhe conpoundl Na© ratons renoved from

t he het Mﬂlﬂﬂw ond with the sodi um‘aans fromthe NaOH to form sodi.um
conmpoun ium sul fide and/or sodium 5 hydrosul fide, for exanpl e.

The sodi um conpound(s) may be s rated fromthe regenerated scavenging .
conpound, if desired, by any n@%i@b 3cFabghitnted provasybssiguted, skil |

in the art, SU@bﬁutdﬁEGﬂdﬁ“ﬁﬁséﬂﬁféﬁédPnllnear, branched or cyclic
' hydrocarbon chain of 1 to 20 carbons comprising at least
one hetercatom selected from the group consisting of
5 nitrogen, oxygen, sulfur and halogen:
' (iv) a substituted or unsubst;tuted
polymeric chain; and -

(v) a dlrect bond to any other of R1

’ R ’
R®, R* and RS,

10 said product comprising a hetero compound and an amine
complex, said hetero compound having sulfur, carbon and
nitrogen atoms in its backbone, the method comprising
the steps of: .

(a) mixing said product with an alkaline

15 compound selected from the group consisting of an alkali
metal compound; an alkaline earth metal compound and a
transition metal compound, to form one of a solution,
slurry or dzspersion. ' |

(b) reacting said hetero compound with

20 said amine complex in the presence of said alkaline -~
compound, such that a sulfur atom of said hetero
compound is replaced by a nltrogen atom of said amine
complex; and '

(c) if necessary, adjusting the pH of
25 said solutlon to about 8 to about 13.
17. A method for regenerating an N-C-N
coﬁpcund from a product of a sulfur scavenging reaction
" in which said N-C-N compound removes a sulfur atom from
a sulfur compound, said N-C-N compound being represented
30 by the formula (I): ' '

g R
_ \N T~ N/.'
35 4 Se” N, | (1)
R |5 R
R e

- o |||||II| |||I|| II||I IIIII Il III|



of. t he. WaD4poasimp O(IlnslShvBttH‘asBeeﬁﬁb et _such as nethylene 10 qlghoudedRids bY
di St‘1 Il ation. Hovvev m Ilfr coff ?Hr%dsr;}eﬁ%&?érsgﬁ eparated fromthe

regenerated sul fur i ncluded with the
Scavengi ng N-C-N comrpoun recycled t SCAVengI-f cess. 15

The reaction for replacing the sul fur aﬁanrof the hetero conpound with a

" nitrogen atonrnay be carried out in the presence of a solvent. Solvents.may

be used to adjust the viscgs or facilitat Xi of t ryeacgtd on
conponents. $PTEHPei8o PPk Pg'egﬁ(’fl Bgeivvaf‘eip z\‘&ii]%%‘r'& rﬁt}}r * rand
et hyl ene gl yRO,, Rds am8l RAsianindependeatay s@reaﬁaﬂlﬁrodntﬂbthbﬁﬁnero

conpound and ppound are both sufficiently soluble. The
per cent age oF5§§F$§%?§5§ﬁérarry ranges fromO to about 90 % Preferably,

the percentage of 25 solven{i)s abydirogenizo about 75 wt % and, nore
5 ' - (ii) a substituted or unsubstituted,
saturated or unéaturated, linear, branched or cyclic
hydrocarbon chain of 1 to 20 carbons; )
| (iii) a substituted or unsubstituted,
saturated or unsaturated, linear, branched or cyclic
10 hydrocarbon chain of 1 to 20 carbons comprising at least
. one hetercatom selected from the group consisting of
nitrogen, oxygen, sulfur and halogen:;
(iv) a substituted or unsubstituted
polymefic chain; egd
15 (v) a direct bond to any other of Rl, R2,
®°, R* ana 8%, - '
said product comprising a hetero compound and an amine
complex, said hetero compound having sulfur, carbon and
nitrogen atonms in its backbone, the method comprising
20 the steps of: '
(a) mixing said product WLth.
(1) a nltroqen compound represented by
the formula (II):

25 /
—— N (II)

where each of RG and R?-are independently selected fronm

30 the group consisting of:
(1) hydrogen;
(ii) a substituted or unsubstituted,
saturated or unsaturated, linear, branched or cyclic
hydrocarbon chain of 1 to 20 carbons;

I



pr ef er aloy94/edasut 40 to about 60 wt% Typl cal ly e _sol venpey %wth

t he.. ﬁLoduGL—and Ri-trogen conpound (B gb ENL alkallne conpoun
although t he mmﬁ nmet hod may var 3&5}% pon t fle conponents 30

sel@b o the present neth conpound product is
n1xe ‘ ogen -conpound and tQe,3l kaline conpound to forma
solutl nor slurry. In an alzernative enbodi nent of the present
35 nmethod, the product also includes the amine conplex. 1In this
al ternative enbodi ment, the pEedych, se@ERIttted dri'fnsubstitutdiet ero
conpound and ani ne conplex |s m xed wth the al kaline conpound to formthe
sol ution. 17“;gﬁﬁ§ﬁ¢ed or unsaturated, linear, branched or cyclic

hydrocarbon chain of 1 to 20 carbons comprising at least

one heteroatom selected from the group consisting of

5 boron, nitrogen, oxygen, sulfur and halogen; and
_ (iv) a substituted or unsubstituted
polymeric chain;

and salts thereof; and
~ (2) an alkaline compound selected from the
10 group consisting of an alkali metal compound, an
alkaline earth metal compound and a transition metal
compound to form one of a solution, slurry or
dispersion;
(b) reacting said hetero compdund with at
15 least one of said amine complex and said nitrogen
compound in the presence of said alkaline compbund} such
that a sulfur atom of said hetero compound is replaced
by a nitrogen atom selected from the group consisting of
said amine complex and said nitrogen compound; and
20 (c) if necessary, adjusting the pH of
said solution to about 8 to about 13. :

Iy



conpl ex provides the ni'trogen_ atons whi ch
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| product is mixed with (1) a nitrogen compound represeated by formula

(54) Title: METHODS FOR REGENERATING A SULFUR SCAVENGING COMPOUND FROM A PRODUCT OF A SULFUR
SCAVENGING REACTION S

(57) Abstract

Methods are provided whereby an N-C-N compound is regenerated 1 3
from a product of a sulfur scavenging reaction, in which said N-C-N R R
compound removes a sulfur atom from a sulfur compound, to form \ H / :
the original N-C-N compound. The N-C-N compound is represeated N I N (1)
by formula (T). The product includes a hetero compound having sulfur, / ™~ C e
carbon and nitrogen atoms in its backbone. In one embodiment, the RZ

(I and (2) an alkaline compound selected from alkali metal, alkaline R
earth metal and transition metal compounds, to form a solution, slurry or
dispersion. The hetero compound is reacted with the nitrogen compound
in the presence of the alkaline compound, such that a sulfur atom of
the hetero compound is replaced by a nitrogen atom of the nitrogen
compound. If mecessary, the pH of the solution may be adjusted to
about 8 to about 13 to facilitate the reaction. In alternative embodiments,
the product also includes an amine complex. The nitrogen atom being
substituted for the sulfur atom in the hetero compound may be obtained
from either the nitrogen compound or the amine complex. :

(I1)
e e . . \ 7
This Sheet Has Been Re[ilaced

[T




20 tenperature of about 25 to about 105[err]. It is believed that elevated

tenperatures Wl |- increase the rate of reaction. According to the present
met hod, ‘the pH of the resulting solution is adjusted tg
25 and, nore preferably, about 9 to about 11. The pHijlo
be adjusted by the addition_of a mneral agid, such as q&groctn4mnug

sul furic acid, phosphoric aC|d or nitric atid. The:ni T At s aci-g1-s-ae eo
to neutralize excess al kal i"tre «conpound and | ower 30 the pH of tRhe solutron
to facilitate regeneration of the NNC-N conpound and reduce the |ikelihood

of- formati on of undesirable by-products.
with essentially pure hydrogen sulfide, e.g., about*“90 to 100 wt % acid

adj ust nment
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METHEODE FOR REGENERATING A BULFUR BCAVENGING COMPOUND
FROX A PRODUCT OF A SULFUR S8CAVENGING REACTION

Pileld of the Invention

The present invention relates to methods for
regeneratlng a sulfur scavenging compound from a product
of a sulfur scavenging reaction and, more particularly,
to regenerating an N-C-N compound from a product of a
sulfur scavenging reaction that has typically been
difficult or expenéive to regenerate.

