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1 DESCRI PTFON PROCESS FOR THE PREPARATI ON OF Sl LANE PG.YSUﬁ?Eﬁ{ZBchi__caI
Field The invention is directed to the preparation of sulfur* I ni
organ05|llcon conpounds useful as coupling agents in vul cani zabl e rubbe

to enhance products nmade fromthem In its preferred form the invention 5
| mproves the preparation of [err](trial koxysilylalkyl) polysulfides.

Sul fur-containing organosilicon conpounds have found wi despread use in a
vari ety of rubber products in the |ast two Hecades. Uses include tire walls
and bodi es, rubber hoses, rubber belts, and nunerous ot her rubber products.
Dependi ng on the fornulation, sel ected properties of the 10 rubber can be
nodi fied. Since the early 1980's, autonobile manufacturers have been
encour- aging the production of lowrolling-resistance tires. A nunber of
sul fur-con- taining organosilicon conpoDESCRIPTEONeen identified as useful
in this regard. The inprovenents obtai nable could be hel pful in neeting
federal 15 fuel econony standards w thout sacrificing wet traction and
wear. Silane polysul fide coupling agents, such as 3,3 -bis
(triethoxysilylpropyl) tetrasul- fide, have been proposed for use in

| ow-rolling-resistance tires. it has been
found that each lowrolling- Pﬁgéﬁéﬁﬁﬁlﬁﬁﬁﬁﬁmbfﬁ’ several ounces
of this or another suitable silane. SHWANE POLYSWFIDES new processes to

produce organosil ane

Technical Field

The invention is directed to the preparation of sulfur-containing
organosilicon compounds useful as coupling agents in vulcanizable rubbers
to enhance products made from them. In its preferred form, the invention

5 improves the preparation of Q,Q'-bis (trialkoxysilylalkyl) polysulifides.

Sulfur-containing organosilicon compounds have found widespread
use in a variety of rubber products in the last two decades. Uses include
tire walls and bodies, rubber hoses, rubber belts, and numerous other
rubber products. Depending on the formulation, selected properties of the

10 rubber can be modified.

Since the early 1980’s, automobile manufacturers have been encour-
aging the production of low-rolling-resistance tires. A number of sulfur-con-
taining organosilicon compounds have been identified as useful in this
regard. The improvements obtainable could be helipful in meeting federal

15 fuel economy standards without sacrificing wet traction and wear. Silane
polysulfide coupling agents, such as 3,3'-bis (triethoxysilylpropyl) tetrasui-
fide, have been proposed for use in low-rolling-resistance tires.



5 peélysulfides effective for use in lowrolling-resistance tires, and

ot her uses, in good yield to pernmit econom cal production of |arge
"quantities with controllable safety and environnmental inpact. Background
Art The art of manufacturing organosilane polysulfides is well 10
established, with the art offering a variety of processing strategies.
Meyer - Si non, Schwar ze, Thurn, and M chel di ®close the reaction of a netal
polysul fide with an [err]-chloroal kyltrial koxysilane in U S. Patent

3,842, 111. Exanple 2 shows the preparation of 3,3"-bis
(trlethoxy5|lylpropy e \ -rolling-

chl oropropyltriet hoxyél%&%ée@ls#t g@l %%&e?ﬁgﬁg%&ﬁﬁgﬁgﬁggggﬁ?g%rm"mg
preparing the neasidtapce fismishould domtaintsesermtgunces df thisdrtdreothensyitabde i npl vy
that this startipg material is an isolated conpound. In U S. Patent
4,072,701, Plet® scribes the preparation of sulfur- containing
organosilicon conpounds by first heating 3- 20 chloropropyltrichlorosilane
(Exanmple 1) with ethanol, and then adding both sulfur and NaSH in the
presence of -al cohol . There isaneédrfomlaewlprpeelss;ﬁsiaopmdhyelmgamsilahei de in
situ, but s

4,12, 585, |.8élv§q*ﬁfq%§e§§r g st R doma QUG S B o PUrLpEs.”

based on added Xfe?ﬂ?geﬁﬁlt ’é%oh@f%caf‘ déd&ﬁ oar uﬂﬁtlthi%sth'iths

probl emati c due t uescent natur Its te 3 to oxidize
to sul fate. Theomrolm&safﬁtyaahd erwtrobmtalﬂmpacmthe standp0| nt that it

I ncreases the risk that water will enter the reaction and cause hydrol ysis

of the al koxide reactants. After describing the above two patents in U S
Pat ent 4,129, 585,

Background Art

The art of manufacturing organosilane polysulfides is well
10 established, with the art offering a variety of processing strategies.

Meyer-Simon, Schwarze, Thurn, and Michel disclose the reaction of a
metal polysulfide with an Q-chloroalkyltrialkoxysilane in U.S. Patent
3,842,111. Example 2 shows the preparation of 3,3'-bis
(triethoxysilylpropyl) tetrasulfide by reacting Na,S, with 3-

16  chloropropyltriethoxysilane in absolute ethanol. The procedure for
preparing the metal polysulfide is not exemplified, and the examples imply
that this starting material is an isolated compound.

In U.S. Patent 4,072,701, Pletka describes the preparation of sulfur-
containing organosilicon compounds by first heating 3-

20 chloropropyitrichlorosilane (Example 1) with ethanol, and then adding both
sulfur and NaSH in the presence of alcohol. The reaction developed
gaseous hydrogen sulfide in situ, but some of the sulfur therein was not
recoverable (see, U.S. Patent 4,129,585, col. 1, lines 32-34, in this regard).
Therefore, the yields based on added sulfur tended to be low. Also, the

25 use of NaSH is problematic due to its deliquescent nature and its tendency



- 5,399,739). 15

5 Buder, Pletka, Mchel, Schwarz and [err], describe a procedure for

~making the noted conpounds w thout the production of gaseous hydrogen
" sul fide. The process entails reacting a suitable alkali netal al cohol ate,

e.g., sodiumethoxide, in preferably alcoholic solution with a desired
[err]- chloroal kyltrial koxysilane, a suitable netal hydrogen sulfide, and
sul fur. The 10 resulting product was purified by separating the salt
formed and distilling off the al cohol. Agai ﬁ, t he use of the netal hydrogen
sul fide can be a source of water entering the system unl ess precautions are
taken. French and Lee al so disclosed a process that enployed an al kal i
met al hydr ogen touXidize tostifates Nhsideliquascanseristtrouhlesonel from the standpoint
L. 1n U S Patent 4 507,490, Panster. Mchel,
i oi nschm dt acfaabitdneteases fie Bk Shariata? (i ente R TeStrod sbfese et a
hydrogen sul fi dgydislysiscacthel dikatidd rédctahtsal i nmetal , such as sodium in a
pol ar solvent, such"as ethanol. This reaction is highly exotherm c and

evol ves hydrogen gas. The process is said to elimnate the use of an alkali
met al al cohol ate sol ytio 20. noting that it rod iQn.r ' uch a
great deal of tine dgﬁ?%gwq%l‘ﬂﬂj&er?%’Y%/R‘Y%??ﬁfﬁﬁ!'%ﬁ#hg’a&ﬂggﬂégﬁgsct ed
wi th additi gnal ggder Petkd, MdHBI2SERFAZOEhD Dl ,fdéiﬁrib@raeél;ﬁlcéahbé f§2S4. The

polysulfide is then reacted wmth a desired [err]-chloroal
tri al koxysi | anenaking. the[notedl componndstwithaiddhe gatofuctidn of gaseous hydrogen

(trial koxysilylalkyl) polysulfide, .25 . Janssen. apd Steffe in U S
bat ent 3. 56, bsifide. TR Prapes RBtaiS Tepcting,a Sttabi Al Fuctaf aleBlolLE €% he
type described gfye-ethBRidecin pidiaiadly BRoRbREIYEIIBA wit'd desreafQre
separation, of salts formed in the above reactions by contacting a bis
(al kyl al koxysi |ghigrogilleyifrialkouysilane, aisufitableametal ydrogensulfide. aadisatfvecThe
[err] and [1%r ' ]r'esE ti'na &B%gtdv%g ’puﬁ%ﬁ \S%rSep%Orlgtsmg the salt formed and distilling off
the alcohol. Again, the use of the metal hydrogen sulfide can be a source
of water entering the system unless precautions are taken. French and Lee
also disclosed a process that employed an alkali metal hydrogen sulfide

such as NaSH in a separate step (U.S. Patent 5,399,739).

15 in U.S. Patent 4,507,490, Panster, Michel, Kleinschmidt and
Deschler, first prepare Na,S. Again, they employ a metal hydrogen sulfide
but react it with an alkali metal, such as sodium, in a polar solvent, such as
ethanol. This reaction is highly exothermic and evolves hydrogen gas. The
process is said to eliminate the use of an alkali metal alcoholate solution,

20 noting that its production requires such a great deal of time as to be
industrially improbable. The Na,S is reacted with additional sulfur to form a
desired polysulfide, preferably Na,S,. The polysulfide is then reacted with a
desired Q-chloroalkyl trialkoxysilane, e.g., CI(CH,),Si(OC,H,),, to form the
desired Q,Q’-bis (trialkoxysilylalkyl) polysulfide.

