
I 111111111111111 III IIIIIIIII III llllllllllllll I Iii111 US008592630B2 

(!2) United States Patent 
Lousenberg 

(10) Patent No.: US 8,592,630 B2 
(45) Date of Patent: Nov. 26, 2013 

(54) PROCESSES FOR SEPARATING 
CON[PONENTS IN ALKYL 
PERFLUOROALKENE ETHER PRODUCTION 

(71) Apphcant 

(72) Inventor: 

(73) Ass*gnee 

( * ) Nolace 

E I Du Pont De Nemouts and 
Company. Wilmington, DE (US/ 

Robert D Lousenberg, Wilmington, DE 

(us) 

E I du Pont de Nemours and 

Company, Wilmmgtoo~ DE (US) 

Subject to any &sclanner, the term ofthas 

patent is extended or adjusted nnder 35 

USC 154(b) by 0 days 

(21) Appl. No. 13/62%024 

(22) Filed Sep. 26, 2012 

(65) Prior Publication Data 

US 2013/0079558 A1    Mar. 28, 2013 

Related U.S. Application Data 

160) Prowsional apphcatmn No 61/539,073, filed on Sep 
26, 2011 

(51) I~t. CI. 
C07C 209~86 (2006 01 ) 
C07C 4ff06 (2006 01) 

152) U.S. CI. 
USPC ............. 

(58) Field of Classification Search 
None 
See application file for complete search hastory 

564~296 

(56) References Cited 

U S. PATENT DOCUMENTS 

201010209600 AI* 812010 Bartelteta~ 427/127 

OTHER PUBLICATIONS 

Stoja~owa-Aatoszczyszyn, M et al Doldath na Bulgarskata 

M<adexntya aa Nattlate (2003) 56(1), 49-54 * 
hatema/aoaaI Search Report and WnRen Opimon, PCTFUS2012/ 
057382, Jan 18, 2013 
Natk et al, Phase transfer catalysis chermstry and en~meenng, 
adCHE Journal, 44(3) 1998, 6124546 
Wang et al, Preltmmaty study on the role played by the thtrd hqmd 
phase m phase transfer catalysts, Chermcal Engm~ermg Sc~e.atce, 
z13(8), 1988, 2019-202,1 

U S Appl No 61/539,073, filed Sep 26, 2011 
U S Appl No 13/187 637, filed Jul 21, 2011 

* cited by examiner 

Primary Examiner Johann R Rachter 

Asststant Examiner -- Meclhamt Bahta 

(57) ABSTRACT 

Disclosed are processes for reacting a perttuonnated olefin 
w~th an alcohol, an alkali metal hydroxide, and water m the 
presence of a phase tmnsfer catalyst to form a reaclaon pmd- 
uet maxmre that separates into an aqueous phase and an 
orgamc phase Alcohol may be present i~ an effectave amount 
suffiment to form a thard phase comprising at least 50% of the 
phase transfer catalyst Tl~e thud phase can be separated from 
the orgamc phase Also dasclosed are methods for recovering 
and recycling the phase transfer catalyst used m the reaclmn 

26 Claims, No Drawings 

Arkema France 
IPR2015-00916 

Arkema France v. Honeywell 
Exhibit 1031-00001



US 8,592,630 
1 

PRO~ESSES FOR SEP~M~ATING 
COMPONENTS 1~ ALKYL 

PERFLUOROALKENE ETHER PRODUCTION 

CROSS REFERENCE(S) TO RELATED 
APPLICATION(S ) 

o 

This apphcahonclalmsthebenefit ofpnontyofU.S Pro- 
vlsmnal Appheatlons 61/539,073, Ned Sep 26, 2011 

BACKGROLrND INFORI~L~.TION 

1 Fleldofthe Dasclosure 
Tins invention relates to processes for separating compo- 

nents m the production of unsaturated fluorocarbon ethers 
The mventmn f~rther relates to processes for recovenng cata- 
lysts used in the production of tmsaturated fluorocarbon 
ethers The mvennon also relates to processes for removing 
water from crude products formed during productmu of 
unsaturated fluorocarbon ethers 

2 Descnpttou of the Related 
Chlorofluorocarbon (CFC) compounds have been used 

extensively an the area of semiconductor manufactore to clean 
surfaces such as magne~ac disk media However, chlonne- 
continuing compounds such as CFC compounds are consid- 
ered to be detnmantal to the Earth’s ozone layer In adchtmm 
many of the hydrofluomcarbons used to replace CFC com- 
pounds have been found to contribute to ~Aobal warming As 
a suggested replacement for such CFC compounds, novel 
alkyl perfluoroalkene ethers were daselosed m U S patent 
apphcatmn Set No 13/18"7,637 andU S PatentApphcatmn 
Publication No US 20t0/0209600 A1, both of whach are 
incorporated m their entireD hereto. 

