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t her eof . the customer acceptance. Furthérmore, the viscosity at low

temperatures is often too high, which may lead to sticking of the

valves. This is understood as meaning complete loss of

compression on one or more cylinders of the internal combustion

25 engine when the spring forces are no longer sufficient to close
the valves properly.

The undesired properties are often caused by byproducts and low
molecular weight fractions which originate from the preparation

30 of the alkylphencl. The alkylphenols used as starting material
are generally prepared by alkylating phenol with polyclefins,
such as polyisobutene. In the alkylation with polyisobutene, a
reduction in the molecular weight, i.e. partial- cleavage of the -
polyisobutene chain, is often observed. The isobutene eliminated

35 can form lower alkylphenols such as tert-butylphenol or
tert-octylphenol.

Moreover, troublesome byproducts may form in the Mannich
reaction, in particular with primary amines and formaldehyde.
40
It is an object of the present invention to provide a simple
process for removing byproducts and low molecular weight
fractions from long-chain alkylphenols and the Mannich adducts
thereof.
45
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polarity E¢{30) of from 35 to 30, and to bring the solution into

contact with the extracting agent. The nonpolar solvent and the
amount of the nonpolar solvent relative to the phenol derivative
are chosen so that the solution of the phenol derivative and the

25 extracting agent are not completely miscible at the temperature
at which the novel process is carried out. In other words, they
have a miscibility gap, so that spontaneous separation into a
polar phase containing phencl derivative and an extracting agent
phase takes place after they are brought into contact. Suitable

30 nonpolar solvents are aliphatic or aromatic hydrocarbons, such as
n-pentane, n~hexane, n-heptane, n-octane and isomers thereof,
petroleum ether, naphtha, benzene, toluenes, xylenes and
commercial solvent mixtures, such as Solvesso® “or Aromatics®150, -
and mixtures thereof. '

35
The solution generally contains at least 5, mostly from 20 to 90,
% by weight of phenol derivative.

Since such solvents are also used in the preparation of the
40 phenol derivatives, the crude reaction mixture, too, can be
subjected directly to the extraction.

In the novel process, a solvent having a polarity E¢(30) of from
57 to 38, preferably from 56 to 48, kcal/mol is used as the

45 extracting agent. The determination of the solvent polarity on
the basis of the Ep(30) scale is described in lLiebigs Ann. Chem.
(1983), 721-743, which is hereby incorporated by reference in its
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methanol, ethanol n—propanol or isopropanol, nitriles, such as
acetonitrile, ketones, such as acetone or butanone, or esters,
such as ethyl acetate or butyl acetate, lactones, such as
butyrolactone, and amides, such as formamide or

25 dimethylformamide. Preferred extracting agents are methanol,
ethanol, n-propanol, isopropanol, acetone and butanone.

Mixtures of the solvents with one another or with water are also
suitable, for example in an amount of up to 20% by weight. A

30 suitable extracting agent is, for example, methanol with 10% by
weight of water.
In general, from 1 to 200, preferably from 20 to 100, parts by -
weight of extracting agent are used per 100 parts .by weight of

35 phenol derivative or a solution thereof in a nonpolar solvent.

The components may be brought into contact continuously or
batchwise. & plurality of batchwise operations may be carried out
in succession in a cascade-like manner, the phase containing

40 phenol derivative and separated from the extracting agent phase
being brought in each case into contact with a fresh portion of
extracting agent. For the batchwise procedure, the phenol
derivative or its solution in a nonpolar solvent and the
extracting agent are brought into contact in a suitable vessel

45 with mechanical agitation, for example by stirring or shaking,
the mixture is left to stand for phase separation and one of the
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The success of the novel purification process can be monitored,
particularly in the case of a continuous or cascade procedure, if

25 the concentration of the extracted components is determined in
the spent extracting agent. This can be effected by measuring the
density or refractive index. IR or UV-VIS spectroscopy
procedures, if necessary as an on-line method, can also be used.
The purification process can be stopped, for example, when the

30 concentration has fallen below a predetermined value. The spent
extracting agent can be worked up, for example by distillation or
membrane methods. Here, it can be separated into unconverted
starting materials, such as phenols, which can be recycled to the -
preparation process, and byproducts, which are discarded. As a

35 result of the novel process, the concentration of byproducts and
low molecular weight fractions in the phenol derivative can be
reduced by a factor of more than 10, in particular more than 20,
in a simple manner.

