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AN CRTHO ESTER- BASED SURFACTANT, |TS PREPARATI ON AND USE.

The present invention relates to a new ortho ester- based
surfactant, where the hydrophobic and hydrgphilic 5 parts are
connected by ortho ester |inkages to the nol ecul e. The surfactants
are stabl e | ANJIORTHO'ESTERABASED SURFECTANT, ITS PREPARATIONIANYSESEL N
acidic solutions to yield products that are not surface active.
Surfactants are used in a variety of applications and 10 processes,
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In order to improve the degradability of surfactants
20 and make the separation of hydrophobic material from waste.
water easier, it has been suggested in EP-A1-0 742 177 and
EP-Al1-0 742 178 to use hydrolysable aldehyde- and ketone-
based surfactants. The surfactants, which contain acetal
linkages, are stable in alkaline solutions but are hydro-
25 lysed in acidic solutions. Acetal-based surfactants are also
described in EP-A3-0 054 366.

However, to effect complete hydrolysis the pH need to
be lower and the reaction time longer for the acetals as
compared to the ortho esters. This will result in a larger

30 consumption of chemicals, and either give a water phase with
an unacceptably low pH to be let out to the sewage treatment
works or, if the waste water is neutralised, the formation
of larger amounts of salt. Furthermore, there is only a
small number of long-chain aldehydes that are commercially

35 available,-and consequently the range of acetal-based sur-
factants possible to obtain is limited. In addition the
aldehydes are generally more difficult to produce than the
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addition are readily cleavable and more easily biodegrad-

able. Their degradation products should also be environ-
mentally friendly, and not exhibit any essential surface

15 activity. Further, this new kind of surfactants should be
easy to produce. Surprisingly, it has now been found that
surfactants based on an ortho ester accordingppo formula

0 - (A))mRy | -
R~-C~-0 - Ry (1)

20 O = (B2) R,
where R is hydrodgen or an aliphatic group with 1-7 carbon
atbms; R, is hydrogen or an alkyl group with 1-5 carbon
atoms, preferably R, is an alkyl group with 1-4 carbon
atoms; A,; is an alkyleneoxy group with 2~4 carbon atoms, the

25 number of ethyleneoxy groups being at least 50% of the total
number of alkyleneoxy groups; n; is a number between 1 and
30, preferably between 2-25; R, is an aliphatic group with
5-22 carbon atoms, preferably 8-22; A, is an alkyleneoxy
group with 3-4 carbon atoms; n, is a number between 0-30,

30 preferably between 0-20, provided that when R, is an ali-
phatic group with 5-6 carbon atoms n, is at least 1, pre-
ferably at least 2; R; is selected from the group consisting
of (A;)mR:, (Az)n2R, and an alkyl group with 1-6 carbon
atoms, preferably 1-4, where A,, n,, Ry, A,, N, and R, have

35 the same meaning as mentioned above; or a di- or
polycondensate via any of the free hydroxy groups of the
ortho ester; display the above-mentioned properties. To
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The cleavage of the ortho ester-based surfactant is
promoted to a high degree by decreasing the pH ‘and lncreas— -
ing the temperature. The ortho ester could also be used as

20 an emulsifier/dispersant at a lower pH, e.g. at a pH of 5,
if the process is fast enough, and consequently be cleaved
at the same pH. When compared to the cleavage of an acetal-
based surfactant at the same conditions, the ortho ester-~
based surfactant is cleaved much more rapidly. The cleavage

25 results in degradation products that lack the ability to
behave as surfactants, e.g. to form emulsions, which is
demonstrated in Example 12. The rapid cleavability of the
ortho esters of the present invention presents a special
advantage in application areas where the separation of an

30 oil phase from the water phase is desirable, e.g. for waste
water treatment, in the working-up of emulsions formed when
cleaning hard surfaces, and in deinking and textile
processes.

The invention also relates to a process for making

35 the ortho ester-based surfactants, where low molecular
weight ortho esters are used as starting materials. These
low molecular weight ortho esters are reacted with a hydro-
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O - R,
where R has the same meaning as in Formula I and R; is an
alkyl group with 1-6 carbon atoms, preferably 1-4, in one or
several steps, with reactants having the formulas HO(A;).1R;

20 and HO(A;),R;, where R;, R,, A;; A,, n, and n, have the same
meaning as in Formula I, while evaporating alcohols with the
formula R,O0H, where R, has the same meaning as above. The
reaction preferably is performed in the presence of an acid,
e.g. methanesulphonic acid, p-toluenesulphonic acid or

25 citric acid. The temperature is increased during the reac-
tion and is finally reaching 140 to 220°C. The alcohols
R,0H, that are liberated during the reaction, are gradually
evaporated from the reaction mixture. In the final phase of
the reaction vacuum is applied to remove the residual

30 amounts of alcohols, thereby driving the reaction to comple-
tion. '

Suitable examples of ortho esters II are methyl or
ethyl ortho formate, methyl or ethyl ortho acetate and other
low molecular weight ortho esters that are commercially

35 available.

The hydrophobic part of the molecule may be derived

from an alcohol R,0OH, or an alkoxylate thereof. The alcohol
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In another embodiment the present invention relates
to the use of an ortho ester according to formula I in a
process comprising
a) emulsifying or dispersing a hydrophobic component in
20 - water at a pH of 6 or above, preferably at pH 7 or
above, in the presence of an ortho ester according to

the present invention,

b) lowering the pH or increasing the temperature of the
emulsion or dispersion, or a combination thereof, and
25 thereby breaking the emulsion or dispersion, and
c) separating the hydrophobic component from water.

