-1- SYNTHESI S OF ORGANI C DI SULPHI DES AND Péﬂ&%&ﬂ&%\ﬁ%§7'“ 5

The present invention relates to organic di sul phi des plfysuysly es
of formula R-S[err]-R (in which - p [err] 2) and m)rep cularl
t heir production by reacti on of mercaptans with sul phur in

t he
presence of 5 ¢ resins which act s catal ysts, accordin t%e
feaction: SYN%%SIS OF ORGANIC D?SUL HMI?O YSULPHI .S 2
RSH + (p - 1)S -> R 9 erffle presqnd; djnyention relates to joygemdcpresence of
such basic resnrsm;ﬂ{:gféa G@nd poldsiHgHI LS AN IS IRE ORS ( 24 &:H#]R
ur

sul phur order can convertied into pol ysul phi des of hlgher su
order by 10 Preﬁaczc)l cﬁn%qqr%mwculs%y & ytheir mrodwctdonc ®Yof such

basi c resins, Lo dn ROF s RUP ass Gfiti @h]ﬁ&ﬁ\ﬂpurnprtﬂfer presen‘é%n e

converted_ intq pol ysul phi des of | ower sul phur order Dby reaction with
mercapt and. basic resins wipigh ﬁﬁcﬁ%aﬁ?%ﬁﬁseﬁé&ﬁqﬁdéﬂq &9 mhea- 15
337, 837 teacheseddweigy eparati on of organi c di sul phides and

pol ysul phi des catal ysed by organi c ani on exchange resins containing
tertiary am ne or quater nary anmoni um basm,fegmctlonal groups (active in
hydr oxi de forn). Such &e §al AN g( &he §1 of grains or beads
whi ch 20 are insoluble in I|qU|d eaCtion ne apand are thus easy

to separate out at the end of the reaction, allow organic di sul phi des
and pol ysul phides to be Dhtﬁh@eﬂr@semce%fomch basDé wdeimd)! adrgad hur

order o o 250-80bp8tAgn Bydr EatveuhBhidte colnidy SV drack Greibd

pol ysul phi des oénVemEedsﬂhpbupobyd&lphldes of higher swmpwmﬂlwtﬁéf)ﬁyench
pat ent SgSCi ficati asic resins contal n| ng

b B s SChEERen, with! SHIREREs PinihattEy iRl rBE hlehEitd of B

resins contai nbagla resthay yoaganécf pntysohphides of hb@hasunlphﬂmstdmder

degr ee of convgr3ign hnLerLEAGhERt Bo1ysuipRIdher of (BILE" shALEuL"

reaction.
order by reaction with mercaptans.

Thus, European patent specification EP-A-

15 337,837 teaches the preparation of organic disulphides
and polysulphides catalysed by organic anion exchange
resins containing tertiary amine or quaternary ammonium
functional groups (active in hydroxide form). Such
resins, generally in the form of grains or beads which

20 are insoluble in liquid reaction media and are thus easy
to separate out at the end of the reaction, allow organic
disulphides and polysulphides to be obtained by reaction
of elemental sulphur with mercaptans and also allow
organic polysulphides of high sulphur order to be

25 obtained by reaction of elemental sulphur with organic
polysulphides of lower sulphur order.

According to French patent specification
FR 2,742,144, the use of basic resins containing a
primary amine function makes it possible, when compared

30 with resins containing a tertiary amine function, to
obtain a better degree of conversion of the reactants

and/or a faster rate of reaction.



-2- Simlarly, French patent specification FR 2,742, 145
recomends the use of strongly basic resins contai ni ng a guani di ne or
am di ne function, which also makes it possible, when conpared with
resins containing a 5 tertiary amne function, to obtain a better degree
of conversion of the reactants and/ or.pa faster reaction rate.

The aimof the present invention is to further | nprove these results

in order to obtain a betgiedi1deqrige FénchobataRtekpeet robatign’ PRCE ANt s
o0 O 2ot LS RS scommie she e of AsFenbayRaRLEoresins !
pol yet hyl enepatghtainingird iugiidid®e okSamidine funchgesd!, dwRSchOalilg Present
organ o GO U A A GETBRLeGt MR RESLBe FOREA:hLnA ah
each R, whi ch teytteexy ragnfra&retmfcuiid‘ri‘,ert@_ntobﬁaemr @syétts;e&ndegreeobgani c
aroup and P [ etlyes LGl RAAOSRLGIV SER/Ro IGED. sl WLN 2
convert it intwate. polysul phide of higher order, or reacting a nercaptan
bol ysul phi de of | ovier  sulhar b tbrihs Pibent ii¥ientdan 4o 18" Hirtek o
a resin based bmppovy-these wesulre-idi \dmidhew et JiPS-aDYR)E teun deigeieal | zed
e esent 35 b EESEELOE A cP e S AIRIP AN AR Wactson
rate. -

This aim is achieved by the use of resins
functionalized with ethylenediamine or polyethylenepoly-~
anrine groups.