40 The novel process is carried out in general at from 0 to 120°C,
preferably from 10 to 60°C, for example at room temperature.
Atmospheric pressure is generally employed, operation at
superatmospheric pressure also being possible.

45 Alkylphenols which can be purified by the novel process are
generally obtained by reacting a phenol with a substantially
monounsaturated olefin of suitable chain length in the presence
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sulfonic acids, e.g. trifluoromethanesulfonic acid; Lewis acids,
such as aluminum trihalides, e.g. aluminum trichloride or

25 aluminum tribromide, boron trihalides, e.g. boron trifluoride and
boron trichloride, tin halides, e.g. tin tetrachloride, titanium
halides, e.g. titanium tetrabromide and titanium tetrachloride,
and iron halides, e.g. iron trichloride. Lewis acid alkylation
catalysts can be used in combination with electron donors, such

30 as alcohols, in particular C;-Cg-alkanols, phenols or ethers.
Boron trifluoride etherate and boron trifluoride phenolate are
particularly preferred.

- -

Suitable sclvents for the alkylation are hydrocarbons, in
35 particular aliphatic hydrocarbons, such as pentane, hexane and
heptane, petroleum naphthas boiling within a range from 35 to
100°C, dialkyl ethers, e.q. diethyl ether, and halogenated
hydrocarbons, such as dichloromethane or trichloromethane.
Aromatics, such as toluene, xylene and isomers thereof, can also
40 be used.

For the preparation of the Mannich adducts, the alkylphenol is
reacted with an aldehyde and a primary or secondary amine.
Suitable processes are described, for example, in US-A 4,231,759;

45 us-a 4,117,011; US-A 5,634,951; US-A 5,725,612; GB 1,368,532 or
the prior applications DE 199 48 114.8 and DE 199 48 111.3.
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25 Although a very wide range of alkylphenols and Mannich adducts
thereof can be purified by the novel process, it is particularly
suitable for 4-polyiscbutenylphenol and Mannich adducts thereof.

The Mannich adduct purified by the novel process or a Mannich

30 adduct prepared from a phencl derivative purified by the novel
process is suitable as a surfactant or surface-active substance,
for example as a detergent additive in fuel and lubricant
compositions, if required in combination with further -
conventional fuel and lubricant additives.

35
Examples of such additional components are polyalkenemoncamines,
polyalkenepolyamines, nitropolyisobutanes,
hydroxynitropolyisobutanes, copolymers of C;~Cyp-olefins with
maleic anhydride in which one or both carboxyl groups have been

40 neutralized, alkyl sulfosuccinates and salts thereof, tridecanol
butoxylates, isotridecancl butoxylates, isononylphenol
butoxylates, adipates, phthalates, isophthalates, terephthalates
and trimellitates of isooctanol, of isononanol, of isodecanol and
of isotridecancl, polypropylene oxide and polybutylene oxide and

45 derivatives thereof.