The surfactant is normally used as an emulsifier or
dispersant at a pH of 9 or above, but could also be used
down to a pH of ca 6. The waste water obtained as a result

30 of the performance of the surfactant in step a is then
treated in accordance with b. The pH of the emulsion or dis-
persion is preferably reduced to a pH of between 4 and 6. If
needed, the temperatﬁre may be rised, preferably to between
20 and 60°C to further promote the cleavage. In some circum-

35 stances, when the pH during the emulsification is low
enough, it might suffice to raise the temperature. The lower
the pH and the higher the temperature, the faster the
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5 w245y t her be synthetic or natural. Suitable exxpfiasohe

al kyl groups R2 are 2-ethyl hexyl, octyl, decyl, coco al kyl, lauryl, °
ol eyl, rape seed alkyl and tallow alkyl. Qher suit- - abl e
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, T
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needed, the itenPer Al Ul &, MBY BEadl Sethe PLELSTRD! I LY BELYESic dye from a

textile dyeing process and the dirt from a textile scouring
process could be emulsified or dispersed by the surfactants,
and later on removed from the process waste water.

20 The ortho ester surfactants also benefit from a
better biodegradability than the corresponding conventional
nonionic surfactants. When subjected to a neutral or
slightly acidic pH in a sewage-treatment plant, the ortho
ester surfactants are cleaved to yield non-toxic substances

25 that are essentially not surface active. These substances
would be more easily biodegraded than an intact surface
active molecule would be. A comparison between a traditional
nonionic surfactant and an ortho ester surfactant according
to the present invention (see Example 14) shows the latter

30 to be more easily biodegradable.

The present invention is further illustrated by the
following Examples.
8 Example 1

1.5 moles of a Cy-C;; linear primary alcohol (Dobanol

35 91 from Shell), 1.5 moles of diethylene glycol monoethyl
ether ethoxylate (diethylene glycol monoethyl ether + 2
moles of ethylene oxide), 1 mole of triethyl orthoformate



20 and 60C wod%ae4eher pronote the cleavage. In some circum 3ET/SEIS/02239

stances, when the pH during the enulsification is |ow enough, it.
m ght suffice to raise the tenperature. The | ower the pH and the

hi gher the tenperature, the faster the 7 WO 99/ 32424

PCT/ SE98/ 02239 6 cl eavage
wi |l occur St,oC gm riQ
| ower the pI—ngmahgf% ngiﬂ%gzi%ﬂeﬁﬂ nitf JH{& errata’[ l}nrlexegﬁove a%éent

since the | apnbient| teppenatuge. The termpﬁnaetlafe a:rfgé'-h#n@wtmtmnsture
The above- Meghis0Rea daA985 A% d %djsﬁfhdﬂﬁ, after cé’alf'lr%dré’f

applications. oné ngj or c{tgl I cation is the clean- of hard

surfaces, folteDpPsRsta AR A Givtas kaached. Ethanon e W g¥aRd t he
cl ears ng of 1&%&&%4@@1&1 trnkdsfotion, was WHtEindsusly wiesiPled

fact ant t _al | sif di
or the hydr BEftobiid G kf?warie Bhade qf)the HEAFETRN o YASRER IS RRRL e
cl eaned, t h_etwaflae:nﬂatuate she removakialf fetdtandier ebytatel sof f2Ctang 06
cleaved. Thi 2th3nis wtat@e co]]lectecfn%lﬁcgzg c?cgrxdé%ﬁc%éé Xl t%]?rgflk;c[gémd the

hydr ophobi ¢ i s sépar romihe water ase
I n an anal ogtheoreitiaal tamountr @i listklate waecenalysed by FH-d@hki ng

r ocHss, the r - f1 d
pr ochs fe 2 QJI” odlet! wg&ﬂv&é N H-NMR and PEXLNMR. X@baﬂdlng

process an roma textile scouring process coul
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fromthe progest waste water. 20 The ortho ester surfactants
al so benefit from a better biodegradability than the correspondi ng
conventi onal XM IiL surfactants. Wen subjected to a neutral or

slightly acidic pH in os sge-df entatiylpetariol twopdkybate (2-ethpler
surf%:t ants %{e%cacrloelavedlg mryieesl doPoé‘r'é&‘i&néugﬁ 4 ?51.05 moles of di-

ethylene glycol monomethyl ether ethoxylate (diethylene
glycol monomethyl ether + 18 moles of ethylene oxide), 1.0
mole of triethyl orthoformate and 1% ‘w/w of anhydroué citric
acid were mixed and a reaction was performed under the same

20 conditions as in Example 1. A total of 10.2g of ethanol was
distilled off, which corresponds to 92% of the theoretical
amount. The same analyses as in Example 1 were performed. No
unreacted triethyl orthoformate was found.

Example 3

25 1.5 moles of 2-ethylhexanol, 1.5 moles of a
monomethyl-blocked polyethylene glycol having a mean mole-
cular weight of 550, 1 mole of triethyl orthoformate and
0.2% w/w of methanesulphonic acid were mixed. The same
procedure as in Example 1 was followed. A total of 18.2 g of

30 ethanol was collected, which corresponds to 98% of the
theoretical amount. The same analyses as in Example 1 were
performed. No unreacted triethyl orthoformate was found.
According to the NMR analysis more than 70% of the product
consists of three surface active components specified below.

35 The number of ethoxy groups that has not been substituted is
denoted by x, the number of 2-ethylhexyl groups by y and the
number of end-capped polyoxyethylene groups by z.
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Example 5

15 The procedure is the same as in Example 1, except
that n-octancl and monomethyl-blocked polyethylene glycql
having a mean molecular weight of 350 are used as the hydro- -
phobic and hydrophilic components respectively. The same
analyses as in Example 1 were performed. No unreacted tri-
ethyl orthoformate was found.

