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Abstract

The present invention provides an amphiphilic macromolecule and the use
thereof. The amphiphilic macromolecules have repeating structural units: structural
units to adjust molecular weight and molecular weight distribution and charging
property effects, high stereo-hindrance structural units, and amphiphilic structural
units, and are suitable for fields such as oil field well drilling, well cementation,
fracturing, oil gathering and transfer, sewage treatment, sludge treatment and
papermaking, etc., and can be used as an oil-displacing agent for enhanced oil
production, a heavy oil viscosity reducer, a fracturing fluid, a clay stabilizing agent, a
sewage treatment agent, a papermaking retention and drainage aid or a reinforcing

agent, etc.
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Amphiphilic macromolecule and use thereof

Technical Field

This invention relates to an amphiphilic macromolecule and uses thereof, and
this amphiphilic macromolecule is applicable to oilfield drilling, well cementing,
fracturing, crude oil gathering and transporting, sewage treating, sludge treating and
papermaking, and it can be used as intensified oil producing agent and oil displacing
agent, heavy oil viscosity reducer, fracturing fluid, clay stabilizer, sewage treating

agent, retention aid and drainage aid and strengthening agent for papermaking.

Background of the Invention

Chemical flooding is one of the most effective and potential chemical technology
for Enhanced Oil Recovery, which is especially represented by polymer flooding.
However, there arise some problems for conventional polymers along with the deep
implementation of polymer flooding technology. Under reservoir conditions of high
temperature and high salinity, the viscosifying capacity and thermal stability of the
widely used polymer, partially hydrolyzed polyacrylamide (HPAM), reduces rapidly;
in the meantime, HPAM does not have the surface/interfacial activity per se, and
could not start the oil film effectively, so that its ability to mine the remaining oil 1s

limited. The polymer-based binary-component composite system (polymer/surfactant)

and triple-component system (polymer/surfactant/alkali) may enhance the stability of
the emulsified produced fluid, resulting in increased difficulty in oil/water separation
and sewage treatment, as well as the weakening of synergistic effect among the

components of the system under reservoir conditions, and also it may damage the

reservoir. The application of the composite system is thus restricted.

It has become a difficulty and key for many large oilfield development to keep

the viscosifying capacity and viscosity stability of the polymer solution, so as to

achieve the strategic target of stabilization of oil production and water cut control.

Heavy oil is a collective name for unconventional oil, including heavy oil, high

viscosity oil, oil sand, natural asphalt and etc., and they are also referred to as heavy
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oil, ultra-heavy oil, asphalt and etc. Among the approximate 10 trillion barrels of
remaining oil resources around the world, more than 70% of which i1s heavy oll
resource. Chinese onshore heavy oil and bitumen resources account for. about more
than 20% of their total oil resources. According to an incomplete statistics, the proved
and controlled heavy oil reserves in China reach 1600 million tons. Nowadays heavy
oil resource has become one of the important strategic replacement resources in China;
however, the exploitation of heavy oil is rather difficult. Chemical emulsification and
viscosity reduction method has become an important exploitation technology.
Polymeric emulsification viscosity reducer usually refers to the polymeric
surfactant with a relative molecular weight more than several thousands and
significant surface activity; according to the ion types, it can be divided into four
categories: anionic, cationic, zwitterionic and non-ionic polymeric surfactant.
Polymeric surfactant usually has limited capacity to reduce surface tension and
oil-water interfacial tension, but has excellent emulsification and dispersion capability
for heavy oil, with advantages of small usage amount, high viscosity reduction rate,
lower cost and simple implementation process. In recent years, this research

especially attracts more and more attention in this field.

Brief Description of the Invention

In the following context of this invention, unless otherwise defined, the same

variable group, and molecular and structural formula have the same definitions.
The instant invention relates to an amphiphilic macromolecule, this amphiphilic
macromolecule has repeating units as described below: a structural unit A for

adjusting molecular weight, molecular weight distribution and charge characteristics,

a highly sterically hindered structural unit B and an amphiphilic structural unit C.

In an embodiment, the structural unit A for adjusting molecular weight,
molecular weight distribution and charge characteristics comprises (meth)acrylamide
monomer unit A; and/or (meth)acrylic monomer unit A,. Preferably, the structural
unit A includes (meth)acrylamide monomer unit A; and / or (meth)acrylic monomer
unit A, simultaneously. In the art, the molecular weight of the amphiphilic

2
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macromolecule may be selected as needed, preferably, this molecular weight may be

selected between 1000000-20000000.

Preterably, the (meth)acrylamide monomer unit A; has a structure of formula (1):

Rj
fon
—=0

|

N

R{ \R"’

tormula (1)

In formula (1), R, is H or a methyl group; R> and Rj are independently selected
from the group consisting of H and a C;-C; alkyl group; R, and R; are preferably H.
Preterably, the (meth)acrylic monomer unit A, is (meth)acrylic acid and/or

(meth)acrylate. Preferably the (meth)acrylate is sodium methacrylate.

Preferably, the molar percentage of (meth)acrylamide monomer unit A, in the

whole amphiphilic polymer repeat units is 70-99mol%; preferably 70-90mol%., more
preferably 70-80mol%.

Preferably, the molar percentage of (meth)acrylic monomer unit A, in the whole

amphiphilic polymer repeat units is [-30mol%; preferably 1-28mol%, more

preferably 20-28mol%.

In another embodiment, the structural unit A for the regulation of molecular

weight, molecular weight distribution and charge characteristics has a structure of

formula (2):

. .
‘€CH2“'! \)ﬁCHZ‘(’E -
—0 C=0
| |
/ \ Gr
R, 3
Formula (2)



CA 02842704 2014-01-22

International Application Number: PCT/CN2011/001579

i

wherein, R;is H or a methyl group; R; and R; are independently selected from
the group consisting of H and a C;-C; alkyl group; R, and Rj3 are preferably H; R4 1s
selected from H or a methyl group; Gr is -OH or -O'Na"; m and n represent the molar
percentage of the structural units among the entire amphiphilic macromolecule
repeating unit, and m is 70-99mol%, preferably 70-90mol%, more preterably 70-80
mol%; n is 1-30mol%, preferably 2-28mol%, more preferably 20-28mol%.

In another embodiment, in formula (2), R;-Rs is preferably H, Gr is preferably
-O'Na'".

In another embodiment, the highly sterically hindered structural unit B contains
at least a structure G wherein the structure G is a cyclic hydrocarbon structure formed
on the basis of two adjacent carbon atoms in the main chain, or is selected from a
structure of formula (3), and the highly sterically hindered structural unit B optionally

contains a structure of formula (4):

R, T7
—CH,~C——
+CH2ml 2

I /

0=C |
X
R, Rg
formula (3) formula (4)

In formula (3), Rs is H or a methyl group; preferably H; Rs is a radical selected

from the group consisting of the structures of formulas (5) and (6).