25 Janssen and Steffen, in U.S. Patent 3,946,059, offer a distinct
approach and criticize procedures of the type described above. They
eliminate the production, and therefore separation, of salts formed in the
above reactions by' contacting a bis (alkylalkoxysilyl) disulfide with sulfur at



the*difficulty of the high tenperature processing and requires the initial
preparation of bis-silyl disulfides by the reaction of sulfuryl chloride
iwmth silyl mercaptans. Parker, et al., also disclosed a sonewhat
conplicated process 5 involving a phase transfer catal yst and an aqueous
phase (U.S. Patent 5,405,985). Wile the possibility m ght appear to exi st
that cormercial forns of alkali netal sulfides, e.g., sodiumtetrasulfide,
coul d be enployed, this would not be practi4al. The comercial forns of
sodiumtetrasul fide include 10 water which nust be conpletely renoved
prior to contact wth the al koxylates. If water is present, the alkoxide is
hydrol yzed andaatempiaraidreMemmlmﬁéranidsZGOﬁOred' hisﬁpmcedh're d’\d?ile\teneaddset al .

teach in U S. 640, 832 t f _sodi Lt hyd
ulfide this MRAEoy Honeioh s néfeﬁ?ﬁréaﬁ%c‘éa@‘é. redyesabpngal "

Reaction tenpepal rﬁﬁoﬂr%f bis-§i $ a)‘ Hﬁufd’é&rb BnQSf SutYi dwiorlcﬁe' with il
exanple, the r |on IS pre run ‘at r to [err ese

t enper at ur es, tﬁmrcapﬂamsulﬁ’ar&es etrai aisu disclosed @ smemdiabcempg;cated process
appropriate,reaction vessel er i costl al | oys ugi hum and
magnesi um Pe HYQ @Oph%ge rgn§ é&’%@"&l%&?ﬂ eav$ asgduaé Fad et ys,
the prior art gaﬂ] aIIy found the use of hydrogen sulfide gas, the
separation of sbditm hI oride and the preparation of netal al koxylates to

be problematic in the preparation of sulfur-containing organosilicon
ot eh et T ciant 'y 2ol FECBoSOR Y IBlabt ABBSar To GRST Bush COBeRal PRDSRT on
g;oghﬁfﬁrﬁ proéﬁ‘éﬁ Mbtat Sufiidet! B35, ddHfish elidsafidk! cobdd empldfed; itkisds based
would not be practical. The commercial forms of sodium tetrasulfide include
10 water which must be completely removed prior to contact with the
alkoxylates. If water is present, the alkoxide is hydrolyzed and a
polysiloxane polymer is formed. And, while Bittner, et al. teach in U.S.
Patent 4,640,832, the reaction of sodium salts with hydrogen sulfide, this
route has certain economic and practical limitations. Reaction temperatures
15 are high; for formation of Na,S; or Na,S,, for example, the reaction is
preferably run at 340° to 360°C. At these temperatures, the polysulfides
are corrosive so that choosing an appropriate reaction vessel is imperative;
costly alloys of aluminum and magnesium are suggested, as is the use of

glassy carbon.

20 ~ Thus, the prior art has typically found the use of hydrogen sulfide
gas, the separation of sodium chloride and the preparation of metal
alkoxylates to be problematic in the preparation of sulfur-containing
organosilicon compounds, and did not recognize that there was possible a
reaction scheme which efficiently and effectively combines all of them. The

25 invention provides a process which combines these and still obtains high
yields based on suilfur.



Sumvary of the Invention It is an object of the invention to provide

| mproved processes for preparing sul fur-containing organosilicon conpounds
wseful as coupling agents in vul cani zabl e rubbers. 5 It is a further
- Object of a preferred aspect of the invention to provide inproved processes
for preparing [err] (trialkoxysilylalkyl) polysulfides useful in the
preparation of a variety of rubber products, specifically including
lowrolling-resistance tires. It is a furthé and nore speci fic object of
the invention to prepare 10 3,3 -bis (triethoxysilylpropyl)tetrasulfide
economcally in high yield. These and other objects are achi eved by the

i nventi on whi chSpmmareef thedmeerstiofh or preparing sil ane pol ysul fi des,
conprising: (a) contacting hydrogen sulfide gas with an active netal.

al koxi de sol ution; 15 (b) reacting elenental sulfur with the product

of step (a); and (C)lt i ﬁtd tthEthBrlﬁ\ﬂéiﬁibnotF ﬁfb@ﬂ iRpr %éﬁ'\gf}oc%ssss for and in

hal ohydr ocar byl al koxysi ['ane”of the fornu err] err
whi ch 25 preparing [salfuf-costaining ldcganagilnon cimpounds! usefubas cmupimg or

rom, | 6 o ceeRiR s PHiSHE Ftieii ng S to B carbon Atoms, of &
straight or branched chain al kyl nercapto group with 1 to 8
5 ' It is a further object of a preferred aspect of the invention to provide
improved processes for preparing Q,Q’-bis (trialkoxysilylalkyl) polysulfides
useful in the preparation of a variety of rubber products, specifically

including low-rolling-resistance tires.

it is a further and more specific object of the invention to prepare
10  3,3-bis (triethoxysilylpropyi)tetrasuifide economically in high yield.

These and other objects are achieved by the invention which
provides a process for preparing silane polysulfides, comprising:
(a) contacting hydrogen suifide gas with an active metal alkoxide
solution;
15 (b) reacting elemental suifur with the product of step (a); and
(c) reacting the product of step (B) with a
halohydrocarbylalkoxysilane of the formula Q—R —X

in which Qis
R! R' R?
20 / -/ /
—Si—R' —S8i—R?, — Si —R?
\ \ \
R? R? R?
and in which
25 R' is an alkyl group of 1 to 4 carbon atoms or phenyl, and

R? is an alkoxy group with 1 to 8, preferably 1 to 4, carbon
atoms,



carbon atons, wherein the various [err] and [err] groups can be the sane or

5 different, Ris a divalent hydrocarbyl group including 1 to
18 carbon atons, and X is a hal ogen, to produce a conpound of the formula
[err] 10 in which Qand R are as defined above, and n is an integer

of from2 to 9, preferably from3 to 5. The reaction m xture can contain a
nunber of conpounds neeting this fornula, and the average can be a
fractional nunber. In an alternate embodi meft, the process conbi nes steps
(b) and (c) 15 and conprises reacting the product of step (a) with a
slurried mxture of elenmental sulfur and a hal ohydrocar byl al koxysi | ane of
the formula Q- R- Xto a)bvdoalkpmgp@rwmuqiegﬁ/to Suiearkoroatams,)ora&d n are

as defined above. In a preferred enbodipent. the product is 3,3 -bjs
(triethoxysilyl- 20 pr oﬁge}fa)'g?‘e?'rB@&Fﬁ?@ha%ﬁa‘xﬁ?{%(f%?‘}%e‘”ﬁ%Mﬂ 8 [err]
and is prepared by: (a) c&ibafldtdsan ethanol solution of sodium ethoxylate
wi th hydrogen sul fide gas to produce a solution_ of Na2S, (b) adding

el enmental sulfur to the swhensirthevanaesR' mandR? graupst canubeitbe same or f or m

25 Na234, %nd addi ng [ezﬁii}f to,the resultling reacting m xture and carrying
the reactioff to conpleti .eﬁm'ernatively, it is prepared by contacting an

= ol uti on of sodi um sul g™ Sualet Bydiocari STOR Ihchucing CIgT8 combdi Nt <o
produced in a slurry withatemsy@ndal sul fur and
X is a halogen,
to produce a compound of the formula Q—R~—S§,— R —Q
10 in which Q and R are as defined above, and n is an integer of from 2
to 9, preferably from 3 to 5. The reaction mixture can contain a number of
compounds meeting this formula, and the average can be a fractional

number.

In an alternate embodiment, the process combines steps (b) and (c)
156 and comprises reacting the p'roduct of step (a) with a slurried mixture of
elemental sulfur and a halohydrocarbylalkoxysilane.of the formula Q — R
— X to obtain the product Q —~ R—§,— R — Q, where Q, R, X and n
are as defined above.

In a preferred embodiment, the product is 3,3'-bis (triethoxysilyl-
20 propyl) tetrasulfide, represented by the formula
(C2H50)38i(CH2)3-34-(CH2)3Si(0C2H5)3,

and is prepared by: (a) contacting an ethanol solution of sodium ethoxylate
with hydrogen sulfide gas to produce a solution of Na,S, (b) adding
elemental sulfur to the solution of Na,S in an amount sufficient to form

25 Na,S,, and adding CI(CH,),Si(OC,H,), to the resultling reacting mixture and
carrying the reaction to completion. Alternatively, it is prepared by
contacting an ethanol solution of sodium ethoxylate with hydrogen sulfide
gas to produce a solution of sodium sulfide, and then reacting the
intermediate product so produced in a slurry with elemental sulfur and



7 [err] and carrying the reaction to conpletion. By the use of either

enbodi nent of the invention, silane polysulfides of high quality are
prepared efficiently and in good yield. 5 Al'l parts and percentages
in this description are on a weight basis and are based on the wei ght of
the conposition at the referenced stage of processing. Detail ed Description
The invention, which relates to the preparation of sulfur-containing 10
organosi | i con conpounds useful for a variety of purposes, especially as
coupling agents in vul cani zabl e rubbers, will be described with special
refer- ence to the preparation of a preferred class of conpounds, the [err]
(trial koxysi | yl @GK€H,),Si{OIC,bl,),fandiecarrying tiye réactior] tscompletionpd@yitie ase of

| ar ge nunber of materia

ls, 15 _including the various_polysulfides [isted
bel ow wher ei n tm@qr@mbefimpf thi Investiaaesiane pelysylfides P,? high quality age

penta, hexa, h ; dHR ' according to the foll ow ng
formul ae: bis %?%ﬁ%@?ﬁ | met ﬁyﬁgd(pgilg;ﬁ/gul fides, bis

(triethoxysilylmethyl) polysulfides, bis (dinethylethoxysilylmnmethyl)

olysul fides, bis (trijpropoxy- 20 silylnethyl) palysul fides, bis .
o but oy e y 't /M) BRGE A peraeatages i dhis: dRscriBiigh & An @ wajoht basis

L%, i B AR FOOE AL ek St e g

pol ysul fides; 3Jordcessiag(tri nmet hoxysilyl propyl) polysulfides, 3,3 -bis 25
(triethoxysilylpropyl) polysulfides, 3,3 -bis (dinethylethoxysilylpropyl)
pol ysulfides, 3,3 -bis (tripropoxysilylpropyl) polysulfides, 3,3 -bis
(tributoxysilylpropyl) polysulfides, 3,3 -bis (tripentoxysilylpropyl)
pol ysul fi des,

Detailed Description

The invention, which relates to the preparation of sulfur-containing
10 organosilicon compounds useful for a variety of purposes, especially as
coupling agents in vulcanizable rubbers, will be described with special refer-
ence to the preparation of a preferred class of compounds, the Q,Q’-bis
(trialkoxysilylalkyl) polysulfides.

