Innovation, Sciences et Innovation, Science and CA 3010677 C 2020/06/23

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 0 1 0 677
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2016/12/23 (51) CLInt./Int.Cl. BO1D 53/52(2006.01),

CO9K 8/532(2006.01), C710G 21/20(2006.01),
C170L 3/10(2006.01)

(72) Inventeur/Inventor:

(87) Date publication PCT/PCT Publication Date: 2017/07/13
(45) Date de délivrance/lssue Date: 2020/06/23

(85) Entrée phase nationale/National Entry: 2018/07/05 SUBRAMANIYAM, MAHESH, IN
(86) N° demande PCT/PCT Application No.: IB 2016/057994 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2017/118894 DOFﬁ\T KETAL CHEMICALS (INDIA) PRIVATE LIMITED,

(30) Priorité/Priority: 2016/01/08 (IN201621000847)
(74) Agent: NORTON ROSE FULBRIGHT CANADA

LLP/S.EEN.CR.L, S.RL.

(54) Titre : FIXATEURS DE SULFURE D'HYDROGENE A BASE D'AZOTE ET PROCEDE D'UTILISATION ASSOCIE.
(54) Title: NITROGEN BASED HYDROGEN SULFIDE SCAVENGERS AND METHOD OF USE THEREOF.

(57) Abrégé/Abstract:

The present invention relates to a hydrogen sulphide scavenging additive composition for scavenging hydrogen sulphide including
sulfur containing compounds and mercaptans, particularly for scavenging hydrogen sulfide in hydrocarbons, wherein the additive
composition comprises substantially reduced amount of nitrogen based hydrogen sulfide scavengers, and is also required in
substantially reduced amount, and wherein the additive composition scavenges the sulfur containing compounds not only at room
temperature, but also at higher temperatures, and comprises at least a combination of. (A) at least one nitrogen based hydrogen
sulfide scavenger; and (B) at least one aliphatic tertiary amine, wherein the nitrogen based hydrogen sulfide scavenger comprises
triazine based hydrogen sulfide scavenger. In one embodiment, it also relates to a method for scavenging hydrogen sulfide in
hydrocarbons, and in another embodiment it relates to a method of using an additive composition of the present invention for
scavenging hydrogen sulfide in hydrocarbons. In yet another embodiment, it relates to a composition comprising (i) a hydrocarbon
and (i) a hydrogen sulfide scavenging additive composition for scavenging hydrogen sulfide in hydrocarbons.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



2017/118894 A1 I I 01000 10 00O 0

<

W

(43) International Publication Date

CA 03010677 2018-07-05

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

13 July 2017 (13.07.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/118894 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
BO1D 53/52 (2006.01) CO9K 8/532 (2006.01)
C10G 21/20 (2006.01) CI10L 3/10 (2006.01)

International Application Number:
PCT/IB2016/057994

International Filing Date:
23 December 2016 (23.12.2016)

Filing Language: English
Publication Language: English
Priority Data:

201621000847 8 January 2016 (08.01.2016) IN
Applicant: DORF KETAL CHEMICALS (INDIA)

PRIVATE LIMITED [IN/IN]; Dorf Ketal Tower,
D’Monte Street, Orlem, Malad (W), MUMBALI — 400064,
Mabharashtra, INDIA, Mumbai 400064 (IN).

Inventor: SUBRAMANIYAM, Mahesh; Dorf Ketal
Tower, D’Monte Street, Orlem, Malad (W), MUMBAI —
400064, Maharashtra, INDIA, Mumbai 400064 (IN).

Agent: MEHTA, Ramesh Kumar; Mchta & Mechta Asso-
ciates, Mehta House, B-474, Sushant Lok-I, Sector 27,
GURGAON - 122 002, NCR, Gurgaon 122002 (IN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(84)

HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: NITROGEN BASED HYDROGEN SULFIDE SCAVENGERS AND METHOD OF USE THEREOF

(57) Abstract: The present invention relates to a hydrogen sulphide scavenging additive composition for scavenging hydrogen
sulphide including sulfur containing compounds and mercaptans, particularly for scavenging hydrogen sulfide in hydrocarbons,
wherein the additive composition comprises substantially reduced amount of nitrogen based hydrogen sulfide scavengers, and is also
required in substantially reduced amount, and wherein the additive composition scavenges the sulfur containing compounds not only
at room temperature, but also at higher temperatures, and comprises at least a combination of: (A) at least one nitrogen based hydro -
gen sulfide scavenger; and (B) at least one aliphatic tertiary amine, wherein the nitrogen based hydrogen sulfide scavenger comprises
triazine based hydrogen sulfide scavenger. In one embodiment, it also relates to a method for scavenging hydrogen sulfide in hydro -
carbons, and in another embodiment it relates to a method of using an additive composition of the present invention for scavenging
hydrogen sulfide in hydrocarbons. In yet another embodiment, it relates to a composition comprising (i) a hydrocarbon and (ii) a hy -
drogen sulfide scavenging additive composition for scavenging hydrogen sulfide in hydrocarbons.
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Title of the invention:

Nitrogen Based Hydrogen Sulfide Scavengers and Method of Use Thereof.
Field of the invention:

The present invention generally relates to nitrogen based hydrogen sulfide
scavengers and method of use thereof, and a method for scavenging hydrogen sulfide
from hydrocarbons including hydrocarbon streams.

Particularly, it relates to nitrogen based hydrogen sulfide scavengers including
triazine based hydrogen sulfide scavengers and a method of use thereof, and a method
for scavenging hydrogen sulfide from hydrocarbons including hydrocarbon streams.
Background of the invention:

The toxicity of hydrogen sulfide in hydrocarbons or hydrocarbon streams is well
known in the industry and considerable expense and efforts are expended annually to
reduce its content to a safe level. Many regulations require pipeline gas to contain no
more than four (4) ppm hydrogen sulfide.

In large production facilities, it is generally more economical to install a
regenerative system for treating streams containing hydrogen sulphide. These systems
typically employ a compound used in an absorption tower to contact the produced fluids
and selectively absorb the hydrogen sulfide and possibly other toxic materials such as
carbon dioxide and mercaptans. The absorption compound is then regenerated and reused
in the system. Typical hydrogen sulfide absorption materials include alkanolamines,
hindered amines, and the like, i.e. nitrogen containing compounds. However, such
approach is not economically feasible for development stage of a field or in small
producing fields.

The nitrogen containing compounds, such as triazine, particularly
monoethanolamine triazine (herein after the ‘monoethanolamine triazine” may be
referred to as ‘MEA Triazine’ or ‘MEAT’; and ‘triazine’ and ‘monoethanolamine
triazine’ collectively may be referred to as ‘triazines’) are known as hydrogen sulfide
scavengers (re PCT publication no. WO 90/07467; and US publication nos. US
2004/0096382 and US 2011/0220551).

However, use of triazines as hydrogen sulfide scavengers suffers from difficulties
and problems. For example, triazines are not substantially effective for scavenging
hydrogen sulfide in liquid hydrocarbon streams, and dry gas streams. Further, use of
triazines may also result in scale formation particularly in sea water containing calcium

ions and dissolved carbon dioxide. To overcome problem of scale formation, one has to
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flush an acid to remove the scales formed. Therefore, the industry aims to minimize the
amount of nitrogen based hydrogen sulfide scavengers, i.e. triazines.
Need of the Invention:

Accordingly, there is a need of an improved additive composition which, at least,
comprises substantially reduced amount of nitrogen based hydrogen sulfide scavengers,
and is also required in substantially reduced amount, and is suitable for scavenging sulfur
containing compounds including, but not limited to hydrogen sulfide and mercaptans,
particularly hydrogen sulfide in the hydrocarbons including hydrocarbon streams, and
overcomes one or more of above-described problems of the prior art, and wherein the
additive composition is capable of scavenging the sulfur containing compounds not only
at room temperature, but also at higher temperatures.

