PROCESS FOR THE PURI FI CATI ON OF VI RTUALLY ANHYDROU KﬁCL
LI QJ DS 5 The present invention rel afg¢s t ézb i :éét'on

of virtually anhydrous |iquids consisting of one or nore organic
conpounds and its subject-matter is nore particularly roces f
renoving the netallic inpurities present in such“llapgl.g glo%

The majority of comrercial organic |iquids ar .avai |l abl e on the nmafkket
in a purity which is already very hi gh, generally higher than 99 %
However, as the data in Table 1 show, netals in trace formare stil
found in these | i qui ds, which require an additional purification to
permt 15 their uPBOCHSE NERR tTHEc PURIERCHEION OFt VORTUALIY ADHIPROUS. ORGANIC
general, organic liquids containing | ess than 10 ppb of each al kali and
al kal ine-earth metal and netal contani nant LAQWERS be necessary for nost
of the uses in these two technical fields (1 ppb = 1 part by wei ght per
thousand mllion, that 20 is 1 [err]g per kg).

2 ) _ The presIﬁ@LfiJention relates to the purification

of virtually anhydrous liquids consisting of one or more
organic compounds and its subject-matter is moré particularly
a process for removing the metallic impurities present in
such liquids.

10 The majority of commercial organic liquids are
available on the market in a purity which is already very
high, generally higher than 99 %. However, as the data in
Table 1 show, metals in trace forh are still found in these
liquids, which require an additional purification tq permit

15 their use in industries such as electronics or pharmacy. In

| general, organic liquids containing less than 10 ppb of each
alkali and alkgiiné—earth metal and metal contaminant would
be necessary for most of the uses in these two technical
fields (1 ppb = 1 part by weight per thousand million, that

20 1is 1 ng per kg).



Conpound 1-nmet hyl - isopropyl N, N- nono- benzyl

2-pyrrol - alcohol dinethyl- ethanol- alcohol | done
dcetam de am ne Suppl i er S.G S. S.D. S. Al drich Hul s
El f At ochem
G ade ultra- purex for HP.L.C uItraz-' phot o-
pure anal ysi s pure gr aphi c '
gr ade Purity (%9 99. 95 99. 7raprLE 199. 9 99. 90 99. 90
Water (%9 0.02 0.1 < 0.03 0.6 < 0.1 Met al Det ec-
tion Content as netal (ppb) limt (ppb)
Na 2 30 30 150 20 240 Fe 1
15 6 &§mpound B-methyl- Bisopropyl N, N- | honbher{eborzgl
appears desirabl ¢ to have available a] 5 process for the purififcation Jof
commercial |iquids containi ng 2 PY**8fe| 0?1t o‘?‘d‘ﬁFﬂY&'coﬁf’gb‘tﬂ’fds,al\ﬁm%h are
al ready of a gooq purity bJLgonQeverthtil esg aiégg&%jé(@é\%qi or so[nE .
appl I catl ons, TIT S Proce$sS OETTIg | NeEd—¢© ar Ty gl reauctg—tnhiehr
cont ent of tnacegpsifieret fl .6.510 S.D.S. B fX¢hagae rgsi ppe arle
very comonly em?l oye npwadays fLor dei onijzi ng watg¢r. On the other
hand, their use I n_an _organi c nedj um appedrs to bejnarkedl | Ateqtn
wi despr ead ol investigated. This jpbsence df devel opnent owgs its
origins Grade ultra- | purex for | H.P.LZC. ultra- | photo-
pure analysis pure graphic
grade
Purity (%) 99.95 99.7 ~ 99.9 99.90 99.90
Water (%) 0.02 0.1 < 0.03 0.06 | <o.1
Metal | Detec-
tion Content as metal (ppb)
limit
{ppb)
Na 2 30 30 T 150 20 240
Fe 1 15 6 85 5 5

It therefore appears desirable to have available a

5 process for the purification of commercial liquids containing
one or more oréanic compounds, thch are already of a good
purity, but nevertheless insufficient for some applications,
this process being aimed especially at reducing their content
of traces of metals.

10 Ion exchange resins are very commonly employed
nowadays for deionizing water. On the other hand, their use
in an organic medium appears to be markedly less widespread

or investigated. This absence of development owes its origins

-



to thé special properties of water, which ionizes salts and separ at es
the anions conpletely fromthe cations. On the ot her hand, dependi ng
on"the dielectric constant of the organi c nedium the ions formed by
ionization are found to be 5 nore or |ess dissociated and nore or |ess
free to exchange wi th the functional groups of the resin.