Example 6

20
0.152 moles of hexadecanol, 0.152 moles of mono-
methyl-blocked polethylene glycol having a mean molecular
weight of 750,
0.15% w/w of anhydrous citric acid were mixed together. The

0.101 moles of triethyl orthoformate and
25
temperature of the reaction mixture was gradually raised
from 22°C to 155°C during the course of 30 min. Ethanol,
that was liberated during the reaction, was continuously
distilled off. When the temperature had reached 155°C, the
pressure was slowly reduced to 3 mbar and held there for 20
min to facilitate the removal of ethanol. A total of 13.7 g
of ethanol was collected, which corresponds to 99% of the
theoretical amount. The distillate was analysed by 'H-NMR
and the product was analysed by ‘H-NMR and *C-NMR. According
to the analyses there was no unreacted triethyl orthoformate

30

35

left, and 60% of the product mixture consists of three sur-
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triethyl orthoformate and 1% w w of anhydrous citric acid were
m xed and a reaction was perforned under the same 20 conditions as in
Exanmple 1. A total of 10.2g of ethanol wasg distilled off, which
corresponds to 92% of the theoretical anount. The sane anal yses as

in Exanpl e 1ﬁﬁﬁé3dﬁiiﬁﬁfﬁﬁhp$HEnts corré8psnding toi thybnekt bpkeifded was
f ound. gﬁ%qg%EF 1.5 ol es of 2-ethyl hexanol,
1.5 nol es of ip the tab ﬁ?mpﬁ?oéked pol yet hyl ene gl ycol having a mean
mol e- cularnmmnﬁuecﬂ 550, 1 nole of trlethyl ort hof ormat e and
0.2% w w of nethane honlc cid wer ure as
in Exanple 1 was fol %f%ll%fgﬁﬁ ﬁaﬁe bﬁaﬁgamgg'ﬁan()lBgtggsf'1

col | ekt ed, vWﬁhﬁt(2ﬁethymhdxanol98@80m01he of propyl&ver exiidel anfpieno-The
sane anal yse L f Ropdahe aoheduliaet hyl
orthofornat;%ﬁi?*Ilﬁ¥g€ﬁé8 §°mg§ﬁXleHe BIYBSi Béq%&?ana ySI S nnreutaan 70%
of the produdteight of %%fsaxesusedi asetheuhvdrerhebiceangnpyferphilic

speci fied bel ¥hpdRents rd8 eEHﬂb@iyOfTﬁEhQéMegéﬁHQgsbgabshQ% EXamPARN 6

substituted is dengted by x, the _nunber et hyl he %{oups by y
and t he Wer%UH§€?°E$3€ndNEaBBEGaﬁB?9o§§éFH9Vén8r§F8§ m@&
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8 Conponent nr y z 2

0 2 Example 8" 3 0 1 2
Exanpl e 4 The procedure is the same as in Example 6, except

that a Cy-C,;; linear primary alcohol (Dobanol 91 from Shell)
and monomethyl-blocked polethylene glycol having a mean

15 molecular weight of 470 are used as the hydrophobic and
hydrophilic components respectively. The same analyses as in
Example 6 were performed. No unreacted triethyl orthoformate
was found. '

Example 9

20 The biodegradability of the ortho ester-based surfac-
tant described in Example 1 was investigated by the “closed
bottle test" as described in OECD Test 301D. The surfactant
reached 82% biodegradation after 28 days, and is conse-
gquently classified as easily biodegradable.

25 Example 10

To evaluate the cleaning efficiency of formulations

containing an ortho ester-based surfactant of the present
invention, the following cleaning test was used: Alumina
plates (41x15mm) coated with C14 marked triolein (glycerol

30 trioleate from Amersham) were put in a holder and washed in
a Terg-O-Tometer by turning the holders back and forth
through the surfactant solution with a velocity of 50 rpm
during a period of 5 min. The test was performed at 20 and
40°C, using the formulations I, II and III in the Table be- -

35 low, where I is a reference formulation containing a tradi-
tional nonionic surfactant. The formulations were diluted
with tap water 1:100 prior to use. After the cleaning step




The procedure is the sane as in Exanple 1, except t hat .
2- et hyl hex .4 nol es of propyl ene oxi de and nono- T/SE98/02239
met hyl - bl o%%”%g et hyl ene gl ycol having a nean nol ecular 1 ¢ V\lesght of -

550 are used as the hydrophobic and hydrophilic
respectively. The sanme anal yses as in Exanple 1
unreacted triethyl orthoformte was 10 found.
15 The procedure is the sane as in Exanpl e 1, except

t hat n-oct arhe hmﬁﬁamaonereydlppedkﬁdrp@lsecmvdsnengtyndwater holdjngi Ag a

conponent s
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Exanple 5

ed,
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mean nnlecu@gm IEL g e 0b£358-are used as the hydro- phobi ¢ and
hydr ophi | i onents respectively. Th sane nal yses as in
fExarTgl el we.foea;nﬁféxﬁf rreEg- Nlaaﬂgumi&d t WGrn@ﬁaé:ionzthh)F'onﬁ?hﬂfﬁﬁth\
ound. anpl e . : s, of _hexadecang
0. 152 nol eg of nono- %Hﬁﬁﬁlﬂ’bc%efyp&eétgk% @Eg R eﬁgggn%%a
mean nol ecyl ar melgbt abmibﬁen& 101compesent trli et lpdmpmriendf or ne
and 25 O I5% W w ol —aftydrous CrtTiC act o were mxed togetner. Tne
t enper at ur ¢ %Fcuhea:\‘%fl’?lrm m xt e was |gradual Ty raised from
22[@rr] C tqA5ferr] C durihg the course of 30 min. Et hanol , t hat
was | i ber atfet—durtg—the—rEactTom T was contTTuousty dirstiT1Ted of
When the t ¢rPdha BC9ad rpached 155 [erf]C, the 30 pressure was
slow y redygeiktors sbagxahd held there ffor 20 mn to facilitatdg
t he renoval| of ethanol. A total of 13.7 g of ethanol was coll ect
whi ch corr §5onds 10 99% ot the hearetical amount The distilla
was anal ysecbm,ﬁeégﬂ;&NNR - and the product was jnal yseds by
[ err] H NVR{and rr]C—NNR Accordi ng 35 to the ana) yses there was 1
unr€act ed t{rf¥X ol mat e eft, and 60% of the product
m xture corlsi sts of three sur - WO 99/ 32424
PCT/ SE98/ 02239 g
Octyliminodi- 2.8 2.8 2.8
propionate
Tetrapotassium 6 6 6
15 pyrophosphate
Metasilicate 4 4 4
Water balance balance balance
The plates were transferred to vials containing scin-
20 tillation liquid (Ultima Gold from Packard) with the ability
to dissolve fat, and were shaken at 300 rpm for 20 minutes.
The plates were removed from the vials, and the liquid was
analysed for radioactivity in a scintillation analyser (Tri-
Carb 1900CA from Packard). The result is reported as %
25 washed-away fat as compared to coated plates that have not
been washed according to the procedure above.
Formulation | ¥ washed-away fat | ¥ washed-away fat
at 20°C at 40°C
I 57.9 85.0
II 87.6 79.6
30 I1X 84.2 91.2

