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Al koxyl ated, cross-linked polyglycerols and use
thereof as bi odegradabl e derulsifiers 5 The present
i nv¥VRi2004/t08863> to the use of al koxyl at ed, PCT/EP2004/005587
cross-linked polyglycerols for denulsifying water-oil
emul sions, in particular in the production of crude
oil. 10 Duri ng its recoverypPesciptomi | is produced as
an emul sion with water. Before the crude oil is

rnéﬁ? loro essed, these crude oil emul sions nust. be:

xylated; Rrasstlinked; polygicarais angovse ithereof sis Blodegradable
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bl d@r@dé@b@np&swcmﬁ in US-5 445 765, al koxyl at ed

pol yet hyl enei mi nes. These can be used as i ndi vi dual
onents, in mxtures with other 20 denulsifiers, or
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demul si fying constituent in Iubrlcatlng oi | s has been
desgribed,in 229006. Here, glycerol is reacted with
iﬁ?‘éﬂ%e%xﬁ’ eym klemylsifigrs, @re. tin obiS-4 8241 146 r alylene oxide
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CB& Qgh@'ﬁép%z ﬁk@%{ggeg ga}z Pgecu ar weight alcohols

Th
Em@gu% e‘@r example glycerol or pentaerythrol) or alkoxylated alkylphenol
- formaldehyde resins with bifunctional compounds such as diepoxides or
diisocyanates. Such crosslinked compounds are disclosed in US-5.759 409
and US-5 981 687.

The use of alkoxylated glycerol as demulsifying constituent in’fubricating

- oils has been described in DD-229006. Here, ‘glycerol is reacted with
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-alkylene oxides either to give a block copolymer er a random copolymer.

The use of alkoxylated di- and triglycerols as petroleum demulsifiers has
likewise been described (US-3 110 737, US-2 944 982 and US-4 342 657).

Alkoxylated polyglycerols are known per se. ‘They are described in the prior
- ‘art for various applications. For example, in US-5 502 219, alkoxylated
polyglycerols were esterified in order to prepare a low-calorie substitute for
plant oils. In US-4 061 684, the alkoxylated polyglycerois were esterified
and used as gels which swell in water. Alkoxylated polyglycerols which



pol ygl ycerols were esterified in order to prepare a
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101 07 880 Al as effective denulsifiers. The various
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emul sitrers oportions of water in various
crude oils nake it inperative to further devel op the
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ef f exidev elie Shakeé oit ithperative dof Rt (?éw%lgﬁ ey ‘éﬁ(lﬁﬁﬂb petroleum
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ef fisisled@ ; Viakno at ed. po cerols

can kieeg ugtg ﬂllhﬁ ?ﬁagvlgﬁwl %a%kémétma oﬂy%% iRagPlace the
bet@lEYPReRAIRFsRMBIadugfs under discessighy, it has been

found that al koxyl ated, cross-I|inked pol yglycerols

exhi,bit an exceltbent effect as petrol eum denul sifiers

even ' PDIES V3S |thils tooAewaiopanpval. petioletn wesnylsifieey which are
exsupietiod inrthede effecb el tigs ahbﬁé?gin%ﬁpéikbkyﬁﬁed olyglycerols, can
ageor di o OECD 306) in conparision w cuftospﬁa}’ '
oL & el IoWRE bon eriraliamand hewa belter biodegradabilty.
uncrossl i nked pol yglycerols. In one aspect, there is
I @y, e: f al koxyl ated, pol ygl ycerol s
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In one aspect, there is provided the use of aikoxylated polyglycerols crosslinked with
multifunctiona! electrophilic compounds with a molecular weight of from 1000 to 100
000 units which comprise 5 to 100 glycerol units which are alkoxylated with C,-Cs-
alkylene oxide groups or a mixture of such alkylene oxide groups so that the
crosslinked alkoxylated polyglycerol has a degree of alkoxytation of from 1 to 100
alkylene oxide units per free OH group, for demulsifying oil/water emulsions in
amounts of from 0.0001 to 5% by weight, based on the oil content of the emulsion to
be demulsified.

