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25CON&E N 556 NDF S US 4 737 550 describe narrowly meshed star-shaped
polymers (amidoamine dendrimers) which can be used as water-soluble
demulsifiers (more accurately: deoilers) for crude oil/water emulsions.
These products were neither alkoxylated nor used for breaking water/crude

oil emulsions.

30
The use of alkoxylated, alkylated and esterified dendritic polyesters (in
particular Boltorns® from Perstorp) is described in US-6 114 458. The
products are reportedly suitable, inter alia, as curing agents for heat-curing
resins, as viscosity modifiers for linear polymers or as stabilizers for
35 suspensions and emulsions.

The varying properties (e.g. asphaltene, paraffin and salt content, chemical
composition of the natural emulsifiers) and proportions of water in different
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based on the oil content of the emulsion to be broken.

These alkoxylated dendrimers are preferably obtainable from dendrimers
by alkoxylation of the free OH groups with a C2-Cas-alkylene oxide or a

30 mixture of such alkylene oxides in a molar excess so that the alkoxylated
dendrimer has the specified degree of alkoxylation. Dendrimers are also
commercially available. Particular preference is given to using Boltorn®
H20 and H310 (Perstorp).

35 The preparation and the molecular structures of the dendrimers used
according to the invention are described comprehensively in US-5 418 301.
These are dendritic polyesters which are constructed from a central starting
molecule (generally a diol or polyol) and subsequent successive multiple
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known in the prior art, the al koxylation takes pl ace
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The dendrimers used for the alkoxylation are dendritic polyesters, in
general based on a mono-, di- or polyfunctional starting alcohol and a
- carboxylic acid which has as least two hydroxyl groups as dendritic growth
component, The starting alcohol used is preferably bis(trimethylolpropane),
bis(trimethylolethane), dipentaerythritol,  pentaerythritol,  alkoxylated
pentaerythritol,  trimethylolethane,  trimethylolpropane,  alkoxylated
trimethylolpropane, glycerol, diglycerol, triglycerol, polyglycerol, neopentyl
glycol, dimethylolpropane, sorbitol or mannitol.

The carboxylic acid which leads to the dendritic chain growth is preferably
dimethylolpropanoic acid, o,o-bis(hydroxymethyi)butanoic acid, «o,o,0-
tris(hydroxymethyl)ethanoic acid, «o,o-bis(hydroxymethyl)pentanocic acid,
o, o-bis(hydroxy)propanoic acid or 3,5-dihydroxybenzoic acid.
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" The alkoxylated dendrimers prepared by the described process are

reproduced by way of example on the basis of a dendrimer of

25 trimethylolpropane and 2,2-dimethylolpropancic acid by the foliowing
- structure (formula 1):
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30 The specified crosslinkers and chemically related compounds are
preferably used in the range from 0.1-10% by weight, particularly preferably
0.5-5% by weight and specifically 1.0-2.5% by weight, based on the
alkoxylated dendrimer.

35 For use as petroleum demulsifiers, the alkoxylated dendrimers are added
~to the water/oil emulsions, which preferably takes place in solution.
Preferred solvents for the alkoxylated dendrimers are paraffinic or aromatic
solvents. The crosslinked alkoxylated dendrimers are used in amounts of




35

10 gl ass autocl ave and the pressure in the autoclave
was adj usted to about 0.2 bar above atnospheric
pressure with nitrogen. It was slowy heated to 140C
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Exarrple 2: 5 Boltorn HO + 20 nol PO OH + 10 rml EQ CH
(a g% mass according to GPC about 22 900
g/vn%@?'%&‘ e 3. Bol torn(r) H20.,+ 10 mol EQ/OH + 10
nmol PO OH
20 The dendrimers specified in the examples below were introduced into a 11
glass autoclave and the pressure in the autoclave was adjusted to about
0.2 bar above atmospheric pressure with nitrogen. It was slowly heated to
130°C and, after reaching this temperature, the pressure was again
adjusted to 0.2 bar above atmospheric pressure. Then, at 130°C, the
25 desired amount of PO was metered in (see examples), during which the
pressure should not exceed 4.0 bar. When the PO addition was complete,

the mixture was left to after-react for a further 30 minutes at 130°C.

The degree of alkoxylation was determined by means of 130 NMR. This
- 30 determination method should always be used for the purposes of the
present invention.

