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PRODUCTION OF ANHYDROUS 1,4-DIOXAN1E 

BACKGROUND OF THE INVENTION 

This invention relates to a process for the production 
of anhydrous l,4-dioxane. More particularly, the inven 
tion is concerned with a process wherein ethylene oxide 
is dimerized in the presence of an acidic cation ex 
change resin, preferably one having sulfonic acid 
groups associated therewith, said dimerization yielding 
1,4-dioxane which is a valuable solvent. 

THE PRIOR ART 

Various techniques have been disclosed in the prior 
art for the preparation of dioxane. For example, the 
dimerization of an alkylene oxide to dioxane in the pres 
ence of a sulfuric acid catalyst is disclosed in US. Pat. 
No. 2,293,868 of Toussaint. US. Pat. No. 1,921,378 to 
Webel, issued on Aug. 8, 1933, discloses contacting 
ethylene oxide with an aluminum sulfate catalyst, result 
ing in the production of dioxane. 
More recent disclosures include US. Pat. No. 

3,825,568 to Schecker et al, issued on July 23, 1974, 
which teaches the dimerization of ethylene oxide to 
dioxane in the presence of various Lewis acid catalysts, 
e.g., ZnClg, SnCl4, SiF4, and BF3. Canadian Patent No. 
540,278 to Astle et al, issued on Apr. 30, 1957, shows the 
preparation of dioxane by contacting various polyethyl 
ene glycols with various acidic type cation exchangers, 
e. g., sulfonated polystyrene type resins, sulfonated phe 
nol-formaldehyde type resins, etc. British Patent No. 
785,229 to Petrochemicals, Ltd., published Oct. 23, 
1957, teaches the dimerization of ethylene oxide to diox 
ane in the presence of a metal alkyl catalyst, e.g., alumi 
num triethyl. 
A process is also known for preparing dioxane by 

contacting diethylene glycol with sulfo-acid cationites, 
i.e., cation exchanger resins containing sulfonic acid 
groups. 
However, all of these techniques suffer from one or 

more disadvantages which has prevented an effective 
commercialization of this process to date. 
The dimerization of ethylene oxide for the produc 

tion of l,4~dioxane is a known reaction, and, as noted 
above, various proposals have been advanced in the 
prior art in an attempt to bring this reaction within the 
?eld of practical utility by executing it in the presence 
of catalysts. Several catalysts for this purpose are of an 
acidic nature, particularly sulfuric acid and salts thereof 
such as aluminum sulfate, and also various Lewis acids 
such as ZnClg, SnCl4, etc. 
While the processes which depend upon the employ 

ment of acidic catalysts have the advantage of permit 
ting the use of simple apparatus, they are still quite 
undesirable from the commercial standpoint. Under the 
reaction conditions employed in the prior art, the acidic 
reaction mixtures have a strongly corrosive action on 
the reaction equipment, making necessary the use of 
costly non-corrosive apparatus or requiring periodic 
replacement of the initially less costly apparatus. Many 
processes of this kind make use of sulfuric acid as the 
catalyst and involve elimination of the acid, after the 
dimerizing reaction is terminated, e.g., by precipitating 
it from the reaction mixture in the form of its barium or 
calcium salts. Such separation is, however, always in 
complete, and substantial amounts of non-precipitatable 
salts of organic sulfuric acid compounds remain in the 
reaction mixture which are only separated during distil 
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lation and cause contamination of the desired product. 
Besides the inconveniences mentioned, executing the 
reactions in the presence of acid catalysts results in 
material losses and contaminated products due to the 
occurrence of side reactions. Thus, for example, when 
sulfuric acid is employed as the catalyst, there is always 
produced, due to side reactions, a greateror lesser 
amount of tars which are only difficultly separably from 
the reaction mixture. 