This example shows that the ortho ester surfactants
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tabl e of Exanple 3. Exanple 7 The procedure
is the sane as in Exanple 6, except 5 t hat 2-ethyl hexanol + 2 noles of
propyl ene oxi de and nono- met hyl - bjjocked pol et hyl ene gl ycol having
a nmean nol ecul ar wei ght of 550 are used as the hydrophobic and
hydrophilic are as q%%ﬁp@l‘ae'&tréﬂﬁwtda\i‘ﬁ YsurfeciAis A HibidPid Nsur-
Exanpl e 6 were perforned. No unreacted triethyl orthofornmate was 10
f ound. factant used a5 @ geference. The procedure is the same as
in Exanple 6, excepgxample 1ithat a CJerr]-Cerr] linear primary al cohol
(Dobanol 91 from Shell . nqgi%;mo t hyl.- bl ocked . pol col
havi ng a nean 15 %‘x%yleg&ﬁngr % o (ﬁrgeff%'k%?r @%ﬁ&%ﬁ%g%%%% C
and 5 hAgdoading ot dheo prdsente siveen tvicdry . wakh e sstaimea ttedh | lyys esomach
Exanpl e 6 wer r reacted triethyl orthoformate was

f ound. %gli% fm r% r’%%tl% The bi odegradability of the

ortho ester-based sihhleakest solutJICmﬁ mmnm(fdma;emmr@ T was

i nvesti gat ed 0s d OGfyl), Test
301D. The sur(?act ant da) kS and Idb%&% E\I’OI?E ra%gtJl' on arter :gbdays and
i s conse- formulatdans, V@%ﬂﬁﬁ%m% y Breoratartp angbg was mea-

Exang e 10 sured against B Wd&i&mep&iﬁ@é&m widdcifncypfarilm PM-

f or mul ations cont aj ni ngb an ortho ester-based sgrfact ant_of the

pr esent 2 TR ARSE 1937 G35 | SRRRAPY) bR (RAREHAr H L At na
plates (41xl @asﬁldmﬁad. i n@&bmﬂ@m—_é rwaelmdglmmll 3Rin, and each

I f h hol d d
Ter g- 0 Toret SPTF (1 Ay TRFHR doh LD AMASwe R T T The Fesy s aRe: ne

sur f act ant satmmmsed mmttBédﬁabLedﬁeB@dr pm during a period of 5
m n. The test—weas |JCI]UI rec—at—26—and Anr5|1‘_r , usi ng t he
for ndff at i ons| Formulatdon || Gontaet Ansle mfteys 1 min | by, where | is a
reference fofmul ati on contjai ning a traqlb tiopal nonionic
surfactant. Fre—ormH-attgrs—were—eit u{ed —-+N tap water 1:100
prior to usel Aftdr the clleaning step 35.8 —

II ' 35.3

IIT 34.4

20 The results show that the wetting ability of the

ortho ester-based surfactants according to this invention is
comparable to the wetting ability of the reference compound.
Example 12
A comparison is made between the ortho ester-based
25 surfactant produced according to Example 1, an ortho ester
end-blocked surfactant and an acetal-based surfactant, re-
garding their emulsifying ability at different pH-values.
The oil phase used in all experiments is n-decane,
and the water phase consists of different buffer solutions.
30 Sudan Red B is added as a colorant for the emulsion. The
surfactants used are:’
a) Ortho ester-based'surfactant according to Example 1
B) A Cyy~C;; linear primary alcohol + 8 moles of ethylene
oxide that is end-blocked with triethyl orthoformate
35 (synthesized according to the procedure described in
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ders were dipped for 5 seconds in tap wat ;96 g,é
érr]C. Conponent FornulationgFTE%rnJPation

Il Formulation I1] % by wei ght % by wei ght of % by
wei ght of of conponent conponent

conponent Cerr]-Cerr] alcohol 12 5 _ 5 +
4EO Otho ester 5 _

m xture of Ex. EP-AM-0 564 402)tho ester o

5 10 Exture /e Betal betweedn n-decanal®Hdnd Idiy@éicl ethoxyldted
2.8 2.8, propi onate - .. TetTapotassi um )

6 6 fMith 4 moles AbGhykene oxide (gynihesized according

4 4 to the pM¥dédure described Dix aEen1-0 742befapce
bal apce The plates were transferred to vials containing

scin? 20 till REWPIVERI d (U tinma Gold from Packard) with the ability
to dissolve fat, am swaike sfd&eanel B0 mprbitfeRsoivtias, 0.3 g sufhe

pl ates were V. [ t vials, .and the. |iqui . for
radioactivitééﬁﬁ?égé%?%P?I$§?P%n°§n%?€§%rr?qT$-arg E?Sce%a%g 398§§;¥§§gm
Packard). THees®stibe; swhighrisdmasudd 2P shakenafdedoneapinhuteabefonpar ed
to coated plggeseibdt RBYSuPShent. The emulsion is allowed to separate,

10 and after 3 minutes the degree of separation is measured as

a/b x 100, where a is mm clear lower phase, and b is mm
clear water phase before emulsifying.

Between the measurements the test tubes are con-
tinuously shaken at 1000 rpm in the horizontal position by

15 an IKA-VIBRAX-VXR apparatus; Before each new measurement the

test tube is manually shaken for 30 s to completely reemul-
sify the mixture.