Boltorn® H20 and Boltorn® H310 are dendrimers of a dihydroxycarboxylic
acid and a polyol. ' :

Examples

Example 1:
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mol PO QHl + 20 _nmol EQ OH 30 (average nolar nmass
ac&@nltiarng H29 88 MR/ 50 mp! /P PHExanpl e o

Bol (b@é.ra@@)mbﬁl%asslébc@m%g% GG aboune 98O ¢Ihof)aver age
nol ar mass according to C about 27 100 g/nol) WO '
2005/ 003260 8 PCTI EP2004/ 006651 Exanpl e 10:

Cr &3emplkifg t he al koxyl ated dendrimer from Exanple 1
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were heated to 80C with gentle nitrogen flushing. At
this tenperature, 2.5 g of bisphenol A diglycidyl
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verBolh® k20 apidetiol BOdDeRW 8emolTIPE/DaRiixtare

" e QBe BRe ARl e staonr g B Crsr 2P 10D difPlact ed
di gl yci dyl ether could no

Example 5:

Boltorn® H20 + 40 mol PO/OH + 20 mol EQ/OH

(average molar mass according to GPC about 47 500 g/mol)

.20 Example 6:

25

30

Boltorn® H310 + 20 mol PO/OH + 10 mol EO/OH
(average molar mass according to GPC about 39 600 g/mol)

Example 7:
Boltorn® H310 + [20 mol PO/OH + 10 mol EQ/OH] mixture
(average molar mass according to GPC about 40 200 g/mol)

Example 8:
Boltorn® H310 + 20 mol PO/OH + 20 mol EQ/OH
(average molar mass according to GPC about 53 500 g/mol)

Example 9:
- Boltorn® H310 + 10 mol EQ/OH + 10 mol PO/OH
(average molar mass according to GPC about 27 100 g/mol)
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Crosslinking the al koxyl ated dodecyl succinic
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9 (H'%lg pé/thgycm nic anhydride were initially
roomtenperature. The reaction mxture

5vvas then heated to 165C and 25 stirred for a further 8
h af 4 bE§ riiaARR. AbdKeR) HHYK With @oRfce therhfsmefer Stfedr &Y refiux
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cont act her nonet er, tirrer an
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further 8 h at this tenperature (reaction control:
i séopamEed Inunber). The product was evaporated to
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20
In a 250 ml three-necked flask with contact thermometer, stirrer and water
separator, 100.0 g of alkoxylated dendrimer, 1.5 g of atkylbenzenesulfonic
acid and 3.5 g of dodecylsuccinic anhydride were initially introduced at
room temperature. The reaction mixture was then heated to 165°C and
25  stirred for a further 8 h at this temperature until no more water of reaction
formed in the water separator (reaction control: acid number). The product
was evaporated to dryness on a rotary evaporator (yield: 102.9 g) and the
molar mass was analyzed by means of GPC (M = 19 800 g/mol, standard
polyethylene glycol).
30
Example 12
‘Crosslinking the alkoxylated dendrimer from Example 1 with toluene
2,4-diisocyanate

35 In a 250 ml three-necked flask with contact thermometer, stirrer and reflux
‘condenser, 100.0 g of alkoxylated dendrimer were heated to 60°C with
gentle nitrogen flushing. Then, at this temperature, 3.0g of toluene
2,4-diisocyanate were slowly added dropwise. The reaction temperature




Determ ning the breaking effectiveness of petrol eum
denmul sifiers To determ ne the effectiveness of a
demul sifier, the water separation from 10 a crude oil

emu\AD @008/003260, and al so thg dewat er i npPCAMEP2004/006651
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dei P et HRbisee Arm SreftioR orl Sadnald obRFAE R T product
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M CHRMMBhES wabSarirdd By ﬁgé’&HkSéffGﬁC (‘IWS~ B XAShH !T;fl‘ﬁél standard

the emul sion by int'ensive shaking. The denulsiTying
&1 aralyethyiane al¥eal-pl aced into a conditioning bath (30C
and 50C) and the vvater separ ation was nonitored.

sarPPuiahe e hERNRLAFEyEnReS of poiraH dRrmifisrs

section of the denuIS|fy|ng glass (so-called top oil),

o T EtRle 158 BhERhyetiRs 0 o BB ar v BRlR eirquep from
10c onal geudsneil emedgiony per tithehia@dvmW the dewateripgsanchiesalting of the

aSS&F%vérBedéleﬁﬁineﬁe'FHrsﬂhfé eée?néﬁﬁﬂgﬂ d@@s%é’a K@a‘p%?ed +graduated

separ ation al'so dewat'erin
oi | 9lags bpttleswvitysererelids) dver@r@adm:rsewepgsejwbﬂ%wl of the