These alkoxylated, crosslinked polyglycerols are obtainable from crosslinked
polyglycerols having 5 to 100 glycerol units by alkoxylation of



crosslinked al koxyl at ed pol ygl ycerol has a degree of
al koxylation of from1l to 100 al kylene oxide units

per free OH group, for denmulsifying oil/water
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The %B'ﬁEPéjn@éfquW Fdner al I y requi res 3 to 10 hours.
Pol ygl ycerol s can be depicted by formula 1. 0j0 (1)
15" In formula 1, n is the degree of condensati on,
i.e. the nunber of glfycer@y—units. n increases with
i ncreasi ng reaction tlcgre a d '6" det erm ned by neans
of the OH nunber. 20{In extl step, tkhe
pol ygl ycerol s prepargd in th| S May are crosslinked

15with di- -or multifunctional, el &trophilic conpounds.

Thi s achi eves a very easily controllable increase in

t he | ar wei ht of the polyglycerols. The '
crolé‘snF ﬁw&g,@s@ grdegrest ef camdensation, Aadthe number of glycerol
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controllable increase in the molecular weight of the polyglycerols. The
crosslinkers. used are, inter alia, di- and polyglycidyl ethers, di- and
polyepoxides, di- and polycarboxylic acids, carboxylic anhydrides, di- and
polyisocyanates, dialkoxydialkylsilanes, trialkoxyalkyisilanes, and tetra-
alkoxysilanes. The crosslinking is carried out as known in the prior art.

The following crosslinkers are particularly preferred: ,

bisphenal A diglycidyl. ether, butane-1,4-diol  diglycidyl  ether,
hexane-1,6-diol diglycidyl ether, ethylene giycol diglycidyl ether, cyclo-.
hexanedimethanol digI_ybidyl ether, resorcinol diglycidyl ether, glycerol
diglycidyl ether, glycerol triglycidyl ether, glycerol propoxylate triglycidyl
‘ether, polyglycerol polyglycidyl ether, p-aminophenol triglycidyl ether,
polypropylene glycol  diglycidyl ether, pentaerythritol tetraglycidyl ether,
sorbito! polyglycidyl ether, trimethylolpropane triglycidyl ether, castor oil
triglycidyl ether, diaminob_iphenyl tetraglycidyl ether, soya oil epoxide,
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The follow ng crosslinkers are particularly preferred:

bi sphenol A diglycidyl ether, butane-1, 4-di ol

di gl yci dyl ether, 30 hexane-1, 6-diol diglycidyl

et her, ethylene glycol diglyciddl ether, cyclo-

hex i n gl yclhdy, aer . resorci.nol . .
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ke dther, E‘Sl %%?%“E‘y@%ng‘?%%%ﬁv%ﬁ%ﬂh&%ﬁiﬁg " diethoxy
et hEimethylsilane., delraalspxysiapggitoliens disoayanats diphenylmethane
3or diigadyapate,gl yci dyl ether, trimethyl ol propane

triglycidyl ether, castor oil triglycidyl ether,

di am nobi phenyl tetraglycidyl ether, soya oil epoxide,
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an N ré de odecyl succi ni,c
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pyr 8eP¥e divc waighld @inde specifieallyoxly@Hnsieh plys wedgie, based on the
odi epbIQyycefbinet hyl silane, tetraal koxysilane, toluene

di i socyanat e, di phenyl methane 5 diisocyanate. The
specified crosslinkers and chemcally rel ated
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Crosslinking after glycerol condensation and its
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S poﬁyéféﬁ"érfer the ewerageodegress obalkpkyationsto e betweers 1 and 100

alkylene oxide units per free OH group. Avérage degree of alkoxylation is
understood here as meaning the average number of alkoxy units which is
positioned on each free OH group. It is preferably 2 to 70, in particular 5 to
50, especially 20t0 40 . '

30
Preferably, the alkoxylation is carried out ﬁr’s‘tly with PO and then with EO.
The ratio of EO to PO in the alkoxylated polyglycerol is preferably between
1:1.and 1:10. Though, according to the invention, the alkoxylation can also
take place in reverse order, first ED then PO or with a mixture of PO and