The test is performed at 22 and 50°C. For the test at-
50°C n-decane and buffer solution is preheated before the

20 surfactant is added.
PH Time for 100% Time for 100% Time for 100%
separation of separation of separation of
emulsions with A { emulsions with A}l emulsions with C
at 22°¢C at 50°C at 22°C
2 < 5 minutes < 1 minute > 35 days
3 < 5 minutes < 1 minute -
4 < 39 minutes < 10 minutes -
25 5 < 120 minutes < 15 minutes -
6 ca 55 hours < 3 hours -
7 > 8 days <22 hours -
8 > 15 days ca 29 hours -
9 - > 16 days -
30 10 > 40 days > 40 days -
11.5 > 40 days > 40 days -

- test not performed




been washedwaowmnghsng t o the procedure above. For nmulrdTvS®98/5239
washed- away fat % washed-away f at at 20[err]C
at 40[err]C I 57.9 85.0

|1 87.6 79.6 30 111 84.2
91.2 Thi s exanpl e shows that the ortho ester surfactants
WD 99/ 32424

. .. PCT/ SE98/ 02239
11 are as MoRP G SRR e RIS q:‘-!\-%‘%?lgyﬁ%%i Bhi B¥sur -
factant usedraluess rhémverﬂtp which results inEabpss 4f surface activit¥he

wetting abl Iddie Bl VDAY SLRESES SULLAREaN ReSsgec LRECAUALDTLLIS! I8

pr esent |nven s st Ur e
The test sdnﬂpxﬂunnwxhﬁ$rEananuéaIYDﬂbding separatlenetemse)beﬂpwané 11

thatswere UShifbdHP| &edletdd? the n aréqayéaigoegoweﬁe Hiﬁﬂlﬁ!ﬁ@' . ed.

The contact angl e was nea- ure nst_a hydrophobi c po
materi al (Parafil mfaobtain an9®9°¢9%%#¥#m#¥%ﬁmlx§hsC%hﬁﬁn??rmFth

Rane- Hart N, 56, Awas added.CaRiigmednuitiae meal%%erm@.tns IV B A tﬁir
m n, and each value I's, the average of nts. The results

are IRHeFFRAE FHOR heWHEERRS hEPH VAN 3@d1t1°n ?regglgﬂ$9ﬁr RYft act

angl e after thamm2 hours was(heeded. 35.8

H 10 'I'htE;.3 5er§ulslon produced with surfactant B is only
marginally effected by pH. Still after 11 days at a pH of 2
and 22°C, only a separation of 11% is obtained. This is ex-
pected since the surface activity of B does not disappear
when the ortho ester bond is broken.

15 These above results show the superiority of surfac-
tant A to surfactant B and C regarding ease of hydrolysis at
acid pH-values.

Example 13 _
To further investigate the emulsion separation ob-

20 tained at a pH of 5, two other kinds of oils were emulsified
by the same surfactants A and C that were used in Example 8.
For a comparison with a conventional nonionic surfactant,'a
. Cy~Cy; alcohol + 4 moles of ethylene oxide was used (surfac-
tant D). The oils used were refined soy bean oil (produced

25 by Karlshamn) and diesel o0il, and the water phase consists
of a pH 5 buffer solution .

Procedure:
At room temperature 200 ml oil, 300 ml buffer solu-
tion and 6 g surfactant are placed in a 500 ml reactor

30 equipped with a mechanical stirrer of the propeller type.
The reactor has an outlet at the bottom. The mixture is
vigorously stirred at ca 500 rpm for 90 minutes. The emul-
sion that is formed is allowed to stand for 5 minutes, after
which 250 ml liquid is drained off through the bottom outlet

35 during ca 1 minute. The sample is left for 3 hours, after
which the volume of oil and/or emulsion is measured. The
result is presented as % v/v referring to the total volume
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based surf actant,
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conpari son

surfactant produced according

endHbl ocked surfactant and an
garding their enulsifying ability at
different pif \tddajesample. The values Witained mse aslkedted|in ¢sfpri ment s

i s n-decang, §1e be%?ﬁwm the water phase consists of different buffer
sol uti ons. an Red B is added as a colorant for the emulsion. The
surfactant $ sﬁ%@aﬁt pH Q 1019, RAleilR5 th Bagaed nt according
to Exanpl e A—-erH-Cer-—rear—prrar-y—ateghol + 8
nol es of eihylenA S | soy bean (e that I's ehdobl ocked with triethyl
ort pof or mge 35 (synrhnesy|zed accora1g9 TO tNne procedure
destri bed in c 5vxg5 ] Peagy 35.5
EP- A1l- 0 5644082y S The—peet-al—between—h—deeanat—and gl ycer ol
et hoxyl at ed A 5 |widilesklnoles of et hyl 8m8 oxi de (syntlhesi zed
accordi ng c 5{9 %pe rocadure descri I'n EP-AI-0]742 177) 5
Pr ocedur e: St décane. 7.5 rf ffer solutifon, 0.3 g
sur - facbant andg?2 d@mggéﬁ pudan red ngegplaced in g seal able
te tUbe, H-eh—t-s—rererea Y sheakehn t—oRe—f-Rtte—before the first
nmeasurenent. The enulsion is allowed to separate,
The amount of oil and/or emulsion in a sample re-
flects the rate of hydrolysis of the surfactants. The
results obtained show clearly that the use of the cleavable
ortho ester-based surfactant A facilitates the separation of
15 the o0il phase from emulsions containing vegetable oil as
well as petroleum based o0il. The rate of emulsion separation
at pH 5 is substantially higher using this ortho ester-based
surfactant as compared to using the acetal-based surfactant
C. When using the conventional nonionic surfactant D the
20 rate of separation is still slower.
Example 14
A formulation for a pesticide containing an ortho
ester-based surfactant is compared to a standard formulation
containing a traditional nonionic surfactant.
25 Component Formulation I Formulation II
amount of component |[amount of component
(g9/1) (g/1)
Dimethoate 200 200
Ortho ester mixture 50 -
of Example 2
Cg~alcohol alkoxylate - 50
30 (EO/PO), MW 1800
Cyclohexanone 301 301
Xylene 413 413
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a/lb x 100, where a is mmclear |ower phase, and b is nmm cl ear water
phase before emul sifying. Bet ween the neasurenents the test
tubes are con- ti nuously shaken at. 1000 rpmin the horizonta
position by 15 an | KA- VI BRAX- VXR appddat us. Before each new

nmeasur enent the test tube is nmany all% shaken f.ar, S tely
reemnul - si f§ Pheofi gpGRefornulation %ﬁ&#? §Jbé¥%dﬁhéﬂg