Among this class of compounds are a large number of materials,
15 including the various polysulfides listed below wherein the term polysulfide
includes all of the di, tri, tetra, penta, hexa, hepta, octa, and nona-sulfides
according to the following formulae:
bis (trimethoxysilylmethyl) polysulfides, bis (triethoxysilylmethyl)
polysuifides, bis (dimethylethoxysilylmethyl) polysulfides, bis (tripropoxy-
20 silylmethyl) polysulfides, bis (tributoxysilylmethyl) polysulfides, bis
(tripentoxy-silylmethyl) polysulfides, bis (trihexoxysilylmethyl) polysulfides,
bis (triheptoxy-silylmethyl) polysulfides, and bis (trioctyloxysilylmethyl)
polysulfides;
3,3"-bis (trimethoxysilylpropyl) polysulfides, 3,3'-bis
25 (triethoxysilylpropyl) polysulfides, 3,3’-bis (dimethylethoxysilylpropyl)
polysulfides, 3,3'-bis (tripropoxysilylpropyi) polysuifides, 3,3"-bis
(tributoxysilylpropyl) polysulfides, 3,3-bis (tripentoxysilylpropyl) polysuifides,



8 323" -bis (trihexoxysilylpropyl) polysulfides, 3,3 -bis
(triheptoxysilylpropyl) polysulfides, 3,3 -bis (trioctyloxysilylpropyl)

. pol ysul fides, and 3, 3" -bis (nethyldiethoxysilylpropyl) polysulfides;

4,4 -bis (trinmethoxysilylbutyl) polysulfides, 4,4 -bis
(triethoxysilylbutyl) 5 pol ysul fides, 4,4'-bis (dinethylethoxysilylbutyl)
pol ysul fides, 4,4"-bis (tripropoxy-silylbutyl) polysulfides, 4,4 -bis
(tributoxysilylbutyl) polysulfides, 4;4'-mf§(tripentoxysilylbutyl)

pol ysul fides, 4,4 bIS (trlhexoxyS|IbeutyI) polysulfldes 4, 4" -bis

(trlheptoxy5|lylbut R ysul fides, and 4,4'-bis trloctyloxy5|lylbutyl)
pol ysul fi des; 18,3 bls (tn exowsslylpmwl)(mlvsmﬁmy3531-91|sdérmqnt9xxsdylpmwl) des,

, 5' - bi ieth I I f '
Cai methyl ot hoxyBPVSRERE 5 -BiA GaGeYRHuailviEBev pRlystirbies, 80,8 3P y1 pentyi)
pol ysul fi des thiyldfiethiokq ﬁﬁ/’lﬁrﬁbwlpb}ﬁsgﬂﬂbﬁl ) polysulfides, 5,5 -bis
(trlpentoxyS|nypentyI) poY sulfid 55 -bis étrlhexoxy5|lylpent yl)

pol ysul fi des; and 154,4-bis (trlmetsqws&lwbuty()tpolv@q:l ides; st {4yb§e(iﬂmth9xysﬂylbutyl)

pol ysul {1925 888§ B BADHTHReAIORIA] beBBlREb! 4458 1 .

(trial koxysilyl gﬁﬁidﬂokymlglbwlj bél%ulf&é@ 4343btsbctﬁbt§tbky§ilyibvtylf Pbg)saﬁfd%

pol ysul fi des; fria yl nony ol ysu t he

10, 10" -bi s (t ruﬁi%:@@npgnmwy}bnﬁwb yaglMquules 4A4rbis ﬂaﬁas@xmlslbutyl)t hese are

it vi dual | compeoiBeh T AcBE ihdleRRloubi bR stiiGess R S 45b os
enconpassed by (th@ctg!w%il)ﬂbuﬁpfﬂdly’ﬂku%es [err]

wherein, Q R and n'aré as i ned above. As used herein, where nis
defined as Hh i nt eged,5"dig(trimetheeysilylpentyl) polysuifides; H,61bigr epar ati on the

(triethoxysilylpentyl) polysulfides. 5,5'-bis (dimethylethoxysilylpentyl)
polysulfides, 5,5'-bis (tripropoxy-silylpentyl) polysulfides, 5,5'-bis
(tripentoxysilylpentyl) polysulfides, 5,5'-bis (tripentoxysilylpentyl)
~ polysulfides, 5,5'-bis (trihexoxysilylpentyl) polysulfides; and
15 5,5-bis (triheptoxysilylpentyl) polysulfides, and 5,5-bis
(trioctyloxysilylpentyl) polysulfides.

Similarly, the 6,6'-bis (trialkoxysilylhexyl) polysulfides; the 7,7’-bis

(trialkoxysilyltheptyl) polysulifides; the 8,8'-bis (trialkoxysilyloctyl) polysuifides;

20 the 9,9'-bis (trialkoxysilylnonyl) polysulfides; the 10,10'-bis
(trialkoxysilyldecyl) polysulfides; and the isomers of these are included.
Indeed, this disclosure is meant to include, each of the individual
compounds comprised of combinations of the various groups encompassed
by the generic formula

25 Q—R~—§,—R—Q _
wherein, Q, R and n are as defined above. As used herein, where n is
defined as an integer, e.g., 4, because of the method of preparation the
formula typically describes mixtures of distinct polysulfides wherein n has a
range of values which average to 4.



formula typically describes m xtures of distinct polysul fides wherein n has
a range of values which average to 4. 9 This description illustrates the
production of the preferred conmpound, 3,3 -bis (triethoxysilylpropyl)
tetrasulfide: [err] by either enbodi ment of the process descri bed above. At
times inthe 5 follow ng description, Et is used to designate an ethyl
group and Me is used to designate a nethyl group. Preparation of the Active
Met al Al koxi de As noted above, the process &an be used to prepare a large
nunber of end products. For each of these it is necessary to start with an
active 10 netal al koxide solution, which is typically derived by

prereacting a active Mhisaesdriptionriiusteaté®the predurtivh\f thetpefertddoxi de wi | |
have the formula M- R2, wherein Mrepresents an active nmetal and [err] is

as defined abov@omnﬁﬁﬂé 343617&6\"@&9&15'%&’99@ telfagulfidg: e those of the alkali

metal group, especially sodiu Ug _ ferred is sodium
However, 15 anong the ot her %@%ﬂ’gg}%@ )3 aﬂﬁ WCM I di um and
cesi um Anong t by eithef emtdirmblpsf ﬂl'léspr@besé Hescntmdwhbove ntitivhé® #ytheet hoxy,

n- propoxy, i- propoxy, n-butoxy, i-butoxy, 2-methoxyethoxy or
2- et hoxyet hoky Wilewing deseriptios; &4ds psed t‘P degignate aaethylgrosprandiMsuis ysedy

sui tabl e organi fqag%gﬁ% gcan gf &l with the al koxide. In principle, any

pol ar organic solV r’rBl oyed that reacts with neither the
al kali or other nmetal nor with the organic silicon conmpounds to form an

undesi red byproduct. Preferably, the or%nl c solvent is a ]inear or
branched al cohol having 1 t Pre¢pasation ofithesActive MetabAlkoxide nhy|  propyl ,
butyl or pentyl alcohol, as

As noted aboVe, the process can be used to prepare a large number

of end products. For each of these it is necessary to start with an active

10 metal alkoxide solution, which is typicaily derived by prereacting a active
metal with an alcohol. The active metal alkoxide will have the formula M -
R?, wherein M represents an active metal and R? is as defined above.
Among the preferred active metals are those of the alkali metal group,
especially sodium and potassium. The most preferred is sodium. However,

16 among the other metals useful are lithium, rubidium and cesium. Among
the preferred alkoxides are those containing methoxy, ethoxy, n-propoxy, i-
propoxy, n-butoxy, i-butoxy, 2-methoxyethoxy or 2-ethoxyethoxy groups.

The prereaction, if performed, is carried out in a suitable organic
solvent compatible with the alkoxide. In principle, any polar organic solvent
20 can be employed that reacts with neither the alkali or other metal nor with
the organic silicon compounds to form an undesired byproduct.