Problem to be solved by the Invention:

Therefore, the present invention primarily aims at providing a solution to one or
more of above-described existing industrial problems by providing an improved additive
composition for scavenging sulfur containing compounds including, but not limited to
hydrogen sulfide and mercaptans, particularly hydrogen sulfide in hydrocarbons
including hydrocarbon streams without causing any problem, wherein the additive
composition comprises substantially reduced amount of nitrogen based hydrogen sulfide
scavengers, and is also required in substantially reduced amount, and wherein the
additive composition is capable of scavenging the sulfur containing compounds not only
at room temperature, but also at higher temperatures.

Objects of the Invention:

Accordingly, the main object of present invention is to provide an improved
additive composition for scavenging sulfur containing compounds including, but not
limited to hydrogen sulfide and mercaptans, particularly hydrogen sulfide in
hydrocarbons including hydrocarbon streams and asphalt and which, at least, reduces the
above-discussed problems of the prior art, wherein the additive composition comprises
substantially reduced amount of nitrogen based hydrogen sulfide scavengers, i.e.
triazines, and is also required in substantially reduced amount, and wherein the additive
composition scavenges the sulfur containing compounds not only at room temperature,
but also at higher temperatures.

This is also an object of present invention to provide a method for scavenging
sulfur containing compounds including, but not limited to hydrogen sulfide and
mercaptans, particularly hydrogen sulfide in hydrocarbons including hydrocarbon

streams and asphalt by employing the additive composition of the present invention
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which comprises substantially reduced amount of nitrogen based hydrogen sulfide
scavengers, 1.e. triazines, and is also used in substantially reduced amount to scavenge
the sulfur containing compounds, and wherein the additive composition scavenges the
sulfur containing compounds not only at room temperature, but also at higher
temperatures.

This is also an object of present invention to provide a method of using the
additive composition of the present invention for scavenging sulfur containing
compounds including, but not limited to hydrogen sulfide and mercaptans, particularly
hydrogen sulfide in hydrocarbons including hydrocarbon streams and asphalt, wherein
the additive composition comprises substantially reduced amounts of nitrogen based
hydrogen sulfide scavengers, i.e. triazines, and thereby, makes the composition and its
use economical, industrially feasible and convenient.

Other objects and advantages of present invention will become more apparent
from the following description when read in conjunction with examples, which are not
intended to limit scope of present invention.

Description and Preferred Embodiments of the Invention:

With aim to overcome above-described problems of prior art and to achieve
above-described objects of the invention, the inventor has found that when an
hydrocarbon comprising sulfur containing compounds including, but not limited to
hydrogen sulfide and mercaptans is treated with an additive composition comprising at
least a combination of (a) at least one nitrogen based hydrogen sulfide scavenger; and (b)
at least one aliphatic amine comprising at least one aliphatic tertiary amine, the sulfur
containing compound including hydrogen sulfide is scavenged or removed.

With aim to overcome above-described problems of prior art and to achieve
above-described objects of the invention, the inventor has also found that the scavenging
of the sulfur containing compounds is achieved even when the additive composition of
the present invention comprises a substantially reduced amount of nitrogen based
hydrogen sulfide scavengers, i.e. triazines, and/or is used in a substantially reduced
amount.

With aim to overcome above-described problems of prior art and to achieve
above-described objects of the invention, the inventor has further found that the additive
composition of the present invention scavenges the sulfur containing compounds not
only at room temperature, but also at higher temperatures.

Accordingly, in main embodiment, the present invention, relates to a hydrogen

sulfide scavenging additive composition for scavenging hydrogen sulfide in
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hydrocarbons comprising sulfur containing compounds including, but not limited to
hydrogen sulfide and mercaptans, wherein said additive composition comprises at least a
combination of (a) at least one nitrogen based hydrogen sulfide scavenger; and (b) at
least one aliphatic amine comprising at least one aliphatic tertiary amine, wherein the
nitrogen based hydrogen sulfide scavenger comprises triazine based hydrogen sulfide
scavenger.

Accordingly, in another embodiment, the present invention, relates to a method
for scavenging hydrogen sulfide in hydrocarbons comprising sulfur containing
compounds including, but not limited to hydrogen sulfide and mercaptans, wherein the
method comprises adding a hydrogen sulfide scavenging additive composition
comprising at least a combination of (a) at least one nitrogen based hydrogen sulfide
scavenger; and (b) at least one aliphatic amine comprising at least one aliphatic tertiary
amine, wherein the nitrogen based hydrogen sulfide scavenger comprises triazine based
hydrogen sulfide scavenger to the hydrocarbons.

Accordingly, in still another embodiment, the present invention, relates to a
method of using a hydrogen sulfide scavenging additive composition comprising at least
a combination of (a) at least one nitrogen based hydrogen sulfide scavenger; and (b) at
least one aliphatic amine comprising at least one aliphatic tertiary amine, wherein the
nitrogen based hydrogen sulfide scavenger comprises triazine based hydrogen sulfide
scavenger for scavenging hydrogen sulfide in hydrocarbons comprising sulfur containing
compounds including, but not limited to hydrogen sulfide and mercaptans, wherein the
method comprises treating the hydrocarbon with the additive composition to scavenge
the sulfur containing compounds including hydrogen sulfide.

Accordingly, in yet another embodiment, the present invention, relates to a
composition for scavenging hydrogen sulfide in hydrocarbons comprising sulfur
containing compounds including, but not limited to hydrogen sulfide and mercaptans,
wherein the composition comprises at least a combination of (A) a hydrocarbon; and (B)
a hydrogen sulfide scavenging additive composition, wherein the hydrogen sulfide
scavenging additive composition comprises at least a combination of (a) at least one
nitrogen based hydrogen sulfide scavenger; and (b) at least one aliphatic amine
comprising at least one aliphatic tertiary amine, wherein the nitrogen based hydrogen
sulfide scavenger comprises triazine based hydrogen sulfide scavenger.

In accordance with one of the preferred embodiments of the present invention, the
nitrogen based hydrogen sulfide scavengers comprise triazine based hydrogen sulfide

scavengers.
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In accordance with one of the preferred embodiments of the present invention, the
triazines comprise (or include) monoethanolamine triazine (MEAT) based hydrogen
sulfide scavengers.

In accordance with one of the preferred embodiments of the present invention, the
MEAT of any activity may be used.

In accordance with one of the preferred embodiments of the present invention, the
MEAT may be of 32% activity or 50% activity or as may be supplied by its
supplier/manufacturer.

In accordance with one of the preferred embodiments of the present invention, the
aliphatic tertiary amine comprises tri-isopropanolamine (TIPA).

In accordance with one of the preferred embodiments of the present invention, the
aliphatic tertiary amine comprises N,N,N°N’-Tetrakis (2-hydroxyethyl) ethylene-
diamine (THEED).

In accordance with one of the preferred embodiments of the present invention, the
aliphatic tertiary amine comprises ethylene oxide (EO) derivative of TIPA or ethoxylated
TIPA (EO-TIPA).

In accordance with one of the preferred embodiments of the present invention, the
aliphatic tertiary amine comprises propylene oxide (PO) derivative of TIPA or
propoxylated TIPA (PO-TIPA).

In accordance with one of the preferred embodiments of the present invention, the
aliphatic tertiary amine comprises ethylene oxide (EO) derivative of ethylene diamine or
ethoxylated EDA (EO-EDA).

