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PROCESSES FOR SEPARATING
COMPONENTS IN ALKYL
PERFLUOROALKENE ETHER PRODUCTION

CROSS REFERENCE(S) TO RELATED
APPLICATION(S)

This application claims the benefit of prionty of U.S Pro-
visional Apphications §1/539,073, filed Sep 26, 2011

BACKGROUND INFORMATION

1 Field of the Disclosure

Thus invention relates to processes for separating compo-
nents 1 the production of unsaturated fivorocarbon echers
The mvennon further relates to processes for recovenng cata-
lysts used 1n the production of unsaturated fluorccarbon
cthers The mvention also relates (o processes for removing
water from crude products formed during production of
unsaturated fluorocarbon ethers

2 Description of the Related Art

Chlorofluorocarbon (CFC) compounds have been used
extensively i the area of sermconductor manufacture to clean
surfaces such as maguetic disk media However, chlorine-
containing compounds such as CFC compounds are consid-
ered 1o be detrunental to the Earth's ozone layer Inaddition,
many of the hydrofluorocarbons used to replace CFC com-
pounds have been found to contribute to global warming As
a suggested replacement for such CFC compounds, novel
alky] pertlucroalkene ethers were disclosed in US patent
application Ser No 13/187.637 and U S Patent Application
Publication No 1S 2010/0209600 Al, both of which are
ncorporated 1 thewr entirety herein.

It has been discovered by the mventor that present pro-
cesses for producing alkyl perfluoroalkene ethers may result
in a heterogeneous rag layer that forms between an aqueous
phase and an organic phase. This rag layer1s beheved to form
due to the insolubility of the phase transfer catalyst that 15
used i thereaction The phase transfer catalyst may be peorly
soluble 10 both aqueous and organic solutions It has been
discovered through expermmentation that a rag layer forms in
the area between the aqueous phase and the organic phase,
rendering separation of the phases more difficult Further-
more, when used 1 a continuous operation, the rag layer may
mcrease n s1ze, which may require the reaction to be stopped
s0 that the rag layer may be removed from the separator

1t 1s therefore desirable n the art to find processes for
producing alkyl perfluoroalkene ethers without forming a rag
layer Furthermore, 1t may also be desirable to have a con-
tinuows process for producing alkyl perfluoroalkene ethers_ It
may aiso be desirable to have a process for recovering the
phase transfer catalyst used mn the production of alkyl per-
fluorpalkene ethers

SUMMARY

In at least one embodiment of the present disclosure, a
Process comprises
a contacting a perfluorinated olefin with an aleohol, an
alkali metal hydroxide, and water in the presence of a
phase transfer catalyst for a period of time to produce a
reaction product mixture that separates 1o an agueous
phase and an orgamec phase, wheremn the alcohol 1s
present in an effective amount sufficient to form a third
phase compnsing at least 50% of the phrase transfer
catalyst; and
b. separatung the third phase from the organic phase.
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In at least one other embodiment of the present disclosure,
4 process comprises.

a contacting a perfluorinated olefin with an alcohel, and
alkali metal hydroxide, and water m the presence of a
phase transfer catalyst for a period of time to produce a
reaction product muxture that separates m an aquecus
phase and an organsc phase; and

b adding an additional amount of aicchol to the reaction
product mixture, wherem the additional amount of alco-
hol forms a third phase comptising at least 50% of the
phase transfer catalyst mitially present

In accordance with at least one embediment of the present

disclosure a continuous process comprises’

a. feeding a reactant stream compnsmg a perfluormated
olefin, an alcohol, an aikali metal hydroxide, water, and
a phase transfer catalyst to a reacter to form a reacuon
product mixture;

b transfernng the reaction product mixture from the reac-
tor e a separator-

¢. adding an addinonal amount of alcohol to the reaction
product mixture before the reaction muixture enters the
separator, wherein the additional amount of alcohoi 1s
added 1n an amount sufficient to prevent the formation of
a rag laver during separation, and

d separating an organic phase of the reaction product mix-
ture from the remainder of the reaction product mixture
1 a continuous decanter, wheremn the remainder of the
reaction product mrxture compnses an aqueous phase.

In at least one embodiment of the present disclosure. a

process comprises-

a fcomtacting a perfluorinated olefin with an alcohol. an
alkali metal hydroxide, and water 1n the presence of a
phase transfer catalyst for a period of tume to produce a
reaction product muxture that separates 1nto an organic
phase and an aqueous phase,

b adding an additional amount of alcohol to the reaction
product mrxture, wherein the addrtional amouat of alco-
hol forms a third phase comprising at least 50% of the
phase transfer catalyst.

¢ separating the third phase from the organic phase and the
aqueous phase, and

d. recovering the phase transfer catalyst from the third
phase

The foregoing general description and the following

detarled description are exemplary and explanatory only and
are not restrrctive of the imvention, as defined m the appended
claims

DETAILED DESCRIPTION

Before addressing detads of embodiments desenbed
below, same terms are defined or clarified

For purposes of the preseml 1nvention, a “phase transfer
catalyst” 1s a substance that facilitates the transfer of 10mc
compounds (¢ g . reactants or components) 1to an Orgamc
phase The phase transfer catalyst facilitates the reaction of
these dissimilar and mcompatible components. While various
phase transfer catalysts may function m different ways. their
mechamsm of action 15 not determunative of thear utility in the
present process.

