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Claim
A demulsifying agent comprising:
{a) an adduct of a polyalkylene glycol having a molecular weight of
greater than 6,000 and up to 26,000 and wherein the alkylene

group comprises from 3 to 4 carbon atoms, and ethylene oxide,

and
(o)  the adduct further being reacted with diglycidyl ether to a product
having the foillowing formula:

OH OH
I 1
HO[(RCHCHQOn‘CHQ'CH'CHQ'O'X‘O'CHQ-CH'CHQ‘O}S'H
where R is CHs or CoHs,

n is an integer ranging from 120 to 350,
¥ is selected from the group consisting of bisphenol A;
{CHz)p; and

CHa

(CH-CH-O)p ; where p is an integer ranging from 1 to 10;

s is an integar ranging from 1 to 100.
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ABSTRACT

Water-in-oil emulsions are broken by the use of adducts prepared by
reacting high molecular weight polyalkylene glycol with ethylene oxide, or
diglycidyl sther, or both sthylene oxide and diglycidyt ether. The adduct

demulsifiers may be used alone or as a blend with other demulsifisrs.
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METHOD OF DEMULSIFYING WATER-IN-OIL EMULSIONS

BACKGROUND QF THE INVENTION
This invention relates generally to demulsifying agents or demulsifiers for

demulsifying water-in-oil emulsions using polyalkylene glycol derivatives. Such

emulsions may include crude oil in water emulsions.

In the production of oil from oil wells, the produced fluids frequently
include water in the form of free water or emulsion. In order for the oil to be of
pipeling quality, it is necassary 10 reduce the water cantent to below a spscified
amount (g.g. below 1.0%,).

10 A variety of mechanical, electrical, and chemical metheds are usad in ths
dehydration of produced fluids. The present invention relates speciﬁ'cally io the
chemical treatment using chemicals referred to as demulsifiers. A demulsifier is
definad as a single or a blend of suriactant compounds in a suitable solvent
system which is formulated to treat a paricular emulsion on an optimum

The methcd of the present invention employs

15 cost/performance basis.
demulsifiers for treating water-in-oil emulsions, the most common type of

emulsions encountered in oil field production. [t specifically excludas the

o tregiment of oll-in-water type emulsions (Le. reverse emulsions).
A variety of demulsifiers are known in the ar, inclucing those derivad

i 20 from alcohols, fatty acids, fatty amines, glycols, and alkylphenol formaldehyde

RIS condensation praoduct.

’ As noted above, the demulsifying agents or demulsifiers of the present
invention involve the use of certain polyalkylene glycol derivatives, specifically
e adducts of a high melecular weight polyalkylene glycol and ethylene oxide and /
T or a digiycidyl ether. B -

el 25 As illustrated by the fallowing references, polyalkylens giycol and fis

derivatives have been long used in the demulsification of ails.

(&}  U.S. Patert 4,374,734 discloses the use of polyoxypropyteng
pelyol (mw of 2,000 to 4,500) for the breaking of watar-in-oil
emulsions wherein the emulsion is producad by suriactant

30 flooding.

(b)  U.S. Patent 3,835,080 teaches that conventional demulsifiers

include polyoxyatkylene glycol and block polymers cf
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polyoxyethylene-polyoxypropylene.

U.S. Patent 2,754,271 discloses treating agents comprising an addition
product of an alkylene oxide with an aliphatic dihydric alcohot and further
describes the dihydric alcohol (polyoxypropylene diols} are known to
have molecular weights as high as about 3,000.

U.S. Patent 3,557,017 discloses water-in-oil demulsifiers comprising ultra
high molecular weight (of molecular weight at least 100,000) polymers.
The polymers are selected from a group that includes polyoxyalkylene
polymers and copolymers of monomeric alkylene oxides having a single
vicinal epoxy group. Other references which disclose low molecular
weight polyalkylene polyhydric reacted with other compounds include
U.S. Patent No. 3,383,326, U.S. Patent No. 3,511,882, and U.S.Patent
Neo. 3,676,501, Other refarences which disclose polyhidric alcohols but
not glycols include U.S. Patent No. 2,996,551, U.S. Patent No. 3,078,271,
and U.S. Patent No. 4,305,835,

SUMMARY OF THE INVENTION

The present invention is directed to a demulsitying agent or demulsifier

for treating water-in-oil emulsions of petroleum operations to break the emulsion

and separate the oil and water.

