PROCESS FOR PURI FI CATI ON OF Di METHYL SULPHOXI DE . -0 .
g%q I)Og"dﬁr o@ess

-( DVBO) The present invention relat 5 for
the purification of dinmethyl sul phoxide (DMSO and QTM? h O thus ..
purifi ed. The DMSO currently avail able on t'h ot is

a product which is already of a good purity. Its +« comerci aI
specifications are generally: - 10 Pur i t% L:err] 99.7
% by chromat ogr aphy WLK—Q—MLMW KOH g
by potentionetry

Crystallization point : [err] 18.1[err] M Vi sual appear ance

. [err] clear 15 Wat er cont ent : [err] 0.15 %

Col our (APHA) - [err] 10 French Pat ent

Specification FR 2 014 38%y re@%ﬁ%r &ngnglgﬁng téé’rt+ %(?@%@t i on of

purified DMVSO using an | n exchanger. In bot exanpl e

speci fications a f9flRe liﬁﬁ:‘l‘fll’c%%h&nofaft HQméHH?I' st Bphdkide (HMS®O Hig I\/br ck
1l type is enployed to treat dinethyl phi de/ DMSQ' 10% sul phuric acid

ternary m xtureso lthe DMS®RGhus puldiifsenown process the purification seens
to be essentially brought about by a fractional 25 distillation of an
aqueous sol ution of DVSO tTheaD¥$O curlpehbtlghavalilalbhe arn arhemaxicdtanger .

a product which is already of a good purity. Its

commercial specifications are generally:

10 Purity o2 99.7 % by chromatography
Acidity : £ 0.04 mg KOH/g by
potentiometry

Crystallization point : < 18.1°C

Visual appearance : £ clear
15 Water content £0.15 %
Colour (APHA) : £10

French Patent Specification FR 2 014 385
describes a process for the preparation of purified
DMSO using an ion exchanger. In both examples of this

20 specification a,highly basic resin of the Amberlite IR-
A 400 or Merck IiI type is employed to treat dimethyl
sulphide/DMSO/10% sulphuric acid ternary mixtures. 1In
fact, in this known process the purification seems to
be essentially brought about by a fractional

25 distillation of an aqueous solution of DMSO treated
-beforehand with an anion exchanger.

Analyses of trace metals have now been

performed on a number of samples of commercial DMSO



Anal yses of trace nmetals have now been performed on a nunber of

:sanpl es of comrercial DMSO 2
fromvarious sources. These analyses are reported in Tabl e 1.

The sodium iron, potassium calcium chrom um copper, nickel and

zi nc concentrations have 5 been nmeasured by ICP (plasma torch - atomc
em ssi on spectronetry, Perkin Elnmer instrunment, Optina 3000

nmodel ) and are eSaaessuidus msmycesypb Thesepanalges arewsepdrtedrimhousand
rriIIion=1[err1]i%D er_kg). The list of the netallic

el ements which pears in Table 1 is not exhaustive in respect of the

netallic elenents present,}n t hese sanpl es. . .

TABLE 1 Sanpl e he ‘sodium,”irony, pofaggipg,gcalcium, Na
Fe K Ca ... Cu i . . . 20
5 10 8 omiumn, cogggr, n#g%el agg 21n§ coni§é9raié&§s<p§@g 18

3 35 peetl meagthhred vy 1cP2Qplashd tofcR - dPomiclemission 4
30 40 3 14 13 < 2 15 3 5 30 <1 20.

25 <2 <2 sﬁéétroﬂéé%;, Perkin ®lmer iA8trum8ft, OfPima $Ho0 15 2
25 60 Det ection 1 3 2 2 2 3 3
model) and are expressed in ppb (1 ppb = 1 part by
weight per thousand million = 1 pg per kg).
The list of the metallic elements which

10 appears in Table 1 is not exhaustive in respect of the

metallic elements present in these samples.