It has been discovered by the inventor that present pro- 
cesses for producing alkyl perfluomalkene ethers may result 
m a heterogeneous rag layer that forms bet~ een an aqueous 
phase and an orgamc phase. Tins mg layer is beheved to form 
due to the msolubthty of the phase transfer catalyst that as 
used an the reaction The phase transfer catalyst may be poorly 
soluble m both aqueous and orgamc sointmns It has been 
&scovered through experimentation that a rag la~er forms in 
the area between the aqueous phase and the orgamc phase, 
rendering separation of the phases more dafficult Further- 
more, when used m a continuous operation, the mg layer may 
increase m s~ze, whach may reqmre the reaction to be stopped 
so that the rag layer ma~ be removed from the separator 

It is therefore deswable in the art to find processes for 
producing alkyl perfiuoroalkene ethers w~thout forming a mg 
layer Furthermore, it may also be deswable to have a con- 
tmuous process for producing alkyl perfluoroalkene ethers. It 
may also be desirable to have a process for recovering the 
phase tramfer catalyst used m the pmductmn of alkyl per- 
fluoroalkene ethers 

B2 
2 

In at least one other embodmaant of the present disclosure, 
a process comprises. 

a contacting a perfluormated olefin with an alcohol, and 
alkali metal hydmxade, and water m the presence of a 

phase transfer catalyst for a period oftmae to produce a 
reactmn product nuxture that separates m an aqueous 
phase and an orgamc phase; and 

b adding an additional amount of alcohol to the reactmn 
product maxture, whereto the adch/annal amount of nice- 

10 hol forms a third phase comprising at least 50% of the 
phase trunsfer catalyst mmally present 

In accordance w~th at least one embodmsent of the present 
dascloanre a continuous process comprises’ 

t5 a. feeding a reactant stream comprising a perfluormated 
olefiu, an alcohol, an alhah metal hydroxide, water, and 
a phase transfer catalyst to a reactor to form a reaclaon 
product maxture; 

b Imnsfemng the reactma product mtxture fi’om the reac- 

c. addmg an additmnal amount of alcohol to the reaction 
product m~xlure before the reactmn nnxture enters the 
separator, whereto the addmonal amount of alcohol ~s 
added an an amount suffiment to prevent the formation of 

2s a mg layer during separation, and 
d separating an orgamc phase of the reacnon product mix- 

tare from the remainder of the reactaon product m~xture 
m a continuous decanter, whereto the remainder of the 
reactmn product maxture comprises an aqueous phase. 

30 In at least one embodtment of the present disclosure, a 
process comprises" 

a ~contactmg a perfluormated olefin wath an alcohol, an 
alkah metal hydromde, and water m the presence of a 
phase transfer catalyst for a period ofttme to produce a 

35 reacnon product maxture that separates rote an organic 
phase and an aqueous phase, 

b adding an adthtmnal amount of alcohol to the reaction 
product maxture, whereto the addmonal amotmt ofalco- 
hel forms a thard phase comprising at least 50% of the 

40 phase transfer catalyst. 
c separating the tturd phase from the organic phase and the 

aqueous phase, and 
d. recovenng the phase transfer catalyst from the tturd 

phase 
45 The foregoing general description and the followrug 

detailed descnptmn are exemplary and explanatory only and 
are not resmctive of the invention, as defined m the appended 

5o 

55 

ha at least one embodmaent of the present thsclosure, a 
process compnses 

a contacting a perfluormated olefin wath an alcohol, an 
alkali metal hydroxade, and water in the presence of a 6o 
phase tmnsfer catalyst for a period of tune to produce a 
reactmn product maxlure that separates rote an aqueous 
phase and an orgamc phase, whereto the alcohol ~s 
present in an effect~-¢e amount su~cmnt to form a thud 
phase compnmng at least 50% of the phrase lransfer 65 
catalyst; and 

b. separating the third phase from the orgamc phase. 

clamas 

DETAILED DESCRIPTION 

Before addressing detallS of embodiments described 
below, some terms are defined or clanfied 

For purposes of the present invention, a "phase transfer 
catalyst" is a substance that facalltates the transfer of mmc 
compounds I,e g. reactants or components) into an orgamc 
phase The phase transfer catalyst facilitates the reactton of 
these dassimilar and mcompaUble components. Whale various 
phase transfer catalysts may functaon m &fferent ways, their 
mechamsm o faction as not determinative ofthew utthty m the 

present process. 
As used hereto, the term "alcohol" is used to refer to low 

alcohols, such as, for example, methanol and ethanol. 
As used hereto, the phrase "reaction product" means the 

desired product of the reaction, such as, for example, unsat- 
urated fluoroethers The please "reactmn product mocture" is 
used herein to refer to the reacnon product plus other reaction 
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byproducts and le~over reactatu, i e., the contents of the 
reactor after the reactmn has taken place 

As used hereto, the term "phase" means an ~mmisc~ble 
parUtmn furmed from a mvctnre o f components For example, 
the phrases "org~tmc phase" and "aqueous phase" refer to two 
separate partrttons, one containing orgamc material and the 

other being water based ]~un phrase "thard phase" refers to a 
tinrd partition independent from the orgamc and aqueous 
phases 

According to at least one embodimeut the reactmn prod- 
ucts diseiosed harem are unsaturated fluoroethers whach may 
have utility as solvents, career flmds, dewatermg agents. 

degseasmg solvents or defluxmg solvents The reaOaon prod- 
ucts may comprise alkyi perfluoroalkene ethers, such as, for 
example, methyl perfluoropetuene ethers (M~PE) or methyl 
perfluoroheptene ethers (MPHE). Other alkyl perfluoroaLk- 
one ethers may also be produced m accordance w~th the 
present taachmgs, as one skdled m the m’t would reachly 
appreciate. 