Nevert hel ess sone published research is found (C A Flem ng and A J.
Monhenus, Hydr onet &bl thgyspelgialp prop8rifds of watéd/Whidhhdoahpestsarofand
which is to inprove by a solvent 10 effect the selectivity of exchange of
some netals with SePagateprihe Pedpns, conrlatiedy faemn e sgtienget@r fihee t he
condi tions which peq:[?pﬁt t he, separ at.i on of tive

h | s |
i on chromat ogr aphy? Eshangy eé’gnaéggr?r_bet_rheeéggirgﬁfﬁ\{rﬁ?é:of‘%?ﬁ‘[e?‘ﬁg& hat is
to say the |aws V\thQ?QPé/Q{éHi%H@ the EOHM |l peinnen ciBg JEL aécfdn%r' tbbe

solution and the neta ion bound to the resin. The usual conditions o
such work conmegaedt | egseriisBoytiyed and hope aoMeidird fobe ded Gdchahigen
of an organi ¢ medi um US Patent 4 795 565 describes the

purification of 2@ibth thpdomstionali orowfs efhbhelzafime on an ion exchange

resin. The objective of fhis patent is the renoval of some salts
produced during the ethanol i‘t’ﬁvﬁétgﬁi?%\%tﬁo&? Bf‘b'{:h‘f‘rtﬁﬁjn rESERroR 1s foypg (C.A.

Ly 0En Sl P o BLBRIE 4rh Ao R GRS sy Th s oy, B IAI0L08 08,
successively over agsdpfitHaopjbedied of Waaeh is_tﬁf\iiﬂigrﬁvéeﬁjrrhaélﬁ.vteBQn
over a stationary bed of strong cationic resin. US Patent 5 162 084
rel ates to thel9aneffege the sefleapjpvitpatdfoexchamge mfr sems méajrumifthcat i on
efficiency by enpl oyi ng a conbi nation _of two anionic resins and by
cationic Yesins, the final aim being to determine the
conditions which permit the separation of the metals in
preparative ion chromatography. These studies describe
exchange isotherms, that is to say the laws which govern the
15 equilibrium between the metal ion iﬁ solution and the metal
ion bound to the resin. The usual conditions of such work
consequently remain very far from a method of deionization of
an organic medium.
US Patent 4 795 565 describes the purification of
20 an aqueous solution of ethanolamine on an ion exchange resin.
The objective of this patent is the removal of some salts
produced during the ethanolamine extracgipn of carbon dioxide
and hydrdgen sulphide present in refinefy gases. The spent
ethanolamine solution containing between 80 and 50 % water by
25 weight is bassed successively over a stationary bed of strong
anionic resin and then over a stationary bed of strong
cationic resin. US Patent 5 162 084 relates to the same type

of application, but improves the purification efficiency by

employing a combination of two anionic resins and by
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4 " judiciously controlling the operation of the unit with the aid
of . conductinmetric sensors. These patents do not describe t he
purification of ethanolamne with a | ow water content on i on exchange
resins. 5 Patent GB 2 088 850 describes the purification of
1- met hyl - 2- pyrrol i done (NVMP) by passing over an anionjic resin bi ndi ng
the chloride and carboxylic ions. This treatngnt is - inserted into a
process of selective extraction with NWP of the aromatic hydrocarbons

present in a m xtjudecobuphy addritinllinf toe Mpdrkitiahi 60 thd ndat wObh CeR&SI NS
is described in this patent. Furthernore, 10 % of water by weight is
advant ageousl y a@GédOfoCQmﬁpquﬂe¢G1Fn®¢Qﬁa¥s:h@hseEeB@¢QﬂQ%/d9fn0t describe
extracti on. ent RU 2 032 655 relates to the deionization

of 15 aI|phat|ct5Fc8H6¥§1?ﬁt%ﬂ“ GfoPERIRPmiRE YD o IRHYGLRY FRRFENE on

el ectric CO”dUCt'KhtXXc§FH d N ;pUr pose the authors enploy a stationary
bed of anionic resin an cationic resinin - equal proportions, these

resins being saturated W tgheeaitet 2 odeferclaaBdribés aneubaegefition of
publication (VWysokochist. 20 Veshchestva, 2, pp. 71-75, 1992), A G

Myakon' kii et al 1-methytwvZ-pyrtioddtiede t (NMP)abyi paasinyaver eonaeihtnig r2sEn%
in the medi um_i s necessar{ to obtain deionization with the aid of .
the pair of dry PABAHRg the chloride and |GRrhRxylifciengnfhipefrepgiit is

(oo based 20 WhALPNE | B L ARCEURL B LI CLER8°ARAGLEAL O i e
P. V. Buragohain %hea&orp,{&l@%gd%baao&?g iR s@XENANAL mixtuk8S6PSpd A R8st €
| R 120, Dowex M31 and | onac P 110) to purify isopropylic alcohol
(IPA). In thage vatperifidadionswith cationic resins is described in this
patent. Furthermore, 10 % of water by weight is
advantageously added to the NMP to improve the selectivity of
extraction.
Patent RU 2 032 655 relates to the deionization of

15 aliphatic alcohols or of diols with the aim of reducing their
electric conductivity. For this purpose the authors employ a
stationary bed of anionic fesin and of cationic resin in
equal proportions, these resins being saturated with water
beforehand. In a subsequent publication (Vysokochist.

20 Veshchestva, 2, pp. 71-75, 1992), A. G. Myakon’kii et al.
have indicated that a minimum water content of 2.5 % in the
medium is necessary to obtain deionization with the aid of
the pair of dry resins.