In accordance with one of the preferred embodiments of the present invention, the
aliphatic tertiary amine comprises propylene oxide (PO) derivative of ethylene diamine
or propoxylated EDA (PO-EDA).

In accordance with another preferred embodiment of the present invention, the
aliphatic tertiary amine comprises tri-isopropanolamine (TIPA), N,N,N",N"-Tetrakis (2-
hydroxyethyl) ethylene-diamine (THEED), ethylene oxide (EO) derivative of TIPA (EO-
TIPA), propylene oxide (PO) derivative of TIPA (PO-TIPA), ethylene oxide (EO)
derivative of ethylene diamine (EO-EDA), propylene oxide (PO) derivative of ethylene
diamine (PO-EDA), or a mixture thereof.

In accordance with one of the preferred embodiments of the present invention, the
mixture of aliphatic tertiary amines may be obtained by mixing one or more of the
aliphatic tertiary amines of the present invention, i.e. TIPA, THEED, EO-TIPA, PO-
TIPA, EO-EDA, and PO-EDA in any weight (or mole) ratio.
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In accordance with one of the preferred embodiments of the present invention, the
ethoxylated TIPA (EO-TIPA) may be obtained by reacting 1 mole of TIPA with at least
1 mole of ethylene oxide (EO).

For example, the ethoxylated TIPA may be obtained by reacting 1 mole of TIPA
with 1 to 50 moles of ethylene oxide (EO).

For example, the ethoxylated TIPA may comprise:

TIPA ethoxyated by 5 moles of ethylene oxide (EO), herein after may be referred

to as ‘TIPA-5 mole EO’ or ‘TISE’;

TIPA ethoxyated by 10 moles of ethylene oxide (EO), herein after may be

referred to as ‘TIPA-10 mole EO’ or ‘TI10E’;

TIPA ethoxyated by 15 moles of ethylene oxide (EO), herein after may be

referred to as ‘TIPA-15 mole EO’ or ‘TI15E’;

TIPA ethoxyated by 20 moles of ethylene oxide (EO), herein after may be

referred to as ‘TIPA-20 mole EO’ or ‘TI20E’;

TIPA ethoxyated by 25 moles of ethylene oxide (EO), herein after may be

referred to as ‘TIPA-25 mole EO’ or ‘TI25E’;

TIPA ethoxyated by 30 moles of ethylene oxide (EQO), herein after may be

referred to as “TIPA-30 mole EO’ or ‘TI30E’.

In accordance with one of the preferred embodiments of the present invention, the
propoxylated TIPA (PO-TIPA) may be obtained by reacting 1 mole of TIPA with at
least 1 mole of propylene oxide (PO).

For example, the propoxylated TIPA may be obtained by reacting 1 mole of
TIPA with 1 to 50 moles of propylene oxide (PO).

For example, the propoxylated TIPA may comprise:

TIPA propoxylated by 5 moles of propylene oxide (PO), herein after may be

referred to as ‘TIPA-5 mole PO’ or ‘TI5SP’;

TIPA propoxylated by 10 moles of propylene oxide (PO), herein after may be

referred to as ‘TIPA-10 mole PO’ or ‘TI10P’;

TIPA propoxylated by 15 moles of propylene oxide (PO), herein after may be

referred to as ‘TIPA-15 mole PO’ or ‘TI15P’;

TIPA propoxylated by 20 moles of propylene oxide (PO), herein after may be

referred to as ‘TIPA-20 mole PO’ or ‘TI20P’;

TIPA propoxylated by 25 moles of propylene oxide (PO), herein after may be

referred to as “TIPA-25 mole PO’ or ‘TI25P’.
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TIPA propoxylated by 30 moles of propylene oxide (PO), herein after may be

referred to as ‘TIPA-30 mole PO’ or ‘TI30P’.

In accordance with one of the preferred embodiments of the present invention, the

ethoxylated EDA (EO-EDA) may be obtained by reacting 1 mole of EDA with at least 1

mole of ethylene oxide (EO).

For example, the ethoxylated EDA may be obtained by reacting 1 mole of EDA

with 1 to 50 moles of ethylene oxide (EO).

For example, the ethoxylated EDA may comprise:

EDA ethoxyated by 5 moles of ethylene oxide (EO), herein after may be referred

to as ‘EDA-5 mole EO’ or ‘EDASE’;

EDA ethoxyated by 10 moles of ethylene oxide (EO), herein
referred to as ‘EDA-10 mole EO’ or ‘EDA10OE’;

EDA ethoxyated by 15 moles of ethylene oxide (EO), herein
referred to as ‘EDA-15 mole EO’ or ‘EDA15E’;

EDA ethoxyated by 20 moles of ethylene oxide (EO), herein
referred to as ‘EDA-20 mole EO’ or ‘EDA20E’;

EDA ethoxyated by 25 moles of ethylene oxide (EO), herein
referred to as ‘EDA-25 mole EO’ or ‘EDA25E’;

EDA ethoxyated by 30 moles of ethylene oxide (EO), herein
referred to as ‘EDA-30 mole EO’ or ‘EDA30E’.

after

after

after

after

after

may be

may be

may be

may be

may be

In accordance with one of the preferred embodiments of the present invention, the

propoxylated EDA (PO-EDA) may be obtained by reacting 1 mole of EDA with at least

1 mole of propylene oxide (PO).

For example, the propoxylated EDA may be obtained by reacting 1 mole of EDA

with 1 to 50 moles of propylene oxide (PO).
For example, the propoxylated EDA may comprise:

EDA propoxyated by 5 moles of propylene oxide (PO), herein after may be

referred to as ‘EDA-5 mole PO’ or ‘EDASP’;

EDA propoxyated by 10 moles of propylene oxide (PO), herein after may be

referred to as ‘EDA-10 mole PO’ or ‘EDA10P’;

EDA propoxyated by 15 moles of propylene oxide (PO), herein after may be

referred to as ‘EDA-15 mole PO’ or ‘EDA15P’;

EDA propoxyated by 20 moles of propylene oxide (PO), herein after may be

referred to as ‘EDA-20 mole PO’ or ‘EDA20P’;
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EDA propoxyated by 25 moles of propylene oxide (PO), herein after may be

referred to as ‘EDA-25 mole PO’ or ‘EDA25P’;

EDA propoxyated by 30 moles of propylene oxide (PO), herein after may be

referred to as ‘EDA-30 mole PO’ or ‘EDA30P’.

With aim to overcome above-described problems of prior art and to achieve
above-described objects of the invention, the inventor has also found that if the hydrogen
sulfide scavenging additive composition of the present invention further comprises oxide
derivative of nonyl phenol (NP), then the scavenging of the sulfur containing compounds
is also achieved even when the additive composition of the present invention comprises a
substantially reduced amount of nitrogen based hydrogen sulfide scavengers, i.e.
triazines, and/or is used in a substantially reduced amount.

Therefore, in accordance with another embodiment of the present invention, the
present additive composition may further comprise at least one oxide derivative of nonyl
phenol (NP).

In accordance with one of the preferred embodiments of the present invention, the
oxide derivative of nonyl phenol may comprise an ethylene oxide (EO) derivative of
nonyl phenol (EO-NP), propylene oxide (PO) derivative of nonyl phenol (PO-NP), or a
mixture thereof.

In accordance with one of the preferred embodiments of the present invention, the
present composition does not comprise aliphatic secondary amine, aliphatic di-amine,
aliphatic ~ primary amine, aliphatic mono-amine, alkanolamine including
monoalkanolamine, particularly including  monoethanolamine (MEA), and
tricthanolamine (TEA).

