. METHOD FOR REMOV| NG METAL | ONS FROM CRESOL M XTURES The i nvention
relates to a method for removing netal ions fromcresol or fromm xtures of
“aromatic conpounds containing cresol . Cresol mxtures are isoner m xtures
of o-, m and p-cresol (methylphenol). They are obtained, anong others, as
a product in the distillation of coal tar. Depending on the production and
storage nmethod, cresol mxtures may contain nore or less large quantities
of nmetal ions as contam nants. Thus, a typical cresol mxture obeanedbfrom
the distillati > Q pp
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netal ion contam nants are problenatlc, for exanple, in the use of cresol
as a nonomer to produce cresol resins for the mcrochip industry. The netal
ion concentration in the cresol mxtures required for this purpose may not
exceed 20 pmhepénvantabnl@alateﬁbﬂaequmathyd Ebri seROvORpembtal 1bRspresent
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Cresol mixtures are isomer mixtures of o-, m- and
p-cresol (methylphenol). They are obtained, among others,
as a product in the distillation of coal tar. Depending
on the production and storage method, cresol mixtures may
contain more or less large qguantities of metal ions as
contaminants. Thus, a typical cresol mixture obtained
from the distillation of coal tar usually contains about
30 to 70 ppb (1 ppb = 1 mg/t) of sodium, 20 to 40 ppb of

iron and 1 to 10 ppb of chromium.

Such metal ion contaminants are problematic, for example,
in the use of cresol as a monomer to produce cresol
resins for the microchip industry. The metal ion
concentration in the cresol mixtures required for this

purpose may not exceed 20 ppb per metal ion.

Consequently, it is an object of the present invention to
provide a method for removing metal ions from cresol
mixtures through which the metal ion concentrations in
the cresol mixture are reduced to < 20 ppb per metal ion.
It is a further object of the present invention that the

method be simple and inexpensive.

These objects are achieved in such a way that in a cresol
mixture or a phenolic mixture containing cresol a water
content of at least about 0.5 per cent by weight is

adjusted by the addition of water and, subsequently, the



. et hod be sinple and i nexpensi ve. These objects are achieved in such a
way that in a cresol mxture or a phenolic m xture containing cresol a
*water content of at |east about 0.5 perspcent by weight is adjusted by the
addition of water and, subsequently, the

- 2- cresol -and-water m xture is passed over an acidic ion exchanger.

The process according to the present invention is particularly suitable for
the purifi RGN ANETEREFE JRLEFORLTT RASARH VLoMidT I Tri&¥dbl s t hat
contain a sdadddkconcentration of nmetal ions of 0,01 to 0,1 ppm (10 to
100 ppb) per netal ion. In addition to the desired reduction of the netal
I on concentration the nethod in accordance with the invention cones with

the furtherpadvantages thalotdikgnss deRahh Yo s&HCAS ddIe Soncent rati on of any
bases such as pyridine, aniline and quinoline that nay be contained in the

cresol ni xtpeeticwlarbersebtakleckox hthe dpitaki kratom B etesol BB the
distillati Ogrﬁrhaw@ fi£c0ke é%ﬁl{gf m; éfégopf%a@@néémmammver, _
distillation has proven to be di sadvant ageous because It causes a shift in
t he quantitytahbies ofnceetranponent snetal hiowrs edbl 0 kiee 0, MPRBVer, the

reduction o(léhgon§églpﬁgp ﬁngﬁg{g@tigH.mas considerably | ess effective.

In addition to the desired reduction of the metal ion
concentration the method in accordance with the invention
comes with the further advantage that it considerably
reduces the concentration of any bases such as pyridine,
aniline and quinoline that may be contained in the cresol
mixture. In order to reduce the contamination by metal
ions the distillation of the cresol mixtures has also
been considered. However, distillation has proven to be
disadvantageous because it causes a shift in the quantity
shares of the components of the cresol mixture. Moreover,
the reduction of the metal ion concentration was

considerably less effective.

It has been seen that untreated cresol mixtures quickly
render the ion exchanger useless for the removal of metal

ions in the ppb range.

Surprisingly, it was noticed that this problem did not
occur after the addition of small quantities of water to
the cresol mixture. In fact, after the addition of small
quantities of water the ion exchanger remained active
even after a long period of time. In accordance with a
preferred embodiment of the invention the water content
in the cresol mixtures, particularly when the same is to
be used as starting material for polymers in the

microchip industry, is adjusted to up to 15 per cent by
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copolymer, are used. The use of strongly acidic ion
exchangers proves particularly advantageous for the
removal of such ions that are difficult to remove by
conventional methods, such as Na® ions. The ion exchange
resins preferably have a macroporous structure and/or a

high degree of cross linking of the polymer matrix.

