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tIve acr ude
@«y! phenol a’é%rﬂed@rﬁéélft%%eﬁl PE alhHatieg Bhersh vikh P‘I’lJéTS]ieafllf‘ r can be
purified bystdle asopelypscsneThEn pHen@lkydatien iwidhc palpbsaudjeaet ed as

such, i.e. #éﬁﬁd‘%ﬁ@lnseﬁceh@fmcﬂ.eﬁolld:erﬂielqlm t hee nowadtiplockssvaden ofir tke t o
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ET(30) o from ring the solution irntocontact with the
extracting 5 it° t? ﬁB?mﬁm ar solvent and theanount of the nonpol ar
solvent relative to the phenol derivativeare chosen so that the solution of
t he phenol MHeréamsri,v&ranblesns@sbyprodudtrgrayefermrin wbe ¥emplatel y miscible
at the tenpeeadticant inhpahtididaroweth ppricesy asiosr randd forhaldehydeher
words, thgyhave a miscibility gap, so that spontaneous separation into

apol ar bhase cont %'bgg UnelBrbyald Wavandian @&tprr%ﬁagg , agGhghase

t akes pl ace af er are bro I ar

sol vents ar B*&fF%h Fcrﬁ?‘o‘é’r%g’g% °f so&illr&bg §§n- Je%fqgne

n- hexane, nfFegk¥ms fRoBclenEchddnia @epﬁéﬁe%‘?d e EPEHH%t%’@PCtﬁapht ha,
benzene, tokbenesf. xyl enes andconmmerci al solvent m xtures, such as Sol vesso
or Aromatgscs150, and m xtures thereof.35 The solution generally contains at

| east 5, nostly from20 to 90, % by wei ght of phenol deriv such
solvents are also used in the preparation of the 40 phenol wwm“mmmm t he
crude reaction mxture, too, can be subjected directly to the gxfraction.

In the novel process, a solvent having a polarity ET(30) of from 7 to 38,
preferably from56 to 48, kcal/nol is used as the 45 extra The
determ nation of the solvent polarity on the basis of the amgg mm ‘H“
described in Liebigs Ann. Chem (1983), 721-743, which is

incorporated by reference inits
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0050/ 5141600 £5141€ty. It was found that solvents of said polarity have a
hi gh di ssol ving power for the byproducts and | ow nol ecul ar wei ght fractions
but are not mscible with the phenol derivative, so that they forma
separate phase in which the byproduct sgand |l ow 5 nol ecul ar wei ght fractions
accunul ate ro t.h be read| | ved t ot her
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t he | ower rpgtorleyim ehhesepmpithen kenaane andleenes phkyderesrand hus passed
count er cur r etittherdi@loseleernt eixtufée, |sugit aphsskvesaio® ex anbmatidd@130Qp of
t he separat hﬁ&l EoldFesophdindleavi er one and can be renoved by neans of an
overfl ow, gl The heavy phase collects at the bottom of the 15 separ ation
col um an r empved ferab via.,a,riser Ive nts
colum a0 50 RLSIRYStho USLeLaRL Bt hser A=ELDaHoR, Brp) ol
the art. V\h?‘l%ybﬁlﬂé‘tb% nqlnflﬁrc%‘t% t he phase contai ni ng phenol 20
derivative may be divided and the extract| ng agent phase undi vi ded, or vice
versa. The sifieeSsuchi sbiicemty @lreprlsd iwvrid AR pheoqRSHatanibe sbrthieor ed,

particul 3ol ynbfbi RerGeaei®ds a &entt@a@%a@tl@ﬁ%ﬁdﬁu@ ogggdUr&an e 25 the
concentrati QQbﬁctte?xﬁd?tﬁéé ?Qﬁg% 5 determ ned in the spent

extracting age 'S can y rreasurl ng the density or
refractive index. IR or UV- VI S spectroscopy procedures, if necessary as an
on-1ine net ABdthe APVELsBreReSfved. SThHEEHUMoNViLagt ? RPIAEEESET BN BE §¥Ibped,
for exanpl e57wherd&herébecapicefiroat Sonth#s ,f abbhbifmdleliswuaedrasidther mi ned
val ue. Ths spehictitigr agkhtig m@eoetemlxtamr e dthep , sF1@eneXpaTE e tyy on

S'n if) 'n {/'eﬁ 'egleherbm@peneh“ ﬁ stérﬁ@ isl deSBPiR& %%Pﬁ&gﬁfg‘;’s 'pﬂatnoc em.
t he prepar at(l on rg%elrs@1§ c)}‘p?%dﬁ%]taémp\t\]h%ggksglfe df%c’a gf%'eer{ée 15 Egs
result of the noveI process, the concentration of byproducts and | ow

nol ecul ar wei ght fractions in the phenol derivative can be reduced by a
factor of nore than 10, in particular nore than 20, in a sinple manner.