TABLE 1
Sample Metal cations
Na Fe k Ca Cr Cu Ni Zn
1 a0 | 13 | 60 | 20 2 10 8 10
2 39 60 3 13 13 | <2 | 18 3
3 30 40 3 20 12 | < 2 | 15 3
4 30 40 3 14 13 | <2 | 15 3
5 30 | <1f 20 | 25 | <2 | <2|<3]|<3
6 70 90 65 55 15 2 25 60
Detection| 2 1 3 | 2 2 2 3 3
limit

15
For some applications, as for example in

electronics or in pharmacy, the DMSOs analysed above



limt 15 For some applications, as for exanple in
sel ectronics or in pharmacy, the DVBSOs anal ysed above

3 contain too nmany netallic inpurities. In general, a DVBO
containing | ess than 10 ppb of each al kali and al kal i ne-earth net al
and netal contam nant woul d be necessaty for nost of the uses in the
abovenent i oned 5 tw technical fiel The alnlof t he
present inventidﬁ°?%a}% @ drany met?ﬂﬂdéé§§@P5Ftﬁ&F|flEﬁtgﬁﬂeﬁ? cofhrer ci al
DMSO which is of a ood ur | e ng. neyert hel ess
i nsuf ficient for %o c%a% 1?%33cw1 o % P e %%%Eegg agﬁe B§ maki ng

use of resins is 10 e a and
afkal nc%%h(f}l. et o todg g%ﬂ%t Y:%ﬂg%%nﬁﬂ'd Qua18edLk

particularly al | Bus> delo Ani on exchange in

a liquid DVBO megi iz i ry MMt of tHeORIRR! iRashal bBad¥mbRENoREHTN I ed out
by Alan M Phipps, 15 Anal. Chem 40(12) pp. 1769-1773, 1968, for the

pur pose of tRastedmgiddle Hedd.ti es of anions bound to the resin
i n experinental conditions approaching t her mrodynani ¢ equil i brium

It has now been found thatThéeins@fofthe pesisent2@nventimmmniantsufjphdnat e
form makes it possible, in DVSO of low water content or virtually
anhydr ous DMSO, ptpceSSrﬁqﬂennrxﬂmsaﬁmQﬂ ofaceansrrfiadr PM8A whithgisal ues

fromlto ) )
already of a good purity, the latter being nevertheless

insufficient for some applications.

10 Ion exchange by méking use of resins is a
technique widely employed for aqueous media and
particularly allows deionized water to be obtained.
Anion exchange in a liquid DMSO medium of low water
content has already been carried out by Alan M. Phipps,

15 Anal. Chem. 40(12) pp. 1769-1773, 1968, for the purpose
of measuring the quantities of anions bound to the
resin in experimental conditions approaching
thermodynamic equilibrium.

It has now been found that the use of a resin

20 in ammonium sulphonate form makes it possible, in DMSO
of low water content or virtually anhydrous DMSO, to
replace the metal cationsAMm'(n having values from 1 to
4) with ammonium anions (n NH,").

According to one aspect of the present

25 invention, there is provided a process for purification
of dimethyl sulphoxide to decrease its content of
alkali metal, alkaline-earth metal and/or other metal

cations, which process comprises placing the DMSO to be



4) wi th amonium anions (n NHerr]). According to one aspect
:of the present 25 invention, there is provided a process for purification

of di nmethyl sul phoxide to decrease its content of al kali et al

al kal i ne-earth netal and/or other netal cations, which process
-conprises placing the DMSO to be 4 - 4
purified in contact wwth a solid ion exchange resin of sul phoni c type
which has its apur¥EigholiBscpptaghowitima soliq, g fachangemresin of
(SJerr]NHerr]) ﬁ g t hen segarﬁtln fron1the solid the |iquid
purified DVBO wWPHAPHERHEAE¥RS cBRt SRt Has 5L aaqﬁéa‘ﬁ GFARS, 15y E‘é{‘f“ RéYBar t h
nmetal and/or oth ne C p. {e ans
especi al l'y f||tr§?Ph°na5%r%§ at?%%ﬁﬁﬁ)cen eﬁ-é%ﬁﬁkééﬁ ror trHEThe

purified DVSO ogz,?&aegfllgy%%ﬁsemﬁgfff}] nm.@cfwtdi R ARaLRE CBKRERREON e

t hus have a ver catl ons.