Background of the Invention
Hydrogen sulfide ‘and mercaptans are toxic,
corrosive and malodorous compounds. Each may be found

in a variety of liquid and gaseous media such as natural

gas, petroleum, refinery gas streams, carbon dioxide,
hydrogen, coal gas streams, gas streams from viscose
rayon production, tars and asphalt, shale gas, coke oven
gases, ammonia synthesis gas, rubber vulcanization
streams, gases from sulfurization plants, turpentine
production, pulp and paper mill effluent, sewage, brine
drilling mud, land £ills, phosphoric acid production gas
streams and other industrial® gas streams and effluents.
They are also found in the tail gases and liquids of
some hydrogen sulfide scrubbing processes such as Claus
plants and amine scrubbing units. such sulfur compounds
include hydrogen sulfide, allyl thiol, propane thiol,

-,benzyl thiol, crotyl thicl, e hene_ehlol. thiocresol and

thiophenol.

If the. N-C.N conpound is reacted
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- 13 - necessary because the pH of the solution is | ow enough to drlve t he

“regeneration reaction essentially to conpletion. The pr

now be illustrated in 5 nore detail by reference to th ﬁgwinwmmﬁstﬁgsT
specific, non-limting exanples. Exanple 1 Seventy (70)| gra f g&ged S
sol ution of 7.3 wt%1,3,5-tri(2-hydroxyethyl xhexahydr o o AT r
("triazine conpound”), which is commercially avail abl e I

Co. of Conshohocken, Pennsylvania, a well-known sul fur scavengi ng conpound
was reacted with 99.5% hydydgegesustl fitde ds@mpludesnirg2de sepktahydangen

sul fide was sc
Ten milliliter
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g&g?&ﬁd% I\FQ% té‘oi’:?é‘?té&&a(@ﬁrelind"%{aisf lagd by 13 C NMR
objectionable odor. The release of hydrogen sulfide
into the environment is strictly controlled by the
Environmental Protection Agency and Department of
Environmental Resources, as well as by other regulatory
agencies throughout the world. Hydrogen sulfide and
mercaptans not only have an offensive odor, but have
also been linked to the formation of acid rain.

Methods for removing hydrogen sulfide and/or
mercaptans may be generally classified as regenerative
and non-regenerative. Regenerative processes are
generally more desirable because waste products are
recycled. By regenerating sulfur scavenging compounds
and thereby recycling the waste products, the cost, both
.economically and environmentally, of replenishing spent
chemicals in the process and disposing of the waste
products is lessened or eliminated. However, typical
prior art regenerative processes often require expensive
processing equipment and high energy input.

Various amines and alkanomines, which may be
regenerated, have been used to remove acids, such as
hydrogen sulfide, from gas streams. U.S. Patent No.
2,776,870 discloses that agueous amines and
alkanolamines are useful for removing acids from a
gaseous nixture. Hydrogen sulfide may be selectively
removed from gas streams containing carbon dioxide by
use of triethanolamine or methyldiethanolamine.

British Published Patent Specification No.
2103645 discloses that hydrogen sulfide and carbon
dioxide may be removed from a gas mixture by contacting
the mixture with a solvent comprising a tertiary amine
and a physical absorbent. Suitable physical absorberts
include N-methylpvrrolidone and sulfolane.



¥

;solution of sodi um hydroxi de was added to the product Fe-Ser
scavengi ng reaction and the resulting reaction m xtur ﬁﬁﬂ&AﬁﬁhﬂﬂﬂrsugET
70[err] for one hour. Acid neutralization of the reacjfed nlém was ho
required 20 since 99.5 w % hydrogen sul fide was used Reten

scavengi ng reacti on. At the end of one hour, the.regen '
triazi ne conpound was confirnmed by 13 C NNR.-The regenerated triazine
conpound was again reacted with 99.5 wt % hydrogen sul fide to conpletion. 25
The reaction of the regenerated triazine conpound with hydrogen sulfide
foll owed by regeneration UfSthBatentzNoe cmmmwrﬁi wiscilepeat 2dpfaredsn

cycl es accordi ng, EOrEHS?rEBﬁSEEidﬂEt?QQes i«%g%et mQLtﬁP wily W,

scavengi ng efficienc e regenerated, rlaz oun was-obger ved.
Exanpl e 2 Ten (i@}ngraﬁivsﬂtalésuaﬂqeginihenﬁmqgmprlSlng (1) an amine

comprised of at least about 50 mole percent of a
5 sterically hindered amine; and (2) a sclvent for the
amine mixture which is also a physiéal absorbent for the
acidic gases. Suitable sterically hindered amines
~ include various piperidine compounds. Suitable solvents
include sulfones and pyrrolidone and piperidone
10 compounds, to name a few.

U.S. Patent No. 4,918,512 discloses methods
for reducing the levels of hydrogen sulfide and organic
sulfides in a hydrpcarbon stream by contacting the

- stream with a composition comprising a reaction product
15 of a lower alkanolamine with a lower aldehyde. Suitable
reaction products include mixtures of triazine and
bisoxazolidine compounds. .

U.S. Patent No. 4,647,397 discloses a process

and composition for removing hydrogen sulfide and

20 similar sulfides from a gas stream. The gas stream is .
contacted with a substituted aromatic nitrile having an
electron-attracting substituté on the aromatic ring at
least as strong as halogen and an organic tertiary amine
in an inert organic solvént, such as N-methyl-2-

.25 pyrrolidone. The spent contacting solution may be
regenerated by heating the solution above the
decomposition temperature of the reaction produc s to
separate the sulfzdes from the liquid phase absorbent
solution.

30 U.S. Patent No. 4,775,519 discloses a
continuous process for removing acid gas components from

2 gas stream by countercurrently contacting the stream
- with an aqueous-solution of a mixture of N- .. .
methyldiethanolamine (MDEA) with imidazole or a methyl
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3MAth 99 5 mﬂ@bhydrogen sulflde in the 35 manner set fchEPLMCEMﬁﬁﬁﬁﬁEET 1he
product produced a gunmmy residue that clogged the scr bblna heégp E@B

equi prent . - 14 - The product showed no signs of theDaterdalt I}

conpound. The product was then reacted with 10 m il iYeFs—oF—a—06—N ACOe0US

sodi um hydroxi de solution at 80[err] for oné Mour. After 30 nlnutes, t he

appearance 5 of the reaction m xture returned to that of the unreacted

Fequired ol nco oF SRR AhuteR5thr S fRLSRE L OB BB 8 g1 ng
reaction. A 13 CMI¥R and ;tgues m.ﬁ.dahele by reducing the pressure and
causing the gas to flash.