SUMMARY OF THE INVENTION 

Therefore, the primary object of the present inven 
tion is to provide a practical and] economical process 
which is adapted to the technical scale production of 
1,4-dioxane by dimerizing ethylene oxide in the pres 
ence of an acidic cation exchange resin. Another objec 
tive of the invention is to provide an ef?cient process 
for producing anhydrous 1,4-dioxane. 
The process of the present invention makes it possible 

to eliminate the drawbacks and inconveniences of the 
known processes for effecting the dimerization of ethyl- , 
ene oxide to produce 1,4-dioxane. This process is based 
on the use of an acidic cation exchange resin which 
accelerates the rate of reaction to at least as great an 
extent as any of the catalysts previously employed. 
Therefore, although the cation exchange resins are not 
catalysts in accordance with the precise meaning of the 
term as such, these materials are referred to as “cata 
lysts” herein for the sake of convenience. The catalysts 
employed in this invention are readily available and can 
be easily and completely removed after completion of 
the dimerization reaction without any destruction of the 
reaction product. As a result, the process of the inven 
tion provides excellent yields of the desired reaction 
product, with the reaction proceeding smoothly and 
rapidly at considerably lower temperatures and under 
lower pressures than are necessary when operating in 
the presence of the known acidic catalysts. Although 
the catalysts employed in the invention can be dis 
carded after the dimerization is ‘completed, they can 
also be easily regenerated by a simple procedure as 
described below. 

DESCRIPTION OF THE DRAWING 

Other objects and advantages of the present invention 
will become apparent from a study of the following 
description and the accompanying drawing in which 
the FIGURE is a schematic representation of the exper 
imental set-up used in the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

These objectives are accomplished by the process of 
the present invention which comprises dimerizing eth 
ylene oxide in the presence of an acidic cation exchange 
resin, preferably one having sulfonic acid groups associ 
ated therewith. The reaction mechanism involved in 
conducting this process is believed to be as follows: 

STAGE I 

In this stage, a reaction is carried out between the 
ethylene oxide and the cation exchange resin containing 
sulfonic acid groups to form an ester: 
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wherein n; l. (The average value of n is about 2.4) 
It is apparent that, in this stage, the ethylene oxide 

reacts with the sulfonic acid groups of the resin to form 
ester species on the resin which involve chains of sev 
eral ethylene oxide units. 

STAGE II 

In this stage, the ester is thermally dissociated with 
the following reactions at a temperature in excess of 
that at which said ester was initially formed. 

ii 
Pol mer Substrate _?_O(CH2CH2O)nH ? 
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4 
In this second stage, the dioxane formation is effected 

by the back-biting of the chain to product oxonium 
species which liberate 1,4-dioxane and an H+. Other 
reactions are possible during this stage of the process. 

THE CATALYST EMPLOYED 
It has been found that the dimerization of the ethyl 

ene oxide to form 1,4-dioxane proceeds at a practical, 
rapid rate with resultant high yields of the desired prod 
uct if it is conducted in the liquid phase in the presence 
of an acidic cation exchange resin, preferably one hav 
ing sulfonic acid groups associated therewith. Suitable 
acidic cation exchange resins for use according to the 
process of this invention are, for example, the sulfo 
nated coal-type resins such as “Zeo-Karb” made by the 
Permutit Co., the sulfonated phenol-formaldehyde res 
ins such as “Amberlite IR-120”, and the sulfonated 
styrene-divinyl benzene type resins such as “Amberlyst 
l5” manufactured by the Rohm and Haas Co., the sulfo 
nated phenolic type resins such as “Duolite” made by 
the Chemical Process Co., and the sulfonated polysty 
rene-type resins such as “Dowex 50” made by the Dow 
Chemical Co. In addition to resins having a sulfonic 
polar group, resins such as those having carboxylic, 
phenolic, or phosphoric polar groups are also suitable. 
As an example of this type of resin there may be men 
tioned the acidic cation exchanger having carboxylic 
acid groups, i.e., —COOH, associated therewith. A 
discussion as to the preparation of this type of acidic 
cation exchanger is to be found in U.S. Pat. No. 
2,597,437 to Bodamer, issued on May 20, 1952. Other 
patents directed to this type of acidic cation exchanger 
are U.S. Pat. Nos. 2,340,110 and 2,340,111. 