In accordance with one of the preferred embodiments of the present invention, the
hydrocarbon comprises (or includes) hydrocarbon stream including, but not limited to
crude oil, fuel oil, sour gas, asphalts and refined products contained in storage tanks,
vessels, and pipelines.

In accordance with one of the preferred embodiments of the present invention, the
hydrogen sulfide containing compounds comprise (or include) sulfur containing
compounds, or mercaptans, or a mixture thereof.

Accordingly, in accordance with one of the preferred embodiments of the present
invention, in carrying out the method of scavenging or method of use of the present
additive composition for scavenging the hydrogen sulfide in hydrocarbon including

hydrocarbon stream, the scavenging additive composition is added to the hydrocarbon or
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gas stream or hydrocarbon stream in a concentration sufficient to substantially scavenge
hydrogen sulfide therein.

In accordance with one of the preferred embodiments of the present invention, the
present invention relates to a composition for scavenging hydrogen sulfide, wherein the
composition comprises:

(a) a hydrocarbon comprising sulfur containing compounds; and

(b) a hydrogen sulfide scavenging additive composition;

wherein the hydrogen sulfide scavenging additive composition comprises at least

a combination of:

(A) atleast one nitrogen based hydrogen sulfide scavenger; and

(B) atleast one aliphatic tertiary amine,

wherein the nitrogen based hydrogen sulfide scavenger comprises triazine based

hydrogen sulfide scavenger; and

wherein the aliphatic tertiary amine is the one as described herein.

In accordance with one of the preferred embodiments of the present invention, the
present invention also relates to a hydrogen sulfide scavenging additive composition for
scavenging hydrogen sulfide in hydrocarbon comprising sulfur containing compounds,
wherein said additive composition comprises at least a combination of:

(A) atleast one nitrogen based hydrogen sulfide scavenger; and

(B) atleast one aliphatic tertiary amine,

wherein the nitrogen based hydrogen sulfide scavenger comprises triazine based

hydrogen sulfide scavenger;

wherein the aliphatic tertiary amine comprises:

(1) tri-isopropanolamine (TIPA);

(i)  N,N,N’"N’-Tetrakis (2-hydroxyethyl) ethylene-diamine (THEED);

(iii))  ethylene oxide derivative of TIPA (EO-TIPA);

(iv)  propylene oxide derivative of TIPA (PO-TIPA);

(v)  ethylene oxide derivative of ethylene diamine (EO-EDA);

(vi)  propylene oxide derivative of ethylene diamine (PO-EDA); or

(vil) a mixture thereof.

In accordance with one of the preferred embodiments of the present invention, the
present invention also relates to a hydrogen sulfide scavenging additive composition for
scavenging hydrogen sulfide in hydrocarbon comprising sulfur containing compounds,
wherein said additive composition does not comprise:

a) monoethanol amine (MEA);
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b) diethanol amine (DEA); and

<) triethanol amine (TEA).

In accordance with one of the embodiments of the present invention, it also
relates to a method for scavenging hydrogen sulphide in hydrocarbon comprising sulfur
containing compounds, wherein the method comprises contacting the hydrocarbon with
the hydrogen sulfide scavenging additive composition of the present invention, wherein
the hydrogen sulfide scavenging additive composition comprises at least a combination
of:

(A) atleast one nitrogen based hydrogen sulfide scavenger; and

(B) at least one aliphatic tertiary amine,

wherein the nitrogen based hydrogen sulfide scavenger comprises triazine based

hydrogen sulfide scavenger.

In accordance with one of the embodiments of the present invention, it also
relates to a method of using the hydrogen sulfide scavenging additive composition of the
present invention for scavenging hydrogen sulphide in hydrocarbon comprising sulfur
containing compounds, wherein the method comprises adding to the hydrocarbon the
hydrogen sulfide scavenging additive composition of the present invention, wherein the
hydrogen sulfide scavenging additive composition comprises at least a combination of:

(A) atleast one nitrogen based hydrogen sulfide scavenger; and

(B) at least one aliphatic tertiary amine,

wherein the nitrogen based hydrogen sulfide scavenger comprises triazine based

hydrogen sulfide scavenger.

In accordance with one of the preferred embodiments of the present invention, the
hydrogen sulfide scavenging may be carried at a suitable temperature.

From the foregoing description and following supported examples, a reference to
which is drawn here, it may be noted that:

Efficiency of nitrogen based hydrogen sulphide scavengers including triazine
based hydrogen sulphide scavengers for scavenging hydrogen sulphide improves
substantially on addition of the aliphatic tertiary amine of the present invention both at
room temperature and at high temperature.

The improvement in efficiency of the nitrogen based hydrogen sulphide
scavengers including triazine based hydrogen sulphide scavengers for hydrogen sulphide
scavenging is substantially much higher on addition of the aliphatic tertiary amine of the

present invention at high temperature as compared to that at room temperature.
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The present invention is now described with the help of following examples,
which are not intended to limit scope of present invention, but have been incorporated to
illustrate advantages of present invention and best mode to perform it. The following
examples also demonstrate surprising and unexpected effectiveness (synergistic effects)
of the scavenging additive composition of present invention.

EXAMPLES:

In the present examples, following abbreviations have been used:

MEAT is mono-ethanolamine triazine, it is taken in its two concentrations of 50%
or 32%;

TIPA is tri-isopropanolamine;

EO-TIPA is ethylene oxide (EO) derivative of TIPA;

PO-TIPA is propylene oxide (PO) derivative of TIPA;

THEED is N,N,N”,N"-Tetrakis (2-hydroxyethyl) ethylene-diamine;

EDA is ethylene diamine;

EO-EDA is ethylene oxide (EO) derivative of EDA;

PO-EDA is propylene oxide (PO) derivative of EDA;

NP is nonyl phenol;

EO-NP is ethylene oxide (EO) derivative of NP;

PO-NP is propylene oxide (PO) derivative of NP;

‘TIPA-PO 4 mole’ or may be written as “TIPA-4 mole PO’ or ‘TI4P’ is propylene
oxide (PO) derivative of TIPA, and is obtained by reacting 1 mole of TIPA with 4 moles
of propylene oxide (PO);

‘TIPA-PO 8 mole’ or may be written as “TIPA-8 mole PO’ or ‘TI8P’ is propylene
oxide (PO) derivative of TIPA, and is obtained by reacting 1 mole of TIPA with 8 moles
of propylene oxide (PO);

‘TIPA-PO 10 mole’ or may be written as ‘TIPA-10 mole PO’ or ‘TI10P’ is
propylene oxide (PO) derivative of TIPA, and is obtained by reacting 1 mole of TIPA
with 10 moles of propylene oxide (PO);

‘TIPA-PO 16 mole’ or may be written as ‘TIPA-16 mole PO’ or ‘TI16P’ is
propylene oxide (PO) derivative of TIPA, and is obtained by reacting 1 mole of TIPA
with 16 moles of propylene oxide (PO);

‘TIPA-PO 20 mole’ or may be written as ‘TIPA-20 mole PO’ or ‘TI20P’ is
propylene oxide (PO) derivative of TIPA, and is obtained by reacting 1 mole of TIPA
with 20 moles of propylene oxide (PO);
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‘TIPA-PO 25 mole’ or may be written as ‘TIPA-25 mole PO’ or ‘TI25P’ is
propylene oxide (PO) derivative of TIPA, and is obtained by reacting 1 mole of TIPA
with 25 moles of propylene oxide (PO);

‘TIPA-PO 30 mole’ or may be written as ‘TIPA-30 mole PO’ or ‘TI30P’ is
propylene oxide (PO) derivative of TIPA, and is obtained by reacting 1 mole of TIPA
with 30 moles of propylene oxide (PO);

‘TIPA-EO 10 mole’ or may be written as ‘“TIPA-10 mole EO’ or ‘TII0E’ is
ethylene oxide (EO) derivative of TIPA and is obtained by reacting 1 mole of TIPA with
10 moles of ethylene oxide (EO).