U.s. Pétent No. 4,624,838'discloses a process

5 for removing acid gases from a gaseous stream by
contacting the stream with an aqueous scrubbing solution
containing a hetero nitrogen compound comprising either
a five~ or six- membered ring having a pKa no greater
than about 8. Preferred hetero nitrogen compounds

10 include imidazole and piperazine cempounds.

U.S. Patent No. 5,128,049 discloses a method
for reducing the hydrogen sulfide content of
hydrocarbon4containing fluids and aqueous solutions by
injections of a dilute solution of a scavenging agent.

15 Suitable scavenging agents include hexahydro-i,3,5-
tris(2-hydroxyethyl)-S-triazine and various other
compounds. -

There is a long-felt need in the art for a
method for regenerating sulfur scavenging compounds.

20 Regenerating such compounds is not only environmentally
desirable but is cost efficient and may reduce or
eliminate the need for expensive processing egquipment.
In addition, since the scavenging compounds are
regenerated, the need for purchasing replacement

25 sca#enging compound is reduced or eliminated.

- Definitions
As used herein, the phrase “hetero compouﬁd“
is defined to mean a cyclic, linear or branched compound
in which one or more atoms of the backbone is an element
30 other than carbon, particularly at least nitrogen and
sulfur and possibly oxygen.
2s used herein, the phrase "heterocyclic
‘conpound” is defined'as a compound- having a closed ring
' structure in which one or more atoms in the backhone Qf
35 ° the ring'is an element other than carbon, particularly




10 reaction product showed conpl ete regeneration. of fhe T
1,3,6,8-tricyclotetraazal[4,4,1,1[err]] dodecane sulfud §E§V%ﬂ§Mﬁ§Té%ﬁ$6u d.
Exanpl e 3 Ten (10) grans of a 43 wt % aqueous sol utionf of 15 4hAUGr1898i ng
compound of Exanple 1 was reacted with 2,000 ppn1(part93%ef ﬁ}|4}0ﬂ) ------
hydr ogen sul fide in nethanol. Upon conplétﬁoﬁ of the Teactiom tfe

resul ting dithiazine -and ethanolanlne hydrosul fide salt were separated. The

di t hi azi ne was r£ac nDIar excess of 6 N agueous sol ution
of sodi um hydr oxi dei§1€s iel‘%lac]&gf dmguhgﬂfsan‘i\r%?w %f’ﬁ%e@ ‘NVRESF t he
resul ting producheSeReryr xﬁrﬁamnﬂnn@fmathsve straight, branched or

tri(2-hydroxyet hyyehbx adumsk©rtrdtsazi ne and approximately 10 wt % of an
unidentified sulfur- 25 containing conmpound. The

et hanol am ne-hydrosul fide salt was separately reacted mnth an excess of
sodi um Bummary of the Invention

5 Briefly stated, one aspect of the present
method is a method for regenerating an N-C-N compound
from a product of a sulfur scavenging reaction in which
the N-C-N compound removes a sulfur atom from a sulfur
compound. The N-C-N compound is represented by the

10 following formula (I):

14

r? R
v \N ? /
N
15 4 NN s (I)
L R | R
5
R
where n is an integer of 1 to 100. Each of Rl, Rz, R3,

20 R4, and R5 is independently selected from the group

consisting of: (i) hydrogen; (ii) a substituted or
unsubstituted, saturated or unsaturated, linear,
branched or cyclic hydrocarbon chain of 1 to 20 carbons;
(iii) a substituted or unsubstituted, saturated or
25 unsaturated, linear, branched or cyclic hydrocarbon
chain of 1 to 20 carbons comprising at least one
heteroatom selected from the group consisting of
nitrogen, oxygen, sulfur and halogen; (iv) a substituted
or unsubstituted polymeric chain; and (v) a direct bond
30 to any other of RY, R?, R%, R* and R®. The product
comprises a hetero compound having sulfur, carbon and
nitrogen atoms in its backbone. According to the
method, the product is mixed with: (a) a nitrogen
compound r.presented by the formula (II):



hydrOX|de at 80[err] for two hours. Analysis of the re t-4+0g

“showed that unconpl exed ethanol anmine was forned. Acid Kﬂﬂﬂﬁﬂdaﬁﬁﬁ
not required in 30 either of these reactions since 99.% w % hydr

sul fide was used in the sul fur scavengi ng reaction. Exjamate 3 ﬁéﬂﬁi

grans of a 43 wt % aqueous sol ution of thest+iazine co

was reacted with 99.5 35 w % hydrogen sulfide to conpletion. The
rTesulting 5, 6- dihydro-5-(2-hydroxyethyl) -4H 1, 3, 5-dithiazine was

neutral i zati on was not

.......
..................

15 - isolated and reacted with three nolar &quivalents of a 6 N sodi um
hydr oxi de aqueous solution in an EXCQ$S of/bthanolan1ne at 70[err]C )ACId
\
R7

5
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15
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where each of R6 and R’ are independently selected from

the group consisting of (i) hydrogen; (ii) a substituted
or unsubstituted, saturated or unsatﬁrated, linear,
branched or cyclic hydrocarbon chain of 1 to 20 carbons;
(iii) a substituted or unsubstituted, saturated or
unsaturated, linear, branched or cyclic hydrocarbon
chain of 1 to 20 carbkons comprising at least one
heteroatom selected from the group consisting of
nitrogen, oxygen, sulfur and halogen; (iv) a substituted
or unsubstituted polymeric chain; and salts thereof; and
(a) an alkaline compound (base) selected from the group
consisting of an alkali metal compound, an alkaline
earth metal compound and a transition metal'qompound, to
form a solution, slurry or-dispersion. The hetero
compound is reacted in this solution with the nitrogen
compound in the presence of the alkaline compound. By
this method, the sulfur atom of the hetero compound is
replaced by a nitrogen atom of the nitrogen compound.

If necessary, the pH of the solution is adjusted to
about 8 to about 13. _

In another embodiment of this invention, the
product comprises a hetero compound and an amgne. in
this embodiment, addition of the nitrogen compound is
omiﬁted, since the sulfur atom of the hetero compound is
replaced by the nitrogen atom of the amine compound.

In yet another embodiment of the present
invention, the product comprises both the hetero
compound and an amine complex. The nitrogen compound is
added in this methcd, and the sulfur atom of the hetero
compound is_rgplacei.hy'a.nitrogen.atom of either the
nitrogen compound or the amine complex.



required since 99.5 w % hydrogen sulfide was used in the 5 sulfur
‘'scavengi ng reaction. The reaction product consisted S{'ﬁﬁﬁLA EMENT SHEET
1,3,5-tri(2-hydroxyet hyl) hexahydro- S-triazine, whicl was t he ori gi nal
sul fur scavengi ng conmpound. Exanple 5 10 ‘ Temeked Q). 4A9ABHTI98 2
wt % aqueous sol ution of the triazine conpouhd of Exanpke—i-was—teacted
saturation with 99.5 wt % hydrogen sulfide to form 5, 6-
di hydr o- 5- ( 2- hydr oxyet hyl ) - 4FF1 3, b- d|th|a2|ne and

et hanol am ne- hydr osul f i 283 gn Of; Ahe Brefe L. 2% ee nol ar

equi val ents of sodi um hydrrhd Qﬁ-eaeniohethbdéOfoQOraqmmimadrym-ec-w 13 C
NVR showed that the m x %;ge was co cogg?rted tg -tri

hydr oxyet hyl ) hex8f§RIF S~ S- 119" A r?é:o 3n§ Bf e %’eﬂ% Mas

pl aced in a bubbhee fhefdk simpleyland0 inm:p‘ehsiveOO Pheseynethpds and i de in
methane was passgdeful both for batch processes and continuous processes