CH,—O(CH,).CH,

CH,—O CH/
/ N CH, — O(CH,),COOCH,CHjs
o CH,—O(CH,),CH, /
\ AT OERE ~— NH—C—CH,— O(CH,),COOCH,CH;
CHz*O—CH\
CH,—O(CHy) CHy CH, — O(CH,),COOCH,CH,
formula (5) , and formula (6)

In formula (5), a is an integer from 1 to 11; preferably 1-7;

In formula (4), R; is H; Rg is selected from H, -SOs;H and salts thereoft,
"(CH2)2CH3C], -CH2N+(CH3)2(CH2)§CH3C1- or -CH2N+(CH3)2(CH2)2N+(CH3)2(CH2)G
CH;2CTl; £ and o are respectively integers from 1 to 15, preferably 1-11.
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Preferably, the highly sterically hindered structural unit B comprises a structure
G and a structure of formula (4).

In another embodiment, the cyclic hydrocarbon structure formed on the basis of
two adjacent carbon atoms in the main chain is selected from the group consisting of:

sy

H,C  CH,
H

CH, \ /

H,C
H,C. CH, \CH T

H, NHCOCH;, and :

?

T

Preferably, the molar percentage of structure G of the highly sterically hindered
structural unit B in the entire amphiphilic macromolecule repeating units is
0.02-2mol%; preferably 0.02-1.0mol%, more preferably 0.05-0.5 mol%.

Preferably, the molar percentage of the structure of formula (4) of the highly
sterically hindered structural unit B in the whole amphiphilic polymer repeat units 1s
0.05-5mol%; preferably 0.1-2.5mol%, more preferably 0.15-0.75mol%.

In another embodiment, the highly sterically hindered structural unit B has a

structure of formula (7):
R7
|

—tGHfcH,~Cc—,

y

Q)

g formula (7).

In formula (7), the definition on G is as described above, preferably the structure

CH—CH— TH_TB—"

— CH—CH—
(‘IH ‘H Hzé (IJHZ W
H,C CH, \/

4 -
of formula (3), H, NHCOCH; or ; the definitions

b

on R; and Rg are as described in formula (4); x and y represent the molar percentages
of the structures in the entire amphiphilic macromolecule repeating units, and X i1s
0.02-2mol%, preferably 0.02-1.0mol%, more preferably 0.05-0.5mol%; y 1s
0.05-5mol%, preferably 0.1-2.5mol%, and more preferably 0.15-0.75mol%.
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In another embodiment, the amphiphilic structural unit C has a structure of

formula (8):
Ro
—C 2"!3‘}"
..
b
.y

formula (8)
In formula (8), Ry is H or a methyl group; R is -O- or -NH-; R;; is a radical

containing a straight-chain hydrocarbyl, a branched hydrocarbyl, a polyoxyethylene
(PEO) group, a polyoxypropylene (PPO) group, an EO and PO block, 2 mono-
quaternary ammonium salt, a multiple-quaternary ammonium salt or a sulfonic acid
and salts thereof.

Preterably, the molar percentage of the amphiphilic structural unit C in the entire
amphiphilic macromolecule repeating units is 0.05-10mol%; preferably 0.1-5.0mol%,

more preferably 0.2-1.7mol%.

In another embodiment, the structures consisted of Rj0 and Ry; can be selected

from -O(CH,)gN"(CH3),(CH)WCH: X, -NH(CH,)iN"(CH3)»(CH2),CH; X,
-O(CH2)N"((CH,){CH;)pX, -O(CH2)qN"(CH3),(CH,),CH(SO;H)
CH,(EO)p(PO),(CH,)sCH;X, -NH(CH:)N"(CH3)2(CH,),CH(SO;H)
CH2(EO)(PO),(CH,)sCH; X, -O(CH2){N"(CH3),(CH,),CH(COOH)
CH,(EO)p(PO),(CH,);CH3 X, -NH(CH,)qN"(CH3),(CH,),CH(COOH)
CH2(EO)p(PO),(CH,);CH; X, -O(CH,),N"(CH3)»(CH,).SO;-,

-(OCH(CH2N"(CH3)2(CH;).CH;CI')CH,),O(CH,)¢CHs,
-(OCH(CH N ((CH2),CH3);CICH,),0(CH,),CHs,
-OCH(CH,N"(CH3)2(CH,),CH3X)),, -OCH(CHoN((CH2){CH3)3X)), ;

wherein, g, i, k and q are respectively integers of 1-6, preferably 2-4; h and j are
respectively integers of 3-21, preferably 3-17; p is an integer of 3-9, preferably 3-5; a
1S an integer of 1-12, preferably1-8; B and Y are respectively integers of 0-40, B is
preferably 0-25, y is preferably 0-15; § is an integer of 0-21, preferably 0-17: ¢ is an
integer of 4-18, preferably 4-12; { is an integer of 1-21, preferably 1-15; n and 1 are

6
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respectively integers of 1-30, preferably 1-20; 6 and x are respectively integers of
3-21, preferably 3-17; A 1s an integer of 0-9, preferably 0-5; r 1s an integer of 3-21,
preferably 3-17; s is an integer of 3-9, preferably 3-5; and X 1s CI or Br.

In another embodiment, the amphiphilic macromolecule has a structure of

formula (9):
o boE o h
—é—(cnz—CH);(-CHZ—T)n—ﬁ(—G-}}Z\LCHz—C y CH2~(I: Z
BRI R
' 2 agn .:E 10 !
§ : \\RE; |
; " S R;; &
; A ; B & C
Formula (9)

In formula (9), the definitions on R4, m and n are as described in formula (2); the
definitions on R, Rg, G x and y are as described in formula (7); the definitions on Ro,
R;o and Ry are as described in formula (8); z represents the molar percentage of this
structural unit in the entire amphiphilic polymer repeat unit, and z 1s 0.05-10 mol%,
preferably 0.1-5.0mol%, more preterably 0.2-1.7mol%.

Specifically, this present invention provides a high molecular compound having

a structure of formulas (I)-(X):

SO4H

4
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One aspect of the invention relates to an amphiphilic macromolecule
comprising, as repeating units, a structural unit A for adjusting molecular weight, molecular
weight distribution and charge characteristics, a highly sterically hindered structural unit B
and an amphiphilic structural unit C, wherein the highly sterically hindered structural unit B

O comprises a structure G and a structure of formula (4), wherein the structure G is a cyclic

hydrocarbon structure formed on the basis of two adjacent carbon atoms in the main chain, or

1s selected from a structure of formula (3):

Rs ";‘7
CH,™—
"{‘CH,"“Cl — 2 —-
| -
0==C |
| o\
R, Rg
formula (3) formula (4)

wherein in formula (3), Rs is H or a methyl group; Rg is a radical selected from

10 the group consisting of the structures of formula (5) and formula (6):

CH,—O(CH,),CH,

v
A CH,—O(CH,),CH, /
\ TR, —NH~—C—CH,— O(CH,),COOCH,CH,
cnz--o——CH\ \ .
CH,—O(CH,),CH, CH, — O(CH,),COOCH,CH,
formula (3) formula (6)

in formula (5), a 1s an integer from 1 to 11,

in formula (4), Ry 1s H; Rg is selected from the group consisting of H, -SOs;H
and salts thereof, , ~(CH;),CH,Cl, -CH,N"(CH;)2(CH,):CH;CI" and -CH,N"(CH;),
15 (CH,)N"(CH3)2(CH,),CH; >Cl'; € and o are respectively integers from 1 to 15.

