
EP 0 571 506 B1 Description FIELD OF THE INVENTION 5     The present
invention relates to an improved process for producing polytetramethylene
ether glycol from tetrahydrofuran using a catalyst which is a fluorinated
resin containing both sulfonic acid groups and carboxylic acid groups or a
blend of fluorinated resin containing sulfonic acid groups and a
fluorinated resin containing carboxylic acid groups. An important aspect of
the present invention involves activating the sulfonic acid groups
containing fluorinated resin prior to its use as catalyst. This activation
Involves a partial 10  dehydration of the catalyst to contain from not more
than 1,000 to 2,000 ppm (0.1 to 0.2 wt%) water. Further, the catalytic
resin may be blended with one or more other resins to control its catalytic
activity. BACKGROUND OF THE INVENTION 16     Poly(tetramethylene ether)
glycol (PTMEG) is a commodity in the chemical industry, widely used in the
manufacture of block copolymers in combination with polyfunctional
urethanes and polyesters such as polybutylene terephthalate. It is commonly
prepared by reaction of tetrahydrofuran (THF) with a strong acid catalyst
such as fluorosulfonic acid and then quenching and hydrolyzing the product
with water. While this process has proved to be quite satisfactory, it is
not as efficient as desired because the acid 20  catalyst cannot be
recovered and reused again. Moreover, disposal of the spent acid is a
problem because of its toxicity and corrosiveness. U.S. Patent 4,120,903
describes the preparation of PTMEG by the polymerization of THF using, as
catalysts, perfluorinated ion-exchange polymers with pendant sulfonic acid
groups (err) which have a low enough solubility to allow easy separation
from the product, thus permitting their reuse. A 25  method for avoiding
the disposal problem traditionally associated with the strong acid catalyst
was therefore possible based on the reaction equations (1) through (4) of
U.S. 4,120,903, Column 1, where [err] has the same meaning as [err] herein.
The PFIEP-[err] catalyst Is further described by F. J. WALLER and R. W. Van
Scoyoc, CHEMTECH, July, 1987, pages 438-441. There are two drawbacks to
implementation of this technology, however, in that (1) the polymerization
is 30  sensitive to moisture necessitating that both the catalyst and the
THF be specially dried before use and (2) the PTMEG made using this process
had a number average molecular weight 10,000 or greater. One approach to
circumvent these drawbacks by Heinson et al using the PFIEP-[err] catalyst
of U.S. 4,120,903 above is disclosed in U.S. 4,163,115. This patent
discloses maintaining an anhydrous reaction environment by carrying out the
polymerization of terahydrofuran in the presence of an acylium ion 35
precursor , i.e. a carboxylic acid anhydride such as acetic anhydride and
optionally the corresponding carboxylic acid. Esters of the PTMEG were
formed with facile control of molecular weight in the desired commercial
range or up to very high molecular weights. Recovery of the PTMEG, however,
required saponification or methanolysis, and thereby diminishing the
advantages of this process. An insoluble catalyst, less sensitive to
moisture in the polymerization system, and which could yield 40  commercial
grade PTMEG in the desired molecular weight ranges of 250 to 4,000 would
have a distinct advantage. The present invention is an improvement in the
process for PTMEG manufacture within the commer- cially important molecular
weight range of 250 to 4,000 in which THF containing the amount of water
usually found in commercial polymerization-grade material, and an insoluble
catalyst are brought together under 45  conditions suitable for
polymerization. After the desired polymerization has taken place, the
catalyst may be separated from the bulk of the reaction mass for reuse and
the PTMEG isolated by the usual methods. Part of the water introduced into
the system either with the catalyst or the THF, acts as the chain
terminator for the polymerization and, as such, is consumed. The catalyst
of this invention is a blend of a perfluorinated ion exchange polymer
containing pendant sulfonic acid groups (PFIEP-err) with a perfluorinated
ion so  exchange polymer containing pendant carboxylic acid groups
(PFIEP-[err]). The PFIEP-[err]/PFIEP- [err] may be used as is or it may be
further blended with other, inert polymers before use. Ordinarily, these
catalysts would not yield commercial grade PTMEG in the desired molecular
weight range from 250 to 4,000 largely due to the poor access of the active
sulfonic acid end groups to THF. The accessibility is considerably improved
by swelling the catalyst in THF after activation by partial dehydration
through (1) 



55 heating to 90 [err] C or (2) by leaching the catalyst with dry THF or
(3) drying the catalyst using a dehydrating agent like trimethyl
orthoformate or (4) by distilling off the water contained in the catalyst
or through any combination of the above methods. 2    EP 0 571 506 B1
SUMMARY OF THE INVENTION The catalyst of this invention is a blend of
perfluorinated ion exchange polymers containing pendant sulfonic acid
groups (PFIEP-[err]) with a perfluorinated ion exchange polymer containing
pendant carbox- 5  ylic acid groups (PFIEP-[err]). Activating this catalyst
is an extremely important step in preparing the desired low molecular
weight PTMEG. The activity of the catalyst is improved sufficiently by
partial dehydration by either (1) heating to 90 [err] C for a period of
time sufficient to reduce water content to a critical level, (2) leaching
the catalyst with dry THF, or (3) drying the catalyst using a dehydrating
agent, trimethyl orthoformate for example, or (4) by distilling off the
water contained in the catalyst or through any 10  combination of the above
methods. The polymerization process may be run either batchwise or
continuously. Water input is monitored since it is a chain terminating
agent and its levels affect the molecular weight of the product PTMEG.
After the reaction mass is removed from the reactor, the unreacted THF and
catalyst are removed by conventional means to yield the PTMEG product. 15
DETAILED DESCRIPTION OF THE INVENTION The catalyst of this invention is a
blend of PFIEP-[err] and PFIEP-[err] formed by blending a melt- fabricable
first polymer having sulfonyl functional groups and a melt-fabricable
second polymer having 20  carboxylic functional groups, hydrolyzing the
functional groups to ionizable functional groups, and finally, if base has
been used for the hydrolysis, acidifying the ionizable functional groups to
the corresponding sulfonic and carboxylic acid groups. The melt-fabricable
first polymer having sulfonyl functional groups is typically a polymer
having a fluorinated hydrocarbon backbone chain to which are attached the
functional groups or pendant side chains 25  which in turn carry the
functional groups. The pendant side chains can contain, for example, [err]
30                                    [err] Rf groups, wherein R, is F, Cl,
or a C-1 to C-10 perfluoroalkyl radical and n is an integer from 1 to 5.
Ordinarily, the functional group in the side chains of the polymer will be
present in terminal .35 [err] Rf groups where [err] and n have the meanings
defined above. Examples of fluorinated polymers of this kind are disclosed
in U.S. Patents 3,282,875, 3,560,568, 3,718,627, 4,417,969 and 4,610,762.
The melt-fabricable second polymer having carboxylic functional groups is
typically a polymer having a 45 fluorinated hydrocarbon backbone chain to
which are attached the functional groups or pendant side chains which carry
the functional groups. The pendant side chains can contain, for example,
[err] 50 [err] groups, wherein Z is F or [err], m is 1 to 12, and W is
-COOR, -CF2COOR or -CN, wherein R is lower alkyl. 55  Ordinarily, the
functional group in the side chains of the polymer will be present in
terminal 3  