to permit recirculation of regeneraééd sulfur scavenging
compounds. In the present methods, the need for
complicated processing machinery, the purchase of
- additional sulfur scavenging compounds and the disposal
10 of valuable hetero compounds as waste products are
reduced or eliminated.
The present method may be used for
regenerating an N-C-N compound from a product of a
sulfur scavenging.reaction. In the sulfur scavenging
15 reaction, the N-C-N compound removes a sulfur atom from
" a sulfur compound. The N~-C-N compound is represented by
the formula (I):

r* _ R
20 , \ IiI /
4 "~ 4 | ()
15 -
25 . g

where n-is an integer of 1 to 100 and preferably 1 to
20. '
Each of RY, ®R?, R, R?, and R® is

independently selected from (i) hydrogen: (ii) a

30' substituted or unsubstituted, saturated or unsaturated,
linear, branched or cyclic hydrocarbon chain of 1 to 20
carbons: (iii) a substituted or unsubstituted, saturated
or unsaturated, linear, branched or cyélic hydrocarbon
chain of 1 to 20 carbons comprising at least one

35 heteroatom selected from niﬁ%ogén;'oxygen,'sulfur or

: héloggn; (iv) a_substitutéd'or qnsﬁbstituted-pclymgric.



The regenerated triazine conpound was unable to react with hydrogen ,
* sulfide, as evidenced by a conplete |ack of hydrogen ' ancd.
One equi val ent of hydrochloric acid was then added t} HEweAﬁéﬂﬁ?ﬂbqﬂﬁh ure
25 and the nixture was mixed for 10 minutes at room; enperﬁt &@ﬁ _
aci d-adjusted m xture was again anal yzed by 13 C NVR| Dde G rred
the m xture contai ned the regenerated’ trigazi ne conpot € acl d- adj usted
m xture was again placed in a bubble flask 30 through whi ch 2,000 ppm
hydrogen sul fide in nethane was bubbl ed. The acid-adjusted { egeper t ed
triazine was tbadd:t andefv) aodiméty bond tdeahydotiyen ofilR |.deR ol

f or egoi ng exaﬁﬁleg algérly§§g %*%gf§ NE N cgﬂpgggdéoqu.gg ﬁﬁgg rated

from the product( s Scavenging reacti on, h the NNCN
conpound r enoBeEeEOSHFLAF EFBﬁTfronla sul fur conpound, such as

Examples of N-C-N compounds which may be

5 regenerated in the present method include various
triazines, such as 1,3,5-tri(2~hydroxyethyl)hexahydro-
S-triazine. and trimethyltriazine, bisoxazolidines, such
as N,N’-methylene bisoxazolidine, piperidines,
piperazines, imidazoles, diazathianes, amines, such as

10 mnethyldiethanolamine, bis(dibutylamino)methane and
bzs(dl-z-hydroxyethylamzno)methane, bls(morphollno)-
methane and 1,3,6,8-tricyclotetraaza{4,4,1,1 ’8]
dodecane.

s £ )

The product comprises a hetero compound formed
15 as a result of a sulfur scavenging reaction. The hetero
compound has carbon and nitrogen atoms, and optionally
may have oxygen or other hetercatoms, in its backbone.
Examples of hetero compounds which may be converted in
the present methods include dithiazines and
20 thiazolidines, to name a few.
In addition to the hetero compound, the sulfur
scavenging reaction may also yield as a product an amine
. complex, such as an amine salt with hydrogen sulfide or
mercaptan. Examples of such amine salts include those
25 having the general formula R-—NH, *su™ where R is an
alkanol group, for example HOCH,CH,NH, *sE”. The amine
.~ complex may be separated from the hetero compound prior
to the regeneration reaction or it may be included in
the regeneration. 1If included, the amine complex is a
30 source of nitrogen atoms for replacing the sulfur atom
of the hetero.compound. By including part or all of the
amine complex in the regeneration reaction, the cost of
separating the hetero com mpound from the amine complex
prior to regeneration is reduced or eliminated. Also,



- 16 - hydrogen sulfide or a nmercaptan, according to the present nethods.

‘The hetero conpound product of the sulfur scavenglng:r '
separated from ot her products of the reaction prior tosEé Eﬁ%V§$¥§HEET

according 5 to the present nethod. Alternatively, tHe rod
both a hetero conpound and an amine c %plex fron1mhm_;£ d%éﬂﬁiﬁgﬁ%
n

obtai ned to convert the hetero conpou to the starting sulfur scavengrng
conpound by one of the present methods. In another 10 enbodinment, a hetero

compound and #te aionAt CONTHrolBN dhptus@dadddd t lthbrﬂ@@étcﬁoﬁpound to
convert the helglg %Paogppum\&u%tsn%a}earrte'gggem{ag ALRYENIING gonpound. By
ep e reaction

adj ustiing th ; regeneration of Bl fur
scavengi ng coRpasd REyebbinated; ¢ at ed.

An example of a typ1ca1 sulfur scavenging
5 reaction is set forth generally below in reaction
equation (IXI), in which a triazine reacts with hydrogen
sulfide to yield a dithiazine and a primary amine complex.

10 N ' S

.\-—N / + H,S ——> R-—N\—s> "f R —NH, ;H‘ (III)

15 \

The nitrogen compound is represented by the

formula (IIXI):

20
R7=—N (II)

where each of R® and R’ are independently selected from

25 (1) hydrogen: (ii) a substituted or unsubstituted,
saturated or unsaturated, linear, branched or cyclic
hydrocarbon chain of 1 to 20 carbons: (iii) a
substituted or unsuhstituﬁed, saturated or unsaturated,
linear, branched or cyclic hydrocarbon chain of 1 to 20

30 carbons comprising a hetercatom selected from nitrogen,
oxygen, sulfur and a halogen; (iv) a substituted or
unsubstituted polymeric chain; and salts thereof.
Examples of such nitrogen compounds include ammonia,
ethanolamine, diethanoclamine, methylamine,

35 cyclohexylamine, ethylene diamine, morpholine and
thiomorpholine.



i’15 . The present nethods easily convert het ero conpound products
" of sul fur scavenging reactions wthout the need for
equi pnent typically required for oxygen and heat re :
regenerating the NNCG-N conpounde, t he need for 20 bchaﬂ%guﬂggqéééon I
scavengi ng conpounds and di sposi ng of the spent het wajjt e
is reduced or eliminated. The present invention nmay be enbodied rn
specific forns without departing fromthe Xbitit or 25 essential attributes
t hereof and, accordingly, reference should be made to the appended cl ai ns
irﬁt/g(ra][i ggen to the fOI‘egOé&,geéé)ff}L agdtorh ax [ ndla% eéd‘,‘t 1rlliglscope of the
- equivalents of the nitrogen compound and/or amine
complex may be used in the present methods for each
equivalent of hetero compound. As presently preferred,

5 about 0.5 to about 2 molar equivalents and, more
preferably, about 0.75 to about 1.5 molar equivalents of
nitrogen compound and/or amine complex may be used for
each equivalent of hetero compound.