The molecular weight of the amphiphilic macromolecule described above 1s

10a
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between 1,000,000 and 20,000,000; preferably between 3,000,000 and 14,000,000.

The measurement of the molecular weight M is as follows: The intrinsic

viscosity [r] is measured by Ubbelohde viscometer as known in the art, then the

obtained intrinsic viscosity [77] value is used in the following equation to obtain the

desired molecular weight M:

1.25

M= 802|7|

The amphiphilic macromolecule according to this present invention can be

prepared by known methods in the art, for example, by polymerizing the structural

unit for adjusting molecular weight, molecular weight distribution and charge
characteristics, the highly sterically hindered structural unit and the amphiphilic
structural unit in the presence of an initiator. The polymerization process can be any
type well known in the art, such as, suspension polymerization, emulsion
polymerization, solution polymerization, precipitation polymerization, and etc.

A typical preparation method is as follows: the above monomers are each
dispersed or dissolved in an aqueous system under stirring, the monomer mixture 1s
polymerized by the aid of an initiator under nitrogen atmosphere to form the
amphiphilic macromolecule. The so far existing relevant technologies for preparing
an amphiphilic macromolecule can all be used to prepare the amphiphilic

macromolecule of this invention.
All the monomers for preparing the amphiphilic macromolecule can be
commercially available, or can be prepared on the basis of prior art technology

directly; and some monomers’ synthesis are described in details in specific examples.

Description of Figures

Figure 1 depicts the relationship of viscosity vs. concentration of the amphiphilic

macromolecules obtained from examples 1-5 of the invention in saline having a

degree of mineralization of 2x10* mg/L at a temperature of 80
Figure 2 depicts the relationship of viscosity vs. temperature of the amphiphilic
macromolecules obtained from the examples 1-5 of the invention in saline having a

11
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degree of mineralization of 3x10* mg/L at the concentration of 1750mg/L

Detailed Description of the Invention

The present invention is further illustrated below by combining specific

examples; however, this invention is not limited to the following examples.

Example 1

This example synthesized the amphiphilic macromolecule of formula (I):

40“2-1**9;#“2—7“3721‘7“T“%HZE;—E(CHFH

Z
H,C. CH, =0
\/ T

Hz

Lo

C—0 C——->2~0

NHZ O-Na+

SO;H

A

A (D)

The synthesis of the amphiphilic macromolecule of this example was as follows:

Firstly, water, accounting for 3/4 of the total weight of the reaction system, was
charged into a reactor, then various monomers, totally accounting for 1/4 of the total
weight of the reaction system, were charged into the reactor as well, and the molar
percentages m, n, X, Y, z for each repeating units were _78%, 20%, 0.25%, 0.5%, 1% 1n
succession. The mixture was stirred until complete dissolution, and a pH adjusting
agent was then added in to adjust the reaction solution to have a pH value of about 8,
then nitrogen gas was introduced in for 30 minutes to remove oxygen contained

therein. An initiator was added into the reactor under the protection of nitrogen gas,

and nitrogen gas was further continued for 10 minutes, then the reactor was sealed.

The reaction was conducted at a temperature of 22["; after 5 hours, the reaction was
ended with a complete conversion. After the drying of the obtained product, powdered
amphiphilic macromolecule was obtained. The molecular weight of the amphiphilic

macromolecule was 1360x10°.

12
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Example 2
This example synthesized the amphiphilic macromolecule of formula (II).
AGCHZ—TH%—(CHZ“(‘Ha_'_%TH CH%CHZ“CH%‘E{CHZ——TH-}— E
! y | Z :
—0 C==0 | H,C_ CH A c=—o0 |
T S VAL 5 R !
: CH , ,
N Ho O'Na* | ‘ ; O !
E NHCOCH; cH, ~L— i
| ® ' CHy i
i e N\Cl | ;gBr@ i
. N [
5 H,C CH3 / \CH :
; CH; | HaC -CL—{ P
: : : :
i U
A i B . C CHa i
. L ! (II)
O
NH
The synthesis route of the monomer was as follows:

HC  _Cl

0
Y P
NH, ——— —:-I NH
DCM, Et;N

The synthesis of the amphiphilic macromolecule of this example was as follows:

Firstly, water, accounting for 3/4 of the total weight of the reaction system, was
charged into a reactor, then various monomers, totally accounting for 1/4 of the total
weight of the reaction system, were charged into the reactor as well, and the molar
percentages m, n, X, y, z for each repeating units were 73%, 25%, 0.15%, 0.15%,
1.7% in succession. The mixture was stirred until complete dissolution, and a pH
adjusting agent was then added in to adjust the reaction solution to have a pH value of
about 8, then nitrogen gas was introduced in for 40 minutes to remove oxygen
contained therein. An initiator was added into the reactor under the protection of

nitrogen gas, and nitrogen gas was further continued for 10 minutes, then the reactor
was sealed. The reaction was conducted at a temperature of 257 ; after 5 hours, the

reaction was ended with a complete conversion. After the drying of the obtained

product, powdered amphiphilic macromolecule was obtained. The molecular weight

of the amphiphilic macromolecule was 1010x 10,
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Example 3

This example synthesized the amphiphilic macromolecule of formula (11I):

“(CHg“CH‘}—(CHz“CH%;-ECH“CH CHz—CH‘}":: (CHZ“'" H)‘
AR AT R O | o
==0 C=0 | Hzc\ FHa ; C==0
1 ; »
' , : CH : l |
NH2 O'Na* | I | CI) '
: : '
: NH ' |
" M H
] i R T e
. c=o o, 01 o0 ®0
! AN e 2\
: 3 !
: 2 ~ E
; (le i CH; CHy |
A E B ] : C :
S B ! (I1I)
Q
The synthesis route of the monomer was as follows;

Dl =0

T'he synthesis of the amphiphilic macromolecule of this example was as follows:

Firstly, water, accounting for 3/4 of the total weight of the reaction system, was
charged into a reactor, then various monomers, totally accounting for 1/4 of the total
weight of the reaction system, were charged into the reactor as well, and the molar
'percentages m, n, X, ¥, z for each repeating units were 715%, 24.5%, 0.15%, 0.15%,

0.2% in succession. The mixture was stirred until complete dissolution, and a pH

adjusting agent was then added in to adjust the reaction solution to have a pH value of
about 9, then nitrogen gas was introduced in for 30 minutes to remove oxygen
contained therein. An initiator was added into the reactor under the protection of
nitrogen gas, and nitrogen gas was further continued for 10 minutes, then the reactor
was sealed. The reaction was conducted at a temperature of 25C; after 6 hours, the
reaction was ended with a complete conversion. After the drying of the obtained

product, powdered amphiphilic macromolecule was obtained. The molecular weight

of the amphiphilic macromolecule was 660x10*.
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Example 4

This example synthesized the amphiphilic macromolecule of formula (IV):

i
5 |

| i

: .

