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Tra. 11 PATENTEIYII
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Fecha: 2013-06 20 12‘10.53

T

DepA 2020 DIR.NUEVASCR
Eve: 378 FASENACIONALI
Folios: 144

DIRECCION DE NUEVAS CREACIONES
SOLICITUD FASE NACIONAL -PCT

1 | TPo DE SOLICITUD X Pate’nte de invencion L] Patente de Modelo de Utilidad
X Capitulo | [ Capitulo II
2 | DATOS SOLICITUD INTERNACIONAL PCT (86)
Solicitud Internacional No. PCT/US2011/061575 Fecha 21/11/2011
Publicacién Internacional No.  \WW(Q/2012/071291 Fecha 31/05/2012
3 | TITULO DE LA INVENCION (200 caracteres o espacios maximos)

LIBERACION DE PETROLEO CON COMPUESTOS A BASE DE AMINOACIDOS DE N-LAUROILO

‘CLASIFICAClON INTERNACIONAL (CIP)

}(2006 1)

CO7D 207/06 (2006.01),

CO9K 3/00 (2006. 01) '

SO lCITANTE ()~

[] Esta persona también es inventor.

Para datos ad!cionales utmzar hoja de informacién compiementana

APELUDOS 0O RAZON SOCIAL NOMBRE IDENTIFiCACION i TIPO
B D’U PONT DE NEMOURS AND COMPANY :
DATOS DEL SOLICITANTE
1007 Market Street Wilmington, Delaware 19808 No. TELEFONO 6341500 - |
: anmgton CORREQ  alvaro.correa@bakerma
' ELECTRON'CO =i - ckenzie.com .
RTAMENTOIESTADO " Delaware NAGIONALIDADO T
PAIS DE RES'DENC‘A Estados Unidos de América CONSTITUCION Estados Unidos de
| América

~ S

3.Estados Unidos de América

4 Estados Unidos de América
Delaware

5 Estados Unidos de América

Pennsylvania

Downingtown

Wilmington

19804

1413 Carolina
Pennsylvania 19335

Place,

|NVENTOR (ES) Para datos adicionales utilizar hoja de informacion complementaria
APELLIDOS NOMBRES NACIONALIDAD

1. CHOBAN Eric, R Estados Unidos de América

2. D'ACHILLE Berardino ltalia

3. HARDIE Rachel, L. Estados Unidos de América

4. PERRY Michael, P. Estados Unidos de América

5 STAUFFER Christina, S. Estados Unidos de América

DIRECCION DE CORREOQ ELECTRONICO:

8 | DATOS INVENTOR (ES)

PAIS RESIDENCIA DEPARTAMENTO/ESTADO CIUDAD DIRECCION

1. Estados Unidos de América New Jersey Williamstown 1513 Briarwood Drive, Williamstown, New

Jersey 08094
. - Pennsylvania Ardmore
2 Estados Unidos de Amética 2425 Bryan Mawr Avenue, Ardmore,
Delaware Wilmington Pennsylvania 19003

1181 Creekside Drive, Wilmington, Delaware

Downingtown,

1437 Kynlyn Drive, Wilmington, Delaware
19809
OTRO(S) SOLICITANTE(S) Y/O (OTRO(S)) INVENTOR(ES)
D Los demas solicitantes y/o (demas) inventores se indican en una hoja a continuacion.
9 | D REPRESENTANTE LEGAL X APODERADO
APELLIDOS NOMBRES IDENTIFICACION
Correa Ordéiiez Alvaro C.C.79.143.366  T.p.20281

DIRECCION Av. 82 No. 10-62 Piso 5
CIUDAD Bogota
PAlS Colombia

No. TELEFONO 6341500
CORREQO
ELECTRONICO  nzje.com

No. RADICACION DE
PROTOCOLO DE
PODER GENERAL

alvaro.correa@bakermcke
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| 10 | DECLARACIONES DE PRIORIDAD [XISI []NO

(33) PAIS DE ORIGEN CODIGO PAIS (31) NUMERO (32) FECHA (AAAAMM/DD)
: Estados Unidos de América 61/416,005 22/11/2010

2
3
1

1 [ DECLARACION SOBRE USO DE RECURSOS GENETICOS O BIOLOGICOS

Declaro que el objeto de la presente solicitud de patente fue obtenido a partir de recursos genéticos o biolégicos de los que
cualquiera de los paises miembros de la Comunidad Andina es pais de origen.

[]si &I NO

Nota: En caso afirmativo debera anexar copia del contrato de acceso de recursos genéticos o productos derivados, o
certificado o nimero de registro, expedido por la Autoridad competente.

12 ‘ DECLARACION SOBRE USO DE CONOCIMIENTOS TRADICIONALES

Declaro que el objeto de la presente solicitud de patente fue obtenido a partir de conocimientos tradicionales de comunidades
indigenas, afroamericanas o locales de paises miembros de la Comunidad Andina.

Osi XINO

Nota: En caso afirmativo debera anexar la licencia o autorizacion de uso de conocimiento tradicional, o certificado, o
namero de registro expedido por la Autoridad competente.

13 [ REDUCCION DE TASAS

Declaro que carezco de medios econdmicos para presentar la solicitud de patente.
]si XINO

Nota: En caso de ser persona natural y carecer de medios econémicos, y por lo tanto, aplique la reduccion de tasas a
que se refiere la resolucion vigente en tarifas, debe firmar la presente solicitud bajo la gravedad de juramento.

Micro, pequefias y medianas empresas [ |
Universidades publicas o privadas ]

Entidades sin animo de lucro D

Debe aportar los documentos que se indican en el numeral 17 de anexos

14 | AUTORIZACION DE NOTIFICACIONENLINEA []SI [JNO

Manifiesto que he leido y entendido perfectamente los términos y condiciones de uso de medios electronicos para las
notificaciones en linea a través de Internet de los actos administrativos proferidos por la Superintendencia de Industria y

Comercio que deben ser notificados personalmente y, en consecuencia, autorizo el servicio de notificacion a través de
internet.

» : N° 13-0056635 Fecha 11/06/13
15 | COMPROBANTE DE PAGQ O PAGO ELECTRONICO N° 13-0056841 Fecha 11/06/13

16 FIRMA DEL SOLICITANTE, DEL APODERADO O DEL REPRESENTANTE LEGAL
Junto a cada firma, indicar el nombre del firmante y su calidad (si tal calidad no es obvia al leer el petitorio)

e
e e )
\\_/
17 ANEXOS
Documentaciéon Técnica / Documentacién Juridica
Solicitud Internacional en castellano 9. [ Poderes, sifuera el caso.

10. Documento que legalmente pruebe la cesién del inventor al

1. & Descripcién N" de folios: 56 1. (s)ggfgacir]etlec%:t?al:oczgs:g e o de recursos genéticos o productos
N O i 4 . . ces p
:2;' g%lv!ndlc?cl;)nes No RglVlr.1d|caC|ones. 1 derivados, certificado o nimero de registro, si fuera el caso.
- & Dibujos y/o tiguras N* folios: 11 12. [ Copia de la licencia o autorizacién de Conocimientos
4. [X] Resumen. Tradicionales, certificado o numero de registro, si fuera el caso.
5. [ Certificado de depésito de material biclégico si 13. Reduccion de tasas
fuera el caso. Micro, pequeifias 0 medinas empresas
6. [ Listado de secuencias de nucleétidos ylo [] Copia simple de la declaracién de renta del afio inmediatamente
' aminoacidos en forma digital si fuera el caso anterior, o en su defecto prueba documental idénea.
7. [ Arte final 12 x 12 ’ ] Documento de constancia de cumplimiento con lo establecido en
' . la ley 905 de 2004.
8. [] Anexo formato digital. Y

Universidades publicas o privadas
[ Copia acto de reconocimiento institucional emitido por el
“Ministerio de Educacién
Entidades sin &nimo de lucro
[] Copia de registro vigente en Camara de comercio.
[] Hoja de informacién complementaria.
[C] otros, especificar
14. Comprobante de pago de la tasa de presentacién de la soticitud.
15. [J Comprobante de pago por reivindicacion de prioridad.
16. [J Comprobante de pago de la tasa por concepto de excedente
de palabras en la publicacion.
17. [ Comprobante de pago por reivindicacion adicional a 10
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[_] Patente de Modelo de Utilidad

FECHA DE PRESENTACION

4 | (71) SOLICITANTE (S)

APELLIDOS O RAZON SOCIAL NOMBRE IDENTIFICACION TIPO

2,
3
4

5 | DATOS DEL SOLICITANTE

PAIS DE RESIDENCIA DEPARTAMENTO/ESTADO CIUDAD DIRECCION
2.
3
4
TELEFONO FAX E-MAIL NACIONALIDAD

2
3
4

6 | (72) INVENTOR (ES)

APELLIDOS NOMBRE NACIONALIDAD

8 SZOSTEK Bogdan Estados Unidos
7
8
9
10
1.
12

7 | DATOS INVENTOR (ES)

DIRECCION CIUDAD DEPARTAMENTO/ESTADO PAIS RESIDENCIA

6. 9 Queens Court, Wilmington, Delaware | Wilmington Delaware Estados Unidos

19808
7
10
11
12

g | (30) DECLARACIONES DE PRIORIDAD

PAIS DE ORIGEN CODIGO PAIS NUMERO FECHA (AAAAMM/DD)

4
5
6
7
8
9
10

P102-FO6 vrd (2012-04-19)
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
NIT : 800.176.089-2
-/-
! RECIBO DE CAJA No. 13 - 0056635
Industria y Comercio
SUPERINTENDENCIA Bogota D.C., Junio 11 de 2013 - 16:51:11
RECIBIDO DE : BAKER NI 900.532.339 "
*** Soporte del Pago *** e/
TIPO PAGO BANCO CUENTA No. PAGO FECHA PAGO VR PAGO
CONSIGNACION BANCO DE BOGOTA 062754387 560951720 11/06/2013 113.965.000.00
*** Conceptos Pagados ***
CANT. RENTISTICO CONCEPTQ Vr UNDITARIO  Vr CONCEPTO
1 60005-01-01 SOLICITUDES 1 TRAMITES DE SOL. DE PATENTE DE 500.000.00 500.000.00

$500.000.00

SON: **QUINIENTOS MIL PESOS MONEDA CORRIENTE***

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

BV
q Fecha: 2013-06-20 12:10;

§3 _ Dep. 2020 DIR.NU
Tre. 11 PATENTEIYI| ; AoV

Eve: 378 FASENACIONALI
Act. 411 PRESENTACION Folios: 143

Sede Centro: Carrera 13 No. 27 - 00 Pisos 3,4,5 y 10 Bogota, D.C.- Colombia

Web: www.sic.gov.co e-mai: info@sic.gov.co Conmutador: (571) 5670000 Fax: (571) 5870284 Linea: 018000-910165 Call Center: (571) 6513240
, Junio 11 de 2013 - 16:51:28
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‘ RECIBO DE CAJA
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SUPERINTENDENCIA

RECIBIDO DE : BAKER

No. 13 - 0056841

Bogota D.C., Junio 11 de 2013 - 17:00:48

NI1900.532.339
*** Soporte del Pago ***
TIPO PAGQ BANCO CUENTA No PAGO FECHA PAGQ VR PAGQ
RECIBODE CA 999999999 56731 11/06/2013 22.390.000.00
*** Conceptos Pagados ***
CANT RENTISTICQ

CONCFPTO

150005-01-09 OTROS SERVICIOS DE PROPIEDAD 54 INFORMACION DETALLADA DE UN
q INDUSTRIAL TRAMITE /ANTECEDENTES

SON: *TREINJA MIL PESOS MONEDA CORRIENTE***

d Responsable: O
Recibo de ~‘ala"l§pv/'caujo al Expediente No.

