bog t >]ov [ A%

1° PROCESS FOR PURI FI CATI ON OF DI METHYL SULPHOXI DE

(DVMSO The present invention relates to a S A‘— for
the purification of dimethyl sul phoxide (DVBO) and 5 tooﬁn %%S hus
purifi ed. The DMSO currently avail abl e on theimx &

a product which is already of good purity. Uts - cormerm
specifications are generally: puri ty Eerr]
99.7 % by 10 CESS F ) FDIMEdw( ie.

acidity : [err] 004rrg KO—Vg by

potentionetry crystallization poi nt

[err] 18.1[err]C 15 vi sual appearang

wat er cont ent : Theg mresents l%ventlon reléB?ﬁuFo(%lj?-ﬁ‘)’cess :
[err] 10 French Pat ent eci

descri bes a procfe%’é R H%%‘r“?&é"é’t (f‘n%p gphaglgﬁ/é@l Fn%n%n i on

exchange resin. t th| s speC| fication a strongly
basic resin Of t e%%ﬂ&?éﬁ{rﬁf& 2100 or Merck Il type is enployed to
treat dinethyl SU' phi de/ DM3QY Jd6 THiantly avhdlable bAT PREYmAiKétI£§. | n
fact, in this known process the

a product which is already of good purity. Its

commercial specifications are generally:

purity : 2 99.7 % by

10 chromatography
acidity £ 0.04 mg KOH/g by

potentiometry

crystallization
point < 18.1°C

15 visual appearance < clear
water content : < 0.15 %
colour (APHA) : < 10

French Patent specification FR 2 014 385

describes a process for the preparation of purified

20 DMSO using an ion exchange resin. In both examples of
this specification a strongly basic resin of the
Amberlite IR-A 400 or Merck III type is employed to
treat dimethyl sulphide/DMSO/10 % sulphuric acid
ternary mixtures. In fact, in this known process the

25 purification seems to be essentially brought about by a
fractional distillation of an aqueous solution of DMSO

treated beforehand with an anion exchanger.



25" purification seens to be essentially brought about by a fractional

distillation of an aqueous sol ution of DVSO treated beforehand with an
ani on exchanger. 2

Anal yses of trace netals have now been performed on a nunber of
sanpl es of commercial DVSO fromvariou® sources. These anal yses are
reported in Tabl e 1. 5 The sodium iron, potassium

cal ci um chronmi um coppedyseieckél tuadezinataksneave reaw dreemer e
measured using I CP (plasma torch - atom_c em ssion spectronetry,

Perki n El mer i nsPexkermedopn gangpber of sapales ehdcCameekrsdtle &P in ppb
(1 ppb = 1 part b 10 weight per thousand mllion =1 [err per. kg).
The list of the HECH VAELiOUENERLECRAF chhese anpbyses ?F?1¥ﬁﬂ%f£FqE%QNN
exhaustive in reﬁp%ﬁy qf t he netallic elenents present in these
sanpl es. able L. TABLE 1 15

Met al cations Sanpl . F . : Ni Zn
1 40 iS 60 2g‘he sgalumiogron8Kbot%é?Eum,(%alc%#%{ 39 60

22 1§5 13 cﬁ%omiu%@ cop%er, nickel3and zid conéhtratdions Were 12

measured using ICP (plasma torch - atomic emission
spectrometry, Perkin Elmer instrument, Optima 3000
model) and are expressed in ppb (1 ppb = 1 part by
10 weight per thousand million = 1 ug per kg).
The list of the metallic elements which
appears in Table 1 is not exhaustive in respect of the

metallic elements present in these samples.

TABLE 1
15
Metal cations
Sample Na Fe K Ca Cr Cu Ni Zn
1 40 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 <1 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




4 30 40 3 14 13 <2 15 3 5 30 <1

20 25 <2 <2 <3 <3 6 70 90 65 55 15
2 25 60 Det ecti on 2 1 3 2 2 2 3 3
limt : 3 For sone
applications, as for exanple in el ectrani cs or~in pharmacy, the DVSGs
anal ysed above contain too many netallic inpurities. A DVMBO containing
| ess than 10 ppb of each aldd iscued apiidlciatéonalt s £6r nekahpbeadinret al
contam nant woul d generally be necessary for nost of the uses in the
above nentioned electwwnitast i dal phiselvdsy, the DMSOs analy$ed obpeet i ve of
the present invention is to find a process for purification of

comerci al DVBO Q@ntai dieg gy awdppldicgdppupliieies. AHMFQreertaing
neverthel ess insufficient for some appli catli ons. a o | on
exchange by maki ngPeRm &iaRd iof gach alkalhnRided WiFtine sSawidel y

ol on) zed vt & TREAD 6 SRR ERLAN nB R AH L oPeRRTARY 1B 2 1 qui d DVEO
e OO GRS e P SO e cpry ey iy M
measuring the quanid ld&hifcal fields.