NH- Na* | i
' 1 ]
1 ' f
: SO3;Na i i |
.! o CH, !
i H,C G CH ) 'e "
: H 2 i N\ :
' ] I : / CH3 !
i O i H3C :
5 ‘ T : CH, :
' - ke :
'H,C—C—CH, H,C—C—CH, ! _l_ !
:- ' }
A :
: Chy THZ (|3H2 clst 5 5
; : 5
E CH3 CH3 CH3 CH3 :' :
A ; B ; C 5

e e e e e e e e . ' (IV)
Ho H
H/C 0{ CQ"};CHa
0 0 C

Ho,C==C—=~C—0
H

\ M
C

The synthesis route of the monomer T was as follows:

IS5
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CH,OH

O
X v/\Ct KOH, Bu,N*- II'I;- 22 o 22 (I: 22 o 22 + Y7/\cl
o o\ / : \_/

H H
KOH, Bu,N"- m; OH HC c’ o—C"
DCM Hy | H;

O C \ /
CH.
H H
(CH;1S0, _ oo, Ho—ts 0_02_@
K,CO;, DMF o gz l gz :
H, Ho H, H.
\ / C O C ﬁ ~C O C \ /
H H, ; Hy
_C—OH Y /_,c O~—C —hCH,
HC—=0——C{__ HC——0——c g 4
H, c—OH  Br(CH,),CH, c—o-—~c’—hcH,
- Ha . - Ha q
H3CO"HC H3C0"HC
Pd/C, EtOH H, He My
? H/C _‘_OH H/C O \ C } CH3
H,C—0 c\ H,C——0O c\ H, q
G- OH C 0{ c }CHs
H, H, q
H, ; M Hy H,
C = O~—=C ~—CH
Hc——-o—g/c o C_)-QCHS = Hc—o—'c':'/ -(_ _):l 3
; N ( M2y i 7 IaN 2y
NaOH, EtOH / C——0+—C"—}Ch; ! [ / c—o{—c'—cn,
= HO-HC 2 q - HCoo e G O HC q
H, ¢ Mooy H H, 4 Ha
H,C—0 0L H, 9 R0 “~ Ha ‘iq
H2 q H2 q

The synthesis of the amphiphilic macromolecule of this example was as follows:

Firstly, water, accounting for 3/4 of the total weight of the reaction system, was
charged into a reactor, then various monomers, totally accounting for 1/4 of the total
weight of the reaction system, were charged into the reactor as well, and the molar
percentages m, n, X, y, z for each repeating units were 75%, 23%, 0.05%, 0.5%,
1.45% 1n succession. The mixture was stirred until complete dissolution, and a pH
adjusting agent was then added in to adjust the reaction solution to have a pH value of

about 9, then nitrogen gas was introduced in for 30 minutes to remove oxygen
contained therein. An initiator was added into the reactor under the protection of

nitrogen gas, and nitrogen gas was further continued for 10 minutes, then the reactor

was sealed. The reaction was conducted at a temperature of 250J; after 6 hours, the
reaction was ended with a complete conversion. After the drying of the obtained

product, powdered amphiphilic macromolecule was obtained. The molecular weight

of the amphiphilic macromolecule was 370x10".
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The synthesis route of the monomer

was as follows:

. : :
¢ , 1
: T I
I_—ECHQ- H% (CHQH H‘_ll ,CHQ""'_ H%
: X y z ‘
i C—=0 ; T—————o I
= | : |
| NH ! |
t i 4
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: HZC-- T CHZ r£® Cl :' CH2 l
! ~ ! :
' l CH HC” | “CHs | ™o, © :
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i
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: CH CH | H3C )
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: I z C@ \ Z :
: cH, 2 l N | “'_,_ i
! ‘ CH \ | i
i 2 H3C CH3 : CH :
' CH , ' } :
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E O T CH2 : ;
O . s
5 o e i
: I CH P : :
f CH, l 2 l ! |
: CH, j :
E CH; : i
! f f
: B : C |
U B SUNS BT
O
H? H2 ” H2
HC~—~O0——~C" —C " —C—0—C —CH,
QO O
” H- Hy, H, ” Hy
H,C==C—C—~N—C—C —0—C"~C ~—C—0—C —CH,
H \ o
H? HZ ” H2
HC —=~O0——C —C —C——0——C ——CH,4
CN EtOH, H,S0,
» H,N
—6(&* dioxane, KOH B 46 /\/ reflux >
COOCH;CH;, COOCHzCHs

/\/COOCHZCH3 //\/COOCH2CH3
DCM, Et;N /\”/

CI

COOCH20H3

COOCHZCH:,

The synthesis of the amphiphilic macromolecule of this example was as follows:

Firstly, water, accounting for 3/4 of the total weight of the reaction system, was

charged into a reactor, then various monomers, totally accounting for 1/4 of the total

weight of the reaction system, were charged into the reactor as well, and the molar

percentages m, n, X, y, z for each repeating units were 78%, 21%, 0.1%, 0.1%, 0.8%

in succession. The mixture was stirred until complete dissolution, and a pH adjusting

agent was then added in to adjust the reaction solution to have a pH value of about 8,
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then nitrogen gas was introduced in for 30 minutes to remove oxygen contained
therein. An initiator was added into the reactor under the protection of nitrogen gas,

and nitrogen gas was further continued for 10 minutes, then the reactor was sealed.

The reaction was conducted at a temperature of 250; after 6 hours, the reaction was

ended with a complete conversion. After the drying of the obtained product, powdered
amphiphilic macromolecule was obtained. The molecular weight of the amphiphilic

macromolecule was 450x10".