Tra. 11 PATENTEIYII

Sede Centro: Carrera 13 No. 27 - 00 Pisos 3,4,5 y 10 Bogota, D.C.- Colombia
. Junio 11 de 2013 - 17:01:15

Vr UNDITARIQ _fVr CONCEPTO
30.000.00 30.000.00

30.000.00
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I
i

Fecha: 2013-06-20 12:10:53  Dep. 2020 DIR NUEVASCR

Eve: 378 FASENACIONALI
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Industria y Comercio
SUPERINTENDENCIA

SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO

DIVISION DE NUEVAS CREACIONES
TARJETA ARCHIVO PROPIETARIOS
PATENTE DE INVENCION ____ PCT X MODELO DE UTILIDAD ___ DISENO INDUSTRIAL ___

(21) N° de solicitud: {22) Fecha de solicitud:
{61) Clasificacion Internacional :

(71)Solicitante(s)
E. 1. DU PONT DE NEMOURS AND COMPANY

(72) inventor(es): CHOBAN, Eric, R.; D'ACHILLE, Berardino; HARDIE, Rachel, L.; PERRY, Michael, P.;
STAUFFER, Christina, S.; SZOSTEK, Bogdan

(74) Apoderado. ALVARO CORREA ORDONEZ

(30) Prioridad (31} No. Prioridad 32) Fecha (33) Pais
61/416,005 22/11/2010 us
(85} Fecha inicio fase nacional, 22/06/2013 {87) Publicacién internacional
(86) Datos relativos a fa presentacion de la solicitud PCT Fecha: 31/05/2012
Fecha de presentacion de la solicitud: 21/11/2011 N° publicacién: WO0O/2012/071291

No. de solicitud: PCTIUS2011/061575
Titulo: Liberacion de petréleo con compuestos a base de aminoacidos de n-lauroilo
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Industria y Comercio

SUPERINTENDENCIA

SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO
DIVISION DE NUEVAS CREACIONES
TARJETA ARCHIVO TEMATICO
PATENTE DE INVENCION PCT__X__MODELODE UTILIDAD ___ DISENO INDUSTRIAL ___

N° de solicitud: (22) Fecha de solicitud:

1)
(61) Clasificacion Internacional :
{71)Solicitante(s)

E. 1. DU PONT DE NEMOURS AND COMPANY

(72) Inventor(es): CHOBAN, Eric, R.; D'ACHILLE, Berardino; HARDIE, Rachel, L.;
PERRY, Michael, P.; STAUFFER, Christina, S.; SZOSTEK, Bogdan

(74) Apoderado: ALVARO CORREA ORDONEZ

(30) Prioridad (31) No. Prioridad 32) Fecha (33) Pais
61/416,005 22/11/2010 us

{85) Fecha limite inicio fase nacional: 22/06/2013 (87) Publicacién internacional;

(86) Datos relativos a la presentacion de la solic. PCT Fecha : 31/05/2012

No. de solicitud: PCT/US2011/061575

d Fecha de presentacion de 1a solicitud: 21/11/2011 No.Publicacion : WO/2012/071291

(54) Titulo : Liberacion de petrdleo con compuestos a base de aminoacidos de n-lauroilo

(57) Resumen:

Se comprobd que compuestos quimicos que son aminoacidos de N-lauroilo o sus derivados tienen actividad de
liberacién de petroleo. Las soluciones que contienen estos compuestos pueden introducirse en reservorios de petréleo o
sitios con superficies contaminadas con petrdleo para liberar petréleo de superficies cubiertas de petréleo. El petroleo
liberado puede recuperarse para procesamiento adicional o para disponer de él como residuo.




;
ki
LI
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SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO
DIVISION DE NUEVAS CREACIONES

EXTRACTO PARA PUBLICACIC’)N'
SUPERINTENDENCIA SOLICITUD DE PATENTE DE INVENCION PCT
{21) N° de solicitud: (51} Int Ck:

22) Fecha de solicitud:

(71)Solicitante(s)

E. I. DU PONT DE NEMOURS AND

COMPANY
(30) Prioridad ~ (31) No. 32) Fecha (33) Pais
61/416,005 2211112010 us
(72) Inventor(es) CHOBAN, Eric, R.
D'ACHILLE, Berardino
HARDIE, Rachel, L.
PERRY, Michael, P.
STAUFFER, Christina, S.
SZOSTEK, Bogdan
(74) Apoderado:  ALVARO CORREA ORDONEZ
{85) Fecha limite inicio fase nacional:  22/06/2013 Publicacion internacional
(86) Datos relativos a la presentacion de la solicitud PCT Fecha: 31/05/2012
Fecha de presentacion de la solicitud: ~ 21/11/2011 N° publicacién: WO0/2012/071291

No. de solicitud: PCT/US2011/061575

(54) Titulo:

Liberacion de petroleo con compuestos a base de aminoacidos de n-lauroilo

Resumen:

Se comprobo que compuestos quimicos que son aminoacidos de N-lauroilo o sus derivados tienen actividad
de liberacion de petréleo. Las soluciones que contienen estos compuestos pueden introducirse en
reservorios de petroleo o sitios con superficies contaminadas con petréleo para liberar petroleo de
superficies cubiertas de petréleo. El petrdleo liberado puede recuperarse para procesamiento adicional o

para disponer de él como residuo.




Apuostille

(Convention de La Haye du 5 Octobre 1961)
Country: United States of America
This public document:

has been signed by Colleen A. Taylor

acting in the capacity of Notary Public of the State of
Delaware

bears the seal/stamp of Colleen A. Taylor, Notary Public,
Delaware

(ertified

at Dover, Delaware

the thirtieth day of April, A.D. 2013

by Secretary of State, Delaware Department of State
No. 0493772

Seal/Stamp: 10. Signature:

[Ssedesll

Secretary of State




Apostille

{Convention de La Haye du 5 Octobre 1961)
Country: United States of America
This public document:

has been signed by Rita M. Nally

acting in the capacity of Notary Public of the State of
Delaware

bears the seal/stamp of Rita M. Nally, Notary Public,
Delaware

(ertified

at Dover, Delaware

the thirtieth day of April, A.D. 2013

by Secretary of State, Delaware Department of State
No. 0493781

Seal/Stamp:;' 10. Signature:

SR

Secretary of State




* CL5172 PCT COLOMBIA

ASSIGNMENT CESION

Eric R. CHOBAN; Berardino D’ACHILLE;
Rachel L. HARDIE; Michael P. PERRY;
Christina S. STAUFFER; Bogdan SZOSTEK

by means of this document assign to

por medio de la presente cedo (cedemos) a
E. 1. du Pont de Nemours and Company

E. I. du Pont de Nemours and Company

a corporation organized under the laws of una corporacién organizada bajo las leyes de
Delaware Delaware
domiciled in domiciliada en
1007 Market Street 1007 Market Street
Wilmington, Delaware 19898 Wilmington, Delaware 19898
United States of America Estados Unidos de América
(hereinafter referred to as the “ASSIGNEE”.), (de ahora en adelante el “CESIONARIO”.),
all my (our) rights, title and interest in and to my todos mis (nuestros) derechos, titulo e interés
(our) invention for a new and useful sobre mi (nuestra) invencién tal como describe
improvement entitled and as fully set forth and en:
described in: . -

escribed in L;/o@r‘acfan de /0511’*3'/40 con
OIL RELEASE WITH N-LAUROYL AMINO Compues{os g pose dz
ACID-BASED COMPONDS aminodcidos de n-lawrd? /o
so far as the Republic of Colombia is concerned. en lo que concierne a la Republica de Colombia.
Place: K[l lm 1nglan D& USA Lugar y fecha:

Date: [ 2 Apl’({ 2.0(2

& L ok,

Eric R. CHOBAN Berardino D’ACHILLE
Rachel L. HARDIE Michael P. PERRY
Christina S. STAUFFER Bogdan SZOSTEK

LEGALIZATION REQUIRED — NOTARY SIGNATURE/SEAL ON PAGE 2




United States of America )
)
State of DO(M Qv e~ ) SS.
)
County of Newd & s é[e_ )
On this / 2 h day of /Q( pore L ,20_1 3 , personally appeared

before me gf{c. ¢€ 0/)0602/)

to me known and known to me to be the individual__ described in and who executed the

foregoing instrument, and who acknowledged to me that __he__ executed the same.