22I and 50[ erthﬁrFoénﬁgtheﬁinu%blons weré@:[x;ﬂrfdf@rlredbdﬁv;g.wldn]bdéﬂ
solution is eat efore surfactant is a pH
Time for 100 %F‘ f%d‘?n °le% ]’_ﬁj’@? ere no eted as s%pvrat I on

of separ efi cdeakr uppeep@haseontobertaln time intexvdls .orkhevintdsuilts
enul gi ons wi at 22[err]C at
50[e§r]C L?e SGHHkiégﬁa Q%CQH% table Eflow' < 5 mnutes <1
m nute Fofméﬁaﬂﬂ%ﬁ Time 3 Seﬁi%ﬁ@l%“tq% v/v) <51 n]nuie120
m nut es < 15 ninutes 30 minutes _ 0 6 cal 55 hours
< 3 hours 7 h> 8 days 0.5 IZZ Nours 8
> 15 days ta 29 hgur% 9 : > 16 days
_ 30 10 1 > 4D dapsurs > 4@ days 11.5 > 40
days 40—aerys +est ﬁe%—pe%%e+ﬁed——————~
10 II 30 minutes 0
II 1 hour 0
ITI 2 hours 0

_ The formulation containing the ortho ester-based sur-
15 factant yielded an emulsion that was of comparable stability
to the emulsion obtained by formulation II, which contains a
traditional nonionic surfactant. However, the ortho ester- '
based surfactant has the advantage to be more easily cleaved
to non-surface active compounds, and has therefore a better
20 environmental profile than the conventional nonionic surfac-
tant. The biodegradability of the ortho ester-based
surfactant according to the “closed bottle test" was 37%
after 28 days and 41% after 42 days, whereas for the
corresponding conventional surfactant 18% was degraded after
25 28 days and 35% after 112 days.
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13 At 22[err]C surfactant Ais readily hydr H
val ues bel @ ¥2284 i iy ?’C)f‘%%gﬂ/&tlwo

ch results in a loss of surface activity causi ng”
the emul sions to separate. At 50[err]C the hydrolysis is rapid in
this pH range, yielding separation tinmes below 15 5 m nutes. As
expected, the hydrolysis is slow at al kalei ne pH. To obtain
an acceptable hydrolysis tinme for C, 20% Herr]SJerr] was added.
This resulted in eoLeaAt TaM & hours tine for 100% separ at i on,
whereas for an addition of 5% Herr]SOerr], nore than 72 hours was
needed. 10 The enul si on produced with surfactant Bis only

mar gi nal | ylef f ect 8 loytpia. esttierl characterigefs ia, &hp dit has the and
22[err] C, glpymAaseparation of 11%is obtained. This is ex- ————vpecte

since the surface activity of B does not disappear

est®r bond is broken. 015 (Ay)nRy These above resultﬁmum L\ﬂx \m
superiority of sugfacc - o - Ritant Ato sygrfactant B a g ease
of hydrol ysis at aci gmqu val ues. Exarrpl e 13

To further |nvest|gat<9 the AadeaFei on separation ob- 20 tained at a pH
of ]:% two aieate gl ﬁ@h#dmd@mmr&mﬂmﬁam group with t1he7 seabon
surfactants A and C t re used i For_ _a corrparlson
with a conde¥Sndh ﬁ&n}‘g\ﬁg g Pﬁc?&n%ﬁn& group W&FB Il] schrr Tal cohol +
4 Wbl es of adidmd;erlg Dxiap adkylerdoxypugfogp with 2-4tearbéh. atbmsgi theused

and the vy SPst, 3P BHNHAR ok veingad Ao s UE Geseoeall

uti1on
Pr ocedur e: number of alkylemeoxyd rogneunsy amurlg aomumbem betyeemil A4 er
sol u- 30; H,00s286 @19 phdfthiac b dupAia th 3088 HArdorldtdnd; -e@pt% §Q

equi pped Wi th a mechani cal stifrrer_ of "'the propeller type.

react or haflYIRRGBEY TR “bb"'tli otnd FRERRNafkMs s Nz is a ’\H"‘&?ﬁ‘busl y
stifred at Hetvadith reFad OrpPdvideditigsat MieereRY is an aliphatic group

with 5-6 carbon atoms n, is at least 1; R; is selected from
the group consisting of (A;),R;, (Bz)n2R, and an alkyl group
with 1-6 carbon atoms, where A;, n,, R,, A,, n, and R, have
the same meaning as mentioned above; or a di- or poly-

20 condensate via any of the free hydroxy groups of the ortho
ester.
2. An ortho ester according to claim 1, where R, is an
alkyl group with 1-4 carbon atoms.
3. An ortho ester according to claims 1-2, where.n1 is a
25 number between 2-25 and n; is a number betwéen 0-20.
4. An ortho ester according to claims 1-3, where n, is

0, R, is an aliphatic group with 8-22 carbon atoms and A; is
an ethyleneoxy group.
5. A process for the preparation of an ortho ester

30 according to any of the claims 1-4, characterized in, that
it is prepafed by reacting an ortho ester of the general
formula

Thi
o - R, s Sheet Has Been Rep

R-coo-m 0 i

35 0 - Rq
where R has the same meaning as in any of the claims 1-4 and
R, is an alkyl group with 1-6 carbon atoms, in one or

THIS SHEET HAS BEEN
REPLACED
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250 M liquid is drained off through the bottomoutlet 35 during ca-1
m nute. The sanple is left for 3 hours, after whi ch t he vol une of
oil and/or enulsion is measured. The 1 result is presented as %v/v
referring to the total volune 6[)99/32424
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soy bean meaning aé4. €ndany of the cfains 1-2, ﬁﬁilbeéﬁaporatlng alcdh 5

