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toxic materials such as carbon di oxi de and nercaptans. The absorption
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smal | plant hydrogen sulfide renoval fall into four 20general categories:
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al dehydes may alsg?gﬁ %pnbing with an al kyl or al kangl am ne as di scl osed
in US PaP@iffisofng 550 @.eéﬂﬁﬁ‘gﬁpﬂ dereguses spntet R e dele¥eli nel ude t he
reaction product of |ow npl ecul ar. wei ght al kanol am nes and al dehydes as 5
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met hod of reducing sulfides in different applications using certain
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removed from the hydrocarbon. For example, when formaldehyde reacts with hydrogen suifide a

chemical compound known as formthionals (e.g., trithiane) is formed.



WO 2012/ 009396PCT/ US2011/ 043793 renovi ng hydrogen sul fide froma

hydr ocarbon fluid. The nmethod conprises contacting the fluid with an

ef fecti vewarnoooih a conposi tion conprising a hydr ogenPsuluscalae/oszvayenger .
The amount of hydrogen sul fide scavenger is sufficient to react with the
hydrogen sulfide to reduce the anmpbunt hydrogen sulfide released into the
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Brief Summary of the Invention

At least one embodiment of the invention is directed towards a method for



or the definition that was incorporated by reference. In light of the
above, in the event that a termcan only be understood if it is construed
by a di ctworraryn09ish the termis defined by the Kirk-Q hieo@uskEnapei7opedi a of
Chem cal Technol ogy, 5th Edition, (2005), (Published by Wley, John & Sons,
Inc.) this definition shall control how the termis to be defined in the

clains. 5ln . at |east o epbodi.nment , .t .hydrogen sul fide in a hydrocarbon
fluidis ’-’F‘@a‘(}%hy“g%ﬁe{‘ ﬁ‘@ﬁﬁ%gﬁ?%a&g&rf"&aﬁbo&r%ﬁ &Cﬁﬁﬁh%‘rﬁoﬁ’aﬂﬁﬁ ﬁ%fita%&é@ﬁblédr into
the fluid., ) In at | east,one enhodi ment the al pha-amno ether is a
porti on o‘?”t]ha“sfif@%"ﬁg"mﬁmf‘% PAEMBERSHSR cPOPTdegP Pirogch i idickrtsagert iThe amouphe
formul ation conprises al pha-am no ether and can consist of a carrier liquid
as wel | . offxdrognsuliide sesmenganis pelfipiantte tpaeterth the bydrogsn mylfdoteasdventhe0 f1 ui d by
mechani cal neans including but not limted to injection punps or any
nmechani srAlAusiciygmgen sulfidgselrpesed intasths vapen sioe). AheireBot®d Orotividt.of ihe hyregoont ext

of gaseous hydrocarbon fluids, the gas may be passed through an absorption
t ower 5corsulidnseaycrgesadvienigidrogert sulfided remaio soluble in the hydrocafboa flailly alkage of t he
use of the al pha-am no ether scavenger over other scavengers is that the

al pha- amhydrogt¢rhmifide Geavermge containsd ledhiloge aiphdwibinoemedon fluids, since it is
not 15a water-based product. As illustrated in FIG 1, in at

| east one enbodi neTke doobisieh RELRcHd ded@mSCRVIBNG6HK hSliRERRRERLHY reacting
a secondary am ne with fornal dehyde or other fornmal dehyde equival ents such

as par af or nal @Lghy@;@b@(meih)tléﬂemqy_diﬁ%gmg{egduces a conposition of matter
f I

t hat predom nantly conprises two forns of al pha-am no ethers (conpounds B

and C). 10% 2§%K0 1408 g@p@ il j { g@ﬁy n et her (conpound B)

and 50% 80% of "t he egglrrpos?(gl n ‘ﬂ: 5%[@?2&%@9}33%9 t eigéi/vith a single carbon

at om pet ween . conpound C). The reaction product also
oL ves. SO

conpri ses e non-ether diamne (conpound A). Conpound A is an

unavoi dabl e side oduct. of th action mxture. The reaction can be
performed by nixi ﬁghetrﬁaé’%?téﬁré’%‘écﬁf’ﬁt% ﬁ“lﬁ%f VaYEng &W“Ego%ﬂ’t th%li‘yrgqugﬁ?t ed to
Napht ha (Petrol eun). Heavy Ara ic Sglvents WO .