DVBO of |0“’§ﬁt8E QQﬁéﬁﬂtméﬁaﬁdVéiEéEEﬁéﬁéé&th meddﬂﬁ%h%?ortBtﬁeQOntent
being preferably |ower than or equal to 0.15 %by weight relative to

the total weighietal cations, by di Spphidpmidtd kpwheweanss preferably
based 15 on a polystyrene-divinyl benzene copol yner. These resins
have a backboneeapéchatlnnﬂtlUpatiom#mﬂéxudlation.a&taehSraﬁdgihg
particular, they do not dissolve in DMSO. These resins are generally
defined by their di vThg | penikied JMEQ@mbtainedaby, theeprarees

det erm nes ) . .
according to the invention may thus have a very low

10 content of the metal cationé.

A DMSO of low water content is advantageously
treated, this content being preferably lower than or
equal to 0.15 % by weight relative to the total weight.

The sulphonic type resin is preferably based

15 on a polystyrene-divinylbenzene copolymer. These
resins have a backbone which stands up to chemical
attacks and, in particular, they do not dissolve in
DMSO. These resins are generally defined by their
divinylbenzene content. In fact, the latter determines

20 the degree of crosslinking of the resin and hence the
size of the pores in which the cation exchange takes
place on the atomic scale.

The divinylbenzene in the copolymer
preferably represents from 50 to 60 % by weight and the

25 polystyrene from 50 to 40 % by weight relative to the
total weight of the copolymer, without taking the SO;NH,

groups into account. This divinylbenzene content



20 the degree of crosslinking of the resin and hence the size of the
spores in which the cation exchange takes pl ace on the atom c scale.
The di vi nyl benzene in the copol yner preferably represents from50 to 60
% by wei ght and the 25 polystyrene from50 to 40 % by weight relative to

t he total weight of the copolyner, wtlgout takisng the SO err] NH err]
groups into account. This divinyl benzene content ensures a
good ki netic acEemnsurgsofa goedekihahje attiniety of tMeredchzmideorf witeh n

NH[ err]. e . The contact of the DMSO to be purified with

the ion exchang¥ r exations duitham WHar ought about at a 5 tenperature

ranging from 18.45[err]C &neltin poi nt of DVBOQ) to 120[err].C (thernal
stability linit tenperatur@eofontact;gg thePNSO &9\ke Ripdriad M tts

2Oram 89S0l Y e 5T RS0 S KB Ao P 05
bl f bel ' b ' . ' i on,
capal o of b0 "G AR BEa I £565°1#0FELE Mot hpg peifhE cinient] o,

of the general gMa§nko 120°@fxehééhélaeéa@iff%}rﬁiﬁﬁﬂtéédﬁafﬁtd¥%ﬂf§?ta'

cations. _ According to another aspect, the present
i nvention al so phevirdesnByri f redsDbERbEhat@ES eid zeIvdritageoudliat it has an
Fe cation content |lower than or equal to 1 ppb and an Na cation

content |ower tbatweeneqeabnfo8@°C, preferably between 20 and 50°C.
To define the quality of the purified DMSO
10 capable of being obtained b& the process according to
the invention, iron and sodium have been retained as
tracer elements and indicators of the general content
of alkali and alkaline-earth metal and metal cations.
According to another aspect, the present
15 invention also provides purified DMSO characterized in
that it has an Fe cation.content lower than or equal to
1 ppb and an Na cation content lower than or equal to 2
ppb, the respective limits of detection of the analysis
method using plasma torch - atomic emission
20 spectrometry.
The invention is further illustrated with the
reference to the following experimental part describing

an example of embodiment of the present invention.