15 According to the present invention, there is
provided a process for the preparation of an organic
disulphide or polysulphide of formula R-S,-R, in which
each R, which may be the same or different, represents an
organic group and p > 2, which process comprises reacting

20 sulphur with a mercaptan of formula R-SH or a
polysulphide of lower sulphur order to convert it into
polysulphide of higher order, or reacting a mercaptan
with an organic polysulphide of high sulphur order to
convert it into polysulphide of lower sulphur order, in

25 the presence, as catalyst, of a resin based on poly-
styrene-divinylbenzene (PS-DVB) functionalized with
ethylenediamine or poly-ethylenepolyamine groups and

represented by the general formula (I):

1

(CHZ—'CHZ-—-’]N)E_RZ
O .
N

(CHy—CHy —N)m——R4

30

35 . R3 ®



- 3- I n which: 5 represents the PS-DVB resin support,

each of Rl, R2, R3 and R4, which may be the sane or different,
represents a hydrogen atom or an al kyl, cycl oal kyl, aryl or aryl al kyl
radi cal,. 10 nis an integer of from1l1l to 6, and

m does not exceed n and is O or an integerzup to 5. The
resins which may suitably serve as starting materials for the
preparation of; thg f&§si Nns containing an 15 et hyl enedi am ne or
polyethylenepélyan1ne Tunction of general formula (I) can be PS-DVB
copol yners or chl or onet hy mers whi ch, by appropriate
chem cal reactions descri bed grted into resins
cont ai ni ng an et hyl enedi am n - 20 pol yam ne function
according to the invention. —='Wth a | ow content of

di vi nyl besizene (0.5 to 7% by wei ght) as crosslinking agent, copol yners
of the gel type are obtai ned, whereas with higher DVB contents,
nacrocrossh|ﬂ&ﬁP¥%§ﬁ?&so?h%BB$b%$$oﬁ%ssﬂrﬂ%PB¢étcan be 25 obtained. The
DVB content can be from Qaél%é@ ﬁﬂ%day R? and ¥, 9%1@4 HalyV et %hfeh%ah%t al
wei ght of the PS—SE g % Pre erablgy

starting mat erPhl Si5fHgrent, repy §%ﬁﬁ§n?l9YdFﬂﬁeFe§Fﬁ§ er genet 1fornu|a
(1) are 30 negcDeaDEgl] nkedl aod @FyIMBLKPPOFRYScaL ucture, since

t hese chﬁbacterlstlcs entaLI bett{er catal¥t|c act|V|t§ than is the
case with- resins of gel Pypg an integer of fromnlsEop&: p#Rdresins can be

chl or onet hyl at ed vint HoeB8l noenekbykdehhghd &QcoratnanthEae&@ up
t echni ques to 5

The resins which may suitably serve as starting
materials for the preparation of the resins containing an
15 ethylenediamine or polyethylenepolyamine function of
general formula (I) can be PS-DVB copolymers or
chloromethyl PS-DVB copolymers which, by appropriate
chemical reactions described below, are converted into
resins containing an ethylenediamine or polyethylene-
20 polyamine function according to the invention.

With a low content of divinylbenzene (0.5 to 7%
by weight) as crosslinking agent, copolymers of the gel
type are obtained, whereas with higher DVB contents,
macrocrosslinked resins of macroporous structure can be

25 obtained. The DVB content can be from 0.5% to 60% by
weight relative to the total weight of the PS-DVB
copolymer.

Preferably, the starting materials and,
consequently, the resins of general formula (I) are

30 macrocrosslinked and of macroporous structure, since
these characteristics entail better catalytic activity
than is the case with resins of gel type.

These PS-DVB resins can be chloromethylated

with chloromethyl ether, according to known techniques
35 which are described in the literature, to variable



35 which are described in the literature, to variable

-4- chlorine contents generally ranging from1l to 20% by wei ght of
chlorine relative to the weight of chloronethyl resin.