Resins, and especially those with medium porosity or 
macroreticular structure, having sulfonic acid groups 
are preferred for the dimerization of ethylene oxide‘ in 
accordance with the invention. Resins having phos 
phonic or phosphinic acid groups essentially behave 
like the sulfonic acid resins because bonding in sulfur 
and phosphorous compounds is very similar and, for 
this reason, sulfonic and phosphonic acid groups are 
known to behave in a similar manner in many organic 
reactions. For example, the acid anions of these groups 
are suitable leaving groups in the hydrolysis of esters of 
the form RSO2OCH3 and RPO(OH)OCH3. Cation ex 
change resins with carboxylic acid groups also react 
with ethylene oxide to yield polymeric esters. 
The following table contains a listing of exermplary 

ion exchange resins which may be employed in the 
present invention. 
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A high catalytic activity of the acidic cation ex 
change resins makes it attractive to employ them in the 
process of the invention since only small amounts are 
required in order to obtain a substantial yield of the 
l,4-dioxane in a relatively short period of time. The 
actual amount of catalyst needed in the process, how 
ever, is dependent upon a number of factors, including 
the particular apparatus in which the reaction is carried 
out, and the operating conditions employed. Satisfac 
tory results may be obtained by utilizing about 0.08 to 
4.7 grams of catalyst per gram of ethylene oxide reac 
tant. 

In the case of one of the preferred resins, such as 
Amberlyst l5(H+), a suitable amount to be employed is 
about 0.2 grams of resin per gram of ethylene oxide. Of 
course, a greater amount of catalyst may be employed, 
if desired. A smaller amount may also be suitable. 
With respect to the amount of acidic cationic resin to 

be employed, it is to be noted that a rough approxima 
tion thereof is also possible, by stoichiometric calcula 
tion, if the exchange capacity of the resin is known, i.e., 
the number of mmol of the acid group per gram of dry 
resin. 
The catalyst present in the ?nal reaction mixture can 

be preliminarily separated, for example, by ?ltration, 
and recovery of the l,4-dioxane from the liquid phase 
can then be effected. Alternatively, the recovery of the 
l,4-dioxane from the ?nal reaction mixture can be ef 
fected while the catalyst is still present therein. This 
recovery of the reaction product may be effected in any 
suitable manner. In most cases, it is conveniently done 
by distillation, preferably under subatmospheric pres 
sure. The catalyst, however recovered, can if desired be 
regenerated simply by boiling in a sodium hydroxide 
solution, followed by treatment to convert it from the 
sodium form to the acid form. 

OPERATING PARAMETERS 

It has now been found that the production of anhy 
drous l,4-dioxane by dimerization of ethylene oxide in 
the presence of an acidic cation exchange resin, prefera 
bly one having sulfonic acid groups associated there 
with, can be carried out advantageously and with high 
yields (approximately 95%) by mixing the catalyst with 
ethylene oxide in the liquid phase and keeping the resul 
tant mixture at a temperature in the range of about —20° 
C. to 90° C., preferably about 25° C., for a time period 
of about 5 to 200 minutes. Thereafter, the reaction mix 
ture is heated to a temperature in the range of about 80° 
C. to 140° C., preferably about 90° C. to 120° C., keep 
ing the reaction mixture in the liquid phase. The reac 
tion mixture is then kept at this temperature for a period 
of about 60 to 300 minutes in order to effect the forma 
tion of l,4-dioxane in high yield. 
When the process is carried out as described above 

only one by-product is formed and this in very minor 
amounts. This contrasts sharply with the large amounts 
of by-products of a tarry nature which are formed when 
the dimerization is carried out in the presence of a sulfu 
ric acid catalyst. 

In accordance with this invention, the ethylene oxide 
is used in the liquid phase, i.e., in the form of pure ethyl 
ene oxide or dissolved in a solvent which is inert under 
the reaction conditions utilized. 