In an érticle intitled "Novel resin-based

25 ultrapurification system for reprocessing IPA in the
semiconductor industry" (Ind. Eng. Chem. Res. 1996, 35, 3149-
3154), P.V. Buragohain et al. propose using cation exchange

resins (Amberlite® IR 120, Dowex® M31 and Ionada CFP 110) to

purify isopropylic alcohol (IPA). In these cationic resins,
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5 " the divinyl benzene content in the copol ymer does not exceed

20% The use of an ion exchange resin of sul phonic type
which has its active groups in SO8H acidic formfor the 5 purification of
di met hyl- sul phoxi de (DMSO) fornms the subject matter of the Patent
Application W97/ 19057 published on May 29, 199¢. It

has now been found that the use of a cationi; resin of sul phonic type
based on a pol ystyrene-divi nyl benzene 10 copol yner having a high content

of divinyl benzengnal 4o¥Wenyidknzene eof&éﬁ@aﬂr{ ¥n@nB¥gs rordgggirgol:i 8}?%&18 to

retain and exchange any cation err] (n having Vval ues m 1

wth n Herr] pravens or with n NHerr] ions of such a resin in
protoni ¢ or amoni um form 15 According to the present
invention, there is provi dé# use of anokWseXCHANGRrerim Pifcaplphonic Lype

virtual ly anhydrous organic.liquid other than DNSO al one, tq decrease
its ycont gnt wﬁfd&l hag it laglg,lVﬁﬂ?’é‘?‘f%}é’aﬁbﬂ?ﬁézﬁglwa A e

metal cations,s wﬁhebfpém%ﬁﬁggoaméﬁfle @Ct%%?mggi&g'e(ﬁfﬁﬁmfgrmgothé ié:l}ﬂ;ﬂagtto

be purified in contact wt e or no exchange resins

then separating maetet her el Pespnt Mpplicatpohi ROST/ 1W0FANpablishedl or bRy
resin or at |east one of the resins being a sulphonic resin in -SQ3H
or -SGBNH4 form 29, 193ked on a pol ystyrene-di vinyl benzene copol yner havi ng
a 25 divinylbenzene content of from50 to 60% bé’ wei ght, wthout

taki ng the sul phonic grougd PABONQERAAR found that therUge, o3 | SRRV ous

organic liquid i§e9fﬂ€%£'§ﬁiﬁﬂ891c type based on a polyStyreﬁe—divinylbenzene

10 copolymer having a high content of divinylbenzene allows, in
a virtually anhydrous organic liquid, to retain and exchange
any cation M (n having values from 1 to 4) with n H' protons
or with n NH," ions of such a resin in protonic or ammonium
form.

15 According to the present invention, there is provided
a process for the purification of a virtually anhydrous
organic liquid other than DMSO alone, to decrease-its
content of alkali metal, alkaline-earth metal and/or other
metal cations, which process comprises placing the organic

20 liquid to be purified in contact with one or more cation
exchange resins and then separating from the resin(s) the
purified organic liquid, the resin or at least one of the
resins being a sulphonic resin in -SO;H or -SO,NH, form
based on a polystyrene-divinylbenzene copolymer having a

25 divinylbenzene content of from 50 to 60% by weight, without
taking the sulphonic groups into account.

A virtually anhydrous organic liquid is here intended
to mean suitably an organic liquid which has a water content

lower than or equal to 1% by weight, preferably lower than
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to mean suitably an organic |iquid which has a water cont ent | ower
than or equal to 1% by weight, preferably |ower than

6 .or - equal to 0.15 % by wei ght. The process according to

t he invention can suitably be applied to purify any liquid organic
conmpound whi ch exhibits a dielectric constant e.ranging fromb5 to 50
and a 5 pKa higher than 2. Nonlimting exang es of such conpounds

whi ch nmay be nentioned nore particularly are 1-nethyl-2- pyrrolidone
(NMP), isopropyl @&rceheal (tdA).1%9énkyl waigighol ( BYA) , '

di net hyl acet am de (DMAC), nonoet hanol am ne ( MEA), ethyl acetate, butyl
acetate, ethyl |actate, Thetptodesst ateerdili tioethehjmivestthiomplrenesditalsliyoxi de
(sul folane), glycerol, acetic aci d, acetone and, propyl ene gl ycol

mononet hyl et her &CefBPbied to muaslEx) anynlignige exganic fupoypdi whiehfor the
purification of exhibied W @EedkcthesecoNRANES MG hLRFEBmOs hES Y A a&g

DVBO i n very vari abl e proportions. Nonlimting exXxanples of such
m xt ures whi ch SrapKbehigirdr dhed ar eNoml inifzimgi ewbhaples of sDbBCEdMAFHunds
NMP/ MEA, DWVSQ BYA and DVSQ BYA/ MEA m xt ures. Cation resins

whi ch can be used"hbFh i#a¥ Sfefenkgoned mane pgréteslariot rgi Agrethyie-
capeci al 1y under. PREEORD RS falE R Eo chrRirar PRoaRaL XN T 10 ERE ke T sy
Rohm & Haas), (BYRES SlmeVRGN 088EARIdd (OMALK St RSh M RMRLER aMich)Rel ite
(marketed by M tsubishi). At | east one of the resins used in
accordance with ethyhedavace!i batys scetstphoathyl ekidtatesebudyl dactate,
pol ystyrene- 25 divinyl benzene copol yner wherein the divinyl benzene
1 tetrahydrothiophene 1,1-dioxide (sulfolane), glycerol, acetic
acid, acetone and propylene glycol monomethyl ether acetate
({PGMEA) . The process is also suitable for the purification of
mixtures of these compounds with each other or with DMSO in
very variable proportions. Nonlimiting examples of such
15 nmixtures which may be mentioned are more particularly
DMSO/MEA, NMP/MEA, DMSO/BYA and DMSO/BYA/MEA mixtures.