The objective of the present invention is to
find a process for purification of commercial DMSO

10 which is already of good purity, the latter being
nevertheless insufficient for some applications.

Ion exchange by making use of resins is a
technique which is widely employed in the case of
aqueous media and particularly allows deionized water

15 to be obtained. The exchange of anions in a liquid DMSO
medium of low water content has already been carried
out by Alan M. Phipps, Anal. Chem. 40(12) pp. 1769-
1773, 1968, with the aim of measuring the quantities of
anions bound to the resin in experimental conditions

20 approaching thermodynamic equilibrium.

According to one aépect, the present
invention provides a process for purification of
dimethyl sulphoxide to decrease its content of alkali
metal, alkaline-earth metal and/or other metal cations,

25 which process comprises placing the DMSO to be purified

in contact with at least two cation exchange resins at

least one of which is a resin of sulphonic type, it



ani ons bound to the resin in experinental conditions 20 approaching

st hermodynam ¢ equilibrium According to one aspect, the

pr esent i nvention provides a process for purification of di et hyl
sul phoxi de to decrease its content of alkali netal, al kaline-earth
metal and/or other netal cations, 25 which4process.conprises placing the
DVBO to be purified in contact with at | east two cati on exchange
resins at | desmgopessiibiei £pri thg pEher 69r sthprieralge he of

4 bei ng possible for the other (or the others) to be of '

chel ating type. chelating type. aA-DVBO of |ow water content is

5 equal 1o 0715 % by vei ght THEPAPEVEoFOvRREE [ SRt i) fhAdvantageotsly”

val v from 1 to hrerted Ehig coRtent 88380 orerer ity ORdQLIdHar Be0V 19 @
Nef err] caliofs oqua1OfodioNaki BOb)T ABLLHE. FEBAES R QR ddtACilscufior m or

10 in amoni um form ighly efficient purification of

virtually anhydr ous DiROaeaBrBgnebt Wi fRdchy phes&atiThimashtish ahnyd
resin of chelating type which possesses, for exanple, am nophosphoni c
or imnodiaceticcgitdops M Whirchhaveing a value from 1 to 4) is retained
and exchanged with H' protons or NH," cations
originating from the resins employed in acidic form or
10 in ammonium form.
A highly efficient purification of virtually
anhydrous DMSO can be obtained by the combined use of a
resin of chelating type which possesses, for example,
aminophosphonic or iminodiacetic groups, which is
15 effective for exchanging iron and metals with a
multiple charge (M"™, n = 2, 3 and 4) and a resin of
sulphonic type, which is effective for exchanging
sodium and single-charge ions.
The cationic resins employed are preferably
20 Dbased on a polystyrene-divinylbenzene copolymer. These
resins, in fact, have a backbone which withstands
chemical attacks and in ﬁarticular, they do not
dissolve in DMSO.
The contact of the DMSO to be purified with
25 the resins suitably takes place at a temperature
ranging from 18.45°C (melting point of DMSO) to 120°C

{(heat stability limit temperature of the resins). This



15 effective for exchanging iron and netals with a mul tipl e charge
(Merr], n =2, 3 and 4) and a resin of sul phonic type, which is

ef fective for exchanging sodi um and si ngl e-charge ions.

The cationic resins enployed are preferably 20 based on a

pol ystyrene-di vi nyl benzene copol ynmer. Theses resins, in fact, have a
backbone which w t hstands chemi cal attacks and in particular, they do
not di ssol veempebllBlre is advantageoudhge lostiesnt 16f ainde SOVEO t 0 be
purified with 25 the resins suitably takes place at a tenperature
rangi ng from 18. $3eferhBlynbetivagnpadP nandfSOMBO) to 120[err]C ( heat
stability limt tenperature of the resins). This