([)) 3 5 1 be‘%{]th the5for8}1%§ep40H, where R, hfgé d:he same meaeﬁfrﬁ; as
5 fliesel above. 72.8 10 The anount of oil and/or

el ST on 11 & 53! §ok e an openb! SEEatHE,LALCLAL Budnahkoke ot Lie

surfactants. The btarned t fHe Use of the
cl eavabl e fined bnthbaemﬁeﬂ- Based sur ﬁwtlantfyAnga@MItoat & spersidshr at i on
of 15 théeRt| phase from enul sions containing vegetable oil as

wel | as petrolfeum based oil. The rate of enul sion separatian at pH
5 is substanital |y Weghef GBengrthpsesteroacspsAingsE@ claim 6 Ji fact ant

as qgnpared &Pedfiing,t Beoasehdl, - b %&ﬁgsuhhaabaahng process WD iupitHe t he
conventi onal _noni oni ¢ surfact ant t.hé 20 raté of separation is stil

sl ower . formulationgof g pegficide compositioR.formylation for a
pestici de costai ni ngs@no@r thoortho ester according to claims 6 or 7 in a

process comprising
a) emulsifying or dispersing a hydrophobic component in
15 water at a pH of 6 or above in the presence of an
ortho ester in accordance with claims 1-4,

b) lowering the pH or increasing the temperature of the
emulsion or dispersion, or a“combination thereof, and
thereby breaking the emulsion or dispersion, and

20 c) separating the hydrophobic component from water.
9. Use of an ortho ester in a process according to claim
8, where the temperature in step b is raised to between 20

and 60°C.
10. Use of an ortho ester in a process according to
25 claims 8-9, where the pH in step b is between 4 and 6.
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(57) Abstract

The present invention relates to a new ortho ester-based surfactant, where the hydrophobic and hydrophilic parts are connected by
ortho ester linkages to the molecule. The ortho ester has formula (I), where R is hydrogen or an aliphatic group with 1-7 carbon atoms;
R; is hydrogen or an alkyl group with 1-5 carbon atoms; A1 is an alkyleneoxy group with 2-4 carbon atoms, the number of ethyleneoxy
groups being at least SO % of the total number of alkyleneoxy groups; n) is a number between 1 and 30; R; is an aliphatic group with 5-22
carbon atoms; Az is an alkylencoxy group with 3—4 carbon atoms; n2 is a number between 0-30, provided that when R; is an aliphatic
group with 5-6 carbon atoms ny is at least 1; R is selected from the group consisting of (A)aiR1, (A2)s2R2 and an alkyl group with 1-6
carbon atoms, where Ay, ny, Ry, A2, n2 and Rz have the same meaning as mentioned above, or a di- or polycondensate via any of the free
hydroxy groups of the ortho ester. The ortho ester surfactants are stable in alkaline solutions, but are readily hydrolysed in acidic solutions
to yield products that are not surface active. They are suitable to be used as emulsifiers or dispersants,




:To.£he eﬁﬁﬁ@éﬁﬁ?éﬁ%@ﬁ%ed by fuil# ;-HQWFEththQh dont ai ns a

fradi tional nonionic surfactafpg Y tiohnd est e 5 -07- 9 based
surfactant *Cg‘advantage V. Cl eaved g@

non- surTTZ/Q gt conpounds, and has therefore a betgﬁ. §398/02,.39'
profile than the conventional nonionic '{ - 497t ant.

envi ron
The bi odegradability of the ortho ester-based surf actant according
to the "closed bottle test" -was 37% after 28 days and 41% after 42

days, whereexrésponditng alcoholsjran@oatenghevafone paak s¥peRsiva: 18% was

degraded after 2 YQufocééﬁééfESO 1geeflads bed EP—Al-
PCT/ SE98/ 02239 ®ortho &Etéf e-béefi®described in EP-ALC

est er char%ﬁ?e??%edeﬂretﬁﬁt°¥Fhﬂa§sFﬁE group is FﬁFﬁuFSr §“d'°applng
[er r] of nonishicesrfacbyntegenher paodattphebtaigeduprai Lbw:- 7 carbon

hyd ith 1-5. ;
T 1o R Rgy CHRReen B CORE 29 o e Ars gt Efraliniy ana, T 0T

of et hyl eneokylgrocleanbagngTheseecpsodBotsof hoWwevent aivill only mnngﬁnr_of
al kyl eneoxyy g%gﬂgﬁeﬁﬁéeggem'é ﬁeEEQPe&ngE&EEQOE aB9nce a h?ErPQXSEQ 'S an

al i phatic gr carbon atons eoxy group
with 3-4 ceteRrwhibnBroducescampounds that arebetméénserﬁecepeevilﬂed t hat

when R2 is an aliphatiemI6éPUbhe present {Avenfisar Pantat pABvidei Supt | east

110R3 's selgggggstlth ‘at least as good emulsifying and dlsper51ng
ability as conventional types of surfactants, which in
"addition are readily cleavable and more easily biodegrad-
able. Their degradation products should also be environ-
mentally friendly, and not exhibit any essential surface

15 activity. -‘Further, this new kind of surfactants should be

easy to produce. Surprisingly, it has now been found that

surfactants based on an ortho ester according to formula

? - (Al)anl
R-C=-0-R (I)
20 O = (Az)n2R2

where R is hydrogen or an aliphatic group with 1-7 carbon
atoms; R; is hydrogen or an alkyl group with 1-5 carbon
atoms, preferably R, is an alkyl group with 1-4 carbon
atoms; A, is an aikyleneoxy group with 2-4 carbon atoms, the

25 number of ethyleneoxy groups being at least 50% of the total
number of alkyleneoxy groups; n; is a number between 1 and
30, preferably between 2-25; R, is an aliphatic group with
5-22 carbon atoms, preferably 8-22; A, is an alkyleneoxy
group with 3-4 carbon atoms; n, is a number between 0-30,

30 preferably between 0-20, provided that when R, is an ali-
phatic group with 5-6 carbon atoms n, is at least 1, pre-
ferably at least 2; R; is selected from the group consisting
of (A;)mRy, (A3)xR; and an alkyl group with 1-6 carbon
atoms, preferably 1-4, where A;, n,, R;, A,, n, and R, have