EP 0 571 506 B1 [err] (Z  )n groups. Examples of fluorinated polymers of
this kind are disclosed in British Patent No. 1,145,445 and U.S. Patent
3,506,635. The first and second polymers are then blended as described for
example in U.S. Patent 4,176,217, 10  Col. 7, lines 43-55 and Example 1.
The resulting blend is then extruded into film or pellet form, hydrolyzed
with base, and then acidified to give a blend of PFIEP-[err]and PFIEP-[err]
H. Techniques for hydrolyzing and subsequently acidifying the ionizable
functional groups of these polymers are described in U.S. Patent 4,176,215,
Col. 9 lines 25-45 and Example 1. The catalysts of this invention can be
used as is or blended with one or more inert polymers prepared 15 from
ethylenically unsaturated monomers. Examples of such monomers are ethylene,
styrene, vinyl chloride, vinyl fluoride, vinylidene fluoride,
chlorotrifluoroethylene, vinyl ethers, perfluoroalkyl vinyl ethers,
tetrafluoroethylene, hexafluoropropylene, or combinations thereof. The
solid blends of the polymers of this invention, containing preferably about
20 to 80% of the inert diluent polymer, can be prepared by techniques
familiar In the art. Powders, granules or pellets of the individual
polymers can first be mixed 20 together. Such a mixture is then subjected
to heat and pressure by various means, such as pressing, extruding in a
screw extruder, or working on a roll mill or rubber mill. To insure
formation of an intimate uniform blend, the steps can be repeated two or
more times. For example, pressed films can be flaked or cut into small
pieces and repressed into film. Extruded polymer can be chopped into
pellets as it is extruded, and then re-extruded. Powders for blending can
be made by grinding in a mill; cold grinding in a 25  freezer mill is also
a useful technique. A suitable catalyst for use in this invention is a
blend of 40-95% PFIEP-[err] H and 60-5% PFIEP-[err]. The preferred catalyst
is a blend of 70-95% PFIEP-[err] and 30-5% PFIEP-[err]. The PFIEP-[err]
component can also be replaced with an inert filler like
polytetrafluoroethylene, polychlorotrifluoroethylene or copolymers of
either of these with hexafluoropropylene or a perfluoroalkyl vinyl ether
wherein the alkyl 30  groups contain from 1 to 6 carbon atoms, or any
combination thereof. Catalyst activation is an extremely important step in
preparing the desired low molecular weight PTMEG. Unactivated catalyst,
when used for polymerizing THF, usually results in production of PTMEG
having molecular weight greater than 10,000. The catalyst can be activated
by any one or a combination of the following methods: 35   (1) The catalyst
is first dried in an oven at about -100 C for about 8 hours under reduced
pressure ranging between 0.1-100 mm mercury. The catalyst is then mixed
with THF containing 50 to 300 ppm water and the slurry heated under
nitrogen pressure at 85 [err] or higher for at least three hours. The
preferred range of activation temperatures Is 85-150 C and the hold-up time
should be at least 3 hours. This type of activation is useful because THF
does not polymerize under these conditions. It is 40   thermodynamically
impossible to polymerize THF at temperatures greater than 85 C. One
plausible explanation for catalyst activation is the fact that the bulk of
water present in the system is vaporized at these temperatures thereby
dehydrating the catalyst. (2) The catalyst is leached with dry THF (water
concentration <100 ppm) several times at temperatures ranging between 0 and
90[err]. Each time the catalyst is leached with THF, the water
concentration in the catalyst decreases. The most active catalyst 45   is
produced by leaching with THF until water concentration in THF is reduced
to below 100 ppm. The estimated water concentration in the leached catalyst
is about -2000 ppm. (3) The catalyst is dried in an oven at 140-180[err] in
a vacuum oven maintained at 0.1-10 mm mercury in the presence of trimethyl
orthoformate (TMOF). The ratio of trimethyl orthoformate to the catalyst
ranges between 0.5-50 by weight. The trimethyl orthoformate reacts with
water present in the catalyst to produce methyl formate 50    and methanol
both of which are highly volatile. The catalyst is treated in several
stages with TMOF, (Total amount of TMOF used is 0.5-50 times the amount of
catalyst). The catalyst is then dried under the same conditions as above in
a vacuum oven for 8 hours to ensure the unreacted TMOF along with the 



volatile reaction product are removed. The water concentration in the
dehydrated catalyst is about 1000- 2000 ppm. The dehydrated catalyst is
cooled and ready to use for polymerizing THF. (4) The catalyst is 55
dried by distilling off the water in the presence of THF. The wet catalyst
is mixed with THF and the THF/water mixture distilled off either by heating
at the normal boiling point of  the solution at atmospheric pressure or by
vacuum distillation at lower temperatures ranging between 0[err] -60 [err]
C. The amount of THF distilled and used in this process ranges from 10 to
20 times the weight of the catalyst, depending on 4    EP 0 571 506 B1
initial moisture content of the catalyst. The catalyst contains from 1000
to 2000 ppm of residual water following this treatment and is active enough
to be used as is without further activation. The THF used for
polymerization can be any of those commercially available for
polymerization. Its water content usually varies between 10 and 1000 ppm.
The peroxide content is normally less than 0.002% 5  by weight. The THF may
optionally contain an oxidation inhibitor such as butylated hydroxytoluene
to prevent formation of undesirable color or excess peroxides. The type and
concentration of the inhibitor have little or no effect on the
polymerization. The water contained in the system of this invention acts as
the chain terminator for the polymerization and, as such, its concentration
is important since it has an effect on the number-average molecular weight
10  of the product PTMEG. The less water present the higher the average
molecular weight. The more water present, the lower the molecular weight.
If too much water is present the propagation rate is very slow. For these
reasons, attention must be given to the water content of the system. Water
enters the system either with the THF or the catalyst. As stated above,
polymerization-grade THF usually contains about 0.001 to 0.1% water. The
catalyst also contains water presumably as tightly held hydrates of the
strongly acidic 15  sulfonic acid groups. Even after the catalyst has been
vacuum dried under stringent conditions, It is estimated that it still may
contain up to about 0.2% water by weight. During reaction, water is removed
from the system by being consumed as the chain terminator. Because of the
above factors, it may be necessary, as processing proceeds and equilibrium
conditions are approached, to adjust the water content of the THF being fed
to the reactor system to maintain a relatively steady molecular weight in
the desired range, from 20  batch to batch. The process of this invention
can be run batchwise or continuously: When run batchwise, a closed reaction
vessel purged with a slow flow of dry nitrogen and fitted with an agitator
is charged with THF and about 5 to 45%, preferably about 25 to 40%, by
weight of the THF, of catalyst which has been activated by one or several
combinations of the activation methods described 25  above. The reaction
mass is then held, with stirring or agitation, at a temperature ranging
from ambient to the boiling point of THF, preferably at 0 [err] to 65
[err]. If higher temperatures are desired, the reaction can be run under
pressure. When the desired degree of polymerization has been reached,
generally after 2 to 60 hours, the catalyst can be removed by filtration,
centrifugation or decantation, and again dried, if necessary, before reuse.
30     The progress of the polymerization can be monitored by periodic
sampling and analysis by, for example, gel permeation chromatography or by
determination of the hydroxyl number. When run continuously, the THF
containing small amounts of chain-terminating water, and optionally the
catalyst, also containing small amounts of water, are continuously fed into
a reactor at rates which provide the requisite concentrations and suitable
residence time, and product and excess reactants are continuously 35
removed. Preferably, the catalyst is charged initially and is held in the
reaction zone by suitable screens or filters, and can remain in continuous
use. Reactor hold-up-times used in the continuous system range from 4 to 40
hours, operating at temperatures ranging from 5 [err] to 70 [err] C, using
a feed rate to the reactor of 0.1 to 1.0 g THF per g of catalyst per hour.
After the reaction mass is withdrawn from the reactor, whether the reactor
be batch or continuous, the 40  unreacted THF and catalyst are recovered
for recycle by conventional techniques to yield the PTMEG 



product. If the catalyst loses its activity over a period of time it may be
reactivated by one or several methods of activation outlined above.
Examples of batch and continuous polymerization experiments follow. 45
EXAMPLE 1 (a) A batch of pelletized (approximately 0.2 mm diameter x 0.5
mm.long cylindrical) ion exchange resin blend designated NR-55 containing
78% PFIEP-[err] and 22% PFIEP-CO2H by weight was activated by 50   leaching
with THF repeatedly until the water content of the THF was <80 mcg
(micrograms water/mL THF). Leaching was carried out at 20 * C and the
activated catalyst was kept soaked in THF for 5 hours. (b) A 45 g portion
of the virgin catalyst as prepared in (a) above and 90.0 g THF were added
to a glass- ware batch reactor, and heated to 85 [err] C for 14 hours to
initiate the polymerization. The reactor was then cooled to 2 [err] C to
allow propagation. After 1 hour at 2 C there was 7.0% conversion to PTMEG
with a 55    number average molecular weight ([err]) of 550. At the end of
2nd hour the conversion reached 8.2% at [err] 911. At the end of the 3rd
hour conversion increased to 10.6% at [err] 933. After 4 hours and 14.05%
conversion to [err] 940, the water concentration had increased to 99 mcg. 5
EP 0 571 506 B1 The catalyst was rinsed with dry THF, 0.15 g water was
added to the reactor, and on the next day Recycle 1 of the same catalyst
charge with 90 g new THF was started after heating to 85 [err] C for 4.5
hours to reinitiate the polymerization. The above data are reported in the
following TABLE 1 extended through four recycles of the same 5  catalyst
charge: TABLE 1 PERFORMANCE OF RESIN CATALYST IN POLYMERIZATION OF THF TO
PTMEG 10 CATALYST  INITIATION [err] C/hrs. PROPIGATION   WATER CONC. mcg,
and TREATMENT AT END p[err]C/End hr/Conv./M 15   Virgin           85/14.0
2/1st hr/ 7.0%/ 99 mcg Rinsed THF. Added 0.15g water. 15
550 2nd hr/ 8.2%/ 911 3rd hr/10.6%/ 933 4th hr/14.0%/ 940 Recycle 2
85/11.0            2/2nd hr/ 571 mcg High [err]/low Mn. Rinsed dry THF.
2.0%/250 25    Recycle 3       85/18.0           2/1 st hr/ 395 mcg Product
lost after 6th hr. Rinsed dry THF. 7.0%/866 2nd hr/13.32/864 3rd 30
hr/16.9%/882 4th hr/23.3%/896 5th 