2012/ 009%5@5?3?/%%%‘1@ %ﬁ%%@ Wf-agL%PBth%{ gy alspfugher cappritsdhostenof
ExxonMobi | ) .or Napht ha Light Aromatic Sol vents (such as (Aromatic 100 by
ANET i Chemagglp‘%asseeﬁ*dﬁta,agtnpeo\mhaformaldehyde equivalengip forpatileasireme 9bhdi nent t he
ratio of amne to formal dehyde in the reaction mxture is inclusively

wi t hi n t Beavengingefogpulation: The Bydrecerton At may heradfapidabl y bet ween 1.2:1 and

1:1.2. 5 In at | east one enbodi nent any of the R and R groups
correspond to any of the RI, R2, R3, and R4, groups described in the
definition of "al pha-am no ether”. In at |east one enbodi mrent when Ris

n- butyl &rethik Descriptivhefithe@angaiond A is N, N, N , N -tetrabutyl net hanedi am ne,
10Conpound B is N, N -oxybi s(net hyl ene) bi s(N, N-di butyl ene), and Conpound C
is N N -(methyl enetor ppuse} bi (snPplivaliandy Jé&rinsdN, Iridkdighyd BB RAdws: At | east
sone contenpl at ed scavengi ng conpositions include formul ations conpri sing:
(Conmpound A, B, ant\igha-anfife @Bk’ Blans@AndRGidakeorfBe 8le frmulaC @l one), and (B
al one). 15 EXAMPLES The foregoing may be better understood by
reference to the follow ng exanple, which is presented for purposes of
illustration and is not inteng:gd tolimt the scope of the invention.
20Sanpl es of hydrocarbon fluid3qwere tested toRieternmine the effici ency of
t he scavenger. Table 1 conpare$ the inventive cﬁﬁposi tion in naphtha at 22
degrees C, Table 2 kerosene at, 22 degrges C, and Table 3 slurry oil (such
as carbon bl ack oil, decant N n Lf i_oetNtyr oi |l produced in a
refinery) at 97 degrees CR he sanpl es contai ned varvgbl e | evel s of

hydr ogen sul fi de and were nparatively treated with various dosages of

al pha-am no ether scavenger or left untreated, and the amounts H2S reduced
in each sanple was recorded. Table 1: Naphtha 22

20 Where: Ry, Ry, Rs, Ry, are carbon containing side chains containing 1 — 20 carbon atoms and

includes cyclic and acyclic compounds. The ¢yclic compounds can be aromatic or non-aromatic.

3



Treatment Fr2s twig (ppm) ppm 1125 Reduced Percent Reduction Dose Ratio
Time Untreated 800 Conmpounds A- C 20 780 97 .5 0.2 2 h Conpounds A- C 6
794 991 0OW® 28121109396 PCT/US2011/043793

Examples include but are not limited to, methyl, ethyl, propyl, tert-butyl, cyclopentyl, cyclohexyl,
morpholino, and phenyl, and they all can be the same group or one or more different groups. B is
an ether group, which is either an oxygen atom or a group having an oxygen atom at both ends
(such as -OCH,0- or -OC,H,0-).

5 “Formaldehyde equivalent” means a composition of matter containing at least one
group according to the formula: (CH,0), in which n is an integer greater than or equal to 1,
and/or a composition of matter including formaldehyde or related molecules such as
paraformaldehyde, and/or s-trioxane.

“Hydrocarbon fluid” means a liquid or gas predominantly comprising organic

10 material including but not limited to kerosene, crude oil, crude oil emulsions, oilficld condensate,
petroleum residua, refined fuels, distillate fuels, fuel oil, heating oils, diesel fuel, gasoline, jet
fuel, bunker fuel oils, and any combination thereof.

“Non-Regenerative Scavenger” means a scavenger, which is consumed by the
process of scavenging.

15 “Regenerative Scavenger” means a scavenger, which is not consumed by the
process of scavenging.

“Scavenger” means a composition of matter, such as but not limited to alpha-
amino ethers, useful in reducing the amount of or mitigating the effects of some other
composition of matter, such as but not limited to hydrogen sulfide, in a fluid medium.