40 The nove0OPOHBE436i s carried out in general at fromO to 120C,
preferably from10 to 60C, for exanple at room tenperature. Atnospheric
pressure is generally enployed, operation at superatnospheric pressure al so
bei ng possible. 45 A kyI phenol s which E}:n be puri fi ed by t he novel process
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further Sybﬁélédiﬂ%'frswe!\@lh@ "Ex%rc%lefo&‘d’cﬂﬂlulaQét & ta- I @h YR rehey! cangreup.

Sui t abl e su al L koXy.
Phenol , 2- P hg and £ eno e%}]égﬂa é‘ﬁ’é L?I%grgf ngq"hlé
Par {1 cul ar | G¥GAA ﬁ@ﬁﬁe g%%%ﬁ%% ﬁma&ﬁgsﬁ "LReRF dPepttaciatargory
ol i gorer i zaPRafFe GEPRBRYHRR iWidth éhepPléﬁﬂRit segivarbirend £ BD‘F Qféladfrltb’sbﬁut ene.
Pol yi sobut ehkghear e¢hapsstplad,i cheadlysqivdaingr pever esfpadheakkyrdvtgimngy agentct i ve
pol yi sobubesss se ebmponémt ntoBeerémcvedQs LAsPpfidiemitar nore than 90, nol
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-10 to 806, ipreiemebijef rpmee.t ¥hdO&ktiGottiagl egank Whaseosegatatiygt sutr e
otic aci dss §aidraadysevidentC fashdehdhiotpheei gat€iddblardwhi@arnisC daul £oni c

acids, e.g. tflélé*% QERt b b9pLeadi«d, Lew s acids, such as al um num

trihali des, e.g. alumnumtrichloride or 25 alumnumtribrom de, boron
trihalides boron trifluaoride and boron trichloride, tin halides, e.qg.
tin tet rachFiﬁFg‘i‘fﬁ:mﬁ BIRP L HARALS, £QF ghe pPYft (RRACEEFaBR LR Y S Mand

titani um20eppaeitudardso thel qlrf’@ﬁeﬁaWMUQGgOflthm alcobaler isheh BEwi s acid
al kyl ati on matiadrysi,s eehandk nigprdpanol asiisapropandl,h nditetleon sohwhoas, such

30 as al pohaéétoﬂﬁraaét | ket oHesGlsBh Ad K A@kdne PHE MU tanRhe ft BB LBl ON
trifluori de gzéll %@hgpvap@g tc&l & '&%tB@Snoiﬁ&n%greoggé%'a&Ul arly

preferred. e.s ent Kyl at.i oh arcF ons, in 35
particul ar CEORS dr%’&i ?s’sﬁ%(ﬁ‘a?? %«%?‘ ﬁ% xane and hept ane,

pet r ol eu@nﬁb’ﬂ?%%f“ﬂ“hﬁe wiRneter5ed a‘l”?fj'éaFF&HHS%QGE‘ESlGEE mefrRAnal et hers,
e. g. di et hykthatl, napidopat@gerigopdopanirloc acsbore and pusgnenehl or onet hane
or trichloronethane. Aromatics, such as toluene, xylene and isoners

thereof, capigtseAQrbendseshvdries heh WRPandthen & Wike WVardd Gireaddyst s,
the al ky' phEEFLaﬁfe J §REL Eani it l%naﬁlgﬁihﬁ'& ?”9% rﬂofi%y Qélcﬁ?tcoadary

Suyi.t 4, 1, 759; 45
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preferably reacted al dehyde is fornal dehyde. Suitable formal dehyde sources

are aqueous rhogemdahy deomol uid @ooangré feralgeyoe 20 itgoueo 5, paattsh bgs
trioxane angdepgh@fdy @idaby ey ayehd aa@haenr pagr yo@rgam%% By ewefght @¥anpl e,
net hyl amﬁe hg g'.'yl L@gtlge pc;ﬁogyls@'ﬂagf %Pre&piyiff‘rgs fl.ar solve