. The reaction by which the sulfur atom of the
10 hetero compound is replaced by a nitrogen atom is
carried out in the presence of an alkaline compound
(base) selected from alkali metal, alkaline earth metal
and transition metal compounds. Examples of alkaline
compounds which are useful in the present method include
15 sodium hydroxide, potassium hydroxide, calcium
hydroxide, calcium oxide, mégnesium oxide, sodium
carbonate, sodium bicarbonate and calcium carbonate.
Ganerally, the alkaline ccﬁpound has a pH greater than
the pH of the product and, in those embodimen;s in which
20 the nitrogen compound is mixed with the product, greater
than the mixture of the product and the nitrogen
compound. |
Generally, about 0.5 to about 8 equivalents of
the alkaline compound are mixed with one equivalent of
25 the hetero compound. Preferably, about 0.5 eguivalents
to about 4 equivalents of the alkaline compound are used
per equivalent of hetero compound and, more preferably,
about one to about two egquivalents of alkaline compound.
Generally, if lower quantities of the alkaline compound
30 are used, some unregenerated product will remain in the
solution. In contrast, an excess of alkaline compound
is not believed to negatively effect the regeneration
reactinn, ~evcapt that additional neutralization may be
necessary. '
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17 CLAIM5 1. A nethod for regenerating an N-C- N conpound from a product of
a sul fur scavengi mg reaction in which said NNCN conpo ’

atomfromb5 a sul fur conpound, said N-C N conpound bei gé‘?m%ﬁﬁﬁﬁﬂ}e
formula (1): [err] 15 where n is an integer of 1 to 100, an ge @@3@&5
[err], [err] and [err] is independently selected fro ° grlo ﬂﬁ ' tilng
of : (1) hydrogen; (ii) a substituted or unsubstituted, 20 saturated-or
unsaturated, linear, branched or cyclic hy¥dtotarbon chain of 1 to 20

carbons; (iii) a substituted or unsubstituted, saturated or unsaturated,
| i near, branched or

CyCll%or example, if the alkaline compound is NaOH,
the sulfur atoms removed ;rom the hetero compound bond
with the sodium atoms from the NaOH to form sodium
compounds such as sodium sulfide and/or sodium

5 hydrosulfide, for example. The sodium compound(s) may
be separated from the regenerated scavenging compound,
if desired, by any method well-known to those of
ordinary skill in the art, such as by solvent extraction
of the N-C-N compound with a solvent such as methylene

10 chloride or by distillation. However, the sodium
compound need not be separated'from the regenerated
sulfur scavenging N-C-N compound, but may be included’
with the scavenging N-C-N compound recycled to the
scavenging process. '

15 The reaction for replacing the sulfur atom of
the hetero compound with a nitrogen atom may be carried
out in the presence of a solvent. Solvents may be used
‘to adjust the viscosity or ‘facilitate mixing of the
reaction components. Suitable solvents include water,

20 methanol, ethanol and ethylene glycol, as well as any
other polar solvents in which the hetero compound and
the N~C-N compound are both sufficiently soluble.

The percentage of solvent generally ranges
from 0 to about 90 wt%. Preferably, the percentage of

25 solvent is about 25 to about 75 wt% and, more
preferably, about 40 to about 60 wt%. Typically, the
solvent is mixed with the product and nitrogen compound
prior to adding .the alkaline compound, although the .
mixing method may vary depending upon the components

30 selected. | '

According to the present method, the hetero
- compound product is mixed with the nitrogen compound and
the alkaline compound to form a-solution, dispersion or
slurry. In an alternative embodiment of the present
f35. method, the product also includes the amine complex.' In
-this. alternative embodiment, the product, comprising. the.



hydrocarbon chain of 1 to 20 carbons conprising at |east—25-—on gr-gat om

* selected fromthe group consisting of nitrogen, oxygemRertACENMENTSHER
(iv) a substituted or unsubstituted pol yneric chain; land (v) a dlrect-

to any other of [err] 30 [err] and [err] said prodlpcgatecdnﬁmmqm

conmpound having sul fur, carbon and nitrogen atons i n=ts=backbere—th
met hod conprising the steps of: (a) m¥Xi ﬁ Baid product with: (1) a
nitrogen conpound represented by 35 the forrmula (I1): - 18 - [err]

hetero compound and amine complex, is mixed with the
alkaline compound to form the solution. The amine
complex provides the nitrogen atoms which replace the
sulfur atoms of the hetero compound.

5 In another alternative embodiment, the
product, comprising the hetero compound and amine
complex, is mixed with the alkaline compound and the
nitrogen compound. Either or both of the amine complex
and the nitrogen compound provide the nitrogen atoms for

10 replacing the sulfur atom of the hetero compound.

The product and nitrogen compound may be nmixed
together p:ibr to mixing with the alkaline compound or
all of the components may be mixed.tbgether to form a
solution. The components may be mixed, for example, in

15 a typical reaction vessel for a batch process or by in-
line injection in a recirculating systen.

Preferably, the replacement of the sulfur atom
of the hetero compound by a nitrogen atom of the
nitrogen compound'or anine complex is carried out at a

20 temperature of about 25° to about 105°C. It is belieéved
that elevated temperatures will increase the rate of
reaction. _

According to the present method, the pH of the
resulting solution is adjusted to about 8 to about 13

25 and, more preferably, about 9 to about 11. The pH of
the soclution may be adjusted by the addition of a
mineral acid, such as hydrochloric acid, sulfuric acid,
phosphoric acid or nitric acid. The mineral acid is
added to neutralize excess alkaline compound and lower

30 the pH of the solution to facilitate regeneration of the
N-C-N compound and reduce the likelihcod of formation of
undesirable by-products. If the N-C-N compound is
reacted with essent lallv pure hydrcgen sulfide, e.q.,
about 20 to 100 wt%, acia edjustment is gene*a1ly not |



!
Where eaeh of [err] and [err] are independently selecLed_LranLLhe_QLnup

‘consisting of: (i) hydrogen; (ii) a substituted or uns el inbehasiT
saturated or unsaturated, linear, branched or cyclic @ydrocarbon C |n f
to 20 carbons; (iii) a substituted or unsubstituted, Sty ALAUS 1998
unsaturated, |inear, branched or cyclic_h grocarbon c!
carbons conpri si.ng at | east 15 one heteroaton1se|ected fromthe group
consi sting of boron, nitrogen, oxygen, sulfur and hal ogen; and (iv) a

substituted or ua&uba&i—yuwaa@@émipn @fatne aadu&abhslshgeeoéno@djm 20
(2) an al kaline coggound elected fromthe rou cons %3ng§ an al kal i
|

nmet al conpound, t2nCarKS FRE BRITReRARER &6 Bdﬁ sRgen Bn netal

completion.
The present method will now be illustrated in
5 more detail by reference to the following, specific,
-non-limiting examples.

Example 1
Seventy (70) grams of an aquéous solution of

7.3 wt 1,3,5-tri(2-hydroxyethy1)hexahydro-s-tfiazine

10 (“"triazine compound"), which is commercially available
from Quaker Chemical Co. of Conshohocken, Pennsylvania,
a well-known sulfur scavenging compound, was reacted
with 99.5% hydrogen sulfide to completion (206 mmol
hydrogen sulfide was scavenged). Complete reaction was

15 verified by 13 C NMR. Ten milliliters of a. 6 N aqueous
solution of sodium hydroxide was added to the product of
the sulfur scavenging reaction and the resulting
reaction mixture was heated to 70°C for one hour. Aacid
neutralization of the reacted mixture was not required

20 since 99.5 wt% hydrogen sulfide was used in the sulfur
scavenging reaction. At the end of one hour, the i
regeneration of the triazine compound was confirmed by
13 C NMR. The fegenerated triazine compound was again
reacted with 99.5 wt% hydrogen sulfide to completion.