5 tenperature is advahhggB¥8Q| QObB%v@éﬁlﬁ@%ﬁWSBG{eerprl]aGed in

preferably between 20 and 50[ er l he DMSO to be purified
may be pl aced |nc°ntachWP§EtamP Ktursi of urke Ya?¥ﬂyﬁuﬁQ§iE§ C&sins or 5

successi vely %ﬁth each of Ehe various, re The operation
€

may be carri ot eSS I GRE ot u%ﬁ%?y €téh%ﬁxﬁ§§5uﬁnr%§ﬁﬁ? iI'nuously in the
fhe art. The separation of 'FReoBTbxtEay HE PRt sl esins can take
place using any poncontinucusly (batchwise) or continuously in the
conditions and equipment which are well known to a
person skilled in the art. The separation of the
10 purified DMSO from the resins can take place using any
suitable known means, especially by filtration,
percolation or centrifuging.
Iron and sodium have been adopted as tracer
elements and indicators of the general content of
15 alkali and alkaline-earth metal and metal cations, to
define the quality of the purified DMSO capable of
being obtained by the process according to the
invention.
According to another aspect, the present
20 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
25 spectrometry.
The invention is further illustrated with
reference to the following experimental part describing

an example of embodiment of the present invention.



sui t abl e known neans, especially by filtration, percol ati on or

= centrifuging. I ron and sodi um have been adopted as tracer
el enents and indicators of the general content of 15 alkali and
al kal i ne-earth netal and netal cations, to define the quality of the
purified DVBO capabl e of bei ng obtainéd by the process according to
t he I nventi on. ] Accordi ng to anot her aspect, the present
20 invention al so provi dEXPSFAMEREFLIDRRE F char act eri zed in that it has

an Fe cation content | ower tppgho% egual 1O s 1 ppb and an Na cation
content |ower than or equdl® £652°% 95 BAB-YPAR respective linits of

detection of the ana&%§iﬁpgg%ﬂgdt8§bﬂg_pé@gm@ktéﬁﬁggfo tom c em ssion
e ur

25 spectronetry. IF'nvention 1s er I1lustrated with

reference to the folloW-RgGXRELI BRB1BYeBaEbr JERCTE AL of méth1eXgRP! e of

enbodi ment of the present invention. _
6 5 theEXMRO:MhkakaRpleé is introduced into dRINGDIARA, YS! S!

|CP (plasma torch - atomc emn ssion spectronetry) was enployed for the
traces of netal $hen variculac eD¥entshpreasnt catre éxditosicad ieniix a pl asma
toreh. photons whose energy is characteristic of the element,

since it is defined by the electron structure of the

element in question. A Perkin Elmer instrument (Optima

10 3000 DV model) was employed routinely.

II. Methodology:

Principle: the trace metals are in M" form.
On passing the DMSO over two cation exchange resins,
themselves in H' form, the M" ions in solution are

15 replaced with n H'.

IIT. Test:

Principle: to simplify the analyses, sodium
and iron were chosen as tracers representing all the
metallic impurities present in the DMSO.

20 Sodium is characteristic of atmospheric and
accidental contamination (dust, environment), and iron
is characteristic of confamination that can originate
from the process (unit made of stainless steel).

DMSO doped with 1000 ppb of iron and 1000 ppb

25 of sodium was successively placed in contact with two
cation exchange resins, in H' form (2 g of each resin
per 100 g of DMSO) at 25°C. After a first cationic

exchange with a resin of chelating type the DMSO was



the various el enents present are excited and em t phot ons -whose ener gy
*is characteristic of the el enent, since it is defined by the electron
structure of the el enent in question. A Perkin Elner instrument
(Optinma 10 3000 DV nodel) was enployed routinely. 1. Me
t hodol ogy: Principle: theZtrace netals are in Merr] form
On passing the DVSO over two cation exchange, resins, t hensel ves in
Herr] form thEWRERATES 550N fheopatignbyr Eiluratiemopad with n Herr].
[11. Test: Pri.nci pl e; sinplify, the apal yses, sodium

and iron were ct?@&é’r?tﬁ’é'ltepgcér"?%ngPgséﬁtWﬁ %WQG(% and W%%tt‘;qr} c
inpurities pres J .he ] . Sodj um i.ss characteristic of
at nospheri c and%ﬂgde%aé%igg%gg%tcégan?nﬁ Foh %hﬁﬁgp 3 {fgﬁﬁﬁht), and iron
is characteristi f eCORFahidat | t I Qi L Om ocess
(unit made of stsgli[r%llg%s@gt gglg)@. WePe Qékeﬁa{hoéﬁgﬁ%g‘sfop?efd t\f/ﬁ"%h %%&pb of
iron and 1009 pplch2%f @heSedhyBE\asoSESTESH M8l Yohdifd i t4N3e, W th

t wo cation exchange resins, in Herr] form (2 g of each resin per
100 g of DWVBO anhd25peainimCcoAteatrationst cationic exchange with a
resin of chelating type the DVSO was