35 the same meaning as mentioned above; or a di- or

. polycondensate via any of the free hydroxy groups of the
ortho ester; display the above-mentioned properties. To
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vthe group consi sting of (A[err])[err]R[err] (Alerr])[err]R err] and an

al kyl group wth 1-6 [err], n rr] ﬂ r]
Alerr], n[err] and R2 have g as nent &neli? or

a di- or poly- 20 conden=s ree hyd 06 aYnFs 8k 4 he
ortho ester. 2. An ortho ester accong%% togg?a|%1
where R err] is an al kyl group4ath 1-4 carbon atons. 3.
An ortho ester according to:=clains 1-2, where n[err] is a 25 nunmber

bet ween 2-ghobiid s2mpsneantynisbichetimeen 8126hol, and préferablpnanrtho

ol phar c EfengabBefl AvBBophia"epRpBRchE, ynich ig prEEBFibIySa?"
et hyl eneoxpodyetibylene oxidesadducta EhQCEgéaroamPHBtﬁr@5aﬁb§|Eﬁaéf an

ortho estefafls are prefetald tq-én)ﬁoqta.st 8¢ Ehé' ﬂfrdi»oﬁhﬁmar ééhﬁbhéﬁé in,
t hat It _1s prepared reactlnglan or est ner a

e
foPmul a  per mole orthoesteFepp es °ﬁh§P@ ﬁYﬁggpPﬂglgagﬁmﬁﬁanlng

as in any ﬁgnthgeglﬁbma dréhondster. R4 is an al kyl group with 1-6
S€;88?322825 'n 8 tgls process surface active °rtE€j?§E§g$B%§%g EET

17 taiaeduaWherepthewhyHrpphobantanaahydgophelﬁorparas each

HO(A[e”DLﬁa g%&][lgr if |, SontRe e B 60) o2BRo WBEEE BoRHE! £oRtRE horalerr],

Alerr], n[err ave t meaning as In any o
cll&ins 1- 4cu%ﬁrle evapor ati ng alco- hols with the formula R err] OH,

where R4 has the @REECHFRARI BEtd¥-based surfactants of the present in-
" vention can be produced by reacting an ortho ester of the
general formula

15 R-C=-0-Ry (I1)
0-R4

where R has the same meaning as in Formula I and R; is an
alkyl group with 1-6 carbon atoms, preferably 1-4, in one or
several steps, with reactants having the formulas HO(A,).;R,

20 and HO(A;),,R,, where Ry, R,, A;, A,, n; and n, have the same
meaning as in Formula I, while evaporating alcohols with the
formula R,0OH, where R, has the same meaning as above. The
reaction preferably is performed in the presence of an acid,
e.g. methanesulphonic acid, p-toluenesulphonic acid or

25 citric acid. The temperature is increased during the reac-
tion and is finally reaching 140 to 220°C. The alcohols
R,OH, that are liberated during the reaction, are gradually
evaporated from the reaction mixture. In the final phase of
the reaction vacuum is applied to remove the residual

30 amounts of alcohols, thereby driving the reaction to comple-
tion.

_ Suitable examples of ortho esters II are methyl or
ethyl ortho formate, methyl or ethyl ortho acetate and other
low molecular weight ortho esters that are commercially

35 available.
The hydrophobic part of the molecule may be derived
from an alcohol R,0H, or an alkoxylate thereof. The alcochol
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5 ) above. 6. Use

ing the formula I, as
de- : fined in clains 1-4, |3} Iﬁﬂ qlEﬂ/or di spersi ng
agent . 7. Use of the LeEeH .malAppﬂq:aﬂ to cl gign-B7< 1998 10
tl eani ng, scouring, dyeing and delnklng process and in th
formul ation of a pesticide conposition. 8. 0y
ester according to clains 6 or 7 in a 16 process co IZ|5E‘@§)‘E'§439
enul si fying or dispersing a hydrophobic conponent in 15 wat er
at a pH of 6 or alo®edi B Mh& presence of an ortho ester in
accordance with clains 1-4, b) | owering the pH or, i ncreasing
t he tenperature of the emul si on or dlsperS|on or a
combi nat i oA+t her edh, oxlio ester characterized clny, btbaki 4§ has &hel sion or
di sper si ongosgh 140 c) separating the hydrophobic conponent frnnl
wat er . 9. Use of an ortho ester in a process accor di

ﬁ/nere the tenperat ﬁre |(ﬁ1)911§p b is raised to bet vveen mﬂulmll E"%ﬂj l]
25

60[err]C Rl6.Cc - bse R{ an ortho gder in a pro
claims 8-9, where the} pH kﬂzhaﬁp b is between 4 and 6.
where R is hydrogen or an aliphatic group with 1-7 carbon
atoms; R, is hydrogen or an alkyl group with 1-5 carbon
10 atoms; A, is an alkyleneoxy group with 2-4 carbon atoms, the
number of ethyleneoxy groups being at least 50% of the total
' number of alkyleneoxy groups; n, is a number between 1 and
30; R, is an aliphatic group with 5-22 carbon atoms; A, is an
alkyleneoxy group with 3-4 carbon atoms; n, is a number
15 between 0-30, provided that when R, is an aliphatic group
with 5-6 carbon atoms n, is at least 1; R; is selected from
the group consisting of (A;).;R;, (Az).oR, and an alkyl group
with 1-6 carbon atoms, where A,, n,, R;, A,, n, and R, have
the same meaning as mentioned above; or a di- or poly-

20 condensate via any of the free hydroxy groups of the ortho
ester.
2. An ortho ester according to claim 1, where R; is an
alkyl group with 1-4 carbon atoms.
3. An ortho ester according to claims 1-2, where n, is a
25 number between 2-25 and n, is a number between 0-20.
4. An ortho ester according to claims 1-3, where n, is

0, R, is an aliphatic group with 8-22 carbon atoms and A, is
an ethyleneoxy group.

5. A process for the preparation of an ortho ester
30 according to any of the claims 1-4, characterized in, that
it is prepared by reacting an ortho ester of the general
formula
- R
R - ? -0 - R, (II)
35 O - Ry

where R has the same meaning as in any of the claims 1-4 and
Ry is an alkyl group with 1-6 carbon atoms, in one or
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