/. . —— /
C/"'(LLS - - ,[1:/' 7

Notary Public
COL__. ) . . _OH
NC © LG
STATE . .". =MNARE

My Commissicr "+ = ar :ary 25,2014




CL5172 PCT

ASSIGNMENT

Eric R. CHOBAN; Berardino D’ACHILLE;
Rachel L. HARDIE; Michael P. PERRY;
Christina S. STAUFFER; Bogdan SZOSTEK

by means of this document assign to
E. I. du Pont de Nemours and Company
a corporation organized under the laws of

Delaware

domiciled in

1007 Market Street
Wilmington, Delaware 19898
United States of America

(hereinafter referred to as the “ASSIGNEE”.),

all my (our) rights, title and interest in and to my
(our) invention for a new and useful
improvement entitled and as fully set forth and
described in:

OIL RELEASE WITH N-LAUROYL AMINO
ACID-BASED COMPONDS

so far as the Republic of Colombia is concerned.

Place: \k‘i{NIV!q{'dn DE WUSA
1

COLOMBIA

CESION

por medio de la presente cedo (cedemos) a

E. I du Pont de Nemours and Company
una corporacion organizada bajo las leyes de

Delaware

domiciliada en

1007 Market Street
Wilmington, Delaware 19898
Estados Unidos de América

(de ahora en adelante el “CESIONARIO”.),
todos mis (nuestros) derechos, titulo e interés
sobre mi (nuestra) invencion tal como describe
en:

Liberacion da/oe/rv'/ea con
ca»m/oaeS/z:S a bose de

cmincacidos de nr- /aum//o

en lo que concierne a la Repiblica de Colombia.

Lugar y fecha:
Date: q l[)r[ﬁf L 2003
[
7
| @4—0 3
Eric R. CHOBAN Berardino D’ACHILLE

Rachel L. HARDIE Michael P. PERRY

Christina S. STAUFFER Bogdan SZOSTEK

LEGALIZATION REQUIRED — NOTARY SIGNATURE/SEAL ON PAGE 2



United States of America )
)
State of DO( o e ) sS.
)
County of I\/wJ C(LSU—& )
On this Q“H'\ day of A?Of C ,20 1 3 , personally appeared

before me B@/afo(mo D)A CL[’] (Ué/

to me known and known to me to be the individual _ described in and who executed the

foregoing instrument, and who acknowledged to me that __he  executed the same.

C»’L{"{,Lt (/ 7{_(,‘,4/;‘,/
7

Notary Public
CCuLoz' + “AYLOH
NG 230
STATE 77 ZL~'NARE

My Commissic™ =~ .~".ary 26, 2014



CL5172 PCT

ASSIGNMENT

Eric R. CHOBAN; Berardino D’ACHILLE;
Rachel L. HARDIE; Michael P. PERRY;
Christina S. STAUFFER; Bogdan SZOSTEK

by means of this document assign to
E. L du Pont de Nemours and Company
a corporation organized under the laws of

Delaware

domiciled in

1007 Market Street
Wilmington, Delaware 19898
United States of America

(hereinafter referred to as the “ASSIGNEE”.),

all my (our) rights, title and interest in and to my
(our) invention for a new and useful
improvement entitled and as fully set forth and
described in:

OIL RELEASE WITH N-LAUROYL AMINO
ACID-BASED COMPONDS

so far as the Republic of Colombia is concerned.

Place:N({Mm?;#m DS USA
Date: 12% A’llﬂf\-k 20(3

Eric R, CHOBAN

Rachel L. HARDIE

Christina S. STAUFFER

COLOMBIA \ k

CESION

por medio de la presente cedo (cedemos) a

E. L. du Pont de Nemours and Company
una corporacion organizada bajo las leyes de

Delaware

domiciliada en

1007 Market Street
Wilmington, Delaware 19898
Estados Unidos de América

(de ahora en adelante el “CESIONARIO”.),
todos mis (nuestros) derechos, titulo e interés
sobre mi (nuestra) invencion tal como describe
en:

Liberacior ole etrd/eo con
COmfaes/vS a bose de
Gminoociclos de n- /.Oura/'/o

en lo que concierne a la Republica de Colombia.

Lugar y fecha:

Berardino D’ACHILLE

Michael P. PERRY

Bogdan SZOSTEK

LEGALIZATION REQUIRED — NOTARY SIGNATURE/SEAL ON PAGE 2




United States of America

)
)
State of M v Or € ) ss.
)
County of Neeo &’_X{:&_ )

On this /02 h day of 4}0K Cé , 20 /33 , personally appeared

before me P(t QA&( ,( /4'/&?,//(/&

to me known and known to me to be the individual __ described in and who executed the

foregoing instrument, and who acknowledged to me that _he  executed the same.

(itie . -C. ;’;.//

Notary Public
CCuLi=z+ +  ~YLOR
NC". = _32.C
STATE - 7 - WARE

My Commissicr == =~ 2ruary 25, 2014



- CL5172 PCT

ASSIGNMENT

Eric R. CHOBAN; Berardino D’ACHILLE;
Rachel L. HARDIE; Michael P. PERRY;
Christina S. STAUFFER; Bogdan SZOSTEK

by means of this document assign to
E. 1. du Pont de Nemours and Company
a corporation organized under the laws of

Delaware

domiciled in

1007 Market Street
Wilmington, Delaware 19898
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BAageER & MCKENZIE

POWER OF ATTORNEY

The undersigned.

E.I. Du Pont de Nemours and Company
domiciled in

1007 Market Street
Wilmington, Delaware 19898 US

declares that it hereby grants to

ALVARO CORREA-ORDONEZ and/or

OLGA GEORGETTE OTERO and/or

RICARDO METKE and/or

JUAN PABLO CONCHA
with domicile at Av. B2 No. 10 - 62, 6Th floor, of Bogota D.
C., Colombia, a full and sufficient power of attorney to obtain
the protection of my (our) industrial property and against the
unfair competition, for which purpose I (we) authorize the said
attorneys fo represent me (us) before any authorities or persons,
with or without jurisdiction, specially those administrative,
administrative contentious and judicial, as well as before
Arbitration Court, in all matters concerning the following: a)
Obtainment of patents, utility models, industrial designs,
integrated circuits, layout-designs and vegetal varieties; the
registration of trademarks, denominations of origin, commercial
names, trade emblems, slogans and domain names: its renewal,
assignments, change of name or domicile, voluntary
cancellation; and the registration of licenses of use of the above
rights; b)Processes of protection to the consumer, unfair
competition, oppositions, cancellations, nullity, precautionary
injunctions, infringement, granting of licenses, writ mandamus,
the protection of trade secrets, and in general the civil, penal, an
administrative processes relating to those rights. And that in all
the above matters they may substitute this Power of Aftorney,
compromise, conciliate, admit the facts of the case, desist,
cancel, receive, resign, and ratify acts done by representatives
without a power of attorney.

I hereby ratify all actions previously taken on behalf of this
company by the aforementioned attorneys with respect to the
mentioned matters.

Done and subscribed il'!%égﬂm;x av(_,.bE— dsA
On the B dayot: /f-mynrzoos

Signature of the person issuing the Power

7/,444&;,‘; offyaaw%?

Baker & McKenzie Colombia S.A.
Av. 82 No, 10 - 62 6th Floor
Bogota, Colombia

NIT: 900.034.906-9
Tel: +57 1 634 1500
Fax: +57 1 376 2211
www.bakernet.com

PODER DE ABOGADO

La abajo firmada,

E.I. Du Pont de Nemours and Company
domiciliada en

1007 Market Street
Wilmington, Delaware 19898 US

declara por el presente que otorga a

ALVARO CORREA-ORDONEZ y/o

OLGA GEORGETTE OTERO y/o

RICARDO METKE y/o

JUAN PABLO CONCHA i
con domicilio en la Av. 82 No. 10 — 62 Piso 6 en Bogoté D. C,,
Colombia, poder especial amplio y suficiente, para obtener la
proteccion de mi (nuestra) propiedad industrial y contra la
competencia desleal, a cuyo efecto autorizo (amos) a los dichos
apoderados para que me (nos) representen ante cualesquiera
autoridades o personas, ejerzan o no jurisdiccion, especialmente
ante las del orden administrativo, contencioso-administrativo y
judicial, asi como los tribunales de arbitramento, en todo lo
concerniente a los sigwientes asuntos: a) Obtenci6n de patentes
de invencién, modelos de utilidad, disefos industriales,
esquemas de trazado de circuitos integrados y variedades
vegetales; ¢l registro de marcas, denominaciones de origen,
nombres comerciales, ensefias, lemas comerciales y nombres de
dominio; su renovacion, traspaso, cambio de nombre o
domicilio, cancelacion voluntaria; y el registro de licencias de
uso de esos derechos; b) Los procesos para la proteccién del
consumidor, competencia desleal, oposiciones, cancelaciones,
nulidades, medidas cautelares, infracciones, concesién de
licencias, la tutela, la proteccion de secretos industriales, y en
general procesos civiles, penales, administrativos relacionados
con estos derechos. Y para que en todos los asuntos arriba
determinados, puedan sustituir este mandato, transigir, conciliar,
admitir los hechos del caso, desistir, cancelar, recibir, Tenunciar,
y ratificar los actos de agentes oficiosos.

Igualmente, ratifico todo lo actuado hasta ¢! momento en los
mismos asuntos, por cualquicra de los mencionados apodcmdos
en representacion de ésta sociedad.

Dado y firmado en

A los dias del mes de de 2008 -

Firma de la persona que firma el Poder

¥
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OIL RELEASE WITH N-LAUROYL AMINO ACID-BASED COMPOUNDS

This application claims the benefit of United States Provisional Application
61/416,005, filed November 22, 2010, and is incorporated by reference in its

entirety.

FIELD OF INVENTION

This invention relates to the field of oil recovery from environmental

locations. More specifically, oil release activity was discovered for a set of N-
lauroyl amino acid-based chemical compounds, which indicates their use for

improving oil recovery from oil-coated surfaces.

BACKGROUND

Hydrocarbons in the form of petroleum deposits and crude oil reservoirs

are distributed worldwide. These oil reservoirs are measured in the hundreds of
billions of recoverable barrels. Because heavy crude oil has a relatively high
viscosity and may adhere to surfaces, it is essentially immobile and cannot be
easily recovered by conventional primary and secondary means.