Example 6

This example synthesized the amphiphilic macromolecule of formula (V1):

m n

- e e e e aum U AN ame e ammry i SR SEn S SE— W e WM QR SR S A A ————— = . w— — -

| |
: ! :
| )
! (CH_CH%—(CHZ—CH )’ : {CHZ— H)— i
] - ]
C=—0 c==0 | HZC\ /c:H2 | E c=—0o |
. 2 | '
NH, ONa* H ! O
s = | |
H ' |
I CH2 1 yeo—c—=CH, |
. 0,0 " b e
C l '
i AN N®B"® N Bre!
| H4C CHs iy 4\
' CH s G CH, '
, gz ! CH2 3 CHZ 3:
f i ~] - I
! ' i
! i I
| Cha | CHs CHy |
A 5 B l C :
| |
. VO ' (VD)

The synthesis of the amphiphilic macromolecule of this example was as follows:

Firstly, water, accounting for 3/4 of the total weight of the reaction system, was

charged into a reactor, then various monomers, totally accounting for 1/4 ot the total
weight of the reaction system, were charged into the reactor as well, and the molar
percentages m, n, X, y, z for each repeating units were 73%, 25%, 0.5%, 0.5%, 1% in
succession. The mixture was stirred until complete dissolution, and a pH adjusting
agent was then added in to adjust the reaction solution to have a pH value of about 8,
then nitrogen gas was introduced in for 30 minutes to remove oxygen contained
therein. An initiator was added into the reactor under the protection of nitrogen gas,

and nitrogen gas was further continued for 10 minutes, then the reactor was sealed.

The reaction was conducted at a temperature of 450J; after 3 hours, the reaction was
ended with a complete conversion. After the drying of the obtained product, powdered
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S-S

amphiphilic macromolecule was obtained. The molecular weight of the amphiphilic

macromolecule was 640x10*.

Example 7

This example synthesized the amphiphilic macromolecule of formula (VII):

—(CHz*CH%—(CHZ-CHa— —‘('CH *>—<CH2-CH+;{CH2——CH—}
' Z
m—g O

l

I

|

A

C ' H2C /CH2 ; ————— I

| b\ : :

o CH : |

NH, O"Na | | | !
' NH i |

| | CH, \ CH; !

i 7 © ,!,@) a® i MN Bre !

: H3C/I\CH3: / \CH:-; :

- | HaC ,

: CH, : H, !

f Lo

l 3 l ;

A ; B . Cc

............................................. - (VID)

The synthesis of the amphiphilic macromolecule of this example was as follows:

Firstly, water, accounting for 3/4 of the total weight of the reaction system, was
charged into a reactor, then various monomers, totally accounting for 1/4 of the total
weight of the reaction system, were charged into the reactor as well, and the molar
percentages m, n, X, y, z for each repeating units were 13%, 23%, 0.25%, 0.5%,
1.25% in succession. The mixture was stirred until complete dissolution, and a pH
adjusting agent was then added in to adjust the reaction solution to have a pH value of
about 9, then nitrogen gas was introduced in for 30 minutes to remove oxygen
contained therein. An initiator was added into the reactor under the protection of

nitrogen gas, and nitrogen gas was further continued for 10 minutes, then the reactor

was sealed. The reaction was conducted at a temperature of 550J; after 3 hours, the

reaction was ended with a complete conversion. After the drying of the obtained

product, powdered amphiphilic macromolecule was obtained. The molecular weight

of the amphiphilic macromolecule was 107x10*.
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Example 8

This example synthesized the amphiphilic macromolecule of formula (VI1I):
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The synthesis of the amphiphilic macromolecule of this example was as follows:

Firstly, water, accounting for 3/4 of the total weight of the reaction system, was
charged into a reactor, then various monomers, totally accounting for 1/4 of the total
weight of the reaction system, were charged into the reactor as well, and the molar
percentages m, n, X, y, z for each repeating units were 70%, 28%, 0.15%, 0.75%,
1.1% in succession. The mixture was stirred until complete dissolution, and a pH

adjusting agent was then added in to adjust the reaction solution to have a pH value ot

about 8, then nitrogen gas was introduced in for 30 minutes to remove oxygen

contained therein. An initiator was added into the reactor under the protection of

nitrogen gas, and nitrogen gas was further continued for 10 minutes, then the reactor

was sealed. The reaction was conducted at a temperature of 550J; after 3 hours, the

reaction was ended with a complete conversion. After the drying of the obtained

product, powdered amphiphilic macromolecule was obtained. The molecular weight

of the amphiphilic macromolecule was 310% 10,
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Example 9

This example synthesized the amphiphilic macromolecule of formula (IX):

‘(CHZ—CH‘}_{CHQ_TH }
m 1
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T N/ : | |
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I! ?HZ :' CH, :
: CHj : s:
| ' \
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The synthesis of the amphiphilic macromolecule of this example was as follows:

Firstly, water, accounting for 3/4 of the total weight of the reaction system, was
charged into a reactor, then various monomers, totally accounting for 1/4 of the total
weight of the reaction system, were charged into the reactor as well, and the molar
percentages m, n, X, y, z for each repeating units were 75%, 23.5%, 0.5%, 0.2%, 0.8%
In succession. The mixture was stirred until complete dissolution, and a pH adjusting
agent was then added in to adjust the reaction solution to have a pH value of about 8,
then nitrogen gas was introduced in for 30 minutes to remove oxygen contained
therein. An initiator was added into the reactor under the protection of nitrogen gas,

and nitrogen gas was further continued for 10 minutes, then the reactor was sealed.

T'he reaction was conducted at a temperature of 500; after 2.5 hours, the reaction was
ended with a complete conversion. A fter the drying of the obtained product, powdered

amphiphilic macromolecule was obtained. The molecular weight of the amphiphilic

macromolecule was 720x10?%.

Example 10

This example synthesized the amphiphilic macromolecule of formula (X):
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The synthesis of the amphiphilic macromolecule of this example was as follows:

Firstly, water, accounting for 3/4 of the total weight of the reaction system, was
charged into a reactor, then various monomers, totally accounting for 1/4 of the total
weight of the reaction system, were charged into the reactor as well, and the molar
percentages m, n, X, y, z for each repeating units were 75%, 23%, 0.5%, 0.5%, 1% in
succession. The mixture was stirred until complete dissolution, and a pH adjusting
agent was then added in to adjust the reaction solution to have a pH value of about 8,
then nitrogen gas was introduced in for 30 minutes to remove oxygen contained
therein. An initiator was added into the reactor under the protection of nitrogen gas,

and nitrogen gas was further continued for 10 minutes, then the reactor was sealed.

The reaction was conducted at a temperature of 500; after 2 hours, the reaction was
ended with a complete conversion. After the drying of the obtained product, powdered

amphiphilic macromolecule was obtained. The molecular weight of the amphiphilic

macromolecule was 520x10°.

Measurement Examples
Measurement Example 1

Saline having a mineralization degree of 2x10*mg/L. was used to prepare
amphiphilic macromolecule solutions with different concentrations, and the
relationship between the concentration, temperature and the viscosity of the solution
was determined. The results were shown in Figure 1 and Figure 2.

The figures showed that the amphiphilic macromolecule solutions of examples
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. v

1-5 still have favorable viscosifying capacity under the condition of high temperature
and high degree of mineralization. The highly sterically hindered unit in the
amphiphilic macromolecule reduced the rotational degree of freedom in the main
chain and increased the rigidity of the macromolecule chain, which made the
macromolecule chain difficult to curl and tend to stretch out, thus enlarging the
hydrodynamic radius of the macromolecule; in the meantime, the amphiphilic
structural unit associated each other to form the microdomain by intramolecular- or
intermolecular- interaction, thus enhancing the viscosifying capacity of the solution

remarkably under the conditions of high temperature and high salinity.