Preferably, the organic solvent is a linear or branched alcohol having
1 to 5 carbon atoms, e.g., methyl, ethyl, propyi, butyl or pentyl alcohol, as
well as iso-propyl alcohol, iso-butyl alcohol and 2-methoxyethanol. Also
25 suitable are cycloalkyl alcohols having 5 to 8 carbon atoms, e.g.,
cyclopentyl alcohol, cyclohexyl aicohol, cycloobtyl alcohol, phenyl or benzyl
alcohol. It is useful to employ the alcohol which in each case corresponds



wel k. as iso-propyl alcohol, iso-butyl alcohol and 2-nethoxyethanol. Al so 25
sui tabl e are cycl oal kyl al cohols having 5 to 8 carbon atons, e.g.,

cycl opentyl al cohol, cycl ohexyl al cohol, cyclooctyl alcohol, phenyl or
benzyl alcohol. It is useful to-enploy the al cohol which in each case
corresponds 10 to the R2 group. In a given case, advantageously there
can al so be used a m xture of these alcoholﬁ when different [err]
groups are used in a conpound. Particularly Breferred are met hanol and

et hanol, preferably in absolute form In one preferred process, sodi um
metal is reacted with,5 ethanol to form an ethanollﬁﬁsolutlon of sodi um

et hoxyl ate. Thel@ g}g;Rf SFOR- IR @ QikenLage, agdvaptageeiply, there: can alspdayused a
sui tabl e al coho cess of
al cohol to pr odméﬁgg%ttﬁé%aﬂ%go%ee@ e\t\,ﬁéﬁl& %ﬁ?e hgﬁdl.f@',é uoleg]ng The
fol | ow ng equat compsundrrPartisufariy premrtedoare m&thanol and ethanol, prefeMUI¥IRSZH
> MR2 + 1/2 H2 TEe SOdI um or ot her | shoul d b= mai nt |ned fr

contact with noPYSQiHte foffe LADe e ff@ rogess. sadiwnHpstalds reacted dyith
descri bed bygArg rd, 28, 372-75,
1947). The pref egﬁr%ng’i\ I um et%c‘) @g{ér% l?gﬁ%ﬁ@iﬁé‘ll %"1”&'3{’8 but sl ower
than, the 15 sodi um net hoxi de reacti on. The concentration of the sodi um

et hOXI de sol uti on ma)i_ be as _| ow as about 10 wt % and as hlag its
solubility limt; be reaction of agtive,metal; €.9. o sodiumametaly 9rﬂ:§H'tt$Q{9| on of

sodi um et hoxi de a [ r ctor

Ssize are obtai ne!f%hgﬁ% Qy%:"i% o, Bﬁﬁeﬁ% |%n% o‘rﬂmggénrfré)r(é%;sl yé“%glélﬁgbl e

sodi um et hoxi de pradutiecait metalvdlkéxidd,he gHZadArhiethoxitie aboldtitox iThe fellowirigon
equation summarizes the reaction:

10 M + R?H

.(

> MR? +1/2 H,

The sodium or other metal should be maintained free of contact with
moisture. The manufacture of sodium methoxide has been described by
Arend (Arend, A. G., Perfumery Essent. Oil Record, 28, 372-75, 1947).
The preferred sodium ethoxide reaction is similar to, but slower than, the

16 sodium methoxide reaction.

The concentration of the sodium ethoxide solution may be as low as
about 10 wt % and as high as its solubility limit, which is about 25 wt % at
25°C. A high concentration of sodium ethoxide is desirable, since better
product yields for given reactor size are obtained. The typical concentration

20 for commercially-available sodium ethoxide is about 21 wt %.

The H,S-Active Metal Alkoxide Reaction

H,S (hydrogen sulfide) gas is reacted with the active metal alkoxide
(e.g., sodium ethoxide) in a suitable solvent (e.g., ethanol) to produce a
suitable active metal suifide, e.g., Na,S:
25 ' 2 MR? + H,S

> M,S +2RH



H2S=<(hydrogen sulfide) gas is reacted with the active netal al koxide (e.g.,
sodi um ethoxide) in a suitable solvent (e.g., ethanol) to produce a
suitable active netal sulfide, e.g., Na2S: [err] This reaction can be
performed in production quantities of fromabout 50 to about 5,000 pound
bat ches. Conti nuous and sem -conti nuous processes can al so be enpl oyed.
Preferably, the reaction is carried out with an excess of ethanol,
typically charging the preferred sodi um ethdlide 5 raw material as a 21 w
% solution in ethanol. The preferred reaction between hydrogen sul fide gas
and sodi um et hoxi de enploys a nolar feed ratio of the hydrogen sulfide to
t he sodi um et hoxi de dthid re@actibhecanchbe pedorineddo preduction gquantitiégscafdomrabout
sem - bat ch node._ . Fi r st f th tal al.koxide is added to.the reactor.
Then, the reactéptfoab%%éw??%@ qu%hee% gn "?%@P&ﬁ&%‘%’@t’?ﬁ‘%e f or
reaction, in th r ol d, pradsdfainR, ¢ f i out
[err] to about éﬁ%sgg%% 5!2%2)&%?@?)}]%.@. T'?]'\égf%ﬁ%égﬁ réﬁ({ﬁ?ﬁ?) dfg %égge@sfﬁ? hen
fed to the reacwith amiexceysiodgthaneltypidally cbarging the prefetred siodiuwralethoxide

typically it_will be of.the order of e hour, bu 111 var i t h,.equi pnment
2hd bat ch s Se. ray TArE ASar 21 1 oo hanab | hepréfies teaptoh, b
sulfide is in s ' ' ' i lelell €S
mmy. be present . PEHeER hyBRoRCSuINGS BB Hiid Soditi dhoRHeTomPidysd Mdd fee
until the next satipof theehydroigen,sulfide teethet sodium ethoxidei ofett2at a t enperature

bet ween about [err] and about [err] during the hydrogen sulfide addition to
avoid discolor- 20 ation. The reaction necessitates sone degree of

Co pUrge ot the Teot Conagion s bRRuGHiChl) Snductod Th e elfi bakh ode Fidt o
After the purgealitdfdhe metal alkoxide is added to the reactor. Then, the reactor
10 contents are heated to a temperature effective for reaction, in the preferred
case discussed, within the range of from about 40° to about 50°C, e.g.,
about 50°C. The hydrogen sulfide gas is then fed to the reactor. The
hydrogen sulfide feed rate is not critical, typically it will be of the order of
one hour, but will vary with equipment and batch size. At the end of the
16 reaction, most of the active metal sulfide is in solution. However, some
solid active metal sulfide particles may be present. In general, it is

desirable to keep the system agitated until the next step.

Preferably, the reactor is maintained at a temperature between about

40° and about 60°C during the hydrogen sulfide addition to avoid discolor-
20 ation. The reaction necessitates some degree of cooling. After the

hydrogen sulfide addition is completed, it is desirable to purge out the feed

conduit with nitrogen to prevent draw back of liquid. After the purge, the

kettle is preferably cooled, e.g., to about 25°C, and then vented to

atmospheric pressure through a reflux condenser to trap out any ethanol
25 vapors while maintaining the kettle blanketed with nitrogen gas.

The system is preferably equipped with a scrubber or absorber for
capturing hydrogen sulfide emissions. Strong sodium hydroxide is a good
scrubbing medium. The reaction is preferably conducted in a mechanically-



kettle is preferably cooled, e.g., to about [err], and then vented to

at nospheric pressure through a reflux condenser to trap out any ethanol 25
vapors while maintaining the kettle blanketed with nitrogen gas. The system
is preferably equipped with a scrubber or absorber for capturing hydrogen
sul fide em ssions. Strong sodium hydroxide is a good scrubbing medium The
reaction is preferably conducted in a nechanically- 12 agitated kettle
to assure good gas-liquid mxing to facilitl®e the reaction of the hydrogen
sulfide with the active netal al koxi de. The hydrogen sulfide gas is
desirably fed subnatantly via a di ptube or gas sparger |ocated near or
preferably bel agitated keftleabassufe good gassiquid mmrlgttDWabmtatermlme reandtionTdfe

d d t I f hydro | fid f t t al
a1 Kox de. i ¢ h 186 FyEragaraide WkCH eI aNBRAKINIS ad Nedaicrpann sulidg -
bout +3% Sulf

ﬁyglrjogen sul :‘Jl sr egfé'ts?rgﬁ& %@g%dﬁ%f%ﬂtmé% 8@1e reagkg%gj%n?%lhreéte?g%%ol ed,

e.g., to about drqrreierabllyebelowltheragltatoeferabl y in powdered form is added to
the reactor in an anount sufficient to formthe desired active netal

pol ysul fide. When the sul fur addition I's conplete the reactor is reheated,
e.g., to abgut [err] d,

mai nt ai ned gt at m)s tgﬁ*gzdrﬁ%e sure€ under Ta@ng ?ige@;&e% anﬁﬁfwg%%r t he
preparation of hydesgen selfide peritwdemblesrof amtive metal hlldmde tweitha| preferased
ratio of sulfur to SOdI ul fide s 49} bgt ca rled as needed to
obtai n pol ysul ﬁ%ﬂ?%&@fhﬁ(ﬁ?g?’&sy g1 3dstition Being fhe heating, the
foll owi ng reaction preferably occurs in this errbodl rrent of the process:
Na2S + 3S > Na24

Sulfur Addition and Reaction

In one embodiment, after the hydrogen sulfide reaction is completed,
10  the reaction mixture is cooled, e.g., to about 25°, then sulfur, preferably in
~ powdered form, is added to the reactor in an amount sufficient to form the
desired active mefal polysulfide. When the sulfur addition is complete the
reactor is reheated, e.g., to about 45°C. During this period, the system is
preferably maintained at atmospheric pressure under a nitrogen blanket.
16 For the preparation of sodium tetrasulfide from sodium sulfide, the molar
feed ratio of sulfur to sodium suilfide is 3:1, but can be varied as needed to
obtain polysulfides having 2 to 9 suifur atoms. During the heating, the
following reaction preferably occurs in this embodiment of the process:
Na,S + 38 > Na,S,

20 It is preferred to maintain agitation in the reactor after the sulfur
addition, sufficient to insure solubilization and reaction. [t is also preferred,
during and after the suifur addition, to keep air out of the keftle to avoid
oxidation which may contribute to a darkening of product color.