hr/27.0%/936 6th hr/30.0%/949 7th hr/ 2% /350 Recycle 4       85/14.0
2/1st hr/ Terminated 40                                     7.5%/890 2nd
hr/14.5%/905 EXAMPLE 2 Another sample of 78% PFIEP-[err] 22% PFIEP-CO2H as
used in EXAMPLE 1 (a) above was acid treated and repeatedly rinsed with THF
until the water concentration was 92 mcg. This virgin catalyst (39 g) and
77.0 g of dry THF were charged to the batch reactor and heated to 85 [err]
C for 20.0 hours to initiate the polymerization. Next, the reactor and its
contents were cooled to 2 C for the propagation step of the reaction. After
the 1st hour, 2.0% conversion to PTMEG with [err] 2300 was found; after the
2nd hour, 7.9% conversion and [err] 2300 were measured; and after the 3rd
hour, 6.0% conversion and [err] 2227. EXAMPLE 3 55 A 31.0 g sample of 78%
PFIEP-[err], 22% PFIEP-[err] catalyst as used in EXAMPLES 1 (a) and 2 above
was soaked in water, dried at 20[err] C, and leached with dry THF. The
virgin catalyst was added to 63.4 g THF, heated to 85[err] for 19.5 hours
to initiate the polymerization, and cooled to 7[err] for propagation. 6
EP 0 571 506 B1 After 1 hour, 10.0% conversion to PTMEG of 1400 [err]
resulted. EXAMPLE 4 5   2.0 g portion of 78% PFIEP-[err], 22% PFIEP-[err]
catalyst as used in the above EXAMPLES was leached with dry THF until its
water content was 111 mcg. The virgin catalyst and 64.0 g of THF were
heated to 86 [err] C for 12.0 hours to initiate the polymerization and
cooled to 54[err][ C for propagation. Results are reported in the following
TABLE 2: 10                       TABLE 2 PERFORMANCE OF RESIN CATALYSTS IN
POLYMERIZATION OF THF TO PTMEG 15 WATER CONC. mcg, AND INITIATION
PROPAGATION      TREATMENT 20     CATALYST     hr/Conv./Mn         AT END
Virgin      86/12.0  54/1st hr/ 2.3%/2800 2nd hr/ 5.1%/2800 3rd hr/
4.0%/2800   Catalyst rinsed THF 25 Recycle     85/12.0  53/1st hr/
7.8%/2800 1                    2nd hr/10.7%/2800   Catalyst rinsed THF 30
Recycle     85/ 3.5  54/1st hr/ 2.6%/2800 2                    2nd hr/
5.0%/2800   Catalyst rinsed THF 



Recycle     85/12.0  54/1st hr/ 8.7%/2800   204 mcg 35        3
2nd hr/ 7.7%/2800   Catalyst rinsed THF Recycle     85/ 4.5  54/1st hr/
4.0%/2300   Catalyst 4                                        rinsed THF 40
Recycle     85/12.0  54/1st hr/ 6.0%/2500   120 mcg 5
Catalyst rinsed THF 45    Recycle      85/12.0  55/No data collected
Catalyst 6                                        rinsed THF Recycle
85/12.0  55/No data collected   Catalyst 7
rinsed THF 50 Recycle     85/12.0  55/1st hr/4.6%/2500    245 mcg 8
Catalyst rinsed THF 55 7    EP 0 571 506 B1 Recycle     85/12.0  60/added
0.5 g 1,4- 9                    butane diol 1st hr/ 3.4%/2000 4th
hr/10.8%/1400   Catalyst rinsed THF Recycle     85/12.0  60/1.5
hr/9.8%/1400 10                    8th hr/9.8%/1400    Catalyst rinsed THF
Recycle     85/12.0  56/1st hr/12.3%/2300 11                    7th
hr/13.3%/2300   Catalyst rinsed THF Recycle     85/12.0  55/1st
hr/11.5%/2500   115 mcg 12                                         Catalyst
rinsed THF Recycle     85/12.0  55/0.5th hr/14.5%/2800 20       13
lst hr/18.2%/ 2800 Added O.5g 1,4-butane diol. Catalyst rinsed THF 25
Recycle     85/18.0  65/1st hr/6.0%/2050    119 mcg 14
3rd hr/6.0%/2050    Catalyst rinsed THF 30     Recycle     85/ 4.0
65/0.5th hr/5.3%/2000 15                      1st hr/6.6%/2000  NO THF
CATALYST RINSE 



35     Recycle     85/12.0  65/1st hr/5.8%/2050    128 mcg 16
50/2nd hr/4.9%/2000    Catalyst rinsed THF Recycle     85/15.0  55/1st
hr/4.8%/2500 40        17                     2nd hr/3.9%/2500    Catalyst
rinsed THF Recycle     90/12.0  60/0.5th hr/10.62%/2500 113 mcg 18
1st hr/16.8%/2500 45                                2nd hr/l8.0%/2500
Catalyst rinsed THF Recycle    120/12.0  60/ Catalyst charred by lack of 19
agitation at 120[err] for 12hrs. Reaction terminated. EXAMPLES 5 through 8
used a catalyst made from a blend of 80% by weight PFIEP-[err] and 20% 55
PFIEP-[err] H. The PFIEP-[err] H precursor resin used had a melt index of
11. EXAMPLES 5 through 7 were normal particle size: 0.1 diameter x 0.5 mm
long cylindrical pellets. The particle size of the catalyst used in EXAMPLE
8 was reduced by approximately one-half. The catalyst of EXAMPLE 9 was made
from a blend of 80% by weight PFIEP-SOaH and 20% fluorinated ethylene
propylene polymer (FEP) of the normal 8    EP 0 571 506 B1 particle size,
and dried by extraction with THF in the usual manner. The catalyst for
EXAMPLES 5 and 6 started with 70.0 g of resin leached with dry THF at 45
[err] to 50 * C several times until the water concentration in the THF was
166 mcg. The catalyst slurry was divided into approximately equal portions
containing 35 g of catalyst and 70 g of THF. The same 35:70 weight ratio of
5  Catalyst to THF was also maintained in EXAMPLE 7. The ratio varied from
35:100 to 35:72-76 for EXAMPLE 8, and was 32:65 in EXAMPLE 9. In EXAMPLE 5
the catalyst slurry was charged to a glass reactor; in EXAMPLE 6 the
reactor was made of steel. In EXAMPLES 7 and 8 the catalyst was prepared by
acid exchange followed by rinsing with dry THF at 10 21 * C until water in
the THF was 74 mcg. 15 20 25 30 35 40 45 50 55 9    EP 0571 506 B1
Performance of these catalysts in polymerization of THF to PTMEG is
reported in TABLE 3 below. RESIN CATALYST PERFORMANCE IN POLYMERIZATION OF
THF TO PTMEG 