The water of reaction fornmed in the Mannich reaction can be renoved by
heating in the presence of an entraining agent. Suitable entraining qgg @
are benzene, toluene, xylene and 20 m xtures thereof. Al kyl phenol, QI Q@ e
and am ne are preferably used in a nolar ratio of from1l . 0.5: 0.5to0 1
4 : 4. 25 Although a very w de rangeyof al kyl phenols and Manni ch adducts
thereof cape hscRW1ebi RRLAY 418000Y 81 uP QGRS Shel indendi@ticularly suitable
for 4-polyi sobut enyl phenol and Manni ch adducts thereof. The Manni ch adduct
purified bX t he novel process or a Mannich 30 adduct prepared from a phenol
derivati vB iﬁR¥QWled by the novel process is suitable as-a surfactant or
surface-active substance, for exanple as a detergent additive in fuel and
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or | vaL s QW?ZE?EW%%%%%@@@%s U T o Tow 11 ust rate the |

i'nvent i onPoiBdmeprEeny phenmio wgref obtajgied asbatema stidnol (Mh of

pol yi sd8utene = 1 000) in 500 m of xylene were refluxed with 97 g of. .-
f or mal dehygtengi@l @tion (37% by wei ght) and 135 g of di nethyl am ne sol ution
(40% by weight) for 3 hours with renoval of water. The’cool ed reaction

| uti h 1 | .Of | . Af he 10 ph -
e %r%@a%é’ &8 TP L8 o Geq. This process

separ
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r ot ar y28vapbrdimethylanissC iang molaparatie o40lyl of: R1(.dChetkydens Weket hyl ) - 4-
removed by evaporation (without prior washing with methanol).
100 g of the Mannich base was stirred for 30 minutes with 100 ml
of methanol. The product phase was separated off and residual
amounts of methanol were removed in a rotary evaporator at 100°C
25 and 20 mbar. 94 g of purified product were obtained.

In further experiments, instead of the methanol, 100 ml of the
solvents below were used with 100 g of Mannich base. The yield of
purified product is shown in brackets.
30
Solvent: Ethanol (91 g), acetone (89 g), ethyl acetate (90 g),
dimethylformamide (95 g).
Example 3
35
A 4-polyisobutenylphenol was prepared from 225 g of phenol
{dissolved in 130 ml of toluene), 14 g of BF3; phenolate and 1 200
g of polyisobutene (M, = 1 000; dissolved in 700 ml of hexane).
After the reaction, the crude mixture was extracted with 500 ml
40 of methanol and the methanol phase was separated off. This
process was repeated three times. The solution of the
polyisobutenylphenocl was evaporated down in a rotary evaporator
at 140°C and 10 mbar. 1 250 g of 4-polyisobutenylphenol were
obtained as a pale oil. The methanol phases were distilled over a
45 100 cm long packed column containing stainless steel wire mesh
coils, the following fractions being obtained: 1 400 g of



pol yi sobut enyl phenol were obtained as a pale oil. 15 Exanple 2 A Nhnnich
base was prepared as in exanple 1 froma polyisobutenyl phenol f%ﬂ T.2005
pol yi sobutene = 1 000), fornal dehyde 20 and dinethylanmne in a nDIa ét g
of 1:1.1:1.1. The xylene was renoved by evaporation (w thout prior washing
with nethanol). 100 g of the MannicH base was stirred for 30 ninutes with
100 M ohefR&tEINqlfromhed pE@BEST, phas embvars) ;sapar gt €fl pidncandtr&siatual

anount s oﬁza@t hanaba¥e! eaferp\ed i ﬁFM&m%meaméy Qerdh 7606 %p-and 20
nbar. 94 rified product” were obtained. In further experinents,

i nstead o t hanol, 100 mMl of the solvents bel ow were used with 100 g
of Manni ch base The yleld of  purified product is shown in brackets. 307
Sol vent 5 Et hanol (91 g), acetone (89 g), ethyl ‘acetate (90 @),

di met hyl formam de (95 g). Exanmple 3 35 A 4-polyi sobut enyl phenol was
prepared from 225 g of phenol (dissolved in 130 mM of toluene), 14 g of BF3
phenol ate and 1 200 g of polyisobutene (Mh = 1 000; dissolved in 700 m of
hexane). After the reaction, the crude m xture was extracted with 500 m 40
of net hanol and the methanol phase was separated off. This process was
repeatd® three tines. The solution of the polyisobutenyl phenol was
evaporated down in a rotary evaporator at 140C and 10 nbar. 1 250 g of