20 In the event that the above definitions or a description stated elsewhere in this
application is inconsistent with a meaning (explicit or implicit) which is commonly used, in a
dictionary, or stated in a source incorporated by reference into this application, the application
and the claim terms in particular are understood to be construed according to the definition or

description in this application, and not according to the common definition, dictionary definition,



Compounds A- C 3 797 99.6 0.2 24 h Conpounds A- C <1 >799 99.9 0_3 24h
2h Conmpounds A- C 12 (4) 788 (796) 98.5 (99 5) 0.2 (24h) Table 2: tcgrojtm
22 C WO 2012/009396 PCT/US2011/043793

or the definition that was incorporated by reference. In light of the above, in the event that a term
can only be understood if it is construed by a dictionary, if the term is defined by the Kirk-Othmer
Encyclopedia of Chemical Technology, 5th Edition, (2005), (Published by Wiley, John & Sons,
Inc.) this definition shall control how the term is to be defined in the claims,

5 In at least one embodiment, the hydrogen sulfide in a hydrocarbon fluid is reduced
by the introduction of an alpha-amino ether scavenger into the fluid.

In at least one embodiment the alpha-amino ether is a portion of a scavenging
formulation is used in a hydrocarbon fluid. The formulation comprises alpha-amino ether and
can consist of a carrier liquid as well. The formulation can be introduced into the hydrocarbon

10 fluid by mechanical means including but not limited to injection pumps or any mechanism
disclosed in US Patents 5,744,024 and 5,840,177. In the context of gaseous hydrocarbon fluids,
the gas may be passed through an absorption tower containing a scavenging formulation.

One advantage of the use of the alpha-amino ether scavenger over other
scavengers is that the alpha-amino ether scavenger is soluble in hydrocarbon fluids, since it is not

15 awater-based product.

As illustrated in FIG. 1, in at least one embodiment the hydrogen sulfide
scavenger is produced by reacting a secondary amine with formaldehyde or other formaldehyde
equivalents such as paraformaldehyde or s-trioxane. This produces a composition of matter that
predominantly comprises two forms of alpha-amino ethers (compounds B and C). 10%-25% of

20 the composition is a mono oxygen ether (compound B) and 50%-80% of the composition is a bis
oxygen ether with a single carbon atom between the ether oxygens (compound C). The reaction
product also comprises 10-25% of the non-ether diamine (compound A). Compound A is an
unavoidable side product of the reaction mixture. The reaction can be performed by mixing the

reactants in solvents such as but not limited to Naphtha (Petroleum) Heavy Aromatic Solvents



H2S | am ppm H25 Percent Dose Treatnent (ppn) Reduced Reduction Ratio
Ti me Untreated 1400 Conmpounds A - C 400 1000 71
WO 2012/009396 PCT/US2011/043793

(such as Aromatic 150 and Solvesso by ExxonMobil) or Naphtha Light Aromatic Solvents (such
as (Aromatic 100 by Americhem Sales Corporation).
In at least one embodiment the ratio of amine to formaldehyde in the reaction

mixture is inclusively within the range of 1.5:1 to 1:1.5 and is preferably between 1.2:1 and 1:1.2.

In at least one embodiment any of the R and R’ groups correspond to any of the
R1, Ra, R3, and Ry, groups described in the definition of “alpha-amino ether”,
In at least one embodiment when R is n-butyl and R’ is H then:
Compound A is N,N,N’,N’-tetrabutylmethanediamine,
10 Compound B is N,N’-oxybis(methylene)bis(N,N-dibutylene), and
Compound C is N,N’-(methylenebis(oxy)bis(methylene))bis(N,N’-dibutylamine).
At least some contemplated scavenging compositions include formulations
comprising:

(Compound A, B, and C), (A and B), (A and C), (B and C), (C alone), and (B along).