INITIATION   PROPAGATION     WATER CONC. CATALYST   [err]/hrs
[err]/End        AT      mca hr/CONV/Mn 10 (Glass Reactor) Virgin
90/12.0  Heater to constant 15                         temperature bath
failed; incomplete initiation. Recycle   90/ 2.0  63/ 1st hr/1.8%/2200 20
1                2nd hr/2.2%/2200        164 mcg EXAMPLE 6 (Steel Reactor)
Virgin    90/12.0  Heater to constant 25
temperature bath failed; incomplete initiation. Recycle   90/ 2.0  63/ 1st
hr/ 7.5%/2450   153 mcg 1                1.5th hr/1O.5%/2500 30
2.3nd hr/11.0%/2500 19th hr/10.5%/2780    Catalyst rinsed THF Recycle   90/
4.5  65/ 1st hr/4.4%/3040 2                1.5th hr/ 5.0%/2891 35
20th hr/15%  /2882    Catalyst rinsed THF Recycle   90/36.0   60/ 2nd hr/
5% /2891   122 mcg 3                   3rd hr/ 4%  /2852    Catalyst rinsed
THF Recycle   90/14.0   60/ 1st hr/11% /2800    119 mcg 4
2nd hr/22% /2852    Catalyst rinsed THF Added 2 g 45
[err] Recycle   90/ 4.0  62/ 1st hr/ 2%/1300      175 mcg 5
Catalyst rinsed THF 50    Recycle   90/12.0   67/1st hr/ 5%/1300      See
foot- 6                  2nd hr/13.6%/1300    note (1). 3rd hr/13.5%/1300
Catalyst rinsed THF 55 10    EP 0 571 506 B1 Recycle   90/12.0   60/1st hr/
5% /1300      See foot- 7                                        note (2).
2nd hr/11  /1300    Catalyst 5
rinsed THF Recycle   90/12.0   60/1st hr/4.5%/1300     See foot- 



8                  2nd hr/ 6.9%/1384     note (3) 3rd hr/ 7.0%/1300 10
5th hr/ 4.5%/1300      Reaction stopped. Footnotes: (1) Agitation lost
during INITIATION. (2) No agitation during INITIATION or 15
PROPAGATION. (3) No agitation during INITIATION. EXAMPLE 7 20     Virgin
85/3.0    8/1st hr/ 2.0%/3000      Catalyst rinsed THF Recycle   85/16.0
7/1st hr/ 1.5%/low Mn 1                  2nd hr/ 6.5%/ "  " 25
4.5th hr/ 2.0%/ ""      Catalysts rinsed THF Recycle   85/16.0   7-23/2nd
hr/2.5%/3000 2                     7th hr/4.0%/3000   Catalyst 30
rinsed THF Recycle   85/16     7-9/1st hr/6.0%/3000    Reaction 3
stopped EXAMPLE 8 Virgin    86/16.0   6/1st hr/_1.%/low Mn    200 mcg
30/5th hr/ 2.5%/ "  "    Catalyst rinsed THF 40    Recycle   86/19.0
6/1st hr/ 7%/3200    114 mcg 1                     22.5 hr/10%/3200 3.5 hr/
8%/3200    Catalyst rinsed THF Recycle   86/ 4.0     8/ 1st hr/ 7%/3200
121 mcg 2                                         Catalyst rinsed THF Added
0.01g 50                                                 water. 65    EP 0
571 506 B1 Recycle   86/13.0     6/0.5 hr/3.0%/3000    143 mcg 3
1.0 hr/4.6%/3000    Catalyst rinsed THF Recycle   86/17.0
6/0.5hr/16.0%/3200    114 mcg 4                   1.2 hr/14.0%/3200
Reaction stopped. EXAMPLE 9 Virgin    85/16.0   51/0.5 hr/4.8%/low Mn   231
mcg 1.5 hr/6.5%/ " " 4.0 hr /7.3%/ "          Catalyst rinsed THF 15 



Recycle   86/18.0   56/0.5th hr/7.2%/2350   81 mcg 1                   1st
hr/ 7.8%/ 2350 3rd hr/ 7.2%/ 2350 20                            5th hr/
9.7%/ 2350   Catalyst rinsed THF Recycle   86/17.0      54/0.5 hr/26%/3200
131 mcg 2                                         Catalyst rinsed THF 25
Added 0.025 g water. 30    Recycle   86/4.0       56/0.5 hr/17%/3200
Catalyst 3                                         rinsed THF Added 0.049 g
water. Recycle   86/2.5      59/0.5 hr/6.5%/3000   149 mcg 4
Reaction Terminated 40 45 50 55 12    EP 0 571 506 B1 EXAMPLE 10 Continuous
Operation: Feed Rate of THF = 0.9 mL/Minute Catalyst: 120.13 g of 70%
PFIEP-[err]/30% PFIEP-CO2H Water      Conversion       Number Elapsed
Content   To PTMEG,            Average 10      Cumulative Time,       of
THF,         % by         Molecular       moles of Hours          mcg
Weight        Weight,Mn          PTMEG Reactor Temperature = 65[err] C 15 0
530         0                   0           0 24          580          1.60
800           0.0104 41          630          1.50             717
0.0181 47          630          1.13             749           0.0201 20
65          491          2.70             792           0.0334 72
500          2.20             815           0. 0375 88          606
3.20             880           0.0501 96          935          3.20
904           0.0562 117            --         4.00             940
0.0755 25       144           658          4.00            1088
0.0969 162          539          4.00            1004           0.1124 167
539          5.15            1028           0.1178 



187          409          8.90            1200           0.1498 191
409          7.40            1112           0.1555 30       210
409         11.90            1080           0.2007 214          409
15.10            1587           0.2089 234          376         13.90
1572           0.2471 238          604          8.00            1575
0.2515 239          604          7.00            2124           0.2522 257
657         9.80            1956           0.2717 Reactor temperature was
68 [err]` C at 257 hours. Reactor temperature dropped to 61 * C by 262
hours and maintained at that temperature until hour 689 at termination of
run. 40 262  657   9.80  2058  0.2768 304  550   9.00  2948  0.3045 334
518   7.00  3203  0.3187 355  578  11.75  1931  0.3463 45
359  578  13.40  2003  0.3521 383        11.00  2641  0.3737 402  349
12.30  3561  0.3879 407  447  14.07  3819  0.3919 450        0.03  9918
0.3919 50                         501        14.80  4636  0.4271 521
3.80  2786  0.4330 525        3.90  3113  0.4341 545        6.00  3500
0.4415 549       12.80  2760  0.4455 55    570   _   47.10  3416  0.5080
689        1.20  3480  0.5169 13    Claims 1. A polymeric acidic catalyst
consisting of a blend of a perfluorinated ion exchange polymer having
pendant sulfonic acid groups with a perfluorinated ion exchange polymer
having pendant carboxylic 5      acid groups, the catalyst being formed by
hydrolyzing and then acidifying, if necessary, a) melt-fabricable polymer
having sulfonyl functional groups, typically a polymer having a fluorinated
hydrocarbon backbone chain to which are attached the functional groups or
pendant side chains which in turn carry the functional groups, the pendant
side chains containing, for example, 10 [err] Rf 15 groups, wherein [err]
is F, Cl, or a C-1 to C-10 perfluoroalkyl radical, and n is an integer from
1 to 5 with the functional group in the side chains of the polymer present
in terminal 20                                      [err\] Rf 25
groups, and b) a melt-fabricable polymer having carboxylic functional
groups, typically a polymer having a fluorinated hydrocarbon backbone chain
to which are attached the functional groups or pendant side chains which
carry the functional groups, the pendant side chains containing, 30 