As an example for an ion exchanger that is particularly

preferred in the process according to the present
invention, the ion exchange resin Amberlyst® 15 (Rohm &

Haas Company) may be mentioned. Amberlyst® 15 is a
strongly acidic, macroporous ion exchange resin on the
basis of a styrene/divinylbenzene copolymer with a
divinylbenzene content of about 20% and a -SO3H group

concentration (active groups) of about 4.7 eq/kg.
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such
Na+

have a macr opor ous structure

Amberlyst ® 15 has a catalyst surface of about 45 m?*/g, a

water content of 51 to 56% and a bulk density of about
770 g/l.

As is common in reactions of this kind, the acidic ion
exchangers are activated prior to initial operation by
treatment with acids such as sulphuric acid. The ion
exchanger is usually washed with distilled water before
and after the activation with acid. It is advantageous
not to dry the ion exchanger with methanol or similar

solvents after the washing with distilled water.



;As an ‘exanple for an ion exchanger that is particularly preferred in the
process according to the present invention, the ion exchange resin
“Anberlyst 15 (Rohm & Haas Conpany) nmay.je nentioned. Anberlyst 15 is a
strongly acidic, macroporous ion exchange resin on the basis of a
styrene/ di vi nyl benzene copol ymer with a divinyl benzene content of about 20%
and a -S err]H group concentration (active groups) of about 4.7 eq/Kkg.
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depend on the degree of contamm nation of the cresol mxture to be purified.
In a case wREFBapgerdagederop denweanithari sneefl thencissel casrt wheres hi gh

it will be @ﬁeeaéa&xetgfegahexm&ngeaaﬁrigagekltﬁ Qbvbhe Lonacyghangsr
and/or a lower flow speed than in a case ere the degfee of contam nation
is | ow kbméhémpragtaw5§|§ogpd that it is appropriate to use 1 kg of

ion exchanger for each 100 kg of starting material. After
a certain flow volume it is necessary to regenerate the

ion exchanger by the methods commonly known in the art.

The temperature at which the method in accordance with
the present invention is practiced is uncritical. It is
mainly necessary to avoid additional energy costs, which

is why ambient temperature will mostly be chosen.

The product of the method according to the present
invention is a cresol mixture which may contain phenol
and further alkylated aromatics, and particularly shows a
metal ion content of less than 20 ppb per metal ion. The
water quantity contained in the product mixture
corresponds to the water quantity adjusted in the

starting material prior to the flow through the ion

exchanger.

The invention will now be explained in closer detail by

reference to specific embodiments.



~thumb, it was found that it is appropriate to use 1 kg of ion exchanger for
each 100 kg of starting material. After a certain flow volune it is

‘ necessary to regenerate the ion exchangegr by the methods comonly known in
the art. The tenperature at which the nmethod in accordance with the
present invention is practiced is uncritical. It is mainly necessary to
avoi d additional energy costs, which is why anbient tenperature will nostly
be chosen. EXAMRLErbduct of the method according to the present invention
Is a cresol mxture which nmay contain phenol and further alkyl ated
aromatics, and particularly shows a nmetal ion content of |ess than 20 ppb
per nmetal idncramel viaigkugaapptainedntrrRctne CoRElBF otk &tire
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to the flow through the ion exchanger.  The invention will now be
expl ai ned i aorteskratéeni PLbylreplereasanivedpatili 0 cpdbdrehtRY

- 5- EXAMPL E. C L Xt bt al h t kstkllation
havi ng an Nggf%%tcéﬁcéﬁggg%?%ﬁ géﬁ?g %ﬁ%ngﬁﬁééﬁn%% %oﬁPéﬁnggﬁg?a%Fon of 21
ppb was mi x&d0wihi hh10hpengbeat conptimughs-biodi seatter obtethe aptzpasfed at a

flow speed of 400gq (R LRIHINE EOPILQUQLSRTIOY LCGELQL Phnthe size of
exchanger of the type Amberlyst® 15 H (weight when dry:
89.1 g) previously treated successively with 1 1 of
water, 2 1 of sulphuric acid (12 %) and 1 1 of water. Up
to a quantity of flow of 10,000 ml the cresol mixture
passed over the ion exchanger showed metal ion contents
of c(Na) 8 ppb and c(Fe) < 10 ppb. After a quantity of
flow of 20,000 ml the metal ion contents were c(Na)
16 ppb and c(Fe) < 10 ppb.