The resins according to the invention can be 5 prepared, according to
known am nation techni ques described4in the literature, by reaction of
a chl oronet hyl PS-DVB resin with ethyl enedi am ne or a

pol yet hyl enepolhyamne oéngents agefi@rally fdiging effdm LCGo 20% byld

I d R4 f d .abov I n
éen)eral, an excegs o&tﬁrél&irﬁee !(-?fstf@e d‘i:% r?e/e‘gg’r%‘etal‘?% ha}sﬂ(;?q}‘?rﬂ hylor

swel ling the résbnonet hyl resin (for exanple tetrahydrofuran); the
chloronmethyl resin is i@%éogggfxqs a oi‘&'h? c#str?ol ut | onwgnd t he .reaction

i xt ur e |s stirred eri 0d Tang MR S 3% Rever al
days 5 (geneeppredf rém:qrﬁbug steo okrlowiray&)lmtmm emqsxehmiques whi ch 25

can range frogpah HEeao%ﬁrELg }Ptépgtgﬂel |gﬂpp (%P sol vent, but
must not exceed t e sta ire ot the resin

(general |y 100héprpupthil ?ﬁeD'éBdr©$ln with hethhhemecbxmnim oesin i s washed
Wi th SOd'U”]h%@i?éhﬁ?lene?OEQQmiﬂgnof”&ﬁ ?r§9|f89%%$é (Pyy poiling point

(for exanple acet one order to"help 1t to
10 l

—CHo —N)—R2
(CHy—CHp —N)—R

— —N)——R4
N (CHy—CHyp N)m R

R3 an

in which m, n, R!, R? R? and R* are as defined above. In
general, an excess of the amine (II) is dissolved in a
20 solvent for swelling the chloromethyl resin (for example
tetrahydrofuran); the chloromethyl resin is introduced
into this solution and the reaction mixture is stirred
for a period ranging from a few hours to several days
(generally from 4 hours to 4 daYs) at a temperature which
25 can range from about 20°C to the boiling point of the
solvent, but must not exceed the stability limit
temperature of the resin (generally 100°C). At the end of
the reaction, the resin is washed with sodium hydroxide
and then with a solvent of low boiling point (for example
30 acetone) in order to help it to dry. _
Preferably, an amine of formulé (ITI) is used,
in which n is an integer of from 1 to 5, m is 0 and R!,
R? and R' are hydrogen atoms.
The radicals R of the organic mercaptans,

35 disulphides and polysulphides may be hydrocarbon



Preferably, an amne of forrmula (I1) is used, in which nis an

integer of from1l to 5 mis 0 and R1, R2 and R4 are hydrogen atons.

The radicals R of the organi c nercaptans, 35 di sul phi des and

pol ysul phi des may be hydrocar bon radi cal s, generally alkyl,
cycl oal kyl, aryl, arylal kyl or al kyl gryl groups. These radicals R can
be substituted by one or nore functional groups such as, for exanple,

hal ogen at onsrafdca®s, yeRera1¥ R'
groups, the synbols R g delg':';l dghglwﬁi Cycggfl#gﬁﬁiiég}fp%¥§a8fpgal85Is or
cycl oal i phat i 81k¥taxadj groups. thGBEyFéﬂéﬁaﬂScRrgdnchbssubstltuted by The

present invenppen %pﬂblr%Sf'uﬁ R3bhhGU e d of di al kyl
di sul phi des agd pgl¥§ul eg 10 cg%ngﬁlﬁucPr%g EBQ ggghgﬂgbn atons in

total, such abaloge Pm§x§HHI§°Hd|W€BhyI'SaletﬁﬁrR”dlpCEpkaHﬁubutyl

dlpentyls dlhesphr dhmeptmbgrdbgghpg? @h@egyhb@@g Rr anglgodgg

di sul phi des ag SU|3 es, It also_ applies he preparaP Fon of
cycl oal kyl ] gkic 569§§EF5hPHe§Y§b€ﬁleha$b¢reiampﬁélc

di cycl ohexyl or al&w&dqdmaﬂicamddﬁebl%ulphldes as well as to the
preparation of aronaticﬁg?sukphld s .or %%Iysul hldes such as di phenyl
di sul phi de and pol ysul pti esent invention pppligs,ip: Parfdcnyarytef the

resins used i IthEOproﬁme:tﬁfoexSQIﬂ dlla\mw @1 sapRaGe sAbnep% 1 yAW1pRTHRs |
contents vant.a e reSIH IS present, I n an_anount ranging
From 0. o 1o SEATHAPSAR Aemf: et S0 e SeBpedroRotaL, suphr st on
m xture, incl ddimexaagile, dlmethyl dlethYIhedﬂpQ©©§& ageshéiyny to the
| vent L0 25 psA L SACt RGN s caried gul ol @
preferably frdﬁﬂeﬂﬁhymﬂdESHipﬁmabsrHha polysulphldes ItThasbeagpiigesmy be
each 50, bar. 50 T BRgharatigh BE iakeaty 1 A PRIARE P8Rt ant s of 1 ow
vapour p’rsessuletSNé-nwaiﬁts (audra)asbe ﬁm'rfeonampdeat dicyclohexyl

disulphide and polysulphides, as well as to the

pPreparation of aromatic disulphides or polysulphides,

such as diphenyl disulphide and polysulphides.