Suitable solvents are those which are liquid under the 
reaction conditions, which do not react either with 
ethylene oxide or with the catalyst and which do not 
form with the l,4-dioxane an azeotrope which interferes 
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12 
with the subsequent processing operations. Examples of 
such solvents are organic solvents such as isopropyl 
ether, benzene, cyclohexane, pentane, chlorobenzene, 
and ethylene chloride. The l,4-dioxane itself may be 
used as the solvent in both stages of reaction with the 
advantage of greatly simplifying the separation steps. 
The reaction is generally carried out at atmospheric 

pressure. However, pressures of up to 30 atmospheres 
may also be used. 
The reaction may be carried out batchwise or contin 

uously. All reactors which ensure adequate residence 
times, thorough mixing and adequate control of reac 
tion temperature may be employed. For example, in 
batchwise operation, stirred vessels or shaker auto 
claves may be used having an external or internal reac 
tion temperature control means. 
The reaction mixture is advantageously worked up in 

the usual manner. Separation of the solid spent catalyst 
from the reaction mixture can be effected by ?ltration, 
etc. Thereafter, the components of the liquid part of the 
reaction mixture can be separated, for example, by frac 
tional distillation, etc. 
The process of the invention gives anhydrous l,4 

dioxane in a simple way and in very good product 
yields. The process may be carried out on an industrial 
scale without great expenditure. 

1,4-Dioxane is an excellent solvent for many organic 
compounds and is distinguished by the fact that it is 
miscible in all proportions with water and the usual 
organic solvents. 

EXAMPLES OF THE INVENTION 

The following examples are given merely as illustra 
tive of the present invention and are not to be consid 
ered as limiting. 

EXAMPLES l, 2 and 3 

The dimerization of ethylene oxide in the presence of 
a cation exchange resin was carried out in a one liter 
stainless steel reactor. This reactor was equipped with a 
liquid sampling tube which extended to within 1.5 cm. 
from the bottom of the reactor. A stainless steel sintered 
?lter was attached to the end of the sampling line to 
prevent resin from leaving the reactor during sampling. 
An explosion-proof electric motor stirred the system at 
a rate of 435 r.p.m. The temperature of the reaction 
system was controlled to within iLO" C. by a PID 
temperature controller. The system was equipped with 
a shielded copper Constantan thermocouple which al 
lowed the temperature to be monitored using a potenti 
ometer. 

In a typical run a weighed quantity of vacuum-oven 
dried resin was loaded and sealed in the reactor. The 
reactor was flushed with gaseous nitrogen and evacu 
ated several times to remove any air present. After the 
?nal evacuation, the inert solvent, i.e., chlorobenzene 
(99% pure, Aldrich Chemical Co., Inc.), in an amount 
suf?cient to bring the total reaction mixture to 800 ml at 
room temperature, was sucked into the reactor, and the 
reactor was heated to reaction temperature under stir 
ring. Ethylene oxide for the dimerization was trans 
ferred from a commercial cylinder to a stainless steel 
bomb in the required amount. The ethylene oxide bomb 
was connected to the reactor and pressurized with ni 
trogen which discharged the oxide into the reactor. As 
the ethylene oxide was charged, the system pressure 
was raised to the desired level using nitrogen gas. The 
reaction was run for a speci?ed length of time and im 
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mediately after the reacted resin was separated from the 
reaction ?uid. The reacted resin was then washed with 
acetone in a separatory funnel, dried using a stream of 
nitrogen gas, and weighed. The difference between the 
masses of reacted and dried resin was the amount of 
ethylene oxide reacted on the resin. 
The reacted resin was subsequently suspended in a 

solvent, e.g., chlorobenzene, and brought to reaction 
temperature for the production of dioxane. The data for 
some runs are shown in Table l. A schematic of the 
experimental apparatus used for making these reaction 
runs is shown in FIG. 1. 
During the second stage reaction, the reaction ?uid 

was sampled using a 4-port sampling valve and ana 
lyzed using a gas chromatograph. 1,4-Dioxane was 
quantitatively determined using a 20 ft. by § in. OD. 
column packed with 10% FFAP on Chromosorb 
WAW (supplied by Johns-Manville). Nitrogen carrier 
gas was employed at the rate of 30 ml/min, measured at 
the column exit and room temperature. The injection 
port and detector temperatures were set at 240° C., 
while the oven temperature program was 2 minutes at 
80° C., and then the temperature was raised to 165° C. at 
20°/min and maintained at 165° C. for 10 minutes. Peak 
areas were determined using a digital integrator, and 
quantitative results were obtained using response fac 
tors. 
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2. A process for the preparation of 1,4-dioxane which 

comprises contacting ethylene oxide in the liquid phase 
with an effective amount of an acidic cation exchange 
resin at a temperature in the range of about —20° C. to 
90° C. and for a time period of about 5 minutes to 200 
minutes to yield an ester intermediate reaction product 
of said ethylene oxide and said cation exchange resin, 
thereafter heating said ester intermediate reaction prod 
uct at a higher temperature of about 80° C. to 140° C. 
and for a time period of about 60 minutes to 300 min 
utes, and then recovering the 1,4-dioxane formed as a 
result of said heating. 