Use of surface active agents or surfactants to increase solubility of oil
through reduction in surface and interfacial tensions is another technique for
increasing crude oil recovery. A wide variety of surfactants identified thus far are
able to significantly reduce surface and interfacial tensions at oil/water and
air/water interfaces. Because surfactants partition at oil/water interfaces, they are
capable of increasing the solubility and bioavailability of hydrocarbons (Desai and
Banat (1997) Microbiol. Mol. Biol. Rev. 61: 47-64; Banat (1995) Bioresource
Technol. 51:1-12; Kukukina et al. (2005) Environment International 31:155-161;
Mulligan (2005) Environmental Pollution 133:183-198). For example, Doong and
Lei ((2003) Journal of Hazardous Materials B96:15-27) found that the addition of
surfactants to soil environments contaminated with polyaromatic hydrocarbons
increased the mineralization rate of some hydrocarbons.
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There remains a need for additional chemical compounds that are
biodegradable and have low toxicity, which may be used to release oil from

hydrocarbon coated surfaces for improving oil recovery.

SUMMARY

The method described herein provides for improved recovery of crude oil
from environmental locations having oil-coated surfaces. The method makes use
of a composition having one or more chemical compound that is an N-lauroyl
amino acid or derivative thereof that was found to promote the release of surface
adhered crude oil.

Accordingly, the invention provides a method for improving oil recovery
from oil-coated surfaces comprising:

a) providing an aqueous composition comprising at least one compound of
the structure:
CO3Rs

Ry~ T R2—N (CHR) 10~
R4 R|

Me

()

wherein:

R1is H, CHs, or is part of a heterocyclic ring (~CHz-),, where n = 3, 4, or 5
and the ring is directly connected to the rest of the structure at R4,

Rz is an alkyl group (-CHz-), where n = 0 or 1; or (-CHCH3-),, where n =
1;

Rs3 and R4 are independently H, a straight chain alkyl or branched-chain
alkyl group with 1 to 5 carbons, -CH20H, -CH,CH,SCHj3, a cycloalkyl
group, a substituted cycloalkyl group, an aryl group, an alkylaryl group, a
substituted aryl group, a phenyl group, -CH.Ph where Ph is phenyl, -
CH(Ph)Ph; a heterocycle; a substituted heterocycle; or is part of a
heterocyclic ring (-CHz-),, where n =3, 4, or 5 and is directly connected
to the rest of the structure at Rq; and

Rs is @ monovalent cation or H; and
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b) contacting an oil-coated surface with the composition of (a);

wherein oil is released from said oil-coated surface and recovered.

BRIEF DESCRIPTION OF FIGURES
The invention can be more fully understood from the following detailed

description and Figures which form a part of this application.

Figure 1 shows a graph of oil release activity over time of a set of N-
lauroyl amino acid compounds at 1 mM and 10 mM.

Figure 2 shows a graph of oil release over time of a set of N-lauroyl amino
acid compounds at 1 mM and 10 miM.

Figures 3A and 3B show graphs of oil release over time of a set of N-
lauroyl amino acid compounds and derivatives at 1 mM and 10 mM.

Figure 4 shows a graph of oil release over time of a set of N-lauroyl amino
acid compounds and derivatives at 1 mM and 10 mM.

Figure 5 shows a graph of oil release over time comparing a set of N-
lauroyl amino acid compounds in the presence of high concentrations of
monovalent and divalent cations.

Figure 6 shows a graph of weight change of a sandpack containing oil-
coated sand with and without 10 mM of N-lauroyl-L-alanine loading, indicating oil
release.

Figure7 shows a graph of interfacial tension measurements between
hexadecane and N-lauroyl-alanine in SIB, compared to an SIB control.

Figure 8 shows a graph of surface tension measurements between a
platinum plate and dilutions of N-lauroyl amino acid compounds in SIB.

Figure 9 shows a graph of oil release over time of N-lauroyl-4-methyl |-L-
leucine and N-lauroyl-DL-3,3-diphenylalanine at 1 mM and 10 mM.

Figure 10 shows a graph of oil release over time of N-lauroyl-L-alanine
and N-lauroyl-DL-3-aminoisobutyrate at 1 mM and 10 mM.
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DETAILED DESCRIPTION

Applicants specifically incorporate the entire content of all cited references

in this disclosure. Unless stated otherwise, all percentages, parts, ratios, etc., are
by weight. Trademarks are shown in upper case. Further, when an amount,
concentration, or other value or parameter is given as either a range, preferred
range or a list of upper preferable values and lower preferable values, this is to
be understood as specifically disclosing all ranges formed from any pair of any
upper range limit or preferred value and any lower range limit or preferred value,
regardless of whether ranges are separately disclosed. Where a range of
numerical values is recited herein, unless otherwise stated, the range is intended
to include the endpoints thereof, and all integers and fractions within the range.

It is not intended that the scope of the invention be limited to the specific values
recited when defining a range.

The invention relates to methods for improving oil recovery from an
environmental location by contacting oil-coated surfaces of the environment with
a composition including at least one chemical compound that is an N-lauroyl
amino acid or derivative thereof. These compounds were found to promote
release of crude oil from a surface. Compositions containing one or more of
these compounds may be used to contact surfaces in environmental locations
such as oil reservoirs and remediation sites to promote oil release, thereby
allowing recovery of the released oil.

The following definitions are provided for the special terms and
abbreviations used in this application:

The abbreviation “ASTM" refers to the American Society for Testing and
Materials.

The term “terrestrial subsurface formation” or “subsurface formation”
refers to in ground or under ground geological formations and may comprise
elements such as rock, soil, sand, shale, clays and mixtures thereof.

The term “terrestrial surface formation” or “surface formation” refers to
above ground geological formations and may comprise elements such as rock,

soll, sand, shale, clays and mixtures thereof.



10

15

20

30

WO 2012/071291 PCT/US2011/061575

The term “environmental site” means a site that has been contaminated
with hydrocarbons, and may have other persistent environmental pollutants.
Environmental sites may be in surface or subsurface locations.

“Production wells” are wells through which oil is withdrawn from an oil
reservoir. An oil reservoir or oil formation is a subsurface body of rock having
sufficient porosity and permeability to store and transmit oil.

The term “injection water” refers to fluid injected into oil reservoirs for
secondary oil recovery. Injection water may be supplied from any suitable
source, and may include, for example, sea water, brine, production water, water
recovered from an underground aquifer, including those aquifers in contact with
the oil, or surface water from a stream, river, pond or lake. As is known in the
art, it may be necessary to remove particulate matter including dust, bits of rock
or sand and corrosion by-products such as rust from the water prior to injection
into the one or more well bores. Methods to remove such particulate matter
include filtration, sedimentation and centrifugation.

The term “production water” means water recovered from production fluids
extracted from an oil reservoir. The production fiuids contain both water used in
secondary oil recovery and crude oil produced from the oil reservoir.

The term “sweep efficiency” refers to the fraction of an oil-bearing stratum
that has seen fluid or water passing through it to move oil to production wells.
One problem that can be encountered with waterflooding operations is the
relatively poor sweep efficiency of the water, i.e., the water can channel through
certain portions of the reservoir as it travels from the injection well(s) to the
production well(s), thereby bypassing other portions of the reservoir. Poor sweep
efficiency may be due, for example, to differences in the mobility of the water
versus that of the oil, and permeability variations within the reservoir which
encourage flow through some portions of the reservoir and not others.

The term “irreducible water saturation” refers to the minimal water
saturation that occurs in a porous core plug when flooding with oil to saturation.
It represents the interstitial water content of the matrix where the water is never

é_).@s
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completely displaced by the oil because a minimal amount of water is retained to
satisfy capillary forces.

The term "remediation” refers to the process used to remove hydrocarbon
contaminants from an environmental site containing hydrocarbons and optionally
other persistent environmental pollutants.

The term “petroleum” or “crude oil* or “oil* herein refers to a complex
mixture of naturally occurring hydrocarbons of various molecular weights, with
other organic compounds.

“Oil well" and “oil reservoir” may be used herein interchangeably and refer
to a subsurface formation from which oil may be recovered.

“Interface” as used herein refers to the surface of contact or boundary
between immiscible materials, such as oil and water or a liquid and a solid. As
used herein “interfaces” includes between a water layer and an oil layer, a water
layer and a solid surface layer, or an oil layer and a solid surface layer.

“Hydrocarbon-coated” or "oil-coated" as used herein refer to a coating of
hydrocarbons or crude oil (also petroleum or oil) to a solid surface of at least 10%
areal coverage.

“Adhered to” refers to the coating or adsorption of a liquid to a solid
surface of at least 10% areal coverage.

The term “critical micelle concentration" or "CMC" refers to the
concentration of a surfactant above which micelles form spontaneously.

The term “wetting” refers to the ability of a liquid to maintain contact with a
solid surface, resulting from intermolecular interactions, when the two are
brought together. The degree of wetting (expressed as “wettability”) is
determined by a force balance between adhesive and cohesive forces.

“Wetting agent’ refers to a chemical such as a surfactant that increases
the water wettability of a solid or porous surface by changing the hydrophobic
surface into one that is more hydrophilic. Wetting agents help spread the wetting
phase (e.g., water) onto the surface thereby making the surface more water wet.

“Wettability” refers to the preference of a solid to contact one liquid,

known as the wetting phase, rather than another. Solid surfaces can be water
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wet, oil wet or intermediate wet. “Water wettability” pertains to the adhesion of
water to the surface of a solid. In water-wet conditions, a thin film of water coats
the solid surface, a condition that is desirable for efficient oil transport.

The term “adhesive forces” refers to the forces between a liquid and solid
that cause a liquid drop to spread across the surface.

The term “cohesive forces” refers to forces within the liquid that cause a
liquid drop to ball up and avoid contact with the surface.