R %enzy Uit 5b

di met hyl am nopropyl am ne, aniline an am ne e second’ary

am nes are di nmet hyl am ne, diethyl am ne, piperidine, norpholine and

pi per azi ne. Thﬁkwmném S bedigaPkgT‘En’éitﬂ SAPRRSt crptinngrgly et et r ani nes
and pol yal kpetekpidesami nésrabmm ofsbat¢hytige paeyatiqnsamynbﬁe@arnwd out
particul ar dhi goccerysipal yat oydasveide-Deke nantkel, abhy ghuseecoht@ining?0

et hyl eneigp pReHSl tderivheifardher aeaééutﬁ@nﬁthzhacm&tmgna 1 hageOf
al kyl ene OX;DQ‘iﬁg#&@”&ﬁuéﬁh %ta ¥l ?Hfo géfﬁ%%th %L'f%éﬁ gé @:{H oG are

al so suitab reactl nni c Ion can be
renoved by REAFRRLII% 2ERBLpr ﬁ%@f f %Wléstﬁ PEPREIYF Srgdhe. P@fﬁl bl e

entrai ni ng Sgshvatiie %eﬁtén@ll{td-lol‘}ehé amr@néaanaolz@rm RbdreRe t her eof .

Al kyl phenol exataetirde agedt aaredoraughpr ity doinpagteth ian saikebbe vemsied of
from1l . 45 %ithOnécHanital dgitdkiodd £bi hawgiple werycimrdegr aAgehaking,

al kyl phenol $nendi Majv g adeticis SkRgrePbr sléesgﬂéfiﬂﬁﬁll BXdt &ige AV ehe

process, it 1s particularly suitable for 4-polyisobutenyl phenol and Mannich
adducts thereof. The Mannich adduct purified by the novel process or a
Manni ch 30 adduct prepared froma phenol derivative purified by the novel



process is G80A8141Gs a surfactant or surface-active substance, for
exanple as a det ergent additive in fuel and lubricant conpositions, if
required in conbination with further conventional fuel and | ubricant

addi tives. 35 Exanples of such additiopal corrponents are

pol yal kenemgnoam nes ol kenepo nes ropol sobut anes

hydr oxyni t pl%baoﬁefl %(s)br rgorlveés/dalb 059 &Jyenmlgf w&h ﬁ’ngh%‘ﬁ?rngpg?% at
anhydri de itheudoskoBnRt otrheoUFﬁSE]ar boxyl groups have been 40 neutralized,
al kyl sul fosuccinates and salts thereof, tridecanol butoxyl ates,

| sot ri decanr huheoxyheimmusi @@aeeqdmhemhle bmtqumtgeageﬂdimmferably
pht hal at eg, ds%%@hhhﬁh@éﬁirrteﬁﬁ:@?hﬁ@airﬁ §aeﬁaﬂ ddrivRllivé al @ arPlexisaeeianol |
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whi eh ol | o%‘?vﬁdﬁgt Vif FH‘F lPF-ﬁe?ﬁE TQying, gF Fationa Y, Dat

4- pol yi soblASHRAtaHeaws 1Y Meegs fﬁﬁlwlsﬁ)m!ﬁr&ﬁéer 'IthOG‘GFVYnPW? #S of xyl ene
wer e refl uxprefsrabl97fed din fior khe degpede reglion | @h the7%epyrawioghcplamy 135 g
of di net by! &id *heSolightean ghéC%o by tved Qokvprf pegioh@fr shav ddparataval of
vwater. The &OQnfdah8asdi® Hrackdt 1AN YRS bﬁ@é‘eétdcﬂn‘i‘:@r%ﬁfbm@ Kb e

met hanol . Aftar theﬂ%@ P scegﬁgQérééﬂt%s %)Qg %Ti?tt %”%?RPQP &C%pﬁﬁé)@{o%} ed

of f and di scar ase was

finally evaf)%]r"éIF’eandB’O\?n ‘??Va}eFo?a?f‘&/é’BBr Be orengvefs 8% BerPSI®inBr. 1 240 g
of 2-(di nete8arfonoRtPey | Thes bepyy s fplpaetn atwdhe botiamad abea pal e
Qi |. 15 ERaseparaiénhMaeohingh apdseandse pregpaedd mefiarabipnplea al riisem a

@ ! yi sobut expiarhirrebe (Mbsafimeakyi 6 iitcene i fudud Q) iHoL Ik e kude addiend

di met hyl am pg i odmeb a4 ;Ee?nfs'oﬁ-l Rkilieh knlehe dAA€, Xyl ene was renoved by
evaporation (w thout prior was Ing wth nethanol). 100 g of the Mannich

base was stirred for 30 mnutes with 100 m  of nethanol..K The produgt phase

was separ at W15 Peand PEY Ilnﬁ?m‘iﬁﬁtsac&f' HRe ehase GePEaiRtRf #4°PRla rotary
evapor at 8P dgriMmpsdvesmandedivbded apfd Fhef eptiyaqhiag peodtRha/kEr e obt ai ned.