Cation resins which can be used for implementing
the process according to the invention are well-known
products and are commercially available, especially under the

20 names Amberlyst® and XN 1010 (marketed by Rohm & Haas),

Hypersol Macronet® (marketed by Purolite) and Relite‘®

(marketed by Mitsubishi).

At least one of the resins used in accordance with
the invention is a sulphonic resin based on a polystyrene-

25 divinylbenzene copolymer wherein the divinylbenzene

represents from 50 to 60 % by weight and the polystyrene from
50 to 40 $§ by weight relative to the total weight of the

copolymer, without taking the sulphonic groups into account.

This ratio of divinylbenzene ensures a good kinetic activity

~



repreéents from50 to 60 % by wei ght and the pol ystyrene from 50 to 40

% by weight relative to the total weight of the copol yner, wi thout

t aki ng the sul phonic groups into account. This ratio of divinylbenzene
ensures a good kinetic activity

7 of the exchange of the Merr] cations with the n Herr] protons or
the n NH err] cations. When several resins are enployed, at
| east one of these resins is such as defined above, it being possible
for 5 the othesfshhd @xkBanfechel aid o' tdémonzhﬁlgtm @ bt PSS or  bE
purified may be placed in contact with a m xture of the vari ous resins
or successively bhe mn ddigh asftivhe.vari ous resins. The

contact of the organic |iﬁUld to be purified 10 wiith the resin

preferably in the Herr] FBFM S$eIlongRins are gployse. a2t iffge aPE}IEeOf

f th d t d t
(S50LT0 T R T Aol U5 o M 4P oo

tenperature i s the AK¢RNERJEOUSE Y% HeheesPidd @pd .8Qher sldaniRr af !
between 20 and 15 50[err]C. l&£ operatloﬁﬁﬁ%y béagg?r%%d

out nonconti nuousd yurifie@bmay v daced i:mrttormmsbvythlm ncionuhirlel 66StRAd
equi pnent which are well known to a person skilled in the art. The
separation of tHELIPUST FEELIRF A FUCCBRFLTRLY auith pchaf Hdie ¥ardens by any
appropriate knowgﬁpgpns especially by filtration, percolation or
centrifuging. The invention is further iIIustrated W th

reference The contact of the organic liquid to be purified
10 with the resin(s), preferably in the H' form, is brought
about at a temperature ranging from the melting point of the
liquid to be purified to 120°C (thermal stability limit
temperature of the resins). This temperature is
advantageously between 19 and 80°C, preferably between 20 and
15 50°C.
The operation may be carried out noncontinuously
(batchwise) or continuously,.in conditions and equipment
which are well known to a person skilled in the art. The
separation of the purified liquid from the resin{s) can be
20 done by any appropriate known means, especially by
filtration, percolation or centrifuging.
The invention is furtheér illustrated with reference
to the following experimental part describing examples of
implementation of the present invention.
25 Experimental paft
I. Methodology
The trace metals are in M" form. On contact of the
liquid to be purified with the cation exchange. resin or

resins, themselves in H" or NH,' form, the M"" ions in

~



to the foll owi ng experimental part describing exanples of

I npl enmentati on of the present invention. 25 Experinental part
| . Met hodol ogy The trace netals are in Merr] form On
contact of the liquid to be purified with the cation exchange resin or
resins, thenselves in Herr] or NHerr] form the Merr] ions in

8 solution are replaced with Herr] proBons or with NHerr] ions.

In a first step, b?tchmﬁse tests were carrjed out to treat various
organi ¢ conpoundg® Vﬁﬁ?ﬂ]iﬁgréeﬁi?ﬁe ik #y protons or with NH., iphsecond

step, some media were pur i gles S SO NWAUEhY: LY RESLG LS JiuL OV

a stationary bed of I on exchange resin. S technique i s actua

more sati sf a6t OreatARArieps esegdrmild \empbuids SalhiRhodEss i irePlor mixed.
purified |iquid. [1. Method of analysis 10 The
met hod of anal ysis of trade mesetend rstepganome mediarweira pwrifiedP. (pl asma

torch - atom ¢ em ssion spectrqnetrﬁ%: the sanple is introduced into a
pl asma torch, 2 Contifuiousife DAPHIEING Shenl AWk ovedi RedtaPrasvt PeR0PENS