In at least one embodiment, the reacraon product disclosed 
herein may be prepared by contacting a perfluoroalkene, such 
as perfluoro-3-heptene, pefluorO-2-heptene, perfluoro-2-box- 
one, perfluor~-3-hexene, or perlhioro-2-pentene with an alco- 
hol m the presence of a strong base For example, perflunro- 
3 -heptene may be reacted with an alcohul such as methanol or 
ethanol, or mixtures thereof, m the presence of an aqueous 
sointaon of a strong base to produce unsaterated fluoroethers 

According to at least one embodiment, the products f~m 
the reactmn of perfluoro-3-heptene wath methanol comprise 
5 -methoxyperfluoro-3-heptene, 3 -methoxyperflunro-3-hep- 
tene, 4-methoxyperfluoro-2-heptene and 3-methoxyper- 
fluoro-2-heptene. 

ha at least one embodiment, the products from the reaction 
of perfluoro-2-pentene wJth methanol 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 embochment, the 
products from the reactaon of perfluoro-2-octene w~th metha- 
nol comprise ms- and Irans-2-methoxyperfluoro-2-octene 
and 2-methoxyperfluoro-3-octene. 

In at least one embochment, the strong base ~s a base wInch 
wdl react with an alcohol to produce an alkox~de upon com- 
bmanon of the base with said alcohol. Non-hn~tmg examples 
of bases which can be used to form such alkovades include 
aLkalt metal hyclrox~des, such as sodium h.~dmxide or potas- 
mum hydroxade 

In at least one embodunent, the strong base as present m the 
form of an aqueous sohitmn hawng a concentration of alkali 
metal hydroxide of from 10% by welgfu to 45~ ~ by weight. In 
other embodiments, one mole of aLkab metal hydroxide as 
used per mole of alcohol to produce the alkox:de 

In at least one other embothment, 1 i moles of alkali metal 
hydroxide per mole of alcohol is used In yet other emboch- 
merits, about 0.9 moles of alkah metal hydroxale per mole of 
alcohol ~s used One slalled m the art would recogmze that 
other molar ratios may also be used based on the reactants, the 
demred product, the react~un conditions, etc. 

In at least one embodmaetu, one mole of alkah metal 
hydroxide is used per mole of perfluoroalkene In other 
embodiments about 1 1 moles ofalkah metal h~droxxde are 
used per mole ofperfluoroalkene In yet other embodunents, 
about 1 05 moles of alkali metal hydroxide are used per mole 
o f perfluoroaLkune. One skilled m the art would recogmze that 
other molarratios may also be used based on the reactants, the 
desired product, the reaclron conditions, ctc 

4 
According to at least one embodiment, the alkali metal 

hydroxide is combined w~th the perfluoroalkene, and then an 

alcohol and water are added to the mixture ofpertlaoroalhene 
and base, resulting m an m~methate e~xothenmc reaction. In 

~ another embodiment, the alkali metal hydmxade is dassolved 
m water and maxed with the perfluoroalkene Addition of the 
alcohol results m an unmechate exothera~c reaction to 
duce the unsaturated fluoroethers. 

In at least one embochmeut, the alcohol is added to the 

t0 perftuoroalkene, alkah metal hydroxide and water m one 
portaon In another embodiment, the alcohol is added slowly 
over a period of tame. In one embodament, the alcohol ~s added 
over one hour In another embodmaent, the alcohol ~s added 
over two hours In yet another embodmaunt, the perfluoroalk- 

~5 one, aLkah metal hydroxide attd alcohol are added together, 
and the water is added slowly over time 

In accordance with at least one embodiment, the perfluo- 
roalkene, alkali metal hydroxide, alcohol and water are all 
added at about room temperature. In another embodament, the 

:0 perfluoroalkene and aqueuns solutaon of alkal~ metal h.~ chox- 
1de are heated to about 50° C., and the alcohol ~s added slowly 
over a period of tmae 

In at least one embodiment of the present thseiosure, a 
phase ~ransfer catalyst is added to the rmxture of perfluom- 

75 alkene, alkal~ metal hydrorade, alcohol, and water In at least 
one embodmaent, the phase transfer catalyst is chosen from 
omum salts and denvates and m~xtures thereof. 

Omum salts include quaternary phosphonium salts and 
quaternary nmmoultlm salts that may be used as the phase 

30 Iransfer catalyst m the process of the present mventmn; such 
compounds can ha represented by the following formulas I 
and II: 

35 

wherem each ofRl, R:, R~ and Ra, winch may be the same or 
different, is an aLkyl group, an aryl group or an ar~’yl group, 
and X’ ~s a halogen atom Spectfic examples of these com- 

40 pounds include telramethylammomum chloride, tetramethy- 
lammomum bromide, bunzyltnethylammoulum chloride, 
methyltnoctylammomttm chloride (available commercmlly 
under the brands Ahquat~ 336 and Adogen® 464), tetra-n- 
butylammomum chloride, tetra-n-butylammomum bromide, 

45 tetra-n-butylammomum hydrogen sulfate, totra-n-butylphos- 
phomum chloride, tel~caphenylphosphomum bron~de, tet- 
raphunylphospbomum chloride, tnphanylmethylpbospho- 
mum bromule and mphenylmethylpbosphomum chloride. 
Among them, benzylmethylnmmomum chloride ~s preferred 

5o for use trader strongly basic conditaons Other useful com- 
pounds wtthm tt~s class of compounds include those exhab- 
~tmg high temperature stabdines (e g, up to about 20~° C ) 
and including 4-dmlkylammopyridtmum salts such as tet- 
raphenylarsomum chloride, b~s[ms(dimethylan~ao)pims- 

55 pl~ne]tmmmm chloride and tetrams[tns(dimethylammo) 
phespthmmmo]phespbomum chloride; the latter two 
compounds are also reported to be stable m the presence of 
hot, concentrated sodium hydroxide and, therefore, can be 
particularly useful. 