25 The reaction of the regenerated triazine compound with
hydrogen sulfide followed by regeneration of the
triazine compound was repeated for ten cycles according
to the present method. No diminishment of the sulfur
scavenging efficiency of the regenerated triazine

30 compound was observed. '

Example 2
Ten (10) grams of a 25 wt% solution of
1,3,6,a—tricyclotetraaza[4,_4,1,13'8
to completion ﬁith 99.5 ‘wt$ nydrogen sulfide in the
.35 manner set forth in Example 1. The product produced a
.fgumny residue that cloqged the scrubbing test equipmen '

Jdodecane was reacted



conpound, to formone of a solution, slurry or dispersion;, 25

*(b) reacting said hetero conmpound with said nitrogen, "EFUUHU =
presence of said al kali ne conpound, such that a sulf r8 bR BYENT SHEEE
conmpound is replaced by a nitrogen atom of said nitr-ggn gpquﬂpd' nd {80
(c) if necessary, adjusting the pH of said solution ABout’-8%Ho
2. The nethod according to claiml1l, whereiyg [err] is linked To [err] to

forma heterocyclic ring. 3. The nethod according to claim1l1l, wherein 35
said NNC-N conpound is selected fromthe group consisting of a triazine,
bi soxazol i di ne, Th# ferodiete shiwast 219 reidns &z dihe unrieasteddtetiragazai ane. .

10

15

20

25

30

~.35

compound. The product was then reacted with 10
milliliters of a 6 N agueous sodium hydroxide solution
at 80°C for one hour. After 30 minutes, the appearance
of the reaction mixture returned to that of the
unreacted sulfur scavenging compound. Acid
neutralization of the mixture was not required since
99.5 wt% hydrogén sulfide was used in the sulfur
scavenging reaction. A 13 C NMR analysis of the
reaction product showed compleﬁe regeneration of the
1;3,6,8-tricyclotetraaza[4,4,1,13'8]dodecane sulfur
scavenging compound. '
Example 3

Ten (10) grams of a 43 wt% aqueous solution of
the triazine compound of Example 1 was reacted with =
2,000 ppm (parts per million) hydrogen sulfide in
methanol. Upon completion of the reaction, the
resulting dithiazine and ethanolamine-hydrosulfide salt
were separated. The dithiazine was reacted with a 10
molar excess of a 6 N -aqueous solution of sodium
hydroxide at 80°C for two hours. Analysis by 13 C NMR
of the resulting product showed formation of 1,3,5~-
tri(2~-hydroxyethyl)hexahydro-S~-triazine and

- approximately 10 wt% of an unidentified sulfur-

containing compcund. The ethanélamine-hydrosulfide salt
was separately reacted with an excess of sodium
hydroxide at 80°C for two hours. Analysis of the
resulting préduct showed that uncomplexed ethanclamine
was formed. Acid neutralization was not required in
either of these reactions since $9.5 wt% hydrogen
sulfide was used in the sulfur scavenging reaction.

Example 4
Ten (10) grams of a 43 wtt agueous solution of . -

the triazine compound of Example 1 was reacted with 99.5
_wt% hydrogen sulfide to completion. -The resulting 5,6-

dihydfaéSf{z-hydroxyéthyl)-4H-1;;[5-¢i§hiaiing was .



~-19- 4. The net hod, accordlng to claiml, wherein said hetero conpound has
said sul fur atomlocated in a [err] position to said nitfogen N
nmet hod according to claim1, wherein 5 said hetero conpo
fromthe group consisting of a dithiazine and a thiazoli

according to claim1, wherein said nitrogen conpound is
group consi sting of anmoni a, ethanol am re,2&i"et hanol ani n

cycl ohexyl ami ne, ethylene di am ne, norpholine and thlonDrphollne 7 The

from the group ABRAREERngPgi ~SRaren Yol ke melar BRI arBs Be 18"

caIC|un1hydrOX|GeN é&ﬂ@h@nhﬁdrqnld¢mgﬂn§nuﬂnsp&union in an excess of
ethanolamine at 70°C. Acid neutralization was not
required since 99.5 wtsg hYdrogen sulfide was used in the

5 sulfur scavenging reaction. The reaction product

consisted solely of 1,3,5-tri(2-hydroxyethyl)hexahydro-
S-triazine, which was the original sulfur scavenging
compound.

Example 5
10 Ten (10) grams of a 43 wti aqueous solution of

the triazine compound of Example 1 was reacted to
saturation with 99.5 wt% hydrogen sulfide to form 5,6~
dihydro-5-(2-hydroxyethyl)-4H~1,3,5~-dithiazine and
ethanolamine-hydrosulfide. This mixture was reacted
15 with three molar equivalents of sodium hydroxide at 70°C
for 30 minutes. Analysis by 13 C NMR showed that the
mixture was completely converted to 1,3,5-tri(2-
hydroxyethyl)héxahydro-s-triazine._ The regenerated
- triazine compound was placed in a bubble flask through
20 -which 2,000 ppm hydrogen sulfide in methane was passed.
The regenerated triazine compound was unable to react
with hydrogen sulfide, as evidenced by a complete lack
of hydrogen sulfide absorbance. One equivalent of
hydrochloric acid was then added to the reaction mixture
25 and the mixture was mixed for 10 minutes at room
temperature. The acid~adjusted mixture was again
analyzed by 13 C NMR, which confirmed that the mixture
contained the regenerated triazine compound. The acid-
adjusted mixture was again placed in a bubble flask
30 through which 2,000 ppm hydrogen sulfide in methane was
bubbled. The acid-adjusted regenerated triazine was
found to react normally with the hydrogen sulfide.
The foreg01ng examples clearly show that N-C-N
' co“pcunds nay be regenerated from the product(s) of a
' 35 sulfur scavenging reaction, in- which the N-C-N compound
- -removes a sulfur atom from a sulfur compound, such as



sodlun1carbonate sodi um bi carbonat e and caIC|un1carbon_*“T
according to claim1, wherein said product further conpﬂﬂﬁ@@AﬁEMﬁNﬁﬁﬁEET

.conpl ex. 20 9. The nmethod according to cla

anm ne conpl ex conprises an amne salt. 10. The nethod am] @r£d£§®%6§§§w1
wherein said reaction is carried out in the presence of .
11. The method according to claim10- W6erein said solvent is selected
fromthe group consisting of water, methanol, ethanol, and ethyl ene glycol.
12. The net hod according.to cla|n11 mhereln 30 about 0.5 equivalents to
about 8 equiv§V§5P598f5§&%&d3IQ£IPn§eESﬁBBﬁHd aFeoRAing th the1 equival ent
of said heterpreseptundthods. The hetero compound product of the

sulfur scavenging reaction may be separated from other
products of the reaction prior to regeneration according
5 +to the present method. Alternatively, the product may
comprise both a hetero compound and an amine complex,
from which nitrogen atoms are obtained to convert the
hetero compound to the starting sulfur scavenging
compound by one of the present methods. In another

10 embodiment, a hetero compound and an amine complex may
be mixed with a nitrogen compound to convert the hetero
compound to the starting sulfur scavenging compound. By
adjusting the pH of the reaction mixture, regeneration
of the sulfur scavenging compound may be facilitated.

15 The present methods easily convert hetero
compound products of sulfur scavenging reactions without
the need for costly regeneration equipment typically
required for oxygen and heat regeneration processes. By
regenerating the N-C-N comﬁounds, the need for

20 purchasing additional scavenging compounds and disposing
of the spent hetero compounds as waste is reduced or
eliminated.

The present inventlon may. be embodied in other
specific forms without departing from the spirit or

25 essential attributes thereof and, accordingly, reference
should be made to the appended claims rather than to the

foregoing specification as indicated the scope of the
invention.