whose energy.is racteristi f the element, since it is defined 15
by the el ectron g?éLﬁ:%ﬁ%ga%fg%%%$éﬁgﬁgn%eF%nﬂﬁgéfﬁoﬁ%tgéfly P& kin B ner

i nstrument (Opti&@e 3000 tBYyREE! dep¥ascBRRLOY¥EDF a reb®Ubid@ldtion of

This technique allows the content of several netals to be anal ysed
si mul t aneousl y. poriftikel 3akeidf clarity of the 20 results, it was chosen
to indicate only the content. of iron
Ir. Method of analysis
10 The method of analysis of trace metals in organic
media is I.C.P. (plasma torch - atomic emission
spectroﬁetry): the sample is introduced into a plasma torch,
where the various elements are excited and emit photons whose
energy is characteristic of the element, since it is defined
15 by the electron structure of the element in question. A
Perkin Elmer instrument (Optima 3000 DV model) was employed
routinely.
This technique allows the content of several metals
to be analysed simultaneously. For the sake of clarity of the
20 results, it was chosen to indicate only the content of iron
and of sodium, which are tracers representing all the
metallic impurities present.. Sodium reflects an atmospheric
and accidental contamination (dust) and iron is
characteristic of a confamination originating from the
25 process of manufacture or from packaging (contact of the
liquid with steel).
The detection limits of this technique of analysis
depend on the metal in question. In the case of sodium the

detection limit is 2 ppb and in the case of iron 1 ppb.
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and of sodium which are tracers representing all the metallic

inpurities present. Sodiumreflects an atnospheric and acci dent al
contam nation (dust) and iron is characteristic of a contam nation
originating fromthe 25 process of manufacture or from packagi ng (contact
of the liquid with steel). The detection limts of this
techni que of analysis depend on the nmeta? in question. In the case of
sodi um t he detection Limt._is .2 ppb_and in the case of iron 1 b.

9 |11, Bat dfidt B beipide tests I11.1. Experi hent al

pr epar ati on 1186t Wesn 190 aRg 1000, akigh sodiumand iron were

added to 100 g of organic liquid and this solution was then 5 placed in
contact with a known quanBetyead voosiand( betovassb 3f sodiwicankD igbni wetferr]
form Sanples of liquid were taken in the course of tinme in order to
foll ow t he changdddad ttiee 109 0m fhprganicsbiiuid eodc §hi s agsebrsion was then

Th i d | Macrgnet MN 500 . 10 )| in H

form by Pur o) Pt A8 IEuFORGATE "RED: A FFOYR a0 tLty 9F HRAybERPBbrehe
t ture. It i b b i j

structure. 1t vas fiiged bEAOFOURR Douy1 o SUSRERTIONJA EELDANGL gRA

evapor ati on under vacu I'n the ary evapor at or err|

until a constantcoMis@hbf\Wesme in oaeer ¥€dfollbw the change ilnl Ithd. iFeflUgAd on
in the cation content (other than H) of NMP. Exanple 1

The effectivenesodifumt bentbh&Htioasi.n was tested in the purification
of NWP by enploying 10 g of resin per_ 100 g ®
The resin employed (Hypersol Macronet™ MN 500
10 supplied in H' form by Purolite) is a sulphonic resin with a
styrene/ divinylbenzene structure. It was dried beforehand by
suspension in methanol and evaporation under vacuum in the
rotary evaporator (90°C, 2000 Pa) until a constant weight was
observed.
15 III.2. Reduction in the cation content (other than
H') of NMP: Example 1
The effectiveness of the MN 500 resin was tested in
the purification of NMP by employing 10 g of resin per 100 g

of NMP. The change in the iron and sodium contents in the

20 course of time are collated in Table 2.

TABLE 2

Example 1

Time (hr) 0 4 8 24

[Na) (ppb) 110 j < 2 < 2| < 2

[Fe] (ppb) | 100 | 3 [<1{<1

25



of NWMP. The change in the iron and sodium contents in the 20 course of

tinme are collated in Table 2. TABLE 2
Exanmple 1 Time (hr) 0 4 8 24

[Na] (ppb) 110 <2 <2 <2 - [Fe] (ppb) 100 3 <1
<1 25 « 10

I11.3. Reduction in the cation content (other than H err]) of various
pure or mxed organic media: Exanples 2 to 1210 The

efficiency of the ion exchan aresin and | ¢ medi

e_between . an_organ m
depends on the nature of tﬁéqrési%‘\"l\g‘r‘fbtm“s 13 Ehe o tieR ﬁﬁB?ﬁﬁ’Fi H"al?ésttﬁéﬁ.
In Exanples 2 to g+t vari Y f | -ulﬂm[y r s} S
tested with rgg)a:ag £o°t eé c%lﬁé/or?g‘ gggégnéﬁfa%arﬁnggﬁ. pure (%%Sagi ggn%\%i a

or mxtures of organic conpeendsridodidy J£( Ekanpbe edchahgesbetwedha gange
in the iron and sodi um concentration as a function 10 of tinme in benzyl

al cohol treated wend #h Brigpniei gediwi dddends 600thegiature of the resin and
TABLE 3 . . Exanpl e_2 Time (mn) O 5
10 20 25 305 abkso@p dherpgdium in guestippy Imdggcampdes 3oto fH'thep 18