35 EO.

The polyglycerol obtained following condensation, subsequent crosslinking
and alkoxylation preferab!y has a molecular weight of from 3000 to 50 000
units, in particular from 5000 to 30 000 units, especially from 8000 to



25 sufficient for the average degree of al koxyl ation
to be between 1 and 100 al kyl ene oxide units per free
OH group. Average degree of al koxylation is

understood here as neani ng the sgaverage nunber of

algg units which is positioned on each free OH

gr EbQ1 is preferably 2 to 70, in particular 5to
50, especially 20 to 40. 30 Preferably, the

al Xyl i [ carri,ed out firstly with PO .,and then .
o oneLaORed, (FhSy kel nglidosrdiohorapaae by, & desoribed
polpyatasseard depigiedflay aldy obetxameie, i theandséd: dOthe crosslinker

Th : "Fale] ' ' t yl ation
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PO or wwth a m xture of PO and 35 EO The

pol ygl ycerol obtained foll ow ng condensati on, :

subsequent crosslinki .and al koxyl a(ﬂcb{gn preferably

has a nol ecul gaoyei ght” of from 3000 to %0 00Qapynits,

in particular flrom5dQ0 to 307000 units?C especjall
crosginke

pol ygAmg S epoF
depi cted By way of
crosslink 5 pht h&hi ¢ anhydri de, by t
structure (fornula 2): (AO)mE Om(~), OIA), (AO
00 000 R0OO0O'0 (AOKk nn (2 (AOKk,lI,nmD are the
al koxyl ated OH radicals in which AOis a
C2e£y.8 kol 58 ' Lt ; i -Ca-
: degr_e)e@’"g(f» al kgs%ﬁ%ﬁédn‘(ﬂlﬁg&t&ﬁglsﬁgé&ggﬂlﬁb%ta-lr@z Ca-alkylene
10 coRYdasuit eRdok. ke ajeyther degreesi &f glikexdationynds fbeistagree of
fr eomGerisatiod of RABL Gk Y Wéqir@fésb% 8 hGmer from 5 to 50,
esgeﬁj ally 10 tobfyo tTB%t Er esenﬁwlﬁve tion preferably
pr Bettigartypreferablysg to EPeiRbKIP IR 8- 15
pol ygl ycerol as denulsifiers for oil/water enulsions
! nTthpr'éggﬂf’ ‘frﬁ\yen%fon preferably provides for the use of the alkoxylated
15 polyglycerol as demulsifiers for oil/lwater emulsions in the recovery of

petroleum.

- For use as petroleum demulsifiers, the crosslinked atkoxylated
polyglycerols are added to the water-oil emuisions, which preferably takes
20 place in solution. Preferred solvents for the crosslinked alkoxylated
- polyglycerols are paraffinic or aromatic solvents. The crosslinked
alkoxylated polyglycerols are used in amounts of from 0.0001 to 5% by
weight, preferably 0.0005 to 2% by weight, in particular 0.0008 to 1% by
weight and specifically 0.001 to 0.1% by weight, based on the oil content of

25 the emulsion to be demulsified. : |

Examples

Example 1
30 Preparation of pentadecaglycerol

100.0 g of giycerbl and 3.7 g of NaOH (18% strength) were mixed in a
250 ml three-necked flask fitied with contact thermometer, stirrer and water



petrol eum For use as petrol eum denul sifiers, the
crosslinked al koxyl ated polyglycerols are added to
the water-oil enul sions, which preferably takes 20
place in solution. Preferred sobvents for the

cro | d q o L.vcerol s, ar araf f.i ni c.
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wa<Crasshinking of peatadecaghwe| with bisphenehpatiglycidy] ethiee
qowat er of reaction was distilled off over 8 h. The
pr ct was evaporated to dryness on a rotary . .
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15 e Qégﬂﬁpg“f%% ?,Eﬁﬁﬁ%%%ééﬂeﬁéﬁ{rﬁ BEEl R ordesed to 120°C
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st icblURl n@Mshgedf NSk :
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unP ) °&'g| ycidyl ether could no |onger be
. detected by neans of titration of the epoxy nunber.
Thexample 3 |