The catalytic activity of the resins used in

20 the present invention appears at very low resin contents.
Advantageously, the resin is present in an amount ranging
from 0.01 to 20 parts by weight per 100 parts by weight
of reaction mixture, including resin.

The process according to the invention

25 comprises a reaction which may be carried out at a
temperature of from -10°C to 150°C. The temperature is
preferably from +10°C to 120°C.

The reaction may be performed at atmospheric
pressure or at higher pressures which may reach 50 bar.

30 In the case of relatively non-volatile reactants of low
vapour pressure, the reaction may be performed at
pressures below atmospheric pressure, optionally in the
presence of an inert gas, such as ﬁitrogen.

The mercaptan/sulphur molar ratio depends on

35 the nature of the mercaptan used and on the product to be



pressures bel ow at nospheric pressure, optionally in the presence of

an inert gas, such as nitrogen. The ner capt an/ sul phur nol ar
rati o depends on 35 the nature of the nmercaptan used and on the product
to be - 6- pr epar ed

(di sul phide or polysul phide). Advantageougly, this ratiois from0.3 to
10 and preferably from0.4 to 6. When an organic

pol ysul phi de ptephgbdsdpiulphide 06 Hepol gsuESHiaé) | Rdedmtdgésudlger to
convert 1t In

. or gani ol ysul phi of .1 ow sul phur order oy exanpl e
into a trisul %ﬁ?‘ﬁerﬁgég-hso r sﬁrgh %egﬁz-%%gﬁﬁﬁf?ﬁ%’fy Pr%’?:t?b% 'E)‘F t he
correspondi ngéner capt an, a nercaptan/ pol ysul phi de nolar ratio ranging
from2 to 10 is 10 ad%ﬁ

or gani ¢ di sul phi des or poEé?ggOgggéﬁgéﬁgaégsPﬁp?%gep?gsgﬁggeﬁﬁiggﬁﬁbgon °
resi ns cont ai nrdgr is ueeldyhéntbdeastaetoinpokgerhybenepuveytinibeiftincti ons
can be carrli 0 ' AN t r r, C | to 15

a batchw se p%g Sgsf §PRM§P§B§&Péa§?nggvhgggéggfaﬁ?gég' fg%egggégggacting
them or by giadeal &ddsuilphide Bn§;df or diswkphidetRrl.sR byotbkee reactor,
addi ti on of {RSYASRCL TRy GigRdeoRlaing inedpCBROE RobLRBLERT, [ 20
of the pedatsaiph ideh modepre k afdiongangingc &poan 2otoalfoligsul phi de

of Iom1Sfﬂ[ﬂuuédygkgggﬁégs%@amﬁgg.introduced in liquid or solid form

The present inventio drther described in 25 the follow ng Exanples
which are included for feelproduction jofsorgenie gdispdpbddes or poly-

EXAMPLE 1 : Prsﬁggxﬁt&éw i e Pravieht A0 Bd-HYB resitntﬁg cffobﬁaimﬁ ion 30

A chl or onet hyl DVB nacr opor ous resin having ol I ow ng

char act eri sti ccthigkengdignine or polyethylenepolyamine functions can be
carried out in a stirred or tubular reactor, according to

15 a batchwise process, either by loading the reactants
before reacting them, or by gradual addition of one of
the reactants into the reactor, or alternatively
according to a continuous process with controlled
addition of the reactants.

20 In the case'where sulphur is one of the
reactants {the other being a mercaptan or a polysulphide
of low sulphur order), it may be introduced in liquid or
solid form.

The present invention is further described in

25 the following Examples which are included for purely
illustrative purposes.

EXAMPLE 1 : Preparation of the resins according
to the invention
30 A chloromethyl PS-DVB macroporous resin having

the following characteristics was used:

- specific surface : 22.5 m?/g of dry resin
- average pore diameter : 2 nm
- pore volume : 0.69 ml/g

35 - rmmol of chlorine/g of resin: 5.4 mmol/g of dry resin



- specific surface 22.5 merr]/g of dry resin -
aver age pore di aneter X 2 nm - pore vol une

0.69 mM/g 35 - mol of chlorine/g of resin: 5.4 nol/g of dry resin
-7- 10 g of dry chloronethyl resin (i.e. 54 mmol of

chl orine) were wei ghed out and placed in .gontact, under a ni trogen
at nosphere, with 6.48 g (108 mmol ) of et hyl enediam ne diluted in 130
mM of tetrahydrofuran 510 g(EHFhrprednbedmetﬁylﬁ9b85ﬁ|Qi &l e¥8SmmdNeo

reaction thu obtal ed was sti,rred c ically for 48
hours at 60[erg}§;ghg) re’weiqhe %f?gi BBSIPﬁBcgg QB[QPPFethth¢§§Iﬂ was
filtered nattoged ammbephemecewitheby4ﬂdbh(IHE ninBep wifth 20 M of 10

aqueous 10% s Iy L u n ntil neutral
and finally w 8@h§g%§¥§n§§ g ggéu%§|n§ T5h g 85W§ﬁg€?hVQEﬂgHF3P 60[err]C
to a constant (REFyhpredried over moleéuESrDHBeWéSlnThentaaﬁtmgn

et hyl enedi am t| ferred,.to _herein Iow EDA resin) 15
containing 7. @%xgyrﬁe%“%% gleéﬁgggﬁs gFéFrf%7 iiy ?