‘TIPA-EO 15 mole’ or may be written as ‘“TIPA-15 mole EO’ or ‘TIISE’ is
ethylene oxide (EO) derivative of TIPA and is obtained by reacting 1 mole of TIPA with
15 moles of ethylene oxide (EO).

‘TIPA-EO 20 mole’ or may be written as ‘“TIPA-20 mole EO’ or ‘TI20E’ is
ethylene oxide (EO) derivative of TIPA and is obtained by reacting 1 mole of TIPA with
20 moles of ethylene oxide (EO).

‘TIPA-EO 20.8 mole’ or may be written as ‘“TIPA-20.8 mole EO’ or ‘TI208E’ is
ethylene oxide (EO) derivative of TIPA and is obtained by reacting 1 mole of TIPA with
20.8 moles of ethylene oxide (EO).

‘TIPA-EO 26 mole’ or may be written as ‘TIPA-26 mole EO’ or ‘TI26E’ is
ethylene oxide (EO) derivative of TIPA and is obtained by reacting 1 mole of TIPA with
26 moles of ethylene oxide (EO).

‘NP-EO 16 mole’ or may be written as ‘NP-16 mole EO’ or ‘NP16E’ is ethylene
oxide (EQO) derivative of nonyl phenol (NP) and is obtained by reacting 1 mole of nonyl
phenol (NP) with 16 moles of ethylene oxide (EO).

‘NP-EO 20 mole’ or may be written as ‘NP-20 mole EO’ or ‘NP20E’ is ethylene
oxide (EQO) derivative of nonyl phenol (NP) and is obtained by reacting 1 mole of nonyl
phenol (NP) with 20 moles of ethylene oxide (EO).

‘NP-EO 40 mole’ or may be written as ‘NP-40 mole EO’ or ‘NP40E’ is ethylene
oxide (EQO) derivative of nonyl phenol (NP) and is obtained by reacting 1 mole of nonyl
phenol (NP) with 40 moles of ethylene oxide (EO).

‘NP-PO 40 mole’ or may be written as ‘NP-40 mole PO’ or ‘“NP40P’ is propylene
oxide (PO) derivative of nonyl phenol (NP) and is obtained by reacting 1 mole of nonyl
phenol (NP) with 40 moles of propylene oxide (PO).
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‘EDA-PO 8 mole’ or may be written as ‘EDA-8 mole PO’ or ‘EDAS8P’ is
propylene oxide (PO) derivative of ethylene diamine (EDA) and is obtained by reacting
1 mole of EDA with 8 moles of propylene oxide (PO).

‘EDA-PO 16 mole’ or may be written as ‘EDA-16 mole PO’ or ‘EDA16P’ is
propylene oxide (PO) derivative of ethylene diamine (EDA) and is obtained by reacting
1 mole of EDA with 16 moles of propylene oxide (PO).

‘EDA-PO 20 mole’ or may be written as ‘EDA-20 mole PO’ or ‘EDA20P’ is
propylene oxide (PO) derivative of ethylene diamine (EDA) and is obtained by reacting
1 mole of EDA with 20 moles of propylene oxide (PO).

‘EDA-PO 25 mole’ or may be written as ‘EDA-25 mole PO’ or ‘EDA25P’ is
propylene oxide (PO) derivative of ethylene diamine (EDA) and is obtained by reacting
1 mole of EDA with 25 moles of propylene oxide (PO).

‘EDA-PO 31 mole’ or may be written as ‘EDA-31 mole PO’ or ‘EDA3I1P’ is
propylene oxide (PO) derivative of ethylene diamine (EDA) and is obtained by reacting
1 mole of EDA with 31 moles of propylene oxide (PO).

Polypropylene glycol having molecular weight of about 400 Daltons (PPG400);

Polypropylene glycol having molecular weight of about 1000 Daltons
(PPG1000);

Polypropylene glycol having molecular weight of about 2000 Daltons
(PPG2000);

Polypropylene glycol having molecular weight of about 3000 Daltons
(PPG3000);

Polypropylene glycol having molecular weight of about 4000 Daltons
(PPG4000),

which are polymers made from propylene oxide.

Polyethylene glycol having molecular weight of about 200 Daltons (PEG200);

Polyethylene glycol having molecular weight of about 400 Daltons (PEG400);

Polyethylene glycol having molecular weight of about 600 Daltons (PEG600).

which are polymers made from ethylene oxide.

One of ordinary skill in the art may calculate active content dosage and ratio of
the components (ingredients) of the present composition as known in the art. For

example, as follows:



10

15

20

25

CA 03010677 2018-07-05

WO 2017/118894 PCT/IB2016/057994

14
Additive Dosage Active dosage
(in ppm) (in ppm)
would be
MEAT(32%) + TIPA-PO 30 500+ 17.5 160 + 17.5
mole in 90/10 weight ratio

Total active dosage = 160 + 17.5=177.5 ppm

MEAT contribution would be = 160/177.5 x 100 =90.14 % ~ 90 %;
TIPA-PO contribution would be = 17.5/177.5 x 100 = 9.86% ~ 10 %.

Therefore, the weight ratio of MEAT(32%) and ‘TIPA-PO 30 mole’ would be
90:10.

By applying the above method, one of ordinary skill in the art may calculate the
weight ratio, as taken in the present examples from the ppm dosages thereof.

The average molecular weight of the additives used in the present examples may
be calculated by using gel permeation chromatography (GPC) in Daltons. For example,
the average molecular weight of some of the additive amines used in the present
invention is as tabulated herein below merely for the sake of information without any

intention to limit the scope thereof:

TABLE -1
Additive Mol. Wt.
{by GPC in Daltons)
TIPA as such 193
TIPA-PQO, 30 mole 2264
EDA-PO, 16 mole 1117
TIPA-EO, 26 mole 1328
NP-PO, 40 mole 1921
NP-EQ, 20 mole 1193

The H,S was purged in 100 ml of kerosene till concentration of H,S vapor
reaches to 2000 ppm in blank sample [Blank — I]. To the resulted solution, a dosage of
the prior art additive consisting of triazine and the additive composition of the present
invention as given in following tables was added and H»S scavenging capabilities in %
efficiency were measured at 50°C for 15 minutes. The residual H2S in vapor was
detected by a gas detector tube (Unifos). The results are presented in the following

tables.
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The hydrogen sulphide scavenging efficiency of some of the individual amines
was also measured for dosages of 10 ppm, 100 ppm and 200 ppm. It may be noted that in
the compositions of the present examples, the amine was added in an amount of less than
50 ppm, therefore, these comparative tests with dosages of 10 ppm, 100 ppm and 200

5  ppm are sufficient to know whether the individual amine would have hydrogen sulphide
scavenging efficiency or not. It was found that the individual amines do not have

hydrogen sulphide scavenging efficiency.

TABLE - 11
10
Amine Dosage (in ppm) Efficiency
(in % at 50°C)

TIPA 50 5

TIPA 100 10

TIPA 200 12.5

EDA 50 10
TIPA-PO, 25 mole 50 10
TIPA-PO, 30 mole 50 10
TIPA-PO, 30 mole 100 10
TIPA-PO, 30 mole 200 15
EDA-PO 16 mole 100 7.5
EDA-PO 16 mole 200 12.5

Similarly, the hydrogen sulphide scavenging efficiency of MEAT of 32% activity
and of 50% activity was also measured. It was found that the MEAT has hydrogen

15  sulphide scavenging efficiency, but it was found to be substantially low.