More specifically, the demuisifying agent or demulsifier includes:

(a)  an adduct of a polyalkylene glycol having a molecular weight of
greater than 6000 and up to 26,000 and whersin the alkylene
group comprises from 3 to 4 carbon atoms, and ethylene oxide:
and

(b)  the adduct further being reacted with diglycidyl ether to a product,
having the following formula:

CH OH

| !
HO [ {(RCHCH20), - CHaCH-CHo-0-%-0-CH; - CH-CHs - Ols- H

wherein R is CHy or CzHs n is an integer ranging from 120 to 350,
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preferably 135 to 260, most preferably 150 to 200;
x is selected from the group consisting of his-phenal A, (CHy)p; and
CHs

|
5 (CH-CHp-0),

where p is an integer ranging from 1 to 10, preferably from 2 to 8;
and
s is an integer ranging from 1 to 100, preferably from 2 to 50, most
preferably from 5 to 40.
10 Another preferred demulsifier is a PAG/DGE/EO adduct prepared by
reacting PAG with DGE followed by the further reaction with EQ.
In a further aspect, the present invention provides a water-in-oil
demulsifying agent or demulsifier including a blend of:
{a)  anadduct of
15 0] a polyalkylene glycol having a molecular weight of greater
than 6,000 and up to 26,000, and wherein the alkylene
group comprises from 3 to 4 carbon atoms, and
(i) a compound or compounds selected from the group
consisting of ethylene oxide, diglycidy! ether, and ethylene
20 oxide, and
(b) & demulsifier selected from the group consisting of
{i) polyfunctional polyalkylere glycols having the following
formula:
CH20{CH-CH2Q),, H
25 |
CoHs5-C-CHyO(CGHLCHZ0), H
lc:HzCHzO(CHQCH20)n H

where n ranges from 1 to 200, and
30 (i} oxyalkylated phenol formaldehyde resins having a
molecular weight between 1,000 to 20,000, wherein the
adduct comprises at least 5 val.% of the blend.
A novel feature of the present invention is the high molecular weight of

the precursor polyalkylene glycol [polypropylene glycol (PPG) or polybutylene
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-(PBG)]. PPG diols and PBG diols of MW greater than 4,000 to 5,000 have not
been used in the synthesis of water-in-cil demulsifiers. The high molecular
weight of the PAG derivative demulsifier offers the advantage of superior oil
dehydration when used alone and superior initial water drop and ofl
dehydration when acting synergistically with other conventional demulsifiers.

In addition, the present invention involves the use of the adducts
described above in combination with other demulsifiers, particularly
oxyalkylated phenol formaldehyde resin, polyalkylene glycols and esters.
DESCRIPTION OF THE PREFERRED EMBODIMENTS:

As indicated above, the polyalkylene glycal derivative contemplated for
the present invention is an adduct of a high MW PAG and EO and / or DGE.

The precursor PAG in a preferred embodiment of the present invention

has the following formula {1):

HO [RCH-CH,-0l,-H

where R is CH; or C;H5; and

n ranges from 120 to 350, preferably 135 to 260, and most preferably 150
to 200; and

the compound has a molecuiar weight greater than 6,000 and up to
26,000,

Preferably R is CHz and the molecular weight of the polyalkylene glycol is
between 7,000 and 20,000 and most preferably between 8,000 and 18,000,

(0
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Malscular weight rafers to that calculatad from hydroxyl number measurgmeant.
The precursar PAG having the proper mclecular weight for use in ihe
present invention may be prepared using a calalyst selected from
the group consisting of barium, strontium znd their oxides, hydroxidss, hydratad
5 hydroxides or monohydroxide salts, or mixiures thereof or a double msta
cyznide camplex compeund wherein one of the metals of said complex
compound is salectsd from the greup consisting of Zn (II), Fe (L), Fe (1), Co (II),
Ni (IT), Mo (IV), Mo {VI), Al (TIT}, V {IV), V (V), Sr (I5), W (TV), W (VI}, Mn (IT}, and
Cr {III) and mixtures thereof, and wharein the other metal of said complex
10 compound is a metal selected from the group consisting of Fe {II), Fe (III), Ca
(I1), Co (11}, Cr (1), Cr (111}, Mn (II), Mn (LI}, V (IV), and V (V) and mixtures
thersof. These methods are described in detail in U.S. Patent Nos. 5,010,187
and 3,278,457, the disclosures of which are incorporated herein by reference.
The saveral adducts of PAG and EO and/or DGE zre described below: ‘

15 la)  Adducts of Polvalkvlene Glveol and Ethvizng Oxida:

The addition reaction of the PAG of Formula [ with ethylene oxide forms a
product having the fellowing formula (Formula II):

HO - (CH2CH20)m - (RCHCTH20), - (CHZCHzO0)m-H I

where R and n are as defined above, and m ranges from 1 to 100,

20 preferably from 3 to 80, maost preferably 5 to 50.