60 In at least one further embochmeut, the phase transfer cata- 
lyst is chosen from quatemar~ ommomum salts and quater- 
nary phosphomum salts In at least one embodmsent, the 
phase transfer catalyst is Ahquat~ 336 Ahqua~l~ 336 ~s a 
mixture of mostly methylmoctylnmmomum and a small 

~5 amount of methylmdecylammomum 
In at least orte embodiment, the amotmt of phase li-unsfer 

catalyst ranges from about 1% by weight te about 10% by 
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weight of the alkah metal hydroxide ,~m effective amount of 
the phase transfer catalyst should be used m order to effect the 
desired reaction, such an amount can be determined b~ one of 
ordinary skall m the art by ltmrted expertmentation once the 
reactants, process conditions and phase transfer catalyst are 
selected. 

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

a contacting a perfluormated olefin with an alcohol, an 
alkali metal hydroxide, and water m the presence of a 
phase transfer catal? st for a period of ttme to produce a 
reaction product mixture that separates rote an aqueous 
phase and an orgamc phase, whereto the alcohol is 
present in an effective amount sufficient to form a thud 
phase comprising at least 50% of the phase transfer 
catalyst; and 

b separating the third phase from the orgamc phase 
One of ordinary skall 1n the art would understand how to 

determine the permd of time to produce a reaction product 
mixture. The period of ttlne is dependent on the reactants, the 
desired product m~xtare, the conditrons of the reactiom etc, 
and as such, would be determined by the skdled artisan 
through routine expenmentattun 

In at least one elnbodmsent, the effective amount of alcohol 
present to form a tturd phase comprising at least 50% of the 
phase transfer catalyst may range, for example, from 1 1 to 
1.5 nines the stoiclanmetric amotmt necessary for the reac- 
tlonto go to colnpletion In elnbodmaents where the reactmn 
does not go to colnpletioth such as for example, when only 
80-85% of file perftuonnated olefin is consumed, lesser 
amounts ofalcobol may be used In at least one embodiment, 
the reaction does not go to colnpletton and the alcohol ~s 
present in a stoichiomemc amount, ~ e, the amount that of 
alcohol that would be needed for the reant~on to go to comple- 

In at least one embodiment, the alcohol is present in an 
amount suific~ent to form a t~rd phase comprising at least 
65°; of the phase transfer catalyst. In at least one fi~rtber 
embodiment, the alcohol is present m an amount su~c~ent to 
form a third phase colnprasmg at least 75% of the phase 
transfer catalyst, such as at least 85% or 90% of the phase 
Irons fer 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 orgamc phase In those embodiments, 
file aqueous phase forms on top of the orgamc phase and the 
third phase forms on top oftbe aqueous phase 

In at least one embodiment, separating the tied phase from 

decanter According to at least one embodilnent, the third 
phase and the aqueous phase are separated from the orgamc 
phase In a two-phase decanter The aqueous phase and tinrd 
phase may be removed from the top of the decanter and the 
orgamc phase may be relnoved from the bottom of the 
decanter. In offier embodmaents, a three-phase decanter is 
used to separate all three phases In at least one elnbodlment 
using a three-phase decanter, the third phase can be removed 
from the top of the decanter, the aqueous phase can be 
removed from the meddle of the decanter, and the o~amc 
phase can be removed from the bottom. One of orthnary skffi 
1n the art would recognize that the placement of the outtakes 
for each phase or combined phases depends on the volume of 
the decanter, the volumemc ratio of the tkrea phases the inlet 
and outlet flow rotes, 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 m a 

6 
In accordance wtth at least one embodgnent of the present 

disclosure, a process comprises. 
a. contacting a perfiuormated olefm w~th an alcohol, an 

alkah 1netal hydrorade, and water m the presence of a 
phase ~ransfer catalyst for a period oft~me to produce a 
reactaon product imxture that is separable rote an aque- 
ous phase and an orgamc phase; 

b adding an additional amount of alcohol to the reaction 
product 1n~xmre whereto the adch taonal mount ofalco- 

to hal forms a thard phase comprising at least 50% of the 

phase transfer catalyst ~mtmlly present 
In at least one embediment of the present disclosure, the 

adthtlonal amount of alcohol may be added to the reactiun 
product m~xmre after the reactants has ended, e~ther by react- 

~5 lng to completion or by ending the reaction before the reac- 
/ants have been enttrely depleted In other embothments, the 
additmnal amotmt of alcohol may be present before the reac- 
tton begms 

Accorthng to at least one embodmaent of the present dis- 

20 closure, a process comptases 
a feeding a reactant stream comprising a perfluormated 

olefm, an alcohol an alkal~ metal hydrox~du, water, mad 
a phase lrans fer cat alyst to a reactor to pmdnee a reaction 
product m~xtare, 

b tmnsfemng the reactto~ product maxmre froln the reac- 
tor to a separator:. 

c. adthng an additional amount of alcohol to the reaction 
product maxmre before the reaction product maxmre 
enters the separator, wherein the addational amount of 

30 alcohol Is added m an amount sufficient to prevent the 
formation of a rag layer during separation; and 

d. separating an orgamc phase of the reacttort product max- 
lure from the remmnder of the reactmn product maxtare 
1n a continuous decanter, whereto the remainder of the 

35 reaction product unxmre comprises an aqueous phase. 