15
EXAMPLES
The foregoing may be better understood by reference to the following
example, which is presented for purposes of illustration and is not intended to limit the
scope of the invention.
20 Samples of hydrocarbon fluids were tested to determine the efficiency of

the scavenger. Table 1 compares the inventive composition in naphtha at 22 degrees C,
Table 2 kerosene at 22 degrees C, and Table 3 slurry oil (such as carbon black oil, decant
oil, and clarified slurry oil produced in a refinery) at 97 degrees C. The samples

contained variabie levels of hydrogen sulfide and were comparatively treated with various



0.1 2 h Conpounds A -C 220 1180 84 0_2 2 h Conpounds A - C 95 1305 93 0.3 2
h Table 3: Slurry oil 97 C H2S [ttvlo ppm H2S
WO 2012/009396 PCT/US2011/043793

dosages of alpha-amino ether scavenger or left untreated, and the amounts H,S reduced in

each sample was recorded.

|
Table 1: Naphtha 22 °C

H2S
levies ppm H2S Percent Dose
Treatment {ppm) Reduced Reduction  Ratio Time
Untreated 800
Compounds A-C 20 780 875 6.2 2h
Compounds A-C ] 794 99.2 0.3 2h
Compounds A-C 3 797 99.86 0.2 24h
Compounds A-C <1 >799 995.9 0.3 24h
2h
Compounds A-C 12 (4) 788 (796) 98.5 (994.5) 0.2 {24h)
Table 2: Kerosine 22 °C
Has
levies ppm H2§ Percant Dose
Treatment {ppm) Reduced Reduction Ratio Time
Untreated 1400
Compounds A -C 400 1800 71 0.1 2h
Compounds A -C 220 1180 84 0.2 2h
Compounds A -C g5 1305 93 0.3 2h
Table 3: Slurry oil 97 °C
H28
levies ppm H25 Percent Dose
Treatment {ppm) Reduced Reduction  Ratio Time
Untreated 1300
Compounds A-C 450 850 65 0.1 25h
Compounds A-C 240 1060 82 0.2 25h
Compounds A-C 180 1120 86 0.3 25h
Compounds A-C 140 1160 8% 0.4 25h
Compounds A -C 90 1210 93 0.5 25h

The amount of H,S present in the vapor space was determined by
5  measuring the vapor space hydrogen sulfide levels according to ASTM D35705-03. The
test procedure was modified by running at temperatures other than 60°C. A one-gallon
sample was divided into multiple 500 milliliter samples for testing. The treated containers
were pre-dosed with Compounds A-C and then the fluid being tested was poured into the
container.

10 In each example, the dose ratio was the number used to determine the ppm



Percent Dose Treatnment (PPm Reduced Reduction Ratio Time Untreated 1300
Conmpounds A -C 450 850 65 0_1 2.5 h Conpounds A - C 240 1060 82 0,2 2.5 h
Conmpoundswe. 201200980 PCT/US2011/043793

10

15

20

treat rate for the sample. For table 1 the untreated sample resulted in a vapor space
hydrogen sulfide measurement of 800 ppm. A dose ratio of 0.2 indicates the sample was
treated with 160 ppm of additive. A dose ratio of 0.3 indicates that the sample was
treated with 240 ppm of additive.

This data demonstrates that the presence of the alpha-amino ether
scavenger reduced the HsS in the hydrocarbon fluids in a relatively short amount of time
and continued to reduce the H,S the longer the sample was exposed to the alpha-amino
ether prior to testing.

While this invention may be embodied in many different forms, there are
shown in the drawings and described in detail herein specific preferred embodiments of
the invention. The present disclosure is an exemplification of the principles of the
invention and is not intended to limit the invention to the particular embodiments
illustrated. All patents, patent‘ applications, scientific papers, and any other referenced
materials mentioned herein are incorporated by reference in their entirety. Furthermore,
the invention encompasses any possible combination of some or all of the various
embodiments described herein and incorporated herein.

The above disclosure is intended to be illustrative and not exhaustive. This
description will suggest many variations and alternatives to one of ordinary skill in this art. All
these alternatives and variations are intended to be included within the scope of the claims where
the term "comprising” means "including, but not limited to". Those familiar with the art may
recognize other equivalents to the specific embodiments described herein which equivalents are
also intended to be encompassed by the claims.