10 10 8 8 activity of Purolite MN 500 sulphonic resin was tested with
regard to the cations present in various pure organic media
or mixtures of organic compounds. Table 3 (Example 2) shows

the change in the iron and sodium concentration as a function

10 of time in benzyl alcohol treated with 2 % by weight of MN

500 resin.
TABLE 3
Example 2
Time (min) 0 5 10 | 20 | 257 30 45 | 60] 90| 120

{Na) (ppb) 450 | 200 | 80 | 40 | 20 18 10 10| 8 8

(Fe]l (ppb) 530 | 440 | 340} 280|150} 130 | 110 |60} 12 10

15
Collated in Table 4 (Examples 3 to 7) are the
results relating to the kinetics of exchange of iron and
sodium in five other organiq compounds: isopropyl alcohol
(IPA), N,N-dimethylacetamide (DMAC), monoethanolamine (MEA),
20 propylene glycol monomethyl ether acetate (PGMEA) and acetic

acid (AcOH).



[ Fe] (ppb)

530 440 340 280 150 130 110 60 12
Collated in Table 4 (Exanples 3 to 7) are the
klnetlcs of exchange of

10 15

i ron and sodiumin five other organic

results relating to the

conpounds: i sopropyl al cohol (I'PA), N, N-di met hyl acet am de (DVAC),
nonoet hanol am ne (MEA), 20 propyl ene glycol nononethyl ether acetate
(PGVEA) and acetic acid (AcOH). '
TABLE 4 Exanplqg 3to7 Exanpl e 3
4 5 6 7 Organi c | PA
DVAC . MEA PGVEA AcCH TABLm qw d Anount of
5 5 5 10 10 resin Ti ne
[Na] [Fe] [Na] [Fe] [Na] [Fe] [Emarplese} tqRa] [Fe] (hours)
(ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)  (ppb) (ppb) 0
250 240 530 0 00— 100 420 100 26
5 70 20 32 20 30 6 2 3 ¢ 2 30
12 2 20 E"T‘gple 1o 3 14 2° 5 & {5 o ko
19 9 1p No.2 6 3 6 2. 13 8 2 - -
Organic IPA DMAC MEA PGMEA AcOH
liquid
Amount
of 5 5 10 10
resin
(% w/w)
Time {Na] [Fel| [Na]l] [Fell [Nal] {Fe]l | (Na] ([Fell [Na] {[Fe]
(hours) | (ppb) (ppb) | (ppb)  (ppb) | (ppb)  (ppb) | (ppb)  (ppb) | (ppb)  (ppb)
0 250 240{530 570|100 100 | 30 40 | 420 100
1 5 36 5 70 20 3 | 22 20 | 30 6
2 3 6 2 30 12 2 20 12 | 19 3
4 2 5 <2 15 10 <2 19 9 | 15 2
6 3 6 2 13 8 2 - - - -
8 2 7 | <2 10 3 2 10 7 { 10 3
24 - - - - - - 9 6 7 2
5

The exchange kinetics of sodium and of iron in binary
mixtures of organic compounds are collated in Table 5. The

same resin as previously (MN 500) was employed.



8 <2 10— 3 2 10 7 10 3 24 -

R Th:s SheetHas-BeenR laced 6 7 2 5 The exchange
klnetlcs of |ron i n binary m xt ures of organpe—ceapounds
are col | The same resin as previously (M H0HIS SHEET HAS BEEN
enpl oyed. . ABLE REPLACED
Exanples 8 to 12 Exanple 8 9 - 10 —tir— o
12 No. M xture DWVSO MEA  DVsSO MEA  NWP/ MEA NMP/ VEA
DVSQ' BYA 70/ 30(ww) 30/ 70(ww) 70/30(ww 30/70(w w)

50/ 50(w w) Cpantlty 5 5 - _ 5 5 5
of resin Time [Na] [Fe] [Na] [Fe] [Na] [Fe] [Na] [Fe] [Na]
[ Fe] (hours) (ppb) (ppb) (ppb) (ppb}2(ppb) (ppb) (ppb) (ppb) (ppb)
(ppb) 160 270 150 210 155, 170_ 125 170 500 600
<2 9 10 13 2 6 <2 9 < 5 24 2 5
2 3 <2 4 <2 9 5 ExamplekVe PN nuous tests
| V.1. Experinmental preparation
Example 8 9 10 11 12
No.
Mixture { DMSO/MEA | DMSO/MEA | NMP/MEA NMP/MEA DMSO/BYA
70/30(w/w) | 30/70(w/w) 70/30(v_w/w) 30/70(w/w) |50/50 (w/w)
Quantity 5 5 5 5 5
of resin
(3 w/w)
Time [Na] (Fe) | [Na] [Fe] | [Na] [Fe] | [Na] [Fe] {Nal] {Fel
({hours) |(ppb) {(ppb)|(ppb) (ppb)|(ppb} (ppb) |(ppb} (ppb} |{{ppb) (ppb}
0 160 270 | 150 210 | 155 170 | 125 170 | 500 600
8 <2 9 10 13 2 6 <2 9 <2 7
24 2 5 8 9 2 3 <2 4 <2 9
5 IV. Continuous tests