In at least one embodiment, the orgamc phase comprises a 
heterogeneous azeotrope comprising ftuonnated effiers and 
water The process may farther comprise drying the orgamc 
phase to remove the water In at least one embodiment, the 

40 orgamc phase ~s dried by thstillmg the heterogeneous azeo- 
trope to separate the water from the flnermated ether product. 
In at least one further embothment, disttllmg the heteroge- 
neous azeotmpe comprises separattng uareacted perfluon- 
hated olefm and water from an intermediate mixture, fol- 

45 lowed by Inrthar separating the intermediate maxture into 
byproducts and saturated ethers m a second distillatmn 

In at least one embodiment, the intermediate mixture com- 
prises less than 0.1% by weight perfluormated olefin In fur- 
ther elnbodiments, the intermediate mixture comprises less 

5o than 0 05% perlluermated olefin, or less than 0 01% perflu- 
onnated olefm 

In at least one embodiment, the 1ntermethate m~xmre coin- 
prises less than 1% by wmght water. According to at least one 
embodmaent, the intermediate mixture colnpr~ses less than 50 

55 ppm water In other embodiments, the intermediate mixture 
comprises less than 25 ppln water 

In at least one embodiment, the adthtlonal amount of alco- 
hol added to the product 1n~xmre is about 10% to about 50% 
of the amount of alcohol present 1n the reactant stream. 

6u In accordance with at least one embodmaent, the process 
may further comprise separating the remainder of the reaction 
product maxmre to separate the thud phase from the aqueous 
phase In at least one embodiment, the phase transfer catalyst 
may be recovered from the tinrd phase by any method known 

65 m the art The recovered phase transfer catalyst can be 
recycled by adding the recovered phase ~’ansfer catalyst hack 
rote the reactant stream. 
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In at least one embodiment of the present &salosure, a 
process comprises 

a contacting a perfluormated olefin with an alcohol, an 
alkali metal hydroxide, and water in the presence of a 
phase tra~fer catalyst for a period of tmae to produce a 
reactmn product mixture that as separable into an olgamc 
phase and an aqueous phase, 

b adding an additional amount of alcohol to the reactmn 
product mixture, whereto the addinonal amount of alco- 
hol forms u third phase compnsmg at least 50°6 of ~he 

phase transfer catalyst tmtmlly present 
c separation the tinrd phase from the orgamc phase and the 

aqueous phase, and 
d recovenng the phase transfer catalyst from the tinrd 

phase. 
As used herein, the terms "compt~ses" "compnsmg," 

"mcludnsY "including;" "has," "ha,,mg’" or any other vama- 
tlon thereof, are mtended to cover a non-exclusive mcluslon 
For example, a process, method, amcle, or apparatus that 
comprises a list of elements as not neceasanly limited to only 

those elements but may mclude other elements not expressly 
listed or nsherent to such process, method, article or appara- 
tus. Further, unless expressly stated to the contrary, "or" 
refers to an reclusive or and not to an excluswe or For 
example, a conditton A or [3 as satisfied by any one of the 
followmg A m true (or present) and B as i"alse (or not present), 
A as false (or not present) and B as true (or present), and both 
A and B are tree (or present). 

Also, use of "a" or "an" are employed to describe elements 

mad components descnbed hereto Tins is done merely for 
convemence and to gave a general sense of the scope of the 
mventmn. Tths descnptton should be read to mclude one or at 
least one and the singular also mcludes the plural unless at is 
obvious that it as meant otherwise. 

Group numbers correspondmg to columns wathm the Peri- 
odic Table of the elements use the "New Notatmn’" conven- 
tion as seen m the CRCHandbook of Chemlstr3/ and Phystcs. 

81st Ethtlnn (2000-2001) 
Unless otherwise defined, all techmcal and screntific terms 

used hereto have the same meamng as commonly understood 
by one of ordinary slall m the art to winch tins mvennon 
beinogs. Although methods and materials snmlar or eqmva- 
lent to those described hereto can be used m the pracace or 
testmg of embodmaents of the present mvention, suitable 
methods and matennls are described below All pubhcatmns, 
patent appllcattons~ patents, and other references mentioned 
hereto are mcorporated by reference an their entiret? unless a 
parttcnlar passage as c~ted In case of conthct, the present 
specfficauon, mcluthng definitions, will control in addtuon, 

the materials, methods, and examples are dlustratr~ e only and 
not mtended to be limltmg Unless otherwise spectfied, per- 
centages thsclosed hereto are based on weight 

8 
EX~clPLES 

The concepts descnbed herein will be further dnscnbed in 
the followmg examples, which do not hrmt the scope of the 
mvention described in the clatms 

Example 1 

Contmuous Synthesis of methyl perfluoroheptane ethers 

10 (MPHE) or methyl perfluoropenrene ethers (IVEPPE) 
A Parrg~ 5100 reactor with uttl~ang a 650-mL Hasteloy® 

bomb (2 5" ID, oil jacketed. 590-mL workang volume) was 
modified into a continuous stirred tank reactor (CSTR) as 
outlmed in Figure 1 The exastmg 1/4" OD &p-tube and valve 
assembly were modified to mcorpomte a second concentric 

Is ~Ag’ OD" tuner dip-tube The inner dip-tube termmzted near 

the boi~om of the reactor and was -2" longer than the outer 
dip-tube The CSTR sttrrer shaft assembly was fitted with 
2xl 375" thameter four bladed propellers for thorough max- 
mg One blade was mounted at the bottom of the storms shaft 

20 (-1.5" from the reactor bottom), the second blade was 

mounted 3 5" ingher on the stirrer shaft (apprordmately 3" 

from bol~om of the bomb head) Separate raservmrs for per- 
iluoroheptene (PFH) or perfluompenrene (PFP), and 45% 
aqueous potassium hydroxide (KOH) were connected with 