The term “contact angle” is the angle at which a liquid (oil or water)
interface meets a solid surface, such as sand or clay. Contact angle is a
quantitative measurement of the wetting of a solid by a liquid and is specific for
any given system, and is determined by interactions across three interfaces. The
concept is illustrated with a small liquid droplet resting on a flat horizontal solid
surface. The shape of the droplet is determined by the “Young Relation” (Bico et
al., Colloids and Surfaces A: Physicochemical and Engineering Aspects 206
(2002)41-46). The theoretical description of contact arises from the
consideration of a thermodynamic equilibrium between the three phases: the
liquid phase of the droplet (L), the solid phase of the substrate (S), and the
gas/vapor phase of the ambient (V) (which will be a mixture of ambient
atmosphere and an equilibrium concentration of the liquid vapor). The V phase
could also be another (immiscible) liquid phase. At equilibrium, the chemical
potential in the three phases should be equal. It is convenient to frame the

discussion in terms of interfacial energies. The solid-vapor interfacial energy (see

surface energy) is Ysv, the solid-liquid interfacial energy is ys. L and the liquid-
vapor energy (i.e. the surface tension) is simply Y. The Young equation: 0 = sy~

Ysi- cos 0 is written such that describes an equilibrium where 8¢ is the

equilibrium contact angle. In the three phase systems described herein (solid
phase, hydrocarbon phase, aqueous phase), the contact angle is described as
the angle through the hydrocarbon phase rather than through the aqueous
phase.
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Qil Release Compounds

Chemical compounds are identified herein that are effective for releasing
oll from a surface. These compounds are N-lauroyl amino acid-based
compounds with structure (1):
CO,Rs

Me
Ry —R2—N"" (CH3)1p~
R-‘o ]‘_\)1
()

where:
R1is H, CHa, or is part of a heterocyclic ring (~CHz-),,, where n = 3, 4, or 5
and the ring is directly connected to the rest of the structure at R4, such as

that derived from L-proline as shown below:
COsNa O

ST

SN \(CHZ)m/ME

H

(1)

Rz is an alkyl group (-CH2>-), where n = 0 or 1; or (-CHCHs;-),, where n =

1;

R3 and R4 are independently H, a straight chain alkyl or branched-chain

alkyl group with 1 to 5 carbons, -CH>0H, -CH.CH>SCH3, a cycloalkyl

group, a substituted cycloalkyl group, an aryl group, an alkylaryl group; a

substituted aryl group; a phenyl group, -CHzPh (Ph is phenyl), -CH(Ph)Ph;

a heterocycle; a substituted heterocycle; or is part of a heterocyclic ring

(—=CHz—-)n, where n = 3, 4, or 5 and is directly connected to the rest of the

structure at R1; and

Rs is @ monovalent cation or H.

The stereochemistry of any asymmetric carbon within the N-acyl amino
acid compounds of the structures given above may be either R or S, or a mixture
of Rand S stereoisomers. In one embodiment the N-acyl amino acid compound
contains one or more stereocenters.

In one embodiment R and R4 do not have charged groups. It is desirable
to maintain the compound at a pH that avoids having a charged group in the R3
and R4 side chains, In one embodiment R3 and R4 are independently a nonpolar
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have good surfactant activity. Typical good surfactants, such as surfactin,
rhamnolipids, and many nonionic surfactants such as fatty alcohols, Tritons, Brii,
and Tergitol would have an [FT drop of orders of magnitude in a standard
interfacial tension assay such as in Example § herein. Such surfactants would
typically be good oil solubilizers for release of oil. N-lauroyl-alanine at a
concentration of 0.1% had a decrease in IFT that was less than 5-fold as
compared to the medium alone control, @ much smaller IFT drop than is
characteristic of surfactants good for solubilizing oil.

In addition, a typical good surfactant would have a critical micelle
concentration (CMC) in the uM range. The CMC may be determined by the
concentration where measurement of drop in surface tension levels out. This is
the concentration above which micelles form spontaneously. CMCs of N-lauroyl-
L-alanine, N-lauroyl-L-valine, and N-lauroyl-L-phenylalanine were measured to
be between about 0.1 mM and 1 mM in a surface tension assay in Example 5
herein.

Thus, although representative compounds of the general structure (l) do
not have strong surfactant properties that would provide oil solubilizing activity,
these compounds were found herein to have oil release activity. The properties
of these compounds are more similar to properties of wetting agents that would
typically not be considered to be useful for oil release. However, altering
wettability of an oil-coated surface using the present compounds, as assayed in
the LOOS test described herein, was shown to provide oil release activity. Oil
release obtained using the present compounds may be at least about 5%, 10%,
15%, 20%, 25%, 30%, 35% or greater of oil coated on a surface.

In different environmental conditions, use of specific compounds of
structure (I) may be preferred. For example, it was found that activities of
different compounds of structure (1) vary in high salts solutions. In solutions with
high NaCl, MgCls, or a combination of NaCl, MgCl, and CaCl,, with a salts
concentration of about 5% to 6%, N-lauroyl-L-alanine (NLA) and N-lauroyl-L-
valine (NLV) were active in releasing oil while N-lauroyl-L-phenylalanine (NLP)

was not. Compounds of structure (l) that are most effective at the salt

13



10

15

20

25

30

WO 2012/071291 PCT/US2011/061575

concentration and temperature of a specific environment can be readily
determined by one of skill in the art. Temperature of production water and
temperature in an oil reservoir provide information on conditions at an
environmental site. One skilled in the art can readily asses the oil release activity
of different compounds of structure (l) under specific environmental conditions,
for example using the assay described in General Methods herein, such that
compounds effective for a target environment may be chosen. Specifically, a
LOOS test or alternate oil release assay is carried out under the target
environmental conditions, which may include specific salinity, inclusion of specific
salts, use of specific temperature, or other factors that characterize a target
environment.

It is contemplated that compounds having structures similar to structure
(1), but with shorter or longer carbon chains replacing (CHs)10, would be effective
for oil release under conditions in which these compounds are soluble. Such
conditions may include, for example, lower salt conditions, and/or temperatures
higher than room temperature. In addition, other surfactants may be used to
solubilize the shorter or longer carbon chain compounds, that are of structure (1)
in other respects, in a water-based system so that they may be effective for oil
release.

It is contemplated that compounds of structure (l) are biodegradable and
are less toxic than typical chemical surfactants. In addition, compounds of
structure (I) are able to release oil from surfaces without greatly dropping the
interfacial tension between the hydrocarbons and water, so as to avoid the
generation of emulsions which can be difficult to break. These characteristics of
compounds of structure (l) provide benefits to their use in the environment
relative to other chemical surfactants.

Compaosition for Oil Release

The present composition contains one or more compounds of structure (1).
In one embodiment the compound added in the composition may be the

carboxylic acid form of structure (I), where Rs is H. In this embodiment, the salt
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form of the compound is formed in the composition under conditions where the
carboxylate salt can be formed, such as in the presence of carbonates, such as
calcium carbonate. This may occur in the composition itself if the fluid contains
salt-forming compounds, or at the location of contact with oil-coated surfaces,
described below.

A compound of structure (I) may be synthesized chemically. Chemical
synthesis of representative compounds of structure (1) is described in the
Examples section herein using methods well-known to one skilled in the art. In
addition, it is contemplated that a compound of structure (I) may be synthesized
by a microorganism using an enzymatic pathway that is either native to the
microorganism or genetically engineered in the microorganism. Any of these
sources of compound of structure (I) may be used in the present composition.

The composition may be in any form suitable for introduction to a
subsurface or surface location containing oil-coated surfaces. Typically the
composition is a water-based fluid prepared using a source of water such as
injection water. The concentration of the compound of structure (I) in the
aqueous composition is determined by the oil release activity of the specific
compound in use. For example N-lauroyl-L-phenylglycine is effective at 1 mM
and may be used in this concentration, while NLA is used in 10 mM
concentration. One of skill in the art can readily determine the effective
concentration for the specific compound of use.

The composition may contain additional components such as other
components that aid oil recovery.

Qil-Coated Surfaces

The present method provides for releasing oil from oil-coated surfaces.
Oil-coated surfaces may be any hard surface (including one or more particle) that
is coated or contaminated with hydrocarbons of oil, with at least 10% areal
coverage by said hydrocarbons. The hydrocarbons may be adhered to said
surfaces. Hydrocarbon-coated surfaces may be in subsurface formations, for

example in oil reservoirs, and may include rock, soil, sand, clays, shale, and
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mixtures thereof. In addition, hydrocarbon-coated surfaces may include materials
that are not subsurface including rock, clay, soil, sediments, sand, sludge, harbor
dredge spoils, sediments, refinery wastes, and mixtures thereof. In addition,
hydrocarbon-coated surfaces may include pipelines, oil tanks, and tankers, oil
handling equipment and other machinery that may be contaminated with
hydrocarhons.

Treating Surface and Subsurface Formations

In the present methods, oil-coated surfaces in a surface or subsurface
formation are contacted with a composition comprising at least one compound of
structure (l). Typically the subsurface formation will be contained within an oil
reservoir at an oil well site, often comprising an injection well and a production
well.

Oil-coated surfaces may be contacted using any introduction method
known to one skilled in the art. To contact oil-coated surfaces in an oil reservoir,
typically a fluid of the present composition is injected or pumped into a well.
Injection and pumping methods are common and well known in the art, and any
suitable method may be used (see for example Nontechnical quide to petroleum
geology. exploration, drilling, and production, 2" edition. N. J. Hyne, PennWell
Corp. Tulsa, OK, USA, Freethey, GW., Naftz, D.L., Rowland, R.C., & Davis, J.A.
(2002); and Deep aquifer remediation tools: Theory, design, and performance
modeling, In: D.L. Naftz, S.J. Morrison, J.A. Davis, & C.C. Fuller (Eds.) (2002);
and Handbook of groundwater remediation using permeable reactive barriers, D.
Naftz, S. Morrison, C. Fuller, & J. Davis (Eds.) pp. 133-161, Amsterdam:
Academic Press (2002)).

Injection may be through one or more injection wells, which are in
communication underground with one or more production wells from which oil is
recovered. The injected composition will flow into an area cdmprising oil-coated
surfaces and fluid containing released oil is recovered at the production well.
Alternatively, the present composition may be pumped down a producer well and
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into the formation containing oil-coated surfaces, followed by back flow of fluid
containing released oil out of the producer well (huff and puff).

Contact of oil-coated surfaces in a surface formation may be by pumping
the present composition onto an environmental site, and then collecting the fluid

containing released oil.

Enhanced Oil Recovery

Improved oil recovery from an oil reservoir may include secondary or
tertiary oil recovery of hydrocarbons from subsurface formations. Specifically,
hydrocarbons are recovered that are not readily recovered from a production well
by water flooding or other traditional secondary oil recovery techniques. Primary
oil recovery methods, which use only the natural forces present in an oil
reservoir, typically obtain only a minor portion of the original oil in the oil-bearing
strata of an oil reservoir. Secondary oil recovery methods such as water flooding
may be improved using the present method by promoting oil release from oil-
coated surfaces by contact with a composition including at least one compound
of structure (1). The oil released from oil-coated surfaces may be recovered in
production water as is the oil from primary and secondary recovery processes.
This oil may be further processed by standard petroleum processing methods for
commercial use.