IV.1l. Experimental preparation
Starting from the batchwise results, several
continuous tests were undertaken according to the rules
commonly followed by a person skilled in the art with regard
10 to the column diameter/particle size and column height/column
diameter ratios and to the linear velocity, in order not to
have a limitation related to diffusion.
| The resin pretreated as indicated above is
suspended in 90 ml of liquid in a beaker and gently stirred
15

(to remove air bubbles). This suspension is introduced intoc a

column made of Teflon, in vertical position, and the lower

part of which is equipped with a polyethylene sinter of 70 pm



Starting fromthe batchw se results, several continuous tests were
undertaken according to the rules comonly followed by a person skilled
inthe art with regard 10 to the colum dianeter/particle size and col umm
hei ght/ col um di anmeter ratios and to the |inear velocity, in order not
to have a |imtation related to diffusion. The resin
pretreated as indicated above is suspended in 90 m  of liquid in a
beaker and gently stirred 15 (to renove air bubbles). This suspension is
i ntroduced into a colum made of Teflon,13 n vertical position, and the
| ower part of which is equipped with a polyethylene sinter of 70 [err]m
13 por osi tyPOIRPr‘éltbeaﬂ‘éle beakénsisd niinshd19ith 10 qui diqidieUndes the
sinter the colum_is equi pped with a Tefl on Stqpcock Thi s stogcock is

closed during th&RY§TihF GRAMER bh.eRHERefnEith 2 TefdPh AP d8pdsited
and packed down EE‘o;%%ec)?qS”@Eosé@edurb gSttRBCQEiélbn? %%8?391%?9 dnré% ¢gLum i's

fed continuously W purifre

equi pped W th a resin@ds0BeBRadepaHTIE ANAl Badiddc Hoth ﬁﬁgm@rcdmmrvehé

Al the pi pes and couplings are nmade of Teflon. The bottles are nade

of high densi by pbtdgaidiylienepend® and the colum.iz fRddoettimduslivheithti on
content (other than H err]) _of various nmedia consisting of gne or nore
organi c pr oBediun tocReppeEiiied pyigirtue of a pump equipped\wsdh Resin

Xﬁ{ggf]?f dry re?e .on!%eagi a&ples are taken at regulgxe fﬁ%ngQT%qphﬁllghe88

pipes and couplings are made of Teflon. The bottles are made
of high density polyethylene.

10 IV.2. Reduction in the cation content (other than
H*') of various media consisting of one or more organic
products: Examples 13 to 16

MN 500 resin
Volume of dry resin: 35 cm’
15 - {éxcept Example 16: 88 cm’)
Particle size: 0.3 to 1.2 mm
The results appear in Table 6, which follows. The
equivalent volume, which expresses the change in the test is
the ratio of the Qolume of liquid (in litres) to the volume

20 of resin {(in ml).



Particle size: 0.3 to 1.2 nm The results appear in Table 6,
whi ch follows. The equi val ent vol une, which expresses the change in the

test is the ratio of the volune of liquid (inlitres) to the volume 20
of resin (in m) . 14
TABLE 6 Exanples 13 to 16 . Exanple 13
Equi val ent 0 0.49 2.8 3.6 5.6 6.5 7.2
vol unme DVBQ' VEA [ Na] (ppb) 26 4 5 4 5 4
3 70/ 30 (w w) [ Fe] (ppb) 9 714 8 7 7 7
7 Exanpl e 14 Equi val ent 0 0.31 2.3 3.13 5.2 7.4 8.14
vol une DVBQ' MEA [ Na] (ppb) 40 TABLE26 < 2 < 2 < 2 < 2
< 2 30/ 70 (w'w) [ Fe] (ppb) 33 20 12 7 <1 <1
<1 Exanple 15 Equi val ent Expmpleg 13 toji§ 3.4 5.8 6.1
6.9 vol une NVP/ VEA [ Na] (ppb) 27 5
5 5 5 5 p—F0-30—(- W Hetr—{ppb 5 3
2.5 1 1 Exampile 13 ssfanplie 46 | o.&aliyval enf o | 5.0 6.50 97
0.12 vol umsquul n?‘gﬂtyl Na] ™~ p)b%' Tho| °° 72
2 volume '
DMSO/MEA (Na] (ppb) 26 4 5 4 5 4 3
70/30 (w/w) | [Fe] (ppb) 9 7 8 7 7 7 7
Example 14 Equivalent 0 0.31 2.3 3.13 5.2 7.4 | 8.14
volume
DMSO/MEA .[Na] (ppb) 40 < 2 < 2 < 2 < 2 <2} <2
30/70 (w/w) | [Fe] (ppb) 33 20 12 7 <i1|<1f<1
Example 15 Equivalent 0 0.45 2.7 3.4 5.8 6.1 6.9
volume
NMP/MEA (Na) {ppb) 27 5 5 5 5 5 5
70/30 (w/w) (Fel (ppb) 5 3 2.5 1 1 1 1
Example 16 Equivalent 0 0.07 | 0.12
volume
n-Butyl (Na] (ppb) 140 3 2
acetate {Fe] (ppb} 9 2 2