As used herein, the term “alcohol” is used to refer 1o low
alcohols, such as, for example, methanol and ethanol.

As used herein. the phrase “reaction product” means the
desired product of the reaction, such as, for example, unsat-
urated fluoroethers The phrase “reaction product maxture™ 15
used herein to refer to the reaction product plus other reaction
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byproducts and leftover reactant, ie., the contents of the
reactor after the reaction has taken place

As used heremn, the term “phase™ means an immiscible
partition formed from a mixture of components For example,
the phrases “orgamc phase” and “aqueous phase™ refer to two
separate partitions, one contaumng organic material and the
other being water based The phrase “fhurd phase” refers to a
thard partition independent from the orgamic and agueous
phases

According to at least one embodiment the reaction prod-
ucts disclosed herein are unsaturated fluoroethers which may
have utility as solvents, carner flmds, dewatering agents.
degreasmg solvents or defluxing solvents The reaction prod-
ucts may comprise alkyl perfluoroalkene ethers, such as, for
example, methyl perfluoropentene ethers (MPPE} or methyl
perfluorcheptene ethers (MPHE). Other alkyl perfluoroalk-
ene ethers may also be produced m accordance with the
present teachmngs, as one skilled 1 the art would readdy
appreciate.

In at least one embodiment, the reaction product disclosed
herein may be prepared by contacting a perflucroalkene. such
as perflucro-3-heptene, pefluoro-2-heptene, perfluore-2-hex-
ene, perfluoro-3-hexene, or perfluore-2-pentene with an alco-
hol 1n the presence of a strong base For example, perfluoro-
3-heptene may be reacted with an alcohol such as methanol or
ethanol. or mixtures thereof, 1n the presence of an aqueous
solution of a strong base to produce unsaturated fluoroethers

According to at least one embodiment. the products from
the reaction of perfluoro-3-heptene with methanol comprise
5-methoxyperfluoro-3-heptene, 3-methoxyperfluoro-3-hep-
tene, 4-methoxyperfluoro-2-heptene and 3-methoxyper-
fluoro-2-heptene.

In at least one embodiment, the products from the reaction
of perfluoro-2-pentene wrth methanci comprise 4-methox-
yperfluoro-2-pentene, 2-methoxyperfluoro-2-pentene,
3-methoxyperfluoro-2-pentene, and 2-methoxyperfluoro-3-
pentene

In accordance with at least one further embodiment. the
products from the reaction of perfluoro-2-octene with metha-
nol comprise ¢i1s- and trans-2-methoxyperfluoro-2-ociene
and 2-methoxyperfiuoro-3-octene.

In at least one embodiment, the strong base 15 a base which
will react with an alcohol to produce an alkoxide upon com-
bination ofthe base with said alcohol. Non-linnting examples
of bases which can be used to form such alkoxides include
alkalt metal hydroxides, such as sodium hydroxide or potas-
stum hydroxide

In atleastone embodiment, the strong base 15 present in the
form of an aqueous solution having a concentration of alkali
metal ydroxide of from 10% by weaght to 45%5 by weight. In
other embodiments, one mole of alkah metal hydroxide 15
used per mole of alcohol to produce the alkoxide

In at least one other embodiment, 1 1 moles of alkali metal

hydroxide per mole of alcchol 1s used In yet other embodi- 3

ments, about 0.9 moles of alkali metal hydroxide per mole of
alcohol 1s used One skilled in the art would recogmze that
other molar ratios may also be used based on the reactants, the
desired product, the reaction conditions, ete.

In at least one embodunent, one mole of alkalt metal
hydroxide 15 used per mole of perfluorcalkene In other
embodiments about 1 1 moles of alkali metal hydroxide are
used per mole of perflucroalkene In yet other embodiments,
about 1 03 moles of alkali metal hydroxide are used per mole
of perfluoroalkene. One skilled 1n the art would recognize that
other molar ratios may also be used based on the reactants, the
desired product, the reaction conditions, etc
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According to at least one embodiment, the alkali metal
hydroxide 1s combined with the perfluoroalkene, and then an
alcohol and water are added to the mixture of perfluoroalkene
and base, resulting m an 1mmediate exotbermue reaction. In
another embodiment, the alkah metal hydroxide is dissolved
1 water and nuxed with the perfluoroalkene Addition of the
alcohol results 1n an immediate exothermic reaction to pro-
duce the unsaturated fluoroethers.