3. A process as recited in claims 1 or 2 in which the 
acidic cation exchange resin is a cation exchange resin 
having a porous or macroreticular structure and having 
acid groups associated therewith. 

4. A process as recited in claim 3 wherein the acid 
groups are selected from the group consisting of sul 
fonic, phosphonic, phosphinic, carboxylic and mixtures 
thereof. 

5. A process as recited in claim 4 in which the cation 
exchange resin has sulfonic acid groups associated 
therewith. 

6. A process as recited in claim 4 wherein the cation 
exchange resin is a sulfonated polystyrene resin. 

7. A process as recited in claim 6 in which the cation 
exchanger is a sulfonated styrene-divinyl benzene resin. 

TABLE 1 
Dimerization of Ethylene Oxide to 1,4-Dioxane 

Ethylene Ethylene Initial Final Final 
Oxide Oxide Initial Reaction Reaction Reaction 

Example Used“) Reacted Reaction Time Temperature Time 1,4-Dioxane 
No. (g) (g) Resin (g) Temperature (min) (°C.) (min.) (g) 

1 163.3 [1.7 Amberlyst 15 (11%’) Room 15 H0 390 11.04 
39.l gm Temp. 

2 151.2 9.40 Amberlyst 15 (11+) Room 15 l20 226 8.62 
20.6 g Temp. 

3 151.8 596(4) Amberlite Room I80 
IR-l20 (Hi') Temp. 
31.1 g0) 

(“999+ percent pure- Procured from Air Products and Chemicals, Inc. 
mAmberlyst 15 (H +) procured from Rohm and Haas. Macroretieular resin with average pore diameter ofabout I80 Angstrom units, average surface 
area of 47 mz/g. dry resin and total exchange capacity of 4.8 mmols of ——SO3H groups per g. dry resin. 
mAmberlite lR-IZO (HT) procured from Rohm and Haas. Total exchange capacity is 5.36 mmols of —SO3H groups per g. dry resin. 
(“Less than half of —SO3H groups were csleri?ed. Reaction for the experimental conditions reported was incomplete. 

The invention being thus described, it will be obvious 
that the same may be varied in many ways. Such varia 
tions are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modi?ca 
tions are intended to be included within the scope of the 
following claims. 1 
What is claimed is: 
1. A process for the preparation of 1,4-dioxane which 

comprises contacting ethylene oxide in the liquid phase 
with an effective amount of an acidic cation exchange 
resin at a ?rst temperature and for a time suf?cient to 
yield an ester intermediate reaction product of said 
ethylene oxide and said cation exchange resin, and 
thereafter heating said ester intermediate reaction prod 
uct at a second temperature higher than said ?rst tem 
perature and for a time period suf?cient to dissociate 
said reaction product and thereby yield 1,4-dioxane. 
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8. A process as recited in claims 1 or 2 in which the 
reaction is carried out at pressures from atmospheric up 
to about 30 atmospheres. 

9. A process as recited in claims 1 or 2 in which the 
reaction is carried out in a solvent which is inert under 
the reaction conditions employed. 

10. A process as recited in claim 9, wherein said sol 
vent is selected from the group consisting of isopropyl 
ether, benzene, cyclohexane, pentane, chlorobenzene, 
ethylene chloride, 1,4-dioxane and mixtures thereof. 

11. A process as recited in claim 5 wherein the cation 
exchange resin is regenerated by boiling in a sodium 
hydroxide solution. 

12. A process according to :claim 9, wherein the sol 
vent is an organic solvent. 

13. A process according to claim 10, wherein the 
solvent is l,4-dioxane. 

=l< 
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