20 < It is preferred to maintain agitation in the reactor after the
sul fur addition, sufficient to insure solubilization and reaction. It is

al so preferred, during and after the sulfur addition, to keep air out of
the kettle to avoid oxidation which may contribute to a darkeni ng of
product col or. 13 Hal ohydrocarbyl tri al koxysi | ane Both enbodi nents of the
process of the invention enploy a hal ohydrocarbyltrial koxysilane. These
conpounds neet the general fornmula Q- R - ¥3i n” whi ch Q and R are as
defined above and X is a halogen, 5 typically chlorine, but brom ne,

I odi ne and fluorine conmpounds can be effective. In this formula, and
therefore also in the final prodialohydrecanpyltriatkoxysitaneup R signifies

met hyl ene as well as preferably n-propyl ene, i-butylene, or n-butylene, but
can al so be n-pentyl ene, 2-nethyl butyl ene, 3- nethyl butyl ene,

1, 3-di met hyl propy! e”BotH’erB@ﬂhﬁéﬁts éFthe 3&6€éfé§8ﬁthe1i9ventlon ehpiyplrati ve
corrpounds within fornmula Q - - are chl oropropyl -tri et hoxysi | ane,

3- br onopr opyl t rhebhydmrmdmalkaxysdmt Ebem cnmwngsmeetethe general formula

3-chl | t h th |
3- ghl 8; gp:)(r)g)}:/)yl —T OX %ﬁ’é@hé and &3 op o cﬂgx'SI ﬁQ@BEPi ane,
4-chl oro- butgyl t fy P@f\‘féﬁr‘iéﬂlﬁﬁ bromine, u@dlh@%?i?ﬂl\idﬂr@ MBB&M@Q%@W& | ane,

3-brono-i - butyl-trle hoxysi I ane, 3-

chl or opr opyl di rreffmtm plnethlg/fqmmlgfland theeefoae @Hﬂmn’tﬂhedinﬂl-product the
ethoxynethylet |Ia 5-ch ent |ethox ycl o |SI ane,

br omo- pr opy!| d| &%9 &?995 'Pg e&eo?ﬁ)“éﬁ as pn%?e ly n- propylene
met hyl propyl di nﬁb&«}l@hecwlrpseméns 'bﬁﬂéan%ls“é‘berrpﬁéﬁ@léd@ %ﬁﬁmlyl@oty%e 3-

met hoxyet hoxy-si ['ane, 3-chl oropropyl - di but oxymet | ane,
_br onopr opyl phe nmetﬂxglhluhy(aﬂeo)dy&-diraamylmopyleoeplp-rmpylenet or nbdaamnéa -

10 lllustrative corﬁpounds within formula Q — R — X are 3-
chloropropyl-triethoxysilane, 3-bromopropyltriethoxysilane,
chloromethyltrimethoxysilane, 3-chloropropyltrimethoxysilane, 3-
chloropropyldiethoxymethyisilane, 3-chloro-propyicyclohexoxydimethyisilane,
4-bromobutyldiethoxybenzyisilane, 4-chloro-butyltrimethoxysilane, 5-

1§ chloropentyldimethoxyphenyisilane, 3-bromo-i-butyl-triethoxysilane, 3-
chloropropyldimethoxy-p-ethylphenyisilane, 3-chloropropyl-
ethoxymethylethylsilane, 5-chloro-n-pentyidiethoxycyclopentylsilane, 3-
bromo-propyldimethoxycyclopentoxysilane, 3-bromo-2-
methylpropyldimethoxy-cyclooctyisilane, 3-chloropropyldiethoxy-2-

20 methoxyethoxy-silane, 3-chloropropyi-dibutoxymethyisilane, 3-
bromopropylphenyloxydimethoxysilane, 3-chloropropyi-di-i~-butoxy-2-
methylphenysilane, 4-chlorobutyldimethoxybenzyloxysilane,

- 3-chloropropyitributoxysilane, 3-chloropropyldiethoxyamyisilane, and
3-chloropropyldiethoxy-p-methylphenyisilane.

25 Again here, as in the case of the inclusion of compounds meeting the
definition of the formula for the end products, this disclosure is meant to
include each of the individual compounds comprised of combinations of the



met Ryl phenysi | ane, 4-chl or obut yl di met hoxybenzyl oxysi | ane,

3-chl oropropyl tribut oxysil ane, 3-chl oropropyl di et hoxyanyl sil ane, and

3-chl oropr opyl di et hoxy- p- net hyl phenyl si | ane. 25 Again here, as in

t he case of the inclusion of conpounds neeting the definition of the
formula for the end products, this disclosure is neant to include each of

t he individual conpounds conprised of conbinations of the 14 vari ous
groups enconpassed by the generic formula Q% R- Xinwhich Q Rand X are
as defined above. In the first enbodi rent of the invention, a

hal ohydrocarbyl tri al koxysilane is reacted with the sodi um pol ysul fide
formed 5 as desuyalipusi gegipseencampassess by thaigeaeric H3rmuia £ entfddi-rénin, which
chloroalkyIaIko§g§%IaH§£is react ddmgklthe sodi um pol ysul fide. The

chl oroal kyl sil a an aﬁ?lraé 0§ oﬁ’reepar ed according to any of the
techni ques avail able to those of ordinary skill in the art. One preferred
practice is to prepare it by transesterification of [err] 10 Alternatively,
t he met hoxy ester caln the firgblepykatiiment of thesinvention,sa

tri met hoxyal ko Il ane Q | fide. and thi ct t hen
(conl/er t edx%/o t hﬁgmarc’%fgﬂ 'éﬂgqulégﬁ'& @%@%ﬁ@bﬁggﬁqﬁﬂ%ﬁ%@ I%!“ed
Using this pgocagdidederibed abovan IR% preteréd formy of fisis Embodieriti 89
transesterification reaction, typically at a tenperature of from about

[err] to about Fhlorgalkylalkexysiiapedsireagtedswith theisodiym polysulfideo Phen
para- t ol uenesul g Sai@kTing Sif be BUrensSaFbl BReparelstBIdiRY Yo dHy &Pine
techniques available to those of ordinary skill in the art. One preferred

practice is to prepare it by transesterification of Cl(CH,);Si(OMe),.
10
Alternatively, the methoxy ester can be employed to form 3,3'- bis
(trimethoxyalkoxysilane) polysulfide, and this product can then be converted
to the ethyl or higher ester by trénsesteriﬂcation in situ.

Using this procedure, Cli(CH,),Si(OEt), can be prepared by the
16 following transesterification reaction, typically at a temperature of from
about 70° to about 100°C and atmospheric pressure using about 2000 ppm
para-toluenesulfonic acid:
CI(CH,),Si(OMe), + 3 EtOH

> Cl(CH,),;Si(OEt), + 3 MeOH

This reaction is preferably run by continuously feeding ethanol while
20 removing by-product methanol from the system to drive the equilibrium
toward chloropropyltriethoxysilane. The reaction can conveniently begin at
atmospheric pressure and reflux temperatures, i.e., a pot temperature of
from about 80° to about 100°C. At the end of the reaction, the excess
ethanol can be stripped off using vacuum and a somewhat higher
25 temperature. A typical final condition for the ethanol strip would be a
temperature of about 120°C and a pressure of about 100 mm Hg.



20 «<renovi ng by-product nmethanol fromthe systemto drive the equilibrium
toward chl oropropyltriethoxysilane. The reaction can conveniently begin at
at nospheric pressure and reflux tenperatures, i.e., a pot tenperature of
fromabout [err] to about [err]. At the end of the reaction, the excess

et hanol can be stripped off using vacuum and a somewhat hi gher 25
tenperature. A typical final condition for the ethanol strip would be a
temperature of about [err] and a pressure oflSabout 100 mm Hg. 15
Reaction of Active Metal Polysulfide with Hal ohydrocarbyltrial koxysilane In
the first enmbodi nent, the active netal polysulfide forned by reacting the
sodi um sul fide wi th sul fur iReaetiohaf Active MetabPolysuifide with

hal ohydrocar byl tri al koxysi |l ane. The feed of hal ohydrocarbyltrial koxysil ane
(preferably, chloroalkyltrial koxV?ﬁ?WCFBbY W%ﬁ?ﬁ?"?s preferably
started as soon as a tenperature of about [err] is reached after the sulfur
addi ti onas descri bed above. The preferred reaction is: [err] 10 Sul fur
and Hal ohydr ocar byl t ringhé& dixstserhbodim; theoactivedmBesl alysulfide formadt by nat e
process of the inventign, a, halohydrocarbyltrial koxysilape described above
i's reacted with féasting the,sodiym ﬁﬂég%&@'\/%‘lﬂﬁﬁt'ﬁlre%q’tﬁék‘!"ﬁbaﬁ epared above in

one step. Thg agi] Al i de s Ut ' : :
el enent al su?f u?ﬁl%ﬁ&%yﬁ%ﬁ%ﬂé&?@%.aﬁﬁ Eﬁﬁ?oéﬁg@ﬁg%@p ei?dtwe{pékkﬁg&ﬂ{/aé‘ re ogen
sul fide adg iti oE(pmf]elraqu?Hlfoallqlltﬂalkpkﬂiladg) tdﬂg'lief st orois ;lrrbferablgfstartedidsed,
e.g., to about [err], and the solution to js.added to a slurry of Jerr] at
around [err] to Y00frgs a{pmperatyes P} BEWEQQ éqng’legta@errtgpés fb'ﬁ]?@h?lﬂ"@ﬁe
W th the heat  gegcribed above. The preferred reaction is:

2 CI(CH,),Si(OEt), + N,2S, > (EtO),Si(CH,);S,-(CH,),Si(OEt),

10 Sulfur and Halohydrocarbyitrialkoxysilane Addition and Reaction

In an alternate process of the invention, a
halohydrocarbyitrialkoxysilane described above is reacted with sulfur and
the H2S-active metal alkoxide prepared above in one step. The active
metal sulfide solution is added to a slurry of elemental sulfur in the