I n further exdierdednt er virst wadsaf t he net hanol, 100 ml of the solvents

bel ow were used with 100 g of Mannich base. The yield of purified product

i's shown ing Ckss 39 3R \ﬁ%orel lrmalataga g,)oce@.%ercgﬂebé &Rrdkored hy!

acetate (90

4- pol yi sob RS 85%}’ W Othe & g?e fror%“ﬁi% ofor ﬁéﬁ‘éf‘d‘io" OCSAYES” i H 130

m  of toPBeHeS COPEegtB?tBP?, °[§h§ Bl eXtragtgd 10?8@9 ns 8| %’%ﬂﬁ‘l}t“éﬁel’(‘l\m =1

000; di ssol kel spent0exhtacifingeraany. TMfisecanhkee reefaf@prcsd by eeasugdagntbe ur e

was extract @éehsiitiyh orOfe fitactivef inge¢bharmR oanuviVies raptebaﬂoécqsmase was

separ at ed %foceﬁﬂrasprQsefsesce\g@arye@@arﬁ@ntmm@ hdtiRY, dhf HHHbeolsed. t he

10 Ybar. o SlpiaEatitesr ARees ‘*‘g“"nswpﬂ?%"éf%{réfﬁé et ™ The
¢ hanoi 38r&8 ceqlmgeaelaf‘l’?%ayﬁ sapabensl henob il e of HINRE RLES, T pfe

nt ai ni ng S¥XHaNtdag ageRt ‘-W‘r Qen’é%ﬁke(,dolulps f?ﬁee’fad‘} q ﬁgd’ﬁ"dcltllaﬁhgnb%’f ng
obt ai ned: 1mererapeofethodOIBre14it @Whaﬁmr%ﬁ%mnm wecEPErtedo nbar);
105 g of phstatti(dgr eatéPidls,73Gchlas Mtemplsanehicly cah Bé3remstdizdokoctimpl ex

(from 76 topfﬁgarakaoﬁbﬁféceéi, 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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20 The alkylation is suitably effected at from -10 to 80°C,
preferably from 0 to 40°C. Suitable alkylation catalysts are
protic acids, such as sulfuric acid, phosphoric acid and organic
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 solvents 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.g. 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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The water of reaction formed in the Mannich reaction can be

removed by heating in the presence of an entraining agent.

Suitable entraining agents are benzene, toluene, xylene and
20 mixtures thereof.

Alkylphenol, aldehyde and amine are preferably used in a molar
ratio of from 1 : 0.5 : 0.5 to 1 : 4 : 4.

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-polyisobutenylphenol and Mannich adducts thereof.

The Mannich adduct purified by the novel process or a Mannich

30 adduct prepared from a phenol 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 polyalkenemonoamines,
polyalkenepolyamines, nitropolyisobutanes,
hydroxynitropolyisobutanes, copolymers of C;-Csg-olefins with
maleic anhydride in which one or both carboxyl groups have been

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

45 derivatives thereof.
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10 mbar. 1 240 g of 2-(dimethylaminomethyl)-4-
polyisobutenylphenol were obtained as a pale oil.
_ 15
‘ Example 2

A Mannich base was prepared as in example 1 from a

polyisobutenylphenol (M, of polyisobutene = 1 000), formaldehyde
20 and dimethylamine in a molar ratio of 1:1.1:1.1. The xylene was

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
polyisobutenylphenol 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
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A process as claimed in claim 1, wherein the ex racting agent

has a polarity Eq(30) of from 56 to 48 kcal/mol.

15
‘ 3. A process as claimed in claim 1 or 2, in which the phenol
derivative is dissolved in a solvent having a polarity Eq(30)
of from 35 to 30 and the solution is brought into contact
with the extracting agent.
20
4. A process as claimed in any of claims 1 to 3, wherein the
extracting agent is selected from methanol, ethanol,
n-propanol, isopropancl, acetone, butanone and mixtures
thereof and mixtures thereof with water.
25
5. A process as claimed in any of the preceding claims, in which
the alkylphenol has a number average molecular weight of from
500 to 1 500.

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

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

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

40

45