et hyl enedi ani A8 peurgr am 60°€ry resin, was thus obtalned

Working as above, but r%&k@g‘@goﬁgﬁ ekgybgm% the r@s?%l@% “#EE&Fred

equi val ent nol ar anount of diethyl am ne
trlethylenetepﬁéaﬁpﬁew@§§eﬁ7S@FCG@SlZ@lY Mathaéﬁﬁyl¢hepewu&hnﬂnem426f4l )

e v i e L S B T T o Sl

respectively, Updid @@P&rﬁédanﬁufhmaéﬂaraeﬁ@r@ggngmearbefore belihgted in the

fol I owing tablygiedd under vacuum a-[:h%o(’la?rt%craerdo%ts't%%t()fwe §hQVB resins
accordi ng to the prior art, nanel resin

cont ai ni ng t et ranet hyl gdaRSnyS r351n1QQﬂ§ﬂhﬂ%ﬁ%ﬂ&ﬁhﬁﬁeaﬁdm@mhaﬁe|nbeIOM/as
TMS resin) preRic®@dons (re¥erdlV o MérdieHaAddd Ezetiadignedi am ne with

12.5 g 3 of tetranethyl uani di ne; - a resin containing
triazabi Bycl oFOREAEDING 7 (43 By S ghterody Mdd HageRer di foel2oW CadmpBDotesi )
pr epar ed ethylenediamine per gram of dry resin, was thus obtained.

Working as above, but replaciné the ethylene-
diamine with an equivalent molar amount of diethylene-
triamine (11.2 g}, of triethylenetetraamine (15.77 g), of

20 tetraethylenepentaamine (20.41 g) or of pentaethylene-
hexaamine (25.06 g), other resins according to the
inveﬁtion, identified as DETA, TETA, TEPA and PEXA
respectively, were obtained. Their characteristics are
collated in the following table.

25 The characteristics of PS-DVB resins according
to the prior art, namely

- a resin containing tetramethylguanidine
functions (referred to hereinbelow as TMG resin) prepared
as above, but replacing the ethylenediamine with 12.5 g

30 of tetramethylguanidine;

- a resin containing triazabicyclodecene
functions (referred to hereinbelow as TBD resin) prepared
as described on pages 23 and 24 of patent application FR

2,742,145, are also given in this table.
35



as descri bed on pages 23 and 24 of patent application FR 2,742,145,

are also given in this table. 35 Resi n N%
mol /g of dry resin EDA 7.6 2.7 nmmol of EDA/ g

DETA 9.0 2.13 mol of DETA/ g TETA 10.6 1.9
mmol of TETA/g 5 TEPA $41.8 1.68 mmol of TEPA/ g

PEXA 11.6 1. 38 nmol of PEXA/ g TMG 8.74 2.08

mmol of TMA R D T, 29— 09 Thor—0
EXANVPLE 2 %ynt hesi { Regip, 1, N¥ .. {mmol/g of; gﬁzpﬁfﬁjbn

tert-dodecyl nercapten\MﬂMf §mqﬁu|2Lﬁ thelpo&sEDREgOf b

Tests for the productfi onywsa bi $(t er Tpod< y i | de|
out under identical expeH?%ental 1 ( g b|onso ué%nggkﬁz
TETA, TEPA and PEXA TEBRI ns addbﬂﬂinultﬁ mnellnfemEEAﬁgas

10

sic resins
were carried
, DETA,

at al ysts.

Conpar atisve tests were cal h nsjl of the prior
ar?? nanévy: f “Efn - EZ%QFGSI P%o?FEgZhl Haas, which
20 is a macroporougk g

functions, having a 5 mol of
tertiary amne funct|ons/o bl i te AL109

resin, which is a : -
structure 25 containing -CH err]NH err] functions (4.3 mmol of NHerr]/g
of dry 10 resin);  EXAMPLE 2 : Synthesis of di(tert-dodecyl)
trisulphide by reaction'of tert;dodecyl mercaptan with
sulphur in the presence of basic resins
Tests for the production of bis(tert-dodecyl).
trisulphide were carried out under identical experimental
15 conditions, using the EDA, DETA, TETA, TEPA and PEXA
resins according to the invention as catalysts.
Comparative tests were also carried out using
the resins of the prior art, namely:
- Amberlyst A21 resin from Rohm & Haas, which
20 is a macroporous-type PS-DVB resin containing -CH,N(CH,),
functions, having a specific surface of 39.8 m?/g and 4.4
mmol of tertiary amine functions/g of dry resin;
- Purolite Al09 resin, which is a
macrocrosslinked PS-DVB resin of macroporous structure
25 containing -CH,NH, functions (4.3 mmol of NH,/g of dry

resin}):;

- the TMG and TBD resins according to patent
application FR 2,742,145.