25 Experimental part
I. Analysis method:
ICP (plasma torch - atomic emission

spectrometry) was employed for analysing the traces of



pp~b, the respective limts of detection of the analysis met hod usi ng

; plasma torch - atomc emssion 20 spectronetry. The
invention is further illustrated with the reference to the foll ow ng
experinmental part describing an exanpl e of enbodi ment of the present
I nventi on. 25 Experimental part - . Analysis
met hod: | CP (plasma torch - atom ¢ emnission
spectronetry) vestaksloyddg @M%altﬁlﬁ $gmphe fpadatreduced into a
6 rretalsmthe DI\/SO t sanpl.e is introduced into a pl asnma
torch, the vari ﬁﬁ'l@sé’tﬂr% &lereafs preseny %ﬁ?te’ﬁ%b'f%s whose

ZFZL?%?JP%%‘E&%” g PJf(gtt‘?tngeéﬂhé’ﬁr?nte‘ﬁegegg’béﬁt phifackepiokit, Snce
i nstrunent efé%éﬂﬂnié¥§%% Q¥ g%ﬂ%kklﬁéﬁ ?ﬂpkﬂgeQ}é?H%&Heéyfuctur$4

1. Met hodol og met a races are in
form RS tio g |
latter i tsequ] in NH err r&} or mqrf\r??’el\sl[%elgjfl] [ %ngé?ﬁggoﬁﬁ%ﬁn{%sr%%e&@

replaced with ndddied ]3000 DV model) was! bhpldP8&: routinely.
Principle: with the aimof sinplifying the anal yses, sodium and iron
were chosen as tracers II. Methodology:

Principle: the metal traces are in M form.
On passing the DMSO over a cation exchange resin, the

10 1latter itself in NH;'form,-the M™ ions in solution are
replaced with n NH,".

III. Test:

Principle: with the aim of simplifying the
analyses, sodium and iron were chosen as tracers

15 representing all of the metallic impurities present in
the DMSO. -

Sodium is characteristic of atmospheric and
accidental contamination (dust, environment) and iron
is characteristic of contamination that can originate

20 from the process (unit made of stainless steel).

DMSO doped with 1000 ppb of iron and 1000 ppb
of sodium was placed in contact with a cation exchange
resin in NH," form (2 g of resin per 100 g of DMSO) at
25°C. Samples of DMSO were taken in the course of

25 time. The changes in the iron and sodium concentrations
could thus be followed with time.

The resin employed was of the sulphonic type,

supplied by the Purolite company under reference



15 representing all of the netallic inpurities present in t he DVSO.

: Sodiumis characteristic of atnospheric and acci dental contam nation
(dust, environnent) and iron is characteristic of contam nation that
can originate 20 fromthe process (unit nmade of stainless steel).

DMSO doped with 1000 ppb of iron and 1000 Bpb ~of sodiumwas placed in
contact with a cation exchange resinin NHerr]. form (2 g of resin per
100 g of DVSO) MN 500. ZEFeFF]GﬁaEﬁﬁEﬁ¥%¥ e SOy ©¥%én in the course

of 25 tine. The chagges in the iron and, s%ﬂ% n1concentr tion coul d
t hus be fol | owe8*¥+PH Fﬂﬁene/Styrene ratio Ae@as of the

iulphonk& E%Be’ep{4ls c arac e$¥%éfﬁ e Ié% ﬂ;HXEﬂé %Pdgor&eggrgﬂge

espeC|a
divinylbenzene/ %ﬁﬁﬂ] / t jwas
pretreated to o %%?ﬁw?ﬂgaﬁfg?g% formi aﬂgﬁﬁ'Q&dfﬁ w?ﬁa%%ghnér t hr ough
90 nl of resin Eb@ﬁﬁﬂ | 848 m1 Sof CHE Ui é%g)dﬂsééa.%%’HCEl%Merﬁéésed at a

flowrate which i s constant and such that the operation takes 30
to 45 m nutes. Whﬂcheﬁs NcyBSt AME Narid NE&sch Widt the ofeiratiisnd takker 3onti |

the water com ng out was neutral. The resin thus obtained in Herr]
formwas next tteat&dminutds. obllee nresien Nidsertaterf orimsied ttiehf ol | owi ng
manner: over the 90 m of resin placed in the colum, 500 nl of an
deionized water until the water coming out was neutral.
The resin thus obtained in H' form was next treated to
10 obtain the NH," form in the following manner: over the
90 ml of resin placed in the column, 500 ml of an
aqueous ammonia (NH,OH) solution at a concentration of
2.5 % are passed at a flow rate which is constant and
such that the operation takes 30 to 45 minutes. After
15 having been rinsed with demineralized water until the
water coming out was neutral, the resin was dried by
suspension in methanol and evaporation under vacuum in
the rotary evaporator (90°C, 2000 Pa) until a constant
weight was observed.