7 Amberlyst®35 resin marketed by Rohm & Haas

was emploved as resin of sulphonié type and the
aminophosphonic resin S$940 from Purolite as chelating
10 resin. These resins were pretreated to obtain the H'
form in the following manner: 540 ml of 5% HCl are
passed though 90 ml of resin at a flow rate which is
constant and such that the operation takes 30 to 45
minutes. After having been rinsed with deionized water
15 until the water coming out is neutral, the resin was
dried by being suspended in methanol and vacuum
evaporation in the rotary evaporator (90°C, 2000 Pa)
until a constant weight Qas observed.
The iron and sodium contents as a function of
20 the time for the first and second exchange are collated

in Table 2.



sebarated fromthe solid by filtration on a
»[err]mporosity and was then

sul phoni c type.
during 5
sodi um concentr
Haas

ations.

each of the stages,

pol yet hyl ene sinter of 70
pl aced in contact with a resin of
Sanpl es of DVBO were taken in the course of tine

to follow the changes in the iron

and

Anber | yst 35-resin marketed by Rohm &

resins were pretreated to obtain the Herr]

was enpl oyed as resin of sul phonic type and the
am nophosphonic resin S940 from Purol it dA8&LEcRBel ating 10

formin

resin.
the foll ow ng

These

manner: 540 m of 5% HC are passed though 90 m_of resin at a flow
rate which is constant and such that the operatjon tlakes 30 to 45
m nutes. After having been rinsed% t#iddi ohi zE8 WBPR) 15 Nt {PPPhe ater
comng out is reutr%y, the regin was dfied by _being |suspended in
met hanol and v4dHFRI1IEE®ER4AMdr ati onin the rota}gggvaporator ¥dferr] ¢
2000 Pa) gntil a constant meig@&)mas opserved, 5 The {i ron
and sodi um contlent s functfion of"” 20 the ti for the first?%nd sdcond
exchange are cqgll ated injTabl e <l
8 | TABLE 2 < 760
20 <1 880
120 <l 800
Amberlyst®A35 5 <1 <2
resin 30 <1 <2
60 <1 <2
120 <1 <2




Time (nin)

; 1390

60

880

5

<2

120
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Fe (ppb) Na (ppb) Purolite[err]S940 0
133 i 30 64

1120

1. Process for purification of dinmnmethy

sul phoxi de (DMBO) to decréase PE¥SCEBfit Birification of ﬁéﬁ&FhY1

al kal i ne-earth

. resin
<1 960 90 <1l
120 L LR O D >
<1 <2 resif - 1
60 <1 . *<2C L M S *
<1 <2 CLAIMS

9
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2. Process according to
is treated.
content is lower than or equal to 0.15 % by

t he wat er

10

15

20

25

alm 1, i ch
contact with3at PESEESSwACER BN @Exchatlgdl Fedinknawhi ch

least one of which is a resin of sulphonic type, it
being possible for the other (or the others) to be of
chelating type, these resins being employed in the
acidic or ammonium form.

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

3. Process according to claim 2, in which
the water content is lower than or equal to 0.15 % by
weight relative to the total weight.

4. Process according to any one of Claims 1
to 3, in which each resin is based on a polystyrene-
divinylbenzene copolymer. )

5. Process according to any one of Claims 1
to 4, in which the DMSO to be purified is contacted
with the exchange resins at a temperature of 19 to
80°C.

6. Process according to Claim 5, in which
the temperature is between 20 and 50°C.

7. Purified dimethyl sulphoxide obtained by
the process claimed in any one of claims 1 to 6.

8. DMSO capable of being obtained by the

process claimed in any one of Claims 1 to 6, which has

w wat er cont ent



15 weight relative to the total weight. S

: according to any one of Clains 1 to 3, in which eac sed on
a pol ystyrene- di vi nyl benzene copol ymner. m‘!‘ mw ‘\E“ﬂness
according to any one of Clainms 1 20 to 4, in which :
purified is contacted wi th the exchange resins’ at’ a tenperature of 19
-to 80[err]C ' 6. Process according to Claimb5, in which
t he tenperat ure ars Reetasedion? @oatenSOflewel Ctha25or equal to 17.ppb Rnd fi ed

di met hyl sul phoxi de obt ai ned by the process clainmed in any one of
claims 1 to 6. an Na cation coatengwsweapaba@ of ¢piay whtZipmy bhe he
process clainmed in any one_ of Clains 1t whi ch has

10 an Fe cati oFSERREHVS I tengh Gﬁtéﬁﬁa‘l’nt%f 1t ARy s igh methast i on

content | ower than or t he res ective limts of detection

of the anal ysis %?i%Wn&°5F95%6W6Fcﬁmh?% R RIS I et ronet ry.