These tests were carried out in apparatus

30 comprising a 250 ml glass jacketed reactor equipped with:

- a sinter before the dréinage valve,

- an inlet for introducing nitrogen via a dip
tube ending with a sinter (flow rate of nitrogen
controlled by a ball flowmeter),

35

- a water-cooled condenser connected to the



- the TMG and TBD resins according to patent application FR

2,742, 145, These tests were carried out in apparatus 30
conprising a 250 m gl ass jacketed reactor equi pped wth:

- a sinter before the drai nage val ve, - an inlet for
introducing nitrogen via a dip tube €nding with a sinter (flow rate
of nitrogen controlled by a ball flowreter), 35 a
wat er - cool ed cERBENSEPPE3RAe¥RE Mo ViRea bubble counter containing 011

- 9- fume cupboard vaauuﬁbmas@aweahsyc%ah%teanbatﬁ' ameh}n

- a thernostati Ciﬂ % Legul at ei gath al | ow n% to circu ?ed in
t he jacket, e”circulatedsdnsthe, g c(’,‘ﬁ&l'ng vmth a PTFE anchor- 5

paddl e and fitted Mﬂth a—Shl@ﬁ&%s”@t@&r@ktQn&lh@ChQ%ﬁI%rPTFE anchor-

a thernmongter E?‘gi %%J g&lm% After the reactor had
been pl aced unf8f%z® an 8&eh’l Sdr&ersmotor vith af tasbometere. a
catalyst/ RSH ratio = 4% er al&%emmfelrvglrbbem&he alQlasisnishedwsed therein,
foll owed by 151.2 g (750 I ter rc pta TDM) . The
reactor was then heat ed AFERY) (§%§O[r&a1c] &‘F‘L%eg’e\ﬁ%ﬁ éﬁe @mol ) of
sul phur were nitradeead ait:moaspmen@l e 6par Grorn.s vytdf e int l(rlr ieng acont i nui ng
at 500 rev/mn I di,ssol v i n 30 1 nut es.

After switchi nﬁakrt%elﬁsl‘%’%gﬁ d:&etﬁ‘ooﬁb i °F ?‘?ﬁ‘ \kespec ir‘é'tev?y Y£0¢ h) for the
entire dutlati onndtfrotdnmertbantamn, folloawa &gy ISle 2 K750V iindli)M At = 0
at the time of ¢ p rder to etermne

20 r esi dual rrercap cgﬁnten !t‘g aﬁlh@aﬁg) E@‘Qarrgeeafﬁ rFetW t tgﬁ)d:e(
free sul phur cée &&° be afue which i d;JaWSO o e rocfa tudiphaon twaite makes it
possi bl e to detgyqui{e.d e 1 gﬁgtr Q

At the end of the reacti onsm%e np'hl e |s}§€15&1f%fﬁ’%“&? c@%ﬁ“@%t
(40[err] Q) t hr AfgHthe e witiror félmt%‘rlm dissolved rigsiabdut r3hdy to be
reused W i a ffigairdpad of TDM and sul phur.

After switching on the nitrogen bubbling (flow
rate = 12 1/h) for the entire duration of the reaction,
samples were taken over time (t = 0 at the time of
introduction of the sulphur) in order to determine the

20 residual mercaptan content (% by mass) by argentimetry
and the free sulphur content by HPLC; the residual
mercaptan content makes it possible to determine the
degree of conversion of the TDM.

At the end of the reaction, the polysulphide is

25 filtered while hot (40°C) through the reactor sinter and
the resin is ready to be reused with a fresh load of TDM

and sulphur.