In at least one embodiment, the alcohol is added to the
perfluoroalkene. alksll metal hydroxide and water i one
portion In another embodiment, the alcobol is added slowly
overa period of time. In one embodiment, the alcohol 1s added
over one hour In another embodment, the alcohol 15 added
over two hours In yet another embodiment, the perfluoroalk-
ene, alkah metal hydroxide and alcohol are added together,
and the water 15 added slowly over time

In accordance with at least one embodiment, the perfluo-
malkene. alkali metal hydroxide, aleohol and water are all
added at about room temperature. In another embodiment, the
perflucrcalkene and aquecus solution of alkali metal by drox-
1de are heated to about 53° C., and the alcohol 1s added slowly
over a period of time

In at least one embodiment of the present disclosure, a
phase transfer catalyst 1s added to the mixture of perfluoro-
alkene, alkali metal hydroxide, alcohol, and water In at least
one embodiment, the phase transfer catalyst is chosen from
omum salts and dervates and mixtures thereof.

Onum salts mclude quaternary phosphoninm salts and
quaternary ammonium salts that may be used as the phase
transfer catalyst 1n the process of the preseat invention; such
compounds can be represented by the followmg formulas I
and II:

RIRZRIRIP K m

RIFRIRANINE! 1

wheremn each of R, R, R; and R, which may be the same or
different. 1s an alkyl group. an ary] group or an aralkyl group.
and X' 1s a halogen atom Specific examples of these com-
pounds include tetrarmethylammonmm chleride, tetramethy-
lammonium bromide. benzyltnethylammoninm chlonde,
methyitroctylammonum chlorde (available commercially
under the brands Ahquat® 336 and Adogen® 464), tetra-n-
butylammonium chlonde, tetra-n-butylammomum bromide,
tetra-n-butylammonium hydrogen sulfate. tetra-n-butylphos-
phonmum chlonde, tetraphenylphosphonium bromide, tet-
raphenyiphosphontum chionde, triphenylmethylphospho-
num bromide and triphenylmethylphosphonum chlonde.
Among them, benzyltriethylammonium chionde 1s preferred
for use under strongly basic conditions Other useful com-
pounds withm thus class of compounds mnclude those exinb-
1tmg high temperature stabilities (e g , up to about 200° C )
and ncluding 4-dialkylaminopyridinum salts such as tet-
raphenylarsomum  chloride, bis[irs(dimethylamino jphos-
phine]moinmum chlornde and tetratris[tns(dimethylammo)
phosphiumino]phosphontum  chlonde; the latter two
compounds are aiso reported to be stable 1n the presence of
hot, concentrated sodium hydroxide and, therefore, can be
particalarly useful.

In at least one further embodument, the phase transfer cata-
lyst 1s chosen from quaternary ammonmm salts and quater-
nary phosphomum salts In at least one embodiment, the
phase transfer catalyst is Alquat® 336 Alquat® 33615 a
mixture of mostly methyitroctylammonum and a small
amount of methyitndecylammonium

In at least one embodiment, the amount of phase transfer
catalyst ranges from about 1% by weight to about 10% by
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weight of the alkali metal hydroxide An effective amount of
the phase transfer catalyst should be used 1n order to effect the
desired reaction, such an amount can be determmed by oneof
ordinary skifl 1n the art by lmuted experientation once the
reactants, process conditions and phase transfer catalyst are
selected.

In at least one embodiment of the present disclosure, a
process comprises

a contacting a perfluonnated olefin with an alcohal, an

alkali metal hydroxide, and water 1n the presence of a
phase transfer catalyst for a peniod of ume to produce a
reaction product mixture that separates mto an aqueous
phase and an orgamic phase, wherem the alcohol is
present in an effective amount sufficient to form a third
phase comprising at least 50% of the phase transfer
catalyst; and

b separating the thurd phase from the orgamc phase

One of ordinary skill m the art would understand how to
determine the penod of tune to produce a reaction product
mixture. The period of tume is dependent on the reactants, the
desired product mixture, the conditions of the reaction, etc
and as such, would be determmed by the skilled artisan
through routine experimentation

In at least one embodiment, the effective amount of alcohol
present to form a third phase compnsmg at least 50% of the
phase transfer catalyst may range, for example, from 11 to
1.5 times the stoichiometric amount necessary for the reac-
tion to go to completion In embodiments where the reaction
does not go to completion, such as for example, when only
80-85% of the perfluonnated olefin s consumed, lesser
amounts of alcohol may be used In at least one embodiment,
the reaction does not go to completion and the alcohol 1s
present in a stoichiometnic amount, 1 e, the amount that of
alcohol that would be needed for the reaction to go to comple-
f101I.