This reaction may be carried out under the fallowing conditions: The
palyalkylene glycol is dissolved in a hydrocarbon solvent and catalyzed with an
alkaline or zlkaline earth metal hydroxide. The parial alkoxide of the
polyzlkylene glycol is reacted at 150°C at 50 psi with ethylene oxide for

25 approximately 2 hours.
(b)  Adducts of Polvalkylens Glveel and Diglveigvl Ether:
The addition rezction of PAG of Formula I with cartain DGE's exiends the

molecular chain
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(Formulal) + CH, -CH; -CH, - 0-X-0-CH,-CH-CH, —— »

OH OH

I I
HO [ (RCHCH,0),, - CH, - CH- CH,-0-X-O-CH,-CH-CH,-O],-H (U]

where R, X, and n are as defined above; and

s is an integer ranging from 1 to 100, preferably 2 to 50, mest preferably 5
to 40.

The preferred DGE is diglycidyl ether of bis-Phenol A, (X = -CgHs-
C(CHa)2-CgHs-). Note that X is the link or bridge between the glycidy! ether
groups. The preferred bridge is bis Phenol A.

The adducts PAG and DGE may be prepared as follows:

The polyalkylene glycol is dissolved in a hydrocarbon and catalyzed
using an alkali or alkaline earth metal hydroxide. The partial alkoxide of the
polyalikylene glycol reacted at 150°C with the appropriate diglycidyl ether for 12
hours.

()  Adducts of PAG EQ. and DGE:

Formula II PAG/EQ adducts may be further reacted with a DGE described

above with reference to the Formula I adduct, This addition reaction yields the

following adduct (Farmula IV):

OH OH
HO - [ (CH,CH,0),,(RCHCH,0), (CH,CH,0),, CH, - CIH-CHZ-OAX-OACHZ-(liHCHZO]S-H

where R, m, n, and X are as defined above; and

s is an integer ranging from 1 1o 100, preferably from 2 to 50, most
preferably 5 to 40.

The preferred PAG/EQ/DGE adduct is the addition reaction product of
polypropylene glycol, (having a molecular weight of greater than 6,000 and up
to 26,000, with ethylena oxide, which in turn is reacted with DGE (preferably
DEG of bis-Phenol-A}. The reacticns may be carried out in the manner
described for Formula I11.
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The molecular chain of Formula IV adduct may be further extended by
the addition reaction of EQ with Formula 1V product, yielding Formula vV adduct:
CH OH
HO [ (CH,CH,0)(RCHCH,0) (CH,CH,O)_ -CH, - éHCHZOXOCHZéHCH 20],(CH,CH,0), -H
where R, m, n, X, and s are described above and ¥/s ranges from 1 to 100,
preferably 3 to 70, and most preferably 5 to 60,
(d)  Adducts of PAG, DGE and EQ:
The addition reaction of Formula III adduct with EQ yields an adduct of

the following formula (VI}:

OH OH

| l
HO [ (RCHCH,0), - CHj -CH-CH,~0-X-0-CH,-CH-CH, -0}, (CH;CH,0), -H

where R, n, X, s and t are as defined above.
The mole ratios of the addition reactants may range widsly (i.e. 5:1 to

1:100). The addition reactions to produce the adducts of the present invention

may preferably be as follows:

Adducts Mole Ratio Formula
PAG/EOQ 1:5 to 1:50 I
PAG/DGE 41 to 14 I
Formula I

Adduct/DGE 41 to 14 v
Formula 1V

Adduct/EQ 1:5 to 1:50 \
Formula 111

Adduct/EQ 1:5 to 1:50 VI

In tailoring the demulsifier formulation for a particular treatment, it may be

preferred in many such treatments 1o combine the demulsifier described above

25 with other demulsifiers. The commercially available demulsifier which can be

used in a blend with the adducts described above include the following:
(@)  polyfunctional pclyalkylene glycols

Example formula:




~

H,0(CH,(H, 0), H

i

CyH; - C- CHy0 (CH, CHR0), H

|

CH,CH,0 (CH,(HA0), B

whare n ranges frem 110 200.
oxyalkylated pheno! formaldehyde resins having 2 malecular

(b)
weight between 1,000 to 20,000.
5 {c}  dervatives of the zbove.