16 halohydrocarbylalkoxysilane. After the hydrogen sulfide addition and
reaction is completed, the reaction mixture is cooled, e.g., to about 25°C,
and the solution to is added to a slurry of S/CI(CH,),Si(OEt), at around
40°to 45°C, until addition is complete, at a rate commensurate with the heat
removal capability of the reactor. In laboratory glassware, this may require

20 from about 1 to 3 hours. When the addition is complete, the reactor is
preferably heated to about 80°C and held at reflux for a suitable time, i.e.,
from about 1 to 3 hours, typically about 1.5 hours. it is preferred to
maintain agitation in the reactor to insure solubilization and reaction, and to
maintain in suspension the salt particles formed during the reaction. During

25 this period, the system is preferably maintained at atmospheric pressure
under a nitrogen blanket, to keep air out of the kettle to avoid oxidation
which may contribute to a darkening of product color. After this reflux
period, the reactor is immediately cooled, i.e., to about 25°C.



remeval .capability of the reactor. In |aboratory glassware, this my
require 20 fromabout 1 to 3 hours. Wen the addition is conplete, the
reactor is preferably heated to about [err] and held at reflux for a
suitable tine, i.e., fromabout 1 to 3 hours, typically about 1.5 hours. It
Is preferred to maintain agitation in the reactor to insure solubilization
and reaction, and to maintain in suspension the salt particles forned
during the reaction. During 25 this periodﬁethe systemis preferably

mai nt ai ned at at nospheric pressure under a nitrogen bl anket, to keep air
out of the kettle to avoid oxidation which may contribute to a darkening of
product color. After this reflux period the reactor is imedi ately cool ed,
i.e., to about [err] duct. the desired reaction

f
is: Na2S + For the Pfe’%é{ﬁf’ ﬁgstaﬁ\%gesxpec? red¢flon §act i ons enpl oyed
in either enbodigrd +03 gjyczecy( SﬂUEﬁtg produst (E{m k@gztah%@tggg S%Et)

the preferred reacilons sodi um @Rl ori de sal t produc din fur and
chloropropyl-trlethoxy3|Iane addition step can be renoved by filtering or
centrifuging. If filtration is used, hg g‘j{iﬁ ﬁo e size should be about
[err]. Typically, no filter aid is nec€ §' P¥8%e the 10 average particle
size is fairly large, but one can be enployed if needed. If centrifuging is
enpl oyed, a basket or continuous scroll-type device can be enpl oyed. The
resulting fidtercakeThel neacﬁmaemmwddma&ithercgmmcpinmuarodm thendesired

Solvent Si 11 p TR ADGCaIsh Brodlis sai U ik ordieded Teattins: sphig cplaride
detri ment al salt produced in the sulfur and chloropropyl-triethoxysilane addition step can
be removed by filtering or centrifuging. If filtration is used, the media pore
size should be about 5u. Typically, no filter aid is necessary since the
10 average particle size is fairly large, but one can be employed if needed. if
centrifuging is employed, a basket or continuous scroll-type device can be

employed.

The resulting filtercake will contain residual liquid product and can be
washed, e.g., with ethanol to improve overall product yieid.

16 Solvent Strip

The process preferably includes a step of stripping off detrimental
levels of solvent, preferably reducing the solvent concentration to less than
about 5% by weight. In the preferred process embodiments as described
above, assuming an ethanol wash has not been used, the crude product

20 contains about 60 wt % ethanol. Stripping, preferably in a single stage, can
be employed to yield a product containing less than about 2 wt % ethanol.
One suitable stripping technique is batch stripping of the crude material in a
reactor, e.g., to a final condition of 100°C and 50 mm Hg absolute pressure.
A small quantity of salt may precipitate out during the ethanol strip, and it is

25 preferred to subject the product to a final filtration as necessary to remove
this.



| evel s of solvent, preferably reducing the solvent concentration to |ess

t han about 5% by weight. In the preferred process enbodi nents as descri bed
above, assum ng an et hanol wash has not been used, the crude product 20
contains about 60 wt % ethanol. Stripping, preferably in a single stage,
can be enployed to yield a product containing |less than about 2 wt %

et hanol. One suitable stripping technique is_batch stripping of the crude

material in a reactor, e.g., to a final condi’ti on of [err] and 50 nm Hg
absol ute pressure. A small quantity of salt may precipitate out during the
ethanol strip, and it is 25 preferred to subject the product to a final
filtration as necessary to renpve this. EXAWL@@\I\/PLES The fol | ow ng
exanpl es are presented for the purpose of further illus- trating and

expl aining the invention, and are not to be taken as limting in any

regard. Unl ess ot her ufifeetdliodinpefiimpRsl ariresented P tite pLATSS® of Rirfher e
n

on the weight of the conponents at the indicated stage of &oces_syr]g. i
Exanpl e 1 This 4&elinglandiexplaining therinventipa,rand are oet imbegakenr asdimiting in

Fesul't, 10 sodtiin ERRE SERELOBRNER b, 30t nd BRrdHifiede: oK) 1 1'ac.
Preparation §f BagdedrorEHeoweiitht bf tife eBMpdheitsiatsthecindicated st with a
feed funnel, a reflux colum, a fritted gl ass sparge tube and thernoneter,

17.0 granms of dPJoeRssingn chunks were added. Then, the reactor and the
colum were purged 15 with N2 for >5 mnutes. Then, 227.4 grans of ethanol
were charged into :

Example 1
This example describes the preparation of the preferred end product,

3,3'- bis (triethoxysilylpropyl) tetrasulfide. To accomplish this resuit,
10 sodium ethoxide was prepared fresh, as was sodium tetrasulfide.

Preparation of Sodium Ethoxide

To a 500 ml glass reactor equipped with a feed funnel, a reflux
column, a fritted glass sparge tube and thermometer, 17.0 grams of dry
sodium chunks were added. Then, the reactor and the column were purged

15  with N, for >5 minutes. Then, 227.4 grams of ethanol were charged into
the feed funnel. During this step, the ethanol was added slowly enough to
prevent the sodium from melting. After 85 minutes, all of the sodium was
dissolved and the reactor was cooled from about 80°C to about 40°C for
the next step.

20 H,S Reaction with Sodium Ethoxide

Addition of hydrogen sulfide gas was started through a fritted glass
sparge tube. The reaction was run with vigorous agitation during sparge.



the:feed funnel. During this step, the ethanol was added slowy enough to
prevent the sodiumfromnelting. After 85 mnutes, all of the sodi um was

di ssol ved and the reactor was cooled fromabout [err] to about [err] for
the next step. 20 [err] Reaction wi th Sodi um Et hoxi de Addition of hydrogen
sul fide gas was started through a fritted gl ass sparge tube. The reaction
was run with vigorous agitation during spar 18 During a feed tinme of
about 54 mnutes, 10.31 grans of hydrogen églflde gas was fed to the
reactor. Preparation of Na2S4 Foll ow ng the above reaction, the reactor was

cooled to [err]. The 5 reactor contents were water V\:hlt? gorre und| ssol ved
Na2S wer e presQHf'ngT% feed dimecgtabeiit $4 minutesyd.-Hqgrams of hy

subl i med sul fur ature was [err]. After suI fur addltlon,

t he reactor corcnx[aents !ur neg{daer%{?ﬁl color. The reactor was sparged with N2
for 6 mnutes to rermve any entrained air. The reactor was then heated to
10 reflux, i.e,, [err]. Heat up tinme fromJ[err] to [err] was 13 m nutes.
Preparation of mﬁpaﬁﬂﬁﬁ)ﬂfl’!ﬁﬁet hoxysi | ane Chl or opropyl tri net hoxysi | ane was
separately transesterified to the ethyl ester, chloropropyltriethoxysilane,
inalliter glass reactor equipped with a heatlng mantl e, thernoneter,

et hanol addition furRoHbwinglthe abéverysactiohpthe redttol waetoebl@i w535 datehaw
colum. This colum shoul d have at | east about 3 theoret % trays. The

react or was®i nifGREIPr goplents,werqwateswhites Jpmeding \Wgre present.
tri met hoxysilane, 1.05 grans of p-toluenesulfonic aci d (2000 ppm, and 130

To this reaction mixture was added 29.12 grams of sublimed sulfur.
The reactor temperature was 25°C. After sulfur addition, the reactor
contents turned dark in color. The reactor was sparged with N2 for 6
minutes to remove any entrained air. The reactor was then heated to
10 reflux, i.e., 78-82°C. Heat up time from 25° to 82°C was 13 minutes.

Preparation of Chloropropyltriethoxysilane

Chloropropyltrimethoxysilane was separately transesterified to the
ethyl ester, chloropropyltriethoxysilane, in a 1 liter glass reactor equipped
with a heating mantle, thermometer, ethanol addition funnel and a 5 tray, 1
15 inch diameter glass Oldershaw column. This column should have at least
about 3 theoretical trays.