In at least one embodiment, the alcchol 15 present in an
amount sufficient to form a third phase comprising at least
65°5 of the phase transfer cawalyst. In at least one further
embodiment, the alcohol is present m an amount sufficient to
form a third phase compnsing at least 753% of the phase
transfer catalyst, such as at least 85% or 90% of the phase
transfer catalyst

In at least one embodiment of the present disclosure, the
third phase has a density lower than the densities of the
aqueous phase and the orgame phase In those embodiments,
the aquecus phase forms on top of the orgamic phase and the
third phase forms on top of the aquecus phase

In at least one embodiment, separatimg the third phase from
the organic phase comprises separation 1 a contmuous

decanter According to af least one embodiment, the thard s

phase and the aqueons phase are separated from the orgame
phase 1n a two-phase decanter The aqueous phase and third
phase may be removed from the top of the decanter and the
orgamic phase may be removed from the bottom of the
decanter. In other embodiments. a three-phase decanter 15
used to separate all three phases In at least one embodument
using a three-phase decanter, the third phase can be removed
from the top of the decanter, the aquecus phase can be
removed from the muddle of the decanter, and the orgame
phase can be removed from the bottom. One of ordinary skl
1 the art would recognize that the placement of the ouitakes
for each phase or combned phases depends on the volume of
the decanter, the volumetric ratio of the three phases the mlet
and outlet flow rates, the densities of the three phases, etc.

In at least one embodiment of the present disclosure, the
third phase may be separated from the aqueous phase w a
separate process
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In accordance wath at least one embodiment of the present
disclosure. a process comprises.

a. contacting a perfluorinated olefin with an aicohol, an
alkali metal hydroxide, and water in the presence of a
phase transfer catalyst for a period of time to produce a
reaction product muxture that 15 separable 1nto an aque-
ous phase and an organic phase;

b adding an additional amount of alcohol to the reaction
product mixture wheren the additicnal amount of alco-
hol forms a third phase comprising at least 50% of the
phase transfer catalyst imtially present

In at Jeast one embodiment of the present disclosurz, the
additional amount of alcohol may be added to the reaction
product muxture after the reactants has ended, exther by react-
ng to completion or by ending the reaction before the reac-
tants have been entirely depleted In other embodiments, the
additional amount of alcohol may be present before the reac-
tion begins

According to at least one embodiment of the present dis-
closure, a process comprises

a feeding a reactant stream compnsing a perfluorinated
olefin, an alcohol an alkali metal hydroxide, water, and
aphase transfer catalyst to a reactor to produce a reaction
product mixture,

b transferring the reaction product mixture from the reac-
tor to a separator:

c. adding an additonal amount of alcohol to the reacuon
product mixture before the reaction product mixture
enters the separator. wherem the additional amount of
alcohol 1s added 1 an amount sufficient to prevent the
formation of a rag layer during separation; and

d. separating an orgamc phase of the reaction product mix-
ture from the remainder of the reachon product mixture
1n a continuous decanter, wheremn the remainder of the
reaction product mixture comprises an aqueous phase.

In at least one embodiment, the orgamc phase comprises a
heterogenecus azeotrope compnsing fluorinated ethers and
water The process may furtber comprise drying the organic
phase to remove the water In at least one embodiment, the
organuc phase 15 dried by distilling the heterogeneocus azeo-
trope to separate the water from the fluorinated ether product.
In at least one further embodiment, distillng the heteroge-
neous azeolrope comprises separating unreacted perfluon-
nated olefin and water from an intermediate mixture, fol-
lowed by further separating the mtermediate mixture into
byproducts and saturated ethers m a second distillation

In at least one embodiment, the intermediate mixtare com-
prises less than 0.1% by weight perfluorinated olefin In fur-
ther embodiments, the mtermediate mixture comprises less
than 0 05% perfluorinated oletin, or less than 001% perfiu-
onmnated olefin

In at least one embodiment, the intermediate mixture com-
prises less than 1% by weight water. According to at least one
embodiment, the intermediate mixture comprises less than 50
ppm water In other embodiments. the intermediate mixture
comprises less than 25 ppm water

1n at least one embodiment. the additional amount of alco-
hol added to the product muxture 15 about 10%% to about 50%
of the amount of alcohol present in the reactant stream.

In accordance with at least one embodiment, the process
may further comprise separatmg the remamder of the reaction
product mixture to separate the thurd phase from the aqueous
phase In at least one embediment, the phase transfer catalyst
may be recovered from the third phase by any method known
m the art The recovered phase transfer catalyst can be
recycled by adding the recavered phase transfer catalyst back
mio the reactant stream.
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In at least one embodiment of the present disclosure, a
process comprises

a contacting a perfluorinated oiefin with an alcohol, an
alkall metal hydroxide, and water in the presence of a
phase transfer catalyst for a period of time to produce a
reaction product mixture that 1s separable 1nto an orgamc
phase and an agueous phase,

b adding an additional amount of alechol to the reaction
product mixture, wherein the additicnal amount of alco-
hol forms a third phase comprising at least 50° of the
phase transfer catalyst imtially present

¢ separation the thurd phase from the organic phase and the
aqueous phase, and

d recoverning the phase transfer catalyst from the thard
phase.

As used herem, the terms “comprises ™ “comprising,”
“mcludes,” “including,” “has.” “having™ or any other varna-
tion thereof, are itended to cover a non-exclusive inclusion
For example. a process, method, article, or apparatus that
comprises a list of elements 1s not necessanly limited to only
those elements but may include other elements not expressly
listed or 1nherent to such process, method, article or appara-
tus. Further, unless expressly stated to the contrary, “or™
refers to an mclusive or and not to an exclusive or For
example, a condition A or B 15 satisfied by any one of the
following A 1s true (or present) and B 1s false (or not present),
A 15 false (or not present) and B 1s true (or present), and both
A and B are true {or present).