These commercially available demuisifiers are oxyalkylzgtion products of

ethylens or propylens oxide with fatty acids, faity amines, glycals, or phencl-

formé]dehyda condensation compounds.
hie with the adducts described herein ars

The preferred demulsifiers usea
oxyalkylated phenol formaldahyde

10 the cxyalkylated glycol esters and/or the

s resins.

When blands are used, the adducts described herein should constitute
_ from 5 to 95 vol. % of the blend in a solvent. o

Operation:
o In utilising the demulsifier (i.e. adducts of PAG as described above) for
R demulsification of water-in-oil emulsi®ns, a formulation comprising the PAG
:::5': adducts dissolved in a suitable solvent is prepared. The formulation may
' 5 include other additives which provide additional function or enhancement to the

effectiveness of the demulsifier. Solvents include aromatic hydrocarbon

solvents such as xylene, etc. Additional additives include commercial

demulsifiers described above, polyalkylene glycol esters and oxyalkylated

phenol farmaldehyde resins.

The % of active adduct in the formulation may range within wide limits, but
510 90 wi% is preferrad, most preferably 2510 75 wi%.

The composition and concentration of the actives in the formulation wil

ored for a specific treatment in the same manner conventionl

25 be tal
demulsiiizrs are applied. This “fine tuning” of the formulation is frequently basad
on botlle tesls. Eor erude oil ireatment, the water-in-crude oil emulsion may

range from 1 1o 9¢ vol% water. Treaiment concentrations of the adduct
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demulsifier {actives) descrived herein may range from 10 1o 1,000 ppm,
preferably 150 to 500 ppm actives in the emulsion, and may be injected into the
system by conventional procedure and equipment: downhole injection,
wellhead injecticn, or baich treatment.

In treating refined petrcleum products, {e.g. lube oil, gasoline, fusl oil,
kerosene, etc.), the suspended water, of course, is much lower, genarally less
than 1%.

Although the formulation for these treatments will likely be different than
crude ¢il treatments, the adducts will be an essential component.
EXPERIMENTS
Bottle Tests:

" Bottle tests were conducted by placing a water-in-oil emuision sample
{100 ml} in & graduated prescription bottle and adding a measured amount of a
demulsifier chemical. Each bottle was capped and then shaken for a specified
time (typically 5 minutes) in order to mix the contents. The bottles were set aside
in a hot water bath and the waterdrop was observed. This is the time for
separation ot the water phase of the emulsion from the ail phase.

Following the waterdrop tests, each emulsion sample (free of freawater)
was subjected to a centrifuging {grindout) by the fellowing procedure:

{a) API centrifuge tubes were filled with 50 % xylene and 50% of the emulsion

{no free water).

{b) The samples were placed in a hot water bath for a recarded period of time.

{c) The samples were then centrifuged at 1800 rpm for 3 minutes.

(d) The amount of water in each tube was recorded and the % of water
retained in the oil determined,

The demulsifiers tested were as follows {all adduct samples were
prepared with PPG having an MW of between 8,000 and 18,000), the DGE's
were diglycidyl ether of bis-Phenol A.

Formula III: An adduct of PPG and a DGE reacted in a mole ratio of 1:1.

Formula IV: The Formula IIT adduct was reacted with EO wharein /s was

16 for VIa, 36 for VIb, and 60 for Vie.
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Table 1
Water Drop Grindout &
Fermula PPM Temp. °C _% Time Waler %
1 40 65°C 7 5 min. 0.4
Via 40 65°C 20 5 min. 0.4
Vib 40 65°C 22 5 min. 0.6
Vie 40 65°C 22 5 min. 0.4
VII Conventional 40  65°C 0

Additional water drep tests were carried out to compare the effects of
adducts prepared from high molecular weight PAG (MW between 8,000-18,000)
with adducts prepared from low molecular weight PAG's (MW of 4,000).

A Formula III adduct was prepared from PAG wherein the R was CH3 and

n was 180. An identical comparative adduct (Formula III(c)) was prepared
except n was 70.