All ranges and parameters disclosed herein are understood to encompass any and

all subranges subsumed therein, and every number between the endpoints. For example, a stated



1120 86 0.3 2.5 h Conmpounds A - C 140 1160 89 0.4 2.5 h Conpounds A - C 90
1210 93 0.5 25 h The anmount of H2S present in the vapor space was

det er m nedoly12Bop®asuri ng t he vapor space hydrogen sul f ipd@/usesmelogs7agcor di ng
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the sanple was exposed to the al pha-am no ether prior to testing. Wile
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Furthernore, 15 the invention enconpasses any possi bl e conbination of sone
or all of the various enbodi ments descri bed herein and incorporated herein.

The above disclosure is intended to be illustrative and not exhaustive.
This description will suggest nmany variations and alternatives to one of
ordinary skill in this art. Al these alternatives and variations are

intended to be included within the scope of the clainms where



20 the term "conprising"” neans "including, but not limted to". Those
famliar with the art may recogni ze other equivalents to the specific
enbodi mrenwe 2de3wpidbed herei n whi ch equival ents are al sopcmtusaaed43793 be
enconpassed by the clains. Al'l ranges and paraneters discl osed
herein are understood to enconpass any and all subranges subsuned therein,
and everg%@unber bet ween the endpoints. For exanple, a stated WO

2012/ 0093981/ US2011/ 043793 range of "1 to 10" should be considered to
include any and all subranges between (and inclusive of) the m ninmmval ue
of 1 and the nAsicHemholEriydngihe smount hlydragen gylfidesin ghydrgeasbancltihby ng with a
m ni nrum val ue_of 1 or rr_ore,ﬁﬂ(e..g. 1 to 6.1), and ending with a nmaxi num

val ue of cpotaghngthat fluidveithan effegfivieqmuag of g cemp@ition compriying aldrdgemallfige t o each
nunber 1, 2, 3, 4, 5, 6, 7, 8 9, and 10 contained 5within the range.

Thi s conpk@eagertwierdethe pinpmitof hplfrogeh sulfidescevanget inndficént ¢r radtevitanttxodi nent s
of the invention. Those skilled in the art nmay recogni ze ot her equival ents
to the spedickercsubfideca edest thdiegiergeh adfidefoadin i vaborattisey, alcavicsiofp@didbended
to be enconpassed by the clains attached hereto. WO

2012/ 009 3RSRATdgLISRANAAY PAIAYS ahd Gk Whdroden sAIfide tdhRth @luble W HygrdciBorimant  of
hydr ogen sulfide in a hydrocarbon fluid by contacting that fluid with an

ef f ecti vehamgarptn Qfifide LOBARS cbAtsifs HOEBY dns hHla-BmiwdaRgen sul fide scavenger,
wherein the anount of hydrogen sul fide scavenger is sufficient to react

with the 5 hydfpeemeIWrblaf® | WRele®AHE Sonlf2SitBY HLRE& bR %l:l%isglgct&f)ﬁl&g dleNist ne
vapor phase., the reaction product of t'he hydrogen sulftide scavenger and
the hydrqggna.sulkide remain soluble in the hydrocarbon fluid, the hydrogen
sul fi de scavenger contains at |east one al pha-amino ether. 2. The nethod

of claim1 wherein th onpasi t includes one itemselected fromthe |i st
consi 1gbti ng of ﬁ%ﬁYhS@gﬁvg%gﬁagShg{fﬂgyﬁagﬁ 5“6‘?63( N, N- di but yl ani ne),

N, N - (et hyl enebi X i.S hyl ene) ) bi.s(N, N-di butyyl am ne), and any

conbi nati on tE@?é@‘%ea}y?%?blﬂé%élﬁ%fegﬁ’g’)nﬂ?mﬁ&ﬁ\}%t@fy 1BYut yI et hanedi ani ne.

3. The nmethod of claim1 in which the reaction product of the sulfide
scavengi ng f oA CPBRNaHE thererfiha sy glude NY. N gistrafty metharediesiisar at e
fluid layer. 15 4. The method of claim1 further conprising the step of
reactingda seébhigthgd afrlaie hiphich thotepmion produe oftheisviddesmavangingor m at | east

sonme of the scavenging fornul ation.
formulation and the hydrogen sulfide do not form a separate fluid layer.

15 4. The method of ¢claim 1 further comprising the step of reacting a secondary amine with a

formaldehyde equivalent to form at least some of the scavenging formulation.
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