O i ghube il V%r:ﬁms%mdﬁ eQitch g@d §Id@ﬁnehkﬁrﬁ&surztg§;eme&mﬁals&|er was
er ,con N (0] mu | ONn

o Breq i s ey 0%, srtats Gpiim oL s aseing & micropipette,

15t engradt teudemulsifier vasZmixad iz emision by-intoNB0sHaXing. The

La&e%ul@@fﬁé%%s eql'len Hac% q\t)) Q conditioning bath (30°C and

50°C) and the water separation was monitored.

During demulsification and after it had finished, samples were taken from

20 the oil from the upper section of the demulsifying glass (so-called top oil),

and the water content was determined in accordance with Karl Fischer and
the salt content was determined conductometrically. In this way, it was
possible to assess the novel demulsifiers according to water separation
and also dewatering and desalting of the oil.

25
Breaking effect of the demulsifiers described
~ Origin of the crude oil emulsion: Holzkirchen sonde 3, Germany
Water content of the emulsion: 46%
30  Salt content of the emulsion: 5%

Demulsification temperature: 50°C
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0-2 0 a)'a co 4}LCC. co ctzOca WD 2005/003260 11
PCT/ EP20041006651 Tabl e 2: Bi odegradability of

endrimers (closged bottle
%&é%gﬁidﬁﬁ th CECD 306) ign'pared tobﬁ‘fﬁéﬁggpgmoossm
products Bi odegradability [9% afterl14 days28 days
?EBQ t from 125.746.8 Product from 632.955.6 Product
rom 1030.749.5 Product from 1245, 762.5 Standar d:
Biasiegradability o atkeswigiad dengrimers. (plasegrlafiia fesbin depQigance
#tRDECD 308) 2r§a@o 3tdrrfapd 8md§odl um benzoat e)

(conparison)6l1. 782. 4 WD 2005/ 003260 12
s

Biodegradability [%] after 14 days | 28 days
Product from 1 25.7 46.8

1 Product from 6 32.9 55.6
Product from 10 30.7 49.5
Product from 12 45.7 62.5
Standard: Dissolvan 1952 (comparison) 4.0 9.3
Standard: Dissolvan 4738 (comparison) 19.8 26.3
Reference (sodium benzoate) (comparison) 61.7 82.4
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1. The use of al koxyl ated dendriners having a
nmol ecul ar weight of from 2400 to 100 000 g/ nol which
have been al koxylated with 5 C2-C4-al kyl ene oxi de

i xture of such,gl kyl ene oy
%@Wﬁ?ﬁow al koxyl at ed dégdri nmer ha?(gﬁgﬁbgg@mm
al koxylation of from1l to 100 al kyl ene oxi de units per
Eﬁﬁﬁﬁgklgroup, for breaking oil/water enulsions, in
anounts of from 0.0001 to 5% by weight, based on the
oil content of the enulsion to be broken. 10 The use

32 ng 'r ifrhgglg’sé rblf%ggéméted\gegﬁ@rgﬁg@ ngﬁgi[algi %‘?_ﬁoig;é:umr weight of
oo et 12408 YET 104 oG Sineb it hiabe, deen, Blspwiateg, with
ﬁsddewrm-iaﬂ(ymrml\blhideogmupsT nbr ﬂh'rrﬁ;ttlumasf aaau_chl alib(ybne\/\oxide
D oBtourd RUBR 1l e, Ao ARNEHITED shs 8 %tBlree o
bi s(t alkezylajionlop fropahdd 100 alkylenerekidel wiitst prenfede OH group,
di \ ’ : )

e SRR U BPSERAIHAL ) fourdd BPRIRS 8801 0 5% by

tri meweyohdl brsssher theapik egteat ebtheerpyisias: tmebmkepane,
gl ycerol, diglycerol, triglycerol, polyglycerol,

neopentyl glycol, dinethylolpropane, sorbjtol or .