In addition the present method may be used to improve oil recovery from
surface environmental sites or equipment with hydrocarbon contamination. Qil
that is not recoverable by standard methods may be released from hydrocarbon-
coated surfaces for remediation of environmental sites or equipment using the
present method. The released oll is recovered and may be recycled or prepared

for waste disposal.

EXAMPLES
The present invention is further defined in the following Examples. It
should be understood that these Examples, while indicating preferred

embodiments of the invention, are given by way of illustration only. From the
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above discussion and these Examples, one skilled in the art may ascertain the
essential characteristics of this invention, and without departing from the spirit
and scope thereof, may make various changes and modifications of the invention
to adapt it to various usages and conditions.

Additional abbreviations used in the Examples

The meaning of abbreviations is as follows: “hr” means hour(s); “mL"
means millilitre(s); “°C” means degrees Celsius; “mg” means milligram(s); “mm”
means millimeter(s); “g” means gram(s); “GC" means gas chromatography; “g of
oil/g of total fluid” means gram of oil per gram of total fluid; “ppm” means parts
per million; “mM” means millimolar; “%”" means percent; “min” means minute(s);
‘mL/min means milliliter per minute; “ug/L” means microgram per liter; “nM”
means nanomolar; “uM" means micromolar, "EtzsN" means triethylamine, "Et;0"
means diethyl ether, "EtOAc" means ethyl acetate, "NLA" means N-lauroyl-L-
alanine, *SIB” means simulated injection brine, “MHz"* means megahertz, "5"
means parts per million, “t” means triplet, “H” means protons, “m" means
multiplet, “J” means coupling constant, “q” means quartet, “mN/m" means

milliNewton per meter, "OD" means outer diameter.

GENERAL METHODS
Unless otherwise stated, the amino acids and other reagents were

purchased from Sigma-Aldrich (St. Louis, MO). K;CO3; was purchased from EMD
Chemicals (Gibbstown, NJ). L-methionine, L-tyrosine, 2-methylalanine and 3-
aminobutanoic acid were purchased from Acros Organics (Morris Plains, NJ). L-
phenylglycine, L-tert-leucine, L-norvaline and L-2-aminobutyric acid were
purchased from Alfa Aesar (Ward Hill, MA). N-lauroyl-L-serine was purchased
from Wilshire Technologies (Princeton, NJ).
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Synthesis of N-lauroyl amino acids

General Method for Acylation:

A round bottom flask was charged with an amino acid (1.0 equiv.) and
KoCOs3 (430 mg/mmol) and dissolved in water. The solution was cooled to 0°C. A
solution of lauroyl chloride (1.0 equiv.) in acetone was added dropwise to the
cooled solution. After addition was complete, the reaction mixture was allowed to
warm up to room temperature over the course of 3 hours. Most of the acetone
was then removed under reduced pressure and the remaining solution was
acidified with concentrated HCI to pH = 1. The white precipitate that formed was
collected using vacuum filtration, washed with H>O 3x, and dried. If a precipitate
was not observed, then the acidified aqueous layer was extracted using EtOAc or
Et,0 (3x), the combined organic layers were washed with brine, and the sample
was dried over anhydrous Na>SOs. The solvent was removed under reduced

pressure to provide the crude product.

Purification Method 1:
The residue was purified by flash column chromatography (4:1 EtOAc/hex

— 10% MeOH/CHCI3; monitored by TLC using bromocresol green) to provide the
product.

Purification Method 2:
The crude product was recrystallized twice from hot toluene.

Synthesis of N-lauroyl amino acid sodium salts

The N-lauroyl amino acid (1.0 equiv.) was dissolved in ethanol. Sodium
hydroxide (1.0 equiv., dissolved in ethanol) was added to the solution. The
reaction mixture was allowed to stir at least 30 minutes. The ethanol was
removed under reduced pressure and the product was washed with hexane (3x)

to remove any residual traces of ethanol.
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N-lauroyl-L-alanine (NLA) sodium salt: The acid was prepared as described in
General Method for Acylation with L-alanine as the amino acid, and the resulting
product was a white solid (5.17 g, 85%). The sodium salt was prepared as
described above and yielded 5.17 g (78% over 2 steps). 'H NMR (400 MHz,
D,0) § 0.97 (t, J = 6.4 Hz, 3H), 1.35-1.44 (m, 19H), 1.69 (m, 2H), 2.35 (t, J=7.5
Hz, 2H), 2.24 (q, J = 7.2 & 14.4 Hz, 1H).

N-lauroyl-L-leucine sodium salt: The acid was prepared as described in
General Method for Acylation with L-leucine as the amino acid, and the resulting
product was a white solid (3.82 g, 80%). The sodium salt was prepared as
described above and yielded 3.74 g (73% over 2 steps). "H NMR (400 MHz,
D,0) 8 0.86 (t, J = 7.3 Hz, 3H), 0.92 (d, J = 5.8 Hz, 3H), 0.95 (d, J = 5.8 Hz, 3H),
1.28 (br s, 16H), 1.65 (m, S5H), 2.30 (m, 2H), 4.23 (m, 1H).

N-lauroyl-L-valine (NLV) sodium salt: The acid was prepared as described in
General Method for Acylation with L-valine as the amino acid, and the resulting
product was a white solid (4.56 g, 89%). The sodium salt was prepared as
described above and yielded 4.9 g (77% over 2 steps). 'H NMR (400 MHz, D,0)
8 0.85-0.90 (m, 6H), 0.94 (d, J = 6.8 Hz, 3H), 1.28 (br s, 16H), 1.63 (m, 2H), 2.19
(m, 1H), 2.26-2.40 (m, 2H), 4.16 (d, J = 5.1 Hz, 1H).

N-lauroyl-L-phenylalanine (NLP) sodium salt: The acid was prepared as
described in General Method for Acylation with L-phenylalanine as the amino
acid, and the resulting product was a white solid (3.76 g, 90%). The sodium salt
was prepared as described above and yielded 4.0 g (83% over 2 steps). 'H NMR
(400 MHz, D,0) § 0.82-1.51 (m, 21H), 2.04 (t, J = 6.3 Hz, 2H), 2.81 (dd, J = 9.5
&13.7 Hz, 1H), 3.19 (dd, J = 3.2 & 14.7 Hz, 1H), 4.45 (dd, J = 4.1 & 9.8 Hz, 1H),
7.01 (t, J=7.7 Hz, 1H), 7.10-7.17 (m, 4H).

N-lauroyl-N-methyl-L-alanine sodium salt: N-methyl-L-alanine (1.0g, 9.7

mmol) was charged into a 250 mL round bottom flask under N2 and dissolved in
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anhydrous DMF (20 mL), followed by addition of EtsN (1.48 mL, 10.7 mmol). The
reaction was cooled to 0 °C and lauroyl chloride (2.2 mL, 9.7 mmol) was added
dropwise via syringe. The reaction was allowed to come to room temperature
and stirred for S hours. Upon completion, the reaction was quenched by addition
of H,0 (30 mL) and the pH was adjusted with concentrated HCI until pH = 3. The
aqueous layer was extracted with Et,0 (5x). The combined organic layers were
washed with brine, dried over anhydrous Na,;S0O4, and concentrated under
reduced pressure. The residue was purified by flash column chromatography (7:3
EtOAc/hex —» 10% MeOH/CH,Cl,), followed by recrystallization from hexane to
provide the acid (0.25 g, 9%). The sodium salt was prepared as described above
and yielded 0.25 g (9% over 2 steps). 'H NMR (400 MHz, D>0; mixture of
rotamers) 6 0.97 (t, J = 6.0 Hz, 3H), 1.31-1.50 (m, 19H), 1.68 (br s, 2H), 2.39-
2.61 (m, 2H), 2.86 and 3.04 (2s, 3H), 4.51 and 4.99 (2q, J = 8.0 & 14.0 Hz, 1H).

N-lauroyl-L-serine sodium salt: N-lauroyl-L-serine was purchased from
Wilshire Technologies (Princeton, NJ). The sodium salt was prepared as
described above and yielded 0.47 g (93%). 'H NMR (400 MHz, D-0) 5 0.88 (br t,
J=6.6 Hz, 3H), 1.29 (brs, 16 H), 1.61 (m, 2H), 2.31 (t, J = 8.1 Hz, 2H), 3.77-
3.88 (m, 2H), 4.26 (t, J = 4.4 Hz, 1H).

N-lauroyl-DL-alanine sodium salt: The acid was prepared as described in
General Method for Acylation DL-alanine as the amino acid, and purified as
described in Purification Method 1 to provide the product as a white solid (4.08 g,
67%). The sodium salt was prepared as described above and yielded 4.41 g
(67% over 2 steps). 'H NMR (400 MHz, D-0) 6 0.88 (t, J = 6.8 Hz, 3H), 1.23-
1.36 (m, 18H), 1.62 (m, 2H), 2.27 (t, J= 8.0 Hz, 2H), 4.17 (g, J = 8.0 & 14.8 Hz,
1H).

N-lauroyl-D-alanine sodium salt: N-lauroyl-D-alanine was prepared using
General Method for Acylation with D-alanine as the amino acid, and Purification

Method 1 (white solid, 1.42 g, 54%). The salt was prepared as described (1.28
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g, 44% over 2 steps). 'H NMR (400 MHz, D>0) 6 0.95 (t, J = 6.9 Hz, 3H), 1.30-
1.44 (m, 19H), 1.68 (m, 2H), 2.30 (t, J=8.1 Hz, 2H), 4.23 (q, J = 6.3 & 14.4 Hz,
1H).

N-lauroyl-L-proline sodium salt: N-lauroyl-L-proline was prepared using
General Method for Acylation with L-proline as the amino acid, and Purification
Method 1 (white solid, 1.52 g, 59%). The salt was prepared as described (1.50
g, 52% over 2 steps). 'H NMR (400 MHz, D>0, mixture of rotamers) & 0.93-1.00
(m, 3H), 1.37 (br s, 16H), 1.67 (m, 2H), 1.91-2.50 (m, 6H), 3.53 (m, 1H), 3.62
and 3.79 (2m, 1H), 4.33 and 4.36 (2dd, J = 3.4 & 8.4 Hz, 1H).