~5 ~/s" perfluoroalkoxy (PFA) tubing through calibrated FMI® 

pumps and plumbed to the valve assembly port for the outer 
thp-tabe. A reservoir that contamed either methanol with 4% 
&asoNed Aliquat® 336 or 6~o aqueous methanol (2 5% 
dissolved Ahqnnt® 336) was connected to the valve assembly 

30 connection for the umer thp-mbe Cahbrated Eldex Labora- 

tories Inc B-100-S and:’or FMI® pumpstwere used to add the 
methanol to the CSTR 

The CSTR was operated hqmd-full at ingh shrrmg rates 
(1000-rpm I to facdltate the heterogeneous reactmn In a typl- 

ss cal CSTR start-up, the reactor was partially filled with PFH or 

PFP and then heated to the desired operatmg temperature. 
The KOH and methanol pumps were started and operated for 
a given tame period before restartmg the PFH]PFP pump 
Reaction StOlCinometrv and residence tames were then con- 

40 /rolled using the pump set~mgs The reactions were exother- 

mac and excess heat was mutually remo’~ed through an mtemal 
water cooling loop and later through the oil jacket, once 
steady state conthtaons were acineved. The hqmd-fi~ll CSTR 
contents contmuously exited through a port at the top of the 

45 reactorthrough t/8 PFAtabmg The tubmg was cannected in 
series through check valves (25 or 50-pmg), a 60-1J.m filter 
housmg, and a sampling tee w~th valve, before dischargmg 
mto a decanter that operated continuously by gravity Some 
examples of reaction condtuons and experimental results are 

50 summarazedmTable 1 (MPHEsynthes~s)andTable2 (MPPE 

sy~thnsisl Steady state reaction compostuons were mea- 
sured using gas chromatography w ith mass spectral detectmn 
(GC/MS/ Compositions were calculated usmg the total ion 
s~gtmls and were an-cahbmted. 

TABLE 1 

2 

3 

4 

1 090 1 2 80 30 81 1 95 511 70 2 77 
1 0 93 1 2 80 30 82 6 95 5/1 60 2 86 

I 095 1 2 80 30 82 9 95 511 47 3 
1 095 1 2 80 30 869 96411 45 2 16 
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TABLE 1 -continued 

T.~BLE 2 

10 

Example 2 

Separation of Chide Product and Aqueous Phases and Recov- 

eD of the phase Transfer Catalyst Using Continuous Decant- 
ers 

The product stream exiting the CSTR was separated in a 

continuous decanter into a bottom orgamc phase, contmnmg 

the crude product, and an upper aqueous phase Two differem 
sized contanuous decanters were evaluated as outlined m 

Table 3, a 1 -L glass decanter and a 1 -gallon 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 Matettal from the 
CSTR entered etther decanter through a PFA dip tube from 

the top. Ttte dip tnhas tunmnated subsurface m the decanter at 

a point 1 to 2 cm below the aqueous-orgamc interface The 

polyethylene decanter also incorporated a nght angle elbow 

at the end of the chp tube to minim lze verhcal momentum The 

separated aqueous phase exited the decanter through a side 

port near the top whde the orgamc phase exited the decanter 

at the bottom. Relative phase ~olumes m the decanters were 

cantmlled by the relative height posmon of the orgamc phase 

overflow with respect to the exit port for the aqueous phase 
The orgamc and aqueous phases exiting the decanter were 

collected under steady state conditions into separate 1 -gallon 
high density polyethylene jugs The aqueous phase mainly 

contained potassium salts (KF byproduct and residual KOH) 
plus some residual MeOH and phase traasfer catalyst. Under 

process conditions where a MeOH excess was present, either 
m the CSTR or potentially added before the decanter, a small 

distinct third phase formed on top of the aqueous phase m the 
decanter The third phase was later separated and recovered 

from the aqueous phase and appeared to contain a significant 
fraction of Aliquat® 336 

30 TABLE 3 

35 

4O 

45 

750     1800 3000 
~ 75 15 0 

i22 
78 

047 0069 
030 0044 

33 98        159 
45 77 130 

1 60 
1 29 
1 08 

Two separate accumulations of recovered ffurd phase were 
60 characterized and are sumrannzed in Table 4. Quantaficat~on 

from LH NMR shorted that both ttard phase samples con- 
tamed.a3iquaV~ 33 6, iV!~I-IE, methanol, and water. A quannty 
of each tbard phase was also partmoned into water andtoluene 
and the non-volatile residue m the water was measured by 

05 gravtmetdc drying Inorgamc salts such as potussmm fluo- 
ride, that were not easily dlstmgmshable from Ahquat~ 336 
by NMR, were expected to pamtlon into the water whde the 
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Aliquat~ 336 pamnoned into the toluene. Furthermore, the 
measured Aliquat~ 336 fractions of 25 7 and 31 0% were 
factored rote the third phase volumes that v, ere recovered 
from decanter experiments and appeared to converge w~th the 
known concenlraO.on la the CSTR The calculated total Ali- 
quaVg~ 336 m the thud phase of the 750, 1800, and 3000-mL 
decanter experiments corresponded to 37 to 43%, 53 to 67%, 
and 93% to 105% of theAllquat® 336 m the CSTR, respec- 
tively The majority of the Ahquat~ 336 could be ~solated and 
recovered ha the third phase gwen sulficlent tune for the 
aqueous and thtrd phases to separate. 