Also, use of “a” or “an” are employed to descnbe elements
and components described herem This 1s done merely for
convemlence and to give a general sense of the scope of the
invention. This description should be read to include one or at
least one and the singular also wcludes the plural unless 1t 15
obvious that it 15 meant otherwise.

(Group nnmbers corresponding to columns within the Pert-
odic Tabie of the elements use the “New Notation™ conven-
tion as seen in the CRC Handbook of Chenustry and Physics,
31* Edition (2006-2001)

Unless otherwise defined. all technical and scientific terms
used herein have the same meaming as commonly understood
by one of ordinary skill m the art to which thus mvention
belongs. Although methods and materials simlar or equiva-
lent to those described herein can be used n the practice or
testing of embodiments of the present invention. suitable
methods and materials are described below All publications,
patent applications, patents, and other references mentioned
heretn are incorporated by reference in their enurety unless a
particular passage 15 cited In case of conthct, the present
specification, ncluding definitions, will control In addition,
the materials, methods, and examples are lustrative only and
not mtended to be limiting Unless otherwise specified, per-
centages disclosed herein are based on weight

w
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EXAMPLES

The concepts descrnibed herem will be further described in
the following exampies, wiuch do not lnut the scope of the
mvention described in the claims

Example 1

Contmuous Synthesis of methyl perfluorcheptene ethers
(MPHE) or methy! perflucropentene ethers (MPPE)

A Parr® 5100 reactor with utihizing a 650-mIL Hasteloy®
bomb (2 5" ID, oil jacketed, 590-mL worlung volume) was
modified mnto a continuous stured tank reactor {CSTR) as
outhned n Figure 1 The exasting 14" OD dip-tube and valve
assembly were modified to incorporate a second concentric
146" OD mner dip-tube The inner dip-tube terminated near
the bottom of the reactor and was ~2" longer than the outer
dip-tube The CSTR sturrer shaft assembly was fitted with
2x1 375" diameter four bladed propellers for thorough mix-
mg One blade was mounted at the bottom of the stirrer shaft
{~1.5" from the reactor bottom), the second blade was
mounted 3 5" mgher on the stirrer shaft (approximately 3"
from bottom of the bomb head) Separate reservors for per-
fluoroheptene (PFH) or perfluoropentene (PFP), and 45%
aqueous potassium hydroxide (KOH) were connected with
14" perfluoroalkoxy (PFA) g through calibrated FMI®
pumps and plumbed to the valve assembly port for the outer
dip-tube. A reservorr that contaned erther methanol with 4%
dissolved Aliquat® 336 or 60% aquecus methanol (2 5%
dissoived Ahquat® 336) was connected to the valve assembly
connection for the mner dip-tube Calibrated Eldex Labora-
tores In¢ B-100-8 and/or FMI® pumps were used to add the
methano] to the CSTR f

The CSTR was operated hqud-full at hugh stirring rates
(1000-rpm) to facilitate the heterogeneous reaction In a typi-
cal CSTR start-up. the reactor was partially filled with PFH or
PFP and then heated to the desired operating temperature.
The KOH and methanol pumps were started and operated for
a given time period before restarting the PFH/PFP pump
Reaction stoichtometry and residence times were then con-
trolled using the pump settings The reactions were exother-
muc and excess heat was mitially removed through an internal
water cooling loop and later through the o1l jacket, once
steady state conditions were achieved. The hqud-full CSTR
contents contmucusly exited through a port at the top of the
reactor through 4" PFA tubing The tubing was connected in
series through check valves (25 or 50-psig), a 60-pm filter
housing, and a sampling tee with vaive, before discharging
mto a decanter that operated continuously by gravity Some
examples of reaction conditions and experimental results are
summanzed i Table | (MPHE symnthesis) and Table 2 (MPPE
synthesis) Steady state reaction compositions were mea-
sured using gas chromatography with mass spectral detection
(GC/MS) Compositions were calculated using the total 1on
signals and were un-cahbrated.

TABLE 1
MPHE svathesis
PFH Product/saturated  Higher methanol

conversion at ethers at adducts at

PFH KOH MeOH Temperature Residence  steady state steady state steady state
Enp imole ratios) C) Time (mun} (%) (%1 (™)
1 108012 80 30 gl 1 955170 27
2 109312 80 30 824 95 5/1 60 286
3 109512 80 30 89 95 5/1 47 300
4 109512 80 30 869 96 4/1 45 216

Exhibit 1031-00005



US 8,592,630 B2

TABLE 1-continued
MPHE gynthesis
PFH Product/saturated  Higher methanol

CORVErsion at cthers at adducts at

PFH KOH MeOH Temperature  Residence  steady state steady state steady state
Exp (mole ratios) {¢C) Time {mun) (%al {%al {%%)
5 109512% 80 30 834 959/1 41 267
6 1095135* 30 30 911 93 1/113 583