Measurement Example 2

Testing method: Under a testing temperature of 250, 25ml electric dehydration crude
oil samples from three types of oilfields were added in a 50ml test tube with a plug,
then 25ml aqueous solutions of amphiphilic macromolecule with different
concentrations formulated with distilled water were added in. The plug of the test tube
was tightened, then the test tube was shaken manually or by using an oscillating box
for 80-100 times in horizontal direction, and the shaking amplitude should be greater
than 20cm. After sufficient mixing, the plug of the test tube was loosed. Viscosity

reduction rate for crude oil was calculated according to the following equation:

viscosity of crude oil sample - viscosity after mixing
viscosity of crude o1l sample

x 100

Viscosity reduction rate(%) =

Table 1: Experimental results of the heavy oil viscosity reduction of the amphiphilic

macromolecule obtained from the example 6 to example 10 (oil-water ratio 1:1, 2507)

oil-water volume ratio

(1:1)

test temperature

o1l viscosity oil VISCOSItY o1l VISCOSItY

sample | reduction | sample | reduction | sample | reduction

1 rate (%) 2 rate (%) 3 rate (%)

(25°C)
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] >

400mg/L | 405 72.50
600mg/L 320 79.58
800mg/L | 275 89.58
1000mg/L | 245 92.92
1200mg/L | 220 93.96
400mg/L | 475 70.83
800mg/L 290 88.75
1000mg/L | 230 92.50
1200mg/L | 230 93.54
400mg/L 535 73.75
e 17
1000mg/L | 350 m 92.92
1200mg/L | 330 94.08
5

Example
6

400mg/L 470 47.78 1800 75.68 3600 70.00
600mg/L 390 26.67 1480 30.00 2400 80.00

310 65.56 86.82 1370 88.58
1000mg/L - 90.88 1025 91.46
1200mg/L | 230 74.44 840 93.00

Example
9

Q0
S
=
!

675

505 | 3800 68.33
95
25

1000mg/L 65.00 90.61 | 1000 | 91.67
1200mg/L 68.89 91.55 | 825 | 93.13

Table 1 showed that the amphiphilic macromolecules of examples 6-10 had good
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effects for viscosity reduction as to all three oil samples. With the increase of the
concentration of the amphiphilic macromolecule solution, the viscosity reduction rate
increased. And, when the concentration of the amphiphilic macromolecule solution
was the same, the viscosity reduction rate increased with the enhancing of the
viscosity of the oil sample. It was believed that the amphiphilic macromolecule could
reduce the viscosity of the crude oil remarkably via a synergetic effect between the
highly sterically hindered structural unit and the amphiphilic structural unit, which

could emulsify and disperse the crude oil effectively.

Industrial Application

The amphiphilic macromolecule of this invention can be used in oilfield drilling,
well cementing, fracturing, crude oil gathering and transporting, sewage treating,
sludge treating and papermaking, and it can be used as intensified o1l producing agent
and oil displacing agent, heavy oil viscosity reducer, fracturing fluid, clay stabilizer,
sewage treating agent, retention aid and drainage aid and strengthening agent for
papermaking.

The amphiphilic macromolecule of this invention is especially suitable for crude
oil exploitation, for instance, it can be used as an intensified oil displacement polymer
and a viscosity reducer for heavy oil. When it is used as an oil displacement agent, it
has remarkable viscosifying effect even under the condition of high temperature and
high salinity, and can thus enhance the crude oil recovery. When it 1s used as a
viscosity reducer for heavy oil, it can remarkably reduce the viscosity of the heavy o1l

and decrease the flow resistance thereof in the formation and wellbore by emulsifying

and dispersing the heavy oil effectively.
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CLAIMS:

1. An amphiphilic macromolecule comprising, as repeating units, a structural
unit A for adjusting molecular weight, molecular weight distribution and charge
characteristics, a highly sterically hindered structural unit B and an amphiphilic structural unit
5 C, wherein the highly sterically hindered structural unit B comprises a structure G and a
structure of formula (4), wherein the structure G is a cyclic hydrocarbon structure formed on

the basis of two adjacent carbon atoms in the main chain, or is selected from a structure of

formula (3):

formula (3) formula (4)

10 wherein in formula (3), Rs is H or a methyl group; R is a radical selected trom

the group consisting of the structures of formula (5) and formula (6):

CH,—O(CH,),CH,

/
~—0~—CH
- \ CH, — O(CH,),COOCH,CH,
s CH,—O(CH,),CH; /
\ HTOCICH, - —NH—C ——CH,—— O(CH,),COOCH,CH,
CH2—~0—CH\ ‘
CH,—O(CH,),CH; CH, — O(CH,),COOCH,CH;,
formula (5) formula (6)

in formula (5), a is an integer from 1 to 11,

in formula (4), R7 is H; Rg is selected from the group consisting of H, -SO3zH
15  and salts thereof, -(CH,),CH,Cl, -CH,N"(CH3)2(CH,):CH;3Cl" and -CH,N"(CH3),
(CH,),N"(CH3)2(CH,)sCH3 2CT; € and o are respectively integers from 1 to 15.

2. The amphiphilic macromolecule as claimed in Claim 1 wherein Rs 1s H.
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3. The amphiphilic macromolecule as claimed in Claim 1 wherein the structural
unit A for adjusting the molecular weight, molecular weight distribution and charge
characteristics comprises a (meth)acrylamide monomer unit A; and/or a (meth)acrylic

monomer unit A,.

5 4. The amphiphilic macromolecule as claimed in Claim 1 wherein the

amphiphilic structural unit C has a structure of formula (8):

i
—fCHz“T'}““
Oﬁ
|
II{IO
Ryi

formula (8)

in formula (8), Rg is H or a methyl group; R 1s -O- or -NH-; Ry, 1s a radical
containing a straight-chain hydrocarbyl, a branched hydrocarbyl, a polyoxyethylene (PEO), a
10 polyoxypropylene (PPO), an EO-PO block, a mono-quaternary ammonium salt, a multiple-

quaternary ammonium salt, or a sulfonic acid and salts thereof.

5. The amphiphilic macromolecule as claimed in Claim 3 wherein based on

100 mol% of the entire amphiphilic macromolecule repeating units, the molar percentage of
the (meth)acrylamide monomer unit A, is 70-99mol%; and the molar percentage of the

15  (meth)acrylic monomer unit A, 1s 1-30mol%.

6. The amphiphilic macromolecule as claimed in Claim 1 wherein the molar
percentage of the structure G in the entire amphiphilic macromolecule repeating unit is

0.02-2mol%; and the molar percentage of the structure of formula (4) in the entire amphiphilic

macromolecule repeating units 1s 0.05-5mol%.