- (CF) [err] (Z )m 35 groups, wherein Z is F or [err], m is 1 to 12, and W
is -COOR, or -CF2COOR, where R is lower alkyl with the functional groups in
the side chains of the polymer present in terminal [err] 40 (Z )M groups;
and 45       c) melt blending 40-95 percent of the melt-fabricable polymer
from a) above with 60-5 percent of the melt-fabricatable polymer from b)
above, and up to 80 percent of an inert filler selected from
polytetrafluoroethylene, polychlorotrifluoroethylene or copolymers of
tetrafluoroethylene or chlorotrifluoroethylene with one or more of
hexafluoropropylene or a perfluoroalkyl vinyl ether wherein the alkyl group
contains from 1 to 6 carbon atoms or any combination thereof; pelletizing
50       the resulting polymer, and d) converting the pelletized
melt-fabricable polymer from c) by hydrolyzing and then acidifying, if
necessary followed by reducing the water content of the polymer to 1,000 to
2,000 parts per million. 2. An polymeric acidic resin catalyst according to
Claim 1 wherein the catalyst water content is reduced to 55     from 1,000
to 2,000 ppm by oven drying the catalyst at about 90 C for about 8 hours
under pressure between 0.1-100 mm Hg (absolute), followed by mixing the
catalyst with tetrahydrofuran containing from 50 to 300 ppm water and
heating under nitrogen at between 85 [err] to 150 [err] C for at least
three hours under conditions that prevent polymerization of
tetrahydrofuran. 14    EP 0 571 506 B1                                  *
C  L  M  S  * 3. A polymeric acid catalyst of Claim 1 wherein the catalyst
water content is reduced to from 1,000 to 2,000 ppm by repeated leaching of
the catalyst with dry tetrahydrofuran containing less than 100 ppm water at
temperatures ranging from 0[err] to 90[err]C, until the water concentration
in the leachant tetrahydrofuran is reduced to below 100 ppm and the
residual water concentration in the leached 5      catalyst is 1,000 to
2,000 ppm. 4. A polymeric acid resin catalyst of Claim 1 wherein the
catalyst water content is reduced to 1,000 to 2,000 ppm by oven drying the
catalyst at 140[err] -180 [err] C under a pressure of 0.1-10 mm Hg
(absolute) in the presence of 0.5 to 50 parts of trimethyl orthoformate per
part of catalyst to convert water in the 10     catalyst to methyl formate,
followed by further heating the catalyst under vacuum in an oven for at
least 8 hours to volatilise out the last traces of trimethyl orthoformate
and methyl formate and the residual water concentration in the catalyst is
1,000 to 2,000 ppm. 5. A polymeric acid resin catalyst of Claim 1 wherein
the catalyst water content is reduced to 1,000 to 15     2,000 ppm by
extractive distillation of water from the catalyst in the presence of 10 to
20 parts tetrahydrofuran per part of catalyst by weight, whereby wet
catalyst is mixed with tetrahydrofuran and the tetrahydrofuran/water
mixture or azeotrope is distilled off to yield a catalyst with residual
moisture remaining in the catalyst ranging from 1,000 to 2,000 ppm. 20  6.
A batch process for the manufacture of poly(tetramethylene ether) glycols
of number average molecular weight 250 to 4,000 by polymerization of
tetrahydrofuran containing 10 to 300 ppm water in the presence of 5 to 45
percent, based on the weight of tetrahydrofuran, of pelleted perfluorinated
ion exchange resin catalyst of Claim 1, said process being carried out with
stirring or agitation at a temperature from 0[err] to 65 C for a period of
time of 2 to 60 hours until the desired degree of 25     polymerization has
been reached, followed by removal of the product poly(tetramethylene ether)
glycol from the catalyst and recovery of the catalyst. 7. The process of
Claim 6 wherein the moisture content of the catalyst, prior to use, has
been reduced to 



1,000 to 2,000 ppm by oven drying the catalyst at about 90 C for about 8
hours under a pressure 30     between 0.1-100 mm Hg (absolute) followed by
mixing with tetrahydrofuran containing from 50 to 300 ppm water and heating
under nitrogen at a pressure of from 0.1 to 10 mm Hg at between 85[err] to
150 [err]C for at least 3 hours under conditions that prevent
polymerization of tetrahydrofuran. 8 The process of Claim 6 wherein the
moisture content of the catalyst, prior to use, has been reduced to 35
from 1,000 to 2,000 ppm by repeated leaching of the catalyst with dry
tetrahydrofuran containing less than 100 ppm water at temperatures ranging
from 0  to 90 C until the water concentration in the leachant
tetrahydrofuran is reduced to below 100 ppm and the residual water content
in the leached catalyst is 1,000 to 2,000 ppm. 40  9. The process of Claim
6 wherein the moisture content of the catalyst, prior to use, has been
reduced to from 1,000 to 2,000 ppm by oven drying the catalyst at 140[err]
to 180[err]C under a pressure of 0.1 to 10 mm Hg (absolute) in the presence
of 0.5 to 50 parts of trimethyl formate per part of catalyst to convert
water in the catalyst to methyl formats, followed by further heating of the
catalyst under vacuum in an oven for at least 8 hours to volatilize out the
last traces of trimethyl orthoformate and methyl formate 45     and the
residual content of water in the catalyst is from 1,000 to 2,000 ppm. 10.
The process of Claim 6 wherein the moisture of the catalyst, prior to use,
has been reduced to 1,000 to 2,000 ppm by extractive distillation of water
from the catalyst in the presence of 10 to 20 parts tetrahydrofuran per
part of catalyst by weight, whereby wet catalyst in mixed with
tetrahydrofuran and 50     the tetrahydrofuran/water mixture or azeotrope
is distilled off to yield a catalyst with residual moisture remaining in
the catalyst ranging from 1,000 to 2,000 ppm. 11. A continuous process for
the manufacture of poly(tetramethylene ether) glycols of number average
molecular weight 250 to 4,000 by feeding 0.1 to 1.0 g per hour of
tetrahydrofuran, per gram of the 55     pelleted perfluorinated ion
exchange resin of Claim 1 held in the reaction zone by suitable means, said
tetrahydrofuran containing less than 1,000 ppm water for a hold-up time of
from 4 to 40 hours, operating at temperatures ranging from 5[err] to 70
[err] C, followed by recovery of the effluent and further processing under
reduced pressure to remove excess tetrahydrofuran and traces of volatiles
from the 15    EP 0 571 506 B1 product poly(tetramethylene ether) glycol.
12. The process of Claim 11 wherein the moisture content of the catalyst,
prior to use, has been reduced to from 1,000 to 2,000 ppm by oven drying
the catalyst at above 100[err]C for about 8 hours under a 6      pressure
between 0.1-100 mm Hg (absolute) followed by mixing with tetrahydrofuran
containing from 50 to 300 ppm water and heating under nitrogen at a
pressure from 0.1 to 10 mm Hg (absolute) for at least 3 hours under
conditions that prevent polymerization of tetrahydrofuran. 13 The process
of Claim 11 wherein the moisture content of the catalyst, prior to use, has
been reduced 10    from 1,000 to 2,000 ppm by repeated leaching of the
catalyst with dry tetrahydrofuran containing less than 100 ppm water at
temperatures ranging from 0[err] to 90[err] until the water concentration
in the leachant tetrahydrofuran is reduced to below 100 ppm and the
residual water content in the catalyst is from 1,000 to 2,000 ppm. 15  14.
The process of Claim 11 wherein the moisture content of the catalyst, prior
to use, has been reduced to from 1,000 to 2,000 ppm by oven drying the
catalyst at 140 [err] to 180 C under a pressure of 0.1 to 10 mm Hg
(absolute) in the presence of 0.5 to 50 parts of trimethyl formate per part
of catalyst to convert water in the catalyst to methyl formate, followed by
further heating of the catalyst under vacuum in an oven for at least 8
hours to volatilize out the last traces of trimethyl orthoformate and
methyl formate 20     and the residual water content in the catalyst is
from 1,000 to 2,000 ppm. 15. The process of Claim 11 wherein the moisture
content of the catalyst, prior to use, has been reduced to 1,000 to 2,000
ppm by extractive distillation of water from the catalyst in the presence
of 10 to 20 parts of tetrahydrofuran per part of catalyst by weight,
whereby wet catalyst is mixed with tetrahydrofuran 