*The methane] contmnmng Ahquat ® 336 was pre-diluted fo 60° 'with water
TABLE 2
MPPE svnthesis
PFP Productsaturated  Higher methanol

com ersion at ethers at adducts at

PFP KOH MeOQOH Temperature Residence  steady state steady state steady state
Exp ({mole ratios) °C) Time (mun) (%) 1°0} {*6i
i 107510* 60 3u 766 92 24653 123
2 110075 60 30 615 935533 139
3 10751 0% 60 30 69 5 QIS 64 169
4 107510* 60 30 6232 92 8592 127
3 107510* 70 30 814 90 8697 219
6 107510* 50 3n 751 90 N6 50 189

*The methanol contaimng Aliquat B 336 was pre-chiuted to 00% with water
Example 2 30 TABLE 3

Separation of Critde Product and Aqueous Phases and Recov-
ery of the Phase Transfer Catalyst Using Continucus Decant-
ers

The product stream exiting the CSTR was separated mn a
continnous decanier mto a bottom organic phase, containing
the crude product, and an upper aqueous phase Two different
sized contmuous decanters were evaluated as outlmed
Table 3, a 1-L glass decanter and a 1-gailon decanter that was
made from high density polyethylene The polyethylene
decanter was designed with two side ports so that two differ-
ent working volumes could be evaluated Material from the
CSTR entered either decanter through a PFA dip tube from
the top. The dip tubes terminated subsurface m the decanter at
apowt 1 10 2 em below the aquecuns-orgaruc iterface The
polyethylene decanter also incorporated a nght angle elbow
atthe end of the dip tube to minimize vertical momentum The
separated aqueous phase exited the decanter through a side
port near the top while the orgamc phase exited the decanter
at the bottom. Relative phase volumes 1n the decanters were
controlled by the relative height position of the organic phase
overflow with respect 1o the exit port for the aquecus phase
The orgamc and aqueous phases exiting the decanter were
collected under steady state conditions into separate 1-gallon
high density polyethylene jugs The agueous phase mainly
confained potassium salts (KF byproduct and residual KOH)
plus some residual MeOH and phase transfer catalyst. Under
process conditions where a MeOH excess was present, either
n the CSTR or potentially added before the decanter. a small
distinct third phase formed on top of the aqueous phase in the
decanter The third phase was later separated and recovered
from the aquecus phase and appeared to contam a significant
fraction of Aliquat® 336

40

55

60

65

Caontmuous MPHE decanter operation and results

Decanter
1-L
glass 1-gal polyethylene

‘Working Volume (mL) 750 1800 3000
Duameter (cmji 375 150
Flow rates (mL/mun)*  Organic phase 122

Aqueous phase 78
Vernreal velocity Orgamic phase 047 0069
crm/man Aqueous phase 0 3G 0044
Residence ime (mun)  Organic phase 33 98 159

Aqueous shase 45 77 136
Density 1grml Organic phase 160
at23°Cy Aqueous shase 129

3" phase 108

contamning

Ahguat ® 336
Mon-volatie residue Orgame phase 18% 520-ppm  250-ppm
(wiw)
Recovered phase Aqueous Fom 5 014 Q12
content after 3 hours  organic
additional Organic from 24 021 018
standing (%0 v/v} aqueous
Recovered 3™ phase 13 23 34
COLTUMINE
Aliguat @ 336
vs aqueocus phase ("o
viv)

*Reactor PFH/KOH/MeDH molar stoichiometry =10951 2

Two separate accumulations of recovered third phase were
characterized and are summarized 1n Table 4. Quantification
from ‘H NMR showed that both thurd phase samples con-
tamed Aliquat® 336, MPHE, methanol, and water. A quantity
of each third phase was also partitioned into water and toluene
and the non-volatile residue 1n the water was measured by
gravimetric drymng Inorgame saits such as potassum fluo-
nide, that were not easily distingushable from Ahquat® 336
by NMR, were expected to partition mto the water while the
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Aliquat® 336 partitioned into the toluene. Furthermore, the
measured Aliquat® 336 fractions of 25 7 and 31 0% were
factored into the thurd phase volumes that were recovered
from decanter experiments and appeared to converge with the
known concentration 1o the CSTR The calculated total Ali-
quat® 336 in the thurd phase of the 750, 1800, and 3000-mL
decanter experiments carresponded to 37 w 43%, 53 1o 67%,
and 93% to 105% of the Aliquat® 336 n the CSTR, respec-
tively The majonity of the Aliquat® 336 could be 1solated and
recovered in the third phase given sufficient tume for the
aqueous and third phases to separate.