acet ate [ Fe] (ppb) 9 2 2 15
CLAI V5 1. Process for purification of a virtually
anhydr ous ' r than di net hyl sul phoxi de al one, to
decrease its conten t of al kali netal, alkaline- 5 earth netal and/or
ot her netal lq “ rocess conprises pl.acing the organic
liquidto rivei contact with one or nore cation exchange
resin(s) |n aci di or ammoni um form and t hen separating fromthe
resin(s) the purified organic liquid, qthe resin or at |east one of
t he 10 resins being a sul phonic resin in - CBFior -SONH4 form based
on a pol ystyrene-divinyl benzene copol ynmer diaiMgg a di vi nyl benzene
content of from50 to 60% by wei ght, w thout t aki ng the sul phonic
groups into account. 1- Procegss fopr pustficatdondphgatoi@ualiayl, in which
t he 15 wat er conteqé t he orggpjc I|gU|d I s | ower than or. equal

ni

to 1% by wei ght. 2BhY; rdlls orga s EEEBrQRQRJdEHeEP¥ﬂrﬁ%?Hh?xwﬁFch t he
wat er conte e | I £ n qugl

0150 by wei ght. R, e EHARLE dodldelleli GRS e et per e 1
to 3, i nsWhegFe it e thilqhd/é© d&eﬁumééaﬁdcataoaa OhBEh Greeraund
exhibiting a dielectric constant [err] ranging from5 to 50 and a pKa
hi gher than 2, orcemprieesr platisadihec orgenhdsliguild to be macifiethhén and/ or

wi t h di net hyl sulghOX|de .DVESO) .
ontact with ohe or more cation exchange resin(s) in ac1d1c

or ammonium form and then separating from the resin(s) the
purified organic liquid, the resin or at least one of the

10 résins being a sulphonic resin in -SOH or -SONH, form
based on a polystyrene-divinylbenzene copolymer having a
divinylbenzene content of from 50 to 60% by weight, without
taking the sulphonic groups into account.

2. Process according to Claim 1, in which the

15 water content of the organic liquid is lower than or equal
to 1% by weight.

3. Process according to claim 2 in which the water
content of the organic liquid is lower than or equal to
0.15% by weight.

20 4. Process according to any one of Claims 1 to 3,
in which the liquid to be purified is an organic compound
exhibiting a dielectric constant ¢ ranging from 5 to 50 and
a pKa higher than 2, or a mixture of such compounds with
each other and/or with dimethyl sulphoxide (DMSO).

25 5. Process according to any one of Claims 1 to 3,
in which the liquid to be purified is chosen from l-methyl-

2-pyrrolidone (NMP), isopropyl alcochol, benzyl alcochol



25 ording to any one of Clains 1 to 3, in

Wnicht urified is chasen from 1-net hyl -
2 pyrrol a Il gﬂ! ropyl al cohol, benzyl al cohol
16 " , et am de, nonoet hanol am ne (MEA), ethyl

acetate, butyl acetate, ethyl lactate, butyl lactate, sul f ol ane,

gl ycerol, acetic acid, acetone, propylene glycol * nononet hyl et her
acetate and DVsSO MEA, NWP/ MEA, DWVsSQ' BYA 5 and DMVSQO BYA/ MEA mi xt ures.

6. Process according to any one of d ai 1 to 5, in which at | east
two resins are used, at |east one of which is a sul phonic resin as
defined in claim {sgmd et hyl a @ HiR), MBNobehLHo1ahehat (M)t)’lé%hyllo

7. Process according to any one of Clainms 1 to 6, whi ch t he
resin or resins aaeetatd, hbublybrac]:etfarem ethyl lactate§. butyPrlmEs&eaccor di ng
to any one of Clains 1 to in which the contact of the liquid to be
purified with theS“1f°1aé‘,€eh§?ﬁ}j§e¥<éb| RCSFicareid plagesone . PXWPEngt glrcol

ranging from 15 19 to cordi Claim
5 ahi ch the TORRsa SELTE SeBbeuaRd Dipoasofiap it iR © 1)

Purified virtugl Ign@ww&qg/ﬁggm,&dfegw d obt ai ned by the process
according to any one of clains 1 to
6. Process accordlng to any one of Claims 1 to 5,

in which at least two resins are used, at least one of
which is a sulphonic resin as defined in claim 1 and the
other(s) may be of chelating type.

10 7. Process according to any one of Claims 1 to 6,
in which the resin or resins are in the H' form.

8. - Process according to any one of Claims 1 to 7,
in which the contact 9f the liquid to be purified with the
exchange resin(s) takes place at a temperature ranging from

15 19 to 80°C.

9. Process according to Claim 8, in which the

temperature is between 20 and 50°C.
~10. Purified virtually anhydrous organic liquid
obtained by the process according to any one of claims 1 to

20 9.