TABLE 4 

Example 3 

Remo,,al of Residual Water and Methanol m the Crude 
M~HE Phase by Continuous Dlstlllatmn of Heterogeneous 
Azeotropes 

The crude MPHE product phase that was isolated from the 
decanter was pumped at appmxtmately 5 to 6-mL/mm using 4u 
an FM~,I~ pump du’ectly rote a first continuous &stfllatmn 
apparatus. The apparatus consisted of a 2-L st~ll-pot and 
500-Watt haatmg mantle, 10 and 20-plate 1" ID Oldershaw 
cohinms m series, with an adapter for the ad&tlon of the crude 
product installed betv~een the two colurmas. Columns and 
adapters were vacuum jaaketed and silvered and the top o f the 45 
column was fitted w~th a high reflux ratm stdl head/Clalsen 
l)pe) which incorporated a magnettc take-off valve The 
valve was activated by a sulenold, controlled by a &gltal 
repeat cycle tmaer (Ace Glass 6671-14J The disllllare .take- 
offpert was connected to a 500-mL graduated recewer A 5~ 
heterogeneous azeotrope &sullate (bp=69 to 71° C ) was 
~sulated overhead at a controlled reflux mUo that vaned from 
20 2 to 60.2 (s/s) The &sUllata separated m the receiver rote 
tw o la.~ ers and was predominantly PFH with a small aqueous 
methanol phase (0 12% w/w) on top. The water m the aque- 
ous methanol phase was measured by Karl Fisher mratmn at 55 
25%. The intermediate crude MPHE (bp 114 to 115 ° C ) that 
collected m the slall-pet contained less than 0 01% residual 
PFH by (GC/MS), and less than 25-ppm water (Karl Fisher) 
The intermediate crude MPHE was then pmnped from the 
sull pot mtu a second slmalar contmuous thstillat~on appara- 6o 
tus were it was further separated overhead from saturated 
ether and higher methanol adduct byproducts 

Example 4 

Removal o f Residual Water and Methanol in the Crude MPPE 65 
Phase by Continuous Dlstfllataon of Heterogeneous Azeo- 
tropes 

12 
The crude MPPE product phase that had been isolated from 

the decanter was pumped at approximately 5 to 6-mL/mm 
using an FMI® pump &rectly rote the fast continuous &std- 
latmn apparatus as described m example 3. A heterogeneous 

5 azeotmpe &stdlate (bp -24° C ) was ~solated overhead at a 
controlled reflux ratio that vaned from 20:2 to 60:2 (s/s). The 
&sullate separated in the receiver mtu two layers and was 
predemmanfly PFP with a small aqueous methanol phase on 
top. The mterme&ate crude MPPE Cop=75 to 76° C.) that 

lo collected m the still-pot contamed less than 0.01% residual 
PFP by (GC?MS), and less than 25-ppm water (Karl Fisher) 
The lntermethate crude MPPE was then pumped from the sull 
pot rote a second samalar commuous dlsttllatlo~ apparatus 
were it was farther separated overhead from saturated ether 

15 and higher methmaul adduet byproducts 

Many aspects and embodmaents have been described 
above and are merely exemplary and not hnmtmg Aller read- 
mg this spec~ficanon sl, ulled amsans apprecmte that other 
aspects and embodmsents are possible wathout deparhng 
from the scope of the invention Other features andbenefits of 
any one or more of the embodiments wdl be apparent fi~m the 
following detmled descnptton, and from the clmms 

Note that not all of the act~vitaes descrthed above m the 

,_5 general descnption or the examples are reqmred~ that a por- 
tion of a specific aetlvlty may not be reqmred, and that one or 
more fi~rther acu,4tles may be performed m ad&tmn to those 
described Stdl further, the order m which acUvltaes are hsted 
are not necessarily the order in which they are performed 

3u In the foregoing spec~ficaUon~ the concepts have been 

described with reference to specific embothments However, 
one of ordinary skill in the art appreciates that vanous moth- 
ficataons and changes can be made w~thout departing from the 
scope of the mvenuon as set forth ha the clmms below-. 

35 Accordingly, the specnficatlon and figures are to be regarded 

m an tllustmtr4e rather than a restncOve sense, and all such 
mo&flcatmns are intended to be mchided w~rhm the scope of 
invennon 

Benefits, other advantages, and solutanns to problems have 

been descnhad above wath regard to specific embodiments 

However, the benefits advamages, sohit~ons to problems, and 
any feature(s) that may cause any benefit, advantage, or sohi- 

sl:med as a cntlcak reqmred, or essentml feature of any or all 

the clatms 

It ~s to be appreciated that certain features are, for clarity, 
described hereto m the context of separate embodiments, may 
also be pm’4ded m comhiuatmn m a single embodmaent 
Conversely, various featares that are, for brevity, described ~n 
the context of a single embodiment~ may also be provided 
separately or m any subcembmat~on. Further, reference to 
values stated m ranges lnchide each and every value w~thm 
that range 

What as clmmed ~s 

A process compns~ng 

contacting a perfluormated olefm w~th an alcohol, an 
alkal~ metal hydroxade, and water m the presence of a 
phase transfer catalyst tbr a period of tm~e to produce a 
reaction product rmxtare that separates into an aqueous 
phase and an orgamc phase, wharem the alcohol is 
present in an effecUve amount sufficient to form a thud 
phase comprising at least 50% of the phase transfer 
catalyst; and 

sepamtang the third phase from the organic phase. 
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2 The process of clmm 1, wherein the perfluorinated olefin 
Is perfluom-3-heptene, pefluoro-2-heptene, perfluom-2-hex- 
ene, perfluoro-3-hexene, perlluom-2-pentane, or perfluom- 
2-oetene 

3 The process of almm 1, whereto the phase transfer cata- 
l?st is chosen from omum salts and derivatives and mixtures 
thereof. 