The reactor was initially charged with 527.15 grams of chloropropyl-
trimethoxysilane, 1.05 grams of p-toluenesulfonic acid (2000 ppm), and 130
grams of ethanol. During the first part of the reaction the reactor

20 temperature was run in the range 80°-90°C. Then the ethanol feedrate was
cut back and the reactor was run at 98°-115°C, to help drive MeOH out of
the reactor. A reflux ratio of about 8:1 was used for the entire run. The
ethanol usage was 2.3 times the theoretical amount. The reaction was run
for about 8.9 hours, over a two day period. High temperature (111°C) at

25 the end of the run helped assure a relatively low residual ethanol



grams of ethanol. During the first part of the reaction the reactor 20
tenperature was run in the range [err]. Then the ethanol feedrate was cut
back and the reactor was run at [err], to help drive MeCH out of the
reactor. Areflux ratio of about 8:1 was used for the entire run. The

et hanol usage was 2.3 tinmes the theoretical anount. The reaction was run
for about 8.9 hours, over a two day period. H gh tenperature [err] at 25
the end of the run hel ped assure a relative 9 | ow residual ethanol | 19
concentration, i.e., 6.7% This material could be vacuum stripped to reduce
the ethanol further. PRODUCT ANALYSI S BY GAS CHROVATOGRAPHY Et hanol

6.7 area %5  concentration, i.e., 6.7%l oFhismoateriat coulgly beatacomys stripped to 1. 02

area % Chl oropropyl tr.i et%klg e] 90.7 area %

Chl or opropyl tri ﬂé%' P%Eﬁrvm th Na2S4 The

chl oropropyl triethoxysilane made fromtransesterificaation of the
correspondi ng nethyl ester was used as the raw material to make 3,3'- 10
blhls(t rial koT%/s! I %/Ihpr op_yrRQEUGH'MNMQ’.SbIS BYABAS ggRC?I?AQ;Dh@RWYtSf t he

chl oropropyl triethoxysil ane prgpared above was added to the i tiop
funnel . Chloropropyltriet hoxyséﬁ!ﬁﬁ@?addi tion was begun when gﬁdape@a& or

tarted t flux. Thi t d t
started to rgfl ux is reac |§P|Wr@ggﬁg@b§ﬂggﬂgﬁ%}ﬁé i od1Qj2 4Rau es

Recovery of Product 15 he materi a
the reactor was red with orangEhkreprapytdethokysianeThe systeerWaYsateii% at
reflux for 1.5 hours. The reactor was cooled to [err] and held overni ght
for filtration. The

Chloropropyltriethoxysile Reaction with Na,S,

The chloropropyiltriethoxysilane made from transesterificaation of the
corresponding methyl ester was used as the raw material to make 3,3'-

10  bis(trialkoxysilylpropyl)tetrasuifide. A charge of 145.97 grams of the
chloropropyitriethoxysilane prepared above was added to the addition
funnel. Chioropropyitriethoxysilane addition was begun when the reactor
started to reflux. This reaction was conducted over a period of 46 minutes.

Recovery of Product

15 At the end of the reaction, the material in the reactor was red with
orange suspended solids. The system was held at refiux for 1.5 hours.
The reactor was cooled to 25°C and held overnight for filtration. The
reactor contents were filtered through a pressure filter equipped with a
0.25p fitter pad. The filter cake was washed with 635 grams of acetone and
20 dried overnight. The product was then ethanol stripped by charging 318.54
of filtrate to the reactor, and applying a vacuum to 100 mm Hg.

Finally, the reactor contents from the strip step were fiitered through
a 0.25y filter pad to yield 143.39 grams of product. The product was
analyzed by gas chromatography (GC) for % sulfur, solvent pH, sodium
25 concentration, and color (GVS), with the following results:



reactor contents were filtered through a pressure filter equipped with a
[err] filter pad. The filter cake was washed with 635 grans of acetone and
20 dried overnight. The product was then ethanol stripped by charging
318.54 of filtrate to the reactor, and applying a vacuumto 100 nmm Hg.
Finally, the reactor contents fromthe strip step were filtered through a
[err] filter pad to yield 143.39 grans of piaduct. The product was anal yzed
by gas chromat ography (GC) for % sul fur, sofvent pH, sodium 25

concentration, and color (GVS), with the follow ng results: 20 CGC

Anal ysi s of Product Sanple Conponent Area% [err]

Chl or opropyl tri et hoxysi |l ane GC Analysisqf Broduct Sample

3- Mer capt opropyl tri et hoxysi |l ane 1.3 3-Sul fur Product

26 4-Sul fur Product 68. 6 The product contained 22.4%
sul fur and 0.26 ppm sodium Thegompysent PH was 6.3 and the c@rgasf GVS) was
rated 10-11. 10 Exanpl e 2 This exanple

illustrates an alternate Et@Parati on of the preferred end proddét, 3,3'-
bis (triethoxysilyl propyl etrasulfide. [.err] Reaction with %i)um

Et hoxi de Sodi um et hoxi de orﬁp@%tgaﬁp?%éﬁngls described in E&(g le 1 15
above. Additgon of hydroggiMeridptéitopAtrietRsxysilanéed through g gritted gl ass

sparge tube as described above. During a feed tinme of just under an hour,
12.7 granms of hydrogen suBfSulurdrodusls fed to the reactor. TRE sol ution

4-Sulfur Product 68.6

The product contained 22.4% sulfur and 0.26 ppm sodium. The solvent pH
was 6.3 and the color (GVS) was rated 10-11.

10 Example 2

This example illustrates an alternate preparation of the preferred end
product, 3,3'- bis (triethoxysilyipropyl) tetrasulfide.

H,S Reaction with Sodium Ethoxide

Sodium ethoxide was prepared fresh as described in Example 1
16 above. Addition of hydrogen suifide gas was started through a fritted glass
sparge tube as described above. During a feed time of just under an hour,
12.7 grams of hydrogen sulfide gas was fed to the reactor. The solution
was added to an addition funnel for later use.

Reaction of Na,S Solution with Sulfur/Chloropropyltriethoxysilane
20 The chioropropyltriethoxysilane made from transesterification of the

corresponding methyl ester as described in Example 1 was used as the raw
material to make 3,3'-bis (trialkoxysilylpropyi) tetrasulfide.



was-added to an addition funnel for later use. Reaction of Na2S Sol ution
wi th Sul fur/Chloropropyltriethoxysilane 20 The

chl oropropyl tri et hoxysil ane made fromtransesterification of the
correspondi ng nethyl ester as described in Exanple 1 was used as the raw
material to nmake 3,3'-bis (trial koxysilylpropyl) tetrasulfide. 21 To a
second gl ass reactor were added 184.6 grans_chl oropropyltri- ethoxysilane
and 36.0 grans of ground sulfur. The react #1 was equi pped with a heating
mantle. reflux colum, agitator and thernoneter. The silane- sulfur slurry
was heated to [err]. Then the Na2S solution (contained in the 5 addition
funnel) was conti nuol®@yseapnddoglase reactor were addgd 1846 garms rahlemepropyitrie

2ddi 11 on vs. coupPRalEhe AR B ot iR Sk, g Fdshorwab gk hen
held at [err] fwith & Redtiig mantieCrfltixycodimh! agitgtor 4Ad thermomeksr. ' FRE sRandas
then cooled to roomtenperature. Its contents were filtered to renove Nad

solids forned isulfuisluraawasdicated e 468€. 1 Then the:Nepd polutioralsentained in e

o oduer was 5 19 P CoRuBSRTRIF sRUBR e o 2nhodt pifod hibB®.q
wei ght of 190. GyHichTRe rbactisittempénstie Wis hhaisRnedbemderos9rD and@deaind

for % sul fur and shown to contai nh about 70%

3, 3' - bi s(tri et HfsrstheyiNa;S pdditioptwas gpmpleted.niheaigagtion yeassheld-at 45°C for 1
bi s(triethoxysi I ri | 49 cont ai ned sul fur. Less than
1% f:hl or opr ogylﬂﬁl}rg?ﬂgﬁbéﬁ‘ }r‘gﬁgt\/zgd@;@éﬁhoﬁﬁe gas chromat ogr aphi c

analysis was virtually identical to conmmercially avail able product and that

produced 20 by the process described above in Exanple 1.
Recovery of Product

10 The reactor was then cooled to room temperature. Its contents were
filtered to remove NaCl solids formed in the reaction. Next the filtrate from
the above step was stripped to 100°C and 50 mm Hg to remove ethanol.
Finally the stripped product was filtered through a 0.25 micron filter.

The final product had a weight of 190.6 grams. It was analyzed by
18 gas chromatography (GC) and for % sulfur and shown to contain about 70%
3,3'-bis(triethoxysilylpropyi)tetrasulfide and about 25% 3,3'-
bis(triethoxysilylpropyl) trisulfide at 22.4% contained sulfur. Less than 1%
chloropropyitriethoxysilane was present. The gas chromatographic analysis
was virtually identical to commercially available product and that produced
20 by the process described above in Example 1.

Example 3
This example illustrates the surprising results applicants achieve

using the process of their invention as well as the importance of the ordered
addition of reactants in applicants’ claimed process.



Exanmpl e.3 This exanple illustrates the surprising results applicants

achi eve using the process of their invention as well as the inportance of
the ordered addition of reactants in applicants' clainmed process. 22
Reaction of [err] Product with Sulfur In equipnent anal ogous to that used
above, a solution of Na2S in ethanol was prepared as above from 260.7 grans
of 21% sodi um et hoxi de in ethanol and 12.66ﬂgans of H2S gas. The sol ution
was heated to reflux 5 and 182.4 grans of oropropyl tri ethoxysil ane were
added over a 1 hour period. After cooling to [err], 35.6 granms of sulfur
were added, and heat applied to reflux within 30 mnutes, followed by
heating at refl uxReaction of Na;%@hImqmonyilﬂrterthoxwlarga?roduomltlg Saabfuirc
anal ysis of the unstripped product showed the major non-sol vent conponent
to be nonosulfide, 10 [err] with significant unreacted

chl oropropyltriet honnseqlﬁmen{{ BRaldgbus &@wl usé@cébm d ¥6lutién o N 5NAd
unreacted sulfur as well as the expected salt. The above descri ptlon Is for

t he purpose of etbanoliwgs prepqredsamamva)frdtmaﬁ@?sgmms oﬁZﬂ%escadlunheﬂvomde

h d ded
Phoce. obvi ous. D HEPSRSIAE 12 B o3t bhtS o8y e SEERA Wad Redfidinredivyar ent
to the skillsed iy k82 4Ugafnd Sﬁsmagaﬁrasyimﬁémmaﬁe wdr ddiddoR8I9E Y, hour

however, that all such obvi ous nodificati ons and variati ons be incl uded
within the scoppreriod. tAﬁepc@@m to 25%t 36 gramshofi sultisweredadded, land beatowi ng

ot rangenent s aPRUEd B E0X fyihEh o0 PR IR By FlethBin BARE ol
i ntended for thfinuted NATER filtkdMoRS gas ltarerRaioyraplsie ehalysisbf the unstrlpped
product showed the major non-solvent component to be monosulfide,
10  (EtO),Si(CH,);S-(CH,),Si(OEt),, with significant unreacted
chloropropyitriethoxysilane. The unfiltered reaction mixture contained
unreacted sulfur as well as the expected salt.