25     and the azeotrope of the tetrahydrofuran/water mixture is distilled
off to yield catalyst with residual moisture remaining in the catalyst
ranging from 1,000 to 2,000 ppm. PatentansprUche 30  1. Polymerer saurer
Katalysator, bestehend aus einer Mischung sines perfluorierten
lonenaustauscher- Polymeren mit angehAngten Sulfonsguregruppen mit einem
perfluorierten lonenaustauscher-Polymer mit angehlngten Carbonsguregruppen,
wobel der Katalysator gebildet wird durch Hydrolyse und anschlieflendes
Ansduern, sofern notwendig, a) eines schmeizverarbeitbaren Polymeren mit
sulfonylfunktionellen Gruppenj typischerweise einem 35       Polymer mit
einer fluorierten Kohlenwasserstoff-Hauptkette, an die die funktionellen
Gruppen odor die angeh~ngten Seitenketten angeknUpft sind, die ihrerseits
die funktionellen Gruppen tragen, wobei die angehingten Seitenketten
beispielsweise folgende Gruppen enthalten 40 - (CF-CF2) n-SO2F, Rf 45
worin Rf fur F, Cl odor einen C-1- bis C-10-Perfluoralkylrest steht und n
sine ganze Zahl von 1 bis 5 bedeutet, wobei die funktionellen Gruppen in
den Seitenketten des Polymeren in den terminalen Gruppen 50 O-CF-CF2-SO2F
Rf 55       vorhanden sind, und b) elnes schmeizverarbeitbaren Polymeren
mit carboxyfunktionellen Gruppen, typischerwelse einem Polymer, das sine
fluorierte Kohlenwasserstoff-Hauptkette aufweist, an die die funktionellen
Gruppen oder die angehingten Seitenketten, die die funktionellen Gruppen
tragen, angekntpft sind, wobel die 16    angehangten Seitenketten die
folgenden Gruppen enthalten, -(CF) m-W, (Z) M worin Z fUr F oder CF9 steht,
m 1 bis 12 bedeutet, und W -COOR oder -CF2COOR bedeutet, worin R flr
Niedrigalkyl steht, wobei die funktionellen Gruppen in den Seitenketten des
Polymeren in den 10       endstandigen Gruppen 0- (CF) m-W 15
(Z)m vorhanden sind, und c) Schmelzvermischen von 40 bis 95 % des
schmeizverarbeitbaren Polymeren aus a), vorstehend, 20       60-5 % des
schmelzverarbeitbaren Polymeren aus b), vorstehend, und bis zu 80 % eines
Inerten FUllstoffes, ausgew~hIt aus Polytetrafluorethylen,
Polychlortrifluorethylen oder aus Copolymeren von Tetrafluorethylen oder
Chlortrifluorethylen mit elnem oder mehreren von Hexafluorpropylen odor.
einem Perfluoralkylvinylether, worin die Alkylgruppe 1 bis 6
Kohlenstoffatome enthalt, oder von irgendeiner Kombination davon,
Pelletisieren des resultierenden Polymeren, und 25       d) Umwandeln des
pelletisierten schmelzverarbeitbaren Polymeren aus c) durch Hydrolyse und
anschliefendes Ansauern, sofern notwendig, worauf die Verringerung des
Wassergehaltes des Polymeren auf 1 000 bis 2 000 Toile pro Million erfolgt
2. Saurer Harzkatalysator nach Anspruch 1, worin der Wassergehalt des
Katalysators auf 1 000 bis 2 000 30     ppm verringert wird, indem der
Katalysator in einem Ofen bei etwa 90 *C fOr etwa 8 Stunden unter einem
Druck zwischen 0,1 bis 100 mmHg (absolut) getrocknet wird, worauf das
Vermischen des Katalysators mit Tetrahydrofuran, das 50 bis 300 ppm Wasser
enthailt, und das Erhitzen unter Stickstoff zwischen 85 * bis 150 *C flr
wenigstens 3 Stunden unter Bedingungen, die die Polymerisation von 



Tetrahydrofuran verhindem, erfolgen. 35 3. Polymerer saurer Katalysator
nach Anspruch 1, bei dem der Wassergehalt des Katalysators auf 1 000 bis 2
000 ppm verringert wird, indem der Katalysator wiederholt mit trockenem
Tetrahydrofuran, das weniger als 100 ppm Wasser enthalt, bei Temperaturen
im Bereich von 0 bis 90  C ausgelaugt wird, bis sich die
Wasserkonzentration in dam Auslauge-Tetrahydrofuran auf unter 100 ppm
verringert und 40     die Restwasserkonzentration in dam ausgelaugten
Katalysator 1 000 bis 2 000 ppm betragt. 4. Polymerer saurer
Harzkatalysator nach Anspruch 1, bei dam der Katalysator-Wassergehalt auf 1
000 bis 2 000 ppm verringert wird, indem der Katalysator bel 140-180 *C
unter einem Druck von 0,1-10 mmHg (absolut) in Gegenwart von 0,5 bis 50
Teilen Trimethylorthoformiat pro Toil Katalysator erhitzt 45     wird, umr
das Wasser in dam Katalysator zu Methylformiat umzuwandeln, worauf noch das
Erhitzen des Katalysators unter Vakuum in elnem Ofen fOr wenigstens 8
Stunden erfolgt, um die letzten Spuren von Trimethylorthoformiat und
Methylformiat zu verflUchtigen, so daS die Restwasserkonzentration in dam
Katalysator 1 000 bis 2 000 betrggt. so  5. Polymerer saurer
Harzkatalysator nach Anspruch 1, bel dem der Katalysator-Wassergehalt auf 1
000 bis 2 000 ppm verringert wird, indem das Wasser extraktiv aus dem
Katalysator In Gegenwart von 10 bis 20 Tellen Tetrahydrofuran pro
Gewichtsteil Katalysator abdestilliert wird, wobei nasser Katalysator mit
Tetrahydrofuran gemischt und das Gemisch aus Tetrahydrofuran/Wasser oder
das Azeotrop abdestiflliert wird, so daB sich ein Katalysator mit einer in
dem Katalysator.verbleibenden Restfeuchtig- 65     keit im Bereich von 1
000 bis 2 000 ppm ergibt. 6. Batchverfahren zur Herstellung von
Poly(tetramethylenether)-glycolen mit einem Zahlenmittelmolekular- gewicht
von 250 bis 4 000 durch Polymerisatlon von Tetrahydrofuran, das 10 bis 3
000 ppm Wasser 17    enthfit. in Gegenwart von 5 bis 45 %, bezogen auf das
Gewicht von Tetrahydrofuran, von pelletisiertem perfluoriertem
lonenaustauscher-Harzkatalysator nach Anspruch 1, wobei das genannte
Verfahren unter SchOtteln odor RUhren bei einer Temperatur von 0 bis 65 * C
fOr die Zeitdauer von 2 bis 60 Stunden durchgeftlhrt wird, bis der
gewfnschte Polymerisationgrad errelcht worden Ist, worauf die Entfemung 5
des Poly(tetramethylenether)-glycol-Produkts aus dem Katalysator und die
RUckgewinnung des Kataly- sators erfolgen. 7. Verfahren nach Anspruch 6,
be! dem der Feuchtigkeitsgehalt des Katalysators vor der Verwendung auf 1
000 bis 2 000 ppm verringert worden ist, indem der Katalysator bei etwa 90
* C ftr etwa 8 Stunden to     unter einem Druck zwischen 0,1-100 mmHg
(absolut) in einem Ofen getrocknet und anschliefiend mit Tetrahydrofuran,
das 50-300 ppm Wasser enthalt, vermischt worden ist und unter Stickstoff
be! einem Druck von 0,1 bis 10 mmHg zwischen 85 bis 150 * C ftr wenigstens
3 Stunden unter Bedingungen, die die Polyermisation von Tetrahydrofuran
verhindern, erhitzt worden ist. 15  8  Verfahren nach Anspruch 6, bei dem
der Feuchtigkeitsgehalt des Katalysators vor der Verwendung auf 1 000 bis 2
000 ppm verringert worden Ist, indem der Katalysator wiederholt mit
trockenem Tetrahydro- furan, das weniger als 100 ppm Wasser enthilt, bel
Temperaturen im Bereich von 0 * bls 90 *C ausgelaugt worden ist, bis die
Wasserkonzentration in dem Auslauge-Tetrahydrofuran unter 100 ppm
verringert worden ist und der Restwassergehalt in dem ausgelaugten
Katalysator 1 000 bis 2 000 ppm 20     betragt. 9. Verfahren nach Anspruch
6, be! dem der Feuchtigkeitsgehalt des Katalysators vor der Verwendung auf
1 000 bis 2 000 ppm verringert worden ist, indem der Katalysator in einem
Ofen bei 140 * bis 180 C unter einem Druck von 0,1-10 mmHg (absolut) in
Gegenwart von 0,5-50 Teilen Trimethylformiat auf ein 26     Tell
Katalysator getrocknet worden ist, um das Wasser in dem Katalysator zu
Methylformiat umzuwan- deln, gefolgt von weiterem Erhitzen des Katalysators
unter Vakuum in einem Ofen fOr wenigstens 8 Stunden, um die letzten Spuren
von Trimethylorthoformiat und Methylformiat zu verflUchtigen, so daB der
Restwassergehalt in dem Katalysator 1 000 bis 2 000 ppm betrAgt. 