The results obtained with the wvarious resins

are collated in the following table.
30



The results obtained with the various resins are collated in the
follow ng table. 30 - 10-
Test No. Resin %catalyst Conversion of the

TDM after reaction for 4 hours (%

1 A-21 4 65 -10- 2 ! 10

69 3 A-109 4 68 5 4 '
éO TBD 7rl§'Il‘lest: No. ResinF7§ cata%yst cTo;versioEmf the | 4

30 8 " 10 TDMpfitpr reaction

DETA 4 ' 29 10 for 4 hours (%)

89 11 ITETA A-21 4 4 86 65 1 !
10 0 2 “ 13 THPA 4 69 6 15
14 PEXA 43 A-109 | 86 4 éxam nati onjf of

t hese resflts

pol yet hyl enepol y- 5 am he EMGctijons aécordihg to the Tavention (

to 20 14) have highed acti vIBP t Han redins cpntaining T&rtiary

functions (Tests andy 2), | pr gl y jam neg4f unct] ons gests s an

guani di ne functiofts (Tgests}5 amnd 6)}. 10

Synt hesi ggpof bi s(fert-glodetylpg pent gsul phjde by reag$ion of

mer cgpt amowi t h “ sul phyg in jhe presengg of basic
4

tert-dodecyl

15

20

25

30

35

sho tHat the “ rlesi nst@ont aj ni ng et hyr®nedi am n

am ne
4) or

MPLE 3 :

resins
11 TETA . 86
12 W 10 90
13 TEPA 4 86
14 PEXA 4 86

Examination of these results shows that the
resins containing ethylenediamine or polyethylenepoly-
amine functions according to the invention (Tests 7 to
14) have higher activity than resins containing tertiary
amine functions (Tests 1 and 2), primary amine functions

(Tests 3 and 4) or guanidine functions (Tests 5 and 6).

EXAMPLE 3 : Synthesis of bis(tert-dodecyl)
pentasulphide by reaction of tert-dodecyl mercaptan with
sulphur in the presence of basic resins

6 g of resin (i.e. a catalyst/RSH ratio = 4%)
were introduced into the reactor, placed beforehand under
a nitrogen atmosphere, followed by 151.2 g (750 mmol) of
TDM, in the same apparatus as in Example 2. After
bringing the reactor to 90°C, 48 g (1.5 mol) of sulphur
were introduced therein in three portions with intervals
of 10 minutes. With the stirring maintained at 500
rev/min, the sulphur dissolved completely in about 45
minutes.

After switching on the nitrogen bubbling (flow

rate = 6 1l/h) for the entire duration of the reaction,



6 g of
t he reactor,
by 151.2 g (750 nmol) of 30
After

resin (i.e.

were introduced therein in three portions-W-th intervals
mai nt ai ned at 500

m nutes. Wth the stirring

a catalyst/RSH ratio = 4%
pl aced bef orehand under
in the sane apparatus as in Exanple 2.
bringing the reactor to 90[err]C, 48 g (1.5 nol) of sul phur

DM

a nitrogen at

rev/ mn,

were introduced into

nosphere, followed

of 10
t he sul phur

di ssol ved conpFBEeP¥Oorgsgoyae Lbenscargigdt eyt as in Example 2. aFher

switching on tBeski regagdksbakll cBd16tk8Win the ¥B1%owifig! £Ab1E0Or the entire
the process was then carried out

duration of the reaction,

as in Exanple 2. The test results are collated in the follow ng table.
'{eﬁ'z)urNo. BRﬁ [u'rls'l‘est No. Uf{'i%in 'LWW Conv@:aslion of TDM @fifier: |
97% 5 16 MG - 1 hour 9Bphours |
17 A- 109 15 - A-21 95%] 86% 18 DETA
94% 99%|i10 Exam ngti on of this|{table shows fhat
the resin adrordinfP to tHe i nvBM®ion (JTest 18) givds bet¥k resflits
than the resins the prior art (Aesds 15fto 17). 95%
-12-

18 DETA 94% 99%

10

Examination of this table shows that the resin

according to the invention (Test 18) gives better results

than the resins of the prior art (Tests 15 to 17).



CLAlI V5
di sul phi de or
whi ch nmay be

[err] 2, which process conprises reacting hur am

1. A process for the preparation of an organic

pol ysul phide of fornmula R S[err]-R, |n
the sane or different, 5 represents a I““!‘ "i m |I nd p

formul a R-SH or a pol ysul phide of | owes sulphur order to convert

i nto pol ysul phi de of higher order, or reacting a mercaptan with an

organi ¢ polys
pol ysul phi de

resin based on

et hyl enedi am
general formu

R4, which may
an al kyl,

ul phi de of high sul phur 1 r to convert it into
of | ower sul phur orde&?ggégf

he presence, as catal yst,
pol ydt.yr eAeptoviesyl fomzthe pPEpBYBLidnncfianal i zed with

ch a mercaptan of

it

of a

BE ofhi ROHYSUIYHABPEYY BEY J8udpAEBE, 8RO cormui BPREFRM S4 Y P

represents t hehRghD¢Bche&, nwhdgpbormgay be the same oredififerert, R2, R3 and

ArEREnaEn orgaliclEbbEeRb EoB 95 elhgch Bydeaggn atom o

Kyl rylal

an

i nt eger of freerpPriges, n9m§t1ng Sulphur Wlﬁhd@e@eﬁ@ﬁpéﬁéeéé ﬁoamglas 0 or
an integer Upr-sH di® 20 polysulphide of dowet RuAPEYT %QGQ&dtBQCBHVQEQ'g‘l