The above description is for the purpose of teaching the person of

ordinary skill in the art how to practice the present invention and it is not

15 intended to detail all of those obvious modifications and variations of it
which will become apparent to the skilled worker upon reading the
description. It is intended, however, that all éuch obvious modifications and
variations be included within the scope of the present invention which is
defined by the following claims. The claims cover the indicated components

20 and steps in all arrangements and sequences which are effective to meet
the objectives intended for the invention, unless the context specifically
indicates the contrary. |



I ndi cates the contrary. 23 CLAIMS 1. A process for the preparation of

sil ane pol ysul fides conprising: (a) contacting hydrogen sulfide gas with an

e g siyion O e 8 R

wi th a hal ohydrocarbyl al koxysil ane of the formula QR X [err] ifh vihidh & i3
and in which [err] is an alkyl group of 1 éﬁ 4 carbon atons or phenyl, and
15 R2 is an al koxy group w 1to 8, preferably 1 to 4,
carbon atons, a cycl oal koxy group including 5 to 8 carbon atons, or a
straight or branched chain al kyl nercapto group with 1 to 8 carbon atons, 20
wherein the various [err] and [err] groups can be the sane or different, R
is a dival ent hydrocarbyl group including 1 to 18 carbon atonms, and X is a
hal ogen, 25 to .produce a conpound of of the formula [err] in which Q
and R are as defined above, and n is an CbAMSr of from2 to 9.

1. A process for the preparation of silane polysulfides comprising:
(a) contacting hydrogen sulfide gas with an active metal alkoxide

solution,

(b) reacting elemental suifur with the product of step (a), and
5 (c) reacting the product of step (b) with a halohydrocarbylalkoxysilane
of the formula Q —R — X
in which Q is " " -
/ / /
10 —Si—R'" —Si—R?,or —Si—R?
\Rz | \R2 \R2
and in which
R' is an alkyl group of 1 to 4 carbon atoms or phenyl, and
15 R? is an alkoxy group with 1 to 8, preferably 1 to 4, carbon
atoms,
a cycloalkoxy group including 5 to 8 carbon atoms, or a
straight'or branched chain alkylmercapto group with 1 to 8
carbon atoms,
20 wherein the various R' and R? groups can be the same
or different,
R is a divalent hydrocarbyl group including 1 to 18 carbon
atoms, and
X is a halogen,
25 to produce a compound of of the formula Q—R —S,—R —Q

in which Q and R are as defined above, and n is an integer of from 2
to 9.



24-2. A process for the preparation of silane polysulfides conprising: (a)
contacting hydrogen sulfide gas with an active netal alkexide- lend

“(b) reacting elenmental sulfur and a halohydrocarbylalk
- formula Q- R- X wth the product of step (a) in whic Tm!gm j ail’n
which [err] is an alkyl group of 1 to 4 carbon atons or s_ I
Is an al koxy group with 1 to 8, preferably to 4, carbon 15

atons, a cycl oal koxy group including 5 to carbon atons, or a straight or
branched chain al kyl nercapto group with 1 to 8 carbon atons, wherein the
various [err] and [err] groups can be the sanme 20 or

different, Ris a divalent hydrocarbyl group including 1 to 18 carbon

atons, and X is a hal ogen, to produce a conmpound of of the formula [err]
25 in which Qand R are as defined above, and n is an integer of from
2 t09. 3. A pr2cdsspracess fomipetprephrition df siang pdilysutfidesicompvisingt n t he

range of from3 to ?a') contacting hydrogen sulfide gas with an active metal alkoxide
solution, and
(b) reacting elemental sulfur and a halohydrocarbylalkoxysilane of the
5 formula Q — R — X with the product of step (a)

in which Q is
R R! R?
/ / /
—Si—R!, —Si—R?,or —Si—R?
10 \ \ \
R? R? R?
and in which

R' is an alkyl group of 1 to 4 carbon atoms or phenyl, and
R? is an alkoxy group with 1 to 8, preferably 1 to 4.- carbon
15 atoms,
a cycloalkoxy group including 5 to 8 carbon atoms, or a
straight or branched chain alkylmercapto group with 1 to 8
carbon atoms,
wherein the various R* and R? groups can be the same
20 or different,
R is a divalent hydrocarbyl group including 1 to 18 carbon
atoms, and
X is a halogen,
to produce a compound of of the formula Q —R—S,—R —Q
25 in which Q and R are as defined above, and n is an integer of from 2
to 9.

3. A process according to claims 1 or 2 wherein n is within the range of
from 3 to 5.



25-4. -A process according to claims 1 or 2 wherein Qis R J[err] 5 R 5 A
process according to clains 1 or 2 wherein [err] is ethoxy. 6. A process

.

“according to clains 1 or 2 wherein the active netal al koxide is sodium
et hoxylate. 7. A process according to clains 1 or 2 w lﬂﬂm , S
chlorine. 8. A process according to claims 1 or 2 V\hm 'c , ﬂ"mﬂnﬁm
1, 3-propyl ene. 9. A process according to %{?ai m 1 or 2 wher ei'n fhe® product s
of the last reaction step are nethoxy deri?Vatives, and said net hoxysil ane
derivatives are converted to silane derivatives containing higher alkoxy
roups. 10. A process for the preparation of [err] selected fromthe group
gons?sti ng of :4P(§) pEQﬁﬁsécﬁqcr%d'Eﬂ tgt‘#ﬂi%” 96%‘5’!"6??"@)@ $odi um et hoxyl ate with
hydrogen sul fide gas to produce a solution of Na2S, adding el enental sulfur
to the solution of Na2S in an anount sufficient to 5 form pol ysul fi des,
and adding [err] to the resultingR%action mixture and reacting to
conpletion; and (b) contacting az et hanol solution of sodium et hoxyl ate
wi th hydrogen sulfide gas to produce a solution of Na2S, and adding the
solution of Na2S to a sl urry__ngie_I_eﬁEnt al sulfur and [err] and reacting to
10 conpl eti on.

5 \

RZ

5. A process according to claims 1 or 2 wherein R? is ethoxy.

6. A process accbrding to claims 1 or 2 wherein the active metal alkoxide
is sodium ethoxylate.

7. A process according to claims 1 or 2 wherein the halogen is chiorine.
8. A process according to claims 1 or 2 wherein R is 1,3-propylene.

9. A process according to claims 1 or 2 wherein the products of the last
reaction step are methoxy derivatives, and said methoxysilane derivatives
are converted to silane derivatives containing higher alkoxy groups.

10. A process for the preparation of (C,H;0),Si(CH,),-S,-(CH,),Si(OC,Hs),,
selected from the group consisting of: (a) contacting an ethanol solution of
sodium ethoxylate with hydrogen sulfide gas to produce a solution of Na,S,
adding elemental sulfur to the solution of Na,S in an amount sufficient to

5 form polysulfides, and adding CI(CH,),Si(C,H,0), to the resulting reaction
mixture and reacting to completion; and

(b) contacting an ethanol solution of sodium ethoxylate with hydrogen
sulfide gas to produce a solution of Na,S, and adding the solution of Na,S
to a slurry of elemental sulfur and CI(CH,),Si(C,H,0), and reacting to
10 completion.



26. ABSTRACT PROCESS FOR THE PREPARATI ON OF SI LANE POLYSULFI DES
Sul f ur - cont ai ni ng organosilicon conpounds useful as coupling agents in
“vul cani zabl e rubbers to enhance various properties, including low rolling
resi stance for autonobile tires, are prepared. Preferred conpounds include
[err] [err] (trialkoxysilylalkyl) polysulfides. In one enbodi nent, 5
preferred conpounds are prepared by reacting sodi um ethoxylate with
hydrogen sulfide gas to yield a sodium sulfide solution, and then reacting
this product with a slurried m xture of elenental sulfur and
chl oropropyltriethoxysilane to formthe eggnmpound 3,3 -bis
(triethoxysilylpropyl) tetrasulfide. Alternatively, the conpounds are
prepared 10 by reacting the sodiumsulfide solution with sulfur to form
tetrasul fide, and then reacting this product with
chl oropropyl tri et hoxysil ane. The use of hydrogen sulfide gas and sodi um
nmet al al cohol ates provides an efficient _and econom cal process. [err]
ABSTRACT

PROCESS FOR THE PREPARATION OF
SILANE POLYSULFIDES

Sulfur-containing organosilicon compounds useful as coupling agents
in vulcanizable rubbers to enhance various properties, including low rolling
resistance for automobile tires, are prepared. Preferred compounds
include Q, Q'-bis (trialkoxysilylalkyl) polysulfides. In one embodiment,

5 preferred compounds are prepared by reacting sodium ethoxylate with
hydrogen sulfide gas to yield a sodium sulfide solution, and then reacting
this product with a slurried mixture of elemental suifur and
chloropropyitriethoxysilane to form the compound 3,3"-bis
(triethoxysilylpropyl) tetrasulfide. Alternatively, the compounds are prepared

10 by reacting the sodium sulfide solution with sulfur to form tetrasulfide, and
then reacting this product with chloropropyltriethoxysilane. The use of
hydrogen sulfide gas and sodium metal alcoholates provides an efficient

and economical process. -
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