: Crosslinking of pentadecaglycerol with dodecylsuccinic anhydride

25 100.0.g of pentadecaglycerol, 1.5 g of alkylbenzenesulfonic acid and 2.7 g
- of dodecylsuccinic anhydride were initially introduced at room temperature

‘into a 250 ml three-necked flask fitted with-contact thermometer, stirrer and
water separator. The reaction mixture was then heated to 165°C and stirred

for a further 8 h at this temperature until no more water of reaction formed

30 in the water separator (reaction control: acid number). The product was
evaporated to dryness on a rotary evaporator (yield: 102.0 g) and the molar
mass was analyzed by GPC (M* ~ 2450 g/mol, standard polyethylene

glycol).

35 ‘Example 4 _ A
Crosslinking of pentadecaglycerol with toluene 2 4-diisocyanate

.100.0 g of pentadecaglycerol were heated to 60°C under gentle nitrogen
‘blanketing in a 250 ml three-necked flask fitted with contact thermometer,



product was evaporated to dryness on a rotary
evaporator (yield: 260.0 g) and the nolar nass was

anal yzed by GPC (M & 2600 g/ nol, standard 20
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condenser. eratu
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o Q88 & BupE 5 ratne @Lﬁééfranwegrﬂwaaorategd@y@\mees n a rotary
nuebap@rat&meylewoMQ z’ﬂoeﬁyt GPE YNPSS 78b %a ol). The
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poI yet hyI ene glycol). Exarrpl e 5 10 Preparation of
@Bol 100 0 g of glycerol and 3.7 g of NaOd
&A)stren gth) were mxed in a 250 m three-necked

§tksslfn{<m:p \Weqagtinerelovith hiaphenet Ardiglytidyt etheand

vvater separator. Wth stirring and nitrogen
R0 "6 dei2ghRBR Werd Foitod 6% 80°C under |
gentle mtrogen

blanketing in a 250 ml three-necked flask fitted with contact thermometer,
stirrer and reflux condenser. At this temperature, 309 of bisphenoIA
diglycidyl ether (80% strength solution in an aromatic solvent) were quickly
added dropwise. The reaction temperature was then increased to 120°C
and the reaction mixture was stirred for 8 h until unreacted digiycidyl ether
could no fonger be detected by means of titration of the epoxy number. The
product was evaporated to dryness on a rotary-eVaporator (vield: 102.3 g)
and the molar mass was analyzed by GPC (M* ~ 1530 glh10|,: standard
polyethylene glycol). '

‘Example 7
Crosslinking of decaglycerol with dodecylsuccinic anhydride

100.0 g of decaglycerol, 1.5 g of alkylbenzenesulfonic acid and 259 of
dodecylsuccinic anhydride were initially introduced at room temperature
into a 250 ml three-necked flask fitted with contact thermometer, stirrer and



15 heated rapidly to 240C. At this tenperature, the
water of reaction was distilled off over 5 h. The
product was evaporated to dryness on a rotary
evaporator (yield: 74.9 g) and 8nalyzed by GPC (M 730
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Ethylene oxide

25 The crosslinked polyglycerols described above were introduced into a 1 |
- glass autoclave and the pressure in the autoclave was adjusted to about

0.2 bar above atmospheric prés_sure with nitrogen. Heating was slowly

: calfried out to 140°C and', after this temperature had been reached, the
pressure was again adjusted to 0.2 bar above atmospheric pressure. Then,

30 at 140°C, the desired amount of EO (see table 1) was metered in, during
~ which the pressure should not exceed 4.5 bar. When the addition of EO
was complete, the mixture was left to after-react for a further 30 minutes at
140°C. . . o S