20 7. The amphiphilic macromolecule as claimed in Claim 4 wherein based on

100 mol% of the entire amphiphilic macromolecule repeating units, the molar percentage of
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structure of formula (8) in the entire amphiphilic macromolecule repeating units is 0.05-

10mol%.

8. The amphiphilic macromolecule as claimed in Claim 1 wherein the structural
unit A for adjusting molecular weight, molecular weight distribution and charge

characteristics has a structure of formula (2);

CHZ“I ‘)‘60!12‘“0%-
---o

|
/ \ Gr
Rs
formula (2)

wherein in formula (2), R, is H or a methyl group; R, and Rj; are independently
selected from the group consisting of H and a C,-C3 alkyl group; Ry is selected from the group
consisting of H and a methyl group; Gr is -OH or -ONa"; m and n represent the molar
percentage of the structural units in the entire amphiphilic macromolecule, and m is from

70 to 99mol%: n is from 1 to 30mol%.

9. The amphiphilic macromolecule as claimed in Claim 1 wherein the cyclic
hydrocarbon structure formed on the basis of the two adjacent carbon atoms in the main chain

1s selected from the group consisting of:

e (T
CH—CH— TH
~——CH—CH~ | l | H, CH,
| | H,C /CHZ C\
HC CH, \CH TH
e 2O
C NHCO
H, . NHCOCH3, and .
10. The amphiphilic macromolecule as claimed in Claim 1, wherein, the highly

sterically hindered structural unit B has a structure of formula (7):
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Rs  formula (7)

in formula (7), the definition on G is as defined in claim 1; the definitions on

R5 and Rg are as defined in formula (4); x and y respectively represent the molar percentages
of the structural units in the entire amphiphilic macromolecule, and x is from 0.02 to 2mol%,

y 1s from 0.05 to Smol%.

11. The amphiphilic macromolecule as claimed in Claim 4 wherein the structure of

Rip and R} may be selected from

-O(CH,), N*(CH3)2(CH2),CH3X, -NH(CH,); N"(CH3),(CH,);,CH;3X,
-O(CHo)k N"((CHy), CH3)5X,

-O(CH,)q N"(CH3),(CH2)CH(SO3H)CH2(EO)s(PO),(CH,)sCH3X,
NH(CHy)N*(CHs)2(CHz)e CH(SO3H)CHa(EO)3(PO),(CH2): CH3 X,
-O(CHz)q N'(CH3)2(CH2),CH(COOH)CH,(EO)(PO),(CH2)sCH3 X',
-NH(CH;), N"(CH3)2(CH,),CH(COOH)CH,(EO)p(PO) ((CH,)sCH;X,
-O(CH2);N"(CH3)2(CH,):S053,

-(OCH(CH,N"(CH3)2(CH,) CH3CI")CH,),0O(CH>)sCH,
-(OCH(CH,;N"((CH,),CH3)3C1NCH, WO(CH;)<CHs,
-OCH(CH,N"(CH3)2(CHy), CH3X))2, -OCH(CH,N"((CH2)sCH3)3X))2;

wherein g, i, k and g are respectively integers from 1 to 6; h and j are

respectively integers from 3 to 21; p is an integer from 3 to 9; a is an integer from 1 to 12; 3
29
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and vy are respectively integers from 0 to 40; 6 is an integer from 0 to 21; € is an integer from 4
to 18; C 1s an integer from 1 to 21; n and 1 are respectively integers from 1 to 30; 6 and k are
respectively integers from 3 to 21; A is an integer from 0 to 9; r is an integer from 3 to 21; s is

an integer from 3 to 9; and X is CI” or Br.

12. The amphiphilic macromolecule as claimed in Claim 1 wherein the

amphiphilic macromolecule has a structure of formula (9):

-----------------------------

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

i R, & R, R,
—i—{-CHz-(l:H}—(-CHZ—(::);—%GHCI{Z*J:—);ngH;c:' 4
T R Aad
; ILH;: ONa"EZ; \\I ;E I:{10 g
E ; Rt Ry, |
S A -

formula (9)

..... e = o = - -

wherein in formula (9), R, is selected from the group consisting of H and a
methyl group; m and n represent the molar percentages of the structural units in the entire
amphiphilic macromolecule, and m is from 70 to 99mol%,; n is from 1 to 30mol%; the
definitions on G, R7, Rg, x and y are as described in formula (7); Rg 1s H or a methyl group,
Rio 1s -O- or -NH-; Ry, is a radical containing a straight-chain hydrocarbyl, a branched
hydrocarbyl, a polyoxyethylene (PEO), a polyoxypropylene (PPO), an EO-PO block, a mono-
quaternary ammonium salt, a multiple-quaternary ammonium salt, or a sulfonic acid and salts
thereof; z represents the molar percentage of the structural unit in the entire amphiphilic

macromolecule, and z 1s from 0.05 to 10mol%.

13. The amphiphilic macromolecule as claimed in Claim 1, which is a compound

of formulas (I)-(X):

30



CA 02842704 2015-01-21

>0884-9

WD A DY W) A S, S P T S W A Sl el fimiey A wie G g Sk S e 4n d=
: ip S — By wai ain b b w -

§
wl-i-i!iil'; """"""""""""" 4 “ “ “ er %
i “ | | “ £ Bu%m. £
! T : |— N O % | | “ » Oz C._,...IC
“ Z 0 e O ; @r.. * i N * / 7
_ X +) T . meICI..l...OII.*lH ..._:....._..C . ! Qe Qoo Qo O (D T
, O O n ol I P O | . ©Ci2 “ _ * 5
: _ 2 / 7 _ _ . _ N AT x T
t r i £ Q C t _ I —
| & O Qo | L G ' S Q—Z=1 Q40O
S« e . | O L , . - / 7
, 3 X . e e . “
* {T\\ — m """""""""""""" A Ji T M A At R WR D ) EEID G R SR D D G A N W “ i C
“ """"""""""""" A U = 4 A G A% W A WD A W G Y WY Wi i W Ay = m n e H‘v - “ o
¥ “ m y C - v - * Wi A b D W A WP SR B Vi G e we J B TV v ey = - H ''''''''''
m > - m “ mu.\ “ ,_ ol
“ T o] “ : X L @ £ X : S g @G &
s O D “ i n_uv O < & & m “ T o \ ™~ -
m | | : _ ! S I @ X X
¢ ! $ N I ] B e el &
i N : i X ) [ . _
)
i $ O ™ | ! N8 /
! » , m T _ “ I
. : . » = . “ ' <
“ ¢ n " : 05 o ~ i ’
| { m N o i 1
— ™ t g H H “ t 0 B
L 5—& e 8 9 S .
. : o _ - _ O . . O—0
: - \\\C “ . " e ! \ _ ~\ T xT
i I.A_N. ~ “ C'lln.hud “ " T \\C..I..I.N.....IIC
" i { T ' t C.........Inw.
_ L “ _. _ _ “
_ . e am o e e e 20 2 e e e e e e e o e e o e e e J " * x
L

r

A S sk e dhhih ol 4 wiir A0 siuly A dF A A EGr Wb G e A Bany e nE W A hine @ b e wh g e E N B S e Y ot a