ganni F%ﬁ.uaﬁ S5 imed BeClaim mudiars the riffTeiSof dendritic

8 | agﬁp?@eél@{] %aseﬂebm 4 fm_@ondé!aﬂb?%zy biyf@eitidnab st%r&ng alcohol
endritic chain gro i s, dl ol propanoi c . ac

e brtd i SRBvE A0l b teolRe BoRHPESRRRGH: Rhicthes at

t ri s(leadt wy hpddoxl/) grobpsaoi ¢ aci d,

a, a- bi s(hydr oxymet hyl ) pent anoi ¢ aci d,
a, a- bi s( hydr oxy) propanoi ¢ acid or 3,5-di hydroxybenzoic

3ci d. The usecas shimeddnaclaey 1iandiere2owhers dhe stasting rmicohol

to 4, where tige 3Gs HK@MI@B diendr | n”%ﬁsgtrl?ﬁéﬂﬁyﬁalethane),

nol ecy] ar wei ght of from 10 Q00 to’, 50 00Q g/nol. 6. .

The udPertasyliialg | Reniaendbritny o AkOBalPHs ~ 1PeryasTytiriol,

mgcgtrﬁﬁ?hyli@mnm@,_ gegr gg tﬁhe‘t&hwﬂpycbpfﬂrieon i s betaleseylated

an . a ne oxi de ni t er, fre r

The (LEREYoftPRERe. Totysobr ddvdFihy tidly il Mhansrol,

whi ¢ hnedpentgl dyda ndimethylelprepasteh godrtol ox nnitol.

propyl ene oxi de.

4, The use as claimed in one or more of claims 1 to 3, where the
carboxylic acid to the dendritic chain growth is dimethylolpropanoic
acid, o, o-bis(hydroxymethyl)butanoic acid, oL, O, i
tris(hydroxymethyhethanoic acid, o,o-bisthydroxymethyl)pentanoic
acid, o,a-bis(hydroxy)propanoic acid or 3,5-dihydroxybenzoic acid.

5. The use as claimed in one or more of claims 1 to 4, where the
alkoxylated dendrimers have a molecular weight of from 10 000 to
50 000 g/mol.

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

~ average degree of alkoxylation is between 1 and 70 alkylene oxide
units per free OH group.

7. The use as claimed in one or more of claims 1 to 6, in which the
alkylene oxide is ethylene oxide or propylene oxide.
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WD 2005/ 003260 13 PCT/ EP2004/ 006651 8. The use as
clainmed in one or nore of clains 1 to 7, in which a
m xed al koxylation with ethyl ene oxi de and propyl ene

W BadIbS% 1 i ' one orGrore of oIS HEHAIQH/B0GES!

~where the al koxyl ated dendrinmers are crosslinked

usi ng bi sphenol A diglycidyl ether, butane-1, 4-diol

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

& hy| die yge/aeLlaihgtl yit odglorendrergf dhajitisohtexdniedivhich a mixed
met ha ha [ hg{idal oy I Qlyci:dy, :
et her %?x%%é@gl hﬁﬁ gﬁ}?kllegbl S%Itd ﬁe%?d) pg?%é?%l&hdé ifbthe ratio
trigl yyi2 & hadp is gr ol propoxylate. triglycidyl

et her, polyglycerol polyglycidyl ether, p-am nophenol

e e B BRSR SBe i SBkmsts heB: e e
pol yglajiaxgidtec deadrimers aed loydsslipkexp asiegt bisgheral & diglycidyi
G am St raRperict pid)] YR LbHEY Hexpne-1prciol digiyciay
epoxi @¥)eradefsiyiensci glycofal diglycidyi dethpht teytlohexanedimethanol
oy e, oA oty bide, geder s
pyr on@IMCR{glc tagivgidyl qther, qighcerix proraiatesitrigiweidyl ether,
di et hpskdiyeetdly Ipdlyghredy|t @tihsnep-atlindph&sesty digiysidyl ether,
di phe%lyﬁ%p@?@nee dél)'/éoqcé.(l%?y%tufyl ether, pentaerythritol tetraglycidyl
ether, sorbitol polyglycidyl ether, trimethylolpropane triglycidyl ether,
castor oil triglycidyl ether, diaminobiphenyl tetraglycidyl ether, soya
oil epoxide, adipic acid, maleic acid, phthalic acid, maleic anhydride,
succinic anhydride, dodecylsuccinic anhydride, phthalic anhydride,
trimellitic anhydride, pyromellitic anhydride,
dimethoxydimethylsilane, diethoxydimethylsilane, toluene

diisocyanate, diphenylmethane diisocyanate.