20 Table 2 shows the change in the iron and

sodium concentration in the DMSO as a function of time.

TABLE 2
Time (min) 0 5 10 20 45 60 90 120
(Mal (ppb) 980 | 120 50 21 10 6 < 2 < 2
{Fe] (ppb) } 1020 350 | 150 70 25 15 6 < 1




aqueous ammonia (NH err]OH) solution at a concentration of 2.5 %are
i passed at a flow rate which is constant and such_that the operation
takes 30 to 45 mnutes. After 15 having been ri nsed wi th dem neralized

wat er until the wat er coming out was geutral, ﬂmmmmm Imu Iby
suspension i n nethanol and evaporation under vacuum i

evaporator (90[err]C, 2000 Pa) until a constant wei gfit has* obser'ved.
20 Tabl e 2 shows the change iGLAIMS i ron and sodi um
concentration in the DMSO as a function of tine.

TABLE 2 Time (min) 0 5 10 20 45 60 90 120

gg%] gggb)709825 1225 50 %?1 qacegg fé%zpufiéication of[ﬁﬁke@%gg) 1020

CLAI M5 . j i f i hyl.
sul phoxi de ( DVERPIosiAE - (50T ES g ' Hntho o TIAE:
al kal i ne-eargh HEEé‘i aQﬁthﬂé h@érﬂ?tn?% : dlata{er}%r othef“’ﬂl'e‘EleEQQ?L%ﬁ

in contact wth a SOFId i on

conpri ses placing theée puri (

exchange resin %1§H|§P@8é§s compzt Vs \IQ]AM&L EHel DMBOL it¥e bEl PURS £ Bq
anmmoni.um sul phonate form (SO err]NH err and then separating fromthe
solid the in contact with a solid ion exchange resin of sulphonic

type which has its active groups in ammonium sulphonate
form (SO;NH,) and then separating from the solid the

10 1liguid purified DMSO with decreased content of alkali
metal, alkaline-earth metal and/or other metal cations.

2. Process according to Claim 1, in which a
DMSO of low water content is treated.

3. Process according to claim 2 in which

15 the water content of the DMSO is lower than or equal to
0.15 % by weight relatife to the total weight.

4, Process according to any one of Claims i
or 3, in which the resin is based on a polystyrene-
divinylbenzene copolymer.

20 S. Process according to any one of Claims 1
to 4, in which the DMSO to be purified is contacted
with the ion exchange resin at a temperature of 19 to
80°cC. |

6. Process according to Claim 5, in which

25 the temperature is between 20 and 50°C.

7. Purified dimethyl sulphoxide obtained by

the process according to any one of claims 1 to 6.



10 1i quid purified DMSO with decreased content of 'M

BT T ST ™ o MMM <o

treated. 3.  Process adtording to cl'airh 2tinfwhsche 15 t

wat er content of the DMSO is |ower than or equal bo 0.15 % by melght
relative to the total weight. Process according to any
one of Claims 1 or 8- | nDOﬁPCHaPﬁblﬁegfnbﬁ”sn%dé'@%ﬁmﬁ% oI 5Rke yr ene-

di vi nyl benzene copol Process according to any one

o O e Bt ai ped An: RBYCRE® 05 GLAHI 1T G0 § o B

ith the i h t t f 19 t

o L eon opih el tatitnt cBhrBat CTRVER Ehein 28 (5t h 2@l 499 bet veen
20 and 50[err] G, Na cat

if I de_,obt ai ned
by t he process accé‘?& ﬁon%:gzgnlo‘g%% ggl%m&@/j{ tscg iﬂb% e
5 redpeck¥RE Qé%@!seo?f déeéeelaﬁtafrﬁ?ebavnmﬁsls TR S
cI ainmed in any one of Cains to 6, whic an Fe “cation content

| oner than or egualg mabmapboaad - atomd8 @lﬁisﬁbrﬁcﬁﬁé&ﬁrdnié@! than or
equal to 2 ppb, the 5 respective limts of detection of the anal ysi s
nmet hod using plasma torch - atom c em ssion spectronetry.