Akt Wb e A hiky G R AR MR WS SR Wy A WD SR Sy A vk tmb Gy G bk 4 A NS QW M VED A ERER D SP M D nhhdy b ki gl A

511
e §
Na-i-
L
H}—
n
O
Na*
}n
-0

I L
5—o—5 6—0—b 51 ¢
5 5 3
”—M _O < ﬁ _O < 5 0 <
A L0 T
ra = e
Q ® O
1 T I

(L)

31

b sl ek SR AhMiS i SET SR AN AP PR P PEE, SN AL EEL NS AP NN GMPEE G PEn e P wppgp e D gl Sl BEMAG hish AR Al O GRS Wk ARA STV VTR VA Al ANS Bl TP NVT A Y TS A T TRV AR Ty

L



CA 02842704 2015-01-21

50884-9

R R e ——————ereegerepsenegeegregrresapeapreareare SN IR gL R bl Sl A

. !
3 y
" “
! 2o} - i
” oy ATy £ :
b e e e e —— ———————————— o 12 o e e 0 e e : Q o . ) Q 1
3 1 ; N {
Vliiii!; llllllllllllllllllllllllllllllllllllll m - “ | / .w “
“ £ T 3/ | PO T O A .
” N O 9 O i " < " _ N o) &u | « { & O 1
) - } ( O O O L = TC U | o [ |
i o~ AL i 1 i O 2 b 7 : " ™ @ \ I T 1
1 . ~N - X 5 “ _ // _ " o4 ) s 2 ' ') {
; c......c......ole = © O I I 2 “ L O ™ _
L AN m > * m S =\ 7 m
. T © . m uuuuuuuuuuuuuuuuuuuuu . o~ TTTTTmTTTmmmmmmeEmmm f ' O ‘
R : | e % f % g m “ f e m
D it i e i e sy o e A S i p AR T D D T Y W T P A e A i r o ~ C o ~N " A -.toool..o*ll. llllllllllllllllllllllll
1 1 i — & /£ Tr®rS T r X : i ™ .
! ! : s Zovmse L o G 2 ( osams Q= O _ 1 @ T {
m > 3 | Lo \ n | = O _
1 ™ i " £ 3] Q ' : \\I~./ O m
1 O i i & x t i
! m 09 N o\ 3 ¥ [ Q X $ t H o~ \ o~ ™ §
m X L & * : /._.\ : ' L @ e " _
i m CII.I! 0! £ e . " : i — C Cll..lll. Nl.lllll C! C i
I o “ m o “ b _
| O Bm O T o m m | o S /C “
m w O M.I.....o..ltc..!tc ." w % ——0 m‘ A O — —38 " m O umv m
" _ " ! w O = b h 4 "
S O | S N— o | L __ ) ? __ x o M " ol
P £ £ o m . p—o—E—0—b—o0—BBl—o—F—Im | L 5—5 _
L5 G—— O 0—0 | = fo " P Oo—0O__ “
| 1 i Pu.w 3 _ £
: /._.\ i Ny _. IS \CH ;
] S ! " ) } I
, % o QL ! ' O IOim!m,iCIOIm‘E@% ¢ “ e Q m
i L ™ ' " ol “ ; o ‘
| o £ . = | | T F _
: & Y « Sy S— “ m o m e o e m
"rlnl. L ‘ll"“!”l’%lll ..m ".. llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll ..h- 0
_ = ...\.........m ._U *n S +a
q = = i L i
- o W Oo—0Q Mui.llc..l.l.o
3 5 < T
& Te o O
Je o < I o - <
T f—o—2 T
B Qe 2 5 x _ T
"2 n“.v.....l..lc.l..l...N
,T

32

(VD)



CA 02842704 2015-01-21

50884-9

W e A Ao CE— S S S S Al - -tk i g G b WS WY AN A A Wy P R SN AW A Gk 0 W S am e

i

! 1

} \

. £ . — J
S _o Q_ B M w p m — “
5 b o g6 (8 sl BY _ m : m
¥ - < { m umw 3 “ ] . - L “
Y Q O ¢ i Q " | X * &/ (o F i
| T _ “ mm.v. s ; , & & el & "o Nl—l. ) Q © “
1~ m e e e macnameee s@r e amcam e e asa i masnn s amasancannmsen e : _ Gl AN 7 w
A T R . * “ : ~ O .
: T : | " | £ e _
m \T., % f " T 2 m N £ m
. - ' ) o Q “ TETRPUN SRR ¥ 2 Sttt b At DRl bt ;
O
L se/ g & 1 | O- TN e "
0 O l
" _ / _ m L { ; ZC Onw w ~ ~N ™ !
3 . _ T , SN ERLEELE 5 E
! ! “ 0 3 g e e L ¢
SN, T | L o - ;o \ N |
L~ . m o B o BF ] £ X, 4 "
! 5 . | \u_../x ? _ . _
| XL o | m , ~ o o o B i { o ¢
¢ el & ; i X = x T T I T ' ¢ > L )
( i ~ Tt PP E O = 2 O O O — — O O—C—0 O . o Q oI
_ SO N L : I o T Q |
' - e _ ) . , m O :
_ O— | 1 ¥ * OO = :
. 3 _ ~ £ £ 2 m ¢ 5—3 _
: x . “ — O UG Gmsm i Qe L 3 . # T e :
f PP ) O ¢ Y !
. ‘ ; X = ﬁ 2, )
e o o 0t G st 0 2 o T A 48 S D 40 S 9 e 2 o 4 L) : R e = “
o N .“ S N
+ O o

33

(IX)



10

CA 02842704 2015-01-21

50884-9

NH, O'Na* i ﬁz T
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(X)

m, n, X, y and z in tormulae (I) to (X) respectively represent the molar percentages of
the structural units in the entire amphiphilic macromolecule, in which, m is from 70 to

99mol%; n 1s from 1 to 30mol%; x is from 0.02 to 2mol%, y is from 0.05 to 5mol%,

and z 1s from 0.05 to 10mol%.

14. The amphiphilic macromolecule as claimed in any one of Claims 1 to 13,

having a molecular weight of between 1000000-20000000.

15. Use of the amphiphilic macromolecule as claimed in any one of Claims 1 to 14
for oiltield drilling, well cementing, fracturing, crude oil gathering and transporting, sewage
treating, sludge treating and papermaking as intensified oil producing agent and oil displacing
agent, a heavy oil viscosity reducer, a fracturing fluid, a clay stabilizer, a sewage treating

agent, a retention aid and drainage aid and a strengthening agent for papermaking.
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