4 The process of clmra 3, whereto the phase transfer cata- 
lyst ts chosen from quaternary ammomum salts and quater- 
nary phosphomum salts 

5 The process of cimm 3, whereto stud phase transfer 
catalyst is methyltnoc~lammomum cMonde and methyl- 
trldecylammomum chloride 

6 The process of clmm 1, whereto said alcohol is chosen 
from methanol and ethanol 15 

7 The process of claim 1. whereto the said alcohol is 
present in an amount with respect to the perfluormated olefal 
tmtlally present ranging from about 1 1 to 1 5 times the sto- 
lcinometric amount. 

8 The process of clmm L whereto stud alkali metal 2o 
hydroxide is sodium hydromde or potassium hydroxade 

9 The process of clatm L wherann the process ~s a continu- 
ous process, 

10. The process of clmm 9 whereto sepamlmg the thard 
phase froro the orgamc phase comptases separating the third 
phase from the orgamc phase in a continuous decanter 

11. The process of claim 1, whereto separating the third 
phase from the organic phase comprises separetmg the aque- 
ous phase with the t~rd phase. 

12 A process coropnsmg 30 

a. contacting a perlluormated olefm w~th an alcohol, an 
alkall metal hydroxide, and water m the presence of a 
phase transfer catalyst for a peraod of time to produce a 
reaetaon product n~xrttre that is separable rote an aque- 
ous phase and an otgamc phase, 35 

b. adding an additional amount of alcohol to the reaction 
product maxture, wherein the additaonal amount of alco- 
hol forms a thard phase comprising at least 50% of the 
phase transfer catalyst minally present 

13 A continuous process comprising 40 

a feethng a reactant stream comprising a perfluormatad 
olefm, an alcohol, an alkali metal hydroxide, water, and 
a phase transfer catalyst tu a reactor to produce a reaction 
product m~ture, 

b. transferring the reactaon product maxture from the reac- 45 
tot to a separator, 

c adding an addmonal amount of alcohol to the reaetmn 
product mixture before the reactaon product rmxmre 
enters the separator, wherein the addittonal amount of 
alcohol is added m an amount suffiment to prevent the 50 
formation era rag layer during separation, and 

d separating an orgamc phase of the reaction product mix- 
ture from the remainder of the reaction product maxtore 
in a continuous decanter, whereto the remainder of the 
reaction product mixture comprases an aqueous phase 

14 
14 The process of clmm 13, wherein the o ~rgnnlc phase 

comprises a heterogeneous azeotrope compnsrog fluorinated 
ethers and water, and the process lbaXher coropnses drying the 
orgamc phase by distilling the heterogeneous azeotrope to 

15 The process of clmm 14, whereto daslalhng the hetero- 
geneous azeotrope comprises separatrog perfluormated olefin 
and water from an lntermethate mixture m a first conlmuous 
dlstallataon apparatus, and flw.her separating the intermediate 
mixture into b~products and saturated ethers m a second 
continuous &stfllatmn appamtos 

1~ The process ofclmm 13, wherein the additmnal amount 
of alcohol added to the reaction product mixture is added m an 
amount suffaclent to forte a third phase comprising at least 
50% of the phase transfer catalyst in the reactant stream 

17 The process ofclmm 16, wherein the additional amount 
of alcohol added to the product mixture ~s about 10% to about 
50% of the amount of alcohol in the reactant stream 

18 The process of clrom 16, whereto the remamdur of the 
reaction product mixture that is separated from the organic 
phase further compnses the third phase 

19 The process ofclmm 18, further comprising separating 
the aqueous phase from the thard phase 

20 The process ofclmm 18, filrther comprising recovering 
the phase transfer catalyst m the tthrd phase 

21 The process of clmm 13, whereto the perfluorinated 
olelln is chosen from perfluom-3-heptene pefluom-2-hep- 
tene, perfluoro-2-hexene, perfluom-3-hexene, perlluoro-2- 
pentene, and perfluoro-2-octene 

22 The process ofclrom 13 wherero the alcohol is chosen 
from methanol and ethanol. 

23 The process of clmro 13, whereto the phase transfer 
catalyst ~s chosen from omum salts and denvanves and mix- 
tares thereof 

24. The process of claim 23, whereto the phase transfer 
catalyst ~s chosen fmro quetemary ammomum salts and qua- 
ternary phosphomum salts 

25. The process of clama 24, whereto the phase transfer 
catalyst compnses methylmoctylnmmomum chlondu and 
methyltrldecyln m moroum clfionde. 

26. A process comprising 
a. contacting a perfluormated olefm w~th an alcohol, an 

alkah metal hydroxide, and water re the presence of a 
phase transfer catalyst for a period of time to produce a 
reacnon product nmmtre that is separable into an organic 
phase and an aqueous phase, 

b adding an addmonal amount of alcohol to the reaction 
product mlxtare, wherein the addilaonal amount of alco- 
hal forms a tinrd phase coropnsmg at least 50% of the 
phase transfer catalyst tmtmlly present’, 

c separating the thard phase froro the orgamc phase and the 
aqueous phase; and 

d recovenng the phase transfer catalyst from the thtrd 
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