TABLE 4

Charcterization of third phase sampies

Third Phase
Measure- Sampls 1 Sample 2
Compe- ment Wt Oy Wt %
nent Techmgque Wto (notmalized) Wt° (nommahzed)
Nen Gravimetne 68=1 1+l
volatle drymng
residue
(total)
Water Karl Fisher fw?2 1to2
Aliquat ® 'H NMR 257 310
336
Methsnel 'HNMR 59 49
Water 'H NMR 41 31
MPHE 'H NMR 439 415
Non Gravimetric 2035%15 9315
volatile drymng
residue
(extract)
Example 3

Removal of Residual Water and Methano] in the Crude
MPHE Phase by Continuous Distillation of Heterogenecus
Azeotropes

The crude MPHE product phase that was 1solated from the
decanter was pumped at approximately 5 to 6-ml/min using
an FMI® pump directly 1nto a first continuous distillation
apparats. The apparatus consisted of a 2-L sull-pot and
500-Watt heating mantle, 10 and 20-plate 1" ID Oldershaw
columns 1n series, with an adapter for the addition of the crude
product 1nstalled between the two columns. Columns and
adapters were vacuum Jacketed and silvered and the top of the
column was fitted with a lugh reflux ratio still head (Clasen
type) which mcorporated a magnetic take-off valve The
valve was activated by a solenowd, controlled by a digital
repeat cycle tmmer (Ace Glass 6671-14) The disullate take-
off port was comnnected to a 500-ml. graduated receiver A
heterogenecus azeotrope distillate (bp=69 to 71° C) was
1solated overhead at a controlled reflux ratio that varied from
20 210 60.2 (s/3) The distillate separated m the recerver mto
two layers and was predonunantly PFH with a small aqueous
methanol phase (0 12% w/w) on top. The water 1n the aque-
ous methanol phase was measured by Karl Fisher titration at
25%. The mitermediate crude MPHE (bp=11410 113°C }that
collected n the still-pot contamed less than 0 01% residnal
PFH by (GC/MS), and less than 25-ppm water (Karl Fisher)
The mtermediate crude MPHE was then pumped from the
still pot mto a second simalar continuous dstillation appara-
tus were it was further separated overhead from saturated
ether and lugher methanol adduct byproducts

Example 4
Removal of Residual Water and Methanoi in the Crude MPPE

Phase by Centinuous Distillation of Heterogeneous Azeo-
tropes
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Thecrude MPPE product phase that had been 1solated from
the decanter was pumped at approximately 5 to 6-mL/mun
using an FMI® pump directly mto the first contmuous distil-
lation apparatus as described in example 3. A heterogeneous
azeotrope distillate (bp ~24° C ) was 1solated overhead at a
contrelled reflux ratio that varied from 20:2 10 60:2 (s/s). The
distillate separated in the recewver ito two layers and was
predominantly PFP with a small aqueous methanol phase on
top. The mtermediate crude MPPE (bp=75 to 76° C.) that
collected 1n the still-pot contaned less than 0.01% residual
PFP by (GC/MS), and less than 25-ppm water (Karl Fisher)
The intermediate crude MPPE was then pumped from the still
pot wto a second similar continuous distillation apparatus
were it was further separated overhead from saturated ether
and higher methano! adduct byproducts

Many aspects and embodiments have been descnibed
above and are merely exemplary and not houting A fter read-
mg this specification skilled artisans appreciate that other
aspects and embodiments are possible without departing
from the scope of the invention Other features and benefits of
any one or more of the embodiments will be apparent from the
following detailed description, and from the clamms

Note that not all of the activities described above 1n the
general description or the examples are required, that a por-
t1on of a specific activity may not be required. and that one or
more further activities may be performed m addition to those
described Still further, the order m which activities are histed
are not necessarily the order in which they are performed

In the foregomg specification, the concepts have been
described with reference to specific embodiments However,
one of ordnaty skill i the art appreciates that various modi-
fications and changes can be made without departing from the
scope of the mvention as set forth in the claims below.
Accordingly, the specification and figures are to be regarded
m an 1llustrative rather than a restrictive sense, and all such
modifications are mtended to be mclnded within the scope of
invention

Benefits, other advantages. and sohitions to problems have
been described above with regard to specific embodiments
However, the benefits advantages, sclutionsto problems, and
any feature(s ) that may cause any benefit, advantage, or solu-
tion to occur or become more pronounced are not to be con-
strued as a critical, required, or essential feature of any or all
the claims

It is to be appreciated that certam features are, for clanty,
described herem 1n the context of separate embodiments, may
aiso be provided in combination in a smgle embodiment
Conversely, various features that are, for brevity, described in
the context of a single embodiment, may also be provided
separately or m any subcombination. Further, reference to
values stated 1n ranges nclude each and every value within
that range

What 15 clammed 15
1 A process comprising

a contacting a perfiuorinated olefin with an alcohol, an
alkal: metal hydroxide, and water 1 the presence of a
phase trapsfer catalyst tor a period of time to produce a
reaction product mixture that separates mto an aqueous
phase and an orgamc phase, wherem the alcohel is
present in an effective amount sufficient to form a third
phase comprising at least 50% of the phase transfer
catalyst; and

b. separating the third phase from the organic phase.
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2 The process of claim 1, wherein the perfluorinated olefin
1s perfluoro-3-heptene, pefluoro-2-heptene, perfluoro-2-hex-
ene, perfluoro-3-hexene, perfluoro-2-pentene, or perfluoro-
2-octene

3 The process of claim 1, wherein the phase transfer cata-
lyst is chosen from onmm salts and dertvatives and mixtures
therecf.