in which

the resin of fornula | is a macrocrosslinked resin of

macr opor ous stitudnfce polysulphide of higher order, or reacting a
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mercaptan with an organic polysulphide of high sulphur
order to convert it into polysulphide of lower sulphur
order, in the presence, as catalyst, of a resin based on
polystyrene-divinylbenzene (PS-DVB) functionalized with
ethylenediamine or polyethylenepolyamine groups and
represented by the general formula (I):

1

OO/
CHZN

(cuz—-cnz—u),h—-n‘

R3 0}

in which:

represents the PS-DVB resin support,

each of R!, R?, R® and R*Y, which may be the same

or different, represents a hydrogen atom or an alkyl,
cycloalkyl, aryl or arylalkyl radical,

n is an integer of from 1 to 6, and

m does not exceed n and is 0 or an integer up
to 5.

2. A process according to Claim 1, in which

the resin of formula I is a macrocrosslinked resin of

macroporous structure.



A process according to Caim1l or 2, in

- 13- 3.
ot voul IOHEARMARRLAN  05cPEsrie ™ C2hner aryt ol SR
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groups unsubstituted or 5  substituted lﬁmone or nore! f unctiéhaltiyr oups.
4. A process according to any one of dai'ns 1

i et

to 3, in which the
resin is present in an unt, of _from 0,01 to 20 parts by weight per
100 parts by weight of b r%&ﬁ?%?%%&‘iﬂ%‘?fq%c‘f%(ﬁ % dsiq¥ 2v0 in

5. A proces&hiciortdiengradicals e Hfth@ adngaric merdapthnd,n which the
reaction is cgjld t @; re ofahg(etween - 10l err] C and
150[err] C * \ﬁq)mesa axgq p%sf)éro eslg&%’i%c%ﬁﬁi ¥1d c&%‘ﬂﬂ@‘x whi ch
the reaction iaFar raxdlaltyhton abapbrey lrgradipdainagstiftuted @ferr] C and
120[err] G bstituted . r S ' ny one of Clains 1
to 6 for the |osruepsarlatl‘|l oen o?iao%ﬁ ﬁ%’?p‘ﬁ‘lgfdée %@%@{%{J‘?pﬁf@é’ froma

mer capt an and sul phur, % whikhPxoress accoxdimgtte/any pine oblGlaingd iD i S
between 0.3 ang 19, 29 which th : S;.accor di 0 im7, in
whi ch the nercapt an/ sul ph%rr?r%ﬁrlsra ?%Qi&géblel?m%&e)n%%%noaggmm

9. A process &Qhrks mP tRAEES bYieveiglk apex 100 parts By, wéight hef

preparati on ofredcOi R hLx Y S U RE1G8IRE resin. ! OW sul phur order from an
organic | ysul phi de of high 25 sul phur order and a mercaptan, in which
%

t he mercaptan/ pol ¥sul phi BECFRS8ra¢EPTSiNg teormY oRe 10f Claims 1

10. A process ©scof diRgwh DcRMWhEONBeRétibR is carPiE§e8ifda @i M5, in which
the resin support is a chl or onet th PS-DVB resin. 30 11.
An organi c di stFPRTERCEre of RefFyasae-3p C and 18Pnfita R-S[err]-R (in which
p [er(r]I 1 2) Ior epared by t8e prAcggScess acebpiiBRE t8 eDy¥iRNg, Ofntdich

preceding ¢ a'@ﬁé reaction is carried out at a temperature of between

15 +10°C and 120°C.

1. A process according to any one of Claims 1
to 6 for the preparation of a disulphide or polysulphide
from a mercaptan and sulphur, in which the
mercaptan/sulphur molar ratio is betﬁeen 0.3 and 10.

20 8. A process according to Claim 7, in which
the mercaptan/sulphur molar ratio is between 0.4 and 6.

9. A process according to any one of Claims 1
to 6, for the preparation of an organic polysulphide of
low sulphur order from an organic polysulphide of high

25 sulphur order and a mercaptan, in which the mercaptan/
polysulphide molar ratio is from 2 to 10.

10. A process according to any one of the
breceding Claims, in which the resin support is a
chloromethyl PS-DVB resin.

30 1l1. A process according to Claim 1
substantially as described in Example 2 or 3.

12. An organic disulphide or polysulphide of

formula R-S,-R (in which p > 2) prepared by the process

claimed in any one of the preceding claims.
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