4- pol yi sobut enyl phenol were obtained as a pale oil. The nethanol phases
were distilled over a 45 100 cm | ong packed col unm contai ni ng stainl ess
steel wire nmesh coils, the follow ng fractions being obtained: 1 400 g of 1
8 OCT 2005 8 nethanol (from64 to 68C, 950 nbar); 105 g of phenol (from.
69 to 1P2C, 12 nbar); and 5 g of BF3-nethanol conplex (from 76 to 80C, ‘12
nmbar). 5 10 15 20
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25 30 35 40 45 1 8 OCT 2005 9 W claim 1. A process for purifying a phenol
derivative selected from polyisobutenyl phenols having a nunber aver,ﬁga‘gI
nol ecul ar weight of from 200 to 4 000 or Mannich adducts thereof 3W5
t he phenol derivative is brought into intinmate contact with an extracting
agent having a polarity ET(30) of from57 to 38 kcal/nol, a phase

contai ning the phenol derivative and an extracting agent phase are all owed
t o separ aty: fd@w@ne anot her and the extracting agent phase is renoved. 2.
A process as clained in claiml, wherein the extracting agent has a

polarlty T(30) of fron156 0 48 kca as claimed in claim
1 or 2, El\/\ﬁ\é F’f‘f"’efﬁﬁéjﬁﬁjr Y& By éﬁ“ﬂ?érég’éwaa}?s %\?Eﬁeqsir% sol vent having a
polarity Er (Bobjisghutenylphescls hayping @ nupbey AMetadgniPlerelazoraidin afs brought
i nto contact ¥ikth 2d0e toekt £ACtamYangieit adducth phecest, ds vhimhnee phenahy of
claims 1 to 3dehgtRienid BEougBXtings tihiGaBgRBhtdcs Wwithheaheskd /Rm Agthrnel

et hanol , n-pr gQ a pbf&%rt&gﬁngm ac&etf%rﬁ 5 PYLS a%%”%cﬁf‘ﬂrg@ Xt §E§§e0} hfL:Of

and m xt ur es er, ess as_cl.al ne

precedi ng cl af ﬂ% P?'Pﬁ%t?h?ﬂ%l I té‘(fﬁﬁ?‘i BRERGI IR 2950 HH‘?‘Ft?e?reaver age

mol ecul ar wei GhOWEE tPr SPRLTE L1 @B’O@m’t@}er rté"ée%’@ra%tlélﬂaﬂ%'él obasad§ of the
precedi ng cl arrasyvedherein the Manni ch adduct is the reaction product of the
pol yi sobut enyl phenol with formal dehyde and a primary or secondary amine. 7.

A process as Cgﬁbé@% g @Eé{mﬁ’é theg E# qdi Qﬁe:?é ’Egl LR U Gh, té‘g _ .
I but t d
pol v sobu e Bhepcle e ok Bl IETL & Ao procecd et ot e i

countercurrently to the phenol derlvatlve in an extraction zone.
3. A process as claimed in claim 1 or 2, in which the phenol derivative is

dissolved in a solvent having a polarity E;{30) of from 35 to 390
kcal/mol and the solution is brought into contact with the
extracting agent.

4. A process as claimed in any of claims 1 to 3, wherein the
extracting agent is selected from methanol, ethanol, n-propanocl,
isopropancl, acetone, butancne and mixtures thereof and mixtures
thereof with water.

5. A process as claimed in any of the preceding claims, in which the
polyiscbhutenylphenol has a mumber average molecular weight of from 500
to 1500.

6. A process as claimed in any of the preceding claims, wherein the Mammich
adduct is the reaction product of the polyiscbutenylphencl with
formaldehyde and a primary or secondary amine,

7. A process as claimed in any of the preceding claims, in which the
polyischbutenylphencl is a 4-polyisobutenylphenol.

8. A procese as claimed in any of the preceding claims, in which the
extracting agent is passed countercurrently to the phenol derivative in
an extraction zone.