3o  10. Verfahren nach Anspruch 6, bei dem die Feuchtigkeit des
Katalysators vor der Verwendung auf 1 000 bis 2 000 ppm durch extraktive
Destillation des Wassers aus dem Katalysator in Gegenwart von 10 bis 20
Teilen Tetrahydrofuran auf 1 Gewichtstell Katalysator verringert worden
Ist, wobel der nasse Katalysator mit Tetrahydrofuran vermischt und das
TetrahydrofuranNWassergemisch odor Azeotrop abdestilliert wird, so daB sich
ein Katalysator mit einer in dem Katalysator verbleibenden Restfeuchtfg- 35
keit im Bereich von 1 000 bis 2 000 ppm ergibt. 11. Kontinuierliches
Verfahren zur Herstellung von Poly(tetramethylether)-glycolen mit einem
Zahlenmittel- molekulargewicht von 250 bis 4 000, indem pro Stunde 0,1 bis
1,0 g Tetrahydrofuran auf 1 g des pelletfsierten perfluorierten
lonenaustauscherharzes nach Anspruch 1, das durch geeignete Mittel in der
40     Reaktionszone gehalten wird, fOr eine Verweilzeit von 4 bis 40
Stunden eingeleitet wird, wobei das genannte Tetrahydrofuran weniger als 1
000 ppm Wasser enthait und wobei bel Temperaturen im Bereich von 5 * bis 70
C gearbeitet wird und anschlieBend der Oberlauf gewonnen und unter
reduziertem Druck weiterverarbeitet wird, um OberschUssiges Tetrahydrofuran
und Spuren von fllchti- gen Bestandteilen aus dem
Poly(tetramethylenether)-glycol-Produkt zu entiernen. 45 12. Veriahren nach
Anspruch 11, bei dem der Feuchtigkeitsgehalt des Katalysators vor der
Verwendung auf 1 000 bis 2 000 ppm verringert worden ist, indem der
Katalysator im Ofen be! Ober 100 *C fUr etwa 8 Stunden unter einem Druck
zwischen 0,1 bis 100 mmHg (absolut) getrocknet und anachileBend mit
Tetrahydrofuran, das 50 bis 300 ppm Wasser enthilt, vermlscht worden Ist
und indem unter Sticksloff so     bel einem Druck von 0,1 bis 10 mmHg
(absolut) fUr wenigstens 3 Stunden unter Bedingungen erhitzt wurde, die die
Polymerisation von Tetrahydrofuran verhindem. 13. Verfahren nach Anspruch
11, be! dem der Feuchtigkeitsgehait des Katalysators vor der Verwendung auf
1 000 bis 2 000 ppm verringert worden ist, indem der Katalysator wiederholt
mit trockenem Tetrahydro- 55     furan, das weniger als 100 ppm Wasser
enthalt, be! Temperaturen im Berelch von 0 * bis 90 GC ausgelaugt worden
!st, bis sich die Wasserkonzentration in dem Auslauge-Tetrahydrofuran auf
unter 100 ppm verringert hat und der Restwassergehalt in dem Katalysator 1
000 bis 2 000 ppm betragt. 18    EP 0 571 506 BI                         C
1   L  M   S ^z      14. Verfahren nach Anspruch 11, be! dem der
Feuchtigkeitsgehalt des Katalysators vor der Verwendung auf 1 000 bis 2 000
ppm verringert worden ist, indem der Katalysator bei 140-180 * C unter
elnem Druck von 0,1-10 mmHg (absolut) in Gegenwart von 0,5 bis 50 Teilen
Trimethylorthotormiat pro Tell Katalysator in elnem Ofen getrocknet worden
ist, um das Wasser in dem Katalysator zu Methylformiat 5      umzuwandeln,
gefolgt von weiterem  Erhitzen des Katalysators unter Vakuum in elnem iOfen
fUr wenigstens 8 Stunden, um die letzten Spuren von Trimethylorthoforrniat
und Methylformiat zu verfiUch- tigen, so daB der Restwassergehalt in dem
Katalysator 1 000 bis 2 000 ppm betragt. 15. Verfahren nach Anspruch 1 1,
be! dem der Fouchtigkeitsgehalt des Katalysators vor der Verwendung auf 10
1 000 bis 2 000 ppm durch extraktive Destillation des Wassers aus dem
Katalysator In Gegenwart von 10 bis 20 Teilen Tetrahydrofuran auf 1
Gewichtsteil Katalysator verringert worden ist, wobei der nasse Katalysator
mit Tetrahydrofuran vermischt und das Azeotrop aus dem
TetrahydrofuranNWassergemisch abdestilliert wird, so daB sich ein
Katalysator mit elner in dem Katalysator verbleibenden Restfeuchtig- keit
im Bereich von 1 000 bis 2 000 ppm ergibt. 15 Revendicatlons 1. Un
catalyseur acide polymbre constitud d'un melange d'un polymere d'dchange
d'ions perfluord comportant des groupes acides sulfoniques pendants avec un
polymbre d'echange d'ions comportant N0     des groupes acides
carboxyliques pendants, le catalyseur 6tant form6 en. hydrolysant pule
acidifiant, si necessaire, a) un polymbre travaillable h I'6tat fondu
comportant des groupes fonctionnels sulfonyles, typique- 



ment constitu4 par un polymbre ayant une chalise squelettabe hydrocarbonde
fluorde A laquelle sont attach6s les groupes fonctionnels ou des chaihes
lat6rales pendantes qui portent elles.-mmes les 25       groupes
fonctionnels, les chalnes latgrales pendantes contenant par exemple des
groupes -(CF-CF2)n-SO2F 30 oO RI est un atome de fluor ou de chlore ou un
radical perfluoroalkyle en C., a Co et n un nombre entier de valeur 1 a 5,
avec presence du groupe fonctionnel des chathes laterales du polymbre dans
des groupes terminaux 3S -O-CF--CF2--SO2F  , et Rf j 40 b) un polymbre
travaillable b N'Wtat fondu comportant des groupes fonctionnels
carboxyliques, typiquement constitu6 par un polymbre ayant une chaihe
squelettale hydrocarbonbe fluorie a laquelle sont attachds les groupes
fonctionnels ou des chafhes lat6rales pendantes qui portent les groupes
fonctionnels, les chalhes lat~rales pendantes contenant des groupes 45 -
(CF)m W, (Z)m 50 dans lesquels Z est un atome de fluor ou un groupe CF9, m
vaut 1 a 12, et W est -COOR, ou -CF2COOR, oO R est un groupe alkyle
inf~rieur avec pr6sence des groupes fonctionnels des chaines laterales du
polymbre dans des groupes terminaux 55 O- (CF) R-W, et (Z),m 19    EP 0 571
506 B1                          c  L c) en melangeant a l'etat fondu 40 a
95 pour cent du polymbre travaillable a l'etat fondu de a) ci- dessus avec
60 a 5 pour cent du polymere travaillable a I'4tat fondu de b) ci-dessus,
et jusqu'a 80 pour cent d'une charge inerte choisie parmi le
polyt6trafluor~thylne, le polychlorotrifluor~thylbne ou des copolymbres de
t6trafluor6thylbne et de chlorotrifluor6thylene avec un ou plusieurs
repr6sen- 5        tants de l'ensemble form6 par l'hexafluoropropyIgne et
les ethers de perfluoroalkyle et de vinyle dans lesquels le groupe alkyle
compte 1 A 6 atomes de carbone ou une combinaison quelconque de ceux ci; en
granulant le polymere resultant, et d) en convertissant le polymere,
granule, travaillable a l'etat fondu de c) par hydrolyse puis
acidification, si n6cessaire suivi d'une r6duction de la teneur en eau de
polymere a une valour de 10       1000 a 2000 parties par million. 2. Un
catalyseur resineux acide polymere selon la revendication 1 dans lequel la
teneur en eau du catalyseur est reduite a une valeur de 1000 a 2000 parties
par million par s6chage du catalyseur en dtuve a environ 90 * C pendant
environ 8 heures sous une presslon absolue de 0,1 a 100 mm de 15
mercure, puis melange du catalyseur avec du tetrahydrofurane renfermant 50
a 300 ppm d'eau et chauffage sous azote a une temperature comprise entre 85
et 150 IC pendant au moins 3 heures dans des conditions propres I 6viter la
polym6risation du tetrahydrofurane. 3 Un catalyseur acide polymere selon la
revendlcation 1 dans lequel la teneur en eau du catalyseur est 20
r6duite a une valour de 1000 a 2000 ppm par lessivage repete du catalyseur
avec du t~trahydrofurane sec renfermant moins de 100 ppm d'eau & des
temperatures de 0 a 90 *C jusqub ce que la concentration on eau du
tetrahydrofurane de lessivage tombe au-dessous de 100 ppm et quo la 