EXAMPLE 2

A cresol mixture obtained from the coaltar distillation
with an Na ion concentration of 26 ppb, an Fe ion
concentration of 22 ppb and a base concentration of

85 ppm was passed, as in example 1, through the
Amberlyst ® 15 ion exchanger, but without any prior
addition of water. Following a quantity of flow of
approx. 2,500 ml the cresol mixture passed over the ion
exchanger showed contents of c¢(Na) 7 ppb and c(Fe)

< 10 ppb and c(base) 8 ppm. Following a quantity of flow
of approx. 11,000 ml the cresol mixture again showed
clearly higher metal ion concentrations of c(Na) 11 ppb
and c(Fe) 21 ppb. This indicates a rapid consumption of
the ion exchanger under water-free conditions. Following
a quantity of flow of approx. 10,000 ml an increase of

the sodium and base concentrations was again noticed with
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.38 x 180 mmwhich was filled with 150 g‘of "an ion exchanger of the type

~ Anberlyst[err] 15 H (weight when dry: 89.1 g) previously treated
successively with 1 1 of water, 2 1 of sylphuric acid (12 % and 1 1 of
water. Up to a quantity of flow of 10,000 mM the cresol m xture passed over
t he i on exchanger showed nmetal ion contents of c(Na) 8 ppb and c(Fe) < 10
ppb. After a quantity of flow of 20,000 ml the netal ion contents were
c(Na) 16 ppl (%ﬁd dCPF@P< ang iibase) EXAVPPR -2 FolAopiagoR auentiéyobttai ned
fromthe cogila of 90l lglodf AN tifel B3 LR R HRBGRILRHAL hggh()f 26 ppb, an Fe
ion concentration of 22 b and a base concentration of ppm was passed,
as in exanpldNa) £27r ppgh Exseetiedethestopethretholldnpexohanger folrut W t hout
any prior aggiti er. I N tity of flow of prox. 2,500
n " the cresgﬁenP%%u?E §§§5§5°§@§&9t egFgﬁgggg gﬁégf gﬁ%&eaggoﬁgeﬁpé of

c(Na) 7 ppbbas¢ corepntrz@ippls hasdicgbhsen & (Fpin 1Eobbbwang & (guashity of

fl ow of apprex 1, m_,the cresol m xture again showed clearly higher
metal ion c&%cgﬁﬁrggggﬁétgﬁ c f%ffypﬁg iﬁ&wc(gb}SZingES?t?ﬁié i ndi cates a
rapi d consumppiidn cohstinptiion exchaegebnussehangter uhtee ¢anditiFreas.

Fol | owi ng a guan I of flow of approx. 10,000 ml an increase of the sodium

t
and base concen%ré?%gns was again noticed with
- 6- c(Na) 19 ppb and c(base) 12 ppm Following a quantity of



.flow of 12,500 ni, the sodi um concentrati‘on, Wit h c(Na) 22 ppb, exceeded the
top threshold permtted for the use in the production of mcrochips, wth
“the Fe and base concentrations having been c(Fe) 12 ppb and c(base) 12 ppm
after this quantity of flow This indicates a rapid consunption of the ion
exchanger under water-free conditions.

CLAI V5 1. A nethod for renoving netal ions fromcresol or from

m xtures of aromatic conpounds cont ai RLAGMEr esol characterized in that
at first a water content of the cresol mxture is adjusted to at | east
0.5 per cent by weight by the addition of water and the

cresol - and- vat er PniiREBPE £91t HEmeHner mpasdedongefrom camsadi dirc firon
exchanger. 2. pAxmatBadogs sebabred bempbahaglcgﬁba&ﬁghgre&ggo;? t hat
S adj ust o abou

the water content of the cresol mxture _ uste 1to 10
per cent by wei gfharacgerigeqefinoghas etaifiwdti A whakm tootedf of

characterized  tnknctBabit RexkAReSASN3AYRELEY §5" QPOLYA8E 61§ per
cent by weight by the addition of water and the

cresol-and-water mixture is thereafter passed over

an acidic ion exchanger.
2. A method as claimed in claim 1, characterized in
that the water content of the cresol mixture is

adjusted to about 1 to 10 per cent by weight.

3. A method as claimed in claim 1 or 2, characterized

in that the ion exchanger is strongly acidic.
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