N-lauroyl-L-tryptophan sodium salt: N-lauroyl-L-tryptophan was prepared
using General Method for Acylation with L-tryptophan as the amino acid, and
Purification Method 1 (off-white solid, 1.05 g, 56%). The salt was prepared as
described (1.11 g, 56% over 2 steps). 'H NMR (400 MHz, D,0) & 0.60-1.45 (m,
21H), 1.59 (m, 1H), 1.68 (m 1H), 3.00 (br s, 2H), 4.40 (t, J = 5.4 Hz, 1H), 6.80 (m,
2H), 6.88-6.96 (m, 2H), 7.25 (d, J = 6.9 Hz, 1H).

N-lauroyl-L-isoleucine sodium salt: N-lauroyl-L-isoleucine was prepared using
General Method for Acylation with L-isoleucline as the amino acid, and
Purification Method 1 (white solid, 1.40 g, 59%). The salt was prepared as
described above (white solid, 1.50 g, 59% over 2 steps). 'H NMR (400 MHz,
D20) 6 0.75-0.90 (m, 9H), 1.08 (m, 1H), 1.21 (brs, 16H), 1.38 (m, 1H) 1.47-1.65
(m, 2H),1.86 (m, 1H), 2.18-2.34 (m, 2H), 4.12 (d, J = 5.60 Hz, 1H).

N-lauroyl-L-methionine sodium salt: N-lauroyl-L-methionine was prepared
using General Method for Acylation with L-methionine as the amino acid, and
Purification Method 1 (white solid, 1.19 g, 54%). The salt was prepared as
described above (white solid, 0.65 g, 27% over 2 steps). 'H NMR (400 MHz,
D20) 6 0.81 (t, J = 7.1 Hz, 3H), 1.22 (br s, 16H), 1.56 (m, 2H), 1.90 (m, 1H),
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2.02-2.12 (m, 4H), 2.21-2.31 (m, 2H), 2.40-2.54 (m, 2H), 4.25 (dd, J = 4.0 & 9.0
Hz, 1H).

N-lauroyl-L-(4-dodecanoyloxy)-tyrosine sodium salt: N-lauroyl-L-(4-
dodecanoyloxy)-tyrosine was prepared using General Method for Acylation with
L-tyrosine as the amino acid, and Purification Method 1 (white solid, 0.44 g,
15%). The salt was prepared as described (white solid, 0.23 g, 7.4% over 2
steps). 'H NMR (400 MHz, CD30D) 8 0.90 (t, J = 7.1 Hz, 6H), 1.29 (m, 28H),
1.47-1.55 (m, 2H), 1.56-1.63 (m, 2H), 2.13 (t, J = 7.6 Hz, 2H), 230 (t, J=7.4
Hz, 2H), 2.87 (dd, J =7.3 & 13.8 Hz, 1H), 3.10 (dd, J = 49 & 13.9 Hz, 1H), 4.47
(q,J=48&7.2Hz 1H), 6.64 (d, J = 8.5 Hz, 2H), 6.91 (d, J = 8.65 Hz, 2H).

N-lauroyl-2-methylalanine sodium salt: N-lauroyl-2-methylalanine was
prepared using General Method for Acylation with 2-methylalanine as the amino
acid, and Purification Method 2 (white solid, 0.77 g, 28%). The salt was prepared
as described (white solid, 0.75 g, 28% over 2 steps). 'H NMR (400 MHz,
CD30D) 6 0.98 (t, J = 7.2 Hz, 3H), 1.25-1.40 (m, 16H), 1.53 (s, 6H), 1.62 (m,
2H), 219 (t, J = 7.7 Hz, 2H).

N-lauroyl-DL-3-aminobutanoate sodium salt: N-lauroyl-DL-3-aminobutanoate
was prepared using General Method for Acylation with 3-aminobutanoic acid as
the amino acid, and Purification Method 2 (white solid, 1.81 g, 65%). The salt
was prepared as described (white solid, 1.94 g, 65% over 2 steps). 'H NMR (400
MHz, D20) 6 0.87 (t, J = 6.9 Hz, 3H), 1.17 (d, J = 6.5 Hz, 3H), 1.24 (br s, 16H),
1.89 (m, 2H), 2.20 (t, J = 7.5 Hz, 2H), 2.28 (dd, J = 8.4 & 14.1 Hz, 1H), 2.47 (dd,
J=5.9 & 14.1 Hz, 1H), 4.16 (m, 1H).

N-lauroyl-L-norvaline sodium salt: N-lauroyl-L-norvaline was prepared using
General Method for Acylation with L-norvaline used as the amino acid, and
Purification Method 2 (white solid, 2.08 g, 81%). The salt was prepared as
described above (2.22 g, 81% over 2 steps). 'H NMR (400 MHz, D,0) & 0.87 (t,
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J = 6.8 Hz, 3H), 0.92 (t, J = 7.3 Hz, 3H), 1.21-1.44 (m, 18H), 1.52-1.71 (m, 3H),
1.78 (m, 1H), 2.23-2.37 (m, 2H), 4.19 (dd, J = 4.2 & 9.2 Hz, 1H).

N-lauroyl-L-tert-leucine sodium salt: N-lauroyl-L-tert-leucine was prepared
using General Method for Acylation with L-tert-leucine used as the amino acid,
and Purification Method 1 (white solid, 1.39 g, 63%). The salt was prepared as
described above (1.47 g, 63% over 2 steps). 'H NMR (400 MHz, CD3;0D) 6 0.92
(t, J=7.0 Hz, 3H), 1.02 (s, 9H), 1.24-1.43 (m, 16H), 1.58-1.72 (m, 2H), 2.20-
2.35 (m, 2H) 4.23 (s, 1H).

N-lauroyl-L-phenylglycine sodium salt: N-lauroyl-L-phenyliglycine was
prepared using General Method for Acylation with L-phenylglycine used as the
amino acid, and Purification Method 1 (white solid, 1.09 g, 50%). The salt was
prepared as described above (1.13 g, 50% over 2 steps). 'H NMR (400 MHz,
D;0) & 0.67 (t, J= 7.1 Hz, 3H), 0.97-1.18 (m, 16H), 1.32-1.45 (m, 2H), 2.03-
2.21 (m, 2H), 5.11-5.14 (m, 1H), 7.12-7.19 (m, 1H), 7.22 (t, J = 7.9 Hz, 2H),
7.27 (d, J = 7.5 Hz, 2H).

N-lauroyl-L-2-aminobutyrate sodium salt: N-lauroyl-L-2-aminobutyric acid
was prepared using General Method for Acylation with -2-aminobutyric acid used
as the amino acid, and Purification Method 2 (0.45 g, 16%). The salt was
prepared as described above (0.46 g, 16% over 2 steps). 'H NMR (400 MHz,
D20) 8 0.96 (t, J=7.1 Hz, 3H), 1.00 (t, J = 7.6 Hz, 3H), 1.31-1.45 (m, 16H),
1.65-1.82 (m, 3H), 1.85-1.96 (m, 1H), 2.32-2.44 (m, 2H), 4.2 (dd, J =4.8 & 8.0
Hz, 1H).

N-lauroyl-4-methyl-L-leucine sodium salt: The acid was prepared as
described in General Method for Acylation with L-B-t-butylalanine as the amino
acid, and purified as described in Purification Method 1 to provide the product as
a white solid (1.07 g, 47%). The sodium salt was prepared as described above
and yielded 1.15 g (47% over 2 steps). 'H NMR (400 MHz, D,0) § 0.87 (t, J = 7.1
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Hz, 3H), 0.97 (s, 9H), 1.26 (m, 16H), 1.50-1.70 (m, 3H), 1.78 (dd, J = 2.1 & 14.6
Hz, 1H), 2.20-2.36 (m, 2H), 4.24 (dd, J = 2.2 & 10.0 Hz, 1H).

N-lauroyl-DL-3,3-diphenylalanine sodium salt: The acid was prepared as
described in General Method for Acylation with DL-B-B-diphenylalanine as the
amino acid, and purified as described in Purification Method 2 to provide the
product as a white solid (0.66 g, 38%). The sodium salt was prepared as
described above and yielded 0.42 g (23% over 2 steps). 'H NMR (400 MHz,
D20) 6 0.81 (m, 2H), 0.89-1.08 (m, 7H), 1.09-1.39 (m, 12H), 1.97-2.13 (m, 2H),
4.54 (d, J =8.9 Hz, 1H), 5.20 (d, J = 8.9 Hz, 1H), 7.00 (t, J = 7.3 Hz, 1H), 7.10 (t,
J=8.0Hz 2H), 715 (t, J=7.01, 1H), 7.23 (t, J = 7.68 Hz, 2H), 7.27 (d, J = 7.68
Hz, 2H), 7.36 (d, J = 7.68 Hz, 2H).

N-lauroyl-DL-3-aminoisobutyrate sodium salt: The acid was prepared as
described in General Method for Acylation with 3-aminoisobutyric acid as the
amino acid, and purified as described in Purification Method 2 to provide the
product as a white solid (2.33 g, 84%). The sodium salt was prepared as
described above and yielded 1.67 g (56% over 2 steps). 'H NMR (400 MHz,
D20) 5 0.87 (t, J = 7.0 Hz, 3H), 1.09 (d, J = 7.1 Hz, 3H), 1.22-1.33 (m, 16H), 1.59
(m, 2H), 2.23 (t, J = 7.9 Hz, 2H), 2.45-2.55 (m, 1H) 3.20 (dd, J = 7.9 & 13.4 Hz,
1H), 3.34 (dd, J=6.4 & 13.4 Hz, 1H).