concentration en eau residuelle du catalyseur lessiv6 soit de 1000 a 2000
ppm. 25  4. Un catalyseur r6sineux acide polymbre de la revendication 1
dans lequel la teneur en eau du catalyseur est r6duite & une valeur de 1000
a 2000 parties par million par sechage du catalysour en 6tuve a 140-180 *C
sous une pression absolue de 0,1 a 10 mm de mercure en pr6esence de 0,5 a
50 parties d'orthoformiate de trimethyle par partie de catalyseur afin de
convertir l'eau presente dans le catalyseur en formiate de m6thyle, puis en
chauffant de nouveau le catalyseur sous vide dans une 30     6tuve pendant
au moins 8 heures & l'effet de volatilisor les dernieres traces
d'orthoformiate de trim6thyle et de formiate de mftyle et d'obtenir une
concentration en eau r6siduelle dans le catalyseur de 1000 a 2000 ppm. 5.
Un catalyseur rdsineux acide polymere de la revendication 1 dans loquel la
teneur en eau du 35     catalyseur est r6duite a une valeur de 1000 a 2000
ppm par distillation extractive de l'eau du catalyseur en presence de 10 a
20 parties en poids de t6trahydrofurane par partle en poids de catalyseur,
de sorte quo le catalyseur humide so trouve melange avec du
tetrahydrofurane et que le m6lange-ou az6otrope t6trahydrofurane/eau so
trouve chass6 par distillation pour foumir un catalyseur dont la teneur en
humidit6 r6siduelle eet de 1000 & 2000 ppm. 40 6 Un proc~d6 discontinu pour
la pr6paration de poly(t6tram6thylbne 6ther) glycols de poids mol6culaire
moyen en nombre de 250 & 4000 par polymerisation de t~trahydrofurane
renfermant 10 a 300 ppm d'eau en pr6sence de 5 & 45 pour cent, rapport6s au
poids de t6trahydrofurane, de catalyseur r6sineux echangeur d'ions
perfluore en granules de la revendication 1, ledit proced6 4tant mis en
oouvre avec 45     remuement ou agitation & une temperature de 0 & 65 * C
pendant une dur6e de 2 a 80 heures jusqu'a ce que le degre desire de
polymdrisation ait A61 atteint, puis elimination du produit
poly(t6tramdthylbne 6ther) glycol du catalyseur et r6cup6ration du
catalyseur. 7. Le proc~dd de la revendication 6 dans loquel la toneur on
humiditd du catalyseur, avant utilisation, a 50     6td rdduite A une
valeur de 1000 & 2000 ppm par sechage du catalyseur en etuve A environ 90
*C pendant environ 8 heurss sous une pression absolue comprise entre 0,1 et
100 mm de mercure, puis melange avec du t~trahydrofurane renfermant 50 A
300 ppm d'eau et chauffage sous azote sous une pression de 0,1 A 10 mm de
mercure et & une tomperature comprise entre 85 et 150 'C pendant au moins 3
heures dans des conditions propres & 6viter la polymerisation du
t6trahydrofurane. 8. Le proc6dd de la revendication 6 dans lequel la toneur
en humidit4 du catalyseur, avant utilisation, a e1e r6duite & une valeur de
1000 & 2000 ppm par lessivage rep~t6 du catalyseur avec du t6trahydrofu-
rane sec renfermant moins de 100 ppm d'eau & des temperatures de 0 a 90 *C
jusqu'A co que la 20    EP0571 506B13*  c  L  M  S concentration en eau du
t6trahydrofurane de lessivage soat descendue au-dessous de 100 ppm et que
la concentration en eau r6siduelle du catalyseur lessive sait de 1000 a
2000 ppm. 9. Le procede de la revendication 6 dans loquel la teneur en
humiditd du catalyseur, avant utilisation, a 5     6te reduite a une valeur
de 1000 a 2000 ppm par sdchage du catalyseur en 6tuve & une temperature de
140 & 180 *C sous une pression absolue de 0,1 a 10 mm de mercure en
presence de 0,5 & 50 parties de formiate de trimethyle par partie de
catalyseur afin de convertir l'eau presente dans le catalyseur en formiate
de m6thyle, puis en poursuivant le chauffage du catalyseur sous vide dans
une etuve pendant au moins 8 heures a I'effet de volatiliser les demieres
traces d'orthoformiate de 10.   trimdthyle et de formiate de methyle, et
d'obtenir une teneur en eau residuelle du catalyseur de 1000 a 2000 ppm.
10. Le proc~dd de la revendication 6 dans lequel la teneur en humiditd du
catalyseur, avant utilisation, a ete reduite a une valeur de 1000 a 2000
ppm par distillation extractive de l'eau du catalyseur en is     presence
de 10 a 20 parties en poids de tetrahydrofurane par partie en poids de
catalyseur, de sorte que ie catalyseur humride se trouve melange avec du
tetrahydrofurane et que le m6lange ou azeotrope 



t6trahydrofurane/eau se trouve chass4 par distillation pour foumir un
catalyseur dont la teneur en humidite residuelle est de 1000 A 2000 ppm. 20
11. Un proc~d6 pour la preparation en continu de poly(tetram~thylbne 4ther)
glycols de poids mol~culaire kk->       moyen on nombre de 250 & 4000 par
envol de 0,1 & 1,0 gramme par heure de t6trahydrofurane par gramme de la
r6sine d'dchange d'ions perfluoree en granules de ia revendicatlon 1
maintenue dans la zone de reaction par des moyens appropri6s, ledit
t~trahydrofurane renfermant moins de 1000 ppm d'eau pour un temps de sojour
de 4 a 40 heures, travail h des temperatures de 5 & 70 *C, puis 25
recuperation de l'effluent et poursuite du traitement sous pression r6duite
a l'effet d'6liminer le t~trahydrofurane en exces et les traces de produits
volatils du poly(tetram6thyl&ne 6ther) glycol produit. 12. Le proced6 de la
revendication 11 dans loquel la teneur en humiditd du catalyseur, avant
utillsatlon, a 6t6 reduite & une valeur de 1000 & 2000 ppm par sechage du
catalyseur en etuve au-dessus de 100 30     *C pendant environ 8 heures
sous une pression absolue comprise entre 0,1 et 100 mm de mercure, puis
m~lange avec du tetrahydrofurane renfermant 50 & 300 ppm d'eau et chauffage
sous azote sous une pression de 0,1 a 10 mm de mercure pendant au moins 3
heures dans des conditions propres & eviter la polymerisation du
tetrahydrofurane. 35  13. Le procede de la revendication 11 dans lequel la
teneur on humidite du catalyseur, avant utilisation, a ete r~dulte & une
valour de 1000 & 2000 ppm par lessivage repete du catalyseur avec du
tetrahydrofu- rane sec renfermant moins de 100 ppm d'eau & des temperatures
de 0 & 90 *C jusqu'& ce que la concentration en eau dans le
tetrahydroturane de lessivage soit descendue au-dessous de 100 ppm et que
la concentration en eau residuelle dans le catalyseur lessiv6 salt de 1000
& 2000 ppm. 40 14. Le proc6d6 de la revendication 11 dons lequel la teneur
on humidit6 du catalyseur, avant utilisation, a Mt4 r~duite A une valeur de
1000 & 2000 ppm par sechage du catalyseur en dtuve A une temperature de 140
A 180 IC sous une pression absolue de 0,1 & 10 mm de mercure en prdsence
deo0,5 & 50 parties de formiate de trim6thyle par partie de catalyseur afin
de convertir l'eau presente dans le 45     catalyseur en formiate de
m6thyle, puis en poursuivant le chauffage du catalyseur sous vide dans une
6tuve pendant au moins 8 heures & l'effet de volatiliser les dernibres
traces d'orthoforrniate de trimethyle et de formiate de methyle, et
d'obtenir une teneur en eau residuelle du catalyseur de 1000 a 2000 ppm. 5o
15. Le proc6d6 de la revendication 11 dans lequel la teneur en humidit6 du
catalyseuri avant utilisation, a ete reduite & une valeur de 1000 a 2000
ppm par distillation extractive de l'eau du catalyseur en pr6sence de 10 a
20 parties en poids de tetrahydrofurane par partie en poids de catalyseur,
do sorte quo le catalyseur humide se trouve melange avec du
tetrahydrofurane et quo l'azeotrope t~trahydrofu- raneleau se trouve chass4
par distillation pour foumir un catalyseur dont la teneur en humidite 55
residuelle est de 1000 a 2000 ppm. 21    