20 - 13. The met hod according to claim1, wherein the replacenﬁnt of
Sald sul fur atom of said hetero conmpound by said nitrogen :

nitrogen conpound is carried out at a tenperature of abo
5 105[err]. 14. The method according to claim1, wherein
solution is adjusted by adding a mneral -ag7d-t o the sol
nmet hod according to claim 14, wherein 10 the mneral aci ==
the group consisting of hydrochloric acid, sulfuric acid, phosphorlc acid
and nitric acid. 16. A nethod for regeneEﬁ&Eﬁg an N-C-N

1. A method for regenerating an N-C-N
compound from a product of a sulfur scavenging reaction
in which said N-C-N compound removes a sulfur atom from

5 a sulfur compound, said N-C-N compound belng represented
by the formula (I):

r! R’
10 e }|{ N
4 TN, (1)
R s R
R

—_ —In

15 where n is an integer of 1 to 100, and each of Rl, Rz,
R3, R4 and R5 is independently selected from the group
consisting of:

(i) hydrogen, ,
(ii) a substituted or unsuhstituted,

20 saturated or unsaturated, linear, branched or cyclic
hydrocarbon chain of 1 to 20 carbons:

_ (iii) a substituted or unsubstituted,
saturated or unsaturated, linear, branched or cyclic
hydrocarbbn chain of 1 to 20 carbons comprising at least
' 25 one heteroatom selected from the group consisting of

nitrogen, oxygen, sulfur and halogen;

(iv) a substituted or unsuhstituted
polymeric chain; and

(v) a direct bond to any other of Rl, Rz,

30 R7, R* ana Rr® , said product comprising 2 hetero compound
having sulfur, carbon and nitroéen atoms in its
backbone, the method comprising the steps of:

(a) mixing said product with: "
_ (1) a nitrogen compound represented by

35 the formula (II):

3

I



‘conpound from a product of a sulfur scavenging reaction:
" NG N conmpound renoves a sulfur atomfroma sul fur conp
conmpound being represented by the formula (1): [err] wh
of 1 to 100, and each of [err] [err] and [err] i s inde

drpignt+y- se1 errE

FE=FR—wWhr e
lﬁﬁPL%QEMFNl éi'

renla

fromthe group consisting of: (i) hydroqga () a
substituted or unsubstituted, saturated o unsaturated | i near, branched or
cyclic hydrocarbon chain of 1 to 20 carbons; -21- (||i) a substituted or
unsubsti t ut ed, H
RS — (II)
\
5 R’

where each of r® and R’ are independently
the group consisting of:
(i) hydrogen:

selected from

(1i) a substituted or unsubstituted,
10 saturated or unsaturated, linear, branched or cyclic

hydrocarbon chain of 1 to 20 carbons:

(iii) a substituted or unsubstituted,
saturated or ﬁnsaturéted, linear, branched or cyclic
hydrocarbon chain of 1 to 20 éarbbns comprising at least

15 one heteroatom selected from the group consisting of
boron, nitrogen, oxygen, sulfur and halogen; and

(iv) a substituted or unsubstituted

polymeric chain:;
an@ salts thereof; and

20 (2) an alkaline compound selected from the
group consisting of an alkali metal compound, an
alkaline earth metal compound and a transiton metal
compound, to form one of a solution, slurry or

dispersion;

25 ' (b) reacting said hetero compound with

said nitrogen compound in the presence of

said alkaline

compound, such that a sulfur atom of said heteroc
compound is replaced by a nitrogen atom of said nitrogen

compound; and

30 (c) if necessary, adjusting the pH of

said solution to about 8 to about 13,

2. The method according to claim 1, wherein

Rl is linked to R3

to form a heterocyclic ring.

3. The nethod according to claim 1, wherein
35 said N-C-N compound is selected from the group .

consisting of a ;riaz;ne, bisoxazolidiue,

piperidine,

' piperazine, imidazole, amine and diazathiane. o

Hllllll IIIIII lllll Illll Il Illl
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saturated or unsaturated, |linear, branched or cyclic hydrgearbon=d :
‘to 20 carbons conprising at | east one heteroatom sel ected ﬁﬁﬁwrCEMEmﬁﬁﬂfET
consisting of 5 nitrogen, oxygen, sulfur and hal ogen; (i
or unsubstituted polyneric chain; and (v) a direct bond'tnta
[err] [err] and [err] 10 said product. conprising a heteré—com
am ne conpl ex, said hetero conpound- having sul fur, carbon and n|troge
atons in its backbone, the nethod conprising the steps of : (a) mxing said
product with an al kaline 45 cDmpouethash|asoadingomot kdagnodp ¥besesni ng of

an alkali netal Qapﬁaegmaeo@é&ka Ga LA ERAFurCarbauIdcadaaihr ansition
nmet al conpound o formone a_solution, slurry or dispersion;
S position to said nltrogen atom.

5. The method according_to claim 1, wherein
5 said hetero compound is selected from the group
consisting of a dithiazine and a thiazolidine.

6. The method according to claim 1, wherein
said nitrogen compound is selected from the group
consisting of ammonia, ethanolamine, diethanoclamine,

10 methylamine, cyclohexylamine, ethylene diamine,
morpholine and thiomorpholine.

7. The method according to claim 1, wherein
said alkaline compound is selected from the group
consisting of sodium hydroxide, potassium hydroxide,

15 calcium hydroxide, calcium oxide, magnesium oxide,
sodium carbonate, sodium bicarbonate and calcium
carbonate. .

8. The method according to claim 1, wherein
said product further comprises an amine complex.

20 9. The method according to claim 8, wherein
said amine complex comprises an amine salt.

10. The method according to claim 1, wherein
said reaction is carried out in the presence of a
solvent. '

25 | T1l. The method according to claim 10,
wherein said solvent is selected from the group
consisting of water, methanol, ethanol, and ethylene
glycol. _

12. The method according to claim 1, wherein

30 about 0.5 equivalents to about 8 equivalents of said
alkaline compound are mixed with 1 equivalent of said
hetero compound.

I



(h) reacting said hetero conpound with 20 said am ne co ie i '
. presence of said al kaline - conpound, such that a sulfu ' éhh%éé%ggnFHEET
het ero conpound is replaced by a nitrogen atom of said a I ne cp m ; 1998 d
(c) if necessary, adjusting the pH of 25 said solution t Qﬁ%uT 8 tn ‘ARGt
13. 17. A nmethod for regenerating an N C<N;goapound froma product of a
sul fur scavenging reaction in which said NNC-N conpound renoves a sul fur
atom froma sul fur conpound, said N-C-N conpound being represented 30 by
the formula (1): [err] 1322 The method according to claim 1, wherein

the replacement of said sulfur atom of said hetero
compound by said nitrogen atom of said nitrogen compound

is carried out at a temperature of about 25°C to about
5 105°C.

14. The method according to claim 1, wherein
the pH of the solution is adjusted by adding a mineral
acid to the solution.

_15. The method according to claim 14, wherein
10 the mineral acid is selected from the group consisting
of hydrochloric acid, sulfuric acid, phosphorlc acid and
nitric acid.