TABLE - 111
DO;;%S (in MEAT
[MEAT] (32% active)
500 45.5
600 72.7
700 773
900 84.1

20
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TABLE - 1V
Additive Dosage | % Efficiency | % Efficiency | % Efficiency | % Efficiency
(ppm) (RT, 26°C) (60°C) (80°C) (100°C)
as such
50 25 15 11 5
) 100 50 40 20 15
MEAT (50% active) 300 65 50 30 0
300 75 70 60 45

The hydrogen sulphide scavenging efficiency of the present compositions

comprising combination of MEAT (50% active) and amines of the present invention was

measured at various temperatures, i.e. at room temperature (26°C), and at 60°C, 80°C and

100°C, and has been presented in Table V. It has been found that the hydrogen sulphide

scavenging efficiency of the MEAT surprising and unexpectedly improves on addition of

amines of the present invention, thereby confirming the synergistic effect of the present

compositions.
Table - V
Composition Dosage | % Efficiency | % Efficiency | % Efficiency | % Efficiency
(ppm) (RT, 26°C) (60°C) 80°C) (100°C)
as such

Blank -- -- -- --

50 25 15 11 5

100 50 40 20 15
MEAT 200 65 50 30 20

300 75 70 60 45
MEAT (50 ppm) + TIPA 50+ 2.5 35 45 65 69
(5 ppm) 100 + 5 60 75 85 90
MEAT (50 ppm) + TIPA- 50+2.5 50 60 63 72
10 mole EO (5 ppm) 100+ 5 80 80 80 90
MEAT (50 ppm) + TIPA- 50 53 60 70 75
15 mole EO (5 ppm) + 100 80 80 85 85
MEAT (50 ppm) + TIPA- 50 60 65 75 80
20.8 mole EO (5 ppm) 100 85 85 90 90
MEAT (50 ppm) + TIPA- 50 55 65 75 80
26 mole EO (5 ppm) 100 85 85 90 90
MEAT (50 ppm) + TIPA-4 | 50+2.4 30 40 65 74
mole PO (5 ppm) 100+ 5 55 70 90 90
MEAT (50 ppm) + TIPA - 50 40 50 70 81
4 mole PO (5 ppm) 100 65 80 95 100
MEAT (50 ppm) + TIPA-§ | 50+2.5 60 75 85 98
mole PO (5 ppm) 100 + 5 70 90 100 100
MEAT (50 ppm) + TIPA- 50 65 70 85 98
10 mole PO (5 ppm) 100 70 85 100 100
MEAT (50 ppm) + TIPA - 50 75 80 90 100
16 mole PO (5 ppm) 100 90 97 100 100
MEAT (50 ppm) + TIPA - 50 72 73 ND ND
10 mole PO + TIPA 16 100 87 95 ND ND
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mole PO (5 ppmin 1:1
ratio)
MEAT (50 ppm) + TIPA - 50 79 75 %0 95
20 mole PO (5 ppm) 100 95 90 100 100

The hydrogen sulphide scavenging efficiency of the present compositions
comprising combination of MEAT (50% active) and amines of the present invention was
also measured at temperature of 50°C for different durations, i.e. at 1 hr., 2 hrs., 4 hrs., 6 hrs., and 48
hrs., and has been presented in Table VI. It has been found that the hydrogen sulphide
scavenging efficiency of the MEAT surprising and unexpectedly improves on addition of
amines of the present invention even after longer durations of time, thereby confirming

the synergistic effect of the present compositions.

Table — VI
Additive Dosage | Efficiency, | Efficiency, | Efficiency, | Efficiency, | Efficiency,
ppm % % % % %
as such (1 hr.) (2 hrs) (4 hrs) (6 hrs) (48 hrs)
MEA Triazine (50%) 50 ppm
20 25 30 35 50
MEA Triazine (50%) + 50+2.5
TIPA-PO 20 mole ppm 30 S 85 90 99
SR 1954 (MEAT-50, 50 ppm
BKC80-5/water-45) 35 45 55 60 90

For the comparative purpose, the hydrogen sulphide scavenging efficiency of the
compositions comprising combination of MEAT (50% active) and PPG and PEG of
various molecular weights (as measured by GPC in Daltons), and prior art additive BKC
(benzalkonium quaternary ammonium salt) was also measured at various temperatures,
1.e. at room temperature (26°C), and at 60°C, 80°C and 100°C, and has been presented in
Table VII. It has been found that the hydrogen sulphide scavenging efficiency of the
MEAT improves, but very marginally on addition of PPG, PEG, prior art additive BKC,
thereby confirming that the PPG and PEG do not have synergistic effect.

Table — VII
Composition Dosage | % Efficiency | % Efficiency | % Efficiency | % Efficiency
(dosage in ppm) (ppm) (RT, 26°C) 60°C) (80°C) (100°C)
as such

Blank -- -- -- --

50 25 15 11 5
MEAT 100 50 40 20 15

200 65 50 30 20

300 75 70 60 45
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MEAT/PPG-400 50 30 15 13 8
(MEAT-50/PPG400-5) 100 49 38 23 18
MEAT/PPG-1000 50 26 18 15 10
(MEAT-50/PPG1000-5) 100 49 40 25 20
MEAT/PPG-2000 50 30 15 15 10
(MEAT-50/PPG2000-5) 100 49 40 30 25
MEAT/PPG-3000 50 28 20 20 15
(MEAT-50/PPG3000-5) 100 51 43 35 30
MEAT/PPG-4000 50 31 23 23 20
(MEAT-50/PPG4000-5) 100 54 48 40 35
MEAT/PEG-200 50 28 18 10 10
(MEAT-50/PEG200-5) 100 50 44 20 15
MEAT/PEG-400 50 25 18 15 10
(MEAT-50/PEG400-5) 100 48 46 20 20
MEAT/PEG-600 50 35 21 15 10
(MEAT-50/PEG600-5) 100 58 49 18 23
50 45 30 30 30
SR 1954 100 80 60 50 45
(MEAT-50/BKC-5) 200 99 70 65 60
300 100 80 80 70

The hydrogen sulphide scavenging efficiency of the present compositions
comprising combination of MEAT (50% active) and amines of the present invention was
also measured at temperature of 50°C for duration of 15 min., and compared with diethyl
amine (DEA, which contains “-OH” group, but is a secondary amine), trimethylamine
(TEA), tetraethylenepentamine (TEPA, which is a secondary and mono amine, and does
not contain —OH group), and has been presented in Table VIII. It has been found that the
hydrogen sulphide scavenging efficiency of the MEAT surprising and unexpectedly
improves on addition of amines of the present invention even after shorter durations of
15 mins., thereby confirming the synergistic effect of the present compositions.

For example, there is substantial improvement in the hydrogen sulphide
scavenging efficiency at all dosages for composition comprising MEAT and TIPA,
particularly at 700 ppm dosage the % efficiency for H2S scavenging improves from 70%
to 95% and at 900 ppm dosage the improvement is from 77.5% to >99.5%. Same
synergistic effect was found for the present compositions comprising MEAT and PO-
TIPA. Similarly, there is substantial improvement at all dosages, particularly at 700 ppm
dosage the % efficiency for H2S scavenging improves from 70% to 87.5%, and at 900
ppm dosage the improvement is from 77.5% to 95% for the present composition
comprising MEAT and THEED.