4 The process of claum 3, wheren the phase transfer cata-
lyst 1s chosen from quaternary ammonum salts and quater-
nary phosphonium salts

5 The process of claim 3, wherem said phase transfer
catalyst 15 methyltrroctylammonmm chloride and methyi-
tridecylammonium chloride

6 The process of claim 1, wheremn said alcohol is chosen
from methanol and ethanoi

7 The process of claim 1, wheremn the said alcohol 1s
present m an amount with respect to the perfluorinated clefin
mnfially present ranging from about 1 110 1 5 tmes the sto-
chiometric amount.

8 The process of claum 1, wherein said afkali metal
hydroxide 15 sodium hydroxide or potassmm hydroxide

9 The process of claim 1, wherein the process 1s a continu-
ous process.

10. The process of claim 9 wherein separating the third
phase from the orgame phase comprises separatng the thard
phase from the urgame phase m a continuous decanter

11. The process of claim 1. wherein separating the thard
phase from the organic phase comprises separaung the aque-
ous phase with the third phase.

12 A process compnsing

a. contacting a perfluornated olefin with an aleohol. an

alkah metal hydroxide, and water in the presence of a
phase transfer catalyst for a period of ime to produce a
reaction product mixnire that 1s separable mto an aque-
ous phase and an organic phase,

. adding an additonal amount of alcohol to the reactzon
product mixture. wheremn the additional amount of alco-
hol forms a tlurd phase comprising at least 50% of the
phase transfer catalyst mitially present

13 A continuous process comprising

a feeding a reactant stream compnsing a perfluonnated

olefin, an alcohol, an alkah metal hydroxide, water, and

aphase transfer catalystto a reactor to produce a reaction
product mrxture,

b. ransferring the reaction product nxtire from the reac-

tor to a separator,

¢ adding an addittonal amount of alcohol to the reaction

product mixture before the reaction product muxture

enters the separator, wheremn the additional amount of
alcohol 1s added 1n an amount sufficient to prevent the
formation of a rag layer during separation. and
separating an organic phase of the reaction product mrx-
ture from the remainder of the reaction product mixture
in a continueus decanter, wherem the remainder of the
reaction product mMIX{Ure comprises an aqueous phase
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14 The process of claim 13, wherein the organic phase
comprises a heterogeneous azeotrope comprising fluormated
ethers and water, and the process further comprises drying the
organic phase by distilling the heterogeneous azeotrope 10
reruove the water.

15 The process of claim 14, wherem distlling the hetero-
geneous azeotrope comptises separating perflucrinated clefin
and water from an 1ntermediate muxture 1 a first coninucus
distiilation apparatus, and further separating the imermediate
mixture 1nto byproducts and saturated ethers in a second
continuous distillation apparatus

16 The process of claim 13, wherein the additional amount
ofalcohol added to the reaction product mixture 1s added m an
amount sufficient to form a third phase compnsing at least
50% of the phase transfer catalyst in the reactant stream

17 The process of claim 16, wherein the additional amount
afaleohol added to the product mixture 15 about 10% to about
50% of the amount of alcohol in the reactant siream

18 The process of claim 16, wherein the remainder of the
reaction product maxture that 15 separated from the orgamc
phase further comprises the third phase

19 The process of clam 18, further comprising separating
the aqueous phase from the thurd phase

20 The process of clamm 18, further comprising recovering
the phase transfer catalyst in the third phase

21 The process of clmm 13, wheremn the perfluorinated
olefin 1s chosen from perfluoro-3-heptene pefiuoro-2-hep-
tene, perfluoro-2-hexene. perfluoro-3-hexene. perfiuoro-2-
pentene, and perfluoro-2-octens

22 The process of clarm 13 wheremn the alcohol 15 chosen
from methanol and ethanol.

23 The process of clam 13, wheremn the phase transfer
catalyst 15 chosen from cnmm salts and dervatives and mix-
tures thereof

24._ The process of claim 23, wherein the phase transfer
catalyst 15 chosen from quaternary ammonmum salts and qua-
ternary phosphonm salts

25. The process of claun 24, wherem the phase transfer
catalyst compnises methyltrioctylammonmum chlonde and
methyltridecylammontum chlonde.

26. A process comprising

a_ contacting a perfluorinated olefin with an alcohol, an
alkali metal hydroxide, and water . the presence of a
phase transfer catalyst for a pertod of time to produce a
reaction product mixture that is separable into an organic
phase and an aqueous phase,

b adding an additional amount of aicohel to the reaction
product mixture, wherein the additional amount of alco-
hel forms a third phase comprising at least 50% of the
phase transfer catalyst mmually present:

¢ separating the third phase from the orgamic phase and the
aqueous phase; and

d recovering the phase transfer cataiyst from the thard
phase.
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