100.0 g of decagl ycerol were heated to 60C under
gentle nitrogen blanketing in a 250 m three-necked
flask fitted with contact thernoneter, stirrer and
refl ux condenser. Then, at thisgtenperature, 2.4 g of
tol p lerfe Hxflidl socyanate were sl owy added dropw se.
The redction tenperature 15 was increased to 100C and
the reaction mxture was stirred for a further 8 h at
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and the demulsifier was mixed into the emulsion by intensive shaking. The
- demulsifying glasses were then placed in a conditioning bath (30°C and
25 50°C) and water separation was monitored. '

During demulsification and after it had finished, samples were taken from
the oil from the upper section of the demulsifying glass (so~cailed top oil),
and the water content was determined in accordance with Karl Fischer and
30 the salt content was determined conductometncally In this way, it was

possible to assess the novel demulsifi lers according to water separation
. and also dewat_enng and desalting of the oil.

_ Demulsifying action of the demulsifiers described
35

Origin of the crude oit emulsion: Holzkirchen sonde 3, Germa'ny
Water content of the emulsion: 46%
Salt content of the emulsion: 5%

Demulsification temperature; 50°C
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Table 2:

| Biodegradability: of alkoxylated, crossfinked polyglycerols (closed bottle test
according to OECD 306) compared with the correspond:ng alkoxylated .
uncrossltnked polyglycerol and Dissolvan 4738



1/01 [ppm Product froml1l + 30 PO+ 20 EO 2 6 12 21
28 36 40 42 43 0.85 156 (conparison) Product from2 +
30 PO + 20 EO 4 111122 30 38 43 46 46 46 0.15 35
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Product from3 + 30 PO + 20 EO 40.6 50.3 Product from
4 + 30 PO +20 EO 38.5 53.4 Product from5 + 40 PO +

30 rision) 10.5 19.5 Product from6 + 40 PO
+ 3%&@3})1%8@@35 Product from7 + 40 PO + POTEPARN4005587
58.3 Product from8 + 40 PO +1?20 EO 33.5 54.7

St algg%rg: | Di ssol van 4738 (conparision) 20.5 27.5
Ref 'ef &1 83(%‘8(3” um benzoate) (conparision) 62.5 81.4 WO
2004/ 108863 PCT/ EP2004/ 005587 12 Patent clains 1.
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it HACaTR, 45 Pie A Tt 1 i i reERrmBes PE olvsptol units
a tobetwaen 5aedd® of from 3000 to 50 000 units. 4.

The use as clained in one or nore of clains 1 to 3, in
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or propyl ene oxide. 25 6. The use as clained in one or

more of clainme 1 to 5, in which a
: 4 The use as claimed in one or more of claims 1 to 3, in which the
20 average degree of alkoxylation is between 1 and 70 alkylene oxide units
per free OH group.

5. The use as claimed in one or more of claims 1 to 4, in which the

alkylene oxide is ethylene oxide or propylene oxide. |
25 |

6. The use as claimed in one or more of claims 1 to 5, in which a

coalkoxylation with ethylene oxide and propylene oxide in the ratio of from

1:2 to 1:10 is present.

30 7. The use as claimed in one or more of claims 1 to 6, where the
- crosslinking of the polyglycerols takes place by means of bisphenol A
diglycidyl ether, butane-1,4-diol diglycidyl ether, hexane-1,6-diol diglycidy!
ether, ethylene glycol diglycidyl ether, cyclohexanedimethanol diglycidyl
ether, resorcinol diglycidy! ether, glycerol diglycidyl ether, glycerol triglycidyl

35  ether, glycerol propoxylate triglycidyl ether, polygtycerol polyglycidyl ether,
p-aminophenol triglycidyl ether, polypropylene givcol digiycidyl ether,
pentaerythritol  tetraglycidyl ether, sorbitol polyglycidyl ether,



coal koxyl ati on with ethyl ene oxi de and propyl ene oxi de
inthe ratio of from 1:2 to 1:10 is present. 30 7.
The use as clainmed in one or nore of clains 1 to 6,
where the crosslinking of the1ﬁblyglycerols t akes
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di phenyl net hane dii socyanate. 8. The use as clained in
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