Formula III adduct and IHI{c) adduct were each used in a blend that
included 80 vol % of a conventional polyfunctional polyalkylene glycel emulsion
breaker.

These data are presented in Table Il as Test Nos. 1 and 1C. Similar tests
were carried out except the Formula 111 and IIIC adducts were sach used with
two conventional emulsion breakers (30 vol % of a polyalkylens giycol ester and
50 vol % of an oxyalkylated phenol formaldehyde resin). These results are
presented in Table 1 as Test Nos. 2 and 2C.

A Formula VI adduct was prepared wherein R and n were CHs and 190,
respectively, and a Formula VIc adduct was prepared identical to Formula VI
except n was 70. The bottle test results are presented in Table IT as Test Nos. 3
and 3C.
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Tabie 11
Water Water

Test Concentration Temp. Drop Time in Time

_Nc. Formula PPM {°C) % {Hrs) _ O [Hrs)
51 I 250 85 54 24 04 24

ic M 250 85 49 24 08 24

2 HI 200 - 25 12 2 12

2¢ {lle 200 - 15 12 4 12

3 VI 160 30 56 & 0.2 B
10 3¢ Vic 100 30 58 6 0.6 6

. The Table T data demonstrate the effectiveness of the adducts shown
reducing the water retained in the oil to leveis of 0.1 t0 0.5 %.
The Table II data demonstrate that the adducts tested were far more
effective in reducing the water retained in the oil. With Formula III demulsifier,
15 the oil retained one-half as much water vis-a-vis the Formula IIIC demuisifier.
Since the other demulsifiers used in the blends were identical, the improved
results were attributed solely to the effects of the Formula 1T adducts. The
e Formula V demulsifier also resulted in improved results in terms of water

retained in the oil (0.2% vs. 0.6%) achieved with the Formula HIC demulsifier.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A demulsifying agent for demulsifying water-in-oil emulsions including:

1.

(@)

(b)

an adduct of a polyalkylene glycel having a molecular weight of
greater than 6,000 and up to 26,000 and wherein the alkylene
group comprises from 3 to 4 carbon atoms, and ethylene oxide,
and
the adduct further being reacted with diglycidyl ether to form a
product having the following formula:
COH OH
HO[(RCHCHgo)n-CHQ-E)H-CHQ-O-X-O-CHg-!)H-CHg -0ls-H
where R is CH; or CoH;,
n is an integer ranging from 120 to 350,
Xis selected from the group consisting of bis-phenol A;
{CHz)p; and
CHj
|
(CH-CH2-O)p;
where p is an integer ranging from 1 to 10; and
s is an integer ranging from 1 10 100,

2. The demulsifying agent of claim 1 wherein the adduct is prepared by

reacting (a) and (b) compounds at a mole ratio ranging from 5:1 to 1:100.

3. The agent of claim 1 or 2 wherein the polyalkylene glycol has a moiecular

weight of 8,000 to 18,000.

4, The agent of any one of the preceding claims wherein the digylcidyi ether

is diglycidyi ether of bis-phenol A.

5, The agent of any one of the preceding claims wherein R is CHg,

6. The agent of any one of the preceding claims wherein the adduct is
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further reacted with ethylene oxide in a mole ratio ranging from 1:5 to 1:50.

A water-in-oil demulsifying agent including a blend of:

(@)  an adduct of
(i) a polyalkylene glycel having a molecular weight of greater

than 6,000 and up to 26,000, and wherein the alkylene

group comprises from 3 to 4 carbon atoms, and
a compound or compounds selected from the group

consisting of ethylene oxide, diglycidyl ether, and ethylene

7.

(i)

oxide, and
a demulsifier selected from the group consisting of
0] polyfunctional polyalkylene glycols having the following

()

formula;
CH,0O(CH-CH20)p H
|

CsH5-C-CHO({CH2CH20)n H
i
CH2CH20(CH2CH20), H

where n ranges from 1 to 200, and
(i)  oxyalkylated phenol formaldehyde resins having a

malecular weight between 1,000 te 20,000, wherein the

adduct comprises at least 5 vol.% of the blend.

DATED this 3rd day of May 1899

EXXON CHEMICAL PATENTS INC

WATERMARK PATENT & TRADEMARK ATTORNEYS
4TH FLOOR DURACK CENTRE

273 ADELAIDE TERRACE

PERTH WA 6000
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