Office de la Proprieté Canadian CA 2771294 C 2016/11/22

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 771 294
Findustrie Canada Industry Canada a2 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de dépdt PCT/PCT Filing Date: 2010/09/17 (51) ClLInt./Int.Cl. E27B 43/22(2006.01),
(87) Date publication PCT/PCT Publication Date: 2011/03/31 CO9K 8/02(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2016/11/22 NGUYEN DUY T.. US:
(85) Entree phase nationale/National Entry: 2012/02/15 MEYER, G. RICHARD, US
(86) N° demande PCT/PCT Application No.: US 2010/049253 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2011/037832 NALCO COMPANY, US
(30) Priorité/Priority: 2009/09/23 (US12/565,433) (74) Agent: SMART & BIGGAR

(54) Titre : AGENTS MOUSSANTS A BASE D'IMIDAZOLINE DESTINES A L'INJECTION EN FOND DE TROU
54) Title: IMIDAZOLINE-BASED FOAMERS FOR DOWNHOLE INJECTION

(57) Abréegée/Abstract:

A method of removing metals and amines from crude oll comprising adding an effective metal removing amount of one or more
hydroxycarboxylic acids selected from lactic acid and malic acid and salts thereof to said crude oll; adding wash water to said crude
oll;: mixing said crude oll, acid and wash water to form an emulsion; and resolving said emulsion into an agueous phase and crude
oll having a reduced metals content.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




wo 2011/037832 A3 |{WI1 MUY RF 0 00 N AR A0 R A

CA 02771294 2012-02-15

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

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
31 March 2011 (31.03.2011)

(10) International Publication Number

WO 2011/037832 A3

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

(81)

International Patent Classification:
E21B 43/22 (2006.01) CO9K 8/02 (2006.01)

International Application Number:
PCT/US2010/049253

International Filing Date:
17 September 2010 (17.09.2010)

Filing Language: English
Publication Language: English
Priority Data:

12/565,433 23 September 2009 (23.09.2009) US

Applicant (for all designated States except US). NALCO
COMPANY [US/US]; 1601 W. Diehl Road, Naperville,
[1lino1s 60563-1198 (US).

Inventors; and

Inventors/Applicants (for US only): NGUYEN, Duy T.
[US/US]; 12122 Laguna Terrace Drive, Houston, Texas
77041 (US). MEYER, G. Richard [US/US]; 3507 Sum-
mit Lane, Missouri City, Texas 77459 (US).

Agents: YONTER, Edward O. et al.; 1601 W. Diehl
Road, Naperville, Illinois 60563-1198 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(34) Title: FOAMERS FOR DOWNHOLE INJECTION

(84)

ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, 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 (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, 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, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

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

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:

(83)

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

before the expiration of the time [imit for amending the
claims and to be republished in the event of receipt of

amendments (Rule 48.2(h))

Date of publication of the international search report:
23 June 2011

(57) Abstract: A method of removing metals and amines from crude o1l comprising adding an etfective metal removing amount of
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IMIDAZOLINE-BASED FOAMERS FOR DOWNHOLE INJECTION

TECHNICAL FIELD

- {001] This invention relates generally to methods of using foamer compositions for
treatment of oil and gas wells to enhance production. More specifically, the invention relates to
foamer compositions including an imidazoline-based ccfmpound. The invention has particular

relevance to such compositions that also include corrosion-reducing properties.

BACKGROUND

[002] Declining reservoir pressure in natural gas wells may lead to gas production
decreases. The typicét cause of this decrease is liquud loading that occurs when water and
condensate enter the bottom of the well. Foaming agents (sometimes referred to as “foamers”)
are frequently used to aid in the unloading of water and condensate accumulated in the wellbore,
théreby increasing production from a loaded well. Such agents are generally applied either by
batch treatments or continuous applications via injecting down a capillary string or via the
casing/t;lbing annulus. Foamers function by reducing the surface tension and fluid density in the

wellbore, and may also be used in conjunction with a lift gas to enhance oil recovery from oil

wells.

[003] U.S. Pat. App. Pub. No. 2006/0128990 teaches a method of treating a gas well

- comprising a chloride-free amphoteric surfactant. U.S. Pat. No 7,122,509 discloses a method of

" preparing a foamer composition having an anionic surfactant and a neutralizing amine. In U.S.