16. A method for regenerating an N-C-N

compound from a product of a sulfur scavenging reaction
15 in which said N-C-N compound removes a sulfur atom from

a sulfur compound, said N-C-N compound being represented
by the formula (I):

1 2
20 \ Ili /
N N
4 ST, S
R i R
R
25

—_ —I!n

where n is an integer of 1 to 100, and each of Rl, Rz,
R3, R4 and Rs is independently selected from the group
consisting of: -
(i) hydrogen; '
30 ' (ii) a substituted or unsubstituted,
saturated or unsaturated, linear, branched or cyclic

hydrocarbon chain of 1 to 20 carbons;

g



where nis an integer of 1 to 100, and each of [err] R3._—R4— antferri=

‘i ndependent|y selected fromthe group consisting of: (u'REpﬂywmmthSHEET
(ii) a substituted or unsubstituted, saturated or unsdturated, lin

branched or cyclic hydrocarbon chain of 1 to 20 carbongj D@bln)éaKUﬁ .............
substituted or unsubstituted, saturated or unsaturated, Rest——branche

cyclic 10 hydrocarbon chain of 1 to 20" & bons conprising at Ieast one
het er oat om sel ected fromthe group consistlng of nltrogen oxygen, sul fur

(V) a direct bond (o any ot PSP ¢ REVARGGEE P ladipectegtl CY
conprising a Baterateénpnuhusahdréhe®n1lmnear: branch or cycli
hydrocarbon chain of 1 to 20 carbons comprising at least
one heteroatom selected from the group consisting of
5 nitrogen, oxygen, sulfur and halogen;
' (iv) a substituted or unsubstituted

polymerlc chain; and

. {v) a direct bond to any other of R ‘ Rz,

r?, r* ana B®, |
10 said product comprising a hetero compound and an-amine
complex, said hetero compound having sulfur, carbon and
nitrogen atoms in its backbone, the method comprising
the steps of: ' ‘ '
(2) mixing said product with an alkaline
15 compound selected from the group consisting of an alkali
metal compound, an alkaline earth metal coﬁpound and a
transition metal compound, to fbrm one of a solution,
slurry or dispersion; '
_ (b) reacting said hetero compound with
20 said amine complex in the presence of said alkaline -~
compound, such that a sulfur atom of said hetero
compound is replaced by a nitrogen atom of said amine
complex; and '
(c) if necessary, adjusting the pH of
25 said solution to about 8 to about 13.

17. A method for regenerating an N-C-N
compound from a product of a sulfur scavenging reaction
in which said N-C-N compound removes a sulfur atom from
a sulfur compound, said N-C-N compound being represented

30 by the formula (I):

Rl
\
35 Z ~~ . (1)

o—0—m

Iy



| -
conpl ex,- said hetero conpound having sul fur, carbon and. nngpggggwgnvgﬂzem

:its backbone, the,nethod conprising 20 the steps of : (a)y mxing. s @‘Eﬂ%
product with: (1) a nitrogen conpound represented by the b&ﬁmg[ _____ gﬂ_) ,,,,,,,,, 5
[err] (11) where each of [err] and [err] are independentiy=setectet—frem=3
the group consisting of: (i)  hydrogen; ¢i22 & substituted or
unsubstituted, saturated or uUnsaturated, |inear, branched or cyclic

hydr ocar bon chaln of 1 to 20 garbons _
y here n is an %nteger of 1 to 100, and each of Rl, Rz,

R> ' r? , and R® is independently selected from the group
consisting of: '

(i) hydrogen;

5 _ : (ii) a substituted or unsubstituted,
saturated or unsaturated, linear, branched or cyclic
hydrocarbon chain of 1 to 20 carbons:;

(iii) a substituted or unsubstituted,
saturétgd or unsaturated, linear, branched or cyclic
10 hydrocarbon chain of 1 to 20 carbons comprising at least
one hetercatom selected from the group consisting of
nitrogen, oxygen, sulfur and halogen:
(iv) a substituted or unsubstituted
polymeric chain; and
15 (v) a direct bond to any other of Rl, Rz,
R%, ®* ana R%, - |
sald product comprising a hetero compound and an amine
complex, said hetero compound having sulfur, carbon and
nitrogen atoms in its backbone, the method comprising
20 the steps of: _ |
(a) mixing said product with:
(1) a nitrogen compound represented by
the formula (II): | |

H
25 6
R® =N (II)
\ |
R7
6 7

where each of R° and R’ are independently selected from
30 the group consisting of:
(i) hydrogen:;
(ii) a substituted or unsubstituted,
saturated or unsaturated, linear, branched or cyclic
hydrocarbon chain of 1 to 20 carbons:

T ) 0



i near, branched or cyclic hydrocarbon chain of 1 to 20
at | east one heteroatom selected fromthe group consisti

unsubstituted polyneric chain; and salts t eof; and (2

- 23 - (i1i1) a substituted or unsubstituted, saturated or

unsat ur at ed,

| 3“%’”@%@%‘2’ SREEt

ni trogen, oxygen, sulfur and hal ogen; and (iv) a substit %EQ

AAUBSB

g 21 4 WO BX

conpound sel ected fromthe 10 group consistfhg of an al kali metal conpound,

an al kaline earth nmetal conpound and a transiti-on netal

conmpound to foorm

one of a solution, slurry or d|§@§g§|gnsuﬁggig&¥g§|dg;&ﬁyd$quEgggdconpound
with at 15 | east one of said ani ne cogg ex_ and sai.d nitraogen COgRQUH I n

the presence of S&TYrated) Pr-vBSALBEARSd

ear, branche

or cy

hydrocarbon chain of 1 to 20 carbons comprising at least
one heteroatom selected from the group consisting of
5 boron, nitrogen, oxygen, sulfur and halocgen; and
(iv) a substituted or unsubstituted

polymeric chain;
and salts thereof; and

~ (2) an alkaline compound selected from the
10 group consisting of an alkali metal compound, an
alkaline earth metal compound and a transition metal
compound to form one of a solution, slurry or

dispersion;

(b} reacting sa;d hetero compound with at
15 1least one of said amine complex and said nitrogen
compound in the presence of said alkaline compound, such
that a sulfur atom of said hetero compound is replaced
by a nitrogen atom selected from the group consisting of
said amine complex and said nitrogen compound; and -
20 ' (c) if necessary, adjusting the pH of

said solution to about 8 to about 13.
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that a sulfur atom of said hetero conpound is replaced hy
selected fromthe group consisting of said am ne conpl e

said solution to about 8 to about 13.

AF AR sHEE

conpound; and - 20 (c) if necessary, a jgastgi_‘pg,mﬂﬁ

Bof
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ABSTRACT

-

METHODS FOR REGENERATING A SULFUR SCAVENGING COMPOUND
FROM A PRODUCT OF A SULFUR SCAVENGING REACTION

Methods are provided whereby an N-C-N compound is regenerated from a product |

of a sulfur scavenging reaction, in which said N-C-N compound removes a sulfur atom
from a sulfur compound, to form the original N-C-N compound. The N-C-N compound
is represented by formula (I). The product includes a hetero compound having sulﬁxf,
carbon and nitrogen atoms in its backbone. In one embodiment, the product is mixed with
(1) a nitrogen compound represeﬁted by formula (II) and (2) an alkaline compound
selected from alkali metal, alkaline earth metal and transition metal compounds, to form
-a solution, shurry or dispersion. The hetero compound is reacted with the nitrogen
compound in the presence of the alkaline compound, such that a sulfur atom of the hetero
compound is replaced by a nitrogen atom of the nitrogen compound. If necessary, the pH

of the solution may be adjusted to about 8 to about 13 to facilitate the reaction. -.In

altemativé embodiments, the product also includes an amine complex. The nitrogen atom '
being substituted for the sulfur atom in the hetero compound may be obtained from either

the nitrogen cofnpoumi or the amine complex.

R R>
NG A (x)
4 e\, _
R s R H
. o 26 —-—u{ (11)
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