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METHODS FOR REGENERATING A SULFUR SBCAVENGING 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

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.

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,
hydrogeh, coal gas streanms, gas streams'frqm viscose
rayon production, tars and asphalt, shale gas, coke oven
gases, ammonia synthesis gas, rubber vulcanization

' streams, gases from sulfﬁrization 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 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,
benzyl thiol, crotyl thicl, ethane thiol., thiocresol and
thiophenol.
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Hydrogen sulfide is an undesirable contaminant
which is highly toxic, corrosive and has an
objectionablé odor. The release of hydrogen sulfide-
Ainto the environment is strictly controlled by the
Environmental Protection Agency and Department of
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
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30

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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U.S. Patent No. 4,112,051 discloses a process
for removxng acidic gases from a gaseous mixture with an
amine-solvent ligquid absorbent comprising (1) an amine
comprised of at least about 50 mole percent of a
sterically hindered amine; and (2) a sclvent for the ,
amine mixture which is also a physical absorbent for the
acidic gases. Suitable sterically hindered amines

‘include various piperidine compounds. Suitable solvents

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 ccuntercurrentlj contacting the stream
with an aqueous solution of a nixture of N-
methyldiethanolamine (MDEA) with imidazole or a methyl
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substituted imidazole. The gas is deabsorbed from the
MDEA and the imidazole by reducing the pressure and
causing the gas to flash.

U.S. Patent No. 4,624,838 discloses a process

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
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 aéent.
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.
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
regenereted, the need for purchasing replacement
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
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
the ring is an element other than carbon, particularly

.
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The
heterocyclic compound may have straight, branched or
cyclic substituents. | -

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):

Rl | R3
Vo E Y

—'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
uhsaturated, 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 mixei with: (a) a nitrogen
compound r.presented by the formula (II):

This Sheet Has Been R

N Ill I



<y

WO 94/2045% _ . S— PCT/US94/61663

10

15

20

25

30

IS SHEET HAS BEEN
i REPLACED

-6-

/
—N (II)

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:;
(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
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
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
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
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

compound is replaced by a nitrogen atom of either the
nitrogen compound or the amine complex.

This Sheet Has Been Rerilaced
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Description of the Preferred Embodiments
The present methods for regenerating an N-C-N

compound from a product of a sulfur scavenging reaction
are both simple and inexpensive. These methods are
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
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
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):

Rl : R3

Vo B N

/\f/ AW (1)
5

—_ —In

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
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
hetercatom selected from nitrogen, oxygen, sulfur or

halogen; (iv) a substituted or unsubstituted polymeric
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chain; and (v) a direct bond to any other of Rl, Rz, §3,

R4, and Rs. Preferably, R! is 1linked to R’ to form a

.heterocyclic ring.

Examples of N-C-N compounds which may be
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
methyldiethanolamine, bis(dibutylamino)methane and

. bls(di—z-hydroxyethylamino)methane, bls(morphollno)-

dodecane. -

The product comprises a hetero compound formed
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
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
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
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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 the amount of nitrogen compound added to the hetero
compound ‘for conducting the regeneratlon reaction may be
reduced or eliminated. .
An example of a typical sulfur scavenging
reaction is set forth generally below in reaction
~ equation (IXX), in which a triazine reacts with hydrogen
sulfide to yield a dithiazine and a primary amine complex.

R
/
N
/‘> A .
R==N +HS-_->R-N +R'-'_NHz
\—s
\.
R

The nitrogen compound is represented by the

formula (II):.

6/
R =N . (II)
\R-,

where each of Re_and R7 are independently selected from
(1) hydrogen; (ii) a substituted o: 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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Generally, about 0.25 to about 4 molar
equivalents of the nitrogen compound and/or amine
complex may be used in the present methods for each -
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
conpound. ,

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.



. WO 94720451 ' - PCT/US94/01663

Sheet Has Been Reﬂlaced

T

10

15

20

25

- 30

35

F'ﬂﬂ HLEsHAsutEN
; HEPLACED

- 11 - -

_ For example, if the alkaline compound is NaOH,
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
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
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. |

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 components. Suitable solvents include water,

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
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
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
method, the product also includes the amine complex. In
this alternative embodiment, the product, comprising the
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hetero compound and émine 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.

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
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
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
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
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
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 wiﬁh.essentially pure hydrogen sulfide, e.q.,
about 20 to 100 wt%, acia aedjustment is generally not

This Sheet Has Been Re|
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necessary because the pH of the solution is low enough
to drive the regeneration feaction essentially to
completion.