On the contrary, the comparative composition comprising MEAT and DEA did

not show improvement at all dosages. For example, at 700 ppm dosage the % efficiency
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for H2S scavenging improves very marginally from 70% to 72.5%, and at 900 ppm
dosage there is no improvement. i.e. it remains at 77.5%.
Similarly, the another comparative composition comprising MEAT and TEA also
did not show improvement at all dosages. For example, at 700 ppm dosage the %
efficiency for H2S scavenging improves very marginally from 70% to 75%, and at 900
ppm dosage there is no improvement. i.e. it remains at 77.5%.
Similarly, the another comparative composition comprising MEAT and TEPA also
did not show improvement at all dosage. For example, at 700 ppm dosage the %
efficiency for H2S scavenging improves marginally from 70% to 75%, and at 900 ppm

dosage also it improves marginally from 77.5% to 80%.

Table — VIII
Composition Dosage (in ppm) % Efficiency
[MEAT + Amine] [MEAT + Amine] (at 50°C)
500 37.5
MEAT 600 65.0
700 70.0
900 77.5
MEAT + TIPA 500 + 25 55.0
(Present Composition) 600 + 30 20.0
700 + 35 95.0
900 + 45 >99.5
500 + 25 98.9
MEAT + TIPA-PO, 25 mole 600 + 30 >09.95
(Present Composition) 700 + 35 >99.95
900 + 45 >09.95
500 + 25 99.1
MEAT + TIPA-PO, 30 mole 600 + 30 >09.95
(Present Composition) 700 + 35 >99.95
900 + 45 >09.95
MEAT + THEED 200 + 25 47.5
(Present Composition) 600 + 30 5.0
700 + 35 87.5
900 + 45 95.0
MEAT + DEA 500 + 25 40.0
(Comparative Composition) 600 + 30 67.5
700 + 35 72.5
900 + 45 77.5
MEAT + TEA 500 + 25 42.5
(Comparative Composition) 600 + 30 67.5
700 + 35 75.0
900 + 45 77.5
500 + 25 45.0
hé]jrﬁgajagsf éomposition) 600 + 30 70.0
700 + 35 75.0
900 + 45 80.0
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The hydrogen sulphide scavenging efficiency of the present compositions

comprising combination of MEAT (32% active) and amines of the present invention was

also measured at temperature of 50°C for duration of 15 min., and has been presented in

Tables IX to XV. It has been found that the hydrogen sulphide scavenging efficiency of

the MEAT surprisingly and unexpectedly improves on addition of amines of the present

invention, thereby confirms the synergistic effect of the present compositions.

TABLE - IX
Dosage (in ppm) MEAT + TIPA in
[MEAT + Amine] 90:10 weight ratio
500+ 17.5 75
600 + 21 82.5
700 + 24.5 &9
900 + 31.5 91

The data in Table IX confirms that on addition of TIPA to MEAT, a synergistic

effect (improvement in percent (%) hydrogen sulfide scavenging efficiency) is seen.

TABLE - X

Dosage (in ppm) MEAT + TIPA + Dosage (in ppm) MEAT + TIPA +

[MEAT + Amine + ‘NP-EO 40 mole’ in [MEAT + Amine + ‘NP-EO 40 mole” in
Oxide derivative of NP] 90:7:3 weight ratio Oxide derivative of NP] 90:5:5 weight ratio

300+ 7.35+3.15 93 300+ 5.25+5.25 66.25

400+ 9.8 +4.2 99.8 400+ 7+7 80
500+ 12.25 +5.25 >99.95 500+ 8.75 + 8.75 92.5

600+ 14.7+ 6.3 600+ 10.5+10.5 99.2

The data in Table X confirms that on addition of (ethylene) oxide derivative of

nonyl phenol (NP) to a combination of MEAT and TIPA, a synergistic effect

(improvement in percent (%) hydrogen sulfide scavenging efficiency) is seen.
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TABLE — XIa
Dosage (in MEAT + Dosage (in MEAT + Dosage (in | MEAT + ‘TIPA-
ppm) ‘TIPA-PO 30 ppm) ‘TIPA-PO 30 ppm) PO 30 mole” +
[MEAT + mole” in [MEAT + mole” + ‘NP- [MEAT + ‘NP-EO 20
Amine] 90:10 weight Amine + EO 20 mole” in Amine + mole’ in 90:5:5
ratio Oxide 90:7:3 weight Oxide weight ratio
derivative of ratio derivative of
NP] NP]
500 +17.5 91.2 300 + 7.35 + 72.7 300 + 5.25 + 72.5
3.15 5.25
600 + 21 99.6 400 + 9.8 + 87.5 400+7+7 87.5
4.2
700 +24.5 99.95 500 + 12.25 + 99.9 500 + 875 + 98
5.25 8.75
900 + 31.5 >99.95 600 + 14.7 + >99.95 600 + 10.5 + >99.95
6.3 10.5

10

15

The data in Table XIa confirms that on addition of TIPA-PO to MEAT, and on

addition of (ethylene) oxide derivative of nonyl phenol (NP) to a combination of MEAT

and TIPA-PO, a synergistic effect (improvement in percent (%) hydrogen sulfide

scavenging efficiency) is seen.

TABLE - XIb
Dosage (in MEAT MEAT + MEAT + MEAT + MEAT +
ppm of TI16P in TI20P in TI25P in TI30P in
composition) 90:10 weight | 90:10 weight | 90:10 weight | 90:10 weight
ratio ratio ratio ratio
500 45.5 81.8 90.9 90.0 91.2
600 72.7 ND 99.1 99.5 99.6
700 77.3 97.7 99.8 99.95 99.95
900 84.1 99.5 99.95 >99.95 >99.95

The data in Table XIb confirms that on addition of TIPA-PO to MEAT, a

synergistic effect (improvement in percent (%) hydrogen sulfide scavenging efficiency)

is seen.
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TABLE - XII
Dosage (in MEAT + Dosage (in MEAT + Dosage (in MEAT +
ppm) ‘TIPA-PO ppm) ‘TIPA-PO 30 ppm) ‘TIPA-PO 30
[MEAT + 30 mole’ in [MEAT + mole” + ‘NP- [MEAT + mole” + ‘NP-
Amine] 90:10 Amine + PO 40 mole’ Amine + PO 40 mole’
weight ratio Oxide in Oxide in
derivative of 90:7:3 wt. derivative of 90:5:5 wt.
NP] ratio NP] ratio
500+ 17.5 91.2 300 + 7.35 + 67.5 300 + 5.25 + 67.5
3.15 5.25
600 + 21 99.6 400 + 9.8 + 82.5 400+7+7 82.5
4.2
700 + 24.5 99.95 500 + 12.25 + 95 500 + 8.75 + 94
5.25 8.75
900 + 31.5 >09.95 600 + 14.7 + >99.95 600 + 10.5 + 99.8
6.3 10.5

The data in Table XII confirms that on addition of TIPA-PO to MEAT, and on

addition of (propylene) oxide derivative of nonyl phenol (NP) to a combination of

MEAT and TIPA-PO, a synergistic effect (improvement in percent (%) hydrogen sulfide

scavenging efficiency) is seen.