Analytical methods

Measuring the potential for compounds to release oil from sand particles:

In order to screen test compounds for the ability to release oil from
nonporous silica medium, a microtiter plate assay was developed. The assay,
referred to as the LOOS test (Less QOil On Sand), measures the ability of a test
compound to release oil from oil-saturated sand by measuring sand released
from an oil/sand mixture. Autoclaved sand obtained from the Schrader Bluff
formation at the Milne Point Unit of the Alaskan North Slope was dried under
vacuum at 160 °C for 48 hr. Twenty grams of the dried sand was then mixed with
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S mL of autoclaved, degassed crude oil obtained from an oil reservoir from either
the Milne Point Unit of the Alaskan North Slope or from the Wainwright field in
the province of Alberta, Canada. The oil-coated sand was then allowed to age
anaerobically at room temperature, in an anaerobic chamber (Coy Laboratories
Products, Inc., Grass Lake, MI; gas mixture: 5% hydrogen, 10% carbon dioxide
and 85% nitrogen), for at least a week. Microtiter plate assays were set up and
analyzed in an anaerobic chamber. Specifically, 2 mL of compound-containing
test sample was added into each well of a 12-well microtiter plate (Falcon
Multiwell 12 well plates, #353225, Becton Dickinson, Franklin Lakes, NJ).
Control wells contained 2 mL of sample medium alone. Approximately 40 mg of
oil-coated sand was then added to the center of each well. Samples were
monitored over time for release and accumulation of “free” sand that collected in
the bottom of the wells. Approximate diameter (in millimeters) of the accumulated
total sand released was measured for each sample. A score of 3 mm and above

indicates the compound's potential to release oil from the nonporous silica

medium.
EXAMPLE 1
MEASURING THE OIL RELEASING POTENTIAL OF N-LAUROYL AMINO ACID
DERIVATIVES

Oil releasing abilities of N-lauroly-L-alanine (NLA) and other lauroyl amino
acid derivatives, which were synthesized as described above in General
Methods, were compared. Compounds were diluted to 1 mM and 10 mM in SIB
(198 mM NaCl, 1 mM MgCl,, 1.8 mM CaCl,, 1.2 mM KCI, 16 mM NaHCO3, 0.05
mM SrCl,, 0.13 mM BaCl,, 0.14 mM LiCl) and assayed in LOOS tests as
described in General Methods. Controls were SIB alone. Salinity of SIB as
measured by refractometry was 1.3%.

Figures 1-4 show the results of the experiments. As shown in Figure 1, a
solution of 10 mM NLA was able to release oil from sand, with the diameter of
released sand reaching 8 mm after 2 days. Other lauroyl amino acid derivatives

released oil as well or better than NLA. With N-lauroyl-L-phenylalanine at 10 mM,
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the sand diameter was 9 mm in 2 days. N-lauroyl-L-valine also released oil at the
lower 1 mM concentration. There was no sand release (0 on a graph) for
controls.

In another experiment shown in Figure 2 NLA was active, with some
activity at 1 mM concentration. N-lauroyl-L-serine, N-lauroyl-2-methylalanine and
N-lauroyl-DL-alanine also had oil release activity at 10 mM concentration, with
some activity of N-lauroyl-2-methylalanine at 1 mM.

In another experiment shown in Figures 3A and B, the following additional
compounds were found to be effective for oil release: N-lauroyl-D-alanine, N-
lauroyl-DL-3-aminobutanoate, N-lauroyl-L-methionine, N-lauroyl-L-proline, N-
lauroyl-L-tryptophan, and N-lauroyl-L-(4-dodecanoyloxy)-tyrosine. Repeat assays
of NLA and N-lauroyl-2-methylalanine confirmed their activity.

In another experiment shown in Figure 4, the following additional
compounds were found to be effective for oil release: N-lauroyl-L-phenylglyycine,
N-lauroyl-L-tert-leucine, N-lauroyl-L-norvaline, and N-lauroyl-L-2-aminobutyrate.
All four of these compounds also released oil at the lower 1 mM concentration.
The activity of NLA was also repeated in this experiment.

In all assays where oil was released, no oil slick was visible on top of the
solution. The sand was released and the oil formed balls, indicating that the sand

became more water wet and less oil wet, without solubilization of the oil.

EXAMPLE 2
MEASURING THE OIL RELEASING ACTIVITIES OF N-LAUROYL AMINO
ACIDS IN HIGHER SALT CONCENTRATIONS

The oil releasing abilities of NLA and some of the lauroyl amino acid

derivatives were tested in the presence of high salts.

LOOS tests were performed as described in General Methods. NLA, N-
lauroyl-L-valine, and N-lauroyl-L-phenylalanine were diluted to 10 mM in SIB. An
additional salt was added to each of different test samples to bring the final
concentration to 924 mM for NaCl, 7.4 mM for MgCl,, or 10.9 mM for CaClz. A

sample labeled “none” had no extra salts added but contained the levels already
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present in the SIB. An “All Salts” sample had all three salts added to the
increased respective concentrations given above.

The results given in Figure 5 show that NLA and N-lauroyl-L-valine were
able to release oil in the higher salts concentrations of NaCl and MgCl, as well as

in the All Salts mixture, whereas N-lauroyl-L-phenylalanine did not.

EXAMPLE 3
MEASURING OIL RELEASE FROM SANDPACKS

Gravimetric assay for measuring oil release in a sandpack column

The potential application of NLA for enhanced oil recovery was evaluated
using a gravimetric sandpack technigue. This was done with an in-house
developed Teflon® shrink-wrapped sandpack apparatus. Using a 0.5 inches
(1.27 cm) OD and 7 inches (17.78 cm) long Teflon heat shrink tube (McMaster-
Carr, Dayton NJ), an aluminum inlet fitting with Viton® O-ring was attached to
one end of the tube by heat with a heat gun. Sterile sand from Milne Point,
Alaska was added to the column which was vibrated with an engraver to pack
down the sand and release trapped air. A second aluminum inlet fitting with
Viton® O-ring was attached to the other end of the tube and sealed with heat a
gun. This sandpack was then put in an oven at 275 °C for 7 min to evenly heat
and shrink the wrap. The sandpack was removed and allowed to cool to room
temperature. A second Teflon® heat shrink tube was installed over the original
sandpack and heated in the oven as described above. After the double-layer
sandpack had cooled, a hose clamp was attached on the pack on the outer wrap
over the O-ring and then tightened.

The sandpack was vertically mounted and secured onto a balance.
Weight of the sandpack was continuously logged over time. The sandpack was
flooded with four pore volumes (60 mL each) of filter sterilized injection water
from the Wainwright oil field (Alberta, Canada) at 10 mL/hr via a syringe pump
and a 60 mL (Becton Dickinson, Franklin Lakes, NJ) sterile plastic polypropylene
syringe. The sandpack was then flooded with two pore volumes of anaerobic

autoclaved crude oil from the Wainwright oil field (Alberta, Canada) at 10 mL/hr

28



10

15

20

235

30

WO 2012/071291 PCT/US2011/061575

to achieve irreducible water saturation. The crude oil was then aged on the sand
for three weeks at room temperature. In order to determine a control de-oiling
curve, approximately one pore volume (about 60ml volume of fluid for each pore
volume) of filter sterilized injection water was pumped onto the pack at 10 mU/hr,
followed by a 5 day shut in period, then a second pore volume was loaded. The
weight change of the saturated sand pack during this water flooding was
monitored and is shown in Figure 6 as the control flood. The column was then re-
oiled with one pore volume of crude oil before loading with approximately one
pore volume of 10 mM NLA in SIB at 10 mL/hr. The sandpack was then shut-in
for five days. After the shut-in, the column was flooded with one pore volume of
anaerobic sterile injection water at 10 mL/hr. Weight change was monitored
during NLA solution loading and flooding after shut-in. As graphed in Figure 6,
the NLA sample showed a difference in weight, as compared to the control, after
loading of about 1.8 pore volumes of approximately 0.5 g. Change in oil
saturation is a function of change in the weight of the sandpack; the greater the
weight, the less residual oil is present in the sand pack:
(change in weight of sandpack/pore volume)/(density of oil-density of water)
Thus a change in weight of 0.5 g (pore volume = 60 mL, density of water =
1.0 g/cm?®, density of oil = 0.93 g/cm®) translates to a reduction in residual oil
saturation of approximately 10% indicating that the presence of NLA resulted in

release of additional oil.

EXAMPLE 4
MEASUREMENTS OF INTERFACIAL TENSION OF NLA
Interfacial tension (IFT) between hexadecane and SIB containing NLA, or

SIB alone, was measured by the inverted pendant drop method using a Model
500 goniometer with DROPimage Advanced software (Rame-Hart Instrument
Co., Netcong, NJ) following the supplier's protocol. NLA was diluted to 0.1% (3.4
mM) and 0.01% (0.34 mM) in SIB. Hexadecane was used as the organic drop
phase. |IFT was measured every 5 minutes for 15 minutes.
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Figure 7 shows the IFT measured after 15 minutes for the two dilutions of
NLA and the SIB alone. At the 0.1% concentration, the IFT decreased less than
5 fold as compared to the SIB media alone indicating that NLA has only a
minimal effect on decreasing the interfacial tension between agqueous and

hydrocarbon phases.

EXAMPLE 5
MEASUREMENTS OF SURFACE TENSION OF N-LAUROYL AMINO ACIDS

Surface tensions between a platinum plate and solutions of NLA, N-lauroy!

-L-leucine, N-lauroyl-L-valine and N-lauroyl-L-phenylalanine were measured by
the Wilhelmy plate method using a Kruss K11 tensiometer with a PL21 Pt-plate
(Kruss, Hamburg, Germany) following the supplier's protocol. Samples were
diluted into SIB to 0.01 mM, 0.1 mM, 1.0 mM, 10.0 mM, and 100.0 mM
concentrations for the measurements.

The results are shown in Figure 8. Surface tensions decreased to
approximately 30 mN/m for all four compounds tested, with NLA dropping at the
slowest rate and N-lauroyl-L-phenylalanine at the fastest rate. These results
showed that the CMC of these compounds is in the range of about 0.1 to 10 mM,
with the CMC for N-lauroyl-L-phenylalanine being slightly lower than for NLA.

EXAMPLE 6
MEASURING THE OIL RELEASING POTENTIAL OF ADDITIONAL N-
LAUROYL AMINO ACID DERIVATIVES

Oil releasing abilities of additional lauroyl amino acid derivatives, which

were synthesized as described above in General Methods, were compared as
described in Example 1.

The following additional compounds were found to be effective for oil
release at the 10 mM concentration: N-lauroyl-4-methyl-L-leucine and N-lauroyl-
DL-3,3-diphenylalanine, as shown in Figure 9.
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