Pat. App. Pub. 2005/0137114 an aqueous foaming composition comprising an anionic surfactant,
a cationic surfactant, and a zwitterionic compound is disclosed. PCT App. Pub. No. WO
02/092963 and U.S. Pat. App. Pub. No, 2007/0079963 disclose methods for recovering oil from a
gas-lifted oil well using a lift gas and a foaming surfactant which consists of nonionic surfactants,

anionic surfactants, betaines, and siloxanes.

- {004] While such foamers represent a significant contribution to the art of unloading
fluids in oil and gas wells, there still remains a need for improved foamers and methods of using
improved foamers. It is thus an objective of this invention to provide a cost-effective foamer Ior
uﬁloading oil, water, or mixtures thereof from oil and/or gas wells. Such improved foamers |

would also ideally be compatible with anti-corrosive and anti-scale agents.
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SUMMARY

[003] The present invention relates to a method of foaming a fluid and
unloading the fluid from an oil or gas well, the method comprising: (A) introducing into the
tluid at a downhole end of the o1l or gas well a foam-forming amount of a composition

comprising at least one imidazoline-based compound of the general formula:

R,

Ra)e——N 1@\ N~ (CH)o—N-+4;—(CHz),—N(Re),

\_/

wherein: R, 1s an optionally substituted branched, chain, or ring alkyl having
from 5 to about 29 carbon atoms in the main chain thereof, or an optionally substituted
branched, chain, or ring alkenyl having from 5 to about 29 carbon atoms in the main chain
thereot, each o 1s, independently, from 0 to 10, x 1s O or 1, y 1s from 0 to 4, at least one

R 1s R4, and the other Rg i1s H or R4, R4 has the following structure:

R3=(CRs),—~CHCH,~—

R,

each R, 1s, independently, H, a linear alkyl having from 1 to 10 carbon atoms or a linear
alkenyl moiety having from 1 to 10 carbon atoms, each Rj is, independently, selected from the
group consisting of -CO,H, -SO3;H, ~PO3;H,, -CO,R5, -CONH,, —-CONHR 5, -CON(R5);, and
a combination thereof, each Rjs 1s, independently, selected from the group consisting of H, an
optionally substituted linear alkyl, a branched alkyl, an aryl, an alkylaryl, a cycloalkyl, and a
heteroaromatic group having from 1 to 10 carbon atoms in the main chain thereof, n is from 0
to 8, and wherein a method of monitoring foaming rates 1s used to decide an effective foam-

forming amount of the composition to introduce into the fluid; (B) forming a foam comprising

the fluid and the composttion; and (C) recovering the foam from the well.
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[006] In another aspect, the imidazoline-based compound is formed

from a reaction between at least one long chain fatty acid and at least one polyalkylene
polyamine. The intermediate imidazoline produced by this reaction is then further reacted

with at least one unsaturated acid or acid derivative to form the imidazoline-based compound.

1007] It 1s an advantage of the invention to provide novel foaming

agents for downhole 1njection in o1l and gas wells.
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CLAIMS:

1. A method of foaming a fluid and unloading the fluid from an oil or gas well,

the method comprising:

(A) introducing into the fluid at a downhole end of the oil or gas well a foam-
5 forming amount of a composition comprising at least one imidazoline-based compound of the

general formula:

R

PN

Re)—N7@Y N—F (CHz)s==N4;=(CHz)o—N(Re):

wherein:

R, is an optionally substituted branched, chain, or ring alkyl having from 5

10  to 29 carbon atoms in the main chain thereof, or an optionally substituted branched, chain, or

ring alkenyl having from 5 to 29 carbon atoms in the main chain thereof,
each o is, independently, from 0 to 10,

x18 Qor 1,

y 1s from 0 to 4,
15 at least one R is Ry, and the other Rg is H or Ry,

R4 has the following structure:

R3=—(CRs),—CHCHy~—

R;
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each Rj is, independently, H, a linear alkyl having from 1 to 10 carbon atoms

or a linear alkenyl moiety having from 1 to 10 carbon atoms,

each Rj 1s, independently, selected from the group consisting of —CO;H,
—SO3H, —POsH,, —CO,R5, -CONH;, -CONHR 5, -CON(R5),, and a combination thereof,

each Rs 1s, independently, selected from the group consisting of H, an
optionally substituted linear alkyl, a branched alkyl, an aryl, an alkylaryl, a cycloalkyl, and a

heteroaromatic group having from 1 to 10 carbon atoms in the main chain thereof,
n 1s from O to 8,

and wherein a method of monitoring foaming rates 1s used to decide an

effective foam-forming amount of the composition to introduce into the fluid;
(B) forming a foam comprising the fluid and the composition; and

(C) recovering the foam from the well.
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