TABLE - XIII
Dosage (in ppm) MEAT + ‘TIPA-EO Dosage (in ppm) MEAT + ‘TIPA-EO
[MEAT + Amine + | 26 mole” + ‘NP-EO 40 [MEAT + Amine + 26 mole” + ‘NP-EO
Oxide derivative of mole” in Oxide derivative of 40 mole’ in
NP] 90:7:3 weight ratio NP] 90:5:5 weight ratio
300 + 7.35+ 3.15 67.5 300+ 5.25+5.25 66.25
400 +9.8+4.2 82.5 400+7+7 81.25
500 + 12.25+5.25 94.5 500 + 8.75 + 8.75 93.75
600+ 147+ 6.3 99.9 600 + 10.5 + 10.5 98

The data in Table XIII confirms that on addition of (ethylene) oxide derivative of

nonyl phenol (NP) to combination of MEAT and TIPA-EO, a synergistic effect

(improvement in percent (%) hydrogen sulfide scavenging efficiency) is seen.
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TABLE - XIV
Dosage (in ppm) MEAT + ‘EDA-PO Dosage (in ppm) MEAT + ‘EDA-PO
[MEAT + Amine] 16 mole” in [MEAT + Amine + 16 mole” + “NP-EO
90:10 weight ratio Oxide derivative of 40 mole” in
NP] 90:7:3 wt. ratio
500 +17.5 92 300 +7.35 +3.15 75
600 + 21 941 400+ 9.8 +4.2 92
700 + 24.5 99.5 500 +12.25 +5.25 99.9
900 + 31.5 >99.95 600+ 14.7 + 6.3 >99.95

The data in Table XIV confirms that on addition of EDA-PO to MEAT, and on
addition of (ethylene) oxide derivative of nonyl phenol (NP) to combination of MEAT
and EDA-PO, a synergistic effect (improvement in percent (%) hydrogen sulfide

scavenging efficiency) is seen.

TABLE - XV
Dosage (in ppm) MEAT + EDA-PO 16 Dosage (in ppm) MEAT + EDA-PO 16
[MEAT + Amine + mole + NP-PO 40 [MEAT + Amine + mole + NP-PO 40
Oxide derivative of mole Oxide derivative of mole
NP] in 90:7:3 weight ratio NP] in 90:5:5 weight ratio
300+ 7.35+3.15 80 300 +5.25+5.25 82.5
400+ 9.8 +4.2 95 400+ 7+7 96.5
500+ 12.25 +5.25 99.9 500 + 8.75 + 8.75 99.9
600 + 14.7+ 6.3 >99.95 600 +10.5+ 105 >99.95

The data in Table XV confirms that on addition of EDA-PO and NP-PO to

MEAT, a synergistic effect (improvement in percent (%) hydrogen sulfide scavenging

efficiency) is seen.

The foregoing examples confirm synergistic effects, i.e.

unexpected effects of the present invention over the prior art.

surprising and

Therefore, the foregoing experiments confirm that nitrogen based compositions

are capable of scavenging H,S. However, when the present composition comprising a
combination of nitrogen based H,S scavengers and one or more aliphatic tertiary amine
is used, the H,S scavenging efficiency of the nitrogen based H,S scavengers is,
surprisingly and unexpectedly, substantially increased confirming synergistic effect of
the scavenging additive composition of the present invention.

The above experimental findings confirm surprising, and unexpected technical
effects and advantages, and synergistic property of the presently provided hydrogen

sulfide scavenging additive compositions.
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The above findings also confirm that compositions of the present invention have
technical advantages and surprising effects over the prior art and comparative additives
and compositions.

It may be noted that the present invention has been described with the help of
foregoing examples, which are not intended to limit scope of the present invention, but
are only illustrative.

Furthermore, as amount of the prior art additive (i.e. triazine) has been
substantially reduced to achieve desired scavenging efficiency, the present compositions
are more economical and environmental friendly.

It may be noted that the term “about” as employed herein is not intended to
enlarge scope of claimed invention, but has been incorporated only to include

permissible experimental errors of the field of the present invention.
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Claims

1. A hydrogen sulfide scavenging additive composition for scavenging hydrogen sulfide
in hydrocarbon comprising sulfur containing compounds, wherein said additive
composition comprises at least a combination of:

(A) at least one nitrogen based hydrogen sulfide scavenger; and

(B) at least one aliphatic tertiary amine,

wherein the nitrogen based hydrogen sulfide scavenger comprises triazine based
hydrogen sulfide scavenger; and

wherein the aliphatic tertiary amine comprises tri-isopropanolamine (TIPA),
N,N,N’,N’-Tetrakis (2-hydroxyethyl) ethylene-diamine (THEED), ethylene oxide (EO)
derivative of TIPA (EO-TIPA), propylene oxide (PO) derivative of TIPA (PO-TIPA),
ethylene oxide (EQ) derivative of ethylene diamine (EO-EDA), propylene oxide (PO)
derivative of ethylene diamine (PO-EDA), or a mixture thereof; and

wherein the composition does not comprise:

a)  monoethanol amine (MEA);

b)  diethanol amine (DEA); and

¢) triethanol amine (TEA).

2. The additive composition as claimed in Claim 1, wherein the triazine based hydrogen
sulfide scavenger comprises mono-ethanolamine triazine (MEAT) based hydrogen

sulfide scavenger.

3. The additive composition as claimed in Claim 1 or Claim 2, wherein the composition

further comprises oxide derivative of nonyl phenol (NP).

4. The additive composition as claimed in Claim 3, wherein the oxide derivative of nonyl
phenol comprises an ethylene oxide (EO) derivative of nonyl phenol (EO-NP) or
propylene oxide (PO) derivative of nonyl phenol (PO-NP), or a mixture thereof.

CA 3010677 2019-10-24
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5. The additive composition as claimed in any one of the preceding Claims 1 to 4,
wherein the hydrocarbon comprising sulfur containing compounds comprises crude oil,

fuel oil, sour gas, asphalts, or refined products.

6. The additive composition as claimed in any one of the preceding Claims 1 to §,
wherein the sulfur containing compounds comprise hydrogen sulfide containing

compounds, mercaptans, or a mixture thereof.

7. A composition comprising:
(a) a hydrocarbon; and
(b) a hydrogen sulfide scavenging additive composition;
wherein the hydrogen sulfide scavenging additive composition comprises at least a
combination of:
(A) atleast one nitrogen based hydrogen sulfide scavenger; and
(B) at least one aliphatic tertiary amine,
wherein the hydrocarbon comprises sulfur containing compounds;
wherein the nitrogen based hydrogen sulfide scavenger comprises triazine based
hydrogen sulfide scavenger; and

wherein the aliphatic tertiary amine is as claimed in claim 1.

8. The composition as claimed in claim 7, wherein the triazine based hydrogen sulfide
scavenger comprises mono-ethanolamine triazine (MEAT) based hydrogen sulfide

scavenger.

9. The composition as claimed in Claim 7 or Claim 8, wherein the composition further

comprises oxide derivative of nonyl phenol (NP).

10. The composition as claimed in Claim 9, wherein the oxide derivative of nonyl phenol
comprises an ethylene oxide (EO) derivative of nonyl phenol (EO-NP) or propylene
oxide (PO) derivative of nonyl phenol (PO-NP), or a mixture thereof.

CA 3010677 2019-10-24



27

11. A method for scavenging hydrogen sulphide in hydrocarbon comprising sulfur
containing compounds, wherein the method comprises contacting the hydrocarbon with
the hydrogen sulfide scavenging additive composition, wherein the hydrogen sulfide

scavenging additive composition is as claimed in any one of the preceding claims 1 to 6.

12. A method of using the hydrogen sulfide scavenging additive composition for
scavenging hydrogen sulphide in hydrocarbon comprising sulfur containing
compounds, wherein the method comprises adding to the hydrocarbon the hydrogen
sulfide scavenging additive composition as claimed in any one of the preceding claims

1to6.

CA 3010677 2019-10-24
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