The present method will now be illustrated in
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
("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
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
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.
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
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

manner set forth in Example 1. The product produced a
gumny residue that clogged the s¢rubbing test equipment.
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The product showed no signs of the unreacted tetraaaza
compound. - The product was then reacted with 10
milliliters of a 6 N aqueous 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$ hydrogen sulfide was used in the sulfur
scavenging reaction. A 13 C NMR analysis of the
reaction product showed complete regeneration of the
1,3,6 8-tr1cyclotetraaza[4 4,1, 13’ ]dodecane sulfur
scavengzng compound. |
y 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. 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-
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
either of these reactions since 99.5 wtt hydrogen
sulfide was used in the sulfur scavenging reaction.
o Example 4
Ten (10) grams of a 43 wt% agueous solution of
the triazine compound of Example 1 was reacted with 99.5
wtt hydrogen sulfide to completion. The resulting 5,6—.
dihydrq-s-(z-hydrquethyl)-4H-1,3}5-dithiazine was
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isolated and reacted with three molar equivalents of a
6 N sodium hydroxide agueous solution in an excess of
ethanolamine at 70°C. Acid neutralization was not

- 15 -

required since 99.5 wt% hydroéen sulfide was used in the

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
Ten (10) grams of a 43 wt$% agueous 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

with three molar equivalents of sodium hydroxide at 70°Cc
- for 30 minutes. Analysis by 13 C NMR showed that the

mixture was completely converted to 1,3,5-tri(2~
hydroxyethyl)hexahydro-s-triazine. The regenerated
triazine compound was placed in a bubble flask through -

-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
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
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
sulfur scavenging reaction, in which the N-C-N compound
removes a sulfur atom from a sulfur compound, such as
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present methods. The hetero compound product of the
sulfur scavenging reaction may be separated from other
products of the reaction prior to regeneration according
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
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.

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

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

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

The present invention may be embodied in other -
speczflc forms without departing from the spirit or
essential attributes thereof and, accordingly, reference
should he made to the appended claims rather than to the
foregoing specification as indicated the scope of the
invention. -
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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

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

Rl R
v B |
4 SeTN, | (1)
2
R
-_ —In

where n is an integer of 1 to 100, and each of Rl, R?,
R3, R and R is independently selected from 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;

(iii) a substituted or unsubstituted,

p 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 or unsubstituted
polymeric chain. and

(v) 2 direct bond to any other of R ’ Rz,
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

e comna (on): I
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where each of RG and R7 afe independently selected from

the group consisting of: .
' (i) hydrogen; ' |

(ii) a substituted or unsubstitﬁted,
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 cyclic
hydrocarbon chainsof 1 to 20'carb6ns'comprising at least
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. _

(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; .

(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 :
(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
said N-C-N compound is selected from the group
consisting of a triazine, bisoxazolidine, piperidzne,

piperazine, imidazole, amine and diazathiane.
gL IIIII lllll II IIII
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4. The method according to claim 1, wherein
said hetero compound has said sulfur atom located in a
ffposition to said nitrogen atom.

5. The method according to claim 1, wherein
said hetero ccmpouhd 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,
methylamine, cyclohexylamine, ethylene diamine,
mdrpholine and thiomorpholine.

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

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 to claim 1, wherein
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.
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_ 13. The method aécor¢ing to claim 1, wherein
the replacement of said sulfur atom of said hetero |
compound by said nitrogén atom of said nitrogen compound
is carried out at a temperature of about 25°C to about
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
the mine:al 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
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):

gl _ g3 |
\ rli 7
4 ST (1)
- .l 4
R |5 R
R
o —in
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:
| (i) hydrogen;
- (ii) a substituted or unsubstituted,
saturated or unsaturated, linear, branched or cyclic

T
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- (1ii) 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 or unsubst;tuted
polymeric chain; and -

(v) a dlrect bond to any other of Rl, R R
R®, R* and RS,
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
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
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
said solution to about 8 to about 13.

17. A mgthéd'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

a2 sulfur compound, said N-C-N campound being represented
by the formula (I).

g R
_ \N *II N/.'
AT - TN (1)
RS | R
R e

- o |||||II| |||I|| II||I IIIII Il III|
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where n is an 1nteger of 1 to 100, and each of RY ' R

R3, R4, and R is independently selected from the group

consisting of:

(1) hydrogen;
(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
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; ggd

(v) a direct bond to any other of rY, r2

1 4 R r
®°, R* ana 8%, -
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:

(1) a nltroqen compound represented by

the formula (II):

/
—N (II)

where each of RG ahd R?-are independently sélected fronm

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
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{(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

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
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

least one of said amine complex and said nitrogen

‘compound in the presence of said alkaline compbund} such

20

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

(c) if necessary, adjusting the pH of
said solution to about 8 to about 13. :

Iy



